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∫∑§—¥¬àÕ

¢à“¬ß“π√–∫∫ª√– “∑‰¥â∂Ÿ°π”¡“ª√–¬ÿ°μå„™â ”À√—∫°“√§«∫§ÿ¡°√–∫«π°“√º≈‘μ·∫∫À≈“¬μ—«·ª√ ·μà‡π◊ËÕß®“°‰¡à∑√“∫

°“√·®°·®ß∑’Ë·∑â®√‘ß¢Õß¢’¥®”°—¥§«∫§ÿ¡ ”À√—∫¢à“¬ß“π√–∫∫ª√– “∑ ®÷ßμâÕß„™â¢à“¬ß“π√–∫∫ª√– “∑·∫∫ Multi-Layer Perceptron

(MLP) ∑’Ë¡’™—Èπ¢Õß hidden (hidden layer) 1 ™—Èπ ‰¥â·°à NN2(3) NN2(5) NN6(3) ·≈– NN6(5) ¡“„™â‡æ◊ËÕª√—∫ª√ÿß§à“¢Õß¢’¥®”°—¥

§«∫§ÿ¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑„Àâ‡À¡“– ¡ ¢’¥®”°—¥§«∫§ÿ¡∑’Ëª√–¡“≥¢÷Èπ‰¥âπ’ÈÀ“‰¥â®“°§«“¡ —¡æ—π∏å√–À«à“ß§à“¢Õß¢’¥®”°—¥

§«∫§ÿ¡·≈–§à“¢Õß ARL ∑’Ë Õ¥§≈âÕß°—π ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡ ́ ÷Ëß„πß“π«‘®—¬π’È®–§”π«≥À“§à“¢’¥®”°—¥§«∫§ÿ¡∑’Ë„Àâ§à“

ARL ∑’Ë¡’§à“‡ªìπ 200 300 500 ·≈– 700 ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡ ‚¥¬„™âμ—«ª√–¡“≥¢Õß Harrell-Davis ‡ªìπ®ÿ¥

‡√‘Ë¡μâπ ·≈–‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫§à“ ARL √–À«à“ß«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑·≈–«‘∏’¥—Èß‡¥‘¡·≈â« æ∫«à“«‘∏’¢Õß¢à“¬ß“π√–∫∫

ª√– “∑„Àâº≈¥’°«à“«‘∏’¥—Èß‡¥‘¡„πÀ≈“¬Ê °√≥’

§” ”§—≠ : °“√§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√ ¢à“¬ß“π√–∫∫ª√– “∑ ®”π«πº≈‘μ¿—≥±å‚¥¬‡©≈’Ë¬°àÕπ∑’Ë®–¡’¢âÕ¡Ÿ≈μ—«Õ¬à“ßμ°Õ¬Ÿà

πÕ°¢’¥®”°—¥§«∫§ÿ¡ μ—«ª√–¡“≥¢Õß Harrell-Davis

Abstract

The use of Neural Networks in multivariate process control applications is evaluated. Since the exact

distribution of the neural network control limit is not known, four Multi-Layer Perceptron (MLP) networks with one

hidden layer, NN2(3), NN2(5), NN6(3) and NN6(5), are investigated to improve the control limits. The approximated

control limits can be determined from the relationships between the control limit and the corresponding in-control

average run length (ARL).  The control limits to obtain the in-control ARL of 200, 300, 500 and 700 in this paper were

calculating using Harrell-Davis estimators as a starting point for a search routine. A comparison showed that the ARL

performance of the neural network method performs better than the traditional methods in many cases.

Keywords : Multivariate Quality Control, Neural Networks, ARL, Harrell-Davis estimator
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∫∑π”

„π°“√μ√«® Õ∫§ÿ≥¿“æ¢Õßº≈‘μ¿—≥±åπ—Èπ °“√ √â“ß

·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ (Quality Control Chart) ∂◊Õ«à“‡ªìπ

¢—ÈπμÕπ∑’Ë ”§—≠¢—ÈπμÕπÀπ÷Ëß∑’Ë„™âæ‘®“√≥“«à“ °√–∫«π°“√º≈‘μ

Õ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡À√◊Õ‰¡à ´÷Ëßμ—«·ª√‡™‘ß§ÿ≥¿“æ∑’Ëπ”¡“„™â„π

°“√ √â“ß·ºπ¿Ÿ¡‘π—Èπ¡’∑—Èß∑’Ë‡ªìπ·∫∫μ—«·ª√‡¥’¬« (univariate

variable) ·≈–·∫∫À≈“¬μ—«·ª√ (multivariate variables) ·ºπ¿Ÿ¡‘

§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√ (Multivariate Quality Control

Charts) ∑’Ë‡§¬„™â°—π¡“·μà¥—Èß‡¥‘¡ ‡™àπ ·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å

(Chi-square Control Chart) ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA

(Multivariate Exponentially Weighted Moving Average

Control Chart) ¡—°®–∂Ÿ°π”¡“„™â„π°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°√–∫«π°“√ ‡¡◊ËÕ§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ (quality charac-

teristics) ¡’§«“¡ —¡æ—π∏å°—π ¿“¬„μâ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡

∑’Ë¡’§à“§ß∑’Ë (constant covariance matrix) ´÷Ëß‡∑§π‘§∑—Èß Õßπ’È

®–¡’¢âÕμ°≈ß‡∫◊ÈÕßμâπ (assumptions) §◊Õ°“√·®°·®ß§«“¡

πà“®–‡ªìπ√à«¡¢Õß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ®–μâÕß¡’°“√·®°·®ß

·∫∫ª°μ‘ (multivariate normal distribution) ‚§√ß°“√«‘®—¬π’È

®–π”‡ πÕ°“√ √â“ß·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√

¥â«¬«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑ (Neural Networks) ́ ÷Ëß¡ÿàß‡πâπ

∂÷ß°“√μ√«® Õ∫°√–∫«π°“√º≈‘μ ∑’Ë ‰¡à®”‡ªìπμâÕß¡’¢âÕμ°≈ß

‡∫◊ÈÕßμâπ„¥Ê ‚¥¬®–„™â·π«§‘¥®“°°“√À“§«“¡ —¡æ—π∏å√–À«à“ß

μ—«·ª√Õ‘ √– (input variables) ·≈–μ—«·ª√μ“¡ (output

variables) ¢Õß¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà

°“√„™âß“π ”À√—∫°“√ÕÕ°·∫∫¢à“¬ß“π√–∫∫ª√– “∑π’È

®–‡≈’¬π·∫∫≈—°…≥–°“√∑”ß“π¢Õß‡§√◊Õ¢à“¬ª√– “∑„π ¡Õß

¡πÿ…¬å ·≈–¡’Õß§åª√–°Õ∫∑’Ë ”§—≠ 5 ª√–°“√ §◊Õ

1. ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫

ª√– “∑ (Neural Network Architecture)

2. ®”π«π™—Èπ¢Õß hidden (Hidden Layer)

3. ®”π«π¢Õß‚Àπ¥ (node) „π·μà≈–™—Èπ (layer)

4. ª√–‡¿∑¢Õß°“√‡™◊ËÕ¡μàÕ (Type of Connection)

5. øíß°å™—π°“√‡™◊ËÕ¡μàÕ°“√∑”ß“π (Transfer Function

À√◊Õ Activation Function)

Saithanu (2007) π”‡ πÕ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡

(architecture) ¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ Multi-Layer

Perceptron (MLP) ∑’Ë “¡“√∂μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß

°√–∫«π°“√ ‡¡◊ËÕ§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§«“¡ —¡æ—π∏å°—π ‰¥â

¥’°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√·∫∫¥—Èß‡¥‘¡ ‰«â

4 ·∫∫ §◊Õ

1. NN2(3) ‡ªìπ MLP ∑’Ëª√–°Õ∫¥â«¬‚Àπ¥¢Õß input

(input node) ®”π«π 2 ‚Àπ¥ ·≈– ‚Àπ¥¢Õß hidden

(hidden node) „π™—Èπ¢Õß hidden (hidden layer)

∑’Ë¡’ 1 ™—Èπ ®”π«π 3 ‚Àπ¥

2. NN2(5) ‡ªìπ MLP ∑’Ëª√–°Õ∫¥â«¬‚Àπ¥¢Õß input

(input node) ®”π«π 2 ‚Àπ¥ ·≈– ‚Àπ¥¢Õß hidden

(hidden node) „π™—Èπ¢Õß hidden (hidden layer)

∑’Ë¡’ 1 ™—Èπ ®”π«π 5 ‚Àπ¥

3. NN6(3) ‡ªìπ MLP ∑’Ëª√–°Õ∫¥â«¬‚Àπ¥¢Õß input

(input node) ®”π«π 6 ‚Àπ¥ ·≈– ‚Àπ¥¢Õß hidden

(hidden node) „π™—Èπ¢Õß hidden (hidden layer)

∑’Ë¡’ 1 ™—Èπ ®”π«π 3 ‚Àπ¥

4. NN6(5) ‡ªìπ MLP ∑’Ëª√–°Õ∫¥â«¬‚Àπ¥¢Õß input

(input node) ®”π«π 6 ‚Àπ¥ ·≈– ‚Àπ¥¢Õß hidden

„π™—Èπ¢Õß hidden (hidden layer) ∑’Ë¡’ 1 ™—Èπ ®”π«π

5 ‚Àπ¥
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¿“æ∑’Ë 2 ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN2(5)

¿“æ∑’Ë 3 ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN6(3)

¿“æ∑’Ë 4 ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN6(5)
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„π∑“ßªØ‘∫—μ‘‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑¢â“ßμâππ’È

®–ßà“¬ ”À√—∫ºŸâ„™âß“π·≈–¡’§«“¡·°√àß (robust)  ”À√—∫¢âÕμ°≈ß

‡∫◊ÈÕßμâπ‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬

μ—«·ª√·∫∫¥—Èß‡¥‘¡ ‚¥¬®–°”Àπ¥§à“ ARL (Average Run Length)

‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡‡ªìπ 200 ÷́Ëßμ—«‡≈¢

200 π’È‡ªìπμ—«‡≈¢∑’Ë∫Õ°«à“®–¡’®”π«πº≈‘μ¿—≥±å¢Õß¢âÕ¡Ÿ≈

μ—«Õ¬à“ßμ°Õ¬ŸàπÕ°¢’¥®”°—¥§«∫§ÿ¡ ‡¡◊ËÕ∑”°“√μ√«® Õ∫

º≈‘μ¿—≥±åπ’È ‰ª‰¥â·≈â«‚¥¬‡©≈’Ë¬®”π«π 200 ™‘Èπ

¢—ÈπμÕπ ÿ¥∑â“¬∑’Ë ”§—≠¢Õß¢à“¬ß“π√–∫∫ª√– “∑§◊Õ

°“√À“®ÿ¥∑’Ë·¬°μ—« (cut-off point) ¢Õß¢’¥®”°—¥§«∫§ÿ¡ ‡æ◊ËÕ„™â

„π°“√μ—¥ ‘π„®«à“°√–∫«π°“√º≈‘μπ—ÈπÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡À√◊Õ‰¡à

°“√ª√–¡“≥·∫∫ª√—∫„Àâ‡√’¬∫¢Õß‡ªÕ√å‡´Áπ‰∑≈å (Percentile) ∑’Ë

99.995  ”À√—∫À“§à“μ—«ª√–¡“≥¢Õß Harrell-Davis (1982) ®÷ß

∂Ÿ°π”¡“„™â¡“°°«à“ §à“§«Õπ‰∑≈å (Quantile) ‡π◊ËÕß®“°„Àâ§à“

§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬ (Mean Square Error: MSE) ∑’Ë

πâÕ¬°«à“  Õ¬à“ß‰√°Áμ“¡°“√„™âμ—«ª√–¡“≥¢Õß Harrell-Davis „π

∫“ß§√—Èß°Á‰¡à‰¥â∑”„Àâ§à“ ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√

§«∫§ÿ¡ ¡’§à“‡ªìπ 200 À√◊Õ‡¢â“„°≈â 200 ®÷ßμâÕß¡’°“√ª√—∫§à“ ARL

∑’Ë‰¥âπ’È„Àâ¡’§à“‡ªìπ 200 ¥—ßπ—Èπ„π°“√§”π«≥§à“¢’¥®”°—¥§«∫§ÿ¡

 ”À√—∫¢à“¬ß“π√–∫∫ª√– “∑®÷ß§”π«≥‚¥¬„™âμ—«ª√–¡“≥¢Õß

Harrell-Davis ‡ªìπ®ÿ¥‡√‘Ë¡μâπ ·≈–‡π◊ËÕß®“°‰¡à∑√“∫°“√

·®°·®ß∑’Ë·∑â®√‘ß¢Õß¢’¥®”°—¥§«∫§ÿ¡ ‡√“®÷ß “¡“√∂∑’Ë®–∑”°“√

ª√—∫ª√ÿß§à“¢Õß¢’¥®”°—¥§«∫§ÿ¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑„Àâ

‡À¡“– ¡¢÷Èπ‰¥âÕ’° πÕ°®“°π—Èπ‡√“¬—ß “¡“√∂§”π«≥§à“¢’¥

®”°—¥§«∫§ÿ¡ ”À√—∫ ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ

°“√§«∫§ÿ¡ ∑’Ë¡’§à“Õ◊ËπÊ ‰¥âÕ’° ‡™àπ 300 500 ·≈– 700 ∑’Ë°≈à“«¡“

∑—ÈßÀ¡¥π’È®÷ß‡ªìπ¢Õ∫‡¢μ¢Õßß“π«‘®—¬„π§√—Èßπ’È

«‘∏’°“√∑¥≈Õß

 ”À√—∫«‘∏’¥”‡π‘π°“√«‘®—¬π—Èπ ®–„™â‚ª√·°√¡ SAS 8.2 ́ ÷Ëß

 “¡“√∂·∫àß¢—ÈπμÕπ°“√¥”‡π‘π°“√‰¥â‡ªìπ 4 ¢—ÈπμÕπ¥—ßπ’È

1. °“√‡μ√’¬¡¢âÕ¡Ÿ≈ (Preparing Data)

„™â Interactive Matrix Language Procedure (Proc

IML) ¢Õß‚ª√·°√¡ SAS ‡æ◊ËÕ √â“ß¢âÕ¡Ÿ≈ (generating data)

∑’Ë¡’≈—°…≥–‡™‘ß§ÿ≥¿“æ 2 ≈—°…≥– ÷́Ëß¡’§«“¡ —¡æ—π∏å°—π„Àâ°—∫

¢à“¬ß“π√–∫∫ª√– “∑‚¥¬°”Àπ¥§à“æ“√“¡‘‡μÕ√åμà“ßÊ „π°“√

®”≈Õß¢âÕ¡Ÿ≈ (simulating data) ¥—ßπ’È

1) ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–
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- ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–∑’Ë¡’

§à“πâÕ¬,

- ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–∑’Ë¡’

§à“¡“°,

2) ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡

‚¥¬°”Àπ¥§à“ ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ

°“√§«∫§ÿ¡ „Àâ¡’§à“‡ªìπ 200 300 500 ·≈– 700

3) ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑

°”Àπ¥‡ªìπ·∫∫ MLP ÷́Ëß¡’™—Èπ¢Õß hidden 1 ™—Èπ μ“¡

§”·π–π”¢Õß Pugh (1989 ·≈– 1991)  ”À√—∫®”π«π¢Õß

‚Àπ¥„π·μà≈–™—Èππ—Èπ „Àâ¡’

- ®”π«π‚Àπ¥¢Õß input ‡ªìπ 2 ·≈– 6 ‚Àπ¥

- ®”π«π‚Àπ¥¢Õß hidden ‡ªìπ 3 ·≈– 5 ‚Àπ¥ μ“¡

¢âÕ‡ πÕ·π–¢Õß Dooley (1992)

- ®”π«π‚Àπ¥¢Õß output ‡ªìπ 1 ‚Àπ¥ ∑’Ë‡ªìπμ—«∫àß∫Õ°

 ∂“π–¢Õß°√–∫«π°“√º≈‘μ«à“°√–∫«π°“√º≈‘μπ—Èπ

Õ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡À√◊ÕÕ¬ŸàπÕ°°“√§«∫§ÿ¡

4) ª√–‡¿∑¢Õß°“√‡™◊ËÕ¡μàÕ

°”Àπ¥‡ªìπ·∫∫ Fully feed-forward (μ“¡§”·π–π”

¢Õß Pugh (1991) Change ·≈– Aw (1996) ‡æ◊ËÕ„Àâ¢à“¬ß“π

√–∫∫ª√– “∑¡’°“√≈Ÿà‡¢â“‡ ¡Õ (convergence)) ‚¥¬„™â°“√‡√’¬π√Ÿâ

(learning) ·∫∫ Supervised learning rule ∑’Ë¡’ algorithm ¢Õß

°“√‡√’¬π√Ÿâ·∫∫ Levenberg-Marquardt

5) øíß°å™—π‡™◊ËÕ¡μàÕ°“√∑”ß“π

°”Àπ¥‡ªìπøíß°å™—π Sigmoid (Sigmoid function)

 ”À√—∫√“¬≈–‡Õ’¬¥„π°“√°”Àπ¥§à“æ“√“¡‘‡μÕ√åμà“ßÊ ‡æ◊ËÕ

 √â“ßμ—«·∫∫¢Õß¢à“¬ß“π√–∫∫ª√– “∑  ”À√—∫§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√π—Èπ  “¡“√∂¥Ÿ√“¬≈–‡Õ’¬¥‡æ‘Ë¡‡μ‘¡

‰¥â®“° Saithanu (2006)

2. °“√ªÑÕπ¢âÕ¡Ÿ≈ (Training Data)

ªÑÕπ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°¢—ÈπμÕπ∑’Ë 1 ‚¥¬„™â Neural Procedure

(Proc Neural) À√◊Õ Enterprise Miner ¢Õß‚ª√·°√¡ SAS ‡æ◊ËÕ

À“§à“º≈≈—æ∏å (output) ®“°«‘∏’°“√¢Õß¢à“¬ß“π√–∫∫ª√– “∑

´÷Ëß≈—°…≥–¢Õß¢âÕ¡Ÿ≈∑’Ë®–ªÑÕπ„Àâ°—∫¢à“¬ß“π√–∫∫ª√– “∑π—Èπ ¡’

2 ≈—°…≥– §◊Õ

1) ¢à“¬ß“π√–∫∫ª√– “∑∑’Ë¡’®”π«π‚Àπ¥¢Õß input ‡ªìπ 2 ‚Àπ¥

¢âÕ¡Ÿ≈∑’ËªÑÕπ®–‡ªìπ§à“‡©≈’Ë¬μ—«Õ¬à“ß ”À√—∫§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ 2 ≈—°…≥– ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡

´÷Ëß„™â‡©æ“–¢âÕ¡Ÿ≈∑’Ë‡ªìπ§à“ªí®®ÿ∫—π π—Ëπ§◊Õ

2) ¢à“¬ß“π√–∫∫ª√– “∑∑’Ë¡’®”π«π‚Àπ¥¢Õß input ‡ªìπ 6 ‚Àπ¥

¢âÕ¡Ÿ≈∑’ËªÑÕπ®–‡ªìπ§à“‡©≈’Ë¬μ—«Õ¬à“ß ”À√—∫§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ 2 ≈—°…≥– ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡

´÷Ëß„™â¢âÕ¡Ÿ≈¢Õß 3 ™à«ß‡«≈“∑’ËμàÕ‡π◊ËÕß°—π ®÷ß‡ªìπ¢âÕ¡Ÿ≈∑’Ë‡ªìπ∑—Èß

§à“ªí®®ÿ∫—π·≈–¢âÕ¡Ÿ≈∑’Ë‡ªìπ§à“„πÕ¥’μ π—Ëπ§◊Õ

3. °“√„™âμ—«ª√–¡“≥¢Õß Harrell-Davis (The use of Harrell-

Davis estimator)

‡π◊ËÕß®“°‰¡à∑√“∫°“√·®°·®ß∑’Ë·∑â®√‘ß ”À√—∫§à“

¢’¥®”°—¥§«∫§ÿ¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑ ®÷ß„™â§à“ª√–¡“≥

·∫∫ª√—∫„Àâ ‡√’¬∫¢Õß‡ªÕ√å ‡´Áπ‰∑≈å „π°“√§”π«≥§à“

μ—«ª√–¡“≥¢Õß Harrell-Davis (1982) ‡æ√“–«à“„Àâ§à“§≈“¥‡§≈◊ËÕπ

°”≈—ß Õß‡©≈’Ë¬πâÕ¬°«à“μ—«ª√–¡“≥§à“§«Õπ‰∑≈å

°”Àπ¥„Àâ Qp ‡ªìπμ—«ª√–¡“≥§à“§«Õπ‰∑≈å∑’Ë p ¢Õß

Harrell-Davis ́ ÷Ëß‡ªìπ§à“¢Õß°“√√«¡‡™‘ß‡ âπ (linear combination)

 ”À√—∫ ∂‘μ‘≈”¥—∫ (order statistics) ∑’Ëπ‘¬“¡‚¥¬

‚¥¬∑’Ë Wn, i ‡ªìππÈ”Àπ—° ·≈– X(i) ‡ªìπ ∂‘μ‘≈”¥—∫∑’Ë i ®“°¢âÕ¡Ÿ≈

∑—ÈßÀ¡¥ n §à“

 ”À√—∫øíß°å™—π¢ÕßπÈ”Àπ—° (weighting function) π—Èπ À“‰¥â®“°

‚¥¬∑’Ë  ‡ªìπøíß°å™—π‡∫μâ“ (Beta function)

4. °“√À“§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ (Determine

Approximated Control Limit)

‚¥¬°“√À“§à“‡©≈’Ë¬¢Õß§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡

∑’Ë ‰¥â®“°«‘∏’°“√∑”´È” (iterative method) ®”π«π 100 §√—Èß

®“°¢—ÈπμÕπ∑’Ë 1 ∂÷ß 3 ´÷Ëß‡¡◊ËÕ‰¥â§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡

π’È·≈â« ®–„™â§à“∑’Ë‰¥âπ’È‡ªìπ®ÿ¥·¬°μ—« (cut-off point) „π°“√∫àß∫Õ°

«à“‡¡◊ËÕ‡«≈“ºà“π‰ª°√–∫«π°“√º≈‘μ¬—ß§ßÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡

À√◊ÕÕ¬ŸàπÕ°°“√§«∫§ÿ¡

,
1

,

n

i
iinp XWQ

 2,1, ttt X,XX

1 2( ,  ,  )t t tX X X

,1 2 11 1 2 2 1 2 2( ,     ,  )t t t t t t, , , , ,X X , X , X , X X
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5. °“√À“§à“ ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬ŸàπÕ°°“√§«∫§ÿ¡

(Determine the Out of Control ARL)

‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈„π°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°√–∫«π°“√º≈‘μ√–À«à“ß«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑·≈–

«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√·∫∫¥—Èß‡¥‘¡

(·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA) π—Èπ

®–μâÕßÀ“§à“¢’¥®”°—¥§«∫§ÿ¡¢Õß«‘∏’°“√∑—Èß 3 «‘∏’ ‚¥¬°”Àπ¥§à“

ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡¢Õß«‘∏’°“√∑—Èß

3 «‘∏’ „Àâ¡’§à“‡∑à“°—π°àÕπ „π∑’Ëπ’È®–æ‘®“√≥“‡©æ“–°√≥’∑’Ë ARL

¡’§à“‡ªìπ 200 ®“°π—Èπ„™â§à“¢’¥®”°—¥§«∫§ÿ¡∑’Ë‰¥âπ’È‡ªìπ®ÿ¥·¬°μ—«

‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

‚¥¬∑’Ë«—¥¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ßπ’È ‰¥â¥â«¬‡∑Õ¡¢Õßæ“√“¡‘‡μÕ√å

noncentrality ( ) ∑’Ëπ‘¬“¡‚¥¬ Montgomery (2001) §◊Õ (1) ∂â“

 = 0 À¡“¬§«“¡«à“ °√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡

(2) ∂â“  = 1 À¡“¬§«“¡«à“ °√–∫«π°“√º≈‘μÕ¬ŸàπÕ°°“√§«∫§ÿ¡

‚¥¬¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

∑’Ë¡’¢π“¥‡≈Á° (small shift) ·≈– (3) ∂â“  = 3 À¡“¬§«“¡«à“

°√–∫«π°“√º≈‘μÕ¬ŸàπÕ°°“√§«∫§ÿ¡ ‚¥¬¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß

§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ∑’Ë¡’¢π“¥„À≠à (large shift)

Lowry ·≈– Montgomery (1995) · ¥ß„Àâ‡ÀÁπ«à“·ºπ¿Ÿ¡‘

§«∫§ÿ¡‰§ ·§«√å·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ®–„Àâ§à“ ARL

‡∑à“‡¥‘¡‰¡à«à“°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èππ—Èπ®–‡°‘¥¢÷Èπ‡π◊ËÕß®“°

§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ≈—°…≥–„¥≈—°…≥–Àπ÷Ëß

‡ª≈’Ë¬π‰ª À√◊Õ§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ∑—Èß 2 ≈—°…≥–

‡ª≈’Ë¬π‰ª ÷́Ëß‡Àμÿ°“√≥å¥—ß°≈à“«π’È‡√’¬°«à“¡’§ÿ≥ ¡∫—μ‘¢Õß directional

invariance „π¢≥–∑’Ë¢à“¬ß“π√–∫∫ª√– “∑®–‰¡à¡’§ÿ≥ ¡∫—μ‘π’È

´÷Ëß‡ÀÁπ‰¥â®“° Saithanu (2006) ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ßæ‘®“√≥“

‡©æ“–°√≥’∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ‡π◊ËÕß®“°§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ‡æ’¬ß≈—°…≥–„¥

≈—°…≥–Àπ÷Ëß¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª‡∑à“π—Èπ

º≈°“√∑¥≈Õß

1. §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà

¿“¬„μâ°“√§«∫§ÿ¡

‚¥¬°”Àπ¥§à“ ARL „Àâ¡’§à“‡ªìπ 200 300 500 ·≈– 700

‰¥âº≈¥—ßπ’È

-  ”À√—∫‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ∑’Ë¡’§à“πâÕ¬

®–‰¥â§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ · ¥ß¥—ßμ“√“ß∑’Ë 1

-  ”À√—∫‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ∑’Ë¡’§à“¡“°

®–‰¥â§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ · ¥ß¥—ßμ“√“ß∑’Ë 2

μ“√“ß∑’Ë 1 §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ „π°√≥’∑’Ë‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“πâÕ¬

ARL NN2(3) NN2(5) NN6(3) NN6(5)

200 0.798076 0.804549 0.935343 0.939340

 300 0.818701 0.829654 0.947031 0.950298

500 0.839385 0.848301 0.955994 0.962986

 700 0.845892 0.858367 0.959534 0.966083

μ“√“ß∑’Ë 2 §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ „π°√≥’∑’Ë‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“¡“°

ARL NN2(3) NN2(5) NN6(3) NN6(5)

200 0.807504 0.806508 0.937977 0.941564

 300 0.818925 0.830461 0.940827 0.957453

 500 0.842994 0.846615 0.958745 0.961165

 700 0.854992 0.864195 0.966796 0.967080
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®“°μ“√“ß∑’Ë 1 ·≈– 2 · ¥ß„Àâ‡ÀÁπ«à“∂â“°√–∫«π°“√º≈‘μ

Õ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡·≈â« ®–‰¥â«à“

1. ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫

ª√– “∑∑’Ë‡ªìπ·∫∫‡¥’¬«°—π ®–„Àâ§à“ª√–¡“≥¢Õß¢’¥®”°—¥

§«∫§ÿ¡¡’§à“¡“°¢÷Èπ ‡¡◊ËÕ§à“¢Õß ARL ¡’§à“¡“°¢÷Èπ ‚¥¬∑’Ë‰¡à¢÷ÈπÕ¬Ÿà

°—∫§à“¢Õß‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß

§ÿ≥¿“æ ‡™àπ ¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN2(3) ∑’Ë¡’§à“¢Õß

ARL ‡ªìπ 200 ®–¡’§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡πâÕ¬°«à“

¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN2(3) ∑’Ë¡’§à“¢Õß ARL ‡ªìπ 300

500 ·≈– 700 ‡ªìπμâπ

2. ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫

ª√– “∑∑’Ë¡’®”π«π‚Àπ¥¢Õß input ¡“°¢÷Èπ ®–„Àâ§à“ ª√–¡“≥

¢Õß¢’¥®”°—¥§«∫§ÿ¡¡’§à“¡“°¢÷Èπ∑’Ë√–¥—∫ ARL ‡¥’¬«°—π ‚¥¬∑’Ë

‰¡à¢÷ÈπÕ¬Ÿà°—∫§à“¢Õß‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ π—Ëπ§◊Õ ¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN2(3) ·≈–

NN2(5) ®–¡’§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡πâÕ¬°«à“¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ NN6(3) ·≈– NN6(5) μ“¡≈”¥—∫

3. ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫

ª√– “∑ ∑’Ë¡’®”π«π‚Àπ¥¢Õß hidden ¡“°¢÷Èπ ®–„Àâ§à“

ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡¡’§à“¡“°¢÷Èπ∑’Ë√–¥—∫ ARL ‡¥’¬«°—π

‚¥¬∑’Ë ‰¡à¢÷ÈπÕ¬Ÿà°—∫§à“¢Õß‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ π—Ëπ§◊Õ

¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN2(3) ·≈– ·∫∫ NN6(3)

®–¡’§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡πâÕ¬°«à“¢à“¬ß“π√–∫∫

ª√– “∑·∫∫ NN2(5) ·≈–·∫∫ NN6(5) μ“¡≈”¥—∫

¥—ßπ—Èπ∂â“°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡·≈â« ®–

 “¡“√∂ √ÿª§«“¡ —¡æ—π∏å√–À«à“ß§à“ª√–¡“≥¢Õß¢’¥®”°—¥

§«∫§ÿ¡∑’Ë‰¥â·≈–§à“¢Õß ARL ∑’Ë Õ¥§≈âÕß°—π  ”À√—∫¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ NN2(3) NN2(5) NN6(3) ·≈– NN6(5)

„π°√≥’∑’Ë‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß

§ÿ≥¿“æ¡’§à“πâÕ¬·≈–‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“¡“°‰¥â · ¥ß¥—ß°√“ø¿“æ∑’Ë 5 ·≈–

6 μ“¡≈”¥—∫

 

¿“æ∑’Ë 5 §«“¡ —¡æ—π∏å√–À«à“ß§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ ·≈–§à“ ARL ∑’Ë Õ¥§≈âÕß°—π „π°√≥’∑’Ë‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡

√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“πâÕ¬
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¿“æ∑’Ë 6 §«“¡ —¡æ—π∏å√–À«à“ß§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ ·≈–§à“ ARL ∑’Ë Õ¥§≈âÕß°—π „π°√≥’∑’Ë‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡

√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“¡“°

2. ARL ¢Õß«‘∏’¢à“¬ß“π√–∫∫ª√– “∑ ·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å

·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA

‡¡◊ËÕ§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’°“√

‡ª≈’Ë¬π·ª≈ß ‚¥¬¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ¢π“¥‡≈Á°·≈–

¢π“¥„À≠à·≈â« °“√‡ª√’¬∫‡∑’¬∫º≈„π°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°√–∫«π°“√º≈‘μ√–À«à“ß«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA

‚¥¬°”Àπ¥§à“ ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡

„Àâ¡’§à“‡ªìπ 200  ”À√—∫‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“πâÕ¬ ‰¥âº≈· ¥ß¥—ßμ“√“ß∑’Ë 3 ·≈–

 ”À√—∫‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

¡’§à“¡“° ‰¥âº≈· ¥ß¥—ßμ“√“ß∑’Ë 4

μ“√“ß∑’Ë 3 ARL ¢Õß«‘∏’¢à“¬ß“π√–∫∫ª√– “∑  ·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ‡¡◊ËÕ‡¡μ√‘°´å§«“¡

·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“πâÕ¬

Shift Chisquare MEWMA NN2(3)  NN2(5) NN6(3) NN6(5)

0  200  200  200  200  200  200

1   41.64 10.43 43.50 36.17 15.22 15.03

3 2.17 2.42 2.33 2.47 1.07 1.04
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®“°μ“√“ß∑’Ë 3 ·≈– 4 ®–‡ÀÁπ‰¥â«à“ ‡¡◊ËÕ‡¡μ√‘°´å§«“¡

·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“πâÕ¬ „π°√≥’

∑’Ë¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß

§ÿ≥¿“æ∑’Ë¡’¢π“¥‡≈Á°π—Èπ æ∫«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA

„Àâº≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√º≈‘μ¥’∑’Ë ÿ¥

´÷Ëß‡ÀÁπ‰¥â®“°¡’§à“ ARL πâÕ¬∑’Ë ÿ¥ ·≈–¢à“¬ß“π√–∫∫ª√– “∑·∫∫

NN2(3) ¡’°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√º≈‘μ

¥’æÕ°—π°—∫«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å „π¢≥–∑’Ë¢à“¬ß“π

√–∫∫ª√– “∑·∫∫Õ◊ËπÊ „Àâº≈¥’°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡

‰§ ·§«√å  ”À√—∫°√≥’∑’Ë¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

 ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ∑’Ë¡’¢π“¥„À≠àπ—Èπ æ∫«à“¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ NN2(3) ·≈– NN2(5) „Àâº≈¥’æÕ°—π°—∫«‘∏’

¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ·μà ‰¡à¥’°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘

§«∫§ÿ¡‰§ ·§«√å „π¢≥–∑’Ë¢à“¬ß“π√–∫∫ª√– “∑∑’Ë¡’®”π«π

‚Àπ¥¢Õß input ‡ªìπ 6 ‚Àπ¥ §◊Õ NN6(3) ·≈– NN6(5) ®–„Àâ

º≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√º≈‘μ¥’∑’Ë ÿ¥

 ”À√—∫°√≥’∑’Ë ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ∑’Ë¡’§à“¡“°®–‡ÀÁπ‰¥â«à“¢à“¬ß“π√–∫∫

ª√– “∑∑’Ë¡’®”π«π‚Àπ¥¢Õß input ‡ªìπ 6 ‚Àπ¥ §◊Õ NN6(3)

·≈– NN6(5) „Àâº≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß

°√–∫«π°“√º≈‘μ¥’∑’Ë ÿ¥ ‚¥¬∑’Ë ‰¡à¢÷ÈπÕ¬Ÿà°—∫¢π“¥¢Õß°“√

‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ ÷́Ëß

‡¡◊ËÕæ‘®“√≥“¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ∑’Ë¡’¢π“¥‡≈Á° æ∫«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡

MEWMA „Àâº≈¥’°«à“«‘∏’¢Õß NN2(3) NN2(5)  ”À√—∫«‘∏’¢Õß

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√åπ—Èπ ®–„Àâ§à“ ARL ¡“°∑’Ë ÿ¥ „π¢≥–∑’Ë

¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß

§ÿ≥¿“æ∑’Ë¡’¢π“¥„À≠àπ—Èπæ∫«à“ «‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡

‰§ ·§«√å NN2(3) ·≈– NN2(5) „Àâº≈°“√μ√«® Õ∫°“√

‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√º≈‘μ¥’æÕÊ °—π ·≈–¥’°«à“«‘∏’¢Õß

MEWMA

μ“√“ß∑’Ë 4 ARL ¢Õß«‘∏’¢à“¬ß“π√–∫∫ª√– “∑ ·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å ·≈–·ºπ¿Ÿ¡‘ MEWMA ‡¡◊ËÕ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡

√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“¡“°

Shift Chisquare MEWMA NN2(3)  NN2(5) NN6(3) NN6(5)

0  200  200  200  200  200  200

1 42.71 10.11 36.83 28.36 8.79 2.00

3 2.17 2.43 2.26 2.24 1.02 1.02

 √ÿª

‚¥¬∑—Ë«·≈â«·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√

·∫∫¥—Èß‡¥‘¡ §◊Õ ·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å·≈– ·ºπ¿Ÿ¡‘§«∫§ÿ¡

MEWMA  ‡ªìπ·ºπ¿Ÿ¡‘∑’Ëπ‘¬¡„™â„π°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°√–∫«π°“√º≈‘μ‡π◊ËÕß®“° “‡Àμÿ¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß

§à“‡©≈’Ë¬ ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ ‡¡◊ËÕ§ÿ≥≈—°…≥–‡™‘ß

§ÿ≥¿“æ¡’§«“¡ —¡æ—π∏å°—π ¿“¬„μâ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡

∑’Ë¡’§à“§ß∑’Ë ·μà·ºπ¿Ÿ¡‘∑—Èß Õßπ’È®–„™â ‰¥â‡¡◊ËÕ¡’¢âÕμ°≈ß ‡∫◊ÈÕßμâπ

§◊Õ°“√·®°·®ß§«“¡πà“®–‡ªìπ√à«¡¢Õß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

®–μâÕß¡’°“√·®°·®ß·∫∫ª°μ‘‡∑à“π—Èπ

¥—ßπ—Èπ¢à“¬ß“π√–∫∫ª√– “∑®÷ß‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß„π

°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√º≈‘μ‡π◊ËÕß®“°

‰¡à®”‡ªìπμâÕß¡’¢âÕμ°≈ß‡∫◊ÈÕßμâπ„¥Ê ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡

¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ NN2(3) NN2(5) NN6(3) ·≈–

NN6(5) ‡ªìπ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡∑’Ë„Àâº≈„π°“√μ√«® Õ∫

°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√¥’°«à“·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ

·∫∫À≈“¬μ—«·ª√·∫∫¥—Èß‡¥‘¡„πÀ≈“¬Ê°√≥’ ·μà‡π◊ËÕß®“°

‰¡à∑√“∫°“√·®°·®ß∑’Ë·∑â®√‘ß¢Õß¢’¥®”°—¥§«∫§ÿ¡§ÿ≥¿“æ

 ”À√—∫¢à“¬ß“π√–∫∫ª√– “∑‡À≈à“π’È ®÷ßμâÕß¡’°“√ª√—∫ª√ÿß§à“

¢Õß¢’¥®”°—¥§«∫§ÿ¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑„Àâ‡À¡“– ¡ ‚¥¬

„™âμ—«ª√–¡“≥¢Õß Harrell-Davis ‡ªìπ®ÿ¥‡√‘Ë¡μâπ ´÷Ëß¢’¥®”°—¥

§«∫§ÿ¡∑’Ëª√–¡“≥¢÷Èππ’È ®–À“‰¥â®“°§«“¡ —¡æ—π∏å√–À«à“ß§à“

¢Õß¢’¥®”°—¥§«∫§ÿ¡·≈–§à“¢Õß ARL ∑’Ë Õ¥§≈âÕß°—π

°√≥’°√–∫«π°“√º≈‘μÕ¬Ÿà¿“¬„μâ°“√§«∫§ÿ¡ ·≈–°”Àπ¥§à“

ARL „Àâ¡’§à“‡ªìπ 200 300 500 ·≈– 700 ®–æ∫«à“

(1) ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫

ª√– “∑∑’Ë‡ªìπ·∫∫‡¥’¬«°—π ®–„Àâ§à“ª√–¡“≥¢Õß¢’¥®”°—¥

§«∫§ÿ¡¡’§à“¡“°¢÷Èπ ‡¡◊ËÕ§à“¢Õß ARL ¡’§à“¡“°¢÷Èπ ·≈–

(2) ‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫

ª√– “∑∑’Ë¡’®”π«π‚Àπ¥¢Õß input ·≈– hidden ¡“°¢÷Èπ

°‘¥“°“√   “¬∏πŸ ·≈– ª√’¬“√—μπå  π“§ ÿ«√√≥å / «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 13 (2551) 2 : 57-6564



®–„Àâ§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡¡’§à“¡“°¢÷Èπ∑’Ë√–¥—∫ ARL

‡¥’¬«°—π ‚¥¬∑’Ë‰¡à¢÷ÈπÕ¬Ÿà°—∫§à“¢Õß‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡

√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

πÕ°®“°π’È ∂â“¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ·≈â« ®–„™â§à“ª√–¡“≥¢Õß¢’¥®”°—¥

§«∫§ÿ¡∑’Ë‰¥âπ’È‡ªìπ®ÿ¥·¬°μ—« ‡æ◊ËÕ∫àß∫Õ°«à“°√–∫«π°“√º≈‘μÕ¬Ÿà

¿“¬„μâ°“√§«∫§ÿ¡À√◊ÕÕ¬ŸàπÕ°°“√§«∫§ÿ¡·≈â«∑”°“√‡ª√’¬∫‡∑’¬∫

º≈„π°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√º≈‘μ

√–À«à“ß«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑ ·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å

·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ¿“¬„μâ‡ß◊ËÕπ‰¢¢Õß‡¡μ√‘°´å§«“¡

·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ∑’Ë¡’§à“πâÕ¬·≈–

§à“¡“° ·≈–¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ∑’Ë¡’¢π“¥‡≈Á°·≈–¢π“¥„À≠à æ∫«à“ ¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ NN6(3) „Àâº≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°√–∫«π°“√º≈‘μ¥’°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§ ·§«√å ·≈–

·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA „π∑ÿ°°√≥’ ¬°‡«âπ‡æ’¬ß°√≥’‡¥’¬«§◊Õ

°√≥’∑’Ë‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

¡’§à“πâÕ¬ ·≈–¢π“¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’¢π“¥‡≈Á° ®–‰¥â«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡

MEWMA ®–„Àâº≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß

°√–∫«π°“√º≈‘μ¥’∑’Ë ÿ¥

°‘μμ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ §≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬

∫Ÿ√æ“ ™≈∫ÿ√’ ∑’Ë‰¥â®—¥ √√‡ß‘πß∫ª√–¡“≥‡ß‘π√“¬‰¥âª√–®”ªï 2550
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