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Digital Human Modeling 7| = S 3! 7|'& Needs
(Trends and R&D Needs of Digital Human Modeling Technology
for Ergonomic Product Design and Evaluation)
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Digital Human Modeling (DHM) (1/2)

o, VIEH, 5|0 AESH 58S Aot ARE 2E0AM 7hde

0 DHMZ QI7te| QIN|=F7d st ‘M| A st
Q1Zk(digital human, digital avatar, virtual human, dynamic persona)2 £ & St= 7| = (Jietal., 2023; Silva et

al., 2022; Wang and Lau, 2013)
o HE O AAH M7 IHo|N AZHBEH EHE SR MG SR A
o TN E7| B0 M BHH O QIZEEH U 2FE F0|2 2r} T BSH0|n ABK HEHH QI
HE W&
XtM| £ 5St(Postural Load) E7} £ =M (Reachability) E7} SHAI isibility) BH
(Bubb et al., 2019; Hogberg et al., 2007) (Yu et al., 2018) (Akyeampong et al., 2013)

maximum
layout height

minimum
layout height

P;female
reachability
domain

INDUSTRIAL AND MANAGEMENT Ergonomic Design ‘t'? T - mjo}

POHANG U ,,;,Aﬁ-,b',,:, [F, 3 @ ENGINEERING, POSTECH Technology Lab Humanopia



Digital Human Modeling (DHM) (2/2)
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Conventional DHM Technology 2t
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XR & Applications

0 XR(eXtended Reality)= 7tatei4
Jl=2 X HEEHQIHE wg 2

CIXtQl Soll €8

Virtual
Reality

Augmented
Reality

Completely digital environment Real world with digital

information overlay

. @
X

Real world remains central
to the experience, enhanced by
virtual details.

Fully enclosed, synthetic experience
with no sense of the real world.

Mixed
Reality

Real and the virtual are intertwined

Interaction with and manipulation
of both the physical and
virtual environment.
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Pathology -VR

SURGERY

Brain-surgery

CLASSROOM
Students - AR

S -

2(MR)S Z&ot= =Ud C|X|E 39
U d HE, M=ol d, ¥4 EY, HE

o|st Z0f2| xR S8
(Lamkull et al., 2020)

DATA VISUALIZATION

Neuron Tracing c VisionVR

(A) Digital whole-slide visualization and navigation
using an HMD in VR and a web-based browser for
whole-slide imaging on a desktop.*”

(B) Visualization of a user demonstrating a neuron
tracing tool. For example, TeraVR can visualize
whole-brain imaging data in VR and reconstruct
neuron morphology at different regions of interest
(ROIs).™*

(C) Visualization and navigation of a 3D scanning
electron microscope (SEM) image using VisionVR
software by arivis.”

(D and E) Physicians can use AR to rotate certain
anatomy during brain surgery and cardiac surgery
to get full visualization to better perform, plan, and
explain their surgeries.

(F) Studying anatomy using VR can help physicians
visualize and explain medical processes to other
health professionals. A medical student visualizes
multiple organs and organ systems in VR.

(G) AR pens can be used to get a 3D image to help
students better visualize and study concepts.

(H) VR can be used for clinical assessments where
the doctor and affected individual can enter a vir-
tual world to receive a checkup.

ANATOMY

E Multi-organ

Cardio-surgery F

8
\ L8

TELEMEDICINE
VR Telehealth
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XR 7|8t DHM
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XR 7|8t DHM: 21ZFE Sk M7

0 Babicsné-Horvath et al.(2022)= 7|2 H 1178 & (stator) M= =L EO| QO A ZHak 2hd Aol 7HM E
LY %E = motion capture systemE 8510 YA S XU ES 7 20t I+

Xsens Original
motion capture suit

\

-

o
Y
Workflow duration 9 min 3 min.
ISO 11226 103 incorrect postures 19 incorrect postures
EN1005-4 39 incorrect postures 26 incorrect postures

_ 27.0% = 4.4% "’

RULA

o

ISO 11226: Ergonomics — Evaluation of static working postures
rPoOos7” EN1005-4: Safety of machinery - Human physical performance - Part 4: Evaluation of working postures and movements in relation to machinery nology Lab Humanspia
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XR 7|8t DHM: 17tZ St M| 51 T 7}

*

0 Pelaez-Restrepo et al.(2021)2 3D modeling SIWE AIE510] 22| S E 44 719 = 7H4 2HE0|A

HEI7t s S Mgt = s A of cljst o] =¥ XS

0 Ahmed et al.(2019)= 714t 87 49| Boeing 767 =S A M A|QH0f| CHH Sl LAl A] MH| =S Ate| #HE
OFEfZ 2 A

a2 A Boeing 76,7<Cocl_.(_pi;°'|!:‘| ] LH :'E"*é' Al
3D modeling XSAMS EMBEM

Overhead Board
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XR 7|8F DHM: R&D Needs

0 Digital Human & & ‘4 (Fidelity): 1O Ed. 17|54 HZE0j| Ciot l7tsstE AA A EIL A|, A2 Xe} 4
50 37|7} SAFS 3D avatarS A A510] AFR Al HE Tt ASER0| et MBS DAL QBN T g

0 S2EE N Z(Sense of Reality): 7tef 2Z UM 2| XHF ALE0| Ciet EX &= 7| 25, ME ArE 5%
=0k oL 2 HZ | MMH HZE 3l & ALEof et & nj=q &

dd AHgxte
Digital Twin

| AHE XL 7He2t3 OfHtEt

Motion/Haptic Suit

HAPTIC MODULE

XR All-IN-ONE SUIT Vibro-Tactlle Haptic Layer
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input
2D image —
2D data et Al,

. Machine
input

IMU, sSEMG data —>  |earning

input
2D video LN

Machine learning 7|= 2 video®|A| 3D human pose F
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E FH Al 7|8S Ar8ot0] M E- A28 2izhs
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Joint angle XIS Al &t (kasani et al,, 2022)

3D digital human
aQl 23}

3D human pose

(Kocabas et al., 2020)

 GREATEST
SHOWMAN

i 2

Lo" ’3‘ (Petrovic et al., 2022)

! 0“% (Bassani et al., 2021)

e
‘= (Kocabas et al., 2020)
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AL 7|8 DHM: Q1ZHS S HA

Q D|m|tropoulos etal.(2021)= @S EE(Cobot
AtESHY ZrAXEe| &=t XM O2| 1 =g E 2

SHES 220 £E 33 XS 2H

— EH +=3l cycle timel} G =0 Z1Y ESIE ZA A

Al 7| 8F Human-Robot Collaborative Assembly & 74| 5! "7}
(Dimitropoulos et al., 2021)

| High-payload
collaborative rabot .
Ergonomics Score
Cycle Time (s) (Max RULA Value)
(Lower Is Better)
____________________________________________________ Before After Before After
Task ti
\ .:.,;.:i‘:;.?.“ S [k seore] - scorescasifiation | " peraiorr g3z 140 2/6 2/6
| "”‘ i T" 2 T"” 5 {ivalue Operator 2 186 175 2/6 3/6
————— £ .- 17 | Operator3 154 pmpnl 141 3/6 2/6
‘ . 8 |-l4F Operator 4 192 kP 177 4/6 2/6
Satisfaction|satisfaction M e - Operator 5 169 155 3/6 2/6
(d) LPM learning sub-module
e ‘iﬁ’ j * EIM: Ergonomic |mpr0vement Module * Before(Without AI SuppOI’t)Z —Tl—gEl_l rObOt -?—l I| O“A-I x_ll-o.{ XI‘ _gx -6H
* LPM: Learning & Programming Module * After(with Al support): 2 & X} =2 0f [}2} robot ¢/ X| At-s =&
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Al 7|8t DHM: Q17t83std M| 5l

o o - E3 = o L
0 Igelmo et al.(2020)2 IMU 7|t Xsens MOCAP system= At2510] SH-HE HEO| Al 7|HES X210
II A H H = o]l =1 TE =E X T (= = o AFAHS A Ol
OWAS xI'k" c§7|' AI— [=| 7| |_|' ET'_'7I'E—I T'Illl-x_-ll cijl'a 'I'xc-; A| o=|ﬂ' g%!-EE 95/0 OI ol- =2 T Moo=
H
=3 L [
OWAS £ 7} A28 Al 223 84S
(Ovako Working Posture Assessment System)
Back _Legs - Model Back OWAS Upper limbs OWAS Legs OWAS  Avg. (%)
. ? o \t‘: accuracy (%) accuracy (%) accuracy (%)
?j e Staight P 1| [ Sieing - Fine tree 918 98.1 97.1 95.7
)/ ’ ' Snding on © Medium tree 91.8 98.1 97.1 95.7
52 Bent S bothieg = 2 Coarse tree 85.7 98.1 97.1 95.6
1 LT straight L Fine KNN 85.4 95.2 97.1 92.6
i\ ) Standing on ® Medium KNN 90.7 98.1 97.1 95.3
| Twisted % 3 one straight = 3 Coarse KNN 9.3 3.2 97.1 77.2
- _é | leg - Cosine KNN 92.1 98.1 97.1 95.8
) Bent & e Standing on Pret Cubic KNN 90.7 98.1 97.1 953
§ & twisted o ¢ g"“‘ knees ® 4 Weighted KNN 92,9 98.1 97.1 96.0
irreaiiiianasioadid ent - Convolutional 99.9 99.9 99.9 99.9
o A R . .\ . Neural Network = — — ——— — =
Fix el Y 4| |omexmeebent T2 (Note) CNN2 1tX Bt (overfitting) = Of S8 &tst Z1t OF7| 7Hs 8 =&
el shoulder w
. Kneeli &
g::‘cu kz;:;?vc __:’ 2 on:gr rl;got?'nn =N 6
3 i leg <
Both above %7 Walking or [:\
shoulder . | 3 moving P, 7
3 » Sl xjo
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Al 7|89 DHM: R&D Needs

o EFEet HAJZEH|0|E{(Valid Real-Time Data): ‘@25t Mgl U= EFEet D EE 2| H|0|E{(input, output)S
HdAZHHo = stHSl= 7|2 e ER

o =9 o9 8l XA S (Personalization & Multi-Center Cross-Validation): 7H Q12 , AFE] & (A& = . Q1 K| A.
/8™ AEl; ShE AEl; HZ HEl) dolt 217t QTN FHSt M, WA ot e X, dHE LEf ELZ
HtAStE XX ZSHE ELS 71T Al 2= Ve Sl Cpo| 2wkt HS e
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PSS dA U HIHE IS DHM 02 S X 7HE Needs

Digital Twin 7|2 DHM -

0 Digital Twin2 & X| 217t} '"E A" CIX|E SH == 495t HA|Zt 22 ASSt= 7|==2 A QlZta}
HE-AM2RC|lE BLET, OfF, /18 242 Sol dibd, AHE4d, otdd SH [ 24 % E7t
Human-Robot Collaborative System?2| Digital Twin Framework
(Maruyama et al., 2021)
Real space Virtual space
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. .- Cogmtnp
Human Communication Robot - -
el ——— Observing/Reasonhg/Plannin
module module module ( 9/ §'9/Planning)
HRC q real space — 1) daptation to
‘ b = —Real space Human
% - Woskie , Resok _ ?". g J P Task / Trajectory/
Sensing Feedback Robot controller

Ergonomics

Sensors

Production management module

IProgress monitoring and prediction| | Dynamic scheduling |£rgonomtcassessment

f !
ROS

Shopfloor Digital Representation

Motion
] AnatsEs Communication -
—| Digital human thodile Virtual robot =
Ergonomic - H rt I
4 evaluation . y ircua space
. N
Digital human modules Virtual robot modules
Digital twin

O NN N N N R RN R N NN NN N N N N N RN N R RN N R,
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Real space
’—-----_-_-_--\
4 Product ﬁ 1
1 Physical assembly space Assembly list I
I I Assembly sequence|y
I Text content > XML file Assembly task | i
: = Tcm |
| i Assist _ @ Assembly rask 3 |
1 g - Pae 0 @ Assembly task 4 1

Assenbly
h s
{ | i o | conra ’I
\ Assembly task n y

SHAA| 2

DDPG(Deep Deterministic Policy Gradient):
HEQTE S| AEfOIA £ K Q|

e D-DDPG(Double-DDPG): DDPG1(X| & EtAX} S &t 2 A]) + DDPG2(X]

Virtual space

iy

7 S
/4 A
: Virtual assembly space :
1 T M e S 1
I a
1 . Assistance process 1
| 1 |
I B — et 1
\ Perfiiaee | Updise sty l

~ it performance: )

Mkl dsia Sinudstion data
Rumumng v Mol
Data system
Pickis A e
T
e Pt wiis |\ =
difterence. = e [
Tor [ Skige?
3 ¥
DDDRG D-DDPG
3 2 3
Onutpit wolition Enutpit il
DDPGI H DDPG2
Pre_net arnet | Pre_pet Tar_owt
| o
|’:{clor A Actor | | Actor
Critic ie ||| [ cride M| [ rie

A o O
T=ASS ED

t al.(2021)= HRC assembly system0j|A{ digital twin 7|5 DHM 7|=

o 2 0|

- =1 71 -

=X A|AHS K
O 1 — O =
52 4745, critic HHER R

gory
= Stretch vt hands

Human skeleton Activn recognition network

St
=
= 27|

2E Mu pus

Control method

Picking time (s)

Collision rate

Picking accuracy (Ad)

Bteering angle,
Acceleration,
Brake

sensors

Grenerate the i
view scene and

ont
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Pre-programming

DDPG
D-DDPG

5.208 %
1.563 %

25.645 144%
0.521%

16.354 Zta
14.832

20% 2.447 mm 63%
?:ti 1.875mm | 5 A
0.895 mm

ZY Y SUE

Control method

Assembly time (s)

Collision rate

Assembly accuracy (Ad)

Pre-
programming

DDPG

D-DDPG

24.845 5.128 %
50%

14.564 | ZHA 1.538 %

12.453 0.513 %

1.884 mm
90% 69%
ZtA 0964 mm | ZhA
0.587 mm
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DT 7|8 pHM: Q1ZtS st A7 8l 71 H

0 Maruyama et al.(2021)2 HRC(human-robot collaboration) A &t S1 &0 A digital twin 7|2t DHM 7| & X &:
2 i

o XHQ] TIgH AFE S ZHAX}O| ME.EHH LS| AEf S MA|ZE

o E|got I
MEeo|Msto] Xt Zho| Bof Hj £t Xt ZIY Y HENoR
o UMM HAQRE ZAA|Z
Real space

NN NN NN NN NN NN NN EEN NN NN SN BN BN BN BN BN BN NN SN NN SN BN BN BN NN BN BN BN BN N B B Ry,

; \
HRC in real space o U
|
-"T- I
I T \Worker ﬁ 1
— ] £ XAl 7 x =} X A7 o B
—'7 3
i Sensing r Feedback Robotcontroller [~ || : : _!- H}‘I J $ 6‘ £1T b= = | *l J E% = ﬂ 'I'-al'
, . ) O|7t2SHA F|OFx 0] Ol =
e Ly DI LD et N ManegE et Modue - DT 7|8 system0| A{ 2 Dynamic scheduling2 A%t ALZ S HE=A0| A
Progress monitaring and prediction| | Dynamic scheduling |Ergon0m\c assessment Zl'ﬂ AI ?_I‘ $X°'] 2%7'— DT 7! H|_|' Systemoﬂ )\‘I QI DT 7| I:lt_I' SyStem Ol
—p H o =ICFS
o . i = —— T 7| E WLt o go% U Y A|Zto| of 12% %4 nE HYF 2 X0 W0
! stgixtel $58 E
! Gorttcen v obex |
A 45 p=<0.01 p=0.01 p<0.01
I : ﬁlg - p<0.01 i ) )
l Digital human modules Virtual robot modules T J,J 140 I i—l I—ﬁ 3
Digital twin § .
¥ T p<0.01 p<0.0L &
- £ [ o
Virtual space
215 1235 HAHS 2R0| S
o ———————— e 10 J 2 40 =xo| 2a|X 28 =7}
! ~ Physical space 1 /4 Digital twin 3 T " T
! % ; o , Z o
1 i == N Measuremendl Y e, ’ Condhiont Condhign2 Condition3 Condiiont Condition2 Condition3 Condition1 Condition2 Condition3
| { q . W 7IESEHo 2 A=Y B Dynamicscheduling OJAHS W AZZAH A= U OIS
- : 1 W oT7|Eto 2 MAA U FTH I Dynamic scheduling AHS W AZTAH R AR A NS
I g
1 |
|
1 I Feedback 1
\ 1 ¥

————

A -
p
-Analysis s .
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o HE|REE HE(Multimodal Connectivity): AFE X2 S&F #0F ofL|2f CtFet Aot . 2| Ht3, = 57,
(=) AL "' = . - o
ot S &Y, &Y = HE S AASH0] AFEXFY MMH, QUX|H, ZhdX HEjof Ciet S8 2L ETY 3
AlEdold g€
e ol A el
0 %5 A28 (Customization): 7HU B, EHB(MMH- AKX .- 28X HEN; et5 SEl; 42 SEl) dolct
= = = k=3 - P = 2 HF IT
QIzto] /1t Mg 24 §/d3 U= Digital Twin 7|2 71% 2R
Multimodal sensors
(Qiu et al,, 2024)
Multimodal Sensing Rigid and bulky XR devices Motion recognition and Flexible wearable sensors for XR systems
= , momtormg_lp XR scenes
s | Thermal imaging | ---- -/Full body
r | Caatian I [310(1011
,4-‘ IFacial expressions/Action unitsl ,," - I"i&gar & hand
\ - ] N moyement
- Body motion capture  Grasp & haptic ¢ H
‘ Respiration rate | <S»iil-ec0gtliti0|1 recognition E i .
§ Galvanic skin response [ - b o= 4 l'.‘ '," .ux,..;rvh-r“.w: i
N 7Slun lempera;ei . ‘\“ / %
.“+'," 1 Linguistic analysis I | . “'..
—] EEG signal analysis Gaitrecognition & _ Electrophysiological XR users o More skin conformability, more sensitive,
a Wearables-EyeTracking/Myo analysis el in movements better accuracy, less motion artifact
rPosTEeCH 19 Sl o ol o



Summary: DHM 7|= R&D Needs

no A7 Needs

0 Digital Human =4 M (Fidelity): DO EM. 17|58 ME 0| i3t Q173X M| o It
XR 7|4t *';ﬂ?ﬁﬁf ?.-ié*:,::' EL;I;} FAbeh 3D avatarg 4/d510] AR XLl M E1te| 4= EHE
DHM CHet Hetol DALY EM ZHe
0 &3 ZEhE AN ZH(Sense of Reality): 7+ 2HE 0| A 9 |
HNE AHE SZ 20 ofL| 2t MZE1te| MMH HE A ¢
a

0 ErEhst A A|ZF H|0| E{(Valid Real-Time Data): E&ast 0

FEofl clic e D= 2o
2ld A= EtSet

UE > | o Ot

El O & (input, output)E HA|ZIH o= StHSIE 7|2 7Y ER
Al 7|8F | o oty ol 9l P XA S (Personalization & Multi-Center Cross-Validation): 7H QI AFE
DHM (MHIH.QIX| A ZHS A El; shs oElf; 7472 HEl) 0|t Q17to| OINSF7dstA,
ARGy, WE| N, ds SEf SEE BtEot= X8 - Zletd EdS 71T Al 2 7 e &

Ct7| 2 uXt 43 28

0 HE|ZE HF(Multimodal Connectivity): AFEX2| S&F 2 OfL| 2} Ctkol HSHY .4 2| X

u HrE, = 27, ot S Y, &Y =d E S A5 AMEXE MMH, QAX[H,
DT | 2=l gejol chet S8 2 UEY % Al80ld T
0 =59 A 28(Customization): 7HUE, SENE(MMH- QAKX H.-ZEH LEN; 5 HEl; 242
AtEl) Ato|st oIZko] EM It XM 8 $H £/ 2 vtHs}= Digital Twin 7|& 7H'L =@
pDSTE CH 20 @3 INDUSTRIAL AND MANAGEMENT } Ergonomic Design #5% F0mjo}
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