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A Useful Method of Error-Correction
and Data Synthesis for Telemetry

Fan Chuan-hang
Xinan Electronic Engineering Institute, China

ABSTRACT

In the field of telemetry, data synthesis is an interesting problem for multi-beam and
multi-receiver system. This paper introduces a useful method of coding and decoding
for linear block code, and describes a decoding method of M repeatition codes---a
special product code, the data synthesis is based on this method.

INTRODUCTION

Some telemetry system features short operating time, easy variation of channel
parameters and serious discontinuity of signal. As the vehicle nears the ground, the
difficulty in tracking antenna increases due to the increase of angular speed in tracking
the vehicle. One of methods overcoming this difficulty is adopting multi-beam, multi-
receiver and multi-telemetry-station, i.e. a receiver or a telemetry station receives
signal from a part spacial domain of dependence, the whole receivers or stations have
covered commonly the whole spacial domain which the vehicle pass through. This
method proved advantages in simplicity, practicability and reliability. But it is
required to solve the synthesis of data received by the receivers. In the case of PCM
data synthesis, the simple logic addition can be ineffective, the other suitable ways
should be used. Paper [l] made exploration in this respect. This paper introduces a
useful method of error-correcting and data synthesis for telemetry where the (n,k)
linear block code is adopted for error-correcting, the operation of coding and decoding
is simple. Data synthesis is based on the decoding theory of M repeatition codes---a
special product code. This decoding method is simple and easy and has weel anti-
fading nature.

FORMAT

A frame period is equal to 20ms, a word is 12 bits length, the frame synchro is Barker
Code (16 or 32 bits), the frame structure can be arranged as following:



BIT RATE BIT/WORD WORD/FRAME FRAME SYNCHRO
kbit bit bit
25.6  12 40  32
51.2  12 84  16
102.4  12 168  32

As bit rate is equal to 25.6kbit the format  is shown in Fig.1.

TELEMETRY SYSTEM

The block diagram of a telemetry system which possesses the function of error-
correcting and data synthesis is shown in Fig.2. The information source is the
measured voltage, the source encoder is A/D converter, the channel encoder converts
the message into error-correcting code. The system has m receivers and decoders. The
outputs of decoders are synthesized real-time or non-real-time, the synthetic data are
exported.

CHANNEL CODING

The channel encoder converts the 8-bit message into the (n,k) linear block code, hence
k=8. The block code can correct 1-bit error, therefore the minimum distance equals to
3, the weigh of each non-zero vector code is equal to or greater than 3 ( T$3). Let n be
equal to 12, hence each vector code has four monitor code elements (n-k=4), these
vector codes can meet the above-mentioned demand. Let M=(m , m , . . . .,m )1 2 8

represent the message, C=(C , C , . . . ., C ) represent the vector code. Let G represent1 2 12

the generator matrix, the vector code can be calculated b the following formula:

(1)
We can write G=[I  P], where, I  is a 8-rank unitary matrix,8 8

(2)



the matrix P is called monitor matrix

(3)

Substitute (2) and (3) into (1), we may write,

(4)

We can calculate the whole vector codes which are corresponding to the message
codes. For example, the code C=(000000000000) is corresponding to the message
M=(00000000), the code C=(000000010111) is corresponding to the message
M=(00000001) etc. Above the (12,8) linear block code is the systematic code, the
most significant eight bits are the same with the corresponding message code. This
feature makes coding simple. At first, we can calculate the monitor elements of the
whole 256 message codes, then write them into EPROM, theirs write-in-address are
equal to the corresponding message. When a message is encoded, it is only required to
read the monitor elements out from the EPROM (the read-out address is equal to the
encoded message), and then to combine the message and the monitor elements into a
vertor code.



DECODING

The generator matrix G is used for encoding, the parity-check matrix H is used for
decoding.

(5)

Where the matrix P  is the transposed matrix of the matrix P, the matrix I,  is  the  4-T

rank unitary matrix.We may utilize  the matrix H for checking the vector code C
whether or not it is produced by the help of the matrix G. If the following equation is
established

(6)

Where, the matrix H  is the transposed matrix of the matrix H, in that way, the vectorT

code C must have been produced by the matrix G. Let R represent the received code
passing through the noise channel, C represent the primitive vector code, E represent
the error vector, we have

(7)
the operation in relation (7) is modulo-2 addition. The vector C and E are unknown to
the receiving terminal, it is required to obtain the vector C from R, and then to get the
message M from C.
Decoding needs the help of the vector S,

(8)

The vector S is called syndrome, substitute (7) into (8), we have

(9)



If the vector S equals to zero (S=0), we have R=C, i.e. there is no error. If S …0, there
must be a error. The decoder detects and corrects error using the vecter S.

The (12, 8) linear block code is used on the error correction, there are 2  =256 vector8

codes ( also be called permissible code) which locate the first line in the standard
array (see Fig.3). When a certain vector C is transmitted passing through a noise-
channel, the received vector R can be any n-tuple of the 2  n-tuples. Each decoding12

scheme is a rule of arranging the 2  n-tuptes into the 256 subaggregates T , T , . . .,12
1 2

T  which do not intersect each other, the subaggregate T, only includes the vector256

code C , i.e. there is one-to-one correspondence between the subaggregates T and thei

vectors C. If a received code R is included in the subaggregate T , the decoder willi

determine C  to be the primitive vector code. Each line of the standard array is called ai

coset, the first element of a coset is called coset leader whose weigh is the least. There
is only one n-tuple whose weigh is equal to zero, there are twelve n-tuptes whose
weigh is one. When a vector code is transmitted passing trough the binary symmetry
channel without memory, the appering probability of a error patten whose weigh is
light is large, hence above the thirteen n-tuple are arranged in the first column and
used for being the coset leaders (i.e. the error pattens E -----E ). There are sixty sixi 13

n-tuples whose weigh is two, most of them appear in line 1----13. The weigh of the
error pattens E , E  and E  is two, the error patten E  does not appear in line 1----13,14 15 16 14

E  does not appear in line 1----14, E  does not appear in line 1----15. In a word, each15 16

of the whole n-tuptes appears and only appears once in the standard array.

In Fig.4 the column S is syndrome, the value of S can be easily worked out by the help
of equation (9). Syndrome and error patten are one-to-one correspondence, the
n-tuples of a coset have the same syndrome. Having established the standard array,
decoding follows the following steps:

1. To  receive the code R and then to calculate its syndrome S=RH T

2. To find out the corresponding coset leader (E) to S, and define E to be the error
patten of R.
3. We obtain C=R+E, define C as the primitive vector code.
Ought to point out decoding is correct when the error patten is the coset leader
utilizing the standard array to decode, otherwise decoding is wrong. In fact, the (12,8)
linear block code can correct the whole 1-bit errors, and also correct a few 2-bit errors.

DECODING OF M REPEATITION CODES

In Fig.2 there are m receive sets at the several stations that simultaneously receive the
signal which is transimetted by a telemetry transmitter, these stations are far from
each other. This telemetry system can be equivalent to a system of one transmitter and



one receiver, merely changing the number of times of transmitting the same vector
code from one to m, The primitive code are transmitted repeatedly, a new code,
product code, is obtained, its line codes are the linear block code, its row code is
repeatition code. The paper [2] puts forword a method of decoding this special product
code and has demonstrated in theory that this method can at least get to the minimum
distance of the product code. Let C represent the product codeGGGG

(10)

 In relation (10) the right matrix has m lines. Let d represent the minimum distance of
the line code C, ÷ represent the minimum distance of the product code, we have

(11)
because  the minimum distance of m repeatition codes is m. When the code C isGGG

transmitted, a array R is received by the receive terminal,GG

(12)

At first, separately decode R , R  . . . .R  according to the decoding method of the   1 2 m.

linear  block  code, obtain the vector codes C , C  . . . .C , and then calculate the1 2 m

distance D , j=1, 2, . . .m between C  and R  ,j j i

(13)

find out the minimum value among D , D , . . . . D , if D  is the minimum,1 2 m k

(14)

the decoding of the line R  is considered correct, the decoding output of the productk

code can be witten

(15)

This decoding procedure is also the data synthesis.



The m repeatition codes at least correct any combinations of l-bit errors (Where, l is a
integer which is equal to or less than (md-l)/2). Obviously, when there is at least one
code among C , C  . . . . and C  which is equal to the primitive vector code, the1 2 m

decoding of the product code will be correct, otherwise if none is equal to it, the
decoding will be wrong.
As the product code is transmitted passing through the binary symmetry channel
without memory, the upper limit of the word error probability can be calculated by the
help of the following formula

(16)

where, ‘ is the weigh of the error patten, m is the line number of the repeatition codes,
n is the length of the line code, d is the minimum distance of the linear block code, P
is the transition probability of the channel,
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