3D oi{mlo|M & Z[gte] Cixpo|H S =R XY A =2

CHEHA CR}QI S ErELYS

= o

193

A Design-Centered Framework for Robot Motion Design in a 3D Animation Environment

0|X|od*
Eolrysim AZic|xjolstn}

=

47|
Bolcketl 7 AAIAEICIAIZ S e

Jiyeon Lee

Dept. of Visual Communication Design, HIU

Kicheol Pak
Professor, Dept. of MSDE, HIU

* Key words: Robot Motion Design, Animation to Motor Framework, Skeleton-based Rigging, Design-centered Approach, HRI

1TME

11 28 22 FSofMe| ClRfo|H M2 s

25 22 E] /T A tialelus 2] A0S A
A P oy FFF Aol ok bARYrL
HRI(Human-Robot Interaction)E 1&g 457 JE 2292
T = AkEE, 7 ZgelA AR S A 7]
&4 A At o] FoiA)Y] wiizel HF AEole defe
OJ=7} =AY BA e 797} Rkt

Mcharek(2019)7} Nguyen(2022)-2 ©[2{t o] o], = A,
Q) Wale] AtolofA] vEEThL A Hsh, Tiztolul-<lx|U o]
F AFUACIA Azt @Y HAe 7P & AR Aeditt
I Husjgirkes, BEEE opFolied] 5o s ZREEl] Y of
F Z2A0] FNRE, 23] G 7Hke) =2y &
HIRFAPNA =2 Aoz 7“%’3}04 tiztelu 7t 2
290& FAsIL HAF3] oA THE

o rob

% ”"

12. HR 7|2t =& 9 3

25| AR W=dt 75 S |
o] 344 el=e} A whgol] -4
oJt}. Nakayama(016)-2 25-°] &2 sjede] HA7} AMgAket
of X1z el frejuldt Faks vtk siglem, Hu et al
2025)= 7154 2219 (functional movement)® FEA 2219
(expressive movement)e] Ago] 2ol thgk ALgAke] FAZ
AAE FofwlshA| FIAFNAL 45 A FHod =engagement) 2}

Frth7sense of connection) 1ol 71edgkkar BFgThs6,

! Hoffman, G., & Ju, W. (2014). Designing robots with movement in mind. J.
Hum. Robot Interact,, 3(1), 89-122.

2 Mehdi Mcharek, Toufik Azib, Cherif Larouci and Moncef Hammad,
Collaboration and multidisciplinary design optimization for mechatronic systems,
[ECON 2019-45th Annual Conference of the IEEE Industrial Electronics Society,
Vol. 1, [EEE, pp. 624-629, 2019.

3 Mimi Nguyen and Celine Mougenot, A systematic review of empirical studies
on multidisciplinary design collaboration: Findings, methods, and challenges,
Design Studies, Vol. 81, p. 101120, 2022.

¢ Hari Kishan Kondaveeti Nandeesh Kumar Kumaravelu, Sunny Dayal
Vanambathina, Sudha Ellison Mathe, and Suseela Vappangi, A systematic
literature review on prototyping with Arduino: Applications, challenges,
advantages, and limitations, Computer Science Review, Vol. 40, p. 100364, 2021.

e 230 284 Y ARgARe] A vkt Juz
ol FUigk FF wAE fdolARl @ Y A=
tAelA7E =3k st sle =uld AYd A £30
AA 23 22l T3] TAEA FtaL i olel| wt o
Aol e} 8 o5r} AA FA A wgE 5 = N

879] 720 Wasid

N (IS e

250] ARl Aeite Fosp] A% A F R oy
ool dElE B85k o] Tk

Lasseter(1987)= 5-2t9] 52 i’écl-— ‘Slow in and out’, =41
g AHoz AAxHE ED 28 mlos ‘Arcs', F54o) we B
zHo7 HgE= %4%‘% Bl AR Rofske
‘Secondary Action’ 5] ¥elE AT
ol2igt )= 3D efymlol A sHEle] AEzE E&] Sl
A=A oM, AR &= Wt A - B whg-S AAS)H
€ Mdegx 28 A9 A= A8 71ss 71Ee=
& 5 Atk

ool 715k el thdk AR BA HiAbod¢t <Ay
o7} st e =y glxx|e] o]Fwe 23 BDX
Droid & A2 AE7 v 221U 5o oA +
datgirts. o] AT 3D ofuymlold AZESolMaya)ellA] Al
2 22Q) HolElE &8sl Z3ias B3l 2ol W%
2191 AFSEE SFAIFITE o]E A il HEjtoR
A, B4 Oalele] 9] 588 FAOE ¢ 2R wA A
Z2AN 20| 7FsAE AT

oA Yo 2F PP AYSAY = Fol7] s

I

il

ﬂ-‘o

5> Momoka Nakayama and Shunji Yamanaka, Perception of animacy by the
linear motion of a group of robots, Proc. 4th International Conference on Human
Agent Interaction, pp. 3-9, 2016.

6 Yifan Hu, Peng Huang, Madhav Sivapurapu, and Jianming Zhang, ELEGNT:
Expressive and functional movement design for non-anthropomorphic robots,
Proc. ACM Designing Interactive Systems Conference (DIS ’25), ACM, pp. 1-13,
2025.

7 John Lasseter, Principles of traditional animation applied to 3D computer
animation, ACM SIGGRAPH Computer Graphics, Vol. 21, No. 4, pp. 35-44, 1987.
8 Robert Grandia, Eike Knoop, Matthew A. Hopkins, Gregor Wiedebach, James
Bishop, Sam Pickles, David Miiller, and Moritz Bécher, Design and control of a
bipedal robotic character, arXiv preprint arXiv:2501.05204, 2025.



ATolA= Movelt: 719k 7]&=2 E83lod, 3D tAE EY &
AA 2RE AAS L AldH o2 ARAQ] QEHo|AE B
3 FAYE Al BAE Xil‘”}o}%’iq‘“"“ olgd A
28 Aole] F3HKinematic)?] A1EE A28 R AREA
HTAE EAThe HollA 29l 7zt

Iy F AR BF 2R dAYolE Fes ‘31-‘; N s
xgketa 9lom, A3l dS 913 vlolH & dAldA &8
71} ROSRobot Operating System)E 7|¥ko & 3 g2 3t
73 75} 729 AAle] a7 o] FRoAE YA |rt
< 7] g, AU F AUS

;(]7(.] Eﬁ"] ET—1 u]
Aokt mAd0] EE AAES HoluhA Fata ek WA
& ATelrs 7

2A AjlUolA] €} 3D ool
A AR 1) ool i HelEE A4 Waslel il
W] Aolo] 8 5 Qe Te2E Akt

3 Zel3 e F e B

31 7104

B A4 Agkshs ZHUY == 3D ofuirlolAd 3604 A
2kl A Eskeleton) 719F ofuHlole] FHE FE3 }04
0|2 Al 239 ¥ Ao YHZHmotor control nput) ©.E
Shsh= W2loltk. Zellelze] A AdS ofymlold Xﬂ”ﬂr
AoA AHEE 2AYE FLxkeletal structure)S 25-9] £
2 7 Fx{physical joint structure) <} tI-&-A17)%= Zolth

o] AL 3D ofyrold AReM BEHoE FEEE g7
(nggmg) HAzE 7luto g 3l gAe mdEl g A;_j_]gﬂi
(skeleton) == Ebone)}S AHdsl 7z xé«l AR} BHES
o3l o1& w|Mesh, E=le] o8 &4 vloje])e} Jéo}
of FAUE AAY F == Sz A ‘&741011?}.

2Ho A9 7t BEP} AA B 9Ts FYRIEE, ofyno]
A AR BHEE 2R B HE IHAE HA
o] dasith o] T3l BA tAlolur} 2445 314 Fho] &7
A 7 tolHZE 23 wgE 4 ok

TAHoRE 2Xe| 7t BR(: &, 38, He 9% D It
W w4l Fel= wixg & o]& tlgshs £bone) AlFol A2
slo] 722 dRGES R olm A 2O 7|7EHy
ZE W8] S5l BHES BH 5YT IAF FAYU

°02 Agsto zx B 93 A =S A AT

% Yeping Wang, Alexander Peseckis, Zelong Jiang, and Michael Gleicher, Motion
comparator: Visual comparison of robot motions, [EEE Robotics and Automation
Letters, 2024.

10 Andoni Rivera-Pinto, Johan Kildal, and Elena Lazkano, Toward programming
a collaborative robot by interacting with its digital twin in a mixed reality
environment, International Journal of Human-Computer Interaction, Vol. 40, No.

[T22H1] 3D oHu{o|M &rdoliM2| 2[2Z(Rigging) 7= OHIA|

32 Of{oi[o|M Z (8t =
RA HrloldEs ARk
2 3D ofyulold At WAooz
th MAYE 125 JNle g

A2 & J‘—'PH

i%«l +A9S é?ﬂl% T A
el AEgh Lasseter1987)9]
ofwlold Az]e] Bte](Timing)¥ ok=Ar0)E WHgst 7t 7]

Zy oS A3t o)l% [192]9 e a#= HWH7|(Graph
Editonoll A 7]1=#9) 7ke] 24 Bike Ao 24 o =4
(ease—in/out)ﬂr =43 S2(motion arc)S Tk A1 A}

E ki

[2212] I8}z OflC|EH(Graph EdtorofiAfe] 7|maflg] =7t - szt i} oAl
ojaf Z+ #do| 3HFels 2 TSR I|xdzo] Z]5Hv,
T Gelxl= wiA|olBezier) 4 Hel = AlAElE o] AzE
o] e 2% Wap} d%zos TAE. o]F Fa) tlold
= A &= 24 3, $AYY] A5 Auses &
ek 4L 5 Slck
olgA A8E FA HlolEE e Ao} lEgtos W 5l
E50], ofrilolddell A A elo]gel w2t U 3 5
< FYIT oA WHo] B TEHE Fols 22
o w3t 23] 7 REE AHUE 3 FLT ElolE W

fl

r
rt -L%i 4N'

¢

17, pp. 47454757, 2024.

11 Pablo Malvido Fresnillo, Saigopal Vasudevan, Wael M. Mohammed, Jose L.
Martinez Lastra, and Jose A. Perez Garcia, Extending the motion planning
framework Movelt with advanced manipulation functions for industrial
applications, Robotics and Computer-Integrated Manufacturing, Vol. 83, p. 102559,
2023.



B e ARomH QA $HYS] YBHE AT £ Unk
o) F4L 3l DAl 3D ofslold eI AT 2
o] £4e& AISHL, ol BHoIN TR EHS U4
24 7502 438 & ok

{ F{0crve )00 LM AL UM 9 8T T S (ENY 0500)

A [ SeRae]| (WS (e

-

h

121S)Y, Hwang (2025), Blender2Motor: A skeletal 3D animation-based framework
for robot motion design, [Computer software],
https://github.com/YoungSDE/blender2motor

13 Jakob Nielsen, Usability Engineering, Morgan Kaufmann, 1994.

14 Christoph Bartneck, Dana Kuli¢, Elizabeth Croft, and Susana Zoghbi,

33 715 OfjA|

£ A7oA= Benderg &8st ZH UG AN Al2ElE
TR Benders= 2Z4-2 3D ojumo)A AR} =TEA
Aol =11, Python APIE B3l 7+ 7]1=e9le] 314 ©lo|E
Soll 44 AT 5 Udvhs HollM AT E3o)) Raksigivte,
(7% 4]= Blender 3ollA 23 3xgke] AA B2H 5402
S13kEE AT BES RO

Dlencer &%) A2M 45

Ll D
iz ceein 38

[TI1244] Beender 2/ &HH0IM2| SFiZL FE0t M| 28 7 SV15t 25

4. ZelQ3 ot AS

41 ot AA|

ARkehs el ae] aRE Assh] A 7 e AFS
o2 712 Agssint talelyet dAYsZE FAE &
1892] AREAPL 57He] ' k] ZHQlelas &) =
Bo| $AYS Adsal, o)F Azt HAol| FosiA] e 243
of #AA 50| BT AAES Wk

AR 29 7K oRleh 22 RS B3l A4 (Usability)
o tigh $HE wgton, A 2] Bk AR 239
o] Adsh= A M AREIY QIAEAS SAs] 95
GQS(Godspeed Questionary Series)S BHg-gir}s 14, BE F3fe
7 YAE H=2 ANk

AR 7K F 9N dE(EE I A4 glo] AR 7S of
B RA 3389 AR, o BE B4 78 8ol ngRy]
7159 84, 719 22k AR, BA 4 HOA, AR
g AFe] 2144, BE-ofuyrlold YA FAISSITE
44 2GS B7kE 570 A—Anthropomorphism(€]$143),

=

Measurement instruments for the anthropomorphism, animacy, likeability,
perceived intelligence, and perceived safety of robots, International Journal of
Social Robotics, Vol. 1, No. 1, pp. 71-81, 2009.



Animacy(*y54), Likeability(37}%), Perceived Intelligence(<]s
A)), Perceived Safety(QFaA)—o = FA=M, 7z aj¢lo] &3
4= Anthropomorphism 5%, Animacy 653, Likeability 523,
Perceived Intelligence 5%3}, Perceived Safety 3302 435

Sk 34 ol%, Az Ameh 314
NOE EZS $J8) A $HA B Fo) AS AY A

Z272H XA Qlo] A
ks off | =M B8
AR [ T 26 2
T8 8014 / nl2le7| 715
REY [ 7|=ZA =
Aoy | 2M £ EHoly |
Mz W AE A [ 2R
OHL{m[o | RN

AEY 87l

Fake — Natural
Machinelike — Humanlke
Unconscious — Conscious

Artificial — Lifelike
Moving rigidly — Moving
elegantly
Dead - Alive
Stagnant — Lively
Mechanical — Organic
Artificial — Lifelike
Inert — Interactive
Apathetic — Responsive

GAS Disike — Like
; ) Unfriendly — Friendly
lgf{)_ﬂ,g 574 Unkind — Kind
= Unpleasant — Pleasant
Awful — Nice
Incompetent — Competent
Ignorant — Knowledgeable
Imesponsible — Responsible
Uninteligent — Inteligent
Foolish — Sensble
Anxious — Relaxed
kY] Agitated — Cam
Quiescent — Surprised

Anthropomorphism
(2lolH)

574

Animacy (M=Z)) 67

Perceived
Inteligence 574
EXE XS)

Perceived Safety
(X|=] OFRA)

o

(Nielsen, 1994; Bartneck et al, 2009 &)

o] fofula At BAZE GEREQ 005) ol Aede) o
4

¥ Sl B B4 A4 F 54 39l 4% Agmos

A 38 AfEs GQS AR &5 F Likabiitye] Dislike-
Like'(o = 0476, p = 0.046), ‘Unfriendly-Friendly'(o = 0522, p =
0.023), ‘Awful-Nice'(p = 0.539, p = 0.021D¢} Perceived Safety<]
‘Agitated-Calm’(p = 0496, p = 0.036)ollA 523+ AA JA3A
£ HSit} o] A= A o5 83| ARt 555 B
e Y-S B T8 HgE o QlAgk Ao &4
=k

T3k RELofyrlo]ld UxAd2 Animacye] DeadAlive’(p =
0497, p = 0.036)9} Likability2] ‘Unpleasant-Pleasant’(p = 0.511,
p = 0030, Distke-Like'(o = 0534, p = 0.023), ‘Unfriendly—
Friendly'(o = 0493, p = 003314 F<l3t A4 JABAE L}
BRIt &, EE-ojyuold dAET HE£5F S2AUE A
{3 A7 A JAgleH, 3% 9 FeHsiTh

oled BM 44 WAL Perceived Safetye] ‘Anxious-
Relaxed'(o = 0499, p = 0035)¢} A& AAHAZ RYt o=
e &4 8T T U AZRYSE BT 2Rs
0 P Hol1 A1F] 7Fsd thdo = QAR BojErt

[22] A2 &=t GOS &% 7t Spearman &h2hEA] 2t

(=] p

AEd Gas £ | «o0s)
Likeabiity (Dislike — Like) 0539 0046
oM 7S Likeabiity (Unfriendly — Friendly) 0522 0026
ARE Likeabiity (Awful — Nice) 0539 0036
Perceived Safety (Agitated — Calm) 04% 0021
Animacy (Dead — Alive) 0497 0036
iI?I o] [ Theabity Urpleasart — Peasat) | 0511 | 080
fl& = Likeabiity (Dislike — Like) 0534 0023
Likeabiity (Unfriendly — Friendly) 0493 0038

FRESS ! )
ol Perceived Safety (Anxious — Relaxed) 0499 0035

4 S8 A AgAES $FHeE waEa AR 44
I, ARSI AR vEl S Fa PHoR AFE
At “Blender ¢IEi#ol2~E IE 8T S Slof A,
“opFol 7t AlojET 7 3Pgo] @A, “AlAHE
o Rlsh FA s ASE T WA= oJHo] v
ANHAE ol2lF S-S U] A2 AuAdat Azt
5l A5 E8Ado] Al AL ARME SAA R IAE
e SR whd, i ARAR= "Blender AMES] S
oA I "I AP S AR JFE o= =Zd|
=] AJAZ 2= Benderg A& I ARARIA e O]
2= H-3o] Ho g AZYPS 7FsAE sk, 53] VS Code
S} 22 IDE 70l <5abA] o2 ARgAlAlE =S BAL
ol I AVt AasiAl =W o= sjdd < 9

ek d g5 = 27 A& 4k Bender Add-
on Feje] el AlEE Tl AHIE =¥ e B
o) w3k “RE A B AKX ofel S AFT S
= A2t A -5 DAIA e E2A |
&, 3F5, ¥4 ) i At SleS BT

il

0o E x
oX,

A

23
32
&
o
rlr
[




[¢]

5 Z2 X &= iy

olFA sfo] & AN Aol B o=E 2R 34
ol 23 I 5 Sl ofymlold 7Nk A A LY
a5 ARRE A AFH AXRle AET. AR 2
AAGQ) zre| WA £ A, DH sk Gl AR
WAL A 3te] o3t FHAATE IR0, A2l A3
o] e 2RO wAdel ¥ 34 Jlal AMAHA A4E

< ATl =1 A 593 A AR dAYol 9
A §lol 2)=3 = MAFeE AR $A AT

F 229
T ARG Frlsle, E ZH A} el 4o A
A7 AL AT 7S RAFIoh vk, I YA
9, Blender 35¢] Ho4, BB E Ak ofgigo] dAR
A=l oH, ol HlHEARe] ¢ HIAAT EBlA Ry
Aeks AR TS B ATE Hzlel|rt 3D ofumeld $
730l 2Ho] RS A AT & S e BAE
The HellA] ojoE 7IARE A 8ol 244 14GQS) 3
7hol| nlFo] ol Ze YAt ARl HA9 FgAdod Ed
g g mix)e A G S8 oA 53 dAE 9l
Atk FFoll= o3t V1€ - WUk FAE A Betsto,
SR A 8T A ] MSlE F4A0E Hot
TFAAR] AEE 1P dart Ak

S
(55 Al ARBAH S 28R O

E A1 AR 28 NZ Y MY 22 (\-19)
ABAL 12 @R + EXEAL HO): 239 + 36 (18-39)

ikl

74 S

MRS IR BE BE

AT 8 MY BE

"

W i - RcEe) 1
P A M2t plci AR =
P ALICEEIRS - I RiE) A

M > v
du ™

A2 B I8 BB U AY 2T (24
ZHER I8 oily(@d £ BEEAL el 238 £ 20 (21-29)

28 U8 BE BUN I8 HW BE
i
i o a_m nw
b [ 8
B Scime - amaEe) 139 M e vl
7] AR - s xie) B IS o

1 NN - 7 - HRCIAR X

[
o
0=
n
)

o ot= R IHS|(DSUS)

[F= B] =223 7A E22

Virtund Setving (In Blender)

Maeh Moawies

Armatinw Satup
L

fiome Pareiting

Motor Magoiog Monor i) Axsagamian

.
Gow Ratio Setting
]

Rotation Aka Sulting

4
Animating Kiyfrwnn Arermation

Datn Convorsion

Python Script Eaecution

JEON e Export

|
0

PC-Opnantisst Conmection

Control Program Execution (In VS Code)

Ll il cortrol,
Script Execusion Ry dpmesiay] comt "

Comrmunication Pon
Contiguratun

CON Fort Inpat

Bata Looing JSOM Fie Load
Moter Coatiguration Derection
Speea
Result Visuaizaton

E' E' I' |‘II




+ SY. Hwang (2025), Blender2Motor: A skeletal 3D animation-
based framework for robot motion design, [Computer software],
https:/github.com/YoungSDE/blender2motor

+ Bartneck, C, Kui¢, D, Croft, E, & Zoghbi, S. (2009).
Measurement instruments for the anthropomorphism, animacy,
likeability, perceived inteligence, and perceived safety of robots.
International  Journal  of Social Robotics, 1(1), 71-81,
https://doi.org/10.1007/512369-008-0001-3

+ Davis, F. D. (1989). Perceived usefulness, perceived ease of
use, and user acceptance of information technology. MIS
Quarterly, 13(3), 319-340, https://doi.org/10.2307/249008

« Fresnilo, P. M, Vasudevan, S., Mohammed, W. M., Martinez
Lastra, J. L., & Perez Garcia, J. A. (2023). Extending the motion
planning framework Movelt with advanced manipulation functions
for industrial applications. Robotics and Computer-Integrated
Manufacturing, 83, 102559,
https://doi.org/10.1016/j.rcim.2023.102559

« Grandia, R., Knoop, E., Hopkins, M. A., Wiedebach, G., Bishop,
J., Pickles, S., Miiller, D., & Bacher, M. (2025). Design and control
of a bipedal robotic character. arXiv preprint arXiv:2501.05204,
Retrieved from https://arxiv.org/abs/2501.05204

+ Hoffman, G., & Ju, W. (2014). Designing robots with movement
in mind. Journal of Human-Robot Interaction, 3(1), 91-122,
https://doi.org/10.5898/JHRI.3.1.Hoffman

« Hu, Y., Huang, P., Sivapurapu, M., & Zhang, J. (2025). ELEGNT:
Expressive and functional movement design for non-
anthropomorphic robots. Proceedings of the ACM Designing
Interactive Systems Conference (DIS * 25), 1-13.

- Kondaveeti, H. K., Kumaravelu, N. K, Vanambathina, S. D,
Mathe, S. E., & Vappangi, S. (2021). A systematic literature review
on prototyping with Arduino: Applications, challenges, advantages,
and limitations. Computer Science Review, 40, 100364.

+ Lasseter, J. (1987). Principles of traditional animation applied to

3D computer animation. ACM SIGGRAPH Computer Graphics, 21(4),

35-44, https://doi.org/10.1145/37402.37407

+ Mcharek, M, Azb, T., Larouci, C, & Hammadi, M. (2019).
Collaboration and multidisciplinary  design  optimization  for
mechatronic systems. Proceedings of the 45th Annual Conference
of the IEEE Industrial Electronics Society (ECON 2019), 1, 624-
629.

+ Nguyen, M., & Mougenot, C. (2022). A systematic review of
empirical studies on multidisciplinary design collaboration: Findings,
methods, and challenges. Design Studies, 81, 101120,
https://doi.org/10.1016/j.destud.2022.101120

+ Nakayama, M. & Yamanaka, S. (2016). Perception of animacy
by the linear motion of a group of robots. Proceedings of the
4th International Conference on Human-Agent Interaction
(HAI * 16), 3-9.

« Niglsen, J. (1994). Usability Engineering. Morgan Kaufmann.

+ Rivera-Pinto, A, Kidal, J, & Lazkano, E. (2024). Toward
programming a collaborative robot by interacting with its digital
twin in a mixed realty environment. International Journal of
Human-Computer Interaction, 40(17), 4745-4757.

+ Wang, Y., Peseckis, A, Jiang, Z, & Gleicher, M. (2024). Motion
comparator: Visual comparison of robot motions. IEEE Robotics
and Automation Letters, 9(2), 1-12.


https://github.com/YoungSDE/blender2motor
https://doi.org/10.1007/s12369-008-0001-3
https://doi.org/10.2307/249008
https://doi.org/10.1016/j.rcim.2023.102559
https://arxiv.org/abs/2501.05204
https://doi.org/10.5898/JHRI.3.1.Hoffman
https://doi.org/10.1145/37402.37407
https://doi.org/10.1016/j.destud.2022.101120

