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Abstract

This paper aims to evaluate on application of neural networks to the analysis of multivariate quality control.

The Multi-Layer Perceptron (MLP) is the simple neural network architecture to be commonly employed. It provides better

results in detecting shift for monitoring process mean that than traditional methods in many cases. The advanced neural

network architecture, Radial Basis Function (RBF) which is the advanced neural network technique, is then later chosen

to improve the performances of neural network monitoring schemes. RBF shows the best output in which the specific

case the simple neural network cannot outperform the original quality control chart.

Keywords : Multivariate quality control charts, Neural networks, Multi-layer perceptron (MLP), Radial basis function

(RBF), Average run length (ARL)
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‚§√ß √â“ß¢â“ßμâπ‡ªìπ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫
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§«“¡√ŸâÀ√◊Õ§«“¡™”π“≠‡°’Ë¬«°—∫¢à“¬ß“π√–∫∫ª√– “∑ ·≈–

‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑π’È¬—ß¡’§«“¡·°√àß (robust)

μàÕ¢âÕμ°≈ß‡∫◊ÈÕßμâπÕ’°¥â«¬ „π¢≥–‡¥’¬«°—π°Áπà“®–„Àâº≈≈—æ∏å

∑’Ë¥’°«à“À√◊ÕÕ¬à“ßπâÕ¬°Á‡∑à“°—π°—∫‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫

ª√– “∑·∫∫ Multi-Layer Perceptron ÷́Ëß‡ªìπ¢à“¬ß“π√–∫∫

ª√– “∑Õ¬à“ßßà“¬ ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫¥—Èß‡¥‘¡∑—Èß

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ‚¥¬

‡ÀÁπ‰¥â®“°°“√‡ª√’¬∫‡∑’¬∫§à“ ARL (Average Run Length) ´÷Ëß

‡ªìπ§à“¢Õßμ—«‡≈¢∑’Ë∫Õ°∂÷ß®”π«πº≈‘μ¿—≥±å‚¥¬‡©≈’Ë¬∑’Ë∑”°“√
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ª√– “∑ (2) §«“¡‰« (sensitivity) „π°“√μ√«®§âπæ∫°“√
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Weighted Moving Average Control Chart) ÷́Ëß∑—Èß Õß

·ºπ¿Ÿ¡‘π’È®–∂Ÿ°π”¡“„™â„π°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß

§à“‡©≈’Ë¬¢Õß°√–∫«π°“√‡¡◊ËÕ§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ (quality
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§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√¥â«¬«‘∏’„À¡à§◊Õ¢à“¬ß“π√–∫∫ª√– “∑

(Neural Networks) ´÷Ëß‡ªìπ«‘∏’∑’Ë¡ÿàß‡πâπ∂÷ß°“√μ√«® Õ∫

°√–∫«π°“√º≈‘μ‚¥¬‰¡à®”‡ªìπμâÕß§”π÷ß∂÷ß¢âÕμ°≈ß‡∫◊ÈÕßμâπ„¥Ê

·π«§‘¥¢Õß¢à“¬ß“π√–∫∫ª√– “∑π—Èπ‰¥â®“°°“√À“§«“¡

 —¡æ—π∏å√–À«à“ßμ—«·ª√Õ‘ √– (input variables) ·≈–μ—«·ª√μ“¡

(output variables) ¢Õß¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà

‚§√ß √â“ßÀ√◊Õ ∂“ªíμ¬°√√¡ (architecture) ¢Õß

¢à“¬ß“π√–∫∫ª√– “∑∑’Ëπ”¡“ª√–¬ÿ°μå„™â ”À√—∫°“√ √â“ß·ºπ¿Ÿ¡‘

§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√„πß“π«‘®—¬π’È‡ªìπ¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ Radial Basis Function (RBF) ∑’Ë¡’

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

‡™◊ËÕ¡‚¬ß°—π‰ª¢â“ßÀπâ“·∫∫∑—Ë«∂÷ß (fully-connected feed-forward)

´÷Ëß¡’™—Èπ´àÕπ (hidden layer) ‡æ’¬ßÀπ÷Ëß™—Èπ ‚¥¬¡’øíß°å™—π‡™◊ËÕ¡

μàÕ°“√∑”ß“π´÷Ëß‡ªìπøíß°å™—π∑’Ë„™â„π°“√‡√’¬π√Ÿâ„π·μà≈–√–¥—∫™—Èπ

(Transfer Function) À√◊Õøíß°å™—π°“√°√–μÿâπ (Activation Function)

‡ªìπ Softmax Function ·≈–¡’øíß°å™—π„π°“√ àßºà“π¢âÕ¡Ÿ≈∑’Ë‡√’¬°«à“

Combination Function ‡ªìπ·∫∫ Radial Basis Function
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 ”À√—∫·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫Àπ÷Ëßμ—«·ª√ ·μà ”À√—∫

·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√π—Èπ ¢à“¬ß“π√–∫∫

ª√– “∑‡æ‘Ëß®–‰¥â√—∫§«“¡ π„®‡¡◊ËÕ‰¡àπ“π¡“π’È Saithanu (2007)

·π–π”‚§√ß √â“ß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ MLP ‰«â 4 ·∫∫

(§◊Õ¢à“¬ß“π√–∫∫ª√– “∑·∫∫∑’Ë¡’‚Àπ¥¢ÕßÕ‘πæÿ∑ (input node)

®”π«π 2 ‚Àπ¥ ·≈– 6 ‚Àπ¥ ´÷Ëß·μà≈–‚Àπ¥¢ÕßÕ‘πæÿ∑π—Èπ¡’
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®”π«π‚Àπ¥´àÕπ (hidden node) ‡ªìπ 3 ‚Àπ¥·≈– 5 ‚Àπ¥

μ“¡≈”¥—∫)  ”À√—∫°“√μ√«®§âπæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

¢Õß°√–∫«π°“√ °‘¥“°“√  “¬∏πŸ ·≈– ª√’¬“√—μπå π“§ ÿ«√√≥å,

2551 À“§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡¢Õß«‘∏’¢à“¬ß“π√–∫∫

ª√– “∑ ‡π◊ËÕß®“°‰¡à∑√“∫§à“∑’Ë·∑â®√‘ß¢Õß¢’¥®”°—¥§«∫§ÿ¡¢Õß

«‘∏’¢à“¬ß“π√–∫∫ª√– “∑ ´÷Ëß‡¡◊ËÕπ”§à“¢’¥®”°—¥§«∫§ÿ¡¢Õß

¢à“¬ß“π√–∫∫ª√– “∑∑’Ë‰¥âπ’È¡“„™â°—∫¢à“¬ß“π√–∫∫ª√– “∑·∫∫

MLP æ∫«à“ “¡“√∂μ√«®§âπæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

¢Õß°√–∫«π°“√‰¥â¥’°«à“‡∑§π‘§°“√μ√«® Õ∫·∫∫¥—Èß‡¥‘¡

·μàÕ¬à“ß‰√°Áμ“¡‡π◊ËÕß®“°¬—ß‰¡à ¡’ ‚§√ß √â“ß¢à“¬ß“π

√–∫∫ª√– “∑∑’Ë‡ªìπ¡“μ√∞“π„π°“√ª√–¬ÿ°μå„™â ”À√—∫·ºπ¿Ÿ¡‘

§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√ ¥—ßπ—Èπß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫

¢à“¬ß“π√–∫∫ª√– “∑„π°√–∫«π°“√§«∫§ÿ¡§ÿ≥¿“æ‡™‘ß ∂‘μ‘

®÷ß¬—ß§ßμâÕß¡’°“√æ—≤π“·≈–ª√—∫ª√ÿßμàÕ‰ª  ß“π«‘®—¬π’È®÷ßπ”‡ πÕ

¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß·∫∫ RBF ‡æ◊ËÕ„Àâ¢à“¬ß“π√–∫∫

ª√– “∑ “¡“√∂μ√«®§âπæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬¢Õß

°√–∫«π°“√‰¥â¥’¢÷Èπ‰ª°«à“‡¥‘¡Õ’° ´÷Ëß¢à“¬ß“π√–∫∫ª√– “∑·∫∫

RBF ∑’Ë®–æ‘®“√≥“¡’ 4 ·∫∫ ¥—ßπ’È

1. RBF2(3) ‡ªìπ¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF ∑’Ë¡’

‚Àπ¥¢ÕßÕ‘πæÿ∑ ®”π«π 2 ‚Àπ¥·≈–‚Àπ¥´àÕπ„π™—Èπ´àÕπ∑’Ë¡’

Àπ÷Ëß™—Èπ ®”π«π 3 ‚Àπ¥ (¥—ß¿“æ∑’Ë 1)

2. RBF2(5) ‡ªìπ¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF ∑’Ë¡’

‚Àπ¥¢ÕßÕ‘πæÿ∑ ®”π«π 2 ‚Àπ¥·≈–‚Àπ¥´àÕπ„π™—Èπ´àÕπ∑’Ë¡’

Àπ÷Ëß™—Èπ ®”π«π 5 ‚Àπ¥ (¥—ß¿“æ∑’Ë 2)

3. RBF6(3) ‡ªìπ¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF ∑’Ë¡’

‚Àπ¥¢ÕßÕ‘πæÿ∑ ®”π«π 6 ‚Àπ¥·≈–‚Àπ¥´àÕπ„π™—Èπ´àÕπ∑’Ë¡’

Àπ÷Ëß™—Èπ ®”π«π 3 ‚Àπ¥ (¥—ß¿“æ∑’Ë 3)

4. RBF6(5) ‡ªìπ¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF ∑’Ë¡’

‚Àπ¥¢ÕßÕ‘πæÿ∑ ®”π«π 6 ‚Àπ¥·≈–‚Àπ¥´àÕπ„π™—Èπ´àÕπ∑’Ë¡’

Àπ÷Ëß™—Èπ ®”π«π 5 ‚Àπ¥ (¥—ß¿“æ∑’Ë 4)

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

1. °“√‡μ√’¬¡¢âÕ¡Ÿ≈ (Preparing Data)

‚¥¬ √â“ß¢âÕ¡Ÿ≈ (generating data) ∑’Ë¡’§ÿ≥≈—°…≥–‡™‘ß

§ÿ≥¿“æ Õß≈—°…≥– ´÷Ëß¡’§«“¡ —¡æ—π∏å°—π„Àâ°—∫¢à“¬ß“π√–∫∫

ª√– “∑ ‚¥¬°”Àπ¥§à“æ“√“¡‘‡μÕ√åμà“ßÊ „π°“√®”≈Õß

(simulation) ¥—ßπ’È

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

‡™‘ß§ÿ≥¿“æ

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

‡™‘ß§ÿ≥¿“æ∑’Ë¡’§à“πâÕ¬ §◊Õ

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

‡™‘ß§ÿ≥¿“æ∑’Ë¡’§à“¡“° §◊Õ

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

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

„Àâ¡’§à“‡ªìπ 200 300 500 ·≈– 700

1.3 ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑

°”Àπ¥„Àâ‡ªìπ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑

¢—Èπ Ÿß·∫∫ RBF ÷́Ëß¡’™—Èπ à́ÕπÀπ÷Ëß™—Èπ  ”À√—∫®”π«π‚Àπ¥„π

·μà≈–™—Èππ—Èπ „Àâ¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ 2 ·≈– 6 ‚Àπ¥

 à«π®”π«π‚Àπ¥´àÕππ—Èπ Dooley (1992) ‡ πÕ«à“®”π«π

‚Àπ¥ à́Õπ‰¡à§«√¡’¡“°‡°‘π‰ª´÷Ëß‚¥¬ à«π„À≠à·≈â«®–°”Àπ¥„Àâ¡’

§à“μ—Èß·μà 3 ∂÷ß 6 ‚Àπ¥ ‡æ◊ËÕ‰¡à„Àâ¢à“¬ß“π√–∫∫ª√– “∑¡’¢π“¥

„À≠à¡“°‰ª ÷́ËßÕ“®∑”„Àâ‡°‘¥ªí≠À“°“√ª√–¡“≥§à“¡“°‡°‘π‰ª

(overestimate) ®÷ß°”Àπ¥„Àâ®”π«π‚Àπ¥´àÕπ‡ªìπ 3 ·≈– 5 ‚Àπ¥

·≈– ”À√—∫®”π«π‚Àπ¥¢Õß‡Õ“∑åæÿ∑ (output node) π—Èπ °”Àπ¥

„Àâ‡ªìπ 1 ‚Àπ¥ ́ ÷Ëß®–‡ªìπμ—«∫àß∫Õ° ∂“π–¢Õß°√–∫«π°“√º≈‘μ

«à“°√–∫«π°“√º≈‘μπ—ÈπÕ¬Ÿà„π°“√§«∫§ÿ¡À√◊ÕÕÕ°πÕ°°“√§«∫§ÿ¡

1.4 ª√–‡¿∑¢Õß°“√‡™◊ËÕ¡μàÕ

Pugh (1991) Change ·≈– Aw (1996) ·π–π”«à“

ª√–‡¿∑¢Õß°“√‡™◊ËÕ¡μàÕ¢Õß¢à“¬ß“π√–∫∫ª√– “∑∑’Ë‡ªìπ·∫∫

°“√‡™◊ËÕ¡‚¬ß°—π‰ª¢â“ßÀπâ“·∫∫∑—Ë«∂÷ß®–∑”„Àâ¢à“¬ß“π√–∫∫

ª√– “∑¡’°“√≈Ÿà‡¢â“ (convergence) „πß“π«‘®—¬π’È®÷ß„™â°“√‡™◊ËÕ¡

μàÕ·∫∫°“√‡™◊ËÕ¡‚¬ß°—π‰ª¢â“ßÀπâ“·∫∫∑—Ë«∂÷ß‚¥¬„™âÀ≈—°°“√

‡√’¬π√Ÿâ·∫∫¡’ºŸâ Õπ (Supervised learning rule) ∑’Ë¡’¢—ÈπμÕπ«‘∏’

¢Õß°“√‡√’¬π√Ÿâ·∫∫ Levenberg-Marquardt

1.5 øíß°å™—π‡™◊ËÕ¡μàÕ°“√∑”ß“π

°”Àπ¥„Àâ‡ªìπ Softmax Function ‚¥¬¡’øíß°å™—π„π°“√

 àßºà“π¢âÕ¡Ÿ≈‡ªìπ·∫∫ Radial Basis Function

2. °“√ªÑÕπ¢âÕ¡Ÿ≈ (Training Data)

π”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°¢—ÈπμÕπ∑’Ë 1 ªÑÕπ„Àâ°—∫¢à“¬ß“π√–∫∫

ª√– “∑ ‡æ◊ËÕÀ“§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      0.5

0.5     1

 
1      0.85

0.85     1
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¿“æ∑’Ë 1 ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF 2(3)

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

¿“æ∑’Ë 3 ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF 6(3)
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¿“æ∑’Ë 4 ‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF 6(5)

2.1 ¢à“¬ß“π√–∫∫ª√– “∑´÷Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑

‡ªìπ 2 ‚Àπ¥ ¢âÕ¡Ÿ≈∑’ËªÑÕπ®–‡ªìπ§à“‡©≈’Ë¬μ—«Õ¬à“ß ”À√—∫

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

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

2.2 ¢à“¬ß“π√–∫∫ª√– “∑´÷Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑

‡ªìπ 6 ‚Àπ¥ ¢âÕ¡Ÿ≈∑’ËªÑÕπ®–‡ªìπ§à“‡©≈’Ë¬μ—«Õ¬à“ß ”À√—∫

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

°“√§«∫§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
, ,  ( ,t t t1 2X X X )

, , , ,( , , )  ( , , , ,t t t t t t t1 2 1 2 1 1 1 2X X X X X X X

, ,, , )t t2 1 2 2X X
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3. °“√À“§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ (Determine Approxi-

mated Control Limit)

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

®”°—¥§«∫§ÿ¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑·≈– Harrell and Davis

(1982) ‰¥â· ¥ß„Àâ‡ÀÁπ«à“§à“ª√–¡“≥·∫∫ª√—∫„Àâ‡√’¬∫¢Õß‡ªÕ√å

‡´Áπ‰∑≈å„π°“√À“§à“μ—«ª√–¡“≥¢Õß Harrell-Davis π—Èπ®–„Àâ§à“

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

°«à“μ—«ª√–¡“≥§à“§«Õπ‰∑≈å ¥—ßπ—Èπ®÷ß„™â Q
p
 ‡ªìπμ—«ª√–¡“≥

§à“§«Õπ‰∑≈å∑’Ë p ¢Õß Harrell-Davis „π°“√À“§à“ª√–¡“≥¢Õß

¢’¥®”°—¥§«∫§ÿ¡

®“°π—Èπ∑”°“√À“§à“‡©≈’Ë¬¢Õß§à“ª√–¡“≥¢Õß¢’¥®”°—¥

§«∫§ÿ¡∑’Ë‰¥â®“°«‘∏’°“√∑” È́” (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„π°“√§«∫§ÿ¡

À√◊ÕÕÕ°πÕ°°“√§«∫§ÿ¡

4. °“√À“§à“ ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕÕ°πÕ°°“√§«∫§ÿ¡

„π°“√‡ª√’¬∫‡∑’¬∫º≈°“√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¡‰§°”≈—ß Õß·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA) π—Èπ

®–μâÕßÀ“§à“¢’¥®”°—¥§«∫§ÿ¡¢Õß«‘∏’°“√∑—Èß 3 «‘∏’ ‡¡◊ËÕ°√–∫«π

°“√º≈‘μÕ¬Ÿà„π°“√§«∫§ÿ¡ ®“°π—Èπ®÷ß„™â§à“¢’¥®”°—¥§«∫§ÿ¡∑’Ë‰¥âπ’È

‡ªìπ®ÿ¥·¬°μ—« ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬ ”À√—∫

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ ÷́Ëß®–«—¥¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ßπ’È ‰¥â

¥â«¬‡∑Õ¡¢Õßæ“√“¡‘‡μÕ√å noncentrality (δ) ∑’Ëπ‘¬“¡‚¥¬

Montgomery (2005) §◊Õ (1) ∂â“ δ = 0 À¡“¬§«“¡«à“ °√–∫«π°“√

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

º≈‘μÕÕ°πÕ°°“√§«∫§ÿ¡ ‚¥¬¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

‹

 ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¥â«¬¢π“¥‡≈Á° (small shift) ·≈–

(3) ∂â“ δ = 3 À¡“¬§«“¡«à“°√–∫«π°“√º≈‘μÕÕ°πÕ°°“√§«∫§ÿ¡

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

¥â«¬¢π“¥„À≠à (large shift) ÷́Ëß„πß“π«‘®—¬π’È®–æ‘®“√≥“‡©æ“–

°√≥’∑’Ë ARL ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà„π°“√§«∫§ÿ¡¡’§à“‡ªìπ 200

‡∑à“π—Èπ

Lowry ·≈– Montgomery (1995) · ¥ß„Àâ‡ÀÁπ«à“

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ¡’

§ÿ≥ ¡∫—μ‘¢Õß§«“¡‰¡à·ª√‡ª≈’Ë¬π¢Õß∑‘»∑“ß (directional

invariance) §◊Õ®–„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 Õß≈—°…≥–‡ª≈’Ë¬π‰ª ¢≥–∑’Ë Saithanu

(2006) ™’È „Àâ‡ÀÁπ«à“¢à“¬ß“π√–∫∫ª√– “∑‰¡à¡’§ÿ≥ ¡∫—μ‘¢âÕπ’È

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

®”°—¥§«∫§ÿ¡ ´÷Ëß°”Àπ¥§à“ ARL „Àâ¡’§à“‡ªìπ 200 300 500 ·≈–

700 ‰¥âº≈¥—ßπ’È

- §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ ”À√—∫°√≥’‡¡μ√‘° ǻ

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

· ¥ß¥—ßμ“√“ß∑’Ë 1

- §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ ”À√—∫°√≥’‡¡μ√‘° ǻ

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

· ¥ß¥—ßμ“√“ß∑’Ë 2

ARL RBF2(3) RBF2(5) RBF6(3) RBF6(5)

200 0.804147 0.808293 0.943755 0.952685

300 0.814240 0.814364 0.956657 0.959540

500 0.835723 0.829116 0.970359 0.971899

700 0.838948 0.845660 0.973876 0.976363

μ“√“ß∑’Ë 1 §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡  ”À√—∫°√≥’‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“πâÕ¬
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ª√– “∑·∫∫ RBF2(3) ®–¡’§à“¡“°°«à“¢à“¬ß“π√–∫∫ª√– “∑·∫∫

RBF2(5)

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

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“¡“°·≈–®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ

2 ‚Àπ¥ §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡®–¡’§à“¡“°¢÷Èπ∑’Ë√–¥—∫

ARL ‡¥’¬«°—π ‡™àπ∑’Ë√–¥—∫ ARL ‡ªìπ 200 300 500 ·≈– 700

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

RBF2(3) ®–¡’§à“πâÕ¬°«à“¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF2(5)

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

‡™‘ß§ÿ≥¿“æ¡’§à“¡“°·≈–®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ 6 ‚Àπ¥

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

‡¥’¬«°—π ‡™àπ ∑’Ë√–¥—∫ ARL ‡ªìπ 200 300 500 ·≈– 700

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

RBF6(3) ®–¡’§à“¡“°°«à“¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF6(5)

¥—ßπ—Èπ®÷ß “¡“√∂ √ÿª§«“¡ —¡æ—π∏å√–À«à“ß§à“ª√–¡“≥

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

¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF2(3) RBF2(5) RBF6(3) ·≈–

RBF6(5) ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà„π°“√§«∫§ÿ¡  ”À√—∫°√≥’∑’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“¡“° ‰¥âº≈· ¥ß¥—ß°√“ø¿“æ∑’Ë 5 ·≈–¿“æ∑’Ë 6

μ“¡≈”¥—∫

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

·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA

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

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

¡’°“√‡ª≈’Ë¬π·ª≈ß ¥â«¬¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ¢π“¥

‡≈Á°·≈–¢π“¥„À≠à √–À«à“ß«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ‡¡◊ËÕ

°√–∫«π°“√º≈‘μÕ¬Ÿà„π°“√§«∫§ÿ¡ ‚¥¬°”Àπ¥§à“ ARL „Àâ¡’§à“‡ªìπ

®“°μ“√“ß∑’Ë 1 ·≈– 2 ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕ¬Ÿà„π°“√

§«∫§ÿ¡·≈â« ®–‡ÀÁπ«à“

1. §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡  ”À√—∫‚§√ß √â“ß

¢Õß¢à“¬ß“π√–∫∫ª√– “∑´÷Ëß‡ªìπ·∫∫‡¥’¬«°—π®–¡’§à“¡“°¢÷Èπ

‡¡◊ËÕ§à“¢Õß ARL ¡’§à“¡“°¢÷Èπ ‚¥¬‰¡à¢÷ÈπÕ¬Ÿà°—∫§à“¢Õß‡¡μ√‘°´å

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

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

RBF2(3) ´÷Ëß¡’§à“¢Õß ARL ‡ªìπ 200 ®–¡’§à“πâÕ¬°«à“¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ RBF2(3) ÷́Ëß¡’§à“¢Õß ARL ‡ªìπ 300 500

·≈– 700 ‡ªìπμâπ

2. §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡  ”À√—∫‚§√ß √â“ß

¢Õß¢à“¬ß“π√–∫∫ª√– “∑´÷Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑¡“°¢÷Èπ

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

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

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

RBF2(3) ·≈– RBF2(5) ÷́Ëß¡’§à“¢Õß ARL ‡ªìπ 200 300 500

·≈– 700 ®–¡’§à“πâÕ¬°«à“¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF6(3)

·≈– RBF6(5) ‡ªìπμâπ

3. §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡ ”À√—∫‚§√ß √â“ß

À√◊Õ ∂“ªíμ¬°√√¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑ ÷́Ëß¡’®”π«π‚Àπ¥

´àÕπ¡“°¢÷Èπ

3.1  ”À√—∫°√≥’‡¡μ√‘° ǻ§«“¡·ª√ª√«π√à«¡√–À«à“ß

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

®–¡’§à“¡“°¢÷Èπ∑’Ë√–¥—∫ ARL ‡¥’¬«°—π π—Ëπ§◊Õ ∑’Ë√–¥—∫ ARL ‡ªìπ

200 300 ·≈– 700 §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡¢Õß

¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF2(3) ®–¡’§à“πâÕ¬°«à“¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ RBF2(5) ·≈– §à“ª√–¡“≥¢Õß¢’¥®”°—¥

§«∫§ÿ¡¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF6(3) ®–¡’§à“πâÕ¬°«à“

¢à“¬ß“π√–∫∫ª√– “∑·∫∫ RBF6(5) ‡ªìπμâπ ·μà∑’Ë√–¥—∫ ARL

‡ªìπ 500 §à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡¢Õß¢à“¬ß“π√–∫∫

ARL RBF2(3) RBF2(5) RBF6(3) RBF6(5)

200 0.780731 0.811013 0.948536 0.936648

300 0.814708 0.834578 0.963831 0.952266

500 0.825153 0.846961 0.972382 0.962244

700 0.830002 0.862515 0.974323 0.969652

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

®μÿ¿—∑√  ‡¡¶æ“¬—æ ·≈– °‘¥“°“√   “¬∏πŸ / «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 14 (2552) 1 : 99-110106
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¿“æ∑’Ë 6 §«“¡ —¡æ—π∏å√–À«à“ß§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡

·≈–§à“ ARL ∑’Ë Õ¥§≈âÕß°—π  ”À√—∫°√≥’‡¡μ√‘° ǻ

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

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

¿“æ∑’Ë 5 §«“¡ —¡æ—π∏å√–À«à“ß§à“ª√–¡“≥¢Õß¢’¥®”°—¥§«∫§ÿ¡

·≈–§à“ ARL ∑’Ë Õ¥§≈âÕß°—π  ”À√—∫°√≥’‡¡μ√‘°´å

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

¡’§à“πâÕ¬

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

Shift

0 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200

1 41.64 10.43 43.50 36.17 15.22 15.03 32.09 58.99 29.31 8.08

3 2.17 2.42 2.33 2.47 1.07 1.04 2.21 27.77 1.11 1.34

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

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

C
hi
-s

qu
ar

ed

M
EW

M
A

M
LP

2(
3)

M
LP

2(
5)

M
LP

6(
3)

M
LP

6(
5)

RB
F2

(3
)

RB
F2

(5
)

RB
F6

(3
)

RB
F6

(5
)

Shift

0 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200 ≈200

1 42.71 10.11 38.83 28.36 8.79 2.00 30.05 65.64 18.74 44.34

3 2.17 2.43 2.26 2.24 1.02 1.02 2.23 3.23 1.07 1.21

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

§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§à“¡“°
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®“°μ“√“ß∑’Ë 3 ®–‡ÀÁπ«à“  ”À√—∫°√≥’‡¡μ√‘°´å§«“¡

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

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

§ÿ≥¿“æ¡’¢π“¥‡≈Á° æ∫«à“ ARL ¢Õß«‘∏’¢à“¬ß“π√–∫∫ª√– “∑·∫∫

RBF6(5) ¡’§à“πâÕ¬∑’Ë ÿ¥ ®÷ß„Àâº≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°√–∫«π°“√º≈‘μ¥’∑’Ë ÿ¥ „π¢≥–∑’Ë¢à“¬ß“π√–∫∫ª√– “∑

·∫∫Õ◊ËπÊ „Àâº≈¥’°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß ·μà‰¡à¥’

°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ¬°‡«âπ 2 °√≥’ §◊Õ°√≥’

¢à“¬ß“π√–∫∫ª√– “∑·∫∫ MLP2(3) ®–„Àâ§à“ ARL „°≈â‡§’¬ß

°—π°—∫«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß ·≈–°√≥’¢à“¬ß“π

√–∫∫ª√– “∑·∫∫ RBF2(5) ®–„Àâ§à“ ARL ¡“°°«à“«‘∏’¢Õß

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß

 à«π°√≥’∑’Ë¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

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

¢à“¬ß“π√–∫∫ª√– “∑ ´÷Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ 6 ‚Àπ¥

§◊Õ MLP6(3) MLP6(5) RBF6(3) ·≈– RBF6(5) „Àâº≈°“√

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

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA

¢≥–∑’Ë«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑ ÷́Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑

‡ªìπ 2 ‚Àπ¥ §◊Õ MLP2(3) MLP2(5) RBF2(3) ·≈– RBF2(5)

®–„Àâ§à“ ARL ¡“°°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß ·μà

πâÕ¬°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ¬°‡«âπ Õß°√≥’́ ÷Ëß«‘∏’

¢Õß¢à“¬ß“π√–∫∫ª√– “∑·∫∫ MLP2(5) ·≈– RBF2(5) „Àâ§à“

ARL ¡“°°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA

®“°μ“√“ß∑’Ë 4 ®–‡ÀÁπ«à“ ”À√—∫°√≥’‡¡μ√‘°´å§«“¡

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

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

§ÿ≥¿“æ¡’¢π“¥‡≈Á° æ∫«à“«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑Õ¬à“ßßà“¬

´÷Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ 6 ‚Àπ¥ §◊Õ MLP6(3) ·≈–

MLP6(5) „Àâº≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√

º≈‘μ¥’∑’Ë ÿ¥ ¢≥–∑’Ë«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑Õ¬à“ßßà“¬ ´÷Ëß¡’

®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ 2 ‚Àπ¥ §◊Õ MLP2(3) MLP2(5) ·≈–

«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß ´÷Ëß¡’®”π«π‚Àπ¥ à́Õπ‡ªìπ

3 ‚Àπ¥ §◊Õ RBF2(3) ·≈– RBF6(3) ®–„Àâ§à“ ARL ¡“°°«à“

«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ·μàπâÕ¬°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘

§«∫§ÿ¡‰§°”≈—ß Õß

 à«π°√≥’∑’Ë¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

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

¢à“¬ß“π√–∫∫ª√– “∑Õ¬à“ßßà“¬·≈–¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß

´÷Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ 6 ‚Àπ¥ §◊Õ MLP6(3) MLP6(5)

RBF6(3) ·≈– RBF6(5) „Àâº≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

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

·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA ¢≥–∑’Ë«‘∏’¢Õß¢à“¬ß“π√–∫∫

ª√– “∑´÷Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑‡ªìπ 2 ‚Àπ¥ §◊Õ MLP2(3)

MLP2(5) ·≈– RBF2(3) ®–„Àâ§à“ ARL ¡“°°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘

§«∫§ÿ¡‰§°”≈—ß Õß ·μàπâÕ¬°«à“«‘∏’¢Õß·ºπ¿Ÿ¡‘§«∫§ÿ¡  MEWMA

¢≥–∑’Ë∂â“μâÕß°“√‡ª√’¬∫‡∑’¬∫º≈°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß°√–∫«π°“√º≈‘μ√–À«à“ß‚§√ß √â“ß¢Õß¢à“¬ß“π√–∫∫

ª√– “∑Õ¬à“ßßà“¬·≈–¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß  ”À√—∫°√≥’

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

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

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’¢π“¥‡≈Á° æ∫«à“¢à“¬ß“π√–∫∫

ª√– “∑Õ¬à“ßßà“¬·∫∫ MLP2(5) ·≈– MLP6(3) „Àâº≈¥’°«à“

¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß·∫∫ RBF2(5) ·≈– RBF6(3) ·μà

¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß·∫∫ RBF2(3) ·≈– RBF6(5)

®–„Àâº≈¥’°«à“¢à“¬ß“π√–∫∫ª√– “∑Õ¬à“ßßà“¬·∫∫ MLP2(3)

·≈– MLP6(5) ·μà∂â“¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

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

√–∫∫ª√– “∑ ÷́Ëß¡’®”π«π‚Àπ¥¢ÕßÕ‘πæÿ∑·≈–‚Àπ¥ à́Õπ‡∑à“°—π

·≈â« ¢à“¬ß“π√–∫∫ª√– “∑Õ¬à“ßßà“¬®–„Àâº≈¥’°«à“¢à“¬ß“π

√–∫∫ª√– “∑¢—Èπ Ÿß ¬°‡«âπ‡æ’¬ß°√≥’‡¥’¬«§◊Õ°√≥’¢à“¬ß“π

√–∫∫ª√– “∑¢—Èπ Ÿß·∫∫ RBF2(3) ∑’Ë„Àâº≈¥’°«à“¢à“¬ß“π√–∫∫

ª√– “∑Õ¬à“ßßà“¬·∫∫ MLP2(3)

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

‡™‘ß§ÿ≥¿“æ¡’§à“¡“° æ∫«à“¢à“¬ß“π√–∫∫ª√– “∑ ´÷Ëß¡’®”π«π

‚Àπ¥¢ÕßÕ‘πæÿ∑·≈–‚Àπ¥´àÕπ‡∑à“°—π·≈â« ¢à“¬ß“π√–∫∫

ª√– “∑Õ¬à“ßßà“¬®–„Àâº≈¥’°«à“¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß

¬°‡«âπ‡æ’¬ß°√≥’‡¥’¬«§◊Õ°√≥’¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß·∫∫

RBF2(3) ∑’Ë„Àâº≈¥’°«à“¢à“¬ß“π√–∫∫ª√– “∑Õ¬à“ßßà“¬·∫∫

MLP2(3) ‚¥¬‰¡à¢÷ÈπÕ¬Ÿà°—∫¢π“¥¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

 ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

 √ÿª
·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ·∫∫À≈“¬μ—«·ª√·∫∫¥—Èß‡¥‘¡§◊Õ

·ºπ¿Ÿ¡‘§«∫§ÿ¡‰§°”≈—ß Õß·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA  ”À√—∫

μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬¢Õß°√–∫«π°“√‡¡◊ËÕ

§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¡’§«“¡ —¡æ—π∏å°—π ¿“¬„μâ‡¡μ√‘° ǻ§«“¡

·ª√ª√«π√à«¡∑’Ë¡’§à“§ß∑’Ëπ—Èπ®–¡’¢âÕμ°≈ß‡∫◊ÈÕßμâπ§◊Õ °“√·®°·®ß
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§«“¡πà“®–‡ªìπ√à«¡¢Õß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æμâÕß¡’°“√·®°·®ß

ª√°μ‘ p μ—«·ª√ ‡¡◊ËÕ°√–∫«π°“√º≈‘μÕÕ°πÕ°°“√§«∫§ÿ¡·≈â«

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

§ÿ≥¿“æ¥â«¬¢π“¥‡≈Á°·≈â«·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA  “¡“√∂

μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√–∫«π°“√‰¥â¥’°«à“·ºπ¿Ÿ¡‘

§«∫§ÿ¡‰§°”≈—ß Õß ·μà∂â“¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬

 ”À√—∫§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ¥â«¬¢π“¥„À≠à·≈â«·ºπ¿Ÿ¡‘

§«∫§ÿ¡‰§°”≈— ß Õß®–μ√«® Õ∫°“√‡ª≈’Ë ¬π·ª≈ß¢Õß

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

√à«¡√–À«à“ß§ÿ≥≈—°…≥–‡™‘ß§ÿ≥¿“æ

 ”À√—∫«‘∏’¢Õß¢à“¬ß“π√–∫∫ª√– “∑π—Èπ ‰¡à®”‡ªìπμâÕß

§”π÷ß∂÷ß¢âÕμ°≈ß‡∫◊ÈÕßμâπ ¢à“¬ß“π√–∫∫ª√– “∑®÷ß‡ªìπÕ’°∑“ß

‡≈◊Õ°Àπ÷Ëß∑’Ë®–„™â‡ªìπ‡§√◊ËÕß¡◊Õ ”À√—∫μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

¢Õß§à“‡©≈’Ë¬¢Õß°√–∫«π°“√ ‡π◊ËÕß®“°«‘∏’¢Õß¢à“¬ß“π√–∫∫

ª√– “∑®–„Àâ ¡√√∂¿“æ„π°“√μ√«® Õ∫°√–∫«π°“√∑’Ë

·μ°μà“ß°—π ‡¡◊ËÕ‡¡μ√‘°´å§«“¡·ª√ª√«π√à«¡√–À«à“ß§ÿ≥≈—°…≥–

‡™‘ß§ÿ≥¿“æ¡’§à“·μ°μà“ß°—π ÷́Ëßæ∫«à“¢à“¬ß“π√–∫∫ª√– “∑

Õ¬à“ßßà“¬·∫∫ MLP  “¡“√∂μ√«®§âπæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß

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

À≈“¬μ—«·ª√·∫∫¥—Èß‡¥‘¡‡°◊Õ∫∑ÿ°°√≥’ ¬°‡«âπ‡æ’¬ß°√≥’‡¥’¬«∑’Ë

·ºπ¿Ÿ¡‘§«∫§ÿ¡ MEWMA „Àâº≈°“√μ√«® Õ∫∑’Ë¥’°«à“§◊Õ °√≥’

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

¢π“¥‡≈Á°

‡¡◊Ë Õ ‡ª√’¬∫‡∑’¬∫ ¡√√∂π–„π°“√μ√«® Õ∫°“√

‡ª≈’Ë¬π·ª≈ß¢Õß§à“‡©≈’Ë¬¢Õß°√–∫«π°“√º≈‘μ√–À«à“ß¢à“¬ß“π

√–∫∫ª√– “∑¢—Èπ Ÿß·∫∫ RBF ·≈–·ºπ¿Ÿ¡‘§«∫§ÿ¡§ÿ≥¿“æ

·∫∫À≈“¬μ—«·ª√·∫∫¥—Èß‡¥‘¡æ∫«à“ ¢à“¬ß“π√–∫∫ª√– “∑

¢—Èπ Ÿß·∫∫ RBF ¡’ ¡√√∂π–„π°“√μ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ß

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

·∫∫À≈“¬μ—«·ª√·∫∫¥—Èß‡¥‘¡‡°◊Õ∫∑ÿ°°√≥’ ¬°‡«âπ‡æ’¬ß°√≥’

‡¥’¬«§◊Õ °√≥’∑’Ë„™â‚§√ß √â“ß¢à“¬ß“π√–∫∫ª√– “∑¢—Èπ Ÿß·∫∫

RBF2(5)
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