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1.0 PURPOSE

This document describes the electrical and mechanical interfaces to the A3LA-DG modem. The A3LA-DG
is a product developed by NAL Research Corporation™ to work with the Iridium® low-Earth orbit (LEO)
satellite network. It consists of a 9522A L-Band Transceiver (also known as the Daytona LBT) and a built-in
GPS receiver/micro-controller. With the exception of an SMA GPS antenna connector, all other hardware and
software interfaces remain the same as the A3LA-D. This means any existing products utilizing the A3LA-D
can directly be replaced with the A3LA-DG without further modifications. Similar to a standard landline
modem, the A3LA-DG can be controlled by any DTE (data terminal equipment) capable of sending AT
commands via a serial port. A DTE can be a desktop computer, a laptop computer, a PDA, or even a micro-
controller. The A3LA-DG has been certified to MIL-STD-810F standards.

Features:

1. GPS information is obtained via a set of extended AT GPS commands.

2. User-friendly terminal emulator software is available for Microsoft® Windows OS.

3. Includes a standard 16-channel u-Blox TIM-LP GPS receiver.

4. The Iridium RF board can be powered ON/OFF through AT commands. GPS information may be
retrieved even while the Iridium RF board is OFF.

5. The GPS receiver and active GPS antenna may be powered ON/OFF through AT commands.

Services Supported:

1. Dial-Up Data

2. Direct Internet Connection (or Direct NIPRNET Connection)

3. Short Message Service (SMS)

4. Short-burst data (SBD)

5. Router-Based Unrestricted Digital Internetworking Connectivity Solution (RUDICS)
6. Voice (when combined with the DPL audio handset)

IMPORTANT: User should not disassemble the A3LA-DG for repair or services. The warranty is voided if the
A3LA-DG is disassembled. It should be returned to NAL Research for any services.

IMPORTANT: GPS antenna should only be connected to the A3LA-DG when it is not powered. Do not
connect or disconnect the GPS antenna when A3LA-DG is powered. The internal GPS receiver calibrates the
noise-floor on power-up, and by connecting the GPS antenna after power-up can result in prolonged
acquisition time. To test GPS signal reacquisition, physically block the signal to the antenna rather than

disconnect and reconnect the antenna is recommended.

IMPORTANT: Never feed supply voltage into the active GPS antenna. Always use the bias voltage supplied
by the A3LA-DG SMA antenna connector to power an active GPS antenna. Feeding voltage to the GPS

antenna other than the provided bias voltage will damage the 9601-DG.

2.0 GENERAL SPECIFICATIONS

Mechanical Specifications
Dimensions: 7.73" L x 3.25" W x 1.54” D (196.4 mm x 82.6 mm x 39 mm)
Weight: ~1.5 pounds (689 g)
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Cooling:

Enclosure:

Multi-Interface Connector:
Iridium Antenna:

SIM Chip Reader:

Iridium RF Specifications
Operating Frequency:
Duplexing Method:
Multiplexing Method:
Link Margin:

Average Power during a transmit slot (max.):
Average Power during a frame (typical):
Receiver Sensitivity at 50W (typical):

Receiver Spurious Rejection at offsets > 1MHz:

Convection

Aluminum/EMI shielding
25-Pin D-Sub located on the end of the A3LA-DG
TNC female for Iridium and SMA female for GPS

Located beneath a cover plate atop the A3LA-DG

1616 to 1626.5 MHz
Time Division Duplex
TDMA/FDMA

13.1 dB average

7W

0.6W
-118.5 dBm
60 dB

SIM Chip

\

Multi-Int.
Connector

Multi-Interface Connector

PIN 1

Iridium Ant.

-—
Connector

<+— GPS Ant.
Connector

]

Iridium Ant. Connector
Requires TNC Male

Requires 25-PIN D-SUB MALE

Electrical Specifications

Main Input Voltage Range:
Main Input Voltage Nominal:
Main Input Voltage Ripple:
Average Standby Current:
Average Transmit Current:
Average Data Call Current:
Peak Power-Up Current:

NOTE: The power requirements apply to DC power measured at the A3LA-DG multi-interface connector
input with GPS receiver and active GPS antenna on. The Average Data Call current may vary depending on

+4.0VDC to +4.8VDC
+4.4VDC

40mV peak-to-peak
180mA @ 4.4VDC
1.0A @ 4.4VDC
550mA @ 4.4VDC
~2.2A @ 4.4vDC

the field-of-view between the modem antenna and the Iridium satellite.

O

° |
|

GPS Ant. Connector
Requires SMA Male
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Environmental Specifications
Operating Temperature Range: -4°F to +140°F (-20°C to +60°C)

Operating Humidity Range: < 75% RH
Storage Temperature Range: -40°F to +185°F (-40°C to +85°C)
Storage Humidity Range: < 93% RH

Data I/O Specifications
Dial-Up Data/RUDICS: 2.4 Kbits/sec (average)

Direct Internet: 2.4 Kbits/sec (average)

Short-Burst Data: 1960 bytes for Mobile-Originated and 1890 bytes for Mobile-Terminated
Short Messaging: 160 Characters (maximum)

Hardware Interface: RS232

Software Interface: Standard AT commands, extended AT commands and AT GPS commands

Related Hardware

Iridium Antennas: SYN7391 Series, SAF2040 Series, SAF5340 Series, SAF5350 Series
GPS Antenna: SAF5270-G, SAF4070-1G, SAF5370-IG, SAF7352-1G

Data Kit/Connector: HRC-24-7, HRC-24-8

Power Adapters: LA-2098, LA-3098, LA-7021

Battery Pack: SYN-LI-416AH (16 A-Hr Lilon Battery)

DPL Audio Handset: DPLS0401-412

RF Splitter: SYN-SLC-ALBT

Reference Documents
Product Information Model A3LA-DG
AT Command Reference V2.7
TN2007-14-V3.4.0 (How to Use Model A3LA-DG)
TN2007-16-V3.4.0 (Extended AT GPS Commands for Model A3LA-DG)
TN2007-69-V4.1.0 (SatTerm Software Manual)

3.0 GPS RECEIVER SPECIFICATIONS
Type of GPS Receiver: TIM-LP GPS Receiver from u-Blox AG
Receiver Type: L1 frequency (1575.42 MHz carrier frequency)
C/A code

16-channel

Maximum update rate: 4Hz

Accuracy: 2.5m CEP

Acquisition (typical): Cold start < 36 seconds
Warm start < 33 seconds

Hot start < 3.5 seconds

Signal Reacquisition: < 1 second
Operational Limits: COCOM restrictions apply (can be lifted upon request)
I/0 Protocols: NMEA 0183 (RTCM input and SiRF* binary are also available)
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GPS.G3-MS3-02028 (TIM-LP Product Summary)
GPS.G3-MS3-02010 (TIM-LP GPS Receiver Macro Component Data Sheet)
GPS.G3-MS3-01001-A (TIM-LC-LF-LP System Integration Manual)

Related Documents:

4.0 MULTI-INTERFACE CONNECTOR

The multi-interface connector is a male 25-pin miniature D-Sub type that includes four interfaces. The

interface descriptions are listed below and the pin assignments are summarized in Table 1.
1. RS232 Data Interface
2. DC Power Interface
3. Audio Interface
4. Digital Peripheral Link (DPL)

PIN # SIGNAL DESCRIPTION INTERFACE
1 EXT_ON_OFF Power on/off control input DC Power
2 EXT_11HZ 90msec “frame sync” signal (used in testing) Reserved
3 EXT_GND External GND input DC Power
4 EXT_B+ External 4.4 VDC input DC Power
5 SPKR_AUD Speaker audio output Analog Audio
6 DA_TX PCM digital audio output Digital Audio
7 RI RS232 Ring Indicate RS232 Data
8 RTS RS232 Request To Send RS232 Data
9 S TX RS232 Transmit Data RS232 Data
10 DCD RS232 Data Carrier Detect RS232 Data
11 DA_FS PCM digital audio frame sync output Digital Audio
12 DA_CLK PCM digital 2.048MHz audio clock output Digital Audio
13 S_RX RS232 Receive Data RS232 Data
14 SIGNAL GND Signal ground, 0V signal reference and return GND
15 MIC_AUD Microphone audio input Analog Audio
16 EXT_B+ External 4.4 VDC input DC Power
17 EXT_GND External GND input DC Power
18 DPL_TX Digital Peripheral Link (DPL) data output DPL UART
19 DTR RS232 Data Terminal Ready RS232 Data
20 DPL_RX Digital Peripheral Link (DPL) data input DPL UART
21 DSR RS232 Data Set Ready RS232 Data
22 CTS RS232 Clear To Send RS232 Data
23 SIGNAL GND Signal ground, OV signal reference and return GND
24 DA_RX PCM digital audio input Digital Audio
25 SIGNAL GND Signal ground, OV signal reference and return GND

Table 1. Pin assignment for the multi-interface connector.

4.1 RS232 Data Interface (Standard 9-Wire Configuration)
The A3LA-DG supports a standard RS232 data interface to a DTE incorporating hardware handshaking
and flow control. The RS232 data interface comprises of eight standard RS232 data, control and status

signals plus a ground level signal reference as shown in Table 1 (pins 7-RI, 8-RTS, 9-TX, 10-DCD, 13-RX,
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19-DTR, 21-DSR, 22-CTS and 23-GND). This interface allows a connected DTE to utilize the A3LA-DG's
modem functionality through standard Hayes AT commands, extended AT commands and extended AT GPS
commands. These commands are defined in the document AT Command Reference V2.7 and TN2007-16-
V3.4.0 (Extended AT GPS Commands for Model A3LA-DG). Unlike the A3LA-D, the A3LA-DG’s baud rate is
fixed 19.2 kbits/sec and will NOT automatically adjust to the DTE baud rate. However, users can request for
9.6 kbits/sec.

4.2 RS232 Data Interface (3-Wire Configuration)

Several steps must be taken to allow 3-wire configuration (i.e. only using S_TX, S_RX, and SIGNAL
GND). These steps ensure the A3LA-DG modem and DTE to work together without having hardware
handshaking.

1. The modem’s DTR line must be held high. Using the modem’s input voltage is fine for this purpose.
Looping back the modem’s DSR line to DTR line will NOT work. The DSR line on the modem should

be left unconnected.
2. Disconnect the CTS, DCD, DSR, DTR, RTS and RI lines between the DTE and modem.
3. AT&Dn must be set to AT&DO to ignore the DTR input from the DTE.
4, AT&Kn must be set to AT&KO for no flow control or AT&K4 for XON/XOFF software flow control.

5. The setting can be stored on the modem permanently (until another setting overwrites it) so that it
remains after a power cycle. The modem allows two profiles in which settings are stored, and user
can choose either as a default profile. The relevant commands are &Wn and &Yn. &Wn stores the
present configuration in profile <n>, where <n> can be either 0 or 1. &Yn designates which profile

is loaded after reset or power-up, again <n> is either 0 or 1.
6. Any needs of the DTE must be addressed separately.

NOTE: The Iridium’s Direct Internet service when using the Windows-based Apollo client requires DCD to be

present, hence it is incompatible with a 3-wire serial configuration.

4.3 DC Power Interface
The DC power input is through pins 4 & 16 (EXT_B+) and pins 3 & 17 (EXT_GND). Note that two pins (4
and 16) are provided for the external (EXT_B+) DC input. Two pins (3 and 17) are also provided for the

associated external (EXT_GND) ground input. This is done to distribute the current across two wires, and
therefore all four pins should be utilized in the external power connection. The DC power requirements for

the A3LA-DG are summarized on page 4.

The A3LA-DG will automatically turn ON/OFF when external DC power is applied/removed via the
EXT_B+ and EXT_GND inputs. The EXT_ON_OFF (pin 1) control input is used to turn a powered A3LA-DG's
Iridium RF board ON and OFF in a toggle fashion. The EXT_ON_OFF control input is normally “floating” (i.e.
high). When it is pulled to GND level (i.e. low) for at least 270 ms and released the Iridium RF board will
alternate from its current ON/OFF state. The current drawn on the external load used to pull the A3LA-DG to
GND is no more than 0.5mA. The signal on pin 1 is considered GND when it is at 0.5V or less. It should be

noted that as long as DC power is applied to the power connector, the internal GPS receiver will always be
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active regardless of whether the A3LA-DG’s Iridium RF board is ON or OFF. Both the A3LA-DG's Iridium RF
board and the GPS receiver/antenna can be powered ON/OFF through AT commands.

4.4 Audio Interface
The A3LA-DG supports both digital and analog audio I/O. The digital audio is in PCM format. In such

format, digital audio cannot travel far (less than one foot); this is why the analog is chosen for the A3LA-DG

audio handset. The analog audio input is a single-ended, unbalanced input with a minimum impedance of
10kQ to ground. The A3LA-DG accepts a maximum input level of 2.0V peak-to-peak without signal
distortion. The analog audio output is also a single-ended, unbalanced output capable of driving an
impedance of 600Q or more to ground. The A3LA-DG delivers undistorted audio up to 2.0V peak-to-peak at
this port.

The combined analog I/O audio interface (pins 5 and 15) and the DPL UART I/O interface (pins 18 and
20) enable an analog audio handset to be connected to the A3LA-DG. With the NAL Research’s DPL audio
handset model DPLS0401-412 and DB25 data kit model HRC-24-8, the A3LA-DG can be used both as data
modem and a satellite phone (see picture below). This setup can be an extremely useful developmental tool
since the modem status (modem power indicator, satellite signal strength, type of connection, etc.) can be

seen on the handset LCD similar to a 9505A Iridium phone.

AC Adapter
Model LA-3098

+—

DPL Handset —
Model DPLS0401-412

DB25 Data Kit
Model HRC-24-8

NOTE: The DPL handset should only be connected to an A3LA-DG. Connecting the DPL handset to an A3LA-
I or A3LA-IG may result in permanent damage to the DPL handset. It is also not recommended using the
SCN4052A audio handset on the A3LA-DG.

4.5 Digital Peripheral Link (DPL)
The DPL interface is composed of two ports—a full duplex asynchronous serial link for control messages

and a PCM digital audio link for audio traffic. The protocol used on these ports is made available to
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application developers only on a case-by-case basis and after appropriate Non-disclosure Agreements and/or

License Agreements are executed.

5.0 IRIDIUM ANTENNA CONNECTOR

The A3LA-DG modem uses a single TNC female 50-ohm connector for both transmit and receive. Cable
loss between the modem and the antenna is critical and must be kept less than 3dB at the operating
frequency of 1616 to 1626.5 MHz. The minimum link margin of 13.1 dB must also be maintained. General

RF parameters are listed in the table below.

TYPE DESCRIPTION
Frequency Range 1616 to 1626.5 MHz
Input/Output Impedance 50 Ohms

NAL Research offers several types of antennas for use with the A3LA-DG modem. These antennas
include the fixed mast, mobile magnetic/permanent mount and portable auxiliary. For low-cost and
applications where small form-factor and light-weight are required, NAL Research highly recommends model
SYN7391-C as shown in Figure 1.

Figure 1. NAL Research’s antenna SYN7391-C.

If the specific application requires a custom antenna, it must meet the specifications in the following table.

PARAMETER VALUE
Operating Temperature Range -40°C/+85°C without loss of function
Measurement Frequency Range 1616 to 1626.5 MHz
Return Loss (Minimum) 9.5dB (<2:1 VSWR)
Gain 0.0 dBic (weighted average minimum)
Minimum ‘Horizon’ Gain -2.0 dBic (82 ° conic average)
Nominal Impedance 50 Ohms
Polarization Right Hand Circular (RHCP)
Basic Pattern Omni directional and hemispherical

6.0 GPS ANTENNA CONNECTOR

The A3LA-DG modem uses an SMA female connector for the GPS antenna. Any active antenna with a

bias voltage of 3VDC - 5VDC is appropriate. NAL Research offers a magnetic mount GPS antenna as well as
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dual Iridium/GPS antenna for use with the A3LA-DG. For low-cost and applications where small form-factor
and light-weight are required, NAL Research highly recommends model SAF7352-IG as shown in Figure 2
(same in width but twice the length of model SYN7391-C).

Figure 2. NAL Research’s antenna SAF7352-IG.

WARNING: The A3LA-DG will communicate properly with a DTE using AT commands without connecting a
GPS antenna and/or an Iridium antenna. In this case, GPS location information and/or the Iridium network

will not be available. However, once the GPS antenna is connected and power is provided to the modem, the

GPS antenna cannot be disconnected until power is removed. Removing the GPS antenna while the modem

is powered up will cause permanent damage to the GPS receiver.

7.0 SIM CARD INTERFACE

The A3LA-DG modem contains an integrated SIM reader. The modem uses and requires an Iridium SIM

chip for operation. The SIM chip is detached from the full-size Iridium SIM card. The SIM chip is inserted
into the opening located on top of the modem. A plastic locking mechanism (same as with GSM wireless
phones) is used hold the SIM in-place. An external SIM card reader may also be interfaced as a peripheral to
the A3LA-DG via the DPL bus. A SIM card in the external reader will take precedence over the SIM chip in

the integrated connector when both are present.

8.0 MOUNTING RECOMMENDATIONS

The A3LA-DG has six features on its bottom surface that can aid in its mounting (see Appendix H). It is

recommended that a thread-forming screw be used to mount the A3LA-DG via these features. Particularly, a
Textron Camcar® Taptile® II Thread-Rolling Fastener of M3.5x0.6 thread type is recommended. This
fastener has a 15IP Torx Plus® pan head and is available in length of 6, 8, 12, 16 and 20 mm as part
number 3BE-P802-00, 3BE-P803-00, 3BE-P8185-00, 3BE-P804-00, 3BE-P8186-00 and 3BE-P8187-00,
respectively. The six features are pre-drilled at a minimum depth of 6mm. However, they can be re-drilled

to accept screw length up to 9mm.

If a 6-32 thread type is desired, a Textron Camcar® Taptile® II Thread-Rolling Fastener with a 15IP
Torx Plus® pan head is recommended. This fastener is available in lengths of 1/4, 5/16, 3/8, 1/2, 5/8, 3/4
and 1 inch as part number 3BE-P814-00, 3BE-P8123-00, 3BE-P815-00, 3BE-P816-00, 3BE-P8124-00, 3BE-
P817-00 and 3BE-P818-00, respectively. A 10IP Torx Plus® flat head version is also available in a single
length of 1/2 inch as part number 3BE-P801-00. Another 6-32 thread type option is to insert a helical coil

NAL Research Corporation (TN2007-15-V3.4.0) 10



insert with a 6-32 internal thread into these features thus accommodating 6-32 threaded fasteners as
mounting hardware for the A3LA-DG. National Aerospace Standard NASM122238 serves as a technical

reference for the recommended helical coil insert.

If the A3LA-DG is to be used in a harsh environment with exposure to high humidity or water, the
mating of the multi-interface connector must be further sealed to protect from moisture infiltration. It is
recommended that a bead of RTV silicone sealant be placed on the connector mating to the A3LA-DG's

multi-interface connector. A material similar to Permatex 16B should be used.

WARNING: Due to certain restrictions at the DoD EMSS gateway (applied ONLY to the U.S. DoD gateway
and NOT commercial gateways), users cannot send outgoing SMS messages by e-mail. Furthermore,

incoming SMS messages are limited to 120 characters.

WARNING: When the AT+CNMI command is set to immediately route incoming messages to a DTE SMS
messages may be lost if an extended AT GPS command is simultaneously executed (very low probability
that this will occur). If the AT+CNMI's default setting is not changed allowing all data to buffer, then SMS

messages will not be lost.
9.0 TECHNICAL SUPPORT

For technical support, please contact us at:
Phone: 703-392-1136 x200 or
E-mail: contact@nalresearch.com

Technical documents are also available to download on NAL Research’s website
www.nalresearch.com under http://www.nalresearch.com/AnonymousFTPSite.html
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APPENDIX A: DESCRIPTION OF THE IRIDIUM NETWORK

Description of the Iridium Network

The Iridium satellite network is owned and operated by Iridium Satellite LLC (ISLLC). It was constructed
as a constellation of 66 satellites in low-earth orbit, terrestrial gateways and Iridium subscriber units (ISU).
An ISU can either be an Iridium satellite phone or any of NAL Research’s A3LA-D series modems. The
satellites are placed in an approximate polar orbit at an altitude of 780 km. There are 6 polar planes
populated with 11 satellites per orbit constituting the 66 satellite constellation. The near polar orbits of the

Iridium constellation provide truly real-time and global coverage from pole-to-pole.

Satellite Network
Operation Center

Constellation

Gateway

Satellite

The Iridium is designed to operate in the band of 1616 to 1626.5 MHz although the exact frequencies
used depend on the local regulating authorities and issued licenses in any particular region. Each satellite
projects 48 beams on the surface of earth, which may be viewed as providing coverage cells on the ground
similar to terrestrial systems. Each beam is approximately 600 km in diameter. The 66-satellite constellation
has the potential to support a total of 3,168 spot beams; however, as the satellite orbits converge at the
poles, overlapping beams are shut down. The satellite footprint is ~4,700 km in diameter. Under each

footprint, a satellite is power limited to ~1,100 simultaneous circuits.

The Iridium network uses a time domain duplex (TDD) method and transmits and receives in an allotted
time window within the frame structure. Since the system is TDD, the ISU transmit and receive in the same
frequency band. The access technology is a FDMA/TDMA (frequency division multiple access/time division
multiple access) method whereby an ISU is assigned a channel composed of a frequency and time slot in
any particular beam. Channel assignments may be changed across cell/beam boundaries and is controlled
by the satellite. The system will provide an average link margin of 13.1 dB.
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Although there are multiple gateways, a user is registered to a single gateway. The gateways perform
call connection setup and administrative duties such as billing and resource management. The satellite
constellation provides connectivity between users, from a user to the Iridium system gateway, and between
gateways. Within the Iridium network architecture, the satellites are cross-linked which allows ISU to ISU

communication independent of gateway intervention once the call connection is established.

There are currently two commercial Iridium gateways located in Arizona, United States and Fucino,
Italy. The U.S. government owns and operates an Iridium gateway located in Hawaii, United States. Each
gateway generates and controls all user information pertaining to its registered users, such as user identity,
geo-location and billing items. The gateway also provides connectivity from the Iridium system to the

terrestrial based networks such as the PSTN.

Description of the Iridium Network Data Capabilities

For data communications, the Iridium network supports five different modes of operation as shown in
Figure Al—dial-up data service, direct Internet connection, short-burst data (SBD), short-messaging service

(SMS) and router-based unrestricted digital internetworking connectivity solution (RUDICS).

A A
1
1
1
1
1
1
:
1
1
vV
Dial-up Data (DAV)
Dial-up Data (DAV) SMS, SBD
Direct Internet
SBD AZ, HI or Fucino
SMS
RUDICS

= RUDICS
/ \ Server
1P

Address

Landline
Modem

(e-mail)

Figure A1l. Iridium Network Data Capabilities.
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Dial-Up Data Service

Dial-up data service provides connectivity through the Iridium satellite network to another Iridium
modem, to the public switch telephone network (PSTN), to the Defense Switch Network (DSN), to a remote
LAN (e.g., a corporate network) or to an Internet Service Provider (ISP) at a nominal data rate of 2.4
kilobits per second (Kbps). The connection time involving user authentication and handshaking (or modem
training) can range from 15 to 30 seconds. For an Iridium-to-Iridium call, dial-up data service offers an
additional option known as data after voice or DAV. Similar to a voice call, a DAV call is routed directly from

one Iridium modem to another Iridium modem without going through the gateway.

Many desktop and laptop computers are equipped with either an internal or external modem to perform
dial-up data applications across the landline telephone network (PSTN). On these computers, terminal
emulator software or a dial-up networking connection can be configured to a specific modem with a phone
number to dial, user identification and password. The modem can then be used to call another computer, a
remote LAN or an Internet service provider as shown in Figure A2. The handshaking and protocols are

established between the modems independent of the landline.

ISP
(Internet)

Corporate
Network

Figure A2. PSTN Dial-Up Connectivity.

The Iridium dial-up data service functions in much the same way as the PSTN dial-up connectivity. From
the perspective of a computer, the Iridium modem is just another external modem. The only difference is
that the dialed telephone number must conform to the international dialing pattern used by Iridium. When a
data call is placed, the Iridium modem actually dials and initiates a connection with the Iridium gateway
through the Iridium satellite constellation. Since the Iridium modem is requesting to establish a data
connection, the switch at the gateway routes the call through another modem. The modem at the Iridium
gateway then dials into and connects to another modem at the other end. Figure A3 illustrates how an
Iridium dial-up data service call is routed. The handshaking and protocols established between the modems

independent of the Iridium network.

For those ISU-to-ISU dial-up calls where data transmission delay is critical such as the application of

TCP/IP protocol, DAV should be considered in the design. This option eliminates the Iridium gateway once
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authentication and registration is completed allowing ISU-to-ISU communication without the gateway in the

loop.

ISP
(Internet)

Corporate
Network

DAV Connectivity

Figure A3. Iridium Dial-Up Data Service.

Direct Internet Connection

The Iridium Direct Internet service allows users to connect to the Internet via the Iridium gateway
without having to sign up with an Internet service provider. This service utilizes a dedicated Apollo Server at
the Iridium gateway, which provides high-speed connectivity to the Internet and optimizes server-to-Iridium
modem communications. The dial-up networking setup is similar to the dial-up networking setup for landline
telephone. The only difference is that the dialed telephone number is an international number provided by

Iridium. Figure B3 illustrates how Iridium Internet (NIPRNet) call is routed.

Direct Internet service can be enhanced using Windows-based emulated point-to-point protocol (PPP)
called the Apollo Emulator. With the use of the Apollo Emulator software instead of Microsoft Windows®
dial-up networking, Direct Internet service can reduce connection time and improve data throughput. In
addition, the Apollo Emulator offers a feature called Smart Connect™, which manages airtime by seamlessly
connecting and disconnecting a user through the Iridium system. Airtime charges accumulate only while the

call is connected. Improved effective data throughput is achieved through the use of user-transparent data
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compression. The channel rate is still 2.4 Kbps. However, 10 Kbps effective throughput can be achieved

depending on content (graphics and images will result in lower effective throughput).

Short-Burst Data (SBD)

SBD is a simple and efficient bi-directional transport capability used to transfer messages with sizes
ranging from zero (a mailbox check) to 1960 bytes. SBD takes advantage of signals within the existing air
interface, without using the dedicated traffic channels. As a result, small amounts of data can be transferred
more efficiently than those associated with circuit-switched data calls. Messages that originate from an
Iridium modem can be delivered to a variety of destinations. Commonly, data are delivered across terrestrial
communications networks (NIPRnet and Internet) to servers and applications that process data from one or
multiple fielded Iridium modems. SBD service also supports the transfer of messages to Iridium modems,
where messages may originate from terrestrial sources. Delivery methods and options are initially
configured when the Iridium modem is first purchased and may be easily modified via web pages at a later

time.

Short Messaging Service (SMS)

SMS is a mechanism to deliver short data messages over the Iridium satellite network to the
NIPRNet/Internet. Iridium SMS service incorporates a subset of the GSM SMS features. Each SMS message
can be up to 160 text characters (7-bit coded) in length. The text characters are based on a 7-bit alphabet,

which is encoded and transmitted as 8-bit data, hence the 140 octet (byte) maximum message size.

SMS service is a store and forward method of transmitting messages to and from an Iridium modem.
The short message from the modem is stored in a central Short Message Center (SMSC) which then
forwards it to the destination. In the case that the recipient is not available, the SMSC will attempt to deliver
the SMS until it is delivered or the validity period expires. SMS supports a limited confirmation of message
delivery. The sender of the short message can request to receive a return message notifying them whether
the short message has been delivered or not. With this option, the originator gets a confirmation that the
message was delivered to the SMSC. Unlike standard GSM, the Iridium SMS can only acknowledge that the

message was delivered to the SMSC and not the end-destination.

SMS messages can be sent and received simultaneously while a voice call is in progress. This is possible
because SMS messages travel over and above the radio channel using the signaling path, whereas the voice

call uses a dedicated “traffic” radio channel for the duration of the call.
RUDICS

RUDICS is an enhanced gateway termination and origination capability for circuit switched data calls
across the Iridium satellite network. When an Iridium modem places a call to the RUDICS Server located at
the Iridium Gateway, the RUDICS Server connects the call to a pre-defined IP address allowing an end-to-
end IP connection between the Host Application and the Iridium modem. There are three key benefits of
using RUDICS over the conventional PSTN circuit switched data connectivity or mobile-to-mobile data
solutions: (1) elimination of analog modem training time, (2) increased call connection quality, reliability,

and maximized throughput and (3) protocol independence.
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Iridium Geo-Location

The Iridium network makes calculations of the geographical location (geo-location) of an ISU each time
a call is placed. The technique employed to determine the geo-location of an ISU is based on measurements
of the ISU and satellite propagation delay and Doppler frequency shift. These measurements are used to

estimate cosines of spherical angles that identify the ISU’s location relative to the satellite by the gateway.

The Iridium network can locate an ISU to within 10 km only about 78% of the time. The so-called error
ellipse can have a large eccentricity with the major axis oriented in the azimuth dimension and the minor
axis oriented in the radial dimension. The position of the ISU in the radial dimension relative to the satellite
can almost always be determined to within 10 km with just one measurement. Errors in the azimuth
dimension relative to the satellite are largest along the satellite’s ground path and tend to increase with
distance from the satellite. Geo-location errors in the east-west dimension, therefore, are sometimes more

than 100 times greater than in the north-south dimension.
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APPENDIX B: STANDARDS COMPLIANCE

The A3LA-DG comprises of a 9522A Daytona L-Band transceiver, which complies with all relevant
Essential Health and Safety Requirements of the Radio and Telecommunications Terminal Equipment
Directive 1999/5/EC and the Low Voltage Directive 73/23IEC as amended by 93/68tEC. The following
harmonized standards have been applied to the design of the 9522A:

Standard Description
EN 60950-1:2001 Information technology equipment-Safety-Part 1: General requirements

EN 301 489-20V1.2.r (200211) Electromagnetic compatibility and Radio Spectrum Matters (ERM)

EN 301489-01Vr.4.1 (2002-08) Electromagnetic Compatibility (EMC) standard for radio equipment and
services

ETSI EN 50360:2001 Product standard to demonstrate the compliance of mobile phones with
the basic restrictions related to human exposure to electromagnetic
fields (300MHz to 3GHz)

ETSI EN 301 441 V1.1.1 05/2000 Satellite Earth Stations and Systems (SES); Harmonized EN for Mobile
Earth Stations (MESs)

The 9522A is regulatory approved for FCC, Canada and CE assuming an antenna with a gain of less than
or equal to 3 dBi. The 9522A is certified under 47 CFR Part 25 as FCC ID:Q639522A. It also complies with
Part 15 of the FCC Regulations. Operation is subject to the condition that this device does not cause harmful
interference. Any changes or modifications, including the use of non-standard antenna, not expressly
approved by the party responsible for compliance could void the user’s authority to operate the equipment.

The A3LA-DG, when marked with the CE symbol, complies with the European Community Council
Directive for R&TTE, 99/5/EC, provided that the integrator/user adheres to the instructions detailed in this
manual. The 9522A is in compliance with applicable ETSI standards. Compliance with the requirements of
ETSI EN 301 489 requires the use of a shielded digital data interface cable.

IMPORTANT: To comply with FCC RF exposure experiments, a minimum separation of 20 cm is required

between the antenna and all persons.

IMPORTANT: User should not disassemble the A3LA-DG for repair or services. The warranty is voided if the

A3LA-DG is disassembled. It should be returned to NAL Research for any services.
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APPENDIX C: EXPORT COMPLIANCE INFORMATION

The A3LA-D is controlled by the export laws and regulations of the United States of America (U.S.). It is
the policy of NAL Research to fully comply with all U.S. export and economic sanction laws and regulations.
The export of NAL Research products, services, hardware, software and technology must be made only in
accordance with the laws, regulations and licensing requirements of the U.S. Government. NAL Research
customers must also comply with these laws and regulations. Failure to comply can result in the imposition
of fines and penalties, the loss of export privileges, and termination of your contractual agreements with
NAL Research.

The export and re-export of NAL Research products and services are subject to regulation by the Export
Administration Regulations (15 CFR 730-744), as administered by the U.S. Department of Commerce,
Bureau of Industry and Security ("BIS”). See: http://www.bxa.doc.gov for further information on BIS and
the Export Administration Regulations (EAR). Additional export restrictions are administered by the U.S.

Department of the Treasury’s Office of Foreign Asset Controls ("OFAC"”). See: http://www.ustreas.gov/ofac

for further information on OFAC and its requirements.
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APPENDIX D: KEY DIFFERENCES BETWEEN AL3A-DG AND A3LA-IG

Where A3LA-DG and A3LA-IG the Same:

e The footprint and connector locations on the modules are the same
e Screw hole locations for mounting the modules are the same
e The following pins on the multi-interface connector are the same
- RS232, EXT_ON_OFF, EXT_B+, EXT_GND, EXT_11Hz
- Pins1,2,3,45,7,8,9, 10,13, 14, 15, 16, 17, 19, 21, 22, 23, 25
e AT command support is the same with additional AT command to support analog audio selection
e Power input requirement is the same
e Power consumption is the same

e External antenna specifications are the same

Where A3LA-DG and A3LA-IG Different:

e A3LA-IG uses DSC bus interface where A3LA-DG uses DPL bus interface
e The following pins on the multi-interface connector have changed
- Pins used for DSC (11, 12, 18, 24) are used for other functions
- Two miscellaneous pins (6, 20) have changed
e FCCID is different
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APPENDIX E: KNOWN PROBLEMS

1. During file transfer, the A3LA-DG may echo back GPS information if the following “exact” strings are sent
to the A3LA-DG and, in addition, there is a delay of more than 1/61 second immediately after the string is

sent and the GPS receiver is currently powered on from the AT+PP command (AT+PP=1):

AT+P{Command String}\r\n\r\nERROR\r\n
AT+P{Command String}\r\r\nERROR\r\n
AT+P{Command String}\r\n\r\n+CME ERROR: unknown\r\n
AT+P{Command String}\r\r\n+CME ERROR: unknown\r\n
AT+P{Command String}\r\n\r\n+CME ERROR: 100\r\n
AT+P{Command String}\r\r\n+CME ERROR: 100\r\n
AT+P{Command String}\r4\r

AT+P{Command String}\r\n4\r

at+p{Command String}\r\n\r\nERROR\r\n
at+p{Command String}\r\r\nERROR\r\n

at+p{Command String}\r\n\r\n+CME ERROR: unknown\r\n
at+p{Command String}\r\r\n+CME ERROR: unknown\r\n
at+p{Command String}\r\n\r\n+CME ERROR: 100\r\n
at+p{Command String}\r\r\n+CME ERROR: 100\r\n
at+p{Command String}\r4\r

at+p{Command String}\r\n4\r

AT*TP\r\n\r\nERROR\r\n

AT*TP\r\r\nERROR\r\n

AT*TP\r\n\r\n+CME ERROR: unknown\r\n
AT*TP\r\r\n+CME ERROR: unknown\r\n
AT*TP\r\n\r\n+CME ERROR: 100\r\n

AT*TP\r\r\n+CME ERROR: 100\r\n

AT*TP\r4\r

AT*TP\r\n4\r

at+p*tp\r\n\r\nERROR\r\n

at+p* tp\r\r\nERROR\r\n

at+p*tp\r\n\r\n+CME ERROR: unknown\r\n
at+p*tp\r\r\n+CME ERROR: unknown\r\n
at+p*tp\r\n\r\n+CME ERROR: 100\r\n
at+p*tp\r\r\n+CME ERROR: 100\r\n

at+p*tp\rd\r

at+p*tp\r\nd\r

where

e \r = Carriage Return (0x0D)

e \n = New Line (0x0A)

e {Command String} can be any of the followings T, D, L, V, LOC, VEL, NAV=0, NAV=1, NAV=2,
NAV=3, NAV=4, NAV=5, NAV=6, NAV=7, NAV?, P=0, P=1, A=1, A=2, A=3, A=4, A=5, A=6, A=7,
A=8, A=9, A=a, A=b, A=c, A=A, A=B, A=C, M=1{Num List} M=2{Num List} M=3{Num List}
M=4{Num List} M=5{Num List}, t, d, |, v, loc, vel, nav=0, nav=1, nav=2, nav=3, nav=4, nav=>5,
nav=6, nav=7, nav?, p=0, p=1, a=1, a=2, a=3, a=4, a=5, a=6, a=7, a=8, a=9, a=a, a=b, a=c,
a=A, a=B, a=C, or m=1{Num List} m=2{Num List} m=3{Num List} m=4{Num List} m=5{Num
List}.

e {Num List} begins with a, and can have the characters 1, 2, 3, 4, 5,6, 7, 8,9, a, b, and c included
in any order with no spaces between the characters.
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The chance of the occurrence discussed here is found to be extremely small. And even when the
A3LA-DG echoes back GPS information the file transfer process may not be interrupted. If the GPS
receiver is turned off during a file transfer then this will not be a problem.

2. If the AT+PM command is sent too quickly it will not be understood by the unit and an error message
will be returned. This command works fine if delays are placed between the characters.
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APPENDIX F: MODES OF OPERATION

The A3LA-DG Iridium satellite modem consists of four major components—a u-Blox TIM-LP GPS receiver,
a micro-controller, limited memory (EEPROM) on both the micro-controller and GPS receiver and a 9522A
Daytona L-Band transceiver (LBT). The combination of GPS receiver, micro-controller and EEPROM is
referred to as the NAL Research GPS Module.

The default mode of operation of the A3LA-DG is to connect to a DTE via a serial port. Under this case,
the A3LA-DG is simply a wireless satellite data modem behaving in the same manner a standard landline
modem; e.g. capable of data transmission via a serial port and Hayes modem-like commands. The DTE
controls both the GPS module and the 9522A LBT using AT commands.

The A3LA-DG employs four principle types of AT commands: basic, extended, extended power, and
extended GPS. Basic commands are industry standard and originally developed for Hayes-compatible public
switched telephone network (PSTN) modems. Extended commands perform actions or set parameters that
extend the capability of the A3LA-DG beyond that which is allowed by basic commands. In some cases, they
were designed for non-PSTN networks, such as the GSM network. The current Extended Power command
defined by NAL Research allows the user to toggle the RF-board on and off through a serial connection.

Extended GPS commands defined by NAL Research use specifically to control the TIM-LP GPS receiver.

The A3LA-DG modem is always in one of two modes: command mode or data mode. When the modem
is in command mode, AT commands can be entered to control the 9522A LBT and GPS receiver. Note that
command mode can be accessed while on-hook (i.e. not in a call) or in-call. When in data mode, the modem
is connected to a remote system and any characters sent to it will be transmitted to the remote system.
Note that data mode can be only accessed while in-call. While in-call, the Escape Sequence (+++) is used to
enter the command mode. Before using a GPS AT command when the user first escapes a non-GPS AT
command must first be used. If the GPS Receiver is turned off then in Data mode all Extended Power and
Extended GPS commands are ignored. The Online command (ATOn) is used to return to the data mode.

These mode transitions are made without terminating the call.

As an option, NAL Research can flash the A3LA-DG with Firmware from the A3LA-DGS that allows it to
operate as a stand-alone satellite modem (for tracking purpose) without hooking up to a DTE. Under this
scenario, the internal micro-controller plays the role of the DTE managing the u-Blox GPS receiver, the
9522A LBT as well as providing an extra serial port. This serial port can be used to control external devices
such as sensors, another micro-controller, etc. The stand-alone A3LA-DG carries the model number A3LA-
DGS. See document TN2005-21-V3.3.0 for more detailed descriptions on how to use model A3LA-DGS.
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APPENDIX G: MIL-STD-810F CERTIFICATE OF COMPLIANCE

MBS

National
Technical
Systems

36 Gilbert Street South
Tinton Falls, NJ 07701
Tel: (732) 936-0800
Fax: (732) 936-0700

19 September 2006

CERTIFICATE OF COMPLIANCE

September 19, 2006

Customer: NAL Research Corporation Purchase Order #: NAL05-POI16
9300 West Courthouse Road NTS MJO #:  40676-06

Suite 102
Manassas, VA 20110

Test Ttems:

ltem# | Qty Description Part # Serial #
| | Modem/Tracking Unit AJLA-DG/DGS | 300124010707690
2 | Modem A3LA-D-NV 300124010804810
3 1 Modem/Tracking Unit 9601-DG/DGS | 300034012102250

Test Specifications:

NAL Research Corporation Purchase Order No. NALO5-PO116 dated 11/14/05
MIL-STD-810F, Department of Defense, Test Method Standard for Environmental Engineering

Considerations and Laboratory Tests dated 1 January 2000.

Test Performed Results
High/LLow Temperature and Humidity Operational Method 505 .4 Pass
High Temperature Method 301 .4 Procedure | Pass
Altitude Method 500.4 Pass
Relative Humidity Method 507.4 Procedure 2 Pass
Blowing Rain Method 506.4 Pass
Shock Non-Operating Method 516.5 Pass
Sand and Dust Method 510.4 Pass
Salt Fog Method 509 4 Procedure | Pass

National Technical Systems (NTS) certifies that the above referenced item(s) has/have been
tested in accordance with the above Requirements set forth in the above referenced documents.

Richard ('.ffa) 101 Mark'Betts
NTS Facility Manager NTS Project Manager

* Testing * Engineering * Product Certification * Listing * Labeling * Follow-up Services

* 180 Registration Services * I'T/IS Technical Staffing * Computer Hardware & Software Testing *Conformity Assessment * Environmental &

Mechanical Testing
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