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FLS oA Aetst F&e] w2 [27], & Object &
d&go] AFg-A oAl Pegboard 49 2E% Peg °f, LE&59]
AH& A Al = Pegboard 739 €% Peg o 238 A dHojoF st}
APgAR= Object ¢} 77k e £o=2 & =48 49
Object & Sol&d ¥ Wit % £O= o]FA7 Peghoard ¢
HH|%: Peg = Object = UdHEed. Y ®WHoez RE
Object = °]§A1Z1 % L HAE 714 Object & Al Ao
Peg & EF YH=d v 7]£9 ¥ +2%<Ql Peg transfer task +=
7t e} o] 37t FA4lol| Pegboard 7} $1*3}al, Task setting A A7}
Hol= S HAHER WAIE 25 AFo] dashA o
wekA HMD 718kl ECS Aol & Algst7]flsto] dE 41 WAS
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2.3.2. Line tracking test
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2.5. OBB
2.5.1. OBBY # ¢

% 7]7 End—effector 9 RS =341 HZF5H]

Z=% 7} A9 (Possible collision area, PCA) 2 wAg 4 317
i-olth. OBB & 1% 6 oAl Rojx|zo] Al 7Fx|2o] w7

Starting point (SP), Final point (FP), DL & &-&3}o] & o=t}
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Oriented Bounding Box (OBB)

s¢ Line

Diagonal Length (DL): k

I 6. 97)15 2ke S84 OBBS OBB FAE 913 374 mlawlH,

SP, FP, DL.

2.5.2. OBB 7+ Ag

WAl d# % 719 End-effector ¢ A%, SP &
Trocar ¢ o2, FP + End—effector & ¥ o= A 95}
DL & <% 7|7 End-—effector & X33t HAa dol= &2 gty
diste] A71= 2 (7)9 &=gel 7|xksto] ALk [24].
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diSt(Ll', L])

( Casel:||P, — P,|| (if P, €L; and P, € L;),
Case2:min{[|A — P, ||, IIB — P,|I} (if P, €L and P, € L)),
- i Case3:min{||C — P,II,ID — P,Il} (if P, E€L; and P, € LE),
Case4:min{||A — C|,|A = DI, 1B —CIl,IB = DI} (if P, €L and P, € L),

(7)

Collision Index (CI) = dist(L; L;) — k+k’ (8)
A AelA ¥l 7z 7 A e FE8= A7 (Euclidean
distance) & YERAT L, L;+= 77 OBB i, j2 Base line &

e, A, B £ oL % # A4S C D E Lo @ A
JeRTE 1, L9 BAG] 48 ol Ft AR 1, L] nAEe

72} py, pEF 39, OBB i, j9 DL & ZH7} Kk, kjol2 e,

dist(L,L;) > =2 wW, % 719l OBBs & HA7] @)

k=)
™
2
o)
(@)
=
|

= EASA et dist(L, L) > 2 272 OBB

foltt. 1% 7 9 (b)- (D) F OBBs 9 ZAA7 A5 Ye=, 2
(DA dist(L, L) = 241 Agolth weld, 7 <ol = F

OBBs & dzst(Ll,L)>k+k’°J Ao AE waelA] ket
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(b): Case 1 (c): Case 2&3

(d): Case 4

a9 7. (@ OBBE =M+ €7]%, (b) Case 1, (¢) Case 2&3, (d)
dist(L, L;) = (k;+k;)/28 ®¢ Case 4. Case 12 F 97159 Fdo] A
=3 Aeo]w Case 2&3& HH$} 97]F dHol IS HAFE, Case 4+
T HH 79 HEE Yepdrh
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2.6. B WE S At

OBB < 7WdelA Vigmpen = Base lines 3Fe] AgE
S7HA 71 WEHE 0%} ¢ w3 (19 8(a), (b)SoE FYPFTOEH
g 7 v A (DY +="9E #E8sd, WAAEY End-
effector 7Fel A7t HA7F H+= UWAIA I End—effector 2
Base line 748 A Pogo & Pena—errE o T UoH, o] F A&

7FA AL oFel &k O] Vempen e AAE 5 QAT

(a) M x (up)
ymrectiun of View

1
pase Line of Endoscope
1
1
1
1
I
1
1
\I

Z (front)

y (right)
(b)
Direction of View
N
N
~@ P Endo
. =Y
Base Line of
End-Effec
Base Line pf|
Endoscopsd
D

19 8. (@ Z 0% o8 A9, (b) End—effector®t WA 2 Base lines
Aol 9] dist.
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T sinfcosg sinfsing cosd 119 b
f| =|cosfcosp cos@sing —sinh Iz“ =A|Z|, (9)
17 —sing cos @ 0 % %
PEnd—eff_PEndo =aX+ by +cz, (10)
y y A A
ax+by=cz=1[b ¢ al|z|=B|z =BA‘1I9 = Vo V][0 (11
x £ ¢ @
Vop = Vo0 + Vpd. (12)
A (12) 2 28 v, 5 o183, A (412 Vipmpen =

T A "o 919 Helld Jed $= WA A2 End-
effector ZHE WAZ 2 727k 54 W9 ool 1A welnt
AgHr. kA, 2 (6) o 28 BAAE Ao WH2 dist <TH?]

Bg-elar im0 99 AelMe v, o] GEow g wth

71Zuke qVRK o)Al = End—effector ¢ AAI7F 9%
dolHE AFstA S<evh wEbA, TE WA Ad=HS HSEH

$5ke] MATLAB® (R2018a, Mathworks Inc., Natick, MA,

S|
2

x

o

o

USA)S &g3t AFEH AlEdoAS AF3ct.  AFFE
ANEHoldS 23 Bt A2 ARES ATE 5 9= olAL

R 3 1 ol AlEdelAddd et s wiH s

iy
1o,
i
o
i

% 29+ 789 &84 %7 (Physical conditions) < 74233t}
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®1 3=

WA A gAY s 23

0=
dhe}r] g w2l # a2
K - 0.0005 (4)
B - 0.1 (4)
a - 0.2-1.0 (0.2 3+7) (5)
TH m 0.03 -

«g2hu| Bk (2] 4 9] ), (T W), o (% WE), TH (EE 8D

® 2. T YA ANEHIAHY 94 =4
:[’:

7 W 9] 2k P
dy ~ -
(End—effector®] #7) 00083
k1 = \/Edl _
(End—effector? DL) 0.01174 (4)
d
CRFEEE) - 0.0140 _
kz = \/Edz
(41217 2] DL) m 0.01980 (4)
A7l P o o o -

#9ko]: DL (Diagonal length), SP (Starting Point)
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TE WA Ases Ay, AR Aol A= AbollA
Pseudo—signals o] wWe} 2d8 @ YaA| A £49S ##sl9 1
adte 0.2 FE 1.0 "X 0.2 9o tAc= WA AdS
HHESFth a = 1094 = AR W #de] €%k Oculus 9
3 ghto]l WA e S dS f% Y A2 AMEHIL, agkol

=

A Zolwel wet 5 UA dagse Y ARt S

I

26



3. A3 4 4

3.1. HMD 7]|uF #|o]2] 37}

ol#io] 1% 93 ¥ 3¢l vEhd 23} o], WA Peg

transfer task® 7z AQAJ7Fo] A LAE Avle] AA FFiee=

FAE ®BY, FH AZF EIE 402.3 oA 1721 %2E
Atk Trial HHgo wE sk Ao w2, 53] A

AARE vl WA Trial® &8 AlZro] wi-g whEA ZAskela,

Volunteer 45 A &stie ARbF o2 AAx= 142 Aol7p 44

ot geld = U9lth Volunteer 42| Hlo]E]| & A9 ghrid,
A9

Al wpAE Trialel

2

ol
o

A AAE2e] EFHAF (Standard

deviation, SD)+= 12.74 % 9omn, o=

o

o+ Fd AT
7.4 %o stk

700 -

——Volunteer1

—+—Volunteer2
Volunteer3| ]|

——Volunteer4

600 -

200 -

100 -

1 1 1 1
1.1 1.2 2,1 2,2 3.1 3,2 4,1 4,2

Day, Trial

19 9. Peg transfer task®] 3 Az}
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¥ 3. Peg transfer task? 43 A7+

Volunteer no.

‘Egzly)v’ 1 2 3 4 ot SD

(1,1) | 389.85 | 399.56 | 446.87 | 373.08 | 402.34 | 30.51
(1,2) | 353.11 | 301.98 | 353.83 | 328.11 | 334.26 | 29.73
(2,1) | 267.80 | 291.48 | 272.51 | 696.03 | 381.96 | 12.54
(2,2) | 216.06 | 197.73 | 272.33 | 202.74 | 222.22 | 38.87
(3,1) | 248.20 | 352.31 | 259.07 | 160.44 | 255.01 | 57.23
(3,2) | 2562.19 | 211.58 | 234.04 | 123.74 | 205.39 | 20.34
(4,1) | 261.52 | 205.76 | 305.78 | 113.43 | 221.62 | 50.12
(4,2) | 220.07 | 197.42 | 198.63 | 72.27 172.10 | 12.74

5+ 9): %, °Fo]: SD (Standard deviation)
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Line tracking test®] 43 AJ7F> 3% 4o Azlssith. A
HA Trialol A AQJAEY HH 3 A 50.3 %09, F
Aol Al AR Trialell A= 22 46.2, 454 =2 ZrAslqich

upA 2 Trialo) A A LSS Hi# 0.88 cm/s8 £8Ho 7 HAEES

FaEA HArk E=d, AR o Bokel digt 3 A7kl
ETHAE Ft 3.63 xolH ol Bt 2QAIZEe] @A 8.0 %l
ety Al WAl TrialelA 993 A2, A3 Trackingol
2Q% o AT ZFZ; 46.25, 42.75, 47.25 Fo|th

¥ 4. Line tracking test®] 43 Azt

Volunteer 1 Volunteer 2 Volunteer 3 Volunteer 4

Trial 1 2 3 1 2 3 1 2 3 1 2 3

A3 |54 | 47 | 52 | 48 | 45 | 48 | 48 | 39 | 33 | 54 | 53 | 52

A8 | 58 | 50 | 44 | 48 | 49 | 42 | 50 | 41 | 36 | 52 | 51 | 49

AYZhe | 48 | 47 | 47 | 43 | 45 | 48 | 42 | 35 | 41 | 59 | 52 | 53

Wy | 53| 48 | 48 | 46 | 46 | 46 | 47 | 48 | 37 | 55 | 52 | 51

SD 5 2 4 3 2 3 4 3 4 4 1 2

*For 2, SAbE W23 E 2, 2Fof: SD (Standard deviation)
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¥ 5. AlEFHOIA 18 43 84 43
Condition Unit Value
SP of surgical end—effector 1 m [—0.05 0.05 0]
FP of surgical end—effector 1 m [0 0 0.1]
SP of surgical end—effector 2 m [0.05 0.05 0]
FP of surgical end—effector 2 m [0 0.06 0.1]
Initial value of @ rad %
Increment per epoch of 6 rad 0
Initial value of ¢ rad %
T
Increment epotch of ¢ rad 200
Total epoch - 100
¥ 6. AlE#HOIA 28 9% 3 EF
Condition Unit Value
SP of surgical end—effector 1 m [—0.05 0.05 0]
FP of surgical end—effector 1 m [0 0 0.1]
SP of surgical end—effector 2 m [0.05 0.05 0]
FP of surgical end—effector 2 m [0.02 0.05 0.1]
Initial value of 6 rad %
T
Increment per epoch of 8 rad =200
Initial value of ¢ rad %
Increment epoch of ¢ rad 0
Total epoch - 100
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A&l 19 Ay 7 109 YeERQIeh 2 oA

2 % ogl%ol, FES WASY] 9% RAL dist<TH (24 A)
Q1 Aol AFHIL, dist7h W1k ARk AL kel welt FEol

Fo Ak distt= TrhsHE AL Atk 53], wabo] HgwA
%
e ghel AREo]l WA, a< 109 Woli FE WAE AT

A AS7E 2347 diEel FEo] Bk et a <049

A ol grog AA FHAasHA et

et o 5 vAl 2ASEA AlEdHolAS WHESEIH
as 0.4°4 0.67H4 0.05 HASE F7HAZIHA AlEdolds
gHEela, O AdE 2§ 11 YERlt o] 2 EZE F 5t
<06 Y uw, dist 7} 5743t HHFA (Equilibrium point) oA
&= & F Y a7t 2455 A3 3 End-effector®

Asts B AR B4 A3)7F o wo] 85w,

Pseudo—signals A&s}7]e] FTES w|Fo=z FHEIEF,
ks

WAl 7o) Pseudo—signalel 2|3l

A= AlAGol mHuUrtA] Xek= Local minima®l 23]7]
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(a): alpha=0.4

X (m) 0050 g4 Y (m)

(b): alpha=0.6

0.1

-0.05

Y (m)

1% 12. a7t 242 (2) 0.4, (b) 0.6, () 1.0%1 A% AR B=,
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AlEFolA 29 FAHAAE o AHE  WHEEHY
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4.2. Line tracking test
NEet AlAENS] AVRAS ATSH] Y8Fe] Line tracking
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3% Peg transfer taskollx] A|AH
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Abstract

A Novel Head—mounted
Display based Control

in Robotic Surgery

Yeeun Jo

Interdisciplinary program in Biomedical Engineering
The Graduate School

Seoul National University

Robotic laparoscopic surgery has provided various
benefits, but during the surgery, the surgeons are experiencing
uncomfortable positioning issue which leads to neck, shoulder,
and back pain. For improving this issue, a novel head—mounted
display (HMD) based endoscope control system (ECS)

considering an ergonomic aspect is proposed in this research.
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The overall system is composed of a da Vincl research
kit (dVRK), 4—degree—of—freedom ECS, endoscope module,
and HMD with a built—in attitude and heading reference system
(AHRS). The endoscope module is controlled by a built—in
AHRS in the HMD. The stereo viewer in dVRK could be
replaced by the HMD, so it would reduce the size of surgical

robot system.

Applicability of the proposed system to surgical robot
platform was verified by peg—transfer task with four novice
volunteers. Also, line tracking test was conducted to assess
usability of the HMD based control. They showed rapid learning

to the system and small value of inter—user variability.

In the case of simultaneous control of HMD and surgical
instruments, the collision issue between them could be raised.
Thus, a collision avoidance strategy for HMD based ECS control
was developed. Oriented bounding boxes (OBBs) containing the
surgical instruments and endoscope were defined. And then, it
is estimated whether the surgical instruments and endoscope
collide through calculating the possibility between the OBBs.
The control signal to endoscope includes both the user intention
and collision avoidance strategy. dVRK does not provide real—
time position data of its end—effectors, so computer—based
simulations through MATLAB® were performed to verify the

collision avoidance strategy. As a result, the strategy was
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assured of safety of surgery, and the range of blending
parameter considering a trade—off between the user intention

and safety was proposed.

The HMD based ECS proposed in this research could
reduce surgeon’s pains in neck, shoulder, and back, so it would
lead to more efficient surgery. Additionally, space efficiency
could be improved compared with the existing stereo viewer, so
it i1s considered that the proposed system could be used as the

control interface of the next—generation surgical robot.

Keywords: robot—assisted surgery, da Vinci Research Kit
(dVRK), HMD, collision avoidance, OBB, shared control usability

evaluation
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