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Housekeeping
Problems with audio?
Dial into the phone line instead of using mic & 
speakers
Webinar issues?
Re-Load the webpage and log back into the webinar. Or 
send note of an issue through the Question box.

Questions?
Submit your questions at any time in the Questions box.
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Archive and Certificates
Archive posted at www.pedbikeinfo.org/webinars

Copy of presentations

Recording (within 1-2 days)

Links to resources

Follow-up email will include…

Link to certificate of attendance

Information about webinar archive
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PBIC Webinars and News

Find PBIC webinars and webinar archives
pedbikeinfo.org/webinars

Follow us for the latest PBIC News
facebook.com/pedbikeinfo
twitter.com/pedbikeinfo

Join us on Twitter using 
#PBICWebinar

Sign up for our mailing list
pedbikeinfo.org/signup
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Upcoming Webinar
Visit www.pedbikeinfo.org to learn more and register

Policies to Prepare for an 
Automated Future

August 31, 1:00 – 2:30 PM Eastern Time

Mollie Pelon
National Association of City 
Transportation Officials
Susan Handy
UC Davis National Center for 
Sustainable Transportation
Joe Iacobucci
Sam Schwartz
Art Pearce
City of Portland
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Laura Sandt, 
Senior Research Associate, UNC Highway Safety Research Center

Director, Pedestrian and Bicycle Information Center
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Billions invested in AV tech
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The promise of AV

•Safety
•Personal mobility
•Time productivity
•Energy use/fuel 
consumption

•Roadway capacity 
and land use 
efficiencies

•Profits
(Retrieved from: http://www.businessinsider.com/chris-dixon-future-of-
self-driving-cars-interview-2016-6?r=UK&IR=T)
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Common ped & bike crash types, at present

Source: UNC Highway Safety Research Center, NC Crash Data, 2007-2014
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But what about unintended 
consequences?

Downtown Atlanta interstate-
highway construction in 1962 
(Source: Darin Givens, 
twitter.com/atlurbanist/media)
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What will the ped & bike crash types 
of the future be (hypothetical data)?
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How will public health change?
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Where are we now?

The technology 
is still limited

Source: German ADAC Automobilists’ Club Study, retrieved from https://can-newsletter.org/engineering/engineering-
miscellaneous/160823_night-blind-still-problems-to-detect-pedestrians-in-night_adac/
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Coverage of 
pedestrian 
and bicycle 
issues is still 
sparse

Source: Cavoli, C. et al., 2017. Social and behavioural
questions associated with Automated Vehicles. A Literature 

Review, London: Department for Transport. 
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Overall, pedestrian and bicycle issues related 
to AVs have not been richly explored
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Fully automated vehicles must 
anticipate all people…
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Critical time to engage in research and 
policy discussions

• AASHTO Research Roadmap: 23 AV project ideas, $15M+
• 3 explicitly reference ped/bike issues
• Opportunities to advance research needs yearly
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Public health 
professionals

Ped/Bike
practitioners

Ped/bike 
advocates

City plannersSafety 
researchers

AV developers

AV policy 
makers

Webinar Series Goals
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Poll: How are you involved in 
AVs?





































AV’s Blindspot: Detecting 
Pedestrians and Bicyclists

Bernardo Pires

Includes work by: Mehmet Kocamaz,
Chris Kaffine, John Kozar, and Jian Gong

08.16.2017



Summary

• Situational Awareness is the Key Challenge for AVs

• Example of Bike and Pedestrian Detection

• Autonomy is becoming a Data Race

• Policy Implications and Infrastructure Support for AVs



Autonomous Vehicle Overview

Sensor Suite

• Cameras (Visible, IR)
• Radar
• Lidar
• Ultrasonic
• GPS

AV Software

• State Estimation
• Position / Location
• Situational Awareness

• Path Planning
• Short-term
• Long-term

Actuation

• Driving Commands
• Steering Angle
• Acceleration
• Breaking

• Emergency

Situational Awareness is the Key Challenge to achieve Full Autonomy



Evolution of Situational Awareness
Examples of AV Technologies

• Highway Lane Keeping
• ‘Rule’: Follow high contrast road markings

• Highway Adaptive Cruise Control
• ‘Rule’: Sensors (radar, lidar, stereo vision) can tell distance 

to next car

• Road Sign Interpretation
• ‘Rule’: Have a database of all possible signs

• Infrastructure Detection
(viable paths, merges, splits, intersections)

• No ‘Easy Rule’
• Often map-assisted, hard when reality diverges from map 

(e.g. construction work)

• Pedestrian & Cyclist Awareness
• No ‘Easy Rule’
• Hard to detect and track

Increased
Autonomy



Evolution of Situational Awareness

• ’Rule-based’ solutions will not work
• World (e.g. infrastructure) is too complex or varied
• Objects (e.g. people) can change appearance

• Need more complex perception models

• Machine Learning (e.g. Neural Networks)
• Software learns from examples (often millions)
• Loosely mimics human brain functionality
• More powerful but harder to evaluate / assure 

correctness



Pedestrians And Bicyclists

• Harder to detect and track
• Smallest road users
• Most varied appearance

• Harder to predict motion
• Pedestrian: Unexpected road crossing
• Bicycle: Movement within lane, “unexpected” turns

• Most exposed / fragile road users



Example: Pedestrian And Bicycle 
Detection, Tracking and Counting

• Intelligent Mobility Meter

• Evaluate usage of dedicated bike lanes

• Evaluate impact of adaptive traffic 
lights on pedestrian wait time at busy 
intersections

• In partnership with City of Pittsburgh



Manually Labeled Data

Approx. 10 hours of data manually 
labeled
• 1,078,920 frames in total
• 541 pedestrians & 111 cyclists



Overview of Cascade Classifier for 
Bicycles and Pedestrians

Bike OR Ped
Classifier

Bike VS Ped
Classifier

Bike
Ped



Automated Bike and Pedestrain
Counter

Overall Accuracy: 95.1%



Race to Autonomy is becoming a 
Data Race
• Quantity and Quality of Data is often the primary driver 

of Machine Learning algorithm success

• Numerous start-ups and established manufacturer’s 
have deployed large-scale data collection efforts

• Particularly Impactful: Tesla is Collecting Customers’ 
Driving Data (On May 2016, Tesla had 780 million miles 
of data and was collecting at a rate of 1 million miles 
every 10 hours[1])

[1] “Tesla Tests Self-Driving Functions with Secret Updates to Its Customers’ Cars”.  Tom Simonite. 
MIT Technology Review. May 24, 2016



Policy Implications of the Data Race

• Consumer Privacy and Education

• Data Sharing vs Proprietary Information
• Sharing with Government, Academia, Research 

Organizations
• Sharing between Inter-Manufacturers (Mandatory?)

• How to test large-scale, data driven AV systems



Infrastructure Support For AVs

• Communication between road users and 
infrastructure

• See next speaker & Part II of the series

• Removal of Ambiguous Situations
• Informal / Unenforced speed limits (above posted)
• Ambiguous Right of Way (ex. 4-way stops)
• Unclear / Informal Pedestrian Paths
• Often disregarded rules of the road (ex. yield to 

pedestrians)



Intelligent Mobility Meter

• Fine-grained statistics on pedestrian, bicyclist and 
vehicular traffic

• Hardware Platform (loaned to organizations) + Data 
Analysis at CMU

• Free for Government and qualified non-profit 
organizations

• Contact bpires@cmu.edu to learn more



Prepared for: 
PBIC Autonomous Vehicle Webinar 

(Part I - Technology)
Wednesday, August 16 2017

Multimodal Alerting Interface with 
Networked Short-range Transmissions 

The Connected Bicycle: Communicating 
with Vehicles and Infrastructure 



Vehicle automation is advancing despite vulnerable 
transportation users being most at-risk to this technology

Autonomy and At-Risk Users





Traditional Approaches

• Protect the cyclist from harm in the event of 
a crash (i.e., PPE)

• Make the cyclist more salient to surrounding 
vehicles/drivers (Lights & Sounds)

• Promote heads-up / engaged riding to make 
the cyclist more aware of their surroundings

• Challenge: 
Autonomous vehicles don’t benefit form 
more salient riders – and riders need to 
develop mental model of autonomous 
vehicle behaviors



Multimodal Alerting Interface with Networked 
Short-range Transmissions (MAIN-ST)

• USDOT FHWA-Funded Phase II SBIR Effort
• Objective: Develop the technology to bring 

bicycles onto connected vehicle (V2X) networks

• Secondary Objective: Explore Automated Cyling
Assistance System (ACAS) feasibility as short-
term solution

MAIN-ST Objectives

Tech 
Upgrade

Broadcast 
BSM-B

Receive and 
Parse 

Others
Predict 
Hazards

Warn 
Cyclists



Significant Tech Upgrade

Tech State of the Art – Platform to Drive Connectivity
• Jetson TX2 with Auvidea J90 Carrier Board 

– 10 watts for 1 Teraflop of Computing Power 
– Same architecture (Pascal) as DRIVE PX2 (e.g., Tesla ACAS)

• Accelerometers (MPU 9250 IMU) 
• Forward & Rear-Facing Scanse Sweep Scanning LIDAR
• Rear and Front Wide Dynamic Range (WDR) Cameras
• smrtGRiPs haptic handlebar grips
• CAN Port 
• 4 USB 3.0 Ports 
• USB 2.0 OTG 
• GPS Navilock u-blocks 8 – 2.5 meter accuracy 
• Bluetooth Low Energy 
• USB Port for DSRC Unit 
• 12 volt out 
• Wi-Fi / LTE Connectivity 
• IP67 Case 
• 16v volt charger 
• Data logging & Real-time Boréal API 
• 128 GB SSD
• 500 Wh Lithium Battery



• Jetson TX2 makes Computer 
Vision and Machine Learning 
possible on a Bike 

• MAIN-ST Deploying YOLO

• ACAS Functions for Bikes:
– Forward Vehicle / Pedestrian / 

Bicycle Collision Warnings
– Rear Collision Warnings
– Signage Detection
– GPS-Denied Localization

ACAS: Collision Detection

• Short-Term Solution Same fallbacks as AV solutions
• Still focused on enhancing the cyclist’s awareness of their environment – so 

doesn’t overcome autonomous vehicle problems 
• BURDEN STILL ON THE CYCLIST TO SURVIVE!!!!



ACAS: Signage Detection & 
Localization

Detected 
signs
appear 
here

Estimated 
location

• Facilitates GPS-free localization
• Enables added roadway context 

to be added to collision 
detection assessments

• Helps detect non-collision based 
hazards (e.g., railroad tracks, 
grooved pavement, shoulder 
work)



DSRC and X2X Networks

• Primary goal of enabling technologies that support safety 
applications and communication between vehicle-based 
devices and infrastructure to reduce collisions. 

• Low Latency and does not require line of sight
• Works in high vehicle speed mobility conditions 
• Performance immune to extreme weather conditions 

(e.g., rain, fog, snow)



Hardware: 
COTS DSRC radios are seeing reduction in SWAP 
Small-scale batteries and e-bikes becoming more 
prolific
GPS and other ride sensors improving

Software: 
o Current DSRC messaging standards (SAE J2735) 

only cover limited bicycle-specific capabilities, such 
as bicycle lane localization

o No algorithms related to prediction of cycling 
behaviors and hazardous situations

On-Bike DSRC Connectivity



BSM-B + Tier 1 Protection

Mode 1: Bare Bones
• DSRC Radio + GPS
• Position, Heading, Velocity

Mode 2:  Sensor-Equipped E-Bike
• Mode 1 + IMUs + Mechanical Sensors + Precision 
GPS

• Mode 1 Enhanced + Acceleration, Braking Status, Lane 
Position, Power Input, Gear Position, Turn State, 
Signaled Turn*, Bicycle Systems State

***Tier 1***: Other connected vehicles and entities know 
where I am and where I’m headed – enables their 
autonomous capabilities to benefit the cyclist. 



• On-Bike message receipt and parsing
• Creating models of DSRC-Detectable B2X Hazard Situations
• Incorporation of road laws and road designs
• Hazard predictions to enable cyclist alerting

Hazard Detection + 
Tier 2 Protection

src: PBCAT



• Multimodal real-time warnings 
– Visuals – via SmartHalo LED array

– Haptic – via smrtGRiPs left and right grip vibration

– Audio – via SmartHalo speaker

• Display-free warnings assure shorter reaction times

• Universal Accessories (can be retrofitted to any bike)

Hazard Alerting



• Five general hazard categories
• Defined alert modality and characteristics 
• Based on riding context (e.g., ambient noise)
• Sourced from studies on in-car and in-cockpit alerting design
• Ecological validation needed

Audio & Haptic Warning 
Symbology



Hazard Detection & Alerting
Validation



Testing in the Wild –
Las Vegas, NV

Planned DSRC Installation Locations

Legend

Phase 1 RSUs to  be 
deployed by end of 
August 2017

Phase 2 RSUs to be 
delivered in August and 
installed in September 
2017

Phase 3 RSUs (pending)



Contact Information

Dr. Michael Jenkins
Principal Investigator
mjenkins@cra.com

Mr. Jeremy Raw        
USDOT FHWA Contract 
Office Representative 
Jeremy.raw@dot.gov

Charles River Analytics Inc.
Cambridge, MA 02138

www.cra.com
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Upcoming Events

• Pedestrian and Bicycle Information Center (PBIC)     
AV Webinar Series Part II: pedbikeinfo.org/webinars

• TRB 2018 Human Factors Workshop
• ALR Conference: Future-Proofing Policies
• Forthcoming PBIC Resource: A Discussion Guide for 

Automated and Connected Vehicles, Pedestrians, 
and Bicyclists; available later this month
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Discussion

Send us your questions

Follow up with us:
Laura Sandt sandt@hsrc.unc.edu

Justin Owens jowens@vtti.vt.edu 

Bernardo Pires bpires@cmu.edu

Michael Jenkins mjenkins@cra.com

General Inquiries pbic@pedbikeinfo.org

Archive at www.pedbikeinfo.org/webinars


