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1 Purpose of Document 
The Concept of Operations (ConOps) document defines the operational mission of the Houston 

Intelligent Transportation System (HITS) project and sets forth the operational requirements necessary 

to achieve that mission.  The ConOps defines: 1) the goals, objectives, and capabilities of each system 

included in the project; and 2) the roles and responsibilities of the City of Houston, other agencies, and 

associated project stakeholders. 

The purpose of this ConOps document is to: 

 To ensure that City of Houston and other stakeholder needs and expectations have been 

documented early in the project development process; 

 To ensure that the project deployment is linked to the agency mission, goals, and objectives; 

 To identify and document existing operations, and where gaps may exist; 

 To identify where the HITS system could supplement existing operations; 

 To define the envisioned operational environment with the HITS system in place; 

 To establish a list of operational requirements; and  

 To begin the traceability of the systems engineering process. 

2 Scope of Project 
Houston is the nation’s 4th largest city and is home to some of the most congested roads in the country. 

Houston is home to approximately 2.1 million residents, with the metropolitan region consisting of 

approximately 6 million residents. The City of Houston has over 6,000 center lane miles of arterial, 

collector and local roadway system spanning over 640 square miles. The Texas State Data Center 

predicts the metropolitan region will add another 2-3 million residents and 1 million jobs by 2030. With 

a booming population and limited space for urban transportation system capacity expansion, the 

existing roadway network needs to become ‘smarter’ to meet the needs of a growing city. 

The City of Houston Public Works and Engineering (PWE) is in responsible charge of city infrastructure. 

The Traffic Operations Division (TOD), housed within PWE, oversees the transportation infrastructure of 

the city. TOD’s stated mission is to “facilitate safe and efficient mobility on the City’s streets”. TOD’s 

vision is “Integrating people, plans, and projects to deliver premier transportation management services 

to the City of Houston by: 

 Reducing Traffic Congestion on City Streets; 

 Improving Traffic Safety Measures Throughout the City; 

 Linking System Improvements to Regional Goals; 

 Developing New, Sustainable Resources; and 

 Increasing Organizational Readiness.” 

The HITS project directly addresses each of these elements of the vision statement. Through real-time 

monitoring and control, the city can reduce congestion by using the system optimally and enabling 

citizens to make more informed decisions and it ties into other regional projects that use travel time 
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monitoring and messaging to the public for enhanced mobility. In addition, through savings in delay and 

emissions, it makes the city’s transportation system more sustainable. The collection of travel time and 

volume data will increase the organizations operational knowledge and allow for better planning 

capabilities to guide future investment. 

The goals of the HITS project are to reduce travel delay, improve accessibility, and improve travel time 

reliability for motorists and transit vehicles on the project corridors. Through these improvements the 

HITS project would improve functional capacity and reduce vehicular emissions. 

Many components of the overall HITS project have been completed or are in progress. They include a 

fiber cable and wireless (WiMAX) traffic communications network, an initial deployment of cameras and 

count stations (25 and 16 locations respectively), Bluetooth AVI (50 locations completed, with 602 

additional reader locations deployed in 2015) and a more advanced centralized traffic signal software 

system scheduled for 2016-2017.  

The HITS project aligns with the high-level Houston Regional ITS Architecture as shown in Figure 1. The 

white boxes are subsystems impacted by the HITS project. The project is in general alignment with the 

regional ITS architecture. 

 

Figure 1 . High-Level ITS Project Architecutre Diagram. 
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3 Referenced Documents 
 

U.S. Department of Transportation, California Division. Systems Engineering Guidebook for ITS. [Online] 

[Cited: December 2015.] http://www.fhwa.dot.gov/cadiv/segb/ 

Additional Local References: 

 Houston-Galveston Area Regional ITS Architecture 

 National ITS Architecture 

 ICM foundational documents (USDOT) 

 West Houston ICM Concept of Operations 

 Houston TranStar IS Requirements 

 Houston TranStar Policy and Procedures Manual 

Houstontranstar.org: 

 CCTV views: http://traffic.houstontranstar.org/cctv/transtar/ 

 DMS sign messages: http://traffic.houstontranstar.org/dms/dms_by_roadway.html 

 Route Builder: http://traffic.houstontranstar.org/routebuilder/ 

 Speed Charts: http://traffic.houstontranstar.org/speedcharts/ 

 Speed Map Archive: http://traffic.houstontranstar.org/map_archive/ 

 Annual Speed Averages: http://traffic.houstontranstar.org/hist/histmain.html 

 Historical Travel Times: http://traffic.houstontranstar.org/hist/hist_traveltimes_menu.html 

 

4 Background 

4.1 Current Conditions 
The City of Houston currently operates and maintains 2,450 traffic signals on a street system of nearly 

6,000 center lane miles. At the present time, most real-time operations are reactive in nature 

(responding to outages reported in 311 or responding to major arterial incidents with Mobility Response 

Team (MRT) staff). On a relative scale, there is very little real-time signal control and little to no real-

time modification of signal timing to current operational conditions.  There is very minimal arterial 

traveler information because the methods to collect real-time data and disseminate them in a 

meaningful manner are limited at this time. However, the city has identified enhanced arterial 

operations as a priority initiative in its mission. 

In 2011, the city began deploying WiMAX technology to enable multiple public works applications, one 

of which was to extend real-time communications to a majority of traffic signal cabinets. In 2015, the 

city selected a new central management software solution to upgrade capabilities to control traffic 

signals in real-time. With the WiMAX communications as a foundation for widespread real-time 

http://traffic.houstontranstar.org/cctv/transtar/
http://traffic.houstontranstar.org/dms/dms_by_roadway.html
http://traffic.houstontranstar.org/routebuilder/
http://traffic.houstontranstar.org/speedcharts/
http://traffic.houstontranstar.org/map_archive/
http://traffic.houstontranstar.org/hist/histmain.html
http://traffic.houstontranstar.org/hist/hist_traveltimes_menu.html
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capability, and the new central software (Trafficware was awarded a contract to provide ATMS.now for 

the city’s central software solution) to provide the ability for real-time control of signal operations, 

complementary and proactive ITS elements are needed to extend the capability for enhanced signal 

operations, arterial traveler information, arterial monitoring and data collection on key city street 

corridors.  

4.2 Rationale for the HITS Project 
The HITS project is intended to strengthen all aspects of the delivery of transportation services in the 

City of Houston, including in the areas of operations & maintenance, incident management, and 

planning. There is a need for TOD to generate multi-faceted data, from traffic volumes from mid-block 

detection and traffic signal detectors; to performance measures of arterial streets (including travel times 

and throughput); to origin-destination information to be used in future planning efforts.  

There is also a need to provide real-time information to other operating agencies and the traveling 

public to optimize use of the arterial system during normal and incident conditions. 

4.3 What the HITS Project Will Do 
The HITS project is an expansion of existing ITS infrastructure to monitor and manage arterial traffic in 

real-time. The scope of the project is deployment on approximately 150 arterial corridors, in 16 zones, 

throughout the City of Houston. The geographic scope of the project is shown in the Exhibits located in 

Appendix A. The functional scope of the HITS project will: 

 Enable traffic management staff to detect abnormal network conditions so that they may use 

central control to optimize operations by changing signal timing plans under various conditions; 

 Provide operational visibility to enable traffic management staff to detect and respond to 

congestion and incidents in near-real time; 

 Provide real-time traveler information to the public, partner agencies, and media outlets for use 

and dissemination; 

 Provide data for post-event analysis, TSM&O improvements, and long-term planning efforts; 

and 

 Allow maintenance staff to identify, assess, and respond faster to equipment failures. 

The portion of the HITS project covered by this ConOps (and partially funded by the 2014 TIGER Grant) 

will deploy 91 Dynamic Message Signs (DMS), 113 Closed-Circuit Television (CCTV) cameras, 144 traffic 

count stations, 489 enhanced traffic signal detection locations. This system will leverage existing and 

programmed infrastructure deployments, including fiber cable/ wireless (WiMAX) communication 

system, 650 Bluetooth Automatic Vehicle Identification (AVI) sites, and deployment of a centralized 

arterial traffic management software system (ATMS). A brief discussion on each of the elements of HITS 

and why each is important to the overall project goals is summarized below. 

WiMAX Communications. The City of Houston has deployed Worldwide Interoperability for Microwave 

Access (WiMAX) at more than 1,650 traffic signals. WiMAX enables the City to wirelessly communicate 
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with each signal for coordination and central control. Also, WiMAX will be used to communicate with 

each DMS, CCTV camera, and count station proposed on the HITS project. 

Central Software. A central software system provides remote access and control for the City’s traffic 

signal network, as well as selected ITS devices (including CCTV and detection systems). This system can 

monitor intersection controllers in real-time, enabling operators to invoke signal timing changes 

remotely, and implement action plans (preset timing changes) for events and incidents. Centralized 

control will help coordinate signal operations within Houston and across neighboring jurisdictions, and 

enable TOD staff to receive alerts when malfunctions occur. Currently in procurement, this software 

system has been approved and funded through the regional CMAQ program (recently ATMS.now by 

Trafficware was selected as the central software solution).  

CCTV Cameras. Closed Circuit Television (CCTV) cameras provide the ability to monitor traffic flow, verify 

incidents, and visually verify timing plan implementation.  

 The HITS project will install 113 pan-tilt-zoom (PTZ) cameras. These cameras will typically have 

the ability to view all four approaches of an intersection, with key video feeds made available to 

the media and public in a manner consistent with current freeway CCTV. This capability does not 

exist for traffic operations on city arterials. 

CCTV deployed on fiber routes will have full motion video and snapshot capability. CCTV deployed on 

WiMAX can be configured for full motion (30 frames per second (FPS)), but most will likely be 5-10 FPS 

to preserve bandwidth. Public viewing of CCTV on WiMAX will be via snapshots or motion images (5-8 

snapshots in a short movie) only via the Houston TranStar website. 

Dynamic Message Signs (DMS). DMS are a key component to relaying travel time and incident 

information to drivers via roadside display. They can influence driver route selection, reduce travel time, 

mitigate the severity & duration of congestion due to incidents, and contributes to improvement of the 

network’s overall performance. 

 HITS calls for the deployment of 91 DMS at key locations along Houston’s arterial roadway 

network. These DMS will be used to post travel times, incident information, and other messages 

to arterial travelers. This capability does not exist today on COH arterials. 

Midblock Speed and Count Stations. Deployment of 144 midblock traffic count and speed stations allow 

transportation managers to monitor fluctuations in traffic volumes throughout the day, and allow the 

capture of seasonal and long-term changes in traffic patterns that influence planning. The initial 

deployment of midblock count stations is complete, with 16 stations in Houston’s west side. 

 16 count stations currently exist. An additional 144 count will be installed as part of the HITS 

project to bring wider-are monitoring to the city.  

 Algorithms will be deployed to monitor sudden, unexpected drops in speed or abnormal volume 

levels and generate alarms to notify City of Houston operators at TranStar.  
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Several existing types of point detection provide partner TranStar agencies with traffic volume, speed 

and lane occupancy.  These point detectors use a variety of technologies including inductive loop, radar 

and video detectors.  TxDOT detectors, for example, feed other operations such as inputs for the ramp 

metering systems on some corridors in the area.  Partner agencies have experience with the technology 

to assist the City in their deployment and operations. 

 

Figure 2. Speed/Volume Radar Detection Sites in the Houston Area (as of December 2015). 

These radar sites give traffic operations staff an ability to view average speed, average lane occupancy 

(in percent), total volume, and volume by class (small, medium, and large size vehicles) in 30 second bins 

by lane.  An example of the 30-second data is shown in Figure 3.  
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Figure 3. Radar Detector 30-Second Data Summary. 

A program runs at Houston TranStar to process 30-second radar data into charts to compare current 

volume, speed and communications reliability against a rolling average of the previous three months of 

similar days (e.g., previous 12 Mondays).  Examples of these charts are shown in Figure 4 below. 
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Figure 4. Example of Volume, Speed and Communications Reliability Charts for Radar Detector Sites 
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Travel Time Monitoring System. The City of Houston is currently operating 48 Bluetooth-based 

Anonymous Wireless Address Matching (AWAM) readers in west Houston. Data is disseminated in real-

time on Houston TranStar’s website. By tracking arterial corridor speeds and travel times, TOD can 

provide real-time operational data to travelers and study demand patterns and trends with archived 

data. A total of 650 AWAM reader locations will have been deployed to support the HITS project.  

 

Figure 5. West Houston Arterial Travel Time Coverage. 

As part of HITS, an alarm mechanism will be developed and installed to warn operators when speeds 

drop below a certain threshold so that they can be monitored and/or actions taken to mitigate the 

congestion. 

5 Proposed System Concept 
The HITS project is intended add several layers of operational awareness and traveler information to the 

City of Houston arterial network. Early in the process, city staff were queried to provide input on what 

functionality would be needed to enable the city to use this operational information to invoke changes 

in traffic signal operations and generate real-time performance measures on arterial operations.   

Early concept exploration for the HITS project built on the deployment of a widespread wireless 

communication system based on the WiMAX protocol. Once this communication system was in place, it 

would allow real-time monitoring of signal operations and allow faster response to intersections if a 

non-normal state. However, city staff also envisioned deployment of other ITS infrastructure – from 

more basic monitoring of travel times and traffic volumes, to more aggressive implementation of DMS 

signs, CCTV, changeable lane assignment, dynamic lane assignment and other active traffic management 

techniques.  
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After discussions among various levels of city staff, the desire was to accomplish a few main objectives 

with a HITS project, with constraints which included widespread deployment across city council 

boundaries to crosscut all segments and areas of the city.  

One area that was critical to address in the HITS project was to provide enhanced traffic signal detection 

at selected intersections. This would increase reliability for normal operations and enable additional 

functionality, including automated traffic counts and calculation of enhanced performance measures. In 

a city with over 2,400 traffic signals, there are numerous traffic signal approach configurations and many 

ways to use various technologies to detect them. Through the HITS project, city staff wanted to provide 

the most appropriate and efficient detection at critical intersections throughout the city. The second 

objective was to be able to generate traffic data from the enhanced detection deployment, which is an 

emerging industry capability. This would help city staff optimize traffic signal timings based on 

automatically collected turning movement counts. 

City staff also desired to be able to collect traffic volumes on approach to intersections and at mid-block 

locations on a daily, long term basis to track growth in various areas of the city. Primarily for data 

collection and planning efforts, a continuous traffic data collection gives a historic context to proposing 

improvement projects to alleviate congestion and preempt it in emerging areas of town. Secondarily, 

but just as important, collection of traffic volumes, classification, and spot speeds is one way to detect, 

in real-time, abnormal conditions that can be addressed through changes in signal timing or deployment 

of the City of Houston’s Mobility Response Team to critical intersections.  

Another technology that could be used to detect abnormal conditions is through the existing AWAM 

travel time monitoring system deployed in the West Houston area. This system uses Bluetooth-based 

probe data to generate travel times and speeds over arterial street segments. This system was deployed 

in 2010 on a test basis and is being expanded from the current 50 readers to more than 650 readers in 

2015. This system makes it possible to collect current travel times on the arterial network at a price 

point that is feasible on a widespread deployment. Both the travel time monitoring and traffic volume 

monitoring systems are desired to be used to provide alarms or alerts for unusual arterial roadway 

operational conditions. When these abnormal conditions are sensed, city staff would train their 

attention to those areas or segments to determine if an operational response is needed. To provide 

visual observation capability at critical points in the arterial roadway, deployment of CCTV was desired.  

City staff also expressed a desire to provide a level of traveler information on the arterial system in key 

corridors. With the evolution of dynamic message technology to include graphical and multi-color 

screens at a reasonable cost, this technology was desired to provide text-based messages as well as 

graphical images where appropriate. The Houston population is used to receiving traffic information via 

DMS on the freeways and tollways, and it was a logical extension to provide DMS capability on the 

arterial system. By policy, there was a desire to automatically provide travel time information to 

travelers on the arterial network via roadside message signs (from the travel time monitoring system) 

and as well through the houstontranstar.org website. 
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The HITS project will interface with existing systems at Houston TranStar and within the City of Houston. 

The high level relationships among various existing and planned subsystems are depicted in Figure 6 

below. This diagram represents how the HITS project will interface with existing subsystems at Houston 

TranStar and existing and planned HITS project elements. 

 

Figure 6 . High-Level Data Flow Diagram for the HITS Project. 

6 User-Oriented Operational Description 
In approaching the issue of developing the HITS concept, a customer-specific view of operations is one 

tool to enable system designers to gain insight into the day-to-day needs of a system’s users and the 

ways that users vision the system will be used. The classes of system users have been defined to include 

COH operators, motorists/travelers, partner transportation agencies and the media. Each user class’s 

interaction with the HITS is defined as follows: 

6.1 COH Operators and Traffic Staff 
COH operators conduct daily operations defined as: 1) operations related to a significant incident that 

invokes response or management strategies to be deployed; and 2) normal, recurring congestion 

conditions.   
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6.1.1 COH Operators 

Their activities will include: 

 Coverage 

o Major thoroughfares in the City of Houston covered by the HITS system 

o Partial monitoring coverage along freeway and tollway frontage roads within the City of 

Houston through shared data with TxDOT and Harris County (at TranStar console) 

 Monitoring 

o COH CCTV video 

o Regional (TxDOT & Harris County) CCTV video 

o 911 COH EOC HPD/HFD incidents 

o Arterial and freeway travel time system 

o Arterial traffic volume system from: 

 volume count stations and 

 select traffic signal controllers providing enhanced information 

o DMS messaging system 

o Traffic signal system health status and alerts 

o ITS equipment health status and alerts 

o Weather events 

o Other emergency events 

 Coordination 

o Coordinate construction and/or lane closure activity with TranStar partners 

o Coordinate regional events (Houston Livestock Show & Rodeo, Super Bowl, etc.) 

o Coordinate signal timing changes with TranStar partners 

 System Data Dissemination 

o Enable distribution of arterial travel times via internet and data feed 

o Enable distribution of traveler information via internet and roadside DMS 

 Maintenance 

o Perform routine maintenance 

o Monitor Wi-MAX, fiber, cellular, and other communications systems for issues 

o Repair/replace malfunctioning system devices 

 Action 

o Monitoring automatically generated messages sent to DMS 

o Posting manually generated messages to DMS 

o Changing signal timings remotely (not a HITS function, but central-software related) 

o Reviewing speed maps, travel speed and volume data to investigate abnormal 

conditions – report to 311/911/HPD/MRT for response. 

These functions will be carried out from the workstations with integrated computer and 

communications support during normal operational hours and also during special events. In addition to 

the expected traffic operators, system users may include COH 911 staff, MRT dispatchers, and other 

city-staff users. COH management and support staff will also occupy the HITS consoles (on the floor or 
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remotely) and will have remote access to the same traffic information as the traffic operators through 

their own workstations. 

6.1.2 COH ITS Administrator 

The HITS Administrator is responsible for the quality of work of the COH operators as well as daily 

administrative functions and operations. The administrator will set responsibilities for operators and 

define or limit the range of their monitoring and control of the HITS resources by setting policies and 

procedures. 

6.1.3 COH/TranStar - HITS Support Personnel 

HITS will be an integration of various technologies that include computers, communications, video, 

radio, phone, and vehicle detection sensors. HITS and TranStar support personnel will coordinate the 

maintenance of field equipment and inventories of spares. COH or TranStar IS support personnel at 

TranStar includes hardware and software specialists to maintain computer system performance and to 

troubleshoot issues as they may arise. Communications specialists (COH staff) should provide system 

performance monitoring and troubleshooting of the Wi-Max and fiber communications systems, CCTV, 

traffic volume monitoring and travel time systems. 

6.2 Motorists/Travelers 
Motorists will receive regulatory and advisory information from the HITS via Dynamic Message Signs, the 

internet, and rebroadcast information via media and 3rd party providers. Their vehicles passing sensors 

generate the data for volume and travel time data processing. With the widespread use of cellular 

technologies and mobile devices, travelers provide additional anonymized input for the HITS system. 

Motorists and travelers may make travel decisions based on information distributed by HITS through the 

houstontranstar.org website. This information may be repackaged and distributed through commercial 

media or via the Internet. 

6.3 Partner Agencies 
Partner agencies, including those at Houston TranStar (TxDOT, METRO, and Harris County) will rely on 

the HITS for arterial information as well as indirect access to DMS to communicate to motorists. Partner 

agencies shall be able to access HITS information through direct interaction with COH operators or 

through webpages and remote workstations for input and output of transportation related data. 

Partner Agencies include: 

 Houston TranStar 

 Texas Department of Transportation (TxDOT) 

 Texas Department of Public Safety  (TxDPS) 

 Harris County Public Infrastructure 
Department (HCPID) 

 Harris County Toll Road Authority (HCTRA) 

 Harris County Office of Homeland Security  

 Harris County Sheriff’s Office (HCSO) 

 Houston-Galveston Area Council (H-GAC) 

 Metropolitan Transit Authority of Harris 
County (METRO) 

 METRO Police (METRO PD) 

 City of Houston Police Department (HPD) 

 City of Houston Fire Department (HFD) 
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6.4 Information Service Provider 
Information Service Providers (ISP) or 3rd party data entities operating from the TMC or with data 

sharing agreements with TranStar repackage HITS generated data and provide timely traffic information 

to radio stations, television stations, internet websites and other outlets. Data feed specifications should 

comply with existing TranStar data feed protocols, and new protocols and data feeds should comply 

with national standards and/or agreed upon protocols among TranStar partner agencies. 

7 Operational Needs 
Given that TOD’s stated mission is to “facilitate safe and efficient mobility on the City’s streets”, and that 

TOD’s vision is “Integrating people, plans, and projects to deliver premier transportation management 

services to the City of Houston by: Reducing Traffic Congestion on City Streets; Improving Traffic Safety 

Measures Throughout the City; Linking System Improvements to Regional Goals; Developing New, 

Sustainable Resources; and Increasing Organizational Readiness.”, one area in which the city believes 

that they are lacking, but that can significantly help in reaching their stated vision, is through the use of 

additional intelligent transportation system elements.  

The city currently uses ITS to monitor and manage most traffic signals and measure travel times on 

selected segments of the arterials system, but the HITS system is intended to address gaps in 

functionality that are desired.  These gaps and the resulting needs are shown in Table 1. 

Table 1. Gaps in Existing City of Houston Arterial ITS Deployments and Proposed Mitigation. 

Gap/Deficiency: Mitigation: 

1. Stakeholders agree that existing traffic 
signal detection capabilities have 
degraded over time and are in need of 
replacement and/or enhancement 

Deploy traffic signal detection with enhanced 
functionality and generate performance 
measures from central software 

2. Stakeholders noted that traffic volumes 
are measured on a manual, ad hoc basis 
with a continuous, systematic method 
desired for performance measurement, 
traffic operations, and planning purposes 

Deploy sensors to measure traffic volumes on 
key sections of arterial roadways 

3. Stakeholders agreed that arterial incident 
management is limited and that a 
monitoring and  alert function is desired 

Deploy a system to monitor and provide alerts 
when unusual traffic volume or travel time 
conditions are determined on monitored 
roadways using a ruleset 

4. Stakeholders agreed there is limited 
operational knowledge of real-time 
operations and travel times on key 
arterial facilities for normal, recurring 
conditions 

Deploy CCTV and traffic volume data collection 
and reporting systems to supplement existing 
travel time monitoring equipment and reporting 
systems on arterial roadways 
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Gap/Deficiency: Mitigation: 

5. Stakeholders agreed there is limited 
operational knowledge of real-time 
operations and travel times on key 
arterial facilities for incident conditions 

Deploy a system to automatically send travel 
time information to roadside message signs and 
provide traveler information via internet. 

6. Stakeholders agreed there is limited 
arterial traveler information traffic 
speeds and travel times to the public for 
normal, recurring conditions 

Deploy a system to display travel speeds and 
travel times to the public via the Houston 
TranStar website and third-party providers via 
data feeds 

7. Stakeholders agreed there is limited 
capability to archive and retrieve travel 
time, speed and volume information for 
planning purposes 

Deploy a system to provide segment travel time, 
segment travel speed, and traffic volume data for 
real-time and historic display with ability to 
export for archived use. 

 

From the gaps and identified mitigation activities, the seven stated needs for HITS include: 

1. To provide enhanced traffic signal detection at selected intersections for normal operations and 

to enable additional functionality, including automated traffic counts and enhanced 

performance measures; 

2. To provide arterial operational monitoring capability through monitoring travel times or traffic 

volumes; 

3. To provide alarms or alerts for unusual arterial roadway operational conditions through 

monitoring travel times or traffic volumes; 

4. To provide visual observation capability at critical points in the arterial roadway network 

through deployment of CCTV; 

5. To automatically provide travel time information to travelers on the arterial network via 

roadside message signs and houstontranstar.org website; 

6. To systematically collect traffic volumes at key points in the arterial roadway network; and 

7. To provide an interface for the visualization and export of segment travel times and speeds, and 

traffic volumes from an archive. 

8 System Overview 
The HITS system will provide a more efficient and reliable travel experience throughout the City of 

Houston arterial system.  Transportation operations within the network will be enhanced through a 

more enabled and flexible capability to respond to real-time (current) network conditions.  Through 

monitoring system operation and disseminating travel information to the public, the city staff can better 

influence the optimal use of the capacity of the system in response to changing corridor conditions.   

The daily management and operation of the HITS covered arterials will be a primary effort by city staff, 

but as part of the TranStar consortium, TxDOT, Harris County and Houston METRO staff will have access 

to the arterial information and can assess that information as to how it will impact their system.  
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The daily operation of the HITS network will be similar to the existing TMC model used on a regional 

basis for freeways and tollways, but will focus on a more detailed monitoring and control scheme using 

the ATMS.now system for arterial management with dedicated city staff. Each City of Houston operator 

will monitor and control a portion of the HITS arterial network, with major changes in signal timing, or 

posting of DMS messages to arterial signs coordinated by city Traffic Operations Division supervisory 

staff. The City of Houston will be responsible for determining which response plans for various scenarios 

are needed and develop response plans accordingly.  

Performance measurement and monitoring will be the responsibility of a combination of the ATMS.now 

system, existing ITS subsystems (e.g., the AWAM travel time monitoring system), and systems to be 

designed and delivered as part of this project. The communications, systems, and system networks will 

be integrated to support the HITS network command center/console. HITS operators and designated 

staff will monitor arterial network travel conditions up to 24 hours, 7 days per week, and use the 

response plans, current information, and defined network strategies to address situations as they 

present themselves. Traveler information provided roadside (via DMS), via Internet, and through the 

media will be arterial network-based, and will enable travelers to determine travel alternatives using 

current conditions.  

8.1 System Users 
There are three primary classes of HITS system users: 1) city transportation management staff, 2) the 

traveling public, and 3) transportation system planners. How each class of user uses HITS may vary 

significantly, with very different priorities for each user.  

8.1.1 The Transportation System Manager 

The transportation management user consists of the team of city staff dealing with traffic and 

transportation that will use the HITS system to more efficiently move people and goods throughout the 

major arterials in the city. Through HITS, these users will have a robust set of system performance 

measures that will be used to make more informed decisions during daily operations and during various 

incidents within the arterial network. Through the proposed links to the Houston Emergency Center 

(City of Houston 911) the transportation management user would also have access to the dispatch 

status during response to incidents via a consolidated view of HPD and HFD/EMS incidents.  

8.1.2 The Traveler 

The traveler may be considered the ultimate customer and consumer in the eventual deployment of the 

full HITS concept. While some segment of the traveling public will want the types of information 

available to the transportation management user, the overall traveling public in the Houston region 

wants traveler information boiled down to some basic forms: travel time (preferably in real-time) and 

travel cost (in real-time if some type of congestion pricing is in effect). Any other information is 

incidental to time and cost, and is essentially provided so that the user can make the best judgment on 

whether to start a trip, by what mode, by what path, or whether or not to make the trip at all.  

Currently, users can get information on the freeway, HOV lane, and tollway systems via the Houston 

TranStar website’s real-time traffic map. Users can get transit route, fare, and schedule information in 
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static form through a link from the TranStar website to the METRO website. Arterial information 

available through this project will provide alternative routing information on city streets, enabling 

travelers with a way to judge different arterial routes like they currently are able to do with freeway and 

tollway routes. 

8.1.3 Transportation Planners 

HITS will generate numerous data streams, from traffic volumes, travel times, travel speeds, and signal 

timing performance. This data will be useful to planners generating the needs for transportation system 

improvements for the City of Houston and greater Houston region. 

8.2 System Modes and States 
Normal operations will consist of typical system use with 95% or more of field devices reporting to the 

HITS system. Since the HITS system will consist of several different subsystems (CCTV, travel time 

monitoring (TTM), etc.), failure in one subsystem should not render the HITS system inoperable. When 

accessing HITS-generated data, the traveler should be presented with information even though the all 

ITS data may not be available.  

At a minimum, the HITS system should indicate whether a portion of the network is available for travel 

(open or closed), and additional traveler information provided if available. The HITS system should be 

setup to recognize an information gap, and process a request to investigate the problem with a 

maintenance call. 

There may be times when the system is shut-down for maintenance or modified for operations during 

emergency conditions (during hurricane evacuations to preserve bandwidth, for example). Simple text 

messages should replace the normal web-based pages to inform the user that the service is unavailable 

during system maintenance. 

8.3 System Capabilities 
The major system capabilities include the input, processing and output of traffic and incident 

information to satisfy systems to provide information to operate and traverse the City of Houston 

arterial network in a more efficient and informed manner. The identified needs as outlined in Section 7 

of the Concept of Operations. In summary the capabilities provided by the HITS system shall include: 

 Enhanced traffic signal detection at selected intersections to supplement normal operations and 

generate automated traffic counts; 

 Collect traffic volumes at key points on the arterial roadway network at mid-block stations to 

provide spot speed, volume and classification data for operations and planning; 

 Interface to the recently installed 650 reader AWAM system, giving operators and the public 

travel time information similar to what is currently provided on the freeway/tollway network; 

 Create the functionality to provide operators with alarms for unusual or abnormal arterial 

roadway operational conditions through monitoring travel times and/or traffic volumes; 

 Provide an interface for the visualization of segment travel times and speeds; 
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 Deploy CCTV to provide visual observation capability at critical points in the arterial roadway 

network 

 Provide traveler information on the arterial network by providing snapshots to the public via the 

Houston TranStar website and by deploying dynamic message signs to the roadside to provide 

automated travel time information to travelers on the arterial network (and other messages as 

appropriate). 

The HITS system shall be deployed for operator use at Houston TranStar (on the main control room floor 

and a satellite office on the 2nd floor) and at the 2200 Patterson facility. Each of these locations should 

provide full functionality over the HITS system. 

9 Operational Environment 
The HITS system will consist of bringing together a system of sub-systems, and will be housed at 

Houston TranStar. Since TranStar is a mature TMC with established policies and protocols to which the 

city is a party, many of the operational and policy issues associated with the HITS system would be 

covered by existing TranStar policies and procedures.  

The computer hardware and software should comply with TranStar IS requirements and any furniture or 

space requirements should be specified by TranStar IS. The HITS system graphical user interfaces should 

be designed to be viewed on existing operating systems and platforms as specified by TranStar IS and 

compliant with the City’s central software system, ATMS.now. The HITS system, consisting of computer 

equipment and databases, should be specified to the requirements of TranStar IS, including their 

durability characteristics. 

The HITS system should be designed such that it could be expanded regionally, using applicable 

standards and regionally approved ITS Architecture. It should be fully scaleable and expandable, 

including in regard to bandwidth, rack space and to new workstations. The environmental conditions 

that the HITS system must operate should be specified by TranStar IS at the time of detailed design. 

The City of Houston will need to provide trained staff as both administrators and operators of the HITS 

system. It is envisioned that seven to eight operators and one to two administrators will need to be 

dedicated to the HITS system to provide adequate operations and manpower. The staff numbers can 

vary as the city generates roles and responsibilities for the operators and as the ITS elements are 

deployed to various portions of the city.   

At ultimate buildout, it would be envisioned that two supervisor/administrators and eight operators 

would be needed for peak period (five days per week during AM and PM peak periods (three hours 

each)). Staffing would be provided for special planned events on weekends as necessary. Operators 

should have, at minimum, high school diplomas with preferably 2- or 4-year college degrees (entry level 

engineers). Supervisors should be professional engineers and have at least three years’ experience with 

traffic operations, signal system, and/or ITS. 
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10 Support Environment 
The HITS system will primarily be housed at Houston TranStar. Since TranStar is a mature TMC with 

established policies and protocols to which the city is a party, many of the operational and policy issues 

associated with the HITS system would be covered by existing TranStar policies and procedures.  

TranStar IS personnel will advise on computer and server specifications. The computer hardware and 

software will be expected to comply with TranStar IS requirements and any furniture or space 

requirements should be specified by TranStar IS. The HITS system, consisting of computer equipment 

and databases, should be specified to the requirements of TranStar IS, including their durability 

characteristics. 

HITS will be administered and operated by city staff and as such that staff will be held to policies and be 

expected to comply with existing city procedures. New policies and procedures are likely required to 

govern the use of HITS ITS elements, including CCTV and DMS.  To the extent possible, the city should 

rely on the experience and knowledge of partner agencies at Houston TranStar in setting agency policies 

and procedures, and in the technical aspects of operating and maintaining an ITS system. 

11 Operational Scenarios 
Depending on the location within the city, responses may vary depending on both location and time-of-

day. In order to capture the various operational and response strategies, a typical location and scenario 

was chosen for most of the use cases below. 

For the ConOps, typical types of incidents were identified, areas of recurring congestion specified, and 

high frequency locations for arterial incidents examined. The scenarios were developed based on 

situations different from the baseline of normal daily system operations, which may include minor 

routine incidents. 

11.1 Normal Daily System Monitoring and Operations 
Daily operation is defined as: 1) operations related to a significant incident that invokes response or 

management strategies to be deployed; and 2) recurring congestion conditions. 

 Coverage/staffing 

o Two staff members during weekday peak hours (6-10 am and 3-7 pm) 

o At least one staff member for 12-14 hours daily, 7-days per week, 365 days per year 

o Major thoroughfares in the City of Houston covered by the HITS system 

o Partial monitoring coverage along freeway and tollway frontage roads within the City of 

Houston through shared data with TxDOT and Harris County (at TranStar console) 

 Monitoring 

o COH CCTV video 

o Regional (TxDOT & Harris County) CCTV video 

o 911 COH EOC HPD/HFD incidents 

o Arterial and freeway travel time system 
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o Arterial traffic volume system from  

 volume count stations and 

 select traffic signal controllers 

o DMS messaging system 

o Traffic signal system health status and alerts 

o ITS equipment health status and alerts 

o Weather events 

o Other emergency events 

 Coordination 

o Coordinate construction and/or lane closure activity with TranStar partners 

o Coordinate regional events (Houston Livestock Show & Rodeo, Super Bowl, etc.) 

o Coordinate signal timing changes with TranStar partners 

 Data Dissemination 

o Distribute arterial travel times via internet and data feed 

o Distribute traveler information via internet and roadside DMS 

 Maintenance 

o Perform routine maintenance 

o Monitor Wi-MAX, fiber, cellular, and other communications systems for issues 

o Repair/replace malfunctioning system devices 

11.2 Traveler Information 
The traveler information capabilities for the HITS System shall involve multiple media. This includes 

dissemination through interface with existing systems provided via Houston TranStar for both pre-trip 

planning and in-route traveler information. Information will be provided regarding travel times, 

congestion, incidents, and road conditions. When there are incidents, information will be provided to 

enable the public to make decisions on options using alternate routes, or for adjusting trip time or 

modes. 

The HITS System travel information dissemination should consist of: 

 Dynamic message signs (DMS) placed at strategic locations;  

 Interactive traveler information via internet website (at houstontranstar.org) that commuters 

can quickly check for pre-trip information, to include travel time/speed information and 

incidents;  

 Data feeds which enable 3rd-party providers to consume and repackage HITS data for their 

customers; and 

 Data feeds to media partners of video and other data. 

The responsibilities of the City of Houston to provide traveler information include: 

 Camera images 
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o Provide snapshots of camera images to the public via the Houston TranStar website, in 

similar form and fashion as TxDOT and Harris County camera images (snapshots on Wi-

MAX cameras and potentially moving snapshots on fiber cameras). 

 Travel time information 

o Comply with existing Houston TranStar reporting and mapping capabilities and 

requirements to post information to traffic.houstontranstar.org 

o Comply with existing Houston TranStar reporting policy to send travel time information 

to 3rd party data feeds 

o Make available via the Houston TranStar web interface charts, graphs, tables and 

historical archives of speed data 

 Traffic volume information 

o Make traffic volume data available to the public via the Houston TranStar web interface 

through charts, graphs, tables and historical archives traffic volumes 

 Incident information 

o Use HFD and HPD combined incident data feed to push incidents in a list to the public 

via the website (this currently exists, but lags by 10-15 minutes) 

o Show incidents as clear when they drop off the data feed or when operators are notified 

that incidents are no longer impacting traffic flow 

 Dynamic Message Signs 

o During normal operations, post travel times to DMS for predetermined destinations on 

arterial routes 

 Traffic signal status 

o Provide data on current traffic signal status (normal, flashing, out, or non-

communicating) in map and tabular format of signals processed through the central 

software system 

11.3 Arterial Incident Management 
A sample major incident was chosen at a particular intersection where vehicle collisions often occur that 

can have a major impact on arterial mobility in the city. 

Incident Description: 

During the evening peak period, a major incident occurs at the intersection of Westheimer Road at 

Chimney Rock Road that closes the intersection for the afternoon peak rush hours. The incident begins 

at 4:15 PM and is expected to last until 8:00 PM. 



Page 24 of 48 

 

Figure 7. Incident Location at Westheimer Road and Chimney Rock Road (map source: Google) 

Incident Timeline: 

4:15 PM Collision occurs between a light truck and gasoline tanker truck with a jack-knifed cab 
and overturned tanker trailer the result. Several citizens call to E911 to report the 
crash. A small fire starts from a rupture of the truck fuel tank caused by the light truck. 
A live data feed (via webpage) from the HEC presents an alert message at the COH 
TranStar HPD and Traffic consoles. 

4:20 PM HPD and HFD w/EMS arrive on scene. HFD takes charge of the scene management and 
advises HPD to close the intersection and to begin moving traffic away from the area. 
HPD TranStar (console officer) advises COH TranStar (console staff) of the order.  COH 
Traffic begins monitoring area CCTV and posts incident messages “intersection closed” 
on surrounding DMS.  Data feeds are automatically updated and a media release is 
prepared regarding the closure.  

4:25 PM COH Traffic invokes central signal software system to make timing changes along 
Westheimer Road and the alternate routes of Sage Road, Richmond Avenue, Fountain 
View Drive, and San Felipe Street. HPD and Mobility Response Team begin to deploy at 
critical intersections in case manual control is required. Other traffic control points 
setup by Mobility Response and HPD on the edges of the Westheimer at Chimney Rock 
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intersection. 

4:27 PM COH Traffic TranStar notifies METRO of intersection closure so that transit routes can 
divert. 

4:30 PM Media new release sent to news broadcast news outlets via social media and 
traditional press release. HPD calls for flatbed wrecker and heavy wrecker.  EMS 
departs from the scene with both drivers. 

4:35 PM COH Traffic TranStar requests TxDOT post on-freeway DMS messages to avoid the area 
of the Westheimer at Chimney Rock intersection. TxDOT posts messages on IH 610 
West Loop and on IH 69 Southwest Freeway. 

4:38 PM HFD notifies HPD, HPD TranStar, COH Traffic TranStar that fire threat is extinguished. 

4:45 PM HFD contacts owner of the fuel truck to bring another tanker to offload the gasoline. 

5:15 PM Light truck is loaded on to flatbed wrecker and departs scene. 

5:25 PM HPD and Mobility Response take manual control of several signals on alternate routes. 

5:45 PM 2nd tanker arrives, begins offloading gas from overturned trailer 

6:20 PM 2nd tanker departs scene, heavy duty wrecker/rotator uprights overturned trailer, 
moves trailer to West Alabama Street, east of Westheimer for additional recovery. 

6:45 PM HFD clears remaining debris and informs HPD to reopen intersection. HPD and Mobility 
Response clear residual queues on alternative routes, notifying HPD TranStar and COH 
Traffic at TranStar when leaving posts. 

7:00 PM COH Traffic cancels DMS messages and changes status of incident in the incident 
reporting system.  COH Traffic returns signal timings to normal plans via central 
software. COH Traffic continues to monitor travel time monitoring system outputs 
(speed charts), traffic volume system outputs (volume charts) until return to normal.  
COH Traffic and HPD advise press release that the incident response is complete and 
that METRO can begin running normal routes and stops. 

8:00 PM COH Traffic operators confirm travel time and volume conditions are typical. 
Operations return to normal. 

 

Additional Roles and Responsibilities for Arterial Incident Management Scenario over the normal 

operations scenario: 

 City of Houston 

o Provide incident-related messages on area DMS 

o Decision (management involved) to change signal timings on alternate routes 

o Ongoing monitoring of the incident through contact with HPD console, HEC incident 

data feed, and voice/data communications with affected departments 

o Ongoing monitoring of flow on arterial network and common alternate routes 

o Decision (HPD and Mobility Response) to setup traffic control and invoke intersection 

control as needed 

o Enter incident information into incident reporting system 

o Share incident status with TxDOT and METRO via personal on-floor communications and 

through web-based travel time and incident reporting interfaces 

o Distribute information to public and media through Houston TranStar website. 
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11.4 Planned Event Management 
The City of Houston annually hosts several large events, including the Houston Livestock Show & Rodeo, 

Houston Texans NFL Football games, holiday festivals and concerts. Other events, including Super Bowls, 

MLB and NBA All-Star Games, and NCAA Final Fours have been and are planned for the city. During 

these large events, traffic management and control become important tools in managing the overall 

event.   

In this scenario, the HITS system is employed for traffic management around the Houston Livestock 

Show & Rodeo – and event that lasts more than two weeks, typically in March each year. Parking is a 

major concern during the event, as much of the on-site parking at the NRG Stadium and Center site is 

being used for the show. 

Incident Description: 

During the weekday evening peak period, NRG Stadium & Center are the site of a Rodeo Performance 

and Concert. The show begins at 7:00 PM and ends at 11 PM.  Figure 8 shows the NRG area and several 

of the key intersections for traffic control. 

 

Figure 8. NRG Stadium Area, Traffic Control for HLS&R Event (map source: Google) 

Planned Incident Timeline: 

4:00 PM HLS&R assets (portable CMS, off-duty LEO) are in place and working to direct traffic to 
appropriate parking areas. 

4:30 PM Traffic begins to build on IH 610, Kirby Drive, Fannin Drive, South Main Street and 
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O.S.T. as regular rush hour is overlaid by early arrivals (volunteers and attendees) to 
NRG Park.  Traffic volume sensors alert operators at TranStar to several locations 
where volumes are abnormally high.  Travel time monitoring shows that travel speeds 
are abnormally low on several routes to and from NRG Park.  COH Operators begin 
CCTV monitoring in response and change a few signal timing plans to alternative 
“Rodeo” timings. 

5:30 PM Traffic volume sensors are reporting significantly heavy volumes on routes 
approaching NRG Park.  Travel time monitoring is showing “red” on most routes 
around the stadium and NRG grounds. COH Operators invoke additional “Rodeo” 
timings remotely from TranStar. 

5:45 PM COH Operators and HPD at TranStar begin coordination with off-duty LEO contracted 
by HLS&R to respond to hot-spots where congestion leading to parking areas is 
hindering through traffic on arterials. Conditions are confirmed with CCTV.  COH 
Operators coordinate with TxDOT partners on DMS messages on IH 610 and SH 288 
directly on the floor of TranStar. 

6:15 PM COH Operators field call from METRO Rail Dispatch about congestion at Fannin and 
Holly Hall intersection – congestion at that intersection is causing the LRT to be unable 
to route efficiently.  COH Operators speak with HPD console and HPD is dispatched to 
assist in traffic control. 

7:15 PM Crowds are largely on NRG Park site, COH operators return to “normal” operations. 

10:30 PM Crowds begin leaving NRG Park after concert is finished.  HLS&R assets are working, 
COH operators at TranStar begin preparations for signal timing changes if needed. 

11:15 PM COH Operators at TranStar monitoring CCTV invoke “outgoing flush” timing patterns at 
key intersections around the stadium. These scenarios are pre-planned and run for 
about one hour. 

11:40 PM COH Operators determine that traffic volumes and travel times are recovering from 
looking at dashboard indicators on consoles at TranStar.  Operators cease “flush 
timings” early. 

12:00 AM COH Traffic operators confirm travel time and volume conditions are typical. 
Operations return to normal. 

 

Additional Roles and Responsibilities for Planned Incident Management Scenario over the normal 

operations scenario: 

 City of Houston 

o Provide incident-related messages and parking area messages on area DMS to 

supplement HSL&R assets 

o Decision (management involved) to change signal timings on key routes 

o Ongoing monitoring of the event through contact with HPD console and voice/data 

communications with affected departments 

o Ongoing monitoring of flow on arterial network and key routes 

o Coordination with TxDOT and METRO on operational status 

o Decision (HPD and Mobility Response) to setup and/or change traffic control as needed 

o Share event status with TxDOT and METRO via personal on-floor communications and 

through web-based travel time and incident reporting interfaces 
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11.5 Generate and Report Traffic Data for Planning 
The HITS System generates several traffic and transportation data elements that are important for 

planners and other agencies to manipulate. Traffic volume data, travel time and speed data are two key 

measures that transportation planners are interested in harnessing for their model use and calibration, 

particularly as their models reach into meso- and micro-modeling capabilities.  

The portions of the HITS System used to provide traffic data for planning and performance reporting 

consist of: 

 Interfaces via internet website (at houstontranstar.org) that engineers and planners can access 

to view graphs (selectable by, at a minimum, 15-minute, hourly, day, week, month, or annual 

aggregate values) including travel time/speed information and traffic volume information;  

 Travel time information 

o Comply with existing Houston TranStar reporting and mapping capabilities and 

requirements to post information to traffic.houstontranstar.org 

o Make available via the Houston TranStar web interface charts, graphs, tables and 

historical archives of speed data 

 Traffic volume information 

o Make traffic volume data available to the public via the Houston TranStar web interface 

through charts, graphs, tables and historical archives traffic volumes  

 Other performance measures, to include incident information and after-action reports, 

reliability, incident management and event planning and response 

 Output formats should include PDF, XLS or CSV, or XML. 

 

12 Summary of Impacts 
The HITS project will impact the system users as follows: 

City staff (administrators, supervisors, operators) – the city will have to commit new resources to 

administer, supervise and operate the HITS system.  Two additional supervisors and up to eight 

operators will be required to staff and operate the system. The city will have to commit to maintaining 

in good order communications networks, field devices and front end systems so that operations are 

optimal and ITS elements are in good working order.  This would be expected to cost the city upwards of 

$400,000 per year for additional staff, and potentially $500,000 per year if maintenance for ITS is 

outsourced. 

Houston TranStar – Houston TranStar will be impacted by the HITS system by additional workload on the 

IS staff to operate and maintain computer systems on behalf of the partners in the consortium. This 

anticipated additional workload could be upwards of 20-40 hours per month at Houston TranStar. 

Travelers - The traveler may be considered the ultimate customer and consumer in the eventual 

deployment of the full HITS concept. The overall traveling public in the Houston region desires traveler 
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information boiled down to the basic form of travel time and incident information. Currently, users can 

get information on the freeway, HOV lane, and tollway systems via the Houston TranStar website’s real-

time traffic map. The estimated benefits for traveler information, incident management, and TranStar 

center operation on the freeway and tollway system is estimated at over $500M per year. While difficult 

to definitively determine, the addition of the HITS system and operation on the City of Houston may 

have societal benefits of similar impact in the millions of dollars of delay savings.  

Transportation Planners - HITS will generate numerous data streams, from traffic volumes, travel times, 

travel speeds, and signal timing performance. This data will be useful to planners generating the needs 

for transportation system improvements for the City of Houston and greater Houston region and their 

ability to quantitatively assess those proposed improvements.  
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13 Appendix A - Exhibits 
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ITS Standards which may apply to the HITS Project  

(Use to be in compliance with the regional ITS architecture) 
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