FEIBEESH
2001 £ 10 B

WAL SNM
CONTROL THEORY AND APPLICATIONS

Vol .18, No. 5
Oct. 2001

TGS 1000 - 8152 2001 )05 - 0722 -1

HRFRIERETFRMNREMTSHENESZARSER"

FEE A¥E

]

VERB T BT RN T M 510610) M T Res¥a8 TREFE §RE¥ 1 #,510640)

BWE: s REMOENEER AT LA APRFEYRE. RE TETRNESFHEOKE

Tk KRR AR B RN B A% FE
XEBW: RNR; BEER,; QEAER,; RET8

EWFRIREG: A

A Soft Sensing Method Based on Prediction Error

Estimator in Pulp Cooking Process
LI Xiangyang and ZHU Xuefeng
{ College of Electronic and Information Engineering , South Chuna Unaversity of Technology - Guangzhou, 510640, P. R, China)
LIU Hpanbin
{ State Key Laboratory of Pulp and Paper Making Engpineering, South Chuna University of Technology * Guangzhou, 510640, P. R, Chuna)
Abstract: In order to solve the problems which the soft sensmg maxdz] presented n reference [1] faced to in prachcal ap-
plications, an error correction method which 18 based on prediction error estimator is presented in thus paper. The application re-
sults n pulp cooking process have shown the effectivensss of the proposed method. Therefore the suggested method has practical

value 1 applications

Key words: soft sensing; emor model; awto-regress model; cooking process

1 8135948 1 (Presentation of the problem)
HERHRERT P EERY K
HENABEEEWEEESR Bt 28 THFUE
RENBRINT MEFRE, AN eBmEET
S KL R SHRBEPEEEX REFTIESR
KEH R, BRI AR A R R RS A
AR A NS NER BN KL
i BT E N Kappa B EMEREME
WOHE, BAEMERFF R SR8 Koppa BE7ES
W% Fl, HEESE % 5 Kappa {830 4 B
BT &, 8 i Kappa {8 H9H %3¢ B Kappa {5 ¥
R . FRW Kappa N BEIER £, P H&
AHBHFHE AREMTKBESRERBNE HT
TR L0 HE, AR [ 1] 41 T B MODOCell 2 %]
ROTIREEE3E I B A Y Kappa (S80I B AY .

== O M aEw, (1)
F =0 ;=0

A, FA R EUMERE . K AEKN Kappa &, a,

RERES, H R A H BT, ELESMAE ) Kappa
Er R HEAT.m fn HENEE.

JCEN T FIETRE L ISR A R R AL R
Kappa BT Rl H B FHE XM ESH. K =
fH,EA) RS (IREWMFAATEE.PHE
THEA, BT LA 454 Kappa B 8 H, EEHRE
B 150 BN B2 R Rl E R AT a0, e
SHEEERAGE Sy iR ELe H BFirE
i Kappa {E. 2% Kappa {H35 5| T 2 SR A, 505 7
W OXHEATEEIBRPEKE Kappa ENHIE .
BESA THENBRMBEAMOR T . SBENE
KBEEE SB[ 118485 T Kappa H 5 W LB X
EMERXER. UM HB(DFERENH
EAREEBESHPMEREY A VBRI E®
Hedp T, SCER 2 | R AR (1) REE R B
BEAMMEDT . SBENTRKBEFRENL SN
Hu L SN KeppalBES H BF . HEWMAEL
B AR e R AR B
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K, = aj + a;IN(H - Hy) + a;LN(EA » §),
(2)

HY, gy, Ml oy AR EER FTREELEL ®
W A E A RRE B, D RBRARNE S,
— % H, B/, B 300; H h HEF. ESHRERM
W AR %, BBEEHTE L EA B H = H BTEURE
EZR ROEE € R N T 1 oF TNl R
B S WP B, TER AR K,
I} {1+ 69 Kappa {1 .

EEANET) MR P G T —-EM%
RHBEFTZERYIZNHE - MUHE) <5
G EREE SR EH —EMER. X THAEN,
R B Y %) TR B R A U AR T U HERE
2 #t— RS WA E 2 (Analysis for

further improvement on prediction precision )

BMEHEREAERNIE . SMERNEEY
FRRA F 5 NaOH,NayS %, R E BB E B A
ERETYRAEREMIEAEE, THAI™
i AR W) Kappa HS R IET T ERRTHREH
WE L BE L ATIR] B K BT (B AR G SRR R
EHAR AR AKGEFERE ERQINTE
TR EFTERNE, MER TIFEZWENHE E
. RERXERHRNEMAOEZEN, M St
HEAR HEENTAEERTLET A1 2ERY
()M TAEIRE, WA 1 TR R T A &
fIEHE . E 1 ATFEMQARELERENRY
— i, BEER AR BEER(Q)E
LHEISREREIFNR. eI EELERHHEENL,
YR ARARRITABEENERENRMAE
EEae K, SKBERARE PEMNE TS
LHEEEEEEERER.

EASH l——: EHIAIR i
WLt %5 I & Bl iy # |
K

B R () TIFRERE
Fig. I Operating scheme of model (2)

SR () E i Sl e B B
R EG R R SRR R, B REY
TiF R EME AL RS, 6 ER, THERX,
AEWBERFZER. —MEER, B £A, S FH S,
FHEMEF B AR, i - R BB E R kR

R TINEE, AR X HERMAE R G
BAHEMNEEE YEEYHEETERLEE
LR ER g M T TAM TR, R
AP MAYKERWHERRLH HM—HTK
B AREA—ERERBNAE . X2 E NN
EWMARMER, dIgm TR AR EHEE
WAL AE-RTEEFAREAEGOHALRM
B TRE R (2) M A TR FEE (2) 1l
THRERBHR ¢ IAEEREN /D, EEBHEN
Wi AR AT BTG R O AR
B AA I 21 TR R, A RN R IEaT g
hn—-1~#h 2 Kappa {6 #9850, B 0 2 — Fir 2 3 55 A
W7 k. it B AR A 2 B A A TN R 2 0
BRY.

EA(kH1)

Stkt+i £
_f‘(’“”‘::l HRME |
BEREIS @ |

T e
Ko ikt
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L{ ik }
B2 TR LR Kappa 6 FId] R &
Fig. 2 Kappa number prediction system with
prediction error estimator

3 BRI 8% i% 1T I R 43 47 ( Design
of prediction error estimator and analysis of
its result)

A 2 AR, FRAEEEE  K, B O R

(2) T —#AGiT MR e(k + 1), AT BT MR 2 531

BEBWAN(EA* S) A Hy, MiREBHR S .

(efk + 1V =al0) « e{k)+all) « e(k-1)+-+

a{l) - e(k-I)+b(-1) -
w (E+1)+5(0) - u (E)+
o+ bh(m) s uw (k- m)+ c(0) -
wy (k) + c(1) v wall - 1) +
o upn) (k- n) + (k)
u{k) = (EA - §)(k) - EA - §,
L (k) = Hf—ﬁf.

TR 11 38 e

(3)
H, EA - SJ9EA - SWFIE ., H, J H W9 F31E
Lomon JABT ¥, e (o) HBHILT 2, MR BRI MR
HATH uy A owy IERUHIES S,
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FTRGOZE-TNEASREBEHIERE. R
BT LUE S BHE A T KA 88 F . — BB R EIT 4
B e SRR W REH BB KT LE. AR,
EHKBALBER EREARE I -4 MHE. ™
B AERESMRIERIER, B2, B THER
foed A, KEHE AT MO BT R IR RN R . B
W, LAERE-EHERLGT  ORAMMHSE
f£. A REERN (DG BEHSARERBEH,
BRI () AT AE B () AR 2 B7E S B 19 . X
MRFRG AL EHE T RENECIMARY
HEFL .
2PV —a(1) 2 - —all-1)Z—a(1) = 0.

(4)

E# 0 AR (3) i, i 5 4 6 sy U B 47 3
R X BRI (3T T b i T AR
ROEMMGHAREAZY, EMTRAHXER
MERFMEETE. TEUESET HEFRMY
B SRAERAM TSR,

HEGHK BEFRNE—SHMS ., ELHE
KWEBH, e Fuy 1w, HEHTUZEE, FEEBA

ERULIREE MiRET R ECY 3 Bl 3 F,
BRI A BTER, MR (5) T
ek +1) =al0)e(k} + allle(k - 1) +
al2)e(k -2} + e(2). (5)
EXBRMABF 0 TR SR (SRR E R
Saf AT, AR BEEBIA T RGPS RS,
RERBEREHFEHE EESLBERBHEE.
EHEEFTRGIHTERETIERE.UE-SHY
HREBEIRICNHER(6):
e(k+1)=0.5e(k)+0.3e(k-1} +
0.le(k-2)+e(2).
(6)
‘B RIFRIE B & 0.9352 F1 - 0.2176 + 10, 2441,
ENEERAEN AmEE.

HEEE 2 w4
Kk +1) = 05e(k) +0.3e(k - 1) + 0.1k - 23,
(7)
K(k+1) = K(k+1) + K,(k+1). (8}

Rf FRBLRE(7)F0 (8) BEAT ALY (2) B2 1E, ] 58—
SHHMBNERNE 1 Fr, BIETE N RERT
R2Hm.

A1 #HUEDFPEEETEOHENELEILBEL

Table 1 Comparison between model (2) and the soft sensing system with prediction error estimator
gl %W RT2] FRERITH RN
|k HEM  WEE HET ki BEESD
WM KE FWMEE WRKE MWERE
61 27.28 26.3 1820 3.0 35.89 -2.89 35.65 -2.65
62 25.58 21.6 1763 33.3 EXI -, 16 31.56 1.74
63 23.56 25.2 2078 M2 5.2 -1.0 .50 - .285
&4 26.04 252 1842 KX I M9 -1.72 33.88 - 168
65 24.18 26.8 1922 40.2 37.19 3.01 3920 .91
66 27.13 26,8 1750 3.0 33.58 -0.58 32.86 (.14
67 24.18 25.3 2120 .9 32.50 2.31 32.52 2.38
68 2356 25.0 2230 35.5 2.2 4.28 3415 2.35
&9 23.10 25.8 2416 41.9 35.54 6.36 41.69 0.21
70 26,35 25.0 1856 3.6 .72 -1.12 37.06 -3.45
1 24.03 27,2 2060 KX I3 36.25 -3.00 35.88 -2.68
72 25.58 27.2 1896 0.4 35.18 4.2 36.10 3.30
73 24.18 26.8 1886 43.0 36.65 6.35 41.35 1.65
74 26.51 27.2 1942 35.4 35.18 0.22 »n.2 -1.8
75 24 .80 27,2 2070 KEN 36.63 -3.5 36.00 -2.9
76 25.42 26.6 1678 33.5 35.09 -1.5% 32.78 0.72
77 4.3 26.2 1840 28.1 37.26 -9.16 3261 -4.51
78 25.89 2.9 1782 33.5 38.93 ~5.43 .64 -1.14
79 28.25 27.4 1634 42.1 3734 4.76 37.10 5.00
&0 26.35 28.1 1864 41.6 3406 7.54 36.77 483
&1 23.10 27.3 2092 42.7 40.33 2.3 46.25 -3.55
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S 1
s M X2 HE R AT IR
wn o mam weE o r P
mn K45 mERE WM K{# mRl{EE
32 30.85 26.4 1496 33.4 38.47 -5.07 38.02 -4.62
83 .30 26.2 1714 38.2 37.07 1.13 BT 2.48
g 27.59 26.2 1834 37.1 37.26 -0.16 36.50 .60
85 29.76 25.8 2052 37.2 36.02 1.18 35.96 1,24
86 26.35 26.3 1946 26.0 35.27 -9.27 30,24 - 4.24
87 25.77 25.6 1854 27.0 37.57 -{.57 30.43 -3.43
88 20.14 24.9 1718 26.0 35.93 -9.93 26.66 -0.66
29 27 .28 25.4 1970 36.2 3416 2.04 29.99 6.20
90 24 03 6.6 2128 27.6 36.717 -9.17 32.42 -4 82
91 27.13 27.4 48 36.7 36.64 0.06 34.67 2.03

A2 AT R E
Table 2 Performance comparison between

two methods
B VM - Tl E

AR

<3 <3 FHHE HHFE
BRI

7. 74% 48,.39%  3.88 5.10

- 67.7

FERI(2)

) 52% . .
EERER 96.77% 64,52 2.49 3.03

HTEML FREHSEEN, TZ4&AH
WL EAE . FL, TR A RIS R SR
BIREEEEE M Y 60. e Xt = 31 A PIBHATH
AT SCRR (2 1R AR S Ak AR ALY 60 A BUE AT
THA RETHXRAR LHTNZE, BLBAS
WHIEW Kappa /G . EHAXAY EH T KW
W, &R R 2
4 #i£(Conclusion)

MEZHHBERTLUEBE, EARERAE
MMAIEATBRMITRET, 9S8 mRRE 4
SHFFTHME , EHR B R o S R OO R K R
B ETEAREENESAREMXANKAT .
THR, Z2-MEFELANFE B TEEEM T
AR ERENEERT SN, M SRIMNE A
FEATBEOURETSERRER T3 RFE MR

HE BUGATEREENREEGHN-TRET
£.EFETIARTFREMGAABEREZNEF
B RS SR oHE .

3 2 3 K ( References )

[1] Guan Yonggang. Practical Technique im Alkahng Pulping [M]. Tian-
jm: Tiamin University Press, 1992 {in Chinese)

(2] Loc Cu. Stdy on the soft measuting technology of kappa number
durng brafl pulping [D]. Guangzhou: South Chuna University of
Tectmology, 1998 (in Chinese)

[3] Hu Ganyao. System Identfication[M]. Beymg: Beijmg Unrversity
of Aeronautics & Astronavtics Press, 1987 (in Chinese)

(4] Probabulity & Siatistics Staff Room of Tianjin Umversity. Applied
Probability & Stanstics[M] . Tiamin: Tianjin University Press, 1990
{in Chinese)

[5]1 Hu Shangxu and Chen Dezhao. Analysis and Provess of Observation
Daia[ M]. Zhejiang: Zhejumg Universty Press, 1996 {in Cnese)

ALAEER A

FHE 1960FE PHATXFRTFESHAFR B ENEL
4. BEBRBFAN RS LA RE SRMER.

SF& 19005 PHATIXPFRTSHEFRER, 1
ET. FEWRS AT RS, REEWMRERS.

Mg 100fd CEBTRKEWMEEETRERBTALE
EHE, B4 0. FTERRAESWEEE ChEHE SN
HE.
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