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e Signals and TSP Algorithms

e APl development for Aimsun
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Introduction

The City of Toronto
e Approximately 2.8 million people

e Toronto Transit Commission (TTC)
operates transit services - subways,
LRTs, streetcars, buses, Wheel-Trans

e Annual TTC ridership of over 500
million trips on all transit modes

« 143 bus routes, 11 streetcar routes, b
3 subway lines, 1 LRT 7
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Pilot Corridors

ONE COMPANY ?'
e Bathurst Street m ‘ Many Solutions-

Centerpoint Mall &

Bus operations

48 signals

15 kilometer long N/S corridor

Several heavy pedestrian/car intersections
Team Lead - HDR

NORTH YOF
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Pilot Corridors
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Interval-Based Timing

|i.ocarm Spadina Ave & Dundas St W DISTRICT Toronto & East York
IMODE/COMMENT FXT with 2-wire Polara APS and Transit PE 55 & 5B COMPUTER SYSTEM MTSS
ex 277 CONTROLLER/CABINET TYPE Novax 30 cct /M
PREPAREDVCHECKED BY |JM CONFLICT FLASH Red & Red
|pREP.DATE April 27, 2015 DESIGN WALK SPEED 1.0 m/s (FDW based on full crossing at 1.2 m/s)
|81'RE.ET Spadina Ave Transit Dundas St W Transit North-South Arrow REMARKS
COMPUTER INT. 1 2 3 4 5 & 7 8 9 10 1 12 13 14 15 ]
ASPECT NSG |- > NSY |ALLR EWG |- > > EWY |ALLR NSG  |» = = Pedestrian Minimums:
NSTG |= > NSTY |NSTR NSTR |= kS > = = NSTG |» = = o Calls NSWK = 7 sac; NSFD = 13 sec
NEWK  |» NSFD [NSOW |= EWWH | » > EWFD |[EWDW = NSWK | = = EWWHK = T sec; EWFD = 25 sec
PE Ps PS Fully protected NBLA and SBLA
callable 24 hours by stopbar keop.
NELA [» NELY |NBLR | NS transit tum-out phase provided
through timi ion.
MBG » = = JBLA Cal gh ng preempd
AL R . Fixed APS on during WALK perods
NSWK |> > . only when no amows ane displayed
Side Only
| S SBLY |SBLR
SBG |» = ™ |-
MNETR |= = =
NSWK |» E =
'est Side Only
NSLA |» INSYA |ALLR
NSTR |» B - INSLA Call
NSDW |» = >
> LR |-
NSTR |NSTE Called MNSTE |NSTR [[NSTE Callea
£ |ll‘I'\IM =
CONTROLLER INT. 1 z 3 ] 5 6 7 & ] 10 | 1 12 13 1" 15 16 17 18 18 SCHEDULES
IMP. DATE cL | &S5
April 2T, 2015| 80 |C1S1| 2 17 13 4 3 0 0 2 2 3 25 4 3 ] 0 3 3 3 3 All Other Times
7 [ 7 6
g0 |C281| 2 16 13 4 3 0 0 2 2 4 25 4 3 ] 0 3 3 3 3 06230 - 09:30, Man-Fri
7 [ 7 6
po |C3s1| 2 17 13 4 3 ] ] 2 2 3 25 4 3 o 0 3 3 3 3 15:30 - 18:30, Mon-Fri
7 L] 7 6
280420

MATER: Twn dacieinn nninte for NS traneit himemt nhaes hoever nnly nenvinad none_nar rucla



Phase-Based Timing

Page 1 — Basic
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Page 2 - TSP

LOCATION.
MODECOMMENT:

Pr:

PREPAREDICHEGKED BY:
PREPARATION DATE:
IMPLEMENTATION DATE:

Bathurst St & Ava Rd

SA2-VMG with WRM, TSP & Jewish FXT Operation
505

cusL

April 25,2014

April 28, 2014

NEMA Phase

OFF AR

J_SABB-AM

M
15:45-18:15
All Other

06:45.09:30
Times M-F

T,
-16:20

See High
Holiday
Schedule

Fri
Cocal Plan Patlarn 1 Fatlern 2 Pattern 3

Pallern 4

[16:20-18:15, |
Fri & see

Patiern 5

High Holiday
Schedule

DISTRICT.
COMPUTER SYSTEM:
CONTROLLER/CABINET TYPE:
CONFLIET FLASH.

DESIGN WALK SPEED:
CHANNELIDROP:

Toronto & East York
TransSuite

Peek ATC 1000/ TS2 T1

Red & Red

1.0 mis (FDW based on full crossing at 1.2 mis)
4019/21

—z

J_SABB-OFF

8:15-23:50 Fri,

06:00-22:20 Sat &

see High Holiday
Schedule
Patlern &

Spit Table Spiit T Spiit 2 Spit 3

Spita

Spiits

Spi6

Phase Mode
(FixedDemanded or Callable)

Remarks

Fedesian Minmums:
NSWi

vehicle call is received, the minimum EBi
ongaing vehicle demand exists on the stopbar loop, the EBG)
is capable of providing vehicle extensions up to the
maximum green spiit. If a pedestrian callis received, the.

Bathurst St

-

NESA

Fixed
POZ activated by
Request Laop
{max extension of 30 secs in
Graen/Walk)

pedestrian minimums will be served. The EWWK & EWFD

are only displayed on the pedestrian signal heads if a

pedestrian callis received. Extension time is based on

vehicle demand. Unused extension Lime is given to the
6.

The signal constantly cycles though main street FOV 1o
improve response to side street vehicle and pedestrian

w

NSFD reverts to NSWK If there [s no side streel venicle

ystem pian 4, 5 & 6 prowide for FXT opertion dunng
Jewish Sabbaths and High holidays. Walk and FDW are

AvaRd

£
muBag~

Callable by Stapbar loop
and/or Pushbuttan:
Extendable by Stop bar loop

attached paper for the updated High Holiday Schedule
Bi

Esplayed for sida strest during FXT operation. Sea

‘on during FXT operation

o

Bathurst St

=

S85A

Fixed
POZ activated by
equest Loop

jax extension of 30 secs in
Green/Walk)

~

H
*
NeB g

ALR
SPLIT 26 26 2

26

CL r = r
oF 27

90
79

28

90
59

LOC:  Bathurs! 51 & Ava Rd
MODE:  SA2VMG with WRM, TSP & Jewish FXT Operation
PX: 505 PREPARATION DATE (TIMING CARD): April 25, 2014

|[OFFSET CORRECTION PARAMETERS

232x
oc
2.3.40.C. Extend  Reduce (M, s oo & subwacod o sac) Frompage
2] =3 8] (oo el Thres.
OFF & J. SABB-OFF Pt t
[ee T -T T -T-T-TaT-T-1 H
i1 ® #
|l Ree [ — T [~ 11 [ - Tal-[7] L
A& T SABEAM patema
| I I I I I I I I n N
Ric | - a0 | -~ [T 1 - T4 - T71]
PM & J. SABB-PM Paitern 3
[Ea [ - T3 T - T -T-TsT -T-1 s
s @ #
| [roe] -~ Tao | - T 1T -Tal-T7] ke
TSPRUN# 6
SB Thru E
SRM #1 Ch #2 ¥
[ TsPinputs | ®
BIU #3 PIN #12a
Ava Rd
3
¥
£
=
2
Schematic of TSP Loops H
? and TSP Runs (N.T.5) &

T.S.P. PARAMETERS
TSP RUN | TSP RUN
PREPARED: cusL #2 #6
Thru SB Thru
2.8.2 Transit Run Parameters
ATG Green Extend Mode. Mode2 | Mode2
Equivalent TTC Algorithm) A A
.3 Transit Action Plan 1 (Used for all Patterns)
[Run Enable px - ves) X | X |
[_Run Config= 1T Recovery =2 o.c. i seiny) ]
7.8.4 Transit Run Configuratior
Delay | Extend [ Fal
CALLS {and Extends)
Skips - -
Reduces (Truncates] [ =@ | —am |
[ =23 +*a][ 5] +6] +7]—+8]
28.6 TSP Split Tables: 1,2,3, 4,5 &6
GRN EXT (SDW Exlension) =T =1T-=-1T-T7 =
GRN ROC (Reduction) = 2 I 1=
WLK EXT (Walk Extension) [T -T-T-T3
[Retes
TSPRUN#2
N8 Thr
SRM#1 Ch #1
TSP In | S ER
BI #3 PIN #10a T1C Kigorm B2 A [ [
Maximum Green Extensions:
TSP Loop Legend [NSG: 30 s Green/WLK
) Request (Thu] |EBG Truncation Lo ped minimum
Gancel (Thru)

NOTE Ava Ra. s one-way Easibound.
Jewish High Holidays schecula 2014 updated on Feb 28, 2014 and implemented en Mar 21, 2014
Picked up system control on Agril 20, 2014
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Toronto’s TSP Operations

e Active Priority Control Strategy
- Priority given to transit vehicle following detection
- Detection via transit loops

o Unconditional Priority Requests
- First Sequenced, First Serve

e Generally PEEK ATC-1000 controllers

- Other NEMA controllers for special cases
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Overview of TSP Features

o Existing TSP Features
- Green Extension
- All Direction Transit Priority
- Phase Truncation (i.e. Early Green)
- Call/Extend Special Transit Phases
- Multiple TSP Opportunities per cycle
- Shifting and skipping phases

e Recovery after TSP
- Offset Correction
- Adverse effect on sighal coordination
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Extension Algorithms

e Current green extension algorithms (included in pilot
projects)
- Algorithm “A”: Green/Walk extension
- Algorithm “B”: Green/SDW extension

e Enhanced Algorithms
- Algorithm “C” included as part of pilot
- Algorithm “D” not included
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Green Extension

s

@f— Cancel Loop
(Check-Out)

-« | Priority Operating Zone
(PO2)

[ -<=— Request Loop
Y, \_ (Check-In)
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Algorithm A

e Advantages

- Few Failed Extensions
(30 s max.)

- More pedestrian
friendly

e Disadvantages

- Less Efficient signal
operation (with
longer FDW, City
provides full
clearance in FDW)

- Not practical
everywhere

Decision
Point
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Algorithm B

e Advantages

- Efficient Signal
operation

- Practical with closely
spaced signals
e Disadvantages

- More Failed
extensions

(16 s max.)

- Less pedestrian
friendly
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Algorithm C

e Advantages
- Fewer Failed

extensions

- Improved efficiency
(w.r.t. “A”)

- More pedestrian Re-check
friendly than “B” POZ

e Disadvantages
- Less efficient than “B”

- Not practical
everywhere
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Modeling challenges

 Emulate the operation of the real signal controller
- Basic operation
e FXT, SAP, SA2
- TSP operation
e Algorithm A, Algorithm B, Algorithm C

 Emulate the operation of the real detectors
e« Model the rules of road around the streetcar
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Modeling the signal controllers

e Standard NEMA controller for basic operation
e Customized API to handle changes with TSP calls
e Customized Ul to input TSP parameters

nnnnnnnnn Split Table [ ffset Correction nsit Run plit Table ffset Correction Tran: [ pii le ffse
dd te ‘ Cone || ||  Phases Extensions di Threshold
d 1 14 0 Ph Extensions Reductions
L | Add Ph dd Ph. [ Ak | 2 16 0 1 19 5
454 | Delete | Jete [ e \ 4 0 3 2 0 0
6 14 0 4 0
7 16 0 6 1
liDetectors ~ Cancel Detectors Canc . " 0 7 0 0
Det [ Add | Detec dd [ \ . » S
10 16 0
448 | Del | a4 te | De |
12 0 3 10 0 0
1 14 0 12 0
aaaaaaaaa 15 16 0 1 19
. . 15 0 0
Transit Run Attributes Phase Split Attributes Phase Offset Correction

Attributes
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Modeling the detectors

e Real World Placement e Model Placement
- Offset needed to place
L detector beyond the stop
J—I line
2
N ey =L
Cancel
LOOp {2 Detector: 8637 (Layer: Bathurst_model_network_ver6_clark)
§ Stop line [Main | Attributes
Name Value
OSM Group undefined
R t OSM Type unclassified
_D_ igggs Position Offset 18.0000
j Presence - 5l - Last Generated - 2602 'Il-:
Request
e LOOp
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Modeling the rules of road

e Private vehicles cannot overtake when the doors of the
streetcar are open

Right lane
blockage when
both detectors
report streetcar
presence

L

10113432 - Simulation PT Vehicle
[ ]




Model Calibration

e Modeled Section Flows - Bathurst

1l ToRonTo

Link Counts

Link Counts

Link Calibration 8:00 - 9:00 AM

Link Calibration 5:00 - 6:00 PM

2000 H 2000 f
1800 - —Target Value + Scatter Plot 1800 - — Target Value # Scatter Plot
— Goodness of Fit — Goodness of Fit
1600 1600
w "]
1] Q
E 1400 E 1400 H
E] 3
£ 1200 A £ 1200 1
£ 1 £ 1000
= 1000 £
B 800 A B 800 A
T y =0.9853x - 17.285 3 y =0.9853x - 17.285
B 600 R?=0.9931 RMS=6.6 B 600 R?=0.9931 RMS = 6.6
= 400 = 400
200 200
0 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Observed Link Volumes Observed Link Volumes
Link Calibration Check 8:00-9:00 AM Link Calibration Check 5:00-6:00 PM
Peak Direction Modelled Target Check Peak Direction Modelled Target Check
Percentage of Links with GEH <=5 100% 85% OK Percentage of Links with GEH <=5 100% 85% OK
Percentage of Links with GEH <= 10 100% 95% oK Percentage of Links with GEH <= 10 100% 95% OK
Percentage of Links with GEH > 10 0% 5% OK Percentage of Links with GEH > 10 0% 5% OK
RMSE 8% 30% OK RMSE 8% 30% OK
Sum of All Link Flows within 5% of sum of] 100% 95% OK Sum of All Link Flows within £% of sum of] 100% 95% OK
Corridor Screenline Volumes Within 15% 100% 100% OK Corridor Screenline Volumes Within 15% 100% 100% OK




s imsen® T

Model Calibration

e Modeled Turn Flows - Bathurst

Turning Movement Counts Turning Movement Counts
Turning Movement Calibration 8:00 - 9:00 AM Turning Movement Calibration 5:00 - 6:00 PM
2000 7 3000
1800 Target Value * Scatter Plot Target Value * Scatter Plot -
— Goodness of Fit a— — Goodness of Fit

. 1600 J . . 2500 = . /

2 4400 g y = 0.9853x - 17.285 _

E 2 20001 Re=00931RMS=66 7

2 1200 s -~

2 1000 2

'; y x - 17.285 =

3 oo R = 0.9931 RMS = 6.6 2

g 600 z

400 £
200
04
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 500 1000 1500 2000 2500 3000
Observed TMC Volumes Observed TMC Volumes
TMC Calibration Check TMC Calibration Check

Peak Direction Modelled | Target | Check Peak Direction Modelled [ Target | Check
Percentage of Links with GEH <= 5 99% 85% OK Percentage of Links with GEH <=5 99% 85% OK
Percentage of Links with GEH <= 10 100% 95% OK Percentage of Links with GEH <= 10 100% 95% OK
Percentage of Links with GEH > 10 0% 5% OK Percentage of Links with GEH > 10 0% 5% OK
RMSE 8% 30% OK RMSE 7% 30% OK




Model Calibration

e Modeled Transit Travel Times- Bathurst AM

1:20:00 1:20:00
p } LEGEND oo
® g g 2 . Runl Rund
R H g H g | Run2 Run5 8 ] ] g
oo |8 g 2 £ ] | < |2 Run 6 R - |} E g g
1:10:00 12 & < - g 2 2 £ L1000 8 % z £ Z s
E R |3 g g § 4 - oay1 H 5 2 H :
i 3 |3 ® 32 E 2 EF H b g H ; £
’ @ 2
1:00:00 | N I S Day1 Runl 1:00:00 g & & E 5 &
----- Day1 Run2
= 0:50:00 - 0:50:00
] Day1 Run3 ]
E E
g ““““ Day1 Rund4 2
g 0:40:00 E 0:40:00
| - I Y N . o N ol L A Day1 Run5 =
®
E Day1 Runé g
0:30:00 = 03000
S Aimsun Bas
Model
0:20:00 S— Aimsun 0:20:00
Calibrated
0:10:00 0:10:00
0:00:00 ! ! g Y oo
0 2 4 6 8 10 12 14 16 0 2 4 3 & 10
Distance (km) Distance (km)

Southbound

Northbound
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Model Calibration

e Modeled Transit Travel Times- Bathurst PM

1:20:00 1:20.00
@ LEGEND Ll ND
£ 2 Runl Run4 Runl Run4
5 3 H § E] Run2  RunS g ] ® Run2 RunS
; I8 H 5 2 ¢ § " i g s . s !
1:10:00 “F & < g 2 Run 6 11000 ‘= g g 3 g § g % 2 Run 6
- - " s 2 H E @ H
5 £ x E g H < Day1 = > g < g s 3 2 1 g Run7 Run8
€ £ 3 4 < Lol <
g 2 S £5 § 2 Day2 H H H ~ g g 5 £ c Day1
2 a a Pz L} H Day3 H = S g £ 3 s g
3 ay ] ] 13 2 H = a Day 2
1:00:00 10000 1§ i & 3 3 of & a 2 pays
''''' Day1 Runl b RN
N800 Day1 Run2
7 05000 B Pt - 05000 Day1 Run
£ : Day1 Run3
- ay1 Run
H o g
£ W - ey £ " .
3 - Day1 Run3 4 Day1 Rund
Ec.zuau J ’),,/‘ Ec:uuu e
= s o F Dayl Runs
: / 7 Day1 Rund T
g 3 Day1 Runé
0:30:00 "y ¥ 0:30:00
Day1 RunS Day1 Run?
ay1 Rur
*+* Day1 Run8
0:20:00 0:20:00
Dayl Runb — Base Model
@m— Clib. Mode!
0:10:00 R 0:10:00
— Calib. Model
0:00:00 0:00:00
0 2 4 b 8 10 12 14 16 0 2 A 6 8 10 12 14 16
Distance (km) Distance (km)

Northbound Southbound
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Simulation Video
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Questions

Rajnath Bissessar, P.Eng
Manager - Intelligent Transportation Systems (Operations)
City of Toronto
Transportation Services Division
703 Don Mills Road
Toronto, ON M3C 3N3
Email: rajnath_bissessar@toronto.ca
Phone (office): 416-392-8826

Paolo Rinelli
Product Manager
TSS-Transport Simulation Systems
Ronda Universitat 22B, atic
08007 Barcelona, Spain
Email: info@aimsun.com
Phone: +34 933 171 693
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