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ESTIMATING PERFORMANCE OF BLOCK CODES FOR BOTH ERROR
DETECTION AND CORRECTION USING IMPORTANCE SAMPLING
XU Da-zhuan, XU Zhong-ze

(Institute of Information Science and Technology,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
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Abstract: The undetected error probability of linear block codes for both error detection and correction is es-

timated with importance sampling. Formulas for optimum bias transition probability and simulation efficiency

are obtained theoretically. Simulation results for the (15,7) BCH code and the (23,12) Golay code show that

the importance sampling is a very efficient method.

Key words: block code; undetected-error probability; importance sampling; computer simulation
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ABSTRACT

For enhancing performances and increasing functions
of PD radar, High-PRF, medium-PRF and low-PRF are
commonly applied into system ambiguity appeared in
range and velocity in some PRF. Based on clustering. a
sliding window correlator algorithm for resolving the
radar object ambiguity in range and velocity is described.
Slide window algorithm is a searching algorithm. The
probability of ambiguity resolution for targets and the
computational efficiency are discussed. The relations be-
tween the probability of ambiguity resolution of this algo-
rithm and PRF, the range of interest, and the width of

sliding window are analyzed. Simulational results are also

given.

Key words: PD radar; ambiguity resolution; sliding win-
dow; clustering
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INTRODUCTION

A major classification of waveforms deals
with ambiguity resolution in range and Doppler.
Low-PRF waveforms are unambiguous in range
but ambiguous in Doppler, medium-PRF wave-

forms are ambiguous in both range and Doppler,
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and high-PRF waveforms are ambiguous in range
but unambiguous in Doppler. Modern radar sys-
tem has multiple PRF in common. When using
the Chinese remainder theorem for ambiguity
resolution, these PRFs must be prime to each
other but this condition usually can’t be met be-
cause of the restriction in designing a practical
systemf?). In addition, measurement errors will
reduce probability of ambiguity. Ref. [3] pro-
posed a clustering algorithm for ambiguity reso-
lution. The clustering algorithm is found superi-
or to the Chinese remainder theorem for resolv-
ing range ambiguities and is easier for medium-
PRF than high-PRF waveforms to resolve all the
range-Doppler ambiguities. This algorithm does
not require a specific relationship between the
multiple PRFs. However, it is worse on compu-
tational efficiency and the resolving ambiguity for
multiple targets. Based on the clustering algo-
rithm, a sliding window correlator aléorithm for
resolving the ambiguity in range and velocity is
described in this paper. The sliding window cor-
relator algorithm is effective in the case of low or
medium PRF. Its computational efficiency is
higher than that of the clustering algorithm for
multiple targets. This algorithm has been ap-
plied to the practical system for resolving the am-

biguity in range and velocity.
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1 SLIDING WINDOW CORRE-
LATOR ALGORITHM

Ref. [3] has compared the clustering algo-
rithm to the Chinese remainder theorem for am-
biguity resolution. The clustering algorithm in-
dicates the goodness of the resolution process by
constructing a cost function and has no special
restricts to multiple PRF. Based on the cluster-
ing algorithm, we bring forward a sliding win-
dow correlator algorithm.

Suppose that the number of PRFs is m, the
ambiguous range measurement for the ith PRF is
R;, and the unambiguous range for that PRF
R,.. All possible ranges can be expressed as

Rgi = R, + K.R,, 1
If the maximum range of interest is R, the in-
teger K, runs from
K; = 0y~ ant[R.o/R.; ] (2)
All the possible ranges generated by the m am-
biguous measurements are ordered from the
smallest to the largest and denoted by R..

We may approximately realize the clustering
algorithm by sliding window correlator algo-
rithm as follows.

Select a window with proper width and
move it step by step. The position of sliding
window is the true position of the target when
some group of m possible ranges appear in the
window synchronously at a certain position, as

shown in Fig. 1.

0 1 2 3 4 S 6 #
r T T T . -
i=]—fo——— o [ ] [} ‘e e
i=2— &= ) ) ® ‘o ®
i=3—— o— e ° ‘o e
Measurement range

l—— Truerange — ] Sliding window

Fig. 1 Shding window correlator sketch map

2 PERFORMANCE ANALYSIS

The probability of correctly resolving ambi-
guities is much higher for a medium than a high
PRF waveform. Ref.[3] had made it sure in his
paper with analysis and examples, and he also
pointed out that it is difficult (and maybe impos-
sible) to be proved.

The measurement accuracy is another im-
portant factor that affects the probability of am-
biguity resolution. The measurement accuracy
refers to range and velocity cells.

Ref. [ 3] indicated that the probability of
ambiguity resolution for medium PRF is better
than that of high PRF under the condition of the
same measurement accuracy, and the probability
decreases when the measurement error increases
for both high and medium PRF.

The maximum range and velocity of interest
Run and vy are also very important factors of the
probability of ambiguity resolution. The total
number of ambiguities N1% is

N1 = 2uuRu/(wyRy) = 8uuRuF/C*  (3)
where Ry is the unambiguous range, vy the un-
ambiguous velocity; F the transmission frequen-
cy and C the velocity of light. It can be known
from Eq. (3) that larger Ry and vy cause lower
probability in the condition of the same PRF and
measurement accuracy although the probability
and the total number of ambiguities are not the
same absolutely. For example, an airborne X
band radar adopts 3 PRFs to resolve ambiguity
in range. The range cell is 75 m. The numbers
of range cells are 20, 21 and 23. The true range
is uniformly distributed over 20X 20 X 23 range
cells. Supposing 1 000 targets uniformly dis-
tributed from 0 to the maximum range of inter-
est, we get the graphs of the relationships be-
tween the probability of ambiguity resolution
and the range of interest as shown in Fig. 2,
with the sliding window correlator algorithm by

simulation.
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For a medium PRF system having three
PRFs, the range cell is 75 m; the numbers of
range cells, are 58, 101 and 119, 1 000 targets
distributing uniformly over the interest range of
0~6 000 range cells. We can obtain the relation-
ship between the probability of ambiguity reso-
lution and the range of interest as shown in Fig.
3 with sliding window correlator algorithm by
simulation. Compared to Fig 2, the effective
range of interest in medium PRF is bigger than
that in high PRF. This conclusion is consistent
with the relationship between the probability of

ambiguity resolution and PRF presented in Ref.

(31
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Fig. 3 Probability of ambiguity resolution

versus range of interest (medium PRF)

The width of sliding window is another im-
portant factor of the sliding window correlator

algorithm and it affects the probability of ambi-

guity resolution directly. The relationship be-
tween the probability of ambiguity resolution
and the width of sliding window has been inves-
tigated by computer simulation. Fig. 4 shows the
simulational result {or the case of medium PRF
with the same parameters as window may be se-
lected in a rather wide range above. From Fig. 4
we see the width of sliding or the case of single
target. But the width of sliding window should
be smaller for the case of multiple targets. In re-
solving the ambiguity of range, the measure-
ment unit is range cell and it has no relation with
PRF. Considering quantization error uniformly
distributed in two range cells, the width of slid-
ing window is set to two range cells in the prac-
tical system. But the setting of width of sliding
window needs further research in resolving the
ambiguity of velocity, because different PRF re-
sults in different measurement units and velocity

cells.
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Fi

g.4 Probability of ambiguity resolution versus
width of sliding window (medium PRF)

The factors such as number of multiple
PRFs, range cell, velocity cell, and range of in-

terest should be planned as a whole when de-

signing a system.

3 COMPUTATION BURDEN OF
ALGORITHM

In essence both the clustering and the slid-
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ing window correlator algorithms are belong to
the sliding window algorithm. In the clustering
algorithm, all the possible ranges gencrated by
the m ambiguous measurements are ordered
from the smallest to the largest, then the aver-
age squared errors for m consecutive ordered
ranges are got. Finally the best cluster occurs
when the average squared error is 2 minimum.
The clustering algorithm is equivalent to a slid-
ing window algorithm with variable width of
sliding window, but the sliding window correla-
tor algorithm has a constant width of sliding
window.

For example, for a single target and m=3,
the total number of operation of the clustering
algorithm is

k) X k, X k; X (3 multiplication +

24 addition + 9 comparison) (4)
where k,, %, and k; are the times of the unam-
biguous range in the interest range for three
PRFs. They are related to the class of PRF.
Suppose one multiplication instruction takes 2
machine cycles, one addition instruction, and
one comparison instruction take 1 machine cy-
cle. The computation burden of the sliding win-
dow correlator algorithm is

K, X (1 multiplication + 9 addition +

7 comparison) (59
Taking the parameters of the above example, &,
=21X23+1=484,k;=20X23+1=461,k;=20
X21+1=421, and K, the number of {ull range
cells. K,=20X21X23=9 660 range cells, we
can approximately estimate the ratio of computa-

tion burden for the two algorithms being 31 600.
4 CONCLUSIONS

The clustering algorithm is relatively suited
for the ambiguity resolution of single target.

The processing burden and false resolution will

obviously increase for multiple targets. When
using the sliding window correlator algorithm
the false resolution only relates to the distribu-
tion of targets in unambiguous range and the
processing burden only increase slightly when
the number of target increases. With some prob-
ability of false resolution and limited targets, it
may satisfy ambiguity resolution for many tar-
gets. The sliding window correlator algorithm is
more suited for a practical system than cluster-
ing algorithm in low or medium PRF for multiple
targets.

The influence of multiple targets distributed
in unambiguous range on the probability of am-
biguity resolution and the setting of width of
sliding window in resolving ambiguity of velocity

needs further research.
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Based on SHARC Processor
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Ahstract:High.performance and accuracy digital compression is completed by ADSP21060 floating
point digital signal processor. A method of FFT in {requency domain is used and several problems
in realization are discussed is this paper. In the end, on-the-spot Etna volcano data based on satel-

lite-borne synthetic aperture radar are compressed then the results are analyzed.
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