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Blast furnace fault diagnosis method based on trace distance partitioning
decision tree

LIU Ya-xue"?, ZHANG Jing-chuan'-?, WANG Xian-peng>3'
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110819, China; 2. Key Laboratory of Data Analytics and Optimization for Smart Industry, Northeastern University,
Shenyang 110819, China; 3. Liaoning Engineering Laboratory of Data Analytics and Optimization for Smart
Industry, Shenyang 110819, China)

Abstract: With the development of industrial automation and intelligence, the decision tree model has been widely
applied in the field of blast furnace(BF) fault diagnosis. However, for the characteristics of high dimensionality,
nonlinearity, and strong coupling in the ironmaking process, the construction of the traditional decision tree model is
easy to fall into the local optimal solution, with low efficiency and high complexity. To tackle the above issues, this
paper firstly introduces the trace distance function and proves that any local optimal solution is also a global optimal
solution in the trace distance function. It then proposes a decision tree model based on trace distance partitioning for the
node splitting process in decision trees, referred to as TraceTree. On one hand, this model evaluates the division effect
of a node more quickly and reduces the complexity of the decision tree model effectively. On the other hand, it can
identify the features that contribute the most to fault diagnosis and obtain higher diagnosis accuracy. Finally, the
comparison with other improved models shows that the model can achieve optimal diagnosis of BF faults with less
training time, and monitor and diagnose the BF conditions in a timely manner.

Keywords: blast furnace ironmaking process; fault diagnosis; data mining; decision tree; trace distance function;
node splitting

0 5 PRV A B0 52 28 R AT S A SR AR AN BT I I . 7R X
BEE Tk B s AL R REAL AT IR, Tl R ST, B0k ok i 12 Wy 5 48 i HERA PR AN 28R

Wks B EA: 2024-07-16; 3R HEA: 2024-09-20.

ESmMB: EXREARRIFEETH (62473086): 1T HRHLTRIBATHRITH (20237H2/101800047).
FERE: XA,

B {Z{F % . E-mail: wangxianpeng@ise.neu.edu.cn.


https://doi.org/10.13195/j.kzyjc.2024.0843
mailto:wangxianpeng@ise.neu.edu.cn

1534 = % 5

*x R £40%

KT IRBE AR AR 77 22 S AR T 2 0 s & ok
VENMBRA 158 1B L, Ml Rk — A st
HEZRM AR, B0 Bk S IEORL A i 4 T AT
IR AR R AN W HEE N A, [ e I XU
R B A S A — EA IR A SR R P R
EFRAAE BT R 2 5 R BRI S R
P2 A I JE R B AR IR K, TR R R I SR A
JR IR SRR R 5y 540 IR A S R 4 e
. DA R TR TR RLEOR, ki K
JE FRAR, DR A 1 R A Bk R H A s e i 2k /K A
P A B R R HE . S AR Tk A
FEANF, SR A S A LB R - B2k, S
A B AR 1SS, R B KR S,
SR VA R 2R (AT R AT R AT AR hp A il
PR, TR 43 18 A% A R e e 5 A o) 1 A 4
DR R R 2 SRR P 0 AN RS 1 5 51 R i b, 491
MR T AT S H R BORE BB, BT
RN B BEARRE N, LA R AR R R AL
HI T P R BRI R P SO R M 2 8, B 4
JE ARS ML SRR A BRR L JT R — R B R R
RS W T, T R R R P R R R AR
MAT AR oL (R T R e R AT 2R

W& Tk B s AR REAL 1 A B, R R BILA5 2
ST T AP AT 12 W AR 1 ok e 7 L
A SRR S B S W R R I 2R R P E R
T B MR EE, H R Is AT I R 4K 2 Bt ]
AT I 00, BT A e A I R A 12 W K e
B AT /NRE AR 1) 83 DA R R A 8] A1 ) ) . H i
R A &b 38 1 P Sk O ML o 2] SR AE b i P2
M7 v L HRAS T A AR, Lou % SR T — Rl
PROIR PV Rat = 2 SEFF AL (DSKL-SVM) )5

e — R
FTRE S FIRE R AT 3
Al

|2

fffffffffffffffff BT R
L

,,,,,,,,,,, o |l *
ENARG =

A

vk iG] | P

S .

)

HP A W 5. Zhou 25 BE T — B 6 2 4
B /D ISR B AR I ik, 1R T A
H B AR 55 B . Luo 2™ $2H T 3£ T AdaBoost
(RIS, S 5 ) e WL R TN #8130 AT v 4 P 3 IR S
T, Gao S 4R M T —Fh TAE SR BTG S
B3 o BT (PCA) A SR I Bk, 1 B ] DU &L
Hb A 4P S o % Zhou 281 it — P L T 4%
i fe /N —3f¢ (KPLS) B 1R 1) 77 5060 & g A7 4R
A FER K 5 B R AT S . Zhe 260 3R T —Fh
BT vy VR A A A S B B I Y MWPCA
S35 Shang 25U S T4 AR B 1 B AQ B 400 I
MIGE T M1 771k (RTCSA) FF Bk F2 I, bhsk
IR AP M R R Y L S R

PSRBT BUAE Sy — Pl R R 1298 T A, e
% 308 Tk T P SR WA R 1 2 ) A Akt A P R R
AR AN R, B B 12 i R0, Sy
G T — R B B 5 T BRI 7 I S A
WA S IR, B R T RS W ) AE A P A R, AT
S AT AR 2 T3z kT T R ke s
TR A% 0 OB B DURRAIE 8 12k ) 1) 0 Sk, — A
U (1) 31 53 SR Mg ANAS 2 8l ke SREARE 1) 2 S B v 2%, T L
W RE PR RS [ B2 4% B, B0 T IRk F2 R A7 7E
HERE ARG AN EAR A R A AR SRR AR Y AR
TR B JE 1 B BCR B BAR RS B 5
LEPNEE S Ly

BEXE DL b X He ke, AR SO e 51 NI B RS B AL
TR B AE 128 PR B R E P AT AR R 3 A A A 4 R B
PEAAE BV BT, F35 0 PR SR )15 A 2 R A, $2
—Fh BT 28 BE B R 43 1 R SR LAY TraceTree, F 5
T w2 W 8 v, BT 52 H 00 v 7 i e 12 Wi g A
WARWE 1 PR, &5, s A i AR g KA &

ST A R ok
i S I A
TEL/E | -
e B LTI

IRRELET

-0
Fww%i_-

BT BEEX SRR SRS R B E



%54

X EF F: LTI R R S & FMG SN KL w7k 1535

g r R P 7 B A, B0 SR IR LR b AR R
G WS ARG BEH ARG EXNRG. WK RS B
ARG, LLE IR AR i A 1 #5A BREs R A B
75, XA =i FR R = 5 3L Tolid k&b
WA R 25 MR — ISR A7 AE AL IR 55 5 IR, A
ANV A 55 A SR e AR I RR AR, O A
F ST TR R R 0 ) R SRR v B 12 A A
SR IE, N A i R A SR AR R G SR AR R A
R EISE SRARE, 15 3] s e g A e i AR R,
TE LR B AL 1B 25 = b b a2 W A 28 AT 1) B0 37 4
PEN D A AT s LR E B2 W g 15 Ik Ak, =
P A P RR R SR B R G 2 BT R R A i
FELEAMV IR 2548, BT R A I B R B R, 2
g [ S BICH RN B SR 3 I 5 s o B a2 A
Y, PRUEAR Y B8 4% PR 12 W s b 1 o 0.
1 BERNA

1) ID3 9%, 1D3 S0vE"T BoAZ 00 & 78 e 54 %
ANgh i AT S S 23 AE R 2 &5 i B bR I B
1IE, BFIE A XHES D P B335 52 XN

Gain(D, A) = Ent(D) — Ent(D|A), (1)

R E SUN

Ent(D) = — Zpk log, P (2)
k=1

Horbp, RORTEFEARGES D A k FEARRT & L.
15 B 21 RN RIE(S B R 32545 B e
PEWD BIREEE, B o] WL, A5 S 2R KRR e B
SRR 73 KRR ).
2) CART %%, 2 JE 824 (Gini index) & CART
B o P R A 0 (R A4 5 — o
fE&, HoE

Gini(D) =1-Y_ (’%")2, 3)

Fof O, D R T8 k K IOREA T4, Gini(D) &
W T IHGHE S D BB R AR A, JER B i
RS, SR RSN, R D RIS
i,

3) T Yo e 10 K R W 7 . vk A
0 g F RO RO T L, e R
SEATIRBUA 5 0 4 2 500 (I B L Bk
i SOOI 7 ol B KR %5 31, 1 SR
057 MU, T 0 0 T B SRR 4 4 T
% R G 5 2K 2 ) (3 6 R A,
BV et R e, 2R (5 28 (R (1) BRIL R
S (2h (3)) S B, SEHR B AR IX S K B O R

VB R 54T r, WU G R 12 W B D R )RR AR
S, K2 W ) e s AT EE N B SR G ) Tk
S ABE R v B 2 R i B £ U SRR AT 3
T, B 28 4 HA T I PR A 28 ) T, PR v b i o
VST Y PR 5 2 a2k AR S A 2 Tt

2 FriRHEE

AT Se T N PR B R, FR R AR B SRR
B A AR J 5 A I A A A A R e A R R s SR SR
o5 HH R T PR S R U SRR T R RS R S
18 TraceTree F5 4 (1) B AAHESE.

2.1 BEEE RS

X1 A TARERFEREA, B, W5 FE 2 8] (1)

R B A
f=1-Tr(VAVB), 4)
AR Tr(-) R HBE R 7.

531 Xﬂ“?ﬁﬁ%l‘ﬂ%ﬂg){lg(m), WR g MK
B H x A2 AR, AT AT J= 50 5 A0 A 1 2 4 R e R A
HE— 2, T 5 o B T

FEH 1 R SRR B AT AT R A A A A
Jry E AL

WER X TAEREMAN € [0,1], H

FOALH(L-N)A2) > AF(A) +(L- V(). ()
RPZE R B f 7 R AL

STTHEFEEES Q2 = {A| FEREARDGERFN 1), p e

[0,1], FEMA, A, € 2,0
pA, 4+ (1 —p)A, € £2, (6)
BEEA Q2N 4.

IR ] N, R RE RS ek AL SR R R AR S Q2
PR RRAE S BE 1 nT g, 2R S R B AT AR SR S s A
firt e 2wt . O
2.2 ETAERE B BRI b

1) BRAFEE IR I A 5 42 7 K IE T I 15 T2
N, TE AT EE SRR AR I & LI AERE Q.

T, AR EE A O HIFREE, TF EH R

A An oo Ay
Ay Ay o Ay
A=1 o (7)
A A .. A
Forpr: k 22om AT I ZRAE B SRR 25 38 B, X 0

FE A, 20 # jIT, A; =0,4,5=1,2,... k, BIHEXS
FIRTLE N 0, A, s | M ARAS IR AR AN,
HY A = n, nFoR AL



*x R £40%

1536 = % 5
HE— 20 EAE R
C’211 Q12 Qlk:
Q2l Q22 Q2k
Q: . . . (8)
le Qk2 Qkk

He: Q= Ay/n,i=1,2,...,k, Q. FmEEHKkx
25 I FEASAE 24 BT B304 SR A AN b B o 1 e, D)
MEZAN g 1, RO M2 e =N 1.

2) IR1FEERAR R IR AR T8 2243 K IEFA RIS TR
N, FE LT AR b i o I RERE P

56, IRABRFEARL D o I FE AR XS 24 1 £
AT 328, 8 D IS ¢ NMRHIE X ER s DnEil
PRt Horp: Xt = (af, .. 2t o xl), t=1,2,. ..,
m,s =1,2,...,n, n KR NGRERFEARNE, mE
IRAE AR YR F B 2o 1 RN 2w s AR Kl o
AN FHARER, BRE X oK Tt 1 70 2 Bxd B (AR A
Ko B 7675 s, 8 XN TR T ot (1 T 3R T
PIREARTN 73 A5 mirh, DA s A B0 2 b
IR S5 v IR A AE %717 SRZ Wi bR 28, 4l
53 JE AN 115 S RS bR 25 S TSI e iR 2

AT XL, TR R
By B By
By, B, B,
B = . . . ’ (9)
Bk:l Bk2 . Bkk

Hooh B, FR 08 | R IR A A B8 2
b gL BY OBy =n.ij=1,2,.. . k.
HE— it s

Py, Py Py,
Py Py Py,

P=1 . (10)
Py P .

He: Py =By/n,i=1,2,... k, P,RpRBH i K
B AR RS IR AR 3 21 28 2R AR 25 o 1S 2 7E 4
RUFEASSE i 5 () B A9, MR A0 9 1, B RE T &
A 1.

3) THE AR R 2 (7] (1) 328 R

WA P, QAT (4), 42K 5e 4 BRI, B4
P=QH, f=1-Tr(vVPyQ)=1-Tr(v/QvQ)=
1-Tr(Q) =1-) Qi =0; 4454 EH,
M P £ Qi H0 < f=1-Tr(vVPVQ) < 1, X3t
BWKEP — Qi, f — 0 (P AWz T Q i, i
FEES fIEEILT T 0).

AT PR S R, 5 4E S CART
SRV 3 5 /0N () 6 JE 48 BRI o B ()RR AR 1 AN [,
TraceTree SyEVE H B /N A B EE 25 £ AE BT X B PR RFAE
J& AR A B AR AL AT Y R, BORE XL R
PEANAY S 1 24 A7 25080 5 v dse FL XA 18 IR ARRALE, 1 HL
W R AE W2 Wi B2 b ods B A TR R AL 12
2.3 HEER

Hiz1

B T B BRI 73 1 73 25 P S TraceTree (D, C, 6,
€).

BN nATmINMIFEAREEA D, FHELEC, RE S Fle;

#yH: RS TraceTree.

1) QMRS AN,

2) if DHTE xR EAMAHFZC = o then

3)  CHEMCAMG L SRR DR AR 2 12K,
4) else

5) t<« argmin{f(X"),..., f(X™}

6) NHE + X

7 N.GEIN «— s;

8) D+ DD[X'] < s;

9) Dy ¢ D[D[XY] >=s;

10) if len(Dyy),len(D,y,) < § B f(X*) < € then
11) N T — QM SE S(Dyg);

12)  NATH — QUM (D)

13) else

14) N.EF W «— #4353 28 P 38 W TraceTree( D\,
C—{X'},6,e)

15) NAG T — #8355 28 Y 5 W TraceTree( Dy,
C—{X'},6,e)

16) return TraceTree;

WL 1 s, BRSSP IR T

step 1: 3R BUECHRE 5 91 3% 70 I 2R 4R 5k 4.,
BNGEAE N UATFEARES D, A LB &
A C, FEARN U BE S AR {f e

step 2: X T REANMRRAE, TF 5 FTE AT RE 1 70 E A
KRR ES RS  MFEX = (28, 28, . ..,
ot VT D, bt = 1,2, ..., m, mBRFEARYEL,
N7 2T BE AR IR AR B, T RAERAIE X AN [F]
JCE FIVEEEES fAE: fL fL, .. fECRE 1 EB 5 AT);

step 3: PRI ER B £ B /N 1) 4 B RN 24T
I B A B A, RS AT ARG S R RN AR
HEAT I 77, 19 B0 B A RRAE T I e /N BE RS R, B
/ = min (fl, 12, .. .,f’”), EPEZ LS T X
N RFEAE A e A AR AR, 6 B2 R 4 38 AR D e A
SRl (BIE 15 6 5 T 1T);



%54

X EF F: LTI R R S & FMG SN KL w7k 1537

step 4: MR _E— B3R B 7> B RO FEAR LA
D 73 A5 Dy A1 Dy, Fe ™ Dy 52 D HI R AE
XN T s MFEAREE S, Dy & D IRHIE X R T
BT s MREASES FIE 18 8.5 917);

step 5: X TRAST4, EE LRDIR, BB L
{5 1R 2% A, A5 1 2 A 2 B 45 b R AR U T
TUE WIS, B BT 45 5T BRSO BE 1 £ 1
NTTRGE K BB e (BEi% 1 55 10 ~ 55 15 17);

step 6: AF Jil FE T8 PR B K 43 11 SRR AL AR
TraceTree.
3 SEWEERMT
3.1 PR

A A HERA 2 KSR 2. A [ 2 A Fl1-Score
X 4 A PRAL > AT RE W TR R, EAIAMUR
W7 R B TR E 7, I BE 4R 3 B AAAR Y A 52 B

FH AR AT SE A A
1) #EHf (accuracy)
Accuracy = TP+ 1IN . (1)
TP 4+ TN 4+ FP + FN

H.A1: TP(true positive) #& F IEH, TN(true negative) /&
H 514, FP(false positive) /& IEH, FN(false negative)
AR,
2) KR (precision)
TP

Precision = . (12)
TP + FP
3) A El 2 (Recall)
TP
Recall = . (13)
TP +FN

4) F1-Score & #% fifs 2% F1 4[] 22 1) i A1 35 4A,
FF K #f 2 5 H ml e 2 [\ o ALA ,

Precision x Recall
Fl-Score = 2 x ———o0 = 2% (14)

Precision + Recall

3.2 EAENN

9T PEAR B B o R 2 B B e E A, e
g AE S5 o I 4K ) 0 AT K. 3% B Wisconsin
Breast Cancer Dataset 1f A3 #E £ 95 42, 1Z 5 &£ 7
FUBE S WU B A T2 KN A, 2 — PN EARE
PERIEYEEE. K BT tH 1 TraceTree &y 5 HoAth 3 Fh
TR 53 I Z R A gt AT A, s FH AR 22 RS
W% A B2 A F1-Score & f8 r K PPAL & 5vk 1012
IRV
321 XFTHEYE

N T B IE J T 32 PR B I PSR AR Y (TraceTree)
B A AL B, 51N 3 AN B B SRR
(DecisionTree). 3 #F [ E AL (SVM)+ ¥ JE # £8 ) 2%

(DNN). H H1: SVM 3K H 1% [] 5 o H01E 9 #% oR 4
DNN & 4 JZ M 2 258 (145 1 MR Z 1A
22 ANBEE R, BRI SEUK N 68-70-35-2.
322 SEWERGHT

W% 1 fi7R, TraceTree 5L 7E AT A 8k M BE i
br BRI, HUEMRIAR] 17 93.71 %, A H 2%
N92 %, IX LS bR 1K E KPR B TraceTree HyA7E IE
T 2 R FE AR 7 Th B s IR e 77, TE il = AE 0%
PEIR (F 812 B2 7R B AR e e (HER2) L.
TraceTree 5125 5 1) F1-Score f3 70 3t — P iEL T
FLAE SRS Bt 2 R0 3 [ 22 777 10 ) B P e, DA B A
PR %43 8 I IS 1) v 81 AN R A B4k, BRI A
P JiJRE A AN 38 /D, TraceTree 7E b B 2 51 AN fli
] T R TS, XA LR AR AR R U N E
B LR SRR B PR B FH A B A 12 W A 1 A
AIEEME. I 2 s iis s T LU L, TEATE 0
ZW R, TraceTree A P A i 1 s B /D>

Rl BEHENIHRERL %

reit] HER 2 o % RECIES F1-Score
TraceTree 93.71 91.23 92.86 92.04
DecisionTree 92.31 89.47 91.07 90.27
SVM 90.91 100 76.79 86.87
DNN 91.61 89.29 89.29 89.29

SE T B, I SALE X 43 BV R M R
77 T B A B e M A AT SR A 3 R AVE R
IRIEAR T TraceTree, (HATIAR TR Y T AT 3252 1 73 2%
fit 77. TraceTree vk AR R4 AT 58 V5 DA AR 1
PR S5 84 DA S B A 4 Jr) i A8 PR e 2 2 1) Rl o A
RE A% A 280t 4 PR () B R B R JE M oK &R,
1B BRI UL SR B AR, A L B BT IR AE
HEPERE ), 10 b BRECHE N 58 0% CR AR B M HERR I, I
PErm Y ()RR P e
3.3 EPAEFEEERES K
331 HIERE

KA E AN E P 2019-12-31 ~ 2023-10-14
(S bRl P gl AR m s AT I B 1 68 AN R
SR (Wl B 5 AR FE R AR, RIBIAY 1) e N
fiE), LA B 3035 T 10 53¢ 1D v o e e o 28 5 (i
T B R, BDAEZY 1Y) E bR AR ). R b A A
ML FET Y H &g iR 5 & E R br
(I gk 7K = 520 XoF P P Fe ik e %, B
TEH RN P RIOIRAS . 7R SRR b, A28 512
SRR (AU AN, iR B 1SS HIRE
[FIRE A 1 h, oK A RIS A0 Fe bR 55 2 5000 R 2 1R B
N1 ANPEIR (8 h), MR RR R SRR 1 K.



1538 = % 5

F40%

o £ R

0 50 100
T A

(a) Trace Tree

150

R

Ing

T £

0 50 100 150
MRFEA
(c) SVM
&2

AR TAbE

HH T 8 P B SR B T B A AE 5 SRAE I [B] (A
VUG 7] R, 15 5 e S0 25 4R (1) IR [RDRLFE R 5. 4 55
1 R & R IEVE N A RINFEAE, 525K
T R AR S — A R 1 SRR REAR, RIS BTl
ZHA) TORL L B, 4 J3OAS ST ) vy Al B 2 B B e
B, SR B IRE M 7 AR 4R P Bk 2k
B, A58 FH A6 28 TRV 201 o 5040 4 v 1 S {1, 2 X
DAL Z )5, B RIFEAECN 1380, FFAEECN 68 1)
Bl 4L, Bz BRI 75 % 1E NIIGFER, 25 % 1E
AR A
3.33 XPHSE

AT BUE AT i AR Y TraceTree 75 =1 7 i f 12
W ) @ PRI, 5N 3 AN PR BTV, 43l 2 DAk
JeFeHE BRI 43 JE ) CART ALY, It R B AUH
(f] C4.5 414 v e A PO R JE T Pearson H 5% &
YRR (PCCTree)”".
3.3.4 SRR

1) ¥4 TraceTree i & 43 5l 55 PCCTree £ AL, 14
HEAUE C4.5 15 by A8 77 o 7 i B 12 W 4 4 1 gk
AT, & FIE o0 45 RPN 2 Fos. hEiR
T #, TraceTree LRI . K5 #12 A1 F1-Score 15
FRAE A % EE SR 35 A i, 36 W g H Bk AE
RIS W L AR fEA i A2 R, TraceTree
SEERE Bl 5 e H X P R AR AE AT T A0
B A A0 AR 31 G 5 02 W s A D R )RR AE 2 8
X A RRAIE 12 4 55 W& 8 753 TraceTree BV Al N $& B
B R I 1 45 2% T B . PCCTree #& 7Y F1 L T 55 AL
fE[) C4.5 HE PR EARBEAIC T TraceTree, {H

3.3.2

T 45 R

0 50 100

ke A
(b) Decion Tree

150

iUMIERES

0 50 100
T A

(d) DNN

150

745 R
IR R A P i R v o T AT B2 R B 2 T

on
He /J.

2 BEENIIOEERIIEL %

i) HERf R i ES FACIES F1-Score
TraceTree 96.23 96.21 98.83 97.50
PCCTree 93.71 96.08 87.5 91.59
PRESALECA.S 90.91 86.44 91.07 88.7

Bt 2 A1, TraceTree & yEAR 5 1 14 B /£ ROC
Mgk F453 2] 7 B2 A, /£ ROC 4 T 1 AUC
HN 0.94, X =R I i th BEAE s il 2 W 7
T AT 45 e A A M R AT SE 1. PCCTree 1514 B[l
HJ5, H AUC{H 0.93, 26T BE B BUE I C4.5 1A
AUC 1B/ 0.91, 3X P Fh 2 T-% Gt o S B A 1) ik
FOEABAE MBS WT 25 R R 4F pPERE. Wil 3
Fi7R, TraceTree H92: B8 7E R FREARAR FH 28 1 [F] T
SIS v ) L PH 2, X R R B R S AR AR W2
W AT 25 B ol DG B RRAIE, A A8k TR S H v A
TR 00, RIS gk /b 7 R B AT RE .

107/ ———= —T T
=T~ i
0.8F 1 7
l/ e
M 0.6F s
jung [ ///
K 0.4 7~ PCCTree(AUC=0.93)
02 _ 7 —— TraceTree(AUC=0.94)
: _ 7~ — — Chance level(AUC=0.94)
0 - — — FEBIAUE C4.5(AUC=0.91)
0 0.2 0.4 0.6 0.8 1.0
EYES
El3 ROC Bz

2) 5141 CART SRR I ZRI 18] fif 1%
PLSREG. 5, X AR 5 VAR A RO RS AR AL R



%54

X EF F: LTI R R S & FMG SN KL w7k 1539

FHm 4 T BB ALY ZRIN TR) 4l 1 % e 525, 50 B RFAE
HON 10 ZBHTH N A 68, X LU PR 77 1k (I 2RI ] 32
2R, aniEl 4 Fros. fHE CART 53k, 2Tk EE &
BRI A5 R SRR RS PR I SR T 7 P A R AR B R T R
B /b IX R BH TraceTree 527 AbHRRFE 4 5 45 = 1
e S, BT SEARA I [a) AR B, Rz RALE T
SREARE AR 1A ) AR AL JEE BT B0 s 25, AT k2l 1 SRR AE
o S S R I T S B kA, TraceTree A5 AL Il 25
IS 8] A% 5 P AT BE AR T LE TN R R EE 1S
I, RS B B b 45 S AR 1) 52 % B2, R A DL 11 [
IR AF T BRI o B, 3X06F T 75 40 B R R A
HHm 4R 1 N 3 st o B LAY I R A ) RS
L 5 ) 38 BN e TR AR R 5.

50

—=— CART

40 TraceTree

30
20

i)

10 20 30 40 50
FRIERL
E4 FEFFEHET TraceTree 5
CART B XA ZR B % EE

3) % TraceTree H k5 CART HiEWTE S ik

B 12 W 254 M S 32 4T 30 IR LAYH BR S 56 1R 22 11 52
Wi, FF 10 5% 30 RS0 H R b 7 v I R TR], Sk
e R L AT, Kl 5 fos, T iE S
BRI ) e SR AR £ i AP B BB IR [A) 2 2
/b AT CART 89k B A B W R 35, XM i35
A A IAE B AT R E b, R AR LAY )32
A RE JT RN TIIN AE R P L. IX KB TraceTree VL RERS
JE T [ s R AR B 2 2, B B R 2
R, B v b 2 2] BIRRE 5 Wb S Y 2 TR K &R,
B R M A 7 e SRR 2 AR Y TRI I, TraceTree
SRR 75 LA Kb B AT 2 () T R H B A
AP I A% 5 W2 W R AT DUIE B I ROR, PR IE

60 68

[e)
40—
=
= 35
= 30
257 —
T T
CART TraceTree

El5 %30 REERKIEBITAIE

e P AR 12 RIS 2R ) bRkt 2 2 32 AR S IS E 2 Tt

4) 1E PR b RRAE Y EE 224 W] DLd i T
fiti B AN R A AE AR oh () e S sT R H SRS B A
TraceTree FIL LR IZ LM 5, A& B LS
gyaacmn ) 3 ANRRE: NS AR LG P T 7 AE KR
B NPT M Rk I B R R A TR, BR
W T s P ERAE KT B IR AP T ) — AN
BAESHL, R P B RS AT AR K ™ B 3k
KR E 2 I3 & T I B R E S e —,
CIRKFEE LhE 7 b ire &, 77 W, TraceTree 5
EAR TR 3 AN E B AE S S BR m A e I R
() ZL S UL BAHR R, R WP ) TraceTree
SRR B B 1 S R R 5
4 & ®

B AR T2 R 2R M DL A A T i
WA 12 W A R R, AR S T — Ao B R 4 R
DU SR 75 346 PR 2% A2, 06T R SRE R PR3 R0 20 22T, SR
BT BB IR 3 bRk B AL S CART Sk 5
TIE S AR B A AR, B2 MR i 2 TR
TR (TraceTree) BT T+ 5 b e 12 i 451
. Ab, SR 5 RIS 1 e Hh R AE W2 W T
T A A5, 72 S Br AR 7= I 4 vhomT LS B B3 4 A
N 3 4 I TR AT B R 2B TR v b, R IR R v e AR
FEIE FEHEAT IR, AT B sk Al (0 AR 7= R0
SEHK (References)

[1] Tang L X, Meng Y. Data analytics and optimization for
smart industry[J]. Frontiers of Engineering Management,
2021, 8(2): 157-171.

[21 Yan F, Zhang X M, Yang C J, et al. Data-driven
modelling methods in sintering process: Current
research status and perspectives[J]. The Canadian
Journal of Chemical Engineering, 2023, 101(8): 4506-
4522.

[31 Zhou P, Li W P, Wang H, et al. Robust online sequential
RVFLNs for data modeling of dynamic time-varying
systems with application of an ironmaking blast
furnace[J]. IEEE Transactions on Cybernetics, 2020,
50(11): 4783-4795.

[4]  BOCH, TR, SRHEGR, 55 fhR e 2 50T Ao il

(70 B ok R AL R A 2 TR ). £ S TR R,
2024, 39(3): 867-876.
(Mao W T, Shi H D, Zhang Y N, et al. Unsupervised
tensor depth transfer learning method for online early
fault detection of bearings[J]. Control and Decision,
2024, 39(3): 867-876.)

[5] WHEK, #hem. 2T Kt SSA it MDS-SVM 1142
Jie 2% W2 W 5 TR (0] F ]S R R, 2023, 38(2): 459-
467.

(Xie G M, Lin X Y. Transformer fault diagnosis method


https://doi.org/10.1007/s42524-020-0126-0
https://doi.org/10.1002/cjce.24790
https://doi.org/10.1002/cjce.24790
https://doi.org/10.1109/TCYB.2019.2920483

1540

5

*

R £40%

(6]

(7]

(9]

[10]

(11]

[12]

[14]

based on improved SSA optimized MDS-SVM[J].
Control and Decision, 2023, 38(2): 459-467.)

EBELE, {6 SO, B, & B T REALAZ 70 HHE 2R DU B
P2 I 245 1) r Ll 7 R 12 T[], 4R S R
2023, 38(4): 1015-1021.

(Wang J H, Yue L H, Cao J, et al. Fault diagnosis of
generator bearing based on stochastic variational
inference Bayesian neural network[J]. Control and
Decision, 2023, 38(4): 1015-1021.)

Lou S W, Yang C J, Wu P, et al. Fault diagnosis of blast
furnace iron-making process with a novel deep
stationary kernel learning support vector machine
approach[J]. IEEE Transactions on Instrumentation and
Measurement, 2022, 71: 1-13.

Zhou P, Guo D W, Wang H, et al. Data-driven robust M-
LS-SVR-based NARX modeling for estimation and
control of molten iron quality indices in blast furnace
ironmaking[J]. IEEE Transactions on Neural Networks
and Learning Systems, 2018, 29(9): 4007-4021.

Luo S H, Dai Z A, Chen T X, et al. A weighted SVM
ensemble predictor based on AdaBoost for blast furnace
Ironmaking process[J]. 2020,
50(7): 1997-2008.

Gao L H, Chen H P. Abnormal detection of blast furnace
condition using PCA similarity and spectral
clustering[C]. The 13th IEEE Conference on Industrial
Electronics and Applications. Wuhan. 2018: 2198-2203.
Zhou P, Zhang R Y, Liang M Y, et al. Fault

identification for quality monitoring of molten iron in

Applied Intelligence,

blast furnace ironmaking based on KPLS with improved
contribution rate[J]. Control Engineering Practice, 2020,
97:104354.

Zhu X, Zhang H, Yang C. MWPCA Blast furnace
anomaly monitoring algorithm based on Gaussian
mixture model[J]. CIESC Journal, 2021, 72(3): 1539-
1548.

Shang J, Chen M Y, Zhang H W, et al. Increment-based
recursive transformed component statistical analysis for
monitoring blast furnace iron-making processes: An
index-switching scheme[J]. Control Engineering Practice,
2018, 77: 190-200.

FEE, BREAE, BB, 5. 5T RS A K R $2
BB 2R 48 # 2 W U A (0] M TRE, 2022,

[16]

[17]

(18]

[19]

[20]

[21]

44(2): 154-164.

(Wang Y Y, Chen H J, Yang X G, et al. Fault diagnosis
method of subsea control module hydraulic system
based on decision tree[J]. Ship Engineering, 2022, 44(2):
154-164.)

ik 9 5%, B B . FE T G-DPSO Sk 1 v SR il 7R i
B2 W77 ¥R ). ok LR, 2021, 24(6): 41-47.

(Zhang Y L, Yan J Y. Fault diagnosis of bearing based
on G-DPSO and decision tree[J]. Industrial Engineering
Journal, 2021, 24(6): 41-47.)

e, R g, AT, 4. T RS-CART HRFH
P R BN A 52 W (0], W72 80 70 241, 2020,
35(7): 1559-1568.

(Pang M Y, Suo Z Y, Zheng W Z, et al. Small sample
fault diagnosis of aeroengine based on RS-CART
decision tree[J]. Journal of Aerospace Power, 2020,
35(7): 1559-1568.)

Maddeh M, Ayouni S, Alyahya S, et al. Decision tree-
based design defects detection[J]. IEEE Access, 2021, 9:
71606-71614.

Gordon A D, Breiman L, Friedman J H, et al
Classification and regression trees[J]. Biometrics, 1984,
40(3): 874.

Bertsekas D P. Convex optimization theory[M]. Raleigh:
Athena Scientific, 2009.

FESFAR, FER . BT RE B ALE I C4.5 A5 T SR 5
). A EHLTRE 5T, 2018, 39(1): 96-102.

(DuJ L, Yan W L. Multiple classifiers of C4.5 decision
tree based on distance weight[J]. Computer Engineering
and Design, 2018, 39(1): 96-102.)

Mu Y S, Liu X D, Wang L D. A Pearson’s correlation
coefficient based decision tree and its parallel
implementation[J]. Information Sciences, 2018, 435: 40-
58.

&N

XTES (1995-), 42, T2, E TR 527 1 A HL 88 2 5]

5% BHFrUAL 5%, E-mail: liuyaxue@stumail.neu.edu.cn;

FRAI (1998-), 5, 44, TR 1A AL HiRt

SR B 2t 5 8, E-mail: zhangje@stumail.neu.edu.cn;

E 2N (1980-), 5, ##%, £ I, EEGF T

NEETHLEZ M Tk A R e, BAEIiiL, B-mail:

wangxianpeng@ise.neu.edu.cn.


https://doi.org/10.1109/TNNLS.2017.2749412
https://doi.org/10.1109/TNNLS.2017.2749412
https://doi.org/10.1007/s10489-020-01662-y
https://doi.org/10.1016/j.conengprac.2020.104354
https://doi.org/10.1016/j.conengprac.2018.05.012
https://doi.org/10.1109/ACCESS.2021.3078724
https://doi.org/10.1016/j.ins.2017.12.059
mailto:liuyaxue@stumail.neu.edu.cn
mailto:zhangjc@stumail.neu.edu.cn
mailto:wangxianpeng@ise.neu.edu.cn

