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SECTION 1. GENERAL RADIOTELEMETRY NETWORK

1.1 INTRODUCTION

Data retrieval from a remote site can be difficult.

To accomplish data collection from isolated
sites Campbell-Scientific, Inc. utilizes a
radiotelemetry network. Dataloggers can be
accessed by radiotelemetry which requires no
physical connection from the computer to the
datalogger. The radiotelemetry link reduces the
number of visits to a remote site for data
collection.

The radiotelemetry network is designed for
complete computer control. One computer can
establish communication with up to 254 remote
sites. The PC208 Datalogger Support Software
allows data collection from the datalogger,
transmitting datalogger programs, and
displaying current readings from the datalogger.

The requirements specific to a radiotelemetry
network include:

FIELD STATION

[ REPEATER

¢ The distance between radio stations should
not be greater than approximately 25 miles.

¢ The stations should not have major
obstacles between them, therefore, they
should be within line-of-sight of each other.

The stations communicate over a radio
frequency which is specified in Megahertz
(MHz). A data communication network must
have its own specific frequency to prevent
interference from other sources. Typical radio
frequencies are either VHF (Very High
Frequency) ranging from approximately 130 to
174 MHz or UHF (Ultra High Frequency)
ranging from approximately 403 to 512 MHz. A
typical RF system is shown in Figure 1-1.

Telemetry network’s three basic components
are:

» Field Station
e Base Station
e Repeater Station

FIELD STATION

FIGURE 1-1. A Basic Radiotelemetry Network

1-1
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1.2 FIELD STATION

The field station is where the Equipment Required:

Purpose:

SOLAR PANEL

measurements are made. The
Campbell Scientific datalogger
resides at this station taking the
desired measurements. Any field
station can also operate as a
repeater. The only requirement is
that the station’s antenna must be
able to communicate in all desired
directions. This may require an
omnidirectional antenna.

ANTENNA

/ 12X14 ENCLOSURE

FIGURE 1-2. A CR10 Field Station

Radio

RF Modem

Antenna and antenna cable
Datalogger

Power supply, enclosure,
sensors, and mounting needs
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1.3 BASE STATION

Purpose:

A base station utilizes a computer Equipment Required:
to collect data from the field e Radio
station(s). Normally, all « RF Base Station
communication to the field stations e Computer with PC208 software
originate at the base station. Data e Ant 2 d ant bl
retrieval, remote programming, and A?;e na and antenna cable
system analysis can all be done * power
from the base station.
o}
° RS232
CABLE
— = TY TO ANTENNA
P
0O O0O00O00O0O000000000 oogg RF232
00 ooo0ooocooooooo oooo
00 coooooooogaooo goooo

00 COo00googoooc—o ooog
o0@m C——— 0D oooo

PC208 DATALOGGER
SUPPORT SOFTWARE

FIGURE 1-3. A Radiotelemetry Base Station
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1.4 REPEATER

Purpose:  To act as relay between two Equipment Required:
communicating stations separated ¢ Radio
by too long of a distance or an e RF Modem
obstacle which impedes direct e Antenna and antenna cable
communication. A repeater is not 12V and 5V |
always required in a radiotelemetry y P85a1r;M power supply
network. A field station can also ( ) :
function as a repeater. ¢ Enclosure and other mounting
needs
ANTENNA
SOLAR PANEL d /// ___________________________________
{ PS512M  —| O O
| RN O )
| ° S|
(e} e}
| SEE 1
[ e} o]
i Q Q
/12x14 ENCLOSURE i O ooooaoo
| I RFos —]| |D 0o
|
% | 0 0o o0 aag o a
: a O = o a
| RF100 —
i a g 0o a ad
: m] o o o o
/F%ﬁ : ] e
% : ° b o« °
I 0 S
|l L 7 )
\ O O

TO ANTENNA

| N— . ————_,— B -

11 |
|\

h GROUNDING ROD

I

[l

FIGURE 1-4. A Typical Repeater Station




SECTION 2. ASSEMBLING THE RADIOTELEMETRY NETWORK

This section provides a logical order for RF network assembly and deployment. Details of specific
components in the system are described in Section 3 “Radiotelemetry Network Components. ” This
component section is cross-referenced throughout this assembly section.

2.1 FINAL LAYOUT

The initial locations of the base, field, and
repeater stations have likely been determined
already. Locate RF stations on an area map,
preferably a topographic map. Draw a line
along every communication path. Each field
station must have a path connecting it back to
the base station. No path can be going through
a mountain or large obstacle; this would negate
the line-of-sight requirement. A station may
need to be moved or a repeater station may
need to be added if this requirement is not met.

At each station there is an RF modem. Each
modem requires a unique ID number (Station
ID). The number may range from 0 to 255. On
the map, label the base station as 254. Label
the remaining stations with different ID
numbers. Later, each modem will be set with
the corresponding 1D number. The Station ID,
similar to a phone number, allows the base
station to call many different field stations.

2.2 INSTALL BASE STATION
2.2.1 BASE STATION HARDWARE

The major component of the base station is the
RF232 Base Station. Refer to Section 3.5 for
locational drawings and a description of the
RF232 Base Station.

1. Remove the top of the RF232 by
unscrewing the four screws on the sides.

2. Remove the radio and its cable from its
mounting bracket. Mount the radio directly
onto the bottom of the RF232. Secure the
BNC connector from the radio's cable to its
hole on the back of the RF232. See Figure
3-7 for assistance.

3. Connect the radio to 12 V, ground, and the
RF Modem. The RF modem is located
behind the front panel above the "POWER
ON" light. See Figure 3-8 for assistance.

CAUTION: Radio transmission without an

antenna connected can damage radio. [ °

4. Mount the base station antenna in a
location that is higher than any surrounding
buildings or obstacles. Refer to Section 3.3
for more information on mounting the
antenna.

5. After the antenna is mounted, connect the
coax cable between the antenna and the
BNC connector mounted in Step 2.

Replace the cover of the RF232.

Connect a large gauge (approximately 8
AWG) copper wire from the antenna to a
good earth ground. This is for lightning
protection. This is required for any
antenna, especially if the coax cable from
the antenna goes inside a building.

8. Connect a 25-pin RS232 cable from the .
computer serial port to the RF232.

9. After verifying that the RF232 power switch
is off, plug in the RF232's wall transformer.

2.2.2 PC208 DATALOGGER SUPPORT SOFTWARE

Once the base station hardware is installed, the
PC208 software must be setup to allow
communications. If PC208 is not installed on
the computer, you will need to install it by
placing the PC208 Disk 1 in the drive and typing
INSTALL, preceded by the disk drive. Referto
the PC208 Manual if you have questions about
the installation procedure or details on specific
programs included with PC208.

There are five main programs in PC208:
e TELCOM - Collects data from field stations.

e GT - Used to troubleshoot, look at current
readings, and download programs.

'SPLIT - Generates reports and reduces
" data stored on'computer.

EDLOG - Editor to aid in writing datalogger
programs.

SMCOM - Communicates with Campbell's
Storage Modules.
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Ultimately, a TELCOM Station File is needed for
each field station to establish the communication
paths and conditions for calling a particular field
station. Procedures for creating an RF Test
Station File are explained in this section.

To set up a TELCOM Station File, type
“TELCOM" at your DOS prompt. Enter the file
name "RFTEST/E" when asked for a station or
script file name. The "/E" is used to edit the
Station File named "RFTEST." A menu of
parameters will then appear on the screen listing
datalogger type, collection method, etc. The
default values will be automatically listed after the
parameter description. When the cursor is on a
value, pressing the space bar will toggle different
options for that particular parameter.

Following the Station File Example 2-1, change
the default values of the listed parameters to
match your system. Some of the parameters
require a number entry (e.g. the parameter
'‘Primary call interval' simply needs a number of
minutes that is desired between calls). For these
parameters, just type over the default value which
is shown. After completing Station File RFTEST,
your display should be similar to Example 2-1.
Exceptions would include the datalogger type,
date and time ‘after 'Next time to call.' Also,
COM?1 under 'Interface Devices' may be COM2,
3, or 4, depending on the address of the intended
serial port.

The RF Path at the bottom of the Station File
designates which field station to call. In the
example shown, the base station will call the field
station with a Station ID of 10. If a repeater is
needed to contact Field Station 10, the repeater ID

Example 2-1. TELCOM Station File - RFTEST

Station File name:

Datalogger or Command Type:

Fix Datalogger Clock Using PC Clock:  No

Final Storage Area to Collect From:

Data Collection Method:

Nbr of arrays to Backup on First Call: 1
Data File Format:

Primary Call Interval (minutes). -

Recovery Call Interval #1 (minutes):

Repetitions of Recovery Intetval #1: -
Recovery Call Interval #2 (minutes):
Maximum Time Call Will Take (minutes):
Next Time to Call:

Interface Devices:
COM1

End
AQ = Save/Resume

2.3 INSTALL NEAREST REPEATER/

Baud Rate: 9600
RF Modem RF Path: 16-F

AP = Save/Done

must also be specified. For example, "RF Path:
10F," would call Field Station 10 through a repea
with a Station ID of 5. The "F" at the end of the H
Path will be explained later. The base station is
now ready to communicate with a field station.

FIELD STATION

Now to install the nearest field station. If it
communicates with the base station via a
repeater, the repeater station must also be
installed.

Following is the order in which a general RF
field station should be installed. A repeater
station is installed in the same order. For
instructions on installing any particular
component, refer to either Section 3 of this
manual or the Weather Station Manual.

1. Tripod or tower

2. Enclosure and datalogger - Turn on
datalogger.

3. Antenna - Orientate correctly; remember
direction and polarization.

Solar Panel
Power Supply
Sensors

RF Modem - Set the Station ID according to
the map.

N o o~

8. Radio - Make sure to connect to RF Modem
and to power supply.

RFTEST

CR10 Security Code: 0

1st Area
Since Last Call; Append File;

Comma Delineated ASCI!

- () = ek ek -l

1/18/93 0:13:10

ESC = Abandon Edit

(1

tr

e
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2.4 TEST THE RADIOTELEMETRY LINK  2.4.2 AN UNSUCCESSFUL TEST

With the field station installed, return to the
base station for initial testing of the
communication link. An RF link can also be
tested at the field site with a portable base
station; hardware requirements for the portable
base station are described in Appendix B.

The Station File RFTEST must first contain the
proper RF path. Edit the Station File RFTEST
by typing "TELCOM RFTEST/E", typing "/E" .
after "RFTEST" puts you directly in the Station
File for editing. Repeatedly press [ENTER] until
the cursor reaches the RF path. Enter the
proper RF path to communicate with the
desired station. For help, refer to Example 4-1
or the PC208 Manual.

After entering the 'RF Path', press [CTRL] "P* to
save the Station File. TELCOM will
automatically call the field station after it is
saved. If everything is set up properly, the base
station will call the field station, receive a
datalogger status line on the computer, collect
any data that is in the datalogger, and receive
RLQA quality accumulators. The RLQA
numbers are explained in Section 3.1 “RF95
Modem.”

2.4.1 A SUCCESSFUL TEST

Two files are created by calling the station if the
RF link was setup properly. One file is
RFTEST.CQR which includes the RLQA
numbers (RF Link Quality Accumulators), and
the other is a data file named RFTEST.DAT.
RFTEST.CQR will consist of one line of
numbers for each time the station was called.
The first two numbers are the Julian date and
time of call, followed by three numbers for each
modem in the link. If there is no repeater in the
link, there will be eight numbers: one for date,
one for time, three for the field station RF
modem, and three for the base station modem.
The first number from each modem should be
small (close to 0), the second and third
numbers should be 102 (£70).

RFTEST.DAT will contain the data, if any, that
was collected from the datalogger. To call the
same field station again, simply type “TELCOM
RFTEST/C.” After the successful test, set up
the next nearest field station and test that
radiotelemetry link.

When an RF test is unsuccessful there are
three ways to troubleshoot the system:

1. Verify everything is connected properly.
See Section 2.5.1 for more suggestions.

2. Use the error messages in the error file to
identify where the link is breaking down.
See Section 2.5.2 for more information.

3. Try communicating from the base station to
the field station, one step at a time to try to
identify where the link is breaking down.
See Section 2.5.3 for more information.

2.5 TROUBLESHOOTING UNSUCCESS-

FUL COMMUNICATION ATTEMPTS

2.5.1 TROUBLESHOOTING PHYSICAL LINK

BETWEEN BASE AND FIELD STATION

When communication is not established,
troubleshooting begins with the simplest RF link
in the system, which is usually communication
with the nearest field station. There is NO-
substitute for first checking the hardware
connections, Station |Ds, and everything listed
in the previous section. Below are a few
additional items to check:

1. Antenna is used in proximity of metal.
Transmitting inside a building.
Damaged or shorted cabies.

Bad or improper connections.

o > b

Antenna frequency does not match the
radio frequency.

6. Base and field station radios aren't using
same frequency.

7. Datalogger power drops below 9.6 Volts
during RF transmission. Use datalogger
Instruction 10 or volt meter.

If the field station's RF95 Modem's Carrier
Detect light goes on, then at least a signal is
reaching the site. If this occurs, check the
following: . ,

1. RF modem's ID matches ID in the RF Path.

2. Field station's radio and datalogger have
sufficient power.

Radio is connected to RF modem.

RF modem is the only thing connected to
datalogger's 9-pin connector.
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2.5.2 ERROR MESSAGES

An error file is created as a result of
communication problems. Each time a
communication error occurs, the message is
stored in a file called FILENAME.ERR. The
filename is the name of the Station File, in this
case RFTEST.ERR. Listed in the error file will
be the date and time the error occurred along
with the error message. As errors occur, they
are appended to the existing error file.

One possible error message is "Communication
not established with RF Modem." In this case
check the following items:

1. RF232 Base Station plugged into computer
and wall outlet?

RF232 Power Switch turned on?

Does the TELCOM Station File match
Example 2-1?

4. s the proper COM port specified in the
Station File?

5. s the SC12 9-pin ribbon cable inside the
RF232 connected from the small circuit
board to the RF95 Modem?

Another possible error message is "RF Modem
Set Link Failed" which is seen after the software
attempts to establish communication three
times. In this case, check the following items:

1. Are the radios plugged into the RF
modems?

Are the radios connected to power?

Verify that nothing else but an RF modem is
connected to the datalogger's 9-pin
connector.

4. Are Station IDs set properly in the RF
Modems?

Is the 'RF Path' in the Station File correct?
Are the antennas oriented correctly?
Check all antenna cable connections.

Turn radio off. Unplug the SC12 9-pin
ribbon cable from'the RF95 in'the RF232,
reconnect the SC12 cable and watch the
carrier detect light. Does the light stay on
for one second, off for one second, on for
one second, and then off? If not, the RF95
could have bad RAM or ROM. Also check
the field/repeater station modems.

® N o o

9. Is the field station datalogger turned on and
does it have sufficient power?

The error message "RF Modem Does Not
Respond" can occur if communication is not
returned to the base station. Check the
following items:

1. Are all RF Modems connected to radios and
dataloggers?
Are the antennas oriented properly?
Is the SDC switch open?

4. Is the proper COM port being specified?

2.5.3 TROUBLESHOOTING COMMUNICATION

WITH GT

GT is the general purpose communication j
package. Unlike TELCOM, GT does not always | |
automatically set up or shut down an RF link.
The advantage of GT is that it is possible to try
and retry the individual steps successively by
using the Terminal Emulator option.

GT uses portions of the Station File already
setup in TELCOM. To edit the GT Station File
type "GT name/E" where "name" is the Station
File name; in this case it is RFTEST. Be sure
the correct COM port and RF path are entered.
After corrections are made, save the Station
File and a list of options will appear. Option T
(Terminal Emulator) is the option to use for
troubleshooting.

A general understanding of the communication
sequences is necessary to properly trouble-
shoot an RF link. The base station RF modem
(RF95) is called the Start Of Link modem, or
SOL modem. The field station RF modem is
called the End Of Link modem, or EOL modem.
When powered up, the SOL modem
immediately goes into a Wait Mode. The RF95
Modem has five different modes of operation;
these are described in Section 3 of this manual.

At the main GT menu, chose Option T to go into

...the. Terminal Emulatar Mode. Once you are in

Terminal Emulator Mode, try the following
TASKs in order.

TASK A: Press [ENTER] a few times, to set
the baud rate between the Base Station's RF

. modem and the computer. This baud rate can

be set at 300, 1200, or 9600 baud.
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RESPONSE IF SUCCESSFUL: "!" prompt
given, SOL modem is now in the Local
Command Mode.

Things to check if TASK A is unsuccessful:

1. Communication port (COM port) could be
configured.improperly.

2. The wrong COM port may be specified in
the Station File.

3. Computer mouse driver could be interfering
with COM port.

4. The base station or radio may not be
powered sufficiently.

5. The radio and RF modem may not be
connected properly.

TASK B: The RF link must first be set up; enter
the 'RF Path' for communication with that field
station. For example, "S5 8F" communicates to
a field station with a Station ID of 8 through a
repeater with an ID of 5. After typing the ‘RF
Path', press [ENTER].

RESPONSE IF SUCCESSFUL: "$" prompt
given.

Things to check if TASK B is unsuccessful:

Improper antenna orientation.
Bad connections on the antenna cables.

Insufficient current supply at the base
station.

4. Field station radio and RF modem may not
be connected properly.

5. Field station radio is not connected to
power.

6. Field station RF modem is not receiving 5
Volts from datalogger connection on pin 1
of the 9-pin cable.

TASK C: Establish link and baud rate between
RF Modem and Datalogger by slowly pressing
[ENTER] a few times.

RESPONSE IF SUCCESSFUL: " from
datalogger.

Things to check if TASK C is unsuccesstul:

1. Datalogger is on and has sufficient power.

2. Datalogger does not think it is still com-
municating with some other device like a
keyboard or phone modem.

3. Datalogger and RF Modem are the only
devices connected together on the 9-pin
connections.

Upon successful completion of TASK C, the
datalogger is now in standard Telecom-
munications Mode. See Section 5 of the
datalogger manual for more information about
the Telecommunication mode. At this point the
SOL modem and EOL modem will be inthe
Transparent Mode of operation. Type "A," wait,
and then type [ENTER] to receive a datalogger
status sequence from the datalogger. If
everything is successful, type [CTRL] “_" or
[ESC], then "Q" to quit.

2-5
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3.1 RF95 MODEM

The RF95 is an interface between the computer
and the radio when used at a base station, and
an interface between the radio and the data-
logger at a field station. In a repeater station,
the RF95 is an interface between two other
communication stations.

The RF95 replaces Campbell Scientific's old
DC95 and SDC RF Modems. The RF95 is
compatible with both the DC95 and SDC
Modems. Refer to Appendix F “Equipment
Compatibility" for compatibility considerations.

3.1.1 PHYSICAL DESCRIPTION

The front panel of the RF95 is shown in Figure
3-1. There are two ports for interfacing external
devices. The port labeled TRANSCEIVER
connects to the radio, and the port labeled
SERIAL /O connects to the datalogger,
PS512M or CH512R in the case of a repeater or
phone-to-RF base station. The red light labeled
CARRIER DETECT is used primarily to indicate
when a carrier frequency has been detected by
the radio. This is explained later in further
detail.

3.1.2 RF95 STATES

The RF95 Modem operates in one of two
separate states. The RF95 can be utilized in
either the RF95-ME (Modem Enable) state or
the RF95-SDC (Synchronous Device Com-
munication) state. The proper state must be

- determined before employing the RF95 in the

field. A switch inside the RF95 needs to be set
accordingly.

The RF95-ME state is always used with 21X
and CR7 dataloggers. The RF95-ME state is
normally used with CR10s, also. The CR10 can
also use the RF95-SDC state. The CR10
combined with the RF95 in the RF95-SDC state
has the advantage that a phone-to-RF base
station can have measurement capability. Only:
the RF95 at a phone-to-RF base station needs
to be switched to the RF95-SDC state.

A switch with nine different dip switches is.
inside the RF95; the RF95 cover must be
removed to locate the switch. The ninth switch
sets the RF95 state. The RF95-ME state is
chosen by setting the ninth dip switch open,
represented by 1. The RF95-SDC state is
chosen by setting the ninth dip switch closed,
represented by 0. Refer to Figure 3-2.

SAMPERLL

CARRIER DETECT

© O

RF95

RF MODEM

SERIAL 1/0

TRANSCEIVER

U UUJH:JUJ

MADE IN USA

FIGURE 3-1, The RF95 Modem
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TABLE 3-1. A Sample of Station ID Numbers
and the Corresponding Switch Settings

Station Switch Settings
D 1234 56789
0 0000 0000X
10 0101 0000X
20 0010 1000X
30 0111 1000X
40 0001 0100X
50 0100 1100X
60 0011 1100X
70 0110 0010X
80 0000 1010X
90 0101 1010X
100 0010 0110X
110 0111 0110X
120 0001 1110X
130 0100 0001X

*

Station ID 255 is reserved for
phone-to-RF base stations.

The RF95 is shipped with the switch set for the
RF95-ME state.

Further information on the RF95 compatibility
with older Campbell Scientific equipment can be
found in Appendix F “Equipment Compatibility.”

3.1.3 SETTING STATION ID

Each RF95, including the one in the RF base
station, must have a unique Station ID. The
station 1D is similar to a phone number. This
allows one base station to communicate with
any one particular field station.

The Station ID can be any number from 1 to
255, the Station ID is set with the switch inside
the RF95. The first eight dip switches are used
to set the Station ID. Table 3-1 shows the
switch settings for several Station ID numbers,
Appendix A shows all possible Station ID
numbers. The dip switches can either be open,
represented by 1, or closed, represented by 0;
Xin Table 3-1 refers to "don‘t-care." The ninth
dip switch is set according to the desired RF95
state, see Section 3.1.2 "RF95 States.” All
RF95s are shipped with a Station ID of 1 and
are set in the RF95-ME state. RF95s inside the
RF base station ship with a station 1D of 254.

3.1.4 THE CARRIER DETECT LIGHT

3.1.5 DATA TRANSFER RATE

' ~general, data can-betransferred at a rate of

BINARY [.D. SWITCH BITS
) STATE SWITCH BIT 9

| S—

@ SYNCHRONOUS
1 MODEM

"
LEAST SIGNIFICANT Bl

FIGURE 3-2. Setting the Station ID

The Carrier Detect light on the front panel of the
RF95 has several purposes. The primary
function of the light is to indicate when data is
being received or transmitted. The light will stay
on when a network frequency originating from
another RF95 is detected. If a signal is
detected which isn't intended for that station, the
light will shut off after about two-tenths of a
second.

The Carrier Detect light can also be used to
check the RAM (Random Access Memory) and
ROM (Read Only Memory) of the RF95. With
the radio disconnected and the datalogger in
the LOG (*0) Mode, connect the datalogger to
the RF95 Serial /O Port with a 9-pin ribbon
cable. The sequence of the light flashing after
connection indicates the RAM and ROM status.

Both the RAM and ROM are good if the light

goes on for one second, off for one second, and ||

then back on for one second. The RAM'is
faulty if the light is on for one half second and
off for one half second, continuously. The ROM
is faulty if the light goes on for one second, off
for one half second, on for one half second, and
then off for one half second, continuously.

The data transfer rate is the time it takes to get
data from the datalogger to the computer. In

about 30 data points/second (60 bytes/second)
without a repeater. If a repeater is used, an
approximate data transfer rate is 22 data
points/second.
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3.1.6 RF95 MODEM COMMUNICATION

PROTOCOL

Comprehension of this section is not
necessary for routine operation of the RF95
Modem. The PC208 Datalogger Support
Software accounts for the necessary
communication protocol.

There must be an RF95 Modem at both the
calling (or computer) end of the transmission
link, and at the answer (or datalogger) end of
the transmission link. The modem at the calling
end is the Start Of Link (SOL) modem, and the
modem at the answer end is the End Of Link
(EOL) modem.

RF95 Modems must also be used at repeater
stations. These RF95 Modems are termed
Middle Of Link (MOL) modems.

Five general modes of operation of the RF95
Modem are:

e Wait Mode

e Local Command Mode
o Repeater Mode

e End of Link Mode

¢ Transparent Mode.

The RF95 is in the Wait Mode of operation
when it is waiting to enter one of the four other
modes of operation. The Wait Mode is entered
1) after the power-up sequence is completed, 2)
following the "T" command when in the Local
Command Mode, and 3) when the system is
reset by the Time-out Timer. The Time-out
Timer is a 60-second timer which is set every
time a valid transmission block is received on
the RF link. The datalogger, being in
Telecommunications Mode, will override the
Time-out Timer.

The Local Command Mode is used to set up
and shut down an RF link. The Local
Command Mode is entered when the
datalogger goes into Telecommunications Mode
after being in the Wait Mode. In this mode the
RF95 responds to command characters
received on the Serial I/O port.

The RF95 is in the Transparent Mode after the
RF link has been established. In the
Transparent Mode, any data received on the
Serial I/0 port are organized into data blocks for
transfer through the RF link.

The Repeater Mode is entered by MOL RF95
Modems. The function of the Repeater Mode is
to receive and then transmit data blocks. The
signature of each data block is checked before
being sent to the next RF station. The block is
discarded if the signature of the data block is
incorrect. The RF95 enters the Repeater Mode
when it receives a valid setup block that sets
the RF95 as a repeater.

The End Of Link Mode is entered when the
RF95 receives a valid setup block that sets the
RF95 as the EOL modem. Upon entering the
EOL Mode, the RF95 brings the Serial I/O Ring
line high which raises the datalogger ME line,
thus causing the RF95 to enter the Transparent
Mode. The Ring line is reset after the ME line
comes high.

3.1.7 RF95 Modem and the RF Link

The RF link is the communication path which is
opened between the Start Of Link modem and
the End Of Link modem, along with any Middle
Of Link modems. Any RF link must first be
established, then maintained, and finally shut
down.

When collecting data, TELCOM establishes,
maintains, and shuts down the RF link as
discussed below.

3.1.7.1 Establishing the RF Link

The SOL RF95 is first brought into the Local
Command Mode of operation. In the RF95-ME
State, this is done when the ME line is high on
the Serial I/O port and the SOL modem is in the
Wait Mode of operation. After the ME line is
brought high, the baud rate of the SOL modem
is set by repetitively pressing [ENTER]. The.
SOL modem can operate at 300, 1200, or 9600
baud. When the baud rate is set, the SOL
modem will respond by sending a carriage
return line feed (CR-LF) and an exclamation
point (). In the RF95-SDC State, the Local
Command Mode is entered after addressing.
Some explanation is contalned in Appendix E-..

- ¥RF95-States.” -

In the Local Command Mode, the SOL modem
responds to command characters received from
the terminal or computer. The command
characters are summarized in Table 3-2. All
command characters must be capital letters.

3-3
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TABLE 3-2. RF95 Command
Character Summary

Command Description
E Exit Link Command. The "E"

command causes the datalogger
to drop its ME line and shut
down the RF link.

F - Fast Command. The "F*
Command is placed at the end
of the string of setup numbers.
In the RF95-ME State, the Serial
I/0O port of the EOL modem will
communicate with the
datalogger at 9600 baud with the
"F" Command. Inthe RF95-
SDC State, the baud rate from
the computer to the SOL
modem will be 9600.

R Read Command. The "R"
Command reads back the
Shutdown Block.

S Link Setup Command. The Link
Setup Command is followed by
a string of setup numbers
representing the ID numbers of
the modems in the RF link.

T Terminate Command. The "T"
Command will reset the SOL
modem to the Wait Mode of
operation.

U Old Link Command. The "U"
Command will force RF
communication between radios
to 2400 baud rather than 3000
baud. DC95s purchased before
February 1989 can only be used
at 2400 baud. For further
information see Appendix F.

w Wait Command. The "W"
Command will force the RF
modem to wait unit there is no

carrier detect before transmitting.

The first step in setting up an RF link, once in
the Local Command Mode, is to create a setup
block using the "S" command. The setup string
is entered via the computer as follows:

Sxxx yyy
where:
XXX = ID number of the RF95 which is
acting as the repeater in the link.
If no repeater is used then xxx is
omitted.
vy = ID number of the EOL modem.

--gent-before the response from the. previous

xxx and yyy are numbers from 1 to 255,

inclusive. The user can have up to 12 repeaters | |

in any RF link. Example 3-1 shows the setup
block for an RF link which will communicate

through three repeaters to an EOL modem, with ||

Station ID numbers of 10, 25, 50, and 30,
respectively. The Fast Command is used to
speed data transfer.

EXAMPLE 3-1. A Sample Setup Block
S10 25 50 30F

Notice that it is not necessary to include the
station 1D of the SOL modem.

Press [ENTER] following the setup string of
station IDs to transmit the setup block. When
the RF link is established, a verification block is
sent from the EOL modem to the SOL modem.
Upon receiving this verification block, the SOL
modem and EOL modem have entered the
Transparent Mode of operation. At this point,
the dollar sign prompt "$" will be returned to the
computer screen. The datalogger connected to
the EOL modem is now in the Telecommuni-
cations Mode and will respond.to the standard
datalogger telecommunications commands. If
the verification block does not return shortly,

pressing [ENTER] will cause the SOL modem to ||

return to the Local Command Mode.

3.1.7.2 Maintaining the RF Link

Data can be transferred once the RF link is
established. Data blocks are created and

transmitted by the SOL and EOL modems accordi

to the following two rules. First, characters receiv
on the Serial I/O port are placed into data blocks

238 characters each. The block is then closed a [

transmitted. Any remaining or new characters

received at this point are placed into a new data
block. Second, if during this loading process a d¢
of 290 ms occurs between characters, the data b
will be closed and transmitted.

Most of the time, the SOL modem will be sending

command strings which will be answered by the E

madem and the datalogger. The response from
datalogger is not instantaneous. If a command is

command has been received, the current comma|
will be sent and a possible collision of the RF sign
may occur. This resuits in a loss of the response
and the current command. The general rule is th

the person sending characters should wait for the |
--response to come back before issuing further

commands.

ng
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3.1.7.3 Shutting Down the RF Link

Sending the "E" character to a datalogger
causes the datalogger to drop its ME line, which
causes a shutdown of the RF link.

A shutdown block is created by the EOL
modem which can be sent to the computer as
an indicator of communication quality. The
shutdown block consists of three RF Link
Quality Accumulators (RLQA). Each RF95in
the link will have three RLQAs which are
appended to the shutdown block. The RLQA
from each RF95 are representative of the active
period of the link. The first three RLQAs
represent the EOL modem connected to the
datalogger, the following sets of numbers will be
for any MOL modems (in order of occurrence
from the EOL modem), and last will be the SOL
modem. A description of the shutdown block is
contained in Table 3-3.

TABLE 3-3. Summary of the Shutdown
Block

XXXX YYYy 2222

XXXX = Number of
communication failures.

yyyy = Noise level indicator.

2227 = Noise level indicator.

A communication failure occurs when a
signature of a block of data doesn't match its
original signature. These blocks are
subsequently retransmitted. The noise level
indicators should be 102 (£70) at the standard
3.0K baud rate, or 124 (£70) at 2.4K baud.

The noise level indicators are reset and
subsequently become active in the respective
EOL and SOL modems as the Transparent
Mode is entered (immediately after setup). The
MOL modems are reset and become active
when the setup block is propagated to the next
station in the RF link.

After the "E" character is received by the
datalogger a CR-LF is sent through the RF link
to the SOL modem. The shutdown block
follows after a one second delay. When the

EXAMPLE 3-2. Sample Shutdown Block

R
EOL modem - > 0004 0110 0097
MOL modem -> 0002 0108 0090
SOL modem - > 0000 0105 0093

The first line of numbers, which are the first
three RLQASs, represent the EOL modem. The
second line represents a MOL modem, and last
is the RLQAs for the SOL modem. The 0004
indicates that four interruptions occurred on the
EOL modem while the link was active.
Interruptions are non-data blocks such as voice
transmissions on the same carrier frequency.
All noise level indicators are within acceptable.
bounds in this example.

The "T" command should now be used to reset
the SOL modem to the Wait Mode of operation.
This step should not be done if further calls are
going to be made through a phone modem.

3.1.8 RF95 CONNECTIONS

The 9-pin Serial I/O connector is normally used
to connect the RF95 to the datalogger, PS512M'
or CH512R. Table 3-4 describes the 9-pin
connections. The 10-pin rectangular connector
is for connection to the transceiver. Table 3-6
contains the pinout for the radio to modem
cable descriptions.

TABLE 3-4. Serial /O Connector Description

i)
S

Description

+5 V: Supply from external source
GND: Ground

Ring: Ring to datalogger

RXD: Transmit from RF95

ME: Modem Enable from datalogger
Printer Enable: Not used

Unload Enable: Not used

Tape Enable: Not used

TXD: Received by RF85

OQO~NOUDAWN—= |

3.2 RF100/RF200 RADIOS

shutdown block is réceived and veiffied the'SOL™ 3.2:1“RADIO DESCRIPTION

modem will leave the Transparent Mode and re-
enter the Local Command Mode, indicated by
sending an exclamation point (!) to the
computer.

The shutdown block can be viewed by sending.. ...

the "R" command. Example 3-2 illustrates a
shutdown block for three RF95s.

The RF100 and RF200 are used in Campbell
Scientific's RF applications to transmit and
receive data blocks. The radios are shipped
from Campbell Scientific secured on a mounting
bracket designed to fasten on the top of the RF
modem (see Figure 3-3).
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O

RF100
OR
RF200

)
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e

FIGURE 3-3. RF100 On Bracket With Connector

The mounting bracket also supports a BNC
Jack connector from the radio. The coax cable
that is required to connect the radio to its
antenna should be connected to the radio at this
BNC connector. See Section 3.3 for more
information on the antenna cable.

and black power wires should be connected to
12V and Ground respectiully. The second 10-
pin connector (labled "RF modem") should be
connected to the RF modem. Table 3-6
contains the pin out of this radio cable.

3.2.2 RADIO SPECIFICATIONS

The RF100/RF200 Radios are connected to the

RF modem by a special radio cable. The first
10-pin connector on this radio cable has a red
and black wire coming out of the connector.
This is the 10-pin connector (labeled "radio")
that should be connected to the radio. The red

The RF100 and RF200 radios are manu-
factured by E.F. Johnson. Campbell Scientific
modifies the radios to work with the RF95
Modem. Table 3-5 contains a list of the main
radio specifications.

TABLE 3-5. RF100/RF200 Radio Specifications

E.F. Johnson Model No.
Power Output
Frequency (MHz)*

Channel Capability
Dimensions (w/o0 mounting)

Operating Temperature Range

Emissions Designator
Deviation

Current Drain
Quiescent
Active

RF100
VHFE

3420

4w

132-142, 142-150,
150-162, 162-174
1

3.6"x2.9"x2.2"
-30°C to +60°C
16KOF2D

+ 2.5 kHz

30mA
1.7A

RF200
UHF

3410

5W

403-430, 430-450,
450-470, 470-512
1

3.6"x2.9"x2.2"
-30°C to +60°C
16KOF2D

+ 2.5 kHz

30mA
1.5A

* DOC Compliance for 138-174 MHz and 403-470 MHz only.
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TABLE 3-6. Radio to RF Modem Pin
Descriptions

RF100/RF200 RF95 RF
Radio 10-pin Modem 10-pin

1 7

2 3

3 +12V (Red) open (4)

4 6

5 8

6 9

7 2

8 5

9 GND (Black) open (10)
10 1

3.2.3 RADIO INSTALLATION

The RF100 and RF200 Radios are shipped
from Campbell Scientific mounted on a special
bracket with a cable going from the radio to a
BNC connector (see Figure 3-3). The following
steps will install a radio for a field or repeater
station.

1. Secure the radio and its bracket using the
four screws from the RF95 Modem's lid.

2. Connect the 10-pin connector (with the red
and black power leads coming out of it) of
the radio/RF modem cable into the radio.

3. Connect the second 10-pin connector of the
cable into the RF modem.

4, Connect the red and black power leads

from the radio cable to the 12V and Ground.

5. Route the BNC end of the antenna cable
through the enclosure conduit. Connect the
cable to the BNC Jack connector secured
on the radio mounting bracket.

3.3 ANTE