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Mo o8 B4l & ek gl 54 Mg woiy dad 4,

B9k X, Y, ZE T 3 2.2.1.190A4 AAEA olE B x,

v, 22 ARt 34 2 (14~16)3 2ot

¥ = (14)
XtxizZ
y=— (15)
X+¥+Z
z=—2 =1—x—y
T X+v+z . (16)

dislst A3 Aok ey aR9b) G thekst A 3k WS

AGE A3, e FEETY L, E g% R A9 fAs0A



249 wbEE rAge AASE oY 7 A Bl EASI 1

2.2.2.3. K—F# +33}

XYZ A 3 W A GAelr K—¥v T3HSHK-means

Clustering) 715 &l Famr9 11 o9 9 K=2) o2 =73t

K-+ 733+ v)wA} k5 (Unsupervised Learning) &%, ZF 4 ol

S35 34 A3 FoaE 0 A Aol B Hrsse

2ot gk (pixels) HIOTE {xy, xz, -, xnp ZFE A2 K/ HEE

Adestel 271 di® ¥y A {my, my, -, mdb & AERT 7 i
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dlole x;(G=1, -, Nyl thall K7He] dhszeg 532 A2l d(x, mo) k=1,

L K& ARty o] wf gk vlojE x7F tha®E myel 7Hthd o]

dolHE T3 Col &Fotes epagdit) ol5 w3l 34 doly o=

KA T4 {Cr, Co, v, CI 2 Hrv] 348 2 AN gk

Cro = {x;|d(x;,my ) = x;|d(x;,mei = 1,...,K)} an

rlo

el Al 78k A= AelA ZHzhe] tiEHE S 7iAlse

ok

Al Al
l l

(18) 3} ¢t}

1
mpe = mzxjﬂ—kx}- (18)

Mz 73] Ao thEdE meob 7 o tEHE m"e Aol
Arkstel 1 grell Wsh7h fiAY A" wESlaed g d w7bA] ofHd
T WAE NREIT44]. 9" 113 2.2 w1 @edt el wE

K- 243 28 497} B2 Jede e,
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I% 10. XYZ & F3 HE 3 XYZ A ¥ 1S 58 e 3%
ol WAbE = 22498 S AlASE S ek (@XYZ A 33w

A3 b)XAE @YAE (DzAd

(a) (b)
I3 11. K—-37 743 27 vz 129 @), e 27 63 w3t
o] Q= A9 Q= ASo K-FF TH3 A3 2o]E ek},
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2.2.3. &= AA

K- 248 34 o5 Fejsra 7] /e s9sa 2T 4

A W e AAGeH, 17 125 g AA B ehac,

o s AL 92ae WX, 1A

o

%]

1

A Fa

o)
iy
=
)
o

1%

FAE 224 (Principal Component Analysis) S $3stch FARE &

flo

GEAQ dole] AT BAFE MO, HolEE shte Fom

APIAAA Aol AAE FO M2 2L 237 dHolHE AF

&

Bl A FHaAE ol T4

M
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%
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pe— =TV x, (19)

N

Z:\:’ - % (‘Y_ M‘r-) (‘5('— MT-)T , Mx = .H'x‘LT (20)
oo 0
o i 0

B, = UAUT = g, g ity [ C ] TP P T (21)
0 0 - iy

TRA GO A nHNEE Hob 1 DHA} 2 AN G

4 WE sk 4 (22) 3 2ot vpxgo R Well o7t dgwgle] o

3 S4ulole YE Qrhias],

W = [i.fta, s o] (22)

¥ =wTx (23)

U 4 @HozHEH YE & & cAdE A A, 5 A4 1153

K

o AFHE S gretal At wetth 1 AR 3 A A HEvE
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g4 O A9 4ZMajor Axis)o] Hal, T WA FAR WEs} o
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I 1:1= 9]

= =)
= &9

& 314 (Confusion Matrix)

s X 19 &

(pixels)
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)AO

7O

(b) 71
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¥ 1. £% P4 (Confusion Matrix)

Condition
Condition Condition
Positive Negative
Test ogt.come TP FpP
Test Positive
t
outcome Test out.come EN TN
Negative

2% YPHS F3] True Positive(TP), True Negative (TN), False

SETE FEETHL P2, FEETH ohd AS FEETI of
Yetn A28, FEET ol Ae FEETeL 4EW , 5%
79 e FEETIF oheha 4% olth TP, TN, FP, FN 229

TP TN

- S S Y — . — 24

TP ™ rotTa+Fp+FN IV TEHTNHFP4FN @4
Fp FN

Prp = oo PPN = Toimerriew 2

FP ™ rparnerpo+erN N T TDeTN+FDEFN (25)
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(26)

1

Prp = Pyn+ Fpp+ Fpy

% (Sensitivity) 2F E©]| % (Specificity)

ke,

3

=
= &

2 (24-26)

ol

A

mw

[ 2 e A (27-28) 3 ol

&to AAts

°]-&

=
=

TP, TN, FP, FN

Eis

_?_

(27)

=100

TF
TF+FN

Sensitivity(0h) =

(28)

= 100

TN
FP4+TN

Specificity (%)
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2.3.2. FEET € HE 24

)

oA g7 2 el €9 #HRE vasks WHolth e

AFe BARMSE)E B3l it BEEAE Tt BEeAE T

SHe 4 (2003 Utk i V1F G FERT B FEol §E A

o
<
o2
o
©
Ay
rify
b
=t
i
B
3
o
)

T oapge A

| 7
RMSE :ﬂJ'iEjlem - %) (29)

7= A WA Frkel LA 7R Gl A Hrer o,
1003} 4 (pixels) & 5S5mm=z A @& $Aatste] e xE ARSIt
T= Gl met Yehdes st 27 B 3ol FeEET £

of Asfigh A9l x %2715 skt
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2.3.3. FAAIZE

vpA PR e FRALS Sste] mmsts el %77

3ta(pixeD o FH4g A7]olA Addsiglon Agrer A+ Wiat A9

AT

iy

o FANLS wla BT G Ty SEi

29frames/sece|™, AJ7Zto 2  3HASHH  0.034sec/frame°]t}d. 7

X273 Microsoft Visual Studio 2012 C++2} OpenCV LibraryE

A3 01 64bit Release RL=ollA @ agit. HFE A2 CPU i5,

3.4GHz, 8G v x & o)™ Intel® HD Graphics Z1#Z7=2 A}&319 T}
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B-3} (Suturing)

1

Foich3, 19, 47].

S

7} 4%
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,.__AO
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T pel WALl
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Aoz Ay

gl +F

%

b)]
ad
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e

= A4

Ry
ar

o] o] 347

7%) TolA o
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o

Arolt}, 215frames (

3

2

L —
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3

FELlTE olE
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4714 oA 2

steleh ¥ WA
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of 249 54 2AE A=AY $1AD W BAFE A7E ke Y

olt}, 452frames(®F 15%) FollA 49 397 n&ES AAste] F7tst

At Al WA= A7t whet 227t Weks gAtolth 324frames (€F 10

N

%) ol 999 317 ZES AAste] Frletdnh vl wAE B

T W E8R sk B3 v o gatolt) 439frames(SF 14%) ol
A 4ol 397 BES AAste] Frlsksith oA HAl= e (HY
FT= A B WA s AR JAHE FEET FFY wE

(Occlusion) Aot} 370frames(9F 12%) FollAq d2]9 347 ZE-S

skl Frkskelth oAM WA= FeETot = A 22 @A

EN
2
10
of

o4 shtel AAR AAHE FEETS 24 5 Occlusion) Fo]

th 381frames(oF 12%) FolA 422l 357 B3-S AAste] F7hskRd

-

9. mAve Ae ol Mol AL A FEa 29

(Suturing) 7Fo|tl. 357frames (¢F 12%) FolA d2olo 397] ZTES

Mg ste] BT,
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et A47he] e Aol Aljbeke A WY o7 ARAT

e 502 Fek1s 228 7|5 (Reference) F73¥} Blasto]

o,

7Rtk mlast g W A WAR K-3d 233k g9 oS,

Sl

Znt 9 7S 2FsE 53 JAAE 7IHeRE 2013d%e =

o= A" WHoltH8]. + HA WS 7Yy ZH (Canny Filter),

9
(K

W3} (Hough Transform), %3 Zw HE (Extended Kalman Filter)

SO 7IHES s 53 AR 7o R 20149 %] =Tl = AA

H ol tH47]. F Ad A HHE SEE0] B8 (Segmentation)

wak ohe} o] 79 $HYS AL AolnE Gy }Yo $

dARA e Ave wwatdrh. 1% 162 el AF 77 S4

7ol AT FEET B FuelEe AnE ek
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) A717F Y= B (O x=7F WHaks 94 (D53 MR 94 eFes=T
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o] FHat W EE 77 19.52+10.23%, 56.4+17.42%, 36.0979.65%,

22.95+10.2%, 32.51+t17.35%, 29.45+13.02%, 25.76+10.24%°]|

AA H> 31.81212.59%5 HAd. Bt 5ol== ZH7f 97.38+

1.48%, 96.97+2.25%, 97.97+1.36%, 98.87=1.58%, 98.27+2.23%,

97.38+£3.36%, 96.98+1.83%°]™ AA| Bt 97.69+2.01%E R}

T oA AR AT AW(20149 % =) o e W RS 747 514+

5.32%, 69.62£5.93%, 71.31-6.61%, 61.72+3.39%, 48.9-4.87%,

45.98%4.5%, 11.06+10.83%°]™ A Ft> 51.43+£5.92%F HAU

o,

Pt Sol=e 247t 95.8710.35%, 96.5710.6%, 94.96+1.04%, 95.7+

_l

0.34%, 94.65+0.92%, 90.2+0.99%, 96.45+0.8%°l™ A H

94.91+0.72% % HEAth

As AT W BF APEE 2

N

} 87.67+3.82%, 87.43+4.05%,



84.8914.26%, 95.08+2.1%, 86.22+5.35%, 79.15+7.23%, 73.25=

Rl

S
=

Far 84.8115.96%

(€]

14.91%°]" Z A

98.65:0.44%, 98.54+0.97%, 98.98+0.46%, 95.74+-1.64%, 97.78=

2 98.360.74% =

Ry~
[e]

1.05%, 99.07+0.44%, 99.79+0.16%°]" A

FE 84.81+5.96%, 3

e

Bix

k)

o

T el Aot

o

°|% 98.3670.74%

=
o 5

(Accuracy) & X

[17-23]& ¢}

B 19

=
=

3t (Robustness)

oM el
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m Proposed Method

m 2014 Algorithm

m 2013 Algorithm

CASE 1 - Normal

100.00

50.00

()Aansuag

0.00

200
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Frame #

{al

CASE 1 - Normal
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=] =]
ﬂ. 0
5

s 8
(9s)Apyads

85.00
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m 2013 Algorithm = 2014 Algorithm

100,00

50.00

Sensitivity(%6)

0.00

100.00

95.00

90.00

Specificity(%)

85.00

a9 18. 4717 Y
W o] Bek Hrts vl

@A77k e 9

CASE 2 - Smoke

m Proposed Method

100 200 300 400
Frame &
(a)
CASE 2 - Smoke
100 200 300 400
Frame #
(b

ol



Sensitivity(%)

Specificity(%6)

m 2013 Algorithm

100.00
80.00
£0.00
40.00
20.00

0.00

100.00

95.00

90.00

85.00

CASE 3 - Variant Light

‘\"/"'::‘><:’“-\_w

m 2014 Algorithm = Proposed Method

N\\/\/\’\/v/\/\,

50

CASE 3 - Variant Light

100 150 200 250 300

Frame #

(a)

A ——

50

100 150 200 250 300

Frame &
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m 2013 Algorithm  m 2014 Algorithm  ® Proposed Method

CASE 4 - Complex Background

10000 o
— P e
= 8000
g
2 6000 — O~ NN~ —
2
F 4000
g
@ 2000
0.00
0 50 100 150 200 250 300 350
Frame &
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CASE 4 - Complex Background
100.00
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> 95.00
=
:.‘_ 90.00
85.00
0 50 100 150 200 250 300 350
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m Proposed Method

m 2014 Algorithm

m 2013 Algorithm

CASE 5 - Tool Occlusion

100.00

50.00

() Knsuas

0.00
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100

Frame &
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CASE 5 - Tool Occlusion

100.00

mm
iy f=1
o L2

[CALCTENTEEL
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m Proposed Method

m 2014 Algorithm

m 2013 Algorithm

CASE 6 - Tissue Occlusion

100.00

£0.00
60.00
40.00
20.00

[EALSTLTHETERS

0.00

100 150 200 250 300 350
Frame #

50

{a)

CASE 6 - Tissue Occlusion

100.00

95.00
90.00

()43 1ads

85.00

100 150 200 250 300 350
Frame &
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m 2013 Algorithm

m 2014 Algorithm

® Proposed Method

CASE 7 - Suturing

100.00
z 80.00
2 6000
=
E 40.00
w2000
0.00
0 50 100 150 200 250 200 350
Frame &
ia)
CASE 7 - Suturing
100.00
% 95.00
s 90.00
a
85.00
0 50 100 150 200 250 300 350
Frame #
(b
a9 23. B3 G4 B Frl Agdy s Aordt d whge 2t
71 vlast g zolt (@) 9k (b= 22 AR RE=o uE B3 I
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o (] "]__
56 a3 XS T
7 A 20 8



. —
. ==

-

2013m'gumm 2014 N'gomrun Praoowr:Mmoc

7 2013 Algorithm |
2014 Algorithm
Proposed Method

E 2013 Algorithm
2014 Algorithm

Proposed Method

o] =
%1 =

wiaA;wmm Zmlﬂlgonm Plepnucllldelﬂod
(a) (b)
I9 24 ARt 9% 2 H7 2B @k e A 9w ddelA
AT PPED AL AT el B R Solw ARs wwshs
Lol
2013 Algorithm
2014 Algorithm 2013 Algorithm
] ‘=wa A vl
Bl =
40+ 9=
20 "
B4 -
L
=
2013 Migonthm 0 Mgarihm Froposed Method Eﬂﬂj;gum inl-l-Allgﬂnﬁn Propostes Uethed
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13 Algorithm

20
2014 Algorithm
mimm"m

2014 Algeithm Proposd Mathod

W’BN‘N-M

Prwm:!w

2014 Algorthm.
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(b)

(a)
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2014 Agorepen Proposed Meshod

2013 Agosine

2014 Aigonthm Proposed Method

T
2073 Adgonihm

(b)

(a)

.

|

[¢]

L3Eolt)

12013 Algorithm

[777] 2014 Algorithm

BN Proposed Method

Specificity

Sensitivity

100
5

(9%)abejuasiad

L3Eolt
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3 2.

FEET 94 BT Bt maw

=

‘13 A% I+ ¥4

14 A A7 WY

Aerd A7

RAZ(%) | BoZ(%) | ARE(D) | Bol=(®) | 93=(%) | Bo1=(%)

g 19.52 97.38 51.4 95.87 87.67 98.65

Casel
RFHz} 10.23 1.48 5.32 0.35 3.82 0.44
g 56.4 96.97 69.62 96.57 87.43 98.54

Case2
RFHz} 17.42 2.25 5.93 0.6 4.05 0.97
g 36.09 97.97 71.31 94.96 84.89 98.98

Case3
RFHz} 9.65 1.36 6.61 1.04 4.26 0.46
g 22.95 98.87 61.72 95.7 95.08 95.74

Case4
RFHz} 10.2 1.58 3.39 0.34 2.1 1.64
g 32.51 98.27 48.9 94.65 86.22 97.78

Caseb
RFHz} 17.35 2.23 4.87 0.92 5.35 1.05
g 29.45 97.38 45.98 90.2 79.15 99.07

Caseb
RFHz} 13.02 3.36 4.5 0.99 7.23 0.44
g 25.76 96.98 11.06 96.45 73.25 99.79

Case7
RFHz} 10.24 1.83 10.83 0.8 14.91 0.16
AA Ho 31.81 97.69 51.43 94.91 84.81 98.36
AA EFHA 12.59 2.013 5.92 0.72 5.96 0.737
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3.2. FEET ¥ X o3 vw A¥

o,
N
S
&
N
o
1o

FE YA A A Ay (20139 E =

e
1o
ol
=4
to
2
rlr
N

Zt FEETlolA 1.47+1.11mm, 2.48+1.37mm,
4.06+2.09mm, 3.50+2.11mm, 3.24+2.14mm, 5.08+2.63mm, 3.31+
2.56mmol™ MA| Fd A= 3.30+2.00mmE HATE FEET200A
= 1.50+1.18mm, 1.90+2.30mm, 3.27 =3.15mm, 3.35+3.71mm, 2.94
+1.81mm, 3.59+2.51mm, 2.85+2.31mme]" Az F# ox= 277+
2.42mmeE HEIoh FELE 394+ 4.38+3.15mm, x, x, 3.76*
1.57mm, 3.56+1.72mm, x, x°|™ HA F 2x+= 3.90+2.15mmE

EAa=

F oA g A7 WHEO4EE =) 9 H ks 7+

o,

T1oA 8.27+1.56mm, 4.96+2.26mm, 7.34 +0.58mm, 7.36 -0.74mm,
7.42+2.25mm, 11.05+1.26mm, 13.31+2.23mmeo|™ AA HF 2}+=

8.53+11.56mmE HYY. FEET7294+= 5.1520.97mm, 3.55+
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1.18mm, 5.25£2.19mm, 2.74=0.98mm, 6.5120.99mm, 5.82=

2.15mm, 4.45+1.99mmeo|™ AA| H 2x= 4.78 £1.49mmE H T}

w

FeET

o BEE BE PP Ao,

ARbgE AT+ Rl B A= A2 R 104 0.4720.23mm,

0.57+0.44mm, 2.18+1.33mm, 0.49+0.30mm, 1.43+-1.30mm, 0.99=

1.00mm, 1.39+1.21mme]™ AA H# 23}+= 1.07+0.83mmE HS o}

TFeET244= 0.72+0.76mm, 0.84 +0.48mm, 1.45+1.01lmm, 2.74+

0.98mm, 0.75+0.92mm, 1.82+0.87mm, 1.09+0.74mmeo|™ HA] H

L2= 1.3410.83mmE Eth FEE7344= 0.9810.69mm, x, X,

0.79+0.58mm, 0.63+0.60mm, x, x°|® A FHF <2xh= 0.80*

0.63mmE H3Th

ARAor Ake AT ol FEET1~394 1.07+0.83mm,

1.34+0.83mm, 0.8070.63mm x5 HYCEHA M3 A+ YR EET}

o W Wi oSS HYon wmoh U W BEAAE BowH
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m 2013 Algorithm = 2014 Algorithm  m Proposed Method

CASE 1 (Tool1)

g 10 : _ 2 —
E ' g
b L
’ 2 11 26 44 56 &5 80 98 110 ilg 134 152 164 173 188 200 209
Frame #
{a)
CASE 1 (Tool2)
g 10
'E' 5 T = - : :
E LML L ot e Loed T
2 11 26 44 56 65 80 98 110119 134 152 164 173 188 200 209
Frame #
b)
CASE 1 (Tool3)
g in . .
i ]
E 0 [Tli]lur Tt fIfLLIﬂ I HJIITL Tl s 1l TI-  (F—

2 11 26 44 56 65 80 98 110119 134 152 164 173 188 200 209
Frame #

(o)

I8 32, A¥t Y FEET E FFE & HUF AT s

=

5

ARbeE A W ey & HE oAE vlud adZoln (a)~ (o) A
B



Error(mm)

Error(mm)

m 2013 Algorithm  m 2014 Algorithm  m Proposed Method

CASE 2 (Tooll)

U

12 42 72 97 117132147162177192207232252267297327357387417447

Frame #

(a)

CASE 2 (Tool2)

ﬂﬁm{ﬂﬂlﬂw

12 42 72 97 117132147162177192207232252267297327357387417447

Frame #

a%8 33. 717 YyeE Y FEET E FAX o4 FHrE AgaT
.?_

WHe FEET E FH3E AE Blust JgzZolth (a),

66 a0 J‘ﬂ 2 E}I



m 2013 Algorithm = 2014 Algorithm  m Proposed Method

CASE 3 (Tooll)
10
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Abstract

Accuracy Enhancement of
Vision-based Surgical Instrument Segmentation
using Background Simplification

in Robot-assisted Laparoscopic Surgery

Dongheon Lee
Interdisciplinary program in Biomedical Engineering
The Graduate School

Seoul National University

Robot—assisted laparoscopic Surgery currently faces certain
limitations such as narrow visual field through the scope, and absence
of haptic systems on surgical instruments which can hinder the
surgeon’s reactions to emergency situations. Therefore, to detect
emergency situations during surgery, it is necessary to develop a

system for robot—assisted laparoscopic surgery which can detect
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surgical instruments automatically in the field of view. The proposed
solution is an image processing algorithm for tool segmentation with
enhanced accuracy, which can accurately locate and track the surgical
instruments in sight as well as detecting collision between tools and
between tools and organs. This method is a novel and complex image
processing algorithm which integrates K—means clustering and PCA,
and which efficiently removes noise from tool segmentation by
background simplification in sight and removing it in the original view.
Validation of the method was done in three ways, by comparing the
proposed method against two prior methods and against a reference
in 7 different surgical situations. The first validation was done by
comparing the surgical instruments segmentation accuracy, which
was calculated from sensitivity and specificity derived from the
difference between the pixels of tool segmented images and the
pixels of reference images. The result showed that the proposed

method achieved average sensitivity 84.81+5.96% and average
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specificity 98.36+£0.737%, representing higher accuracy and

robustness than the prior methods. The second validation was done

by comparing the coordination error of the tip of surgical instruments,

which was calculated using RMSE between the coordination of the

tool tips in the applied methods and the coordination tool tips in the

reference image. The proposed method had average error of 1.07=*

0.83mm, 1.34+0.83mm, 0.08%£0.63mm for tools 1~3, which

represented smaller error rate and the higher robustness compared to

the prior methods. The last validation was done by comparing the

algorithm computation time, which for the proposed method was

0.214sec, similar to the computation time of the other prior methods.

In conclusion, the proposed method is a solution for automatic tool

segmentation which can i1mprove the detection of emergency

situations during robot—assisted laparoscopic surgery.
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