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Sub-optimal Parameter Estimation for Bilateral Filter using Distribution Distance

Taiki Makishi*, Non-member, Shuichi Ichikawa*®, Member, Naoki Fujieda®, Non-member, Chikatoshi Yamada**, Member
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A method that estimates the parameters for a bilateral filter, based on the distribution distance of the images, is pro-

posed. This study presents a method to estimate a sub-optimal set of parameters in a reasonable execution time by using

a local search method with adequate initial values. The image quality is slightly degraded when sub-optimal parame-

ters are used, and therefore a second method is proposed to compensate the parameters to achieve better image quality.

Parameter estimation time was reduced from 398 s (brute-force method) to 0.15 s (proposed local search method) with

a 2.8 GHz Xeon processor. When the compensated parameters are used, the image quality was approximately equal to

the optimal result.

F—J—K:

WNATTINTANE, SAHEENE, X7 2 —sHE, mEfl, RRER

Keywords: bilateral filter, distribution distance, parameter estimation, accelerating, local search

1. IU®IC

AR, Ty VRO REGEE(L 7 4 )V 4 L LT Bilateral
Filter (BF) V@3 LHi7% 532 T ST %, BF TRIEF
GAERE R H 1B E) 2 F LN T A =5 2T 0%
WHDBN, ZDI8T A — 5135 L ORI PE S
NTWD, /8T XA —F REMMICHRET 5 FLEL LT, &
A HFEHE 2 728 T X = FRRFFEOOPRESI T
5o COFHOAMMEEIERICLVHERIN TS5, A
RIS X 5 TXT A= FHEEREESRT 5 &) fiE
RSN TV D,

ORI LTEES O, ANEEORIKEHRE ZE
L7 A=y HEEERRE L, ZOFETIE, AT
B ORIE 5 DFE A IR % 729 Laplacian-Gaussian Filter
& 7= 2 E I S 0P 28 A L, SRR E 5 O

a) Correspondence to: Shuichi Ichikawa. E-mail: ichikawa@ieee.
org
* BREHAN R RS
T 441-8580 ARG RAARTEZ 7 It 1-1
Toyohashi University of Technology
1-1, Hibarigaoka, Tempaku, Toyohashi, Aichi 441-8580, Japan
T T P2
T 905-2192 (il 44 R 1T 0 B 905
National Institute of Technology, Okinawa College
905, Henoko, Nago, Okinawa 905-2192, Japan

© 2017 The Institute of Electrical Engineers of Japan.

576

(GO EREL@mO TV, L LAFETIIEE
BAKE L, BEED/ST A — FHEFEICE VLR % %5
T%, BFIZa Y b7 A M@/ A A e SR ORI
MFCFIH END 728, /8T A — FHEE IS0 RIS
WZENEFE Ly

RIFFED HAIE, FEEY AT LATELFH SN S PCHE
FEDMLERRE S 2 iR & LC, BEIZ X B/ A ABeds % S
(1 BLUTF, WhER S 30 IV BEE) TEBTLILTH
%o BF OFFHIIWEN L2HNTH L0 5, —EOWE %
Ho729 2T, @b 52 L2 HIET, —HKICHEI{ELER
T, (BD) FENRXFTA—=FTHRLTD, TOEHES 2
O NITER LREZR . Z 2 TRIFZE T, BF O
WNT X — 8 B e T AR ERETT 5,

2. Bilateral Filter

BF I%, Tomasi 5 MIZ X WRES Nz v VRGOS
WIERIEBIL 7 4 V8 Tdh b, EHBE L F O EmE
EDOBOEE L HEAOWM G 2 EE L, s OIEFY
W& AL EAT D o TEHBTE &R E & OMEEDKR
SV CIEEADHIH S, W{EOHE % RAE L 72
IEDTTRETH B0 AW (x,y) ICBIFL2WHEMEE I(x, y),
TANEYZEErE$5E, BEOH Igp(x,y) 13 (1) AT
RE3N5,



BF OWER#E/ ST 2 — ¥ o (EEELRE,

i)

DD fariy+ YW +iy+ )
i=—r j=—r

Ipr(x,y) = ;

ZZr:W(x+i,y+j)

i=—r j=—r

FRICBITL2EAWRBUTOXTHEZONS,

Wx+i,y+j) =
( i2+jz) ( [I(X,y)—l(x+i,y+j)]2)
exp|— exp|—

20,2 2042

ZZT oy, oglE, FRENZEEITE R OHEEE )7 O
fLSTA—=FTHY, CONTA—FZRET LI LICE
DL DEEATEST LI ENRETH L, 74 VT
Fridde, BEL L5,

3. HTHEEE#ICES BF D/XT 4 — 2 #TF

RETHE, FEOOPRELoAHEHICE S BF O
NI RA =Y EBEFEEZFHAT L, 2B, KRFETIE, AN
EEICER L TS A T AMMES LIE L T b,
Fig. 1 IZARFHOBNE 2R3

AFEOME 70— 13T &% 5,

(1) AJJHf%i24 L, Laplacian-Gaussian Filter % v
7o MEMEER I L ) =y VR E1T )

ATTHIE % kX k ORFTHEBUI5E L, S8
%} L C Median Absolute Deviation (MAD) HE5E
AEAL, EEBOT—FDIEEO0E kDD,

22T, MAD @ IETRE L 42 M Elx, =y
VHBHEREH VT y VE L FEHE, FNENRT
FUMEZ RO 7 EE T 5,

ZNZENOFHIFTO MAD HEE I & BHEROHT,
RO E % EIRNT 5,

IR SN TE 2 R oy & LT, N, 005?)
DIEH AT Hygy T HERT 50

AR L 72 IEHAG Hygy & AJTHHRICER L TW 5
MG oA EARET %o

(2)

(3)

(4)
(5)

(6)

Puld
S g

T

Bilateral
Filter

I Igr
Edge detection -
+

MAD estimation I
res

Distribution distance
calculation

Optimal value (o, 03)

Assumed noise distribution

Fig.1. An optimal parameter estimation of bilateral fil-
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Table 1. Evaluation platform.
CPU Xeon E5-2680 v2 @2.8 GHz
Memory DDR3 128 GB
(O] Red Hat Enterprise Linux Server release 6.4 (Santiago)
Kernel 2.6.32-358.23.2.¢16.x86_64
Language C
Compiler Intel C++ Compiler 14.0.0
Library Intel IPP 8.0
Compile Option default (-02)
Images 256 * 256 pixel
o 0.5 ~ 7.5 (step 0.1)
Ty 2~ 75 (step 1)

(f) Girl
Fig.2.

(e) Cameraman

(g) Lax

(h) Lenna

Input images.

Table 2. Optimal parameters to minimize HD and to
maximize PSNR.

Optimal HD Optimal PSNR
Image oy Oy HD PSNR | 0y o, PSNR
Airplane 49 0.7 00132 31.11 |21 1.3 3219
Barbara 27 3.0 0.0202 2876 | 23 0.8 30.60
Boat 26 20 0.0149 3181 |25 1.0 32.62
Bridge 38 1.8 0.0198 2635 |17 1.1 29.64
Cameraman | 38 0.9 0.0188 31.89 | 19 15 3272
Girl 27 2.1 0.0168 32.13 |30 0.9 33.33
Lax 27 20 0.0278 2879 | 16 14 3032
Lenna 42 14 00201 3122 |26 1.0 3281
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Fig.3. Contour map of HD (Bridge).
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Fig.4. Contour map of PSNR (Bridge).

Table 3. Processing time of each function for a set of
parameters.

Processing Time [ms]

Bilateral Filter 0.08 ~ 87.87
Histogram 0.146
Distribution Dist. 0.074
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Fig.5. An example of binary search.

Table 4. Results of binary search.

Image o4 Oy HD  PSNR | Time [s]
Airplane 25 23 0.0190 31.44 | 02163
Barbara 26 3.0 0.0244 2893 | 0.2503
Boat 25 27 0.0167 31.44 | 02163
Bridge 34 39 0.0240 26.10 | 0.3500
Cameraman | 25 2.3 0.0200 32.03 | 0.2163
Girl 25 2.7 0.0234 31.70 | 0.2163
Lax 25 2.7 0.0358 28.88 | 0.2163
Lenna 32 34 0.0242 30.23 | 0.2979
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Fig.6. An example of local search.

Table 5. Results of local search.

Image o4 Oy HD  PSNR | Time [s]
Airplane 25 29 0.0179 31.16 | 0.9909
Barbara 27 3.0 0.0202 28.76 | 0.9086
Boat 25 2.5 00159 31.57 | 1.0490
Bridge 35 39 0.0221 2592 | 0.3127
Cameraman | 25 2.3 0.0200 32.03 | 1.0988
Girl 26 2.8 0.0194 31.51 | 0.9577
Lax 27 2.0 0.0278 28.79 | 1.1549
Lenna 32 39 0.0206 2995 | 0.6254
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Table 6. Local search from the avarage point derived
from sample images.

Start point Local minimum
Image o4 Oy HD PSNR |o,; o HD  PSNR Time [s]
Airplane 32 19 0.0547 3081 |27 1.8 0.0163 31.51 0.0632
Barbara 35 1.6 0.0814 2827 |28 20 0.0212 29.09 0.1404
Boat 35 1.7 0.0620 31.14 {30 1.3 0.0165 32.19 0.0569
Bridge 34 1.7 0.0505 27.05 |38 1.8 0.0198 2635 0.0711
Cameraman | 34 1.9 0.0635 31.20 | 30 1.3 0.0197 32.08 0.0695
Girl 35 1.7 0.0487 3198 |32 1.3 0.0174 3292 0.0463
Lax 35 1.7 0.0901 2756 |28 1.7 0.0284 28.80 0.0864
Lenna 33 1.8 0.0389 31.52 |36 2.1 0.0208 30.80 0.1164
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Fig.7. Correlation between the HD-optimal parameter
and the PSNR-optimal parameter.

Table 7. PSNR with the estimated optimal parameters.

HD-optimized | Estimated PSNR-optimal
Image os o, PSNR|oy o, PSNR
Airplane 27 1.8 3151 |23 1.1 32.16
Barbara 28 2.0 29.09 |23 1.1 30.45
Boat 30 1.3 3219 (22 12 32.59
Bridge 38 1.8 2635 (23 1.1 29.27
Cameraman | 30 1.3 32.08 [ 23 1.2 32.64
Girl 32 1.3 3292 (21 12 33.10
Lax 28 1.7 28.80 |25 1.1 29.80
Lenna 36 2.1 30.80 |21 1.1 32.68
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Table 8. Measured execution time of the proposed local

search.

Estimation [s] Measured [s] | Ratio
Airplane 0.0632 0.2013 3.19
Barbara 0.1404 0.1998 1.42
Boat 0.0569 0.1101 1.93
Bridge 0.0711 0.1597 2.25
Cameraman 0.0695 0.1654 2.38
Girl 0.0463 0.0975 2.11
Lax 0.0864 0.1727 2.00
Lenna 0.1164 0.0892 0.77
Average 0.0813 0.1495 1.84
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