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Warranty and Assistance

The RF500M RADIO MODEM is warranted by Campbell Scientific, Inc. to
be free from defects in materials and workmanship under normal use and
service for twelve (12) months from date of shipment unless specified
otherwise. Batteries have no warranty. Campbell Scientific, Inc.'s obligation
under this warranty is limited to repairing or replacing (at Campbell Scientific,
Inc.'s option) defective products. The customer shall assume all costs of
removing, reinstalling, and shipping defective products to Campbell Scientific,
Inc. Campbell Scientific, Inc. will return such products by surface carrier
prepaid. This warranty shall not apply to any Campbell Scientific, Inc.
products which have been subjected to modification, misuse, neglect, accidents
of nature, or shipping damage. This warranty is in lieu of all other warranties,
expressed or implied, including warranties of merchantability or fitness for a
particular purpose. Campbell Scientific, Inc. is not liable for special, indirect,
incidental, or consequential damages.

Products may not be returned without prior authorization. The following
contact information is for US and International customers residing in countries
served by Campbell Scientific, Inc. directly. Affiliate companies handle
repairs for customers within their territories. Please visit
www.campbellsci.com to determine which Campbell Scientific company
Serves your country.

To obtain a Returned Materials Authorization (RMA), contact Campbell
Scientific, Inc., phone (435) 753-2342. After an applications engineer
determines the nature of the problem, an RMA number will be issued. Please
write this number clearly on the outside of the shipping container. Campbell
Scientific's shipping address is:

CAMPBELL SCIENTIFIC, INC.
RMA#

815 West 1800 North

Logan, Utah 84321-1784

For all returns, the customer must fill out a “Declaration of Hazardous Material
and Decontamination” form and comply with the requirements specified in it.
The form is available from our website at www.campbellsci.com/repair. A
completed form must be either emailed to repair@campbellsci.com or faxed to
435-750-9579. Campbell Scientific will not process any returns until we
receive this form. If the form is not received within three days of product
receipt or is incomplete, the product will be returned to the customer at the
customer’s expense. Campbell Scientific reserves the right to refuse service on
products that were exposed to contaminants that may cause health or safety
concerns for our employees.
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Section 1. General Radiotelemetry

Network

1.1 Introduction

1.2 Field Station

Data retrieval from a remote site can be difficult. One method to accomplish
data collection from isolated sites is through a radio telemetry (RF telemetry)
network. Dataloggers can be accessed by RF telemetry, which requires no
physical connection from the computer to the datalogger. The RF telemetry
link reduces the number of visits to a remote site for data collection.

The RF telemetry network is designed for complete computer control.
LoggerNet software allows data collection from the datalogger, transmitting
datalogger programs, and displaying current readings from the datalogger.
The requirements specific to a RF telemetry network include:

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

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

Telemetry network’s three basic components are:
e Field Station
e Base Station

e Repeater Station

This manual covers the use of the RF500M Modem. Some LoggerNet
software topics are also addressed.

Purpose:  The field station is where the 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.

Equipment Required:

* Radio

e RF Modem

e Antenna and antenna cable

e Datalogger

e Power supply, enclosure, sensors, and mounting needs

1-1
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1.3 Base Station

Purpose: A base station utilizes a computer to collect data from the field

1.4 Repeater

1-2

station(s). Normally, all communication to the field stations
originate at the base station. Data retrieval, remote programming,
and system analysis can all be done from the base station.

Equipment Required:

Radio

RF Base Station

Computer with LoggerNet software
Antenna and antenna cable

AC power

Purpose:  To act as relay between two communicating stations separated by

too long of a distance or an obstacle which impedes direct
communication. A repeater is not always required in an RF
telemetry network. A field station can also function as a repeater.

Equipment Required:

Radio
RF Modem
Antenna and antenna cable

Power supply, enclosure and other mounting needs






Section 2.

Radiotelemetry Network Components

An omnidirectional antenna will transmit/ receive in a full 360 degree circle.
Generally, an omnidirectional antenna will be a straight cylindrical rod which
is to be mounted vertically at the top of a tripod.

A unidirectional antenna is designed to transmit/receive in a particular
direction, or in a specified sector. There are various shapes of unidirectional
antennas. The most common is the Yagi antenna. The elements of a Yagi
antenna can be mounted either vertically or horizontally, corresponding to
either vertical or horizontal polarization.

FIGURE 2-4. The PD237 Crossover Plate Antenna Mount

Normally, all antennas will be mounted with vertical polarization. Whichever
polarization is used, be sure to keep antennas at all sites identically polarized.

2.3.3 Antenna Cables and Connectors

2-6

The most common cable type to connect a radio to the antenna is a coaxial RG-
8A/U cable. Two connectors are required for each length of cable. The
connector for the radio is a BNC type connector. The connector for the
antenna is usually either a Type-NM or Type-NF. The BNC, Type-NM, and
Type-NF connectors are shown in Figure 2-6. The Type-NM (male) connector
is for antennas with a female receptacle, and Type-NF (female) for antennas
with male receptacles.

A Campbell Scientific antenna cable complete with connectors is specified as
either COAX NM-L or COAX NF-L. COAX NF-L is a coaxial RG-8A/U
cable with a BNC connector on one end and a Type-NF connector on the other.
See Table 2-2 for cable requirements for common antennas.

Due to power loss through the cable, the length of coax cable cannot be
extended to any desired length. The amount of power loss is dependent on the
radio frequency. RG-8A/U will lose approximately 3.1 dB/100 ft. at 200 MHz
and 5.0 dB/100 ft. at 400 MHz. Power loss calculations are reviewed in
Appendix B.
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FIGURE 2-5. The PD46 Clamp Mount

N

TYPE-NM

BNC CONNECTOR

S

N

TYPE-NF

FIGURE 2-6. Type-NM (male), BNC, and Type-NF (female)
Connectors

TABLE 2-2. Common Antennas and Characteristics

VHF or Mounting

Antenna | Type UHF Cable Gain(dB) | Pipe O.D. Type

BA1010 | Omni | VHF Coax NM-L | Unity 3/4"-21/8" U-Bolts
BA1012 | Omni | VHF Coax NM-L | Unity 1"-21/4" U-Bolts
BA1312 | Omni | VHF Coax NM-L | 3.0 1"-21/4" U-Bolts
BA6012 | Omni | UHF Coax NM-L | Unity 1"-21/4" U-Bolts
BA6110 | Omni | UHF Coax NM-L | Unity 3/4"-21/8" U-Bolts
BA6312 | Omni | UHF Coax NM-L | 3.0 1"-21/4" U-Bolts
PD200 Omni | VHF Coax NF-L | 5.8 1"-23/4" PD46 (Fig 2-5)
PD201 Omni | UHF Coax NF-L | 5.0 1"-23/4" PD46 (Fig 2-5)
PD220 Omni | VHF Coax NF-L | 5.25 1"-23/4" PD46 (Fig 2-5)
PD344 Dipole | VHF Coax NF-L | 45 21/2" Clamps
PD390S | Yagi VHF Coax NF-L | 8.0 15/16,2 1/4, or 2 3/8 PD37 (Fig 2-4)
PD400 Omni | VHF Coax NM-L | 7.5 1"-23/4" PDA46 (Fig 2-5)
PD688S | Yagi UHF Coax NF-L | 10.0 15/16" -2 1/4" U-Bolts
PD1107 | Omni | VHF Coax NF-L | 3.0 1"-23/4" PD46 (Fig 2-5)
PD1121 Dipole | VHF Coax NF-L | 3.0 21/2" Clamps

2-7
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2.4 Tripods, Towers, Enclosures, and Power

2-8

Supplies

There are several methods of mounting and housing sensors and other
equipment for a station.

2.4.1 Tripods and Towers for Mounting

For the different mounting requirements, Campbell Scientific offers many
styles and sizes of tripods and towers. All mounting options available from
Campbell Scientific are rugged instrument mounts that provide sturdy support
for Campbell Scientific sensors, enclosures, and measurement electronics.

2.4.2 Enclosures

Enclosures are needed to keep water and debris from damaging the data
acquisition equipment. Campbell Scientific, Inc. enclosures are designated as
“rain-tight,” and are designed to mount to a tripod or tower.

The fiberglass enclosures are classified as NEMA 4X (water-tight, dust-tight,
corrosion-resistant, indoor and outdoor use). A 1.25” diameter entry/exit port
is located at the bottom of the enclosure for routing cables and wires. The
enclosure door can be fastened with the clasp for easy access. The enclosure’s
clasp door can be secured with a basic lock. Both enclosures are white for
reflecting solar radiation, reducing the internal temperature.

The model ENC12/14 fiberglass enclosure has inside dimensions of 14" x 12"
x 5.5”, the model ENC14/16 fiberglass enclosure has inside dimensions of 14"
x 16" x 5.5" and the model ENC16/18 fiberglass enclosure has inside
dimensions of 16" x 18” x 8.5".

2.4.3 Power Supply

A radiotelemetry network requires a reliable power supply at each station. A
solar panel or 110/220 VAC charging source is normally required due to the
large current drain of the radio.

2.4.3.1 Lead Acid Batteries

Lead acid batteries are designed to be float charged by a solar panel or AC
power source. The role of the lead acid battery is to supply power when the
charging source is absent, e.g., in case of power failures (AC charging), or
during times of zero charge with a solar panel. Generally, we recommend a
minimum of 7 Amp-hour batteries for RF applications.
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If the RF remote is storing more data in its buffer than can be sent in the
defined time window of the polling event, the RF Remote requests more time
to send the remaining data. After all RF remotes have had a chance to respond
during their defined time windows within the polling event, the RF remote that
requested additional time to send more data takes control of the RF medium
and takes any additional time necessary to transmit data.

The SendData instruction in the datalogger drives data collection. LoggerNet
merely waits to receive, validate and accept these records. The datalogger
assumes that all records sent to LoggerNet are received and processed. There
is not an acknowledgement for One Way Data packets between the datalogger
and LoggerNet.

Since data could theoretically be lost during transmission when using the One
Way Data method of collection, LoggerNet can be setup to automatically
collect any missing records. A “hole” in the data occurs when data is missing
from the LoggerNet data cache. LoggerNet detects a hole in the data when it
receives a record with a record number larger than the next expected record
number. For example, if the last record number collected by LoggerNet were
100, LoggerNet would expect the next record number to be 101. However, if
the next record collected by LoggerNet were 105, LoggerNet would detect a
hole in the collected data for the missing records 101 through 104. To
automatically collect missing records and maintain a complete historical data
collection in LoggerNet, check the box to “Enable Automatic Hole Collection”
on the datalogger tab of the Setup screen in LoggerNet.

Each time the SendData instruction is called, it looks for a new record in a
specified table and sends that record to LoggerNet. The datalogger remembers
the last record sent and will not send the same record again but will wait until a
new record is written to the table before creating a new data packet for
LoggerNet. One exception is when the datalogger is first powered. If records
already exist in the table, the SendData instruction will send the newest record
in the specified table even if it had previously been sent to LoggerNet.
However, LoggerNet will recognize the duplicate record and it will be
discarded.

If more records or data exist than can fit in the RF remote buffer, the buffer
will act as a ring memory and older records will be overwritten with the newest
records sent by the datalogger. Any missing records must be collected using
Hole Collection where LoggerNet contacts the datalogger directly and
specifies the records to collect.



Appendix A. Fundamentals of
Radiotelemetry

A.1 Radio Waves

Radiotelemetry is the process of transferring information (data) in the form of
radio waves. The data is transferred on a carrier wave, which normally has a
sinusoidal form. Therefore, the carrier wave can be described entirely by the
frequency, amplitude, and phase with respect to a reference.

The commonly used term for radiotelemetry, RF, refers to radio frequency,
which in actuality is the frequency of the carrier wave.

Radio waves can be divided into three categories: 1) ground waves, 2) direct
waves, and 3) sky waves. All communication with Campbell Scientific's RF
networks is done via direct waves. Direct waves travel "line-of-sight” at a
maximum distance of approximately 25 miles.

Low frequency radio waves (5-10 mHz) can travel for thousands of miles
using the ground wave portion of the radio wave. The ground wave is that
portion of the radio wave that travels just above the surface of the ground.
Conversely, the sky wave radiates to the ionosphere where a certain percentage
of the energy is reflected back to earth. At the higher frequencies used for data
transmission the ionosphere is penetrated by the radio wave and too small of a
percentage is reflected back to earth. However, neither the ground wave nor
sky wave is used in Campbell Scientific's RF networks.

Energy is lost from radio waves as they travel away from the transmitting
antenna. One reason for this is the loss due to dispersion of energy over a
larger area; analogous to water waves reducing in size (energy) as they get
farther from the source. Second, is that energy is absorbed by the earth over
the distance of travel. Eddy currents cut down signal power, and intervening
terrain and buildings can prevent a signal from being strongly received.

The higher the frequency, the stronger the radiation field. However, at higher
frequencies more energy is absorbed by the surface. The VHF and UHF
frequencies can travel only a short distance between radio stations. The direct
wave, where there are no obstacles between stations, will transmit farther than
any indirect waves that have been transmitted through or reflected from
obstacles.

The carrier wave can be thought of as the radio wave which "carries" the data
from one radio to the next. The "data" consists of an electrical signal that rides
with the carrier wave. The process of placing the signal on the carrier wave is
called modulation. The signal is also in the form of a wave, but usually the
signal has a much lower frequency. The carrier with the modulating signal is
called the modulated carrier.

The signal wave isn't used as a carrier wave because radio transmission must
be of a high frequency to keep radio components small, antennas small,

A-1
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A.2 Antennas

filtering efficient, and to isolate the radio waves from the common low
frequency man-made noise.

The main forms of modulation are amplitude, frequency, and pulse
modulation. Frequency modulation (FM) is used by Campbell Scientific.

An antenna is a device that captures and radiates radio waves. The antenna at
the transmitting station is excited by the transmitting radio. The antenna
converts energy from the radio to radiated energy. Electrons within the
antenna oscillate at the frequency of the radio thereby producing radio waves.
These radio waves radiate out from the antenna at the speed of light (299,800
km/s).

The transmitted radio wave will cause electrons in the receiving antenna to
oscillate at the carrier frequency. The AC current thereby produced in the
antenna is transferred to the radio for demodulation.

The antenna is constructed for a particular frequency, operating radius, and
gain. Length, diameter, number of elements, and element spacing are among
the items that can be changed to alter antenna performance at the design stage.

Every antenna has a known horizontal and vertical pattern of radiation. The
horizontal radiation pattern consists of any segment of a 360 degree circle
surrounding the antenna. The horizontal pattern is important to consider when
a RF station is to communicate with more than one other RF station. The
vertical pattern is the radiating pattern in the upward and downward directions.

Any two communicating RF stations must have a minimum level of signal
power. Power is normally expressed in decibels (dB), or decibel milliwatts
(dBm). Power is lost through transmission cables (transmitting and receiving)
and over the communicating distance. Power is gained through the
transmitting radio, and the two antennas. Antenna gain is specified in decibels
in reference to a dipole, and can vary from 0 to 10 dB in common antennas. A
unity gain antenna has a 0 dB gain, therefore no additional power is added by
using these antennas.

Antenna gain is accomplished by either concentrating the radiating power in a
small sector, or using multiple radiating elements with additive patterns.

A.3 RF500M Modem

A-2

The RF500M Modem is the main communication control device in a
radiotelemetry network. The RF Modem enables a central base site to
communicate with up to 254 different RF stations.

The RF Modem is a microprocessor controlled device which codes all
transmissions for a specific communication path. Each has a hardware 1D
switch for identifying different stations.

The purpose of the RF Modem is to control operation of the radio and provide
protection for data integrity. The RF Modem controls the communication
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sequences, sets data to be transferred into data blocks, creates signatures of
data blocks, modulates the radio's carrier wave, and stores information on
communication quality.

The user at the computer is responsible for naming the desired communication
path with a setup string. This setup string contains any repeater (MOL)
modem IDs and the destination (EOL) modem ID in sequence. After sending
this information out through the RF system, all of the RF Modems in the
specified link will set themselves in the proper mode. The RF Modem has
different modes to distinguish responsibilities at various localities within a
link.

Establishment of an RF link consists of getting all of the RF Modems in the
proper mode and receiving a verification block from the EOL modem.

A.4 Transceiver

The purpose of a transceiver (radio) is to transmit and receive the modulated
carrier wave.

A radio is both a transmitter and receiver. The main component in the
transmitter is the oscillator of which the frequency of oscillation is provided
electronically or by a crystal. The electronics or crystal oscillates at a desired
frequency, which is specific for the carrier frequency. The oscillator converts
DC power to an AC signal. This signal is then amplified, modulated with the
signal, and transmitted to the antenna system. The receiver consists of an
amplifier, frequency converter to slow signal, limiter to give constant
amplitude but same frequency, and discriminator or demodulator.

The radio has a known impedance, or resistance. Maximum power is
transferred if the impedance of the radio matches the impedance of the antenna
and cable. This impedance is generally 50 ohms. Mismatching of impedance
will cause a lesser transmit power and result in a higher VSWR (Voltage
Standing Wave Ratio).

When the transmission cable and antenna does not match the impedance of the
output circuit of the radio, not all of the energy fed down the cable will flow
into the antenna. A percentage of the energy will be reflected back forming
standing waves on the cable. The ratio of voltage across the line at the high
voltage points to that at the low voltage points is known as the VSWR. When
the VSWR is 3.0:1 or greater, the percentage of errors per data value is greater
than 50%. The VSWR should be kept below 1.5:1 for error free
radiotelemetry.

A-3
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Appendix B. Power Calculations

There must be enough transmission power in any RF link to complete
communication. The sources of power are the radio and the antennas.
Conversely, power is lost both through the cables (coax loss) and over the
distance of communication (path loss). The power of the signal received
(Signal Power) can be calculated as stated below.

The signal power must be greater than -95 dBm (-80 dBm @ 2.4K baud) to
have a good radiotelemetry link. Decibel milliwatts (dBm) is a scale of power,
0 dBm represents one milliwatt of power. The lower limit of power for good
data transmission is approximately 0.0000000000003 Watts (3X10-13), which
represents -95 dBm.

Signal Power
SP = TP+AG-PL-CL
where, SP = Signal Power (dBm) Power of the signal received,
TP = Transmit Power (dBm) Rated output power of
transmitting radio,
PL =  Path Loss (dB) Power lost over the distance of
communication (calculated below),
AG = Antenna Gain (dB) Total power gained by both the
transmit and receive antennas,
and, CL = Coax Loss (dB) Total power lost through both lengths
of cable connecting the transmit and receive radios to
the antennas.
Path Loss
PL = 36.6+20*Log(F) + 20*Log(D)
where, PL = Path Loss,
F = Frequency (MHz),
and, D =  Distance (miles).

Coaxial Cable Loss

Typical coaxial cable losses are listed below.

200 MHz 400 MHz
Cable Type Loss/100 ft.
RG-8A/U 3.1dB 5.0dB
RG-58A/U 6.2dB 9.5dB

Transmit Power

5 Watt Radio 36.99 dBm
4 Watt Radio 36.02 dBm

B-1
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Power Conversion
Conversion of Watts to dBm can be done with the following formula.

dBm = 10 * Log((Watts)/0.001)

B-2
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