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IMPORTANT NOTICE

All rights to this manal are owned solely by SATEYy (refered to in this user guide as SATEAII
rights reserved. The copying of this manual (without the written permission from the owner) by
printing, copying, recording or by any other means, or the full or partial translation of the manual
to any other language, including all programming langages, using any electrical, mechanical,
magnetic, optical, manual or other methods or devices is forbidden.

SATELlreserves the right to change the technical specifications or functions of its products, or to
discontinue the manufacture of any of its piacts or to discontinue the support of any of its
products, without any written announcement and urges its customers to ensure, that the information
at their disposal is valid.

SATElsoftwareand programs are delivered as i s6. The magranfaayckindiof er
warranty including guarantees on suitability and applicability to a certain application. Under no
circumstances is the manufacturer or the developer of a program responsible for any possible
damages caused by the use of a program. The mas of the programs as well as all copyrights
relating to the prograns are the sole property of SATEIAny transfer, licensing to a third party,
leasing, renting, transportation, copying, editing, translating, modifying into another programming
language o reverse engineering for any intent is forbidden without the written consent of SATEL.

SATEL PRODUCTS HAVE NOT BEEN DESIGNED, INTENDED NOR INSPECTED TO BE USED IN
ANY LIFE SUPPORT RELATED DEVICE OR SYSTEM RELATED FUNCTION NOR AS A PART OF A
OTHER CRITAL SYSTEM AND ARE GRANTED NO FUNCTIONAL WARRANTY IF THEY ARE
USED IN ANY OF THE APPLICATIONS MENTIONED.

NOTE: This equipment has been tested and found to comply with the limitsaf@lass A digital
device, pursuant to Part 15 of the FCC Rules. Thegsuits are designed to provide reasonable
protection against harmful interference whethe equipment is operated in a commercial
environment. This equipmergenerates, uses, and can radiate radio frequency energy and, if not
installedand used in accordancewith the instruction manual, may cause harmfuiterference to
radio communications. Operation of this equipment in a residentelea is likely to cause harmful
interference in which case the user will be requiredcorrect the interference at his own panse.

Salo, FINLAND 209

Copyright: 2019 SATEIOy
No part of this document may be reproduced, transmitted or stored in a retrieval system in any form or by any means witdout t
prior written permission of SATEDy.
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RESTRICTIONS ON USE

SATELLINEProradio modems have been designed to operate on frequency ranges, the exact use
of which differs from one rgion and/or country to another.The user of a radio modem must take
care that the said device is not operated without the permissiontioé local authorities on
frequencies other than those specifically reserved and intended for use without a specific permit.

The allowed max output power depends on the type of station.
SATELLINEProis allowed to be used in the following countries,teer on licence free channels or
on channels where the operation requires a licence. More detailed information is available at the

local frequency management authority.

Countries:BR,CA, RU andUS

WARNING- RF Exposure

To comply with RF exposu@mpliance requirement®f CFR Part 47, 81.1310, aseparation

distance of at leas2.59 m must be maintained between the antenna of this device and

persons. To comply with RF exposure compliance requiremehBSSL02 Issue 5, aseparation

distance ofat least3.38 m must be maintained between the antenna of this device and

persons.This device must not be etcated or operating in conjunction with any other antenn
or transmitter.
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PRODUCT CONFORMITY

SATELLINEPro complies wittthe following standars:
- RSS 119, issue 12
- FCC Part 90
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WARRANTY AND SAFETY INSTRUCTIONS

Read these safety instructions carefully before using the product:

-Warranty will be void, if the product is used in any way that is in contradiction with the
instructons given in this manual, or if the radio modem housing has been opened or
tampered with.

-The radio modem is only to be operated at frequencies allocated by local authorities, and
without exceeding the given maximum aWed output power ratings.SATELand its
distributors are not responsible, if any products manufactured by it are used in unlawful
ways.

-The devices mentioned in this manual are to be used only according to the instructions
described in this manual. Faultless and safe operation of the devices can be guaranteed
only if the transport, storage, operation and handling of the devicase appropriate. This
also applies to the maintenance of the products.

-To prevent damage both the radio modem and any terminal devices must always be
switched OFF before connecting or disconnecting the serial connection cable. It should be
ascertained that diffenat devices used have the same ground potential. Before connecting
any power cables the output voltage of the power supply should be checked.

-If the device uses an outdoor antenn#he antenna cable jacket must be grounded.
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INTRODUCTION

SATEIy is a Finnish electronics and Telecommunications Company specialising in the design and
manufacture of wireless da communication products.SATELdesigns, manufactures and sells
radio modems intended for use in applications ranging from data transfer to alamfay systems.
End users oSATEIproducts include both public organisations and private individuals.

SATEIOYy is the leading European manufacturer of radio dems.SATEladio modems have been
certified in most European countries and also in many R&aropean countries.

SATELLINEProis an IP67 classified UHF radio modem with a high power (35 W) transmitter, wide
tuning range (4@®.180 ... 470 MHz) in one hardware and selectable channel spacinghe
SATELLINEProcan offerradio speeds up t28800 bps and has a selectable serial infiaice speed
between9600 € 115200 bps.

SATELLINEPro contains push buttons and a LGBisplay, which can be used to modifthe pre
defined channel lists, created with SATE&nfiguration Manager PCGprogram. Setting the channel
list into use with channel dt information is required before the device can be used. Additional
information regarding theConfiguration Manager PGrogram can be found from the SW user
manual.

The radio modemalso offers option of error correction, utilising the FE@ethod (ForwardError
Correction). FEC can be used to minimise errors caused by noisy channels.
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1 SATELLINE-4Pro TECHNICAL SPECIFICATIONS

SATELLINEProcomplies with the following international standards:

0 FCC CFR47 part90

0 RSS119 Issue 12

RECEIVER TRANSMITTER

Note!

Frequency Range

406.180 ... 470 MHz

Tuning Range

63.82 MHz

Channel Spacing

12.5 kHz/ 25 kHz

Programmable

Spurious Radiations

According to FCC CFRA47 part 90

Duty Cycle 35W *)

100 % (@22 °C) 20 min
100 % (@35 °C) 13 min
40 % No limit

Duty Cycle 10W *)

100% (@22°C) No limit
100% (@35 °C)50 min

40% No limit
Frequency Error
Tolerance <1 kHz
Sensitivity 4FSK

-117 dBm @ 12.5 kHz
-116 dBm @ 25 kHz
8FSK
-115 dBm @ 12.5 kHz
-114 dBm @ 25 kHz

16FSK FEC ON
-108 dBm @ 12.5 kHz BER< 10 E3
-106 dBm @ 25 kHz

Co-channel Rejection 4FSK

>-12 dB FEC ON
Adjacent Channel > 47 dB @12.5 kHz 4FSK
Selectivity >53dB @ 25 kHz FEC ON
Intermodulation 4FSK
Response Rejection > -49 dBm FEC ON
Blocking 4FSK

> 86 dB FEC ON
SpuriousResponse 4FSK
Rejection > -38 dBm FEC ON
Power Consumption 120 W typical@ 35W, min.+ 12 Vdc

<1.8W 90 W typical @ 25W

Communication Mode

Half-Duplex

Type of Emission

F1D

Carrier power

2, 10, 20, 25,35 W /50 ohm

Carrier powerstability

+ 1dB/-1dB

*) If high output power is used continuously or with a high cycle, the equipment generates excess heat. The output
power is automatically decreased when necessary to prevent overheating. Typical operating times are shown in the
chart with different output powers and duty cycles @ 22°C and 35 (%&e chapter 3.2).

10
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DATA MODEM
Timing RS232
Electrical Interface RS232
Interface Connector 8-pin ODU

Data speed of
I/O -interface

9600 & 115200 bps

Data speed of Radio
Interface

Up to 28800 bps (25 kHz channel) /
Up to 14400 bps (12.5 kHz channel)

Data Formats

Asynchronous R332

Modulation

4FSK,8FSK, 16FSKGMSK (PacificCrest, TRIMTALK **)

**) TRIMTALK ia trademark of Trimble Navigation Ltd.

GENERAL

DC input range

Nominal voltage : +9...+16 V pc

4-pin ODU
MINI-Snap Size 1

Temperature Ranges

Complies with

-30 °C...+ 60 °C standards
-40 °C...+75 °C (absolute min / max) Functional
-40 °C... +85°C Storage

Antenna Connector

TNC, 50 ohm, female

Construction Aluminium housing
SizeLXWXT 189 x 138 x 71 mm (with connectors)
Weight 14209

IP Classification

IP67 (NEMA 6)

11
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SATELLINEProis shipped with the following default settings (unless otherwise specifiagtiyed):

DEFAULT VALUES OF THE ADJUSTABLE SETTINGS (user can change settings later on)

Setting

Default value

Range

Radio frequency

Operating TX frequency 430.000 MHz Range: 406.180 0 470.000 MHz
Operating RX frequency 430.000 MHz Range: 406.180 0 470.000 MHz
Reference Frequency 430.000 MHz Range: 406.180 0 470.000 MHz
Channel Spacing 12.5 kHz Range: 12.50r 25 kHz
Radio settings
Tx Power 35W Range 2, 10, 20, 25 and 35 W
Signal threshold -115 dBm -80 é -118 dBm
FCS OFF ON/OFF
TxStartDelay 0 ms 0-65535 ms
Radio Compatibility SATEI8FSK1 SATELINE3AS
PacCrest4FSK
PacCrestGMSK
TrimTalkd50s(P)
TrimTalk450s(T)
PacCrestFST
SOUTH
SATE{8FSK1 (FEC OFF)
SATEI8FSK2 (FEC ON)
SATEL6FSK1 (FEC ON)
Addressing
RX Address OFF ON/OFF
TX Address OFF ON/OFF
RX addressing to RS port OFF ON/OFF
TX address auto switch OFF ON/OFF
Serial port 1
Status ON ON/OFF
Interface RS232 Fixed
Data speed 115200 bps 9600, 19200, 38400 , 57600, 115200 bps
Data bits 8 8
Parity bits None None, Even, Odd
Stop bits 1 1
Handshaking Handshaking lines apply to the DATport.
CTS Clear to send Clear to send, TX buffer state
RTS Ignored Ignored, Flow Control, Reception Control
Pause length 3 bytes 3 é 255 bytes
Additional setup
Errorcorrection OFF ON/OFF
Error check OFF ON/OFF
Repeater OFF ON/OFF
Sl-commands ON ON/OFF
Priority TX RXITX
FullCR16 Check OFF ON/OFF
Tests OFF ON/OFF

The power cable (+\y and GND) must be connected to a power supply with a proper output voltage

( +9 é + BLdand with a minimum output current of 15A.

12
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2 OTHERFEATURES

SATELLINEPro radio modem fulfils the IP67 (NEMA 6) standardwith an IP67 rating a product
will be totally protected against dust and remain completely sealed when immersed in water to a
depth between 15 cm and 1 meter.

SATELLINEPro modem is equippedwith a high power35W transmitter It is designel for easy
mobile use in demandindield conditions.

The SATELLINEProis equipped with a liquid crystal display (LCD) and a keypad, used to indicate
the currentoperating status, as well akr changing the operating channel and power level of the
radio modem.

13
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3 SATELLINE4Pro SPECIAL FEATURES

3.1 Call Sign

SATELLINEProhasa CALL SIGNdentifier-feature required in some countrie#\ call signcan be
formally assigned by a government agency, informally adopted by individuals or organizations, or
evencryptographicallyencodedto disguiseidentity ofa station.

A call sign is an FCC(in US)or other regulatory authority assigned identifier that is issued along
with the licens for operating a radio modem.This field is forenteing your call sign.The modem
automatically broadcasts the spéied call sgn periodically. If this field is emptythere isno call
sign information

Call sign setup can be foundn Modem settinggdmenu on SATEL Configuration Manager PC
program, sub clauseCall Sign Call sign has three (3) different setups. Wigall Sgn Mode you
can set Morse code transmission ON or OFEall Sgn ID defines which Morse cod&vill be
transmitted Only capital letters and numbers are allowed. If the digits are wrong kind, there will
be messageValue error Small letters will be convertet capital letters automatically. iCall

Sgn ID field remains empty, the€all Signtransmission will not be activatedCall Sgn Timeris the
transmission delay of Morse codes. Minimum and default transmission timebisninutes.

During Call sign transnssion the CTSine of the modem is not in activestate This is to inform
terminal equipment that the modem isot ready to neitherreceive data from serial pomor forward
it. The modemdeletesall data (also SL commandsjyhich hasarrivedto serial port during call sign
transmissionCall sign transmissiotasts1-4 seconds dependingn the number ofdigits

3.2 Temperature protection of RF power amplifier

RF power amplifier igproteced against overheating.The power of transmitter is lowedestep by
step if the inner temperature exceeds certain levatsshown below

Temperaturenside a modem Carrier power

Over 75°C 25 W

78°C 20 W

80°C 10 W

85°C 2W

90°C 0 W (transmitter OFF)

When the ambient temperature is under 30°C arnichnsmitter duty cycle does not exceed 40%,
the temperature inside the modem does not exceed the trigger level.

14
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The internal temperature is measureth the beginning of every transmission and at once when
modem cools down. The carrier power increasith falling temperature so that a85°C carrier
power goesto 2W, at 80°C to 10W, at 78°C to 20W, at 75°C to 25W and at 73°C the modem
operates again atthe full 35W carrier power.

m;ﬁ Power 35W, Duty cycle 100%

95,0
90,0
85,0
80,0
75,0
70,0
65,0 1
60.0 1
55.0 -

0.0 . . . . —_Mins

00 100 200 30,0 400 50,0 60,0
| =—22°C -@-35°C —+-55°C]|

3.3 Protection of current

In case of a bad antennampedance matching the current consumption of the Power Amplifier may
be too high. For this reason the maximum current is limited to 12 A. If the current tends to increase
over 12 A, the automatic power control decreases the power level until the curdnops under

11.5 A. LCD indicates the actual power level of the transmitter. A new transmission starts always
with the nominal power level. The power control scheme is applied only when the nominal power
level is 35 W.

15
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4 SERIAL INTERFACE

The radio modem isreferred to as DCE (Data Communication Equipment) whereas the PC is
referred to as DTE (Data Terminal EquipmenBATELLINEPro includesa 8 pin ODU which
contains all the connections required to establish communication between the radio modem, acting
asthe DCE, and the PC, acting as the DTE.

All EMGrequirements set forth by authorities have been taken into account in the design of the

radio modem. The radio modem user is thereby not required to take any special actions regarding
EMGC-shielding (of the adio modem).

The radio modemhas one serial port, Port 1 which complies with the R&32 standard.

Signal | 8-pin ODU
RD 4
1D 5
CTS 2
RTS 1
GND 3

Description of pins:
1 RD= ReceiveData. Output of the data received from the radio modem to the DTE.

1 TD= TransmitData. Input of the data to be transmitted from the DTE to the radio modem.

 CTS= ClearTo Send.
1 RTS= RequestTo Send.

1 GND = both the negative pole of the operating voltage and the signal ground.

16
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5 USER INTERFACE

5.1 LED-indicators

Thereare five (5) LED indicators on the front panel of the radio modem, and they give an indication
of the status of the serial port and the radio interface:

Description of the LED |LED |Indication OFF Red Orange |Green
indicators: RTS |RTSline status |Inactive Active
CTS |CTSline status |Inactive Active
TD TD-line status | No data Data
RD RDline status | No data Data

CD Radio status No signal | Transmission | Noise Reception
(continuous =
test Tx active

5.2 Display and
push buttons

SATELLINEPro contains push buttons and a LCGIdisplay, which can be used to modifthe pre
defined channel lists, created with SATE&nfiguration Manager PGprogram.

NOTE! Setting the channel list into use with channel list information is required before
device can be used. Additional information regarding th€onfiguration Manager PC
program can be found from the SW user manual.

In case no channels are defined
to the device, following text fill
be displayed in the LCD Ul after
entering to the menu with SETU
dbutton.

SATELLINEPro includes a LCDdisplay with a backlight. The display backlight illuminates
automatically as soon as a button is presselh the Data Transfer Modehe display will show the
operating settings of the radio modenipr example theradio field strength and the supply voltage.
By using the push buttons and the L@&fsplay, it is possible to change settings of tket channel
list channel vithout the needfor an external terminal. The radio modem wiinter to the channel
list submenuby pressing the SETUpush button A). When activated the menu shows a listing of
the changeable parameters.

With the help of the main menu, sulmenus can be selected whicin turn can be used to change
the settings. You can always return to the previous higher level of the menu structure by pressing
the CANCEL (or BACK) push buttdqn). Pressing thés or 6 button changes settinger moves

in the menu.Selections are comfimed by pressing the SELECT or SET button. In case of numerical
values the digit to be changed is selected by pressing the NEXT button (see following page).

17
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The display showthe basic information

Display inData Transfer Mode (transmit/receive mode)
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¥ .120 N 12.2v
CHO 35w

TX 430.000.000 MHz
RX 430.000.000 MHz
Spacing: 12.5kHz
INFO SETUP

Y -120: Received signastrength of last receivedata or noise level( i ndi c atide d

. 12.2 = Supply voltage level indicator.

CHO: in use channel number. 35W: set TX power.
TX/RX: perational TX and RX frequency.
Spacing: In use channel spacing

Info and setup menus

INFO - SETUP

By pressingancel/back button( ) the modemgoestod et ai | ed

settings.

nf or mat.i

By pressing SETURutton (A) the modementers the channel list submen(wequires defined
channels in the channel list!)

Display in Info mode

Pressing 6 shows the next window.

FEC
Exit

INFO FIELD 1
Compatibility
SATEIBFSK2
Repeater

Compatibility mode

OFF
OFF

Repeater mode
Forward Error Correction Mode

6

Exit

INFO FIELD 2

Portl 115200bps/8N1
RX addresses

RX1 OFF

RX2 OFF

Serial port settings
RX addresses and state

56

Exit

INFO FIELD 3
TX addresses
TX1 OFF

TX2 OFF

S/N 1844 XXXXX

TX addresses and state

Device serial number
56

Exit

INFO FIELD 4
FW:1.0.1.0
HW: SPL0046

Device firmware version
Device hardware version

5

18
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Display inSetupMode

> The cursor indicates activdine

Exit 56 Select

Keypad buttons \

* 4 A
/ \
Cancel/Back Seled
Up Down

19
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6 CONNECTION INTERFACES

NOTE!

When installing the cables of the serial interface, it is recommended that the operating volta

all devices is powered OFF.

6.1 RS- 232 interface

RS232 standard defines the method of serial dateansfer between a computer and its peripherals.
The definition includes both the interface type and signal levels. Most computers and peripherals
contain one or more R232 type serial ports. The R332 standard uses transmission lines, in
which each sigle signal line level is referenced, to a common ground level.-R®2 has been
designed to be use in serial transfer of data, in situations where the distance between
communicating equipment is less than 15 m. The otherwise usefulR3 standard is appliel in a
multitude of slightly differing ways, (e.g. different pin configurations) and for this reason different
computers and peripherals are not necessarily directly compatible with each other.

6.2 Connectors

The device adopts a high standandaterproofODU 8-pin data connector. Antenna connector

type is 500hm TNC female.

Data connector (8 pin ODU)

1 DTE is an abbreviation for Data Terminal Equipment
1 1/O column below denotes the direction of the signal

radicdmodem mo®ddE m,

T 0l N6 is from DTE to the
PIN NAME 110 LEVEL EXPLANATION
1 RTS IN RS232 Request To Send from DTE
2 CTS OUT | RS232 Clear To Send. This signal indicate
that the radio modem's seria
interface is ready to receive dat
from DTE.
3 SGND - - Signal ground
4 RD OUT | RS232 Receive Data to DTE from the radi
modem
5 TD IN RS232 Transmit Data from DTE to the radi
modem
Not connected
Not connected
8 Not connected

20
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Power connector

(4 pin ODU MINI-SNAP Style G4 size)l

il RN
PIN NAME EXPLANATION
1 PWR (+) Operation Voltage+9é +16 VDC
2 PWR (+) Operation Voltage+9é +16 VDC
3 GND Ground Note***
4 GND Ground Note***
e

Note**) Both PWR pins&2 must be connected!
Note***) Both GND and pins 3&4 must be connected!

21
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7 RF INTERFACE

The SATELLINEPro has a singleTNC type RFconnectorwith impedance of 500 hm.

When the modem is supplied théequencyi s s et t o 0 dibhefuaedndan chandedhe n e |
frequency afterwards bg3.82 MHz. Of course, all local regulations set forth by the authorities
must be taken into consideration.

The data speed of the radio interface s s et t o 0 d e flsobd set aftepvards.d 6 . It
A channel spacing of 25 kHz enables a data speed gp to 28800 bps and a channel spacing of

12.5 kHz enables, correspondingly, a data speed wp to 14400 bps. The data speed of the radio
interface is alwgs fixed depending on th modulation settingrrespective of the data speed of the
serial interface. If the data speeds of the radio interface and the serial interface differ from each
other, the radio modem will buffer the data in transfer temporarily, so no data loss will occur

7.1 Transmitter

The output power of the transmitter is adjustable. The greatest allowable power depends on limits
set by local authorities, which should not be exceeded under any circumstances. The output power
of the transmitter should be set to the snadlt possible level, which still ensures error free
connections under variable conditions. Large output power levels using short connection distances
can, in the worst case, cause disturbances to the overall operation of the system.

OUTPUT POWER |dBm
2W +33
10W +40
20 W +43
25 W +44
Table:Typical output power levels |35 W +45 4

NOTE!
Setting the radio data modem output power level to that which exceeds the regulations set fofth by
local authorities is strictly forbidden. The setting and/osing of nonrapproved power levels maly
lead to prosecution. SATEL and its distributors are not responsible for any illegal use of its|radio
equipment, and are not responsible in any way of any claims or penalties arising from the operfition
of its radio equipment in ways contradictory to local regulations and/or requirements and/or lays.
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7.2 Receiver

The sensitivity of the receiver depends on the channel spacing of the radio modem (=data speed
of the radio interface) and on the mode of the FEC (error cection) according to the table below
(BER 10B3):

12.5kHz | 25 kHz

4FSK -115dBm | -112 dBm
FEC OFF

4FSK -117 dBm | -116 dBm
FEC ON

8FSK -107 dBm | -103 dBm
FEC OFF

8FSK -115dBm | -114 dBm
FEC ON

16FSK -108 dBm | -106 dBm
FEC ON

The Signal Threshold Level setting of the receiver determines a level, above which the search for
the actual data transfer signal is active. It is recommended that values given in the table are used.

If the Signal Threshold Level setting is set too love (@D-LED is ON constantly), it is possible that

the receiver is trying to synchronise itself with noise, in which case, the actual data transmission
might remain unnoticed. Alternatively, weak data transmissions will be rejected, even though they

would be otherwise acceptable.

7.3 Priority RX/TX

SATELLINEPro offers a Priority setting, which selects the priority between reception and
transmission. The setting can be changeda Configuration Manager PGprogram. By default,
transmission has higher priority than reception i.e. the default value is Priority TX.

Priority TXmeans that a terminal device attached to a radio modem decides the timing of the
transmission. The transmitter is immediately switched onmtie terminal device starts to output
data. Should reception be in progress, the radio modem will stop it and change to a transmit state.
There is no need to use any handshaking for the control of timing.

Priority RXneans that a radio modem tries to ceive all data currently in the air. If a terminal
outputs data to be transmitted (or an SL command) it will buffered. The radio modem will wait until
the reception has stopped before transmitting the buffered data. This will result in timing slacks to
the system, but decreases the number of collisions on the air; this is particularly useful in systems
based on multiple random accesses.

If the Repeater Function has been set grjority setting is automatically switched to RX mode.
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7.4 Forward Error C orrection

Forward Etror Correction FEGfunction is switched ON (or OFF) by using th€onfiguration
Manager PGprogram (or via LCD Ul when channel list definedyVhen activated, the FEQunction

will cause theSATELLINEProto automatically addadditional error correction information, which
increases the amount of transmitted data by 30 %. It is used by the receiving radio modem to correct
erroneous bits as long as the ratio of correct and erroneous bits is reasonable.

Error correction improve the reliability of data transfer via the radio interface especially in
unfavourable conditions. FEQunction should be used when link distances are long and/or if there
are many disturbances in the radio channels used. The use of the JflEEtion will, rowever
decrease the data transfer throughput of data by about 30 %he listof exact delaysvhenusing
FEGCfunction are introduced in appendix B

NOTE!

All radio modems, which are to communicate with each other, must have the same setting
FEC (ONor OFF). If the transmitting radio modem and the receiving radio modem has differ
settings, data will not be received correctly.

7.5 Error checking

When the error checking is switched on, the radio modem will add a checksum to the transmitted
data. Whenthe data is received, the checksums are verified before data is forwarded to the serial
port.

Error checkchecks data partially while data is received.

Full CRC16 checkunction adds two checksum characters at the end of the user data message. At
the reception end the receiver receives first the whole package and if the checksum matches the
data message is forwarded to the serial port.Htll CRC16 checks selected it must be set ON for

all radio modems in the same network. Otherwise the checksum ctaers appear at the end of
user message on the serial port.

7.6 Dual radio function , separate RX/TX -frequencies

The SATELLINEPro can transmit (TXfrequency) and receive (RXfrequency) on separate
frequencies Separate frequenciesan be set within the whole tuning rangé&.he frequencies can
be setwith theConfiguration Manager PGprogram.

When data flow on the TDline starts the frequency shiffsom the receiving channeio the transmit
channel. Thee is a 40 msdelay caused byhe frequency shift before the actual data transmission
sequencestarts and the sametimeis needed for the return to the receive channel after transmission.

The selected channel spacing, port settings etc. are equal to both frequencies.
The dual radio sétings can be adjusted also by the SL commands.
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7.7 User d ata whitening

In some cases, if the user data includes a large number of constant characters, additional bit errors
may appear. The use of error correction (FEC) is recommended in such cases. listhat possible,
the Data whitening feature can be used to improve the reliability of data transf

NOTE!

All radio modems, which are to communicate with each other, must have the same setting fi
Data whitening (ON or OFF). If the transmitting radimodem and the receiving radio modem
has different settings, data will not be received correctly.

7.8 Pacific Crest , TRIMTALK and SOUTH compatibility

7.8.1 General

SATELLINEProradio modem suppors additional to the original SATEL 3AS data transfer also:
1 Pacific Crest compatible data transfer over the air, if the opponent Pacific Crest modems

operate in thetransparent mode/FEC ON/Scrambling ONhat is the most common setup
among RTK applications. The other modes are currently not supported.
1 TRIMTALK450s compatible data transfer over the air.
1 SOUTHGDL radios(trademark ofSOUTH Surveying & Mapping Instrument Co., Ltd).
o Pacific Crest XDL/ADL radios in the SOUTH radio compatible mode
o Only 25 kHz channel width on 400 MHz frequency band is supported.

SATELLINEProradio modem provides the following radio compatibility settings:
Pacific Cres#-FSK modulation Transparent mode/FEC ON/Scrambling ON.
Pacific Crest GMSK modulation,rainsparent mode/FEC ON/Scrambling ON
TRIMTALK GMSK modulation, Transpatenode

TrimTalk450s(T) = TrimTalk450s GMSK (RXx fitted to Trimble transmitter)

Pacific Crest=ST = Pacific Cresfransparent FSH®(FSK, FEC ON/Scrambling ON.
SOUTH(SOUTH Sweying & Mapping Instrument Cd.td)

= =42 -84

So far, only thetransparent modds implemented, since it ithe most commonly used and
recommendedby the user manuals. The ARQ based protocols with ACK/NACK schemes are not
preferred in RTK applications that apply oiveay communication.

The implementation oDptions 1, 2, 3 is basedon the reference measurements and the available

public data of the followingradio modems manufactured by Pacific Crest CorporatidRFM96W
PDL HPBPDL LPBTRIMTALK is a trademark of Trimble Navigation Ltd.
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7.8.2 Configuration by using SL commands

0SL@S=06 command selects the compatibility mod
T 6SL@S=006 dIDE3AS (8efatltE L
T 6SL@S=16 -drR8sKs PCC
T 6SL @S =2BPCCSESMSKs
T 6 SL @®setsTRIMTALK GMSIRX fitted to Pacific Crest transmitters
T 0SL @S =4TRIMIALK SMSIRX fitted to Trimble tresmitters
T oSL@S=56 -6t s PCC
T OSL@S=86 sets SOUTH

The modem responds theireguested Qe is sumpartstar g e0 EERFIROR G i f
mode is not allowed.

OSL@S? enquires the active mode. The modem r e

|
T 606 if the mode is SATEL 3AS
T 016 i f ¢tRCE&4F®K de i s
T 026 i f tRCEGMBKde i s
M 036 i f t TRIMT Al GMSIRX figed to Pacific Crest transmitters
MT o406 if t TREMT Abhd GMSIRK fisted to Trimble transmitters
T 656 i f tRC&FSTode 1 s

M1 08 4f the mode isSOUTH

7.8.3 Settings
In order to use thePacific Crest/TRIMTALK modes implemented in SATELLINE modems:

PACIFIC CRESTodems must have:
1 Protocol Mode =
1 Transparent w/EOT Timeout (when using Pacific Crest modulations)
1 TrimTalk 450s (whemusing TRIMTALK GMSK modulation)
1 Transparent FST
1 Modulation Type depends on the system
1 GMSK (default, always selected when using TRIMTALK 450s mode)
1 4-LevelFSK
FEC = ON (FEC OFF state supported in PCC Transparent FST protocol implementation)
Scrambling = ON
Data Security Code set to = 0 (=not used)
Local Address= 0é6254 (0 by default)
Pacific Crest modem receives messages from SATELLINE modems that have their TX1
address matching the Local Address.
T Remote address=0¢é255 (255 adizddresetd zeueceivedby h at
all). SATELLINE modems receive the message from a Pacific @ad¢m, provided their

= =4 4 4
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RX1 address matches the Remote Address of a Pacific Crest transmitter (or if the message
has the broadcast address 255).

SATELLINE modennsust havethe following key settings

T
T
)l
)l

FEC OFF (because the FEC here mear5TEL 3AFEC, notPacific Crest/ TRIMTALK FEC
Error check OFF
Full CRC16 check OFF
Radio Compatibility(according to selected Pacific Crest protocol mode setting)
A Pacific Crestt-FSK
A Pacific CresGMSK
A TRIMTALIGMSK RX fitted to Pacific Crest transmitters
A TRIMTALKSMSK RX fitted toTrimbletransmitters
A PCGFST
Addressing:
1 When TX address is selected ON, then TX1 address is used like PDL Remote address
that is the destinatioraddress for the transmitted messages.
Default value is 0XOOFF (=255) (note the hexadecimal format of the setting)
1 When RX Address is selected ON, then RX1 address is used like PDL Local address
Default value is 0x0000 (=0) (note the hexadecimal format tifie setting)
Note: Addresses are NOT applicable in TRIMTALK 450s mode so SATELLINE modems
must have their RX/TX addresses OFF with Option3.

The configuration tools and settings are different between SATELLINE and Pacific Crest modems:

1
1

Pacific Crest modms are configured via the serial port using PDLCONF WindoWs
program that sends binary control messages to the serial port of the modem.
SATELLINEProradio modems are configured via the serial port using SATEL
Configuration Manager PGprogram.

The table below shows the malogy of settings betweePRacific Cresand SATHLINEradio
modems(status infirmware versionv3. 46.3).

Pacific Crest setting CorrespondingSATELLINEPro setting
Identification: Owner (not implemented)

Identification: ChanneBandwidth Channel spacing

Identification: RF Power TX power

Radio Link: Channel Selection Type Radio frequency

(Manual)

Radio Link: Current Channel Radio frequency

Radio Link: Link Rate The fixed link rates are:

Option 2 & 3: 9600bps@25kHz /
4800bps@12.5kHz

Option 1: 19200bps@12.5kHz/
9600bps@12.5kHz

Radio Link:Modulation Mode Compatibility>PCC-4FSK

Compatibility>PCC-GMSK
Compatibility >TRIMTALK GMSK

Radio Link:Scrambling ON by default
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Radio Link: Transmit Retries (not implemented)

Radio Link:TX ACK Timeout (not implemented)

Radio Link:Csma Monitoring Priority (RX=0ON, TX=0OFF) Default: RX
Radio Link: AutoBase/AutoRover (not implemented)

Radio Link:Digisquelch Signalthreshold

Radio Link:Forward Error Correction | ON by default using Option 1, 2, 3
(Note: SATELLINEPro FEC must be OFF!)

Radio Link:Local Address (0 by defaull Primary RX address (RX1) (OFF by default)

Radio Link:Remote Address (255 by | Primary TX address (TX1) (OFF by default)
default)

Serial Interface:Protocol Mode Radio compatibility:
Options 1 and 2 = Transparent wW/EOT
Timeout

Option 3 = TRIMTALK 450sRX fitted to PCC
Option 4 = TRIMTALK 450sRX fitted to
Trimble

Option 5 = PCC Transparent FST

Serial Interface:BREAK to Command | (not implemented)

Serial Interface:Modem Enable: Yes | (not applicable)

Serial Interface:Soft Break Enable (not implemented)

Serial Interface:EOT value (in 0.01s Pause length (in serial port byte intervals)
units)

Serial Interface:Digipeater (not implemented)
Delay(in0.01s units)

Serial Interface:Local Node Repeater | (not implemented)

Frequency Table Radio frequency
Data Security Code (must be 0=not (not implemented)
used)

Potential conflicts:

- Pacific Crest Local/Remote addresses are supported in the firmware versions startin
from v3.46.3

- Repeater function is supported only in the firmware versions starting fron#63

- Error check and Full CRC16 check must be OFF in SATELLINE modem

- FCS (Free Channel Scanning) feature is not supported by Pacific Crest radios

- Message Routing is not supported by Pacific Crest radios

- SATELLINE RX/TX addressing does not use ARQ scheme like Pacific Crest radios.
- Pac Crest Transparent FST protocalpported starting from firmware version 3.57
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7.8.4 Repeater function

The implemented Pacific Crest/ TRIMTALK modes support also the repeater function. The repeater
function is configured either by using the SL commands:

T 6SL@M=R06 ( Repeater ON)

1 6 SL @M=(Repeater OFF)

Note 1. The repeater modem passes TRIMTALK messages also to its serial port unlike for example
Pacific Crest PDL modems.

Note2.1 f error correction is ON (FEC ON) and TRI

command, the firmware automatically switches SATEL FEC OFF temporarily, and turns it back at
the mode return.

7.8.5 Support for Local / Remote addresses

If the modem has TX adtess ON then primary TX address is handled in the same way as Remote
address in Pacific Crest PDL modems. The default value is OXOOFF (255 in decimal format) i.e. the
broadcast address.

If the modem has RX address ON then primary RX address is handlékisame way as PDL
Local address in Pacific Crest PDL modems. The default value is 0x0000 (0 in decimal format).
SATELLINE modem needs to have TX Delay 50ms or more in order to avoid messages from
colliding in case it is to be placed in a Pacific Cresgggem that uses addressing and
acknowledging scheme.

Note 1. SATELLINEhodems do not support Pacific Crest retransmit/acknowledge scheme.

However, that has no effect in RTK applications because they utilize only broadcast
messages.
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7.8.6 Latency_
In the PCC Transparent protocol mode (Option 1 and Option 2) the whole message is first read
from the serial port and after that it will be framed and transmitted over the radio.
The end of the message is detected when there is a pause in data commg the serial port.
The symbol rates for thedeific Crest4FSK (Optionl) are:
1 19200 bps on 25kHz channel
1 9600 bps on 12.5 kHz channel
The symbol rates for thedeific CrestGMSK (Option2) are:
1 9600 bps on 25 kHz channel
1 4800 bps on 12.5 kHzchannel

The actual raw data rate is appr. 2/3 of the symbol rate.

7.8.6.1 Transmission delays usingacific Crest 4FSK on 25 kHz channel

The tablebelow presents the typical latency vs. the size of the message. The delays are
measured from the end of transmitted data to the end of received data on the serial interface

Number of bytes sent

Bps 1 10 100 500
1200 77 ms 159 ms 971 ms 4590 ms
4800 48 ms 68 ms 317 ms 1438 ms
9600 43 ms 52 ms 209 ms 912 ms
19200 40 ms 45 ms 154 ms 650 ms
38400 39 ms 41 ms 127 ms 519 ms

7.8.6.2 Transmission delays using Pacific Crest GMSK on 25 kHz channel

The table below presents thigpical latency vs. the size of the message. The delays are
measured from the end of transmitted data to the end of received data on the serial interface

Number of bytes sent

Bps 1 10 100 500
1200 86 ms 168 ms 1042 ms 4949 ms
4800 57 ms 77 ms 390 ms 1796 ms
9600 52 ms 62 ms 281 ms 1272 ms
19200 50 ms 55 ms 226 ms 1009 ms
38400 48 ms 51 ms 198 ms 878 ms
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8 TRANSPARENT DATA TRANSMISSION

8.1 Serial interface, data format

The SATELLINEPro serial interface uses an asynchronous data format. No external synchronising
signal is needed, since necessary timing information is acquired from the start and stop bits
transmitted before and after each data field bits (byte).

The data transfer speedfahe serial interfaces can be set to 9600, 1920038400, 57600 or
115200 bps bits per second). The length of the data field must Bits. A parity bit may also be
used.

ExampleWithan8b i t data character | ength and taking.
(which corresponds to a binary value of 6110
set to either ONO6 (NONE), 0606, o0othélpoasdbwet
are listed in the table below:

If the settings of data speed, character length, parity or the number of stop bits differ between the
radio modem and the terminal, errors will be introduced into the transferred data. The seat
settings of each individual radio modem in a system can all be different apart from the data length
setting, which must always be the same in each individual radio data modem. In other words, the
serial port used, the data transfer speed, parity andmber of stop bits; can be different in different
parts of a same system. This is especially useful where one part of the system uses4@% R&ial

port and another part uses the R&2 serial port. In other words, radio modems may also be
utilised asserial portconverers in addition to the more common role of wireless data transfer.

Serial interface settings of the modem and terminal device connected to it must match.

8.2 Handshake lines

When using the R232 serial interface, handshake signals can hesed to control data transfer.
Handshake signals are used, for example, by the radio modem to inform the terminal that the radio
channel is busy, and that it cannot initiate transmission. The terminal can also control the radio
modem via RTSine.

Line Direction

CTS To terminal
RTS To modem
CD To terminal

A common way of using handshaking signals is to monitor the diffe and ignore the others.
Usually the terminal is fast enough to handle the data received by the radio modem, so the use of
RTSline is not necessary.
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Handshaking is not needed if the system protocol is designed to prevent collisions (data contention)
by the use of polling, or if there is little traffic and also if there is no harm from occasional data
contention situations (several d&o modems try to transmit at the same time).

8.2.1 CTSline

The options for CT38ine are:

1) Clear To Send

CTS is active when the radio modem is ready to accept data for new transmission. CTS will shift
into inactive state during data reception and transmission.

2) TX buffer state

CTS will shift into inactive strmgéerefoverfiowing. This t h
typically happens when the serial interface data transfer speed is greater than the radio interface
transfer speed and the size of transmitted messages is large.

8.2.2 RTSline

The options for RT-8ne are:

1) Ignored
RTSline status is ignored.

2) Flow control

The radio modem transmits data to the terminal device only when the-RieSis active. NoRactive
state of the RT8ne will force the radio modem to buffer the received data. This option is used if
the terminal devicas too slow to handle data received from the radio modem.

3) Reception control

RTSline controls the reception process of the radio modem. An active fill& enables reception

(as normal). Nonractive RTSine will interrupt reception process immediageleven if the radio
modem is receiving a data packet. This option is used to force the radio modem into WAIT State
for an immediate channel change.

8.3 Timing and delays during data transmission

When using a radio modem for data transmission, certain delays will be formed through the use of
a radio interface and from the radio modem circuitry itself. These delays exist when the radio
modem switches fron$tandby Modeo Data Transfer Modend during reception and transmission

of data. For detailed delay values in each case see Appendix B.
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8.3.1 Data buffering in the radio data modem

Whenever the radio modem is ibata Transfer Modat monitors both the radio channel and the
serial interface. When the teninal device starts data transmission the radio modem switches to
transmission mode. At the beginning of each transmission a synchronisation signal is transmitted
and this signal is detected by another radio modem, which then switches into receive moden®

the transmission of the synchronisation signal the radio modem buffers data into its memory.
Transmission ends when a pause is detected in the data sent by the terminal device, and after all
buffered data has been transmitted. When the serial intedaspeed is the same or slower than the
speed of the radio interface, the internal transmit buffer memory cannot overflow. However, when
the serial interface speed exceeds the speed of the radio interface, data will eventually fill transmit
buffer memory.In this instance, it will take a moment after the terminal device has stopped
transmission of data for the radio modem to empty the buffer and before the transmitter switches
off. The maximum size of transmit buffer memory is one kilobyte (1 kB). If thritel device does

not follow the status of the CTFfne and transmits too much data to the radio modem, the buffer
will be emptied and the transmission is restarted.

In the receive mode, the buffer works principally in the above described way thus egemnin
differences in data transfer speeds. If the terminal device transmits data to a radio modem in receive
mode, the data will go into transmit buffer memory. Transmission will start immediately when the
radio channel is available.

8.3.2 Pause length

The modem recognises a pause on the serial line (a pause is defined as a time with no status
changes on the R232 interface TDIline). The pause detection is used as criteria for:
1 End of radio transmission When the transmit buffer is empty and a pause is detsttthe
modem stops the transmission and will then change the radio to the receive mode.
1 Slkcommand recognition+ For a Skcommand to be valid, a pause must be detected before
the actual 0SLé6 character string.
1 User address recognition In order for the $art character to be detected, a pause must
precede it in transmission.

Traditionally, in asynchronous data communication, pauses have been used to separate serial
messages from each other. However, the use of aal-time operating systems (frequentlged

on PGtype hardware) often adds random pauses, which may result in the user data splitting into
two or more separate RF transmissioi$is may cause problems especially in the systems including

repeater stations.

In order to match the operation of the radio modem to the user data, the Pause length parameter
can be adjustedvia SATEL Configuration Manager P@rogram. It may have any value between 3
and 255 characters. The default value is 3 characters.

Notes:

1 Theabsolute time of Pause length is depending on the serial port settings. For example, 1
character is ~1.04 ms at 9600 bps / 8N1 (10 bhits).
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1 The maximum absolute time is always 170 ms independent from the value of the Pause
length given in the setp.

1 An incease in the Pause length increases the round trip delay of the radio link
correspondingly; this is due to the fact that the radio channel is occupied for the time of the
Pause length after each transmission (the time it takes to detect a pause). If tmstis
acceptable, the TX delay setting may also be useful in special cases.

8.3.3 TXdelay

The radio modem can be configured to delay the beginning of a raditransmission by
1...65000ms. This function can be used to prevent packet contention in a system, where all
substations would otherwise answer a poll of a bas&tion simultaneously. During this delay data
sent to the radio modem is buffereddlthough the priority setting is "RX", ragnodem is prevented

to change over to receiving mode during the period of the TX del#ythis function is not needed,
the delay time should be set to 0 ms.

8.4 Testing

The radio modem can be switched to thEest Mode where it will send a test packet othe radio
channel. The test packet is a normal data transmission, which can be used, for example, when
directing antennas during system installationhe setting can be accessed only via Configuration
Manager SW with admin rights.

If the channel spacingf the radio modems is 25 kHz, it is recommended to use 38400 bps as a
serial data speed of the receiving radio modem. In the case of 12.5 kHz channel spacing the data
speed of 19200 bps is recommended.

There are twoTlest Modes:

Short data block test

In this test mode the radio modem sends a short test string, which is preceded by a consecutive
number, and it ends to the line feed character. The short data block is repeated continuously after
1 s break.

Short data block test is suitable for running dat@mmunication tests. Errefree reception of data

can be monitored using a suitable terminal program.

Example of a short data blocks:
00 This is a testline of SATELLINE - 3AS radio modem

Long data block test

Long data block consists of character strings, which are repeated without breaks 50 s time period.
After 10 s break the test transmission is started again.

Long block data test can be used for measuring Tx output power, standing wave ratio (SWR) of the
antenna system or received signal strength at Rx statidbsing Long Block Test requires running
the modem inradio compatibility modeSATELINE3AS.
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Example of along data blocks:
00 Thisis a long testline of SATELLINE - 3AS radio modem

The strength othe received signal can be monitored using the L&iisphly of the receiving radio
modem.

NOTE 1! Test modedsetting is not indicated in the radio with current implementation.

NOTE 2! Normal data transfer is not available while the Test mode is actiRemember to
switch it OFF before starting the normal data transfer.

NOTE 3! FCS mode must be disabled prior to set ON the Test mode.
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9 SETTINGS

SATELLINEPro contains push buttons and a LCWdisplay, which can be used to modifthe pre
defined channel lists, created with SATEanfiguration Manager PGorogram. Setting the channel
list into use with channel list information is required before the device can be ugsdditional
information regarding the Configuration Manager can bfound from the SW user manualWhen
radio connected to theConfiguration Manager PGprogram the radio modem will switch into
Programming Mode, under which the radio is not cabaple tnsmitting or receiving system data.

This is the display ifiactorydefauk settings Channel list is
empty, thus displayed as~=—- (no radio acitivty with
default settings)

Displayedon LCD: TX power (35W)TX and RX
frequenges, dhannel spacing(12.5 kH2).

Signal strength info is displayed on the upper kafand
corner.

- Current noise level valu¢—137Y (here-127 dBm)or

- Last received signal strength indication, e .~
(dBm) This measuremeniill be displayed~7 seconds
after last received data, after which the radio will start to
measure noise level.

Input voltage level respectively on the upper right corner.

9.1 Changing the in use chann el usingthe LCD-display

SATELLINEPro contains an LCD -display thatshowsthe valid functions andallows modification
of the settingsAfter the Channel list is defined into the device wBATEL Configuration Manager
PG-program, user can select the settings via LCD user intedfaccording to channel list
limitations.

On standby mode theLCD-display willdisplay the basic information The following settings are
shown: In use channel, TX powerTX and RX frequencies andChannel Spacing.Additional
information is available undeiNFO tab. More information about the info menu can be found from
this user manualsection 5.2.1.

The main menu is used to select the desired submenus, and the modifications are performed using
these submenus. It is possible to jump back at any timehe previous (higher) level in the menu
hierarchy by just-bprneansi(rog ti me s@hadhic BEréséngthe h e
5 or6 button modifies parameters with numerical values consisting of digits. Use until the said digit
(with the cursor bnking under it) has reached the desired value. In the case of numerical values

t he AbNt®XiFused to move on to the next digit in the numerical value and then the above
described process is used to modify it. The process is repeated until alisdigithe value have been
edited. Toggletype parameters (typically with ON/OFF choices modifications have to be confirmed
by pressingotrheéelRBERBELECTO
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Af t er pr es-<4Pbuttonthen

display will show the main menu, whiqg *

is a list of modifiable parameters.
Pressing the & buttons the cursor
moves upwards and downwards. Whe
the cursor: is placed beside the
desired selection, entry into sulmenu
is done by pressing the SELECT
button.

If more than one channel is defirgeto
the radio, user can selectPressing
SELECTBbutton the set channelsan
be viewedby pressing thez ¢
buttons.

After pressing the SEJP -button the
display will show the main menu, whig
is a list ofset channels

Pressing the ¢ buttons thechannel
settings can be viewed and modified
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9.1.1 LCD Ul Info

After pressing the INFGbutton the
display will show the current, in use
channel settings.

Pressing the & buttons thedevice
info can be viewed.
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9.1.2 Saving modified values into the internal memory

After all desired modifications have been performed; they have to be saved in order to make them
per manent (unt il next modi fication). This 1is
main menu. The display will then show a message (see below)iraska confirmation of the
performed modifications.

By choosinggY ES 6 al | modi fi cat i o-wdatileamemorysnsideetiee radimn t o
modem. By choosing ONOO6 alll modi fication perfor
remaining in the nonvolatile memory.

Press O6YESO6 to
modifications into the non SEaE CharEes’

vol atil e memor
modifications are to be M3 & YEE
cancelled.

9.2 Changing parameters using the SL-commands

The controlling terminal device can change the configuration settings of a radio modem. This is
accomplished with the help of Stommands, which can be useth data transfermode. Sl-
commands can be used to change e.g. the frequency or addresses. It is ptsssible to

interrogate a radio modem in order to gain information concerning current settings that are in
use. The terminal device is either a PC or a programmable logic (PLC) together with suitable
(terminal) program.Sl-commands must be enabled usinATEL Configuration Manager PC
program before they can be used.

An Skcommand is a continuous string of characters, which is separated from other datpdiyses

that are equal or greater than time defined by Pause length parameter in theugpetNo exta
characters are allowed at the end of an Slommand. Serial interface settings are the same as in
data transfer andMODE pin of the serial connector MUST NOT be connected to ground (GND).
Sl-command is properly recognised also in the case when the commasttling is terminated in
<CR> (=ASCII character no. 13, Carriage Return, 0x0d) or <CR><LF> (<LF> = ASCII char.

no. 10, Line Feed, 0x0a). If multiple SL commands are sent to the radio modem the next command
can be given after receiving the response ("Ok™@&rror") of the proceeding command. In addition,

it is recommended to implement a timeout to the terminal software for recovering the case when
no response is received from the radio modem.

When the power of a radio modem is switched off the configuratisettings of a radio modem
always return to values defined initially using tBATEL Configuration Manager P@ogram, thus
resetting any settings changed using-8ammands during power onlt is however possible to
save settings changed by using-8tmmands and to make them the new configuration settings.

The radio modem will acknowledge all commands by returning &@@K" (command carried out or

accepted) or the requested value, or alERROR{command not carried out or interpreted as
erroneous) message.
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In case you need more information on the time delays related to the use e€@hmands, please
contact the manufacturer.
In order to get information of thdatest and/orspecial Skcommands please ontact SATEL Oy.

9.2.1 Frequency

Command

Effect and description of command

SL&FR=nnn.nnnnn

Set RXrequency to nnn.nnnnn MHz

SL&FT=nnn.nnnnn

Set TXrequency to nnn.nnnnn MHz

SL&F=nnn.nnnnn

Setboth RX&TArequency tosamennn.nnnnn MHz

SL&FR? Get RX frequency (response 'nnn.nnnnn MHz")

SL&FT? Get TX frequency (response 'nnn.nnnnn MHz")

SL&F? Get RX&TXfrequendes (responsel Xnnn.nnnnn MHz RX nnn.nnnnn MHz

SL&C? Get Reference (Centefjequency (response 'nnn.nnnnn MHz'")

SL&C=nnn.nnnm | SetReference (Center) frequency to nnn.nMkiHz

SL&+=nn SetRX&TXfrequency nn channels aboveeferencefrequency
Frequency =Referencdrequency + nn * Channel spacing, where nn=[0...Number of]
channels/2]

SL&=nn SetRX&TXfrequency nn channels beloweferencefrequency
Frequency =Referencdrequencydn n * Channel spacing,
channels/2]

SL&N? Get currentRX&TXfrequency deviation fromeferencefrequency as channels
(FrequencydCent er frequency)/ Chanpoehm®8&paci

SL&W? Getchannel spacing (response O0nn.n kHz

SL&D? Get operational mode of the radio. The response is one of the following:

6S6 = Single Channel
6D6 = Dual Channel
6R6 = Reverse Dual Channel

Note! Use this command only, if the setup of the frequency bands matches the Dug
Channel operation.
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9.2.2 Addressing

XXXX = address in hexadecimal format (0000
Command Effect and description of command
SL#I=xxxX Set all addresses (RX1, RAX1, TX2) to value xxxx
SL#I? Getbot h primary addresses (TX1, RX1)
SLHT=XXXX Set both transmit addresses (TX1, TX2) to value Xxxx
SL#T? Getprimary transmit address (TX1) (r
SLH#R=XXXX Set both receive address¢RX1, RX2) to value xXxxx
SL#R? Getpri mary receive address (RX1) (re
SL#Q=x Set TX address on x=1, off x=0
SL#Q? Getst atus of the TX address (respons
SL#W=X Set RX address on x=1, off x=0
SLH#W? Getst atus of the RX address (respons

SLAP=XXxX;yyyy

Set primary transmit address (TX1) to value xxxx and receive address (RX1) tq
yyyy

SLAS=XXXX;yYYY

Set secondary transmit address (TX2) to value xxxx and receive address (RX2
value yyyy

SL#P? Get primary transmit address (TX1) and receive address (RX1)
(respors e O XXXX; yyyyo)
SL#S? Get secondary transmit address (TX2) and receive address (RX2)

response OXXXX; yyyyo)

SLAA=XXXX,YYYY
WWWW,ZZZZ

Set addresses twaluesTX1=xxxx TX2=yyyy RX1=wwww RX2=zzzz

SL#A?

Get all addresses (response "XxxXx, Yyyy, WWWw, 2zz77)

9.2.3 Radio parameters

Command Effect and description of command

SL@R? Get field strength of the last received message (the value is an average of m4
measurements made during the same reception).
ResporgedBmo, where xx is a deci ma
betweend80 dBm andd118 dBm. Value available 7s &er reception.

SL@P=XXXXX SetRF output power, where xxxxx is the decimal value of the intended power
mW. If the given value does not correspond to one of the programmed powet
levels, the output power is set to the nearest possible value.

SL@P? Get RF output power.
Response O0xxxxx mW6é, where Xxxxxx i
transmitter.

SL@T=Xxx Setminimum power level of the signal to be received (="Signal Threshold levd
where xxx is a decimal value of the new intended leivetiBm.

SL@T? Get current "Signal Threshold Level". Responsexsx'dBm.

SL@D=x Set TX del ay. Val ue x = 0é65535 ms

SL@D? GetTX del ay value. Response 06X msad

SL@? Get current noise level on the radio channeResponsé-xxx dBm".
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9.2.4 Other functions

Command Effect and description of command

SL**> Setcurrent settings as permanent settings.
This command must be used only seldom and under controlled conditions inj
order to avoid the corruption of the settings, which may happen in case the
power supply dils in the middle of the memory save procedure.

SL%V? GetFirmwarer evi si on i nformation (respon

SL%D? Get modem type

SL%S? Getmodem seri al number (response 06n

SL%C? Get specified information field. fnos peci fi ed t he r e sdpd
For more information please contact SATEL Oy.

SL%B? Get serial data parameters, response is a,b,c,d where

a= 011520006, "38M0,61920@',"9600"(defines the baud rate)
b="8" (defines the charactelength)

c="N", "E" or "O" (defines the parity)

d="1" or "2" (defines the number of stop bits)

SL%B=a,b,c,d Setserial data parameters for data ports, where

a= 011520006, "3840,61020@',,"9600" (defines the baud rate)
b= "8" (defines the charater length)

c="N", "E" or "O" (defines the parity)

d="1" or "2" (defines the number of stop bits)

Response is "OKdt the original baud rate
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10 REPEATER MODE AND ADDRESSING

Repeaters and addressing may be used to extend the coverage area of a rathidem network,
and to direct messages to selected radio modems in the network. In large systems, with several
repeaters and formed repeater chains, it is often practical to use routing instead of plain addresses.

10.1 Repeater

In circumstances where it is nessary to extend the coverage area of a radio modem network,
SATELLINEProcan be used as repeater stations.

The maximum size of a repeated data packet is 1kB (kilobylé)e Repeater Functiors switched
on using theSATEL Configuration ManagdtGprogram or via the LCD Ul (when channel list
defined to the device viSATEL Configuration Manager P@rogram). In the repeater mode the
radio modem will function as a totally independent unit, which means that only a power supply
and a suitable antennaare needed. Other devices are not necessatry.

A radio modem acting as a repeater can also be used to receive and transmit data. In repeater
mode the radio modem will transmit the received data to the serial interface in a normal fashion.
The difference bing that the received data will be buffered into the buffer memory. After reception
the radio modem will retransmit the buffered data using the same radio channel as in reception.

Data received through the serial interface a radio modem in repeater magd transmit normally.

The same network may include several repeaters, which operate under the same base station.
Repeaters may also be chained; in which case a message is transmitted threagéral repeaters.

In systems with more than one serially or parallelly chained repeater, addressing or routing protocol
must be used to prevent a message ending up in a loop formed by repeaters, and to ensure that
the message finally reaches only theenided radio modem.
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10.2 Addressing

Addresses can be used to route a data message to the desired destination or to separate two
parallel networks from each other. In networks with repeaters it is usually necessary to use addresses
to prevent data messagefrom ending up in loops formed by repeaters. In case of setting the
OMessage Routingdé function in use, Tx [/ Rx ad

SATELLINEPro allows the use of individual addresses both for reception and transmission.
Addresses can bswitched on separately, or simultaneously, in both data transfer directions.

The radio modem contains two transmission and two reception addresses, which are knows as the
primary address and secondary address. The primary address is used whenever data from the serial
interface is transmitted. At the receiving end, the radio modenfl veceive using either of the two
receive addresses.

Secondary transmit address is only used in repeater applications.

Radio modems configured to function as repeaters, will repeat data messages using either the
primary or secondary address, dependingpon which address was used during the reception of the
data message.

If only one address pair is needed in a network, both addresses must be set the same (TX1
= TX2 and RX1 = RX2).

It is also possible to transfer the received address onto the semigrface.

The address is composed of two characters totalling 16 bits, resulting in over 65,000 different
address combinationsThe address is attached to the beginning of each data packet sent by the
radio modem. When a radio modem receives a data packhilst using addressing mode, the
radio modem will check the first two characters of each received data packet to ensure that the
packet in question was intended for the correct radio modem.

| ADDH | ADDL | DATA |

Address may be selected between 0000héFFFFh (
numbers are 065535).

Example:address 1234h (4660 in decimal format), where 12h is ADD H and 34h is ADD L.

Example:address ABFFh (44031 in decimal format), where ABMDD H and FFh is ADD L.
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{Address [ Data

Transmission address has been set Ol
Radio modem will transmit the dai
packet as such.

Reception:

(Address | Data |

Reception addressing has been set ON a
either the primary or secondary RX address
the radio modem is identical to the address
the received data packet.

The radio modem will remove the address ai
send the actual datao the RS232 interface.

However, i f the-l of
setting is on, the radio modem does ni
remove the address.

Transmission addressing has been set C
The radio modem will add the primary T
address to the beginning of thedata
packet.

| (M1

Reception addressing has been set O
but both the primary and secondary F
addresses of the radio modem ai
different from the address of the receiv
data packet.

Data does not appear on the R332 -
interface.
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Reception addressing he
been set OFF

The radio modem wil
transfer all received dat
to the RS232 interface.

Address Dala

Address Data -J

Reception addressing he
been set OFF.

The radio modem wil
consider the characters
the address as a part of th
data and will send all the
characters to the R332
interface.
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Dala

Reception
been set ON but there is ni
address in the data packet.

addressing  he

Data will appear on the RE
232 interface ONLY if the
first 2 characters of the dat
match either of its own R
address. The radio moder

will  remove those ¢
characters of @ta.

10.2.1 Connection between two points

When forming a connection between two points it is recommended that both the reception and
transmission addresses are identical in both radio modems. This is the easiest way to control
addresses and the risk caused lwterference from other systems operating in the same area is
minimal.

Example:by setting all addresses of both radio modems to a value "1234", they will accept only
those messages which contain this address, and they will use this same value when transmitting
data.

If the channel is reserved for use only by the said network, tihéfterminal devices are responsible
for addressing, it is not necessary to use addressing in the radio modems.

10.2.2 System of one base station and several substations

In systems with several substations, the base station must know to which substationmessiage

is intended, and from which substation each received message originates. Usually terminal devices
handle addressing completely, but it is also possible to use the addressing functionality of the radio
modems.
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For example, if the substation termihaevices are not able to check and form addresses by
themselves, addressing may be achieved with the help of the addresses of the radio modems
attached to these terminal devices. The base station may, in such a case, define the destination of
a message byadding the address of the corresponding radio modem into the beginning of the data
packet. The substation radio modem(s) will check the address and the corresponding radio modem
will identify and remove the address characters. In a similar way, the suigstawill add when
transmitting to the base station its address characters into the beginning of the data packet, thus
defining the origin of the sent data packet. In the base station radio modem, addresses have been
switched OFF, so that they are transteitl as is to the base station terminal device for further
processing.

10.3 Using repeaters and addresses in the same system

In systems with several repeaters, a substation and a bsts¢ion, addresses must be used in radio
modems. It is possible to realisdso a system with only one repeater without addressing. In such a
case, the base station will however hear the message both from the substation and from the
repeater, in other words the message is duplicated as it moves along the route.

There are at leastwo ways of realising such a system depending on the capabilities of the terminal

devices in question and on the number of repeaters to be used and on their relative positions to
each other.

10.3.1 System with several repeaters

In systems with several seriat parallelchained repeaters, addressing must be used to prevent
messages from ending up in loops otherwise formed by repeaters, and to ensure that only the
desired (addressed) radio modem receives the data intended for it.

All radio modems in the networknust be set to a state, in which the Rddressing is switched ON
and TXaddressing is switched OFF. Bastation and all substations add an address string in the
beginning of the data to be transmitted. In the relaying of the message addressing is usdidei
following way:

| R1ADD| R2 ADD| S ADD| DATA |

- The above is the data received from the base station terminal device, containing repeater
addresses (R1 ADD, R2 ADD) and the substation address (S ADD). Two characters define each
address.

| R2 ADD| SADD | DATA |

- The above is the same message after being relayed from repeater 1 to repeater 2.
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| SADD| DATA |

- The above is the same message after being relayed from the last repeater in the chain (repeater
2) to the substation.

| DATA |

- The aboveis the same message being relayed via the serial interface of the substation radio
modem to the terminal device.

In a situation where the substation transmits data towards the bsisgion the address is formed in
a similar way, but the order of the adé@sses is reversed:

| R2 ADD| R1 ADD| M ADD | DATA |

-In the above, R2 ADD is address of repeater 2, R1 ADD is address of repeater 1 and M ADD is
the address of the basstation.

10.3.2 Repeater chain using address pairs

In a situation where the terminal devicesd substations cannot form address fields, but are able
to recognise messages addressed to them, alternating address pairs may be used. Transmit address
(TX) and receive address (RX) alternate in the order shown in the table below.

Address type Basestaion address | Repeater 1 and the Repeater 1
addresses of the substations
substations of the base addresses
station

TXaddress Address 1 Address 2 Address 1

RXaddress Address 2 Address 1 Address 2

In a network where alternating addresses are utilisdtke exact route that is used to relay a message

to a certain radio modem is fixed at the time of installation and configuring the system. The order
of the addresses must be the same as the order of the route that is used to relay the message to the
said radio modem. It should be noted however, that in network where alternating addresses are
used the basestation and substations will hear their own messages repeated.

48



SATELLINEPro
User Guide \1..2

10.3.3 Repeater chain using dual addressing

If the terminal devices cannot add address chainstte beginning of the data packets, a network
with several repeaters may still be realised by using dual addressing. In dual addressing each link
(see arrows below in figure) is given a unique address, which will prevent duplication of messages
and endlesdoops in the network. The terminal devices need not add anything to the data.

Usually the primary transmit address is used in transmission (TX1). The secondary transmit address
(TX2) is used only if theeReater Modeis used and the packet to be repeatedas received using
the secondary reception address (RX2).

In the following example two repeaters are used. It should be noted that each link (arrow) might be
uniquely defined with the help of radio modem numbers and data transfer directions. Rbpeater
Mode should be switched ON only in the radio modems acting as repeaters to prevent the packets
from remaining in endless loops in the network.

Repeaters may also act as ordinary substations; in that case the terminal device must wait until the
message ha reached the end of the repeater chain before sending data.

Addresses: Modem 1 Modem 2 Modem 3 Modem 4
master repeater repeater

TX2 (12) 23 34 (43)
RX2 (21) 12 23 (34)

X1 —txd—»| 12 21 32 43 wtxd —
RX1| <+ 21 32 — 43 — 34 Frxd >

10.34 Redundant repeater chain

Reliability of a radio data communication system can be improved significantly by designing
redundant equipment setup fanaster and repeater stations. The two repeater chains are separated
by proper dual addressing setup. Slave stations need to be able to communicate with the master
through the both repeater chains. By using the "TX address auto switch" function, the s s
modem directs the reply message to the repeater chain from which the request has been received.

If "TX address auto switch" has been set ON, radio modem checks out the RX address of the received
message. When one of the RX addresses is recognisdldhe messages coming in from the serial
interface will be sent to the air with matching TX address. The use of "TX address auto switch"
function is not recommended if Repeater Function is set ON.
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11 INSTALLATION

11.1 Installation of a Radio Data Modem

The radio modem should be installed with the installation accessories supplied with the radio
modem.

NOTE!

When selecting a suitable location for the radio modem it must be ensured that no water
get into the radio modem under any conditions. Direatislight is also to be avoided. It is no
recommendable to install the radio modem on a strongly vibrating surface. Suit

dampening and/or isolation materials should be used in cases where the installation sur
will be subjected to vibration.

1111 RS 232 Wiring

NOTE! In SATELLINEProthe voltage is limited to 16V.

. MNARS-TF
8-pin D-15 female D-9 female
| RTS 13 /
* —— — —|»
2 CTsS b 8
¢ o—{— — |-
7 5
|- —=|eo
3 GMD 8 [
L a—— — 5
1 9
> RXD ol 13
2 | 11 3
3 ™D A I
4-pin
1 +vb r;.l L0 . 16 Vde
5 I 8
-
3 GND .
4
.
e
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11.1.2 Fuse

A proper fuse must be connected in between the radio modem and the power supply. The correct
valueis 15A for SATELLINEPro.

11.1.3 Power supply

Theallowed operating voltage is +9 ... +16 Vpc. The radio modem must only be connected to a
power supply with an adequate current output (power rating minimuri20W). Thepins1 and 2
of the 4pin Odu-connector are connected to theositivepower supply lie. The pins3 and 4 are
connected tonegativepower supply line (ground).
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11.2 Antenna installation

NOTE!

Because of the great transmission power®ATELLINEProradio modem, only an external
antenna is allowed. A whigantenna directly connected to the antenna connector must 1
be used

11.2.1 Mobile equipment

Ya-wave antenna
LL-wave antenna

The ideal installation position is vertical, and there should be at le@di m of free space around
the antenna. In small systems a-ave antenna is sufficient. A separate ground plane should be
placed under the antenna (vehicle rooftop or the engine hood or trunk door are usually suitable).
In problematic cases the most suitabtgpe is a Y2wave antenna. It can be installed directly at the
top of a pipe with the added benefit of gaining as much as free space around the antenna as
possible. In cases, which the antenna cannot be directly connected to the d@nector of the
radio modem, a coaxial cable with 50 ohm impedance must be used between the antenna and the
TNC-connector.

11.2.2 Base stations

Omni-directional antennas ( %, %2- or 5/8 -wave antenna)
Directional antennas (yagi /mulélement antenna or corner antenna)

The antenna should be installed in a vertical position. The exact location of the antenna depends
on several factors, such as the size of the overall system and the coverage area terrain contours. A
rule of thumb is that the base station antenna should be I¢ed at the highest point of the coverage
area and as close to the centre of the coverage area as possible. The base station antenna can
also be located inside a building, if the walls of the building do not contain metal.

11.2.3 General antenna installation inst ructions

The reliability and the achievable coverage of useful signal strength can be severely affected by the
positioning of the antenna. Antenna and cable connectors should have gpldted pins and
sockets, as use of low quality connectors can leadaweentual oxidation of the connector surfaces,
which in turn may degrade the contact and cause additional attenuation. Good quality tools and
materials must be used when installing radio modems, antennas and cables. The weather tolerance
of the materials usd must also be taken into account. Installed materials must withstand all
foreseeable weather conditions (frost, excess sun, directréldfation, seawater etc.). Also possible
environmental pollution must be considered (acids, ozone etc.).
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Antennas musbe installed well away from metallic objects. In the case of small antennas this
distance should be at least ¥2 m. With large antennas the distance should be >5 m and in case of
repeater antenna combinations >10 m.

If the system contains a large number cddio modems, the best location for an antenna is the
highest point of a building and possibly an additional antenna mast. If a separate antenna mast is
used, the antenna can, iIif necessary, be insta

When instlling an antenna possible interference sources must be considered. Such interference
sources are, for example:

mobile telephone network base station antennas

public telephone network base station antennas

television broadcast antennas

radio relay antenna

other radio modem systems

PGrelated devices (approximately 5 m radius from antenna)

When ordering antennas we request you to note that antennas are always tuned to a specific
frequency range. Simple antennas and antennas, which have been constructestanked yagi
antennas, are typically rather broadband. As the number of ya&igments increases the frequency
range becomes narrowerNote thisspeciallywith 35W.

When designing and installing a system it is advisable to prepare to test the systemaksudto
consider serviceability of the system. In particular cabling should be planned to allow easy access
and to allow for maintenance. It is often practical to use long antenna cables, so that the radio
modem can be installed far enough from the antenntself to a location that is easily accessible
(see section 10).

The type of the antenna cable is dependent on the length of the antenna cable, and the following
table can be used to select a suitable type:

Length Type Attenuation 10m/450MHz
<5m RG58 3.0dB
>20m ECOFLEX10 0.9dB
<20m ECOFLEX15 0.6dB

If there is a lineof-sight path between the antennas a 6 dB power marginal is usually adequate.
However, if the connection is built on the reflection and/or the kniéelge diffraction the path loss
can vary even 20 dB depending on the weather conditions.this case a short test can give a too
positive result of the quality of the connection. Thus the height of the antennas and topographical
obstacles must be surveyed with great care. From time to time a marginal connection can be used
if the data transnssion protocol is well prepared for this and the data transmission that occasionally
slows down does not cause any problems to the system.
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Vertical polarised antennas (antenna elements are in vertical position) are often used in radio
systems. In a systebetween a base station and substations vertical polarisation is recommended.
The radio modem antenna cannot be mounted on the same level as the other substation antennas
in the same building. The best way to distinguish from the other antennas situatedhe
neighbourhood is tomount the antennas as faas possible from each other on the altitude level.
The best result is generally obtained when all the antennas are in the same mast. With an extra
ground plane between the antennas more distinction can dletained betveen the antennas in the
mast.

Horizontal polarisation can be used in data transmission between two points. With the polarisation
attenuation more distinction is obtained to vertical polarised systems. The influence of the
directional patterrs of the antennas must, however, be taken into consideration. If a distinction to

another interfering antenna is wanted with the horizontal polarised antennas there must be a good
attenuation of the back lobe. In addition to this the interfering radiatdrald be situated behind

the antenna.

When a system does not demand the use of an onthiectional antenna it is recommended that
directional antennas are used e.g. twelement yagis in permanent external installations. Please
note that as antenna amplifiation increases the setting of the direction of the antenna requires
more attention.

Base stations in high places should be supplied with hiQftavity filters. Please note that the higher
the base station antenna, the larger the coverage area and inntdhat the risk of interference is
also increased.

SATELkecommends the use of a bangass filter with a large Q in the antenna cable of the base
station.
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Example of an antenna installatiorby using amplifying antennas (G=Gain) and by installing the
antenna high, long connection distances can be realised using S®&TELLINEProradio modem.

G > 6 dBi 30 km

Low loss
Cable

G>6d

o o)

%nterface
(el

RS Interface

55



SATELLINEPro
User Guide \1..2

12 DESIGNING SYSTEMS

12.1 Factors affecting the quality and distance of the radio
connection

Power of the radio transmitter

Sensitivity of the radio receiver

Tol erance of spurious radiationds of the radio
Amplification of transmitting and receiving antennas

Antenra cable attenuation

Antenna height

Natural obstacles

Interference caused by other electrical equipment

ERE I

The transmitter power of th8ATELLINEProis 35 W (maximum) and the sensitivity of the receiver
better than-114 dBm Thus in a flat area and in free space with a 1/4 wave antenna (antenna
amplification 1dBi) and antenna height of 1 m communication distances of 3 to 4 km can be
achieved. Distances may be considerably shorter in situations where there are metallicowvaliser
material inhibiting the propagation of radio waves.

Over long distances, increasing the height of antennas can often solve problems caused by natural
obstacles. A terfold increase in distance can be achieved with the use of amplifying antennas.
Frequent topographical variations over long distances may require that at least one of the antennas
be raised to a height of 10 to 20 m.

If the antenna cable is more than 10 meters long it is necessary to use a low loss cable (< 0.7 dB
/10 m) in order not to waste the antenna amplification. Adding a repeater station can also solve
problematical radio connections. In systems with many base stations the-8i@%il can be used to
assist in choosing the base station with the best signal. A communicationsar&tcan also be built
with a combination of cables and radio data modems.

TheSATELLINEProoperates in the 450 MHz band, where man made interference is insignificant.
Long distance interference needs not to be taken into account even in special weathaditions.

The SATELLINEProtolerates normal levels of interference that occur. However, exceptionally high
levels of interference can break through the safeguards and thus cause errors in data transfer. In
mobile vehicle applications the range of opation can be increased by dividing the transmitted
data into e.g. 50...500 byte long blocks and by rédransmitting the defected blocks.

A sufficient safety margin can be obtained by testing the communication path using extra 6 dB

attenuation at the antena connection and with slightly less effective antennas than those to be used
in the final system.
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12.2 Radio field strength

Radio signal strength must be good enough for successful data transfer. Where field strength is
above a certain level, the operationalesults are very good. Below this level, a few dB marginal
areas occur in which errors begin to be generated by noise and interference that will eventually
lead to loss of connection.

The field strength is at its optimum level in open space, althoughr@asing distance will still reduce

it. It must also be remembered that one open space has different environmental and external factors
to another, and that the effects on transmission quality must be taken into account when planning
the system.

Ground, ground contours and buildings cause attenuation (loss of energy through absorption) and
reflection of radio waves. Buildings reflect radio waves and therefore the affects of attenuation are
not as acute when transmission is over a short distance.

However, he reflected waves will often be a bit delayed, and when they combine with the direct
radio waves they interact in either a weakening or a strengthening way. This causes the fading effect
in mobile systems. In reality very sharp signal drops spaced abdutcB apart may occur. The
attenuation may even reach 40 dB, normally less.
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13 CHECK LIST

The following points must be taken into account when installing and configuring a radio modem:

1. All operating voltages of all the equipment concerned must always switched OFF before
connecting the serial interface cable.

2. When considering the exact placement of a radio modem and/or its antenna, the following
points must be taken into account to guarantee optimal results:

1 The antenna should be installed in opespace as far as possible from any possible
sources of interference

1 The radio modem should not be installed onto a strongly vibrating surface

1 The radio modem should be installed in such a way as to minimise exposure to direct
sunlight.

3. To ensurereliable operation the voltage output of the power supply used must be stable enough
and the current capability of the power supply must be sufficient.

4. The antenna must be installed according to instructions.

5. Serial interface settings between tfedio modem and the terminal unit must correspond to each
other.

6. All radio modems in the same system must be configured usegal radio settings (radio
frequency, channel spacingompatibility, forward error correctiomnd data field length).
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14 ACCESSORIES

14.1 RS-232 cables and adapters

Type

Description

YC0368 CRS35W 8-pin

2 m cable, ODU 8-pin / D9 female

YC0369 CRS35W 8-/7 -pin

2 m cable, ODU 8-pin / ODU 7-pin male

YC0359 CRS35W 8-/8 -pin

2 m cable, ODU 8-pin / ODU 8-pin male

YC0374 CRS35W 8-/8 -pin (0/30)

2 m cable, ODU 8-pin (0 deg) / ODU 8-pin male (30 deg)

YC0240 NARSST

ODU 8-pin / D15 female

Contact SATEDy for more detailed information about other serial interface cable options.

14.2 Power cable s and supply

Type

Description

YCO0355 C-P-35W 2m

2 m cable, ODU 4-pin male/ 4mm lab plugs

YC0353 C-P-35W 3m

3 m cable, ODU 4-pin male / Alligator clip

YC0352 C-P-SAE 35W4pin

2 m cable, ODU 4-pin male / SAE connector

YC0150 Power Adapter 150W

ODU 4-pin male, IN 100-2410 Vac, OUT 12 Vdc /12.5A

YC0904 Mains Cable GM

For YP0150 power supply with Europlug

Contact SatelOy for more detailed information about othepower cable options.

14.3 RFcables

Type Description Length | Note

YC1101 CRF1 Cable with TNC m/TNC f-connectors |1 m RG58 (3 dB/10 m)
YC1105 CRF5F Cable with TNC m/TNC f-connectors |5 m RG58 (3dB/10 m)
YC1106 CRF5M Cable with TNC m/TNC m-connectors |5 m RG58 (3dB/10 m)
YC1004 ECOFLEX10 |Low loss cable X 0.9dB/10 m
YC1005 ECOFLEX15 |Low loss cable X 0.6 dB/10 m

Note! In the description, m=male, f=female connector type.
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Type Description

CA4200 Omnidirectional coaxial dipole, 2 dBi, 405440 MHz
CA4500 Omnidirectional coaxial dipole, 2 dBi, 440475 MHz
CA405GP+ Omnidirectional ground plane 6 dBi, 401-409 MHz
CA410GP+ O mnidirectional ground plang6 dBi, 406-414 MHz
CA420GP+ O mnidirectional ground plang6 dBi, 416-424 MHz
CA430GP+ O mnidirectional ground plane6 dBi, 426-434 MHz
CA435GP+ O mnidirectionalground plane 6 dBi, 431-439 MHz
CA440GP+ O mnidirectional ground plane6 dBi, 436-444 MHz
CA445GP+ Omnidirectional ground plane6 dBi, 441-449 MHz
CA450GP+ O mnidirectional ground plane 6 dBi, 446-454 MHz
CA460GP+ O mnidirectional ground plane6 dBi, 456-464 MHz
CA470GP+ O mnidirectional ground plae, 6 dBi, 465-475 MHz
CA400Y Directional yagij 6 dBi, 380-410 MHz

CA420Y Directional yagj 6 dBi, 405-440 MHz

CA450Y Directional yagj 6 dBi, 440-475 MHz

CA400Y+ Directional yagj 8 dBi, 380-410 MHz

CA420Y+ Directional yagj 8 dBi, 405-440 MHz

CA450Y+ Directional yagj 8 dBi, 440-475 MHz

Satelantenna selection includes also directional and/or omdirectional antenna. These can be

supplied separately on request.

14.5 Filters and lightning protectors

If a radio modem system is installed in an environmeahtt contains highpower transmitters or
sources of radio frequency interference, it is highly recommendable to insert suitable filters between
each radio modem and its antenna. If a station is installed to a location exposed to lightning, it is

recommendael to insert a lightning protector to the feetine outside the protected zone.
SATEITechnical Support can give guidance in the selection of suitable products.
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15 APPENDIX A
ASCII CHARACTER TABLE
D H A |/DH A|ID H AfD H A|D H A|D H A
O O NUL|43 2B + |86 56 V (129 81 172 AC 215 D7
1 1 SOH|44 2C , |87 57 W |130 82 173 AD 216 D8
2 2 STX|45 2D - (88 58 X [131 83 174 AE 217 D9
3 3 ETX[46 2E . (89 59 Y (132 84 175 AF 218 DA
4 4 EOT|47 2F [ [90 5A Z |133 85 176 BO 219 DB
5 5 ENQ|48 30 O (91 5B [ [134 86 177 Bl 220 DC
6 6 ACK|49 31 1 (92 5C \ (135 87 178 B2 221 DD
7 7 BEL|S0 32 2 (93 5D ] [136 88 179 B3 222 DE
8 8 BS |51 33 3 (94 5E ~ |137 89 180 B4 223 DF
9 9 HT (52 34 4 |95 5F _ |138 8A 181 B5 224 EO
10 A LF |53 35 5 |96 60 ~ (139 8B 182 B6 225 E1
11 B VT |54 36 6 |97 61 a |140 8C 183 B7 226 E2
12 C FF |55 37 7 [98 62 b |141 8D 184 B8 227 E3
13 D CR |5 38 8 [99 63 <c |142 8E 185 B9 228 E4
14 E SO (57 39 9 |100 64 d |143 8F 186 BA 229 ES5
15 F SI |88 3A : (101 65 e |144 90 187 BB 230 EG6
16 10 DLE(59 3B ; |102 66 f |145 91 188 BC 231 E7
17 11 DC1(60 3C < (103 67 g (146 92 189 BD 232 ES8
18 12 DC2(61 3D = |104 68 h (147 93 190 BE 233 E9
19 13 DC3 |62 3E > (105 69 i |148 94 191 BF 234 EA
20 14 DC4 |63 3F ? |106 6A | (149 95 192 CO 235 EB
21 15 NAK|64 40 @ |107 6B k [150 96 193 C1 236 EC
22 16 SYN|65 41 A [108 6C | (151 97 194 C2 237 ED
23 17 ETB|66 42 B |109 6D m (152 98 195 C3 238 EE
24 18 CAN|67 43 C |110 6E n (153 99 196 C4 239 EF
25 19 EM |68 44 D |111 6F o (154 9A 197 C5 240 FO
26 1A SUB|69 45 E |[112 70 p (155 9B 198 C6 241 F1
27 1B ESC|70 46 F |113 71 ¢ (156 9C 199 C7 242 F2
28 1C FS |71 47 G (114 72 r (157 9D 200 C8 243 F3
29 1D GS |72 48 H |115 73 s (158 9E 201 C9 244 F4
30 1IE RS (73 49 | |116 74 t [159 9F 202 CA 245 F5
31 1F US |74 4A J |117 75 u |160 AO 203 CB 246 F6
32 20 SP |75 4B K |118 76 v |161 Al 204 CC 247 F7
33 21 I |76 4C L (119 77 w |162 A2 205 CD 248 F8
34 22 " |77 4D M |120 78 x [163 A3 206 CE 249 F9
35 23 # |78 4E N |121 79 vy |164 A4 207 CF 250 FA
36 24 $ |79 4F O |122 7A z |165 A5 208 DO 251 FB
37 25 9% |80 50 P (123 7B { |166 A6 209 D1 252 FC
38 26 & |81 51 Q (124 7C | |167 A7 210 D2 253 FD
39 27 ' 182 52 R (125 7D } |168 A8 211 D3 254 FE
40 28 ( [83 53 S |126 7E ~ |169 A9 212 D4 255 FF
41 29 ) |84 54 T (127 TF 170 AA 213 D5
42 2A * |85 55 U |128 80 171 AB 214 D6
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16 APPENDIX B

16.1 Functional delays

Function

Delay (ms)

Wakeup time from Power OFF> Power ON
(=ready to receive)

123 msi/typical

Serial interface, turnaround time dRS$S232

0

RD- TD turnaround wait, if RX fre = TX
frequency.

> 20ms app. > 40 ms recommended for
compatibility prior to other EASfamily
members.

TD - TD turnaround wait if TX frequency
changes.

> 20ms app. > 40 ms recommended for
compatibility prior to other EASfamily
members.

Sl-Ping response time from remote modem

222 ms, modem to modem w/o repeaters

16.2 Transmission related delays

Delay from the end of transmission to the end of reception on the serial interface:

DATA
Modem 1
TD-line Start end
DATA

Modem 2

RDline Start end

Delay
Time

62



16.2.1

T
T
)l

16.2.2

SATELLINEPro
User Guide \1..2

Transmission delays when the radio TX frequency is changed

If the mo d e rr@nsmitter frequencyTX is different than the receiver frequendRX)
there has to be at least 40 ms delay frothe Receive DatgRD) toTransmit Data(TD)

If the transmitter frequency is changed by an-8ammand, there has to be at least 40
ms delayafter the Skcommandbefore the Transmit Data.

If the transmitter frequency is changdbm TX1 to TX2y an Skcommand durirg the
transmissionthere has to be at least 40 ms delagfter the Stcommand before the
Transmit Data

Transmission delays when using a 12.5 kHz radio chann el

Transmission delays without FEGnction (Forward Error Correction).

Number of bytes sent

Bps 1 10 100 500
1200 40 40 29 22
4800 34 34 31 22
9600 32 32 32 27
19200 32 35 64 193
38400 32 36 91 352

Delays are inmilliseconds and with a 10% margin.

Delay / ms

12.5 kHz radio channel without error correction

350

300 /)K —— 1200
250
200 ///,\
150 —O— 4800
100 —
50 gﬂ%@i
o : : : —t— 9600

1 10 100 500

—— 19200

e 38400

Number of Bytes
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Transmission delays with FEGnction (Forward Error Correction).

Number of bytes sent
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Bps 1 10 100 500
1200 52 49 48 50
4800 45 45 44 44
9600 44 44 68 121
19200 44 44 104 360
38400 48 48 132 496

Delays are in milliseconds and with a 10% margin.

Delays / ms

600
500
400
300
200
100

12.5 kHz radio channel with error correction

Number of Bytes

1200

=—{J— 4800

el 9600

—— 19200

—— 38400
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Transmission delays using a 25 kHz radio channel

Transmission delays without FEGnction (Forward Error Correction).

Number of bytes sent
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Bps 1 10 100 500
1200 30 30 18 16
4800 23 23 21 12
9600 23 23 21 17
19200 22 22 22 19
38400 22 22 38 102

Delays are in milliseconds and with a 10% marginal.

Delay / ms

120
100
80
60
40
20

25 kHz radio channel without error correction

—_—

10 100 500

Number of Bytes

1200

={J— 4800

el 9600

—— 19200

—— 38400
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Number of bytes sent
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Bps 1 10 100 500
1200 35 34 29 30
4800 28 28 27 23
9600 28 28 28 23
19200 28 28 36 64
38400 27 27 58 185

Delays are in milliseconds and with a 10% margin.

Delay / ms

25 kHz radio channel with error correction

1200

={J— 4800

el 9600

Number of Bytes

—— 19200

—— 38400
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