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Why?

Most vulnerable road user
crashes occur at intersections

~53% of fatalities and serious
injury crashes involving a 8550 T gt i LI iy »—n
pedestrian occurred at a PR L e R =
signalized intersection in e
Bellevue (LRSP 2018-2022) ‘

Pedestrian signal operations can
align with Vision Zero goals



Pedestrian Signal Operations

Background



Purpose of Guidelines

* Review and update pedestrian signal timing calculation
* Document existing practices

* Provide guidance for consistent application of operational features

* Did not include:

 Physical design (ADA considerations, pushbutton placement, intersection
geometry)

* New pedestrian signal installation



Pedestrian Signals Questionnaire

Oy O =

f C O p e O f W O r k Provide feedback on pedestrian movement at traffic signals in Bellevue through this online questionnaire!

help determine, for instance, how much time
fic lights. Belle fi jonal standards and best
0 fic meet the needs of our

Ik, roll, drive or take transit, we want to hear from you! Your feedback will help inform updates to
nal gui s

* Industry best practice review
* Comparison to 3 comparable cities

* Public outreach

* Online questionnaire 11y oF BELLEVUE
PEDESTRIAN SIGNAL OPERATIONS GUIDELINES
* Focus group

* Guidelines Document

MARCH 2023

Bellevuewa.gov/pedestrian-signals
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Pedestrian Signal Operations

Public Outreach



Public Outreach

* Online questionnaire: 409 views, 188 responses
* Open November 2022
* Translated into 7 languages
* Physical copies of questionnaire also sent to mini-city hall
* Targeted outreach to several community groups

* Focus group: 10 participants, 2-hour session
1

 Asked those who filled out questionnaire if they were interested and sent
link for signing up
» Held by DKS (no city staff present)



13: | feel like | receive the “WALK"” indication within a reasonable
amount of time.

Public Outreach

= Strongly agree
Agree

= Neutral
Disagree
Strongly Disagree

= Mot Applicable

Q8-12: Signal Operations Features

T . g .
M Strongly Like

m Neutral

Dislike

Strongly Dislike




Public Outreach

» Key Takeaways

 Concern of vehicles not yielding to peds (encroaching, RT conflict, RTOR
during LPI)

Long wait times at signals (lack of recall, lack of reservice, long cycle)
Not enough crossing time (short WALK, short total crossing time)
Supportive of pre-timed signals with recall

Supportive of countdown timers

Concerned about RTOR vehicles

Mixed feedback about left turn FYA



Pedestrian Operations Priorities

0O 6

IMPROVE REDUCE PROVIDE IMPROVE REDUCE PED
SAFETY CONFLICTS SUFFICIENT WALKING DELAY WHILE
BETWEEN PED CROSSING TIME EXPERIENCE IN CONSIDERING

AND OTHER FOR PEDS HIGH PED MOBILITY OF

MODES VOLUME AREAS OTHER MODES



Pedestrian Signal Operations

New Guidelines



Pedestrian Timings

_~— EDGE OF CURB - ECGE OF CURB

* Updated signal timing template R
* Increased minimum walk times

from 5 S tO 7 S (A FEDESTRIAN PUSH BUTTON TO
CENTER OF CURB RAMP
* Added new "flash don't walk" cross © pEocsTRANPuSHEUTION T CENTER of
check that ensures there is
enough time for pedestrians to SR SR

cross safely
CLOCKWISE COUNTER CLOCKWISE

EXHIBIT 1 CROSSING DISTANCE MEASUREMENTS



Cross Check

* Additional calculation to ensure adequate pedestrian crossing

times

* Checks if the walk + clearance time is greater or equal to total
crossing time for slower speed (3 ft/s)

* |f checkis not met, additional time is added to the walk interval

Cross-Check Example

Crosswalk distance = 55ft, PPB to curb = 8 ft.

Ped clearance time (PCT) at 3.5 ft/s = 16s

Total crossing time (TCT) at 3 ft/s = (55+8)/3 =215

Cross check :
(WALK + PCT@3.5 ft/s) >= TCT@3 ft/s
(7s + 165 =21s) =215V

Cross-Check Example

Crosswalk distance = 120ft, PPB to curb = 6 ft.

Ped clearance time (PCT) at 3.5 ft/s = 34

Total crossing time (TCT) at 3 ft/s = (120+6)/3 = 42s

Cross check :
(WALK + PCT@3.5 ft/s) >= TCT@3 ft/s
(7s + 345 =41s) <42 s ¥ > Add 1s to WALK




Operational Treatments

FYA Ped Minus (i.e. protected pedestrian phasing)

* If a ped is demanded, the FYA will not operate until
the pedestrian has cleared the intersection (walk +
clearance interval)

* Protects pedestrians against left turning vehicles

Guidelines

* OLD: location previously protected only and high
ped volume location

e NEW: all intersections with FYA unless side street is
a minor roadway or driveway and the left turn
conflicts with 2 or less lanes of travel

LEFT TURN
YIELD

ON FLASHING

N
v A




Operational Treatments

Recalls 1‘!.
* Demands a ped movement automatically . B oo
every cycle e

Guidelines s
* OLD: no guidelines e
* NEW: Considered while signal is e
coordinated and does not run FYA with e
Ped Minus, or L i
* Evaluated by existing pedestrian volumes e &
and implemented by TOD if 60% of cycles = . =

had pedestrian demand ik L




Operational Treatments

Leading Pedestrian Interval (LPI)

* Pedestrians begin crossing 5 seconds before
the vehicle phase turns green
First the pedestrian signal turns to WALK while the

* Allows for increased visibility of pedestrians vicissgnats v st s
* Reduces conflict between pedestrians and
right turning vehicles
Guidelines

* OLD: As requested, permissive left turns

* NEW: Implemented based on roadway
geometry, volumes, and location (regardless
of left turn phasing)

Study on LPI - City-of-Bellevue-LPI-Video-
Analytics-Summary-Evaluation

Then vehicles are given a green and can turm after
yielding to people already in the crosswalks



https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf
https://bellevuewa.gov/sites/default/files/media/pdf_document/2022/City-of-Bellevue-LPI-Video-Analytics-Summary-Evaluation-05082022-final.pdf

Pedestrian Signal Operations

| essons Learned



Lessons Learned

Lesson: Public comments about delay with FYA Ped Minus

Response: First come-first serve FYA operation
* Don't bring up FYA until there is left turn demand
* Allows for the pedestrian to be served late

First Come, First Serve

rH | Ped Arrives
]|

Rest in RED & | LT Arrives

DONT WALK | I " r




Other Lessons Learned

* |t was hard for the technicians to tell if it was a stuck button or a
recall.

* Recalls were serving multiple times if there was re-walk and recall.
* More requests for LPIs.

* Use Dynamic Right Turn on Red Restrictions at high volume right
turn locations.



Real-time Traffic Signal Safey Interventions

Future Innovations
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The Challenge

Most vulnerable road user crashes
occur at intersections

Traffic signals traditionally are not
responsive to VRU risks and have
limited capabilities for real-time
interventions to save lives




The Opportunity

Advancements in Machine Learning
capabilities, Edge Computing and
Video Analytics can provide real-
time interventions

Bellevue has an advanced signal
control system that makes it possible
to analyze the effectiveness and
accuracy of new VRU protection
features




—r  SMART Grant Proposal

Multimodal Enhanced Safety

Signal
Awareness gna Use Cases
Operations




SMART Grant
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RTSSI Use Cases

|dentify when there is a pedestrian still in need of time to
safely cross the road and extend the signal phase.

Dynamically extend pedestrian walk times based on number
or speed of pedestrians in the crosswalk.

Dynamically activate right turn restrictions based on the ratio
of cars to pedestrians at the crosswalk

Dynamically restrict or permit left turns based on the
proximity of oncoming vehicle traffic




RTSSI Technology

Sensors Edge
-Video Computing
- LiDAR Device

Detector Traffic
Inputs Controller



RTSSITimeline

y

Testing &

‘ Validation
Integrate with e Logging of Events
Controller e Manual Validation

e No changes to actual

Install Hardware e |/O Interface with . 2
signal timing

Contact Closure

e SCATS Adaptive
Programming

e Extended Cabinets
e Edge Computing
Devices

e Sensors (LIDAR or
Video)

Feb 2025 March 2025 April-June 2025

Go Live!

Implement Real-
Time Traffic
Signal Safety
Interventions

July 2025

28




RTSSI Team
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Early Results

Sending call to traffic signal
based on multiple pedestrians
present in the crosswalk

E :;:j%ﬂmﬂ :
¥ =




RTSSI Early Results

Date
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025

Time Source

10:23:28 BELVUZ2
10:23:32 BELVU2
10:27:04 BELVU2
10:27:08 BELVU2
10:27:10 BELVU2
10:27:14 BELVUZ2
10:30:52 BELVU2
10:30:54 BELVUZ2
10:31:02 BELVUZ2
10:31:06 BELVU2
10:31:06 BELVUZ2
10:33:14 BELVU2
10:33:20 BELVU2
10:33:22 BELVUZ2
10:33:28 BELVU2
10:33:30 BELVU2
10:36:26 BELVU2
10:36:28 BELVU2
10:36:40 BELVUZ2
10:36:40 BELVU2
10:38:16 BELVUZ2
10:38:18 BELVUZ2

Site

Details

81 MSS=2,5(0ON=2)
81 M5S=0 (OFF=2,5)
81 M5S=2,5 (ON=2,5)
81 MSS=5 (OFF=2)
81 MSS=2,5(0ON=2)
81 MSS=0 (OFF=2,5)
81 M55=3 (ON=3)

81 MS5S=3-4 (ON=4)
81 MS5=3-4,6 (ON=6)
81 MSS=3 (OFF=4,6)
81 M5S=0 (OFF=3)
81 M55=2,5 (ON=2,5)
81 MSS=5 (OFF=2)
81 MSS8=2,5(0ON=2)
81 M5S=5 (OFF=2)
81 M5S=0 (OFF=5)
81 MSS=3 (ON=3)

81 MSS=3-4 (ON=4)

81 MSS=3-4,6-7 (ON=6-7)
81 MSS=0 (OFF=3-4,6-7)

81 MSS=3 (ON=3)
81 MSS=3-4 (ON=4)

Ped Present?

" Vendor A
Extension Correct

Vendor B
Extension Correct




RTSSI Early Results

Date ~ Time

1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025
1/6/2025

10:44:26 BELVU2
10:48:36 BELVU2
10:48:48 BELVU2
10:52:40 BELVU2
10:52:56 BELVU2
10:58:28 BELVU2
10:58:30 BELVU2
10:58:46 BELVU2
11:02:26 BELVU2
11:02:26 BELVU2
11:05:32 BELVU2
11:05:44 BELVU2
11:08:28 BELVU2
11:08:42 BELVU2
11:09:28 BELVU2
11:09:34 BELVU2
11:12:58 BELVU2
11:12:58 BELVU2
11:13:50 BELVU2
11:13:52 BELVU2
11:16:26 BELVU2

- |Source | - | Site

~ | Details
62 MSS=0 (OFF=3)
62 MSS=4 (ON=4)
62 MSS=0 (OFF=4)
62 MSS=4 (ON=4)
62 MSS=0 (OFF=4)
62 MSS=5 (ON=5)
62 MSS5=3,5 (ON=3)
62 MSS=0 (OFF=3,5)
62 MSS=5 (ON=5)
62 MSS=0 (OFF=5)
62 MS5S=4 (ON=4)
62 MSS=0 (OFF=4)
62 MS5S=4 (ON=4)
62 M35=0 (OFF=4)
62 MS5=4 (ON=4)

Vendor A Extension  Vendor B Extension

x| Ped Presen ~ Correct - Correct -

motorcycle EBR

Y

62 MSS=14 (ON=14) (OFF=4)

62 MSS=5 (ON=5)

62 MSS=0 (OFF=5)
62 MSS=3,5 (ON=3,5)
62 MSS=0 (OFF=3,5)
62 MSS=4 (ON=4

N bike in travel lane heading N

bike EBR in travel lane



RTSSI Evaluation Considerations

* Accuracy - are both systems identifying the same events and flag
discrepancies for validation

* Automated — consuming API feeds to process larger sets of data
(University of Washington)

* Validation — using city’s traffic camera as ground truth in addition
to recoding of events by vendors

* Effectiveness —Once go live period begin, use dry testing period as
the before period for understanding impact of safety interventions



Pedestrian Signal
Operations

and Safety
Considerations

Implement safety intervention where physical
infrastructure upgrades are not feasible

Technology unlocks news operational features
for pedestrian signal operations

Creating signal timing that is adaptive for all

Responsive to risk before a crash happens




Darcy Rist (Akers), PE
City of Bellevue

I h k dakers@bellevuewa.gov
a n yO U Bellevuewa.gov
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