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An efficiency comparison of control chart for monitoring process variance:

Non-normality case
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The purposes of this research are to investigate the relation between upper control limit and para-

meters  of  weighted  moving  variance  linear  weight  control  chart  (WMVL),  weighted  moving  variance:

exponential weight control chart (WMVE ), successive difference cumulative sum control chart (Cusum-SD)

and current sample mean cumulative sum control chart (Cusum-UM) and to compare efficiencies of these

control charts for monitoring increases in process variance, exponentially distributed data with unit variance

and Student's t distributed data with variance 1.071429 (30 degrees of freedom) as the in control process. In-

control average run lengths (ARL
0
) of 200, 400 and 800 are considered. Out-of-control average run lengths

(ARL
1
) obtained via simulation 10,000 times are used as a criteria.

The main results are as follows: the upper control limit of WMVL has a negative relation with moving

span while the upper control limit of WMVE has a negative relation with moving span and a positive relation
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with exponential weight. Both the upper control limits of Cusum-SD and Cusum-UM have a negative relation

with reference value in which such relation looks like an exponential curve.

The results of efficiency comparisons in case of exponentially distributed data for ARL
0
 of 200, 400

and 800 turned out to be quite similar. When standard deviation changes less than 50%, Cusum-SD control

chart and Cusum-UM control chart have ARL
1
 less than those of WMVL control chart and WMVE control

chart. However, when standard deviation changes more than 50%, WMVL control chart and WMVE control

chart have ARL
1
 less than those of Cusum-SD control chart and Cusum-UM control chart. The results are

different from the normally distributed data case, studied by Sparks in 2003. In case of Student's t distri-

buted data for ARL
0
 of 200 and 400 when process variance shifts by a small amount (less than 50%), Cusum-

UM control chart has the lowest ARL
1
 but when process variance shifts by a large amount (more than 50%),

WMVE control chart has the lowest ARL
1
. On the contrary, for ARL

0
 800, WMVE control chart has the

lowest ARL
1
 when process variance shifts by a small amount (less than about 100%) and Cusum-UM control

chart has the lowest ARL
1
 when process variance shifts by a large amount (more than 100%). The results are

different from the normally distributed data case, studied by Sparks in 2003, though Student's t distribution

is symmetried as is the normal distribution.

Key words : weighted moving variance, CUSUM, moving span, upper control limit,
average run length
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§«∫§ÿ¡ ”À√—∫µ√«® Õ∫§«“¡·ª√ª√«π¢Õß°√–∫«π°“√ ’Ë·ºπ¿Ÿ¡‘ ‰¥â·°à ·ºπ¿Ÿ¡‘§«∫§ÿ¡§«“¡·ª√ª√«π‡§≈◊ËÕπ∑’Ë

∂à«ßπÈ”Àπ—°·∫∫‡™‘ß‡ âπ (weighted moving variance, linear weight: WMVL),  ·ºπ¿Ÿ¡‘§«∫§ÿ¡§«“¡·ª√ª√«π

‡§≈◊ËÕπ∑’Ë∂à«ßπÈ”Àπ—°·∫∫‡≈¢™’È°”≈—ß (weighted moving variance, exponential weight: WMVE), ·ºπ¿Ÿ¡‘§«∫§ÿ¡

º≈√«¡ – ¡·∫∫‡ÕÁ ¥’ (Cusum-SD) ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡·∫∫¬Ÿ‡ÕÁ¡ (Cusum-UM) √«¡∑—Èß‡ª√’¬∫

‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡‡À≈à“π’È°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È°”≈—ß∑’Ë¡’§«“¡·ª√ª√«π‡∑à“°—∫ 1.00

·≈–¢âÕ¡Ÿ≈¡’°“√·®°·®ß∑’ ∑’Ë¡’§«“¡·ª√ª√«π‡∑à“°—∫ 1.071429 (Õß»“‡ √’‡∑à“°—∫ 30) ‡¡◊ËÕ°”Àπ¥„Àâ§à“§«“¡¬“««‘Ëß

‡©≈’Ë¬‡¡◊ËÕ°√–∫«π°“√Õ¬Ÿà„π°“√§«∫§ÿ¡ (in-control average run length: ARL
0
) ‡∑à“°—∫ 200, 400 ·≈– 800 ‚¥¬

‡°≥±å∑’Ë„™â„π°“√‡ª√’¬∫‡∑’¬∫§◊Õ §à“§«“¡¬“««‘Ëß‡©≈’Ë¬‡¡◊ËÕ°√–∫«π°“√‰¡àÕ¬Ÿà„π°“√§«∫§ÿ¡ (out-of-control average

run length: ARL
1
) ´÷ËßÀ“‰¥â®“°°√–∫«π°“√®”≈Õß®”π«π 10,000 √Õ∫

º≈°“√«‘®—¬æ∫«à“ §à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫°—∫®”π«π

¢âÕ¡Ÿ≈„πÕ¥’µ∑’Ë°”Àπ¥„Àâµ—« ∂‘µ‘ – ¡§à“ (moving span: m) §à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE

¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫°—∫ m ‡™àπ‡¥’¬«°—π·≈–¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫§à“∂à«ßπÈ”Àπ—°·∫∫‡≈¢™’È°”≈—ß   à«π§à“§ß∑’Ë

¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫°—∫§à“

Õâ“ßÕ‘ß ‚¥¬¡’≈—°…≥–§«“¡ —¡æ—π∏å§≈â“¬‚§âß‡≈¢™’È°”≈—ß

°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È°”≈—ß ‡¡◊ËÕ°”Àπ¥§à“ ARL
0

‡∑à“°—∫ 200, 400 ·≈– 800 „Àâº≈„π∑‘»∑“ß‡¥’¬«°—π °≈à“«§◊Õ ‡¡◊ËÕ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π‡ª≈’Ë¬π·ª≈ß‰ª‰¡à‡°‘π 50%

·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’§à“ ARL
1
 µË”°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ·≈–

·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ·µà‡¡◊ËÕ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π‡ª≈’Ë¬π‰ª¡“°°«à“ 50% ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ·≈–
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°√–∫«π°“√º≈‘µ  „πÕ¥’µ∑’Ëºà“π¡“ °“√æ—≤π“«‘∏’°“√∑“ß
 ∂‘µ‘À√◊Õ·ºπ¿Ÿ¡‘§«∫§ÿ¡ à«π„À≠à®–∑”¢÷Èπ‡æ◊ËÕ„™â„π°“√
µ√«® Õ∫§à“‡©≈’Ë¬¢Õß°√–∫«π°“√º≈‘µ ·µà°“√µ√«® Õ∫
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µ√«® Õ∫§«“¡·ª√ª√«π‡ªìπ ‘Ëß®”‡ªìπ‡æ√“–®–™à«¬‡æ‘Ë¡
 ¡√√∂π–¢Õß°√–∫«π°“√º≈‘µ (Acosta-Mejia and

Pignatiello, 2000)

·ºπ¿Ÿ¡‘§«∫§ÿ¡∑’Ëπ‘¬¡„™â„π°“√µ√«® Õ∫§«“¡
·ª√ª√«π ”À√—∫°“√™—°µ—«Õ¬à“ß‡æ’¬ßÀπà«¬‡¥’¬« ‰¥â·°à
·ºπ¿Ÿ¡‘§«∫§ÿ¡æ‘ —¬‡§≈◊ËÕπ∑’Ë¢Õß™‘«Œ“√å¥ (Sheward

moving range) ·µà ∂‘µ‘¥—ß°≈à“«¡’ªí≠À“„π¥â“π°“√µ’§«“¡
À¡“¬ ‡π◊ËÕß®“°µ—« ∂‘µ‘¡’§«“¡ —¡æ—π∏å°—π‡Õß µÕ∫ πÕß
µàÕ°“√‡ª≈’Ë¬π·ª≈ß‰¥â™â“  ·≈–¬—ß‰¡à “¡“√∂µ√«® Õ∫
°“√‡ª≈’Ë¬π·ª≈ß„πª√‘¡“≥∑’ËπâÕ¬ (Acosta-Mejia and

Pignatiello, 2000) º≈°“√»÷°…“π’È Õ¥§≈âÕß°—∫º≈°“√
»÷°…“¢Õß Sparks (2003)

ŒÕ§§‘π å (Hawkins, 1981) ‰¥âæ—≤π“·ºπ¿Ÿ¡‘
§«∫§ÿ¡ ”À√—∫µ√«® Õ∫§«“¡·ª√ª√«π ”À√—∫°“√™—°
µ—«Õ¬à“ß‡æ’¬ßÀπà«¬‡¥’¬« ‚¥¬‡ πÕ„Àâ„™â·ºπ¿Ÿ¡‘§«∫§ÿ¡
º≈√«¡ – ¡ (cumulative sum control chart: Cusum)

 ”À√—∫µ√«® Õ∫§à“‡©≈’Ë¬¡“„™âµ√«® Õ∫§«“¡·ª√ª√«π

´÷ËßµàÕ¡“ Acosta-Mejia ·≈– Pignatiello (2000) ‰¥â
æ—≤π“«‘∏’°“√µ√«® Õ∫§«“¡·ª√ª√«π‚¥¬Õ“»—¬·ºπ¿Ÿ¡‘
§«∫§ÿ¡º≈√«¡ – ¡¢ÕßŒÕ§§‘π å ·µàª√—∫ª√ÿß„Àâµ—« ∂‘µ‘
µÕ∫ πÕßµàÕ§«“¡º—π·ª√‰¥â‡√Á«¢’Èπ  ·ºπ¿Ÿ¡‘π’È‡√’¬°«à“
·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡·∫∫‡ÕÁ ¥’ (successive

difference cumulative sum control chart: Cusum-SD)

·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡·∫∫¬Ÿ‡ÕÁ¡ (current

sample mean cumulative sum control chart: Cusum-

UM) ·≈–‰¥âæ‘ Ÿ®πå«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡¥—ß°≈à“«¡’ª√– ‘∑∏‘-
¿“æ‡Àπ◊Õ°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡¢ÕßŒÕ§§‘π å
πÕ°®“°π—Èπ Spark (2004) ‰¥â‡ πÕ·ºπ„Àâ„™â¿Ÿ¡‘§«∫§ÿ¡
§«“¡·ª√ª√«π‡§≈◊Ë Õπ∑’Ë ∂à «ßπÈ”Àπ—°·∫∫‡™‘ ß ‡ âπ
(weighted moving variance, linear weight: WMVL)

·≈–·ºπ¿Ÿ¡‘§«“¡·ª√ª√«π‡§≈◊ËÕπ∑’Ë∂à«ßπÈ”Àπ—°·∫∫
‡≈¢™’È°”≈—ß (weighted moving variance, exponential

weight: WMVE) ´÷ËßÕ“»—¬À≈—°°“√„π°“√„ÀâπÈ”Àπ—°°—∫
Àπà«¬µ—«Õ¬à“ß„πªí®®ÿ∫—π¡“°°«à“„πÕ¥’µ ·≈–æ∫«à“·ºπ¿Ÿ¡‘
§«∫§ÿ¡§«“¡·ª√ª√«π‡§≈◊ËÕπ∑’Ë∂à«ßπÈ”Àπ—°·∫∫‡™‘ß‡ âπ¡’
ª√– ‘∑∏‘¿“æ Ÿß°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡·∫∫‡ÕÁ ¥’
·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡·∫∫¬Ÿ‡ÕÁ¡

Õ¬à“ß‰√°Á¥’  ·ºπ¿Ÿ¡‘§«∫§ÿ¡¢â“ßµâπ≈â«π·≈â«·µà
æ—≤π“¢÷Èπ‚¥¬Õ“»—¬¢âÕ ¡¡µ‘‡∫◊ÈÕßµâπ«à“ª√–™“°√¡’°“√
·®°·®ß·∫∫ª°µ‘∑—Èß ‘Èπ  ¥—ßπ—Èπ°“√»÷°…“§√—Èßπ’È®–»÷°…“
‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ ”À√—∫§«“¡
·ª√ª√«π®”π«π ’Ë·ºπ¿Ÿ¡‘ ‰¥â·°à ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL,

·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE,  ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD

·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM °√≥’¢âÕ¡Ÿ≈¡’°“√·®°
·®ß‡≈¢™’È°”≈—ß ·≈–°“√·®°·®ß∑’ ‚¥¬‡°≥±å∑’Ë„™â„π°“√

·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ¡’§à“ ARL
1
 µË”°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM  º≈≈—æ∏å

∑’Ë‰¥â·µ°µà“ß®“°°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ßª°µ‘µ“¡º≈ß“π«‘®—¬¢Õß ª“√å§„πªï §.». 2003   ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√

·®°·®ß∑’ ‡¡◊ËÕ°”Àπ¥§à“ ARL
0
 ‡∑à“°—∫ 200 ·≈– 400 µà“ß‰¥âº≈„π∑‘»∑“ß‡¥’¬«°—π °≈à“«§◊Õ ‡¡◊ËÕ§«“¡·ª√ª√«π

‡ª≈’Ë¬π‰ª‰¡à‡°‘π 50% ‚¥¬ª√–¡“≥ ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’§à“ ARL
1
 µË”∑’Ë ÿ¥ ·≈–‡¡◊ËÕ§«“¡·ª√ª√«π

‡ª≈’Ë¬π‰ª¡“°°«à“ 50% ‚¥¬ª√–¡“≥ ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ¡’§à“ ARL
1
 µË”∑’Ë ÿ¥ ·µà‡¡◊ËÕ°”Àπ¥§à“ ARL

0
 ‡∑à“°—∫

800 °≈—∫‰¥âº≈„π∑‘»∑“ßµ√ß¢â“¡ °≈à“«§◊Õ ‡¡◊ËÕ§«“¡·ª√ª√«π‡ª≈’Ë¬π‰ª‰¡à‡°‘π 100% ‚¥¬ª√–¡“≥ ·ºπ¿Ÿ¡‘§«∫§ÿ¡

WMVE ¡’§à“ ARL
1
 µË”∑’Ë ÿ¥ ·≈–‡¡◊ËÕ§«“¡·ª√ª√«π‡ª≈’Ë¬π‰ª¡“°°«à“ 100% ‚¥¬ª√–¡“≥ ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-

UM ¡’§à“ ARL
1
 µË”∑’Ë ÿ¥ º≈≈—æ∏å∑’Ë‰¥â·µ°µà“ß®“°°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ßª°µ‘ µ“¡º≈ß“π«‘®—¬¢Õß ª“√å§ „πªï

§.». 2003 ∂÷ß·¡â«à“√Ÿª·∫∫°“√·®°·®ß∑’®–¡’≈—°…≥– ¡¡“µ√‡™àπ‡¥’¬«°—∫°“√·®°·®ß·∫∫ª°µ‘°Áµ“¡
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‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ§◊Õ§«“¡¬“««‘Ëß‡©≈’Ë¬∑’Ë°√–∫«π
°“√‰¡àÕ¬Ÿà„π°“√§«∫§ÿ¡ (out-of-control average run

length: ARL
1
) º≈∑’Ë‰¥â®“°°“√»÷°…“®–™à«¬·°âªí≠À“„π

°√–∫«π°“√º≈‘µ„Àâ¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ

«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“

1. ‡æ◊ËÕ»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“§ß∑’Ë¢’¥®”°—¥
§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ·≈–·ºπ¿Ÿ¡‘
§«∫§ÿ¡ WMVE °—∫®”π«π¢âÕ¡Ÿ≈„πÕ¥’µ∑’Ë°”Àπ¥„Àâµ—«
 ∂‘µ‘‡°Á∫ – ¡§à“À√◊Õº≈°“√·ºà (moving span: m) ·≈–
»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß
·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-

UM °—∫§à“Õâ“ßÕ‘ß¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡ (ref-

erence value: τ)

2. ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘
§«∫§ÿ¡ WMVL,  ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE,  ·ºπ¿Ÿ¡‘
§«∫§ÿ¡ Cusum-SD ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM

 ”À√—∫µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π

¢Õ∫‡¢µ¢Õß°“√»÷°…“

1. ·ºπ¿Ÿ¡‘§«∫§ÿ¡∑’Ë„™â„π°“√µ√«® Õ∫§«“¡·ª√
ª√«π„π°“√»÷°…“§√—Èßπ’Èª√–°Õ∫¥â«¬

1.1 ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ∑’Ë°”Àπ¥§à“ m

‡∑à“°—∫ 20, 25 ·≈– 30

1.2 ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ∑’Ë°”Àπ§à“ m

‡∑à“°—∫ 20, 25 ·≈– 30 ·≈–°”Àπ¥§à“∂à«ßπÈ”Àπ—°§«“¡
·ª√ª√«π·∫∫‡≈¢™’È°”≈—ß ( λ ) ‡∑à“°—∫ 0.05, 0.10 ·≈–
0.125

1.3 ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–·ºπ¿Ÿ¡‘
§«∫§ÿ¡ Cusum-UM ∑’Ë°”Àπ¥„Àâ§à“Õâ“ßÕ‘ß ( τ ) ‡∑à“°—∫
0.25, 0.5, 0.75, 1.0, 1.25  ·≈– 1.5

2. °“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘
§«∫§ÿ¡ ”À√—∫µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π
∑—Èß ’Ë °”Àπ¥„Àâ§«“¡¬“««‘Ëß‡©≈’Ë¬‡¡◊ËÕ°√–∫«π°“√Õ¬Ÿà„π
°“√§«∫§ÿ¡ (ARL

0
) ‡∑à“°—∫ 200, 400 ·≈– 800 ‚¥¬·∫àß

‡ªìπ 2 °√≥’§◊Õ

2.1 °√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È°”≈—ß °”Àπ¥
§«“¡·ª√ª√«π‡¡◊ËÕ°√–∫«π°“√Õ¬Ÿà„π°“√§«∫§ÿ¡§◊Õ 1.00

·≈–°”Àπ¥„Àâ°√–∫«π°“√‰¡àÕ¬Ÿà„π°“√§«∫§ÿ¡‡¡◊ËÕ§«“¡
·ª√ª√«π‡ª≈’Ë¬π‰ª®”π«π 18 §à“ §◊Õ®“° 1.00 ‰ª‡ªìπ
1.2100, 1.4400, 1.5625, 1.6900, 1.9600, 2.2500,

2.5600, 2.8900, 3.0625, 3.2400, 3.6100, 4.0000,

5.0625,  6.2500,  7.5625,  9.0000,  16.0000  ·≈–
25.0000

2.2 °√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß∑’  °”Àπ¥§«“¡
·ª√ª√«π‡¡◊ËÕ°√–∫«π°“√Õ¬Ÿà„π°“√§«∫§ÿ¡§◊Õ 1.071429

(Õß»“‡ √’‡∑à“°—∫ 30) ·≈–°”Àπ¥„Àâ°√–∫«π°“√‰¡àÕ¬Ÿà„π
°“√§«∫§ÿ¡‡¡◊ËÕ§«“¡·ª√ª√«π‡ª≈’Ë¬π ‰ª®”π«π 8 §à“ §◊Õ
®“° 1.071429 ‰ª‡ªìπ 1.086957, 1.111111, 1.153846,

1.250000, 1.333333, 1.500000, 2.000000, 3.000000

(Õß»“‡ √’‡ª≈’Ë¬π‰ª‡ªìπ 25, 20, 15, 10, 8 ,6, 4 ·≈– 3

µ“¡≈”¥—∫)

3. §à“§ß∑’Ë· ¥ß¢’¥®”°—¥§«∫§ÿ¡∫π®–À“®“°°“√
®”≈Õß ‡æ◊ËÕ„Àâ‰¥â§à“ ARL

0
 ‡∑à“°—∫ 200, 400 ·≈– 800

‚¥¬·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE

®–Õ“»—¬§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π‡√‘Ë¡µâπ®“° Ÿµ√∑’Ë¡’‰«â
 ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ßª°µ‘ (Sparks, 2003)

 à«π·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD  ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡
Cusum-UM ®–Õ“»—¬§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π‡√‘Ë¡µâπ
®“°µ“√“ß¢Õß Hawkins (1992) ·≈â«∑”°“√ª√—∫§à“§ß∑’Ë
¢’¥®”°—¥§«∫§ÿ¡∫π„Àâ„°≈â§à“ ARL

0
 ¡“°∑’Ë ÿ¥

4. °“√À“§à“ ARL
1
 ®–„™â«‘∏’°“√®”≈Õß ‚¥¬°“√

∑”´È” 10,000 √Õ∫

 ∂‘µ‘∑’Ë„™â„π·ºπ¿Ÿ¡‘§«∫§ÿ¡

1. ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL

 ∂‘µ‘∑’Ë„™â ”À√—∫·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ≥ Àπà«¬
‡«≈“ t ∑’Ë°”Àπ¥º≈°“√·ºà§◊Õ m  π‘¬“¡‚¥¬

S
t,m;L

2 =
w

t−i+1
(Y

i
− Ŷ
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√—™¥“  »—ß¢«≥‘™ ·≈– °¡≈  ∫ÿ…∫“1303

√–∫∫ àß —≠≠“≥‡µ◊Õπ«à“°√–∫«π°“√‰¡àÕ¬Ÿà„π°“√

§«∫§ÿ¡ ‡¡◊ËÕ S
t,m;L

2 ≥ σ
0

2h
m,L

‚¥¬∑’Ë Ŷ
l
= 0.05Y

l
+ (1−.05)Ŷ

l−1
   ;  l = 1,2,3,...

Ŷ
0

= 1  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È

°”≈—ß ∑’Ë¡’§à“‡©≈’Ë¬‡∑à“°—∫ 1

Ŷ
0

= 0  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß∑’ ∑’Ë¡’

Õß»“‡ √’‡∑à“°—∫ 30

Yi §◊Õ ≈—°…≥–§ÿ≥¿“æ∑’Ë«—¥‰¥â ≥ Àπà«¬‡«≈“∑’Ë
i

wi §◊Õ §à“∂à«ßπÈ”Àπ—°§«“¡·ª√ª√«π‡™‘ß‡ âπ
¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ÷́Ëß wi =

m-i+1

m §◊Õ º≈°“√·ºàÀ√◊Õ®”π«π¢âÕ¡Ÿ≈„πÕ¥’µ∑’Ë
°”Àπ¥„Àâµ—« ∂‘µ‘‡°Á∫ – ¡§à“ (m = 20,

25, 30)

σ
0

2 §◊Õ §«“¡·ª√ª√«π¢Õß°√–∫«π°“√∑’ËÕ¬Ÿà„π

°“√§«∫§ÿ¡¡’§à“‡ªìπ 1.00  ”À√—∫¢âÕ¡Ÿ≈∑’Ë
¡’°“√·®°·®ß‡≈¢™’È°”≈—ß ·≈– 1.071429

 ”À√—∫¢âÕ¡Ÿ≈∑’Ë¡’°“√·®°·®ß∑’
hm,L §◊Õ  §à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘

§«∫§ÿ¡ WMVL ∑’Ë∑”„Àâ  ARL
0
 =

200, 400, 800 ´÷Ëß‰¥â®“°°“√®”≈Õß
‚¥¬°”Àπ¥§à“‡√‘Ë¡µâπµ“¡ ¡°“√¢Õß
Sparks (2003)

2. ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE

 ∂‘µ‘∑’Ë„™â ”À√—∫·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ≥ Àπà«¬
‡«≈“ t ∑’Ë°”Àπ¥º≈°“√·ºà§◊Õ m  π‘¬“¡‚¥¬

S
t,m;E

2 =
w

t−i+1
(Y

i
− Ŷ

t
)2

i=t−m+1

t

∑

w
t−i+1

i=t−m+1

t

∑ ; t = m, m+1, m+2 , ...,

i = t-m+1, t-m+2, ..., t

√–∫∫ àß —≠≠“≥‡µ◊Õπ«à“°√–∫«π°“√‰¡àÕ¬Ÿà„π°“√

§«∫§ÿ¡‡¡◊ËÕ St,m;E
2 ≥ σ0

2hm,E

‚¥¬∑’Ë Ŷ
l
= 0.05Y

l
+ (1−.05)Ŷ

l−1
;    l = 1,2,3

Ŷ
0

= 1  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È

°”≈—ß ∑’Ë¡’§à“‡©≈’Ë¬‡∑à“°—∫ 1

Ŷ
0

= 0  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß∑’ ∑’Ë¡’

Õß»“‡ √’‡∑à“°—∫ 30

Yi §◊Õ ≈—°…≥–§ÿ≥¿“æ∑’Ë«—¥‰¥â ≥ Àπà«¬‡«≈“∑’Ë
i

wi §◊Õ §à“∂à«ßπÈ”Àπ—°§«“¡·ª√ª√«π‡™‘ß‡ âπ
¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE  ÷́Ëß wi =

λ(1-λ)i-1

λ §◊Õ §à“∂à«ßπÈ”Àπ—°‡≈¢™’È°”≈—ß (λ = 0.05,

0.10, 0.125)

m §◊Õ º≈°“√·ºàÀ√◊Õ®”π«π¢âÕ¡Ÿ≈„πÕ¥’µ∑’Ë
°”Àπ¥„Àâµ—« ∂‘µ‘‡°Á∫ – ¡§à“ (m = 20,

25, 30)

σ
0

2 §◊Õ §«“¡·ª√ª√«π¢Õß°√–∫«π°“√∑’ËÕ¬Ÿà„π

°“√§«∫§ÿ¡¡’§à“‡ªìπ 1.00  ”À√—∫¢âÕ¡Ÿ≈∑’Ë
¡’°“√·®°·®ß‡≈¢™’È°”≈—ß ·≈– 1.071429

 ”À√—∫¢âÕ¡Ÿ≈∑’Ë¡’°“√·®°·®ß∑’
hm,E §◊Õ §à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘

§«∫§ÿ¡ WMVE ∑’Ë∑”„Àâ  ARL
0
 =

200, 400, 800 ´÷Ëß‰¥â®“°°“√®”≈Õß
‚¥¬°”Àπ¥§à“‡√‘Ë¡µâπµ“¡ ¡°“√¢Õß
 ª“√å§ (Sparks, 2003)

3. ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cumsum-SD

 ∂‘µ‘∑’Ë„™â ”À√—∫·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cumsum-SD ≥
Àπà«¬‡«≈“ t  π‘¬“¡‚¥¬

CSD
t
= max(0, D

t

2 − τ + CSD
t−1

)   ;t = 20,21,22,...

‚¥¬∑’Ë D
t
=

(Y
t
− Y

t−1
)

2σ
0

√–∫∫ àß —≠≠“≥‡µ◊Õπ«à“°√–∫«π°“√‰¡àÕ¬Ÿà„π°“√
§«∫§ÿ¡‡¡◊ËÕ CSDt > hSD

‡¡◊ËÕ Yt §◊Õ ≈—°…≥–§ÿ≥¿“æ ∑’Ë«—¥‰¥â ≥ Àπà«¬‡«≈“∑’Ë
t

Y
0
  = 1  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È

°”≈—ß ∑’Ë¡’§à“‡©≈’Ë¬‡∑à“°—∫ 1
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Sangkawanit, R. and Budsaba, K.

Y
0
  = 0  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß∑’ ∑’Ë¡’

Õß»“‡ √’‡∑à“°—∫ 30

σ
0

2 §◊Õ §«“¡·ª√ª√«π¢Õß°√–∫«π°“√∑’ËÕ¬Ÿà„π
°“√§«∫§ÿ¡¡’§à“‡ªìπ 1.00  ”À√—∫¢âÕ¡Ÿ≈∑’Ë
¡’°“√·®°·®ß‡≈¢™’È°”≈—ß ·≈– 1.071429

 ”À√—∫¢âÕ¡Ÿ≈∑’Ë¡’°“√·®°·®ß∑’
τ §◊Õ §à“Õâ“ßÕ‘ß (τ = 0.25, 0.50, 0.75, 1.00,

1.25, 1.50)

hSD §◊Õ §à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘
§«∫§ÿ¡ Cusum-SD ´÷Ëß‰¥â®“°°“√
®”≈Õß‚¥¬°”Àπ¥§à“‡√‘Ë¡µâπµ“¡ Ÿµ√¢Õß
ŒÕ§§‘π å (Hawkins, 1992)

4. ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cumsum-UM

 ∂‘µ‘∑’Ë„™â ”À√—∫·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cumsum-UM ≥
Àπà«¬‡«≈“ t  π‘¬“¡‚¥¬

CUM
t
= max(0, D

t

2 − τ + CUM
t−1

)   ;t = 20,21,22,

‚¥¬∑’Ë D
t
=

(Y
t
− Y

t−1
)

2σ
0

√–∫∫ àß —≠≠“≥‡µ◊Õπ«à“°√–∫«π°“√‰¡àÕ¬Ÿà„π°“√
§«∫§ÿ¡‡¡◊ËÕ  CUMt > hUM

‚¥¬∑’Ë CUM = 0

Y
t,t

=
Y

i
i=1

t

∑
t ;      t = 20,21,22,

Yt §◊Õ ≈—°…≥–§ÿ≥¿“æ ∑’Ë«—¥‰¥â ≥ Àπà«¬‡«≈“∑’Ë
t

Y
0
  = 1  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È

°”≈—ß ∑’Ë¡’§à“‡©≈’Ë¬‡∑à“°—∫ 1
Y

0
  = 0  ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß∑’ ∑’Ë¡’

Õß»“‡ √’‡∑à“°—∫ 30

σ
0

2 §◊Õ §«“¡·ª√ª√«π¢Õß°√–∫«π°“√∑’ËÕ¬Ÿà„π
°“√§«∫§ÿ¡¡’§à“‡ªìπ 1.00  ”À√—∫¢âÕ¡Ÿ≈∑’Ë
¡’°“√·®°·®ß‡≈¢™’È°”≈—ß ·≈– 1.071429

 ”À√—∫¢âÕ¡Ÿ≈∑’Ë¡’°“√·®°·®ß∑’
τ §◊Õ §à“Õâ“ßÕ‘ß (τ = 0.25, 0.50, 0.75, 1.00,

1.25, 1.50)

hUM §◊Õ §à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘
§«∫§ÿ¡ Cusum-SD ´÷Ëß‰¥â®“°°“√
®”≈Õß‚¥¬°”Àπ¥§à“‡√‘Ë¡µâπµ“¡ Ÿµ√¢Õß
ŒÕ§§‘π å (Hawkins, 1992)

√–‡∫’¬∫«‘∏’°“√«‘®—¬

ºŸâ«‘®—¬®–∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß
·ºπ¿Ÿ¡‘§«∫§ÿ¡‚¥¬°“√®”≈Õß¥â«¬‚ª√·°√¡¿“…“øÕ√å·∑√π
®”π«π 10,000 √Õ∫  ¢—ÈπµÕπ¥”‡π‘π°“√¡’¥—ßπ’È

1. °“√À“§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·µà≈–

·ºπ¿Ÿ¡‘§«∫§ÿ¡ ¥”‡π‘π°“√‚¥¬
(1) °”Àπ¥§à“ ARL

0

(2) À“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π‡√‘Ë¡µâπ ®”·π°
µ“¡·ºπ¿Ÿ¡‘§«∫§ÿ¡

(3)  √â“ßµ—«·ª√ ÿà¡ (Yt) ∑’Ë¡’°“√·®°·®ßµ“¡
∑’Ë√–∫ÿ·≈–Õ¬Ÿà„π°“√§«∫§ÿ¡®”π«π m-1 µ—« ·≈â«§”π«≥
§à“ ∂‘µ‘∑’Ë„™â ”À√—∫¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π°“√§«∫§ÿ¡

(4)  √â“ßµ—«·ª√ ÿà¡ (Yt) ∑’Ë¡’°“√·®°·®ßµ“¡
∑’Ë√–∫ÿ·≈–‰¡àÕ¬Ÿà„π°“√§«∫§ÿ¡Õ’° 9,981 µ—« ·≈â«§”π«≥
§à“ ∂‘µ‘∑’Ë„™â ”À√—∫¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π°“√§«∫§ÿ¡

(5) À“§«“¡¬“««‘Ëß‚¥¬‡ª√’¬∫‡∑’¬∫ ∂‘µ‘∑’Ë
§”π«≥‰¥â®“°·µà≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡°—∫§à“¢’¥®”°—¥§«∫§ÿ¡
∫π ‡¡◊ËÕ§à“ ∂‘µ‘ Ÿß°«à“§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π®–‰¥â§à“
§«“¡¬“««‘Ëß ‡∑à“°—∫ t-m+1

(6) ∑” È́”„π¢—ÈπµÕπ∑’Ë (3)-(5) ®”π«π 10,000

√Õ∫ ·≈–∑”°“√À“ ARL
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0
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2. °“√À“§à“§«“¡¬“««‘Ëß‡©≈’Ë¬∑’Ë°√–∫«π°“√∑’Ë‰¡à

Õ¬Ÿà„π°“√§«∫§ÿ¡ (ARL
1
)  ¥”‡π‘π°“√‚¥¬

(1)  √â“ßµ—«·ª√ ÿà¡ (Yt) ∑’Ë¡’°“√·®°·®ßµ“¡
∑’Ë√–∫ÿ·≈–Õ¬Ÿà„π°“√§«∫§ÿ¡®”π«π m-1 µ—« ·≈â«§”π«≥
§à“ ∂‘µ‘∑’Ë„™â ”À√—∫¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π°“√§«∫§ÿ¡

(2)  √â“ßµ—«·ª√ ÿà¡ (Yt) ∑’Ë¡’°“√·®°·®ßµ“¡
∑’Ë√–∫ÿ·≈–‰¡àÕ¬Ÿà„π°“√§«∫§ÿ¡Õ’° 9,981 µ—« ·≈â«§”π«≥
§à“ ∂‘µ‘∑’Ë„™â ”À√—∫¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π ∂“π–ÕÕ°πÕ°°“√§«∫§ÿ¡

(3) À“§«“¡¬“««‘Ëß‚¥¬‡ª√’¬∫‡∑’¬∫ ∂‘µ‘∑’Ë
§”π«≥‰¥â®“°·µà≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡°—∫§à“¢’¥®”°—¥§«∫§ÿ¡
∫π‡¡◊ËÕ§à“ ∂‘µ‘ Ÿß°«à“§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π®–‰¥â§à“
§«“¡¬“««‘Ëß ‡∑à“°—∫ t-m+1

(4) ∑” È́”„π¢—ÈπµÕπ∑’Ë (1)-(3) ®”π«π 10,000

√Õ∫ ·≈–∑”°“√À“ ARL
1
 ‚¥¬ ARL

1
=

1
10000 L

k
k=1

10000

∑

‡¡◊ËÕ Lk §◊Õ §à“§«“¡¬“««‘ËßÀ√◊Õ®”π«πÀπà«¬µ—«Õ¬à“ß∑’Ë∂Ÿ°
µ√«® Õ∫®π°√–∑—Ëßæ∫«à“°√–∫«π°“√ÕÕ°πÕ°°“√§«∫§ÿ¡
„π°“√®”≈Õß§√—Èß∑’Ë k

3. °“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘

§«∫§ÿ¡

„™â§à“ ARL
1
 ‡ªìπ‡°≥±å„π°“√µ—¥ ‘π„® °≈à“«

§◊Õ ”À√—∫·µà≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ ´÷Ëßª√–°Õ∫¥â«¬·ºπ∑’Ë
µà“ß°—π ‡™àπ ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ∑’Ë°”Àπ¥§à“ ARL

0

‡∑à“°—∫ 200 ®–ª√–°Õ∫‰ª¥â«¬ 3 ·ºπ §◊Õ ·ºπ∑’Ë°”Àπ¥

§à“ m = 20, m = 25 ·≈– m = 30 ®–æ‘®“√≥“‡≈◊Õ°·ºπ∑’Ë
„Àâ§à“ ARL

1
 µË”∑’Ë ÿ¥ ·≈â«∑”°“√‡ª√’¬∫‡∑’¬∫°—∫·ºπ∑’Ë„Àâ

§à“ ARL
1
 µË”∑’Ë ÿ¥¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡Õ◊Ëπ (´÷Ëß°”Àπ¥

ARL
0
 „Àâ‡∑à“°—π) ‚¥¬·ºπ§«∫§ÿ¡∑’Ë„Àâ§à“ ARL

1
 µË”∑’Ë ÿ¥

®–‡ªìπ·ºπ§«∫§ÿ¡∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß∑’Ë ÿ¥ ”À√—∫·µà≈–
°“√·®°·®ß

º≈°“√«‘®—¬

1. §«“¡ —¡æ—π∏å√–À«à“ß§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π°—∫

æ“√“¡‘‡µÕ√å¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡

§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡
WMVL (hm,L) ¡’§«“¡ —¡æ—π∏å„π‡™‘ß≈∫°—∫º≈°“√·ºà (m)

¥—ß· ¥ß„π Figure 1 „π∑”πÕß‡¥’¬«°—π §à“§ß∑’Ë¢’¥®”°—¥
§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE (hm,E) ¡’§«“¡
 —¡æ—π∏å„π‡™‘ß≈∫°—∫º≈°“√·ºà (m) ‡™àπ‡¥’¬«°—∫·ºπ¿Ÿ¡‘
§«∫§ÿ¡ WMVL ·≈–¬—ß¡’§«“¡ —¡æ—π∏å°—π„π‡™‘ß∫«°°—∫
§à“∂à«ßπÈ”Àπ—°·∫∫‡≈¢™’È°”≈—ß (λ)  ¥—ß Figure 2 ·≈–
Figure 3

§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡
Cusum-SD (hSD) ·≈–§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß
·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM (hUM) µà“ß¡’§«“¡ —¡æ—π∏å
„π‡™‘ß≈∫°—∫§à“Õâ“ßÕ‘ß (τ) ‚¥¬¡’≈—°…≥–§«“¡ —¡æ—π∏å§≈â“¬
‚§âß‡≈¢™’È°”≈—ß ¥—ß Figure 4 ·≈– Figure 5 µ“¡≈”¥—∫

Figure 1.  The relation between h
m,L

 and m by ARL
0
 and data distribution.
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Figure 3.  The relation between h
m,E

 and m by ARL
0
 for Student's t distribution.

Figure 4.  The relation between h
SD

 and τττττ by ARL
0
 and data distribution.

Figure 2.  The relation between h
m,E

 and m by ARL
0
 for exponential distribution.

2. °“√‡ª√’¬∫‡∑’¬∫§à“§«“¡¬“««‘Ëß‡©≈’Ë¬∑’Ë°√–∫«π°“√‰¡à

Õ¬Ÿà„π°“√§«∫§ÿ¡ (ARL
1
) ¢Õß·µà≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡

°“√‡ª√’¬∫‡∑’¬∫§à“ ARL
1
 °√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß

‡≈¢™’È°”≈—ß (Table 1) ´÷Ëß®–‡ÀÁπ«à“ ‡¡◊ËÕ°”Àπ¥ ARL
0
 =

200 ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡
Cusum-UM ¡’ª√– ‘∑∏‘¿“æ„π°“√µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ
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¢Õß§«“¡·ª√ª√«π¢Õß°√–∫«π°“√ Ÿß°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡
WMVL ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ‡¡◊ËÕ à«π‡∫’Ë¬ß‡∫π
¡“µ√∞“π‡ª≈’Ë¬π·ª≈ß‰ª‰¡à‡°‘π 50% ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡

WMVL ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ¡’ª√– ‘∑∏‘¿“æ
„π°“√µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π¢Õß
°√–∫«π°“√ Ÿß°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–

Table 1. ARL
1
 for WMVL, WMVE, Cusum-SD and Cusum-UM control

charts for exponential distribution when ARL
0
 = 200.

WMVL WMVE CUSUM-UM CUSUM-SD

§«“¡·ª√ª√«π m = 30 m =30 λλλλλ = 0.05 τττττ = 0.5 τττττ = 1.0

h = 2.0589 h = 2.0589 h = 14.476 h = 31.887

1.0000 199.9882 200.0050 200.0029 199.9613
1.2100 112.3614 112.3564 108.5434 108.3406*

1.4400 71.4584 71.5986 68.1377* 68.5057
1.5625 58.2130 58.3510 55.9337* 57.2183
1.6900 48.5877 48.3287 47.1568* 48.981
1.9600 35.5677 35.5186 35.5185* 37.3395
2.2500 27.0390 26.9713* 28.2032 30.2926
2.5600 21.5255* 21.5760 23.0530 25.3523
2.8900 17.7944* 17.8417 19.3908 21.5744
3.0625 16.3259 16.3092* 17.9772 20.2041
3.2400 15.0107* 15.0435 16.7655 18.8334
3.6100 12.9854* 13.0813 14.6645 16.8066
4.0000 11.3813* 11.4118 12.9200 15.188
5.062 8.7081 8.6961* 9.9729 12.0559
6.2500 7.0034* 7.0034* 8.1273 9.9842
7.5625 5.9142* 5.9310 6.8110 8.5716
9.0000 5.1246 5.1150* 5.8993 7.5758

16.0000 3.4012* 3.4045 3.9342 5.2216
25.0000 2.6667* 2.6683 3.0240 4.0289

Note  * denotes the minimum ARL
1

Figure 5.  The relation between h
SD

 and τττττ by ARL
0
 and data distribution.
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·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ‡¡◊ËÕ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π
‡ª≈’Ë¬π·ª≈ß‰ª‡°‘π 50% ´÷Ëß°“√‡ª√’¬∫‡∑’¬∫ ”À√—∫°“√
°”Àπ¥„Àâ ARL

0
 = 400 ·≈– ARL

0
 = 800 °Á®–„Àâº≈°“√

«‘®—¬∑’Ë‰¡à·µ°µà“ß®“°°“√°”Àπ¥ ARL
0
 = 200

°“√‡ª√’¬∫‡∑’¬∫§à“ ARL
1
 °√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß

∑’ (Table 2)  ´÷Ëß®–‡ÀÁπ«à“ ‡¡◊ËÕ°”Àπ¥ ARL
0
 = 200 ·≈–

‡¡◊ËÕ§«“¡·ª√ª√«π‡ª≈’Ë¬π‰ªª√–¡“≥πâÕ¬°«à“ 100%

·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’§à“ ARL
1
 µË” ÿ¥ ·µà‡¡◊ËÕ

§«“¡·ª√ª√«π‡ª≈’Ë¬π‰ª¡“°°«à“ 100% ·ºπ¿Ÿ¡‘§«∫§ÿ¡
WMVE ¡’§à“ ARL

1
 µË” ÿ¥ ´÷Ëß„Àâº≈°“√«‘®—¬∑’Ë Õ¥§≈âÕß

°—π ”À√—∫°“√°”Àπ¥ ARL
0
 = 200 ·≈– ARL

0
 = 400

¥—ßπ—Èπ®÷ß “¡“√∂ √ÿª‰¥â«à“ ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß
∑’ ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π
°“√µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π∑’Ë‰¡à‡°‘π 1

‡∑à“ ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥
„π°“√µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π∑’Ë¡“°°«à“
2 ‡∑à“

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ°”Àπ¥„Àâ ARL
0
 = 800 À√◊Õ¡’

Õ—µ√“°“√ àß —≠≠“≥º‘¥µË”¡“° º≈°“√«‘®—¬·µ°µà“ß®“°
°√≥’ ARL

0
 = 200 ·≈– ARL

0
 = 400 π—Ëπ§◊Õ ‡¡◊ËÕ§«“¡

·ª√ª√«π‡ª≈’Ë¬π‰ªª√–¡“≥πâÕ¬°«à“ 200%  ·ºπ¿Ÿ¡‘
§«∫§ÿ¡ WMVE ¡’§à“ ARL

1
 µË” ÿ¥ ·µà‡¡◊ËÕ§«“¡·ª√

ª√«π‡ª≈’Ë¬π‰ªª√–¡“≥¡“°°«à“ 200% ·ºπ¿Ÿ¡‘§«∫§ÿ¡

Table 2. ARL
1
 for WMVL, WMVE, Cusum-SD and Cusum-UM control

charts for Student's t distribution when ARL0 = 200.

WMVL WMVE CUSUM-UM CUSUM-SD

§«“¡·ª√ª√«π m = 30 m = 30 λ λ λ λ λ = 0.10 τττττ = 1.5 τττττ = 0.75

h
m,L

 = 0.8996 h
m,E

 = 1.0854 h
UM

 = 1.4727 h
SD

 = 7.9500

1.071429 200.0358 200.0190 200.0279 199.9816
1.086957 182.5471 180.8868 174.7746* 185.5641
1.111111 165.0421 163.0462 147.1167* 167.7891
1.153846 136.1160 133.7502 119.1191* 142.0799
1.250000 99.2421 98.0037 91.3301* 106.1797
1.333333 79.3818 78.4542 75.4484* 86.1336
1.500000 59.3025 59.0499 58.0143* 64.4247
2.000000 37.3456 36.8955* 36.8980 40.4558
3.000000 26.6916 26.0171* 26.3034 28.9541

Note  * denotes the minimum ARL
1

Cusum-UM ¡’§à“ ARL
1
 µË” ÿ¥ ¥—ßπ—Èπ¥—ß· ¥ß„π Table

3 ®÷ß √ÿª‰¥â«à“‡¡◊ËÕ°”Àπ¥ ARL
0
 = 800  ”À√—∫°√≥’¢âÕ¡Ÿ≈

¡’°“√·®°·®ß∑’ ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ¡’ª√– ‘∑∏‘¿“æ
 Ÿß ÿ¥„π°“√µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π∑’Ë‰¡à
‡°‘π 2 ‡∑à“ ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’ª√– ‘∑∏‘-
¿“æ Ÿß ÿ¥„π°“√µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π
∑’Ë¡“°°«à“ 2 ‡∑à“

 √ÿªº≈·≈–¢âÕ‡ πÕ·π–

1.  √ÿªº≈°“√«‘®—¬

°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“§ß∑’Ë¢’¥®”°—¥
§«∫§ÿ¡∫π°—∫æ“√“¡‘‡µÕ√å¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ ·≈–‡ª√’¬∫
‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡∑’Ë„™â ”À√—∫µ√«® Õ∫
°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√ª√«π¢Õß°√–∫«π°“√®”π«π ’Ë
·ºπ¿Ÿ¡‘ ‰¥â·°à ·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL, ·ºπ¿Ÿ¡‘§«∫§ÿ¡
WMVE,  ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD  ·≈–·ºπ¿Ÿ¡‘
§«∫§ÿ¡ Cusum-UM ‡¡◊ËÕ¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È°”≈—ß
·≈–°“√·®°·®ß∑’ ¥â«¬«‘∏’°“√®”≈Õß‚¥¬°“√∑”´È”®”π«π
10,000 √Õ∫ ·≈â«∑”°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß
·ºπ¿Ÿ¡‘§«∫§ÿ¡¥â«¬ ARL

1
  √ÿª‰¥â«à“

(1) °√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È°”≈—ß

§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡
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WMVL ·≈– WMVE ¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫·∫∫‡™‘ß
‡ âπ°—∫§à“º≈°“√·ºà πÕ°®“°π—Èπ§à“§ß∑’Ë¢’¥®”°—¥§«∫§ÿ¡
∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ¬—ß¡’§«“¡ —¡æ—π∏å‡™‘ß
∫«°°—∫§à“∂à«ßπÈ”Àπ—°·∫∫‡≈¢™’È°”≈—ß (λ)   à«π§à“§ß∑’Ë
¢’¥®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-SD ·≈–
Cusum-UM ¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫·∫∫‚§âß‡≈¢™’È°”≈—ß°—∫
§à“Õâ“ßÕ‘ß¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡ (τ)

º≈°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘
§«∫§ÿ¡ ”À√—∫µ√«® Õ∫§«“¡·ª√ª√«π‡¡◊ËÕ°”Àπ¥§à“
ARL

0
 ‡∑à“°—∫ 200, 400 ·≈– 800 ®–‰¥â„π∑‘»∑“ß‡¥’¬«°—π

°≈à“«§◊Õ·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’ª√– ‘∑∏‘¿“æ Ÿß
„π°“√µ√«®®—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡·ª√ª√«π„π
ª√‘¡“≥πâÕ¬ ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL ·≈–·ºπ¿Ÿ¡‘
§«∫§ÿ¡ WMVE ¡’ª√– ‘∑∏‘¿“æ„°≈â‡§’¬ß°—π·≈– Ÿß°«à“
·ºπ¿Ÿ¡‘§«∫§ÿ¡º≈√«¡ – ¡∑—Èß Õß·∫∫ „π°“√µ√«®®—∫
°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡·ª√ª√«π„πª√‘¡“≥¡“° º≈∑’Ë
‰¥â·µ°µà“ß®“°º≈°“√«‘®—¬¢Õß Sparks (2004) ‡¡◊ËÕ¢âÕ¡Ÿ≈
¡’°“√·®°·®ß·∫∫ª°µ‘ ´÷Ëß°√≥’¥—ß°≈à“«·ºπ¿Ÿ¡‘§«∫§ÿ¡
WMVL ¡’ª√– ‘∑∏‘¿“æ Ÿß∑’Ë ÿ¥„π°“√µ√«®®—∫°“√‡ª≈’Ë¬π
·ª≈ß¢Õß§«“¡·ª√ª√«π‡¡◊ËÕ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π
‡ª≈’Ë¬π‰ª‰¡à‡°‘π 200%

(2) °√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß∑’

º≈°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“§ß∑’Ë¢’¥

®”°—¥§«∫§ÿ¡∫π¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡∑—Èß ’Ë·ºπ¿Ÿ¡‘°—∫§à“
æ“√“¡‘‡µÕ√å¢Õß·ºπ¿Ÿ¡‘‰¥âº≈°“√»÷°…“‡™àπ‡¥’¬«°—∫°√≥’
¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È°”≈—ß

º≈°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß·ºπ¿Ÿ¡‘
§«∫§ÿ¡ ”À√—∫µ√«® Õ∫§«“¡·ª√ª√«π  °√≥’¢âÕ¡Ÿ≈¡’
°“√·®°·®ß∑’ ‡¡◊ËÕ°”Àπ¥§à“ ARL

0
  ‡∑à“°—∫ 200 ·≈–

400 ®–‰¥â„π∑‘»∑“ß‡¥’¬«°—π °≈à“«§◊Õ ·ºπ¿Ÿ¡‘§«∫§ÿ¡
Cusum-UM ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√µ√«®®—∫°“√‡ª≈’Ë¬π
·ª≈ß¢Õß§«“¡·ª√ª√«π„πª√‘¡“≥πâÕ¬·≈–·ºπ¿Ÿ¡‘
§«∫§ÿ¡ WMVE ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√µ√«®®—∫°“√
‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡·ª√ª√«π„πª√‘¡“≥¡“° ·≈–‡¡◊ËÕ
°”Àπ¥§à“§«“¡¬“««‘Ëß‡©≈’Ë¬∑’Ë°√–∫«π°“√Õ¬Ÿà„π°“√§«∫§ÿ¡
‡∑à“°—∫ 800  º≈∑’Ë‰¥â‡ªìπ‰ª„π∑‘»∑“ßµ√ß¢â“¡ °≈à“«§◊Õ
·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√µ√«®®—∫
°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡·ª√ª√«π„πª√‘¡“≥πâÕ¬ ·≈–
·ºπ¿Ÿ¡‘§«∫§ÿ¡ Cusum-UM ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√
µ√«®®—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡·ª√ª√«π„πª√‘¡“≥
¡“° ´÷Ëß·µ°µà“ß°—∫º≈°“√«‘®—¬¢Õß Sparks (2004) ∂÷ß·¡â
¢âÕ¡Ÿ≈®–¡’°“√·®°·®ß∑’Ë¡’≈—°…≥– ¡¡“µ√‡™àπ‡¥’¬«°—∫
°“√·®°·®ß·∫∫ª°µ‘ ·µà·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVE °≈—∫¡’
ª√– ‘∑∏‘¿“æ„π°“√µ√«®®—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡·ª√
ª√«π‰¥â¥’°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡ WMVL, ·ºπ¿Ÿ¡‘§«∫§ÿ¡
Cusum-SD ·≈– Cusum-UM

Table 3. ARL
1
 for WMVL, WMVE, Cusum-SD and Cusum-UM control

charts for Student's t distribution when ARL
0
 = 800.

WMVL WMVE CUSUM-UM CUSUM-SD

§«“¡·ª√ª√«π m = 30 m = 30 λ λ λ λ λ = 0.05 τττττ = 0.5 τττττ = 0.50

h
m,L

 = 1.1471 h
m,E

 = 1.1216 hC
UM

 = 4.8850 h
CCP

 = 23.9733

1.071429 800.2859 800.2859 799.8140 799.8841
1.086957 691.7198* 695.0625 699.3507 708.5017
1.111111 566.8114 563.6977* 567.1875 588.9611
1.153846 421.9673 414.5939* 419.6221 441.9949
1.250000 252.9645 249.8298* 252.6139 277.9587
1.333333 184.0228 181.5739* 186.0262 205.5741
1.500000 118.3008 116.5727* 122.3256 140.1778
2.000000 63.2187 62.3449* 64.8729 80.0430
3.000000 41.5083 41.1748 41.0685* 53.4696

Note  * denotes the minimum ARL
1
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2. ¢âÕ‡ πÕ·π–

°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“§ß∑’Ë¢’¥®”°—¥
§«∫§ÿ¡∫π°—∫§à“æ“√“¡‘‡µÕ√å¢Õß°“√·ºπ¿Ÿ¡‘§«∫§ÿ¡‡ªìπ
·π«∑“ß„π°“√»÷°…“µ—«·∫∫∑’Ë„™âª√–¡“≥§à“§ß∑’Ë¢’¥®”°—¥
§«∫§ÿ¡∫π ”À√—∫°√≥’¢âÕ¡Ÿ≈¡’°“√·®°·®ß‡≈¢™’È°”≈—ß·≈–
°“√·®°·®ß∑’    ”À√—∫§«“¡·ª√ª√«π∑’Ë‡ª≈’Ë¬π‰ª‡¡◊ËÕ
°√–∫«π‰¡àÕ¬Ÿà„π°“√§«∫§ÿ¡∑’Ë„™â„π°“√«‘®—¬§√—Èßπ’È ‡ªìπ§à“
∑’Ë‡≈◊Õ°‡æ◊ËÕ§«“¡ –¥«°„π°“√·ª≈º≈  ®÷ß§«√‡æ‘Ë¡°“√
»÷°…“§à“§«“¡·ª√ª√«π§à“Õ◊ËπÊ  ”À√—∫°“√·®°·®ß·µà≈–
°“√·®°·®ß‡æ◊ËÕ„Àâ “¡“√∂À“¢âÕ √ÿª‡°’Ë¬«°—∫ª√– ‘∑∏‘¿“æ
¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ ”À√—∫µ√«® Õ∫§«“¡·ª√ª√«π¢Õß
°√–∫«π°“√„Àâ¡’§«“¡πà“‡™◊ËÕ∂◊Õ¡“°¢÷Èπ  πÕ°®“°π’È°“√
»÷°…“„π§√—Èßπ’È π„®µ√«® Õ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡·ª√
ª√«π ·µà ∂‘µ‘∫“ßµ—« “¡“√∂„™âµ√«® Õ∫°“√≈¥≈ß¢Õß
§«“¡·ª√ª√«π‰¥ấ ÷Ëß‡ªìπ à«πÀπ÷Ëß¢Õß°√–∫«π°“√æ—≤π“
§ÿ≥¿“æº≈‘µ¿—≥±å ¥—ßπ—Èπ§«√¡’°“√»÷°…“ª√– ‘∑∏‘¿“æ
¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡∑’Ë„™â ”À√—∫µ√«® Õ∫°“√≈¥≈ß¢Õß
§«“¡·ª√ª√«π Õπ÷Ëß°“√»÷°…“„π§√—Èßπ’È π„®°“√·®°·®ß

·§à‡æ’¬ß Õß°“√·®°·®ß‡∑à“π—Èπ ®÷ß§«√∑”°“√»÷°…“°√≥’
¢âÕ¡Ÿ≈¡’°“√·®°·®ß·∫∫Õ◊Ëπ∑’Ëæ∫‰¥â„π∑“ßÕÿµ “À°√√¡
‡™àπ °“√·®°·®ß‚§™’ (Cauchy distribution) ·≈–°“√
·®°·®ß‡∫Õ√å (Burr's distribution) ‡ªìπµâπ
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