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EXECUTIVE SUMMARY

TxDOT RTI 5-7160: Implementing the ATSPM-in-the-Loop Simulation Solution with the
TxDOT Statewide ATSPM System Deployment Plan

This implementation project builds directly on the research project TxDOT RTI 0-7160,
“Improve Traffic Signal System Planning, Design and Management with Big-Data-Enhanced
Automated Traffic Signal Performance Metrics (ATSPM) System.” It advances the Technology
Readiness Level (TRL) of the developed solutions from TRL 7 to TRL 9, enabling operational
deployment in real-world environments.

To support independent adoption by TxDOT engineers, the research team produced detailed
step-by-step installation guidelines for two open-source ATSPM systems: Utah-DOT-ATSPM
(v4.3) and the UTA add-on system UTA-In-Motion (UTAIM). Drawing on prior deployment
experience, the guidelines include extensive troubleshooting guidance and enable reliable
installation and operation on both dedicated servers and individual workstations.

A second major outcome is the adoption of modern software distribution practices. Both ATSPM
systems were packaged into a single Docker image. This approach reduces fresh installation time
from approximately 20 hours to about 1 hour and eliminates longstanding software-compatibility
issues associated with native host installations.

The project also expanded controller support within the ATSPM-in-the-loop simulation package
to include Q-Free, Econolite, McCain, and Yunex platforms. This broader compatibility allows
most TxDOT districts to apply the solution. In addition, a National Transportation
Communications for ITS Protocol (NTCIP)-based hardware-in-the-loop simulation control
interface device (HILS-CID) was delivered, enabling connection of Verkehr In Stadten —
SIMulationsmodell (VISSIM), translated as “Traffic in Cities — Simulation Model,” to physical
traffic signal controllers as well as National Electrical Manufacturers Association (NEMA) TS-2
and Advanced Transportation Controller (ATC) cabinets.

In collaboration with the TxDOT Austin District, a comprehensive case study was conducted
along a busy corridor containing 23 intersections. The study integrated multiple controller brands
using Ring-Barrier Controller (RBC), software-in-the-loop simulation (SILS), hardware-in-the-
loop simulation (HILS), and cabinet-in-the-loop simulation (CILS). By combining a standard
signal-optimization workflow with ATSPM outputs, the case study demonstrates a complete
process for translating the research outcomes into practical applications.

Finally, the project produced a suite of Artificial Intelligence (Al)-augmented training videos
that introduce new users to ATSPM-in-the-loop simulation concepts, together with complete
courseware supporting both in-person instruction and self-paced learning exercises.
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CHAPTER 1: Introduction

1.1. Background

Building on the findings of the Texas Department of Transportation (TxDOT) Research Project
0-7160, Improving Traffic Signal System Planning, Design, and Management with Big-Data-
Enhanced ATSPM System, Project 5-7160 focuses on implementing an ATSPM-in-the-loop
simulation framework that supports ATSPM data generation, database integration, and
performance visualization. This chapter describes the configuration of Planung Transport
Verkehr (PTV) VISSIM, derived from Verkehr In Stadten — SIMulationsmodell (“Traffic in
Cities — Simulation Model”) outputs, traffic signal controller emulators, and data parsing tools
used to produce ATSPM-compatible signal event, detector actuation, and vehicle trajectory
datasets.

Automated Traffic Signal Performance Measures (ATSPM) systems collect and process high-
resolution traffic signal controller and detector data to support continuous evaluation of traffic
signal operations. These systems have been developed and advanced through collaboration
among federal and state agencies, academic institutions, and industry partners. Despite their
growing adoption, agencies continue to face implementation challenges, including differences
between traditional signal design practices and ATSPM-based performance evaluation,
substantial deployment resource requirements, and operational and maintenance complexity.

To support ATSPM implementation, this report documents procedures for generating high-
resolution traffic signal event data and vehicle trajectories from PTV VISSIM in World Geodetic
System 1984 (WGS84) format. For Project 5-7160, the report describes the configuration of the
built-in Ring-Barrier Controller (RBC) and the Econolite EOS controller emulator for simulated
traffic signal control. Q-Free MAXTIME Software-in-the-Loop Simulation (SILS), developed
and applied under Project 0-7160, is retained in this comprehensive final report for
documentation and was not used for the current Project 5-7160 corridor implementation. The
report also documents hardware-in-the-loop simulation (HILS) using a physical Q-Free
MAXTIME controller connected to VISSIM through the TxDOT Hardware-in-the-Loop
Simulation Control Interface Device (HILS-CID). In addition, it presents procedures for
converting simulated outputs into ATSPM-compatible data structures and transferring data
between Microsoft SQL Server and MySQL databases. Together, these procedures establish the
data flow required to analyze and visualize simulated traffic signal performance using the Utah
Department of Transportation ATSPM platform (UDOT ATSPM) and UTA-In-Motion
(UTAIM).

1.2. Customizing the VISSIM Model for High-Resolution ATSPM QOutputs
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PTV VISSIM can generate records of traffic signal phase transitions, detector states, and vehicle
movements. However, its native output formats differ from the event-code structure and
trajectory formats required by ATSPM platforms. Therefore, the simulated outputs must be
configured and converted before they can be stored and analyzed in UDOT ATSPM and
UTAIM. This section describes the required VISSIM output settings and data-conversion
procedures.

Traffic signal event data used by the two ATSPM platforms—UDOT ATSPM and UTAIM—
must conform to the standardized event codes established by the Indiana Department of
Transportation (INDOT) in collaboration with Purdue University. The standard includes more
than 100 event codes, each representing a specific signal or detector state change, as illustrated in
Fig. 1-1. For most events, an additional parameter identifies the associated phase or detector
channel. This standardized coding structure supports consistent data processing, integration, and
comparison across the two platforms.

Event = e
Code Event Descriptor Parameter Description

Active Phase Events:

0 Phase On Phase # (1-16) Set when NEMA Phase On becomes aclive,
either upon start of green or walk interval,
whichever occurs first.

1 Phase Begin Green Phase # (1-16) Set when either solid or flashing green
indication has begun. Do not set repeatedly
during flashing operation.

2 Phase Check Phase # (1-16) Set when a conflicting call is registered
against the active phase. (Marks beginning
of MAX timing)

Phase Min Complete Phase # (1-16) Sel when phase min timer expires.
Phase Gap Out Phase # (1-16) Set when phase gaps out, but may not

necessarily occur upon phase termination.
Event may be sel multiple times within a
single green under simultaneous gap out.

5 Phase Max Out Phase # (1-16) Set when phase MAX timer expires, but
may not necessarily occur upon phase
termination due to last car passage or other
fealures.

Figure 1-1: Snapshot of Indiana traffic signal events logging enumerations.

In field deployments, ATSPM platforms periodically retrieve high-resolution event data from
traffic signal controllers. The retrieved records are decoded and stored in the corresponding
databases: Microsoft SQL Server for UDOT ATSPM and MySQL for UTAIM. These databases
support subsequent processing, analysis, and visualization of traffic signal performance.

1.2.1. Simulated traffic signal transition events output

It is relatively straightforward to store simulated traffic signal group events generated by
VISSIM directly in a SQL Server database; however, all simulated events must be parsed from
their native VISSIM format into an ATSPM-compliant event structure, as illustrated in Fig. 1-2.
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VISSIM’s Original Signal Events output Parsed Signal Events compliant with the ATSPM

system
Figure 1-2: Comparison between VISSIM and ATSPM signal event formats.

1.2.2. Simulated Detector and Vehicle Trajectory Outputs

As of VISSIM version 2022, the simulation engine cannot directly output detector actuation
events to a database; instead, detector data are exported as text files with the extension “.1dp”.
After each simulation run, VISSIM automatically generates one detector output file per
intersection. File names follow the format “XXX YY ZZZ.ldp”, where XXX denotes the
VISSIM model name, YY represents the intersection ID within the model, and ZZZ indicates the
simulation run number.

Within each file, detector status at each simulation time step is encoded as a character string. As
illustrated in Fig. 1-3, the character “.” represents an OFF detector state, while all other
characters indicate an ON state. The detector status records for each intersection are processed
sequentially, with status transitions identified and translated into ATSPM-compliant detector

events.

| Cooper Street_TDOT_ATSPM_2_001.1dp DDDDDDDDDDDDDDDDDDDDD

) Cooper Street KDOT_ATSPM_10001_001.Idp EEEEEEEEEEEEEEEEEEEEE

TITTTTTITTITITTITTTTTTT
Cooper Street_TxDOT_ATSPM_20001_001.1dp

| Cooper Street_TxDOT_ATSPM_40002_001.Idp 11122222333455

") Cooper Street_TDOT_ATSPM_60001_001.Idp 234578978901345356901

| Cooper Street_TxDOT_ATSPM_80001_001.Idp

| Cooper Street_TxDOT_ATSPM_90001_001.dp

""" | Cooper Street_TxDOT_ATSPM_100001_001.1dp
| Cooper Street_TxDOT_ATSPM_120001_001.Idp
| Cooper Street_ TxDOT_ATSPM_140004_001.Idp
_/| Cooper Street_TxDOT_ATSPM_140012_001.Idp
| Cooper Street_xDOT_ATSPM_140013_001.Idp
| Cooper Street_TxDOT_ATSPM_140014_001.Idp
| Cooper Street_TxDOT_ATSPM_140018_001.Idp

| Cooper Street_TxDOT_ATSPM_140019_001.Idp
| Cooper Street_TxDOT_ATSPM_140021_001.Idp

Figure 1-3: VISSIM’s detector events output.
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Vehicle trajectory output is a standard function in VISSIM. However, the native trajectory output
is provided in the form (x, y, ¢), where x and y represent a vehicle’s relative position within the
simulation coordinate system, and ¢ denotes the simulation time. Because these coordinates are
referenced to the simulation model rather than real-world geography, simulated vehicle
trajectories cannot be directly ingested into operational ATSPM databases. Additional
geographic and temporal information is required to make the simulated trajectories actionable.

Recent versions of VISSIM (version 11 and later) provide a feature referred to as User-Defined
Attributes (UDA), which allows users to customize simulation outputs. PTV provides example
implementations demonstrating how the UDA feature can be used to transform relative (x, y)
coordinates into real-world WGS84 (latitude, longitude) coordinates based on the model’s
geolocation reference. In addition to spatial transformation, a real-world timestamp must be
assigned to each trajectory point. While VISSIM can output simulated time steps and time-of-
day values, an explicit calendar date must also be specified to ensure that simulated vehicle
trajectories comply with ATSPM data requirements. An example of the resulting trajectory
records in WGS84 format is shown in Fig. 1-4.

Simulated Miss the date
time clock information
SIMRUN  NO LATITUDEFRONT  LONGITUDEFRONT  SPEED

RS ) TI5O020  327269243537268  -97.115990739113  9.11533486809736
2 1 103 07150030  327269282360769 -97.1159821353471  9.11533486805736
3 2 03 07150030  327283996083935 -97.11540538957013  9.55631645693473
4 1 1 04 07-15:0040  327269321141677 97.11597354102  9.09533486805736
51 2 04 07:15:0040  32.7283996144147 -97.115395175956  9.55631645693473
81 105 07:15:0050  32.7269350799026 97.1150649740746  9.05731513503256
71 2 05 07150050  327283996204359 -97.1153849622107 9 55631645693473
31 3 05 07:15:0050  327391780947863 -97.1123069496779  15.5159431431836
5 1 1 06 07-15:0060  327269398294449 -57.1159564430136  9.01925875132546
01 2 08 07:15:0060  327283996264571 -97.1153747484654 9 55631645693473
1 3 06 07:15:0060  327391779317901 97.1123235105382  15.4758431431836
121 4 08 07:15:00.60  326755642901307 -97.1347428699463  18.9463765247932
171 107 07:15:0070  32.726943662796 9715047947834  B.98128574435755

Figure 1-4: Snapshot of simulated vehicle trajectories in the WGS84 format.

1.2.3. Setting Up Pedestrian Detectors and Overlaps

Configuring Pedestrian Detectors in RBC

Pedestrian detectors are used in traffic signal systems to register pedestrian calls at crosswalks
and initiate pedestrian signal phases. In the simulation environment, pedestrian detectors are
configured to replicate field-installed push buttons or sensing devices and must be correctly
mapped to the signal controller logic to ensure proper operation.
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In the RBC controller, pedestrian detectors must be assigned using the 1XX numbering
convention to ensure that simulation outputs are compatible with the ATSPM event format. In
this convention, XX represents the associated concurrent vehicle phases for the pedestrian
movement. For example, when a pedestrian crosses the major roadway, the corresponding
pedestrian detector should be numbered 104 or 108, as vehicle phases 04 and 08 represent the
through movements on the minor street.

Fig. 1-5 illustrates an example pedestrian detector configuration in VISSIM and its
corresponding mapping in the RBC. This mapping ensures consistency between simulated
pedestrian calls and controller phase operations, enabling accurate representation of pedestrian
movements and signal responses within the simulation.

FPERO® F0R0 BQEAQe»A- YOI F @ R

[Sequence |

» Ring1 1204 B0l
Ring2 s (e flsffufe
Ring3
Ring 4

Overlaps

b OvedapSG 205 | 206 | 207 | 208

Delay Green

TrsilGreen

Amber

Red Cloarance

Parent 210 412 614 816 |

Delay Enable

TroEnable
Voh Detectors

160 = Detector Number INENEREN ERK

2 | Caled G ISESESES DD

Extended SGs. 2,2 ,2,5 6,68

44444

o Ped Detectors
Ped Detectors ks S || DetectorNumber ||az 104 | 106 | 108
CalledSGs ]

| 102 , 104 106 , 108 )|
t E I

Figure 1-5: Pedestrian detectors in VISSIM

Configuring Overlaps in RBC

When configuring signal phases in an RBC controller, overlap definitions must be carefully
specified to ensure correct phase concurrency and compatibility with ATSPM data processing.
Overlaps allow multiple signal movements to operate simultaneously by combining outputs from
one or more parent phases.

A double-cycle or 16-phase operation with overlaps can be configured as follows:
1. Multiple Parent Phases
o Opverlaps are defined by combining two or more parent signal phases.

2. Double-Cycle Operation
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o Two complete signal cycles are executed within the duration of a single standard
cycle.

3. Overlap Naming Convention
o Overlaps must be assigned using the 2XX numbering format (e.g., 205, 208).
o This 2XX numbering convention applies to the RBC signal-group identifiers. Q-
Free MAXTIME overlaps are configured separately using the controller’s overlap
designations.
4. Example Configuration
o Asshown in Fig. 1-6, Overlap 205 represents the concurrent operation of Phase 2
and Phase 10, both serving through movements on the major roadway.
o Phase 1 (northbound left-turn) and Phase 5 (southbound left-turn) are omitted
during the second cycle.

Pedestrian detectors and overlaps must be configured using the 1XX and 2XX numbering
conventions, respectively, as outlined in the previous sections and shown in Fig. 1-6. Failure to
adhere to these conventions will prevent successful parsing of simulated outputs into ATSPM-
compliant data formats for both UDOT ATSPM and UTAIM systems.

Jwork Editor

PROY FORD WQREQAQeErR- YOO 7 @ RS

File View Help
BiastingDontviak
0 P

b OverlapsG 205 | 206 | 207 | 208

2207[2-207] 2-207] 21

Parent 210, 412614 816
] 2-208] Dleatd s AL W I B2 O DL
Delay Enable

Trail Enable

Detector Number 1 2 3 4 5 6 7 8
|| s EN DD L
5 6 6 6 1

308 Em 0 BT e b S SR SR B S S S S_—_—

OVERLAPS

2-5 |2-205§.205(2-205 |

Ped Detectors

RING STRUCTURE Detector Number 102 | 104 | 106 | 108

jobal Values [}
nce
1 2| 34|910(1112 CalledSGs 02104 106 108, | _
5 6| 7 8[{1314|1516

Figure 1-6: Overlaps setup in RBC

Sequential Detector Layout Setup

Traffic signal event data consists of signal transition records and detector actuation records.
Signal transition records are stored directly in SQL Server, while detector actuation records are
exported as .I1dp files. Because the detector output order from the RBC can be customized, the
parser must be provided with the exact detector sequence used in the simulation.



Project 5-7160 UT Arlington

The detector sequence is defined in a CSV file named List of Detectors.csv. Each row in this file
must follow a strict format:

1. The first column specifies the intersection number.

2. The second column specifies the total number of detectors at the intersection.

3. The remaining columns list the detector port numbers in the exact order used by the RBC
output.

For example, for Intersection 9, the detector port sequence may include: 1, 2, 3,4, 5, 6, 8, 12, 13,
14, 15, 16, 17 (see Fig. 1-7). Users must specify both the location of the “List of Detectors.csv”
file and the VISSIM simulation output directory containing the .Idp files in Step 2 of the parsing
software’s graphical user interface (GUI). Failure to follow the correct detector sequence will
result in incorrect parsing of detector actuation data.

B Signal Controller ? X 1| Cooper Street_TxDOT_ATSPM_4_001.Idp - Notep
No: 4 Neme [UTaBUVD File Edit Format View Help
Type: Ring Barrier Controller ~ & Active 12 1

USER-defined detector actuation outputs |
in the RBC controllers of VISSIM

]

quration  Sigas! Times Table Config. SC Detector Record Config,

Port no.

Configame  Vartio Title
[

- = X }

(a)

11222223 eae
12347897901345359122468

19 DET_ZUST 52
20 0ET_2usT 102

USER-defined detector configuration file (“List
of detectors.csv”). It MUST be consistent with
the user-defined detector configuration in
VISSIM

Figure 1-7: RBC detector actuation outputs and decoding.
1.2.4. Turn on high-resolution simulation output

By default, VISSIM does not automatically generate high-resolution outputs for traffic signal
events, detector actuations, or vehicle trajectories. These outputs must be explicitly enabled by
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the user. This section summarizes the procedure for activating and exporting simulated data

required for ATSPM system integration.

Configuring WGS84 Coordinate System in VISSIM

Import the User-Defined Attributes (UDA) required for generating vehicle trajectories in
WGS84 format using the provided VISSIM template, as shown in Fig. 1-8.

O New
P Open..
Open Layout...
Open Default Layout
Read Additicnally
H Save
Save as...
Save as Default Network

Save Selection as...

E Cooper Street TkDOT_ATSPM.inpx - PTV Vissim 2022 (5P 11)
File | Edit View Lists BaseData Traffic

Signal Control  Simulation Ewvaluation Presentation Test

e Step 1
InE-#8 0 9 =

4 Metwork...
Mamed List Layouts...
MNamed Netwerk Editor Layouts...
MNamed Chart Layouts...
Mamned Color Schemes...

[ This PC
B 30 Objects
L ce-rsrch-wejo (researchfs0l.uta.edu (PowerScale Servi
B Deskiop
%] Documents
& Downloads
D Music
& Pictures
B Videos
i Local Disk (C)
__ storaae hard drive (E

Save Layout as... Simulation Run (From *.sdf or *.db File)...
Save Layout as Default Simulation Runs (Entire Directory)...
Compare and Transfer Networks 3 |
W Ahram ST W ARTAr
[P Seiect file to read additionally 53
N » ThisPC » sterage_hard_drive (E5) > Cooper VISSIM TDOT ATSPM project » v o Search Cooper VISSIM TxDO...
Organize v New folder =y I @
‘W Pieneer Parkway & Matlock Rd ~ Name ” Size
@ OneDrive Calibration Data St e 2
Cooper Street T<DOT_ATSPM.results
@ OneDrive - Personal

individual intersections 7T

Intersections detail PM File folder
B Cooper Street_KDOT_ATSPM.inpx A INPX File 19
B} WGS 84 Coordinates.inpx INPX File 1

TR FileTolder

File name: | WGS 84 Coordinates.inpx

| [Vissim network files (rinpx) v

Cancel

B Read Additionally

X
~
Read  Network object type Conflictavoidance o] St e p 3
User-Defined Attributes New key on conflict TOUT =T
[0  Network Settings None Overwrite object
O Simulation None Overwrite object
[0  Dynamic Assignment MNone Qverwrite object
[0  Maximum Acceleration Functions New key on conflict 10
[0  Desired Acceleration Functions New key on conflict 10
[0  Maximum Deceleration Functions New key on conflict 10
[0 Desired Deceleration Functions New key on conflict 10
[  Desired Speed Distributions New key on conflict 110000
[1  Weight Distribution: New key on conflict 10 =

Figure 1-8: Loading the UDA for the WGS84 vehicle trajectory output.
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Enable high-resolution traffic detector actuation output for each intersection. Fig. 1-9 illustrates
the four sequential steps required to activate detector actuation data storage.

I Signal Controller ? b3

No: | 20001 Name: [UTABIVD

Type:  Ring Barrier Controller ~ Active

ation Signal Times Table Config. [SC Detector Record Config.

4 Glconfioeme Voo Title Label
1| DET_ZUST 1 State DET 1
2|DET_ZUST 2 State DET 2
3|DET_ZUST 3 State DET 3
4|DET_zZUST 1 State DET 4
5| DET_zUST 7 Stote DET 7
6| DET_ZUST 8 State DET &
7| DET_zUST 9 State DET 9
8| DET_ZUST 17 State DET 17
9| DET_ZUST 19 State DET 19
10|DET_ZUST 20 State DET 20
11| DET_zUST 21 Stote DET 21
[ 4 12 DET_ZUST 23 State DET 23
s 13|DET_ZUST 24 State DET 24
Vellow 14/ DET_ZUST 25 State DET 25
15/ DET_ZUST 33 State DET 33

- = X[¥

Master Cycle

M
Mi
Pe
Re
Sey

16/DET_ZUST 35 State DET 35
17| DET_ZUST 49 State DET 49
18/ DET_ZUST 51 State DET 51
19 DET_ZUST 52 State DET 52
20| DET_ZUST 102 State DET 102

21| DET_ZUST 104 State DET 104
22| DET_ZUST 106 State DET 106
23| DET_ZUST 108 State DET 108

[[] SC detector record - show short names in header

Signal group label: Detector label:
® Number @ Port number
O Name O Name

Figure 1-9: Enabling detector actuation outputs for each intersection.

Database Configuration in VISSIM

VISSIM supports storing simulation outputs in various database formats. Since the UDOT
ATSPM system utilizes Microsoft SQL Server, simulation results are configured to be stored
directly in an SQL Server database. Users may either create a new database on an existing SQL
Server instance or install a free edition, such as SQL Server Express. It is recommended that
database installation and configuration be performed with assistance from an IT professional.

After the SQL Server database is successfully set up, users should verify that VISSIM can
establish a connection before running the simulation. Fig. 1-10 illustrates the procedure for
connecting VISSIM to an SQL Server database. In Step 4, users must enter the appropriate
server’s name, username, password, and database name, and then select Test connection. If the
connection is successful, a message box will appear confirming that the database connection has
been established.
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Figure 1-10: Connecting VISSIM to an SQL Server database.

UT Arlington

To activate simulation outputs, navigate to Evaluation > Configuration in the VISSIM main
menu, as shown in Fig. 1-11. In the configuration dialog, enable the three required output options
to allow simulation results to be stored in the database. Next, select the Vehicle Record attributes
and configure the vehicle output fields as illustrated in the third configuration step. These
attribute selections ensure that the required vehicle trajectory data are correctly exported for
subsequent processing and ATSPM integration.

B vsonton Coirstion

[Excoopervisnn

Result Mansgement  Resul At

ents o dat)

555 §

Figure 1-11: VISSIM simulation output evaluation configuration.
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After completing the above four steps, VISSIM will automatically store ATSPM-related
simulation outputs in three tables within the SQL Server database, containing data on pedestrian
records, vehicle trajectories, and high-resolution traffic signal events. Outputs from multiple
simulation runs may be stored within the same database instance. At this stage, the simulation
data are ready to be transformed into ATSPM-compliant records for further processing and
analysis.

UDJECT CXpIorer

Connect~ ¥ " Y ¢ M
- i@ CE-GGQIBZ2 (S0L Server 16.0.1000.6 - actionlab)
= Databases
£ System Databases
+ Database Snapshots
+ @ MOE
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£ Database Diagrams
-
E3 System Tables
E3 FileTables
) External Tables
3 Graph Tables
+ FH dbo.PEDESTRIAN
+ B dbo.SIGNALCHANGES
# B dboVEHICLE
£ Dropped Ledger Tables

Views

External Resources
Synonyms
Programmability
Query Store
Service Broker

Ea e I = R e R e

Storage

£ Security

£ Security

£ Server Objects

£ Replication

E3 Always On High Availability
£ Management

£ Integration Services Catalogs
+ [¥] KEvent Profiler

Figure 1-12: SQL Server database for VISSIM output.

1.3. Q-Free MAXTIME Signal Software-in-the-Loop (SILS) Simulation for
ATSPM Data Generation

Q-Free MAXTIME Software-in-the-Loop Simulation (SILS) was developed and applied during
TxDOT Research Project 0-7160 as one component of the ATSPM-in-the-loop simulation
framework. As noted in Section 1.1, MAXTIME SILS was not used for the current Project 5-
7160 corridor implementation, which uses the built-in VISSIM Ring-Barrier Controller (RBC),
the Econolite EOS controller emulator, and hardware-in-the-loop simulation (HILS) with a
physical Q-Free MAXTIME controller connected to VISSIM through the TxDOT Hardware-in-
the-Loop Simulation Control Interface Device (HILS-CID). The MAXTIME SILS configuration
procedure is retained in this comprehensive report to document the full development of the
framework and provide guidance for future applications.
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The MAXTIME SILS framework provides more detailed traffic signal event records than the
standard RBC output available in VISSIM. The RBC can record signal-state transitions, such as
the beginning or end of a green interval; however, it may not identify the controller logic
responsible for a phase termination. For example, the RBC output may indicate that a green
interval ended without specifying whether the phase terminated because of a gap-out, max-out,
or another controller condition. In comparison, MAXTIME SILS records both signal-state
changes and the underlying controller events associated with those changes.

Under Project 0-7160, the project team selected the Q-Free MAXTIME SILS implementation
because it could be integrated directly with VISSIM and configured to generate high-resolution
signal events compatible with ATSPM data structures. The additional controller-event
information supports the generation of a broader range of ATSPM performance measures and
provides a more complete representation of traffic signal controller operations within the
simulation environment. The following sections retain the MAXTIME SILS setup and
configuration procedures developed under Project 0-7160 for documentation, replication, and
potential future deployment. The selection of Q-Free’s SILS solution was driven by the
following considerations:

e The Q-Free SILS package for VISSIM is available at no additional software cost to
agencies, consultants, and academic users who have purchased a Q-Free traffic control
product or who agree to the company’s End-User License Agreement (EULA). In
contrast, many alternative SILS packages require upfront licensing fees or recurring
subscription costs.

e Q-Free provides regular updates to its MAXTIME control software, and corresponding
updates were provided for the SILS module to maintain consistency with the latest
controller functionality. This ensures that the SILS implementation remains current and
adaptable to evolving traffic signal control practices.

While Q-Free’s SILS package is recommended for the ATSPM-in-the-loop simulation
framework presented in this study, the overall methodology is not limited to a single vendor. The
framework also supports other SILS implementations, including Econolite’s solutions, and can
be extended to accommodate additional signal control platforms as needed.

1.3.1. Mandatory Requirements for Automated MAXTIME Launching for Multiple
Intersections

Strict adherence to the requirements outlined in this section is essential for the successful
automation and simultaneous operation of multiple MAXTIME SILS controllers. Failure to
comply with these requirements may result in controller launch failures, incorrect signal event
logging, or communication errors between VISSIM and MAXTIME.

12
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Configuring a MAXTIME SILS controller typically requires numerous manual inputs, which can
be time-consuming and error-prone, particularly when managing multiple intersections. To
streamline this process, a dedicated VBScript-based automation tool has been developed to
configure and launch MAXTIME controllers automatically. For the script to function correctly,
the following mandatory conditions must be satisfied.

1.

VISSIM Signal Controller Numbering

In PTV VISSIM, signal controller numbers must start from 1 and increase sequentially by
1 for each intersection. If the simulation model was created using non-sequential or non-
zero-based numbering, the controller IDs must be adjusted accordingly. This
renumbering can be performed directly within VISSIM. Once updated, all associated
components (e.g., detectors) will be automatically reindexed to reflect the new controller
numbering.

Detector Type Configuration

All detectors must be configured using the “Standard” detector type. Failure to use this
detector type may result in incorrect detector state recognition by the MAXTIME SILS
emulator.

MAXTIME Intersection Database Naming Convention

When creating user databases in MAXTIME, the intersection name must begin with the
intersection ID that matches the corresponding VISSIM signal controller number. For
example, if the intersection “W Division St & Cooper St”” has a VISSIM controller ID of
N, the MAXTIME database name must be formatted as:

“N: W Division St & Cooper St”

This naming convention must be applied consistently across all intersections, where N =
1,23, ...

MAXTIME Web Port Assignment Rules

MAXTIME outputs ATSPM signal event data through its web portal and XML server.
The web port number for each MAXTIME controller is automatically assigned by the
VBScript. The last one or two digits of the web port number must match the VISSIM
intersection ID.

13
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For example, if intersection IDs range from 1 to 5, the corresponding web ports will be
assigned as 1001 through 1005. If the highest intersection ID is 18, the web port will be
1018.

The VBScript allows users to define the base port number within the range of 1000 to
9000, if needed. Users should avoid commonly occupied ports (e.g., 8000, 8080), as
conflicts may prevent the XML server from initializing correctly.

5. VISSIM-MAXTIME TCP Port Configuration

The TCP port serves as the communication channel between VISSIM and each
MAXTIME SILS controller. These ports must follow a strict numbering rule: the last one
or two digits of the TCP port must match the intersection ID.

In this project, TCP ports are defined using the format 10000 + X, where X is the
VISSIM intersection ID. For example, if “W Division St & Cooper St” is Intersection 1,
the TCP port must be 10001. For Intersection 18, the TCP port must be 10018.

Users must also verify that the TCP port number configured in VISSIM matches the TCP
port defined in the corresponding MAXTIME intersection database.

The automation script includes built-in port conflict handling. If a port in the 1000 + X range is
already occupied, the script will automatically attempt 2000 + X, 3000 + X, and continue
incrementally up to 9000 + X, without requiring any user input.

1.3.2. Software-in-the-Loop Simulation Configuration with VISSIM

This section provides a step-by-step procedure for configuring the MAXTIME SILS controller
for each intersection within VISSIM

Step-by-Step Procedure for Configuring VISSIM

Before configuring the MAXTIME control software within VISSIM, users must ensure that the
VISSIM environment is properly prepared to support Software-in-the-Loop Simulation (SILS).
The following steps outline the required setup procedure.

14
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Figure 1-13: MAXTIME DLL download page for PTV VISSIM compatibility

Download Required MAXTIME Integration Files

Download the MAXTIME SILS files compatible with the installed PTV VISSIM version
from the Q-Free support portal: https://support.intelight-its.com/maxtime-vissim-dll/

After logging in and obtaining the necessary permissions, download the following files:

o MaxTime.dll
o STDSC GULdI
o Maxtime.wtt

& MAXTIME MANUAL 1172372

* [ maxtivWindows e 292657

8 This PC

= CODEMETER (7)

48 Nevork

Maxtime Demonstration x
« ) Search Maxtime Demonstration
@ N % ©
£ Hom ¢ L
+ Today
1) Gallery
sUTaBvD 11/23/2024 129 PM e
@ one
[ How-to-use MAXTIME-20-a5-2-Virtual C.._11/23/202412:127M___Microsoft Edge PD. k8

Figure 1-14: Downloaded files for MAXTIME integration
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Copy all downloaded DLL and WTT files into the VISSIM executable directory. The
default installation path is typically: C:\Program Files\PTV
Vision\YOUR_VISSIM VERSION\Exe

e X |t
« T G @ > ThsPC > LocalDisk(C) > Programfiles > PTVVision > PIVVissim2023 > Exe > Search Exe
@ New [} T sort = View

Name Date mosie e e

A Home

Wi 3DModets e

Satancecl W1a/2024 1200 o
@ onenrive

de0E v e fode

enus v

- Oesiiop .

s Wz et

Downioacs »

R 11620 o

3 Documens o a0 - e i

B Fices T 11872026 1200PM  Flefoder

& wsc * man 111872024 1200 M

0 videos + oo o [N

Cooper VISSIM TXDOT ATSPM poject B¢ % AU

B sccot e folde

Maxtime Demnsration TR Qi

Databases N TaRe g

4 absei v ! a «®
@ actszaan 1 pica
> mmsec
§ acazzal ' 2 ppliction e 2
= CODEMETER )
© Acosan w120 picat
Network
- @ acge2sal 1W/512028 124 Aopication exten
© acgesa ' picatone ke
© Accradienzaan v 7k

o x
a
B Detals

Figure 1-15: Destination path for the DLL/WTT files

2. Set Signal Controller Type to External

In the VISSIM network, select the target intersection and change the signal controller

type to External.

Q% . > pl B rPaseat

Signal Controllers -

eData Traffic Signal Control |Simulation Evaluation Presentation Test Actions Help

Signal Controllers

Signal Controller Communication

Optimize All Fixed Time Signal Controllers

]
il
>4
I
@

QEAQ@>a- §

i B Signal Controller

No. L 1

Type: [ External

2-Stage Controller

Fixed Time
Fixed Time (simple)

] ContrRamp Metering Controller ktorprotokoll
Ring Barrier Controller
Il Progyap
Dialog DLL file:
Signal Controllers / Signal groups -0 3
P EIXE DIt EKsigaigows - REBIE & pd
Count: 18No  Name ¥ Type  CycTm  CycTmisVar SupplyFilel SupplyFile2 ProgNo || Count:0|M
2| 2|W main st External 0 \Cooper Street_TxDOT_ATSPM140013.scprops \Cooper Street_TxDOT_ATSPM 140013.scprops 1
3 3 W abram St External 0 \Cooper Street_TxDOT_ATSPM 140014.scprops \Cooper Street_TxDOT_ATSPM 140014.scprops
4/ 4 \UTABLVD External 0 \Cooper Street_TxDOT_ATSPM20001.scprops \Cooper Street_TxDOT_ATSPM20001.scprops
5 5 Nedermann External 0 \Cooper Street_TxDOT_ATSPM140021.scprops \Cooper Street_TxDOT_ATSPM140021.scprops
6/ 6 W.Mitchell External 0 \Cooper Street_TxDOT_ATSPM2.scprops \Cooper Street_TxDOT_ATSPM2.scprops
7| 7|Park Row External 0 \Cooper Street_TxDOT_ATSPM80001.scprops \Cooper Street_TxDOT_ATSPM80001.scprops
8  8/Inwood External 0 \Cooper Street_TxDOT_ATSPM120001.scprops \Cooper Street_TxDOT_ATSPM120001.scprops
9 9/Cooper St & Snooty Fox Cir / Cooper Square... |External 0 \Cooper Street_TxDOT_ATSPM10001.scprops (Cooper Street_TxDOT_ATSPM10001.scprops
10 10 Pioneer External 0 (Cooper Street_TxDOT_ATSPM90001.scprops (Cooper Street_TxDOT_ATSPM90001.scprops
11| 11 Arkansas External 0 \Cooper Street_TxDOT_ATSPM40002.scprops \Cooper Street_TxDOT_ATSPM40002.scprops
12| 12|California Street External 0 \Cooper Street_TxDOT_ATSPM 140018.scprops \Cooper Street_TxDOT_ATSPM 140018.scprops
13| 13/S COOOPER ST & W MAYFIELD RD External 0 \Cooper Street_TxDOT_ATSPM60001.scprops \Cooper Street_TxDOT_ATSPM60001.scprops
14 14 Arbrook and cooper External 0 (Cooper Street_TxDOT_ATSPM 140004 scprops \Cooper Street_TxDOT_ATSPM 140004.scprops
15| 15|PleasantRidge External 0 Cooper Street_TXDOT_ATSPM100001.scprops | Cooper Street_TxDOT_ATSPM100001.5cprops
16/ 16/120 Interchange External 0 \Cooper Street_TxDOT_ATSPM140019.scprops \Cooper Street_TxDOT_ATSPM 140019.scprops
17, 17 gate External 0 (Cooper Street_TxDOT_ATSPM Maxtime17.scpro... Cooper Street TxDOT_ATSPM Maxtime17.scpro.
— e - e e .

Figure 1-16: PTV VISSIM Signal Controller Interface Snapshot.
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3. Configure External Signal Controller Files

UT Arlington

Upon selecting the external signal controller, a configuration dialog will appear. Verify
that the Program File and Dialog DLL File fields reference the files downloaded in Step

1.

For the WTT file, click the green “+” icon and add the downloaded Maxtime.wtt file.

B signal Controller T X

No. 18 Name: |test

Type: External v Active

Controller Signal Times Table Detektorprotokoll
Program file: -C:\prclgram Files\PTV Vision\PTV Vissim 2023\Exe\MaxTime.dll r~
Dialog DLL file: |C\Program Files\PTV Vision\PTV Vissim 2023\ Exe\STDSC_GULdII D

Edit controller data Edit signal groups

Data file 1: ~
Data file 2: . =
Program no.: 1

[ pe bug mode

WTT files:
Count: 1|File EI
1 Maxtime.wtt
|
OK Cancel

Figure 1-17: PTV VISSIM Signal Controller Dialog Box.

At this stage, the signal controller is ready for signal group configuration. It is important
to note that, within the MAXTIME SILS framework, signal groups represent input/output
(I/O) channels, not traffic signal phases. As a result, signal group numbers do not
necessarily correspond directly to vehicle or pedestrian phase numbers.

o I/O channels 1-8 correspond to vehicle phases 1-8.

o I/O channels 9-12 is commonly used to represent pedestrian phase outputs (e.g.,
pedestrian phases 2, 4, 6, and 8).
o I/O channels 13—16 is commonly used to represent overlap phase outputs (e.g.,
overlaps 1-4).
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Users must therefore model MAXTIME SILS controllers in VISSIM using the concept of
I/O channels, rather than assuming a direct phase-to-signal-group mapping.

4. Configure Signal Group TCP Port and Control Channels

Navigate to Edit Signal Groups > Global Settings. By default, a standard TCP port value
(e.g., 1234) is assigned. This value must be updated to the required port number
corresponding to the intersection ID (e.g., 10001 for Intersection 1, 10018 for Intersection
18). The same TCP port number must later be configured within the MAXTIME
controller database.

B al Controlle Standard signal control parameters X
Global settings | conirol
No: 18] Name: |test 5 R
Computer name
Type: External v Active Tocalhost
Port
1234
Controller Signal Times Table Detektorprotokoll
Program file:  C:\Program Files\PTV Vision\PTV Vissim 2023\Exe\MaxTime.dIl =)
Dialog DLL file: |C:\Program Files\PTV Vision\PTV Vissim 2023\Exe\STDSC_GULdII D
Data file 1: -] oK Cancel
Data file 2: -]
Program no.: 1
[] Debug mode
WTT files:
Count: 1|File +
1 Maxtime.wtt
OK Cancel

Figure 1-18: PTV VISSIM Standard Signal Controller Parameters Dialog Box.

Under Signal Control, add signal control group numbers corresponding to the
MAXTIME I/O channels.

18



Project 5-7160 UT Arlington

Standard signal control parameters x

Global setings| Signal control

Configuration file

:Coﬁper Street_TxDOT_ATSPM Maxtime 18 scprops

-
10
1 . 16
12

13

14

15
6|

2

3

4 w

A | Signal group number.

MName

0K Cancel

Figure 1-19: VISSIM signal control group setup.

Upon completing the above steps, VISSIM is fully prepared to couple with the virtual
MAXTIME SILS controller. This configuration establishes the communication interface required
for proper data exchange between the simulation engine and the signal control emulator.

The next section provides detailed instructions for configuring the Q-Free MAXTIME controller
to complete the SILS integration.

L™ Y
¢ B signal Controller
No.: 3

Name:

Type: External v B Active

Controller Signal Times Table Detektorprotokoll

Program file:  C:\Program Files\PTV Vision\PTV Vissim 2023\Exe\MaxTime.dIl ~
Dialog DLI-fiter. C:\Program Files\PTV Vision\PTV Vissim 2023\Exe\STDSC_GUIL.dIl D
Edit controller data Edit signal groups
L
Data file.] E\Cooper VISSIM TxDOT ATSPM MAXTIME Q FREE VERSION\Cooper Street_TxDOT_ATSPM b P=
Data file 2 EA\Cooper VISSIM TxDOT ATSPM MAXTIME Q FREE VERSION\Cooper Street TxDOT_ATSPM b %
Program no.: 1
(] Debug mode
WTT files:
| Count: 1/File L J
1 1 Maxtimewtt
X
OK Cancel

Figure 1-20: VISSIM-MAXTIME integration setup.
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Note: Access to the Q-Free software download portal requires a privileged account and approval

at Q-Free’s discretion.

1.3.3. Step-by-Step Procedure for Configuring the MAXTIME Controller

This section describes the detailed procedure for configuring and launching the Q-Free
MAXTIME SILS controller and coupling it with PTV VISSIM. Proper configuration is required
to ensure correct signal operation, detector recognition, and ATSPM event generation.

Configure and Launch the MAXTIME Application

1. Launch the MAXTIME application using Run as Administrator to enable configuration

edits.

2. Navigate to the MAXTIME tab for controller configuration (see Fig. 1-21).
3. Select the appropriate MAXTIME mode (e.g., Standard, Ramp Meter, CVITS, Test

Developer).

Eﬂ Q-Free

Application Launcher

MAXTIME

MAXTIME rampmeter

MAXTIME cv

MAXTIME its

MAXTIME Test Developer

2 W main st

Advanced settings

START MAXTIME WINDOWS

Figure 1-21: Q-Free MAXTIME Application Launcher Snapshot.

Select the Database Type:

o User Database — allows creation of project-specific signal timing databases.
o Factory Database — provides preconfigured timing plans supplied by Q-Free.
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Application Launcher

MAXTIME

User
MAXTIME rampmeter Factory
MAXTIME cv 2 W main st
MAXTIME its Advanced settings
MAXTIME Test Developer

START MAXTIME WINDOWS

Figure 1-22: Highlighted Database Type in Q-Free MAXTIME Application Snapshot.

For first-time users, the User database will be empty. It is recommended to initially select a
Factory database, which automatically creates the database structure. This database can then be
modified or reprogrammed as needed. Database names must follow the intersection numbering
rules defined in Section 1.3.1. Click Start MAXTIME Windows to launch the controller.

Application Launcher e

MAXTIME

Factory

MAXTIME rampmeter

MAXTIME cv 332 2LS HAWK_Default
332_2LS_Quad_Hawk_Default
MAXTIME its 332_3LS_HAWK_Default

332_3LS_Quad_Hawk_Default

MAXTIME Test Developer

332_Default

332_GDOT
332_INT-Dual_Hawk_Default
332_INT_HAWK_Default
332_Omaha

4-way FYA_13_thru_16_Ovlps
4-way_FYA_9_thru_12_Ovlps

4-way FYA_Ovlps_Grn_on_Ped_Yel
4-way FYA_VehGrn_on_Ped_Yel
8_ph_quad

ATC 16CH

Figure 1-23: Snapshot Displaying List of Factory Setting Defaults in Q-Free MAXTIME.
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Application Launcher

MAXTIME
MAXTIME rampmeter
MAXTIME cv

MAXTIME its

MAXTIME Test Developer

User

1 W Division St

10 Pioneer

10001 test

11 Arkansas

12 California Street

13 8 COOOPER 8T & W MAYFIELD RD
14 Arbrook and cooper
15 PleasantRidge

16 120 Interchange

17 Gate

2 W main st

3 W abram St

4 UTA_BLVD

5 Nedermann

6 W. Mitchell

UT Arlington

Figure 1-24: Snapshot Displaying List of User-Created Databases in Q-Free MAXTIME.

Controller Startup Options

After selecting the database, users may proceed in one of the following ways:

o Standalone Operation

Click Start MAXTIME Windows without configuring Advanced Settings. In this mode,

MAXTIME runs independently and is not connected to VISSIM.

e SILS Coupling with VISSIM (Recommended)

Configure Advanced Settings to establish communication between MAXTIME and

VISSIM.
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Application Launcher

Q

Simulation Speed (1x)

Simulate Detectors

START MAXTIME WINDOWS

FREE
MAXTIME
User
MAXTIME rampmeter
MAXTIME cv 1 W Division St
MAXTIME its Advanced settings .
MAXTIME Test Developer 1002

Figure 1-25: Q-Free MAXTIME Application Launcher with advanced settings on.

Initial MAXTIME Setup (Standalone or Coupled Mode)

When MAXTIME is launched for the first time:

1. The Welcome page will appear.
2. User profiles are stored locally at: C:\ProgramData\intelight\Profile

MAXTIME - Setup

File View Info Databases

FREE

MAXTIME

@ Welcome @ Local Admin Acceunt © Profile Mode (4]

Set profile mode. Later, when you sign in you can switch modes if you'd like.
I Controller Profile

QO Cloud Profile

A controller based profile saves users and their settings to this controller.

Figure 1-26: MAXTIME Welcome Page Display.
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3. Configure user accounts. MAXTIME supports three user roles (see Fig. 1-27):

o System Administrator
o User
o Guest
€] MAXTIME - Admin
File View Info Databases
= Admin
- Users
User Groups
&  Users Groups
System Administrator
- Guest Mode
User
£t Controller Settings
@ Geometry
(1] About
Figure 1-27: MAXTIME User Groups Display.
Select a Profile Mode:

e Controller Profile — saves settings locally.
e Cloud Profile — saves settings remotely.

TS MAKTIVE - Setop

File View Info Databases

MAXTIME

@ Welcome @ Local Admin Account © Profile Mode

Set profile mode. Later, when you sign in you can switch modes if you'd like.
O Controller Profile

Q Cloud Profile

A controller based profile saves users and their settings to this controller.

Figure 1-28: MAXTIME profile mode Display
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Set the controller Date, Time, Time Zone, and Daylight-Saving parameters.

UT Arlington

MAXTIME - Setup

File View Info Databases

Q

FREE
MAXTIME

o Set the Time

Q Welcome

o Local Admin Account o Profile Mode

Date and Time

Jan 17 2024 12:03:00 am

Almost ready, to finish let's set

. Time Zone
the controller time.
GMT
Daylight Saving
Disable DST

Figure 1-29: MAXTIME Date and Time Setup Display.

Once time configuration is complete, the MAXTIME controller is operational (see Fig. 1-30).

MAXTIME

File View Info Databases

MAXTIME

A  Home
il Performance
fm  Staus

9, Controller

£t Administration

o X

|a 6% 2 o

RING STATUS Ring 1 ¥ RING STATUS Ring1 ¥

NEXT -
=
UNIT
GRNDWLL ~ DONT WLK 00 212 NOT ACT 00
Free Free Command Free J 207 / vowN  sERvIcE o
0” CYCLE Ring1 v CYCLE Ring1 ¥

0 0

O Obe
O

[}

SPLITS Ring1 v Running Pattem v

CHANNEL STATUS

1 2|3 4 5 6 7|8 9o 1

CONTROLLER INFO

S C PR RMTTNU@!  You are now connected to the server.

SPLITS Ring1 v Running Pattern ¥

Figure 1-30: Main Display (front panel) of MAXTIME Controller Window.
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Advanced Settings for VISSIM—MAXTIME Integration

Advanced Settings are required to couple MAXTIME with VISSIM. Each parameter must be
configured correctly.

e Web Port

Each MAXTIME controller must use a unique web port. The port must not be in use by
another application. Example access URL: http://127.0.0.1:1002/maxtime

Avoid commonly occupied ports (e.g., 8000, 8080). Even after closing MAXTIME, ports
may remain temporarily reserved.

e Simulation Speed

This setting has no effect when MAXTIME is coupled with VISSIM, as simulation speed
is controlled by VISSIM.

e Simulation Detectors
Detectors are defined in VISSIM; this option should remain unchanged or disabled.
e PTV VISSIM IP Address

Retain the default value of 127.0.0.1 when VISSIM and MAXTIME are operating on the
same computer.

e PTV VISSIM TCP Port

Must match the TCP port configured in VISSIM for the corresponding intersection (see
Section 1.3.1). Each controller requires a unique TCP port.

e PTV VISSIM ID

Enter the signal controller number assigned in VISSIM. This value must match the
controller “NO.” field in VISSIM.
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nal Controllers / Signal groups

-o=r

>

& B2 X 2451 T signal groups -REAR L
Count: 1fNo |ffame ¥ Type CycTm  |CycTmisVar
2| main st External 0
3| abram st External 0
4/fra BLVD External 0
5| ffecermann External 0
6| Mitchell Exteral 0
7|k Row Exteral 0
8[fwood Exteral 0
9|ooper st & snooty Fox Cir / Cooper Square... |External 0
1§ 10/ foneer External 0
i 11 Aransas External 0
1 12 quiifomia Street External 0
1 12/ COOOPER ST & W MAYFIELD RD External 0
1l 14/ rorook and cooper External 0
1] 15/ Qeasantridge External 0
1 160 interchange External 0
| 17 dete External 0
| EE External 0

SupplyFile1
Cooper Street TXDOT_ATSPM 140013 scprops
Cooper Street TXDOT_ATSPM1400145cprops
Cooper Street TXDOT_ATSPM20001.scprops
Cooper Street TXDOT_ATSPM140021scprops
Cooper Street_TXDOT_ATSPM2scprops

Cooper Street_TXDOT_ATSPM80001.scprops
Cooper Street_TXDOT_ATSPM120001scprops
Cooper Street TXDOT_ATSPM10001.scprops
Cooper Street TXDOT_ATSPM30001.scprops
Cooper Street TXDOT_ATSPM40002.5cprops
Cooper Street TXDOT_ATSPM140018scprops
Cooper Street TXDOT_ATSPM60001.scprops
Cooper Street TXDOT_ATSPM140004.5cprops
Cooper Street TXDOT_ATSPM100001scprops
Cooper Street TXDOT_ATSPM140019.scprops
Cooper Street TXDOT_ATSPM Maxtime17 scpro

SupplyFile2
Cooper Street TXDOT_ATSPM 140013 scprops
Cooper Street TXDOT_ATSPM 140014.scprops
Cooper Street TXDOT_ATSPM20001 scprops
Cooper Street TXDOT_ATSPM 140021.scprops
Cooper Street TXDOT_ATSPM2.scprops
Cooper Street TXDOT_ATSPM80001 scprops
Cooper Street TXDOT_ATSPM 120001 scprops
Cooper Street TXDOT_ATSPM 10001 scprops
Cooper Street TXDOT_ATSPM90001 scprops

Cooper Street TxDOT_ATSPM40002.scprops
Cooper Street TXDOT_ATSPM 140018scprops

Cooper Street TXDOT_ATSPM60001 scprops
Cooper Street TXDOT_ATSPM 140004.scprops
Cooper Street TXDOT_ATSPM 100001 .scprops
Cooper Street TxDOT_ATSPM 140019.scprops
Cooper Street TxDOT_ATSPM Maxtime17.scpro.

ProgNo

# || Count: 0|

Application Launcher

MAXTIME
MAXTIME rampmeter
MAXTIME v 1 W Division St

VAXTIVE s Advancad setlings

Application Launcher

MAXTIME
MAXTIME rampmeter
MAXTIME cv

MAXTIME its

MAXTIME Test Developer 1002

Simulation Speed (1x)

Simulate Detectors

MAXTIME Test Developer

START MAXTIME WINDOWS.

1002

Simulation Spasd (1x)

Simulale Detectors

127.0.01

10002

START MAXTIME WINDOWS

Figure 1-31: Advanced Settings Option in MAXTIME with Multiple Inputs.

After entering all parameters, click Start MAXTIME Windows. If the TCP port or controller ID
does not match VISSIM, MAXTIME may launch, but the simulation will not operate correctly.

& Smus v
Free Free
0 0 0
o v

o e o o o

i e o o o o o [

#way FYA 13 thra 16 Olpe

(]

Ring1 ¥

Funving Fattun =

4 6 5 7 8

NOT ACT 0.0

0.0

Fing2 v Funsing Fattoen ¥

Figure 1-32: MAXTIME controller status interface.
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Controller Identification and Cabinet Information

Navigate to Administration > Unit Information to update:

e Controller ID
e Main Street (major street)
o Side Street (minor street)

This information ensures proper identification of each controller.

S
File View Info Databases
Q Unit Information
Controller ID [ Main Street Side Street Agenc
H Home S
1 Cooper St UTABLVD
W Performance v
Yatabase Deseription
Status v 4-way FYA 13 thru 16 Ovips
Y P
9, controller v
Version Information
e Administration ~
Module
Unit Information -
1(29.2 Q-Free MaxTime
Communication Settings v 2 | windows Q-Free Microsoft
Date & Time Settings v
Event Logs

Figure 1-33: Window for Changing Controller Name and Unit Information in MAXTIME

Configure 1/0O Modules for Simulation

To enable simulation operation:

1. Navigate to Controller > Advanced I/O > Cabinet Configuration > I/O Modules.
2. Set the I/O Module Type to Simulation.

If the I/O module type is not set to Simulation, MAXTIME will not connect to VISSIM, and no
outputs will be produced.
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[€] MAXTIME - 8 4-way FYA 13 thru 16 Ovips
File View Info Databases

A Home

1] Performance v

m  Status ~

Controller A |

Preempt Configuration 2

| Advanced 10 ~

Channels ~

| Cabinet Configuration ~

10 Modules

10 Modules

Show All 10 Modules

1 | simulation v

GDOT 336 -
GDOT 337
TS CMU
Advanced Cabj TS IN SIUT
TS IN SIU2
TS Cabinet on f| TS IN SIU3 n Port €138
TS IN SIU4
No| TS IN SIUS No
TS OUTE SIUT
ITS OUTé SIU2
TS OUTE SIU3
TS OUTE SIU4
Advanced Cabj TS OUT14 SIUT
ITS OUT14 SIU2
TS OUT16 SIUT
TS OUT16 SIUZ
[ Enable Ts2| opoT 2332
0DOT 3328
OMAHA 332

ETET— -

‘able TS2/ATC Startup O

UT Arlington

Figure 1-34: Advanced Input-Output (Akhtar & Moridpour) Module Type Configuration in MAXTIME

Configure I/O Channels and Phase Mapping

In MAXTIME, VISSIM signal phases are mapped to I/O channels, not directly to controller
phase numbers. As described in Section 1.3.2, the I/O-channel assignments must be configured
according to the signal timing plan and the required vehicle, pedestrian, and overlap outputs.
Users must configure I/O channels according to the signal timing plan rather than assuming
direct phase equivalence.

Examples:

e VISSIM signal group representing Vehicle Phase 1 — I/O Channel 1

e VISSIM signal group representing a pedestrian phase — the corresponding pedestrian
I/O channel

MAXTIME

Q Channel Configuration
rs Home Show All Channels
Channel Control Type Control Source | Flash
Performance ~
th 1 Phase Vehicle 1 (l
& staus “ Phase Vehicle 2 [
Phase Vehicle 3 I
R, Controller ~ Phase Vehicle 4 i
Overlap Configuration w4 Phase Vehicle 5 I
Phase Vehicle 6 I
Ceordination v
Phase Vehicle 7 i
Scheduler Configuration v Phass Vehicle 8 (]
Phase Ped 2 I
Preempt Configuration v ) Phase Ped 4 i
1 Phase Ped 6 I
Advanced 10 ~
1 Phase Ped 8 [
Channels N 13 Overlap 1 [
1 Overlap 2 I
Channel Configuration ! Overlap : [
1 Overlap 4 I
Channel Concurrency Options

Figure 1-35: Advanced Input-Output Channel Configuration Page in MAXTIME
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Configure Detector Inputs

UT Arlington

Detectors in VISSIM generate vehicle, pedestrian, and special calls. To ensure correct detection:

e In VISSIM:

o Assign correct detector port numbers.
o Use only Standard detector types.

o In MAXTIME:

o Navigate to Controller > Advanced I/O > Cabinet Configuration > Input Points.
o Assign control types based on port number: Example:
= Port 35 — Veh Detector Call
= Port 67 — Ped Detector Call

EQRAQe @ YO 7 @ R

B Detector Veh Detector ? X | B Detector | Ped Detector ? x ‘
Port no: | 35 Name [439 ] Portno: [ 67 Name: [67] |
length: [ 500001  SC  4:UTABVD v length | 3893 sc |4UTABWD -
[fype:  Standara ~| [vpe:stancard -]

Location Activation Others Location Activation Others

Link - Lane: At 300.363 i Link - Lane: At 6916 1t

20062 - 1 ~ Before stop: 0.50 ft. 130-1 ~ Befare stop: 0.07 ft|

[Cox ][ conem o [ e

Figure 1-36: Vehicle and Pedestrian Detector Layout.

Note: Incorrect port-to-input mapping will prevent MAXTIME from recognizing detector calls
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10 Module 1 Show All Input Points

nput Point nput Control Type nde: 57 [ k57 Veh Detector Call 2
58 | I-58 Veh Detector Call 58

32 | 132 Veh Detector Call 32
59 | I-59 Veh Detector Call 59

33 1133 Veh Detector Call 33
60 | 160 Veh Detector Call 60

34| 1-34 Veh Detector Call 34
61| 161 Veh Detector Call 61

35|35 Veh Detector Call 35
62 | 162 Veh Detector Call 62

26 | 1-36 Veh Detector Call 36
63 | 163 Veh Detector Call 63

37 | 137 Veh Detector Call 37
64 | 1-64 Veh Detector Call 64

38 | I-38 Veh Detector Call 38
65 | 165 Ped Detector Call 65

39 139 Veh Detector Call 39
56 | 166 Ped Detector Call 66

40 | 1140 Veh Detector Call 40
67 | 167 Ped Detector Call 67

41 | -1 Veh Detector Call 41
62 | 168 Ped Detector Call 68

42142 Veh Detector Call 42
69 | 169 Veh Detector Call 69

43 | 1-43 Veh Detector Call 43

Figure 1-37: Input Points Page for Different Input Control Types in MAXTIME

Configure Overlaps in MAXTIME

In MAXTIME, overlaps are associated with I/O channels:

e Overlap 1 — Channel 13
e Overlap 2 — Channel 14
e Overlap 3 — Channel 15
e Overlap 4 — Channel 16

Qo
L

ih
=
\\

Home

Performance

Status

Controller

Qverlap Configuration

Coordination

Scheduler Configuration

Preempt Configuration

Advanced 10

Channels

Channel Configuration

Channel Concurrency Options

Cabinet Configuration

Phase Intervals

Channel Configuration
Show All Channel

Channel

Control

Phase Vehicle
Phase Vehicle
Phase Vehicle
Phase Vehicle
Phase Vehicle
Phase Vehicle
Phase Vehicle
Phase Vehicle
Phase Ped
Phase Ped
Phase Ped

Phase Ped

Overlap
Overlap
Overlap

Overlap

MAXTIME

Flash

s S e S e S e Y e YR e e R e Y s YRR s R e YA s YA s R e SO s SO o |

Figure 1-38: IO Channel Configuration for Overlaps in MAXTIME.
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To configure overlaps:

1. Navigate to Controller > Overlap Configuration > Overlaps.
2. Switch from [tem view to Table view for easier editing.
3. Define included phases and modifier phases. Example:

o Included Phase: 2

o Modifier Phase: 1

o Represents a permissive left-turn (flashing yellow).

N Home Standard Overlaps
ih Performance N Overlap Plan 1 Show All Overlaps Show All Parameters
&  Status - Overlap 1 2 3 4
Enabled Enabled Enabled Enabled Enabled
\ Controller ~ Description
. - Type FYA - 4 Section FYA - 4 Section FYA - 4 Section FYA - 4 Section
Backup Prevention v
Included Phases 2 4 6 ]
Sequence Modifier Phases 1 3 5 7

Modifier Overlaps

Global Phase Recalls Negative Phases

Detector Configuration v Trall Green 0 0 0 0
Trail Yellow 0.0 0.0 0.0 00
Overlap Configuration ~ Trail Red 00 00 0.0 00
Walk 0 0 o 0
Overlaps Ped Clea 0 0 0 0
Custom Overlap Rules Delay &D 30 30 30
Flash on On On on

Coordination v Negative Overlaps
Negative Peds 2 a4 6 8

Scheduler Configuration v Neg Ped Overlaps
Preempt Configuration v Min Green 0 0 0 0
Red Revert 0.0 0.0 0.0 0.0
Advanced 10 v O Startup Call O O (] (]
Alarm Confiauration 5 E fecal E E E E

Figure 1-39: Overlaps Configuration in MAXTIME.

Place Overlaps in VISSIM

After overlap configuration:

1. Identify the corresponding I/O channel
2. In VISSIM, assign the overlap to the “Or signal group”.
o Example: Overlap 1 — I/O Channel 13 placed at Phase 1 signal head for the
permissive left-turn indication.
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B signal Head ? X
Link - lane: 20060-1 VA 229919 1t
SC - Signal group: 4~ 1 - I Type: | Circular ~|
Or signal group
SC- Signal group: |4+ 13 -
Rate of compliance: | 10000 %

[ Discharge record active
[ Is block signal
Amber speed: | 0.00 mph
Show label
Vehicle classes
All vehicle types ] 10: Car ~
[]20: HGV
[ 30: Bus
[ 40: Tram
] 50: Pedestrian
[ 60: Bike

Figure 1-40: Intersection Layout with Different Phases for Overlaps in VISSIM.

Verification and Status Monitoring

Verify detector calls, phase status, and overlap operation by navigating to Main Screen > Status
in MAXTIME. Performance reports are automatically generated; however, report duration and
size may be limited.

L3 Home £ .3 Home
i Performance v i Performance ~
= Status & Status Replay
Unit, Ring & Phase Status . Termination Report
Coordination Status Coordination Report
Detector Status hd Service Time Report
Overlap Status Detailed Event Report
Recorded Splits =} Status v
Preempt Status Q,  controller v
Prioritor Status o Administration v

Alarm Status
Channel Status
Input Status
Output Status

Special Function Status

K Controller v

Figure 1-41: Status and Performance Tab Display in MAXTIME.
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1.4. Software Tool for Parsing VISSIM Outputs into ATSPM Databases

The previous sections described how VISSIM, RBC, and MAXTIME SILS are configured to
generate ATSPM-related simulation outputs. This section describes the software tools used to
convert those outputs into ATSPM-compliant database formats. The tools support four main
functions: parsing RBC and MAXTIME SILS signal events into the UDOT ATSPM database,
processing simulated connected vehicle (CV) trajectories for use in UTAIM, transferring
ATSPM records from UDOT ATSPM to UTAIM, and automating multiple MAXTIME SILS
controller launches when needed.

To bridge the gap between simulated outputs and operational ATSPM databases, a dedicated
software tool was developed to parse simulated traffic signal event data and connected vehicle
(CV) trajectory outputs into ATSPM-compliant formats. This tool consists of multiple functional
modules, each designed to support a specific stage of the data processing workflow. The
following software components were developed as part of this effort:

1. ATSPM Data Parser

A parsing tool that converts simulated ATSPM datasets into the UDOT ATSPM database
format, supporting both RBC-generated and MAXTIME SILS—generated traffic signal
event data.

2. ATSPM Database Transfer Tool

A data transfer utility that migrates ATSPM data from the UDOT ATSPM database to the
UTA-In-Motion (UTAIM) ATSPM database.

3. MAXTIME SILS Automation Script

A VBScript-based automation tool that launches and configures multiple MAXTIME
SILS controllers simultaneously for SILS-enabled intersections in VISSIM.

The following subsections describe the functionality and implementation of each software
component in detail.

1.4.1. Running Multiple Intersections in Automation Using VBScript

The configuration procedures described in Section 1.3 focus on setting up a single signal
controller for one intersection. When a project involves multiple intersections, each intersection
requires a separate controller database and a distinct instance of the MAXTIME Windows
application. As specified in Section 1.3.1, each intersection must be assigned a unique web port,
a unique VISSIM TCP port, and a corresponding signal controller number in VISSIM. Fig. 1-42
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illustrates an example configuration with multiple MAXTIME controllers operating alongside

multiple signal controllers in PTV VISSIM.

Signal Controllers / Signal groups

B+

451 TR Signal groups

-BENE &

Count: 16No  Name

Type  CycTm  [CycTmisvar Supplyfilel

SupplyFile2

pogho  ~|[ o]

T 1W Division St Exemal 0 G eet_TADOT_ATSPM1_. | Cooper Stieet_TxDOT_ATSPM1400125.
2 2Wmainst Extemal 0 G \DOT_ATSPM1... Co DOT_ATSPM1400135.
3 3Wabamst Exemal 0 ‘Cooper Street TXDOT_ATSPM1_ Cooper Street TXDOT_ATSPM 140014
4 4UTABLVD Extemal 0 Cooper Street_TXDOT_ATSPM2... (Cooper Street TXDOT_ATSPM20001 sc.
5 5 Nedemann Extemal [} Cooper Street TXDOT ATSPM1... (Cooper Street TXDOT_ATSPM140021..
6 6W.Michell Extemal 0 Cooper Street_TXDOT_ATSPMZ.... Cooper Street_TxDOT_ATSPM2.scprops
7 7ParkRow Extemal 0 Cooper Street TXDOT_ATSPMS... Cooper Street TXDOT_ATSPMB0001 ¢
8 8 Inwood Extemal 0 Cooper ¥DOT_ATSPM1... Cooper Street TxDOT_ATSPM120001s
9 9/Cooper St & Snooty Fox... Extemal 0 Cooper Street TXDOT_ATSPM1... Cooper Street TXDOT_ATSPM10001sc.

10 10 Pioneer Extemal [} Cooper Street TXDOT_ATSPMS... (Cooper Street TXDOT_ATSPM0001 5c.

11 11 Ankansas Extemal 0 eet_THDOTATSPMA... | Cooper Street TxDOT_ATSPM40002.5c

1212 California Street Extemal 0 DOT_ATSPM140018.

13 135 COOOPER ST & W MAY... Extemal 0 oper o

1414 Arbrook and cooper Extemal 0 Cooper *DOT_ATSPM1... | Co DOT_ATSPM140004:.

MAXTIME w

MAXTIME rampmter

MAXTIME

MAXTIME s

MAXTIME Tost Developer

Application Launcher [ Controller 1
n st

Smulation Speed (1x)

START MAXTIME WINDOWS.

Application Launcher

MAXTIME

MAXTIME rampr

MAXTIME cv

MAXTIME its

meter

Simulation Speed (1x)

MAXTIME Test Developer

‘Simulate Detectors

127001

10002

2

START MAXTIME WINDOWS

1. W Division St

Figure 1-42: Multiple MAXTIME controllers coupled with multiple intersections in PTV VISSIM.

Running simulations with a large number of MAXTIME controllers, particularly for corridors
with 16 or more intersections, can be time-consuming and prone to manual configuration errors.
To streamline this process, a VBScript-based automation tool was developed to automatically
populate required configuration parameters and launch multiple MAXTIME controller instances
simultaneously. This automation significantly reduces setup time and minimizes the potential for

user input errors.

Hreofay

Figure 1-43: VBScript for automating MAXTIME configuration for multiple controllers.
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Before executing the VBScript, users must verify and modify the following parameters within
the script:

1. WEB PORT START
Specifies the starting web port number for the first intersection (e.g., 3001).
2. Number of controllers

Defines the total number of intersections included in the simulation (e.g., /0 for ten
intersections).

3. MAXTIME Executable Directory
Confirms the file path to the MAXTIME executable (e.g.,

C:\dppData\Local\Programs\MAXTIME\MAXTIME .exe).

Figure 1-44: VBScript automation parameters.

Once the VBScript is launched, users should avoid interacting with the computer, including
mouse or keyboard input, as cursor movement may interrupt or disrupt the automation process.
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Wamning!Once click the button, please DO NOT touch keyboard or
mouse until the VB script finishes running!

[}'m{|

Figure 1-45: Warning indicating that user input should be avoided during VBScript execution.

1.4.2. Parsing RBC Signal Control Events from the VISSIM Database to the UDOT
ATSPM Database

Before converting RBC-simulated traffic signal events into UDOT ATSPM—compliant data,
users must ensure that the VISSIM simulation outputs have been successfully stored in a SQL
Server database (DB) and that UDOT ATSPM is properly installed. As illustrated in Fig. 1-46,
the VISSIM output DB operates in parallel with the UDOT ATSPM MOE DB. Fig. 1-47
presents an overview of the data-processing workflow when using RBC within VISSIM.

The initial step of the parsing process requires users to specify database connection parameters,
including database locations, usernames, passwords, and the simulation start time. All required
tables in both the VISSIM output database and the UDOT ATSPM database are pre-defined by
their respective systems, and table names are fixed. As a result, users are not required to
manually enter or modify table names within the parsing software.

Object Explorer 3 Xx
Connect~ ¥ ¥ (VI
SH . 10.33.1.143 (SQL Server 16.0.1000.6 - actionlab)
- Databases
System Databases

0 Database Snapshots
UDOT-ATSPM DB
< W VISSIM>{ _ VISSIM Output DB

Database Diagrams
Tables
System Tables
FileTables
+ External Tables
Graph Tah
0 Dropped Ledger Tables
Views
External Resources
Synonyms
Programmability
Query Store
Service Broker

Storage
Security

Figure 1-46: UDOT-ATSPM and VISSIM output DBs displayed in SQL Server Management Studio.
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ATSPM/CV Data transfer
tool (Off-line)

* Trajectories
Signal change [+

VISSIM IR
Models

Traffic signal logs UDQT—ATSP M

_ Database

Traffic signal logs =

CV trajectories

Figure 1-47: Workflow of ATSPM-in-the-loop simulation based on VISSIM+RBC.

To reduce repetitive input and streamline the parsing workflow, the parsing software is designed
to load all required parameters automatically. Parsing configurations are stored locally in a
JSON-formatted text file, as shown in Fig. 1-48. Users may customize parsing parameters by
either editing the JSON file directly using a text editor or importing the file into the GUI,
modifying the parameters as needed, and saving the updated configuration. The revised JSON
file is then retained locally for use in subsequent parsing operations (see Fig. 1-49).

i

"UDOT_DB_IP": "10.33.1.143",

"UDOCT_DB PORT™: "1433",

"UDOT_DB_NAME": "MOE",

"UDOT_DB USERID": "actionlab”,

"UDOT_DB_PASSWD": "ENGINEERING",

"SIM DB _NAME": "VISSIM",

DATIE": "08/22/2024",

"SIM START TIME": "07:15:00",

"SIM RUN NO": "1",

"DET:CONEIG_FILE": "E:\\Cooper WVISSIM TxDOT ATSFM project - Swastik's Paper Version\\List of Detector.csv",
"SIM DET_OUTPUT_DIR": "E:\\Cooper VISSIM TxDOT ATSPM project - Swastik's Paper Version",
"UTAIM DB_IP": "10.33.1.143",

"UTAIM DB_PORI": "3306",

"UTAIM_DB_USERID": "zoot",

"UTAIM DB_PASSWD": "ENGINEERING",

"MAXTIME DB FOLDER": "E:\\Cooper VISSIM TxDOT ATSPFM MAXTIME Q FREE VERSION\\Maxtime DB FIles",
"SIM Date": "08/22/2024"

Figure 1-48: The local JSON file saves the parsing configuration.
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£ VISSIM Simulated Data Parser for TeDOT ATSPM Systems: By Taylor Li (UT Arlington) - O X
Step 1: General DB Configurations
UDOT ATSPM DB IP: UDOT ATSPM DE port:
UDOT ATSPM DB Name: Simulated DB name:
UserlD: Passwd:
Simulsted Date: | 8/22/2024 [E~ Simulated Starting time:

Step 2: Parsing 5imSigQutputs to UDOT ATSPM

RBC Events  MAXTIME ATSPM Events Logging (Off-line)  MAXTIME ATSPM Event Logging (on-line)

SimRunMo: Choose 5im Det Config

DetConfigFile: |[E\Cooper VISS| SimDetOutputDirect: |E\Cooper VISE| | Choose SimDetOutputDirectory
 Step 2: Uploading Signal Logs """

Step 3: Parsing sim v_traj to UTAIM

DB Port No: |3306 |

UTAIM DB p; [1033:1:143

UserlD: |uu Passwd: |uuuouu |

Figure 1-49: Loading the parsing configurations from the local JSON file
1.4.3. Parsing MAXTIME SILS Signal Control Events into the UDOT ATSPM Database

Fig. 1-50 illustrates the workflow for converting simulated traffic signal events generated by
MAXTIME SILS into a format compatible with UDOT ATSPM. Unlike RBC, which generates
traffic signal events directly within VISSIM, MAXTIME SILS produces signal event logs
through dedicated signal control emulators. Each simulated intersection is paired with a separate
MAXTIME SILS controller instance.

As described in Sections 1.3.1 and 1.3.2, several supporting elements must be established for
each intersection, including web server configuration, intersection identification, and
synchronization of TCP socket ports between VISSIM and MAXTIME. These requirements are
essential to ensure correct communication and data consistency across the simulation and control
environments.

For multi-intersection simulations, the VBScript-based automation process described in Section
1.4.1 can be used to launch and configure the required MAXTIME SILS controller instances.
The intersection-numbering and port-assignment conventions remain those specified in Section
1.3.1.
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ATSPM-In-the-Loop for complex traffic signal operations

ATSPM Data parsing tool (on-line)
CV trajectory generation (off-line)

For multiple intersections, a
vbscript program was developed

VISSIM
Models

Traffic signal logs
1

Traffic signal logs L

VIsSIM

Tray
Geolocation "
Add-on (free) C———

CV trajectories

Figure 1-50: Workflow of ATSPM-in-the-loop simulation based on VISSIM+MAXTIME SILS

Once a MAXTIME SILS controller instance is fully configured, it launches an embedded web
server that allows users to access the MAXTIME user interface through a standard web browser
for monitoring and validation of control operations. The web server publishes ATSPM-compliant
traffic signal events in Extensible Markup Language (XML) format. The developed parsing tool
retrieves these events through the MAXTIME XML application programming interface (API)
and uploads them directly into the UDOT ATSPM database, as illustrated in Fig. 1-51.

Traffic signal event retrieval from MAXTIME SILS must occur while the VISSIM simulation is
running due to inherent data-archiving limitations within the MAXTIME control software.

£ VISSIM Simulated Data Parser for kDOT ATSPM Systems: By Taylor Li (UT Arlington)

Step 1: General DB Configurations

UDOT ATSPM DE P: UDOT ATSPM DB port: |1433 =0a
UDOT ATSPM DB Name: Simulated DB name:
Simulated Date: Simuated Startng fime
| step tiLoad Config | swecong

Step 2 Parsing SimSigOutputs to UDOT ATSPM
RBC Events MAXTIME ATSPM Events Logging (Off-line) MAXTIME ATSPM Event Logging (on-line)
Attention: This operation SHALL be after MAXTIME SILS starts!

Initial MAXTIME Web Portal: Number of intersections: |16 z

Step 3: Parsing sim v_traj to UTAIM

UTAM DB P [10331.143 | oBPortNo: [3308

UserlD: [sane | Passwd:  [sesesseneen ]

Intersection 2's ATSPM log was uploaded to UDOT-ATSPM DE at Simulatien time 2024-08-22 07:13:38.100
Intersection 3's ATSPM log was uploaded to UDOT-ATSPM DE at Simulation time 2024-08-22 07:15:45.300
Intersection 4's ATSPM log was uploaded to UDOT-ATSPM DE at Simulation time 2024-08-22 07:15:48.200
Intersection 5's ATSPM log was uploaded to UDOT-ATSPM DE at Simulation time 2024-08-22 07:15:48.600

eres Tt
estrians Ine.. 1l

3

Figure 1-51: Retrieving the ATSPM traffic signal events from the MAXTIME SILS

1.4.4. Parsing Simulated Connected Vehicle Trajectories and Uploading to the UTA-In-

Motion Database
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One of the ATSPM platforms used in this project is UTA-In-Motion (UTAIM), developed by the
project team at The University of Texas at Arlington. UTAIM functions as an extension of the
UDOT ATSPM system by incorporating emerging traffic big data sources, such as commercial
connected vehicle (CV) datasets, to generate additional signal performance measures (SPMs)
across signalized intersections.

Commercial CV trajectory data are typically provided in WGS84 format, represented as

(latitude, longitude, timestamp). Building upon the WGS84 vehicle trajectories generated and
stored within the VISSIM output database, the parsing tool recalculates real-world timestamps
for each trajectory waypoint based on the simulated time steps (e.g., 0.1, 0.2, 0.3 s) and a user-
specified simulation start time (e.g., 7:15:00 AM on August 22, 2025). To further align simulated
trajectories with real-world CV data characteristics, the parsing tool resamples trajectory
timestamps from high-frequency simulation intervals (0.1 s) to more realistic reporting intervals
ranging from 1 to 3 seconds.

Following these spatial and temporal transformations, the simulated vehicle trajectories conform
to the structure and resolution of operational commercial CV datasets and can be directly
ingested by the UTAIM database. The transformation of the simulated trajectories into the
required UTAIM format is illustrated in Fig. 1-52.

£ VISSIM Simulated Data Parser for TxDOT ATSPM Systems: By Taylor Li (UT Ardington), w0.91 = O *

Step 1: General DB Configurations

UDOTATSPM DB IP:  1033.0.253 UDOT ATSPM DB port: 1433
UDOT ATSPM DB Name:  MOE Simulated DB name:  VISSIM
WsesiDy | mwiimes H i, pommee
Simulated Date: | 8/22/2025 B~ | Simulated Starting time: 071500 @

Step 2: Parsing SimSigOutputs te UDOT ATSPM
RBC Events  MAXTIME ATSPM Events Logging (Off-ling) MAXTIME ATSPM Event Logging (on-line)
SimRunNo: 1 Cheoose Sim Det Config

DetConfigFile: of Detector.csv  SimDetOutputDirect: 5% - Optimize | Choose SimDetOutputDirectory

 step 2: Uploading Signal Logs """

Step 3: Parsing sim v_traj to UTAIM
UTAIM DE IP: 10.33.0.253 DB Port Mo: -3305 Sim Anon CV type: 30520

Userll:  sane Passwd: sesseneesat  Gim Special OV type:

i52 k waypoints were processed! total rows are 1114 k rows.
53 k waypoints were processed! total rows are 1114 k rows.
34 k waypoints were processed! total rows are 1114 k rows.
53 k waypoints were processed! total rows are 1114 k rows.
56 k waypeints were processed! total rows are 1114 k rows.

Figure 1-52: Transforming simulated CV trajectories to match the UTAIM system.
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1.4.5. Transferring ATSPM Data from UDOT ATSPM to UTA-In-Motion ATSPM

UTAIM operates on a database architecture that differs from the UDOT ATSPM SQL Server
backend. UTAIM utilizes MySQL Community Edition and maintains a database separate from
the UDOT ATSPM database, even when both platforms are hosted on the same computer. As a
result, ATSPM data stored in the UDOT ATSPM SQL Server database are not automatically
propagated to the UTAIM MySQL database.

To enable data migration between the two systems, a dedicated ATSPM data transfer tool was
developed. Similar to the parsing tools described in Sections 1.4.2 through 1.4.4, users must load
a configuration file specifying the source UDOT ATSPM SQL Server database and the
destination UTAIM MySQL database, including the required authentication credentials.

Users must also define a From Time and To Time window to restrict the transfer to ATSPM
records whose timestamps fall within the specified interval, as shown in Fig. 1-53. The
simulation time period must align with this defined window for the transfer operation to execute
successfully.

Once the data transfer process is completed, the UTAIM database contains the required ATSPM
signal records, along with the simulated CV trajectory data uploaded through the trajectory
parsing workflow. This enables UDOT ATSPM and UTAIM to generate, analyze, and visualize
the corresponding performance measures across the simulated network.

{7 Special call: UDOT2UTA_ATSPM_DB_Makeup_Parservi.1.1: ACTIOINLAB@UTA  — O X
UDOT SPM SQL SERVER (V4.2+) UTA SPM MySQL DB (V1.1+)
1P address: 10.33.1.143 1P address 10.33.1.143
Port: 1433 Port: 3306
==>

UserD [ ] UserlD: [~ ]
Password Password

AISPM ‘ol

Automated Traffic Signal Performance Emaame

Onetime Makeup Data Transfer

Sig ID: checked for all intersection registered in UTAIM

Fromtime: 20230520 00:00:00 G | Totime: [20231228 142336 (I~ |

Stant Data Transter | RIS

Figure 1-53: Transferring the ATSPM data from the UDOT ATSPM database to the UTAIM database.
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CHAPTER 2: UDOT ATSPM Installation

2.1. Introduction

Chapter 1 established the simulation-based data generation and integration workflow for ATSPM
analysis. The workflow included generating high-resolution traffic signal events and simulated
connected vehicle trajectories in PTV VISSIM, converting these simulation outputs into
ATSPM-compatible formats, and transferring applicable signal records from the UDOT ATSPM
SQL Server database to the UTAIM database.

Building on that workflow, this chapter presents the installation and configuration of UDOT
ATSPM. It provides a step-by-step procedure for deploying the required software infrastructure
on Windows 10 or Windows 11. The installation process includes configuring Microsoft SQL
Server or SQL Server Express and SQL Server Management Studio (SSMS), enabling Internet
Information Services (IIS) to host the UDOT ATSPM web application, and installing the
backend services required to compute measures of effectiveness (MOEs).

The chapter also documents procedures for establishing database connections, deploying the web
application, configuring access permissions and system settings, verifying system functionality,
and generating traffic signal performance visualizations. Upon completion, the installed
environment provides the database, web application, and processing services required to store
simulated high-resolution signal data and generate MOEs.

2.2. Prerequisites

Before deploying the UDOT ATSPM system, a stable software and operating system
environment must be established. The prerequisites outlined in this section describe the
computing platform and supporting services used for system installation and operation.

2.2.1. Windows Operating System

The UDOT-ATSPM system was deployed on a Windows 10 (or Windows 11) operating
environment with all available system updates applied. Administrative-level privileges are
required to install and configure core system components, including database services, web
hosting services, and supporting backend modules.

2.2.2. Internet Information Services (IIS)

The UDOT ATSPM web application is hosted using Internet Information Services (IIS). IIS
provides the web server framework required to serve the ATSPM user interface and backend
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services. The configuration and activation of [IS components relevant to ATSPM deployment are
documented in Section 2.4.

2.2.3. SQL Server and SQL Server Management Studio (SSMS)

UDOT ATSPM relies on Microsoft SQL Server or SQL Server Express 2012 or later to store and
manage high-resolution traffic signal event data and computed performance measures. SSMS is
used to administer database objects, configure user access, and verify database connectivity
during system deployment. SQL Server 2022 was used in this implementation. The installation
process and initial setup are illustrated in Fig. 2-1.

SQL Server 2022 SQL Server 2022

Developer Edition Developer Edition

Downloading install package...

Select an installation type:

Basic Custom Download Media

Figure 2-1: SQL Server installation process showing the installer’s initial setup screen.

Fig. 2-2 shows the installation of SSMS Studio from the official Microsoft page.

SQL Server 2022
Developer Edition

In: as complete

Download SSMS

QL serv

Figure 2-2: SQL Server Management Studio installation process.

Following installation, the SQL Server instance was verified to be operational by confirming that
the MSSQLSERVER service was running, as shown in Fig. 2-3.
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-
File Action View Help
a B G H

)"a SQL Server Configuration Manager (Local)
[_SOL Server Services]
d sqQl Server Network Configuration (32bit)
§ SQL Native Client 11.0 Configuration (32b

B4 Azure Extension For SQL Server

Name

State

[%)SQL Server (MSSQ.. Stopped
Q SQL Server Browser Stopped

Start Mode
Automatic
Other (Boot, System,..

Manual

Log On As Process ID
NT Service\MSSQLS.. 0
NT AUTHORITWLOC.. 0

NI Senvice\SOISERV. 0

Service Type
SQL Server

Automatic

NT Service\MSSQLS.. 19960

QL
SQL Server I

4. saL server Network Configuration
§ SQL Native Client 11.0 Configuration
B Azure Extension For SQL Server

B
|_':1 SQL Server (MSSQ.. Running

[w) SQL Server Agent . Stopped

Manual

NT Service\SQLAgen.. 0

SQL Agent

Figure 2-3: Verification of the MSSQLSERVER service running.

2.3. Database Configuration

Proper database configuration is required to support reliable storage, processing, and retrieval of
ATSPM traffic signal data. This section documents the database access model implemented for
the UDOT ATSPM system, including user authentication and permission assignment.

2.3.1. Creating a New SQL Server Login

To support ATSPM data ingestion and processing, a dedicated SQL Server login was created.
This account, referred to as SPM, is used by the ATSPM backend services and associated
parsing tools to interact with the SQL Server database, as shown in Fig. 2-4.

—

of

Server type:

Server name:

Authentication:

SQL Server

Database Engine

SIJANWORLD\MSSQLSERVEROQ1

Windows Authentication

Connect

Cancel

Help Options >>

Figure 2-4: Initial connection dialog for SQL Server login configuration.

The login was created using SQL Server Authentication to allow controlled access independent
of Windows user accounts. For this implementation, password policy enforcement was disabled
to avoid unintended service disruptions caused by automatic password expiration. The login

creation process is illustrated in Fig. 2-5.
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<l - | B (=P ]
o
LT Script - @ Help
Login name: sem
O Windows authentication
O Microsoft Entra ID
O saL Server authentication
Password:  sssesssess
Confirm password:_____sesssessss
MSSQLSMSSQLSERY
& NT SERVICE\SQLAgentSMSSQL
& NT SERVICE\SQLTELEMETRYSM]
& NT SERVICE\SQLWriter
O Mapped to certificate.
2 = Credentials O Mapped to asymmetric key
@ # Cryptographic Providers (Ermare (0] Map to Credential
Add
Server.
@ 4 Server Audit Specifications
it sp SUANWORLD\MSSQLSERVEROT TGS Cdont o
Remove
Default database: master v
Defaultlanguage: <defeult -
Coc Jl e

Figure 2-5: Creation of the SPM SQL Server login.

2.3.2. Assigning Permissions

Appropriate server-level and database-level permissions were assigned to the SPM login to
enable ATSPM operations. At the server level, the account was granted the dbcreator role to
allow database creation and management without requiring full administrative privileges.

At the database level, the SPM user was assigned roles necessary for ATSPM data access and
processing, including:

db_datareader, enabling read access to all database tables;
db_datawriter, enabling insertion and update of traffic signal event records;

db_owner, providing full control over database objects to support schema updates and
automated processing tasks.

T script - @ Help

Dotabose role membership for. master

Figure 2-6: User mapping and database role configuration for the SPM login.
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The user mapping and role assignments are shown in Fig. 2-6, and successful completion of the

configuration is confirmed in Fig. 2-7.

Q.E Connect to Server

Server

Server type

Server name:

Authentication
Login:

Password

Connection Security

Encryption

SQL Server

Login Connection Properies Always Encrypted Additional Connection Parameters

Database Engine

IJANWORLDIMSSQLSERVERD])

[ 50t Server Autentication

SPM

B Remember password

Mandatory

I Trust server certificate

Connect Cancel

Help Options <<

Figure 2-7: Confirmation of the completed SQL Server login configuration.

2.4. Installing IIS Server and Necessary Windows Packages

As noted in Section 2.2.2, IIS is required to host the ATSPM web application and support server-

side functions.

2.4.1. Enabling IIS and Required Features

The following IIS components and Windows features must be enabled to support UDOT-

ATSPM deployment:

1. .NET Framework (Advanced Services): enable ASP.NET 4.8 and required WCF Services
(HTTP Activation and TCP Port Sharing).

2. 1IIS Management Tools: enable IIS Management Console, IIS Management Scripts and
Tools, and IIS Management Service to support configuration and maintenance.

3. World Wide Web Services: enable Static Content (required for hosting ATSPM web
resources) and HTTP Logging for request tracking and diagnostics.

4. Security: enable Basic Authentication and Request Filtering; enable Windows
Authentication where available to support enterprise access control.
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Bl Windows Features = (]

Turn Windows features on or off @

To turn a feature on, select its check box. To turn a feature off, clear its check box. A filled box means that only part of the
feature is turned on.

= Internet Information Services
'

FTP Server
= @™ Web Management Tools
rid Wide Web Service

World Wide W
[LJZ2 NET Extensibility 3.5
87 NET Extensibility 4.8
[J== Application Initialization
LJ ASP
[ ] ASP.NET 3.5

|i ASPNET 48 ) ;I I
== cal > A

ISAPI Extensions
B ISAPI Filters
()71 Server-Side Includes
[ WebSocket Protocol
v Default Document
[_J== Directory Browsing
(J=2 HTTP Emrors
[_J=" HTTP Redirection
E Static Content ] ‘I B I
_J=" WebDAV Publishing =
+ @ Health and Diagnostics
(" Performance Features

~ Basic Authentication o C
)= IP Security = I I
8 Request Filtering
[ URL Authorization

J77 Internet Information Services Hostable Web Core

# (™7 Legacy Components
+ @ Media Features

OK Cancel

Figure 2-8: Enabling IIS and required Windows features in the Windows Features dialog.

Important: After enabling IIS features, the installation must be applied at the Windows level (a
restart may be required). IIS availability should then be verified through the IIS management
interface.

2.5. Installing UDOT ATSPM Applications in IIS

After IIS is configured, the UDOT ATSPM web application must be deployed to enable traffic
signal performance monitoring and visualization. This section documents the approach to
deploying the ATSPM web application, configuring database connectivity, and selecting an
appropriate IIS application pool.

2.5.1. Copying ATSPM Web Application to IIS

The ATSPM web application package, provided as the ATSPM-Web-Rebuild directory, was
deployed within the IIS web root to enable hosting by the IIS server.

e The ATSPM-Web-Rebuild folder was placed under the IIS root directory
(C:\inetpub\wwwroot).
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inetpub X -

N O > ThisPC > OS(C) » inetpub »

Q

@ New ~ % o M@ @D w N Sort + = View -

> Pictures Name Date modified Type size

5 RA_TA_form | ATSPM-Web-Rebuild 1/22/2025 153 PM | File folder

3 = Recordings history 1/22/2025 148 PM File folder
logs

tem)
8 Desktop i

wwwroot
' Downloads

- _Documents

Figure 2-9: Placement of the ATSPM-Web-Rebuild folder in the IIS root directory.

o Folder-level security permissions were configured to ensure proper execution of the web
application.
e The following IIS system accounts were granted Full Control access to the application
directory:
o IUSR
o IIS TUSRS

These permissions allow IIS to read, write, and execute the application files required for normal
ATSPM operation, as shown in Fig. 2-10.

Y 2] E

Figure 2-10: Folder permission configuration for IIS system accounts.

2.5.2. Configuring Web.Config

The Web.config file defines database connectivity parameters for the ATSPM web application.
To connect the application to the local UDOT ATSPM SQL Server database, the following
configuration elements were updated:

e Data Source was set to match the local SQL Server instance name.

o Initial Catalog was set to MOE, corresponding to the UDOT-ATSPM database.
o User ID was set to SPM, the dedicated SQL Server login created for ATSPM operations.
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e The corresponding SQL Server authentication password was provided as shown in Fig. 2-
11.

These settings enable the ATSPM web application to communicate with the backend SQL Server
database and retrieve traffic signal event data and performance measures.

[ E  Web.config . ] +

File  Edit  View

<2xml version="1.80" encoding="utf-8"2>

dl=
For more information on how to configure your ASP.NET application, please visit
http://go.microsoft.com/fwlink/?LinkId=301880
=

<configuration>
<configSections>
<!-- For more information on Entity Framework configuration, visit http://go.microsoft.com/fwlink/?LinkID=237468 -->

<section name="entityFramework” type="System.Data.Entity.Internal.ConfigFile.
</configSections>

25c561934e089" requirePermission="false" />

Section, Entit , Version=6.0.0., Culture-neutral, PublicKeyTokepsh
" connectionString="datq

source=ST JANHORLD\MSSQLSERVERQL; User ID-SPM;Password=ENGINEERING,
30" provideriiam stem.Data.SqlClient™ />-->

<add name="SPM" connectionString="data source-WIN-2008DC\MSSQL2014;initial catalog-HOE;Persist Security Info-True;User ID-SPM;Password-ATSPMAdmin;MultipleActiveResultSets=True;App=EntityFramework;Connection Timeout=:

MultipleActiveResultSets=True;App-EntityFramework;Cont

nitial catalog-ATSPM_4_3;Persist Security Info-False|

providerName="System.Data.SqlC1ient" />
1--<add name="SPH" connectionString="data source=localhost\SQLEXPRESS;initial catalog=MOE;Persist Security Info=False;User ID=sp;Password=spm;MultipleActiveResultSets=True;App=EntityFramework” providerame="System

/3-->
<add name="ADConnectionString” connectionString="LDAP://itucapl” />
</connectionStrings>

<appSettings>
<add key="webpages:Version” value="3.0.0.0" />
<add ki ebpages: Enabled” value="false” />
<add ki lientValidationEnabled” value="true" />

nobtrusiveJavaScriptEnabled" value="true" /5>
y="ReportsUrl” value="https://localhost:44313/" /5|
<!--<add key="ReportsUrl"” value="http://localhost/Reports/" />-->

Figure 2-11: Updated Web.config file showing the ATSPM database connection string.

2.5.3. Configuring Application Pool

A dedicated IIS application pool was configured to isolate the ATSPM web application and
ensure stable runtime behavior.

e A new application pool named .Net V4.5 was created.

5 e a
< () » SUANWORLD » Application Pools oo e
File View Help
- @31 Application Pools =
This page lets you view and manage the list of application pools on the server. Application pools are associated with worker i
processes, contain one or more applications, and provide isolation among different applications. Application Pool Tasks
@ Default Web Site Filter + % Go ~ GShowAll | Group by: No Grouping -
" ]
Name Sttus  NETCLRV.. Managed Pipel.. Identity Applications .
s Storted VA0 Trtearated EpphcstionPoollde 0 ] 3 .
LT NETVAS Claseie Staned a0 Tz Rpphcatonboold 0 _ (6t Appication RooS
() DefaultAppPool  Started  v4.0 Integrated ApplicationPoolld... 1 meeae

Figure 2-12: Creation of a dedicated IIS application pool for ATSPM.
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e The application pool was configured to use .NET CLR Version v4.0, consistent with
ATSPM application requirements.
o 32-bit application support was enabled to ensure compatibility with dependent libraries.

This configuration allows the ATSPM web application to operate independently of other IIS-
hosted services and supports reliable execution under varying workloads as of Fig. 2-13.

v (General)

NET CLR Version v4.0
Eble 32-Bit Applica_hons True I

Managed Pipeline Mode Integrated

MName MNET v4

Queue Length 1000

Start Mode OnDemand
v CPU

Limit (percent) 0

Limit Action NoAction

Limit Interval (minutes) 5

Processor Affinity Enabled False

Processor Affinity Mask 4204967295

Processor Affinity Mask (64-bit ¢ 4284967295
~ Process Model

Generate Process Model Event L

Identity ApplicationPoolldentity
Idle Time-out (minutes) 20
Idle Time-out Action Terminate

Enable 32-Bit Applications
[enable32BitAppOnWin64] If set to true for an application pool on a 64-bit
operating system, the worker process(es) serving the application pool will

be in WOW64 (Windows on Windows64) mode. Processes in WOW64 mo...

0K Cancel

Figure 2-13: Application pool settings with 32-bit applications enabled.
2.6. Adding UDOT ATSPM Applications in IIS

After deploying the web application files and configuring the application pool as described in
Section 2.5, the UDOT ATSPM application must be registered within IIS to enable web-based
access. This section documents how the application was added to the IIS environment and
verified for operation.

e The ATSPM application was registered under the Default Web Site (or an equivalent IIS
site) to make it accessible through a browser.

e A dedicated application alias and application pool were assigned to ensure proper
isolation and runtime compatibility.

o The physical path to the deployed ATSPM web application files was explicitly linked to
the IIS application as shown in Fig. 2-14.
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g NET NET Error MNET  NETProfile MNETRoles NETTrust .NETUsers
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% Add Virtual Directory... ;lL = E
o y = @]

Edit Bindings... Pru\;ldevs Session State SMTP E-mail

Connection MachineKey  Pages and

Strings Controls
Manage Website >
.
3 Refresh . - - . o
X Remore e & g & 8§ = &
Rename Default  Handler HTTP  ISAPIFilters  Logging  MIMETypes  Modules
Document  Mappings  Respon...

I Switch to Content View

— o=
T = &
Output  Request  SSL Setfings
Caching  Filtering

[ =] Features View |2 Content View

Ready

bt

Figure 2-14: Illustrates the IIS interface used to add the ATSPM application to the web server.

2.6.1. Application Configuration Summary

UT Arlington

The following configuration parameters were used when adding the ATSPM application in IIS:

e Application Alias: ATSPM

This alias defines the URL path used to access the application
Example: *http://localhost/ ATSPM*

e Application Pool: .Net V4.5

Corresponds to the application pool configured in Section 2.5.3.

Ensures compatibility with the ATSPM web application framework
o Physical Path:

C:\inetpub\wwwroot\ATSPM-Web-Rebuild
Points to the directory containing the deployed ATSPM web application files

o

o

o

o

o

o

Example: sales

Physical path:

s—
F:\inetpuh\wwwrnnt\ATSPM -Web-Rebuild

Pass-through authentication

Connect as... Test Settings...

(] Enable Preload

Site name:  Default Web Site
Path: / Select Application Pool ? X
Alias: Application pool: ation pool
JATSPM | NETwAS Select... —>I METv4.5 VI

Properties:

Met CLR Version: 4.0
Pipeline mode: Integrated

Cancel

*[B]

Cancel
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2.6.2. Verification of Deployment

After the application was added to IIS, successful deployment was verified by accessing the
ATSPM web interface through a local web browser, as in Fig. 2-16.

o The application was accessed using the URL: **http://localhost/ ATSPM**
e Successful loading of the ATSPM web interface confirmed:

o Correct IIS application registration

o Proper application pool assignment

Database connectivity and backend service operation must be verified separately using the
procedures provided later in this chapter.

Measur

Signal

IDAHO

Figure 2-16: Presents the ATSPM web application interface displayed after successful deployment.

2.7. Installing Backend MOE Modules in IIS

In addition to the UDOT ATSPM web application, the MOE backend modules must be deployed
to support the computation and processing of ATSPM performance measures. These modules are
implemented as Windows Communication Foundation (WCF) services and are hosted within IIS,
as shown in Fig. 2-17.

2.7.1. MOE Backend Deployment Overview

The MOE backend service, provided as the MOEWctServiceLibrary package, was deployed and
registered in IIS using the following configuration approach:

e The MOEWCcfServiceLibrary directory was placed under the IIS web root

(C:\inetpub\wwwroot) to enable hosting by the IIS server.
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o Folder-level security permissions were configured to allow proper execution of backend

services.

e The service was added as an IIS application and assigned an appropriate application pool.

= . 1]

TrY

Figure 2-17: MOEWcfServiceLibrary folder and permissions.

2.7.2. MOE Backend Application Configuration

To enable IIS hosting of the MOE backend services, the following configuration parameters

were applied:

e Application Alias: MOEWcfServiceLibrary
o Defines the service endpoint used by ATSPM backend components.
e Application Pool: .NET Framework 4.5
o Ensures compatibility with the WCF service framework.
o Physical Path:
o C:\inetpub\wwwroot\MOEWcfServiceLibrary
o Points to the directory containing the MOE backend service files.
o Folder Permissions:
o The following IIS system accounts were granted Full Control access:
= [USR
= IS TUSRS

These settings ensure that IIS can execute the backend WCF services and allow the ATSPM

system to compute and retrieve MOE results as shown in Fig. 2-18.
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|2} Application Pools
~ @ Sites

> b Default Web Site

A

Site name:  Default Web Site

Path: / E
Alias: l Application pool:
IMOEchSer\riceLibrar)r I MET v4.5 Select...

UT Arlington
L]
€2 » SUANWORLD »
File  View Help
e @) SUANWORLD Home
v €5 SUANWORLD (SUANWORLD\sijan) l Add ,\.\pp“cation I ? X

Example: sales

b
IC Ainetpubtwwwroot\MOEWcfServiceLibrary]

Pass-through authentication

Connect as... Test Settings...

[CJ Enable Preload

Cancel

Figure 2-18: Shows the MOEWcfServiceLibrary application registered within IIS.

2.8. Installing Backend SPM Images in IIS

In addition to the ATSPM web application and MOE backend services, a dedicated directory is
required to store and serve SPM image outputs generated by the ATSPM system. These images
are accessed by the ATSPM web interface and must therefore be hosted through IIS.

2.8.1. SPM Images Deployment Overview

The SPMImages directory was created and registered in IIS using the application settings

described in Section 2.8.2.

e A dedicated directory named SPMImages was created at C:\ATSPMroot\SPMImages.
o Folder-level security permissions were configured to allow IIS to read, write, and serve

image files generated by backend processing modules.

o The directory was registered as an IIS application to enable web-based access.
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ATSPMroot X+

<« - G 0O > ThisPC > ©OS(C) > ATSPMroot >
@ New T Sort = View
New folder Name Date modified Tpe Size
GenerateAddDataScript File folder
> @ Creative Cloud Files |_sPMimages File folder |

~ M ThisPC I SPMI ties S
I > e 0S(C) I G ) D Sy [ General  Sharing Previous Versions Customize
v i Mew Volume (DY) Objectname:  CIATSPMroofSPMimages Objectname:  CAATSPMroof\SPMimages
Group or user names: Group of user names:
’ ACTIONLAB_Dashboard B2 Everyone BR Administrators (SIJANWORLD\Administrators)
> ALL-RESEARCH_DR.LI 82 Autheniicated Users 1 BR Users (SUANWORLD\Users) 1
- I.! IUSR. ] [!, TS _TUSHS (S ANWORLDUIS_TUSHS) ]
> anaconda BR SYRTFM
> appall To change pemissions, elick Edit = To change permissions. click Edit =
Captures Pemissions for Everyone Allow Deny Deny
Full ol
> Dailyuse T“ o ] ]
Toany
N Dashboard Read & execute
Listfolder contents
> DOCUMENTS ALL Read
Write
’ Downloads For special permissions or advanced sefings. T g Advance d
click Advanced
> Driving_behavior
> Driving_behavior_data 022024
oK Cancel oK Cancel
health hill

Figure 2-19: SPMImages folder creation and permission configuration.
2.8.2. SPM Images Application Configuration
To enable IIS hosting of SPM image outputs, the following application settings were applied:

e Application Alias: SPMImages
o Defines the URL path used by the ATSPM web application to retrieve image files.
e Application Pool: .NET Framework 4.5
o Consistent with the application pool used for the ATSPM web application and
backend services.
o Physical Path:
o C:\ATSPMroot\SPMImages
o Points to the directory where SPM image files are stored.
e Folder Permissions:
o The following IIS system accounts were granted Full Control access:
= [USR
= [IIS TUSRS

These settings ensure that backend modules can generate image files and that IIS can serve them
to the ATSPM web interface without access restrictions, as in Fig. 2-20.
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Figure 2-20: Shows the SPMImages directory registered as an application within IIS.
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2.9. Registering UDOT ATSPM Account and Configuring SPM Image Path

After deploying the UDOT ATSPM web application and backend services as described in
Sections 2.5 through 2.8, user access and system paths must be configured to enable full
functionality of the platform. This section documents the approach to registering user accounts,
assigning permissions, and configuring the image storage path needed to display SPM outputs.

2.9.1. Account Registration and Role Assignment

e A new UDOT-ATSPM user account was created through the ATSPM web interface.
o Following registration, the account was assigned all available user roles to ensure full

access to system features, including administration and performance visualization.
e Role assignment was verified through the administrative user management interface.

Figure 2-21: Shows the user registration interface used to create a new ATSPM account.
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To perform administrative configuration tasks, the system was accessed using the default
administrator credentials:

e Username: defaultadmin@spm.gov
e Password: L3tM3in!

These credentials provide full administrative privileges and are used to manage users and
system-level settings, as in Fig. 2-22.

v @ Login - Automated Traffic Sign X +

« c @ localhost/ATSPM/Account/Login

ISPM

Automated Traffic Signal Performance Measures

Measures ~ Reports ~ Log Action Taken Links ~ FAQ About

Log in.

Use a local account to log in.

Email

defaultadmin@spm.gov

Password

[J Remember me?

Register as a new user

Automated Traffic Signal Performance Measures Ver 4.3

Figure 2-22: Illustrates a successful login using the default administrator account.

2.9.2. SPM Image Path Configuration

To enable proper storage and retrieval of SPM-generated images, the system-wide image settings
were updated within the ATSPM administrative configuration.

The following parameters were configured under General Settings:

o Image Path:
o Set to ATSPMroot/SPMImages/
o Defines the local directory used to store generated SPM images.
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v @ UBOT Avtomated ToffcSigna X

¢ >

AISPM

‘Automated Traffic Signal Performance Measures

Signal

signal ID

Signal ID

+

Signal Selection
Press Ener to select signal

C @ localhost/ATSPM/DefaultCharts/Index

Measures ~ Reports ~ Log Action Taken Links ~ FAQ About Admin ~

Signal Configuration
Menu Configuration
Route Configuration

Area Configuration
Jurisdiction Configuration
General Settings

Measure Defaults Settings

Database Archive Settings

Signal List

Raw Data Export

v @ RolehddToUser - Automated T X+

€ o

AISPM

Automated Traffic Sighal Performance Measures

Measures  Reports v Log Action Taken Links ~ FAQ About Admin ~

2w Role | R
Add role to user

Username

sxs2512@mavs.uta.edu v Jurisdiction Configuration
Role Name: Data o

Data v

C @ localhost/ATSPM/Account/RoleAddToUser

Signal Configuration
Menu Configuration
Route Configuration

Area Configuration

Configuration

Restricted Configuration

et pea

Area
~-Select an Area--
Region

~-Select Region--

Users

Jurl Roles I defaultadmin@sgm.gov v

Metric Type

FAQs

--Select a Metric--

Remove Hple from user | ver
Username : Technician
Admin
Role Name: FAQs
Data v

Delete this user from Role

Figure 2-23: Assigning roles to the newly registered ATSPM account within the admin section.

Image URL.:

o Set to the server-accessible URL corresponding to the SPMImages application.
o The server address was derived from the system’s network configuration (IPv4

address).

v @ General Application Settings -+ X+

<« > C @ localhost/ATSPM/GeneralSettings/Edit

Automated Traffic Signal Performance Measures

Measures > Reports ~ Log Action Taken Links ~ FAQ About
General Application Settings

Raw Data Count Limit

1048576

Image Path

| CAATSPMroot\SPMImages\,

1]
Image URL
I http://10.232.136.86/5PMImages/

RecCaptcha Public Key

ReCaptcha Secret Key

Seconds After Chart End Date to
Complete Cycle

= s

Automated Traffic Signal Performance Measures Ver 4.3

Figure 2-24: SPM image path and URL settings.
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2.10. Testing SPM Image and MOE Services

After deployment of the UDOT ATSPM web application, backend MOE services, and SPM
image components, system functionality must be verified to confirm correct service hosting,
configuration of database connectivity, and front-end integration. This section documents the
verification procedures used to test the MOE WCF services and SPM image-generation
workflow.

2.10.1. Verification of MOE WCF Services
Fig. 2-25 shows that the MOE backend services were first validated at the file and service levels.

e The MOE service directory C:\inetpub\wwwroot\MOEWcfServiceLibrary was verified to
contain the required WCF service files:
o MOEWecfServiceLibrary.LinkPivotService.sve
o MOEWTcfServiceLibrary.MetricGenerator.svc

MOEWefServiceLibrary x [ m
< ¢ [Q > ThsPc > 0S(C) > inetpub > wwwroot > MOEWelServicelibrary > |
@ New N Sort = View

£} Home Size

| Gallery

- 1KB

> @ Sjan - Personal MOE SERVICES FILE _ .
> @ Sian - UT Adington .

<« G |® locahosyMOEWeS

sveutil.exe toal from the command line with the following syntax

. swetwsdl

This will generate a configuration file ar use the generated client class to call the Service. For example:

ENPOINT ADDRESS

(=3

class Test
1
static void Main()

Figure 2-25: Testing MOE WCF service endpoints showing the service status page in a browser.

These files represent the backend services responsible for link-based performance calculations
and MOE generation.

Service availability was then validated through a web browser using the following endpoints:

e LinkPivotService:*http://localhost/ MOEWc{ServiceLibrary/ MOEWc{ServiceLibrary.Lin
kPivotService.svc*
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e MetricGenerator:
*http://localhost/ MOEWc{ServiceLibrary/ MOEWcfServiceLibrary.MetricGenerator.svc*

Successful access to these URLs confirmed that the WCF services were correctly hosted in IIS

and operational.
2.10.2. Validation of Database Connectivity and Service Linking

To ensure that the MOE services and ATSPM web application were correctly connected to the
backend SQL Server database, configuration files were reviewed and updated as needed.

e The Web.config file within C:\inetpub\wwwroot\MOEWcfServiceLibrary was
configured to reference the correct SQL Server instance, using the appropriate SPM
database user credentials.

B web.config x +

File Edit View

<?xml version="1.8" encoding="utf-8"2>
<configuration>

<configSections>
<sectionGroup name="applicationSettings” type="System.Configuration.ApplicationSettingsGroup, System, Version=4.8.08.@, Culture=neutral, PublicKeyToken=b77a5c561934e0{

<section name="MOEWcfServicelibrary.Properties.Settings” type="System.Configuration.ClientSettingsSection, System, Version=4.8.8.8, Culture=neutral, PublicKeyToken<

</sectionGroup>

¢!-- For more information on Entity Framework configuration, visit http://go.microsoft.com/fwlink/?LinkID=237468 -->
<section name="entityFramework" type="System.Data.Entity.Internal.ConfigFile.EntityFrameworkSection, EntityFramework, Version=6.0.8.8, Culture=neutral, PublicKeyToke
</configSections>

copectionString.
|<add name="5PM" connectionString="data source=SIJANWORLD\MSS LSERVERBI'Initial catalog=MoeDatabase;Persist Security InFo:False;UsErl ID:SPM'Passwurd:ENGINEERING’Multip
provideriame="System.Data.SqlClient” />

</connectionStrings>
<appSettings> > . ; .
<add key="ClientSettingsProvider.ServiceUri” value="" />

,,,,,,,,,,,,,,

Figure 2-26: Web.config connection-string updates for backend integration.

o The Web.config file within C:\inetpub\wwwroot\ATSPM-Web-Rebuild was configured
to reference the correct MOE service endpoints, including:
o LinkPivotService
o MetricGenerator

These endpoint URLs were aligned with the validated service addresses to ensure proper
communication between the ATSPM front-end application and the backend MOE services.
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IE, Web.config X I +
File Edit  View
<client
<endpoint address=”http://sijanworld/MOEWcFServiceLihrary[MOEWcFServiceLibrary.LimkPivotService.svc?singleWSdl”Ihindimg="has

contract= LINKPIVOTSErvICERETerence . ILINKPIVOtoErvIce  name- BasIicttpBINding ILINKPIVOTService

<identity>

<dns value="localhost" />
</identity>

dpoint
<endpoint address="http://sijanworld/MOEWcfServicelibrary/MOEWcfServicelibrary.MetricGenerator.svc?singlelsdl™ binding="basi
contraci= MeLrilCheneratoroervice, INELr1CGeNerator  name= BaslCHLLpBinding IMeiricGenerator

<!--<endpoint address="http://srwtcmoedb.utah.utad.state.ut.us/MOEWNCF/MOEWCcfServicelibrary.MetricGeferator.svc” binding="b|
contract="MetricGeneratorService.IMetricGenerator” name="BasicHttpBinding IMetricGenerator”>-->

<identity>
<dns value="localhost" />

</identity>
<fendpoint>
</client>
</system.serviceModel>
</configuration>
<!--ProjectGuid: 9589DEB3-61EF-4517-AF8@-CCB7996ADADD-->

Figure 2-27: Endpoint address updated based on metric service generator.
2.11. Application Configuration

After successful deployment and verification of the UDOT ATSPM web application and
backend services as described in Sections 2.5 through 2.10, several application-level
configurations were applied to customize the user interface and default visualization settings.
This section documents the configuration changes implemented for branding and map
initialization.

2.11.1. Webpage Title Configuration

o The ATSPM webpage title was customized by updating the ViewBag.Title parameter in
the application view file located under: C:\inetpub\wwwroot\ATSPM-Web-
Rebuild\Views\DefaultCharts.

o This modification allows the displayed webpage title to reflect the hosting organization or
specific deployment context of the ATSPM system.

The title update process is illustrated in Fig. 2-28.
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DefaultCharts x +
« T~ C @ > IThis PC > OS(C) > inetpub > wwwroot > ATSPM-Web-Rebuild > \Views > DefaultCharts
@ New N Sort = View

Name
~
Home 41_ B indexcshtml 24 +
| AoRO
| Gallery _ ’

[ Approac File Edit View

> @ Sijan - Personal .
_ Approac @model MOE.Common.Models.ViewModel.Chart.DefaultChartsVienModel

> @ Sijan - UT Arlingten —_
[ Approac

@t

3
<script type="text/javascript">function LoadFromUrl() {
. f11/2023 5:20 PM CSHTML File 1KB

| GetMap.cshtml 5/

ViewBag.Title = "UDOT Automated Traffic Signal Performance Msasures"l

[l Desktop GetAppi

- Downloads

o Documents _| GetMetricsList.cshtml 51 CSHTML File 1KB
] GetTMCMetric.cshtml 511 CSHTML File 5KB

P4 Pictures —

| L7 Index.cshtm 5/11/ CSHTML File 2ke |

& Music -
[ LeftTurnGapAnalysisOptions.cshtml 511/ CSHTML File 4KB

Videos e
a | MetricResult.cshtml 5/11/20. CSHTML File 1 KB

Figure 2-28: Editing the homepage title to reflect the desired webpage title.
2.11.2. Logo Configuration

e The default ATSPM logo was replaced to support organization-specific branding.

e The logo image stored under: C:\inetpub\wwwroot\ATSPM-Web-Rebuild\Images was
updated with a customized logo file.

o The replacement image was configured to match the expected filename
(NewUDOTLogo) or, alternatively, the application reference was updated accordingly.

Images * +
& ™ C [J »>)ThisPC » OS(C) » inetpub > wwwroot > ATSPM-Web-Rebuild > Images
@ New Tl Sort = View
EmergencyTrafficSignalResponsePlanUD.. Microsoft Edge P... 295 KB
Screenshots
(& ITE SPM Webinar Part 1 - April 9, 2014 Microsoft Edge P... 19,361 KB
(& ITE SPM Webinar Part 2 - May 7, 2014 Microsoft Edge P... 10,368 KB
@ Creative Cloud Files ITE SPM Webinar Part 2 - June 11, 2014 Microsaft Edge P... 12,381 KB
~ M ThisPC @ MEMA Phase # Convention UDOT Microsoft Edge P... 66 KB
s e 05(C) I [8] NewlDOTLogo PNG File 6KB I
5 it Mew Volume (D) E orangePin - Copy PN File 1KB
v G Netnrd | orangePin PNG File 2KB

Figure 2-29: Illustrates the process of replacing the default logo image within the application directory.
2.11.3. Default Map Location Configuration

e The default map view displayed by the ATSPM web interface was updated by modifying
the map initialization parameters in Map.js, located under: C:\inetpub\wwwroot\ATSPM-
Web-Rebuild\Scripts.

e The latitude and longitude values within the GetMap() and GetRouteMap() functions
were updated to reflect the desired default geographic location.

63



Project 5-7160

UT Arlington

e The map zoom level was also adjusted to control the initial view extent, with a zoom

level of 12 used in this implementation.

Scripts X |+
<« ™ | J > ThisPC > OS(C) > inetpub > wwwroot > ATSPM-Web-Rebuild > Scripts >
@ New T Sort
Mame Date modified Type Size
~ y
Home |1 jquery-ui-1.12.1js 5/11/2023 5:20 PM WebStorm2024.2
I Gallery [ jquery-ui-1.12.1.minjs WebStorm2024.2

L1 popperjs.map

I d  Mapjs x

File Edit View

function GetMap()

map = new Microsoft.Maps.Map(document.g 0 iy
center: new Microsoft.Maps.locatiol
mapTypeld: Microsoft.Maps.MapTypelds
showDashboard: true,
showScalebar: false,
enableSearchlogo: false,
showMapTypeSelector: false, yy
zoom: 6,
customizeQverlays: false
DY
var datalayer = AddData();
//map.entities.push(datalayer);
Microsoft.Maps. loadModule( "Microsoft.Maps.Clustering”, functiod
var clusterlLayer =
clusteredPinCallback:

1

map.layers. insert(clusterlayer);

customizeClusteredPin

1
}

function GetRouteMap() {
map = new Microsoft.Maps.Map(document.getElementById( 'mapDiv')
credentials:

showDashboard: true,

> @ Sijan - Personal L] LeftTurnReportjs WebStorm2024.2 11 KB
> @ Sijan - UT Adington [ LinkPivot js WebStorm2024.2 2KB
Ii Map.js WebStorm2024.2 2KB I
[ moderniar-2.8.3j5 WebStorm2024.2 51KB
8 Desktop -
[ popperjs WebStorm2024.2 75KB
4 Downloads -
- MAP File 130KB

{ credentials: ‘ArDqSVBglLAcobelrUlW6yVPIyL -UGPWVKTEE

0 {

new Microsoft.Maps.Clusterlayer(datalaygr,

{

' ArDgSVBgLAcobelrU1We: - [7r5YFnSEFds7I1CNy50" ,
center: new Microsoft.Maps.locatiof(3 228, -97.114673)
mapTypeld: Microsoft.Maps.MapTypeld: F g

Figure 2-30: Default map location configuration in Map.js.

Figs. 2-30 and 2-31 show the code modifications and the resulting changes in the UDOT
ATSPM web interface before and after the configuration update.

v @ UDOT Automated Traffic Signa. X & NewTab x 4+ v @ UDOT Avtomated Traffic Sign=. X @ MericGenerator Service X |+
* c @ localhost/ATSPM €© c @ localhost/ATSPM/DefaultCharts/Index
IDAHO o - ¥
BEFORE i s
WYOMING | é o
, s ©
University | (526
Park Village
® O = 5
@ 2 .
v ) = 2|
@x © Fort Colins RIS
) @ | .
RVATA | ] Gandcr o

leno . v
e @ (62) = Dénver
on City. =

@ — g

{ @ COLORADO,
@® e

. @ @
esho
s U Las Vleds [ UDOT UTAH |

Figure 2-31: Updated ATSPM map view.
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2.12. Generating Additional Intersection Data

To support visualization of intersections within the ATSPM web interface, additional
intersection data were generated using a dedicated utility provided with the installation package.
This process produces intersection markers that are subsequently displayed within the ATSPM

system, as illustrated in Fig. 2-32.

v @ UDOT Automated TafficSign= X @ NewTab
<« C O localhost/ATSPM
IDAHO
WYOMING
©
@2
D) =
5 @9
NEVADA d Ct
@ @ )
@ @ Denver ©
city {
(@) ®
~ COLORADO.
@
@ @&
© @
: © : 5t
SR tas Jegps [ UDOT UTAH ] < . - [ upor aRLINGTON | § 05

Figure 2-32: GenerateAddDataScript execution.

The GenerateAddDataScript directory was placed under C:\ATSPMroot to establish a
local execution environment for the data generation utility.

The script configuration file located under
C:\ATSPMroot\GenerateAddDataScript\bin\Release was updated to reflect the local

system environment, including:
o connectionString, configured to reference the appropriate ATSPM SQL Server

database.
o Pathl, set to C:\inetpub\wwwroot\ATSPM-Web-Rebuild\Scripts\ which defines

the destination directory for the generated intersection data.
After configuration, the GenerateAddDataScript.exe utility was executed to generate the

required intersection marker files.

Successful execution of the script resulted in the creation of intersection marker data, enabling
intersections to be properly displayed and referenced within the ATSPM web interface.

2.13. Adding Intersection at UDOT ATSPM

After completing system installation and backend configuration, intersections must be defined
within the UDOT-ATSPM system to enable signal performance monitoring and visualization.
This section documents the configuration elements used to register intersections and associate
signal, phase, and detector information.
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o Intersections were added through the Signal Configuration module within the
administrative interface.

o Each intersection was assigned a unique Signal ID to ensure unambiguous identification
within the ATSPM database, as in Fig. 2-33.

ATSPMroot x +

& 2 e (] | J > ThisPC > OS(C) > ATSPMroot > |

@ New T sert = View
A Home Name - Date modified Trpe Size
W) Gallery | GenerateAddDataScript 1429 File folder

- . SPMImages 1/28 20 PV File folder
Release X+
<« > G (J » ThisPC > OS(C) > ATSPMroot > GenerateAddDataScript > bin > Releassl
@ New T Sort 8= View

=== |ype: Application Manitest

) H
eme m GenerateAddDataScript
) Gallery Type: Application
> @ Sijan - Personal - GenerateAddDataScript.exe
Type: CONFIG File

@ Sijan - UT Arlingt - -
’ ven ringten GenerateAddDataScript.exe.manifest

Type: MANIFEST File

B GenerateAddDatascript.exe.confic X |+

File Edit View

<add key="ClientSettingsProvider.ServiceUri” value="" />
</appSettings>
onpectionString
<add name="SPM" connectionString="data source=SIJANWORLD\MSSQLSERVERO1;initial catalog=MoeDatabase;Persist Securit]
providerName="System.Data.SqlClient" />
</connectionStrings>

<
{User ID=SPM;Password=ENGINEERING;MultipleActiveResultSets=True;App=EntityFramework;Connection Timeout=38"

= GenerateAddDataScript.exe.config < = 4

File Edit View
<startup>
<supportedRuntime wversion="v4.8" sku="_NETFramework,Version=v4.7.2" />
</startup>

<appSettings>
| <add key="Pathl™ wvalue="C:\inetpub\wmwroot\ATSPM-Web-Rebuild\Scripts”™ />

<!--<add key="Pathl"” walue="c:\scripts” />-->
<add key="ClientSettingsProvider.Servicelri”™ walue="" />
</appSettings>

<connectionStrings>»

Figure 2-33: Illustrates the interface used to create a new signal entry.
2.13.1. Intersection and Controller Configuration
The following intersection attributes were configured to establish spatial and operational context:

o Intersection naming
o Primary and Secondary Street names were defined to reflect field conditions.
e Geographic location
o Latitude and longitude coordinates were entered to support accurate map-based
visualization.
o Controller type
o The ASC/3 controller type was selected, consistent with commonly deployed
traffic signal controllers supported by ATSPM.

2.13.2. Signal Phase Configuration
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Signal phase information was defined to represent traffic movements and operational logic at
each intersection.

o Each phase was configured with:
o Movement direction (e.g., northbound, southbound)
o Movement type (e.g., left turn, through)
o Operation mode (protected or permissive)
o Approach speed, used in performance calculations
o Additional elements, such as pedestrian phases and overlaps, were configured where
applicable.

Accurate phase configuration is essential for the correct generation of signal performance
measures and intersection images, as in Fig. 2-34.

Delete This Version Add New Version Copy Signal ~ Delete This Signal Sav{n

Version INTERSECTION NAME Version Start Version Label | B] COORDINATES

Signal 1

2/13/2025 - Create New v 2025-02-13 Create New
Primary Name Secondary Name IP Address Latitude Longitude
Region Areas Jurisdiction Controller Type Display On Map  All Peds are 1:1
Region 2 v| | NoAreas Selected Default v
Configuration Table

Phase/Direction + Add Phase Direction

New Phase/Direction Copy Delete

Direction Description Protected Phase Permissive Phase Pedestrian Phase Ped. Detector(s)
| ne o | phase2 | |2 | Comma or Dash List Comma or Dash List
Approach Speed (MPH) Protected Phase Overlap Perm. Phase Overlap Ped. Phase Overlap

Detectors + Add Detector

Detector 126 Copy Dele‘
Det Channel Date Added

| 2 | ~ 11/15/2024 10:47:26 AM

Detection Types Detector Comment + Add Detector Commet

FAdvar\ced Count | 0

. ==

Lane Number (Lane-by-lane Count)
OlLane-by-lane Count | N |

OlLane-by-lane with Speed Restriction

Movement Type (Lane-by-lane Count)

[ |

Lane Type (Lane-by-lane Count)

(JStop Bar Presence.

Vehicle -

Distance To Stop Bar (Advanced Count)

| 221 l—bl SEE FIGURE BELOW
Configuration Table

ion + Add Phase Direction ALL THE PHASES, ALONG WITH THE DETECTORS, NEED TO BE ADDED

Phase 1 (2 Detector(s)) Copy Delete
Phase2 (6 Detector(s)) Copy Delete
Phase3 (1 Detector(s)) Copy Delete
Phase4 (3 Detector(s)) Copy Delete
Phase 5 (2 Detector(s)) Copy Delete
Phase 6 (6 Detector(s)) Copy Delete

Phase 7 (1 Detector(s)) Copy Delete

Phase 8 (2 Detector(s)) Copy Delete

Figure 2-34: Detailed view of the signal phase configuration for a new intersection signal.
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2.13.3. Detector Configuration

Detector information was defined to support vehicle detection, phase actuation, and performance
metric computation.

Each detector was configured with:

e Detector channel name

e Detection type (e.g., presence, count)
e Detection hardware type

e Associated lane number

e Movement type

e Distance to stop bar

For advanced count detectors, the distance to the stop bar was measured in the VISSIM network
using the model scale tool. The VISSIM scale tool was used to measure the distance between the
stop-bar detector and the advance detector location. Accurate specification of detector attributes

is critical for:

e Correct generation of intersection images,

o Reliable traffic flow representation, and

e Proper operation of advanced features such as preemption, priority, and freight signal
priority, as illustrated in Fig. 2-35.

Network Editor

EFRO® 0B $QEAQerr- oL E RS

SCALE TOOL
G

PN AR )

NORTH COOPER ST

0] o

ADVANCED DETECTOR
PLACEMENT

Figure 2-35: Distance to stop bar measured from VISSIM
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Chapter 3: UTA-In-Motion (UTAIM) Installation Manual

3.1. Introduction

UTAIM is an advanced add-on module developed by UTA to extend the capabilities of UDOT
ATSPM through the integration of emerging traffic big data sources, including CV trajectory
data. UTAIM processes CV trajectories in WGS84 format, enabling alignment between
simulated vehicle trajectories and real-world commercial CV datasets through a structured data-
parsing workflow.

Unlike UDOT ATSPM, which uses Microsoft SQL Server, UTAIM uses a separate MySQL
database architecture. As described in Section 1.4.5, a dedicated data transfer tool transfers
applicable ATSPM signal records from the UDOT ATSPM SQL Server database to the UTAIM
MySQL database, where they can be combined with simulated CV trajectory data for additional
analysis and visualization.

By leveraging scalable data-archiving mechanisms and visualization tools, UTAIM supports the
generation of enhanced MOE:s, including advanced analytics such as time—space diagrams
(TSDs). These capabilities enable more comprehensive traffic signal performance evaluation and
support data-driven decision-making.

This chapter documents the installation and configuration framework for deploying UTAIM on
Windows 10 or Windows 11 systems. The deployment environment includes supporting
software components such as Python, XAMPP, Apache, and MySQL, which together provide a
local server environment for database management and web-based visualization. Following
installation, UTAIM operates on a local Apache-MySQL platform, enabling development,
testing, user configuration, and generation of performance visualizations without reliance on
external servers.

3.2. Prerequisites

Prior to installing and configuring UTAIM, the following system requirements were verified to
ensure compatibility with the software environment and supporting tools:

e Operating System:
o Windows 10 or Windows 11
e Code Editor:
o Visual Studio Code (VS Code) is installed for code review and configuration tasks
o Python Environment:
o Python version 3.10 or later installed to support UTAIM backend scripts and data
processing utilities
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These prerequisites establish the baseline environment required for the successful installation

and execution of UTAIM components.

3.3. Python Installation

Python is required to support UTAIM backend processing and data parsing workflows. In this

implementation, Python was installed using the official Windows installer.

e The Python installer package (python-3.13.0-amd64.exe) was used to deploy the Python

environment.

e During installation, the option to add Python to the system PATH was enabled to allow

command-line access from any directory, as shown in Fig. 3-1.

UT Arlington

B Python 3.13.0 (64-bit) Setup

python

Install Python 3.13.0 (64-bit)

Select Install Now to install Python with default settings, or choose

Customize to enable or disable features.

% Install Now

C:\Users\sijan\AppData\Local\Pregrams\Python\Python313

—> Customize installation

Choose location and features

8 Use admin privileges when installing py.exe

) Add python.exe to PATH I

windows

Cancel

Figure 3-1: Python installer setup window initiating the installation process.

o The default installation configuration was selected to ensure compatibility with UTAIM

scripts.

o After installation, the system was restarted to finalize environment variable updates.
o Successful installation was verified by checking the installed Python version from the

command-line interface.

Completion of this step ensured that the Python runtime environment was properly configured

and ready for use by UTAIM processing modules.
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3.4. Installing and Configuring XAMPP and Apache Server

To support local deployment and testing of UTAIM, a local web server environment was
established using XAMPP, an open-source software package that provides Apache and PHP
components for local web hosting. This configuration enables UTAIM to operate on a local
machine without reliance on an external server.

3.4.1. XAMPP Installation

o The XAMPP Windows (64-bit) installer was used to deploy the local server environment.

e Only the Apache and PHP components were retained, as these are required for hosting the
UTAIM web interface.

e A custom installation directory (e.g., D:\Xampp) was selected instead of the default
system drive to improve performance and reduce potential conflicts with antivirus
software.

o The installation was completed using the default configuration settings.

3.4.2. Configuring XAMPP and Apache

Following installation, Apache server settings were updated to ensure compatibility with other
services running on the system and to support the stable operation of UTAIM.

o The Apache server ports were reassigned to avoid conflicts with commonly used system
ports:

o Main Port: 8080
o SSL Port: 8443
e Apache was configured to run as a Windows service, allowing the server to start

automatically upon system reboot. This ensures the continuous availability of the UTAIM
application without requiring manual intervention.

| Eec [ Gl
3] XAMPP Control Panel v3.3.0 st

Use this form to set senice-specific and defautt port seftings. You can setthe

Hodules B tewm || T name and default ports the XAMPP Control Panel will check. Do not include

Service Module  PID(s) Port(s) Actions e ] spaces o quotes in names. This does NOT change the ports that the services and
x| Asacre st . o Foos] o sher programs use. You still need to change those in the services' configuration files.

FEAEL Explorer | | |~ Autostart of moduies Apache WMySQL FileZilla Mercury Temeat
Fiezila &= w55 [  sorvoss || P OFiezila Oromeat
" = OmysqL OMercury ame MainPort  SSL Pert C
''''' & = = Consg @Hep || solacted modules wil be started on next bunch of the Apache2.4 8080 g4a3

Tomcat 5 . — - | Control Panel. R —

[ aut -
(D) start Control Panel Miimized

30311 PM [main]  The Mercury module is disabled | X avert

8 Enable Tomeat output window
1PM [main] The Tomcat module is disabled {8 Enable Tomeat output window

|
1P [main]  Starting Check-Timer B Check defauit ports on startup
1PM [main]  Control Panel Ready | Oshon debug informaton
Installing senice... -

Successfull !
Uninstalling senvice... Change Language
Successfull

1
| User Defined Files Log Options 1 kB
i

K aport o« save

Figure 3-2: XAMPP Control Panel displaying Apache configuration with custom port settings.
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3.5. Installing the MySQL Community Version

The MySQL Community Edition was installed to serve as the database backend for the UTAIM
system. MySQL provides a lightweight, open-source database management platform that
integrates effectively with local web servers such as Apache and supports scalable data storage
for CV and ATSPM-related datasets.

3.5.1. MySQL Installation

e The MySQL Community Installer (64-bit) was used to deploy the database environment.

e  MySQL Community Server 8.0.32 was required for this implementation.

o A full installation configuration was selected to ensure that all required MySQL
components and supporting tools were available, as in Fig. 3-3.

e During the installation process, prerequisite checks were reviewed. Unmet prerequisites
other than Python were determined not to affect UTAIM operation and were therefore not
installed.

AN
MySQL. Installer

Adding Community

Cancel

Figure 3-3: MySQL Installer community version setup screen during a full installation process.
3.5.2. Product Configuration
Following installation, the MySQL server was configured to ensure compatibility with UTAIM.

o The Legacy Authentication Method was selected to retain compatibility with MySQL
5.x—based authentication, which is required by the UTAIM application framework.

e A MySQL root database password was defined in accordance with the password
requirements specified by the UTAIM system.
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=™

AN
MySQL. Installer
MySQL Server 80.19

Authentication Method

| Use Strong Password Encryption for Authentication (RECOMMENDED)

N

© Use Legacy Authentication Method (Retain MySOL Sx Compatibility)

< Back Next > Cancel

Figure 3-4: MySQL Installer community version password setup

3.6. Configuring the MySQL Database in Workbench

MySQL Workbench was used as the primary graphical interface for configuring and managing
the MySQL databases required by UTAIM. Proper database configuration is essential to ensure
integration between UTAIM applications and the MySQL backend.

e  MySQL Workbench 8.0 Community Edition was launched and connected to the local
MySQL server instance (MY SQL80) using the configured root credentials, as shown in

Fig. 3-5.

View Database Tools Scripting Help

MySQL Connections ®@®

Myconnection

root
127.00.1:3306

Welcome to MySQL Wc

MySQL Workbench is the official graphical user interface (GUI) tool for MySQL
create and browse your database schemas, work with database objects and |

design and run SQL queries to work with stored data. You can also migrate sche

B setup New Connection - o X

Conecontiome |_|_>|Lm‘ P A e S s

Comecton ethods | S2nderd (TCP1P) | Method to use to connect to the RDBMS
Parameters SsL Advanced

Hostname:  127,0.0.1 Port: 3306 Yo or P s f thesver st -and

por
s ~ 1} > B Name of the user to connect with
—J
Passiord: = Theuss Wil be requested laterifits
Default Schema: The schema to use s default schema, Leave
blnk

Configure Server Management, Test Connection Cancel

Figure 3-5: Setting up a new connection in MySQL Workbench
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3.6.1. Database Schema Configuration

To support UTAIM operation, two dedicated database schemas were created using default
character set and collation settings:

e utaim: Stores connected vehicle trajectories, processed data, and analysis outputs.
e utaim_config: Stores system configuration parameters and application-level settings.

After schema creation, the schema list was refreshed to confirm successful deployment, , as
shown in Fig. 3-6.

Charset/Colaton:  Default Charse! Defauit Collaton

No object selected Acoly Revert

Figure 3-6: Setting up new schemas (utaim and utaim_config) for the database.

3.6.2. Data Import and Initialization

Following schema creation, the initial database content was populated using a provided backup
dataset.

e The backup directory containing UTAIM database files was loaded through the MySQL
Workbench data import utility.

o Data were imported into the utaim schema to initialize the database structure and
populate required tables.
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T ———————— |

The defauit schema to inport the dump into.

othervise tis gnored,

Figure 3-7: MySQL Workbench interface displaying the created schemas and imported data details.
3.7. Installing UTAIM on the Apache Server

To enable local deployment and testing, UTAIM was installed on the Apache web server
provided through the XAMPP environment. This configuration allows UTAIM to be accessed
locally through a web browser and connected to the MySQL backend configured in the previous
sections.

e A dedicated utaim directory was created within the Apache document root
(D:\Xampp\htdocs) to host the application files.

o Fig. 3-8 shows the complete set of UTAIM application files that were extracted and
placed in the D:\Xampp\htdocs\utaim directory, making the application accessible
through Apache.
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utaim * +
« ™ ] [J > ThisPC > localDisk(D) » Xampp » htdocs > utaim

common File folder

functions File folder

resouUrces File folder
= ATSPM_module 1171472024 11:45 AM PHP Source File 16 KB
# Congestion_medule 11/14/2024 11:45 AM PHP Source File 12KB
= Congestion_ranking 11/14/2024 11:45 AM PHP Source File 12KB
= coordination 1171472024 11:45 AM PHP Source File 11KB
= Freight_module 11/14/2024 11:45 AM PHP Source File 15KB
= graph 11/14/2024 11:45 AM PHP Source File TKB
= home 11/14/2024 11:45 AM PHF Source File 15KB
# index 1171472024 11:45 AM PHP Source File SKB
= logout 11/14/2024 11:45 AM PHP Source File 1KB
* pcd 111472024 11:45 AM PHP Source File 3KB
= safety 11/14/2024 11:45 AM PHP Source File 8KB
= Safety_module 11/14/2024 11:45 AM PHP Source File 13KB
= travel_time_dist 1171472024 11:45 AM PHP Source File 4KB

Figure 3-8: UTAIM application files deployed in the Apache htdocs directory.

Following deployment, the UTAIM web interface was accessed through the local Apache server

using the configured port.

e The application was launched via the local URL: **http://localhost:8080/utaim**

e Successful loading of the UTAIM login interface confirmed that the Apache server was

correctly serving the application.

v @ UDOTAvomsted TaffeSigna X /A UTAIM: A Big-data-cven Arter X [+

€ 5 @ (O localhost8080/utaim/indexphp

'A‘ LTDOT ™ UTAM: A Big-data-driven Arterial Traffic Signal Performance Monitoring System

50 UTA Emergency. ¥

Locations of Deployment and Testing ignedy O Tolrli

2@

For WoRTH
~

JJL\ w VeV &
* IRVING LA e i
ARLINGTON "7 e x 4 s ® %, s Amma

D.

Signin  LatestDatabase v [UTN

=

| Signin

% Menu, lastload in 148ms

- o x

Load Georence

Feattne Tackng

Figure 3-9: UTAIM main interface is displayed after a successful login using the provided credentials.
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3.8. Adding Intersection to UTAIM

This section documents the configuration steps required to integrate intersections into the
UTAIM system. The process involves defining users, associating sensors, configuring
intersections and network relationships, and assigning traffic signal and roadway attributes to
enable travel-time and performance analysis.

3.8.1. Adding a User

UTAIM user access is managed through a dedicated user information table within the MySQL
database. Each user record defines authentication credentials used to access the system.

e A new user entry was added by inserting a record containing the username and password.
o After the record was added, the table was refreshed to confirm successful registration of
the user.

#&  Local instance MYSQLBD x
File Edit ‘iew Query Datsbase Server Tools Scripting Help

i e &EEELH &

Navigator Guery 1 I
SCHEMAS L ¥ F 8, & Dont Limit -l € e (=
@, Filter objects 1e SELECT * FROM utaim_config.user_info;

> D count_event_template
count_zones

geofence_evp
int_connection

int_distance
intersection_list
pcd_segment
ped_event_template
road_segment_info
road_weather_template
safety_event_template
sensor_info
sig_event_template
travel_time_sample_template
user_info | |
UsEr_sensor_mapping
utaim_moe_aggregation

» D utaim_moe_aggregation_wei
@ Views

@ Stared Procedures

@ Functions user_id password

b |COA TrafficAdmin @Passwird
Administration  Schemas uTa 1234

) mannar.tamirisa  UTAIM@2021
TR sishakothuri  TRB2022

YY V| Y Y Y Y YYYTYYYTYYY

| Result Grid | {] 4% Fiter Rowrs: | Export: B | wrap cell Content: IR

Table: user_info

Columns:
user_id
password

Figure 3-10: Adding a new user to the UTAIM system.

User records may be removed in the future by deleting the corresponding database row if access
is no longer required.
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3.8.2. Mapping Sensors to Users

UT Arlington

Access to connected vehicle and travel-time data is controlled through the user—sensor mapping

table, which links users to specific sensors.

e Required sensors were associated with the user account to enable real-time travel-time

analysis.

» Existing legacy sensor entries were retained to preserve compatibility with potential

future data requirements.
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nsor_mappings
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Table: user_sensor_mapping
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varc
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Figure 3-11: Mapping sensors to users for real-time travel time analysis.

3.8.3. Adding Intersections

Intersections were registered in UTAIM using the intersection list table, which serves as the

primary reference for network configuration.

o Each intersection was assigned a unique, sequential record ID, as shown in Fig. 3-12.
e A corresponding intersection identifier was defined.
e Geographic coordinates (latitude and longitude) were obtained from Google Maps and

entered to support spatial visualization.

o Ownership attributes were specified to control user-level access to each intersection.
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Figure 3-12: Adding intersections in UTAIM, including assigning IDs and geographic coordinates.
3.8.4. Adding Intersection Diagrams
Intersection diagrams were stored directly within the database to support graphical visualization.

e Diagram files were uploaded as PNG images and stored in binary large object (BLOB)
format.

e Once uploaded, diagrams became available for display when selecting the corresponding
intersection.

Figure 3-13: Uploading intersection diagrams to the database
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3.8.5. Configuring Intersection Connections

Directional relationships between intersections were defined using the intersection connection

table.

o Each intersection ID was linked to upstream and downstream intersections.
e Northbound (NB) and southbound (SB) connections were specified explicitly.
o Missing connections were assigned a value of zero to indicate no linkage.

Figure 3-14: Configuring intersection connections to define directional relationships.
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3.8.6. Setting Intersection Distances

Intersection spacing was defined using the intersection distance table, which supports free-flow

travel-time calculations.

o Distances were measured using either:
o The VISSIM simulation model, or
o Google Maps distance measurement tools

e Measured distances were recorded in feet and matched to the corresponding intersection

1Ds.
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3.8.7. Configuring Traffic Signal Phases

Figure 3-15: Setting intersection distances for accurate travel time calculations.

UT Arlington

Traffic signal phase configuration links signal movements with detectors and approach attributes.

o The total number of phases for each intersection was defined.
o Phase directions (e.g., northbound, westbound) were assigned.

e Detector channels were mapped using a semicolon-separated format (e.g., 23,24,25 for

advance detectors).

Detector channel formatting must follow the specified convention; otherwise, phase detection

will fail.

e Time-to-Intersection (TTI) values were calculated using detector-to-stop-line distances
and posted speed limits.
o Additional detector types (red-light, presence, and queue detectors) were configured as

applicable.

e The Wi-Fi link ID was set to 99999 to retain compatibility with legacy system logic as
illustrated in Fig. 3-16.
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Figure 3-16: Configuring traffic signal phases with assigned detectors.

3.8.8. Assigning Lane and Speed Information

Roadway characteristics were assigned to each approach to support performance analysis.

The number of lanes was determined using:
o Field observations, or
o Satellite imagery from Google Maps.

Vehicle capacity values were defined based on local traffic conditions.

Reference link identifiers were assigned.

Free-flow speeds were entered using posted speed limits
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Figure 3-17: Assigning Lane numbers and speed limits for intersections.

3.9. Generating Graphs in UTAIM

The final stage of UTAIM configuration involves generating visual analytics to evaluate traffic
signal operations and corridor-level performance. Two primary visualizations are supported: the
Purdue Coordination Diagram (PCD) and the Coordination Time—Space Diagram (TSD).

3.9.1. Purdue Coordination Diagram (PCD)

The PCD is a core visualization for assessing intersection-level performance by depicting the
relationship between vehicle arrivals, signal phase timing, and detector activity. It supports the
evaluation of signal coordination quality and identification of operational issues.

e The PCD visualizes vehicle arrivals relative to signal phases, enabling assessment of

arrivals on green (AoG) performance.
o Detector actuations are shown as discrete points, providing insight into demand patterns.
o The diagram incorporates multimodal and operational elements, including:

o O O O

precipitation conditions.

arrival profiles and signal cycles;

AoG percentage and green time (GT);

pedestrian calls, preemption, and priority events; and

weather summaries, when available, represented by a color bar indicating

An example PCD for intersection-level performance analysis is shown in Fig. 3-18.
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Figure 3-18: PCD for analyzing intersection performance.
The interactive interface allows zooming for detailed inspection across cycles and time periods.

Note: PCDs can only be generated for dates corresponding to the simulation run. Additionally,
the parsed dataset must also cover the full target analysis period.

3.9.2. Coordination (Time—Space) Diagram

The TSD is a distinctive output of UTAIM that illustrates vehicle trajectories across multiple
intersections, supporting corridor-level analysis of progression and coordination.

o The TSD displays sampled vehicle trajectories traveling between adjacent intersections,
revealing stop-and-go behavior and progression quality.
e Special operational events, including rail and emergency vehicle preemptions, pedestrian

calls, and freight signal priority (Prioritor) events, are explicitly reflected in the trajectory
patterns.

e The visualization helps identify:
o locations with recurring vehicle stoppages;
o 1mpacts of preemption and priority events on downstream flow; and
o opportunities for signal-timing and coordination optimization.

An example TSD for the northbound Cooper Street corridor is shown in Fig. 3-19.
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Figure 3-19: TSD for Northbound Cooper Street.

For computational efficiency and interpretability, the analysis is typically limited to a one-hour
time window, and only a subset of vehicle trajectories (approximately 10%) is used to generate

the diagram.

Note: Generating TSDs for periods longer than one hour is not advised due to performance

limitations and visual congestion.
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Chapter 4: TxDOT ATSPM Digital Twin Development

4.0. Introduction

The TxDOT ATSPM Digital Twin is a packaged deployment framework designed to enable
rapid implementation of multiple ATSPM platforms. Once deployed, the system allows users to
either load preconfigured ATSPM databases or generate new ATSPM datasets through traffic
simulation. This chapter builds upon the installation and configuration procedures presented in
Chapters 2 and 3 and documents the corridor-scale deployment and operational use of the digital
twin.

The primary focus of this chapter is the implementation of UDOT ATSPM and UTAIM for the
Ranch-to-Market Road 2244 (RM 2244) corridor in Austin, Texas. The study corridor includes
23 signalized intersections and provides the simulation network used to demonstrate the

controller-integration and ATSPM data-generation workflows developed under Project 5-7160.

Three traffic signal control configurations were established in PTV VISSIM:

e The built-in RBC was used to represent signal operations directly within the VISSIM
environment.

e The Econolite EOS controller emulator was integrated through SILS to reproduce
external controller logic and generate high-resolution signal event data.

e A physical Q-Free MAXTIME controller was connected to VISSIM through the TxDOT
HILS-CID to support hardware-in-the-loop simulation and controller-based ATSPM
event generation.

These configurations represent different levels of controller integration. The RBC provides a
fully simulation-based environment for configuring and testing signal operations. The Econolite
EOS SILS configuration incorporates external controller logic and supports functions such as
coordination, detector processing, and preemption. The HILS-CID configuration extends the
framework by allowing a physical Q-Free MAXTIME controller to exchange signal indications,
detector actuations, and pedestrian calls with VISSIM in real time. The application and
comparison of these configurations within the RM 2244 corridor case study are presented in
Chapter 6.

In addition to controller integration, the digital twin uses a Docker-based architecture to
streamline deployment of UDOT ATSPM and UTAIM. This approach reduces system setup time
while improving portability, reproducibility, and scalability. The framework provides a
structured workflow encompassing traffic-demand preparation, simulation development,
controller integration, ATSPM-compliant data generation, database deployment, and initial
performance visualization using PCDs and TSDs.
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The objectives of the TxXDOT ATSPM Digital Twin are threefold:

1. Provide a realistic training and exploration platform
2. Deliver an up-to-date TxDOT traffic signal inventory
3. Facilitate rapid deployment for smaller agencies

This chapter is organized into three primary components:

1. System Deployment with Docker — Description of the Docker-based deployment strategy
for the TxDOT ATSPM Digital Twin.

2. Traffic Simulation with VISSIM — Configuration of corridor-level traffic simulation
models using multiple signal control strategies to generate high-resolution ATSPM data.

3. Data Parsing and Integration — Procedures for converting simulated traffic signal and
vehicle trajectory data into formats compatible with operational ATSPM systems.

4.1. Deploying the TxDOT ATSPM Docker Image in Windows

Manual installation of UDOT ATSPM and UTAIM can be time-consuming and sensitive to
differences in host-system hardware and software. To address these limitations, the project team
at UTA adopted a prebuilt Docker-based deployment. The Docker image encapsulates all
required system components, including web services, databases, backend processing modules,
and configuration settings, into a standardized runtime environment. This eliminates dependency
conflicts and minimizes host-system compatibility issues.

Using the Docker image reduces deployment time from hours to minutes and ensures consistent
system behavior across different user environments. Once deployed, both UDOT ATSPM and
UTAIM are immediately operational without repeating the manual installation and configuration
procedures described in Chapters 2 and 3, providing a reliable and scalable solution for corridor-
level ATSPM digital twin deployment.

4.1.1. What is Docker and Its Benefits to This Project

Docker is an open-source containerization platform that enables applications and their
dependencies to be packaged into lightweight, portable containers. These containers run
consistently across different computing environments, allowing software to be deployed,
managed, and executed without dependency conflicts or system-specific configuration issues.

Docker is built on several core components:

e Docker Engine, which manages container execution and resources.
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o Docker Images, which contain the application code, dependencies, and runtime
configuration.

e Docker Containers, which are executable instances of Docker images.

e Docker Hub, a centralized repository for storing and distributing images.

e Docker Compose, which supports defining and running multi-container applications.

Database
. Web Infrastructure
Supporting 0s
Libraries

Environment

Container

Figure 4-1: Example of a Docker Container

For this project, Docker provides a standardized and reliable deployment mechanism for the
TxDOT ATSPM Digital Twin. By encapsulating the UDOT SPM v4.3 and UTAIM systems
within containers, Docker eliminates installation issues caused by missing libraries, incompatible
software versions, or operating system differences. This approach ensures consistent system
behavior across users and significantly reduces deployment complexity.

The Docker-based digital twin architecture used in this project is illustrated in Fig. 4-2. In this
framework, the PTV VISSIM simulation communicates with the UDOT SPM v4.3 Docker
container through open network ports. Simulated high-resolution traffic signal events are first
stored in the SQL Server database within the UDOT SPM container under the VISSIM schema.
The parsing software then reprocesses these events and stores them under the MOE schema.
Subsequently, the parsed data are transferred to the UTAIM Docker container, where they are
saved in the UTAIM schema and converted into signal event tables.
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Figure 4-2: Proposed digital twin with Docker containers
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After this data exchange process, both the UDOT SPM and UTAIM systems contain valid,
synchronized signal event datasets, enabling the generation of a wide range of Signal
Performance Measures (SPMs) within the digital twin environment.

4.1.2. Required Hardware, Software, and Libraries

Deployment of the TXDOT ATSPM Digital Twin using Docker requires a compatible Windows
environment with containerization support enabled.

e Operating System Requirements

o 64-bit Windows Pro, Enterprise, or Education editions are required to support

Windows containers.

o System-version information can be verified under Settings > System > About >

Windows specifications.
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== Windows specifications
Edition Windows 11 Pro
Version 24H2
Installed on 12/9/2024
OS build 26100.4946
Experience Windows Feature Experience Pack 1000.26100.197.0

Microsoft Services Agreement
Microsoft Software License Terms

Figure 4-3: Windows version specifications (Windows 11 Pro shown in the figure)

e Windows Containerization Features
o Both Hyper-V and Windows Containers must be enabled to support Docker-based
deployment.
o These features allow Docker Desktop to run Windows containers and manage
virtualized resources.
o The following commands must be executed in PowerShell with administrator
privileges:

e Enable-WindowsOptionalFeature -Online -FeatureName Containers -All
e Enable-WindowsOptionalFeature -Online -FeatureName Microsoft-Hyper-V -All

If prompted to restart after executing each command, enter n to postpone the restart until Docker
Desktop has been installed, as shown in Fig. 4-4.

|
iPS C DO 32> Enable-WindowsOptionalFeature Containers

Do you sta he computer to complete this operation now?
[ Y ] Yes |

Restartheeded : True

Enable-WindowsOptionalFeature Microsoft-Hyper-V
computer te mplete this operation now?
n

: True
Restartheeded : True

Figure 4-4: Successfully Enabled Hyper-V and Container (input n for refusing restart)
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e Docker Desktop Installation

Docker Desktop for Windows must be installed with Windows Containers enabled
during installation.

During installation, select “Allow Windows Containers to be used with this
installation,” as shown in Fig. 4-5.

After installation, a system restart is required to activate Docker services.

On first launch, acceptance of the Docker Subscription Service Agreement is
required as in Fig. 4-5.

€ Installing Docker Desktop 4.44.3 (202357) = [m] X

Configuration

Use WSL 2 instead of Hyper-V (recommended)
Allow Windows Containers to be used with this installation
Add shortcut to desktop

Windows Containers should only be enabled if you understand the risks. For more information, see our docs.

[ ok ]
Figure 4-5: Enable Windows containers when installing Docker Desktop

e Windows Subsystem for Linux (WSL)

o

If WSL is not already installed, Docker Desktop prompts for installation during
initial startup.

WSL is required for Docker Desktop operation, even when running Windows
containers.

CAWINDOWS\system32\wsle X + v = a

Windows Subsystem for Linux must be updated to the latest version to proceed. You can update by running 'wsl.exe ——updat
e'.
For more information please visit https://aka.ms/wslinstall

Press any key to install Windows Subsystem for Linux.

P. CTRL-C 1 his wind 1. - 1
‘Tll:izsprompt w:{lct(i}:: Ell‘tlsi::lgac:ez‘;njz'jce Pl ess Ally Key tO lnStall WSL

CAWindows\System32\wslex X | — (m]

Downloading: Windows Subsystem for Linux 2.5.18

Installing: Windows Subsystem for Linux 2.5.10

Windows Subsystem for Linux 2.5.10 has been installed.

The operation completed successfully.

Checking for updates.

The most recent version of Windows Subsystem for Linux is already installed.
Press any key to exit...

\
WSL installed

Figure 4-6: Installing WSL (Windows Subsystem for Linux)
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e Switching to Windows Containers
o Docker Desktop must be explicitly switched to Windows Containers mode.
o The Privileged Helper Service must be enabled to allow container networking and
system-level operations, as shown in Fig. 4-7.

@ docker desktop G=ID Q search (o] @ 0 ©& & =

$3 AskGordon sera .
¢ Containers cue

View all your running

@ Containers s and applications. Learn more (3

3 Images

& Volumes
4 Builds
@ Models sera ©
Docker Desktop is running
& MCP Toolkit eeTa
i@ Go to the Dashboard
@ Docker Hub . . .
Your running containers show up here & Signin/Signup
®  Docker Scout ot f ,
A cantainer is an isolated environment for your cod
A container is an isolated environment for your code Change sttngs ColsComme
£ Extensions 3- Troubleshoot
What is a container? How do I run ¢
?
5 mins 6 mins
Dacker Hub
View more in the Learning center
Documentation
Extensions. >
Kubernetes (G"Et
.
& Engine unning T RAM 2.56 GB CPU0.04% Disk: 1.21 GB used (limit 1006.65 GB) W Pause B! e @

O Restart

O Quit Docker Desktop
T.L-F oo

Figure 4-7: Switch to Windows Container in Docker Desktop

Once these requirements are satisfied, the system environment is prepared for deployment of the
UDOT SPM v4.3 and UTAIM Docker containers.

4.1.3. Deploying Process and Success Verification
The extracted package includes the following components:

e udot-app-v4.3.tar and utaim-app.tar, which contain the prebuilt Docker images for the
UDOT SPM and UTAIM systems, respectively. These images are loaded directly into
Docker Desktop without extraction.

o Database backup/SQLSERVER and Database backup/UTAIM, which are bind-mounted
directories used to store SQL Server and MySQL database files. These folders enable
persistent data storage and support database backup and restoration.

e SPM Databackup, which contains example signal event datasets generated from VISSIM
using both RBC and Econolite EOS controllers. These datasets can be restored to
demonstrate SPM functionality.

e UDOT SPM Images, which stores performance diagrams generated by the UDOT SPM
system in PNG format.

92



Project 5-7160 UT Arlington

e docker-compose.yml, which defines container services, port mappings, and bind-mounted
volumes.

e Supporting documentation and installation utilities.

TxDOTS5-7160 Docker System Setup

1. Unzip the folder: TxDOT5-7160 Docker Files.
2. Open the folder in terminal:
o Right-click — Open in Terminal, OR
o Type cmd in the File Explorer address bar.
3. Verify Docker installation using: docker-compose—version
4. Confirm that the terminal displays the installed Docker Compose version, such as:
Docker Compose version v2.38.2-desktop.1
5. Load the Docker images using:
docker load -i udot-app-v4.3.tar
docker load -1 utaim-app.tar

After loading, the terminal should show as in Fig. 4-8: Loaded image: txdotv43-udot-app:latest

docker load i udot-app-v4.3.tar

Images

View and man:

al and Docker Hub images. Learn more 2

Local  MyHub

0Bytes /4072 6B Inuse 1 images

Tag Image ID

Iatest 641ec65cc3c8

Figure 4-8: Successful loading of udot spm docker tar file

After loading the UDOT SPM and UTAIM Docker images, the system is initialized using the
docker-compose configuration. The docker-compose file exposes required services, including
web interfaces and database connections, through predefined host ports. If port conflicts exist on

the host machine, port mappings can be modified directly in the docker-compose file prior to
deployment.

D:\TxDOT5-7160 docker files>docker ps

CONTAINER ID IMAGE COMMAND CREATED

NAMES
"powershell -Command.." 6 minutes ago

STATUS

Up 6 minutes N: 0:82->80/tcp, 0.0.0.0:
UTAIM-app

"cmd /S /C powershel." 6 minutes ago Up 6 minutes ©0.0.0.0:81->81/tcp,
8uu3->uu3/tep, 0.0.0.0:143U->1433/tcp UDOT_SPM_wvi.3

Figure 4-9: Successfully built Docker status
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Successful deployment is verified as in Fig. 4-9 by confirming that all containers are running and
accessible. When the system is operating correctly:

e The UDOT ATSPM web interface is accessible through the assigned host port.
e The UTAIM web interface loads successfully in a browser.
e Docker container status confirms active and healthy services.

General Application Settings
Raw Data Count Limit
1048576

Image Path

CNATSPMroot\SPMImages',

Image URL
http://localhest:81/spmimages/
ReCaptcha Public Key

ReCaptcha Secret Key

Seconds After Chart End Date to
Complete Cycle

Save

Figure 4-10: Config Image Path and Image URL in the UDOT system

Stop and Rebuild Docker Container

1. Open the terminal in the project folder.

2. Stop the container: docker-compose down

3. Before rebuilding, delete all files inside: TxDOTS5-7160 docker files / Database backup /
SQLSERVER (Prevents old MOE database from interfering with UDOT SPM
initialization.)

4. Rebuild the container: docker-compose up -d

This command recreates the containers using the previously loaded images referenced in the
docker-compose.yml file. It does not reload the .tar files or rebuild the Docker images.

4.1.4. Demonstrating Operations

After successful deployment, the operational status of the TxDOT ATSPM Digital Twin can be
verified through Docker Desktop, where container status, exposed ports, and control actions
(start, stop, restart) are displayed as in Fig. 4-11.
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Figure 4-11: Running Docker Containers in the Docker Desktop

Database Connectivity Verification

Operational verification includes confirming database connectivity for both ATSPM platforms.

UDOT SPM — SQL Server (SSMS Required)

Open SQL Server Management Studio (SSMS).
Server Type: Database Engine
Server Name: 127.0.0.1,1434
Authentication: SQL Server Authentication
o Login: sa
o Password: Engineering123!
5. Connection Security:
o Encryption: Optional
o Check the Trust server certificate

b=

After connecting, you should see the MOE database.
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o® Conr .
Object Explorer v I X
SQL Server Connect~ ¥ ¥ ¢
Login  Connection Properties Always Encrypted Additional Connection Paramelers =1 127.0.0.1,1434 (SQL Server 16.0.1000.6 - sa)
Server = © Databases
Database Engine System Databases
Server name: [127001.3434 - Database Snapshots
Authentication: SQL Server Authentication ~ a MOE
zm ke & Security
e Server Objects
Remember password . .
Connection Security Rep"catlon i i .
Ea— optional . Always On High Availability
Trust server certificate Management
Integration Services Catalogs
% SQL Server Agent (Agent XPs disabled)
Concmt |t ] opom << B XEvent Profiler

Figure 4-12: Login SQL Server of UDOT SPM

UTAIM SPM — MySOQL (MySQL Workbench Required)

1. Open MySQL Workbench — Click “+” (New Connection).

2. Configure:

o Connection Name: Docker Mysql
o Port: 3308 (must match Docker port)

o Username: root
3. Click “Store in Vault...”

o Password: ENGINEERING
4. Click Test Connection — Should return: Successfully made the MySQL connection
5. Click OK, then double-click Docker Mysql to connect.

After login, you should see:

e utaim
e utaim_config

under the SCHEMAS tab
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Bl setup New Connection

Connection Name:  Docker Mysal

datahase vendars to vour MuSOI datahase

Type a name for the connection

Connection Method: | Standard (TCP/IP)

Parame! ters SSL Advanced

MysQL Connection —

127.0.0.1

Username: oot

Local instance MySQL80

oot

Password:

Configure Server Management...

Cle:
ocalhost: 3306
Store Password For Connecti
docker t Please enter password for the
ook —_— following service:
192.168 5, \_ LA Service: Mysql@127.0.0.1:3308
User: root
Workbench

Port: 3308

| Method to use to connect to the RDEMS

Name or IP address of the server host - and
TCP/IP port.

0 Successfully made the MySQL connection

Information related to this connection:

Host: 127.0.0.1
Port: 3308
ssssssss

A successful MySQL connection was made with
the parameters defined for this connection.

ts

oK

Figure 4-13: Login MySQL of UTAIM SPM

Data Backup and Restoration — UDOT SPM

Note: The MOE database is created only after first visiting: <http://localhost:81/ATSPM>

Therefore, data must be restored manually.
Restore EOS Data
1. Copy MOE eos.bak from:
SPM Databackup / EOS data / UDOT data
— Paste into:
Database backup / SQLSERVER
(Do not modify existing files.)
2. Open SQL Server Management Studio (SSMS)
Login:

o User: sa
o Password: Engineering123!
3. Click New Query and run:

RESTOREDATABASE [MOE]
FROM DISK ='C:\sql-data\MOE _eos.bak'
WITH REPLACE;
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USE [MOE];
CREATEUSER [SPM]FORLOGIN [SPM];
ALTERROLE [db_owner]ADD MEMBER [SPM];

Click Execute and wait for the completion message as in Fig. 4-14.

Rlydalo-- 8| |5 mesE-.

vizeE|ree| ol e|En|o.

ARl KOl Query1.sql - 12...,1434MOE (sa (52))* # X
RESTORE DATABASE [HOE]

FROM DISK = 'C:\sql-data\MOE_eos.bak’
WITH REPLACE;

USE [HOE];
CREATE USER [SPH] FOR LOGIN [SPM];
ALTER ROLE [db_ouner] ADD MENSER [SPM]

100% -

© Query executed successfully. 127.00.1,1434 (160 RTM) 52 (52) MOE 000025 | 0 rows

Figure 4-14: Restore Data in SQL SERVER

Backing Up the MOE Database

1. In SSMS, right-click MOE — Tasks — Back Up...
2. In Back Up Database — MOE:
o General tab: set backup path to C:\sql-data

(Use Add... to change location/name, and remove the old path.)

o Media Options: check Verify backup when finished
o Click OK to start backup.

The backup file will be saved under: TxDOT5-7160 docker files / Database / SQLSERVER (see
Fig. 4-15).
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! sQLQueryl.sql - 127.0.0.1,1434 MO (sa (52))* - Microsoft SQL Server Management Studio 8 Back Up Database - MOE - o X
file Edit View Project Tools Window Help I script - @ Help
-0 [~ -2 Ed Arevaey REIRAR| X A -e @l -5
Source
| Execute | | | Database: NoE v
Object Explorer R 50LQuerylsql - 12..,1434.MOE (sa (52))* Recavery mods: FULL
Comect~ ¥ ¥ > SRESTORE DATABASE [MOE] I - -
Y ° FROM DISK C:\sql-data\MO I G
= 8 127.00.1,1434 (SQL Server 16.0.1000.6 - s3) WITH REPLACE; Bt
& # Databases
[ System Databases USE [MOE]; Backup component:
@ # Database Snapshots CREATE USER [SPM] FOR LOGIN O Databose
Bl ALTER ROLE [db_owner] ADD M
@ # Secu|  New Database.. O Files and flegroups:
@ ® Servg  New Query
@ W Repl{  Script Database as » Desicio
Backupto is =
; A Tagks 3 Detach.. " L
@ M integ  Policies 4 Take Offline m——— g
Hsaqf{ Facets Bring Online Server:
@ B Xeve, #
Start PowerShell Encrypt Columns. UDOT-db Remove
Azure Data Studio » Connection:
—— | DataDiscovery and Classification y| s Content
Azure SQL Managed Instance link ~ » .
e, | s V| oW properties
Reports vl
Rename Back U,
Restore >
Delete
N
Refresh Mirror. ‘ Ready
Properties Launch Database Mirroring Monitor...
Ship Transaction Logs. 1
Generate Scripts.. o )| cona
Generate In-Memory OLTP Migration Checklists
Extract Data-tier Application.
Deploy Database to Microsoft Azure SQL Database.
Export Data-tier Application.
Register -tier Application.
Upgrad:
Delete
Import Flat File.. -
Import Data.
127.00.1,1434 (160 RTM) 52 (52) | MOE | 00:00:25 | 0 rows

Export Data..
|7 Ready Copy Database.

Figure 4-15: Backup Data in SQL SERVER

Data Backup and Restoration — UTAIM

Unlike UDOT, the UTAIM Docker is delivered with EOS data preloaded. Backup/restore steps
are provided for future use.

Back Up UTAIM Database

1. Open MySQL Workbench and log in.
2. Go to Server — Data Export:
o Select schemas: utaim and utaim_config
o Ensure Dump Structure and Data is checked
o Choose the backup file save location (MySQL allows saving directly to your
computer.)
3. Click Start Export and wait for completion.

Backup dump file will be created at the selected location as shown in Fig. 4-16.
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Query 1 Administration - Data Export x

MySQL Workbench

Docker Mysql
G Data Export
Object Selection  Export Progress
Tables to Export

Exp... Schema
@] sis
- utaim
e utaim_config

Advanced Optons....

Refresh Dump Structure and Dat - | | Select Views

Objects to Export

() Dump Stored Procedures and Functions. () Dump Events. (O Dump Triggers

Export Options

© Export to Dump Project Folder C:\Users\slade \Documents\dumps \Dump20250827

50 T30/ Wil BE Expor tE0 NG & SEparate Te, THe SIons & BUt may be soner.

D Export to Self-Contained File ts\dumps\Dump20250827. sl
(0 Indude Create Schema

Press [Start Export] to start.

| Start Export |

Figure 4-16: Backup Data in MySQL Workbench

Restoring the UTAIM Database

1. In MySQL Workbench, first delete existing schemas:

o

o

Right-click utaim — Drop Schema
Right-click utaim_config — Drop Schema

Then recreate them:

o

o

o

Right-click in Schemas panel — Create Schema
Name: utaim — Click Apply
Repeat for utaim config

2. Go to Server — Data Import:

o

o O O O

Select Import from Dump Project Folder
Choose the backup folder

Select schemas: utaim and utaim_config
Ensure Dump Structure and Data

Click Start Import

After the restoration is complete, the imported tables and records should appear under the
corresponding schemas, as shown in Fig. 4-17.
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Information

No object selected

Administration  Schemas

Docker Mysal

3} Data Import

Import from Disk _ Import Progress.

UT Arlington

taim_config - Schema

SCHE!

Edit View Query

S8 e J8EE!

n,.,.s Sciping_Help
ver Status

Client Connections
Users and Privileges
Status and System Variables

Import Optons Q
| 5 Data Export
= T r
Select the Dump Project Folder to import. You can do a selective restore. i
> utaim_config Stertup/Shutdown
Load Folder Contents
Server Logs
O Import from Seff-Contained Fie s e Opions File
Dashboard
Performance Reports
Defauit Schem to be Imported To
= Performance Schema Setup
Default Target Schema: Management Access Settings [
Reset Saved Passwords for Comection |
Select Database Objects to Import (only avaiable for Project Folders)
Imp... Schema Imp... Schema Objects
-] utaim
L} utaim_config
Dump Structure and Dat
Import Completed

Start Import

Figure 4-17: Restore Data in MySQL Workbench

Updating Intersection Markers in UDOT SPM

1. After restoring the MOE database, confirm intersections appear correctly in UDOT SPM
(See Fig. 4-18 — Signal List in UDOT SPM system).

2. Open PowerShell and run: dockerexec -it UDOT _SPM_v4.3 powershell

3. Within the container PowerShell session, execute the intersection-marker generation

utility.

4. Refresh the UDOT ATSPM webpage. The generated intersection markers should now be
visible and interactive on the map.

Bignal

Signal ID

Filter

--Select a Filter--

Signal ID

Filter  Clear Filter

M 1 2 3 4 5 M

Signal ID Press Enter to select signal
Signal List

Filter Criteria

Primary Name
RM 2244
RM 2244
RM 2244
RM 2244

RM 2244

23 Signals

Signal Selection

Secondary Name
Senna Hills
Palisades
Castle Ridge Road
LP 360

Village at Westlake

Select

Select

Select

Select

Select

Figure 4-18: Signal List in UDOT SPM system
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The executable name must be verified before finalizing this command. Section 2.12 identifies it
as GenerateAddDataScript.exe, whereas the current section identifies it as
GeneratedAddDataScript.exe. Use the exact filename present in:
C:\ATSPMroot\GenerateAddDataScript\bin\Release

Once confirmed, the command should follow this format: Start-Process
"C:\ATSPMroot\GenerateAddDataScript\bin\Release\GenerateAddDataScript.exe". This utility
generates map markers for intersections defined in the MOE database.

PS C:\inetpub\wwwroot> C:\ATSPMroot\GenerateAddDataScript\bin\Release\GenerateAddDataScript.exe
P

Figure 4-19: Successfully Run of GenerateAddDataScripts for intersection markers on the map.
4.2. Configuring the VISSIM Model to Generate ATSPM-Compliant Data

Traffic Demand Preparation and Volume Balancing

Traffic demand inputs were prepared for each direction and simulation time interval before
configuring the VISSIM signal controllers and output settings. Base traffic volumes at the
external network entry points were entered directly into the corresponding VISSIM vehicle
inputs. At intermediate intersections and access points, the entering and exiting corridor volumes
were compared to determine the change in traffic demand along the corridor.

The downstream corridor volume was balanced using the following relationship:
Downstream volume = Upstream volume + Entering volume — Exiting volume

For locations where the entering volume exceeded the exiting volume, the positive difference
represented additional traffic entering the corridor. This net volume was assigned to the
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corresponding internal vehicle input in VISSIM. When the difference was zero or negative, the
vehicle input was set to zero because VISSIM does not permit negative vehicle-input volumes.
Traffic leaving the corridor was represented through the vehicle-routing decisions and was
therefore not entered as a negative demand.

The balanced volumes were transferred into the existing VISSIM volume input spreadsheet using
the corresponding roadway direction, link, and simulation time interval. The original row order,
time-interval columns, and vehicle-composition assignments were retained to ensure
compatibility with the VISSIM network input structure. This procedure maintained continuity
between traffic entering, traveling through, and exiting the modeled corridor without introducing
invalid negative vehicle inputs.

VISSIM with the RBC Traffic Control Emulator

The RBC is VISSIM’s built-in traffic signal controller module used to simulate signalized
intersection operations. In this project, the RBC served as the built-in controller configuration for
generating high-resolution signal events and detector-actuation records that were later converted
into ATSPM-compliant datasets. Unlike external SILS controllers, the RBC derives events
directly from simulated signal-color transitions, allowing efficient modeling of multiple
intersections within a single VISSIM network without external controller software. To ensure
ATSPM compatibility, the configuration followed strict structural requirements, including
standardized detector naming, proper overlap settings, sequential detector-layout definitions, and
consistent database-output connections. These elements ensure reliable parsing of signal and
detector events into ATSPM-compliant formats. Detailed implementation procedures are
provided in Section 1.2, with the following discussion summarizing the key configuration
principles applied to the RM 2244 digital twin deployment.

4.2.1. Detector Events Output
The RBC generates two types of records:

o Signal transition records — Stored directly in the SQL Server database (e.g., Green —
Yellow — Red phase changes).

e Detector actuation records — Saved as .1dp text files, logging ON/OFF detector status at
each time step.

In VISSIM 2024, detector actuations cannot be written directly to the database and are instead
saved as .1dp files.

As shown in Fig. 4-20, the .1dp file format uses simple characters:

e . (period) = OFF
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e Any other character = ON

These files are later parsed into ATSPM event logs for signal performance analysis.

Figure 4-20: Example of .1dp detector actuation file format used in VISSIM.

4.2.2. Pedestrian Detectors

(B Cooper Street XDOT_ATSPM.npx -PTV Vi

Simulation Evaluation

Configuration
Database Configuration

Measurement t Definition

Window

Result Lists

Presentation Actions Help

letwork Edito

Y BQ HAQe

ooper Street TXDOTATSPM_16.0011dp | 1

UT Arlington

Pedestrian detectors must follow ATSPM-compatible configuration. In the RBC, they use the

IXX format, where XX corresponds to the concurrent vehicular phase.

Examples:

e Pedestrian crossing concurrent with Phase 04 — 104
e Pedestrian crossing concurrent with Phase 08 — 108

This numbering ensures correct phase mapping during parsing. Pedestrian detector placement is

illustrated in Fig. 4-21.
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Figure 4-21

4.2.3. Overlaps

: Pedestrian detector placement and numbering convention in VISSIM.

Overlaps allow movements to run simultaneously with parent phases. In the RBC, overlaps must
follow the 2XX format as in Fig. 4-22. Incorrect numbering prevents proper parsing into UDOT

ATSPM and UTAIM.

Example:

e 205 — Overlap between Phase 2 and Phase 10, allowing shared green time for through

movements.
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Figure 4-22: Example of overlap configuration using RBC in VISSIM.

105



Project 5-7160 UT Arlington

4.2.4. Sequential Detector Layout Setup

The RBC requires a consistent detector numbering layout to correctly interpret actuation records.
This layout is defined in the CSV file “List of Detectors.csv.”

File structure:

e Column 1 — Intersection number
e Column 2 — Total number of detectors
e Remaining Columns — Detector port numbers (in sequential order)

Example: Intersection 9 with 12 detectors — 1, 2, 3,4, 5, 6, 8, 12, 13, 14, 15, 16, 17 (see Fig. 4-
23).

In Step 2 of the parsing GUI, users must select the correct List of Detectors.csv file containing
detector ports in the required order and the proper VISSIM simulation folder containing .1dp
files; otherwise, parsing will be incorrect. The parser reads this CSV file alongside the generated
dp files to decode detector status accurately (see Section 1.2.2).

[ Signsi Controtien | Cooper Street_TxDOT_ATSPM_4_001.1dp - Notep
No: 4 Name UTA_BLVD

File Edit Format View Help
USER-defined detector actuation outputs

in the RBC controllers of VISSIM

Type: | Ring Bamier Controller ~ 2 Active

12 1

Program file: C:\Program Fi

] | [ count 23]confighame | vartio Tite $SSS
3 x lz;”z‘ S555555965555555555tttt
H el 0 trttrtttifptttttttttaaaa
é t 4 DET_ZUsT 4 aaaaaaaaaagaaaaaaaatttt
7 3 S DET_ZUST 7
:: 8
n >
. (a) >
35 8
3 21
el 23
H 2
02 2 1122222334556000
% 2 12347897901345359122468
by >
o 49
_ZUsT 51| SaeDETSYT [ [ e e TS s e e raaanna e s T e
19 DET_ZusT e I W 1. Y/ | I sy

20 DET_ZusT 102

USER-defined detector configuration file (“List S
of detectors.csv”). It MUST be consistent with
the user-defined detector configuration in
VISSIM

s i B

\/

Figure 4-23: RBC detector actuation outputs and decoding
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4.2.5. Enabling High-Resolution Simulation Output

By default, VISSIM does not output data at ATSPM-required resolution. Users must enable
high-resolution logging to capture detailed detector states and vehicle records.

Conficuring WGS84 in VISSIM

o Convert relative coordinates (x, y) to WGS84 (lat, lon).

e Import User-Defined Attributes (UDAs) for WGS84 trajectories via the VISSIM

template.

e In VISSIM: Files — Read Additionally — Network

e Select WGS84 Coordinate input.

o Enable the UDA by checking the Read column (see Fig. 4-24).

ﬁ Cooper Street_T«DOT_ATSPM.inpx - PTV Vissim 2022 (5P 11)
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Open Default Layout
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Compare and Transfer Networks

File | Edit View Lists Base Data Traffic Signal Control Simulation Evaluation Presentation Test

T ok.i»
Network|

4 Network...
Named List Layouts...
MNamed Metwork Editor Layouts...
Named Chart Layouts...
Named Color Schemes...
Simulation Run (From *.=df or *.db File)...

Simulation Runs (Entire Directary)...

v I I

B Seiect e to read adationally

Organize v Newfolder

W Pioneer Parkway & Matlock Rd

@ OneDrive - Personal

1 This PC

3D Objects

ejo (researchfs01.uta.edu (PowerScale Serv

4[5 THisPC > storage herd drive () >

Cooper VISSIM BDOT ATSPM project

1B WGs 84 Coor
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7| e
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Conflict ~
Read  Network object type Conflict avoid: Hamclin St e p 3

User-Defined Attributes T T

[ Metwork Settings

O

]

O 10

] 10
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[]__\Weight Distributions New key on conflict v 10 %]

Figure 4-24: Configuring WGS84 coordinate output in VISSIM.
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Configuring SC Detector Records in VISSIM

e Open the SC Detector Record Config tab (see Fig. 4-25).
o Select the State DET category.

e Choose the relevant detector port numbers.

e Click Add to apply the detector configuration.

UT Arlington

B signal Controller X
No: | 20001 Name: |UTA_BLYD
Type: | Ring Barrier Controller S Active
Controller configuration  Signal Times Table Config. |SC Detector Record Config. |
Type (Category): Pertrres
Active Phase I.p_ E 4 3|Cenfighame VarNo Title Label
E;:I'ed;:g:; Split 1| pET zusT 1 State DET 1
Cycle Time X 2|peT_zZUST 2 State DET 2
E””P_tY column 3| DET_ZUST 3 State DET 3
f;fa""cif:f:t t 4|DET ZUST 4 State DET 4
Master Cycle 3 5|DET_ZUST 7 State DET 7
Max Green 6| DET_ZUST 8 State DET 8
e 7|DeT_zusT g State DET 9
Red Clearance 8|DET_ZUST 17 State DET 17
Separaty 0| DET_ZUST 19 State DET 19
;fﬂg;‘fz 10 DET_ZUST 20 State DET 20
Tt T 11| DET_ZUST 21 State DET 21
| | 12|DET_ZUST 23 State DET 23
el e 13| DET_ZUST 24 State DET 24
Vellow 14| DET_ZUST 25 State DET 25
15|DET_ZUST 33 State DET 33
16| DET_ZUST 35 State DET 35
17| DET_ZUST 49 State DET 49
18| DET_ZUST 51 State DET 51
19 DET_ZUST 52 State DET 52
20| DET_ZUST 102 State DET 102
21|DET_ZUST 104 State DET 104
22| DET_ZUST 1086 State DET 106
23| DET_ZUST 108 State DET 108
[] SC detector record - show short names in header
Signal group label: Detector label:
(® Mumber ® Port number
) Name () Name
Cancel

Figure 4-25: SC Detector Record configuration in VISSIM.

Database Output Configuration

VISSIM can save outputs locally or directly to a SQL Server database. For UDOT ATSPM,
results must be written to Microsoft SQL Server. The database must be created beforehand, and

SSMS can be used for its setup.
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Configuration Steps:

1. Go to Evaluation — Database Configuration — Data Link Properties.
2. Select the correct OLE DB Provider.
3. Enter database details:

o

o

o

o

4. Click Test to verify the connection (see Fig. 4-26).

A confirmation message indicates VISSIM can access the database successfully.

Server name
Username
Password
Database name

P Cooper Street TDOT_ATSPM.inpx - PTV Vissim 2022 (P 11)

Fie Edit View Lisis BaseData Trafic SignalControl Simulaion Evaluation | Presentation Test Action
DBR. 6T QR
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Database Configuration [l File name:

e
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2]
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SOLOLEDB.!
L] 1 h
[7] Data Link Properties. X [ Data Link Properties X

Provider Connection  Advanced Al

Select the data you wart to connedt to

OLE DB Provider)
Microseft Offce 12.0 Access Detabase Engine OLE DB Provid
Microseft Offce 16,0 Access Database Engine OLE DB Provide
Microseft OLE DB Drverfor SQL Server

Wicrosoft OLE DB Providerfor Analyss Services 14.0

Microseft OLE DB Providerfor ODBC Diivers

Wicroseft OLE DB Providr for Search
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OLE DB Provider for Microsaf Dirctory Services

OLE DB Providerfor SQL Server iegraion Services

SQL Server Native Clert RDA 11.0
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s
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S
2. Erterinfomation to log on to the server
O Use Windows NT ntegrated secury
© Use a5 AT

Usernang: actorlab | ]

Passior

[ Blark password

Q) [maser

VISSIM

Test Comnection

oK Cancel Hep

Microsoft Data Link

o Test connection succeeded.

Figure 4-26: Database configuration interface in VISSIM for SQL Server output.

4. Configuring Output Evaluation in VISSIM

Configure VISSIM to export vehicle and traffic data in the required ATSPM format.

e Go to Evaluation — Configuration.

e Select attributes: Simulation run, Number, Simulation second, Simulation time, Latitude
front, Longitude front, Speed.

o Ensure the exact sequence shown in Fig. 4-27.

e Set resolution to 1 time step.
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Trajectories can be exported for selected vehicle classes; in this case, a new “CV” class (10% of
vehicles) is defined to output trajectory data in the required format.

Figure 4-27: Output evaluation setup

To store simulation results in an ATSPM-compatible format, VISSIM must be connected to a
SQL Server database. The RBC outputs are automatically written to three primary tables:

e dbo.PEDESTRIAN — pedestrian calls and activations
e dbo.SIGNALCHANGES — signal phase transitions
e dbo.VEHICLE — simulated vehicle trajectories

As shown in Fig. 4-28, these outputs are consolidated within the SQL Server database. Multiple
simulation runs can be stored in the same database, ensuring all signal and trajectory data remain
accessible for ATSPM analysis.
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Connect~ ¥ ¥ Y& o
= @ CE-GGQIBZ2 (SQL Server 16.0.1000.6 - actionlab)
= Databases
Systermn Databases
Database Snapshots
= MOE
= @ VIssim
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=
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External Tables
Graph Tables
FE dbo.PEDESTRIAN
B dboSIGNALCHANGES
B dboVEHICLE
Dropped Ledger Tables
Views

FEEE

BHEEH

=]

External Resources
Synonyms

BEER

Programmability

Figure 4-28: Consolidated simulation outputs stored in SQL Server for ATSPM.
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4.3. VISSIM with Econolite EOS Control Emulator

The Econolite EOS controller emulator is an external, software-based traffic signal controller
that replicates field-controller operations within VISSIM. It enables testing of advanced features
such as coordination, preemption, pedestrian timing, and detection in a simulated environment.

In this setup, EOS is integrated with VISSIM using a SILS architecture, allowing dynamic
interaction between the traffic network and the controller before field deployment. VISSIM 2024
or later is required, as earlier versions do not support EOS integration

4.3.1 Adding an Econolite EOS Signal Controller in VISSIM
Step 1 — Create the Controller

1. Go to the Signal Control tab.
2. Select Signal Controllers — Add a Controller.
3. Choose Econolite EOS as the controller type.

Use a clear controller name matching the intersection.
Step 2 — Configure the Controller

1. A warning will appear: “Controller configuration file doesn t exist.”

2. Click Yes to create it.

3. A .cfg configuration file will be generated in the working folder.

4. Update the signal groups (EOS creates 48 signal groups by default; see Fig. 4-29).

The initial warning is normal during the first setup.
Step 3 — Simulation & Web Front Panel

1. In controller settings, locate “Automatically open web front panel during simulation.”
o Leave this unchecked initially to avoid errors.

2. Run the simulation.

To access EOS: Right-click controller — Open Web Front Panel.

4. A browser window will open for monitoring and adjustments.

(98]

Use the web front panel only after all controllers are configure.

111



Project 5-7160

% FM 2244 corrider_08232025.inpx - PTV Vissim 2024 (SP 13)
File Edit View Lists Base Data Traffic

Signal Control ISimuIa{iun Evaluation Presentation Test Actions Help

DM A. &~ F——1 SignalControllers | . Netw|
b Signal Contreller Communicaticn
B

Optimize All Fixed Time Signal Controllers | IE‘ @ Q 4= wp

24 IName: rollingwood

No.:

IType: Econolite EQS o I B Active

Contraoller  Signal Times Table Detector Record

Open Web Front Panel Update signal groups

Configuration file: D
[ Automaticall nnen Weh Frant Panel durina simulation v
Eos X
Eos
o 48 signal groups have been added.
o Controller configuration file doesn't exist, Create it7
I 0K I
&
M ~x Yes Mo
: |
Contreller  Signal Times Table Detector Record) |
.
.
Open Web Front Panel Wy | Update signal groups
|Com’iauratmn file: F:\143 Dive H\SPM IMPLEMENTATION Sijan Work\EQS _B212025\All Intersection'\0024.cfg DI

I Automatically open Web Front Panel during s\mulatiﬂnl

StartPage MNetwork Editor

- &

Signal Controllers / SC detecter recerd cenfiguration

2 X 2431 W ;X SCdetectorrecord -l B2

Number: 23|Ne  Name Type CyeTm  CycTmisVar | Supply

B £ R — Eeaizaton 0 ] 0001.c

i o 0002 .c

................. L-- Open Web Front Panel 0 0003.c
’l—rwl‘—s—rmme_l 0 0004.c

Show 5C Detector Record o 0005.¢

el 0 0006.

0 0007 <

Create Chart a 0005.<

Figure 4-29: EOS Signal Controller

4.3.2. Web Front Panel Configuration

in PTV VISSIM

UT Arlington

The Web Front Panel allows browser-based interaction with the Econolite EOS controller,
opening locally on assigned ports (default starting at 8081) for real-time control (see Fig. 4-30).

Step 1 — Launch Web Front Panel

1. After creating the controller and running the simulation, the Web Front Panel can open

automatically in a browser.

etc.).
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The parsing software (VISSIM — UDOT) works correctly only when the intersection number
begins with “1.”

Step 2 — Manage Port Conflicts

1. If the assigned port (e.g., 8083) is already in use, the panel may not display.
2. In this case:

o Create a new VISSIM file.

o Edit the controller .cfg file to assign an available port.

o Reload the updated configuration into the original network. Enable the Web Front
Panel only when needed for testing. Keep it off during standard runs to prevent conflicts.

Step 3 — Simulation without Web Front

1. The simulation can run normally without the Web Front Panel.

2. Data output continues based on the configured .cfg setup.

3. Disabling the Web Front prevents port conflicts while maintaining full simulation
functionality.

Start Page Metwork Editor

Signal Controllers / Signal groups

M 7 2 5 41 2t W X Signal groups -REBR &

Mumber: 23| Mo |Mame Type CycTm  |CycTmlsVar |SupplyFilel SupplyFile2 |ProgNo
1 1[Senna Econolite EQS 0 1 0001.cfg 47 |
2| 2|Creeks Edge Econolite EQS ] I 0002.cfg 42
3; 3 |Patterson Rd l Econolite EQS 0 7 0003.cfg 42

@ EosID: 1 NTCIP: 9001 ® 4 w

C @ localhost:8081

QE0S

JraTus [TBC CRD P 1 ] 08/18/25]00:01:41 Sub Mair
A Menu Menu
12345678 90123456 2 MGRN1 ¢
STATUS PHSTAT: Geinabrs ——m—ar * WE-1 4
WENACALT ferst ol « b 1 2 3
DISPLAY PED CALL 6 MCRNL 6
VEH OVLE WK-1 1 v 4 5 6
ADDTNG T0C 1015/130 TFVENT DL 1
CRD BTN 1 SYS 28s TIMING 1 Status 7 8- 9
SEQUENCE 1
12345678 90123456 DETECTOR PT, 1
(lo e s S RS SCE STR 1 Enter SpFn 0+ Clear
PREEMET ————==== ———————— SCP DET 1
REVIERG v miien o SOURCE TRC e e S
IF ADDR: 10.70.10.51 3YS CMD ETH HelD oereen  Page Data

Figure 4-30: Econolite EOS Web Front Panel interface in VISSIM.

4.3.3. Main Menu (MM) and Sub Menu
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The Main Menu (MM) is the starting point for navigating all EOS controller functions, including
configuration, timing, detector settings, coordination, and diagnostics.

Step 1 — Access Main Menu

1. Press the Main Menu button on the keypad.
If already inside a submenu, pressing MM returns you here.
Step 2 — Select Desired Function

1. Use the arrow keys to move the highlight.
2. Press Enter to select.

You can also press the corresponding number key (1-9) to select a function directly.
Available Main Menu Options

Configuration — System parameters and defaults

Controller — Signal timing plans and phase operations
Coordinator — Coordination patterns and offsets
Preemptor/SCP — Preemption settings (e.g., emergency, rail)
Scheduler — Day plans and time-of-day schedules

Detector — Detector setup and calibration

Status Display — Live controller monitoring

Utility — Memory, firmware, and file tools

Diagnostic — Troubleshooting and performance checks

XN R DD =

After selection, the corresponding submenu loads automatically. Changes are saved upon
pressing Enter.
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[ MALN MENU D N swb T man
- Menu Menu
1. CONFIGURATION 6. DETECTOR
2. CONTROLLER 7. STATUS DISPLAY - = 1 2 3
5 X
3. COORDINATCOR S L B - i 5 6
4. PREEMPTOR/SCD 4. DTACNOSTIC
Status 7 8= 9
5. SCHEDULER
Enter SpFn 0+ Clear
Next Next Next
ey Screen Page Data

Figure 4-31: Main menu navigation in Econolite EOS controller.

4.3.4. Controller Settings

The Controller Submenu also includes the following settings, as shown below in Fig. 4-32. The
principal settings used in this implementation are described in the following procedures.

CONTROLLER SUBMENU

1. TIMING PLAN START/FLASH

(W]

2. VEHICLE OVERLAP 6. PHASE OPTION
3. VEH/PED OVERLAF 7. SEQUENCE

4, GUAR MIN TIME 8. PHASE MOVEMENTS

Figure 4-32: Controller Submenu in Econolite
A) Timing Plans (MM—-2-1)

Timing Plans define basic signal timing parameters for uncoordinated operation, including green,
yellow, red, and pedestrian intervals. Each controller supports nine programmable timing
options, which should align with traffic demand and agency policies.

115



Project 5-7160 UT Arlington

Step 1 — Open Timing Plans

1. From the Controller Submenu, select Timing Plans.
2. Choose the appropriate Timing Plan based on time of day (select the desired action plan).

Multiple plans allow different timing sets for varying traffic conditions or special events.
Step 2 — Select Programming Option

1. Within the selected plan, choose the timing parameter to program.
2. Select one of the following options (each programmed separately):

Minimum Green
Passage
Maximum Green
Pedestrian
Clearance

Phase Recall
Overlap

Phase Output

O O O 0O 0O 0O 0 O

Ensure timing parameters are coordinated with corridor-level strategies to maintain smooth
progression.

TIMING PLANS SUBMENU I
1. MIN GREEN 6. PFHASE RECALL
2. PASSAGE 7. OVERLAP
3. MAX GREEN 8. PHASE OUTPUT

4. PEDESTRIAN 9. TIMING SUMMARY

wn

CLEABANCE

Figure 4-33: Timing plan setup screen (MM-2-1) in EOS controller.

1) Minimum Green (MM—-2-1-1)
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Minimum Green is the initial portion of the green phase and represents the shortest guaranteed
green time to serve vehicles. It ensures queued vehicles can begin clearing before the phase
terminates.

Configuration:

1. From the Controller Submenu, select the phase to program.
2. Enter the Minimum Green (initial green) duration in seconds.

The actual maximum green time may be influenced by added initial, vehicle extension, bike
minimum green, guaranteed minimum green, and pedestrian walk + clearance intervals.

__LIMING PLANS SUBMENU | TIMING PLAN [H] >
d 1 MINIMUM GRERER
| 1. vIv creEn |} 6. PHASE RECALL DHASE, L2 3 4 5 & 2 8
|GREEN TSSO D
2. PASSAGE 7. OVERLAP BLEE U U U U U 4] U U
COND SRV 0 0 0 0 0 0 0 0
3. MAX GREEN B. PHASE QUTPUT
4. DPEDESTRTAN 9. TIMING SUMMARY VARTARLE INITTAL
PHASE 1 2 3 4 5 6 1 8
5., CLEARANCE LANE NGO NO NO NO NO NO NO  NO
20T B4 g o 0o 0 0 0o 0 0
SEC/ACT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MAY 0 0o 0o 0 0 0 0 0

Figure 4-34: Minimum Green interval configuration (MM-2-1-1).
2) Passage (MM—2-1-2)

The Passage interval allows the green phase to extend based on vehicle detection, ensuring
efficient service without unnecessary delay.

Configuration:

1. Define the volume or occupancy thresholds that trigger green extension, consistent with
traffic demand and detector placement.

2. Set EXTEND 1 (see Fig. 4-35), which specifies the number of seconds the green phase is
extended per valid actuation.

A phase may gap out only after the minimum green has expired, a conflicting call exists, and the
passage timer has expired.
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l TIMING PLAN [i' >
VEHICLE PASSAGE
PHASE 1 2 3 4 5 6 7 8
EXATEND]1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
EXTENDZ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
VOLUME OCCUPANCY
PHASE 1 2 3 4 5 6 ) 8
BEFORE 0 0 0 0 0 0 0 0
#CARS 0 0 0 0 0 0 0 0
#STEP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
REDUCE 0 0 0 0 0 0 0 0
MIN GAP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Figure 4-35: Passage time configuration (MM-2-1-2).

3) Maximum Green (MM-2—-1-3)

UT Arlington

Maximum Green sets the upper limit a phase can remain green to prevent overextension.

Setup:

e Enter MAX1 / MAX2 / MAX3 for the active time plan.

e Behavior varies by cycle activity.

Dynamic Max (Optional):

o Two consecutive max-outs — max increases by a Dynamic Step (up to Dynamic Max).

o Two consecutive gap-outs — max decreases toward the original setting.

o [faphase alternates between a gap-out and a max-out, the maximum-green value does

not change.

Frequent Dynamic Max changes can affect cycle stability and corridor coordination.
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TIMING PLANS SUBMENU L LLLANe pLan [ W 2
MAX GREEN DATA

1. MIN GREEN §. PHASE RECALL | meedidll Y S S S ——
P 1nx 1 15 80 20 0 0 90 0 0

2. PASSAGE 7. OVERLAP e P L SR S U
MAX3 ©o 0 0 0 0 0 0 0

3. max creEn 8. PHASE OUTPUT
' DYNAMIC MAX

4. PEDESTRIAN 9. TIMING SUMMARY PHAST 12 3 4 5 6 71 8
DYM MAX 0 0 0 O 0 0 0 0

5. CLEARANCE DYM STP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Figure 4-36: Maximum Green interval configuration (MM-2-1-3).
4) Pedestrian (MM—2—-1-4)

This screen is used to configure WALK, pedestrian-clearance, and pedestrian-extension
intervals.

Basic Settings

e WALK — Time the WALK signal is displayed after a pedestrian call
e PED CLR — Flashing DON’T WALK interval after WALK
e Ped Extension — Additional time if applicable

The system uses the greater of the programmed and guaranteed WALK or pedestrian-clearance
values.

Optional Settings

e WALK?2/CLEAR2 — For secondary pedestrian phases
o Set via TBEP, detector assignment, or cabinet input mapping
o HAWK Mode (if applicable) — Configure ingress phase and travel time

HAWK operation differs from standard pedestrian phasing and requires the corresponding
controller and signal-display configuration.
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| TIMING PLAN [Jj) > v
PEDESTRIAN
PHASE 1 2 3 4 5 6 1 8
DELAY 0 0 0 0 0 0 0 0
WALK 0 10 0 10 ©0 10 0 10
CLEAR 0 16 0 16 0 16 0 6

ADVANCED 0 0 0 0 0 0 0 0

ALTERNATE
PHASE 1 2 3 4 5 6 7 8
WALK?2 0 0 0 0 0 0 0 C
CLEARZ 0 0 0 0 0 0 0 0

PEDESTRIAN CARRY OVER
PHASE 1 2 & - 5 6
TO PHASE 0 0 0 0 0 0 0 0

-1
oo

MAX EXTENSION
PHASE 1 2 3 4 5 6 7 B

WALK 0 0 0 0 0 0 0 0

CLEAR 0 0 0 0 0 0 0 0
HAWK

PHASE 1 2 5, 4 5 6 1 8

INGRES PH 0 0 0 0 0 0 0 0

TRAVL TM 0 0 0 0 0 0 0 0

Figure 4-37: Pedestrian timing configuration (MM-2-1-4).
5) Clearance (MM—-2-1-5)

This screen is used to configure yellow, red, and warning intervals to provide separation between
conflicting movements.

Step 1 — Open Clearance Menu

o Navigate to: Main Menu — M-2-1-5 Clearance
e Options include: Clearance, Max Extension, AWF, HAWK Flash

5.1 Clearance

e Set Yellow and Red Clearance times
e Set Red Revert (minimum red before phase can re-service)

Follow MUTCD guidance to avoid intervals that are too short.

5.2 Max Extension
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o FEnable Red Extend to allow clearance to reach RED MAXIMUM when a detector is
configured with RED EXTEND.

5.3 Advance Warning Flasher (AWF) — Optional

e Configure Pre-Clearance duration
e AWF outputs may include:
Pre-Clearance

Yellow Clearance

Red Clearance

Red Revert
When-not-timing

AUTO Flash

o O O O O O

AWEF should align with agency policies for warning systems.
5.4 HAWK Flash — Optional

e Configure pedestrian hybrid beacon intervals:
o Yellow Flash (before solid yellow clearance)
o Red Delay (after ped clearance, before vehicle red flash)

Changes are saved when you press Enter, but verify the settings to confirm the updates.

| TIMING PLAN [ > |
L YN AN U T
PHASE L 2 3 il 5y ) 7 &
PRECIEAR O .0 Q.0 0. 0 0.0 0. 0000000
YELLOW 5.0 5.0 4.0 0.0 0.0 5.0 0.0 0
RED 2.0 2.0 2.0 g0 0.0 2.0 0.0 20
REVERT 2.0 2.0 2.0 .0 .0 .0 2.0 2.0

MAX EXTENSTION
PHASE 1 2 3 4 5
RED 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

=t

HAWK FLASH
PHASE 1 2 3 4 5 6 7 8
YELLOW 10.010.010.010.010.010.010.010,0
RED DLY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Figure 4-38: Clearance interval configuration (MM-2-1-5).

6) Phase Recall (MM—-2-1-6)
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This screen is used to configure recall options for Phases 1 through 16, including Lock Detector,
Vehicle Recall, Pedestrian Recall, Max Recall, Soft Recall, and No Rest. The settings also apply
to Timing Plans 2 through 4.

Lock Detector

o Retains a vehicle call after the detector input is no longer active.
o Use this option only where detector operation is sufficiently reliable to avoid unintended
calls.

Vehicle Recall

o Automatically places a vehicle call (even during yellow/red). Recommended for low-
volume approaches with inconsistent detection.

Pedestrian Recall

e Automatically places a ped call when not in WALK.
e May increase cycle length if service isn’t always needed.

Max Recall

o Phase always runs to maximum green.
e Dynamic Max is disabled.
e Useful in heavy traffic; avoid on minor approaches.

Soft Recall

o Places a call when the controller rests in another phase. Maintains service consistency in
coordinated systems.

No Rest

o Prevents the controller from resting in the current phase.
o In the absence of detector calls, the controller proceeds to the next phase permitted to
rest.
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TIMING PLAN [ [
i

PHASE 12345678 90123456
LOCK. DETECTOE

|  VvEH RECALL e |
| B o e e e
MASC RECATT e e el
SOFE BECALL.  oiienin wisccenis
0 )R b e s R

Figure 4-39: Phase recall configuration (MM-2-1-6).
07) Overlap (MM—2—1-7)

This screen is used to configure advance, delay, pedestrian interaction, and trailing timing for
vehicle overlaps.

Access:

e Main Menu — M-2-1-7 Overlap
Overlap Options
Advance

o Starts overlap during the yellow of the terminating phase.
e May hold all-red if Advance Green exceeds clearance.
e Improves progression but may add delay.

Delay

e Adds delay before overlap begins.
o Useful where added clearance or pedestrian protection is needed.

Advance Ped

e Delays vehicle overlap when the pedestrian phase is active.
e Can function like an LPI for overlaps.
e Must be coordinated to avoid excessive vehicle delay.
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Trailing

o Extends overlap after parent phase ends.

UT Arlington

e Common for shared lanes or smoother transitions.

OVERLAP [H]

INCLUDED PHASE
PROTECTED PHASE
INHIBIT WITH PED
INHIBIT WITH PHASE
INHIBIT WITH GREEN
TRATLING WHEN EXTT
TRAILING WHEN NEXT
TRALILING PHASE ALLOW
GREEN WHEN NEXT

INHTIBIT WITH OVERLAP

TYPE[ OVERLAP]

12345678

ABCDEFGH LJKLMNOP

........

90123456

........

= OVERLAP [A] TYPE[PPLT/FYH) v
PROTECTED TURN PHASE 1
PERMISSIVE THROUGH PHASE 2
OUTPUT MODE CH13 GRN OLP
TINHIBIT WITH PED +vvven vceneneenn
EARLY FYA ENABLE NO
SPECIAL FUNCTION BIT DISABLE 0

OVERLAP [A] TYPE [PPRT/FYH]
TED TURN 0
SIVE THROUGH 0
INHEBET WITH PED s e e ake aate
EARLY FYA ENABLE NO
SPECIAL FUNCTION BIT DISABLE 0

Figure 4-40: Overlap timing configuration (MM-2-1-7).

08) Phase Output (MM—2-1-8)

e Map phase outputs per cabinet requirements.
e Verify outputs match field wiring and detector mapping.

B) Vehicle Overlap (M-2-2)

A vehicle overlap allows one controller output to be associated with more than one phase and
can support progression or movements requiring shared phase operation.

Access: Main Menu — M-2-2 Vehicle Overlap

Overlap Types

e Protected

e Pedestrian Protected

e Not Overlap

e Trailing
e Leading
o Flashing

e Advance Green

The selected overlap type defines how the overlap interacts with its included parent phases.
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Flashing Yellow Arrow (FYA)
Protected/permissive left turn (PPLT)/FYA

e Configure flashing yellow arrow.

e Outputs: flashing yellow, yellow clearance, red clearance.

e Protected green controlled by PROTECTED TURN output.

o Improves safety by distinguishing permissive vs. protected turns.

Protected/permissive right turn (PPRT)/FYA

e Provides a similar operation for right-turn movements using an applicable four-section
signal head.

Early FYA Enable

e Disables red-clearance timing when the display transitions from protected to permissive
operation.

e This setting should be used only when it is consistent with the approved signal-display
and timing design.

Special Function Bit Disable

o Disable FYA by time-of-day in Event Plan.
o Useful for restricting permissive turns during peak or safety-critical periods.

C) Veh/Ped Overlap (MM—-2-3)

The Veh/Ped Overlap screen displays all vehicle and pedestrian overlaps that have been
deployed within the controller configuration, as illustrated in Fig. 4-41.
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Figure 4-41: Vehicle overlap configuration and deployment.

D) Phase Options (MM—2-6)

Used to configure phase behavior and intersection control logic.

Access: Main Menu — Phase Submenu — Controller Phase Options

UT Arlington

Available Settings include options for Phases in Use, Dual Entry, Simultaneous Gap, Lock Phase
Next, and conditional services.

Dual Entry

o Allows two phases to run simultaneously when both are called.
e Common for parallel movements (e.g., opposing through phases).

Review Other Key Options

e Phases in Use — Active phases

e Simultaneous Gap — Whether two phases gap out together

e Lock Phase Next — Holds a phase until the paired phase is ready

o Conditional Service / LRT / BRT / Phase / ADW WARN — Advanced coordination and
special operation settings
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CONTROLLER PHASE OPTIONS

12345678 80123456

PHASES IN USE 12345600
PUAL ENTEE oo
SIMULTANEOUS ‘GER  cocioion susiroms
LOCK PHASE NEXT 12345678 90123456

] BIe T B Ba T REHAE e e
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Figure 4-42: Phase Options for managing phase behaviors.

E) Sequence Configuration (MM—2-7)

Used to configure phase order and timing logic, including:

o Controller Sequence
e Backup Prevent Plan
e No Serve features

UT Arlington

Always place the controller in flash or bench (off-street) mode before making sequencing

changes. Do not modify sequencing while the controller is active in the field.

SEQUENCE SUBMENU

1. SEQUENCE
2. BACKUP PREVENT

3. NO SERVE

Figure 4-43: Sequence submenu in the EOS controller for phase order and barriers.

Step 1 — Open Sequence Menu

e Navigate to: Main Menu — Sequence
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Options:

Sequence — Configure ring assignments and barriers

Backup Prevent — Manage backup phases/plans
No Serve — Define unserved phase sequences

Step 2 — Configure Sequence (MM-2-7-1)

2.1 Sequence

Set ring assignments, barrier placement, and phase order

Required for Lead—Lag configuration

Verify ring/barrier compatibility to avoid phase conflicts.

2.2 Independent Ring Group (Global Option)

Allows Ring 3 and Ring 4 to cross barriers independently of Rings 1 and 2.

2.3 Sequence Commands

Copy to another sequence
Set or override default sequence
Apply custom sequencing as needed

CONTROLLER SEQUENCE [ I]

B

RING 1
RING 2

3 4] 9 10|13 14|
7 8111 12115 16]

EING :

3 o B
RING 4

B =B -5 — H
| |

| |

| |

| | |
INDEPENDENT RING GROUP
HARDWARE ALT SEQUENCE
SEQUENCE COMMANDS

NO
NO

Figure 4-44: Sequence configuration setup (MM-2-7-1).

Step 3 — Configure Backup Prevent
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e Define backup phases and manage backup plans.

Ensures controller reliability if the primary sequence fails. Test backup plans in bench mode
before deployment.

Step 4 — Configure No Serve
o Define sequences where certain phases are intentionally skipped.

This setting may be used for off-peak or special-event operation. However, the excluded phase
combinations should be verified against the applicable signal-timing plan and expected demand.

4.3.5. Detector Setup in VISSIM and EOS (MM-6)
Detector setup in EOS includes assigning detectors to phases and configuring their operation.
1. Vehicle Detector Assignment Plan (MM-6-1)
Used to assign detectors to phases for accurate vehicle detection and proper phase operation.
Step 1 — Open Vehicle Detector Assignment
e Main Menu — Detector Submenu — Vehicle Assignment

The screen shows detector assignments for each phase, including Primary, Additional, and TS2
detectors.

Step 2 — Assign Detectors

e Assign a Primary detector for each phase (PHI columns 1-8).
The primary detector is the main source for calling the phase.

e Assign Secondary detectors if additional coverage is needed (PH2 columns 1-8).
Useful for upstream detection or multi-lane coverage.

o Enable TS2 detectors if advanced detection logic is required (e.g., pedestrian or transit
priority).
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I DETECTOR SUBMENLU IVEHJ_CJ..E. DETECTOR ASSIGNMENT PLAN [1]
I 1. VEHICLE ASSIGN | 5. VEH DIAGNOSTIC DL LULDY ADDITIONAL TS2 DET
............... ] DET PH 112345678 90123456
2. VEHICLE OPTION 6. PED DIAGNOSTIC L A0 | e sans S YES
L 0% ||eooonons somoeoes YE3S
3. PED ASSIGN 2l A | oo onos  ooman s YES
A b sencise wamrrein YES
4. VEHNICLE LOG L Pt e ¥ES
B b ramns sirsnvns YES
% W |hoocoocse sececacs TS
| femmomees s YES
LN A e YE3
10 A | EReeninaas Sns e EFE
L ARE | Pasntaais s e YES
12 12 § oo i ee oo U e

Figure 4-45: Vehicle detector assignment screen in the EOS controller
2) Vehicle Option (MM—6-2): Advance Detector Configuration
Used to configure advanced detection for approach-based analysis.
Step 1 — Purpose & Numbering

e Advance detectors are numbered above 40 (separate from stop-bar detectors).
o Used strictly for data analysis (e.g., volume, delay, arrivals on red).

Set CALL OPTION = NO so detections are recorded without placing a phase call or affecting
timing.

Step 2 — Placement & Assignment

e Can be virtually placed in VISSIM (e.g., ~150-300 ft upstream).
e Must be tied to the same phase and bound as the corresponding stop-bar detector.

Example:
Detector 42, assigned to Phase 6 — records detections only (no call).

After programming, verify detector operation to ensure proper phase performance (see Fig. 4-
46).
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[VER DETECTOR [4B] PLAN [ 1] Ky /
DET PH 123456768 00123456 WY
12 Gl
LOCK IN NONE DELAY TIME 0.0
EXT OPTION PASSAGE DELAY MODE RED/YEL
[cAaLL opTION NO |EXTEND TIME 0.0
BIKE CALL NO DISCONNECT TIME 0
RED EXTEND NO CROSS SWITCH PH 0

ADDED INITIAL NO

DETECTOR T.OG FNABLE

NTCIP VOLUME NO
NTCLP OCCUPANCY NO
ECPI YES

Figure 4-46: Advance detector placement and configuration in VISSIM.
4.3.6. VISSIM Signal Head Configuration
Signal heads configured in Econolite EOS must also be mapped correctly in VISSIM.

1. Signal Group / Vehicle Phase

e Format: xx — PhaseNumber: Phase Label
e Example: 19 — 5: Phase 5

Links each vehicle signal head to its corresponding controller phase (green, yellow, red timing).
2. Pedestrian Signals

e Format: xx — PedID: Pedestrian Label
e Example: 19 — 106: Pedestrian 6

This format assigns a unique identifier to each pedestrian movement while associating it with the
applicable controller phase.

3. Overlap Signals

e Format: xx — OverlapID: Overlap Label
e Example: 19 —213: Overlap M

This format is used for shared or special movements, such as protected—permissive turning
movements. Each overlap must have a unique identifier to prevent incorrect signal-head

mapping.

131



Project 5-7160 UT Arlington

B Signsl Head ? bl

No.: 136 Name:

Link - lane: 20105-1 v oA 96.633 ft

SC-Sianal aroup: o [19 - 5: Phase 5 ~|  Tpe  Circulor v

Or signal group
SC- Signal group: 13- 213: Overlap M -]
———{19- 102: Pedestrian 2
19 - 103: Pedestrian 3
19 - 104: Pedestrian 4
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Figure 4-47: VISSIM signal head organization for vehicle, pedestrian, and overlap groups.

4.3.7. Stepwise Guideline for Setting Up a Coordination Plan (Event Plan)
This procedure is used to configure cycle length, offset, splits, and coordinated phases.
Step 1 — Access Event Plan

e Main Menu — Scheduler (MM-5) — Event Plan (Option 2)
Step 2 — Enable Coordination

e Set Event Plan Type = Coordination (COORD)
Step 3 — Enter Coordination Parameters

e Cycle Length (e.g., 120 s)

o Offset (e.g., 89 s)

e Sequence (e.g., 1)

e Actuated Coordination = YES (if required)

Step 4 — Assign Splits

o In Splits, allocate green percentages per phase.
e Ensure splits match the corridor timing plan.

Step 5 — Identify Coordinated Phases

o Locate Coord Phase in the Event Plan.
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e Mark included phases (e.g., 2 and 6).
e These phases will follow the defined cycle and offset.

l SCHEDULE SUBMENU EVENT PLAN TYPE [ COORD i
CYCLE LENGTH 120s ACTUATED COORD NO
1. CLOCK OPTION OFFSET VAL 88s SEQUENCE 1
| 2. evenr pran | SR S S M - B M
| sprars 15 80 o 25 0 95 o0 25|
3. DAY PLAN = 1/Us L DRSS PR 17 (NS 55 (R QR ) I <)
SPLITS O 0 0 0o 0 0o 0 0

4. SCHEDULE

5. EXCEPTION DAYS TOOLD CHRoE T T ]
TIXED FORCE OFT  -----so- —o-nn---
APAPTIVE SPRIT ol
VEOTCLE: BYTENSTON 21 soioiai maco e
VEHICLE RECALL:  shsswnbin faidssas
WALK 2 e e

Figure 4-48: Event plan setup for coordination in EOS scheduler.
4.4. Parsing the VISSIM and EOS Output to the ATSPM Database

A custom parsing tool was developed to convert simulated traffic signal events into the database
structure required by UDOT ATSPM. The built-in RBC supports efficient simulation setup and
produces phase-transition and detector-actuation records that can be parsed for ATSPM analysis.
Econolite EOS more closely represents an external controller environment and produces
controller-originated high-resolution event records. However, EOS requires more detailed
controller configuration and familiarity with signal-control operations than the RBC
configuration.

4.4.1. Parsing RBC Signal Events: VISSIM to UDOT ATSPM
This process converts RBC-generated signal events into the UDOT ATSPM MOE database.
Step 1 — Prepare & Access

e Ensure VISSIM outputs are saved to SQL Server.

e Confirm UDOT ATSPM is installed.

o Identify both the VISSIM output database and UDOT ATSPM (MOE) database.
o Enter database credentials and simulation start time in the parser.

Both databases must be accessible from the system running the parser. The required database-
table names are predefined.

Step 2 — Configure Parsing Parameters
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Load the parsing settings from the JSON configuration file described in Section 1.4.2.
e Modify the settings in the parser GUI or directly in the JSON file, as needed.

o Save the updated configuration for future parsing runs.

ATSPM/CV Data transfer
tool [Off-line)

- Trajectories
= Signal change |

Traffic signal logs |7

VISSIM record
Models e \:
Traffic signal logs KPR v
CV trajectories 1 ""u =
Dashboard

Figure 4-49: Validation of parsed simulation events in UDOT-ATSPM.

Step 3 — Execute & Validate

e Run the parsing software to convert RBC events into UDOT-ATSPM format.
e Verify results in the MOE database.

If issues occur, check database connections, CSV configuration, and VISSIM data integrity.

7 VISSIM To UDOT-ATSPM Parser: By Taylor Li (UT Arlingtor, v1.6, Aug-2025 — O X # VISSIMTo UDOT-ATSPM Parser: By Taylor Li (UT Arlington), v1.6, Aug-2025

Step 1: General DB Configurations Step 1: General DB Configurations
UDQT ATSPM DB IP: UDOT ATSPM DE port: UDOT ATSPM DB IP:  10.33.1.60 UDOT ATSPM DB port: 1434
UDOT ATSPM DB Name: Simulated DB name: UDOT ATSPM DB Name: - MOE Simulated DB name:  VISSIM

UserlD: Py

UserlD: Daetts

Simulated Date: | 8/26/2005 B~ Sirmulated Starting fme: Simulsted Date: | 8/23/2006 T+ Simulated Starting time:

Step 2 Parsing SimSigOutputs to UDOT ATSPM

Step 2 Parsing SimSigQutputs to UDOT ATSPM
RBC Events  Q-FREE MAXTIME Event Logging (On thefly) ECON-EQS Event Logging(Posterior) RBC Events Q-FREEMAXTIME Event Logging (On the fly) ECON-EOS Event Logging(Posterior)

SimRunNo: Choose Sim Det Config SimRunNo: 1 Choose Sim Det Config

DetConfigFile: SimDetOutputDir: Choose SimDetOutputDirectory DetConfigFile: F\I43Dive Hy  SimDetOutputDi:  FA143Dive H\  Choose SimDetOutputDirectory

| Swp2UploadingSignaltegs 11 | Step2UploadingSignaltogs T

Step 3: Parsing sim v_trg] to UTAIM

Step 3 Parsing sim v_traj to UTAIM
UTAIM DE IP: i R SInRon e UTAM DB P 10330253 DB PortNo: 3306 Sim Anon CV type: 30520

UserlD: Passwd: Sim Special CV type: UserlD:  seee [ e —— Sim Special OV iypes

https://actionlsb.uta.edu, htps://actionlab.uta.edu/

Figure 4-50: RBC parsing configuration: VISSIM to UDOT ATSPM.
4.4.2. Data Generation and Parsing of EOS Events into UDOT ATSPM

Using Econolite EOS in SILS mode, high-resolution signal events are generated for full ATSPM
MOE extraction.

Step 1 — Enable Event Logging
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e Main Menu — Logging — Event Logging

e Enable required logs (e.g., VIOL, MMU Faults, Detector Errors, SCP, Preemption,
Alarms)

e Set each to YES/NO as needed (see Fig. 4-51)

Step 2 — Configure Data Logging Parameters
1) Virtual Input/Output Trace (VIOT)

o Captures all I/O events in real time (fixed record size).
o Existing trace files may be overwritten when the simulation is rerun; therefore, required
files should be copied or archived before starting another run.

2) High-Resolution MOE Logging (HI-RES MOE)

e Options: IMIN, 15MIN, 1HR
o 15MIN — Recommended (balanced detail and file size)
o 1IMIN — Too large for efficient storage/processing
o 1HR — Too aggregated; may hide short-term variations

MOE logs are generated only at the selected interval. If set to NO, no MOE data is recorded.

EVENT LOGGING v ! .
[om Vil OT-RFS WoE  TeMTR] [ ECON_10.70.10.51_2025_08_30_0800.datZ DATZ File 128
RFEs (MMU/TF) YES ACCESS { YES - —
S T PEY R DR OWEs | [] ECON_10.70.10.51_2025_08_30_0815.datZ DATZ File 11KB
. - - ~ te =
3 RFEs > 24 H YES LOW BATTERY “TES "N [ ECON_10.70.10.51.2025.08_30. 0830 datZ DATZ File 11KB
RFE (DET/TEST) YES CTR DOWNLOAD  YES
DETECTOR ERROR YES POWER ON/OFF  YES | [ ECON_10.70.10.51.2025_08 30 0845.datZ DATZ File 12KB
SCP YES LOCAL FLASH YES -
PREEMPTTON YES ONLINE/OFFLINE YES |5 eoslog Text Document 6KB
ALOEY 1 S ALAE % vps L) NVRAMbin BIN File 1,595 KB
ATARM 3 YES ALARM 4 YES [ somp_port e 3
ALARM 5 YES ALARM 6 YES -
ALARM 7 YES ALARM 8 YES [ websocket_port 8/30/2025 2:38 PM File 1KB
ATARM 9 YES ALARM 10 YES
ALARM 11 YES ALARM 12 YES

Figure 4-51: Econolite EOS event logging configuration screen.
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72 VISSIM To UDOT-ATSPM Parser: By Taylor Li (UT Arlington), v1.6, Aug-2025 - O
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Figure 4-52: High-resolution data logging options in EOS controller.

4.4.3. Transferring ATSPM Data: UDOT ATSPM to UTAIM

Transfers ATSPM data within a selected time range for MOE visualization in UTAIM.

Step 1 — Prepare Databases

e Confirm ATSPM data exists in the UDOT ATSPM SQL Server database.
e Verify the UTAIM MySQL database is accessible.
e Open the transfer tool and enter:

o O O O

O

Source SQL Server credentials
Destination MySQL credentials
From / To time range

Load settings from DBconfig.csv

Use the Save Parameter if updating the configuration

Ensure the selected simulation time falls within the specified transfer range.

Step 2 — Execute Transfer

e Click Start Data Transfer to move data to UTAIM.
e Use Flush UTAIM DB if clearing existing records is required.

After completion, the UTAIM database contains the transferred ATSPM signal records.
Simulated CV trajectories are added through the separate trajectory-parsing workflow described
in Section 1.4.4. UTAIM does not automatically synchronize with UDOT ATSPM; therefore, the
transfer must be performed for each required dataset, as shown in Fig. 4-53.
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Figure 4-53: Data transfer process from UDOT ATSPM to UTAIM

4.4.4. Generating Figures from UDOT ATSPM and UTAIM

UT Arlington

Simulations were conducted from 6:30 to 7:30 AM. The complete one-hour simulation period
was used for the analysis, with no warm-up or cool-down period excluded.

e RBC outputs — Parsed into UDOT MOE database, then transferred to UTAIM
e EOS outputs (.datz files) — Stored directly in UDOT, then transferred to UTAIM

Performance Measures

UDOT ATSPM generates standard MOEs, including:

e Split Monitor

e Purdue Coordination Diagram (PCD)
e Approach volume

e Split failure

e Arrivals on red/green

e Left-turn gap

o Pedestrian delay

e Wait time

e Approach delay
e Preemption details

UTAIM provides additional outputs such as:
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o Time-space diagrams (TSD)
e Arrivals on green/red (with trajectory integration)

CV-based outputs were not included in the representative analysis conducted for this

implementation. Detailed corridor-specific performance figures and their interpretation are
presented in Chapter 6.
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Chapter 5: Hardware-in-the-Loop Simulation Control Interface
Device

5.1. VISSIM Setup For HILS

This chapter describes the procedure for establishing a HILS model using the TxDOT HILS-
CID. The system operates through NTCIP communication and uses VISSIM’s External Signal
Control interface to connect a physical traffic signal controller to the simulation environment.
For the Project 5-7160 demonstration, the physical controller was a Q-Free MAXTIME
controller.

5.1.1. Prerequisites

The HILS-CID is built upon VISSIM’s External Signal Control function, which enables the
simulation to interface with embedded external control logic. In this application, the external
logic originates from the physical traffic signal controller hardware. Several prerequisites must
be satisfied to ensure the HILS-CID operates correctly.

1. External Signal Control License in VISSIM: The VISSIM software is licensed for the
external signal control module (see Fig 5-1).
2. Traffic signal controllers must support NTCIP 1202 v02 at least.

B
lgorirmem Add-ons Signal Controllers
Signal Controllers (SCE + 3D Graphics — Econalite ASC/3
Network size: — BIM Impest ' Econolite ECS
Link behavior types: W Bing Maps (until 12/30/2026)
Penod: — Bosch = Fourth Dimenzion 04
Pedestrians: o COM interfsee — LISAs OMTC
Version ' Emissions = McCain 2033
Product vanant: = Driving ssmulator v REC Level 3
Aesdemic Licanse +" Dynamic assignment — SCATS
Usage data: + External Driver Model — SCOaT
Expiration date: W' Managed Lanes — Sherrens VA
Customer |D: w Meso Simulation — TRENDS
License I0x " Public Transport v VAP
License name: ' Street Traffic o WISSG
" Test Mode (Signal Contrel) — VS-PLUS
License number: = Intemal
Part of a suite Yes = Publizh
Dawngrade night n/'a = Cloud Madel
(Versions ohder than Vissim 8) = Autemotie
Seats: [i}
(Floating Metwork Licenze)
License senver
Serial numbser [Container]:
Support Infe:
Instances:
Cestified period:
Dema Version:
Student Version:
License key:
Metwoark saze:
Program path: C:\Program Files\PTV Vision\ PTV Vissim 2024\ Exe’\Vissim2S0.exe Manage licenses
Clase

Figure 5-1: License summary in VISSIM
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5.1.2. Set up an HILS intersection in VISSIM

To add a new HILS intersection, the user must first set the control type to “External”. Once
selected, VISSIM will display the dialog shown in Fig. 5-2. For the Program File, select the
provided HILS TxDOT DLL.dIl. For the Dialog DLL File, choose STDSC GUILAIL. For the
WTT File, create an empty WTT file and add it to the configuration.

B Signal Controller ? x
No.: 2 Name: HILS
T)rpe:IExternaI v l B Active
Controller  Signal Times Table Detector Record
Program file:  C\Users\lip\OneDrive - University of Texas at Arlington\UTA\Project\TxDOT 2024 A] D
Dialog DLL file: C\Users\lip\OneDrive - University of Texas at Arlington\UTA"\Project\TxDOT 2024 A D
Edit controller data Edit signal groups
Data file 1: C\Users\lip\OneDrive - University of Texas at Arlington\UTA\Project\TxDOT 2024 A7 D
Data file 2: Ch\Users\lip\OneDrive - University of Texas at Arlingten\UTA\Project\TxDOT 2024 & D
Program no.: 1
] Debug mode
WTT files:
Mumber: 1|File &
1| HILS_CID.wit
x]
0K Cancel

Figure 5-2: Set up external signal control in VISSIM for HILS

Next, the user must select Edit Controller Data or Edit Signal Groups to configure the port
number and signal phase assignments. The IP address and port must match the parameters
specified later in the HILS-CID setup. VISSIM and the HILS-CID communicate through a TCP
socket using this designated IP-port pair.

The system supports 16 vehicle phases, 16 pedestrian phases, and 16 overlap phases, ensuring
compatibility with all TxDOT-approved traffic signal controllers. The phase numbering must
follow the required convention:

e Vehicle phases: 1-16
e Pedestrian phases: 101-116
e Overlap phases: 201-216

140



Project 5-7160 UT Arlington

After configuring the IP address, port, and phase assignments, click OK. The STDSC GUI.dII
will automatically embed this information into the VISSIM network (INP file) and generate a
configuration file named “x.scpprops”, where x corresponds to the intersection ID in VISSIM
(e.g., for intersection 2, the file name is 2.scpprops).

Important:

Users must not rename the scpprops file. It must retain the exact format “x.scpprops”, where x is
the VISSIM intersection ID. Additionally, users should not add or remove phases by manually
editing the file in a text editor. Only modifications made through the VISSIM dialog will be
correctly written into the VISSIM network and reflected in simulation behavior.

Signal HILS Config Ul (author: Taylor Li) x TDOT VISSIM HILS Config Ul (auther: Taylor Li)
Global settings  Signal control Global settings  Signal control
VISSIM P [Default is localhost for same computer) Configuration file
localihost
Pedt A Bevs P

8848

OK | Cancel oK Cancel

Figure 5-3: Set up IP address, port, and signal phases using STDSC_GUI.dII
5.1.3. Set up HILS signal phases and detectors in VISSIM

After configuring the controller as described in Section 5.1.2, users may place signal heads and
detectors in the same manner as for any standard signal controller (e.g., an RBC). The label on
each signal head (e.g., 2-4) denotes intersection 2, phase 4.

If a phase operates as a protected—permissive left-turn (protected green plus flashing yellow
arrow), users must assign the corresponding overlap rather than the vehicle phase. For example,
if Overlap A (overlap 1) provides the FY A output in the controller, then phase 201 should be
selected for the associated signal head.

While VISSIM imposes no intrinsic restrictions on detector numbering, actual traffic signal
controllers do. To maintain consistency across all controller brands supported by the HILS-CID,
the following numbering rules must be used:

e Vehicle detector numbers: 1-64 per intersection
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e Pedestrian detector numbers: 101-116 per intersection

These conventions ensure compatibility with TxDOT-approved controllers and standardized
interpretation of detector actuations within the HILS-CID environment.

Link - Lane: e 183,72

Figure 5-4: Set up signal heads and detectors in VISSIM

After configuring the signal heads and detectors, VISSIM is ready to launch the simulation.
When the user clicks the Run button, VISSIM will appear to freeze, and the status bar will
display the message “Initialize signal control program SC x”, where x is the ID of the first HILS
intersection. This behavior is expected. It indicates that the HILS intersection is awaiting a
connection from the HILS-CID tool and is prepared to begin hardware-in-the-loop
communication.

5.2. Signal controller set up for HILS

Traffic signal controllers generally contain two categories of configuration:

1. System setup, which defines the number of channels, the conflict monitors unit (CMU) or
malfunction management unit (MMU), and the bus interface unit (BIU) or serial interface
unit (SIU) modules required to operate within a traffic signal cabinet; and

2. Timing parameters, including phases, intervals, coordination settings, and time-of-day
(TOD) plans, can be used as is because they operate independently of the cabinet
hardware modules disabled for simulation.

For a HILS simulation that interfaces only with the signal controller hardware, users must
disable the following components:

e MMU/CMU,

e All T/F BIUs (for TS-2) or Output SIUs (for ATCC-type controllers),
e All DET BIUs (TS-2) or Input SIUs (ATCC), and

e The MMU Stop Time function.
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Fig. 5-5 illustrates an example configuration using Econolite EOS. Disabling these modules
prevents the signal controller from attempting to communicate with cabinet hardware that is not
present in the HILS environment.

In contrast, users may configure or upload real-world traffic signal timing plans without
modification. Timing parameters (e.g., phases, intervals, coordination settings, TOD plans) can
be used as is, since they are independent of the cabinet hardware modules disabled for
simulation.

OEDS

CABINET [TS2-J ]

1234
BIU TERMINAL & FACILITY
BIU DETECTOR
CRITICAL BIU
ENABLE SDLC STOP TIME NO
LATCH 3 CRITICAL ERRORS NO

MMU TO CU SDLC EXTERNAL START YES
IGNORE SDLC FRAME ERRORS (DTAG) NO

Figure 5-5: Signal controller set up for HILS

Note: If the controller is already fully configured for the traffic signal cabinet and operating
normally, then you do not need to disable the modules listed above. In essence, this scenario
couples the entire traffic signal assembly with VISSIM. This configuration is often referred to as
Cabinet-in-the-Loop Simulation (CILS), a more advanced and comprehensive form of traffic
signal hardware-based simulation.

5.3. HILS-CID Windows Application

The HILS-CID is a single-page software tool. When launched, users are required to enter the
controller’s IP address and NTCIP port, both of which can be viewed or modified on the traffic
signal controller. Most controllers use port 161 by default, while Yunex SEPAC typically uses
port 501.

The VISSIM connection port must match the value defined in the sTpsc_Guz.d11 configuration,
as described in Section 5.1.2. This assumes that VISSIM and the HILS-CID are running on the
same computer. Users must also select the controller brand from the drop-down menu. This
selection is critical because each controller brand may respond differently to the NTCIP query
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commands issued by the HILS-CID. For the Project 5-7160 implementation, Q-Free MAXTIME
was selected as the controller brand.

The HILS-CID GUI, including the signal-controller connection, VISSIM connection, controller-
brand selection, and overlap-configuration fields, is shown in Fig. 5-6.

A VISSIM Signal HILS CID [auther: Taylor L) 0.5 - *
WIS5IM HILS Config Ovestap Config (Aa in Cortrolier)
HTCIF Signal Controller Address WISSIM Connection Ovedap  SmOVLE  ProPhase  IncPhass FYA?
IPV4: 152 1680110 Pot M- 161 Pot Mo 5543 I m 2 8
w3 a a
0 Hardwars Controliar Epoch Time: SCHILS intisization
Cortrobler Brand  [GFroa MAXTIME | st Time 3 s 6 ]
4 ] g a
[[Loud s Parameters | [ Save tas Paramotor s s :

Phase Ststus  Detector Status

Cumert Fattem Cycle Lerigth Offset: Max GVL Mum: O

Local Cock Syatem Clock; Cozrd Phases Mas Prasser Musn

DISCLAIMER: This software is provided "AS 157 without any warmanbes.
xpenas or impbed. The author shall not be held kable for any damages.
losses, or consequences arsing from the use o misuse of th softwars
L=

Reshitme Traic cortroler stsua i based on NTCIP standnd This CID

whmwuNTCIPWM Even though a

softwiare may comply with NTCIP, how {0 implement the defined MIB

objects ane not cleady defined in the standand. Therefore. varicus controlls

softw, aemmpmdwmc (GET request differently, especisly FYA
via overags. Nonstheless, this HILS CID unfies thess diferences

mmwmgm wm.dxm.mssm .dml,

...........

GFREE/MAXTIME: For vh phase) mmwm«

seen in real word; FYA loverlap output) is displayed 2a flashing

green; rapeou\-uae wa.umueen ?Cuyﬂo-—em 0‘-‘\-’1 ed

Va5 PN:E-B-‘ P'-ase Orerlap, dmﬂwwud-on wh'p-ﬁ’c-al
are comect, FrA loverdap status) is deaglayed a3 a constant
green.

Econolée-EQS: FYA fowerlap) is constant yelow. {wned HH::
WALK in green. PC is yellow and [V i red. Vieh phase/fegulsr crveraps
e same 35 the field outpat

Support for MoCain, Peck.” Tdﬁmmmﬂmm&vm
fior version v0.5. Support for thess controders will be: added in Later
rebann

Have Funl -},

Figure 5-6: Graphic User Interface of HILS-CID

5.3.1. Overlap Configuration

If overlaps are defined in the physical traffic signal controller, they must also be specified in the
HILS-CID. This configuration allows the HILS-CID to translate the controller’s overlap
indications into the corresponding phase identifiers used by VISSIM.

The VISSIM phase-numbering convention reserves identifiers 201-216 for overlap phases.
However, the current HILS-CID Windows application supports the configuration of up to eight
controller overlaps, identified as Overlap A through Overlap H. These correspond to controller
overlap IDs 1-8 and VISSIM overlap phase identifiers 201-208, respectively. For example,
Overlap A is entered as overlap ID 1 and is represented in VISSIM as phase 201.

For each overlap, the user must first specify the overlap ID from 1 to 8, corresponding to
Overlap A through Overlap H. The HILS-CID then automatically determines the associated
overlap phase number used within VISSIM.
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o Ifan overlap represents a flashing yellow arrow (FY A) indication, select the FYA?
option and enter the protected phase, which provides the green-arrow indication, and the
included phase, which represents the opposing through movement.

o Ifthe overlap is a standard overlap, enter the two parent phases. The order of the parent
phases does not affect the configuration.

The overlap information entered in the HILS-CID must match the configuration stored in the
physical traffic signal controller to ensure that the correct overlap indications are transmitted to
VISSIM during the hardware-in-the-loop simulation.

5.3.2. Parameter Management and User Workflow

Although the initial setup requires multiple inputs, users generally need to enter them only once.
After completing all required fields, click Save HILS Parameters to store the configuration in a
JSON file. During future simulation sessions, the saved file can be loaded to automatically
populate the configuration fields.

The graphical user interface contains the buttons required to load and save the parameters,
initialize the signal controller, connect to the controller, and connect to VISSIM. When the
HILS-CID is first launched, only Load HILS Parameters is enabled. This design helps ensure
that users follow the required sequential workflow.

After loading the parameters, the Save HILS Parameters and SC HILS Initialization buttons
become enabled. If the controller IP address and NTCIP port are correct, clicking SC HILS
Initialization initiates the NTCIP handshake. A message box will then appear:

’

o Ifthe message reads, “Initialization is successful! Click ‘Connect Button’,” the user can
proceed by clicking Connect Controller, which becomes enabled.

o If an error message appears, the user should verify the controller IP address, NTCIP port,
and network connectivity before attempting the initialization again.

Once communication with the physical traffic signal controller has been established, the Phase
Status tab displays the signal indications received from the controller in real time.

The Phase Status tab provides visual confirmation of the vehicle-phase, pedestrian-phase, and
overlap indications received from the physical Q-Free MAXTIME controller, as shown in Fig. 5-
7.
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Figure 5-7: Signal Phase display

5.3.3. Connecting to VISSIM

After clicking “Connect Controller”, the final step is to connect to VISSIM. The VISSIM
network must contain an active HILS intersection configured to communicate through the same
port specified in the HILS-CID.

After the connection is established, the HILS-CID performs the following functions:

o Sends the real-time signal-phase status from the physical traffic signal controller to
VISSIM.

e Receives vehicle-detector actuations and pedestrian calls from VISSIM and forwards
them to the physical traffic signal controller.

This establishes a complete hardware-in-the-loop feedback cycle between VISSIM and the
physical controller.

The Detector Status tab displays the vehicle-detector actuations and pedestrian calls exchanged
between VISSIM and the physical controller, as shown in Fig. 5-8. This display allows the user
to verify that the two-way HILS communication is operating correctly.
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Figure 5-8: Detector and pedestrian call status in HILS-CID.

5.3.4. Summary of the Operational Sequence

The HILS-CID operational sequence is summarized as follows:

Sk L=

Load the saved HILS parameters.
Review or save the HILS parameters, if necessary.

Initialize communication with the physical signal controller.
Connect the HILS-CID to the physical signal controller.
Connect the HILS-CID to VISSIM.
Verify the signal-phase, pedestrian-phase, overlap, detector-actuation, and pedestrian-call
displays.

UT Arlington

Figures 5-6 through 5-8 illustrate the complete HILS-CID workflow, including the application
configuration, the signal indications received from the physical controller, and the detector and
pedestrian-call feedback transmitted from VISSIM.

5.4. Chapter Summary

The HILS-CID configuration integrates a physical Q-Free MAXTIME traffic signal controller
with VISSIM through NTCIP-based communication. The physical controller sends real-time
vehicle-phase, pedestrian-phase, and overlap indications to VISSIM, while VISSIM returns
detector actuations and pedestrian calls to the controller. This two-way exchange creates a
closed-loop hardware-in-the-loop simulation environment.
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The configuration procedures presented in this chapter include the VISSIM external-controller
setup, phase and detector numbering, physical-controller configuration, HILS-CID parameter
management, overlap mapping, and connection verification. The Phase Status and Detector
Status displays allow users to confirm that controller indications and simulated detector inputs
are being exchanged correctly. Together, these components enable high-resolution ATSPM event
generation using the operational logic of the physical Q-Free MAXTIME controller and support
the case-study application presented in Chapter 6.

HILS-CID supports Q-FREE/MAXTIME, Yunex/SEPAC, McCain/Omni-Ex, Econolite/EOS.
The current version of HILS-CID (v0.7 as of this report) does not Cubic/SCOUT and Peek
controllers.
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Chapter 6: Case Study

6.1. Introduction

The project team conducted a case study under a controlled environment using a VISSIM
simulation model, the developed software tools, and the ATSPM platform (UDOT ATSPM and
UTA-In-Motion). This chapter provides guidance on configuring model outputs and performing
before and after analyses. The case study was conducted along the Ranch to Market Road 2244
(RM 2244) corridor, locally known as Bee Cave Road, in the Austin District. The corridor
consists of 23 signalized intersections. A baseline model representing existing 2023 conditions
was first developed, and key performance measures, including travel time, approach delay, and
queue length, were evaluated. Traffic volumes were then projected to represent increasing
demand over a two-year period, creating the 2025 future scenario. The same performance
measures were evaluated for the future condition and compared with the baseline to quantify
operational changes. Finally, signal optimization was performed at selected intersections, and the
resulting improvements were assessed. This chapter documents the complete workflow used to
conduct the before and after analysis. Its objective is to provide users with a clear, repeatable
methodology that can be applied to replicate similar studies for other corridors and scenarios.

6.2. Evaluation of the Baseline Traffic Signal Performance using the ATSPM-
in-the-loop Traffic Simulation Model

The Ranch to Market Road 2244 (RM 2244) corridor, locally known as Bee Cave Road, was
selected for VISSIM based digital twin development due to its role as an approximately 11.3
mile east to west arterial in Travis County, Texas, extending from SH 71 in Bee Cave to Loop 1
(MoPac Boulevard) in Austin and traversing West Lake Hills and Rollingwood. As shown in
Fig. 6-1, the corridor includes major signalized intersections at SH 71, Loop 360, and Loop 1,
making it well suited for corridor level ATSPM evaluation. Based on traffic volume and turning
movement analysis, the 6:30 to 7:30 AM period was selected as the representative AM peak
hour. The implementation focused on configuring the VISSIM simulation framework to generate
ATSPM compliant data by integrating the Ring Barrier Controller (RBC), the Econolite EOS
controller through a Software in the Loop Simulation (SILS) architecture, and a Hardware in the
Loop Simulation (HILS) controller directly connected to the simulation environment. This
configuration enabled real time interaction between the simulated traffic environment and the
external signal control logic. Due to the limited availability of field data, the baseline model was
partially calibrated to represent existing 2023 traffic conditions using available traffic volumes
and turning movement counts. This baseline environment provides a foundation for generating
high-resolution signal and trajectory data to support MOE evaluation and before-and-after
operational analyses along the RM 2244 corridor.
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Figure 6-1: Austin RM 2244 corridor

Due to the availability of field data, only traffic volumes and turning movement counts were
calibrated to match the observed 2023 conditions. Signal timing plans obtained from the local
agency were also implemented in the corresponding Econolite EOS controllers for each
intersection. Because traffic counts at individual intersections were collected on different dates,
the observed volumes were not always consistent between adjacent intersections. To maintain
realistic traffic flow throughout the corridor, vehicle volumes were balanced by strategically
adding or removing vehicles within the network. An example of this volume balancing process is
shown in Fig. 6-2, where additional input and output links are introduced to inject or remove
vehicles based on the required traffic demand during specific time intervals. The volume
balancing methodology is described in greater detail in Section 4.2.

Figure 6-2: Flow balance using vehicle inputs and exits between intersections.
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Because the study corridor consists of 23 signalized intersections, evaluating the performance of
every intersection individually is impractical. Therefore, a corridor level approach was adopted
for the overall performance evaluation. Although the analysis was summarized at the corridor
level, traffic volumes and turning movement counts were calibrated at individual intersections
using the available field data, and the agency-provided signal timing plans were implemented in
the corresponding controllers. The corridor level approach was used solely to summarize and
assess the overall operational performance of the corridor. For analysis purposes, the RM 2244
corridor was divided into three sections to facilitate the evaluation of vehicle delay and other
corridor level performance measures. Zone 1 extends from RM 2244 at Senna Hills to RM 2244
at Weston Lane, Zone 2 extends from RM 2244 at Barton Creek Blvd to RM 2244 at Camp Craft
Road, and Zone 3 extends from RM 2244 at Camp Craft Road to RM 2244 at Rollingwood
Town Center. This segmentation was adopted to simplify the presentation of corridor
performance and to provide a consistent framework for comparing operational conditions across
different sections of the corridor, as shown in Fig. 6-3.

Rollingwood

ZONE 3

reemont

Figure 6-3: RM 2244 Zone division along the corridor

To represent each zone, one intersection was selected as a representative location from each
segment for performance evaluation. The representative intersections were chosen based on
relatively high traffic demand and the presence of all eight traffic movement approaches, making
them suitable for assessing corridor performance. Table 6-1 lists all intersections along the
corridor and identifies the representative intersections in the representative column.
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Table 6-1: List of intersection with the representative intersection

Division

RM 2244 at Senna Hills
RM 2244 at Creeks Edge Parkway
RM 2244 at Patterson Rd
RM 2244 at Cuernavaca Dr
RM 2244 at Marly Way
RM 2244 at Seven Oaks
RM 2244 at Weston Lane
RM 2244 at Barton Creek Blvd
RM 2244 at Overlook at Rob Roy
RM 2244 at Palisades/Dimensional PI
RM 2244 at Castle Ridge Road
RM 2244 at Loop 360 (Diamond)
RM 2244 at Village at Westlake
RM 2244 at Red Bud
RM 2244 at the Hills
RM 2244 at Camp Craft Rd
RM 2244 at Westlake Dr
RM 2244 at Westbank Dr
RM 2244 at Beaver Trail
RM 2244 at Walsh Tarlton Ln
RM 2244 at Rollingwood Dr
RM 2244 at Edgegrove Dr
RM 2244 at Rollingwood Town Ctr

Signal Controller

HILS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
RBC

UT Arlington

Representative
intersection
YES
NO
NO
NO
NO
NO
NO
YES
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES

After evaluating all 23 intersections, one representative intersection was selected from each
corridor zone: RM 2244 at Senna Hills for Zone 1, RM 2244 at Barton Creek Blvd for Zone 2,
and RM 2244 at Rollingwood Town Ctr for Zone 3. These intersections were selected based on
their relatively high traffic demand. Since traffic operations along the corridor are highly
interconnected, evaluating representative intersections distributed throughout the corridor
provides an effective means of validating the overall operational performance while avoiding the
need to analyze every intersection individually. Accordingly, these representative intersections
served as checkpoints for validating the simulation results. Among the three representative
intersections, RM 2244 at Senna Hills was controlled using a HILS controller, RM 2244 at
Rollingwood Town Center was operated using an RBC, while the remaining representative
intersection, along with all other intersections in the corridor, was controlled through the
Econolite EOS simulation environment. This configuration demonstrates the integration of

different controller types within the same simulation framework and provides an example
implementation of both approaches. Once the simulation environment was fully configured, the
VISSIM model was executed for the 6:30 to 7:30 AM analysis period. To ensure that only stable
traffic conditions were included in the analysis, a 15-minute buffer was added before and after
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the analysis period. The initial buffer allowed vehicles to enter and circulate throughout the
network before data collection began, while the ending buffer provided sufficient time for
vehicles to exit the network. This approach minimizes startup and termination effects and
ensures that the collected performance measures accurately represent steady state traffic
conditions.

6.2.1. Setting Up HILS and SILS in VISSIM

Once the VISSIM simulation model was developed and the traffic volumes and turning
movement counts were incorporated, the signal controllers were configured accordingly. The
detailed signal timing plans were obtained from the Austin District. These plans were carefully
reviewed to extract essential information, including signal timing parameters, timing patterns,
coordination plans, detector layouts, and overlap settings. The extracted information was then
implemented in VISSIM. Since the objective of this study was to evaluate different controller
types, three different signal controller configurations were implemented within the simulation
model. The first controller was the standard RBC, which is the default controller available in
VISSIM and therefore required minimal additional configuration. Only the necessary signal
timing and operational parameters were entered into the controller. Fig. 6-4 illustrates the
configured RBC controller with the corresponding input parameters.
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w Basic
+ B Timing by SG
= [ JPattems / Coordination SG Number 1 2 5 4 5 6
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Figure 6-4: RBC controller with the corresponding input parameters

The second controller type implemented in this study was the SILS controller using the EOS.

EOS is an advanced traffic signal controller emulator that is fully supported by VISSIM under
the standard license. The detailed procedure for configuring the EOS controller is provided in
Section 4.3 and should be referred to for implementation details. After the signal timing plans
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were configured in the Econolite EOS and the VISSIM simulation was started, the emulator's
front panel could be accessed directly within the VISSIM interface. This feature allows users to
monitor controller operation and verify signal status during simulation. Fig. 6-5 illustrates the
front panel of the Econolite EOS controller as displayed in VISSIM.
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A Menu Menu
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IP ADDR: 10.70.10.51 & ETH HelP  gcreen  Page Data

Figure 6-5: Econolite EOS web front panel showing controller status.

One of the primary advantages of the EOS controller is its ability to directly generate the
controller event data required for the ATSPM system and store it in the .DataZ file format. As a
result, the controller events can be readily extracted through post processing of these files. To
automate this process, a parsing program was developed that reads the. DataZ files and imports
the controller event data into the database. Once the simulation has been completed, the user
only needs to execute the parsing program to process the generated files. Fig. 6-6 presents the
interface of the parsing software. The parsing process should be performed only after the

simulation has finished, as the. DataZ files are finalized only upon completion of the simulation
in VISSIM.
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Figure 6-6: VISSIM to UDOT ATSPM parser interface for post-processing EOS event data.

Finally, the HILS controller was configured. Unlike the RBC and EOS controllers, VISSIM does
not natively communicate with external hardware controllers. Therefore, the HILS configuration
requires additional setup to establish communication between the simulation model and the
physical traffic signal controller. The complete installation and configuration procedure is
provided in Sections 5.1 through 5.3 and should be followed carefully to ensure proper
communication and synchronization between VISSIM and the external controller. Once the
HILS connection is established, the signal timing parameters can be configured either through
the controller's front panel or its web-based management portal. Fig. 6-7 illustrates (a) the front
panel of the controller, (b) the web-based configuration portal, and the VISSIM simulation
model operating simultaneously with the external controller.

155



Project 5-7160 UT Arlington

A) Physical controller|
front panel

B) Q-free software
web panel

Figure 6-7: HILS operation using the physical controller front panel, web portal, and VISSIM model.

An additional software application, referred to as the HILS Interface, was also developed to
establish communication between VISSIM and external traffic signal controllers. The application
allows users to specify the controller type and IP address, after which it initializes the
communication and synchronizes the hardware controller with the VISSIM simulation. Once
connected, both the controller and the simulation operate simultaneously, enabling real time
hardware in the loop testing. Although the interface supports communication with multiple
controller types, the MAXTIME controller was used for this study. Fig. 6-8 illustrates the HILS
Interface software. The HILS framework provides a realistic testing environment by allowing
actual controller hardware to operate with simulated traffic conditions. This enables the
evaluation of controller performance and the collection of authentic controller event data under
repeatable and controlled traffic scenarios, making it particularly valuable for ATSPM research
and controller validation.
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Figure 6-8: HILS Interface for connecting the MAXTIME controller to VISSIM.
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A key limitation of the HILS controller, compared with the Econolite EOS emulator, is that it
does not automatically generate a controller event log file after the simulation. Instead, controller
events are produced in real time while the controller is operating. Consequently, these events
must be captured continuously during the simulation. To address this limitation, a custom event
parsing application was developed to monitor controller communication and extract controller
events in real time, storing them directly into the database for subsequent ATSPM analysis. Fig.
6-9 presents the event parsing software used to capture controller events during simulation.
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Figure 6-9: Real-time event parsing interface for capturing HILS controller events during simulation.
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6.2.2. Analysis of Performance Metrics from VISSIM

The VISSIM simulation was configured using a standard set of simulation parameters to ensure
consistent and reproducible results. The simulation date was set to August 23, 2026, with a
simulation resolution of 10-time steps per simulation second. A random seed of 42 was used, and
only one simulation run was performed. The simulation speed was set to Maximum, and all
available processor cores were utilized to minimize computational time. Although VISSIM
allows the random seed to be changed to generate different stochastic traffic conditions across
multiple simulation runs, this study focused on evaluating a single baseline scenario. Therefore,
the default random seed value of 42 was retained to ensure that the simulation results are
reproducible and can be consistently replicated in future analyses.

Node evaluation areas were created using the Node object in VISSIM. The Node object allows
users to define polygons of any shape for collecting intersection level performance measures.
Since most intersections along the RM 2244 corridor are four leg intersections, rectangular node
polygons were created around each intersection to capture their operational performance. These
node evaluation areas were used to extract traffic volumes, average delay, queue length, and
Level of Service (LOS). In cases where intersections had unconventional layouts, the node
polygons were adjusted accordingly to ensure that all relevant traffic movements were included
within the evaluation area. Although all approaches at every intersection were calibrated and
evaluated, only the eastbound through (EBT) and westbound through (WBT) movements were
used for the corridor level Measures of Effectiveness (MOE) evaluation. These movements
represent the primary traffic flow along the RM 2244 corridor and therefore provide the most
appropriate basis for assessing overall corridor performance. Focusing on the EBT and WBT
approaches ensures that the evaluation reflects the operational conditions experienced by the
major through traffic traveling along the corridor. Table 6-2 summarizes the performance
measures extracted from the VISSIM simulation for each corridor zone.

Table 6-2: Results obtained from VISSIM.

Intersection ZONE 1 ZONE 2 ZONE 3
Movement EBT WBT EBT WBT NBT SBT
Average Queue Length 4.6 9.8 273 3.5 2 150
Average Vehicle Delay 5.8 9.1 37 7 4 84
LOS A C C
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6.2.3. Comparison of Measure of Effectiveness (MOESs) from VISSIM and UDOT ATSPM

Two ATSPM platforms were evaluated in this study: UDOT ATSPM and UTA In Motion
(UTAIM). Both systems generate a variety of signal performance visualizations; however, they
require the input data to be formatted according to the ATSPM data structure. The native output
generated by VISSIM is not directly compatible with either platform. Therefore, an intermediate
data processing step was required before the simulation data could be analyzed. During the
simulation, VISSIM output data were continuously extracted at 15-minute intervals and written
to a database. The extracted data was then parsed into the ATSPM data format using a software
tool developed by the UTA Action Lab. Additional details regarding the software architecture
and data processing workflow are provided in Section 4.3. Once the data were successfully
parsed, they were compatible with both the UDOT ATSPM and UTAIM platforms for
visualization and performance analysis. Although UDOT ATSPM provides a comprehensive
suite of performance charts, not all of these visualizations can be generated from VISSIM
because certain field controller events are not available within the simulation environment.
Nevertheless, several key performance metrics can be evaluated, including approach volumes,
phase operations, cycle lengths, delays, and signal timing characteristics. For validation
purposes, the total approach volumes reported by the ATSPM system were also compared with
the corresponding VISSIM outputs. Table 6-3 lists the ATSPM performance charts generated
using the UDOT ATSPM platform. These performance measures are generally displayed with
time (hours and minutes of the day) on the x axis and variables such as traffic volume, gap-out
events, cycle length, phase duration, and signal indications on the y axis. The following sections
provide a brief description of each performance metric and its interpretation:

Table 6-3: Performance Metrics obtained from UDOT-ATSPM.

SN Performance Metrics X-axis Y-axis Output
1 Approach Delay Time (Hours/minutes)  Delay per Vehicle Approach delay per vehicle,
(second) Total delay per vehicle
2 Approach Volume Time (Hours/minutes) Volume Northbound and Southbound
(Vehicles per hour) approaches, D-factor
3 Arrivals on red Time (Hours/minutes) Volume AoR, Percent arrivals on Red,
(Vehicles per hour) Total vehicles
4 PCD Time (Hours/minutes) Cycle time AoG, GT, and PR
(seconds)

Before relying on the performance charts generated by the UDOT ATSPM platform, the outputs
were first validated against the corresponding results obtained directly from VISSIM. Since the
VISSIM model served as the source of all simulation data and represented the calibrated baseline
scenario, the performance measures extracted directly from VISSIM were treated as the reference
for validation. The simulation data were first parsed from VISSIM into the UDOT ATSPM format
using the developed parsing software and were subsequently transferred to UTAIM platform.
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Because both ATSPM platforms use the same parsed dataset, validating the UDOT ATSPM
outputs also validates the data used by UTAIM. Not all ATSPM performance charts could be
validated. Both UDOT ATSPM and UTAIM require controller event data that are typically
generated by field signal controllers but are not directly available from VISSIM. For example,
VISSIM does not produce detailed controller event logs needed to generate several ATSPM
visualizations. As a result, the validation was limited to performance measures that could be
derived directly from the simulation outputs, namely approach volume and approach delay. To
perform the validation, the required data were extracted directly from VISSIM and plotted in
Microsoft Excel. These graphs were then compared with the corresponding charts generated by
the UDOT ATSPM platform. Fig. 6-10 presents the comparison of approach volumes obtained
from VISSIM and UDOT ATSPM for intersection at RM 2244 at Rollingwood Town. As shown
in the figure, both datasets exhibit nearly identical temporal trends, demonstrating that the parsing
process accurately transfers VISSIM data into the UDOT ATSPM framework and validating the
approach volume results generated by the ATSPM system.
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Figure 6-10: Approach volume for RM 2244 at Rollingwood Town from UDOT ATSPM (A) and VISSIM (B).
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Some differences are observed when comparing approach delay between VISSIM and UDOT
ATSPM. These differences are expected because UDOT ATSPM estimates delay using detector
actuation data and does not explicitly account for startup delay, vehicle deceleration, or queues
extending beyond the detector coverage area, whereas VISSIM directly simulates these traffic
behaviors. As a result, UDOT ATSPM generally reports lower approach delay values than
VISSIM, even though both systems exhibit similar temporal trends. Fig. 6-11 illustrates this
relationship, where the delay profiles follow comparable patterns despite differences in the
reported delay values. It should also be noted that UDOT ATSPM provides several additional
performance charts that cannot be reproduced using VISSIM output alone because the required
controller event data are not available within the simulation environment. Therefore, the validation
presented in this study focuses primarily on approach volume and approach delay, which are the
performance measures that can be directly compared between the two systems.
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Figure 6-11: Approach delay for RM 2244 at Barton Creek Blvd from UDOT ATSPM (A) and VISSIM (B).

6.2.4. Analysis of performance metrics from UDOT-ATSPM

As discussed in Table 6-3, only a subset of the MOEs available in the UDOT ATSPM system was
used in this study. Not all performance charts were applicable to the simulation-based analysis, as
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some require controller event data that are not generated by VISSIM, while others were incomplete
due to insufficient supporting data. Consequently, the evaluation focused on four key performance
measures: Approach Volume, Arrivals on Red (AOR), Approach Delay, and Purdue Coordination
Diagram (PCD).

For demonstration purposes, Zone 3 was selected to illustrate the ATSPM outputs because it is
representative of the overall corridor operations. The complete set of UDOT ATSPM performance
charts generated for the study is presented in Table 6-4. As shown in the table, these visualizations
provide valuable insights into traffic demand, signal progression, vehicle delay, and corridor
coordination, enabling a comprehensive assessment of signalized intersection performance. Zone
3 includes the intersection controlled by the RBC. The two primary approaches are the northbound
and southbound movements. As shown in Table 6-4, the average approach delay for both
directions was approximately 1 second. The total delay was 0.2 hours for the northbound approach
and 0.5 hours for the southbound approach, indicating that the southbound movement experienced
greater overall delay. This difference may be attributed to factors such as traffic demand, signal
timing, or the operational characteristics of the roadway. However, because the simulation model
was not fully calibrated due to limited field data, these values should be interpreted as
demonstration results rather than validated operational measures. They serve as the baseline
scenario and will be compared with the optimized or future scenario in subsequent analyses. The
recorded approach volumes were 981 vehicles for the northbound approach and 1,355 vehicles for
the southbound approach. The southbound approach carried a higher traffic volume and
experienced greater total delay than the northbound approach during the analysis period. The AoR
percentage was 11% for the northbound approach and 10% for the southbound approach. Since
this is the final intersection in the corridor, these values are reasonable because a larger proportion
of vehicles have already progressed through the coordinated signal system before reaching this
location. Similarly, the Arrival on Green (AoG) percentages were comparable between the two
approaches, with 85% for the northbound movement and 88% for the southbound movement. The
green time percentages were 85% and 86% for the northbound and southbound approaches,
respectively. Finally, the platoon ratios were 1.00 for the northbound approach and 1.02 for the
southbound approach, indicating similar levels of platoon progression in both directions.

Table 6-4: Performance Metrics for the Chosen Intersection.

Intersection Zone 1 Zone 2 Zone 3
Performance Metrics Phase 2 Phase 6 Phase 2 Phase 6 Phase 6 Phase 2
(EB) (WB) (EB) (WB) (NB) (SB)
Approach Delay (sec) 3 0.2 6 1 1 1
Total Delay (hr.) 2 2 4.8 0.5 0.2 0.5
Approach Volume 2188 365 2805 2233 981 1355
Arrivals on Red 33 32 27 14 11 10
(AoR-%)
Arrivals on Green (AoG-%) 67 68 75 73 85 88
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Intersection Zone 1 Zone 2 Zone 3
Green Time 66 69 63.5 64 85 86
(GT- %)
Platoon Ratio 1.02 0.99 1.4 0.99 1.0 1.02
(PR)

Using data obtained from the UDOT ATSPM system, approach volume graphs were generated for
the study intersection. One of the key advantages of these graphs is that they provide not only
traffic volume but also several additional performance measures, including the Peak Hour Factor
(PHF), directional distribution factor (D factor), and K factor. Fig. 6-12 presents the approach
volumes for the northbound and southbound approaches, each represented by a different color. As
shown in the figure, the southbound approach consistently carries a higher traffic volume than the
northbound approach, as indicated by the higher red curve compared with the blue curve. It is
important to note that the y-axis represents the equivalent hourly traffic volume rather than the
actual vehicle counts observed during each time interval. Therefore, additional calculations are
required to determine the actual traffic volume for a specific analysis period. The supplementary
statistics provided by the UDOT ATSPM system offer further insights into traffic characteristics.
The peak hour occurred at different times for the two approaches, with the northbound approach
reaching its peak between 6:30 AM and 7:30 AM, while the southbound approach peaked between
7:15 AM and 8:15 AM. For the entire intersection, the Peak Hour Factor (PHF) was 0.944, the K
factor was 0.622, the peak hour volume was 1,453 vehicles, and the total recorded volume was
2,336 vehicles. The UDOT ATSPM system also reports approach specific traffic characteristics.
The K factor was 0.584 for the northbound approach and 0.500 for the southbound approach. The
directional distribution (D) factor was 0.523 for the northbound approach and 0.679 for the
southbound approach, confirming that the southbound movement carried a larger share of the total
traffic demand. These traffic measures are fundamental for traffic engineering analyses, as they
support signal timing optimization, intersection design, and operational evaluation. Consequently,
the approach volume graph, together with the associated ATSPM performance measures, provides
a comprehensive understanding of traffic demand and directional characteristics at the study
intersection.
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Figure 6-12: Approach volume for RM 2244 at Rollingwood Town.

Similarly, using the UDOT ATSPM system, approach delay graphs were generated for both the
northbound and southbound approaches. The system provides both total approach delay and
average approach delay per vehicle. As shown in Fig. 6-13, the southbound approach experiences
higher total delay than the northbound approach. The data presented correspond to the period from
6:30 AM to 7:30 AM. During this interval, the northbound approach recorded a total delay of
approximately 0.2 hours, whereas the southbound approach recorded a total delay of about 0.5
hours. The average approach delay per vehicle was approximately 1 second for both approaches.
The higher southbound total delay is consistent with the greater southbound traffic volume during
the analysis period. This suggests that factors other than traffic volume influenced the observed
delay. Possible reasons include more favorable signal timing, such as longer effective green time
or better signal coordination, as well as differences in vehicle arrival patterns, turning movement
demand, or queue dissipation between the two approaches. These factors can reduce delays even
under higher traffic volumes.
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Figure 6-13: Approach delay for SB (Phase 2) and NB (Phase 6) for RM 2244 at Rollingwood Town.

AoR is an important performance measure used to evaluate signal coordination along a corridor.
It represents the percentage of vehicles that arrive at an intersection during the red phase. A lower
AoR indicates better signal progression, allowing more vehicles to pass through the intersection
without stopping, whereas a higher AoR suggests poorer coordination and increased delay.
Therefore, the objective of coordinated signal operation is to minimize AoR and maximize arrivals
on green. Similar to the UDOT ATSPM system, AoR graphs were generated for both the
northbound and southbound approaches at RM 2244 and Rollingwood Town Center, as shown in
Fig. 6-14. The northbound approach recorded an AoR of approximately 11%, while the
southbound approach recorded an AoR of about 10%. Although the southbound approach carried
a higher traffic volume during the study period, both approaches exhibited nearly identical AoR
percentages, indicating comparable signal progression in both directions. The relatively low AoR
values suggest that nearly 90% of vehicles arrived during the green interval, reflecting satisfactory
coordination of the signal timings. Minor fluctuations in AoR throughout the analysis period are
expected because of variations in traffic demand and vehicle arrival patterns. These results
represent the baseline scenario for the corridor. In the later sections, the AoR values will be
compared with those obtained under the future traffic demand scenario. As traffic volumes
increase while the signal timing plans remain unchanged, a higher percentage of vehicles are
expected to arrive during the red phase, resulting in increased AoR values. This hypothesis will be
evaluated by comparing the baseline and future scenarios.
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Figure 6-14: Arrival on Red for SB (Phase 2) and NB (Phase 6) for RM 2244 at Rollingwood Town.

Another graph generated using the UDOT ATSPM system is the PCD. The PCD is an important
tool for evaluating signal coordination because it illustrates the relationship between vehicle
arrivals and signal timing. It provides information on vehicle arrival times, cycle length, green
intervals, AoG, and the time of day. An example PCD for the reference intersection in Zone 3 is

shown in Fig. 6-15.
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Figure 6-15: PCD for SB (Phase 2) and NB (Phase 6) for RM 2244 at Rollingwood Town.

Based on Fig. 6-15, the signal cycle length is approximately 120 seconds under normal operating
conditions. However, occasional spikes in the cycle length can be observed. These occur when no
vehicles are detected on the competing phases. The figure represents Phase 6, which serves the
southbound through movement. Since this phase operates with minimum recall, it continues to
receive green until a vehicle is detected on another phase. This behavior was also confirmed
through the VISSIM simulation. Around 7:00 AM, no vehicles were detected on the side street
approaches, allowing the green interval for Phase 6 to continue and increasing the cycle length to
nearly 250 seconds. The PCD also indicates that approximately 86% of the cycle was green time,
while 88% of vehicles arrived during the green interval. These values suggest that the intersection
operates efficiently and that most vehicles are able to pass through the intersection without
stopping. In addition, the platoon ratio was 1.02. The platoon ratio compares the proportion of
vehicles arriving during the green interval with the proportion of green time available. A value
close to 1.0 indicates random vehicle arrivals, while values greater than 1.0 indicate that vehicle
arrivals are well coordinated with the green interval. Therefore, the observed platoon ratio of 1.02
suggests that the signal progression is slightly better than random, indicating satisfactory
coordination along the corridor. These results represent the baseline operating condition of the
corridor. In the future scenario, traffic volumes are expected to increase while the signal timing
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remains unchanged. Consequently, lower arrivals on green, a reduced platoon ratio, and increased
stops and delays are expected. These changes will be evaluated and compared with the baseline
scenario in a later section.

To improve the readability of this case study, detailed figures and discussions are presented only
for reference intersection in Zone 3. The corresponding figures for the representative intersections
in Zone 1 and Zone 2 are provided in the Appendix. These intersections exhibited similar trends
and performance characteristics, and therefore only the reference intersection is discussed in detail
to avoid repetition.

6.2.5. Analysis of performance metrics from UTAIM

Similar to the UDOT ATSPM system, the UTAIM platform also requires simulation data to be
parsed into a standardized format before analysis. Dedicated software was developed to convert
the VISSIM output into a format compatible with the UTAIM system. Since UTAIM utilizes the
same parsed event data stored in the validated UDOT database, and the UDOT database had
already been verified against the VISSIM ground truth, no additional validation of the UTAIM
database was necessary. One of the primary differences between the UDOT ATSPM and UTAIM
systems is that UTAIM can generate a trajectory-based time space diagram in addition to the PCD.
This provides a more comprehensive visualization of signal progression by illustrating vehicle
trajectories and the effective green band along the corridor. Similar to UDOT ATSPM, the UTAIM
system also reports performance measures such as AoG, Green Time (GT), and other coordination
metrics. A comparison of the PCDs generated by the two ATSPM systems is presented in Fig. 6-
16, both diagrams correspond to the intersection of RM 2244 and Barton Creek Boulevard during
the analysis period from 6:30 AM to 7:30 AM. The first PCD, generated using UTAIM, displays
green, yellow, and red intervals, while the black dots represent individual vehicle arrivals. The
UTAIM PCD reports an AoG of 75% and a GT of 63.5%. The corresponding UDOT ATSPM
PCD reports an AoG of 73% and a GT of 64%. These values are very similar, indicating strong
agreement between the two systems. Minor differences are expected because each platform
computes and displays performance measures using slightly different processing methods.
Examination of both PCDs shows that the intersection generally operates with a cycle length of
approximately 120 seconds, with occasional spikes occurring around 7:00 AM. These extended
cycles occur because no vehicle calls were received from the competing phases. Since the
Eastbound and Westbound movements operate under minimum recall, the controller continues to
serve these phases until a call is received from another approach. This behavior was confirmed in
the VISSIM simulation, where no vehicle arrivals were observed on the side street approaches
during that period, resulting in the extended cycle lengths visible in both PCDs. Overall, the PCDs
generated by UDOT ATSPM and UTAIM exhibit highly consistent trends and performance
measures, demonstrating that the UTAIM system accurately reproduces the key coordination
metrics while providing the additional benefit of trajectory-based time space diagrams for
enhanced corridor level analysis.
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Figure 6-16: PCDs for RM 2244 at Barton Creek Blvd from UTAIM (A) and UDOT ATSPM (B).

In addition to the PCD, the UTAIM system can generate a trajectory-based Time Space Diagram
(TSD), which provides a comprehensive visualization of vehicle progression along a signalized
corridor. Fig. 6-17 presents the eastbound TSD for the corridor extending from RM 2244 at Creeks
Edge Parkway (Intersection 2) to RM 2244 at Overlook at Rob Roy (Intersection 9) during the
6:30 AM to 7:30 AM analysis period. To improve the readability of the figure, only 5% of the
vehicle trajectories are displayed, corresponding to the connected vehicle penetration rate assumed
in this study. The TSD illustrates the trajectory of individual vehicles together with the signal
indications at each intersection. It also displays several performance measures, including AoG,
Arrivals on Coordination (AoC), GT, and Band Attainability (BA). The green band shown in the
diagram represents the time window during which a vehicle traveling at the progression speed can
pass through consecutive intersections without stopping. A wider and more continuous green band
indicates better signal coordination, whereas interruptions to the green band often result in vehicle
stops and reduced progression efficiency. In Fig. 6-17, the red lines represent individual vehicle
trajectories. It is evident that many trajectories exhibit repeated stop and go movements, indicating
the presence of queues and interrupted progression along the corridor. As queues discharge from
one intersection, some vehicles are unable to clear the downstream intersection before the green
interval ends, resulting in split failures. Region A of Fig. 6-17 highlights this behavior, where
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frequent stop and go movements and multiple split failures can be observed. These patterns
indicate that the available green time is insufficient to serve all arriving vehicles during a single
signal cycle, causing vehicles to remain queued for the subsequent cycle.

As discussed previously, the PCD alone provides information on signal coordination at an
individual intersection but does not reveal how vehicles progress between intersections. By
combining the PCD with the trajectory based TSD, both intersection level and corridor level
operations can be evaluated simultaneously. This integrated visualization helps identify locations
where vehicle progression deteriorates, queues propagate upstream, and split failures occur,
thereby providing valuable guidance for selecting intersections and signal timing parameters for
optimization.
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Figure 6-17: TSD for RM 2244 corridor (Intersection 2 to 9).

6.3. Analyzing Traffic Signal Performance with Projected Travel Demand
growth using ATSPM-in-loop simulation

One of the primary objectives of this study was to evaluate future traffic conditions and examine
how projected traffic growth affects the ATSPM performance measures. Although the baseline
VISSIM model was only partially calibrated against field conditions because of limited data
availability, forecasting future traffic demand is a common practice in transportation planning.
Many transportation agencies assume an annual traffic growth rate of approximately 3% for
planning and operational analyses. Since the available traffic volume and turning movement
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counts were collected in 2023, future demand was estimated for the 2025 scenario by applying a
compound annual growth rate of 3%. Accordingly, all traffic volumes and turning movements
were multiplied by a growth factor of (1 + 3%)? = 1.06, representing the projected increase in
travel demand over the two-year period.

After the traffic volumes and turning movement counts were increased to represent the 2025
scenario, the VISSIM model was rerun using the same simulation settings as those used for the
baseline scenario. The resulting simulation outputs were then extracted and parsed into the
formats required by the two ATSPM systems using the custom parsing software developed for
this study. Once the parsed data were stored in their respective databases, the ATSPM systems
generated updated performance measures and visualization graphs for evaluation. The following
sections discuss how the projected increase in traffic demand affected the operational
performance of the corridor. To maintain consistency with the baseline analysis, the same
representative intersections from each of the three corridor zones were selected for comparison.
These intersections also represent the different controller configurations used in the study,
including one HILS controller, one RBC, and the remaining intersections operating with the
Econolite EOS controller. This approach enables a consistent comparison of the baseline and
future scenarios while evaluating the impact of increased traffic demand across different
controller types.

6.3.1. Analysis of performance metrics from VISSIM

To evaluate the impact of the projected traffic growth on intersection performance, MOEs were
extracted directly from the VISSIM node analysis. Since these values are obtained directly from
the simulation, they are considered the ground truth for this study. The extracted MOEs include
maximum queue length, average queue length, total vehicle delay, average vehicle delay, and
LOS for the three representative intersections located in the three different corridor zones. These
performance measures were then compared with those from the baseline scenario to quantify the
operational impacts of the increased traffic demand. The output after the project growth for
future scenarios is presented in Table 6-5.

Table 6-5: Results obtained from VISSIM.

Intersection ZONE 1 ZONE 2 ZONE 3
Movement EBT WBT EBT WBT NBT SBT
Average Queue Length 52 0 204.4 4.8 2.2 121
Average Vehicle Delay 65 1.5 24.6 5.8 4.7 79.5
LOS B C C
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After increasing the traffic volumes, selected intersections were evaluated using the VISSIM
Node Analysis module. The average queue length and average vehicle delay were compared
between the baseline (before) and future (after) scenarios. Although most intersections exhibited
only minor changes, three intersections experienced a noticeable degradation in performance.
Fig. 6-18 presents the average queue length for Intersections 2, 3, and 4. As shown, the future
scenario resulted in longer queues at all three intersections compared with the baseline scenario,
indicating the impact of the increased traffic demand. These intersections will be further

evaluated using time space diagrams to better understand the progression quality and identify the
causes of the increased congestion.
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Figure 6-18: Comparison of average queue length before and after volume increase at Intersections.

Fig. 6-19 presents the average vehicle delay for the same three intersections. Similar to the queue
length results, the average delay increased in the future scenario, confirming the reduction in
operational performance under higher traffic volumes. It should be noted that these values were
obtained from the VISSIM Node Analysis module. Since node boundaries are manually defined
by the user, the reported queue lengths and delays depend on the size and location of the node
surrounding each intersection. Consequently, the absolute values may not exactly match those
reported by the ATSPM system. However, they provide a reliable indication of the relative
change in intersection performance and clearly demonstrate the increasing trend in delay and
congestion across the evaluated intersections.
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6.3.2. Analysis of performance metrics from UDOT-ATSPM

Similar to the baseline analysis, the simulation outputs from the future scenario were parsed into
the UDOT ATSPM system, from which a variety of performance graphs were generated. For
consistency, the same reference intersection, RM 2244 at Rollingwood Town Center
(Intersection 23), was selected to illustrate the future scenario results. The complete set of UDOT
ATSPM performance charts generated for the study is presented in Table 6-6.

Table 6-6: Performance Metrics for the Chosen Intersection.

Intersection

Performance Metrics

Approach Delay (sec)
Total Delay (hr.)

Approach Volume
Arrivals on Red
(AoR-%)

Arrivals on Green (AoG-%)

Green Time
(GT- %)
Platoon Ratio
(PR)

Zone 1
Phase 2 Phase 6
(EB) (WB)
3 2
1.6 0.2
1858 383
34 31
66 72
66 69
1.00 1.04

173

Zone 2

Phase 2
(EB)
6

5.5

3169
26

74

64

1.16

Phase 6
(WB)

1
0.5

2666
11

89

88

1.01

Zone 3
Phase 6 Phase 2
(NB) (SB)

1 1
0.3 0.5
1007 1399
11 15
85 89
85 86

1 1.03
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The first performance measure evaluated was the approach volume. Fig. 6-20 presents the
approach volume graph generated by the UDOT ATSPM system for the projected 2025 traffic
demand. The graph was compared with the baseline scenario to examine the impact of increased
traffic demand on the intersection approaches. As shown in Fig, 6-20 the traffic volume
increased on both approaches compared with the baseline scenario. The increase is particularly
noticeable for the southbound approach, where the peak hourly volume increased from
approximately 1,000 vehicles per hour to nearly 1,200 vehicles per hour. Despite the increase in
traffic demand, the peak hour remained unchanged, occurring between 6:45 AM and 7:45 AM,
indicating that the temporal distribution of demand remained relatively consistent while the
overall traffic volume increased. The total peak hour volume at the intersection increased from
1,453 vehicles in the baseline scenario to 1,559 vehicles in the future scenario, reflecting the
projected traffic growth. The overall K-factor increased slightly from 0.622 to 0.648, indicating
that a larger proportion of the daily traffic is concentrated within the peak hour. This suggests
that traffic demand becomes slightly more peaked, increasing operational pressure during the
busiest period of the day. The PHF decreased from 0.944 to 0.882. A lower PHF indicates that
traffic flow within the peak hour became less uniform, with greater fluctuations in demand
during the four consecutive 15-minute intervals. In other words, vehicles arrive in more
concentrated bursts rather than being evenly distributed throughout the hour. Such traffic
patterns generally result in longer queues and increased delays because short periods of high
demand can exceed the available intersection capacity. The directional K-factors also
experienced minor changes. The northbound K-factor decreased slightly from 0.584 to 0.579,
while the southbound K-factor increased from 0.580 to 0.597. These changes indicate that the
additional traffic growth is more concentrated on the southbound approach than on the
northbound approach, which is consistent with the larger increase in southbound traffic volume
observed in Fig. 6-20. Consequently, the southbound approach is expected to experience greater
operational impacts, including increased delays and queue lengths, compared with the baseline
scenario.
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Figure 6-20: Comparison of approach volume before and after for RM 2244 at Rollingwood Town.

Following the approach volume analysis, the approach delay graphs were evaluated for both the
baseline and future traffic growth scenarios. Fig. 6-21 compares the approach delay for Phase 6
(northbound through movement) before and after the projected traffic growth. To improve
readability, only the graph for the reference intersection is presented in the main text, while the
remaining intersections and phases are included in the Appendix. As shown in Fig. 6-21, the
overall delay pattern remains similar; however, a slight increase in delay is observed after the
projected traffic growth. The total approach delay increased from approximately 0.2 hours to 0.3
hours, while the average delay per vehicle remained at about 1 second. The higher peaks
observed during the peak period indicate that the increased traffic demand resulted in additional
delays, although the intersection continues to operate efficiently. Overall, the graph suggests that
the projected traffic growth has begun to affect intersection performance, but the operational
impact remains relatively small.
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Figure 6-21: Comparison of approach delay before and after (phase 6) for RM 2244 at Rollingwood Town.

Following the approach delay analysis, the AoR graphs were compared between the baseline and
future traffic growth scenarios. As shown in Fig. 6-22, the overall AoR increased from 10% in
the baseline scenario to 15% in the future scenario. This increase indicates that a larger
proportion of vehicles arrived during the red interval, suggesting a deterioration in signal
coordination. The signal timing plan and coordination settings were originally developed using
the 2023 traffic volumes and turning movements. As traffic demand increased in the projected
2025 scenario, vehicle arrival patterns also changed, reducing the effectiveness of the existing
coordination plan. Consequently, fewer vehicles were able to progress through the corridor
without stopping, resulting in more arrivals during the red phase. This increase in AoR indicates
that the corridor would benefit from retiming or re-optimizing the signal coordination plan to
accommodate the projected traffic demand.

176



Project 5-7160 UT Arlington

Arrivals on Red
RM 2244 at Rollingwood Town

— — Arrivals on Red
% Arrivals on Red

— — Total Vehicles
AoR : 10%
1000 100
Phase 2 |

(Before) [ 80

n
=3
=l

40

20

—_
ot
=
(=]
s
ot
D
[~™
= a— ' 0o ¥
o 07:30 =
= 06:30 07:00 : =
o g
> o -
% AoR : 15% >
=] o
% Phase 2 100 ~
> 1000 (After)
80
o g ) 60
500 — : 40
(/..-" /\ .‘ 20
- v 2 S "‘\\_______ I":_‘I
— — — e 0
06:30 07:00 07:30

Time (Hours: Minutes )

Figure 6-22: Comparison of arrival on red before and after (phase 2) at RM 2244 at Rollingwood Town.

Finally, the PCD was evaluated to compare the baseline and future traffic growth scenarios. Fig.
6-23 presents the PCD for Intersection 23 (RM 2244 at Rollingwood Town Center). As shown in
the figure, there is little difference between the two scenarios. Similar to the baseline condition,
the cycle length remains approximately 120 seconds, with occasional spikes caused by the
absence of vehicle calls on the competing approaches. Under these conditions, the controller
extends the green time for the coordinated phase, resulting in longer cycle lengths. Since the
signal timing plan and controller settings were kept unchanged for the future scenario, the overall
characteristics of the PCD remained nearly identical. Although traffic volumes increased, the
controller continued to operate using the same coordination parameters, producing a similar
cycle length pattern with only minor variations. This indicates that the increased traffic demand
had little effect on the controller operation itself, although other performance measures, such as
AoR and approach delay, indicate a gradual deterioration in corridor performance.
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Purdue Coordination Diagram
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Figure 6-23: Comparison of PCD before and after (phase 2) for RM 2244 at Rollingwood Town.
6.3.3. Analysis of performance metrics from UTAIM

The simulation outputs for the projected traffic growth scenario were also parsed into the
UTAIM ATSPM system. Similar to the baseline analysis, the PCD was first evaluated. Fig. 6-24
compares the PCD for Intersection 8 (Zone 2) under the baseline and future traffic scenarios.
Similar to the UDOT ATSPM results, only minor differences are observed between the two
scenarios. The cycle length remains close to 120 seconds throughout most of the analysis period,
with occasional spikes caused by the absence of vehicle calls on the competing approaches.
Since the controller settings and signal timing plans remained unchanged, the overall PCD
pattern is nearly identical despite the increase in traffic demand. This indicates that the controller
continued to operate using the same timing plan while serving a higher traffic demand. The
corridor performance metrics derived from the PCD also show only minor changes. The AoG
increased slightly from 75% in the baseline scenario to 76% in the future scenario, while the GT
increased from 63.5% to 64.3%. Although these values suggest that the controller operation
remained largely unchanged, the AoR increased from 10% to 15%, indicating that a greater
proportion of vehicles arrived during the red interval under the higher traffic demand. This
increase suggests that the existing coordination plan is becoming less effective as traffic volumes
increase, even though the signal timing parameters themselves remain unchanged.
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Figure 6-24: Comparison of PCD before and after (phase 2) for RM 2244 at Barton Creek Blvd.

Fig. 6-25 presents the corresponding Trajectory TSD for the future traffic growth scenario.
Compared with the baseline scenario, a greater number of vehicle trajectories can be observed
because the increased traffic demand resulted in more connected vehicle trajectories being
recorded while maintaining the same connected vehicle penetration rate. The red trajectory lines
exhibit more frequent stop and go movements, particularly near the downstream intersections,
indicating increased queue formation and more vehicles waiting through one or more signal
cycles. Although the progression pattern remains generally similar to the baseline scenario, the
denser trajectories and longer horizontal sections of the trajectories indicate that additional
vehicles are experiencing delays as traffic demand increases. These observations are consistent
with the increases in AoR and approach delay discussed in the previous sections, demonstrating
that the existing coordination plan is becoming less effective under the projected traffic demand.
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Figure 6-25: TSD for RM 2244 corridor under increased traffic volume.
6.4. Analyzing Traffic Signal Performance with Optimized Traffic Signal

Based on the comparison between the baseline and future traffic growth scenarios, it is evident
that the increase in traffic demand resulted in higher delays, increased AoR, and more frequent
stop and go movements along the corridor. To demonstrate the effectiveness of signal optimization
together with the ATSPM visualization tools, the intersections exhibiting significant stop-and-go
behavior in the Trajectory TSD were selected for optimization. The optimized TSD was then
compared with the previous scenario to evaluate the impact of the signal timing modifications.

In the existing timing plan, all intersections operated using a common cycle length of 120 seconds.
For the selected intersections exhibiting frequent stop and go movements, the signal timing
parameters, primarily the cycle length, were adjusted to improve vehicle progression. It should be
noted that this optimization serves as a demonstration of how modifying controller parameters can
influence corridor performance and the corresponding ATSPM visualizations, rather than as a
comprehensive signal retiming study. After increasing the traffic volumes, selected intersections
were evaluated using the VISSIM Node Analysis module. The average queue length and average
vehicle delay were compared among the baseline (before), future (after), and optimized scenarios.
Although most intersections exhibited only minor changes, three intersections experienced a
noticeable degradation in performance after the traffic volumes increased. Fig. 6-26 presents the
average queue length for Intersections 2, 3, and 4. As shown, the future scenario resulted in longer
queues at all three intersections compared with the baseline scenario, indicating the impact of the
increased traffic demand. After implementing the signal timing optimization, the average queue
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lengths were reduced at all three intersections compared with the future scenario. Although the
optimized queue lengths remained slightly higher than those observed in the baseline scenario, the
results demonstrate that the optimization was effective in mitigating the additional congestion
caused by the increased traffic demand. These intersections will be further evaluated using time
space diagrams to better understand the progression quality and identify the causes of the increased
congestion.
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Figure 6-26: Average queue length after signal timing optimization.

Fig. 6-27 presents the average vehicle delay for the same three intersections. Similar to the queue
length results, the average vehicle delay increased in the future scenario, confirming the reduction
in operational performance under higher traffic volumes. Following the optimization, the average
vehicle delay decreased at all three intersections, indicating that the revised signal timing improved
traffic operations. While the optimized delays did not fully return to the baseline values, they
represent a substantial improvement over the future scenario, demonstrating that the optimization
successfully reduced the impact of the increased traffic demand. It should be noted that these
values were obtained from the VISSIM Node Analysis module. Since node boundaries are
manually defined by the user, the reported queue lengths and delays depend on the size and
location of the node surrounding each intersection. Consequently, the absolute values may not
exactly match those reported by the ATSPM system. However, they provide a reliable indication
of the relative change in intersection performance and clearly demonstrate the increase in delay
and congestion after the traffic volume increase, as well as the improvement achieved through the
optimized signal timing.
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Figure 6-27: Average vehicle delay after signal timing optimization.

To quantify the operational improvements, VISSIM node analysis was used to compare the LOS
and other MOEs between the future traffic growth scenario and the optimized scenario. The
comparison is presented in Table 6-7. Several intersections experienced a deterioration in LOS

under the future traffic growth scenario, indicating increased delays and reduced operational
performance. Specifically, Intersections 5, 6, 14, 18, and 23 exhibited poorer LOS than the baseline
condition. After signal timing optimization, however, the LOS either remained unchanged or
improved. For example, the LOS improved from B to A at Intersections 6, 7, 14, and 17, from E
to D at Intersection 20, and from C to A at Intersections 22 and 23. These improvements
demonstrate that the optimization strategy effectively reduced delays and enhanced the operational
performance of the selected intersections.

S.N

O 0 N SN N AW N -

Table 6-7: Level of Service obtained from VISSIM.

Division

RM 2244 at Senna Hills
RM 2244 at Creeks Edge Parkway

RM 2244 at Patterson Rd

RM 2244 at Cuernavaca Dr

RM 2244 at Marly Way

RM 2244 at Seven Oaks

RM 2244 at Weston Lane

RM 2244 at Barton Creek Blvd

RM 2244 at Overlook at Rob Roy

182

Baseline
Scenario

> QW > w o oo

Increased

Volume
Scenario
B

> O W w oo oo

Optimized
Scenario

>0 » » O U U 0w



Project 5-7160 UT Arlington

S.N Division Baseline Increased Optimized
Scenario Volume Scenario
Scenario
10 RM 2244 at Palisades/Dimensional P1 B B B
14 RM 2244 at Red Bud A B A
15 RM 2244 at the Hills A A A
16 RM 2244 at Camp Craft Rd A A A
17 RM 2244 at Westlake Dr B B A
18 RM 2244 at Westbank Dr A B B
20 RM 2244 at Walsh Tarlton Ln E E D
22 RM 2244 at Edgegrove Dr C C A
23 RM 2244 at Rollingwood Town Ctr B C A

Finally, a TSD was generated for the optimized scenario and compared with the future traffic
growth scenario to visually assess the impact of the signal timing optimization. As shown in Fig.
6-28, both scenarios exhibit stop and go traffic patterns along the corridor. However, the future
traffic growth scenario displays considerably more severe congestion. In particular, Region A,
located between Intersections 3 and 4, contains numerous long horizontal trajectories, indicating
that vehicles remained stationary for extended periods while waiting in queues. These prolonged
horizontal segments are clear indicators of excessive queuing and increased delay under the
higher traffic demand. In contrast, the optimized scenario still exhibits some stop and go
behavior within the same region, but the frequency and duration of vehicle stops are noticeably
reduced. The horizontal segments are shorter and less dense, suggesting that queues dissipate
more quickly and vehicles progress through the corridor more efficiently. This improvement is
consistent with the reductions in delay and queue length observed from the VISSIM node
analysis. It should be noted that this optimization does not represent a comprehensive signal
retiming plan for the entire corridor. Instead, only the cycle lengths and splits were modified at
selected intersections to demonstrate the potential operational benefits of relatively simple signal
timing adjustments. Even with these limited changes, the TSD clearly illustrates an improvement
in traffic progression, providing engineers with a useful visual tool for evaluating signal
performance and supporting engineering judgment when considering future optimization
strategies.
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6.5. DISCUSSION

This case study demonstrated the application and evaluation of two ATSPM systems, UDOT
ATSPM and UTAIM ATSPM, using a VISSIM digital twin of the Ranch to Market Road 2244
(RM 2244) corridor. The simulation model incorporated field traffic volumes, turning movement
counts, and actual signal timing plans to establish the baseline scenario. To evaluate future
operational performance, traffic volumes were increased using a projected annual growth rate,
and the simulation was repeated under the same controller settings. The corridor also included
three different controller types, namely Maxtime HILS, VISSIM RBC, and Econolite EOS,
demonstrating that the proposed framework can be applied to multiple controller platforms
within a single corridor. To support the two ATSPM systems, separate data parsing software
packages were developed to convert the raw VISSIM outputs into the formats required by UDOT
ATSPM and UTAIM ATSPM. Using the VISSIM node analysis as the ground truth, the
generated performance measures and visualization graphs from both systems were evaluated and
compared. The results showed that the projected increase in traffic demand led to higher delays,
longer queues, and increased AoR at several intersections. Although the PCDs exhibited only
minor changes because the controller settings and signal timing plans remained unchanged, the
Trajectory TSDs clearly illustrated the operational impacts of the increased traffic demand. The
denser vehicle trajectories, more frequent stop and go movements, and additional split failures
observed in the TSDs provided a more intuitive visualization of deteriorating corridor
performance than could be inferred from the PCDs alone. To demonstrate the practical use of the
visualization tools, a simple signal optimization was performed by adjusting the cycle lengths at
selected intersections exhibiting significant stop and go behavior. The optimized scenario
showed improved corridor progression, with fewer stop and go movements and reduced queuing
near the optimized intersections. This case study demonstrates that combining ATSPM
visualizations with simulation-based optimization provides transportation engineers with an
effective framework for identifying operational deficiencies, evaluating alternative signal timing
strategies, and assessing their impacts before field implementation.

APPENDIX

For this case study, only selected intersections were analyzed and discussed in detail to
demonstrate the evaluation methodology and the effectiveness of the proposed optimization.
However, the developed system automatically generated the same performance figures and
analyses for all intersections along the study corridor. To avoid redundancy within the main body
of the chapter while still providing supporting results, the remaining figures are included in this
appendix. These figures correspond to the 2023 baseline scenario before the projected traffic-
volume increase.
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Figures 7-1 through 7-3 present the supplementary baseline results for RM 2244 at Barton Creek
Blvd, which was operated using the Econolite EOS controller within the SILS environment.
Figures 7-4 through 7-7 present the corresponding results for RM 2244 at Senna Hills, where the
HILS-CID was used to connect VISSIM with a physical traffic signal controller. The results
generally follow the trends discussed for the representative intersections in Chapter 6 and further
demonstrate that both controller configurations can generate usable data for ATSPM analysis.

These supplementary results are important because they demonstrate that the same workflow can
be applied to other intersections along the corridor without requiring a separate analysis
procedure. The developed system can automatically generate the required performance outputs
for Econolite EOS, RBC, and HILS-CID controlled intersections, providing users with a
consistent method for reviewing baseline conditions and comparing them with future-demand or
optimized scenarios.
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Figure 7-1: Approach Volume at Barton Creek Blvd.
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Figure 7-2: Arrival on Red for RM 2244 at Barton Creek Blvd.
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Figure 7-3: Approach Delay at Barton Creek Blvd.
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Figure 7-5: Arrival on Red at Senna Hills.
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Figure 7-6: Approach delay at Senna Hills.
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Figure 7-7: PCD for RM 2244 at Senna Hills from UDOT ATSPM.
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