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Summary

Telemetry is the capability of transmitting or retrieving data over long distance communication
links, such as satellite, radio or telephone. The telemetry in this project was designed to use radio
communication. The monitoring system comprises the following major components, data

acquisition systems, antennas, transceivers, modems, and transducers.

Chapter three deals with data acquisition systems that provide control of sensors, data storage
and telemetry programming. Modems, the devices that enable a computer to transmit data over
analogue channels and vice verse. Transducers that transforms physical quantity being measured

into an electrical signal.

Chapter four discusses the antenna as vital part of the communication system for efficient
transfer of RF energy between the transmitter and receiver. Transceiver as radio communication

system that has a dual function of a transmitter and receiver.

The electromagnetic waves are used to propagate radio signals in the ionosphere. The
ionospheric conditions play a major role in propagation and frequency selection. These are dealt
with in chapter five, while chapter six deals with the software programs that are used to run and

manage the information exchange between remote stations and master station.

The discussion in chapter seven is concerned with recommendation and benefits e.g. need to
maintain certain equipment like rain gauges, water bubblers, antenna structures and TMS-
1000.The features included were temperature, relative humidity and wind speed sensors. The
social consideration to enhance communication and the main benefits included reduction in time
and error judgment for data collection due to scheduled and upon request collection. Low
operational cost attributed to automation and enhanced scheduling of power production and
public safety by providing data for forecasting and managing floods have been alluded to in this

chapter.



Chapter 1

1.0 INTRODUCTION

The introduction gives the general background of the project, giving the technology concepts
of telemetry and the general function view of the system. Then outlining the aim and
objectives of the project which necessitated the study of such a project in which not only it is
the gaining of the knowledge, but the appreciation and utilization of the gained knowledge

which is the essence of human education and development.

1.1 Project background

ZESCO limited operates a hydrometric telemetry network whose main use is hydrological
data collection. Since Hydro Power generation depends on water availability there is need for
prudent water management. Steps taken to achieve this include

=  Monitoring of water levels and flows in the Kafue and Zambezi river basins.

= Maintaining acceptable levels of water in reservoirs (Kariba and Itezi-tezi) for power
production.

= Measurement of rainfall, evaporation and humidity

« Regulating the inflows in the flats to ensure that environmental ecology is preserved.

To monitor the amount of water, water level measurements should be obtained in real time.
Forecasting of flows for future use of water resources are made from the same readings using
different computer models. To get the readings in real time a Hydrometric telemetry system

with the following subsystems was designed:

= HF Radio subsystem This includes the radio, RF controllers and antennas

= Data acquisition subsystem-data acquisition equipment, water gauges and rain gauges

* Power supply subsystem comprising photovoltaic modules, lightening protection
units, requlators and battery.

= Master and sub master subsystem, mainly this is the data processing equipment

As can be seen above, the readings are made at a remote station and the values of water level,

rainfall etc are sent to a central master station in Lusaka via HF radio.



1.2 Rationale
The project was initiated to carry out a study on the design, implementation and performance

of the Telemetry network run by ZESCO Ltd.

In this project the literature review was carried out on the technology behind composition the
network. This involved studying the general and specific operations of the data acquisition
systems, various transducers, modems, HF transceivers and HF antennas. In addition to the
above, hardware, the interfacing of the modems to radio and telephones and the antennas

operations and propagation characteristics has been discussed.

The role of the ionosphere characteristics on HF frequency propagation and selection the
selection of optimum frequency was also looked at. The software review was mostly
concerned, with its use in the interface and operations of the radios, modems and the data
acquisition equipment. The report also looks on the relationship between the theoretical

knowledge and the practical aspects on site.

The discussion deals with the issues, pertaining to the performance of the current system and
the challenges being faced. The proposals or recommendation that must be carried out to
enhance the system i.e. additional monitoring features and services to be provided. It as also

deals with the sustainability, costs and the key or main benefits to be or being derived.



Figurel.l1 Showing communication radio/modem interface to PC at Master station
(ZESCO Itd)

1.3 Telemetry — The technology Concept

Telemetry is defined as measurement at a distance. It takes many and various forms. The
principles of radio, electricity, optics or hydraulics may be used to convey measurements
made at one point to indicators, actuators, recorders or computers at another point.
The most popular telemetry systems are electrical and use radio to convey information. To
measure at a distance or remote point, there is need for transducer and communication link or
channel.

* Transducer is required to convert a physical quantity being measured into an electrical

signal for easy transmission
* Communication channel- is the transmission line or medium from the point where the

measurement is being made, to the point where the signal is recorded or required.



Radio telemetry systems comprises
* Transducers that convert measurement into electrical signals.
» Data acquisition subsystems that are connected to transducers.
* Modems -as controllers.
» Transceivers, these are radios for transmission and receiving.

* Antennas — provides transfer of radio frequency energy.

The point where information is needed, there can be recorders, or computers to process data

and store the information.

1.3.1Functional Overview of a Telemetry System

Telemetry systems are configured differently to meet each user’s particular needs, but they
all have certain common elements such as transducers or sensors, multiplexers etc.

Any form of measured physical data is converted by transducers or sensors into electrical
quantities. Electrical data starts at sensors. Some sensors measure electrical quantities such
as gain, voltage, and current, while others convert physical conditions like temperature,

pressure etc into proportional amount of electrical voltage.

A multiplexer combines these electrical voltages and timing data into a single data stream.
The transmitting device (radio transmitter, coaxial cable, telephone line, tape recorder, etc.,)
then passes the data stream to a distant receiver. A bit synchroniser followed by a
demodulator accepts the data stream from the receiver and separates it into its original
measurements. The original measurements are then selected, processed, and displayed

according to specific design.

The Telemetry system for ZESCO Ltd is as follows; each remote station is programmed to
power up the controller at a unique time. To save on power consumption the remote station
radio and controller are kept off except for two windows when it is about to transmit or when
it is listening for a call from the master’s. A call is made to the Master station on the first
channel. If there is no response or if the quality of the signal is poor, the second channel is
then tried, and if not the third one. If all the channels are poor, a link is established using the
better of the channels. If no response from the Master on all the channels, the auxiliary sub-
master is then interrogated using the latter protocol. Data is then sent using the error-free

mode of the controller.




After all the remote stations have sent (or attempted to send) data, there is a period of time
during which, all remotes are turned on and start scanning for the incoming calls from the
masters. This is to allow manual interrogation of the remotes by the master station‘s operator
for retrieving additional data, changing parameters, etc. The operator should know the time

frame to make it simple for him to know when to call a particular remote.

There would be another period in the day reserved for the master and sub-master to
communicate to exchange raw data. As for the stations having their own AC power supplies,
power consumption (or on-air time) is not an issue. The following are the calculations on the
power requirements for (using solar batteries) the radio controller portion based on two

channels:

Total TX time =4 minutes (based on 2400 bps @ 2 minutes with 1/8 the data)
Total link set up time = 15 seconds per channel
X 2 attempts
X 2 channels
X 2 stations (master and Sub-master if fail)
Total Tx on time =4+ 2 =6 minutes @ 300W
=30 Wh
=25Ah@ 12V
Total Rx on time = 60 minutes @ 20W
=20 Wh
=1.7Ah@ 12V
Total Power =2.5Ah+1.7 Ah
=42 Ah @ 12V
Battery Specifications:
14 day life at 5% reserve =4.2 X 14 X 1.05 =52 Ah
The Battery must at least be 60 Amp- Hour.
Solar Panel Specifications:
5 Hours per day, so minimum current is = (4.2 Ah/5h) X 2 (factor to recharge
battery — 14 day) =1.68 A@ 12V
=20



1.4.0 Aim and Objectives

The aim and objectives are what the project’s concern are and outlines the goals which are to

be attained at the end of the study, hence there are stated clearly and simply as below.

1.4.1 Aim

To study the design and the implementation of the ZESCO telemetry network.

1.4.2 Objectives

* Evaluate the performance in line with the original objectives of the telemetry project.
That is to improve availability, quality and accessibility and utilization of
hydrological data.

= Develop innovations and improvements

® Learn its possible uses in information communication technology related application

i.e. telephone/fax and e-mail/internet.



Chapter 2
2.0 Methodology

This chapter looks on the procedure for the data collection and technical analysis, evaluation

of the telemetry system performance and the actual basic configuration of the network in

relationship to the information gathered.
2.1 Data collection from.

The data in this report has been mainly collected from the ZESCO hydrology and telemetry
departments, this has involved the physical seeing or checking of the equipment and literature
collection. The data collection has also been done through visiting certain places like Itezi-
tezi where I was able to see the operations on the automated systems in comparison to the
manual systems. Then there has been valuable information collected through the interaction

with various persons dealing in data measurements (especially data readers).

The other sources of information has been textbooks on the technical issues, the manuals
have played a major role in understanding the concepts and the original objectives of the
Telemetry project. The newest research tool the Internet has also contributed valuable

information.
2.2 Evaluation of Telemetry system at ZESCO:

The evaluation of the Telemetry network has been in view of the following, original
specification, original and new international standards in auto-link establishment procedures
and modems, sustainability of the project in terms of operation and maintenance. The major
cost benefits of having an automated telemetry network and need to include enhancing the »

system.
2.3 Practical design aspects of Telemetry

In this aspect the emphasis to look on what is involved through literature reviews on a design
of basic telemetry using HF radios as communication channel. Looking at the interface and
operations or roles of various telemetry equipment i.e. HF radios, computer, modems,

antennas, data acquisition systems and transducers.



2.4 Project focus

The project focus has been to study the design and the implementation of the ZESCO
telemetry network. The goals of the project includes, evaluating the performance in line with
the original objectives of the telemetry project. That is to improve availability, quality,
accessibility and utilization of hydrological data. Develop innovations and improvements,
including the proposal on the implementation the possible uses in information

communication technology.

The attainment of the focus has been through collection of data and literature on telemetry
operation and hydrological data. Looking at the process of data, collection, how it is been
used and challenges being faced. Coming up with technical analysis report on telemetry
current state and recommendation. Proposals for a network that will meet the current needs
and address hurdles encountered. Then economical analysis of the system i.e. economical and

social benefits and comparison of automated telemetry and manual radio systems



Chapter 3

3.0 Literature review.

= Data acquisition subsystems.

=  Transducers.

=  Modems.

= HF transceivers.

= Antennas.

= Frequency propagation and selection.

3.1.0 Data Acquisition Systems (DAS)

These provide a level of flexibility for the control of sensors, data storage and telemetry

with easy programming. Certain models of DAS can be used in varied applications i.e.

meteorology, hydrology, forestry, seismology, air and water quality management and

other areas where reliable monitoring of environment is essential. Depending on the data

acquisition systems model and manufactures certain hardware features include

Analog input that can be configured for various modes of voltage and current
measurement. Then sensitivity ranges are selected by software, and inputs can be
paired to provide differential inputs.

Analogy to digital conversion to a given precision with compensation for
temperature effects.

Frequency input intend for wind speed sensors.

Digital input to detect up or down changes of state of external switches or voltages.
Rainfall measurements switching inputs for tipping buckets.

Serial Digital interface-12 input, which allows the connection of a cable to support
smart sensors that generate data according industry standard for management smart
Sensors.

Data storage memory —usually standard data storage memory in RAM for 128K
bytes of binary.

The ZESCO Itd s main principal element in the remote data acquisition is the Tide Monitory

System (TMS-1000). This is an electronic data acquisition unit designed to measure
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environmental and meteorological parameters .The TMS-1000 can be used to collects data

from various hydrological or meteorological sensors, and log the data into memories,
transforming the raw data into engineering units and transfer this information to the HF
equipment for transmission to the master or sub-master station. The data that could be stored

include water levels atmospheric pressure, salinities, water columns and water temperature

The sensors that are connected at the moment are the water depth (WDB-300) bubbler unit,
the rain gauge bucket, intrusion alarm, fire alarm and gate opening position. The intrusion

and fire alarms are normally closed contact devices.

The TMS-1000 “s software is used to retrieve and proceSs data and to automatically activate
the HF radio call to transfer data or alarms to the master or sub-master station. Data and
programs are stored in battery-supported non-volatile CMOS static memory (RAM) to
provide maximum versatility with low power drain. An RS 232 communication interface is
provided for direct on—site communication with personal computer. The TMS-1000 database

can be interrogated from the master/sub master station to retrieve data and or change

parameters.

Figure 3.1 TMS-1000 (operational) mounted on the board for testing purposes

The principal hardware and software functions of the TMS-1000 as implemented in the

ZESCO telemetry project include the following:



11
e Data acquisition, here the internal application software conducts the sampling of

transducer inputs at predetermined levels selected by the user.

¢ Data transducer and processing of the raw data input from the water level requires the
application of algorithms to convert its values to water height to its values.

e Data base i.e. software management functions include the storage of transducers
sample values in a database for under dynamic allocation and control of requests for
storage and retrieval.

e RS-232 serial communication has the software that handles the RS-232 serial
communications both in direct connection to a locally connected personal computer
and to the Skyline controller data port.

e HF subsystem power control, it controls the preset start time of data transmission by
activating the skyline controller and radio transceiver through the power relay.

e Low power mode, when it is not performing the active data sampling, stor;'ige or

transmission, it reverts to a quiescent state to reduce its power drain on battery.
3.2.1 Data acquisition concepts
3.2.1.1 Analogue Data

Data acquisition systems capture Analogue (natural sinusoidal) signals and convert them into
a digital form that a computer understands. To understand this, there is need to define the
principles of digital measurement technique. An analogy is defined as ‘continuous’ signal
represented by the continuous changing physical quantity while digital is defined as a
‘discrete’ in time signal represented by separate individual units. Units are represented by
‘bits’ (binary digits), the bits can be represented by one of the possible states: on/off,
true/false or 1/0. The word digital is used in a wider context for designating the way of
expressing phenomena such as quantities and states in digits. Others such as temperature,
velocity, and fluid quantity vary in nature, almost entirely without steps, i.e. an infinitely
variable. Consequently, the most natural and exact way of expressing such phenomena is the

analogue method.

Even if digital apparatus can receive and send signals that express well any number we like,
the individual components operate with only two numbers. These are represented by two
voltage levels or states, which are designated by 0 and 1. In a system that is realised with

relays, 0 can be used to designate the release relay and 1 to represent the operate relay. In a
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system that is realised with electronic digital circuits (usually called logic circuits) we can

let 1 be represented by a positive voltage, for example +5V, while 0 is represented by 0V.
When 0 and 1 are used as designations for states we usually call them logic zero (0) and logic
one (1) respectively. In a system where only two levels occur it is convenient to use the
binary numeration system, this only contains the digits 0 and 1. Physical units such as logic
circuits, relays, lamps switches etc., which work with only, two states or positions can be
designated as binary elements. In-data technology, the designation “word” is used, which is
usually given by W and which constitutes a number of consecutive bits, the number of bits
being defined for each system. The “word length” gives the number of bits per word and can
vary for different systems and parts of systems. The choice of word length is entirely
dependent on the design of the system, and is usually the number of bits that can be
transferred or processed together. In order for a computer to be able to handle and process

parts of a word, the word is structured in parts.
3.2.1.2 Digital Data

To make measurements with a personal computer you need a data acquisition interface; the
heart of a system for data acquisition is an analogy to digital (A/D) converter. This comprises
an interface between the systems' analogy and digital sections and is the most decisive
component in determining the basic performance of the system in terms of resolution and
sampling speed. The interface cards are fundamental in use for the computer-controlled card
system for measurement and control. The performance of the measurement system is
determined by the accuracy and conversion speed of the AD converters, it is essential to
determine the requirements to be placed on the system before choosing the ADC cards. Most
cards have a muiltiplexer to permit the use of sixteen single ended or eight differential inputs.
The ADC cards usually lack built-in intelligence, and a setting command is generally
required whenever a card is instructed to make measurement. Hence it helpful that a card has
its own RAM-memory to store measured data for the computer to read all measurement

sequence at a time.
3.2.1.3 Data Logger
You connect your signals to the interface hardware and it converts them to a form that a

computer can understand. The DATA LOGGER has a central processing unit (CPU) board,
which is its heart. An INTEL 80C188EB microprocessor controls all the main functions and
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orders all mathematical calculations. The CPU board was designed to support various new

additional cards such as digital control lines, analogue and digital input and output cards, and

memory printed circuit boards (PCBs) with capabilities up to 16 Mbytes.

The CPU board has 512 Kbytes of standard live memory, which can be extended on board up
to 3 Mbytes. However, it is possible to extend the memory up to 768 Kbytes with the same
128 Kbytes memories for memory sockets supporting up to 128 or 256 Kbytes of EPROM -

present.

A lithium battery with a two-year autonomy provides supply voltage to live memory when
the system is being transported, stored or normal supply voltage is cut off for different

reasons.

An oscillator ensures clock stability in real time superior to four seconds per month over the
extended temperature range of —40 to +85°C. One of the software’s features is to stop the
supply voltage to various components between each sequence of acquisition, thereby
improving the system’s autonomy. The CPU features a direct memory access (DMA)
controller, memory and input/output wait state generator, programmable interrupt controller,
8 parallel printer input/output lines, 2 82C50A type serial input/output ports with an RS-232,
watchdog timer, an SDI port, communication master slave and precision power-fail detect

and reset circuit.

The system may connect to any computer through a communication link using an RS-232
with standard communication protocol, i.e. 9600 baud’s, eight data bits, one stop bit, no
parity The interface hardware comes in many different physical formats, a common one being
the plug-in cards. This fits into a free expansion slot in your PC. The card generally connects
to the main (or a subsidiary) data and control bus of the computer. There are a number of PC
bus structures for which cards are available: ISA, PCI and PC (MCIA). The main advantages
of a plug-in card are its low cost, its high speed and ease with which it is installed. The main
drawbacks are the limited potential for system expansion and the fact that the computer has to
be located close to the signal source. The many different methods of connecting data
acquisition devices to the computer are summarised below. These exchange messages

between the PC and the data acquisition and control system.
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3.2.2 RS232 Serial Link

The Electronic Industries Association gave birth to the RS-232 standard in 1962. RS stands
for recommended standard, but may now be replaced by EIA (EIA232). It has/is been used
extensively for communication between computers and terminals, at standard data rates
ranging from 110 to 38,400 bits per second. You may only connect one device to an RS232
lead, but multi-port serial cards are available for PCs, which let you connect several devices
at once. Many instruments have RS232 ports, such as balances, data loggers,

chromatographs, oscilloscopes and spectrometers.

The RS-232 standard specifies the properties of both drivers and receivers: the driver must
generate voltage levels of +5 to +15 volts (logic LOW input), and —5 to —15 volts (logic
HIGH input), into a load of 3k to 7k, with a slew rate of less than 30V/us and the ability to
withstand a short circuit to any output; a receiver must present a 3k to 7k load resistance,
converting an input of +3 to +25 volts to logic LOW, and an input 6f -3 to —25 volts to logic
HIGH. Note that logic 1 is inverted by the RS-232 driver to a negative level, called ‘mark’;

logic 0 is a positive level ‘space’.

RS-232 specifies the connector type and the pin assignments. However the are two (2) basic
problems to be appreciated. (1) There are two types of device definition, with input pins of
one type corresponding to output pins of another that is connecting two similar devices. The
other is the complementary device. (2) The are five handshaking signals; some devices send

them and expect to receive them back, while others ignore their inputs.

The RS- 232 was designed and developed for connecting data terminal equipment (DTEs) to
data communication equipment (DCEs). A terminal always looks like a DTE, and a modem
always looks like a DCE, while certain devices can be either. Therefore when you connect a
DTE to a DCE, you just connect corresponding pins of their DB-25 connecters, which could
either be male or female. Its operation will still depend on which handshaking lines each
device expects from the other, and bothers to drive itself and hence the need to agree on baud

rate, parity, and a few other software parameters even the cable is right.

When two similar devices are connected, corresponding pins are not connected i.e. A DTE
transmits on pin 2 and receives on pin 3, while the DCE does the reverse. Hence a criss- cross

cable is used
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Table 3.1 RS-234 Signal
Name | 25-pin | 9-pin | Direction Functions (as seen by DTE)
(DTE-DCE)
TD 2 3 - Transmit data
RD 3 2 « Receive data
RTS 4 7 - Request to send (=DTE ready)
CTS 5 8 «— Clear to send (= DCE ready)
DTR 20 4 - Data terminal ready
DSR 6 6 <« Data set ready
DCD 8 1 <« Data carrier detect
RI 22 9 « Ring indicator
FG 1 - _ Frame ground (=chassis)
SG 7 5 Signal ground

The table shows all the important lines .TD and RD are the data transmit and receive lines,
RTS and CTS are the ready to send and clear to send lines; DTR, DSR, and DCD are data
terminal ready, data set ready and data carrier detect. There are two grounds, the frame and
signal grounds and five handshaking —type control signals. Some devices use the RTS/CTS
hardware handshakes to start and stop transmission while slower devices (e.g. printers)
catches up. Others transmit a ¢ software handshake’: CTRL-S (to stop) and control CTRL-Q

(to resume). The software approach method means you can use simpler cable.

Other serial standards include RS-422, RS-423 and RS-485.The RS-422 is a unipolarity
differential protocol good to 10Mbaud with. RS-423 is an improved bipolarity single ended
protocol good to 100baud.The RS-485 is similar to the RS-422, but with additional
specifications so that many drivers and receivers can share a single .The table -below

summaries the characteristics of the four (4) standards.



Table 3.2 Serial data standards
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RS-232C/D RS-423A RS-422A RS-485
MODE Single-ended Single-ended | Differential | Differential
Max. No. drivers 1 1 1 32
Max. No. receivers 1 10 10 32
\ Max. cable length \ 15m \ 1200m \ 1200m \ 1200m
\ Max. data rate (bits/s) \ 20k \ 100k \ 10M \ 10M \
Transmit levels *5v min | £3.6v min | ¥2v min | £1.5min
+15v max +6.0v max (differential)
Receive sensitivity +3v +0.2v +0.2v +0.2v
Load impedance 3k to 7k 450Qmin 100Qmin 60Qmin
Output current limit 500mA to Vce | 150mA to | 150mA to | I50mA to
or ground ground ground ground
250mA to
-8 or +12v
Driver Zout min (min | 300Q . 60k 60k 120k
power off)

3.2.3 GPIB (General Purpose Interface Bus)

Many signals such as temperature, pressure, strain, flow and speed will originally be
analogue. These need converting to a digital signal before being transferred to the computer.
This is done by an analogue-to-digital (A-D) converter. This project explains the meaning of
some of the A-D specification terms that hardware manufacturers use, namely range,

resolution, sample and hold acquisition time, throughput, integration time, linearity, offset

errors and re-calibration.
3.2.4.0 Specification of A/D Converters

The input (or gain) range refers to the maximum and minimum voltage that will be digitised
by the A-D converter. An input may be bipolar, covering a range of —10 mV to +10 mV for
example or unipolar, perhaps covering a range of 0 volts to 10 volts. Many systems offer a
choice of ranges, and you can select the most appropriate using software. It’s best to choose

the smallest range that encompasses your signal, as this optimises the resolution.
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3.2.4.1 Resolution

The resolution of the A-D converter is the number of steps into which the input range is
divided. The resolution is usually expressed as bits (n) and the number of steps is 2 to the
power n. A converter with 12-bit resolution, for instance, divides the range into 2 to the
power 12, or 4096,steps. In this cése, a 0-10 V range will be resolved to 0.25 mV, and a 0-
100 mV range will be resolved to 0.0025 mV.

Mathematically this can be expressed as

For n bits resolution = 2", for 12-bits resolution = 2" = 4096 (3-2-1)

For an A-D or D-A converters with a resolution of » bits, the quantisation interval is given as

U / A
U v1¢; = R n
e 2 (3-2-2)

Where Uz corresponds to the measuring range in this case 0-10V

sr represents the quantisation interval

U, =107 =0.25mV
Hence e /‘096 ” (3-2-3)

Although the resolution increases when you narrow the range, there is no point in trying to
resolve signals below the noise level of the system: all you will get is unstable readings.
Some A-D converters have a choice of resolutions (offering 12-, 13-, 14-, 15- and 16-bit for
example). You choose the most suitable for your application, balancing speed and accuracy
In the final analysis factors that limit the characteristics of a digital system for measurement
and control are the capacity of the measurement computer and perhaps more important, the
analogy input and outputs. Then the accuracy of the system can never be better than what the

weakest link in the measurement chain is capable of.
3.2.4.2 Sample and Hold Acquisition Time

A sample and hold circuit freezes an otherwise varying analogue voltage now that the sample
is required. This voltage is held constant whilst the A-D converter digitises it. The acquisition
time is the time between releasing the Hold State and the sample circuit settling to the new

input voltage. Sample and hold circuits are not used with integrating converters.
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3.2.4.3 Throughput

Throughput is the maximum rate at which the A-D converter can acquire and transfer data
values. Roughly speaking, it will be the inverse of the (conversion time + the acquisition
time) A-D converter. Thus, a converter that takes 10 microseconds to acquire and convert
will be able to generate about 100,000 samples per second. Throughput may be slowed down,
however, by other factors that prevent data transfer at the full rate. For example, signals that
are switched (multiplexed) into the converter may need time to settle - especially highly
amplified signals or signals from high impedance sources. Some A-D converters measure the
signal over a period. To reduce noises perform integration. Note that the throughput of an

integrating converter isn’t the inverse of the integration time.

3.2.4.4 Integration Time

Integration A-D converter averages the input signal over an integration time. In countries
with a 50 Hz mains supply, a 20-millisecond integration time will average over a complete

mains cycle. Helping to reduce the frequency interference.

3.2.4.5 Offset Errors

Offset is getting a reading other than zero for a zero condition: every reading will be

inaccurate by this amount.

3.3.0 Transducers

Transducers are needed to convert physical quantity being measured into an electrical signal
for transmission. An example of a.transducer is a submersible pressure sensor, which is used
to measure water depth in the rivers and lakes. It generates a current of 4 to 20mA in
proportional to the pressure over the particular sensors sensitivity range. A load resistor

converts the current to voltage range of 0.4 to 2.0V.
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Figure 3.2Rain gauge transducer at Itezi—tezi (ZESCO LTD)

3.4.0 Modems

The word modem comes from the combination of two words modulation and demodulation.

* Modulation involves two waveforms: a modulating signal that represents the message
and, a carrier wave that suits a particular application. A modulator alters the carrier
wave in corresponding with the variation of the modulating signal. The resulted
carrier wave “ carries” the message information.

* Demodulation; modulation is a reversible process and the extraction of the message
from the information bearing waveform produced by the modulator is accomplished

by the demodulator.

The benefits of modulation are efficient transmission, overcoming hardware limitation,
reduction in noise and interference, frequency assignment and multiplexing. The Modems are
used to convert bit serial digital quantities to analogy signals that can be sent over telephone

transmission channels or other paths.

An internal modem is plugged into a computer slot or it may be a built in, while an external
modem is a stand alone box, powered from the ac power line, with RS-232 connection to the
computer serial port .The sending of data on a single telephone channel in both directions

simultaneously is referred to as full duplex.
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There are three full ~duplex formats in common use namely, 300 baud rate frequency shift

keying (FSK), 1200 baud rate phase-shift keying (PSK) and the 2400 baud rate phase —shift
keying. A modem designed for say 1200-baud rate will generally support 300baud rate. A
standard 300baud rate Bell (103) modem has a designated pair of audio tones representing
mark and space: 1270Hz(mark) and 1070(space) in one direction and 2225Hz and 2025Hz in

the other direction.

The 1200baudrate standard (Bell 212A) operates differently. The digital stream is grouped
into bit pairs (dibits), each of the possible dibits as transmitted as designated phase shift of a
fixed: frequency carrier (00: +90°, 01:0° 10:180° and 11: -90°), with smooth transitions of
the transmitted dibit to the next. The dibits are transmitted at 600Hz rate .The carrier
frequency is 1200Hz in one direction and 2400Hz in the other. The receiving modem decodes

by looking at the difference in phase adjacent dibits.

The 2400baud rate full duplex modems also use phase-encoded dibits, though with different
set of phases. These modems tend to use real-time adaptive equalizers to correct the
frequency and time in delays errors of telephone line, and highly optimized filters for both
transmitted and received signals. Here the error rate is not significantly degraded as compared

with 300-baud modem.

3.4.1 Flow (handshaking) Control

The next step in setting up a modem is to place the proper parameters in the communications
program. Each communications program is different in its detailed setup. Nearly all
communications programs however do, require knowledge of the modem brand name, or at
least, whether or not it is "Hayes compatible"; the modem speed, the computer serial/com

port, and IRQ. In addition, high-speed modems must set the "flow controls".

Flow control or “handshaking” establishes who talks, when. Like ham radio operators who
say “over” when each is through. speaking to signal to the other that he is ﬁnished, flow
control in modems does the same thing. This prevents the modems from both transmitting at
once. The RS-232 standard supports two forms of flow control in PC serial ports. These are
“software handshaking and hardware handshaking”. Software handshaking, as the name
implies, involves sending a signal within the data stream to indicate when the transmission is
complete, to say “over”, and hardware handshaking involves sending signals via a separate -

channel to indicate “over”.
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Additionally, there are two areas of Local flow control specifies how handshaking is

accomplished between the serial/com port and the modem. End-to-end flow control dictates
the type of handshaking between the two modems. Further, end-to-end flow control is
determined automatically by the error-control standards in the modem or by the file-control
protocol used by the communication program being used. The communications program
setup provides a choice between hardware or software handshaking. The setting should

always be on hardware handshaking at higher speeds, 9600bps or higher.
3.4.2 Modulation Standards

There are many standards for modulation: The bell 103 and 21A are old standards. Bell 103
transmits at 300 bps at 1 bit per baud. Bell 212A is the next step up, capable of two bits per
baud. It was capable of 1200bps at 600 baud. Each used a different type of modulation.

The V.21 Used mainly outside the U.S., it is a sort of international standard. It is not

compatible with Bell protocols, and is only capable of 300 bps.

The V.22 Shares the features of V.21 but is capable of 1200 bps. V.22bis protocol came next.
It is used both in the U.S. and outside, and runs at 4 bits per baud for a total of 2400 bps.

The V.23 Used mainly in Europe, this allows the modem to send and receive data at the same
time, although it can only sent data at 75bps. This standard was developed to lower the cost

of modems.

The V.29 This is a half-duplex standard, meaning one-way. It works at 9600 bps. The
standard is not laid out well for modems; therefore, it isn't much used. The protocol is most

often used for fax machines.

The V.32 This standard got users into the ballpark we are all in now. It is a full-duplex
standard and operates at 9600 bps, with a 2400-baud rate. It incorporates error correcting and

negotiation. The error correcting allows V.32 to work well over phone line noise.

The V.32bis is one step up from V.32. It transmits 6 bits per baud, allowing throughputs of
14,400 bps. It also allows fallback onto regular V.32 if the phone line was impaired. Many

still use this modem standard primarily.

The V32 fast is better known as the 28,800 bps modem.
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TheV.34 is the latest real modem standard. It provides a reliable 28,800 bps connection.

With upgrades to the ROM BIOS on the modem, the standard is often used for 33,600 bps

transmissions.

3.4.3 HF Communication radio modems

Have to comply with the United States Federal Standards FED — STD —1045 for automatic
link establishment (ALE) radio (and its military counterpart MIL-STD-188-141A). MIL-188-
141A Standard, also known as Automatic Link Establishment (ALE), specified by the US
Department of Defense, is a procedure whereby radio stations are able to automatically set up
their link thus eliminating

* The need for skilled operators - in fact the growing lack of trained and experienced

staff was a driving force behind the idea of ALE.

A station will transmit a link quality burst, which may or may not contain the address of
another station on a series of pre assigned frequencies. The listening station(s) will
continuously scan through these frequencies. While scanning the receiving station will
perform a link quality analysis and measure signal to noise ratio and bit error ratio. These
measurements are used to set up a table in memory of link quality assessments for each

station and frequency.

Based on the values of the table, the best frequency available is selected when the station
wishes to transmit. When the ALE controller of a receiving station hears its own address (or
the address of the group to which it belongs) it will stop the scanning and respond to the call.
The stations will then either switch to a low speed data exchange mode or to a high-speed

data (FSK or PSK) modem or to voice mode.

The MIL-188-141A signal is an 8-tone MFSK signal in the range 750 - 2500 Hz spaced 250
Hz apart. Each tone (symbol) is 8 ms long corresponding to 125 Baud and represents three

bits giving a bit rate of 375 bps.

The MIL-188-141A bit-stream is structured in 24-bit frame, which includes three bits
preamble for the frame type and three 7-bit ASCII characters or just 21 bits unformatted

binary data.
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To increase robustness the 24-bit frame is Golay encoded (24, 12), then interleaved giving

a total frame length of 48 bits + 1 stuff bit. Each 49-bit code word is transmitted three times
one after another to combat burst interference.

The MIL-188-141A mode decoder processes the signal automatically after the center

frequency is set. It synchronizes the signal in both USB and LSB polarities, display readable
message n ASCH, HEX or both ASCH and HEX formats.
* The Standards ensures that radio controller from different manufactures will
communicate with each other.

Telemetry modems allows data retrieval from data acquisition systems.
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Chapter 4

4.0 HF Transceivers

A transceiver is a radio communication system having a dual function of a transmitter and
receiver in one. As transmitter it is required to transfer information from location to another

and as a receiver to receive the information.

In the telemetry radio system, the transmission system converts the message provided by the
data acquisition subsystem through the Skyline modem 1045 into a modulated
electromagnetic signal that is transmitted .The receiver will then convert or demodulate the

signal at the far end into the original form.
4.1.0 Antennas

The antenna is an extremely vital part of the communication system. The time spent in the
selection, proper installation and tuning will be well re-paid in superior communication. The
function of the antenna is to provide an efficient transfer of RF energy between the totally
contained and guided environment of a coaxial cable and the uncontained unguided
environment of free space. The signal and noise levels, received over a given HF link are

depended considerable upon antenna characteristics.

125/500 watt multi wire broadband dipole S

Figure 4.1 broadband antennas



25

4.1.1 Antenna Considerations

4.1.1.1 Matching

Propagation effects and levels of ambient noise play a crucial role in HF communications link
performance. The antenna characteristic play a major role on the signal and noise levels
received .The review of the role of the antenna and its impact upon link performance is

necessary before the system performance is undertaken.

The high frequencies pose serious challenges to communication systems. The usefulness of
the system performance estimates depends on realistic power gain and radiation patterns
estimates of the antennas on the operational circuit. It is vital to pinpoint sources of antenna

degradation.

The physical size of HF antenna systems is usually much smaller than their wavelength. The
tend to have a low radiation resistance R, and high reactance X.The antenna tuning unit is
required to tune out reactive term and to present suitable resistance to the transceiver. The
antenna and the tuning units exhibit loss resistance r. The antenna losses are due to ground
resistance, corona effects, imperfect dielectrics near the antenna, energy loss due to eddy
currents induced into nearby metallic objects and I°R losses in the antenna itself. This is

expressed as follows:
Pwn=DPat D, (4-1-1)
Where p,, is the power delivered to feed point.
p, is the power lost.

p, is the power actually radiated?
The radiation efficiency n is defined as the ratio of power radiated by the antenna-to the
power supplied by the transmitter. Mathematically this is expressed as

-
n=
(r+n)

(4-1-2)
Where, » is the radiation efficiency

r is the low radiation resistance

"t is an equivalent series loss resistance.
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4.1.1.2 Gain and directivity

Antenna gain is the measure of how well its concentrates its radiated power in a given
direction. It is the ratio of the radiated power in a given direction to the power radiated in the
same direction by a standard antenna, keeping the input power constant. The power gain does
not involve impedance or polarization mismatch losses. The radiation patterns are such that
power flux is maximized in certain preferred directions. The power gain G is defined as
follows.

G =max power intensity /average power intensity (4-1-3)

In decibels the gain of an antenna is expressed as follows:
A(db) =10log,, (P! ) (4-1-4)
0

Where A(db) is the antenna voice in decibels.
D, is the power of the unidirectional antenna

p, is the power of reference antenna.

The effective area 4

r is the ratio of power available at the antenna terminals to the power per
unit area of the appropriately polarized incident wave. In a loseless effective area determines
the useful power delivered to the load, hence indicates efficiency. Effective area is defined by
_Gn . .
" 4(pi) (4-1-5)

Where G is the antenna gain and 4 is the wavelength

In HF communication it’s the directivity of the antenna rather than its absolute gain that is
valuable on receive. Directivity is the property that enables antenna to discriminate in favour
of the signals coming from a particular direction. The directivity D and the gain G are

directly related in terms of antenna efficiency » as follow

G =nD (4-1-6)

Directional antennas have a number of advantages including an improvement of signal -to —
noise ratio, an increase in traffic handling capacity and a reduction of the susceptibility of the
receiver to interference. Usually it is a practice to have the same antenna for both

transmission and reception in a communication link.



4.1.1.3 Polarization

The maximum power transfer between two antennas occurs, when the antenna and the
characteristic wave polarization matches. In the process of HF propagation the polarization

keeps on varying. In sky wave propagation the plane of the polarization of the received signal
is time dependent.

A horizontal polarized signal undergoes a phase reversal on reflection and requires a high

antenna for efficient low angle radiation. A vertically polarized signal undergoes a phase
reversal at the angle of incidence.

4.1.1.4 Transmitting Antennas

To radiate maximum power, the impedance of the transmitting antenna to the driving source
must be within certain limits over the frequency range it is designed to operate. There is a
normally specified nominal impedance and maximum permissible voltage standing wave

ratio (VSWR). The impedance values are typically 50ohm, 750hm, 300ohm and 600ohm,
while the maximum VSWR are 1.2:1,1.5:1,2:1,2.5:and 3:1.

Figure 4.2 broadband antenna at Itezi-tezi (ZESCO Ltd)
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The HF propagation is broadly classified in three classes.

1. Self-resonant antennas-this is the half-wave dipole, the total length which is
nominally 2 wavelength at the carrier frequency. These operate at a specified
frequency. |

2. Resonated Antennas-these antennas are used over a range of frequencies by
employing a matching unit which transforms the widely varying antenna impedance
to some specified value. An end —fed whip antenna is a good example.

3. Broadband Antenna-These antennas are designed to present impedance that remains
within an acceptable range over a wide band of frequencies. Some types, such as the
fan dipole, are basically self-resonant antennas with a very broad bandwidth

capability.

The broadband antennas at HF frequencies are large devices, their size being proportional to
the longest operating wavelength; size also tends to .increase as the required operating
bandwidth is increased. Then it is acceptable to connect a broadband antenna directly to a
transmitter even if the VSWR of the former remains within the limits acceptable to latter.

Tuning is necessary, to reduce harmonic radiation.
4.2.0 Frequency propagation and Selection

Propagation in the HF band is mainly dependent upon the reflection of radio waves from
ionized layers in the earth’s atmosphere. This is typically true for rangers greater than 50
Km.The are three (3) mode of propagation, namely Sky wave, ground wave and space wave

propagation.

The correct choice of frequency is vital to the establishment of successful communication
link with a distant station and certain factors to be taken into account include time of day,

season of the year, short solar flare activity and the long-term sun sport cycle.

4.2.1 Variations due to the solar cycle

The Sun goes through a periodic rise and fall in activity, which affects HF communications;
solar cycles vary in length from 9 to 14 years. At solar minimum, only the lower frequencies
of the HF band will be supported by the ionosphere, while at solar maximum the higher

frequencies will successfully propagate see, figure 1.4. This is because there is more radiation






