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Accelerating Joint Histogram Computation for
Medical Image Registration using the GPU

Ker IkEpA!  Fumiaiko INo!  KENICHI HAGIHARA!

Abstract: This paper presents an acceleration method for joint histogram computation used in medical
image registration using a graphics processing unit (GPU). Our method reduces the data size of joint his-
tograms so that they can be stored in global memory. Furthermore, we implement a flush mechanism to
avoid overflows of bins on joint histograms. This mechanism outputs the data on shared memory to global
memory. Our method also reduces the amount of global memory access. In experiments, we evaluate our
method with clinical datasets having 512 x 512 x 296 voxels. As a result, our kernel is approximately 13 times
faster than a kernel using only global memory on the Fermi architecture GPU. On the other hand, our kernel
achieves speedup of 1.3 to 2 on the Kepler architecture GPU. Our implementation of image registration is
approximately 8 times faster than an implementation using only global memory to generate joint histograms.

Keywords: joint histogram, medical image registration, GPU, CUDA

Vol.2013-HPC-138 No.18

2013/2/22

1. Ogoo

000000000 1000000000000 0O
gobobbooooobboooobboouobooooo
goboobooboobboobooboobboon

! QOoO0000000000000000000D000000
Department of Computer Science, Graduate School of Infor-
mation Science and Technology, Osaka University

(© 2013 Information Processing Society of Japan

gooboooooobobooouoo 20000000
godddoooooooooobobobobobooooood
000000000000 [200000CTOComputer
TomographyT] MRO Magnetic Resonance[lJ 0 0 O PET
O Positoron Emission TomographyO O OO DO OOOO0O
goddddooooooooobobobooobooooood
000000000000000000000000 (3]0



gogoooooood
IPSJ SIG Technical Report

gboboboooobooboboboooooobooboobo
goobogboogoboooboobooboobooobobooon
gboboooooboboboooooobobooog
O000o0000oo0o0ooo0boooUooO 4ooo
gbobooooobobobooooboboboooog
gbobooooobobobooooboboboooog
gobooboobooooobobooooboobooboobooon

0 0O O O GPUO Graphics Processing Unit0 00 00O
00D CUDAO Compute Unified Device Architecture [5]
gboboooboobobooooooboboboooog
o00o0000000oooo (6, 7, [8), 9]0

gbobobooobooboboboooooooboobo
O26KO000000000048KOOO0OO0OO0O0OOO
goboobobboooooooobobbbobooobbodg
oooooooooo e, (7,8, 9000000000
gboboooooobooobooboboo

gbooboboooboobooboboboooobooobobo
gbobooooobobobooooooboobobooog
gboboooooboobooooooboboboooog
gbobooooobobobooooboboboooog
gboboooooboobobooooboboboooog
gboboooooboobobooooboboboooog
gobobobboboooooobobbooooooobbodg
gbooooobooboboooooooboboboooog
goooo

gbobOoob 2000000000000 0bD0bOo
goboooboboooo3sbooooboboooobbooon
ob400000000000000O0S0000000
oboooooboobeb0bObObOOODbDODbDObOOO
ood

2. DOo0oboOobooboboobobooon

do0o0doOdooOoobOOoboOooo ROOOOODOO F
000000000 ROODD FOODOOOO SR,F)O
O000o000ooOo0ooo0Do S(RT(F)DDOO
00o0og 7T: (z,y,2)— (2,y,2) 00000000
o00o0ooooooTooo (x,y,2) 000000000
(/,y,2)000000000000000000000
OO00ooOo0oooooooooo S(R,T(F)o0o0
goooood

gdooobooooboooboooobooobooooa
0000 SodooooooooDooooooooog
000000000 ROODO FOOOOODO Sur(R,F)
00000000000 Syar(R,F)000 (1)0000
(2)000poOoo

Sui(R,F)=H(R) + H(F) - H(R,F) (1)
Svmi(R,F) = H(g)(;_ I;)(F) (2)

(© 2013 Information Processing Society of Japan

Vol.2013-HPC-138 No.18
2013/2/22

O000H(R)O ROODOODOOODOOOOH(R F)O R
000 FOO 0O0000OO0O0O0O0O0O0O0O000 (3)00
00 (40000000

H(R) = - pr(r)logpr(r) (3)
reR
H(R,F)=— > pre(r,f)logpre(r,f)  (4)
reR,feF

000O0r000 fO0000000 ROOO FOODOOO
00000 RODOD 000000000000 Opg(r)
0 ROODDOOOODOO0OOpge(r,f)0 ROOD FOO
00000000O0pg(r)000000000 reROO
0000000000000000000000 pge(r, f)
00000000000 (nf)0re RODOO feFOOO
00000000000000000

00 ROOOOOO (z,y,2) 00000000000
000 R(z,y,2) 000000000000000000
(R(z,y,2), F(z,y,2))0 000000000000000
d000000000000000000000000
000 d?000000000000000004000
000000000000000042% 0000

3. dououooon

0000000000 d>256000000b=400
0000000000000000000000000
256 KOOOODOOODOOODOOO48KOODOOO
00000000000000000000000000
00000000000000000 [6],[7,[8], (900
0000000000000000000000000

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000 2000000

(A) DODOoUOoOoooOooOoooOooooo
(B) DOOOoOoUOUOOOUDOOOUDOO

O0000A00O0O0DOOOOOOO0O0O0OOOOOO
uboobooboobOoobOoobOooOobOooOooo
goboobooooooooboooooooooboooo
uoboooooboocooooocoooooooboooo
ooboooooooooboocoobooooo

O0O0O0ShamsO [6) 000000000 O0O0OOOO
oobooocoobooooooocooooooobooooo
uoboooooooooooboocoooooooboOooo
ooboooooboocooooocoOooooooboOooo
oobooooooooooooboooooboobooo1000
oooooooooooooooooOoBOoOOOOOOO
ooboooooboocoooboooooooooboooo



gogoooooood
IPSJ SIG Technical Report

00000000000000000000000000
0ooooo

Chen [7)0Shams 0 [8]00 00 Vetter O [9] 00000
0000000000000000000000000
0000000BOOOOODOOO0OODOO0OO0ODO0O0O
00000000000000000000000000
00000000000000000000000000

4. 0000

goooodobo20000000000000000
ooooogoooon

() bOoUOoUoO0ooO0oOO0OoUOoOoUoDUDOOoO
uoboooooooooooooooa

(I) 000D ooOo0o0oOoooDOooOoOOoOoOoOooDO
ooooooooboobooooooooooood
ooooooboobooooooooooooood
oboobooooooooooocoooooood
goooo

oomiooooonooooocoooocoooo

41 00000000000000000
0100000000000000000000000
00000000000000000000000000
00000000 O000000000000000000
00000000000MO000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
02000000000 WO0O0000000000
0000D00d-1000000 P(W)00000000
00000 P(W)0O0O000000000000000
00000000 P(W)0O00000000 2(b)000
00000000000000000000000000
00000 (r,f)00000000000000000

(' f) = f—r+W/2) Q)

oooo(’,f)0000000000000000 (7, f)
ooooooo

00 (r,f)00000000 P(W)000000000
00000000000000000000000000

r—W/2< f<r4+W/2 (6)

000000 (6)D000000 200000000000

e JO0OOUOOOOOOODOOODOOOODOOOOO
OO0 p(W)OOUDUODUODUODOODODOOOO
o000 p(W)ODOOOOOODOOOOO

(© 2013 Information Processing Society of Japan

Vol.2013-HPC-138 No.18
2013/2/22

1 > 30,000 1
T T T T T T T

i 255

H
A%

255

T(F) T(F)

R R
(a) DODODO (by 0DODOD

01 0000000000000000000

r=W2) et -6

/ d-1 0 d-1

() 00000000 (b 0ODODODODOO

02 000o0oboooooboooooboo

e JO0OO0OOOOCOOODOOOOODOOOODOOOO
ooooOooobooooooboOooboooooog
cooooooooooooon

0000000000000 ROOO FOOOOOO

0000000 Ry, 000 %, 0000000000

O0000000000000000000000 R,45,%

ooo F/,,000000100000000000G0O0A0

gobooooooooooboocooooooobooooo

gooooodoobooooooboooooboboooo1oo
goooooooooooboocooooooooboooo
goooooooooooboocoooooooboooo

gobooo 2000000000000

wiooOoooOoJqoO0OO0DO0O0O0bsOoO0O0O00000

O00000000000d=256000b=100000

0000000 unsigned char 000 O0O00OOOP(W)O

ooooO26ewOOO0O000000000000000O0

00048 KOIDOOO0OO0O0O0OW <192000000

goo

4.2 000OO0O0OO

PW)ODOOOO W<192000000000000
ooooOobOpO0O0O0O00O0OCCOODOOOOOMOOOO
oobooooobooocooboooooooooboooo
obOoobOoobOOoobOoooocbooobooooooao
oobooooooooooboocoooooooboooo

> 30,000



gogoooooood
IPSJ SIG Technical Report

Vol.2013-HPC-138 No.18
2013/2/22

generateJointHistogram (R, F, X, Y, Z, h)
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