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Frisco Signal Syste

= 2025 Pop Est — 242,000 o Talipa s B B
* Fast Growth s %8 L B

e Best Place to Live
» Sports City

= Operate 174+ traffic signals

= Controllers
e 89% ATC — Cubic/Trafficware

= Cameras — PTZ & Fixed
= 800+
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Preston Road Corridor

» 6 Intersection study area
= 4 on Preston
= 2 on side streets

= Adjacent to Stonebriar Mall, lkea, &
large amount of retail & dining & 'iscsear

» Running SynchroGreen since 2020 I

O " @ 75 - Warren & Preston

’ @ 80 - Gaylord & Preston
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Purpose of Study

Timing project with evaluation of 4 alternatives:

"Actual” Intelligence

* Neotraditional - tweak existing timings using Performance
measures — N0 new counts

"Artificial” Intelligence - algorithms
 SynchroGreen — full adaptive
 SynchroGreen — splits only mode
* ITC City Pilot — video analytics

@ LEEENCGINEEINE v
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Project Goals

* What is the best strategy for this type of corridor?

 Can algorithm-based methods help minor movements without
unduly harming progression?

* Are the advantages of frequent adaptive timing changes worth
the downside of extra transitions?

LEE ENGINEERING



Study Data Sources

= 1 PTZ and 4 fixed AISPM
detection cameras per .
Intersection

» Advanced Traffic Signal
Performance Measures
(ATSPM)

= [nrix Signal Analytics
» Funded by NCTCOG

* Inrix Roadway Analytics
» Funded by TxDOT
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Study Pre-stages

Develop Measures of Effectiveness (MOE) Toolbox

_ Seteme S
__ ATSPM__lnrix
Approach Volume

Turning Movement Count

Approach Delay/ Control Delay
Arrivals on Green

Split Failure
Purdue Coordination Diagram

Corridor Travel Times
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Study Pre-stages

Neotraditional
 SynchroGreen turned off
* No new counts

 Used camera observations,
ATSPM, and Inrix Signal Analytics
to fine-tune existing plans
e Split Failures
e Arrivals on Green

LEEENCINEEIINE

1%

Purdue Split Failure

Preston @ Lebanon - SIG#670
Wednesday, March 12, 2025 4:00 PM - Wednesday, March 12, 2025 7:.01 PM




Study Pre-stages

SynchroGreen

* Full adaptive
* No setup needed
* Existing operation
* Test splits only mode

* Tricky to set up — would coord fail at plan changes and go back
to backup timings. This took careful attention to “lag” settings

« Determined this mode intended for isolated signals

Lee ENCINEEIINC




Study Pre-stages

ITC City

* Video Algorithm looks
at queues and a
surrogate for split failure
to tweak timings

* Creates digital twin
based on months of
data to generate
suggested plans

itc LeEE ENCINEEIINC 2



Study Pre-stages

ITC City

Equipment required:

» Uses existing Hi-rez cameras

= 1 edge device per cabinet

= 1 "Cowboy” control unit at
one location

~ itc

Edge device Cowboy
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Study Pre-stages

ITC City

 Count verification
« Compared reported volumes to manual counts
* 15-min periods with various lighting conditions
* >95% accuracy

itc@ LEEENGINEE3ING



Study Schedule

 WEE
 WEE
 WEE
 WEE

K 1 - Neotraditional
K 2 — SynchroGreen full adaptive (current operation)
K 3 — SynchroGreen — splits only mode

K 4 —ITC City Pilot — suggested split changes

. @ Lee eNCINeeRING —
itc



Neotraditional

 Time of Day coord plans (fine tuned)

Frisco Time of Day
Schedule
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SynchroGreen Configuration

 Configured for Balanced Mode

* Runs 3 scenarios per day
* AM - Favors southbound commute
« Off Peak & Weekend — Dual Progression important

* Minor movement splits allowed to be more generous
* PM - Favors northbound commute

Lee ENCINEEIINC




SynchroGreen Full Adaptive

e Cycle Length e . ~
Weekday TOD Schedule
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SynchroGreen Full Adaptive

* Cycle Length
e Offset
* Splits

dCcuBIC Lee eNCINee3ING



ITC City algorithm recommended timings

Frisco Time of Day Schedule vs. ITC Recommendations

ITC City

 Original proposal was = | | - >
frequent split changes J7 plits 4 splite

within peaks

» City requested single
plan per peak for initial -
Implementation

4 40
< 4:00 6:00 8:00 10:00 12:00 14:00 16:00
« —Existing —ITC
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Project Goals

* What is the best strategy for this type of corridor?

 Can algorithm-based methods help minor movements
without unduly harming progression?

* Are the advantages of frequent adaptive timing changes
worth the downside of extra transitions?

LEE ENGINEERING



Study Results

Split Failures
ATSPM

» All algorithm-based
strategies balance split
failures

* Improves Coord Phases
but at the expense of
others

Neo- Synchro Synchro ITC City -
Traditional Green-Full Green - Splits Only
Adaptive  Splits Only

< W Coord Phases ALl Other >

Neo- Synchro
TraditionaljjGreen - Full
Adaptive

QQ

m Coord Phases

Synchro
Green -
Splits Only

All Other

ITC City -
Splits Only

'PM Peak

Neo- Synchro Synchro ITC City -
Traditional f§iGreen - Full Green - Splits Only
Adaptive J Splits Only

W Coord Phases All Other

Saturday

Synchro
Traditional § Green - Full

Adaptive

H Coord Phases

Synchro
Green -
Splits Only

AllOther

ITC City -
Splits Only




Study Results

Network Delay
INEYY

* Balancing split failures
results in higher overall

delay
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Platoon Ratio

Platoon Ratio describes the quality of vehicle progression through an
intersection. Higher ratios denote higher degrees of platooning.

P PC

P g/C g
P = proportion of vehicles arriving on green, AoG%

g = length of green in the cycle, s
C = overall cycle length, s

R
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Platoon Ratio

P PC
P g/C g

Purdue Coordination Diagram

R
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AM Peak Midday
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Lessons Learned

* Already had good corridor timing plans — hard to beat

» Algorithm-based strategies got close
» With locked-down parameters
e Built enough trust to “loosen the chains” for next round

LEE ENGINEERING




Next Steps

* Open up limits on SynchroGreen
* cycle length upper limit
 phase split min/max

* “Isolated” intersection SynchroGreen (3 locations)
* Splits only mode at key intersection within a coordinated system

o ITC City full adaptive

LEE ENGINEERING



Thank you!

Kirk Houser, PE.
khouser@friscotexas.gov

Mike Wobken, PE., PTOE
mwobken@lee-eng.com
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Slides that need a home

Extra

* Not sure where: (maybe a slide showing Purdue Coord
diagram with adaptive on) — move this to synchro green area

* Not sure where: (mention - detection needed for adaptive is
same as what is needed for ATSPM)

LEE ENGINEERING




Performance Measures

Extra
» Slide mentioning evaluation using performance measures
* Not traditional timing methods

* KH will build a slide similar to other slides | have used before
= List of which performance measures used for what.

LEE ENGINEERING



Initial Timings Tweaks

 Using performance measures — Lee provided tweaks to
existing plans

* Goal — help with minor movements w/o harming Coord.
» Before & after split failures & AoG%

LEE ENGINEERING




ITC City Pilot Stages

 Phase 1 - Count verification - winter 2024-25
* >95% accuracy vs. manual counts

* Phase 2 - Suggested Timing Plans — spring 2025
« Recommended multiple plans per peak
e Limited to single plan per peak at request of the City

* Phase 3 - Full adaptive - fall 2025

* In development

itc@ LEEENGINEERING .




SynchroGreen Splits Only

* (show Legacy and Main example)
* Did not test at Legacy and Main — did not want to activate

d

new license.

 Ran critical intersection (lock down cycle length) - let it

C

. T
C

nange splits offsets only — on Preston
nis was tricky to set up — it would coord fail at plan

nanges and go back to backup timings. This took careful

attention to “lag” settings

LEE ENGINEERING

33



Frisco Time of Day Schedule
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ITC City Evaluation

* Goal — help with minor movements w/o harming Coord.
 Before & after split failures & AoG%

LEE ENGINEERING




ITC City Next Steps

* Next steps w/ ITC — attempting full adaptive
» List what we want to be configurable

Maybe this slide goes at the end.

leave it here for now to match the early outline

LEE ENGINEERING




SynchroGreen Evaulation

* Turned on 20207
* How is it doing with Peak plans?
* How is it doing with minor movts midday & weekends ?

LEE ENGINEERING




FI‘ISCO Detectlon Scheme
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SynchroGreen Configuaration

 Configured for Balance Mode
e Limitation — this is not configurable by Time of Day

* Runs 3 scenarios per day
* AM - Southbound commute is important
* All signals look at Preston & Lebanon as the “Master”
« Off Peak & Weekend — Dual Progression important

* Minor movement splits allowed to be more generous

* PM — Northbound commute is important
 All signals look at Preston & Gaylord as the “Master”

LEE ENGINEERING




SynchroGreen Critical Intersection

* (show Legacy and Main example)

* Did not test at Legacy and Main — did not want to activate a
new license.

 Ran critical intersection (lock down cycle length) - let it
change splits offsets only — on the Preston.

* This was tricky to set up — it would coord fail at plan changes
and go back to backup timings. This took careful attention to
“lag” settings

LEE ENGINEERING




SynchroGreen Critical Intersection

* Next step — Test it at an isolated intersection like Legacy
Main

LEE ENGINEERING




Conclusions

Extra
= Next steps

o ITC fully adaptive
* Synchro Critical Intersection — set up as intended.

LEE ENGINEERING




Nicer looking slide?

TMC System Checks
= Labor intensive — worth it!

ATSPM Watchdog Report

= Labor intensive to setup & maintain
= Need extra (working) detection ($$$)
= More detall

INRIX Signal Analytics Performance Report
= Setup Is easy

» |ess detail than SPM

= Cheap if your MPO buys it for you!

L
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Extra slides start here

Extra
= Fxtra
= Fxtra

» The extra slides are mostly formatting template placeholders




ATSPM
AISPM

omated Traffic Signal Performance Measures PER VANCE MEASURES

Measures ~ Reports ¥ Log Action Taken Links ~ FAQ About Admin ~ Hello khouser@friscotexas.gov! Log off

Automated Traffic Signal Performance Measures Ver KH 4.3.5

ATSPM - Frisco version of Utah DOT

= / years to setup
= 5 years back end issues
= 2 years configuration (detection)

= Version KH 4.3.5




INRIX(®) signal Analytics

INRIX Signal Analymme wuwmm:

Time Range Display  10/07/2024

INRIX Signal Analytics
= NCTCOG purchased a license fol
regional operators (agencies) ”
= Setup by algorithm
= NCTCOG Signal Inventory

= Algorithm deduced approaches / move

= Agency QC each intersection
= Kick off meeting on a Tuesday
= Frisco finished QC on Thursday

= and drew in all of our corridors



Example - Legacy & Lakehill

ST SR [T I | Y —— T N Y A A I N a N aTa)

Your Inte -
Waorsened Control Delay (Total) d-wh Avg 2024-10-08

(@) If there ar - COIT ROAD & PGAVIRGINIA

Dallas Parkway & Gaylord Parkway
Lebanon Road & Hillcrest Road
Main Street & South County Roacl

Warsened Control Delay (per Wehicle) A-whk Avp 2024-10-08 Change

593 - COIT ROAD & PGASVIRGINIA

L r Road & Hillerest Road
Dallas Parkway & Gaylord Parkway

Main Street & South County Road




Example - Legacy & Lakehill

Broken Radar Panel

» Caught it before the
system check

= Citizen email came
In the next week

PROPERTIES SENSORS CHANNELS

Click 650 - Main

Communication Status:

Communication Status:
o Last data 4 da

OK, Rece

PROPERTIES SENSORS CHANNELS

Click 650 - Main

Sensor 1

=

Sensor 1

Communicatio:
QK, Rec

VERIFICATION

Main

VERIFICATION

Main

HEALTH GRAPHS

Device Health

Numbe 2nab

Serial #

Location:|

Communication Status:
OK, Rece

Admin

HEALTH

Device Health
Number of enab - data

Admin | E rt Configuration | Impe

ports

guration

- data ports = 4

Communication
OK, Recet




Example — Hillcrest

ATSPM Alerts for 9/

& Lebanon

Intersections: Top 5 Control Delay Issues
‘Waorsened Control Delay (Total)

1

CUIT : between 1:00 and 5:00:

Outs 10
npionship & U
ionship & U

npionship & U
ionship & U

se & (Max Outs 100°
- Phase 1 (Max Outs
-Ph

- Phase 7 (Ma y
- Phase 8 (Max Outs 100%)
y-P
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Preston & Hi (- P yS e C ec
Hillcrest & Lebanon - F1 2 (M

> THUR?2?

4-wk Avg

2024-09-08
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Example - Hillcrest & Lebanon

™ 1 Hillcrest & Lebanon PTZ ~ | ™ 3 Hillcrest & Lebanon MB

7

B 4 Hillcrest & Lebanon 5B

B 5 Hillcrest & Lebanon EB = B G Hillcrest & Lebanon WB




Example - Hillcrest & Lebanon

Intersections: Top 5 Control Delay Issues

P ro b I e m C O m e S ba C k Wnrsa-'ned Control Delay (Total)
= 2 weeks later

od Boulevard

Richland Boulevard & Coit Road

Dallas Parkway & Stonebrook Parkway




Purdue Phase Termination

B Force Off — (Coord)
Hillcrest @ Lebanon - S1G#810

B Gap out Monday, September 23, 2024 12:00 AM - Sunday, September 29, 2024 12:00 AM
- M axX o ut Currently showing Force-Offs, Max-Outs and Gap-Outs with a consecutive occurrence of 3 or more.
Pedesinian events are never filtered
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Example - Hillcrest & Lebanon

4660 - HILLCREST & LEBANON 4660 - HILLCREST & LEBANON

09/24/2024 24 Hours Tuesday 09/25/2024 21Hours Wednesday

Detection working Detection not working

Avg Control Delay/Vehicle “ Awvg Control DelayVehicle




Example - Hillcrest & Lebanon

Mystery Problem
» INRIX showed same level of traffic — very different driver experience

= ATSPM showed the max outs
= Traditional Split History report from the ATMS

Split History with Max(M),Gap(G), and Force-off(F)
Report Date: 10/18/2024

Begin Date: 09/23/202 Begin Time: 00:00:00
End Date: End Time: 23:59:59
Time Span Lo Days Of Week: [All]

Flex Group: [All] Phases: 1-16

Controller: 810 Hillcrest - Lebanon CMDR

Date/Time Pattern Cvcle SP1 5P2* SP3  SP4 8 SP6: SPT SP8S  5PO §P12 SP13 SP14 SP1S
NL) )

143 0




Example - Coit & Lebanon

Intersections: Top 5 Control Delay Issues

Wersened Ceontral De

% Eldorado Parkway
ston Road

Farm-to-M

inon Road & Hillcrest Hioad

ebrook Parkway & Preston Road

Dallas Parkw Cotton Gin

5 Ohio Drive &

2024-0%-10

INRIXQ®

Change

ATSPM Alerts for 9/11/2024




Example - Coit & Lebanon

4663 - COIT & LEBANON 4663 - COIT & LEBANON

Tuesday

Metric  Avg Control Delay/\Vehicle W Metric  Avg Control Delay/\Vehicle W




Example - Coit & Lebanon

Mystery Problem
» INRIX showed same level of traffic — very different driver experience
= Data differences points to stuck ped

= ATSPM watchdog — stuck ped
= Traditional Pedestrian reports from the ATMS

Raw Detector Pedestrian Report

“oit - Lebanon CMDER.

Ped Detector Failure Report

Date/Time

Max Pre
Max Presence
Max Pre
Max Pre
Max Presence

Max Prezence

oit - Lebanon CMDE g 2 p Max Presence



D & ! o LT[

FF
e

30
35
40
45
50
55

=t

" Speed Limit (mph) ATSPM Adv De

245
285
325
365
405
445
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Proactive versus Reactive

Reactive

= Citizen Phone Calls

= Citizen emalils

= My Frisco app - Cityworks

Proactive
» TMC System Checks

= ATSPM Watchdog Report
= INRIX Signal Analytics Performance Report

59



TMC System Checks

TMC/EOC
» Staffed 6 AMto 7PM M - F

Weekly System Checks (Mon & Tues) 48 __ } EO | |
= Communications B W e
S - Y W™ EuENT

= ATMS - Upload & Compare | EHTRER

%
=7/ B R

= Radar Detection N ’
= UPS

= School Flashers

» Portable Message Boards

60



ATSPM Watchdog Report

nal Email.

ATSPM Watchdog Report
* Email at 6 AM each morning
= Signals with:
= Too few records (comm or controller)
Too many force offs 1-5AM
Too many max outs 1 -5 AM
Unusually low adv. detections 6 — 10 PM
High ped activity 1 -5 AM
= New features coming Ver 5

tween 1:00 and




INRIX Signal Analytics Performance Report

Intersections: Top 5 Control Delay Issues

Worsened Control Delay (Taotal) 2024-10-08

INRIX Signal Analytics
* Email at 2 PM each afternoon 6573 - COIT ROAD & PGAVIRGINIA
= Compares Control Delay e Lo e

= 4 wk average v last 24 hours 3 Dallas Parkway & Gaylord Parkway
= Why is that signal on the list? # Lebanon Rosd & fiflerest Road

. C o St - C‘t | o 7 5  Main Street & South County Road

= Special Event?

= Something broken?

1

Worsened Control Delay {per Vehicle) 2024-10-08

6593 - COIT ROAD & PGASVIRGINIA
PAREKMWAY

345

Lebanon Road & Hillcrest Road
Dallas Parkway & Gaylord Parkway
Main Street & South County Road

Lakehill Boulevard & Legacy Drive




Proactive Challenge

an we find something with our new tools faster than
a citizen armed with their phone?

63






Signal analytics 10/29 call

Ritis access — reach out to signal-support@ritis.org
= Ritis has 3 minute tool also
» Add signals to open street map — look at signal report card tab



mailto:signal-support@ritis.org
mailto:signal-support@ritis.org
mailto:signal-support@ritis.org
mailto:signal-support@ritis.org
mailto:signal-support@ritis.org

Transportation Quality of Life

Safety
» Get there safely

Efficiency

= Get there without frustration

= Green to Green Progression along arterials
= Minor movements clear on first cycle




Time Range Display 107072024 1071372024, Weskidays, 24 Hours Edit Columrs = Diwmilead

Intersection i Dristrict/Reg
H } 2424 - 5H 121 BUSINESS & 1-33 5ESR JI02F2_FO.992F Lewiswille
S 2 e b et ; 2423 - BELLAIRE & STATE HWY 121 4 Through Caunt Sk Average
L 2423 - BELLAIRE & 5TATE HWY 121 JI02F6_ 96 F92F Leswisille =
1 535 1,594
} 034 - MAIM STREET (FM 117 1) & WVALLEY PARKWAY 330421 -97.0207 Lew Count Zevk Sverage
1,341 1,925
1492 -5H 1218 S5 £ 1-33 NB & L o
VWiest Main Strest & rronds o 00 D vie

This shows closely spaced intersections
(not frisco - lewisville)

FRISCO

m NoStop

Stopped



Frisco Time of Day Schedule
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Ex 1 Coit & Panther Creek

Service Request:
Add Left Turn Arrow NB

Currently:
Signal runs free.
FYA all approaches.

Left turn protected arrows active
during AM & PM peak only.

69




Ex 1 Coit & Panther Creek

Coit Road & Panther Creek Parkway

Before
Edit Movements B March 2024
A Report Issue il Control Delay per Vehicle




Ex 1 Coit & Panther Creek

Left Turn Crashes
2021 - 2023

9/26/2023 8:19 AM NBL v SBT PDO




Ex 2 Legacy & Veneto

Swap EB lane designations
and/or add EB AM time

L~ M w_-) 4 f ‘3 Service Request:
% e ' ¥ ’ [ |

Currently:

Legacy in Coord

EB/WB both left, thru right
FYA all day for EB/WB

ANEEST

72



Ex 2 Legacy & Veneto

Service Request:

Swap EB lane designations
and/or add EB AM time

I ‘ Goal
ﬂ Goal reduce side street delay

without undue harm to Legacy.



Ex 2 Legacy & Veneto

Edit Movements . INRIX Signal Analytics

4 Report Issue

Before

AM — weekday 4/1/24-4/7/24
Delay / vehicle




Ex 2 Legacy & Veneto

INRIX Signal Analytics

Before

AM — weekday 4/1/24-4/7/24
Arrivals on Green




S I AT TR T @) Regiol [ ™DoT| B ™ool g Work | [l POAL 3 L x (3 uDCH M User(| 382 User(] 3 User(| 3§ User(| 3: User!| B} ™™In| FX Trend| E1 Trend| [ Perfor| [I] 8R-1| [F] Bottl upc 2 Texas | [l Unive| —+
« O tps://pda.ritis.org/suite/delay-analysis ) * | ] m e ®

Probe Data Analytics Suite , ; | . ji= ;ﬁ l/A - Welcome, Bethany |

Cedar
Park

RITIS has a user delay cost analysis

Road Region Segment codes Map Saved : Poatrnales ‘

Regions  All ‘ ! Road: TX-360-LOOP x
h . Intersection: FM-2222
Directions  All - ; Direction: NORTHBOUND
Segment Code: 112409389

Road Classes Al -

Your selected roads @ Remove all )

Interstates, US routes, state routes, parkways, turnpikes, expres... L) . ®

Travis, Texas (782 TMC segments) &M

= Show segment IDs ‘B Saveas segment set

2. Select a time period to analyze

041152024 [ JRLUCT-URINN 04/15/2024 ]

3. Select volume data source
NPMRDS2 2022

Change provider

4. Select speed data source
O INRIX

L Rick Ayer= {Thveexificd] 10




S ERESLERICHS

Service Request:

Reported large EB Left backup
between 8:30 AM and 8:50 AM

Currently:
Nearby school
Special school timing

iTheklirailsiRkwy;

(3 (R AR

. .-.-:."""'
tuuunu_uhngonu ety AR
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Purdue Coordination Diagram

Teel @ The Trails - SIGH#158
WWednesday, April 3, 2024 6:.00 AM - \Wednesday, April 3, 2024 10:01 AM
Advanced detector located 325 fi. upstream of stop bar
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Purdue Split Failure

Teel @ The Trails - SIG#158
Wednesday, April 3, 2024 6:00 AM - Wednesday, April 3, 2024 10:01 AM

Overlap & EBLPh 8
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Monthly Total
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DNT & Main - Preemptions - March 2024

12:00
AM

1:00
AM

2:00
AM

3:00
AM

4:00
AM

5:00
AM

6:00
AM

7:00
AM

8:00
AM

9:00
AM

10:00
AM

11:00 12:00
AM PM

Time of Day

1:00
PM

2:00
PM

3:00
PM

4:00
PM

5:00
PM

6:00
PM

7:00
PM

8:00
PM

9:00
PM

10:00
PM

11:00
PM

1.600

1.400

1.200

1.000

0.800

0.600

0.400

0.200

0.000

Avg per Day

80




Average
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DNT & Main - Preemptions - March 2024
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DNT & Main - Preemptions - March 2024
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Lessons Learned

= pblank

= Next Steps
= blank




Purpose of Study

Static Values Adaptive

Scenario
Cycle Length Split Cycle Length Split

Neotraditional v v v

SynchroGreen - Splits Only v v

TC City - Suggested Splits v 7

SynchroGreen - Full Adaptive (current) _ v v
v I
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								Scenario		Static Values						Adaptive

										Cycle Length		Offset		Split		Cycle Length		Offset		Split

								Neotraditional		ü		ü		ü

								SynchroGreen - Full Adaptive (current)								ü		ü		ü

								SynchroGreen - Splits Only		ü		ü								ü

								ITC City - Suggested Splits		ü		ü		ü
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