2 (The 2nd Korea Artificial Intelligence Conference)

294 AR 7% BAES o148
=% 2 A @7

{kim-sh, ingook, hertzkim, cwp, juni}@etri.re.kr
A Study on the Robot Arm Control with Reinforcement Learning
based on Physical Information

Seonghyun Kim, Ingook Jang, Hyunseok Kim, Chan-Won Park, Jun Hee Park

Electronics and Telecommunications Research Institute

©©° ’% )
DAY gt dHE AAE 54 fAR &7 AdS B ¢ duh 23 2 Ao A #5% d5S A
Fo Aol o]FolA =], o W #F AR FF ARIF ALH S 2] wiel Ashdtss 8 =X F Ao
EAE AAstE AL S SAH BAlolth B =RAE 2R 84S TASE AAS B B4 JuE
Fgete] apdow 22E Aolsi WAL Asratt

I.A4 &
BoeRdAE Bud Awd Jud Zastss
o] g% I T AolE A7t FAAA Ao
Aeehs vES At Al wds A5 JE W
A% Aus 2- AL BAAN AR o) Aws
@ske wEke AdE olFAd [1]. olsk #E
AFE ARS A, 5 AERAAGe 48
woks AlY EAE Hold AAl AA EAE EFaA .
e Wobx 4mw ok A AAe BA F shpa T L 2R F A 24
25 & Ae] FAE Ax % EF #¥ 5 oI
worl A B 5@ EAlolth 2R B Aol BAE | mEmz Ay Zahga
71E AL dE dfd @5 Ane dF gus . .
giol dEel ol e wAll e, ojw LXK A0 Sl vheas A Sedes gean,
Sasy] A9 we Avsel Aadwm Qu (2)-(5). o= AR xmAse (. A4 delad
B owmoas 2R A4S LA XS] ule e FE = J‘ifﬂﬂ‘ﬁr éi@oi 74518k 9
284 ARE #gdto] aRdom =EE Afshe “’Z o de] Adudd ¥ v
WA gk, A gl .
5]
t=0
I. 22 A7IA, v = Al A=, T = A Ay AR r &
98 ] & B AT mdsts 23 2 g9 aae B s T AH, o= FTE dEkith dEe 2329
Ueldth, 38 1 3 go] 23 2 2o dAL § Eo wdEe] AA49A ¢ e gl U 3 A4
2R 3 mA AR(FH), AN AA(YLE) Som AAAGE, 524 AA 2 AA AA] 3 A AAARE
TR k. AT 22 F A9] Aol Fug s LR AEE WAS  HAzswd g
Aole T o] BA AHZ SolA] AA AH gxz  FH-TI oFNEE EIwth RYS e
7= Ao Aold, =4 AA Apele] Awl, ZEH7F 55 AAE e
T WuEhs oz, %A AAL AA AA Aole]

096



2 (The 2nd Korea Artificial Intelligence Conference)

Ael, aes B4 A 4K AAel 9A5AE o
27449 wak 5ol ow Aelwy,

2. 334 B4 g
25 AAE A% AL n(als) =
FE7E FojxlE w dAEe FERER
ﬂﬂQ%%%—%é%«%%EQ%%ﬂlW@:@%%:?
T APoENH #%Eﬂ.ﬁ,t+
Ao o]

o fl

lo, pat
i 1

oK
2 fu

3. 289 Au N F8H A9 g

SH ARE 2% E, A AAL A A gg
F2he] s Adueks 2gska vk Aol gt
FAs magAen S48 flEide Ho A#Hel
FH ARE 2T 7 Ak 5, /NE AAe] i
Guie ofue, A4 Aele] pAE Alshs el
ARE ©& Zdggorxn Hr} FHFoxr AHIAS
S5d 4 Ak ols} gol Bely Jus A FYL
m(als,z) &% RAEIL, AV z = =HH ARS
UeRdth @A AEe 2R o3 A9 84 o A
Abole] Ae], A% so® Aot 4 olrt

N
o

=

d
4

(

I

294 A4S BEaE YHom: md I
Aarstgel itk wal Jluk FEstEw Ak WS
Masgle W, md W gEtEe d@%d we
Aejdol SE REA O el 8THE W,

Aershe gHe Aol A Absd BeUH g
Fol i@ wgol Am
A o]

200 A —— SAC
—— SAC with Physical Info.

100+

Episode reward

—-100

—200

0 2000 4000 6000 8000 10000 12000

Number of episodes

a9 2. d¥4AE BA HI

AreE 224 An A0 54 49 sy e

=

71E 54 AHF FgF F sy Soft Actor-
Critic(SAC)S  7|¥te =z  E¥4 AHRE  ZAFsto
Tt a8 2 = g g wE dyi=

Bge] Wi mluE yekdd. 29 2 oA FJAE ¢

097

Axol, =4 ARE AdFeEA 7E SAC W

Hoh o w27 o] FHEsteE S o F dg. F
ME A ek Fuyt o]&3l= ARu, AA Alo]g]
AAE dgez F7EdS W ¥ & s =T
T Ao
Iv. 248

2 =RdAE 28 dFs pAse AAEd U
B84 ARE F83lo] ayzorn 2ES Aojdte
Wals Absth 7|E Aol E NE AAe] s
ARTS Fgats dbdo)], R =FolME A Ale]g]
AAZ Aoees 294 ARE I/ ZEse S
Aorstic. AdAxE T3, AE A g
QRPN ofyel, AA Atole] BAE A= &
ARE g/ dgdozryn HU aHHoR FEF
AAE g5 F UFS AT 5

A7 ATLIA LAY
[21ZR1100, A&Hoz AZA. Aol

Asshs 294 Asd 7le A7)

ZFaEF
[1] P. Henderson, R. Islam, P. Bachman, J. Pineau, D. Precup,

and D. Meger. Mastering the game of go with deep neural
networks and tree search. Nature, 529:484-489, Jan. 2016.

[2] Y.-J. Han, [.-S. Kim and Y.-D. Hong, “Optimization-based
humanoid robot navigation using monocular camera within
indoor environment,” ETRI Journal, vol. 40, no. 4, pp. 446~
457, Aug., 2018.

[3] M. Zhang, J. Chen, X. Wei, and D. Zhang, “Work chain-
based inverse kinematics of robot to imitate human motion
with Kinect,” ETRI Journal, vol. 40, no. 4, pp. 511-521,
Aug., 2018.

[4] M. Ilbeygi and M. R. Kangavari, “Comprehensive
architecture for intelligent adaptive interface in the field
of single-human multiple-robot interaction,” ETRI Journal,
vol. 40, no. 4, pp. 483-498, Aug., 2018.

[5] L. Fan, Y. Zhu, J. Zhu, Z. Liu, O. Zeng, A. Gupta, J. Creus-
Costa, S. Savarese, and L. Fei-Fei. Surreal: Open-source
reinforcement learning framework and robot manipulation
benchmark. Proceedings of The 2nd Conference on Robot
Learning, 87:767-782, Oct. 2018.

[6] T.Haarnoja, A.Zhou, P.Abbeel, and S.Levine. Soft actor-
critic: Off-policy maximum entropy deep reinforcement
learning with a stochastic actor. Proceedings of the 35th

International Conference on Machine Learning, 80:1861—
1870, Jul. 2018.





