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LEARNING OBJECTIVES

1. How can we use traffic conflict analytics to inform proactive
actions for improved road safety?

2. How can we use video analytics and machine learning systems to
detect conflicts?

3. How can we work together to move towards Vision Zero?
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WORLDWIDE: TRAFFIC FATALITIES
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Leading Causes of Death (2004)

RANK LEADING CAUSE %
1 | Ischaemic heart disease 12.2
2 | Cerebrovascular disease 9.7
3 | Lower respiratory infections 7.0
4 | Chronic obstrudtive pulmonary disease | 5.1
5 | Diarrhoeal diseases 3.6
6 | HIV/AIDS 35
7 | Tuberculosis 25
8 | Trachea, bronchus, lung cancers 2.3
9 | Road trafficinjuries 22
10 | Prematurity and low birth weight 2.0
11 | Neonatal infections and other 1.9
12 | Diabetes mellitus 1.9
13 | Malaria 1.7
14 | Hypertensive heart disease 1.7
15 | Birth asphyxia and birth trauma 15
16 | Seli-inflicted injuries 14
17 | Stomach cancer 14
18 | Cirrhosis of the liver 1.3
19 | Nephritis and nephrosis 13
20 | Colon and rectum cancers 11
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USA: TRAFFIC FATALITIES

Fatalities and Fatality Rate per 100 Million VMT, by Year, 1965-2015
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NHTSA, Impact of Crashes (2010): Economic Cost: $242B; Societal Harm: $836B
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TRADITIONAL CRASH REPORTING PROCESS

.'l €) Accident report
) completed by
police officer

Police officer |
collects '

OCras TR

occures

Copy of accident report
submitted to the
transportation dept.

—_—
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+

The transportation dept.
enters select crash
information into database
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CRASH BASED APPROACH: LAKEMONT
INTERCHANGE CASE STUDY

From 2005 through 2010 there were 60 In 2013, WSDOT built a new roundabout at
collisions recorded by the Bellevue Police the intersection of the WB 1-90 on- and off-
Department and the WSP at this location. ramps and WLSP SE/180 Ave SE.

Lakemont Blvd - Newport Way to WSLP Siyof (2 : : e R\ |

2006

02 FPM FRI TUNG 2006
PM WED OCT (1 2006
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VISION ZERO: REFRAMING TRAFFIC DEATHS &
INJURIES AS PREVENTABLE
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CONFLICT-BASED APPROACH: DON’T WAIT FOR
CRASHES TO HAPPEN

‘ Serious Conflicts
Slight Conflicts
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Accidents - ¢ Eu; Potential Conflicts
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Blyden’s Safety Pyramid (adapted from Hyden, 1987) ITS i AMERICA



CONFLICT-BASED APPROACH: PUBLIC

INVOLVEMENT STRATEGY

HOW YOU CAN HELP:

BELLEVUE
PEDESTRIAN L[ 7 =8 @ cvexon “ada point” Unsafe Unsafe Behaviors by...
% & BICYCLE Rl e ol BRI @ seicct e type otissue facomodations | @) Poople Walking
IMPLEVENTATION INTIATVE 3 - Peopl..
@ Prace your point on tha map . Walking . People Bicycling
" OLERIEED L Answer a few questions, subm
10 walk and bike. 2 =X = :___' "'____.""' comments @) sieycling | (@) Poople Driving

1 vt

Ped Facilities 514 32%
Bike Facilities 573 35%
Ped Behaviors 57 4%
Bike Behaviors 22 1%
Car Behaviors 452 28%
Total 1618

Total Points Placed
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CONFLICT-BASED APPROACH: VIDEO ANALYTICS
STRATEGY

\ 2
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»

Leverage a city’s existing traffic camera
system to simultaneously:

= monitor counts and travel speed of all road
user groups (vehicle, pedestrian, and bicycle);

= document the directional volume of all road
user groups as they move through an
Intersection; and,

= assess unsafe “near-miss” trajectories and
Interactions between all road user groups.
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PARTNERSHIP MOMENTUM

OVERSIGHT
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PARTNERSHIP APPROACH

/Milestone 1: Demonstrate the capability of vision technologies by detecting
relevant events in the sample traffic videos (e.g., detecting cars, pedestrians,
and bikes and tracking their movements).

/Milesj:one 2: Demonstrate an end-to-end system that will, continuously in
real-time, detect and store the events, and present aggregated information.

 Milestone 3: Pilot deployment of end-to-end system (running on servers
provided by Microsoft) in the City of Bellevue traffic control center. The
system will run off of a live feed.

 Milestone 4: Support additional scenarios (e.g., near-collisions of cars with
pedestrians and bikes or patterns of bikers crossing a busy intersection).

ITS & AMERICA



TURNING MOVEMENT COUNTS SAMPLE: 116TH NE
& NE 12TH

Traffic count for Bellevue_116th_NE12th (12/10/2016 12:00:00 AM - 12/17/2016 12:00:00 AM)

—— 116thBottom -> 116thTop —— 116thBottom -> 12thLeft 116thBottom -> 12thRight —— 116thTop -> 116thBottom
—— 116thTop -> 12thLeft —— 116thTop -> 12thRight ~—— 12thLeft -> 116thBottom —— 12thLeft -> 116thTop —— 12thLeft -> 12thRight
—— 12thRight -> 116thBottom =~ 12thRight -> 116thTop —— 12thRight -> 12thLeft

1,200

Dec 12, 2016, 11:00:00 AM
900 = 116thBottom -> 116thTop305
= 116thBottom -> 12thLeft48
500 116thBottom -> 12thRight208
= 116thTop -> 116thBottom297
w 116thTop -> 12thLeft195
» 116thTop -> 12thRight108
= 12thLeft -> 116thBottom88
= 12thLeft -> 116thTop213
0 = 12thLeft -> 12thRight429 ¢ S
= 12thRight -> 116thBottom122 a A o g 5 a
Dec 10, 2016 Di 2 12thRight > 16thTop 118 Dec 13, 2016 Dec 14, 2016 Dec 15, 2016 Dec 16, 2016
= 12thRight -> 12thLeft336

flow diagram for Mon, 12 Dec 2016 11:00:00
116thTop

300

12thLeft
wbrgpz)

116thBottom

14 ITS & AMERICA



OBJECT CLASSIFICATION ACCURACY

When it really is...

We recognized it as...

Classified-as — Vehicles Bikes Peds None
Truth]
Vehicles 0.95 0.01 0.02 0.02
Bikes 0.08 :"#[]_6?"; 0.16 0.08
A} ¥
Peds 0.15 0.15 f0_73} 0.05
None 0.09 0.03 0.11 t: 0_31\}

~
*****
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HOW NEURAL NETWORKS WORK
g

during the training new image is shown to the the neurons the neurons
phase, a neural pretrained network respond to respond to
network is fed simple complex
thousands of labeled shapes, like shapes
images of various edges

objects, learning to

classify them

I3

neurons the network
respond to predicts
highly complex ~ what the
abstract object most
concepts that likely is

we would based on its
identify as training.
different

objects
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TRAJECTORY DETECTION & TURNING MOVEMENT
.

COUNTS
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VOLUME CHARTS

VEHICLE DISTRIBUTION
CHARTS BY TIME OF DAY

MONTH: | MAY, 2016
DATE: 5.1.2016 - 5.1.2016

CARS

11pm 12pm 10pm

30,000 cars/day

BUSES/TRUCKS

11pm 12pm 10pm

400 buses & trucks/day

PEDESTRIANS

11pm 12pm 10pm

BICYCLISTS

11pm 12pm 10pm
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NEAR-MISS DETECTION

QUANTITY, LOCATION

& SEVERITY OF NEAR

MISS EVENTS

MONTH:

MAY, 2016

DATE:

5.1.2016 - 5.31.2016
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NEAR-MISS DETECTION
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JANARY 2017: COLLECT PRE-RECORDED TRAFFIC
CAMERA FOOTAGE o
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FEBRUARY-MARCH 2017: FINALIZE VIDEO
USER INTERFACE

ANNOTATION

=" Microsoft

« Skip and Get Next Task

Annotate all objects of interest, moving, stationary, or obstructed, for the entire video.

2015-Sep-10 08:49:30 B67/AM! (PDIT) s

P -
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Disable Resize

Hide Boxes Hide Labels

+ Submit and Exit

Slower

v Exit

Slow

(0 Instructions

Normal Fast

What type of object did you
just annotate?

O Pedestrian

O BiCycle

O PedestrianWithStroller
O MotorBike

O car

O Bus

| O Truck

O WheelChair

Pedestrian 2 CRCH )
[] outside of view frame

L] Temporarily not visible
[] Crossing Road
Pedestrian 1 BT
[] Outside of view frame

[ Temporarily not visible
[] Crossing Road

In this video, please track
all of these objects:

* Pedestrian

* BiCycle

+ PedestrianWithStroll¢ ¥
< : >
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SPRING 2017: LAUNCH PUBLIC FACING WEBPAGE

ITENEWS

ITE Joins Video Analytics towards Vision Zero Partnership

ITE is one of several organizations joining
the City of Bellevue, WA, USA, Microsoft
Corp,, and the University of Washington in
supporting their Video Analytics towards
Vision Zero Partnership. Through this effort,
the City of Bellevue, Microsoft, and the Uni-
versity of Washington will develop a video
analytics platform that could fundamentally
transform how jurisdictions approach traffic
safety analysis.

According to the partners, although traffic col-
lisions can happen anywhere, there are often
early warning signals in the form of near-miss
events at specific locations. These signals
could provide insight into when, where, and
why crashes are most likely to occur, helping
transpaortation professionals to better target
safety improvement projects. The new tech-
nology in development offers unprecedented
ways to map, manage, and analyze near-miss
data in real time. This data will provide essen-
tial information so that governments can
evaluate the effectiveness of current safety
programs and pinpoint interventions.

The Video Analytics towards Vision Zero Part-
nership seeks to use avallable public agency
traffic video and crowdsourcing from inter-
ested stakeholders who will annotate video
clips to identify vehicle, pedestrian, and

bicycle movements at intersections. This is
expected to inform the Deep Neural Net-
works algorithms Microsoft is developing
and the deployment of a predictive crash
analysis software tool that could be used in
other locations with traffic cameras to detect
near-miss crashes. Safety countermeasures
could then be proactively implemented.

ITE, along with ITS America and the Vision
Zero Network, have agreed to host a pub-
lic-facing webpage that links to the video
annotation user interface. We encourage
our members to participate in the crowd-
sourcing platform when it is launched in the
coming maonths. Stay tuned for more details
once the site is available through all of ITE'S
communication channels.

Please join ITE and ITS America at a discussion
on theVideo Analytics towards Vision Zero Part-
nership during the week of the Transportation
Research Board Annual Meeting. TS America is
hosting a lunch meeting in their Washington,
DC, USA office on Monday, January 9, from
12:15 p.m. to 2:00 p.m. Please RSVP by contact-
ing Annie Chang at achang@itsa.org.

More information can be found at www.
bellevuewa.gov/pdf/Transportation/Video_
Analytics_towards_Vision_Zero.pdf. itej

Video Analytics towards Vision Zero

Crowdsourcing to save lives
Unique opportunity to help prevent traffic crashes while saving lives in
the process

“Teach” our computers how to recognize cars and people walking and
bicycling

Cities will be able to rapidly detect road conflicts and traffic engineers
can then take preventative action to avoid crashes

Worldwide problem demands big vision

Worldwide, ~1.25 million people are killed in traffic crashes annually

In the United States, more than 35,000 people died in 2015 and 2.5
million suffered serious injuries

Crashes are preventable and we need not wait for someone to be

killed or injured before we take action

— X1~

How does it
work?

Get involved
today.

Object Labeling Task (3)
Car Counting @
Lorem Ipsum Dolor @

Lorem Ipsum Dolor @

Our Partnership with Microsoft Research

To help the video analytics system learn to detect road conflicts, Microsoft is
collaborating with the following partners to promote this crowd-sourcing platform.

B® Microsoft 5;, @

Swspor SSDOT === LAMIT A v w
L wno v B MeGill  §O
msEaverica €= vsowuinewor € coscaoe -]
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SPRING 2017: INVITE PUBLIC TO PARTICIPATE
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SUMMER 2017: CLASSIFY NEAR-MISS EVENTS
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Focused object Vehicle Pedestrian
Vehicle time to collision Pedestrian time to vehicle
Time (Vehicle TTC) (Pedestrian TTV)
—
L— : Ld :
Definition 3 o
1 [=s |
I+ v i : :
Vehicle TTC = :; Pedestrian TTV = 'L:' -
Previous study
Stud P t stud
¥ (Matsui et al. 2011b ) i 4
Time to Collision (Matsui et al., 2013)
I I 1 I
I ] 1 ]
] ] 1 ]
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| | 1
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I D foees
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| I <4 2 i |
_____ | /I I ] ]
1 | P 1
Situation at t; Situation att,
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The border between Serious and Non-serious Conflict

Entering speed (km/h)

125 /
100 - 7

Serious /’
S Conflicts

fh
50 / Non serious| |
Conflicts
25 / e -
0
0 1 2 3 4 5 TA

Time to Accident (sec)

Post Encroachment Time (Van der Horst et. al., 2014)

Definition of a Serious Conflict

TA = Time to Accident

The time that is remaining from when the evasive action is taken until the collision would
have occurred if the road users had continued with unchanged speeds and directions.

The TA value can be calculated based on the estimates of distances d and speed v.

d = Distance to the potential point of collision
v = Speed when the evasive action is taken

Swedish Conflict Technique (Hyden et. al., 1987)
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MIovISION

rethink traffic

— James Barr
Senior Product Manager
Miovision
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Credit: AP Photo/Seth Wenig
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https://www.technologyreview.com/s/601519/how-to-create-a-malevolent-artificial-intelligence/
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Feeding A Neural Network
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Real-world data
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Evaluate
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Strategy

Video Decomposition Representation
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Formulation

F(I) = A Zf (x;, u— )+/\+Zf*(r, g+ Z Y —pi - log().
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https://drive.google.com/open?id=0B4tb_TLHsdTYV05CYzZFRjh1Vm8
https://drive.google.com/open?id=0B4tb_TLHsdTYV05CYzZFRjh1Vm8

Video in
\b Configuration \

|
Computer Vision

Verification &
Correction

Training <« ————) Data out




Video in \

Configuration -\

Computer Vision

Verification &
Correction

Training <4 - ————— Dataout




| @ | i

THE PAST

Count Speed
5.1
Hide Lane Hotkeys - a
Adaptive playback speed « Upcoming CV Observation
THE FUTURE

2016-04-17 10:35:26 AN}




o0&

gay x

o

| |

) 04112


https://drive.google.com/a/miovision.com/file/d/0B-4UbsS54hU2VDB0UWtGeXlvRkk/view?usp=sharing
https://drive.google.com/a/miovision.com/file/d/0B-4UbsS54hU2VDB0UWtGeXlvRkk/view?usp=sharing
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14,197,122 samples

132 hours of video

verage over 16,000 hours per week

Season over 10,000 hours in a
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{"distanceTraveled":387.419,"observations": [{"center":{"x":334.722,"y":115.3085},"center0fMass": {"x":334.722,"y":115. 3085}, "roadPosition" : {"x":334.722,"y" :115. 305}, "time5t
{"distanceTraveled":393.376, "observations": [{"center":{"x":140.283,"y":377. 489}, " center0fMass" : {"x" : 140. 283, "y" :377. 480}, " roadPosition" : {"x" : 148. 283, "y" : 377. 489}, "timeSt
{"distanceTraveled":384.33,"observations": [{"center" :{"x":316.881,"y":118.51},"center0fMass" : {"x":316.881,"y":118.51},"roadPosition" : {"x":316.881,"y":118.51}, "t imeStamp"
{"distanceTraveled":370.919, "observations": [{"center":{"x":311.864,"y":114.706}, " center0fMass" : {"x":311.864,"y":114.706}," roadPosition" : {"x":311.864,"y":114.706}, "timeSt
{"distanceTraveled":383.921,"observations": [{"center":{"x":142.398,"y":373.185},"center0fMass": {"x":142.398,"y":373. 185}, "roadPosition" : {"x":142.398,"y" :373. 185}, "time5t
{"distanceTraveled":376.009, "observations": [{"center":{"x":587.644,"y":149. 37}, "center0fMass"” : {"x" : 587. 644, "y":149. 37}, "roadPosition" : {"x" :587. 644, "y" :149. 37}, "t imeStamp
{"distanceTraveled":369.6,"observations": [{"center":{"x":307.924,"y":123.753},"center0fMass" : {"x" :307.924 ,"y":123.753}, "roadPosition" : {"x":307.924 ,"y":123.753}, "timeStam
{"distanceTraveled":384.482, "observations": [{"center":{"x":138.875,"y":368.34},"center0fMass" : {"x":138. 875, "y":368.34}, "roadPosition" : {"x":138.875,"y" : 368. 34}, "t imeStamp
{"distanceTraveled":391.848, "observations": [{"center”:{"x":136.488,"y":373.038}," center0fMass": {"x" :136.488,"y" :373. 038}, " roadPosition" :{"x" :136.488,"y" :373. 838}, "timeSt
{"distanceTraveled":358.503,"observations": [{"center":{"x":312.105,"y":121.425},"center0fMass": {"x":312.105,"y":121. 425}, "roadPosition" : {"x":312.185,"y":121. 425}, "time5t
{"distanceTraveled":399.855, "observations": [{"center":{"x":217.203,"y":397.581}," center0fMass" : {"x":217.283,"y" :397. 581}, " roadPosition" : {"x" :217.203, "y" : 397. 581}, "timeSt
{"distanceTraveled":302.983, "observations": [{"center":{"x":233.228,"y":125.362}," centerDfMass" : {"x":233.228,"y":125. 362}, " roadPosition": {"x" :233.228, "y":125. 362}, "timeSt
{"distanceTraveled":381.203, "observations": [{"center”:{"x":590.725,"y":145.789}," center0fMass" : {"x" :590.725,"y" :145. 789}, " roadPosition" : {"x" : 598.725, "y" 1 145. 789}, "t imeSt
{"distanceTraveled":387.66,"observations": [{"center" : {"x":247.573,"y":396.643}, "center0fMass" : {"x":247.573, "y":396.643}," roadPosition" : {"x":247.573, "y":396. 643}, "t ime5ta
{"distanceTraveled":318.414,"observations": [{"center":{"x":220,.0838,"y":127.144},"center0fMass": {"x" :220.038,"y":127. 144}, " roadPosition": {"x" :220.038, "y":127. 144}, "t imaSt
{"distanceTraveled":368.411,"observations": [{"center":{"x":310.784,"y":122.812},"center0fMass" : {"x" :310.784 ,"y":122. 812}, " roadPosition" : {"x" :318.784 "y":122,. 812}, "timeSt
{"distanceTraveled":408.187,"observations": [{"center":{"x":234.876,"y":399. 481}, " centerDfMass" : {"x" :234.876,"y" :399. 481}, " roadPosition" : {"x" : 234. 876, "y" : 399, 481}, "timeSt
{"distanceTraveled":352.202, "observations": [{"center":{"x":280.596,"y":123.172}, " center0fMass" : {"x":280.596,"y":123.172}, " roadPosition" : {"x" :280.596,"y" :123. 172}, "timeSt
{"distanceTraveled":277.524, "observations": [{"center":{"x":588.506,"y":222.639},"center0fMass" : {"x" : 588.506,"y":222.639},"roadPosition" : {"x" :588.506,"y":222. 639}, "time5t
{"distanceTraveled":343.244,"observations": [{"center":{"x":642.383,"y":182.331},"center0fMass" : {"x" :642.383,"y":182.331},"roadPosition": {"x" :642.383,"y" :182. 331}, "t imaeSt
{"distanceTraveled":362.492, "observations": [{"center":{"x":318.479,"y":117.957}," centerDfMass" : {"x" :318.479,"y":117.957},"roadPosition" : {"x" :318.479,,"y" :117. 957}, "t imeSt
{"distanceTraveled":410.596, "observations": [{"center":{"x":114.21,"y":380.76},"center0fMass" : {"x":114.21,"y":380.76}, "roadPosition" : {"x":114.21,"y":380.76}, "t imeStamp": 2
{"distanceTraveled":347.786,"observations": [{"center": {"x":302.492,"y":128. 247}, "center0fMass" : {"x" :302. 492, "y" :128. 247}, " roadPosition" : {"x" :302. 492, "y" :128. 247}, "timeSt
{"distanceTraveled":399.0811, "observations": [{"center":{"x":140.0837,"y":378. 484},"center0fMass": {"x" :140.037,"y":378. 484}, "roadPosition" : {"x" :140.837,"y" :378. 484}, "time5t
{"distanceTraveled":401.676, "observations": [{"center":{"x":128.205,"y":381.601}," centerDfMass": {"x" :128. 2085, "y" :381. 601}, " roadPosition" : {"x" :128.2085,"y" : 381. 601}, "timeSt
{"distanceTraveled":408.544, "observations": [{"center":{"x":200.788,"y":392.562}," centerDfMass" : {"x" : 200.788,"y" :392.562}," roadPosition" : {"x" : 200.788, "y" : 392,562}, "timeSt
{"distanceTraveled":378.317,"observations": [{"center”:{"x":322.417,"y":117.187}," center0fMass" : {"x" :322.417 ,"y":117. 107}, " roadPosition" : {"x" :322.417 ,"y":117. 107}, "timeSt
{"distanceTraveled":422. 869, "observations": [{"center":{"x":188.223,"y":400.851},"center0fMass": {"x" :188.223,"y":400. 851}, "roadPosition" : {"x":188.223,"y" :480. 851}, "time5t
{"distanceTraveled":407.932,"observations": [{"center":{"x":124,353,"y":380.318},"center0fMass": {"x":124.353,"y":380. 318}, " roadPosition": {"x":124,.353,"y" : 380. 318}, "timaSt
{"distanceTraveled":366.724, "observations": [{"center":{"x":299.506,"y":121.721}," center0fMass" : {"x" : 200. 506, "y":121. 721}, " roadPosition" : {"x" : 209. 506, "y" :121.721}, "timeSt
{"distanceTraveled":397.354, "observations": [{"center":{"x":387.29,"y" :404.272},"center0fMass" : {"x":387.20,"y" :404. 272}, "roadPosition" : {"x":387.29,"y":484. 272}, "t imeStamp
{"distanceTraveled":369.399, "observations": [{"center":{"x":318.097,"y":121.734}, " center0fMass" : {"x":318.097,"y":121.734}, " roadPosition" : {"x" :318. 097, "y" :121.734}, "times5t
{"distanceTraveled":381.867,"observations": [{"center":{"x":145.13,"y":363.752}, "center0fMass" : {"x":145.13,"y":363. 752}, "roadPosition" : {"x":145.13, "y":363. 752}, "t imeStamp
{"distanceTraveled":313.108, "observations": [{"center":{"x":2095.107,"y":156.623}," center0fMass" : {"x" :295. 187, "y" :156.623}," roadPosition" : {"x" : 295.187 ,"y" :156.623}, "t imaSt
{"distanceTraveled":394.856, "observations": [{"center":{"x":138.597,"y":375.187}," centerDfMass" : {"x" : 138.597 ,"y" :375. 187}, " roadPosition" : {"x" : 138.597 . "y" :375. 187}, "t imeSt
{"distanceTraveled":372.843,"observations": [{"center":{"x":206.192,"y":116.628}," centerDfMass" : {"x" :206.192 ,"y":116.628}," roadPosition": {"x" :296.192 ,"y":116.628}, "t imeSt
{"distanceTraveled":370.23,"observations”: [{"center" : {"x":636.016, "y":156.688}, "center0fMass" : {"x":636. 016, "y":156. 688}, " roadPosition” : {"x":636.016,"y" :156. 688}, "timeSta
{"distanceTraveled":366.456,"observations": [{"center":{"x":314.814,"y":120.485},"center0fMass": {"x":314.814,"y":120.485},"roadPosition" : {"x":314.814,"y":120. 485}, "time5t
{"distanceTraveled":362.216, "observations": [{"center":{"x":208.515,"y":118. 499}, " center0fMass" : {"x" : 208.515,"y" :118. 499}, " roadPosition" : {"x" : 208.515, "y" : 118. 499}, "t imeSt
{"distanceTraveled":397.285,"observations": [{"center":{"x":126.938,"y":375. 045}, " center0fMass": {"x" :126.938,"y" :375. 845}, " roadPosition": {"x":126.938, "y" :375. 845}, "timeSt
{"distanceTraveled":406.0857, "observations": [{"center”:{"x":277.404,"y":416.849}," center0fMass" : {"x" :277. 404, "y" :416. 849}, " roadPosition" : {"x" 1 277.404 ,"y" 1 416. 849}, "t imeSt
{"distanceTraveled":256.15,"observations": [{"center": {"x":200.5086,"y":415. 284}, "center0fMass" : {"x":290. 506, "y":415. 284}, " roadPosition" : {"x":200. 506, "y":415. 284}, "t ime5ta
{"distanceTraveled":410.472,"observations": [{"center":{"x":139.226,"y":388.638},"center0fMass": {"x":139.226,"y":388.638},"roadPosition" : {"x":139.226,"y" :388. 638}, "time5t
{"distanceTraveled":403.184, "observations": [{"center":{"x":119.839,"y":379.0821},"center0fMass": {"x":119.839,"y":379. 821}, " roadPosition" : {"x" :119.0839,"y" :379. 821}, "timeSt
{"distanceTraveled":393.59,"observations": [{"center" : {"x":130.196,"y":371.977}, "center0fMass" : {"x":130. 196, "y":371.977}, "roadPosition" : {"x" : 130. 196, "y":371. 977}, "timeSta
{“dlstanceTraveled“'a?ﬁ E49,“uhservat1ﬂns“'[{“center“'{“ “'321.?55,“y“'116 512}.“centerﬂfﬂass“'{“ “'321.?56,“y“'116 512}."ruadPusltlun“'{“ “'321.?56,“y“'116 512}.“t1me5t
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{"distanceTraveled":387.419,"observations": [{"center":{"x":334.722,"y":115.3085},"center0fMass": {"x":334.722,"y":115. 3085}, "roadPosition" : {"x":334.722,"y":115. 305}, "timeS5t
{"distanceTraveled":393.376,"observations": [{"center":{"x":140.283,"y":377.489}," center0DfMass" : {"x" : 140. 283, "y" :377. 480}, "roadPosition" : {"x" : 148. 283, "y" :377. 489}, "t imeSt
{"distanceTraveled":384.33,"observations": [{"center" :{"x":316.881,"y":118.51},"center0fMass" : {"x":316.881,"y":118.51},"roadPosition" : {"x":316.881,"y":118.51}, "t imeStamp"
{"distanceTraveled":370.919, "observations": [{"center”:{"x":311.864,"y":114.706}," center0fMass" : {"x":311.864,"y":114. 706}, " roadPosition" : {"x" :311.864,"y":114. 706}, "timeSt
{"distanceTraveled":383.921, "observations": [{"center":{"x":142.398,"y":373. 185}, "center0fMass" : {"x":142.398,"y":373. 185}, "roadPosition" : {"x":142.398,"y":373. 185}, "time5t
{"distanceTraveled":376.009, "observations": [{"center":{"x":587.644,"y":149. 37}, "center0fMass"” : {"x" : 587. 644, "y":149. 37}, "roadPosition" : {"x" :587. 644, "y" :149. 37}, "t imeStamp
{"distanceTraveled":369.6,"observations": [{"center":{"x":307.924,"y":123.753},"center0fMass" : {"x" :307.924 ,"y":123.753}, "roadPosition" : {"x":307.924 ,"y":123.753}, "timeStam
{"distanceTraveled":384.482, "observations": [{"center":{"x":138.875,"y":368.34},"center0fMass" : {"x":138. 875, "y":368.34}, "roadPosition" : {"x":138.875,"y" : 368. 34}, "t imeStamp
{"distanceTraveled":391.848, "observations": [{"center":{"x":136.488,"y":373.038} * - e fMy":136.488,"y":1373.038},"roadPosition" : {"x" :136.488,"y" :373. 838}, "timeSt
{"distanceTraveled":358.503,"observations": [{"center":{"x":312.185,"y":121. 47" Mx":312.105,"y":121.425}, "roadPosition" s {"x":312.185,"y":121. 425}, "t imeSt
{"distanceTraveled":399,. 855, "observations": [{"center": {"x":217.203," "'39? 5¢ M"x":217.283,"y":307.581},"roadPosition" : {"x":217.283,"y" :397. 581}, "timeSt
{"distanceTraveled":302.9083,"observations": [{"center" :{"x":233. 4 x":233.228,"y":125.362},"roadPosition": {"x"2233.228,"y":125.362}, "time5t
{"distanceTraveled":381.203,"observations": [{"center": {"x" : 5 g : . ‘ . e " 1500.725, "y":145.789}, "roadPosition" : {"x" :590.725,"y" : 145. 789}, "t imeSt
{"distanceTraveled":387.66,"observations": [{"center": {"x":247.2 ; .! x":1247.573,"y":396.643}," roadPosition” : {"x":247.573, "y":396. 643}, "time5ta
{"distanceTraveled":318. 414, "observations": [{"center": {"x":220. L {"x"2220.038,"y":127.144},"roadPosition" : {"x" :229. 038, "y" :127. 144}, "t imeSt
{"distanceTraveled":368.411,"observations": [{"center":{"x":310.:m {"x":310.784,"y":122.812},"roadPosition" : {"x":310.784 ,"y":122. 812}, "timeSt
{"distanceTraveled":400.1087,"observations": [{"center" :{"x":234. ."“'{“ x":234.876,"y":399. 481}, " roadPosition": {"x" :234.876,"y" : 399. 481}, "timeSt
{"distanceTraveled":352. 202, "observations": [{"center": {"x":280.5 s {"x":280.596,"y":1123.172}, "roadPosition" : {"x" :280.596,"y" 1123. 172}, "timeSt
{"distanceTraveled":277.524,"observations”: [{"center": {"x" :588.5¢ ] o

{"distanceTraveled":343.244,"observations": [{"center": {"x":642. 383" ;e " 642,383, "y":182.331}, "roadPosition": {"x":642.383,"y":182.331}, "timeSt
{"distanceTraveled":362.492,"observations": [{"center":{"x":318.479," \ 'x":318.479,"y":117.957},"roadPosition" : {"x":318.479,"y":117.957}, "time5t
{"distanceTraveled":410.596,"observations": [{"center":{"x":114.21,"y" :380. s £114.21,"y":380.76}, " roadPosition": {"x":114.21,"y":380.76}, "timeStamp":2
{"distanceTraveled":347.786,"observations": [{"center”:{"x":302.492,"y":128. t“:BBE.492.“y“=128.24?}.“ruadPusitiun“={“x“:392.492,“y“:128.24?}.“timeSt
{"distanceTraveled":399.0811,"observations": [{"center":{"x":140.0837,"y":378. i
{"distanceTraveled":401.676, "observations": [{"center":{"x":128.205,"y":381.
{"distanceTraveled":408.544, "observations": [{"center":{"x":2080.788,"y":392.
{"distanceTraveled":378.317,"observations": [{"center”:{"x":322.417, "y":117. u 322 41?,“y“'11? 1@?},“ruadP051t1ﬂn“'{“ “-322 41?,“y“-11? 1@?},“t1me§t
{"distanceTraveled":422.869,"observations": [{"center":{"x":188.223,"y":400. % 1188.223,"y":400.851}, "roadPosition" : {"x":188.223,"y":480.851}, "timeSt
{"distanceTraveled":407.932, "observations": [{"center":{"x":124.353,"y":380. £124,353,"y":380.318},"roadPosition" : {"x":124,353,"y" :380. 318}, "t imaSt
{"distanceTraveled":366.724, "observations": [{"center":{"x":299.5086,"y":121, £2990.506,"y":121.721}, "roadPosition" : {"x" : 299,586, "y":121.721}, "timeSt
{"distanceTraveled":397.354, "observations": [{"center":{"x":387.20, "y":404." t387.29,"y":404.272},"roadPosition" : {"x" :387.29, "y":4084. 272}, "t imeStamp
{"distanceTraveled":369.399, "observations": [{"center”:{"x":318.097,"y":1121 ':318.097,"y":121.734},"roadPosition" : {"x" :318.097,"y":121. 734}, "t imeSt
{"distanceTraveled":381.867,"observations": [{"center":{"x":145.13,"y":363. :145.13,"y":363. 752}, "roadPosition" : {"x":145.13, "y":363. 752}, "t imeStamp
{"distanceTraveled":313.108, "observations": [{"center":{"x":295.187,"y":156 ':2095.187,"y":156.623},"roadPosition": {"x" 295,187 ,"y" :156.623}, "t imaSt
{"distanceTraveled":394.0856, "observations": [{"center":{"x":138.597,"y":375. 2 138.597,"y":375. 187}, "roadPosition" : {"x":138.597 ,"y" :375. 187}, "time5t
{"distanceTraveled":372.843, "observations": [{"center":{"x":296.192,"y":116.62 "x":206.192,"y":116.628},"roadPosition" : {"x":296.192 ,"y":116.628}, "timeSt

{"distanceTraveled":370.23,"observations": [{"center":{"x":636.016,"y":156.688 0l k"2636.016,"y":156.688}," roadPosition” : {"x":636.016,"y":156. 688}, "timeSta
{"distanceTraveled":366.456,"observations": [{"center":{"x":314.814,"y":120.48 o "x":314.814,"y":120.485},"roadPosition": {"x":314.814,"y":120. 485}, "timeSt
{"distanceTraveled":362.216, "observations": [{"center":{"x":298.515,"y":118.49 rlr "x":298.515,"y":118.499},"roadPosition" : {"x" : 298.515,"y" : 118. 499}, "t imeSt
{"distanceTraveled":397.285,"observations": [{"center":{"x":126.938,"y":375. 04/ rof w'2126.938,"y":375.045}, "roadPosition" : {"x":126.938,"y" :375. 845}, "t imeSt
{“distanteTraveled":dﬂﬁ.BS?,"uhservatiuns“:[{“center“:{“x":???.4@4,"y":4lﬁ.845 a1} ity 1277404, "y":416. 849}, "roadPosition" : {"x" 1 277.404 ,"y" :416. B49}, "t imeSt
{"distanceTraveled":256.15,"observations": [{"center": {"x":290.506,"y":415.284}, .. ‘mﬁﬁass“:{“x“:zgﬁ.5@5.“y“:415.284}."rnadPnsitiun“:{“x“zEQB.5@5.“y“:415.284}.“timeSta

{"distanceTraveled":410.472,"observations": [{"center":{"x":139.226,"y":388.638},"cen... wrMass": {"x":139.226,"y":388.638},"roadPosition": {"x":139.226,"y" :388.638}, "timeS5t
{"distanceTraveled":403.184,"observations": [{"center":{"x":119.839,"y":379.021}," centerDfMass": {"x":119.039,"y":379. 821}, " roadPosition" : {"x" :119.6839,"y" :379. 821}, "t imeSt
{"distanceTraveled":393.59,"observations": [{"center" : {"x":130.196,"y":371.977}, "center0fMass" : {"x":130. 196, "y":371.977}, "roadPosition" : {"x" : 130. 196, "y":371. 977}, "timeSta
{“dlstanteTraveled"'B?ﬁ E49."uhservat1uns“'[{“center“'{“ x"1321.756,"y"1116. 512}.“tenterﬂfﬂass“'{“ x"1321.756,"y" :116. 512}.“ruadP051t10n“'{“ x"1321.756,"y" 1116. 512}.“t1m55t



Credit: MIT Technology Review



https://www.technologyreview.com/s/601519/how-to-create-a-malevolent-artificial-intelligence/

Credit: AP Photo/Seth Wenig
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AGENDA

* Company introduction
e (Case studies of safety analyses

* Types of deployment
- On-demand Safety-as-a-Service
— Continuous traffic monitoring platform

ITS & AMERICA



ABOUT BRISK SYNERGIES

* Software firm offers solutions for improving urban mobility and
safety

 Leader in automated traffic video safety analysis
 HQ in Waterloo (Ontario), R&D office in Montreal
* Clients: municipalities, DOTs and traffic consulting firms

ITS & AMERICA



EXAMPLES OF NEAR MISSES




TORONTO CASE STUDY

Road safety improvement measurements

ITS & AMERICA



TORONTO CASE STUDY: WIDE CURB RADII

* Location: Davenport / Christie

* In 5 years, 2 fatal collisions &
numerous near-misses reported

* Potential cause: high-speed
right-turn vehicles

e Put signs with uncertain
Improvements

e |Implemented curb radii
reduction with before-after
safety study

77 ITS & AMERICA



BEFORE AND AFTER ANALYSES

* 6 days of before and after data collected (7am to 7pm)
* Before data collected Aug ‘16
e After data collected Nov ’16

78 ITS & AMERICA



ANALYZED RESULTS: SPEED DISTRIBUTION
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ANALYZED RESULTS: CONFLICT ANALYSIS

PET Before/After Conflicts
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QUANTIFYING IMPROVEMENTS

* Pre-normalized results

Count Rate Count Rate Count Rate
58 93,843 24 38,831 19 30,742
11 26,465 10 24,059 9 21,653

* High Risk Conflict Rate are reduced by 30%
 Medium Risk Conflict Rate are reduced by 38%
* Low Risk Conflict Rate are reduced by 72%

ITS & AMERICA



TRAJECTORY HEATMAPS
__

Cars

Pedestrians
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OTHER SCENARIOS

ITS & AMERICA



NYC: FAIL-TO-YIELD DETECTION

iskSynergies

cUnravellsd
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HIGHWAY CONFLICT ANALYSIS

0071 DEN
HOLD MILLS
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CONGESTION ANALYSIS CASE STUDY
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ILLEGAL RIGHT-TURNS
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JAYWALKING BEHAVIOURS

88 ITS & AMERICA



ANALYZED RESULT
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ON-DEMAND ANALYSIS

On-demand Analysis Service Traffic Monitoring Platform
* Data collection by Brisk * Access connected cameras
* Speed, count, conflict, etc. (TMC)
* Result and report in 2 weeks * Continuous analysis

e Historic results on web

90 ITS & AMERICA



ON-DEMAND ANALYSIS

On-demand Analysis Service Traffic Monitoring Platform
Data collection by Brisk * Access connected cameras (TMC)
Speed, Count, Conflict, etc * Continuous analysis for years
Result and Reportin 2 * Historic results on dashboard
weeks

91
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CONTINUOUS MONITORING CASE STUDIES

* City of Montreal TEL PSR,
 5TMC connected-camera Sh  yinih
e 20 scenarios of movement interactions

* Conflict and non-conflict scenarios LS

* Veh/Veh, Veh/Peds and Veh/Cyclists

ITS & AMERICA



CONTINUOUS MONITORING CASE STUDIES

Roundabout at Region of Waterloo
Frequent collisions

Monitors right-of-way violation
Track improvements of treatments

Tim Hortons

eeeeeeeeeeeeeeeeeeee
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Franz Loewenherz James Barr Charles Chung

Principal Planner Sr. Product Manager CEO
FLoewenherz@Bellevuewa.gov JBarr@miovision.com Charles.Chung@brisksynergies.com
A
DQSBE((«. i " " . . i .
N MIOVISICIN @Brlsks nergies
N rethink(t?aﬁic O Hltribts e

—

94



