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ABSTRACT

A unified approach to the multiplex is proposed in terms of the orthogonal functions. It is
called quadrature division multiplex, or Q D M in short. The orthogonal function is
essential to the multiplex. Except these functions mentioned above, there are other
orthogonal functions which are suitable for engineering practice. The orthogonality of the
functions is used for the division of signals. A block diagram of Q D M is briefly
described.

The perfomances of the Q D M system are analysed. The speciality of the Q D M is
simple and good. A model of the Q D M is built in our laboratory.

A New type of bridge function is presented. It is called copy-shift bridge functions, which
may be very useful for multiplex.

INTRODUCTION

The multiplex systems widely used in the world now are frequency division multiplex
(FDM) and fime division multiplex (TDM). They are laid upon the basis of sine function
and block pulse function respectively. In recent years, a new kind of multiplex system
sequency division multiplex— (SDM)—based on walsh function was introduced  1

In TDM system, the modulators in the transmitting terminal are actually the multipliers.
There are two signals: Ai (t) obtained by sampling the information signals fi (t)
(i=0,1,2....n!1); signal b10(n,i,t) obtained by periodically extending the block pulse
functions. With different i, the block pulse functions b10(n,i,t) are orthogonal in interval
(0,T), i.e.



(1)

The natures of demodulation principles are as follows: In receiving terminal, assume that
the composite signal is

(2)

 Multiplied by the block pulse function,

(3)

After sampling-holding

Sj (t) = Ai (t-T) (4)

Hence, in transmitting terminal the different Signal Ai(t) is multiplied by the differet and
periodically extended block pulse function.

In receiving terminal signal Ai(t) can be extracted by coheret demodution. According to
sampling theorem, information fi (t) can be extracted from Ai (t)
through a low-pass filter when sampling rate is greater than Nyquist rate.

In SDM system, the orthogonality of Walsh functions is used, i.e.

(5)

Suppose the composite signal in the receiving terminal is

(6)

where wal(i,t) is the periodically extended Walsh function, we use the same symbol for
simple.



The composite signal multiplied by wal(j,t) (j=0,1,2,..... n!1), we have

(7)

Integrating equation (7)  in interval kT,(k+l)T      (k=0,1,2,.....).

(8)

Through sampling-holding circuit, we get the same stepped wave as in the fransmitling
terminal. By sampling thedrem, we can also obtain the original information signal fi (t).

From the analysis obove. we get the conclusion that TDM and SDM are on the same
principle of orthogonality. Now can all of the orthogonal function be used in multiplex
system? If possible, how to compose the system?

QUADRATURE DIVISION MULTIPLEX SYSTEM

Giving an orthogonal sequence {gi(t), i=0,1,2..... n!1}, the orthogonal interval is [0,T].
First, we make a periodic extension of each function according to the orthogonal interval,
they are { Gg iG (t), i=0,1,....n!1 }, t 0 [0,4). The relation between Gg iG (t) and gi (t) is

(9)

where the symbol [   ] means only taking the integer part. If we multiply each of the input
information signal f i (t)   (i=0,1,....n!1) by Gg iG (t), and add them up, we get a composite
signal, i.e.

(10)

In the receiving terminal, multiply the composite signal by a certain synchronized Gg jG (t),

(11)



In terms of the orthogonality of sequence {gi(t),     i=0,1,....n!1} we have

          (12)

and

          (13)

So Gg iG  (t) Gg jG  (t) is a periodic function with maximum period T. And the mean of it is zero

when i … j. Now we expand Gg iG  (t) Gg jG  in terms of Fourier series

           (14)

where

Put equation (14)    into (11), we get,

(15)

The information signal fi (t) has a bandwidth of [0,wm], and so the bandwidth of the second
term in equation (15) is [wo !wm, +4] according to the modulation theorem of
Fouriertransform. Choosing the proper orthogonal interval T. So that the foundamental
harmonic comporent and all the other harmonic component are beyond the interval [0,wm] ,
hence we get a transfer function

This is a low-pass filter by which we can extract the information siqnal f i (t) from sj (t).

From analysis above, a diagram of QDM system can be drawed in Figure 1. Just as TDM
system, the key in QDM system is synchronization. Once the synchronization is lost, the
system can not operate properly.
We have analysed theoretically that TDM, SDM systems belong in the same kind of QDM
system, and a diagram of QDM system is given. Any group of orthogonal functions can be
used in multiplex system QDM makes the multiplex system simpler and the performance
better. Two kinds of QDM system with Walsh function and Haar function were developed
in our laboratory, each of which has 16 channels. Each channel can transfer the signal with
frequency 2 KHz , so the capacity of the whole system is 32 KHz.



The accuracy of the QDM system is quite good. It may be put into effect.

A NEW BRIDGE FUNCTION

Expect these functions metioned above, is there any other orthogonal functions which is
suitable for engineering practice? In the paper [2], a new type of orthogonal functions,
called bridge functions, was introduced. Being simple and good, the bridge functions will
form a new type of telemetering system. The construction of bridge functions is the
combination of the copying mode of the walsh functions with shifting mode of the block
pulses. In the process of forming this bridge system, copying is done after shifting. So, we
call them shift-copy bridge function. If copying is done followed by shifting, we can obtain
another bridge function system which is called copy-shift bridge functions. The
construction of a discrete copy-shift bridge function is as follows:
(1)  Let i represent the order number of a function. Express it in binary code with p digits,
i.e. ip!1 .... ij ij!1 .... i0 i0 .
(2)  The binary number is divided into two parts The j binary digits on the right side
ij!1 .... i1 i0 are used as copying information and the (p!j) on the left as shifting information.
(3)  Sequence copying is done first, followed by sequence shifting.
(a)  According to the information ij!1 .... i1 i0 copying is done one by one until the j digits
are used. It worth notice that the copying information at first time is ij!1 and the original
sequence is always +1 (+ for short).
(b)  With the original sequence obtained through copying, sequence shift is done according
to the shift information ip!1 .... ij

The process of forming the functions Bri p
'  (i,j,p,t) is shown in Table 1. The waveforms of

bri p' (i,j,p,t*) are given in Figure 2.

From the method of construction discussed above, the mathematical expression of copy-
shift bridge functions can be easily obtained. They can be expressed as the product of a
Walsh function and a block pulse.

where

In terms of the mathematical expression, we can prove that the copy-shift bridge functions
have orthogonality if certain conditions are satisfied. Since the length of paper is limited, It
is omitted.



From the copy-shift bridge functions, many orthogonical system can be obtained. They can
from new types of telemetering system.

CONCLUSION

The basis of mathematics for all multiplex is orthogonal function. Up to now four kinds of
orthogonal functions have been discussed, they are sine, block pulse, Walsh and Haar
functions. Their counterparts are FDM, TDM, SDM etc.
A set of the copy-shift bridge function is briefly introduced. Though it is only discussed on
academic level, it may be very useful for multiplex.
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TABLE I THE PROCESS OF FORMING THE FUNCTIONS Bri p
' (i,j,p,t)

j=2, p=3

 




