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Rk EHEFERL | ABSTRACT

The Application Research of Fuzzy Control Method in
Microwave Catalysis Temperature Control System

Abstract

Microwave heating can make the different depth of things heated at the
same time. The application of microwave in the chemistry reaction makes the
produce rate increase and improves the reaction speed. In this dissertation, a set
of temperature control system of microwave chemistry reaction ‘is designed,
which is a collaborative item with Northeastern pharmacy factory.

The basic structure of moderate dimension-microwave chemistry reaction
system is estabished, which comprises the selection of microwave energy
cmitter,“ the buildingp of microwave transmission system, the choice of the
resonance cavity type é.nd the calculation of its size, microwave leak suppresser,
etc. The temperature contro! of microwave catalysis reaction in the interim
pharmacy is researched. Because of a variable system model, a new fuzzy
control method is applied to control the temperature intelligently. This is a fuzzy
control systém, which has single variable and two dimensions input, increment
cutput, genes adjusted automatically,

The theory and arithmetic of fuzzy control is studied detailedly in this

dissertation. Three new fuzzy control schemes are designed: many groups of
genes adjusted automatically fuzzy control, imitate-human intelligently fuzzy
control,.two-grade intelligent fuzzy control. Emulational analysis and compare
of these schemes based on MATLAB are presented. Moreover, these control
schemes run on the position servo system. The results show that three new fuzzy
control schemes work well and meet the requirement.

The digital control position servo system is designed and analyzed in this
dissertation. The whole procass' of the development is introduced including
design of hardware, software and control algorithm. Hardware development
includes position signal, data acquisition, servo drive circuitry, data converting

and outputting. Theory of hardware in system is analyzed. The design of

5iif



Ak FMEFEHLT  ABSTRACT

software includes realization of real time controlling under Windows operation
system, virtual device driver, scheme of runming linking to MATLAB.
Expanding interface for design of controller and realization of high-level

operation function in graphic-data for user are also included.

Key words: microwaveﬁhé_ating; temperature control; fuzzy control;
data acquisition; MATLAB
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Table3. 5 Values of fuzzy control variable
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6 -5 -4 -3 -2 -1 0 1 2 3 4 3 6
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4| -54. 44 | -40|--38]-38|-28|-18]-12| 0 | 1.6 | 273554
3]-53]-43}|-40]-33}-33|-23|-13[|-13] 0 |23}33]36]53
2|54 44]-40-32|27[-171-07|-08| 0 [23}]38]41]54
1| -531431-40)-324-22]-12| 0 [12]|12]22]40/} 43|52
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EEMR A RBEE, BMESLAEMEE . EC, B E. EC ARSI,
REEHRROSREN, TS EHANNSEENAE, BE, SR
ORI SR AT/ B ¢ B 00 S RN, 43 4 3030 B0 LS00 R AR S B T 78
b B 2 55 A o o O B A L S AR L A . '

BWHEF ke, ke REULFIEF ku ME{EEEEWIARANI AR, —B1F
BT, ke REBMRBESRANRERSS, ME—Bpt, 5o
BHER, CURDRE. ke BA, REWRMBERA, VR,
B, ke it BEEEIME, HKEHME; ke RERERES LML
(BUER), HREREEST/RRZN, SIA—IERNEPETREE,
WTTIR R MSMERE, WO AHRE. ke %BA, BEBEL, EREN
AR . ke K, REMNTRRIEE, MTEKATHE, BERT
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Fig.3.3 Flow chart of the many groups of genes adjusted automatically fuzzy control
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2 L N |
2. FABRSSEARERE

AT H— SRR, AR T BESUENS SR, KhE
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@ IF e0 AND Ae<0 AND e>e THEN,

[ A=AKE, B=0, C=AKU ]
@ IF e0 AND Ae<0 AND e<e¢ THEN

[ A=-AKE, B=AKC, C=-AKU }
@ IF e<0 AND Ae<0 THEN

[ A=-AKE, B=AKC, C= AKU ]
@ IF e<0 AND Ae>0 THEN

[ A=-AKE, B=-AKC; C=-AKU ]
® IF e>0 AND Ae>0 THEN

[ A= AKE, B=0, C=-AKU ]
® IF e0 AND Ae<0 THEN

[ A=0, B=0, C=-AKU ]
K, A, B. C HHIABUETF ke, ke ALHRAT ku BHFBERT,
AKE. AKC. AKU 45l ke. ke ku R/, HK/DHRELRSRIE
LA, LR kes koo ku BESEIFAIIE AT M ALE.
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Fig.3.'ﬁ The.explanatory drawing of subsection control
EREPE. PHEARMRATRAMEERF o, o o, EFRERFRE
HIITIR, BRERENA/ NSRRI R, ERFRNZEHR. BN
r - :
1) % [e>e B, ooy, U=[mE+1-0)Cl, RANELHE.
) H e<<alt, amw, Us=[mEHl-w)Cl, RATHEHE,
3) 3 je|<er B, o=y, U=[mEHl-03)C], RAXRBITHIE.
Hep, 6. e 0 0 Mo BAFE, AREEHENRBIESRNERYE.
SUENEEAN ST ERESTRELE, Na>RRR— 5 u 8
MHAEMERKXFHET n MB/NBE, BHHY. PUAXME RSB0
% 3.6~3.8 iR,
2. knfELR BAEED: 7
K RABREE ke, ke, ERAY ku Wik, EERLRET, RigR
ENRETHEW A28 kil REDETEH B (X 0 H ku
FIHR{ED: '
ku=ku0 X kul | (3.2)
 RESETEAHAESE Wil HERELE I HR.



,,

¥ B AR AR

Rk FmEFam L

#36

Table 3.6

VIHEAE (0=06)

initial stages table (0;=0.6)

EC

-1

-1

-1

-1

-3

-]

-3

-1
-3

2
-4

-3

-5

-5

5

FHBRNE (=03

#3.7

Table 3.7 middle stages table (a,=0.3)

EC

-1

-1

3
-3
-2
-2
2

-1

-4
-3
-3
-3
-2

-4

4
3
3

-1

-5
-5

-2

-5

-3
-2

-1
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Table 3.8 terminal stages table (az=0.5)
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EC

-1

2

2
2

-1
-1

-3
2
2
-1
-1

-1
3

-3
-2

=2

-3
-3
2
-2

-1

,.3‘

3

.3 4
-2

-1

-4

-3
-3

-5

-1

-5

- -3

-2

HESH i HERER

i; 39

Table 3.9 The table of parameter kul

EC

-4

-1
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MATLAB %12 ik
MBE=ETN, EMEEANE 49 &, BEERTET SRS,

MATLAB B2FIT -

a=neﬁfﬁs{‘fuzzyout’);
a=addvar(a,'input’,'e'[-6,6]}, |
a=addmf{a,'input’,1 ,'NE,‘ trimf *,[-8,-6,-3.6]);
s=addmf(a,‘input’, | NMtimf [-6.4,-4,-1.6]); -
a=addmf(a, input, 1, NS’ trimf [-4.4,2,0]);
a=addmf(a,'input’,1‘,'z','trimf‘,[-2,0,2]);
a=addmf(a,'input’,1,PS', trim,[0,2,4.4]);
a=addmf(a,'input’,1,'PM",'trimf,[1.6,4,6.4]);
a=addmf{a,'input,1,PB',’ trimf",{3.6,6,8]);
a=addvar{a,'input’,'ec',[-6,6]);
a=addmf(a,'input’,2, NB',' trimf ',[-8,-6,-4]);
a=addrnf(a,'input’,2,’§ﬁ.vf,‘tfirnf,[~6,-4,-2.6}}; :
a=addmf(a,'input‘,2,'NS','n:im_f,{ :3.47 -1.97 -0.469]);
a=addmf(a,'input',2‘,'z',?trixpf,[-1.5,0,1.5]);
a=addmf(a,‘input 2, PS" trim?,[0.5,2,3.5]);
a=addmf(a,input’,2, PM trimf,[2.5,4,6]);
a=addmf(a,'input,,2, PB, trimf",(4,6,8]);

a=~addvar(a,'outp{1‘t’,*p',{-‘6,6}};
a=addmf{a,'output,, 1, NB',' trimf ',[-8,-6,4]);
a=addmf{a,'output’,1, NM',trimf,[-6,-4,-2.5]);
a=addmf(a,'output, 1, N8' ‘irimf [-3.5,-2,-0.5]);
a=addmf(a,'output’,1,'Z' 'trimf,[-1.5,0,1.5]);
a=addmf(a,’output’,1,’P8','trimf,{0.5,2,3.5]);
a=addmf{a,'output’,1,’PM'trimf,[2.5,4,6]);
a=addmf(a,'output’,1,PB', trimf",{4,6,8]);
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rulelist={ 717 11;
72711
73711
74711
75711
...... LUF 88, B3t 49 #e%MiJ ]
a=addrule(a,rulelist);
AR THMS IS (E N a B FIS ), RETLREREMZLE
HRBEIIRBIZ ISR EE P, HII0, % e=5, ec=2, W
evalfis([5,2],a) .
ans = 4.4846
U BRI B B8 B4 1 2 4.4846.
2. GUI #E 28
B 5. £ MATLAB K Fuzzy Logic Toolbox mmmmmmms&
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Fig4.3 The build of fuzzy coﬁtroller
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5. e is pb| and [ec = ps] then [p is pb] 1]
|| 6. ¥ {& is pb] and [sc = pr) then B et (1)
{147 1 [# iz pb] and [ec i pb) ten [pis ob) 1}
{18 ¥ [ is pel and [2e s ab) hen (pis p2l (1
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4.3.2 FVATLAB EEHREFHER

Hi:1 PIDEBHEENR
Y DRI R T R M 1. Zij&t%ﬁﬁﬁﬂ MEFT R

THER:

Ger—0OX

= : 4.1)
(Tys+1)(T,s+1)

# MATLAB (i 72 eh, R BAM S WAL EERELRER ¥ 15,
REFBT H 0018, NN 9B, TiH04 TR4, KH2NE.
IR B A R 12 (A SRR AR RN R
B, BERHER, |
TR A B R RN (LB A ERE f Ly En
SHOR, BEAT LS HEN S5 KTH%E&@MWﬁﬁ&
DU A — RS A R
¥ =y 1+ W6k #2k o+ 2k 3tk 4)
ki=f(txye
ko=f (t o+ B2y i+ (b Xk \)/2)
kLt B2y (ko))
k4"‘f(tk+h’)'k+h"k3) : (4.2)
X KR BE A S TR, lmﬁﬁmﬁﬁmﬁﬁawﬁﬁ
®, HBWREOMHS v KBS, N0 h BBRAN, RELRIM.
FE MU B e 4% P 7 R MR 5 7 B O AR PR 4 F
x={0;0};
k=al Xx+bXy;
Ki=al X (xth XKO/2)b Xu;
k2=al X (x+h Xk1/2)+bXy;
k3=al X(x+hXk2pbXu;
x=x+(k0+2 X k142 X K2+k3) X W/6;
7 y=¢ X x+d Xu;
EFBRER, EBBRESEH kp=1; k=0.1; kd=0.001 i}, RERTH M
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RAX SR | e S B R4 A Aot

£k b 4.16 FOFTR.
2 BEBLHE TSR E

8 I AR RIS R BRI 3.5.1.

7 PID Sk, SRAI B B3R5 ROBEALEAT 07 B0 7 MATLAB (i R,
ﬁ%m‘—ﬁﬁ{ﬁmﬂ:& ?ﬂﬁ“ﬂciﬁﬁi*‘*%ﬁ R 15, FHAKT X001 8, K
BIED 980, Ti R 04, Tah 4, KA 20%, MARHSB—ReY, Xiian
RN, BEXESRTARRHERE, SHAERERLET ke, KEL
HRALET kd, BHREHET ku AR Y e BENEDT 1ke BRI BIARE R
WET kel, BRREELRAET kdl, SOFRHREAET kul.

B, HELBFOEMEE % fuzzyout A\ MATLAB T 4259, &4
T -

a=readfis("fuzzyout);

RAERFTERZE, RISREMRETLEE RS bR R0

P HME, EHWNT
in=[el del];
z(k)=evalfis(in,a);

EGRLRT, RERE e M LERNETHAANE, NTHKET
EFEMALHRT, BT

if abs(e) <= 1/ke '
. el=kel Xe;
del=kdl X de;
else
- el=keXe; -
del=kd X de;

end

if abs{e) <= 1/ke

pp(Lk)=z(k) Xkul;
else
pp(1,k)=z(k) X ku;

end
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Rk EHEEERL

Bk Mk AAathit

IRREARERLERMLENEREY T 6, GINTEE, RER S
BHTHELE, HATRIEBAER, BOMT:
ifel>=6 '
el=6;
elseif el<=-6
el=-6;
end s » . : :
Bt % WL, HiE M B H0H ke=80: kd=1000; ku=0.1; kel=15;kd1=8000;
kul=0.05 B, FREEHH KM A 4.16 POFTT.
53 AEABHARTFRERHRSHEBEWEEGR
&S LR T A RIS BRI R 3.5.1 70352,
7£f MATLAB (fR#E/FH, A _HIFTRERITHR, RESES
REH . REERASORE . BB K AFERSRHE ©, ZR8TW |
KB BEMSERBEHNEE 2 R,
R EHEE |
(1 BEEMFHHRNETERLNRE « RREXL . %JE:‘?:%%*%E
EREATIAREYE, THE, REAFRSCER I, HEERHER I
KRS RIS EINE, |
(D MENBHERIEENE . BN ERESFERERSFRE M
HABRBEERNBOBFRIN), BUBHER. ~HTHEEREMER
R, %“ﬁﬁﬁ%ﬁ%&&’ﬁﬂﬁm%. BERFA IERHE] t=t+T, 00 B A )
IR R%_‘fé}ﬂéiﬂ, BT T — R (PERRET, RBHE, Bl
K, BMETELR. |
FRPSMTEEFUT:
if abs(e) < 0.000001
w2(k) = 0;
e]séif (abs(e) <q)
if (e X de < 0)
u2(k) = 0;
else '
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u2(K) = u2(k-1) + ki Xe;
end
else
u2(k) = 0;
end .
LB RER, KFEBRESYHY ke=80; kd=1000; ku=0.1; kel=15;
Kkd1=8000; ku1=0.05; ki=100; q=0.00625 k¥, F4EAOB ERWALE BB 4.9 Foms.

T L

I s e S s S
(7] SEEERE B .
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49 B R EL &I B F F048 RE B MURIS B EE AU BRI AN, th 2
Fig.4.§ Rank respond'ing curve of fuzzy control system with genes adjusted autornatically

~ and intelligent integraph
Hik4 AR SERERE LR

TAE S HEEN A AEER 3.5.2.

7 MATLAB P25, st B ~ B aF S M AGEIT 0, RAESvHE S
R, HHERRSR RACASESRALEEE:. BEELENSY,
BUHT ke, ke MUBIET ku, HEEESQBIME q BORY ki, SERHE
&ﬁﬂ,ﬁ%ﬂ%b~@ﬁ%ﬂ@?b%ﬂ¢ﬁﬁhmhﬂkw,E%H?
ke, ke FILLBIE T ku MEIFBEET A, B. C, ELMMBBRENEE 2 B4
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ARAFEEFERL  Eud EMEERGARRR

#HE. : S .
BRFATIAGEEN fi<e, ¢ RRHABMEHRGNBEREE, TH
FRIEW, e=0.5%ke (R ke RREMET). B TEHAEBENRHIEEH R
WET RS S S, 5Ll e O EDSRERIEMT, SUE « OELRE
B ETRORMTIRMN, KRBT ERHIRR.
IR ERAIAN, ke0. ko0 A1 kud T3 F %
keO=ke/50, keO=ke/150, kuO=kw100 @y
BAE S BB S, MM B ke, koo ku HITTES
B, LA SHITEE TR LS, A, BERERNY
RHMR, ETET, SMELHEBERT A. B. C, ARRESAY
H—EHABESHRE, SETANMBEE A. B. ¢, BHiHEHZHAN
B ke. ko. ku, ATILRETRMEHNBRATAHRAETFHHLART.
HREI T o
A=0;B=0:C=0;
ife>0&de<0&e>q)
A=ke0;
B=0,
EZ = ku0;
elseif (e >0 & de <D &e<q)
A= -kel; .
B = kd0;
C = -kul);
elseif (e < 0 & de < 0)
A= -kel;
B = kd0;
C = ku(;
elseif (& <0 & de > 0)
A= -kel;
B = -kd0;
C = -ku0;
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LS i

R XS HEFRAL )

elseif (e >0 & de>0)
A=ke0;
B=0;
C = -ku0,

elseif (¢ >0 & de < 0)
A=0; :
B= 0;
C =-ku0;

engd

ke=ke+A;

kd =kd +B;

ku=ku+C; .

A5, ERNBHKEFMLGETFREZE, R ke, ke A ku BIBIR AL
B, DABHENEE. EdHEEFRRTH, ke, ke ku BB BENBA
REMBHEREREERENER, MEHGROBNEA, EREAR,

%ﬂ%&iﬁ.ﬁ%ﬁﬁéﬁﬁma;mﬂmmhﬁﬂﬂﬁmm¢ﬂMm
ke=(1,80]; kd=[1000,8000]; ku=[0.05,100] W}, F&ZaH RN 4% tn E 4.16 o
@Fi T~ _ |
Wik S HEERTOPEE SRR

HEIE R F RIS MR R A8 R 353,

X EELR LR —AFAE RSN R NG S, KRR
ERT o ESEHEE, SO TN HANN SRS, SRERNS SRy
HEBtERE R R, - |

£ MATLAB {f 1259, MAE W NERSTHE, RRLER
Rid, HEHERRSS. RESYH: BUETF ke, ke MHFIEF ku, 20
SYHIMME g, RO WY ki, EERS MY 2, SERISHNEY, TRENTN.
FRARAKMMESR =K FRESIMUROBEET ol 2. o3, EHEE Kk
SR kul, EKMVREENERE 2 BAHF.

EFEBFPEEHARRET LA Y, LERS R NS EFETT
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B o, ku SR RITLNR, ﬁtﬁﬁﬁﬁﬁ%%ﬁg&ﬁﬁfﬁwﬁaﬁﬁ!ﬁ,
HEEXEI B, '

ok, BT SRR I R E?ﬁ%ﬁ‘] FUE#E— M EAR
AR R B A 518 fuzzyoutalpha, DUSZEG IR F L RIEBESA
RGN SRR HI SR AT ¥ L U R YR e, MBI AT R 4

U=ﬁx[ E +2ED

' )uﬁx(um(l-a)DE) | (4.4)

Hep, fix HMBEY, BRRREMENK, DE RTREMBINEHL,
a W EE. BETASETENRNE @=£UTEFETHER o)

a=readfis(fuzzyoutalpha’),
for i=1:7

for j=1:7 ,

(i j)y=round{alpha*i+(1-alpha)*});

end

end

B alpha FF o, RRFOEMHRATELNE o B ERLE
gt et AN

#J5, Eil MATLAB rﬁﬂ*"ﬁﬁﬂﬁ%‘lé& fuzzyoutalpha E)\ﬁ%ﬁiﬂﬂﬂ
ri-zeras(prod{s:ze(rr)) 3} tempk=1;
for =1 :size(rr,1)
for j=1:size(ir,2}
rl(tempk, =i j.r(ij)};
tempk=tempk-+1; A
end
end
{r,s]=size{rl);
12=ones(r,2),
rulelist={rl,12];

a=addrule(a,rulelist);
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R XS LB Foag . B4 ik 5 R Aadh it

PR BE R R ZE S IR *m#lﬁiﬁiﬁiiﬁﬁ$ﬁﬂﬂﬁﬁﬂﬂﬂﬂ
&, BRERENCPHAGEHFTLONE, BHARNREE. WFHT:

if abs(e)>=0.1 . %ETRAMaE
alpha=0.6; Y% ¥
elseif abs(e)<=0.02
alpha=0.5; Y%k 1
élse _ |
alpha=0.3; %A
end |

FEBAELTY ku, ERHUET, RERENESELEN k HifES
¥ kul, BTRFEY ku (A kul 24 ku FAHEHE):
ku=ku0 Xkul (4.5)
HAIET ku 60 B BRI
lookei=fix{el); %E ] kul
lookdel=ﬁx(dél);
if looke1>=4
lookei=4;
elseif lookel<=-4
) looke1=-4;"
end
if lookde1>=4
lookdel=4;
elseif lookdel <=-4
lookdel=-4;
end
lookel=lookel+s5;
lookde1=lookdei+5;
kul=looklist(locke1,lookde1);
ku=ku0*kul;
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XAE7§ MatLab 157 A DAL AR AR 8, — 538 B S AThEE. MatLab
R T — BB, HIMEE42FRE MatLab. Application, X COM HA,
TIHARAE T COM BARRENHRBE 5L S N E DR, BiiA
REORFETEHNER MR T.

BT VB X ActiveX BEMLEHISRTIN, MatLab 3T ActiveX BEILIRS
SN EHINRADSET T—4 VB AR MatLab 2 [ ActiveX K
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¥ MatLab 1E 45— BEHLREBWA, AU AERHTE BN E31LEE
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MatLabActiveX MRERZEMERPEXMEE, B ProglD, —HATLAEFE
MatLab.Application %% (% MatLab.Application.single, ‘Ef14HR T AR
FX. BERTH MatLab HELMEBEN—IHENRE R, SEERE
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FAMAT FFIr 42 MatLablregserver 4N r & RERAT—WRT
AT, BB T MatLab ZEAVER B E .
(2) 7 VB RARRETEIR ActiveX XE. FEN—BEFEREL
7E VB 77 MatLab B 3){LIH% $ThEs: |
Dim MatLab As Object‘
Set MatLab = CreateObject("MatLab.application™) |
| MRBBAERDN EHS MatLab WAL A — B3RS S, RBEED
{8 F £ %/Automation BITf. SIEIF—4 ActiveX 8/5, AT
$fE, WRIE VB PR RIS RIE—H, | ‘
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PutFullMatrix , MinimizéCommandWindow, MaximizeCommandWindow, i
A1, AR LA MatLab PHATHAS, TETLR MatLab HE50E,
ISR AT LU MatLab IREUEURE. HEEEMENT.
(1) . STRExecute{/BSTRCommand]); : -
AT Execute 5 A MatLab, $47—% 1 Command F/F 8 REH
MatLab €, BrETE MatLab sr$ 8 0 'ﬁfﬁkﬁ‘]fﬂ%&iﬂ:#ﬁﬁfﬁﬁﬂ » AR
B4 MRATER, SBGSERNBRE DREREREL. $6I0F,
Dim MatLab As Object - 7
Dim result As String
Set MatLal; = CreéteObject("MatLab.appiication")
result = MatLab.execute("plot{a, b)")
(2)  GetFullMatrix ([in]BSTRName,
[in] BSTRWorkspace,
[in; out]SAFEARRAY(double) pr,
[in, out] SAFEARRAY (double) pi);
GetFullMatrix 753448 52 #9 MatLab T4k 2% (8] 5 ) — >~ 88— 48 5548
IEE[ VB 12FFH, Name #8532 T MatLab PRIERERE, Workspace 195 T
SIEMER S THEX G, prfpi ARRYANTHIBE.
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(3) PuFullMauix (fin] BSTRName,
* " [in] BSTRWorkspace,
fin, ouf]SAFEARRAY(double) pr,
[in, out] SAFEARRAY (double) pi);
PutFullMatrix 74 VB EFFH— P — SR R REEEIIEEN
MatLab TAEZ5i6 .
(4) viod MinimizeCommandWindow()
XAFHEFIRAE MatLab fr &R OB/ME. AHRALT
Call MatLab. MinimizeCommandWindow()
(5) viod MaximizeCommandWindow()
EANJTEFISRAE MatLab T DB AL, AAEENT:
Cali MatLab. MaxmzeCommandWmdow()
FUR ActiveX P SZHLM Visual Basic 6.0 1 MatLab 51—/ = & i
KEMFT, FREFOT:
Private Sub Command1_Click()
Dim MatLab A§ Object
Dim result As String
Dim h() As Double
Dim x(0 To 3) As Double-
Dim y(0 To 3) As Double
x(0)=0 =x()=1 x@2)=2 x(3)=3
yO=1 y)=5 y2=3 yB3)=2
Set MatLab = CreateObject("MatLab.application")
Call MatLab.maximizecommandwindow
Call MatLab.putfullmatrix("a”, "base”, x, h)
Call MatLab.putfullmatrix("b", "base”, y, h)
result = MatLab.execute("plot(a, b)")
result = MatLéb.execute("grid“)

result = MatLab.execute("saveas(gef, ‘c:\flame.bmp')")
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