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Krittiya Pa-im 2012: Torque Control of Auto-Screwdriver Machine by Neural Network.
Mater of Engineering (Mechanical Engineering), Major Field: Mechanical Engineering,
Department of Mechanical Engineering. Thesis Advisor: Mr. Chaiyakron Chansuwan,

Ph.D. 130 pages.

This research presents an application of the principles and the theory of neural networks in
torque control of the screw for the Auto-Screwdriver Machine. The neural network consists of
two parts: Neural Network Identification and Neural Network Control. The concept of artificial
neural network model for the reverse and learning to adjust the weights and the bias of network
for the output of the model close to the target. The learning of neural network identification is 20
nodes and the learning of neural networks control are 14 nodes for the minimize mean square
error. The transfer function of the neural network hidden layer and output layer transfer function
is log-sigmoid and linear, respectively. The mean square error of the learning process of
identification is 0.3963 Nm and the mean error square of the learning process of the controller is
0.0183 Nm. The testing control system, which the neural network both using the error value

between the reference signal with the output equal to -0.009 Nm, which is in the control limit.
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Element
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Ref Input r Controlling m +
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2.3.2 Uszn1995ia visedsznniiimsiloundy (Close-loop Control System)

g a ¢ a
3$U‘]Jﬂ’3']Jﬂ3J1J5$Lﬂ‘VIH Lﬂuﬁ$’U‘]Jﬂ']3ﬂ3UﬂMﬂLﬂWﬂﬂﬂﬂl@ﬁﬁ$ﬂUﬁi@ Controller
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3. Tasavedszanniien (Artificial Neural Network)

Tasethedszamidion Slunuusiasineadiamanii Idsumswann Taseids
NaNMIIMUVITEUUYITaImMNIeFIIne mmsmﬂ‘%amﬁauﬁ’ummﬁm 521919 1ad
Uszamnadiine su wasilszamiiion1dlao Tnssadveusadidszamiimsifousde
fuedunnnedremsdedaaa ifhmand Electrochemical) mwaduila U nivad
wilaru iaulasa FalFeumieuiudyanaduna (mpuy mulsunld FulSeumien

I o e o g g o 9 =
Wuainemin (Weight) ﬂTﬂuuﬁiltJ,ilJ"lmilzﬂﬂﬁ\il"’l]"l]l‘ﬂﬂig‘]ﬁluﬂ”ﬁﬂ”liﬂigh’JaNa QN

1 § 1T A a 4

Usznoulidreninelszudana (Processing elements)Ni3ena1 119504 (Neurons) giiad
o Y] 4 o g}.l LY [
(Units) 9@ (Cells) n30 11ua (Nodes) meluauwaa HONINUUISTIT YU IURNIULDNEDU
: 2w o o 24 , @ 4 \
Faseumdowmiludyaiaerana (Output) lldusadous ae llludnsuzmavouse
o ? A % a o 3

puuReanuilisesq i Fedunams leuuddiunnumsnsedu (Excitatory Synapse) 1ina
o q ¥ A 4 X 1Y A 7 o & . A 0 q ¥
lddyaadianudgeu uaduianms lsuuldilunuudnel (nhibitory) Inarild
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{ o 4 =t 2 o 1 3 @ 1 4 1
iymmummﬁmm ﬂﬁl%ﬂﬂﬁﬂulﬂﬂﬂgﬂﬂﬁﬂ'H"UﬂWﬂ’J\'iuTl’Tuﬂﬂl@@LlGlﬂ%ﬂﬂﬂl@\iﬂﬁﬁﬂNﬁﬂ
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e

1 ¥ d‘

1o ° Y o ' s A
17 ldanharaihminfimunzanlumsiIassiedszamidion ldszgna e ldaoandos
Tumsud ludyma1eg wu msiseuduazaasigiuuu(Pattern Recognition) Mitlszuiawa
@ o 1 4
AW (Signal Processing) NMIAIUAUMININIUVDIUIUA (Control Robot) LLAENIT

L4 I
WeNnTal (Forecasting) 1 UAY
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M3 ¥euADNUN8IUTEHINTU Layer Adll
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3.1.1 FULTNII U Input layer ZUWIIFUAYINIUIU Node ISUININD
o 9 o Z I = T 9 YA
NUIUVBIVDYA Input Data ﬂﬁﬂ”ll!’lmﬂlu‘lﬂl Input Node %Lﬂmwmmﬁuﬂmmm@yjaimm
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A v KX 9 Y 1 1 9 = %
L‘Hll’E]‘Llﬂui]\W]ﬂﬂllﬂﬁﬂiﬁﬂgiugﬂlmﬂlm$%Qﬂﬂlﬂﬂﬂl@ﬂg’ﬁmfJ’Jﬂu
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[

v 9
% P (% 1 o o o I
3.1 2 %U Hidden layer H30%¥ugou Iagna 118 1musuuags1uau Node iy
1 129 o w 1 o 19 Ao ?zlz ) [ )
e lufivedinauinounied uaa T INIUTULAZIIUIUN Node 1109 21 1d s un Ty
o . A Y A = ] Y Y A o g’a
MIAUIN (Overfitting) ltazHai laanse 1ua lie1vvzninla wag Sl mIuFuLay
o 9 a o Y o J d‘ rrog9 :)
$1u7U Node Hoanu 11l azihlimamsdnnumanuamanaou luguigadige
o A 1 o Y] 1
(Convergent) agwaans naz lugndes Aesihnmsnaasaffeuifieunusznin Neural
' Y Y Y
Network NUTIUIUFUHidden layer @199 AU 11aZI1UIU Node 1U%U Hidden layer e 13
[ ' o Y [ Y = (Y
sum lsazai limssuna Idnadnniu
e, A y J = & = A o 1T W
3.1.3 %U Output layer HIDFUIDIANA 3 UFUABMIALILUTIUIU Node (AL

14U Output NABINT
3.2 1UUT18999091359U (Neuron Model)

I o a 1 ' 1A ]
3.2.1 Single-Input Neuron HUi1U31899112591U08199189) UABUNA (p) 1Heaa
= v & & 1 a ddy I 4 A o
QYANUY cmmauwm“luﬂsmuﬂzgﬂmﬁmmﬁmms INNINN 13 (a) LUAALUUIIDIVUDY
a ' ' AAY 1A J =~ o a '
H’Ji@u’ﬂEJNNEJGluﬂ‘iﬂW]UlﬂJiJﬂWVl‘U!L@ﬁ (b)) AIUNINNIL3 (b) UTAILUVINADIUDIUITOUD Y

M dd‘d
QWﬂiUﬂimﬂMﬂWVlUll@ﬁ
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Input Neuron without bias Input Neuron bias
r N B r A\Y4 N
P w n_ £ L Pa W - N R
lb
/\ J VAN J
a=f(wp) a=f(wp+b)
(a) (b)

~ a Aaa = a = 1o 1 A
NN 13 (a) UITOUNUDUNAUWIIDUNAIAYD TﬂﬂlliJlﬂﬂWUl‘iJLLﬂﬁiﬂﬂﬂ

q q

(b) Hrsounlivunaiissdunane Taetha luueaunaa

31: Howard ef al. (1996)

=

~ < v a o o v v 3 @ <
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U

'
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v 1 4
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9 Y] A Y 1 1 g‘; 1 1 9 L&Y
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' A ) 9 o \) . o Iy v o
ﬂTﬂTﬂuWi@ﬁﬂﬂ%uﬂﬁﬂizﬂu (Transfer or Activation Function) NﬁaW‘ﬁVlulﬂﬁJﬂﬂiﬂuﬂﬂ 1
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v A
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a=f(wp+hb) (1)
n=wp+b 2)
a=f(n) 3)

1 A o A [ ¥ @ 1 o YA 1 I
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kS A o ' ) = 3 A Ao o A
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Warsunsa18Tou (Transfer Function) o103 uiand sy ady (Linear
Function) #3 o uilansuuunluiidhaFudy (Non-Linear Function) 714 WandumsaiaToud
Tidenldededumnnine uaiilafsumsaeTened 3 sUuuuiignidenidegiaue ldun
Wq ﬁﬁﬁugguu Hard Limit (hardlim(n)), Linear (purelin(n)) 48¢ Log-Sigmoid (logsig(n)) ﬁJuﬁ’u

v
AaAA o a 1

I o a a
3.2.2 Multi-Input Neuron WUHUUT1809HITOUNTTIUIUBUNANINNI 1 BUNRA

q

Ia a o I K T Y o g
NANBTOUNA TINFNNAAI IUNINADIT BUNAYUBYAUMAININUN W,,, Wi ,,..., W, o 910U
v ¥ o v A . . J < ° 4
AMIMNAIZYNUINITINAUN Summing Junction S13iA1 luteaNIzYNUINNTINAIY B Al
1 A YA 1 o 3}/ 1 o d v 1 A 1 o
ﬂ']Wﬁﬁ'Jll‘V]llﬂ‘ﬂﬂﬂ'] Net Input wawzumzm"lﬂmﬂmwmmmTau INDHINUDIANA

E4
awnsodeulieglugiaums 1dasi

N=W, P +W,P,+..+W, P +Db (5)

n=Wp+b 6)
1 4
HIAUDIANA

a=fWp+b) @)



Inputs Multiple-Input Neuron

4 N A
Z 143 > ,f a ;
W R lb
1
J
a=fFf(Wp+D>b)

a N A a
NINN 14 uaiauwuwmﬂauwm
31: Howard et al. (1996)

d' a = a = 9 9y = d'
1NN 14 voiisoufissiinsowdsiteun Usznoulidreseazideain
A A =® 1 ~ Y a o A o gl/ 24
wnneienasanneInssienlsznonlUdreiiasouduiuin iwauvesyuuing fo
! 2 @ g’; [ [ 0 4 o 3
iseazideanuiniulldn aniudedims 1¥daanyaige (Abbreviated notation) tWovi1 1% 41e

goanut lauaaIdanIng 15

Input Multiple-Input Neuron

' B T '
{ 1

} a

W e —
Rxl \ 1x1

=R —, M

R 1=1 1

a=fFf(Wp+5)
d‘ a Aaa a ]
MAN 15 UITOUNNUDUNA R OUNALLUUYD

31: Howard et al. (1996)
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3.4.1 MIGFEULVVUMITOU (Supervised Learning)
I = A o A Y ] v W 9 Hq
WumsGeunuunimsasrsmaouie 1419939181500 gaveyan lvaon

1 A o 9 1 [l Y o ~ A T 9 [l 1 <3
nseIzlimaoy Iinesasiagineesinelimasungnnie i fnev lign 299sv1efay
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Training . -
Parameter - ( Adfust Weight )
gl
hY
\'.
\\\\ _—
Input 2 Neural \, Training
Data 7 Network 7 Output
/ ‘\\
Target
Qutput

Ml 16 anbazMsiFeuuuulinsdou (Supervised Learning)

fan: 9fild (2551)

3.4.2 Unsupervised Learning M3izeunyy luiimseaau
I = a9 o = o ' A A 1
WumsBeunuy hifiduugzi lilimsasiemeeuiignysona 199591092

[ @ @ o A ' @ '
taiseelnseaiudroaesnuanyuzvestoya Haansn e 199sI1eazAINT0IANNIANY
o s

9 Y =1 o ] ~ v A Jd o ]
51]@\1“]]@3;!?11@] (LIEEJ‘]_IWIEJTJﬂ‘]Jﬂu MU DITNITIANITOUYNLYZWUTNY WUFTAAINNANHUL

susnveuiuldwa s il lasaou)

Training — i s
Parameter —-_.\\ { Adjust Weight )
'\"
Input \‘} Neural \H‘x Network
Data . Network Output

d‘ =} 9 = . .
MNN 17 memﬁLsﬂuguuu"lwmiﬁau (Unsupervised Learning)

an: ol (2551)
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3.5 uudiaedlnsevnelseanienuuuunsadounal (Back-propagation Neural
Network)
v 9 LY o AR A ~ Y A 1 an =R
msunsadeunauiudanesiunldlumsBeuiveunieielodszamitnil
{ A 4 @ 1 %,’ o 4 [ 1
N1ion1914 multilayer perceptron tited/Suaniminludusouneserina Inualimanzau

[ 1 dy é‘ [ 1 1 o A o Y o 1 o A Y
IﬂEJﬂTT]JTLIﬂ']‘L!ﬁ]%slluﬂ‘]_lﬂ'l'mu@]ﬂﬁNalli’NﬂTL’E)1C°']wglﬂﬂTl!'JﬂlklﬂﬂUﬂH@TﬁwglﬂﬁﬂﬂﬂTi

2
warsangiae ltlszneu

MNA 18 LL’dﬂQg‘ﬂLL‘U‘U Back- propagation neural network

9
mauTumsdszaanaved lnsevieldseamnine

9
%

Gui 1 gadoyahnldlumsinTasaielszaniion (Training Set)

1 Q/ o o d
TumsGeujvealasaneglszannidion Taserdanisunzih sulludeldya

9 ! Y

A Y, P ' A A 9 ' o
doyadune wazdoyaihmuelumsdnlasanelssemimnon weld Inseisainannaiig

9

@ vy 9 v o Y A 1 ~ Yo [
wanuesn ladeanaosnudyanadhmnede Inswedseamidion 1asudoyadnao

9 9

Y = Y 9 ~

shanbuziRenu gadeyanld lumsiln Inssieannso@ounnu ldasaunsi 8

P={XOT@).(X@)T@).. (X(N)T(N))} ®)

=

T P Avgauotoyah 191un15in1As9a1e (Training Set)
) =

A o = 1 .. .
N Aosuaugadoyanlflunsiln 1ns991e (Training Pair)
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1 g’/ [ 4 I A
(Weight) a1 lued (Bias) 530MIA10A51M55013 (Learning rate) 1o Imilugaisudulu

msdszuranavesInsaviesiaznaae li

Y] v
v A

TUN 3 nszuIUMIUszulanaveslnsavie
1 =1 [~
AFzUIUMIUITEUIaNAed InTsuelsanmen vaailu 2 aeu

@ouN 1 Masudn la9nii1 (Feedforward Calculation)

o 2 g’; a 1 2’, (] g’; o [ {
MIATUIULTNIIMNFUIUNA NWU%U"B@Uﬂ"IEﬂUﬁ]HﬁQGHH Lﬂ?@wmlﬁﬂﬂﬂﬂﬁﬂﬂiiﬁ

Y
WITUIFUBUNA (Input Layer)

9 v
Yuihseulusudunasziudeyadumna () 1ngadoyan1dlumsinlaseie

Y 1
(Training Set) ttazasne lUdavumeluFuihmsamuiuse 1)

W UFOUN181U (Hidden Layer)

=1

4 H
yanunhgrugounelugmnsonaas ldasaunsi 9

€

T
Z, =V X +Vgies 9)
[ A gl 1 Y o A
ﬂJuiy”lﬂm’t’)’ﬂﬂﬁﬂi]Wﬂsb'l.!%@uﬂiﬂiuﬁiuﬁmlﬁﬂﬁjﬂ@Nﬁllfﬂi‘ﬂ 10

Z=1(z,) (10)

Y] 4
NIUTYVIUDIANA (Output Layer)

=)

A % Yo A
iUu‘f,yTil!‘V]L"lJK;TLE]1@Wﬁﬁ1h1iﬂllﬁﬂ\‘l]‘1ﬂﬂ\1ﬁﬂﬂ1§°|/] 11

€

Yin :WTZ +WBisas (11)
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H Y v
yanafeennFueIdnaaIonaas laasaunsi 12
Y =f(Y,) (12)

ABUA 2 MIUNAIANNAAIANADUEOUNTY (Backpropagation of Error)
[ ' g v 1 = d‘ 1 d’ A
msUsuanhminveslassuelseamion oaamaNuAa AN UHI O
v
anuuanasznIteyahvine Tk nudyanuesnninIasenedszannion Tudu
o Yy a 4 = J ° o A
w1Ane Y(k) 1935msoond luduuumnsfeun laesmuaiandunanunaianaou (Error
. [ ~ d'dya ~ a 3’; o A o
Function :E(k) ) adarun1s® 13 Tuntiwasanlunsaliduiinseulususoiquaiisiuau 1y
A A o v 3 a s = . )
iosnnszuuauauii U lmilussuudunaerdnaifion (Single Input and Single Output :

SISO System)
E(k) = %rr(k) YT (13)

i o : :
1o E(k) unuiansunnundouvesgadoyai k

' 4 o 1 ¥ @ J ]
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v
a Y 4
NATTUIFUDIANA (Output Layer)

~ o < v o @ A
NAUNITN 10 NIUUA 50 WUANNTUNUSUTAIAITNNITN 15

S, = [T (k) =Y (K)IF'(¥;n) (15)

{ J %‘ o % 4 J g’; 1 o g’/ J
miyﬂﬁﬂuuﬂamm1'msﬂGUammuéﬁqg%uizmwwumaumﬂiuﬂuwmmvm

(AW ) HAAIAIaUNTN 16-17

AW = —aa—E (16)
oW
130
AW =aZ5] (17)

v )
Tushuesdsadu manfasunasa luueavesluiiseulusuerdna

(AW... ) LaaaaaunIsi 18

Bias

AW, = ad, (18)

Bias
A Y
N5 UFOUN YT (Hidden Layer)
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AV (k +1) =V (k) + AV (k) (24)
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Reference Signal Input (Dash Line), Plant Output (Solid Line)
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ndnyal Nz ay
Input .
Neuron ol i=2
j=1 -2.1666 0.4593
2 0.4221 -0.8181
3 -0.2948 -1.3625
4 -0.3425 -0.1232
5 0.6477 1.6012
6 -0.3035 -0.3893
7 -0.2268 0.4085
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67

Input
Neuron i=1 i=2
8 -0.8716 -0.5989
9 1.1258 -2.0485
10 0.9916 0.1538
11 0.6864 1.6938
12 0.5317 0.1397
13 0.7264 -1.1512
14 0.6943 -0.9903
15 0.3941 0.3582
16 0.6316 -0.3465
17 -0.7091 0.9860
18 0.0293 -0.2891
19 0.5504 -2.0860
20 -0.7255 -0.1738
21 0.0008 0.7115
22 -0.1875 1.0262
23 1.2414 1.2850
24 0.4725 0.9995
25 1.0945 1.0755
26 0.6227 1.8961
27 1.0092 1.5375
28 -0.0945 0.2455
29 0.1152 -0.4776
30 -0.6282 -0.3298
31 0.3876 0.7016
32 3.0743 1.2080
33 0.0981 0.1543
34 -0.0456 1.5127
35 0.8583 -0.7221
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68

Input
Neuron i=1 i=2
36 -1.5636 -0.4547
37 1.1287 0.1736
38 -0.8476 -0.6621
39 0.5675 0.8717
40 0.2770 0.1913
41 -0.0670 1.8498
42 -0.7172 -0.2838
43 0.4173 1.8663
44 1.1246 -2.4296
45 0.6822 -0.1252
46 1.3961 0.4570
47 -1.3886 1.9377
48 0.0139 0.3433
49 -1.3504 1.7741
50 0.1146 1.8931
51 0.5416 -0.6199
52 -0.7677 -1.1928
53 1.2828 0.8583
54 -0.4749 -0.8149
55 0.6241 0.4046
56 -0.3477 -0.5793
57 -0.7592 -0.3768
58 -0.7372 0.5963
59 -1.4510 0.7122
60 1.5207 0.3144
61 -2.4472 -0.9442
62 -1.2900 -0.8471
63 -1.9846 0.1849
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69

Input
Neuron i=1 i=2
64 -1.3429 -2.1815
65 -2.7918 -1.1752
66 0.6022 -1.5663
67 0.0404 -0.3297
68 -1.0309 0.4914
69 -1.3010 2.3615
70 -1.3180 -0.1564
71 -0.2785 -1.0710
72 -2.0221 -0.4305
73 0.4067 0.5195
74 -0.0898 1.0250
75 -0.3423 -0.4595
76 0.6522 -0.1659
77 0.3457 1.1855
78 -0.3524 -0.2952
79 0.0307 0.1944
80 -0.1333 -0.4188
81 -0.6260 -0.4400
82 1.1114 1.0574
83 1.2022 -0.5409
84 0.0727 0.0457
85 -1.0267 -1.0289
86 -1.1730 0.6054
87 0.2510 0.4310
88 -0.2646 0.4403
89 -0.7981 0.0002
90 0.1320 -0.7433
91 -1.1846 -0.1309
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Input
Neuron i=1 i=2
92 0.3404 -1.2858
93 -1.5921 -0.4287
94 -2.4538 2.3078
95 -0.2081 1.6753
96 -0.9819 0.8670
97 1.5311 0.4293
98 1.3727 0.8256
99 -0.6121 0.3742
100 -0.9667 0.9343
101 -0.2164 1.2040
102 -0.3161 -1.0211
103 1.3853 -0.2655
104 -0.3482 0.2771
105 1.2055 -0.5446
106 1.2372 -0.9920
107 2.5197 1.2719
108 -0.3795 0.6664
109 -0.4753 -0.9131
110 1.6757 -1.0519
111 -0.7384 0.4011
112 -1.8155 -0.6894
113 0.0867 -1.1978
114 0.5003 -0.3536
115 -0.3630 -0.8464
116 -0.3507 0.8491
117 -1.3629 2.3053
118 1.7228 -1.6987
119 0.2014 0.8359
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Input
Neuron i=1 =2
120 -0.5521 -0.2899
121 0.4018 -0.8411
122 0.8344 0.9615
123 -1.0483 -0.8862
124 0.2253 -1.8815
125 -0.4824 -1.1242
126 1.6507 0.5782
127 0.1589 04713
128 -1.1247 1.0058
129 -0.1118 -0.8891
130 0.4491 1.2603
131 2.1006 -2.0040
132 0.0396 -0.4195
133 0.5716 -0.3589
134 1.2008 -0.1812
135 0.5088 1.0687
136 -0.8698 -0.6768
137 -0.1611 0.4167
138 -0.6578 -1.9116
139 0.7068 -0.9199
140 1.5403 0.9391
141 -0.0219 -1.7444
142 1.0548 1.4146
143 -0.6968 -0.4868
144 0.1593 0.4805
145 -0.1765 -1.1767
146 1.6303 0.7548
147 0.2940 -0.3238
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MINN S (919)

Input

Neuron i=1 i=2
148 0.7677 1.2571
149 -0.3412 -0.5473
150 -0.6334 -0.7338

' %‘ v 4 1 1 . Z/ v v g]/
LW, = Anhminmayendessninelnua j Tususudeya ludaTnua k lugu

4
GRVATE

d' ¥ o & 1 @ 4 ] ~ o s
13N 6 ’L!THuﬂGUE]\1“liuGﬁﬂuﬂﬂﬂﬂ%ul@TﬂWﬁﬂlﬂiIﬂiﬁl1811]53?(11!!1/1Elilﬁluﬂﬁ?ﬂlf]ﬂaﬂ‘hlﬂ!‘ﬂ

MUEay
Neuron OvRg k=1
j=1 -0.6669
2 1.7969
3 -0.4058
4 -1.4772
5 0.9703
6 -0.0846
7 -0.1894
8 0.3555
9 0.7411
10 -0.6336
11 0.1445
12 -0.4600
13 -0.6320
14 0.2896
15 0.6789

16 -1.4638
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Neuron Output k=1
17 1.1940
18 -0.0594
19 -0.2920
20 -1.7187
21 -0.2036
22 -0.0643
23 0.2308
24 -0.3962
25 0.9609
26 1.6916
27 1.3024
28 -0.1923
29 0.2878
30 0.3037
31 -0.5863
32 0.0636
33 -0.5974
34 0.0778
35 1.5333
36 -0.3160
37 -0.8246
38 1.2573
39 0.8920
40 -0.5481
41 -0.7266
42 1.3463
43 0.1154
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74

Neuron Output k=1
44 0.0914
45 0.5052
46 -0.4965
47 1.1210
48 2.3275
49 -2.4877
50 0.2284
51 0.8770
52 -0.9059
53 0.1734
54 0.0185
55 -0.5791
56 0.5547
57 0.9710
58 0.2305
59 0.4469
60 -0.4836
61 1.0129
62 -0.1302
63 0.4823
64 1.0407
65 -0.3690
66 -0.3628
67 0.0568
68 -0.1535
69 -1.1991
70 0.3434
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Neuron Output k=1
71 -1.5182
72 -0.4427
73 -1.3164
74 1.3470
75 -0.0016
76 0.2769
77 -0.2965
78 1.3344
79 -0.3627
80 1.0370
81 1.0410
82 -0.4005
83 0.2693
84 0.0411
85 2.0310
86 -0.9508
87 -1.5262
88 0.2795
89 -0.9198
90 -0.6692
91 0.0788
92 -1.4846
93 0.9445
94 0.4170
95 1.4341
96 -0.3022
97 0.8995
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Neuron Output k=1
98 -1.1607
99 0.2846
100 1.1874
101 -0.6111
102 -0.0058
103 1.6114
104 -0.6383
105 -1.2299
106 0.8448
107 0.0361
108 -1.1140
109 -1.0084
110 0.2388
111 0.3330
112 -0.4315
113 0.1249
114 0.4329
115 -0.8613
116 -0.3458
117 -0.7406
118 1.2882
119 -1.3085
120 1.4473
121 -0.7690
122 0.0347
123 0.8728
124 0.7110
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71

Neuron Output k=1
125 -0.4304
126 0.8657
127 -1.1094
128 1.4541
129 1.2494
130 0.1221
131 0.3230
132 0.8439
133 -0.3533
134 0.2489
135 0.7607
136 0.2229
137 -1.3675
138 -0.4243
139 -2.1138
140 -0.3628
141 -0.9806
142 0.0124
143 0.3051
144 0.9390
145 -0.2233
146 0.1134
147 0.8934
148 1.3707
149 0.1360
150 0.7662
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b, = luseaveslnua j lususeu

] 1 3’; ] 1 Y] S
M319n 7 A luteauessusouedlassinslsyanmenlunmsnienanyal NN e

Neuron a'lunes
j=1 -0.6904
2 1.5289
3 -0.6449
4 -0.7790
5 0.4903
6 -0.0638
7 -1.5626
8 1.0592
9 0.6573
10 1.6856
11 0.2892
12 0.7540
13 -1.1271
14 1.8500
15 2.3594
16 -0.3019
17 -0.7471
18 0.9965
19 -1.1244
20 0.2601
21 -0.1214
22 0.8307
23 -1.9720
24 0.1468
25 0.2131

26 -1.8105
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Neuron aluued
27 -0.2247
28 0.6469
29 -1.2875
30 -0.3229
31 0.2300
32 -0.5228
33 1.6206
34 0.7670
35 -0.6562
36 0.3452
37 1.2046
38 0.1784
39 0.5136
40 0.7074
41 0.7753
42 -1.3968
43 -0.6792
44 -0.3604
45 -1.6451
46 -1.3685
47 0.3004
48 0.2705
49 1.0352
50 0.3555
51 -0.8093
52 0.0295
53 -0.7216
54 0.8627
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Neuron aluued
55 -1.4751
56 0.8304
57 0.3959
58 0.7634
59 -0.5974
60 0.2411
61 -0.0982
62 -1.5073
63 0.4539
64 0.3868
65 -0.7274
66 1.2497
67 -1.7673
68 -0.3997
69 -0.3271
70 -0.7547
71 -0.5913
72 0.5032
73 -0.8072
74 -0.0007
75 -0.4275
76 -0.1722
77 1.9397
78 -0.6021
79 0.9194
80 -0.0279
81 -0.0319
82 -1.8913
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81

Neuron aluued
83 1.0053
84 0.1524
85 -0.5399
86 0.0908
87 -0.0104
88 1.8248
89 -1.0424
90 -0.5302
91 0.2366
92 1.8868
93 0.1968
94 1.0944
95 0.6846
96 0.7346
97 1.2540
98 2.3124
99 0.1336
100 -0.3486
101 0.2218
102 -0.3055
103 -2.3463
104 -0.0371
105 0.2303
106 -0.4127
107 -0.2161
108 1.2786
109 0.1328
110 -0.0458
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Neuron aluued
111 -0.6760
112 -0.5378
113 -0.1106
114 0.0925
115 0.4288
116 1.6458
117 1.3843
118 -1.2488
119 1.7924
120 -1.0025
121 2.5803
122 0.1996
123 -0.4857
124 -2.0383
125 -0.3781
126 1.5148
127 -0.3479
128 -0.5204
129 -1.3773
130 -1.1757
131 -0.5972
132 0.3034
133 -2.0546
134 0.6191
135 -0.5159
136 0.7905
137 0.0844
138 -0.4231
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MINN 7 (919)

Neuron aluued
139 0.6027
140 0.5251
141 2.0431
142 -1.2990
143 -0.7187
144 -1.2587
145 -0.5611
146 -0.5081
147 -0.5190
148 -0.5339
149 -0.5195
150 -0.2803
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Neuron A lued

k=1 0.3663
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mmu‘ﬁmmxﬁu
Input .
Neuron ol i=2
j=1 0.5573 0.4633
2 1.9496 -0.8587
3 1.6694 -0.3834
4 1.0482 -0.5375
5 -0.6722 -0.2348
6 -0.8091 -0.3824

7 0.1695 -0.8474
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Ma1afi 9 (919)

Input .

Neuron i=1 i=2
8 -0.4042 -0.9042
9 0.8994 0.5334
10 1.3251 1.6826
11 -0.2412 -1.5317
12 -0.3136 -0.5162
13 0.8843 0.1274
14 0.5712 0.5685
15 -1.8498 0.7816
16 -0.6609 0.2837
17 -0.7684 -1.7585
18 -1.3231 0.6706
19 -0.2071 0.8722
20 0.2259 -0.4537
21 1.3953 -0.3159
22 0.5959 -0.6942
23 1.1535 -0.1737
24 -0.7520 -0.9335
25 0.3274 1.1939
26 1.7050 -1.1424
27 -0.5747 -0.3075
28 0.3771 1.0227
29 1.1728 0.2840
30 -1.0526 -0.3748
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Output
Neuron k=1

j=1 -0.2000
2 0.6066
3 1.1400
4 0.8391
5 1.7213
6 -1.0770
7 -0.2033
8 -2.0924
9 0.6455
10 1.0222
11 -0.0811
12 -1.6617
13 -1.8114
14 2.0184
15 -1.2386
16 0.9374
17 -0.4131
18 -0.0465
19 -0.4301
20 0.5920
21 0.0489
22 -0.9512
23 -0.1035
24 -0.1386
25 0.1538
26 0.6082

27 0.3872
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88

Output
Neuron k=1
28 -2.2035
29 -0.5401
30 -0.2242

Y
b, = luueaveslnua j lususou

' 9 H
m3ed 11 A luweauesruseures Inseinedszamimon lumsmiszuuauguimangauy

Neuron aluued
i 0.4716
2 0.6647
3 0.4993
4 -0.3500
5 1.6052
6 -0.7753
7 -1.4687
8 0.3823
9 0.9296
10 0.8743
11 0.5288
12 0.7918
13 0.1681
14 1.5024
15 1.2733
16 0.1271
17 0.7966
18 1.1101
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Neuron aluued
19 1.5025
20 -0.1127
21 1.2522
22 1.0634
23 0.9732
24 1.2047
25 -0.1179
26 0.6207
27 1.1251
28 -0.4898
29 -1.3418
30 0.6589

2 ' 2, P
b, = a1 lumeavesInua k lusue iy
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Neuron A lued

k=1 0.3569
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%
% MATLAB neural network model
% by Kirittiya Pa-im

% 22 August 2011

%

close all;
clear all;
load Data3.mat;

clc;

%user specified values
hidden neurons = 140; %hidden neural

epochs = 3000;

alpha =0.01; %Ilearning rate
gole = le-2;
% ------- load in the data -------

plant_inp = velocity;
plant_out = torque;

siz = size(velocity,1); siz_2 = siz-1;

train_inp = [plant out(1:siz_2,:) plant_inp(2:siz,:)];

train_out = plant_out(2:siz,:);
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% check same number of patterns in each
if size(train_inp,1) ~= size(train_out,1)
disp((ERROR: data mismatch')
return

end

%read how many inputs

inputs = size(train_inp,2);

%set initial random weights
wi = randn(hidden_neurons,inputs); %weight input hidden

wo = randn(hidden_neurons,1); %weight hidden output

%set initial random bias
bi = randn(hidden_neurons,1); %bias input hidden

bo = randn(1); %bias hidden output

%read how many patterns

patterns = size(train_inp,1);

%add button for early stopping

hstop = uicontrol('Style','PushButton','String','Stop', 'Position’, [5 5 70 20],'callback’,'earlystop =

1;";

earlystop = 0;
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%

%--- Learning Starts Here! ---------

%

%do a number of epochs

for i = 1:epochs

%Iloop through the patterns, selecting randomly

for j = 1:patterns

%set the current pattern
inp = train_inp(j,:);

out = train_out(j,1);

%calculate the current error for this pattern
tic; %%start timer
z = logsig(wi*inp'+bi);

y = wo'*z+bo;

for k=1:hidden_neurons
zz(k,k) = (1-z(k,1))*z(k, 1);

end

sigmao = (out-y)*1;

sigmah = zz*wo*sigmao;

% adjust weight hidden - output
delta_wo = alpha*sigmao*z;

wo = wo + delta_wo;



% adjust the weights input - hidden
delta_wi= alpha*sigmah*inp;

wi=wi + delta_wi;

% adjust bias hidden - output
delta_bo = alpha*sigmao;

bo =bo + delta_bo;

% adjust the bias input - hidden
delta bi= alpha*sigmah;
bi = bi + delta_bi;

pred(j,:) = y;

Timer(j) = toc;  Y%stop timer and get result

end

% -- another epoch finished

%plot overall network error at end of each epoch
error = train_out - pred,

err(i) = 0.5*sum(error.”2);

figure(1);

plot(err)

title("Performance’)

xlabel("Epochs')

ylabel("Mean Squared Error (MSE)");

set(figure(1),'name','Performance of neural network model training','numbertitle’,'off');

%stop if requested
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if earlystop
fprintf('stopped at epoch: %d\n',i);
break

end

%stop if error is small

if err(i) < gole

fprintf('converged at epoch: %d\n',i);

break

end

end

%-----FINISHED---------

2. Tnsanellszamidiouinldlumsniugu

%
% MATLAB neural network controller
% by Krittiya Pa-im

% 23 August 2011

%

close all;
clear all;
load after train_model.mat

clc;

%user specified values
hidden neurons = 70; %hidden neural

epochs = 100;
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alpha =0.01; %Iearning rate
gole =0.01;
%o ------- load in the data -------

signal inp = ref out;

signal ref out =ref out;

train_inp c = [signal inp(2:1001,:) signal ref out(1:1000,:)];
train_out c = signal ref out(2:1001,:);

yref = signal ref out(1:1000,:); %delay

% check same number of patterns in each
if size(train_inp c,1) ~= size(train_out_c,1)
disp('ERROR: data mismatch")
return

end

%read how many inputs

inputs_c = size(train_inp_c,2);

%set initial random weights
wi_ctrl = randn(hidden_neurons,inputs_c); %weight input hidden

wo_ctrl = randn(hidden_neurons,1); %weight hidden output

%set initial random bias
bi_ctrl = randn(hidden_neurons,1); %bias input hidden

bo_ctrl = randn(1); %bias hidden output
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%read how many patterns

patterns = size(train_inp c,1);

%add button for early stopping
hstop = uicontrol('Style','PushButton','String','Stop', 'Position’, [5 5 70 20],'callback’,'earlystop =
1;);

earlystop = 0;

%
%--- Learning Starts Here! ---------

%

%do a number of epochs

for i = 1:epochs

%loop through the patterns, selecting randomly

for j = 1:patterns

%set the current pattern
inc = train_inp_c(j,:);

ref delay = yref{(j,1);

%calculate the current error for this pattern
tic; Y%start timer
zc = logsig(wi_ctrl*inc'+bi_ctrl);

yc =wo_ctrl*zctbo_ctrl;

for k=1:hidden_neurons
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zze(k k) = ((1-ze(k, 1)) *ze(k, 1));

end

inp = [yc ref_delay];
z = logsig(wi*inp'+bi);

y = (wo'*z+bo);

hidden neurons p = size(wi,1);

for I=1:hidden_neurons_p
zz(1,) = ((1-z(1,1))*z(1,1));
end

ref = train_out_c(j,1);

sigmao = (ref-y)*1;
sigmah = zz*wo*sigmao;
EO0 = wi'*sigmah,;

yn =EO0(1,1);

sigmao_c = (yn)*1;

sigmah ¢ = zzc*wo_ctrl*sigmao_c;

% adjust weight hidden - output
d wo_ctrl = alpha*zc*sigmao c;

wo_ctrl =wo_ctrl +d_wo_ctrl;
% adjust the weights input - hidden
d wi_ctrl= alpha*sigmah_c*inc;

wi_ctrl =wi_ctrl +d_wi_ctrl;

% adjust bias hidden - output
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d bo_ctrl = alpha*sigmao_c;

bo_ctrl=bo_ctrl +d bo_ctrl;

% adjust the bias input - hidden
d_bi_ctrl= alpha*sigmah_c;

bi_ctrl=bi_ctrl +d bi_ctrl;

ym(j) =y;

Timer(j) = toc;  %stop timer and get result

end

% -- another epoch finished

%plot overall network error at end of each epoch
error_c = train_out_c - ym';

errc(i) = sum(0.5*(error_c¢.*2));

figure(1);

plot(errc)

title('Performance’)

xlabel('Epochs')

ylabel('Mean Squared Error (MSE)");

set(figure(1),'name', Performance of neural network model training','numbertitle','off");

%stop if requested

if earlystop
fprintf('stopped at epoch: %d\n',i);
break

end



%stop if error is small

if errc(i) < gole

fprintf('converged at epoch: %d\n',i)
break

end

end

%

3. MINATDUISUUAIUAY

%

>

% MATLAB neural network controller

% by Kirittiya Pa-im

% 27 August 2011

%

close all;

clear all;

load after train_ctrl2.mat;

clc;

%user specified values

alpha=0.01;

%learning rate

E1=0.01;

E2 =

0.01;

y_1=0;

ref = ref(1:1000);
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% ------- load in the data -------
pattern = size(ref,1); %
%

%--- Simulation Starts Here! -------

%

%do a number of size

for i = 1:pattern

% go to NNCtrl part

inp c=[refd)y 11, %

zc = logsig(wi_ctrl*inp_c'+bi_ctrl);

yc =wo_ctrl'*zc+bo_ctrl;

hidden neurons = size(wi_ctrl,1);

for j=1:hidden_neurons

zz¢(j.j) = (1-zc(j,1))*zc(j, 1);

end
uc(i,:) = yc;
% go to Plant
inp =[ycy_1];
z = logsig((wi)*inp'+bi);

y = ((wo)'*z+bo);

% go to NNModel part
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inp_ m=[ycy_lJ;
zm = logsig(wi*inp m'+bi);

ym = (wo'*zm+bo);

yout(i,)) =y;  %%%%%%

y_1=y;

hidden_neurons_p = size(wi,1);

for k=1:hidden_neurons_p
zzm(k,k) = (1-zm(k,1))*zm(k,1);

end

% check error between yout and ym
errl = sqrt((y-ym)"2); %%%%%%

errl1(i,:) = errl;

iferrl > El
sigmao = (y-ym)*1;

sigmah = zzm*wo*sigmao;

% adjust weight hidden - output
delta_wo = alpha*sigmao*z;

wo = wo + delta_wo;

% adjust the weights input - hidden

delta_wi= alpha*sigmah*inp;

wi=wi + delta_wi;

% adjust bias hidden - output

delta_bo = alpha*sigmao;
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bo =bo + delta_bo;

% adjust the bias input - hidden
delta_bi= alpha*sigmah;
bi = bi + delta_bi;

end

% check error between yout and refout
err2 = sqrt((ref(i)-y)"2); %%%%%%
err22(i,;) = err2;

iferr2 > E2
sigmao m = (ref(i)-y)*1;
sigmah m = zzm*wo*sigmao m;

EO0 = wi'*sigmah m;

yn =E0(1,1);
sigmao ¢ = (yn)*1;

sigmah ¢ = zzc*wo_ctrl*sigmao_c;

% adjust weight hidden - output CTRL
d wo_ctrl = alpha*zc*sigmao c;

wo_ctrl =wo_ctrl +d_wo_ctrl;

% adjust the weights input - hidden CTRL
d wi_ctrl= alpha*sigmah_c*inp_c;

wi_ctrl =wi_ctrl +d_wi_ctrl;

% adjust bias hidden - output CTRL
d bo_ctrl = alpha*sigmao_c;

bo ctrl=bo _ctrl +d bo ctrl;
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% adjust the bias input - hidden CTRL
d bi_ctrl= alpha*sigmah c;
bi_ctrl =bi_ctrl +d _bi_ctrl;

end

po(i,:) = [ref(i,:) yout(i,:)];

figure(1);

plot(po);

set(figure(1),'name’,'Plant Response for Neural Network Model','numbertitle','off");

end
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Performance is 3.1583 at epoch 3000
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Performance is 1.1064 at epoch 3000
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Performance is 0.80134 at epoch 3000
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Performance is 0.62307 at epoch 3000
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Performance is 0.51081 at epoch 3000
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Performance is 0.48147 at epoch 3000
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Performance is 0.52456 at epoch 3000
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Performance is 0.49302 at epoch 3000
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Performance is 042186 at epoch 3000
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Performance is 0.39638 at epoch 3000
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Performance is 0.39303 at epoch 3000
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