20194 FEAletaErl3| =FF 263 M1= (2019, 5)

2B ASCE 83 3HY =Y A A" AA

AEG*, A, 758w, el 5)x
*o 7] EaS el Folg e oty A
7)o st 7 e 38
e-mail : {dohk, glenn89, rlawnghd, yhhan}@koreatech.ac.kr

M

Design of Rotary Inverted Pendulum System
Using Distributed A3C Algorithm

Do-Hyung Kwon*, Hyun-Kyo Lim*, Ju-Bong Kim**, Youn-Hee Han**
Korea University of Technology and Education, Republic of Korea

=) of

Aol Hoke] 71 7] 22 <Ql Al2~¥lQl Rotary Inverted Pendulum & #|o13}7] 93le], & =il A
= Z5tetEol A Deep Q-Network ¥ 37 Al ¢izlEox &# %l Asynchronous Advantage
Actor-Critic & &85l tb5 tulo]2 Ao]E A S) Deep Q-Network 312 &HFS &-83 7|& <
ToF Fdg gAoE A AAL EF oo|HdES JMF BAS WEAIIH, 29X E FIte] 2
qo]MES S2¥ WESA It B4 FAASY. £ =FoAE 4t Asynchronous Advantage Actor-
Critic & o] g3 oam A AAY t}x dojHE AoJS 93 #43} g5 &8 7tsA8S =43

t}.
1. M2 Advantage Actor-Critic (A3C)&iL2]&S 283k A 2~H)
S A o) = 9l = o 0l 3L
de B2 B, Y= wE A @7 9l o © - h
CIMET} 3Y A HellM HAe e dHEE 5 1x oym
= HAsglele WHES A ooAEE Fo3
S g3k AR 575 3 Y HolHES & A3k st dlo|HEE ol FE T oW 5ol
3 EtozM, do|HET AR At =98 AAE HAAS HUst d=AE FgEdor o, oA
o i A ds] w3 4= glojof gt} [1]. H2o 7 o] cle]HES HFEE |
3l 4o 9 HYde = 4o rRE A3 uA} Q-Learning & oJ@® AEi(s,) et A9 (a)ol dg 24
o dolge 548 5T 4 dd [2 23 5o 9o Q #(Q(s,a))S e skel, dAlel wAkr)
Fa% 542 A 7HAE 8ok 4 Sl [3). the el digh E1E(A) v B e Fl,
B9 A ool HES} Yt 77t ABel  gaAmyen RE 4G Lo A 2 9o
ot ol e A o T e woes e L
- A ZE Y EA: dlo]HE= Aol g dlEel et Neural Network 7} 238l ol 29 73l sty 2]
o] ZZ4AQl RS W Zlo] ofet AdAE ARl Zo|t} [5]. My WAHALS EH o] i Fr]H
A HARS Wt A B A FoA I S BT v
- ZE A 5A dMd g B 3ol AEela Ha 9o e wAle s ke @3
T AHE o]E=Helt, 55 e o5 T8 AdE BdS Hugs)
- 1< Rotary Inverted Pendulum (RIP)¢ll Deep Q- =2 AHAS dgo|E & 4 9t}
Network (DQN) 73} g dau8]FS 183 A [4] Q-Learning WA Ht} Zw®E W29l Deep Q-

1
o & A=A, 7IE A7 v R 271 & Learning (DQN)S off-policy 7]4Fe] otag]&o 2 A A
Bl7F Eehgetm v dP A BEAS 2tE vy A g s e ARdAES Zol7] 93ty st v na
E=¢lel RIP = ti%Fo= 3ko] Asynchronous  (replay memory)E AF-&38tth. wHH A3C = on-policy 7|

LA A Ak §H1 8 (35 7] L% ) o)
to] =R e AR(E) AU FIATAEY AU
ol alE 7] %2971
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o]l odyglFo g WENAZE AA Wit 7px v
o2 FEuo] o] olFojxith I o] 7)<
Y =7 AR S5S o] widd xS g o
ma7t Q3kA &l A3C 9 H] F7]H <l EA wlE
of 4o =4 oo|HES HuAgs Tl 2=
H oo]HEVL kAo YEYIAE JHoE T
5 A =} [4].

(29 1) Asynchronous Advantage Actor—Critic
(A3C) M=
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2016 1 2 ¢ =] HvkQlEs= DON 9o @A
gk Asynchronous Advantage Actor-Critic (A3C)<
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A3C = Advantage Actor-Critic (A2C) ¥id]&5S
HEo g2 gkt Actor = o] A ETE oju gt FES THA
AAREA 5, Critic & Actor 7} 3+ %S Hr)s)t
3, 71 AIE Advantage gto = W3kl Actor ol Al
Aggith A2C = stuo] olo]dETL shvhe] A ¥
FoAgshs HH, AC = o 9] ool ET} 7}
zb 24l S Ao Agsint (1 1), AC = 4
H g3 AREste] ofe] 7o) A2C &arelFol FA
of FaHrta 3 4 v} Z}7te] A2C daElES
ALle] 24 A7 glo]E 3 3 Global Network
Z go]E A)7]7] Global Network ©] <&E]n}o]
2 &o] "HQsk S HAE3it). Global Network
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5< Global Network ¢ 7FEXE52 9Ho]E A]7lth
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3. AAY MA 2 P

71€ AT [4]914E QUANSER AFS] QUBE-Servo2
Z Alolalr] f1ste] spl WES AEsgla, 2=
g ool g Fal s AFoA toe AA s 4l
2 AL ghow AHafrstete]l DON UES A7 $14
gk o] AFHE AEsiln. & =EddAs o9
FAFSHAl SPI EAl s 3t gk el ato]l & o] 8514
Tk ot Yol F the] QUBE-Servo2 = AlofEtr] 9
ato] zhzhe] A Eol| gz ubo] 9} WO RS Sty
g3at, ipTime T24000 ¢ X9} 3 Z2¥ AH
e 7 Hel wojl d gE F7he AAEHS
Areth, WA Al~® FAEE (1H 2)¢F 2

(28 2) BAF A3C A A28 AR

A7 A" alFeE F el QUBE-servo2 7t
gh=w g golE Fall Zhzbe] Worker ©F 418k,
o] uf Worker ol 71Hge] oo HEZE EAlste] A
A z=Elo A @A s JEARE WolEl §, Sh53)
o 24 HEAIAE HuolEdt. 244 o]
E # YE&E2 v er 29AE AA =2
HEZ AFHE ALy S2¥ UEAZ
olE Hu, =Y UEYIE Z+7te] Worker ZH-E
o YESIE T3 duolEE TS & Jdlo]
Ed HEYIE A 29XE &3 Hls7]Ho=
Zr 7y o] Worker o Al @71t} Worker = QU0 EF Y
EQIE nlE o7 QUBE-Servo2 oAl 3% (action)<
w71, o] Zgo] HEEFETE 29X AZAE A o
o] AFE o= HEe ip 7F & MQTT &
8l FAlo] o]FoFitt o]lE Y A ndSIH
(&L 3)3 #rt

(19 3) Al=" YEYH Ad: 4%
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(¥ 3)2 QUBE-Servo2 ¢} gt=ujg|d}to] Afol, &}
Zd| g go] £} Hjoj 2 FAFH 11?4 Hlol i AFE 7L
291x ¢k B9 22 YESA AFHe A4d A
g& Zdsta Jom, 7479 @JEE 7 UESA
AA2=E Yt ok 29 Aee & g2 139
HAA G, (2 2)oll A2k Zo] F 9] QUBE-Servo2
oF F e E‘riﬂﬂwﬂﬁrol, ool o HFE ek
gk o] =24 HEYA FAFHER FAEEH Urh
ol HSFE = A do|HET FxAH R e
Qoi 2T o] w, Y gf=wg ko= 10T A&
1kl 73%:} H ZTREF MQTT £ o]&3lo] E4l
stt}h, MQTT-Broker &= 3743 gtz g]ylo]o] 53]
A A e Topic & E3 23 (publish)®} -5 (subscribe)
< FAET.

QUBE-Servo2 7} gt=H|g]gto]l& 714 o o] dEq]
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<3 1> Action ¥} State HH.

Action
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Angle(radian) Speed(radian/s) Angle(radian) Speed(radian/s)
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