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STUDY ON CONTROL METHOD OF A ROBOTIC LAPAROSCOPE
TO CHANGE A VIEW POINT OF THE TIP OF FORCEPS
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Recently, laparoscopic surgery has been performed frequently because its invasiveness is low compared

with open surgery. In our previous study, a robotic laparoscope was developed, in which a motion sensor

“Kinect for windows” was used for operating the laparoscope, so that surgeon can control the robot by his

head’s motion. In this paper, to capture a desirable scene easily by the robotic laparoscope, a view point

changing system was proposed. By using this system, the tip of the laparoscope is controlled to move along the

spherical surface whose center is the tip of the peeling forceps and radius is distance from the tip of the

laparoscope to the tip of the peeling forceps. Thus, surgeon can change the view point easily, keeping his eye

on the forceps. Comparative experiments were carried out to demonstrate an advantage of the proposed system

compared with conventional system. The results showed the effectiveness of the proposed system.
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Fig.1 Laparoscopic surgery
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Fig5. Kinect for windows

Table 1 Operation method

Movement =
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Mod
oce Up-Down Right-Left Forward-Back
All OFF No change No change No change
Outer Change in Change in Change in
movement
Mode target target target
ON z-coordinate | Xx-coordinate y-coordinate
Bending Change in Change in
Mode ON | Pitch degree| Yaw degree No change
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Fig.6 Laparoscope position and blind point

(2) BREEEDOF&E

WREREERHCBERZ LI TO25TH 5.
O FIEOEKXT D HHH» L OGN RN D
@ BESCHE T e A AN H S 2y

IS A THRAEREROEES O X & LT, 1k
BN ER I & 72 DRRICEN K FIER BT b D, BIEW
WZVE, JEVESeI A O S et £ COMREA Rl L, St
Fhemna il & LicskikoRE Ealh, MEESEmN
WL ERLS X2 LizbDTHhD. ZoiEebiE
FEAIZK LCHID B EAFEETH Y, FBBITHEIC
A L CWD. ZOEEEEH LIV AT LAEH]
JET L AT I 2 View Point Change system (UL K VPCsys)
EERZ & &35, VPCsys DEESX %K 7 1287,

Forceps

\
\
\/

Lapardscope

Fig.7 Concept of View Point Change system
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Fig.8 Target coordinate of spherical surface
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Fig.10 Position control
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Fig.11 Attitude control
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Table 2 Operation method for VPCsys

Face Movement
~—¥ —
LI . .
L S ( A 2! 1t
A = .
Down Up Left Right
Laparoscope | Look down from | Look up from Look from Look from

movement upper side lower side right side Leli side

Down ( .L.
<L+
z z

. -

* | > .
Fig.12 Input command and operation image
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Fig.13 Foot pedal
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Fig.14 Experimental setup
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Fig.16 Appearance of the experiment®

Fig.17 Appearance of the experiment®
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Table 3 Results of operation time and switching times

. Number of | Time [s] | Time [s] sw!tchmg sw!tchlng
Subject trial VPCsys | Switching tmes times

VPCsys | Switching

1 35.85 83.64 4 5

A 2 37.72|  86.78 4 5

3 22.46|  82.49 4 5

Average 32.01| 84.30 4.0 5.0

1 27.29 61.35 4 7

B 2 48.22 56.30 6 5

3 16.66 65.76 4 7

Average 30.72 61.14 4.7 6.3

1 78.65 55.15 4 5

c 2 57.74 118.95 6 8

3 24.3 144.05 4 7

Average 53.56 | 106.05 4.7 6.7

1 56.52| 225.55 7 9

D 2 42.69 93.42 4 7

3 69.36 73.47 4 5

Average 56.19 | 130.81 5.0 7.0

1 41.21] 103.78 4 7

£ 2 40.2 64.54 4 5

3 45.13 82.43 4 5

Average 42.18 83.58 4.0 5.7

1 81.38 89.63 7 7

F 2 83.38 73.12 7 5

3 70.21f 113.68 6 7

Average 78.32 92.14 6.7 6.3

1 23.27 61.69 4 7

G 2 35.17 41.94 4 5

3 52.64 96.71 7 9

Average 37.03 66.78 5.0 7.0

1 61.38 116.75 4 7

H 2 50.22 146.9 4 9

3 25.94 81.4 4 5

Average 45.85 [ 115.02 4.0 7.0

Total average| 46.98 92.48 4.8 6.4
p-value 0.000 0.000

Table 4 Result of questionnaire

Questionnaire

intuitiveness [ @Smoothness of ®POSSIbI.“ty of
of operation operation ope':ratlon
mistake
Subject | VPCsys [Switching[ VPCsys [Switching| VPCsys |Switching
A 4 4 5 2 4 2
B 4 3 4 2 4 2
[ 3 4 2 2 4 4
D 2 2 4 1 3 1
E 3 4 5 3 5 2
F 4 4 4 2 3 2
G 5 2 4 3 4 2
H 5 2 4 2 5 2
Average| 3.8 3.1 4.0 2.1 4.0 2.1
p-value 0.153 0.001 0.001
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Fig.19 Use image



Fig.20 Process of image identification 1

Fig.21 Process of image identification 2

Fig.22 Process of image identification 3

Fig.23 Process of image identification 4

Fig.24 Process of image identification 4’
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Fig.25 Distance estimation
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Tableb Distance estimation verification

Distance[mm]
45 55 65
Resultfmm]| Error[mm] |Result{fmm]| Error[mm] |Result{fmm]| Error[mm]
. 5 45 0 52 -3 71 6
gl 46 1 57 2 70 5
S| 20 48 3 58 3 72 7
230 a7 2 60 5 68 3
-D 40 45 0 58 3 64 -1
Average 46 1.2 57 3.2 69 4.4
#£5 X0, FEHHE65mm TRENKEZ L 2> TN 5.
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