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Abstract: This paper proposed a maximum intensity projection method to enhance the depth and shape perception of the internal
maximum intensity features, without a sophisticated or time-consuming transfer function specification. On the basis of a traditional
maximum intensity projection, the study first searched for the boundary sample with a similar intensity value and the optimal normal in
front of the maximum intensity feature. Through by comparing the intensity and gradient norm. Next, the local illumination coefficients
were updated according to the depth of boundary structures, the consequential depth-based shading results largely enhanced the depth, and
the shape perception of internal feasible structures. A two-threshold region growing scheme was designed to perform and further highlight
the features of interest. The seed was selected by users interactively on the rendered image, and the growing process depended on the
intensity values and 3D spatial distances of the boundary samples with optimal normal. The comparison results showed that the proposed
method provided more depth cues and shape information of the maximum intensity features than traditional methods and had practical
applications in medical and engineering fields.
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Fig.1 The pipeline of our algorithm
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Fig.2 Comparative rendering results based on different normals for a head data
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Fig.3 The position relationship of maximum intensity features, similar materials and optimal normal features
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Fig.4 Comparative depth perception enhancement results for a Vismale data

4 Vismale 35 1 5 86 G 48 o &5 St B
23 XEHEKE

L5 DVR S3%5€ 42 )Ry TF SEHUAR S R Ak 73 2R AN 7] MIP S99 02 A6 BT A ALk T 1) 25 308 WU K6 R A1, AH 4T
ML T AN B AT B0 K A S HL g Tl 2 A7 R0 T B A 20 S RS AE AN 1 547 L, AR A A A5 25 o 45 SR 110 JaK
RHRE B2, 2% 5 5 DS N IR RL B8 B SCASTRI ISR 2.1 715 5 4R 3R AT AR BLRY i £ 5 5 B d R 925 1) e A 16 25 )
77 SB[ SRE,  J) F  A4 E tls IX  JRNG BB AR AR R 1 S5 11, 489 i SR 1) S
PE A B U BREF AL A FR AR W 1] 5 P,

=% 0 W e
ST v ;Eg%* f;gg*, iR | [Mre i
MIP 4L e 3 A
B || T
7 IR SR T N
. e | | e
HEHY AT A B B AR (1) X Sl 1

Fig.5 The pipeline for the two-threshold region growing
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Fig.6 Comparative rendering results for an Aneurism data
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2 UCVH R mU U R R B Ak B e 312 (1 B0 S 0l A G D g L3R 1.

Table 1 Fragment shader code for different features

R 1 RIS BRI BOC BERE
1/ %o 5 AR B 45 0 i 3 5k T e g 120G B AT A 4R IRAT A R AE I DR A7 L2 B
struct COLOROUT{ for (int i=0; i<k; ++i) {
115K L RFAE samplePoint=startPos+directionxstepxi,

float4 dst0: COLORO;

115 K8 FEARFAE 22 T PR A AL AT
float4 dst1: COLOR1;

1/ AR T R AL

float4 dst2: COLOR2;

xyzw=f4tex3D(volumeTex,samplePoint);
JTRR AR B A, 2 o K8 LA 2 T P AR AR A
if (xyzw.w>(1-mParam)xmaxScalar) {
p=i; /AU RIRHE TR 5 ME
11 5 R JREATVABMRY IE OR AT 8 U2 b S0 2
dst1=float4(0.0,0.0,0.0,xyzw.w);
break;

¥
}

IR C LA B 3R % SR I DR A
for (int i=0; i<steps; ++i) {
TV SR 25 25 i) A b
samplePoint=startPos+directionxstepxi;
=B NEATE BRAR ST K0 (LA 6 JEE B
xyzw=f4tex3D(volumeTex,samplePoint);
IR AT J 8 P A
if (xyzw.w>maxScalar) {
maxScalar=xyzw.w;
keis 10t K PR R 51H
11 i R JRE R AL R A7 ZE WU 2 i B3

dst0=float4(xyzw.w,xyzw.w,xyzw.w,1.0);

I3 RICER ARG A AR AT B (02 1) R AR I DR AT

JIARAIE 5 25 ) 5 20T 5 AU AT 1) 47 5 40 30T

for (int i=p; i>p—sampleLength; —i) {
samplePoint=startPos+directionxstepxi;
xyzw=f4tex3D(volumeTex,samplePoint);
TR PE RS ER AR IBORAT: 1 (R0 P AR5 B
gradNormal=f1tex3D(gradNormTex,samplePoint);

if (gradNormal>maxGradNormal) {
maxGradNormal=gradNormal,
g=i; JACFIRARE R IERAE R 5
114 B A 2 T AR AT DR A7 2R T 2% i S B
dst2=(xyzw.xxyzw.y,xyzw.z,1.0);

}

32 HERE BB RLE

oL R AL BOR BSR4 T gk MIP S35kl REAG 45 8L AR AU AIE 10 %5 S PR i (325 o e

SR E ) SR TER 2.3 Y R AR R T U0 AR A DX A SR SR TN

AL BB 10 SCH B T TR

2 GPU A2 A7 0 AT AT SO0 N A% 32 (K U AR AE VT SR sl U 19 BOAR B i o R0 P s i 0B 4 W 4 i

R 75 8 T B ALV 1, 110 0 BB AL SR P A S R AT 222 1, o xo

4 SRRSO

Hde =L

o SR AE U SR MIP 4952 .

AT AN [ A o 25 A 1) SRR A« UL A S5 1 R IR 0T Ll S, JF LR T 1) S A Sl ik —
AU UE AR S AT R0 I AE AR [R] A o SERLERBE AF I B A5 T R AN R A K 2 I BCR BEAT T ek R L.

4.1 LIGERFTLE

Kl 7 Hi78 T FELIX 3 28 AN R S5 B A5 1 nT AR AL 45 R EE L1 7(a) s 1 MIP S5 i 22 i 4 2R AR T

J7 AT LA TR 3R A e K PSR AL, B AR A A 3 R 6 I 5 (L RS el Tk

=~ db =L

Z SRR IR AR B, B RCR A

518 7(b) Hi 75 T DEMIP S35 ) al MG S5 38, — 5 R 8 b 8 o 17 o R JRE AR AAE P ¢ PR S8 a2 R A 0 T AR e
I ARA G50 & 7(c) 7R T DVR SE S50 45 3R A7 8 /s 17 I AR AR M ) JKORE e A1k ) T IR AR SR (B RS 7 22
A1 F LT TF DLRAS H IO R R AL AR ST ) ) P i v i 15 SR o0 i K8 AR AL WO T Ak B, LA 3
SHR R U 0 MR Je R EG T A S5 R B 7(d) P, 3 AR R A R LA AR A 0 DR AR S AT AR B R AT
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(a) MIP (b) DEMIP (¢) DVR (d) ASCHE

Fig.7 Comparative rendering results for a MRI FELIX data
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R ATH.DEMIP BLyE A Rt 7 MIP 85035, DUNIBURRIE B3R B 5 B K38 FE SRR AIEARU N AL, LA SR A% B Je i 4
SRR 2 2 AR, B 8(b) T 7. [ 8(c)FH &l 8(d) ) 3 7l 7R T MIDA 1 DVR S35 6 AH [A) A4 i bR Wi T (T 40
&5 5L T LLE HOMIDA 1) ] A4k 45 AT 2B 7R T d5 K% FERFAE, T DVR i) 25 B v B REAE TR R ek % B 5.
SEMIP 53245 %5 T DVR (1) Ja) #8010 AR 308 d52 %5 FEE AR A0 ARG HE A 1, 5 30 ek 2, 7R AR SRS R A5 0 L J52 388 3 11 vy 4
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BELHI T o R R AR I R R B S ] 8(D RIS 8(g) A A SUARVE ) il 45 SR R e AR v A ) T O MR &5 2R, FL 2
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(e) SEMIP (H ARICH (g) ACHZF+H AR (h) Focus+Context

Fig.8 Comparative rendering results for a simulative Ncat_phantom data
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TF 1EH TR 2l 45 A, BAR MIDA 80506 USRS R AE IR ARAE A & (12 A LL 55 DVR Sk 4 1,
B A 00T 7 o K 255 JSE R AIE BV P SV AR AE . 24 4R DVR BEVEAERS 2418 TF /6, RS0 A 2408 7 A 3545 AiE 1)
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Fig.9 Comparative rendering results for an Engine data
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(a) MIP (b) SEMIP (c) AH B (d) DVR

Fig.10 Test images for users to distinguish the order of pre-defined regions
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Fig.11 Statistical results for the user study
1 i s geit-a5 R
4.3 SFMERGEITSIE

A ST S (VS UEL B G R :CPU A Intel(R) Core(TM)2 Quad CPU Q9550 @ 2.83GHz, A 774 4.00GB,GPU
4 NVIDIA GeForce GTX 47042 FF 55 j& Windows XP N ] Visual Studio C++ 2008.
22 45t T A AL G R RIS R HL A R

Table 2 Performance for different rendering methods (s)

2 AR HACR L )
B KN DVR MIDA MIP DEMIP SEMIP KU HE
FELIX 448x576x120 22.2534 214543 33.6871 282360 28.0142 27.660 4
VisMale 128x256x256  28.6775 26.1123 455829 364410 35.6505 35.596 9
Aneurism 256x256x256 24.8338 225995 40.1653 29.7407 29.946 5 29.6158
Head 256x256x225 27.3066 24776 0 442566 343397 343247 34.307 2
Ncat_phantom  256x256x256 24.8555 22.7594 40.319 1 31.6627 31.5357 31.2270
Engine 256x256x128  31.3390 289459 539409 399763 40.6651 39.8143
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L3 A7 T AR AR A 9 BT, L A RV A 7 A B R DA A SO I 5 Rl 38 DEMIP $13%fl SEMIP
SR R e Al ¥ vy DA ST TSI I 22 o) S P A 2, ST T T X000 A1 11 A L S g O A b R EAT W O B A
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S B AR DEMIP 595, SEMIP H35 Bl 7 MIP 53 AN AL (EUR AT AR AN REAT R o doe K3 ey
AU 1 R T R, 96 A 6 b AR 1) 7 T 2253 DR 0, AR SR Y Ty 2880 98 it e K PR AR A (1 I P8 B 7 R AR IR R )
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