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HSed 710t AtS e Bt

Q 7hd&30M 2] simulations S5l 2 XMLt 2 HE "7t (sivaetal, 2022)

O Mock-up= H&e 2271 20| 7t Alzta}

[n e

| 2 ZFA (Hogberg et al., 2007)

7}t simulationg St 714 simulationE St 7t dol A L5t
ZHA XEM| "7} (Hogberg et al., 2007) ZHA XHM| "7} Bubb et al., 2019) digital human (zhang and Chaffin, 2005)
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Digital Human Modeling (DHM)

O DHM: 74t SZH0| A 217t0| S 21 52 modelingSt= 7| = (wangetal., 2013)

SoftwareE =% human modeling T+

S1. Modeling _ _
A& software: Jack (Siemens), CATIA (Dassault Systemes) &
S2. Simulation o Ztet 2 WOl 2 AEM| simulation

|

S3. Assessment

o

- REBA, RULA, lower back pressure analysis 52| B7} &2
=S¢t 2 UXte| fof 3 =A% 24 "ot

7+ 2HE oM 2] ZH(Jack) Digital manakin2| Zt¢ X}M| simulation (CATIA)

(Akyeampong et al., 2013) (Vyavahare et al., 2015)
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Q It ™ A AT AA XXM E St =G A = (WMSDs) 0| (wang et al., 2013)
Q Prototype Siol 75.*%”8 JTCL;|7|- —JF_“SCL'I 7|‘% (Akyeampong et al., 2013)

O AA X"tCHAol =M S Sot A H|E S A2 A7 E| A} (Peruzzini et al., 2017)
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X DHM H72| SHAIH

O Simulation?2| &2 H=2tE 2 {MoE ZFH XTEM| 712 (Alexander et al., 2014, Lamkull et al., 2020)
g H=oF AAZFETI7F 0{2{-S (worretal, 2020)

o
Q 21 &4 Al, B7tAe] 20| 7H Y E (savino etal, 2017)

Simulation2| %2 d - = Qlot &S mot= 5 ot E ot Z e

0] A4

oF 2 XEM| (Lamkull et al., 2020) O A4S ZFR M| (Lamkull et al., 2020)
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O
an
ro
r
>
T

£ 35 DHM

Ol
o2
%

AL

(
=
1
[ot

e

—

&,

HM ¥ S

ot

'E"lgr (VR/AR, Digital Twin, Al/ML)

QO DE3E DHM ST AR = A}

ﬁ{} FoZasn

kel 7 ) Technoiogy Lab

¢y




e}

H0
0jo

Kl

ol

ol

10

0jo
il
ofnu
S

LHJ
101

B

81

&=
Z A} site: https://www.scopus.com

Kl
100
&4

o1

a &
—_.O
—

Q
Q

2
Nl

<
P~

Ko

Q ZAM keywords

2: human model, digital human, full body

ﬂ
2

v' DHM

A evaluation, experiment, analysis

v H7} 1t

. ergonomics, human factors

of £HH:

Mo

e

o|7
| iy

v

Ergonomic Design
Technology Lab

S




835 XA DESEEl pHM ¥ 7

N =3HE DHM ¢ Industry 4.0 7| & & E8% 22 DHM M-8 E7t g3

Mo
rot

Z A} site: https://www.scopus.com
Z: keyword, title, abstract2 x| 10 O|Lj & 23 T A}
|

=454 AM Zor 2M3 S5l MHE= %]

0O 0O O O
oY
1=

oY
1z
my
oy

104 &

R
1%

v 29|

M

Q ZAM keywords
DHM 2t3: human model, digital human, full body
| = 2t3H: Al, machine learning, digital twin, AR, VR, MR, human-robot

"7}t £3H: evaluation, experiment, analysis

AN N N
\J

QIZkZstk 2t ergonomics, human factors
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S1. Keywords =22 &9t journal paper 444

oA I E

S2. Title screening=

S3. Abstract screenings So 2HH & It

S4. 2HAZOf a2}t X[F review L& =2 M

-

EH
=

N T~
HAHN/ D 23}
Z|4l: (("human model" OR "digital human"
OR "full body") AND ("Al" OR " Machine
learning" OR "digital twin" OR "Mixed reality" 243/45 7'j
OR "AR" OR "VR") AND ("ergonomics" OR
"human factors" ) ) AND PUBYEAR > 2012
47/38 7
= —— - S
o, 5 ot 45112 4

21/10
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N EoHE 7]= 7|8 DHM A+

O VR/AR, DT (digital twin), Al/ML (artificial intelligence/machine learning) = 1=

v VR/IAR 7|22 7t &40 M| H2tst simulationO| 752

| a

v' DT 7|& £ human-robot cooperation (HRC) &322 X U% A7l 0|

=1 o [

v Al 7|=2 &Y ol Attt 9" THEe| XSt 7tse

HMDE %831 DTE 53 HRC EHUT 47 Openpose H&l's 7|25 Set
X+ simulation (Ahmed et al., 2019) (Maruyama et al., 2021) A XMl 2 M (Kasani et al., 2022)
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A EoHE 7]= 7|8 DHM A+

Q 1=t 7| 7|8 DHM 24 &3

VR/AR

CH &
AFE

(Ippolito et al., 2020) (Petrovic et al., 2022)

T | « XtAXIO| &K THA o X|XASLE AEl A A
%7&-’ ﬂuo—l Q-J-I'—l 7Hd -'-|—|2|'|_| HRC A|_|:| E7"" Eﬂ EII -5|' xI_E 7-'".*_"

PAES * HRC 229| HAIZt Hof 7}5 | « UL HSE LIPS S
| B oY U M HE HT HRC A|AEIo] ok, Mibd | 2™ E710 =0ty
k=2l K& SEAH e BP0l XEM| T 7}

Technology Lab
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VR/AR 7|8t DHM ¢ : 2 E 2 X

O Motion capture®?f Z2tol 2 XHAM| X ZHHE HIt Babicsne-Horvath et al., 2022)
v VR2 AHESt= Ao &Y H|0|E =% (Reinhard et al., 2020)

v H7} A1} AR A 23} (Evangelista et al., 2023)

71
v 7t E0A M E 2L XEM| S 2 2HE M A (Paravizo et al., 2018)

[ —

7 ZHEO| 2= DHM
(Babicsné-Horvath et al., 2022)
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O VR, AR, MR, XR 7|= H| 1l (2= 1 2170], 2021, Xing et al., 2021, Venkatesan et al., 2021)

g e = chA
= « A NA <t
L VR | HRHZ MEFEVE) 44 |- HVDE S8 BUY B NB| ATl i)
irtual Reality ﬁ"§§l"g'% Qf":".;f
AR AN AT BEE || o g o | VRO HIS EYZ0
Augmented Reality | =& - eTe e Hlw X Ho{HE
MR oI & M A otzlof 7t &d |- SE B AHS - 7l=H JHIOt()\lOIUP
Mixed Reality IT=Ts - Oz S AX|L|OE MH0 5F Ctax &2
2 AMAMC| =
XR I AR MR IEE SOEE L st oty mHel AnE e
At 7Hdo| AE B E . - J|l=H M
eXtended Reality | =t
2
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VR/AR 7|8t DHM ¥ 85 process

Head-mounted display(HMD)=

1. Create DHM
digital human 4/d

& *me e w9 s18ve: &

T

2. Virtual Workstation2} DHMS Z &}t
environment 7habetA MM 5 xHef -3l

i Depth camera, motion capture suitE S 5
3. Motion capture o ]
movement 2 joint tracking

(llona etal., 2022)

4. Analysis & Tracking datag RULA, REBA & E7I o=
Assessment Y £or 3 HEE 8ot 7 St S
(Evangelista et al., 2023)
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VR/AR 7|8t DHM A 1: Device & Tool

O Motion capture device: 2 A 2 & X}t2| movement datag 2=

Motion capture suitE

HMDS %8¢ X Y%} Aget A%t Digital humanO| 2! £ 7Ha 2 LUE 15
(Reinhard et al., 2020) (llona et al., 2022) (Babicsné-Horvath et al., 2022)

MOST IMPORTANT
is the STABILITY of
the hip harness

Foot and Knee -
in line, Thigh on
external side

{3 Te3ndia 3
Y delzesns 17 & Li—rg




VR/AR 7|2t DHM ¥ : Device & Tool

O Motion capture device
v' Kinect, microsoft, us: Whole body tracking, & A|Zt motion capture
v’ LeapMotion, uttraleap, us: hand and finger trackingQl =}

v' Xsens MVN suit, xsens Technologies, Netherland: —j|<-7|' Jél-t” giol EH“?“E‘ §._|'7c:>| Oﬂkl capture 7|'%

LeapMotion= 0| &St Xsens MVN
Kinectl| += hand detection motion capture suit
(Wang et al., 2020) (Wang et al., 2020) (Babicsné-Horvath et al., 2022)

A
+Y

Color camera
Depth sensor (infrared camera + infrared transmitter)

sy Ergonomic Design
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VR/AR 7|8t DHM A 1: Device & Tool

O VR/AR hardware

HTC ViveE %83l Oculus Quest 2&
virtual object grabbing 525t 2 X}

(Geiger et al., 2020) (llona et al., 2022)

. -

Move your hand.to the left, froi
0 se Re CO i

rresponding

AR

g ez

¢oY seizeiastn) 19 d

HoloLens 22 24 Z 1} 14 0] overlay
(Evangelista et al., 2023)

scene
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VR/AR 7|8t DHM A 1: Device & Tool

O VR/AR software

v" Unity, Unity Technologies, us: Ct &8t pre-made assets, & /I 22t H(IDE) =

—

v' Unreal Engine 4, Epic games, us: multi-platform X| &, & A|Zt HIEH &

v ARKIit, apple, us: 4K Sl & =, 2 K| 28-S =43l 7t =8 BiX| 7ts

— —

Unity2 seated model= Unreal Engine 42 7||'& st ARKite| BH ZX| 7| 522
SN RS Xt HIE} X}E 2%|
(Park et al., 2019) (Paravizo et al., 2018) (Park et al., 2019)
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VR/AR 7|8t DHM ¥ 3: Al (1/3)

O Human-robot cooperation (HRC)E %2t simulation system 7i'& (wang et al., 2020)

v 2H A 2 HEEUAM 7HY 22A

i d=
2AL S=2HE

ASIIR
i |

v HRC system: heterogeneous platform2|

Ubuntu: robot S% 7|2 & Windows: AR display &
B A XA} AR AR
gesture 214 FHH 2t ClAZg 0|

LeapMotion RealSense NDJ AR glasses

- ——

A X ZHAX}7} AR displayS Sl
I.M- EE_'l' M-S,_II-.Q.

e
B

Ubuntu system Router

Windows system

Eﬂi‘i 3
Alpizic 2t 21 O i




VR/AR 7|dt DHM ¥ Tt: Al (2/3)

Q A S0 7t 2 XS X of B sAt =88 Bt =7 FHE (Parketal, 2019)
ARKit, Apple

v AR 7| = (ARKit, Apple) 2 & X St 7t S7H2| feature
pointsE QIAISIT A Z 9| QK| XtO| 7| A

Reality environment Virtual DHM
: Xp2 ot " 24X : digital HIE 2 &

Ergonomic Design
Technology Lab




VR : HTC VIVE
VR
Software > ( O/\O )

*;ﬂ%f;f a

X2
LE¥

LA

W

= VR Controllers

) WS e 23

Interaction with the
virtual environment

Ol 2t data =%

ATt Atd| (313)
%l-éc-; VR 7*%%%‘% %_ﬂ' II-%IOP JkE-I7_-" (Rivera et al., 2020)
Z

Yot 2t vE

Should be avoided|

Ergonomically sound

J Not maintain for long. e/ /.

1711 : Ergonomic feedbac

Ergonomic Design
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Q 2ol ZAE M 7FS (1/2) (onaetal., 2022)
v VR 280X 2| ZrAE 714 A, 2 ERIL| & X[ (upper limb)7t 2 EH et XM E R X[St=

A|Z+0| ©F 25~50% O 7HM(Z4)E

Kinematic suitS At 3| JHM = o M| 2HE 0 A
e 22| 7HdetEoM F57d DAl g (P A er 54
Table 2. Time spent in working positiorv
VRa [min] NonVR [min] Classic [min]
Flexion over 60° LUA 4 5 13
Flexion 40-60° RUA 8 7 10
Flexion 40-60° LUA 5 6 8

RUA—right upper arm, LUA—left upper arm.

Flexion over 60° LUA Flexion 40°- 60° RUA Flexion 40°-60° LUA

5=}
— - 7 o A I e - e
1 1 1
' ] - P
v _| - : : 9 ] I i :
0 o ] ! | i
B 2 = " —
i s =l L =y 1
= = = L=
o
E = 1 E a5 =) —/ : E / :
» ! - e - i
—_ * 1 o - - -
w - T 1 ]
-« - 1 \ 1 ]
== L T
o . o - . =t
T T T T T T T T T
VRa NonVR  Classic VRa NonVR  Classic VRa NonVR  Classic

-y Ergonomic Design
24 Technology Lab




Q 2ol ZAFE 704 7HS (2/2) (Babicsne-Horvath et al., 2022)
v" VR softwareE A3l 2 A%E 7H4d St A, ZHUXL| 2517t A T4
> E AZh I M E 2 A0 Mol ZH 0| 7| EELCE67% HA
> SHZEY XM B7H1SO 11226): £ E S R AXIN| 7 =7t 7| E 2Lt 82% H A
> 717 2t 2 XpA 2 2 E Y EHIHEN 1005-4): EAE-S ZARIM| I =Tt 7| EECH33% A
> RULASA| 7| @+ 7|2 (78): 7|EELCH85% HA
ViveLab Ergo software2 workstation values H|
7 Edol =HAE Faisl 744 Workflow duration | 150 11226 EN 1005-4

Original workstation 9 min l 103 incorrect posturel 39 incorrect posturel

Redesigned workstation |3 min 19 incorrect posture 26 incorrect posture

RULA &M A}

RULA scores RULA scores

LM B, ’ -
e 4%

Redesigned
results

=5 Fy3tdea -
2Y terzezeny 25 O e




VR/AR 7|8} DHM ¥ F: H|stH

Q 7|=2 oA = 2ot | A X2 2] 0{2]F (Reinhard et al., 2020)
A AXLO| A 2of E

=0
A AXLO| avatar’t 7t 2 M0 5SS A2

H

v HMD VRE #-87%t
physical feedbackO| XS E|X| %S

Q =2[H AlMES20 25X AFS XS A

HMD VR #8351 &Y S92l X}

Reinhard et al., 2020
( T 7 ) _ " HMD = avatar=
7 ' 7tat = X|0f 7| CH
Ol A|ZEX O Al
PA e 1 =1 L=

Hs&s

N
£Q
=

rot mo

mo 2 p>

30 12 o

fir 4 b
|r rir

1]

mjo

J

T
— —

1o
>

4 H o 2
0
tjo

n
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Digital Twin 7|2f DHM A+
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Digital Twin 7|

=
)
T
=
e
H
Okl
Ofm
dlo
14

v HRC: 212t} 2% 70| = X8 A B E
> 5% BE, MA, QK| 7| S0 AYxte| gXY U ok nto}, 28 SE M

2

A3t 7H S0 M e Y 7
(Greco et al., 2020)

OP_10. Pick-up the component 1 and
place it on the workbench.

OP_20. Pick-up the component 2. OP_30. Assembly the two

components.

OP_40. Pick up the screwdriver and | OP _50. Place the screwdriver on the

OP_60. Place the assembly on the
perform 4 screwings.

workbench and pick-up the assembly. cart at the side of the station.

fon F@Zogsa Ergonomic Design
$5) ol zem 28

Technology Lab




Digital Twin 7|2 DHM €3: VR/AR2}2| X}0]

VR/AR Digital twin

S83 7tat 2t A 0f| A digital human modelt 4| &S EH2 st
e OfAlT TEAE Sk7 ALO o AlS X
. SAIS A|CHSH H| 1A S AP A}
e ZOIH Fl7HA =2 I o (=] 7481 H A =2 i ~ i )
. QIZHEEHE B U AR M| AS0

B

mlaiuf'u;jf gl

Vision Analysis Robot Reach Analysis Grasp Analysis

Sequence Editor

@ @ C 0 @ MK 444 L L] 5270 F 010 & B v X @
Sequence Editor P, 5 1 1% 2 25 30 | 35 40
= &u Operations

+ B URS_1_1_PNP_Op

+ By URS_1_1_PNP_Op1

# T TSB_Simulation_1

+ 8, URS_1_1_PNP_Op1

+ By URS_1_1_PNP_Op

+ By URS_1_1_PNP_Op

o FTHTTe Robot Program Operation Times 1 Ergonomic Design
* ﬂg%ﬂggﬂm 29 Technology Lab




Digital Twin 7|%t DHM ¥ 3t: 3E process

0 HRC system flow (Maruyama et al., 2021, Lv et al., 2021)

S1. Monitoring AMet 58 2= A XY 214 3! monitoring
v
S2. Risk assessment CI7t5stE WILE St 21" o= 2 scheduling

.

S3. Robot setting

ar Z21pof mHE 2X9| =X x|t XhM| 278

HRC system?2| DT framework (Maruyama et al., 2021)

Human ¢ ; Communication Robot
module

M
module module

HRC i real space

Worker

Robot Real space

Sensing [ | Feedback

Robot controller

Production management module

Progress manitaring and prediction

Dynamic scheduling

Ergonomic assessment

[ Motion | t { |
S\\ analysis

v f‘-‘"-
u_.| Digital human Commm:dnlf:mn Virtual robot -
- 3 : =2 .
y % || Virtual space
Digital human modules Virtual robot modules
Digital twin 3
vy f?i‘;dd-iﬂil‘g e -y Ergonomic Design
y AHFESE 30
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Digital Twin 7|5t DHM A +: AH| (1/3)

a4= &2F HRC XA 3} (Lyetal, 2021)
2oz 2EO| action ¥ ™

> RL(reinforcement learning)2 DT A trajectory?} posture®| %[ & S}0f| AtE
v HMM(Hidden Markov Model): & X2 4| 5% & Z2{ %l | =3

Human-in-the-loop collaborative assembly

® HMM2Z QI7t9| o| = =

Intention recognition

rt

“Obtain parts” [:> Key points in Tramsteyparts
human hand
ﬁ -~ (x.y.2) [::>
. o x101 7} Action category 2 @ @
Z \ :
@ KlneCtE = xl- EI a xl “Stretch out hands ” v -y JLCEGE 722)
Kinect camera Human skeleton
T @ R2E09| assist action X3
- Human skeleton  Action recognition network
°

=1} TCP2| 21X XI0| S A4kl
QIZto| &0 partE =3
Assembly environment

= oo

: @ SZ QA H EQ|3 2 human skeletonS Sl
" ZHUX} S &} Ol Al

- N — | o 1 ="

{5 FTeInusa

N AelE2sta)

A Ergonomic Design

Technology Lab




Digital Twin 7|5t DHM ¥ +: A (2/3)

Q QUX| 7|=2 AHESH digital twin 7|¥F HRC system 7H& (pimitropoulos et al., 2021)
v HO|H QX|ZE S5l robotO] Q17H0| XS

v’ robot &2l XI5 =H = St ¢l

: Digital TwinO|A| hosting

Adaptation to

Human
Task / Trajectory/
Ergonomics

Shopfloor Digital Representation

> On-line YZ+S8HH H7L HIS
Environment Process Perception =X} =5 = Ol o 7t
S =0| Kt X}O| RFOH AlE gy [ . > 1= x X
e S ARl B 4E Perception Perceptio of Humans ZNRE A =T #A FX

QIX| HjolH .
Ergonomic Design
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Digital Twin 7|2t DHM 9 : AL (3/3)

b (tppolito et al., 2020)

Exoskeleton robot

Digitalization Digitalization

“As itis”
virtual situation:
exoskeleton AF&X

“As it should be”
Virtual situation:
exoskeleton AF20O

—
im j lower back analysis 7"1'f

Lifting XtM| 2§ &S 58% 24

<) (=]
a0 SlE .|.|.=I 7I- 27% 7I-_Jlk_

= =O I:IA

Ergonomic Design
33 Technology Lab




Digital Twin 7|2t DHM A +t: 21} (1/2)

O
S o
bl
M
1%
pam,
ro
-
ok
3 o
s Ja
ok!
N
oo
o
=2
QL
3
3
QO
@
V)
N
S

AN ZE EH 2 F(error) Dynamic scheduling AF& NESHEY 22 1
DT 7|8t systemOj| A 2] Dynamic scheduling= A& %t 2SS MEAO| U=
UM ZE =H 2 B} DT 7|8t systemOf| A 2| DT 7|2t systemO| 170t HES
7| wre st oF 8% 24 £tQ) A|ZHO| OF 12% 24 EX0| F71 2350
xHoIX}O| BBIE ZO
| = 0

45 p<0.01 p<0.01 1
40

35
30 p<0.01

p<0.01

wn

Hu T
ol
Io

Working time error [s/cycle]
BB NN
o wu
[ -
(o] o N » o
& & © © ©
1
1
]
o
_j/\
\ =}
1 o
T -
1
1
1
1
1
1
o
A
. o
s
1
1
1
1
Average physical load
he robot [/parts]
o o o o o
v N 0w
el
A
o
o
—

o

Average working time [s/cycle]
@
o

5 20 ®o01
; ; ' Em mE
Condition1 Condition2 Condition3 Condition1 Condition2 Condition3 Condition1 Condition2 Condition3
. . o7} HOFx 7 O| AL
W 7IE Yoz XA FH B Dynamic scheduling O|AHE W lZtEors HMof=a DjALE
. . O|7tstA kxR H ALE
W DT 7|Hte 2 ZHAAIZE =Y I Dynamic scheduling AH-& W AZEe Mot zd A8
fon Fe2dtta ]
HAT N 2o Ergonomic Design
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Digital Twin 7|82t DHM ¥ 4t: 21} (2/2)

O &g a4 2k vetal, 2021
v DT &E0|AM2 2 2 A|7H XH S=E, &Y Ml 25 S4E

> DDPG(deep deterministic policy gradient): DT 2t 4 0| Al A|AERIEZ X|05t= L=t ot

> D-DDPG(double-DDPG): DDPG1(%| & S%f &=A{) + DDPG2(X| A 2&£ HH)

Performance of picking with different methods

Control method Picking time (s) Collision rate Picking accuracy (Ad) : =& HX}
Pre-programming 25.645 44% 5.2[?_18 % 90% 2.447 mm 63%
DDPG 16.354 | 5p A 1.563 % | 7p A 1.875mm | 5 Ao
[= = [= = (=
D-DDPG 14.832 0.521% 0.895 mm

Performance of collaborate assembly with different methods

Control method Assembly time (s) Collision rate Assembly accuracy (Ad)
Pre- 24.845 5.128 % 1.884 mm

programming 50% 90% 69%
DDPG 14.564 | ZkA 1.538 % | ZFA 0.964 mm | ZHA
D-DDPG 12.453 0.513 % 0.587 mm

sy Ergonomic Design
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Al 7|9t DHM A4
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Al 7|8t DHM € 3: 3 E =X

Q Y AL NN 2l 87t ?le At Es 2LETEY A o=

. input output .
2D image — Joint angle X}& A| 4t (Kasani etal., 2022)
input output
2D data ——— Al, ————— DHM % (petrovic et al., 2022)

input MaCh_Ine output XFod H AL X< x{ Ol e
||V|U, sEMG data —— Iearnlng —_— a9 u -|-°|' TO =X 0“? (Bassani et al., 2021)

input output
—_— —_—

Video 3D human pose ‘4“8 (kocabas et al., 2020)

Machine learning 7| &£ video®|M human 3D pose F&
(Kocabas et al., 2020)

: Ergonomic Design
Technology Lab




Al 7|8t DHM €4 AL (1/3)

O 23 ZE 0= (Kasanietal, 2022)

Al

=
v Open-pose2} CNN= 0|83l 22 Z4 =& ¢Sot= 88 =

Input: Open-pose= keypointsZt Output: CNN2 2 £+ 2t
2D image keypoints detection relationship, 3D matrix 4’ X X o=
« Keypoints: 257li(0~24) - Joint connector function2 £ - Zt3{Zl o|O|X|ofl CNN 7| S
keypoints& LIS keypoints 2 HEslo - A E FH
A2 + =N Hey 57 A1 RMSE
1292t MAE 4.7E =2
15 16 15 16
BYEE 29

X
¢ 1 -;w—-—a5
! [ : :
/53 /] Al relationship
/] 3
/
1 / /
V4 /' 9 8

104 13

12 &7

1]
J"‘24 21 1%
i 20

v22 19
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Al 7|9t DHM € t: At (2/3)

O HRC E7tE 2%t 3D pose 1“8 (Petrovic et al., 2022)

Inout: 2D VIBE deep learning Output: 3D
put: (Video Inference for Human Body Pose and Shape Estimation) Digital human model
471 2] IP camera® 2D landmark%i|A{ 3D human action &7 =8 a0
2D data &5 (Kocabas et al., 2020) SMPL modelZ E &
' @ Convolutional neural network (CNN) AtE o & w
.x4 . Zt frame® £ FE 2% %A/ ’
DAHUA @ Gated Recurrent Units (GRU) A& o ‘ooﬁw ,  b
IPC-HFW2831TP-2S : Human motion2| &=XtH £ It} | \\‘(" q 5 Iﬁ »!

® SMPL model regression

i d
1

VIBE 3D Pose Estimation
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S1. Divide workplace

Al 7|9t DHM € 1: At (3/3)

O HRCO“A'I E!'ﬁ xl‘ EH*‘" E% x|'k" ﬂxél (Dimitropoulos et al., 2021)

v Al 7|8t L¢02|E AM 7| 502 2 89| end-effector CHA| S| X] A4

!

> 7153t 3D 372 tree nodeR B, £Z2

Ol HEE X O 2 AlA

S2. Decision tree = <
Z position Y position X position Z rotation Y rotation X rotation
- — o
e ry_0
- .
-
ST
\ 4
S3. Optimal position > Decision horizon, number of alternatives, Sample rate 2 =
selection utility valueE F’dol| Z|X 2| ¢|X| 1%
S4. Calculate > oY 22X fIX|0f| A ] ZHYAte| Y F5tE
RULA score virtual mannequins A2 A M = BH

ey ZUZTHHL

oY) aeizmzss 40
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x|
v Aol FMetE ol IO SEE QI Fgk 8 7l =tel
> Cycle time: Al 2= A& Al 2F 6% &2
> RULA score: Al 2 & A A| 2 XS £5t= ¢ +=F(28-) 22 7 E
> FUY IR AIEE M A 52 USFE 2

- =1 ="

Experimental results

Ergonomics Score

Cycle Time (s) (Max RULA Value)  Satisfaction LPM
(Lower Is Better) (Higher Is Learning
Before After Before After Better) Curve (Cycles)
Operator 1 137 140 2/6 2/6 3.2/5 2
Operator 2 186 175 2/6 3/6 3.8/5 4
Operator 3 154 m 141 3/6 m 2/6 48/5 6
Operator 4 192 177 4/6 2/6 42/5 5
Operator 5 169 155 3/6 2/6 4.2/5 4

+ Before(without Al support): 1178 El robot ¢ X0 A & AKXt S +=H
- After(with Al support): 2 2 X}2| =2 0f [[t2} Robot | X Ats =H
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= =
Al 7|8F DHM ¥ 4t: 21} (2/2)
d 'L:E?% I°'|§!-59_| ‘L"J‘%"—".”E'.' .ngl- 7|'% (Igelmo et al., 2020)
v
= Al €252 USeHH Goto| H&st= A0 Hee

Training results for each trained model and its accuracy with OWAS

Model Back OWAS Upper limbs OWAS Legs OWAS Avg. (%)
accuracy (%) accuracy (%) accuracy (%)
Fine tree 91.8 98.1 97.1 95.7
Medium tree 91.8 98.1 97.1 95.7
Coarse tree 85.7 98.1 97.1 95.6
Fine KNN 85.4 05.2 97.1 92.6
Medium KNN 90.7 98.1 97.1 95.3
Coarse KNN 79.3 55.2 97.1 77.2
Cosine KNN 92.1 98.1 97.1 95.8
Cubic KNN 90.7 08.1 97.1 95.3
Weighted KNN 92.9 08.1 97.1 96.0
Convolutional 99.9 99.9 999 99.9

Neural Network
: CNN2 1} X $H(overfitting) £| 0] £ &ot Za} 07| 758 =3
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