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CAUTION
Riskofelectricshock-donotopen.
Toreducetheriskofelectricshock:

Donotremovethe coverorbackofthe
IRMunit.

Therearenouser-serviceable partsinside.

Referservicingtoqualified, factory
Trained service personnel.

Thisequipment meets part 90 and part 94 of the
FCCrules.

NOTICE

This digital apparatus does not exceed
the Class A limits for radio noise emis-
sions from digital apparatus as set out in
the radio interference regulations of the
Canadian Department of Communica-
tions.

INFORMATION TO USER
Class B Digital Device or Peripheral

NOTE

This equipment has been tested and found to
comply with the limits for a Class B digital
device, pursuant to Part 15 of the FCC Rules.
These limits are designed to provide reason-
able protection against harmful interference
in a residential installation.

.
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Thisequipment generates, uses, and canradiate
radio frequency energy and, if notfollowing mea-
sures:

* Relocateor change the orientation of the mentand
receiver.

+ Connect the equipment into an outlet on a
circuit different from that to which the
receiver is connected.

+ Consult the dealer or an experienced radio/
TV technician for help.

WARNING

Changes or modifications not expressly appro
by Aria Wireless systems could void the usq
authority to operate the equipment.

To minimize the potential for RF interference, A
:Wireless Systems recommends shielded interdg
necting cables to data terminal equipment.

11/98,111-1
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1.1 - About this Manual

This is a Reference Guide for It Does NOT Contain

the System Il Intelligent
Radio Modem (l RM) equipment - this information is contained in:

Operational description of any of the component

Book# Name

This book is the first in a series of four manu- 2 System |11 - Repeater Reference Manual
als designed to work together for Users,
Installers and Service Technicians. The infor- 3 System 1| - CEMA Software Reference
mation contained in this reference guide Manual
covers:
4 System III - Network Manager Reference

How the IRM works Manual

How to Install and configure your IRM

unit

How to interface your equipment through Notes, Warnings and Tables

the Network

IRM operations

Troubleshooting IRM unit malfunctions NOTE

Text included in this box emphasizes infor-
mation pertinent to a sequential order, or the
possibility of damage to the IRM network
system.

WARNING
Alerting you to possible bodily injury, the black

boxes with white text contain safety warnings.

Sec1-Pg 1l A R I A
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1.3-IRMFeatures

Features

+ 19.2 or 9.6 kbps data rate

» Accepts all common user protocols

+ 50 km (30 mile) operating range

« Operates in 400, 800 and 900 MHz fre-
quency bands

+ Efficient CEMA network protocol

 Remote software load and configuration

+ Compact package

« Simple set-up and operation

Description

The Intelligent Radio Modem

The System III Intelligent Radio Modem (IRM)
provides high capacity wireless data transmission
from data entry terminals or host computers over
metropolitan area radio networks operating at
speeds of 9600 or 19,200 bits per second. The unit
may be configured either for transparent opera-
tion with the customer’s host computer protocol
or for use with the Collision Eliminating Multiple
Access (CEMA) network protocol.

When interfacing terminals to the CEMA wireless
network, the IRM fully emulates the host
computer’s terminal controller and transmits any
terminal mode changes to the IRM attached to the
host computer. Similarly in interfacing host
computers to the network, the IRM emulates all
terminal control functions including polling and
allows only packets containing data to be trans-
mitted. Virtual multi-drop capability allows the
IRM to serve multiple terminal devices from a
single RS-232 port. It can also drive port sharing
devices, short haul modems or microcell servers.

Compatibility

The IRM is fully compatible with the System III
SNMP Compliant Network Manager. This
capability allows the network operator to re-
motely monitor IRM operating status, to
reconfigure communications port parameters or
protocol settings, and to download new firmware
revisions. With these Network Manager features,
the user can perform most IRM servicing without
a site visit.

IRM Reference Manual - Introduction

Sec 1-Pg 2
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1.4 -IRM Specifications
The IRM System

The IRM incorporates an external power supply, program storage, the digital processor module
RF transceiver, digital processor and firmware. supports a large variety of firmware based proto-
World wide operation is supported via the exter- cols that are commonly used in interactive data
nal power supply, which accepts 110 to 230 volts terminals. Contained in the firmware are the
A/C and supplies 12 volts DC power to the IRM network protocol functions and one or two cus-
enclosure. The digitally synthesized RF transceiver tomer equipment protocols plus extensive diag-
module ensures high quality error free data nostics and network management functions. To
transmission over a wide range of frequencies and provide enhanced throughput and security, data
channel spacings. By using a proven Motorola compression and encryption functions may be
68000 microprocessor coupled with flash memory added.

Specifications

1. Frequency Coverage and Data Rates

Coverage Transmit Range Receive Range
405-512MHz Ft£5.0MHz Fr+5.0MHz
805-960 MHz Ft£7.5MHz Fr+7.5MHz

Transmitter and receiver center Frequencies (Ft & Fr) are to be specified at time of order. The operational
frequencies can be programmed in the field within the above specified coverage limitations. Ft and Fr may
be any value which lies between the lowest coverage frequency plus 5.0 MHz or 7.5 MHz and the highest
coverage frequency minus 5.0 or 7.5 MHz as applicable.

Data Rate Channel Spacing Modulation
9,600BPS 25.0KHz 2 state FSK
9,600 BPS 12.5KHz 4 state FSK
19,200BPS 25.0KHz 4 state FSK

Sec1-Pg 3 A R I A
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1.4 -IRM Specifications

2. Transmitter Specifications

« Maximum Power Output: 5 Watts (+37 dBm)

+ Duty Cycle: 100%

*Turn-onTime: < 1 Millisecond

« FrequencyStability: 1.5 ppm

*FrequencySources: TCXO Controlled Direct Digital Synthesis
*ReferenceFrequency: 19.6608 MHz

3. Receiver Specifications

 Type: Double conversion superheterodyne
+AdjacentChannel Rejection:
First Adjacent Channel =~ 50dB
Second Adjacent channel 60dB

«SpuriousRejection 70 dB
-ImageRejection: 60dB
«IntermodulationRejection: 60dB
eSaturation: -20dBm
+Sensitivity: (10 Bit Error Rate)

9600BPS25kHz -100dBm
9600BPS12.5kHz -90dBm
19,200 BPS 25kHz -87 dBm

4. User Interface

*FrontPanelIndicators
4 status LED’s
1 Power LED
*RearPanel
Antenna Connector: TNC type female 50 ohms
Customer Device Connectors: RS-232 DB-25 Female, configured as DCE
Received Signal Strength Test Point
12 Volt Power Jack
5. Regulatory Compliance
«Safetyapprovals: UL, CSA, TUV
+FCCType Acceptance: Parts 22, 90 or 94 as applicable
«CanadaCompliance: RSS-119 or RSS-122 as applicable
+ Emissions: FCC Part 15, Sub-part B
* FCCID’s
805-960 MHz: JK2DM208000B
405-512MHz: JK2DM204000
«Emission Designator:
12.5 KHz models 11K7F1D
25 KHz models 17K1F1D

A R 1 A . Sec1-Pg 4
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1.4 -IRM Specifications

6. Electrical and Mechanical

*External Powersupply
Input Power: 110/230 VAC, 50/60 Hz, Auto-sensing.
Power Consumption: 42 Watts Maximum
Output Power: 12 volts DC, 3.5 amperes maximum
Dimensions: 3.4"Wx5.9"Lx2.0"H (86 X149 x 56 mm)
Weight: 18 oz. (510 grams)
IRMEnclosure
Dimensions: 7"Wx9.5"Dx2.5"H (178 x 241 x 64 mm)
Weight: 5 pounds (2.3 Kg)
Temperature Range: Operating: 0 to +50 Degrees C
Storage: -40 to +80 Degrees C
Humidity: 5-95% non-condensing
7.Digital Module
«Microprocessor: Motorola 68000, 14.7 MHz Clock
«Memory: 1024 KB Reprogrammable Flash Memory
256 or 512 KB Random Access Memory
(RAM)
8 KB Electrically Erasable Read Only
Memory (EEROM)
«Customer EquipmentPorts: 1or 2 RS-232 Serial Ports

Sec1-Pg 5 . A R I A
11/98111-1 IRM Reference Manual - Introduction WIRELESS SYRTEM



—
SYSTEM -

1.4 -IRM Specifications

8.Firmware

*Network Capabilities

*CustomerEquipmentProtocols

*Operational Functions

*NetworkManagementand TroubleshootingFunctions

*Configuration Method

CEMA Network Version 2.0

IBM SNA/SDLC

IBM 3270 Bisynchronous

Burroughs Poll Select Asynchronous
Burroughs Poll Select Synchronous
Asynchronous Terminal

X.25 Level 2, LAPB

Visa Types 1 and 2

Datapac 3201

CEMA network control
Customer equipment interface
Customer equipment protocol processing

Interface via CEMA network to manage-
ment workstation

Remote configuration

Radio status reporting

Protocol process alerts

Diagnostics

Remote or local configuration using PC
based Network Manager
Parameters stored in nonvolatile EEROM

All Stated specifications are subject to change without notice or obligation.

Sec1:-Pg 6
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1.5-IRMin a Network

The IRM is one component of the System III
network. It can be used as a:

€ 1.) Host Server, or

2.) Terminal Server

H

J—
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When connected to a mainframe, or host com-
puter network, the IRM is configured as a Host
Server.

As a terminal server, the IRM connects the
terminal or series of terminals to the CEMA
network.

Any host or terminal server IRM can be used for
Network Manager access.

REPEATER

IRM /
a

HOST

SERVER
IRM

18 A,
[m] TERMINAL
[ SERVER

|
=

HOST
o0
]
NETWORK MANAGER

I -

IRM
TERMINAL
/\ SERVER D

TERMINAL
IRM
TERMINAL
o
I
ATM

Sec1-Pg 7
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2.1 -Installation General

What to do for
Installation Startup

The following chapter will cover these steps for
installing the IRM unit and checking functionality:

m & DI
1. Tnstallthe antenna I?’.'-'-. l 4. Perform a radio check-out

2. Install the data connection 5. Go operational — turn the unit

on and let it connect!

—— 1 3. Configure the network
=y e - parameters

Warnings to Heed Before
Installing your IRM unit NOTE

Warnings pertaining to bodily injury are
contained in black boxes like this one.

Safeguards

This section contains important safety
instructions that apply to the installation,
operation and servicing of the IRM. Follow Instructions

) Follow all instructions pertaining to the entire
Read the Instructions network contained in these manuals. This

All the safety and operating instructions should includes this manual as well as:

be read before the IRM is operated.

Book# Name

Retain the Instructions 2 System III Repeater Reference Manual
The safety and operating instructions should 3 System III CEMA Reference Manual
be kept in an easily accessible place for 4 System I1I Network Manager

future reference. Reference Manual

Heed All the Warnings

All warnings on the IRM and in the operating
instructions should be followed.

Sec 2-Pg 1 ,a.. ﬂ. |,.:..
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2.1 -Installation General

Water and Moisture

The IRM should not be used near water. It is
intended for indoor use only.

Placement andVentilation

The IRM should be situated so that its location or
position does not interfere with its proper
ventilation. Openings in the cabinet are provided
for ventilation to ensure reliable operation and to
protect it from overheating. These openings must
not be blocked or covered. Do not place it in an
enclosed environment, such as a bookcase or
cabinet that may impede the flow of air through
the ventilation openings.

Heat

The IRM should be situated away from heat
sources such as radiators, heat registers, stoves or
other equipment that produce heat.

Grounding or Polarization

The IRM is equipped with a grounded
polarized AC line plug. This plug will fit into the
power outlet in only one way. This is a safety
feature. If the plug should fail to fit into the
outlet, contact your electrician to replace your
obsolete outlet. If you need an extension, use a
grounded polarized cord.

Power-Cord Protection

Power-supply cords should be routed so that
they are not likely to be walked on or pinched by
items placed upon or against them, paying
particular attention to cords at plugs,
convenience receptacles, and the point where
they exit from the IRM power module.

Cleaning

Unplug the IRM from the wall outlet before
cleaning. Do not use liquid cleaners or aerosol
cleaners. Use only a damp cloth for cleaning.

Power Lines

The IRM antenna should be located away from
power lines.

Outdoor Antenna Grounding

If an outside antenna is connected to the IRM, be
sure the antenna system is grounded so as to
provide some protection against voltage surges
and built-up static charges. In the U.S., Section
810 of the National Electrical Code, ANSI/NFPA,
No. 70-1984, provides information with respect to
proper grounding of the mast and supporting
structure, grounding of the lead-in wire to an
antenna discharge unit, size of grounding
conductors, location of antenna discharge unit,
connection to grounding electrodes, and
requirements for the grounding electrode.

IRM Reference Manual - Installation
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2.1 -Installation General

Non- use Periods

When left unused for a long period of time, the
power cord of the IRM should be unplugged.

Object and Liquid Entry

Care should be taken so that objects do not fall,
and liquids are not spilled, into the enclosure
openings.

Damage Requiring Service

The IRM should be serviced by qualified service
personal when:

+ The power-supply cord or plug has been
damaged

+ Objects have fallen, or liquid has been spilled
into the IRM

+ The IRM has been exposed to rain

» The IRM does not appear to operate normally
or exhibits a marked change in performance

« The IRM has been dropped, or the enclosure
damaged

Servicing

The user should not attempt to service the IRM
beyond what is described in the operating
instructions. All other servicing should be
referred to authorized service personnel.

Placement and Power

Place the IRM on a table or shelf. Insure that the
ventilation holes are not obstructed in any way.
The IRM should be installed in a clean dry area.
Do not install it outside or in a place where it
may be exposed to moisture or very high
temperatures. The IRM may be operated from
110/120 VAC or 220/240 VAC, 50/60 Hz. The
power module automatically adapts to whatever
power is used. There is no selector switch.

Sec 2-Pg 3
11/98,111-1

IRM Reference Manual - Installation



Je—
SYSTEM M-

2.2 -Antenna Installation

Step 1 jlnstall theAntenna

The IRM operates as a remote station in a
multiple access half duplex system. A repeater
receiver/transmitter, located at a central point in
the network system, receives all remote messages
and retransmits the messages to all remote
stations. The IRM antenna should be located so
that it points to the repeater.

Site Survey

When designing a Multiple Address System
(MAS) network, several critical items must be

considered:

« location of antenna
« length of cable run
« near field obstructions.

Some of the less obvious items to be
considered are:

« radio sensitivity

« radio selectivity

« fade margin

« atmospherics with multipath fading

A Site Survey Form is provided on the
following page.

i IRM Reference Manual - Installation
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2.2 -Antenna Installation

Site Survey Form

Project Name:

Site Name:

Address:

Contact:

Phone

SiteInformation:

Approximate Street Location (directions):

Building Description (sketch here):

Height Composition Roof Type:

Antenna Mounting Structure:
D Pipe Mount D Tower Tripod D Chimney D Other

Receive Frequency

RSL  From ground:

Fromroof:

Antenna location in reference building:

Length of feed line required

Equipment location:

Radio type:

Peripheral equipment required:

Line extenders, modems, muxes, etc.:

Notes:

Sec 2-Pg 5 ,q H[ ,a.,
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2.2 -Antenna Installation

Antenna Location, Cable Length and
Near Field Obstructions

It is important to document and maintain the
precise location of the Receive Signal Level test.
This will assure that the RSL reported allows a
measurable fade margin for the individual
location. This also allows the calculation of cable
loss to be determined to the location of the radio.
In that sense, it is very important to note an
approximate distance between antenna and radio
location. While taking the RSL, take into
consideration near field obstructions such as:
trees, buildings, water tanks, and other
obstructions. Near field obstructions may
sometimes cause multipath fading in different
situations.

RSL in Reference to Radio Sensitivity,
Radio Selectivity, and Multipath Fading

The usable RSL for an IRM is a signal level that is
at least as strong as the receiver's specified
sensitivity (-87dBm @ 19.2K,-90 dBm @ 9600).
This signal strength should be maintained at the
antenna port of the radio in order to have a
proper fade margin. It is also important to
consider adjacent channel rejection of any near
frequency transmissions in the area. An adjacent
channel in combination with a low RSL could
create saturation problems.

Fading

Power fading includes results of beam bending,
which is affected by terrain clearance, beam angle
of arrival, trapping, or deflection of the beam.
Power fading due to loss or terrain clearance, also
called diffraction fading, may be to depths of 20
to 30 dB. Atmospheric ducts and layers cause
power fades up to 20 dB or more, which may
persist for hours or days. Multipath fading
includes phase-interference effects from ground-
reflected and atmospheric paths. Interference
may occur between the direct wave and the
reflection from ground or water surfaces, as well
as between the direct wave and partial reflections
from atmospherics or elevated layers.

IRM Reference Manual - Installation
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Power Budget Calculation
Frequency of Operation = 950 MHz

Free Space Loss Attenuation (dB) =
96.6+20Log(D_. )+20Log(F,, )

Antenna gain is specified in decibels above an
isotropic point source (dBi). Some antenna
manufacturers specify their antenna gain in
decibels referenced to a dipole (dBd). The
relationship is dBi = dBd + 2.14.

Losses not in the power budget that should be
considered in the fade margin:

+ Multipath: the reinforcement or cancellation

—
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2.2 -Antenna Installation

« Diffraction Loss: the scattering of the beam by
buildings, terrain or other obstacles that are
partially in the direct path.

» Foliage Loss: absorption of RF energy by trees
in the direct path of the beam.

Systems operating in the frequencies of 400, 800

and 900 MHz suffer negligible losses due to
atmospheric absorption, rain or snow.

of

the directly received signal by signals reflected

from the terrain, buildings or other sources.

Power Budget Calculation

Transmit Power (5 watts) +37.0dBm
Connector & T-Line Loss (100" 7/8"LLF) -2.0dB
Duplexer Loss -1.0dB
Omnidirectional Antennagain +11.0dBi
Repeater EIRP (Effective Isotropic Radiated Power) +45.0dBm
Free Space Loss (15 miles, 24 km) @ 950 MHz -120.0dB
7-element Yagi Antenna Gain +13.0dBi
Connector & T-Line Loss (250'1/2"LLF) -6.0dB
Received Signal Strength at Connector -68.0dBm
Minimum Receiver Signal Strength, 10-6 BER -100dB -90dBm -87dBm
Fade Margin 32dB 22dB 19dB
Radio Type 2.5kHz 12.5kHz 25kHz

9.6 bps 9.6 bps 19.2Kbps

Sec 2-Pg 7 A H__' A
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Icing

Along with multipath fading, severe icing affects
antenna patterns and in turn the RSL. Yagi
antenna performance can be degraded and their
directivity even reversed due to severe icing.
Icing reduces usable antenna bandwidth and
distorts radiation patterns. Experiments have
shown that as ice loading increases, impedance
match and radiation pattern changes become
progressively worse.

For a given thickness, deviation from
performance values become worse as frequency
goes up. The thicker the ice on the radiator, the

more the fed dipole's resonant frequency is
reduced. This effect makes it seem as if the
directors were lengthened. Basically, as the
amount of ice increases, the propagation
characteristics of the antenna approaches zero,
and the antenna is no longer directional but
becomes a reflecting system.

Mounting

The IRM antenna must be mounted so that it has
unobstructed line of sight to the repeater location.
The antenna is usually mounted on a pipe mount
or tower on top of a building or some structure
that will provide the proper height.

i
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What Types of Antennas To Use

The antennas used by IRM remote stations are antenna with a gain of 10 dB and impedance of 50
directional, meaning the radiated energy from the ohms. Directional antennas must be aimed at the
antenna is focused into a narrow beam and repeater antenna quite accurately (+ 10 degrees);
transmitted toward the repeater antenna. A otherwise the beam will miss the repeater and the
typical antenna would be a broadband yagi repeater will receive a low signal level or no

signal at all.

Typical 400 MHzYagi Antennas

Model Number* Frequency MHz Gain (dBd) Number of Elements
PLC-406 406-402 7.5 6
PLC-456 450-470 7.5 6
PLC-476 470-490 7.5 6
PLC-496 490-512 7.5 6

PLC-4010 406-402 115 10
PLC-4510 450-470 115 10
PLC-4710 470-490 115 10
PLC-4910 490412 115 10

Wind survival, PLC models: 125 mph (200kph)
Max. mast mount, PLC models: 2in (5cm)

*Toorder PLCantennas withan N-connector, add an N to the model number. Forexample, PLC-4510N.

Typical 900 MHzYagi Antennas

Manufacturer Model Type Gain
Cushcraft 9010N Yagi 10dBd
Cushcraft 904N Yagi 4dBd
Sinclair SRL-415 Yagi 10dBd
Scala TY-900 Yagi 10dBd
Mark CV9900 Omni 9dBd
Cellwave RFS (Variety) Omni (Variety)
Sec 2-Pg 9 A H' 'ﬁ'
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Aligning the Antenna

When mounting the antenna, make a coarse
alignment. Use a compass to calculate azimuth
and elevation positions and rotate the antenna to
its approximate position. For fine antenna
alignment, position the antenna while monitoring
the RF signal strength received from the repeater.
The antenna is aligned when the maximum signal
strength is attained.

Use a DC Volt meter to measure the Received
Signal Strength Indicator (RSSI) voltage. Use one
of the panel screws as a ground reference point.
Refer to this table for Signal Strength
Measurement:

Receive Signal Strength Indication

The test point at the rear of the IRM is for
measuring the received signal strength.

400/500 MHz 800/900MHz
dBm vDC dBm vDC
>.30 5.0V >-30 5.0V
40 5.0V 40 4.75V
50 4.9V 50 4.25V
60 4.4V 60 3.75V
70 3.8V 70 3.25V
-80 3.2V -80 2.75V
90 2.6V 90 2.25V
-100 2.0V 110 1.75V
110 1.3V 110 1.3V
<120 1.1V <120 1.1V
A R 1 A Sec 2 - Pg 10
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Coaxial Cable

The coaxial cable carries the RF signal between
the antenna and the IRM. The type of cable used
for any particular installation depends on the
amount of loss of RF signal that can be tolerated.
A number of cable types and sizes are available.
The lowest signal loss is achieved by the larger
and more costly cables. The loss may range from
0.8 dB to 8.9 dB per 100 ft. among different

cable types.

Typical Coaxial Cables

These are some of the cables available for use at
RF Frequencies. The table gives the loss per unit
length at 950 MHz. Losses will be less at

400 MHz.

Cable Size and Type Loss Per Loss in dB Per 100 Ft. Loss in dB Per 100 Meters
Andrew LDF7-50A 15/8inchheliax 08 2.7
Andrew LDF5-50A 7/8inch heliax 13 4.3
Andrew LDF4-50A 1/2inchheliax 2.3 7.7
Andrew FSJH-50B 1/2inch superflex heliax 36 11.7
Belden9913 7/16inch PVCjacketed 45 14.8
Belden9914 7/16inchRG8/U 6.0 19.7
RG-213/U 7/16inch PVCjacketed 89 29.2

Run the cable from the antenna down the pole or
mast into the building. Connect it to the IRM with
a male type TNC connector. The coaxial cable
must be firmly supported through its entire run
so it will not move under severe weather
conditions. If a cable is allowed to move, it will
eventually fatigue mechanically and fail. A wide
variety of hardware is available for mounting
coaxial cables. Connect the antenna cable to the
type TNC connector at the rear panel. Tighten the
screw type connector by hand until it is tight.

Sec 2+ Pg 11
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Recommendations

The following is a list of installation
recommendations.

» When 2 or more IRMs are used at the same
location, maintain at least 4 feet (1.3 meters)
vertical spacing between yagi antennas for
400-500 MHzradios and atleast 2 feet (.70
meters) vertical spacing between antennas for
900 MHz radios.

« Use RG 213/U coax up to 75 feet (25 meters),
1/2 inch hard-line over 75 feet, 7/8 inch hard-
line over 150 feet (50 meters) for remotes.

+ Use 7/8 inch coax or greater for repeater
installations.

» Use only directional yagi antennas for all
remote and host IRM installations.

« Maintain clear line of sight to the repeater at
all remote and host IRM locations. Using
multipath may work but is not recommended
for maximum performance.

Summary

In order to increase signal strength several
options can be considered. The cable run,
connectors and antenna must be checked to make
sure there is a proper antenna system. If the
signal degradation is intermittent, the antenna
height may need to be raised. However, the
antenna gain may be increased by the use of a co-
phased antenna. This is essentially two antennas
aligned to obtain an additive signal. Usually this
results in a 3 dB gain overall. The last option
would be relocation of the antenna in order to
avoid near field obstructions and possibly
shorten an extra long cable run.

« Maintain an RSL (Receive Signal Level) at
least as strong as the receiver's specified
sensitivity at all locations (20 dB above noise
floor or better is recommended) for best
performance with adequate fade margin.

» Maintain a VSWR of 1.3:1 or better on all

antennas.

+ Do not exceed an RSL of -20 dBm at any
receiver to reduce the possibility of distortion

due to saturation.

« All remote, host and repeater antenna
installations must be properly grounded. This
includes grounding the feed line and radio
housing to the building ground or grounded

tower.

» All DTE cables should be shielded and as
short as possible (under 50 feet for RS-232-C

devices).

» Leave IRM AC line power on at all times to
maintain stability and long term performance.

« Use 1.5 inch galvanized pipe for yagi antenna

mast.

IRM Reference Manual - Installation

Sec 2+ Pg 12
11/98, 111 -1



—
SYSTEM N

2.3 -Data Interface

STEP 2

Install the Data Connection

Connect the user DTE equipment to the user Port 2. The use of shielded RS-232 cables between
ports at the rear panel. These ports are RS-232C, the IRM and user equipment is recommended to
DCE, 25 pin D-type female connectors. Up to two insure the IRM system complies with mandated
user ports are available, and are labeled Port 1 and emissions limits.

DCE User Port Interface Signals

DB-25Pin Signal

1 Frame Ground

2 Transmitted Data (TD), input

3 Received Data (RD), output

4 Request to Send (RTS), input

5 Clear to Send (CTS), output

6 Data Set Ready (DSR), output

7 Signal Ground

8 Carrier Detected (DCD), output

9 Test +12V, output

10 Test -12V, output

11

12

13

14

15 Transmission Clock, DCE Source, output
16

17 Received Clock DCE Source, output
18

19

20 Data Terminal Ready (DTR), input
21

2 Ring Indicator (RI), output

23

24 External Transmitter Clock (ETC)

DTE Source, input

Sec 2+ Pg 13 “,a,. H. | ,.:..
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IRMs, Tail Circuits and Modems

In certain installations of IRMs, it will be
necessary to use cross-over (tail circuit) cables,
short-haul and dial-up modems to obtain
connectivity of the RS-232 port to a distant
device. The IRM’s RS-232 ports are configured as
DCE (Data Communications Equipment), either
synchronous or asynchronous, depending on the
configuration of the IRM. The physical port
parameters follow the rules in EIA specification
EIA-232-E, Interface Between Data Terminal
Equipment and Data Circuit-Terminating
Equipment Employing Serial Binary Data
Interchange.

With a straightforward connection, such as an
IRM (DCE) connected to a data terminal device
(DTE), wiring is as simple as a straight-through
DB-25 cable to connect the two devices. In an
asynchronous application, the two devices will
then require configuration to match port speeds.

In a synchronous application, speed will have to
be set along with which device will source the
clock, and the handshake configuration (RTS/
CTS). In most installations, the DCE provides
clock to the DTE, which is the default setting
(internal clock) on the IRM.

When the IRM is to be connected to another DCE
device such as a modem or multiplexer, special
cables and timing settings are required to
maintain synchronization between the devices.
Typical examples of these types of circuits are
illustrated on the following pages.

Tail Circuit

A tail circuit is a special cable that connects two
DCE devices to each other. It transposes the
receive/transmit data, clock and handshake lines
to make each end “look” like a DTE.

IRM Reference Manual - Installation
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Example 1: Dial-UpModem

The connection of a dial-up modem to a Network
Manager IRM for remote monitoring of a system is
an asynchronous DCE to DCE connection that
requires a tail circuit. The baud rates must be
matched forboth devices and the modem configured
forauto-answer.

Modem configurationisleft tothe user, but certain
S-register parameters must be programmed as
follows. Programming the modemisdetailedin the
manufacturer’s operation manual. The example
given is for a 9600 bps, V.32 Modem such as Black
BoxModem 4232.

DIAL UP
MODEM

2-WIRE
TELCO CIRCUIT

TAILCIRCUIT

—
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Modem Settings:

S Register 0, ‘Rings to answer”: 1 or more, set to
number of rings desired to answer theline.

SRegister21, “Terminal Bit-Mapped Operations”:
96, DCD ON only with carrier present, DSR ON at
initiation of connection.

Sec 2-Pg 15
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Example 2: Asynchronous
Short-Haul Connection

An example of this type of connection is the The short-haul modems require switched-carrier
connectivity of the Network Manager node to a operation under control of RS-232 signal RTS
dial-up modem via short-haul modems. (Request To Send).

—HH—

HORT
DIAL UP , fl ASL
i;-:vx::fcmcun MODEM TAILCIRCUIT | MODEM =~ MODEM clReuT
SWITCHED SWITCHED
CARRIER 2-2WIRE  CcARRIER
(RTS TWISTEDPAIR  (RTS
CONTROL) CONTROL)

Example 3: Synchronous DCE
- DCE Connection

An example of a synchronous DCE - DCE circuit to provide the host line connection to the IRM
is a multiplexer (normally a DCE) connected to a from a remotely located mainframe computer or
host server IRM. This type of connection is used front-end processor.

—

MUX {e— »{ [RM
TAILCIRCUIT

COMPOSITE CIRCUIT

EXTERNAL CLOCK TD AND
RD SYNCHRONIZED TO PIN INTERNAL CLOCK
24(ETC)

,q. H. l .ﬁ. Sec 2 - Pg 16
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Example 4: Synchronous
Short-Haul Modem (SHM)
Connection

This circuit is used when the IRM is separated
from the terminal device (an ATM, for example)
by a long distance. The clock source will be the
IRM (internal), with the SHM connected to it set
for external, the SHM connected to the ATM set
for recovered, and the ATM set for external.

AUTOMATIC
TELLER HAUL

MODEM

TAILCIRCUIT

MACHINE

—
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This synchronizes all of the devices in the chain
to the IRM clock. The SHM’s must be configured
for constant carrier mode with the RTS/CTS
delay at the terminal end set greater than the
RTS/CTS delay set in the IRM.

IRM

T~ MODEM

CIRCUIT

EXTERNAL ‘S:‘LVILL(?::D 2.2 WIRE g‘l’\VF'{TR‘i';':D INTERNAL CLOCK
CLOCK
(RTSCONTROL)  TWISTEDPAIR 215 conTROL)
RECOVERD EXTERNAL
CLOCK CLOCK
Sec 2 - Pg 17 -d'-_ H_ I
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Step 3 - Configure the Network
Parameters

= =

There are several user settable parameters in
the IRM that must be set prior to operation.
These are set via the PC-based configuration
menu of the Network Manager.

NOTE
The IRM is a Network device - it works
in concert with many other units on a
network. Many of its parameters (fre-
quency, network address, etc.) depend
on the network parameters. Refer to
Book #4 (the Network Manager) for
instructions on how to operate the
configuration utility of the
Network Manager.

—
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3.1- Configuration

There are two methods of configuration:

» Local - PC connects directly to the IRM
» Remote - modifications are made over
the radio network

Local is recommended for initial installation or
when a change is necessary and the CEMA
network is not up.

Remote configuration is for minor modifica-
tion on an operational unit. It has the advan-
tage of eliminating a trip to the remote site.

The following items must be configured before
the unit is operational:

» Receive and Transmit Frequencies
+ CEMA addressing

« Protocol Selection (each port)

« Protocol specific parameters

Sec 3-Pg 1
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3.2 - Local Configuration

Local Configuration 3.Turnonthe IRM. The IRM will enter thelocal
configurationmodeunderanyofthefollowing
1. Connect the equipment as shown below. conditions:

The PC's COM serial port connects to the
IRM’s Port 1 with a standard RS232 straight
through cable.

a.Itrecognizes Network Manager connec-
tionon Port1within thefirstseveral
seconds of power up.

b.TheIRMisinitsdefault configuration:
i.e.,noprotocolsenabled, Port1asthe
Network Manager port,and Port 2 asthe
Diagnosticport. Thisistheusual configu-
ration fromthefactory.

c.Internal switch forces Port1tothe
Network Manager interface. Use this

2. Startthe Network Manager program, and call up if methods (a) and (b) above don’t

the General Screen by pressing the Tab...(tobe work (see SEC 4.2 mode switches).

imported from Network Manger manual - Book#4).

Configuration Information for a Host

Hode Type Node Humber Mode Pairs
“* Host 02- | 040608,

 Terminal Hode Hame

[CEMA Address : 02

Read From: Save To:

ST 2 T
BT | 0 |
I | N (S

\\Utilities!..<General>\Neh-mrk>\Nude)\Cunnecﬁuns}\Purﬂ >\Puﬂ2>\Dummy>\Dummyf

S

A R I A . . Sec 3-Pg 2
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Step4-RadioFrequency Check

|

|l ==
ooo0 o0 D
o0 ®

OncetheIRMisinstalled and configured, thelast
stepbeforegoing operationalis checkingtheradio
frequencywith an RF Communication Test Set.

RF TEST SET

Equipment
RF Communications Test Set IFR model 12008,
(HP Model 8920A), or equivalent.

Procedure

1. Placethe RF Communications Test Setin close
proximitytothe IRM, and setittoreceive the
IRM’stransmit frequency. Place asmall portable
antennaontheIFR antennaport.

2. With a small portable antenna connected to
the IRM's antenna port, turn ON the IRM. Its
transmit oscillator will generate a small
amount of RF.

WARNING
NEVER connect the IRM’s RF port

directly to the RF Comm Test Set an-
tenna port. It will damage the RF
Comm Test Set when the IRM transmits.

3. Measure the center frequency of the IRM’s
transmitter and adjust the frequency to within
0.00005% (e.g.,at 928 MHz => +/- 450 Hz)
with a non-metallic tuning tool. The adjust-
mentscrewis accessed from the bottom of the unit,
throughaholeinthebottom cover.

FREQUENCY
ALIGNMENT HOLE

BOTTOM VIEW OF IRM

Sec 3:Pg 3
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Step 3 - Configure the Network
Parameters

N
=

Fer=reray

nHooo

There are several user settable parameters in
the IRM that must be set prior to operation.
These are set via the PC-based configuration
menu of the Network Manager.

NOTE
The IRM is a Network device - it works
in concert with many other units on a
network. Many of its parameters (fre-
guency, network address, etc.) depend {)n
the network parameters. Refer to Book 44
(the Network Manager) for
instructions on how to operate the
configuration utility of the
Network Manager.

—
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3.1 - Configuration

There are two methods of configuration:

* Local - PC connects directly to the IRM
 Remote - modifications are made over the
radio network

Local is recommended for initial installation or
when a change is necessary and the CEMA
network is not up.

Remote configuration is for minor modification
on an operational unit. It has the advantage of
eliminating a trip to the remote site.
The following itemsmustbe configured before the
unit is operational:

* Receive and Transmit Frequencies

* CEMA addressing

* Protocol Selection (each port)

* Protocol Specific parameters

Sec3:Pgl
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3.2 - Local Configuration

Set Up Running in the Command and Config
Connect the equipment as shown below. window, Select "Config" to access IRM Con-
The PC’s COM serial port connects to the figuration Information window. You will see

IRM’s Port 1 with a standard RS232 straight  the following screen:
through cable. Note which COM port is being
used on the PC for future reference. Turn on
the IRM and verify functionality.

Detailed information pertaining to the
Network Manager Program and its operation iS
covered in the Network Manager Manual
(Book #4). Running under Windows, activate You will notice that when a “Node
the Network Manager Program and select the Type” is selected, the menu entries are filled in
Setup menu choice. Enter PC Com port, baud under the “Read From”, “Save To” and “Func-
rate, and desired Network database selections. tion” sub-titles. This indicates that the Network

Manager recognized the IRM and is prepared
for further configuration activities.

= Select ComPort and Network
[ Select ComPoit — [ ComPort Baud Rate Metwork name Storage disk
NEW el +
9] None O 1200 | ‘ E ‘ |_|
®toni O 2400
O com2 O 4800
O com3 O 9600
O Comd ® 19200
| 0K I ‘ Cancel I | Help

A R I A . . Sec3-:-Pg2
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If the Network Manager does not
recognize the IRM, the Config Screen will look

like this:
[ T T T T —
A e —ra
LI} | Hisil =
—— | v maraas
il © 1 o
Hakirs 0 " th L Huir P L P Pt L Pt
e ] |

Reset the IRM and re-select the Node
Type. Be sure to allow enough time for the
IRM to power-up and run its self tests. Once
the IRM has been recognized, information can
be downloaded or uploaded locally by simply
performing a local “Read” or “Save” from/to
an IRM.

The default factory configuration for an
IRM is no protocol enabled, Port 1 as a Net-
work Manager Port, and Port 2 configured as a
Diagnostic port. To configure an IRM with new
information, simply configure each configura-
tion menu tab with required information and
perform a local “Save To” function. Refer to
the Network Manager Manual (Book #4) for
detailed configuration information.

Sec3-Pg3 ) ] A B I A
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3.3 - Remote Configuration

Remote configuration of an IRM requires the
unit be an active participant on a network and
previously configured (locally). Being an active
participant, the unit is able to receive and
acknowledge changes to its configuration over
an operation network. Typically, the IRM and
Network Manager used to monitor network
performance is used re-configure remote units.
Refer to the Network Manager Manual (Book
#4) for detailed Remote configuration informa-
tion.

NOTE:When remotely configuring an IRM, it

is prudent that a Remote “Read From” be
executed to acquire existing remote IRM
configuration information. Typically, the
remote configuration function is used to modify
an existing port or network parameters, thus all
other previously configured information is
unchanged and configuration changes are
achieved by simply editing the acquired con-
figuration information.

Identify the IRM (Node Address) that is
to be re-configured and note it for future
reference.

Bring up the Network Manager and
IRM that will be used to issue remote configu-
ration commands using the same procedure
local configuration. Verify that the unit is an
active participant on the network by verifying
the operational LED patterns discussed in
Section 4.1 of this document.

To acquire existing remote configura-
tion information, select the (Remote IRM)

“Read From” function and enter the remote
node address as instructed.

Upon entering the node address and
issuing a “Read”, you will notice status infor-
mation being displayed in the lower left-hand
corner of the display. This information is the
actual configuration data of the remote IRM
and can accessed by simply selecting/ display-
ing the various menu tabs contained within the
Network Manager Config window. Upon
receipt of a “Finished with Retrieve” status
message, all configuration information will
have been retrieved from the remote IRM.

Make any configuration changes by
simply editing each Config window menu tab
selection. Upon completion of the configura-
tion changes, return to the Utilities menu and
execute a (Remote IRM) “Save To” function.

Enter the remote node address as in-
structed and execute the “Write” function.
Again, observe the lower left-hand portion of
the display for status information.

Upon receipt of a finished, with port
configuration, the remote configuration has
taken place and the new configuration changes
are in place.

IRM Reference Manual - Configuration
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RF TEST SET

Once thelRM is installed and configured, the

Procedure

1. Place the RF Communications Test Set in
close proximity to the IRM, and set it to receive
the IRM’s transmit frequency. Place a small
portable antenna on the IFR antenna port.

2. With a small portable antenna connected to

last step before going operational is checking thethe IRM's antenna port, turn ON the IRM. Its
radio frequency with an RF Communication Test transmit oscillator will generate a small amount

Set.

Equipment
RF Communications Test Set IFR model
1200S, (HP Model 8920A), or equivalent.

of RF.

WARNING
NEVER connect the IRM’s RF port

directly to the RF Comm Test Set an-
tenna port. It will damage the RF Com
Test Set when the IRM transmits.

3. Measure the center frequency of the IRM’s
transmitter and adjust the frequency to within
0.00005% (e.g., at 928 MHz => +/- 450 Hz)
with a non-metallic tuning tool. The adjustment
screw is accessed from the bottom of the unit,
through a hole in the bottom cover.

FREQUENCY
ALIGNMENT  HOLE

BOTTOM VIEW OF IRM

Sec3+Pgh
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4.1-LED Display

Power On Self Test
Immediately after applying power to the IRM, Completion of POST is indicated by the right-
the front panel LEDs will display the status of hand four lamps displaying a motion pattern
the Power On Self Test (POST). from right to left and back three times.
KEY
IRM Post LED States A ioon (D-izman
LED Position

PWR CPU CEMA P1

* O O O O Power-on, no tests have started.

# #O O () Mratemes

* O* () () RAM Address Test

* OO _‘_ O CPU Test

—‘- O O O-i- ROM Checksum Test

Radio Tuning Operational Modes

After POST is complete, the Radio tuning At the completion of the Radio tuning process,
Process will take place. This is indicated by one of the operating modes will be entered.
flashing the CEMA and P1 LEDs. Which mode is entered is dependent on the

internal switch setting as described later in this
section. For each operational mode, a unique
front-panel LED pattern is displayed.

Sec 4 - Pg 1 ) A BRI A
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Operational Mode LED Patterns

MODE

LED Pattern Description

Invalid Configuration Mode

All LEDs flash together at a 1/2 Hz rate.

Invalid ROM (Flash RAM) checksum

LED #2 (CEMA) flashes at a 2 Hz rate.

Radio Test Mode One LED will continuously scan from left to
right.
Bit Error Rate Test Mode Two LEDs will continuously scan from left to

right.

Burn-in Diagnostic Mode

One LED will scan back and forth

Normal Operational Mode

See the section that follows.

During normal operation, LEDs will display like this:

USSR 11

PWR.CPU CE.MA.Pl :2 L E D

PWR

1 CPU

2 CEMA

3 (PD)

4 (P2)

NORMAL LED DISPLAY

DESCRIPTION
+5V Power Always On

Blink - Normal Operation
Steady - IRM error condition

Network Active
ON - Network is active
OFF - Network is not active

Port 1 Protocol Status

Port 2 Protocol Status

Sec 4 - Pg 2
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4.1- LED Display

The precise behavior of the protocol status LEDs differ depending on the protocol. Refer to the
specific protocol section in the CEMA software manual for complete details. In general, the port

status LEDs behave like this:

Port Protocol Status Display

LED Behavior

What it Means

Oft:

Port has not established connection with it's
remote partner.

Slow Blink: 1 second On, 1
second Off
(Same rate as CPU LED)

Port has made connection with its remote
partner, but there is no data activity or polling
at the port.

Fast Blink: half-second On, half-
second Off
(Twice as fast as CPU LED)

a.) Host Server - recognizes polls but is not
responding because the remote terminal is
not responding.

b.) Terminal Server - polls are being sent, but
no response is received.

ON: Port is sending and receiv-
ing polls and responses.

Port is sending and receiving polls and re-
sponses.

Sec 4 - Pg 3
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4.1- LED Display

CEMA Diagnostic Display

Optionally, the LED display can be changed to
a CEMA diagnostic display by changing the
Port Status internal switch #5as described in
the next chapter and shown by this symbol.

The CEMA Diagnostic display is described in
the following chart:

SUSTEN) 1

® 0 0 00
PWR CPU CEMA P1 P2

CEMA DIAGNOSTIC DISPLAY
LED DESCRIPTION

1 CPU CPU LED
Blink - Normal Operation
Steady - IRM error condition

2 CEMA Network Active
ON - Network is active
OFF - Network is not active

3(P1) CEMA Transmit
ON - IRM has data to send to the radio network
OFF - IRM does not have data to send

4(P2) CEMA Receive
ON - IRM has sent data and is expecting an
acknowledgment
OFF - IRM has received the proper acknowledgment
for all data sent

] Sec 4 -Pg 4
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4.2 - Mode Switches

Internal Switches

Internal switches are used for special purpose
diagnostics and testing to:

*Force configuration mode when other
methods are unavailable, or when
different baud rates must be used.

«Perform advanced diagnostics on
CEMA

« Enter test pattern mode when testing
the radios

Access the internal switches by removing the
top cover (see section 5).

KEY
ON/UP = 5
OFF/DOWN = :
PORT STATUS OPTION = E
BAUD RATE OPTION = |E
[TRANSMIT/RECEIVE OPTION =
TEST PATTERN = |E
BaudRateOption:
[b] [b] [b] Meaning

Switch Position Description

Normal Operational mode (attempt will be
made to enter configuration mode before going
operational)

1234 5 6 78

o A O]

bbb=baud rate option
|] = port status option

NOTE
Leave switches in NORMAL MODE unless
you are performing diagnostics or testing.

Radio Test Mode

8 o 4] 1]

= Transmit/receive option
IE = Test Pattern

TestPatternOption:

[#] [p] [¢] [p] Meaning

o B = 19200baud
o ol ™ 9600baud

o ™ @ 2400baud
m ™ ™ 1200baud

PortStatusOption:
M Meaning

H E| E| ﬂ Receive Mode (x = don’t care)

g g Transmit Pattern OOH (2-state FSK)
g g Transmit Pattern 55H (4 state FSK)
E 5 Transmit Pattern FFH

g Port Status LEDs show the port protocol status (normal)
5 Port Status LEDs show the CEMA transmit /receive status (diagnostic)

Sec 4 -Pg 5
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4.2 - Mode Switches

Non-configuration operational mode (system
will not attempt to enter configuration mode,
instead it will enter operational mode immedi-

o )

Forced configuration mode (will not enter
operational mode)

T

bbb=baud rate option

Diagnostic Mode is for factory use only.

Ha i =l e = =

Factory Burn-in Mode is for factory use only.

L e e bl el et b

A R I A ] Sec 4 - Pg 6
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4.3 -Troubleshooting

Front view -
Normal LED
Display

Back of IRM unit

2.) 115/230
VAC
3.) Power
Module

ON  Blinking ~ ON Binking ~ Blinking
always aways or On or On

1) 12 Volts

The front panel LEDs are illuminated as above in normal operating conditions.

Front Panel LED illuminations only provide information for basic operational conditions.

LED Indication Problem Solution

POWER Notilluminating. ~ Notgetting power to a.) Make sure Power Switch (1.) is ON.
the IRM unit. b.) Make surethe 12V Power Cable (2.) coming

from the power moduleis connected to the
IRMunit.

c.)Makesurethatthe 115/230VACis pluggedin
toanoutlet.

d.)Measure 12V on DC cable for output with the
DCvoltmeter.

No 12 Voltsoutof Ifall these have Replace the Power Module (3.).
power module. checked outandthere
isnovoltage.

POWER LEDstill not IRM unitdoesn'tpower ~Removethe rear panel, checkinterconnnecting

illuminated. upwhensupplied 12V~ cable. If12Volts (1.)is presentat the CPU board,
DC. thenreplace CPU board. If not, replace Radio
board.

CPU Lightis not CPUis notrunning a.)Make surethat PWRLED isilluminated.
blinkingataone-  correctly. b.) Make sure thatthe IRMisin Operation mode,
second rate. not Configuration mode. Replace CPU board.

Troubleshooting guideis continuedonnextpage... /\
Sec 4 - Pg 7 A R I A
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4.3 -Troubleshooting

LED Indication Problem Solution
CEMA LED is not IRM does not a.) Make sure that PWR LED is on, and CPU
steady ON. recognize avalid LED s blinking.

CEMA network. b.) Check RF signal level, antenna cable
connectionand antennaalignment.
c.)Apossibleradio problemexists. Either
replacetheradioboard, or refer to Refer to
the CEMA Manual for diagnosing a CEMA
network.

a.) Make sure that PWR CPU and CEMA LEDs

Port1/ LED is not Porthas notmade _ ;
Port2 illuminating. connectionwithits areilluminated.
remote partner. b.) Verify portaddressing.
c.) Refer tothe CEMA reference manual for port
addressing procedure.
NOTE

LEDs will behave differently, depending
on protocol software. Refer to the CEMA
manual for LED behavior.

Up to this point, you have been may be an interfacing problem or network
troubleshooting general operating problems. addressing problem. Refer to the CEMA
If communications are still not established Software Reference Manual for details on
and the radio link is known to be good, it CEMA Addressing and interfacing to your

specific protocol.

A R 1 A ] Sec 4 -Pg 8
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5.1-Servicing

General Servicing

WARNING
Servicing should only be performed by
qualified factory trained service personnel.
Removing the cover of the IRM creates the

risk of electrical shock.

Servicing by unauthorized personnel may
void your IRM Warranty.

NOTE
Many hardware components are specified in
metric. Besuretousemetrictools (nutdrivers,
wrenches, etc.) when appropriate.

WARNING
Always disconnect the AC Power Before

Removing the IRM cover to avoid the risk of
Electrical Shock.

NOTE
Remember that you are working with
ELECTROSTATIC SENSITIVE devices.

Electrostatic Sensitive Device (ESD)
Precautions

The digital logic board and the radio board
contain electrostatic sensitive devices, and
circuits may be damaged if proper precautions
are not observed.

« Handle the boards only while wearing a
grounded wrist strap and working at a
static free workstation.

« Circuit boards should be stored in anti-
static bags and in their original shipping
packaging.

« If a wrist strap and static free workstation
are not available and a board must be
handled, use the following procedure to
reduce the possibility of ESD damage.

« To discharge any static charge from your
body, place one hand in contact with the
chassis before touching a circuit board.
Keep your hand in contact with the
chassis while handling the board. Do not
touch any of the ICs and pick up the
board only at the edges.

+ Do not set the board down on a work
surface.

« Return boards to anti-static bags as soon
as possible.

Sec 5:Pg 1
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5.1-Servicing

Servicing

Most problems with the IRM are due to
improper configuration of the programmable
parameters or mis-application or
incompatibility with the interfacing software.

When a fault does occur, it is usually best to
replace the entire unit at the remote site, then
perform repairs at a repair shop.

There are three replaceable assemblies in the
IRM. They are:

« Power Module

« CPU board

 Radio board

Test Equipment

Toserviceyour IRM unit, thefollowing
equipment, oritsequivalentisrecommended:

1.RFCommunications TestSet

IRF Model 1200S Communications Service
MonitorIFR, Inc, Wichita, KS

e Hewlett Packard Model 8920A, RF Test
Set, Hewlett Packard, Cupertino, CA

2. Data Line Monitor

» FelineParascope DataMonitor,
Frederick Engineering, frederick, MD.

+HewlettPackard4952A Protocol
Analyzer, Hewlett Packard Corp.,
Cupertino, CA

Sec 5+ Pg 2
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When to Open the Unit

You will need internal access to the IRM unit
when:
« replacing the CPU board or radio board
« accessing the DIP switches to enter the
various test modes

You do not need internal access to perform a
routine frequency alignment.

To access any internal components,
follow this procedure:

Removing the back panel

1. Disconnect the DC power, antenna cable
and data cable(s) from the rear panel
connectors.

2. Remove the screw at each of the four
corners of the back panel.

3. Remove the two hex nuts from each 25-
pin "D" data connector.

The rear panel and bezel will now remove
freely from the case.

Removing the Top Cover

Slide the top cover off the bottom base by
pulling it towards the rear of the unit. The
front panel and bottom cover will remain

attached to the unit's frame.

—
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5.2 - InternalAccess

CPU Board Removal/Replacement

1. Remove the two Phillips screws at the
front edge of the board (LED side), near
the U27 power converter. Do not remove
the power converter hex nut, only the
two Phillips screws.

2. Remove the interconnecting cable strap
between the CPU board and the Radio
board.

3. Slide the board out toward the rear of the
unit.

Reverse these steps when replacing the CPU
board.

Radio Board Removal/Replacement

1. Remove the top cover and CPU board
first.

2. From the top of the unit, (looking where
the missing CPU board was) remove the
two flat head screws. These are holding
the radio board in from the other side.

3. Slide the radio board toward the rear of
the unit.

Reverse these steps when replacing the radio
board.

Sec 5+ Pg 3
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5.3 - Radio Checkout

Radio Board Alignment and Checkout

The radio board is not repairable at the field
level. Malfunctioned radio boards should be
removed and replaced. The radio board
requires periodic checks of frequency, output
power and RF receive signal strength level.
These checks will insure the system continues
to operate as it did when installed and will also
satisfy regulatory authority frequency and
power regulations.

Frequency Check and Alignment

Connect the IRM RF antenna port to the RF
Comm Test Set 50 ohm T/R port and set the RF
Comm Test Set to measure the IRM's transmit
frequency (e.g.928.00000 MHz). Set the IRM to
the Test Pattern Mode by using the internal
DIP switches. For 4-state FSK radios (19.2 Kbps
and 12.5 Khz 9600 bps models), generate the
"55" pattern.

For 2-state FSK radios (25 KHz 9600 bps mod-
els), generate the "00" pattern.

Switch Settings

12345678(55)

(55)

Radio Speed
'EEYON 19.2, 25 KHz
9600, 12.5KHz
Gopr
E DON'T 9600,25KHz
CARE

1 2 3 45 6 7 8

|

Measure the transmit frequency and adjust, if
necessary, the TCXO adjustment on the radio
so that the frequency is within 0.00005% (e.g.,
928.0000 MHz, +/-450 Hz).

NOTE
After the first three months of operation, the
TCXO may drift in frequency due to crystal

NOTE
Allow a minimum of 10 minutes warm-up
time for the TCXO before attempting to align.
This TCXO adjustment is made through the
hole in the bottom panel.

aging. The alignment should be checked after
this period if there is any questionable
performance. After this initial period, the
frequency should be checked yearly.

If the frequency does not adjust to within these
specified limits, replace the Radio Board. This
single oscillator provides the reference for both
the transmitter and receiver, so no further
checks on frequency are required.

Sec 5:-Pg 4
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Output Power Check

With the equipment connected as described
above, verify that the transmit power output of
the IRM is 2.0 watts, minimum. If the power out
is not at least this value, check the Radio Board.

Deviation Check

A deviation check is not necessary for routine
calibration. The deviation parameters are embed-
ded in the radio's firmware, so there is no risk of
configuring with the wrong value. A deviation
check can still be used as a quick operational test,
but many RF Comm test sets are not accurate
enough to measure the performance for a 4 state
FSK radio. The deviation should be as follows:

p—.
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5.3 - Radio Checkout

NOTE
Radios may have power output of 4 watts or
more. Be sure to check that the maximum
power output is in compliance with your
local regulations. If the power is too high, add
attenuation in your transmission line or
consult the factory for lower power options.

Radio Type Deviation
19.2k 25 kHz +/- 3.2 kHz
9600 25 kHz +/- 3.2 kHz
9600 12.5 kHz +/-2.9 kHz

Sec 5+Pg 5
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Receiver Signal Level Check

The RF receive signal level check is a test of the
RF path between the transmitter and the
receiver. If the level is lower than it was when
the system was installed it is an indication of a
problem. There may be an obstruction in the
RF path, a problem with the antenna or a
damaged coaxial cable. The receive level will
provide an early indication of a problem that
may be corrected before it causes disruption of
service. Refer to Radio Test Data Sheet that
came with the IRM to convert the DC volt
receiver signal strength indication to dBm, or
use the table in Sec.2, pg. 10, as a guide.

If the signal strength has dropped by more
than 5 dB, the problem should be investigated
and corrected. The problem may be due to
changes in the path (tree growth, new build-
ings, etc.), misaligned or faulty antenna and RF
cables, or poor receiver performance. Use the
RF Comm Test Set to check the receiver signal
strength at the end of the antenna cable. If this
signal strength has not degraded, then the
receiver may have poor sensitivity.

Receiver Sensitivity Check

Measure the receiver sensitivity by connecting
the IFR 12008 Test Set to the IRM as described
in the Frequency Check and Alignment portion
of this manual. Place the RF Comm Test Set in
the Generate Mode, and set the IRM to Test
Pattern Mode, Transmitter OFF setting by
using the internal DIP switches.

1 2 3 4 561738

"

Set the RF Communication Test Set to generate
a carrier at the IRM receive frequency modu-
lated with a sinewave tone at the frequency
and deviation shown in this table:

Radio Type Deviation Sinewave Minimal Signal Level for
Decoding
19.2 Kbps 25 KHz 3.2 KHz 4800Hz -87dBm
9600 bps 25KHz 3.2 KHz 4800Hz -100dBm
9600 bps 12.5 KHz 2.9 KHz 2400Hz -90dBm

IRM Reference Manual - Maintenance
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For example, for a 19.2 Kbps, 25 KHz radio,
modulate with a 4800 Hz sine wave tone at 3.2
KHz deviation. Monitor TP2 on the Board.
Decrease the power out of the RF Communica-

—
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5.3 - Radio Checkout

tion Test Set until the point where the received
data begins to lose data bits. Proper data
decoding should occur down to the level
shown in the table.

CPU Board

TP4 TP TPZ

MONITOR THIS POINT
/ P2
ws [CHCICIT

—

l

Sec 5.Pg 7
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LEDs Location

5.4 - Radio LED Display

Onthetopleft corneroftheradioboard areeight
indicator LEDsthatdisplaytheradio'soperation.

RADIO
BOARD

—SERIES OF LEDS

]

6d 8d

T1da otda

Ld 9d

Sd va

Atpowerup, the LEDs go through a sequence of

displaysasdescribedinthefollowing paragraphs. At
theend ofthissequence, theradioisoperational and
thenormaldisplayis:

LED Test

D4 Blinkingat 2-3 second rateindicating microprocessorisrunning,.

D6 Offin Receive
OninTransmit

D8 Always On

All othersareOff.

Thismodeisindicated by two quick row-flashings,

1/4secondlong.

|

or
o

—
—

Command Mode

Waiting for frequency download from the IRM

TTa OTd

CPUboard. All LEDs are On. Ifthe frequency Setup Mode.
isn'treceived within 4 secondsandthe EEROM

O

6d 8d

LA 9d

T1da ot

Td va

<d va

frequencyisnotvalid, the processor goesto Factory

IRM Reference Manual - Maintenance
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5.4 - Radio LED Display

Startup Tests
Startuptests consist of several flashes, lastingabout notestsfail, weadvancetotuning.
1second. Ifatestfails, the processorhalts,and the
LEDsindicateapattern telling which test failed. If Rx Lo Tuning
—> g — 8| «— |3 | «— |8
8|« B |« [T [« |7
=
Thismodelastsabout 8 seconds, slewing
the DDS from the highest tolowest valid
frequencyfortheinstalled RxVCOto frequency.
causethe PLLtolockon, then movesthe
frequencysmoothlytothe downloaded LO Tx Lo Tuning
ot o
_ H =2 HE
9 3 2 &
=
Thismodelasts about 8 seconds, same as Rx.
Operational Mode
o o
2 & & R
- - -
=

Sec 5:Pg 9 ] A BRI A
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5.4 - Radio LED Display

Oncetheprocessorgets here, it staysin thismode
forever.

Configuration Mode

D8 RX D6 TX D4 HEARTBEAT
D10NOT TRACKING=ON  KEYED=ON FLASHES 2-3/
USED ACQ=OFF TX OFF=OFF SEC
— _\ \ N l/
2 G iz g
TN
= 3 9 S FauLts Row
=
D11 POWER D9 TX PLL D7 RX PLL D5 POWER
AMP LOCK LOCK SUPPLY
FAULT=ON FAULT=ON FAULT=ON FAULT=ON
The LEDswill blink all together whenin the con-
figuration Mode. Itisreadytoaccept programming
commandsfromtheasynchronousserial channel
fromthe CPU Board, such as frequency ormode
settings. Itwillenter thiswhen commanded bythe
CPUorwhenitsinternal EEROM is not valid.
\\\IlI/\\\Il’/\\\lll/\\\ll’/
- = o o o
P o 0_ - 3
7/ NSNS T NSNS TN Y
\\\IlI/\\\Il’/\\\lll/\\\lll/
- o o - O
- = G5 B &
/T TAONSYELTTTONS S TN TN

Sec 5 - Pg 10

A R 1 A
WINELESS BYSTEM! IRM Reference Manual - Maintenance 11798, 11l - 1



The CPU board consists of a 68000 CPU operating
at 14.7 MHz with no wait states, EPROM, RAM,
EEROM two dual serial ports, DIP switch inputs
and LED indicator outputs. The CPU RESET
signal may be generated in two ways: power-up,
or watchdog timer. Both occurrences of RESET
appear identical to the CPU, however a status
signal, generated by the watchdog timer logic,

—
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6.1 -CPU Board

allows the CPU to identify a watchdog reset. The
CPU services the watchdog timer periodically
with a signal that, under normal system opera-
tion, alternately turns on and off the CPU LED
indicator . Should the CPU operate improperly,
and not service the watchdog timer, a RESET will

be generated to restart the IRM.

1IMB
CPU Clock —{Flash RAM
y
Reset 68000 256K or
CPU 512 K RAM
Power 8 KB
On — EEROM
Data/Address
Bus _
Watchdog Dual Serial RS-232 Port 1
Timer Timer ] Port Drivers
Status Receivers Port 2

I_LED4

(Reset Timer)

+12VDC —>1

Dual Serial

Indicators

rans/Rec Data
To/From

Radio Board

Port
ontrol/Status

DIP
Switches
(Bank of 8)

LED

Sec 6 - Pg 1
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6.2 - Radio Board

System Memory

The memory of the system is allocated as follows:
1 MB of Flash RAM provides for the IRM’s opera-
tional firmware, protocol drivers and user server
routines. 8 KB of EEROM contains user port
protocol information, addressing and other
configuration parameters. 256 KB or 512 KB RAM

provides storage for program variable and buffers.

Communications Controllers

One Dual Universal Synchronous Communica-
tions Controller (DUSCC) and its associated RS-
232 drivers and receivers allow for up to two user
equipment ports. The DUSCCs support bit-
oriented or character-oriented synchronous data
link controls and asynchronous protocols. The
operating mode and data format can be pro-
grammed independently for each channel. Each
channel contains a transmitter, receiver, multi-
function timer, parity/CRC generator/checker
and associated control circuits. General purpose
modem control inputs and outputs are pro-
grammed for other functions.

Another single DUSCC acts as the serial interface
to the radio board. Data is sent to and is received
from the radio board at 9600 bps or 19,200 bps
synchronous. The other DUSCC channel is
asynchronous and sends and receives control and
status data. A TX KEY signal from the DUSCC is
used to switch the radio board from transmit to
receive mode.

IRM Reference Manual - Theory
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6.2 - Radio Board

Functional Description

Radio Board

The radio is a narrow band, multi-state Fre- For the 9600 bps, 25 KHz version, 2 state modula-
quency Shift Keyed (FSK) half-duplex RF assem- tion is used. Each bit is encoded into one of two
bly designed to transmit and receive digital data frequencies. For the 9600 bps, 12.5 KHz and 19.2
at clock rates up to 19.2 Kbps. The radio will Kbps, 25 KHz versions, every 2 bits of the data
operate as either a 2 state or 4 state FSK radio, stream are encoded into one of four distinct
depending on the data rate and channel spacing. frequencies.

. Tx. Frequency ) - .
Transmit Data Reference Generator Tx. Synthesizer Tx. Amplifier Chain
Transmit Clock
Transmit Key
TR
Receive Data TCXO Switch
— e |
Frequency
Receive Clock Reference
19.6608 MHz
@
=
S.e
bt
B — o
53
Asyne. Control 23 Mixer R.F. Amp & Filter
] L o
£9
Sc Rx. L.0. Frequenc ) L.O. RF.
SIS quency
'é Reference Generator R. L.0. Synthesizer I
Status/Control
I.F.
Baseband Data
N D.C. Restore &
hreshold Zero Crossing [— 2°D“.d l'.F'.A”:p &
| Zero Thresho Detect iscriminator
Baseband Amp I.F. Amp & Filter
& Filter
Sec 6 + Pg 3
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6.2 - Radio Board

A microcontroller — the 68HC11 — a micropro-
cessor with on-chip memory and I/0, controls all
of the radio’s functions. At any one time, the
radio operates in one of three modes: Startup,
Transmit or Receive.

Startup

The radio performs a brief self-test, then waits for
frequency commands from its connected CPU
board. The downloaded receive and transmit
frequencies are stored in the radio’s non-volatile
memory (EEROM) as default values. These
frequencies, (or the defaults, if not downloaded
within 5 seconds), are used to tune the receiver’s
Local Oscillator (LO) and transmitter’s synthe-
sizer. Depending on the frequency chosen, the
tuning process will take 5-10 seconds for each
side. After the tuning is finished, the radio enters
receive or transmit operational mode.

Transmit

When the externally driven Transmit Key line
goes high, the 68HC11 controller accepts data
which is internally converted into frequency
commands that are output to a transmitter
reference generator which, in turn creates a
frequency modulated reference signal at
frequencies 1/N of the desired transmit
frequency. This reference signal is applied to a
frequency synthesizer, where it is multiplied by
N, input to an amplifier chain and connected to
the RF output connector via a Transmit/Receive
(T/R) switch.

Transmit Frequency Deviation

Deviation from Center Freq (Hz)

Bit Pattern 25 KHz 12.5 KHz
(00) -3120 -2875
01 -1040 -058
10 +1040 +958
11 +3120 +2875

The 68HC11 controller commands the reference
generator, sometimes referred to as the Direct
Digital Synthesizer (DDS) to smoothly transition
between each of the four frequencies, shown in
the above table. This smooth transition between
steps reduces the transmitted signal’s spectrum.

Sec 6 - Pg 4
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Receive

When the Transmit Key line is low, the T/R
switch connects the RF connector to the receiver
front end, where the received signal is filtered,
amplified, and applied to a mixer. The local
oscillator signal is generated in the same fashion
as the transmitter signal described above, provid-
ing an input to a synthesizer outputting an LO
signal 45 MHz above the desired frequency.
Thus, the mixer output is the desired signal
mixed down to an Intermediate Frequency (IF) of
45 MHz. The IF signal is applied to an IF ampli-
fier and discriminator, creating a baseband signal
which is filtered and amplified.

DC Restore Circuit

Instead of an Automatic Frequency Control
(AFC) typically used by most radios to compen-
sate for errors due to frequency shifts, this radio
uses a DC restore circuit. The baseband signal is
AC coupled to the decoder through a high pass
filter. This removes any DC offsets that may
occur from RF frequency errors or other sources.
The decoded data stream is then converted to an
analog signal and applied to a low pass filter that
is the complement of the high pass filter. This low
pass filtered signal represents the original DC
portion of the received signal (minus the offset
errors) . The high and low pass signals are com-
bined and form the DC restored signal for decod-
ing.
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6.2 - Radio Board

The resulting baseband signal is applied to the
68HCI11 controller’s analog to digital (A/D)
converter, and to a comparator whose output
enables the 68HC11 to establish symbol clock
timing, or to determine when to sample the
received signal. The sampled signal is used to
make “state” decisions, i.e., to decide the bit(s) to
output for each symbol. The 68HC11 successively
determines the received 2-bit pattern based on
the A/D sampled value and the previous bit
decision. These 2-bit symbols form a bit stream
which, along with the bit clock, is outputted to
the attached CPU board. The bit clock is two
times the A/D sample clock.

RadioBoard/CPU Interface

A digital interface provides data exchange with
the logic board and software control and configu-
ration of the radio board by the logic board.
The interface consists of the following signals:

From the logic board:

« transmit data

« transmit clock

« transmit key

To the logic board:

» receive data

» receive clock
Frequencies used for receive local oscillator and
the transmitted RF can be downloaded from the
main CPU board of the IRM via an asynchronous
serial channel. The receiver provides a DC
voltage proportional to the received signal
strength. The signal strength voltage is for
installation and service use and can be measured
on the test point at the rear panel of the IRM.

Sec 6 - Pg 5
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6.2 - Radio Board

Radio to CPU Interconnect Cable

Pin Signal Description Direction
1 TX Data Data transmitted over the network CPU to radio
2 TX Clock Data Clock. CPU to radio
3 TX Key Turn on the radio transmitter CPU to radio
4 RX Data Data received from the network Radio to CPU
5 RX Clock Data clock. Radio to CPU
6 SCIRD Serial Channel Interface CPU to radio
7 SCITD Serial Channel Interface Radio to CPU
15 Tx Disable Tx Shutdown CPU to radio
18 BIT Built In Test Status Radio to CPU
13 TX On The radio transmitter is on. Radio to CPU
8 Radio Reset Resets radio board logic. CPU to radio
19,21 +5V CPU to radio
24,26 +12V Radio to CPU
9,10,11, GND Signal ground
12,14,16,
17,20,23,25
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Revision D  12/10/97

ARIA WIRELESS SYSTEMS INC.
LIMITED WARRANTY

AR I A

Wireless Systems

Products manufactured or supplied by ARIA Wireless Systems, Inc. (“ARIA”) are warranted to be in good working
order for a period of one (1) year from the date of shipment by ARIA as follows:

EQUIPMENT: Equipment is warranted against defects in workmanship and materials under normal use and
service.

SOFTWARE: Software is warranted to substantially perform the functions and comply with the specifications
described in the accompanying written product materials and specifications when operated on designated
equipment.

CUSTOMER REMEDIES: ARIA’s entire liability and Customer’s exclusive remedy shall be, at ARIA’s option,
repair or replacement of the product. Expenses incidental to repair or replacement of the product under warranty,
including labor and materials, shall be borne by ARIA. Upon notification of a defect, ARIA shall determine if the
product is covered under this Warranty. All replaced warranty products or parts thereof shall become the property of
ARIA. Freight/transportation charges to ARIA or its authorized service center shall be paid by the Customer.

Freight/transportation charges from ARIA or its authorized service center shall be paid by ARIA.

If ARIA determines that the product is not defective within the terms of this Limited Warranty, Customer shall pay
ARIA for the cost for repair or replacement at ARIA’s then prevailing rates. ARIA will provide an estimate qof
repair or replacement charges prior to commencing work. Freight/transportation charges to and from ARIA of its
authorized service center shall be paid by the Customer for all non-warranty work.

ARIA DOES NOT MAKE ANY WARRANTIES IN RESPECT TO THE PRODUCT EITHER EXPRESS OR
IMPLIED - INCLUDING NO IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE, EXCEPT AS EXPRESSLY PROVIDED IN THIS LIMITED WARRANTY. If any
labor, repair or parts replacement is required because of accident, negligence, misuse, theft, vandalism, fire, water,
or other peril: or because of conditions outside of specifications, including, but not limited to, electrical powgr,
temperature, humidity or dust; or by moving, repair relocation or alteration not performed by ARIA or by any cause
other than normal use, the warranty obligations provided herein shall not apply.

ARIA WIRELESS SYSTEMS, INC. SHALL NOT BE LIABLE FOR ANY SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES OR FOR LOSS, DAMAGE OR EXPENSE DIRECTLY OR INDIRECTLY
ARISING FROM CUSTOMER'’S USE OF OR INABILITY TO USE THE EQUIPMENT EITHER SEPARATELY
OR IN COMBINATION WITH OTHER EQUIPMENT, OR FOR PERSONAL INJURY OR LOSS OR
DESTRUCTION OF OTHER PROPERTY, OR FROM ANY OTHER CAUSE.

IF SERVICE IS REQUIRED

Call ARIA Wireless Systems, Inc. for service and coverage determination. If returned, the defective product should
besecurely packaged in original boxes, insured and shipped freight prépditt. Customer agrees to insure and
accept all liability for loss of or damage to this product in transit. YOU MUST CALL TECHNICAL SUPPORT AT|
(716) 681-8750 FOR A RETURN MATERIAL AUTHORIZATION NUMBER (RMA) AND BEFORE
SHIPPING ANY PRODUCT TO ARIA WIRELESS SYSTEMS, INC. Please include a copy of your dated salg
slip, the product serial number, and a detailed description of the problem you are experiencing.

"

The warranty shall not be applicable to the extent that any provision of this warranty is prohibited by any United
States Federal, state or municipal law which cannot be preempted. This warranty gives you specific legal rightg and
you may also have other rights.

A
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