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EXECUTIVE SUMMARY

This implementation report provides an overview of the processes coordinated by the
Public Safety Wireless Network (PSWN) Program to integrate and install six Transportable
Public Safety Radio Interoperability Units (TPSRIU).

The PSWN Program works with public safety agencies nationwide to help achieve
interoperability—seamless, coordinated, integrated public safety wireless communications that
promote safe, efficient protection of life and property. The PSWN Program works with the
public safety community to improve the interoperability of wireless communications systems by
promoting coordination and partnerships, seeking funding alternatives, advocating adequate
public safety spectrum allocations and efficient spectrum use, supporting technical standards
development, and fostering secure communications.

The development and implementation, for proof-of-concept purposes, of technical
solutions for interoperability among public safety networks is one of the PSWN Program’s main
areas of activity. These solutions, which are put in place as pilot projects in regions throughout
the country, are developed jointly by the PSWN Program Management Office (PMO) and public
safety radio and operational personnel from the region. The individuals involved most directly
in pilot system development and operation constitute the pilot test’s Integrated Program Team, or
IPT. IPT membersfocus the pilot effort and technical concept to be proven into a discrete,
repeatable solution for an interoperability shortfall common among public safety agencies
throughout the Nation. This approach alows the PSWN PMO to leverage the solution beyond
the pilot region, thus benefiting the public safety community as a whole.

The TPSRIU contains a mobile radio for each participating agency that can communicate
with its respective agency’ s fixed wireless infrastructure. An audio cross-connect switch is used
to link these disparate public safety agency radio systems. The audio cross-connect switch
selected for the system was the JPS Communications Audio Control Unit ACU-1000 Switching
System.

The TPSRIU was designed based on lessons learned from the PSWN Program’s San
Diego case study and pilot test project. The San Diego case study focused on an assessment of
interoperability in San Diego and Imperial counties. The primary recommendation from the case
study was to implement a pilot test targeting a specific interoperability shortfall, namely, the
need for atransportable interoperability solution supporting public safety agencies responding to
emergency situations. To support this effort, the PSWN Program and the San Diego IPT
developed the Transportable Communications System (TCS). The IPT decided the TCS would
be installed in one of San Diego County’ s search and rescue vehicles. Features of the TCS
included—

- Providing first response communications interoperability during the initial 24 to 48
hours of an emergency situation

- Supplementing or extending the reach of fixed infrastructure coverage
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- Providing transportable communications backup with flexible system configuration

- Enhancing local, state, and federa interoperability during emergency situations and
specia events.

The TPSRIU, like the TCS, consists of three basic building blocks: radios to interconnect,
an audio switch to provide the interconnections, and interface hardware (e.g., custom cables,
terminal strips) to provide the physical connectivity supporting system operation. The essential
difference between the TPSRIU design and the TCS design isin how each device is packaged to
accommodate different applications. The TCS was designed to be mounted into arelay rack,
which was to be permanently installed into a mobile command vehicle. The TPSRIU was
designed to be mounted into transit cases that could be transported to wherever needed.
Additionally, the TPSRIU was designed with a separate power source enabling operation where
110 volts (V) alternating current (AC) power is available.

Four mobile radios—a Justice Wireless Network (JWN) unit, a VHF high-band unit, a
UHF unit, and an 800 megahertz (MHz) unit—are housed in the TPSRIU using the
manufacturer-provided mounting brackets. Power is connected to the components of the
TPSRIU via arack-mountable direct current (DC) power distribution panel manufactured by
NewMar Power. The NewMar Power distribution panel provides a single location to disconnect
power, and it replaced the radio and control head fuses with circuit breakers. System ground was
designed with a single point ground configuration using a ground bus bar connected to the rack.
This system is designed such that technicians and operators have easy accessto all
interconnections.

The JPS Communications ACU-1000 provides the audio call patching and radio squelch
logic control. The ACU-1000 is controlled with JPS Communications console software, which
can be loaded onto a personal computer equipped with Windows 95 or 98. The ACU-1000 can
also be controlled through the keypad located on the front of the unit.

The TPSRIU was integrated from commercially available products and was fully tested
in the Booz-Allen Wireless Engineering Laboratory prior to shipment to the required location.
The units were tested for basic operation, and each DSP-1 module was aligned for unity gain
throughout the TPSRIU system. TPSRIU systems were shipped to the following cities:

e Albuquerque, New Mexico
e Denver, Colorado

e Phoenix, Arizona

e Quantico, Virginia

e Sdt Lake City, Utah

e San Diego, Cdifornia.
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The remainder of thisreport is organized into two volumes, which consist of the
following sections:

Volumel:

- Section One—Transportable Public Safety Radio I nteroperability Unit—A
Solution for Public Safety Wireless I nteroperability. Thisreport servesasa
primer for the TPSRIU technical solution to provide interoperability among public
safety agencies. Thisreport includes the basic, essentia information needed to
understand and implement the TPSRIU, and consequently, offers aresource for al
public safety agenciesinterested in such a solution.

- Section Two—Transportable Public Safety Radio I nteroperability Unit Users
and Maintenance Manual. This document provides the basic information needed to
operate and maintain the TPSRIU system. It supplements the equipment manuals
offered by the vendors for each of the TPSRIU’ s components.

- Appendix A—Acronyms. This section lists all acronyms used in the report.
Volumell:
- Section One—Introduction.

- Section Two—Interface Control (ICD) and TPSRIU Preliminary Design (TPDD)
Documents. The ICD identifies the externa design parameters used during the initial
design analysis. The TPDD provides documentation of the conceptual designs
evaluated during the design process.

- Section Three—As-Built Documentation. This section contains the as-built
documentation, including system drawings, component drawings, and configuration
tables for the TPSRIU system.

- Section Four [Prdcurement Documents. This section contains the procurement
documentation related to the TPSRIU project. Included are Other Direct Costs
(ODC) memaos, purchase orders, and credit card receipts.

- Section Five [Mahuals and Equipment Data Sheets. This section contains the
equipment specific documentation, including Motorola mobile data sheets, equipment
manuals, and equipment warranty cards.

- Appendix A CAcdonyms. This section lists all acronyms used in this report.
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2. TRANSPORTABLE PUBLIC SAFETY RADIO
INTEROPERABILITY UNIT
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PREFACE

This report serves as a primer for one technical solution to provide interoperability
among public safety wireless networks. The solution, known as Transportable Public Safety
Radio Interoperability Unit (TPSRIU), is appropriate when certain public safety response
scenarios would benefit from support by a mobile augmentation to the fixed infrastructure,
designed to provide interconnection among different systems. This report provides the basic,
essential resource for all public safety agencies interested in such a solution. More information
on the TPSRIU, and other approaches for achieving interoperability, are available from the
Public Safety Wireless Network (PSWN) Program, which sponsored and funded the
development of the TPSRIU concept. The PSWN Program can be contacted by e-mail at

nformation@pswn.gov/|or by telephone at 1-800-565-PSWN. The program’s Web site at
WwWw.pswn.qov] provides awealth of information regarding public safety wireless
interoperability.
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1. INTRODUCTION

The Public Safety Wireless Network (PSWN) Program works with public safety agencies
nationwide to help achieve interoperability—seamless, coordinated, integrated public safety
wireless communications that promote safe, efficient protection of life and property. The PSWN
Program works with the public safety community to improve the interoperability of wireless
communications systems by promoting coordination and partnerships, seeking funding
aternatives, advocating adequate public safety spectrum allocations and efficient spectrum use,
supporting technical standards development, and fostering secure communications.

The devel opment and implementation, for proof-of-concept purposes, of technical
solutions for interoperability among public safety networks is one of the PSWN Program’s main
areas of activity. These solutions, which are put in place as pilot projects in regions throughout
the country, are developed jointly by the PSWN Program Management Office (PMO) and public
safety radio and operational personnel from theregion. The individualsinvolved most directly
in pilot system development and operation constitute the pilot test’s Integrated Program Team, or
IPT. IPT members focus the pilot effort and technical concept to be proven into a discrete,
repeatable solution for an interoperability shortfall common among public safety agencies
throughout the Nation. This approach alows the PSWN PMO to leverage the solution beyond
the pilot region, thus benefiting the public safety community as a whole.

The Transportable Public Safety Radio Interoperability Unit (TPSRIU) was designed and
assembled based on lessons learned from the PSWN Program’s San Diego case study and pilot
project. The San Diego case study focused on an assessment of interoperability in San Diego
and Imperia counties. The primary recommendation from the case study was to implement a
pilot test targeting a specific interoperability shortfall, namely, the need for atransportable
interoperability solution supporting certain public safety response situations. To support this
effort, the PSWN Program and the San Diego IPT devel oped the Transportable Communications
System (TCS). The IPT decided the TCS would be installed in one of San Diego County’s
search and rescue vehicles. Features of the TCS included—

- Providing first response communications interoperability during the initial 24 to 48
hours of an emergency situation

- Supplementing or extending the reach of fixed infrastructure coverage
- Providing transportable communications backup with flexible system configuration

- Enhancing local, state, and federal interoperability during emergency situations and
specia events.

The TPSRIU, like the TCS, consists of three basic building blocks: radios to interconnect,
an audio switch to provide the interconnections, and interface hardware (e.g., custom cables,
terminal strips) to provide the physical connectivity supporting system operation. The key
difference between the TPSRIU design and the TCS design is in how each device is packaged to
accommodate different applications. The TCS was designed to be mounted into arelay rack,
which was to be permanently installed into a mobile command vehicle. The TPSRIU was
designed to be mounted in transit cases that could be transported to wherever needed.
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Additionally, the TPSRIU was designed with a separate power source enabling operation where
110 volts (V) alternating current (AC) isavailable. Figures 1 and 2 depict conceptual drawings
of the TPSRIU system.
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Transportable Public Safety Radio I nteroperability Unit Conceptual Drawing
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2. SYSTEM COMPONENTS

The Transportable Public Safety Radio Interoperability Unit (TPSRIU) integrates severa
commercial off-the-shelf (COTS) products into a public safety wireless interoperability solution
appropriate for incident response where infrastructure does not provide needed coverage or
required interoperability. Figures 3 and 4 show how the system components are mounted into

two 19-inch rack-mounted transit cases.

DC Distribution
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ACU-1000
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Radio Shelf 1

Radio Shelf 2

Terminal Strip
Panel Shelf

Power Supply 1
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Power Supply 2
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Figure3
Front View TPSRIU
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Figure4
Rear View TPSRIU

The TPSRIU uses a JPS Communications ACU-1000 audio cross-connect switch with
radio logic control. The JPS ACU-1000 is configured with 1 power supply module, 1 control
processor module (CPM-2), 1 handset speaker prompt (HSP-2) module, 1 public switched
telephone network (PSTN-1) module, and 11 digital signal processing (DSP-1) radio interface
modules. DSP-1 modules 1 through 4 were interfaced to the following radios mounted in the
TPSRIU: one very high frequency (VHF) (146-174 megahertz [MHz]) unit, one government
band SmartNet trunk capable ultra high frequency (UHF) (403433 MHZz) unit, one SmartZone
trunk capable 800 MHz unit, and one Justice Wireless Network (JWN) compatible VHF (146—
174 MHz) unit. DSP-1 modules 5 through 7 were interfaced to terminal strip panel 1 (TSP-1).
DSP-1 modules 8 through 10 were interfaced to TSP-2. DSP-1 module 11 is a spare module and
is not interfaced to any other components.

Mounted in a second transit case is the TPSRIU power system. This power system
allows operation of the TPSRIU when 110 V AC isavailable. The power system consists of two
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Newmar PM12-70 power supplies rated at 70 amps continuous at 13.8 VDC. Power between the
two transit cases is connected using custom-built power cables.

2.1 Rack Mount Transit Case

The TPSRIU system is housed in two, 19-inch rack mount transit cases manufactured by
ECS Composites. The following criteriawere used for case selection:

e System Size—The TPSRIU system design specification called for transit cases that
were as small as possible, while still adequately protecting the equipment.

e Operating Environment—System design specifications called for the TPSRIU to
be capable of transport in a high vibration environment. To meet this specification, a
case designed with a shock absorption system was sel ected.

The ACU-1000, radios, and DC distribution panel were mounted into an ECS series 5314
case. The outer dimensions of this case are 22.77 inches wide by 23.05 inches deep by 28.46
inches high. Theinner rack dimensions are 19.31 inches wide by 13.78 inches deep by 24.56
inches high. The inner rack is mounted on shock absorbing mounts specifically sized for the
TPSRIU design. This case, with the equipment, weighs approximately 150 pounds.

The ECS series 5314 case was purchased with stacking feet, locking hasps, lift rings, a
large pouch in thelid, a fixed shelf, and two sliding shelves. The dliding shelves house the
Motorola Astro Spectra mobile mid/low power radios, as well as the high-power remote head,
using the manufacturer-supplied mounting brackets. The fixed shelf houses the high-power
radio, terminal strip panels, and DC power connections for additional radios.

The Newmar PM 12-70 power supplies were mounted into an ECS series 5706 case. The
outer dimensions of this case are 22.77 inches wide by 33.26 inches deep by 14.46 inches high.
The inner rack dimensions are 19.31 inches wide by 24.00 inches deep by 10.56 inches high.
The inner rack is mounted on shock absorbing mounts specifically sized for the power case
design. This case, with the equipment, weighs approximately 100 pounds. The case was
purchased with stacking feet, lift rings, locking hasps, casters, and a pouch in onelid.

The stacking feet allow for the ECS series 5314 case to be stacked on top of the ECS
series 5706 case, as shown above in Figure 3. When stacked, the transit cases may be moved
around as one system. The casters are removable and can be installed on either case as desired.

The ECS transit cases provide sufficient depth to protect the equipment but are shallow
enough to allow easy programming of the radios and maintenance of the system. A challenge
encountered with the series 5314 cases was that the sliding shelves' rails were machined
incorrectly. This required shipping the sliding drawers back to the manufacturer, who resolved
the problem. Another significant modification made to the sliding shelves was the removal of
the locking mechanisms provided by the manufacturer. These were removed because of
concerns that the locking mechanism would vibrate open and the shelf would slide out when the
system wasintransit. To correct this, a hole was drilled into the shelf faceplate so that the
diding shelf could be secured in place with a 10-32 rack mount screw.
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Additional information on the transit cases can be found in the drawings included with
each system, as well as on the vendor’s Web site at p\www.ecscase.com)|

2.2 Power Distribution Panel

Power is connected to all components of the TPSRIU using a rack-mountable 800-amp
DC distribution panel manufactured by Newmar Power. The purpose of the power distribution
panel isto provide a centrally located connection point for DC power that replaces the radio and
control head fuses with easily reset circuit breakers.

Because the manufacturer discontinued the DST-DC model power panel, only theinitial
TPSRIU system was assembled using that particular model. TPSRIU systems two through six
were configured with a Newmar model DST-20 distribution panel.

The DST-DC distribution panel was factory modified to provide a split bus (bus A and
bus B), each controlled by a master 100 amp breaker mounted on the RF/Power Panel. This
model of DC distribution panel normally ships from the manufacturer with a single bus but can
be modified at the customer’srequest. In this case, the bus was modified for the system design.
Two issues had to be considered when modifying the DST-DC bus. First, the modification
makes breaker positions 9 and 10 unusable because of requirements for physical separation
between the two buses. Second, the split bus modification required that breakers be mounted in
positions 11 and 12 to provide adequate structural support for the second bus (bus B).

The DST-20 distribution panel is designed with a split bus (bus A and bus B), each
controlled by a master 100A breaker mounted on the RF/Power Panel. Circuit breakers are
installed from the front. Unlike the DST-DC distribution panel, all 19 breaker positions may be
used.

Tables 1 and 2 outline the configurations of the DC distribution panels.
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Tablel
DST-DC Distribution Panel Configuration

BUS Breaker # | Amperage Purpose
1 10 ACU-1000
2 5 800 MHz Ignition Sense
3 20 800 MHz Power
4 5 VHF Ignition Sense
A 5 20 VHF Power
6 20 DC-1
7 Empty
8 Empty
9 Split Bus Modification-Not Usable
10 Split Bus Modification-Not Usable
11 5 JWN High Power VHF Remote Head
12 40 JWN High Power VHF Power
13 5 UHF Ignition Sense
14 20 UHF Power
B 15 20 DC-2
16 Empty
17 Empty
18 20 Spare
19 5 Spare
Table?2
DST-20 DC Distribution Panel Configuration
BUS Breaker # Amperage Purpose
1 10 ACU-1000
2 5 800 MHz Ignition Sense
3 20 800 MHz Power
4 5 VHF Ignition Sense
A 5 20 VHF Power
6 20 DC-1
7 Empty
8 Empty
9 Empty
10 Empty
11 5 JWN High Power VHF Remote Head
12 40 JWN High Power VHF Power
13 5 UHF Ignition Sense
14 20 UHF Power
B 15 20 DC-2
16 10 Spare
17 40 Spare
18 20 Spare
19 5 Spare

As-built wiring diagrams for both models of DC distribution panels are included in
Appendix A. If equipment-specific information is needed, refer to the manufacturer’s manuals,

www.newmarpower.coml

art numbers M-DST-DC and M-DST-20B, as well as the vendor’ s Web site at
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2.3 JPSACU-1000

The TPSRIU uses a JPS Communications ACU-1000 audio switch designed with 1
power supply module, 1 handset speaker prompt (HSP-2) module, 1 control processor module
(CPM-2), 11 digital signal processing (DSP-1) modules, and 1 public switched telephone
network (PSTN) module installed.

The power supply module is a single board module that plugs into the left-most slot of
the ACU-1000. The ACU-1000 is provided with +13.8 V DC from the distribution panel and
connected to breaker 1.

The HSP-2 module provides a means to locally monitor, configure, and control the ACU-
1000 system. The user can monitor audio viaan internal speaker, a set of headphones, or the
handset provided. The handset includes a push to talk (PTT) switch, which allows the user to
key cross-connected radios viathe HSP-2 module. Module control and configuration is
accomplished viaa 3 by 4 keypad.

The CPM-2 module controls the entire chassis of the ACU-1000 viaan internal high-
speed seria bus. The CPM-2 module performs three primary functionsin the ACU-1000. First,
it requests and receives status from the other modules of the ACU-1000. Second, it sends
commandsto all other system modules, for example instructing a DSP-1 module to key aradio.
Third, the CPM-2 module controls the routing of the audio from the other system modulesto the
ACU-1000 audio bus.

The DSP-1 module is atype of four-wire interface module. It isused to interface radios
and other four-wire devices. This module offers three types of carrier operated relay (COR):
hardware signal, voice modulation recognition (VMR), and voice operated transmit (VOX). The
11 DSP-1 modulesin the TPSRIU system are configured for VOX. Thefirst four DSP-1
modules interface directly to the radios mounted within the TPSRIU system. DSP-1 modules 5
through 10 are interfaced to terminal strips 1 and 2. DSP-1 module 11 was reserved as a spare.

The PSTN-1 moduleislocated at the right-most slot of the ACU-1000. Thismoduleis
the interface between the TPSRIU system and the tel ephone system. The PSTN-1 module
contains one four-wire port for interfacing to four-wire phone lines or other devices, and two
two-wire ports with front panel RJ-11C jacks for interfacing with PSTN lines or satellite
equipment. Telephone systems that may be interfaced to the TPSRIU viathe PSTN module are
PSTN line, Private Automatic Branch Exchange (PABX) line, Inmarsat Terminal, or cellular
telephones.

Appendix A contains as-built wiring diagrams and tables illustrating the interconnections
of the DSP-1 modules. Refer to the ACU-1000 operations manual (5961-200200) and the
vendor’s Web site at www.jps.com|for additional ACU-1000 information.
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2.4 Sliding Radio Shelves

The following sections describe the components mounted on the sliding radio shelves.
2.4.1 Motorola Radios

The following radios are integrated into the TPSRIU:

- VHF programmable (146-174 MHz) Motorola ASTRO Spectra mid-power mobile
radio with aW4 radio control head designed with the Telecommunications Industry
Association/Electronic Industries Alliance (TIA/EIA)-102 (Project 25) Common Air
Interface (CAI) and configured for conventional operation.

- Department of Justice (DOJ) IWWN, VHF (146-174 MHz) Motorola ASTRO Spectra
high-power mobile radio with a W4 remote mount radio control head designed with
the TIA/EIA-102 CAI and configured for conventional operation, encryption, over
the-air re-keying (OTAR), and multikeying.

- 800 MHz (806-870 MHz) Motorola ASTRO Spectra high-power mobile radio with a
W4 control head designed with the TIA/EIA-102 CAI and configured for Motorola
SmartZone Trunking and conventional operation.

- UHF programmable (403433 MHz) Motorola ASTRO Spectra mid-power mobile
radio with aW4 control head designed with the TIA/EIA-102 CAl, and configured
for Motorola SmartNet Trunking and conventional operation.

RG-58/U cableis used for radio frequency (RF) terminations. The RF cableis
terminated to N-Type connectorsinstalled on the RF/power panel.

2.4.2 Radio Mounting & Radio Interface

Three mobile radios and one remote head were mounted on the TPSRIU system’s two
sliding shelves using the manufacturer-provided mounting brackets. Programming the four
radios is accommodated easily from the rear of the TPSRIU system. When maintenance is
required, the shelves slide out for easier access to system components. Shown in Figure 5 are
photographs of the sliding radio shelves.
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Figure5
Sliding Radio Shelves

On Radio Shelf One rests the IWN high-power radio remote head as well as the 800 MHz
radio. On Radio Shelf Two rests the VHF and UHF radios. Each radio isindividually connected
to an RJ-45 jack using a Motorola Spectra microphone cord. A cable, consisting of an RJ-45 and
DB-15 connector, connects each radio to its respective DSP-1 module. Power for each radiois
provided by the DC distribution panel and is routed through the TPSRIU case to the rear of each
radio.

There are two methods for interfacing the Motorola radios to the ACU-1000. The first
method requires internal modifications to the radio’ s soldered jumpers to provide transmit,
receive audio, and PTT on the radio options accessory connector. The second method requires
connecting to the radio’s microphone connector for PTT and microphone audio (transmit audio).
Speaker audio (receive audio) is provided by the accessory jack located on the rear of the radio.
Of the two connection methods, the latter was the preferred approach because it provided the
following advantages:

e Nointerna modifications of the radio were necessary.

e Motorola Astro Spectra radios could be temporarily removed, as needed.

- Scenario One: Anincident calls for two 800 MHz radios, but no UHF government
radio. An 800 MHz Astro Spectra could be removed from a vehicle and mounted into
the UHF radio position. After the appropriate type of antenna was connected and the
radio was properly aligned, this radio could then be used for the duration of the event.

- Scenario Two: The UHF radio malfunctions during system operations. A spare UHF
radio could be removed from a vehicle and mounted into the malfunctioning UHF
radio slot. The spare UHF radio could then be used until the primary UHF radio
could be repaired.
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Regardless of which method is used to interface the Motorola radios, the volume control
on theradio adjuststhe audio level into the ACU-1000 DSP-1 inter face modules. If radios
are changed out of the system, the receive audio levels will need to be optimized for proper
system operation. System testing results indicated that placing the audio volume control at the
mid-way setting provided the best audio level for the ACU-1000. This setting is a good starting
point; however, depending on the radio used, the volume control may need to be adjusted further
for optimal operation.

2.5 Fixed Radio Shelf
Mounted on the bottom of the Series 5314 transit case is afixed shelf on which rests the

JWN radio, TSP1 and TSP2, and two 20-amp DC power sources. Shown in Figure 6 are
photographs of this shelf.

JWN VHF Radio

Front View Rear View

Figure 6
Fixed Radio Shelf

The high-power radio is mounted on the rear of the fixed shelf, using the manufacturer-
provided mounting bracket. The remote head cable for thisradio is routed through the TPSRIU
case to the remote head resting on Radio Shelf One. Power for the radio is routed from the DC
distribution panel through the case to the high-power radio. The high-power radio is connected
to the DC distribution panel breakers number 11 and 12. Breaker 11 is a5-amp breaker
supporting the remote head, and breaker 12, which supports the radio, is rated at 40 amps. The
programming cable for the high-power radio remains connected to the radio and attaches to the
rack when not in use.

25.1 Terminal Strip

During the initial design analysis, one of the requirements identified was that the TPSRIU
be capable of supporting ad hoc connections for various radios. To satisfy this requirement, two
terminal strips were mounted in the TPSRIU system. These terminal strips alow for easy
interconnection to the ACU-1000 when the switch manufacturer’ s interface cables are not
available. Shown in Figures 6 and 7 are photographs of the terminal strips used.
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