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AGENDA

Introduction 9:00-9:05

ATSPM Implementation 9:05-9:15

Ad-Hoc ATSPM Tool 9:15-9:20

Intersection Configuration 9:20-9:30

ATSPM Metrics 9:30-9:50

Break/Case Study Setup 9:50-10:00

Case Studies 1-4 10:00-10:50

Break 10:50-11:00

Case Studies 5-6 11:10-11:30

Detector Configuration 11:30-11:40

Signal Controller Operation 11:40-11:50



ATSPM IMPLEMENTATION

9:05



TRADITIONAL ATSPM REQUIREMENTS

Controller

•High Res Data Logger

•Ethernet port

Detection

•Advance/Upstream

•Stop Bar

•Lane by Lane

Communications

• IP-addressable

•Always on connection

Server

•Archive data

•App to produce visual 
performance 
measures



IMPLEMENTING ATSPM: CONTROLLERS

• Buy a new controller for about the same price as doing one 
round of count, analyze & retime

• Vendor neutral
–PennDOT Bulletin 15 #’s in bold below

–Links to manufacturer product sheets below

Econolite Cobalt: Any version ECO-127P, 128P & 129P
Econolite ASC3 NEMA: v2.50+ & OS 1.14.03+ ECO-116P
Econolite 2070 w/ 1C CPU: v 32.50+

Peek ATC: Greenwave 03.05.0528+ PTS-042P
McCain ATC eX/eX2 Omni 1.6+ MCC-018P
McCain Flex Omni 1.6+ MCC-019P

Trafficware Model 980ATC: v 76.10+ TFW-011P
Trafficware ATC Controller: v76.10+ TFW-013P
Trafficware Commander: Scout software TFW-015P

Intelight: Maxtime v1.7.0+ INT-009P, 010P & 011P

Siemens M50 Linux
Siemens M60 ATC SMS-231P

ECOM v 3.52+
NTCIP v 4.53+

https://www.econolite.com/solutions/controllers/cobalt-series/
http://www.oriux.com/atc-1000.html
https://www.mccain-inc.com/products/controllers/atc-ex-controllers/atc-ex-nema-controller
https://www.mccain-inc.com/products/controllers/atc-ex-controllers/flex-controller
https://www.q-free.com/product/xn-controller/
https://us.yunextraffic.com/portfolio/intersection-control/its-controllers/


IMPLEMENTING ATSPM: DETECTION

• Detection 
location 
determines 
what metrics 
are available

• Technology 
agnostic: Is a 
vehicle in a 
rectangle at 
the specified 
location?

Source: Utah Department of Transportation



IMPLEMENTING ATSPM: COMMUNICATION

• Ideal case

• Network 
from signal 
controller 
to central 
server

• Archive 
data 
24/7/365

• Pub 852→



IMPLEMENTING ATSPM: NO COMM

Source: Howell Li, Purdue University



IMPLEMENTING ATSPM: NO COMM

Linux Controller

+

Flash Storage

$5



IMPLEMENTING ATSPM: MINIMAL DATA

Controller

+

Laptop Computer

+ Ethernet 
Cable

~24 
hours 

of data



TRADITIONAL ATSPM REQUIREMENTS

Controller

•High Res Data Logger

•Ethernet port

Detection

•Advance/Upstream

•Stop Bar

•Lane by Lane

Communications

• IP-addressable

•Always on connection

Server

•Archive data

•App to produce visual 
performance 
measures



HELLO, I’D LIKE TO GET MY OWN SERVER

http://udottraffic.utah.gov/ATSPM/Images/TTTDerekLoweShaneJohnson.pdf

Getting IT approvals for a server:

http://udottraffic.utah.gov/ATSPM/Images/TTTDerekLoweShaneJohnson.pdf


AD-HOC ATSPM

9:15



ATSPM: THE UNWRITTEN CONOPS

• Operate with signal staff without need for IT support
–No server software or back-end database

–No software to install on user computers

• Analyze data from controllers in field without comms

• Generate high quality graphics suitable for reports & 
presentations

• Export raw event data for Excel analysis (deep dive)



AD-HOC ATSPM TOOL

• Static webpage
–Can be hosted on any web server that serves static page
–No server-rendering of pages or performance measure graphics
–No database server (BYOD - bring your own data)
–All processing done in user’s browser

• Designed use case
–1 calendar day of data (up to 24 hours)
–Analyze 1 intersection at a time

• Intersection configurations 
–Can be saved and uploaded into the page
–Can be saved on web server as static files to load by intersection ID

• Export graphics as SVG for high resolution import into Office for 
reports or presentations

• Export compiled data to CSV for more detailed analysis in Excel

• PennDOT-hosted site: open to anyone

https://www.dot.state.pa.us/public/Bureaus/BOMO/Portal/ATSPM/index.html

https://www.dot.state.pa.us/public/Bureaus/BOMO/Portal/ATSPM/index.html


AD-HOC ATSPM TOOL

• Disclaimer
–This is not professional software

–Written by a traffic engineer with a civil engineering degree, 
not a computer science degree

–Ongoing refinements
▪ Bug fixes

▪ Add new metrics from open source UDOT software

▪ Create new metrics based on a real world problem to solve

–Always open to suggestions, but no guarantee of implementation

–New metrics being added, some are beta



AD-HOC ATSPM TOOL

Go to 
webpage

Upload 
high 

resolution 
data

Configure 
intersection

Click on 
desired 
metric



AD-HOC ATSPM TOOL: BYOD

• Method 1: Directly upload .dat files from a controller
–Works for Econolite and McCain

–Siemens and Trafficware decoders are proprietary and don’t work 
in a browser. Need to convert to CSV first using vendor tool

• Method 2: Create .zip file with all the .dat files for a day
–Filename: ATSPM_###_YYYY-MM-DD.zip

–### is an intersection ID number

–Ad-hoc tool can lookup intersection configurations by the ID 
number

• Click “Choose Files” OR
• Drag and Drop files into the “No files chosen” area of the page



AD-HOC ATSPM TOOL: LOG FILE MGMT

• My approach
–Folder for each 

intersection

–ZIP files within each 
intersection folder by 
date

–Easy to drag files 
from Windows 
Explorer into the 
webpage

• Currently have 
106GB of data



INTERSECTION 

CONFIGURATION

9:20



INTERSECTION CONFIGURATION

• After uploading data, the intersection configuration will be 
displayed

• If ZIP file with intersection ID is used, configuration static 
file will be loaded and pre-populated

• Basic metrics don’t require configuration

• Detectors must be configured for other metrics



INTERSECTION CONFIG: MANAGEMENT

• Save Intersection Config
–Downloads a .json file to your computer

• Import configuration from file
–Can import a previously downloaded .json file by clicking “choose file” 
or drag and drop into “No file chosen” area

• Clear Intersection Config
–This will reset the configuration if you upload new log data for a 

different intersection
–Can also refresh browser window to clear

• Load config from Signal ID
– Pulls ID from .zip filename and automatically loads
– If uploading .dat files (unzipped) then type signal ID and click the 

button to load a configuration file saved on the web server



INTERSECTION CONFIG: BASICS

• Street names are used for chart titles

• Latitude/longitude coordinates
–Can be used to quickly get to Street View of intersection
–May be used in future for mapping functionality

• Offset Ref
–Only used for coordination timeline metric

• IP address
–Not used currently

• Controller type
–Not used currently
–May be used to determine connection type to download data in the future



INTERSECTION CONFIG: SEQUENCE

• Ring and Barrier sequence is used for 
cycle-by-cycle timeline metrics

• Phases not in use are ignored

• Default NEMA sequence:



INTERSECTION CONFIG: APPROACHES

• Click “Add” for each approach to the intersection

• For each approach enter the following:
–Direction (NB,SB,EB,WB,etc.) from dropdown menu
–Description – used for chart titles
–Approach speed (mph)
–Protected phase

▪ If there is a protected left turn phase, enter it here (1,3,5,7)
▪ Otherwise, enter the thru movement phase (2,4,6,8)

–Permitted phase
▪ If there is a protected left turn phase, enter the phase when the left turn is 

permitted here
▪ Otherwise, can leave blank

–Pedestrian phase
–Check box if protected, permitted or ped is an overlap



INTERSECTION CONFIG: MOVEMENTS

• Click “Add” to add each movement on an approach 
(typically left, thru, and right)
–Identify when movement is protected and permitted

–Typically, thru movements are always protected

–Left turns may be both protected and permitted

–Right turns are permitted w/ thru phase if there is a parallel 
crosswalk

• For overlaps, enter the number (Overlap A=1, B=2, etc.)



INTERSECTION CONFIG: DETECTORS

• Click “Add” to add each detector on an approach

• Three primary types of detectors
–Stop bar presence – used for split failures and occupancy
– Lane by lane count – small zone at stop bar used for turning movement 

counts
–Advance count – used for Purdue Coordination Diagram (typically 

positioned like a volume density loop)

• Dist to Stop Bar is zero for stop bar zones

• Number lanes from center to curb

• Options based on UDOT code, but not all used currently



ATSPM: THE METRICS

9:30



AD-HOC ATSPM TOOL: METRICS

• Buttons for metrics will appear after log data is 
successfully loaded

• Click on button to go to that metric

• If configuration is needed and not provided, or no data for 
the metric, it may be blank

• Some take a while to load, especially Purdue Split Fail

• Metrics may have options to download charts and/or data



ATSPM METRICS: GENERAL THEMES

• X Axis is 24 hours
–Midnight to midnight

–Vertical gridlines for each hour

• Y Axis varies by metric
–Phase

–Seconds

–Percent

–Vehicles

Free Plan 1 Plan 3

12 AM 1 AM 2 AM 3 AM 4 AM 5 AM 6 AM 7 AM 8 AM 9 AM 10 AM 11 AM 12 PM

• Shading represents timing 
plan in effect
–Yellow and blue alternate for 

coordinated plans
–Gray for free plans
–Pink for manual control
–Gold for flash

• Statistics at top by timing 
plan vary by metric



PHASE TERMINATION EXAMPLE
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SPLIT MONITOR EXAMPLE
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SPLIT MONITOR EXAMPLE: COORD PHASE
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SPLIT MONITOR: EDAPTIVE
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SPLIT MONITOR: OVERSIZE PED
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Programmed Split: 21 s
Ped Walk: 7 s

Ped Clearance: 28 s
Yellow: 4, Red: 3 s

50

40

30

20

Total split with ped: 42 s



PED DELAY EXAMPLE
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PURDUE COORDINATION DIAGRAM EXAMPLE
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PURDUE SPLIT FAIL EXAMPLE
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TURNING MOVEMENT COUNT EXAMPLE



TURNING MOVEMENT COUNT EXAMPLE
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PREEMPTION EXAMPLE
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WATCHDOG EXAMPLE



NON-UDOT METRICS
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FLOW PROFILE EXAMPLE
• Generated for each coordinated phase with advance detection for 

duration of each pattern Coord phase force off point
(=Offset if ref point is 
beginning of yellow)

(Offset 0 in this case)
Early return 

to green



SPLIT TRENDS EXAMPLE
• Extends split failure framework to identify timing 
performance for other combinations of GOG/ROR5
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Source: Miovision https://help.miovision.com/s/article/Insights-Split-Trends-in-Miovision-TrafficLink-portal?language=en_US

https://help.miovision.com/s/article/Insights-Split-Trends-in-Miovision-TrafficLink-portal?language=en_US


SPLIT TRENDS: FRAMEWORK

Spare Capacity Random Arrivals Good Timing Heavy Traffic Split Failure

Green Occupancy Ratio (GoR)
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60% 80%
Source: Miovision https://help.miovision.com/s/article/Insights-Split-Trends-in-Miovision-TrafficLink-portal?language=en_US

• Split Failure: left over 
demand

• Heavy Traffic: highly 
saturated but not failing

• Good Timing: Excellent 
green utilization

• Random Arrivals: 
Frequent arrivals just after 
green termination

• Spare Capacity: 
Underutilized green for 
movement

100%

100%

https://help.miovision.com/s/article/Insights-Split-Trends-in-Miovision-TrafficLink-portal?language=en_US


TRANSITIONS EXAMPLE

• Identifies when signal is in transition (coord not in sync)

• Includes flags of potential causes
–Pedestrian phase service

–Preemption service
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Yellow lines for pedestrian 
service occur near each 
green dot for transition



EVENT LOG

• Converts raw high resolution log to human-readable form

• Parameter description includes text for coded fields

• Can filter for various types of events and parameters

• Currently displayed data can be exported to .csv for Excel



BIN DATA

• Compiles detector data for each detection channel in 15-
minute bins
–Volume based on count of event 82 (Detector On) in each interval

–Occupancy calculated as % of detector on time in each interval
▪ Slow to calculate

• Easy tool to see what detection channels have data for 
mapping to lanes/movements/phases



COORD TIMELINE

• Shows every cycle within a coordinated pattern referenced 
to system (master) clock zero

• Coordinated phases shown in darker green

• Purple line represents local zero (offset)
System Clock
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CYCLE TIMELINE EXAMPLE

• Shows one cycle at a 
time

• Includes overlaps

• Shows pedestrian timing

• Aligns detector calls, 
phase calls, phase holds, 
and phase omits with 
active phase displays

• Detectors color-coded by 
type

• Referenced to sequence 
(similar to Synchro)
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 BR    nCt  Ch 1 

 B T 1  nCt  Ch   

Ch 1

Ch  

Ch  

Ch   

Ch   

           
Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase  

Phase  

Phase 5

Phase  

Phase  

CYCLE TIMELINE EXAMPLE

Time zero @
3:23:02.0 PM

Seconds since 
beginning of cycle

Total split duration 
(green + yellow 

change + red clear)

Rings 1 and 2

Phase

Ped Walk

Ped 
Clearance

 1       5         
Cycle Start            P 

  
 5  s

  
 5  s

 5
1   s

  
    s

  
 5  s

         
 B TR 1 Pres  Ch   

NBTR   Pres  Ch   

NBT   Pres  Ch   

NB  1 Pres  Ch  5

SBT   Pres  Ch  

SB  1 Pres  Ch  

 BR   Pres  Ch 1 

 B T 1 Pres  Ch 1 

NBTR   AdvCt  Ch  1

NBT   AdvCt  Ch   

SBTR   AdvCt  Ch  

SBT   AdvCt  Ch 1 

 B TR    nCt  Ch 5 

NBTR    nCt  Ch   

NBT    nCt  Ch   

NB  1  nCt  Ch   

SBTR    nCt  Ch  

SBT    nCt  Ch 5

SB  1  nCt  Ch  

 BR    nCt  Ch 1 

 B T 1  nCt  Ch   

Ch 1

Ch  

Ch  

Ch   

Ch   

           
Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase  

Phase  

Phase 5

Phase  

Phase  

Protected movements shown in black
Permitted movements shown in gray



COORD PLANS

• Shows time of day when controllers switch timing plans

• Cycle, splits, and offset shown for coordination plans

• Does this match approved timings?



BREAK

9:50-10:00

Download data from PennDOT Traffic Signal Portal
www.dot.state.pa.us/signals → click on ATSPM

Load the ATSPM Ad-Hoc Tool in your web browser
(Use Chrome or Edge)

http://www.dot.state.pa.us/signals


CASE STUDY 1

Is there a problem, and is a phasing change the right solution?



CASE STUDY 1: CONTEXT

Hospital

High School Local request for adding 
northbound and southbound 
left turn phase

ø8

ø4



1. DETECTOR COUNTS/CONFLICT FACTOR

Detector 16 NB L 11 NB TR 15 SB L 12 SB T 18 SB R

2:00-3:00 PM 55 35 72 21 17

3:00-4:00 PM 31 41 71 31 9

4:00-5:00 PM 52 43 84 31 17

5:00-6:00 PM 44 36 65 18 7

Conflict Factor NB L SB L

2:00-3:00 PM 1155 2520

3:00-4:00 PM 961 2911

4:00-5:00 PM 1612 3612

5:00-6:00 PM 792 2340



2. SPLIT FAILURE ANALYSIS
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3. CYCLE BY CYCLE ANALYSIS
 1       5         1  11 1  1  

Cycle Start            P 
  1    s       s

  1    s      5s

D T CTORS

 B  1 Pres  Ch 1

 BT   AdvCt  Ch  

NB  1 Pres  Ch  

SBT   Pres  Ch  

 B  1 Pres  Ch 5

 BTR   Pres  Ch  

SB  1 Pres  Ch  

NBTR   Pres  Ch  

 B  1  nCt  Ch  

 BTR    nCt  Ch 1 

NBTR    nCt  Ch 11

SBT    nCt  Ch 1 

 B  1  nCt  Ch 1 

 BTR    nCt  Ch 1 

SB  1  nCt  Ch 15

NB  1  nCt  Ch 1 

SBR   Pres  Ch 1 

SBR    nCt  Ch 1 

Ch   

Ch  1

Ch   

Ch   

 BT   AdvCt  Ch   

Ch  5

P AS  CA  S

Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

P AS   O DS

Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

P AS  O  TS

Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

NB queue 
clears mid-way 
through phase

SB queue 
clears just 

before yellow



 1       5         1  11 1  

Cycle Start       5    P 
   1 1s       s

 5 1   s      5s       s

D T CTORS

 B  1 Pres  Ch 1

 BT   AdvCt  Ch  

NB  1 Pres  Ch  

SBT   Pres  Ch  

 B  1 Pres  Ch 5

 BTR   Pres  Ch  

SB  1 Pres  Ch  

NBTR   Pres  Ch  

 B  1  nCt  Ch  

 BTR    nCt  Ch 1 

NBTR    nCt  Ch 11

SBT    nCt  Ch 1 

 B  1  nCt  Ch 1 

 BTR    nCt  Ch 1 

SB  1  nCt  Ch 15

NB  1  nCt  Ch 1 

SBR   Pres  Ch 1 

SBR    nCt  Ch 1 

Ch   

Ch  1

Ch   

Ch   

 BT   AdvCt  Ch   

Ch  5

P AS  CA  S

Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

P AS   O DS

Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

P AS  O  TS

Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

3. CYCLE BY CYCLE ANALYSIS

NB queue 
clears mid-way 
through phase

SB queue 
doesn’t clear

SB lefts continue 
through yellow & red



ADD LEFT TURN PHASE?

• Left turn phase timing
–3s min green, but 7s min for split time desirable

–3.4s Y + 2.0s R = 5.4s

–Min desirable split = 13s

• Adding phase increases lost time

• Since NB isn’t using all the green time  a few extra 
seconds of green split could solve the issue with less lost 
time
–Shifted 5s from 2+6 to 4+8 during PM plan (125s cycle)

–Shifted 3s from 2+6 to 4+8 during other plan (110s cycle)

• Using ATSPM, we can try it and compare before/after 
results



THURSDAY BEFORE SPLIT ADJUSTMENT
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THURSDAY AFTER SPLIT ADJUSTMENT
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8 MONTHS LATER
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BONUS QUESTION

• What do you notice about the yellow change interval for 
phases 4+8?



CASE STUDY 2

Reviewing data for a newly-connected intersection



CASE STUDY 2: CONTEXT

Atherton Street @ Colonnade Way



CASE STUDY 2: PCD BEFORE
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CASE STUDY 2: PCD BEFORE
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Essentially no 
volume before 

11 AM

Most vehicles arrive on green 
before 8PM, but arrive on red 

after 8 PM & coord pattern 
doesn’t change



CASE STUDY 2: PCD AFTER
                                        

                                                                            

                                

        
      
       
       

          

       
      
       
    

           

       
      
       
       

           

       
      
       
    

           

       
      
       
       

           

       
      
       
      

          

T
im
e
 i
n
 C
y
c
le
  
s
 

 

  

  

  

  

1  

1  

1  

1  

1  

   

 

1  

   

   

   

5  

   

   

   

   

1   

1  A 1 A   A   A   A 5 A   A   A   A   A 1  A 11 A 1  P 1 P   P   P   P 5 P   P   P   P   P 1  P 11 P 1  A 

      
                   

               

               

                

             



CASE STUDY 3

Is oversized ped phase appropriate?



CASE STUDY 3: CONTEXT

Dekalb Pike @ Henderson Road

ø3

ø6



HOW FREQUENT ARE PEDS?
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10 cycles with 
ped actuation 
during midday 

plan

Consecutive 
cycles with ped 

actuations



OVERSIZE PED RECOVERY

                 
                                                                         

                                              

T
ra
n
s
it
io
n
 D
u
ra
ti
o
n
  
m
in
u
te
s
 

 

1

 

 

 

5

 

1  A 1 A   A   A   A 5 A   A   A   A   A 1  A 11 A 1  P 1 P   P   P   P 5 P   P   P   P   P 1  P 11 P 1  A 

      
   

        

               

          

19 transitions in 2 
hours, 18 due to 

ped service

2 cycles to 
recover each 

time ped phase 
is served



OVERSIZE PED RECOVERY

Ped pushes 
ø3 past 

programmed 
force off

Ped pushes 
ø3 past 

programmed 
force off

Back in sync 
after 4th

cycle



HOW DIFFICULT TO FIX?
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HOW DIFFICULT TO FIX?                                 
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35 sec. 
programmed 

split

41 sec. 
required to 
serve peds



CASE STUDY 4

Why is signal cycling with no demand?



CASE STUDY 4: EXAMPLE 1 TIMELINE

 1     
Cycle Start  1     5    P 

      s      s

      s      s

Overlap A     s

Overlap B     s

Overlap C    s

         
 B  1 Pres  Ch 1

NB TR 1 Pres  Ch  

 B  1 Pres  Ch 5

SB TR 1 Pres  Ch  

 BT   AdvCt  Ch  

 BT   AdvCt  Ch  

           
Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase 1

Phase  

Phase  

Phase 5

Phase  

Phase  

 1   s  1          P 



CASE STUDY 4, EXAMPLE 1: SPLIT FAIL
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CASE STUDY 4: EXAMPLE 2 TIMELINE

 1     
Cycle Start  11  1    5 A 

  
    s

  
   s

  
    s

         
 B  1 Pres  Ch 5

 B  1 Pres  Ch 1

NB TR 1 Pres  Ch  

SB R 1 Pres  Ch  

 BTR   AdvCt  Ch  

 BTR   AdvCt  Ch  

           
Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase  

Phase  

Phase 5

Phase  

Phase  

           
Phase  

Phase  

Phase 5

Phase  

Phase  

Detector for 
phase 4 has a 

delay 



CASE STUDY 4, EXAMPLE 2 SPLIT FAIL
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BREAK

10:50-11:00

Download data from PennDOT Traffic Signal Portal
www.dot.state.pa.us/signals → click on ATSPM

Load the ATSPM Ad-Hoc Tool in your web browser
(Use Chrome or Edge)

http://www.dot.state.pa.us/signals


CASE STUDY 5

Is coordination beneficial?



COORDINATION DISCUSSION

•What are the benefits of 
coordination?

•What are the disadvantages of 
coordination?

•Does coordination help more than it 
hurts?



COORDINATION BENEFITS

• Smooth Flow objective
–Reduce stops / increase arrival on green

• Schedule green for coordinated movements
–Fixed cycle length

–Assumed travel time between intersections

–Implicitly assumes platoons exist

–Implicitly assumes more traffic on coordinated approaches than 
on other approaches



COORDINATION DISADVANTAGES

• Increased delay for side streets

• Increased delay for pedestrians



CASE STUDY 5

• How does wait time compare during coordinated vs. free 
times for side street phases (4+8)?

• How does arrival on green for main street (2+6) compare 
during coordinated vs. free times?

• What times of day do you recommend using coordination?
–Add coordination during midday?

–Remove coordination during AM and/or PM peaks?



CASE STUDY 5: WAIT TIME
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Coord Plan 1
Avg. Wait 46s

Coord Plan 2
Avg. Wait 54s

Midday Free
Avg. Wait 17s



CASE STUDY 5: SMOOTH FLOW
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Coord Plan 1
69% AoG

75% Green

Coord Plan 2
83% AoG

70% Green

Midday Free
66% AoG

59% Green Time



CASE STUDY 6

Is signal timing effective?



CASE STUDY 6: I-83 EXIT 28



CASE STUDY 6: TIMING

 1       5         1  
Cycle Start    1       P 

 1
1   s

  
    s

  
    s

  
1   s

 5
    s

  
 1  s

  
   1s

  
   5s

Overlap A 1   s

Overlap B   BT     sOverlap B   BT     s

Overlap C     s

Overlap D  SB  SBT 1   s

Overlap      s

Overlap F   BT 5   sOverlap F   BT     s

Overlap     1s

Overlap    NB  NBT    5s

Overlap    S T    5sOverlap    S T     s

Overlap N  N T  1  sOverlap N  N T     s

Overlap O  S   1   s

Overlap P  N       s

         
NB TR 1 Pres  Ch  

SB TR 1 Pres  Ch  

N   1 Pres  Ch 5

S   1 Pres  Ch 1

 BT 1 AdvCt  Ch  1

 BT 1 AdvCt  Ch 1 

Ch  

Ch  

Ch 1 

Ch   

Ch   

Ch   

           
Phase 1

Phase  

Phase  

Phase  

Phase 5

Phase  

Phase  

Phase  

Phase  

Phase 1 

           
Phase 1

Phase  

Phase  

Phase  

Phase 5

Phase  

Phase  

Phase  

Phase  

Phase 1 

           
Phase 1

Phase  

Phase  

Phase  

Phase 5

Phase  

Phase  

Phase  

Phase  

Phase 1 

Phase 3+7 
shouldn’t 

occur



CASE STUDY 6: PREEMPTION
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Ramp preemption 
getting called 

throughout the day 
for both sides



CASE STUDY 6: AFTER ADJUSTMENT

 1       5         
Cycle Start       1    A 

 1
1   s

  
    s

  
1   s

  
 1  s

 5
    s

  
 1  s

  
    s

Overlap A 1   s

Overlap B   BT 11   sOverlap B   BT 5   s

Overlap C 1   s

Overlap D  SB  SBT  1  s

Overlap      s

Overlap F   BT  1  s

Overlap    NB  NBT     s

Overlap    S T 1 1 1sOverlap    S T 5   s

Overlap N  N T 5   s

Overlap O  S   1   s

Overlap P  N       s

         
NB TR 1 Pres  Ch  

SB TR 1 Pres  Ch  

N   1 Pres  Ch 5

S   1 Pres  Ch 1

 BT 1 AdvCt  Ch  1

 BT 1 AdvCt  Ch 1 

Ch  

Ch  

Ch  

Ch  

Ch 11

Ch 15

Ch 1 

Ch   

Ch   

Ch   

           
Phase 1

Phase  

Phase  

Phase  

Phase 5

Phase  

Phase  

Phase  

Phase  

Phase 1 

           
Phase 1

Phase  

Phase  

Phase  

Phase 5

Phase  

Phase  

Phase  

Phase  

Phase 1 

           
Phase 1

Phase  

Phase  

Phase  

Phase 5

Phase  

Phase  

Phase  

Phase  

Phase 1 

Phase 3+7 
doesn’t 
occur.

ø4+8 →
ø3+8 →

ø2+6



CASE STUDY 6: AFTER ADJUSTMENT
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Ramp preemption 
mostly limited to 

peak periods



CASE STUDY 6: ALTERNATE PHASING

3 Phase Diamond 
(simultaneous ramp 
green) means ramp 
green useless once 
the bridge fills up

~1 5’ storage 
between ramps →

~ 2 tractor trailers



DETECTOR 

CONFIGURATION

11:30



Create Zones
Map zones to 

sensor channels

Map sensor 
channels to 

SDLC detector 
inputs in Click 

650/656

WAVETRONIX MATRIX SETUP FOR ATSPM

Stop bar 
presence 

zone

Lane by 
lane count 

zone



Create Zones
Map sensor channels to 
SDLC detector inputs in 

Click 650/656

WAVETRONIX ADVANCE SETUP FOR ATSPM

Pulse 
zone, no 
speed 
filter

Approx. 5 
seconds 

from stop 
bar  1 ’ 

min)



WAVETRONIX MATRIX COUNT ZONES

• Read the manual!



WAVETRONIX MATRIX COUNT ZONES

• Read the manual!



COUNTS BEFORE WAVETRONIX FIX
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COUNTS AFTER WAVETRONIX FIX
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AUTOSCOPE VISION SETUP FOR ATSPM



AUTOSCOPE VISION SETUP FOR ATSPM

Stop bar long zones:
• Presence output for split 

failure and actuation
• Pulse output for lane by 

lane counts

Advance zones
• Pulse output for Purdue 

Coordination Diagram (distance 
based on volume density chart, 
adjusted based on field conditions)

Bonus Ped Zones:
• Count of crossings by direction
• Presence in crosswalk



MIOVISION SETUP FOR ATSPM
Stop bar long zones:

• Presence output for split 
failure and actuation

Stop bar short zones:
• Pulse output for lane by 

lane counts

Advance zones
• Pulse output for Purdue 

Coordination Diagram (distance 
based on volume density chart, 
adjusted based on field conditions)



MIOVISION SETUP FOR ATSPM



MIOVISION SETUP FOR ATSPM



MIOVISION SETUP FOR ATSPM



MIOVISION SETUP FOR ATSPM



GRIDSMART SETUP FOR ATSPM



SIGNAL CONTROLLER 

OPERATION 101

11:40



LOAD SWITCHES

Each load switch is like 
three light switches 
(one for red, one for 

yellow, one for green)

Each load switch can 
control one of the 
following:
• A vehicular phase
• A pedestrian phase
• An overlap

This Photo by Unknown Author is licensed under CC BY-SA

https://commons.wikimedia.org/wiki/File:Double_Light_Switch.jpg
https://creativecommons.org/licenses/by-sa/3.0/


SIGNAL INDICATIONS

RYG DW WRYG RYG RYG
CL

VEHICLE PHASES OVERLAPS PEDESTRIAN PHASES

ø1 ø2 ø3 ø4 ø6 ø7 ø8 B D

YGR

ø5

RYG RYG

A C

16 load switches x 3 outputs each = 48 light switches

DW W
CLCL

P2 P4 P6 P8

Unused yellow outputs 
for ped phases can be 

used for flashing yellow 
arrow or preemption 

confirmation light



MOVEMENTS

•  ovement is the response of a vehicle to a “go” indication
–Approach Direction (N, S, E, W)

–Turn type (left, thru, right)

•  ovements may be “opposed” or not by another 
movement
–Protected movement: unambiguous right-of-way

–Permitted movement: may proceed only when there is a large 
enough gap in the opposing traffic movement

–Conflicting movement: not compatible and cannot be assigned 
right-of-way concurrently by the traffic signal



MOVEMENTS

• Vehicle movements controlled 
by signal heads

• Signal heads driven by a 
phase or overlap

• Complex signal heads (4 or 5 
section) may be controlled by 
two phases and/or overlaps
–One load switch for protected 

phase

–Other load switch for permitted 
phase

• Flashing yellow arrow 
implemented multiple ways

A 
(RED)

B 
(YEL)

C 
(GRN)

LS 6
Veh ø6

A 
(RED)

B 
(YEL)

C 
(GRN)

LS 1
Veh ø1

(unused)

A 
(RED)

B 
(YEL)

C 
(GRN)

LS 9
Ped ø2

A 
(RED)

B 
(YEL)

C 
(GRN)

LS 1
Veh ø1

Ped Walk 
ø2

       ’       
ø2



PHASES

• Timing unit 
determined by 
logic in controller

• Includes green, 
yellow, and red 
intervals

Source: Signal Timing Manual, 2nd Edition, Exhibit 5-3



EXAMPLE HIGH RESOLUTION EVENTS
 1     

Cycle Start  5 5  5    A 

      s   1   s

      s   1   s

         
 B  1 Pres  Ch 1 

 BTR   Pres  Ch   

 B  1 Pres  Ch   

 BTR   Pres  Ch   

NB TR 1 Pres  Ch   

SB TR 1 Pres  Ch   

 BTR   AdvCt  Ch  1

 BTR   AdvCt  Ch  5

 B  1  nCt  Ch   

 BTR    nCt  Ch   

 B  1  nCt  Ch   

 BTR    nCt  Ch   

NB TR 1  nCt  Ch   

SB TR 1  nCt  Ch   

 B  xit  ane 1  Ch   

 B  xit  ane 1  Ch   

 B Ped  Ch   

SB Ped  Ch 5 

 B Ped  Ch 51

NB Ped  Ch 5 

           
Phase  

Phase  

Phase  

Phase  

           
Phase  

Phase  

Phase  

Phase  

           
Phase  

Phase  

Phase  

Phase  

 1     
Cycle Start  5 5  5    A 

      s   1   s

      s   1   s

         
 B  1 Pres  Ch 1 

 BTR   Pres  Ch   

 B  1 Pres  Ch   

 BTR   Pres  Ch   

NB TR 1 Pres  Ch   

SB TR 1 Pres  Ch   

 BTR   AdvCt  Ch  1

 BTR   AdvCt  Ch  5

 B  1  nCt  Ch   

 BTR    nCt  Ch   

 B  1  nCt  Ch   

 BTR    nCt  Ch   

NB TR 1  nCt  Ch   

SB TR 1  nCt  Ch   

 B  xit  ane 1  Ch   

 B  xit  ane 1  Ch   

 B Ped  Ch   

SB Ped  Ch 5 

 B Ped  Ch 51

NB Ped  Ch 5 

           
Phase  

Phase  

Phase  

Phase  

           
Phase  

Phase  

Phase  

Phase  

           
Phase  

Phase  

Phase  

Phase  

Phase End Red Clear: 4+8
Phase Inactive: 4+8
Barrier 2 Termination
Phase On: 2+6
Phase Begin Green: 2+6

Phase Min Complete: 2+6

Detector On: 24
Phase Call Registered: 8
Phase Check: 8
Phase Gap Out: 2+6
Phase Green Termination: 2+6
Phase Begin Yellow: 2+6

Detector Off: 30
Phase Call Dropped: 6

Phase Call 
Registered: 2+6
(Min Recall)

Phase End Yellow: 2+6
Phase Begin Red Clear: 2+6

Phase End Red Clear: 2+6
Phase Check: 2+6
Phase Inactive: 2+6
Barrier 1 Termination
Phase On: 4+8
Phase Begin Green: 4+8

Phase Min Complete: 4+8

Phase Gap Out: 4+8
Phase Green Termination: 4+8
Phase Begin Yellow: 4+8



OVERLAPS

• Overlaps combine phases to meet special needs by serving 
a movement during multiple phases

• Overlap control
–Included (Parent) phase: typically add phases together

–Modifier phase: typically exclude operation during modifier phases

• Beware of vendor-specific overlap configurations which 
don’t match NTC P standard

Overlaps Deep Dive with Dan Fedio
Today: 3:30-5:00 pm

Session 2D



CHEERS TO GREEN LIGHTS AHEAD

Steve Gault, P.E., PTOE

Chief, TSMO Arterials & Planning

Pennsylvania 
Department of Transportation

Bureau of Operations

sgault@pa.gov

717.787.6988

mailto:sgault@pa.gov

