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Multiple sclerosis lesions segmentation based on 3D voxel enhancement and 3D alpha matting
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Abstract: Objective To propose a novel method for multiple sclerosis (MS) lesions segmentation in T -weighted, T,-weighted
and fluid-attenuated inversion recovery (Flair) MRI images. Methods MS lesions with high intensity were distinguished from other
tissues using 3D image enhancement technology. Then, the false positive volume of interest (VOI) with uneven intensity and density
were removed by the false positive reduction method, and the VOI outside the white matter were eliminated by the color image
segmentation method. Finally, the color MR technique was used to generate 3 regions to refine MS lesions segmentation. Results
The test on CHB dataset showed that the mean true positive rate and mean Dice similarity coefficient reached 0.48 and 0.52.
Conclusion The proposed method can not only remove noise and other non-pathological tissues effectively, but also identify and
segment MS lesions accurately. Because of its effectiveness and accuracy, the proposed method can provide a basis for the
subsequent analysis of MS segmentation technology, and provide on objective and convenient method for the prevention and
treatment of MS lesions and disease tracking.

Keywords: multiple sclerosis; lesion segmentation; 3D voxel enhancement; 3D alpha matting; color image segmentation

technique
BB

[ e#5 A #7)2022-03-10 Z KA AL SE (Multiple sclerosis, MS) J&—Ffi
(RSB |HEK AR 4 (61903357, 61821005) 0 54 E ARl AXAH 48 2R 58 Y S AE T 5t ﬁéﬂ?ﬁ 2 FHUIK ERAH A

F4:(2020-MS-032) ; H -5 RHF 24 (2020M672600) 5 B S AR IR TE ) R B R R N IS

GRINPE B A BRI H (6021310003K0) s L [14] ~ :
(YEZ A 1hB, LERF Iy 10« B2 R A B HLAR % ), E-mail: SRR ‘/\\ % (Magnc:c Resonance Imaging,

1452489260@qq.com MRI) % — E BN N & MS 5 A U (B8 B I AR K2 7

UGBS 1S 10 46, Wi PRI, 05007 1 T SEHLLSE | B2 R LB H B K B MRI BEWE 7 T, INAUE b 2 3 & {5
AbFH, E-mail: zzm1983@szpt.edu.cn



7 , . 3D 3D alpha

- 835 -

S MTE T IAUgh 2ES . BT, BNSh 2
T 42— 23T MRIAY 2 A 3 F1H 30 MS 95 k53
Bk, BN, Zeng SR T — B ER X MS R AL Y
YRS BT AL T Ak B R 2H ZUR R 2
22 [A) () % B S, ke DU MR 5 2 b ke i
{7 . Geremia 557 R FH 25 [H] L3R AR MK 43 %
X 3R, IR H Z 3 38 58 B MRIHERGALFE . Brosch
S IPR HR — JE  DRE  UR BE  B  TX 8% 1 4
DR 2, 12 0 28 F R 1> AH S IBC 1) 368 2% 2H ARG, 0 i) >R 2
S RTINS, I 388 Ak AR Ao i ORI X6 AN ) SR /)N S
(A 9 b 0E 47K B 4 . Ghribi 25 52 W 3 T80 R
(14 e 0T TR 5 A A8 M DX 3 B A0 1 S X MRI A T4k
Th, e B E Y, IR N AS 3 R AL T 4l Ak
AbHH B A 5E A E . SR, 28 TG R MRIH AR
T WM 8 R S R R O SRR R R, &
A J7 AT MS kR B B R /NRDE AR SRR AE
B AR A e

3D FEARAE S — R AP SE  SER A BN A2 B =
AEVTHEE G 7 R OCHEHOR | REAS B SR TR )2
W LB EE 2R B RBS MEE " IR L,
3D AR AT DL L2 2 i AL I IR T B AR W AR
okt A5 18 B SR R B A 20 5C &, W tE i

HE1
3D {kFRIEE

g sRgss

3D Ef&

HR2
fERpAMESHER

A RIS W . B, AR SCER I T AT 3D IR R
458 F1 3D alpha 5 5t 43 B B A9 MS Ja k43 F1 07 7%
T SR ZR Rl R 5 3D BUZ, (T GARRIE B 2 B L
T BB 448 P PE B A5 X 381 (Volume of Interest, VOI)
KA HH P AE A9 MS S22 , I ] 3D alpha 75 573 25
YAk 35 MS J A2 1) — T 1 45 51, 3 v 43 51 1R 1Y ]
B PR 76 MS i 28 2H 2R HER 53 1

1 EWHE

A58 7£ CHB (Cascaded H-bridge ) MRI K115 %%
P B HEAT SIS X ARG A, T LA B T,
FALAE T, AL F Flair MRI 40 1 09 405 % 4=
B 3 RPN A MR B . RS & 512 M0 F
RZ RSN 0.5mm®, 7E AN R Bt , SR FH B0 8 1Y)
D5 VA B HE T MAUE T, AL A Flair MRI B
SRIG , B R MBI ik £ 5 A MS R ALY 54 R i
PG . AT B AL B FR AN & 1 B, 8 2, R 4%
) 25 T UK B ) 1 5 pR RO Rl 1A 2R R Y MS i Lk
Frssm . Hk, BRI BHPE VOI, £5 %] (4 5 (White
Matter, WM) FF I 7E 19 MS i k- EME . &5 L B WM
AR AR L2 R 3 Ak MR (T 5 1 o LR X
B0, IEfHFH 3D T 5 4 B AR AT HET 0 B 2 B 2R

H3

’ IDEENE

400 G 400
300 ol 300 w0
200 300 200 300
100 o0 X 100 0

WM 3 75 IR R

E 8EEEE
E 3EESE

1 EEEREE

Figure 1 Flowchart of algorithm processing

1.1 3D{KE LR

H1 T MS i kEAE T, AL S A Flair MRI 50 £
HoAh 20 20K R =55, HL Flair MRI E{42 T, 4L
4 1 T 4g Hh X 53 MS 35 & 5 ik 5 W (Cerebro Spinal
Fluid, CSF) (i % & o PG, A< SCR JH A [A) AL
((1/2)T, + Flair) filt &5 T, INAUE H Flair MRI B4 11
IRZE LG5 MS i kL2 B, SR I B il AR 2R 00 K A
MOIH—Ab 5] 255, % R R T8 Bk R
M & Z Pk BA MS 28 i F sk U] VR R i T
MR MRUAZR . 560 BET T H L BREIK Y]
FAAEIG 4121, 4% J5 {d F Hidden Markov Random
Field-Expectation Maximization (HMRF-EM) J7 72 %%
fiki 20 2143 >k CSF . WM, JK Jii (Gray Matter, GM) 1

%t (Back Ground, BG) "', #J5 ¥ WM Fl GM B
I RE SUN Cyg T C o B Al I 58 PR E () SR 3
SR YT R H A MS L I R EE R

I(xz - T)}X ](x))x K,

(1)
Horp IR A MR BURMAER K — i, o
—EEL TR LR (Cyg - Con) /20 FHIGEIRIT, 1955
YRR o380, R AR A B S5 T
FERFR LA I o FIG 5 U] R 3R Sl 0 14 i pR £
SR A AR ZR  FUHZ R Y] R AT BLAE
BWER AT IEAEN . feJe , TERE TR Y 3D (R Z P il
BN RE R AR5 MS i kY — 8 VO,

E(x)= (;{1 + iarctan(



- 836 - H ] e

IR 5539 %

1.2 {BRPHEH B

FEAE G AT b, —Se B BH M 9 VOI, sk &
GM I 5 22 [1] B4 DX 38K, A,y v 3 88 A 2 AN 1 )
T HE 5 , A 7 0B AN T3 Se B BH A 19 VOI, LAFE &
R e, FRATIE NG X BT T 1T 2
AR BR, IE I FE R AL B P 3D R A VOISR, il
1 5 3555 X BROF- T A B BR S, 2 BRE RUI = 2
8]/ VOI, K, H1 T 95% W) MS Ik 28 & A 7 WM 41
gl 2] R R SO e WM L S 1 MS R A . 3
KL BAEGE )5 AR50 E WM 22 B 75 2 A 0 55 i 1)
R R AR T Kt ] RS R AMARG R I
H WM 5 H A4 412 (8] (1) % 5 75 & ] BE T8 WM 43
2l S s B R

SR AR SR FH — o A B S R R T
SEIWM. R T AAUE T, AU Flair MR 4 2
R MRIRER . B4R GBIl IE 5 BRI F T,
AL T, InAUS A Flair MRI B4 . 5 HoAl MRI A
A, T, IASUAZ AT LB 4 i DX i ) R i 2HL 2, 5
PR T, INAUR MRUAZ By (1) Fr o SR 5 LBRIE v
120, I8 F HMRF-EM J 75K 08 B JC /5 85 fii 2 21
Sy EIL 4 2, 43 43R CSF, WM, GM I BG. ¥
WM LAE R, Il L5 25 06 WM A HE 1 76 1ok
PAVE /> B T R R P B0 WM R B B . SRS
I FH LT ok g S DX A Ry i A, DUSR IBOR 2 MR
PR 2 A — 5K D) AN AR 3R IF R A B 58
RS ME R, G, M B, Xt TFRANE GG E
I(R, G, B), "I IEER 58 e Z i
BIAE N

AE, = /(R -R,) +(G, - G,)’ +(B,-B,) (2)

PR (A X0 (3) s

T orerance =mean (4E, x Mask )+ std (4E, x Mask ) (3)
Hidr, mean () Al std () 43 99l 5 7 ~F P FbR HE e 25
fHo B, CEAH D DB fiff 204 05 3 J5 ok Al i
A AR LR B XS . BRI (R .G ,,B,) H
Tt B AR R AR R 4E,. W 4E, <
T erance» VR ZBE 15 53 H1 S WML I )i, A SCR I B 6
Oy BT R RBRIE WMAK R Z AN TA VOL,
1.3 AL D BIER

g kb3 0 LA K T B AR BH 1 19 55— A~ Rk k2
VOI A & M 33X AT B S 358 43 1A 23800 Al
PG A3 PR 5 BRI 25, B 7T 62 TRl se 4L 2t (b
)M AL OEFHLD)MIRGYIIRN. AT
AL I MS 5728, FRATHE 3 FIL TR 5] A
3D alpha ¥ 5t 438>, X FiX S8R &K |, alpha 75 550
BN T B B0 AT 1A 2 BIARZE M2 E L0 3 1 2

4] 119 alpha {H , X F 7 75 AT B VR RS R IO B0 8. A
SO (8 MR K Z R i Ab o3 FI45 58 . X T 4B
IR i, BAE AT = (F) M 5 (B) B dl &, vl L
P .

I¢ = a,F¢ +(1-a,)B (4)
Horp a2 B IE S, o m TONMBUR (T, MEUE
Flair MRI {4 () RGB Zi (il il . 3D alpha 15 543 &
AL NRZR A R Je s o s v, Horp
TCE (i, ) E XN

(i))" =

Y %-1ﬂﬂhwub}£:4(éwm
dinem| | wil © wi

(5)
Hort, 8, 2 908 P T R S 11w, TG T B
5 L w, |2 3D B 0 RO . R
PR R ZEI B R I L 0 RS a2
SR, I, AT 45 MS
KR TR 40 B A AR A0 3201, & SE AU
R MS i kE Y =T L B S 5ok 3 X3, G & 2 25 B
=R B R 55 e 15 5 BOER)
U (3T N s B A A 5 EC A 1 ) AR 1 B8R U
(AR, 505 AR AR AR ) . ELAR 3, A SC (i
= U I A S T 43 58 T BROR % 44 8
SRR %, AR5 4 3D VOIS 3 185 HU ke
SRR . S VAT T S BRI S B A 75 5.
I ST L 2o A L L R B ) VOT A 1

2 XWERSHMH

2.1 MS &kt 48|58

A T7 55 H) CHB $iHs 42 B 5 1Y 52 56 30 7 G 5] 2
Fios, FeA 46 3345 3D AR R G5 B FHAE I BR A1 3D
alpha #5543 8, AR R AT .

HUR— 3D ARG, i (1/2)T, + Flairfil
A T, IS AN Flair MRT M ROIEE . )5, LR
Y HUTE MR A2 h AE 78 MS S 28 B4 H, 25 I3 3k K i
X3 (& 2a) . Fifi)5 , 8 F HMRF-EM 431 i 21 20 (&
2b) . RIS HEILER KR (DTS E TR 0.8,
SRJE X 3D AR ZE A it A3 ([ 2¢ .d) o 7E2R(1)
H1, 238 e=10,0 =7, A5 ZWER T, BT HE
TR T I RS E ( 2e) o I 200255 ki
BRI IR RN B o B B AR 3G i, AR SCHE
LR R R W EA RS, K EES =
0.9 FHEFE IEARME . FAEXFE BT, 7858 LR & AR
151k 3D IR R MR A AL BE . K] 2 h i 43 ] S 0 4



7 3D 3D alpha

- 837 -

CIEAE O a2 S LR IR 2 STl N

R ARBAMEIE bR . ASTRRRTH (R 2)) 4
T IR A BE 1 DXk . SR 5, R B 6 43 1 7 6
XF WM (L 2k) #1475 %1, IF M 5% WM SR 3D bR
(2D Fl2m s 7R AP ZERR VOL,

9% = .3D alpha

HWERE . AN — s

L .5 38888

—

8

LE 38 E&E

e — e g

EI=N=N

5 (B 2m) 8 5% (8] 2n) FIoR HTX (& 20) 19 =JT
Kl B, 451 alpha ¥ 5043 89 7 vk 440 4 B 64
MRAKZ . Kt alpha ¥ 57 25 B9 4000 %1 (& 2p) SU{H 1%
AR R KA A — 2, NTTA5 3 Fe 2419 VOI {8 43
FER (K 2q), 5 R F T 08 BFRE VOI 2553 (K]
20) #FAT I

H — s |
M | ERAE |
WMEE I| F M : Shf
|: z | 400
l z S PEs |$
. 1= S s AN ¥
. ] ‘ %0 5°°| T w
o 0 2® i l) | T o0 2 m(ln) l “ron o 2 m(r)
| l - ! ‘
il B l. k@
I} ool ik | 400 )
1= ¥
(e | >
2 | 20 FreL 20
S r{‘é :l » ?{“"‘ : i {ﬂ
e |: - 0
mw w P mow o | wom oy b
10 o 20 e (k)ll Too v 2 m(n) | 4 100 o 20 (q)
S FRTE I TR | | 3DERAE
I 2],
| 200 & 1 | 200
i WW E
‘wilﬂﬂw : “:%ﬁﬁm S
W ) T mm ) | e = )

PR e s e g et |

&2 £F 3D 1458750 3D alpha & =0 EAIMS HAL 5 E T, MALE T, I  Flair MRI SL36 5T 32

Figure 2 Experimental process of MS lesions segmentation in T ,—weighted, T,—weighted and Flair MRI using 3D voxel enhancement and

3D alpha matting
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Figure 3 Examples of the results of the proposed method in MRI segmentation from different views
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