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Abstract
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Stabilization of an inverted pendulum system via
an SIRM neuro-fuzzy controller
Songklanakarin J. Sci. Technol., 2005, 27(1) : 101-121

This article presents a new neuro-fuzzy controller to stabilize an inverted pendulum system. The
proposed controller consists of the Single Input Rule Modules (SIRMs), the artificial neural network (ANN)
and the dynamic importance degrees (DIDs). It simultaneously controls both the angle of the pendulum and
the position of the cart. The learning of the ANN results in the DIDs. The proposed controller has a simple
structure that can decrease the number of fuzzy rules. The simulation results show that the proposed neuro-
fuzzy controller has an ability to stabilize a wide range of the inverted pendulum system within a short period
of time. Moreover, the comparisons of the simulation results between the proposed neuro-fuzzy controller
and the SIRMs fuzzy controller are revealed in this article.

Key words : Single Input Rule Module (SIRM), Dynamic Importance Degree (DID),
Artificial Neural Network (ANN), Fuzzy Logic
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‡∑’¬∫º≈°“√®”≈Õß ∂“π°“√≥å√–À«à“ßµ—«§«∫§ÿ¡π‘«‚√-
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·∫∫®”≈Õß¢Õß√–∫∫≈Ÿ°µÿâ¡º°º—π (Model of the inverted
pendulum system)

√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫¢âÕµàÕ‡¥’¬«·∑π‰¥â¥â«¬
Figure 1 √–∫∫¥—ß°≈à“«ª√–°Õ∫¥â«¬√“ß≈◊Ëπ µ—«√∂ ≈Ÿ°µÿâ¡
‚¥¬∑’Ëµ—«√∂ “¡“√∂‡§≈◊ËÕπ∑’Ë‰ª∑“ß¥â“π´â“¬À√◊Õ¥â“π¢«“
∫π√“ß≈◊ËπÕ¬à“ßÕ‘ √–µ“¡∑‘»∑“ß¢Õß·√ß°√–∑” °”Àπ¥„Àâ
‰¡à¡’·√ß‡ ’¬¥∑“π‡°‘¥¢÷Èπ°—∫√–∫∫„π¢≥–∑’Ë∑”°“√§«∫§ÿ¡
æ≈«—µ¢Õß√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫¢âÕµàÕ‡¥’¬«· ¥ß‰¥â¥â«¬
 ¡°“√µàÕ‰ªπ’È (Yi et al., 2000)
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m
p

‡ªìπ¡«≈¢Õß≈Ÿ°µÿâ¡ (kg)

g ‡ªìπ§à“·√ß‚πâ¡∂à«ß¡’§à“ 9.8 m/s2

l
p

‡ªìπ§«“¡¬“«§√÷ËßÀπ÷Ëß¢Õß°â“π≈Ÿ°µÿâ¡ (m)

F ‡ªìπ·√ß¢—∫‡§≈◊ËÕπ∑’Ë„Àâ°—∫µ—«√∂ (N)

θ ‡ªìπ¡ÿ¡¢Õß≈Ÿ°µÿâ¡ (rad)

ω ‡ªìπ§«“¡‡√Á«‡™‘ß¡ÿ¡¢Õß≈Ÿ°µÿâ¡ (rad/s)

α ‡ªìπ§«“¡‡√àß‡™‘ß¡ÿ¡¢Õß≈Ÿ°µÿâ¡ (rad/s2)

x ‡ªìπµ”·Àπàß¢Õßµ—«√∂ (m)

v ‡ªìπ§«“¡‡√Á«¢Õßµ—«√∂ (m/s)

a ‡ªìπ§«“¡‡√àß¢Õßµ—«√∂ (m/s2)

µ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« (Single input
rule neuro-fuzzy controller)

‡π◊ËÕß®“°°“√Õπÿ¡“πøí´´’Ë·∫∫¥—Èß‡¥‘¡®–π”µ—«·ª√
Õ‘πæÿµ∑ÿ°µ—«¡“®—¥‰«â„π à«π¢Õß‡ß◊ËÕπ‰¢ (antecedent)

¢Õß°Æøí́ ’́Ë·µà≈–°Æ ∑”„Àâ®”π«π°Æøí́ ’́Ë‡æ‘Ë¡¢÷Èπ‡ªìπ·∫∫
‡ÕÁ°‚æ‡ππ‡™’¬≈µ“¡®”π«πÕ‘πæÿµ∑’Ë‡æ‘Ë¡¢÷Èπ (Yi et al.,

2000) √«¡∑—Èß°“√°”Àπ¥°Æøí´ ’́Ë·µà≈–°Æ„Àâ‰¥âÕ¬à“ß
‡À¡“– ¡∑”‰¥â¬“° °“√·°âªí≠À“°Æøí´´’Ë∑’Ë¡’®”π«π¡“°
Õ“®„™â°“√Õπÿ¡“πøí´ ’́Ë·∫∫°ÆÕ‘πæÿµ‡¥’¬« À√◊Õ SIRM

´÷Ëß®–æ‘®“√≥“µ—«·ª√Õ‘πæÿµ‡æ’¬ßµ—«‡¥’¬«‡∑à“π—Èπ ”À√—∫
°ÆÀπ÷Ëß°Æ„¥ ∑”„Àâ®”π«π°Æ·≈–æ“√“¡‘‡µÕ√åµà“ßÊ ≈¥≈ß
√«¡∑—Èßßà“¬µàÕ°“√°”Àπ¥°Æøí´ ’́Ë ‚¥¬„™â§à“√–¥—∫§«“¡
 ”§—≠æ≈«—µ (Dynamic Importance Degree; DID) ‡ªìπ

Figure 1.  Configuration of the inverted pendulum system.
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µ—«∫àß™’È§«“¡ ”§—≠¢ÕßÕ‘πæÿµ·µà≈–µ—« ´÷Ëß§à“√–¥—∫§«“¡
 ”§—≠æ≈«—µ‡À≈à“π’È‰¥â¡“®“°°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬
ª√– “∑‡∑’¬¡ ´÷Ëß√Ÿª·∫∫¢Õß SIRM ·µà≈–Õ‘πæÿµ§◊Õ
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 “¡“√∂§”π«≥‚¥¬„™â«‘∏’ simplified fuzzy reasoning

method (Mizumoto, 1996) ‚¥¬¡’øíß°å™—π· ¥ß ¡“™‘°
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       (4)

      ‡π◊ËÕß®“°Õ‘πæÿµ·µà≈–µ—« àßº≈‰¡à‡∑à“°—πµàÕ ¡√√∂π–
¢Õß√–∫∫ Õ‘πæÿµ∫“ßµ—«Õ“®¡’§«“¡ ”§—≠¡“°°«à“Õ‘πæÿµ
µ—«Õ◊Ëπ „π¢≥–∑’ËÕ‘πæÿµ∫“ßµ—«Õ“®®–ª√—∫ª√ÿß ¡√√∂π–‰¥â
¡“°°«à“∂â“¡’°“√‡æ‘Ë¡§«“¡ ”§—≠„Àâ¡“°¢÷Èπ ·µàÕ‘πæÿµ∫“ß
µ—«Õ“®®–‰¡à‡ªìπº≈¥’°—∫ ¡√√∂π–¢Õß√–∫∫∂â“¡’√–¥—∫
§«“¡ ”§—≠¡“°‡°‘π‰ª Õ“®°≈à“«‰¥â«à“√–¥—∫§«“¡ ”§—≠∑’Ë
·µ°µà“ß°—π„π·µà≈–Õ‘πæÿµ àßº≈µàÕ ¡√√∂π–¢Õß√–∫∫

Figure 2.  Neuro-fuzzy control structure.
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¥â«¬‡Àµÿπ’È®÷ß‰¥â¡’°“√°”Àπ¥§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ„Àâ
°—∫º≈°“√Õπÿ¡“π f

i

0  ¢ÕßÕ‘πæÿµ·µà≈–µ—« ‚¥¬∑’Ë§à“√–¥—∫
§«“¡ ”§—≠æ≈«—µ·µà≈–µ—« (DID

i
) ‰¥â¡“®“°°“√‡√’¬π√Ÿâ

¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡ ¥—ß· ¥ß„π Figure 2 ¥—ßπ—Èπ
 “¡“√∂À“‡Õ“µåæÿµ¢Õß SIRM ‰¥â¥—ßπ’È§◊Õ

f = DID
i
* f

i

0

i=1

n

∑        (5)

®“° ¡°“√∑’Ë (5) ®–‡ÀÁπ‰¥â«à“ §à“‡Õ“µåæÿµ f ‡°‘¥
®“°°“√√«¡°—π¢Õßº≈§Ÿ≥√–À«à“ßº≈≈—æ∏å°“√Õπÿ¡“πøí́ ’́Ë
·≈–§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ¢ÕßÕ‘πæÿµ·µà≈–µ—«

«‘∏’°“√ÕÕ°·∫∫µ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë
°“√ √â“ß‡ ∂’¬√¿“æ„Àâ°—∫√–∫∫≈Ÿ°µÿâ¡º°º—π§◊Õ °“√

∑”„Àâ≈Ÿ°µÿâ¡¡’ ¡¥ÿ≈‚¥¬ “¡“√∂µ—Èßµ√ß¢÷Èπ‰¥â ·≈–µ—«√∂µâÕß
‡§≈◊ËÕπ∑’Ë°≈—∫¡“Õ¬Ÿà„πµ”·Àπàß∑’Ë°”Àπ¥∫π√“ß≈◊Ëπ„π™à«ß
√–¬–‡«≈“Õ—π —Èπ π—Ëπ§◊Õ§à“µ—«·ª√ ∂“π–∑’Ëæ‘®“√≥“∑ÿ°µ—«
®–¡’§à“‡¢â“ Ÿà»Ÿπ¬å ́ ÷Ëßµ—«·ª√ ∂“π–∑—ÈßÀ¡¥∑’Ëæ‘®“√≥“‰¥â·°à
¡ÿ¡¢Õß≈Ÿ°µÿâ¡ (θ) §«“¡‡√Á«‡™‘ß¡ÿ¡¢Õß≈Ÿ°µÿâ¡ (ω) µ”·Àπàß
¢Õßµ—«√∂ (x)  ·≈–§«“¡‡√Á«¢Õßµ—«√∂ (v)  ‚¥¬µ—«·ª√
 ∂“π–∑—Èß 4 µ—«π’È®–„™â‡ªìπÕ‘πæÿµ„Àâ°—∫ SIRM

1. °“√°”Àπ¥§à“ SIRMs  ”À√—∫µ—«§«∫§ÿ¡øí´ ’́Ë·∫∫
°ÆÕ‘πæÿµ‡¥’¬«

°“√°”Àπ¥øíß°å™—π· ¥ß ¡“™‘°¿“æ ”À√—∫µ—«·ª√
Õ‘πæÿµ·µà≈–µ—«°”Àπ¥„Àâ¡’√Ÿª·∫∫‡À¡◊Õπ°—π§◊Õª√–°Õ∫
¥â«¬√Ÿª “¡‡À≈’Ë¬¡·≈–√Ÿª ’Ë‡À≈’Ë¬¡§“ßÀ¡Ÿ ‚¥¬·∑π¥â«¬
µ—«·ª√¿“…“ NB (Negative Big), ZO (Zero) ·≈– PB

(Positive Big) ¥—ß· ¥ß„π Figure 3  à«πøíß°å™—π· ¥ß
 ¡“™‘°¿“æ¢Õß‡Õ“µåæÿµ°”Àπ¥‡ªìπ®”π«π®√‘ß‡¥’Ë¬«
(singleton) πÕ°®“°π’È°“√°”Àπ¥°Æøí´´’Ë ”À√—∫Õ‘πæÿµ

·µà≈–µ—«®–Õ“»—¬ª√– ∫°“√≥å·≈–∏√√¡™“µ‘¢Õß√–∫∫
≈Ÿ°µÿâ¡º°º—π„π°“√À“§«“¡ —¡æ—π∏å√–À«à“ßµ—«·ª√Õ‘πæÿµ
°—∫·√ß‡Õ“µåæÿµ∑’Ë„Àâ√–∫∫ ‡æ◊ËÕ∑”„Àâ°â“π≈Ÿ°µÿâ¡º°º—πµ—Èß
µ√ß ·≈–µ—«√∂‡§≈◊ËÕπ∑’Ë¡“¬—ß®ÿ¥∑’Ë°”Àπ¥ µ—«Õ¬à“ß‡™àπ „π
°√≥’∑’Ë¡ÿ¡¢Õß≈Ÿ°µÿâ¡º°º—π¡’§à“¡“°„π∑‘»∑“ß∫«° ·√ß¢—∫
‡§≈◊ËÕπ∑’Ë„Àâ√–∫∫µâÕß¡’∑‘»∑“ß∫«°¥â«¬‡™àπ°—π ∑—Èßπ’È‡æ◊ËÕ
∑”„Àâµ—«√∂‡§≈◊ËÕπ∑’Ë‰ª∑“ß¥â“π¢«“ °â“π≈Ÿ°µÿâ¡®–À¡ÿπ°≈—∫
„π∑‘»∑«π‡¢Á¡π“Ãî°“ ∑”„Àâ¡ÿ¡‡ªìπ∫«°πâÕ¬≈ß®π°√–∑—Ëß
¡’∑‘»∑“ß≈∫ ¥—ßπ—Èπ·√ß∑’Ë„Àâ°—∫√–∫∫µâÕß∑”„Àâ√∂‡§≈◊ËÕπ∑’Ë
‰ª∑“ß¥â“π´â“¬¢Õß√“ß≈◊Ëπ‡æ◊ËÕ∑”„Àâ°â“π≈Ÿ°µÿâ¡À¡ÿπ°≈—∫
„π∑‘»µ“¡‡¢Á¡π“Ãî°“®π “¡“√∂µ—Èßµ√ß‰¥â √«¡∑—Èßµ—«√∂
‡§≈◊ËÕπ∑’Ë¡“¬—ßµ”·Àπàß∑’Ë°”Àπ¥ ®“°°“√«‘‡§√“–Àå¥—ß°≈à“«
 “¡“√∂°”Àπ¥°Æøí´ ’́Ë‰¥â¥—ß Table 1

2. °“√ª√—∫§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ‚¥¬„™â‚§√ß¢à“¬
ª√– “∑‡∑’¬¡

°≈‰°∑’Ë ”§—≠„π°“√ √â“ß‡ ∂’¬√¿“æ„Àâ°—∫√–∫∫
≈Ÿ°µÿâ¡º°º—π§◊Õ°“√§«∫§ÿ¡·√ß∑’Ë„Àâ°—∫µ—«√∂ π—Ëπ§◊Õ ∂â“
·√ß¡’§à“¡“°À√◊ÕπâÕ¬‡°‘π‰ª®–‰¡à “¡“√∂ √â“ß‡ ∂’¬√¿“æ
„Àâ√–∫∫‰¥â  ¥—ßπ—ÈπÀ≈—ß®“°∑’Ë‰¥âº≈°“√Õπÿ¡“πøí´´’Ë¢Õß
Õ‘πæÿµ·µà≈–µ—«·≈â« ®”‡ªìπµâÕß∫àß™’È§«“¡ ”§—≠¢ÕßÕ‘πæÿµ
‡À≈à“π’È¥â«¬§à“ DID ‡æ◊ËÕ„Àâ‰¥â·√ß∑’Ë “¡“√∂ √â“ß‡ ∂’¬√¿“æ
„Àâ°—∫√–∫∫µàÕ‰ª‰¥â ‡¡◊ËÕ ∂“π°“√≥å„π°“√§«∫§ÿ¡‡ª≈’Ë¬π
‰ª §à“ DID ‡À≈à“π’ÈµâÕß “¡“√∂ª√—∫‡ª≈’Ë¬π‡æ◊ËÕ√—°…“
‡ ∂’¬√¿“æ¢Õß√–∫∫  «‘∏’°“√π’È®–Õ“»—¬°“√‡√’¬π√Ÿâ®“°
‚§√ß¢à“¬ª√– “∑‡∑’¬¡‡æ◊ËÕª√—∫§à“ DID ·µà≈–µ—«  ‚¥¬
Õ—≈°Õ√‘∑÷¡∑’Ë„™â„π°√–∫«π°“√‡√’¬π√Ÿâ‡ªìπ·∫∫·æ√à°≈—∫
(backpropagation algorithm) ´÷Ëß¡’°“√π”‰ªª√–¬ÿ°µå
„™âß“πÕ¬à“ß·æ√àÀ≈“¬ (Jin et al., 2000)† ·ºπ¿“æ°“√
‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡· ¥ß„π Figure 4 ´÷Ëß

Table 1. SIRM for each input item.

Antecedent variable Consequent variable
x

i
 (i = 1 , 2 , 3 , 4) f

i
 (i = 1 , 2 , 3 , 4)

NB -1.0
ZO 0.0
PB +1.0Figure 3.  Membership function for each SIRM.
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Stabilization of an inverted pendulum system

Khwanon, S., et al.

‡ªìπ‚§√ß¢à“¬À≈“¬™—Èπ·∫∫‰ª¢â“ßÀπâ“ (multilayer feed-

forward network)  ‚¥¬¡’™—Èπ´àÕπ‡√âπ (hidden layer)

Àπ÷Ëß™—Èπª√–°Õ∫¥â«¬ ’Ëπ‘«√Õπ  ∑’Ë™—ÈπÕ‘πæÿµ¡’ Õßπ‘«√Õπ
 ”À√—∫§à“¡ÿ¡·≈–µ”·Àπàß√∂‡√‘Ë¡µâπ ·≈–∑’Ë™—Èπ‡Õ“µåæÿµ
(output layer) ª√–°Õ∫¥â«¬ ’Ëπ‘«√Õπ  ”À√—∫ DID ∑—Èß ’Ë
§à“ ‚¥¬øíß°å™—π°√–µÿâπ (activation function) ∑’Ë„™â‡ªìπ
·∫∫´‘°¡Õ¬¥å (sigmoid function) ‡π◊ËÕß®“°„π¢≥–∑’Ë
 √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π‰¡à “¡“√∂√–∫ÿ DID†
∑’ËµâÕß°“√‰¥â†¥—ßπ—Èπ®–æ‘®“√≥“§«“¡§≈“¥‡§≈◊ËÕπ∑’Ë·æ√à
°≈—∫®“°‡Õ“µåæÿµ¢Õß√–∫∫ (Cui et al., 1993) °“√‡√’¬π√Ÿâ
¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡ª√–°Õ∫¥â«¬ 4 ¢—ÈπµÕπ¥—ßπ’È§◊Õ

¢—ÈπµÕπ∑’Ë 1  ÿà¡§à“æ“√“¡‘‡µÕ√å‡√‘Ë¡µâπ∑’Ë „™â„π
°√–∫«π°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡ ‰¥â·°à §à“
πÈ”Àπ—°ª√– “∑·≈–§à“‰∫·Õ   ‚¥¬°”Àπ¥„Àâ¡’§à“πâÕ¬Ê
Õ¬Ÿà„π™à«ß [-1, 1]

¢—ÈπµÕπ∑’Ë 2 §”π«≥‡Õ“µåæÿµ®“°øíß°å™—π°√–µÿâπ
 ”À√—∫™—Èπ´àÕπ‡√âπ·≈–™—Èπ‡Õ“µåæÿµ¥—ßπ’È§◊Õ

- ‡Õ“µåæÿµ¢Õß™—Èπ´àÕπ‡√âπ; X
1j

X
1j

(t) =
1

1+ exp(−O
1j
− θ

1j
)

‚¥¬∑’Ë O
1j

= W
ij
X

i
i=1

N

∑ , j =1,2,..., N
1

- ‡Õ“µåæÿµ¢Õß™—Èπ‡Õ“µåæÿµ; X
2k

X
2k

(t) =
1

1+ exp(−O
2k

− θ
2k

)

‚¥¬∑’Ë O
2k

= W
1jk

X
1j

(t)
j=1

N1

∑ , k =1,2,..., N
2

¢—ÈπµÕπ∑’Ë 3 ª√—∫§à“πÈ”Àπ—°ª√– “∑·≈–‰∫·Õ 
¥—ßπ’È§◊Õ

- §à“πÈ”Àπ—°®“°™—Èπ à́Õπ‡√âπ‰ª™—Èπ‡Õ“µåæÿµ; W
1jk

W
1jk

(t + ∆t) = W
1jk

(t) + ∆W
1jk

‚¥¬∑’Ë ∆W
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1
δ

1k
X
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(t)  ·≈–

δ
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(t))X
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(t)(1− X
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- §à“πÈ”Àπ—°®“°™—ÈπÕ‘πæÿµ‰ª™—Èπ à́Õπ‡√âπ; W
ij

W
ij
(t + ∆t) = W

ij
(t) + ∆W

ij
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ij
= ηδ
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i
  ·≈–

δ
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Figure 4.  Structure of Neural Network.
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¢—ÈπµÕπ∑’Ë 4 «π√Õ∫ È́”‰ª¢—Èπ∑’Ë 2 „π°√≥’∑’Ë§à“
§«“¡§≈“¥‡§≈◊ËÕπ¡“°°«à“§à“§«“¡§≈“¥‡§≈◊ËÕπ∑’Ë¬Õ¡√—∫‰¥â
À√◊Õ¬—ß‰¡à§√∫®”π«π√Õ∫∑’Ë°”Àπ¥‰«â

‚¥¬∑’Ë η, η1, ηθ ·≈– η1θ ‡ªìπ§à“Õ—µ√“°“√‡√’¬π√Ÿâ
°”Àπ¥„Àâ¡’§à“‡∑à“°—π§◊Õ 0.05 ‡¡◊ËÕæ‘®“√≥“„π Figure 4

æ∫«à“‡Õ“µåæÿµ∑’ËÕÕ°®“°‚§√ß¢à“¬ª√– “∑‡∑’¬¡§◊Õ X
2k
 ®–

¡’§à“Õ¬Ÿà„π™à«ß [0, 1] ¥—ßπ—Èπ®–µâÕß§Ÿ≥§à“π’È¥â«¬µ—«§Ÿ≥ª√—∫
§à“ (scaling factor) °”Àπ¥„Àâµ—«§Ÿ≥ª√—∫§à“∑ÿ°µ—«¡’§à“
‡ªìπ 10 ‡æ◊ËÕ„Àâ‰¥â§à“ DID ∑’Ë “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ
°—∫√–∫∫≈Ÿ°µÿâ¡º°º—π‚¥¬Õ¬Ÿà„π™à«ß [0, 10] ‡¡◊ËÕæ‘®“√≥“
 ¡°“√∑’Ë (6) ®–æ∫«à“§à“ X

2kd
 ́ ÷Ëß‡ªìπ‡Õ“µåæÿµ¢Õß‚§√ß¢à“¬

ª√– “∑‡∑’¬¡∑’ËµâÕß°“√‰¡à “¡“√∂∑√“∫§à“‰¥â X
2kd

„π
 ¡°“√µâÕß∂Ÿ°·∑π∑’Ë¥â«¬µ—«·ª√Õ◊Ëπ∑’Ë∑√“∫§à“·≈– “¡“√∂
∑¥·∑π°—π‰¥â „π∫∑§«“¡‰¥âπ”‡ πÕµ—«·ª√‡Õ“µåæÿµ¢Õß
√–∫∫¡“„™âß“π¥—ß§«“¡ —¡æ—π∏å„π ¡°“√∑’Ë (7) ́ ÷Ëßª√—∫ª√ÿß
¡“®“°·π«∑“ß¢Õß (Cui et al., 1993)

(X
2kd

(t) − X
2k

(t)) = (y
kd

(t) − y
k
(t)) ⋅ D       (7)

‡¡◊ËÕ·∑π§à“  (X
2kd

(t) − X
2k

(t))  „π ¡°“√∑’Ë  (7)  ≈ß„π
 ¡°“√∑’Ë (6) ®–‰¥â«à“

δ
1k

= (y
kd

(t) − y
k
(t)) ⋅ D ⋅ X

2k
(t)(1− X

2k
(t))

                  (8)

‚¥¬∑’Ë D = sign
∂y

k
(t)

∂X
2k

(t)






‡¡◊ËÕ y
kd
 ‡ªìπ§à“‡Õ“µåæÿµ∑’ËµâÕß°“√¢Õß√–∫∫

3. °“√∑”ß“π¢Õßµ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë
°“√ √â“ß‡ ∂’¬√¿“æ„Àâ°—∫√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫

¢âÕµàÕ‡¥’¬«¥â«¬µ—«§«∫§ÿ¡øí´´’Ë·∫∫°ÆÕ‘πæÿµ‡¥’¬«º ¡
º “π°—∫‚§√ß¢à“¬ª√– “∑‡∑’¬¡· ¥ß„π Figure 2 µ—«·ª√
 ∂“π– θ, ω, x, v ¢Õß√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫¢âÕµàÕ‡¥’¬«
®–∂Ÿ°ªÑÕπ°≈—∫  ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“∑’ËµâÕß°“√  ´÷Ëß®–
°”Àπ¥„Àâ‡ªìπ»Ÿπ¬å∑—ÈßÀ¡¥ ‚¥¬§à“µ—«·ª√ ∂“π–‡À≈à“π’È®–
‡ªìπÕ‘πæÿµªÑÕπ‡¢â“ Ÿà∫≈ÁÕ°πÕ√å¡ (Norm block) ‡æ◊ËÕ
∑”°“√ª√—∫§à“µ—«·ª√ ∂“π–¥â«¬§à“µ—«§Ÿ≥ª√—∫§à“ (input

scaling factor) ¢ÕßÕ‘πæÿµ·µà≈–µ—«§◊Õ 30 Õß»“ 100†
Õß»“/«‘π“∑’ 2.4†‡¡µ√ ·≈– 1†‡¡µ√/«‘π“∑’ µ“¡≈”¥—∫ ÷́Ëß
µ—«·ª√ ∂“π–‡À≈à“π’È®–∂Ÿ°·ª≈ß‡ªìπÕ‘πæÿµ x

i
 (i = 1, 2,

3, 4) µàÕ‰ª Õ‘πæÿµ x
i
 π’È®–ªÑÕπ‡¢â“ Ÿà à«π¢Õß SIRM-i

À≈—ß®“°∑”°“√Õπÿ¡“π°Æøí́ ´’Ë·≈â«®–‰¥â f
i

0  ‡æ◊ËÕ§Ÿ≥°—∫§à“
DID-i  ÷́Ëß§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ·µà≈–µ—«‰¥â¡“®“°
°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡  ‚¥¬∑’ËÕ‘πæÿµ¢Õß
‚§√ß¢à“¬ª√– “∑‡∑’¬¡§◊Õ§à“¡ÿ¡‡√‘Ë¡µâπ·≈–µ”·Àπàß‡√‘Ë¡µâπ
¢Õßµ—«√∂  ‚§√ß¢à“¬ª√– “∑‡∑’¬¡®–‡√’¬π√Ÿâ‚¥¬°“√ª√—∫
§à“πÈ”Àπ—°ª√– “∑·≈–§à“‰∫·Õ ®“°§à“§«“¡§≈“¥‡§≈◊ËÕπ
‡Õ“µåæÿµ¢Õß√–∫∫ ®π°√–∑—Ëß “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ°—∫
√–∫∫≈Ÿ°µÿâ¡º°º—π‰¥âÕ¬à“ß√«¥‡√Á« ´÷Ëß‡Õ“µåæÿµ f ‡°‘¥®“°
º≈√«¡¢Õßº≈§Ÿ≥√–À«à“ß SIRM ·≈– DID ¢ÕßÕ‘πæÿµ
·µà≈–µ—« ·µà°àÕπ®–‡ªìπ·√ß®√‘ß∑’Ë„Àâ°—∫√–∫∫≈Ÿ°µÿâ¡º°º—π
µâÕß∑”°“√ª√—∫§à“¥â«¬µ—«§Ÿ≥ª√—∫§à“¢Õß‡Õ“µåæÿµ (OSF)

´÷Ëß°”Àπ¥„Àâ‡ªìπ ‘∫‡∑à“¢Õßº≈√«¡√–À«à“ß¡«≈¢Õßµ—«√∂
·≈–¡«≈¢Õß°â“π≈Ÿ°µÿâ¡º°º—π

º≈°“√®”≈Õß ∂“π°“√≥å
‡æ◊ËÕ∑¥ Õ∫ª√– ‘∑∏‘º≈¢Õßµ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë

™π‘¥°ÆÕ‘πæÿµ‡¥’¬«∑’Ëæ—≤π“¢÷Èπ ‰¥â∑”°“√®”≈Õß ∂“π-
°“√≥å‡æ◊ËÕ √â“ß‡ ∂’¬√¿“æ„Àâ°—∫√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫
¢âÕµàÕ‡¥’¬« ‚¥¬§à“æ“√“¡‘‡µÕ√åµà“ßÊ ¢Õß√–∫∫≈Ÿ°µÿâ¡º°º—π
·∫∫¢âÕµàÕ‡¥’¬«∑’Ëª√“°Øµ“¡ ¡°“√∑’Ë† (1) ·≈– (2) °”Àπ¥
„Àâ¡«≈¢Õß≈Ÿ°µÿâ¡ m

p
 = 0.1 kg ¡«≈¢Õßµ—«√∂ m

c
 = 1 kg

·≈–§«“¡¬“«§√÷ËßÀπ÷Ëß¢Õß°â“π≈Ÿ°µÿâ¡ l
p
 = 0.5 ‡¡µ√ ·≈–

µ”·Àπàß¢Õßµ—«√∂°”Àπ¥„ÀâÕ¬Ÿà„π™à«ß [-2.4, 2.4] ‡¡µ√
∂â“µ”·Àπàß¢Õß√∂‡°‘π¢Õ∫‡¢µ∑’Ë°”Àπ¥°Á®–∑”„Àâ‰¡à
 “¡“√∂√—°…“‡ ∂’¬√¿“æ¢Õß≈Ÿ°µÿâ¡º°º—π‰«â‰¥â πÕ°®“°π’È
√–∫∫≈Ÿ°µÿâ¡º°º—π®–‰¥â√—∫°“√æ‘®“√≥“«à“‡¢â“ Ÿà‡ ∂’¬√¿“æ
·≈â«‡¡◊ËÕµ—«·ª√ ∂“π–µà“ßÊ ‡ªìπ‰ªµ“¡¢âÕ°”Àπ¥¥—ßπ’È
§◊Õ ¡ÿ¡¢Õß≈Ÿ°µÿâ¡≈Ÿà‡¢â“ Ÿà ±0.1†Õß»“ §«“¡‡√Á«‡™‘ß¡ÿ¡¢Õß
≈Ÿ°µÿâ¡≈Ÿà‡¢â“ Ÿà ±0.1†Õß»“/«‘π“∑’ µ”·Àπàß¢Õßµ—«√∂≈Ÿà‡¢â“ Ÿà
±0.01†‡¡µ√  ·≈–§«“¡‡√Á«¢Õßµ—«√∂≈Ÿà‡¢â“ Ÿà ±0.01†‡¡µ√/
«‘π“∑’

Figure 5  ‡ªìπº≈°“√®”≈Õß ∂“π°“√≥å‡¡◊ËÕ¡ÿ¡
‡√‘Ë¡µâπ¢Õß≈Ÿ°µÿâ¡‡ªìπ 30 Õß»“ ‚¥¬∑’Ëµ—«·ª√Õ‘πæÿµÕ◊Ëπ¡’§à“
‡ªìπ»Ÿπ¬å ‚¥¬§à“µ—«‡≈¢∑’Ëª√“°Ø„π Plant (0.1, 0.5, 1.0,

0.01) À¡“¬∂÷ß ¡«≈¢Õß≈Ÿ°µÿâ¡ §«“¡¬“«§√÷ËßÀπ÷Ëß¢Õß°â“π
≈Ÿ°µÿâ¡ ¡«≈¢Õß√∂ ·≈–™à«ß‡«≈“·´¡ª≈‘Èß µ“¡≈”¥—∫ ·≈–
§à“µ—«‡≈¢„π State (30.0, 0, 0, 0) À¡“¬∂÷ß§à“¡ÿ¡‡√‘Ë¡µâπ
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§«“¡‡√Á«‡™‘ß¡ÿ¡ µ”·Àπàß¢Õßµ—«√∂ ·≈–§«“¡‡√Á«¢Õßµ—«√∂
µ“¡≈”¥—∫   ®“°º≈°“√®”≈Õß ∂“π°“√≥å∑’Ë‰¥âæ∫«à“¡ÿ¡
‡√‘Ë¡µâπ¡’§à“¡“°„π∑‘»∑“ß∫«°  µ—«√∂®–‡§≈◊ËÕπ∑’Ë®“°®ÿ¥
‡√‘Ë¡µâπ¢Õß√“ß≈◊Ëπ‰ª∑“ß¥â“π¢«“ ∑”„Àâ°â“π≈Ÿ°µÿâ¡À¡ÿπ°≈—∫
„π∑‘»∑«π‡¢Á¡π“Ãî°“‡ªìπº≈„Àâ¡ÿ¡‡ªìπ∫«°≈¥≈ß®π°√–∑—Ëß
¡ÿ¡¡’∑‘»∑“ß≈∫  ®“°π—Èπµ—«√∂®–‡§≈◊ËÕπ∑’Ë°≈—∫¡“∑“ß¥â“π
´â“¬‡æ◊ËÕ∑”„Àâ°â“π≈Ÿ°µÿâ¡À¡ÿπ°≈—∫„π∑‘»µ“¡‡¢Á¡π“Ãî°“
®π°√–∑—Ëß≈Ÿ°µÿâ¡·≈–µ—«√∂‡¢â“ Ÿà‡ ∂’¬√¿“æ ́ ÷Ëß„™â‡«≈“∑—Èß ‘Èπ
4.24†«‘π“∑’ ‚¥¬·√ß¢—∫‡§≈◊ËÕπ Ÿß ÿ¥¡’§à“ª√–¡“≥ 80†π‘«µ—π

Figure 6  ·≈–  Figure 7  ‡ªìπº≈°“√®”≈Õß
 ∂“π°“√≥å‡¡◊ËÕ∑”°“√ª√—∫‡ª≈’Ë¬π§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡

º°º—π„Àâ —Èπ·≈–¬“«¢÷Èπ°«à“‡¥‘¡§◊Õ  0.2  ‡¡µ√  ·≈–  2.2

‡¡µ√ ‚¥¬∑’Ë¡ÿ¡‡√‘Ë¡µâπ¬—ß§ß‡ªìπ 30 Õß»“ ·≈–µ—«√∂Õ¬Ÿà∑’Ë
µ”·Àπàß°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ´÷Ëß„™â‡«≈“„π°“√ √â“ß‡ ∂’¬√¿“æ
ª√–¡“≥ 3.86 «‘π“∑’ ·≈– 8.80 «‘π“∑’ µ“¡≈”¥—∫

Figure 8  ∂÷ß  Figure 10  · ¥ßº≈°“√®”≈Õß
 ∂“π°“√≥å‡¡◊ËÕµ—«√∂‰¡àÕ¬Ÿàµ√ßµ”·Àπàß°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ
°”Àπ¥„Àâµ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂‡ªìπ 2 ‡¡µ√ ‚¥¬∑’Ë¡ÿ¡
‡√‘Ë¡µâπ¢Õß≈Ÿ°µÿâ¡º°º—π‡ªìπ»Ÿπ¬åÕß»“π—Ëπ§◊Õ≈Ÿ°µÿâ¡Õ¬Ÿà„π
µ”·Àπàß ¡¥ÿ≈ ®“°π—Èπ∑”°“√ª√—∫‡ª≈’Ë¬π§«“¡¬“«¢Õß
°â“π≈Ÿ°µÿâ¡‡ªìπ 1.0 ‡¡µ√ 0.2 ‡¡µ√ ·≈– 2.2 ‡¡µ√ µ“¡
≈”¥—∫ ®“°º≈°“√®”≈Õß ∂“π°“√≥åæ∫«à“µ—«√∂®–‡§≈◊ËÕπ∑’Ë

Figure 5. Simulation results (pendulum length of
1.0 m, initial pendulum angle of 30º)

Figure 6. Simulation results (pendulum length of
0.2 m, initial pendulum angle of 30º)

Figure 7. Simulation results (pendulum length of
2.2 m, initial pendulum angle of 30º)

Figure 8. Simulation results (pendulum length of
1.0 m, initial cart position of 2.0 m)
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‰ª∑“ß¥â“π¢«“‡≈Á°πâÕ¬ ‡æ◊ËÕ∑”„Àâ°â“π≈Ÿ°µÿâ¡‡ ’¬ ¡¥ÿ≈À¡ÿπ
°≈—∫¡“„π∑‘»∑“ß≈∫   ®“°π—Èπµ—«√∂®–‡§≈◊ËÕπ∑’Ë°≈—∫∑“ß
¥â“π ấ“¬¡“¬—ßµ”·Àπàß∑’ËµâÕß°“√§◊Õ∑’Ëµ”·Àπàß°÷Ëß°≈“ß¢Õß
√“ß≈◊Ëπ æ√âÕ¡∑—Èß∑”„Àâ°â“π≈Ÿ°µÿâ¡À¡ÿπ°≈—∫„π∑‘»∑“ßµ“¡
‡¢Á¡π“Ãî°“ “¡“√∂µ—Èßµ√ß‰¥âÕ’°§√—Èß ´÷Ëß„™â‡«≈“„π°“√‡¢â“
 Ÿà‡ ∂’¬√¿“æª√–¡“≥ 3.93 «‘π“∑’ 4.02 «‘π“∑’ ·≈– 4.70

«‘π“∑’ µ“¡≈”¥—∫
Figure 11  ·≈–  Figure 12  ‡ªìπº≈°“√®”≈Õß

 ∂“π°“√≥å°√≥’¡ÿ¡¢Õß≈Ÿ°µÿâ¡º°º—π‰¡àÕ¬Ÿà∑’Ëµ”·Àπàß ¡¥ÿ≈
·≈–µ—«√∂‰¡àÕ¬Ÿà∑’Ëµ”·Àπàß°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ  °”Àπ¥„Àâ
¡ÿ¡¢Õß≈Ÿ°µÿâ¡‡ªìπ 30 Õß»“ °â“π≈Ÿ°µÿâ¡¬“« 1.0 ‡¡µ√ ‚¥¬∑’Ë

Figure 11 · ¥ßº≈°“√®”≈Õß ∂“π°“√≥å‡¡◊ËÕµ”·Àπàß
‡√‘Ë¡µâπ¢Õßµ—«√∂Õ¬Ÿà∑“ß¥â“π¢«“‡ªìπ√–¬–∑“ß 0.15 ‡¡µ√
„π¢≥–∑’Ë Figure 12 ‡ªìπº≈°“√®”≈Õß ∂“π°“√≥å°√≥’
µ—«√∂Õ¬Ÿà∑’Ëµ”·Àπàß 1.5 ‡¡µ√  ®“°º≈°“√®”≈Õß ∂“π-
°“√≥å∑’Ë‰¥âæ∫«à“„π¢≥–∑’Ëµ—«√∂®–‡§≈◊ËÕπ∑’Ë‰ª∑“ß¥â“π¢«“
°â“π≈Ÿ°µÿâ¡º°º—π®–À¡ÿπ®“°µ”·Àπàß 30 Õß»“„π∑‘»∑«π
‡¢Á¡π“Ãî°“ºà“πµ”·Àπàß ¡¥ÿ≈ ®π°√–∑—Ëß¡ÿ¡¢Õß≈Ÿ°µÿâ¡Õ¬Ÿà
„π∑‘»∑“ß≈∫ ®“°π—Èπµ—«√∂®–‡§≈◊ËÕπ∑’Ë°≈—∫∑“ß¥â“π´â“¬¡“
¬—ßµ”·Àπàß°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ ¢≥–‡¥’¬«°—π≈Ÿ°µÿâ¡º°º—π
®–À¡ÿπ°≈—∫„π∑‘»µ“¡‡¢Á¡π“Ãî°“‡æ◊ËÕµ—Èßµ√ß∑’Ëµ”·Àπàß
 ¡¥ÿ≈ ‚¥¬„™â‡«≈“„π°“√‡¢â“ Ÿà‡ ∂’¬√¿“æ∑—Èß ‘Èπ 4.18 «‘π“∑’

Figure 9. Simulation results (pendulum length of
0.2 m, initial cart position of 2.0 m)

Figure 10. Simulation results (pendulum length
of 2.2 m, initial cart position of 2.0 m)

Figure 11. Simulation results (initial pendulum
angle  of  30º,  initial  cart  position  of
0.15 m)

Figure 12. Simulation results (initial pendulum
angle of 30º, initial cart position of 1.5
m)
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Figure 13. Pendulums with various lengths and initial angles that can be stabilized within
finite settling times.

Figure 14. Pendulums with various lengths and initial cart positions that can be stabilized
within finite settling times.
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°“√ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π
 ÿ¥“√—µπå  ¢«—≠ÕàÕπ ·≈–§≥–111

Figure 15. Pendulums with various initial angles and initial cart positions that can be
stabilized within finite settling times

Figure 16.  SIRMs fuzzy control structure (Yi et al., 2000)
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·≈– 4.04 «‘π“∑’ µ“¡≈”¥—∫
Figure 13 ‡ªìπ°“√∑¥ Õ∫ ¡√√∂π–¢Õßµ—«§«∫§ÿ¡

π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« ‡¡◊ËÕª√—∫‡ª≈’Ë¬πµ”·Àπàß
¡ÿ¡‡√‘Ë¡µâπ·≈–§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡¥—ßπ’È§◊Õ ª√—∫‡æ‘Ë¡
¡ÿ¡§√—Èß≈– 4 Õß»“†‚¥¬‡√‘Ë¡®“° 2 Õß»“®π°√–∑—Ëß∂÷ß 60†
Õß»“  ·≈–∑’Ë∑ÿ°µ”·Àπàß¡ÿ¡‡√‘Ë¡µâπ∑”°“√ª√—∫‡æ‘Ë¡§«“¡¬“«
¢Õß°â“π≈Ÿ°µÿâ¡§√—Èß≈– 0.2 ‡¡µ√  ‚¥¬‡√‘Ë¡®“° 0.1 ‡¡µ√
®π∂÷ß 3.0 ‡¡µ√  ®“°º≈°“√®”≈Õß ∂“π°“√≥åæ∫«à“‚¥¬
 à«π„À≠à„™â‡«≈“πâÕ¬°«à“ 5 «‘π“∑’ ·≈–¬—ß§ß “¡“√∂ √â“ß
‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π‰¥â„π™à«ß°«â“ß·¡â«à“¡ÿ¡
·≈–§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡®–‡ª≈’Ë¬π·ª≈ß‰ª®“°‡¥‘¡

Figure 14 ‡ªìπº≈°“√∑¥ Õ∫ ¡√√∂π–¢Õßµ—«
§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« „π°√≥’ª√—∫‡ª≈’Ë¬π
µ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂ ·≈–§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡
¥—ßπ’È§◊Õ ∑”°“√ª√—∫µ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂§√—Èß≈– 0.2

‡¡µ√ ‚¥¬‡√‘Ë¡®“° 0.2 ‡¡µ√ ®π°√–∑—Ëß∂÷ß 2.4 ‡¡µ√ ´÷Ëß
‡ªìπ§«“¡¬“«ª≈“¬ ÿ¥¢Õß√“ß≈◊Ëπ ·≈–∑’Ë∑ÿ°µ”·Àπàß‡√‘Ë¡µâπ
¢Õßµ—«√∂∑”°“√ª√—∫‡æ‘Ë¡§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡§√—Èß≈–
0.2 ‡¡µ√ ‚¥¬‡√‘Ë¡®“° 0.1 ‡¡µ√ ®π∂÷ß 3.0 ‡¡µ√  ®“°
º≈°“√∑¥ Õ∫æ∫«à“µ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ
‡¥’¬«¬—ß§ß “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π‰¥â
„π¢Õ∫‡¢µ∑’Ë°«â“ß¿“¬„π‡«≈“Õ—π√«¥‡√Á«  °≈à“«§◊Õ  ‚¥¬
 à«π„À≠à„™â‡«≈“πâÕ¬°«à“ 5 «‘π“∑’ ∂÷ß·¡â«à“µ”·Àπàß‡√‘Ë¡µâπ
·≈–§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡®–‡ª≈’Ë¬π·ª≈ß‰ª   ·µà∑’Ë
µ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂‡ªìπ 2.4 ‡¡µ√ ‰¡à “¡“√∂ √â“ß
‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π‰¥â  ‡π◊ËÕß®“°µ—«√∂Õ¬Ÿà∑’Ë
µ”·Àπàßª≈“¬¢Õß√“ß≈◊ËπæÕ¥’ ∑”„Àâ‰¡à “¡“√∂‡§≈◊ËÕπ∑’Ë
‰ª∑“ß¥â“π¢«“‰¥âÕ’° ®÷ß‰¡à “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫
≈Ÿ°µÿâ¡º°º—π‰¥â

Figure 15 · ¥ßº≈°“√∑¥ Õ∫„π°√≥’ª√—∫‡ª≈’Ë¬π
µ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂·≈–¡ÿ¡¢Õß≈Ÿ°µÿâ¡º°º—π‡™àπ‡¥’¬«
°—∫∑’Ë°≈à“«¡“·≈â«   ®“°º≈°“√∑¥ Õ∫æ∫«à“∑’Ëµ”·Àπàß
‡√‘Ë¡µâπ¢Õßµ—«√∂‰¡à¡“°π—° “¡“√∂ª√—∫‡æ‘Ë¡¡ÿ¡¢Õß≈Ÿ°µÿâ¡
‰¥â„π™à«ß°«â“ß ‚¥¬∑’Ëµ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ
‡¥’¬«¬—ß§ß√—°…“‡ ∂’¬√¿“æ‰«â‰¥â  ·µà‡¡◊ËÕµ”·Àπàß‡√‘Ë¡µâπ
¢Õßµ—«√∂¡“°¢÷Èπ  “¡“√∂ª√—∫‡æ‘Ë¡¡ÿ¡¢Õß°â“π≈Ÿ°µÿâ¡‰¥â
„π™à«ß∑’Ë·§∫≈ß ‡π◊ËÕß®“°‡¡◊ËÕ¡ÿ¡¢Õß≈Ÿ°µÿâ¡‡æ‘Ë¡¢÷Èπª√–°Õ∫
°—∫µ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂¡’§à“¡“° ∑”„Àâµ—«√∂µâÕß

‡§≈◊ËÕπ∑’Ë‰ª∑“ß¥â“π¢«“¡“°‡æ◊ËÕ∑”„Àâ°â“π≈Ÿ°µÿâ¡À¡ÿπ°≈—∫
„π∑‘»∑«π‡¢Á¡π“Ãî°“  ¥â«¬‡Àµÿπ’È àßº≈„Àâµ—«√∂‡§≈◊ËÕπ∑’Ë
‡°‘π§«“¡¬“«¢Õß√“ß≈◊Ëπµ“¡∑’Ë‰¥â°”Àπ¥‰«â

µ—«§«∫§ÿ¡øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« (SIRMs fuzzy
controller)

‡æ◊ËÕ· ¥ß„Àâ‡ÀÁπ∂÷ß ¡√√∂π–¢Õßµ—«§«∫§ÿ¡π‘«‚√-
øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«∑’Ëπ”‡ πÕ ¥—ßπ—Èπ®÷ß®”‡ªìπµâÕß
‡ª√’¬∫‡∑’¬∫º≈°“√®”≈Õß ∂“π°“√≥å°“√ √â“ß‡ ∂’¬√¿“æ
„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫¢âÕµàÕ‡¥’¬«°—∫‡∑§π‘§°“√§«∫§ÿ¡
«‘∏’Õ◊Ëπ ‚¥¬‰¥â∑”°“√®”≈Õß ∂“π°“√≥å°“√ √â“ß‡ ∂’¬√¿“æ
„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π∑’Ë ∂“π°“√≥åµà“ßÊ °—π   ∑—Èßπ’È‰¥â
‡ª√’¬∫‡∑’¬∫ ¡√√∂π–‚¥¬„™âµ—«§«∫§ÿ¡øí́ ’́Ë™π‘¥°ÆÕ‘πæÿµ
‡¥’¬« (Yi et al., 2000) ÷́Ëß¬—ß§ß„™â·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å¢Õß√–∫∫≈Ÿ°µÿâ¡º°º—πµ“¡ ¡°“√∑’Ë (1) ·≈–
 ¡°“√∑’Ë (2)  ”À√—∫°“√®”≈Õß ∂“π°“√≥å ‚§√ß √â“ß
¢Õßµ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«· ¥ß„π Figure

16 ´÷Ëß°“√°”Àπ¥§à“ SIRMs  ”À√—∫µ—«§«∫§ÿ¡¥—ß°≈à“«
 “¡“√∂°”Àπ¥‰¥â‡™àπ‡¥’¬«°—∫°√≥’„™âµ—«§«∫§ÿ¡π‘«‚√-
øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« ·µà à«π∑’Ë·µ°µà“ß°—π§◊Õ§à“√–¥—∫
§«“¡ ”§—≠æ≈«—µ (DID) ¢Õßµ—«·ª√Õ‘πæÿµ·µà≈–µ—« ‚¥¬
æ‘®“√≥“‰¥â®“°º≈√«¡¢Õß§à“∞“π·≈–§à“æ≈«—µ¢ÕßÕ‘πæÿµ
·µà≈–µ—«¥—ßπ’È§◊Õ

w
i

D = w
i
+ B

i
⋅ ∆w

i

0        (9)

‚¥¬∑’Ë w
i

D ‡ªìπ§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ
w

i
‡ªìπ§à“§ß∑’Ë‡√’¬°«à“ §à“∞“π (base value)

B
i

‡ªìπ§à“§ß∑’Ë‡√’¬°«à“ §à“¢¬“¬ (breadth value)

∆w
i

0 ‡ªìπº≈°“√Õπÿ¡“π°Æøí´´’Ë∑’Ë‰¥â®“°µ—«·ª√
æ≈«—µ ∆w

i

®“° ¡°“√∑’Ë (9) §à“∞“π·≈–§à“¢¬“¬¢Õßµ—«·ª√
Õ‘πæÿµ·µà≈–µ—«‰¥â®“°°“√ ÿà¡§à“≈Õßº‘¥≈Õß∂Ÿ° (Yi et al.,

2000) ¥—ß· ¥ß„π Table 2 ‡¡◊ËÕæ‘®“√≥“‚§√ß √â“ß¢Õß
µ—«§«∫§ÿ¡øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«„π Figure 16 æ∫«à“
„π à«π¢Õß§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ (DID-i) ¢ÕßÕ‘πæÿµ
∑ÿ°µ—«®–¡’‡æ’¬ßµ—«·ª√‡¥’¬«§◊Õ¡ÿ¡¢Õß°â“π≈Ÿ°µÿâ¡º°º—π
¥—ßπ—Èπ°“√°”Àπ¥°Æøí́ ’́Ë ”À√—∫µ—«·ª√æ≈«—µ ®–æ‘®“√≥“
‡©æ“–¢π“¥¡ÿ¡¢Õß°â“π≈Ÿ°µÿâ¡‡∑à“π—Èπ ¥—ß‰¥â· ¥ß„π Table
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3 ·≈– Table 4 ‚¥¬°”Àπ¥„Àâøíß°å™—π· ¥ß ¡“™‘°¿“æ
 ”À√—∫µ—«·ª√Õ‘πæÿµ∑ÿ°µ—«¡’‡©æ“–§à“∫«° ¥—ß· ¥ß„π
Figure 17 ́ ÷Ëß·∑π¥â«¬µ—«·ª√¿“…“ DS (Degree Small),

DM (Degree Medium)†·≈– DB (Degree Big)  à«π
øíß°å™—π· ¥ß ¡“™‘°¿“æ¢Õß‡Õ“µåæÿµ°”Àπ¥‡ªìπ®”π«π
®√‘ß‡¥’Ë¬« (singleton) ¥—ßπ—Èπ·√ß‡Õ“µåæÿµ∑’Ë°√–∑”°—∫√–∫∫
≈Ÿ°µÿâ¡º°º—πæ‘®“√≥“‰¥â¥—ßπ’È§◊Õ

f = w
i

D * f
i

0

i=1

4

∑       (10)

®“° ¡°“√∑’Ë (10) ®–‡ÀÁπ‰¥â«à“ ‡Õ“µåæÿµ‡°‘¥®“°
º≈√«¡¢Õßº≈§Ÿ≥√–À«à“ßº≈≈—æ∏å°“√Õπÿ¡“π°Æøí´´’Ë™π‘¥
°ÆÕ‘πæÿµ‡¥’¬«°—∫§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ¢ÕßÕ‘πæÿµ∑—Èß

4 µ—«
‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√®”≈Õß ∂“π°“√≥å°“√ √â“ß

‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π¥â«¬µ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥
°ÆÕ‘πæÿµ‡¥’¬«‰¥â°”Àπ¥„Àâ§à“æ“√“¡‘‡µÕ√å¢Õß√–∫∫≈Ÿ°µÿâ¡
º°º—π·≈–¢âÕ°”Àπ¥„π°“√‡¢â“ Ÿà‡ ∂’¬√¿“æ  √«¡∑—Èß
 ∂“π°“√≥åµà“ßÊ ¡’§à“‡™àπ‡¥’¬«°—∫°√≥’§«∫§ÿ¡¥â«¬µ—«
§«∫§ÿ¡π‘«‚√-øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«

Figure 18 ∂÷ß Figure 20 · ¥ßº≈°“√®”≈Õß
 ∂“π°“√≥å‡¡◊ËÕ¡ÿ¡‡√‘Ë¡µâπ¢Õß°â“π≈Ÿ°µÿâ¡Õ¬Ÿà∑’Ëµ”·Àπàß 30

Õß»“  µ—«√∂Õ¬Ÿà∑’Ëµ”·Àπàß°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ ‚¥¬ª√—∫
‡ª≈’Ë¬π§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡‡ªìπ 1.0 ‡¡µ√ 0.2 ‡¡µ√
·≈– 2.2 ‡¡µ√ µ“¡≈”¥—∫ ÷́Ëß‡«≈“∑’Ë„™â„π°“√‡¢â“ Ÿà‡ ∂’¬√-

Table 2. Base  and  breadth  values  of  the  input
items.

Input item Base value Breadth

pendulum angle 2.00 2.50
angular velocity 1.50 1.00
cart position 0.15 0.20
cart velocity 0.15 0.20

Table 3. Fuzzy rules for the two dynamic variables
of the pendulum.

Antecedent variable Consequent variable
|x

1
| w

i
 (i = 1, 2)

DS 0.0
DM 0.5
DB 1.0

Table 4. Fuzzy rules for the two dynamic variables
of the cart.

Antecedent variable Consequent variable
|x1| wi (i = 3, 4)

DS 1.0
DM 0.5
DB 0.0

Figure 17.  Membership function for each dynamic variable
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¿“æ§◊Õ  8.24 «‘π“∑’  6.59 «‘π“∑’  ·≈–  9.09 «‘π“∑’
µ“¡≈”¥—∫ Figure 21 ‡ªìπº≈°“√®”≈Õß ∂“π°“√≥å‡¡◊ËÕ
µ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂Õ¬Ÿà∑’Ë 2.0 ‡¡µ√  °â“π≈Ÿ°µÿâ¡µ—Èß
µ√ßÕ¬Ÿà∑’Ëµ”·Àπàß»Ÿπ¬åÕß»“ ·≈–°â“π≈Ÿ°µÿâ¡¬“« 1.0 ‡¡µ√
‡«≈“„π°“√‡¢â“ Ÿà‡ ∂’¬√¿“æ§◊Õ 7.19 «‘π“∑’ ‡¡◊ËÕæ‘®“√≥“
‡«≈“„π°“√‡¢â“ Ÿà‡ ∂’¬√¿“æ¢Õß∑—Èß 4  ∂“π°“√≥å æ∫«à“
„°≈â‡§’¬ß¡“°°—∫º≈ß“π«‘®—¬∑’ËÕâ“ß∂÷ß (Yi et al., 2000) ÷́Ëß
· ¥ß„Àâ‡ÀÁπ«à“°√–∫«π°“√„π°“√®”≈Õß ∂“π°“√≥å∂Ÿ°µâÕß

Figure 22 ·≈– Figure 23 ‡ªìπº≈°“√®”≈Õß

 ∂“π°“√≥å‡¡◊ËÕª√—∫‡ª≈’Ë¬π§«“¡¬“«°â“π≈Ÿ°µÿâ¡‡ªìπ 0.2

‡¡µ√ ·≈– 2.2 ‡¡µ√ µ“¡≈”¥—∫ ‚¥¬∑’Ëµ”·Àπàß‡√‘Ë¡µâπ¢Õß
√∂¬—ß§ß‡ªìπ 2.0 ‡¡µ√ ´÷Ëß„™â‡«≈“„π°“√‡¢â“ Ÿà‡ ∂’¬√¿“æ
7.13 «‘π“∑’ ·≈– 7.83 «‘π“∑’ µ“¡≈”¥—∫ Figure 24 ·≈–
Figure 25 · ¥ßº≈°“√®”≈Õß ∂“π°“√≥å‡¡◊ËÕ°”Àπ¥„Àâ
¡ÿ¡‡√‘Ë¡µâπ‡ªìπ 30 Õß»“ °â“π≈Ÿ°µÿâ¡¬“« 1.0 ‡¡µ√ ‚¥¬∑”
°“√ª√—∫‡ª≈’Ë¬πµ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂„ÀâÕ¬Ÿà∑’Ëµ”·Àπàß
0.15 ‡¡µ√ ·≈– 1.5 ‡¡µ√ µ“¡≈”¥—∫  ‡¡◊ËÕæ‘®“√≥“º≈
°“√®”≈Õß ∂“π°“√≥å∑’Ë· ¥ß„π Figure 24 æ∫«à“„™â‡«≈“

Figure 18. Simulation results (pendulum length
of  1.0  m,  initial  pendulum  angle  of
30º)

Figure 19. Simulation results (pendulum length
of  0.2  m,  initial  pendulum  angle  of
30º)

Figure 20. Simulation results (pendulum length
of  2.2  m,  initial  pendulum  angle  of
30º)

Figure 21. Simulation results (pendulum length
of 1.0 m, initial cart position of 2.0 m)
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„π°“√‡¢â“ Ÿà‡ ∂’¬√¿“æ∑—Èß ‘Èπ 8.25 «‘π“∑’ „π¢≥–∑’Ë°√≥’
µ”·Àπàß‡√‘Ë¡µâπ¢Õß√∂Õ¬Ÿà∑’Ë 1.5 ‡¡µ√ µ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥
°ÆÕ‘πæÿµ‡¥’¬«‰¡à “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡
º°º—π‰¥â ‡π◊ËÕß®“°µ—«√∂®–‡§≈◊ËÕπ∑’Ë‡°‘π¢Õ∫‡¢µ§«“¡¬“«
¢Õß√“ß≈◊Ëπ∑’Ë°”Àπ¥‰«â§◊Õ 2.4 ‡¡µ√  ÷́Ëßº≈°“√®”≈Õß
 ∂“π°“√≥å· ¥ß„π Figure 25

Figure 26 ∂÷ß Figure 28 ‡ªìπ°“√∑¥ Õ∫ ¡√√∂π–
¢Õßµ—«§«∫§ÿ¡øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« ‚¥¬ Figure 26

∑¥ Õ∫¥â«¬°“√ª√—∫‡ª≈’Ë¬π§«“¡¬“«°â“π·≈–¡ÿ¡‡√‘Ë¡µâπ
¢Õß≈Ÿ°µÿâ¡º°º—π ‚¥¬°”Àπ¥„Àâµ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂

Figure 22. Simulation results (pendulum length
of 0.2 m, initial cart position of 2.0 m)

Figure 23. Simulation results (pendulum length
of 2.2 m, initial cart position of 2.0 m)

Figure 24. Simulation results (initial pendulum
angle of 30º, initial cart position of 0.15
m)

Figure 25. Simulation results (initial pendulum
angle of 30º, initial cart position of 1.5
m)

Õ¬Ÿà∑’Ë°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ „π¢≥–∑’Ë Figure 27 · ¥ßº≈
°“√∑¥ Õ∫ ¡√√∂π–¢Õßµ—«§«∫§ÿ¡¥—ß°≈à“«‡¡◊ËÕ∑”°“√
ª√—∫‡ª≈’Ë¬πµ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂°—∫§«“¡¬“«¢Õß°â“π
≈Ÿ°µÿâ¡ ‚¥¬°”Àπ¥„Àâµ”·Àπàß¢Õß°â“π≈Ÿ°µÿâ¡µ—Èßµ√ßÕ¬Ÿà∑’Ë
»Ÿπ¬åÕß»“ Figure 28 ‡ªìπº≈°“√∑¥ Õ∫‡¡◊ËÕ°”Àπ¥„Àâ
°â“π≈Ÿ°µÿâ¡¬“« 1.0 ‡¡µ√ ‚¥¬∑”°“√ª√—∫‡ª≈’Ë¬π¡ÿ¡·≈–
µ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂  ®“°º≈°“√®”≈Õß ∂“π°“√≥å
‡æ◊ËÕ∑¥ Õ∫ ¡√√∂π–¢Õßµ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ
‡¥’¬«· ¥ß„Àâ‡ÀÁπ«à“‡«≈“‚¥¬ à«π„À≠à∑’Ë„™â„π°“√ √â“ß
‡ ∂’¬√¿“æª√–¡“≥ 9 «‘π“∑’
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Figure 26. Pendulums with various lengths and initial angles that can be stabilized within
finite settling times (SIRMs fuzzy controller)

Figure 27. Pendulums with various lengths and initial cart positions that can be stabilized
within finite settling times (SIRMs fuzzy controller)
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Figure 28. Pendulums with various initial angles and initial cart positions that can be
stabilized within finite settling times (SIRMs fuzzy controller)

Figure 29.  Comparison of stabilized pendulum angles.
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Õ¿‘ª√“¬º≈

‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫º≈°“√®”≈Õß ∂“π°“√≥å
°“√ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π¥â«¬µ—«§«∫§ÿ¡
π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«°—∫‡∑§π‘§°“√§«∫§ÿ¡·∫∫
Õ◊Ëπ ´÷Ëß‰¥â·°à µ—«§«∫§ÿ¡øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«æ∫«à“∑’Ë
 ∂“π°“√≥å°“√§«∫§ÿ¡‡¥’¬«°—πµ—«§«∫§ÿ¡π‘«‚√-øí́ ’́Ë™π‘¥
°ÆÕ‘πæÿµ‡¥’¬« “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡
º°º—π‰¥â√«¥‡√Á«°«à“µ—«§«∫§ÿ¡øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«
µ—«Õ¬à“ß‡™àπ „π°√≥’¡ÿ¡‡√‘Ë¡µâπ¢Õß°â“π≈Ÿ°µÿâ¡‡ªìπ 30 Õß»“
°â“π≈Ÿ°µÿâ¡¬“« 1.0 ‡¡µ√ ‚¥¬∑’Ëµ”·Àπàß‡√‘Ë¡µâπ¢Õßµ—«√∂
Õ¬Ÿà°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ  º≈°“√®”≈Õß ∂“π°“√≥å‡æ◊ËÕ
‡ª√’¬∫‡∑’¬∫ ¡√√∂π–¢Õß‡∑§π‘§°“√§«∫§ÿ¡∑—Èß Õß«‘∏’
æ‘®“√≥“‰¥â®“° Figure 29 ·≈– Figure 30 ´÷Ëß· ¥ß¡ÿ¡
¢Õß°â“π≈Ÿ°µÿâ¡º°º—π·≈–µ”·Àπàß¢Õßµ—«√∂ µ“¡≈”¥—∫
®“°º≈°“√®”≈Õß ∂“π°“√≥åæ∫«à“„π°√≥’§«∫§ÿ¡¥â«¬µ—«
§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« °“√‡§≈◊ËÕπµ—«¢Õß
°â“π≈Ÿ°µÿâ¡√«¥‡√Á«·≈–√ÿπ·√ß°«à“°√≥’§«∫§ÿ¡¥â«¬µ—«§«∫§ÿ¡
øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« °≈à“«§◊Õ °â“π≈Ÿ°µÿâ¡®–À¡ÿπ®“°
µ”·Àπàß‡√‘Ë¡µâπ∑’Ë 30 Õß»“∑“ß¥â“π∫«°¡“¬—ß¥â“π≈∫Õ¬à“ß
√«¥‡√Á« ∑”„Àâµ”·Àπàß¡ÿ¡∑“ß¥â“π≈∫¡’§à“ª√–¡“≥ -17

Õß»“ ®“°π—Èπ°â“π≈Ÿ°µÿâ¡®–À¡ÿπ°≈—∫‰ªµ—Èßµ√ß∑’Ëµ”·Àπàß
»Ÿπ¬åÕß»“Õ¬à“ß√«¥‡√Á«  „π¢≥–∑’Ë°“√‡§≈◊ËÕπµ—«¢Õß°â“π
≈Ÿ°µÿâ¡∑’Ë§«∫§ÿ¡¥â«¬µ—«§«∫§ÿ¡øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«

‡ªìπ‰ªÕ¬à“ß™â“Ê πÕ°®“°π’È‡¡◊ËÕæ‘®“√≥“°“√‡§≈◊ËÕπ∑’Ë¢Õß
µ—«√∂ ÷́Ëß· ¥ß„π Figure 30 æ∫«à“„π°√≥’§«∫§ÿ¡¥â«¬
µ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« µ—«√∂®–‡§≈◊ËÕπÀà“ß‰ª
®“°µ”·Àπàß°÷Ëß°≈“ß¢Õß√“ß≈◊Ëπ§àÕπ¢â“ß¡“°ª√–¡“≥
1.26 ‡¡µ√ ®“°π—Èπ®÷ß‡§≈◊ËÕπ∑’Ë°≈—∫¡“¬—ßµ”·Àπàß‡√‘Ë¡µâπ
Õ’°§√—Èß ‚¥¬„™â‡«≈“„π°“√‡¢â“ Ÿà‡ ∂’¬√¿“æ∑—Èß ‘Èπª√–¡“≥
8.24 «‘π“∑’ ·µà∂â“§«∫§ÿ¡¥â«¬µ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥
°ÆÕ‘πæÿµ‡¥’¬«µ—«√∂®–‡§≈◊ËÕπ∑’ËÕÕ°®“°µ”·Àπàß‡√‘Ë¡µâπ
ª√–¡“≥ 0.78 ‡¡µ√ ·≈â«®÷ß‡§≈◊ËÕπ∑’Ë°≈—∫¡“∑’Ëµ”·Àπàß
°÷Ëß°≈“ß¢Õß√“ß≈◊ËπÕ¬à“ß√«¥‡√Á« ÷́Ëß„™â‡«≈“ª√–¡“≥ 4.24

«‘π“∑’ πÕ°®“°π’È‡¡◊ËÕæ‘®“√≥“º≈°“√‡ª√’¬∫‡∑’¬∫‡«≈“„π
°“√ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π∑’Ë ∂“π°“√≥å
µà“ßÊ °—π‚¥¬„™â‡∑§π‘§°“√§«∫§ÿ¡∑—Èß 2 «‘∏’ ‰¥â· ¥ß„π
Table 5 æ∫«à“µ—«§«∫§ÿ¡π‘«‚√-øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«∑’Ë
π”‡ πÕ “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π‰¥â
√«¥‡√Á«°«à“µ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«

‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫º≈°“√∑¥ Õ∫ ¡√√∂π–
¢Õßµ—«§«∫§ÿ¡·µà≈–«‘∏’‡¡◊ËÕ∑”°“√ª√—∫‡ª≈’Ë¬π§«“¡¬“«
¢Õß°â“π≈Ÿ°µÿâ¡ µ”·Àπàß‡√‘Ë¡µâπ¢Õß¡ÿ¡·≈–µ—«√∂ æ∫«à“
„π°√≥’¢Õßµ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«‚¥¬
 à«π„À≠à„™â‡«≈“„π°“√ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π
πâÕ¬°«à“ 5 «‘π“∑’ „π¢≥–∑’Ëµ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ
‡¥’¬«„™â‡«≈“ª√–¡“≥ 9 «‘π“∑’ Figure 31 ∂÷ß Figure 33

· ¥ß¢Õ∫‡¢µ ¡√√∂π–¢Õß‡∑§π‘§°“√§«∫§ÿ¡·µà≈–«‘∏’∑’Ë

Figure 30.  Comparison of stabilized cart positions
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Table 5. Comparison of stabilization times between the proposed neuro-fuzzy controller
and the SIRMs fuzzy controller.

                                               Stabilization time (sec)
Case Situations for simulation

Neuro-fuzzy controller SIRMs fuzzy controller

initial angle = 30 degree
1 initial position = 0.0 m 4.24 8.24

length of pendulum = 1.0 m

initial angle = 30 degree
2 initial position = 0.0 m 3.86 6.59

length of pendulum = 0.2 m

initial angle = 30 degree
3 initial position = 0.0 m 8.80 9.09

length of pendulum = 2.2 m

initial angle = 0 degree
4 initial position = 2.0 m 3.93 7.19

length of pendulum = 1.0 m

initial angle = 0 degree
5 initial position = 2.0 m 4.02 7.13

length of pendulum = 0.2 m

initial angle = 0 degree
6 initial position = 2.0 m 4.70 7.83

length of pendulum = 2.2 m

initial angle = 30 degree
7 initial position = 0.15 m 4.18 8.25

length of pendulum = 1.0 m

initial angle = 30 degree
8 initial position = 1.5 m 4.04 unstable

length of pendulum = 1.0 m

 “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π ‚¥¬ Figure

31 ‡ªìπ¢Õ∫‡¢µ ¡√√∂π–¢Õßµ—«§«∫§ÿ¡‡¡◊ËÕ∑”°“√ª√—∫
‡ª≈’Ë¬π§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡·≈–¡ÿ¡‡√‘Ë¡µâπ¢Õß≈Ÿ°µÿâ¡
Figure 32 · ¥ß¢Õ∫‡¢µ ¡√√∂π–¢Õßµ—«§«∫§ÿ¡‡¡◊ËÕ
∑”°“√ª√—∫‡ª≈’Ë¬π§«“¡¬“«¢Õß°â“π≈Ÿ°µÿâ¡·≈–µ”·Àπàß
‡√‘Ë¡µâπ¢Õßµ—«√∂  „π¢≥–∑’Ë Figure 33 · ¥ß¢Õ∫‡¢µ
 ¡√√∂π–‡¡◊ËÕ∑”°“√ª√—∫‡ª≈’Ë¬πµ”·Àπàß‡√‘Ë¡µâπ¢Õß¡ÿ¡
·≈–µ—«√∂  º≈°“√∑¥ Õ∫ ¡√√∂π–· ¥ß„Àâ‡ÀÁπ«à“µ—«
§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« “¡“√∂ √â“ß
‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π‰¥â„π¢Õ∫‡¢µ∑’Ë°«â“ß¢«“ß
°«à“µ—«§«∫§ÿ¡øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«

 √ÿª

«‘∏’°“√§«∫§ÿ¡·∫∫™“≠©≈“¥∑’Ëπ”‡ πÕ‡æ◊ËÕ √â“ß
‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫¢âÕµàÕ‡¥’¬«‡ªìπ°“√
º ¡º “π√–À«à“ßµ—«§«∫§ÿ¡øí´ ’́Ë·∫∫°ÆÕ‘πæÿµ‡¥’¬«
√à«¡°—∫‚§√ß¢à“¬ª√– “∑‡∑’¬¡À√◊Õµ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë
™π‘¥°ÆÕ‘πæÿµ‡¥’¬« ª√–°Õ∫¥â«¬°Æøí´ ’́Ë·∫∫Õ‘πæÿµ‡¥’¬«
(SIRM) ·≈–§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ (DID) ´÷Ëß‰¥â®“°
‚§√ß¢à“¬ª√– “∑‡∑’¬¡∑’Ë„™â°“√‡√’¬π√Ÿâ·∫∫·æ√à°≈—∫†
µ—«§«∫§ÿ¡∑’Ëπ”‡ πÕπ’È¡’‚§√ß √â“ß∑’Ë‰¡à´—∫ ấÕπ ·≈–™à«¬≈¥
®”π«π°Æøí´ ’́Ë‚¥¬„™â‡æ’¬ß 12 °Æ„π°“√ √â“ß‡ ∂’¬√¿“æ
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„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫¢âÕµàÕ‡¥’¬«‡¡◊ËÕ∑”°“√§«∫§ÿ¡∑—Èß
¡ÿ¡≈Ÿ°µÿâ¡·≈–µ”·Àπàß¢Õßµ—«√∂ πÕ°®“°π’È‡¡◊ËÕæ‘®“√≥“
 ¡√√∂π–·≈–ª√– ‘∑∏‘º≈¢Õßµ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥
°ÆÕ‘πæÿµ‡¥’¬«  ®“°º≈°“√®”≈Õß ∂“π°“√≥å·≈–º≈°“√
∑¥ Õ∫ ¡√√∂π–¢Õßµ—«§«∫§ÿ¡· ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕæ“√“-
¡‘‡µÕ√å¢Õß√–∫∫·≈– ∂“π°“√≥å∑’Ë§«∫§ÿ¡‡ª≈’Ë¬π·ª≈ß‰ª
«‘∏’°“√§«∫§ÿ¡∑’Ëπ”‡ πÕπ’È¬—ß§ß “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ
√–∫∫≈Ÿ°µÿâ¡º°º—π·∫∫¢âÕµàÕ‡¥’¬«„π¢Õ∫‡¢µ∑’Ë°«â“ß¢«“ß
‰¥âÕ¬à“ß√«¥‡√Á«  πÕ°®“°π’È‰¥â∑”°“√‡ª√’¬∫‡∑’¬∫º≈°“√
®”≈Õß ∂“π°“√≥å°“√ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π
¥â«¬µ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬« °—∫‡∑§π‘§

°“√§«∫§ÿ¡«‘∏’Õ◊Ëπ ´÷Ëß‰¥â·°à µ—«§«∫§ÿ¡øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ
‡¥’¬«  º≈°“√∑¥ Õ∫ ¡√√∂π–¢Õßµ—«§«∫§ÿ¡·µà≈–«‘∏’
· ¥ß„Àâ‡ÀÁπ«à“ µ—«§«∫§ÿ¡π‘«‚√-øí´´’Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«
∑’Ëπ”‡ πÕ  “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π‰¥â
√«¥‡√Á«·≈–¡’¢Õ∫‡¢µ ¡√√∂π–∑’Ë°«â“ß¢«“ß°«à“µ—«§«∫§ÿ¡
øí´ ’́Ë™π‘¥°ÆÕ‘πæÿµ‡¥’¬«

¢âÕ‡ πÕ·π–

„π°“√°“√®”≈Õß ∂“π°“√≥å°“√ √â“ß‡ ∂’¬√¿“æ
„Àâ√–∫∫≈Ÿ°µÿâ¡º°º—π¥â«¬µ—«§«∫§ÿ¡π‘«‚√-øí´ ’́Ë™π‘¥°Æ

Figure 31.  Comparison of stability various (I) Figure 32.  Comparison of stability various (II)

Figure 33.  Comparison of stability various (III)
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Õ‘πæÿµ‡¥’¬« °”Àπ¥„Àâ§à“Õ—µ√“°“√‡√’¬π√Ÿâ (learning rate)

∑’Ë„™â ”À√—∫°“√‡√’¬π√Ÿâ·∫∫·æ√à°≈—∫‡ªìπ§à“§ß∑’Ë  ÷́ËßÕ“®
µâÕß„™â®”π«π√Õ∫„π°“√‡√’¬π√Ÿâ¡“°  ¥—ßπ—Èπ‡æ◊ËÕ„Àâ°“√
‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡√«¥‡√Á«¢÷Èπ Õ“®ª√—∫ª√ÿß
„Àâ§à“Õ—µ√“°“√‡√’¬π√Ÿâ “¡“√∂ª√—∫§à“ (adaptive) ‰¥âµ“¡
 ∂“π°“√≥å∑’Ë∑”°“√§«∫§ÿ¡ πÕ°®“°π’È‡π◊ËÕß®“°°“√ª√—∫
§à“√–¥—∫§«“¡ ”§—≠æ≈«—µ„™â«‘∏’°“√‡√’¬π√Ÿâ·∫∫·æ√à°≈—∫
‚¥¬§à“æ“√“¡‘‡µÕ√å‡√‘Ë¡µâπ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡ ‰¥â·°à
§à“πÈ”Àπ—°ª√– “∑ ·≈–§à“‰∫·Õ  ‰¥â¡“®“°°“√ ÿà¡§à“ ´÷Ëß
Õ“®¡’‚Õ°“ ∑’Ë‰¡à “¡“√∂ √â“ß‡ ∂’¬√¿“æ„Àâ√–∫∫≈Ÿ°µÿâ¡
º°º—π‰¥â ¥—ßπ—ÈπÕ“®À≈’°‡≈’Ë¬ßªí≠À“π’È¥â«¬°“√°”Àπ¥§à“
æ“√“¡‘‡µÕ√å‡√‘Ë¡µâπ‡À≈à“π’È„Àâ‡À¡“– ¡¥â«¬‡∑§π‘§°“√
§âπÀ“µà“ßÊ ‡™àπ ®’π‡πµ‘°Õ—≈°Õ√‘∑÷¡ (genetic algorithm)

°“√§âπÀ“·∫∫µ“∫Ÿ‡™‘ßª√—∫µ—« (adaptive tabu search)
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