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Introduction

• The adoption of WiFi technology, especially for IoT connectivity

• WiFi technology provides higher communication rates compared to 
technologies such as Bluetooth and ZigBee

• WiFi communication utilizes unlicensed spectrums
• Deployments are considerably less expensive than cellular 

technologies

• An omnipresent infrastructure for connectivity
• Distributed and customer-oriented deployment of WiFi networks 

in residential and enterprise settings 
• Low deployment costs
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Introduction

• Many IoT devices rely on limited energy resources such as 
batteries or energy harvesting

• The 802.11 standard offers various power-saving modes: 
• Power Save Mode (PSM)
• Adaptive PSM (APSM)
• Adaptive Power Save Delivery (APSD)
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Introduction

STA1

AP

AP

STA2

• TWT allows STA to switch to low-power sleep state for a prolonged period
• How to accurately characterize traffic for allocating TWTSP schedule?

Notation Meaning
Beacons

Uplink packets

Downlink packets

STA awake duration

TWT Interval

TWT Service Period

802.11 
b, g, n, ac

802.11 ax

TWTITV

TWTSP TWTSP

TWT
SP

TWT
ITV• A new functionality introduced called Target Wake Time (TWT)

• Allows negotiation of sleep schedule
• STA does not need to wake up every beacon

• STA wakes up every beacon
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Traffic Pattern Analysis

We study the following IoT applications (interference-free 
environment)
• Sensing

• An RTOS development kit (CYW54907) collecting 
accelerometer readings

• Periodically collects 3920 samples (equivalent to 
5880 bytes), prepares packets, and then sends them 
via a TCP connection

• Camera
• A security camera using RPi camera module (version 

2) attached to a RPi 3B+
• Captures and sends images via a TCP connection

• Each image is processed by the H.264 codec

• Video Streaming
• A YouTube video is streaming on an Amazon Echo 

Show device
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Traffic Pattern Analysis

• To build a generalized traffic analysis framework, we consider three inter-
packet intervals

Macro-burst (     )  

Micro-burst (     )  

<latexit sha1_base64="5TLhWq9YRMJUn1et3KIjLzHzDdY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpwUXTjskJf0IRwM5m2QycPZiZCCXXjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv997jJ5xJZVnfRmlldW19o7xZ2dre2d0z9w86Mk4FoW0S81j0fJCUs4i2FVOc9hJBIfQ57frj29zvPlAhWRy11CShbgjDiA0YAaUlzzxyAsoVeDa+xk4IakSAZ62p53tm1apZM+BlYhekigo0PfPLCWKShjRShIOUfdtKlJuBUIxwOq04qaQJkDEMaV/TCEIq3Wz2wRSfaiXAg1joihSeqb8nMgilnIS+7syPlIteLv7n9VM1uHIzFiWpohGZLxqkHKsY53HggAlKFJ9oAkQwfSsmIxBAlA6tokOwF19eJp3zmn1Rq9/Xq42bIo4yOkYn6AzZ6BI10B1qojYi6BE9o1f0ZjwZL8a78TFvLRnFzCH6A+PzB5J7llk=</latexit>

�1 < Tb

<latexit sha1_base64="UCliFORzA1iiQPc8gSsgGPohinU=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KUoq6k6MZlhb6gCeFmMm2HTh7MTIQS6sZfceNCEbf+hTv/xkmbhbYeuHA4517uvcdPOJPKsr6NldW19Y3N0lZ5e2d3b988OOzIOBWEtknMY9HzQVLOItpWTHHaSwSF0Oe0649vc7/7QIVkcdRSk4S6IQwjNmAElJY889gJKFfg1fA1dkJQIwI8a0093zMrVtWaAS8TuyAVVKDpmV9OEJM0pJEiHKTs21ai3AyEYoTTadlJJU2AjGFI+5pGEFLpZrMPpvhMKwEexEJXpPBM/T2RQSjlJPR1Z36kXPRy8T+vn6rBlZuxKEkVjch80SDlWMU4jwMHTFCi+EQTIILpWzEZgQCidGhlHYK9+PIy6dSq9kW1fl+vNG6KOEroBJ2ic2SjS9RAd6iJ2oigR/SMXtGb8WS8GO/Gx7x1xShmjtAfGJ8/lzOWXA==</latexit>

�2 > Tb

<latexit sha1_base64="wcZgXTxmZ/9QiG23yJPTFezxrbk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkFHXhotSNywp9QRPCZDJph04mYWYilFA3/oobF4q49S/c+TdO2iy09cCFwzn3cu89fsKoVJb1bZTW1jc2t8rblZ3dvf0D8/CoJ+NUYNLFMYvFwEeSMMpJV1HFyCARBEU+I31/cpv7/QciJI15R00T4kZoxGlIMVJa8swTJyBMIa8Ob6ATITXGiGWdmdfyzKpVs+aAq8QuSBUUaHvmlxPEOI0IV5ghKYe2lSg3Q0JRzMis4qSSJAhP0IgMNeUoItLN5h/M4LlWAhjGQhdXcK7+nshQJOU08nVnfqRc9nLxP2+YqvDazShPUkU4XiwKUwZVDPM4YEAFwYpNNUFYUH0rxGMkEFY6tIoOwV5+eZX06jX7sta4b1SbrSKOMjgFZ+AC2OAKNMEdaIMuwOARPINX8GY8GS/Gu/GxaC0Zxcwx+APj8wdjj5Y6</latexit>

�2 < TB

<latexit sha1_base64="xcV1HiObFcdsGuzZbID4mvJ8SBk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEi7qSUjcuK/QFTQiTyaQdOpmEmYlQQt34K25cKOLWv3Dn3zhps9DWAxcO59zLvff4CaNSWda3UVpZXVvfKG9WtrZ3dvfM/YOujFOBSQfHLBZ9H0nCKCcdRRUj/UQQFPmM9Pzxbe73HoiQNOZtNUmIG6EhpyHFSGnJM4+cgDCFvAt4A50IqRFGLGtPvaZnVq2aNQNcJnZBqqBAyzO/nCDGaUS4wgxJObCtRLkZEopiRqYVJ5UkQXiMhmSgKUcRkW42+2AKT7USwDAWuriCM/X3RIYiKSeRrzvzI+Wil4v/eYNUhdduRnmSKsLxfFGYMqhimMcBAyoIVmyiCcKC6lshHiGBsNKhVXQI9uLLy6R7XrMva/X7erXRLOIog2NwAs6ADa5AA9yBFugADB7BM3gFb8aT8WK8Gx/z1pJRzByCPzA+fwBoR5Y9</latexit>

�3 > TB

<latexit sha1_base64="ARHv9b7m8tnHPEkb973q6b9gqeI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Av+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBB+o3L</latexit>

bi

<latexit sha1_base64="2+sF56Ard9/3UMKjemjDeFoAIkw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0UO/zfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVvby/rNTqeRxFOIFTOAcPrqEGd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEROo2r</latexit>

Bi

Traffic components: 
• Macro-burst
• Micro-burst
• Packets within a Micro-burst Packet preparation delay or Transmission parameters of 

802.11 

Power save mechanism employed
Contention or traffic generation pattern
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• Prepare multiple packets
• Transfer packets from driver to NIC 
• Send multiple packets – backoff 

and channel access contention

Traffic Pattern Analysis

• Within a micro-burst, the mean interval between packets (𝛿!) is about 400 μs

Macro-burst

Micro-burst

�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10
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�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)
(�1)[µs]

<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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Inter-packet Interval

(a)

Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Sensing

• Collecting 3920 samples from accelerometer
• Equivalent to (3920 * 12 bits)/8 = 5880 

bytes

Main factors affecting inter-packet interval
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Traffic Pattern Analysis

• The interval between micro-bursts is due to collecting 3920 samples
• Communication between the processor and ADC over the Serial Peripheral 

Interface (SPI) to collect samples

Macro-burst

Micro-burst

�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)
(�1)[µs]

<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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Inter-packet Interval

(a)

Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]
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Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Macro-burst

Micro-burst
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(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,

C
um

ul
at

iv
e 

Pr
ob

ab
ilit

y 

C
um

ul
at

iv
e 

Pr
ob

ab
ilit

y 

        25/75 Quartile            
         Median

        25/75 Quartile            
         Median

Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)
(�1)[µs]

<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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Inter-packet Interval
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Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10
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Traffic Pattern Analysis

Macro-burst

Micro-burst

�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)
(�1)[µs]

<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Macro-burst

Micro-burst

�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)
(�1)[µs]

<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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Inter-packet Interval

(a)

Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Camera

• The camera captures a 
frame 

• Prepares multiple packets 
to send the frame
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Traffic Pattern Analysis

Macro-burst

Micro-burst

�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)
(�1)[µs]

<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Macro-burst

Micro-burst

�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.

C
um

ul
at

iv
e 

Pr
ob

ab
ilit

y 

C
um

ul
at

iv
e 

Pr
ob

ab
ilit

y 

C
um

ul
at

iv
e 

Pr
ob

ab
ilit

y 
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Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Camera

• The interval between 
microbursts (𝛿") is about 33 ms

• Corresponds to 30 frames per 
second
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Traffic Pattern Analysis

• The mean interval between packets of a micro-burst (𝛿!) is 9 us
• The mean interval between micro-bursts (𝛿") is 2 ms
• The mean interval between macro-bursts (𝛿#) is 10 seconds

Macro-burst

Micro-burst

�1 < Tb
<latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit><latexit sha1_base64="W8AfG7dfVnjB/3741JmRZMu4wwA=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoAcPRS8eK/QLmhAmm227dLMJuxuhhJy8+Fe8eFDEq7/Bm//GpM1BWx8MPN6bYWaeH3OmtGV9G5WV1bX1jepmbWt7Z3fP3D/oqiiRhHZIxCPZ90FRzgTtaKY57ceSQuhz2vMnt4Xfe6BSsUi09TSmbggjwYaMgM4lzzx2Aso1eKmd4WvshKDHBHjazrzUz2qeWbca1gx4mdglqaMSLc/8coKIJCEVmnBQamBbsXZTkJoRTrOakygaA5nAiA5yKiCkyk1nb2T4NFcCPIxkXkLjmfp7IoVQqWno553FnWrRK8T/vEGih1duykScaCrIfNEw4VhHuMgEB0xSovk0J0Aky2/FZAwSiM6TK0KwF19eJt3zhm017PuLevOmjKOKjtAJOkM2ukRNdIdaqIMIekTP6BW9GU/Gi/FufMxbK0Y5c4j+wPj8AX1+mHw=</latexit>

�2 > Tb
<latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit><latexit sha1_base64="CPuMvwlLPsfiqkB0HCf1QuNG0nU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQIupKiG5cV+oImhJvJtB06eTAzEUrIyo2/4saFIm79Bnf+jZM2C209cOFwzr3ce4+fcCaVZX0bK6tr6xubla3q9s7u3r55cNiVcSoI7ZCYx6Lvg6ScRbSjmOK0nwgKoc9pz5/cFn7vgQrJ4qitpgl1QxhFbMgIKC155okTUK7Ayxo5vsZOCGpMgGft3Mv8vOqZNatuzYCXiV2SGirR8swvJ4hJGtJIEQ5SDmwrUW4GQjHCaV51UkkTIBMY0YGmEYRUutnsjRyfaSXAw1joihSeqb8nMgilnIa+7izulIteIf7nDVI1vHIzFiWpohGZLxqmHKsYF5nggAlKFJ9qAkQwfSsmYxBAlE6uCMFefHmZdBt126rb9xe15k0ZRwUdo1N0jmx0iZroDrVQBxH0iJ7RK3oznowX4934mLeuGOXMEfoD4/MHgkCYfw==</latexit>

�2 < TB
<latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit><latexit sha1_base64="bbaYOQS1CtCxWEgJoR4aaXNBRnw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF0IWLUjcuK/QFTQiTyaQdOpmEmYlQQlZu/BU3LhRx6ze482+ctFlo64ELh3Pu5d57/IRRqSzr26isrW9sblW3azu7e/sH5uFRX8apwKSHYxaLoY8kYZSTnqKKkWEiCIp8Rgb+9LbwBw9ESBrzrpolxI3QmNOQYqS05JmnTkCYQl7WzOENdCKkJhixrJt7WTuveWbdalhzwFVil6QOSnQ888sJYpxGhCvMkJQj20qUmyGhKGYkrzmpJAnCUzQmI005ioh0s/kbOTzXSgDDWOjiCs7V3xMZiqScRb7uLO6Uy14h/ueNUhVeuxnlSaoIx4tFYcqgimGRCQyoIFixmSYIC6pvhXiCBMJKJ1eEYC+/vEr6zYZtNez7y3qrXcZRBSfgDFwAG1yBFrgDHdADGDyCZ/AK3own48V4Nz4WrRWjnDkGf2B8/gBOVphd</latexit>

�3 > TB
<latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit><latexit sha1_base64="s+Pi0fq+HlTDPgvoRt90L3SG6bw=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6EpK3bis0Bc0IUwmk3boZBJmJkIJWbnxV9y4UMSt3+DOv3HSZqGtBy4czrmXe+/xE0alsqxvo7Kyura+Ud2sbW3v7O6Z+wc9GacCky6OWSwGPpKEUU66iipGBokgKPIZ6fuT28LvPxAhacw7apoQN0IjTkOKkdKSZx47AWEKedlFDm+gEyE1xohlndzLWnnNM+tWw5oBLhO7JHVQou2ZX04Q4zQiXGGGpBzaVqLcDAlFMSN5zUklSRCeoBEZaspRRKSbzd7I4alWAhjGQhdXcKb+nshQJOU08nVncadc9ArxP2+YqvDazShPUkU4ni8KUwZVDItMYEAFwYpNNUFYUH0rxGMkEFY6uSIEe/HlZdI7b9hWw76/rDdbZRxVcAROwBmwwRVogjvQBl2AwSN4Bq/gzXgyXox342PeWjHKmUPwB8bnD1MYmGA=</latexit>

(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,
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Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)
(�1)[µs]

<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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Inter-packet Interval

(a)

Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>
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Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Macro-burst

Micro-burst
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(bi)
<latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit><latexit sha1_base64="3qZ4dLc6uxMrN4xoxiyJzO6HEzQ=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs3kLevEYwSyQDKGn05M06Vno7hHCkI/w4kERr36PN//GziKo6IOCx3tVVNXzYsGVxvjDyqytb2xuZbdzO7t7+wf5w6O2ihJJWYtGIpJdjygmeMhammvBurFkJPAE63iT67nfuWdS8Si809OYuQEZhdznlGgjdYreIOWz80G+gG1ccvBlHWG75FSqFxVDytVSrVxDjo0XKMAKzUH+vT+MaBKwUFNBlOo5ONZuSqTmVLBZrp8oFhM6ISPWMzQkAVNuujh3hs6MMkR+JE2FGi3U7xMpCZSaBp7pDIgeq9/eXPzL6yXar7spD+NEs5AuF/mJQDpC89/RkEtGtZgaQqjk5lZEx0QSqk1CORPC16fof9Iu2Q62ndtyoXG1iiMLJ3AKRXCgBg24gSa0gMIEHuAJnq3YerRerNdla8ZazRzDD1hvnzMmj3s=</latexit>

(Bi)
<latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit><latexit sha1_base64="Ck96WS7CzVDvzRsWZFlhoHmaeAI=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahXkpWira3Ui8eK9gPaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzz48F1wbjDye3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStQ03gvVixUjoC9b1p9cLv3vPlOaRvDOzmHkhGUsecEqMlbrl5jDl8/NhsYQrl/Wq69YQruAlLHFxvYaryM2UEmRoDYvvg1FEk5BJQwXRuu/i2HgpUYZTweaFQaJZTOiUjFnfUklCpr10ee4cnVllhIJI2ZIGLdXvEykJtZ6Fvu0MiZno395C/MvrJyaoeSmXcWKYpKtFQSKQidDidzTiilEjZpYQqri9FdEJUYQam1DBhvD1KfqfdC5sLBX3tlpqNLM48nACp1AGF66gATfQgjZQmMIDPMGzEzuPzovzumrNOdnMMfyA8/YJ5F2PRg==</latexit>

Fig. 1. Micro-burst and macro-burst characterization.

technology to add the difference between packet generation
time instances to the TCP Options field (for TCP traffic) or
IP Options (for UDP traffic). This information allows the AP
to accurately and quickly determine traffic generation patterns
and assign TWT service periods to STAs. We compare the
performance of SATRAC against the existing methods and
show its superior performance and robustness against factors
such as CU and channel access delay.

The rest of this paper is organized as follows. Motivation
for traffic characterization is given in Section II. Section III
studies the shortcomings of existing methods. We present the
design and evaluation of SATRAC in Section IV. We conclude
the paper in Section V.

II. TRAFFIC PATTERN ANALYSIS

This section analyzes the characteristics of network traffic
generated in real-world IoT scenarios. We separate micro-
bursts and macro-bursts and justify the importance of traffic
characterization for TWT assignment.

We study the following IoT scenarios: (i) Sensing: We
use an RTOS development kit (CYW54907) for collecting
accelerometer readings. The device periodically collects 3920
samples, equivalent to 5880 bytes ((3920 ⇥ 12 bits)/8),
prepares packets, and then sends them via a TCP connection.
(ii) Camera: We built a security camera using Raspberry Pi
(RPi) camera module (version 2) attached to a RPi 3B+. The
camera continuously captures and sends images via a TCP
connection. Each images is processed by the H.264 codec.
(iii) Video Streaming: A YouTube video is streaming on an
Amazon Echo Show device. All the experiments were run in
interference-free environments.

To build a generalized traffic analysis framework, we con-
sider three inter-packet intervals and use the traffic structure
of Figure 1. A micro-burst, denoted as bi, is defined as a train
of packets with inter-arrival time less than a specific threshold
value Tb [4]. The interval between packets in a micro-burst is
denoted as �1. If the interval between two packets is larger than
Tb and less than TB , a new micro-burst is detected. The interval
between micro-bursts is denoted as �2. If the interval between
packets is larger than TB , a new macro-burst is detected. A
macro-burst is represented as Bi, and the interval between
macro-bursts is denoted as �3.

Figure 2 presents the results for the Sensing scenario. We
observe that even within a micro-burst, the mean interval
between packets (�1) is about 400 µs. This delay is primarily
caused by packet preparation delay, as well as the timing
requirements of the 802.11 standard (e.g., channel access
contention, SIFS, DIFS). Regarding packet preparation delay,

C
um

ul
at

iv
e 

Pr
ob

ab
ilit

y 

C
um

ul
at

iv
e 

Pr
ob

ab
ilit

y 

        25/75 Quartile            
         Median

        25/75 Quartile            
         Median

Inter-packet Interval
(a)

(�1) [ms]
<latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit><latexit sha1_base64="pOCDKtQbrqKZieUJSLGLGhSN/8c=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURQcFN0Y3LCvYBTQiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eR25vcfiVQ0EQ86T4nP0UjQmGKkjRTY9aYXEaZRULjTM+8aDrnyA7vhtJw54CpxS9IAJTqB/eVFCc44ERozpNTQdVLtF0hqihmZ1rxMkRThCRqRoaECcaL8Yn78FJ4aJYJxIk0JDefq74kCcaVyHppOjvRYLXsz8T9vmOn4yi+oSDNNBF4sijMGdQJnScCISoI1yw1BWFJzK8RjJBHWJq+aCcFdfnmV9M5brtNy7y8a7Zsyjio4BiegCVxwCdrgDnRAF2CQg2fwCt6sJ+vFerc+Fq0Vq5ypgz+wPn8AbP6T9w==</latexit>

Inter-burst Interval
(b)

(�2) [ms]
<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Fig. 2. Inter-packet intervals for the Sensing scenario. �1 is primarily caused
by packet preparation delay. The difference between �1 and �2 is mainly
caused by the delay of collecting 3920 samples.
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(a)

(�1)[µs]
<latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit><latexit sha1_base64="Myf5LeBvRmIUlUY8z7k1PV+gNh4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREBF0W3bisYB+QhDCZTNqhM5MwMxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPVHGqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKvSXGLSwSlLZT9CijAqSEdTzUg/kwTxiJFeNLqZ+r0HIhVNxb0eZyTgaCBoQjHSRgrto4YfE6ZRWLiTM+j5PIcqCO2603RmgMvELUkdlGiH9pcfpzjnRGjMkFKe62Q6KJDUFDMyqfm5IhnCIzQgnqECcaKCYnb9BJ4aJYZJKk0JDWfq74kCcaXGPDKdHOmhWvSm4n+el+vkKiioyHJNBJ4vSnIGdQqnUcCYSoI1GxuCsKTmVoiHSCKsTWA1E4K7+PIy6Z43Xafp3l3UW9dlHFVwDE5AA7jgErTALWiDDsDgETyDV/BmPVkv1rv1MW+tWOXMIfgD6/MHIUKUWw==</latexit>

(�2)[ms]
<latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit><latexit sha1_base64="VzHAFkj1END7zggMXtz3nad57wg=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCvZSkCHosevFYwbZCGsJmM22X7iZhd6OU2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaW9/Y3CpvV3Z29/YP7OphVyWZpNChCU/kfUgUcBZDRzPN4T6VQETIoReOr2d+7wGkYkl8pycp+IIMYzZglGgjBXa13o+AaxLkzekZ9oTyA7vmNJw58CpxC1JDBdqB/dWPEpoJiDXlRCnPdVLt50RqRjlMK/1MQUromAzBMzQmApSfz0+f4lOjRHiQSFOxxnP190ROhFITEZpOQfRILXsz8T/Py/Tg0s9ZnGYaYrpYNMg41gme5YAjJoFqPjGEUMnMrZiOiCRUm7QqJgR3+eVV0m02XKfh3p7XWldFHGV0jE5QHbnoArXQDWqjDqLoET2jV/RmPVkv1rv1sWgtWcXMEfoD6/MHM4mTTQ==</latexit>

Fig. 3. Inter-packet intervals for the Camera scenario. �2 is about 33 ms,
corresponding to 30 frames per second.
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Inter-packet Interval

(a)

Inter-burst Interval

(b)
(�2) [ms]

<latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit><latexit sha1_base64="xKttAlzofBi5JzcUMTaGFbtf+Zs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSxCvZSkCApeil48VrC10ISw2WzapbubsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAtTRpV2nG+rsra+sblV3a7t7O7tH9iHR32VZBKTHk5YIgchUoRRQXqaakYGqSSIh4w8hJObmf/wSKSiibjXeUp8jkaCxhQjbaTArje9iDCNgqI9PfOu4JArP7AbTsuZA64StyQNUKIb2F9elOCME6ExQ0oNXSfVfoGkppiRac3LFEkRnqARGRoqECfKL+bHT+GpUSIYJ9KU0HCu/p4oEFcq56Hp5EiP1bI3E//zhpmOL/2CijTTRODFojhjUCdwlgSMqCRYs9wQhCU1t0I8RhJhbfKqmRDc5ZdXSb/dcp2We3fe6FyXcVTBMTgBTeCCC9ABt6ALegCDHDyDV/BmPVkv1rv1sWitWOVMHfyB9fkDbouT+A==</latexit>

Inter-burst Interval

(c)
(�1) [µs]

<latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit><latexit sha1_base64="7xdbvSqzX/MCCo+SQCCL5fKcg4o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREBAU3RTcuK9gHJCFMJpN26MwkzEyEErvwV9y4UMStv+HOv3HaZqGtBy4czrmXe++JMkaVdpxva2l5ZXVtvbJR3dza3tm19/Y7Ks0lJm2cslT2IqQIo4K0NdWM9DJJEI8Y6UbDm4nffSBS0VTc61FGAo76giYUI22k0D6s+zFhGoWFOz71r6Dn8xyqILRrTsOZAi4StyQ1UKIV2l9+nOKcE6ExQ0p5rpPpoEBSU8zIuOrnimQID1GfeIYKxIkKiun9Y3hilBgmqTQlNJyqvycKxJUa8ch0cqQHat6biP95Xq6Ty6CgIss1EXi2KMkZ1CmchAFjKgnWbGQIwpKaWyEeIImwNpFVTQju/MuLpHPWcJ2Ge3dea16XcVTAETgGdeCCC9AEt6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsAfWJ8/XhOVBg==</latexit>

(�3) [s]
<latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit><latexit sha1_base64="yOXpGPA15dboPGPJ1Qom9K1U4p8=">AAAB+3icbVDLSsNAFJ34rPVV69LNYBHqpiQqKLgpunFZwT4gCWEyuWmHTh7MTMQS8ituXCji1h9x5984bbPQ1gMXDufcy733+ClnUpnmt7Gyura+sVnZqm7v7O7t1w7qPZlkgkKXJjwRA59I4CyGrmKKwyAVQCKfQ98f3079/iMIyZL4QU1ScCMyjFnIKFFa8mr1phMAV8TLz4tT5xrb0vVqDbNlzoCXiVWSBirR8WpfTpDQLIJYUU6ktC0zVW5OhGKUQ1F1MgkpoWMyBFvTmEQg3Xx2e4FPtBLgMBG6YoVn6u+JnERSTiJfd0ZEjeSiNxX/8+xMhVduzuI0UxDT+aIw41gleBoEDpgAqvhEE0IF07diOiKCUKXjquoQrMWXl0nvrGWZLev+otG+KeOooCN0jJrIQpeoje5QB3URRU/oGb2iN6MwXox342PeumKUM4foD4zPH5+Dk4I=</latexit>

Fig. 4. Inter-packet intervals for the Video Streaming scenario.

we modified the code and added probes to each stage of the
packet preparation process and observed that, for example,
the transmission of a packet from driver to NIC introduces
a non-negligible delay of about 28 µs. Comparing Figures
2(a) and (b), the interval between micro-bursts is due to
collecting 3920 samples. Specifically, this delay is caused
by the communication between the processor and ADC over
the Serial Peripheral Interface (SPI) to collect samples [12].
Therefore, �2 would increase if a higher number of samples
were collected per round.

Figure 3 shows the inter-burst intervals for the Camera
scenario. Each micro-burst constitutes multiple packets. The
camera captures a frame and then prepares multiple packets to
send the frame. The amount of data in each frame depends on
the resolution of the video stream requested (e.g., 480p, 720p,
1080p). As we see in Figure 3(b), the interval between micro-
bursts (�2) is about 33 ms, which corresponds to 30 frames
per second. Figure 4 shows the results for video streaming
scenario. The mean interval between macro-bursts (�3) is 10

Video Streaming
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Traffic Pattern Analysis

• In sum, these experiments show that traffic characterization can be used for:
• Allocating TWT service periods based on each STA’s demands
• Utilizing inter-packet intervals by other STA to enhance throughput
• Enhancing packet aggregation performance
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Existing Methods

• Do not provide high accuracy

• High communication overhead
• Cannot quickly address traffic variations

• Unrealistic
• Impossible

• High processing overhead
• Difficult implementation

• Channel Utilization (CU) estimation
• Buffer Status Report (BSR)
• Packet sniffing

Gradual TWT adjustment

Assumptions about STAs

Traffic classification (e.g., using 
machine learning)
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Existing Methods

• Channel Utilization (CU) is defined as 𝑡!"#$%$#&/𝑡#'#!(

• CU values can be collected from the driver via various methods
such as the ‘proc’ file system (procfs) in Linux

• The information provided by CU is cumulative
• It cannot be used to characterize per-STA traffic patterns

Total Channel Time

Busy Busy Busy Busy Busy

One Measurement Period

Channel Utilization (CU)
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Existing Methods

• Using one or more additional NICs to sniff packets

• Shortcomings:
• The timestamps of sniffed packets do not represent the actual packet 

generation instances by STAs
• Additional hardware (NIC) and processing resources
• Mismatch between sniffed packets and those exchanged by the AP’s 

main NIC

Packet Sniffing
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Existing Methods

• Introduced in 802.11ax (a.k.a., WiFi 6)
• Queue Size All (QSA) field of BSR conveys the cumulative amount of 

data in all queues
• BSR also conveys information such as the Queue size of the highest-

priority Access Category (AC)

Buffer Status Report (BSR)
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Existing Methods

Shortcomings of using BSR for traffic characterization:
• We selected several COTS 802.11ax NICs and empirically analyzed them

• Intel AX200 and Realtek RTL8852A transmit BSR intermittently
• Based on the amount of traffic queued 

• In contrast, Compex WLT639 includes a BSR in every packet

• None of the evaluated AP and STAs support requesting or generating 
BSR manually

• Also, we observed that for those 802.11ax devices that include BSR in 
each packet, all the MPDUs included in an A-MPDU report the same 
value

• Even though the payloads they are carrying have been generated at 
different time instances.

• The reported value is the state of queues before the transmission of 
A-MPDU

Buffer Status Report (BSR)
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• Basic idea: 
• Keep track of packet generation time instances in each STA 
• Convey to AP
• The AP can construct the traffic pattern of the STA

• This method is unaffected by packet preparation delay, channel access 
contention, interference, and packet loss

• Each STA modifies packets in their protocol stack's data-path 
• Adds timing information 
• Similar to in-band network telemetry (INT)

Source-assisted Traffic Characterization (SATRAC)
Overview
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• Instead of including an absolute timestamp in each packet, we include 
only a 2-byte value

• This value encodes the the difference between the generation time of 
the current packet and the previous packet of the same flow

Source-assisted Traffic Characterization (SATRAC)

time
• The interval between each two consecutive packets generation 

instances is encoded as a 2-byte value and added to the second 
packet

• Here, the interval between n+1 and n is included in packet n+1

n n+1 n+2 n+3 n+4 n+5

Overview

Packet generation instances
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• Each STA computes a unique 5-tuple hash value for each flow and keeps track of 
the timestamp of the last generated packet

• Where is this information added to?
• TCP Options field, or
• IPv4 Options field, or
• IPv6 Next Header

Source-assisted Traffic Characterization (SATRAC)

TCP/UDP generates a 
new packet

Determine the flow 
that the packet 

belongs to
Compute inter-packet 

interval 
Add the interval to 

the packet

Overview
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• Add timing information in the TCP layer when the TCP protocol prepares 
the TCP header

• To account for packet preparation delay, we add the delays caused by 
the IP layer, MAC layer, and driver-to-NIC handoff to the timing 
information

Source-assisted Traffic Characterization (SATRAC)

TCP

IP

MAC/Driver

NIC/Firmware

The delays incurred in these 
layers are accounted for when 
computing inter-packet delays 
in the TCP layer

Packet Preparation Delays
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• We leverage eBPF and build an application-agnostic middleware for 
setting the TCP Options field

• Since APs run Linux, a similar eBPF program extracts and parses the 
values included in TCP Options field of packets received from STA to 
characterize uplink traffic

Source-assisted Traffic Characterization (SATRAC)
eBPF
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Source-assisted Traffic Characterization (SATRAC)

<latexit sha1_base64="rQ+lnlZ8/oEDmphri0GPm78PfAY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVX98uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDyctjlM=</latexit>

 

<latexit sha1_base64="wJPLQRjpcdzDX4BkVbO4/SHYPeQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1V6/f1SqOWx1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwO2jZU=</latexit>

t1
<latexit sha1_base64="1DKwQYSKE0I+TDIAwYv8o/6IxBI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u/rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwU6jZY=</latexit>

t2
<latexit sha1_base64="rQ+lnlZ8/oEDmphri0GPm78PfAY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVX98uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDyctjlM=</latexit>

 
<latexit sha1_base64="rQ+lnlZ8/oEDmphri0GPm78PfAY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVX98uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDyctjlM=</latexit>

 
<latexit sha1_base64="rQ+lnlZ8/oEDmphri0GPm78PfAY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwVX98uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDyctjlM=</latexit>

 

<latexit sha1_base64="ktXyLOUJtG0ESQ82hReYjnjeiYA=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6rHgxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSA/Yv+6WyW3HnIKvEy0kZcjT6pa/eIGZpxBUySY3pem6CfkY1Cib5tNhLDU8oG9Mh71qqaMSNn81PnZJzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieONnQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTtCF4yy+vkla14l1Vave1cr2ax1GAUziDC/DgGupwBw1oAoMhPMMrvDnSeXHenY9F65qTz5zAHzifPwa+jZc=</latexit>

t3
<latexit sha1_base64="3Ww4GaMuzZhqhHC4JdvBQmJw8Kc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioD8oVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u/rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwhCjZg=</latexit>

t4

<latexit sha1_base64="xbVWFJfL7WPUnkyUwv8vwSoAOLQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rmFZoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMfRZIhL1GFKNgkv0DTcCH1OFNA4FdsPJ7dzvPqHSPJEPZppiENOR5BFn1FjJb/RTzQfVmlt3FyDrxCtIDQq0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ10GnXvqt68b9ZajSKOMpzBOVyCB9fQgjtogw8MODzDK7w50nlx3p2PZWvJKWZO4Q+czx+T145/</latexit>

2 
<latexit sha1_base64="Rz88yb5+gkTgkvExcqezIshTEWk=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHZDUI8BLx4jmAcka5idTJIhs7PLTK8alvyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+84FrIyJ1h+OY+yEdKNEXjKKV7sud2AhyTuJuik+TbqHoltwZyDLxMlKEDLVu4avTi1gScoVMUmPanhujn1KNgkk+yXcSw2PKRnTA25YqGnLjp7OrJ+TUKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+WnQsUJcsXmi/qJJBiRaQSkJzRnKMeWUKaFvZWwIdWUoQ0qb0PwFl9eJo1yybsoVW4rxWo5iyMHx3ACZ+DBJVThBmpQBwYanuEV3pxH58V5dz7mrStONnMEf+B8/gC3Z5H5</latexit>

2 � ptx <latexit sha1_base64="xbVWFJfL7WPUnkyUwv8vwSoAOLQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rmFZoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMfRZIhL1GFKNgkv0DTcCH1OFNA4FdsPJ7dzvPqHSPJEPZppiENOR5BFn1FjJb/RTzQfVmlt3FyDrxCtIDQq0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLY2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+XmegmyLlMM4OSLRdFmSAmIfPPyZArZEZMLaFMcXsrYWOqKDM2n4oNwVt9eZ10GnXvqt68b9ZajSKOMpzBOVyCB9fQgjtogw8MODzDK7w50nlx3p2PZWvJKWZO4Q+czx+T145/</latexit>

2 
<latexit sha1_base64="Rz88yb5+gkTgkvExcqezIshTEWk=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHZDUI8BLx4jmAcka5idTJIhs7PLTK8alvyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+84FrIyJ1h+OY+yEdKNEXjKKV7sud2AhyTuJuik+TbqHoltwZyDLxMlKEDLVu4avTi1gScoVMUmPanhujn1KNgkk+yXcSw2PKRnTA25YqGnLjp7OrJ+TUKj3Sj7QthWSm/p5IaWjMOAxsZ0hxaBa9qfif106wf+WnQsUJcsXmi/qJJBiRaQSkJzRnKMeWUKaFvZWwIdWUoQ0qb0PwFl9eJo1yybsoVW4rxWo5iyMHx3ACZ+DBJVThBmpQBwYanuEV3pxH58V5dz7mrStONnMEf+B8/gC3Z5H5</latexit>

2 � ptx

<latexit sha1_base64="QUxPnA/EfjIPjFWLZlk9kk62yI0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2A9oQ9lsJu3SzSbuboRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJEPZpKiH9Oh5BFn1Fip2w9RGDrwBuWKW3UXIOvEy0kFcjQH5a9+mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9Mh9iyVNEbtTxf3zsiFVUISJcqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z0Y0/5TLNDEq2XBRlgpiEzJ8nIVfIjJhYQpni9lbCRlRRZmxEJRuCt/ryOmnXqt5VtX5frzRqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QO5Ao+5</latexit>

�1
<latexit sha1_base64="QUxPnA/EfjIPjFWLZlk9kk62yI0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2A9oQ9lsJu3SzSbuboRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJEPZpKiH9Oh5BFn1Fip2w9RGDrwBuWKW3UXIOvEy0kFcjQH5a9+mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9Mh9iyVNEbtTxf3zsiFVUISJcqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z0Y0/5TLNDEq2XBRlgpiEzJ8nIVfIjJhYQpni9lbCRlRRZmxEJRuCt/ryOmnXqt5VtX5frzRqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QO5Ao+5</latexit>

�1 <latexit sha1_base64="rSgQF5uqQtwbVEDGWOTxDsJVX7I=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIbixJKeqyoAuXFewFmhAmk0k7dHJhZiKW0Fdx40IRt76IO9/GSZuFtv4w8PGfczhnfj/lTCrL+jbW1jc2t7YrO9Xdvf2DQ/Oo1pNJJgjtkoQnYuBjSTmLaVcxxekgFRRHPqd9f3JT1PuPVEiWxA9qmlI3wqOYhYxgpS3PrDm3lCuMLlDTCQrybM+sWw1rLrQKdgl1KNXxzC8nSEgW0VgRjqUc2laq3BwLxQins6qTSZpiMsEjOtQY44hKN5/fPkNn2glQmAj9YoXm7u+JHEdSTiNfd0ZYjeVyrTD/qw0zFV67OYvTTNGYLBaFGUcqQUUQKGCCEsWnGjARTN+KyBgLTJSOq6pDsJe/vAq9ZsO+bLTuW/V2s4yjAidwCudgwxW04Q460AUCT/AMr/BmzIwX4934WLSuGeXMMfyR8fkDLNCTMw==</latexit>

�� 2�1

<latexit sha1_base64="QUxPnA/EfjIPjFWLZlk9kk62yI0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2A9oQ9lsJu3SzSbuboRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJEPZpKiH9Oh5BFn1Fip2w9RGDrwBuWKW3UXIOvEy0kFcjQH5a9+mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9Mh9iyVNEbtTxf3zsiFVUISJcqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z0Y0/5TLNDEq2XBRlgpiEzJ8nIVfIjJhYQpni9lbCRlRRZmxEJRuCt/ryOmnXqt5VtX5frzRqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QO5Ao+5</latexit>

�1
<latexit sha1_base64="QUxPnA/EfjIPjFWLZlk9kk62yI0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2A9oQ9lsJu3SzSbuboRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJEPZpKiH9Oh5BFn1Fip2w9RGDrwBuWKW3UXIOvEy0kFcjQH5a9+mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9Mh9iyVNEbtTxf3zsiFVUISJcqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z0Y0/5TLNDEq2XBRlgpiEzJ8nIVfIjJhYQpni9lbCRlRRZmxEJRuCt/ryOmnXqt5VtX5frzRqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QO5Ao+5</latexit>

�1

<latexit sha1_base64="QUxPnA/EfjIPjFWLZlk9kk62yI0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2A9oQ9lsJu3SzSbuboRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJEPZpKiH9Oh5BFn1Fip2w9RGDrwBuWKW3UXIOvEy0kFcjQH5a9+mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9Mh9iyVNEbtTxf3zsiFVUISJcqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z0Y0/5TLNDEq2XBRlgpiEzJ8nIVfIjJhYQpni9lbCRlRRZmxEJRuCt/ryOmnXqt5VtX5frzRqeRxFOINzuAQPrqEBd9CEFjAQ8Ayv8OY8Oi/Ou/OxbC04+cwp/IHz+QO5Ao+5</latexit>

�1
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<latexit sha1_base64="k+VOg5QteyhvnCMfNoxW1cclMvY=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rGgB48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJYPZpKgH9Gh5CFn1Fip1btFYWi/VHYr7hxklXg5KUOORr/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfu2UnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlS0IXjLL6+SVrXiXVZq97VyvZrHUYBTOIML8OAK6nAHDWgCg0d4hld4c2LnxXl3Phata04+cwJ/4Hz+AF6qjvU=</latexit>

�

Micro-burst (    )  
<latexit sha1_base64="ARHv9b7m8tnHPEkb973q6b9gqeI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Av+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBB+o3L</latexit>

bi

<latexit sha1_base64="orTKhl0cugXj4JRkgBgTAq//RM8=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyWoh4LXjxWsB/QXUs2TdvQJBuSWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerAW34PvfXmFjc2t7p7hb2ts/ODwqH5+0bZIaylo0EYnpxsQywRVrAQfButowImPBOvHkdu53npixPFEPMNUskmSk+JBTAk4KoR88ZqE2XLJZv1zxq/4CeJ0EOamgHM1++SscJDSVTAEVxNpe4GuIMmKAU8FmpTC1TBM6ISPWc1QRyWyULW6e4QunDPAwMa4U4IX6eyIj0tqpjF2nJDC2q95c/M/rpTC8iTKudApM0eWiYSowJHgeAB5wwyiIqSOEGu5uxXRMDKHgYiq5EILVl9dJu1YNrqr1+3qlUcvjKKIzdI4uUYCuUQPdoSZqIYo0ekav6M1LvRfv3ftYtha8fOYU/YH3+QMuVpG+</latexit>

t01

<latexit sha1_base64="i9kVj6jQqSnLTcjnoH7wHRZkm4Y=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvHisYD+gu5ZsmrahSTYkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbGhnEnassxy2lWaYhFz2oknt3O/80S1YYl8sFNFI4FHkg0ZwdZJoe3XHrNQaSborF+u+FV/AbROgpxUIEezX/4KBwlJBZWWcGxML/CVjTKsLSOczkphaqjCZIJHtOeoxIKaKFvcPEMXThmgYaJdSYsW6u+JDAtjpiJ2nQLbsVn15uJ/Xi+1w5soY1KllkqyXDRMObIJmgeABkxTYvnUEUw0c7ciMsYaE+tiKrkQgtWX10m7Vg2uqvX7eqVRy+MowhmcwyUEcA0NuIMmtICAgmd4hTcv9V68d+9j2Vrw8plT+APv8wcv45G/</latexit>

t02
<latexit sha1_base64="ipZXGy6+/M34DxFaCNm9HcACtbs=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqezWoh4LXjxWsLXQXUs2nbahSTYkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vcLa+sbmVnG7tLO7t39QPjxqmyTVFFo04YnuxMQAZxJallkOHaWBiJjDQzy+mfkPT6ANS+S9nSiIBBlKNmCUWCeFtnfxmIVKMwHTXrniV/058CoJclJBOZq98lfYT2gqQFrKiTHdwFc2yoi2jHKYlsLUgCJ0TIbQdVQSASbK5jdP8ZlT+niQaFfS4rn6eyIjwpiJiF2nIHZklr2Z+J/XTe3gOsqYVKkFSReLBinHNsGzAHCfaaCWTxwhVDN3K6Yjogm1LqaSCyFYfnmVtGvV4LJav6tXGrU8jiI6QafoHAXoCjXQLWqiFqJIoWf0it681Hvx3r2PRWvBy2eO0R94nz8xcJHA</latexit>

t03

<latexit sha1_base64="wJPLQRjpcdzDX4BkVbO4/SHYPeQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1V6/f1SqOWx1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwO2jZU=</latexit>

t1

Comparison of Traffic Characterization Methods
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• An 802.11ax (WiFi 6) testbed: one AP and multiple STAs
• We consider two CU scenarios

• Low: the measured CU is around 15%
• High: the measured CU is around 70%

• A STA runs a program that generates and sends a 1400-byte message 
every 500 us

• Voice Access Category – no packet aggregation

• To establish a baseline for accuracy comparison, we denote the actual 
data generation instances by the application as baseline

Source-assisted Traffic Characterization (SATRAC)
Empirical Comparison
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Source-assisted Traffic Characterization (SATRAC)

uplink traffic.
The implementation of SATRAC on RTOS-based STAs

depends on the protocol stack used. On a platform using
ThreadX with NetXDuo stack, we simply added timers to the
TCP and driver codes to measure packet preparation delay.
Also, to embed the timing information in TCP Options field,
we modified the TCP code.

B. Analytical Comparison

We first analyze the benefits of SATRAC by presenting a
simple analytical scenario, demonstrated in Figure 7. Row
(a) shows that at each time instance t1, t2, t3 and t4, the
application generates  bytes. The interval between data
generation instances is denoted as �. Row (b) shows that
each  -byte message is segmented (by transport layer) into
three packets. The interval between these packet generations,
denoted as �1, depends on packet preparation delay. The third
(c) and fourth rows (d) present the actual packet transmission
instances (note that the time instances are similar).

When using BSR (row (c)), the STA includes in each packet
the amount of data in the buffer. For example, the packet
generated at time t1 is transmitted at time t2,1, and this
packet indicates only the buffer size at the beginning of packet
transmission, which is 2 . Since the packet does not convey
packet generation time, this data could have been generated
any time during the time interval between the transmission
of this packet and the previous packet. Additionally, if the
four packets transmitted sequentially at time instance t3,1 are
aggregated as an A-MPDU, all these four packets report value
2 (as explained in Section III-C), further affecting the accu-
racy of traffic characterization. Similarly, the packet sniffing
method cannot be used for identifying packet generation times.
Specifically, as it can be observed, the packet transmission
instances do not represent packet generation instances. Also,
note that BSR and packet sniffing methods cannot be used to
determine a STA’s required CU during a specific time period
because we need to know the interval during which packets
have been generated to calculate CU.

Using SATRAC, the difference between packet generation
timestamps is added to each packet. Regardless of packet
transmission time, the first packet of each micro-burst includes
the time stamp � � 2�1, and the second and third packets
include timestamp �1. This method allows the AP to determine
both � and �1 to characterize traffic accurately.

C. Empirical Evaluations of SATRAC

In this section, we empirically compare the performance
of SATRAC versus packet sniffing (Section III-B) and BSR0

(Section III-C). We use an 802.11ax testbed including one
AP and multiple STAs running Linux. We characterize the
accuracy of traffic characterization for one STA. Other STAs
are used to introduce variations in CU. We consider two CU
scenarios: (i) low, where the measured CU is around 15%,
and (ii) high, where the measured CU is around 70%. We
evaluate the accuracy of SATRAC when inter-packet intervals
are small. To this end, a STA runs a program that generates

Data 
Generation

Packet 
Generation

Packet 
Transmission 

Instances

2 � ptx
<latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit><latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit><latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit><latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit>

Packet 
Transmission 

Instances
w/ SATRAC

t1
<latexit sha1_base64="+Au/njQSa+WAQsbC+JIpVRGkyi0=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MdtWUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHHR2nijKPxiJWvYBoJrhknuFGsF6iGIkCwbrB9Dr3u/dMaR7LOzNLmB+RseQhp8RYyTPDzJ0PyxVcxRb1OsqJ28CuJc1mo1ZrIndhYVyBFdrD8vtgFNM0YtJQQbTuuzgxfkaU4VSweWmQapYQOiVj1rdUkohpP1scO0dnVhmhMFa2pEEL9ftERiKtZ1FgOyNiJvq3l4t/ef3UhA0/4zJJDZN0uShMBTIxyj9HI64YNWJmCaGK21sRnRBFqLH5lGwIX5+i/0mnVnVx1b29qLSuVnEU4QRO4RxcuIQW3EAbPKDA4QGe4NmRzqPz4rwuWwvOauYYfsB5+wQheo7l</latexit><latexit sha1_base64="+Au/njQSa+WAQsbC+JIpVRGkyi0=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MdtWUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHHR2nijKPxiJWvYBoJrhknuFGsF6iGIkCwbrB9Dr3u/dMaR7LOzNLmB+RseQhp8RYyTPDzJ0PyxVcxRb1OsqJ28CuJc1mo1ZrIndhYVyBFdrD8vtgFNM0YtJQQbTuuzgxfkaU4VSweWmQapYQOiVj1rdUkohpP1scO0dnVhmhMFa2pEEL9ftERiKtZ1FgOyNiJvq3l4t/ef3UhA0/4zJJDZN0uShMBTIxyj9HI64YNWJmCaGK21sRnRBFqLH5lGwIX5+i/0mnVnVx1b29qLSuVnEU4QRO4RxcuIQW3EAbPKDA4QGe4NmRzqPz4rwuWwvOauYYfsB5+wQheo7l</latexit><latexit sha1_base64="+Au/njQSa+WAQsbC+JIpVRGkyi0=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MdtWUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHHR2nijKPxiJWvYBoJrhknuFGsF6iGIkCwbrB9Dr3u/dMaR7LOzNLmB+RseQhp8RYyTPDzJ0PyxVcxRb1OsqJ28CuJc1mo1ZrIndhYVyBFdrD8vtgFNM0YtJQQbTuuzgxfkaU4VSweWmQapYQOiVj1rdUkohpP1scO0dnVhmhMFa2pEEL9ftERiKtZ1FgOyNiJvq3l4t/ef3UhA0/4zJJDZN0uShMBTIxyj9HI64YNWJmCaGK21sRnRBFqLH5lGwIX5+i/0mnVnVx1b29qLSuVnEU4QRO4RxcuIQW3EAbPKDA4QGe4NmRzqPz4rwuWwvOauYYfsB5+wQheo7l</latexit><latexit sha1_base64="+Au/njQSa+WAQsbC+JIpVRGkyi0=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8kWqe2t6MVjBbcttEvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MdtWUNEHA4/3ZpiZFySCa4Pxh1NYW9/Y3Cpul3Z29/YPyodHHR2nijKPxiJWvYBoJrhknuFGsF6iGIkCwbrB9Dr3u/dMaR7LOzNLmB+RseQhp8RYyTPDzJ0PyxVcxRb1OsqJ28CuJc1mo1ZrIndhYVyBFdrD8vtgFNM0YtJQQbTuuzgxfkaU4VSweWmQapYQOiVj1rdUkohpP1scO0dnVhmhMFa2pEEL9ftERiKtZ1FgOyNiJvq3l4t/ef3UhA0/4zJJDZN0uShMBTIxyj9HI64YNWJmCaGK21sRnRBFqLH5lGwIX5+i/0mnVnVx1b29qLSuVnEU4QRO4RxcuIQW3EAbPKDA4QGe4NmRzqPz4rwuWwvOauYYfsB5+wQheo7l</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

� � 2�1
<latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

t3
<latexit sha1_base64="XFbtUvClHYGLoPW7wr/0SFdERxs=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgqWSr1PZW9OKxgmsL7VKyabYNzWaXZFYoS3+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxIpDBDy4RRWVtfWN4qbpa3tnd298v7BnYlTzbjHYhnrbkANl0JxDwRI3k00p1EgeSeYXOV+555rI2J1C9OE+xEdKREKRsFKHgyys9mgXCFVYlGv45y4DeJa0mw2arUmducWIRW0RHtQfu8PY5ZGXAGT1JieSxLwM6pBMMlnpX5qeELZhI54z1JFI278bH7sDJ9YZYjDWNtSgOfq94mMRsZMo8B2RhTG5reXi395vRTChp8JlaTAFVssClOJIcb553goNGcgp5ZQpoW9FbMx1ZSBzadkQ/j6FP9P7mpVl1Tdm/NK63IZRxEdoWN0ilx0gVroGrWRhxgS6AE9oWdHOY/Oi/O6aC04y5lD9APO2yckhI7n</latexit><latexit sha1_base64="XFbtUvClHYGLoPW7wr/0SFdERxs=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgqWSr1PZW9OKxgmsL7VKyabYNzWaXZFYoS3+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxIpDBDy4RRWVtfWN4qbpa3tnd298v7BnYlTzbjHYhnrbkANl0JxDwRI3k00p1EgeSeYXOV+555rI2J1C9OE+xEdKREKRsFKHgyys9mgXCFVYlGv45y4DeJa0mw2arUmducWIRW0RHtQfu8PY5ZGXAGT1JieSxLwM6pBMMlnpX5qeELZhI54z1JFI278bH7sDJ9YZYjDWNtSgOfq94mMRsZMo8B2RhTG5reXi395vRTChp8JlaTAFVssClOJIcb553goNGcgp5ZQpoW9FbMx1ZSBzadkQ/j6FP9P7mpVl1Tdm/NK63IZRxEdoWN0ilx0gVroGrWRhxgS6AE9oWdHOY/Oi/O6aC04y5lD9APO2yckhI7n</latexit><latexit sha1_base64="XFbtUvClHYGLoPW7wr/0SFdERxs=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgqWSr1PZW9OKxgmsL7VKyabYNzWaXZFYoS3+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxIpDBDy4RRWVtfWN4qbpa3tnd298v7BnYlTzbjHYhnrbkANl0JxDwRI3k00p1EgeSeYXOV+555rI2J1C9OE+xEdKREKRsFKHgyys9mgXCFVYlGv45y4DeJa0mw2arUmducWIRW0RHtQfu8PY5ZGXAGT1JieSxLwM6pBMMlnpX5qeELZhI54z1JFI278bH7sDJ9YZYjDWNtSgOfq94mMRsZMo8B2RhTG5reXi395vRTChp8JlaTAFVssClOJIcb553goNGcgp5ZQpoW9FbMx1ZSBzadkQ/j6FP9P7mpVl1Tdm/NK63IZRxEdoWN0ilx0gVroGrWRhxgS6AE9oWdHOY/Oi/O6aC04y5lD9APO2yckhI7n</latexit><latexit sha1_base64="XFbtUvClHYGLoPW7wr/0SFdERxs=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgqWSr1PZW9OKxgmsL7VKyabYNzWaXZFYoS3+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxIpDBDy4RRWVtfWN4qbpa3tnd298v7BnYlTzbjHYhnrbkANl0JxDwRI3k00p1EgeSeYXOV+555rI2J1C9OE+xEdKREKRsFKHgyys9mgXCFVYlGv45y4DeJa0mw2arUmducWIRW0RHtQfu8PY5ZGXAGT1JieSxLwM6pBMMlnpX5qeELZhI54z1JFI278bH7sDJ9YZYjDWNtSgOfq94mMRsZMo8B2RhTG5reXi395vRTChp8JlaTAFVssClOJIcb553goNGcgp5ZQpoW9FbMx1ZSBzadkQ/j6FP9P7mpVl1Tdm/NK63IZRxEdoWN0ilx0gVroGrWRhxgS6AE9oWdHOY/Oi/O6aC04y5lD9APO2yckhI7n</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

�1
<latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit><latexit sha1_base64="bG5qhr4VjlQANeh7S/Xeh5Dg024=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDabSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67IcoDB3k3nRQrbl1dw6ySryC1KBAc1D96ocJy2KUhgmqdc9zU+PnVBnOBE4r/UxjStmYDrFnqaQxaj+fXzwlZ1YJSZQoW9KQufp7Iqex1pM4sJ0xNSO97M3E/7xeZqJrP+cyzQxKtlgUZYKYhMzeJyFXyIyYWEKZ4vZWwkZUUWZsSBUbgrf88ippX9Q9t+7dX9YaN0UcZTiBUzgHD66gAXfQhBYwkPAMr/DmaOfFeXc+Fq0lp5g5hj9wPn8Ag3mQzA==</latexit>

t4
<latexit sha1_base64="qLUqgcXFaTMjLuuI/n4SvE+C4sI=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqWRLqe2t6MVjBfsB7VKyabaNzWaXZFYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zM82MpDBDy4eTW1jc2t/LbhZ3dvf2D4uFRx0SJZrzNIhnpnk8Nl0LxNgiQvBdrTkNf8q4/vcr87j3XRkTqFmYx90I6ViIQjIKVOjBMq3M8LJZImVjUajgjbp24ljQa9Uqlgd2FRUgJrdAaFt8Ho4glIVfAJDWm75IYvJRqEEzyeWGQGB5TNqVj3rdU0ZAbL11cO8dnVhnhINK2FOCF+n0ipaExs9C3nSGFifntZeJfXj+BoO6lQsUJcMWWi4JEYohw9joeCc0ZyJkllGlhb8VsQjVlYAMq2BC+PsX/k06l7JKye1MtNS9XceTRCTpF58hFF6iJrlELtRFDd+gBPaFnJ3IenRfnddmac1Yzx+gHnLdPfXSPEg==</latexit><latexit sha1_base64="qLUqgcXFaTMjLuuI/n4SvE+C4sI=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqWRLqe2t6MVjBfsB7VKyabaNzWaXZFYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zM82MpDBDy4eTW1jc2t/LbhZ3dvf2D4uFRx0SJZrzNIhnpnk8Nl0LxNgiQvBdrTkNf8q4/vcr87j3XRkTqFmYx90I6ViIQjIKVOjBMq3M8LJZImVjUajgjbp24ljQa9Uqlgd2FRUgJrdAaFt8Ho4glIVfAJDWm75IYvJRqEEzyeWGQGB5TNqVj3rdU0ZAbL11cO8dnVhnhINK2FOCF+n0ipaExs9C3nSGFifntZeJfXj+BoO6lQsUJcMWWi4JEYohw9joeCc0ZyJkllGlhb8VsQjVlYAMq2BC+PsX/k06l7JKye1MtNS9XceTRCTpF58hFF6iJrlELtRFDd+gBPaFnJ3IenRfnddmac1Yzx+gHnLdPfXSPEg==</latexit><latexit sha1_base64="qLUqgcXFaTMjLuuI/n4SvE+C4sI=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqWRLqe2t6MVjBfsB7VKyabaNzWaXZFYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zM82MpDBDy4eTW1jc2t/LbhZ3dvf2D4uFRx0SJZrzNIhnpnk8Nl0LxNgiQvBdrTkNf8q4/vcr87j3XRkTqFmYx90I6ViIQjIKVOjBMq3M8LJZImVjUajgjbp24ljQa9Uqlgd2FRUgJrdAaFt8Ho4glIVfAJDWm75IYvJRqEEzyeWGQGB5TNqVj3rdU0ZAbL11cO8dnVhnhINK2FOCF+n0ipaExs9C3nSGFifntZeJfXj+BoO6lQsUJcMWWi4JEYohw9joeCc0ZyJkllGlhb8VsQjVlYAMq2BC+PsX/k06l7JKye1MtNS9XceTRCTpF58hFF6iJrlELtRFDd+gBPaFnJ3IenRfnddmac1Yzx+gHnLdPfXSPEg==</latexit><latexit sha1_base64="qLUqgcXFaTMjLuuI/n4SvE+C4sI=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqWRLqe2t6MVjBfsB7VKyabaNzWaXZFYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zM82MpDBDy4eTW1jc2t/LbhZ3dvf2D4uFRx0SJZrzNIhnpnk8Nl0LxNgiQvBdrTkNf8q4/vcr87j3XRkTqFmYx90I6ViIQjIKVOjBMq3M8LJZImVjUajgjbp24ljQa9Uqlgd2FRUgJrdAaFt8Ho4glIVfAJDWm75IYvJRqEEzyeWGQGB5TNqVj3rdU0ZAbL11cO8dnVhnhINK2FOCF+n0ipaExs9C3nSGFifntZeJfXj+BoO6lQsUJcMWWi4JEYohw9joeCc0ZyJkllGlhb8VsQjVlYAMq2BC+PsX/k06l7JKye1MtNS9XceTRCTpF58hFF6iJrlELtRFDd+gBPaFnJ3IenRfnddmac1Yzx+gHnLdPfXSPEg==</latexit>

t2
<latexit sha1_base64="jKuRvcics8n/TkgBjY1kdDMNMXM=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8lewitb0VvXisYD+gXUo2zbax2c2SzApl6X/w4kERr/4fb/4bs20FFX0w8Hhvhpl5QSKFAUI+nJXVtfWNzcJWcXtnd2+/dHDYNirVjLeYkkp3A2q4FDFvgQDJu4nmNAok7wSTq9zv3HNthIpvYZpwP6KjWISCUbBSGwaZN8ODUplUiEW1inPi1ohrSb1e87w6ducWIWW0RHNQeu8PFUsjHgOT1JieSxLwM6pBMMlnxX5qeELZhI54z9KYRtz42fzaGT61yhCHStuKAc/V7xMZjYyZRoHtjCiMzW8vF//yeimENT8TcZICj9liUZhKDArnr+Oh0JyBnFpCmRb2VszGVFMGNqCiDeHrU/w/aXsVl1Tcm/Ny43IZRwEdoxN0hlx0gRroGjVRCzF0hx7QE3p2lPPovDivi9YVZzlzhH7AefsEemiPEA==</latexit><latexit sha1_base64="jKuRvcics8n/TkgBjY1kdDMNMXM=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8lewitb0VvXisYD+gXUo2zbax2c2SzApl6X/w4kERr/4fb/4bs20FFX0w8Hhvhpl5QSKFAUI+nJXVtfWNzcJWcXtnd2+/dHDYNirVjLeYkkp3A2q4FDFvgQDJu4nmNAok7wSTq9zv3HNthIpvYZpwP6KjWISCUbBSGwaZN8ODUplUiEW1inPi1ohrSb1e87w6ducWIWW0RHNQeu8PFUsjHgOT1JieSxLwM6pBMMlnxX5qeELZhI54z9KYRtz42fzaGT61yhCHStuKAc/V7xMZjYyZRoHtjCiMzW8vF//yeimENT8TcZICj9liUZhKDArnr+Oh0JyBnFpCmRb2VszGVFMGNqCiDeHrU/w/aXsVl1Tcm/Ny43IZRwEdoxN0hlx0gRroGjVRCzF0hx7QE3p2lPPovDivi9YVZzlzhH7AefsEemiPEA==</latexit><latexit sha1_base64="jKuRvcics8n/TkgBjY1kdDMNMXM=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8lewitb0VvXisYD+gXUo2zbax2c2SzApl6X/w4kERr/4fb/4bs20FFX0w8Hhvhpl5QSKFAUI+nJXVtfWNzcJWcXtnd2+/dHDYNirVjLeYkkp3A2q4FDFvgQDJu4nmNAok7wSTq9zv3HNthIpvYZpwP6KjWISCUbBSGwaZN8ODUplUiEW1inPi1ohrSb1e87w6ducWIWW0RHNQeu8PFUsjHgOT1JieSxLwM6pBMMlnxX5qeELZhI54z9KYRtz42fzaGT61yhCHStuKAc/V7xMZjYyZRoHtjCiMzW8vF//yeimENT8TcZICj9liUZhKDArnr+Oh0JyBnFpCmRb2VszGVFMGNqCiDeHrU/w/aXsVl1Tcm/Ny43IZRwEdoxN0hlx0gRroGjVRCzF0hx7QE3p2lPPovDivi9YVZzlzhH7AefsEemiPEA==</latexit><latexit sha1_base64="jKuRvcics8n/TkgBjY1kdDMNMXM=">AAAB7XicdVBNSwMxEM36WetX1aOXYBE8lewitb0VvXisYD+gXUo2zbax2c2SzApl6X/w4kERr/4fb/4bs20FFX0w8Hhvhpl5QSKFAUI+nJXVtfWNzcJWcXtnd2+/dHDYNirVjLeYkkp3A2q4FDFvgQDJu4nmNAok7wSTq9zv3HNthIpvYZpwP6KjWISCUbBSGwaZN8ODUplUiEW1inPi1ohrSb1e87w6ducWIWW0RHNQeu8PFUsjHgOT1JieSxLwM6pBMMlnxX5qeELZhI54z9KYRtz42fzaGT61yhCHStuKAc/V7xMZjYyZRoHtjCiMzW8vF//yeimENT8TcZICj9liUZhKDArnr+Oh0JyBnFpCmRb2VszGVFMGNqCiDeHrU/w/aXsVl1Tcm/Ny43IZRwEdoxN0hlx0gRroGjVRCzF0hx7QE3p2lPPovDivi9YVZzlzhH7AefsEemiPEA==</latexit>
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<latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit><latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit><latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit><latexit sha1_base64="5Ckrn+FS7VXWvVwqXiorGp+DEhw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBD0GvXiMYB6QxDA7mU2GzO4OM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dvpLCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMHGiGa+zWMa65VPDpYh4HQVK3lKa09CXvOmPrqd+84FrI+LoDseKd0M6iEQgGEUr3Vc6yghyRlQvxadJr1hyy+4MZJl4GSlBhlqv+NXpxywJeYRMUmPanquwm1KNgkk+KXQSwxVlIzrgbUsjGnLTTWdXT8iJVfokiLWtCMlM/T2R0tCYcejbzpDi0Cx6U/E/r51gcNlNRaQS5BGbLwoSSTAm0whIX2jOUI4toUwLeythQ6opQxtUwYbgLb68TBqVsueWvdvzUvUqiyMPR3AMp+DBBVThBmpQBwYanuEV3pxH58V5dz7mrTknmzmEP3A+fwC5SZIA</latexit>

(a)

(b)

t3,1
<latexit sha1_base64="qKbcTzqz3XO+C3A28hawL+rqXk4=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgQcJMlJjcgl48RjAPSJYwO5lNhsw+mOkVwpKP8OJBEa9+jzf/xtkkgooWNBRV3XR3ebGSBgj5cHIrq2vrG/nNwtb2zu5ecf+gbaJEc9HikYp012NGKBmKFkhQohtrwQJPiY43uc78zr3QRkbhHUxj4QZsFEpfcgZW6sAgPT+js0GxRMrEolrFGaE1Qi2p12uVSh3TuUVICS3RHBTf+8OIJ4EIgStmTI+SGNyUaZBciVmhnxgRMz5hI9GzNGSBMG46P3eGT6wyxH6kbYWA5+r3iZQFxkwDz3YGDMbmt5eJf3m9BPyam8owTkCEfLHITxSGCGe/46HUgoOaWsK4lvZWzMdMMw42oYIN4etT/D9pV8qUlOntRalxtYwjj47QMTpFFF2iBrpBTdRCHE3QA3pCz07sPDovzuuiNecsZw7RDzhvn/7dj1g=</latexit><latexit sha1_base64="qKbcTzqz3XO+C3A28hawL+rqXk4=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgQcJMlJjcgl48RjAPSJYwO5lNhsw+mOkVwpKP8OJBEa9+jzf/xtkkgooWNBRV3XR3ebGSBgj5cHIrq2vrG/nNwtb2zu5ecf+gbaJEc9HikYp012NGKBmKFkhQohtrwQJPiY43uc78zr3QRkbhHUxj4QZsFEpfcgZW6sAgPT+js0GxRMrEolrFGaE1Qi2p12uVSh3TuUVICS3RHBTf+8OIJ4EIgStmTI+SGNyUaZBciVmhnxgRMz5hI9GzNGSBMG46P3eGT6wyxH6kbYWA5+r3iZQFxkwDz3YGDMbmt5eJf3m9BPyam8owTkCEfLHITxSGCGe/46HUgoOaWsK4lvZWzMdMMw42oYIN4etT/D9pV8qUlOntRalxtYwjj47QMTpFFF2iBrpBTdRCHE3QA3pCz07sPDovzuuiNecsZw7RDzhvn/7dj1g=</latexit><latexit sha1_base64="qKbcTzqz3XO+C3A28hawL+rqXk4=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgQcJMlJjcgl48RjAPSJYwO5lNhsw+mOkVwpKP8OJBEa9+jzf/xtkkgooWNBRV3XR3ebGSBgj5cHIrq2vrG/nNwtb2zu5ecf+gbaJEc9HikYp012NGKBmKFkhQohtrwQJPiY43uc78zr3QRkbhHUxj4QZsFEpfcgZW6sAgPT+js0GxRMrEolrFGaE1Qi2p12uVSh3TuUVICS3RHBTf+8OIJ4EIgStmTI+SGNyUaZBciVmhnxgRMz5hI9GzNGSBMG46P3eGT6wyxH6kbYWA5+r3iZQFxkwDz3YGDMbmt5eJf3m9BPyam8owTkCEfLHITxSGCGe/46HUgoOaWsK4lvZWzMdMMw42oYIN4etT/D9pV8qUlOntRalxtYwjj47QMTpFFF2iBrpBTdRCHE3QA3pCz07sPDovzuuiNecsZw7RDzhvn/7dj1g=</latexit><latexit sha1_base64="qKbcTzqz3XO+C3A28hawL+rqXk4=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgQcJMlJjcgl48RjAPSJYwO5lNhsw+mOkVwpKP8OJBEa9+jzf/xtkkgooWNBRV3XR3ebGSBgj5cHIrq2vrG/nNwtb2zu5ecf+gbaJEc9HikYp012NGKBmKFkhQohtrwQJPiY43uc78zr3QRkbhHUxj4QZsFEpfcgZW6sAgPT+js0GxRMrEolrFGaE1Qi2p12uVSh3TuUVICS3RHBTf+8OIJ4EIgStmTI+SGNyUaZBciVmhnxgRMz5hI9GzNGSBMG46P3eGT6wyxH6kbYWA5+r3iZQFxkwDz3YGDMbmt5eJf3m9BPyam8owTkCEfLHITxSGCGe/46HUgoOaWsK4lvZWzMdMMw42oYIN4etT/D9pV8qUlOntRalxtYwjj47QMTpFFF2iBrpBTdRCHE3QA3pCz07sPDovzuuiNecsZw7RDzhvn/7dj1g=</latexit>

t2,1
<latexit sha1_base64="fE7KN0SYUdest5XX9aLvl0iTXF8=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5Rkkdreil48VrC20C4lm2bb0OwHSVYoS3+EFw+KePX3ePPfmG0rqOiDgcd7M8zM8xMptMH4wymsrK6tbxQ3S1vbO7t75f2DOx2nivE2i2Wsuj7VXIqIt40wkncTxWnoS97xJ1e537nnSos4ujXThHshHUUiEIwaK3XMIHPPyGxQruAqtqjVUE5IHRNLGo266zYQmVsYV2CJ1qD83h/GLA15ZJikWvcIToyXUWUEk3xW6qeaJ5RN6Ij3LI1oyLWXzc+doROrDFEQK1uRQXP1+0RGQ62noW87Q2rG+reXi395vdQEdS8TUZIaHrHFoiCVyMQo/x0NheLMyKkllClhb0VsTBVlxiZUsiF8fYr+J3duleAquTmvNC+XcRThCI7hFAhcQBOuoQVtYDCBB3iCZydxHp0X53XRWnCWM4fwA87bJ/1Wj1c=</latexit><latexit sha1_base64="fE7KN0SYUdest5XX9aLvl0iTXF8=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5Rkkdreil48VrC20C4lm2bb0OwHSVYoS3+EFw+KePX3ePPfmG0rqOiDgcd7M8zM8xMptMH4wymsrK6tbxQ3S1vbO7t75f2DOx2nivE2i2Wsuj7VXIqIt40wkncTxWnoS97xJ1e537nnSos4ujXThHshHUUiEIwaK3XMIHPPyGxQruAqtqjVUE5IHRNLGo266zYQmVsYV2CJ1qD83h/GLA15ZJikWvcIToyXUWUEk3xW6qeaJ5RN6Ij3LI1oyLWXzc+doROrDFEQK1uRQXP1+0RGQ62noW87Q2rG+reXi395vdQEdS8TUZIaHrHFoiCVyMQo/x0NheLMyKkllClhb0VsTBVlxiZUsiF8fYr+J3duleAquTmvNC+XcRThCI7hFAhcQBOuoQVtYDCBB3iCZydxHp0X53XRWnCWM4fwA87bJ/1Wj1c=</latexit><latexit sha1_base64="fE7KN0SYUdest5XX9aLvl0iTXF8=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5Rkkdreil48VrC20C4lm2bb0OwHSVYoS3+EFw+KePX3ePPfmG0rqOiDgcd7M8zM8xMptMH4wymsrK6tbxQ3S1vbO7t75f2DOx2nivE2i2Wsuj7VXIqIt40wkncTxWnoS97xJ1e537nnSos4ujXThHshHUUiEIwaK3XMIHPPyGxQruAqtqjVUE5IHRNLGo266zYQmVsYV2CJ1qD83h/GLA15ZJikWvcIToyXUWUEk3xW6qeaJ5RN6Ij3LI1oyLWXzc+doROrDFEQK1uRQXP1+0RGQ62noW87Q2rG+reXi395vdQEdS8TUZIaHrHFoiCVyMQo/x0NheLMyKkllClhb0VsTBVlxiZUsiF8fYr+J3duleAquTmvNC+XcRThCI7hFAhcQBOuoQVtYDCBB3iCZydxHp0X53XRWnCWM4fwA87bJ/1Wj1c=</latexit><latexit sha1_base64="fE7KN0SYUdest5XX9aLvl0iTXF8=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5Rkkdreil48VrC20C4lm2bb0OwHSVYoS3+EFw+KePX3ePPfmG0rqOiDgcd7M8zM8xMptMH4wymsrK6tbxQ3S1vbO7t75f2DOx2nivE2i2Wsuj7VXIqIt40wkncTxWnoS97xJ1e537nnSos4ujXThHshHUUiEIwaK3XMIHPPyGxQruAqtqjVUE5IHRNLGo266zYQmVsYV2CJ1qD83h/GLA15ZJikWvcIToyXUWUEk3xW6qeaJ5RN6Ij3LI1oyLWXzc+doROrDFEQK1uRQXP1+0RGQ62noW87Q2rG+reXi395vdQEdS8TUZIaHrHFoiCVyMQo/x0NheLMyKkllClhb0VsTBVlxiZUsiF8fYr+J3duleAquTmvNC+XcRThCI7hFAhcQBOuoQVtYDCBB3iCZydxHp0X53XRWnCWM4fwA87bJ/1Wj1c=</latexit>

� � 2�1
<latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit>

� � 2�1
<latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit><latexit sha1_base64="xCPK3BUGTniQbUNr1CJWGcwwhJA=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIuiyqAuXFewFmhAmk0k7dHJh5kSoofgqblwo4tb3cOfbOGmz0NYfBj7+cw7nzO+ngiuwrG9jaXlldW29slHd3Nre2TX39jsqySRlbZqIRPZ8opjgMWsDB8F6qWQk8gXr+qProt59YFLxJL6HccrciAxiHnJKQFueeejcMAEEn+GGExTk5fbEM2tW3ZoKL4JdQg2VannmlxMkNItYDFQQpfq2lYKbEwmcCjapOpliKaEjMmB9jTGJmHLz6fUTfKKdAIeJ1C8GPHV/T+QkUmoc+bozIjBU87XC/K/WzyC8dHMepxmwmM4WhZnAkOAiChxwySiIsQZCJde3YjokklDQgVV1CPb8lxeh06jbVt2+O681r8o4KugIHaNTZKML1ES3qIXaiKJH9Ixe0ZvxZLwY78bHrHXJKGcO0B8Znz/9aJRG</latexit>

�
<latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit><latexit sha1_base64="ZWRIo6K/4YPaaJFpMuXpqvzq8as=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg8cI5gHJEmYnvcmY2ZllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsGJVphnWmhNKtiBoUXGLdciuwlWqkSSSwGQ1vpn7zCbXhSj7YUYphQvuSx5xR66RG5xaFpd1S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuL8rV6zyOAhzDCZxBAJdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDYIyO/A==</latexit>

(c)

(d)

Micro-burst

2 
<latexit sha1_base64="fokfy1LOpz9JKgRO0KyLm0oiHwY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyG/1U80G15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftRt1z697DVa15W8RRhjM4h0vw4BqacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QOVuY6G</latexit><latexit sha1_base64="fokfy1LOpz9JKgRO0KyLm0oiHwY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyG/1U80G15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftRt1z697DVa15W8RRhjM4h0vw4BqacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QOVuY6G</latexit><latexit sha1_base64="fokfy1LOpz9JKgRO0KyLm0oiHwY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyG/1U80G15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftRt1z697DVa15W8RRhjM4h0vw4BqacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QOVuY6G</latexit><latexit sha1_base64="fokfy1LOpz9JKgRO0KyLm0oiHwY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbyG/1U80G15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftRt1z697DVa15W8RRhjM4h0vw4BqacA8t8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QOVuY6G</latexit> 2 
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Fig. 7. (a): Data generation time instances by application. (b): Packet
generation time instances. (c): Packet transmission instances. This row shows
the time instance of packet capture by sniffer, as well as the BSR value of
each packet. (d): Packet transmission instances and timing information added
to each packet by SATRAC.
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Fig. 8. Empirical evaluation of SATRAC versus the baseline (actual data
generation time instances), packet sniffing, and BSR0 in low (a) and high
(b) CU scenarios. SATRAC demonstrates the highest accuracy even in the
presence of high CU.

and sends a 1400-byte message every 500 µs. Since TCP
employs a buffering delay of about 200 ms to accumulate
data before transmission, we utilize the TCP_NODELAY flag
for the TCP socket to send the generated data as soon as
received from the application. Also, we are using the voice
AC for the transmission of generated packets. Note that this
AC does not employ packet aggregation (i.e., A-MPDU). To
establish a baseline for accuracy comparison, we denote the
actual data generation instances by the application as baseline.

Figure 8 presents the results collected in low and high CU
scenarios. We can observe that the baseline curve is not a
vertical line. The variations of the baseline are caused by
multiple factors, including timer inaccuracy, context switching,
the delay of copying data from the user-space to the kernel-
space, and the delay of logging time stamps. The closest curve
to the baseline curve is that of SATRAC, in both low and
high CU scenarios, therefore demonstrating the high accuracy
of this approach. Note that some of the timing inaccuracies
affecting the baseline also affect SATRAC; context switching
delay and copying data from user-space to kernel-space are

Empirical Evaluation of Timing Accuracy
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• An 802.11ax (Wi-Fi 6) testbed: one AP and multiple STAs

• Sequential Allocation of TWT Service Period
• Similar to the existing works, we assign non-overlapping service 

periods to the STA

• Overlapping Allocation of TWT Service Periods using SATRAC
• We enable the AP to characterize traffic using SATRACT 
• Determine the possibility of higher channel utilization, and assign 

overlapping service periods to the STA

Source-assisted Traffic Characterization (SATRAC)
Empirical Comparison of TWT Allocation Efficiency
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Fig. 9. Sequential and overlapping TWT allocations to three STAs. Through-
put, CU, and number of transmissions are per second. The three scenarios on
the x-axis refer to incrementally higher CU levels by the STAs. By leveraging
SATRAC, the AP can assign each service period to multiple STAs to enhance
both CU and throughput.

among the factors. Nevertheless, while both packet sniffing
and BSR0 are considerably affected in the high CU scenario,
the accuracy of SATRAC remains unaffected. We also observe
that although the accuracy of traffic characterization is slightly
improved by the BSR0 method, the accuracy of this method is
considerably affected by increasing CU.

D. Sample TWT Allocation Scenario

To show the benefits of utilizing SATRAC for TWT allo-
cation, we use a testbed including three STAs. First, similar
to the existing works [9], [11], we assign non-overlapping
service periods to the STAs; we refer to this approach as
‘sequential’ allocation. Then, we enable the AP to characterize
traffic, determine the possibility of higher channel utilization,
and assign overlapping service periods to the STAs; this is
referred to as ‘overlapping’ allocation. By changing the packet
generation instances of each STA, we adjust inter-packet inter-
vals and introduce various CU levels, corresponding to three
scenarios. The results are presented in Figure 9. We observe
that the overlapping allocation enhances throughput and CU,
while the number of retransmissions (caused by collisions)
are slightly increased. For example, in Scenario-3 where the
mean per-STA CU is 36% in the sequential allocation, the
overlapping allocation increases the mean to 86%. Although
the overlapping allocation increases the mean number of
retransmissions per second from 10 to 14, these are 0.00025%
and 0.00035% of the total number of transmissions per second,
respectively. Therefore, these results confirm the effectiveness
of accurate traffic characterization for TWT allocation.

V. CONCLUSION

Allocation of TWT service periods to IoT STAs requires
accurate traffic characterization to meet applications’ demands
while enhancing energy efficiency and throughput. In this pa-
per, we empirically studied traffic burstiness and the causes of
inter-packet delays in WiFi-based IoT networks. We analyzed
the shortcomings of existing traffic characterization methods
and introduced a novel approach based on packet modification
in STAs’ protocol stack. We showed that using eBPF to embed

inter-packet generation times in TCP header (or IP header)
provides an effective solution for determining per-flow traffic
patterns in AP.

While in this paper we focused on traffic characterization
and TWT allocation in the time domain, the proposed method
can be used to enhance the allocation of Resource Units (RUs)
to STAs in 802.11ax networks. In particular, by enhancing the
accuracy of conveying STAs’ demands to the AP, more effi-
cient time and frequency (TWT and RU) allocation algorithms
can be developed. This is left as future work. We also note
that the proposed method can be leveraged by data-driven and
machine learning methods to enhance the accuracy of device
and traffic characterization, which can be used for applications
such as network security.
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• To meet applications' demands while enhancing energy efficiency and 
throughput

• Traffic characterization is required for the allocation of TWT service 
periods to IoT STAs

1. We empirically studied traffic burstiness and the causes of inter-packet 
delays in WiFi-based IoT networks

2. Analyzed the shortcomings of existing traffic characterization methods
3. Introduced a novel approach based on packet modification in STAs' 

protocol stack
4. Empirically measure the accuracy of the proposed method and analyzed its 

effect on TWT allocation

• Not only for TWT allocation, but the proposed method can also be used 
for Resource Units (RU) allocation

Conclusion
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