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‘In seed {2018}...

Al : Gridworld

pplying Q-Learning
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« ICTAIE] 215X 5(H) HOX|sTP
* Mission

| 9] (control) + II%(Intelligence)

* Rule & Responsibility
HojE LR 2 5t= CHYSt Domainof| Q12 X| 52 HEAF|= P L0

(k”E—I'DI' (@] O IO‘I?JI BEMS %"")

LG SDC 2022 4

CONNECT GROW OQUTSTAND



. .‘_!')

» 04Tt ?|= Domain2| 3
© MEFEO) By 2 YHe

5 SHI(2)2] & XY

22X 2E H|of

X S Hofe SW

a

rE<-n
oI Jjr 2
=riirio >

o=
]

rZ

nzrQ1m
odr -4 M
o rde
ojm 1l

r<

ey

0x
-

LG SDC 2022

CONNECT GROW OQUTSTAND

S|

m




LG SDC 2022 6

‘-“j.) CONNECT GROW OQUTSTAND

Source : FYPhysics


https://fyphysica.tumblr.com/post/164322104336/a-note-on-vibration-and-washing-machines-anyone
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Offline RL!
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Offline RL

 Data-Driven RL method

Reinforcement Learning with Online Interactions - Online RL

- 235} interact policy(n;)2t S5 policy (1p)
AUX| 50| w2tM on-policy/off-policy 2
el

- Exploration, Data-efficiency, ...

- Offline RL
L - #F1= interactioniO] £7 policy (r5)7F &2
Envirdmpéﬁt._ dataSEtLHO'”*'I pOIiCy(TEQ)% -QlFﬁ*I;I_T’_ OI%
Offline Agent ) ;!;I-DC:)'O‘" deploy-al:-!.

- Off-policy Evaluation (& Hyperparameter tuning),
Over-Conservatism, ...

LG SDC 2022 8
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X
- [1] https://ai.googleblog.com/2020/04/an-optimistic-perspective-on-offline.html



https://ai.googleblog.com/2020/04/an-optimistic-perspective-on-offline.html

Offline RL

Logyed Data

\

—

@ W

< . R—s
% ) 5 & <
'~ ) p .
|4 . - -
- 4 s !
~ gg —

T
arg m;lX z ESt~d”(s),at~7r(a|s) [)/tT'(St, at)]
t=0
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[2] https://ai.googleblog.com/2020/04/an-optimistic-perspective-on-offline.html


https://ai.googleblog.com/2020/04/an-optimistic-perspective-on-offline.html

Offline RL

« Off-Policy Evaluation (OPE)

- Behavior policy®f Target policy?r2| =% %[ &%0l| M oli7F policy?] Dat e Off-Policy | \/m
%_Tl_ Ll'% ngE% ILl_l-IIZ_J-UHOF zlr:ll- ata Evaluation
— T 4
]
« T H policy T 30| M XY 452 EO|& policyE ¥
policy Selection 2}7Jo| L@ Data
— T ]_[ +
1 ™
IT , | Offline
2 Policy |—» ]_[*
Selection
o
HN
LG SDC 2022 10
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[3] BENCHMARKS FOR DEEP OFF-POLICY EVALUATION



https://arxiv.org/abs/2103.16596

Al

Offline RL

. S t
« Limitation . SR
QR-DQN
1s00{ = REM
x| &4 O v E XFe Db OF5 e
+ 2H9| policyS &= 2301 M G2t
hyperparameter combinations°| L& —
(Base algorithm, Training iteration, Reward function, ...)

Return

 Offline RLO| M| 45 1S A=
Aol AHE 2|t Simulatortt OPE- Dataset2| ZX{j7}

0 20 40 60 B0 100
Training Iterations

G| M&2|= Simulator?| €14).....?
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https://sites.google.com/view/offlinerltutorial-neurips2020/home

2x Mol

- Offline RL in M|Ef7| &4

[Data Collection] Online RLZ &3l 4|°|§| & X SFE =2
[Model Training] 5|°|E|{ =2 £ & MEZH ot Batch= Offllne RL 2-3
[Off-pelicy Online Evaluation] ¢8| £ 2 22 test case®| Yo|M s ==

[Hyperparameter Selection] d5°| & 42 = comblnatlon set Al
2 vt

uneEWN-=

. T A
- AEF Ao Z[X st Evaluation YHO| AS7f?
« Evaluation A|72tS ©HE3H 4 0127172

+ A AR oFL 0| 20| Cgt YA B
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e Occam's Razor

“Simpler solutions are more likely
to be correct than complex ones.”

CORE PRINCIPLES IN RESEARCH 8
@
3
J
]
g
OCCAM'S RAZOR OCCAM'S PROFESSOR
"WHEN FACED WIMH TWO PoSsSBLE “WHEN FACED WITH TWOo PossBLE WAYS OF
EXPLANATIONS, TUE SIMPLER OF DollGg SOMETHING, THE MORE COMPLICATED
THE TWO 1S THE ONE MOST ONE 1S THE ONE YOUR PROFESSOR WILL
LIKELY TO BE TRUE.” MOST LIKELY ASk You To Do.”
L G S D C 2022 WiW PHDCOMICS, COM

CONNECT GROW OQUTSTAND
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Multi-task Fusion

= A% A N @ T *

(s, i, si,1) §
(a) (b) (c) (d) (e) N — \ a @

T-Shirt Jean JumperA JumperB Towel Jeans ‘
Towels Towels Towel § |
a
o AQIEO|M QAMTIA BE5t MEE F M s LS
HEAS = 67 T AT £ T

Offline RL &3t

\/S/ Hil N @@
. Onllne RL=E '5'_'$ | C'D.IAO-IE‘IE logi Ea / # tasks log s @

¢ B RE Q0| St S RS EL M

LG SDC 2022 14
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« Growing Batch Learning Approach

policy

transitions

1. Exploration 2. Learning 3. Application

* exploration policy

Offline RL process & policy selection}| 4’4 =l logE Tt A| offline RL 59| A8 G

— M 2% Datag 57t exploration coverage &

Online Evaluation%| X2t 45 &% 0| 7155t Real-world problem%j| A 2] 31 AIX Q] HtH

LG SDC 2022 15
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[4] Batch Reinforcement Learning



https://ml.informatik.uni-freiburg.de/former/_media/publications/langegabelriedmiller2011chapter.pdf

. .‘_!')

________________________________________________________

2. Offline RL

Sensor Data (Displacement, Gyro,;..) D
) Low level Motor Control

(RPM)

U
B — O
Deep RL Agent

' 3. GBL with Online Evaluation,

N e e e e = = = = = = = = = == ——————————
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1. Data Collection
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1.

[Data collection

6712l MIEES ’—-97—.* 9.0 A|E+7| 2 Online RL 43

>

[Offline RL]

st A M5 log2 =H model52 Y/d

[Online Evaluation] i
752 modelz X M52 F° 45 57

[Growing Batch Learning] _
Online Evaluation}*| & model?| logE *[|St&

3t It HEE

O L~

LG SDC 2022
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TAT)

POlICy SeleCtlon (1 ) Average Behavior Policy : Dataset H4<| policy
(Behavior policy) 45

—— Online RL  —=-- Average Behavior Policy

T-shirt . Jean 3 Jeans + Towel X Type A Jumper . Type B Jumper Towel

07 - 07 - 07 -
nE - nE - N ne -
| | | |‘ ‘ ‘|‘ ‘ |

]
SR AR AF

Success Rate

""" A A
S 8 AR AF S R AR AF

A A
SR AR ARF SR AR RF

Epoch

+ MEHEOICH 20| epochO| Tf THE %0] T

» €7 MEEY B? Online RL (427) model=2H d50| i dEd s U

LG SDC 2022 18

CONNECT GROW OQUTSTAND



 Policy Selection (2)

. T 1 T
goo | T
H 22 B Our Approach
« 300 epoch =% (49.4%)°| online RL 22/(47.5%)2 £2 &2 EH&
— O| [M{2] trajectory log= Xe}& HIC|E{= R
« Data® Quality ZHO| L5t M-S 23X 50 epoch 2% (41.6%)2| logS H| WAL E M-S

— Growing Batch Learnlng_l "Robustness WorE

LG SDC 2022
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R
in Washing Machine Example - Towel (Heuristic Based)
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ol in Washing Machine Example - F6wel (MTGBL)
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Average Success Rate

03

bad: 50 epoch S5 23
Online RL Average Behavior Policy BB bad B good gOOd: 300 epoch EF%EEQ

epoch

5 -
0.50 -
0.45 -
0.40 -
0.35 -

o T2 29 log= Shgt 2L A HISIH 50| W dEs &

29 log= ot5oh B2 5| Offline RLS ST 20| H|sl MYHO = 450 =AU S

O|ot A OlHOS
|_|E T A A0

£: 100 epoch - 51.5%, online RL Cjjt| 4%1, offline RL Ci{H| 2%1)

20| policy selectionS E3{lA £2 TS 2HX| QoL

Offline RLY| A dataS 375t EUYRUC 2L A

L
(@)

xo| S5 sty
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Average Success Rate on 6 tasks

o0 Our approach
0.55

05
045

0.4
0.35

0.3

0.25

02 L]
AVG success rate

m Heuristic Online RL Offline RL MTGBL300 MTPD
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Success Rate on 2 unseen tasks

1l

Type A mixed - 3kg

Our approach

m Heuristic

MTGBL300

il

Type B mixed - 5kg
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L TIPS MELES MTS HEIE Y4AY & Qs St ST B A

 ThinQ platform& S5 MIA §|o|&| =Xl 0| J}&55C+H
(o)

H (a.k.a superset dataset)
& (~ LG UP 21%)

« FetetgS &% Product-level XM EH g5 T HAEI(?)
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Multi-Task Offline Reinforcement Learning for Optimal Motor Control
in Washing Machines

Chanseok Kang'*, Guntae Bae'*, Kyoungwoo Lee'*,
Chul Lee', Dohyeon Son', Daesung Kim', and Jae Woong Yun'
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Deep RL Agent
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RL in Washing Machine

RL Training

A
Sensor Data (Displacement, Gyro, ...)
——————————————————————————————————
—
Low level Motor Control

Deep RL Agent

Deployment

- State: Displacement, Gyro, Acceleration of 3 axis on front and rear side

Motor Information (Speed, Force)

- Request RPM is increased
- Action: {DOWN Request RPM is decreased

Target RPM is reached
Terminated with overhead
not reached with timeout

+1
- Reward: < —1

0



gfoh& = AMAH (Markov Decision Process)

Holl= + = Domain Experts

S|
=

AFS
o=

o

© HE29 5%
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Appendix
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Traditional Approach

Rule-based Control User In the Loop Process

w

& - Human Expert observed the pattern

- Modify the firmware w.r.t specific
if laundry t-shirt?: laundry

elii‘"iaundry jumper?

(-) Requires numerous trials and
experiments

firmware (-) Cannot handle whole laundry cases

227




Our Approach (MTPD)
Multi-Task Policy Distillation

2. Policy Distillation
Teacher Q !

Pre-trained

teachers ,'
s\) .

student

Student Q

Multi-Task conditioning

1. Data Collection
2. Multi-Task Policy Distillation



