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Simulation of learning to control an Inverted Pendulum
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Abstract

This Thesis concern about learning of an Inverted Pendulum-using Artificial Neural
Network, An unsupervised Network are learn by rewarding and inhibiting the network. Learning
must learn parameter from model of aninverted pendulum that gives the network. The conditions
to balance the Pole.is related to balance the Pole for a while.Self-Organzing Feature Map is

clected as ardifical -neural network due to its strong firing.
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clear; sdsaudnlinnaalumuisaiud
' w i o o a
load('penddata’); poudulsiny 13l IWdasdunls
raw=ans,
raw =raw’; mlasimls ey luliand e
x=raw(:,2); gowanndwdsuanIvegludunlsdos
& o ! o
xdot=raw(:,3); yadulsazaglu wenin
= 2 &
theta=raw(:.4); ANTIN NIV

thetadot=raw(:,5);
f=raw(;,6);
1=0;
max x-max(x); AT RO 9
max xdor=max(xdot},
max theta=max(theta);
max_thetadot=max(thetadot);
max_f=max{{);
for i=1:10053, ##17 Normalization
x(i)=x(i)max_x
xdot(i)=xdot(i)max xdot;
theta{i)=theta(i)/max_theta;
thetadot(i)=thetadot{i)/max_thetadot;
fi)=1()/max_f;
end i1 syl smaiiadnals@diu
p=cat(2,x,xdot);
p=cat(2,p,theta);
p=cat(2,p,thetadot);
P=p’ muladidvesdeyaling luegluiia
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33 ﬂ1§ﬁ§1d Neural Network

msadialasaainlseamnifouy Backpropagation ADIRIANTE313 Feed forward

§ 1 w & <o ’ 1 w o a W
Network %‘Hlﬂﬂ'ﬂu Waqinﬂuu%qﬂ“ﬂuIﬂﬁ\i‘lﬂﬂﬂﬁ%ﬁ]ﬂkﬁﬂﬂﬂ$1ﬁﬂ1ﬂﬂ'ﬂaﬂﬂu'ﬂsﬂuﬂ'}ltﬂﬁﬂ'ﬂ

aé { o 1 [ u‘J o dy
nilimZeuiaziin I Y eaounn'lyl Feed forward Network @313 Tnoldf1dalu Matlab fafl

Si
TFi
BTF
BLF

PF

Net=newff{PR.[5,5,5, ....5,{TF, TF,, TF, TF,}, BTF.BLF.PF)

A ’

o MegauaziIRIgaroIaUnal

3

o J 1 ::
o ‘W&ﬂ‘]fuiﬁ]uﬂ"lﬂsljﬂ\mﬁﬂgﬁlfuﬂlﬂd Neural
I

4w = ] | o &
f18) ‘WQﬂG]fuﬂﬁlﬁLﬁﬂuz'ﬂ@ﬂuﬁﬁ$‘ﬁuuu g

3

o
Aw Mandunsaeuveq Backpropagation
& o @ =i ! = .
Ao HanFunEetnaIWeight 1102 Bias

2 ¢ 2 r < k4
fa Wanguptsun l"l]ﬂTﬂ']'llJNﬂWﬁ’]ﬂ“UENIﬂiﬂﬁi'N

3.4 nffaudsumsiaamivedlasevie

. s a1 { g A < o .
1.Levenberg-Marquardt ; trainlm L“l]u’.lﬁﬂ'lﬁl,i{luiﬁﬁiﬁﬁﬂﬂﬂﬂ‘ﬁu trainlm @T4170

ar ~t g} v o ) (] o oY=
YvaasnainsGouiadlduandumsanisginimnasauiuni saay 1auit trainlm

b ke, \ ==
1¥na1lumsaouuiuiaaual FsIEs aUsuadanls Talaedias

“NettrainParam.tmen reducn’

Y o ey Q [T ST r r o
Lfl"i] n Lf]uﬁﬂuquﬂﬂﬂ??uﬁﬂwuﬁﬂﬁﬂﬂu33H31~3L']ﬂ'llm$'ﬂu'mﬂ’ﬂiﬁ]’]

3 ; @ = gt of = 1
2.Quasi-Newton : trainbfg Lﬂm%'msﬁﬂugmmnﬁ Levenberg-Marquardt L1

UsganEmugandl

= = =1 ' =
3.Resilient-Backpropagation Lﬂu?ﬁﬂﬁlﬁng‘ﬁm’ﬂmiﬁﬂu g’,’uuu Levenberg-

Marquardt Uszarnsn TWEN AT Quasi-Newton

myUsud s s lnsealseamihoey

a L. . y o a o ' 4
s Ui, 9 S ianuitaiE Tlums A iauteslnstuenio W

@ : ]
AMUHWIZANAT ) NIRn YT UA s Asondem s veaounealisuisunamInaang

4 qw o
Gm“lsm'mﬂumﬁmwamumﬂ

@ 3 1 [ a 1 9! o g
daunlsang o umnlsusantsuaaana UsudimsGeud nidfuimiusouns

Foudia

¥
net.trainParam.show=100Apmst5ummsauaiwamaiioninineg 100 sou

net.trainParam. lr =0.05 ﬁﬂﬂﬁﬂ%‘ﬂﬂ"lm‘iL?Uui(Learinig Rate) VDILALAZTOU

nettrain.epochs  =2000 ABMTUTUTININTOURIMUAYBINIITOU
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4 1 =f r A o 1
doadrlasetinGoudosudng 18 Tnsaedmiouaziiliaeude T Tnonms1d
] tg
ﬁ1’c°f& train @il
[net,tr,Y,E,Pf,Af] = train(NET P, T,Pi,Ai,VV,TV)
4 v e =
131D [nettr,Y E.Pf,Af] Ao MAANTENADINTINAISSoUTUBT Network
(NETP,T,Pi,Ai,VV,TV) A dunandoansnir asudlsz oy
¥ o @ v ¥4 o
133 19Neural Network Taas1da newit 9zsznaudan InssadrufeusunnInua
2 do o d o ' ¢ o '
Tuudazdu nuwpsenvuaziiueg 15718 ud n13 167 A%y puretin 929 19 1dsmaan

1 © 1 . . £ 1 1A
$33MTRIIIUATII97 tansig LAL logsig Hadla1 laiAu |

net =newft(minmax(p),[80,10,1],{'tansig',' logsig', purelin'} ,'trainlm');
net.frainParam.show=100;

net.trainParam.lr=0.03;

net.trainParam.epochs=2000;

net.trainParam. geal=0.1c-9;

{net,[]=train{net,p,1),

3.5 silnvuredassangdszmmmasnilafly
gl v ~ 5 o ol 3 L= | o
o Tasaadrund lasaamlseannfounzal s snoud e s LAY 9 aiseany
1 é 1 a .dlj [} ar ) i =t ¥
0y Gmtm’ﬁxmwﬂiL“H@i.lﬂE]ﬂuﬂ’JUTﬂ‘NﬁiNLLU‘ULEUW?ﬁJum(Casscase forward Network)

F151li 3.8

a

»O
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al2}

a{1}
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y{1}

51% 3.8 uamslasstwdszamiondm i Tl lvaou
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Block ¥941n33sUszaniion Aanaietsenaudiunives Weight 1ag Bias

minzauduszuuvess 1saauiiu ie'ld Block Tassvimlszamiouudioziii a4y
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uuusmalasmsdaaen hlnsuunuuiaowe us Idnud fagl

Can

L
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Y

Fendulum = =
[+ u Animatian
— |t

Fiom File xdot

(5 |
Pendulum

Ruefarance

/'/]A
-
/Li

r y F
Gain N Azint 'K'zunz 'k’%a 'K7

Gaing

Haural Network

X
Xdat
Thata
thetadol
F

= o ° 1 o e ges g ¥ 3
U 3,11 naasaredianiai Insetelay mmisshsun G on 5 vusoond ) 1l 19y

P 1 1 Vo L 3/ 1 a o 1 =
131l 3.11 deyadaudi oz tlenlviuils zamMenssdarnum svinlfitlunnloanon
L 3 Yy ey ra < g =5
(Normalization) M3z doyah 1¥aemlssaimiley s luifun e uas gy Outpat Hiled

wlaamdnandulfidlue 159 mé 10 (Denormalized)
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3.7 mssennuy Inseaelszenifeuuuy Self - Organized Feture Map
Taun3 19 ns s wa)seamila Feedforward syudndu Recurrent Network(13e
pr . o o 1
Kohone Layer) Tasii Output Layer ilu Tassthouszemduganio S8 movlszmmiianluug
fo o e = P - W & a. o o oAad g = ¥ s
azmwasaall (2,30x30,1) FeezdnsAmunneiaosnuidmsy awtliduinauun 3aneaniniiies
[ . Y ¥
oA et unnSeuiunihennud uag iNea NuazAINIeIN s MR8 LA tntin
drumsisvuaasinsaiiouuy Self — Organized Feture Map 1913 Wazutununs
dfuanimin uar Tilmidmuadhnovesnseu deaadmued yuilidntssnhazuuumfoee
¥ '
gnalfuimiin(Weight)ddenly
If{dScore>dScoreMean){
Target[0]=Pole.F;
TrainUnits.(Net,Input, Target);
ued ludhdeu luesinetSuAdScoreMeanyas winner AatRariHu
Net->KohonenLayer- >dScore‘\/Iean[Net >Winner] += Net->Gamma.-* (dScore dScoreMean);
Ths whanuuiinms fdenainasGnd Competitive Network %‘m ‘mmsﬂsummwun

fnitvee Kohonen
nAq Taumaiia idasSuamnieug Yo Jiawes oz TR R qwinner

Muiafdu

Net->Alphay = 0.5% pow(0.01, (REAL) n/ TRAIN STEPS);

Net->Alpha. =0.5% pow(0.01, (REAL) n/ TRAIN STEPS};

Net->Alpha, = 0.005;

Net->Gamma = ¢.05;

Net->Sigma~ =6.0% pow(02, (REALYn/ TRAINISTEPS);

5109 3.12 uaasIassiodszamdeuing Tl 14w

a
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3.8 aamlsznevves Pendulum lumund
e - ) was 1 3 a =4
pefsznanvas Pendulum sggnidivulasntsmuuaguauiianig ¢ alouuifamsiou
- o ’ w & =
Tsunsudeiag saftlsznoudia q azgnussarn iluaanls POLE ulsznaudismndn
ar = o i ar
w ,wDot,x,xDot uaz F unudanils yu s udayu s3eee a1 uaz usa I Augm(Cart)

i
NG Fatl

typedef struct { /* STATE VARIABLES OF A POLE:*/
REAL X; /* - position of cart [m] */
REAL xDot; /* - velocity of cart [m/s] */
REAL w; /* - angle of pole [°] */
REAL wDot; /* - angular velocity of pole [°/s] */
REAL F; * - force applied to cart */
! POLE; /* during current time step [N] */

1 o ] n‘: VoA - r s Qo
TIUIDATTAN 9 Uuﬁtcl‘]]”.]ﬁﬂ'liﬂli)ﬂ Baler wonmavaiwasiaudinnoums DYWUDTBUALTDY

void SimulatePole(POLE *Pole) {
INT s;
REAL x, xDot, xDotDot;
REAL w, wDot, wDotDot;

REAL F;

X = Pole->x;

xDot = Pole:>xDot;

w = (Pole->w /180)* PL
wDot = (Pole->wDot/ 180)* PL;
F = Pole->F;

for (s=0; s<STEPS; s++) 1}
wDotDot = (G*sin(w) + cos(w) * ({-F - Mp*L*(wDaot)*(wDet)*sin(w)) 7 (Mc+Mp))) /
(L * (REAL) 4/3 - (Mp*(cos(w))*(cos(w))) / (Mc+Mp)));

xDotDot = (F + Mp*L * ((wDot)*(wDot}*sin(w) - wDotDot*cos(w}))) /(Mec+Mp),

X += (T 7/ STEEPS) * xDot;

xDot += (T/STEPS) * xDotDot;

w += (T ASTEPS) * wDot;

wDot = (T / STEPS) * wDotDot;
i

Pole->x = X;

Pole->xDot = xDot;

Pole->w = (w/ PI)-* 180:;

Pole->wDot = (wDot #PI).* 180;
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3.5.1 Goulusmuadasves Mu Pendulum
4 N 4 Vo " o - M g A '
Asulvrninianiadilddaudeu Boolean $avzdssmavesnuuilu o3mde hudoyy ad

oA o w = ¢ o
maluyn 260" eiiuunddelandu

BOOL PoleStilIBalanced(POLE* Pole})

{
return (Pole->w >= -60) && (Pole->w <= 60);

}

3.5.2 devlvSuduveaszuy

4 2 oy Yo & 3 "By, . ]

Wasuduszuuszdnahinisded a df0Tz v TaoyizegluAmmdsmuuuannusalan

4 o | i 4 = o o @ a g o =
a3 Mutaeg iegastnan edosnisSuduhinudmdsuadsefludiwmudnenuyy
=1 a 5 ¥ =3 < v 1 o
szt yudlu 07 wxild sz uveglunanindes Ssdesimuaatiiudmios o nuuguliduudae
o Fa
Hanyu RandomEqualREAL( );
1 ¥

M3 IAR 1919 FIRNS ol

void InitializePole(POLE* Polc)

i
1

do {
Pole->x% ={
Pole->xDot = =0,
Pole->w =RandomEqualREAL(179,181);
Pole->wDot = (;
Pole->F =0
} while (Pole->w == 0);
}
i uhew I imuays Tl dands
Pole.w = RandomEqualREAT.(-1,1);
el iy gniasdosd i msauls Pole. Figy fus st 100 fad¥ #ivugiudoudon
ol
Pole.F = 100:
SimulatePole(&Pole);

o o . P o a ) =3 ]
#Handu SimulatePole aglvmidunis yu A5 wFayy szosn1e uaganuz 80N wIY

als Pole
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3.5.3 msuanguanu 313a% wim wan 6
asnaawamiames Tlsunsy Taanaasuy stiwdu(Animation) 1u Visual s

a 1 S
1138 mua RECT Class naudasoniladtvden 2 senunl¥1d anavesmsuaasiuneanisinania

nandenae CObject

3191 3.11 uerasms FuaaIaued Aa1a CDC

CDC *cde = dlg->GetDC();
dlg->BeginPaint{&ps);

RECT rt;
PAINTSTRUCT ps;
CString str;

@
s

4 & { o
i rt unuStruct vas Rectangledadiasdsznousied Wy

LONG left;
LONG top;
LONG right;
LONG bottom;

Tsunsumsnanseiadilnemsiadida LineTo , MoveTe wuaz Rectangle fida ldufin
) ar ] o [} - s o i a
FanlievusulBuntin dann LineTo uay MoveTo inldlunisnaesddsenomduas sifid

=t v 1 1 1 Vo o = o aa a )
wniigdialiwiuey dm Rectangle 198 wisurmgdamasioasilalasmsmuniaivian e

/ Pols

Reterence-Coordinate

Y Position

NPosition

' a = q = d @
51091 3.12 uansiTnrAacunsiianaaINavad TEUDBUNETAIWLR Y
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¥ . 1 ¥ ¥
Fumisvesguuuszaunn Y iudaned damunu X wziffoui ddudiuauals

XPosition anugsrosguiivua 20 yaiinega Anuninvesguisna 60 jaRnmamusofiounas

avLussunuazegdumaReIfufug e daudadndumunsamyuldang & alawvesmunisozi

Al
(PoleLenght x sin( Angle),PoleLenght x cos{Angle); (3.6)

weiiieguiinmuadeufidoshmstiounu iy
((275+XPosition)+PoleLenght x sin(Angle),340+60-20-PoleLenght x cos(Angle))
(3.7

! ] ¥
mmndeufive g az Annhmin 18 Tasmsdouyamazdumialdnudauls XPosition

waz Angle IR 2]
/f Draw A Base
rt.left = 275-30-(-XPosition);
rt.right= 275+30-(-XPesition),
rt.top = 380,
rt.bottom = 400,
cde->Rectangle(&rt);
Pole.xDot=0.9*Pole.xDot;
Pole.wDot=0.996*Pole-wDot;
/ Draw A Pole
cde->MoveTo(275+X Position+1,380);
edc-»LineTo({275+XPosition+i)+ Polelenght*sin{PI* Angle/180.00)
,340+60-20-PoleLenght*cos(PI*Angle/180));

- a & ¥ Vv 1 A Yo 1 o )

Weannisiam nilasovesdesnaniine miias Ausr UMM aa 39 adag
A4

dlg->EndPaiat(&ps);

dig->ReleaseDC(ede);

¥ 1o 3 U = ] s 1 o a ¥ ' o 1
ﬂ1lll]‘ﬂ']ﬂ15?1ﬂﬂu1%@1ﬁlllkﬁ3ﬂu¥]ﬂﬂ 1ML 28727138 19240 19 WU'JEIﬂ'ﬂﬂJ"\]']‘hJWE’Jcl,uﬂTiLLﬁﬂ\fINﬁ

asaan T
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3.5.4 nsuaaInauLnI1iHYe malud
msuasamsiinuueIszuudome ludezuendisesn hloinmsuaamanudradfents
nanwatz i dandsfueen |y awsauisd e snsuanwa e
1. vnsfmuadenlvveansdadens ilndaofladdu Initgraph();
2. ilauansmand wdzdesiinonidnnisaedetuns milndaedds closegraph();
mauaassaveana G195 msaumiwed windsadde wiimafumuegammnsiing

1 " O] P = = = ' w o
(33 ].‘].]l.ﬂ'l'l.]lllkﬁ]i)ﬂﬂ‘UﬁlW’]zﬂﬂﬂWUuﬂQ]’hﬂ ﬂ’lillﬁﬂﬂﬂﬁﬂﬂlmﬁﬂ'ﬁa‘iWﬁ'U'ﬂglﬁﬁJ@ﬂﬁ‘WﬂﬂW

void Draw(double XPasition,double Angle,char stt[200){

double OldXPosition,0ldAngle;
double OldCartWidth,0ldCartHight OldPoleLenght,OldRailHight;

setcolor(15);
OldXPosition = XPosition;
OldAngle = Angle,

XPaosition=getmaxx()/2-CartWidth/2+#XPasition;
« Draw g Cart and Pole
rectangle(l,getmaxy()-RailHight,gctmaxx(J-1,getmaxy( -1 H#Draw A Rail

rectangle( X Position,getimax y()-RailHight-CartHight, X Position+CartWidth, getmaxy()-CartHight);
/Draw A Cart
moveto{ X Position+Cart Width/2.0,zetmax v{)-RailHight-CartHight); /{Draw A-Pole

lineto{ XPosition+CartWidth/2.0+ PoleLenght*sin(PI* Angle/180.0), getmaxy()-RailHight-CartHight-

PoleLenght*cos(PI*Angie/180.0)) #Draw A Pole

outtextxy(10,getmaxy()- 10,51t);

outtextxy(1,1,Fall Tiner);

outtextxy{120,Stt13;

outtextxy(130,5112);

outtextxy(1,40,5tt3y:;

delay(DelayConstance-60);

#{Clear a cart and Pole

sctcolor(0y,

OldXPaosition=getmax x()/2-Cart Width/2+Old X Position;

rectangle(1,getmaxy()-RailHight,gctmax x{)- |,getmaxy()-13; #Draw A Rail
rectangle{Old XPosition,getmaxy{ }-RailHight-CartHight, Old X Position+-CartWidth,getmaxy()-CartHight);
#Draw A Cart

moveto{OldX Position+CartWidth/2.0,getmax y()-RailHight-CartHight); /{Draw A Pole
lineto{ OldX Position+CartWidth/2.0-PoleLenght*sin(PI*Old Angle/ 150.0),getmax y{)-RailHight-CartHight-
PoleLenght*cos(PI*CGldAngle/180.00) #DrawA Pole

outtextxy(10,getmax y()-10,stt);

outtextxy(1.[,FallTimer);

outtextxy(1.20,Stt1);

outtextxy(1,30,512);

outtextxy(1,40,5t13);

«cleardevice();

1
I
]
[

¥ '
nMFuaRIRanIaihiaugn 9 sdasszdeuduiansuilmsznarmiawedou ke i

18y S udounnin
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3.9 maudoyaunnind
msfudeyadomadsuadivdudnih luamaravu llsunsuusmual ffunsumsiumde
1. aisdwemans FILE *f;
2.adadideansdeuadlila £ = fopen(f, “‘som.txt™, ““w’’);

a ¥ P

o Yo o | a
3. MeudouaidosnisasuuidiwanmaiBody ideamsiuYeuarIyLIaT AT AT
U U q

1]
¥

fail  fprintf(f, ** %If %lf >’ Pole.w,Pole.wDot);
diaedadumsianvedTusunsuudaey 1ddeyaluTvd ¥a som.txt udah il I Ta)sunsy

wwnuatuamanauesn wdayasanin

3.10 sartlsznevvedinaanen)szammsnliiduuuy

Tasetwlszamiiisatiun Self-Organizing Feture Map 1sznauday Tnsaiiwdszam
WeuaulsuanAe InputJayer,Kohenen-layer uaz Output-tayer-msden Ins et lszamiian
'ﬂz;?faaiﬁ"ﬁ'mm1Jﬁzf(mL‘ﬁEm“I,mm'a'z%uxﬂufhmumnimnnwumUW?}ﬁJﬁMﬁﬁ%MiMﬁﬂﬁﬂy"l’giriﬂu
udFsadhasramfvuuaned oo uouiai eusana 13 Jased e ne wde Layeruiaz Net

- y ¢
Faluuray Net 9211 aspasgdauvas Bayer awluy

3.11 Fumsumsimarvvedlaseiieilszamivie
3

maitaes Insivdszamiomud suddvdue wieglntsudsnsianes dudes
I ) a e ' a PR A A g 0 4 2 o v
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if (dScore > dScoreMean) {
Target[0] = Pole.F;

TrainUnits{Net, Input, Target);
b
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void TrainNet{NET* Net)
i
INT n,t;
POLE Pole;
REAL wOld, wNew, ScoreOld, ScoreNew, dScore, dScoreMean, StepSize,
REAL Input[N];
REAL Output[M];
REAL Target[M];
char Stt[100];
char ch;
n=0;
while (n<"TRAIN_STEPS}) |
t=1{0
InitializePole(& Pole);
w(ld = Pole.w;
ScoreOld = ScoreOfPole(&Poale);
SimulatePole(&Paole);
wiNew = Pole.w;
ScoreNew = ScoreOfPole(&Pole);
while (PoleStillBalanced(& Pole) AND (t<BALANCED)) {
n++;
t++;
Net->Alpha = 0.5% pow(0.01, (REAL)n/ TRAIN STEPS);
Net->Alpha == 0.5 * pow(0.01, (REAL) n/ TRAIN STEPS),
Net->Alpha | =0.005;
Net->Gamma = 0.03;
Net->Sigma- = 6.0 * pow(0.2,{REAL) n/ TRAIN_ STEPS);
Input[0] = =w0Id;
Input[1] © =wNew;
Setlnput(Net, Input);
PropagateNet(Net),
GetOutput(Net, Qutput);
Pole.F = Output[0];

StepSize = Net->KohonenLayer->StepSize[Net->Winner|;
Pole.F  += StepSize * RandomNormalREAL(0,10);

sprintf(Stt,"Neural Network Control An Inverted Pendulum. lieration=%45.2d (ESC Exit)
)

Draw(Pole x*XConstance,Pole. w,Stt);

/ ThetaGraph(Pole.xDot,Pole.wDot);

Pole.xDot = 0.94*Pole.xDot;

Pole.w =(},96*Pole.w;

wOld = Pole.w;

ScoreQld = ScoreQfPole(&Pole),

SimulatePole(&Pole);

wNew = Pole.w;
ScoreNew = ScoreQfPole(&Pole);
dScore = ScoreNew - ScoreQld;

dScoreMean = Net->KohonenLayer->dScoreMean|Net->Winner];
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sprintf(Stt1,"Pole’s Angle(Degree) : %5.4f" ,Pole.w);
sprintf(Stt2,"Force (N) %54 Pole.F);

while(kbhit()}{

ch=getch(};

switch(ch){

casc 27:
closegraph();
Finalize Application(&Net);
exit(0);
break;
]
}
/fdelay(40),

if (dScore > dScoreMean) {
Target[0] = Pole.F;
TrainUnits{Net, Input, Target);
'

Net->KohonenLayer->dScoreMean[Net->Winner] += Net->Gamma *(dScore -
dScoreMean}:

|

I

if (PoleStillBalanced(&Pole)){
sprintf(FalkTimer, "Pole still balanced after %:0.1 8" * T
SuccessCounter+;
sprintf(Stt3,"Success %4d", SuccessCounter);

}

else
sprintf{Fall Timer, "Pole fallen after %0.1fs",(tH1) * T,
sprintf{Stt3."Success 1%4d " SuccessCounter);

t
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void InitializeApplication(NET* Net)
{_
INT i,
for (i=0; i<Net->KohonenLayer->Units; i++) {
Net->KohonenLayer->StepSize[i] = {;
Net->KohonenLayer=>dScoreMean[1] = 0;

}
}

4" ~ 1 o 1 = ¥ ] 3
2.5 msegAuivoanisn nuivediaazls tmiisyredsazangss Fa0zAndneImng
@ # e @
Uszemieunadimaizdwdemsshdail lWddensdus nivnin uaz Tnazodmuamipanuiild
o a 1 o ' o 1 w =
i1 Taunisveadaria s woslReaniiiaaanguisnis voamuaRufssnun ITavesiiadaya

1 qiz’ 4 a« = 1 = ] 1w @ 0‘: cly o o
whtiudanngfudeyafitiunaniion uhzniivesdeyaiiunduIngide 9 iu Wavibseiti o R i Fu

void GenerateNetwork(NET* Net){
INT i;
Net->Inputlayer- = (LAYER*) malloc(sizeof{ LAYER));
Net->KohonenLayer = (LAYER*)malloc(sizeof{l LAYER)};
Net->QutputLayer = (LAYER*) malloc(sizeoff LAYER});

Net->InputLayer->Units =N,
Net->InputLayer->Output ={REAL*} calloc(N, sizeof(REAL));
Net->KohonenLayer->Units < =.C;

Net->KohonenLayer->Output, = (REAL*) calloc{C; sizeof(REAL)):
Net->KohonenLayer->Weight —= (REAL**} calloc(C, sizeof{ REAL*));
Net->KohonenLayer->StepSize —= (REAL¥) calloc(C, sizeof{ REAL));
Net->KohonenLayer->dScareMean = (REAL*) calloc(C, sizeof(REAL));
Net->QOutputLayer->Units < = M;
Net->OutputLayer->Cutput. = (REAL*) calloc(M, sizeof(lREAL)});
Net->OutpulLayer->Weight = (REAL**).calloc(M, sizeaf{REAL*));
for (i=0; i<C; i++) {

Net->KohonenLayer->Weighi[i] = (REAL*) calloc(N; sizeof(REAL));
i
for (i=0; i<M; i++) {

Net->QutputLayer->Weight]i] = (REAL*) calloc(C, sizeaf{REAL));
:

!
J
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void SetInput(NET* Net, REAL* Input)
{INT i
for (1=0; i<Net->InputLayer->Units; 1++) {
Net->InputLayer->Qutput[i] = Input[i];
!
!
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void GetQutput{(NET* Net, REAL*-Qutput}
d
INT 1,
for (i=0; I<Net->QutputLayer->Units; i++) {
Qutput[i] = Net->OutputLayer->Outputl[i];
}
¢
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void PropagatcToKohonen(NET* Net)
{
INT 1,;
REAL Qut, Weight, Sum, MinOut;

for (i=0; i<Net->KohonenLayer->Units; i++) 4
Sum = 0;
for (j=0; j<Net->InputLayer->Units; j++) {
Out = Net->InputLayer->Output(j];
Weight = Net->KohonenLayer->Weight[1][}};
Sum += sqr(Out - Weight),
i
Net->KohonenLayer->QOutput[i] = sqrt(Sum);
;
MinOut = MAX REAIL;
for (i=0; i<Net->KohonenLayer->Units; i++) {
if (Net->KohonenLayer->Qutput[i] < MinOut)
MinOut = Net->KohonenLayer->Output[ Net->Winner = i];
}
I
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void PropagateToOutput(NET* Net)

d
INT 1;

for (i=0; i<Net->OutputLayer->Units; i++) {
Net->QutputLayer->Qutput[i] = Net->QutputLayer->Weight[i][Net->Winner];
}
}
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void TrainKohonen(NET* Net, REATL * Input)
{
INT i,;
REAL Qut, Weight,-Lambda, StepSize;
for (i=0; i<Net->KohonenLayer->Units; i*++} {
for (j=0; j<Net->InputLayer->Units; j++) {
Out = Input]y];
Weight = Net->KohonenlLayer->Weight[i][j];
Lambda = Neighborhood(Net, i);
Net->KohanenLayer->Weight[i][j] += Net->Alpha * Lambda * (Out - Weight);
h
StepSize = Net->KohonenLayer->StepSize[1];
Net->KohonenLayer->StepSize[i] += Net->Alpha © *Lambda * -StepSize;

}

1
I
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void TrainQutput(NET* Net; REAL* Output)
PINT i;
REAL Out, Weight, Lambda;
for (i=0; i<Net->OutputLayer->Units; 1++) {
for (3=0; j<Net->KohonenLayer->Units; j++) {
Out = Output[i];
Weight = Net->OutputLayer->Weight[i][j];
Lambda = Neighborhood(Net, });
Net->QutputLayer->Weight[i][j] += Net->Alpha_ * Lambda * (Out - Weight),
!
i
{
;




37

2.11 msBondveslasvielazamidion uoniinisdgudniililnles sie deduuss senun
sofu desuwsnuny Wmansoda iy ﬁ’ml,wuﬂﬁ'wfng"lﬁ' mif's'aui’maw%aTﬂﬁ@ﬂhﬂﬂﬁ:mwﬁﬂnﬁﬁaﬁ
void TrainNet(NET* Net)

{
INT n,t;
POLE Pole;
REAL wOld, wNew, ScoreOld, ScoreNew, dScore, dScoreMean, StepSize;
REAL Input[N];
REAL Output[M];
REAL Target[M];

double StartTime,StopTime;

char Stt[100];
char ch;
n=10
while (ch!=27) {
t=0;
InitializePole(&Pole);
wOld = Peolew,
ScoreOld = ScorcOfPole(&Pole);
SimulatePole(&Pole),
wiNew = Pole.w;
ScoreNew = ScoreOfPole(&Pole);
while (PoleStillBalanced(&Pole) AND (1<BALANCED)) {
n++;
t+;

b

Net->Alpha~ = 0.5% pow(0.01,(REALY n/ TRAIN STEPS);
Net->Alpha =05 * pow(0.01, (REAL) n/ TRAIN. STEPS);
Net->Alpha~_ = 0.005;

Net->Gamma =0.05;

Net->Sigma, =6.0* pow(0:2, (REAL) n'/ TRAIN/ STEPS);
Input[0] =wOld;

Input[1] =wNew;

Setlnput{Net, Input};

PropagateNet(Net);

GetOutput(Net, Output);

Pole.F = Output[0];

StepSize = Net->KohonenLayer->StepSize[Net->Winner];
PoleF  += StepSize * RandomNormalREAL(0, 10);

sprintf(Stt,"Neural Network Control An Inverted Pendulum.Iteration=%35.2d (ESC
Exit) ",n);
Praw(Pole.x*XConstance,Pole.w,Stt);
Pole.xDot = 0.94*Pole.xDot,
Pole.w = (.96*Pole.w;
wOld = Pole.w;
ScoreOld = ScoreOfPole(&Pole);
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SimulatePole(&Pole);

wNew = Pole.w;
ScoreNew = ScoreOfPole(&Pole);
dScore = ScoreNew - ScoreQOld;

dScoreMean = Net->KohonenLayer->dScoreMean[Net->Winner];
sprintf(Stt1,"Pole's Angle(Degree) : %5.4f", Pole.w);

sprintf(Stt2,"Force (N)  :9%5.41",Pole.F);
while(kbhit()){

ch=getch(),
switch(ch){

case 27:
closegraph();
FinalizeApplication(&Net),
exit(0);
break;

}
i
if (dScore > dScoreMean) {
Target[0] = Pole;F;
TrainUnits(Net, Input, Target);
!
Net->KohonenLayer->dScoreMean[Net->Winner] +=Net->Gamma * (dScore -
dScoreMean);
H
if (PoleStillBalanced(&Pole))q
sprintf{FallTimer, "Pole still balanced after %0.11s", t * T);

SuccessCounter++;
sprintf{Stt3,"%d",SuceessCounter);
sprintf{Stt3,"Success %04d",SuceessCounter);
h

clsef

sprintf(FallTimer, "Pole fallen after %0:1 fs", (t+4).* T);
sprintf{Stt3,"Success :%4d",SuccessCounter);

}
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if(Pole.w>359) { Pole.w=0; Pole xDot=-xDotQld; /}
if(Pole.w<-359) " { Pole.w=0; Pole xDot=xDotOld; '}
if(XPosition<-160){ XPosition=160; Pole.x=XPosition/100.0;}
if( XPosition>160) { XPosition=-160; Pale:x=XPosition/100.0; }
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#include<stdio.h>
#include<conio.h>

#include<math.h>

#include<stdlib.h>
typedef int BOOL;
typedef int INT;

typedef double REAL;

#define FALSE 0

#tdefine TRUE l

#define NOT !
#define AND &&
#define OR I

#define MIN_ REAL ~HUGE_VAL
#define MAX /REAL ..+HUGE, VAL
#define MIN(xy)  ((x)=()? (x) : ()
#define MAX(x,y) ((x)=(y) (%) " (¥))

#define PI (2*asin(1)
#define sqr(x) {(x)*(x))

typedef struct { /* A LAYER OF A NET: *R
INT Units; /* < number of units in this layer .\ ¥/
REAL* Qutput; /*.- output of ith unit */

REAL** Weight; /* - connection weights to'ith unit,  */

REAL* StepSize;,  /*-'size of search stepsofith unit  */

REATL* dScoreMecan; ~/* -~ mean.score delta of ith unit */
' LAYER;

#* SIMULATION PARAMETERS FORTHE POEE: */

#define L 1 - length of pole [m] =

#define Mc I - mass of cart [kg] */

#define Mp 1 - mass of pole [kg] */

#define G 9.81 /* - acceleration due {o gravity [m/s?] */

ftdefine T 0.01 /- time step [s] */

#define STEPS 10 - simulation steps in one time step */

typedef struct { /* STATE VARIABLES OF A POLE: */
REAL X; /* - position of cart [m] */

REAL xDot; /* - velocity of cart [m/s] */



45

REAL w; /* - angle of pole [°}] */
REAL wDoaot; /* - angular velocity of pole [°/s]  */
REAL F; /* - force applied to cart */

+ POLE; /* during current time step [N] */

void InitializeRandoms()

{

srand(4715),

v
REAL RandomEqualREAT(REAL Low, REAL High)

:
return ((REAL) rand() / RAND_MAX) * (High-Low) + Low;

H
REAL RandomNormalREAL(REAL Mu, REAL Sigma)

{
REAL x,fx;

do {

x = RandomEqualREAL(Mu-3+Sigma, Mu+3*Sigma);

fx = (1/(sgrt{2*P1)*Sigma)) * exp(-sqr{x-Mu) /(2*sqr(Sigma)));
} while (fx < RandomEqualREAL(0, 1);

refurn x;

}
void InitializePole(POLE* Pole)

{
do {

Pole-»x = =0;
Pole-=xDot =0
Pole->w ‘= RandomEBEqualREAL(=:1;.1);
Pole->wDaot = 0;
Pole->F =uq;
} while (Pole->w == 0}
H

void SimulatePole(POLE* Pole)

{
INT s;
REAL x, xDot, xDotDot;
REAL w, wDot, wDotDot;
REALF;

x = Pole->x;

xDot = Pole->xDot;

w =(Pole-»>w /180)*PI;
wDot = (Pole->wDot / 180) * P1;
F = Pole->F;

for (s=0; s<STEPS; s++) {
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wDotDot = (G*sin(w) + cos(w) * ((-F - Mp*L*sqr(wDot)*sin(w)) / (Mc+Mp)}) /
(L * ((REAL) 4/3 - Mp*sqr(cos(w))) / (Mc+Mp)));

xDotDot = (F + Mp*L * (sqr(wDot)*sin(w) - wDotDot*cos(w)}) / (Mc+Mp);

x +=(T/STEPS) * xDot;

xDot += (T / STEPS) * xDotDot;

w +=(T/STEPS) * wDot;

wDot += (T / STEPS) * wDotDot;
}

Pole->x =x;
Pole->xDot = xDot;

Pole->w  =(w /PI)* 130;
Pole->wDot = (wDot / P1)* 180,

BOOL PoleStillBalanced(POLE* Pole)
{
return (Pole->w >=-60) AND (Pole->w <= 60);
h
REAL ScoreOfPole(POLE* Poic)
1

return -sqr{Pole->w);

)

int main(){
POLE Pole;
FILE *f;
int i=0;
char ch;

f= fopen("SOM.ixt", "w");

InitializePole(&Pole);
printf("Init Finish'\n");

while('kbhit(}) {
SimulatePole(&Pole),
fprintf(f,"s.51 245.5f %5.5f 5.5 %s.5f\n",Pole.x,Pole.xDot,Pole.w,Pole. wDot,Pole.F);

printf("%s.5f %5.5f %35.5f 945.5f %5.5f\n",Pole x,Pole.xDot,Pole.w,Pole.wDot,Pole.F);
}
printf("Finish"),
getch();
retum 0;

'
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AlCenterDialog.cpp

// AlCentreDlg.cpp : implementation file

7
#include "windows.h"
#include "stdafx.h”
#include "AlCentre. h"
thnclude "AlCentreDIg.h"
#include "Serial.h"
#include "stdio.h"
#include "math.h"
tnclude <string.h>

#ifdef DEBUG

#define new DEBUG _NEW

#undef THIS FILE

static char THIS-FILE[] =~ FILE _;

ftendif

ftdefine REAL
#define INT
#define PoleLenght 100
/fdefine  PI

ftdefine  Serirl Post 5

int SerialFlag
int StartFlag

int InitPoleFlag
int FFlag
double Force
double Omega

double
nt

3.1428571428571428571428571428571

i et

/f Pendulum Property

e

#define L 1//.42
#define Mc 1.5//.5
#define Mp 0.6//.2
#define G 9.81
#idefine T 0.01

ftdefine STEPS 1

/* - length of pole [m] */

/* - mass of cart [kg] */

/* - mass of pole [kg] */
/* - acceleration due to gravity [m/s*] */
* - time step [s] */

/* - simulation steps in one time step */
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typedef struct { /* STATE VARIABLES OF A POLE: */
REAL X; /* - position of cart [m] */
REAL xDot; /* - velocity of cart [m/s] */
REAL w; /* - angle of pole [°] */
REAL wDot; /* - angular velocity of pole [°/s]  */
REAL F; /* - force applied to cart */
! POLE; /* during current time step [N] */

e e s

#define FALSE 0
#define TRUE 1
#define NOT !
#define AND &&
#define OR I

#define MIN_REAL -HUGE_VAL
#define MAX REAL +HUGE VAL
#define MIN(x,y)  ((x)<(3). 2(x).: (¥))
#define MAX(X,y) _((xX)(y) M (x)2(¥))

fdefine PI (2*asin(1))
#define sqr(x) {(xX*(x))

typedef struct { * A LAYER OF ANET: */
INT Units; /* - number of units in this layer ¥/
REAL* Output; /* - output of ith unit */

REAL** Weight; f* - connection-weights to ithumt -~ */
REAL* StepSize; . /* - size of search steps of ith unit) */

REAL¥* dScoreMean; - /* - mean score delta of ith unit */
} LAYER;
typedef struct { M ANET: 4
LAYER* InputLayer; “/*- input layer 4
LAYER* Kohonenkayer; /* - Kohonen Tayer */
LAYER* QOutputLayer; /¥ outputlayer */
INT Winner; /* - last winner in Kohonen layer */
REAL Alpha; /* - learning rate for Kohonen layer */
REAL Alpha_; /* - learning rate for output layer  */
REAL Alpha__;  /* - learning rate for step sizes */
REAL Gamma; /* - smoothing factor for score deltas */
REAL Sigma; /* - parameter for width of neighborhood */
+ NET,

e L e e e
// Function Decaretion

void SimulatePole(POLE *Pole),

void InitializePole(POLE* Pole),
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REAL RandomEqualREAL(REAL Low, REAL High);
double ScoreOfPole(POLE* Pole);

BOOL PoleStillBalanced(POLE* Pole);

REAL RandomNormalREAL(REAL Mu, REAL Sigma);

void InitializeRandoms();
L e

#define ROWS 25
#idefine COLS 25

#define N 2
ftdefine C (ROWS * COLS)
#define M 1

#define TRAIN_STEPS 10000
#define BALANCED 100

FILE* f;

void InitializeRandoms()

{
srand(4715);

;

REAL RandomEqualREAI(REAL Tow, REAL High)

{
return ((double) rand() / RAND MAX) * (High-Low) + Low;

}

REAL RandomNormalREAL{REAL Mu, REAL Sigma)

{
REAL x,fx;

do {

x = RandomEqualREAT(Mu-3*Sigma, Mu+3*Sigma);

fx = (1 / (sqrt(2*¥P1)*Sigma)) *-exp(-(x-Mu)*(x-Mu) / (2*¥(Sigma)*(Sigma)));
+ while (fx < RandomEqualREAE(0, 1));
return x;

}

void InitializePole(POLE* Pole)
{
do {

Pole->x =0,
Pole->xDot = 0;
Pole->w = RandomEqualREAL(179,181);
Pole->wDot = 0;
Pole->F =0;
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} while (Pole->w == 0);
}

void SimulatePole(POLE *Pole) {
INT s;
REAL x, xDot, xDotDot,
REAL w, wDot, wDotDot;
REALF;

x = Pole->x;

xDot = Pole->xDot;

w = (Pole->w /180)* PI;
wDot = (Pole->wDot / 180) * PI;
F =Pole->F;

for (s=0; s<STEPS; st++ )4

wDotDot = (G*sin(w) + cos(w)-* ({-F--Mp*L*(wDot)*(wDot)*sin(w)) /

(Mc+Mp))}/

(L * (REAL) 4/3 -[(Mp*(cos(w))*(cos(w))) / (Mc+Mp))}),

xDotDot = (F + Mp*L * ((wDet)*(wDot)*sin(w) - wDotDet*cos(w})) / (Me+Mp)

x +=(T/ STEPS)* xDot;
xDot += (T #8TEPS) * xDotDot;
w +=(T/STEPS)*wDot;
wDot += (T-/STEPS}*wDotDot,
i
Pole->x  =x;
Pole->xDot = xDot;
Pole->w =(w.=/ PI) *180;
Pole->wDot = (wDot / PI) * 180;
}

BOOL PoleStilIBalanced(POLE* Pole)

{
return (Pole->w >= -60) && (Pole->w <= 60);

j

double ScoreQfPole{POLE* Pole)
{
return -sqr{Pole->w);

j

UINT PendProcess(LPVOID pParam) {
char stt[50];
int 1=0;
double Angle=0;
double XPosition=1;
double wOld=0;
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double xDotO1d=0;
// CSerial serial;
CAICentreDlg *dlg;
dlg = (CAlCentreDlg *)pParam;
POLE Pole;
RECT rt;
PAINTSTRUCT ps;
CString str;

HPEN penField, penBk;

penField = CreatePen(0,2, RGB(255,255,255));
penBk = CreatePen(0,0, RGB(0,0,0));
InitializePole(&Pole);

NET Net;
St
//TrainNet(&Net);
ey T
while (1) {
CDC *edc = dlg->GetDC();
dig->BeginPaint(&ps);

{

while(StartFlag==1){

/! Draw Field
cde->FillSolidRect(10,10,.550; 470, RGB(0,64.,0));
cde->SelectObject{penkield);

/{ Draw a Rail

rt.left =10 + 300+ 245-275;//235
rt.right = 10+ 30 +.245 + 275; /335
rt.top =10+ 30+ 360-5; #1260
rt.bottom= 10+ 30+360+5; /160
cdg->Rectangle(&rt);

1

if(InitPoleFlag==0){
InitializePole( & Pole);
[nitPoleFlag=0;

Pole.x = 0;
Pole.w = andomEqualREAL(-1,1),
Pole.xDot = 0;
Pole.wDot = 0
Pole.F = 0

InitPoleFlag= 1;

b
cde->FillSolidRect(10, 10, 550, 480, RGB(0,64,0));

cde->SelectObject(penField);

et e e R AR oK SRR R o R o R o o o o ko o o ks ok ks ko o ok s ke s o ok
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e st s sk ke e o ke

Disturb Condition
sk 3k ok ok ke ke e ok ke e 3 3 3 s ok ok sk sk S ok sk ok ok sk Sk sk s 3 sk sk ok s e s ok o8 ok ok e e ok b ok e ke s o s she e ke e 3 o sk ok TR sk ok oK

*******/
if(FFlag==1){ Pole.F=400; FFlag=2, t
if(FFlag==0){ Pole.F=-400; FFlag=2, }

ek ek ok ok ok ook ok R RS K ook ok oo K ok ek SRR s kR ok ek e e e o e s e e o ek o
st ok o o ok o ok

Get Pendulum Information
e e s e 3k ok 3k 3k k3 3k 3 3 3fe e o ok ol e o Al sk A e sl ol sk e e sl e ohe s sl s sk ke ke sk sk sk sk sk sk ek sk sk ke sk sk ke sk ok sk ke sk ke sk sk ke ke

*******/

SimulatePole(&Pole);

f**************************************************************
ok o ok ok s o ok ok
Scale Value for Display
e S 38 s ok 3 e ok ik 3K kot ok ok e o e ok Aok ok e 5K ok 5 ok Sk ke e ok 38 sk sk o ek ko ok s sk e e sk sk sk o ke e ek sk ok s o o e ke ok e
ok ok ok ok o

XPosition=100*Pole.x;
Angle=Pole.w;

if(Pole. w>0&&Pole.w<=8 }{Pole F=4;}
else if (Pole.w>>12 && Pole w<18 ){Pole F=20;}
elseif’ (Pole.w>18 && Pole.w<20){Pole.F=40;}
else if (Pole.w>20 && Polew<30){Pole.F=60;}

if(Pole w=<0&&Pole.w>-4) {Pole.F=-4;}
elseif (Pole.w<-12&&Pole.w>-18){Pole.F=-20; }
elseif (Polew<-18 && Pole.w>-20){Pole. F=-40;}
else/if (Pole.w=-20 && Pole:w=-30){Pole.F=-60;}

7k e ok o ok ok o ok ek e ek e o sl ok s ok ks kK o s o o ks ke sk o o ko R s ok ko o
o o s sk o ok ook

Border Condition
sfe s Sk mfe e vbe e ke e vhe e ke S 3k sk sl ok oK ke sk 3R ok e vk ok ok e ok 3 2k o ok ok o ok ke ol ode A alc sl ke e ke Al Bk Ak Ak sk sk Rk Ak sk ke R sk ks sk sk ke ok

*******/
if(Pole.w>359) { Pole.w=0; Pole.xDot=-xDotOld; }
if(Pole. w<-359) { Pole. w=0; Pole.xDot=xDotOld; }
if( XPosition<-160){ XPosition=1610;

Pole.x=XPosition/100.0;}
if(XPosition>160) { XPosition=-160;

Pole.x=XPosition/100.0;}

// Draw a Rail

tt.left =10+ 30 + 245 - 275; /1235

rt.right = 10 +30+ 245 +275; /335

rttop =10+ 30+ 360-5; /1260
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rt.bottom = 10 + 30 + 360 + 5; /1160
cde->Rectangle(&rt),

// End Draw Rail

/f Draw A Base
rt.left = 275-30-(-XPosition);
rt.right= 275+30-(-XPosition),
rt.top = 380,
rt.bottom =400,

cde->Rectangle(&rt),
Pole.xDot=0.8*Pole.xDot;
Pole.x=0.9*Pole.x;
Pole.wDot=0,993*Pole.wDot;

SimulatePole(&Pole);

// Draw A Pole
cde->MoveTo(275+XPosition;380);
cde->LineTo((275+XPosition)+PoleLenght*sin(PT* Angle/180.00),340+60-

20-PoleLenght*cos(PI*Angle/180));

SimulatePole{&Pole);

dlg->EndPaint(&ps),
dlg->ReleaseDC(cdc);
Pole.F=0;

;
Sleep(15);
B

return O

}

class CAboutDIg : public CDialog
!
public:
CAboutDlg(});
// Dialog Data
H{{AFX DATA(CAboutDIg)
enum { IDD = IDD ABOUTBOXY;
I} YAFX DATA
{/ ClassWizard generated virtual function overrides
H{{AFX _VIRTUAL(CAboutDlg})
protected:
virtual void DoDataExchange(CDataExchange* pDX); // DDX/DDV
support
/Y YAFX_VIRTUAL
// Implementation
protected:
H{{AFX_MSG(CAbouiDlg)
/1Y AFX MSG
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DECLARE MESSAGE MAP()
N

CAboutDlg::CAboutDlg(} : CDialog(CAboutDig::IDD)
{

/1{{AFX DATA INIT(CAboutDlg)

/VAFX DATA INIT

}

void CAboutDlg::DoDataExchange(CDataExchange* pDX)
{
CDialog::DoDataExchange(pDX);
H{AFX_DATA_MAP(CAboutDlg)
/IPYAFX DATA MAP

)

BEGIN MESSAGE _MAP(CAboutDlg, CDialog)
/H{{AFX_MSG MAP(CAboutDlg)
// No'message handlers
/i YAFX MSG_MAP
END MESSAGE MAP()

L o T o T A L L e g
/f CAlCentreDlg dialog

CAlCentreDlg::CAICentreDlg(CWnd* pParent /*=NUT.L*/)
: CDialog(CAICentreDlg::IDD, pParent)
!
/I {{AFX_DATA_INIT({CAICentreDig)
/I NOTEthe ClassWizard will add member initialization here
/3 YAEX _DATA INIT
// Note that-Loadlcon does not require a subsequent Destroylcon.in Win32
m_hlcon = AfxGetApp()->Loadlcon(IDR MAINFRAME);

}

void CAICentreDlg::DoDataExchange(CDataExchange* pDX)
1
CDialog::DoDataExchange(pDX);
/{EAFX_DATA MAP(CAICentreDlg)
// NOTE: the ClassWizard will add DDX and DDV calls here
{1} AFX_DATA MAP

'

BEGIN MESSAGE_MAP(CAICentreDlg, CDialog)
H{{AFX MSG_MAP(CAICentreDlg)
ON_WM_SYSCOMMAND()
ON_WM_PAINT()

ON WM_QUERYDRAGICON()
ON_BN _CLICKED(IDOK, OnOk)
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ON_WM_MOUSEMOVE()
ON_BN_CLICKED(IDC_BUTTON]1, OnClickme)
ON_BN_CLICKED(IDC_CHECK1, OnCheck1)
ON_WM_LBUTTONDOWN()
ON_BN_CLICKED(IDC_BUTTON?2, OnStart)
ON_BN_CLICKED(IDC_BUTTON3, OnlnitPole)
ON_BN_CLICKED(IDC_BUTTON4, OnSerial1)
ON_BN_CLICKED(IDC_BUTTONS, OnCSerial)
/I }AFX_MSG_MAP

END MESSAGE_MAP()

e
/ CAlICentreDlg message handlers

BOOL CAlICentreDlg::OnlnitDialog()

CDialog::OnlnitDialog();
// Add "About..." menu item to system menu.

// IDM_ABOUTBOX must be in the system command range.
ASSERT((IDM. ABOUTBOX & 0xFFFQ) == IDM-ABOUTBQX);
ASSERT(IDM. ABOUTBOX <-0xF000);

CMenu* pSysMenu = GetSystemMenu(FALSE);
if (pSysMenu = NULL)
{
CStrnng strAboutMenu;
strAboutMenu. LoadString(IDS - ABOUTBOX);
if(!strAboutMenu. IsEmpty())
{
pSysMenu->AppendMenu(MF.SEPARATORY);
pSysMenu->AppendMenu(MF STRING, IDM_ABOQUTBOX,

strAboutMenu);

}
1

// Set the icon for this'dialeg. The framework does-this-automatically
// when the application's main.window is not.a-dialog
Setlcon{m_hlcon, TRUE); /1 Set big icon
Setlcon{m_hlcon, FALSE); /! Set small icon

{// TODQO: Add extra initialization here
//INET* Net,

AfxBeginThread(PendProcess, this);

return TRUE; / return TRUE unless you set the focus to a control

void CAICentreDlg::OnSysCommand(UINT nID, LPARAM |Param)
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if (nID & OXFFF0) == IDM_ABOUTBOX)

! CAboutDlg digAbout;
dlgAbout.DoModal(),

1

else

{

CDialog::OnSysCommand(nlD, |Param);
f

/1 If you add a minimize button to your dialog, you will need the code below
// to draw the icon. For MFC applications using the document/view model,
// this is automatically done for you by the framework.

void CAICentreDlg::OnPaint()

{
if (Islconic())

{

CPaintDC dc(this); #/ device context for painting

SendMessage(WM ICONERASEBKGND, {(WPARAM)
de.GetSafeHdc(), 0);

// Center'icon in client rectangle

int cxIcon= GetSystemMetrics(SM _CXICON);

int cylcon = GetSystemMetrics(SM_CYICON);

CRect rect;

GetClientRect({&rect),

int x = (rect, Width() - cxlcon+ 1)/ 2,

int vy =(rect.Height() - cylcon'+ 1)./2;

dc.Drawlcon(x, y, m:hlcen);

CDialeg:OnPaint();

// The system calls this te obtain the cursor, to display while the userdrags
// the minimized window.
HCURSOR CAlCentreDlg::OnQueryDraglcon()
d
return (HCURSOR) m_hlcon;
}

void CAICentreDlg::OnClickme(}

d
// TODO: Add your control notification handler code here

exit(0);
f

void CAICentreDlg::OnOk()
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{
// TODQ: Add your control notification handler code here

¥

void CAICentreDlg::OnMouseMove(UINT nFlags, CPoint point)
{

}
vold CAICentreDlg::OnCheck1()

{

// TODO: Add your message handler code here and/or call default

// TODO: Add your control notification handler code here

i CSerial serial;

/f if (serial.Open(Serirl Port, 38400))

it AfxMessageBox("Port opened successfully");
/o else

i/ AfxMessageBox("Failed to open port!");

|
void CAICentreDlg::OnLButtonDown(UINT nFlags, €Point point)

d
// TODQ: Add vourimessage handler code here and/or call default
//CDialog::OnkButtonDewn(nklags; point);

}

void CAICentreDig::OnStart()

¢
// TODO: Add your control notification handler code here

StartFlag=-~StartFlag;
;

void CAICentreDlg::OnlnitPole()
{

/# TOBRO: Add your controf notification.handler eode here
InitPoleFlag=0;

'

void CAlCentreDlg::OnSeriall()

{
// TODO: Add your control notification handler code here
FFlag=1;

'

void CAlCentreDlg::OnCSerial{)

{
// TODQ: Add your control notification handler code here
FFlag=0;
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AlCenter.cpp

/{ AlCentre.cpp : Defines the class behaviors for the application.
i

#include "stdafx.h"
#include "AlCentre.h"
#include "AlCentreDlg.h"

#ifdel DEBUG

#define new DEBUG NEW

#undef THIS_FILE

static char THIS_FILE[]=__FILE_ ;
#endif

B T e ey
/! CAICentre App

BEGIN MESSAGE MAP(CAICentreApp, CWinApp)
HH{{AFX MSG_MAP(CAICentreApp)
{/ NOTE - the ClassWizard will add and remove mapping macros here.
// DONOT EDIT what you see in these blocks of generated code!
/11 VAFX MSG
ON _COMMAND(ID_HELP, CWinApp: :OnHelp)
END MESSAGE _MAFP()

ST I L TT R R T
/1 CAlCentre App construction

CAlCentreApp..CAICentre App()

{
/1 TODO: add construction code here,

/f Place all significant initialization in InitInstance

j

e e o et
// The one and only CAICentreApp-object

CAlICentreApp theApp;

L e e e
/# CAlCentre App inttialization

BOOL CAICentreApp::InitInstance()

{
if ('AfxSocketInit())

{
AfxMessageBox(IDP _SOCKETS_INIT FAILED),
return FALSE;
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AfxEnableControlContainer();

#ifdef AFXDLL
Enable3dControls(}; // Call this when using MFC in a shared
DLL

#else
Enable3dControlsStatic();  // Call this when linking to MFC statically

#endif

CAlCentreDlg dlg;
m_pMainWnd = &dlg;
int nResponse = dlg.DoModal();
if (nResponse == IDOK)
{
// TODO: Place code here to-handle when the dialog 1s
// dismissed with OK

1
else if (nResponse == IDCANCEL)

{
/f TODO: Place code here to handle when the.dialog is

// dismissed with-Cancel

f

/! Sincethe dialog has been closed, return FALSE so that we exat the
// ‘application, rather than start the application's message pump.
return FALSE,
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Serial.cpp
// Serial.cpp

#include "stdafx.h"
#include "Serial. h"

CSerial::CSerial()
!

memset( &m_OverlappedRead, 0, sizeof{ OVERLAPPED ) ),
memset( &m_OverlappedWrite, 0, sizeof( OVERLAPPED ) );
m_hIDComDev = NULL,;

m_bOpened = FALSE;

}

(CSerial::~CSerial()
{

Close();

'

BOOL CSerial::Open( int nPort, int nBaud )
!

ifl m_bOpened ) return( TRUE);

char szPort[15];
char szComParams|50];
DCB dcb;

wsprintf('szPort; "COM%d", nPert );

m_hIDCemDev = CreateFile( szPort, GENERIC. READ |
GENERIC_ WRITE, ¢, NULL, OPEN"EXISTING, FILE_ATTRIBUTE /NORMAL |
FILE_FLLAG OVERLABPED,;NULL );

iff m_hIDComDev == NULL ) return( EALSE };

memset{ &m_OverlappedRead;-0,.sizeoff. OVERLAPPED } );
memset( &m OverlappedWrite, 0, sizeof{ OVERLAPPED ) );

COMMTIMEOUTS CommTimeOuts;
CommTimeOuts.ReadIntervalTimeout = OxFFFFFFFF;
CommTimeQuts.ReadTotalTimeoutMultiplier = 0;
CommTimeQuts.ReadTotalTimeoutConstant = (),
CommTimeOuts. WriteTotal TimeoutMultiplier = 0,
CommTimeQuts. WriteTotalTimeoutConstant = 5000,
SetCommTimeouts( m_hIDComDev, &CommTimeQuts );

wsprintf{ szComParams, "COM%d:%d,n,8,1", nPort, nBaud );
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m_OverlappedRead hEvent = CreateEvent( NULL, TRUE, FALSE, NULL );
m_OQverlappedWrite.hEvent = CreateEvent( NULL, TRUE, FALSE, NULL ),

deb.DCBlength = sizeof( DCB );
GetCommState( m_hIDComDeyv, &dcb );
dcb.BaudRate = nBaud;
dcb.ByteSize = 8;
unsigned char ucSet;
ucSet = (unsigned char) ( (FC_RTSCTS & FC_DTRDSR ) !=0);
ucSet = (unsigned char) ( (FC_RTSCTS & FC RTSCTS }!=0);
ucSet = (unsigned char) ( ( FC RTSCTS & FC_XONXOFF ) =0 ),
if{ !SetCommState( m_hIDComDev, &dcb } ||
'SetupComm( m_hIDComDew,-10000, 10000 ) ||
m_OverlappedRead hEvent == NULL+|
m_OverlappedWrite.hEvent == NULL }{
DWORD dwError= GetlastErrot();
if( m” OverlappedRead-hEvent != NULL ) €loseHandle(
m_QOverlappedRead hEvent );
if('m_OverlappedWrite.-hEvent '=NULL)) ClaoseHandle(
m_Overlapped Write hEvent );
CloseHandle( m-hIDComDev );
return( FALSE )

}
m_hbOpened = TRUE;
return(m_bOpened );

}

BOOL CSeriali:Close( void )
{

if( 'm bOpened ||m_hIDComDev ==NULL ).return{ TRUE ),

if{l m_OverlappedRead.hEvent l=NULL ) CloseHandle(
m_OQOverlappedRead . hEvent);

if{ m_OverlappedWrite.hEvent.!= NULL") CloseHandle(
m_OverlappedWrite.hEvent );

CloseHandle{ m_hIDComDev );

m bOpened = FALSE;

m_hIDComDev = NULL,;

returmn({ TRUE );

j

BOOL CSerial:: WriteCommByte( unsigned char ucByte )
!
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BQOOIL. bWriteStat;
DWORD dwBytesWritten;

bWriteStat = WriteFile( m_hIDComDev, (LPSTR) &ucByte, 1,
&dwBytesWritten, &m_OverlappedWrite );
if( 'bWriteStat && ( GetLastError() == ERROR_10_PENDING ) ){
if{ WaitForSingleObject( m_OverlappedWrite hEvent, 1000 ) )
dwBytesWritten = 0,
elsef
GetOverlappedResult( m_hIDComDev, &m_OverlappedWrite,

&dwBytesWritten, FALSE );
m_QOverlappedWrite.Offset += dwBytesWritten;

}
i

return{ TRUE );

'

int CSerial::SendData( const char *¥buffer, int size )

{
if( !m bOpened || m hiDComDev == NULL ) return( 0);
DWORD dwBytesWritten ={;
int i
for( =07 i<size; i+ )
WriteCommByte(¢-bufter[i] );
dwBytesWritten+-;

;

return( (int)ydwBytesWritten );

j

int CSerial::ReadDataWaiting(.void )
i

if{ 'm_bOpened || m_hIDComDev==NULL ) return( 0 );

DWORD dwErrorFlags;
COMSTAT ComStat;

ClearCommError( m_hIDComDev, &dwErrorFlags, &ComStat ),
return( (int) ComStat.chInQue );

)

int CSerial::ReadData( void *buffer, int limit )
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if( 'm_bOpened || m_hIDComDev == NULL ) return( 0 );

BOOL bReadStatus;
DWORD dwBytesRead, dwErrorFlags,
COMSTAT ComStat,

ClearCommError{ m hiDComDev, &dwErrorFlags, &ComStat ),
if{ 'ComStat.cbInQue ) return( 0 );

dwBytesRead = (DWORD) ComStat.cbInQue;
if( limit < (int) dwBytesRead ) dwBytesRead = (DWORD) limit,

bReadStatus = ReadFile(-m_hIDComDev, buffer, dwBytesRead,
&dwBytesRead, &m_OverlappedRead };
1f( 'bReadStatus )4
if( GetleastError()== ERROR QO PENDING){
WaitForSingleObject( m_OverlappedRead.hEvent, 2000 );
return{ {int) dwBytesRead );
¥

return(-0r);

b

retum((int) dwBytesRead );
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MANUIN A

Som.Cpp

#include <time.h>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <graphics.h>
#include <dos.h>s

typedef int BOOL,;
typedef int INT;
typedef double REAL,;

#define FALSE 0
#define TRUE 1
#define NOT !
#define AND &&
#dcfine OR f

#define MIN_REAL __-HUGE VAL
#define MAX REAL +HUGE VAL
#define MIN(X,y)((x)(x) ? (x) ()
#define MAX(x,y) AX)=(¥).7 (x):(¥)

#define PI (2*asin(1))
#define sqr(x) {((x)*(x})

#define PoleLenght “ 100
#define XConstance 10

#define RailHight . 20
#define CartHight® - 20
#define CartWidth ©_40
#define DelayConstance 80
FILE* f;

time t first, second,

typedef struct { * ATAYER OF A NET: */
INT Units; /% - number of units in this'layer™  */
REAL* Quiput; /* -~ output of ith untt ¥/
REAL** Weight; /* - connection weights to ith unit ~ */
REAL* StepSize;  /* - size of search steps of ith unit  */
REAL* dScoreMean; /* - mean score delta of ith unit */

t LAYER;

typedef struct { * ANET: */
LAYER* InputLayer; /* - input layer */
LAYER* KohonenLayer; /* - Kohonen layer */
LAYER* QutputLayer; /* - output layer */
INT Winner; /* - last winner in Kohonen layer */
REAL Alpha; /* - learning rate for Kohonen layer  */
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REAL Alpha ; /* - learning rate for output layer ¥/

REAL Alpha__;  /* - learning rate for step sizes */

REAL Gamma,; /* - smoothing factor for score deltas */

REAL Sigma; /* - parameter for width of neighborhood */
t NET;

char Stt1[80],Stt2[80],Stt3[40];
char FallTimer[80];,

float XPlotDistance;

int SuccessCounter=0;

void InitGraph(){
int gdriver = DETECT, gmode, errorcode;
Iz int left, top, right, bottom,

initgraph(&gdriver, &gmode, "");

errorcode = graphresult();
if (errorcode != grOk)//* an error-occutred */
i
printf("Graphics error: %s\n", grapherrormsg(errorcode));
printf("Press any key to halt:");
geteh(),
exit(1);
}

}
void Draw(double XPosition,double Angle,char stt[20]){

double OldXPosition,OldAngle;

double OldCartWidth,OldCartHight, OldPoleLenght,OldRailHight;
setcolor(15);

OldXPosition = XPosition;

OldAngle © = Angle;

XPosition=getmaxx()/2-CartWidth/2+XPosition;
/f if( XPosition>getmaxx()){ XPosition=0;}
/f i XPosition<0) { X Pesition=getmaxx(); }
// Draw a Cart and Pole
rectangle(!,getmaxy()-Raillight,getmaxx()-1,getmaxy()-1);
/iDraw A Rail
rectangle(XPosition,getmax y()-RailHight-
CartHight,XPosition+CartWidth,getmaxy()-CartHight};
A Cart
moveto{ XPosition+CartWidth/2.0,getmaxy()-RailHight-CartHight);
//Draw A Pole

/Draw

lineto(XPosition+CartWidth/2.0+PoleLenght*sin(PT* Angle/180.0), getmaxy()-

RailHight-CartHight-PoleLenght*cos(PI* Angle/180.0)); //Draw A Pole

outtextxy(10,getmaxy()-10,stt);
outtextxy(1,1,FallTimer);
outtextxy(1,20,Stt1);
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outtextxy(1,30,5t(2);
outtextxy(1,40,Stt3);

delay(DelayConstance-60);

/fClear a cart and Pole
setcolor(0);
OldXPosition=getmaxx()/2-CartWidth/2+OldXPosition;
rectangle(1,getmaxy()-RailHight,getmaxx()-1,getmaxy()-1);
//Draw A Rail
rectangle(OldXPosition,getmaxy()-RailHight-
CartHight,0ldXPosition+CartWidth,getmax y()-CartHight);
//Draw A Cart
moveto(OldXPosition+CartWidth/2.0,getmaxy()-RailHight-CartHight),
/Draw-A.Pole

lineto{Old X Position+CartWidth/2,0+PoleLenght *sin(P1*Old Angle/180.0),getmaxy()-
RailHight-CartHight-PoleLenght*cos(PI*QldAngle/180.0));” //Draw A Pole
outtextxy(10,getmaxy()-10,stt);
outtextxy(1, 1 FallTimer);
outtextxy(1,20,Stt1);
outtextxy(1,30,5tt2);
outtextxy(1,40,51t3);
/f getch();
/1 cleardevice();

i

void ThetaGraph(double-xDot, double wDot){

int YConst=0;

XPlotDistance=XPlotDistance+0.05;

setviewport(10,10, getmaxx{)-10,getmaxy()/5,1);
rectangle(l,1,getmaxx()-20,getmaxy(}/5-12);

line(1,Y Const~(getmaxy()/5-12)/2.0,getmaxx()-20,(getmaxy()/5-12)/2.0),
 iftwDot=>2000) {Y Const+20;
putpixel(XPlotDistance,(getmaxy()/5-12)/2.0+wDot/5.0,4);
putpixel(XPlotDistance,(getmaxy()/5-12)/2.0+xDot*35,5);

setviewport(0,0,getmaxx(),getmaxy(),1);
/ fprintf(£,"%I1f %If\in",xDot,wDot);
/fcleardevice();

/f closegraph();

j

o o s o ok ok o ok o o o ok ok s ok ok s ok ko ok o s s ke s ks ke ks kel s ke s ook ks ok sk ks ok ok ke ok ok
s se s ok o e o ok ke ok

RANDOMS DRAWN FROM DISTRIBUTIONS
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void InitializeRandoms()

i
srand(4715);

'

REAL RandomEqualREAL(REAL Low, REAL High)

{
return ((REAL) rand() / RAND_MAX) * (High-Low) + Low;

}

REAL RandomNormalREAL(REAL Mu, REAL Sigma)

{
REAL x,fx;

do {

x = RandomEqualREAL(Mu-3*Sigma, Mu+3*S1gma);

fx = (1 / (sqrt(2*PT)*Sigma)) * exp(-sqr{x-Mu)/ (2*sqr(Sigma)));
t while (fx < RandomEqualREAL(0, 1));
return x;

]

/********************************************************************

s ok ok ok o ok ok oKk R

APPLICATION-SPECIEIC CODE

sk sk ok sk ok 3 K sk e K ke K 3 ok ok ke ok s e o o 1 3 Sk e ot s sk sk e o sk ol ok o ofe s o ke ok o ok 6 3k K A ke o o okl K b ok ol ke sk o ok ksl o ok o ok ok ke
sk ek ok ok ko /

#define ROWS 30
#define COLS 30

#Hdefine N 2
#tdefine C (ROWS *COLS)
#define M 1 /1

#define TRAIN_STEPS 10000
#define BALANCED 1000

void InitializeApplication(NET* Net)

d
INT i,

for (i=0; i<Net->KohonenLayer->Units; i++) {
Net->KohonenLayer->StepSize[i] = 1;
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Net->KohonenLayer->dScoreMean[1] = 0;
}
f= fopen("xwdot.txt", "w");

i

void WriteNet(NET* Net)
!

INT r,c;

REAL x,y.z;

fprintf(f, "\n\n'n"},
for (r=0; r<ROWS; r++) {
for (¢=0; c<COLS; ct++} {
x = Net->KohonenLayer->Weighi[r*ROWS+¢]{0};
y=  Net->KohonenLayer->Weight[r*ROWS+c][1];
z = Net->OutputLayer->Weight[0][t*ROWS+¢];
fprintf{ £, "(j%51 £, %5.11°], %S HNY " Ky, 2)
'
fprintf(f, "n");
}
i

void FinalizeApplication{NET* Net)

d
fclose(f);

i

/********************************************************************
e 3 o e dbe ole e ok ok e

SIMULATING THE-POLE

she 3 ke sk e e K 3 s she sk s ek 3 o o o o 5K 3K 3K ok 3K sk sk Sk ok sk e e s sk e ot sk sk o stk ke ok 3K b b ok o ok sl bl ok ok ol ok ok o ke ok ok e ke sk ok

*********/
#* SIMULATION PARAMETERS FOR THE

POLE: */
#define L 1.2//1 /* - length of pole [m] */
#define Mc 1.5//1 /* - mass of cart [kg] */
#define Mp 0.6//1 /* - mass of pole [kg] */
#define G 9.81 /* - acceleration due to gravity [m/s?] */
#define T 0.1 /* - time step [s] */
#define STEPS 10 /* - simulation steps in one time step */
typedef struct { /* STATE VARIABLES OF A POLE: */

REAL X; /* - position of cart [m] */

REAL xDot; /* - velocity of cart [m/s] */
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REAL w; /* - angle of pole [°] */
REAL wDot; /* - angular velocity of pole [°/s]  */
REAL F; /* - force applied to cart */

t POLE; /* during current time step [N] */

void InitializePole(POLE* Pole)
t
do {
Pole->x =0,
Pole->xDot = 0;
Pole->w = RandomEqualREAL(-1,1}),
Pole->wDot = 0;
Pole->F =0,
+ while (Pole->w == 0);
}

void SimulatePole(POLE* Pole)
{
INT s;
REAL x, xDot, xDotDot;
REAL w, wDot, wDotDot;
REAIL F;

x = Pole->x;

xDot = Pole->xDot;

w = (Pole->w ' /180)* PL;
wDot = (Pole->wDot/ 180)* PI;
F = Pole->F,

for (s=0, s<STEPS; s++) 4

wDotDot = (G*sin(w) + cos(w) * ((<F - Mp*L*sqr(wDot)*sin(w)} /{Mc+Mp))) /
(L *((REAL) 4/3 - (Mp*sqr(cos(w)))/(Me+Mp)));

xDotDot = (F + Mp*L * (sqr{wDot)*sin(w) - wDotDet*cos{w)}) /(Mc+Mp);

x +=(T/STEPS) * xDet;
xDot += (T / STEPS) * xDotDot;
w +=(T/STEPS) * wDot;
wDot += (T / STEPS) * wDotDot;
i
Pole->x =1x;
Pole->xDot = xDot;
Pole->w =(w /PI)* 180;
Pole->wDot = (wDot / PI} * 180,

BOOL PoleStillBalanced(POLE* Pole)
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{
return (Pole->w >= -60) AND (Pole->w <= 60);

}

REAL ScoreOfPole(POLE* Pole)
{
return -sqr(Pole->w});

j

R s o ok ek o o s oo s s s ok ookl R R R KRR ks ook ok ok ok bk ok s ok sk sk ek ok kol
e ok ot sk e e sk ok

INITIALIZATION
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vold GenerateNetwork(NET* Net)

{
INT i;

Net->InputlLayer ={LAYER¥*) malloe(sizeof(LAYER)),
Net->KohonenLayer = (LAYER*) malloc(sizeof(LAYER));
Net->QutputLayer = (LAYER¥*) malloc(sizeof(LAYER)});

Net->Inputlayer->Units =N;
Net->InputLayer->Output ©) = (REAL*) calloc(N, sizeof{fREAL));

Net->KohonernLayer->Units< = C;

Net->Kohonenlayer->Output | = (REAL*} calloc(C,s1zeoff REAL));
Net->KohonenLayer-=Weight. = (REAL*¥*) calloc(C, sizeof(REAL*));
Net->KohonenLayer->StepSizes =(REAL*) calloe(C, sizeof(REAL));
Net->KohonenLayer->dScorcMean =(REAL*) calloc(C, sizeof(REAL));

Net->QOutputLayer->Units. =M
Net->QutputLayer->Output, = (REAL*) calloc(M, sizeof(REAL));
Net->QutputLayer->Weight —={(REAL**)ealloc(M,sizeof(REAL*));

for (i=0; 1<C; 1++) {
Net->KohonenLayer->Weight[i] = (REAL*) calloc(N, sizeof{REAL));
i
for (i=0; i<M; i++) {
Net->OutputLayer->Weight[i] = (REAL*) calloc(C, sizeof(REAL));
}
¢

vold RandomWeights{NET* Net)
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{
INT 1,j;

for (i=0; i<Net->KohonenLayer->Units; i++} {
for (j=0; j<Net->InputLayer->Units; ]++) {
Net->KohonenLayer->Weight[i][j] = RandomEqualREAL{-30, 30),
¢
}
for (i=0; i<Net->OutputLayer->Units; i-++) {
for (j=0; j<Net->KohonenLayer->Units; ] ++) {
Net->QutputLayer->Weight[1][j] = 0;
}
}
'

void Setlnput(NET* Net, REAL* Input)

{
INT 1;

for (i=0; i<Net->InputLayer->Units;i++) {
Net->InputLayer->Output[i} = Inputfi];
}
i

void GetQutput(NET* Net, REAL* Output)

y
INT 1;

for (i=0,; i<Net->Outputbayer->Units; 14++)§
Qutput[i] = Net->OutputLayer->Outputfi];
t
i

ks ke s ek ok ks ko o R R ok o R Ao o ok ok ook o Sk o o R K S S S sk R sk
ok o ok ok ok ok

PROPAGATING STGNALS
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void PropagateToKohonen(NET* Net)
{

INT 1,5;

REAL QOut, Weight, Sum, MinQut;

for (i=0; i<Net->KohonenLayer->Units; i++) {
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Sum = 0;
for (j=0; j<Net->InputLayer->Units; j++) {
Qut = Net->InputLayer->Output[j];
Weight = Net->KohonenLayer->Weight[1][j];
Sum += sqr(Out - Weight);
t
Net->KohonenLayer->Output[i] = sqrt(Sum);
}
MinOut = MAX REAL,;
for (i=0; 1<Net->KohonenLayer->Units; i++} {
if (Net->KohonenLayer->Qutput[i] < MinQut)
MinQut = Net->KohonenLayer->QOutput[Net->Winner = 1];
}
Y

void PropagateToOutput(NET* Net)

!
INT i;

for (1=0; i<Net->OutputLayer->Units; i++) 4
Net->QOutputLayer->Output[i} = Net->OutputLayer->Weight[1][Net->Winner],
}
;

void PropagateNet(NET* Net)

¢
Propagate ToKohonen(Net);

PropagateToOutput(Net);
'

st sk e s ok ksl sk e ok o ok o o SRR o ek R SRR oK R s K AR o o e S ok o K R Kk ok o ok ok
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TRAITNING THE NET
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*********/

REAL Neighborhood(NET* Net, INT 1)

{
INT iRow, iCol, jRow, jCol;
REAL Distance;

iRow =1/ COLS; jRow = Net->Winner / COLS;
iCol =1 % COLS; jCol = Net->Winner % COLS;

Distance = sqrt(sqr(iRow-jRow) + sqr{iCol-jCol));



81

return exp(-sqr(Distance) / (2*sqr(Net->Sigma)});
!

void TrainKohonen(NET* Net, REAL* Input)
|

INT 1i,;

REAL Out, Weight, Lambda, StepSize;

for (i=0; i<Net->KohonenLayer->Units; i++) {
for (j=0; j<Net->InputLayer->Units; j++)} {
Out = Input[j];
Weight = Net->KohonenLayer->Weight[1]3];
Lambda = Neighborhood(Net, 1);
Net->KohonenLayer->Weight[i][j] += Net->Alpha * Lambda.* (Out - Weight);
}
StepSize = Net-»Kohonenlayer->8tepSize[i];
Net->KohonenLayer->StepSize[i] += Net->Alpha, —* Lambda * -StepSize;
}
}

void TrainOutput{ NET* Net; REAL* Output)
{

INT 1,;

REAL Qut, Weight, Lambda;

for (1=0; i<Net->QutputLayer->Units; 1++){
for (j=0; j<Net->KohonenLayer->Units; j++) {
Out = Qutputfa];
Weight = Net->OutputLayer->Weight[1][j];
Lambda = Neighborhood(Net, j);
Net->QutputLayer->Weight{i][j] += Net->Alpha_* Lambda * (Out - Weight);
}
H
}

void TrainUnits{NET* Net, REAL* Input, REAL* Output)
d

TrainKohonen(Net, Input);

TrainQutput(Net, Qutput);

f

void TrainNet(NET* Net)
{

INT n.t;

POLE Pole;
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REAL wOld, wNew, ScoreOld, ScoreNew, dScore, dScoreMean, StepSize,
REAL Input[N];

REAL Qutput[M];

REAL Target[M];

double StartTime,StopTime;
struct dostime_t tt;

char Stt[100];

char ch;

n=0;

//_dos_gettime{&t);

while (n<TRAIN_STEPS) {
// first = time(NULL); /* Gets system

/o time */
t=0;
InitializePole( & Pole);
wOld = Pole.w;
ScoreOld = ScoreOfPole(&Pole);
SimulatePole(&Pole);
wiNew = Pole.w;

ScoreNew o= ScoreOfPole(&Pole);
while (PoleStillBalanced(&Pole) AND (t<BALANCED)) {

~dos_ gettime(&tt);
StartTime=tt.hsecond,

n++;
t++;

Net->Alpha. = 05 * pow(0.01, (REAL).n / TRAIN STEPS);
Net->Alpha = 0.5*pow(0.01,(REALYn/ TRAIN STEPS)
Net->Alpha  =0.005;

Net->Gamma = 0.05;

Net->Sigma = 6.0 * pow(0:2,({REAT) n / TRAIN STEPS);
Input[0] =wQOld;

Input[1] = wNew,

Setlnput(Net, Input);

PropagateNet(Net);

GetOQutput(Net, Output),

PoleF = Outputf0];

StepSize = Net->KohonenLayer->StepSize[Net->Winner],
Pole.F  += StepSize * RandomNormalREAL{0, 10},

sprintf(Stt,"Neural Network Control An Inverted Pendulum.Iteration=%5.2d (ESC

Exit) ",n);
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/i fprintf(f,"%d\n",n);
Draw(Pole.x*XConstance,Pole.w,Stt);
// ThetaGraph(Pole.xDot,Pole.wDot);

Pole.xDot = 0.94*Pole.xDot;

Pole.w = (),96*Pole.w;

wOld = Pole.w;

ScoreOld = ScoreOfPole(&Pole),
SimulatePole(&Pole);

wNew = Pole.w;

ScoreNew = ScoreOfPole(&Pole);
dScore = ScoreNew - ScoreOld,

dScoreMean = Net->KohonenLayer->dScoreMean[Net->Winner];
sprintf(Stt1,"Pole's Angle(Degree) : %5 41", Pole.w);

sprintf(Stt2,"Force (N) %5 .41",Pole.F),

while(kbhit()){
ch=getch(};
switch(ch){
case27:
closegraph();
FinalizeApplication{&Net};
exit{Q);
break;
i

1
if (dScore > dScoreMean) 4
Target[0].= Pole.F;
TrainUnits(Net, Input, Target);
!
Net->KohonenLayer->dScoreMean[Net->Winner] +=Net->Gamma * (dScore -
dScoreMean);

}

if (PoleStillBalanced(&Pole) )
sprintf(FallTimer, "Pole still balanced after%0.1{5"t* T);

SuccessCounter++;
sprintf(Stt3,"%d",SuccessCounter);
sprintf(Sti3,"Success %4d",SuccessCounter);
1
elsef
sprintf{FallTimer, "Pole fallen after %0.11{s", (t+1) * T);
/ISuccessCounter++,
sprintf{$tt3,"Success :%4d",SuccessCounter);

}
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/i _dos_gettime(&tt),
/' StopTime=tt.hsecond;
/1 sprintf(Stt3,"Difftime=%{",StopTime-StartTime);

i

}
H
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MAIN
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*********/

int main()

1
int1;

NET Net;

/- InitGraph();

{7 for (i=getmaxx();1>0:1=-){

{/ Draw(320,0,"a");

/ delay(1);

i getch();

/icleardevice();

1

getch();

/f=fopen(!'xwdotlog.txt","+w");
InitializeRandoms();

/ printf("Init Random Finishwn"),
GenerateNetwork(&Net);

/# printf("Generate Network Figish\n");
RandomWeights(&Net);

i/ printf("Random Weight Finish\n");
Initialize Application(&Net);

/f printf("Imit Application Finish\n");
printf{"Init Graphs Finish'n");
InitGraph();

TrainNet(&Net);
getch();

/1 WriteNet(&Net),
FinalizeApplication(&Net);



Main() Initialize Application(&Net)

‘ Start |

InitializeRandoms();

f InitializeApplication(&Net);J

Yy

sy i nhtudnoulrzrmifioy

GenerateNetwork(&Net);

Cunitmieli

RandomWeights(&Net); l
" Net->KohonenLayer->StepSize[i] = 1;
Initialize Application(&Net); Net->KohonenLayer->dScoreMean|i] = 0;

3

TrainNet(&Net);

WriteNet(&Net):

r

Finalize Application{&Net);

End

End

[ GenerateNetwork(NET* Net) ]

y

¥ )
weaiafiveusiay Unit Tuuaaz Layer Winsy

A
End



{ PropagateNet(NET* Net) ]

4

PropagateToKohonen(Net),

4
Propagate ToOutput(Net);

End

(TrainKohonen(NET* Net, REAL* Input) J

.

A

Weight = Net->KohonenLayer->Weight{i]{j}

4

Lambda = Neighborhood(Net, 1);

h 4

Net->KohonenLayer->Weight[i][j] += Net->Alpha * Lambda * (Out - Weight},

j=twn Unit Tu Input Tayer ninli

Y

A

StepSize'= Net->KohonenLayer->StepSizefil;
Net->KohonenLayer->StepSizefi]+=Net->Alpha.~* Lambda * -StepSize;

i=$117u Unit 1u konenLayer n3e ']




[ TrainQutput(NET* Net, REAL* Ouiput) J

o
-

QOut = Output[i];

Weight = Net->OutputLayer->Weight[i][j]:
Lambda = Neighborhood(Net, j);
Net->OutputLayer->Weight[i][j] += Net->Alpha_ * Lambda * (Out - Wdight);

st Iunazafuiau Unit

lu.Kohonen Layer

e Ladnssyiamaiuad Unit

Twoutput Layer

A

TrainUnits(NET* Net, REAL* Input, REAL* Output)

:

TrainKehonen(Net, Tnput);

A

TrainQutput(Net, Output);

A 4
End
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