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Abstract
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Hatyai is located in Klong U-taphao catchment area, Songkhla Province. The city is surrounded by high
mountains. Previously it faced with flash floods due to very heavy rainfall in the area. In order to relief loss of
life and properties, it is necessary to install a flood forecasting and warning system, which can predict the flood
water level in advance.

Artificial Neural Networks (ANNs) are sort of mathematical models, which are used to carry out
cognitive tasks performed naturally by the brain. ANNs can be trained from historical data to forecast the
incoming events. In this study, a neural network with back-propagation algorithm is applied for river stage
forecasting at Klong U-tapao station (X.44) of RID in Hatyai City. The accuracy of the result of river stage
forecasting is evaluated by using statistical performance indices. It is found that the model yields satisfactory
results.
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1. ∫∑π”

‡¡◊ËÕ«—π∑’Ë 20-25 æƒ»®‘°“¬π æ.». 2543 ‰¥â‡°‘¥¿“«–πÈ”∑à«¡„À≠à∑’Ë∫√‘‡«≥Õ”‡¿ÕÀ“¥„À≠à ®—ßÀ«—¥

 ß¢≈“·≈–æ◊Èπ∑’Ë„°≈â‡§’¬ß ´÷Ëßæ∫«à“¡’§«“¡√ÿπ·√ß¡“°°«à“‡Àµÿ°“√≥åπÈ”∑à«¡„À≠à§√—Èß∑’Ë‡§¬ºà“π¡“  “‡Àµÿ∑’Ë¿“«–πÈ”

∑à«¡„π§√—Èßπ’È¡’§«“¡√ÿπ·√ß¡“°°Á‡π◊ËÕß¡“®“°≈¡¡√ ÿ¡µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ‰¥âæ—¥ª°§≈ÿ¡∫√‘‡«≥Õà“«‰∑¬°àÕ„Àâ‡°‘¥

Ωπµ°Àπ—°„π∫√‘‡«≥Õ”‡¿ÕÀ“¥„À≠à·≈–æ◊Èπ∑’Ë„°≈â‡§’¬ß ª√–°Õ∫°—∫Õ”‡¿ÕÀ“¥„À≠àµ—ÈßÕ¬Ÿà∫πæ◊Èπ∑’Ë∑’Ë¡’≈—°…≥–‡ªìπ

·Õàß°√–∑–¡’‡π‘π‡¢“≈âÕ¡ ∑”„Àâª√‘¡“≥πÈ”®“°≈”πÈ” “¢“µà“ßÊ ‰À≈‡¢â“ Ÿà‡¡◊ÕßÕ¬à“ß√«¥‡√Á« °àÕ„Àâ‡°‘¥¿“«–πÈ”∑à«¡

Õ¬à“ß©—∫æ≈—π ∑”„Àâ Ÿ≠‡ ’¬™’«‘µ·≈–∑√—æ¬å ‘π¢Õßª√–™“™π∑’ËÕ“»—¬Õ¬Ÿà„π∫√‘‡«≥π—Èπ∑’Ë‰¡à “¡“√∂Àπ’ÕÕ°®“°æ◊Èπ∑’Ë‰¥â

∑—π∑à«ß∑’ ‡π◊ËÕß®“°¢“¥√–∫∫°“√æ¬“°√≥å·≈–°“√‡µ◊Õπ¿—¬∑’Ë¥’∑’Ë “¡“√∂∫Õ°‡«≈“∑’Ë®–‡°‘¥πÈ”∑à«¡‰¥â„°≈â‡§’¬ß°—∫

‡Àµÿ°“√≥å®√‘ß

∑’Ëºà“π¡“√–∫∫‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡ (Artificial Neural Networks) ‰¥â∂Ÿ°π”¡“ª√–¬ÿ°µå°—∫ß“π

æ¬“°√≥å„πÀ≈“¬≈—°…≥–¥â«¬°—π ‰¡à«à“®–‡ªìπ¥â“π™’««‘∑¬“ ¥â“π°“√‡ß‘π ¥â“π°“√·æ∑¬å ¥â“πÕÿµ “À°√√¡ ¥â“π

°“√∑À“√ ¥â“π ‘Ëß·«¥≈âÕ¡ ‡ªìπµâπ ‚¥¬‡≈’¬π·∫∫°“√∑”ß“π¢Õß ¡Õß¡πÿ…¬å ‚¥¬„πªï §.». 1980 ‰¥â‡√‘Ë¡¡’°“√π”

‡Õ“‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡¡“ª√–¬ÿ°µå°—∫ß“πæ¬“°√≥å∑“ß¥â“π«‘»«°√√¡∑√—æ¬“°√πÈ” ·≈–¡’°“√æ—≤π“·≈–

ª√–¬ÿ°µå„™â‡√◊ËÕ¬¡“Õ¬à“ßµàÕ‡π◊ËÕß [1]-[5]  ”À√—∫„πª√–‡∑»‰∑¬‰¥â‡√‘Ë¡¡’°“√π”‡Õ“·∫∫®”≈Õß‚§√ß¢à“¬„¬ª√– “∑

‡∑’¬¡¡“„™â„π°“√æ¬“°√≥å∑“ß¥â“π«‘»«°√√¡·À≈àßπÈ”‡¡◊ËÕ‰¡à°’Ëªï¡“π’È [6]-[9]

 ”À√—∫«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“«‘®—¬„π§√—Èßπ’È°Á‡æ◊ËÕ∑’Ë®–„™â‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡·∫∫·æ√à°≈—∫ (Back-

Propagation Algorithm) ¡“ª√–¬ÿ°µå„™â°—∫°“√æ¬“°√≥å§à“√–¥—∫πÈ”∑’Ë ∂“π’«—¥πÈ”∑à“„π§≈ÕßÕŸàµ–‡¿“ (X.44) ´÷Ëß

‡ªìπ ∂“π’«—¥πÈ”∑à“¢Õß°√¡™≈ª√–∑“π µ—ÈßÕ¬Ÿà„π∫√‘‡«≥µ—«‡¡◊Õß¢ÕßÕ”‡¿ÕÀ“¥„À≠à ‡æ◊ËÕπ”º≈°“√æ¬“°√≥å√–¥—∫

πÈ”≈à«ßÀπâ“ 3 ™—Ë«‚¡ß ‰ª„™â„π°“√‡µ◊Õπ¿—¬·®âß¢à“« “√„Àâ°—∫ª√–™“™π∑’ËÕ“»—¬¢Õß„π‡¢µ‡ ’Ë¬ß¿—¬µàÕ°“√‡°‘¥¿“«–

πÈ”∑à«¡µàÕ‰ª

2.  ¿“æ¢Õßæ◊Èπ∑’Ë≈ÿà¡πÈ”§≈ÕßÕŸàµ–‡¿“

æ◊Èπ∑’Ë≈ÿà¡πÈ”§≈ÕßÕŸàµ–‡¿“¡’·π«‡¢“≈âÕ¡√Õ∫¡’æ◊Èπ∑’Ë√—∫πÈ”ª√–¡“≥ 2,100 µ√.°¡. ¥â“πµâππÈ”¡’≈—°…≥–

‡ªìπ‡π‘π‡¢“∑’Ë¡’§«“¡≈“¥™—π§àÕπ¢â“ß ŸßÕ¬Ÿà„π‡¢µÕ”‡¿Õ –‡¥“ √«∫√«¡πÈ”®“°≈”πÈ” “¢“√«¡ 13  “¢“¬àÕ¬‰À≈

≈ß Ÿà∑‘»„µâºà“πÕ”‡¿ÕÀ“¥„À≠à´÷Ëß¡’≈—°…≥–æ◊Èπ∑’Ë‡ªìπ·Õàß°√–∑– ‰ªÕÕ° Ÿà∑–‡≈ “ª ß¢≈“∑’Ë∫â“π·À≈¡‚æ∏‘Ï (√Ÿª∑’Ë 1)

·¡â«à“æ◊Èπ∑’Ë≈ÿà¡πÈ”®–¡’¢π“¥‰¡à„À≠à¡“° ·µà®“°°“√∑’Ë ¿“ææ◊Èπ∑’Ë¡’§«“¡≈“¥™—π§àÕπ¢â“ß Ÿß®÷ß∑”„ÀâπÈ”ªÉ“‰À≈≈ß Ÿà

æ◊Èπ∑’Ë√—∫πÈ”¢â“ß≈à“ß‰¥âÕ¬à“ß√«¥‡√Á«
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√Ÿª∑’Ë 1 · ¥ß≈”πÈ” “¢“„π≈ÿà¡πÈ”§≈ÕßÕŸàµ–‡¿“
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3. ·∫∫®”≈Õß

≈—°…≥–‚§√ß √â“ß¢Õß·∫∫®”≈Õß

‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡·∫∫·æ√à°≈—∫ (Back-Propagation Algorithm) ‰¥â∂Ÿ°æ—≤π“¢÷Èπ¡“‚¥¬ Rumelhart

et al. [10]  “¡“√∂‡¢â“„®ßà“¬·≈–¡’°“√ª√–¬ÿ°µå„™â‚¥¬∑—Ë«‰ª °“√ª√—∫ Õπ‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡·∫∫·æ√à°≈—∫

ª√–°Õ∫‰ª¥â«¬ 3 ¢—ÈπµÕπ§◊Õ 1) ¢—ÈπµÕπ°“√§”π«≥‰ª¢â“ßÀπâ“ (feed forward) ®“°™—Èπ¢âÕ¡Ÿ≈‡¢â“ (input layer)

‰ª¬—ß™—Èπ·Õ∫·Ωß (hidden layer) ·≈–‰ª Ÿà™—Èπ¢âÕ¡Ÿ≈ÕÕ° (output layer) 2) ¢—ÈπµÕπ°“√§”π«≥·≈–°“√·∑π§à“

°≈—∫¢Õßº≈√«¡¢Õß§«“¡º‘¥æ≈“¥¢Õß —≠≠“≥ÕÕ°°—∫§à“‡ªÑ“À¡“¬ 3) ¢—ÈπµÕπ°“√ª√—∫§à“πÈ”Àπ—° (weight) ·≈–

‰∫·Õ  (bias)  ÷́Ëß§à“πÈ”Àπ—°π’ÈÀ≈—ß®“°∑’Ë‰¥â®“° ∂“π–¢Õß°“√‡√’¬π√Ÿâ®–‡°Á∫‰«â„™âÕ’°§√—Èß ∂“π–¢Õß°“√∑¥ Õ∫ ÷́Ëß

„π ∂“π–¢Õß°“√∑¥ Õ∫®–‰¡à¡’°“√ª√—∫·µàß§à“¢ÕßπÈ”Àπ—°  à«π§à“‰∫·Õ π’È§◊Õ„π°√≥’∑’Ë‚§√ß¢à“¬¡’®”π«π node ∑’Ë

‰¡à‡À¡“– ¡§◊Õ®”π«π node πâÕ¬‡°‘π‰ª °“√‡æ‘Ë¡ node ‰∫·Õ ‡¢â“‰ª®–∑”„Àâ‚§√ß¢à“¬ “¡“√∂¡’ª√– ‘∑∏‘¿“æ

¢Õß°“√‡√’¬π√Ÿâ¥’¢÷Èπ À≈—ß®“°∑’Ë‚§√ß¢à“¬‰¥âºà“π°√–∫«π°“√‡√’¬π√Ÿâ·≈â« ®–‡ªìπ°“√π”‚§√ß¢à“¬‰ªª√–¬ÿ°µå„™âß“π ¢—Èπ

µÕππ’È®–¢÷ÈπÕ¬Ÿà°—∫¢—ÈπµÕπ°“√§”π«≥‰ª¢â“ßÀπâ“‡æ’¬ß¢—ÈπµÕπ‡¥’¬« ‚¥¬®–π”§à“πÈ”Àπ—°∑’Ë‰¥â®“°°“√‡√’¬π√Ÿâ‰ª„™â„π

°“√æ¬“°√≥åµàÕ‰ª

√Ÿª∑’Ë 2 · ¥ß‚§√ß¢à“¬¿“¬„π¢Õß‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡·∫∫·æ√à°≈—∫
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¢—ÈπµÕπ„π°“√§”π«≥

°√–∫«π°“√„π°“√§”π«≥¢Õß‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡·∫∫·æ√à°≈—∫ “¡“√∂ √ÿª‰¥â¥—ßµàÕ‰ªπ’È

1. °”Àπ¥§à“‡√‘Ë¡·√°¢ÕßπÈ”Àπ—°·≈–§à“‰∫·Õ ∑’Ë„™â„π‚§√ß¢à“¬µ“¡ node µà“ßÊ¢Õß™—Èπ¢âÕ¡Ÿ≈‡¢â“·≈–

™—Èπ·Õ∫·Ωß¥â«¬«‘∏’°“√ ÿà¡ ´÷Ëß®–Õ¬Ÿà„π™à«ß√–À«à“ß 0-1

2. ·∫àß¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ ”À√—∫π”‡¢â“„π·∫∫®”≈Õß§◊Õ ¢âÕ¡Ÿ≈√–¥—∫πÈ”·≈–¢âÕ¡Ÿ≈ª√‘¡“≥πÈ”Ωπ ÕÕ°‡ªìπ

 Õß à«π  à«π·√°‡Õ“‰«â„™â„π°“√ª√—∫ Õπ (training)  à«π∑’Ë Õß‡Õ“‰«â„™â„π°“√∑¥ Õ∫ (testing)  „ à§à“¢âÕ¡Ÿ≈ in-

put ∑’Ë input node ∑ÿ° node ·≈–„ à§à“¢âÕ¡Ÿ≈ÕÕ°∑’Ë‡ªÑ“À¡“¬ (target output) ‡æ◊ËÕ„™â„π°“√‡ª√’¬∫‡∑’¬∫°—∫

¢âÕ¡Ÿ≈ÕÕ°¢Õß°“√§”π«≥

3. §”π«≥‚§√ß¢à“¬‰ª¢â“ßÀπâ“´÷Ëß·µà≈–Àπà«¬¢Õß™—Èπ·Õ∫·Ωß®–¡’°“√√«¡§à“πÈ”Àπ—°¢Õß¢âÕ¡Ÿ≈π’È‡¢â“°—∫

¢âÕ¡Ÿ≈π”‡¢â“ µ—«Õ¬à“ß°“√§”π«≥À“º≈√«¡¢ÕßπÈ”Àπ—° ”À√—∫™—Èπ M (hidden layer √Ÿª∑’Ë 2) ®–À“‰¥â®“°

(1)(1)(1)(1)(1)

    ‡¡◊ËÕ Xj §◊Õ º≈√«¡¢ÕßπÈ”Àπ—°, Wij §◊Õ §à“πÈ”Àπ—°√–À«à“ß node i °—∫ node j, Oi = ¢âÕ¡Ÿ≈ÕÕ°®“°

node i, θj = ‰∫·Õ  ”À√—∫ node j, ·≈– L §◊Õ®”π«π¢Õß node „π™—Èπ i   ”À√—∫¢—ÈπµÕππ’È‡√’¬°«à“°“√

activation À≈—ß®“°π—Èπº≈°“√§”π«≥®“° (1) ®–∂Ÿ°·ª≈ß√Ÿª‰ª‡ªìπ output ¥â«¬‡∑§π‘§¢Õß Sigmoid Function

· ¥ß‰¥â¥—ßπ’È

(2)(2)(2)(2)(2)

    ‡¡◊ËÕ Oj §◊Õ transformed output ¢Õß node j

4. À≈—ß®“°°“√§”π«≥„π¢—Èπ¢âÕ¡Ÿ≈ÕÕ° ®–∑”°“√‡ª√’¬∫‡∑’¬∫§à“∑’Ë‰¥â®“°°“√§”π«≥°—∫§à“¢âÕ¡Ÿ≈®√‘ß§”

µÕ∫‡ªÑ“À¡“¬ ∂â“§«“¡·µ°µà“ß¢Õß Õß§à“‡°‘π°«à“§à“‡°≥±å∑’Ë°”Àπ¥´÷Ëß„πß“π«‘®—¬π’È‡≈◊Õ°„™â‡∑à“°—∫ 0.0001 °Á®–

∑”°“√§”π«≥„π¢—ÈπµÕπµàÕ‰ª‡æ◊ËÕ∑”°“√ª√—∫‡ª≈’Ë¬π§à“πÈ”Àπ—°„À¡à®π°«à“º≈§«“¡·µ°µà“ß®–πâÕ¬°«à“‡°≥±å∑’Ë

°”Àπ¥‰«â

5.  °“√§”π«≥æ®πå¢Õß§«“¡º‘¥æ≈“¥¢Õß¢âÕ¡Ÿ≈∑’Ë‡°‘¥¢÷Èπ

     ”À√—∫ node ∑’Ë™—Èπ output layer  :  δ
k
 = (1-O

k
)O

k
(T

k
-O

k
) (3)(3)(3)(3)(3)

     ”À√—∫ node ∑’Ë™—Èπ hidden layer :   δ
j
 = (1-O

j
)O

j      
(δ

k
-W

jk
) (4)(4)(4)(4)(4)

k=1

N

Xj=     (Wij 
.Oi)+θj

i=1

L

1+e-x
Oj= 1
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    µ—«Õ¬à“ß°“√§”π«≥§à“πÈ”Àπ—°∑’Ë‡ª≈’Ë¬π·ª≈ß∑’Ë™—Èπ j (hidden layer) À“‰¥â®“°

(5)(5)(5)(5)(5)

    ‡¡◊ËÕ   §◊Õ §à“πÈ”Àπ—°∑’Ë‡ª≈’Ë¬π∑’Ë√Õ∫°“√§”π«≥ n+1, η §◊Õ Õ—µ√“°“√‡√’¬π√Ÿâ ‡ªìπ§à“§ß∑’Ë,

 δ §◊Õ æ®πå¢Õß§«“¡º‘¥æ≈“¥¢Õß¢âÕ¡Ÿ≈, Oi §◊Õ output ¢Õß node i ∑’Ë™—Èπ i, α  §◊Õ momentum constant, ·≈–

          §◊Õ §à“πÈ”Àπ—°∑’Ë‡ª≈’Ë¬π∑’Ë√Õ∫°“√§”π«≥ n

6. ª√—∫§à“πÈ”Àπ—°„À¡à‡æ◊ËÕ„™â„π°“√§”π«≥„π√Õ∫∂—¥‰ª (n+1) ¥—ßπ—Èπ§à“πÈ”Àπ—°„À¡à®–‰¥â

(6)(6)(6)(6)(6)

7. ∑”´È”®“°¢âÕ 2 ∂÷ß¢âÕ 6 ®π‰¥â§à“√–¥—∫§«“¡º‘¥æ≈“¥∑’ËµË”°«à“∑’Ë°”Àπ¥·≈â«‡ªìπ°“√®∫°√–∫«π°“√

‡√’¬π√Ÿâ¢Õß·∫∫®”≈Õß À“°∑”°“√§”π«≥ È́”µ“¡¢—ÈπµÕπ¥—ß°≈à“«π’È·≈â« §à“√–¥—∫§«“¡§≈“¥‡§≈◊ËÕπ¬—ß¡“°Õ¬Ÿà®–

µâÕß∑”°“√ª√—∫‡ª≈’Ë¬π‚§√ß √â“ß¢Õß‚§√ß¢à“¬

4. º≈°“√§”π«≥·≈–«‘®“√≥åº≈

„π°“√»÷°…“‰¥â‡≈◊Õ°„™â¢âÕ¡Ÿ≈√–¥—∫πÈ”„π§≈ÕßÕŸàµ–‡¿“∑’Ë ∂“π’«—¥πÈ”∑à“ X.44 ́ ÷Ëßµ—ÈßÕ¬Ÿà„π‡¢µ‡∑»∫“≈À“¥„À≠à

°—∫∑’Ë ∂“π’«—¥πÈ”∑à“ X.90 ´÷Ëßµ—ÈßÕ¬Ÿà¥â“πµâππÈ”Àà“ß®“°À“¥„À≠à 14 °‘‚≈‡¡µ√ ¢âÕ¡Ÿ≈√–¥—∫πÈ”∑’Ë ∂“π’ X.44 ®–‡ªìπ

¢âÕ¡Ÿ≈π”ÕÕ°¢Õß·∫∫®”≈Õß „π¢≥–∑’Ë¢âÕ¡Ÿ≈π”‡¢â“¢Õß·∫∫®”≈Õß§◊Õ ¢âÕ¡Ÿ≈√–¥—∫πÈ”∑’Ë ∂“π’ X.90 ´÷Ëß¡’°“√‡°Á∫

«—¥Õ¬à“ßµàÕ‡π◊ËÕßµ≈Õ¥™à«ß‡«≈“∑’Ë∑”°“√»÷°…“ √«¡∂÷ß¢âÕ¡Ÿ≈¢ÕßπÈ”Ωπ∑’Ëµ°„πæ◊Èπ∑’Ë

‡π◊ËÕß®“° “‡Àµÿ∑’Ë∑”„ÀâπÈ”∑à«¡‡¡◊ÕßÀ“¥„À≠à‡°‘¥®“°°“√‡§≈◊ËÕπµ—«¢Õßª√‘¡“≥πÈ”®“°µâππÈ”‰À≈≈ß Ÿàµ—«‡¡◊Õß

ª√–°Õ∫°—∫ª√‘¡“≥Ωπ∑’Ëµ°Àπ—°µ‘¥µàÕ°—π„πæ◊Èπ∑’Ë ¥—ßπ—Èπ„π°“√»÷°…“®–·∫àß‡ß◊ËÕπ‰¢¢Õß°“√ªÑÕπ¢âÕ¡Ÿ≈ÕÕ°‡ªìπ 2 °√≥’

§◊Õ °√≥’∑’Ë‰¡à„™â¢âÕ¡Ÿ≈¢ÕßπÈ”Ωπ„πæ◊Èπ∑’Ë·≈–°√≥’∑’Ë„™â¢âÕ¡Ÿ≈¢ÕßπÈ”Ωπ„πæ◊Èπ∑’Ë √“¬≈–‡Õ’¬¥¢Õßµ—«·ª√µà“ßÊ ∑’Ë„™â

·∫∫®”≈Õß· ¥ß‰«â„πµ“√“ß∑’Ë 1

    µ“√“ß∑’Ë 1 µ—«·ª√µà“ßÊ ∑’Ë„™â„π·∫∫®”≈Õß

°√≥’ ¢âÕ¡Ÿ≈π”‡¢â“ ¢âÕ¡Ÿ≈π”ÕÕ°

1. ‰¡à¡’¢âÕ¡Ÿ≈¢ÕßπÈ”Ωπ„πæ◊Èπ∑’Ë H90(t), H90(t-3), H44(t), H44(t-3) H44(t+3)

2. „™â¢âÕ¡Ÿ≈¢ÕßπÈ”Ωπ„πæ◊Èπ∑’Ë H90(t), H90(t-3), H44(t), H44(t-3), H44(t+3)

  Pairport(t-2)
∇

Wij (n+1)= ηδ
j
O

i 
+α   W

ij (n)

∇

W(n+1)

∇

W(n)

∇

Wij (n+1)= Wij (n) +   Wij(n+1)

∇
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§”Õ∏‘∫“¬

H90(t)      =  §à“√–¥—∫πÈ”∑’Ë ∂“π’«—¥πÈ”∑à“ X.90  ∑’Ë‡«≈“ªí®®ÿ∫—π

H90(t-3)      =  §à“√–¥—∫πÈ”∑’Ë ∂“π’«—¥πÈ”∑à“ X.90  ∑’Ë‡«≈“¬âÕπÀ≈—ß 3 ™—Ë«‚¡ß

H44(t)      =  §à“√–¥—∫πÈ”∑’Ë ∂“π’«—¥πÈ”∑à“ X.44  ∑’Ë‡«≈“ªí®®ÿ∫—π

H44(t-3)      =  §à“√–¥—∫πÈ”∑’Ë ∂“π’«—¥πÈ”∑à“ X.44  ∑’Ë‡«≈“¬âÕπÀ≈—ß 3 ™—Ë«‚¡ß

Pairport(t-2)  =  §à“ª√‘¡“≥πÈ”Ωπ∑’Ëµ°„π∫√‘‡«≥Õ”‡¿ÕÀ“¥„À≠à «—¥∑’Ë π“¡∫‘πÀ“¥„À≠à

                    ¬âÕπÀ≈—ß‰ª 2 ™—Ë«‚¡ß

H44(t+3)     =  §à“√–¥—∫πÈ”∑’Ë ∂“π’«—¥πÈ”∑à“ X.44  ∑’Ë‡«≈“≈à«ßÀπâ“‰ª 3 ™—Ë«‚¡ß

„π°“√»÷°…“§√—Èßπ’È ‰¥â‡≈◊Õ°„™â¢âÕ¡Ÿ≈§à“√–¥—∫πÈ”·≈–ª√‘¡“≥πÈ”Ωπ ∑’Ë∑”°“√‡°Á∫µàÕ‡π◊ËÕßµ—Èß·µà æ.». 2532

- æ.». 2543 ¬°‡«âπªï æ.». 2535 ·≈– æ.». 2539 ‡π◊ËÕß®“°‡ªìπªï∑’Ë‡°‘¥¿“«–·Àâß·≈âß ®“°°“√∑’Ë¢âÕ¡Ÿ≈πÈ”∑à“∑’Ë„™â

„π°“√»÷°…“‰¥â¡“®“°°“√‡°Á∫«—¥µ“¡ª°µ‘∑ÿ°Ê 3 ™—Ë«‚¡ß ¥—ßπ—Èπ§à“¢âÕ¡Ÿ≈„π·∫∫®”≈Õß 1 §à“®–Àà“ß°—π‡∑à“°—∫ 3 ™—Ë«‚¡ß

 ”À√—∫°√≥’∑’ËµâÕß‡≈◊Õ°™à«ß t-3 ‡ªìπ¢âÕ¡Ÿ≈ ”À√—∫ input ‡æ‘Ë¡‡¢â“‰ª„π·∫∫®”≈Õß‡æ√“–«à“∂â“„™â‡©æ“–¢âÕ¡Ÿ≈ ≥ ‡«≈“

‡¥’¬«°—π°—∫¢Õß ∂“π’µâππÈ” ®–∑”„Àâ§à“ output ∑’Ë‰¥âÕÕ°¡“¡’§à“ —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π„® (R2) „π°“√π”‰ª„™âµË”¡“°

¥—ßπ—Èπß“π«‘®—¬π’È®÷ß‰¥â¡’°“√‡æ‘Ë¡§à“ input ∑’Ë‡«≈“¬âÕπÀ≈—ß‰ªÕ’° 1 §à“ ´÷Ëßª√“°Ø«à“ ‰¥âº≈°“√§”π«≥∑’Ë¥’°«à“¡“°

‡¡◊ËÕ≈Õß‡æ‘Ë¡§à“√–¥—∫πÈ” ”À√—∫ input ‡¢â“‰ªÕ’°Àπ÷Ëß§à“∑’Ë‡«≈“ t-6 º≈ª√“°Ø«à“‰¥â —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π

„®„π°“√π”‰ª„™â∑’Ë‰¡à§àÕ¬®–·µ°µà“ß®“°°√≥’°“√‡æ‘Ë¡§à“√–¥—∫πÈ”∑’Ë‡«≈“ t-3 ‡æ’¬ß§à“‡¥’¬« πÕ°®“°π’È°“√‡æ‘Ë¡

®”π«πµ—«·ª√ input  ¬—ß„™â‡«≈“„π°“√§”π«≥∑’Ë¬“«π“π°«à“ ¥—ßπ—Èπ®÷ß‡≈◊Õ°„™â§à“ input ‡æ’¬ß·§à t-3 °Á‡æ’¬ßæÕ

‡æ◊ËÕ„Àâ·∫∫®”≈Õß¡’°“√‡√’¬π√Ÿâ‡Àµÿ°“√≥å‡°à“„πÕ¥’µ‰¥â¡“°æÕ ¡§«√ ¥—ßπ—Èπ§à“√–¥—∫πÈ”·≈–ª√‘¡“≥πÈ”Ωπ

®”π«π Õß„π “¡ à«π∑’Ë¡’Õ¬Ÿà®–∂Ÿ°·∫àß‡æ◊ËÕ„™â ”À√—∫°“√ª√—∫ Õπ·∫∫®”≈Õß (æ.». 2532 - æ.». 2540) „π¢≥–

∑’Ë¢âÕ¡Ÿ≈ à«π∑’Ë‡À≈◊Õ®–„™â ”À√—∫°“√∑¥ Õ∫·∫∫®”≈Õß (æ.». 2540 - æ.». 2543)

 ”À√—∫‚§√ß¢à“¬„π°√≥’∑’Ë 1 (‰¡à„™â¢âÕ¡Ÿ≈πÈ”Ωπ) ¡’®”π«π node ∑’Ë™—Èπ¢âÕ¡Ÿ≈‡¢â“√«¡ 4 node ª√–°Õ∫‰ª

¥â«¬ H90(t), H90(t-3), H44(t), ·≈– H44(t-3) ·≈–¡’®”π«π node ∑’Ë™—Èπ¢âÕ¡Ÿ≈ÕÕ°‡æ’¬ß 1 §à“ §◊Õ H44(t+3) ®“°

°“√ ¡¡µ‘·≈–µ√«® Õ∫°≈—∫ (trial and error) ®–‰¥â§à“®”π«π node ∑’Ë‡À¡“– ¡∑’Ë ÿ¥¢Õß™—Èπ·Õ∫·Ωß‡∑à“°—∫ 6

node ‚¥¬„Àâ§à“ R2  Ÿß∑—Èß ∂“π–ª√—∫ Õπ·≈– ∂“π–∑¥ Õ∫

 ”À√—∫‚§√ß¢à“¬„π°√≥’∑’Ë 2 („™â¢âÕ¡Ÿ≈πÈ”Ωπ) ¡’®”π«π node ∑’Ë™—Èπ¢âÕ¡Ÿ≈‡¢â“√«¡ 5 node ª√–°Õ∫‰ª¥â«¬

H90(t), H90(t-3), H44(t), H44(t-3), ·≈– Pairport(t-2) ·≈–¡’®”π«π node ∑’Ë™—Èπ¢âÕ¡Ÿ≈ÕÕ°‡æ’¬ß 1 §à“ §◊Õ H44(t+3)

®“°°“√ ¡¡µ‘·≈–µ√«® Õ∫°≈—∫®–‰¥â§à“®”π«π node ∑’Ë‡À¡“– ¡∑’Ë ÿ¥¢Õß™—Èπ·Õ∫·Ωß‡∑à“°—∫ 2 node ‚¥¬„Àâ§à“

R2  Ÿß∑—Èß ∂“π–ª√—∫ Õπ·≈– ∂“π–∑¥ Õ∫ ¥—ß· ¥ß„πµ“√“ß∑’Ë 2
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µ“√“ß∑’Ë 2  ‚§√ß √â“ß¢Õß‚§√ß¢à“¬„π°“√»÷°…“

‡¡◊ËÕæ‘®“√≥“®“°µ“√“ß®–‡ÀÁπ‰¥â«à“‚§√ß¢à“¬∑’Ë∂Ÿ°‡≈◊Õ°«à“‡ªìπ‚§√ß¢à“¬∑’Ë¥’∑’Ë ÿ¥ ®–‰¡à‰¥â‡ªìπ‚§√ß¢à“¬∑’Ë¡’

®”π«πÀπà«¬„π™—Èπ·Õ∫·Ωß¡“°∑’Ë ÿ¥ ∑—Èßπ’È°Á‡æ√“–«à“®”π«π node ∑’Ë‡æ‘Ë¡¡“°¢÷Èπ„π™—Èπ·Õ∫·Ωß ‰¡à‰¥â™à«¬‡æ‘Ë¡

ª√– ‘∑∏‘¿“æ¢Õß°“√§”π«≥¡“°π—° ·µà°≈—∫‡ªìπ°“√‡æ‘Ë¡‡«≈“¢Õß°“√§”π«≥„Àâ¡“°‡°‘π§«“¡®”‡ªìπ

º≈°“√»÷°…“°√≥’∑’Ë‰¡à„™â¢âÕ¡Ÿ≈ª√‘¡“≥πÈ”Ωπ®–‡ÀÁπ‰¥â«à“ „π™à«ß°≈“ßªï æ.».2533 °“√ª√—∫µ—«‡√’¬π√Ÿâ¢Õß

·∫∫®”≈Õß¬—ß¡’°“√ª√—∫µ—«∑’Ë‰¡à§àÕ¬®–¥’ ‡π◊ËÕß®“°„πªïπ’Èª√‘¡“≥πÈ”„π§≈ÕßÕŸàµ–‡¿“¡’πâÕ¬ ª√‘¡“≥Ωπ∑’Ëµ°„πæ◊Èπ∑’ËµË”

°“√‰À≈¢ÕßπÈ”„µâ¥‘π≈ß Ÿà§≈ÕßÕŸàµ–‡¿“¡’‰¡à ¡Ë”‡ ¡Õ √«¡∂÷ß¡’°“√¥÷ßπÈ”®“°§≈ÕßÕŸàµ–‡¿“‰ª„™â„π°“√Õÿª‚¿§-∫√‘‚¿§

°—π¡“° ·µà ”À√—∫„πªïÕ◊ËπÊ ‡ªìπªï∑’Ë¡’ª√‘¡“≥πÈ”„π√–¥—∫ª°µ‘À√◊Õ∫“ßªï¡’√–¥—∫πÈ”∑’Ë Ÿß®π∑à«¡ °“√ª√—∫µ—«‡√’¬π√Ÿâ¢Õß

·∫∫®”≈ÕßÕ¬Ÿà„π√–¥—∫∑’Ë¥’ √Ÿª∑’Ë 3 · ¥ßº≈°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß√–¥—∫πÈ”∑’Ë§”π«≥‰¥â°—∫√–¥—∫πÈ”∑’Ë«—¥‰¥â∑’Ë ∂“π’

X.44

 ”À√—∫„π ∂“π–¢Õß°“√∑¥ Õ∫ª√“°Ø«à“ §à“‡ª√’¬∫‡∑’¬∫¢Õß√–¥—∫πÈ”∑’Ë‰¥â„πªï æ.». 2540 ·≈–ªï æ.».

2541 Õ¬Ÿà„π√–¥—∫∑’Ë¥’¡“° ·µàæÕ‡¢â“„π™à«ßªï æ.». 2542 §à“√–¥—∫πÈ” Ÿß ÿ¥∑’Ë§”π«≥‰¥âµË”°«à“§à“∑’Ë‡°‘¥¢÷Èπ®√‘ß·µà°Á

¬—ß‰¡à¡“°‡∑à“∑’Ë§«√¬—ßæÕ∑’Ë®–π”‰ª„™â„π°“√æ¬“°√≥å‰¥â„π√–¥—∫Àπ÷Ëß ·µà ”À√—∫„πªï æ.». 2543 §à“√–¥—∫πÈ”∑’Ë‰¥â

®“°°“√§”π«≥¡’§«“¡º‘¥æ≈“¥ ŸßæÕ ¡§«√§‘¥‡ªìπ√âÕ¬≈– 13 ∑—Èßπ’È¡’ “‡Àµÿ®“°°“√∑’Ë„πªï æ.». 2543 ‡ªìπªï∑’Ë

‡°‘¥¿“«–πÈ”∑à«¡ Ÿß ÿ¥ ÷́Ëß„π ∂“π–¢Õß°“√‡√’¬π√Ÿâ¢Õß·∫∫®”≈Õß‰¡à‡§¬∑’Ë‡°‘¥‡Àµÿ°“√≥å„π≈—°…≥–‡™àππ’È¡“°àÕπ

∑”„Àâ‡¡◊ËÕπ”·∫∫®”≈Õßπ’È¡“„™â„π°“√æ¬“°√≥å §à“√–¥—∫πÈ”∑’Ë‰¥â®÷ß¡’§«“¡º‘¥æ≈“¥‡°‘¥¢÷Èπ¡“° ¥—ßπ—Èπ®÷ßµâÕß¡’°“√

‡æ‘Ë¡µ—«·ª√®“°ª√‘¡“≥πÈ”Ωπ„πæ◊Èπ∑’Ë‡æ◊ËÕ„Àâ·∫∫®”≈Õß “¡“√∂æ¬“°√≥å‰¥â¥’¢÷Èπ„π°√≥’∑’Ë‡°‘¥Ωπµ°Àπ—°„π∫√‘‡«≥

µ—«Õ”‡¿ÕÀ“¥„À≠à √Ÿª∑’Ë 4 · ¥ßº≈°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß√–¥—∫πÈ”∑’Ë§”π«≥‰¥â°—∫√–¥—∫πÈ”∑’Ë«—¥‰¥â∑’Ë ∂“π’ X.44

 * À¡“¬∂÷ß‚§√ß¢à“¬∑’Ë∂Ÿ°‡≈◊Õ°«à“‡ªìπ‚§√ß¢à“¬∑’Ë¥’∑’Ë ÿ¥

°√≥’
®”π«π node  —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π„® (R2)

 ∂“π–°“√ª√—∫ Õπ  ∂“π–°“√∑¥ Õ∫„π™—Èπ·Õ∫·Ωß

0.971 0.9221

0.974 0.9363

0.981 0.9686*

0.982 0.97010

0.989 0.9891

0.990 0.9962*

0.994 0.9925

1

2
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‡¡◊ËÕ„™â¢âÕ¡Ÿ≈ª√‘¡“≥πÈ”Ωπ∑’Ëµ°„πæ◊Èπ∑’Ë ∑’Ë π“¡∫‘πÀ“¥„À≠à ‚¥¬„™â¢âÕ¡Ÿ≈Ωπ¬âÕπÀ≈—ß 2 ™—Ë«‚¡ß°àÕπ°“√

æ¬“°√≥å ‡¡◊ËÕæ‘®“√≥“∑—Èß ∂“π–°“√‡√’¬π√Ÿâ·≈–°“√∑¥ Õ∫·∫∫®”≈Õß ®–‡ÀÁπ‰¥â«à“·∫∫®”≈Õß„π°√≥’π’È¡’§à“º‘¥æ≈“¥

„π°“√‡√’¬π√Ÿâ·≈–∑¥ Õ∫Õ¬Ÿà„π√–¥—∫µË”°«à“„π°√≥’∑’Ë‰¡à¡’°“√ªÑÕπ¢âÕ¡Ÿ≈πÈ”Ωπ„Àâ·°à·∫∫®”≈Õß Õ’°∑—Èß¬—ß “¡“√∂

æ¬“°√≥å§à“√–¥—∫πÈ”‰¥â·¡àπ¬”¢÷Èπ„π™à«ßªï∑’Ë¡’√–¥—∫ Ÿß ÿ¥∑’Ë‰¡à‰¥â‡§¬‡°‘¥¢÷Èπ¡“°àÕπ (æ.». 2543) Õ¬à“ß‰√°Áµ“¡®–

‡ÀÁπ‰¥â«à“§à“√–¥—∫πÈ”∑’Ë„°≈âÊ ®ÿ¥∑’Ë√–¥—∫πÈ” Ÿß ÿ¥¡’§«“¡·ª√ª√«π‰¡à√“∫‡√’¬∫ ¡’°“√°√–®“¬µ—«¢Õß§à“∑’Ë‰¥â®“°°“√

æ¬“°√≥å ∑—Èßπ’È‡π◊ËÕß®“°ª√‘¡“≥πÈ”Ωπ„π™à«ßπ—Èπµ°Àπ—°¡“°·≈–‰¡à ¡Ë”‡ ¡Õ √Ÿª∑’Ë 5-6 · ¥ßº≈°“√‡ª√’¬∫‡∑’¬∫

√–À«à“ß√–¥—∫πÈ”∑’Ë§”π«≥‰¥â°—∫√–¥—∫πÈ”∑’Ë«—¥‰¥â∑’Ë ∂“π’ X.44 ∑’Ë ∂“π–°“√‡√’¬π√Ÿâ·≈–°“√∑¥ Õ∫ µ“¡≈”¥—∫

           √Ÿª∑’Ë 3 ‡ª√’¬∫‡∑’¬∫√–À«à“ß§à“√–¥—∫πÈ”¢Õß¢âÕ¡Ÿ≈∑’Ë«—¥‰¥â°—∫§à“∑’Ë‰¥â®“°·∫∫®”≈Õß¢Õß ∂“π’«—¥πÈ”∑à“

                    X.44  ”À√—∫°√≥’∑’Ë‰¡à„™â¢âÕ¡Ÿ≈πÈ”Ωπ „π ∂“π–¢Õß°“√‡√’¬π√Ÿâ
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5. ∫∑ √ÿª

„π°“√»÷°…“°“√ª√–¬ÿ°µå„™â‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡·∫∫·æ√à°≈—∫°—∫°“√æ¬“°√≥å√–¥—∫πÈ”∑’ËÀ“¥„À≠à ‰¥â

‡≈◊Õ°„™â¢âÕ¡Ÿ≈¢Õß√–¥—∫πÈ”∑’Ë«—¥‰¥â∑’Ë ∂“π’«—¥πÈ”∑à“ X.90 ´÷Ëßµ—ÈßÕ¬Ÿà¥â“πµâππÈ”Àà“ß®“°‡¢µ‡¡◊ÕßÀ“¥„À≠à 14 °‘‚≈‡¡µ√

‡æ◊ËÕ°“√æ¬“°√≥å√–¥—∫πÈ”∑à“∑’Ë ∂“π’ X.44 ´÷Ëßµ—ÈßÕ¬Ÿà„π‡¢µ‡¡◊ÕßÀ“¥„À≠à ‡ß◊ËÕπ‰¢¢Õß°“√»÷°…“®–·∫àßÕÕ°‡ªìπ Õß

°√≥’§◊Õ °√≥’∑’Ë 1 „™â·µà¢âÕ¡Ÿ≈πÈ”∑à“∑’Ë ∂“π’ X.90 ‡æ’¬ßÕ¬à“ß‡¥’¬«°—∫°√≥’∑’Ë 2 „™â¢âÕ¡Ÿ≈πÈ”∑à“√à«¡°—∫¢âÕ¡Ÿ≈πÈ”Ωπ∑’Ë

µ°„πæ◊Èπ∑’Ë¥â«¬ ®“°°“√»÷°…“æ∫«à“‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡·∫∫·æ√à°≈—∫ “¡“√∂π”¡“„™â„π°“√æ¬“°√≥å√–¥—∫

πÈ”∑’ËÀ“¥„À≠à‰¥â‡ªìπÕ¬à“ß¥’ Õ¬à“ß‰√°Áµ“¡ ·∫∫®”≈Õß‚§√ß¢à“¬„¬ª√– “∑‡∑’¬¡¡’¢âÕ‡ ’¬Õ¬Ÿà∑’Ë°“√§”π«≥¬—ß¢÷ÈπÕ¬Ÿà

°—∫°“√≈Õßº‘¥≈Õß∂Ÿ°¢Õß°“√‡≈◊Õ°®”π«π node „π‚§√ß¢à“¬‡ªìπÕ¬à“ß¡“°

„π°“√»÷°…“§√—Èßπ’È‰¥â‡≈◊Õ°¢âÕ¡Ÿ≈§à“√–¥—∫πÈ”·≈–ª√‘¡“≥πÈ”Ωπ„πªï æ.». 2532 - æ.». 2540 „π°“√ª√—∫

 Õπ·∫∫®”≈Õß ·≈–¢âÕ¡Ÿ≈„πªï æ.». 2540 - æ.». 2543  ”À√—∫°“√∑¥ Õ∫ ·≈–æ∫«à“‚§√ß¢à“¬∑’Ë¥’∑’Ë ÿ¥¢Õß°√≥’∑’Ë

1 §◊Õ 4-6-1 ´÷Ëß§«“¡À¡“¬«à“®”π«π¢âÕ¡Ÿ≈π”‡¢â“ 4 §à“ ®”π«π node ·Õ∫·Ωß 6 §à“ ·≈–®”π«π¢âÕ¡Ÿ≈ÕÕ° 1 §à“

 ”À√—∫„π°√≥’∑’Ë„™â¢âÕ¡Ÿ≈πÈ”Ωπª√–°Õ∫®–‰¥â‚§√ß¢à“¬∑’Ë¥’∑’Ë ÿ¥§◊Õ 5-2-1 ´÷Ëß°“√‡æ‘Ë¡¢âÕ¡Ÿ≈π”‡¢â“®“°ª√‘¡“≥Ωπ∑’Ë

µ°„πæ◊Èπ∑’Ë®–™à«¬„Àâº≈¢Õß°“√æ¬“°√≥å¡’§«“¡·¡àπ¬”¡“°¢÷Èπ

            √Ÿª∑’Ë 6 ‡ª√’¬∫‡∑’¬∫√–À«à“ß§à“√–¥—∫πÈ”¢Õß¢âÕ¡Ÿ≈∑’Ë«—¥‰¥â°—∫§à“∑’Ë‰¥â®“°·∫∫®”≈Õß¢Õß ∂“π’«—¥πÈ”∑à“

                     X.44  ”À√—∫°√≥’∑’Ë„™â¢âÕ¡Ÿ≈πÈ”Ωπ „π ∂“π–¢Õß°“√∑¥ Õ∫
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6. °‘µµ‘°√√¡ª√–°“»

ºŸâ‡¢’¬π¢Õ¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ (¡®∏.)  ”À√—∫°“√„Àâ∑ÿπ π—∫ πÿπ°“√«‘®—¬

π’È ¢Õ¢Õ∫§ÿ≥°√¡™≈ª√–∑“π∑’Ë‡Õ◊ÈÕ‡øóôÕ„Àâ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫§à“√–¥—∫πÈ”·≈–¢âÕ¡Ÿ≈Àπâ“µ—¥≈”πÈ” ·≈–°√¡Õÿµÿπ‘¬¡«‘∑¬“

∑’Ë‡Õ◊ÈÕ‡øóôÕ¢âÕ¡Ÿ≈ª√‘¡“≥πÈ”Ωπ„π∫√‘‡«≥æ◊Èπ∑’Ë»÷°…“·≈–„°≈â‡§’¬ß
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