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1.UvOD

7THPD GLSORPVNRJ UDGD MH 3ULPMHQD QHXURQVNLK P
WHRULMVNRP GLMHOX RSLVDQ MH SURJUDP 8QLW\ ' SRPRIU
jezik koji je korL & W H Q gesti srojpogupHQMD WH QDpPpLQ NDNR LK NRULVW
MH WHRULMVNL RSLVDWL L QHXURQVNH PUH&H WH QDpLQ
SUDNWLPQRP GLMHOX UDGD SRWUHEQR MHoQd&&tiasameL VLF
GRiUuL GR WUD&@HQRJ UMHAHQMD 3UDNWLpPQL GLR ]DYU&AQRJ
Windows 7 operacijskim sustavom. Osim UnitydD NRULaAWHQL VX L UD]JQL G
WHKQRORJLMH NRMH UH ELWL QWYK GH@HUDPD NRBLAWHQ L
zadatka sAnacondaiORQR'HYHORS NRULaAWHQ ]D SLVDQMH SURJUDI

1.1. Zadatak diplomskograda

U seminaru potrebno je teoriiskRSLVDWL QHXURQVNH PUHaH WH QD]
SURQDODVN X WpvekB pIQRIMD GUMHOX UDGD SRWUHEQR MH QDSL
QHNROLNR JHQHUDFLMD VDPD GRUL GR WUDAHQRJ UMH&HQN

Tehnologije: C#, Unity3D, Tensorflow, PythoAnaconda Prompt



2.UNITY 3D

Unity [8][1] (hr. jedinstvo)je crossplatforma koju je razvio Wity Technologiesstvorenge
za izradu igaraKoristi se za izradu igardD UDpXQDOD 3& NRQ]JROH PREL
stranice. Prvi put predstavljet005 godine n&ppleovoj svjetskoj konferenciji zarpgramere
Tada samo za OS ¥,dodanasS U R&e QD MR& QHNR QDOsRodr@ DAV\RDEP L
u, Apple Inc. pohvalige Unity za najpcdO M H Ni® grafigsaMMhQ OS XTrenutno najnovija
verzija Unitya, Unity 2018 ujedno i jedna ochajpopularnijin inajboljih razvojnih platformi za
stvaranje B i 2D igara SREROMAaDQD, ¥pRENR YSRAVAD\RWIODWNteRzL ]DQI
YLAHSODWIRUPRPWNX YSREUNMRNXLYV QLN.NYHG R QIRWVLGQ RYXL M PAM H
PRU

Uz naglasak na prenosivpsdt D] Y RM F L O MAPI-@:[DiréciBM ma@Vihddwal i Xbox
360; OpenGLnaMacu i Windowsu; OpenGL ESna Androidu i iOS-u; te vlasnifke APHe na
video L J Wil [konzolama Unity dozvoljavarezolucijskepostavkeza svaku platformukoju
podupire WH S spédflRaciju  kompresije reflekdjsko mairanje S R G UZaN Aump3
mapiranje Aarallaxt PDSLWHQMHPQR J]DVMHQMLYDQMH , diadtbknrdW H Q M
ekranski prostorambjentalne okluzije (SSAO), Aenderto-texture3 Lpuni zaslon poslije
procesnih efektaUnity HY J U nebdniizanplatformske raznolikostP R A$U X aM M/Q b0 Q M H

raznimvarijantama

8QLW\ MH SR]QDW SR ravjagjd Rala @ R J X i HR \SVBHDtey IfRoje D
programeriPRJX LMSIRWRD PRELOQN WRE QDMBID pvEpERgdaniksi&
konzole. 3R G Q &DS O D W | Rujui ARHroidNiOS] ®P X,Apple TV, BlackBerry 10 Linux,
Nintendo 3DS lingPlayStation 3PlayStation 4PlayStation Vita Unity Web Plger, Wii, Wii
U, Windows, Windows Phone 8Xbox 3601 Xbox One Unity Web Playerje dodatak za
preglednik (englbrowse) NRMHJ SR G U awivdows XOS X P RR U LeaWviity QWb
Playera obustavljenge u korist WebGLa. Nintendo uz svaku dozvolu za programiranje daje i

besplatnu kopiju samog programege osnovna oprema za stvaranje igara na Wii kanzoli

2.1. Grafika

8QLW\ QXGL LIQHQDYXM X U X génefivdiyeOathiijeWw BriptQ) Rob¥ifomvi& D J X
visoko razvijenu tehnologiju grafike k& N R ULV Wdva RdyRheriina da igneaprave


https://en.wikipedia.org/wiki/Microsoft_Direct3D
https://en.wikipedia.org/wiki/OpenGL
https://en.wikipedia.org/wiki/OpenGL_ES
https://en.wikipedia.org/wiki/Video_game_console
https://en.wikipedia.org/wiki/Reflection_mapping
https://en.wikipedia.org/wiki/Bump_mapping
https://en.wikipedia.org/wiki/Bump_mapping
https://en.wikipedia.org/wiki/Parallax_mapping
https://en.wikipedia.org/wiki/Screen_space_ambient_occlusion
https://en.wikipedia.org/wiki/Screen_space_ambient_occlusion
https://en.wikipedia.org/wiki/Render_to_Texture
https://en.wikipedia.org/wiki/Android_%28operating_system%29
https://en.wikipedia.org/wiki/Apple_TV
https://en.wikipedia.org/wiki/BlackBerry_10
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Nintendo_3DS_line
https://en.wikipedia.org/wiki/PlayStation_3
https://en.wikipedia.org/wiki/PlayStation_4
https://en.wikipedia.org/wiki/PlayStation_Vita
https://en.wikipedia.org/wiki/Wii
https://en.wikipedia.org/wiki/Wii_U
https://en.wikipedia.org/wiki/Wii_U
https://en.wikipedia.org/wiki/Windows_Phone_8
https://en.wikipedia.org/wiki/Xbox_360
https://en.wikipedia.org/wiki/Xbox_One

onako kako suto zamislili. Razumijevanje grafikd6] klju mo je za pravino dodavanjei
UDVSRUHYONPR®WD RGUHYHQH GXELQH X VYRMX LJUX

Jedan od najbitnijihigelova grafike u Uniju je osvjetljenjg5] koje dajevelik udio naambijent

u igrama. Kako bi8 QL W\ L] WMpDQOEDRDMeta, treba znati intenzitesmjeri boju
svjetlosti koja pada na t&@D objekt. 1zvor svjetlostidobivasetako da uscenu ubacimo objekt
svjetlost IDMNRULAWHQLMD Yusnyakeba &/)étiaMengtir@diiorad Mids), \keja

R P R JM @X svi objekti na sceni budos\jetljeni. Svjetlost dolaziuvijek iz istog smjera
Usmjerena svjetla predstavljapekakav YHOLNL L]JYRU VYMHWORVWL NRML
mape NDR 4WR MH SULADIDQR QD VOLFL 60

Lt

I
S i et

'%%l‘ .

DodavanjeniJnity svjetlau scenu stvaramgiene koje ®bjekta padaju na drugi dio tog objekta
ili na neki drugi objekt u prostorul D W D Msjé® ¢pddgUR GUHYHQ X Anosik@X L UH
]JERJ WRJD aWWRIIpPJOQRIADSPOMRARMIREMHRWPH. L] JOHGDR UDYQ

Unity scenu stvaramaslaganjem, organiziranjem i premetanjem objekteodimenzionalnom
prostoru.Ekran korisnikaje dvodimenzonalan pa zbog tog# RUD SRV W BavbD3¥ taj QD p
SUL]JRU XKYDWLR L ALJUDY G@DRN DD QD LMY OXPXS-ENRBENAE H P R
kamerd4].



Kamera je objekt kojstvara i definirgpogled na prostor scenBozicijakamereu prostoru
RGUHYXMH W Rijod objdk@H @apa8d DY (gore R G U Hdukini X domet gledanja,
odnosno vrh ekran&amera P R astb tako definirti Y Hi@uli joblik regije koja se nalazi unutar
vidika. Kada namjestimo sveotrebneparametrekameraPRa4H SULND]JLYDWL &dWR
AY L Gdnfa,Q D Q D & AKA\sE @bfekt kamerstira L SRPERRLFDW (H VH L SRJO
nanedAHP HNUDQX LVWR eN boektakaRerd/thraSiolkab psamo ljudsko okou
stvarnostividi svijet tako da su predmeti u daljini manji nego predmeti u blizifiehnika
VWYDUDQMD WDNYRJ SRJOH G bistXu urdjethostl ilyrafiel. (TaSéhhiReddoN’ D W H
je Y D a Qdivarénje realnih scena u igra.

9DAQR MH QDS RMmiyQosiadujedldieMiza stvaranje terefid koji RPRJIXUXMH
korisnicimada vrlo jednostavnha brzo GRGDMX YHOLNH NUDMROLNH X LJU:
stvaranje tegna vrlo je dobro optimizirano t& U X)4PDL Q NR Y L W R ulsair@m@izaddiiiku.D Q M H
Postoji veliki izbor alatkoji RPRJXUXMX Y, brebR ra@blikd §Varaje terena za igre
UD]JOLPLWLK YUVWD

Sl. 2.12 Stvaranjebrda[7]



3. PROGRAMSKI JEZIK C#

C# [10] je Y Udiho paradignatski programski jezik & WHPHOMH UD]JOLPpLWE
GLVFLSOLQH ADW Uifkdrmee funkcionalre, imperating, deklarativne objekno-
orijentirare  J H Q éli WdnfpNnentneorijentirare.

Microsoft je u okviru svojeinicijative .NET razvio C# programski jezik, koji jeasnije odobren

kao stadard( od straneEcma (ECMA-334)i ISO (ISO/IEC 23270:2006) On je jedan od
programskih jezik&koji je GL]DMQLUDQ GD PX X®REDVOPEHRGQOMXIOD VO L
Language Infrastructuye

Anders Hejlsberg sa svojim timom nastavlja razvijati ovajektnoorijentiran programski
jezik R S in&injene Najnovija verzija je C# 7.3, koja je izdana u 26&Bgodini zajedno uz
Visual Studio2017 verzije 15.7.2.

Ciljevi nastanka su:
xNamijenjen da budeR S U H Q Di@&INbkt&&hmodean, objekno-orijeniran progranski

jezik.

xUz svoju implementacijwsiguravapotporunDp HOLPD S URJUD PKR/ NiMKR L\DX%
provjere tipai granicanizovg detkcija QH R G U Hy H QKoje s¥ RduidteMuDkBdDeL
automatsko prikupljanje otpada

x Programska robusngst ] G U & O pidghaRérdka produktivnost su vrlo bitne

xNamijenjen je ]|D N R U W&ad¥vejQ sbtterskilkomponenata prikladnih zg@rimjenu u
GLVWULEXLUDQLP RNUXaHQMLPD

x Prenosivostkojaje vrlo bitna za izvorni kod i programeiaednost je kod oniNR ML VX Y H
upoznati gprogramskim jezicima C i C++.

xPoG U & N DerpBcian@laciju

xNamijenjenje da budepogodan za pisanje aplikacid X VW DY D U Drja@DKop mdglt K Y HO

koristiti sofisticiran operacijski sustalv nekog sposebnim funkcijama


https://en.wikipedia.org/wiki/Multi-paradigm_programming_language
https://en.wikipedia.org/wiki/Functional_programming
https://en.wikipedia.org/wiki/Object-oriented_programming
https://en.wikipedia.org/wiki/Object-oriented_programming
https://en.wikipedia.org/wiki/Component-based_software_engineering
https://en.wikipedia.org/wiki/Microsoft
https://en.wikipedia.org/wiki/.NET_Framework
https://en.wikipedia.org/wiki/Ecma_International
https://en.wikipedia.org/wiki/International_Organization_for_Standardization
https://en.wikipedia.org/wiki/Common_Language_Infrastructure
https://en.wikipedia.org/wiki/Common_Language_Infrastructure
https://en.wikipedia.org/wiki/Object-oriented_programming

xC# aplikaciesu QDPLMHQMHQH GD EXGX HNRQRé e zahtjevgjuS R IO F
procesorsku snagmo MH]JLN QLMH QDPLMRKQ M HekinGazmiglerskirD W M H

jezikom.

3.1. Sintaksa

B3URJUDPVNL MH]LN & LPD VLQWDNVX YUOR VOLpQX VLQW
[11]. 1HNL RG MH]LND V Dn MO Lp@iR&ayLQWDNVR

S Oriegtvari u sintaksi ovih jezika su:
X 7TRphraez(A 9 VH NRULVWL NDGD R]QDpXMHPR NUDM QDUHGI

X9OLWLpPpDVWIA 1'DIN D) GdMiste sekod gupiranjanaredbi u na primjer funkcije,
klase ili u imenske prostore (enghmespace

xUglate zagrade @ 3, Al 3 koriste se za deklariranje matrica i polja te da bidaaali
YULMHGQRVW FLMHOH PDWULFH LOL VDPR SRG RGUHYVH

xVarijablama se dodjeljuju vrijednostNRULVWHUL ]1Q DA= N,HGEIBRNR V W L
XVSRUHYVLY D QivaizAsRphh Yriake jedmhkosh-€ 3.



4. AGENTI 6752-12* 8y(1-%

Unity Alat Agereta 6 WU RM QR J 8 pPHtQNMabhinéll@dr@ing Agentoolkit VNUDUHQR
ML-Agenti, je Unity dodatakotvoren@ koda (engl.opensourc§ NRML RPRJXUXMH LJ
VLPXODFLMDPD GD VOXaH NDR RNROLQD ]D WUHQLUDQMH L
NRUIMIMMH GRGUADQRJ iinfdrcemént ld¢a@iddd LPLWDFLMVNRJ XpHC
imitation learning, neuroevolucijom (englneuroevolutioh ili nekih drugih metoda strojnog
XpHKAMMHGQRVWD Y D @ylHon MR UIL@EtKGINEBIHH Q W L S Uehéebiatije LP S
WHPHOMHQH QD 7HQVRU)ORZX QDMQRYLMLK DOJRULWDP
MHGQRVWDYQR XpH LOQWHOLJHQWQH DJHQWH QD ' ' LOL ¢
PRJX VH NRULVWLWL ]D UD]OLDpLW K RADYEDWGEMKiMb@idd iith X M X (i L
koji se ne mogu kontrolirati ni igrati, englonplayer characte), automatiziranje testiranja igre
SD pDN L YUHGQRYDQMH UD]JOLpPpLWLK RGOXNBRAgenti [SasMQH U I
obostrano korisni za programeteJDUD L $, LVWUDALYDpH JERJ SUXADQMI
QD NRMRM VH QDSUHGDN $, UD]YLWND PR&H PMHULWL L RF

rasponu programera igara.

Agent MH JOXPDF NRML $&Bjé& R NSRRI hLpomatranja donijeti
QDMEROMX PRJXUX RGOXNX 6WYDUDQMHP DIJHQWD X 8QLW!
1IDMYD&QLML DVSHNWIRMW PRGE B QMEBIPa & QiR kjp bMptikuplia za
XpHQMH WH QDJUDGH NRMHKGRE&Q X B DQ DN M P HEQ MXUWHERD OH W

"., ..... + PYthon API

S.L412NUXAHQMH[I8JUHQLUDQMD




$JHQW SURVOMHYXMH VYRM HhRIBaIH MyzBKE tablaH dehes] brlukediQ J O

SURVOMHYXMH RGDEUD Q AgeBtNPFRWIH LQ © WA DDYIDYBAIQHAY W XSAULRNHO |
SULPMHU NUHWDQMH QDSULMHG L@WD QR]WDIGIW.IDQRHPL B R/ LQ
DJHQW PRUD GRELWL RGJRYDUDMXiUX QDJUDGX X] VYDNX °
NRULVWL NDNR EL VH RWNULOD RSWLPDOQD SROLWLND RGC

9DaQR MH QDSRPHQXWL GD VH QDJUDGH QH GRGMHOMXM
SULOLNRP LPLWDFLMVNRJ XpHQMD

.ODVD A%UDLQ3® PR]DN L]GYDMD ORJLNX GRQRAHQMD RC
NRULVWLWL LVWL PR]DN QD ‘imdryamvisi QDSWRmIRn@Ea. vendkil R G
PRIDN VDPR SUHQRVL RSVHUYDFLMH NUR] DJHQWD QD QHNL
QDWUDJ DIJHQWX NRML MX L]YUADYD 8QXWDUQML PR]DN NF
kroz parametre (taP R]DN QHUH QDXpLWL QLAWD QRYR YHUO VDPR 1

mozgova nisu direktno vezane za trening, ali se mogu koristiti za dijelove treniranja.
4.1. Mozak

OR]DN REXKYDUD SURFHV GRQR&AHQMD RGOXND 2EMHNWL
Academy unutar hijerarhije Unity scene. Svaki agent mora imati dodijeljen mozak, ali se isti
PR]DN PRaH GRGLMHOLWL YLA4H QHJR MHGQRP DJHQWX 1DU
ELWL GRGLMHOMHQL MHGQRP LOL YL&H DJHQDWD

3UHGOD&H VHONRWL AWH@UE3NGLUHNWQR D QH SRWNODVH
QMHJRYRP YUVWRP $JHQWIL-Agahts RGIHIR @ XBBIQX BHMWQUQ YUV

xVanjski (engl. Externa) +t 9DQMVND L XQXWDUQMD YUVWD PR]JD S
vrsta korisWL VH SULOLNRP WUHQLUDQMD DJHQWD 7R ]QD|
SURFHV NRML UH GRQRVLWL RGOXNH 8 RYRP VOXpDM
NRPXQLFLUDWL V 3\WKRQ VNULSWRP SRPRUX S\WKRQ
XNOMXpHQB XUSFIWIKRWDPLK DJHQWD VAYehR BOKRJ XpHQMD

xUnutarnji (engl. Interna) + . RULAWHQMHP XQXWDUQMLK WLSRYD
LVWUHQLUDQX SROLWLNX GRQRAHQMD RGOXND

X, VWUDALY MHenittioc HQYOM WLS QDPMHAWDPR SdJdgéntodeR P U X
ORJLNH NUR] SUBR&isithHQMH NODVH A

10



X, JUDp P@Re)t1DPMHAWDPR YUVWX LJUDp NDGD AHOLPR R

akcije te ujedno testirati napisani kod.

7TLMHNRP WUHQLQJD NRULVWLW UHPR YUVWXKD@OQNMRGERO RRN
XQLMHWL X 8QLW\ SURMHNW WH NRULVWLWL JD SRPRuUX XQ>

Klasa mozak ima nekoliko glavnih svojstava koje se mogu namjestiti unutar inspekcijskog
prozora u Unityju. Ta svojstva moraju odgovarati agentu koji koristi taj mdsakprimjer
YHOLPLQD YHNWRUD R @hH\Ed® Phddrvaidr Spade BjuewrR atfovarati

G X avekidra opservacija tog agenta

4.2. Odluke

Opservacijskeakcijskc QDJUDYLYDpPNL FLNOXV SRQDYOMD VH QDNRC
NRUDNDQ» QI HWURPLMHQMHQD YULMHGQRVW MH MHGQRP S
GD VWYDUD RGOXNX QD ]|DKWMHY 'RQR&HQMH RGOXND Ul
najprikladnije za simulacije temeljene na fizici. Stvaranje odluka na zahtjev je bpEnera
NRULVQLMH NRG VLWXDFLMD JGMH DJHQWL UHDJLUDMX QL
RGUHYHQR YULMHPH

Da bismo kontrolirali frekvenciju koraka stvaranja odluka, moramo namijestiti vrijednost
frekvencije odluka (engldecision frequengyza agenta unutar Unity inspekcijskog prozora.
$IJHQWL NRML NRULVWH PR]DN LVWL PR]DN PRJX NRULVWL
NRUDNH X NRMLPD QLMH ]JDKWLMHYDQD QL MHGQD RGOXN

odlukom.
4.3. Opservacije

DabiGRQLR RGOXNX DJHQW PRUD UD]PRWULWL VYRMH RNU
2SVHUYDFLMD VWDQMD PRaH SUHX]HWL WLSRYH IRUPH

¥ .RQWL QXL U D QCorlikuNU4/ YRettor H/€ktbOKoji se sastoji od niza brojeva.

¥ '"LVNUHWQL Disdiete RettofHHfQIOGHNY X WDEOLFL VWDQMD SUH

jednostavnih okolina).

T 9L]XDOQH 2SVHWNYuaDObsevationd«MIOG QD LOL YLAH NDPHUD

11



.RULAWHQMHP NRQWLQXLUDQRJ L GLVNUHWQRJ YHNWRUD
implementirati funkciju Agent.CollectObservations() koja stvara vektor stanja. Kada se koriste
YL]IXDOQH RSVHUYDFLMH SRWUHEQR MH VDPR LGHQWLILFL
$JHQW NODVD UH VH SREULQXWL |]D RWaiDfOrRciju 1LMH
CollectObservations() ako agent koristi vizualnu opservaciju (osim ako uz nju Kkoristi i bilo koju

vektorsku opservaciju).

4.3.1.Kontinuirani v ektorski opservacijski prostor

Za agente koji koriste kontinuiranu vrstu stanja prostora, potrebnoYi@& LWL YHNWRU
reprezentirati agentove opservacije na svakom koraku simulacije. Klasa mozak poziva funkciju
CollectObservations(svakog svog agent&vaka implementacija ove funkcije mora pozivati
funkciju AddVectorObskojom dodaje opservaciju u kter.

2SVHUYDFLMDPD PRUDPR XNOMXpLWL VYH LQIRUPDFLMH SI
SUHFL]QLK UHOHYDQWQLK L SRWUHEQLK LQIRUPDFLMD D
5D]XPDQ SULVWXS RGUHYLYDQMX XK ORVIXPMHRELH D HN RWDH E3.DWUL
WR SRWUHEQR GD VH L]UDpXQD DQDOLWLpPpNR UMHEGHQMH RY

O9HNWRU PRUD XYLMHN VDGUADYDWL LVWL EURM HOHPHQI
PMHVWX X QL]X $NR LPDPR RNROLQX RAOWRHWRRRLPHVQWNXD
QHGRVWDMDWL XYLMHN PRAHPR XPMHVWR QMLK XSLVDWL
,VWR WDNR PRAHPR VH NRULVWLWL PHWRGRP X NRMRM Q
SURWLYQLND X RNROLQL QHJR VDPR QDMEOLALK SHW

KDGD QDPMHaAWDPR PR]JDN DIJHQWD XQXWDU 8QLW\ HGLWR

kako bi se koristila kontinuirana vektorska opservacija:

XOHOLPLQD 3URBpERSREXIHQLIPLQRD SURVWRUD PRUD VH SR
QDaHJ YHNwddJD RSVHU

xVrsta Prostora (engBpace Type xVrstu prostora potrebno je namjestiti na kontinuiranu

(engl.Continuou$.

xVrsta Mozga (englBrain Typg +Vrstu mozga potrebno je namjestiti na vanjsku (engl.
External) tijekom treninga, a na unutarnju (engiternal) da bismo koristili istreniran

model.
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9HNWRU NRML VDGUAL RSVHUYDFLMH MH RELpQD OLVWD C
unosa neke opservacije, bez obzira na njenu vrstu podatka, moramo ju pretvoriti u decimalni
broj. Cijeli brojevi se mogu dodati direktno u opservacijski vektioptULpLWR MH SRWUHEQC
%RROHDQ YDULMDEOH X EURM 7R PRAHPR SRVWLUOL SUHWY

.RG XQRVD HQWLWHWD NDR aWR VX SR]JLFLMH L URWDFLMD
individualno. Na primjer prvo @damo pokiju na x osi,y osi pa zatim z, a ne cijeli vektor

pozicije odjednom.

Kod unosa vrste podataka koji ovise o tipu ili su unikatni elementi, potrebno je svakome

HOHPHQWX SULGRGDWL RGUHYHQL EURM NRML UHektbD R]QD
XQLMHWL RSVHUYDFLMX R WRPH NRMH RUXA&AMH DJHQW WL
XQLNDWQL EURM WH UH VH WDM EURM SUHGDYDWL NDR RSV

Normalizacija

Za nabolje rezultate prilikom treniranja, potrebno je normalizirati komponenteraaktotar
raspona odl do 1 ili od 0 do 1. Kada normaliziramo vrijednosti, PPBXURQVND BiaHaD a
PUHAD PRaH SXQR EUAH GRuUL GR RGUHYHQLK ]JDNOMXp
QRUPDOL]LUDWL QD SUHGORAHQH UDVSR@®HW NG NRUYRWD
QHXURQVNAWRWHABDNHUL UD]JPDN L]JPHYyX JUDQLFD NRG NRPS
MH aDQVD GD iH WR XWMHFDWL QD WUHQLQJ

SRVWL]DQMH QRUPDOL]DFO,MRRAHPR SRQNRD LLWHYWK. VOMHG

NormalVrijednost= (TrenutnaVrijednost minVrijednos}/ (maxVrijednost minVrijednosy

SRWDFLMH L NXWRYL VYDNDNR EL WUH E®D Ga0stpié¢vanmpsuJ PD O L
VH NRULVWLWL VOMHGHUH IRUPXOH

Quaternionrotation = transformrotation;
Vector3NormdiziranKut = rotation.eulerAngleg 180.0f- Vector3one // za raspor-1,1]

Vector3NormaliziranKut= rotation.eulerAngled 360.0f // za raspor{0,1]

13



4.4. Akcija

$NFLMD MH LQVWUXNFLMD NRMX |DGDMH PR]DN DJHQWX
kao parametar kada Akademija (engtademy pozove funkciju AgentAction(). Vrsta vektora
DNFLMVNRJ SURVWRUD PRAH ELW]IONRDWLHQ XLWBEDB 8@ R GIR
VDGUAL GHFLPDOQH EURMHYH XQXWDU QHNRJ UD]PDND ]I
RGUHyYyHQ EURIM. NBprigniei ROdxdhtinuirane da &ino se kretali unutar 2D prostora
PRAaHPR LPDWL GYLMH DNFLMH QDSULMHG L QD]DG NDR MH
DNFLMD ]D VYRMX GLPHQ]JLMX .RG GLVNUHW QHedatsygridi W U H

te bi predavao vrijednost od 0 do 4.

1L PR]JDN D QL DOJRULW D/PRWUHMH®DQRMN @. Algb@Rinkr2D 8 F L M
WUHQLUDQMAH LQYBWRAELpYD UD]JOLpLWH YULMHGQRVWL WH Q
QDJUDGD RONFHWHORXKRGUHYHQRM VLWXDFLML

4.4.1.Kontinuirani akcijski prostor

.DGD DJHQW NRULVWL PR]DN NR ML akdijski Qros@iMeagheQ QD
Continuous vector action space SDUDPHWDU DNFLMD SURVOLMHYHQ DJH
je unizudALQH LVWH NDR akchskoglirostorakhiividiRilde vrijednosti u nizu
LPDMX |QDpHQMD RQD NRMD LP PL RGUHGLPR $NR GRGDPR
QD SULPMHU SURFHV WUHQLQJD UH QDXpLWL NRQWUROLUD

3UL QRUPDOQLP SRVWDYNDPD L]JOD] NRML RPRJXUXMH
funkcije vectorAction unutar-] @ $NR AHOLPR VDPL RJUDQLpPLWL L]C

funkcijom:

Izlaz 1 = MathfClampact 1], -1, 1) * 100f,
4.5. Nagrade

8 SRGUADQRP XpHOMD MH VLIQDO NRML DJHQWX JRYRUL
DOJRULWDP SRGUADQRJ XpHQMD UDGL WDNR GD RSWLPL]L
EXGH YHUD QHJR SUHWKRGQD a4awR MH EROML PHKDQL]DP Q

9D@QR MH QDSRPHQXWL GD VH VLVWHP QDJUDYyLYDQMD QH N
LVWUHQLUDQL PRGHO 1DJUDYLYDQMH VH NRULVWL VDPR Sl

14



ORAGD QDMEROML VDYMHW MH WDM GD VH NUHQH RG
komplesnijjh *HQHUDOQR JOHGDQR WUHED VH QDJUDYLYDWL
PLVOLPR GD EL GRYHOH GR RGUHYHQRJ VWDQMD 'D ELVPR
koristiti klasu Monitor koja nam prikazuje kumulativhu nagradu koju dobiva #jenORJX UH MF
QDPMHVWLWL YUVWX PR]JD QD 30D\HU WH WDNR VDPL PR
NROLND UH QDP QDJUDGD ELWL ]D RGUHYHQH RGOXNH

Lesson A Lesson B Lesson C
SI.L4513RVWXSQR SRMDJIBDQMH |[DGDWDND

Dodjeljuiemo nagrade agentu pozivanjem funkcije AddRewardqutar funkcije
AgentAction(). Dodijeljena nagrada u svakom koraku bi trebala biti negdje u rasgoh |
,DNR MH PRJXUH VWDYOMDWL QDJUDGH L]YDQ UDVSRQD C

treniranje. Nagrada se resetira na nulu nakon sviadi@ka.
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5.32'54%$12 8y (1-(

3RGUADQR XpReiQfdtdemeHtQed@inge tehnika umjetne inteligencije koja trenira
DIJHQWH GD REDYOMDMX |DGDWNH NUR] SRQDaADQMH NRMH
DIJHQW RWNULYD VYR MH jestvatixXedrtd @idiu tiB prétraitavja dbnosiidiuke.
Ako ta odluka vodi prema boljem stanju, agent dobiva pozitivhu nagradu. Suprotno tome ako
RGOXND YRGL SUHPD PDQMH &AHOMHQRP ORALMHP VWDQI
GRELYD QDJUDRGNX DXIRMHIMA XUL NUR] WUHQLQJ SRGUADQR X
GRQRAHQMD RGOXND WDNR GD RQ NUR] QHNR YULMHPH SRV

$JHQWL VWURMQRJ XpHQMD NRULVWH WHKQLNX SRGUA
Optimizacija Pravila (engl.Proximal Policy Optimizaton VNUDUHQR 332 332 |
neuronskuPUHAaX GD SULEOLAL LGHDOQX IXQNFLMX NRMD SRYH
PRJXULP RGOXNDPD DNFLMDPD X WRP VWDQMX 332 D
implementiran je u TensorFlon SRNUHUH VH RGYRMHQR X 3\WKRQ S|
pokrenutim Unity aplikacijama odvija se prel®R Gj@(Briyl. soke}).

State & Reward

State l 1
Transition Em
t Action

SI.513RGUADQROXpHQMH

5.1. Proksimalna Optimizacija Pravila - PPO

-HGDQ RG QDMQRYLMLK DOJRULWDPD SRGU&DR®iA XpHQ
$OJRULWDP 332 VH XVSRUHGQR SRND]DR NDR GRYROMQR ¢
DOJRULWPL VOLPQH XSRWUHEH X] WR GD MH SXQR MHGQRYV
je i PPO postao i nor@ DOJRULWDPD ]D SRGUADQR XpHQMH 2SHQ$,

dobre performanse.

8] QDGJOHGDQR XpHQMH PRAHPR YUOR ODJDQR chsPSOHP
function SRNUHQXWL VWXSDQM VSXawDQMD D VYHGOGGHRH E

16



UH]XOWDWH V UHODWLYQR PDOLP SRGHADYDQMLPD KLSH
SRGUADQRP XpHQMX QLMH WROLNR RPLW $OJRULWPL VDG
WHENL ]D RWNOD QM D QebdgiqHeL 24IRij\Bj gnEVMVQ DERUOX QDPMHA
EL VH GRELOL GREUL UH]XOWDWL 332 SRJDyD EDODQV
LPSOHPHQWDFLMH NRPSOHNVQRVWL SULPMHQH MHGQRV!
QDSUHGDN VYDNLP NRUDNRP NRREWDH MDORVPILIXUDWDMXQN
RGVWXSDQMX RG SURZOLK SUDYLOD YUOR PDOX

L°YP(9) = E, [min(r,(0)A,,clip(r(8),1 —&,1+¢€)A,)]

@ is the policy parameter

E, denotes the empirical expectation over timesteps

r; is the ratio of the probability under the new and old policies, respectively

A, is the estimated advantage at time ¢

€ is a hyperparameter, usually 0.1 or 0.2

Sl. 4.5.1Formula PPO algoritm@.9]

Potrebno je znati da priikoMWUHQLUDQMD DJHQDWD NUR] 8QLW\ D.
SRWUHEQR J]QDWL NRULVWLWL 332 DOJRULWDP SD pDN QL
NDR MHGQX NXWLMX |]D WUHQLUDQMH ,PD SRQHAWR SDUDP
pythonove skripte no nije potrebno ulaziti duboko u znanje o PPO kako &jesdi mogli
XVSMHAQR WUHQLUDWL

5.2. TensorFlow

.DR @8WR MH YHU SULMH VSRPHQXWHRJN®& DMWPDD VIDAIRAH. \Q Bl
GXERNRJ XpHdeed learihQ JB SHFLILPQOMRHQWDFLMH VX VDJUD
ELEOLRWHNH RWYRUHQRJ NRGD 7THQVRU)ORZ -Agéhtd @DupL GD
formatu razumljivom samo TensorFlowu.

7THQVRU)ORZ MH ELEOLRWHND RWYRUHQRJ NRGD ]D L]JYR:
podDWDND WR MHVW WHPHOMQL SULND] PRGHOD GXERNR.,
IDNOMXDpLYDiQ3MIGPQDPEZXQXWDU UDpXQDOD VHUYHUD LOL P
$IJHQDWD GRN XpLPR DJHQWD SRQDaADQMX VWWXNWMHRR LIMAE
bytess SRGDWND NRML VH ]DWLP PR&H LPSOHPHQWLUDWL >

17



QDSLVDOL VYRM QRYL DOJRULWDP L LPSOHPHQWLUDOL JD
SR]DGLQL VFHQH .RULAWHQMH 7H Qi Rovij @&RIRIy TidDsowlvhH YD 8«
dodatak.

ML-$JHQWL RPRJXUXMX GD VH NRULVWL Y khutaBloityMge QWW U H Q'L
MH PRJXUH XEenSRPW®RSharp rpjekta Primarna korist ovog dodatka je ta da se
7HQVRU)ORZ PRGHO WPRAMHEGBHOQD/NYWL INRHNXQGDUQD NRUL

koristiti bilo koji TensorFlow model.
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6. POSTAVLJANJE POTREBNIH PROGRAMA

Da bismo instalirali i koristili MAgente potrebno je instalirati Unityklonirati ML-Agents
repozitorij te instalirati P\/KRQ VD VYLP SRWUHEQLP GRGDWFLPD 8 QDV
instalacije svakog potrebnog prografh§].

Kao prvi korak potrebno je skinuti najnoviju ili bilo koju verziju 2017 ili noviju Unityja. Verzije
mMRAaHPR SRJOikuG Pprekd njihoveNsanice [9. Kada je instalacija Unityja gotoya
potrebno je klonirati ME$JHQWYV *LW+XE UHSR]JLWRULM ORAHPR JD N
LOL UXpQR V LVWH SRYH]QLFH

git clone https://github.com/Unityechnologies/mégents.git

Direktorij unity-environmet XQXWDU RYRJ UHSR]JLWRULMD VvDGUaL VYH
Agents projekte. Direktorjpython VDGU AL WUHQLQJ NRG 2ED GLUHNWRUL!
repozitorija.

6.1. Instaliranje Pythona

Kako bsmo koristili ML-Agente, obavezan je Python 3jeno sa dodatnim potrebnim
programima koji su navedeni u datoteci zahtjeva. Neki od dodatnih potrebnih proguama
TensorFlow i Jupytert 3UHGODAH VH VNLGDQMH L LQVWD[@BLUDQME
_.RULAWHQMHP $Q& NRQdEtHI k&tigifXatOLWR RNUXAHQMH ]D UD]C
Pythona. U prethodnim verzijama mogao se koristiti i Python 2, no sadaPsdinom 3

8 $QDNRQGL SRWUHEQR MH VWYRULWL QRYR-ZBM@EGD RN U X
]QDpL GD VYL SDNHWLINRSRY HID/WDOLPR AR RYW RNUXAHQN
%LOR NDND LQVWDODFLMD QHiuH XWMHFDWL QD 3\WKRQ LO|
$JHQWD SRWUHEQR MH DNWLYLUDQMH VWYRUHQRJ &RQGD

6WYDUDQMH &RQGD RN QlpdHHI@ND LYH BRWRV MAHH SFOVUHEQR R
SURPSW NRML VPR LQVWDOLUDOL D ]JDWLP X QMHJD QDSLVI

condacreate-n tfp3.5python=3.5
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*GMH MH AWIS 3 QD]JLY QD&aHJ RNUX&HQMD D S\WKRQ
RNUXaHQM Xje KbRsfitK ii kbvije verzije Pythona, no ova verzija se ispostavila kao

najbolja.

(base) C:\aamaarconda create -n tfp3.5 python=3.5
Solving environment: done

## Package Plan ##

certifi:
pip:
python:
setuptools:
vC:
5_runtime:
: y

Shfebbdbg_@

SI.6.11 6WYDUDQMH &RQGD RNUXAHQMD

wincertstore:

=DWLP SRVWRML PRIXUQRVW GD GRYH SLWDQMH X YH]L LQV
SD |DWLP AHQW HlhstsddijuakBtaN hastavitistalaciju(paketi su obavezni).

Proceed ([y]/n)? y

.1-py35_@
corrupted. The path "Scripts/easy_install.ex

fcf
actual sha256: bal7fecld195753fd 0 dh57faf2f7
4

xecuting transaction: done

d
E

#
#
#
#
#
#
#
#

To activate this environment, use
$ conda activate tfp3.5
To deactivate an active environment, use

% conda deactivate

SI.6.126WYDUDQMH &RQGD RNUXAHQMD
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Naredbom conda activatfp3.5 XOD]JLPR X VWYRUHQR RNUX3AHQMH D QI
izlazimo iz njega.Potrebno je biti spojen na Interniet VOMHGHULP QDUHMIEDPD L
Agente:

conda activate tfp3.5

git clone https://github.com/Unityechnologies/magents.git

cd CADirektorij_gdje_smo_Konirali_MLAgentéml-agent$python
pip install .

3LS UH ]DWLP LQVWDOLUDWL \YAgend Weyu Nkatisti8 RiMitarHoEd@ R G D
RNUXAHIRWMD' QR X] GRGDWNH 3\WKRQX SRWUHEDQ MH L 7HQ\

6.2. Instaliranje Nvidia CUDA alata

,DNR MH PRJXUH ]D$WHHOQADD@MH 0SRWUHEQR NRULVWL
algoritam sveHGQR QHiUH SXQR XEU]DWL QR X EXGXUQRVWL FLO
VOXpDMX GD VH QH NRULVWL WUHQLUDQMH SRPRUX *38 RY
VH NRULVWL *38 WUHQLUDQMH SRWUHEQR MiHm® Wdrstitv HU L W
na list kompatibilnih [1§. 8 YRYHQMHP YAbents WOH, 8admo CUDA v@.i cuDNN
Y VX SRGUADRRQ>VNLGDQMD LQVWDOHUD SRWUHEQR M
GPUED]LUDQH ELEOLRWHNH D Ozbanjé] Bkdripaied /Qpdtigtbha el L R S
S R N U H-iAHeréd.

6.3. Instaliranje Nvidia cuDNN biblioteke

Ako se koristi GPU treniranje potrebno je skinuti i instalirati cuDNN biblioteku koju je
napisala Nvidig14]. Naravno, ako se ne koristi GPU treniranje, KaoSUR&0OR SRJODYOM
PRAH SUHVNRpPLWL FX'11 MH ELEOLRWHND NRMD VOXAaL ]D
QHXURQVNLP PUHaDPD 3ULMH VNLGDQMD VDPH ELEOLRWHI

Developer Program.

Potrebno je pripaziti, gikom skidanja, na verziju biblioteke te na njenu kompatibilnost s
CUDA alatom koji je instaliran1 DNRQ VNLGDQMD FX'11 SRGDWDND SRW
staviti ih unutar CUDA direktorija. Potrebno je kopirati sva tri direktorija koji se nalazp-u zi

(bin, include i lib).
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6.4. 1DPMHAWDQMH YDULMDEOD RNUXaHQMD

.DNR EL RPRJXULOL UDPpXQDOX GD SURQDOD]L SRWUHEC
napraviti jednu varijabluR N U X &eHi@ijs \Rrijable putaDa bismo dodali varijableRNU XAHQ M D
XSLVXMHPRRAOWOQOYW YDULDEOHV3 XQXWDU WUDALOLFH :LQGI

V H ]RBEMitha system environment variabfe®dabiranjem te opcije, dalje idemo na tipku

Anvironment Variables .OLNRP QD A1HZ:3 GRGDMHPR QR¥ ¥XeVLVWH
YDULMDEOH SRWUHEQR MH XSLVDWL A&8'$B+20(3 D ]D YUL
CUDA alata.

Edit User Vaniable

Variable name: | CUDA_HOME

Variable value: | A\Program Files\NVIDIA GPU Com,

puting Toolkit\CUDA\WS.0

Browse Directory...

Browse File...

Sl. 6.41 Stvaranje nove varijd® R N U X §15]Q M D

'YLMH YDULMDEOH SXWD SRVWDYOMDPR XQXWDU LVWRJ A
ANXLMH® NRMD VH ]RYH A6\VWHP 9DULDEOHV?
R]QDpLWL MX L NOLNQXWL A(GLWS:

verziji i mjestu instaliranja, otprilike izgledaju ovako:

SRWUHEQR
8 RWYRUHQX OLVWX WL

C:\ProgramFiles\NVIDIA GPU Computing ToolRCUDAW9.0lib\x64

C:\Program FileSNVIDIA GPU Computing ToolREUDAW9.0extrad CUPTNibx64
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Edit environment variable x
{%USERPROFILES\AppData\Local\Microsoft\WindowsApps New
ChUsers\z ‘Anaconda\Scripts
ChUsers': ‘\Anaconda3\Scripts\conda.exe Edit
ChUsers\: “Anacondad\python.exe
Ch\Users\, “Anaconda3\ Browse...
C:\Program Files\NVIDIA GPU Computing Toolkit\ CUDAWS.0\lib'\x64
C:\Program Files\NVIDIA GPU Computing Toolkit\ CUDA\WS. extras\C... Delete

Move Up
Move Down
Edit text...

Sl. 6.42 Dodavanje puta u siemske varijablglL5]

6.5. Install TensorFlow GPU

1D NUDMX X RED VOXpDMD RW®3JHE&BS WH HQLNVWDXM D D &/ L
SLS 8 VOXpDMX GD LPDPR LQVWDOLUDQX NULYX YHU]JLMX F

pip uninstall tensorflow

$NR NRULVWLPR *38 YHU]JLMX WUHQLUDQMD 7HQVRU)ORZ
biti VSRMHQ QD LQWHUQHW WH MH SRWUHEQR XNOMXpLWL Q

naredbu kako bi instalirali TensorFlow verzije 1.7.1:
pip install tensorflongpu==1.7.1

.DNR ELVPR SURYMHULOL GD OL MH 7HQVRde)@igrdti GREUR LC
SRWUHEQR MH XSLVDWL XQXWDU RWYRUHQRJ $QDFRQGD 3U

importtensorflowastf
sess= tf.Sessiorgonfig=tf.ConfigProto(og_device_placemenirue))

=DWLP ELVPR WUHEDOL GREA)WKX QYXH HBMR LAEW S UZ DMANWHS BERIB N |
]QDpLOR GD MH GREUR LQVWDOLUDQ
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$NR LSDN NRULVWLPR *38 WUHQLUDQMH SRWUHEQR MH
3RWUHEQR MH ELWL VSRMHQ QD LQWHUQHW WH MH SRW
XSLVXMHPR VO M H GHristali@liDrenddeiow werdijhl R7.1:

pip install tensorflow==1.7.1

8 VODMX GD SRVOMHGQMD YHU]JLMD 7HQVRU)ORZD QH UDGL
SUHWKRGQLK YHU]JLMD 1D SULPMHU PR&aH VH X QDUHGEX
TensorFlow, kao na slici SI 6k

(tfp3.5) C:\aaaaa>pip install https://storage.googleapis.com/tensorflow/windows/
cpu/tensorflow-08.12.0r ) m-win_amd64d .whl
Collecting tensorflow==0.12.8rc@® from https://storage.googleapis.com/tensorflow/
windows/cpu/tensortlow-0.12.8rc@®-cp35-cp35m-win_amd&d .whl
Downloading https://storage.googleapis.com/tensorflow/windows/cpu/tensorflow-8
.12.8rc@-cp35-cp35m-win_amd64.whl (12.2MB})
1 | #HEHEHEHRHEHEHEHRHEHAHBREHBHERBRE | 12 .2MB 74kB/s

Collecting six .8 (from tensorflov .12.8rco)

Using cached -11.8-py2.py3-none-any.whl
Collecting numpy>=1.11.8 (from tensorflow==0.12.8rc@)

Using cached numpy-1.14.2-cp35-none-win_amd64.whl
Collecting protobuf= 1.8 (from tensorflow

Downloading protobuf-3.1.8-py2.py3-none-a

100% |HHEHHEERERHAREHEHBHEEHERHBHEERN |

Requirement already satisfied: setuptools in c:\programdatal\anaconda3\envs\tfp3.
5\1ib\site-packages (from protobuf==3.1.8->tensorflow==06.12.8rc8)
Installing collected packages: six, numpy, protobuf, tensorflow
Successfully installed numpy-1.14.2 protobuf-3.1.8 six-1.11.8 tensorflow-8.12.8r
c@

Sl. 6.51 Instaliranje CPU TensorFlowa

SURYMHU X NirRaGzvBdihtd kaQ mafslici S| 6.5, naredbama:
python

import tensorflow as tf

I1DNRQ L]YUGHQMD QDUHGEL QH ELVPR WUHEDOL GRELWL Q

(tfp3.5) C:\aaaaa>python
Python 3.5.5 |Anaconda, Inc.| (default, Mar 12 2818, 17:44:89) [MSC v.19@0 64 bi
t (AMD64)] on win32

for more information.

Type "help", "copyright", redit: »~ "license
»>>> import tensorflow as tf
b

Sl. 6.52 Provjera CPU TensorFlowa
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7.1ZRADA IGRE U UNITY 3D

=ERJ QDpLQD QD NRML IXQNFLRQLUD WUHQLUDQMH SRWU
NRULAWHQD VDPR |]D WUHQLUDQMH D GUXJD UH NRULVWLW
A =D GRQWI]DL MYD IdejaUJity igreza treniranjeje jednostavan labirint, odnosno put
RNUX&aHQ JLGRYLPD NUR] NRMH DJHQW PRUD VDP SURUL ,J
NDNR EL SURFHVY WUHQLUDQMD LdDR @&WR EU&SRpHWD HY W R/
]DYUAQH WRpNH L DIJHQWD X] NRMHJ MH REDYH]QR LPDWL D

v €} LabDipv2*
Directional Light
EventSystem

¥ Academy
Brain
Floor
START_CUBE
END_CUBE
¥ Agent-Flayer
Camera
b Walls

Sl. 7.1Hijerarhija scene

2EMHNW SRG L REMHNW JLG MHGQRVWDYQL VX ' REMHNWL
NRML RPRJIJXUXMX GD DJHQW SURDDASINAUGRH M GRGI@/IHQQ UD]
DIJHQW VXGDUL V REMHNWRP JLGD NUHpH RPR SHRPRI W NG MHA
slici S1 7.2

Sl. 72 Prva razina staze

3RPHWQD WRPND L ]DYUAQD WRPND VX S AREMHDN IV WRINHL V

RGQRVQR NUDM VWD]H 3RpHWQD WRpPND QH VDGUAL QL A5L

SRpPHWQX ORNDFLMX JGMH VH DJHQW VWYRUL QD SRpHWNX
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LOL FLOMHP 3RpHWQdu (i@ payed GDODDPY SBUX QW);2 3WR RPF
DJHQW XRSiUH QH YLGL WH JD RQD QH RPHWD X QMHJRYRM
WRpPND LPD A%R[ & ROOLGHU® L A5LJLGERG\® &WR RPRJXUDYI
PR&H V UMBPHLWL RGQRVQR GRiUL X NRQWDNW -HGQRP NI
WRPNRP VWYDUD VH QDWUDJ QD SRpHWNX VWD]H

5DQLMH MH VSRPHQXWR GD MH ELWQR DJHQWD XpLWL SR\
agent trenirao izgledala je kao naist. 72 *GMH MH DIJRQMW APXRLIRVEPH aWR '
neXURQVNX PUHaX NRMD JD NRQWUROLUD WH daWR VX L]OD]L
stazu, prikazanu na sliciS1.3 D NDV QL M H staz@Qikdz&ha sWkeiasl. 7.4

Sl. 7.3 Druga razina staze

N

S.747UHUD UD]LQD VWD]H
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Da bismo trenirali i koristili MLAgente u Unity sceni, potrebno je imati jednu Academy
SRWNODVX X] ELOR NROLNR REMHNDWD PR]JD L ELOR NRO
sceni mora biti spoj®@ QD A*DPH2EMHFW3 NRML MH GLMHWH DNDGHP
$IJHQWL NRML VH LQVWDQFLUDMX WUHEDMX ELWL VSRMHQL

SRWUHEQR MH VSRMLWL PR]DN VYDNRPH DJHQWX $JdHQWL
LVWL PR]DN GDWL VYDNRPH DIJHQWX %H] RE]JLUD QD GRGM
GRQRVLWL VYRMH YODVWLWH RSVHUYDFLMH WH GRQRVLWL
QD YL&H DIJHQDWD NRULVWLW U kstoLtekey KodQuRuddrfitrK m@zBa®eR a4 H Q
NRULVWL U0H LVWL LVWUHQLUDQL 7THQVRU)ORZ PRGHO

Python
(Tensorflow)

Sl. 75TreniranjesaYL&H DJHQDWD L YLa4H PR]JJRYD >

7.1. Akademija

2EMHNW DNDGHPLMD RUNHVWULUD L RUJDQL]JLUDAD/RHNWH

ranije spomeuato, samo jedan objekt akademije treba biti u sceni.

S obzirom na to da je klasa Academy apstraktna, potrebno je dodati potklasu te klase. Nakon
VWYDUDQMD SRWNODVH PRAHPR LPSOHPHQWLUDWL VOMHG

+ ,QLWLDOL]+PHFE&BRRUX&HQMMNDSIDY VS XWUD XNOMXpL
+ $FDGHP\3PrgredRNUX&HQMH L DJHQWH ]D VOMHGHUX HSL]R

1 $FDGHP\SPNgieBhaRNUXAaHQMH ]D VOMHGHUL VLPXODFLMVNL

prije svake funkcije AgentAction() trenutnog koraka.
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Bazna Acdemy klasa definira nekoliko bitnih svojstava koje se mogu namjestiti kroz Unity
(GLWRU ,QVSHFWRU =D WUHQLUDQMH QDMELWQLMD MH AO0I
WUHQLUDQMD WUDMDWL -HGQRP NDGD EUR)d@stiN@izMaND D

funkciju AcademyReset() kako bi krenuo s novom epizadom

¥ |@| ¥ Lab Dip Academy (Script) [ %
Script LabDipAcademy o]
Max Steps V]

» Training Caonfiguration
b Inference Configuration
Reset Parameters
| Add Mew | Remove Last

Sl. 7.1.1Postavke objekta akademije

public class LabDipAcademy : Academy {

public override void AcademyReset() {

public override woid ﬁcadewySfep(j {

L
J

Sl. 7.1.2Skripta koju koristi akademija

Zbog jednostavnosti treniranja i zadatka, nije bilo potrebno unositi dodatne funkcije u skriptu
akaGHPLMH NDR aWR MH SULND]JDQR QD VOLFL 60

7.2. Mozak

OR]DN REODa&aH SURFHV GRQRAHQMD RGOXND .DR aWR MH
akademije. Klasa Brain koristi se direkinD QH NDR SRWNODVD 3RQDaDQMH |
YUVWIWRDMH a&HUIO SULMH VSRPHQXWR

Klasa Brain ima par vrlo bitnih svojstava koja se mogu namjestiti kroz inspekcijski prozor,

prikazan na slici SI. 7.2.1. Svojstva je potrebno namjestiti da odgovaraju agentu koji ga koristi.

Svojstva mozga pa@ljena su u dvaljela. Prvi dio je konstantan bez obzira na vrstu mozga koja

VH NRULVWL D GUXJL RYLVL R YUVWL PR]vdhktordpserizaRijd)Ww DU |
SUHGvwDYOMD DJHQWRY YHNWRU RSVHUYDFLMD WH PX
opservacija kje agent predaje. QR WRPH A9 H KW Rdltoss &ke¥jayRales biti iste
YHOLpPpLQH NDR L EURM DNFLMD NRMH DJHQW PRaH SULPLWL
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¥|z Brain (Script) [ %,
¥ Brain Parameters
Vector Observation
Space Type [ Continuous #]
Space Size 17
Stacked Vectors O 1
P Visual Observation
Vector Action
Space Type | Continuous sl
Space Size 2
¥ Action Descriptions
Size 2
Elerment 0
Element 1
Brain Type | Internal al
Broadcast 4
Edit the Tensorflow graph parameters here
Graph Model = SecRunvZ_RZ_117_1 8000k @
Graph Scope
Batch Size Node Name batch_size
Vector Observation Node Name vector_observation
Recurrent Input Node Name recurrent_in
Recurrent Qutput Node Name recurrent_out
Action Node Name action
¥ Graph Placehaolders
Size 0

Sl. 7.2.1Svojstva mozga

,] VOLNH 60 PR&HPR YLGMHWL GD MH Y UVQXIVPRBQNLQD
]ODpL YHU LPD®R RRWHG QRMH J HjRkdda\ss\kbisRvargsky 00¢dk, nije

SRWUHEQR XQRVLWL QLNDNYD GRGDWQD VYRMVWYD 3F
7HQVRU)ORZ LVWUHQLUDQL PRGHO NRMHJ &HOLPR NRULVWL

7.3. Agent

KavD $JHQW SUHGVWDYOMD JOXPFD X VFHQL NRML SULNX
MH SUHWHALWR VSRMHQD QD A*DPH2EMHFW?3 NRML X VFHQ

imati mozak.

'D ELVPR VWYRULOL DJHQWD SR Wikiplem@rfiraV o$n&/beR aiebheV L N
IXQNFLMH X VNULSWX NDR awR VX

x CollectObservations(}Prikuplja agentovepservacijegRNU XaHQMD

xAgentAction() + ,]YUADYD DNFLMX NRMX PX MH RGUHGLR DJH(

ovisno o trenutnom stanju.

Implementacib RYLK IXQNFLMD RGUHYyXMH NDNR WUHED QDPMHV
ELWQR MH QDPMHVWLWL NDGD MH DJHQW JRWRY VD |]DGDW
8YLMHN VH PRaH UXpQR QDPMHVWLWL DIJHQWRMR ]DYUADYD
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void Start()
1

timeleft = 118.8f;

S ACAMERA

islocalPlayer = truej

if (isLocalPlayer) {
mainCamera.gameObject.SetActive (false);

telse {

mainCamera.GetComponentInChildren<Cameras().gameObject.SetActive(false);
b

StartCube = GameObject.FindGameObjectWithTag( " Respawn™);
EndCube = GameObject.FindGameObjectWithTag("goal™);

S/ Starting position

playerStartDot = StartCube.transform.position;
playerLastPos = playerStartDot;

playerStartDotRotation = StartCube.transform.rotation;
gameObject.transform.position = playerStartDot;
gameObject.transform.rotation = playerStartDotRotation;
S Starting speed

gameObject.GetComponent<Rigidbody>(}.velocity = new Vector3(af, af, af);
distancelast = Vector3.Distance(transform.position,EndCube.transform.position);

Sl. 7.3.1Funkcija Start()

$JHQWD QD SRPRWRXXLIXUMHNFLMH 6W D U Wobjekid \&§ RPN PR QIR |
A 6 W D U WAgexitE Brzinu stavljamo na O te rotaciju prema smjeru u kojem se treba, kretati

kako se ne bi zabio u zid istogha 3SRVWDYOMDPR SRpHWQR YULMHPH RGE
NDNR VH QH EL YUWLR X EHVNRQDpPQRM SHWOML NRG WUHQ

public override woid AgentAction(float[] wectorAction, string textAction)
1

if {brain.brainParameters.vectorActionSpaceType == SpaceType.continucus)

1

R S S T S TN I ST S
fed i The rignt direction

float al = gameObject.transform.position.x;

if (gameObject.transform.position.x < playerLastPos.x) {
AddReward(2.257);

} else {
AddReward(-2.47);

¥

playerLastPos = gameObject.transform.position;

Sl. 7.3.2Funkcija AgentAction() (1)

.DR 8WR MH UDQLMH VSRPHQXWR IXQNFLMRP $JHQWS$FW
ogenjujemo odluku mozga kroz susta@ DJUD VYL Y|IDQMIDNH 60 RRSeHPR Y
QDJUDYyXMH NUHWDQMH DJHQWD X SUDYRP VPMHuBEKkE seD QHJI
QLMH SRPDNQXR XRSUH
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float action_walk = * Mathf.Clamp({vectorAction[2], , |
float action_rotate_y = * Mathf.Clamp(vectorAction[1], -1f, )

Sl. 7.3.3Funkcija AgentAction() (2)

1D VOLFL 60PR YLEBREHWL PRJXUH DNFLMH NRMH DJHQW L]Y
RG GYD EURMD X QL]X 3UYL EURM JRYRUL R WRPH NROLNR
VWUDQX UH VH DJHQW RNUHQXWL .UHWDQMH NR PR YXWHMDO
X PMHVWX LOL VH NUHWDWL QDSULMHG S5RWLU@E&MHO RGQR

1 (desno).

Sl. 7.3.4Funkcija AgentAction() (3)

SRWUHEQR MH DIJHQWX GDWL QDJUDGX DOINDRMX HNDNG B iMXSR®
vid. NDJUDYLYDQMH QHJDWLYQR LOL SR]JLWLYQR SULND]DQR
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Sl. 7.3.5Funkcija AgentAction() (4)

Kod rotacije bitno je provjertidaIMH NUDMQMD WRpPpND LVSUHG DJHQWD |
WRpND LVigkbrGirage @@RVL QHIJDWLYQX QDJUDGX 6XSURWQR
ispreda rotacije nema, agent dobiva pozitivhu nagradu (kao u slici Sl. 7.3.5).

Sl. 7.3.6Funkcija AgentAction() (5)
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Sl. 7.3.7Funkcija AgentAction() (6)

Kod rotiranja, vrlo je bitno provjerit |DAWR VH URWLUD $NR MH jde&oGHVQR
rotacija udesno dobiva negativhu nagradu. Akozid desno, a naprijedesno nije, rotacija se
QDJUDYXMH SRILWLYQR ,VWR YULMHGL L ]D CaLM.Bi6rEl. VW UD (
7.3.7.

Sl. 7.3.8Funkcija AgentAction() (7)

6YDNR NUHWDQMH QDJUDYyXMH VH SRIJLWLYQR ]DWR @WR &H(
DIJHQW LPD PRIXUQRVW VWDMDQMD X PMHVWX RQR GRQRYV!
ispred ageta (vidimo na slici SI. 7.3.8).

Sl. 7.3.9Funkcija AgentAction() (8)

1D VOLFL 60 YLGLPR QD& L]OD] QHXURQVNH PUHAH RG
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Sl. 7.3.10Funkcija AgentAction() (9)

Sl. 7.3.11Funkcija AgentReset()

Funkcija AgentReset NRULVWL VH NDGD VH DJHQW VXGDUL VD ]L
IXQNFLMD YUDUD QD SRPpHWQX SRI]LFL MeXeVeBetBRiego @R E U]

nagrade
7.4. Okolina

Okolina ML-$JHQWLPD PR&H ELWL ELOR NRMD VIHFGODOL]SURSE
RNUX&HQMH X NRMHP DJHQW PRAH XpLWL WUHQLUDWL R
QDSUDYOMHQD GD VOX&L SULOLNRP XpHQMD SXQR iH XWM
L VDPH LJUH YDAQR MH JOHGQDDVNVFQ WEQDGBPRIMRWD 3iBSORPR
7DNRyHU MH ELWQR QDPMHVWLWL GD QMRPH PR&H XSUDY!

agenta.

8QXWDU RNROLQH DJHQW GRQRVL RSVHUYDFLMH L ]DNOM

dodajemo kroz funkcijollectObservations().
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Sl. 7.4.1Funkcija CollectObservations() (1)

U funkciji CollectObservations(), pozivamo funkciju AddVectorObd(djoj predajemo

SDUDPHWDU RGQRVQR RSVHUYDFLMX 7X IXQNFLMX PRAHP|
tome koilkR RSVHUYDFLMD QDP MH SRWUHEQR GD DJHQW L]YuUal
WH DJHQWX WUHED SXQR YLAH YUHPHQD GD QDXpL NRULVW

.DNR EL DJHQW GR&ADR GR NUDMD VWD]H SRWUHEQR PX MH
x Trenutno stanjeotacije po Y osi
x Trenutnu poziciju na X, Y i Z osi
x Trenutno stanje brzine na X, Y i Z osi
Xx8GDOMHQRVW QDMEOLaAHJ SUHGPHWD OLMHYR
X9UVWX QDMEOLAHJ SUHGPHWD OLMHYR
X8GDOMHQRVW QDM E @éapiildgdd SUHGPHWD OLMHYR
X9UVWX QDMEOLAHIa@WgdHGPHWD OLMHYR
xUdaljenoswWw QDMEOL&HJ SUHGPHWD QDSULMHG
X9UVWX QDMEOLaHJ SUHGPHWD QDSULMHG
X8GDOMHQRVW QDME @apiijdd SUHGPHWD GHVQR
X9UVWX QDMEOLAHPaBieHGPHWD GHVQR

Xx8GDOMHQRVW QDMEOLaHJ SUHGPHWD GHVQR
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X9UVWX QDMEOLaHJ SUHGPHWD GHVQR

Sl. 7.4.2Funkcija CollectObservatio(s(2)

Sl. 7.4.2Funkcija OnCollisionEnter()
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$IHQWRYD LQWHUDNFLMD V RNROLQRP MH VXGDUDQMH VD ]
ELOR NRMLP REMHNWRP SURYMHUDYDPR IXQNFLMRP 2Q&RO
u zid, dodjeljuje nu se negativhaagrada te senos agentove nagrade HVHWLUD QD SRpH'
VH DJHQW VXGDUL X NUDMQMX WRpPNX UGRBIHWIH $SR]EWhHMY
resetiranim iznosom nagradeSHVHWLUDQMH RGQRVQR NUDM HSL]JRGH S

Sl. 7.4.3Agentov pogled na okolinu
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8.75(1,5%1-( $*(1$7% 6752-12* 8y(1-$

ML-$JHQWL L]YUADYDMX WUHQLUDQMH NRULAWHQMHP YD
treninga, ovaj vanjski proces komunicira s akademijom objekta u Unity sceni kako bi stvorio
blokove agentovog iskustva. To iskustvo zatim postaje set za tremieunjenskeP UHAH NRMD \
NRULVWL |]D RSWLPL]JLUDQMH S U D Neu©ri3kdPJH{AW DR SWI.R G .LA.0DQ
WDNR @&4WR PDNVLPL]JLUD RpHNLYDQH QDJUDGH

Izlaz procesa treniraneH SRGDWDN PRGHOD NRMD VDGUADYD RSWI
podatak je TensorFlow model grafa podataka (edgta graph NRML VDGUAL PDWI
RSHUDFLMH L RSWLPL]JLUDQH WHALQH RGDEUDQH NUR] SU
PRAHPR NWUXWQ@D&HP SURMHNWX DNR QDPMHVWLPR PR]DN

.RULAWHQMHP 3\WKRQ VNULSWH SURJUDPD OHDUQ S\ WU
direktoriju python unutar MtAgents direktorija kojeg smo prethodno skinuli. Podatak kroz

kojeg postfr OMDPR VYRMVWYD WUDLQHUBFRQILJ \DPO RPR
KLSHUSDUDPHWDUD NRML VH NRULVWH NUR] WUHQLUDQMI

program za izmjenu teksta.

S.81.RPXQLNDFLMD L]PHYX 3A\WKROQHEBE) RNUXAHQMD

8.1. Treniranje kroz skriptu learn.py

.RULAWHQMHP 3\WKRQ VNULSWH OHDUQ S\ WUHQLUDPR L
SRGUADQRJ XpHQMD (eKd.@riduimSleamihy DPDPLWDFLMVNR XpH(
behavioral cloning imitation learning
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Skriptu learn.py pokré&mo kroz komandnu liniju. Prije pokretanja moramo pokrenuti prethodno
VWYRUHQR RNUXAHQMH NRMH LPD LQVWDOLUDQ 7HQVRU)OI
VYRMVWYD QDPMHAWHQD X WUDLQ HdjuBrérfir@pje, J \DPO GDWRWH

Osnovna komanda za treniranje je:
python3 learn.py <envme> --run-id=<ID -ucenja --train
gdje je:

Xx HQYBLPH! MH LPH NRMH XNOMXpXMH Bthtbkel @bz B}W GR
SRNMPR QD&X LJUX $N-Re\predakapperafdDU WUHQLQJ UH

unutar Editora.

x<ID-ucenjp MH QHREDYH]DQ LGHQWLILNDWRU NRML U0H VOX
spremali. Ova opcija je vrlo korisna kod organiziranja, pogotovo ako se treniraju razni
DIJHQWL QD UD]QLP RNUXAHQMLPD

Sl. 8.1.1Primjer pokretanja procesa treniranja

1D VOLFL 60 djetipRjed PdRretabja learnypskripte. Korisni dodatci naredbi su
& savelUHT3 NRMLP QDPMHAWDPR IUHNYHQFLMX VSUHPDQMD
A2 ORDG® NRML RPRIMDXMARGDUAQLUDQMH PRGHOD NRMHJ VI

8.2. Simulacija i proces treniranja

7UHQLQJ L SURFHV VLPXODFLMH L]YUAaD YAyéhiXakddémie NRUL
NODVH $NDGHPLMD UDGL V DIJHQWLPD L PR]JJRYK&B® X VF
DNDGHPLMD GRYyH GR NUDMD VYRMLP PDNVLPDOQLK NRUDNI

epizoda treniranja je gotova.

7TLMHNRP WUHQLQJD YDQMVNL 3\WKRQ SURFHV NRPXQLFLUD
prikuplja podatke i optimizUD QMHJRY PRGHO QHXURQVNH PUH&H 9U\
VXGMHOXMH OL RQ X RYRP SURFHVX LOL QH 9DQMVNL PR

trenirali TensorFlow model.
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ML-$JHQWRYD $FDGHP\ NODVD RUNHVWULUD DIJHQWRYH VLP>
x Poziva funkciju AcademyReset() potklase Academy klase.
x Poziva funkciju AgentReset() za svakog agenta u sceni.
x Poziva funkciju CollectObservations() za svakog agenta u sceni.
Xx.RULVWL NODVX %UDLQ VYDNRJ DIJHQWD GD RGUHGL VON
x Poziva funkgu AcadamyAct() potklase Academy.

Xx3R]JLYD IXQNFLMX $JHQWS$SFWLRQ ]D VYDNRJ DJHQWD X
agentovog mozga.

Xx3R]JLYD DJHQWRYX IXQNFLMX $JHQW2Q'RQH DNR MH LP
Done 2SFLRQDOQR PWAMARDIERPWHWVGD VH UHVWDUWD DN
HSL]JRGH 8 WRP VOXpDMX DNDGHPLMD SR]LYD $JHQWS5H

x.DGD DNDGHPLMD GRyH GR AOD[ 6WHS3 EURMD NRMHJ V
]DSRpLQMH QRYD HSL]JRGD W UKdi@ L pdikidd D Acasl&iy, Y D Q M
AcademyReset().

Sl. 8.2.1Proces treniranja (1)
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Sl. 8.2.2Proces treniranja (2)

Sl. 8.23 Kraj proces treniranja

=D YULMHPH WUHQLUDQMD PRJXUuH MH JOHGDWL QDSUHG
RPRIXUXMRISMGW %XLOG NRG LJUDGH AEXLOGDQMD?® LJUH
1D LVWLP VOLNDPD PRAHPR YLGMHWL SURFHV VSUHPD

koraka kako bismo znali kako agent napreduje.
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9. REZULTAT

Kroz trening od 8 000 OO@oraka, u trajanju od otpriliked0 sati, postignuti sUVOMHGHUL

rezultati
Xx$JHQW UDVSR]QDMH UDJOLNX L]JPHYX JLGD L NUDMQMH W
X$JHQW MH QDXpLR @8WR ]QDpL SRMHGLQD RSVHUYDFLMD
xAgentjenapLR NDNR VH NRULWVWOINFALMBDPD WNRMHKH RQ PRAaH L]’

X$IJHQW MH QDXpLR NUHWDWL VH NUR] VWD]X SUL WRPH

$JHQW MH XpLR RG ODN & Hna/swakyj j¢ [Bdved/viiim&rR KbthéwajaH

Staza koju je zadnju savladao prikazana je na slici SI. 9.1.

Sl. 9.1Labirint (staza)

42



Sl. 9.2Kretanje agenta kroz labirint

Sl. 9.3Skretanje agentd)
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Sl. 9.4Skretanje agent@)

Sl. 9.5Dolazak agenta do kraja labirinta
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9.1. Zadnja verzija igre

1IDNRQ aAWR M Hkdbstitl (3Mdvi@ BReifgtaRoprolazZL WL RVQRYQH SXWDQM|
igra (aplikacia. X NRMRM NRULVQLN VDP PRAH ]DGDWL VWD]X NRM

Sl. 91.1Primjer napravljene staze

BRNUHWDQMHP LJUH GRELYDPR SUD]QX SRYUALQX QD NRM
Lijevim klikom crtamg D GHVQLP NOLNRP PL4D EUL&AHPR FUWH 3RW
NULYXOMX R6 GR7BBHVWEO+A 3ULWLVNRP QD WLSNX A67$573
kutu IDSRPLQMHPR NUHWDQMH DJHQWD
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Sl. 91.2 Primjer pokrenute igre

Nakon pritiska tiSNH A67$57% VWD]D VH JHQHULUD WH DJHQW NUH
L NRG WUHQLUDQMD DNR VH DJHQW ]JDELMH X JLG NUHpH
iHPR VH QD SUHWKRGQL L]JERUQLN WH iHPR PRiUL SRQRYR F

. RULYWHUWDYHQX LJUX ODN&H VPR PRJOL VWYDUDWL QRYH \
]IDKWMHYQLMLP VWD]DPD 8NXSQR WUHQLUDQMH GRYRGL L

prekol00satitreniranja.
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10.=$./-8y$.

.UR] LVSUREDYWQNKDRSVDHOYDFLMD L DNFLMD NRMH GRS>
PRAaHPR ]DNOMXpLWL GD YL&4H RSVHUYDFLMD LOL DNFLMD
RSVHUYDFLMD DJHQWRYR XpHQMH VH J]QDWQR XVSRUDYD
kontroirDWL PRJXUH DNFLMH 9UOR ELWQR MH DJHQWX SRVW
QDSUDYLWL VWD]X VD VYLP PRJXULP NRPELQDFLMDPD VNU]I
QDVXPLPpQR JHQHULUDQLP VWD]DPD 9UOR MH Bhetagike SRV W
QbJUDyLYDQMD 7UHED WUHQLUDWL LVWL PRGHO PDOR SR |
UHPR ODN&H XRpLWL YHOLNH SURPMHQH L ]QDWL JGMH MH
QDNRQ VDWL WUHQLUDQMDEDQNB HN MR YAWaRH @aXgrijfelk Z5B/eQvRH JWI
WRpPpNH RSQJ RIEG®MHP NRG L ]&sRrenDti Nj&y&iDesh® @isto vrijeme te problem s
izlaskomL] EHVNRQDpPQLK SHWOML ORJXUQRVW GD VH WL SUR
nekih opservacija no to bi dovelo do treniraajglog modelaL ] S R psHiképhn vremenom
WUHQLUDQMD YHULP QHJR VDGD
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634(7$.

Unity 3D, jednostavan program za izradu igara ML-$JHQWYV GRGDWDN SUXAabD
WUHQLUDQMD XPMHWQH LQWHOLJHQFLMH GD L]JYUADYD RGU
MDpLQL &38 BL RYLVL L R RNUXaHQMX NRMH VWYRULPR ]I
NRMX QDu&bduHBRHQWL XpH X] SRPRiU QHXURQVNH PUH&H NRI
RGOQRVQR RSVHUYDFLMD WH EURM L]OD]D RGQRVQfR DNFL
SRVWHSHQR XpLWL RG ODNALK SD VYH GR WHAaLK ]DGDWDN
$JHQWVY GRGDWDN QLMH SRWUHEQR GRGDWQR ]J]QDQMH R
IXQNFLMH QHXURQVNH PUHA&H L]YUADYD 7HQkbRY YO R&Z X Si

mijenjama

.OM X p Q HUbity BOHRython, $IHQWL 6WURRPQRJI 8pHQMD
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ABSTRACT

Unity 3D, simple program for creating games, with M¥gents addition gives new services
of training artificial intelligence to do the specific taskgaining agentsdo not depenanly on
strengthof CPU or GPU, but it depends moretbe environmenivhich we create for agents and
also themechanimf rewarding that we write in code. Agents letliroughouthe help of neuron
network whom wedeterminethe numberof inputs, also calledbservationand the number of
outputs, also called actions thtae agenmneeds to dolt is very important forthe agento be
learnt step by step from very easy to very hard tasks. To train agemighoutUnity and ML-
Agents, t is not necessaryo know additionalknowledgeabout neural networks because all
functions ofthe neural networlare done by TensorFlow in the background, by algorithm PPO
which we do not change by hand.

Key words: Unity 3D, Python,Machine Learning gents, PPO
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