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ABSTRACT 
 
The mobility and efficiency of California highways are impeded by the recurrent and non-
recurrent congestion on a daily basis.  Roadway incidents, especially collisions, often result in 
traffic congestion and travel delays.  This project is initiated to explore the use of technologies 
that will potentially bring direct and immediate benefits to the law enforcement officers and 
other personnel who are involved in the handling of collision sites and subsequent investigations.  
The work carried out in this project includes three major components: (1) The experimentation of 
integrated vehicular technology systems to provide assistance for law enforcement officers, (2) 
The exploration of utilizing GPS devices for vehicle and incident locations, and (3) The 
development of photogrammetry tool to extract supplementary information from collision 
scenes.   
 
Valuable insights were gained through collaborations with the University of New Hampshire 
Project 54 and the City of Carlsbad, California, Public Safety Technology Programs.  The key 
factors to successful deployment of technological systems are the easy-to-learn operation 
features and friendliness of user-machine interface. Integrated multiple-function capabilities and 
open architecture are important considerations in adopting technological systems to ensure 
favorable cost-benefit returns of investments from the perspectives of local jurisdictions or 
agencies.  
 
This report constitutes the first phase of the project, sponsored under California PATH Task 
Order 5216, while the complete report is documented in a joint report for Task Order 6216. 
 
KEY WORDS 
 
GPS, Driver-Assistance Systems, Technology for Law Enforcement, Project 54, Public Safety, 
Collision Database, Geo-Coding, Photogrammetry 
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EXECUTIVE SUMMARY 
 
The mobility and efficiency of California highways are impeded by the recurrent and non-
recurrent congestion on a daily basis.  Roadway incidents, especially collisions, often result in 
traffic congestion and travel delays.  Such congestion is mainly caused by stopped vehicles and 
lane closure, but it is intensified by slowing vehicles with drivers observing the accident scene.  
The effects of these phenomena on highway traffic are significant in terms of their direct hazards 
and the associated losses in travel delays, energy usage, and environmental impact. 
 
This project was initiated to explore the use of technologies that will potentially bring direct and 
immediate benefits to the law enforcement officers and other personnel who are involved in the 
handling of collision sites and subsequent investigations.  The work carried out in this project 
includes three major components: (1) The experimentation of integrated vehicular technology 
systems to provide assistance for law enforcement officers, (2) The exploration of utilizing GPS 
devices for vehicle and incident locations, and (3) The development of photogrammetry tools to 
extract supplementary information from collision scenes.  This report contains the descriptions of 
the first phase of the work plan for portions of the first two items. 
 
During the course of the project, the research team carried out a broad survey and assessed the 
availability and suitability of individual devices and packaged systems for law enforcement 
applications.  After initial evaluation, a collaborative relationship was established with the 
University of New Hampshire CATlab, where Project54™ was developed. This cooperative 
effort allowed us immediate access to the mature and already deployed technology set that 
appears to be an ideal candidate to be considered for law enforcement and state agency vehicle 
fleets.  With its wide deployment in a large number of police vehicles, Project 54 has evolved 
into an attractive driver-assistance system.  It main features are: 
(1) The system offers multiple user interfaces by voice, touch-screen, conventional switches or 

knobs to allow the users to activate on-board devices under various field operating conditions, 
(2) The use of different user interfaces is not mutually exclusive and thus each individual user 

can opt for appropriate control methods at different times or under different conditions, 
(3) The system has a short learning curve due to its user-friendliness,  
(4) The system has a non-proprietary open architecture, which allows the flexible selection and 

replacement of modular components and sub-systems. 
 
The research team also interacted with the city of Carlsbad Police Department, where a Public 
Safety Technology Problem was implemented with great success.  Considerable resources were 
dedicated to implement infrastructure and vehicle renovations to provide officers with mobile 
office capability, including: 
(1) Registration/Stolen car inquiries, 
(2) Driver license checks, 
(3) Wanted persons checks, 
(4) Email, Reports, and Pictures, 
(5) Crime analysis, 
(6) Access all city and county justice systems. 
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1. BACKGROUND 
 
The mobility and efficiency of California highways are impeded by the recurrent and non-
recurrent congestion on a daily basis.  Roadway incidents, especially collisions, often result in 
traffic congestion and travel delays, in addition to the direct damage to the vehicles and the 
injuries to the people involved. The subsequent congestion is mainly caused by stopped vehicles 
or lane closure, but it is intensified by slowing vehicles with drivers observing the accident scene.  
The effects of these phenomena on highway traffic are significant in terms of their direct hazards 
and the associated losses in travel delays, energy usage, and environmental impact. 
 
This project was initiated to explore the use of technologies that will potentially bring direct and 
immediate benefits to the patrol officers and operators that are involved in the handling of 
collision sites and subsequent investigations.  The work is based on and extended from previous 
research that was developed under the sponsorship of California Office of Traffic Safety (OTS) 
and the collaboration of California Highway Patrol (CHP) with an emphasis on the deployment 
of technical tools. [1, 2]     
 
One primary objective of the project is to define user specifications and useful functionalities for 
the use of Global Positioning System (GPS) that can facilitate expedient documentation of 
collision sites.  The availability of GPS data can then be further incorporated into the data entry 
process and statistical analysis in collision databases such as SWITRS (Statewide Integrated 
Traffic Records System) [3] and TASAS (Traffic Surveillance Accident Surveillance and 
Analysis System) [4].  The availability of GPS data in collision reports and database will allow 
effective record keeping and to enable safety performance evaluation of the state-wide highway 
network.  
 
1.1 Research Objectives 
 
In the last ten years, on average more than 3,500 fatalities, 200,000 injury, and 300,000 property-
damage collisions occurred on California roadways every year [3].  The direct costs of these 
collisions are enormous, yet their impacts on highway efficiency are even more daunting 
considering all the resources needed to handle the consequences of roadway crashes.  First of all, 
law enforcement officers, assisting transport vehicle and paramedics are required to attend to the 
people and vehicles involved in the collisions.  Secondly, traffic near the crash scenes queues up 
quickly and often leads to congestion that may take a considerable period of time to dissipate.  It 
is not uncommon for a single incident during the rush hours to affect traffic conditions for the 
whole morning or afternoon.  The associated losses in personnel time, congestion delays, energy 
usage, environmental impacts, and secondary collisions can certainly be considered as one major 
culprit that leads to the deterioration of highway mobility, efficiency, and safety on a daily basis.  
Marginal improvements in the response and handling of crashes can result in significant benefits 
towards mitigating this complex problem, in spite of the enormity of the problems.   
 
The primary objectives of this project are two-fold: 
(1) Development of GPS and vehicle on-board instrumentation  
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The first aspect of efficiency improvements will come from the ease and expediency of handling 
various tasks in the field by law enforcement officers.  Specifically, this project continues 
previous developments [1, 2] and focuses on the following options: 
 Exploring integration of on-board or mobile technologies that incorporates the use of GPS, 

bar code and magnetic stripe reader, voice recorder, and other commercial-off-the-shelf 
products that can offer assistance for the process of information collection and incident 
handling in the field. 

 Identifying user preferences and deployment options of GPS units that can enable the 
expedient documentation of collision locations. 

(2) Software for post-processing of photographic evidence 
The other improvement in crash investigation relies on the capability of examining photographs 
to gather additional evidence, which are either unavailable or incomplete at the time of on-site 
documentation.  Thus, one major task in the project is to continue the development of a 
photogrammetry tool and to enhance functionalities on a preliminary version of such software 
from earlier work. [2] 
 
1.2 Research Approaches 
 
Based on the work of an earlier project sponsored by OTS [1, 2], the research team has 
established a baseline understanding of various technology devices that may be applicable for 
crash investigation. More importantly, through the interaction with CHP officers, we also learned 
about the user needs and institutional issues that are critical for field operations by law-
enforcement personnel.   Thus, we defined and followed a research plan with the following 
guidelines: 
(1) Engage the users in an iterative process to ensure that the development and testing of 

suggested systems will be user friendly and acceptable to the intended target audience, 
(2) Although stand-alone functions or devices may serve particular purposes, an integrated 

system that incorporates a wide choice of features can best meet the diverse needs of 
individual users, 

(3) With the fast advancements in various technological fields, there are a great variety of 
commercially off-the-shelf products that can be modularly adopted and flexibility integrated 
without unnecessarily high development costs.   Thus, the hardware and software architecture 
should remain open and allow flexibility in component or sub-system redesign and 
replacements, 

(4) Collaboration with other institutions should be a priority to leverage off previous research 
and existing resources,  

(5) When evaluating the effectiveness of deployable solutions, the involvement of the local 
government agencies and relevant institutional issues should be taken into account.   
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2. INTEGRATED ON-BOARD SYSTEMS FOR LAW-ENFORCEMENT USERS 
 
In the beginning phase of the project, the research team carried out a broad-based survey and 
assessed the availability and applicability of individual devices and sub-systems for law 
enforcement applications.  Subsequently, the PATH researchers established a collaborative 
relationship with Professor Andrew Kun of the University of New Hampshire (UNH) CATlab, 
where Project54™ was developed.  This cooperative effort allowed the project to have 
immediate access to a promising and field-tested technology package that appeared to be an ideal 
candidate suitable for law enforcement and state agency vehicle fleets.   In addition, the project 
team also solicited inputs and received advices from Captain Dale Stockton, now retired, of the 
City of Carlsbad Police Department in California, where Project54 and other related technology 
systems are implemented.  Through interaction with Carlsbad and UNH, considerable insights 
were gained in users’ feedback as well as the keys to success of an integrated public safety 
program. 
 
2.1 About Project 54 and CATlab at University of New Hampshire  
 
The CATlab project is a collaborative research and development effort between the University of 
New Hampshire and the New Hampshire Department of Safety and is supported by the U.S. [5] 
Department of Justice, through the effort and continued support of Senator Judd Gregg. The 
faculty and students of CATlab work on introducing advanced technologies into the operations 
of the New Hampshire State Police and other law enforcement agencies.  
 
Today's cruisers are equipped with digital radios, GPS units, computers, radars, lights, sirens, etc. 
Dispatch centers have become computerized, and officers on the beat and in offices access a 
variety of databases on a daily basis. However, these devices are most often not designed to 
become a part of a system of multiple devices manufactured by different companies.  In other 
words they are not designed with integration in mind.  
 
The integration of devices and systems is the primary interest of CATlab. Most of the work is 
done on integrating electronic devices in police cruisers. The integrated Project54 system allows 
officers to interact with equipment such as lights and siren, radar, etc. using speech input and 
feedback. The Project54 system also integrates police cruisers into state-wide data networks.  
 
As of April 19, 2007, 771 law enforcement vehicles are equipped with Project54™ system in 
NH and 156 vehicles out-of-state are completed. 
 
With its wide deployment in a large number of police vehicles, Project54 has evolved into a 
sophisticated and an attractive driver-assistance system.  It main features are: 
(1) The system offers multiple user interfaces by voice, touch-screen, conventional switches or 

knobs to allow the users to activate on-board devices under various field operating conditions. 
(2) The use of different user interfaces is not mutually exclusive and thus each individual user 

can opt for appropriate control methods at different times or under different conditions. 
(3) The system has a short learning curve due to its user-friendliness.  
(4) The system has a non-proprietary open architecture, which allows the flexible selection and 

replacement of modular components and sub-systems. 
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2.2 Integrated In-Vehicle Functions and Dispatcher Center – City of Carlsbad 
 
The Carlsbad, California Police Department undertook a major technology project that was 
designed to provide true mobile office capability to officers in the field. [6] In short, the police 
car’s computer allows the officer full access to the traditional law enforcement data bases and 
dispatch information as well as full access to the city’s network resources, email and internet 
functions. Using a wireless infrastructure based on CDMA EVDO technology, the project 
permits broadband capability from the patrol car, thus supporting a greater variety of applications. 
As the project design progressed, consideration was given to enhancing officer capability and 
safety by using voice recognition.  
 
After extensive inquiry, the department learned of the Project54 effort. After initial evaluation, 
the Carlsbad technology venture was expanded to include Project54 equipment. Carlsbad PD 
worked with UNH to modify the Project54 software source code to perform California DMV 
inquiries.  Carlsbad’s use of the Project54 software marks the first use of the technology outside 
the state of New Hampshire.  
 
Figures 1 and 2 below depict some components of the Carlsbad Technology implementation and 
installation. 
 

 
Figure 1 In-Vehicle Components in Police Car Passenger Compartment 
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Figure 2 Equipment and Device Interface in Police Car Truck Space 

 
2.2.1 Carlsbad Experience in Public Safety technology Project 
 
Captain Dale Stockton [7] highly praised the effectiveness of Project54 after his department 
implemented such systems on 50 of their patrol cruisers.  He pointed out that the keys to success 
of Project54 consist of the following factors: 
 Simple non-proprietary interfaces, 
 Compatibility with the widest possible range of equipment, 
 Single site license for $500 to cover an agency regardless of the number of vehicles, 
 Flexible and easy adaptation of desired components,  
 Specialized digital array microphone for voice recognition, 
 Short learning curve for new users, 
 Great cost-benefit returns for agencies. 
 
In addition to the adoption of Project54, Carlsbad’s successful Public Safety Technology 
program can be contributed to the additional renovation of the complete Information Technology 
Architecture.  They worked with a vendor to implement the following components and functions: 
 Cellular Wireless Communication Infrastructure, (This item was not bulleted in the article) 
 Mapping-GIS, 
 Automatic Vehicle Locator, 
 Record Management, 
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 Automated field reporting. 
 
The overall system results in a mobile office capability for officers, which allows the officers to 
perform a variety of functions, including: 
 Registration/Stolen car inquiries, 
 Driver license checks, 
 Wanted persons, 
 Email, 
 Reports, 
 Pictures, 
 Crime analysis, 
 Access all city and county justice systems. 
 
Carslbad PD indicates that AVL has been an effective resource management tool and it improves 
services to the citizens by reducing response time in critical incidents. Importantly, the system 
offers safety protection to officers during the execution of field operations beside the 
convenience in lessening the driver/officer workloads.     
 
2.2.2 Latest Status of Carlsbad Technology Implementation and Feedback 
 
The research team made several visits to Carlsbad and communicated with the management as 
well as officers who used the technology system in the field.  Some highlights are summarized as 
follows: 
 Previously the GIS-linked mapping capability was only implemented in the dispatcher 

center.  It is now also available in the police cruiser so that officers can check the locations 
of reported incidents as well as others officers in the neighborhood. 

 License plate inquiry is fully functional.  Carlsbad PD uses Verizon Wireless 
Communication as the telecommunication supplier.  The inquiry data is sent through a 
Verizon wireless modem on board when officers made the request.  The data is sent through 
the city office server, then subsequently to the county and state data server.  The return 
message is sent in the reverse route and arrives in the police car on the monitor screen.   

 The license check function can be done by using the conventional cruiser radio, the 
computer keyboard, or the voice recognition interface of Project54. 

 The driver license check function is more challenging in California due to the large number 
of people who may have the same names as others and the diversity of names from different 
ethnic groups. 

 Under certain circumstances, it is best that officers keep their eyes on the suspects.  A return 
to their cruisers to perform other functions may put the officers in danger.  Therefore, it will 
be desirable if a wireless bar-code reader or an externally accessible magnetic reader can 
transmit the data into the cruiser for inquiries. 

 The researcher team was provided with a chance to ride along with officers.  One officer 
just had the license plate check system installed on that day.  His response was “awesome,” 
and indicated that he would exclusively use the voice-activation for license check in the 
future.  This showed that there were few learning obstacles despite that one particular 
officer might be more technology inclined than others.   
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 The officer was particularly excited about the opportunity to use the advanced computerized 
system.  He commented that the major advantage, besides the ease of use in the field, was 
the safety benefit for the officers to keep their eyes and attention more on the road and on 
the people that they need to watch. 

 Meaningfully, based on communication with officers on duty who used the Public Safety 
Technology system, the system has been received favorably with very positive overall user 
experience. 
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3. SUMMARY AND CONCLUSIONS  
 
In recent years, developments in computing and wireless technological fields have advanced 
considerably.  Many devices and associated software are now readily available off the shelf.  
Selective use of such products will enable the implementation of driver-assistance systems for 
law-enforcement applications.  In this project, we evaluated the applicability of GPS, Project 54, 
and Photogrammetry tools to assist law enforcement officers in handling and documenting 
crashes. 
 
3.1 Scope of Technology Survey and Experimentation 
  
During the course of the project, the research team carried out a broad survey and assessed the 
availability and suitability of individual devices and packaged systems for law enforcement 
applications.  After initial evaluation, a collaborative relationship was established with the 
University of New Hampshire CATlab, where Project54™ was developed. This cooperative 
effort allowed us immediate access to the mature and already deployed technology set that 
appears to be an ideal candidate to be considered for CHP and state agency vehicle fleets.   
 
The research team also collaborated with the city of Carlsbad Police Department, where a Public 
Safety Technology Problem was implemented with great success.  Considerable resources were 
dedicated to implement infrastructure and vehicle renovations to provide officers with mobile 
office capability.   
 
3.2 Summary of Findings  
 
The evaluation of Project 54 provides tremendous insight into the keys to successful 
implementation of vehicular-based assistance for law-enforcement officers: 
(1) Flexibility and diversity of user interfaces, which allows the users to activate on-board 

devices under various field operating conditions. 
(2) Short learning curves with user-friendliness design.  
(3) Non-proprietary open architecture, which allows the flexible choice of modular components 

and sub-systems. 
 
Based on the feedback from the Carlsbad Police Department, their successful Public Safety 
Technology program can be contributed to: 
(1) The system-wide implementation of Information Technology Architecture, and working 

closely with software vendor. 
(2) Selecting the appropriate and user-friendly systems, such as Project 54. 
(3) Multiplicity of functions giving officers mobile office capabilities. 
(4) Favorable cost-benefit returns for Agency investment. 
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