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Abstract

Purpose: The aim of this study is to develop a novel framework for designing probability-limit-Based control chart
to jointly monitor the time between events and event intensity while accounting for their dependence and the effects

of observable covariates.

Methodology: In this study, First, the dependence between the time between events and event intensity is modeled
using the Archimedean Clayton, Frank, and Gumbel copulas. Subsequently, the Cox proportional hazards model is
employed to account for the effects of observable covariates on event occurrence times. Based on the marginal
distributions of the variables and the dependence structure specified by the copula, a ratio-based monitoring statistic
is defined and the corresponding upper control limit is determined. The performance of the proposed monitoring
approaches is then evaluated and compared under various shift scenarios involving changes in the time between
events, event intensity, and simultaneous shifts in both variables, across different levels of dependence and copula

models, using the average run length (ARL) as the performance criterion.

Findings: The results show that incorporating the effects of observable covariates through the Cox proportional
hazards model, particularly under simultaneous-shift scenarios, enhances the sensitivity of the proposed monitoring
approach, resulting in lower ARL values. Furthermore, comparison of the copula functions demonstrates that the
appropriate specification of the dependence structure plays a critical role in control chart performance, with its
importance becoming particularly evident when simultaneous changes occur in the time between events and event
intensity.

Originality/Value: The main novelty of this study lies in developing an integrated framework for monitoting event
data that simultaneously accounts for the dependence between the time between events and event intensity and the
effects of observable covariates within the control chart structure. In this framework, copula functions are employed
to model the dependence structure, while the Cox proportional hazards model is used to incorporate the effects of
observable covariates. This integration provides a more flexible and realistic framework for monitoring processes in
which event timing and intensity are interdependent and influenced by observable factors.
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Table 1. Results of fitting marginal distributions to the data
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Table 4. Scenarios for Decreasing Shifts in Time between Event, Increasing Shifts in Event Intensity, and
Simultaneous Shifts
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Table 5. Performance of the Proposed Monitoring Approaches under Time-Shift and Intensity-Shift
Scenarios for Archimedean Copulas
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Table 6. Performance of the Proposed Monitoring Approaches under the Simultaneous Shift Scenario for
Archimedean Copulas
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Table 7. Copula Parameter Estimates for the Study Data and Selection of the Appropriate Copula

BIC AIC Log-Likelihood srolilslade Y5 ylgis
-8.890 -10.292 6.146 4.148 &bé
-7.059 -8.460 5.230 1.557 J:.AL?‘
-6.977 -8.378 5.189 0.925 OeNS

ledian ) s L of 3 aS az,y H 84 (YA) 5 (V) Lals s wlasl (5505 ST Sledbl (lajlas ccamlis (Sannly Jlislu Sl <l
Al alls (268 BIC 5 AIC 5 gy pledaws polie oS VoS .ol Jgl 56 )5 Laesls slass 11 shyT S el sldas kol i

15 andlae 550 (slaesls 4 (6 g ol S1p SV S (V) Jador (52ldas a8 5550 0 Ol Smlio Jie ol sy

(@3lgi b slan,S0 5, 31 S a S b 5 o oylal e asslons 3l g 5 (Y) 5 (V) st 53 55250 DD 5l o3zl L aslsl 5
S U8 a0 51 Jgl 56 bl saan gakols Sl ol Sy (V) IS8 5o 2 S asulows (¥F) 5 (1Y) Sl s by 40 J 8 550
Rl Sl 533,55 55 55 ool sl 58 od ol J 28 ) ) ala ol e 4y gl 6 51 (lalas 0,55 55 93 5 pldS e 53 5 o
29 315 53 Glzman o3l Slemil 5o ugume (3500 L5, 2555 L e 3B BB (ol 5,50 5, 0l 4 0o ) 287 515505 55 Sl Gl o]
S o3 il |y J S ) aball e 5 Ao el OLES (§35000 g5 o )0 Bl el &y sl U3l 3,55 55 e 93 kS o0 13 S
o 1 S 00 3,505 ol 55 it aorlyn Wy 28 dom e 18IS L 55,5055 3 obalie 6 IS, 30 oice 21 03,8 Ji o
J5S) ol alas sl plsie 4 W4 ake pOhel alo 5315 psn 5B (Slmil (3520 L5 ML 5 (o s Gl 4 Sl ey ol
IS Joges) 033 3,50 55 53 0l 6l IS lo5e3 655 5 LS ger 45 Ams o el 28 51 ol LS plsieay 531, ¥Y 5 FY bls

b or (SIS Jis e



Author's LastName | J. Qual. Eng. Manag. X(x) (xx) x-x 15

Control Chart (R'=Y'/T') — Approach 1
Phase | Phase Il

Control Chart (R'=Y'/T') — Approach 2

@ Pha: Phase | Phase Il
| @ Ppha:
301 88 ouratcontrol
UCL = 2.0212
25 %" *m
® 3

201 “ {
E ? Vo of
5
v ) A ®e
& f\ 2 °

I\ { o\
° o A/ / \ ®
o ® & / 4 \
107 oq 6 2 e / s oioee 2
\ o ®
] P ) 'Y r's ®e @
05
0.0
0 10 20 30 40

Observation index (i)

&0y90 axlllas (gloodls (93 9 Jgl 2ol (sl 09y 35 hes -V S5O0
Figure 1. Performance of the First and Second Monitoring Approaches for the Case Study Data
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