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BcerymieHue

* Pa3zpaboTka npoTe30B — JOPOroM U AOJAruu mnpouecc. [IpuunHa B TOM,
YTO IIPOLIECC UX TECTUPOBAHUSA OYECHBb CII0XKEH M3-3a IIPHUBJIICUCHUS
h1{0)1 (57

* TouHble OMOMEXAaHUYECKUE CUMYJISILIMA MOTYT OBITh aJbTE€PHATUBHBIM
CIIOCOOOM TECTHPOBAHUS MPOTE30B

* Takue CUMYIISIUHA TPEOYIOT HE TOJBKO TOUHON (DM3UUECKOM
CUMYJIALAU OTIOPHO-/IBUTATEIILHOU CUCTEMBI YEJIOBEKA, HO U
aJITOPUTM, KOTOPBIM OyJeT KOHTPOJIUPOBATh TAKYI0 CUCTEMY

* OOy4eHHE C MOAKPEIUICHUEM MOXKET OBITh KIIFOYOM K pa3padOTKe
TAKOT'O aJropuTMa



OOy4eHHE ¢ MOAKPEILUICHUEM

CocTtosiHue (s

’ Harpaga (n)

Opr»(eHme AreHT

CTpaTeI'MFI( )

[lencrteue (@) I

3ajaya — HAUTH ONTHMAJILHYIO CTpaTeruio m :S — A xoTopas
MAKCUMHU3UPYET CYMMApPHYIO Harpamy.
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[ myOMHHOE 00y4YeHME C MOJKPEIIICHUEM

DQON! npubnamxaer cyMmMapHy 0 Harpagy mpu IOMOIINA HEHPOHHOM
CETH.

DDPG? ncnons3yer emie o4Hy HEHPOHHYIO CETh IS IOy YECHHSI
JIEUCTBUM arcHra.

TRPO3 u PPO* ucrions3yror pa3iInyHble MTOIXOABI IS IPSIMOTO
MOJIYUYEHUS CTPATETUH JICUCTBUM.

Ha nanHbI MOMEHT HauOOJIbIITYIO 3()(EKTUBHOCTS JIJIS 3a1a4
IBMKEHMS nokazan aaroputM DDPG

1.V. Mnih et al. "Human-level control through deep reinforcement learning"
2.T. P. Lillicrap et al. "Continuous control with deep reinforcement learning “
3.J. Schulman et al. "Trust Region Policy Optimization"

4.J. Schulman et al. "Proximal Policy Optimization Algorithms"




Cumymnstop OpenSim?

" | Domson — 1000 maros (10 cek.)

ITanenue — Tta3 ke 60 cMm.

Harpanga 3a mar ,
10 — (|[vearge: — v||)” —0.001 - [lall?

1. Stanford Neuromuscular Biomechanics Laboratory, crowdAl, EPFL
Digital Epidemiology Lab, "NeurlPS 2018: Al for Prosthetics Challenge" 5/13



Ilenn

Ilesb — co3aark areHTa 0Oy4eHMs ¢ MOAKPEIICHUEM, KOTOPHIU
MaKCUMH3HUPYET cueT B cumysitope OpenSim

3agaun

* PazpaboTars pperiMBOPK AJ1s1 paCOpEACICHHOIO MOJIYyYSCHHUS JaHHBIX
13 CPEBI

* Be1OpaTh 1 peann3oBarh OJIMH U3 AJITOPUTMOB OOYUYEHUS C
MOAKPEILIICHUEM

e MlccnenoBarh BIIMIHUE U3MEHEHUSA HAOIIOIAEMOTO ar€HTOM COCTOSHUA
¥ (YHKIIMK HArpajbl Ha CKOPOCTh CXOAUMOCTH

* PeanuzoBarhk aHCaMOJIUpPOBAaHUE CTPATETHH ar€HTOB

* [IpoBecTH CpaBHUTEIBHOE TECTUPOBAHUE



MHOTOmmoTOo4YHOE 00yUYECHHUE

- |
Cumynsanus OpenSim . Kmuewt ! Cepsep
HU3KOIIPOU3BOAUTCIIbHAI.  NpoLiecce :
W3-3a hToro mis 7 |
TIOJyYEHHS] TaHHBIX :
Sampler Model Worker I
P €6yeTC}I MHOTI'O (4 npouecca) (4 npouecca) :
BPCMCHH T !
[lencTtBue CocTosiHMe :
/: : :\
. |
Pernenue: Replay | 50 [— 50
3aIyCTUTh HECKOJIBKO L,
Cpel mapajui€IbHO BupTtyanbHble ' PeanbHble
cpeabl cpeqbl
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3MeHeHne HaOIIaeMOT0O COCTOSHUS

[IpencraBneHue COCTOSAHUS B 0a30BOM pEATU3aIN AJITOPUTMA:
* OTHOCHUTEIIBHBIE KOOPJMHATHI YaCTEN TEJIA, UX CKOPOCTH U YCKOPECHUS

* Cuiia HapsHKCHUS MBI

* OTHOCUTENBHBIC YIJIbI IOBOPOTA YACTEM TEJIA U YIIIOBBIE CKOPOCTH

JIOTIOJTHUTEIbHBIC TIPU3HAKMU:
* AOCOJIFOTHBIE CKOPOCTH YaCTEU TeJIa
* AOCOIIOTHBIE BBICOTHI YaCTEH TeJIa

* AOCOJIIOTHBIE YTJIbl IOBOPOTA YacTel Tena



3MeHeHne HaOIIaeMOT0O COCTOSHUS

9000+ —— Baseline
—— Feature Engineering

CyeT
N
(an]
o
o

BpemMa B Yacax
Baseline — peanmzamnus 6a3o0Boro aaropurma

Feature Engineering — oOydenue areHTa ¢ JOMOJHUTSILHLIMA IPU3HAKAMU
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TpexaTanHoe 00ydYeHHE U aHCAMOJIIMPOBAHUE

IlepBbIN 3TaNm — 00y4YECHHE arcHTa C HarpaJaou

‘ ‘vtarget Vcurrent ‘ ‘

1‘1=1—

“vtarget‘
BTopoii 3Tanm — 1[006yquHe arcHTa ¢ Harpagoun
. Torig — 19 ECmu o5 € 19,10]

rz = 9
—1 MHaye

\

Tperunt 3Tanm — MOJIy4YEHHUE HECKOJILKUX CTPATETUKM areHTa Py ITOMOILU
SGDR g moctpoeHust aHcaMOJIs



TpexstanHOE 00yUeHME

10000

8000+ Harpagna 1
7000

6000 1
5000 1
4000 -
3000 1
2000 1
1000 -

CyeT

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Bpema B 4Yacax

2
| |vtarget _vcurrent| |

Harpana 1 — oOyuyenue ¢ Harpagon 1 —
||vtarget||

21 —19 Ecmmre[9,10]

Harpana 2 — 1ooOyuyeHue ¢ Harpaaou _1 NHAYe



AHCaMOIMpOBaHUE

Onucanue Cuer Yacrora mageHum
DDPG 4041.10 £ 539.23 N/A
DDPG + FE 8354.70 +439.3 0.36
DDPG + FE + En 9673.75 £ 75.03 0.02
DDPG + RS + FE 9097.65 + 344 0.21
DDPG + RS + FE + En 0846.72 + 29.6 0.02
TeopeTnyeckuii MaKCUMyM 10000 0.0

JlokanpHOE TECTUPOBAHUE HA OOJIBIIIOM YHCJIEC SIIM30/10B



Pesyierarsl

* Peann3oBaH (ppeHMBOPK UISL pacOpeaCICHHOIO O0yYCHHUS
* PeanuzoBan anroput™M DDPG ¢ HeoOxonuMbeIMu MOAU(pUKALIUSIMU

* [loBbImeHa Y PEKTUBHOCTH OOYUECHHUS areHTa IIpyu IIOMOIIH
MO (UKALINN HAOIIOIAEMOTO COCTOSTHUA U (DYHKIIMH Harpaibl

* Peann3oBan MmeToa aHCAMOJIIMPOBAHMUS, 3HAYUTEIILHO IMOBBIIIAIOIINI
IIPOU3BOAUTEIBHOCTh UTOTOBOK CTPATErUX areHTa

Kpome Toro:

* 3ansTo 6 mecto® B copesaoanuu NeurlPS 2018: Al for Prosthetics
Challenge

1. https://www.crowdai.org/challenges/neurips-2018-ai-for-prosthetics-
challenge/leaderboards



