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ABSTRACT

An Improved AMI (Alternate Mark Inverse) Code used in telemetry system is
proposed, its implementation and properties analysis are reported, including error
performance analysis, power spectrum analysis, the relationship between
acqusition probability of the first frame marker and error threshold and length of
frame marker, etc. This type of code has the approximately identical power
spectrum performance as the AMI Code. In addition, there have no long
continuous zeroes in the data stream, which will cause phase-locked loop to fail.
Using the Improved AMI Code, the equal probability of 0 and 1 is changed, which
will increase acqusition probability of the first frame marker. Detailed description
about how to create the Improved AMI Code is also discussed in this paper.
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INTRODUCTION

Many types of code can be chosen in telemetry system such as Manchester Code,
NRZ (Non Returned Zero) Code, AMI Code, HDBn (n Ordered High Density
Bipolar) Code, etc. However, the frequency bandwidth of Manchester Code is
wider so it is not suitable to narrow bandwidth channel. NRZ Code can not be
synchronized when many continuous 0 or 1 appeared. The system will not be
synchronized easily when multiple continuous 0 appears in datastream using AMI
Code. HDBn Code avoids more than n+1 continuous 0 through replacing them
with specified code word so synchronization can be remained well, but its
encoding rule is relatively complex.



An Improved AMI Code is proposed in this paper, which is inserted a number of
redundancy bits in the digital information and has simple encoding rules. Firstly,
many continuous 0 does not appear so the synchronization is steady and reliable.
Secondly, the ability of self-detecting is improved than AMI Code, and the
acqusition probability of the first frame marker will be increased. So the quality
of the whole system is improved. In addition, the error bit performance, power
spectral density and the relation between the acqusition probability of the first
frame marker and the length of frame marker and error threshold are discussed
briefly.

IMPLEMENTATION OF IMPROVED AMI CODE

In AMI code, 0 level is used for information bit 0 and positive/negative level is
alternately used for bit 1. If the level polar in the receiver is not alternate, then
error bit occurs in the system. Generally, the system can be synchronized easily
through digital PLL, but occurence of many continuous binary 0 in data stream
will cause the system to be synchronized very difficultly and lose some data.
Hence, confronting the probability of being a one or a zero of each bit through
encoding way, together with choosing properly the frame marker and its length
will increase the acqusition probability [1].

The way to change the property of AMI Code is block encoding in which blocks
of 4 information bits are encoded into corresponding blocks of 5 bits. Each block
of 5 bits from the encoder constitutes a code word contained in a set of 16
possible code words. The encoding rules are as follows: 1) no more than 3
continuous zeroes in the words 2) less than 3 continuous zeroes in the compound
words. So, only 2 continuous zeroes appear in the data stream. Let b b b b b0 1 2 3 4, , , ,  is
the 5-bit code ( b b b b b0 1 2 3 4, , , ,  is one or zero indivudually), then the rules are
expressed in equation (1)(2)(3).

b b b1 2 3 0+ + ≠                (1)
b b0 1 0+ ≠                     (2)
b b3 4 0+ ≠                     (3)

The results b b b b b0 1 2 3 4, , , ,  of the equation above are as follows:
                    09H 0AH 0BH 0DH 0EH 0FH 12H 13H 15H
                           16H 17H 19H 1AH 1BH 1DH 1EH 1FH
                                     (XXH is heximal)

Among these code words, the word of 09H is chosen as unit of frame marker. That
is, the frame marker is made up of multiple words of 09H. The rest 16 words are
the encoded words for the 4bits code from 0000 to 1111. After that, using 0 level
for binary 0 and choosing alternately positive or negative level for binary 1 will
generate Improved AMI Code. This kind of code has better self-detection ability



than AMI Code because of the redundancy introduced by encoding the data in this
manner. If the level polar is not alternate in the receiver or the decoding word is
out of the code group listed above, error bit appears.

PROPERTIES ANALYSIS OF ENCODING EFFICIENCY

In the code shown above, 5bits data is used for representing 4bits original
information. Suppose all bits are to be randomly generated in the original data,
such that each bit has a 50% probability of being a one or a zero. Then the
average information is I bitb = 1 . But the numbers of one and zero is individully 27
and 53 in 5-bit code, so the probability of being a one is about 2/3(≈53/80) and
being a zero is 1/3(≈27/80). So its average information is ( )I c bit= + =1 3 3 2 3 3 2 0 918log log . .
Define encoding efficiency as the ratio between the original binary information
capacity and encoded one, that is η = Cb Cc/ . Let Rb  be the code rate of original
signal, Rc  be that of the encoded signal. Because of mapping each 4 information
bits into a unique 5-bit sequence, Rc  is as 5/4 times fast as Rb . Or Rc Rb= 5 4 . And
Cb Rb Ib= ⋅ , Cc Rc Ic= ⋅ . Hence η = = ⋅ ⋅ = ⋅ ⋅ = =C
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ANALYSIS OF POWER SPECTRAL DENSITY

Since the probability of being a one for each bit in the Improved AMI Code is
about 2/3, the power spectral density can be expressed as follows
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Where G f( )  is the frequency characteristics of information bit pulse, T
s  

is the

width of information bit. The power spectral density of Improved AMI Code with
rectangular pulse is shown in Figure 1. Compared with the Manchester code, its
frequency bandwidth decreased nearly a half. But it has the analogous power spectrum
characteristics with AMI Code except that its magnitude is a little larger.
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Fig. 1 Power spectrum of Improved AMI Code Fig.2 State digram of Improved
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ANALYSIS OF ERROR PERFORMANCE

The state digram of this encoding way mentioned above is shown in Figure 2,
where S1 is positive state, S -1 negative one. The sate will remain unchanged
when the information bit is zero and the output of encoder is 0 level, but it will
change into another state if the bit is one and the output is changed into the
opposite level. In other words, state S1 is changed into S -1 and the output is
negative level, S -1 into S1 and the output is changed positive one.

Suppose the magnitude returned to one is +1(positive level), -1(negative level),
0(0 level). In the condition of no any noise, if received 0, the system output is
information bit zero; when received +1 or –1, the output of the decoder is bit
one. Generally, the received information is added noise. And so the decoding
rules are as follows:
         If -1/2<y<1/2 then the output of decoder is 0
         If y<-1/2 or y>1/2 then output 1
Where y is the sample before entering into the decoder. Given that the noise is

Gaussian, its power σ2 . P0e is the error bit probability when the information bit is
zero; and P1e is error bit probability when one appears. Hence the all over error
bit probability of system is described in equation (5).
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Figure 3 shows the error performance with the value of ratio between signal and
noise(r=S/N).

Improved AMI Code

AMI Code

Manchester Code



As shown in Fig.3 the S/N of Improved AMI Code is a little larger than AMI
Code in the case of equal error bit performance. It is because of the larger
probability of being a one in the Improved AMI Code.

ACQUSITION PROBABILITY OF THE FIRST FRAME MARKER

To ensure telemetry system work well, a precise synchronization is required. One
way is that the unique word or frame marker is periodically embedded in the data,
which constructes the datastream into some certain frame structure. The frame
marker is acqusited and locked using the frame synchroniser. With a
corresponding protecting means, the steady, reliable synchronization is obtained.
Given the length of entire frame M, containing length n of frame marker. In
practice, the acqusition probability of the first frame marker is often considered as
an assessing criteria of system performance. Under the influnce of noise, there are
two possible forms of error in frame synchronization: false alarms and
misdetection. A ‘false alarm’ occurs when the frame synchroniser accepts a
random data sequence as the recognisable unique word. ‘Misdetection’ occurs
when the frame synchroniser fails to recognize a corrupted true unique word.

Fig.3 Error performance of Improved AMI Code        

False alarms may occur while the random data is corrupted into unique word.
Suppose the numbers of one and zero are individually x and y (x+y=n), the
probability of being a one or a zero for each bit is p1 or  p0 (p1+p0=1). Since the
frame marker is composed of several words of 09H, so x=2n/5, y=3n/5. According
to [2], the probability of a false alarm at any time in the random data bits slot is
given by
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Where E - the error threshold, Cn
i - the number of possible combination of i errors

in an n-bit word, that is Cn
i

n i n i= ⋅ −! ( ! ( ) !) .

If Pe is the error bit probability, which is a function of the signal/noise ratio, then
the probability of misdetction is given by
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In the protecting system, only when misdetection occurs β  times is the system
known as trully misdetection. This will cause as few data losses as possible.
Hence the probability of misdetection is as follows
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And then, the acqusition probability of the first frame marker is given by
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Where ( )1− Pf is the probability of no false alarms during the searching of frame
marker; ( )1− Pnβ  is that of no misdetection.

From equation (9), it may be deduced that, P1 is the function of frame length M,
frame marker length n, error threshold E and error bit probability Pe, the
probability of being one for each bit p1, etc. Fig.4 (1) depicts the ralation between
P1 and the factors mentioned above. At the same time, Fig.4 (2) shows that P1 of
the Improved AMI Code is larger than that of AMI Code when n is smaller than
20.

                                    

  Fig.4 (1) P1 of the Improved AMI Code (2) Comparison of performance between the
  Note: from left to right E=0,1,2,3,4. Improved AMI Code and AMI Code (dash line)
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CONCLUSION

From the analysis above, the Improved AMI Code not only has the analogous power
spectrum as the AMI Code, which is suitable for the narrow bandwidth channel, but also
no many continuous zeroes, which ensure the system synchronization steady and reliable.
In addition, it can increase the acqusition probability of the first frame marker, so that
the performance of the whole system is improved.
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