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tTNG DUNG BO QUAN SAT TRANG T H A I K F VAO DIEU KHIEN 
NHIET DO L6 NUNG 

Pham Thj Hong Anh , L6 Thj Thu Phuong, Biii Thu Thuy 
Trudng Dgi hpc Cong nghe thong tin & Truyin thong - DH Thdi NguySn 

TOM TAT 
Vdi tinh trgng d nude ta hî n nay, mgt s6 Nha may Can thdp dupe xay dyng tic nhOng nam 80 ckn 
phai dugc cai tgo, trong khi cflng ngh$ ty dflng hda ciing ly thuy€t dieu khiSn hî n dai ngay cang 
phat trien vugt bgc, dgt dugc nhflng thanh tuu rue id; nhiem vy dat ra trong diiu khiin 16 nung la 
chn phai nSng cao chit lugng cdc hS th6ng diiu khiin nhî t dg dl sii dung hieu qua nguin n5ng 
lugng trong cac nhit may, xSy dung vk hoan thî n cac h§ thdng diiu khiln cho doi tu'tmg nhiet 
nham myc dich toi uu hda qui trhih diiu khiin nung kim loai. Qua trinh nung thep anh hudng true 
tiep din chSt lugng ciia qui trinh can, vi vSy ly thuyet dieu khiin hi6n dgi dugc ip dung di thiit ki 
mgt bo quan sat trgng thdi Kalman (KF) udc lugng nhiet dg phoi thep va nliiet dO 16, nĥ m phuc 
vu cho qud trinh diiu khiin nSng cao chit lugng nung. 
Tir khda: bg quan sat KF, Id nung. diiu khiin nhiet do, he thdng diiu khiin. Kalman 

DAT VAN DE 

Trong san xuat thep, qua trinh nung thep anh 
hudng chinh den chat lugng doi hdi ngay 
CEing cao ciia qua trinh can. Trong ITnh vyc 
gia cdng nhi$t, ta thucmg giai quyet bai toan 
dieu khien nhift dp trong cac 16 nung theo 
mpt chi tieu nao do, tuy nhien chat lupng ctia 
cac san pham trong qua trinh gia cong nhiet 
lgi phu thupc vao trucmg nhi^t dp trong phoi. 
Vi vay, ly thuyet dieu khien hi^n dgi dugc ap 
dyng de thiet ke mpt bp quan sat trang thai 
Kalman (KF) udc lupng nhi?t dp phdi thep va 
nhiet dp 16, nham phyc vu cho qua trinh dieu 
khien nang cao chat lupng nung theo chi tieu 
chat lugng dat ra ma thdng so can dieu khien 
khong the diing sensor do dupe 

Hlnh I. Bdn vSsa do mat cat ciia mgt Id day 
XAY DUNG MO HINH TINH TOAN SI/ PHAN 
BO NHl£T DO CUA L 6 NUNG, VAT NUNG 
BM toan 

- Bai toan truyen nhl^t tii ben ngoai: tir nhiet 
dp cua 16 ta tinh dupe nhiet dg cua mat vat. 

tiiy theo dgng truyen nhi^t la doi luu hay biic 
xg, tuy nhien trong trudng hgp nay su truyen 
nhiet chu yeu do hue xg, cdn sy truyen nhiet 
doi luu ta se tinh den bang h^ so hieu chinh. 
- Bai toan truyen nhiet trong thdi: la su truyen 
nhiet tir ben ngoai vao cac Idp ben trong thdi. 
Sy truyen nhi?t 6 day chu yeu do dan nhiet. 
TUT phuang trinh truyen nhi^t: 

dt dx^ dy 

Neu gia su cd the bd qua sy truyen nhiet qua 
cac dau mgt canh thdi va phuong trinh truyen 
nhiet la don hudng ta cd he phuong trinh vi 
phan sau: 
dQ d" 

dt dx^ 
Vdi dieu kien dau Q(x,0) = ^ (x,0); y = const 
(chua xet tdi sy chuyen dgng cua phoi nung) 
va cac dieu kien bien truyen nhiet b€n ngo^i 
tir 16 tdi mat vgt. 
Ta xet khi nung phoi mgt mat: 

-^ -H—— \~aJu{t)-0,) 
inn inn w* > ' - i ' 

(2.1) 

(2.2) 

(2.3) 
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St 

Trong dd: 

J^s 'Pm' ^^'^ ^^ ^° S'̂ ' ^"'̂  hudng hSp thy, be 
mat cac vat the tham gia truyen nhiet va anh 
hudng ciia each h? so gdc f3 I p =\. 
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u(t) - nhiet dp Id thay ddi theo thai gian. 
X hudng thing dung theo chieu day thoi. 
1 chieu dai ctia thdi. 
Q la nhiSt dp ciia kim logi va la ham ciia x va t. 
C h§ &h biic xg ciia tudng 16. 

a^,h$ so truyin nhiet ddi luu rvi'(m^)~'c"' I-

gi nhiet do be mat thdi. 

He so truyin nhiet tdng cgng viing say. 
a^=aj, + «^ =1.1.135,8 = 149,38w/m'A: 

H? so truyen nhiet tdng cgng viing nung. 

a^=a,,+a^, =\,\.\lS,9 = \9X5wl m'K 

Q^ - Nhi^t do bi mat thdi ("C) 

C„ - He s6 buc xa qi^ dan trong khong gian 

nimg. Cd thi xac dinh dieo cong thiic Timofeev: 

4|('-.)] (2.4) 

^.^w.) ^.*e,(\-B,i+\ 

0.8(1-0.178.225) , ^ , i ( „ , ) - . ^ H | 
' i -ni7Rr , o ^ ^ ' J 
' hil2-V+o.i7rfi-o.8;, 

0.178 ^ ^ '' 

Trong dd: F^,F^- Dien tich mgt biic xa la 

tudng 16 [;„2]. 

E ,E - Dg den cua vat li^u va khi, 

Gia thiet the tich budng 16 nhd, coi nhi?t dg 
trong 16 la nhu nhau va bd qua sy truyen nhiet 
qua cac canh ciia tSm kim logi phang cd be rpng 
dii Ion so vdi cac kich thudc cgnh. Tien hanh 
nung vat mgt phia, chia phdi nung lam 3 Idp. Ta 
cd cac k;̂  hieu thong so ciia phoi nhu sau: 
H^ so dan nhiet ciia tam ,1: w / m.K. 
H? so truyen nhiet ciia tam a'.^N I m^ 
Chiiu dai a: m. 
Chiiu rgng b: m. 
Chieu cao h: m. 
Khoi lugng rieng p:kglm^. 
Nhift dung rieng c: j.kg/K. 
Di?n tich be m^t tiep xiic F = a.b: m^. 
Xap xi doi tuang (l6-vgt nung) trong khong 
gian n chieu theo bi day tam se dua ve vi 
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phan thudng, be day tam dugc chia thanli S 
Idp cd he phuang trinh vi phan thudng I 

« « • . 

Trong dd ; /J _ « 

ia*i« 

f-TeH-T^a+Ta, • 

r-^e- 78. 

(2.3) 
= —s = -

cp' 3 

Tir do la suy ra khi nung vSt voi n =3 ta co he 
piiiiang trinh sau: 

a=4a-24a+4a 
s s s 

a-4a-4a 

(2.7) 

Tir h? vi phan thuang ta chuygn sang kliong 
gian trang thai: 

fi = Ax + B^ 
Xt'Cx 

Ta CO ma tran A, B, C nhu sau: 
1 + 1P a 

2 + fi s' . p,8) 

(2.9) 

a 

1 

0 

2 + 
2 + 
0 
0 

-1 

-1 

3/J 
/3 

0" 

1 
(2.10) 

Xay dung bo quan sat trang thai Kahnan Filter 
B8 lpc Kalman 
Lpc Kalman la mpt thugt toan udc lupng 
trgng thai toi uu, nd c6 thi linh toan nhieu ^ 
vi?c lien ket giUa thiet bi do va mo hinh, Bp 
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Igc Kalman dupe gidi thi?u nam 1958 bdi 
Rudolf E. Kalman ung dung tot bdi sy phat 
triin nhanh ctia cic thiit bi tinh toan 
Mgt dgc diim ciia bp lpc Kalman la khong 
phai hien tsii mk la dy doan trudc, nen nd cd 
kha nang dieu chinh thong s6 ciia chinh nd 
mgt each ty dgng theo vigc thong ke cac gia 
trj do va theo sy chinh xac ciia cac thdng s6 
trang thai hi$n tgi. 
Myc dich ciia b6 lpc Kalman 1̂  udc lupng 
trang thai chinh xac b5ng each toi thieu boa 

ham muc tieu: jim{(x-x)(x-x)^} = i ^ ^ '̂̂  '* 

Trong do MJCx-xXx-x)"^) la ham tuang 
quan ciia sai lech udc lugng. 
Nhu vay bg lpc Kahnan ho?t dpng nhu mpt 
bg dieu chinh phan hoi trang thai tdi uu, d dd 
he so phan hdi dupe dieu chinh sau mSi vong 
lap de dam bao sai lech trang thai la nhd nhat 
theo mgt tieu chuSn toi uu dinh trudc, Bg udc 
lugng trang thai Kalman co tinh din nhilu 
trang vi vay rat chinh xac va bin vfing. 
Diiu khien phan hdi trang thai cho chit lupng 
dieu chinh tdt, nhung cac trang thai khong 
phai liic nao ciing do dupe hogc phai t6n rat 
nhieu sensor. Do do hi^n nay cd phuong phap 
udc lupng trang thai ciia h? thdng bing each 
diing cac bp quan sat trang thai. 
Mo hinh ciia bp quan sat Kalman: 

— = Ax+Bu-i-L(y-y) ^ 12) 

y = Cx 
Tim ma trgn L de sao cho phiem ham Q sau 
dat eye tieu. Thugt toan xac dinh ma tr^n h? 
so bg Igc L hoan toan eiong nhu vi^c thiet k8 
bg dieu khien phan hoi tr^ng thai (bai toan 
LQR), trong do vai trd ciia doi tuong nay 
dugc thay bang: 
dx 

= A'"x + C^u (2.13) 

tiic la he ddi nglu vai no nhung khong co 
nhieu, va ham myc tieu thi dupe thay bdi: 

Tii day cd thuat toan thiet ke bg quan sat 
Kalman gom cac budc: 
-Xac dinh ma tran Nx vi Ny la ma tran ham 
tuong quan ciia nx(t) va nj,(t). 
-Thiit ke bp diiu khiin phan hdi am L cho bg 
quan sdt 
-Thay L tim dugc vao di cd bg quan sat. 
Trong dd bg quan sat dupe xay dung nhu mgt 
mo hinh ciia h| thong. Tin hieu ra ciia mo hinh 
dupe so sanh vdi tin hifu do ve tu thiit bi do, 
qua h? sd quan sat phan hdi lgi lam cho tin hieu 
quan sat chinh xac han vdi tin hieu thuc. 
Thuat todn bp quan sat trang thdi dung bo 
lpc Kalman 
Md hinh bp Igc tin higu Kalman di udc lugng 
h ^ g tliai cd tac dpng cua nhiiu trSng nhu sau: 

Hinh 2. Mo hinh tdng qudt bg quan sdl trang thai 
kalman 

Thdng so bg Igc va t inh chinh: 
Trong thyc te thyc hien bg Igc, he s6 nhilu do 
ludng Ny thuong dugc biit trudc. Viec do sai 
tech do ludng Nj, la cd the lam dugc bdi vi 
ti^n thi cd do tin hieu ra trong qua trinh bg 
Igc hoat dgng. Neu cd the diing sensor do tin 
hieu do nay de do thir nghiem vai lan va tinh 
ra dupe Ny. 

Viec xac dinh h? s6 nhilu qua trinh Ny la rSt 
khd khan, do dd thdng thudng trong he thong 
don gian khdng yeu cau cao cd the chpn gia 
tri nay, 

Nhu vgy, neu tinh toan dupe phuong sai ciia 
nhieu Nu ,Ny trong qua trinh hogt dpng thi bg 
Igc Kalman cd kha nang ty chinh dinh he s6 
bg Igc. Khi do bp lpc ggi la bp Igc Kalman 
thich nghi, 
Phuang trinh trang thai cho bg quan sat: 

Q,=^-\{x'N,xWN^u)dt (2.14) 
x = Ax + Bu + Kfr {y~y) 

(2.15) 
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K K = P C X 
Q day: P la ma tran nghiem ciia phuang trinh 
Riccati 

PC^N/ 'CP - P A ^ - AP = Nu _ (2.16) 
Nu, Ny la phuong sai tin hi?u nhi iu qua trinh 
va nhieu do ludng. 

i + fti + K,{y-y) - * | c [ -

Hinh 3. He thong dieu khien co sif tham gia 
cua bo quan sat trgng thdi kalman 

Mo phdng quan sat nhiet do vat nung 

Bac tinh die&ng nhi^t: 

So do nguyen ly bg quan sat nhu sau: 

Hlnh 4. Nhiet d$ cdc lap phoi 
Diedng the hien sai so giira nhiet dd cua v 
va qua bp quan sat: 

Sa $0 giia nhd do dw boi bQ quan S£1TT Kairnanvoi rttetdo Due 

Phan bo cac lop cua phoi nung theo diieu day x 

Hlnh 5. Dg chenh Ifch nhift dg giiia khdu quan 
sat vd nhi^t dg thuc cdc Idp 

KET LUAN 

Bai bao nay dua ra ting dung bO udc lugng 

trang thai KF vao mo hinh 16 thyc te vdi cac 

nhi lu tac dpng. Ta thay sy chenh lech nhi|t 

dO giira nhiet dg thyc cua vgt va qua bg quan 

sat cd sai s6 nhi$t dg khong vupt qua gidi ĥ n 

cho phep la O.S^C, vSy bp quan sat thiet ki d?t 

yeu cau bai toan dat ra. Nen c6 the su dung bp 

quan sat nay trong thyc te dy bao cho nhiet dp 

cua cac lop trong phoi thep va nhi$t dp 16. 

Bai bao la san pham cua dS tai cd ma so 

T2016-07-25 dupe tai trg bdi kinh phi cua 

truang Dai hpc Cong nghe Thdng tin va 

Truyen thdng - Dai hpc Thai NguySn. 
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S U M M A R Y 
APPLICATION OF THE K F O B S E R V E R S AT THE F U R N A C E 
T E M P E R A T U R E CONTROL 

Pham Thi Hong Anh, Le Thi Thu Phuong', Bui Thu Thuy 
College of Information & Communication Technology' TNU 

Steel roasting process influence the quality of the growing demands of the rolling process, so 
modem control theory is applied to design a state observer Kalman (KF) to estimate the 
temperature of billet and oven temperature, to serve process improve quality control firing. With 
some state steel mill was buih 80 years hi our country where automation technology and modern 
control theory boom achieve brilliant achievements. Challenging task in the furnace control is 
needed to hnprove the quality of the temperature control system for efficient use of energy 
resources in the factories. Building and improve the control system for thermal object aims to 
optimize the firing process conUol metal 
Key words: energy auditis, lighting, buildings, smc Vietnam, Kalman 
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