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#3235 A Fang L L and Wang X.2022. The review of superpixel /voxel segmentation on MRI brain tumor images. Journal of Image and Graphics,
27(10) :2897-2915( H ¥ ¥, FJik. 2022. MRI i i 88 1l 44 14 848 3 /14 38 43 ) Kk e SR, v [ P 4 R 2 41, 27 (10) : 2897-2915) [ DOI
10. 11834/jig. 210293 ]

MRI fx ifEE G R B R=E/ A= A Z RIK

FRE, M

LTI RS 5 B EOR 2B, K% 116000

B E:  BERER/EESHEEEEA RS B R 0 2 IF o DO, A TR AR R R R ELAF
B UIRET LM DT 2 A5 B A B2 LR 115 ( magnetic resonance imaging, MRI) 23 #1038 {2 i, 4 3C LG
BT ORR AR R B B MR B R PR e . NI RS T 2RI BT AR R /R R B BT R R
St R RE BRI T RS I bR 43 FI K R ¥ ( Multimodal Brain Tumor Segmentation Challenge, BraTS)
2018 Hcdfa e o AR N e R R EA TR AR R 2 ) TRIISS Tl i G4 1] 0 R 70 A DR K B P 1 T 3k 7351
HER 3 4 AR IS MR, O BRSO AR K S H R T A2 8], Jd s B3R g o B nl 4 i 7 I Y
(graph-based ) FRIEMST#] (normalized cut) BENLIEET: (lazy random walk ) AT 3RASKEHE MU A% O IR 47 B, (ELGS 4%
SR R TR SRR AN R AN R TS SR AR X R B, % B 0 2R 2S5 ((density-based spatial clustering of
applications with noise, DBSCAN) FlIZk 1% 582 (linear spectral clustering, LSC) 3 5E Al U7 B8 s h A5 8, B
BF I R SR kA5 BARFAE  (HR B S BLAR 5 B3R 3A | HIRA Mol B Bt FE A K M R L, #A MR AR IE U | Turbopix-
els FITAT BLLR MR AR SR 200 B A simple linear iterative clustering algorithm, SLIC) BYFABAR R I AR G5 L i 5E 4%
e WH kbl B RRIE R AR BN W A, DAL SR AN S SRR A I 2 4 S AN R L P A R kR
BTSN LT, AT AR R /R R 4 B AT B 19 3 I R RE , BT SE SUELAT R 1 R SR TS

KRR MR AL B W HR LA (MRY) 5 AR Z /AR ; I fiig 4310 PPN HE A

The review of superpixel/voxel segmentation on MRI brain tumor images

Fang Lingling” , Wang Xin
College of Computer and Information Technology, Liaoning Normal University, Dalian 116000, China

Abstract: To obtain smooth edge information that can accurately describe the local features and conform to the functional
sub structure, the superpixel/voxel segmentation algorithm divides the points with the similar structure information into the
same sub region. Tt is widely used in the field of magnetic resonance imaging (MRI) segmentation. We carry out the com-
parative performance analysis of different algorithms in brain tumor medical image segmentation. Our algorithms are used to
set the number of superpixel seed points directly in the contexts of graph-based, normalized cut, entropy rate, topology pre-
serving regularization, lazy random walk, Turbopixels, density-based spatial clustering of applications with noise
(DBSCAN) , linear spectral clustering (LSC), and simple linear iterative clustering algorithm ( SLIC) , respectively. Due

to the watershed and the superpixel lattice algorithms cannot achieve accurate manipulations of the number of superpixels, it
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is required to achieve the superpixel segmentation of the brain tumor images in BraTS 2018 dataset. The graph-based algo-
rithm can segment the core tumor region accurately and identify the brain tumor region with vascular filling effectively.
However, it is insufficient for the segmentation accuracy of the completed and enhanced tumor regions of slightly. The per-
formance of the normalized cut algorithm can obtain the brain tumor boundary derived of strong dependence information and
retain the characteristic information of the tumor boundary. However, the algorithm divides the lesion region, the gray mat-
ter, and the white matter into the same superpixel. The whole tumor region can be divided into the multiple regions, which
cannot represent the functional substructure of human brains effectively. The superpixel lattice algorithm can obtain the core
tumor location better, but the segmented superpixel boundary does not have the strong attachment. The boundary informa-
tion of the enhanced tumor can be obtained based on the entropy rate algorithm accurately, which has the obvious density
difference between the tumor region and the surrounding tumor. Yet, the generated shape of superpixel boundary is irregu-
lar, which cannot express the clear neighborhood information. The topology preserving regularization algorithm can describe
the focus accurately, but it cannot clarify the large mass span issue. The lazy random walk algorithm can generate more reg-
ular core tumor superpixel boundary, but it can not obtain enhanced tumor boundary information and cannot retain the char-
acteristics of tumor boundary information. The watershed algorithm can obtain the weak boundary information of peripheral
edema and intratumoral hemorrhage caused by brain tumor with obvious space occupying effect or lateral ventricular extru-
sion. However, the obtained superpixel does not conform to the structure of brain functional, which tends to different super-
pixel from the division of the same functional blocks. The Turbopixels algorithm overcomes the problem that the number of
superpixels is different in the initial setting, which leads to the difference of the accuracy of the segmentation results and
enhances the robustness of the algorithm. However, the algorithm has little contrast to the whole gray level and the accuracy
of segmentation is greatly reduced with the presence of adhesion between the brain tumor location and the surrounding tis-
sues. The DBSCAN algorithm can obtain the core tumor information and identify the necrotic region and the liquefied region
in accordance with the image density, which can provide tumor information for complications. However, the algorithm is
more sensitive to the noise points and is not robust to the boundary information. The LSC algorithm can release boundary
blur and fuzziness of medical imaging equipment. But, the superpixel boundary divides the brain regions with the same fea-
tures and functional substructures into the multiple blocks, which cannot reflect the shape, size, appearance, other forms of
brain tumors, and the pull with the surrounding meninges or blood vessels. The SLIC algorithm has a strong compact and
complete retention of feature continuity, which can extract brain tumor features. However, there is a lot of redundancy in
the algorithm calculation process, which is challenged to large-scale object segmentation operation, the SLICO algorithm is
improved through the SLIC algorithm, which has the high efficient segmentation with low computational complexity. In con-
clusion, such algorithms can preserve tumor boundary information and have local focal information better in related to graph-
based, the normalized cut, the lazy random walk, the DBSCAN, and the LSC. The four algorithms keep the shape struc-
ture of the superpixel more complete and compact in regular like topology preserving regularization, Turbopixels, SLIC, and
SLICO. Furthermore, the feature description of the lesion boundary is smooth and soft to make up the boundary deficiency.
We summarize the current results and applications of various superpixel/voxel algorithms. The performance of the algorithm
is analyzed by four indexes like boundary recall, under-segmentation error, compactness measure, and achievable segmen-
tation accuracy. The superpixel/voxel algorithm can improve the efficiency of medical image processing with large object
efficiency, which is beneficial to the expression of local information of the brain structure. Some future challenging issues
are predicted as mentioned below: 1) to divide the brain function and regions without brain structure into the same sub
region;2) to resolve over-fitting or insufficient segmentation caused by abnormal points and noise points near the houndary ;
3) to integrate multi-modal lesion information via machine learning.

Key words: image processing; magnetic resonance imaging ( MRI) ; superpixel/voxel ; brain tumor segmentation; evalua-

tion indicators
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Fig.1 The multi-angle MRI medical images of brain tumors

((a) horizontal sequence is 128;(b) horizontal sequence is 133)
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Fig.2 The multi-modal MRI medical images of brain tumors( (a) origin images; (b) multi-model MRI images; (c) ground truth)
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2018 ; Dutta 55, 2019; Wang 4§, 2019; £ H I 5%,
2014) F1HE T % (Liu 45,2014 ) 195 ¥ (entropy
rate superpixel, ERS) %%, JETHEEE Y40 #1580k
M BE R IR TR B 1Y Oy 2 AR
SUZ ) Y 22 SR D SRR ) AR LR B2 DT EL A
TR AR A 45 3R /R 3R 3 23 22 ) — 7 X3,
K 3(b) s, HLME LS . Watershed 3% ( Vin-
cent Fll Soille,1991) FEF /KL iE ) Turbopixels
45 (Levinshtein %5 ,2009 ; Xing 45,2020 ) Fl ] B4k
% AR R 2B 1L (simple linear iterative clustering
algorithm, SLIC) ( Achanta 4§ ,2012) %5,
2.1 EFELHMSEEZX

FEMARAE N (2014) $2 1T —Fh I T4 0k 10
RR S F A R R RS R R A
(] AR5 %08 DX bl e 4 B 22 45 &) W/ T, 3 T 2R 45 A
AN DX 2 AR AR -1 i R R R
X3 BB R AT G ER R DI RE (R BAEE 15 2
EJRARTVE R AL T 101 25 I A0 e 7 5 R A, S 3O
SrEERRTERS AN 2 . 7E E ARG A (2014) ik
AYFERE -, Gao 55 A (2017 ) ¥ 8RR i LB 18 3
SRR Y R AR I, FH A J3 R 4 [a] R 2
LR BT R, AT A BB AR R AL T
B AR R . AT A RO IR E ARG
N (2014 ) J5 ¥k v i) RGP il A8 £ 52 55 ), B
ABORIEFENE . HIZEETEAL IS A e
PR NG 00 BAT B0 MR Y B2 2 IR I, A
RER A AR A kLA B A A HIE B

Zhang %5 N (2017) $& 5 1 — R T s 1 B A
SyEVEE 3 AR ATy BT i e A% Y
R RO AR/ SE e 1 R LA A 2 P A 81 4R 321
LS B AR bR ZR GE 2, I A T 3h 2 R A
P AR P G e 13 04 3 AR 7 e AR ) i A 2 ] v g 4
Jric R AR, B RO B R vkRE . (H2 X5
A B AR T RS KL, A5 3R A DX R
R 3l D7 5 A 8, DX IR 8 R /N 0 b D7 0 A A 6
LRI A Gao S (2017 ) J5 3k FR3 A
P LRI R G TR | 52 000 i 2 5 R B0 98 ] LK
i FVTE A L I D 583 30 B 53 A AR A AN 1Y T
N R IR BRE R 55 30 B B BBUR 2
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L, FE TR (2018) £ i1 T —FP T B Y] ( graph cut) Fl
FEAILIIEAE (random walk ) A3E B 0 A 2 48 A1 |
TR ) 32 A R o A B AR A Ay
MIALE S RN GAT 2 7 — KR SR, Jf
AR 1 MRI B0 R B8 B TR AR FRAE ) 46 Ak oK
PRV B ASCAEL R 2] 38 ARE 3% ) DT 1) 4 A 3R DXk
ZE AR IR TG AR SR N Thmic o
P11 B[] A 2ot g 1 1) R, Tk T Zhang 55
A (2017) Fl Gao %5 A (2017 ) J7 ¥ Hh A7 8 1 5 1
R A AL 55 10 5 O B ME RN S i 1) R A AR
e AR o B SEE IER E . (ERR R 2N T )
J Z )23 [RVRRAIE, AU 2 4 B 0 e ek 97 2 1<
FRAE AN BE TR b 4 34 S s i e g i A= K g e, H
i Y] R VR AR ) ) 1 o T B0R 25 2%
AV NS S oGl R <R 2

Ghosh ¢ A\ (2018) #& it T — M 7E 1% A k-means
R 254G normalized cut HAZ K 1953 FI B 2%,
HEBEAUE 8 1 1% R 2K normalized cut kS
k-means RRHMEZRZE S E L E A HLAY k-means
FEDRIACIT— AT B9 AT e& B, T A7 R0 15
RZIEBARRIE, Bl TR A A A B S Lk
(o, AR D R SR SRR . S A
S FE TR AR R IS (B A3 A HERR ALK
HARB BRI I/NEEA A [A], EOIC LR A5 417N
NFER,
2.2 EFHELANSENEE

Xiang %5 A (2010) $2 ) T 2 Turbopixels 1475
FARR R R EEX T AR E O g
FRARGIALANE A K B0 [ B WA Sy SR 2R 98 7 1)
i, PR R L AR T R Al a5 25 A L
A5 B AR R, I % H b ek Bh A 4 R A
SrRIGER . ROITERCR B [H N T S R AR
B AR AR R DS R W YR B A L
(585 30 B0 IR B2 2%, Li Ml Chen (2015) 7
Xiang %}\( 2010) FEEREERE T s BT
— PP 2R P i 5 25 (linear spectral clustering, LSC) FY
AR R o BBk IR Y 32 B8 AR i o e
BB 5 R SR AL E S R/ME B S B s 4 5 R
23 [a]ep DT A B R AR AR AR B2, ARG AR R
5 ek Xiang 55 A (2010) J5 3% X 20 B 15 42
SR IE M AT AN 2 0 1)@, ] 45 30 45 ML RE | HL 73361
BEBIPNIEAR IR R B A, Bz R

ATEAR RN 00 X A BE AR AT O 3 & 55 1
QR I A X (AR 5 X)) 2615 /) 15 R i
PN 24T

S B EAR 55 30 SR EAf 4 #), Shen 45 A
(2016) #2117 —Fh 5L T B R KL, mAE
il T4 ML T I RIS ((density-based spa-
tial clustering of applications with noise, DBSCAN) H
T SR RMER AR S Bus T g 1
(ST = R A8 55 P ST By o K S i = 1 | i
BIIA| WS R SRR AR DR e s B 17 L, 2R
IR RAR R o EI AR, AR5 TR IE
23 (AR RERE /N RO A8 CR B AT & 0T, AT A 21 B A7
B i ORI AR R B, (HR R
MERIE DI KR IXBUE , #78 20Z 0, A
F S IZHEA MRRE WA TSI, REiE
TR ERE B T3 48 AT O H R TUAR
SEETEBIT R, HAE SRR D RN
e, T AL IR S5k T D RE AT R 4, TE
Shen % A (2016) J7 i B5ERN L, Wu % A (2017 ) $2
TR AR R AN KIS I 22001 B R or
7k R AR ARG RN R E R 2
6T EM% K 2S 18] CIE Lab BI(8 55 [a] FIAR (S —
BERHER IR R 45 G, TR 8 03 B AR 5 30
FLANT /N He A R HIARICHA ] 23K 0 DA o
SECUREEEE vk S Y SN LU R IR SR €IR E EER]
FUE B SR A B R A A IR
Xiang %5 A (2010) 773 5530 543 5145 B ms A AR 2
O] F I (SR R AR SRy G L L Y DR A
TG TR I 8 0 de 28 1) AR R 00 B 45 8
AR RN, AN LA B A B R

Amami ZFA (2019) 5z T Wu 55 A (2017) 75
VPO A 2 55 10 SER R B BORR IR AL
AT, B2 ) T — R LT SLIC By B~ R A 16
RV AdaSLIC , %830 32 Bl SR A% 7 DX
F R B R I PG T A B A B AR R B K
AN, R AR B AR A E B, 5 Shen 5 A
(2016) LA b, 2R 1 FLAT B ik Y SR8 AR 1 3
R, Al BB R o AR, (BAETH RS AR
AR REGR DI 5 AN ORI X 2 TF, S 205
AP IR EITCRME, SR AR, [
4, Singh %A (2020) $ 1 T — Bl T SLIC R
AIRREAE 2R R T R e AU R A S A
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Bl A A RS T e SO A ) R R BRI BE R ¢ B ARk
RS o IS AT T UG 0 B LA SR B o7 > I 4%
i, BA B A& HE e, HAgwm TR s TRl
o BRI N RE R AR A R Y 55 30 RHE
B BT BIRCRA P Kk

A RO TR R ) B R PR SR AR
FEN(2020) #2407 —FP LT IR R 2 AT
(R T B WA A T RS R R B, 20T
VAR 32 B A P00 AR 50 B0 R A AR K 3 IBUR)
PR 2 B A T 3 2 8 3R ARy 0 28 B 5
INEREPE R SRAT Y SRy P R AR R B
IR H— 2 X IH & 5 R R BT Sy B M5
FOSZ A A EE B /NI I8 DG &, TSR A AR 2R
M orHIAE R . SRR SR AT AT A
b THERCRES S, AR 0B IR R 73 B4R AEV i
BB R RN 8 [ AR i 35 AN () 5 5 o1 s
TEOUT , #REARAT H AT B AR B HLIW 3T 181 530 2%
R R RIS (B BE RS 0 AR = )
RS B RS- B TR, TC I I o 3k 4
B AR BN, AT 5 22 A9 R [R) 8 AE 32 B
BfE
2.3 BHIE/MESBERTMNIER

BET MRI i g B o TR AR 3R/ R R 401
B FEFR (Stutz 55,2018 ; Wang 25,2017 ) £ 5
KeF: AR AR A RS B S ground truth J& 7
BAB NG R 5 0h ke A i R
A B e A DX 84 i DB B A K e 67 1XC
W AE R . B IEM R bR (2 W 55,2019
RELS 55 2015) 14531 2% 4 7% ( boundary recall
BR) K 43E|4415% 8 (under-segmentation error, UE) |
B9 P ( compactness measure, CM) | A 35 43
HEH % (achievable segmentation accuracy, ASA) DA
FHABARUE, INIE 4 Fro, Hoh, RS Rosi g
EVALS RGO L B IR S £ A A A
ground truth kLI %%
2.3.1 hgHARR

BR R 3R/ 3 51k 50 %) MRI ik e i1 5
255 oround truth AHTEEE Y HLR, FHRITE A T
SEID R y (— M1 B2, A ST E hy 2 AL
NG E/MRRFILE RS X ground truth H1 8,
AL AE , 1338 (Liu 55,2011)

==

(b) R EVHE AR

(a) LA mIR

() BEHBEVEN (d) TR EIHEG R

K4 ERER/ BRI R B

Fig.4 Schematic diagram of superpixel/voxel algorithm

evaluation standard( (a) BR;(b) UE;(c¢) CM;(d) ASA)

3 fmigllp = < )
BR(R—G) ="t Edl (1)
o, p A g 43R EE ground truth FIHEZ R/ KK
S EI R b ) H AR XIS, 8G K7 ground truth
SRS R G TRk S y BN ITA R R /IR
EVEUILE SEy NG S VLS SN Ry
BER/MERNG FITA RS, (o) FRF
B PR B BR GFE B R AN Ty BARh
1 B <y
fla) = {O RS >y
BR FIWr o FI 45 R A R84 (a) BT, KA X
BRI A VA v YU FIN RYIR 22 5 0 T5
IR R/ R R R B L AR e H 2
e T, RN BRER/ER o #I 0 R & S
ground truth J At BN & BE R
2.3.2 ROPEIEERE
UE HI T35 AR 3/ 0 3R i b 9 0] 43 IX 3l
tH ground truth XJ N7 5 kb (%) T RBRLRT O A, T BN
( Buyssens %5 ,2014)

PIEDY

: k;Skﬂgi#@‘Sk - gl

Z ra
K, S RoNBRR/ARR NG H 45 R, G R
7~ ground truth FYH kL EAH, g, /8 G PSR i 1
JAERI AR X8, S, ROk S AR E MBI R/ R
Y, |s, - g, | FnFra B kERI 707 A Y
BFE/MRZ S5, Achanta 55 A (2012) el

UE(S —G) = (2)
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T(2) A ZIEMBRE/IRZK B e A e AR
R AR, X UE T8 ST ek 3
UE(S —G) = %[; (g ‘S; R\Sk\)—N]
(3)
b, VR MRI 22U S A8, S, 1S, N
g FORBBRRAMRR D HENE E DBIR R/ MRG0
A~ ground truth g kE X IR HARE G S AL, B FoR
PR LI B E O 5%, UE FIB 3 %1 45
RUFIRMIE 4 (b) PR, KA X B3R 7R UE
UE X8RN, 26 7R HAR 3R /1 3 05012 SR A5 1 Ji fih
JeA 320 FUBORS HE G b R 30 2 55 k30 B0 G B
B,
2.3.3  FEEIFH
CM TP AR R/ IR R BB R R/ R 2
BLFERE (Schick 45,2013) , Fu % A (2014) & X T
CM 135
1 w 47 x Area(S,)
M = ;; Lenz(Sk) 4)
AH, Len(S,) H1 Area(S,) 7B RAE k NG
R/ARR YRR N, n RoRBBRR/ IR
SIPEARS, N R MRI G B2 2% B S B8
CM H—E R EB TR R /AR R PR,
HHN W7o F 25 R SRR 4 (¢) i, CM {H#R , %
UIFES VAU SC R NI UE I N 55 WIS
423 ground truth ki AL
2.3.4  ALASTEIERR R
ASA G I B R R R R G R oy B AR
ground truth Jigkt 4345 5 v fir G XA T H, R
H—MEGR/IRRICR —152Z ML ground
truth kb XIS 38 2 T3 T A XN 23 BE bR 45 1
B A5 SORT MIRT G 15 2 UG BB NV 1Y LR,
HEHN
ASA(S — G ;m?X‘Skmgi‘ 5
( ) 2 2| (5)
ASA FIIT ST 5 BI4E SRR I 4 (d) e, 2
FAFTRIEW - H A (ER AL N IER R 2R 6
FELR N RY 50) , s 7 3 20 F) L, K e 3R 7 IIST
Ho MFHRBRR/ARR I H L RIER S5 H R
FIBC s 19 T (B B K, DA T 35 A5 T v 4 A 236 1) 4 1)

5

3 XSRS

i H AT TG AL % i 9 o3 BSR4, ol T
A6 ik Jie e 53 B R R IS TR s B A R B
AL B T #1451 ( Medical Image Computing and
Computer Assisted Interventions Conference, MICCAI)
TRAE 2SI 2 RS G 98 43 0 Bk A 6, 0T TR 4R TR
A EE (test set) FIYIZEEE (training set) , F DAdR
0 R 1 L B 5 R P K i R B8 R i DX
ground truth X 43-5¢ 3£ 988 (whole tumor) | 384 5 fif &
(enhance tumor ) F1IEA% > (tumor core ) DX 38 ( Fff 5%
IR T RN TE A MRI G g B2~ BG4 )
IS ] BraTS 2018 #dia 5, £ 285 /M4
Jibsg g 491, B 05 9 % T InAL RS T2 inAL A
1% Tlc EM% FLAIR EE FXF R AY ground truth,
15K/ K 240 x 240 x 155, & 5 @R T EGHF T
FNBORE D 200 BB 1R 3R R0 00 H R BRI 1Y
45K (R B BraTS18 Kt 7504 TCIA08_469_1 Y
FE) o AR SCE TEARF IR UL, BN SE R 8 AR R
A 200 (r EAR RS T 2 E hups://
pan. baidu. com/s/1wWEL72Tt0OKyl8 Wg3 myuVzg) ,

N — 20 OB [a] AR 2R Bk 53 1 i e 1
FUL P BE , B graph-based 8.5 (Abate 45 ,2016) |
normalized cut 54.7% ( Van Den Heuvel 45,2008 ; £ &
P % 2014 ;Cour % ,2005) TR EVE (Liu %5,
2011) FRFMRFEIE W B (Fu 5F,2014; Tang 5%,
2012) \lazy random walk 7% ( Shen 55,2014 ) | tur-
bopixels 5 ¥ ( Levinshtein 45,2009 ) . DBSCAN % %=
(Shen %§,2016) \L.SC #.3% (Li Ml Chen,2015) ,SLIC
9% (Angulakshmi 45,2019 ; Saha 55,2018 ) Fl SLICO
('simple linear iterative cluster zero) B354 10 Ffm] B
XS AR R T 7 BT B8 SR AT PR RE X
Foo BEAR, 23 K& B3k (Vincent Fil Soille, 1991 ; Wu
45,2017 ) Fl superpixel lattice 535 ( Moore 55,2008 )
TCI SRR R B BORS M, PR AR SO 3K
FEIEAVEATYEREDFI . SEH X BraTS 2018 %l
e 15 18 3 LR PR AT AR R 3%, BraTS
2018 Hirdha H S P M fie e ) o3 1858 R i eg A% 0 i
Je R G g 3 N XY ground truth, W1 6 (a) BT
7~ (R H BraTS 2018 445 4E /¥ 5 o TCIA08 _218 _1
EIR) .
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(a) graph-based (b) normalized cut

() 737K S

(1) SLICO
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B 5 12 FPB{5 245 MRI RSS2 BRI 5 S 25 5

Fig.5 Segmentation results of 12 kinds of superpixel

(k) SLIC

segmentation MRI brain medical images( (a) graph-based;
(b) normalized cut;(c¢) superpixel lattice; (d) based on
entropy rate method; (e) topology preserving regularization;
(f) lazy random walk; (g) watershed; (h) turbopixels;
(i) DBSCAN;(j) LSC; (k) SLIC; (1) SLICO)

B 6(b) Bsn T E S 12 R g & &) 8k xt
o7 (%) e 4 R AR (R €5, | R 6 R 6 g AR R 3
SR PR DX A P IRE X R S K g X )
LA RIS B R R AR AR EA
2, E I R A BB AT 200 43 D) REAS 7] 1) IX 3321
o o B EG 43 F0 FE 0 T X kR A TR AR LR
JINFISE B A AT 000t A0 ) R AT ab AR S KT S il
Jieg DX S R4 T AR, [ 7T—I&] 10 3 517 BR
UE .CM il ASA %5 4 NI 5 bn e IR R A H0N
200,400 600 800 F1 1 000 T 43 % 5¢ %% i fifr g [X af;
P E BT, Hirh  BR 1 UE 4845 H ke P i
183 o A5 20 Y I b9 3 A5 ground truth H
S A A 31 A B AR e R R B S P 45

JRaGEE S R E G Jil X 3 R
SEREI R AW He g g
(a) ELSCZERR B X e,
' L= WY . ™u .' S -
; eF )N L= &g 2 A
il o — M -‘,b“:.-_"l G i‘i‘i

“graph-based  normalized cut superpixel lattice  JE TR
B Rt | 'l ] )
A A
B A Gu_8 B _d Sud
FFMEFREIEN  lazy random walk SHE turbopixels

N pE SME “" B f"'
¢ 1 & Fin Win &
DBSCAN LSC SLIC SLICO

(b) P15 Hps R G e 43 B B MR 2 SR G
Ko i XI5 R 2 H KA
Fig.6  Superpixel segmentation images of tumor region
( (a)dividing tumor region by ground truth; (b) corresponding

tumors of the superpixel segmentation algorithm in Fig. 5)
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Fig.7 The change curve of BR index
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—o— graph-based - O- normalized cut

-0 FET AR —a— i MRRFIEN
- 0- lazy random walk --a- turbopixels
O—DBSCAN -4A- LSC
o- SLIC —a— SLICO
0.8
0.7
0.6
0.5
E 04
&
0.3
02 A A & & A
0.1
0

200 400 600 800 1000
G REH

K8 UE fatnz bzl
Fig.8 The change curve of UE index

—o— graph-based - o- normalized cut
~0- FETIR K —a— MR IEN
-0~ lazy random walk --a- turbopixels
—0— DBSCAN -a- LSC

o+ SLIC —&— SLICO

200 400 600 800 1000
R REH
K9 cM fEtrsflth
Fig.9 The change curve of CM index

e, ASA bR HIR T 73 1 30 5L RS A5 B K2
X0 MRS 0 BLAT B A

LK 5—& 10 ] H graph-based 3% ] 4%
DAAE TR ML 73 A0 P R A 2580 24 ) ML A 7 . ) e
PR DX 3R, AT 5 e DX 3 R B4 i g DX 3l o1 v
BHAEIRS AL | B Hh X K 3 25 55 AN B S JofJge 1y
W2 1E M, normalized cut B {F BR,UE.CM Hi
ASA Ht 4 HRARPEIN th P AR A S AT AR B
9ER T LA R 1 ek e 320 3L, Al R AR R R P e 1
FERYRAIEAR B o AEZ R L D5 i 2 4 o

—o— graph-based o- normalized cut
0 FETIGEE —a— i MRRFIEN
- 0- lazy random walk -~ turbopixels

o— DBSCAN -a- LSC

o+ SLIC —&—SLICO

200 400 600 800 1000
HHSFHH
K10 ASA fitpizflhiZk
Fig. 10 The change curve of ASA index

S SR 1 S 3] 3 2 (] — B AR R N, el 7 5 A i
Jed DX IR 0 SR 22 AN BEAT RGR 7S I BB I RE 548 1Y)
DX, AN T I 5 M e DXk o DA

superpixel lattice 5575 PT AT 1l i (v A% L i Igd o7
B EEI R BRI S BA R AR R, o1k
ARIBORGHERY IR S5 015 B, . SE TR AR5 BE R 4
YO 5 J TR 00 SR R, A i e X s 5 ] i e
TR MM AT ) J o 2 S R T B L A R AN
TS AL A A5 R AR BR R B g 58 b T 2
EiAEs = ¢ L PP opS W (ERP A RPN N NIb il SR 517
ARAKLIN 25 5 3 R HAT A 1] 45 449 Y DX Il B ) 522
RSO0, AN REAT R BRAR IS B Rk

A MRSFIE N L s iR 72 TR Sk ok Xt
{8ER 1 S RS T 41 38 14 ) AT, T A i B R R S 1Y
MR TE CM M ASA 845 A9 HIPERE R 47, {2
R BAT Rt TR R R RO R S BUR
(17 B 45 2R o 5 AR I A, A BE A U M 40 o A%
Ao g AN i DX I B A O M 1 i Y, lazy ran-
dom walk B3 AT A AR AU A A e R R 5 3K 0
B BN SE R R B S SR R O 25 15 L AT RG2 B
ML/ 8 22 S S50 A e e A0 3 P s ok (4 1 A T
IR MEETRR S5 o (ELZIAVE AN REAR 3004 0 e 10 A5
B, BR AN UE F5R B, A fE foe R JEE 0% B Al 0 ]
8 AP MR I B SRR

3 7RI SEVE AT A AT B 0. o (52 25800 ) fikfe 9
S i 2 A5 s 0 D A8 g ] LA e 198 1 S
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(a) BIGFRAELEEH200
f 3, SLRar = EEEN

RCPATAGHE R SE 4 FfIRT A% 0o i T 60 8 i i 3 X Jsk
A A5 B ARk PR 50 T A 28 2 5 e R S IR B
IR DX S8R, B (AL S JE A 25 A 1) g £ 5L, 1HL
IZIEVE R R P O R W Ak T G A B B M R
A BABE R EETE,

LSC S0E vl A 20 Wit B S A 2T 4 38 A= 1
i R B DK A P A R A 2203 48
SRR AR LI iR I8 7 0 AR 15 D i 2
BUARBAEA BAFAE RO PR SR AL, (%5 kA I
(i 4 2R T 0K B AT AR TR R AR A D RE 145 F8 1) KM
DA 3 B 22 B, ik LE A B G R T2 AR /N
HIMILAEIE 25 0 55 T B ki A7 A A2 A o0, DA
B 11 A R AEARECH BR80T e e
FHZERER, Forbr, CM R ASA 845 LUAHIRI S50 T 14 43
BB IR, SLIC 500k oA BOR A BN, 58
R LR P G I o R S SR S A VR AR M S (T

T

e
VAR < jPanelE
fasssesenaticy
aSen2

faa

]
.= AT
Esascarssas

SLIC SLICO
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The segmentation results of different number of superpixels

K11
Fig. 11

B #4400

( (a)the number of superpixels is set to 200; (b) the number of super pixels is set to 400)
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S S e R R AR R IR 43 8, (HBE TR R A A
KEITUAR, AFT KX G ALY 43 I #:4FE . SLICO
LR SLIC Bk Bk rekdt , A SR+ R 4%
JEE R 3 PR A e AR R o B R T AL
FEAR B U e A= 532 A2 045 B, A AL 4 B
BIF I T RROE ER R AL B T R I IR R
LA I A S R G 2 R R A0 B BT
B, 7E MRI 24 G i B0 ELA I S o {2 3580 07 )
LUK IR DA S S S5 R e DXk 3 P e B
Wik, HME R 2 S5 S , RARE N
SUHERAE FER EAFAE . B 11 JRR TR R AN E0E
R 200 F1400 433 155 9 R R A5 2R (R A
BraTS18 B¥E4E 75 TCIA06_211_1 AIEIZ) .

TR ECH 5 BG40 800A 56,
A ROMRAEAS [FTRAR R RST R A I B 2 5 o3 5
PEBE , A SCH#EFT T 200,400 600,800 .1 000 3 5 Fif
AN ) B AR 2R A s A B R L S I 7—
K11 ATRVE ) 2 i a8 B R, Bk
AT i AT B ARG fE, BR  UE 1 ASA 45
brax bl FAR 2R RT s/ N . {H2 | bl 5
B RST U N  H 2 2 B0 #2530 B 05 31
S A TR — D REH i AR R o E AR Y X
3, DT Tk TE 6 8 AR o k5 £t R A 2 21 2 ) 1)
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