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Accelerate Trilateral Filter SIFT algorithm
on GPU

Sawada Yuki
Abstract

In recent years, Structure from Motion (SfM) has been used to re-
construct three-dimensional shapes using images taken from multiple
viewpoints, such as aerial photography by drones and object surveys.
A feature extraction algorithm called Scale-Invariant Feature Transform
(SIFT) is used to calculate SfM, and adopting a trilateral filter as a fil-
ter used within SIFT improves accuracy, but increases the amount of
calculation. The execution speed decreases.

Therefore, in this research, we propose a method to speed up the SIFT
algorithm using trilateral filters by implementing it on GPU. In the pro-
posed method, the internal processing of the trilateral filter is parallelized
for each pixel. As a breakdown of this internal processing, the calcula-
tion of the Detail Bilateral Filter function occupies a large proportion.
This function, like a general filter, performs calculations for each pixel
by referring to its neighboring pixels, but has the characteristic that the
window size is variable for each pixel and the amount of calculation is
not uniform. For this reason, if you simply perform pixel-by-pixel par-
allelization on the GPU, threads with different calculation amounts will
be executed simultaneously in SIMD type, and some calculation cores
will become idle and the execution speed will decrease. Therefore, the
proposed method equalizes the calculation cost of concurrently executing
threads and improves execution efficiency by sorting the pixels assigned
to each thread by window size.

In order to evaluate the performance, we implemented the Detail Bilat-
eral Filter on the CPU and GPU, and also applied the proposed method
on the GPU. As a result of measuring execution time using these, the
GPU version was 24 to 95 times faster than the CPU version. Further-
more, by applying the proposed method to the GPU version, a further
speedup of 1 to 1.27 times was obtained.

On the other hand, in order to evaluate the influence of the use of GPU
and trilateral filters on SIF'T calculations, we implemented three types
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of SIFT calculation programs: a CPU version using a Gaussian filter, a
CPU version using a trilateral filter, and a GPU version.

We compared the accuracy and number of matching results. As a re-
sult, high-accuracy results were obtained with both implementations, and
there was no difference between the CPU and GPU versions when using
trilateral filters. Furthermore, when using a trilateral filter compared to
a Gaussian filter, the number of matched feature points increased by 3.4

times, demonstrating the superiority of the latter.
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7% AL O o L 72 BR D S [F— RORFEZAT 5. BRI & ORE

SEARFERERE TR



2.1: SfM DOHYE

ERYFUITEIERXIDVFEAEZIRE LEBRO A A S DB ZHEE L.

Z D% 3 IILDREET — X2 EWNT %,
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2.2: DoG

2.3 DoG 7L~
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2.4.1 GPU
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purpose Computing on Graphic Processing Unit) ¥ FE&R, GPU IXfilF %
Da7zefEH L TE D, BROFEZITLTETTE %, GPU & CPU
WFXENENHAL LI XEY ZFoTED, CPUD S GPUIKT —X %
ELT, GPU LOXEV TR ZHVWTEHELZITS (K 2.3), GPUIZIE
Y7 —FAEY EMINS EE - PNEEOXEYRFEHSINTEDE

HLICHE T 2, a7 LAT7 7R RAEMEINZEGE LT —&X 7 7k R
ICE D EHER T — R DFAEZ AR 25 (K2.4),
2.4.2 CUDA

CUDA &Z NVIDIA 2°HE® GPU % GPGPU & LTHHTE % &5
WKIRMEL TV A A HRBRED Z . ThH 5 (3], 2 —P—1X C/CH++% ¥k
BRUZSFETRT 2 2 e THFIY 7 v v = 7 2/ERT 5 Z L DSAIRET
Hb, GPURZHHDTNAZARXEY DT —=RIILHT 7 ERATERV:

¥, CUDA TIZCPUDPSHEE 7 ZEATEBZRAMXEYLEL GPUD

SEARFERERE TR



GPU

CPU
HE o
CUDA cores
EEEN llll/
IR
EEENE EEN S
EEENE AEEN
shared shared
memory memory
PCle

23: GPUDTY—F 77 F %

GPU Threa s s
Memory

BRETIER BEET7IER

24: GPUIZCXAXEY 77X
AMT TERATEDLTNAZAXEYAD Y —ZHHRINICER T 2 3

MH 5,

2.5 SIFT Oif&E
2.5.1 EH=E

SIFTIIFTERENZ W W S BFENFET %, 25D DHIFE [4] T 640 x
640 DHER 5 3762 [HOFHHE % CPU THHHE L 72, Intel Core2 Duo,
2.66GHz TR 2 D ER RN D0 o TW b, HIRY A4 XHhKEL kD
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KR oMIGE ¥ 2B, =y Y Ficiit Sz A3 B WISz o8&k —
VICKRBZAREMEN D S, THUT K D DL X E B D DI

TERWEENIEL %5, ZADHORBEL XA TV,

2.6 GPUIZ& 3 SIFT &3t

SIFT HE % @ b3 28R EIATONTE TV S, 7z Wu I
X247V =2 SiftGPU[5] i3 GPU TSIFT OE#{tZiZER LT
W3, Zhihao & DHFE [6] TI1Z GPU ETo SIFT A% R332
22 & D, OpenCV OFEE X b # 59 fFicE# b L7-%EHlS H 5, Mahdi
BICEBWZE (7] Tldry b —2 i dNza v ¥ a— R TEITT 5
SRRy Ea—T 4 Y X DK LI EELEER L TV 5,

2.7 T4NLETIIVXLESHRZRICES
271 NA5F5LT1LE

BEt

it

SIFT 7432V X ALEA Y P FILROMIC S NERLFHZ E =12 5 Z &
TEfEElL, ERbERAALMERI T TDOR TS, Z2D—2 DoG 7 4
NRTHEONAET VAT ANEBZEEHIZ2H5DTH D, HTVAT 4ILER

BNATTINLT 4 NRICEEHZ GPU TEITTA2Z e TcEakElLE
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NREMEN, Ty LOREEZDRT 2 oA JREL 725, ZDWITE

Tl 512 x 512 DEHT CPU & R L TR 6 fZDEd bz ER L T\ 5,

2.7.2 MIUSTFIILTaILAER

SIFT 7 VIV RXLHND T 4 VRZ MV FT LT 4 VRIZEZIEZ 5
e TEfBENE LIRADPFET S 9. ZAb 331 ALy Y
RIFEBE 7 4 A Z e EN 3 & O THIORMBEICHHLT 2 2 & 25l HE
o TWb, FERE U TREE DG RBUIH 2 f5 I LAo=K
X 1/10 & 72 D EFEEEIC 72 5 7258 CPU TOFEATRM D IR K T 150 f512 i

QB REDFET 5o

28 FUSTIILT1ILESIFT OFE

M)ZTINT7 4 NVEZDORHBE LTHEI ZIZY 4 ¥ FUH A X530
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ESINTVWELDFHAIRXAMI—ETHE, LLLINVFTILT 4L
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29 MUSTFINT«LEZOTILIVXL

MUST I T4 IILRIZATIE LTI 4 LR =20 ) 50RO G, <
TA=R—o, HOTHEZITI, WEINIZZ L DT X =R ERHE L
LTWABD, BT o, ZBROTERTDRT X — X —ZEIFNCHRE L

TW3, URT740XD7NLIY X L%FHAT 3,

2.9.1 NTA—Z—RE1

O = 0., beta = 0.15, Filtersize = o, HIRDOHEDE XD 5 level M ax

LWVWIHINRTRA—R—BRET 5,

2.9.2 ComputeGradients

F VP FOVEIED S BEIR AR R AT 5, HRAECIIEE S 5 HZRED
X AAY HAFENLZFROEDOEDZ L TH b, ZOHEXTY S TX

HEEEZR e Y AREEERZ KD 5,

2.9.3 buildMinMaxImageStack

SEDFETRD - X WlLHEG & Y AELEIR, X5 X — & level Max, beta

Z VTR IRRAEL, o, 2RO 2,
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2.9.4 INSA—Z—RE?2

0 =R=0, T X—R—%2RET 5,

2.9.5 BilateralGradientFilter

X AfCHEGRE Y AREBIC L TN, 777 4 VX ZHHAT %,
ZDFENRTG X =& —¥ LT o,,0,, Filtersize ZFH\W 5%, ZIUZ X > TF

L X AfeE‘R e Rt X SECERz AR T %,

2.9.6 findAdaptiveRegion

B/NEBC E KA, 289 X —&— R levelMax ZFIWTHEZRZ & D

f@ 72;}){@60

2.9.7 DetailBilateralFilter

AV I F VBRI LTANAL FT IV T 4 NREFEHT 5, 8T X —
& —t L CHRE X B, Vgt Y AR, fo, 00,00 ZHVS,
CHZED PUSTINT 4 VR SINEREZERT 5, FHEZR
TLICHHINE Y 4 Y RS AL ZEFAETH D, 27(n ik 1 DLEDOREE)

Th s,
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3 ®EEFE
3.1 GPUZAWLEILLHEDREL

MU S TINT 4 VRIFEHBERFSE WD GPU ZHWS Z e TH
HAEZIT Do SRR LUEITRED 5 585 X =X DPE & buildMinMax
ImageStack AN Z N ZNEHEZ L ICHGFUEZIT S5, ZD7zH GPU
FCRERI 2L ETS e TEE(bERA S, SEERDEE
JLFE D E W Detail BilateralFilter BI DI HFE 21772 o 720 Z LD

BEEIC DWW T B HEIEITETVRWA, WHHLOFEERT,
3.1.1 ComputeGradient DIF|FELE

L HZROFHEZAT S I — 3 VEBUL Listing 1 D X 51245, ZORE%
ZFEITT 5 GPUR Ly FERBEZEBDERT 5 2 2T, WHFETHITOA
%, srcImg I ASIEIR, pX, pY IZZNZNX, Y HAIDHEERTH 5,
Raw2D IZEHROIE, & X, FERT — & D 2 KIhid| % & TSR TtH 2,
srcImg->datal[i] [j] THIRHEIZT 7L ATE %, getMyX(), getMyY()

WFAL Y RID oY BEZETHE T 2~/ Th b,

Listing 1:

1 __global__ computeGradient (Raw2D *srcImg, Raw2D *pX,
Raw2D *pY){

2 int i, j;

3 float Cval, Eval, Nval;
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11 }

i = GetMyX(); j = GetMyY();
Cval = srcImg->datali] [j];
Eval = srcImg->datali+1] [j];
Nval = srcImg->datali] [j+1];
pX->datali] [j] = Eval - Cval;
pY->datalil [j] = Nval - Cval;

3.1.2 findAdaptiveRegion D%

pMinStack, pMaxStack, R, levelMax Z A& LT, fp H 13 %,

Raw3D & Raw2D @ 1 XJthc%] z. Raw2D OH% 4 X2 ELHEEIRTH 5,

BEEIE R Z 2 1cliFFEITE NS, Code 2 ITEHEZRT,

© 00 N O Ut ok W N

— =
—= o

Listing 2:

_global_

_ findAdaptiveRegion(Raw3D *pMinStack, Raw3D *
pMaxStack, float R, int levelMax, Raw2D *f_theta){
int i, j, imax, jmax, lev,
i = GetMyX(); j = GetMyY();
for(lev = 0; lev < levelMax; lev++) {
if (pMaxStack->z[lev]->datali] [j] >
(pMaxStack->z[0]->datal[i] [j1 + R) ||
pMinStack->z[lev] ->datali] [j] <
(pMaxStack->z [0]->datal[i] [j]1 - R))
break;
}
f_theta->datali] [j] = lev - 1;

11
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%5, GPUDRL v FiZ 32K (1 7—7) BT SIMD BETHTbN S
720, HEIRELIKDboTLEo72a7id 74 LR o TLE S,

ZOMBITHLT 2720, GPUDEAL v FHHEYT 2 HEZARFD
BONDDOPLEVWHDAY — T3 TY—THNOFEEDY—LE
X% (X3.536), FHEZEDY 4> FUH 4 Ed 50 UDFHEATRER D
DTH53, ZZT, V4 Y RUH A XLEEDNBEDA - SR D T —
TNVEED, 2RV 4 Y RO AL XTY =155 (K3.7),

GPU O AL v NIHHAAALEEEZHWTHSD ID ZHE L. £
Mo TNHEERHET 2, TZTGPUDAL Y RIZ0D 5% 558 L7-
BEOID L LTROATWS T 5, @HE, Bw B2 L OEBITH
U CHEHE (2, y) DEIZRIZID A5 (w x x4+ y) DAL v RHUBT 35, &
FETE T — ISR EI Nz 2,y FERER SR TZOHEED 7 4 LR

RIEZITS,
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3.2 T—RLAT7UMRELICKBRXAEIT7IEIDERL

GPU ETIXHEH LI XEVII T 7R TR T ERRT—X T
IR APAREL BB AT LRAT 7AW S HDONH B, GPUDAL v
RO T =7 NSIRCEDERR LT —X 7 7 XTI R->TL
FoTWb, EZTU A YR AL XTY = bRfTHBICEEY — b %
AWz, Z2UTE D GPUDERL v RANEWEDHEZEZ ST 5 iR

DEL Y F—&7 7 2ADOEF(LHHIGFTE 3,

Window_size 1 1 1 1 1
X 400 200
y 0 pLoo] 101

X 3.8: ¥V — bHi

T\
prassens

TR

Window_size

X
y

3.9: V— b
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3.3 BEZECLDI71ILE25tEDLF{t

28 TR/ XS WCKHMEZT L D7 4 L RUBIZBWTY 4 ¥ Ko H
AZXDAETH 2 e DPFETH 20, ZAZhOFEIIHIL TS
(Code 3)g Z2Z TV 4 ¥ RUH A4 XNTSHRIT Z2EIALTEZ X 5 I
b33z TcEEbER2, K3.10D X 5 ICEIEINIMERE RN
FLFNCHER L. 2 TORTEMRMIEINEMIN T, S, BRI T

HOWH 21T S Z & TaEd 21T 5,

Listing 3:
DetailBilateralFilter(int i,
int j,int w){

__global_

int m, n; float a, b;

1

2

3

4 a=b=0;

5 form=-w; m <= w; m+t+ {

6 for n = -w; w <= w; wt+ {
7 a += calc_a(m,n); b += calc_b(m,n);
8 }

9 }

10 a = a/b;

11}

3.4 EHHEOHIR

Ty IREFEIL T A VETHBE M)V IT IV T4 LEZEBEHNEZ
T DoG HZAENT 2RIy DHETESPEC WL SRS, C

D72, SIFT HEICBWTARNDETH /-y Y FOLZRINT 25
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Thread(0)
al0] = calc_a(0,0);
b[0] = calc_b(0,0);

Thread(1)
a[1] = calc_a(0,1); a =sum(af]);
b[1] = calc_b(0,1); m) b =sum(b]l);

result = a/b;

Thread ( m*w+n)

a[m*w+n] = calc_a(m,n);
blm*w+n] = calc_b(m,n);

3.10: DetailBilateralFilter D #{L.
AP EE 725, TOXIRETADEMZITS Z & TGPU TOFERITHE

ZEHICEELT 5,

3.5 WFIRITARELGEARDERSHE

FUSTINAT4NEDFHBEIIS ATy TRETCETT 3, ZDRATY
TDIHIEIODHDNA F T INERLT 4 VR E 4 DHDOETEITHEWITH
VL TWABDHFETHARRETH 3, IS XD EHEEHEOSHLE

X%,

3.6 ESRLGHFEABADEFER

a7 o AR TOE D E Y Wo 2 BIEFTEICEWT CUDA 238t LT
WAREEMERVWI L D ER R BARBICE 212 % Z e TER(b 2R T 5,
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72 ULERENNEZHBNC Y ST 07 4 LA BEALTWSDTHRE

KN &R LAY 5 72 2 IR ET D 5,

4 SRERIRIE - FHMEFE
4.1 EERIFIH

ZENE TV 77 I 07 4 VX DH TR E U DetailBilateralFilter
BRI ETE 5k, v—FHNOME DY —b) M L TEBRZ
1To7, FEBRE3METS, 1 DHIZCPUK. GPUIM,GPU Y — MRT
DetailBilateralFilter B#DFATIRFA % L L 72, 2 DO HIZRHHR DO~ v F
YIHERIET 5, 3DOHEA VI FADSIFT, PU ST 07 4L
&% W7z SIFT @ CPU k& GPU WU LT 2 A4 X7% & DAL Z N
LG EZHEL T, B~y F ¥ VRBEREZITR o7,

PEREFEA 12 F W 2 B8535 CPU I Intel Xeon E5-2620 v2/(2-2.5GHz, 6
Core, 16G), GPU 121& NVIDIA @ RTX-2080(1.52 GHz, 8GB) % i\ 7=,
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£4.1: VU SITINT 4 LRDOETRBIOHNER

100x100(ms) | 160x160(ms) | 320x320(ms)
ComputeGradients 0.09 0.228 0.34
buildMinMaxImageStack 0.897 3.159 11.803
BulateralGradientFilter 9.264 25.589 93.424
findAdaptiveRegion 0.163 0.419 1.917
DetailBilateralFilter 675.332 11108.6 221361

4.1 T3 X 912, DetailBilateralFilter 23 FEfTHRFE O KEZ2 HDH T

Wik,

5 RERFER

DI DEREPEETH S e 3bh b,

5.1 DetailBilateralFilter BS#DEITHRE

EERERLY LTET VY 27707 4 LEXAERICH % DetailBilateral-

Filter B D FITHE

ZHHT %, HBONSRIE CPU,GPU 3234,V — M

GPUZEREr o TW3, EEEREZERF2TRT

3% 5.2:

DetailBilateralFilter By D 521 7R

Image size

CPU GPU GPU(Y — M)

160 X 160

11844.6ms | 489.216ms | 489.216ms

320 X 320

247773ms | 4683.26ms | 3779.12ms

640 X 640

4148530ms | 53347.9ms | 43515ms
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HITAT 4K - - 100

(CPU)

N)ZTFI)L 74L& 94 94 100

(CPU)

PIZTINTANZ |, 24 100

(GPU)

5.2 SIFTEEDEE

FVIFNURDH T AT 4 VR %N SIFT(CPU), MU 7717 4
VR EFEEL T2 SIFT(CPU), bV 7 717 4 VR EFEL T SIFT(GPU)
D 3MPEATRER O~y F U 7REZ KT 5, FEOEIX 100x100
DOERE. ZIHh U)o ZERO 2BEEHARLT. vy F Y70
D £ A7 AL E > TOWIBAERIELVWHDE TS, v

FUIREEDER5IIRT, FE T4 NVRTDOY Y F U IR E

5.14 2R3,

5.3 SIFT ICH TR A DBELLE

5.3.1 HBAE

515 W CRTEIIZ. /A4 XRay TR FDOE(LE W o 244 FELI N

LTCSIFTHEN I E DOEEND 2 0% 7M1l L 7=,
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X 512: FVZTIILT 4RI
X 511: HYRAT74LRICL? & % SIFT(CPU) DR~ v F
SIFT(CPU) OF=R~ v F 7 N4
L] =
#

5.13: MU ZT I T 4 LRIZ
& % SIFT(GPU) DR~ v F
N4

5.14: %7 4 VX EH W SIFT HEORHS~ v F > 7558
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av kS5 JpegEMEICL D

EHE 1k
AB Bk 2 (126x128)

X 5.15: JCH{G & AMELE D) 72 AT Hi{E

5.3.2 &R

FEERFERZN 6.18~6.27, % 6.4~6.7 1T T,

6 ER

CPU it & bl U CEATRRIDS KRS hTwd, £/, w4 v R
THAZXTY — b2 Ll IZ&D, @FE D GPURMITHATS 320x320.
640x640 DEFR CTEELE N TN S, AU GPU NHECEYNIC R
TINTVS 2 TEEARFHRIKEDOZR L v RRF-oTWE 05 E X
bND, 172l &fe LT 1KROEBICHN L TOETRMBIAT Y R 7 4
WV ERIZHARTEY, GPU IRIFHER Z & OMFIETE TV 55, HEHZEN

HTDOY 4 2 FUH A XDV — TR SN TOWRNWDRETDH
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2rEZLNB,

SIFT HFEIZ & DFERICBNT HMED 1000 72072, PYTT T
7 4 V& ZHW SIFT1Z CPU . GPU ke HICHFRIZFICTH 5728
GPU TRIE L BOBREXIZERVSDE EX %, T, HTVAT 4L
RN TRBE O~y F Y B2 Twa Z itk b, &b EtkaE
WCiRoTWAIZ bbb,

SIFT I8 2 R DR E IR DOFR D 513, 2O LTHY
FTINT 4 NEDRBHROBDPHER e hRbh b, . BEMD
HDY jpg IEMEICBWTIX~ v F > ZpEEmL 7=,
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DI T DREENKIEICHED 5 Z b b, ZOMBEID LY S
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X 6.16: HV AT 4 V& X 6.17: FUZTINT 4K

X 6.18: AV P FNEIRICH T 2 SIFT O~ v F > 7HEE kg

X 6.19: H VA7 4 L& X 6.20: N ZTILT7 4LX
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X 6.22: HI AT 4 L& X 6.23: PUTTINT 4R

X 6.24: 2> T X M EELXEEGIINT B SIFT O~ v F > JFEE
b

X 6.25: VAT 4 LR X 6.26: FUTZTINT 4R

X 6.27: jpeg FEMETHIL L ZHHRICHS 2 SIFT D~ v F > ZFEEELLER
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# 6.4: FAITOEBGIIHN T 2RERD~ v F ~ 7FEHE

Ll . B
) - = Fy 5| TR
o | v | 7N T
Ut | |V
Y A 39 7 7 100 0.320531
CPU
Vo5 9)L
PVZT7V 063 58 66 87.8787879 | 605.665184
GPU
3% 6.5: /A ZDEIGITN T RN D~ v F >~ JREE
ELK . _
. " ey FT ITHRf
whEoR | <y | 2T ﬁ% ig*ﬁ
Uit | TV
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CPU
],-,
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GPU
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Listing 4: Filter Program Code

#include <thrust/reduce.h>

#include <thrust/execution_policy.h>
#include <thrust/host_vector.h>
#include <thrust/device_vector.h>
#include "trilateral_cuda.h"

#include <stdio.h>

typedef struct

{
int index;
int x;
int y;
int m;
int n;
int window_size;
} map_t;
__device__ typedef struct {
int y;
int x;
} point_t;
__global__ void test_cuda()
{
printf("hello world from cuda\n");
}
void test()
{
test_cuda<<<l, 1>>>();
}

uint64_t divRoundUp(uint64_t value, uint64_t radix)

{

return (value + radix - 1) / radix;
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46
47
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49
50
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53

54
55
56
57
58
59

60
61
62
63
64
65
66
67
68
69

70
71
72

}

#define IMUL(X, Y) __mul24(X, Y)
#define M_EXP 2.7182818284590452353602874713527

__global__ void HalfSize_ CUDA(float *fTheta, int *
half_size, point_t *point, int width, int height){
int x = blockIdx.x * blockDim.x + threadldx.x;
int y = blockIdx.y * blockDim.y + threadIdx.y;
int index = x + y*width;

if (x >= width || y >= height){

return;
}
half_size[index] = (int)pow(2.0, (int)fTheta[index])
/2;
point [index] .x = x;
point[index] .y = y;
}
__global__ void WindowSize_CUDA(float *fTheta, uint64_t
xyindow_size, map_t *map, int width, int height)
{
int x = blockIdx.x * blockDim.x + threadIdx.x;
int y = blockIdx.y * blockDim.y + threadIdx.y;
int index = x + y * width;
if (x >= width || y >= height)
{
return;
}
window_size[index] = (int) (pow(2.0, (int)fThetal
index]) / 2) * 2 + 1;
}

__global__ void DetailBilateralFilter_CUDA2(float *src,
float *xSmoothGradient, float *ySmoothGradient,
float *fTheta,float sigmaCTheta, float sigmaRTheta,
float *dst, int width, int height, float *tmp, float

*normFactor, uint64_t *window_size)
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74
75
76
"
78
79
80
81
82
83
84
85
86
87
88

89
90
91
92
93
94
95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110

int x = blockIdx.y;
blockIdx.z;

int y

int index = x + y * width;
if (x >= width || y >= height)
{

return;

}
int halfSize = fThetalindex];
halfSize = (int)pow(2.0, halfSize) / 2;

int mn_id = blockIdx.x * blockDim.x + threadIldx.x;

if (mn_id >= window_size[index] * window_size[index

D

{
return;
+
int m = (mn_id) % window_size[index] - halfSize;
int n = (mn_id) / window_size[index] - halfSize;

if (0 <=x+m&& x + m < width & 0 <=y + n & y
+ n < height)

{
if (index == 0)
{
printf ("{%d}{%d %d}", halfSize, m, n);
}

float diff, detail, domainWeight, rangeWeight;

float coeffA = xSmoothGradient [index] ;
float coeffB = ySmoothGradient [index];
float coeffC = src[index];

diff = (float)(m * m * n * n);
domainWeight = (float)pow(M_EXP, (double) (-diff
/ (2 * sigmaCTheta * sigmaCTheta)));
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112

113
114
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116

117
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126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

detail = (float)(src[x + m + (y + n) * width] -
coeffA * m — coeffB * n — coeffC);
rangeWeight = (float)pow(M_EXP, (double) (-(
detail * detail) / (2 * sigmaRTheta *
sigmaRTheta))) ;

tmp [index * 512 * 512 + mn_id] = detail *
domainWeight * rangeWeight;

normFactor [index * 512 * 512 + mn_id] =
domainWeight * rangeWeight;

}
else
{
return;
}

}

__global__ void DetailBilateralFilter_CUDA(float *src,
float *xSmoothGradient, float *ySmoothGradient,
float *fTheta,float sigmaCTheta, float sigmaRTheta,
float *dst, int width, int height)

{

int x = blockIdx.x * blockDim.x + threadIdx.x;
blockIdx.y * blockDim.y + threadldx.y;
int index = x + y * width;

int y

if (x >= width || y >= height)
{

return;

3

float diff, detail, domainWeight, rangeWeight;
float normFactor = 0.0;
float tmp = 0.0;

int halfSize = (int)fThetal[index];
halfSize = (int) (pow(2.0, halfSize) / 2);

float coeffA = xSmoothGradient [index] ;
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159

160
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162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

float coeffB = ySmoothGradient[index];
float coeffC

src[index] ;

int m = 0, n = 0;

for (n = -halfSize; n <= halfSize; n++)

{
for (m = -halfSize; m <= halfSize; m++)
{

diff = (float)(m * m + n * n);
domainWeight = (float)pow(M_EXP, (double) (-
diff / (2 * sigmaCTheta * sigmaCTheta)))

if (0 <= (x + m) && (x + m) < width && O
<= (y + n) & (y + n) < height)
{
detail = (float)(srclx + m + (y + n) *
width] - coeffA * m - coeffB * n -
coeffC) ;
rangeWeight = (float)pow(M_EXP, (double)
(-(detail * detail) / (2 *
sigmaRTheta * sigmaRTheta)));
tmp += detail * domainWeight *
rangeWeight;
normFactor += domainWeight * rangeWeight

I

b
}

tmp = tmp / normFactor;
tmp += coeffC,
dst[index] = tmp;

if (index¥%width == 0){
printf("!");

by

__global__ void DetailBilateralFilter_Sort_CUDA(float *
src, float *xSmoothGradient, float *ySmoothGradient,
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178
179
180
181
182
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198
199
200
201

202

203

204

205

206
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209

float *fTheta, float sigmaCTheta, float sigmaRTheta
, float *dst, int width, int height, point_t *point,
int *half_size){

int x = blockIdx.x * blockDim.x + threadIdx.x;

int y = blockIdx.y * blockDim.y + threadldx.y;

int index = x + y*width;

x = point[index] .x;
y

point [index] .y;

if (x >=width || y >= height){
return;

by

float diff, detail, domainWeight, rangeWeight;
float normFactor = 0.0;

float tmp = 0.0;

int halfSize = half_size[index];

float coeffA
float coeffB
float coeffC

xSmoothGradient [x + y*width];
ySmoothGradient [x + y*width];
src[x + y*width];

Il
o
B

Il
o

int m

for(n = -halfSize; n<=halfSize; n++) {
for (m = -halfSize; m<=halfSize; m++) {
if (0 <= x+m && x+m < width && 0 <= y+n &&

y+n < height) {

diff = (float) (m*m+n*n) ;

domainWeight = (float) pow(M_EXP, (
double) (-diff/(2*sigmaCTheta*
sigmaCTheta))) ;

detail=(float) (src[x+m+(y+n)*width] -
coeffA*m — coeffB*n - coeffC);

rangeWeight = (float) pow(M_EXP, (double
) (-(detail*detail)/(2+*sigmaRTheta*
sigmaRTheta))) ;

tmp += detail*domainWeight*rangeWeight;

normFactor += domainWeight*rangeWeight;
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211
212
213
214
215
216
217
218
219
220
221

222
223
224

225
226
227

228
229
230
231
232
233
234
235
236
237

238

239

240

241

}

tmp = tmp/normFactor;

tmp += coeffC,;

if (index%width == 0){
printf("!");

}

dst[x + y*width] = tmp;

void DetailBilateralFilter_cuda_func(float *srcImg,
float *pSmoothX, float *pSmoothY, float *fTheta,
float sigmaCTheta, float sigmaRTheta, float *dst,
int width, int height)

float *src_cuda, *xSmoothGradient_cuda, *
ySmoothGradient_cuda, *fTheta_cuda, *dst_cuda;

int *half_size_cuda;

int half_size[width*height];

thrust: :device_vector<int> halfSize_vector_cuda(
width*height) ;

uint64_t window_size[width * height];

point_t *point_cuda;

float *tmp_cuda, *normFactor_cuda;

printf ("width:%d height:%d \n", width, height);

time_t start, stop;

cudaMalloc(&src_cuda, sizeof (float) * width *
height) ;

cudaMalloc (&xSmoothGradient_cuda, sizeof(float) *
width * height);

cudaMalloc (&ySmoothGradient_cuda, sizeof(float) x*
width * height);

cudaMalloc (&fTheta_cuda, sizeof (float) * width *
height) ;

cudaMalloc (&dst_cuda, sizeof(float) * width *
height) ;
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243

244
245

246

247

248
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250
251
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253
254

255

256

257
258

259

260

261

262

263

264

cudaMalloc(&half_size_cuda, sizeof (int)*width*height
);

cudaMalloc(&point_cuda, sizeof (point_t)*width*height
);

cudaMemcpy (src_cuda, srcImg, sizeof(float) * width
* height, cudaMemcpyHostToDevice) ;

cudaMemcpy (xSmoothGradient_cuda, pSmoothX, sizeof (
float) * width * height, cudaMemcpyHostToDevice)

cudaMemcpy (ySmoothGradient_cuda, pSmoothY, sizeof (
float) * width * height, cudaMemcpyHostToDevice)

cudaMemcpy (fTheta_cuda, fTheta, sizeof (float) *
width * height, cudaMemcpyHostToDevice) ;

dim3 blockDim(128, 4);
dim3 gridDim(divRoundUp(width, blockDim.x),
divRoundUp (height, blockDim.y));

HalfSize_CUDA<<<gridDim, blockDim>>>(fTheta_cuda,
half_size_cuda, point_cuda, width, height);
cudaThreadSynchronize () ;

// printf("!1?");

// WindowSize_CUDA<<<gridDim, blockDim>>>(
fTheta_cuda, window_size_cuda, map_cuda, width,
height) ;

thrust: :stable_sort_by_key(thrust: :device,
half_size_cuda, half_size_cuda + width*height,
point_cuda) ;

// uint64_t WindowSize_sum = thrust: :reduce(thrust
::device, window_size_cuda, window_size_cuda +
width * height, 0);

// printf("window_size sum: %llu\n", WindowSize_sum

);

// cudaMemcpy(window_size, window_size_cuda, sizeof (
uint64_t) * width * height,
cudaMemcpyDeviceToHost) ;
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275
276
277
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279
280
281
282
283
284

—_

start = clock();

// DetailBilateralFilter_CUDA<<<gridDim, blockDim
>>>(src_cuda, xSmoothGradient_cuda,
ySmoothGradient_cuda, fTheta_cuda, sigmaCTheta,
sigmaRTheta, dst_cuda, width, height);

DetailBilateralFilter_Sort_CUDA<<<gridDim, blockDim

>>>(src_cuda, xSmoothGradient_cuda,
ySmoothGradient_cuda, fTheta_cuda, sigmaCTheta,

sigmaRTheta, dst_cuda, width, height, point_cuda

, half_size_cuda);

cudaThreadSynchronize () ;

stop = clock();

std::cout << "DetailBilateralFilter_CUDA time:" <<
width << "x" << height << ":" << (double) (stop
- start) / CLOCKS_PER_SEC * 1000 << "ms\n";

cudaMemcpy (dst, dst_cuda, sizeof(float) * width *
height, cudaMemcpyDeviceToHost) ;

cudaFree(src_cuda) ;

cudaFree (xSmoothGradient_cuda) ;
cudaFree (ySmoothGradient_cuda) ;
cudaFree (fTheta_cuda) ;

cudaFree (dst_cuda) ;

cudaFree (half_size_cuda);
cudaFree (point_cuda) ;

Listing 5: Filter Header Code

uint64_t divRoundUp(uint64_t value, uint64_t radix);
extern void DetailBilateralFilter_cuda_func(float *
srcImg, float *pSmoothX, float *pSmoothY,
float *fTheta, float sigmaCTheta, float
sigmaRTheta, float *dst, int width, int
height) ;
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