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25 Fe2 ddY HA HE % (Minimally invasive surgery,
MIS)2A 7]E8] WA e vlaste] F5 o %5 visto] HJE
oF gap 9 EFolA thekdt oS Adu shAIRE, A4 7HE de
A}4- %= Intuitive surgical A} (Sunnyvale, CA, USA)2] da Vinci®

Stereo

.

Fe 2R AAEE 3D e AFste "HaEdeld

viewer®Z Q3 HE7t £ = EHA AAES FA & stEE

228 tyA~Z9 o] (Head mounted display, HMD) S Stereo viewer2]

teto @ AASH da Vinci® & 24 AlAEC 2835kt
AT A st A AEE da Vinci® research kit (dVRK) 9} 4
AHE2 WAl Aol A]A®l (Endoscope control system, ECS),

o
T2l HMD=E Y A e 2R 4% UAEd 9

EHE U & gtk dVRKE 1A da Vinci® % 25 AA®S
AT EHow HAL3 ZOFEA Master tool manipulator (MTM) ol
bRl ZxZo]  AHAFHE T WHOoE WEEo] Patient side

manipulator (PSM)S A ¢{3}= Master—slave W2lo|n ECSe= 3t

i A 2| &k



Aol gy WdE FaE o] #Hdw JAo] Windows (Microsoft,
Redmond, WA, USA) PCelA 3D Aoz wW3lste] HMDY| $Z9t}.

FH, HMDE hie] wgsle] Aokg Ausimz a7

FESE 59 BAV 24T S dEd olF 3 HMD $EH:
94 HMD 2] AxE hjetols] we gaoz mAse 15

- A A F ZdolA Peg transfer task® NASA-TLX (Task
load index) & AH&AF B7F W o= A A SHGITH
 ATelA s HMD7F AHAE" e 2% AIAES VS
Al2gl vlwste] AAFEA] FHE HY Zlo® JlgEnh T
I

AAR A - A4 FrhE APskd 3D ¥ H

A Aare] BEdE AANE ¢ s Zelw HMDO §3 o] Stereo

FR0] : =% Z 4 da Vinci Research Kit (dVRK), 1A &84 Al A~H]

AT wEE gAZyo)
8 | :2019-25593
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[Z¥8 4] dVRKE +4 84! (a) stereo viewer, master tool
manipulators, and patient side manipulators, (b) 8% EE Ao
T, () OOt PEAAL trAY cevvenneeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeneeeseennnns 16
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Ag A (a) WAIAE ¥4, (b) HMD A9 shelzgt 94 ...
[29 12] HMDS AA wiR]: (a) AZRAAA A= A4 6l

X%, (b) F7} FH ] D30 vjX|g AA 2] YX|; F — Stereo
viewer Ae, ¥ — Foot pedal &9 cenenensncasas HIREREARERA LI 8 27
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[2¥ 13] NASA—-TLX F7}%] A
[1¥ 14] Stereo viewer$®} HMDe| EA|EHE 392 vl (a)

Stereo viewer, () HMD ......ccccoeeecrieecieeeieeecee e 34
[T 151 H7F T et 38
[Z238 16] BTt A2 A 2R FAE: (@) € EF 2&FF,
(B) WA A BB e 39

[1¥ 17] Peg transfer task &3 I3: (a) LIS

=4, (b) 28 F< 772 1gE 944, (o) 1IE A=
H=d
[23 18] Modified NASA—TLX H7FA] SA]..ccvviveririnns 41

[2¥ 19] Stereo viewer$} HMDSE €3 H|w: (a) Stereo
viewer®] 9], o], 281 Zo], (b) HMD9 %°], do], 17
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SEusk @A A W AN FE 1T GRS A, Bl

a7k ANAA GAG Arks & F AmS AL Aol At

AAE BrAA g Zolas Ao W = otYRe wA 5
oz oA FeHt Ane W ZRs 5 g ¥

Fewe] Aoz g JFE Foln JEAVE & J1TE LS
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WALl Agtez Qs AMgA7F IE Ho] daEs UERAIIAY

DAE BEsl dom uE AME Agdcl @ FEe:

[11—-15].
Qe e FEAo] Wdte] polarization W29 @ t]AZdo]rt
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a9 1. (a) 717 29 2359 g3 o] Fold AR =
[20], (b) 717 Edo] &9 FAYS BAR: ¢ 22X [21].
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a9 2. (a) ¥ %2 gAaZd ol g€ da Vinci € 2 AlAH,
(b, ) &Y g2Ed o7} g§A¥ TransentrixAFe}t Titan medicalAte] € 2% A|AH
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Al 22 AT EF 53
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Az vlEwe] Fdo] AskE A kEE V|E da Vinc® FE 2R
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kit

fA~Zdo] (Head mounted display, HMD)ZE A<¢tstar  A<ks

A FaAY ASE A AR B7F S AAETE 2 Al
UM AdATAQ] FAHelA WA Alolel HMDE #4838 A7
ot [22, 23] B ZofellAd de] AREHo] AdAo] dTd W=

98514 St FHHoR PN ZwelMel ¥Ho| Bestiw
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AzZdE

A 1A xR T4

2 AFelA FItel AFEEE AR da Vinci® research kit
(dVRK, Intuitive Surgical, Inc., Sunnyvale, CA, USA), 4 AF%
A7 Aol A]A" (Endoscope control system, ECS) Z1¥]31 HMD
22 JAEY oA A e 2R AT UAAE Y FERE
Utk o2 FAERE Uekdid ofd 19 3¢ o

T4 2H ZAFEE Master tool manipulator (MTM) oA
AbgzlZ e W#He 98 ol Ubuntu (Ubuntu, Canonical Ltd.,
London, UK) HiFHIA #ds Alo] Asz Wate] Patient side
manipulator (PSM)& F&th UAlE 94 $F5F+= ECS7F &3t
97& Windows (Windows 10, Microsoft Corporation, Redmond,
WA, USA) HFHE HAFstal Windows HFEE Adw I3
oZgAlolAd 9 AY Mg Tz «<FUE] AY AX” (Unity,
Unity technologies, San Francisco, CA, USA)< &3l 3D A

Fdor Weste] HMDE S8l AF&AtelAl F&39tth

13 A ‘._, ‘_]l



Patient-side

Control unit

Surgeon-side

(a) I Patient-side manipulator I

Ubuntu PC

Control
Command

(b) |Endosc0pe control systeml

Raw image

Windows PC

3D stereo
image
(Unity)

VR HMD |




dVRK+= 1A da Vincl 7% ZX AlA®S A7 H5Ho% &8
Aoz 3 Aol MTM¥ PSM, 8% EE Aol +Y, Foot pedal tray
7123l Stereo viewer® TAETH (29 4). PSM MTME] &4 ¢lel
et o]& RAlste] FAEta 8% EE Ale] 3l PSM¥ MTM

Alolof A WHE S HAFsts 93 W=t} Foot pedal trayvs Yo =®
]

rlr
ro
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1o
(@)}
S
(@]
X
S
oo
(@]
:(n)L_‘,
o
ki
[Au
A
o,
N
N

AE FH o)At} Stereo viewer
o] AREAelA #5345 shde] MR dAE Hee
WAl o ® 3D ¥4s AlTsin

dVRKel= WAl 7kl Manipulator7} 2352 ool 3w
Ag-elA AARE ECSE  &&shith. ECS= 640x480 sldks
CMOS 7Zhvle} 2707F 38 WFor wdx o] F Fhete] A A& Fal

3D F& Tl Bead I

o

FZoJotty, T, MISOlA dest
Fulcrum point motion®o] 7Fsat™ @ik 307 2 71&<] glo] Roll
WEgow st g JhHete] AokE HeE w4Y F ATk [24].
B Ao AFEs HMD+ VIVE Pro Eye (HTC, New Taipei,
Taiwan) & FHHE7F AREAES]l W B WA A ste] 1E %<l
AME AR daS daete
g2l ZAZE AREAEY] Qb Feo] 3o shdo] = kol QA k=
HMD+= A2 &2qlo] 229 HRIsh zpAloA & 252 Aozt
7bFeetthe ARs 7Rt (2" 5). Eg e FHes @A
2,880%x1,660 AL 4%, 615 pixels per inch® 13} J4-&
FHul 110" Alekzrst 90Hz FAMER FEF 5 Qo] o) ATt

AHEE HMDe B3] Algehs Gadel Fdol st (F ).

Jm

A ZA7F 72 ¥+ Stereo viewer2}

R LB L B e S R

lo
fru
ot
2
_0|L
rlr
Mo
offt



"

R Patient Side
N Manipulator
(PSM)

= “\,

Master Tool
Manipulator
(MTM)

(a)

(b)

(c)

I% 4. dVRKY T4 Q4 (a) stereo viewer, master tool manipulators, and patient side manipulators,

(b) 8% BH Ao {4, (¢) foot pedal tray.
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(@) (b)
1% 5. Stereo viewer®} HMDS] A AHA| H] 3L
(@ Y8 E ¢o=z 9 13" AAE SR kg,
(b) A2 & o] A{F-ZH AL AME HE 5 9=
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¥ 1.HMD A% HaX

ASR=IRs VIVE Pro Eye VIVE Oculus
Y= 2,880x1,660 | 2,160x1,200 | 2,160x1,200
Pixels per inch™ 615 448 461
Augmented
Augmented

reality 7|%
reality 7]%
AR (Dual ZH4EH) -
(Mono

7hel2h)

/AR A
A

"9 Pixels "¢ Pixels per inch

2

2 Ao FA3 A]AES Software flowcharts 19H 63
dow AAs] Avstd va3 Zok 94, HMDE o - o AlM 4
e Fo] oA 5% AU HWHEe Windows PCol deebar
AR A $EE YS HMDE AFdct. o5 938 HMDS
Windows PCE <¢1d3&= Steam VR (Valve Corp., Bellevue, WA,
USA)o] FFAolth. Steam VRS & A7F ¥i3E3H= OpenVR SDK
7ol EHFECE HMDS PCO SAl& S7/HstH PCelA HMDS
st=dlo)l A 24l Hskar A 4 9I%EF Application
programming interface (APDE #|&3ttt. Steam VRelA S8k
golE+= APIE #8349 UnityelAd H<E 4 9dom  UnityellA
TEE 7P F7e] 9/del HMDE AEHa FAldl A4 AlA A

HMD® o3 F2rolu} o] 7Pk 3 Aol ¥ HMD Rdeo:w
2]
=

18 M 2l



Windows PC
Endoscopic
video 3D Image
ECS —> Unity |
Front
camera
video

HMD Data
HMD API
Steam VR <
HMD Status
(Movement,
Command)

a8 6. FAG A AHEY] Software flowchart
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NS HozZM HMDOA $&FH+ IS 3D JAoz <xAg
A A} AN, ECS7F #4Y

Noerw ARGAZE AAE 3D FFe

kel A BAgE dXA Ak g olEst AAH S FE OpenCVet
A AFH v golBggE S8 VAd R FEEY C# A=
ZIRke 2 FFSke UnityolAds  C++ Ao 71§kl OpenCV
golnyglE A& F glo] M FelA 7 @Y BHE AAE
A 2T (2" 9).

Tk, HMDO 3hdol = <o nAHW FAlo 9)F Aok}

g e 2 2827 RS E 4 9lo] Hand—eye coordination®
S 713 e 25 Aojol W] Qcle] & 4 Qlt}. whekx, HMD2

97 Sources ECS 7ZhdgtelA HMD ™ol SiAs 3 e

etz WS Jve Fretel £ 2Re Aolsh: Fel
A4 HMDE HA 9nE 9% 432 44T & 95% Yo

(29 10, 11).
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1 using System;

2 using System.Collections;

using System.Collections.Generic;
using UnityEngine;

public class EndoCam_Script Manual : MonoBehaviour

{
8 public WebCamTexture endoCamTexture;
9 public enum CamIndex { Left, Right };
10 public CamIndex EndoCamSource;
i public bool EndoCamON = false;
12 public bool CamCrossed = false;
13 public GameObject FrontCameraObj; // H® 7iHat GameObject?t #gE T #F
14 public string[] Connected Camera devices_Arr;
16 public void Update()
17 {
18 if (Input.GetKeyDown (KeyCode.Space)) EndoCamON = !EndoCamON;
9 switch (EndoCamON)
{
case true:
22 GetComponent<Renderer>() .enabled = true; //Debug. Log ("EndoCam
ON!");
23 FrontCameraObj.GetComponent<Renderer>() .enabled = false; // EndoCamo|
On SIBAM HW Jiojel= Off HES
24 break;
default:
GetComponent<Renderer>() .enabled = false; //Debug.Log ("EndoCam
OFF!") ;
27 FrontCameraObj.GetComponent<Renderer>() .enabled = true; // EndoCam0|
On HBA HY 7ioal= Off EHEE @
break;
} // EndoCam % ZY 702t Toggle - Space & &%
if (Input.GetKeyDown (KeyCode.C)) endoCamTexture.Stop(); // ¥# %2 Switching
Mol 2Ez8|Yg HHFOlopE
if (Input.GetKeyDown(KeyCode.Return)) CamCrossed = !CamCrossed; // 3% %
Switching
switch (CamCrossed)
{
case true:
switch ((int)EndoCamSource)
{
case 0: // ZX22 BI|E FHE 25 30 EJ| 2¥
EndoCamSource = CamIndex.Right;
break;
case 1: // 9522 B8 F42 35 oo 7|80 2F
EndoCamSource = CamIndex.Left;
break;
default:
break;
}
EndoCamTextureRender ((int) EndoCamSource,
Connected_Camera_devices_Arr);
CamCrossed = !CamCrossed;
break;
case false:
break;
}
}
void Start()
{
endoCamTexture = new WebCamTexture() ;
WebCamDevice[] Connected Camera_devices = WebCamTexture.devices;
Connected_Camera devices Arr = new string[Connected Camera devices.Length];
string Camera_devices_name_temp;
for (int i = 0; i < Connected Camera devices.Length; i++)
6 {
66 Connected_Camera_devices_Arr[i] = Connected_Camera_devices[i].name;

1™ 10. 94 Source A& 7|5 73 C# Code — 1
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switch (VR _Device_index)

{

case - @
case
break;

"
[}
N
L}
A

~onnected Camera devices Arr.Length; i++)

1Y 11. 97 Source A 7|5 7 C# Code - 2,
G A A (@) WAIFE 94, (b) HMD A9 Jhdgr I4

1]
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st HMDE 95 AlA oAl 71719 $IAE AAzte s X 4
of Aoz FstEE o Ao w7} HH3] oo}

o]
gk B HMDY AME 7718 Agse 998 A8RAZ Fu

S %z w MTMS$ Foot pedals

s Hi= Yo ¢gtow PAF SourceE HMD W] JhdHE =

O-

Hdgkstel MTM3} Foot pedals & do®= TA7F QlojoF sl A&
7rersto]l T AlAE Z+Zb Stereo viewer AW Foot pedal Sl
HAAAA AFEAZE k2 A oA ot E vlgtHol: AlE FA

d&sHA HMDE AHE2 & =S o (1d 12).

s
S
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(b)

I%¥ 12. HMDS AA HjX]:
(@) AZANA BRee AA HAE,
(b) B7} &7l gof wixIg A9 9X;

%} — Stereo viewer A%, ¥ — Foot pedal &9
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A 2 2 AR H7F 2A

T 2E AAES @2 AYy AAxe RV|IVIEA 53
At I el F=Q S kA AFEdd. =, oln] "y HgH o
X550l 9d=% 7]E Stereo viewerE HMDE thA|lol® 4 ZH9

Aent 8ol BAZL QEA olnE dds wwske o e

T o5 fEAAMs B s HUF =7E 283 AR
B7h7F agrdnh weba, 2 ATelA s o 7dE HMDE &8¢
TFE 23 AAFd g e WAe] mAls e AFstaAt ol

A AT

AREAR BT ARl ke A BkR EH 7
Bds Zrsy] gk ol AT EE B ool fadol
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(FLS) oM aebst H7F 71 & stuz gArph = 75 drbd
soetAl R eAE gelsitt [25]. F 12708] PegZt #-9-Sel 6704
o] AXE Fo]l afol o] AFAol = 6719 AAE uYE
670 Pegel uwro]l k2 AE AFSle] SE2HO Peg® &7
AdE FHES sto] AHE ARE SAST Hhe A g
Ao HeiM = Thed FdE Vsl tasksE FRSIEE JA7HAL
7175 board Tl SXAZIL FHIE whAWE ZTRARbl Al AlA
ATE Bz A" w87 o A2 AR boardel] T Al Hel
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End—effector® RS &8&3%= 3% End-—

AdAA H7F =42 E NASA-Task Load Index(NASA-—
TLX)E 83tk NASA-TLX:E NASA  Ames research
centerof| A gk =z ¥} HriRA  FriAE g 2
dolE 67FA oA 0-elA 1007 ®WelE AAsk=dl, zZHgiel

AP AR F w2 A5E 7| =E HoQlth (1¥ 13). 6714

d

o,

)

7} @& Mental demand, physical demand, temporal demand,
performance, effort, and frustration®® 2z} &&of tjst AbAsH
Arge o]l x 29 AEsink. BUHAE o &S Hels 6719
gd&5 F 270 FEe Wol vluste] FEHE

[} [}

Fevel WA e Aol Hd o
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NASA Task Load Index

Hart and Staveland’s MASA Task [ oad Index (TLX) method assesses
work load on five 7-point scales. Increments of high, medium and low
estimates for each poimt reswlt in 21 gradations on the scalkes.

Mame Task Date

Mental Demand How mentally demanding was the task?
N I I | I I I
Vary Low Very High

Physical Demand How physically demanding was the task?

Very Low Very High
Temporal Demand How hurried or rushed was the pace of the task?
||IIIIIIII|I|IIIIIIII
Very Low Very High
Performance How succassiul were you in accomplishing what

you weare asked to do?

Parfiact Failure

Effort How hard did you have to work to accomplish
your level of performance?

Very Low Very High

Frustration How insecure, discouraged, imitated, stressed,
and annoyed wereyou?

Very Low Very High

I3 13. NASA-TLX H7}A 4A [27]
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¥ 2. NASA-TLX® 670 B7} &=

2
ol

Bt 3= 4 AE
Mental demand How mentally demanding was the task?

Physical demand How physically demanding was the task?

How hurried or rushed was the pace of the
Temporal demand
task?

How successful were you in accomplishment

Performance

what you were asked to do?

How hard did you have to work to accomplish
Effort

your level of performance?

How insecure, discouraged, irritated, stressed,
Frustration

and annoyed were you?

32
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A3E Stereo viewerE AMgdtE V)& A AEIY vlwsld

AL E& HMDE 5% 2% A|AH Ag35tgon

2o (19 14). 7 974 EF #ALdy 9k 94 FEHske] 3D YA

AArS AE3H  Stereo viewerd GAto]l ¥ AA Hol:=
Stereo viewer® 3BT (640x480)7F Yol EHIF &
Mirroringdl= 3% EUYE  (1,920x1,080) A= 7
iAoz AA vERtr] wolth B, g 1He] 23 A

et = S Gy Aol thEA molvt Hg Al F Jgol

A 3DE Hol= HA9 Azl 94 Fwo] fAst R HAAz HE

Alol= 7-A 2] xpol7F A E A %kt
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Resolution: 640x480

Resolution: 2,880x 1,660
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Abstract

Application of head—mounted display to
da Vinci Research Kit (dVRK) with its
performance evaluation method

Gyeongbin Mun
Interdisciplinary program in bioengineering

The Graduate School

Seoul National University

Robotic surgery has become prevalent because of its various
advantages as a progressive method of minimally invasive surgery.
However, the stereo viewer of the most widely used da Vinci®
surgical robot system requires the surgeon to maintain an
uncomfortable posture that increases the risk of musculoskeletal
disorders. After other open—console type surgical robot systems
with single display were released to the market, it was expected to
solve this problem. But they had shortcomings on the quality of
visual feedback, such as flickering, ghosting, and crosstalk due to
3D stereo technique using single display. To overcome this problem,
we suggested replacing the stereo viewer with a head—mounted
display (HMD).

The system suggested in this research was comprised with da
Vinci® research kit (dVRK), 4 degree—of—freedom endoscope
control system (ECS) and the HMD as a 3D display device. And the

system 1s largely divided into surgical tool control subsystem and
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endoscope imaging subsystem. dVRK was a research kit which is
converted from the early model of da Vinci® surgical robot system
and a master—slave type robot that Patient side manipulator (PSM)
were controlled by computers following applied movements on
Master tool manipulator (MTM). ECS provided a 3D image to HMD
by processing images captured by 2 cameras aligned horizontally on
ECS through computer. Meanwhile, HMD is mounted on one’ s head
blocking him/her sight. Therefore, a function of changing a video
source between the front of the HMD and the ECS was applied to
mitigate this inconvenience. Also, we proposed comparative
evaluations, including peg transfer tasks and a modified NASA—
Task Load Index (TLX) to determine whether the stereo viewer
could be replaced by the HMD and to investigate that the HMD had
clear ergonomic advantages.

Suggested system on this study is expected to show better
ergonomic performance compared to existing surgical robot system.
And we can clarify the effects of replacing the Stereo viewer with
the HMD and determine concepts of further research. In addition, a
volume of surgical robot system will be decreased increasing a
spatial efficiency on the operation room. Additional improvement
can be expected by combination with existing features using in

HMD, such as wireless controllers or 3D overlay.

Keywords : surgical robot system, dVRK, ergonomic system, head—
mounted display
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