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Study on the Termination Rule
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ABSTRACT

The goal of image restoration is to remove the degradations in a way that the resrored image will best approxi-
mate the original image. This can be done by the iterative regularized image restoration method.
In any iterative image restoration algorithm, using a “better” termination rule results in both “better” quality of

the restored image and “less” computation, and hence, “faster” and “simpler” practical system. Therefore, finding a
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better termination rule for an iterative image restoration algorithm has been an interesting and important question

for many researchers in the iterative image restoration.

In these reasons, the new termination rule using the estimated distance between the original image and the

restored image is proposed in this paper. Noise suppression parameter(NSP) and the rule for estimating NSP with

the noise variance are also proposed.

The experimental results shows that the proposed termination rule is superior to the conventional methods.
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7 10.60 —|22.§;V92.55 ~1578119983.4 | ~1.11513 1.34385
x10’ x10'°

5 % mseol A ¥HE-2 $4817] 93 NSPe} NSP
Table 5. The NSP and NS P for the termination of iteration
in the target mse

BSNR | 0|42l | NSP, | NSP, |NSPs| NSP. |NSPs |NSPs|NSP
NSP

9 152 1.736 |12.898 |1.711 |-5.25 (1358 [1.298 {1.218

11 1.6 1.885 110.695 1.861 |-2.869|1.532 |1.477 |1.508

125 175 2066 [8.093 12043 |-0.44311.745 [1.694 |1.81]

14 204 2314 |4.677 |2.292 [2.100 |2.033 |1.990 |2.14}

ol A)2] NSP 34202 NSPs2& ol&3to 7} BSNR
el thated A Ak 22l ojw) NSPs, NSPs,
NSPs= AA 2 w4d ¥3 B8 Jehhonz
AA B AN s o]EE AL x Fiysl
gtz FAHEG o F ¥ sHAe] G dlste
Katsaggelos®] 2% &3 Sullivan®] £F 73S
AL A58 F 6o veERIAT

E 69 AREM £ =AM AL FH 3
mse A 8 AL E B a8 oo vf¢
HAHAE A 9E F AASE ¢ S A 0T
BSNR 11dB 43 20dB 4ol thated 92} A 7}
A o Aqe AxE 1y 63 7o) el

H 6. 54 ¥ NSP 1ol ojg 49 st
Table 6. The simulation results by estimated NSP

BSNR | 4% |NSPo | B3 | A3 | w3 | Katsaggelos | Sullivan

A S 2
¥t mse | mse Bl o HHE | mge | gHM
@) 5% 25

9 225.1 | 1.298 | 304.5) 393 | 200
I 144.1 | 1.477 125571257922 (300 ]SO0 |249 |11

125 | 100.2 | 1.695 1225.91219.7 | 18

14 707 [1.990 {2029 | 1968 |16 |208 [500 196223
2%

16 27 2.834 [-2.02 (2815 {4977 |2.631 {2.603 |2.564

16 43.7 | 2604 [177.7]178.1| 14

17 293 3021 |-544 13.104 | 5365 (2957 |2.937 |2.660

17 36.0 12937 1170.7 | 17271 14 | 1664|314 [ 164353

175 |3.19 3362 |-8.2  13.346 |5.146 13.230 13.216 |2.679

175 [ 315 13217 116571670 | 16

185 |37 3.844 1-13.36 |3.830 {3.465 (3.769 13.768 |2.564

185 | 25.1 |3.767 1 158.7 (1623 | 16

192 |4.18 4267 |-17.67 |4.256 [0.792 |4.240 14.250 {2.337

20 41 4.798 |-22.61 [4.789 | -3.69 4.823 14.847 |1.892

209 |542 5.579 |-28.397|5.572 |-11.76 |5.688 |5.710 |0.989

216 163 6.314 |-34.53 16310 |-20.8 6457 |6.514 |-0.035
23 79 8.018 |-45.59 |8.018 |-44.6 [8.261 |8.349 [-2.854

45 |1 10.930(-59.61 110.932| -85.7 |11.273(11.393|-8.218

264 | 156 16.015|-76.75 |16.005} -152.6 | 16.423116.565| -17.75

28 28 22.787(-90.37 122.931| -218.8 |23.140(23.256| -28.4

30 34 35.243|-104.76135.024| -301.4 {35.316|35.330| -42.1

R S3 56.4571-111.56|55.734| -378.7 | 55.788| 55.597| -50.2

35 105 107.285;-126.93 |104.370; -453 | 104.151{103.742; -23.0

37 1mn 180.4461-132.39 (172049} -496 |172.600/172.871|28.3

=
MM
-3
Y

2.418 |107.16 [1.3723|240.85 }1.3274]1.3207 | 54.02

192|213 14255 1154711593116

20 179 4856 {1498 | 154.7 |18 (1439|278 | 1439|220

209 145 |5.699 | 1458 [ 1504 | 20

216 123 16500 | 1438|1472 22

23 9.1 18350 11398143023 | 133.17268 |133.1 500

245 163 | 11.330] 136.8 | 139.7 | 26

264 |41 16.57 1 133.8| 1359 |30

28 28 12313 113281133.3 (34

30 177 3518 | 1308 | 131.8| 36

32 1.09 |55.45 1298 1130.6|38

35 0.57 1018212981293 |42

37 0.34 | 168.44) 1288 | 129.0 | 42
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Fig. 7 BSNR 20dB image (a) The result by proposed termin-
ation rule (b) The result of Katsaggelos's (¢) The re-

sult of Sullivan’s (Termination by force)
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