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Introduction

There are over 200 traffic signal systems
consisting of about 1,000 traffic signals that are
owned and maintained by the Indiana Department
of Transportation (INDOT). These closed loop
systems are coordinated by interconnection or by
time. With this many signals, INDOT is looking
for ways to improve consistency and decrease the
amount of time spent designing, implementing,
and maintaining the signal controllers. Currently,
the determination of system parameters is unique
to each district and there are no guidelines or

Findings

The first part of this manual documents
the general process for determining parameters
for traffic signals and traffic signal systems. The
important aspects of the design were determined
to be the timing parameters, detectors, time-of-
day scheduling, and coordination for systems.
The second part of this manual provides a
detailed description of how to configure two
vendors' traffic signal controllers to deploy a
closed loop system. A closed loop system
typically consists of a series of intersections that
are interconnected and programmed to provide

Implementation

This manual will serve as a reference
for those who are experienced in the traffic signal
field and as a training tool for those who have
never programmed controllers. Employee
turnover rates are very high in government work
with frequent promotions and transfers. Instead
of a current engineer teaching the new employee,

procedures to follow. An objective of drafting this
manual is to establish a traffic signal control
design procedure for all INDOT districts to follow
for deploying closed loop signal systems.
Currently, the determination of system parameters
is unique to each district and there are no
guidelines or procedures to follow. This manual
documents in writing a synthesis of best practices
currently used by various districts. The manual
will also serve as an educational tool for new
INDOT employees and consultants.

progression along an arterial. The final part of
the manual deals with testing the controllers in a
lab environment before they are implemented in
the field and tuning them after they are
implemented. The testing is accomplished by
performing a hardware-in-the-loop simulation
using a controller interface device and a
simulation program such as CORSIM. Tuning
decisions can be made by looking at the
performance of the hardware-in-the-loop
simulation or by viewing the real time
performance.

this manual will guide them through the process
and the engineer can supplement the manual with
any information specific to that district. This
tool will help facilitate the deployment of new
systems so that more time can be spent
improving the performance of existing systems.
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Implementation Report

There are over 200 traffic signal systems consisting of about 1,000 traffic signals that are owned
and maintained by the Indiana Department of Transportation (INDOT). These closed loop
systems are coordinated by interconnection or by time. With this many signals, INDOT is looking
for ways to improve consistency and decrease the amount of time spent designing, implementing,
and maintaining the signal controllers. Currently, the determination of system parameters is
unique to each district and there are no guidelines or procedures to follow. An objective of
drafting this manual is to establish a traffic signal control design procedure for all INDOT districts
to follow for deploying closed loop signal systems. This manual documents in writing a synthesis
of best practices currently used by various districts. The manual will also serve as an educational

tool for new INDOT employees and consultants.

The first part of this manual documents the general process for determining parameters for traffic
signals and traffic signal systems. The important aspects of the design were determined to be
the timing parameters, detectors, time-of-day scheduling, and coordination for systems. Design
standards are established for obtaining the timing parameters, based on intersection geometry
and other published data. A standard detector numbering system is included, along with how the
different detector settings are used. Recommendations are provided on the number of different
signal timing plans for which design volumes are required and the approximate schedule for

running those plans. Detailed information is provided on signal timing plans for coordination.

The second part of this manual provides a detailed description of how to configure two vendors'
traffic signal controllers to deploy a closed loop system. A closed loop system typically consists
of a series of intersections that are interconnected and programmed to provide progression along
an arterial. A closed loop system can also be monitored remotely with management software
over a telephone line. Every aspect of the configuration is covered that includes controller
initialization, interconnection, data entry, and remote software setup. The two chapters follow the
same sequence for configuring the system, so that one vendor's procedure can easily be

compared to the other.

The final part of the manual deals with testing the controllers before they are implemented in the
field and tuning them after they are implemented. The controllers are tested using a hardware-in-
the-loop simulation. Details specific to setting up the simulation and creating necessary files are
discussed. Finally, recommendations are provided for tuning the controllers after they are

installed in the field.
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Chapter 1. Introduction

Traffic signal timing design is a relatively complex task requiring clear documentation of clearance
times, pedestrian times, detector placement, detector operation, coordination schedules, and
coordination plans. If these parameters are not carefully defined and implemented, effective

closed loop operation cannot be obtained”.

Coordination of traffic signals is designed to allow smooth progression for traffic through a
system, whether it is for an arterial, diamond interchange, or downtown district. A coordination
plan has three main parameters: the cycle length, the phase splits, and the offset. Although all
three parameters are vital to an effective coordination plan, the key parameter is the offset. The
cycle length and phase splits are specific to each intersection. However, the offset is the basis of

the relationships between each of the intersections in the system.

Offsets are programmed so that when traffic on the main street of the system reaches the
upstream signal, it is turning green. In order for the offsets to be effective, the offsets have to be
referenced from the same point in time. The reference point is a certain instance in the cycle.
Ideally, all controllers in a system run the same cycle length. Therefore, if all of the controllers’
cycle lengths begin at the same time, the offsets can be programmed effectively. Consequently,
it is essential that all intersection clocks be synchronized to the nearest one second. This
synchronization can be accomplished by either very accurate time close or physical interconnect.
Physical interconnected closed loop systems are the preferred approach because it is easier to
ensure synchronized times and it provides a mechanism for easily uploading and downloading

timing plans.

' Gao, 1994.



Once there are interconnected controllers at each intersection in the system, a master controller
can be installed to send the clock synchronization signal. The master controller can also be used
to call the coordination plans so that every intersection is running the same plan. Most traffic
signal controller vendors have management software for their controllers. This software can be
used to access each controller individually through a modem connection or direct connection.
With a computer running the software connected to a master controller, only one connection is

needed to access every controller in the system.

The premise of having a series of interconnected local controllers with a master controller that
can be monitored remotely is known as a closed loop system. This manual covers every aspect
of closed loop systems from designing the basic timing parameters to fine tuning the system after
it is implemented in the field. Figure 1-1 shows the topics that will be covered in each chapter of

this manual.

Chapter 2
Signal Design
Ring Structure
Signal Timing
Detectors
Coordination
Chapter 3 Chapter 4
Econolite Controller Peek Controller
Implementation Implementation
Initialization Initialization
Communication Communication
Aries Software CLMats Software
Chapter 5

Hardware-in-the-Loop
Simulation for Testing
CORSIM Modifications
CID Setup
Running the Simulation

Y
Chapter 6
Field Tuning

Detector Testing and Verification
Vehicle Extension Times
Coordination Tweaking

Figure 1-1 Chapter Concepts

Chapter 2 lays out the process for designing the different parameters of the traffic signal control
for a system. Throughout the rest of the text, the "process for determining parameters for traffic
signals and traffic signal systems" will be referred to as "design of a traffic signal system". First,
the concept of the ring structure and laying out the phases for an intersection are discussed.

Then, guidance is provided for computing the basic timing parameters for each phase in the ring

structure. The ring structure and the timing parameters provide enough information to configure a



controller to run an intersection. However, the intersection and the system will run more
efficiently after detection and coordination plans are added. Additional information for configuring

detectors and a discussion on coordination are included in this chapter.

Chapter 3 and Chapter 4 outline the configuration of two types of controllers for a closed loop
system. The two types of controllers are the Econolite controller and the Peek controller. Every
step needed to set up a closed loop system is discussed. These steps include controller
initialization, communication between the controllers, data entry, and remote monitoring software.

The parameters calculated in Chapter 2 are incorporated into the data entry.

Chapter 5 provides information on testing the controllers once they are configured. All of the
effort spent designing the system and configuring the controllers is virtually wasted if a crucial
error is made during the data entry. This manual advocates the use of a hardware-in-the-loop
simulation in a lab for testing the controllers in real-time. The simulation is possible through the
use of a controller interface device (CID). Details about the simulation and the CID, along with
how the hardware-in-the-loop simulation is conducted are included in this chapter. The key steps
are modifying the CORSIM simulation, configuring the CIDs, and making the CID, computer, and

controller connections.

Chapter 6 constitutes the final step in the implementation process and covers tuning the system
after it is in the field. Procedures and checks are provided for the detectors, timing parameters,

and coordination plans.



Chapter 2. Closed Loop System Design Procedures

The purpose of this chapter is to provide guidance on designing controller timing parameters.
The parameters are calculated based on intersection geometry2 and established standards in the
traffic signal field®. Figure 2-1 illustrates the sequence of procedures for designing timing
parameters (Chapter 2) and implementing them on Econolite (Chapter 3) and Peek (Chapter 4)

controllers.

The first step in the signal timing design process is to select the ring structure based on the
intersection geometry and the vehicle and pedestrian movements. Once the phases have been
assigned in the ring structure, the timing intervals are calculated based on the geometry and
standards. Although these timing intervals alone will allow an intersection to run, detection and
coordination are added to increase the efficiency of the intersection and the system. The
detection is used to react to approaching vehicles, as well as collect volume data. Coordination is
implemented to provide progression through a series of signals. There are three main
parameters that must be considered when programming coordination: split, cycle, and offset.
Usually, the data needed for coordination is generated using an optimization package. The
Indiana Department of Transportation commonly uses Synchro for these calculations. Upon
completion of the design procedures, the system is implemented on a controller and tested in the
field.

2 MUTCD 2000.
3 Kell, 1991.
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2.1. Ring Structures and Phases

The fundamental diagram describing intersection signal concepts is the ring structure. Ring
structures depict the order that intersection movements follow. Various ring structures can be
used to provide lagging left-turns, split phasing, and multi-intersection control, but the standard
ring structure consists of eight phases and is shown in Figure 2-2a. Phases 1-4 are in ring 1 and
phases 5-8 are in ring 2. Two barriers are shown as thick vertical lines. Phases cannot run
concurrently with phases on the other side of a barrier. Phases cannot run concurrently with
phases in the same ring. By NEMA?* convention, even numbered phases are assigned to through
movements and odd numbered phases are assigned to protected left-turn movements (Figure
2-2). Phase 2 is typically assigned to northbound or eastbound main street traffic. Subsequent
even phase numbers increase clockwise. Protected left-turn phases are assigned with phase 1
adjacent to phase 6. Subsequent odd phase numbers increase clockwise. Phase numbering can
be checked with the seven-eleven rule. Approach movements should total 7 on the main street
and 11 on the side street. For example, the northbound left-turn phase 5 plus the northbound
through phase 2 equals 7. This ring structure can be adapted to serve intersections that do not
have four approaches, such as a T-intersection or an interchange ramp by omitting unused

phases.

4 NEMA TS2.
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Figure 2-2 Standard Ring Configuration

Figure 2-3 depicts a minimum cycle length for the standard ring structure in Figure 2-2a.
Assuming the minimum green, yellow, and red times shown, the minimum cycle length would be

45 seconds. Ring 1 and Ring 2 individually total 45 seconds, but they are running concurrently.
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5 3 |15 10 s W s 3 |15 7 4 =455
5 6 7 8 -

5 3 |15 10 4 | s 3 |15 7 4 |{=45s

Figure 2-3 Minimum Cycle Length

In Figure 2-2a, permitted left-turn movements are shown in the even-numbered phases as hollow
arrows. This protected/permitted phasing sequence is implemented with a 5-section signal head
(Figure 2-4). The left-turning traffic is first protected (Figure 2-4a) and then permitted (Figure
2-4b). Some intersections may use protected only left-turns. In this case, the left-turn signal

would be a 3-section head with a green arrow and circular yellow and red indications.

Some agencies use lead/lag left-turn operation. This allows the protected left-turn movement to
be served after the through movement. If this is done, the order of the phases is merely switched

in the ring structure, but not renumbered. Some situations such as diamond interchanges and



split phase intersections require different phase order and barrier location. However, these cases

are relatively infrequent.

Gl

(a) Protected Left-turn Movement (b) Permitted Left-Turn Movement

Figure 2-4 Left-turn 5-section Signal Head

2.1.1. Concurrent Pedestrian Phases

For the ring structure shown in Figure 2-2a, pedestrian movements run concurrently with their
adjacent through vehicle phase, so pedestrian phase 2 would run with vehicle phase 2.
According to the MUTCD, traffic facing a circular green signal may proceed straight uninhibited or
turn right or left, yielding the right-of-way to other lawful vehicles and pedestrians. Furthermore,
in the absence of a pedestrian signal, pedestrians facing any green signal indication may proceed
across the roadway, except when the signal indication is a turn arrow for a vehicular movement in
conflict with the desired path of the pedestrian.’® However, there is frequent pedestrian confusion
when they are facing the left-turn indication shown in Figure 2-4a when both the circular green
and the conflicting arrow are shown concurrently. This sometimes results in pedestrian confusion
with regards to who has the right-of-way. To eliminate any uncertainty, it is recommended that
pedestrian signals always be used on all pedestrian movements where 5-section heads would be

visible to pedestrians.

2.1.2. Exclusive Pedestrian Phases

At intersections with very heavy right-turning traffic and heavy concurrent pedestrian movements,
there is a significant opportunity for pedestrian/vehicle conflicts. Pedestrians can have exclusive
phases if the pedestrian volumes are high enough, such as in a central business district. This

type of pedestrian operation is often called a “Barnes Dance” after Harry Barnes, former traffic

® MUTCD 2000, Section 4D.04, Part A.



commissioner for Denver and New York City who developed it in the 1950s. This exclusive
pedestrian phase runs outside the ring structure and often causes difficulty in obtaining good
system progression because the activation of the extra phase can cause an unusually long cycle

length.

2.1.3. Right-turn Phases

If an intersection has exclusive right-turn lanes, the right-turn movements can be programmed to
run concurrently with the adjacent left-turn movement. This type of operation is usually
performed by an “overlap phase”. Right-turn overlaps typically use a 5-section head as shown in
Figure 2-5. When the overlap is on, the arrow is green, implying a protected movement. When

the approach’s through phase is green, there is no green arrow, implying a permitted movement.

(a) Right-Turn Protected Overlap (b) Right-turn Permitted

Figure 2-5 Right-turn Overlap 5-Section Signal Head

The ring structure with right-turn overlaps looks like the one in Figure 2-6a. Permitted
movements are shown with a hollow arrow, protected movements are shown with a solid or
hatched arrow. Overlaps are assigned in the controller as A, B, C, and D. Overlap A would be
adjacent to the through movement phase 2, as shown in Figure 2-6b. Right-turn overlap A would
run with protected left-turn phase 3. This movement would not cause any vehicular conflicts.

Programming overlaps in the controller will be covered in Chapter 3 and Chapter 4.
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2.2. Timing Data

Before the controller can be programmed, the timing data has to be calculated. Table 2-1 shows
the important timing parameters for the first intersection in the system. Data for all five

intersections can be found in Appendix B. The calculations in this Section are for intersection 1.

Table 2-1 Timing Parameters

INT DESCRIPTION (SEC) 1 2 3 4 5 6
1 MINIMUM GREEN 5 10 5 7 5 10 5 7
1 YELLOW CLEARANCE 3240|3240 3240|3240
1 RED CLEARANCE 20115120 15|20 | 15|20 |15
1 PEDESTRIAN CLEARANCE | -- 11 -- 11 -- 11 -- 11
1 PEDESTRIAN WALK - 7 -- 7 -- 7 -- 7
1 MAX1 GREEN 15 | 46 15 | 67 12 | 48 16 | 66
1 MAX2 GREEN 15 | 46 15 | 67 12 | 48 16 | 66
1 MAX3 GREEN 17 | 53 17 | 78 14 | 56 19 | 76
1 MAXIMUM EXTENSION 1.0/ 35|10 | 6510 | 40 | 15|50
1 VEHICLE EXTENSION 14150 |14 | 5014 |50|14 |50
1 TIME BEFORE REDUCTION | -- 15 - 22 - 18 -- 25
1 TIME TO REDUCE - | 37 - 54 - 45 - 61
1 MINIMUM GAP TIME -130| - |30 - |80] - |30
1 SEC/ACTUATION - - - - - -- -- --
1 MAXIMUM INITIAL - - - - - - - --

2.21. Minimum green times

The purpose of minimum green is to prevent a green indication from quickly turning on and off
when that phase is served. Green times that are too short can lead to driver confusion and
perhaps rear-end collisions. The minimum green is the guaranteed minimum time once a phase
is started. However, a phase may stay on longer than the minimum. By convention, Indiana
Department of Transportation uses the following minimum green times:

e All left-turn movements = 5 seconds

e Main street through movements = 10 seconds

e Side street through movements = 7 seconds.
Some judgment should be used when applying these numbers. For example, if a side street
through volume is very low, a minimum of 5 seconds might be used, or if a left-turn volume is very

high, a minimum of 7 seconds may be used.

11



2.2.2. Clearance Intervals

The purpose of the yellow clearance interval is to warn traffic of an impending change in the right-
of-way assignment. The yellow clearance interval should be between 3-6 seconds, but may be
Ionger.6 The yellow clearance and red clearance are calculated together as a total clearance.
The total clearance permits vehicles that are within the intersection or so close to it that they
cannot comfortably stop, to clear the intersection. It also permits those vehicles that can come to
a comfortable stop to do so. An average speed of 40 miles per hour, unless otherwise posted, is
assumed on the through movements. A speed of 30 miles per hour on the left-turn movements is

also assumed, unless posted lower.” The total clearance® is calculated using Eq. 2-1.

147*V ~ W+L Eq. 21

Total Clearance =T » T +
2a 1.47*V

where,
e T, is the perception time = 1 second,
e Vs vehicle speed = average through vehicle speed on that approach in mph,
e ais the deceleration rate = 10 ft/s’,
e W s adjacent approach width = full width of cross street in feet,

e L is the average vehicle length = 20 feet.

2.2.21. Yellow Clearance Interval

The first two terms in Eq. 2-1 are used to calculate the yellow clearance time.

147*V
22 Eq. 2-2

Yellow Clearance = Tp +

*
Yellow Clearance =1+ % =4.0sec

2.2.2.2. Red Clearance Interval

The red clearance is the duration after every phase that all indications are red. This is extra time
to make sure the intersection is clear before proceeding to the next phase. The red clearance
should not be more than 6 seconds.” The last term in Eq. 2-1 is used to calculate the red

clearance.

® MUTCD 2000, Section 4D.10.

" There is some disagreement on this value. It may be as low as 15 mph in some states.
® Kell, 1991.

® MUTCD 2000, Section 4D.10.
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Red Clearance = W+L

1.47*V Eq. 2-3
Red Clearance = M =1.5sec
1.47*40
2.2.3. Pedestrian Times
2.2.3.1. Clearance Time

The purpose of the pedestrian clearance time is to give a pedestrian that is just leaving the curb
at the end of the walk signal enough time to reach at least the center of the farthest traveled lane
or a median of sufficient width for the pedestrian to wait'®. The pedestrian clearance interval is
indicated by a flashing hand on the pedestrian signal shown in Figure 2-7a. This interval begins
immediately at the end of the pedestrian walk interval shown in Figure 2-7b. The clearance
interval may overlap with the yellow and red clearance times of the concurrent vehicle phase. A
walking speed of 4 feet per second is typically used.”" The pedestrian clearance time is based on
the width of the approach. Since all approaches at an intersection might not have the same
width, all of the pedestrian clearance times may or may not be the same. Each approach to this
intersection has the same number of lanes (see Figure B-3 in Appendix B). Assuming a lane

width of 12 feet the pedestrian clearance time can be calculated as follows:

* i - i Eq. 2-4
Actual Pedestrian Clearance Time = (#of lanes * lanc ‘,mdth) -Slane width q
walking speed
* 12 feet) — .5 *12 fi
Actual Pedestrian Clearance Time = © eet) = 5 eet _ 16.5s
4 feet per second

' MUTCD 2000, Section 4E.09.
" MUTCD 2000, Section 4E.09.
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(a) Pedestrian Clearance (Flash) (b) Pedestrian Walk (c) Pedestrian Detector

Figure 2-7 Pedestrian Signal

2.2.3.2.

Walk Time

The purpose of pedestrian walk time is to give the pedestrian adequate time to leave the curb or

shoulder before the pedestrian clearance time begins. According to the MUTCD, the pedestrian

walk interval should be:

Most intersections = 7 seconds

Special cases = 4 second minimum'?

However, for pedestrian safety, the highest possible walk time is sometimes used. To
determine the maximum walk time for each pedestrian interval, examine the coordination
splits for the corresponding phases. Use the shortest split for each phase 2, 4, 6, and 8
and subtract the pedestrian clearance time for that phase that is calculated next. If there
is more than 7 seconds of green time left for the walk interval, this maximum could be
used. However, if walk times and pedestrian clearance times are set too high, they can
force an intersection out of coordination because the full times have to be served when a
pedestrian call is received. High pedestrian times can also prevent the side street
(uncoordinated) phases from gapping out early because the phase is extended the
duration of pedestrian time, regardless of vehicle calls. The procedure for calculating
maximum walk times that will not violate coordination constraints are shown below for

phase 2.

Ph 2 Max Walk Time = shortest split - controller pedestrian clearance - yellow - red Eq. 2-5

Ph 2 Max Walk Time

(32%*90s)-12s-4s-0.5s = 12 seconds

2 MUTCD 2000 Section 4E.09
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Since the phase split time includes the yellow and red clearance times, these intervals must be
subtracted, in addition to the controller pedestrian clearance time, to get the maximum walk time.

Similar calculations can be made for the other pedestrian phases 4, 6, and 8.

2.2.4. Maximum Green Times

2.24.1. Max1 and Max2

Two different maximum green times can be entered as max1 and max2. A Time-of-Day program
allows selection of max1 and max2 times for different times of the day. For example, max1 times
could be used during the morning peak period, while max2 is used in the evening peak period.
Another situation might be to use a higher set of max2 times while the system is in coordination
and lower max1 times used while the system is running free, say at night. Note that when the
intersection runs free, the max timer does not start counting down until an opposing call is

received.

If a coordination error occurs, sometimes the intersection is forced to run free, where calls are
served on a first-come, first-served basis. If the maximum green times were set too high, one
busy approach could keep the green indication for several minutes. Conversely, if the max times
were set very low a busy intersection could become very congested due to the very short cycles
that would increase the “lost time”. “Lost time” refers to the theoretically unused time in a cycle

that is yellow and red clearance time and start-up lost time (time to accelerate).

As will be shown in Chapter 3 and Chapter 4 in the coordination menu, the maximum green times
can be inhibited. If the maximum green times are lower than the splits and they are not inhibited,
the green phases will terminate due to max out and the intersection could fall out of coordination.
It may be desirable to set the maximum green times close to the phase splits. If this is done and
coordination is lost, the intersection will perform similarly to when it was in coordination. The
following method is recommended to calculate max1 and max2 green times:

e Max1 =1.3 * morning peak split time

e Max2 = 1.3 * evening peak split time

o Where the split time is obtained from a design package such as the Highway Capacity

Software, Signal 2000, or Synchro.

In the absence of adequate data to calculate the splits, the following guides can be used:

e Main street max green = 50 seconds

e Side street max green = 40 seconds

e All left-turn max greens = 35 seconds.

15



2242, Max3

Max3 green time is used during free operation to extend the green interval for a busy intersection.
If a green phase terminates due to a max out in two successive cycles, the maximum green will
extend a set amount of time until the max3 time is reached. Then, if the phase terminates due to
a gap out for two successive cycles, the maximum green will either reduce the set amount of time
until it reaches max1 or max2 or the max timer will be reset. This is dependent on the controller
being used. The max3 parameters are calculated as follows:

e Max3 =1.5* splittime

e Maximum extension = %2 (Max3 — Max1).
If there is not enough data to calculate the split times, the guides can be used to calculate the
max3 parameters:

e Main street max3 = 75 seconds

e Main street max ext = 12 seconds

e Side street max3 = 60 seconds

e Side street max ext = 10 seconds

e Al left-turn max3 = 52 seconds

e All left-turn max ext = 8 seconds.

2.2.5. Extension Times

2.2.51. Vehicle Extension for Stopbar Detection

The purpose of the vehicle extension time is to extend the green indication a certain amount of
time after a call has been received during the green phase and after the minimum green time has
been served. This parameter usually accounts for gaps between vehicles at actuated
approaches. The green interval is extended once the vehicle leaves the detection zone. If the
extension is set to 3 seconds, the phase is extended for 3 seconds whenever a call is received.
Figure 2-8 illustrates the cycle performance when the green is extended by vehicle calls. When
the gap between vehicles is greater than the vehicle extension time, the actuated phase

terminates.
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It is recommended that the controller gap time be set so that 3 seconds of allowed gap is
provided. This minimizes the risk of premature phase termination caused by slow or heavy
vehicles. Since the extension time does not start timing until the vehicle call is lost, there is
essentially already a vehicle gap allowance when presence detection is used while the vehicles
travels over the length of the loop detector. This gap allowance can be calculated based on the
speed of the vehicles and the length of the detection zone. For example, if the average speed of
vehicles on the approach is 40 mph, a vehicle is 20 feet long and the detector is 20 feet long, the

gap allowance can be calculated as follows:

i Eq. 2-6
Gap Allowance = Vehicle Length + Detect(.)r Length (feet) q
1.47* Average Vehicle Speed
Gap Allowance= 20420 =0.7 seconds
1.47*40

The gap allowance is summarized in Table 2-2. This table shows gap allowances for various
vehicle speeds and detection lengths. The vehicle extension that is entered into the controller if

the desired gap is 3 seconds should then be calculated with Eq. 2-7.

Controller Vehicle Extension = Total Desired Gap - Gap Allowance Eq. 2-7

Controller Vehicle Extension =3.0-0.7 = 2.3 seconds
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Table 2-2 Allowed Gap By Presence

Approach Vehicle Length + Detector Length (feet)

Speed

(mph) 20 30 40 50 60 70 80 90 100
20 0.7 1.0 1.4 1.7 2.0 24 2.7 3.1 3.4
25 0.5 0.8 1.1 1.4 1.6 1.9 2.2 24 2.7
30 0.5 0.7 0.9 1.1 1.4 1.6 1.8 2.0 2.3
35 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.7 1.9
40 0.3 0.5 0.7 0.9 1.0 1.2 1.4 1.5 1.7
45 0.3 0.5 0.6 0.8 0.9 1.1 1.2 1.4 1.5
50 0.3 04 0.5 0.7 0.8 1.0 1.1 1.2 1.4
55 0.2 04 0.5 0.6 0.7 0.9 1.0 1.1 1.2

In Figure 2-9, the actual gap between the vehicles is 120 feet, which is 2 seconds at 40 miles per
hour. However, even though the gap is 2 seconds, the trailing vehicle only needs 1.3 seconds to
reach the detector and activate it. The extra 0.7 seconds of gap allowance is due to the 20 foot

detector and the 20 foot vehicle.

0'
Actual Headway Between Vehicles = 120'/60fps = 2.0s

D= Speed = 40 mph = 60 fps T—TaL
etector
- 80" »lag 20 20"
e |

Vl‘ . Lol
Time Needed to Reach Detector Gap Allowance
= 80'/60fps =20'+20'/60fps
=1.30s =0.70s

Figure 2-9 Gap Relationships

2.2.5.2. Vehicle Extension for Advance Detection

Vehicle extension is configured differently if only advance detection is used at an intersection. In
this case, the extension time should allow the vehicle enough time to reach the intersection. If a
car crosses a detector 200 feet from the intersection traveling 45 miles per hour, the vehicle

extension time would be approximately 3.0 seconds, as shown in Eq. 2-8.

i Eq. 2-8
Vehicle Extension = Detector Distance fr(.)m.Stopbar (feet) q
1.47 *Speed Limit (mph)
Vehicle Extension = _ 200feet =3.0seconds
1.47 *45 mph

Table 2-3 gives the time needed to get from the advance detector to the stopbar for given
speeds. For example, to obtain the extension for the previous example, find 45 mph in the first
column of the table. In the 45 mph row, the number closest to 200 is 198. The extension time for

198 feet is shown at the top of the column as 3 seconds.
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Table 2-3 Maximum Detector Setback (ft) for Various Speeds and Gap Extension Times

Extension Time
1sec | 2sec | 3sec |4sec | 5sec | 6sec | 7 sec
20 mph 29 59 88 117 147 176 205
25 mph 37 73 110 147 183 220 257
30 mph 44 88 132 176 220 264 308
35 mph 51 103 154 205 257 308 359
40 mph 59 117 176 235 293 352 411
45 mph 66 132 198 264 330 396 462
50 mph 73 147 220 293 367 440 513
55 mph 81 161 242 323 403 484 565
60 mph 88 176 264 352 440 528 616
65 mph 95 191 286 381 477 572 667

Speed

2.2.6. Density Functions

These parameters are used with gap reduction settings. The purpose is to vary the amount of
time between vehicle calls before a phase will gap out. Typically, these settings are only
programmed for phases that have speeds greater than 40 miles per hour. The beginning point,
or maximum gap, is the vehicle extension. If the vehicle extension that was calculated in Section
2.2.50r 2.2.5.2 is less than the recommended maximum gap, the vehicle extension should be
increased to the maximum gap. The gap reduction should be configured to begin once 33% of
the max time for that phase has elapsed. The reduction continues until the minimum gap is
reached at 80% of the max time. Max1 or Max2 times should be used to calculate the
parameters since Max3 might not be in effect. The recommended guidelines for gap control
include the following:

e Programmed for phases that have speeds > 40 miles per hour

e Maximum Gap = Vehicle Extension = 5 seconds

e  Minimum Gap = 3 seconds

¢ Time Before Reduction = 33% of max time

e Time To Reduce = 80% of max time.
When advance detection is the only detection used at an intersection, the seconds/actuation
parameter is very important. If cars queue up to the detector during the red phase and no
additional vehicles arrive to extend the green, there is a possibility of the minimum time being
served without completely discharging the queue. By using the seconds/actuation parameter, the
minimum green time is extended a certain number of seconds per each actuation. The numbers
used for seconds/actuation and maximum initial time are based on the distance of the detection
from the intersection and the number of lanes:

e Maximum Initial = see Table 2-4
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e Seconds/Actuation = maximum initial divided by total number of cars stored.
An example calculation is shown below assuming a 3-lane approach with 220 feet between the
stopbar and the advance detectors. In general, the average car length can be assumed as 20

feet, unless there is a high volume of trucks.

Maximum Initial = 26.8 seconds (from Table 2 - 4)

26.8 seconds —08

Seconds/Actuation = =
3 lanes *11 cars per lane

Similarly, if there were only two through lanes, the maximum initial would be the same, but the

seconds/actuation would be:

26.8 seconds _12

Seconds/Actuation = =
2 lanes *11 cars per lane

Table 2-4 Variable Initial Green Parameters

Storage Between Distance to Back Discharge Maximum
Stopbar and Back Loop Loop Headway13 Initial (sec)
(1 lane) (20’/vehicle) (sec)
1 20 3.8 3.8
2 40 3.1 6.9
3 60 2.7 9.6
4 80 2.4 12.0
5 100 2.2 14.2
6 120 21 16.3
7 140 21 18.4
8 160 2.1 20.5
9 180 21 22.6
10 200 21 24.7
11 220 21 26.8
12 240 21 28.9
13 260 21 31.0
14 280 21 33.1
15 300 2.1 35.2
16 320 21 37.3
17 340 2.1 39.4
18 360 21 41.5
19 380 21 43.6
20 400 21 45.7

'3 Greenshields
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2.3. Detectors

Coordinated systems do not require detection to operate. However, with increased detection
comes increased efficiency. Detection can be used at an intersection to both detect vehicles and
collect volume, speed, and occupancy data. In most circumstances, the detectors are already
installed and the controller programmer just needs to assign the detectors to their correct phases
and configure them correctly. The current INDOT standard drawings use the labeling scheme
shown in Figure 2-10. The proposed tagging scheme is shown in Figure 2-11. This scheme
coincides with the NEMA phase numbering scheme. These labels are only used for tagging the
detector wires for reference in the cabinet. These labels need to be converted into channel
numbers for use in the controller. This process is much easier if the detectors are numbered
using a standard scheme that can be remembered. Different agencies may have different

methods of numbering detectors.
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Figure 2-10 INDOT Loop Tagging Convention

21



SA | SL

=] [%] [«]
=[] [«]

wB
WA
EL 1 L we
EA 1
EB 1
! 1 2 | P[LOOP TAGGING TABLE
- PHAZSING I;IAGR4AM LANES | TAG NUMBER]
1 el T RE
R A WM
4 l A NL | NA EA EA4-123
B EB4-123
EAEB | EAB4-44
S SLi-1,23
SA SAG-123
W Wises
5 -
WA VAL
WB WB - S2
EA EA- S3
EB EB-S4

(a) 6’ X 6’ Loop Detectors (b) Loop Amplifier Cards

Figure 2-12 Loop Detector Equipment

Figure 2-12a shows standard 6’ X 6’ loop detectors that are installed in the pavement. This type
of detection responds to a change of inductance in its proximity. The loops are connected in the

signal cabinet to amplifier cards (Figure 2-12b). The amplifier cards monitor the change in
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inductance and decide whether or not a car is present. If there is a car present, the amplifier card
sends a signal to the controller and the controller receives it as a call. Most amplifier cards can
be configured for both sensitivity and pulse/presence. The sensitivity setting controls how far
away from the edges of the loop a vehicle triggers the detector. The pulse/presence setting has

different applications described in the next section.
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Figure 2-13 Four-legged Intersection with Four-Lane Approaches

2.3.1. Detector Modes

2.3.1.1. Presence detection

Presence detection is the most common setting used on amplifier cards, as well as the only
setting used by INDOT at signalized intersections. When a presence amplifier card places a call,
the call remains until the vehicle is no longer detected. Presence detection shall be used on all
stopbar, count, and advance detectors, as shown in Figure 2-13. Figure 2-14 illustrates how a
detector operates for both presence and pulse mode. As seen in Figure 2-14, presence detection

stays on as long as there is a car over the loop.
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2.3.1.2. Pulse detection

If an amplifier card is set to pulse detection, a call is placed that lasts a set amount of time,
approximately 110ms. Therefore, if a car pulls over a loop detector and stops, one call will be
placed for a fraction of a second, as opposed to the call staying on in presence mode. As seen in
Figure 2-14, the pulse detector is only on for a set amount of time, regardless of the car still being
above the detector. However, when another car enters the detection zone, the call is placed

again. Pulse setting is sometimes used for count detectors and raceway detectors.

Detector
ﬁ?ﬁ :
Detector
Detector =
On
Off
Pulse Mode
On
off Presence Mode
Time

Figure 2-14 Pulse versus Presence Detection

2.3.2. Detector numbering

2.3.21. TS2 Type 1 Conditions

Figure 2-15 shows the detector numbering scheme for a standard approach. Typically, the
approach will have either stopbar detection or advance detection, but rarely both. Therefore, they
are shown with the same detector numbers. The two through lanes and the right-turn lane
stopbar detectors are all assigned to phase 2. However, they are assigned to different channels.
Starting with the inner lane, this detector is channel 2, corresponding to phase 2. The count

detector channel in that lane is obtained by adding 8. The stopbar detector in the adjacent lane is
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obtained by adding 8 again. The remaining detector channels are obtained by adding 8 again.
The left-turn lane presence detection is wired together to channel 5, corresponding with phase 5.
The count detector is channel 13. Only TS2 Type 1 controllers can have non-proprietary

detectors numbered higher than 20.

Figure 2-15 Detector Configuration

23.2.2. TS2 Type 2 Conditions

When running a hardware-in-the-loop simulation a different detector numbering scheme may be
required. The maximum number of detectors that can be connected to a TS2 Type 2 controller

via the 24volt connector is 20. Therefore, the detector numbers can only go up to 20. In Figure
2-15, the detectors that are assigned numbers over 20 will have to be modified. There is no real

convention for the renumbering, but consistency is recommended.

2.3.3. Detector Types

In most controllers, detectors can be configured as different types. One variation that is
commonly used is placing a delay on a detector. A situation that this might be used is a detector
in an exclusive right-turn lane. If a detector has a delay of 10 seconds, a vehicle call during the
red interval will not be recognized until 10 seconds has passed and the call is still present. If the
vehicle leaves, or turns right on red, the call will not be placed. The delay is disabled during the
green interval. This feature is only used to improve the intersection performance. Other types of
detectors include stopbar detectors that only place calls while their corresponding phases are red,
and extend detectors that will leave a call on for a set amount of time after the vehicle has left the

detection zone.
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2.4. Coordination

Coordination plans can be designed using various software packages, such as Synchro or
Passer. Intersection geometry, volumes, and signal timings are input into the software to obtain
optimal cycle lengths, split times, and offsets. However, configuration of coordination is much
more complicated than just entering these three parameters obtained from an optimization

program. The implementation of these parameters will be covered in the next two chapters.

If various vehicle counts are available for the system, different coordination plans can be used at
different times of the day. The different coordination plan can be turned on using a time-of-day
program in the controller. INDOT uses four different coordination plans on Monday through
Friday and one coordination plan on Saturday and Sunday. During the late night and early
morning hours, most signals run in free mode with no coordination. Table 2-5 shows the
schedule of different plans that may be used. Of course, the time periods shown in Table 2-5 are
recommended in the absence of detailed data describing the start and end of various traffic

patterns. Each of these plans will have a cycle, offset, and split designed using an optimization

program.
Table 2-5 Coordination Plans by Time-of-Day

Time Sun Mon Tues Wed Thu Fri Sat
6am-9am Plan1 | Plan1 | Plan1 | Plan1 | Plan 1
9am-3pm Plan2 | Plan2 | Plan2 | Plan2 | Plan 2
3pm-6pm Plan 5 Plan3 | Plan3 | Plan3 | Plan3 | Plan 3 Plan 5
6pm-10pm Plan4 | Plan4 | Plan4 | Plan4 | Plan4
10pm-6am Free Free Free Free Free Free Free

24.1. Cycle Length

A cycle is a transition through the phases in a ring structure in a coordination plan. The cycle
length is the time measured from the end of the coordinated phase (typically the main through
movement) to the end of the coordinated phase the next time it is served. The cycle length is a
set parameter in coordination plans. This duration is typically in the range of 60 to 180 seconds.
During periods of light traffic demand, shorter cycle lengths are used to reduce delay. During
periods of heavier traffic demand, longer cycle lengths are used. In order to achieve progression
through a system, the cycle lengths must be the same. The only exception to this would be if an
intersection were half-cycled - running a cycle length that is exactly half of what the rest of the

system is running.
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2.4.2. Phase Splits

The phase splits are the time (or % of time) devoted to each phase of the cycle. The splits
include green, yellow, and all red times. For a standard ring structure, the sum of the splits in
Ring 1 must be 100%. Similarly the sum of the splits in Ring 2 must be 100%. In addition, for a
standard ring structure,

e 1+2=5+6

o 3+4=7+8.

24.21. Force Off Times

Internally, controllers use a concept of force off points for the coordinated phases. The force off
times are computed from the splits and serve as "not to exceed" points in the cycle by which time
the phase must have "forced off" in order to be able to reach the coordinated phase on schedule.
Historically, force off times were manually calculated and entered into the controller. In more
recent controllers, users directly enter the splits into the controller and the force off times are
automatically calculated. Figure 2-16a shows a ring where all the phases extend to their force off
points due to high traffic volumes. This results in the coordinated phases (2&6) running for their
minimum split time. Figure 2-16b shows a ring where there is lighter traffic demand and the non-
coordinated phases do not extend to the force off points. Notice the start (Point S) of the

coordinated phase is much earlier in Figure 2-16b than in Figure 2-16a.
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Figure 2-16 Coordinated Ring Structure

24.2.2. Early Return to Green

One of the problems with coordinating actuated controllers is that phases terminate before their

force off times are reached due to light traffic demand, as shown in Figure 2-16b. As a result the
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coordinated phases have an "early return to green." The problem with this early return to green is
that it is not predictable and usually varies by time of day and by intersection. Figure 2-17a
shows a 4 intersection corridor where the offsets are timed so that smooth progression is
obtained when their is no early return to green (Figure 2-16a). However, in practice there are
varying levels of early return to green at the first three intersections (Figure 2-17b). This results in
relatively poor progression because the traffic starting early at the first, must stop at the second.

Similarly, traffic starting early at the third intersection must stop at the fourth intersection..
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(b) Early Return to Green, Disrupted Progression

Figure 2-17 Time Space Diagrams

2.4.3. Offsets

Offsets are programmed to facilitate progression through a series of traffic signals. If the
intersections are evenly spaced, as shown in Figure 2-18a, progression is possible in the
opposing directions of travel. However, if the intersections are not evenly spaced, as shown in

Figure 2-18b, good progression can usually only be achieved in one direction. Therefore, the
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direction with the heaviest traffic flow should receive the progression. Offsets can be referenced
to either end of the coordinated green phase or latest start of the coordinated green phase.
Before actuated controllers were designed, the offset in fixed time controllers was primarily
referenced to the start of the coordinated green phase. When actuated controllers were
introduced, the only predictable point in the cycle was the end of the coordinated green phase
(Figure 2-16, Point E) and this was used as the reference point. However, this was not very
intuitive. Most recently actuated controller vendors have defined the offset relative to the latest
start point of the coordinated green phase (Figure 2-16a, Point S)”. The latest start point is the
point at which there is still enough time to serve the entire split of the coordinated phase. The
offset is a very important parameter in determining the quality of progression along a corridor.
Figure 2-19 shows how varying the offset impacts the travel time, delay, and percentage of stops

along a segment of an arterial.

2

5L 5L A
I N A
T A
/ 2

3| p—

3L — —

Distance
Distance

1)/ : \

/1
) ! 2 3 4N N 1 Time (c cles)3 *
Time (cycles) 4
(a) Evenly Spaced Intersections (b) Randomly Spaced Intersections

Figure 2-18 Effect of Intersection Spacing on Progression
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2.4.4. Designing Split, Cycle, and Offset

The split, cycle, and offset values are designed using design hour volumes for each of the six

time periods (5 coordination, 1 free) shown in Table 2-5. These volumes, along with intersection
geometries, are input into the Synchro design package. Using engineering judgment, alternative
phasing and sequence options are evaluated to determine the most appropriate split, cycle, and

offset parameters for each of the six periods.
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Chapter 3. Configuring Econolite Closed Loop Traffic Signal Systems

As was discussed in Chapter 1, the numerical design of parameters, such as the phase times and
coordination, is only part of the signal timing design. There are also a large number of vendor-
specific communication and system level parameters that must be understood and configured.
The purpose of Chapter 3 and Chapter 4 is to show how to implement the data tabulated in
Chapter 2. This chapter will show, step-by-step, how to configure Econolite controllers to
implement a closed loop system. Chapter 4 discusses how to configure Peek controllers to run a

closed loop system.

After the design procedure in Chapter 2 has been completed, the next step is to enter this data
into the controller and test it. The testing procedure is discussed in Chapter 5. The U.S. 231
system will continue to be used as an example, in particular, intersection 1. All U.S. 231 data can
be found in Appendix B. Figure 3-1 shows the procedures that will be discussed in this chapter.
Figure 3-2 shows the hardware-in-the-loop configuration used to evaluate the system being

designed.
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3.1. Controller Features

3.1.1. Connectors

3.1.1.1. Local Controller

/2S-2100

(b) Communication Ports (c) NEMA D & C Connectors (d) NEMA B & A Connectors

Figure 3-3 Local Controller and Connectors

The Econolite local controller shown in Figure 3-3a has 4 connectors and 4 ports on its front
panel. The connectors provide an interface to the signal cabinet or a controller interface device
(CID) in a lab setting as shown in Figure 3-2. Port 1, or the synchronous data link control
(SDLC), is used with Type 1 controllers to interface with the cabinet. In Type 1 cabinets, the
SDLC port is used instead of connectors A-D. Port 2 is used when directly connecting a
computer or laptop to the controller to exchange data. When setting up an interconnected system
with a master, port 3 is used to communicate with the master via a telemetry link as shown in
Figure 3-2. Specific pin assignments for the connectors and ports can be found in Appendix B of

the Econolite Controller Programming Manual.”

'* Econolite Local Controller Programming Manual, Appendix B.
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3.1.1.2. Zone Master
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Figure 3-4 Zone Master and Connectors

The Econolite zone master shown in Figure 3-4a has 1 connector and 5 ports on its front panel.
Port 1 and the I/O port provide an interface to the cabinet. The telemetry port in Figure 3-4b is
used when interconnecting local controllers as shown in Figure 3-2. Port 2 is used when
connecting directly to a computer or laptop. The modem port is used to exchange data over a
telephone line with the Aries software. When the master is interconnected with the local
controllers, data can be exchanged with the local controllers through the master, requiring only
one telephone line installation - in the cabinet with the master. If data is exchanged by a direct
laptop connection, this eliminates the need to go to each cabinet and directly connect to each
local controller. Specific pin assignments for the connector and ports can be found in Appendix B

of the Econolite Master Programming Manual."®

'® Econolite Zone Master Programming Manual, Appendix B.
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3.1.2. Menus

All menus in the controller can be accessed from the main menu. It is very important to become
familiar with the keys and how the menus are set up. Data has to be entered in different formats,
including numerical, yes/no, and enabled/disabled. Itis very important to always hit ENTER or
cursor off of the last data entry before leaving a menu. The data will not be stored if a field is still
active when the menu is exited. A hierarchy of the menu structure can be found in Appendix D of

the Econolite Controller Programming Manual."”

ASC/2 MAIN MENU

1. COMFIGURATION 6. DETECTORS®

Z. CONTROLLER 7. BTATUZ DISPLAY
3. COORDINATOR G. UTILITIES

4. PREEMPTOR 9. DIAGNOSTICS

5. NIC/TOD

PRESS KEYE 1..9% To SELECT

(a) Main Menu (b) Keyboard

Figure 3-5 Econolite Local Controller Main Menu and Keyboard

' Econolite Local Controller Programming Manual, Appendix D.
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Main Menu (F1)
Displays main menu, from which all
submenus are accessed.

Next Screen (F2)

Press F2 followed by the direction key in a
data entry screen will advance to the next
screen in that direction, if one exists.

Submenu (F3)
Press F3 while in any data entry screen to
return to the current submenu.

Next Data (F4)

Press F4 followed by the direction key in any
data entry screen will advance to the next
non-zero data field.

Display Adjust (F5)

Press F5 to adjust the display contrast. In
some models, the display is adjusted using
the dial under the keyboard.

Next Page (F6)

Press F6 followed by the direction key to
advance to the next group of data entry
screens in the current submenu.

Status Display (F7)
Press F7 to view the status of the
intersection. (See below.)

Help (F8)

Press F8 in any menu or with the cursor in
any data entry field to display help screens.
Press F8 again to exit the help screens.

Enter
Always press the Enter key after entering
data before exiting the menu.

Cursor

Use the cursor button to move the cursor in
the desired direction and to scroll through
data screens.

Numbers (1-9)
Press the number keys to access the
corresponding menu and to enter data.

Toggle (0)

Press 0 to toggle yes/no, enabling (X =on
and blank = off, and other data fields that
have more than one preset parameter.

Clear

Press Clear to exit help screens and to erase
the current data entry and restore the
previous data entry.

Special Function

Press Spec Func then numbers 1-6 to enter
the hexadecimal values A-F in screens that
require these numbers.

Figure 3-6 Econolite Key Functions

The intersection status display provides real-time information about the state of the controller:

1. The numbers 1 through 12 at the top of the screen represent phases 1 through 12.

2. AT’ inthe T/N row indicates the phases that are currently timing. An ‘N’ in this row

indicates the phases that are going to be timed next.

3. A‘C’in the VEH row indicates a call from a vehicle detector. An ‘R’ in this row indicates

that the particular phase is in recall, probably because it has no detection. An ‘N’

indicates that the phase is non-actuated. For testing purposes, vehicle calls can be

placed manually by pressing the number key corresponding to the desired phase (1-8).

To place calls on phases 9-12, use the cursor keys: T (9), — (10), L (11), « (12).

4. A'C’inthe PED row indicates a call from a pedestrian detector. Likewise, an ‘R’ in this

row indicates that the pedestrian phase is in recall. An ‘N’ in this row indicates the

pedestrian phase is non-actuated. Pedestrian calls can be placed manually by pressing

the Special Function key followed by the number key for the desired phase.
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The current phases are also indicated on the left side of the screen with the timing
interval, termination indication, time remaining, and pedestrian status. Timing intervals
that can be shown include MGRN (minimum green), MGRN DONE, GRN HOLD, GRN
REST, VEXT (vehicle extension), GRN XFER (green transfer), YEL (yellow), RED, RED
REST, RED XFER, and HOLD. Termination indications are displayed to indicate the
reason for ending the green interval and include PREEMPT, FORCE OFF, MAN ADV
(manual advance), MAX OUT, GAP OUT, MIN GAP, and GUAR PASS (guaranteed
passage). Pedestrian intervals that are shown include WALK, WALK REST, WALK
HOLD, and PCLR (pedestrian clearance).

The intersection coordination status is shown below the phase status. CMD SRC
indicates whether the controller is coordinated through telemetry (TLM), hardwire
(HDW), or not-interconnected (NIC). The coordination pattern that is being run is shown
next to PTN. The local cycle timing is shown next to LOC CYC. The system cycle
timing is shown next to SYS CYC if a master is being used. When running coordination,
these two times will not always coincide. The master cycle is based on the cycle length
entered in the system parameters menu. The local cycle is based on the cycle length
for the selected coordination pattern. The two might not be the same, especially if
intersections are half-cycled or a non-zero offset is used. COORD indicates that the
controller is in coordination with the system. If it is not in coordination, the method of
offset correction is shown as ADD, DWELL, or SUB. Offset correction is discussed later
in this chapter.

If preemption is being used, the call status is shown in the bottom left corner of the
status display screen for priority preemptors 1-6 and bus preemptors 1-4. An ‘A’
indicates the preemptor is active, a ‘C’ indicates a call is present, a ‘D’ indicates the
preemption delay is timing, and an ‘I’ indicates that the inhibit timer is timing. For testing
purposes, preemption calls can be placed manually by pressing ENTER then the
corresponding keyboard number (priority 1-6) or cursor (bus T1, —»2, 13, «4).

The NIC program step number and pattern called by that step are shown in the bottom

right corner along with the TOD program step number and the current date and time.
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STATUS DISDLAY: [@ 111
PHASE 1234567859012
2 GRN HOLD| [T/N T T al
o VEH C R R a
[EED C c Q

6 GRN HOLD

CMD 2RC TLM G ETH 2 CoB 333
LOC CY¥C Gz COORD
BYE CYC Gz  TLM OK

MNIC: STEF 5 [57
PERIOREITY & BU3 PTH 3
1 =2 3 45 6 12 3 4| ToD: ETEP 1

Figure 3-7 Status Display (F7)

3.1.3. Memory

The Econolite controller stores information on an EEPROM that can only be removed when the
controller is turned off. Removing or replacing an EEPROM while the controller is still on can
erase or damage the EEPROM. The controller cannot run without an EEPROM. Figure 3-8
shows an Econolite EEPROM. If a controller needs to be replaced, removing the memory
module from the old one and inserting it into the new controller is an easy way to transfer all
configuration parameters.

oo

FCcececetet b

32845G2 Rev:A

L 1 B

foEeRCCCCRPRERPRCREY

DO NOT REMOVE OR INSERT

(a) Back (b) Front

Figure 3-8 Econolite EEPROM
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3.2. Initializing the Controller

Prior to programming the controller, it is very important to erase unwanted information that may
exist in the controller. Not clearing the memory can lead to many problems in the future. For
example, irrelevant time-of-day programs could be entered or unused detectors could be
enabled. Troubleshooting will also be simplified by initializing the controller because the

programmer always starts from the same default values.

3.2.1. Local Procedure:

Main Menu — 8. Utilities — 1. Copy — 3. Backup Timing

The quickest way to clear the memory and start with a valid timing plan is to copy the backup
timing plan. This procedure is done in one step. The controller comes with a basic timing plan
with predetermined parameters. These values will be placed in the controller timing data menu.
Also, data in the submenus listed below will be cleared.

¢ Submenu 3 Coordinator data

e Submenu 4 Preemption data

¢ Submenu 5 NIC/TOD data

e Submenu 6 Detector data

e Submenu 9 Diagnostic Enables.
Please note that not all data in the controller can be cleared. Data in the submenus not listed
(such as telemetry configuration and controller timing parameters) might be a starting point when

troubleshooting the controller.
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BACEKUP TIMING

SELECT COPY BACEUPR TIMING:

COPY BACEUP TIMING

PRESS 'ENTER' TO BEEGIN COPYING

COPY BACEUP TIMING X

BACEKUP TIMING

COPIED

(a) Local Controller Copy Backup (MM, 8, 1, 3)

(b) Copy Backup Confirm

Figure 3-9 Initialization: Local Controller Copy Backup Timing

Main Menu — 8. Utilities — 2. Memory Clear

Another method of clearing the memory is to individually clear the submenus listed above. This

will not copy any default timing data, only clear those submenus. Move the cursor down to

Coordinator Data and press ‘0’ to toggle an ‘X’. This marks the data in this submenu to be

cleared. Select other data to be cleared. After all have been marked, press ENTER. The data

clear is confirmed as shown in Figure 3-10b.

MEMORY CLEAR
SELECT DATA TO CLEAR:

CLEAER COORDIMNATOR DATA
CLEAR NIC/TOD DATA
CLEAE PREEMET DATA
CLEAE DETECTOR DATA
CLEARE DIAGNOSTIC ENAELES

PRESS TENTER'™ TO EEGIN CLEARING

CLEAR
CLEAR
CLEAR
CLEAR
CLEAR

MEMORY CLEAR

COOQORDINATOR DATA h24 CLEARED
NI/ TOD DATA ® CLEARED
EREEMET DATA 24 CLEARED
DETECTOR DATA ¥ CLEARED
DIACGNOSTIC EMABLES H CLEARED

(a) Memory Clear Menu (MM, 8, 2)

(b) Memory Clear Confirmation

Figure 3-10 Initialization: Local Controller Memory Clear
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3.2.2. Master Procedure:

The zone master memory cannot be cleared. However, default data screens are provided in the
Econolite Programming Manual'®. If the master has been previously used in other systems, it is
recommended to program the default data as a starting point.

'® Econolite Zone Master Programming Manual, Appendix A
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3.3. Setting up Communication

3.3.1. Interconnected System with Master

Once the master and local controllers are initialized, communication between them should be
established. Make sure all local controllers are connected to the master with the appropriate
telemetry cable. The cable should be plugged into Port 3 on the local controllers and the

Telemetry port on the Master.

3.31.1. Telemetry Configuration
3.3.1.1.1. Local Procedure:

Main Menu — 1. Configuration — 5. Port 2

In the Configuration submenu of each local controller, Port 2 should be configured as shown in
Figure 3-11. Port 2 is the communications terminal that can allow a computer or laptop to be
directly connected to the controller. Port 2 is not often used if computer communication will take
place through the master, however it should be enabled for possible use. The protocol should be
set to terminal and enabled. The data rate should be 19,200 bits per second and the data, parity,
stop should be 8, N, 1.

PORTZ COWNFIGURATION

PORTZ PROTOCOL. o v v et i e v v e e s TEEMNL
PORTZ EMABLE. ... v v v nnnnnnns TES

ME3418 ADDRE®S. . ... 0
WBE3418 SRCOUP ADDREEE.......... 0
IWE34153 RESPONSE DELAY......... 1]
wWB3413 SINGCLE FLAZ ENABLE..... NO
wWE34153 DRCOP-OUT TIME.......... 0
WE3413 TOD SF BELECT.......... ]

DATA RATE (BES) vuerernrennnnns 19,200
DATA, PARITY, STOP......vvwen. 8, N, 1

END OF ZSUBMENU

Figure 3-11 Communication: Local Controller Port 2 Configuration (MM, 1, 5)

Main Menu — 1. Configuration — 6. Port 3

In the Configuration submenu of each local controller, Port 3 needs to be configured. The

protocol should be TELEM for telemetry and enabled. Each controller needs to be assigned a
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unique telemetry address. Since the example intersection is the first in the system, it is assigned
address 1. Valid telemetry addresses are 0-24. The telemetry response delay should be set
based on the type of telemetry module in the controller. Without powering down the system,
open the front panel of the controller and look at the telemetry module.

e |f the module has 4 LEDs, as shown in Figure 3-12c, the delay should be set to 8000.

e |f the module has 3 LEDs, as shown in Figure 3-12d, the delay should be set to 6000.
The AB3418 data is used for California protocols and is not used in Indiana. All data entries
should be zero or no. In the second screen (page down), set the port to full duplex, and data rate
to 1200 bps for twisted pair (TDM/FSK telemetry module) and 9600 or 19,200 bps for fiber optic
(RS-232 telemetry module). The data, parity and stop should be 8, 0, 1. Once the controllers
have been enabled on the master, communication can be confirmed on the status display screen.

PORT3 CONFIGURATION PORT3 CONFIGURATION
PORT3 PROTOCOL. o v v i i et e v e s TELE
PORT3 EMNABLE. ... . v v v i v nns YES DUPLEX -- HALF or FULL........ FULL
MODEM DATA RATE (BPE)......... 1z00
TELEMETRY ADDRESS............. 1 DATA, PARITY, STOP............ g, 0, 1
SYSTEM DETECTOR 9-16 ADDREEE. . a
TELEMETEY RESPOMNSE DELAY...... gooo RICOCHET OPTICHNO

IBB3415 ADDREES. . ..............
IWE3418 GROUP ADDRESS.......... AUTO STATUS DESTINATION ADDR. .
tB3418 EESPONSE DELAY......... IAUTO STATUS REPORT DELAY......

a EICOCHET ADDRESS..............

a

a
IAE3418 SINGLE FLAG ENAELE..... MO icons LIVE TIME. ..............

a

a

o o oo

®B3418 DROP-0OUT TIME..........
®B3415% TOD 3F SELECT..........
IWDDITIONAL SCREEN (8] END OF SUBMENU

(a) Port 3 Configuration Screen 1 (MM, 1, 6) (b) Port 3 Configuration (MM, 1, 6, PgDn)

(c) 4 LED Module — TRD = 8000 (d) 3 LED Module — TRD = 6000

Figure 3-12 Communication: Local Controller Port 3 Configuration
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3.3.1.1.2. Master Procedure:

Main Menu — 1. Data Entry — 0. Next Menu — 2. Enable Devices

The master will also have to be assigned a telemetry number, but this will be done in Section
3.4.2.2. After Port 3 has been configured on all local controllers, the controllers have to be
enabled on the master. In the enable devices screen, local controllers are enabled by placing an
‘X’ in the second column under the controller heading. The numbering should coincide with the
local telemetry address assigned. For this system, the local controllers were assigned telemetry
addresses 1-5. Devices 1-5 have been enabled in the controller column as shown in Figure
3-13a. Telemetry channel 1 is enabled. If system detectors will be used, they should be enabled
here.

Main Menu — 1. Data Entry — 0. Next Menu — 3. Telemetry Sequence Channel 1

After the controllers are enabled, they need to be assigned telemetry channel 1. In the first
column under CTR (controller), the controller number from the Enable Devices screen must be
entered next to the telemetry address used for each controller. The whole process is easiest if
intersection 1 is enabled as controller 1 and assigned to telemetry address 1, and each

subsequent intersection follow the same pattern.

EMAELE DEVICES [ TELEMETRY SEQUENCE CHANNEL 1
e 2 tSee HELP for caution.?)
SWSTEM COMWT. SFEED TELEM. % SDAL S ‘Bl SDEZ
DEUICE# LET. TRAF  CHAN. : P154 §954 7295 7282 7081 1782
Leimmcnse “ 1.7 A 1 1 2 3 -
Zivennn & 2. 2 z a 7 =] a
i T I == e w . O 5] 5} ) (5]
= D i - ‘ 4...4 4 a8 B8 6 @
8 g3 s SJues 3 a4 a a 4 5
S . . — .. 4 o 5 A @ a
Paaienin.: - Tun a 5] 5] ] &
Bl . . . = 8... ®© 9 8 9 o B
ACDITIONAL SCREEHS: ADDITIONAL SCREEMCS) MORE->
(a) Enable Devices Screen (MM, 1, 0, 2) (b) Telemetry Sequence Ch 1 (MM, 1, 0, 3)

Figure 3-13 Communication: Master Telemetry Channel Assignments

After a system reaches 12 intersections or 24 requests, a second telemetry channel should be
added to the master. Requests are defined in Table 3-1. For example, a controller with eight
system detectors and one speed trap will equal seven requests. A telemetry channel can handle
40 requests, but the read back times will go from 1 per second at 24 requests or less to 1 every
1.5 seconds at 40 requests.
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Table 3-1 Master Telemetry Channel Requests

Parameter Master Abbreviation Requests
Controller CTR 1
Auxiliary 1 AUX1 1
System Detectors 1 & 2 SDA1 & SDA2 1
System Detectors 3 & 4 SDB1 & SDB2 1
System Detectors 5 & 6 SDC1 & SDC2 1
System Detectors 7 & 8 SDD1 & SDD2 1
Speed Trap 1 STA 1
Speed Trap 2 STB 1
Auxiliary 2 AUX2 1

Main Menu — 1. Data Entry — 0. Next Screen — 9. Telemetry Configuration

The telemetry channels that are used also need to be configured. The data rate should be 1200
bits per second for the twisted pair connection and 9600 or 19,200 for fiber optic. The bits, parity,

and stop should be 8, 0, 1. The other values can be left at the default.

TELEMETEY SETUFP AMHL OPTIOMS
TELEMETEY SETUP

— M=
A=
DnMZEZ=Z=Z

ADLITIONAL FHGECS?

Figure 3-14 Communication: Master Telemetry Channel Configuration

Main Menu — 1. Data Entry — 0. Next Screen — 6. Configuration

In order to access the Master in the field with Aries, the modem must be configured. In the
configuration screen, the communication type should be modem and other parameters are
specific to the modem used. If Aries is used with a direct connection, Port 2 should be selected
and configured. The speed should be 19,200 bps and the data format 7, E, 1. The increased
speed is possible with a direct connection but not with a modem. The data transfer between
Aries and the master controller will be much faster, however the transfer to the local controllers

will only be as fast as the telemetry connection.
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CONFIGURATION
ARIES o ZMIL: COMM TVPE.......... DIRECT
COMHECTS IR PORT..FPORT 2
FETRY COUMT . e s asen B
MIH RETEY IMTERUAL. 3
~ ME= EETEY IHTEF”HL 3
EVENT REFCORT: TELEFHOHE #.
~ DEE BURT sonvavmnss 7
LOG REFORT: TELEFHOME #
DES PORT cumwwnwiiss «
MAINTEHAHCE: TELEFHOHE #
_ DF5 PORTaerancacsasa
NETWORE ACCESS MUMEER. «ovveausan o
ADDITIONAL FARGECS:

COMFIGURATION

SPEEE: CEESSwummmnnss oy 2
DATH FORMAT :

(CHECK 31

MODEM FPORT:

PORT Z:

ADDITIOHAL FAHGE.Z:

(a) Modem Configuration (MM, 1, 0, 6)

(b)Modem Configuration (MM, 1, 0, 6, PgDn)

Figure 3-15 Communication: Master Modem Configuration

3.31.2. Telemetry Verification

3.3.1.2.1. Master Procedure:

Main Menu — 2. Diagnostics — 2. Controller

Communication can be verified from the controller diagnostics screen. The status of enabled

controllers show telemetry ok, as shown in Figure 3-16a.

If telemetry fails for one of the

controllers, check the local controller telemetry address and make sure it corresponds to the

controller that was enabled on the master. If two controllers in the system are configured with the

same address, this could also cause telemetry to fail. An unconnected cable can also cause

telemetry to fail.

COHTROLLER DIAGHOSTICS

1 2 z 4
YES  WES  YES  VES
O Ok Ok IE

MORE- >

COWTROLLER DIRGHOSTICS

COMHTROLLER. + . 1 = I 4
EMRELED....... YES YES YES YES
TELEMETEY . v uus FRIL FHIL FRIL HIL
CYCLE FARIL. . . P
CHL FLE . . .
MAINT EEL
LDHEH HLFFM .

1 .......

ALARM Z.......

MORE- >

(a) Controller Telemetry Status (MM, 2, 2)

(b) Controller Telemetry Status Failed

Figure 3-16 Communication: Master Telemetry Verification




3.3.1.2.2. Local Procedure:

F7. Status Display

Verifying telemetry is quickest and easiest using the master because the state of the whole
system can be viewed in one screen. However, the telemetry can be also be verified in each
local controller. The quickest way to confirm communication is on the status display screen. If
TLM OK appears next to the system cycle, as shown in Figure 3-17a, communication is ok. If
TLM ERR appears, as in Figure 3-17b, there is something wrong with either the master

configuration, local configuration, or the communication infrastructure.

STATUS DISPLAY: 111 STATUS DISPLAY: 111
DHASE 12345676890 12| |PHASE 1234567889012
2 GEN HOLD T/N T T 3 MGRN 1 T/N T T
WEH C R R INH MAX VEH C CR C
FED PED
6 GRM HOLD 5 MGEN 3
IMNH MaAX
CMD BRC TLM PTN 3 Cog8 333 CMD BRC NIC PERM PTN 3 Cog8 333
LOC CYC 6z COORD LoC CYC 35s  8UE
5YS CYC 6z [TLM OE| 4= SYS CYC 93z [LI ERE| 4—
NIC: STEP 5 NIC: STEP 5
PRIORITY BUS PTHN 3 PRIORITY BUS PTHN 3
123456 1234 TOD: ETEP 1 123456 1234 TOD: ETEP 1
3/29/01 17:03:04. 3/29/01 17:03:33.
(a) Local Status Display Telemetry OK (b) Local Status Display Telemetry Error

Figure 3-17 Communication: Local Telemetry Verification (F7)

3.3.1.3. Interconnected System Time Clock
3.3.1.3.1. Master Procedure:

Main Menu — 1. Data Entry — 1. System Parameters

One of the many advantages of interconnected systems is clock synchronization. The master
can set all local controller time clocks. This is very important for coordinated systems. Without
the same time references, the controller offsets are useless. To set the clock, go to the data
entry submenu shown in Figure 3-18a. The first system parameters screen allows the user to set
the time and date. Enter must be pressed in order for the changes to take effect. This time will
be downloaded to all local controllers. Also, the master can regularly synchronize the time of all
local controllers. This feature is enabled in the fifth screen in the system parameters shown in

Figure 3-18b by toggling “NIC Time Sync Enable. *
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| SYSTEM PARAMETERS SYSTEM PARAMETERS
DATE: 82-095.91 TIME: 1g2:@@:@; MESTER: NUMBER: wywmmevvvsaiaa i 1
) MIC BACKUP EMABLE. v o vveesnnvnsnes 2]
CATE | EMTER DETE-TIME NIE RESUNG COUHT 1z s G
| TIME | THEHM FREZZ EMTER HIC TIME:SYNG ENRBEE i s it “YES
DAYLIGHT SAUIHGS. s urreenn.. NOT EMAELED
I
ADDITIOMAL PRGE(S) {QDDITIGHQL PAGE(S? j

(a) Time and Date Configuration (MM, 1, 1)

(b) NIC Sync Enable (MM, 1, 1, PgDn(4))

Figure 3-18 Master Time Configuration

3.3.1.3.2. Local Procedure:

Main Menu — 5. NIC/TOD — 1. Clock/Calendar

All local controllers in the system must have the same sync reference time and source. The

source should be set to reference time and the default value of 0:00 can be used for the

reference time. Make sure that all controllers in the system have the same sync reference time

programmed. The other two sync sources occur at certain points in the master cycle, rather than

on the time clock.

NIC/TOD CLOCK/CALEMNDAR DATA

5 APR 2001 THU WEEK 14 20:40:43
DATE SET: 4/05/01 | ENTER DATE/TIME
TIME SET: Z20:40:3% | THEM FREZS ENTER
MANUAL NIC PROGRAM STEFE o
MANUAL TOD PROGRAM STEPD o
SYNC REFERENCE TIME 0:00
SYNC REFERENCE......... REFERENCE TIME

WEEK 1 BEZINE ON 18T SUNDAY
DISABLE DAYLIGHT SAVIMNGS X
DST BEGINS LAST SUNDAY

END OF SUBMENT

Figure 3-19 Local Controller Time and Date Configuration (MM, 5, 1)
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3.3.2. Non-interconnected System

In general, an interconnected system is preferred because it is easier to ensure synchronization.
However, situations arise where it is not practical to deploy communication infrastructure to
interconnect traffic signal equipment. In those cases, it is critical that all controllers be configured
to reference the identical time. When programming the time clocks, extra care must be taken to
program the clocks to the nearest second. A device such as a handheld Global Positioning
System (GPS) receiver is usually the most precise and accurate time reference to use for this

procedure.

3.3.2.1. Local Procedure:

Main Menu — 5. NIC/TOD — 1. Clock/Calendar

If a system with multiple controllers is running coordination plans, the time clock in each controller
needs to be set. The clock in each controller needs to be as accurate as possible for optimal
performance. Time clocks in the controllers will actually drift over time. Controllers in the field
should be reset every year or after power outages to ensure synchronization. To set the time
clock, go to the Clock/Calendar screen in the NIC/TOD submenu. Enter must be pressed for the

changes to take effect.

NIC/TOD CLOCK/CALEMNDAR DATA

5 APR 2001 THU WEEE 14 20:40:43
DATE SET: 4/05/01 | ENTER DATE/TIME
TIME SET: 20:40:3% | THEN PREZS ENTER
MANUAL NIC PROGRAM STEP ]

MANUAL TOD PROGRAM STEPR 1]
8YNC REFERENCE TIME 0:00
SYNC REFERENCE......... REFERENCE TIME

WEEK 1 BEZINE ON 18T SUNDAY
DISABLE DAYLIGHT SAVIMNGS X
DST BEGINS LAST SUNDAY

END OF SUBMENT

Figure 3-20 Local Controller Time and Date Configuration (MM, 5, 1)
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3.4. Aries: Computer Interface

Once the communication has been established, assuming all controllers are linked via telemetry,

the configuration of the system can be performed using the Aries Management Software.

The Aries software has many benefits besides simplifying controller data entry. The typical
sequence followed when using Aries is to upload the current controller data to the computer,
modify it, and download the new data to the controller. Before the data is downloaded to the
controller, it is saved on the computer. This backup copy is always available in case something
happens to the controller and the data is erased. Instead of keying in all of the data by hand,
which can take hours, the data is simply downloaded and the intersection is running in a few
minutes. Furthermore, with the modem plugged into a phone line, new timing plans can be
entered into Aries and downloaded to the controllers without leaving the office, although this
practice is discouraged by INDOT to prevent the user from downloading undesired data that
could affect the safety of the intersection operation. Other Aries features include green band
analysis for showing coordination and real-time intersection displays that allow the user to assign

phases and detectors to images.

Example screens in this section are from Intersection 1 State Street in the U.S. 231 system.
Complete data for this system can be found in Appendix B. For each parameter configured, the
Aries screen will be displayed with the corresponding controller screen and the Synchro screen (if

applicable) from which the data was taken.
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£ Aries Zone Manager

File Agcesz Launch  About

58| | o(mm\|. |05 5

B o
= Zone 1: U5 231
; ; Int 1: State Street

Int 2: Howard Avenue
Int 3 Southwest Ramp
Int 4: Mortheast Ramp
M Int 5 Robinson Street
+-Bf Zone 11: PEZS Engineering
+-Bf Zone 12GM.aT.
+ B Zone 13 231 CLASS
Temparany Scratch Area
+--I8 Alam T able

ﬁ Access Unlocked Zone 11: PEZS Enaineering

Figure 3-21 Aries Computer Software

3.4.1. Preparing to Upload

Aries uploads all data in the controller. However, by design, not all parameters can be configured
in Aries to preclude accidentally downloading serious changes to the controller. Certain data can
only be entered with the controller keyboard. This data includes that in the configuration
submenu, preemption submenu, and phase overlaps. It is extremely important to enter this data

before uploading the database to the computer.
3.4.1.1. Controller Configuration
3.4.1.1.1. Local Procedure:

Main Menu — 1. Configuration — 1. Controller Sequence

The controller sequence is used to configure the ring structure for the intersection. The ring
structure for this intersection is shown in Figure 3-22a. Ring 1 has vehicle phases 1-4 and
pedestrian phases 2 and 4. Ring 2 has vehicle phases 5-8 and pedestrian phases 6 and 8. The
barriers are located between phases 2/6 and 3/7, 4/8 and 1/5. In the cabinet, channels 9, 10, 11,
and 12 correspond to the pedestrian phases. Phase overlaps correspond to the last four load
switch in the order A, B, C, and D. The pedestrian and overlap phases are not exclusively timed
phases, so they are not included in the ring structure.

53



\ o
92
24
~
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Figure 3-22 Controller Sequence

(c) Aries (after upload)

Main Menu — 1. Configuration — 2. Phases in Use

All eight vehicle phases are not always used. For example, the intersection could be a T-

intersection or not all of the left-turns protected. In these cases, the phases that are not being

used can be omitted to prevent any confusion. If the phase is omitted and timings are

accidentally entered, Aries will alert the user of this inconsistency.

1. Inthe Phases in Use screen (Figure 3-23a), place an ‘X’ under all of the phases that are

in use.

phase in the second row (Figure 3-23a).
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Also, if exclusive pedestrian phases are being used, place an ‘X’ under the pedestrian




3. Inthe Aries screen (Figure 3-23, Item 3), the phases can be labeled with their direction

movement. This data is not present in the controller; it only exists to aid the programmer

in the Aries environment.
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111
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(a) Controller (MM, 1, 2)
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Figure 3-23 Phases in Use

Main Menu — 1. Configuration — 7. Enable Event Logs

Most agencies log certain controller events, such as detector errors and conflict monitor flashing

events as shown in Figure 3-24. INDOT uses alarm 1 to report when the cabinet door has been

opened. This data can be transferred using Aries to be viewed or viewed from the controller.
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Figure 3-24 Enable Event Logging
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3.4.1.2. Overlap Assignment

3.4.1.21. Local Procedure:

Main Menu — 2. Controller — 5. Overlap Data

Intersection 1 in this system has right-turn overlaps on three approaches. These overlaps run
concurrently with the appropriate left-turn phases as shown in Figure 3-22a. Overlap A, which is
the phase 2 northbound right-turn movement, will run concurrently with phase 3, the westbound
left-turn movement. In the screen shown in Figure 3-25a, overlap A should be assigned as a
standard overlap with phase 3. Similarly, overlap B is assigned to phase 5 and overlap C is

assigned to phase 7.
Econolite also provides a “negative green overlap” for right-turn overlap. This allows the right-

turn arrow to be displayed during the yellow and all red time of the preceding through movement.

This allows the overlap to have additional green time equal to the yellow and red times.
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Figure 3-25 Phase Overlap Assignments
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3.4.1.3. Preemption

3.4.1.3.1. Local Procedure

Main Menu — 4. Preemptor — 1. Priority Preempt 1

If preemption is used at this intersection, it has to be entered via the keypad and can be

configured now or after the database is downloaded back to the controller. There are six priority

preemptor and 4 bus preemptor sequences available in the controller. Each sequence can be

programmed to serve the desired movements. Sample screens for priority preemptor 1 are

shown in Figure 3-26. Since preemption is not commonly used in Indiana, it will not be discussed

further. More information on configuration can be found in the Econolite programming manual."
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Figure 3-26 Preemption Configuration

"9 Econolite Local Controller Programming Manual, Preemption.
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3.4.2. Setting up an Aries Zone

3.4.2.1. Aries Procedure:

Right-click on Zones — Create a New Zone

A new zone must be created in Aries before data can be uploaded. After Aries has been

launched on the computer, find an unused zone number to create a new zone. For this example,

Zone 1 will be used. Right click on Zones and create a new zone. Give the zone a unique name

to eliminate confusion with other zones. The name should include the main street in the system,

such as U.S. 231. The actual phone number to be dialed should be entered here.

£ Aries Zone Manager

File Agcesz Launch  About

38| | =|m|@E 0|5 8

+- g P

+-F Alea
+- i Refresh F5)

& Access: Unlocked Zones

(a) Aries Main Window

Add Zone Node
Zohe Telephone Mumnber oK |
1 | 5555555
Cancel

Zone Mame

Us 23

Zone Type Bit Rate

ASC/2M Zone Master | | | [1200bps x|
Access Code

¥ Create Mew taster Data File

(b) New Zone

Figure 3-27 Aries: Zone Creation

3.4.2.2. Master Procedure:

Main Menu — 1. Data Entry — 1. System Parameters

Before the computer can communicate with the master, the Aries zone number needs to be

entered in the master. In the system parameters, page down to the 5" screen. Enter the master

number of the Aries zone that was created.
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%

(a) Master Zone Configuration (MM, 1, 1)
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Figure 3-28 Master Zone Number

Right-click on New Zone — Add Intersection

Add each intersection in the system as shown in Figure 3-29a, naming it with the cross street.

The intersection number has to be the same as the telemetry address entered in each controller

in Figure 3-12a.
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(b) Intersection Configuration

Figure 3-29 Add Zone Intersections
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3.4.3. Uploading to Aries
3.4.31. Setting Up Communication

Launch — Communications Server — File — Setup

Before attempting to upload the data, the communications server must be configured for the
serial port or modem. The communications server can be launched from the Aries menu. If a
channel does not already exist, one must be inserted and edited with the properties button Figure
3-30b. The port number in Figure 3-30c corresponds to the serial port on the computer. The bit
rate should be 19,200 for direct connect or 9600 (or less depending on the modem) for a modem.
This data should match the data configured in the master in Figure 3-14. In the port options

screen in Figure 3-30d, the selection can be made between direct connect or modem.
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(c) Port Configuration

(d) Port Options

Figure 3-30 Aries Communication Server

The quickest way to verify communication is by performing a byte compare for the master

controller and a quick compare for each local controller. The master controller should be tested

first since local communication is performed through the master. Then each local controller

should be tested to make sure that communication is established with all controllers. Figure

3-31a shows the selection of a byte compare for a master. Figure 3-31b shows selection of a

quick compare for a local. Figure 3-31b & ¢ show the communication server screens for

successful communication and failed communication.
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(c) Communication Successful

(d) Communication Failed

Figure 3-31 Aries Communication Verification

3.4.3.2,

Master Upload

Right-click on New Zone — Upload Master Data

Make sure the computer is connected to the master with the proper cable. Aries should be able

to upload the master database. After clicking ‘Upload Master Data’, the Aries communication

server will launch. If the communication server launches successfully, the upload can be started.

When the data is uploaded, Aries will automatically save the data. If Aries could not connect to

the Master, check the cable and the communications server configuration (computer com port,

data transfer rate, etc). Do not proceed until communication has been established.
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£ Aries Zone Manager
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Figure 3-32 Upload Master Database

3.4.3.3. Local Upload

Right-click on Intersection — Upload Intersection Data

Upload each intersection database, by right clicking on that intersection. Save all data after it is
uploaded. A convenient tool for uploading all controller databases on a system is the File-Batch-
Upload Command. This allows an operator to upload all controller information from all controllers
in the system without having to repeatedly select intersections and click OK. This can be located
in the File menu under batch operations.

If the communication server cannot communicate with a specific controller, check the telemetry

address and the data transfer rate. After all intersections are uploaded, the controller data can be

configured in Aries.
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Figure 3-33 Upload Intersection Database

3.4.4. Database Modification

3.4.4.A1. Controller Parameters

3.4411. Timing Data

The controller timing data in Figure 3-35 includes the minimum data to make the intersection
operate. The data in these menus should allow the controller to run the intersection in the event
that coordination is lost, but the signals are still active. Parameters that must be entered for the
intersection to run include minimum green time, maximum green time, yellow clearance, and red
clearance. Be careful entering these parameters directly from a Synchro output. Phase green
times and phase splits are not the same. Splits are usually entered in percents and therefore
total 100 for each ring. Phase splits include green, yellow, and red times for that particular phase.
The data calculated in Chapter 2 (Figure 3-34a) will be used and is shown being entered in
Figure 3-35 and Figure 3-36. Note that the table in Figure 3-34a is not in the same sequence as
the one shown in Chapter 2. The table in Figure 3-34b outlines the differences in naming
conventions for certain parameters between the Econolite controller, Peek controller, and the
NEMA TS-2 convention.

Item 1 to be entered into the controller is minimum green. For each phase in the ring structure,
the minimum green time should be entered in the corresponding column. Follow the same

procedure for items 2-15.
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INT DESCRIPTION (SEC) 1 2 3 5 6 8
(1] 1 MINIMUM GRFFEN 5 10 5 7 5 10 7
(2] 1 PEDESTRIAN WALK -- 7 -- 7 - 7 -- 7
(3] 1 PEDESTRIAN CLEARANCE | - | 11 -- 11 -- 11 - 11
(4] 1 VEHICLE EXTENSION 1415014 50|14 50|14 ]50
(5] 1 MAXIMUM EXTENSION 10/ 35110 55|10 |40 |15 ] 50
0 1 MAX1 GREEN 151 46 | 15 | 67 | 12 | 48 | 16 | 66
Q 1 MAX2 GREEN 151 46 | 15 | 67 | 12 | 48 | 16 | 66
(8] 1 MAX3 GREEN 17 | 53 | 17 | 78 | 14 | 56 | 19 | 76
(9] 1 YELLOW CLEARANCE 32140 |32 |40 | 32|40 | 32 | 4.0
0] 1 RED CLEARANCE 2011512015120 15|20 15
1] 1 SEC/ACTUATION - - - - - - - -
17} 1 MAXIMUM INITIAL -- - - - - - - -
® 1 TIME BEFORE REDUCTION | -- | 15 - 22 - 18 - 25
4] 1 TIME TO REDUCE - | 37 - 54 - 45 - 61
B 1 MINIMUM GAP TIME - |1 3.0 - [ 3.0 - 130 - 130

(a) Controller Parameters from Chapter 2

NEMA TS-2 Econolite Peek
Minimum Green Minimum Green Initial
Passage Time Vehicle Extension | Passage Time

(b) Terminology Relations

Figure 3-34 Phase Timings
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== Aries Data Entiy - State Street
Fle Launch MNotes about

Sl 8| & mal @mh|FE @ 5 w6 & W2

M= B

Corfiguration,

{Hin Tiwing | EstensionsMas | Clearance | Density |

HoServe Phases 12 3 4 5 & 7 8 a

SBLT WELT MNBLT EBLT
NE EB SB W

RLUR | R

Power Start, Remote Flash
Option Data

Recal Data, Dimming

Det. Type/Timers

Diet. Phase Assignment
Det. Cross Switching
Ped/5D Local Assign Log Intervi
Diagnostic Flans/Fal Action
Ped Diagnostic Plans

Det. Diagnostic Intervals
Speed Detectors

||5IMUTWT‘EM|57V77V57WV57FFFFF
Bike Minimum Green

LI O I T CI GO I N R O CR
Condiionsl Semvice Minimum Green

REET o ot vl

- T e e o

edestian Lleatance Time

L ot o e et G o

D ata Ertey Limits: Minimum: 0.0 Mawimum: 25 6 Phase 7 Minimum Gap

CONTROLLER TIMING DATA

= Aries Data Entry - State Street =] E3
File Launch Notes mbour
al=(8| 8] &l«|ml =B 28 g v
Min Tirving  CatensiondMax } Clearance | Densiy |
12 3 ¢ 5 B 7 8 0001112
SBLT WBLT HBLT EBLT
NB EB 8 WB

Pouer Start, Remate Flash
Dption Data
Fecal Data, Dimming

[/ ehicle Extension

W[+ 5o [1e [50 [7# [50 [1¢ [50 [00 [00 [00 [0

PHAZE. .. 1...2...3...4...5...6...7...8
MIN GRN.Q¢ 5 10 5 7 5 10 5 7]
BIKE =EN 0 ] ] ] ] ] 0 0
CS MGRN. 0 ] ] ] ] ] 0 0
ALE. ... 0 7 0 7 0 7 0 7
FED CLE.€ 0 11 o 11 o 11 0 11
WEH EXT.@1.4 5.0 1.4 5.0 1.4 5.0 1.4 5.0
VEH EXTZ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FIEX EXT.@@ 1 3 T 5 T q T 5
PEXT. ... 15 46 15 &7 12 48 16 &6
PEXZ. .. .@ 15 346 15 &7 12 48 16 &6
MAXZ. .. .@ 17 53 17 78 14 56 17 7@
DET MAX. i 0 0 0 0 i 0 0
ADDITIOMAL SCREEM (£) MORE-2+

Det. Type/Timers

Det. Phase Assignment

Diet, Crase Switching

Ped/SD Local Assign Log Intervc
Diagnostic Plans/Fal Action
Ped Diagnostic Plans

Det. Diagnostic Intervals

Speed Detectors

Alt Vehicle Extension

Wz Exteniion
Qi F F " " F P b b B _
Max 1

BE FrF T ErEF
R e

EEE
R 2

Detector Fail Max Time

LI O N O AN N G (NN RN O CAN I

Daata Erty Limits: | Minimum: 0.0 Maimur: 25.5 Phage 7 Mirimum Gap

(a) Aries

Figure 3-35 Phase Timing (Minimum, Pedestrian, Extension, Maximums)

(b) Controller (MM, 2, 1)
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== Aries Data Entiy - State Street [_[O]x]
Ele Launch MNotes About

Sl=d| 8] &/ sl olk|E | EEE vl

ior Min Timing | Extension/Max | Clestance \Densuy\
By-Phase Timing Data
rve Phases

!

Ped Canyover 1z 3 & 5 B 7 8 8 10 11 12
Vehicle/Ped Phase 25 veilap SBLT WeLT NELT EBLT

Overlap Dat

Fower Star. Remote Flash NE EB 38 W

Option Data

Fecal Data, Dimming eTow Clearance [Change]

Det Tipertines B> (55 [32 [0 [37 [ [57 [35 [50 [30 [30 55
Diel. Cross Switching

Ped/SD Local Sssign LogInterv _ [Red Carance

Diagnostic Flans/Fail Aotion

Ped Disgrste Plans Ol [5 [z0 [5 [0 [5 [z [15 [@ [0 [0 [@
Det. Diagnostic Inervals -

Speed Detectors . j Fed Reven Time

CONTROLLEE TIMING DATA
DHASE. . . 1...2...3...4...5...6...7...8
FELLOW. 3.2 4.0 3.2 4.0 3.2 4.0 3.2 4.0]
RED CLR.p2.0 1.5 2.0 1.5 2.0 1.5 2.0 1.5]
RED RVT. 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
D ata Eritry Limits: Minimum: 0.0 b awimum: 25.5 Phase 7 tinimum Gap ACT B‘l_ . D D D D D D D D
EEc/acT®0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0f
FAx INI.@¢ 0 0 0 0 0 __ 0 1 0]
== Aries Data Entiy - State Street =] E3 &IME B4"~E} a 15 a 22 a 13 0 25'
File Launch Notes about CARS WT. 0 0 0 0 0 0 ] ]
Sl=(\| & &|m| =i | 85 E 2 FTREDUC.Q 0O 37 0O 54 0 45 0 &1
Min Timing | Estension/May | Cleatance {Densily |
1§3d5571991m”2 MIN GAE.@ 0O 5.0 0 3.0 0 3.0 0 3.0]
SBLT WEBLT MBLT EBLT
NB EB 5B B
Overlap Data .
Pouwer Start, Remate Flash Actuations Before
- PR Fm R P fm R F P [END OF SUBMENU MORE—>
Diet. Type/Timers Seconds Per Actuation
D e soderert @00 [00_ [00 [00 [0 [00 [00 [06 [a0 [w6 [00 [ao]
Ped/SD Local Assign Log Interv: o it
Quens ratscin @) P S — —
Det. Diagnostic Intervals et
B I a0 (0 o L L
Cars Waitin
Tt T e o o
Time To Reduce
1 N Er O N N I
Mirimum G a
@\nn |3np\nn |20 Joo |30 Joo |30 Joo Joo Joo [oo
Dats Erty Limits:— Minirur: 0.0 Marirum: 25.5 Phase 7 Minimum Gap
(a) Aries Clearance (b) Controller Clearance (MM, 2, 1, PgDn)

Figure 3-36 Phase Timing (Clearance, Density Functions)

3.4.4.1.2. Recall Data

Data entered in this menu is in effect when the intersection is running free. Recall data is also
entered in the coordination patterns. If a pattern is running, that recall data takes precedence
over that shown in Figure 3-37. Consequently, this data should be configured according to how
the intersection should run in free mode. Vehicle recall will place a call on a phase while it is red,
so that it will be served, but the call does not remain once the phase is served. Recall to max will
do the same thing, only once the phase is green, the call remains so that the maximum green
time is served. If a movement at the intersection does not have detection, those phases are

typically recalled to max.

If all approaches in the intersection have detection, the main street through phases should be

placed in soft recall when the intersection is running free. This means that once calls are served
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on the side streets and through movements, the green indication will return to the main street and
rest until opposing calls are received. Soft recall would obviously not be needed if the main street
phases were in vehicle recall or max recall because the green would immediately be returned due

to the recall.

Ped recall will service the pedestrian walk and clearance times during their phases, regardless of
the button being pushed. This might be used at an intersection when the pedestrian buttons are

not working or are not installed. It is also used in areas with very heavy pedestrian traffic.

At intersection 1 in Figure B-3 in Appendix B, phases 4 and 8 do not have detection, therefore
they will be recalled to their max times. Phases 2 and 6 are considered the main street and will

be placed in soft recall since they do have detection.

== Aries Data Entry - State Street 1 [=] E3
File Laumch Notes Ahout
-= =2 CONTROLLERE EREECALL DATA
Sl=@| 8] &l ml m|i|mE S 8 E W
B0 7| Ao o] PHASE: 111
e o ox Dl PHASE.......... 1234586783 %01E:E
P i et Flsh D e T s LOCEING MEMORY.
e WVEHICLE RECALL.
B Typer Tmers Locking Memary rrrrrrrrrrrr
Det. Phase Assignment Vehicle Recal rrrrrrrrrrrr PED RECALL..... C e e e .
Diet, Cross Switching
Fed/SD Local Assign Log Interv: Pedestiian Recal rrrrrrrrrrrrrr RECALL TO MAZ. . . A A
gfgs?:;ﬁgﬁg%gi!“”m Recall to Max Time rrrerrrrerrrr SOFT RECALL
Dt Disgnastic Intervals Salt Fecal rrrrrrrrrrror . .
SpeedDetectos Tl i Red Here rrrrrrrrrrrr DON'T REST HERE

PED Dark No Cal rrrrrrrrrrrrr PED DARK N/CALL

END OF SUBMENU
Data Enty Limits: Standard Phasz 1
(a) Aries (b) Controller (MM, 2, 4)

Figure 3-37 Recall Data

3.4.4.1.3. Option Data

The controller option data parameters that generally need to be configured are dual entry, backup
protection, and simultaneous gap. Other option data shown in Figure 3-38 is typically only

enabled for special situation in Indiana.

e Dual Entry should be programmed for the through phases on each approach 2, 4, 6, and
8. This will prevent the possibility of having only one phase in green. By programming
phase 2 for dual entry, if only phase 5 has a call at an intersection, instead of only phase
5 turning green, phase 2 will also turn green. In the absence of a call in a ring, the dual

entry phase in that ring will go green when a phase is green in the same ring. After the
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dual entry is programmed (Figure 3-38a & b), it must be turned on as shown in Figure
3-38c & d.

Backup protection is usually enabled for groups 1 and 2. This prevents reservicing a
phase, usually a left-turn, after it has already been active in that cycle. More specifically,
if the phase 1 left-turn was served, followed by the phase 6 adjacent through, phase 1
would not be reserviced before phases 3 and 4 were served. Groups 1 and 2 refer to the
groups of phases on each side of the barrier in the ring structure. Here, group 1 contains

phases 1, 2, 5, and 6. Likewise, group 2 contains phases 3, 4, 7, and 8.

Simultaneous gap is typically enabled at all intersections in Indiana for safety reasons.
This feature controls how the phases function when they gap out. Consider phases 2
and 6 in a standard ring structure that must both terminate in order to cross the barrier. If
the phase 2 vehicle extension timer expires and phase 6 is still active, with simultaneous
gap enabled, the phase 2 vehicle extension timer can be reactivated. Without it enabled,
phase 2 cannot be extended again and will terminate when phase 6 gaps out. However,
when intersections are heavily saturated, more effective operation can be achieved if this

feature is not enabled.
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== Aries Dala Enlry - State Street o [=] E3
File  Launch Notes About
Bl Launch Holes 4 CONTROLLER OPTION DATA
Sls|al 8] &l mal @B S8 & W 11 1
Eyéh;hgol Phse | Frogam | OtverOpions | PHASE.......... 1234567805012
Egigg%%}hmeastevlap 1.2 3 45 Ehssres g 9 10 11 12 GUAR PABEAGE...
°"He“‘°te”“h GumsteedPassge T C T CFErE NOMACTUATED L. .
st ottt FFFEFEEFEECE - NONACTUATED ITI. e
Dot e oo Cotombeste? T FEFEFEEFEE DUAL ENTRY..... . X . % . X . X
B e og nter [DTEry I 2 2 T e e | COMND SERVICE. ..
Ped Disgrostic Plans Condtional Service rrrrrrrrrrrr COND RESERVICE.
Det. Diagnostic Intervals
Speed Detectors ~ CondliondlResevice [ F F F - T - rrr FEST IN WALE...
et nWak rrrrrrorrrorr FLASHING WALEK. .
Flashing W alk rrrrrrrrrrnrrnr
————— FIVE SECTION LEFT TURN HEADS --——--
5-2 7-4 1-6
3-8 11-10: o9-12
ADDITIONAL PAGE (§)
D ata Entry Limits: Standard Phasz 1
(a) Aries Screen 1 (b) Controller Screen 1 (MM, 2, 9)
== Aries Dala Enlry - State Street o [=] E3
Bl Launch Holeo Bhout CONTROLLER OPTION DATA
2 B E 2
22l gt ool i) 88 0 DUAL ENTRY. ... ... ... .. ... ..... on
By Fhe e Dt Phase {Fiogian | Other Optos | COND SERVICE EMNABLE............. OFF
Poslayorr Enabie Frogrammable Dpiicns COND SERVICE DET ¥ SWITCHING.... OFF
Dvelep Dala DeaTErty [on ] PED CLE BROTECT . . v vt v v v nnrennn. OFF
Fone St Remae Pt Condtional Service off
bt Cou e Prtecion SPEC PREEMPT OVLP FLASH......... OFF
Det. Type/Timers _i |
B e e Speciel Preempt Dverlap Flash ot LOCE DETECTORS IN RED ONLY...... OFF
P/ Loca o o er Continl Servics Deferlor Cioss Swiching o RESERVED . o v vttt vttt eeteemannanns OFF
D o By oten Lock Detectors in Fed Or off
FedCirstc Pars i mpv f RESERVED. « c v ittt et et e eeeeennan OFF
Speed Delectors =~ o EACEUP PROTECTION GROUE 1....... oN
[Eackup Fratection Group 2 [on ]
FTE—— = EACEUE PROTECTION GROUE 2....... ON
[rismestmsonT =] BACKUP PROTECTION GROUP 3....... OFF
[ T Browp 2 Ton ] EIMULTANEOUS GAP GROUPD 1........ ON
Simutanzous Gap Group 3 ot EIMULTANEOUS GAP GROUD 2........ OHN
SIMULTANEOUS GAP GROUP 3........ OFF
END OF SUBMENU
D ata Eritry Limits: Standard Phas= 1
(c) Aries Screen 2 (d) Controller Screen 2 (MM, 2, 9, PgDn)
Figure 3-38 Controller Option Data
3.44.2. Coordination

Coordination plans in Indiana are typically generated by the Synchro design software. Synchro

provides cycle lengths, splits, and offsets for given volumes. As was discussed in Chapter 2, a

pattern should be generated for the six time periods shown in Table 2-5.

3.4.4.21.

Local Procedure

The Synchro outputs for three different coordination plans are shown below with the

corresponding Aries screen and Controller screen. Before these parameters are configured, the

following coordination options should be entered.

1. Split units can be entered in seconds or percentages. Splits in percentages are more

useful because if the cycle length is changed, the splits do not have to be recalculated.
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2. Offsets units can also be entered in seconds or percentages, but usually make more
sense to the programmer in seconds.

Interconnect format should be standard.

Interconnect source should be telemetry. If the system is not interconnected, the source

should be Non-interconnected (NIC).

5. Transition refers to the type of algorithm the controller uses to get back into coordination
if it gets out of coordination. The choices are smooth, add only, and dwell. Add only
adds time to get back into coordination, where smooth can add or subtract. Dwell is the
quickest way to get back into coordination, but it can lead to increased delay at the
intersection because phases are extended, and is rarely used. Smooth and add only are
the most common transition procedures used.

6. Actuated Coordinated Phases are enabled at this intersection because the coordinated

phases have detection. This does not always apply and doesn’t apply to any other
intersection in this system. Standard practice is to not have actuated coordinated
phases. These phases would simply be placed in maximum recall.

7. Inhibit Max is enabled because the maximum times should be inhibited so that the phase
will be terminated due to split times, rather than the maximum time. In all three
coordination patterns, phases 4 and 8 recall to their maximum times because they have
no detection at intersection 1. This is not a typical scenario. Usually, phases 2 and 6
have no detection and are recalled to their max times. Since max times are inhibited, the
full split time will be served for phases 4 and 8. If these phases were not recalled to their

max times, they would never be served because they could never be called.

== Aries Data Enlry - Stale Street =] E3

File Launch Moles About

COORDINATOR OPTIONS
Slzd| 8] &l«|na @l|mE | HEE vl
\63\;\;;;/5:?;‘\1555nstar\ap =] Marualbnatle o !' Resyne Court [0 SPLIT UNITES. . %!! @ACT CRD PHASE. . Xl
Power Start, Remote Flash MaruslPatem [0 @)ansetnivs [Seconds ]| owellPeriod [T
@FFSET UNITS. SECE ACT WALE/REST. . .
[izrconnedt Fomat  |810 ~NintercommectSomce |TLM ~]
: IAc.uatadcm.na.edph‘m ;YJ [|.m‘.M;mm.ng ‘ WI&” [NTERCNT FNT. STDE) [QINHIEIT MAX. ... ¥|
Taed Fles ek o] Ward Trer Soket o [INTERCNT SR, TLMﬁl MAXZ SELECT.... .
FedDipont s ! liyre Mo | FesirafoosOf Mo | RESYNC COUNT. 0 MULTISYNC......
et Diagnostic Intervals ransition hd
Cpoed Deiocias m benet2ealT FRANSITION. .. @SMOOTH| FLOAT FORCE OFF
FoadnanPaters e D::::dw;leg‘;m P D:::dZE:cIEWE":unI P DWELL FERIOD. 0%
Bus Preemplors = Phase 1 2 3 & & B 7 8 9 10 11 12
Demand 1 rrrrrrrrrrrrr
Demand 2 rrrrrrrrrrorr
a 5 A BCDEF

C 1] E F
Fee AtemnateSequence_Ho | Mo | Ko | Mo | Mo | Mo | FREE ALTERNATE SEQUEMNCE
Auta Permissive Min Green
2 3 4 5 10 1 12

END OF SUEBMENT

Data Entry Limits: Detector 18 Prase 2

(a) Aries (b) Controller (MM, 3, 1)

Figure 3-39 Coordination Options
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Up to 64 coordination patterns can be programmed in the local controller. Each pattern can have

a different cycle, phase splits, and intersection offset. Typically, various coordination patterns

would be developed based on different volumes. These different coordination patterns can be

selected during a certain time of the day, day of the week, or day of the year. The selection of

these coordination patterns will be discussed later.

8.

10.

11.

12.

13.

14.

Coordination Pattern number can be selected from 1 to 64. This number is what is

referenced in a NIC program step.

Cycle Length can vary from 30 to 255 seconds. Typically, shorter cycle lengths are used
during low-volume scenarios and longer cycle lengths are used during high-volume
scenarios.

C/O/S (Cycle/Offset/Split) is another way of referring to the coordination plan. If the
same cycle length is used for a different coordination plan, but the splits and offset are
changed, the two plans might be 1/1/1 and 1/2/2. Since the three plans used here all
have different cycles, offsets, and splits, they are 1/1/1, 2/2/2, and 3/3/3.

Offset value is entered here in seconds. In Synchro, the offset can be referenced from
various points in the ring structure. In coordinated systems, the only predictable point
from which to reference an offset is the end of main street green. However, the default
offset reference in Econolite controllers is the beginning of main street green. The
reference used here will be beginning of main street green.

Splits are entered here in percentages. Phases 1-4 have to total 100% and phases 5-8
have to total 100%. Disregard error messages saying that the splits do not total 100%
until you enter phases 4 and 8. After these are entered, there should be no error
message. If the minimum green time error shows up, go back and check your min green
times as discussed in Section 3.4.4.1.1. Please note that the phase percentages in the
Synchro output do not always add up to 100%. The phase splits entered into the
controller have to be adjusted.

Coordinated Phases are usually the main street through phases. In this example they

are phases 2 and 6.

Vehicle Max Recall is enabled on all phases that have no detection. Here, that is phases

4 and 8. Typically, it would be the coordinated phases 2 and 6.
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Timing Report, Sorted By Phase
1. 5F 26 (State Streef) & LIS231 (SR 433 (Math River Road)

03/13/2001

A B N LA

Phase Humber il 2 3 ) 5 G 7 a8
hiowement SBL WBTL WBL EBTL HMWBL SBTL EBL WBTL
Lead/Lag Lead Lag Lead Lag Lead Lag Lead Lag

Mone Coord None  Max None Coord None Max|®®
1

i) - ) 5| i) =) i)
1%  32% 1% 96%  11%  32%  11%  a6%|
Minimum Split =) A0 20 0 20 A0 28 0 20
Yellow Time () 4 4 4 4 4 4 4 4
All-Red Time (5) 2 2 2 2 2 2 2 2
Minimum Initial () <4 4 4 4 4 4 4 4
Wehicle Extension (5) 3 3 3 3 3 3 3 3
Minimum Gap () -z s Z = 32 o] 32 3
Time Before Reduca(s) 0 a a a a a a a
Time To Reduce (5) a 1] a o a a o 1]
Wialk Time (z) 5 5 5 5
Flash Dont Walk (=) 12 12 12 12
Intersection Summars _
yele Length ] |
Control Type Actuated-Coordinated

i=[n]
ﬂffset: O (0%, Referenced to phase 2:NBTL and G:SBTL, Start of Green, Master Intersection |°

EfT& and Fhazes, 1 SR 56 (Slate Ghicch) & US2E1 (GR 2] (Hofh River Roady

@

(a) Synchro

[ODED PATTEEN T @ |
EYCLE LENGTH..... 9908 [C/ 075, ... o 11T ]
PEESET........... N LE]
CPFLITE!
PHASE 1) 11% 21 32% 31 11% 4) 46%
E—— - PHAZE 5 11% 5] 32% 71 11% 81 46%
. X
S ErT——— PHASE 9) 0% 10) 0% 11) 0% 12) 0%
Slz|a| 8] &loiml wl|BE o = 8§ W
\éz\;iigtp/gca?am\nstnsﬂv:ﬂnp = be\eclLuuvmnalwFa“em@“FallemW = WEH PERMIZSIVE....... [1] 0% [2] 0%
Poner G encee P Frrteor o JO0s e j@prs b ] T T VEH PERM Z DISP........... 0%
gzﬁ"y[;:‘feﬂggj‘"ﬂ Wehicle Permissive Petiod 1 [ Vehicle Pemissive Period 2 [0 PHASE RESERVICE...........
gg: E:zs:?xiil:gl’l\?:w;m Wehicls Pemmissive 2 Displacement [~ Phase Reservics M SPLIT EXTENSION/ RING. [1] 0% [2] 0%
Dot g venn og ke (ESiits Phass1 [11 Phass2 [ Phass3 [11 Phased [ SPL DMD PATTERMN...... [1] 0 [2] 0
Ped Diagrostic Plans Phass [11 Phase6 [ Phass? [11 Phams [38
?;LEZ“BQE",ZEL‘;L”‘E’“'S Phased [0 Phase10 [0 Phase!l [0 Phass12 [0 RARTERY BATTERN........... o
e ADDITIOMAL SCREEM (5)
Splt ExtensionRing Splt Demand Patlem  Crossing Avtery Pattem
R T ] np o af (
Phases 1 2 3 4 5 B 7 & 9 10 11 12 1 1 1
Coodnated Phases [ el il el el el il el il |
QIW T T I T r T T T T PHASE 12345678901 =z
1.4 . 1 T I O i 2 20 i | [COORD PHASES B X ¥ L]
Pedestrian Recal rrrrrrrrrrrrrr
Phose Omit rrrrrrrrrrrrrr WEHICLE RECALL . . .
Akemmate Sequence 4 B COF D E[ F[ WEH MAX RECALL & . = - by .
PED RECALL
D ata Erlty Limis: Detactor 18 Prase 2 DHASE OMIT
S PARE
A B CDEF
ALT BEQUENCE:
(b) Aries (c) Controller (MM, 3, 4)

Figure 3-40 Coordination Pattern 1
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== Aries Data Entry - State Street
Fie Launch Moles About

Sl=a| 8 &l m|B o 8§ W

[Vehicke/Ped Phase as Ovellap
Overlap Data

Power Statt, Remote Flash
Option Data

Recal Data, Dimming

Det. Type/Timers

Det. Phase Assignment

Det. Cross Switching

Ped/SD Local Assign,Log Irterv:
Diagnostic Plans./F ai Action

Ped Diagnostic Plans

Det. Diagnostic Itervals

Speed Detectors

Cooid Manual Crid and Options

Conidination Patems
Freemplors
Bus Presmiptors _
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Drata Entry Limits:

WEH MAX RECALL 4
PED RECALL

Phase Omit - Phase 3

DHAZE OMIT
S PARE

A B CDETF
IWLT SEQUENCE:

Timing Report, Sorted By Phase
1: SR 26 (State Street) & US231 (SR 43) (Morth River Road) 03/12/2001
e = a b ¥
Fhase Humber 1 2 3 4 5 G 7 g
hovement SBHL WBTL wwBL EBTL MBL SBTL EBL WBTL
LeadfLag Lead Lag Lead Lag Le=ad Lag Lead Lag
Lead-Lag Optimize
Fecall Mode Mone Coord Mone Max Mone Coord Mone  Max
M aximum Split (=) 10 a0 10 a0 10 30 12 48
Maximum Split (%) 10%  30%  10% S0% 10% 30% 12% 42%
Minimum Split (=) 10 29 10 29 10 29 10 29
Yellow Time (51 4 4 4 4 4 4 4 4
All-Red Time (51 Z 2 z 2 Z z Z 2
Minimum Initial (=) 4 4 4 4 4 4 4 4
Wehicle Extension (5) <} 3 o] 3 o} o] <} 3
hdinimum Gap () 3 ! 3 5} 3 3 5] &)
Time Before Reduce(s) 0 1) o 1) a a a 1)
Time To Reduce (5) (u} (1] (u] (1] o (u] u] 1]
italk Time (=) 5 5 5 5
Flash Dont Walk (=) 18 12 12 12
Intersection Summars
Cycle Length 100
Control Type Actuated-Coordinated
Matural Cycle an
Offzet: O (0%), Referenced to phase Z:MBTL and 6:5BTL, Start of Green, Master Intersection
Cplits and Phasss:  1: OR 26 (Ctate Shrast) £ UT224 (2R 42) (Nerth Rivar Read)
g [ ta 7 al
0] M=z [ 10 =] ED= [
%. a5 l o £’ o7 af
inE| il [ 128 [ [
(a) Synchro
COORD PATTERMN
CYCLE LENGTH..... 100s </0/8..... 222
OFFSET........... Os
SPLITS:
DHASE 1) 10%  2) 30%  3) 10% 4y 50%
LB ppase 53 10% &) 30% 0 7Y 12% &) 48%
DHASE ©9) 0% 10y 0% 11y 0% 123 0%
Select Conrdinator Patten [Pattemn 2 ~]
Coclelengh [0 c0S [z okes o [ [ WEH PERMIGEIVE....... [1] 0% [2] 0%
Vehicle Permissive Period 1 [0 Vehicle Pemissive Peisd2 [0 WEH PEREM 2 DISP........... 0%
Vehicle Permissive 2 Displacement ]u_ Phase Reservice No PHASE RECSERVICE. . v v v v v v v .
St Phaset [0 Phase2 [ Phased [0 Prased [50 SPLIT EXTENSION/RING. [1] 0% [2] 0%
Phase5 [0 Phase6 [30  Phase? [12 Phase8 [48
Phase@ [0 Phase10 [0 Phase11 [0 Phase1z [0 SEL DMD PATTERN...... [1] 0 (2] 0
Splt Sum: 100 seconds ARTERY PATTERM........... 0
Spiit Extension/Ring Split Demand Pattem Crossing Artery Pattern ADDITIONAL SCREEEN (S)
npap A o
Phases 1 2 3 4 5 6 7 8 3 1011 12
CowdnatedPhases ™ W T C C R OO 111
Wehicle Recall rrrrrrrrrrrrrr
\ehicle Max Recal rFrrerrr¥rrrr PHAGSE 12345678 9012
Pedestrian Reoal rcrrrrrrrororr COORD PHASES X .. 0 K
Phase Ormit rrrrrroreorrr
Ahernat Sequence A - e A WEHICLE RECALL

(b) Aries
Figure 3-41 Coordination Pattern 2

(c) Controller (MM, 3, 4, PgDn(2))
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Timing Report, Sorted By Phase
1: 3R 26 (State Streef) & 15231 (3R 43 (Morth River Road) 03132001
A B N LA
FPhase Humber 1 2 3 4 51 G I =]
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Figure 3-42 Coordination Pattern 3
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3.44.21.1. Coordination Minimum Green

When running a coordinated system, the minimum green times may have to be recalculated.
Consider phase 1 with a minimum green time of 5 seconds. Compare this number to the shortest
green time in the coordination patterns for this phase. Since the splits are percentages, the
lowest percentage does not indicate the shortest split in seconds since the cycle lengths vary.
The shortest split for phase 1 is 9.6 seconds (8% of 120 seconds) from coordination pattern 3 in
Figure 3-42. After the shortest split time is determined, the minimum green time can be

calculated by subtracting the yellow and red clearance times.

Phase Minimum Green = ShortestSplit(s) — Yellow — Red Eq. 3-1

Phasel Minimum Green = (8%%120s) —3.2s —2.0s = 4.4s < 5.0s!

Since the minimum green time required for coordination is less than the minimum green
previously entered, either the minimum green must be reduced or the split increased. Both Aries
and the local controller will display an error when the coordination plans are entered and the

minimum times are too high. The error messages for both are shown in Figure 3-43.
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Figure 3-43 Minimum Green Error

3.4.4.2.2. Master Procedure

Main Menu — 1. Data Entry — 1. System Parameters

The cycle lengths for each coordination plan must be entered into the master controller. The
master controller times its own cycle when a coordination plan is active. At master zero in the

master cycle, sync pulses are sent to the local controllers. This ensures that the offsets are all
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referenced from the same time. For each local controller coordination plan, the cycle length must
be entered into the master in the screen shown in Figure 3-44. Since only three coordination

plans are being used in this example, only the first three entries need to be modified. If the cycle
lengths are not entered, the local controllers will never be in coordination and coordination errors

will be reported.
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Figure 3-44 Master Cycle Length

3.4.4.3. Time-of-Day Programs

Programs to schedule particular timing plans can be created in both the master and the local
controller. The programs can be run at a certain time of the day, day of the week, or day of the
year. Common program purposes include running a certain coordination pattern, using a different
max time, and turning on or off detector logging. In the master, a Time-of-Day (TOD) program is
used to run certain coordination patterns in the system. In the local controller, a Non-Interconnect
(NIC) program is used to run certain coordination patterns, while a TOD program is used to
enable logging and switch max times. It is important to understand the difference between TOD
and NIC. If the local controller is configured correctly, it will run the coordination pattern that the
master TOD program indicates. The local controller also runs its own TOD programs that
correspond to the program in effect. If the signal from the master is lost, the local controller will
revert to its NIC programs to select the coordination patterns. The local controller can also
override the master TOD program with its own NIC program under certain circumstances. The

precedence of calling the programs is summarized in Table 3-2.
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Table 3-2 INDOT Time of Day Precedence

Parameter Master TOD Local NIC Local TOD
Purpose Selecting coordination Selecting coordination Enables/Disables
plans plans features such as Max2,
logging, and phase recall
Status Always active, unless | Only active if selected to | Always active, program
overridden by NIC in override the Master TOD number must match
local controller or in the local controller or Master TOD/Local NIC
during a coordination during a coordination program number in effect
error error

Table 3-3 shows the time-of-day schedule for this system. It is recommended to have at least 4
patterns for weekdays and 2 patterns for the weekends. Since the same sequence of patterns is
active Monday through Friday, they will all be assigned to TOD Program 1. Program 1 runs 4
coordination patterns and free mode. Please note that it is not typical to have the same pattern
running at both the morning and evening peak hours because the traffic patterns are rarely
similar. Saturday and Sunday have the same sequence, so their steps will be assigned to

program 2. It consists of 2 coordination patterns and free mode.

Table 3-3 Time of Day Program Schedule

Day of Week Sun Mon Tues Wed Thu Fri Sat

TOD Program 2 1 1 1 1 1 2
6am-9am 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3
9am-3pm 2/2/2 2/2/2 2/2/2 2/2/2 2/2/2
3pm-6pm 21212 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3 21212
6pm-10pm 111 111 1/1/1 111 111
10pm-6am Free Free Free Free Free Free Free

3.4.4.3.1. Master Procedure:

The master TOD programs should match the local NIC programs. Using the master to activate
coordination plans is the best way to ensure that all local controllers in the system are running the
same plan. If the local controllers do not run the same plans, the system is not coordinated.

1. The step number is not a crucial number. The TOD step that is active is shown in the
status display screen so that the programmer can reference the plan in the TOD menu to
see what parameters are enabled.

2. The program number is very important. Step numbers that have common program
numbers will run together. In Figure 3-45a & b, step 1 is assigned to program 1 and
enables coordination pattern 333 at 6:00 am. Notice that the coordination pattern is

called according to its cycle/offset/split and not its coordination pattern number. In
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addition, steps 2-5 are assigned to program 1. Steps 6 and 7 are assigned to program 2.
Entering a 0 for the c/o/s enables the intersection to run free.
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Figure 3-45 Master Time-of-Day Steps

Programs can be enabled on a certain day of the week. In Figure 3-46a & b, program 1
runs Monday — Friday and program 2 runs on Saturday and Sunday. The week program

number can be enabled based on the week of the year in the menu shown in Figure
3-46¢ & d.
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Figure 3-46 Master Time-of-Day Week and Year Plans

3.4.4.3.2. Local Procedure:

3.4.4.3.2.1. NIC Procedure

The NIC program should match the TOD program in the master. In the event that communication
is lost to the master, the local controller will still be running the same plan as the rest of the
system. If override is selected for a step, the pattern in that step will used instead of the one
indicated by the master. Just like the Master TOD steps, the NIC steps are called according to
their program number. In Figure 3-47b, there are two programs 1 and 2. In Figure 3-47d, the
programs are called on different days of the week. Program 1 runs Monday — Friday and
program 2 runs on Saturday and Sunday in weekly program 1. Weekly program 1 is the only one
used here, but they can be enabled according to the week of the year, just like the Master TOD
plans.

1. The step number here is handled exactly as it was with the master TOD. It is not

significant, only used to reference the particular step on the status display.
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2. The program number must correspond to the program that the step is in. Figure 3-47a &
b, step 1 is assigned to program 1 and it starts at 5:00am. The pattern here is referenced
by the coordination pattern number, not the cycle/offset/split.

3. The weekly and yearly programs are identical to the ones shown for the Master TOD in
Figure 3-46. The program numbers used here correspond to both the NIC programs and

the local TOD programs.
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Figure 3-47 Local Non-Interconnect Configuration

3.4.4.3.2.2. TOD Procedure

The local TOD steps run concurrently with the master TOD or local NIC plans that are in effect.
The most common applications of the local TOD is to turn on and off detector logging and enable
alternative max green times at certain times. The TOD steps shown in Figure 3-48 are used to
start logging detector data. Data at this intersection will be logged all week. More details about

detector logging will be discussed in the next section.
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1. The step number is insignificant. It is only used to reference the step in the status
display.

2. The program number used here should correspond to the NIC program that it will run
with. In this case, we are logging detector data every day. The NIC programs that are
active on these days are programs 1 and 2. Therefore, the TOD steps can be assigned
to program 1 or 2. In Figure 3-46, one step in program 1 enables logging at 6:00. This
step will remain active at all times since it is never turned off. Another step would have to
be created to stop the detector logging, if desired.

3. Instep 1, the detector logging is enabled with an ‘x’.
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Figure 3-48 Local Time-of-Day Configuration

3.4.4.4. Detectors

A typical INDOT system has all presence detectors. As discussed in Chapter 2, the common
detection layout is 3 - 6’X6’ loops wired together starting at the stop bar for presence and a fourth
loop wired separately for counting. In Figure 3-49a, in the northbound left-left turn lane, detector
5 is a presence detector and detector 15 is a count detector for phase 5 shown earlier in Figure
3-22a. The numbering scheme used here is not the conventional one discussed earlier in

Chapter 2 because this is being set up for TS2 Type 2 and was limited to 20 detectors.

3.44.41. Type and Assignment

The count detectors are enabled for logging so the count data can be accessed with Aries. In
Figure 3-50b, detectors 18 and 20 are assigned type 1 because a delay time has been entered.
These two detectors are in a right-turn only lane. In this situation, when a car activates one of
these detectors during the red phase, the call is delayed for ten seconds, in case the car turns

right on red. If the car has not accepted a gap within ten seconds, the call is placed. The
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detector in the right-turn lane can also be a type 0 detector and the delay enabled with a TOD

plan (Figure 3-48).

1.

In Figure 3-49, the intersection detectors are assigned by number, to their corresponding
phase by placing an X’ in the corresponding row and column. For example, detectors 2,
10, and 18 are all assigned to phase 2 because that is the phase that they are called.
Make sure that these detectors are not assigned to any other phase. There should only
be one X’ in each row. Detectors 12, 9, and 17 are also assigned to phases because

they detect, as well as count.
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(a) Intersection Detector Layout
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Figure 3-49 Aries Detector Assignment

2. The detector types are assigned in Figure 3-50. All presence detectors at this
intersection are normal detectors. However, the two presence detectors in the right-turn

lanes, detectors 18 and 20, are assigned type 1, which enables the extend and delay
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settings. The count detectors are all configured as normal detectors, but logging is

enabled for them. Detector 12 in Figure 3-50a & b is shown with logging enabled.
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Figure 3-50 Aries Detector Type Configuration

3.4.4.4.2.

Logging

Installing count detectors allows the local controller to collect volume data. Since the count

detectors are presence detectors, occupancy data will be collected. Logging of the count

detectors was enabled previously in Figure 3-50 and enabled by a TOD program step in Figure
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3-48. The data that is logged cannot be viewed from the controller; it must be downloaded to
Aries. In the local controller, the log interval needs to be configured. Interval choices are 5, 15,
30, and 60 minutes. INDOT logs for 60 minutes to give hourly volumes because they are easily

used for developing signal timing plans.

The data that is collected is stored in the controller memory buffer. This data should be
downloaded on a regular basis, usually once a week. Once the buffer is full, previous log buffer
data will be overwritten. The buffer has 20,000 bytes for storing the detector log data. For any

logging interval, the size of the data collected can be calculated with the following equation:

Record Size =19 + (3 * # of Volume/Occupancy Detectors) +# of Speed Detectors Eq. 3-2

Record Size =19 + (3*10) + 0 =49 bytes

Once the record size is determined, the maximum number of logging hours can be calculated to
determine how often data should be downloaded to avoid losing any data. Assuming a 60 minute
logging interval and logging duration of 24 hours per day, the maximum number of days can be
calculated as follows:

i Eq. 3-3
Maximum # of Records = Maximum Memory Space q

Record Size
20,000 bytes

49 bytes

Maximum # of Records = =408 records

Log Interval
60 * Hours Per Day

Maximum # of Days =408 records * 60 minutes =17 days

60 *24

Maximum # of Days=# of Records *

Since the buffer can store 17 days worth of detector data at this intersection, if the data was

transferred once every 2 weeks, none should be lost.
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Figure 3-51 Detector Logging Configuration

Once the log data is transferred (Figure 3-51), it can be viewed in two different formats or output
to a text file. The two output formats, table and graph, are shown in Figure 3-52. Aries will store
data for each detector in each system every day of the year. The counts can be viewed as the
raw volumes or as flow rates. The volume tables and graphs show the number of cars counted in
each interval. The flow rate is the number of cars converted to an hourly volume. Since the data
is collected in 60 minute intervals, the flow rate will be the same as the volume. This is the data

that is shown in the flow rate tables and graphs.
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Figure 3-52 Detector Logging Output

3.4.5. Downloading To Controller

Once all data has been entered into Aries, the database needs to be downloaded back to the

controller. This needs to be done for both the master and the local controllers. This procedure

can also be done with a batch operation, found in the Aries File menu (Figure 3-53).
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3.4.6. Aries Graphics

A helpful feature of Aries allows the user to see a graphic display of the controller state on the

computer. Figure 3-54a & b has a default graphic and a picture graphic for an arbitrary

intersection. Figure 3-54c¢ has a customized graphic for intersection 1. In the Aries graphic

editor, certain areas of the images can be assigned to a phase or a detector. The area will

change colors when the state of that phase or detector changes. No assignments have to be

made for the default graphics. Also, if an actual image of the intersection is going to be used like

the one in Figure 3-54b, solid areas must be inserted into the picture using a graphic editor.

Descriptions of the items in the custom graphics screen are:

1. The arrows are assigned to their corresponding phases. They will change color with the

phase indications in the controller

detector is active, the box changes color.

the controller number, and the local time.

the overlap assignments, and the local cycle timer.

90

The boxes behind each arrow are assigned to detectors in the controller. When the

Messages can be inserted into the graphic that tell which coordination plan is in effect,

Other messages can be inserted that indicate the phase splits that are active, the offset,



Another assignment that can be made, but is not shown, is the pedestrian indications. Graphics
can also be inserted that give information about the master. Different errors can also be reported

in the real-time graphic display, such as coordination errors.

n Display Launch About

ZEl# [~[0] plE mmELClEE

(a) Aries Default Graphics (b) Aries Custom Graphics

‘_'Inlelsectiun 1-01 Display [_[=]x]
Stop  View About

C¥C 2 OFT 2 SPL 2
COMTROLLER NO. 1
NIC TIME 28:11:46
ON_LINE

(c) Aries Custom Graphic for Intersection 1

Figure 3-54 Aries Graphics

3.4.7. Greenband Analysis

The greenband analysis provides the user with a time-space diagram like the one shown in

Figure 3-55. This allows the user to see the progression of vehicles through the system and
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makes it easier to visualize the effects of offsets. When the greenband analysis is launched, it

takes a few cycles for the display to complete.

E reen Band Display
INTERSECTION

DIS FROM PREVIOUS (FT) B 665 768
OFFSET A= 14= 38s
- LOCAL GREEN BAND = = =
—» LOCAL GREEN BAND - -
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BAND SPEED MPH <— INBOUND BANDWIDTH 8@ SEC( B8.8x)

BAND SPEED 38 MPH OUTBOUND —> BANDWIDTH 8 SEC( 6.7x)

Figure 3-55 Aries Greenband Analysis
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Chapter 4. Configuring Peek Closed Loop Traffic Signal Systems

As was discussed in Chapter 1, the numerical design of parameters, such as the phase times and
coordination, is only part of the signal timing design. There are also a large number of vendor-
specific communication and system level parameters that must be understood and configured.
The purpose of Chapter 3 and this chapter is to show how to implement the data tabulated in
Chapter 2. Chapter 3 documented how to configure Econolite controllers to run a closed loop
system. This chapter will show, step-by-step, how to configure Peek controllers to implement a

closed loop system.

The signal design is discussed in Chapter 2. The next step is to enter this data into the controller
and test it. The testing procedure is discussed in Chapter 5. The U.S. 231 system will continue
to be used as an example, in particular, intersection 1. All U.S. 231 data can be found in

Appendix B. Figure 4-1 shows the procedures that will be discussed in this chapter.
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4.1. Controller Features

4.1.1. Connectors

41.1.1. Local Controller

(a) Local Controller

806

(b) Ports 1,2, & 3 (c) NEMA A, B, C Connectors (d) Misc. Connectors

Figure 4-3 Local Controller and Connectors

The Peek local controller shown in Figure 4-3a has 6 connectors and 4 ports on its front panel.
Connectors A, B, and C provide an interface to the signal cabinet or a controller interface device
(cid) in a lab setting as shown in Figure 4-2. The auxiliary, coordination, and preemption
connectors can also be used to interface with the signal cabinet. Port 1, or the synchronous data
link control (SDLC), is used with Type 1 controllers to interface with the cabinet. In Type 1
cabinets, the SDLC takes the place of connectors A-D. Port 2 is used when directly connecting a
computer or laptop to the controller to exchange data. When setting up an interconnected system

with a master, port 3 (modem port) is used to communicate with the master via a telemetry link as
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shown in Figure 4-2. Specific pin assignments for the connectors and ports can be found in the
Peek Controller Operating Manual.?

4.1.1.2. Master Controller

er Controller

(b) NEMA A Connector (c) Port 2 and Port 3

Figure 4-4 Master Controller and Connectors

The Peek M3000 master shown in Figure 4-4a has 1 connector and 2 ports on its front panel.
The connector is used to interface with the signal cabinet. Port 2 is used when connecting
directly to a computer or laptop or to exchange data over a telephone line with the CLMats
software. When the master is interconnected with the local controllers, data can be exchanged
with the local controllers through the master, requiring only one telephone line installation, in the
cabinet with the master to communicate with an entire closed loop system. If data is exchanged
by a direct laptop connection, this eliminates the need to go to each cabinet and directly connect

to each local controller. Port 3 is the fiber port that is used to interconnect the master to the local

% peek 3000 Operating Manual Rev 5.0, Appendix C.
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controllers. Specific pin assignments for the connector and ports can be found in the Peek

Master Operating Manual.”’

41.2. Menus

All menus in the controller can be accessed from the main menu. It is very important to become
familiar with the keys and how the menus are set up. Data has to be entered in different formats,
including numerical, yes/no, and enabled/disabled. It is very important to always press ENTER or
cursor off of the last data entry before leaving a menu. The data will not be stored if a field is still
active when the menu is exited. In the Peek controller main menu, there is an option to read data
and an option to change data. The read data submenu only does not allow any data entry or
modification and the change data submenu does allow it. The controller can be configured so
that an access code is required to change data in the controller. However, anyone with access to
the controller could look at the data under the read data submenu. Limited access will not be

configured in the examples used in this report, so always use the change data submenu.

MAIM MEML
1.D0%MAMIC _DISPLAYS 5 IIIF| ?j STICS
2.READ _DATH Ml STATUS
3. CHANGE _DATA
4.MAIN HELP
(a) Main Menu (b) Keyboard

Figure 4-5 Peek Local Controller Main Menu and Keyboard

" Peek M3000 Master Operating Manual, Appendix B.
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Home

This key moves the cursor to the beginning of
the line. Home + Shift moves the cursor to the
first data field on the page.

End

This key moves the cursor to the end of the
line. End + Shift moves the cursor to the last
data field on the page.

PgUp

In multi-page data entry menus, this key
displays the page before the current one
displayed.

PgDn

In multi-page data entry menus, this key
displays the page after the current one
displayed.

Arrow Keys (T - | «)

These keys move the cursor in the
corresponding direction. — + Shift will display
menu screens to the right of the current one.

Menu
This key displays the previous menu screen.
Menu + Shift displays the main menu.

Disp Adj

This key alone adjusts the contrast of the
display screen by darkening it. Disp Adj +
Shift lightens the screen.

Help

This key will display help screens related to
the data being entered.

Numbers (0-9)

Press the number keys to access the
corresponding menu and to enter data.
Pressing shift and 0 will access menu 10.

Toggle (0)

Press 0 to toggle yes/no or to toggle through
data fields that have more than one preset
parameter.

Enter

Always press the Enter key after entering data
before exiting the menu. Pressing Shift +
Enter will open the Status Screen.

Clear

Press Clear to erase the current data entry
and restore the previous data entry while the
field is still active.

Shift
This key alone has no function. It is only used
in conjunction with other keys as stated.

Figure 4-6 Peek Key Functions

The intersection status display shown in Figure 4-7 provides real-time information about the state

of the controller:

1. In regular operation, the top line shows the cycle/offset/split that is active and the cycle

timer. If the unit is not in coordination, “Free” is displayed. The top line of the screen is

also used for special messages if there are flash conditions or errors. More information

about these errors can be found in the Peek Operating Manual.?

2. The numbers 1 through 16 at the top of the screen represent phases 1 through 16.

The V Demand row shows vehicle calls on each phase. A ‘V’ indicates a vehicle detector

call, an ‘M’ indicates the vehicle call is locked in memory if this feature is enabled, an ‘r’

2 peek 3000 Operating Manual Rev 5.0, Dynamic Displays.
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indicates the phase is in minimum recall, and an ‘R’ indicates the phase is in maximum
recall.

4. The P Demand row shows the pedestrian calls on each phase. A ‘P’ indicates a
pedestrian detector call and an ‘M’ indicates the pedestrian call is locked in memory, if
this feature is enabled.

5. The bottom of the screen shows which phases are active (ON) in each ring, along with
which phases will be served next (NX).

6. The timing intervals for the phases that are active are shown, along with their timers.
Some of the common intervals shown are initial, or minimum green (INIT), green rest
(GRST), vehicle extension (PASS), yellow clearance (YEL), and red clearance (RED).

7. The max timers and termination codes for the active phases are shown. The common
termination codes shown are gap out (GAP TERM), max out (MAX TERM), and
coordination force off (FORCE TERM).

T T11111
< 3 153468 §
E ;
EH 1
Tgd O 0 N FASS g0 WK T[] @ S
RS on 8 WY PEESE 9306 DK GlMidd @ 4

Figure 4-7 Controller Status Screen (Shift + Enter)

41.3. Memory
The Peek controller has two areas of memory — the RAM and the EEPROM. The RAM stores the

current information being used by the controller, while the EEPROM (Figure 4-8) serves as the
permanent backup. When data is entered with the keypad, the information is stored in the RAM.
This data can be copied to the EEPROM and the EEPROM removed from the controller once the
programming is complete. The EEPROM can be placed on the shelf next to the controller in the
cabinet. In case of power failure or some other event that could erase the memory in the
controller, the EEPROM can be placed in the controller and the configuration restored
immediately. Figure 4-9a shows the menu used to copy to and from the EEPROM. Figure 4-9b
shows the menu to enabled data to be copied directly to the EEPROM when it is entered by the

keypad. These options are available for the local and master controllers.
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Figure 4-8 Controller EEPROM

COFY BETWEEW EE AMD RAM VALLESYES-HNO2

COPY FROM EEPROM TO RAM:
COFY FROM RAM TO EEFROM:

EE USED-RAULDIO ADJUST UALLECYES N0

EEFROM LOADED WITH KEVEOARD EWNTEY: %
¢cEEPROM COFIED TO EAM OW FPOWER-UF:

AUDIO ADJUSTOG-1@2: 1

(a) RAM & EEPROM Copy (MM, 3, 6, 4)

(b) Copied to EEPROM (MM, 3, 5, 3)

Figure 4-9 Controller Memory Screens
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4.2. |Initializing the Controller

Prior to programming the controller, it is very important to erase unwanted information that may
exist in the controller. Not clearing the memory can lead to many problems in the future. For
example, irrelevant time-of-day programs could be entered or unused detectors could be

enabled. Troubleshooting will also be simplified by initializing the controller.

4.2.1. Local Procedure:

Main Menu — 3. Change Data — 6. Utilities — 1. Default Data Load

The quickest way to clear the memory and start with a valid timing plan is to load default data. In
the Peek controller, data in five different submenus in the change data menu can be loaded.
These submenus include:

e Submenu 1 Controller

e Submenu 2 Coordination

e Submenu 3 Time-of-day

e Submenu 4 Preemption

e Submenu 5-4 Special-Options.
In this menu, selecting option 6 will load default data into all of the above submenus. Note that
not all data in the controller can be cleared. Data in the submenus not listed might be a starting

point when troubleshooting the controller.

DEFAULT LOAD MEMU
1.CONTROLLER 4.PREEMPTION . e R
2.COORDINAT ION 5. SPECIAL-OPTIONS DEFAULT TRTA LORIED
3.TIME OF DRY & ALL
>3TO CAMCEL. PRESS MENU<< FEESZ MENU KEY TD ESIT THIS SCREEM
(a) Load Default Data (MM, 3, 6, 1) (b) Default Data Loaded

Figure 4-10 Initialization: Local Controller Default Data Load
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4.2.2. Master Procedure:

Main Menu — 3. Change Data — 7. Utilities — 1. Load Default Data

In the Peek master controller, default data can be loaded for each of the following submenus
under change data:

e Control — master control, local control, sensors

¢ Channels — computational channel menu

e Time of Day — time of day menu

e Pattern — pattern menu

e Communications — setup and printer functions

e Options —is not used at this time.

By choosing option 7 in this menu, the default data will be loaded for all of these submenus.

CLEAR MEMU
1. CONTROL 4. PATTERN - s g
2. CHANHEL 5. COMMONTCATIONS DEFAULT InTe LOHIED
Z.TIME OF DAY . OPTIONS
T.ALL
53TO CAMCEL. PRESS MEMU< < FREZZ MEMU KEY TO EXIT THIS SCREEM
(a) Load Default Data (MM, 3, 7, 1) (b) Default Data Loaded

Figure 4-11 Initialization: Master Controller Default Data Load
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4.3. Setting up Communication

4.3.1. Interconnected System with Master

Once the master and local controllers are initialized, communication between them should be
established. The Peek master can control and monitor up to 4 closed loop zones. It can call
different plans for each zone and collect data from each zone. Before proceeding, make sure all
local controllers are connected to the master with the appropriate telemetry cable. The Peek
3000 series controllers can be interconnected using a fiber optic line. The physical fiber
connection of a three-intersection closed loop system is shown in Figure 4-12. Fiber optic setup
will be described here.

Master Local 1 Local 2 Local 3

MODEM MODEM MODEM MODEM

Figure 4-12 Fiber Optic Setup

4.31.1. Telemetry Assignments
4.3.1.1.1. Local Procedure:

Main Menu — 3. Change Data — 5. Special — 5. Closed Loop: Intersection/Zone Identification

In the intersection/zone identification menu, the controller is assigned to a master and assigned
an identification number. In the intersection identification menu shown in Figure 4-13, the master
type is configured. Zero should be also entered here if the controller is at an isolated intersection.
The 3000 series local controller is compatible with the 3000 series master and the 3800EL

master. In this example, the 3000 series master is used. Each local controller shall be assigned
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a unique identification number from 0-255. Zero should only be used if the intersection is an
isolated intersection, not running in a closed loop system. In this example, the intersections are
number 1-5, with the example intersection assigned as 1. Next, the master identification number
is entered. In this example it is set to 1. The master identification number will be configured in

the master controller later.

CLOSED LOOF MASTER-ID

MASTER TYPE: 1 <@= NONE,
1= 3000 SERIES MASTER. 2= S0GEL MASTER
NTERSECTION ID: 1 ¢@-255)
MASTER IDENTIFICATION: 1 (B-255)

Figure 4-13 Communication: Local Controller Identification (MM, 3, 5, 5)

Main Menu — 3. Change Data — 5. Special — 4. Special-Options — 3. Comm Set-up

In the first comm set-up screen shown in Figure 4-14, the port that is used to connect to the
master is entered. In this example, port 3, the fiber optic interconnect will be used. The monitor

and central ports are not used here.

COMM SET-LUF (A= MNOMNE.2-3= PORT 2-3>
MASTERCCLY FPORT: 3
MONITOR PORT: &

CENTRAL PORT: &
FGIM FOR FORTCS)H SET-UP

R

I

Figure 4-14 Communication: Local Controller Master Port Configuration (MM, 3, 5, 4, 3)

Direct connect communication with a computer or laptop occurs through port 2. The port 2 setup
screen shown in Figure 4-15 is found in the second screen of the comm set-up menu. The baud
rate can be set to 1200, 2400, 4800, 9600, 14400, or 19200 bps. A recommended starting point
is 9600 bps. If port 2 communication is not working, the baud rate might have to be changed.

For use with CLMats, the parity is set to even and the data bits are 8.
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PORT 2 SET-UPF

BAUD RATE: 3 C350@)
C(USE %~N KEY EHR%¥HHhE PHUD RATE>

(8= NONE. 1= DD EUEHN?
DAT 5t 1 (8= 7, 1= 8)

l'l't?\_‘a

D]
R EIT

Figure 4-15 Communication: Local Controller Port 2 Configuration (MM, 3, 5, 4, 3, PgDn)

In this situation, port 3 is used for the fiber optic interconnect. The port 3 configuration menu
shown in Figure 4-16 is located in the third screen of the comm set-up menu. The same options

are available for port 3 as port 2. Here the baud rate will again be set to 9600 bps. The parity will
be even and data bits 8.

PORT 3 SET-UP
BAUD RATE: 3 ('368@)
CUSE ¥~N KEY TO CHANGE EBAUD RATE>
PARITY: 2
(@= NONE. QDD, 2= EVEM)
DQTH BITS: 1 c@= 7, =3
»>PGDN FOR MODEM SET-U STRIMG{<

Figure 4-16 Communication: Local Controller Port 3 Configuration (MM, 3, 5, 4, 3, PgDn(2))

4.3.1.1.2. Master Procedure:

Main Menu — 3. Change Data — 1. Master Control

In the master control menu shown in Figure 4-17, the master identification number is set. This
number shall be consistent with the one entered in the local controllers. Here, the master

identification is 1. Other parameters in this menu will not be configured at this point.

HQ TEFEEDNTRUL IRTR

F TH OIAL CEMTRAL:
EH HF_FHILJFE
F -HAMGES:
IIH FHlTuF IH METER=:

TEF IF IENTRHL OFF-LIME:

I

m'ﬂ-iu m-
I M-~
'-Cl

—r
il

Figure 4-17 Communication: Master Controller Identification Configuration (MM, 3, 1)

106



Main Menu — 3. Change Data — 8. Special — 3. Comm Set-up

As with the local controller, direct connect communication with a computer or laptop occurs
through port 2. The port 2 setup screen shown in Figure 4-18 is found in the first screen of the

comm set-up menu. The baud rate will also be set to 9600 bps, the parity is set to even, and the
data bits are 8.

PORT 2 SET-UF

EBAUD FHTE: 3 L9o0Es
CUSE VYoN EEY Tg E#ﬂﬂﬁ% EAUD REATEX
€@= NONE. 1= ODD. 2= EUEN?
DATR EBITS: 1 <a= 7, 1= 8

Figure 4-18 Communication: Master Controller Port 2 Configuration (MM, 3, 8, 3)

Again, port 3 is used for the fiber optic interconnect. The port 3 configuration menu shown in
Figure 4-19 is located in the second screen of the comm set-up menu. The baud rate will again
be set to 9600 bps. The parity will be even and data bits 8.

FORT 3 SET-UP
BHUD RATE: _
CUSE ¥~N KEY TO CHAMG
PARITY:
(@= NOMNE. 1=_0DD, 2=
A BITS:
*>PGDN FOR MODEM

=15]5p)
AUD RATE>

i
L

=
—~m
=

|
[ TR

LTI

E

T, 1= &>
F STRINGI<

Figure 4-19 Communication: Master Controller Port 3 Configuration (MM, 3, 8, 3, PgDn)

Main Menu — 3. Change Data — 2. Master to Local

In the master to local menu shown in Figure 4-20, each local controller should be activated by
changing the ‘N’ to ‘'Y’. The zone number used here will be 1. All five intersections will be in the
same zone since they constitute one system.

_ MASTER TO LOCAL DATA
IMTERSECTION: 1 2 X 4 3 3
HCTILE: R S | N |
ZOME: 11 1 1 1 &8 & 8

Figure 4-20 Communication: Master Local Enable (MM, 3, 2)

107



4.3.1.2. Telemetry Verification
4.3.1.21. Master Procedure:

Main Menu — 1. Dynamic Displays — 1. Sys Operation Menu — 2. Intersections

The primary method of verifying communication is to check the intersection display shown in
Figure 4-21 in the master. Under each intersection number, an ‘A’ indicates that communication
between the master and that local is active, an ‘M’ indicates the communication is marginal which
usually means data is only traveling in one direction, and ‘L’ indicates that there is no
communication occurring. Having marginal communication is sometimes a result of one of the
fiber optic connectors plugged into the wrong port. If there is no communication at all, make sure

the data rates, parity, and bits are correct and the intersection identification is correct.

(A= RACTIVE. L= LOST. M= MARGINAL> (A= RCTIVE. L= LOST. M= MARGINAL>
INTERSECTIDN: 1 2 3 4 5 & 7 8| |INTERSECTION: 1 2 3 4 5 & 7 8
STHTUS: R A B H A STHTUS: B B A e e
ZONE: 1 1 1 1 1 8 @ 8| |Z0NE: 1 11 1 1 @& @ @
INTERSECTION Q18 11 12 13 14 15 16| | INTERSECTION 218 11 12 13 14 15 1§
STHTUS: STRHTUS:
ZONE: @ 8 8 9 8 8 @ @ |Z0NE: g & 8 & & B8 @0 @
(a) Telemetry Active (b) Telemetry Lost
Figure 4-21 Communication: Master Telemetry Verification (MM, 1, 1, 2)
4.3.1.3. Interconnected System Time Clock

4.3.1.3.1. Master Procedure:

Main Menu — 3. Change Data — 3. Time of Day — 8. Set Date and Time

One of the many advantages of interconnected systems is clock synchronization. The master
can set all local controller time clocks. This is very important for coordinated systems. Without
the same time references, the controller offsets are useless. To set the clock, go to the time of
day menu screen shown in Figure 4-22. Enter must be pressed in order for the changes to take
effect. This time will be downloaded to all local controllers. Also, the master will regularly

synchronize the time of all local controllers.
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SET TIME AND DATE
TIME THTE
HH: MM 5= [ T s
13:268: 351 BS-18-26081
DAY OF WEEK= FRIDAY WEEK OF YEAR= 28

Figure 4-22 Master Time and Date Configuration (MM, 3, 3, 8)

4.3.2. Non-interconnected System

In general, an interconnected system is preferred because it is easier to ensure synchronization.
However, situations arise where it is not practical to deploy communication infrastructure to
interconnect traffic signal equipment. In those cases, it is critical that all controllers be configured
to reference the identical time. When programming the time clocks, extra care must be taken to
program the clocks to the nearest second. A device such as a handheld Global Positioning
System (GPS) receiver is usually the most precise and accurate time reference to use for this

procedure.

4.3.2.1. Local Procedure:

Main Menu — 3. Change Data — 3. Time of Day — 9. Set Date and Time

If a system with multiple controllers is running coordination plans, the time clock in each controller
needs to be set. The clock in each controller needs to be as accurate as possible for optimal
performance. Time clocks in the controllers will actually drift over time. Controllers in the field
should be reset every year or after power outages to ensure synchronization. To set the time
clock, go to the time of day menu screen shown in Figure 4-23. Enter must be pressed for the

changes to take effect.

SET TIME AMD DATE
TIME TATE
HH: M= 55 [ s
13:28: 31 A3-158-26081
DAY OF WEEK= FEIDAY MEEK OF YEAR= 28

Figure 4-23 Local Controller Time and Date Configuration (MM, 3, 3, 9)
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4.4. Closed Loop MATS: Computer Interface

Once the communication has been established, assuming all controllers are linked via telemetry,
configuration of the system can be performed with CLMats management software. The CLMats
software has many benefits besides simplifying controller data entry. The typical sequence
followed when using CLMats is to upload the current controller database to the computer, modify
it, and download the new database back to the controller. Before the data is downloaded to the
controller, it is saved on the computer. This backup copy is always available in case something
happens to the controller and the data is erased. Instead of keying in all of the data by hand,
which could take hours, the data is simply downloaded and the intersection is running again in a
few minutes. Furthermore, with the modem plugged into a phone line, new timing plans can be
entered into CLMats and downloaded to the controllers without leaving the office, although this
practice is discouraged for safety reasons. Other CLMats features include green band analysis
for showing coordination and real-time intersection displays that allow the user to assign phases

and detectors to images.

Example screens in this section are from Intersection 1 State Street in the U.S. 231 system. Data
for this system can be found in Appendix B. For each parameter configured, the CLMats screen
will be displayed with the corresponding controller screen and the Synchro screen from which the
data was taken.

g =10l x|
Statuz  Action Databaze Beports SetUp  Mizcellaneous  Help  Exit
| Master | Intersect| Polling |

Select Intersection

0101001 US 231 & State Street
0101002 US 231 & Howard Avenue
0101003 US 231 & Southwest Ramp
0101004 US 231 & Northeast Ramp
0101005 US 231 & Robinson Street

- v Hcsncel P e o1
06220 s:-»i‘
0672272001 10:26 Masters 0000001 Local 01 Local Logs: -=

P RINAMNANT NT-10 Mactard NONAANT | Arald N4 Iarall nne'_’s h

Master 0000001 -= US 231 Systern Local: 0101001 -= US231 & State

Figure 4-24 CLMats Computer Software
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4.4.1. Preparing to Upload

Although all submenus in the “Change Data” menu can be modified in CLMats, it is highly
recommended that certain parameters be configured before the database is uploaded so a
common procedure can be used for all closed loop systems in Indiana. These parameters

include phase sequences, overlaps, and preemption.
441.1. Controller Configuration

Main Menu — 3. Change Data — 1. Controller — 1. Sequence Configuration

The controller sequence is used to configure the ring structure for the intersection. The ring
structure for this intersection is shown in Figure 4-25a. In the first screen in the sequence
configuration, default ring structures can be selected. The 8 phase quad left configuration
corresponds to the NEMA ring structure and is used here. By selecting this choice in Figure
4-25b, the screen in Figure 4-25d will automatically be programmed. Ring 1 has vehicle phases
1-4 and pedestrian phases 2 and 4. Ring 2 has vehicle phases 5-8 and pedestrian phases 6 and
8. The barriers are located between phases 2/6 and 3/7, 4/8 and 1/5. In the Peek controller,
phases on a common side of a barrier are in the same co-phase. Here, phases 1, 2, 5, and 6 are
in co-phase 1 and phases 3, 4, 7, and 8 are in co-phase 2. The pedestrian and overlap phases

are not exclusively timed phases, so they are not included in the ring structure.
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(a) Ring Structure

Select Sequence

Clear Sequence

8 Phase Sequential
=—>|& Phase Quad Left ]
123/567 + 48

F e~
OO TD

1

12/56 + 3478
123456 + 78
123445678

PN T AT

= =)
AL I

T8

Dual Quad Left
tEF:F 12 Phase Six-Left
Sequence 10

Sequence 11

(b) Controller (MM, 3, 1, 1)

Sequence 12

/ Ok x Cancel

? Help

Sequence Configuration

SECILENCE
UA (YE

LLE

FURCNPH

IN
IN
IH
IM

AN
(o]

Sl

S

co
SN

e O T
A

EIGURHT

4567873

I0H Ring 1: viviviv

S
—

P
L
s
[l [
[yl

Ring 3:

®OH KK Ring 4:

Co Phase 1: | v ¢ v v

PGIM FOR CO PHASES~XPED Co Phase 3:

Co Phase 4:

Co Phase 5

Co Phase 6:

Co Phase 7:

Co Phase 8:

Intersection:  Data Source:
0101001 Current

Ring 2: v v vl v

Co Phase 2: viv Vv

(c) CLMats (after upload)

PhaseNo.: 1 2 3 45 6 7 & 910111213141516

(d) Controller (MM, 3, 1, 1, PgDn)

‘ “ Ok H Belect Configuration |

‘ x Cancel

? Help

Figure 4-25 Controller Sequence Configuration

(e) CLMats (after upload)
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441.2, Overlap Assignment

Main Menu — 3. Change Data — 1. Controller —6. Overlaps — 1. Standard Overlaps

Intersection 1 in this system has right-turn overlaps on three approaches. These overlaps will run
concurrently with the appropriate left-turn phases as shown in Figure 4-25a. Overlap A, which is
the phase 2 northbound right-turn movement, will run concurrently with phase 3, the westbound
left-turn movement. In the screen shown in Figure 4-26a, the parent phase of overlap A should

be phase 3. Similarly, overlap B has parent phase 5 and overlap C has parent phase 7.
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Standard Overlap

Phase Programming:

Phase 12345678 910111213141516
Parent v
Flash Enable
NOT USED
OUERELEP A_¢ 1 OF 16 FLASH CODE(@-Ti: @ Overlap Mode:
MODECB=STD, ~ 2=NOT PED; 3-6=TURN HD3: @ [Standard -]
GRN: a_ . WEL: &, FED: Q.8
VALUE CYES-NO ) _ o 1111111 Flash Code:
FUNC~FH 1 3456789812345 %¢6
PARENTS i [No Flash -l
FL ENRE Red Time: Yellow Time: Green Time:
Intersection: Data Source: Overlap:
o1010m Current A
/ Ok annc:eI ? Help
(a) Controller Overlap A (MM, 3, 1, 6, 1) (b) CLMats Overlap A (after upload)
Standard Overlap
Phase Programming:
Phase 12345678 910111213141516
Parent v
Flash Enable
NOT USED
OUERELRP B ¢ 2 OF 1&» FLASH CODE<®-T»: 9 Overlap Mode:
MODE<8=5TD, 2=MOT FPED; 3-6=TURM _HD>: 8 |St dard j|
SEEUEG'E songy_ oot EE o RERERY =
S/NQY :
FUNC 12345672898123456 Flash Code:
FLRE”T.. R [No Flash -]
Red Time: Yellow Time: Green Time:
Intersection: Data Source: Overlap:
o1010m Current B
/ Ok annc:eI ? Help
(c) Controller Overlap B (MM, 3, 1, 6, 1, PgDn) (d) CLMats Overlap B (after upload)
Standard Overlap
Phase Programming:
Phase 1234567 8 910111213141516
Parent v
Flash Enable
NOT USED
OUERELAF C ¢ 3 OF 18> FLASH CODEXG-Ta: @ Overlap Mode:
”UDE E‘—'»TII 2=HOT PED, Z-6=TURH HD>: @ |Standard j|
GRMN: YEL: @.4 RED: @.8
UFlLUE'lH'Eb/NII' i 1. 1.1 1 4% .11 Flash Code:
FUNC 123949567 B 1 23456
E‘ERENI" P [No Flash -]
NAB Red Time: Yellow Time: Green Time:
Intersection: Data Source: Overlap:
o1010m Current C

/ Ok annc:eI ? Help

(e) Controller Overlap C (MM, 3, 1, 6, 1, PgDn (2)) (f) CLMats Overlap C (after upload)
Figure 4-26 Phase Overlap Assignment
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4.41.3. Preemption

Main Menu — 3. Change Data — 4. Preemption

If preemption is used at this intersection, it can be entered here. There are six preemptor
sequences available in the controller. Each sequence can be programmed to serve the desired
movements. Sample screens for priority preemptor 1 are shown in Figure 4-27. Since
preemption is not commonly used in Indiana, it will not be discussed further. More information on

configuration can be found in the Peek operating manual.?

% peek 3000 Operating Manual Rev 5.0, Preemption.

115



FUM 1 EMRBLE, RFE. LOCK. PRICRITY
LALUE CYE S HO
FUM EMAELE: N __ OUERRIDE IICF: N
RRILREORD: N G0 T HIGHER FE: N
PE IMPLT LOCE: Y HEMA FRICEITY:

IISER FRIHFIT” 1

MAR IMTEREUALS: &
UALLIEC] -

UALLE CE=320

FlUW 1 DURATICW. RESERVICE. FE DELAY

DUHHFIDH PEEEMFTFDELH

]

Preempt Run Data

Preempt Operation Mode: Maximum Intervals: El Entry Controls:

Enable Run; User Priority: Inhibit Double Clearing O¥Ls
Railroad Preempt Min. Green:
¢! Input Lock Duration Service:
v/ Go to Higher Run Preempt Delay: Min. Yellow:
Min. Red:

«| NEMA Priority
Override UCF

Reservice Time:

Use Duration Timer Min. Ped. Clearance:

as Gap Timer

EREEH

Min. Overlap Yellow:
Exit Controls:

FUNCPH 1 2 3 456 7 8 910111213141516

Exit Mode:
* Go to Exit Phase

RUN_I MINIFUM ENTREY TIMES
TNHIEIT DOUELE CLE -0 ENTERING PE: N
FED o-L
GREEN  YELLOW RED CLE YEL
@, 5. & g 5 0.8
—————— 95,5 SECS ‘B-255  (B-25.
£ °-3 SELS > cbogER, “UoEds
RUN 1 PER THTERUAL DATA  UALUECVES/HD
PGON_FOR MORE 111111

FUM-INTU 1 23 456729812
URLID

o
SHIFT-RT.-» TO SEE-EWTER IMTEEWALS 17-32
RUN 1 PER IWTERUAL DATA ?H%UEC?E%’?G;

4 5672981234586

FUM~INTU 1 2 Z
EXALT
PC—YEL

SHIFT-RT.-> T0 SEE-EMTER IMTERMALS 17-32

RUN_1 E\IT CUNTPDL@

EAIT MOLE: & ¢@= G0 TO EXIT FHASES. 1=
GD TQ NE*T DEMRNDiw2= RESUME INTERREUFTED
SEQ, 3= EWIT TO COORDIMATIONZ
DALUETYES - "N - 1111111
FUMC-FH 1| 2 243 &672281 23456
FHRSES
ALL
EUM_ 1 INTERUAL & WHLILD: DWELL:
TEMTHZ: FC-YEL: EXIT: FISETN:
TIME: n] FH FLASH: & FPFED FLASH: @
UALUE cB=F-T0, 1=%-F. Z=GsWy 1 1 1 11 11
FUMC-PH 1 2 3 4S5 & 7383981234356
COLOR
FED COL

(a) Controller (MM, 3, 4)

Go to Next Demand Phases

Resume Sequence Calls

To Coordination
Intersection.  Data Source: Run:

o1o01001 Current 1

| '/ oK | ‘annce\ | ? Help
Interval Control
Function: Intervals:
1234567 8 910111213141516
Yalid
Dwell
Fixed
Tenth
Exit
PCI->Yel
1718192021222324252627 28293031 32

Valid
Dwell
Fixed
Tenth
Exit
PCI->Yel

Intersection: Data Source: Run:

0101001 Current 1
/ Ok xCanceI ? Help
Interval Data

Phase Flash Plan: Ped. Phase Flash Plan:

] P

Ped. Overlap Flash Plan: Preempt Output Flash Plan:

P ]

Time Interval:

Owerlap Flash Plan:

L]

Phase 1 2 3 4 5 6 7 8 9 10111213 1415 16
Overlap ABCDEFGHI JKLMMNGOP
Phase Color R (R ||R |R |R R ||R [|R |R R |[R |R R |R |R R
Pedestrian Color |D |[D ||D ||D (D ||D ||D (D ||D |[D (D ||ID D (D ||D (D
Overlap Color R (R [|R [|R (R R R [|R |R |[R|[R||R R |R |R R
Ped Ovl Coler |D |[D (D (D ||D ||ID |D |[D (D D (D ||D |D |[D ||D (D
Preempt Qutput

Intersection:  Data Source: Interval:

o10i0m Current 1
| v o | ‘xﬁance\ ‘ P e

(b) CLMats (after upload)

Figure 4-27 Preemption Configuration
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4.4.2. Setting up a CLMats System
4.4.21. CLMats Procedure:

Set Up — Define Master — Edit

A new master must be defined in CLMats before data can be uploaded. After CLMats has been
launched on the computer, go to set up and define master. For this example, the master is
number 1. Highlight No. 1 and press the edit button as shown in Figure 4-28a. If master number
1 is already used, select an available master number. This new master # will have to be entered
into the master and local controllers using the procedure documented in Section 4.3. Figure
4-28b shows the screen to edit the master information. The master type is entered as 3800EL or
M3000. The connection channel will vary based on which communication port the modem is
installed on or which communication port is used for direct connection. The actual phone number
to be dialed should be entered here. The master number on this screen is actually the master id.
This number does not have to correspond to the master id number discussed earlier. This id is
only used as a reference. The master name and short name should be entered to help identify
the system. Notice that isolated local intersections can also be managed with CLMats by

selecting that option in this screen (Figure 4-28).

Define New Master
Select Master [ <] K
No 1D Name Physical Location 3B00EL Connection
|Channe| 2 j|
2. Undef. Group No.: 1 + M3000
3. Undef. Baud Rate
S' 3:32; B et Master No. : 1 Isolated Locals
6.  Undef. |QB["] j|
7. Undef.
5. Under S Phone Number: [555-5555 |

10. Undef.
11, Undef.
12. Undef.
13. Undef.
14. Undef.
15, Undef.
16. Undef.
17. Undef.

Master No. : 1 I~ Polling On
18. Undef.

Master Name: US 231 System |
19. Undef.

Master Short Name: |U5231
20. Undef. —]

21. Undef.
22. Undef. hd / oK Intersections Sensors

(a) Select Master (b) Edit Master Information

Hﬁ

xl:anc:el ? Help
-

Figure 4-28 CLMats: Define Master

Set Up — Define Master — Edit Master Information — Intersections

Intersections are added to each master within its edit screen shown in Figure 4-28b by clicking on

the intersections button.
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1. The intersection numbers should match the identification numbers entered in the
controllers. Here, intersection numbers 1-5 are used. Highlight the corresponding
intersection number and press the edit button as shown in Figure 4-29a. The intersection
information can be edited in the screen shown in Figure 4-29b.

2. The seven digit intersection number here is an identification number used only in the
software. It does not have to correspond to the controller identification number. The
numbering convention that is typically used is the first two digits are the zone number, the
second two digits are the master number, and the last three digits are the intersection
number. Here the identification number is 0101001 for zone 1, master 1, and intersection
1.

3. The local and regional names are entered to help identify the location. The main street is
the name of the arterial of the system. The cross street is the name of the street crossing
the main street at this intersection. The short names are six character names, usually
abbreviations.

4. The through phase assignments are entered here for the main and cross streets. Using
the NEMA numbering scheme, the arterial phases should be 2 and 6, the cross street
phases should be 4 and 8.

5. The local controller type at this intersection is selected.

All intersections in the system should be entered before proceeding.

Select Local ] Define Intersection

Physical Location: [Intersection No.:| [Local Name:

Group No.: 1 |[0101001 | @ |[US 231 @ State Street |

Master No. : 1 Regional Name:

Local No. : 1 ‘
Main Street: e Short Main 5t.:  |Phase Assignment
|US PET] ‘ |USZ31 | Arlerialo Cross
Cross 3treet: Short Cross St -

e |State Street ‘ |State | I Palling On

e Controller Type:
J000E TS1 (B216B] + 3000 T52 (5921) Hhit

3000E TS2 (82164) 170E/302 [5999) FA0ELX
§

3000 TS1 [5074) LMD 9200 [0807798) tsedaded TEEGUL

W Links

(a) Select Intersection (b) Edit Intersection Information

Detectors

Figure 4-29 CLMats: Define Intersections
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4.4.3. Uploading to CLMats

The controller databases are now ready to be uploaded to CLMats. In order to communicate with
a particular master and local, they have to be active in the bottom of the CLMats window. To
choose the active master, click on the Master button at the top of the CLMats window in Figure
4-30. Select the desired master. To choose an intersection, click on the Intersect button at the
top of the CLMats window. The intersections can be sorted by system number, full main street
name, or short main street name. This is where consistent intersection identification numbering is
helpful. Select the desired intersection. Make sure that the intersection selected is in the same
system as the master selected. The master and local selected should be displayed at the bottom

of the window, as shown in Figure 4-30.

:§MATS Closed Loop |_ (O] x]
Statuz  Action Databaze Bepots  SetlUUp  Miscelansous Help  Exit

| Master | Intersect\ Polling \ |

Active Controllers

i Event Log Ei=1 E

Master: 0000001 -= U5 231 Systern Local: 0101001 -= US331 & State |

Figure 4-30 CLMats: Activate Master and Local

4.4.31. Setting up Communication for CLMats

Set Up — Configure Channels — Configure Communications

The computer port settings need to be configured before communicating with the controller.
These settings will be specific to the computer being used. Recommended settings are given in
Table 4-1. If CLMats sends a message and either receives no answer or a corrupted reply, then
the quantity of retries is how many times CLMats will rebroadcast that message until it lists a
communications failure. If CLMats sends a message and either receives no answer or a
corrupted reply, then the amount of time in milliseconds between retries is the Time Out value.
Tweak is the amount of time in milliseconds required for character definition and is proportional to

the baud rate. After the settings are configured, click on the button “Use New Settings Now”
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shown in Figure 4-31a. These settings can also be configured in the communications server
shown in Figure 4-31d. This window automatically opens when CLMats opens. While data is

being uploaded and downloaded, the progress of the transmission can also be viewed here.

Table 4-1 Communication Settings

Controller M3000/3000 3800EL/1880EL
Baud Rate < 19,200 1,200
Bits 8 7
Stop Bits 1 1
Parity None Even
Retries 5
Timeout 5000
6 for a baud of 1,200
Tweak 32 for a baud of 9,600
64 for a baud of 19,200
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:§MATS Closed Loop Hi=
Status  Action Database HReports [ Miscellaneows  Help  Exit
| Master | Intersect | [ Define Basic Elements
= Define Master
Set Up Maps 3
Set Up Security 3

Configure Cl
Start Poling

iEvent Log Ei=1E

Master: 0000001 -= U3 231 System

Local: 0101001 -= U5231 & State

(a) Configure Menu

Channel Setup

Channel Mumber 1 3

Fort Connection

|[coM1 |
Baud Rate
1200 " 4800
19200 ¢ 28800
Bits Stop Bits
* BBtz || & 15top
" FBits || © 25top
Retmys Time Out Tweek
5 5000 |32 =

SaWE

* 9600 " 14400
" 38400 7 SEKB
Parity
&+ MOME ™ MARK
" EVEN ™ SPACE
" 00D

[~ Dizable thiz Channel

(c) Settings Screen

¥ Configure Communications

|
|
|

Set Channel Parameters

| Configure Communications

Ilze Mew Settings Mow

E wit

Help

(b) Communication Settings

& NewComm2

Setup  About

Sent Received Last RESPTIME Awg
w1111 #11172 ] ]
Sent BYTES Rec Sent PACKETS Rec ACKNOWLEDGED
1 72 105 194 Acked Fetied  MNaked
184 1 0
Cornrn Line Errors Parameters
CRC Parity  Framing Overun Other Port Baud  Bitz  Stop Parity
il il il 0 1 CO1 5600 8 1 More
1 JZI Help Cancel

(d) Comm Server

Figure 4-31 CLMats: Configure Communications

Status — Intersection Status — Controller Front Panel

The quickest way to determine if communication is active is to look at the local controller front

panel via CLMats. This will connect to the active local controller and show the same display that

is on the actual controller. If the display does not show up as it is shown in Figure 4-32,

communication is not established and the communication settings need to be adjusted.
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al ID 0101001 a X

Phase { Channel
1 2 3 456 7 8 9101112131415186

Signals [ [ [ [ o Ring 1:
Overlaps [ [ [ [ e [ o It Passage
Peds 1 ) o ] s ) | e [ e ] s R GoreelOf
Ped. OverLap [N [l [ [ [ [ [ [ o [ e o oy o Ring 2:
Phs Onfixt I I I I I I I I Int Passage
Ped. Mem. I IC I I JC I ICICIC ] Term Force Off
LT R o | | o | | Ring 3:

veh Mem. R I I int
Veh. Omits [P E PP I JC I I IE I 0] Term

Holds | | | ||| | | o Ring 4:

¥eh. Detect. [T I I ICICICICICCICCICT jo

Sys. Sens. N | | || | Sy Y

Controller % in cycle Master 26 in cycle
9§k W _____________ §f% |

Local Pattern:  Cyc:2-0ff:2-5pl:2 - Master Control
Local Events:  Door Open
Local Alarms:

Figure 4-32 CLMats: Controller Front Panel

4.4.3.2. Master Upload

Action — Master — Upload/Download Settings

In the master, the same data can be modified in CLMats that was entered by the default data load
discussed in Section 4.2. The data that is uploaded can be selected in the upload/download

options menu shown in Figure 4-33.

Upload/Download Options

Time of Day
Channels

TRRR

Patterns
Optinns
Communication

A

Special

/ 0K xCanceI ? Help

Figure 4-33 CLMats: Master Upload/Download Settings

Action — Master — Upload

The master database can now be uploaded. If an error occurs during the upload, check the

communication settings. After the master database has been uploaded, it can be compared to
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the existing database in the computer. At this point, the database in the computer is not a valid
one and should be overwritten.

: {MATS Closed Loop |_ (O] ]
Status m Databaze Reports SetUp  Miscellaneous  Help  Exit

Ma: Overides » |_t;|=_|"_1 | Pallinn | l—l

]  Upload/Download Settings

Dowrload ! Upload from Master: 0000001 [ <]

Werily Database
Giet Logs Current Block:
Get Volumes Patterns Block: 1
Get Software Revision Status Of Last Block: G°°d
LCopy Database To Drive 3 Channels Block: 15 SUCCESS
Reset
Set Time
xCancel ? Help

iEvent Log El= EH

Master: 0000001 -» US 231 Systern Local: 0101001 -= L5231 & State

(a) Upload Master (b) Data Uploading

Figure 4-34 CLMats: Upload Master Database

4.4.3.3. Local Upload

Action — Local — Upload/Download Settings

In the local controller, all controller data found in the “change data” menu can be modified in
CLMats. However, this is not advised and the data described in Section 4.4.1 should be entered
first. The data that is uploaded can be selected in the upload/download options menu shown in
Figure 4-35. All data should be uploaded so that the database in CLMats is consistent with the

database in the controller.
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Upload/D ownload Dptions
Controller: All Coordination: All Time of Day: All
v| Sequence! v| Operating Modes v| TOD Events
v| Funct EnablelStart-Up ¢/ Cycle Lengths ¢| Circuit Plans
v| Timing Plan Functions v/ Dwell{Min Cycles v| Week Plans
v| Dynamic Omits v| Offsetf00S v/| Year Plan
v| Dynamic Recalls ¥| Coord Phases v| Exception Days
v| Conditional Service ¢| Phase Allocations ¢| Circuit Overrides
v| Dual Entry ¥| Permissives v| Daylight Savings
v| Timing-Psg/MaxMalk | v Split Matrix ¥| Sync Reference
¢| Timing-Init/Clearance | ¢/ No Early Release Preemption;
v| Density v COSF to TOD ¥| Preemption
v| Overlap Enables v/ C5 to Timing Plan Special Options: | All
v| Standard Overlaps ¥| COS to Lead/Lag v| Port Setup { BIU
¢! Double Clear Overlaps | v/ Sync Source v| Event Call In
v| Pedestrian Overlaps Special: All v| Output Steering
v| Detector Data v/ Security Codes ¢| Custom Menu
v| Dimming ¥| Intersection Name v| Restricted Menu
v| Soft Flash v| Phone Numbers Select All
v| Lead/Lag | EEPROM{Tone Q;selectml

‘ / QK ‘ ‘xCancal ‘ ? Help

Figure 4-35 CLMats: Local Upload/Download Settings

Action — Local — Upload

The local database can now be uploaded. If the controller front panel was previously viewed, the
upload should not have any errors. After the local database has been uploaded, it can be
compared to the existing database in the computer. At this point, the database in the computer is

not a valid one and should be overwritten.

: §MATS Closed Loop |_ (O] ]
Status m Datsbaze Reportz SetUp  Miscellaneous Help  Exit

Ma: Overides » |Sec1 | Polling | |
Master b |

Upload/Download Settings Upload from Intersection: U5231 & State ]
Dawnload @ Current Block:

Werify Database Detector Data Block: 3

. Good
Get Conflict Monitor Logs Status Of Last Block: o
Get Event Logs Detector Data Block: 2 SUCCESS
Get MOE Logs

Get Wolume Logs

Get Software Revision xCancel ? Help
LCopy Database Ta Drive 3 e

e

Master: 0000001 -> St Time P01 -= US231 & Stale

(a) Upload Local (b) Data Uploading

Figure 4-36 CLMats: Upload Local Database
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4.4.4. Database Modification

Database — Controller

The menu structure for modifying the database in CLMats is similar to the menu structure found
in the controller. As shown in Figure 4-37, the menus correspond, with the exception of the
utilities menu in the controller menu (item 6). The CLMats menu also has a few extra menus for

computer specific features.

: {MATS Closed Laop e

scrdinaton cempt Specidl Fle Record B ENTRY
Sequer En:guralinn {DD |E p:"inzD ‘ LR feed B | 1 - CDNTRDLLER _ 4 i E—F-EEMPTIUN
BhaseFunctions  » 2.COORDINAT IOH S.8FECIAL
Phase Tine , 3. TIME QF DAY S UTILITIES
Ry | : T. INDEX
g;:;jg;jg;:m ' ?SHIFT-CLERR FROM DRTA SCREENS TO INDEHL
(a) CLMats Menu (b) Controller Menu (MM, 3)

Figure 4-37 Local Menu Comparison

4441, Controller Parameters

44411. Timing Data

The controller timing data includes the raw data to make the intersection run. The data in these
menus should allow the controller to run the intersection in the event that coordination is lost, but
the signals are still active. Parameters that must be entered for the intersection to run include
minimum green time, maximum green time, yellow clearance, and red clearance. Be careful
entering these parameters directly from a Synchro output. Phase green times and phase splits
are not the same. Splits are usually entered in percents and therefore total 100 for each ring.
Phase splits include green, yellow, and red times for that particular phase. The data calculated in

Chapter 2 will be used and is shown in Figure 3-34.

Controller — Phase Time — Plan 1

In the Peek controller, up to four timing plans can be entered and enabled by a TOD plan. Here,
only plan 1 will be used. Note that the table in Figure 4-38a is not in the same sequence as the
one shown in Chapter 2. The table in Figure 4-38b outlines the differences in naming
conventions for certain parameters between the Econolite controller, Peek controller, and the
NEMA TS-2 convention. Figure 4-39 shows the CLMats and controller screens for entering the

parameters.
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Item 1 to be entered into the controller is initial green. For each phase in the ring structure, the

initial green time should be entered in the corresponding column. Follow the same procedure for
items 2-15. Items a and b in Figure 4-39 should be set to 2, so that after 2 consecutive max outs,
max3 will be used and after 2 consecutive gap outs, max1 or max2 will be used. Items candd in

Figure 4-40 should be checked to enable density plans and to enable it for certain phases.

INT DESCRIPTION (SEC) 1 2 3 4 5 6
(1] 1 INITIAI GRFEN 5 10 A 7 A 10 A 7
(2] 1 PASSAGE TIME 14|50 |14 /50|14 50|14 |50
(3] 1 YELLOW CLEARANCE 32140 |32 |40 |32 |40 |32 | 4.0
(4] 1 RED CLEARANCE 201151201520 |15 |20 15
(5] 1 PEDESTRIAN WALK -- 7 -- 7 -- 7 -- 7
0 1 PEDESTRIAN CLEARANCE | -- 11 -- 11 -- 11 -- 11
Q 1 MAX1 GREEN 15 | 46 15 | 67 12 | 48 16 | 66
(8] 1 MAX2 GREEN 15 | 46 15 | 67 12 | 48 16 | 66
(9] 1 MAX3 GREEN 17 | 83 17 | 78 14 | 56 19 | 76
0] 1 MAXIMUM EXTENSION 10/ 35|10 | 55|10 |40 |15 |50
1] 1 TIME BEFORE REDUCTION | -- 15 -- 22 -- 18 -- 25
7] 1 TIME TO REDUCE - | 37 -- 54 -- 45 -- 61
® 1 MINIMUM GAP TIME - | 3.0 -- 3.0 -- 3.0 -- 3.0
4] 1 SEC/ACTUATION -- -- -- -- -- -- -- --
15] 1 MAXIMUM INITIAL -- -- -- -- -- -- -- --

(a) Controller Parameters from Chapter 2

NEMA TS-2 Econolite Peek
Minimum Green Minimum Green Initial
Passage Time Vehicle Extension | Passage Time

(b) Terminology Relations

Figure 4-38 Phase Timings
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Phase Times
Timing Plan:
Phase: 1 2 3 4 o G 7 1} 9 i 11 12 132 14 15 16
\Binitial: a 10 6 7 5 10 & 7 i] 0 0 0 0 i] 0 i]
2 Passage: 1.4 50 1.4 50 1.4 50 1.4 50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ED[Yellow: 3.2 A0 3.2 A0 3.2 A0 3.2 A0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LY [Red: 20 1% 20 15 20 1.5 20 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 D.O
kD walk 1] 7 0 7 0 7 0 7 0 0 1] 0 0 0 0 0
[¥IPed Clear: 0 11_0 11_0 11_ 0 11_0 0 0 0 0 i] 0 i]
[PpMax1: 15 46 1% 67 12 48 16 66 0 0 [1] 0 0 1] 1] 1]
[PMax 2: 15 46 15 67 12 48 16 66 0 0 0 0 0 0 0 0
EPIMax3 Limit: |17 53 17 78 14 56 19 76 0 0 1] 0 0 0 0 1]
[P Max3 Adjust: 1 3 1 56 1 4 1 5 1] 0 1] 0 0 1] 1] 0
Intersection: Data Source: Plan:
otlo1o001 Current 1
=
(a) CLMats Timing
HITIAL: (@-255> © TIMING FLAHT ] r I [7] TII!IHF F‘LHH 1
PH 1 z 3 4445 £ T g FH 1 & 4 g = -
=] 10 5 il 18 3 o 3 F = iz 4 16 i
POSSHGE: (B-25.5 @ Mu:v: 2e0H 5]
PH-T - 23" 4 5 & 7 4 § 1 I 7 A
1.4 s,6 1.4 5,8 1.4 5.6 1.4 5.9 57 le _ Eg
SHIFT-F1.-» T4 UIEM 0OR EMTER PAASES 9-16 ‘:“HIFT PT. .* TO UIEH OF EriTEF FHH ES 9-1R
B-23. TMIHNG FLANT 1 R= 5 LTHI e TIMIHG FCAMA: ]
WELLON: <B-25.57 o o | LHZNG FLRERE 4 F; iz 4 3 & T
3.2 4.8 3.3 4.8 3.7 4.5 3.2 4.6 T 53 z 14 SF 19 T
FED: (A-25,57 0 N” 3 F'I'T"i? 23 - -
i 2 3 4 % & T z 2 g 7 =
] H {'5 SO 1 T UTER 07 ENTER PRRSES =18
ru{--’a 2550 9 TINING F'LFINE 1 MAR OUTS 10 ROJUST MAZ © UHLUEiE—zSS.‘J
1 2 3 4 5 F 7 = PH 1 2 3 4 5 & 7 2
T ol T & T L-i 7 5] g 5] 5] o] =) =] 5]
PED CLR:(B-2553 @ GAP (UTS [0 ADJIST HAS ©
T S s 51 PH 1 2 i3 7 =&
A i1 B 11 11 5] 11 5] B & ] @
SHIF 1-RT.—> T0 UIEW OF EHTEE‘ FAASES -1 SHIFT-RT.-» 10 “IEH nR ENTER PHnJEe‘; =16

(b) Controller Timings (MM, 3, 1, 3)

Figure 4-39 Phase Timing

Controller — Density — Timing Plan 1

If gap reduction is used, it is configured in the density menu. Only approaches with speeds
greater than 40 miles per hour have gap reduction. Up to four density timing plans can be
entered. Figure 4-40 shows the density timing plan screens for intersection 1. Items cand d
allow the user to enable density plans for certain phases. Since the left-turn phases have speeds

less than 40 mph, density functions are not enabled for them.
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Density
Optionsc:
o v| Enable Densil
Enable Last Car Passage
Density Features :
Phase: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
[Ectivate: v v v v
Before Reduct.: 0 15 0 22 0 18 0 25 0 0 0 0O 0O 0 ©0 DO
[TimetoReduce: 0 37 0 54 0 45 0 61 0 0 0 0 0 0 0 0

Gap: 0.0 3.0 0.0 3.0 0.0 3.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Added Initial: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maximum Initial: 0 1] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Intersection: Data Source: Plan:
0101001 Current 1
| V DK | ‘xtancel ‘ ? Help
(a) CLMats
VALUECYES-NOY | [MIN GRP: (B-25.50 ® TIMING FLAM: 1
P T Frme e FH - Bt M U N Sl -
LAST CHR FASSAGE: N 111 1F § AR =B B ZH #.6 I8 A6 3.0
FUMC~PH | 2 T 45729681 232456
PHOSE- @ Woom W A |
ENAELE _
FGON FORE DERE1ITY TIMES SHIFT-RT.-> TO UIEW OF EMTER PHASES 9-1&
TIME EEF. REDUCE: cB-255)_  TIMING FLAN: 1] [BOTED INIT-ACT: A——o.o _ TIMING FCANT 1
FH 1 z m4 s & T OHIIFH 1 Tz T I @4 5 & T E
& i= & ke B 15 e 25 B.8 BA.A A8 A8 B.8 B8.8 [A.8 /.60
TIME TO REDLCE: (E-2550
1 = I e d 5 £ T 2
[ I B =d 45 g &l
E.HIFT—F:T.—II TO UIER OF EHTEF TAOSES 5-16
(b) Controller (MM, 3, 1, 4
Figure 4-40 Gap Reduction
44.41.2. Recall Data

Controller — Phase Functions — Recall Functions — Plan 1

Up to four recall plans can be programmed. They are enabled by TOD plans. Minimum recall will

place a call on a phase while it is red and the initial green time will be served. Max recall will do

the same thing, only once the phase is green, the call remains so that the maximum green time is

served.

placed in max recall.

If a movement at the intersection does not have detection, those phases are typically

Ped recall will place pedestrian calls so that the walk and clearance times

are served. This might be used at an intersection when the pedestrian buttons are not working or

are not installed.

It is also used in areas with very heavy pedestrian traffic. If all approaches in

the intersection have detection, the main street through phases should be placed in soft recall.

This means that once calls are served on the side streets and through movements, the green

indication will return to the main street and rest until opposing calls are received. Soft recall

would obviously not be needed if the main street phases were in max recall because the green

would be returned due to a call.

Non-Lock prevents the controller from locking a vehicle call in

memory. If a phase is locking, when a vehicle call is received, the call remains until that phase
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has been served, regardless if the vehicle is still actually there. Typically, all detectors should be
non-locked. If max 2 times were entered in the timing menu, they could be enabled here.

Otherwise, max 1 times are used.

At intersection 1, phases 4 and 8 do not have detection, as will be seen in Figure 4-57; therefore
they will be recalled to their max times. Figure 4-41 shows the recall data screens.
1. In the Max Recall row, place a check in the boxes under the desired phases.

2. In the Non-Lock row, place a check in the boxes under the desired phases.

Timing Plan Functions
PhaseMNo.: 1 2 3 45 6 7 8 910111213141516
Min. Recall:
ax. Recall: v v |
Ped. Recall:
Soft Recall: PHHSE FUNCTIONS UALUE (YES MO
eNon—Lock: vivivivivivivvy | TIMING FLAM: 1111111
VYeh. Omit FUNCSPH 1 23 4567298123456
. . MIN RCL
Ped. Omit; |G b b4 [1] ]
Walk Rest F’E%_l _‘g_
Max Il ﬁgr_ = —— ——
Red Rest N=LOCK » % % A & #4557 [2) ]
No Skip
Intersection:  Data Source: Plan:
0101001 Current 1
/ Ok, annceI ? Help
(a) CLMats (b) Controller (MM, 3, 1, 2, 5)

Figure 4-41 Recall Data

44.41.3. Dual Entry

Controller — Phase Functions — Dual Entry — Phases 1-8

Dual entry can be configured by phase or in timing plans. The through phases on each approach
2, 4, 6, and 8 should be programmed for dual entry. This will prevent the possibility of having
only one phase in green. By programming phase 1 for dual entry with phase 6 when phase 1 has
a call at an intersection, instead of only phase 1 turning green, phase 6 will also turn green. In
the absence of a call in a ring, the dual entry phase in that ring will go green. Dual entry must
also be enabled with the check box. The dual entry screens are shown in Figure 4-42. When the
phase on the left of the screen is the one that will receive the call. The phases at the top of the

screen will activate as the dual entry phase. Here, phase 6 will turn green with either phase 1 or
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2 and phase 2 will turn green with either phase 5 or 6. This means that a through phase will

always be the dual entry phase.

Dual Entry
Options:

V| Enable Dual Entry DUAL ENTRY ¢ 1 OF 123 UALUE (YES/NOD

PhaseMNo.: 1 2 3 45 6 7 8 910111213141516 DUAL ENTEY EMAELE: ¥ 111111

Phase 1: EH\C?LLSI23456?895123456

Phase 2: v

Phase 3: EH % A

Phase 4: v PH 4 by

Phase 5:

Phase 6: v

Phase 7: DUl ENTREY ¢ 2 OF 120 UALUE<YES~HNO2

Phase 8: v DLAC ENTRY ENABLE: &

Intersection:  Data Source: Phases: PH“CALLS 1 2 3 45 &6 72 9 é % é é £1|- %1 2

0101001 Current 1-8 FH "5 N -
PH & H
1 g
V Ok annc:el ? Help
(a) CLMats (b) Controller (MM, 3, 1, 2, 4)

Figure 4-42 Dual Entry

44.41.4. Simultaneous Gap

Simultaneous gap is typically enabled at all intersections in Indiana for safety reasons. This
feature controls how the phases function when they gap out. Consider phases 2 and 6in a
standard ring structure that must both terminate in order to cross the barrier. If the phase 2
vehicle extension timer expires and phase 6 is still active, with simultaneous gap enabled, the
phase 2 vehicle extension timer can be reactivated. Without it enabled, phase 2 cannot be
extended again and will terminate when phase 6 gaps out. Simultaneous gap should be enabled
for phases 2, 4, 6, and 8 (Figure 4-43). However, when intersections are heavily saturated, more

efficient operation can be achieved if this feature is not enabled.
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Controller Options

Auto Ped Clearance During MCE!
Enhanced Ped [Max Walk Time]
Override Hold for UCF
Passage Interval Sequential

¢| Simultaneous Gap-Out Enable
Hold two secs. Min Red Revert
External Start Overrides Pre-empt
Pre-empt Overrides Stop Time

Yellow

M

-

Start-Up Controller Interval
UCF test None, Aor B
Start-Up Red Time
Start-Up Flash Time

Red Revert Time

ENEE
L

Intersection:
0101001

Data Source:
Current

/DK

annc:eI ? Help

Controller Switches Per Phase

Phase No..

Ped Clear Yellow:
Ped Clear Red:
Yalk Rest Modifier:
Inhibit Max Term.:

12345678 910111213141516

Ped Recycle:

Simultaneous Gap: v vl | v v

Flashing Walk:

Intersection:  Data Source: Page:

0101001 Current 2
V Ok ‘x[:ancel ‘ ? Help
(a) CLMats (b) Controller (MM, 3, 1, 2, 8, 4)
Figure 4-43 Simultaneous Gap

4.4.41.5. Backup Protection

Two features must be programmed to provide backup protection. Backup protection prevents the

controller from reservicing a phase on the current side of the barrier without first crossing the

barrier. In essence, it keeps the lead phase, which is usually a left-turn phase, from being served

twice before the cross-street phases. Two features have to be programmed to provide backup

protection - dynamic omit and detector copy.
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Dynamic omits are used to omit a phase when another phase is green. Figure 4-44 shows the
dynamic omit screen for phase 1 left-turn. Since the left-turn is leading, it will be serviced first,
then phase 2. Therefore, phase 1 is omitted while phase 2 is green. Each phase to be omitted
has to be programmed in a different plan. For this intersection, there will be a total of four plans —

one for each left-turn movement.

Dynamic Dmits
Options:

¥| Enable Dynamic Omits

Enable Another Group via Input
e e A bebereniakiunor | TVNAMIC OHIT GRF 1¢1 OF 8 UALUECYES/NOY
Owerlap : ABCDEFGHI JKLMNOP EHHELE:'T' E 1!1-1'111.
Omit Phase[s]: | v EHI‘I&%\EHQ ;,14 23456789681 2345¢6
If Phase(s] On: ld o "
or OVL(s] Green: IF EE 0H £2
Intersection: Data Source: Group: Plan: IF 0-LEECDEFGHI JELMHNOFP

0101001 Current 1 1 GRM

/ 0K xCancel ? Help
(a) CLMats (b) Controller (MM, 3, 1, 2, 2, 2)

Figure 4-44 Dynamic Omits

Omitting the left-turn phase using a dynamic omit is not usually a problem, unless the left-turn is
protected only, with a 3-section head. During times of very light side street traffic, a left-turning
vehicle arriving at the intersection during phase 2 could get stranded because the call for phase 1
would never register because phase 1 is omitted. Generally, this would not be a problem if the
left-turn phase were protected/permitted with a five-section head. The only way to service phase
1 again is to cross the barrier into phase 4 and 8, where phase 1 is active. During light traffic
conditions, there may not be any side street traffic to place a call on these phases. Therefore,

detector copy can be used to transfer the phase 1 call to phase 4 or 8 while phase 2 is green.

Figure 4-45 shows the phase 1 call being copied to phase 4 while phase 2 is green. Since the
call is only copied while phase 2 is green, the copied call will cease once phase 2 goes yellow,
ensuring that the copied call cannot max out phase 4. Since the call goes away on phase 4, the
minimum green time will be served for that phase and then phase 1 will be serviced. When
phase 4 is active, phase 8 will also be active because of the dual entry program. If cars arrive

while phases 4 and 8 are still green, they will still be able to extend the green.
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Figure 4-45 Detector Copy

44.4.2. Coordination

Coordination plans in Indiana are typically generated by the Synchro design software. Synchro
provides cycle lengths, splits, and offsets for given volumes. As was discussed in Chapter 2, a
pattern should be generated for the six time periods shown in Table 2-5.

The Synchro outputs for three different coordination plans are shown in Figure 4-47. The CLMats
and controller programming screens are shown in Figure 4-48 and Figure 4-49. Before these
parameters are configured, the coordination operating modes should be configured as shown in
Figure 4-46. The parameters that are not discussed here are not typically used. For more
information on these parameters, see the Peek operating manual.?*

1. Cycle, Split, Offset Source allows the user to decide how coordination plans are selected.

If TOD (0) is used, the local controller uses its own TOD plan to place a coordination plan
in effect. If Closed Loop (1) is used, the cycle, offset, and split will be selected by the
master TOD via the fiber optic interconnect. Interconnect (2) is used for hardwire
interconnects and is rarely used. The sources for the cycle, split and offset will be set to
closed loop. In the event that the connection to the master is lost, the local controller will

revert to its own TOD plan. The TOD plans will be discussed in the next section.

* Peek 3000 Operating Manual Rev 5.0, Coordination.
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2. Free, Flash Source has the same options as the cycle, split, and offset. The free source

and flash source should also be set to closed loop.

3. Auto Permissives allows the permissive periods to be calculated automatically.

Permissive periods are very important in coordination, however they are difficult to
calculate manually. It is always recommended to enable auto permissive calculations,
unless an unusual situation requires their adjustment.

4. End of Main Street refers to the offset reference point. If this is not enabled, the offsets

are referenced to the latest start of main street green, which are the coordinated phases
—usually 2 and 6. If this is enabled, the offset is referenced from the end of the main
street green. It is recommended that end of main street green is used because this point
in the cycle is more predictable than the beginning of main street green, due to side
street phases gapping out. However, in this example, the reference will be the beginning
of main street green, so it should not be enabled.

5. Fixed Force Off determines whether the phase force off points are fixed within the cycle
time. If this feature is turned on, extra time in the cycle will be allocated to the side street
phases. If this feature is turned off, the extra time will be allocated to the main street. In
coordinated systems, the main street usually has the heaviest traffic volumes and should
receive the extra green time. However, scenarios exist where the side streets have
higher volumes in coordinated systems. This is true for this intersection, so fixed force
offs will not be enabled.

6. Offset Entry in % allows offset data to be entered as percentages, as opposed to

seconds. This is not commonly used, but is available.

7. Perm-PA in % refers to permissives and phase allocations being entered as percentages.
Entering phase splits as percentages has a big advantage over phase splits in seconds.
If the splits are entered in seconds, a split plan can only be used with cycle length that
has the same total time. If percentages are used, there are no problems using a split
pattern with different cycle lengths.

8. 4 Splits/Cycle assigns 4 splits per cycle, rather than having 24 total splits that are
available to all cycles. This also reduces the number of cycle lengths to 6. This feature
should be enabled.

9. Type of Perm refers to the type of auto permissive operation. The three types are yield,
single, and multiple. INDOT typically uses multiple permissives. For more information on
permissives, see the Peek Programming Manual®.

10. Offset Seeking refers to the transitioning mode when changing coordination patterns.

The choices in the Peek controller are add only, dwell, and short route. Add only

% peek 3000 Operating Manual Rev 5.0, Coordination.
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increases the cycle until the correct offset is obtained. Dwell allows the controller to rest
in the coordinated phases until the correct offset is obtained. Short route is the common
setting used. The cycle length can be lengthened or shortened to obtain the offset,

depending on which would be quicker. Add only and short route are recommended for

use.
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Figure 4-46 Coordination Operating Modes

Up to 4 phase split patterns and 5 offsets can be programmed for each of the 6 cycle lengths.

The cycle, offset, and split is enabled by a TOD plan. Typically, various cycles, offsets, and splits

would be developed based on different volumes. These different coordination patterns can be

selected during a certain time of the day, day of the week, or day of the year.

11.

12.

13.

14.

Coordinated Phases are the main street through phases, typically 2 and 6. Coordinated

phases are assigned to each cycle length. This allows the coordinated phases to be
switched at different times of the day. Phases 2 and 6 should be configured for the
cycles being used.

Phase Allocation is the phase splits. Up to 24 split patterns can be entered. If splits are

entered in percentages, Ring 1 and Ring 2 phase splits must each total 100%.

Cycle Times can be entered from 0-255 seconds. Max dwell is only configured in this
screen if dwell offset seeking was enabled.

Offsets can be programmed for each cycle. These numbers are entered as percents or

seconds.
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15. COS/F to TOD CKTS menu allows the configuration of certain TOD circuits to be active

during a coordination plan. The TOD circuits enable timing plans, recall plans, and

detector plans. If there is more than one timing plan configured, the desired one can be
turned on during certain cycle/offset/split combinations. If a circuit is to be enabled during
all coordination plans, a “wild card” value of 7/6/25/1 is entered. The fourth number in
that sequence controls when the circuit will be enabled - 0 for free, 1 for coordination, or
2 for either. If 2 is entered, then the circuit would be active at all times, regardless of
coordination. The TOD circuit numbers can be obtained by pressing help in this menu or
in the programming manual®®. Older versions of the manual may not have all possible
circuits listed; therefore the help menu screen is the best place to obtain the values. In
order to inhibit the max times, two circuits have to be enabled during coordination. These
are circuits 105 for ring 1 and 106 for ring 2. Since the max times are inhibited, phases
can only terminate due to a gap out or a force off. Also, TOD circuit 125 needs to be
enabled that will log the detector data. This will be on at all times, so 2 is used as the

fourth number. Detector logging will be discussed in more detail in Section 4.4.4.4.1.

%% peek 3000 Operating Manual, Rev. 5.0, Appendix A.
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Figure 4-47 Synchro Coordination Patterns

137




Coordinated Phaszes
| Mext Cycles |
m 1 2345678 910111213141516
Cycle 1 v v
Cycle 2 v v COORD PHASES _ UALUE:<Y<H»> 1 1 11111
Cycle 3 v v CYCLE 1 23456 78918123456
1 " =
Cycle 4 @z i 5
Cycle b = H #
Cycle B g
Intersection: Data Source: 2]
o10om Current
v Xconce P e
(a) CLMats (b) Controller (MM, 3, 2, 2)
Figure 4-48 Coordinated Phases
[y
Phase: 1?2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Y
Split 01 11 32 11 46 11 32 11 46J0 0 0 0 0 0O 0 © H
Split 02 @woswiwawizao 0 0 0 0 oD 0 O =]
Splitd3 8 318 538 31 10510 0 0 0 0 0 0 O 48
Splitod 0 0 0 0 0 0 0 0 0 0 0 0 0 0O 0 O
Split05 0 0 0 0 O 0 0 0 0 0 0 0 0 O O O =
Split06 0 0 0 0 O 0 0 0 0 0 0 0 0 O O O i
Splitd7 0 0 0 0 O O 0 0 0 0 0 0 0 O O O 1E
Split08 0 0 0 0 O O O 0 0 0 0 0 0 O O O
Split09 0 0 0 0 O O O 0 0 0 0 0 0 O O O
Split10 0 0 0 0 O 0 0 0 0 0 0 0 0 O O O© SP b
Split 11 000 0O0O0OTO0OTO0O0O 0O OO0 OO0 0 EH k
Split12 0 0 0 0 O O 0 0 0 0 0 0 0 O O O FH ]
Intersection:  Data Source: Page: Data Entry: |3F‘ S1
01010Mm Current 1 in Percent of Cycle PHESE 1 = 3 4 5 £ 7 a
SPLIT 4 5] & 5 i 5] ] 5 5}
[V | XKoo |20 | Mot pis SHIFT-RT.-> TO DIEW OR ENTER PHASES 9-16
(a) CLMats (b) Controller (MM, 3, 2, 3)

Figure 4-49 Phase Split Allocations
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Figure 4-50 Cycles and Offsets
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Figure 4-51 TOD Circuit in Coordination Plan

44.4.21. Check Coordination Plans

When running a coordinated system, the minimum green times may have to be recalculated.
Consider phase 1 with a minimum green time of 5 seconds. Compare this number to the shortest
green time in the coordination patterns for this phase. Since the splits are percentages, the
lowest percentage doesn’t mean the shortest split in seconds since the cycle lengths vary. The

shortest split for phase 1 is 9.6 seconds (8% of 120 seconds) from coordination pattern 3 in
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Figure 4-47. After the shortest split time is determined, the minimum green time can be

calculated by subtracting the yellow and red clearance times.

Phase Minimum Green = ShortestSplit(s) — Yellow — Red Eq. 41

Phase ] Minimum Green = (8%%120s) —3.2s —2.0s = 4.4s < 5.0s!

Since the minimum green time required for coordination is less than the minimum green

previously entered, either the minimum green must be decreased or the split increased.

Coordination plans can be checked in the controller. Figure 4-52 shows the controller screens for

checking coordination plans 1, 2, and 3. Plan 2 is ok, but plans 1 and 3 have minimum green

errors.
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Figure 4-52 Check Coordination Plans

4.4.43. Time-of-Day Programs

Programs can be created in both the master and the local controller. The programs can be run at

a certain time of the day, day of the week, or day of the year. Common program purposes

include running a certain cycle length, offset, or phase split. If the coordination source is set to

closed loop, the local controller will run the coordination plan that the master TOD program

indicates. If the signal from the master is lost, the local controller will run the coordination plan
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indicated by its own TOD program. Table 4-2 is the program schedule that will be implemented in

this example.
Table 4-2 Time of Day Program Schedule
Day of Week Sun Mon Tues Wed Thu Fri Sat
Day Plan Number 2 1 1 1 1 1 2

6am-9am 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3
9am-3pm 2/2/2 2/2/2 2/2/2 2/2/2 2/2/2
3pm-6pm 21212 3/3/3 3/3/3 3/3/3 3/3/3 3/3/3 21212
6pm-10pm 111 111 111 111 111
10pm-6am Free Free Free Free Free Free Free

4.4.4.3.1. Master Procedure:

The master TOD programs should match the local TOD programs. Using the master to activate

coordination plans is the best way to ensure that all local controllers in the system are running the

same plan. If the local controllers do not run the same plans, the system is not coordinated.

1.

There are two different day plans in this system. Figure 4-53a & b show the step
beginning at 6:00am in day plan 1. Figure 4-53c & d show the step beginning at 10:00pm
in day plan 2. The first day plan runs Monday-Friday. The second day plan runs
Saturday and Sunday.

The hour and minute indicate when that particular step will take effect. In Figure 4-53a &
b, the step shown enables coordination pattern 333 at 6:00 am.

The steps in the day plans can be programmed to affect certain zones. Since only one
zone is used in this example, all steps will have an ‘X’ under Z1°.

The cycle, offset, and split are selected corresponding to the cycle, offset, and split in the
local controller. If the step enables free operation, like the one shown in Figure 4-53¢c &
d, the box is checked next to “free”.

This display is only available in the controller and tells the user whether they are editing
(Figure 4-53b) the current step or inserting (Figure 4-53d) a new one. To toggle between
the two modes, use the SHIFT key.
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Figure 4-53 Master Time-of-Day Configuration

6. Programs can be enabled on a certain day of the week. In Figure 4-54a & b, program 1

runs Monday — Friday and program 2 runs on Saturday and Sunday.

7. For each week of the year, a different weekly plan can be activated. The week program

number can be enabled based on the week of the year in the menu shown in Figure

4-54c & d. Since only one week plan is used, nothing needs to be entered here.
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Figure 4-54 Master Time-of-Day Configuration

44.4.3.2. Local Procedure:

The local TOD program should match the TOD program in the master. In the event that

communication is lost to the master, the local controller will still be running the same plan as the

rest of the system. Figure 4-55 shows the assignments for the day plans and Figure 4-56 shows

the weekly and yearly programs.

1. The day plan number is located at the top of the page. Up to 32 day plans can be

configured.
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2. The hour and minute of the day (military time) is entered that the designated
cycle/offset/split will become active. It is recommended to begin each day plan at
midnight. The Peek controller resets all circuits at midnight (00:00). By beginning the
first plan at midnight, possible errors are avoided.

3. The circuit plan generally does not need to be used here, especially if circuits were
activated in the coordination submenu. In Circuit Plan TOD submenu (MM, 3, 3, 2), up to
four circuits can be activated in a circuit plan. That circuit plan can then be activated by a
TOD plan.

The cycle/offset/split that is to be activated at this time is entered here.
Individual circuits can be turned on or off in the last column according to the time of day.
This display is only available in the controller and tells the user whether they are editing

the current step or adding a new one. To toggle between the two modes, use the SHIFT

key.
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(a) CLMats Day Plans (b) Controller Day Plans (MM, 3, 3, 1)

Figure 4-55 Local Time of Day Configuration

7. For each week plan, the day plan that is in effect on each day of the week is entered.
Here, Sunday and Saturday are set to run day program 2, while day program 1 runs
Monday-Friday. Only one week program is used here.

8. For each week of the year, a different weekly plan can be activated. Since only one

week plan is used, nothing needs to be entered here.
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‘wWeek Plans
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Figure 4-56 Local Time-of-Day Configuration

4444, Detectors

As discussed in Chapter 2, the common detection layout is 3 - 6’X6’ loops wired together starting

at the stop bar for presence and a fourth loop wired separately for counting. In Figure 4-57a, in

the northbound left-left turn lane, detector 5 is a presence detector and detector 15 is a count

detector for phase 5 shown earlier in Figure 4-25a. The numbering scheme used here is not the

conventional one discussed earlier in Chapter 2 because this is being set up for TS2 Type 2 and

was limited to 20 detectors
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Controller — Detector Menu — Detectors 1-64 — Select Detector #

In the Peek controller, all detectors will be assigned to a phase. All detector data is automatically
logged. Logging was enabled by TOD circuit 125 (EVL) in Figure 4-51b . Detectors 18 and 20

are assigned as stretch/delay detectors, or mode 2 in the controller, and a delay time of ten

seconds will be entered. These two detectors are in right-turn only lanes. In this situation, when

a car activates one of these detectors during the red phase, the call is delayed for ten seconds, in

case the car turns right on red. If the car has not accepted a gap within ten seconds, the call is

placed. The rest of the detectors are call/extend detectors so that they can call a phase during

the red interval and extend the phase during the green interval. In the controller, this is detector

mode 0. Figure 4-57 depicts detector assignment in both CLMats and the controller. In CLMats,

the detector number is selected, then all information about that detector can be configured.

1.

The intersection detectors are assigned placing a check in the box next to the phase that
is called. In the controller, detectors are assigned to their corresponding phase by
placing an ‘X’ in the corresponding row and column. The detector numbers are on the
vertical axis and the phase numbers are on the horizontal axis. For example, detectors
2,9,10, 12, 17, and 18 are all assigned to phase 2 because that is the phase that they
call. Make sure that these detectors are not assigned to any other phases. In general,
there should only be one X’ in each row.

In CLMats, the detector mode is configured in the same screen using a drop-down menu.
In the controller, a different screen is used to assign the detector modes. All presence
detectors at this intersection are mode 0 — call/extend detectors. However, the two
presence detectors in the right-turn lanes, detectors 18 and 20, are assigned mode 2 —
stretch/delay, which enables the extend and delay settings.

Up to 4 timing plans can be configured for the delay and extend times. Only plan 1 will
be used here. In CLMats, the delay time of 10 seconds can be entered in the appropriate
box. In the controller, the screen shown in Figure 4-57e must be accessed to enter the

delay times for detectors 18 and 20.
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(a) Intersection Detector Layout
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(e) Controller Detector 18 (MM, 3, 1, 5)

Figure 4-57 Detector Assignment
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44441. Logging

Installing count detectors allows the local controller to collect volume data. Since presence
detectors are used for counting, volume data as well as occupancy data is collected. Detector
logging was enabled by a TOD circuit 125 in Figure 4-51. The data that is logged can either be
viewed from the controller or downloaded to CLMats. In the local controller, the log interval
needs to be configured as shown in Figure 4-58a & b. The interval entered must be divisible into
60. Therefore, the interval could be 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, or 60. In Indiana, the

interval is set to 60 minutes because hourly volumes are most beneficial for calculating timing

plans.
Events Enables
Sample Periods
Yolume log sample period
MOE log sample period ljl
Speed Traps
Speed Traps 1 2 3 4
Leading Detector ljl ljl ljl ljl
Trailing Detector [ 0] [ o] [ 9][ 0] L0G TATA SFGIN FOR SPEED TEOFSCC
Distance (in feet) E E E E CUALL JE SHMFLE F'EF::ILID EI' ’E IELE INTO &g
Log Event Enables VOLUME LOG SAMFLE FERIOD: &8 MINUTECS
TEMRELED EY TOD CET 12T0EML
v/| Coordination Failures v| Low Battery .
v| Monitor Flash v| Response Fault MOE LOG SHMELE FEFII 1Tie B MIHUTE S
v/| Local Flash v| Alarm 1 CEMAELED EY TOD CHT 12ecEML22
v| Pre-empt run v| Alarm 2
v/ Local Free v| Cycling
v| Power up
Intersection:  Data Source:
o1o01001 Current
‘ V oK ‘anncEI | ? Help.
(a) CLMats Log Interval (b) Controller Log Interval (MM, 3, 5, 4, 4)

Figure 4-58 Detector Log Interval

Before downloading the log data, the “Define Basic Elements” screen shown in Figure 4-59a must
be configured to avoid getting any errors. Enter the city and state in which the system is located.
If this is not configured, the detector log transfer will not work. The procedure for downloading the
logs is shown in Figure 4-59b. The data that is collected is stored in the controller memory buffer.
This data should be downloaded on a regular basis, usually once a week. Once the buffer is full,
previous log buffer data will be overwritten.
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Define Basic Elements
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(a) Define Basic Elements Screen

(b) CLMats Download Detector Log

Figure 4-59 Detector Log Transfer

Once the log data is transferred, it can be sorted by date (Figure 4-60b). Once sorted, it can be

viewed as a table (Figure 4-60c) or exported to a file. The file exporting should be done from the

table view, not the filter screen. The data can be exported in various file types including

spreadsheet files and text files. CLMats will store data for each detector in each system every

day of the year. The data can also be viewed in the controller as shown in Figure 4-60d.
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(c)CLMats Log Report

Figure 4-60 Detector Logging Output

(d) Controller Detector Logs (MM, 1, 8, 2)

4.4.5.

Downloading To Controller

Once all data has been entered into CLMats, the database needs to be downloaded back to the

controller. This needs to be done for both the master and the local controllers.
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Download to Intersection: U5231 & State [ <]

Please Wait. Converting Databases... Current Block:
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Timing Plan Functions Block: 2 SUCCESS
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(a) Converting Databases (b) Transferring Databases

Figure 4-61 Download Databases

4.4.6. CLMats Graphics

The controller front panel display has already been demonstrated in this section. Another very
helpful feature of CLMats allows the user to see a graphic display of the controller state on the
computer. Graphics can be drawn or actual pictures can be used like the one shown in Figure
4-62. They are overlaid with images in CLMats and the images are assigned to a phase or a
detector. The signals display the phase indications and the colors of the detectors will turn blue

when they are active.

[Ficimsl Faee: B
Tirvirg Plan 1 i in effect j

Figure 4-62 CLMats Graphics

151



4.47. Greenband Analysis

The greenband analysis provides the user with a time-space diagram like the one shown in
Figure 3-55. This allows the user to see the progression of vehicles through the system and
makes it easier to visualize the effects of offsets. In order for the greenband analysis to work, the
intersection links must be added. This is typically done after the intersections are added in
Section 4.4.2.1. When the greenband analysis is launched, the display will not appear until the
data for the display is collected. This usually lasts for a few controller cycles. The offsets can
also be adjusted on the screen by clicking on the arrows in the display. The changes made in the

offset here do not affect the offset in the controller. It is for testing purposes only.

30 : Speed mph Direction Down Up
Max. Speed 59 59 m/h
1] - — Min. Speed 5 12 mh
32 > E Band Width 24| 2 |sec
i : ‘
0 & aooooon2
0 20 40 1] 80 100 120 140 160 180sec

Figure 4-63 CLMats Greenband Analysis
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Chapter 5. Hardware-in-the-loop Simulation for Testing Controllers

As was discussed in Chapter 1, it is very important to test the configuration of the controller and
the timing parameters in lab setting. The parameters that were designed in Chapter 2 were
based on general practices and standards. They need to be tested under simulated traffic
conditions to ascertain their effectiveness. Testing the parameters using a hardware-in-the-loop
simulation also serves as a check to ensure that the controller is configured correctly. After the
configuration has been checked in the lab environment, the system can be implemented in the

field and tuned. Field tuning procedures are outlined in Chapter 6.
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5.1. Background

Traditionally, the verification process in the lab has been to use a suitcase tester like the one
shown in Figure 5-2a. The suitcase tester shows the phase indications and allows the user to
place detector calls on phases. An alternative to the suitcase tester is to use a controller
interface device (CID) shown in Figure 5-2b. The CID provides an interface between a controller
and a computer. Various computer software programs can be used to test detector inputs and to
monitor phase indications. The CID can also be used in conjunction with CORSIM to perform a
hardware-in-the-loop simulation, where the simulation software and the controller interact in real

time.

(a) Suitcase Tester (b) Controller Interface Device (CID)

Figure 5-2 Controller Testers

5.1.1. Suitcase Testers

Suitcase testers provide a very quick and simple method of testing controllers. The LEDs show
what phases, overlaps, and detectors are active. The detectors can be turned on and off, as well
as other parameters, such as max times and force offs. Other features are also available,
depending on how old the tester is. The major limitation of the traditional suitcase tester is the
inability to simulate real traffic scenarios. It is very difficult to keep turning detectors on and off to
emulate traffic, while watching the phase timers and transitions. There is no way to get a good

picture of how the controller would perform under actual traffic conditions. With a CID and real-
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time simulation, all of the detectors can be tested and simulated traffic can be used to assess the

controller performance.

5.1.2. CID Testers

The CID is interfaced to the controllers’ A, B, and C connectors. The interface to the computer is
through a serial cable. Figure 5-3 depicts the architecture of a hardware-in-the-loop simulation.
There are six basic components of the setup. Items A, B, and C represent the controller side of
the setup and items D, E, and F represent the simulation side of the setup.

(A) The local controllers are used to control the intersections in the simulation. The local
controller receives the vehicle calls and generates the phase states. One local controller is
needed for each intersection in the simulation.

(B) The master controller communicates with the local controllers to set their time clocks and
monitor other activities. The master also provides an interface for the central computer to
monitor all of the local controllers with a single connection.

(C) The central computer running Aries or CLMats is used to monitor the system. The
monitoring of local controllers is typically done through the master controller.

(D) A CID provides the interface from the local controller to the computer running a simulation
model. The CID monitors the controller phase states and the simulation detector states.

(E) The simulation software is responsible for moving vehicles through a defined network and
tabulating output data. The simulation does not implement any control logic. It uses the
signal states obtained from the CID and sends the detector calls to the CID for the controller
to use.

(F) A software interface module provides the linkage between the CID and the simulation
program.

Since standard signal controllers are required to have the same configuration for detector inputs

and phase outputs, the real-time simulation with a CID is compatible with a variety of controllers.
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Figure 5-3 Hardware-in-the-Loop Architecture

The layout of the CID is shown in Figure 5-4.

Figure 5-4 CID Layout
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5.2. Simulation Modifications

5.2.1. Simulation Specifics

Since the simulation is being controlled externally, the only data that is important in the simulation
file is the detector information and the volume information. If a simulation file has to be created
for the hardware-in-the-loop simulation, not all parameters need to be configured for the system.
The nodes and link locations are important, as well as the entry volumes and turning statistics.
The nodes should be set up as actuated controllers. The phases should be assigned to their
corresponding turning movements. The proper detectors also need to be configured. If a
simulation file already exists, only a few modifications need to be made for it to be used for a

hardware-in-the-loop simulation.

5.2.2. Simulation File Modifications

5.2.21. Detector Numbering

Two different types of detectors can be configured in ITRAF. They are detectors for actuated
control in record 46 and surveillance detectors in record 42. The surveillance detectors are the
ones used in the hardware-in-the-loop simulation. The actuated control detectors are configured
in the node control screens. Having these detectors configured will not affect the hardware-in-
the-loop simulation. The surveillance detectors are configured in the link edit screens shown in
Figure 5-5. Figure 5-5a shows the screen in the CORSIM editor and Figure 5-5b shows the

simulation text file.

The surveillance detectors can be placed very precisely and set as presence or pulse. The
detectors can also be assigned four digit numbers. These numbers shall correspond to the node
number and the detector number in the controller. The first two digits indicate the number of the
upstream node that is controlled by the same controller as the current detector. The last two
digits of the number are the number of the detector in the controller. In Figure 5-5, this link
detector is a 36 foot long presence detector at node 1 that is detector number 2. In the controller

that is linked to node 1, detector number 2 would be enabled and assigned to phase 2.
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Figure 5-5 CID Detector Configuration

5.2.2.2. Node Control

In record 43, placing a 2 in column 77, as opposed to nothing, will flag this node for external
control. Here external control refers to the controller. Without this number here, CORSIM will not

know to look for an external controller and will perform a standard simulation.

5.2.2.3. CID File Generation

When CORSIM looks for the external controller for a node, it opens a file with extension “.CID”
and the same root name as the “.TRF” file. One CID file shall be created for each simulation.
The template for the CID file is shown in Figure 5-6. The first lines of the file are used to assign
the nodes to CIDs. First, the CIDs are assigned numbers, and then the nodes are assigned to
the CID numbers. Next, the approaches have to be mapped to the proper phase numbers. The
approach numbers can be found in the simulation file in record type 43. The first number in the
column is the node number. The second and third numbers are the link that is approach 1. The
fourth and fifth numbers are approach 2, and so on. Once the approaches are numbered, the
movements are assigned to the phase numbers. If the movement is powered by an overlap, the
overlaps are phases 9, 10, 11, and 12 for A, B, C, and D. Finally, the movement is designed
protected, permitted, or both. All movements will be assigned as protected. The only exception

is a left-turn that can be any of the three.
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5.3. Controller Interface Device Setup

5.3.1. CID Connections

One CID is required for every controller in the system. The CIDs should be connected to their
controllers with the proper cables and plugged into a power supply. The CIDs must be
interconnected with the appropriate 9-pin cable. There are two 9-pin ports on the front of the CID.
It does not matter which port is used because they function similarly. All of the CIDs should be
daisy-chained as shown in Figure 5-7. Once the CIDs are interconnected, one has to be
connected to the simulation computer with a serial cable. On this CID, the toggle switch on the
inside of the panel must be UP. The toggle switch on the other CIDs must be in the DOWN
position. This denotes the CID that controls the communication between the computer and the
rest of the CIDs.

Figure 5-7 CID Interconnect

5.3.2. CID Numbering

The CIDs must all have a unique identification. In the CID file, the CIDs were numbered for each
node. Each CID has two modules — one for the detectors and one for the phases. On CID 1, the
phase module has ID 1 and the detector module has ID 2. On CID 2, the phase module has ID 3
and the detector module has ID 4. This numbering scheme is used for all of the CIDs in the

system. These numbers should correspond to the numbers assigned in the CID file. The module

numbers are configured on each module as shown in Figure 5-8. Jumpers must be placed on the
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prongs to form the addresses. The numbering of the prongs is binary from right to left (1, 2, 4, 8,
16, 32). To form address 5 for the phase module of CID 3, a jumper would be placed on the
rightmost prong and on the third prong from the right end for 1 and 4. Table 5-1 shows the
jumper configuration for five CIDs. Likewise, the detector module would have jumpers on the

second and third prongs from the right end to form address 6.

Figure 5-8 CID Module Jumpers

Table 5-1 CID Numbering

CID Left Module (Phases) Right Module (Detectors)
1(1,2) "= B B B N I E B E B I (]
E B B E H E B = |
32 16 8 4 2 A1 32 16 8 4 2 1
2(3,4) CEC I I E B N I CL]
E B B E E = E =
32 16 8 4 2 A1 32 16 8 4 2 1
3(5,6) C L] I ] I ] I I (]
E == ] E == ]
32 16 8 4 2 1 32 168 4 2 1
4 (7,8) L I I I ] I E = =
[ I T | E = [ I T |
32 16 8 4 2 A1 32 16 8 4 2 1
5(9,10) C I C ] I CL] I (] I (]
E = E = E = ] ]
32 16 8 4 2 1 32 168 4 2 1

5.3.3. CID Testing

Once the CIDs have been connected to the controllers, interconnected, and numbered, they need
to be tested. The phases can be confirmed by looking at the controller status display and the

phase indications on the phase module. The green phase indications show up on the top 3
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modules in the phase indication module. If a phase is green, the LED corresponding to that
phase will be on. A utility known as intsect2 has been developed to test the detectors. When the
utility begins, the comm. port number must be assigned, as well as the phase module and
detector module numbers for the desired CID. If the software connects to the CID, the screen
shown in Figure 5-9 will appear. Detectors can be turned on and off by clicking in the boxes. The
numbering scheme for the detectors in this window correspond to the numbering on the detector
module, with 1 being in the top left corner and the numbers increasing vertically, then horizontally.
The detectors should not only be confirmed on the CIDs, but also in the controller. This is easily
done in a detector status screen that shows each individual detector input. All CIDs in the system
should be tested. If the software cannot connect to a CID, check to make sure the address is
correct and it does not conflict with any other addresses. Also check the toggle switches and the

interconnect cables.

15U Untitled - CID Test Hi=]
Fil= Edit Help

Detector Modules
rry\rr|jrry\rr|yrr|\rryrr(1rr

[ I o A o o A i R O Y W A |
rry\rr|yjrr\rr|yrr|\rryrr(1rr
oo %D OoOo|oo|oo|(oo|og (oo

Click on Detector Module to Test

Phase Modules

&8 | 0| e e &8 | e e | OO0
& | 8 | e e | @ e 88| OO0

Use Pullup Jumper between pin 4 on Male Connector and
pins 5-36 to light phase module. Verify associated
light above changes state

Figure 5-9 CID Testing Utility
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5.4. Running the Simulation

After all of the CIDs have been connected and the simulation files modified, the simulation can be
executed. The simulation can only be run with the RTContrl plug in. This file, along with
RTTrafvu to view the simulation can be installed onto the computer. Once the simulation begins,
the CID file is opened up and the phases are assigned to the CIDs. It is important to note that
since the simulation is in real-time, it takes one minute on a clock to perform one minute of
simulation. This is very important while the simulation is running. CORSIM displays the
computer time that it took to perform one minute of simulation. The computer time should be
exactly one minute. If it takes the computer longer to run one minute than the controller, the
simulation is not valid. For example, if a 60 second simulation moves vehicles over an 85 second
period, the controller could give more green or red time to particular phases, leading to erroneous
measures of efficiency. Figure 5-10a shows ideal scenario with the computer time matching the
simulation time. Figure 5-10b shows an undesirable scenario with the computer time varying.

Other programs running on the computer at the same time generally causes this.

EJus231pro Project (D:\Nichols' Thesisdata)

[ us231pro Project (D:\Nchols'Thesisdata)

File Name: Size. Modified - File: Name Size Modified -

31406 06f23{2001 2:55 PM ﬂ @ 31406 06,/23{2001 2:55 PM j

COMFLETID 063 SECONDS o STAULATION. ... JNBSIN { 6000 CIU Seconds) 2] CORPLITED 350 SRCONDS 07 STRULATION. .. (VETST | 6900 CFO Secondsy <]
COMPLETED 420 SECONDS OF SIMULATION. .. (NETSIM} { 60.00 CPU Seconds) COMPLETED 420 SECONDS OF SIMULATION. - LMETSIM) ( 60 .00 CPU Seconds)

COMPLETED 480 SECONDS OF SIMULATION. ..
COMPLETED 540 SECONDS OF SIMULATION. ..
COMPLETED 600 SECONDS OF SIMULATION. ..
COMPLETED 660 SECONDS OF SIMULATION. ..
COMPLETED 720 SECONDS OF SIMULATION. ..

.. {NETSIM) { 60.00 CPU Seconds) COMPLETED 430 SECONDS OF SIMULATION.
.. (NETSIM) { 60.00 CPU Seconds) COMPLETED 5§30 SECONDS OF SIMULATION.
(NETSIM) ( 60.00 CPU Seconds) COMPLETED 610 SECONDS OF SIMULATION.

(WETSIM) | 59.00 GPU Seconds)
(METSTM) [ 60.00 GPU Seconds)
(NETSTM) | 62.00 CPU Seconds)
. |wETSTIID ( €0.00 CPU Secondsy
(NETSIM) | 78.00 CPU Seconds)

(NETSIM) ( 60.00 CPU Seconds) COMPLETED 650 ¥ECONDS 0F SIMULATIO
(NETSIM) ( 60.00 CPU Seconds) COMPLETED  7:0 ¥ECONDS 0F SIMULATIO

COMPLETED 780 SECONDS OF SIMULATION. .. (NETSTH) ( 60.00 CRU Seconds) | COMPLETED 730 $ECONDS OF SIMULATIO - LHETSIIG (76,00 CPU Ssconde) I
COMPLETED G40 SECONDS OF SIMULATION. .. (NETSTH) { 60.00 CPU Secondsi COMPLETED 840 SECONDS OF SIMULATION.. . THETSIN} ( €0.00 CPU Ssconds)
COMPLETED 300 SECOMDS OF SIMULATION. .. (NETSTH) { 60.00 CPU Secondsi COMPLETED 90 SECONDS OF STMULATION. (WETSIM) | 60.00 CPU Seconds)

COMPLETED 960 $ECONDS OF SIMULATION...
COMPLETED 10Z0 $ECONDS OF SIMULATION...
COMPLETED 1030 $ECONDS OF SIMULATION...
COMPLETED 1140 $ECONDS OF SIMULATION...
COMPLETED 1200 $ECONDS OF SIMULATION...
COMPLETED 1260 SECONDS OF SIMULATION...
COMPLETED 1320 SECONDS OF SIMULATION...
COMPLETED 1380 SECONDS OF SIMULATION. ..

(NETSIM) { 60.00 CPU Seconds) COMPLETED 950 SECOMDS OF STMULATION. (NETSTM) | 60.00 CPU Seconds)
(NETSIM) { 60.00 CPU Seconds) COMPLETED 1020 $ECONDS OF §IMULATIO
(NETSIM) { 60.00 CPU Seconds) COMPLETED 1030 $ECONDS OF §IMULATIO
(NETSIM) { 60.00 CPU Seconds) COMPLETED 1140 $ECONDS OF §IMULATIO
(NETSIM) { 60.00 CPU Seconds) COMPLETED 120 SECONDS OF SIMULATION..
COMPLETED 1250 SECONDS OF SIMULATION.
COMPLETED 1320 SECONDS OF SIMULATION.
COMPLETED 1330 SECONDS OF SIMULATION.

. (WETSIM} ( §9.00 CPU Ssconds)
. (WETSIM} ( €0.00 CPU Ssconds)
. (WETSIM} ( €0.00 CPU S=conds)
. {HETSIM} ( 62.00 CPU Seconds)
... (METSIM) { 60.00 CPU Seconds)

. (METSIM) { 59.00 CPU Seconds}
(METSTM) | 60.00 GPU Seconds)

COMPLETED 1440 SECONDS OF SIMULATION......... {NETSIM} { 60.00 CPU S COMPLETED 1440 SECOMDS OF STMULATION. ... (METSIM) [ 60.00 CPU Seconds)
COMPLETED 1500 SECONDS OF SIMULATION. .. .. {NETSIM} { 60.00 CPU S COMPLETED 150 SECOMDS OF STMULATION. .. (NETSIM) ( 60.00 CPU Seconds)
COMPLETED 1560 SECONDS OF SIMULATION. .. {NETSIN} { 60.00 CPU S COMPLETED 1550 SECONDS OF SIMULATION.. . (HETSIM} ( 60.00 CPU Secondsi
COMPLETED 1620 SECONDS OF SIMULATION. .. {NETSIM) { 60.01 CPU S COMPLETED 1620 SECONDS OF SIMULATION. . (NETSIM) { 60.01 CPU Seconds}

COMPLETED 1630 SECONDS OF SIMULATION. <... (NETSIM) { 59.95 CPU & '
COMPLETSD 1790 SECONDS OF SIMUVLATION......... (NETSIN] | 60.00 CPU Secomds) |

COMPLETED 1680 SECONDS OF SIMULATION. ..
COMPLETED 1740 SECONDS OF SIMUI

(NETSTM) ( 5.9 CPU S

(a) Ideal Simulation (b) Invalid Simulation

Figure 5-10 Simulation Time Periods

After the initialization period has ended and the simulation is running, it can be opened in
RTTrafvu. Again, the simulation is being viewed in real time, so the animation will be somewhat

sluggish.
After the simulation is finished, the output file from the simulation can be viewed and processed.

This data can be used to produce very helpful tables and graphs that provide insight about how

the system is performing.
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Chapter 6. Field Tuning Closed Loop Systems

After a closed loop system has been implemented in the field, it is very important to monitor the
system performance and continually update the programs. Traffic patterns constantly change
due to economic development and other, subtler factors. Citizens usually report serious
problems in a system before a technician discovers them because citizens use the system every
day. However, technicians should examine issues related to the efficiency of the system at least

once a year.

The field tuning practices discussed in this chapter cover both immediate checks that deal
primarily with safety and functionality and future checks that affect the efficiency and performance
of the system. Immediately after the system is implemented, the detectors should be tested to
make sure that they are working and are mapped properly. Errors in detector configuration and
mapping are one of the main implementation problems, due to the fact that they are not easy to
test. After the detectors are tested, the timing parameters should be validated to make sure they
are not too short. Parameters that are too short can have safety implications, whereas
parameters that are too long typically only decrease system efficiency. Finally, the coordination
in the system should be checked on a yearly basis. This check is very subjective and imprecise
because the coordination will never be perfect. Problems at one intersection in the system can
affect the progression through the rest of the system. Fixing the problem can be very complex

and have other implications. The fine-tuning of the system is an ongoing process.
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Figure 6-1 Chapter Concepts
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6.1. Detectors

6.1.1. Detector Mapping

Each intersection should be tested to ensure that all detectors are calling their proper phases.
This requires a map depicting which detectors are assigned to which lanes. It is recommended
that the testing be done during low volume conditions because fewer detectors are active
simultaneously. Loops can be triggered either by a second person driving a vehicle or by
dragging a 2-foot in diameter copper wire loop like the one shown in Figure 6-2a. The status
display screen will allow the technician to see which phases are being called when a detector is
active. However, in order to determine if the detector is mapped to the correct lane, the detector
input display in Figure 6-2b must be used. This is important when detectors are configured to
extend/delay or count. Knowing which lanes the counts are for is very important, especially for

turning lanes.

EROCEZSSED DETECTOR STATUS:

DETECTOR 1 2 3 4 5 &6 7 8
c Cc C
DETECTOR 9 10 11 12 13 14 15 16
[ [
DETECTOR 17 18 192 20 21 22 23 24
[
DETECTOR 25 26 27 28 Z9 30 31 32

PRESS TOGELE FOR DETECTORS 33-—-64

(a) Copper Loop (b) Detector Input Display (MM, 7, 6)

Figure 6-2 Detector Field Testing

If the detectors are not mapped correctly, the easiest and quickest way to fix the problem is in the
controller. Determine the channel of the detector that is wrong and reassign it to the correct
phase. This procedure is outlined in Section 3.4.4.4.1 for Econolite controllers and Section

4.4.4 .4 for Peek controllers.
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6.1.2. Amplifier Card Settings

The detector amplifier cards in the cabinet should be checked to make sure the settings are
correct. They should be configured for presence mode. The sensitivity should also be checked.
The sensitivity adjusts how far from the center of the loop a vehicle is still detected. This will have

to be adjusted to ensure that vehicles in an adjacent lane do not activate the detector.

6.1.3. Detector Modes

Make sure that any detector features that are enabled in the controller are working properly.
These include extend and delay times and detector logging. Check to make sure that data is
being logged either by viewing the screens in the controller or by downloading the data to a

computer.
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6.2. Timing Parameters

6.2.1. Vehicle Extension Times

Verify that vehicle extension times are not too long or too short, particularly in the left-turn lanes.
Long extension times lead to decreased capacity because of the amount of time not used by a
vehicle at the intersection. It is wasted while the phase is waiting on a vehicle to arrive that may
not arrive. Short extension times can cause a phase to gap out too early for trucks and other
slow moving vehicles because they have a longer startup time. If a truck is 5 or 6 vehicles back
from the stopbar, the vehicles in front of it that can accelerate quicker will all extend the green
and pass through the intersection. However, if the extension time is too short, the phase may

gap out before the truck can reach the detector.

6.2.2. Green Times

From a safety standpoint, the minimum greens should be checked to make sure they are not too
short. This is very important on high-speed approaches that have detection because approaches
without detection are in recall. Also, the maximum green times should be checked while the
intersection is in free operation since the maximum times are inhibited during coordination. If the

green times were calculated based on the guidelines in Section 2.2.4, they should be acceptable.

6.2.3. Pedestrian Times

The pedestrian walk and clearance times should be adequate for the pedestrian movements.
They should not be too short because that will affect the safety of the intersection. If they are too
long, that will only decrease the efficiency. Check to make sure the times were calculated in

accordance with Sections 2.2.3 and 2.2.3.2.
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6.3. Coordination

6.3.1. Phase Splits

Verify that all phase splits are long enough. If splits are not long enough, excessive queuing may
occur on particular movements. If one split is increased, another split has to be decreased

because the cycle length cannot change.

6.3.2. Cycle Length

If the intersection is running under saturated conditions on multiple approaches, the cycle length
may need to be increased. This decision should not be made without prior planning due to the
fact that this modification will affect the entire system. All intersections have to run a common
cycle length for coordination. The intersection could be double-cycled to maintain coordination,

but a new offset will have to be obtained with optimization software.

6.3.3. Offsets

Verify that offsets are appropriate by driving the system. Generally, one cannot expect perfect
progression in both directions as shown in Figure 2-18a. Consequently, the system offsets are
typically tweaked to provide good progression in one direction and moderate progression in the

other — similar to that shown in Figure 2-18b.
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Chapter 7. Conclusions

Chapter 2 established the procedure for designing the different areas of the traffic signal control
for a system. Intersection-specific parameters were discussed and calculated that included ring
structures, phases, timing data, detector data, and coordination. By following these standards
and recommendations, traffic signal control will be much safer with less parameters being

configured without any support.

The parameters calculated in Chapter 2 were incorporated into the system in Chapter 3 and
Chapter 4. These chapters outlined the configuration of Econolite and Peek traffic signal
controllers for a closed loop system. The primary steps included controller initialization,
communication between the controllers, data entry, and remote monitoring software. Traffic
signal controllers have many menus with many parameters to configure. It is very easy to forget
about a menu or leaving out something. If followed correctly, these steps will ensure proper

configuration of a successful system.

Chapter 5 introduced the procedure for testing the controllers after they were configured. The
procedure involved using a hardware-in-the-loop simulation in a lab for testing the controllers in
real-time. The key component that makes the simulation possible, a controller interface device
(CID), was discussed in detail, along with how to set up the simulation. By testing the controllers
in a lab setting before they are deployed in the field, many problems can be avoided that may

possibly jeopardize the safety of the public.
Chapter 6 covered the final step in the deployment process - tuning the system after it is in the

field. Procedures and checks were provided for the detectors, timing parameters, and

coordination plans. It is essential to fine tune the system after it has been deployed. Traffic

171



patterns constantly change and the signal systems must adapt to these changes to remain

effective.

By following the procedure outlined in this manual, the process of deploying closed loop systems
will be greatly facilitated. If deployed correctly, the closed loop systems will increase the
performance of traffic signal control and ultimately create a safer, more reliable network of

highways.
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Appendix A. Glossary

AB3418 — communication protocol used in California.

Actuation — placing a call to the traffic signal controller by activating a loop detector. This call

lets the controller know that a vehicle is present and where it is located.
Amplifier Card — installed in the detector rack in the signal cabinet for inductive loop detectors.
The cards have 2 or 4 channels and convert the signal from the detector into a signal that the

controller can understand. Typically, 2 channel cards are used in Indiana.

Barrier — in a ring structure, the barrier separates phases that cannot be on concurrently. Two

phases that are located on different sides of a barrier will never be on at the same time.

Coordination — relationship between controllers in a closed loop system to provide progression

through the system along the main street.

Extension — act of extending the green indication of a phase by activating a detector.

Fiber optic cable — high speed data cable that can be used to interconnect controllers in a

closed loop system. The data rates can reach 19,200 bits per second with a fiber interconnect.

Inductance — electrical property of a circuit with units of Henries.
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Local Controller — provides traffic signal control at a single intersection, and sometimes multiple

intersections such as diamond interchanges.
Master Controller — does not provide traffic signal control, only provides control of
interconnected local controllers. The master is used to monitor a closed loop system when

accessed from a remote computer running management software.

NEMA — (National Electrical Manufacturer's Association) writes standards for traffic signal

controllers.

NEMA TS1 — original traffic controller standard released in 1989. Does not address coordination,

preemption, or more use of more than eight detectors.

NEMA TS2 Type | — traffic control standard released in 1992 that addressed coordination,

preemption, and multiple detectors using an SDLC communication bus.

NEMA TS2 Type 2 — traffic control standard released in 1992 that used the legacy 24volt
interface of TS1 instead of the SDLC interface.

NIC — (Non-interconnect) refers to the time-of-day schedule in the Econolite local controller that

calls coordination plans.

Overlap — can be programmed to allow a phase outside of the ring structure or another phase in

the ring structure to be green concurrently with the programmed phase.

Phase — assigned to each vehicle and pedestrian movement at an intersection and makes up the

ring structure.

Preemption — special sequence of phases and timings that allows a vehicle placing the

preemption call (usually an emergency vehicle, bus, or train) to have priority in the intersection.

Recall Mode — places a call on a phase so that the minimum green or maximum green time is

served regardless of the actual vehicle presence.

Ring Structure — the map of the sequence of phases.

Telemetry — communication between controllers in a closed loop system.

174



TOD - (Time-of-Day) refers to the time-of-day schedule that calls the coordination plans

Zone — the Peek master controller, can control up to four zones, calling separate TOD plans for

each zone.
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Appendix B. U.S. 231 System
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Figure B-2 US 231 (River Road) Network — State St. to Robinson St. (Screen Capture)
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Figure B-4 Intersection 2: River Rd. & Howard Ave.
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Figure B-5 Intersection 3: River Rd. & Southwest Ramp
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Figure B-6 Intersection 4: River Rd. & NE Ramp
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Figure B-7 Intersection 5: River Rd. & Robinson St.
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Table B-1 System Entry Volumes

ORIGIN 8020 | 8021 | 8022 | 8023 | 8024 | 8026 | 8027 | 8028 | 8029 | 8052 | 8054 | 8055
MOVEMENT | NB EB | WB | WB | WB | WB | EB | WB | SB SB | WB | NB
NODE 1 1 1 12 2 4,7 5 5 5 7 6 6
PM PEAK 800 | 1600 | 1300 0 488 | 1500 | 900 50 500 | 200 | 800 | 200
Table B-2 System Turning Percentages
NODE | APP LEFT % THRU % RIGHT %

1 NB 7 81 12
1 SB 12 79 9
1 EB 6 89 5
1 WB 8 82 10
2 NB -- 80 20
2 SB 25 75 -

2 WB 40 -- 60
3 NB -- 100 --

3 SB -- 100 --

3 EB 50 -- 50
4 NB -- 100 -

4 SB -- 100 --

4 WB 20 -- 80
5 NB 15 80 5
5 SB 2 83 15
5 EB 35 5 60
5 WB 40 40 20
13 NB -- 78 22
14 SB 20 80 -

15 NB -- 77 23
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Table B-3 Intersection Pocket Lengths and Detector Locations

POCKET STOP BAR DETECTOR D'E‘?‘rgg‘.’r"ggs
LENGTHS (FT) LENGTHS (FT) il
NT | MOVE | LEFT | RIGHT | LEFT | THRU | RIGHT | THRU | DIST
1 NB_ | 100 | 240 36 36 36 - .
1 SB | 665 | 240 36 36 36 - -
1 EB | 250 | 70 36 ~ . = -
1 WB | 200 | 112 36 - - = -
2 NB - - - - — — -
2 SB | 250 - 36 - - = -
2 | WwB - = 36 - 36 - -
3 NB = = ~ = ~ = =
3 SB . . . . . . .
3 EB - = 36 - 36 - -
4 NB - - - - — — -
4 SB - - . . - - -
4 | WB - - 36 - 36 - -
5 NB | 100 = 36 - . = ~
5 SB 60 - 36 - - = -
5 EB - - 36 36 - - -
5 | WB - - - 36 - - -
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Table B-4 Controller Interface Device File (used for Hardware-in-the-Loop)

-—
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I g 4 4 4 g -— = i e o e
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O AN NCOCFTITNOCOCBONITNNTGCO FFT 055
RLRIRLILRIIILRILIRLIRLIRLPR

o

—_ sa

— 0 8 G
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e - = 00 €20 Pan Pan P
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W. ...w An_nu %RLTRLTRLTRLT
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Table B-5 Intersection Detector Configuration

MOVE- | DET | LOCK/ | DELAY | CALL
INT | ‘MENT | NUM | N-LCK | (sEc) | PHAsE | DETECTOR TYPE

T | NBLT | 105 | N-LCK | - 5 | STANDARD (PRESENCE)
1 | NBLT | 115 | N-LCK | - 5 | COUNT __ (PRESENCE)
1 | NBTH | 102 | N-LCK | - 2 | STANDARD (PRESENCE)
1 | NBTH | 112 | N-LCK | - 2 | COUNT __ (PRESENCE)
1 | NBTH | 110 | N-LCK | - 2 | STANDARD (PRESENCE)
1 | NBTH | 109 | N-LCK | - 2 | COUNT _ (PRESENCE)
1 | NBRT | 118 | N.LCK | 10 2 | STANDARD (PRESENCE)
1 | NBRT | 117 | N.LCK | - 2 | COUNT _ (PRESENCE)
1 | SBLT | 101 | NLCK | - 1| STANDARD (PRESENCE)
1 | SBLT | 111 | N.LCK | - 1 | COUNT _ (PRESENCE)
1 | SBTH | 106 | N-LCK | - 6 | STANDARD (PRESENCE)
1 | SBTH | 116 | N-LCK | - 6 | COUNT _ (PRESENCE)
1 | SBTH | 114 | N.LCK | - 6 | STANDARD (PRESENCE)
1 | SBTH | 113 | N-LCK | - 6 | COUNT _ (PRESENCE)
1 | SBRT | 120 | N.LCK |10 6 | STANDARD (PRESENCE)
1 | SBRT | 119 | N.LCK | - 6 | COUNT _ (PRESENCE)
1 | EBLT | 107 | NLCK | - 7 | STANDARD (PRESENCE)
1 | EBLT | 108 | N-LCK | - 7 | COUNT _ (PRESENCE)
1 | WBLT | 103 | N-LCK | - 3 | STANDARD (PRESENCE)
1 | WBLT | 104 | NLCK | - 3 | COUNT _ (PRESENCE)
2 | SBLT | 201 | N-LCK | = 1| STANDARD (PRESENCE)
2 [ SBLT | 202 | NLCK | = 1 | COUNT _ (PRESENCE)
2 [ WBLT | 208 | N-LCK | = 8 | STANDARD (PRESENCE)
2 [WBLT | 209 | NLCK | = 8 | COUNT _ (PRESENCE)
2 [WBRT | 216 | NLCK | = 8 | STANDARD (PRESENCE)
2 [WBRT | 217 | NLCK | - 8 | COUNT _ (PRESENCE)
3 | EBLT | 304 | N-LCK | - 4 | STANDARD (PRESENCE)
3 | EBLT | 305 | N-LCK | - 4 | COUNT _ (PRESENCE)
3 | EBRT | 312 | N-LCK | = 4 | STANDARD (PRESENCE)
3 | EBRT | 313 | N-LCK | - 4 | COUNT _ (PRESENCE)
4 | WBLT | 408 | NLCK | = 8 | STANDARD (PRESENCE)
4 | WBLT | 409 | N-LCK | - 8 | COUNT _ (PRESENCE)
4 | WBRT | 416 | N-LCK | - 8 | STANDARD (PRESENCE)
4 | WBRT | 417 | N.LCK | = 8 | COUNT _ (PRESENCE)
5 | NBLT | 5056 | N-LCK | - 5 | STANDARD (PRESENCE)
5 | NBLT | 513 | N-LCK | - 5 | COUNT _ (PRESENCE)
5 | SBLT | 501 | N-LCK | - 1| STANDARD (PRESENCE)
5 | SBLT | 509 | N-LCK | - 1 | COUNT __ (PRESENCE)
5 |EBLTH| 503 | N-LCK | - 3| STANDARD (PRESENCE)
5 [EBLTH| 502 | N-LCK | - 3 | COUNT _ (PRESENCE)
5 | EBRT | 511 | N-LCK | - 3 | STANDARD (PRESENCE)
5 | EBRT | 506 | N-LCK | - 3 | COUNT _ (PRESENCE)
5 | WBTH | 504 | N-LCK | - 4 | STANDARD (PRESENCE)
5 | WBTH | 508 | N-LCK | - 4 | COUNT _ (PRESENCE)
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Table B-6 General Phase Parameters for Intersection 1

INT DESCRIPTION (SEC) 1 2 3 4 5 6 7 8
1 MINIMUM GREEN 5 10 5 7 5 10 5 7
1 YELLOW CLEARANCE 32140 |32 |40 | 32|40 | 32 | 4.0
1 RED CLEARANCE 20|15 |20 | 15|20 |15 | 20| 15
1 PEDESTRIAN CLEARANCE | -- 11 -- 11 -- 11 -- 11
1 PEDESTRIAN WALK -- 7 -- 7 -- 7 -- 7
1 MAX1 GREEN 15 | 46 15 67 12 48 16 66
1 MAX2 GREEN 15 | 46 15 67 12 48 16 66
1 MAX3 GREEN 17 | 53 17 78 14 56 19 76
1 MAXIMUM EXTENSION 1.0/ 35|10 | 55|10 | 40 | 15 | 5.0
1 VEHICLE EXTENSION 14150 |14 | 50|14 | 50| 14 |50
1 TIME BEFORE REDUCTION | -- 15 -- 22 -- 18 -- 25
1 TIME TO REDUCE - 37 -- 54 -- 45 -- 61
1 MINIMUM GAP TIME -- | 3.0 -- 3.0 -- 3.0 -- 3.0
1 SEC/ACTUATION - -- -- -- -- -- -- --
1 MAXIMUM INITIAL -- - - -- -- -- -- --

Table B-7 General Phase Parameters for Intersection 2

INT DESCRIPTION (SEC) 1 2 3 4 5 6 7 8

2 MINIMUM GREEN 10 -- -- -- 10 - 7

2 YELLOW CLEARANCE 3.0 | 4.0 - - - 4.0 - 3.5

2 RED CLEARANCE 1.0 | 1.0 - - - 1.0 - 1.5

2 PEDESTRIAN CLEARANCE -- 3 -- -- - - -- 9

2 PEDESTRIAN WALK -- 7 - - - - - 7

2 MAX1 GREEN 18 34 - - - 52 - 26

2 MAX2 GREEN 18 34 - - - 52 - 26

2 MAX3 GREEN 21 39 - - - 60 - 30

2 MAXIMUM EXTENSION 1.5 ] 25 - - - 4.0 - 2.0

2 VEHICLE EXTENSION 1.4 -- -- -- -- - - 1.6

2 | TIME BEFORE REDUCTION -- -- -- - -- -- -- --

2 TIME TO REDUCE -- - -- -- -- -- -- -

2 MINIMUM GAP TIME -- -- -- -- -- -- -- --

2 SEC/ACTUATION -- -- -- -- -- - - -

2 MAXIMUM INITIAL -- -- -- -- -- -- -- -
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Table B-8 General Phase Parameters for Intersection 3

NT DESCRIPTION (SEC) 1 2 3 4 5 6 7 8
3 MINIMUM GREEN -- 10 -- 7 -- 10 -- --
3 YELLOW CLEARANCE - 4.0 - 3.5 - 4.0 -- --
3 RED CLEARANCE -- 1.0 - 1.5 - 1.0 - -
3 PEDESTRIAN CLEARANCE -- -- -- 9 - 0 - -
3 PEDESTRIAN WALK -- -- - 7 - 7 - -
3 MAX1 GREEN -- 43 -- 35 -- 43 -- --
3 MAX2 GREEN -- 43 -- 35 -- 43 -- --
3 MAX3 GREEN -- 50 -- 40 -- 50 -- --
3 MAXIMUM EXTENSION -- 3.5 -- 2.5 -- 3.5 - -
3 VEHICLE EXTENSION -- -- -~ 1.6 - - - -
3 | TIME BEFORE REDUCTION - - - - - - - -
3 TIME TO REDUCE - - -- - - - - —
3 MINIMUM GAP TIME - - - - - - - —
3 SEC/ACTUATION - - - - - - — -
3 MAXIMUM INITIAL -- - - - - - — -
Table B-9 General Phase Parameters for Intersection 4
NT DESCRIPTION (SEC) 1 2 3 4 5 6 7 8
4 MINIMUM GREEN -- 10 -- -- -- 10 -- 7
4 YELLOW CLEARANCE - 4.0 - - - 4.0 - 3.5
4 RED CLEARANCE -- 1.0 - - - 1.0 - 1.5
4 PEDESTRIAN CLEARANCE -- 0 -- - - - -- 9
4 PEDESTRIAN WALK -- 7 -- - - - - 7
4 MAX1 GREEN -- 35 -- -- -- 35 -- 43
4 MAX2 GREEN -- 35 -- -- -- 35 -- 43
4 MAX3 GREEN -- 40 -- -- -- 40 -- 50
4 MAXIMUM EXTENSION -- 2.5 -- -- - 2.5 - 3.5
4 VEHICLE EXTENSION - - - - - - - 16
4 | TIME BEFORE REDUCTION - - - - - - - -
4 TIME TO REDUCE - - -- - - - - -
4 MINIMUM GAP TIME - - - - - - - -
4 SEC/ACTUATION - - - - - — - -
4 MAXIMUM INITIAL - - - - - - - -
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Table B-10 General Phase Parameters for Intersection 5

INT DESCRIPTION (SEC) 1 2 3 4 5 6 7 8
5 MINIMUM GREEN 10 7 7 5 10 -- --
5 YELLOW CLEARANCE 301403535 ]30]40 -- --
5 RED CLEARANCE 1511015115115 ]1.0 -- --
5 PEDESTRIAN CLEARANCE -- 0 9 9 -- 6 -- --
5 PEDESTRIAN WALK -- 7 7 7 -- 7 -- --
5 MAX1 GREEN 13 | 68 | 42 | 34 | 23 | 57 -- --
5 MAX2 GREEN 13 | 68 | 42 | 34 | 23 | 57 -- --
5 MAX3 GREEN 15 | 78 | 48 | 39 | 27 | 66 -- --
5 MAXIMUM EXTENSION 1.0 | 50 | 3.0 | 25 | 20 | 45 -- --
5 VEHICLE EXTENSION 1.4 -- 16 | 16 | 14 -- -- --
5 | TIME BEFORE REDUCTION | -- -- -- -- -- -- -- --
5 TIME TO REDUCE -- -- -- -- -- -- -- --
5 MINIMUM GAP TIME -- -- -- -- -- -- -- --
5 SEC/ACTUATION -- -- -- -- -- -- -- --
5 MAXIMUM INITIAL -- -- -- -- -- -- -- --

Table B-11 Coordination Plans and Splits
INT | COS | CYC | OFF 1 2 3 4 5 6 7 8
1 111 90 0 11 32 11 46 11 32 11 46
2 111 90 22 29 43 -- -- -- 72 -- 28
3 111 90 44 -- 59 -- 41 -- 59 -- --
4 111 45 13 -- 49 -- -- -- 49 -- 51
5 111 90 63 11 31 29 29 16 27 -- --
1 222 | 100 0 10 30 10 50 10 30 12 48
2 222 | 100 24 28 44 -- -- -- 72 -- 28
3 222 | 100 43 -- 60 -- 40 -- 60 -- --
4 222 50 8 -- 46 -- -- -- 46 -- 54
5 222 | 100 68 10 38 26 26 18 30 -- --
1 333 | 120 0 8 31 8 53 8 31 10 51
2 333 60 14 23 43 -- -- -- 67 -- 33
3 333 60 52 -- 55 -- 45 -- 55 -- --
4 333 60 39 -- 45 -- -- -- 45 -- 55
5 333 | 120 33 8 43 27 22 15 37 -- --
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