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Abstract: This paper designs and implements an algorithm framework for the out-of-core medical data processing
and analyzing and integrates it into MITK (medical imaging toolkit), an algorithm toolkit for medical image
processing and analyzing accomplished by the group. With the help of this, a processing platform for the out-of-core
medical data is set up and fast out-of-core volume rendering algorithms based on volume ray casting and 3D texture
are studied in this paper. A semi-adaptive partitioning method is proposed to divide original data sets into
sub-blocks and get a better partitioning result without influencing the partitioning speed. Furthermore, the graphics
hardware is also used to accelerate the rendering process. The experimental results indicate that the new framework
and algorithms are effective and efficient for the processing and visualization of the out-of-core medical data sets.
Key words: out-of-core data processing; medical image visualization; volume rendering; algorithm toolKkit
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Fig.1 Computational framework for out-of-core data processing
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Fig.2 Storage management of the out-of-core data
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Fig.3 Structure of the OoCStorage memory buffer
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Fig.4 Framework of the out-of-core visualization algorithm
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Fig.5 Demonstration of semi-adaptive partitioning
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Table 1 Comparison of the algorithm test results

F 1 ARG

D1(11.43MB) D2(308MB) D3(1.39GB)

Speed (s) Memory Speed (s) Memory Speed Memory

Al 2.19 11.43MB 6.95 308MB N/A N/A
A2 95.7 1.63MB 741 14.6MB >1h 40.6MB
Shading A3 2.35 1.63MB 7.3 14.6MB 43.3s 40.6MB
off A4 0.15 2.32MB 2.45 17.3MB 23.2s 34.0MB
A5 0.143 160KB 2.52 160KB 25.5s 1.25MB
A6 0.118 2.32MB 2.04 17.3MB 9.09s 17.3MB

Al 25 34.28MB 12.7 925MB N/A N/A
A2 276 4.88MB 2447 43.9MB >1h 121.9MB
Shading A3 291 4.88MB 46.6 43.9MB 211s 121.9MB
on A4 1.32 4.66MB 25.9 34.5MB 131s 68.1MB
A5 1.10 224KB 19.1 224KB 168s 1.75MB
A6 0.922 3.49MB 18.2 25.9MB 243s 25.9MB

AR SCHE R EE I oy e A SR I 6 TR R, A T AR AR SCARL A B ST R A B A B AR O FRATTR A
TE—ZE B R T e B R A CT 3 il 45, 2L R~ 2l 512x512x1714x16bit(857MB), #7322 il 45
Wil 7 FEl 8 i L 1B 7(a) A E A4 7RO HDG IS LR A3 20 45 L 2 HIET ) D 4.46s, 28 i R P A
TFRK/NA 17.26MB;El 7(0) A 5075 A4 (61 8 Ja i B EUBR B B850 00 IR 15 00 T 19 3 1 45 R 2 Il 1) R 25.7s,2%
B & H A AR N 34.51MB; ] 8(a) o B2 A6 78 IC FHDG HIG B0 T IR 2 i 5 SR, 2 Iy ) Oy 5.50s, 2% i 454
A A K/ k) 7.06MB; I 8(b) ok 5515 A6 78 JT I8 e i HL-LU AR B 1 5 38 05 00 1R 22 sl 85 31 22 1 s 1) o 14,6,
Gerh B A A AR/ 9.41MB.
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current: 2.474s/0.404fps

average: 2.452s/0.408fps

(a) D2 data set, algorithm A4,

shading off
(a) D2 Hudf 4k 511 A4,
KM

current: 2.013s/0.497fps

average: 2.039s/0.490fps
(e) D2 data set, algorithm A6,
shading off
(e) D2 ¥k 4k 511 A,
b
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current: 25.913s/0.039fps

e
average: 23.189s/0.043fps
(b) D3 data set, algorithm A4,
shading off
(b) D3 B4, 5% A4,
KGR

current: 9.161s/0.109fps

. ‘F’a
average: 9.091s/0.110fps
(f) D3 data set, algorithm A6,
shading off
(f) D3 % dla 4z 575 A,
KHDGH
Fig.6 Some rendering results of our algorithms on the CT head data sets
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current: 25.917s/0.039fps

average: 25.906s/0.039fps
(c) D2 data set, algorithm A4,
shading on
(c) D2 #4511 A4,
FFIE LR

current: 18.181s/0.055fps

average: 18.151s/0.055fps
(9) D2 data set, algorithm A8,
shading on
(9) D2 #ds 4, 5775 A,
I

current: 132.049s/0.008fps

average: 131.219s/0.008fps
(d) D3 data set, algorithm A4,
shading on
(d) D3 4R, 5075 A4,
PiRER

current: .242.756s/0.004fps

average: 242.838s/0.004fps
(h) D3 data set, algorithm A6,
shading on
(h) D3 Hudi 4, 5035 A6,
TP

(a) Shading off
(2) RHDLH

7

(b) Shading on
(b) FFHE IR
Fig.7 Some rendering results of algorithm A4 on the Chinese visible human CT data set

S0 AA LE T R AN AR CT f 8 Bl 5 b2 il 45 21

(a) Shading off
(a) KHDGIR

(b) Shading on
(b) JTEGH

Fig.8 Some rendering results of algorithm A6 on the Chinese visible human CT data set
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Hi FEE 45 R n] LUt AE S 5 0] L S35 v A SCHR HH R T2 N 70 Bk Sz GPU skt ) e o B0 Ol 2 45t
SR I ST (G AG)ENE AL HT in-core SHL¥EANfig AL B I¥) i & 4, 22 3 FE LE in-core 5501 H B2 11 out-of-core
JEA SR vy Y > K 2 DAL [R] IR B B A4 U) J B R B BVE A3 S 1 A UL B (Bl T 8 R AT 16bit ¥
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Table 2 Comparison of the different partitioning methods

R 2 AFSRIEI

Partitioning method Block size Non-Background blocks Read voxels
48x48x48 2058 227 598 336

Partitioning with uniform block size 64x64x64 894 234 356 736
128x128x128 155 325 058 560

[16,48]x[16,48]x[16,48] 5206 193 297 442

Semi-Adaptive partitioning [16,64]x[16,64]x[16,64] 1100 211 624 837
[16,250]x[16,32]x[16,64] 748 219 153 002

MR EE G5 BT LU A AN R RT3 B 3E B 73 B 75 32 R A 28 (1 7 5% DIl A B IR 28 /N 45 RO 4
BB S REE LU A% RUST 20 L S Af 1t 20 B S5 DX, T 2330 19 ot B BOm 2 EE AR ROy B (HOR
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6 SDHERRE
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X it B R AL BE R 3 B 1) S HE S DR I RN S 30 S 0T R (M S 22 S AR SR R 6 MITK i 58 18T 1 i) ¥
T AR A A 5 2 BT MITK 2.0 FR7E www.mitk.net b & A7, 50 1E G 7 — AN P 24 5 AR 300 1 kb 3
6 IR SRl ERE TR SEIL TR0 i A 05 Tl 2 BN R = 2 SO ) PR A 2 1 AR S B A SRR W,
P SENE AT Rt SEE AR BEAT 1 00 B R i 1R SEBLANYY, REN AR Uy iz il S R 2 S (R M AL B
S AR U S ) IS, AR SCAE 1P R il 5 P A 2 1 092 6 A A0 b x i e il B AT A PE, L5 A SEVE A
B, 75 22 T 3 0 A A7 AR AT — s R 1 s

VT, i R O AR 2 ) SR A KB R R (L 10G) I DL T 75 AR TS ik Ik 1) 2 I A2 LA 5K J
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