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Development of Randomized Algorithm for Fast Edge-Preserving Filtering

Fukushima, Norishige
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We research acceleration of edge-preserving filtering using randomized
algorithms. For acceleration, information is sub-sampled.
Instead of using periodical sub-sampling, we optimize sub-sampling patterns with sufficient
randomness to realize a more accurate filter even with the same number of samples. Also, the
sub-sampling method is extended to the Monte Carlo algorithm the Las Vegas algorithm in the
randomized algorithm for broad usages of applications. On the implementation side of the algorithm,
we investigate implementation methods that can perform filtering with randomized sub-sampling in a
vector operation environment, such as SIMD or SIMT. We implemented it in the AVX environment of CPU
and a modern GPU, and verified the implementation had high efficiency.

DCT
SIMD



DCT

DCT

Randomly
sub-sampling

Naive bilateral Our randomized

Input image filter kernel filter kernel 2




(a) o =16

2

(b) o =32

CPU

GPU SIMT

@

(b)

©

0SA
RSA

£

(¢) or =64

AVX  NEON

)

SSA

Individual
reference pixels

Sequential Access (S4)

Random Access (RA)
Ll

Target pixels

Shuffled Sequential Access (SSA)

Target pixels

Shuffled reference pixels

(b) SSA

[ Divide image and periodic data access |,

22 -a

Vertical overlap by
transposed access

Horizontal overlap
by slid access

w

%T@@et pixel

(c) OSA

(d) RPA

PSNR [dB]

RTBF —A—
RTBF with S8 —%—
SBE X%
RBF-MC —@— s
RBE-LV (§=0.005) —#—
RBE-LV (E-0.2) —0—

I T N N .
1e+002 1e+003 le+004
Processing time [ms/Mpx]

1e+001

1e+006

i
1e+005

5 RTBF

SBF
[10]



FIR
[2,4,11,17,
19,23,25,29]
pcT
DCT
6
DCT
DCT
JPEG
DCT AAN
1 DCT 2
1
DCT
DCT
DCT
DCT
DCT

Subsampled Completely

redundant

— 2500 2210

) Ny FHA IHRENEE

£ 2000 Ny FORBIER&EDENERD

(]

£ 1500 I

% 1000 56|—]0 50 1% 466  8.00 lxug
o 500 193

[=

R-DCT RR-DCT (d=2) RR-DCT (d=3) RR-DCT (d=4)

MW Single m Parallel

7 DCT
7 16x16
1024x1024 DCT
R-DCT DCT
RR-DCT DCT
DCT
d
d
Intel Core 173370K
PSNR 34.41dB d=2,3,4
34.32,34.15,33.92 dB
[9,13,16,22,
27,30]
, [6,28,32] StM
[34]
[1,21]
, [8,33]
(4) [35]

[3,7,12,18,24]

[5,10,14,15,20,26,31]

vol .J99-D, no.9, pp-871-873, Sep. 2016.
DOI: 10.14923/transinfj.20161EL0001

, vol.J99-D, no.9, pp-892-894, Sep.
2016.



DOI: 10.14923/transinfj.20161ELO002

35

< >

[1] Y. Maeda, N. Fukushima, and H. Matsuo,
"Basic Study on Recognition of
Seven-Segment LED Digits by Using
Binary Template Matching,”™ in Proc.
International Workshop on Advanced
Image Technology (IWAIT), Jan. 2017,
Penang (Malaysia).

[2] Y. Kusatsugu, M. Kimura, and N.
Fukushima, "GPU Implementation of
Randomized Bilateral Filter," in Proc.
International Workshop on Advanced
Image Technology (IWAIT), Jan. 2017,
Penang (Malaysia).

[3] M. Nakamura, and N. Fukushima, "Fast
Implementation of Box Filtering,™ in
Proc. International Workshop on

Advanced Image Technology (IWAIT), Jan.

2017, Penang (Malaysia).
URL:http://fukushima.web.nitech.ac. j
p/paper/2017_iwait_nakamura.pdf

[4]1S. VYamashita, and N. Fukushima,
"Rearrangement of Filtering Kernel for
Interactive Spatially Invariant FIR
Filtering,” in Proc. International
Workshop on Advanced Image Technology
(IWAIT), Jan. 2017, Penang (Malaysia).

[5]1 K. Sugimoto, N. Fukushima, and S.
Kamata, "Fast Bilateral Filter for
Multichannel Images via
Soft-assignment Coding," Proc.
Asia-Pacific Signal and Information
Processing Association Annual Summit
and Conference (APSIPA), Dec. 2016,
Cheju Island(Korea) .
DOI: 10.1109/APSIPA.2016.7820813

[6]1 N. Fukushima, K. Takeuchi, and A.
Kojima, "Self-Similarity Matching
with Predictive Linear Upsampling for
Depth Map,™ in Proc. 3DTV Conference,
July 2016, Hamburg (Germany).
DOI: 10.1109/3DTV.2016.7548889

[7]1S.- Fujita and N. Fukushima,
"High-Dimensional Guided Image
Filtering,” in Proc. International

Conference on Computer Vision Theory
and Applications (VISAPP), Feb. 2016,
Rome (Italy).
DOI: 10.5220/0005715100250032

[8]S.- Fujita and N. Fukushima,
"Hyperspectral Gaussian filtering:
Edge-Preserving Smoothing for
Hyperspectral Image and Its Separable
Acceleration,” in Proc. International
Conference on Advanced Mechatronics
(ICAM), Dec. 2015, Tokyo (Japan).
URL:http://fukushima.web.nitech.ac. j

p/paper/2015_icam fujita.pdf

[9]1S- Fujita, N. Fukushima, M. Kimura, and
Y. Ishibashi, "Randomized Redundant
DCT: Efficient Denoising by Using
Random Subsampling of DCT Patches,™ in
Proc. ACM SIGGRAPH Asia Technical
Briefs, Nov. 2015, Hyogo (Japan).
DOI: 10.1145/2820903.2820923

[10] N. Fukushima, S. Fujita, and Y.
Ishibashi, "Switching dual kernels for
separable edge-preserving filtering,”
in Proc. IEEE International Conference
on Acoustics, Speech and Signal
Processing (ICASSP), pp. 1588-1592,
Apr. 2015, Brisbane (Australia).
DOI: 10.1109/1CASSP.2015.7178238

< >
[11] , , , "SIMD
, Mar. 2b17, (
).
[12] , , ;"
! 79
, Mar. 2017, ( )-
[131 , , "DCT
’ , Mar. 2017,
C ).
[14] : -
’ , Mar. 2017, ( ).
[15] , >
1R 0(1)
, Mar. 2017, ( ).
[16] , , "DCT
AAN "
(CS),
Dec. 2016,
¢ -
[17] : : "
GPU
14 (WiNF),’Nov
2016, ( ).
[18] : -
" 14
(WiNF), Nov 2016,
C ).
[19] , , "
SIMD 014
(WiNF), Nov 2016,
¢ -
[20] , , .,



(PCSJ)/
(IMPS), Nov 2016,
C ).
[21] s .
7
LED !
(PCS3)/
(IMPS), Nov
2016, ( )-
[22] s 5 "AAN
DCT -
(PCS3)/
(IMPS), Nov 2016,
¢ -
[23] ) .,
GPU
! (PCS3)/
(IMPS),
Nov 2016, ( )-
[24] "
(PCSI)/
(IMPS), Nov 2016,
¢ -
[25] "
- (PCS3)/
(IMPS),
Nov 2016, ( )-
[26] s ,
(1E), Sep.
2016, ( )- (I )
[27] s , ,
DCT 0019
(MIRV),
Aug. 2016, ( )-
[28] , , ,
"3
, Jul. 2016,
« )
[29] s ,
(CVIM), Jan 2016, ( )-
[30] . ) ,
bCT, ™
(CS), Dec
2015, ( )-
[31] "
(PCSJ)/

(IMPS), Nov 2015,

C )
[32] , , ,
)" (PCS)/
(IMPS),

Nov 2015, « ).
[33] , , , "

(PCSJ)/’

(IMPS), Nov 2015,

« -
[34] , , "SM

(PCSI)/ ’
(IMPS), Nov 2015,
C -
[35] , "
,' 54
, May 2015,
« )
0

o 0
o 0
[€)) DCT

http://fukushima.web.nitech.ac. jp/lab/r
esearch/rrdct/
@) BF

https://github.com/norishigefukushima/0
penCP

3) “ OpenCV
Design
Solution Forum 2016.
https://www.slideshare.net/FukushimaNor
ishige/opencv-67214568

©)
2016
@
FUKUSHIMA, Norishige
80550508
®

MATSUO, Takuya
KIMURA, Makoto
Takeuchi, Kouta



