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Abstract: In real case problems, the relationship between the response variable and one or more explanatory variables is
called profile that should be monitored over time instead of the quality characteristic itself. Profile monitoring is used in such
instances. Many researches have been done in profile monitoring but most of them assumed that the response variable follows
normal distribution. In this paper, we will obtain the form of the Sum Com-Poisson likelihood equation and the parametric
estimation. For a random sample Y1. .. Yy, where P(Yi=yi| A, v,m),i=1,... ,N. where the Conway—Maxwell-Poisson (CMP
or COM—Poisson).
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1 Introduction

In the area of statistical process control, sometimes the relationship between a response variable and predictor variables,
which is called as profile, should be monitored over time. There are many classifications for profiles according to the type of
the relationship which should be monitored. For example, simple linear profiles, non-linear profiles, polynomial profiles, etc.
Most of the literature concerned with profile monitoring deals with Phase I and Phase II analysis of simple linear profiles.
For example, see [1], [2], [3], [4], [5] and [6]. [7] Have proposed new linear profile schemes for shrinking variations in
chemical processes, linear profile monitoring is an approach that describes the direct relationship between the process or
product characteristics and further checks the stability of the relationship by monitoring relevant parameters. Research
including [7] and [8] are dedicated to multiple linear profiles. References [8] and [9] have proposed methods for monitoring
polynomial profiles in Phase I and Phase II, respectively. Monitoring of non-linear profiles is investigated by [10] and [11].
In all the aforementioned research it is assumed that the response variable follows normal distribution.

In the past decade, there has been an increasing research interest on profile monitoring. Most of the research assumes that a
linear regression model can be used to properly describe the profile. Some of the research, such as [3], [4], focuses on Phase
I methods. Other works, such as [1], [2], focus on Phase II methods. Detailed accounts of recent. Most recently, [7] proposed
a self-starting starting Phase II control chart for monitoring linear profiles when the process parameters are not known or
cannot be reasonably estimated due to lack of large Phase I samples.

Another recent paper on the Phase I method was by used linear mixed models to monitor the linear profiles in an attempt to
account for any correlation structure within a profile, especially when the data are unbalanced or when there are missing data.
All of the afore-mentioned research assumes that the response variable is continuous. However, in many industrial
applications the main response variable of interest is binary, as in the case of whether a product can be classified as defective
or non-defective. For instance, the compressive strength of an alloy fastener used in aircraft construction is an important
predictor of the quality of the alloy fastener. Some of the research, focuses on Phase I methods. Other works, focus on Phase
IT methods. Detailed accounts of recent developments in linear profile monitoring can be found. Most recently,[12] proposed
a self-starting Phase II control chart for monitoring linear profiles when the process parameters are not known or cannot be
reasonably estimated due to lack of large Phase I samples. Another recent paper on the Phase I method used linear mixed
models to monitor the linear profiles in an attempt to account for any correlation structure within a profile, especially when
the data are unbalanced or when there are missing data. In another recent paper proposed Phase II methods for multiple linear
regression profiles. As for other non-linear profiles, some recent works can be found. All of the afore-mentioned research
assumes that the response variable is continuous.

However, the observed outcome of an alloy fastener being. Recently, [13] have proposed 5T based methods to monitor
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logistic profiles in which the response variable is binary. [14] evaluated two of the best methods of [15] in monitoring profiles
with Poisson responses. In this paper, we will obtain the form of the Sum Com-Poisson profiles likelihood equation and
parametric estimation. The rest of this paper is outlined as follows: Section 2 describes the procedure of parameter estimation
when the response variable follows Com-Poisson distribution. Section 3. Conclusion and future research are given in the
final section.

2 Parameter Estimation in Com-Poisson Profiles

Suppose that there are n independent experimental settings, and each setting contains two explanatory variables as follows:
ki is the J™ observation of i setting level which is assumed to follow a Com-Poisson distribution with the mass probability

function of k;; is as follows:
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Consequently,

A= (eXP(Ui) + vzi;:)w 3

Where fo and f1 are the regression parameters.

Assume that there are m; observations in i setting level. The definition of ¥; in Eq. (4) is as follows:

Yo=Yl ky (4)
1
Obviously, Yi follows a Com-Poisson distribution with mean mi(4;*i — %) with the mass probability function of k;; is as

follows:
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Since Yiin each setting level is independent, the joint likelihood function of Y1, Y2,...., Yais as follows:
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Taking the derivative of Eq. (6) with respect to 8, ¥; and obtaining the score function in Eq. (7).

)Vi Vi)

i=1 Z((EXp(xi B) + Zl_vi)w V)

aaﬁ ((eXp(x P+ 2 il)w’v"): Zj!vaia/)’((e)(p(x ﬁ)+ ) ) Ej'va/)’(e’(p(x"ﬁ)+Vi21_;il>jVi

J=0 J=0

dlog [L(/li: Vi, yi)] _ - yivixiexp(xi B) 2 laﬁ Z((
- Vi—l -
ap ~ exp(x; B) + e

= v,j v, — 1)Vl
= > (exp@ )+ ) wexn(x )
v, 2v;

J=0

o J vi—1 jvim1
dlog [L(2, v, y)] <O yyvixiexp(x; ) imfvfxiexp(xi B30 (el p) +757)
= vi—1 - —1 Vi
ap — exp(x; B) + P Z((exp(xi B+ VZ—VI) V)

© 2022 NSP
Natural Sciences Publishing Cor.



E. A. Rady et al.: Profile Monitoring for ...

620

vx;exp(x; B)

-2 (expt ) +20) 2

‘Vi—l Vi
] Vl
Z‘Vi

[oe]

=O

[in ((exp(x B) +

vixexp(x; B) X0,

) ) et

v, — 1)"’1‘
2v;

M(exp (x; B )+v2i_;i1)jVi 7

o

)Vi V)

dlog [L(/li,vi,yi)] _ '
B e (et ) )
dlog [L(%, v, y,)]
av;
n
v,—1
=2yilog(e><p(xi B) + 5 )
i=1 Vi
= yv L [(exp(x B) +-~
- Z Zlog( ) - Z
Ll(exp<x [>’)+ z<(exp<x B) +
Y o\"
Zkl e =0 <k1 ...km,)
k... kml =Yi l
+ vl
'y i
Krdem=0 \Jey oo b,
[ -~ '
dlog [L(/L-, v, yl.)]
av;

- v,—1
= Z y log (exp(xi B) + )
¢ 2v;

i=1

i=

+Z (eXpoc B+t Elog(y) 2

ARG
Zkl kml_o 01/ (kl ...kmi>

[P -
+2 Vi Vi
T T o (kl )

ki,.. kml

av;

a —1\Yi
La_viZ((eXp(xi B) + vz_vl) V)

Vl‘—l)vi
—) v,
2V[ ! L)

2((exp(x; B) +

d Yo \" Yi \" Yi
_<k1 ...kmi) _<k1 ...kmi) l"(kl ...kmi)

© 2022 NSP
Natural Sciences Publishing Cor.



J. Stat. Appl. Pro. 11, No. 2, 617- 623 (2022) / http://www.naturalspublishing.com/Journals.asp NS ¥ 621
2w +755) ]
— B) + Vv
© [ vi—1 viy
_ 2 e _( 2v; ) ]
= "
= av; J!
o . v Vi_1 ] v;
(exp<x /3) 4t (exp(x, ﬁ) - —) o |(enup)+22)
= — —1 L
2 av; 2 av; " J!
j=0
i j
* ) P (exp(x B) + -~ )
2 _Vlln )
= av; j!
o ( vi—1)i"’i ( vi—l)j
_Z Zvi l 2vi
B jt " jt
j=0
o) [ Vi—l j- vi Vl‘—l ]
Ly (o) +57) L0 ( )
- j! Lo, j!
]:
(o] [ ] v i—1 J
(e ) + ) [ |(expCe ) +2)
= In :
2 Jj! J!
j=0
o) [ Vi—l j- Vi_l 'Ill‘—l ]
Ly (o) +57) L0 ( =i
Ji Lov; j!
j=0
foe) [ 'Ill‘—l j- Vi Vl'—l ]
~ 2 ( ) z (expCei ) +57)
B jt " jt
j=0
j qvi—1 -1
= [ (exn(x, ﬁ) 22 (expCap) +57)
“2, ‘
i1 2v.
= Jj12v;
— 1 Vi
(o622 )
2v;
jvi—
i exp(x £) += i exp(x ﬁ) +— = hd j exp(x B) + -~ )
- j1vi 2_ j1vi
= J: = 2 J!

© 2022 NSP
Natural Sciences Publishing Cor.



622 NS E. A. Rady et al.: Profile Monitoring for ...

'] [(eoen+ 52 -
In i + /

. ="
= J! 2v; (exp(xl- p)+ VZW )

Ms

Then,

dlog [L(2,v,,,)]

av;

= Z y,log (eXp(xi B + v2;1>

i=1 ¢
n .

’ Z (exp(x B+ 2108(3’ ) Z (exp(x B) += )Vi,vi)
i eXp(x ﬁ) + exp(x [)’) 4+ ) j
= V; (eXp(xi B) + vzl_:)

2 ol e )
+2i o }:1 Lkm e T )w ®)

kq,. kml =y;

3 Conclusions and Future Research

In this paper, a new form of the Com-Poisson profiles equation and parametric estimation is obtained. For a random sample
N... Yy, where P(Yi=yi| A, v,m),i=1,... ,N. Given the complex nature fu-nction consequently, we couldn’t make steps.
Then, extending this work, the steps and applied for the new function proposed for Com-Poisson profile response can be
considered as a new contribution.
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