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ABSTRACT

This paper studies the support region of an optimum (minimum mean-squre error)
fixed-rate scalar quantizer for a Weibull source. The support region is defined to be the
interval determined by the outermost thresholds of a quantizer and plays an important
role in its performance, and hence it motivates this study. The paper reports the following
specific results. First, approximation formulas are derived for the outermost thresholds of
optimum scalar quantizers for a Weibull distributions. Second, in the case of Rayleigh and
exponential distributions the derived approximation formulas are compared for the
evaluation of their accuracy with the true values of optimum quantizers. Numerical results
show that the formula for the leftmost threshold stays within 1% of the true value for 128
and 256 quantization points or more, for Rayleigh and exponential distribution,
respectively, while that for the rightmost threshold does so for 512 and 32 quantization
points or more. These formulas exhibit increased accuracy with the number of
quantization points. In conclusion, the formulas have high accuracy. The contribution of
the paper consists in the derivation of closed accurate formulas for the support of
optimum
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Fig 7. The convergence of N'D(Q%) to the
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# 124 uy®) AYE ;o ede) 2
Table 1. The accuracy of the for Rayleigh distribution

log ,N x5 M un | up-xh | un xh
1 0.972132 | -0.088424 | -1.060556 | -0.09096
2 0.581128 0.330863 | -0.250265 | 0.56935
J 0.352954 0.282974 | -0.069980 | 0.80173
4 0.213381 0.193407 | -0.019974 | 0.90639
5 0.128211 0.122535 | -0.005677 | 0.95572
6 0.076695 0.075127 | -0.001567 | 0.97956
[ 0.045759 0.045353 | -0.000406 | 0.99113
8 0.027241 0.027171 | -0.000070 | 0.99743
9 0.016250 0.016218 | 0.000003 | 0.99801
10 0.009660 0.009662 | 0.000002 | 1.00017
11 0.005746 0.005750 | 0.000004 | 1.00070
12 0.003417 0.003421 | -0.000003 | 1.00100
13 | 0.002031 0.002034 | 0.000003 | 1.00164
14 0.001207 0.001210 | -0.000003 | 1.00251
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Table 2. The accuracy of vy for Rayleigh distribution

=¥/Weibull W& o) HH Fz}7] 9|
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Table 4. The accuracy of p, for exponential distribution

log ;N x| SAM oy | x| vn x
1 0972132 | 0.000000 | -0.972132 0.00000
2 1.503921 1.211965 | -0.291956 0.80587
9 1.951370 | 1.783719 | -0.167651 0.91409
4 2346242 | 2.231291 -0.011495 0.95101
5] 2701799 | 2613790 | -0.088009 0.96743
6 3.026205 | 2953592 | -0.072613 0.97601
7 3.325350 | 3.262403 | -0.062947 0.98107
8 3603699 | 3547343 | -0.056356 0.98436
9 3.864691 | 3.813156 | -0.051535 0.98667
10 4111001 | 4.063190 | -0.047810 098837
11 4344736 | 4.299925 | -0.044811 0.98969
12 | 4.567567 | 4.525248 | -0.042319 0.99073
13 | 4.780842 | 4.740644 | -0.040198 0.99159
14 | 4985665 | 4.947299 | -0.038366 0.99230

log 2N 2y | B on | oy aly | ol 2y
1 1.126863 | 0.610266 | -0.516597 | 0.54156
2 2379580 | 2.080653 | -0.298927 | 0.87438
) 3.723965 | 3.551040 | -0.172925 | 0.95356
4 5.125873 | 5.021427 | -0.104446 | 0.97962
5 | 6560450 | 6491815 | -0.068635 | 0.98954
6 | 8012510 | 7962202 | -0.050307 | 0.99372
7 | 9473623 | 9.432580 | -0.041034 | 0.99567
8 |10.939345 | 10.902976 | -0.036369 | 0.99668
9 112407393 | 12.373364 | -0.034030 | 0.99726
10 | 13.876609 | 13.843750 | -0.032858 | 0.99763
11 | 156.346410 | 15.314138 | -0.032272 | 0.99790
12 [16.816504 | 16.784525 | -0.031978 | 0.99810
13 | 18.286744 | 18.254912 | -0.031832 | 0.99826
14 | 19.757056 | 19.725300 | -0.031757 | 0.99839

E 3 M wye] AYRE : A BT
Table 3. The accuracy of uy for exponential distribution

5. 33 pblhgel geieel e 44

(lim N*D(Q3) =0.4655) : #lele] &

Table 5. The convergence of N’D(Qh) to Cpp for
Rayleigh distribution
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log:N| 4% DAY uy | up—axs | un/ x>
1 | 1.126863 0 -1.126863 0 log ;N DQy NAID( QN SNR(Q)
2 | 0533181 | 0265165 | -0.268016 | 0.49733 1 |0.07314649143877 | 0.20258596575508 | 4.674
3 10264413 | 0.198874 -0.065539 | 0.75213 2 10.02236342920651 | 0.35781486730416 | 9.821
2 0132214 | 0116010 | —0.016205 | 087744 3 |0.00630580625219 | 0.40357160014016 | 15.319
T A B R S AR T 4 [ 0.00168664198268 | 0.43178034756608 | 21.046
5 |0.00043726873864 | 0.44776318836736 | 26.909
6 |0033114 | 0032110 | -0.001004 | 0.96967
6 |0.00011141803694 | 0.45636827930624 | 32.847
016565 | 0.016: 0. 1] o
L e A [l e 7 0.00002812904183 | 0.46086622134272 | 38.825
8 0008284 | 0008222 | -0.000063 099244 8 [ 0.00000706753560 | 0.46317801308160 | 44.824
9 | 0004143 | 0.004127 | -0.000016 | 0.99622 9 |0.00000177137289 | 0.46435477487616 | 50.833
10 | 0002071 | 0.002068 | -0.000004 | 0.99812 10 [0.00000044341126 | 0.46495040536576 | 56.848
11 [ 0001036 | 0001035 | -0.000000| 0.99912 11 |0.00000011092444 | 0.46525082238076 | 62.866
12 | 0000518 | 0.000518 0.000000 | 1.00004 12 10.00000002774012 | 0.46540198510592 | 68.885
5 0000255 | 0.00025 0.000000 | L.0GO1R 13 | 0.00000000693616 | 0.46547781812224 | 74.905
T T 14 |0.00000000173418 | 0.46551539908608 | 80.925
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Table 6. The convergence N°IN Q%) of Cpp to for
exponential distribution

A(10-a)9} (10-b)e] 2 A AL

2t

f:ﬂ 3 (x)dx= fomb 3 (x)dx

- foup%(x)dx— fump_‘%(x)dx

i) e

Fa, B) =

1
I(a)

=

logg :N D(QY) NIXQY) SNR(Q3)
1 |0.17619488105404 | 0.70477952421616 |  4.530
2 [0.05447598791395 | 0.87161580662320 |  9.628
3 [0.01537252706004 | 0.98384173184256 | 15122
4 |0.00410217998763 | 1.05015807683328 | 20.860
5 [0.00106095228824 | 1.08641514315776 | 26.733
6 |0.00026987377364 | 1.10540297682944 | 32.678
7 [ 0.00006806173968 | 1.11512354291712 |  38.661
8 | 0.00001709048544 | 1.12004205379584 |  44.662
9 | 0.00000428205897 | 1.12251606663168 | 50.673
10 | 0.00000107169798 | 1.12375678107648 | 56.689
11 | 0.00000026807262 | 1.12437806235648 | 62.707
12 | 0.00000006703668 | 1.12468886028288 | 68.727
13 | 0.00000001676148 | 1.12484388175872 | 74.747
14 | 0.00000000419066 | 1.12492172804096 | 80.767
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