]E Kasem Bundit Engineering Journal Vol.13 No.1 January-April 2023

n'lsl,%smil,l,uum'%uﬁ'\é'a‘[ﬂﬂTﬁNLﬂaﬁﬁw%'umuqum‘smﬁauﬁ
Tuunaszu 1LV UBURBL WA
MODEL-BASED REINFORCEMENT LEARNING FOR PLANAR
MOTION CONTROL OF ROBOTIC ARMS

o aatszialy’ Rend Budzead? uaz Aadnad yaylas®
UFe, fTNIFINTINLATOING AMLAFINITUMEAT wﬁwmé’ugiww
169 D.AIMIAUIIUEY A.UFWEY 8.LA18978Y3T 9.7813 20131, metamps14@gmail.com
23919138, IV BAINTINLATEING ATLIAINTINAEAS WA ININRBYTAN
169 D.AIMIALIUEY AUFUEY 8.1089T8Y3 9783 20131,

2pisak.ch@eng.buu.ac.th, 3kittipong@eng.buu.ac.th

Meta Mueangprasert1, Pisak Chermprayong2 and Kittipong Boonlongy
'Student, Department of Mechanical Engineering, Faculty of Engineering Burapha University,
169 Long-Had Bangsaen Rd., Saen Suk Sub-district, Muang District, Chonburi 20131,
Thailand, metamps14@gmail.com
23 ecturer, Department of Mechanical Engineering, Faculty of Engineering Burapha University,
169 Long-Had Bangsaen Rd., Saen Suk Sub-district, Muang District, Chonburi 20131, Thailand,
2pisak.ch@eng.buu.ac.th, 3kittipong@eng.buu.ac.th

unanga
mu%ﬁ'wﬁﬂumsﬁqLauafs%miﬁﬂuj’uuuLa%uﬁné'ﬂ@ﬂlﬂmm (MBRL) #1%3UAUANNNT
LﬂﬁiauﬁluumszmumaaLLmuvjuﬂu@T 2 9IFNBFTIUAT 3 8IFNDATE lANARDUHIWNTAANEN
3 Joyw1 de Joywimsnedan Jyminsldfadmanovesuauiuoud 2 asmdaszuaz
3 asndanfidnaiudyg miunumnedeniuszdideulansiinaeufiuandreiu wio
PalSoUsUSEaaeaEasLULNN (IK) HU5E MBRL ﬁiﬁmﬁﬂﬂ’ﬁmnaﬂmsﬁ'yujﬂlaa
10389 3 NATA A8 NTNANBHVAINTEUIRNNTNEET8U (GPR) lassnalszanifiay
(ANN) LAZTANEIALINLABSUNTTUFIRTUNITRADBY (SVR) lWn1Ta319uDUs a0
ﬁaumﬁawimﬁ'ﬁ%msmmmm:amﬁq@naqwﬁ{%"'@umnﬁmsﬂ{umﬁmaamw%ﬂﬁﬁmm
wU5UTIUTIN (CMA-ES) NNHAMITNARBINLINNNTITINATA GPR $28nU3% CMA-ES azlw

ﬂi:ﬁ?‘n%mwgaﬁq@ LaINNARA GPR 117Uz AN LU TUIIRRUNNTANINTON

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 13 QU_UF]: 1 UNSIAU-IVVNYU 2566 ]3

vy ImIuNIK asnuivinldnasasaiudsevesinaiia GPR ddvinnu 100%,
96-100% uaz 98-100% luywinsneiag Tywmsldfadwansvesuaugusud 2 asm
a a o Qs F§ 1 a 1 Qs v a
DRIzUAr 3 29MMBRITMNAGU TIgIndunaiia ANN, SVR, uaz IK a:n9gaian udiunada
@ A I FA . A . a A 8 Ao

GPR azlflaanlumsingauniniige wdnfiadrdianumanzaunitnaiinau Giidan
anufalasiafoizanolines 50%

ardIan: NMInugNUIUNREud, maseuiuuuisiuialasldluies, nnanasnis

L%ﬂujmmm%ad, ﬂaqwﬁ%"'@ummsnﬁﬂ{umﬁmaaLuw%ﬂsﬁmwmmiﬂnm’m

ABSTRACT

This research proposes model-based reinforcement learning (MBRL) for planar motion
control of 2-DOF and 3-DOF robotic arms. Three case studies - placing task, 2-DOF and
3-DOF reaching tasks - are used as test problems. The 2-DOF and 3-DOF reaching tasks
were investigated with additional noise in motion control signal and different training
techniques. Within MBRL, 3 machine learning regression techniques, Gaussian process
regression (GPR), artificial neural network (ANN) and support vector regression (SVR) were
used to create environment model and then combined with an optimization algorithm,
covariance matrix adaptation evolution strategy (CMA-ES). They were also benchmarked
with the standard technique inverse kinematics (IK). The results show that MBRL with GPR
and CMA-ES has the highest performance against the other 3 techniques. Since GPR is
approximating covariance that considered noise, therefore, its success rates, which are
100%, 96-100% and 98-100% success rate in placing task, 2-DOF and 3-DOF reaching task
respectively, was higher than those of ANN, SVR and IK, obviously. Although GPR spent
the most training time, GPR was more suitable than other techniques of which the
approximately average success rate was only 50%.

KEYWORDS: robotic arm control, model-based reinforcement learning, machine learning

regression, covariance matrix adaptation evolution strategy
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2. nissenjuuuasaniaslnalalauiaa (Model-based reinforcement learning;
MBRL)
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3) TANDIALINLABSULNTTUFIRTUNITDADBEY (Support vector regression; SVR) v
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2.2 WnIMAaEaaTga (Optimization algorithm)
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Generation 1 Generation 2 Generation 3

Generation 4 Generation 5 Generation 6

3U13  mImAIaauBas CMA-ES [16]
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% '

A10819 (Sample size) 1UIUAADUIUGN (Number of offspring) uaz 4 WWusrwindaay
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selected search points in the population) lagf U A
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(Isotropic evolution path) {p} = {0} t&UNIIITAWINITHUVLaKLalonsada (Anisotropic
evolution path) {p.,} = {0}

(3) ﬁiwﬁmaulmjLLﬁaﬂszLﬁuﬁNﬁmau x lndanmsuanuasiuuUn@nanaaiuds
(Multivariate normal distribution) NAGLAIAILRRY = {m} uaziunIngaNuulslsIn [V]
= o’[C]

(4) FwIUAINNUDINTI (Fitness; £) 189 {x} LARZAINNIRTUNABINITRIAT
VEREEIILT)

(5) FAIBI {x.}, {6, ..., Do) MNAIANNLTINTI Las {x;} azlAAranuudansinnn
A o & = o ad
ngaeInudsdudrinaudiga

6) othaa {m} laglsa {x.}, {x}, ..., {xu}

(7) 8thaa {p)} lavldeTaatiuues {py), o, [C] uaz {m)-{m"}

8) 8aa {p)} lavlFeTaariuves {p), o {m-m'} uaz {p.}

9 8ihaa [C] laglFendagtuves [C], {p, (x}-{m'}, o

(10) 8liea o lasldedagiuves o uaz {p}

sy Y o A o A o & A oA
(11) Fugan1idunidiaey a9 wIusaudInuINTUaaui 3 - 10 ATUAWATN

fruald wazazle {x,) Lfluwaa”wﬁmaamsﬁumﬁmaummzauﬁqmaa CMA-ES

3. msaniwmspasmasaniuuussamalaglslues
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Lﬂmmmﬁﬁaamﬂﬁm‘”mwu"l,ﬂﬁameiuﬁﬁmim:mm‘ﬁazmaﬁﬁmwa waztinguaauizng
mmmm:auﬁq@m‘L%‘lumsmmsm:ﬁﬁﬁﬁﬁqwadLL@iazﬂ%msmﬁauﬁmnLmuﬁwaaa
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gaq@ﬁﬁmu@"ﬁ%?aLﬂﬁiawﬁ'"l,ﬂﬁoLﬂmmﬂluu@ia:iau LLéT’aﬁwTaHaﬁvl,@]“"l,ﬂi’mﬁ'uqmj”aya
duiasInuUsaesiiaaeuinal LLa:ﬁw‘?naum:ﬁﬁmamm’ﬁiau"lmmaoqu@a{ﬁa
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4. nInkANEA
4.1 Tawnnsldde Lﬂ'mN'lﬂ‘lladLL‘IlWVi%ﬂ%Gi( 2 29@19&3% (2-DOF Reaching task)
Jywimsldfadhninesainawiuoud 2 aamSm:Lﬂumimqumimﬁauﬁuuu
|9y (Angular motion) M InyUBaINNTada 2 yuluszuwy yz LﬁalﬁﬂaﬁmLLmuﬁumueT
(End-effector) U sdunsiaithnanadidasnis 0 Gautsminesavasnidu 2 nsth da
1) mimuqumsmumaa;\;m‘fa@iaﬁﬁmiﬁmum‘hmmaugaq@lumsa{ﬁame‘haaa
?am@ﬁ”auLLazﬂwsLﬁué'fytyﬂmiUﬂauLLuuLangﬂ (Uniform noise) maaquuﬁ'ﬁﬁumﬁ'v
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o
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