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Neural Segmentation Method of Ultrasound Image
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LI Meng-xin,

Abstract; To improve the efficiency of neural segmentation in ultrasound images, we propose a new neu-
ral structure the U-shape residual network. Compared with U-net network, this structure deepens the o-
riginal structure to improve the expression ability. By standardizing the parameters of each layer, the
structure reduces the training time and improve the segmentation effect. According to the results, the U-

shape residual network segmentation effect increased by 13% compared with U-net network and improved

about 7% compared with SegNet network.

Key words: deep learning; neural segmentation; convolutional neural network

A RGN — MR R AT TR, B4
IR B A Wi N B AR89 F AR, [ I
PGS T R T AR 1 S 2L A 4 8 S
LG8 i BB B D5 i N T B TR P i
FHIEAS B BEAT SR E, 1 0 75 3O AU 2R 1 s ]
FUAE 7, [ I3 75 SRR SC Uy £l . AR T
ARG Tk R A BRI 28 I 2 % B2 0 IR E AT Ak 3
AN EN T AR BURAER B

BRI 22 I 2811 g s AR i e 2 ) P ek
Jrikz— HAMER R | Ak B A S04, HAT
J Rz TS A S 2 R AL BRI, R 45 AR

i B 20170720

25 0 2 RO 80 7 PR A b ) A B TR e 4
B2 DO R R, TR S TR R AR A R R
P, G A A5 L 20 RGN 0 5 l—
FRIRZI. T8 I T A FRA 22 I 265 1) TR B AT B T Hi B
PR b B 4R E (0 R AR, 7 — i 7 B2 W] i/ 7
ARSI, (L SR 2 SRR, B 19 265 % B2 1
2550 B 5 M RER AL i [ R ZE 4R A T —
BT L850 H W 2R EEA——F% 25 U B 2% 3% 0 4%
TEA U-net M4 FEAl 151 T 3R 22454 54 1
ROZETRIE | 3R TH 2% 1 22 1K fiE

SCHGASRUED] (AR 22 U B R 28l 7 A

1EER N BRMH(1993—), B 14, E-mail: xcy_haha@ 163. com; # #H(1972—) , 4, RI#HZ, W1 S,



116 | T/ = R =~ = O ¢

841 &

H 28 DI 23 BISCR 155 T U-net P45 F SegNet ¥
ZRAEH IR ]IS 55 T U-net (4% 28/NT SegNet
W25 Z)°A SegNet [ 4& ) 1/5.

1 MHXIE

1RGP 2 W 2% | 3d 3 2 X B R kAT
O, (T BRI BRI I A . BT R AR
MEAL IR MR Z — | 7 ZE T R i SUE R
AVE ST A A7 B[] IR 25 A7 0 I 3t 5 0] [ 45
R A MR R EA T A 2R

Ciresan 25" F 2012 4548 H W sl a7 A =X
XFREMEER AT 0, 3R T 2 S AR K
. AR AT ERR AT IR 2248 , i
HanRe g gl K EHRS TR, W HiREY
/N REES N B AT

2015 4F Ronneberger 25" $ Hi il i3 U-net W 4%
XA BT EUGREAT o0F) i M 28 3L 23 2 53 il
ALY TR P28 TR A3, WA I 2 rh B — 2 2
A3 x3 IETUZ R 2 x 2 B A2 R, 7 i
PR RAE Y o B b X8 B AT IS .
5K 19 28 55 505 T 45 AR AT IE T T — A U AL ZE A
Pk 0 —ZH 2 43 x3 IWEREM—1
2 x2 B BUZ X R IEAT R, U-net 2% f) 32
TUHRAE T30 ok A S I 28 Rk I 4% 6 T RTR
TR R 534, (RIS 4 T 4 Fn gk 19 2%
AR B, AT ATE B — I SR A R b o T sk 2R Y
R BT —E MAbE.

2016 4F Badrinarayanan %5 £ H T SegNet X4
25 [RIRER FH N BR 9 245 4 X BT #E AT AL 3. SegNet
2653 Ry iy )2 R 22 2 853, A2 45 5

VGG16 28 AHZEAL, (HAE B AL BRAE Y i R v,
K Fl gt g xof G 20 A5 BT IR AE. A2
DU AH 2 T EMGGA S ) 2ok A% 70 3 it o R s G A
AR (5 BRSOk 3 T IG5 B T4 5T

U-net PIZ&F1 SegNet /2535 % F T 4 — i 6
AL 20 UG AT IR 3R AL 3, A AR AL B 7 T 1
S TR RCR.

2 KREURMNK

2.1 MK

UCHE S A O 2 S A AP 1 IR, 43 SR A4 T 4%
Y TR IIE% 2 T, s N 4s i B — = F 8 2 4>
3 x3 BFE —A 1 x 1 BRI — 80k 2
)2 x2 WAL )2 A, FE T 5 BB REREZ
J& i3t Relu PRECHTTIONG , /o #EAT AL ER1E.
RO RFEREMFEE R E— Ry 1A%, 75K
I 26 1) g — )23 5 WAL T 8% J2 R ALK T, g — 2 9 5
M5 2 >3 x3 IERZE  — 11 x LTI ERZ—
LHCR 2 1 2 x 2 AL Z AR, 7E AT 5 R
T, o LR ARG A AR I 5 L P o o7 WS 4 )25 7
RS I, ST B FIRAE, 81T Relu pRELHEI TR
TR K)Z SR E BN —A~ 2 x 2 19 LR
VEXT UG AT HOR , B3R RAE R B FRAE R | —
W —2F. a1 x 1 (3R 280 5 1A ME
P B Xt 7 B 45 5% | Tl i Sigmod 22 gRET 025, Bk
e r g —3k 32 2.

AT B 4% 3 280 0 4% £ 32 3 B kAR T 78 I
LREER PR T B2 A5 R YEIN T TR T T
PR 25 1 FR Ik B8 T, (8 L BB 0% B8 Jn oA A s 28 3k A4S

BERENEE.
1

~IH

IH

.H.H

_ F ,,,,,, > 3xBAETHE +relupki%)
—o hnFnRiE

| fk)2

1 R

— G

------- > Ix1 SRR

El1 %25 U BRI EE



CAR

TRIREPAAE ;PSSR 220 D5 5T 117

2.2 KRESHW

BRZE R AR 2 s, AR 22 28 d i 1 —
T UL 5% 22 W SR 8 7 125, BIVAS LR 5 AR Ay
i 1 TSR P ke 22 i B 00 O AT AR AR 22N
2830 LB 2 AR Z G i S e AR =X
XF R AT BRI, 3D TR ZHL

EEE AR )

H(x) =F(x) +bx (1)

X H () Fl o o 12 00 28 1Y b B B A
F(x) A%t MLP BRIRZ 5 4 4521, b 3R XS
TIEA AL R0 R R, A UGl b g
0.1.
MLP BRI 5 A B 73 2 I8 i HL
e T M RIBRE ST, TR M 2% B TR

FRZEZEMII 5 ASEAS U-net B 025 45 44 57 fin 1
A il MLP A& FRZ AT LU A T8 MR R s IR
IR R RSZ Y | SR I 3% 22 B 4 A ik e 1 il T
) 285 J2 B hR 5 L 1 90 468 1 AR A ) A

fin Ax

F(x)+x

K2 skERMAE

3 LI

3.1 IR

AR YR S50 2R FH 43R ol 2 ABICH R R AT 52 56
YIZHFEAA 5000 485 KR, MR A 5 000
. FEPRZNRES S W HHERZE (CS) B 1 1 Mk
PRZE(TL) TS A R, Sk (B0, b BN FE 4 R
AT TR A RR. BB R
B M s Fassh B B 3 FR R
A RE RS MG, B R bR T R B3 43 Sk i R
FR) i 228 [X 3
3.2 HEmALE

AR TR A B R KM R 64 % 80, X
T AR 38 2 54 e A B 1 YR R T
2 BRI TR — A BAE RTINS

(b)
K3 IR

3.3 illsER
ARUINGRH R FH Adam V5 A 446 BREL, 24 >0
FA10 7 SR oA 0y 25 e 4 4
LAALEE. {E NVIDIA Tesla K40 GPU N #4711 4.
YR it FH A4 % SR

M&D:%:SMJ) (2)

o X FRFE, Y FR B, S (X, Y) #0582
AU I AR LR

20XNY] +k
IXI + 1Yl +k
T AT R AT 0 22 K, 7 1 42 e B
RIS, FEUCHI AT 0 b % BRI TIB TE. 45
R T 0 ~ 1 21, 45 % RCHL N, KO F 5
P 4.

4 KBWERKSH

4.1 MR

AR K Dice 22 %0 (dice coefficient ) Al
ROC M X AR 1) HEA T PE At

Dice ZREUE— M5 AHAURE pR£R, R IV 1]
ANFEAR Z (B A ARARURR B, 2 /N FEAS AH DL EE B 4T, Dice
FEUBOR. Dice RN (4) PR,

21XNYI
X1 + 1Yl )

For X NY RN A FREAS 2Z 0] Y A 2S84 5l S
o3, X1+ 1 YI FORFINE S S HEM AR, AR
SEES Y TINE S 2% (H 56 2 AR B, Dice RECH
1 Y TE 5 2 2% (5 A AHSCHT, Dice RE00 0. 7
L Dice REGH A, F0H 2 AN R AR LR iy, 455 751
AR IEA.

ROC Hh £ PR32 & TAERRE ih £k | 2 B i fig
TR IR S PR 1 7 i M 2 B TR b, 1 MR A sk
PER AR | (1-F¢ 50k ) i Ak bR il st £, i<k
T T AREA , R P

FE5F SN R B S5 53 Sy TE A5 6 451 PR 4

S(X,Y) =1- (3)

S =




118 | T/ = R =~ = O ¢

841 &

4 1E B B A AE A, B2 R EAESE (TP, true posi-
tive ) , K 0451 F50I00 )5 Ay 1E 5], BROM AR AE S (FP, false
positive ) s [ 2, 5 T Bt 8], FR 2 Sk B
(TN, true negative ) , 1 T 51 Ui 1 Ay 0 491, kA A1
125 (FN, false negative)

1E ROC &, MR IEZE % (FPR, false posi-
tive rate ) E M B4l B 1FE 2% (TPR, true positive
rate ) VEN PN, X EMG#E T 25 ). il (5) (6) fir
N HH Py FORBRIEZE R Py RN HIEZRE S,
SRR S, 27 E K SRR B 50K S,
AR

SFP
PF,I,R = m (5 )
S'I‘P
PTPR - S'rP +S|:N (6>
4.2 KWHERUKITFM

4.2.1 SLEGZER
1 ~ 33 WiRs314 U-net Méﬁ\SegNet %] 2%
FFR2E U TR0 4% ) )1 kgl

F1 U-net MAEEHNIXER

PARREL 2 AR Dice %
20 0. 000 01 0. 574
50 0. 000 01 0. 581
100 0. 000 01 0. 562

%2 SegNet P& LMK 45 R

BARUEL ESPLES Dice Z%
20 0. 001 0.611
50 0. 001 0. 601
100 0. 001 0.580

®3I HKEUHNEERMIER

BARIREL 23] Dice %
20 0. 000 01 0. 657
50 0. 000 01 0. 634
100 0. 000 01 0. 610

ME BT LUE H5R 25 U 70 2 ) 45 43 F 850
M 2 55 T SegNet 5 U-net 2% . 15 U-net MZE AL,
525 U B8 B I 26 43 BIROCRIE T T 13% , 55 Seg-
Net HILE , BCRIETE T 7%.

4.2.2  YIZERFRIPEAL

4 PoRh 3 PN S EL KNSR a]
P, TLAE 5k 25 U R4 0 I 28 25 28000
T U-net PI2%  7E/NF SegNet 4% ; 9 25 11| 2R 8] W
5T U-net 2% {HIC/NTF SegNet P2% | Yl 2R [H] 2
A SegNet &1 1/5.

x4 3IWHMARMERIINEGESE

o) 245 A5 A HIEE YI 25t ] /min
U-net 7848 129 20
SegNet 31 819 649 343
B2 U R 8301 441 73
4.2.3 Y FRITAL

P 4 Jr 7 i #e b o8 0k e -5 R AR R
IIPSES

1.0

=== U-net
—-=SegNet
' — res-U-net

0.8,

09k

# 0.7
=
0.6+
K
B sl
0.4
0.3

02025 50 75 100 125 150 175 200
sivie i
K4 o0 28R A QUK 1 R RO G 2

XS L 3 MRS I R 7R AR 22 U Y 2%
NIRRT TG EL, MEHFEET Unet 5
SegNet 2%, 1] DIfS HH 4518, k22 U AU 2% 1) 6 4
PEPE T U-net 4% 55 SegNet 4% | SIZI6 45 5 1 i HH
522 U B 25 1) 0 28 3 B RCR 55 T U-net [ 25 Al
SegNet [%4%.

4.2.4 ROC fh&k

K5~ 7 23500 3 FRZ% 49 ROC #hZ . n]
DI 525 U B 45 9 T ALK T SegNet [ 25 A1
U-net 2%, FLA T & 1 HERRPE.

4.2.5 SERACR

&l 8 Jr7m R 3 i 4% 25 48 % [v] — i 7 1]
B RIAIR. FTLUE ), 3825 U BLR 2% 19 53 #1534
RUFTF U-net M4 FN SegNet P25
4.3 LWL

SLHAERFW] FR 2 U AL M2 1 43 FIBOR T
U-net M2&F1 SegNet P 4%, 5 U-net 254t , 5% 25



51 TRIREPAAE B G RR 225 8 7 oY 119
10 - U BY R 28 (4 (28 73 BN RORARTE T 13% , I ZRinf ] A
ol JIEH AN 5 SegNet P28 AH [L, 5 22 U BY [0 25 1) o 2%

g SYEVICRIETET 7% , VIGRIH 2570 SegNet 9 1/5.

= o6 .

2 5 GRiE

% 0.4f e b

}: S R TR 2 2] (1) 7 W X 75 R T i

02 /,// B2 UR RAROCHIZ: M XA T o0 E]. BRTE A W GR B > 2% F2 2L

ok . ‘ ‘ A U-net [Z4 I SegNet 9244 H 2 i T4 75 KR 1Y
0 0.2 04 06 038 L0

RIEZEZ (1-Frm 1)

5 k2 U BIRZ M4 ROC Lk

1.0 —

0.8,/_/'
g 0.6
2041
e
o

0.2

/" SEGNETM 2% ROC 2k
0 e 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

RIEZAR (1-Fe5dE)

6 SegNet W% ROC 12k

1.0

0.8}
g o
% 04
i
=

0.2 I

U-net [ ROC 12k
P 1 1 1 |
0 0.2 0.4 0.6 0.8 1.0

fRIEZEZR (145 k)

K7  U-net M4 ROC Hh4g

(a) M5 R (b) MHEEXIs (o) FREEURIN S 2 SR

(d) U-netMIZ8 73 FIHCR () SegNet L3 FIZR
P8 3 Aol AN ] 14 190 2% Xl i {5 £ ) 2% 14 i)

SARRR R 3X 2 Bl 2K Y RSCR IR AN o BRAEL
TG R RS R R R A R DX AR T Ak 2
U BY 28 454, L L5 HI(E U-net 28 JEA i i 5|
NIRZEEEH IR T MRS 4 T3
ROR. SEERAERAENT, 5k 22 U RY 45 00 9 28 73 5135
HAE U-net ML HT SegNet 25 T & T

S
[1] Hafiane A, Vieyres P, Delbos A. Phase-based probabi-

(2]

(3]

[4]

(5]

(6]

(7]

listic active contour for nerve detection in ultrasound ima-
ges for regional anesthesia[ J]. Computers in Biology &
Medicine, 2014, 52(3) . 88-95.

Xu Z, Huang J. Detecting 10, 000 cells in one second
[C] // International Conference on Medical Image Com-
puting and Computer-Assisted Intervention. Cham:
Springer International Publishing, 2016 676-684.

Xu Z, Huang J. Efficient lung cancer cell detection with
deep convolution neural network [ C] // International
Workshop on, Patch-Based Techniques in Medical Ima-
ging. Cham: Springer International Publishing, 2015
79-86.

Pan H, Xu Z, Huang J. An effective approach for robust
lung cancer cell detection[ C] // International Workshop
on, Patch-based Techniques in Medical Imaging. Cham:
Springer International Publishing, 2015, 87-94.

Zhu X, Yao J, Zhu F, et al. WSISA: making survival
prediction from whole slide histopathological images[ C] //
IEEE Conference on Computer Vision and Pattern Recog-
nition ( CVPR).
2017 ; 6855-6863.

Honolulu: IEEE Computer Society,

Yao J, Zhu X, Zhu F, et al. Deep correlational learning
for survival prediction from multi-modality data[ C] // In-
ternational Conference on Medical Image Computing and
Computer-Assisted Intervention. Cham: Springer Interna-
tional Publishing, 2017 ;. 406-414.

Wang S, Yao J, Xu Z, et al. Subtype cell detection with
an accelerated deep convolution neural network[ C]// In-

ternational Conference on Medical Image Computing and



120

= AN IR NI S

%4k

(8]

(9]

[10]

Computer-Assisted Intervention. Cham: Springer Interna-
tional Publishing, 2016. 640-648.
Yao J, Wang S, Zhu X, et al. Imaging biomarker discov-
ery for lung cancer survival prediction[ C] // International
Conference on Medical Image Computing and Computer-
Assisted Intervention. Cham: Springer International Pub-
lishing, 2016 ; 649-657.
He K, Zhang X, Ren S, et al. Deep residual learning for
image recognition[ C] // IEEE Conference on Computer
Vision and Pattern Recognition ( CVPR). Las Vegas:
IEEE Computer Society, 2016, 770-778.
Dan C C, Giusti A, Gambardella I. M, et al. Deep neu-
ral networks segment neuronal membranes in electron
microscopy images[ J]. Advances in Neural Information

Processing Systems, 2012, 25(1) ; 2843-2851.

[11]

[12]

[13]

Ronneberger O, Fischer P, Brox T. U-Net: convolu-
tional networks for biomedical image segmentation| C ] //
International Conference on Medical Image Computing
and Computer-Assisted Intervention. Cham: Springer
International Publishing, 2015 . 234-241.
Badrinarayanan V, Kendall A, Cipolla R. SegNet: a
deep convolutional encoder-decoder architecture for
scene segmentation [ J]. IEEE Transactions on Pattern
Analysis & Machine Intelligence, 2017, 39(12) ; 2481-
2495.

Lapegue F, Faruchbilfeld M, Demondion X, et al. Ul-
trasonography of the brachial plexus, normal appearance
and practical applications [ J]. Diagn Interv Imaging,

2014, 95(3) . 259-275.



