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Outline

Background on adaptive traffic signal Systems

ACS-Lite
e Goals
 Development
* Functionality

Field Test

Next steps
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Traffic Signal Control Evolution

Mid to Late
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Benefits of Adaptive Signal Timing

« Responsive to traffic conditions
* Reduce traffic delay
» Delays onset of saturated conditions

« Reduces or eliminates the need to retime traffic signals
« $1800 — $3500 / intersection

« Improvements over Time Of Day plans
 Travel time
* Delay
e Stops
* Fuel consumption

« Data collection and archiving
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Adaptive Control Deployment
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Disadvantages

« High capital cost $$3$

 Requires extensive calibration & monitoring
 Requires active maintenance of traffic detectors
« Communications overhead

 More technical staffing
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FHWA Goals for ACS-Lite

e Low cost
e Leverage existing infrastructure

— Standard US-style actuated controllers and logic (rings,
phases, splits, barriers, gap-out/extension, etc.)

— Typical agency detector layouts

— Typical communications

— “Retro-fit” with major US signal system vendors
« Reduce agency expenditure for adaptive control
 Operate without connectivity to a TMC
« Use NTCIP
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Adaptive Control Software — Lite (Outcome)

« Based on Rhodes
« TOD Plans for base signal timing
« Closed Loops Field Master Based Architecture
— Target Market
20,000 Systems
200,000 Intersections

e Minimizes Traffic Detection needs

e Low bandwidth communications

D O O Finchwrc

O RESOURCE CENTER
00




U.S, Deporimeant of Transportation

Federal Highway Administration

ACS-Lite Functionality

« Architecture

e Algorithms

e Detection layout
 Data acquisition

e Split tuning process

o Offset tuning process

D O O Finchwrc

O RESOURCE CENTER
00




U.S. Cepartment of Transpertation

Federal Highway Administration

ACS-Lite System Architecture

9600bps, up to 12

controllers

ACS-Lite ~Vendor =z ===

Optional Field Master = ==

AlC Protocol == - e o o
wroller 3 Translation 1 Emm

Field Processor

NTCIP + ACS-Lite
firmware upgrade

0 O D Fichisscl Higgwicry Aciratniion
O RESOURCE CENTER
Cp0




U.S, Deporimeant of Transportation

Federal Highway Administration

ACS-Lite Algorithms Architecture
TOD Plans

Time-of-Day Tuner

Day-by-Day /

Month-Month - cycle, splits, offsets

¢ - pattern switch times

Active Plan

Cycle by cycle Run-time Refiner

- cycle, splits, offsets

¢ - active pattern S———
y second
Transition Plan Changes actr:Jatz(l:i got?trol
™ andle
Management - transition method Y

local controller

Master
Controller

local local | @ @ @

Arterial
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Web-based User Interface

Configuration / Setup

<23 ACSLITE - Configuration - Microsoft Internet Explorer provided by Siemens ITS

O CO m m U n I Catl 0 n S File Edit View Favorites Tools Help
; Adapive Setings ACISTH=-ee
configuration
L4 Lln kS Refrezh - gl - Statuz - Yerzion
SYSTEM MODULES o
° DeteCtO rS - Communications Manager
L f e All-Controller Utilities
d TOD SC h ed U Ie |me—9 Aoy .uner IF address  |127.0.0.1 [ Apply to all contrallers ]
Run-Time Refiner [ ]
H H Transition Manager Part nurmber |161 Apply to all contrallers
[ ] y .
Archive data retrieval DataTImSLotaion o Dorestor | © Keop sysom sotings —
Status Schedule Aszignments (O Keep local controller settings SSLAR I LU e
E::n?ll_a:gs Upload Upload from all enabled controllers. [ Upload frorm all contraollers ]
o . . ;
Spl It tu n I n g Sta’tu S Jetedliy Controller Settings
H CONTROLLERS Controller . UDPIIP Serial W0 Detector Y0 Sync
e Offset tu n I ng Status Teah mmmiallzr MNo. WYendor Description Bl o] [Hespemding Enabled Address Port Enabled Channel Drop Aszignrments Status
. 1 Eagle |Testcontroller Fezponding ®  10.228.2.3161 4] COk 1 1 | (® Systern O Local Synced
[ ]
Patter n h IStO ry LINKS 2 Undefined O ® 127.0.01 161 O GOk 1 2 | (® Systern O Local Mot Synced
A A 3 Undefined ] ® 127.0.01 161 4] COk 1 3| (® Systern O Local Mot Synced
[
Ph ase tl m I n g d ata 4 Undefined ] ® 127.0.01 161 4] COk 1 4 | (® 8ystermn (O Local Mot Synced |
° Event |Og 5 Undefined ] ® 127.0.01 161 4] COk 1 5 | (® Systern O Local Mot Synced
B Undefined ] ® 127.0.01 161 4] COk 1 6 | & Systern O Local Mot Synced
° Detector status 7 Undefined O ® 127001161 O COM1 | 7 @ System O Local Mot Synced|n
8 Undefined ] ® 127.0.01 161 4] COk 1 8 | (® Systern O Local Mot Synced
9 Undefined ] ® 127.0.01 161 4] COk 1 9 | (& Systern O Local Mot Synced
10 Undefined ] ® 127.0.01 161 4] COM1 10 | (& System (O Local Mot Synced |k
11 Undefined ] ® 127.0.01 161 4] COM1 11 | (& System (O Local Mot Synced |k
12 Undefined ] ® 127.0.01 161 4] COM1 | 12 | (& System (O Local Mot Synced i

Cp0




U.S, Deporimeant of Transportation

Federal Highway Administration

ACS-Lite Detection Layout

Need detectors at stop-bar of coordinated phases for split tuning

i TRAFYU - ACS-Lite-1000-1HR-ACSLITE. trf (=]E3]

File Wiew Display Options Animation  Window  Help

-

Phase Utilization Detectors
Split Tuning

Flow Profile ) Set-back loops for coordinated phases

D can also used for split tuning AND
etectors offset tuning (<100’ from stop bar)

Offset Tuning
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Data per phase interval

 Occupancy values per second
 Correlated to Red/Green/Yellow

Cycle 1

Second-by-second
Occupancy
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Cycle-by-cycle phase and detector data

23 Status - Microsoft

@ \/olume/Occupancy

Address ej http:/flocalhost: 3200igoformystatus/FlowProfilsfrun TimeHistory?contralleriumber=72dstector Mumber =5

Google - v| #psearchwet - §3 4 blocked ] options
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Average occupancy over last few cycles

\

Averaging

-
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Balance phase utilization on all splits

SYSTEM MODULES  Phase Timing - |EiEEAOIE=0Y - Flow Profile - Pattern History - Detectars - Archive
e SR Controller 4 - SR70 & 33rd
$i?ﬂ”;'f;fr_‘dDaa:faTgfr:m Estirmated Controller Time: 07:16:33 Pi
] ’ Pattern: 106
_?:;r:;lEs Ezf:;zrer _ o bfwerage Awerage  Average .&verage bfwerage Degres A
FPhaze Mumberof Gap- hdaw- Force-  Omitef  Termination Green  Green lzed  Awailable Phaze F
Date/Timellocation Mumber Cbzervations outs outs  offs Skips  Timeline  Time  Cccupancy Green Green  Uiilization . D
Schedule (sec) (%) (et)  Gen) (e CowrAen
Day Plans 1 4(100%) |2 (50%) |0(0%)(0(0%) |2 (50%) G.0O.G.0, 5.0 45% 457 110 41.5% ]
Event Log 2 4(100%) |0(0%) |0(0%)4(100%)/0(0%) |F.FEFEF, 58 .5 46% 4567 995  46.5%[e ]
Security 3 A0100%)  |4(100%)[0 (0%)\00%) |0 {0%) | G.G.G.G. 13.2 75% 1045 280 37.3% [
4 5(100%)  |5¢100%10 (0%)|0 (0%) [00%) |G.G.G.G.G. | 108 94% 1016 108 94.0% D
(GRG0 253 5 4(100%) |1 (25%) |0(0%)[3 (75%) |0(0%) | FF.G.F, 105 B5% 634 127  55.0% ]
§§§31&&U?3133Dt1 B 4(100%) |0(0%) |0(0%)4(100%)/0(0%) |F.FEFEF, g1.0 4% 3687 9.0 41.5% ]
SR70 8 30 7 A0100%)  [3(75%) 0{0%)1 (25%) |0(0%) | G.F.G.G, 1.7 77% 816 100 48.2%[
e 3 3¢100%)  |0¢0%) |0(0%)3 (100%)|0 (0% | FEF, 13.0 48% 633 183 342% ]
S o o1 o2 o3 o4
14 17 - 88 27 865112 12 « 33 597 12 14 5 87
ggzg:iit:;lie —3 =0 5 +87 =B85 +20 —21 = = +64 —Z 0 5 +83
Ring 1 | — 41.5% | - 46.5% | 37.3% | I— 04.0% ||
LT Ring 2 @5 @6 a7 o8
14 19 5 89 27 84 5112 12 « 24 5 87 12«23 597
—H«h s +80 =AY = h 5128 =12« 5 +73 —11 = s +74
I 55,0 % | 41.5% | - 48.2% | . 34.2%
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Balance phase utilization on all splits

SYSTEM MODULES Phaze Timing - IRiEEE =l - Flow Profile - Pattern Histary - Detectors - Arc
Systerm Manager

Controller 4 - SR70 & 33rd

Comm Manager Estimated Controller Time: 07:16:33 PM

Time-of-Day Tuner

] ’ Pattern: 106

_?:;r:;lEs Ezf:;zrer _ o twerage  bwerage .&verage bfwerage Degres Y

FPhaze Mumberof Gap- bdaw- Force-  QOmitef  Termination Gree Gireen lzed  Awailable Phaze F
Date/Timellocation Mumber Cbzervations outs outs  offs Skips  Timeline Occupancy Green  Green  Milization S aturation D
Schedule ) (zec)  (zec) (%) 0
Day Plans 1 4(100%) |2 (50%) |0(0%)(0(0%) |2 (50%) G.0O.G.0, 0 45% 457 110 41.5% ]
Event Log 2 4(100%) |0(0%) |0(0%)4(100%)/0(0%) |F.FEFEF, 9.5 46% 4567 995  46.5%[e ]
Security 3 A0100%)  |4(100%)[0 (0%)\00%) |0 {0%) | G.G.G.G. . 75% 1045 280 37.3% [

4 5(100%)  |5¢100%10 (0%)|0 (0%) [00%) |6.6.6.6.6. 108 94% 1016 108 94.0% D
(GRG0 253 5 4(100%) |1 (25%) |0(0%)[3 (75%) |0(0%) | FF.G.F, 105 B5% 634 127  55.0% ]
§§§31&&U?3133Dt1 B 4(100%) |0(0%) |0(0%)4(100%)/0(0%) |F.FEFEF, g1.0 4% 3687 9.0 41.5% ]
SR70 & S0t 7 40100%)  |3(75%) |0 (0%)1 (20 o 77% 816 100 48.2%[
e 3 3 (100%) (100%)0 (0%) | F.F.F, 33 183 34.2% e

S o o 02 03 04
14 <17 =499 282112 12 =33 3497 12«14 5497
gg;g:iittz“e —3 = 5 +32 =09 = A +26 =21 = = +64 —2 = +33
Ring [ 41 5% | I 46.5% 1 N 37.3% | I 0%

a5 a6 L a8
14 <15 - 94 27 <84 =112 12«24 597 12«23 =97

= +E0 —A7 —f 5 +28 =12 = = +773 =11 =t = +74
[ 41.5% N I 48.2%

LINKS Riing 2

Example shows more time

IS necessary on phase 4
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Offset Tuning
Average cyclic occupancy profiles

Example shows need to
move offset so green
corresponds with traffic
earlier in cycle

-

: . b ¥ Elnmm_ - -II-...---_ -.l-.IIIIIIIIIIIIlIIII ----- Am _-Illllllll
N e Y 1] 4] 10 15 200 25 30 a5 40 45 a0 55 G0 5 0
S T - i Local cyvcle time

“statistical” flow profile
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Field trials

R Y
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(San Diego), California
- ——— ,
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Bradenton

(St. Petersburg/Tampa), Florida
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Gahanna, OH field test location (Econolite) 7
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e« Morrison Road = ;‘? —Capente
« Rocky Fork Drive l“; i
. . =T dGahanna
e Lincoln High School | N
. IEEJ_-_H _“’—--I Granm]le.'gf —— R JL
« Granville Street ﬁamwﬂ W= = | ?4
« Kroger Entrance U N E -
« Rocky Square Fork Shopping Center T L3
« Clark State Road " ™ i

ST I ITEE S —




U.S, Deporimeant of Transportation
Federal Highway Administration

Split tuning locations & L=
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Offset selection locations A A 5 s
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Gahanna, OH field test results

P "\ 2
m NORTH 270 j-———)

‘? Gh N c‘l_eveland '}V
" ZET— i

Results - Number of Stops

M Before
] After
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Gahanna, OH field test results

Before Savings Peak Hours Peak Hours
(per veh) (per veh) (all vehs) Savings
Total Delay (hour) 0.03761 0.03758 0.00003 0.15588 $1.89
Total Stops 3.5 2.9 0.6 3117.6 $43.65
Fuel (Liters) 0.390 0.373 0.017 89.287 $53.08
Peak Hours Benefit $98.61
Daily Benefit $340.03
Annual Benefit $88,500_OO

!Peak hours = Average savings*(Average Corridor Peak Hour Volume*4 peak hours)

Unit Costs:

Total Delay — $12.10 per hour

Stops — $0.014 per stop

Fuel Consumed — $0.59 per liter ($2.25 per gallon)
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Houston, TX field test location
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Houston Split tuning locations
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. . ] S
Offset tuning locations b 4 g
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Houston, TX field test results

NORTH
6 Results - Travel Time
TEXAS
w ' 300
250
CRy W Before
[
S 150+ [] After
5 100-
50
O_
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Houston, TX field test results

Before Savings Peak Hours Peak Hours
(per veh) (per veh) (all vehs) Savings

Total Delay (hour) 0.01856 0.01214 0.00642 39.16252 $473.87

Total Stops 1.7 1.2 0.5 3051.6 $42.72

Fuel (Liters) 0.490 0.455 0.035 214.837 $127.71
Peak Hours Benefit $644.30

Daily Benefit $2,221.72
Annual Benefit $577,648_12

Unit Costs:

Total Delay — $12.10 per hour

Stops — $0.014 per stop

Fuel Consumed — $0.59 per liter ($2.25 per gallon)
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Bradenton, FL field test location — SR 70 (PEEK)

Caruso Road
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Bradenton, FL split tuning locations

To Palmetto & St. Pete

Caruso Road = 1 i i
 Loops/video
45t Street
 loops
33" Street
 loops
US301
* |oops

Study Area
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Bradenton, FL offset tuning locations

All intersections
« Mostly loops (video at To Palmetto & St. Pete 5

]
dai & E d i
Caruso)

Considered fixing offset at 315t between !
US301 and 33

o Critical short link
e Tuning improved
performance

Study Area
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Bradenton, FL field test results

Results — Stopped Delay

SR TD
Before and After Stopped Delay

' I Before
| | | I | E | )
I |

Total ALl EBALL WBALL All AM ALl PM EB AM EB PM WB AM WB PM
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Bradenton, FL field test results

Results — Number of Stops

SR T0
Before and After Number of Stops

Total ALL EBALL WBALL ALLAM ALLFM EB AM EE PM WB AM WBFPFM
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Benefits

« Reduces the need for traffic signal retiming
 Reduces

e Delay/Travel Time

e Stops

e Fuel consumption
e Low Cost

e Low Bandwidth communications

 Functions with existing controllers
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Future Enhancements FY 2007

« Time of Day Tuner
e Long Term Timing Plan Maintenance
« Time of Day Schedule Switch Points

e Run Time Refiner
e Cycle length tuning

 Transition Manager
e “Best Way”
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NEXT Steps

« 5 Early Adopters

« Workshop for evaluating Adaptive Traffic Signal Control
Needs

e« Support Deployments

e Contact Vendor or FHWA for more information
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QUESTIONS??7?

Email: ACS-Lite@dot.gov
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Eddie Curtis, P.E.

Traffic Management Specialist

O o o Federal Highway Administration
O RESOURCE CENTER
O O O Phone: (404) 562-3920

eddie.curtis@fhwa.dot.gov
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