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Abstract

With the reduction of global forest resources day-by-day and the appearance of
environmental protection and ecological problems, governments all over the world paid
attention to these problems such as how to use the limited wood resources reasonably, reduce
energy resousce consumption and increase the quality of wood products. Faced by our country
‘with fewer forest resources, how to improve using quantity and raise utilization ratio is one of
the most important projects. Wood drying is an important measure for improving wood
physical mechanics performance, utilizing wood reasonably; reducing loss of lower class and
raising wood utilization ratio. It is one of the key technologies for guaranteeing the quality of
wood products. Wood drying is a complicated non-linear process that is lagged, time-variable
and coupling. For them, it is difficult to build up ideal drying model, which is corresponding to
reality. It is difficult to control automatically because there are so many affecting factors.
Traditional PID controlling method lacks sufficient ﬂexibility. It is urgent to build up modern
control system of high quality for innovative drying equipment.

In the dissertation, the wood drying models were built up based on Neural Network. The
Neural Network was identified by studying input and output data. It made the goal functions
minimum, thus implying the relationship of input data and output data, namely the model
describing system. The temperature-humidity controlling model and drying schedule model
were built up with the Time Delay Neural Network (TDNN) and Dynamical Recurrent Neural
Network (DRNN) which were suitable for identifying non-linear system. Temperature-
humidity controlling model was the model that described the relationship among three
controlling signals including heat-valve, spray-valve, eliminating-damp-valve and temperature
and humidity, which offered the essential conditions for designing controller. Drying schedule
model described the relationship between temperature-humidity and wood moisture content,
which provided the mathematic model for drying schedule, predicted for the changing
characters of maisture content and offered the effective basis for optimizing the drying
standard. Drying schedule inverse model could provide the values of temperature and humidity
in drying kiln at this montent according fo the moisture content, thus meking the stage drying
in succession which vied moisture content schedule as drying schedule. In our study the
structure of the Neural Network and learning algorithms were given, in addition, we trained
and verified the model through experimental data. The simulation results showed that the
models were effoctive and refiable, We compared the results of two kinds of Neural Networks
and made the conclusion that identification effectiveness based on TDNN was better than
DRNN and more suitable for describing the complicated object such as woed drying.

The controlling course of wood drying was 3 process of confrolling the temperature and
humidity of the medium in kiin to make the wooed moisture content reduce to a certain
expected value. A(:cording to the characteristic of real dry course, we examined the utilization
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of fuzzy control and fuzzy adaptive control in wood drying control system based on Neural
Network model. The simulation result showed that the two kinds of control methods were
better than traditional PID control. This was the basis for improving controlling level of wood
drying and realizing controlling wood-drying course fully automatically. It was importance for
guaranteeing the drying quality and reducing the energy consumption and the cost effectively.

In order to prove the controlling results of the controller, we performed wood drying
experiments with drying kiln, The results of operating actually showed that the control system
could meet requirement of precision and had a good control results. '

Keywords  Wood Drying; Modeling; Neural Network; Fuzzy Control; Fuzzy Adaptive
Control
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Fig.2-3 Identification structure of time-~delay neural network
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oW ey - a8, (k) EWHCg = F'(S,(k)} Moy {;Wm:ng(k 1)4-23"&;@%{1: I}:'

q

ax, (k-
e aWHCj

=F'(8,(k)) (2-28)

(2-29)
= F'(S, (k))[ =D+ Z

ﬁ!)\%ﬁﬁﬁ%ﬂ‘]ﬂﬁ WHI:



FAL ML A L8

T R R T R R T R Pt e b ————

OE(k) _ DE(K) 0S,(k)

= = - 2-30
W, S o) D 230
T (5 2
AW, = ~n8(k)X, (k) = ~e(k)G (TRNX (k) = —nd(k) X, (k) 2-31)
S
AW ey = WY,y () F'(S, () ) gy E5 8D (232)
HCy aWH(.'y
AW gy, = =18 (RW s (EYF(S, (Yt ( —1) =~ 61K, (k — 1) (2:33)
o BE() ,
et 54) = 20 = W 0, (F (5, 0)

(2) Jordan &g

Jordan LML IE 2-5 For, KSR THMA. MWHAREA A EHES
HEYWRBRRANRIRT R, RRARREERHN—LEER. Wy RRANRETY
AEBEERE, Wi RBEZREMESTRBERME, Woy £ME ML EZREKE
FEEE: A ARMABIERE, B N BRIMALIFEUA M B REHMEE): UR ¥ 474
AR AR F. G RBERTAR TS AGARN R ERY, IN&ERA
ML KRR A-

X(k)= F(WH('Xr"(k) + WHIU(k))
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Fig.2-5 Jordan network model
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Fig.3-1 Block diagram of PID control

BN —FrR MRS, ERESRENKERNEEREERE, FRERLA.
BN St H SRS RE, MR TR, SN PID 248,
EREEEERRYET, RERRRERy.
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KRGk AN AR

1 de (1)
uu)=K;[eu)+§?£eayﬂ+7;—:;—] (-1)

A wONATRARANES: cOVRERSY, HF1HER 5EHLR 02
B, K, HHHRE: TAHRSEE: TR R

HAIFFHHSIAR D T bt B GRS HRENMERS (), RBIRER
FEAEEIER, ERERMESEEEA. BARTHSIA, FERATRIEREE
ANTERENTAER rONTHEEH. BaFWHSIA, FERAITREARREN
R MEANNERE ., MOERTRENTLEER THEER, NTSHRERRR
BB RIE L HI R, FRRERE “War” BhirkE.

3.2.2 ¥F PID BHIAE

HFEEXTEIEARNRERRE, SFERAPAXEERALT PID Iz, w8
fr B A PID FbiELE AR R =, PID HhiE ",

@ B PID FHIHE

T ENRHRER—FEEERHASL, ©RBEHE b 2000 2 i 8
B, ARAG-DTFHRSMMSTAGREREN, FEMCHTESLLE. HLU—R
FURIRFEETZ p KT RRIELENS TR ¢, HUAMRAEES, DI RS, WAk
WA

t = kT (k=0,1,2,)
£e(t)dt ~ th: e(JT) = Tﬁ e()) (3-2)
§=0

3=0

de (1) N e(AT)~el(k-1)T] e{k)-e(k-1)
dt T B T

X¥: T ORHAYN. BR, LABILERT, RERANLIEBEA RRIEL

MRS . T8 ckDEATETR e(k), WAIEE T. HRE-2ERARG-), THEHKY
PID iz N:

u(k) = K je(k) + K, 3. e(j)+ K ,le(®) - eCk - 1] (3-3)

1=

A b ARBERS G0, 1, 2, ) uAE b KRR EHSTHE.
e(k) W k WRBERZMARIRZE: e(k-D) A k KEBHZBMARREN: K3 B
DR K, =K, T/T,: Ko AWARY, K, =K, T,/T.

HTFHENSNE «()EEEERHWTIM GOEID, wfHERRITIE AT
(WRIMITER ——X R, FLUEEHN G-NAERBTHE. iTHEHRRLR
W, FUBKALHEEZHREEX, THENEN «(O3HITRM TENEETE
BR. TiH, EATEHRBE «ORHNRRTIAGRIEME, WiEHImKk
B w(OHRBER, STUERATIRAEENKRERL, XFMER TR LR
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3 RHREARREEIE

PARAWNR, ERESHE, BUEEEMECHLEEY, ER~LTHESR PID B8N
ey kA S
@ ML PID BHlEE
B PID RIESFHEHBRHRARSHBNNE. YITINBENEREE
pg RN, WhHXG-3)SHREMER RS, TR EETS
wk-1)=K,e(k-1)+X, :\je( P+ K [elk ~1) - etk - 2)) (3-4)

=0

HHAG-)REN(G-4), TEEERN PID BEEERARNT,

2k =K [elk)y—e(k—~D}+ K, k) + K  [e(k)~2ek~1)+e(k~2)]
=K, be(k)+ K e(h)+ K [ de(k) ~belk 1]

HAF Ae(k) = e(k) - e(k - 1)

TUEH, BF-RATENEHEARREEHEEEART, —SHET Kp. Kn
Ko, REMRN=MBRENRE, BT HRG-5KBIEHR,

RABRXEEN, FENBHGREINR A3 R iR A RIITIH G B0
NFEMHRE. TNERTEFEENSHE, BWRARESHEMAER whyuk
Dy Au(RyB I RAT HAF SR L E

MTRHHENE, dTHENRLEHNENRE, FoLREEEBR,. 258
BB, EFRARRESR. B4, SHENE LSRN, LTFHHEER
RITREAHHSHYZAEN, FUORRESEE. BHME AN SR k
RESRAEF K, 7 LB 5 L Dol &b 8 T 248 L AR 4 i R

3.2.3 1D $HRIRE

PID SEMEBHEFRRNEE . RESEYEROMRE. TSR SMNE
Bt TS, SRARBETVEHENREFENAHBHERTRARE, EHM
TEERERREHBRT T RARE.

EFHEAGRERNER, ERASRRSEN, TLEME PID NE%, &
R BYCEATRL, UBHBENBHNE. SRRLEREERREREK BRI
RT, AMBEBURTRANBIBY, RTUEKARERAMNLLE, TANER
B, & PID RMAKMBHRAS, —REBEERNSEE LOSRSSRN
fERETRIR, & ITAE %M.

0 = [ el (3-6)

B3R (3-6) T QUTAEYN BAF iR M, Fomif 55 BUNKUN )55 MBI AR &
Mo BEBBRBEENKATBIE, #ERERED, EERANREELLE)
Bkt

(3-5)
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3.3 {EHEY

B 1965 F£XEHHEHBEIRE R LAZadeh B FEMESHAZMBRBE
ERARBEGBLR, EWERECA AL HE YN TRBEEN RS REENE
B, WHERERRANHFE LSRRI, 1974 4, JIE%#E Mamdani EH%ERHY
BEMASERE TRPARRINZRS, SRRFOEHIE™. Ak, WP
BERHABETIZNM. FAMMPEIRAT LSRG, 23 MG A B2 1 TR L
BEHN, EEEEHERL RN RRE R RIS E BN, 5
BHRAAM TR,

(1) BHRGEH R FAERME RIS SERBFRT, DS SR tR R e
A RBRIANH R

Q) BHARHBENIR, EN TR ASH TSR LBRNIES . N5,
e BRI A S

Q) UBSZBRABEMOBETR, 5 TGRSR “4in”,

(4) BEEERA “THRBED", ROREHANRETE, g s
HERAGILABREES.

BB, SMEBHRAKENATINHRANBT 9 REMHE, SEEPRRK
BLEEEl, KRS, KT M. EhSRmaE. SALESERE.
B OHERL KREEH. AT U AR, RN SRR
MR KR eEs. msmnl. SRS R h%, JEE Y
H T % R BOBOR S o RO S0

3.3.1 AR

HSHERBTRETHSHNEH BT ERRNE, SRS Rk nT
BETNLR. EHRRHSY, SESBHSLNBBAREN AR FEER
FBEERRE ST RESRETY, TENSHReEREsmL N RBENTE
PR A IE B R P BRI AT R . — BRI I8 R T AL, B
BUMIHERR A BURML R ™™, B 3-2 R

T

RS

Fs
;Y
r > U ¥ ~ ¢
7 gwe o em Ul Re 0 || e
el ' PEREINE L B e ) e B e
) £C
P
HETH

Bl 3.2 B R i
Fig.3-2 Block diagram of fuzzy control
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3 AMTRNE RIS

ARG R K LB E BRI AR, SN R DT KM
BEARMSRFANERBERR HEERFRN R RCIREEMEA S
ERANRGESERE, RN RIE bR HEE B RN R BT RAT R
iR,

3.3.2 SMlESI B R AR 3K

BRI R ERRENZL, BfESNEHRLET B AER
WREBRIESEETAREENTE. —BRE, RIMRHEHSETERNIERNE
H: BHEHSHATRONHTENSE: ENEHREHENARNANELE, By
R R BMAL T RIBREEAE X8 fE, SMEhRLrEEE.

REAEMPRUT:

(1) HREERIRA %I

Mamdani $(#2 AR HIRANAERE R — BEHIEND Mamdani EHMEE, B8
Mo %4 8% 2 89 IR THEN- 52 (W=, 3-7 FiR), H8E5 — AR A Max-Min
Erg. XAEARENERE T ZRNBE TR, AEREMRS, BE¥E
iR THEEANENEY, KPRAFLHRRHARSEE Takagi A Sugeno T
1985 SR H 17 Takagi-sugeno EMIEA, sk 3-8 B,

if x, is 4/, x, is 4}, x, is 4] then y, is B, (3-7

if x, is A4, x, is 4, x, is A, then y= f(x,,%,,"",%,) (3-8)
2

AFi=12n, n AEFHMI 8. HERTS, Mamdani SRR, R
FE, R SRR R

(2) WHmENERL

ARITENEHRN, BEERTENEHBNOATR. BERUALKNEE ¢
FRENEL de, BRALRREDBUHRARERMAR, DGR v SRHEN
T Au fE RSN E TR R, JFREE AR IRE.

ERBLIEED, DAXBEMENRE, EXANENEREE —ENEX, Wi
A(NB), fi(NM), fi/pNS), FB(ZE), E/APS), IEF(PM), JiEK(PB). HEEERY
BB TRGESERERHREBE p)RHke. ERTREBHR W, &R
EWA . WHEERAHESERE. RE—SATRANBT BAEXLEERKERE
WRE) N[, x], HBARKENEREN x={-n, -ntl, -, 01, n}, n HBE[x
<JEE AR LR BB EAERN)E SRS, —BE a=6 B 7. AT HEEMRL
BERASTRANMBCAEBEE ARLBEN 2 HU L, FIESEMENEBTHRE R
B, ERHAEBRAR, —BHEE. BETANBHBOENELESER {6 -
5 -4, -3, 2, -1, 0, 1, 2, 3, 4, 5, 6}3L 13 48,

(3) R BRH IR

FHERRRBE MR TR ORRRERBR™ . ELmNAF, BasRiRRm
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FACAR L A LA B S

—ERERLR HRB R BN A SR, RBRBA RERAREIEWFT, SRR
BERFEW=AZIMEEE,; JELMREREW Gauss B, #A, § M, FARMAAHES
O, SRR e b R B RO ) 4 K R R R

© ZAY (rimD: BXMAHZABEER (a0 b, o, WK G-9) FiF.

x-a

asx<b
ux)= b-a (3-9)
x-c
N bgx<e
b-¢

@ HEHE (gaussmf): ABHNZIRHEE ¢ o) W1 (3-10) F .

G
pHxy=e (3-10)
XARBRHAES A REL AT, WRIESTEIEN. AXIENSHINS
BESEIE.
® M (rapmf): AOANSHEKRER (a0 b, ¢ d). WK G-11D) B,

0 x<a
x-d
H(x)=41b-a
1 bsx<c
0 xzd

FEER ISR, REBESER SRR K, SRR R B — BT
BN EREREZRAN, KAAGRIVENENES: TMERRRERNN, A
RERLSBBENENES, BEEdREE. £ XRBRERON R EBIENME
MRENERER, BRELREHATH, JRKE, TR, REREEE
TR, HOENERSHERTHBRARBEED, WRHRBER, WREK, Wi
RRAMEENER. S8EiF.

(4) BB R

BN EI R R RS IS0 i Sr SRS B M B AR — A+ 40 K el
. RO R PR BRI, SRR R R S A AT N A S T AR BRI
HA A, ERREANEE &4 IF - THEN 8B, BRI TH4PH
REXBANEHTHEHERZ HOBR. CLHEHIRPTUESERUTRTE
ot 1P

O THRELERE: BULL. ARERNEHLR, 2dE-PNT, BB R
%, ZHIONEFEEEREN . X B RS @R i,

@ WRE: REEIRBARBHT I FEREHABRERL —EETHENE
{8 B4 R P AR I A T B ST SE R U BE (138 42, Sugeno F7 Kang 7E 1988 FERITRT
WEEMRE, BRI EENROBERNGR, BRSBTS B R — B “IF-
THEN” JESUSRHGA B B0t R 00544 .

® HYLE: EREFARMMAESE CREHAER FETRRASNE S
R RE AR RIRN. ARBIRUI P RE AR B SR8 A48 (1 FO £ 50 1 2 8 0 5 S 38 2

X pim (fin=1) asx<h (3-11)
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3 AM T RREE SR

i,

ERD: LRSI, BTENRRESN, TEXRRFENEN, VLRATES

AN, @ EE: HiRERAN, EHROELNRBERER

DERPER, EERY.

(5) BinEE
ZEAERIE kb R R QB MR AT . Mamdani #E38 ., Takegi-Sugeno HEEE.
@ Mamdani #E

E AU R R R A M R R Mamdani f) Max-Min HEFREE™™, RISt UM%

AR, BAEAE. ECRRMSREERRMHEHME U,

MF—EMABEHMISORSE, 4. BAHBE X. Y ERENEES, KEH

B RR:
if x, is A4, x, is A4,, x, is A, then y, is B (3-12)
LR R E QBT LU —MENR R RORRE, B
R=HA;xA;x---A;,xB' (3-13)
R R BRI R
15, ) = VAL () AT (52) Ao AT (5,1 AT, () (3-14)

R

T

AH: m AMUE: x, e X;yel.
Uﬂﬁﬁﬁﬁﬁﬁ%

)= v ﬂn(xpxz:“'xn)/\n,q,(xl)#,q,(xz)/‘"'Aﬂgn(xn) {3-15)

xe X yaY

MBWNPERIEN 4,4, 4, RBEHR U T LR & R RNA:

U=(4xd4,%x-4,)°R (3-16)
@ Takagi-Sugeno #EH

Takagi—Sugeno HEMFENEETRANEN, ENEHEARUBRHERER, T

—AEMAFR. XHEROBHRAN Y TEERN & HEAER:
ifxisdandyisBand ... then z= f(x,y, ) (3-17)

K‘EF-' A, B %E*&i: X y%mkﬂfﬁl:&E: f(x' Y "')% Xy ﬁ‘]@ﬁ- Epg

BEIN 0T B

ri: ifxisAyandyis Bythen z = f(x,y)

ri: ifxisdzandyis Bythen z = f,(x,y) (3-18)
MBS i o F, B[4 5B BRERE o 0y
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A LM N e

oy = p, (X) A iy (¥)

(3-19)
a, =pa () A g, ()
MBI r FTHHEERE R v |
» =0, fi(x.x,) (320
MEEFIRR] r, eTRHER LR 5,:
Yy =a, filx,x,) (3-21)

BE. HREASEREBHE y. y UHEEMHRIGEESRIRAERSE, ¥
BT BRE

y= It 322
o, +a,

y=“|f|(xnx2)+azfz(x|sxz)
o e,
XA 2 1 Takagi £ Sugeno 3RHIRH, BBLEKA Tekagi-Sugeno . WTFEHF
BEMNESORAERFSTAREREN, MUERHNEHRE.
(6) EMRMRRL
STERERNRENEHER-MENRE, BRENSZRBRIHRNES
B, eAESANERES PN M RBERRES MENAERS R RIEAEHERNT
BRI E (R RESHEIR . REMETTRARELRAMTE, RN
WRL T EH T =R,
D BARRERYE: MAMNEERIHERERNENESTRBERRNE
ANTEREANFHE, B
v, =max &, (V) veV (3-24)
mAEHHRE Vo, KBEXRBRERETRNMEES T 0, HROTER
NS REBRARBER LTS, 8.

Yo =“},‘J§:;vf
v, =mex(, ()3 = |t

@ Bk TURTR SR LR B0 28 55 AR 4 B AR T AR 1Y) T o S R HE 2R 45 i
ﬁ: El] .

(3-23) -

(3-25)

_ ivﬁ,{v}dv
= j, M, (v)dv

SRARREEAN, EOELH T RR RS,
@ AT, R R T

{3-26)
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3 AHTHRAE BT RE

m

ZV,k,.

S~ (3-27)

2.k,

KEMNRE AERRELFRATE, TRRYETREWESE. LRE L
A op Cr) B, BIBREREERGEN, REAVEWET . ERMEEEST, T
EHENWEZRYICR LB REHIMRE.

AP L RO R T E AR A, MELENISHERERT IR SE, B
SRR T AU, R ECENBMERRAUT S A% B, MYy
BRRMT PID #24. —BBE T, XERFESRTRARBREZ.

MR EERRET. FROBHENSHBNNEER, SBLR, ETH
WITREAT MR, BEA. W WESAME: BT “EE5” 284, HTES
SRR, BX TGN, HRRG FROELRESEOEERL, XRELERIEHN
o BB ARG ER BRI AR IRER R, BNERFORS
LML (NN) . BERE (GA) . BHUE K (SA) SH R EEERE, T LE# 53
Ri. BHA. BEIFHERE.

3.4 MM REREH

AT EREHERE LR EANETRANER. BEAEMERE—-MEE
Pk BN E, CEHNRARERB T LEHMER, STAEEEE, B
RR. HEXNEEDNR, ABGHNRTRERRZR RN, T ESRBEHGG
B ORE. e RN BENAE ), SONEENIENER. BENEHERBEE
SHEESRR AT BENEN I E](Adaptive Fuzzy Contro)FIB#1. BENBEER
HRABERRNPAER: S EMERREATNENSERY, SRRENBH2H
ik, HETHRESETAGENYE, EnRKHeRY. SENENRER AR
e, () R ENETRASHAENEER, RtlhEe: (QRESH
s ENERNR, MiRRENSRREE— DU, URBEFHBRNE, WE
PRI TR RN E R BUE M s B . A B ATRDRT B 8 B R 0BT SR AR 1 A o Ak
¥, TUSAEETNEERER, HERRVEENEHSNE 34 Fin, K,
PRRRATUESSEMY, 2HRTRMNMEEHIRS, Hid LA X250
V. HESENENEHRELIBREENPAMRAT. ERRENREAFILR
FITRS S AR R R o 1R) 8 O TS M9 U £ B P L 0 S SR BT 8 B L AR
AL LREHBNRE, DETHIRRAIEINANERR A RENSIRIAE
BRI

M EENRHNERRAEREEFUTRE™,: () EX28ABHEYN AE
M (2) MRS RMEN BIENEEL (3 ETHRERNEN BENS.
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FrAb bk A I 1A S

3.4.1 BA S ERE T ORI 58 RS

(1) BHALEME

B Mamdani FMEI2E4E Procyk 4R ¥ B 41 VEERIF I 2% R AW BB RN #2438 0 A
HAER, TR ISR LR T IR, 4 ) B840 A T i ot 4 B 4
FOTE (e 2 2R AR TR AR, R R A L B R SRR ML R e A R TE S B B 5%
REM, BU., BROUME, NAAKERT RZ4irka".

EREAR R AR ANIEMBHIRMER Y, BT =40k (O RRERR
B, EHREE, SHRNEBIE) MaRp b, REmBET 3-3 Fir.

r:tm?@i
P T
> M E B %
g BN
*
o MR i, %

B 33 RSN RS
Fig.3-3 Structure of self-organizing fuzzy control system

Hep, Rl EB TR HE SR ERHENRmE, UEMZRNNGES
EREER, DR WNKEER P, RHEIERRE H i RO
BHENRERR RS IE AN 26 B IR R 5o SRR K

38 O ABDRA 423 R 8 I 0 = A Lh B R BT LU AR ks IR A B 0 h AR BT
BZAETE R RS SARSET A “RRIR”, R EmE
BEHSMERRW, WX AR AN ARG AR AR, MR
RHB BRI BERRE.

(2) BB ENE s

EERLRERENRBRRMOHERT, ZHFHERAN. BRABTHWAET
BREMEBEHRANRNEERE. W TEUANMERBHREESR, SHEHEm
i, FULERRARER TR ELIEEN. WE 34 Fig.
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) peaeER
R Wl
ER
1
r e J—
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A AR I T ENE IR 1A
Ml e w
PRI Mlm| |e| |2

B34 BT 5 RBEEH RS ME

Fig.3-4 Structure of factor self-tuning fuzzy control system

MBSO . R B IR AL T B R B R AR, R R
WA RBR AR — AL, BHRE A RS AR R BRSO E AR, X
A MAERRUMENET - BUET, bRLETFRRARHHARBENEL
SRIMAT . A S B M B R M B, 33 o B PR B e R
BUBRIME F— LT, oI 7 e R B A S B R 1t R O SY

BALEFAILL O R T X R B T ™,

LREMBURT K B, SERKOMERTE, BAER, MRS,
TRALETHAN, RASHIRANES, SEIREK. FNEEERERREES
BRI R

BETAEGRUET K. B0, RESHIEANRS, 280 ErE
FHKR, RGWNEE LM KTIRMER.

WHBERNLEIET K, MAR, RAWNORELESBIRE, BEREILTE
PR A IR, LHAETHMME — RN, WA ERERINA, S
WK, ARSI, RYMRT LGB T A LR, AT B .

B2, MHRESBTESY K. KA KAREHEUEHETHRA, 3=
SR ERHBIER T AR SEROBHRS.

(3) WRABHEH 8BNS

MG, BRASEELRRNE. SRERKE, RENEHRNNESS
HERNLELE: RERERS, REGD, NETREEMRN, RAMBE “ZE” B
BB, HTEMT R %0 R T R R RIR TR, ARSI
RSB, B MO R E TR RS T A AR, WTRER
EIRGAEMRE TS B, SRERTE RIS BTSN AL, SRR
BB R RS G H EE 3-5 BiR.
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Fig.3-5 Structure of region self-tuning fuzzy control system

I, B R B R 1 0 7 v AR T R BT AR MR IR IR T A R R &

3.4.2 BESEBNHRW RBRIEE

(1) BHRRIER B E R

PRI W i SRR, JER R A S 2 BT 0 R R RO
wr, MREREAKOESER AMMAGEOSHEHRY, REeknLRaE
MREIER, HAh, EMEELENR, ETBRILLN S, XL AR MR
ST B SR T SEB BRI R ik, AT3RA T — RPN R.

S % HRIHON BOE I RIS W 3-6 Biom.

Yo

BAHRY

. K! -
r
p—— ——-/ 4 g e
N /]—‘ BEHR v
- - KzS

PO TIE Y

36 SERAN (SN REE A
Fig.3-6 Structure of reference mode! fuzzy adaptive controt system

BWEHH R NTRSKRER, BT HENEUNRER, THBBIEL . X,
#, 1y, & “BE” y,.
(2) MW EER PID #1451
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3 ABRN BRI E

ELVEEEE, YEEELENERER, RERMIELNE. BT, AWE
A5, ERE. AERMR A EREAFEANEET, IESEETENEH
BWERETW, FRFME PID 24528, UI—4HEZATH PID 28 LENSHEWL.
TFREAZNHELEE, ERBUEBHENRENE. 4280 ThET—-EHE
B, RGEHERSVETE, ETHLFURE. BHETENAERNEE, AMIRBRR
BFEHREARRARSRIESMHREATEND, HERHLFER, TEPRA
% PID £%, XHMRLM T PID #5158, XA SRS /M PID #1555
BREFIEHRGEMLES, VIRERANSEN, Fibh T 88 &N PID 3%,

EHEHLARREAR (35 KUNERENZRaIRFBHANSELL, R
JFEAREET Y PID S8 LHBEIRE. B EEN PID BHEHWENE 3-7 5
i

K %

K K| K]
1 i

r e

[+
- L PIDfE i 2% Wi s
d/dt -

& 3-7 BIEMARH] PID fHI REL W
Fig.3-7 Structure of adaptive fuzzy PID control system

3.4.3 BT WREW LN F B o

REfpst A8 BnARetniRanggtEeh, GcREga%.
HAITHE., ERINNERMFLELRY, BENERME, BERANERINR, #
MRS 26 ERABRERRERFHENEANREZ .

(1) BT HEMLEHRN 28N

B FHENERF SRR, REEIRN. BERMFTIALERY,
BEMNTHREEMBEHREEIRE, B, #EREZEENEMESENETH, &
BT, HENHFREEE:

OEHSRELHRPIINENESE, F AFERCEENERNES, RN
B,

© HENARSMENFEITRAEES, KREMEHPOREEL. BHRER
FHEMALITRR, BRI 2 o 2 S HARR e s

@ W2MENERERE B, REFAHK, SHARMh6E, DEN—#
ZPBITH. -

FUF M2 PR R SCERARRACL . AR A R BN TE, B AR sl
MU ERERMEBA BRI GENFRE.

(2) BT REFENEB 55 NE S
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FRAbAk K AG L2438 X

ETRERAGBOMENELNHE, BEERME M, ERENRE
FITHRMERBATRE, Bk, FABEEERMEREN QSR P EREED
BA—NMHREER. REFESENEHNELERRTR, —RETENRGME
ENGRGEIERETR: —RAABERERIHERMIE N RA TR, BT ETHRNA
& SR 538 AR DB R BRI  2 A BOR T RGBSR SR
R ZBRFIERHERE, HERBARTEES, ERASRETIINENRATRE
LA .

3.5 XM/NE

41 PID 25177 X B ET R0 KM EI T K. HLF L, SRR
REE, RRERMZEHEE, FRMNIGREETHIMERT, 53 RSN
RS, B, RABAENERRAGIEH. TESSHEEEHMELONERATYE
REHRGSEREEER, BORBHIRE BN R E LR, MR e
BR-MEREHNNE, BLHRESREENERMMNRRRIESTRARN S
MU, LEARGHE, BMEREETENMFEERAES (L TFHRss), g
BMEHERIR R E, BEANERITHRENHRE D KB N QIEN. DASEME
HER, GEEMBRIEREEELERNENTEAST GENORN, TR
Emm#. AXET U ESEHERMN, AR TAS PID B8 7R AH FHRER
.
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4 AKHDRAD 2 00 R AR S TR

4 At THRHMEMEERESHE

418|%

AMTFRE - RRNERS FRIEB I RE, EFRIRREFES RO TR
HOAHER NARIFERNTREREAMTENEEEMFRNARZ—, hEX
ATRLgshieh, RETHRAR ROGBYE SETRWEGLREE. TXH
HREERFETREANCHNAREHORY, ABAKSEBHR PR NE,
MXEBRNBRE. RIETRIBT AWM IRANE LS TREGHXRTR
ARSRU MR TRBRY BB AR,

4.2 AtH TRME MK ER

AXETHEREORERRRZLAM FREL, 0. O, BEEHRNE
HESER. BEZNAXRRLY): O NTRERGEEIE. BESAMEKRL
RIREE), OTREAPEE., HEAMTRIBNRAER, FRIXATEST
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Fig.5-1 Block diagram of PID control system of wood drying
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Fig.5-5 Block diagram of fuzzy control system of wood drying
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5 AMTREEREISR T HRALBIIT

ar—
# 5-1 HERIR RN &
Table 5-1 Fuzzy control rules
: E’ B NM NS ZE PS PM FB
NB PB PB PB PB PM ZE ZE
NM PB PB PB PB PM ZE ZE
NS PM PM PM PM ZE NS NS
NZ PM PM PS ZE NS NM NM
PZ PM PM PS ZE NS NM NM
PS PS PS ZE NM NM NM NM
PM ZE ZE NM NB NB NB NB
PB ZE ZE NM NB NB NB NB
F 52 EREHRNE
Table 5-2 Fuzzy control rules
2“ N NB NM NS ZE PS PM PB
NB PB PB PB PB PM ZE ZE
NM FB PB PB PB PM ZE ZE
NS PM PM PM PM ZE NS NS
NZ PM PM PS ZE NS NM NM
PZ PM PM PS ZE NS NM NM
PS Ps PS  ZE NM NM NM NM
PM ZE ZE NM NB NB NB NB
PB ZE ZE NM NB NB NB NB
# 5-3 BRI BN R
Table 5-3 Fuzzy control rules
Py
o NB NM NS ZE PS PM PB
NB v,? Y,? Y,? y,? Y, Y, Y,
NM Y} Y,? Y, Y,? v,? Y, v,
NS Y Y’ Y* % v,? Y, ? v
7E Yx‘ Y|3 Y;l Y.J Yls Y|2 YI:
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Table 5-3 Fuzzy control rules(Continual tabie)

NB NM NS ZE PS5 PM PR
Py
PS Y, v, v, Yy’ Y, Y,? v,?
PM Y;‘ Yi“ Y‘al Y}‘s Y," le Y‘z
PB Y,* v,! v,! v,* v, v,? y,?
3 5-4 RURES I )
Table 5-4-Fuzzy control rules
Pr
JRPSPC NB NM NS ZE PS PM PB

NB Y§2Y33Y3! Y\ZY‘;}Yg‘ Y‘ZYEJY;@ Yi'Yz‘Yj' Y;EYQJY;;l Y'TYRQYEE Y{‘Yz“{zi
NM Y|3Yzz Y;S YcinzYzl Yg?YZZY;gE Y‘2yziyjl Y|2Y23Y;i Y’iyziyjl Yllyqﬁygl
NS Y|3Y22Y;l Y|JY:2Y3| Y]JY12Y3I Y|1Y22Y3] Y]ZYZ.\Y!l V|'YZJY3‘ Yllng\’;'
Pul ZE v'v'v) v/’v'v vV vy ovwy vy vy
PS Y‘AYI\Y3! YE‘Y;I‘Y;:! Y‘.‘YZ!Y’?- Y13Y11Y;’ Y,EY;YJ’ Y:2Y2]Y32 YIJY;Y;I
PM i,‘a.&,il‘.an Y,‘Y,'Y," Y,‘Y;'Y,S Y|3Y2'Y,2 Y|3Y1!Y>2 Y.2Y2'Y32 ,‘,]2\,!1.,‘,32
F]

B oy'vivt vy vyt vt vy vy ovinty

(6> REEW L
RAGRIL 7 1% 4% UK A B LV (Centroid of area).

5.3.2 MR R ER
AMTRERHE S5 A0 5-9 TR,

HEAMGFGE PID #2612 E 8, (FEZE4MuE 5-10. 5-11 FiR.
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Fig.5-12 Block diagram of fuzzy adaptive controf system of wood drying
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if abs(e)>=3 & abs(ec)>=3

if abs(e)>=3 & abs(ec)>=3

Ker= Keer=0.6;

else

= Keer=0.3;

Ker

else

if abs(e)<1.5 & abs(ec)<1.5

if abs(e)<2 & abs{ec)<2

=24,

Ke1= KecT

else

Ker= Keer=1.2;

else

Ker= Keer= Kero;

Ker= Keer= Keros

end

end

end
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Fig.5-14 Temperature output of fuzzy adaptive controf system
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Fig.5-15 Humidity output of fuzzy adaptive control system
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