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ABSTRACT

Orthogonal functions are the mathematical foundations of implementing multiplex
transmissiom. Walsh functions are a set of functions which are orthogonal, normalized,
and complete. They can also be used to accomplish multiplex transmission---constituing a
new kind of telemetry system. In this paper, the constitutive principle of Walsh function
telemetry system is introduced, the Walsh function telemetry system has already been
built, the experiments performed recently on this system and the results of flight
experiment are comprehensively discussed.

INTRODUCTION

As everyone knows, the mathematical foundation of forming a telemetry system is the
orthogonal functions. For instance, sine and cosine functions are orthogonal, and they have
been used to constitute the frequency division multiplex telemetry system. Walsh functions
are also a set of orthogonal functions, as can be seen from the following:

(1)

Can we use sequency division to accomplish the multiplex transmission---constituting a
new telemetry system?

In the early 1980s, some theoretical investigation has been carried out on the possibility of
implementing multiplex transmission using Walsh functions, and the prototype of multiplex
transmission system on the baseband has been built. The results have shown that the
principle is feasible and the effect is fairly good.

For the further investigation of its practical properties, a Walsh function telemetry system
applying to engineerings has been set up according to the environmental conditions for



equipments on an airplane and the operation requirments. The transmitting and receiving
sections at P wave band are also supplemented to the base band transmission system. In
order to read the experimental records accurately and conveniently, calibrating apparatus
have been installed in the transmiting section of the telemetry system on airplane; the
design for minimizing the airborne telemetry transmitting equipment has been adopted to
fit the installation on the airplane. The equipments for receiving, modulating, displaying
and recording are all built in one truck becoming a mobile telemetry earth-based station.
Then, the assessment of such experiments on the whole system as combined experiment,
environmental experiment, and distance stretching experiment on the ground is made.
Recently, with the telemetry transmitting equipment being set on airplane, the test on the
flight experiment is performed. The results of the experiments carried have shown that not
only can Walsh functions be used to make a practical telemetry system, but also this new
kind of telemetry system has some special advantages over the traditional frequency
division multiplex (FDM), and time division multiplex (TDM) telemetry systems.

BRIEF INTRODUCTION OF THE SYSTEM

The main specifications on performance of the Walsh telemetry system are as follows:

1. Type of modulation: WAM-FM
2. Number of channels: 15
3. Frequency rang of signals measured: 0-1000Hz
4. Amplitude of input signal: ±2.5Vp-p
5. Radio frequency wave band: P band
6. Power of radio frequency: >0.8W
7. Transmission accuracy of the system: better than 3%
8. Working distance of the system: 130Km(the height of the transmitting equipment:

10Km)

The block diagram of the telemetry transmission equipment is shown in fig.l.

The block diagram of the telemetry earth-based station is shown in figure 2.

The working principle of Walsh function telemetry system is briefly described as follows:

15 signals to be measured are fed to the input terminals of the gate circuits respectively
after they have been adjusted to the range of -2.5V-+2.5V by the conditioner in each
channel. Other terminals of the gate circuits are connected to a high precition level which
is used to calibrate the system before the experiment. The output signals of the gate
circuits are conveyed to integrators which integrate the signals in every period T of Walsh
function. Sample-holders sample the final levels of the integrated voltages and hold these



levels in the period T. Thus, signals from all the channels become the step waves with
period T after the processing of integrators and sample-holders. The step waves from
every channel are multiplied by Walsh functions respectively in the multiplier, the outputs
are Walsh waves (WAM) that have already been amplitude-modulated. 15 Walsh waves
modulated are added in a SUM stage and the synchronous flag pulse is brought into the
composite signal, then , the synthetical wave U  (t) with synchronous flag is transfered to,

the radio frequency transmitter to be frequency modulated at P wave band. The radio
frequency carrier is brought to the transmitting antenna to be radiated into space after the
amplification by the power amplifier.

Calibrator produces high precision levels with ten steps which are put to the input
terminals of the gate circuits in every channel. The recording equipment of the telemetry
system will take down these high precision steped level to be used as the criterion for
reading the singals before recording in the experiment.

The receiving antenna on the telemetry earth-based station conveys the radio frequency
signal to the P wave band receiver which demodulates the receiving signal to get the
synthetical U  (t) corresponding to that in transmitting equipment. Synchronization,

detector detects the synchronous signal from the synthetical signal U  (t) to control Walsh,

generator in the earth-based station in order that it synchronizes with Walsh generator in
the transmitting equipment. Two kinds of signals U  (t) and Wal(j,t) are simultaneously fed,

to the input terminals of the multipliers, the product of the multiplication of the input signal
is as follows:

(2)

According to the multiplication theorem of Walsh functions:

(3)

For the addition of modulo 2, when i=j, irj=0, thus, equation (2) becomes:

(4)



Therefore, the multiplier has picked out the desired signal Aj at the j channel from the
synthetical signal U  (t). Signal Aj can be processed through the integrator and sample-,

holder to get the step waves with period T and recovers the original signal measured after
passing through the low-pass filter. The 15 signals recoverd are conveyed to the output
ports of the system and all kinds of equipments for displaying, recording and processing
can then display, record and process these signals.

SYSTEM EXPERIMENT

For the Walsh function telemetry system that have been made, the environmental
experiment on the ground and the flight test of the system have been performed.

Environmental Experiment: This experiment is carried out on the telemetry transmitting
equipment in accordance with the standard environmental condition of the equipment on
board airplane. The items of the experiment include: high temperature, low temperature,
shook, vibration, acceleration, high temperature with damp, low temperature with low
atmospheric pressure,etc.

Combined Experiment: This experiment tests if the whole performance specifications of
the Walsh telemetry system achieve what have been designed in the condition of
laboratorial environment. Four kinds of analogue signals are applied to the 15 input
terminals of the system: direct current, square wave at 30Hz. sine signals at 200Hz and
1000Hz. The results of the processing to the experiment recordings from the 15 channels
show that the transmission precession of the system is better than 3%.

Working Distance Experiment On Ground: The telemetey transmitting equipment is placed
in laborary with the height of the transmitting antenna being about 20 meters. The
telemetry earth-based station on truck moves apart from the transmitting antenna, and the
receiving antenna is in the direction of the transmitter. We can conclude from the results of
the processing to the recording from the 15 channels that the working distance on the
ground is 15Km provided that the system transmission precision is maintained.

Flight Test: The aims of the flight test are to examine the main electrical specifications,
properties of the mechanical structures, and the maxmum working distance in space while
keeping the system transmission precision of Walsh telemetry system in the real
enviroment unchanged.

The telemetry transmitting equipment is mounted on the airplane. Three set of analogue
signals are connected to the input terminals of the 15 channels respectively: direct current,
sine signals at 300Hz and 1000Hz. Two earth-based station on trucks are arranged near
the airport. The flying height is 10Km, and the speed is 900+20Km/h. The plane circles



once after its taking off and then keeps the horizontal flying status all the time, meanwhile
the receiving antenna on the earth-based stations tracks the plane, then the equipment for
displaying, recording on the ground displays and records the signals from the whole
channels. In order to verify the repeatability of the experiment, three times of flight have
been performed on the same experimental condition. In these processes, transmitting
equipment on airplane and the telemetry earth-based station are operated normally all the
way, trouble has never occured. The signals to be measured can be received and
demodulated within the distance of 200 Km. The results of the processing to the whole
experiment records show that the maximum working distance is 130 Km with regard to
maintaining the system transmission precision.

CONCLUSION

1.  Orthogonal Walsh functions can also be used to constitute a multiplex transmission
system. The examination in reality to the flight test has proved that Walsh function
telemetry system has practical value.

2.  Under the circumstance that the capacities of two systems are the same, the cross
interference of Walsh function telemetry system is obviously small than that of frequency
division multiplex (FDM) telemetry system.

3.  Compared with frequency division multiplex (FDM), and time division multiplex
(TDM) telemetry systems, Walsh function telemetry system (SDM) is stable in
performance, good in reliability, simple in structure, mainterance and operation.
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Fig.1 Block diagram of transmitting equipment

Fig.2 Block diagram of telemetry ground station


