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Abstract: A linear feature extraction method for ICT cubic data was presented based on the Finite Line Inte-
gral Transform (FLIT) ,and the concept of the FLIT was introduced. Based on the concept,the 2D-FLIT was
generalize into the 3D-FLIT to obtain the formulas of 3D-FLIT and inverse 3D-FLIT. By combining image fu-
sion and morphological methods, two methods to extract the linear feature from cubic data based on FLIT
(2D-FLIT or 3D-FLIT) were proposed. One of them is the idea of 3D-FLIT applying to the ICT cubic data di-
rectly for detecting 3D linear features. The other is the idea of 2D-FLIT applying to each slice in some direc-
tions of the ICT cubic data for detecting 2D linear features.and then the slices in different directions are fused
for obtaining the linear features. Finally morphology image processing is used for extracting useful compo-
nents of the linear features. Numerical experimental results prove that the proposed methods can extract more
detail and precise line features as compared with the wavelet extraction method.

Key words: Finite Line Integral Transform (3D-FLIT) ; linear feature; cubic data; image fusion; morphology

Y5 B H#3:2008-12-19; 4&1T H #7 :2009-03-09.
BEe&mB:HKHAKRB2EILSE BT H (No. 60672098)



3090 e KE TR 517 %
AT TR, BTFEREREIET A HFENE

R A D A ] % Ak RS 21 0] v 5 A
FR BB ) A, T MR (2D i L EE B AE
AR T O 20 Y 5 6 AR B (3D, i Tl
CT %) 1M &, H 2 R AEBR T 4.4 T LU
Sh.3f B T 22 R W (filaments) Hl45R W
(tubes)™,

DG R S 10 1= N 2R N W T N S R
s BB R /ANBAE R B AT S PR B A R R
JE IR L X T LR AR T N A TR A
i3k . Radon 25" Ml Hough 28 #5 J& % I i1y
LRARFAE AT I 7 3 H 33 WG i O ik A T R R
i FL AW A TR . A I3 S T X e A A
(9534 » I R B 1 Radon 78 46 /N 0% 748 e 45 45 44
J > Radon 75 4 BE K g 4E A7 7 P 5 Ak o 075 Sk
TR /N 82 A SR AT 20 BT 35 A B AR RRAE
(18 B2 BB (EL X T T 50 ot 2 i 5 1 ok JHL 3 0 g
R F /N AR 46 A 35 G ) 2 R AE g SR
H A P AT AR 0 i A A R T g — R
F18 0 TR 5 R R 22 RUBE 5 B 728 46 of S B Y B AR R
TN A e 1) B R AR LA B Y A% 1) R
PR b LA R ) 6 8 R TP i i A Y g
B G5 5 2 A %5

BT A RLFE R AR EL 2D 8% 3D HHE i
YAy S (2 LTS » 2 ROE U 20 B (Multiscale
Geometric Analysis, MGA) 13 2| 1 3 i (1) & & .
T TE 3 DR o A P B . A BR R
4
FLIT) ™ 250 4 o 4 i — Fh 56 F 22 RUE L] 43
BT 05 7 3 AR — 2R 3 AS ) RUBE 11 1] 7 B AR
X BG4 T 4307 LAREAMR 3R R0 Pl 4
JE) L Jr 8 4B 48 E 47 4R % 52, BE F 2l 38 1 4R RRAE 1Y
TEARAZ AL o R T G G 43 BT 11 45 K40 v ) 4
it

ASCHE 2D-FLIT g S al [ ook ok 3]
3D MTETE . 9F RL FLIT Jy 3 filh, 25 & B b &
BRI 25241 5 30 Tolk CT Mot b i) R AR 1iE

A% # ( Finite Line Integral Transform,

g (xsy,2) = FLIT(h,i.j.,k) =

2 3D AMREARS, T IR

7£ Yang Mingqing % A F 2005 4E 42 2D-
FLIT 5 X H 2k )y iy S hily B0 o8 Hofe ) 5] 3D
I .

XFRA R pXpXp WYL, (p y—ar 50O
LR LT L S IR - A 4% 148 #0  o0 R
FOUD IR R A T A 1 LA R TE R o IR %
JRAE AR SE s R P O R R SO AR I A AR
MHBT AR EL TR ORI
RE S TR —&HEL L. W2 Bk 4 &R
M ELILA 3p* —6p+4 45 HAUBHRT p
=7 W e B O A E—. B 14
T 3X3X3 Mierh A E AR, (X ik
UL R R AR SRR E TR % EL D

Bl 1 3X3X3 Rt ELE X
Fig.1 Line definition in 3X3X 3 module

WARR S s, DR EM R ghisg) Bk
AR S (e, y.2) B9 3D-FLIT & XUNF .

>0 ghais)

(i EL,

(1

H, Ly iRy e (N DR S ES. 1
<k<3p*—6pt+4.kEZ,

L p X p X p BN AR R s AR S

NZ, H SN R R R E Y, B

D g Chsisg) = 0 MIAEHe F LR A (e ys

. 3
i )EZ,



12 4] ORGSR PR

AR B AR Tl CT AR s 4 R ik 42 1 114 1z 3091

) Y3 3D-FLIT 5& LT

)
3p°—6ptd

LS FLIT i .
k=1

g(x,y,2) = m
(2

ATLLA L 3D-FLIT B b 2 SO i B4k R

A AR B X FRPE L 03X 3 X3 AR H rpr, UK B v

B,
V

- A

k=5 k=11 k=13

(a) 55—
(a) The first kind

k=2 k=8 k=4

k=6 k=10 k=12
(b8 2%
(b) The second kind

(O =K
() The third kind

Bl 2 3X3X3 iy Bk
Fig. 2 Line classification in 3 X3 X3 module
BRP PR R EL Y Ll oy F
E‘er- 7N\ x0Z Epﬁxj-%\yoz SPEX‘T%\S’:T SPE

XEFR 2= 2 T X PR 2= y S T 0 FR A — el
FHILF A S MHERE, B X F 3X3X3 1
BEHLT & AR L HA 3

Bl G LR ST p BB IN, B 5 FE R
AR KRR B R AR B
PRELRM R EE AT, —KEMT 2.y.2
AR R EER (B 3 %), Iy — KA TR
LR LML 4 50 HE CE LA XS BRI ]
AL TR EL WA 6 M. A HE
—RHLPHEE - FRALNEL LN ((x,
v IR E L H B LT LA o T R R
) — R LR LA A5 5
KT xoy FHAFR: L (xhy.2) =12y, —2);
KT zoz VHIXNFR:L(xay ) =12, —y,2);
KT yozr FHMFR: L (xay ) =1(—x,y,2);
FT y=2 PR :L (ray 2) =1y, x,2);
KT = FHRFR L (ray ) =1(2,y,0) 5
KT =y FRAFR: L (way2) =1z 2,3,

SD-FLIT By Jm#f v 0 £ FR 43 B AR L R 8 3
th&IE R B4, Hlr THIET =R CR B
SR PRI LG 2D-FLIT 55 g 22 B 1 25 [ o 19 4 4
fE . HLRMKA B T2 FLIT $2BUKR 154 55 4E
1 J5 24k 2

3 HRTFFLIT#® T CT AR#HIEL
FAER IR ik

BEXF Tl CT R4 26 45 A 1 4544 BE T LA
KM ELH Tl CT MR B B R BE AT 42 By 3D
J7ik AT BRI S X ol CT (R B 46 # KA~ Jr
I BEAT U 7 4 23 x4 5k D) R BEAT 4R BURY 2D
itk PIRP O R RBAEAN 3 R Horp 8T 3
()2 3D Wy J5 ik, & 3(h) Jy 2D U5k, E A
FI FLIT 43 3 45 75 [ 1) # 18 25 AE 5 4535 A 1A
FRE R 45 D7 T 1) 6 e R AR AL HEAT 25 A L A B
s AR AE s e e M BB B Py b R iz



3092

e KW LR

51T &

M 538 5 X SRR E AT P 1

Ji 3 —6p+4

Eﬂ%ﬂae}—@—lwﬂ%@

(a)3D J7 it

(a) Three dimensional strategy

J72(p-1)

@ﬁmal—@—lﬁﬁms 2

il

(b)2D Jr ik
(b) Two dimensional strategy
Bl 3 5T FLIT B Tl CT {508 £k 5 1 458 W )y 1

Fig. 3 Methods of extracting linear feature for ICT

cubic data based on FLIT

3.1 ¥ #ER 3D-FLIT

A SO0 Tl CT A HI v 2 5 AE 19 38 06 45
BT U R $dls 1 2D-FLIT 02 TR % 1y 3D-
FLIT. 90 8088 A0 24 T — i — 4k R 78 SCRk
[8]rpram th 1 B F XS R B 1 2D-FLIT iy H Ak 20
BRX NP . T T ST B AR SR A Y
3D-FLIT,

BB 1) R ST KN R DX X AR R 5 (s
LR R g(hyij) , 0<h<l—1,0<i<m
—1,0<jsn—1,h.i,j€ZL;

(DWEBRR A pXpXp.p H—AFEL

() X R HEAT XM AR IE SR . N A4 HT S
SR Cp—1)/2 )2 SE 40 Ja W VR B R~y (L4
p— DX+ p—D X (n+p—D fEKZEEHOD i,
FOMREMICH g (L'

(3) % il 2

J(pl)/zgh/<11+(p1)/2
(p—D/2<i'<m—1+(p—1/2 ,
1(p1)/2<j’<n1+(p1)/2

3

Bk (x %% 22) 1 0

BT — R Z S ) e A L ) o
() pX pX p MR R DR i i) ¥ DG i
37 BB A 3 Ry T P A B 5

WA D) w3 3p7 —
6p+4 I m Ry 3D-FLIT;

Ml AR 4L () BT A 1R 2 ik
FREE 3BME 4 £ AR Gp —6p+4) XU
X Xn ] 4 4 3D-FLIT 4[4,

3.2 ZRUFERIREN

2 3D-FLIT is B 5 ) REEBEIC N L (x,
vez), B, 1<<h<{3p" —6p+4 0 F M, 0K
[—1,0<y<m—1,0<2<<n—1.ft F L ¥F5. I
() W BMEFNTT 2253 BICAE me T 0w s AR Y
HRREAWT

- 72221/(193/92) )

=0 y=0 2=0

(4)

=1 m—1 n—1

EZE[I,(JC,y,z) my, 2. (5)

XTI 3SD-FLIT A%k 47 —fEHAk. —fH
WHEFEIL R Be (s y a2 JEALUANTE

jl I, (xsy.2)>my o, or I (s y,2)<m, —so,

Zm n

otherwise

(6)
Bi(w,y.2) =1 fURTE & J7 [0 A LAFAE 2 5
Y22 KB (s iy, 2) =0 fERTE & J7 10 A 2 RFE
Zid (eaye2) Foos IIBE th L PR B 73 2510
JE » FH T 28 04 B 2 HAT AR TR B (B A TR S8 A0 B 2k T
DLIBCAR [) A9 B AT DAIBOARS TR O (EL . s B B 300 5%
R B 55 3 LD 2R B 2 HARIBUE L 5 2 E .

N T LR RS 5 Tl B 2R AR A S o A B 1A
Bl LR AL . AT % B B R 7k . R
il e 18 25 MR B2 A R A B 3845 X i) —
Yy s HAR 3 ERA L 42 TE A n] SR i R L 2
SOIE A T BRSO EAUG S #Y . ER
il 5 S 40 5 Ak BRI A 1 B Be AN [ L R TE 3
AFJZR AT AR R Hm G VRHAE 2R & ATk
RHmA . XERME TRERMAMBR

(1’

’



5512 ) ORGSR B AR 4 S AR Tl CT R B0 4 5 AiE 42 5 Hp %) iz 3093
INBCE- 3% . A B REMEEAOB, Hw SCH .
At BRI B,y ) KRR W . AOB={x|(B),ZA} . (1D
3p°—6pd 3p°—6ptd J:it:%éﬁﬂ A Hq B FP’%:/L’E E"Jéﬁﬁﬁfﬁﬁﬁ x E"J%
B(x,y,2) = ; u'/gB/g(I,y,z)/ ; Wi s o K B BAREA
7

Hor o, AU 1<k<3p® —6p+4,0< o<l —
1,0<y<m—1,0<z<<n—1.,k,x,y,2€Z, HX
(DAFEIH) B(x.y,2) € [0, 1] fE#AT 5S4k 3
Hi 8T By, o) M. — BN 0T R
RS —AH AL 7 25, B B (s ys o) B2 3
“07 Tk B A LR AR 4820 3% 05 1 AT BB M el A DN L i
SR E T AR AT RO By o) 3%
UL UL LF AN O 1) B SRR AR 0 48 0 2% A
Ivi) B2 5 AN 8 2R R A 0 T R kR . XU
TAEAR TR I R R A N
» LT =By ) <T,
x,y,z>—107 . (®

otherwise
For Ty T 2 0 2 AR B 0 g B A
FFIR N D0 - 5 58 H A5 1) B 2R AIE » B RS AS
w, AR T AR w, BOREETE IR Y5 3 (8
TAHACRY 7 AL TR R R AT
1 Blx,y,2)=T

s €))
0 B(x,y,2)<T

B(.r,y,z){

Horp, T 2278 BE .
3.3 ZEAEMTER

B A 1k FATAR B T B LR AE L H
TEIX S L R AR TP AF AR SR R 1 SE TR R
PR 7 0 SRR AR R AT i A . X LA R
MBCFR S S I R 8 B A s Bk b -
RTHH R . T E i3 5500 5 50 5 S R K ok 52
WGBS RS, 12 AR
AL ARG B S TT R .

A B kWIS EADB, HE LR

ADB= (x| [(B).NAT#0} . (10

EAEYIH B kA R Jext B e
TIE AR, BRI R o XA 5 B
IRAR A A s 4R

4 ZBRERH 5N

SEEG R A Internet B /A 09 R SIHL Tk CT
TREHE R B i RH ol 256 X256 X 128, 5
BB . AMD3100+,1 G N 77, VC+ +6. 0,
Windows XP, S5 1, 2D-FLIT R I A9 B AR K
/NF 5 X5, 3D-FLIT 3% AR B A /Ry 3 X 3%
SLERHRAE SR IAS i 3D WoR, WA 4 R, H
() R JFR A s (b) L (o) L (D) 43 51 ok X 56 8 5K
Y R 38 O v — AT 1) i B 3] ) A o 4R AR AE
TR s (o) 5 8 TR YR & J7 1] 4% E 2 FR AIE Al
JE I ERRRIE S R s (D N5 8 ik ) i A7 b A 4y
ZLR AL T 1 BTG 25 ORI 5 (@) R Kk 3
PLIAE CT B0 # R4 T 3D SR 25 3 AR
24. 656 s; (h) S 5exd &K s AL Tl CT &% 4l e 5
AJ5 AT U0 R R 4 B R K U) R #E 4T 2D 48
B 25 KB/ 9. 297 s5 (D O F = 4 /NI A 7 ik
EPASKE R 5 X5 X5 R LB HL Tk CT R %k
P AT SR IRy 45 L FEI 32,673 s,

FLACT 5 R 3R A T 1k e A5 3 DA S
T 2 LR . KR R A 4R AN T 1] AT
D R IS DR o 1 i M o N Y 1
SR L DI R 5080 iz 1) I 1 R R AE 37 B
] AT 55 0 4 30 35 40 SR R AIE o A 7E S B
R 58 A 5 ] R ARRAE DI EE R X R
o BRIREBUNR 2 B F A ) (0 R A
TS AR . 5 = 4N M e A S
J5 5 e AT B 5L A b S 4 SRS AN 19 2R RRAE

T3 AN BRHE P B A A5 R AE AL A
FRAE S T AR 37 ¥ 1 S o ] R Be & i ith 4%
PRt DA LA 25 SR v mT LR L B R RRAE 1 4
Fb 52 305 BT & 1 2 SRR A ) B2 B0 1 3 T A AN i
Sz, AR F A SCHY 7 6 R R I B IO
BRI



3094

(a) Engine & %7

(a)Engine cubic data

(b J51 1

(b) Orientation 1

()7 2

(¢)Orientation 2

(DJrm 3

(d)Orientation 3

()4 Jy Tl il &

(e)Fusion of different orientations

(D Jm &l
(D) Local image

S M
(1] skthte. & —. B4 LTI ARE 0 ERF T %

2GR 7 ik [)]. % 4% T4, 2007,15(6)
159-659.

ZHANG ] X, XUN Y, LI W. Detection of surface
cracks of corn kernel based on morphology [ J].
Opt. Precision Eng., 2007,15(6);159-659. (in
Chinese)

B, L. BRI 2 RBEJLAR 4347« (0] i R
AT, % F %4k, 2003,31(12A):1975-1981.

(2]

JIAO L. CH, TAN SH. Development and prospect

()3D /N
(1) Three dimens-

(2)3D Jrik
(g) Three dimens-

(2D JFiE
(h)Two dimens-

ional strategy ional strategy  ional wavelet

B4 RAFIEIRMES R

Fig.4 Results of linear feature extraction

FLIT 1 34 ok — Fl 3k T 2 RO LA 73 Hr
(8 7 i AR Wl A R B T AR AE 1 2 T
A SCHs FLIT iy HUEHE) 2 3D B, JF LI FLIT
o BERh A A R LA A R S A PR T
TN Tl CT M e o 24 A (49 75 3% 6L 458 WA
b BB - — PO Tl CT MR Bdi 48 i A7 B 4%
3D R — M e Toll CT AR K dhs #2 554> J5 )
BEAT VI R4 oy s PG K ) R AT 2D SR b
B 5 3D P2 B R WL IE. 5
NI TT IR S 2 R B IR IE T AR ST IE A
ROk o AR R X Y 2 A 1Y B GE A R — 2P
HobIF T

of image multiscale geometric analysis [J]. Acta
Electronica Sinica, 2003,31(12A):1975-1981. (in
Chinese)
[3] ZENG L, JANSEN C P, MARSCH S, et al..
Wavelet compression of four-dimensional arbitrarily
size echocardiographic datalJ]. IEEE Transactions
on Medical Imaging » 2002,21(9) :1179-1187.
[4] BOULGOURIS N V, CHI Z X. Gait recognition u-
sing Radon transform and linear discriminant analy-
sis[J]. IEEE Transactions on Image Processing .
2007,16(3) :731-740.

[5] Feskak, T7&, i, ¥, BT Hough 25k



%124 IR A YA PRE B AR e S HAE Tlk CT MK ds 2 R Ak 412 35 A 9 10 1]

3095

[6]

[7]

(8]

MRS LR BURRAESRIRLT ], % 4% T4, 2003,11
(6):632-636.

CHEN H B, WANG Q, XU X R, et al.. Extrac-
tion of symbol line-features based on improved
Hough transformation[ J]. Opt. Precision Eng. ,
2003,11(6):632-636. (in Chinese)

B, 2, BER. ST HERK H LIRS
WLy, @A E, 2003,33(1):65-73.

HOU B, LIU F, JIAO L CH. Linear feature detec-
tion based on ridgelet[ J]. Science in China (Series
E), 2003,33(1):65-73. (in Chinese)

FARHAD M K, JALALEDDIN I, REIHANE M,
et al.. Numeral recognition using curvelet trans-
form[ C]. IEEE/ACS International Con ference on
Computer Systems and Applications, 2008: 606-
612.

YANG M Q. PENG Y H, LIU Y X. The algo-
rithm and application of finite line integral transform
[C].

wave , Antenna, Propagation and EMC Technolo-

IEEE International Symposium on Micro-

gies for Wireless Communications Proceedings,

&R

FRE1981 ), B ER AL L5
22,2004 4R, 2007 4 5 R K22 43 ) 4k
19 2 A 2 Ay E B EMR
Kb FR A9 F 9% . E-mail: joylill @ sohu.

com

T=
’

9]

[10]

[11]

(12]

2005:411-414.
BEE, Avd, 2AF. BIEMAEATER 2R
W R LT]. B % A& A2, 2007, 15(7):
4011-1111.
GAO Y H, ZHOU X H, LIANG J,et al.. Appli-
cation of data fusion to acoustic holography [ ] ].
Opt. Precision Eng. » 2007,15(7):4011-1111. (in
Chinese)
HALL D L, LLINAS J. Handbook o f Multisensor
Data Fusion[ M]. Florida: CRC Press LLC, 2001:
69-74.
GONZALEZ R C, WOODS R E,EDDINS S T. #
FEAMG M L5t i Dol i kA, 2005
519-527.
GONZALEZ R C, WOODS R E, EDDINS S T.
Digital Image Processing[ M. Beijing: Publishing
House of Electronics Industry, 2005: 519-527. (in
Chinese)
http://www. gris. uni-tuebingen. de/areas/scivis/

volren/datasets/data/engine. raw. gz[ OL].

1959 ), B, R A
oL R A L 1986 4E T U I
VAT K 25 3R 28 2 0, 1989 4 F K%
PR 22 3R W0 4 24 407, 1997 4 F & IR
KR 2407, 2000 4E F 2001 4E7E
Fir - SR KR M LG W5, EEMN
F Tk CT FEF B R b A WF 5T

E-mail; drlizeng@ hotmail. com





