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Abstract: To adapt to the rapidly changing distribution patterns generated in non-stationary industrial environments,
it has become necessary to accurately and timely detect concept drift in unstructured and noisy data streams. In this study, a
concept drift detection-multivariate region set partition (CDMP) algorithm for industrial data streams is proposed. The CD-
MP algorithm first performs multivariate region set partition based on the fuzzy density of data instances, and identifies the
region in which concept drift occurs through a set of fuzzy partitions. The persistent occurrence of concept drift can signifi-
cantly degrade the classification performance of models built on multivariate region sets. To address this issue, CDMP
builds a historical model pool that retains diverse historical models, thus reducing the performance loss caused by model ad-
justment or retraining while ensuring the accuracy of concept drift detection. CDMP’ s performance is tested on different
datasets. Experimental results show that CDMP preserves and reuses historical models with diversity, and can accurately
detect different types of concept drift, including reoccurring and sudden drift, in industrial IoT environments with different
levels of noise interference.
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18. endif

19. end for

20. end while

3.3 HEEZESH

AR B MRS ) 2 2% B s (] 52 2% B T A 2 1 X
CDMP BIESA TR A B M. R L 1A AT, 200X 35,
BE P43 DX T RN () e R AR T B[] () T AR  n B
P S HEA T 22 0 X AR 20 IX 0 BT e B A s 1R g O (), T
L IX AR AT S A AE B st (8 B R T, B R S
JIt Lk CDMP 535 B B [ B2 2448 O (n TS).

TE23 6] 55 4 77 T8 , CDMP 353 %F 7 s AST 2R 3l Fr o
SR R SRNE 2 B TINAT A1 RA 7 i s T, ELR PR B — 2 8
10 7 AR ATE SR T T A B BRI A T A Pty
SRAYFEAY , ELAR B3 04 D7 S AR o] DK 380 28 A i Tt
AR 4328 . b n AN B SR ZEARE T O(n)
BHMAER I m MR EAAAE TN O(m). PRI, A
RIS S I EE R O(ntm ). BRI AL G0 ME AL R
SAVE T B T A R AR TAEA . 27 L rid , CDMP
BEMEIRE 2B R O(nTS+n+m).

4 LWHERSHEESTT

W T YGEAS SO Y CDMP 3% 1945 R , AR et
BAA DX A 1) R e O 4 7 RIRE TSRS ARG ) o
FEBRPEIEAT T S50 5007
4.1 Kig&EEHMEREITEM

ARG E BT v X R RS o R
AR B0 EA T O B S PEAR AR 56 UE A A X S 4
T B 1A A 00 B3O 2 5 L D RE AR I 1A B3 S 191 7 e
TR ELA A S 52 o DX BRI A R A v sh o 1 (8
KS(Kolmogorov-Smirnov ) & 6 Ay FEAEM XA T AL

N T I UEZ AR DA 1Y S M BE K CDMP B
ARG 1 R Y =R A ok AR R B L f
AN B TG He 23 B T 2 RS S A s AR R, OF Bl
TR S SR A IS R A B A A K A
te {1251,1252, .-, 1750} B} JF 47 3% S AU AL |, 7 ¢ =
2500 I R AERER . H b E 0,,=1+0.002x (71—
1250), 11, =2 +0.002 x (£—1250).

*1 HBHHEE

BB R TE) 3 A4 ¢ A5 ] il

TR {1, -, 1250} N(0,1) UN(2,0.5)
R {1251, .-, 1750} N (0,05 ) UN (12, 0.5)
T {1751, ---,2550} N(0,2) UN(3,0.5)
SRS {2551, ---,4 000} N(0,2) UN(5,0.5)

R T AR KS 6 56 1) B0 28 A7 DI, ARSI T
W P (R ARE A TR 3 07 SR S, B0 7 G ) 8 A s R R A
5 ) Bt R — N B 28 R X, AR R A A s B S B MR
A TEL RS 2 AR A T B 2 i XL G P s g ) B S
BEE N a=0.05, MR ER NS E R a=0.01.

E 7 H R T CDMP £ 28 A48 U A1 3 8 RUAE S A
oA IS N R, LA S AR 4 1k KS K % H 4
W, P 2 i 2 I ZIRR L . CDMP Al KS 45 55 R Ak
T A AR A TS B R SR B T SV A . AR i XK
ANTT DL S B i A 4% 8 O TR A B S B &k
EFILTFrA B 57 S50 , B s 26 7 5 K03 T e 2
B AR & A I B, KS K56 ik & T PR SE
R AE 2 22 1) o8 2 i DX %) B0 S 01 5 oA A 3
Tt 11— 25 A, 5 3% o X AT SO S i A e el />
ML Z T, CDMP AR 1Y & A SN ABURK, i 5Bk 5 2%
ip X B TG O B 5 8 R B T 45 A 2 B Bl
Gy AR 0T S A . ELREAE R RS Rk R A i R R AT
X I 14 0 8 TS, WA TR 1) A A A VR ) X
4.2 WMZEBKNAERES T

AR SCH T R B A L 43 B I U5 F 5 MOA (Mas-
sive Online Analysis) RE VAT, L RS2 T 5280
M TR B I A 5 B0k DA B R 4R 2 >0 A R TR vk
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4.2.1 HIRKHIE

TET 7] 500 AR e T A A DU 1% 40 2 0y B S s
EMA TR . HS RS ER AT I, 2
SRR AL . N T RR AR nT i B A 0 B B
R A JE L B R R 2R B R RS . A SR
FHEL SRR AN TR AN 4G 5 1 U e 5 ek
FEFIHE & A 13T DN T 5

SCE ST 34 SR 4 Covertype'! | Elec-
tricity[zz]ﬂl Poker' ™, DI Bz 34 N T 50445 SEAY | Hy-
perplane 'l RanTree ™, ¥4 54 S RN F 2 R .

F2 HIBESHEN

U SWIJ Jﬁ& %EU M 745 7K «x‘%’:ﬁ? —
Bk | B ]| Ve |

SEA, 1000 | 3 2 10 9 AL

SEA,, 1000 | 3 2 10 3 KA
Hyperplane | 1000 | 10 2 5 1| e iR
SEA,,, 1000 | 3 2 10 1| RAEE A
RanTree 100 | 10 6 0 15 | B HE A
Covertype 581 54 7 KA | KA K
Electricity 45 7 2 KA | KA RH

Poker 829 | 10 10 | KE| K AR

4.2.2 BEEXLLEAR

FEXT L SZ 3 B CDMP 540 56 (9 80 W R 47 %0 1
£335 NB2  LNSE'" | AUE2'®, ARF'" 835 , Hirh NB J2
BN IR AUE2 FI ARF 988 1843287 1, LNSE 55
P LR X Z RO R AR SIS I 5 . FESCRR e FR rh
T e A B0 A 4R B MLk S 4 B8 4 S AT RS
W5 DT LR IE 5 4 B S AR R 2 L kA, T
A BRI EE 100 RSER , S35 50 A e B Ol L BR 5K
2% SR ) B K e/ IMIE I T B R B (T A B 45 31

H1 3¢ 3 (45 5L 7T LA L, CDMP 7E 3 6 MU 42
ST 2 4 2 o R AT O T A A X e
#£ Hyperplane Fl Electricity £ 4 1 A6 0 V6 56 4 L

HoAthof LS I R R B B AR . R 7E T Bk
B A A T R TRARE RS i B v v DX R O e
Xof i A2 TR AR S TS AL 11 B S 01 e I A R i (A5
CDMP £ JA5 750 et o 128 750 M 2 VA% ) 325 17 R 0 4 X A
ik . ARFE R T CDMP 87k 2 SR IR b i 1
JE DR 5 R T T B A ML ot IO e A 2 A (R ARk
A% . CDMP 2R FH L) 42 [Ty oo 455 780 3t 149 36 W, Tl o 2504l 5%
A B 213 , CDMP A8 RGN 7 Tff 53R die 20 v T HAh A
2, T T s 2R B R AL AR I B3 R T B 4R
rp R BARE B RS B4 B, TR O ARG v B A v A
e if 6
®3 FHHLEWMELL

K g CDMP NB ARF AUE2 LNSE
SEA., 89.71 84.66 89.56 88.95 85.83
SEA 89.51 83.88 89.07 89.01 86.34

S.1

Hyperplane 81.16 72.31 84.05 89.02 80.06
SEAg, 89.96 86.52 89.47 89.10 85.94
RanTree 94.96 34.04 91.01 94.66 70.27

Covertype 87.74 60.27 85.54 85.49 72.66

Electricity 87.85 77.34 90.10 88.96 82.85

Poker 76.01 59.46 67.70 68.92 54.24

4.3 HHU 3HREHEE EEEIIE

HHU 4l R 540 45 R 45 T v K W 2% 5 22 4 920
Z (1) PT700 SR B BT & . % F A —A s 4
FER =M Bl , — AP UL, — MRS R ISR A
PR NG SRR AL, HEAREEF U P 8 T

&8 PT7004lI7KS:3 4

SRy () SR RE AT 2R 102.4 kHz, 5 2 78 40 45 Py P
H B 7 P 5 AT VR BRI . S0 ) LA PN P i s 45 1
R TR R R R AR B X A i
NSF40 51202 mm 0.4 mm 0.6 mm Y405 . 125 4
oA B A RS IR E S MR LR K/ 0.01 dB L IR
F0.01 dB WK JCHE 75 5200 . CDMP 43 551 6 1 Fh AS [] 37
N B SR AT M RE I UE , Y — Al R A P P
HeRs ANF ERAAE T B AR AL T B A RS
Yyt Z MR TE N BRI A R G R | R AR B AR AL T
SUEMBESER . SRS INE Rz 4. RS
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4 F5SMLIEE AR EELSLW) Tl 5 B XF
BRI A A AR SRS A TR I B, CDMP AR SR F B
B UERA B . X i — 20 3R W], CDMP ANMUAET 2 ffi H]
) SEZ 6 5 B G 5T M T RS AT LA S A Y
PERE , T HL AR ELSE A Tl b & 5 F i HoA B R R
M.

%4 FETRTHZRSESHNAERE

R WE MR RN S dB. W] LLE HAEANTR] Y S 7KOF
ST, CDMP [ 2 JEHERG 335 HHAD X HE A

IFlE) | 3R | S%d A8 fbmp | BEAECR /K | BEARKTE | HERE /%
1 |LoadO| 100—150 500 204 800 93.84
2 |Load1| 150—200 500 204 800 92.49
3 |Load2| 200—250 500 204 800 89.64
4 |Load3| 250—300 500 204 800 90.26
5 |Load4| 300—350 500 204 800 89.39
x5 AAHERETHIRSHERNERE
BF(] | el | BB ARAE | BEAREE /K | REARICE | A%
1 200 | BRpEEThBE 500 204 800 92.35
2 200 hE—-EE 500 204 800 89.58

T S B IE CDMP [ HERE , 78 HHU S84 T
X COMP 5 H B EAS A AL 24T T X FL S 6, 52
IS5 R N E 9 Fros . X HRAA VLR NB, LNSE, AUE2, ARF
BYEAN  #E— AT T AC-OE Hl EOFWOSELM
A A ) B . SEBGZ5 T, CDMP (T 55 e X
22 70 X ek A AT K] 43 0 g sk AR A it B R ) SR, A5 R
Xk 3% 5N HHU cHis SR A A M ME S i HA B 1Y
o 0 RS R RN S FE

95

90 |-

oo
[
T

HERE/%

=
O
T

=
=)
T

[~=—CDMP—e—NB
—A— ARF —v— AUE2

4 LNSE —< EOFWOSELM
> ACOE

300 400
Kot s KUk
P19 HHU B N AN 75301 Ao G ) o 22

TR AT
PR XA [ R 7 KT 2% S A A I 1 A R A
Bl . 2R 6 5 T 2% S AR A [ i e P 7K P 17 2
TR ERR AR, WP KPR TR B A PO A B L

=Y
<
T

500

100 200

4.4

F6 AEBEKFETHSEERE
WK% | CDMP NB ARF AUE2 LNSE
5 94.01 86.08 | 92.13 92.01 91.22
10 89.70 | 80.90 | 89.37 89.02 86.04
15 87.72 | 71.01 | 85.64 85.67 85.63
20 83.44 | 6598 | 80.75 80.66 81.17
25 80.51 62.08 | 78.56 | 76.18 77.12
30 76.31 60.33 | 73.39 | 70.82 72.67

Pl 10 H 7 1 [R) M 7 7K T AN [R) 535 7 SEA Kt
A5 TG I VA L NS LU A R L A AR B T A O R
PRI D0 T PR3 A v ORS00 T 25, {EL 25 g A K- 1R 0%
FERF 20% I, X FC Bk A I 1 BE AR AT A [ 72 2 1
R ARG, (HAS SR REAE i R P 7K 1R 7 5 R DR A AT
TG ) A M AR E e, PR T T T R T R X
A )i R Hh R 4 U (L mT L2 O 30 Al S 491 T A
L I B AL , AT 52 B4R BT ¥ PP R A R ) iy 32
Pl R g R L XS CDMP 76 Tl i W s KO- F BB
PRI e R T A B PR R A ARAR LA

Pl - =~ CDMP
LN -+- NB
bl - +- LNSE
" - a- AUE2
| TR G S AR
. g o
=0 ® \.é:\::\'\
= Soe i
EB';E75 - \ {‘:\\ n
& 2 Ve
70 - KR S
65 + \\\
S
60 .
1 | L i | ;
5 10 15 20 25 30
R KT /%
10 ARFRIMEF KT R4S Hot H
Sl B S
4.5 HRELLIE

AT CDMP Fr A & (RS T T IH RS 5, F—
A5 0 UEASOR 43 DX AL o) 0 g s A A b () /R, e atE AT T
WRR Y Rl 525 - (1) % CDMP H R 43 X AL (0 AR 34
T, A8 R AR 43 X, 13 ) CDMP-F 395 5 (2) 4%
CDMP w1 (1) [y 50 A5 #8 3th 2 i, o 43 1) A 7Y, 15 3
CDMP-H 553k . 75 SEA B#54E |43 5%} CDMP ,CDMP-F
H1 CDMP-H 5532 1) B 8 5 Ao 0 1% o ff 3 AR A7 S 56
HEERLWE 11 s .

P11 SEE0 45 S 2 B R AOR 43 DXL ] e Ay R A
R DX, BT X A A TS ) A I Y A 3R I R A1 [
FERY , F 3 B3 G g s BRI AR B I, AR S B RS 1Y
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Tk 5T ) 278 TOURCR I 1SS
R B RS O JSE RE T3 . AR SCHR T 22 0 X AR A
3 B Tl R A 2 AR 4G TN B3 05 CDMIP 2 TR 2 )
W 14 3R 2 T ik 59 BRUE 4 1) 530 52 091 RO A MM 23 X, )
220 X IR SR A A% DR ) . O Je i 4 O 2
s AR A, S B TG AR TR TR A DR M R S
K4 R AW, COMP REFE MRS T A Tll Xdfe it b 52 8
Xof 22 70 DX B 1Y) S A SRR O HE R U0 A S TR AR X,
BAB Rz A 5 8 7EARRI TAED K% &
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