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Abstract

Tube furnace is a direct furnace heating equipment, mainly for heating liquid or gas
chemical raw materials, and is a essential device for the petrochemical industry. It is an
energy consumption equipment, as it emits a lot of heat and smoke on the environment ,which
is caused pollution, and its heating efficiency is not high either. In recent years, many
petrochemical companies start to focus on energy conservation, which makes line monitoring
and optimal control of the industry become a hot researching subject.

As the tube furnace production process is complex and the use of common DCS control
effect is not very good, it is difficult for the tube furnaces to improve their heating efficiency.
This research is based on spot conditions, using PLC centralized data collection, which can
transmit the data through the wireless transmission module to the central control room for
data processing, achieved the monitoring and adjustment of decision-making furnace in the
tubular heater’s control room. The research is mainly constituted by following several parts:

1. Acquisition system is composed of temperature and flue gas acquisition .Temperature
acquisition system composed by a thermocouple and temperature transmitter. The flue gas
analyzer is used to analyze the three gases (CO, O;, SO2) of the flue gas. Master controller
uses S7-200 (CPU224) for temperature and flue gas acquisition, in which the temperature
signal use RS-485 to connect with the PLC through the Port0 , using MODBUS protocol for
reading data. Flue gas collects the three kinds of gas through the 4-20 mA signal three
collection, and then transformed to achieve the gas through the range of flue gas
acquisition. Wireless transmission system is composed of two ZIGBEE transmission modules,
PLC, and with the KingView software components. Since the PPI protocol of PLC is not open,
this research uses its free port protocol to achieve communication between the host machine
of the control room and site controller.

2. As models of the furnace tube are difficult to establish by the mechanism analysis, the
numerical modeling is used to approach its model in this research. Based on the structure of
the CARMA model, field data were normalized by the data processing, identified its
parameter by prediction error method. Data were collected from the spot, including blower
pressure, fuel flow, flue gas baffle opening of the pressure value as the three input values of a
model , and before and after preheater temperature, oxygen content after the preheater as the
three output values of a model to achieve its modeling. After the final model validation,
drawn numerical analysis method used in this research has good accuracy.

3. This research presents a redundant decision-making system, including the precise
control of model-based decision-making system and rule-based decision system libraries, to
achieve the online optimization.Model-based stability in the system under control is
controlled by the generalized predictive control (GPC) of the identified model; rule-based




decision system is usu\ally composed of workers’ experience and expertise, and it uses in the
instability system.

4. According to the control objectives of system, this research solved the MATLAB and
configuration software’ communication problems by using OPC technology. The KingView
completed the basic configuration of the data acquisition front, and simple operations, history
statements, and presented a good view of the configuration screen. The MATLAB completed
the model control algorithm in the background. The combination of both gives the better
proposals of tone furnace to greatly increase the furnace's heating efficiency.

Key words: Tube Furnace, CARMA model, Prediction error method,Generalized Predictive
Control,OPC Technology
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FErt, ERPHI3.4x107(, -15.6)X—T A 0.
HESE: W=0.
spgemhnt: ERERE, wEGRIHE, —&EX 0.2
WSIRGER: W =(RIHAREE X ML)/ (R HRESREER)
: —-REHAH kgh, —KER 0.1,
2. MEAREMES
REBEXMBPHEARRETHRESNTETE, B 22 AZMZ[RHEHLE
% R B, BT LA SO, BV, DMES— Pt HRE A B 2-3 RSP KER

.9




¥ EANMPBEREESTRIEMAYL

-

SERERRT SO AHBRERARE, WETUE HRE .

(o]
<
5 L—\E)/A.\J\—\ﬁ . \\ - j \ _ %
i QO d \\»WAO
s 3
. 3
< 4w
- ]

, 2
\ o & % B
\ 1% ® )
\ ;dx. #M «©
N B\ Zm. ~

W I
N o «

b
noQ -

— o
< N

P
N Ll 0 A 4 i vd \ p.m
AOnt‘Om / \\ / pd 4
%ﬁv\& \\ d A NA o A —
w [~ m [~3 <D [ ] 1] (-1 (-] [T o ~ o« (3] -
=4 [} ¢ o N -t ~-

o O X /B 18141y OSeh 1o I

(2-6)

AP KERE R/ (ER)
B 23 AP AZRSBLHHSDP SO, ABBRERXR
-10-

HHE 22 BATHIRAE, BRR/D - REHTHRUERANZHAN:

o =-0.52a" +5.540° -21.53a* +36.592 ~19.77



B_F HAmPBERELTRERRL

WAy k18 SO; A &:
SOZ x 0% (2_7)
1-0%

Kb e RETREYH, o REWE, SO, RTIESSE. R (2-6) Fxk (2-1)
Z6/23, EIEARTOREST . ITHEFENHTERAHE, WX 22 Hfix.
—BER T ARBIEEESPKESHEER 7%M 10%XH M E.

%22 BRELAHE

S0, =

BT KESTE % HMRFKELETE 10%
SO: & (%) |MEAWA (C) | SO;MEER (%) | MEAuH(C)
1<80, <1.4 114~115.6 1< 80, <1.5 118.4~121.1
1.4<80,<1.8 115.6~118.4 1.5<80,<2.1 121.1~123.9
1.8<50,<2.8 |1184~1211 2.1<50,<33 [123.9~126.7
2.8<50,<40 [12L1~1239  |33<50,<43 |1267~1294
40<80,<6.1 |123.9~1267 43<50,<65 |1294~1322
6.1<50,<84 |126.7~1294 6.5<50,<88 | 1322~1351
8.4<80,<12.7 |1294~1322 8.8<50,<13.9 |1351~1378
12.7< 50, <16.2 | 1322~135.1 13.9<50, <17.5 | 137.8~1405
16.2< 50, <26.9 | 135.1~137.8 17.5< 50, <24.5 | 140.5~1433
26.9< 50, <31.9 | 137.8~1405 24.5< 50, <36.1 | 143.3~146.1
31.9<50, <44.2 | 140.5~1433 36.1< .50, <48.2 | 146.1~1489
44.2< 50, <66.6 | 143.3~146.1 48.2< 50, <66.1 | 148.9~151.1
66.6< SO, <87.5 | 146.1~148.9 66.1<80,<93.2 | 151.1~154.4
HE BiE m<110 e % <1184

2.2 K&tEAR S

& EHRERE RPN EFBBREK VAT DR S . TEBRIGTES
LB, Bt $7-200 RERMHIE T EEL LM B AMEITIEE PC HUHTHRE S
R, #EFmMLLEE. FEERTEERE $7-200 XEHR, 5 EUNEBREREARERN
M. ACRHAE ZIGBEE B4tk s $7-200 B 1 0Pheesass, HiEd LAHAS
WHHITRE, SHRGRESESTRINEHEREES. ZFREAFTERERY
[ §7-200. ELMHRZ BIHMRE, TEERE LUNMRE, ZRKNT B 2-4 Ffizx:

gmgg_m—"[www$ Rk Rk oA
AT I ‘
@—?—tﬂ PLC Eﬂzmﬂs | GBEE | K
mnﬁ—@)_ | ﬁ

B 24 EAEHRATEE

-1t -




F8 EAMMPEERESERERRAL

2.2.1 B S7-200 i E

BB THE MR ALL $7-200 h #4158, HEEKMGH STEPT-Micro/WIN32, %
%444 STL. FBD 1 LADDER =#4fE# R, # SIMATIC #§4# IEC131-3 LB
B4, KRN A dOHPIRABR IEC131-3 AN RERESFR, & LA
BB AT LB SR &M S FHETHR . TS RATETF AR5 S7-200(CPU224H) BE
BANE RS-485 HAM 9 4 D BiEH%, HETUERRALEZEEERSE PLC K
RS-485 #Oi#E, BUCHERERBIEEGE, PLC BIHNKMPIERF, FH#TE
AR IR

B DA RS FHEIR B CPU F ISR B RER, SMO.7 KA frikas
KM ERIRT CPU THFRAMERTFXLaME, BRBREAHARTITF. 3
SMO.7 fIfE 4 0, BEXFFKALF TREM HIALE; S SMO.7 BIE A 1 B F R T RUN
M E. FHEREY SMO.7 2k 10, AAWETEHDER. FHEFFE SMB30 £
Bl OEREHFEY, EHREERRAR, Bithil. BEEXZERSH. RAAH
ABEHUE, BloRERBEE, £PEE0 LN A TEiT ZIGBEE T& LK
B3 PLC F, BEiENER, LEFRHXAE 2-5 rrnZE.

C BoEEE ) RBEHIEE

y

RE & hilfE R

A 4

Bis, &% TH B, 141

N

A ¥
( sHREEF ) ( 4RVERF )

Bl 2-5 PLC B LEMRIiTER

2.2.2 ZIGBEE EHRZH & E

B4k, #8 ZIGBEE T4k 5 PC HLAE OME, 3 Hi@id PC HLAAEH K inic BAE
th, TEEREETNA: R, FHEE, SERE; MELRH, WE D; kiE
B, ORAR, BORE; JEEIEES, PRABNILRARFETSLE FER

-12-




FoF FAMMPEERELSELERRL

PRI, HARERE. AARERLME 2-6:

e Y A A -'«:;.‘,:
SHUNCOM Z-BEE CONF 163

Fmthdak: 0000
HRAR: PEE
FREM: pLER
MEEAER: PRM
M % I1D: 04

X Him:. 04
4 44 7 HEX
ke T &
CEHE: 9600
£ %: None
BiEA: 84041
dO#me: OF
BIEERU: FHH 4

Kl 2-6 ZIGBEE #ikSHicE

2.2.3 ZIGBEE ¥ 5 FiHlASRHFHRE

BT $7-200 EFER PPI VMY, ¥ 11 A28k 10 A%EE (BERR, B, Fik
fr) #%, W ZIGBEE BRI X HE T 10 M %E. FikACig il $7-200 BHATH
Rt SLHL 5 ZIGBEE & BRI MIEER . £ LAMETHES RN COM DR EBHAT
RE, EEXTXEREROBIFE. FBEKER. BFEMRERE—H. 2007 URE
HscER B AL A, B ‘AR RIGEESASTRMBETFE V3001 #IT
FXEREE, “SMpmN” R HEDRZH PLC WA D 10.1 #ATHEE, W “Wh” £
#& PLC &4 0 QO.1,7ZE_EAIHL LS E B 2-7 Bizw, BLERE T 2= PC HLAT EASEIR
*$¥3% PLC %,

4 ¢ :

,.,ﬁ’_j a § ! 5 Mf ® g

x| [l , |
&ié’%@f;&’&” S ol M"'WWM”MJWLW% %‘ ey A i SR i V%

K27 ARG R
2.3 AEPG
AZEFXENMATEAMBPEFRBERENBFEREREURTLERRR, UK

-13-




FoF TR BERESTLAABRE

FERMPPHEENSBHARRERB AW EHE. FHTRANBHEAEH
, HARFIHT $7-200 i VO OBLHR. ERRALEERRENLATR, B
$7-200. T&HHZ FHRE, EAHRE LANKREFR, NTBRT PRENE
KHEHIREES.
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F=F EAmiprfrag

EZE EAMAYHNERR

AP ERE MR R — KT RN R, FR R R A S BRI
BHOEAERR, RHLXBREANETRNERED, A ERIBIG HTEENEEE,
it CARMA BETEL, HTRABMIRE RN ER IR AT SR,
BB —AFMEERE, 25BANERATRBMEENR, FARELRFRE
AT L& 15 2 5K E LA BITR M R

3. 1 REILHMTHE

AR BH T EZREAMAP EMARRRNBEER, ERET R WAL
REEHANEEE RIS PID 58, XM AN TAEEREFER, BHBEAR
Bo XPERERLRNHEH ML, T EETMAPEEREE, 2—
A ERAEZHB MR RE. RERGTREHE, LEXLHWE 3-1 Pik:

BRILES = =D TR R
PR = Wi = BARATRE
T ARTFE =) —) WAEAR

A 3-1 B iR A

HEHEER T
Y()= fUE-d),1) (3-1)

KB YO =[T0) T,e) 0,0)] » HHREMBIP TR FER . FURIEFE AR
SESE: UO=[4®) w0) w©]» HHRSERPUES. i &8RRI
fORRBE MBS BARBU@) MEHRER Y () 2 RMIEREBRST %, ELBFLT
BN, XERESERE KR —RERSNEIERE. KB IAGH
ERFRE, NAENBHREXERTE, MATIREE BRI 8 EHE3 T

A B CARMA EEREILZIELE R R, wk (3-2) Fik:

A(ZY (k) =z Bz YU (k) + (k) ‘ (3-2)
RFH A BE") R 3IIELTALRE, WTFRFR:
All A12 AIS Bll BIZ B]3
A(Z-I)= 4y A, Ay| BE)= B, By,
BJZ B33

A3l AJZ ASJ BJl

-15-




F=F EUnraBEER

4)(z")=1+a,z" +-+ay, 2™
B

)= T henth 2
i (27) =y +By2™ 44 by, 2

(i,j=123)
UKk) R Y(k) 2 BIHEERMARBRSHERE, «k)RYENZ. HEH/ A
BRFEFPS, d RIRSERHEZ.

3.1.1 BEEHKREL

FEEAR G-2) REZEHTHA HHENRSIANMNEELRER, ATH
IR, ASCTHARRGETRIEALE, Mesarov' Yt E R B AL T HRAIM
Rk, MEHEHENBARSRHBORENE, WON=Z/AEE: P ABE. V
AMERFEP EV AREE.

PHRER BUnxnEXN%, BIMRAHECI=12, nBXTARAXE
M(i=12,-, n) W, HHAPABHR.

VHAEE BEaxnEXE, BMIHECIE=12, N MERHABEMARE
M(i=12,-, n) W, Ti EEEAFTERHESTE BEREW, KA VATEHE,

MEELEWETFEP FVRER. 228578, AXFHNEAMBPERFLRT
PHERIM, THEMM P AERE—ER, KRR NI,

P SRS RN SRR A -

G=AM +EM,++EM,
G =PM,+ B M, +-+ B M,

. (3-3)
C,=FM+F M, ++FEM,

R P RREIMIARE K MR BES. BR (3-3) THAR

C=PM (3-4)
A c=[C, - CJT, (3-5)
M=MM, MY (3-6)
PuPu P
p=|PuPu T P (3-7)
Pu Puz *** P

fELEEMERERE, AP REH P, XA p S E MIMO (£
WAZHER) FBLH p A n AR K MISO (EMARBH RS, F4X (3-2)
P A ATRMLE AR (3-8):

-16-




=% BB EeERg

4() o - 0
] 0 A o
0 0 gl

T B(z") RAE, HF C™) RBBEFEOEN, I3 Cz™") BT X
REBHRMSERKED, RERIL P MEHWRX (3-9) F:

Au( ") »n@= B“(z")ul(t)+---+B,m(z")um(t)

: : : (3-9)
4,z y,(t)=B,,I(Z_')u;(t)+"'+B,,,,,(Z-l)u,,.(t)

MF AL EFHANERMAN SR ERETS, R G—9) $HmEH3, pEH

3. BAAXRLE AGZ"), B(E"), FEMKn,, n,, RBESNGHOMELELHR
yiprxchdi e

3.1.2 CARMA #AIi3u#

B FLFE SRR A A E R AR, T R AR
Gitty, ASCRMAH (32) P CARMA BAPATHGE, L85 —BEA D AT
B, Bt AT

A(z)Y (k)=B(z")U (k,nk) +e(k) (3-10)
EFPA(z")=l+alz"+—--+an‘z'"', TiBz")=[B,(z") B,(z"") B(z)IREHAITHE
B(z")=by+byz™ +4b, 27 Ulk,nk)=[u,(k,nk) uy(k,nk;) uy(k,nk;) | REHAF
&, okBMATESKHEE, i=123.

3.2 HRPHRAAE

3.2.1 CARMA # R HHABLF
R (3-10) Ta1, HFEETRvE) HERT, REHFENEDTE 3-2 Fin:

v(k)

SRR

Biz™") Az [
e(k)

B 3-2 %t CARMA BRLRZM~ 4

U(k)

V=

k)

-17-




F=F BEAMPPOREEHR

3.2.2 TllRES

R 2B 2R N2, WEHES T E -V ERR R E 280
M, BEACTRNE yk) B, AESHFRIRNTEEIRD. BRX (3-10)
ZRBEK -1

Bz 1
k)= k)+
Nk)= ,)u( )+ G )8( k)

B( -l) (3'11)
4
A( —l) (k) [ _l)—l]é‘(k)'f-.‘,‘(k)
LGz ")-—( -l)~1+glz"+---+gnz"" BT ACZ)RYE 1 BTN, FEitsEnks
1 a .
I:A(z—l)—l]=glz +g22 2+"'+g,.z (3'12)

BE—NRREER, XEKRER G-11) PHE_HR—MUKBT k-18Z X
HUGEENES. LGBk M yk) RREZIMESH, BMNER (3-13)

y(k)=B(z_) u(k)+ [ ! ]A(Z—)[ (k)—ﬁ—(z:—l)u(k)]+g(k)
(z7)

Az Az™) 1
=Bz (k) +[1- A(z™) | y(k) + £(k) (3-13)
=z(k)+¢&(k)
H
2(k)= Bz Yu(k)+[1- 4(z™) ]y (k) (314

WA, z(k) R (k) R, MEBLL 2(k) fE0 y(b) H— S METTE, BATREE
e(k) REARE, £4 y' (k) H y(k) BAEE— BN E, MFRHR E 5B AKGE-15)
E[y®)-y' ®)] =E[2(0)+e(k)-y ®) ]
=E[ ()~ (k) | + Ee(ky (3-15)
> Es(k)? =E[y(k) - z(B)]
B, z(k) RERDHEEXTHBRERUME EHRP, RITTEREERERTHA
FnEHAMER, WK (3-16)
§(k|8) = B(z™Yu(k)+[1- A(z")ly(k) (3-16)

H0=a,,a,,*,8u,B1,B1ps s Byt By Bz s By Brgo o+, Bypy) I LT (E TR R E
FhRABgMORBESH, W G-17)

-18-




F=F EimigrrsiEas

¥ 2
¥ ==Y [0~y ®)]
= , (3-17)

1 & \
== 2[4y - B uh)]

k=1
HRKTRE BiRR AL

J,(0) = Trace('D(6))
J,(6) =1gdet D(6) (3-18)

KA T ATEEE R IEERE, Trace[o] A RKBUERERIE . B 1R AME J,(6) 71 J,(0)
RKBIRIRENE TR .

3.2.3 HHREE

SH Newton-Raphson®*3 kst (3-18) /ML E LB AT LA FRKRR:

6,,=6,-
n+l n n[ 602

IO [6J (9)] L (3-19)

b, o emnkskns it 20 g0 x7omm: 20y

Hessian 4585; & BHERSK, SHBIE,) RN, Tl nmﬁf&ww)ma"’“‘”
B TR

6 2 de(k)
26, Nkz,: e

50 2.0 ' (k) (3-20)
2\9) _ 2 -1 €
B O XACRCES

mﬂuﬁ%‘fﬁmu?%f’)a@:mawﬂﬁi&ﬁﬁﬁ:

IO _ 8 2% ae(k)
2606, ~ 06, [NZ, e ]

_ 23] de(k) ae(k) de(k) )
NZ{[ ) ]W[ ] (k)Waeae} (3-21)

_Z[ae(k) T _|(9)[66’(k)]

-19.




- W Yl e

FIO) _ 3 23
0600, 06, [N§ ad (9)

_Z[ae(k)] D! (9)[6e(k)]

kﬂ

6e(k) ]

(3-22)

Rep,i, j=1,2,--, L ABHER O ES. RE-20)MG-22) 2 TiEMLLE, BEAE
HREBIN M EHTHAREEN, BFRARREENTEERA, HRLHFEPERE

FER (32D, R (3-22) WEL=H K. Z‘iﬁ(3-21)$ﬂ(3-22)¢ﬂﬁ-a;(%ﬁﬁh'ﬁt

HH:

6;2() __ __30_ [f(7% 4D g)] (3-23)

BBl E3ER), WTLIE H Newton-Raphson K E S BRI :
() aEERS KL, AR—ADBEEEIWYIES,, En=0.

@ % b R RAAR (3-18) B (3-23) &, HHAHDE@,) ek); . agg‘) %
Fk=12,,Lc
(3) REAR(3-20), (3-21)F1(3-22), vrﬁ an FEfE ;9(29

62J 1(0),.1,07,(0) "
Y I ]Lﬁéﬂ%l,

@) ERFRERENh MANEREE,, =6,-h]

) HE-19R,7HE6,,, .

6) MR J@G,,)-JO0,)EBEHFERREL, BWSn=n+1, EEQWULER, &RE
BIM G, RN RES UG THE.

3.3 REHELBESSHPAER

3.3.1 ¥uEmie

LM TS, BTFEYEENA—BE, & EEARERNEIRRETHR
HERWHR, IRAERAREARE, BFFRBRERESHOARR, BFRELT
KRR E#ATIEE

H—R—FELHERSR, BRFRRNREA, 20%Hh, KATERNX
R, BAAR, PR R RS H— &N, B—E—HEEALHE
FB, FYBRREHEOEEREEHSERR. Wt H, 5DEENEBME.
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=% EXImAPREERY

A SCR R 77 RATHTE RAEBIN B AIA—2) 0 8] 1 Z X — B4, BATAHBLAIHA,
B 5 P BT LAHAT R A — (L AL R S TR i i o

H— LT AT LR -
1. &HRBAE—k, WTRAHR:

y =(x~MinValue)/ (MaxValue— Min Value) (3-24)

B x. y A RIAERE. FHME, MaxValue, MinValue 5 W A BEA R K EN &

Mi.
2. SEBRKE—, WTFRFR:

y=log,(x) (3-25)

BB x y S RIAEBGT. JEHE.
2. REVIEFA—1L, WFAFR:

y=atan(x)*2/PI (3-26)

BH: x, y HRREERAT. R

7 32 WEERTEENLH, RESRANRGRERN—AKEHEES A%
3547 200 LBATEBIHR, 5 50 AXMHAMITRE. HAENEEETH—HALE,
REF_E R A — Rt BB AT AL . B RCHR R 200 AMEBIEIME 3-3 CRABER) M
& 34 CRmEdE) Fix:

RABEEE ﬁﬂﬂﬂij} ut

0204060801(!)1201401601&]2(!)
WA w2

W 10 120 M0 180 10 20 0 XN 4 60 80 100 120 140 160 180 20
ke 4% ‘ REHETE W

J‘AMWV WMM . M,ﬁ ﬂ ",ﬂr%‘i W M q"/ r[\

oﬁnwsoeomomuommzm 20;06080100120140160180200
’ 3-3 BARLREMBALIE B 3-4 MRS H LH HOR

un

221-




F=E EAmBPHEEER

3.3.2 SEOHRER

HESEAELUS, 7 MATLAB (R2007a)F & LTS H0HR, RGHRENT

& 3-5 FiR:
]

Feh (THE BEEHRBH
HE) n,,nb,,nb,,nb,
nk,,nk,, nk,
BMAKE .
- (6%, 3A HARERY
3wml) pem

E |
%4651 %18 i 47 A ot
— i
Y RELHNE >0
#2000 R HE A
2
FOARERE
WY (@iE)
it R 2R v
Nt R,

3-5 HPREA

BT SRS GRS RBER/MEE, AVHKRSEWE 3-1:
#31 HEHEERHMKE

~ Mk n | nb, | nb, | nb, | nk, | nk, | nk,

R e
WHBEEE|3 |8 |8 |9 (4 |4 |4
T BwRE (3 |7 |8 |8 |2
WRPESE|S |7 |8 |8 [4 [4 |4

t

l

} BAHFRBIMTRME 3-5, B 3-6, B 3.7, z ARGMEHH, m(E~EL)
| Higit CARMA B, WRAMFMERNARFNREUR, /3-8, H3-9, E3-10
\

|

\

EFEHRERG A BB, zzz A ERNERE, m(ERZ)AHTNE 2%
R B RIFHREE. BRER 3-23) BHEURNESHENR (3-24), K (3-25), R
(3-26) Fi7mo
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F=F BB SRR

R
4

b

e

2L fRE
-- - miAIE

60 80 100 120 140 160 180 200
Kl 3-5 TR EREHEE

0.8}

0.6

0.4

0.2

0 1} L ! | 1 1 1 1 |
20 40 60 80 100 120 140 160 180 200

B 3-6 TABBAEHAREE
@%*%%E

0.8 f! k :

S

04+

| 02 2 P&
e N mAE | | !

1 i 1 |

i y -
20 40 60 80 100 120 140 160 180 200
B 3-7 WP EF EPHUSR A
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01t

06+

0.5+

04r ] 07t

03 }?‘\ : 06t ;/‘
| I

02+ ﬁj 1 05r |
\f —aWif| | Mv

o.1v e M| ] 044&)
.

NN
3-8 BASIERETRIER

1 -

of
os] ] | ﬁ‘x f\ / |

N Vg '1 -
\/J v |
04+ i 1
i |
o E/ o wad| |
! —- m HME ||
o 1 1

5 10 % 20 5 0 % 4 6
B 3-10 FERPESEHENRITER

AR EREER A (3-24)

Az*)=1-06z" -0241627% +0.7203

B(")=-0.1031z"* -0.02069z* +0.005921* ~0.3322”7 -0.029162™* —0.1009z +02356z*° —0.0993"

B,(z")=006516z* ~0.13512 +0.15532°° +0.19152 " —0.59427* —0.50812”° +0.32552° +0.55%™"

B(z")=011897" 01159 +0089752° +0.08126z”" ~0.14z " +0.33972° —0.71352 ™ +0.709z ™" -0.14897 "

AR ARERE R (3-25)

Az")=1-0723z" -0.75977 +0.309227

B(z")=-0.02563z"2 —0.202z +0.2748" -0.051852”° +0.301z° ~0.27762”" -0.03788z™*
B,(z)=-0.1461z"* +0.00645z™* -0.039052™° —0.069082™* +0.0196z 7 +0.17522* —0.1808z +0.095682™
B(z*)=-001257z" +0.03527z"* +0.04069z ° +0.1124z” +0.12082 +0.1931z™ ~0.014637 ™ +0.17512™"

HRPESEEY WK (3-26)

(3-24)

(3-25)
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gz FAmrnEFERE

Az")=1-0.1999z" —043742" +0.030772"° +023727* -0.369"°

B(z")=013187"* ~0.2384z" ~0.15192° +0.03762” +0.20682* ~0.07036z" +0.1954z™
B/(z")=008511z"* ~0.0249z™* ~0.05845z* ~0.5003z —0.0062°* +027172” +0.353127 +0.07852™"
B(z)=-0019632"* +0.076262* ~0.1043z* ~025522 +0.090187* ~0.08938z" ~0.04592z +0.338927"

(3-26)

3.4 KTE

AEMATHETF X CARMA BAHMAS#TRE, RANRHR RN SR
BT EAMAPHSHEERESNEE, FRERTBENDR, FatiAsRE,
ZRBBHNHEN CARMA EHOHANR, ATAETHEENBFORRETTE
it
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FNE EXMPRRPIRRS

EME ERMAPHRPRERS

mASHEATRER. SHEE. BIREKR. BHREH—TRE, HP0rd
TREER, WEK. REUEHENRRZRENRENS), SEXRZAHEIRE.
MEFH, BREEPWA, EXMAPRIEEESRT 2. TRBPRBTRAS
R SR R GOR NP T SR BB 4y, AR T4t SRS R AR A TSP 2
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A GRS B RS R md . HaR (3-100 2—4 MIMO 24, A&
B, AEEBOEEHRTEE, W F-RUSRERACH - LRIFNBBZST
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4. 1.1 XM @R R
fxt (3-10) HE, &
A(z™) y(k) = Bz Yu(k-1) +£(k) (4-1)
Hep
A =T+ Az ++ 4, 27"
B(z"y=B,+Bz" +-+ l},,,z""
{u(k) YR y(k)} 2 VR m AR m R RE, (k) Rm EELAHXHBEHEZ)

B, KHEAT, FE ol . FR—EH, BRAC) IR AR,
¥ Bz ) AFERSY, B

B(z")=B(z")+B(z™") (4-2)

o B ") R—AAEMEAR, BE)RMAKAIFTOER. (4-2) AREBE R
BB Z AR EERR, W) WREENMHLESES.
B (4-1) F (4-2) RBH:

Az y(k) =Bz Yyuk-1)+ Bz Yu(k-1)+£(k) (4-3)

H eI IR A T

N . N )
J=E{Z[|y(k+ J=rwtk+ j)+ 8, (2 ulk+ j-1)||2 + 2 e+ -0 ) (4-4)

=

yk+ TR it wik+ ) RREERE, |X[,RFX0X . QRAKERSE
BE. B XTI EIE AL, (44) KB EH—I0S, Ytk +j-) . SR
X% ENBHSTR, FRMRBER GRA R, FIF, IACEBOERE 1, LA
AHEBAT R, T R—AAEE, 1 RAAENTOEE L OERARS .

5€ X Diophantine /778

I=F A"+ 576,6) (45)

Hep

F, (z") <I+F/z" 44 ) g0

J
G(z")=G]+G/z" +--+G] 2"

T A RABEEE, FTOLF ()G, () B fRiRE.
RFE)ER (43) R, A7
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e+ j)=F,(z")B(z " yu(k+ j-1)+F,(z") B Yulk + j-1)
+G, (2 )y(k)+ Fy(z ek + j)

(4-6)

T ER F (2 )e(k+ ) REHATERHES, W yk+ ) HRRFRTERY

Y (k+ j)=Fj(z")§(z")u(k+ j-1)+Fj(z")§(z°‘)u(k+ J-D+G,(z)y(k) 4-7)

# Fi(z")B() R F,(z)B(") A B4
F(z")B(z")=E,(z")+z /L (z")
F(z "B ") =E(z")+z7L (™)
Hep
E(z")=E +E/z" +---+E_ 27
L") =L+Lz" ++ L, 2"
' E'j(z_')= El+E/z" +---+£~",'j’.'_lz""l

ij(z") = I:{) +E{Z’l Feoest ij _lz‘"n"’s“

‘np+np

-np
a2

A 47) ARTH
Y+ j)=E,Yulk+j-1)+E, (2 Yulk + j-1)+G,(z")y(k)
+L,(z Yk -1+ Ly (2™ yu(k-1)
¥ ERRAN (4-5) FHEES ()WL
S,z (ke + j-1)+E, (7 Yulk+ j-1)+ L, (2" yulk-1) =M (" Yu(k -1)
Hep

M (z")=M]+M] +--+ M)} 2™
R—AMAZAZHEELHX, U (4-4) TRFH

J= flej (Yl + 1)+ Ly 2 Wl B, 2 Yk -1+ G, )y -t + ) +f]|u(k+ il
Izl

=
=|BU+ Lue-1)+ Gk + it k- - R+
K

u(k) w(k) G(z™")
}u: AU IS O PR TG
0

OO

E, 0
E= E:ZI E.zo

E E E ) . '
w-1 Ean-a N u(k+N+1) wo(k+N+1) G, ("
v(z7)
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L") M,z
L= {q(z“) i = .Mz(z")
Ly(z") My (z")
R =diag(r))

A= diag(zj)-rdiag({l'/) =A+1

He j=bL-,N

T JARBRME, B
U =(ETE+2)"ET[RW - Gy(k) - Lu(k-1)- Mu(k -1)]-(E"E+ 1) U (4-8)

fELERP M MABHBETHARRETEREE
X (EE+A)'ET 8 H m 1T R €& =[e,ey], (ETE+AY' BT m 4T A
BT =R+, hy]
W u(k) AIR R A

u(k)=[e,+ e, JIRW - Gy(k)— Lu(k =1) - Mu(t =1)]~[h 4, ++--+hy Ay 2" " Ju(k)
¥ ERRAN 4-3), AJBATREE

{U+z27"(eL, +e,L, ++e,L,)]A+2"B[eG, +&,G, +---+e,G, I} y(k)

_ . (4-9)
=Bler +e,n,z+--+eyr, 2" Iw(k)-Tu(t-1)+Ve(k)
Hep T RAHEBEHTR
F=B[ (M, +e it +--+e,M,) |+ B[eG +6.G, ++e,Gy)+ (A +-+h 27" | 10

{142 6L e L, + -+ele):|B

M (4-9) REK, HEAFRELIARE, WLAMET=0. ATHE (4-10) F
KA HROAE, RERRAREYKE (4100 ReFp I, AT,,
XA T REEHHD 0, EILFERRERIELI.

FAEFRREPMIEERSR (4-1) X2 CARMA £, X T RIEMF RS M
TRAERE, VAALHERRIER (44) G, ATHRERL, &
n=ry=-=r,=r, WA (49) PEKiHr.

r=(¢+-+ey)" x{BA)"'(I +e,L,(1)+e,L,(1) +--- + ey L, (1))] A1)
+¢,G (1) +e,G,(1) +---+¢,G, (1)}

(4-11)

BRI T, M) Ry A (48) i, WA T RS,
u(k)=[1,0,--,0[(E"E + 1) x E"[RW - Gy(k) - Lu(k —1) - Mu(k -1)] (4-12)
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S, BAIRPRRE RENET N B EU KRS HE, REFSPES HRFR
AT AT, B, Ry mEt—fHE. EHREERDT:

B FmAR N
Y
HEHLEURE
EL‘FE‘J;?‘;%N > EERUE > EFLRHRY #ITALREP

4-6  HT R o2 SRk

DL EDhas e sl E b, BASTEREESHERIH. BHWRNEL:
IF< %4 1>AND< %M 2>AND< %&ff.. >THEN < &> BREFKHTILE, AT
i, ERETEFERHENLE &R EE—EMBETEN, mErRlE
HBIER—NEME. FIUAEEREREE&EL, AR BNEE, it
BB EHEETURS R “B” “FE” “K7 XEMEKRRE. RABEENE
FHITRE, MTRER:

x—a,

a,<x<a,
a,— a4
1 a,<x<a,

uA =4 (4'13)
a,-x

a,<x<a,
a,—a,

0 HE
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BB T SR BN A N EIRE (a,0) 2B, RRVEER, REE(a,0,) 200
BERETEY, LBEE(0,0) 2 BRBERER. R4 TER—PHERANERT,
AL “B”, “TEE”, “If” S5k 4%, tia=907C, a,=120C, HWEHEHN x=110
T, u,=0.67, FEXEATLIA

IF x>a AND x<a, AND u,>0.5, THEN Hifi: “FASEREEK”

TEX B ASCHEMEL 0.5 AR, BT 0.55IA “K7, EF 0.5 BkA “” X
FREMAXESE (BE, CO,80,,0,) HTLUEEUTHEHRBERRTHAR
BXRAR, BIHREERZTDT:

A

1

0 a a a, a, x
K47 HERER
R T DUE T B A SR LR AN R I . & 41 REEFER TARPS
R A TP
%41 EAEPIUE R RN
BHA % Fi; N
_ . . A RERETAE,
BREL G st 0, it | " mﬁﬁﬁmﬁﬁgiﬁﬁﬁ AR AT
BT 5%), HCO&E ’ ) BEHD
% L EXTAE%. NARERS | RENAARER
w (BUE) =09 wBR
HRREL O O, FE SRR M BABLIIE R
(KT 5%), HCO & w G =07 o
B4 Oppm £4 :
I MRS, HE giﬁﬁgﬁi
AT 0, #905 | HKIVAAPE. THRIHBAR | 7o w2 a7
B(KTF SwmALE 5% | R w (B =08 ?Ei-‘wﬁ 3
i, HCO WA | 2. MAWTIER w U =08 | | w1
#HKT 100ppm) 3. JRKR IR e I «z;a%;& NE
w (BUf) =0.9 et
XABTHT O & | ey S TR 38
RiECAT %), Boofy | | RIS e
S ERECLT 100ppm) '
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MAEBHBRHO 0, FRIE

H(-5%), 0O HELER | T RS T IR
(/MF 100ppm) )
370 T ER 1t 136 A SRR TR R i%ﬁf@%
TR (380°C) w (B4E) =09 ’
FBK
STE M SO, & Bt | (D ACRETMBIRRBLRR, & | 0oy e py
s A R A B RS L | ()T
00ppm MR A w R =09 |
BRENN 0, AHEH
RGN0 0, 48, B | SRR ,. _
\ W MR FE SR SXRIEAF
BRA2 TRE 2400
(Tha® - BB LA B R
WD | mami o, 4 | T REERRRBIEREA | B
HEMHO 0, FHE, B (tx’ﬁ) =0.8 wR ﬁ" b %t
RO RS | oo el
o SR BRR B
BABEN 0, 4 2 57 ‘. | Sawmg,
mEMAAEEARy | TROR FREER | e
B 3 _ B E RARHT RERABEER
ing | maeor o TEER , Gain) 09 R B B AR
2SN - HELRHATR FABIHR | & BABIHRE
R TR AT, SRS
B2 5 0 HE AR B | O A, TR A AR | R ARSI
% (KT 200C) EFHE, SNENEWRE | BK

w (B{E) =09

MR HWR SRR RPN, HE S LALLM, WRAHE MK
M EIRERRE, RAEAWT:
If Nyand N, and...and N, then H FILLR7RH CF(H|N)

FREHN, NN, B EHAER, wowyw,, KoY w =1, WEEHEMR
IR RIRE SR A SRR, CF VT ERTURTR: -

CF(N)= Z w,-CF(N)

i=l

CF(H)=CF(N)-CF(H|N)

(4-14)

LERGH LAV T ZERE, RXRAMRMTERTEERES®.
WEREMURR,, B4t CF=AxCE+BxCF,, ABAR R, FHAMUMNE, M
CEH[N) MICE,H|N) 234 R R, WAIEE. ABKBEARITHENTH:

A=

CR(H|N)
2
Y CE(H|N)

i=l
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ZIGBEET £tk

PLCRAEMSIR \,/‘_—‘__—_D A T6.53
PCHl1

o

Matlab

PCHI12
PEE

B 5-1 e s W R L DUAE
5.1 ZF OPC #K MATLAB 54875 T 9B M

hEERRRETERHEFAST 6.53. Matlab7.0 f_EALHLE L H AL B
ERRER, URFEED OPC BIEXHEALABENEHEAR. 45T FELIN
G HAT R AR GERRAERRD) MFPREMER, T Matlab LH
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5.1.1 OPC BARBMIE R/

OPC (OLE for Process Control) % FI I TMb#5HISs#: ObrdE, €7 LURBEES
IR T LA R R & Z B HHE1E . OPC &SR TiHIEHMNA OPC #iTE, B
STRFEIR . HEBUEE. FE5IRE. #EE. OPC DA XML — R 5k .
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(1) BUAER DDE £, HEBFEXFYENRS;
(2) FERETHEK AR COM L2 ERILE;
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BL S7-200(CPU224) A I8 84T R 48, HEE {5 S RER KA 58 Al XK RS-485
B EHEMERST MODBUS Hhllhn@fE, HSEBERENEDESMT R
4-20mA =%/HS 558 PLC MBI B RER LR

XM ARG REIT S7-200 (98 B0 5—4 ZIGBEE L& A&HtEH A RS-485
OYEEE, TREEEPREHEEEASKEN EAENERRE. LANUS5—
A ZIGBEE ##iiiE, Mt AARBMRELURE $7-200 FHE B OPHERFER
G5 EEMER, XERTURRRGTEALNRE, AT LET ZIGBEE %
HENRE, THRKEEEANT K, ETXAE NPT RN.

BB R LR TR GEPAET RUEREPERS A8, FEELRE
PLs SRS K — A kA P AT A TR . BT HEKEF RE
FERBS AP AR, A OB IS RERGEIE, BT CARMA BHE
TR Z R P T B PR, REERIESHAEEEAARRIEE.
ERRREZE, ZFH GPC HExHA MU, UMKHNABMARES, BB T
RIFHEERER, £TRNERER FERREFR TARPERALRXIR AN
AN, B RERGEIEH TR, REEE —CEHFHTANLE, 4 HiA
i, RFRETERLRELRMA, HAMZ R T ARBEREZEN

NN RLRN & FALETHERIR, HEANTHSAHIANREFE
. EATET OPC HiAS MATLAB HITLE(E LI =& JURMEARIRA, A TR
88 30 = iR B SRS B B LV A Th RS, 3 BRI BRI T ISk 5 A S A S
&, 7o S ST sk D AR R B 7 S B AR R B ThRE, RIEM KBRS
t, HRERTERMEF.

.42.




6.2 TIERE

BT LREOEME, AAREHRERFR, &REETUNUTILATERETE
E M-

TR TS BE AR E L, T CAGE I S8 R U R SR SE B SE RS BB A S —
SRIERRERTIMUORR, BEMAREIFEREERAFRN.

ot T R e P Lo A SR R 5 T S A B R E B AR S RO R A B — b I P
HR, B TEHSABEHEPTLSMANAFNER, mAME, BRES, URM
HRL R IB A AL AR, FIRERERHRRER IR KRS

WFEREAXRANEFAES, BAEFSEELREANETES. JLlE—
B3R RGMA AT, IR SANRRE . PRI R AR TR AR B A
PR,
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