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Emerging Shared Vision

Active Traffic 
Signal 

Management

Universities Vendors
Agencies

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

1. Develop 
infrastructure and 
procedures to 
systematically 
prioritize investing 
engineering 
resources

2. Assess that impact



Advanced Transportation Information 
Systems (ATIS)

Messages

Enormous opportunities to fuse data from

• traffic signal controllers and 

• probe data sources

Opportunities to 
Push the State of 

the Possible
What gets measured gets done, 
what gets measured and fed back 
gets done well, 
what gets rewarded gets repeated.
– John E. Jones

MAP 21



We want to embrace “picture book 
based performance measures”

Opportunity for 
MAP 21 

Leadership



Evolution

1990 2000 2010

CMU
LSU

(Denardo 
Years)

Early Controller 
Data (Brute Force

Brute force 
GPS Data

Performance
Measures Saban joins 

LSU



October 2006 State of the practice



“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?



10

15-Minute Counts (Phase “n”)



Opportunity
How can we use controller and probe data to quantify 
what we can see and assess if we can improve.



Outline

• Signal Management/ Challenges
• Data Sources

– Controller
– Probe Vehicles

• Fundamentals
• Data ->Information to assess fundamentals
• Results
• Q&A..Dialog

Don’t wait 
until the End



Question

• Where (and when) are 
the opportunities to 
improve signal 
operations?
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INDOT Signal Network

INDOT:  2,600 signals in 300 systems
Nationwide: 350,000 signals
Globally: who knows?



~311,000 Traffic Signals…We need systematic 
procedures for identifying operational 
problems…and fixing them using controller and 
probe data.



Typical Corridor (22 Intersections)

74,000 
Parameters/int



~74,000 Configurable 
Parameters/Int

~1.6M 
Parameters

192M 
Statewide!



So how many do we really use?



I.
Define 

Objectives, 
Assess and 
Prioritize 

activities by 
Time of Day 
and location

II. 
Assembly 

relevant data 
to support  
timing and 

docu- 
mentation 
objectives

III.
Software 
Modeling

IV.
Timing Design 

and Docu- 
mentation

V.
Deployment

VI. 
Assess

Traffic Signal Timing Process

Today’s 
Message

Opportunity

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


Outline

• Signal Management/ Challenges
• Data Sources

– Controller
– Probe Vehicles

• Fundamentals
• Data ->Information to assess fundamentals
• Results
• Q&A..Dialog



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

~500,000 
Events/day

Typical less then 500 
average values/day 

sent to Traffic 
Management Centers 
(and those are rarely 

archived)



High Resolution
Data

Ethernet Switch

Econolite ASC 3 with Indiana 
Data Logger Enabled (FTP 

Transfer of hourly time 
stamped events)



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



Video Detection
Evaluation

•  Phase Indication

•  ILD Status

•  VID1 Status

•  VID2 Status
•  Example

  NA,NB   NL
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Multimodal with 
vehicle, shuttle, 
and ped. modes

Terminology



Outline

• Signal Management/ Challenges
• Data Sources

– Controller
– Probe Vehicles

• Fundamentals
• Data ->Information to assess fundamentals
• Results
• Q&A..Dialog



Concept

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

• MAC Address: a 48 bit (>28 
trillion)  unique address 
assigned to a device by its 
manufacturer.



Easter Weekend: Southbound
Example 40 min travel time sample

~MM 244

~MM 220

Observed at 18:50

Observed at 18:10

~40 
minutes



Easter Weekend
Southbound Travel Time (~24 miles)

Normal Travel 
Time ~ 22 minutes

Approximately 
1 hour of delay Diversions on 

State/Local Roads



Easter Weekend
Northbound Travel Time (~24 miles)

Approximately 
1 hour of delay



Gary, IN



Gary, IN

Sensor



Houston, TX 
Airport

Antenna

Case
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Indianapolis, IN

SR 32 Instrumented 
Arterial from SR 238 

to SR 37





SR 32 @ SR 238

Bluetooth Data 
Logger

Ethernet Switch

Bluetooth
Antenna

Econolite ASC 3 
with Indiana Data 

Logger Enabled



Perhaps 
Opportunity to 

improve on 
Saturday

Perhaps 
Opportunity to 

improve on 
Saturday



Outline

• Signal Management/ Timing overview
• Data Sources

– Controller
– Probe Vehicles

• Fundamentals
• Data ->Information to assess fundamentals
• Results
• Q&A..Dialog



Highway Capacity Manual Delay 
Equation

40

Capacity Utilization
(Volume-to-Capacity Ratio)

Quality of Progression
(Percent on Green)

Oversaturation
(Split Failures)

1 2



Coordination: 
Split, Cycle, Offset

Cycle
Really Hard 

to get perfect 
for 22 

Intersections



Coordination: 
Split, Cycle, Offset

Split

Phone calls 
work pretty 

well



Coordination: 
Split, Cycle, Offset

Offset

Tuning is 
labor 

intensive



Coordination: 
Split, Cycle, Offset

Cycle

SplitOffset

74,000 
parameters, 1000’s 
of opportunities to 

make mistakes



San Juan







• …so we can find our problems, 

• but how are we going to fix them

A Picture Book 
Approach 

to Traffic Signal 
Management



Diagnostics (Andrew Nichols)



Coordination: 
Split, Cycle, Offset

Split

We can 
improve on 
phone calls



V/C Ratios @ Intersection B
Tuesday (12/6)

Steal more 
green time from 

here?

Volume exceeds 
capacity

Inbound

OutboundInbound LT

Outbound LT Minor NB

Minor SB

Or perhaps 
here?



Outline

• Signal Management/ Challenges
• Data Sources

– Controller
– Probe Vehicles

• Fundamentals
• Data ->Information to assess fundamentals
• Results
• Q&A..Dialog



Purdue Coordination Diagram Construction (PCD)
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24 Hour Overview

55

1 2 3 4 5 86 7

Timing Plan Pattern

20-pt.
moving average

b1
a1

a2

b2



Perhaps 
Opportunity to 

improve on 
Saturday

NB @ SR 238
NB @ Pleasant

Better Progression



Saturday Offset Adjustment

57

good

bad

bad
bad

goodgood

Random 
arrivals

No 
platoons

SR 32

Pleasant

Town & 
Country

Greenfield



Three Poor Offsets
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NB @ 37/Pleasant SB @ 37/Greenfield NB @ 37/Greenfield



Offset Adjustments on Middle Segment
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good
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bad
bad

goodgood

Random 
arrivals

No 
platoons

SR 32

Pleasant

Town & 
Country

Greenfield



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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NB @ 37/Pleasant SB @ 37/Town and Country

POG = 40.1% POG = 80.2% 

5069 arrivals on green
(0600-2200)



Add 10 seconds at 37/Pleasant
• 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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NB @ 37/Pleasant SB @ 37/Town and Country

POG = 55.4% POG = 77.8% 

5589 arrivals on green



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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NB @ 37/Pleasant SB @ 37/Town and Country

POG = 67.4% POG = 68.8% 

5688 arrivals on green



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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NB @ 37/Pleasant SB @ 37/Town and Country

POG = 73.4% POG = 57.5% 

5446 arrivals on green





Insert Link Pivot Animation



Comparison with original (actual “before” case)
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good

bad

bad
bad

goodgood

SR 32

Pleasant

Town & 
Country

Greenfield



Predicted Vehicle Distributions with Offset Adjustments

67

SR 32

Pleasant

Town & 
Country

Greenfield

Unchanged

Better

Better
Better

Still OKStill OK



Outline

• Signal Management/ Timing overview
• Data Sources

– Controller
– Probe Vehicles

• Fundamentals
• Data ->Information to assess fundamentals
• Results
• Q&A..Dialog



So..did it have an impact.



Before



After



Predicted



Change in Arrivals on Green



Before 
(Sample size=4797)



After
(Sample size=5401)



I.
Define 

Objectives, 
Assess and 
Prioritize 

activities by 
Time of Day 
and location

II. 
Assembly 

relevant data 
to support  
timing and 

docu- 
mentation 
objectives

III.
Software 
Modeling

IV.
Timing Design 

and Docu- 
mentation

V.
Deployment

VI. 
Assess

Lets Evaluate the Impact
Statistically and Financially

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


NB: June 6, 2009
 0900-1200 Travel Time Histograms

Travel Time Bin (Minutes)



NB: July 18, 2009
 0900-1200 Travel Time Histograms

Travel Time Bin (Minutes)



Before (6/20/09)
After (7/25/09)

~1 min Travel 
Time Reduction



Business Case: SR 37 Timing Improvements
(Largest Cost Benefit/Reduction/Avoidance)

USER SAVINGS

• 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 ($10/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.

80

0600 -2200 (8,500 veh)



Travel Time between 4 intersections



Economic Impact (52 Saturdays)

Controller PM + Probe Data



Emerging Shared Vision

Active Traffic 
Signal 

Management

Universities Vendors
Agencies

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

1. Develop 
infrastructure and 
procedures to 
systematically 
prioritize investing 
engineering 
resources

2. Assess that impact



Darcy Bullock
darcy@purdue.edu 

Purdue University School of Civil Engineering

What gets measured gets done, 
what gets measured and fed back gets done well, 
what gets rewarded gets repeated.
– John E. Jones

0600 -2200 (8,500 veh)

$150,000

mailto:darcy@purdue.edu


Other Topics

• Detection

• Diagnostics

• Pedestrians

• v/c

• Data Collection

• Datamaps architecture

• Specifications



Diagnostics (Jim Sturdevant)



SR37 Fishers/Noblesville- (9) 

Very good 2 way 
progression

Very good 2 way 
progression



Coordination: 
Split, Cycle, Offset

Cycle
Really Hard 

to get perfect 
for 22 

Intersections



US 31 @ 126th (8 in system)

Plan /cycle 
change 

discrepancy  
from north



Diagnostics (Andrew Nichols)



Thursday (12/8)

Should we still be 
running coord @ 9pm?





Austin Ave.
Comprehensive
Schedule
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Austin Weekly Program



Austin – Program 1 (Weekday)
February 1



Robin Hood – Program 1 (Weekday)
February 1



Robin 
Hood

Austi
n

Comparison of Weekday Programs



Austin EB PCD (coming from Adjacent System)



Austin EB PCD (coming from Adjacent System)
Austin Programs



Austin EB PCD (coming from Adjacent System)
Robin Hood Programs



Austin EB PCD (coming from Adjacent System)
Both Programs



a b c d e f g h i j k l m

Austin EB PCD (coming from Adjacent System) – 13 Periods
Both Programs



Austin EB PCD (coming from Adjacent System)
Both Programs



a b c d e f g h i j k l m

Austin EB PCD (coming from Adjacent System) – 13 Periods
Both Programs



Austin EB PCD (coming from Adjacent System) – BEFORE
12,876 Arrivals on Green



Austin EB PCD (coming from Adjacent System) – ADJUSTED
13,835 Arrivals on Green



Robin Hood to Austin
Eastbound Map



Austin EB PCD (coming from Adjacent System) – Before/After
February 6, 2012 (XX.X P.O.G) vs. February 13, 2012 (XX.X P.O.G) 



•SR 37 Free



Success for Purdue University is not how many 
students we produce, but the IMPACT those 
students have.  Vendor & Agency collaboration 
are fundamental ingredients to my program.



1/14/2010 Clear PM Peak (Vehicle Arrival w/Reference to Upstream BOG)
T&C to Pleasant



1/7/2010 Snow PM Peak (Vehicle Arrival w/Reference to Upstream BOG)
T&C to Pleasant



EXTRA



January 23 Observed

115

NB

SB

32/37 37/Pleasant 37/T&C 37/Greenfield

32/37 37/Pleasant 37/T&C 37/Greenfield



O
bserved – June 6, 2009
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Predicted O
ptim

ized – June 6, 2009 D
ata
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O
bserved (A

fter C
hanges) – July 25, 2009
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Audience Participation on Following 
Two Slides (Eye Doctor A/B)



SB on SR 37 on Jan 19 (Clear)



SB on SR 37 on Jan 26 (Snow)



Purdue Coordination Diagrams as 
Changes Were Implemented

CR17 and Missouri
Elkhart County, IN

Ross Haseman



PPD Before Change,
Phase 6, 02/17/09

Φ1

Φ6Φ5 Φ8

Φ3

Φ7

Φ4Φ2N

Start of 
Green

Platoon

End of 
Green



Predicted PPD
After Change, Phase 6

02/17/09

Φ1

Φ6Φ5 Φ8

Φ3

Φ7

Φ4Φ2N

Calc Offset 
35s+19=54s



PPD After Change,
Phase 6, 02/24/09

Φ1

Φ6Φ5 Φ8

Φ3

Φ7

Φ4Φ2N

Time Change Was 
Implemented



PPD
Phase 6, 02/25/09

Φ1

Φ6Φ5 Φ8

Φ3

Φ7

Φ4Φ2N

Subsequently Fixed

54s offset ok 
with 60s cycle

54s offset fails 
with 50s cycle



PPD
Phase 6, 03/07/09

Φ1

Φ6Φ5 Φ8

Φ3

Φ7

Φ4Φ2N

Not set back to TOD 
after correction, fixed 
3/09



PPD
Phase 6, 03/20/09

Φ1

Φ6Φ5 Φ8

Φ3

Φ7

Φ4Φ2N



Percent of Cycles with Ped Phases, Wednesday

2 4
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Before (1/9/08)
After (1/30/08)







5.  Are our green time allocations 
reasonable?

Time of Day
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Southbound Could Use 
Some More Green Time



Methodology: Build From Measurable 
Quantities

Volume to Capacity Ratio

Uniform Delay

g = green time (s)
C = cycle length (s)
X = volume to capacity ratio

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

Measurable Quantities



Eastbound V/C Ratios

Morning TOD 
Plan Should 
Start Earlier



Eastbound V/C Ratios

Morning TOD 
Plan Should 
Start Earlier
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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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V/C Ratios by Phase, 24 Hours
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24-Hour Plot of Intersection Saturation
Showing Critical Path



24-Hour Plot of Intersection Saturation
With Split Failures Indicated





Cycle Based Calculations
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V/C Ratios by Phase, 24 Hours

P1 P2 P3 P4

P6 P5 P7 P8
1.0

0.0

0.5

0:00 24:0012:00 0:00 24:0012:00 0:00 24:0012:00 0:00 24:0012:00

1.0

0.0

0.5

Time of Day

Vo
lu

m
e-

to
-C

ap
ac

ity
 R

at
io



144

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

V/C = 0.55 V/C = 1.25



Number of Split Failures, 30-minute Bins
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Number of Split Failures by Hour – Phases 1, 4
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October 18th, 2004

Phase 
5

Phase 
6



Split reallocation

October 18th October 26th

Phas
e
5

Phas
e
6

1 2 3 4
5 6 7 8

+5s

-5s

5



Impact of 5s reallocation on 
Split Failures

Timing 
Plan

Duration 
of 

Operation

Split 
Failures 
(Before)

Number 
of Phases 
(Before)

Split 
Failures 
(After)

Number of 
Phases 
(After)

AM 
Peak 3 hr 5 84 5 87

Mid  
Day 2 hr 1 74 0 74

PM 
Peak 4.5 hr 16 131 9 131

Off 
Peak 5.5 hr 17 223 5 226



Split Failures (v/c)



Split Failures (GOR)
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Intersection Saturation, X
C

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



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

Reserve
Capacit
y

Little 
Reserve
Capacity



24-Hour Plot of Intersection Saturation
With Split Failures Indicated



Addressing Split Failures

156

• X
C
 < 1.0 suggests that there is spare 

capacity in the intersection.

• For example, we may consider X
C
 = 

0.75 as the cutoff point for cycles to be 
considered easily “correctable” with 
adjusted splits.



11:00 AM—1:00 PM
(Xc=0.75)

Uncorrected
Capacity 
Deficiencies



11:00 AM—1:00 PM
(Xc=0.85)

Uncorrected
Capacity 
Deficiencies



3:00 PM—7:00 PM, (Xc=0.75)



3:00 PM—7:00 PM, (Xc=0.85)



Modeling vs.
Measuring





1. Cycle Length

VCR Scheduling Evaluation



1. Cycle Length (Mismatch)

Inconsistent cycle 
length in system

VCR Scheduling Evaluation



2. Equivalent Hourly 
Flow Rate

Are TOD breakpoints 
in appropriate 

locations?

Are TOD breakpoints 
in appropriate 

locations?

Are TOD breakpoints 
in appropriate 

locations?

Are TOD breakpoints 
in appropriate 

locations?



Volume Comparison 
(Jim Larson)



3. Green Time

Force off

min green

Early return



4. Volume to Capacity Ratio

No split 
failures

Many split 
failures



5. Split Failures Per Half Hour
• Number of times that v/c > 1

No split 
failures

Many split 
failures



6. Purdue Coordination Diagram (PCD)

Extensive Detail 
in subsequent 

section



7. Percentage of Phases with 
Pedestrians



Pedestrian Phasing

172

Concurrent Ped 4/8

Exclusive Ped Phase “9”



0600-
2100 

173

Su M Tu W Th F Sa Su M Tu W Th F Sa

Missing 
data 11/13 
and 11/14 

(days 5/6 in 
BEFORE)





Flow Profiles



Cycle Based Calculations
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V/C Ratios by Phase, 24 Hours
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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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Phas
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Split reallocation
October 18th October 26th

Pha
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1 2 3 4
5 6 7 8

+5s
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5



Impact of 5s reallocation on 
Split Failures

Timing 
Plan

Duration 
of 

Operation

Split 
Failures 
(Before)

Number 
of Phases 
(Before)

Split 
Failures 
(After)

Number of 
Phases 
(After)

AM 
Peak 3 hr 5 84 5 87

Mid  
Day 2 hr 1 74 0 74

PM 
Peak 4.5 hr 16 131 9 131

Off 
Peak 5.5 hr 17 223 5 226



Split Failures (v/c)



Split Failures (GOR)
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Intersection Saturation, XC

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



XC for Dual-Ring, Eight Phase Case

186



Intersection 
Saturation

Reserve
Capacit
y

Little 
Reserve
Capacity



24-Hour Plot of Intersection Saturation
With Split Failures Indicated



Addressing Split Failures
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• XC < 1.0 suggests that there is 
spare capacity in the intersection.

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



11:00 AM—1:00 PM
(Xc=0.75)

Uncorrected
Capacity 
Deficiencies



11:00 AM—1:00 PM
(Xc=0.85)

Uncorrected
Capacity 
Deficiencies



3:00 PM—7:00 PM, (Xc=0.75)



3:00 PM—7:00 PM, (Xc=0.85)



Flow Profiles



Original Instrumented Intersection 
SR37/SR32



Flow Profiles Overview



SR37 Fishers/Noblesville- (9) 

Very good 2 way 
progression

Very good 2 way 
progression



SR-37 & 126th adjacent to I-69

Random
Arrivals

Cycle 
failure

Phase 
failure

Platoon 
Arrival

1st  NB 
intersection



US31 N @ 116th

Full split 
utilization

Opportunity 
for offset 

adjustment Phase  
failure



US 31 @ 126th (8 in system)

Plan /cycle 
change 

discrepancy  
from north



SR 37 South

3 mile to 
adjacent 

intersection

Random 
arrivals from 

south

3 mile from 
adjacent 

intersection 
to north 



Indy-Bloomington
SR 37- Martinsville

Actuated 
coordination

Lead/Lag



SR 14- Ft Wayne

Striping- Cycle 
length problem


