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Improved Parameter Estimation Method for Bilateral Filter with Distribution Distance
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Makishi et al. (2017) proposed a method that estimates the parameters for a bilateral filter, based on the distribution

distance of images. This study proposes an improved version of the Makishi et al. (2017) method, which includes

three new contributions. Firstly, our improved method was verified with two image sizes and two noise distributions.

Secondly, five distribution distance functions were examined for the local search of parameter sets, where SKLD was

found to be slightly superior to HD in terms of image quality and execution time. Finally, the parallelization of local

search was examined for faster parameter estimation with recent multi-core processors. With a 2.8 GHz Xeon processor

of 10 cores, the parameter estimation times were reduced to 36 ms (256x256 pixel) and 1.03 s (1024x1024 pixel).
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Table 1. Evaluation platform.
CPU Xeon E5-2680 v2 @2.8 GHz (10 core)
Memory DDR3 128 GB
[ON] Red Hat Enterprise Linux Server release 6.4
Kernel 2.6.32-358.23.2.e16.x86 64
Language C
Compiler Intel C++ Compiler 14.0.0
Library Intel IPP 8.0
Compile Option default (-02)
Images 256 * 256 pixel, 1024 x 1024 pixel
Gauss noise o 10, 15
o 0.5~7.5 (step 0.1)
oy 2~75 (step 1)

(h) Lenna

(f) Girl
Fig.2.

(e) Cameraman (g) Lax

Input images.
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Table 2. Execution time of each function. (S10)

time [ms) ‘
HD 0.1919
SKLD | 0.1917
JSD 0.1917
L, 0.1917
Lo 0.1916

Table 3. Correlation between the estimated optimal pa-
rameter and the PSNR-optimal parameter. (S10)

gy Tq

HD |[0.51 042
SKLD | 0.33 0.15
JSD [0.50 0.13
L; 0.28 0.18
Lo |0.65 0.18

Table 4. Correlation between the evaluation function
and the PSNR. (S10)

HD | SKLD | JSD L Lo
Airplane | 0.272 | 0.417 | 0.298 | 0.226 | 0.007
Barbara | 0.093 | 0.009 | 0.070 | 0.130 | 0.251
Boat 0.317 | 0.510 | 0.355 | 0.272 | 0.010
Bridge 0.289 | 0.232 | 0.265 | 0.298 | 0.330
Cameraman | 0.243 | 0.322 | 0.228 | 0.203 | 0.058
Girl 0.317 | 0.356 | 0.314 | 0.292 | 0.059
Lax 0.067 | 0.140 | 0.027 | 0.111 | 0.232
Lenna 0.067 | 0.116 | 0.073 | 0.039 | 0.010

| Average | 0.208 | 0262 [ 0203 [ 0.196 [ 0.119 |

TO @)~ (6) ATEHLRS NS,

255

_ 1 . 2H,(i)
D=2, 3 {H’”(’) 8 Hro) + HolD)
. 2H o5(i)
+Hosy(i) log m} ........... 3)
255
L = Z [Hyos () = Hoygg(i)] v vevvveeernneeenns 4)
i=-255
Leo = max (|Hyes()) = Hyes(D) +-ooveeoeeeeoe (5)
N Hies(i)
SKLD = H,.s(i) log R (6)
12_2255 Hass(l)

FHBTEHERIIE L > TVHA, FHMEBREICBIT5E
TR 1345 < (Table 2), BF 04T & ik L THAHT
ELRETH D, o THEOMEEAIZ L B EHITHEIC
T, WESINDENRNI A=Y DOWELZTPHEE LR,

RKIZ 8 D DEMIHEL I OT, 456 [ B % @Ak 5
NG A =% (0,,0q) & PSNR % fi#i{b ¢ 585 A — % %3k
B, FNoOMEERN. FHKD o, & oy DR
%, Table 3 12F &%, HHBIRELOD & o0 I EEAERE 5013
&, W R RELT 58T A= ITEVST A — ¥ 2
TMEEEWR B, o, I2DWTIE Lo DSIRBEOHBEZ TR L7
0y W2V TIZHD 2SR B2, WIENOBEE D 4 ) MBS
EWEIIE RV,

1 ECTHRARGEY), MEFETRBIREIC LD #EiRHE

IEEJ Trans. IA, Vol.139, No.2, 2019



BF O/ x — Z g0 B (HE GRS,

)

Table 5. Optimal parameters that minimize each function. (S10)

HD Lo SKLD Optimal PSNR
o, o4 PSNR[AB] | o, o4 PSNR[dB]| o, o4 PSNR[AB]| o, oy PSNR[dB]
Airplane | 0.7 48 3115 |19 26 3155 |07 48 3115 |13 21  32.19
Barbara | 3.5 290 2821 |46 30 2770 |21 30 2868 |08 23  30.60
Boat |22 25 3176 |12 31 3223 |13 29 3226 |10 25 3262
Bridge |20 32 2714 |10 38 2748 |19 32 2721 |11 17  29.64
Cameraman | 0.8 41 3185 |07 58 3123 |09 36 3200 |15 19 3272
Girl 08 49 3303 |20 27 3224 |11 33 3313 |09 30 3333
Lax 20 27 2878 |09 33 2009 |20 27 2878 |14 16 3032
Lenna |14 42 3122 |12 53 3077 |14 42 3122 |10 26 3281
| Average | 3039 ] 3029 ] 3055 | 3178 |
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Table 6. Results of local search with HD and SKLD. (S10)

Local minimum with HD Local minimum with SKLD Global minimum of PSNR
o, o4 PSNR[dB] time[s] | o, o, PSNR[dB] timels] | o o4 PSNR [dB]
Airplane 1.2 30 31.70 0.149 |14 28 31.72 0.080 | 1.3 21 32.19
Barbara 1.8 31 28.73 0.159 | 2.0 30 28.75 0.199 | 0.8 23 30.60
Boat 1.3 30 32.19 0.127 | 1.1 32 32.29 0.057 | 1.0 25 32.62
Bridge 20 32 27.14 0.207 |13 35 27.67 0.027 | 1.1 17 29.64
Cameraman | 1.2 30 32.15 0.153 | 1.1 31 32.16 0.071 | 1.5 19 32.72
Girl 1.3 31 32.97 0.140 | 1.1 33 32.66 0.055 |09 30 33.33
Lax 1.7 28 28.80 0.201 1.1 32 28.85 0.047 |14 16 30.32
Lenna 2.0 36 30.59 0.143 | 1.6 39 31.18 0.158 | 1.0 26 32.81
Average | 30.53 0.160 | 3066 0087 | 31.78
Table 7. Results of local search with HD and SKLD. (S15)
Local minimum with HD Local minimum with SKLD Global minimum of PSNR
o, o4 PSNR[dB] time[s] | o, oy PSNR[dB] timels] | o o4 PSNR [dB]
Airplane 1.0 55 29.12 0.061 | 1.1 49 29.29 0.052 |13 33 29.71
Barbara 0.9 60 26.52 0.023 | 1.0 53 26.71 0.025 | 1.0 31 27.94
Boat 1.0 58 29.87 0.069 | 1.2 48 30.00 0.047 | 1.1 38 30.29
Bridge 1.1 55 25.38 0.053 | 1.3 50 25.43 0.027 | 1.0 28 27.09
Cameraman | 1.1 55 29.48 0.057 | 1.3 48 29.69 0.039 |14 32 30.20
Girl 1.2 56 31.03 0.046 | 1.2 54 31.08 0.035 | 1.0 49 31.30
Lax 0.8 59 26.20 0.061 1.0 49 26.43 0.052 |12 27 27.67
Lenna 1.6 58 29.00 0.088 | 1.7 56 28.93 0.112 | 1.1 42 30.47
Average | 2833 0.057 | 2844 0049 | 29.33
Table 8. Results of local search with HD and SKLD. (L10)
Local minimum with HD Local minimum with SKLD Global minimum of PSNR
o, o4 PSNR[dB] time[s] | o oy PSNR[dB] time(s] | o o4 PSNR [dB]
Airplane 1.7 53 36.40 3817 [ 1.7 53 36.41 3580 | 1.1 58 38.09
Barbara 1.9 53 33.06 2642 [ 19 53 33.06 2.641 |09 60 36.90
Boat 26 57 34.71 4.569 | 2.5 60 34.84 4938 |13 54 39.05
Bridge 20 59 30.14 1.566 | 2.1 59 29.96 1.726 | 0.8 66 3591
Cameraman | 1.9 51 35.57 2.869 [ 19 51 35.58 2864 | 1.1 51 37.74
Girl 1.9 58 38.34 1.753 [ 2.0 54 38.09 2386 | 1.3 51 39.51
Lax 1.5 55 32.85 3739 [ 1.5 55 32.85 3.674 | 0.8 60 35.74
Lenna 25 60 34.89 4940 |25 60 34.90 4421 |13 49 38.90
Average | 34.50 3.237 | 34.46 3279 | 37.73
Table 9. Results of local search with HD and SKLD. (L15)
Local minimum with HD Local minimum with SKLD Global minimum of PSNR
o, o4 PSNR[dB] time[s] | o o,y PSNR[dB] time(s] | o o4 PSNR [dB]
Airplane 26 72 32.09 2.606 [2.6 72 32.31 1.553 |13 73 35.72
Barbara 2.1 67 30.99 6.079 | 2.1 67 30.99 5675 | 1.1 73 34.46
Boat 28 73 33.13 3412 |27 75 33.30 3812 |15 67 36.60
Bridge 25 71 28.14 2.558 [24 74 28.30 2286 | 1.0 75 33.52
Cameraman | 2.8 73 31.41 4159 |27 175 31.51 3784 |13 64 35.25
Girl 28 75 35.49 5.038 |27 75 35.02 3906 [ 1.6 69 37.12
Lax 1.9 62 30.39 8.263 | 1.8 65 30.62 7.760 | 1.0 75 33.38
Lenna 27 75 33.23 5.694 (27 75 33.24 3785 | 1.5 65 36.34
| Average | 31.86 4726 | 31.91 4.070 | 35.30
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