Computer Science and Application +EHLAI 5 R, 2021, 11(4), 928-937 Hans Y
Published Online April 2021 in Hans. http://www.hanspub.org/journal/csa
https://doi.org/10.12677/csa.2021.114096

A K-Means5B & /N IR INTBLT4EE
ER 3 7E

+ 7, BHES

IR RS AR, TR T
Email: huangd_10@163.com

Weks HiH: 2021463 H21H; FHEM: 20214F4H15H; KA HM: 20214F4H22H

H E

JR A A A S IR R A BAMER WA LR T RE R, WeSRNAgEEmSFf, EHLBEAMERRT RE
BURE T A4 RS RNEREMNTEYE, MESETZEAEERRGRRIRMERET ERNCRS &
H, HRELBERKERMYE, SFEBRKKRE. Wik, RHE—M%EESK-meansFIE 3B /N —REK
AEBFETE. 8%, BRAZHMHRER, RAK-meansBREEUAERER AL, 88, AR
INZRFMATEAKMHERRERNKERE: BE, RASTTEEX EH G HRESHTHEEE. XK
RV SRS AT LR RN EELIEREES, ZEESTTRE R E B 4R; EEDA
EIE S, ZEEAEERDR L N23RIERL SR, ERLTEERELER45%, EiRGFERMBUKIR
P163R, HiRAFEREEKREI28%.

XA
DTI, BahB/D5RE, FEINAELTES, K-Means, F4EiEEE

Brain Fiber Tracking Method Based on
K-Means and Moving Least Squares

Dan Huang, Yinwei Zhan

Department Computer Science and Technology, Guangdong University of Technology, Guangzhou Guangdong
Email: huangd 10@163.com

Received: Mar. 21%, 2021; accepted: Apr. 15", 2021; published: Apr. 22", 2021

Abstract

Brain nerve fiber tracking refers to the integration of fiber direction information in a single voxel
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to depict the global fiber direction distribution, so, the direction information of a single voxel de-
termines the accuracy and completeness of the fiber tracking results. Traditional methods often
directly use the direction of the main feature vector of the voxel as the direction of the voxel fiber,
but do not consider the characteristics of the voxel tensor, which will cause large errors. There-
fore, a fiber tracking method combining K-means and moving least square method is proposed.
Firstly, according to the ellipsoid model of voxels, the K-means clustering algorithm was used to
cluster the voxels into three categories. Then, the tensor information of non-slender ellipsoid vox-
els was fitted by moving least square method. Finally, STT algorithm is used to track the fiber of
the updated tensor field. Two data sets were used to analyze the experimental results. In real clin-
ical data, the algorithm could trace more complete fiber bundles than STT. In simulated human
brain data, the algorithm can track the maximum number of correct fiber bundles of 23, the cor-
rect fiber connection ratio reached 45%, and the number of wrong fiber bundles decreased by 16
compared to UKF, the wrong fiber connection ratio reduced to 28%.
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1. 518

K = BRR E 0 F AJTR FR I T A R, G R 1 O RV 2 R AR 4 R R X . R 2 4
W—HZH, BaIBEMMAERGELNN, B, M4 0)E m oA — B R OGE O 17
. Y Bk & & (Diffusion Tensor Imaging, DTI) FH T i #h & £ 4k 18 B3 19 BUZ g S L% 4% (Diffusion
Magnetic Resonance Imaging, AMRDF A, BEW LA, oAk, B S RIEARMLLT i, TERD) 2
R T Bmmt 7t IGREIT1] [2] [3].

DA R 20 21 238 B B0 R 00 i v VR AT 438 R VR R 3R PE AT 4B B2 505 . Mori 55 A [4] 1 %
FH 9K S R AR 1) 207 R AR R N EF4ETT In), #EAT I E PR 4EIEER (Fiber Assignment by Continuous
Tracking, FACT), &/, SCBUM R, (HR¥ergew SO — ST iliE, S550br EATRE, BESEIN
AR RAK. XTIk, Basser S5 A[S1#EH T £k 2B R (Streamline tracking, STT)57%, j#id Runge-Kutta
S B SRR AR 4 . X PR AR ELE A 2R 0 B R R BT M AN AR 4E Dy ), TR & ) PR E
KT RIVE LT, TR 18 M/ T 2 72 A K IR 22

N2 PR 27 418 B SR A F AR N 1 MG AS AT G 8E, 19 B4 47 m MR %5 B ek B, A i
A RELFAE R R AT IO HE R  He [6]1F0 Lu 55 N [71K H DU 07 VA SE I vk 845 Bl (R 75 2 RS FENLR AT,
FEIK, xFt, Kong %5 A\ [8]38 i ki T~ (Particle Filtering Tractography, PFT) it 4 Bk & F 41k h &
& &.; Chinthala [9]#1 Chen & A [10]F] FH Jodit = 7K 2 JE 1% #% (Unscented Kalman Filter, UKF) S 4EIE #5 s
Teillac 55 A\ [11]38 5 fe /MU RE B R Bl TH 7K A5 2. o MRS 1 21 2838 5 1T DA/ e 75 DL B8 o 5 AR RRE R 5
ma, (EHRTFEER, MR, 7R MNAYE, TR NIERE AR E LR

ZE LA, DAME A4 IR NS B R A SEE, MR A BARE A = 1)
o, SEURKBESGRSTARKNREZE. Hk, A —FRES Rk R g X 4 & 4A8E Ak &
GRS A 4EIB R TT . e IR R BT RIS, B, N TIRMRREMARNKERE, HBIR
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dy, dp dlaJ
dyy dp dy (D)
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D=
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WA Aov A3 N D IRFIEAE, e1v eov eg JUAH R IESE SN REAE ) 5, DU

4 0 0
D=[e, e ] |0 4 Ol e e] (3)
0 0 A4

Westin %5 A [12] FRFERG 5 Bk B AT s, A T32 s 7 =2 R ik B A 40k, PR A
ERIEAR . 24 A, > A, ~ I, SRERERUA KR WA 1(a)o 24 4, ~ 4, > A, I, SRERAUAY PR, WIS 1(b).
M A x A, = LI, SKREBRCHRBRR, WE 1(c).
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Figure 1. Three models of diffusion tensors

B 1 i EGKE R = FhiRTkiE Y

FI CL # R BUNIBR I, Co s T HUNARIE, Cs FnBRIBH HaREE, &SN
Q=%_%,Q=%_%,q=§- (4)
A A A
B, C_+C,+Cs=1HC_,C,,Cse[01].
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2.2. K-Means B3

K-means JES 5Ty EAR T B, ROy, M V2, CH T BRG] B2 1% 5 [13] [14] [15].
K-means JZEE M DL R U BRIl P 25 $8 5 K ANt s THE s AR S0 AR AR AL 5
B B MEARZE R, AT R0, YR ERE AR AR, R,

2.3. BIRN_FE

231 BEIRD_TEIRE

5l /N Ffeid:(Moving Least Squares, MLS) [16] 5 #x/N “3RIER KIIANFE EERIE: B/
FILINAEZ S A HIME f(S) R 32 S BB Qg AR IFEM, 4RIk Qs SR ZN f(S)BAT M, XA
I Qs FRIVIAZR S IFEMER . FEREIRIR Qs b — MR EL w B E LM N AR S AR S HISEZmTE
i3

HUEERRH p(S) = (P (S) P (S)+, P (S)) s & XME S HTK EALL& B

£(S)=p" (S)a(S) (1)

Heba(S)=(ay(S),a, (S). -, (S)) MR R EL
B Qg ={S;,i=1---,N}, D(S)ZMAE Saiske, MIEEK S LHIRE:

(5)=2w(S)] 1(5)-D(5)] ©
WHE a(S), 4 EQ)IRME, T 1A sk 5
EC)_ As)als)-8(5) 0
SHNE, 4
a(S)=A"(S)B(S)D ®)
Hoof
A(S)=2w(5)p(5) 0 (5) ©
D=[D(S,).D(S,).D(S;).,++ D(Sy )] (10)
B(S)=[W(S)P(S.).W(S)P(S,).W(S)P(S;).+,W(S)p(S)] (1)
23.2. NEEH

G KPR B AT DUSEBUE G (LS RO . i T AT 4EIB B2 — MBS e, ATARE B AR
MILFEDT A RORFEN, BRI, Somaiol, PREGEGL, Mmoo, DRI, SR e R AU 9 BUE B
2 1 [R) Ve A e O

K(x, y,z)=eX|0{{(X_XO)2 +(y_ZO)2 Hzon) ]} (12)
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3. AYEBERFE

R R ISR IR, CRAR R K R AL T A F 4R DT R PSRN, (E SRR I Tk
R PR B BRI, XA AR iR ZE . AL, 5 ZEARYE K AR R ) A R AR R AT
K, HIEIEATIEE BRI AR KRR AT R

3.1 ETH EF R K-means BB

AT R BRESH(CL  Con CoMMUME, KA K-means BARFIRAR RN 32K, Hikd
L I

AL WHRR S WEHREN F=0, ¥HERERE(C, . CLy C), i=12,M: BKQ=0,
i=1, 2, 3; NI HBENLEFE=MEARIEAVILAEN 3 M ERETOLm o ps}s

B2 SHAR S, IHEYEEREE(C) . CL . CLRURIA Loy P HGBREE(C) . CJ v C) AU

d, =J(c‘L-cg)2+(cg-cg)2+(c;-cg)2, =12, M; j=12,3 (13)

#7 dig < dip, dig» WA Fi=1, K SR Q1. # dip < diy, dias N4 Fi=2, K SiimARZE Q; s,
#odis<dip, dip, MAFi=3, B SiMAFIZE Qs dip =dip=dis, BENLIIA—ANEH,

W3 HEHERE.L, BESE 2P 3, HERKPOARERL, W FteiAR S i
Al

32. FEKERINEEN SRR SR
Hm FE SR B Xy Y. 2 HEEEMAERIRNES o, HAUEEANR AR SRR Z mEES, %
HHEERRNREEER, W 2@)Fmw. SR, {ESZhraf g i fEd, A& AR FRIE A & W N 1%
STECE R IIRCE, DL 2(b). BRIL, BRSO BO A R [17] [18] [19], FE X Y. Z H
EARFMRES S o oy 0 B4
2 2 2
K(x,y,z)=exp{—£(x_)§°) L) (2o%) J} (14)

X Gy O-Z

B i) S e T R BV RO BRI, ARRAETS X,y z TRIIOBCE AR, HR SRRk 3R TR R REAE
) B T7 () AT RE AT AL, R, ASCHRH — M a5 & kBRI B IE R ) e v R T s A, 7 A S
FANTJ7 18] (A RUBE AT LABE A K B ER I AL AR AL T A8 4K o

(8) % IR [R] P v Ao A (b) 17 S5 Pk e S A

Figure 2. Gaussian function model
2. SHTRBIREY

N, XTKE D, MARFERHERIR e1. e es AREAMR R, MMEFFILME A Ao A HEESUE, AITA
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VI R 7 1 PR S S PRI R PR o B v = [X = %o, Y = Yo, 2= 25| 3 TR S AR R 2 1
fmZE . & X

-l e 1) a9
R A
- i
— 0 0
A
SF=vT[e e e] | 0 7% 0 |, W ERFTRRNS:
1
0 0 —
Vi |
G(v)=F-F’ (16)

RIS 3 B SRS e DU A PRI J7 P AR T SR XY O A0
2 BB AR LR R

G(v)=v'D 17)
] S P ) R R 2R TR B AR R T 1 3 % [ S e v T B
K(v)= exp{—vT D‘lv} (18)

oy R RE AT A, b 2RE SO 17 S P vt 4 R 1) 5 10 T B A R Tk AR R T, AR ARy
[F1) X E FRYRFAEAE 4 T 3R 55 AR AR ZR KD 0, AT D 2 i PAY % 2 Tt o 45 385 O AL

4. S
41 HERRE

AHEH A4S K-means Al MLS i £F4Ei8 B % KM-STT, BARWE 3 frow.

AL N DW BIR, HEAS3 DT Bk EHE, JHHH DT B R FAL. CL. Ce Cs%51H,
WIEEAE x, y, 2=0.

A2 CSRAETI B R K-means BB AR N 3 2.

W3 RRIERBLRIARE, EEEMERRKEER. (@) EHREES (XY, 2): (b) RIERKLE
FIWriZ AR R P B B, 0T 2R AR R A R R BRI R, S 8N R R B
NALE PR AL MLS XK BT LA, R R E; EH (a)~(b)P]R, EEm) DT BB Ipra k%,

WA EEEHGHRKES T, R STT kB, JFaT i 4aniEg 2.

4.2. SKBER

AT DLIE 0T I PR B3 AT S50 78 M I VPAL R 4B R 45 R, (HA2 i T/ Ground Truth, AEEXTIE
Erah FAAT E R LI . A PRI I 46 7T DUE B PHB ER S R, (R HIGERE H B K%L
P . DRI AR SOR FH — I PR 540 B B — O RS AU B s S ) 18 B 45 S kAT e M = VR o

AR SR F A R AR 58 Sk 35 128 x 128 x 60 [ K, £04E 63 ANt s £ ik (s 5 1) DW &A1
—ANARHEANRR L Bk vE {5 51 DW B, 251120 #5508 2 mm x 2 mm x 1.99 mm, b = 1000 s/mm?, A T
UL, KM-STT 5 STT B ERZE R, RHUB IR X 18{0 < x < 128, 0 <y < 128, 7 = 30}4T ML LL
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4 {9 STT 555 KM-STT SLJGEERRUR LB, L (al)~(a2) 9 STT HERCR &, (b1)~(02) 9y KM-STT
SR E. WEE TR H, KM-STT 5L TNE EREE RARE T STT Rk MIB R4S R v,

AR ISMRM2015 $kA%2€ R AT AL i B8 3047 8 2xf LSt , 12808 A2 G4 33 1 Sk ik %k
P, FEBEE KN )9 90 x 108 x 90, % E]4r#HEZ% A 2 mm x 2 mm x 2 mm, b = 1000 s/mm?. Tractometer
[20] [21]/2 ISMRM2015 BhARFE ML v 4% TR, ©) 2 I8 T2 80000 52 (M AR 48 B R VA4 [22] [23].
Tractometer #&AEMEILIEIRE : A IER LT 4E R0 E (Invalid Bundles, 1B), IFff 19 £F 4 5 £ & (Valid
Bundles, VB)# r~, HHiFERE M X1 4> e (Invalid Connection, 1C), 1EHfI%E 82 1 X 381 5 4> b (Valid
Connection, VC).
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Figure 3. Tensor information update flowchart
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Figure 4. Comparison of tracking effect between STT and KM-STT
4.STT 5 KM-STT EEBERHR L EE

Table 1. Comparison of Tractometer between others and KM-STT
1. HMEEXS KM-STT &% Tractometer Xtk Zk

Rk 1B/ VB/H IC vC
FACT 72 22 0.30 0.15
STT 52 22 0.32 0.39
PFT +STT 60 21 0.25 0.10
UKF +STT 68 22 0.58 0.21
KM-STT 52 23 0.28 0.45

#E: Ground Truth H1[1) VB >~ 25 3.

M L R AT R, ASCEE KM-STT HEEER S ARSI BT STT 505 FACT BB iigs . B
PERIAE: KM-STT AR T HAPUFP 532 0] LLIE B 2 5 2 0] F AT 4E A (VB)s  7EES B2 L7 (1C) 77 1HI
PFT + STT B R &S IS T S/ NMOH IR EBE L, (HRTE IERER(VC) 7T, PFT + STT B iE4s i) IEmf %
LN, KM-STT 18 ER4S R IER SR LR, 10 HAEA T A 4E s (1B), KM-STT 1 STT iz ik
T H A =R 5L A STT. FACT 25058 M 4T 4B BB FE A R 1 B (52, PFT + STT. UKF + STT
AN L BB EROT IR B B AT AR R e, PR B EEAS R  EBORIIR % . KM-STT {EA—
T B2 FE R 2% SRy 0 46 # X 4 AR IR 2 A5 R B i PR AT 4B B 7325, eI i B it SR . 27 B AT,
RIS L) £ EE 45 S EE DL R B R IE EEAE 3H . AR SCEE KM-STT Rede s s %%, ks
T AT 4B ER s R
5. &g

TE SR BN AKARIT, SR FRAE 1) 5 7 AR AR 4E AT 37 R P T VR BN AT 5, ER Mk e
RUNB BRI B0 i TIRES, X FhOTE S P AR BCR IR 22 . BEXT IR, ASCHRH 7 — PR 4 G ok E
E AR AR R oK B AR T (A 4EIB BR 7. B SRIRRUR W DUR ARSI H B B0E KM-STT 1 LUB ER H T8
INTEBAEHA IRT 48, G RSP A0 SR BN R AF (RN £F 4B R R . 78 F— Bt wlLh
SE4 DT MRl s PR ESCHE Hh e 78 R o, AT — 25 18 i 7 I PR A5 B o B 5 SR el 2
E&H
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