
 

  
Abstract—Public safety officers need current, accurate and 
complete information to maintain the security of their 
communities.  Existing communications systems for public 
safety officers consist of analog and digital radios, 
supplemented with cell phone communications.  Dispatchers 
with a need to broadcast information can only do so via voice.  
Small data packets can be exchanged via point-to-point 
methods with modern digital radios, but no data broadcast 
exists for public safety communications.  Broadcasting 
images, audio and text to officers in the field will offer a better 
collection of information necessary to make critical, time-
sensitive public safety decisions.  Live updates to in-vehicle 
databases and computer systems will provide officers with 
critical, up-to-the-minute information. 

Working with New Hampshire Public Television and the 
National Institute of Justice, we are researching a system to 
utilize excess bandwidth available in the public television 
broadcast spectrum.  The system is to be implemented using 
the onboard data and car management system known as 
Project54™.  The use of this excess bandwidth for the delivery 
of digital data in a one-way, high-speed, broadcast stream is 
called datacasting.  While datacasting has existed since the 
initial draft ATSC standards defining digital television, few 
locations have installed full datacasting capabilities, and no 
other datacasting effort has implemented a mobile, two-way 
datacasting system. 

This paper will outline the design of the datacasting 
environment for the New Hampshire Department of Safety, the 
results of field tests performed by 10 State Police vehicles 
collecting data during routine public safety patrols, and the 
status of the two-way datacasting implementation. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I. INTRODUCTION 
ublic safety officers rely on various sources of information 
to satisfy the responsibility of protecting the public 

interest.  The information available to them needs to be 
accurate, complete and up to date in order to make the most 
appropriate decision involving public safety.  At the 
University of New Hampshire (UNH), a system has been 
developed to support communication and operations in the 
public safety arena called Project54™.  Project54 is a 
collaborative research and development program at the UNH 
Consolidated Advanced Technologies Laboratory (CATLab).  
This project focuses on the incorporation of embedded mobile 
computing equipment and wireless networking into the patrol 
vehicles of the New Hampshire Department of Safety 
(NHDS), including State Police and Department of Motor 
Vehicles.  Project54 systems integrate all in-car electronic 
devices and systems, software and user interfaces to offer 
advanced support for New Hampshire State Troopers [1]. 

Traditional police cruisers require public safety officers to 
control and manage many different in-vehicle systems along 
with the management of a myriad of external information 
support.  With Project54, vehicle systems are able to be 
controlled from a single system control head.  Officers are 
able to communicate with Headquarters (HQ) and other 
officers using Association of Public Safety Communications 
Officials International (APCO) Project 25 digital Radio 
Control Protocol (RCP) communications [4].  However, this 
VHF digital radio channel can transmit only a very small 
amount of data due to both a narrow bandwidth and channel 
congestion.   

Using the datacasting technology of the New Hampshire 
Public Television (NHPTV) station, Project54 police cruisers 
will have the option of maintaining the existing VHF 
communication link in areas where datacasting is not 
available, or use the VHF link to make a request for 
information, such as a registration or license check, and 
receive additional information or updates from the datacast 
link.  With the advent of the Project54 communications 
system, officers make 60 percent of information queries on the 
digital radio system via the VHF data link, yet that amount of 
bandwidth usage is nearly four times less than that used on the 
digital radio frequency as the voice-based information queries 
to the dispatcher [5].  Coupled with the on-board global 
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positioning system (GPS) technology and the state 
communication mapping models of both DTV and police band 
radios, the Project54 system will select the most appropriate 
channel to get the most crucial information to the users in 
greatest need of that information [8] [9]. 

II. PROJECT54 
The Project54 system, developed by the Consolidated 

Advanced Technologies for Law Enforcement Program (CAT 
Program) at the University of New Hampshire, is a highly 
integrated hardware/software system that emphasizes 
interconnections based on industry standards, facilitating 
equipment interoperability and interchangeability [1].  The 
system combines general computing capabilities with voice 
and data radio communications and special purpose devices 
such as radar, lights, sirens, video units and global positioning 
systems (GPS).  The core system software coordinates the 
control of all devices and provides multiple methods of control 
and input, such as voice command, LCD touch screen and 
traditional keyboard and mouse.  Typical data access is 
available in the computing environment, such as license and 
registration checks, computer aided dispatch, vehicle 
navigation, report form entry and other typical public-safety 
applications. 

Project54 is deployed throughout the New Hampshire 
Department of Safety (NHDS).  As of February 2007, 347 
state agency vehicles and 460 local agency vehicles utilize the 
Project54 system operating throughout the state of New 
Hampshire and include 5 state and 108 participating local 
agencies [6]. 

Hardware 
Using APCO Project 25 digital RCP in the Project54 

system, on-board systems and databases can be kept current 
by exchanging digital packets with the HQ server over a 9600 
baud, VHF link [4].  While this link eliminates a voice request 
to the dispatcher at HQ, very small amounts of data can be 
transmitted.  Thus, for any significant update of the on-board 
software systems or databases, non-wireless network methods 
are used to accomplish this task, typically USB memory stick 
data transfers or complete hard drive replacements. 

All mobile units contain an on-board global positioning 
system (GPS) receiver, which receives signals and records 
coordinate location, as well as velocity, altitude, heading and 
synchronized date and time figures for the mobile unit. 

The Microsoft Windows 2000 or Microsoft Windows XP 
laptop or embedded computers that operate the Project54 
software integrate all hardware components together using an 
industry standard in-vehicle communications bus (CAN 
version 2.0B) [2].  Systems in New Hampshire use a small 
commercial embedded PC module mounted in the center 
console containing a LCD touch screen and a keyboard/mouse 
device.  Officers can control the Project54 computer, software 
and hardware via recognized voice commands in the Project54 
application.  A detailed voice grammar for each Project54 
application provides the standard input to control screen 
selections and complete user data interface inputs, all without 

requiring the officer to remove his eyes from the road or his 
hands from the wheel. 

Software 
Project54 in-vehicle software is designed to be fully 

modular and configurable, similar to that of the hardware 
design. This flexibility allows each cruiser to incorporate the 
desired hardware appropriate to their patrol, while allowing a 
corresponding software application module to bridge between 
the hardware control and other software modules in the 
Project54 system.   

Software application modules that control individual 
hardware components communicate with each other using a 
concise messaging system within the core Project54 system.  
The clearinghouse of this messaging system is called the 
Application Manager.  This messaging system allows unique 
and focused cruiser components to be isolated from other 
components, significantly increasing overall system reliability 
over the life of the system.  In addition, the messaging system 
supports the exchange of information and command/control 
functionality between modules, offering the full benefits of an 
integrated system.  Services shared between application 
modules are implemented as operating system drivers or run-
time libraries, giving the Project54 system a common look-
and-feel.   

The GPS software module polls the GPS receiver every 
second and forwards the gathered data to the Application 
Manager.  All other application modules that require use of the 
GPS data will receive the resulting data via the messaging 
system.  The digital radio software module reports the status 
of the radio display to the Application Manager, and other 
application modules receive the required data via the 
messaging system in the same way.  The Project54 messaging 
system used by the individual application modules is not 
proprietary, and is detailed in the Project54 distributed 
documentation.  As a result, any hardware or software vendor 
can develop modules and applications for the Project54 
environment that will participate in this messaging system.  In 
this way, new hardware and software technologies can be 
immediately supported by vendors in the Project54 
environment and individual law enforcement agencies can 
contract with local software consultants to develop compatible 
modules providing custom capabilities. 

III. DATACASTING 
Digital television (DTV) signal bandwidth in the United 

States has the capability to broadcast both DTV signals and 
other non-television digital data over the same spectrum.  
When digital television broadcasters allocate their bandwidth 
to support high definition television (HDTV) and standard 
definition television (SDTV) channels, they inevitably have a 
small slice of bandwidth that remains unallocated and nearly 
continuously available.  This available bandwidth and the 
delivery of non-DTV data within that bandwidth is the 
technology known as datacasting [3].   

The term datacasting comes from the words data and 
broadcasting, and is designed to provide a variety of digital 



 

data types, such as text, audio, graphics and video, with a 
unidirectional transmission channel from the broadcast center 
to remote stations over the digital frequency.  The DTV 
channel bandwidth is 6 MHz, which when coupled with the 
encoding scheme, supports the transmission of 19.38 Mbps.  
As HDTV and SDTV signals are transmitted, video images 
that have small variation between frames require a smaller 
number of data packets from the transmitter to the receiver.  
As a result, there is a significant amount of bandwidth that 
goes unused with every DTV broadcast, sometimes as much 
as 2.5 Mbps of bandwidth.  Most DTV broadcast markets tend 
to allocate some bandwidth to datacasting, even after a 
sufficient allocation of channel bandwidth. 

The datacasting equipment installed in the NHPTV 
broadcast center consists of a variety of components.  These 
head-end devices communicate with the remote receiver 
devices to define the complete datacasting data path from 
origination to reception.  At present, a source file can reside on 
any computer networked to the Internet, and that file can be 
placed on the datacast file server using the appropriate 
password, or automated using pull technology residing on the 
server.  Once a file is placed on the file server located at 
NHPTV, the file server packages the file to be transmitted and 
sends the data to the IP encapsulator and multiplexer, where 
the file is converted into appropriately sized IP packets, 
weaving those packets into the MPEG2 data stream 
appropriate to digital television (DTV) transmission.  The 
DTV stream is sent to the transmitters via microwave uplinks 
to the Saddleback Mountain facility licensed by NHPTV.  The 
signals are radiated from an antenna positioned 44.9 meters 
above ground at a frequency of 731 MHz (Channel 57) with 
an effective radiated power of 589 KW.  Remote datacast 
receivers monitor the DTV stream and extract the data 
transmitted over the datacast program information channel 
(PID), decoding the stream back into IP packets, reassembling 
those packets back into files and storing the files on the local 
receiving computer. 

IV. DATACASTING RECEIVER DESIGN 
On the receiver side of datacasting, several decisions were 

required in the component selection, notably the antenna and 
the DTV receiver.  We selected the AirStar-HD5000-USB 2.0 
receiver by Broadband Technologies, Inc. as the datacast 
receiver for the pilot because of its recognized performance 
and suitability for mobile applications, although other suitable 
receivers are continuing to be evaluated as part of the overall 
effort. 

In selecting the antenna for use with the receiver, a number 
of engineering challenges were considered.  One challenge is 
the frequency range that can be received by the antenna. 
Ideally, the antenna used for datacasting will receive the entire 
UHF television band so that a single antenna will be capable 
of receiving all of the datacast frequencies. The drawback is 
that wideband antennas tend to have a lower output and 
require the use of a preamplifier, which always introduce 
some degree of noise.  Another challenge is that the datacast 

signal is horizontally polarized, which makes it more difficult 
to achieve the desired isotropic radiation pattern.  If the signal 
were vertically polarized, a simple whip antenna would be the 
obvious solution.  A final challenge in selecting the antenna 
has been to identify one that will stand up to the rigors of the 
mobile environment. Specifically, the antenna should be 
mechanically strong so that it will not be susceptible to 
damage in normal operation and will not be an easy target for 
vandals. Appearance and ease of installation are also 
considerations in selecting an antenna. 

While several commercial antennas were evaluated under 
the criteria above, none were deemed suitable.  Consequently, 
an effort at UNH was undertaken to develop a custom datacast 
antenna. To meet design requirements, a magnetic-field, rather 
than the more commonly used electric-field, antenna design 
was used.  Often referred to as an H-field antenna, this design 
employs a horizontally-oriented loop to sense the magnetic 
field.  Because of symmetry, that loop has a pattern inherently 
isotropic in the azimuthal plane.  And, by making the loop 
small with respect to the smallest expected wavelength, it can 
provide a response that is reasonably constant across a wide 
band of frequencies. A loop of this type can be packaged in an 
enclosure that is unobtrusive and physically robust. The 
performance of the antenna has been optimized for the 
datacast application through the use of a high-frequency 
magnetic material in the loop’s core, and through the use of a 
low-dielectric constant potting material for the antenna 
enclosure.  The antenna can be mounted magnetically, 
adhesively or by bolting it to the vehicle, although the use of 
adhesives was the method of choice in this study, as is 
presented in Figure 1.  The UNH antenna appears to meet all 
of the design criteria established for mobile datacast reception. 

 

 
Figure 1 – UNH Magnetic Field Datacasting Antenna 

Mounted on Police Cruiser 

V. DATA GATHERING MECHANISM 
The first phase of our solution is focused on the delivery of 

digital information in a one-way transmission to mobile 
receivers using datacasting.  In order to effectively determine 
where and when datacasting signal can be received, we 
developed a Project54 survey application to log reception 
level detail.  The datacast survey application, running within 



 

the Project54 environment, affords a simple and unobtrusive 
way to gather real operational data from the field without 
commissioning an artificial study.  We captured three data 
logs within each vehicle:  GPS once every second, DTV 
signal-to-noise ratio once every second and VHF 
communication when a communication took place. 

The GPS data logs are generated by the datacast survey 
software that monitors the communications taking place 
through Project54’s Application Manager.  The GPS receiver 
updates a series of data fields every 1-2 seconds and 
communicates that information to the Application Manager.  
Each second, the datacast survey application records into 
memory the data from the GPS receiver, calculates the age of 
the data based on the current time, and writes all positional 
data in a single, comma-delimited line to a log file. 

The DTV receiver manufacturer provided us with a 
modified version of their logging software, which uses the 
existing digital television broadcast stream to assess channel 
throughput and record that status every second in a text-based 
log file. 

The VHF communications data logs are generated by the 
datacast survey application in the same manner as the GPS 
logs.  Since the only radio feedback available includes the 
screen display and the engagement of the XMIT or BUSY 
light tags, we record the time when the display on the radio 
changes, noting the difference between a start and end 
transmission, calculating the total transmission time if 
required [5]. 

Patrol cars involved in the datacast study periodically visit 
one of two garage locations (Concord and Madbury, NH) 
where they upload their collected data logs via wireless IEEE 
802.11x secure network connections to holding servers where 
all data is stored for analysis.   

As a post-processing exercise, we are able to merge the two 
DTV-based log files on the primary keys of date, time and car 
name since they are generated from the same clock in the 
Project54 environment.  Our existing survey of nine cars in the 
field resulted in a combined valid point table of over 633,000 
entries.  Since we are most interested in the locations where 
datacast information can be transmitted while the vehicle is 
stationary, we extracted from the valid point table a data set 
that contains all valid points where vehicles were stopped for 
5 seconds or longer and the GPS data had not aged beyond 10 
seconds.  This data set generated point counts of over 205,000.  
Plots of these points would offer a detailed account of each 
car’s performance at each location in the state.  However, to 
generate an overall picture of DTV signal reception using the 
datacast configuration, we averaged the signal-to-noise ratios 
of each latitude and longitude (accurate to 11 meters) and 
resulted in a file with 2632 points.  The following section 
presents, describes and analyzes the data extractions from the 
in-vehicle survey. 

VI. RESULTS OF ONE-WAY DATACASTING PILOT 
This pilot program involving the deployment of datacasting 

in public-safety vehicles of the state of New Hampshire has 

yielded two major results worth reporting.  Outside of the 
initial simple ability of being able to receive digital data via 
the digital television transmission system, we have begun a 
significant correlation of signal to noise ratio to GPS location 
across the state.  Further, our study has revealed some 
interesting initial observations with rain in the datacasting 
environment.   

The final results of the data logging effort are maps 
showing where datacast reception is available in the mobile 
environment.  An important distinction is that, due to the data 
collection being repeated by different vehicles and under 
different operational conditions, a realistic assessment of 
channel reliability is afforded.  In order to get a clear statistical 
representation of datacast channel reliability, a large number 
of data points are required.  Since there is not yet a sufficient 
body of data to make definitive statements about channel 
availability or reliability, the coverage maps presented should 
be considered preliminary. 

When the plots generated from the datacasting pilot study in 
Figure 3 are compared to the NHPTV computer model 
generated coverage map in Figure 2, it is evident that the 
coverage area for mobile users is less than the predicted 
coverage area.  There are two fundamental reasons why 
mobile datacasting coverage using low cost equipment will be 
less than stationary digital television coverage.  The first 
reason is that stationary reception is generally obtained using 
directional antennas with gains of 5-15 dBi that are elevated 
so as to provide line of sight propagation paths.  The non-
directional datacasting antennas elevated at trunk height serve 
to hinder reception.   

  
Figure 2 – NHPTV Computer Model Generated Coverage 

Map for Channel 57 



 

 
Figure 3 – Statewide Datacasting Coverage Map for New 

Hampshire 
 
The second reason that datacasting coverage tends to be 

more challenging than television coverage is that multipath 
interference can make the datacast channel unusable, while it 
can cause ghosting in television reception.  That ghosting can 
sometimes be eliminated by aiming a directional antenna away 
from the multipath source, although that is not an option with 
datacasting using a non-directional antenna.  Many of the 
locations discovered in our study showed adequate signal 
strength for datacasting reception, although the receiver would 
not lock because of excess multipath interference. 

It has long been recognized that rain can negatively affect 
radio transmission, and much work has been done to model 
rain effects on earth-satellite links and microwave terrestrial 
links.  However, researchers in the field of propagation believe 
that rain should not affect reception of the datacasting signal, 
since its carrier frequency is relatively low (under 1 GHz) and 
path lengths are relatively short (under 100 miles).  But, in the 
early part of this study, datacasting reception outages were 
observed to coincide with heavy rainfall.  Although experience 
gained as part of the UNH study has shown the 8VSB 
datacasting signal to be susceptible to rain effects, not much 
documentation has been uncovered thus far for UHF, digital, 
terrestrial channel. As a result, to better understand rain 
effects, a fixed datacasting monitor was installed at UNH 
enabling rain effects to be documented.  Key parameters 
defining datacasting signal robustness, signal strength and 
signal-to-noise ratio, are recorded every second along with 
radar display information. To date, as described below, only 
one datacast outage has been logged using the fixed monitor. 

During the observed outage, the signal strength remained at 
above-reception levels while the signal-to-noise ratio dropped 
below the reception threshold.  This suggests that that the 
outages are not caused by signal attenuation, which is to be 
expected given the low rain-attenuation rates for datacast 
frequencies referenced above.  The assumed cause of the 
outages is the Doppler shift and/or multipath interference 
created by regions of intense and moving rainfall.  From the 

observations made to date, only rainfall amounts in excess of 
around 50 dBZ will create outages, while lesser amounts do 
not appear to measurably affect system performance.   

The early observations of rainfall outages were made using 
Generation 1 datacast receivers, which are known to be far 
more susceptible to multipath effects than the now-available 
Generation 5 receivers.  The fact that the receiver more 
susceptible to multipath interference breaks lock in heavy rain 
while the receiver less susceptible does not reinforces the 
assumption about rain introducing multipath-like interference. 

At this time, there is only a theory about the impact of 
heavy rainfall on datacast reception, and that theory is based 
upon limited data as described above. If correct, the theory 
indicates that datacast reception may not be available during 
certain times.  Given the duration and relative rarity of rainfall 
events that may cause outages, this issue may not be a major 
obstacle to using datacasting for mobile application.  Signal 
monitoring will continue at UNH to better characterize rain 
effects on datacast coverage so that its potential impact can be 
clearly defined [7]. 

VII. TWO-WAY DATACASTING DESIGN AND 
FUTURE WORK 

The second phase of our project is focused on the delivery 
of digital information after a request is made from the mobile 
receiver in a two-way transmission involving the use of 
datacasting.  Since datacasting is not a two-way transmission 
technology, the use of more than datacasting alone is required.  
We expect that the use of the digital radio communication link 
as an upstream method combined with the datacasting 
transmission as a downstream method will provide the best 
solution for a complete two-way datacasting transmission. 

Project54 already has a communication mechanism that 
uses the VHF digital radio data stream to make requests for 
data from headquarters [4].  Using that existing data stream, 
the mobile user will be able to transmit requests in the 
upstream channel and receive large data sets in the 
downstream datacasting channel.  This solution will involve a 
robust head-end server to coordinate the input from the digital 
radio channel and the output required via the datacasting 
channel. Research work is already underway to construct this 
configuration using existing components. The ability to 
upgrade any component within the system results in a 
complete modular design. 

An example application that is only possible using the two-
way datacasting configuration is one where the officer enters a 
request through the Project54 system for an aerial map of the 
vehicle’s present location.  The software would retrieve the 
GPS coordinates of the vehicle and transmit those coordinates 
via the digital radio uplink channel.  The coordinating server 
would receive the GPS coordinates, calculate the variance 
required between the top left and bottom right corner points of 
the photographic image, request the exact image from the 
image database, and pass that image to the datacasting 
downstream channel for delivery to the mobile receiver. The 
application, upon receiving the photographic image, would 



 

display the image on the Project54 monitor for the officer’s 
use. 

A further example application is one where an Amber Alert 
is transmitted from a public safety authority via datacasting to 
mobile receiver.  The system, once receiving the alert, would 
notify the officer that an alert was received, and when the 
officer was in a position to review the alert, the system would 
display the text and any supporting images of the alert.  Once 
the alert was viewed, the system would send an 
acknowledgement through the Project54 system to the public 
safety authority that the alert was viewed by the officer. 

 

 
Figure 4 – Example Model of Two-Way Datacasting 

 
These two application examples rely on the complete 

implementation and integration of the two-way datacasting 
model, as drafted in Figure 4.  In the future we anticipate that 
we will be able to take advantage of Project54’s automatic 
vehicle location system, coupled with our datacasting 
coverage study data, to outfit Project54 software to inform an 
officer where the best location for datacasting reception exists.  
In doing this, we will be able to increase the likelihood that an 
officer will be able to receive current information using the 
datacasting communications channel. 
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