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Emerging Shared Vision

Active Traffic
Signal
Management

Agencies
Universities Vendors

We are in a period where we need to
re-introduce concepts so we change how
agencies spec. & operate traffic signals and
what vendors provide and

Develop
infrastructure and
procedures to
systematically
prioritize investing
engineering
resources

Assess that impact



Advanced Transportation Information
Systems (ATIS)

Messages

What gets measured gets done,
what gets measured and fed back
gets done well,

what gets rewarded gets repeated.
—John E. Jones

Opportunities to
Push the State of

the Possible

Enormous opportunities to fuse data from

* traffic signal controllers and

* probe data sources
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We want to embrace “picture book
based performance measures”
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“If one wants to be outstanding in
there field, one must first spend some
time standing in the field” Bill Kloose




True or False

On Average, we have no capacity problems at any
signalized intersection?




15-Minute Counts (Phase “n”)
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Opportunity
How can we use controller and probe data to quantify

what we can see and assess if we can improve.
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Outline

Signal Management/ Challenges

Data Sources

— Controller

— Probe Vehicles

Results
Q&A..Dialog

fundamentals
Data ->Information to assess fundamentals
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Question

* Where (and when) are
the opportunities to
improve signal
operations?
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problems...and fixing them using controller and
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Typical Corridor (22 Intersections)
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~74,000 Configurable
Parameters/Int 192

Statewide!

~1.6M
ETEINEES
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Database

Default Database Query
of Each Intersection
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So how many do we really use?
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Traffic Signal Timing Process

Opportunity

Today’s
Message



http://www.trafficware.com/assets/pdfs/Synchro_studio_7.pdf

Outline

Signal Management/ Challenges

Data Sources
— Controller

— Probe Venhicles

~undamentals

Data ->Information to assess fundamentals
Results

Q&A..Dialog




Historical data collection (~1,000:1)
averages out all of the information

Typical less then 500
average values/day
sent to Traffic
~500,000 Management Centers
Events/day (and those are rarely

archived)
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Econolite ASC 3 with Indiana
Data Logger Enabled (FTP
Transfer of hourly time
stamped events)

High Resolution

Ethernet Switch

Data



Multi-scale
Performance Measure Concepts

* Travel Time is a important performance
measure for both arterials and freeways

* Travel Time data can identify transportation
links with performance challenges

* High resolution traffic signal controller data is
needed to identify corrective actions



Signal Event Monitoring
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Phase Indication
ILD Status
VIDI Status
VID?2 Status

Video Detection
Evaluation

« Example
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Concept

* Bluetooth: a wireless protocol
utilizing short-range
communications technology
facilitating data transmission
over short distances from
fixed and/or mobile devices

* IMAC Address: a 48 bit (>28
trillion) unigue address
assigned to a device by its
manufacturer.
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Econolite ASC 3
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Outline

» Sighal Management/ Timing overview

 Data Sources
— Controller
— Probe Vehicles

* Fundamentals

e Data ->Information to assess fundamentals
e Results
* Q&A..Dialog



Highway Capacity Manual Delay
Equation

d=d,(PF)+d,+d

Capacity Utilization
(Volume-to-Capacity Ratio)
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Coordination:
Split, Cycle, Offset
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Typical Corridor (22 Intersections)

Really Hard
to get perfect
for 22
Intersections




Distance
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Coordination:
Split, Cycle, Offset

Time (cycles)

Typical Corridor (22 Intersections)

Phone calls
work pretty
well



Coordination:
Split, Cycle, Offset

Typical Corridor (22 Intersections)
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Coordination:
Split, Cycle, Offset 74,000
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A Picture Book
Approach

to Traffic Signal
Management

e ...50 we can find our problems,
* but how are we going to fix them



Diagnostics (Andrew Nichols)
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Typical Corridor (22 Intersections)
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Highway Capacity Manual Delay
Equation

d=d,(PF)+d,+d,

V/C Ratios @ Intersection B

Tuesday (12/6)

be Rd @ US 19Wv 7 1 [ [ Print.. |

Date | 12/06/2011 O v 2
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Outline

Signal Management/ Challenges

Data Sources
— Controller
— Probe Vehicles

Fundamentals

Data ->Information to assess fundamental}s

Results
Q&A..Dialog



Purdue Coordination
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Diagram Construction (PCD)
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NB @ Pleasant
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Time in Cycle

Three Poor Offsets
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Offset Adjustments on Middle Segment
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Time in Cycle

Offset Adjustments on Middle Segment

* Northbound at 37/Pleasant is bad. The platoon is captured in red.

* However, any offset adjustments that we make will also impact Southbound progression at
37/Town and Country (intersection to south) by shifting arrivals.

* We can mitigate any impacts at 32/37 (intersection to north) by adjusting its offset to keep it fixed
relative to 37/Pleasant.
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Time in Cycle

Add 10 seconds at 37/Pleasant

e Green times will occur 10 seconds earlier at 37 & Pleasant

— Equivalent to vehicles arriving 10 seconds later

* Southbound vehicles will arrive 10 seconds earlier at 37 & Town and Country
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Time in Cycle

Add 20 seconds at 37/Pleasant

* Green times will occur 20 seconds earlier at 37 & Pleasant
— Equivalent to vehicles arriving 20 seconds later
* Southbound vehicles will arrive 20 seconds earlier at 37 & Town and Country
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80 4 I % 80 4

Time of Day Time of Day

5688 arrivals on green
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Time in Cycle

Add 30 seconds at 37/Pleasant

Green times will occur 30 seconds earlier at 37 & Pleasant

Equivalent to vehicles arriving 30 seconds later

Southbound vehicles will arrive 30 seconds earlier at 37 & Town and Country
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SB @ 37/Town and Countrv
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Southbound
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Insert Link Pivot Animation



Comparison with original (actual “before” case)
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Predicted Vehicle Distributions with Offset Adjustments

l MMML

Gw ww ww ww ww w0 0 we ew ww mm z0  tw W ww w0 G0 6o 6o e uw 6w 6w o

J

Pleasant

Better

W @ ww

Town &
==fiCountry

—

W @ ww G0 %o 0w pw e kW Ew  ow W @ ww o %w  0m e ww kW Ew  on

1|
Better —

Greenfield __-

\L Better

67



Outline

» Sighal Management/ Timing overview

 Data Sources
— Controller
— Probe Vehicles

e Fundamentals
e Data ->Information to assess fundamentals
* Results

* Q&A..Dialog




So..did it have an impact.



Before

SB,SR 37 / SR 32

i o
0600 1400 2200

N | SB, SR 37 /Pleasant

|

1001

1002

: |
0600 1400 2200
SB, SR 37/ Town & Country 7’

: 1003 [
0600 1400 2200
SB, SR 37 / Greenfield
: & :; & & it :l.: 1004 ‘él
g I

0600 1400 2200

NB, SR 37/ SR 32

- 2 ,
1400 2200

| 0600 1400 2200

NB, SR 37/ Town & Country

:
0600 1400 2200

NB, SR 37 / Greenfield

H‘,




SB,SR 37/ SR 32 NB, SR 37/ SR 32

w Il

1001

After

; I .
0600 1400 2200
l SB, SR 37 / Pleasant

] ' ]
0600 1400 2200 lJ 0600 1400 2200
l B, SR 37/ Town & Country /’ B, SR 37/ Town & Country
1003

il

0600 1400 2200 0600 1400 2200

SB, SR 37 / Greenfield NB, SR 37 / Greenfield

0600 1400 2200 0600 1400 2200




Predicted

SB, SR 37/ SR 32

I
0600 1400 2200

SB, SR 37 / Town & Country

il
L
0600 1400 2200

SB, SR 37/ Greenfield
MW‘*‘M&

0600 1400 2200

1001

NB, SR 37 / SR 32

1002

|
0600 1400 2200

NB, SR 37 { Town & Country

0600 1400 2200

1004

NB, SR 37 / Greenfield

B RrA

oo B I ANY, |
0600 1400 2200



Change in Arrivals on Green

June 06, Predicted

Intersection Movement MOE il::e 06, fter Offset July 25, July 18,

ual djustment Actual Actual*
N, 1755 1425 1472 1810
SR 37 8 SR 3 Northbound |55 59.6% B84% | 549% | 568%
southbound Na 1702 1702 1544 1659
POG 41 2% 21.2% 42 4% 39.0%
N 1628 - 2655 2741 2995*
SR 37 & Pleasant | \orthbound 55~ 20.1% 65 5% 76.0% | 76.6%"
St. southboung N 3180 3674 3371 3471
POG 52.9% 61.2% 62.7% | 63.0%"
Norttboung D 3114 2961 2974 3507
SR 37 & Townand| 2 PoUNY 565G 79.5% 75.9% 81.0% 787%
Country Blvd. outrbound N 3441 3056 2875 3007
outhbound I5~3 80.2% 711% 72.6% 73.0%
N 1678 2017 2827 3438
SR 37 & Northbound 557 37.9% - 65.6% 68.6% 69.8%
Greenfield Ave. o~ N, 2979 3215 3045 3221
POG 58.9% 63.3% 67.5% 68.2%
N, 19477 21605 20849 23108
A torial Network gvera” 34856 34856 31569 35072
o0 55.9% 62.0% 66.0% 65.9%




Measured Travel Time (min)
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Measured Travel Time {(min)

After
(Sample size=5401)
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Lets Evaluate the Impact
Statistically and Financially



http://www.trafficware.com/assets/pdfs/Synchro_studio_7.pdf
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Cumulative Probability

Before (6/20/09) "

SR-37 Travel Times _URDUE

\
-

After (7/25/09)  whud

1
Median travel
time decreased

078 1 by 1.01 min

0.5 " .

0.25 +

7/25/09 6/20/09
0 - — R
0 1 2 3 4 5 6 7 8

Travel Time (min)

(a) Northbound on SR 37 (Midblock)

Cumulative Probability

0.75 +

05 1

0.25 1

Median travel
time decreased
by 1.12 min

6/20/09

2 3 4 5 6 7 8
Travel Time (min)

(b) Southbound on SR 37 (Midblock)




Business Case: SR 37 Timing Improvements

(Largest Cost Benefit/Reduction/Avoidance)

Cumulative Probability

075 t

05 t

025

USER SAVINGS

Travel Time (min)

0600 -2200 (8,500 veh)

Travel time tests for SR37 Corridor
have improved Northbound Travel
Time by ~ 1 Minute.

~8,500 Cars per Day Are Effected by
this benefit (NB).

~0.17 Cents per minute (510/hour)
saved for each driver in fuel costs and
time value.

~1.0 Minutes are assumed saved on
average for the intersection over
1-Year with improvements.

User benefit =

(8,500 Veh/Day * $0.17/min *
1-min/Veh * 2*52 Days/Year )=

$150,000/year for a 1.6 mile stretch

of roadway is realized.




Travel Time between 4 intersections

100%
v
I
75% . II
50%
Base
25%
0% A .
1 2 3 4 5 6 7
(e) Southbound, Case B to Case C. (f) Northbound, Case C to Case B.

Cumulative frequency diagrams of probe vehicle travel times for alternative objective functions,
Saturday, 1500-1800.



Economic Impact (52 Saturdays)

CO,
Total Time  Emission Emission
Reduction CO, User Multi- Reduction CO, User
Objective (veh-min) (tons) Savings Benefits Savings Benefits
(a) System 1, Northern Section
I Min Delay 5032 0.71 $16 $1,697 52 37 $810  §$88,233
IT  Min Delay and Stops 3813 0.54 $12 $1,286 52 28 $614  $66,864
111 Max N, 1760 0.25 $5 $593 52 13 $283 $30,855
IV Alt. Max N, 7883 1.11 $24 $2,658 52 58 $1,268 $138,229
(b) System 2, Southern Section
I Min Delay 24386 3.43 $75 $8,223 52 178 $3,924  $427.614
II  Min Delay and Stops 25327 3.56 $78 $8,541 52 185 $4,075  $444,111
I11 Max N, 25147 3.54 $78 $8,480 52 184 $4,046  $440,962
IV Alt. Max N, 26338 3.70 $81 $8.882 52 193 $4,238  $461,845
(c) System 1 and System 2, Arterial
| Min Delay 29418 4.14 $91 $9,920 52 215 $4,733  $515,847
IT  Min Delay and Stops 29140 4.10 $90 $9,826 52 213 $4,680  $510,976
I11 Max N, 26907 3.78 $83 $9,073 52 197 $4,3290  $471,817
IV Alt. Max N, 34221 4.81 $106 $11,540 52 250 $5,506  $600,073

Controller PM + Probe Data




Emerging Shared Vision

Active Traffic
Signal
Management

Agencies
Universities Vendors

We are in a period where we need to
re-introduce theory and fundamentals so we
change how agencies spec. & operate traffic

signals and what vendors provide and

Develop
infrastructure and
procedures to
systematically
prioritize investing
engineering
resources

Assess that impact



0.75

Cumulative Probability

025 1

o
3

$150,000

Travel Time (min)

0600 -2200 (8,500 veh)

What gets measured gets done,

what gets measured and fed back gets done well,

what gets rewarded gets repeated.
—John E. Jones

Darcy Bullock

darcy@purdue.edu

Purdue University School of Civil Engineering
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Diagnostics (Jim Sturdevant)
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Diagnostics (Andrew Nichols)
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Austin EB PCD (coming from Adjacent System) — 13 Periods
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Robin Hood to Austin
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Austin EB PCD (coming from Adjacent System) — Before/After
February 6, 2012 (XX.X P.O.G) vs. February 13, 2012 (XX.X P.0.G)
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Probability of Green

Probability of Green Time in Cycle

Time in Cycle
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Audience Participation on Following
Two Slides (Eye Doctor A/B)



SB on SR 37 on Jan 19 (Clear)

160.0 =

150.0

1400

1300

120.0

110.0

100.0 +

90.0

- Detections

80.0 - Green

Yellow

= End Cycle

60.0

50.0

}‘ﬁ,: St
R Fa
R

100

0.0 r A

21:00 0:00 3:00 3:00




SB on SR 37 on Jan 26 (Snow)
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Purdue Coordination Diagrams as
Changes Were Implemented

CR17 and Missouri
Elkhart County, IN

Ross Haseman
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Percent of Cycles with Ped Phases, Wednesday

100%

Before (1/9/08)
After (1/30/08)

50% |

0%

100%

50% |

0%

0:00 12:00 24:00 0:00 12:00 24:00
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Methodology: Build From Measurable
Quantities

d=d,(PF)+d, +d,

) 2 Uniform Delay

0.50(1- 9

C g = green time (s)
C = cycle length (s)
(1 —min(1,X. ))g% X = volume to capacity ratio

d, =

f—

Measurable Quantities

v|C Volume to Capacity Ratio

X ===
S(9;

v = flow rate (veh/h)
s = saturation flow rate (veh/h)



Eastbound V/C Ratios
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Eastbound V/C Ratios
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24 Hour Counts by phase...dependent upon Cycle
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24 Hour Green Time by phase
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Volume-to-Capacity Ratio

V//C Ratios by Phase, 24 Hours
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Intersection Saturation

24-Hour Plot of Intersection Saturation
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Intersection Saturation

1.2

24-Hour Plot of Intersection Saturation

With Split Failures Indicated
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Thursday, September 24, 2009

Manufacturers, Vendors:

As you are aware, we have held several meetings involving vendors and other stakeholders over the past 3 years
to obtain industry input on how we can update our procurement specification to be consistent with emerging
national standards and most effectively leverage technology improvements. We are grateful for the strong
participation from both the local suppliers as well as the national experts our local suppliers have brought to
Indiana for those meetings. As a result of that input, INDOT is pleased to announce that it will begin migration
to the next generation NTCIP traffic signal controllers. We also anticipate an important component of next
generation controller will be the incorporation of event based performance measures that are consistent with the
emerging recommendations from the National Cooperative Research Program (NCHRP) 3-79a.

Over the next few months INDOT will be inviting you to participate in activities that will assist us in drafting
new procurement specifications that will be used for procuring future traffic control equipment supporting both
NTCIP objects and event based performance measures. These specifications will also be the basis of internal
Indiana Test Methods and procedures used in placing controllers on INDOT’s list of approved materials. It is
our intent to have this specification in place for project lettings by mid 2010. At that time only controllers
compliant with this new specification will be eligible to be provided on INDOT contracts.
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Volume-to-Capacity Ratio

V//C Ratios by Phase, 24 Hours
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Number of Split Failures

» Split failures are defined as cycles where the phase was not
able to adequately serve its demand volume

* Can be roughly defined as when the V/C ratio is above 1.0
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Number of Split Failures, 30-minute Bins
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Number of Split Failures by Hour — Phases 1, 4
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Split reallocation
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Impact of 5s reallocation on

Split Failures
Timin Duration Split Number Split Number of

Plang of Failures | of Phases | Failures Phases

Operation | (Before) | (Before) (After) (After)
AM
Peak 3 hr 5 84 5 87
Mid 2 hr 1 74 0 74
Day
PMT asnr 16 131 9 131
Peak
Off 5.5 hr 17 223 5 226
Peak




VIC Ratio

Split Failures (v/c)

1.4
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Split Failures (GOR)

GOR
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Intersection Saturation, XC

* The degree to which the capacity of the entire
intersection is being utilized.

X =2/ )

(v /s), — Critical Ratio of Volume to Saturation

C — Cycle Length (s)
L — Lost Time (s)



X for Dual-Ring, Eight Phase Case
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Intersection Saturation
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Intersection Saturation

24-Hour Plot of Intersection Saturation

With Split Failures Indicated
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Addressing Split Failures

* X. < 1.0 suggests that there is spare
capacity in the intersection.

* For example, we may consider X _ =
0.75 as the cutoff point for cycles to be
considered easily “correctable” with
adjusted splits.
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1. Cycle Length
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1. Cycle Length (Mismatch)
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2. Equivalent Hourly
Flow Rate
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4. Volume to Capacity Ratio
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5. Split Failures Per Half Hour
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7. Percentage of Phases with

Pedestrians
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Pedestrian Phasing
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Flow Profiles



Cycle Based Calculations
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Split reallocation

October 18th

Phase 5 v/c October 18th, 2004 (NL12C)

N
\J

Time

‘ * Phase 5 ===1 ===5 Cycle Average ‘
Phase 6 vic October 18th, 2004 (SA123C, SB123C)

* Phase 6 =1 ===5 Cycle Average \

URDUE

UNIVERSITZY

October 26th

Phase 5 v/c October 26th, 2004 (NL12C)

Time

[+ Phase 5 ==1===5 Cycle Average |

Phase 6 v/c October 26th, 2004 (SA123C, SB123C)

Time

* Phase 6 ™1 ™5 Cycle Average




Impact of 5s reallocation on

Split Failures
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Mid 2 hr 1 74 0 74

Day

PMT ashr 16 131 9 131

Peak

Off 5.5 hr 17 223 5 226

Peak
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UNITVERSITY.
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* The degree to which the capacity of the
entire intersection is being utilized.

X =20/ )

(v /s), — Critical Ratio of Volume to Saturation

C — Cycle Length (s)
L — Lost Time (s)
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¥ | Max Vit Y2 Vst Ve, Maxl Vet Ve VrtVs C
‘ s ' s s ' s C-L

1 2 3 4 1 2 3 4
5 6 7 8 5 6 7 8
(a) Critical Path 1234 (b) Critical Path 1278
1 2 3 4 1 2 3 4
5 6 7 8 5 6 7 8
(c) Critical Path 5634 (d) Critical Path 5678
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Intersection
Saturation

N

X=X/ )

(v /s). — Critical Ratio of Volume to Saturat
C — Cycle Length (s)
L — Lost Time (s)
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24-Hour Plot of Intersection
With Split Failures Indicated

Saturation

¢ X, =Y (v/s),| —
C Cl (‘1
¢ Phase 1
4 Phase 2 o
104 —*Phase3 ®
© Phase 4 am, « 8 & &
® Phase 5 o °, " a 2%
Ao Phase 6 ole & . 8 ta’
*’ o e o T S dels)
§ 087 | * Phase7 - *
'E © Phase 8
2 — 20 pt. Mov. Avg.
®©
n
.S 0.6
k3]
@
&
=
£ 041
0.2
0.0 T T T T T T T T T T T
0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:.00 16:00 1800 20:00 22:00 0:00
Time of Day

PURDUE

UNIVERSITZY




Addressing Split Failures

 X. < 1.0 suggests that there is
spare capacity in the intersection.

e For example, we may consider X. =
0.75 as the cutoff point for cycles
to be considered easily
“correctable” with adjusted splits.
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