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Improved brain extraction tool algorithm for brain parenchyma segmentation
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Abstract: Brain extraction tool (BET) algorithm is a commonly used tool for segmenting brain parenchyma from magnetic
resonance image (MRI). The practical application shows BET algorithm has a higher segmentation precision for the normal
brain parenchyma than the brain parenchyma with lesions. According to the existing problems of BET algorithm, the
unreasonable force u, in original BET algorithm was revised, and the force u, with tedious calculation was simplified. The
modified BET algorithm was applied to segment the brain parenchyma of MRI. The improved BET algorithm was firstly
applied to the selected intermediate slice of sequence images to obtain the accurate segmentation results. The obtained
boundary was narrowed to its center in accordance with a certain proportion. The narrowed boundary was taken as the
original boundary of the adjacent slices, and the improved BET algorithm was used again to obtain the accurate boundary of
the slice. The above procedure was repeated until all slices were segmented. The overlap rate between the segmentation
results of improved algorithm and the results of artificial segmentation reached 92.92%, while the overlap rate between the
segmentation results of BET provided by FSL and the results of artificial segmentation reached 88.94%. Compared with the
original BET algorithm, the improved algorithm can segment the brain parenchyma from MRI more accurately.
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Fig.1 Force of action point
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a: Original image from simulated database

b: Segmentation result

c: Segmented boundary from clinical data
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Fig.2 Segmentation result of simulated brain database
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a: Original boundary

b: Evolution without interferences

c: Evolution with interferences
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Fig.3 Boundary evolution
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Fig.4 Boundary evolution with interferences
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a: Non-steady state b: Steady state

c: Result of original algorithm d: Result of improved algorithm
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Fig.5 Comparison of original and improved algorithms
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b: Result of second evolution

a: Result of first evolution
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Fig.6 Result of second evolution

22 Fol5E

AR SCRE Y B 2 [ 853 8 B AR 0 ik
MRUFHIEUG RIS B S . BAARSTEPIRUTE -

(D) EEFRFH B JEVE PTG )2 R HR H—IK
BET 53k , A S R IR IR A B (mid)

(2) 4455 — 25 AR AT 04 I S J5 90 4 300 55 PR
JHBETH. % 151 WP A Z RS B30 57 Bimid) 5

(3)# B(mid) 1 HA G4/ h—5E Ho (A SCrY 45
ANECAGI A 10% ), VR S 5 AR AR 19 T 2 (19 ) 4 i1 37
B,(i) « B,(j) , YN I BET 2 3R 4945 A 11 5 BG)
B(j) ;

(OAWHEES IR E BT 2R E ek

3.1 SELGEIHRAYIREN

AR S S0 BCHE A VR i T R B B P ) P
15T REGREFEIRIAFANL 2 1095 51, #0496 42 7%
504%)2 5124512 R WEMR A2 E 4 3 mm, X 46

o 191 T S5 A P e
3.2 WY AE

H A BE 5 KR o B s DN T o BIE b &5
P 0 BRSO 2 B ARG 2, AR SCLA & 5
BB AN T o3 A5 /A apmife , sk 1t
SALSL I BT AR AE R SRR A R 2 RN TS Aok
YERVER RS . BRI AN

TS R=(EH R >2)/

(PRET A4S SCHEHET AR ) (11)

FH IR 43 T AR AR SO 143 0 T AR S A o TR AR
RO A i B A5 ) S A, 7 A
T e BIEE R L5 AR 25 R g 6 ke, W Th AT DUR
A SO SN LB R A . it s
B A SGHAT T 10 ZHEIE Y 3 FI%F L SE 5

a: Segmentation result of doctor  b: Segmentation result of

experiment
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Fig.7 Comparison of segmentation results of doctor and

experiment
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Fig.8 Segmentation results of brain parenchyma with lesions

4 £ 18

ASCER T — R Bk A9 BET 5532 1 T 77 5
Ao H . SEER s KR ], Pk i) BET Rk T
3] MRI {80 14 fi 52 5 RE AT B O 45 51
8T AR T2 NS B AR S AT LA R
U P A SR I R FORG B o A L ARk
FOSCHIR L6 T R332 AR S5k B 1 245 SR 4 o
AT I R B A N T3 45 28 R I AR SOt A 77 12
SCRATI R

(&% 3Cik]

(1] ok, BAARREXR, S AT MR B BARYH F AR
R[] FPEESHESFLE, 2011, 28(1): 2373-2377.

JI B, NIE S D, ZHANG R J, et al. Review of methods for brain
MR image segmentation [J]. Chinese Journal of Medical Physics,
2011, 28(1): 2373-2377.

[2] ZHONGYY, QI S, KANG Y, et al. Automatic skull stripping in brain
MRI based on local moment of inertia structure tensor [C.
Proceeding of the IEEE Internation Conference on Information and
Automation, 2012: 437-440.

3] ESKILDSEN S F, COUPE P, FONOV V, et al. BEAST: Brain
extraction based on nonlocal segmentation technique[J]. NeuroIm-
age, 2012, 59(3): 2362-2373.

L5

[6

[4] SMITH S M. Fast robust automated brain extraction [J]. Human

Brain Mapping, 2002, 17(3): 143-155.

SEGONNE F, DALE A M, BUSA E, et al. A hybrid approach to the
skull stripping problem in MRI [J]. Neurolmage, 2004, 22(3):
1060-1075.

Ly, ESUF, AT, 4. R T EGE BET SE ik 69 MR AU B 1%
ata 22 @ ShFRI[T]. F B A £ E I 4R, 2009, 14(10): 2029-2034.
JIANG S F, WANG W H, FENG Q J, et al. Automatic extraction of
brain from cerebral MR image based on improved BET algorithm
[J1. Journal of Image and Graphics, 2009, 14(10): 2029-2034.
LIJH, LIU X F, ZHUO J C, et al. An automatic rat brain extraction
method based on a deformable surface model [J]. Neurosci
Methods, 2013, 218(1): 72-82.

[

i

7

[8] ECKER C, SUCKLING J, DEONI S C, et al. Brain anatomy and its

relationship to behavior in adults with autism spectrum disorder
[J]. Archi Gen Psychiatry, 2012, 69(2): 195-209.

[9] NORDAHL C W, SCHOLZ R, YANG X W, et al. Increased rate of

amygdala growth in children aged 2 to 4 years with autism
spectrum disorders: a longitudinal study[J]. Archi Gen Psychiatry,
2012, 69(1): 53-61.

10 | HEDDEN T, VAN DIJK K R A, SHIRE E H, et al. Failure to modu-
late attentional control in advanced aging linked to white matter pat
hology[ J]. Cereb Cortex, 2012, 22(5): 1038-1051.

[11] LIN L, WU S C, YANG C L. A template- based automatic skull-

stripping approach for mouse brain MR microscopy [J]. Microsc
Res Tech, 2013, 76(1): 7-11.



