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ABSTRACT

This thesis presents the method to achieve the design MRAC PID control for fan
and plate process. The fan and plate process is another challenged problem for control
system design because it has non-linearity characteristic and highly sensitivity for
ambient disturbance. Thus tuning of PID parameter performs hardly by root locus or trial
& error method. The proposed method presents design methodology of auto-adjustable
PID controlter using MRAC technigue for solving the problems. The adjustable PID
parameters corresponding to changes in plant and disturbance will be determined by
referring to the reference model specifying the properties of desired control system. The
experimental results review us that the proposed method can satisfy the required
output response of fan and plate system efficiently. Furthermore, it can automatically
adjust PID parameters for desired performance following the reference model even in

disturbance situation.
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- == - ‘W, —-v] (2.10)
aKJ s+ (g, +bK,)s" +{a, +bK )s+bK
oy bs’
—=— - W =] (2.11)
Ok, s +la, +bK,)s" +(a, +bK )s+bK,
WLALANTT (2.9, 2.10, 2.11) asluaunis (2.8) awle
K 0J bs
=_yp_=“yp8 3 2 '[U(_YP]
dt OK, s*+(a, +6K,)s" +(a, +bK )s+bK,
dK o b
— ==Y —="V¢ 3 2 .{UC_YD] (2.12)
dt Ok, s +(a, +bK,)s" +(a, +bK )s +bK,
oK, 0 bs’
==Yi T ="V B 2 .[U(—Yp]
dt oK, 5"+ (o, +6K,)s" +(a, +6K )s +oK,
e musli

am} =01 +bKd’ GmZ =OZ +pr’ am3 :pr

2.4 NguWAtANIARNYEIIN (Root Locus Technique)

Fevaiusin (Root Locus) [9) iaLflﬁ%'ﬁﬁﬂmﬁamdLﬁuﬁﬂ'uaaaunwsqmé’ﬂwmwaa
szuu lewisivesuusaluaiuisaiussdnsnwisuildunisfineszuurauan ueneni
15784@111509214175 root locus'i'flﬂﬂsxqnﬁtﬁ'awﬁﬂn'uaaaumsmqﬁmrﬁmﬁﬁé’uﬁuqaq 1aon
srtTaealuiBeas root-locus axlddmivinsumadiuvesnilonsfimeiniaiuysaly

WA lunsEnnwTEimesnnnImiiedwysAT Ut Aeraiunsoldisend root locus Taauiuy
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o dd = 'J 4 ) d"
WATUHUNITVU K LfJUW’ISWQJLﬂa‘S'ﬂLLUiﬂWmﬂUU
Fs)=s"+as" +.+a_s+a +Ks"+bs" +.+b _s+b)=0 (2.64)

< P o ' dX e ' ) P af v
Taed K Dunisiwesnulsan Tuniidmualy K wlsa1ain —oo 89 +00 wazazauuiiv

s
a

qusednG o,.,a, war b,..b_ fufidnmd Tneduuseaviieanduresmiodumdon
(comptex number) AigumdnlngissRvsuntdulssansiduansainiu Tnoilustes
wedevpamaiusinidu 3 viln il
1. Root loci : root loci Wumadusiniie K luaunis (2.63 Juuseeglugae 0 fia oo
2. Complementary root loci : mdﬂ%v'aﬁ'aﬂi’\ Inverse root loci Lﬂumalﬁus’mtﬁa K
Tuaums 2.64 wlsAnagiug —oo B 0
3. fmhmadueeesin 2 uww Tude 1 ua 2 insmiu axiFendn root loci Mianysal
(complete root loci)
4. Root contours : root contours iumadurasndlawisafimesinnndi 1 Fauus
Al

2.4.1 dauluidiasduves ROOT LUCI

.

RVISUNTEUUTUAURL transfer function #ail

C(s) G(s)
AL (2.65)
R(s) 1+ G(s)H{s)

aunsnudnvuzyassruumilaiaunsivurmenvednluaums (2.65) difn

14+ G(s)H(s) =0 (2.66)

. =
auns (2.66) Wuaunisues closed-loop transfer function Y8338UUNUNTG

Youndauiunistlounduuuu (negative feedback) aeil

C(s) = Ayaanawinm

R(s)= BUNVDNB

G(s) = forward-path transfer function
H(s) = feedback-path transfer function

G(s)H(s}= loop transfer function
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tangtlannts (2.64) 'luag'lugﬂaums (2.66) 2zl

Kis"+bs" +.+b _s+b) .

1+— — (2.67)
s tas +.+a_s+a,
PNAUNTS (2.66) wazanns (2.67) W kuanay
K(s"+bs" +.+b_ _s+b)
G(s)H(s) = (2.68)

—1
s"+as” +.+a_s+a,

o P P | 't = ' P v =
IWaYIEAN®INg root loci ‘Vlﬁu‘U“itu IﬂEJ‘VI K LLUiﬂqqqﬂ —o0 4 +00 QT NVYUAUNNT
(2.68) Tyt

G(s)H(s) = KG,(s)H (s) {2.69)

szmiudn 6, (s)H, (s) Widusznaumewisiliwes K dswiusasdouaunis (2.66) Tndls dadl

1
G(S)H(s) = —— (2.70)
K

Aﬁ‘ o - v at I‘.’l =l d L7 Hu
Weawn s UGty sauaInaunis (2.69) ariizoulusal

1

|6, (1A, () = = —w<K < (2.71)
Ik]

LG (9)H(s)= 2K + )7 K20 (2.72)

LG ()H (s)=2KTT K20 (2.73)

e k=0,+1,4+2,..

s A ﬂ. v o -] 1
nsase root lod anduitymansmasEusuInnIsA AR ILYIUY pole uae zeros
83 loop transfer function G(s)H(s) fau ftutuLInazspadeuauns (2.68) Wetluuves

poles uag zeros 9lAI

Kis+zXs+z).(s+z)
G(s)H(s}= (2.74)
(s+pXs+p,).(s+p)

= KG, (5)H, (5) : (2.75)

[ A
1

lau? poles way zeros luaunis 2.74) ansaidululavisAmadwsednuiuiadou

dunng (2.71) aunis (2.72) wazaunns (2.73) anunsandoulyadlanal

123057
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ITI|5+2’| 1
|6, (M ()| =E——=— —w<K<w (2.76)
UI5+P1\ K

J=1

o

ZGI(S)H1(5)=Z.45+Z, —le+pj

j=1

=k+0)7 0<K<w (2.77)

LGI(S)H](S) = Z‘Zs-’r z — Zés-l*pj

=i J=1

=2kl 0<K <>

Toeh k=0,+1,4+2,..

iadluetheisuanedonisldaunis (2.76) wazaunis (2.77) Tunisadns root loci W
#1501 loop transfer function G(s)H(s) %39 forward-path transfer function 81 H(s)=1
solui

Kis+2z)
s(s+p,Xs+p,)

G(s)H(s) =

(2.78)

J =2 o ) ‘i’ ﬂﬂ‘l A )
té;‘lJ‘VI 2.10 WUAMINIAIUVUIYDY zero  UaE pole  YILS1EAUUAVUUILDY QSL{]U"U‘WV]BE‘JJUU

root loci (0 <k < ) IAfinzdosaonrdasluannts (2.75) uazaunts (2.76) Wude

s, + 21’ 1
=— (2.79)
Is.lls, + 2|5 + 2, Ikl
Way
Ls +z, —(Ls+Ls +p,+Ls +p)=0K+D1T (2.80)

we#l K =0,41,42,..

viueaieniu 99 s avliugaiinguu Complementary root loci (—w <k <0) e
Do w o & e '
Asalilodanmansnuitaulaluanns (2.76) Tude

Ls 4z —(Ls,+Ls +p,+Ls +p)=02K+07 (2.81)

e K =0,+1,42,..
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dﬂ' AU =l L
vinguii 26 uu 6.6 .60, uar 6, Junuwes vectors Adnldlaeiiunu real wie

P

wuwouuLLI19BY aunas (2.80) uazaunis (2.81) udsulnylain

0. -6 +6 +6 )=@k+nx

2

0<K<w» (2.82)
Wy
8 -0 +6, +8 ) )=2ux —0<K <0 (2.83)
o
Pz £ 5y #-pisnc
A B
O"" gd l Ly >
"-I/f Jj];) ¢ —f o
Bes
Py
[kis+2))]

g'dﬁ 2.6 pole, zero U1 G(s)=
[s(s +p,Xs+ ps)]

fham s, aenpdetiuiauluvesaunis (2.82) wSeaunTs (2.83) s fvzansnA LM

wiAwes K ign s, Wulalagldaunts (2.79)

_slls el + el
|5:+21|

| (2.84)

N3UT 2.10 HlFainanimmeives vector My o,b wat ¢ AmdwuLE sElafves K sl

BCD
|k|=— (2.85)
A

dwiuiiemungyes K duasiiuegiudngm s, Wueguu root toci Wiveguu complementary
Y ) v a ] v o ' &
root loci ANENINIUNGT IARnsazainaduIInTiasysallanutunausnalyil

I wian s, ynqealuszunu s Aaenndasiuauns (2.72) uasaums (2.73)
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2. AAN99 ¥83 K vu root loci waruu complementary root loci wilslsensidaunis
(271) Towii K aufuvinfegn s, sguuroot loci uaziluaudle 39 s, aguy

complementary root loci

P
2.4.2 M85 ROOT LOCI fiauysnl
54 root loci leAadutulas W.REvans Tull a.m.1948 uaslagnWamiduuiie
Telmseiareanuuuszuuesininegne ngeneg Tunsaihe oot loci gnafetulavende

ATIEUNIS 52MI14 poles WaE zeros D4 G(s)H(s) WAL Zeros UBIANNTIANINMUY

o
nqn 1 K=o
) S [ .- [4 1
AN K UAUNINY O root loci viauysaveyn poles 181 G(s)H(s)

Agad naums (2.75)

m

H|s+z,’ 1

|6, ()H, (9| = E—— (2.86)

n

nl5+pj| |K|

=1

- » v P v Y = v v
e K lnd 0 aun1s (2.86) axdlifdlng oo wazazaulodunisi s 1lnd poles
Y94 G,(s)H,(s) WuRD poles 18I G(s)H(s) WufD s AAndlng —p (j=1,2,..,n) TElanaiunsdl

293 root loci way complementary root loci ws1zAwes K lunsdidlulaaaimSemne

nQn 2 Kk =too
’\]ﬂﬁ K = 200 uu root loci ﬁaugszﬁasagjﬁ zeros W9 Gls)H(s)
figed 9edeaunis (2.86) wie K wlng Loo aunis 2.86 axdifndnlng 0 Feazautuiu s ih

1nd zeros w84 G(s)H(s) UuAD s TANIINE —z (i =1,2,.,m)

o 3 . =
ng# 3 97U (branch) 924 root loci fiduysad

) n= 9B finite poles 1B G(s)H(s)
m= VU3 finite zeros VB G(s)H(s)
N=

way TIWIULTLILDI root loci Niauysal

waaeleiin
N=n ) fﬁ n>m
N=m f‘h m>n

N=n=m 34| n=m
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ngit 4 nMsaNAASIUYeY root toci Misysnl
Root loci fiasysaiasaunmsfuiiaifisuduunu real lussuy s Tagvialu root loci 7
auwrﬁaxaummﬁ’mﬁmﬁwﬁ’mmuﬁ poles Way/mse zeros 181 G(s)H(s) auNINIAU
fwnn poles ua/M3e zeros 83 G(siH(s)  aummstufuunuitlildunu real lu
SUNU S WA L5IANNI0REEaIMNUT poles Las/v3e zeros 1B G(s)H(s) AnmmIi WHuuny
real  Tuszunudadousiilmi Taensléis tnear transformation  wasienunuilin axis of

symmetry

n;ﬁ‘l 5 Asymptotes 984 root loci ﬁaugssﬁ (WANTIUVDA root loci #s=o0

auautRuss root loci fiauysaldinlng Tuseuu s Slenuddggethavdls 1Wsean
n=m WS MAUMAALEBINIT 2| —m| Aesdilng o sy s ety dmdu s i
AN DAY asymptotes B4 root loci (K 2 0) Jegnmvunalag

k+1)7
6 =—-"— (2.87)
n—m
Toedt K =0,41,42,..Jn—m|—1
n =918 finite poles Y83 G(s)H(s)
m = 9UIBBY finite zeros VB G{s)H(s)

dmiuynvsuduy asymptotes w3 complementary root loci Ag

6, = 27 (2.88)

n—m

Toed &k, n uar m zwilaununsilaunis (2.87)
S1UN5aUNTT (2.66) Mewoy

sSTHbsT + . +b _s+b,

wal9zlan
s + alsn—1 t+..+b _sta
sSTHbsT b _s+b

+K=0 (2.89)

Y a ol ol YY) Y]

Inguannis (2.89) uaransnipavenidl s Susugaveouusn axla

ST (e, + b)) ==k (2.90)
39

al = bl 1{n—m} 1/{n—m}
s1+———) =(—K) (2.91)
s
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11n—m} ¥ ac N . v o
wou [14(a, ~b) /5] WuanunsnnsyelaleaeiSuas binomial expansion ey

auns (2.91) Jsnaredu

O; - b1 —~ 1/{n—m)
s| 1+ ———+ . [=(—k) (2.92)
s

(n—m)

VW URARBIN GUSINAITULALY 2 Wsnusnvegieds aela

a A
s+——1=(—K)
n—m

1/{n—m}

(2.93)

aoluunu s e 0+ jo uarlivguinnaiyadinvad De Moivre dunis (2.93) awiso

wipulwlladad
a,—b, _ I 2k +1) 2k +D
o+ jo+ = (—K) cos T+ jsin /4 (2.94)
n—m n=—m n—m
dmsu 0<K <0 Lay
a,—b, I 2k + 17T 2kTT
o+ 0+ - EIK cos + jsin (2.95)
n—m n—m n—m

AU —o <Kk <0 uay K =0,11,%2,..

WiBu real path way imaginary Miaesdavesaunis (2.94) Tkwintu ishaslein dwmdu

0SS K <o
a —b - (2k+17
L = )T gy (2.96)
n—m n—m
GH
b (2k+0T
=K' gin——— (2.97)
n=m
] 1/(“—1'") v
NAUNIS (2.96) wavaunis (2.97) WA K ovn
0'+O’_bl
Kl/(n—m) ~ w ~ n—m (2 98)
T (2k+1) T (2k+1) '
sin T cos 7
n—m ==m
war @ dandu
(2k + 1) a, +b,
@ = tan (C+ ) (2.99)

n—m n—m

aun1s (2.99) Wuaunisiduessluszu , wavelugy
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O =MOC —0,) (2.100)

Tneft M ez slope voudunsmiedu asymptote war o, axilugadinuuLne & INALNS
(2.99) uagaunis (2.100) 1la
(2k+ 17T

M= tan———— (2.101)
n—m

Taefl & =0,+1,42,..Jn—m|—1 uas

a —b
o, =- : - (2.102)

n—m

WuaRenfiu dwiunsiives Complementary root loci luaunis (2.95) isnavladn

2k
M = tan (2.103)
n—m
a —b,
0'1 =
n—m

Ted & =0,41,4+2,.Jh—m|—1

ng]‘?; 6 i}ﬂﬁ'ﬂﬂadtﬁu Asymptotes (A centroid)

W 1.3 ° b4 . d s 1
n) dnuaudu Asymptotes 914U 2|n—m| W@UYRA root loci Nianysalvzaguuuny
real YEdIsUIU 5

%) 9eRUBALEL Asymptote dzgniruAlae

o, =~ (2.104)

n—m
Il a,b favumlugunis (2.104)

n =377 Finite poles 493 G(s)H(s)

m = 1WIULDN Finite zeros 993 G(s)H(s)

AU G(s)H(s) Mmuauns (2.68) wad auns (2.68) anunsadivulwyleisal

b —a,

n—im

z finite poles ¥93G(s)H(s) — Z Sinite zeros ¥0IG{s)H(s)

— (2.105)
UIUNBY finite poles ¥BIG(s)H(5) - 1INV finite zeros ¥BAG(S)H(s)
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INNNINYALIR

—a, = NAUINTDITINYDY s +a]5n_] +..+a_s+a =0
= WaUINYA finite poles 989 G(s)H(s) (2.106)

—b = WAUNVERIINYBY 5" +bs™ +.+b _s+b =0

HAVINUDY finite zeros DI G(s)H{s) (2.107)

niaunIs (2.105) nuawsearlglenu root loci war complementary root loci

WS1E AN O, 189 root loci Uak complementary root loci A

o .
AW 7 Root loci vuunu real
f) Root loci : vudmnneg Afvualivenu real sewuini root loci (K 20) aglu

drnifug rdnnusmiunes poles waz zeros 183 G(s)H(s) BYUULNY real Favgj
masmilevesdnffasutuiisnudvi

) Complementary root loci : uudwdidvusliveawny  real  9zwuindl
complementary root loci (k <0) aq'{.uei’mﬂlﬁuﬁwmﬂi'ﬁi’wmusmﬁwm poles
uar zeros vBY G(s)H(s) ﬁatjummu real 58'\1agjwwwmﬁaﬂmdmﬁﬁmsmfuﬁ
g vieisenanamiliined complementary root loci Tugusnaquuiny

real Miudl root loci

o ar 1 d 1 4 s o
@m5u complex poles uaz complex zeros 993 G(s)H(s) slRBITBIRUNITRTITUN

W1 root loci %39 complementary root loci uuuny real ladnsailag

ﬂ{]ﬁ 8 quﬁ‘aanmn Pole (Angle of departure) ua:quﬁtﬁﬂm zero (Angle of arrival)

.
¥94 root loci hiauysad
1 ﬂll 1 74 & ) [} | 4 A d -
wnvaasmlalagltaunts (2.76) Megragudisianisnasmiyui root loci 88nan

pole #ign 1+ j1 3l woants uavasnndesfuannis (2.76) tude

Z6(s)H(s)=—(0 +0,+ 8 +6) =2k + 1180 (2.108)
millaglgaunis (2.72) aunns (2.108) Sananeilu

—(135" + 6,4+ 90" +26.6") = (2k + 1)180° - (2.109)
Avuald K =0 aulel

0, =-a316
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W39P199LNAILN I
0, =-116

\lewyuwas root loci M188n3an pole M3 zero DY G(s)A(s) LAl UuTea
. o i 1Y < 1 o va H | W
complementary root loci Agadfuaziiaraluanyuinilangaiugviiiu 180 o Tay
Taunns (2.77)

= o o . .
NN 9 IARAYDY Root locus NULNU imaginary
o .o o . . 1 A o &
9% Root loci NauysRRnuUNU imaginary UazA19ee K m.ﬂﬂﬂmﬂua‘luﬁﬂwﬂﬁlﬂﬂﬂ
M54 Routh-Hurwitz criterion

° a ool w ) [y ' e .
dwiunsdlfiflgasiavaneys Ao K way semladieninlagisves Bode diagram

ngﬁ 10 35n15m13n Breakaway (3¢ Saddle) vy root loci ﬁaugsnﬁ

0 breakaway ¥383n saddle uu root loci Yaaaunsaguunefiedd aumiﬂ”'quﬁsm
s (multiple-order roots) guﬁ 2.7 () uansdansedlfl root loci S 2 quamwuﬁ’uﬁqm
breakaway Uuwnu real aniufiueneanandululufiemansstudruaiuuny dwmdusud 2.11

(b) Auanatiegn breakaway Snnsdivila

:-planc 5 ph_ng
K=0 K=0 K=o
A¥4 2. i F gp U -y
» * Fa L ‘
Breakawey
poini

{a)

< w
5UN 2.7 #ee139n breakaway uuunu real luseuu s

2.5 unagl

elifuanuusnardlunisesnuuueiuay §idedsliinemguiuazmainadaeg
dmiunismseenuuusmvuaunld Smguiuarmaiinusazediefivziisanuansiaiily uail
Tmquszasdifeniu Ao mstiemguiildndnunismansanuuuimuru dwmiuatuay
nsguIuMsWARULATIHuWaY FeUsznaulufis nguives MRAC uar Root Locus Sef3duls

| 4 ’ P < [ ] o o | ar o e
i"JUi'JLI‘UE)Hﬂ‘UENLLG]?iE'J%l’ﬂﬂEJE%SLBEJﬂ WagIuaIUMNBIYDINUIIUIY
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nsUssEnAlguaanIsiassanawIs

3.1 na1n

Tumsvhanddedu YaduiifitoAnindimnuddgdnusennisifefosessianiivie
nsELIUNS wazwerdwSielUsunsuiilddmivdnnisnssuaunisidulumumdnngui] Tuun
ifptoaznaninsssvndldnureseninnsuassariusiiiodoiumiide ludwesaung
ynpfsosduszneunsmenmiauniithuszneuiuunssuiumswnauuazukiunan @
goviwsiiulusunsuildlunmsmuaunszuaunsiiiulumumdnng§ SeeaziBoavesuas

df 1 LY - v oas ] A‘l’
Wavveauwsavdaaiunsaasuielanselul

& o/ 1]
3.2 29AUTENDUYDINTZUAUNITNAAULASLLNULNAN
- e gdl o 1 a'l [+ 4' A
nsrvaumsildlunuideinensyuiunswaanLazwsuman (5] FUUUNTZUIUNTULAN
[ - & o = |
muaulagnidasnidunszuunsndauly uasianuuysusugs anuulssuiliiady
INAINTTUIUNTIDILALAITUNIUATBUDN BINTLUIUNSTUMUIEFE M UNSNARDUANSIOMLTDA

smualuetan ANYNEYBINTEUINNITUAAWIAZUR 3.1

:‘ o ]
E'IJ'VI 3.1 ATEUIUNTWARULAZLHNULNAY

nszuuMIRRaNLazuHuWavUsEnaulume ukuwan wewmesuasinay aunsaingin

gadunszuanawmes; lulasraulnsaees gamineiduwnats mindumesing Lavpauiunes
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Tooiusunaniimiunna 30 gu. 817 60 wu. wazwun 2 uu. rusesdivuinanuning 35 gu.
§73 70 93, VU1 5 10, WNUMYUBEENRINTY 40 vu. uawmaiuasinanileluntsmuausuma
YoaHLINENARNIIIAEBUTIUTUR ALY tunauasiminvessumanutladefiddluns
muAuNsTULMSmnazdeseglugwuiiasnsomuauldliminviewnsuiuly Fisieaxden

yasgUnsaludasizesuglutesely

3.2.1 9UnInins23dn (Potentiometer)

d & 2 )
3UN 3.2 Un3unsI97A (Potentiometer)

nszuIuNsilavdien Potentiometer anllumsinnmisindounidumvesuduinan laold
MANNITVBINITUUINTIAY (Voltage Divider) Invragunsnlintnfiuunumyuvaiukunay isuky
maniadauniy i iAnA A TUNIUTe Potentiometer WWasuwUainvusssudsuuuaaly
Potentiometric  MBUusg U IuLUUUSUANlaRAALAUNIY 50kQQ USuauaziduals 10

; ] v e =il o - : v v - ] L (v L] n‘
sou yedipaihldnsinisidsuwlaiussiuintulaves Jadnluseswersdygrulviivuanuin

AU (0 - 5 V) MB995v1ednyey I (Signal Converter) npuABiinuwasn ADC 980150 PCI-1711

3.2.2 Motor Drive
gatunemeinszuansy Nidlumsidelugadunewmeimeneainaunn 12 - 24
Vv dunszudla 40 A dyaamupudunnvasgadunawmesiiunuy Pulse With Modulation

(PWM) #if1 Duty Cycle 0-100 % wazarliiawinnm 0-12 V %38 0-24 V ’i';’uaa‘i:ﬁ'u'nmmm

Power Supply
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o o
JU 3.3 yalaividuueined

3.2.3 Microcontroller ARM7
: =

Ui 3.4 lulaseevlnsaiaes ARM7

£
|

vosa ARM7 ldlusuideiiduvedaiilulasnoulnsaians ARM7 wes ADGCT024 983

]
¥ o

U™ Analog Device #al991u favasauiviivitiesunaraidygyiuszninasulnsa@asnu

- -

AszuunIs lesan1tnenssueas ARM7 Wudigwuu RISC au1a 32 On aslulivasuin 32 On

v

» )
<

W o ; -3 o [ I 13 & =i - - = v
fudtlddmiusuteyauarAd yardriivuin 32 On A luvaeidoyaannsadentai

LHIUM 8,16 38 32 UR
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J
L.

Tnseadnaves ARM7 asifiuuuuiieude yafdsliunnin Ussvdanuil arsiaaii
TtasaUszmdandanu Tumsusznanateyalaq fownszvivumsiawes Bususionisivan
fanmieaud ualusiames diAmssuiana w@iwdvadvusiivlumihsniud
fudn Tiamesves ARMT AlFamlidwiudlisiiomn 16 ffe RO-R15 Tnenndaiivuna 32 Tn
low RO-R12  Wusiawesmlulildimuantiiinsyhaufias dw R12 - viwhidu stack

pointer (SP) R14 ¥iwthiidu link register (LR) waw R15 ¥imihiidu Program Counter (PC)

5 = 5 E 2
£ 8% g3 §f:8 3 £ 5 ¥ 3
R EE fze:r 2% §3d
TS i s {3
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'lu;iﬂﬁ 36 wanwUsznavesseialulasraulnsaaes ADUCT024 SeistuasiBen
sasiolus
ey 1 Ao sarsunarinsliidensesveuen Wiuunasselnase +5vDC
- WanBaY 2 Ae PortLCD wiin Character Type l¥n1sidousauuu 4 9a tiu Port-Pa[0..6]
«VINEIaY 3 Ao fsumudmivuiuaanuaingi LCD
. VUELAY 4 @B Port-P4 1 wu1A 8 Bit Aa P4[0..7)
- uEEY 5 A 9908 ADC $7uau 10 983 Ao ADCIO..9]
- WBLAY 6 A YARBUTIAUD BT ADC 91nnTBueN
- MUBIAY 7 Ap 1Re DAC $uau 2 Y83 Ao DACIO..1]
- WIBIAY 8 Ao YAdansAua1Balv DAC 3 naeuen
- MuIBEY 9 A MCU 1ups ADUC7024 $afiu MCU mszga ARM7TDMI 970 Analog Device
« MN1BL1aY 10 Ao Crystal AN 32.768 KHz
- vuw@aY 11 As Port-PO i vuia 6 Bit A9 PO[0,3,4,5,6,7] waw Port-P2 & 1 Un e P2[0]
« VALY 12 #p Port-P1 31 wu1e 6 Bit Ao P1[2..7]
. WINEaY 13 Ao Port-P3 &l wum 8 Bit Av P3[0..7)
« VNElae 14 fo Switch RESET Todmsu Reset n1svineues CPU
- MuBLEY 15 A Switch LOAD 5aifu RESET dwiuds Download HEX T MCU
- HU81aY 16 A 1958 ARMITAG dwisu Debug TUsunsu
- vigneian 17 #p 4o RS232 dwmiuldauialy war Download HEX T MCU

s wuEIAY 18 A LED Power lduansanussaunadsnsly +5vDC
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3.2.5 msauwUasdysyra PCI-1711

NN 3.8 N13A PCI-1711 wasAautinines

s PC-1711  Wundauwuuwlasdygmezundeadudyyiunines wazaunsouas
Ty Inealudygiuezuidenld WWun1$anveauiem Advantech  Usznaulusmie A/D, D/A,

Timer/Counter #spnuauiRveunazieduglasall
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- dyunUasdyeyins ADC
druulasdygros ADC  Hagsimthinlunssudyguuswiuaingunsainsasanud
v ) aa A e = € & a1 . [
wazuladlviaglugurasdygaiinea wedilvinureuiiamaiviedmddyginsslulavduuta
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- daunsuuasdyyru DAC
druuuasdayrun DAC 'Tfasﬁwﬁﬁ'lumi'%"ué’tynpmﬂauﬂumﬂﬂauﬁdmas‘ﬁaﬁﬁ
muRy uazwadlieglusuresdynyueudeniodsitugndunseuarastineely Tnsduuvas
Fueos DAC fawiisuaudadlunsdidyno 2 984 firrwandongsds 12 On Tanududady
wnfia 305 I uardinnudlunisuvasdyaingedia 10 gs wenINTLEITInIEoNntI90s
Fyanniewineiiazdeenlulivatouuy nise PC-1711 'ﬁmﬂﬁfﬁﬁaﬁwﬁwﬁ%’udqﬁmmm‘lugﬂmaa

w5 INANSEMIRBURLRBS AUNSELINNS

- AnauURvasmiauUasdyyi PCH1711

Analog Input

Channels: 16 Single-Ended

Resolution: 12-bit

On-board FIFC: 1K Samples

Conversion Time: 10 its

Input Range: t10v, £ sv, 1ov, £25v, +1.25v, L0625V

Maximum Input Over Voltage :  *15v

Maximum Sampling Rate: 100 kHz

DC Accuracy:

Monotonicity: 12 bits

Offset error: Adjustable to Zero

Gain error: 0.005% FSR (Gain = 1)
AC Accuracy:

SNR: 68 dB

ENOB: 11 bits

Input Protect: 30 Vp-p

Input Impedance: 2M ohm, 5pF



Analog Output
Channels:
Resolution:

Accuracy:

Gain error:
Throughput:
Slew Rate:
Drift:
Output Impedance:
Settling Time:
Output Range:
Digital Input
Channels:
Input voltage: Low:
High:
Digital Output
Channels:
Output Voltage:
High:

2

12-bit

il/z LSB

Adjustable to Zero

38 kHz (min.)

11V / Us

40 ppm/°C

0.81 Ohms

26 s (to £1/2 LSB of FSR)

Software Programmable
16
0.8 V max.

2.0V min.

16

Low: 0.8 V max. @ 8.0 mA (sink)

2.0V min. @ -0.4 mA (source)

Programmable Timer/Counter

Channels:
Counters:
Compatibility:
Base Clock:

Max. Input Frequency:

1

16 bits
TTL level
10 MHz
10 MHz

33
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Manuagydsniiaanuisulasidiiigs

3.3 99AUTENIUVRITANALDS
3.3.1 Tsunsu Matlab
dmiulusunsuiléluauidetife Tsunsu Matlab  Feanunsalduaulfidy
nsvuIunslieEneR Snvesanansavinnusauiuniia ADC way DAC 18su38h Advantech fu
PCI-1711 16 Tsunsu Matlab azgnldlumsstassnszuiums dwiuiesesiovislusunsutos
woalisunsu Matlab  tufiegun §idedvestursfisduysznovvestusunsuiiliiawisly

UINBUYINIY F5easiduauanilannaluy

3.3.2 Wsunsu Simulink
Simulink [10] Hulusunsuiidududdududaurlulusunsy MATLAB Sadu
Wsunsuiwaunlaeuisn  Mathworks  Taedulusunsufifienvannsalunisudguini
mﬁczmam‘ﬁﬁﬂssﬁﬂ%quq Tuduwes Simulink thudhuedaadefldlunsi@oulusunsuiem
AmpvrasauMInIatiamansiaglddnvuznisiusunsuluguwuuees Block Diagram unan

\ ' ‘t‘ - a =‘ “
logawizagndaszuvaunsideyiusdainagwulgmilunism Closed Form Solution 3o
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nsmfmesudiafisusunattutiailan wdenssuumadmnsalasdnlvgazanse
oBuemeTUVENMaEseyRus wutudeiy Simulink axdaniiunumlunisinldnnssiaes
MsAELAUBITBISTULSIAMIASAININEATY
dwiveadusznauvaslusunsutiulidnasfuaasnumssnaansluauds ssuu
muANEMIUsTUUWamMansIsudsuRramnsaaiuyusanaldlavedoiiius Building Blocks
fuswiduilin Simulink Libraries usninilenniugiiiiedaadiolu dwduq dludagiuls
Wsdandandeldnnsidmuiiussaninmanndatu Wy Fuzzy  Logic  Toolbox,  Neural
Network Toolbox, Digital Signal Processing (DSP) Toolbox %3 3u9 ?gﬂuﬁwﬁ’uwuiw
wipale maq T awnsariilinssiee el neinisinees ssuuansavilaRaus
ruviiienude sulesyuuiiienududoussranniaglifes finmsdsulusunsufisdiuus

2814lp

®  N1591ADITTUUNAANERS (Dynamic System Simulation) A28 Simulink
Tutagtuneuiawmesifdmnddudisinldnsudtdymvimnssulaloyselon
madamanisgnafuzununlunisdiassssvumswanmanslag lnslideedonmsinymie
VAR INTEUUNNNIENMTINAENTT188IN T IuYBIsEUUNaA1ans  (Dynamic System
Simulation) findnti unisigaiudrindustlemioiamaalunsyanmadmngs
Tnoiawizag1eBalurumidinunseonuuuseuy (System  Design)  WaxaumIpaNKUUTEUY

anuu (Controller System Design) viatifissannnisiraastymdisyuseudaviaaudssuniuuay

- ot - v a5 Ve v v
a1 (Prototype) sesszuumtamuniiauledsluefinvzdinsgadsldivnisadassvusuuuy

¢ vanMsUeEYINKasn1TINaYaIRTsn (Signal and Logic Flow)

Tulusunsy Simulink ﬁu'um'sai’waaaﬁmvm%mﬁ'ﬂﬂﬁa%umuqﬂ (Simulation
Diagram) an1siile n3¥u viedsihudyyio viedoyaniseenisnsiu luwnugiifignai
%{wﬁaqa inuferusuamsneg ssgndsiniluguiendus Tnodudygruideuresewing uien
thun Fygnmannsoflazgnaiauazdiluguiontug vuuvaiinduazuuuulsiudeyaanse
Uaulvunilaifuiienisnseyivnanssnaansviomeadnaans doyaanunsafazgnadludunda
?Taﬁa;ga (Sink) Fsanunsafizuansliiuludnumrves Oscilloscope %38 Display wiausingziis
wivluguresiwd  (Save to  Files) Asfifaefiasedilumssasstgmmiy Foyuam1a wgn
fuiiuns Suuards Tudnwusfudaanan Oiscrete Times) windu dafu Step Time 3o

[

Simulation Time Step %38 Integration Time Step fifvwualion1s9aasdymiusziu dwm
[ s ] ¢a' < :J o [) dd
dfizgodBslaemsifionld Step Time Mwmnzansvgnimualagszuudesiiings aevausus?

‘J 5 adoe &
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Lbcares  Lbary Sruik | Search Resuls: {none)

|_ — §¥ Smuink -
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| | Discontrubes = = : H
H : 3 =
| | Db v\ Continuous s

—Logc and BE Operstons ~_ ©

i~ Lookup Tables !

Wq |

— Math Cperabons I“ Discontinuitiss

— Wedel Venficalion

‘ WodelWide Utites =

i~ Ports 3 Subsystems b Cisoete

Legic sng Bit Operstions

i ~User-Defined Functions | ==
P = . | r Lockup Tatles

i *-Addtional Math 8 Discrete i - ¥ =
| +- Bl asrospace Blocksat .

yo— ——————— ——

Y

(BoaiDescpton - - X
| Commonty Used Blocks:
{
i

Showing: Simulink

3Uﬁ 3.10 anwurasdlusunsy Simulink

anwaurms@eulusunsusie Simulink avidudnwusnis@sulusunsulaslduionlaozunsuves
far 4 o - o w o« v o [ - [ - ° Y

Haridusingg Ssdaddgiesseidmiumaoulusunsuludnyastifionsimuspuaud@liiu

uRazuAsAIuITARgnAalilutuarhiaunsaiulysunsuld
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* nsYBUABUARA
Tumsi¥eusiaudieauy Simulation Diagram Wiu Wnawnddugien Output ves
< o v v 3 3 3 < - o )
vasaninuaiaueililasireiivesveundavivasuguiduiaiamunsuin nasentuain
. v a & - = [ = '
(Drag) und (RzhuduUsuintuuarinuATamMNBUINAING™) Nnudaani lUg Input ves
& aw - o ' AT - g & v v =
vinAnABIMsIzoNRe WeavdssundUugien Input vesdnudeanilaudidulszezasuiy
1 s - A ! or z
wuriuuansfimsideusaiuvasuienidany

J . 3
* nguvasvdsaldnuvesluiloiu

- undsnuiladueyrnu (Sources) uavunaINdygInd (Sinks)
U 1 o - ar d o 1 o -
nauuAsAuwaIniladtygin (Sources) Arvuminli Usenausunasriia
doyaviedygin Aldverlunmsieseissuumamamans wu unasiidindnasi (Constant)

I 0 = e - '3 = X I 6 a  a -
uwndariuiladtygrundugied (Sinusoidal  Wave) unasiufiadygnuuu Step  w3aduq
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uaﬂmnﬁé’aﬁLmaiaﬁ'uﬁﬂﬁmvmmﬁﬁwﬁwﬁmﬁau Signal Generator gﬂﬁ'['ﬁ'[um'sﬂﬂamma
Fmanssudug wisuwvasiiiadyyrnuing (Clock)  inarlfvesiite Juaivesmssiaes
oy wieduq nfjuuﬁammdaﬁaﬁfyrmm (Sinks) 1Hunquudeaiisinazldlunmsiiudyag i
Fpsmsinnnimsiisdygnuegaiivervun lneluududeaingldvesfeuionues Scope
UseLanengg Lﬁammaaué’ﬂuiuzmiLﬂﬁﬂuLLanmaaﬁmmwmiuqmlmf| maaszuuﬁﬁqé’agnﬁwaaq
Tuwueimdninissass videudeaiAudyain (To Workspace) wielslunissnfiunisdue 1
Nuiviauues MATLAB gﬂﬁ 3.11 LARIUADARNIY yesnunasiuila WaZUVAIFTYEIN VB9
Simulink V.7.6

Lbrary: SmulniiSources | Search Resuls: (none) Lorary: Simuink'Sinks | Search Resuls: (none) |

Chip Sigral I:l Fleating Soope

»

v

m

—

m

el .5 3

CSutt

ceorstsnt

Courter Free-Runring Stop Simulstion

Sfajcl=]

3

Courter Limiteg Terminsior

@ @O 0

S 1 )0 & e 'oas .
3Un 3.11 wARIUADARTLY vesumanuladtynnwu (Sources) uarunasdtyned (Sinks)

- szuudaldes (Continuous) uazszuulideiies (Discrete)
nduuﬁaﬂwaasswﬁimﬁaa (Continuous  System) wiasvuulisiaiilos  (Discrete
system) (Jusnndumilsfifimslslunissrassligmues szuuwamansynszuy anunsaiiazgn
Anseiludnuuzvessruusailos (Continuous  Systern)  wiosvuuliisiawilos  (Discrete
system)  @3lidsruuazgnitandudnumgla Tusunsy Simulink  Yuaiusn mevausase
é’ﬂmuzgﬂLLUU'uaaszuﬂéﬂunmaé'ﬂwms \9u Transfer Function %38 Integration Blocks %38
Delay Blocks #309uq U 3.12 uansdnwuzudenildlunisimun seuuludnvmedieg ves

> o . - oA s : o
MszUUABLLeY (Continuous System) ninszuuliimeiilas (Discrete System) U84 Simulink
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Library: Smuln&’Conttucus . Search Resuls: (none) Licrary: SmuinkDiscrete i Search Resulls: {nong} |
-
dugth Derivstive b == p Difference
1 : ® z-1} b oi Oarieaii
= I tegrstor Y = isrete Derivative
xe= ‘:""'B“ b Siste-Scsoe T = -, b Discete Filter
§=Cx=Du 1 g ol
: 35257
b — b Transter For i b - p Cisgste FiR Filter
't i g

Trarsport Delsy : ot gime Disorete State-Space
. Veriaple Time Delay b Fge p Disgets Trarsfer Fon

= ' ' [ > =
JUN 3.12 uanudonneg melunguuiervesssuuseiiies (Continuous System)
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- mMsantunsneatindgns (Math Operations)
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- anulsisaiiies (Discontinuities)

Foldusoutoniwaslusunsy Simutink Aernuanunsalunissiassszuunuulidu
Hadu (Nonlinear System Simulation) @slun1smidimeuseiie wien1sm Closed  Form
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- MmaAudn (Signal Routing)
Tunsshassszuuiiiiarududou veedaliausnduiierdesiinisiu/ds dyga
9indauniwesszuy lgdndrumilvasszuu Fansliduidensivserliazmnlunisiiands
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or =i 3 i 5 - 1 . .
'luﬁ'ﬁ%ﬂ'ssmﬂu'uaau.u'uqﬁ'lwum'mLfJuszmﬂummugﬂw 2.14 uamnqnuﬁaﬂ Signal Routing
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Quantizer 1 Mux
N '

- ' " s ' " :
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- msimuasiasilunisdtassiym (Parameters Configuration)
n1sasslgmuunsuImeizane deAlaYeIsEilBuIsi3eiau(Numerical
Method) Tunsuntgymuasmdineuvesannisidaeyius dmiulusunsy Simulink Yy szuy

' = 3 o ol 5 < '
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siniilod (Discrete System) Fupgfiudnvuradusznoutesyutes Mssiaesannsaiazg
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2- Dsuete

3 Logic and Bt Oparahons
2 Looxup Tables

2 Mzth Operztons
22 Mocel Verficaton
* Mocelvwide Utites
2 Porms & Subsysters
2= Sigrai Atributas
> Sgral Reutrg

> Srks

Transhe For

P
=

s SR

| BRead 100% R 34245

= - = s = ¥
3un 3.17 nsidenudeAN@ein1san Simulink Library Browser

o v o v ° o v o w v
= LNaiﬂUé‘aﬂWﬂﬂvﬂﬂTﬁLLé"]ﬁ']ﬂ'l‘H'ﬁﬂﬁ']UﬁBﬂﬂu‘] UM NUUNUIRNEATINATU d@3713

wuuasslaunu AeluazuaniuasnuaIsLuURIeE g

Fle Edt View Simulzbon Format Took ,,H?b B A
D& @+ & = 2 - » shos |omd ~ BEBS -

D
V
1)

0

n

Ster Gain Transfar Fon Scope

— R e ———

d ar )
SUN 3.18 UARATBITTULMBDENS

U

- UT 3.8 duneldudazudenssiivesdyanaduasdygiueen Tidwmiu

U IMTaNARIEWINUABAANY  WmsiumsaInidufouressinsuiiennney Uy
o - aa Ve =3 - v ar 4” € ~ =,

ansavilelasdsunndliluaniadedygyiuvesudeanaeinis Mrvesundazivaouiu

a. z g v v s Lt i l e 4 L |
3B INUIM MntusanAliuaiandlunyesredyguvesudeansenis uanslans
JUH 3.19
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Fle Edt View SimuBton Format Took Help

0D =288 TR s Dy 200 Nemd v OEBS -

i 3 ]
5=1
Transfer Fon Sooce
Ready 100% 0 ipded5 A

d d l s 1
JUN 3.19 msiBeudedyyiusewinuden

- mMswasuwlasrmnsifiwesvesvdonauisavnlalaesuilardnfivasndeay
Us1ng) leazdendwmiulildamisfiwesvauden

-

B Function Block Parameters: Transfer F

Transfer Fon

The numerator coefficent can be a vector or matrix expression. The denominator
coeffident must be a vector. The output width equals the number of rows in the
numerator coeffident. You should spedfy the coeffidents in descending order of
powers of s.

Parameters
Numerator coeffident: - S
[11]

Ab;oiute tojerance:
auto

State Name: {e.g., ‘position’)

n

L b ool Jobonon )| toov ) '-

< < ' a 3
JUN 3.20 mswdsuudasimisnfinesveuden

< v v w ° aa [ Y = ) & o W
Wwalmdnlandnnisvinaunasisnisasalusunsusie Simulink 9zUuanIaedsn1sasns

wuudapavaszuuAIuAuly Simulink Tasnsafrauvusiassvesnszuaunislu Simulink 1y
annsowualu 3 Feuiu fe
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1. NSATNUUUTIABINTLUIUNITIINAUNTS Differential Equation
2. MSATNLUUINEBINSTUIUNISIINNS AN ITHINTY

3. NSATINLUUIIEBITEUUAIUANIINANMS State-Space

Turiseiasldisnsaduuusiassnssurunisannsudiesfaidu 33n1sade
wuudiaeswassruUTnanaglugy 3.21 Transfer Function tuazlduden Transfer Fen wams
wynssruy nslasindludiealudauves Numerator waz Denominator Yuvinldlaesuibanandi
visrtanzUsngliereniilildmtuunuandldmaguit 3.22 Tnensldmasluduiideulvegin
dou Numerator Hupailisusutiannin dau Denominator sdunaleinisadrauuusanives

5¥UUIN Transfer Function Wuagymsinnanauausslaviaduieinavedssuuvinty

F‘,uﬂl:ﬂnd‘
Fie EM Vew Smistion Format Todls Heb
DSES B D P sfhmd S BRE @

1
.E l l » - LE ]
0 S0 B

Step

Tranatat Fion Stope

Raady 100% ocedS

-J v () - 3
JUN 3.21 lrdenlddmisifiwesvesuden Transfer Fen

_ o Parm_latets: Transier Fon
~ Transfer Fen———

Matrx expression for numerator, vector expression for denominator.
Output width equals the number of rows in the numerator. Coefficients are
for descending powers of s.

Parametess - - s
Numerator:

U]

Denominator:

1)

Absolute tolerance

Iauto

oK Concel | Hep | oo |

4 o
JU# 3.22 wuudnasssruunenaluguuuuves Transfer Function
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3.3.3 nrsaemslusunsuiialdary Real Time Windows Target

L4

Simulink external model interface

Tuwthane Command Windows va3lusunsy MATLAB Toiaumada
>> mex —setup

nUulUswNsy Matlab aguanstaniny

Please choose your compiler for building external interface (MEX) files:

Would you like mex to locate installed compilers [yl/n?

TRy eBudy  anuulusunsy  Matlab  Izuassieanuieividen

Compiler #A1DINTT

Ly 2

Select a compiler:

[1] Lccwin32 C 2.4.1 in C\PROGRA~1\MATLAB\R2007a\sys\lcc

[2] Microsoft Visual C++ 2005 in C:\Program Files\Microsoft Visual Studio 8
£3] Microsoft Visual C++ 6.0 in C:\Program Files\Microsoft Visual Studio

[0] None

g o

Tumsideiiideandon Compiler Microsoft Visual C++ avinldlasnisius

Complier: 2
TUsunsu Matlab zuamstesuinelisbuiu Compiler Midan

Please verify your choices:
Compiler: Microsoft Visual C++ 2005
Location: C:\Program Files\Microsoft Visual Studio 8

Are these correct?([yl/n):

j ar

onduduliium y wadldguduldiad n - anlusunsuasdwavntoyaves

[

Compiler wazdugnnisfinfa Compiler lnsdanndomululusinsu Matlab fadnet1asuans

Trying to update options file: C:\Documents and Settings\xpMpplication
Data\MathWorks\MATLAB\R2007a\mexopts.bat

From template: C:A\PROGRA~1\WMATLAB\R2007a\bin\win32\mexopts\
msvc80opts.bat

Done . ..



a6

- M3AARY Real Time Windows Target Kernal

Tumene Command Windows Tulusunsy Matlab RunA&a
>> rtwintgt —instatl
4 [% 4 a w a o
NUULUsUNTN Matlab IzuanitarmuiaSuAunsinna

You are going to install the Real-Time Windows Target kernel.

Do you want to proceed? [y] :

AU y (RoBuduMISuAUNISARGY Real Time Windows Target Kernal wdsain

ﬂ‘j Y o = = I‘; d = 2 1 b
wulusimnazsmiumsiens Weaadassuiasudlusunsuazuansdaninu

The Real-Time Windows Target kernel has been successfully installed.

- mMsMuaAIIsIEWes iy Simulink 73U Real Time Workshop

w9 nAiasne Simulink Model  avdosrimuamisfimeslumiee Simulation
W19 Real-Time Workshop @11150@519 Code n1w1 C wara3na Real-Time Application 1¢f
Faildumeulunarivua @i

1. Tuwiising Sirulink U4 Simulation by AaNd Configuration Parameters

2. eAnfivaanuas Hardware Implementation

3. 9IN51WM5 Device Type 1&an 32-bit Real Time Windows Target

4. Emulation hardware 1dan None

5. mAnfivian Real Time Workshop

6. Target selection A@N Browse fisrenns RTW system target file 1&0n system

target file @3V Real Time Windows Target wazadn Ok

LY A‘J o :i' - .
7. @@n Ok wweadudunsidsuulauazla Dialog box



"‘4; (unﬁqu;nmn Paiameters: unmlm.l!mﬁqn;;zr;n.r; u‘;tt:ne]
Select | Erbedder haidware [smulaion and sode generation
|5 Devicetype:  Unspecified (assume 32-6t Genenc) - -
£~ Dptimezation Number of bits: char B short int

< -Diagnostics long: native word size:

+~ Sample Time Byte ordering: e

- Type C . Signed integer division rounds to: Zeso

L Model Referencing Emulatior: hardware icode gereration only]
— Hardwase Implementation v None
—Model Referencing

=- Real Time Workshop

— Comments

— Symbols

— Custom Code

—Debug

i =lntedace

=-HDL Coder

— Global Settings

i—Test Bench

—EDA Tool Scripts

[ ox @ fCancel i Lo Heb o s Aoy

gﬂﬁ 3.23 Hardware Implementation

L, System target file browsen: mracsim

System target file; Description:

bt ook SO, . 1.1 O VS,
grt_malloc.tle Visual Cs/C++ Project Makefile only *
mpcS55exp. tlc Target for Freescale MPCS5zxx (algor:
mnpeS555pil . tlc Target for Freescale MPCS5xx (proce:
apch55rt . tlc Target for Freescale MPCSzx (real-i
npcS555rt_grt.tlc Target for Freescale MPCSzx., GRT ct
rsim.tlc Rapid Simulation Target

rtwin.tlc Real-Time Windows Target

rtvsfcn.tlc S—function Target

ti_c2000_ert.tlc Use only for backward compatibility
ti_c2000_grt.tlc Use only for backward compatibilits
ti_c6000.tlc Use only for backward compatibiliti~
4 ¥
Full name: C:\Program Files\MAT LAB\R2007 a\toolbox\itwitargets'rtwin\rtwin'twin. tic
Template make file: rtwin.tmf
Make command:  make_rtw

B OK g i Cancelof [ Help <o [ Apol o]

3Ufl 3.24 RTW System Target File

3.3.4 TUsunsy Keil uVision 3.11

a7

. . v ¢ - -
TUsunsy Keil RealView [11] aunsosntlnanldanniivlenvasuseum Keil 7

http//keil.com LLE'{’JLﬁanﬁmu‘j’Software Download ¥ ntuiden? Evaluation Software lag

| P o & s Y ° - a € 1 = 5
ﬂau%qgwqﬂqfﬂqjiﬁﬂaﬂ%aﬂﬁLLQiﬂxﬂaﬂﬂqﬂqiaQﬂ3L'UEJUﬂUVnQL%U‘l‘ﬁﬂﬂa'u’i]ﬂ'ﬂﬁa']uqiﬂﬂ’nu
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v w - cala o & v &
Inaals vdnailnasaeduazlalwaniuiuana *exe (lunilfs vmdk31l.exe) Aulla

aanlnaenasalusunsy lealusunsuazuanamminandmiuanalusunsuasgun 3.25

Welcome to Keil ?Vision3 Dz KE l E
Release 1/2008 | An ARME Company
This SETUP program installs:

RealView Microcontrollier Development Kit V3.20

This SETUP program may be used to update a previous product installation.
However, you should make a backup copy before proceeding.

It is recommended that you exit all Windows programs before continuing with SETUP.
Follow the instructions to complete the product installation.

I Next >> l Cancel !

gﬂﬁ 3.25 w4 Setup Real View Microcontroller Development Kit Version 3.11

diemdntu Next awUsIngiinsne License Agreement ioudsdravivesiusunsupand
M y1idioau | agree to all terms of proceeding License Agreement uﬁiﬂﬁnﬂu Next

¥ niusziviiang Folder Selection @entwaiesdmsunisinaslusunsa Tufiiild
doniiu CKeil mufieiosrvunutld udanan Next avUsngmiieing customer Information
iensondeyavesldan Famsaensondayamuanuiusis Tavamzluteswas e-mail fli

nsendeyavzliannsonanty Next iesiliunslutuneussluls uansfsgun 3.26

Serip ReolView Microcontrolier Development K6 V3TY W <5

s > ]KEIL

Plesce sriter pous moemmation.

Pleate enter your name. the name ol the company for whom you work. and you E-mal addres:

Fust Hame %

Last Name E

Compary Nama ‘

Eamsd 1

P v oo s
3U% 3.26 w9 customer Information
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waINTUTURBUMSARRIlUSUNSUAILGITY MamnEsaTouTaaumRzU NG
Setup Complete waiumsudunisansalusunsuliaaniyu Finish Wumsiadedunisiings

Waunsu uassdsgy 3.27
“Setup ReeNView Microcontrolier Development Kit V311

T

| An ARME Company
Wision Setup has perfoimed all requested operabions successhully
¥ Show Release Notes

¥ Add example projects to the recently used project list.
Preselect Example Projects for ———— B i S
[ Simuiated Hardware =]

JUN 3.27 nihAnuansnsauaanisanaalusunsy

e  nsisusuldaulyusunsy Keil uvision3
nslgaulyUsunsy Keil RealView Tunmsi@sulusunsutuszdnainnisasalusidaduun
. ° ' v v v - 3 - [ v a v
uazmm'imv:ummms'l-ua'm'lugnﬂaataunauaqa}zmu’ﬁn'l'nnuiﬂiuniu‘lﬂ TnoiSuauainnis

elUsunsu Keil uVision3 Tusn uansdagud 3.28

[ Brwco : ; e T e |
| B [dt Yo Project Debug Fih Pepphenss Took SVCS Window Help

T L I . I

| «= oE  er >

7 wal e m

Proect Worsosss - = R 3

aEuw e

Cutpn Wi o W |

Son0 T3 CoTo oy - Le___iof

= S == |

= L 4 1 ar
3UN 3.28 wiwamanvealusunsu Keil uvision
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]
I

Savusadenineulmasslunisudamdsldiulusunsy Keil uwision3 Tnuaand
Project -> Manage -> Components, Environments, Books.... Lﬁatﬂmwﬁ’lﬁh& Components,
Environment and Books Fﬁ'aﬁd’mﬁﬁmﬁwumaq 2 9nf AusNIUAILYEY Select ARM
Development Tool asiimeulwiaasividenay 2 Feludauiilvidennexlmass RealView

Compiler wazdnyanilsnasrimunfsludiuves Development Tool Folder lng# Tool Base

Folder Tfmualifl C:\Kell\ARM a§audanatju OK

* — Use RealView = T i
(CEE™) ~owrom N
——

|~ Use GNU GNU-Took-Prefor. |

Cygnus Folder. [0 “res ua ]

g‘dﬁ 3.29 %1613 Components, Environment and Books

i & ° vt o 7 i <
gaaniuazfavihnsasslusdalmiiuinlaedeny Project -> New uVision Project
I9UsINYUUIEN Create New Project Auan udwimsasuivawmesimivuin uiswelnawmes

v o oa Y v o v o [ -
"F\]']ﬂUUGN‘UﬂT‘U?l%ﬂﬁﬂUQH'ﬁ LLﬁ'JV]’]ﬂTiUUVlﬂT'[JsL%ﬂ LLﬁﬂQVN?’U'ﬂ 3.30
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SR i
SVisaons
Fie Edn ‘m:w Project Cebug Fiash Peﬂph:rais Jools EYCS Window Hdp
S & ﬂ ﬁim&t:"éenpmed ’ . i
e Saven | TEST - e®mcrE-
M s Name Dete modi... Type Size
 Racert Places This folder is empty.

Descop

=

B

maLsE

Compuzar
By M
= ; .
=]
; Sie name. TEST _‘j Save !
g Ssvesstype,  |Proect Fes (v ! Carcel i
Ez - >
LTI Neuid £ commanc } FrinFies [ e i»

ot e e e S ey i =

gﬂﬁ 3.30 iA1e Create New Project

- o ) v ' . ‘ y i v
ledanady Save udazUTINgMIE1 Select Device for Target ‘Target 17 \ivalVglY
don MCU  niltanu faluniidenlulasnoulnsalansveauism Analog Devices 1nUUILi]
swazidvafetuiuesvetlulasroulnsaass Analog Devices Fauainldfe ADuC7024

gintunadu OK Wsunsuszauindesnsisuiulng Startup Winlululusidnnssli (fhseants

An YES 11king NO)

 Seiect Device for Target Target 1
cru |
Vendor Aralog Devices
O
Fook ] Canceli Help ;

gﬂﬁ 3.31 wim Select Device for Target
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o o - = a o v v - = -
wandussuiinfvzansasudsulusunsulaumlaoidony File -> New.. @392
UsINguinARd MUY Text File Fuun lUnwinena Text Editor Tadnuauaidien Insert
- o =
‘“#include <ADUC7024.H>’ ¥9A2U #include <ADuc7024.H> ngnuwiﬂhmimml
o o a = v Ve vy o cda
varmnidsulusunsuGevissualviunninaniivivana c

g5

AEHO BB Dt gL n Ry R e
~+3 &QA0E  a"®

Al a‘x[Tlmctl ez

Prowat Workspace :_'" Finclode <AD-C-CZE B>

L4

=i Targel
=
Ogtions for Group "Scurce Groug 1

(i} kebu‘ldallmgcmes
(=) Build rarget

: | o)
=L ,‘

i | MdFies 1o Group Source Growp ' =
;E & Manage Compenents =l

11 Remove Group ‘Source Greup 1 and s Files
SULELTN

m;m};;ﬂ.r [¥] Include D SR s L Eme .,.;:.,._.;_'"._.. ST

gﬂﬁ 3.32 W@ Add File to Group

Tudauves Project Workspace 'luguﬁ 3.32 9eillawes Target 1 AANASUAIDMINY
vinveiiivamesgesds Source Group 1 Iﬁﬂgnmﬂsﬁmgdaﬁlﬁﬁanﬁ Add File to Group
‘Source Group 1’ udndenuaalwalusunsy (uwana .c) waylwg Startup Wanlulusida
Mniuvin1sivua Option w81 Project File Tauadnyu Option for Target e dantieng
Option for Target ‘Target1’ \@anuiiy Target o muA MCU Target Tng fiviumsn Xtal 1u
0.032768 flaguii 3.33
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Device | Tawet |Outns | Lsing | User | C/C= | Asm | Linker | Debug | Lties |
Andog Devices ADCT02E e 7
%al Mz [0.032758 {ARM-Mode ~
Opertng sy [N =] | Uoe Cose Mok Optmzsin
™ Use McrollB
T p—— Read/Vite Memory Arcss
defad ofichp San Size Satp  defadt offchp Rt S2a Mol
T RoMI | | s r R | ] r
™ ROMZ | | c- ™ RAMZ | | r
™ FROM3: | | & T RAME | i r
on<chp onchp
™ IROMI: [wma [&FBM C ™ IRAMI- (510000 FkZBL‘ F
I IROMZ | | c T RAM | | r
R U 5 ' L J
[ ok | Cancsl |  Defauts | Hebp |

gﬂﬁ 3.33 wE1aNue Options for Target

' - ° . - o v & a
soluidanuiufivun Output Information Taeidenti Output udedniden Create

Executable wazidonti Debug information uag Create HEX fi le m‘iﬂ'n 3.34

n.mle-umg]mu | CC—| Asm | Lincer | Debug | Ltites |

Select Folderfor Coects. | Name of Executabie. |MAX7219
& Croste Excusbie \MAXC21S

¥ Debug rfammaton T Creme Bzch Fre
| ¥ Crese HEXFe

T Bg B I™ Bowse Hiomaton

 Create Lbrry WMRCG219 LIE

|
i
l
ok | Cacd | Defmas | Heo |

31]"4’1' 3.34 yuwRAMuA Output Information

o - - 1% v v o . R -
v nlsulusunsuisousosuanawiinis Compile waz Build Wsunsudsnaulne
Tuguil 3.35 figedm3u Compile wag Build o 3 WUUAD Translate current file, Build target
[ -l 2 - | v ] 1 9 1
waz Rebuild all target file na39n% Compile uay Build Tusunsuideuiesudiludrusiuans

- o v o . v o
fie Output Window #viwnifisieauwaveinis Compile Tsunsy drlusunsugndionimun
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»r ]
= -

v R VY a < ) e - e a =
wADWU 0 Error(s), 0 Waming(s) ustniigatananlusunsufsesisaiiinianiuasien

a5 Feesrglmisiansounlvlusunsulaazaindu

dEEO 2@ L oz FT 4 G TA#
c-mE2amE - erm
1 o Ax{Targetl aEn
= ) —
72 Y
072 e1mziude <ADISTIZ4.E> e
o) )
Y g': 2 Seline S F J
! #dedan =
() ey L Q2B sdefire :
027 | #aefaze
og |
23 3. #deline
030 ) sa=sz
o
3 ﬂ'_ foeline . ¢
(33 ) #defize ZOAD SET() GFl . =
- QM) #defize TIAD CIS() GFICCR = MAXT218 T -
- “ﬁ ha
B o ‘. .
e e el . - — i
BiE QYT buwose B S
licking. . oI
'EFEW Size: Code=l1€.11 RO-data=2t RF-data=C II-date=1T&C
S"MAXTIlS.axS" - O Ezzorisl, O Warmangisi. ol
GO BE T b N Lol
T e - -

3UT 3.35 M3 compile uazn13 Build Wsidn

® 013 debug lUsunsun1w1 C dm3U ARM7
msavrlUsunsudunsassasumahaueslusunsufisideutuan dfenugnies
wandulumuiisdeinndell Ssannsossaeulfidudduiunsudnisdinsiamyeiinves
TUsunauléidhe Famdsnniivhinseeulndinud s musaugui 336 anduliindniidy
AU (cﬂ'mgﬂ‘ﬁ' 3.37 w‘%'mﬁanﬁmu“ Debug -> Start/Stop Debug Session U3 uﬂiuﬁ%zﬁhﬁ[\mﬂ

fva (IUsunsuildlunsavadulusunsudmsiu LED fasulnewasaildiduneain P3.x)
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" Options for Target Target 1’ * ' : a

Dewice | Target | Output | Listng | User {C | Asm | LALocate | LAMsc Debug | Liiities |

[ Use Smulstor Settngs {i " Use: [ULINK ARM Debugger =] Setrgs |
| 7 Limit Speed to Real- Time :
| ¥ Load Applcation &t Stawp. ¥ Runto main{ ){3 Load Apphcation & Stamtup ¥ Fun to maing
" joitiglizaton Fie; . intiglization Fie:
¥ Breskpoints ¥ Toobox | ¥ Breakpoints W Toobox
¥ Watchpoints 3 PA L ' ¥ Watchports
CPUDLL: Parameter: Driver DLL: Parameter:
[SARMDLL |cADLTD : {SAHM.DLL (cm;cm
{DARMAD DLL ;pmx:nm ,TARMAD.DLL ]pmmw

ok | Cancd | Defais | Hep |

E‘Uﬁ 3.36 Uu Build Target

slofmunruaa LU Debug -> Start/Stop Debug Session ﬁ'mﬁm‘l,ugﬂﬁ’ 3.37

(A - m asla@BFE 60 o

3Uﬁ 3.37 nsudvua Simulation 38 Debug

wasnidngluusdvaudalvideny Peripherals -> General Purpose Input/Output -

>GPIO Port (0-4) fagufl 3.38
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mzageaxazaesf

!
L

ﬁum - s¥ision3 - F‘\Desi&ep\Embeéded\DryZ‘UmEm:] _
) File Edt View Project Debug Flagsh Peripherais Tools svcs

P 77 ey

e e ——
- [oFF WWW‘“ _
- GPI0 Contiol :

>

4Load "D:\\Desktoc\\Embedded\\Dav 2} :

Input FFFFI? i‘i"?"i’"

GPCoN (OO0 =]
Poforo -]

P31:{GPI0 -
P32 [GRD =t
P33 [GPID -

P14 {GRIO -

P35 [GPIO i

Pas[GPD -

pa7-[GPD -1

i pr Breskiccess COVERAGE

x
£ : i
| 5 ASSISN BreakxDisable BreakEFnabie 8. =~~~

LI o L Commnd

Ready

Afndnfies [~

e

C 7 Simulation

P~ = v s
31]“ 3.38 Lamsdn uLLessunIay Simulator
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Sadumouiinanunsa Run Wsunsulduda tnglufl Debue -> Run wiona F5 fauansly

SU# 339
-3 & Q@ B
= el o
\ Run to
Step into StepI)verStep oyt Cursorline

U 3.39 Jun1s Debug WU

® NSAARITENALIS ARMWSD

vaniideulusunaunm C i vimsnaulndezlalidnwiaiasuiuana hex
Gevrdoaldvonduas ARMWSD
lilpspoulnsaaed ARM7 ’uais RS-232 Inefiosfusznautesweniuis ARMSWD aiilwg 3
fite ARMWSD.exe, armwsd.ini uae sample.hex msldfanulusunsu ARMWSD thilidesinnts

fanalUsunsufaurseldauls oanaalnlnds 3 husanulagenaneilulnawmes

Woamulnanlwgd hex

Alrasiuluntrsanuinunasees

Wi Bamsldnuieadnaniilng ARMWSD.exe infouldau uansdagud 3.40



57

File to download

CAUsers\maitree\Desktopharmwsd\sample_ hex Browse...
Mohitei StatE ~ s ==
Connect test board to PC COM1 at 9600 Baud.
Click Start.
Configure Start l Fun ‘ Exit

U 3.40 wihsanslFnuvestusunsy ARMWSD

msldolusunsuBuanedniit  Browse  wiidenlwdfiFesmsamilivanasluss
Lilasroulvsaiaes ARM7 (IWdfifiuwana hex) aintusaniidu Configure axilviiising
ARMWSD Configuration talifvunstlunisanaiiivan Tma%ﬁei’auﬁﬁaqﬁmumﬁmfé 3 dw
fin Serial Port ldannasalinssiunasinreuianoinats RS-232 #oy luduwes Baud rate T
\Fonen 9600 warludiu Flash lipanidenii Mass Erase, Program wag Verify LLa"'mgm'Ju OK
\Hunsia§adunstmuedr  nseivaslusunsuvinldlaenisraniivy Start Waunsufiay

Inangewsuasasludililasroulnaiass udarandu RUN lulasroulnsiaesiasisunisvie

. ARMWSD
File to downloa
fC:\Usefs\mait
~ Monitor Stat{ 2%l Pot 1t
!CDM1 vl . ¥ MassErase {
Connect ! - N
Click Sta Gauchain ; v Program
9600 -] | W veiy Rl
1 Cancell oK :
Start I 1 E xit I

gﬂﬁ' 3.41 n13 Configuration TUsunsy ARMWSD naultanu
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3.4 unagd
¢ v 5 « 4 ¢ o o w Ao W ot o
sanUsEneunauesalasuargonausidusnuiisdadeidingylunisdnwissuulag &
‘Luwﬁbﬁﬁﬂiﬁnéﬂﬁaaaﬂ'ﬂsznawaam%mn%uawaﬂﬁmﬂa"aehaazLﬁaﬂ TunnsepnuuusEuy
muauriseanuuUmmuAns i luIzioiasiussnourasssawisifuedned 1s1eesanunin
denldgunsalsng enussnaumsilunssuiunisimusauuazauisoiiasiwsziilueg
a [V 3 Y ¢ ¢ < 2 = A ad )
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Output response of PID Controller with Disturbance
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MV of MRAC-PID Controfler With Disturbance
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PV of PID and MRAC-PID Controller
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Design MRAC PID Control for Fan and Plate Process

Pranai Kumgwalrut', Maitree Thumma', Vittaya 'I‘xfg.manpm'n Arjin Numsomran'
Pisit Boonsnimuang .
ch:nmcm of Instrumentation and Control Engineermng, Faculty of Engmeenng.
“Department of Telecommumication Engineering, Faculty of Engincenng,
King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand
(Tel : +66-81-925-0356; E-mail: knanin@kmitl ac th)

Abstract: Thas paper presents the method to achieve the design MRAC PID control for fan and plate process. The fan and
plate process 1s another challenged problem for control system design because it has non-hnearny charactensuc and
highly sensitivity for ambient disturbance. Thus runing of PID parameter performs hardly by root locus or trial & emor
method The proposed method presents design methodology of auto-adjustable PID controller using MRAC technique for
solving the problems The adjustable PID parameters comresponding to changes in plant and disturbance wall be
determined by referrmg to the reference model specifyng the properties of deswed control system Therefore, thns
techmque 15 convenient to control the process for satisfying the requirement of the system performance.

Kevwords: MRAC PID Coantrol. Fan and Plate
1. INTRODUCTION

Smce the fan and plate process has high non-hnear
charactenstic and high sensmtivity for ambient
disturbance, [1] the PID control could not sansfy the
performance specification of fan and plate system by
constant PID gain control at some operating point. An
adapuive controller, such as a Model reference adapuve
control, that could learn and accommodate changes in
plant dynamics 1s needed.

Mode] reference adaptive control was suggested by
Whataker et al 1 [2] to solve the autopilot control
problem The reference model in MRAC scheme 1s
chosen to generate the desired trajectory. y,, that the
plant output ¥, has to follow. The tracking emor e
represents the deviation of the plant output from the
desired majectory. The closed-loop plant 15 made up of
an ordiary feedback control law that contamns the plant
and a controller and an adjustment mechamism that
generates the controller parameter estimates real tume

The proposed methodology of auto-adjustable PID
controller using MRAC techmque is an effective
scheme for control the output response of the systems
that have drastc changing in their dynamucs. The
experimental results show that MRAC PID control can
satisfy the performance specifications of fan and plate
control system

The paper introduces summary details of fan and
plate m section 2. Section 3 gives the MRAC PID
controller design procedure. Sechon 4 describes the
simulatons  and cxpmmral results.  Fmally,
conclusions are given mn secnon 5.

2. THE FAN AND PLATE PROCESS

According to Fig. 1, this process consists of two
essennal pans, the fan drven by DC. Motor that
fimctions as mput and the plate functions as output of
the process. The angular positon of the plate vanes
upon the motor speed and can be measured by a
potentiometer that employed electnical signal via

- 2044 -

Fig. 1 The fan and plate process

voltage divider circuit. This signal has to calibrate
before using as feed-back signal of control system

Fig. 2 shows the control system structure of the fan
and plate process. The first block i1s fan motor dniver
circuit. The second block 1s air stream dynamucs which
1s high vanation because it 1s difficult to know the
charactenstic of air flow. The last one 1s plate dynamcs
sending electncal signal of angular posihon by
potentiometer and voltage dnvider circuit. Conclusively,
there is very high vanation 1 whole parts of process.

Fig. 2Blockdngnmofﬂmfanmdpluepmcss

The fan and plate 1s highly non-linear system
becanse this plant 1s open process that i1s hghly
sensitivity for ambient disturbance. Furthermore, when
the set pomt 1s close to zero degree (perpendiculanty
with the earth), an angular position control is very
difficult because of the disturbance from the earth
gravity.

PRO001/11/0000-2944 ¥400 € 2



3. MRAC PID CONTROLLER DESIGN

The block diagram mn Fig. 3 shows the structure of a
mode]l reference adapuve commrol (MRAC) system
composing With process. controller. reference model and
adjustment mechamsm block.

Reperemw M. -
oy

*

FPTe -lﬂ']ll\rm-m 3
i * mochantm
» S
- : Comtroller —Ed  Gfs) s——g—30

Fig 3 Block diagram of a model-reference adaptive
control (MRAC) system.

The model reference adapuive control (MRAC)
Techmuque is based on information V. ¥ p. 2 and

it,  used for devismg a conwoller. The adjustment

mechanism automancally adjusts controlier paramerers
so that the behavior of the closed-loop conwol plamt

output ¥ . closely follows that (1, )of the reference

model. Parameters and strucrure of reference model are
specificiies on base of requrements of conmol
performance.

The adjustment mechamsm of MRAC system
constructs by adaptuve control rule, called MIT rule
whnch performs the algonthms as following.

Tracking error

e=y,—>, (1)
Form cost function
J(6)= %-02 & @

MTT Rule says that the ume rate of change of & 15
proportional to negative gradient of J . Thatis

B S mpale 3)
dt o8 ée

where €  denotes the model emor and &1s the

Oe
controller parameter vector. The components of 5 are

the semsitvity denvatves of the emror with respect to
6 The parameter ) 1s known as the adapranon gam.
The MIT rule 15 a gradient scheme that amms to
minimize the squared model cost function [2].
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Fig. 5 MRAC Block Diagram for Fan and Plate Process

Consider a system described by 2" order model
b/(s*+as+a,) . A block diagram of control system

depicts m Fig 4.
Closed loop transfer function 1s

Y, (s) b(K,s’-t-K,s-»x,)
U, (s) :(Sz +als+a1)+b(K,52 +K,5+K;)

and

b(K,s’+K’s+K,) .
);(s)-s!+(a1+bK,)s:+(a,+&K,)s+hK,J‘{S)(S)
From (5) and required performance of system, we
obtain a reference model as (6).
Fals) bos® +hos+h; ©
Ud(s) & +ays’+a,s+ay,
Apply MIT gradient rules for determmmng the value of
PID controller parameters X, K. X, 1n (7).

)

&, __, o __ (E o || &,
@ rex,  "lee )&, |,
a, & __ (&Y o0e)(®,
@ T, ”'(aJ[a,-,}[ax.] =

dK, as AEREA
- Tk, e )\ o, ),
d r &



Where &7/¢e=c. Seitv=1. D=4 4
a.

EK:’ ’
5D [(_’ A 8)
D +ig +BK,\DF +(a,-BK, I D+BK. - ° -
a _
&K,
?)
- . .b - = & =3,
D' +{a +bK,;1D" +la, =K |D+bK, = 3=
& _
ck, -
: = 'q
- ?D. AT -1
D +ia +8K,\D +ia,+bK_1D+bK. ~ o=
., K, ¢k éK,
From Eq. (8). (9) and (10). 1t obrained — . —.—
a & &
as Eq. (11).
dk, F34
i M./
dr -
bD o
e Ao — = |‘-,"‘,~J
D =ia-bK, 1D ~la. -BK | D-bK, ~
B
& ‘K
b = =
= -y f— - AL, =3,
I +\a+bk,)Dr +|a,+bKk_|D+bK, - =
s
& TEK,
D
=— U, -y
“:D’-‘—ia,+bk',)D’+[4:+hK,iD+b.L', [ ‘ J']
aan
Then we define
ay=a+bK,. a,=a,+bK,. a,=bK (12)

A block diagram in Fig_ 5 shows the implementaton
of MRAC techmique to fan and plate control system.

4. EXPERIMENTAL RESULTS

This section descnibes the expenmental results of fan
and plate control system starting with plant parameters
detsrmining, control system simulation and expenment
with real process using MATLAB program.

Block diagram of a fan and plate control system 1s
shown mn Fig 6. The controller 1s performed by Real
Tine Window Target and MATLAB Simuhnk program.
The PV Signals are sent via PCI1711 Interface card to
actuator which consists of a signal conditoning circuat,
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Fig_ 6 Block diagram of a fan and plate control svstem
usmg MRAC Technique
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Fig. 7 Open Loop Step Response of Fan and Plate
process

Transfer funcnon of fan and plate system m this
paper 15 emploved by the open loop step response which
15 another easy method that the tansfer funcuon of the
process can be obtamned without knowing the speafic
physical quantities of the process. The result of open
loop step response 1s shown 1n Fig 7.

From the step test results, Mp = 0.2, 2%, ts = 5s then we
received the calculated plant parameters as following

£ =0.582 o, =1.37. Plant transfer function is
C(s) o 187

=— = (13)
R(s) s*+2lo,+@] s*+16s5+187
The form of plant transfer function 1s
b
Gp(s)=——-———, (14)
ST +as+a,

Design PID coantrollers using MRAC Techmque as the
control structure m Fig 5. From the specified propernies

of the control system P.O.=35%and 1, =50sec.a

reference model 1s shown 1 (15).

Y_(s)= 24542 (15)
Uy(s) sS+2s+55+2

Determining the value of PID controller

parameters K, K. K, by MRAC algonthm, we defined
the value of adaptation gamn 7 as following
7, =—0.001 .7, =-0.001 andy, =—0.001



Block diagram of simulaton n Matlab Program s
shown m Fig 8. The simulaucn done by conmolling the
response of fan and plate coatrol system ), followmg
the sei-pomnt amphitude 3 and 6 volts at 0 sec and 50 sec
respectively. The simulanon resnlrs are shown 1 Fag.

9-Fig. 10.

Expennmental block diagram for Fan and Plate
Control System 15 shown m Fig.11. We defined the

value of adaptation gamn 7 as following
7, =—0.0005

and 150 sec respectively.

The expenmental result 1s shown m Fig. 12 and Fag.
13 3¢ the response of MRAC PID control system for fan

and plate control system with disturbance.

S - Iml® BEEE

Fig 8 MRAC Simulation Block Diagram for
Fan and Plate Coatrol System
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Fig 9 Response of MRAC PID Control System for Fan

and Plate Control System

.7, =—0.0005 and 7, =—0.0005

The experment done by controlhing the response of fan
and plate control system 3, following the set-pont
amplirude 3. 6, 3 and 6 volts ar 0 sec. 30 s2c. 100 sec

e e vol 1)
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Fig. 10 MV of MRAC PID Centrol System for Fan and

Plate Control Svstem
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Fig. 11 MRAC Expenmental Block Diagram forFan
and Plate Control System
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Fig 12 Response of MRAC PID Control System for Fan

and Plate Control System
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Fie. 13 Response of MRAC PID Control Svstem for
Fan and Plate Control Svstem with disturbance

5. CONCLUSION

The expenmental results reveal us that the proposed
method 15 an effecnve scheme for conwol the output
response of fan and plate control system. The design of
PID conwoller using MRAC techmques for fan and
plate process can convemently adjust conwoller
parameters comespondng to changes of plant and
disturbance. It can control the output response sausfvmng
the specification of control system requrement.
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