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Aoleall 83 yual) Laalidll

BlSkaal) il 6

bl & sl s 416
1N=50,100 dismll anass P=3 psiia 230 ol g5l Alla 38 sl il 51 il (2) g

n chart alpha tAa;?fz H  UCL ARL; ARL; CARL  Best
MC1 005 20 41298 2698 20.36 0.7926
MC2 005 20 124610 17.44 4736 1.3650

K-Gaussian 005 20 0.055 1.7832 23.16 11.14 0.4106 K-Gaussian
K-Laplace 0.05 20 0.036 15360 23.48 11.74 0.4380
K-Epanechnikov  0.05 20 0.138 12510 16.04 12 0.4618

= MC1 0.1 10 3.0617 11.68 9.56 0.5817

MC2 0.1 10 7.3344 9.02 8.68 0.4900
K-Gaussian 0.1 10 0.049 14136 9.64 658 0.3446 K-Gaussian

K-Laplace 0.1 10 0.046 0.8213 7.32 6.18 0.4876

K-Epanechnikov 0.1 10 0.147 04942 11.74 756 0.4888

MC1 005 20 41832 19.16 17.08 0.4002

MC2 005 20 13.8153 24.46 21.92 0.6319
K-Gaussian 005 20 0.058 1.4854 20.82 13.82 0.3287 K-Gaussian

K-Laplace 005 20 0.105 0.6260 30.72 17.16 0.7477

100 K-Epanechnikov  0.05 20 0.197 0.4588 20.26 15.38 0.3430

MC1 0.1 10 2.9397 1294 10.44 0.6677

MC2 0.1 10 6.1135 8.4  9.28 0.5226
K-Gaussian 0.1 10 0.148 0.1438 866 6.78 0.3938 K-Laplace

K-Laplace 0.1 10 0.171 0.2256 9.7 81 0.37%4

K-Epanechnikov 0.1 10 0.109 0.9385 11.52 8.26 0.4719

2026 4l / I3/ 151 3/ (51) Alaal) SaiBy) g 5 1Y) Adaa

21



i andi L a1 & el @l g Ailiae Ayilan) Cilay 8 ciad Aaleadll) g Lsalaall Basaiall aS) jiall £ ganall cila gl 45 il SlSlaal) Jlaxinud

Alaxionl) 31 il Alla g 535 Aipmll aanad b Caling <l yuaiall 5aaxke aS) jiall & seaall s sl o1l () (2) U sandl il (e ey
anaill g, Cana iy Lae i) Sl lmall e Lad cilas (MCL, MC2) duadial] s sl of ilial] <yl s
K- a5l &ilS (n=50) 5_srall Sliall 2iad 311l jade Ao saaieal) s ol 45 )lae i) jai¥) e jSuall caiSI 3
Jhnall o ol i 3 target ARLo =10,20 <agis Jas sia 5 <0=0.1,0.05 & sine 5 sinne 2ic JadY) 4 Gaussian
Dhaa) dllial) JlE55 5 jlaall & Ly (uSay Les <ARL1SARLg 02 ol s 0)) 55 e ¢(0.41,0.34) z el Sl
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S el Jlnall da Ji cidae | 3) ccila ol 48y e Lia)f I sale (S8 K-Gaussian 4s 5! < 5 3 target ARLo = 20
(n=100) Ua & el cirgiusall Joanill J sha o s (g0 A 8 Jaanil) J sk o gid Aall ol siase il 5 ¢(0.32) ¢ el
Dbnall dad J81 38a3 Cum (0 JuadY) 4 K-Laplace 4a s <uilS ARLp =10 “ogiose Jaws sin g 0=0.] &3 sz (5 st s

(0.37) z el S 5l
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o
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(Alpha =0.05,0.1)

Lils & jsi s 4 2.6
:n=50,100 Aisall a5 P=3 puiia e 5 (LalS oy 55 Al 85 jlasad) il ol 05 (3) J g
n chart alpha f;gf: h | UCL | ARLs | ARL: | CARL Best
MC1 0.05 20 4175 | 26.22 | 21.58 | 0.856
MC2 0.05 20 13.193 | 37.04 | 19.14 | 1.162 K-
K-Gaussian 0.05 20 0122 | 0391 | 215 | 13.94 | 0.464 Gaussian
K-Laplace 0.05 20 | 0.056 | 0.879 | 14.22 | 10.14 | 0.502
50 K-Epanechnikov | 0.05 20 0.148 | 0.938 | 25.96 | 11.86 | 0.559
MC1 0.1 10 2.802 | 12.08 7.9 0.561
MC2 0.1 10 7.822 | 12.16 | 13.12 | 0.841 K-
K-Gaussian 0.1 10 0.089 | 0.391 | 13.36 5.7 0.535 Epanechnikov
K-Laplace 0.1 10 0.144 | 0.235 | 12.7 6.82 | 0.547
K-Epanechnikov | 0.1 10 0.216 | 0.157 | 9.42 6.6 0.387
MC1 0.05 20 4160 | 25.4 | 20.46 | 0.672
MC2 0.05 20 13.681 | 19.36 | 21.48 | 0.529 K-
K-Gaussian 0.05 20 0.16 | 0.220 | 19.76 | 13.86 | 0.335 Epanechnikov
K-Laplace 0.05 20 0.138 | 0.364 | 21.74 | 12.7 | 0.360
100 K-Epanechnikov | 0.05 20 0.109 | 2.500 | 19.98 | 14.16 | 0.335
MC1 0.1 10 2.817 | 12.18 | 7.78 | 0.482
MC2 0.1 10 6.525 | 10.24 | 7.18 | 0.321 K-
K-Gaussian 0.1 10 [0.097 | 0.352 | 9.98 | 7.54 | 0.320 Gaussian
K-Laplace 0.1 10 | 0.083| 0.469 | 12.94 | 8.24 | 0.554
K-Epanechnikov | 0.1 10 0.105| 0591 | 836 | 7.08 | 0.414
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Alpha )4 sieal (s siwa s N= 50,100 Ll canns s (P=3 & juaiall 2ae 5 LalS w53 0 55 Laie 3 ylagudl il o) el il oy (2) JS&)
(=0.05,0.1

sl s 3.6

:n=50,100 4l (e (P=3 &l _jariia 22e e‘éls B E)Ss s ‘55 3kl cils gl c.\l_u 4) Jea

n chart alpha Z;gf: h | UCL | ARL, | ARL: | CARL Best
MC1 0.05 20 4160 | 17.16 | 19.06 | 0.693
MC2 0.05 20 11.728 | 15.76 | 18.3 | 0.719
K-Gaussian 0.05 20 | 0.074| 1.055 | 18.68 | 9.62 | 0.346 K-Gaussian
K-Laplace 0.05 20 | 0.063| 0.762 | 17.7 | 13.4 | 0.498
50 K-Epanechnikov | 0.05 20 | 0.263 | 0.220 | 17.24 | 10.34 | 0.419
MC1 0.1 10 2.939 | 9.06 8.6 | 0.545
MC2 0.1 10 6.845 | 11.98 | 8.26 | 0.599
K-Gaussian 0.1 10 |0.138 | 0.167 10 5.88 | 0.327 K-Laplace
K-Laplace 0.1 10 | 0.087 | 0.352 | 9.76 | 5.38 | 0.316
K-Epanechnikov | 0.1 10 | 0.124| 0430 | 7.78 | 7.72 | 0.585
MC1 0.05 20 3.916 | 25.42 | 21.2 | 0.773
MC2 0.05 20 11.721 | 24.54 | 15.64 | 0.589
K-Gaussian 0.05 20 |0.046| 2.618 | 20.94 | 10.9 | 0.332 K-Gaussian
K-Laplace 0.05 20 | 0.147 | 0.396 | 28.88 | 12.18 | 0.646
100 | K-Epanechnikov | 0.05 20 | 0.136 | 1.250 | 18.52 | 13.26 | 0.416
MC1 0.1 10 3.000 | 10.98 | 11.68 | 0.593
MC2 0.1 10 6.845 | 11.04 | 13.64 | 0.685 K-Epanechnikov
K-Gaussian 0.1 10 | 0.144| 0.157 | 7.12 | 6.68 | 0.501
K-Laplace 0.1 10 | 0.054 | 0.665 | 10.76 8 0.412
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Quality control is an essential statistical tool for monitoring
and analysing the quality of production and service processes. Its
primary objective is to detect, as early as possible, any deviations
in the process under study. In this research, a simulation
approach was employed to study the performance of parametric
(MC1, MC2) and nonparametric kernel-based Multivariate
Cumulative Sum (MCUSUM) control charts under three
statistical distributions: multivariate normal, multivariate
gamma, and multivariate chi-square. The efficiency of the two
charts was evaluated using the proposed Composite Average Run
Length (CARL) criterion across various mean-shift magnitudes.
The results revealed that the nonparametric chart based on the
kernel estimator was better at detecting small and moderate shifts.
In contrast, the parametric chart was slower to identify deviations
and process changes. Moreover, a comparison of the three kernel
functions (Gaussian, Laplace, and Epanechnikov) showed that the
Gaussian kernel was the most efficient at detecting small shifts,
followed by the Epanechnikov kernel. In contrast, the Laplace
kernel showed the lowest efficiency in this aspect. These findings
indicate that both the choice of statistical distribution and the type
of kernel function significantly influence chart performance. This
emphasises the importance of adopting nonparametric methods
when the data do not follow a normal distribution, the true
underlying distribution is unknown, or the data follow alternative
distributions.
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