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Abstract

With the rapid development of artificial intelligence and big data, real-time online monitoring of
multiple data streams has become a core requirement for intelligent manufacturing and quality
management. From the perspective of statistical process control, a change-point model is proposed
to monitor whether the mean of complex-structured multi-data streams experiences drift. Consid-
ering characteristics such as skewness or long-tailed distributions in certain data streams, the em-
pirical likelihood ratio test statistic for individual data streams is transformed into a Q-statistic. To
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simultaneously monitor small and medium drifts across multiple data streams, a Max-EWMA con-
trol chart is established using the Q-statistic for online monitoring. Taking the Weibull distribution,
exponential distribution, log-normal distribution, and t-distribution as examples, the performance
of the proposed online monitoring method is investigated through Monte Carlo simulations. The sim-
ulation results demonstrate that this control chart exhibits ideal performance in monitoring small
and medium drifts.
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TEN TR RS REURFAR, 28 SCERIRWHRBE G iE 2= R R [1] . 2 B0 i A 5% Il /B — B 51 46
FATIASE AR A REFFA 9T Mei (2010) 4 Hi e K AL BT A B 21 BT A S T i BUR L G v H &0 75, W 2480
P AT Wi [2] - Du Al Zou (2018) 4= T- 45 HUINALTE 341 22 (Exponentially Weighted Moving Average, EWMA)
BRI, AT AR R IR, W 2 B IR R I 3], Ren %5(2020)0F 5 T A7 2K Ek A
() A N A U P M e, Bt 1 — b [l i AR AR 2 5 SR LU AL 3 54T I SR [4] . Dassanayake
H1 French (2024) 38 it 25 il &1 1) 77323 < i R4 R X355 -

KT ZHARRAI R, R EEIRR R RN, SRR 2 —or, BIRMNE—210.
M8t F2 4% 1] (Statistical Process Control, SPC)[I B¢ 5 B F BT 78 4 1 48 i 3d B 1 16 25 0 1 42 i) 1
PAAL, MR AR FE . Zhou S5 (2012) #5717 IIBULLAR LUAS B 4t i B M 4 R A B A AA Hidi [6] . Li 45
(2014)HF 5% 1 3& T 22 70 T [ % 70 2 TR )45 [ 7] . 648 (2018) g 57 1 T-ARAR LA 3 (R 0] RS
SIATRERIE 8] 28 A% (2018) Uit T SHUAR AN 2T 5 B R A A 1 4 o) P s 28 48 5000 A (1 4 [9]
HFE(2019) T i 1 WA 45 AT 7K 70 A B ) 4% il B OB 75 [10] . Sanusi 25£(2020) 57 T Max-EWMA il
P F St M 2 0n 5 FNHE B0 A I AHR [11] o X BEA5(2022) FF 2 1 MR % 22 o6 B8 U 454 1Y) CUSUM 42 1l fry
F[12] R IRANGT1E 42 (2023) W 7T 1 F8 50731 AT 52l S50 55 X 2% 4 45 Kt 1) 4% 595 [13]
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R A S8 (B BRI ) R A R AR AL I — AL . BN BRI T LU — e BLE 2 oa i), AL
SRR BE A AR St v] DR B O B AR B . PR o B R A L A B R A S A A ) A
i I 256 AL0SR L AS 36 (Empirical Likelihood Ratio Test, ELRT) & 454 it &, 1 H ELRT BE&E H T84
— LI, WIEH T RAZ o BdER . T L 2N EE R E AT A, K ELRT AR#h
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SR AMEFERER, LR >0, HY MR =1. ZBLBREECE N
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Figure 1. Flowchart for online monitoring of multiple data stream
B 1. E&EESRIERRZE

MR, Gt % N=16, BT 16 FBnm 2. S, %f 54— o8dE
WHIRMIEIRSHCN 5, RIESHECN 1 FBAT IR0 A 5 A — e BRI AR S0 0 il 1 (6 BUE S 704 s
A5 Ao HHE RN E R 3 0t oA A 1A 5 48R, Hibbram RSN 1 38516,
HAHEINST . FEARZS B m BN 30, R S5 A it AR HEAT bR AL o i — ikl s i 2 A% s %1 7, X
N0, BRI RGN 2, EREICHS (TR SN E o R REEIR) . 18R )
7=0.25,0.5,0.75 Z£ 150 FiEAT LR, Max-EWMA 7B #f e i A Rk 2, i ih /INERS BN 2.

LA TR 0.25 S BL R, AEESIEIR ARL. §=0 K ARL BI/2 ARLo, &> 0B
ARL J& ARL1. M7 1 H[LAEH, Max-EWMA J7i:RIRIZ 2 SH A IR, BoRILE S50 T
WP ECKIER AR, BreE S8 T BN R B A 2% #lin, 5=0.3K, 1=0.05 Max-
EWMA (] ARL, = 24.001 , fij A = 0.2 ff] Max-EWMA (] ARL, =32.259 ; § = 0.8 I}, 1 =0.05 [f] Max-EWMA
"1 ARL, =5.314 , 1l 2 =0.2 [f] Max-EWMA [¥] ARL, =2.942 . \ 3 138w LLF i, X o /NEFE Max-EWMA
7% ARLy E Max-Q f ARLy B/, AT Max-EWMA J5 7% B A 58 4F T RE

P2 M 3 4r s th T RN 0.5 A1 0.75 IS IL T, AEFEHIER ARL. 4567 1, AXERI
B 2 LI B 0, Max-EWMA Fil Max-Q J7 VAR i Al ki . 24 7 = 0.75 8, ARL: & 1R/),
FEATE 6 > 0.6 i, ARLy BOREFEIET 1.
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Table 1. Comparison of ARL values of different control charts when 7 =0.25
1. 7=0.25 BRAREEHIE ARL BIXTEE

Max-EWMA Max-Q
d 4=0.05 24=0.2
h=1.111718 h=2.111279 h = 7.006011

0 200 200 200
03 24.001 32.259 181.764
0.4 13.789 9.495 137.759
05 9.923 5.778 77571
06 7.859 4.276 35.84
07 6.418 3.455 16.191
08 5.314 2.942 7.314
0.9 4.268 2.512 4.024
1 3.368 2.132 2.338
2 1 1 1

Table 2. Comparison of ARL values of different control charts when 7z =0.5

% 2. 7=05BtAREIEHIE ARL BIXTEE

Max-EWMA Max-Q
d 4=0.05 21=0.2
h=1111718 h=2.111279 h = 7.006011

0 200 200 200
03 15.484 10.403 98.773
0.4 9.741 5.413 33.565
05 6.984 3.751 11.284
06 5.032 2.864 4.619
07 3.507 2.251 2.407
08 2.391 1.803 1.655
0.9 1.758 1.496 1.229
1 1.328 1.251 1

2 1 1 1

Table 3. Comparison of ARL values of different control charts when 7 =0.75
3. 7=0.75BfTEEHIE ARL BIXTEE

Max-EWMA Max-Q
° 4=0.05 24=0.2
h=1.111718 h=2.111279 h = 7.006011
0 200 200 200
03 7.486 4539 24.824
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gk
0.4 3.827 2.507 3.891
05 1.811 1.508 1.397
0.6 1.12 1.11 1.037
0.7 1.005 1.005 1
0.8 1 1 1
0.9 1
1 1 1 1
2 1 1 1

N T AR 4 B IR AT AE 55 A DG BGERAH SCIT Max-EWMA 735 M B s o, BBEHT 15 252 i
P2 B IARR R ECN p o 35 16 sk 2 4RI S e R A B AL, £ p=0.2. p=05AH1p =085
LN BTG, UL Max-EWMA il Max-Q J7VE TR RE . (45 R 4B LB o = 0.25 (L, e 4 fr
e FERIERET, Max-EWMA J7 %L IR AR G R 4F & et

Table 4. Comparison of ARL values of different control charts when the data stream is correlated and 7 =0.25
=4 BIBREEHEEM A 7 =0.25 B EEHIE ARL RIXTEE

Max-EWMA Max-Q
P )
A=0.05 A=0.2
h =1.122000 h=2.111265 h = 7.005400
0 200.72 201.18 200.28
0.3 12.341 8.968 137.243
0.2 0.5 4.229 2.515 6.769
0.7 1.438 1.226 1.666
1 1.144 1.118 1.515
h =1.124000 h=2.111275 h =7.004200
0 200.07 2004 200.302
0.5 0.3 12.601 9.25 139.076
0.5 4.272 2.603 8.141
0.7 1.505 1.201 1.513
1 1.179 1.108 1.116
h =1.126000 h =2.114800 h = 6.964600
0 2004 200.08 199.544
0.8 0.3 12.949 10.365 139.617
0.5 4.459 2.585 8
0.7 1.501 1.271 1.787
1 1.245 1.122 1.159
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M —IHESL . B edth T RIS 2 Ba i iz i, B — oo, X2 B A
Ry, MCHESME; BAXNE N, ARSI MAZKROURRL, R 1 EEgExt
B A KR AAEORFI G AR . @I Q Gt RS Max-EWMA J5 ik 4 & ik 7
2 Bt RN A AR M A A 1), XS N RS B ORI . ISR B Az e, l i ge itk Bl 1
I AR AN RS B T B R P (P SIS AT R . Sl 45 RAR W P th AR 2 1% 5 v B B Y
PERE . A SCHIBIT FUER R IR (R T ST, 2] B R D7 it R4 BRI AT ELRIHT Q St &
EWMA {EAE MR Bt il 2 i KEAT W, W 1 e b 2% BB Le Jti it R 4% 1o AEZ SR B FErp T L%
JEREIR 18 B — 5 FIA YRR, B it i G2 AT AR B 00 T IR 7 2k I 4% R 32 W il AL

e HE

E X 5B # 5 & m B H (12271271).
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