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Method to extract micro device profile in ultrasound image
under global constraints

PAN Bo, BEN Jin, YAN Jiawen, FU Yili
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Abstract: To realize the assistance of transrectal ultrasound imaging in robotic prostatectomy, registration between
ultrasound equipment and surgical robotic system needs to be established. The recognition and segmentation of
minimally invasive surgery ( MIS) instrument contour in ultrasound image is an important part of registration
process, and its accuracy will directly influence the registration results. An improved parametric active contour
algorithm ( Snake) under global constraints is proposed, which can accurately segment surgical instrument contour
in ultrasound images. The improved Snake method uses known instrument profile as prior knowledge, describes the
information in normalized Fourier descriptors, and applies it in Snake external energy to constrain the segmentation
result gradually near the desired contour. During the solving process, the Jacobian matrix of energy function relative
to parameters is calculated to acquire the partial differential equation with minimum energy. Then the partial
differential equation is discretized, deduced with Euler method to obtain segmentation result. The experiment shows
that when using Snake method with prior knowledge, the segmentation result of surgical instrument contour in
ultrasound image can be realized with high accuracy, and the contour result is similar with real instrument profile.
Compared with traditional Snake method, the improved method constrains curves globally, and can avoid contour
curve falling into local minimum, having a great application prospect.

Keywords : ultrasound image; MIS instrument; Snake model; global constraints; region segmentation

UTARSK , B RS IR R S RS L ae
N B B T8 R AR VI A 1A i 91 e 17 114 Hh 2L
RSN TN N R G N TR S AP UIE 4
TR, TCEARFAL R LR B B o 8 ph 2
M AR el PR S AR B 5, 7 A AR B RO A
SEEIFRAE" . R R R A R O LR
JRGELRAR, X TG G . R R

KB 2017-07-13

BHEME . EREHEARVIE LRI S (2012AA041601 ) ; HLEFA
HARE R G0 H K & 550 % % )T H (SKLRS201601C)

TEERAN . W H1981—) B P, B+ S,
fHEA(1966—) , 5, #4% , A Tl

BIEEE . 1EHM, biorobfu@ 126.com

ARFIBLEF ANBAREGE 5, 0] RLAE TR S B0 28 40
Pl 2 2l P S IB B R, O R A SR 2 AR
P T AR

N T B RS AT X AR AR B ) ST
B ER 7 SE MU R B R M T RPN R G
BCHE. BERT A2 2 (a7 FR LR A R i E A 2 Y
AR T B ARAS R JH i P 1 45 3R] [ 32 7 5
AR e N A S B e R B 9 705, S B ES R T Y
B A SCr T2 VR S e o T B
TEAE PG 38 3 0 R A 73k IR 4 S
FE IR, 58 IR GE 2 18] 56 2R I 57, 73 30k 1A
JEE | R T R M) I E T O AR L



514

W, AF . SR ZUHUT R IR s e B SR HOT 25

LA VA5 23 1 — B A 2 T B AE A 2>
#,0TSU 53k R 23 #1515 S B0 sh 42 B 7
#1(Snake) 55, X LERIE e HE I & R HA
FRLR PRI FEARB I b, i T F R
ARNGHEE M, IR 45 S B R 1T 0 2
KOs ShFe B o 1k U BRI ARG Snake 2311
SR FHAARE I AL A Bl 132 RE R, 2 i
PRI 7 XA F S, IFAE 733 v PRI
LR i e, A AR (B SR B . (R[]
XL T AR R R i/ ME BT -h 2R AR B
EAGEBEAGT R ER/IME

T A% B0 8 B AR R R B, R AL G2
Snake 73 i#1 53 3% H BRA i R B AR B 0SB ER A
P, REFRE G 40 0 Ao R 0 o e M R SRR B e A
— A AL I 585 1 DTSR Ay 32 X 08 S R AT A
A, B G e Y18 A 23 F5 B SR AE RO — 2K
SRR R E . JE b R T RE e
B0, IR R AALGE Snake BRI | Rl 52 BN 5 G K
(LS INIEST i i Pe Br S AW e N 13 =g q L
HIREIET | REE G0 I A SRR AL , 32 i 70 R L

1 HF—fEErt sty
T 45 E BRI SR M £ 1 Fe AU 1 5)
U TS T S0 0 A R, IO
I A R R B 2 L L2 5 R A0
MR B P ML 45 S BB IAR f
B R A0 R S . AR
ARRF AR A BT AR I B 27— (LA
LA B 1 A6 N A, 7 () +
Pr(n) 1= 0,1, N = 1 BRI T
5%
2R =F(x +j)= X (x(n) +ip(n) - e,

k=0,2,--,N - 1.
BRI 2P S AL 46 2T B8 o RE K,
K v 485, %% h B LASCERS (%0 ,y,) BER 153
B E A 2 (k)

2 (k) =F[(x" +jy")re" + (x, +jy,) ] =
re"z(0) +F(x, +jy,), k=0;
relen iz (k). k=1,2,.N - 1.

ME=1,2,--- N-1HH

2/ (k) | =rll e ¥ z(k) | = Il 2(k) .
K ||« ) RoARX TR #FATHBRAE, 2/ (n) +
iy'(n)= x(n+a) +jy(n +a).

2 %35 Snake £ A

Kass 26" 4R T S 58 BEAR R ( Snake ) , HifE
WERAXE=E, +E,.

RALE AR R M Z 0 — I O — - 2 s
WHERREL £, , MRS R AR AR i Rt AR A b
R LePERD LI, RIRHE S AN R R AR E,, , (1
TRECERIhZ 1) % Bhrts sl FEAE G i Bl b, 5ok
RS m TR USRS eV Ve AN RE .

H TS Snake BAY{AE Jmy &8 )= THIHEA T HE &
(R 5/ MK, AR BEXT I AT AR AT 200 R A g
DIREISE EA T M W NEAE NS @ i v N
Snake A #HES7 S H6 Snake BT DL ST B X A8 ER
M BAR LI FRAS 2 R 2T B e fi.

TG A U — Al A i R ) T i
fiE et PREK

E,=[1TVI>=-b,]'[I| TVI*> -b,].
K b, N E R AR AR, V=
[x(0) +jy(0) =+, x(N = 1) +jy(N - 1)]", BHL
il B AR SR B T 3 R DU AR R

—j2m 01 211 —2r 2 —2m-(N-1)1
e N e N e N e e N
02 12 —om22 —r-(N-1)2
e N e N e N e e N
T =
—j2m 0-(N-1) 2 1-(N-1) —j2m 2-(N-1) —j2m-(N-1)+(N-1)
e N e N e N e e N

SR I 4 A RE R RO Y

B= Y (ailn) +Bii(n) +ye,, () +

el TV =b,]"[ |TV|* - b, ].
s o AL —Br FRERIUNALCE , B ithZk — K
FREMIIAIALE | y N ERRERIIYALE , & IR
RE LI YA .

N T ITERRE RSN RE R R A R IE A
E,=[W]": [W]=[w,w,, w,,] -

[w, w0y, w, 1"

A Wy R SRR IE X N
W=I1TVI®-b,,

MFMERRE XS V i 8N

&UO aU(J 0
aw, aw o "
1 2 N-1
P ol a T a || = 2aew
(:)V 1 1 ) 1
Wy
aw, o, .,
| Oy gy -y |




.26 - ®oR

SEBRAE I, E B AN BRI X Y
Jr o A, NI LA O R T, H SR8 ] 3R
IR Ty R, B EAARSRIETE 2. e 5 L I o R A
Tt AT DA BRI RE 9 O OR A 3.

HPERBE IR 1) i WAL, BT LA w0, TR 5
XX gAY AR OR R . Hid

ow,

Oxy_y

A Kass $2 H A REHY X RE it oK BCHEAT B /)y
b, A0 2 B/ ME AR AE DT 72

aE‘int anut
aXss+BXssss+7’a7+8 e =0,

alz'im aE()ut
aYSa+BYSaSS+’)/W+8 aY :O‘

K ZE ST b Al 7
ai( vV, - Vi-1) - ai+1( Vi — V,‘) + B [ Vi, -
2Vz—1 + Vi} - 265[‘/;71 - ZV,' + VHJ +
B [ Vie =2V, + VJ +y(fi(D), fr(D)) +
E(Mx(i) , My(i>) =0,
A H 85 B
AX + yf (X,Y) + eM(X,Y) =0,
AY + yf(X,Y) + eM,(X,Y) = 0.
A A DTSRRI, f, Ff, S nl3on i
GRS IIEUGBEEEAE X A Y Jr) EAfE, M, F M, Rhh
FRRERTE X F Y J7i) Fa A, X Y 53530
ABFRARE AR E L R S AN AR R ZE A R Fi
IR R T FE R Buler 3648777, 3R75 ¢
P20 X, A Y, B s ikt
X, =(A+AD"'"(AX,_, -fi(X,_,,Y,_,) -
eM(X,_,,Y,_,)),
Y, =(A+AD (XY, -f(X,_,,Y,_ ) -
eM,(X,_,,Y,))).

3 SLES IR E RO

Z e L5 Snake B2 X6 W1 FE DX 3k A8 AN 8L,
KA MR U RS BT Je 5 Snake 5322371 70

dw,/dxy = 2%, + 2[x,cos(6, = 0y) +y;sin(8, —0y) ] + -+ +2[xy cos(Oy, —0) +yy_sin(0,_,
ow,/dx, = 2[ xycos(O, = 0,) + y,sin(f, —0,) ] + 2x, + -

ow,/dy, = 2y, + 2[9’10(’5(00 - 01) +xlsin(00 - 01)} + o
ow,/dy, = 2[9/0(303(01 _90) +xosin(01 _00)J + 2y 4

®E T Wk K % % ) 250 %
. T . > .
Xo 1% e’ e 1" Xo T 1%
_ X =3y el e %+
w = . . : . ’
i 6195\"71 —0n-1 4
Xn-1 ~ )= € Xy-1 T )=

R R AR X 7 1) HE 5 LR RS AT Y e AT LR AR
R —3, =l (1) (2) s .

_90>L

+ 2[wy_cos(Oy, —0,) +yy_,sin(0,, —6,)],

=2[xc08(0, = 0,y_,) +ysin(, =0y ) ] + 2[x,cos(0, —0,_,) +y,sin(0, —0,_,)] + - +2x, 3

(1)
+ Z[yN—ICOS(QO - 0;\‘—1) + xﬂ,_lsin(eo - 0;\‘—1) 1,

+ 2[9’/\*—1005(01 - 05\‘—|) + xs\/—ISin<01 -0y, )1,

w,/dyy_, = 2[y,c08(0y_; —0,) +xsin(By_, —0,) ] +2[y,co8(0y_, —6,) +x,5in(0y, —0,)] + -+ + 2y,

(2)
K. RISt P S Bl s U R A 7 33 SR IE , W%
B AE PRl A AR P BRI 1.

FE U T4 Bl Fi v, AR AR S UALE L - 3 x
1077, N U o Eld RS R i A 545 Snake B
AT DX AN BK, AR R B SR e /M 1T e 56
Snake B3 5 il T %R G, BEAE 35 B 4 R 1T 1Y
ARAE, B3 T 5 . TEFFESEURE T, B
Snake F7EFPAHBICELE] T HARIX 5K,

(a) HFREIR (b) WILR R i e

() 155t Snake 25 (d) &5 Snake 45 5
B 1 f£4F15E58 Snake XF U FZ4EER IR AN
Fig.1 ~ Comparison between traditional and improved Snake

methods in segmenting U shape

TEASCR R TS Se v, 55 2708 75 R R )
FARIREC AR R o0 5 B A, WHUER A F AL
AR [P 8 BSR4 Sk S 36 s B g .
R e BB T 4 B A 2 s



W, A IR R s A R B O Tk

« 27 -

AR, AR 4 () (d) HRFE R s

/]

A
U
~_}
(b) PUHHEER

2 BEES®SEBER
Fig.2 Segmentation target in ultrasound image
T AR R R ST 6 AniE 3 TR,
SR T 22 L i 75 1k B 1] 5 7 3 JE b SRAR P 1
f] b, B o JRORE T SR AR TR i) [511R. 5 w]
DRSNSk TR B I, BB B R 21 R
T AR G5

R FARAM

(d) S8 Snake 4658
4 fEGFISEH Snake Xt 6 254 A9 43 E1

Fig.4 Comparison between segmentation results using

et A PR,
AT el RSk

traditional Snake and improved Snake combined

with prior knowledge

3 BREGRGESR
Fig.3 Platform built up to acquire ultrasound image
DAFHY G EHR LI 4 () . 8 H EER Pi
BIFR 0] 46 %6 538 5 Hammer JC 1 B 345

XHZAIRFE B TESE Snake FEILEFNSEH: Snake B EEHHGIT SR ASMACER , SRFH AR LT B RO

TER 4 A R BRI A B SR 3, SN RE B

TSR FHBAUE 2B -107"°, 38 33 XF A& S8 Snake FH1
SEHS Snake Z3EIRCR , & PRI Snake 43 E1S 2 1 2



28 - /S =S B A N S ¢

5 50 %

H TR EIVROCR AT AT, SR TR AE N
Sy EIRFEERAE R ARE” | # SEI AL 5L Snake 47
FIARC BR 5 < bR AT R H. SR SCRR[ 14-15]
W AR R RS R R S R UE” R
PRI oy EER e FIRDEIR e, WIFK 1 BT
iy
F1 154 Snake F15EL4 Snake EiENEHIE

Tab.1 Index measurements of traditional Snake and improved

Snake
145 Snake S5 Snake
1%
£g1 Eor EEF £g1 Eor EEF
UJEHE 96.66  93.50  6.45 99.65  99.31 0.57
A EE 8757  77.85 22.15 98.17 9834 2.0l

M1 4 Fne 1 B . —J7 1, o5 Snake B
Biye il 7 IR Snake 553 X6 U3 X Jaf %) AN i 4 ke
B , & e 0 B 2 RO A M 5 3 — D7 THD, 56 5% Snake
SRR Rl ST R TRk R A IR b B SR
LR AE BB S B 1 R R T ] 2%
B R 1 2 IBURS .

4 % #®

1) 20 T e kG B Tl BURE 75 R v 1 T o ik e
B PR T MR AR R Al ORI IR S
B B0 7 R ) 5 1k, B SE 5 Snake 431
T, %07 R VA — A0 8 B A - AT e 00 48 B
IR B4 A T U RE B T/E A Snake A5
(AN RE R, SCBL T X 4R 80 M 2 1 42 R 2R

2) i 3 0F g i T RS TOHE S LY SR AR | 22 53 B
Al Euler #2548, 152 T #h e Re ik s 19 s 25 A2 ok
o 1T FOOAE RGN R BN R IMETE .

3) SEEE A, 8 Snake 392X U1 X sk HL AT
SAME , REAS O it R 7 RUR P i e e Y B2 B
R B HTERBIPLES AN TF A A B UE R 58
H BEAB AR R M e A P S T 1) 38 B R

5% ik

[1] MOHARERI O, RAMEZANI M, ADEBAR T K, et al. Automatic
localization of the da Vinci surgical instrument tips in 3=D transrec-
tal ultrasound [ J]. TEEE Transactions on Biomedical Engineering,
2013, 60(9) : 2663-2672. DOI. 10.1109/TBME.2013.2262499.

[2] YUAN Jianlin. The study of laparoscopic radical prostatectomy vs.

robot-assisted laparoscopic prostatectomy on sexual function [ J].

Translational Andrology and Urology, 2016, 5( Suppl 1) : AB052-

AB052. DOI; 10.21037/tau.2016.s052.

UKIMURA O, MAGI-GALLUZZI C, GILL I S. Real-time transrectal

—
W
s

ultrasound guidance during laparoscopic radical prostatectomy: im-
pact on surgical margins [ J]. Journal of Urology, 2006; 175(4) .
1304-1310. DOI. 10.1016/S0022-5347(05)00688-9.

[4] ADEBAR T K, MOHARERI O, SALCUDEAN S E. Instrument-
based calibration and remote control of intraoperative ultrasound for
robot-assisted surgery [ C]//IEEE Ras & Embs International Con-
ference on Biomedical Robotics and Biomechatronics. Washington :
IEEE Computer Society, 2012: 38 —43. DOI: 10. 1109/BioRob.
2012.6290896.

[5] JAHRIF, L8], R0, 5 B EHR AT # S C [ M. P94,
P TR R AL, 2007 136-204.

ZHOU Zhenhuan, WANG Anming, WANG Jingyang, et al.Medical
image segmentation and registration [ M ]. Xidian University Press,
2007 ; 136-204.

[6] OHTSU N. A threshold selection method from gray-level histograms
[J]. IEEE Transactions on Systems Man & Cybernetics, 2007, 9
(1):62-66. DOI: 10.1109/TSMC.1979.4310076.

(7] 24r, B4R AR 2 BE A A B 2043 BB RO A B2 2 TR P iy
R[], LRI, 2013, 33(5) :1435-1438.

LAN Hong, MIN Lequan. Interactive segmentation algorithm opti-
mized by multi-threshold with application in medical images [ J].
Journal of Computer Applications, 2013, 33(5) :1435-1431.

[8] TATIRAJU S, MEHTA A. Image segmentation using k-means cluste-

ring, EM and normalized cuts [ J]. University of California-Irvine,

2008(1):1-7. DOI. 10.1.1.187.6371.

CARNEIRO G, NASCIMENTO J C, FREITAS A. The segmentation

of the left ventricle of the heart from ultrasound data using deep

—
=)
[

learning architectures and derivative-based search methods [ J].
IEEE Transactions on Image Processing, 2012, 21(3) :968-982.
DOI: 10.1109/TIP.2011.2169273.

[ IL0]MARSOUSI M, ALIREZAIE J, AHMADIAN A, et al. Segmenting
echocardiography images using B-Spline snake and active ellipse
model [ C]//Engineering in Medicine and Biology Society. Piscat-
away: IEEE, 2010. 3125-3128. DOI. 10.1109/IEMBS. 2010.
5626094.

[11]KASS M, WITKIN A P, TERZOPOULOS D.Snake: active contour
models [ J]. International Journal of Computer Vision, 1988, 1
(4): 321-331. DOI. 10.1007/BF00133570.

[12] /AR X R 288 B T snake BB HARKIN [ J]. &b R}

FR2F2AM (A RBERR) ,2008,36(1) :75-77. DOI:10.3321/j.
issn:1671-4512.2008.01.021.
WANG Xiaolin, LIU Hongshen, QIN Feng. Finding objects with
snake model [ J]. Journal of Huazhong University of Science &
Technology, 2008, 36(1): 75-77. DOI; 10.3321/j.issn; 1671 -
4512.2008.01.021.

[13] E 3, XISCEN, A, 45 A8 B it ik U A i I IR [ 7).
B S KR, 2002,39(12) :1714-1719.

WANG Tao, LIU Wenyin, SUN Jiaguang, et al. Using Fourier de-
scriptors to recognize object’ s shape[ J]. Journal of Computer Re-
search & Development, 2002, 39(12) :1714-1719.

[ 14 ] fLAERE. BT Snake BETY Y B2 R X EI R [ D], B ot B9 T
WUZS R R, 2008:53-54.

NI Yaying. The technology of medical image segmentation based on
snake model [ D]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2008 :53-54.

[15]ANBEEK P, VINCKEN K L, van OSCH M J, et al. Probabilistic
segmentation of white matter lesions in MR imaging [ J]. Neuroim-
age, 2004, 21(3) :1037-1044. DOI; 10.1016/j.neuroimage.2003.
10.012.

(BB B %)



