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edge 

computing

applications
8K x 120 Hz x 10 bit streaming 

> 440 Mbps file downloads

augmented reality

live video analytics & derivatives

talk agenda 1. how did we get here? 

2. what are we doing?

3. where are we going?
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a camera for every 8 people in the US & for every 29 people worldwide!

with cloud computing, it’s the golden era for ML, computer vision, & AI

potential to impact science, society & business

smile, you are a star

NYPD expands surveillance net to fight
crime as well as terrorism 



 M I C R O S O F T  C O N F I D E N T I A L   M I C R O S O F T  C O N F I D E N T I A L  

scenarios

smart cities & 
urban mobility

retail stores
(e.g. Marks & Spencer)

connected restaurants
(e.g. McDonalds, Starbucks)
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MSR’s Glimpse project (2014)
https://www.microsoft.com/en-us/research/video/glimpse/

https://www.microsoft.com/en-us/research/video/glimpse/
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body worn cameras, a real thing
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January 2015

in–vehicle video analytics for detecting open parking spaces 
in urban environment

Giulio
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video analytics - a systems problem

8
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six PhD thesis in systems so far …

• Kevin Hsieh, Low-Latency, Low-Cost Machine Learning Systems on Large-Scale, Highly-Distributed 

Data, Carnegie Mellon University (September 2019)

• Chien-Chun (“Michael“) Hung, Resource scheduling in Geo-distributed Computing, University of 

Southern California (December 2017)

• Shubham Jain, Design of Inertial & Camera Sensing for Smart Intersections, Rutgers University, 

(August 2017)

• Grassi, Giulio, Connected cars: A computing resource for smart cities, Université Pierre-et-Marie-Curie, 

Paris (October 2017)

• Yuan (Tiffany) Chen, Interactive Object Recognition and Search over Mobile Video, Massachusetts 

Institute of Technology (June 2017)

• Robert LiKamwa, Vision Sensing Pipeline for Efficiency & Privacy, Rice University (July 2016) 

more coming ….
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highlights

best paper award

publications

and many more ….

lots of media coverage
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systems people build systems…

11



 M I C R O S O F T  C O N F I D E N T I A L  12

http://aka.ms/rocket 
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vision algorithms (“transforms”) chained together

transforms implement specified interfaces

example: count the number of moving cars on a road segment

video query: pipeline of transforms

transform 1

(decoder)

transform 3

(object tracker)

transform 2

(object detector)

transform 3 

(classifier& counter)
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DNN classifier

high accuracy
low cost

object tracker

high accuracy
low cost 4

6
X

250X

each stage has a resource/quality trade off

no one plan is uniformly the best… 

best plan is dependent on the camera, lighting, track direction, object color, … 

[1] VOT Challenge 2015 Results.
[2] Simonyan et al. CVPR abs/1409.1556, 2014

best car tracker[1] — 1 fps on an 8-core CPU

DNN for object classification[2] — 30GFlops

transform 2

(object detector)

transform 4 

(classifier& counter)

 M I C R O S O F T  C O N F I D E N T I A L  

DNN classifier

transform 3 

(object tracker 2

CPU demand [cores]

License Plate 
Reader
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profiler

query

sc
h
e
d

u
le

r

resource-

quality

Minimum 

quality

offline online

how we handle this
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bandwidth sensitive transport
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… it’s video, we care about privacy

17
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Rocket

video consumers

Sun!

Tree!
Car! Truck!

Person!

input video streams
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Rocket

input video streams video consumers
what if we want to restrict what a 

viewer can see?
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Rocket

input video streams video consumersblock by default

✓ cars

✓ trucks
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Rocket

Input video streams

Sun!

Tree!
Car! Truck!

Person!

Encrypted object videos
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✓ easy to compress
• redundancy across frames

✓ easy to protect
• can encrypt video segments

• distribute keys to authorized viewers

✓ easy to compose
• create single view from multiple streams

object-specific streams
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Rocket features & systems challenges 
(built for pilots)

✓ line-based counting/alerting on live videos

✓ early filtering & selective DNN calls for efficient GPU/FPGA usage

✓ edge-cloud partitioning with cloud DNNs 

✓ detect network unavailability, shift to “edge-only” mode

✓ resource-accuracy profiling to choose best configurations

✓ interactive after-the-fact querying on stored videos

✓ camera virtualization, multi-app support

✓ live redaction services

✓ easy scaling with smart pod /workload placement and orchestration
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pilots & customer engagements

28
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some disturbing local news

local TV coverage
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traffic safety: a world-wide movement
• 1.2 million people die on the world’s roads 

every year

• 20-50 million suffer non-fatal injuries

• in the US, 19,000 people were killed in the 
first 6 months of 2016 (up 9% compared to 
2015)

NHTSA, impact of crashes (2010) - $242 billion
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cities all over North America are embracing it
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Bellevue & Microsoft Research collaborate on Vision Zero

use widely deployed traffic cameras
• Car/bike/ped counts, near-collisions, anomalies

next-generation traffic control

Amy Carlson, 
Vice President & Area Office Manager, CH2M Hill



 M I C R O S O F T  C O N F I D E N T I A L   M I C R O S O F T  C O N F I D E N T I A L  

picked up by local media

declined interview but…
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~20% fatal crashes happen at intersections

~50% of all crashes happen at intersections

and if this is not enough to motivate you, consider the 

business potential … 

34

why focus was on intersections?

United States has ~330,000 intersections with traffic signals
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city planners need data & analytics to perform 
corrective measures

2005 - 2010 60 collisions recorded by the 
Bellevue Police Department 

In 2013, WSDOT built a new roundabout 
at the intersection
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live at Bellevue’s Traffic Management 
Center

24X7 on live
traffic feeds 



 M I C R O S O F T  C O N F I D E N T I A L   M I C R O S O F T  C O N F I D E N T I A L  37

Microsoft + Bellevue Vision Zero Collaboration
2017 - 2019
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video…

38
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108th Avenue NE, Bellevue, Washington
bike lane project

cycling on sidewalks has reduced, on-street bicycle usage has increased due to 

the bike lane,& the volume of motor vehicle traffic is unaffected.
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public crowd-sourcing for labeled data
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global partners press release by DC DOT
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mayor’s challenge award to Bellevue 
Safer Cities, Safer People Award
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Achievements Award
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consider the following

United States has ~330,000 intersections with traffic signals

revenue potential

•Brisk Synergies charges $5,000 for traffic counts per intersection 
for one day of recorded video

City of Bellevue has 200 cameras; counts done once a quarter is $4M/year
(Bellevue is the 177th most populated city in the USA

• London’s million cameras online on Azure → $65 million/month
(packing 10 streams per GPU-VM)
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pilot 2 : parking in congested cities

pilot 3 : self driving cars

45
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Company A -Microsoft (5G era) pilot 

46

RRU

MEC (Platform + Wireless Software)

Private Data Center

IoT Core

Microsoft Rocket 

video analytics service

Edge

Transport

Wireless Network Software
5G network

Future
APP

Future
APP

finding parking increases congestion (driving in circles), CO & CO2 emission, and stress

city-wide parking service 
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camera

automobile

1080p - 4k @ 30fps

> 40 Mbps Ethernet
hi-res video

GPU @ >500 GFLOPS
+ CPU + HW codec

10 kbps DSRC

control messages

street-level network

reliable,

low-latency,

autonomous, 

locally scalable

city-level network

inexpensive

scalable across city

moderately reliableedge  node

making self-driving cars safer
(10 million self-driving cars by 2020 – Forbes, March 2017)

DSRC
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live demos in Hannover Messe 2016
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live demos in Hannover Messe 2016
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AI for social good

51
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AI for social good

52
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MSR Rocket 
An open source video analytics platform
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video analytics is infiltrating manufacturing, retail, transportation, 

telecoms, space explorations, healthcare, …

- 2022 market projection by $11.2B (& it is going to change lives)

there are a large # of systems challenges in deploying such systems in 

the wild at scale

final remarks
extracting actionable insights from cameras in the wild


