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Industrial Operation Performance Evaluation of Industrial Processes
Based on Modified Random Forest

CHANG Yu-Qing' SUN Xue-Ting' ZHONG Lin-Sheng' WANG Fu-Li*? LIU Ying-Jiao'

Abstract Operation performance evaluation refers to further judging the operation performance of process on the
premise of normal production. In the view of coexistence of qualitative information and quantitation information
during the industrial processes, a method of industrial operation performance evaluation of industrial processes
based on modified random forest is proposed. In order to solve the problem of redundancy of decision trees informa-
tion in random forest, decision trees are grouped based on mutual information, and the optimal decision tree in each
group is selected to form a new random forest. Meanwhile, in order to strengthen the decision tree with high evalu-
ation accuracy and weaken the decision tree with low evaluation accuracy, weighted voting mechanism are pro-
posed to replace the traditional mode voting, and finally a mutual information weighted random forest (MIWRF)
based on mutual information is formed. To verify the proposed method, the method is applied to hydrometallurgic-
al leaching process. The result shows that MIWRF reduces the complexity of the model and improves the accuracy
of operation performance evaluation compared with the traditional random forest algorithm.
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Fig.1 Weighted random forest algorithm based on mutual information
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Table 1  Key variables affecting leaching efficiency
iV L JE
W AR kg E
RIS RIRE % FE
LRI AT DA g/t SETE
R LEUAL A I kg/h SE
SRR 2B I kg/h T
IR R AR N keg/h TE R
—RE R R R m’ /h E B
—RE R R m® /h T
IR R A R m’ /h TE R
—RE AR R R m’ /h E B
R E % FE
—R G g/t SETE
TR L EAL A B kg/h SE
TIRR RN N & kg/h T
TR AR N keg/h E R
TRE IR m’ /h E B
TRE R R R m® /h E
TR R R m’ /h TE R
TIRR AR R R m® /h E B

LR AIE AT 0 A IR = AN S8 4. AR
K PR 7R BA TSR I K 1) ik &
ST AT B, B0 SR T FTRT ST R
Faa e A R, 2 K A RS2 B B IR 5E
BT & 0] DU HE B AR S R VA G e A e I R
NEBRAEF RER S H. NGiika e i 51T &

KA 5 000 ZHIZREdE, Hr, 4 000 HEHEEAI
SRRk AR G ALARARAE AL 1 000 4R AF
NEGUFEE. ST IR S B R AR K = 100, VF
MEHEEm =5, W{Hc=085, H=5.

N T SR AR SCEVE A R, W B R AR
850 HEHEAE AMASEA, Wit T a0k 2 fsLss, o
IR T T — R IR A 4 FACNR I EA 2
SHIBITIRES M ERN L BT IR
7, TN AR . AR RS T AL S RE AL
FRMEIELEAS [F) G S B0 T PPN R Y %o Bl ke
I S5 AT PR SR (1 B T e e SRR TR B R
()[R By AL 1 A ) 5 2

* 2 RUAEEE T
Table 2 Experiment of leaching process
Hm LR Eiiipa
1~160MFEAS i, S FRBATIREE I “I87; B
1304 " HLOINFEAS S, — IR AFL BV I &%

A IBATIRAS E RN EIR TS, (0 AR
“HR7 SR, HLB B304 REAR AT
314~ATYOMFEA S, PRFF— IR R ATFAGAN A I i
A WRERR BT TEH Wk ; 480~6211
FEAR 81, FRS D84 FALBRINE:, IB1TIRE
FREF— IR ATAL SN A I A AR, R
BATTFER R

305~621 AR

622~850 etk

3.4 SEWEERSH

IBATIREF R MR LR 2, AP
AR 3. T LR REMRIMEA A — ERE
PR, AT B A B BE R TS 2 I 2B R

I 0

L [ A 1| [ 313 ---= 5t
Bl SO myios288 | e MIWRF
g ol _ ~—RF
. . g ol 2N A I . T
% 100 200 300 400 500 600 700 800
k Pk
VRN ORI IR
LT X: 313 ' ' | 636
%*05 Y: 0.4525 < Y: 0.5378
0 . . . . . A . .
0 100 200 300 400 500 6001 1 700 800
GE¥N i
g0 AR mRE
&1-0 I X636 il
o v: 04512 T3,
0.5 i
= , bl s [ -._'-'.'-'\'-"I','."". W
% 100 200 300 400 500 600 700 800
A
B2 BPRASIE

Fig.2

Probability of grade of running state
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A NE 2 MRS A T LR 7ERT 160 4
FEA T, S840 “R7 MR AR AN 161 MREA s T
Ua, O R RSB T IR/N, SE IR R
BTG R. 314~479 MNFEAR S S IR IR
R K H 480 MEA R, R kI IR IZ
Wrog, SR AR MR ZE B K. B 637 A
FEA SR, S et R K. IRIEEITIRE
LERMAT LN SRS, BATIRE RN 4 RN
1~317 MFEAR R, BATIREFIOITF N RN “i7
G 318~640 MFEA KL, N RN EFH: 641 4>
FEA S, N “dEtR7 SR, 5LRBITIREER
X E, A IR B 96.2%, 1 Bl AL AR AR VP A AR AR
FEN 93.6%. BAE T AR ST S AT VRN VLM AH
R

PR BN B sz Bt 45 Rk 3 B, 3k 3
I LLE H 5 &SR LR AR EEAR B, ASCRT iR L

E LI R SR B KR D, BB SR — 8
FEPE g m 1 PP RS .

N B DA T HE T R VRN VERE, K M-
WRF 777%:5 KNN (K near neighbor), ANN (Ar-
tificial neural network), RF (Random forest), &
T A TR U TR SRR EL R I ASL B4 [ AL AR bR B i
MIRF (Mutual information random forest) 13
Bk [2] H i) FDbD J7vEsiAT 1 XF HEsge. KNN o,
AR B B DY 10 PR S0 WiEE . ANN 1,
M EECN 2, & EMLIE O8N 10. RF,
MIRF. MIWRF #2235 & 55 3.3 17— FD-
bD J& % T Dempster-Shafer Fi% FIAR R 2 75 A 5
KIT7 %, %071k N R ORI BRAg g /b 1 8 AR B
B F B HE B2k, FRE% DCD (Dynamic
causal diagram) JVHUE SR A BEREIE L J5 PR 5 50
BEAT HE PR SCREARCIN & /A TH A Y AL, J8 R DST %
W2 E BT RS, kAT HERE, A ARGt
DCD o i [ I 1) FH A 3 A0 & o 3R fE i 45 2
IR

R AT T 6 MEIERIBITE R, IR RE
JEE AT () AU 8], AT DA e e s
ks ST 2, AT AR B i s AT RS AR
iR 5GP T (KNN, ANN) At 2T
BENLARAR R TR B B T BRI S, X
R BE T IR S VP 75 1% L A — R R g PR T
PR ELFRERE. X T 3 AR T BN BB AT

#3 RF 5 MIWRF 23645 Exf b
Table 3  Comparison of experimental results of RF and MIWRF
SEE RF YA 4= MIWRF J 5 £ REVFN R (%) MIWRFITHFEFE (%) PSR Ik 5 (%)
1 50 19 92.9 94.9 62.0
2 60 24 93.0 95.0 60.0
3 70 31 93.0 95.1 55.8
4 80 32 93.9 95.3 60.0
5 90 36 93.5 95.7 60.0
6 100 39 93.6 96.2 61.0
7 110 43 93.6 95.9 60.9
8 120 46 93.5 95.7 61.7
9 130 51 93.5 96.0 60.8
10 140 54 93.6 95.9 61.4
11 150 58 93.5 95.7 61.3
12 160 62 93.6 95.8 60.6
13 170 63 93.6 96.1 62.9
14 180 65 93.5 96.2 63.9
15 190 69 93.6 96.1 63.7
16 200 71 93.7 96.2 64.5
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Table 4 Performances of 6 evaluation methods
i KNN ANN RF MIRF MIWRF FDbD
KEE (%) 88.8 91.2 93.6 95.2 96.2 93.3
BRI 1] (s) 0 51.1519 27.4507 23.0871 23.6831 28.7613
MR L] (s) 0.69011 0.11933 1.3123 0.9062 0.9639 1.1534

VAN 715, 15 G0 I BE AL AR AR A [A) A A, 2
TR AN RF Bk 8E L MIRF f1 MIWRF K, A
T E M GEF R 5 HIGIELE. (2 RE VRN RS
tt MIRF £1 MIWRF i, iX FZ 2 F N RF B8k
PEAFAE TU AR HA o3 HG FE A, i 28 T B4 B ik
PRI A SR BRI S, =k A2 R
PER I S A Re e MR R I 2Rz thRe . 5
MIRF #t, MIWRF f T84 RS HIRE it — 25
P27 (I 5 b T 5 0 i 1) g e, X2 T M-
WREF S50t S i b &5 AT 7L, wtk 1
PERE I 1) Ve S R I 55940 T MERE ZE RSk, 5
FDbD J5:AHEE, MIWRF FIR B — & FI 7+ H
FEWS (] B A ISR S, FDbD % T B k0 iR A4
PR ST IBAT VAR, FEVPRA R b 5] N R R
— A TR, By e 7 AR
IR, X LA AR AR R RIE WIN B A5 281 T 78
YR, T FDbD #0181 AR A J5 R 5 i
R ARIIBATIRAS PR A JE A (B TE SEFr B A it

FEENUR I HEEURE XS PR e BT 3R A5 1 3k A2 e iR e DA AR
UEZE %, [AII NG FE 0 R A PR A 75 Xk DL 3]
— R Tk id 2. MIWRF 5845 T8, fei 5
) B — M okt fE, (H e[ 2 MIWRF #E47
405 B A e — 5. 48 PR, MIWRF
AL T PP AR B () S A 5 b8 s T VP S Y
[PIAEFE.

SERRE R

N T BB IRUEARSCOE R SEAIE, WA &
J AR 5 H I HE 07 JURHIE, 5 H AR iz
ITIRETEO PR S5 R 4~ 8 Fiow, PR KE B2 A
96.1%, AEWEIH L2 BAE B 5 E VA BRI B 2%
TV FEHBATIRE VPO 23R . B WA SO $2 5 9%
FEBLI7 96 b A e I RE R BAT B

4  LEERIE
A SCEE R A B A BRI Tl AR
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