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Abstract

This paper gives a new searching criterior of optimum or suboptimum frame sync codes
that escapes from unnecessary calculation and presents a searching method. It has a great
improvement on existing methods (exhaustion technique, and so on) and the computing
time is decreased by 1~2 order of magnitudes. Finally, the optimum frame sync codes with
the length n from 7 to 32 are given.

1.  INTRODUCE

Frame sync codes play a very important rule in PCM telemetry systems. Its
performance effects directly on the quality of signal transmission.

At present, the existing criteriors of the optimum codes are generally classified as two
aspects. The one is a criterior that determines optimum codes from the code construction,
which is that the optimum codes should have good autocorrelation functions and great
different from random data , and the other from the probability of false frame sync and(1)

lose frame sync. Engineers use these optimum criteriors to construct the codes according
to reality. But because there are 2  times of searchs for the sequence with the length n, then

computing time is too astonished to complete the search of the longer codes. Reference [2]
lists only the results of frame sync codes with the length n<30 using ‘exhaustion
technique’. It was said that “While the GSFC Standards for PCM Telemetry allow the use
of codes up to 32 bits in length, but codes of length 31 and 32 have not yet been
determined because of the amount of computer time their determination would require
approximately 60 hours”.(2)

This paper presents a synthetic optimum criterior to improve above method and gives a
now searching algorithm -- the synthetic optimum algorithm and it is simple and efficient.
The computing time is decreased by 1~2 order of magnitudes. In the paper, the optimum
frame sync codes with the length n from 7 to 30 which are recommended by < IRIG
Telemetry Standard, U.S.A.>  are verified and we give out better ones with 7, 8, 9, 11, 16(3)



lengths than those. Finally, we search out optimum frame sync codes with the length 31,
32 and make a comparison with those recommended by ESA PCM TELEMETRY
STANDARD  and METRAPLEX CORPORATION  Our optimum frame sync codes(4)   (5)

are better.

2.  SYNTHETIC OPTIMUM CRITERIOR

2.1  THE CONSTRUCTION OF CODE

The recognition process of frame synchronization is accomplished by a correlation
technique in which a code recognizer in the ground station examines the incoming bit
stream for the frame sync code and makes correlation comparison with the pre-set
configuration of bits within the recognizer (pre-set configuration of bits is called as
recognition pattern). The recognizer has the capability of allowing a selected number of
errors in the received frame sync code to compensate for transmission noise. The incoming
data, with the exception of the frame sync code, is assumed to be random. The region in
which there are all random data and no portion of the frame sync code is seen by the
recognizer is called the ‘random’ region. The region is made up of both random data bits
and one or more bits of the frame sync code, and can be called the ‘overlap’ region. The
relation of all code bits in the recognition process of the frame sync code are shown as
figure 1.

In the overlap region, the number of overlapping code bits in agreement with the
corresponding bits of the recognition pattern in a given overlap position (overlap degree k)
will be called the vector of agreement and be designated as R (k).The random data bits
take 0 or 1 with probability 0.5 respectively. The total probability of the false frame sync is
denoted by P . The probability of the false frame sync in the random region is denoted byf

P . The probability of the false frame sync in the overlap region is denoted by P  . Thenf1                f2

P  = P  + P (1)f  f1  f2

 
Let the data are purely random, stationary binary bits. Then in the random region

(2)

where n is the length of frame sync code and m is number of times in a frame that
comparison is made to pure random data and E is number of error tolerance.

Apparently, P  has nothing to do with the frame sync code. Equation (2) is not used tof1

choose optimum frame sync codes. In order to describe synthetic optimum criterior, we first
discuss the idea condition without regard to all noises in the receiving process.



In any overlap position, each random data bit has a 0.5 probability of agreement
independent of the recognition pattern. Each overlapping bit of the incoming frame sync
code precisely agrees or disagrees with that bit of the recognition pattern against which it is
being compared. In kth overlap position, the vector of agreement is R(k) and the vector of
disagreement is k-R(k). If the number of error tolerance is i, i-[k-R(k)] error bits of random
data are also allowed beside k-R(k) of disagreement bits, and when the other
n-k-[i-(k-R(k))] of the random data bits remain agreement with the recognition pattern, false
frame sync occures. Then under the condition of R(k), the probability of false frame sync is
expressed as

(3)

After giving a frame sync code and without regard to occurence of the error bits of the
code in the transmission process, the probability of the occurence of R(k) is 1. Therefore,
the probability P  follows asf2

(4)

So,

(5)

As the mentioned above, P  has nothing to do with the frame sync code and thereforef2

can form no basis for the selection of the optimum frame sync code. So, we just only need
to discuss P .f2

Due to k- R (k)>0, P  decreases as R(k) after giving n, e. Then, under the ideaf2

condition, we have

(6)

Due to

(7)



So,

(8)

In reality, there are no binary sequences that satisfy equation (8). We only hope the
construction of the frame sync code is close to equation (8) as possible. We use this as the
basis of the restriction of the construction of the optimum frame sync codes.

2.2  THE WEIGHT OF OPTIMUM FRAME SYNC

If the code length is n and the weight is w (number of ones in the code), autocorrelation
function c(k) and the agreement vector R(k) have the following general properties.

(9)

(10)

In reality, it is expected that the number of the false frame sync are few as possible. So,
the frame sync code should have good performance of error tolerance, that is to make C
(or R) Minimum. This leads to the following results,

(A) w = n/2 if n is even,
(B) w = (n-1)/2 or (4+1)/2 if n is odd,

Generally, we extend (A) as follow,

(C) w = n/2-1, n/2 or n/2+1 if n is even.

2.3  THE PROBABILITY OF THE FALSE FRAME SYNC

As we know, there are transmission noise and receiver noise in the data transmission and
receiving data that make the received data changed, Althouth, the false frame sync
probability in the random region has also nothing to do with the code construction, but in
the overlap region, the agreement vector R (k) may be changed so that the false frame sync
probability becomes more complex than equation (5). Jess L. Maury Jr. and Frederick J.
Styles analyze the false frame sync probability in this condition in detail. We only use their 



the results. The interested readers can see reference [6]. The probability P  of the falsef2

frame sync can be expressed as

(11)

Where

E = number of error tolerance
P = the probability that the element of frame sync code will be changed by noise
R(k) = agreement vector
n = the length of frame sync code

We use equation (11) as the basis for the selection of the optimum frame sync code.

2.4  OPTIMUM SYNTHETIC CRITERIOR

According to above analyses, we give a synthetic optimum criterior that is used to search
the optimum frame sync codes as follows

(1)  The restriction of the code construction

Let the threshold levels r , r , (r  < r ), so that optimum frame sync code satisfies1  2  1  2

(12)

and w satisfies (B) or (C). In general, r =1.

(II)  The restriction of the probability of the minimum false frame sync

After (I), to compute the probability of the false frame sync of the codes that satisfy (I)
using (11) and to compare them, the code that has a minimum probability of the false frame
sync is a optimum frame sync code.

3.  THE SEARCH AND COMPARISON OF THE OPTIMUM FRAME SYNC
CODE

As we know, there are (2 -1) binary sequences for the length n. The computing time isn

very much which is made up of the search for binary sequences and their computation of the



probability of the false frame sync in (2 -1) sequences. So, it is a main question in then

search for the optimum or sub-optimum frame sync codes to simple the searching algorithm
and to increase the operation efficiency.

According to the synthetic optimum criterior, it only need to search the codes with the
weight w mentioned above. So, we first give the searching algorithm of the codes of a
given length n with w weight.

Let the decimal number corresponding to binary sequence is called the power of this
binary sequence. The code with w number of ones is expressed as a , a , a ,...a , and the1  2  3 n

carry of ith code element and the number of the carry are denoted by s(i) and m1
respectively. For example, let a =1. Then the algorithm is as follow:

(1). To give a binary sequence with the minimum power and w number of ones. Let
s(1)=1, i=1, m1=0, to get

(2). a , a , a , . . ., a a  = 0 or 11  2  3     n i

If m1 = ( n - w ) then to end
else goto (3)

(3) a 7 s(i) + a , to get its carry s(i+1).
If s(I+1) = 1, then i 7 i+1, m1 7 m1+1  if i = n - w then to end

else goto (3)
else if m1 = 1 , i 7 i+1 goto (4)

else k = 0 goto (4)

(4). Let a,7 1, a  7 1, ... a 7 1, a 7  0, ... a 7 1,2    mi-1-k   mi-k     m1

to get
a , a , a , . . ., a .1  2  3     n

If k = m1 - 1 then i 7 i + 1, s(i) = 1 goto (3)
else k 7 k + 1 goto (4)

If it is insisted on several trailing 0 ’s on the code end, the algorithm only be modified
alittle.

Second, it is noted that for any given pattern, there exist three related the code
configurations. These three related patterns are complement wherein each 1 bit of the
pattern is replaced by a 0 while each 0 is replaced by a 1, the mirror pattern which is
developed by complementing and reversing the pattern. A example of these related patterns
is given below.



1 1 1 0 0 0 1 0 0 1 0 pattern
0 0 0 1 1 1 0 1 1 0 1 complement
0 1 0 1 1 0 0 0 1 1 1 mirror
1 0 1 0 0 1 1 1 0 0 0 mirror complement

The related pattern have the same agreement vector and therefore it is necessary to
examine only one number of each group in the search for the optimum frame sync code of a
given length. The agreement vector of each group is unique. The flow chart of the searching
program of the optimum frame sync codes is shown as figure 2.

In the search for optimum frame sync codes, the most time consuming operations are the
development of the search for the binary sequences and the computation of the probability
of the false frame sync. The consuming time of the probability of the false frame sync is
more. So, it is a urgent question to solve how to decrease this consuming time in the search
for the optimum or suboptimum frame sync codes. The method presented in this paper just
solves this question better, According to this searching algorithm of the code with w weight,
it only need to search times, not 2 times of the traditional ‘exhaustion technique’. After the
restriction of r  and r  , the times of the computation of the probability of the false frame1  2

sync of the code are greatly reduced. For example, giving n = 20, r  = 1, r  = 5, w = 9, there1   2

are three trailing 0's on the code end and n = 24, r  = 1, r  = 5, w = 11, four trailing 0's, we1   2

compare SOA with ‘Exhaustion technique’ shown as table 1.

From table 1, it can be seen that the computing time in SOA is decreased by 1~2 number
of degree, As the length is increased the computing time is decreased more.

4.  RESULTS

We search out the optimum frame sync codes with the length n from 7 to 32 at tolerance
E = 1, P  = 0.1 and examine the optimum frame sync code of <IRIG. Telemetry Standard,0

U.S.A.> at E = 2 P  = 0.1 by our method. When P  = 0.1, n = 7~30, we find the codes with0       0

n = 7, 8, 9, 11, 16 are different from and better than those of <IRIG, Telemetry Standard,
U.S.A.> at E = 1 as Table 3 and when E = 2, its codes   are  same as our’s. We think that
under the condition of the length of code not long, it is disadvantage to choose large
tolerance E. So, we recommande the codes in Table 2 as optimum frame sync codes. But,
when n = 16 and E > 2, the optimum codes recommended as following,

1 1 1 0 1 0 1 1 1 0 0 1 0 0 0 0

It is worth paying attention that the known Barker codes with the length n > 7 are all not
optimum frame sync codes at E = 1 and P  = 0.1.0



We also search the optimum frame sync codes of the length 31,32 under the above same
condition. Table 4 and 5 give the comparison between the codes of the length 31 and 32 in
SOA with those of < PCM Telemetry Standard, ESA > and METRAPLEX
CORPORATION. If the frame sync code of the length 32 with long trailing is needed, we
recommand code ( 2 ) in Table. The codes in SOA are better. 

This paper is a part of our works. We are making the study of the search for the optimum
or suboptimum frame sync codes with the length 40~50. This is presented in other paper.
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PURE SYNC
POSITION

M - Total number of bits in a frame
n - Number of bits in the sync code
m - Number of times in a frame that comparison is to pure random data
2(n-1) - Number of times in a frame that comparison is made to mixture of random data

and a portion of the incoming sync code.

Figure 1.- Frame Sync Detection Process



Figure 2. - Search Program Flow Chart

Table 1. Comparison of SOA and Exhaustion technique

(1) - times of the search for the binary sequences
(2) - times of the computation of the probability of the false frame sync.



Table 2.  OPTIMUM FRAME SYNC CODES



TABLE 3.  Comparison with ESA and “ITIG Tetemetry Standard”

TABLE 4.  Comparison with METRAPLEX CORPORATION

TABLE 5.  Comparison with ESA and METRAPLEX CORPORATION

*. the optimum frame sync code when E = 1, 2, 3, 4
**. the sub-optimum frame sync code when E = 1, 2, 3, 4.

 


