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ABSTRACT

In this paper a Haar telemetry system is introduced. There are two key points for
construction of the Haar telemetry system:  to generate Haar function waveforms and to
design a multivalue logic multiplier.
First, we discuss the way of building the Haar function generator. There are several ways
to solve this problem. One of them will be introduced in some detail.
Secondly, the multivalue logic multiplier is described. The multiplier consists of three
parts:  operational amplifier, switching element and its control circuit.
Thirdly, according to the relationship between Haar waveforms and switching control
wignal, we combine the multiplier with the generator as a whole which is called Harr
function modulator. The function of the modulator is the same as Haar function generator
plus a number of multipliers, but the circuit of which is greatly simplified.
The experimental results show that the new system is effective and as compared with
Walsh system the Haar one seems to be a little better.

INTRODUCTLON

The definition of Haar function and the principle of telemetry system based on Haar
function have been introduced in a paper [1].
Being non-sinusoidal function telemetry systems, Haar system and walsh system have
many things in common. Since the theory and technique for the construction of Walsh
telemetry system have been well developed, [2][3] we focus our intersts only on the
differences: Haar function waveform generator and multivalue logic multiplier.

HAAR WAVEFORM GENERATOR

Since the waveforms of Haar function have three values, it is impossible to generate them
with only digital circuits. so, digital circuits as well as analogue ones should be taken into



consideration. By examining the Haar waveforms in Figure 1, we find that they have a
property of time division. To take the advantage of this, we first generate three values
waveforms with a square waveform generator plus a multiple-switch, as shown in Figure 2.
Based on the above generator, it is very easy to generate Haar waveform. The generator
for the first fifteen Haar waveforms is shown in Figure 3.

MULTLVALUE LOGLC MULTIPLIER

There are three basic types of multipliers. The first one multiplies, two voltages that can
assume two values only, say +1V and !1V. This type of multiplier is implemented by logic
circuits and used in Walsh telemetry system. The second type multiplies a arbitrary voltage
V1 with a voltage V2 which can assume a few values only. The third type multiplies two
arbitrary voltages. Because of the property of Haar waveform, we are interested in the
second type multiplier. One kind of multiplier is shown in Figure 4. This multiplier can
multiply a arbitrary voltage Vin with three valued:  +1, !1 and 0. The other values of Haar
waveform such as                               ........ can be casily realized by adjusting the
coefficient of adder. The principle of the multiplier is as follows: Kj (j=1,2,3) is a analogue
switch. K3 is controlled by Haar waveform, and K1 and K2 are controlled by what we call
control signals. We define that S'i is K'1 '

1s control signal and S"i  is K'2s control signal. S'i and
S"i  correspond to Har(i,t). That is, S'1 and S" correspond to Har(1,t), S'2 and S"2 conrrespond
to Har(2,t), and so on. The waveform of S'i and S"i  is:

Having Known the waveforms of S'i, S"i  and Har(i,t), the principle of the multiplier
becomes very clear: When S'i =1, S"i =0, the switch K1 is on and K2 is off. The multiplier
becomes the one used in Walsh system during this period. So the output Vo is equal to
+Vin and !Vin . When S'i =0, S"i =0. the output Vo is equal to zero. Therefore, during the all
orthogonal period of Haar function, the output Vo is equal to the Vin multiplied by Har(i,t).

HAAR FUNCTLON MODULATOR

Consider the above three values multiplier, two additional switches and two additional
switch control signals are needed compared with the two values multiplier. For a system of
fifteen channels, thirty additional switches and their control signals are required. So we
want to simplify the system design. We find that there is a close relationship between
Har(i,t) and its control signals S'i and S"i . Can we make use of the relationship to simplify
the system? Further experiment and analyses show that we can. First, we have to make



sure that what our goal is. our goal is: Vo(t)=Vin Har(i,t). Then We try to find a simplest
way to reach our goal. We find that if we take switch K3 away (see Figure 4.) from the
three Values multiplier, of course, the Haar waveform generator which is connected to K3

is taken away altogether, and change the waveform of S"i  a little We can still reach our
goal. S"i  is changed in this way (We still use the same symbol):

The worhing principle of the modified circuit is quite clear. During the period where
Har(i,t) … 0, S'i = 1, and K1 is on. In the first half of the perind S"i  = 0 and K2 is off. So, We
get Vo=Vin. In the last galf of the period S"i =0, and K2 is on. We get Vo=!Vin . During the
period where Har(i,t)=0. S'i=0, S"i =1. and K1 is off, K2 is on, in thes case we can easily find
that Vo=0. By now, therefore, We have reached our goal: Vo(t)=Vin Har(i,t). But the
circuits have been greatly simplified because the generator of Haar waveform and one of
the switch (fifteen switches for a system of fifteen channels) are thrown away and the
complexity of the control signal generator is almost the same. We find that if let Vin=+1V.
then the output Vo=Har(t). So we have got another kind of Haar waveform generator. But
the function of this one is more powerful. The output of it can be Haar waveform as well
as modulated Haar waveform depending on Vin . We call it Haar function modulator as
shown in Figure 5. If we connect au inputs into a valtage +1, it is a Haar waveform
generator and if We let all inputs be the information signals to be transmitted, it is a
modulator of Haar waveforms.

THE COMPARISON OF HAAR TELEMETRY SYSTEM WITH WALSH
TELTMETRY SYSTEM

This part deals with Haar telemetry system and Walsh system from thoretical point of
view. The crosstalk, the noise property and the bandwithd utilization of both systems are
compared.
As We Know, the multiplication of any two different sinewave, say sin T1 t and sin T2 t,
Will make two new sine wave:

And this is the main source of crosstald in FDM(Frequency Division Modutation) system.
According to the Walsh function theory, the multip lication of any two Walsh wave will
make only one new Walsh wave:

Wal(n,t) Wal(m,t) = Wal(nrm,t)



The equations above show that the crosstalk in Walsh system, thoretically speaking, is less
than that in FDM system. Now, Let us look at the multiplication of any two different Haar
wave, Har(n,t) Har(m,t). suppose that m< n (it will make on difference if m> n), we can
easily find that there will be three results by examining the Haar Waveform: Har(m,t),
-Har(m,t) and zero. That means no new Haar Waveform will appear by multipling any of
two different Haar waveforms. Therefore, from thes point of view, the crosstalk in Haar
system will be less than that in Walsh system.
We have two systems,one is Walsh, the other is Haar in our laboratory. Both systems are
built with almost the same elements and most of the circuits such as Sample-Hold,
Integrator, Adder and so on are the same. The crosstalks have been measured on both
systems under the same laboratory condition. For Haar system, the average maximum
crosstalk is about 1.0%, but for Walsh system is about 2.0%. The experimental results
have conformed the thoretical results. After passing through the channel with noise, the
sum of information signals is added with noise. Using the same demodulation method, We
can get the peak power signal noise ratio of demodulator’ s output at the moment To in
both systems:

The voltage form is:

The physical meaning of the above equation is very clear: the output signal noise ratio is
proportional to the ampitude of sigral A and K; it is inverse-proportion to the number of
channels m, this is because that the more channels are, the less each channel’s signal will
be in the sum of all channels, and the bigger amplification is requierd for the demodulater
to restore the amplitude of the original signal, and at the same time the noise is also
amplified; it is also inverse-proportion to no fm, no fm is the noise average power nhich sas
niose power spectral den sity of       and band width of fm . Which system’s anti-noise
property is better?
Since both systems are under same condition, A, m, fm and no (t) in both systems are equal.
then, the only diggerent factor probaly is K. Let us compare Ys in both systems. We define
that KH is the K in Haar system and KW is in Walsh system. Ofcourse, the bigger the K
is,the better the system’s anti-noise property will be.

In Walsh system. the sum of signals is the sum of all m channels at the every time-interval.
But in Haar system. the sum is only the sum of i channels at the any time-interval, where 



i=Log2(m=1). Usually m »i. Therefore, the modulation coefficient of adder in Haar system
can be adjusted bigger than that in Walsh system. ie, KH > KW .
Examples:
Supose that m=15, and amplitude of all Channel’s signal is from !1V to +1V, and the
adder can ensure the maximum amplitude of 1V. Then for both systems we have:

For walsh system:

For Haar system:

We get KW=1,  KH=2.07

When m=31 and the other conditions are the same, We can get KW=1, KH=2.80.

The above figures show that the anti-noise property in Haar system is better than that in
Walsh system, and as m increases, the relative ratio of KH and KW (KH/KW) increases too.
This fact demonstrate that more channels of signal to be transmitted the Haar system has
more advantage over Walsh system.
The modulation in both ststems belongs to linear modulation. There is a such conclusion in
book [4] written by Harry L. Van Trees:  For Linear modulation, the error is only the
function of signal’s apectral density, the power of transmitting and the amplitude of white
noise; if the spectral density of signal and white noise are given, the only way to decrease
erorr is to increase the transmitting power. The increace of modulation coefficient means
the increase of transmitting power. So, this conclusion conforms the conclusain we have
duawn above.
The sum of signals in both sysems is step form. The only difference is that for Haar system
every step is the sum of i channels while for Walsh system is the sum of all m channels
(i=log2 (m+l) ). After some reasonable assumptions such as all inpnt signals are uniform
distribution or gaussian distribution and so on, we find that the distributions of the sum in
both systems are the same. Therefore the utilization of bandwidth for both systems is the
same. Detailed analysis and experiments prove that the bandwidth for both systems is

about                         where m is the number of channels and T is the orthogonal period.



CONCLUSOIN

The two problems for building a Haar telenetry ststem have been solved. A model with
fifteen channels has been bnilt in our laboratory. Experimental results show that the system
is effective. Theoretial analysis and expermental results show that Haar system’s crosstalk
and noise properties are superior to Walsh system.
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