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BT D-SUFRENR AA 2 AN E RIS AT RAS VAl 45 5, AT S B4 5% 25 T 1045 JE R 2, 3 v DP-Aik &5 SR IR o k.
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An operating performance assessment method for tolling processes via
integrating hierarchical and block information

ZHANG Yong-bo', ZHANG Kai**', PENG Kai-xiang"?, YANG Peng-cheng"

(1. School of Automation, University of Science and Technology Beijing, Beijing 100083, China; 2. Key Laboratory
of Knowledge Automation for Industrial Processes of Ministry of Education, Beijing 100083, China)

Abstract: Operating performance assessment methods are performed to evaluate the operating performance of industrial
processes so as to provide helpful guidance for safe and high-efficient operations. The rolling processes are always
featured with plant-wide characteristics and equipped with hierarchical information systems, while traditional assessment
methods are centralized, which, thus, are less efficient. To solve this problem, this paper proposes a method that integrates
hierarchical and block information. Firstly, a hierarchical strategy is adopted, and the entire process are partitioned into
several levels and sub-blocks such that the interpretability of the assessment results can be improved. Then, in order to
extract comprehensive operating state features, a combination of kernel principal component analysis and t-distributed
stochastic neighbor embedding-based method is proposed, which can capture both global and local features in a parallel
manner. In addition, to overcome the hard decision-making results caused by support vector machines (SVMs), this paper
transfers the results of the SVM to calculate the posterior probability, and makes use of the D-S evidence theory to fuse
the decision-making process. Finally, the proposed method is applied to a real hot rolling mill process, the results show
that it improves at least 18 % assessment rate compared with several traditional methods.

Keywords: process industry; operating performance assessment; feature extraction; D-S evidence theory; hot rolling

mill process
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A AR, A G I R M 5 AR AR R R AR A
B P AOIR A, A REX SEFRAE P T R IS AT IR AT 2
LRV, XM ) TN VE A A B R BIE s (R
7R A 7 R SR A, BIF TR T VR R 3E AT
RS VPN IR B AR LA B A 4 N
A AN LA P R R SR R RE ok, AN
ARG ARG, R R k. L, N T #ER O A
AW AL A I RE (IS AT IR, 77 BRI L R AR i T
S R DA S R ST A B A B AT RS TR
JIE.

AT, 1% 52 2 AR Lol IR IE A7 IRAS VR Ak, AH G
P OAHAT T BT R AN B R R % T
ARG MM ER R, W T 5T 20 E 0 JREH
SRS T R 3 T BOVE A O3 3%, IR AE KR A R
TG IE 11277 W5 AT AT M. ko S B ko R
ENANE R AL MR IR Ry 5, PR — P T3 A R A fr
FFE R I TIE RS R M 75, Il R 3 ARG
i DR BN A T RE PR A SR s DA S P 5 1 TP, K =)
FRORFFBUR 5 B e AriE A 4 S AT SE B B
g K KT 215 B X RGBT R 7 —Fp T
Fisher 1 531) 73 At FIR A PRAS 7 325, K FL N ) TR R
SR IFIE ] T AR R R S A EAE R
AUINBL 5 =ML et 1 Rl LR ARSI, s N
M eR MR IR = VR AR R A X Bl
SRRV, Wang SEPURE 8 RFAE 70 M 5 e i
FEMNARES 55D 1 X Zh A IR AR PG, 4 3 B
T L B A & AN R RAS TR Y
FERE. D9 1 A5 S N4 T T A5 B, AR O 3R
T EET OB BE i AR AR AL 0 M ik, SEEL TR
H A o R AR B R S A B AR R . e T
SEHU F SRS AT VPG, Zou 574 i AR B
M ERHE S AT A S AE R, IR T S AEhA I
AT VPG 5 2, R N = R AR IR RS 1B
PG AERA R, B RGeS I R B KR PP 18] ', Zhou
SEEIS) G H I T Ao 2 A 2% RVSORS) 232 5 PRANY IO PPAG 735
RIS T e P HER P BT B R R 2 A
FATHE PP ] /8, Fan 55052 Y7 —Fh o T/ — 3R SC
[0 AL AR B AR Pk i 2 A SV il S s, i i 5
HoAt T B A LU BGIE B 1 AR A, B0 & 2 Tl id
FE RO FE A AN 5 3R DA LA AR AN 12 19 7], Lu
SEUOTHR T — e B R R X BN %, %7 i
A BRI RIS CHEAY JEAr L Bt 4, B+ &3
W FEIFIRAT T R 1T 4 45 2R, Zhong S 4
Ji% 73 53 5 W R AR B ) e 5 AR R TS P2 9 R

DAt R R R 2L R e TR EE SRR A 1)
877, Wang S50 i 1 T S 2 S RTME SR 3 i oy
[ U5 f) TR ), 5 48 Tk AR 240 5o A8 R 36 T
27 VAT R B T b i R 3 3 A A ) A 2k
FUAH 5 1, 45 FE 250306 45 A5 2 B F6 b 5 s 7 e g
H i a8 i 45 &, 7R Z WU 5] NSRB &3 e bs, I
B Ty b G N A R S R R BRI
FE T B A hA . JE4eM: DL R IE Bl 145 14, Zhang
SR T — P T o A 2SO BN TUAR S R 6
PEAER HH A A IE R34, o i s M RE FR AR A DG I2
AT RS BIVRAG T 1%, I ARGE AL A N B 36 1 %07
P Rk, 25 8 B 2 i b B 4 A 52 B e
e DA K Al e M s A, o) 98 USRI o 2 A I B B
Wk 1 g B 2 DA JZ softmax A5 284 ST T 6PV vk R 4
FERBATIRES AT, 16 R (b FE v, 4715
o7 3% B AR AR AL B e R, T 2 s AT IR SR W A 1k, ™
FUM T BB AL I R A 4 R 3 T 25 . Zhu
SO KT W2 N 4% 5 B H 255 7 3~ S5 R
MG A, 53] 7 BN FE b 48 B T R RR
TR, 4 O AR AN e v A R R ) FoAth B R R
VE R BRI A T I8 AT IR VPN P8 A, HR AR 101
X IBAT RS VPN S Fd AT R 5. FENFASEIT R H —
Pl FUE SR Al A 2 W 509, 1 e R B 5 540
(07 0 SR AR R B R A (R 4B A, B3« — ZE 5 k7
PG HR bR 2 F I DA SR 05 SR F D-S 4 B fib
A 5T e/ IR SRR A BN 7y SRR SR LA
A b St ik A B R 2 AN R A7 AE ) Bk U X
35 VR A1) 5 PP A R ) ) R, LA 2508 B T — B
J: 7 B 2 S S DU S YRR A 1) T v, MR e A 1Y)
R AURGUHR T 45 TR 4R b, 91 DU 2440 T
N3 B B BEAIE T VA B . O T S A A
FE RS ATIRASIEAL, Zhang U R T —FhiE T &
R A% i 2R A B oy A 1) 4 A o B IS AT 1 BB VP AT AE L,
HAEPGEFL T FE 2Bl T X 4 2E I s AT IR
P

A DL B AL R, AR SR — R Rl A 4 2 A
B A B0 L ) i RS A7 PR A DAk SR s, LAk BTk 4o
T DHEFREFLREAARKARULZ REL
J2 RN L R R 2 2 G B IE AT IR A VR AN
ik NP HSKE, “Z B9 e BA#GEL T
BRSAERER. TRAZUREEE AWM
FRE, “ZH7 RIH T REGE RN BT
HE T B RUR B B 2) Al FE Bl BT ARkt
SRE A R TR M7 IREE R, 2
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— Fh BB & 1% £ 53 43 BT (kernel principal component m(o) =0,

analysis, KPCA) Fl t-43 A B #1 48 3k #x N & 3% (t- m(A) >0 0
distributed stochastic neighbor embedding, t-SNE) 1] Z m(A) = 1
FHESRIUT VL, AT HOIT & 42 R AN R 045 B R AE 32 Ac2e

BT AR, S e R AL R BORE B ) mT SV 3) A% SR 0 524
] & /1 (support vector machine, SVM) %y tH 45 1A
B ) TR, AR SO SVML IR % Hh 285 SRR Ay )5 50 1R
Il D-S R FLS Al A 2 A R IB AT RS VR
fiti 45 R, AT S Bk SR J2 1 A A5 S R 4) R P2
WIRFINAL RS TS B REYRS U &€/ T val| N e WP
Bl R R
1 EXFEESHA

AT T EA AP IS AT RS PRAE TT IR
FAAESR U 73 PP T3 DL RS B R 5
L1 ZERDSHEE

KPCA 1 H b /& 52 I #4844 7 22 1) e K
A0 R B R 1) 42 R S5 MR AR A5 B R AR 2k
P ISR bR 80K T R it A WA 3 e 4 ), R
TG G M S A v A A ) TP BRI By, e P TR
FBRH TR E N2 RS R AEE . MR
B AR R AR R S5 R 2, 75 RS 2 v % R B8O
BT oA Rz pR 0 S22 BEAR HLABCR 2, A SR H
BRI
1.2 - TBENBSERARE

t-SNE [ H 5 /& TR 7 5000 4 10 =) F 4 45 A 21,
B3R B Mt £ 1) R B A5 AR AR (S 2. B — PR AR
PRI 5 > B35, /& B SNE S50V 5 748 1T >k, 764 i 4
B WS B AE 2 (AN 25038 1 56T BRI AN ) B AR,
B R L DR ALEHUH 2 T B0 7 A1 R AN, A R0 ok
SNE 5503 rp H 40 145 10 B . 9 4 v S50 0 B8R L STk
[22].
1.3 ZFFEEH T HKITFE

SVM & — Rl 27 21 77 1530, BT VO 4E PG
R AR RS e/ R S HY . BEXTARZR A L ANEAR Y
By, SVM BA RAF 52 2] e 0, JLEEAS JB AR AR FE
A% ) Y 4% 3 f 0 1 T, iR DLk T AT DA o0
FREA [ 73 Beg 18] L KA.
14 D-SiEfEEEL

D-S EH5 H 18 s — FE b HE 2 R4 Rl i) ) 2
FOT, FE TR B — S R E AR, H AT
Iz BT HARIR G 2 A . AR BRI SR
FAEMEE NPFRESL O, it 29 ORI, AN
20 (TR T4 B m 20 — [0, 1)39 2 a0 F 1R

Hm O I 5 AR 2 43 T 2R 24 (basic probability
assignment, BPA), m(A) NAHSGIUEHE X FA4F A 1) SCHF
FEEE B SRS, D-SUESE BRI (1) 38 A SR AR 2 K iE
WA X7 A T A MSLAUESE, 7 70 3R H e AT
HEVRME B30 AT M ST ) W, SR J5 A4 2H & 0 4715
SRlE. R my 5 mo 2 AN R — HHENESE 0 B
2SR, A BT N A, Ao, A

Bi, B, ..., B;,WID-SIEFHE N m(C) /] Rk Jy
0, C =g,

m(C)= > mi(A)ma(By) 2)
&nﬁiliK L C+0.

Forp K 9 iEd ) o AR
K= > mi(A)ma(B,). (3)

AN B;=2

R RIA D-S UEHE A I, e i AR A e A
B
2 ETFD-SIEHEHEBKSESRBITRS

R WRrS

FRBE R TS BEAERKAEULZ R 2
JE S A B — R RS 2 2 o HUE B AL R
BATREWAE 7 2B TREEH &5
AFIRZASVRAS I B8 244k, ELE T 40 IR S 25 A A
FBATIREE B, R A iz imaa % g
AFIF AR TV FE RS AL B, By LA T2 244 T
W FE IS ATIRAS BRI o, 75 B DA SRR A P i 72
I 5L R TR N S5 IR a8 & SebRifig 17
BT R. A DIELE RN 5, B B S Pr tok
FLAEE AR (3 R M DA RS AL B B T SR, IR A
T AR, BRI IRE D N AR, 55
TR “rR C2EY SR 1~ 4”7 PN TR
BEYL.
2.1 BE&KPCAFNt-SNERI L BFSERE S4FE

1ZEY

O FLIE FRIZ AR AS VA AR 20 11 258 2 o
AL FEERE. & FERIIZITIRES IS £RfRE
TR VR 3 AR5

KPCA J& — il [7] 4% R IR RF FIE SR B 7 1%, Jd i ol
0P LSRR A 2 [ o R AN T 4 (1 R U U 7E
o 2 [ AR A5 25 Pk T 2%, X — I AR R A e R AL R 43
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P42 JRRFAE 7 ZE 00 B bR N, SR B B a6 a1 42 )R Ak
LR PEHFAE. t-SNE & — P AR M int 5 =) B2, B
e 24 2 ) KM R TR R AR ARA P DA 2R T R, IR
VEEHE A r 2 D) AR v 17 2 A, ZE AR A 2 ] iR A
oA M 4 B G ¥ BE 4k 2, +-SNE BB 78 40 42
RN TE e 4 23 ) v (PR 4 = 30 I T 5 4, SR ER 4
H R SE MR B IR, 228 8 S F R3S, A
SCHR RS T REARELI K 4 R RN R R G R RRAE, N T
RE % {8 KPCA 1 t-SNE 3% 75 45 iE £ s 2 H S
M AN, A Jey R JRy S8 45 AL A 7 2 IR A7 Hidk AT 18
1T RS BARE SR LT AE.
22 EBFRIBITHRSITE

SVM 2T 43K i et >R (1 25 T G v 2% ) B Al
&5 A DRSS B /I8P TR DU £ 3807 28 2 2 L, A% S0 1 SVML
BESZEAREAS [ =43 2%, H. SVM [ 461 Hi 45 5 0 T ) 7Y
. AT 5 D-SIESREIS M 45 &, T ARG AT
SVM i H B S g 5 56 Rk 26, ) FH 32 0] A A 32 A — %t
—Z 5K SVM 5 ESL I 532K SVM 2 £ 73 Kk
HKRISVM (6. FIFH 2.1 i B3 3 14 R 45 13z
AT RS FFAE AN 5B 25 A B AT R SRR 5 2 7 2k
2 SVM VAl 35, 53¢ fa 38 i 3R g 2 R AR b 1)
THE &R E IR p (y = i|x):

h h
.1
H}Dlniz Z (rjips —Tz'jpj)2;

i=1 j=1,j#i
h
st. Y pi=1,p; >0,V 4)
=1

Hod, g = 1,2, h, RAENEG vy NS AN
FKRULHCLRT 2 J& T KR AR,

D-S I 35 H 1 (1) 5 A JE AR 8 I A B UK R
H Z MR AR E A AR A o — NN E R R,
FH DL AR R T SRR 4. 1418 25 W & B ¥ BPA J2 D-S
UEHE B B A & G B — 2D, O T {RIF BPA TR
L2 W, 75 BT 25N SVM (i = 1,2,...,2n) 1F
il 25 AT VPANY. TRV FE I RE 6 1 R FE AR B S g
VGG R B8 &, 0] T a8 Re v, %
T AR IBIPIRASVEAG 78, SVM,; FITRIBH FER RN

C11 C12 ... Cip

Co1 C22 ... Caop
CM; = . (5)
. . Cpq .
_chl Ch2 ... Cph

b cpg NESEIEIE I p KB ATIREH T H 4% SVM;
FIR NG q RIS AT RS H & p RIS T IREFEA
S T O B TR AT R AR RN IS AR I Sk

KA, BT FRRos o KA 1R RIS,
E X SVM; (73 F T2 IR/ 3

h

i =Y (cppNy)/N. (6)

p=1
Hi N, = n, N = hn, 73585 p BT IRES KB
A S BN ZRFEAS 25 s X 70 2885 SVM, H P4
R —Fh 4 R TE L.

Z kI 215 B B IR W R BE CM; HAT I BN
[c1,02. oy cpyeyen)typ = 1,2, h, Hf e, NER
p RIBATIRE B A AT 70 S X & 1247 R &
AR PR [ . [R) A 3, VRV R CM, 1R 471 1) B Dy
[c1,62, . Cqy-vvsenl,q = 1,2, 0. by Hoh e, BERE
W 73 S0 B ¢ B AT RS R B AT 5 .

€ LSVM,; I R AT {5 2

h
Wig = qu/ Z Cpq;s (7)
p=1

Hrhg=1,2,..., h F5ILEN SVM; BIBER BUA] iy
H pig IR 15

h
p;q = wiqpiq/ Z WigPiq- (8)
q=1
H1tk, 75 CHBPA
m;(S1,82,...,5,0,¢) =
(’%PQp Wip;m o 7’7ip;‘h7 1- ’71'7 O) (9)

H 3 9) T4, IRFIHESE O = (S4, So, ..., Sk, O, $), 3L
1 Sy, A B AREL SRR IR 3 b IS ATIRES. A 3 2
m;(S1)+m;(S2)+...+m;(Sh)+mi(O) = 1,m;(¢) =
0, 4 BPA [1) 32 SLELR.
2.3 2RBEBITRESTG

2, NS BR TV 5 R, AR AL Tk A &
BARVGH . 2 2 RERE, AR T2 0k %
KR RN T AN RIRRR (73 LUK 3 s I )=
HRAT A H IR, AT SRS A 45 SR Fa, AL (1)
THRE SR B R, 53 253 B i) SR AT R T BRI AR
JE, DD SR SRR S, 3R A S AT VR A 1 RE, DA L
R T 0 2 o B B FEREAT AR AR AT IRE
PEAk I 0620145 & % HRIIBAT IR SRS B, BT A%
K BT T I BRSOk N R AR AL R L
TR, (R R AT UM A R S MR R FE SO R
HATF], TEE B IR T HCE 23

MH E—ABr BORR & 7 RGBT RS
fili 45 5, R S PRty AN R A P R 1 2 AT
MR AT VIS, SRR RS A7 RS Pl AT BUIE
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HoREE, EMENEBITIREES Sy RBRN 24 FEBE
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%ﬂ%%ﬂ%@ﬁ&*£ﬁB—l2 .,n;round(-)
o e MU S TN R
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{1 4 JRy A5 A ) W A L AT AE RIS AT IR S5
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T Hn 1 IEATIRE KA
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THen FERE

KPCA t-SNE
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FRESE
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EEESEIRAES SRR
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SR {5 % Fa it |
| (Lt AR {S1E RS {S 1 |
| | I T | |
| . !
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1 @ESESREBHNEHZRRESITIRSITE T ERE

1) B

@ X S W RS AN [R5 4 1) HicHs X e T bRtk Ak AL
i,

Q 454 T 2FR SORL AR, 5 A AR AT 7
BB AT 21, 20, . . ., 2 (n T HUEED);

Q@ B3t KPCA #i% Fl t-SNE 5% 43 5] S B a4,
T, ..., @y A SR RFAE RN S AL ;

@ K @ 2 HUE 1) 4 J7 AN R SRR AE 1R N SVM,
(i = 1,2,...,2n) BIIZRE N [F) 52, a0 S D9 AH N Y TR
EHFECM, (i =1,2,...,2n);

® W (5) ~ (7) TH5H A5 B & IR H B I 42 = mT
By (= 1,2,... 4n) BT EEw (@ = 1,2,
., 4n).

2) fELLVEA.

@ KA BFF VPG BB X IR T bR 6 A
M,

@ FIH 4009 AN T2 AR R AR AL 5 (%L
AT Z P, G183 31, Ta,y .. T (R AT
Bt 840,

@ 4 KPCA 5 E 1 t-SNE 53543 5% 74, o,

oy T AT A JR RO R SR AIE R AT HR Y

@ FIH AN HISVM,; (i = 1,2, ..., 2n) fi
T3 590 o K N7 14D 4 JR3 AR R 08 AR A 3R AT T P A, I
g6 0 (4) 15 B B MR R A R pi (0 = 1,2,

., 2n);

@) F9) 7 Al E I p, 0 = 1,
zuw%%éﬁﬂ%ﬁ%uzah.4m%H%T
BEw (i =1,2,...,4n) S A IEKRBEIHLBPA, (i =
1,2,...,2n);

® % (2) M (3) A X % BPA; (i = 1,2,

., 2n) AT D-SUEHE E R Ak &, 19 3 % T s 47
ﬁ*mmzwﬁm LR Sp(B = 1,2,...,n), A\l SE
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IR T RIS AT IRES VA

@ HRAE A 5 Hont A iR 5 2k (AN R R4S 1
By IR T AN [R] A AL B AR A, i 5 (10) TH AR 2
AT RS MR AL PR, 45 3R S, AT SEBLR
AR RIZ TRV,
3 SRR AL R B A B E
3.1 BITRSITHEERES

SR I SEAN k23 7] 1700 mum 5 80 #A0%E 5L AR 7= 22 I
Py R SR I K S e S B 2 777 o R (1 i B UE T 42t
TiE A e AN S . S B 2B 7 i R 0 o 0 47
ERRAR B AN S 2 D e B, P 4G
ZUTHRA RS ARG O PR L
SAVERE UL K B AERE TR AR S, LRI R Bt X T 1

PEHIBATIRES ML 1S KI5 46 SE PR BN FEL
Az I FE G S BOREX M 5 T2, e B i B AR
(R H 11 R B DA B2 52 e 7% 6 A B0 D V0P 4 4 A4
AP RS AT IR FE R S H TR bR

Bt SERR A AN AAEL AR P AR, N T IR BT AR
VEALE SR AR = 1 A A S AR 2, X BN
SR AR I s AN AL A 77 I R B, S X 1 200 ZH 5
. BEALAIE 600 ZH 23 1 9 I 25504, 76 4% 600 21
P AE AR, AR B R £
AAR S BRI N 15040, e T [hsebrd
7 e SR 45 G GRRNR, 4 8 i 29 1 JEL R A Y
(B & & 7, TD) PL I %2 5 i A8 2 (1 5 H (NUM) K i3
TR RN AR FE L, HAR IR 1R,

®1 BITRESFE S RERE

R SRS B AN BATIRAE S A TR 5 K]
0mm < [TD| < 0.005 mm NUM =0 e To b
0.005mm < [TD| < 0.01 mm 3<NUMK 6 R B3N R AT
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