CHAPTER 6

TELEMETRY
EQUIPMENT
INSTALLATION

6.1 INTRODUCTION
Telemetry is defined as:
Highly automated communications process by which data are collected from instruments
located at remote or inaccessible points and transmitted to receiving equipment for
measurement, monitoring, display, and recording. (Encyclopedia Britannica)
The science and technology of automatic measurement and transmission of data by
wire, radio, or other means from remote sources, as from space vehicles, to receiving
stations for recording and analysis (The American Heritage Dictionary)

The recent progress in electronics and telecommunications has made remote telemetry
systems very reliable and cost effective for use in water quality monitoring.
Telemetry can provide the following benefits in a water quality monitoring project:

→ Environmental data can be continuously monitored at near real-time.
→ More timely detection and prediction of environmental changes can be achieved.
→ Early detection and warning systems (e.g. alerts) can be developed of where and
when a certain condition is favorable to occur (e.g. HAB event)).

→ A reduction of maintenance and project costs can be achieved.
•

Reduction of travel and labor costs

-

Reduction of trips to the station to
ensure the multiparameter sonde is
working correctly. Telemetry allows
the user to verify on-line if the
multiparameter sonde is working
properly.

-

It provides the ability to perform
preventive and corrective
maintenance, as it can be used to
identify when a sensor failed, is
close to fail, or requires
maintenance.

•

Figure 6.1 Cell phone, radio and
satellite telemetry

(Source: Precision Measurement Engineering)

Certain troubleshooting can be performed on-line without the need to send a
person to the field.

Allows to access remote data instantly; thus, eliminates manual data collection.
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A brief description of the main components of a typical wireless telemetry system and
basic guidelines to install the telemetry equipment at the monitoring station are
provided in this chapter.
It is not the intention of this chapter to provide a detail description on how to design
and implement a telemetry network. The chapter does not describe what requirements
and constrains must be taken into account to determine the best wireless
communication option capable of meeting the project’s needs, neither describes the
equipment, operational considerations and costs of the ground receiving station.
In addition, it is not the purpose of this chapter to provide a detail description on how
to install a telemetry system (i.e. to connect and program the different telemetry
equipment). The user must strictly follow the manufacturer’s and the service
providers’ instructions and recommendations in this regard.
Mention of trade names or commercial products does not constitute endorsement or
recommendation of their use.

Note: It is recommended to obtain expert help when designing an installing a wireless system.
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6.2 TELEMETRY SYSTEM FOR A CONTINUOUS
WATER QUALITY MONITORING PROJECT
The telemetry system is basically composed of three subsystems:
1. A data acquisition system: composed of the data collection platforms. A data
collection platform (DCP) consists of all the equipment needed in each
monitoring station to collect, store, encode and transmits the data: sensors,
logger, power supply and the transmitter/antenna system. Each monitoring
station with near real-time data transmission capabilities can be considered a
data collection platform.
2. A signal transmission system: equipment needed to transmit the data from the
DCP to the host or ground station (e.g. GOES satellite).
3. A data acquisition, analysis and dissemination system: the host or ground
station that receives and manages the data.

Figure 6.2 Major components of NERR’s telemetry system

This section provides a brief description of:
•

The most common types of wireless communication options employed in
continuous shallow water quality monitoring.

•

The data collection platform equipment.
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6.2.1 TYPES OF WIRELESS COMMUNICATION
The most common wireless communication options employed in continuous shallow
water quality monitoring stations are (South, 2005; Blake, 2007):
VHF/UHF radio telemetry: In the VHF/UHF systems the airtime is free, and the
systems are not to expensive to set up (if repeaters are not needed). Typically this
type of wireless communication is good if the DCP and ground station are less than 30
miles apart (15 km). Some disadvantages of this type of telemetry are: the system is
not easy to install; licensing costs must be incurred and line-of-sight is required.
Cellular telemetry: In areas with strong and reliable cell phone coverage, this can be
a good option given the hardware is not too expensive and the system is easy to set
up. Some disadvantages are: monthly service fees are required; data quality must be
insured given that voice coverage is not the same as data coverage; and coverage can
be dropped during peak system utilization.
Spread spectrum telemetry: Spread spectrum telemetry uses specific frequency
bands (902 to 928 MHz) that are unlicensed and free. The equipment system is much
easier to install than VHF/UHF, but it has a limited communication distance, averaging
between 5 and 10 miles. In addition, given that are free bands it can suffer of band
pollution.
Satellite telemetry: Satellite telemetry is the best option:
•
•
•
•

For remote monitoring sites
For locations where there is no cellular coverage.
For locations that are too far distant for a line of sight radio connection.
Other telemetry options are not economically feasible (the system cost to
provide adequate communication is too high; i.e. need to place repeaters).

NOAA operates two Geostationary Operational Environmental Satellites (GOES West
and East) that are used only by federal, state and local agencies and government
sponsored environmental monitoring applications. Other users may apply for
permission to use GOES but there is limited access.
Organizations that can not access GOES will use LEO satellites; for example ORBCOMM
or Globalstar. These satellites service have a monthly service fee that would vary with
the transmission frequency.

Figure 6.3 Typical maximum DCP-ground station communication ranges (South, 2005)
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6.2.2 DATA COLLECTION PLATFORM EQUIPMENT
Telemetry systems are built from commercial off the shelf products. While the different
telemetry systems have many common elements, they are each uniquely configured to
meet specific application requirements; for example, stand alone data loggers or
combined datalogger-transmitter (L-3 Communications).
Following, the basic satellite telemetry equipment is displayed.
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6.3 FACTORS FOR CONSIDERATION WHEN
DESIGNING A TELEMETRY NETWORK
When planning and designing a telemetry network, certain factors must be taken into
account to assure the system will comply with the transmission, cost and operational
requirements.
Some factors that must be addressed are:
•

Architecture of the system.

•

Implementation horizon.

•

System requirements in terms of: the location and the number of DCPs, and
transmission frequency (short and long-term scenarios).

•

System integration and customization requirements.

•

System installation requirements.

•

Redundant transmission of data (if necessary).

•

Cost of network installation, support and maintenance.

•

Cost of transmission service.

•

Data management requirements (data collection, quality control & quality
assurance analysis, data processing, system management, user interface, data
dissemination).
If the cost of the ground receiving station is the limiting factor of installing a
telemetry network, a possible solution is to use a company that provides the
service of collecting the DCP data and delivering it to your organization via the
web.
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6.4 INSTALLATION GUIDELINES
The material presented in this section is based on the document “Telemetry
Installation Notes” written by Jay Poucher, CDMO Telemetry Coordinator.
Jay Poucher can be contacted at jpoucher@sc.edu.

The purpose of this section is to provide general guidelines for the installation of
satellite telemetry equipment in a water quality monitoring platform.

→

The installation activities can be subdivided into two parts:
a) Activities that take place before going to the field: include all the
activities of designing the telemetry station, selecting the equipment,
discussing the project with the technical representative, designing the
monitoring platform or reviewing existing one to determine if modifications
are needed, etc.
b) Activities that take place on-site: include all the activities of installation
and set-up of the equipment, inspection and verification.

→

The installation activities, and the equipment and field tools requirements will
vary depending on:

•
•
•
→

The type of telemetry system to be installed.
The type of monitoring platform.
The monitoring site location.

It is recommended to obtain expert help (e.g. from the telemetry equipment
representative or from a known organization that has a similar telemetry network
installed) for advice and/or to discuss installation requirements and possibly
request his/her present during the first installation.

Note: If another type of wireless communication is employed, e.g. cellular, the same
installation guidelines can be used. The basic equipment (enclosure, solar panel, and grounding
system) will be the same, the only difference would be the type of transmitter and associated
antennas (e.g. instead of using a YAGI, a high gain antenna-cellular frequency, will be used).
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6.4.1 Pre-Installation Activities
Due to the wide range of telemetry equipment and monitoring site characteristics,
most telemetry system would require custom designs and best engineering judgment
in order to obtain the best system performance.
Even though the great variability in telemetry systems designs, some pre-installation
activities are common to all systems. Among them, it is worth to mention:
•
•
•

Power equipment and antenna considerations.
Monitoring platforms requirements.
Development of an installation plan.

6.4.1.1 Power Equipment Considerations
→

Power Consumption of the System
The power consumption of a telemetry system is the sum of the average current
drains of all the different equipments (e.g. datalogger, multiparameter sonde and
peripheral equipments).
To calculate the power consumption, the percentage of time the equipments spent
in active state (performing measurements, processing/sotring data) versus the
time they spent in a quiescent state must be determined (Campbell Scientific,
Power Supplies).

→

Battery Considerations
The battery must have the capacity to power the different equipment during the
whole deployment cycle. If the battery is charged with a solar panel, the battery is
required to have a reserve source of energy sufficient to operate the particular
installation, with the highest power consumption during the night and periods of
low sun light.
The energy for insolation (incoming solar radiation or energy from the sun) varies
with the latitude and the month (e.g. the isolation levels in kWh/m2/day for Boston
during Dec&Jan&Feb is 1.83 and 5.32 for Jun&Jul&Aug; while Miami receives 3.93
and 6.21 respectively) (NASA).
The battery must have certain reserve time to accommodate periods of low levels
of isolation. Recommended reserve times based on latitude are shown in Table 6.1
Latitude of monitoring site
Recommended reserve time
0° to 30° (N or S)
144 to 168 hr
30° to 50° (N or S)
288 to 336 hr
50° to 60° (N or S)
732 hr
Polar regions
8,760 hr
Table 6.1 Recommended reserve time based on latitude
(Source: Campbell Scientific, Power Supplies)
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The energy stored in a battery is known as “battery capacity”. The common
measure of battery capacity is the number of amp-hours that can be removed from
a battery at a specified discharge rate at the nominal voltage of the battery
(Photovoltaic Education Network).
To calculate the system’s required battery capacity, a simple equation can be used
(Campbell Scientific, Power Supplies):
Required battery capacity = (system’s current drain) x (reserve time)/0.8

-

The 0.8 value is to assume worst case conditions
(limit the battery depth of discharge to 80%).

For polar regions the equation would be:
Required battery capacity = 2 x (system’s current drain) x (reserve time)
Note:

→

•
•

It is recommended to use sealed lead batteries.

•

Daily Amp-Hour Usage Calculator can be found at:
http://www.bigfrogmountain.com/calculators/dailyamphourusage.htm

For extremely cold temperatures, Campbell Scientific recommends using the
Cyclon battery manufactured by Hawker Energy Products.

Solar Panel Considerations
Required Solar Panel Current
The solar panel converts sunlight into direct current. The current the solar panel
must provide (in terms of battery capacity) can be determined using the following
equations (Campbell Scientific, Power Supplies):
Solar panel current > ((system amp-hr/day) x 1.2) / (Hours of light)

-

1.2 accounts for solar panel system loss.
Hours of light: the number of hours in the day the sky is clear enough for the solar
panel to source current (use the worst case condition, i.e. winter).

For polar regions solar panel current > (system amp-hr/day) x 2)
Solar radiation data can be obtained from National Renewable Energy Lab (NERL).
•

Solar radiation for 239 sites in the US with extensive weather records
can be found in the publication “Solar Radiation Data Manual for Flat-Plate
and Concentrating Collectors” http://rredc.nrel.gov/solar/pubs/redbook/

•

U.S. Solar Radiation Resource Maps: 30-year average for a particular
month can be found at
http://rredc.nrel.gov/solar/old_data/nsrdb/redbook/atlas/Table.html

•

Solar maps can be found at http://www.nrel.gov/gis/solar.html
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•

For parts of the world with little solar radiation data, NREL created a crude
global data set using data inferred from satellites.

•

In addition, world radiation data can be found in World Meteorological
Organization at http://wrdc-mgo.nrel.gov/

Solar Panel Orientation
Solar panels can be mounted at a fixed azimuth and tilt angle or on frames that
allow for orientation adjustment.
Solar panels should face true, due or geographic south in the Northern Hemisphere
and true, due or geographic north in the Southern Hemisphere.
Note: Geographic south is defined as azimuth=0°. Angles to the east of due south
are negative, with due east having azimuth=-90°. Angles to the west of due south
are positive, with due west having an azimuth=90° (Solar Plots Info).
Fixed orientation: orient solar panel to the geographic south (not magnetic
south) in the Northern Hemisphere. Suggested tilt angles (referenced to the
horizontal plane) are shown in Table 6.2. These tilt angles maximize output for
winter. Even though optimization summer angles are different, the extra isolation
that occurs during summer makes up for the less than optimum angle (Stein,
2008).
Site Latitude (°)
0 – 10
11 – 20
21 – 45
46 – 65
> 65

Tilt Angle above horizontal
10 degrees
Latitude + 5 degrees
Latitude + 10 degrees
Latitude + 15 degrees
80 degrees

Table 6.2 Suggested tilt angles
(Source: Campbell Scientific, Power Supplies)

Adjustable orientation: orient solar panel to the geographic south (not magnetic
south). Suggested tilt angles above horizontal are given by the following equations
(Landau, 2008):
•
•
•

Tilt angle (winter) = (Latitude x 0.9) + 29°
Tilt angle (spring and autumn) = Latitude - 2.5°
Tilt angle (summer) = (winter angle) - 52.5°

Note: Generally, it is not worthy the effort to shift the solar panel orientation more
than twice a year: once in the spring and once in the fall (Stein, 2008).
Bird Spikes
In most coastal environments, and particularly at off-shore stations, birds can be a
problem, especially bird droppings. If this is the case at a particular monitoring site,
bird spikes must be employed.
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6.4.1.2 Monitoring Platform

Note: Even though the telemetry equipment is mounted inside a weather resistant control box,
it is important to ensure that the control box is above water at all times. Therefore, mean
higher high water, wave action, wind footprint and storm surges must be taken into account
when designing a new monitoring platform or when an existing platform is evaluated for
installation (EPA, 2002).
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6.4.1.3 Antenna Considerations
A satellite antenna must be pointed directly at the orbital location of the satellite in
order to obtain the best signal. To correctly point the antenna the latitude and
longitude of the monitoring site must be known to determine the required azimuth and
elevation (azimuth is the direction to which the antenna must be rotated and the
elevation is the angle the antenna must be raised with respect to the horizontal).
The azimuth and elevation can be obtained from the following web page:

http://www.dishpointer.com/
The web site employs a mashup of Google Maps to find the required information to
correctly set the antenna. The monitoring site location can be easily be found by
entering the zip code, latitude and longitude, county, or any other information
permitted by Google Maps to pin-point a specific DCP location.
In addition to point the antenna to the correct orientation, the antenna must have a
good line of sight to the satellite to provide the best signal. The optimum is to have a
free visual path between the antenna and the satellite (free of obstacles, such as
dense forest, buildings, hills, etc.). Even though, good signals can be obtained with
some types of obstructions, for examples, trees (not heavy canopy).

6.4.1.4 Installation Plan
It is a good practice to develop an installation plan. The plan defines objectives,
describes the correct installation procedures, details the key critical factors that must
be considered during the installation, describes the tools and supplies needed, and
defines other activities and measurements that need to be executed.
It is a good practice to have a meeting with the installation team to go over the
different installation activities before going to the field.
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Basic tools and supplies that are commonly required during a telemetry system
installation are detailed in Table 6.3.
Tools
Supplies
Sockets with ratchet (deep well)
WD-40 or similar
Straight-bit screwdrivers (small, medium, large)
Silicone dielectric grease
Phillips head screwdrivers (small, medium)
Electrical tape
Open ended wrenches
Rubberized tape
Cable ties
Hammer
(blacks are preferably given the higher
Pliers
resistance to UV than other colors)
Level
Inclinometer
Washers 3/8”
25 feet 14 gauge interior 2 conductor
Wire strippers
Romex wire with ground
Volt/Ohm meter
Magnetic compass
Table 6.3 Basic tools and supplies for telemetry installation

6.4.2 Installation Activities
Two types of installation procedures are described in this section as guidelines only:

•

Telemetry systems mounted on wooden pilings & posts (e.g. pile, piers,
wooden structures).

•

Telemetry systems mounted on platforms that use antenna tower as a
construction material.

These guidelines provide basic information on how to install the telemetry equipment.
They can be used to select a specific configuration or as the basis to define new design
features to meet the particular needs.
Note: The specific installation steps to follow must be evaluated based on each system and
site's particular characteristics.
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6.4.2.1 Telemetry Equipment Mounted on Wooden Piling &
Post
The following guidelines detail Delaware National Estuarine Research Reserve
installation practices, designed by Mike Mensinger.
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Further guidelines on how to set the lightning rod and grounding the enclosure; how to
set the GPS antenna; and some considerations when connecting the equipment, are
given in section 6.4.2.3

6.4.2.2 Telemetry Equipment Mounted on an Antenna Tower
The antenna tower is an excellent supporting structure to mount the telemetry
equipment in almost any type of monitoring platform. Generally, one or two 10-foot
galvanized tower sections are employed to build a telemetry monitoring station or to
overhaul and existing one (antenna towers can be easily secured to piers, pilings,
docks, or any other type of existing structure).
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6.4.2.3 Additional Installation Considerations
Guidelines for installing the lightning rod and grounding the enclosure, and installing
the GPS antenna are provided in this section. In addition, several points to take into
account when connecting the telemetry equipment are provided.
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Notes:
•

It is a good practice to take several pictures of the station, in particular one of the
connections. A laminated copy can be stored in the enclosure.

•

Place one or two desiccant packs inside the enclosure.
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