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Reinforcement Learning Toolbox™

- Bt EDO 7 O—%=HENICH R — b
— MATLAB B8#( / Simulink® ET L TRIE I N/

RIEBEEDAVRZR—T7 1 —X
- IV MERDEHDR Yy N T —UEE
B %*E LY X L AR
DQN / Double DQN
SARSA
REINFORCE
DDPG / TD3
= A2C /A3C
PPO
= SAC

— WIILFIT—2 v MTHIG
— Eefr o 1- DA E ORI
— L77L YR TTYHr—

RISt

2019

4\ MathWorks

J1)—X

inception_4a-
[ Convolution20]

[ = B Wl =

ption_4a

ReLULayer

3 v SRR M
https://www.mathworks.com/help/reinforce ment-learning/e xamples. html

e

OBSERVATION
0y

\

AGENT

POLICY

UPDATE

REINFORCEME
LEARNING
ALGORITHM

-~

I POLICY

\ 4

ACTION
Ay

NT

)

-

REWARD

Ry

10


https://www.mathworks.com/help/reinforcement-learning/examples.html

7o TR

. BRHEES S RRLEE

- BItFEZEOEBAEICD WTHKRET

- WG @ IS IRT D@ E F 4

- BCFERED YA OV EE,

PIL. SEHEtREE

&\ MathWorks:

11



4\ MathWorks

BEG|EHY X T L

BEGIE S X7 LIL, B, Fkr, #EIC TSI LA TES
- BB, INoETZREFICETTE SN, Z20RbYICETHT

Sy IRy IRERD
R BB ]

[A%ﬁ\%ﬁvzzﬁﬁLJ
o

I l

XD
ﬁﬁ%%:%?w%ﬂﬁm ]

12




observations

A TCE LW a—T IRy FTT—7

E ﬁjrﬂﬁjrﬁﬂjﬁt /ZTA%ﬁ#mgikAﬂﬁgét\ﬁ%@ﬁE%L@
Te Ll RERY b7 =71 BICRETFOES &N TR, FHR BB

%&Abénfm%tb v b7 — 7%A%L1ﬁz%’&iﬁbmo

- T, JAEICESTUWET T IRy 2 REBE->TEY, FEEBXy V7 — 7 %2HERZE% L
mWHEEIC, EQBEAZEDLSICHABINITLULD, WS ZEEFor oL,

EEX Y N7 — 7 ZHARIEICT AR EIThNTWB D, IREFa T, flEKETZ2d 515
BICBEWTIERELET Iy IRy I RTH S,

Complex function

state

l

W
o0 (@] VY7 | R T

4\ MathWorks

13



TRl T E W IERRAZ A

REX Y b T =73 TH D, > T, FE LIZBEND AANCIREICH > 7235512,
ﬂ?b‘itt_ 2D FERTDHIENTERL,

BZIE, BE—X—REDY AT LI PID%‘JﬁU’ELﬁH L 7-55. ﬁE;E@ﬁ%lJﬁDIE' & > TEMNTT

x5, 1EHMEICL100[rpm]ZE ANTIHE £ 150[rpm])Z AN T-iHald, BUMOIEE %R

—hH. RExy b7 =7 THIEZERZER L -5, Ob\bloO[rpm]M‘a ﬁi’cd)”"“[/?b‘
SHAED -T2 E, 150[rpm D AN % L7-mEIC. DL S aBEFHERTI O, FETEHZ

EIETERW,

d
50 4 comman

commond rpm
[o]®)] P

rpm

I"GSPOHSG

?7? response

ﬁme ﬁme

&\ MathWorks

14



&\ MathWorks:

L FEDENE TS

G4

S
- BIEFEOTE 2RI, X/IZBEZRENICTS I A TES, FRADITH
AEREINIIZETH, TEM. TEUDOREE. BRIE [Fl#] °TTES

2Bx [HEF] CALBOALNEER SND

i O\

- [ TIEARWER:

— PFIkge T, RIEBLEDHEERAZZET D HELILG W0, HEH VIR LFED
AHMEWLNTULS

[#14E] TldAWEER ¢
— HEMEBEETIE. TEMIFICKROONE DT, BIWICERBLOOWT 7 v IRy
7 X %EFAWS D% T -0

15



| 4\ MathWorks

b FE OEAAE

1. 5812 B IC L S HELER

SR L

{LFE FE e

EO—OJ
s BULE

2. BILEBICEBFTA VR a—) »JE#

16



—ODFEDFENDT

1. 581 BICK SEMEER

¢ ERTARETEFENEMTDH D
» HIEHEFICEZ DIETENEMTH D

2. BILEBICLBFTA VAT a— 7

« BULWHIEIMELABETH S
« HHERICE R D IENEIREM TR L

4\ MathWorks

17



b FEZ [FIHT] ([CDH

&\ MathWorks:

WA Z DXy |

[&)E ] ICHWT, RROSHEHIEGBICEDCHIEZRZRA WA I LN TES

(&5 OERITRAAE [FET] OFRITEARZNAICEKRET S LN TES
2o, STEREOADZRELXY FT—7DETILHFENLRT L

ERT S HEERECEISIE A EM ] TH D HIEIRREICH L T, kD]

{Hlzx TIIER T T H - 7o MEEE.

FERIRTE S

18



7o TR

. BRHEES S RRLEE

- BIEFEDOEAGEICDOWTRET

- WG : B IxT D@ E FEH

- BCFERED YA OV EE,

PIL. SEHEtREE

&\ MathWorks:

19



RS
- HITE SR

— Quanser QUBE — Serve 2
— d¥ b A—7— ! RaspberryPi

- HIEDAE S
— E—X—tIRFDODENTNDOAE
EAREZETAIL., DCE—X—IC
A 3EE=RET 5,
- B2 oNBEXIZ-12[V]H H+12[V]
D fEl,

- HlE B R
- wRF &L D,

Raspberry Pi

4\ MathWorks'

20



4\ MathWorks'

HEEEE 2RI 5 (BHFER
[RY FAEILEED] LI,

O[deg] CaRIE L TWLWBIRY F2IREI S 5 O[deq] 180[deg]
kY F%180[degmil £ THEHH EIT 3

kY FOAE%180[deg]lciffiFd 5

T—X—DAEIL£150[deg]ZBZ TIEWITAEL (K= K7 = 7#HI#9)

R

IR\ F#180[degliiid £ T B L IF 281EIS
BMTHH-D, [BEFTEICLINEE
] DEHTZE %,

F7-. I&RY F#180[deq]Ic#iFT B Z & |1F,
PIDHf]ZE XR—X & L 7-Hlfigs TEKRTZ 5,

21



[HIBr] & [HI8] = BE1t

&)\ MathWorks:

PID#Hl {25
— 3. IRY FOAE%180[deg]icHiFd 5
— 4, E—X—DAE%Z0[deg]ICHRFT 5

Ay F

b1 BikEH2
180[deq]
ey — gy

O\ B

BFE

PID®!fE) 25

O
»O I_'

b E 1 PR Y EIF”

— 1.0[deg] CELlE L TWBIRY FAIREISE 5
— 2. ¥RY F%180[degiiil F THEH LT3

— 4, E—X—DAE%Z0[degiIiBIZHIFT B

+ Y —1{E

b FE 2 “E— FER
— 1. 0[deg] TE#LL L TWBIRY FARIREISHE 3
— 3. IRY FOAEZ180[deg] T 5

22



4\ MathWorks

b2 EZHD T —7 7 H—

¥
~ b %+

Environment Reward Policy
representation

) . g
aoqents L

°

Training Deployment

23



4\ MathWorks

o

EiEEE (S FETY VD)

Environment

24



\ MathWorks’

SimscapelZ & 3 ET L1k

DCE—X—IC& > THrEZRERSE, RkY FIC
fV I BBV AT LTHS

Simscape Electrical™, Simscape Multibody ™ 7%
AWTET VLA AIEE

F ‘ B'§Z,<F
B J ¥
o
o] i w—p >
e t
D | Rotat
E
S
Encod |
il

+
DC Motor E@— - —:’I\\j

25



&@”an

4\ MathWorks'

26



4\ MathWorks

B F B "R Y £ OIREERE

kg1 ‘PR Y £

— 1.0[deg] CEELE L TWBIRY FARIREN S H 3
— 2. ¥RY F#180[degiiil ¥ THEH LT3

— 4. E—X—DAE%0[deghmiB IlHIFT B

-

1. BE—Z—AEHN+180[deg]UARNIZH BEFIC, IRY FOAEH180=30[deg] AR IC H AL
100. Z 5 THITNIZ0DHM %= 5 2 5

2. UTOIX MEAHDHIMZ25Z %

2
r=-6%2-0.1(¢ — m)% — 0.1 s
| “\dt 1L, 0EE—R—ARE.
PIIIRY FARETH D,

27



B FE a2 "E— FER OGRS

Bt FE 282 “E— FER”
— 1.0[deg] CE&LL L TWBIRY FARIREBISHE 3
— 3. IRY FOAE%180[deq]IlHIFT 5

1.
2.

-

kY FOAEA180+30[deg] AR I H AL,
UTOaX EHEOBENrz52 5

r=—02

Z 5 THRIFNIZ0DHEMZ 5 2 5

4\ MathWorks

28



Ry — T —T v MEE

&

Policy
representation

Agent

@\ MathWorks'

29



T— 1V f_?_?):\]

AgentiZ & - T. BEEL

EHDX IS AR S,

SEIEYRY £ ICSACZEZEHA L. “E— FERICPPOZ A L 7=,
FAWBZENATEDZI—Y v b LB BHEOXIGK

Agent Observation Action
Q-Learning Discrete or Continuous | Discrete
SARSA Discrete or Continuous | Discrete
DON Discrete or Continuous | Discrete
Policy Gradients Discrete or Continuous | Discrete or Continuous
DDPG Discrete or Continuous | Continuous
TD3 Discrete or Continuous | Continuous
Actor-Critic Discrete or Continuous | Discrete or Continuous
PPO Discrete or Continuous | Discrete or Continuous
SAC Discrete or Continuous | Discrete or Continuous
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SACT—> x> b

criticOptions = rlRepresentationOptions('Optimizer','adam’,'LearnRate’,le-3,...

'‘GradientThreshold’,1, 'L2RegularizationFactor’',2e-4);
criticl = rlQvalueRepresentation(critichNet,obsInfo,actInfo,...
'Observation',{'observaticn'}, "Action',{ action'},criticOptions);
critic2 = rlQvalueRepresentation(criticnNet,obsInfo,actInfo,...
'Observation’,{'observation’'}, "Action',{ action'},criticOptions);

actoropts = rlRepresentationOptions('LearnRate’,1e-04, GradientThreshold',1);

actor = rlstochasticActorRepresentation(actornetwork,obsInfo,actInfo,...
'‘Observation',{ observation'},actorOpts);

agentOpts = rlsACAgentOptions(...
‘SampleTime',Ts,...
'‘TargetsmoothFactor',le-3,...
'ExperienceBufferLength’,le6,...
'DiscountFactor’',8.99,...
'MiniBatchsize’,128,
"UseDeterministicExploitation™, true);

agent _swing = rlsAcAgent(actor,[criticl, critic2],agentopts);
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PPO T—< x> F

criticopts = rlRepresentationOptions(’LearnRate’,le-4);
critic = rlvalueRepresentation(criticMetwork,obsInfo, "Observation’,
{'observation'},criticOpts);

actorOpts = rlRepresentationOptions('LearnRate’,1e-64, 'GradientThreshold',1);

actor = rlstochasticActorRepresentation(actorietwork,obsinfo,actInfo,...
‘Observation’,{ 'observation'},actorOpts);

agentopts = rlPPOAgentOptions(...
‘SampleTime’,Ts, ...
'DiscountFactor',9.99,...
'ExperienceHorizon', floor(Tf/Ts),
‘MiniBatchsize', floor(Tf/Ts),
'EntropylossiWeight’, 1e-4,
‘UseDeterministicExploitation’, true);

agent _select = rlPPOAgent(actor, critic, agentOpts);

“UseDeterministicExploitation” Ztrue(Z ¥ 3 Z & T, FEEZDPolicy% HEER ICEITRIEE, a1
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Windows 10, 21H1 < MatliWorks

Intel® Xeon® CPU E5-1650 v3 @ 3.50GHz x 12
64 GB memory
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Raspberry Pi 3 Model B+
CPU: 1.4GHz ARM Cortex-A53
RAM: 1GB
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VAR

geﬁéra%epoli&yFunctiDn(agent_swing, ‘MATFileName', "policy swing.mat");
generatePolicyFunction(agent select, 'MATFileName', "policy select.mat”);

F097 J{5A-5—: Predict w0
Predict (mask) (link)

BE] -
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2. Profiled Sections of Code

S {THFREI D ETAD
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Section Maximum Average Maximum Self Average Self Calls
Execution Time Execution Time Time in ns Time in ns
inns in ns

BRL_multi_controller_deploy_initiali... 1250 1250 1250 1250 1 E 4 A

BL_multi_controller_deploy_Init 209 209 209 209 1 4 [

RL_multi_controller_deployTIDO 2917 656 2917 656 2001 [ 4 9 sl
[0.005 0]

RL_multi_controller_deployTID1 3111596 2676483 3111596 2676483 501 4 A sl
[0.02 0]

3. CPU Utilization [hide]

Task
BL_multi_controller_deployTIDO [O.

005 0]
BRL_multi_controller_deployTID1 [0.02 0]

Overall CPU Utilization

Average CPU Utilization
0.01312%

13.38%

13.4%

Fig.lad—FET7R 7741

Maximum CPU Utilization
0.05834%

15.56%

15.62%
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- 1 31 | L
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0 1 2 El 4 5 6 7 8 g 10
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0.0030
0.0028

0.00266
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Reinforcement Learning Toolbox Zm~X—
— https://jp.mathworks.com/products/reinforcement-learning.html

L7 7LV R - T7T7U =3y
— https://www.mathworks.com/help/reinforcement-learning/examples.html

MATLABH & U'Simulinkic & % #8215 3& eBook

— https://jp.mathworks.com/campaigns/offers/reinforcement-learning-with-matlab-
ebook.html

Reinforcement Learning 743U —X
— https://jp.mathworks.com/videos/series/reinforcement-learning.html
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