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Abstract
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This paper presents a solution to the tracking problem, which is one of the interesting research topics,

for a robot with obstacle avoidance via simple fuzzy control. The proposed forms of membership functions

are designed in light of ease of implementation for real-world application. Control parameters are con-

sidered and assigned based upon size of the robot and interaction distance between sensors and environment.

To evaluate the effectiveness of the design, computer simulation using Visual Basic is carried out to validate

the robot movement. The results show high possibility for implementation of the system using the proposed

design.
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∫∑§«“¡π’È°≈à“«∂÷ß«‘∏’°“√·°âªí≠À“°“√µ‘¥µ“¡‡ªÑ“À¡“¬¢ÕßÀÿàπ¬πµå„π¢≥–∑’Ë¡’ ‘Ëß°’¥¢«“ß¥â«¬°√–∫«π°“√

§«∫§ÿ¡·∫∫øí´´’Õ¬à“ßßà“¬´÷Ëß‡ªìπªí≠À“«‘®—¬Àπ÷Ëß∑’Ëπà“ π„® ‚¥¬√Ÿª·∫∫¢Õßøíß°å™—π§«“¡‡ªìπ ¡“™‘°ÕÕ°·∫∫„ÀâÕ¬Ÿà

„π√Ÿª·∫∫∑’Ëßà“¬µàÕ°“√π”‰ª„™â®√‘ß æ“√“¡‘‡µÕ√å∑’Ë„™â„π°“√§«∫§ÿ¡ÕÕ°·∫∫‚¥¬Õ“»—¬¢π“¥¢ÕßÀÿàπ¬πµå·≈–√–¬–

Õ—πµ√°‘√‘¬“√–À«à“ßµ—«µ√«®√—∫°—∫ ‘Ëß·«¥≈âÕ¡ ‡æ◊ËÕµ√«® Õ∫°“√ÕÕ°·∫∫®÷ß®”≈Õß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀÿàπ¬πµå„π

 ∂“π°“√≥åµà“ßÊ ¥â«¬§Õ¡æ‘«‡µÕ√å‚¥¬„™â‚ª√·°√¡«‘™«≈‡∫ ‘° º≈°“√®”≈Õß∑’Ë‰¥â· ¥ß∂÷ß§«“¡‡ªìπ‰ª‰¥âÕ¬à“ß Ÿß

¢Õß√–∫∫§«∫§ÿ¡∑’Ëπ”‡ πÕ«à“ “¡“√∂π”‰ª„™âß“π®√‘ß‰¥â

‡¡◊ËÕ‰¡àπ“π¡“π’È¡’°“√ª√–¬ÿ°µå„™â°“√§«∫§ÿ¡·∫∫
øí´´’  (Lin and George Lee, 1996;  Tsoukalas and

Uhrig, 1996) °—∫Àÿàπ¬πµå„Àâ∑”Àπâ“∑’Ëµà“ßÊ ‡™àπ „™â„π
°“√ √â“ß·ºπ∑’Ë (Tunstel and Jamshidi, 1994) „™â„Àâ
‡§≈◊ËÕπ∑’Ëµ“¡·À≈àß°”‡π‘¥· ß∑’Ë°”Àπ¥ (Da Silva et al.,

1998)  ´÷Ëß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀÿàπ¬πµå„πß“π π“¡π—Èπ ®–
æ∫«à“ªí≠À“°“√µ‘¥µ“¡‡ªÑ“À¡“¬·≈–ªí≠À“°“√À≈∫ ‘Ëß
°’¥¢«“ßπ—Èπ‡ªìπªí≠À“∑’Ëæ∫‡ªìπª√–®” ·≈–ß“π«‘®—¬∑’Ëºà“π
¡“π—Èπæ∫«à“°“√·°âªí≠À“¥—ß°≈à“«‚¥¬«‘∏’§«∫§ÿ¡·∫∫øí´´’
‰¥âÕÕ°·∫∫øíß°å™—π ¡“™‘°∑’Ë¬ÿàß¬“° (Ho Yim and Butler,

1995) À√◊Õ‰¡à°Á¡’µ—«·ª√∑“ß¿“…“¡“°‡°‘π§«“¡®”‡ªìπ
(Martinez et al., 1993; Wei Li, 1994) ¥—ßπ—Èπ∫∑§«“¡π’È
®÷ß‰¥âπ”‡ πÕ√–∫∫§«∫§ÿ¡øí´´’∑’Ë‡¢â“„®ßà“¬  ≈¥§«“¡
´—∫´âÕπ≈ß ‚¥¬∑’Ë√–∫∫§«∫§ÿ¡ª√–°Õ∫¥â«¬ µ—«·ª√Õ‘πæÿµ
‡æ’¬ß 4 µ—« ·≈–µ—«·ª√‡Õ“µåæÿµ‡æ’¬ß 2 µ—« ‚¥¬¡’øíß°å™—π
§«“¡‡ªìπ ¡“™‘°¢ÕßÕ‘πæÿµ·≈– ¡“™‘°¢Õß‡Õ“µåæÿµ‡ªìπ
√Ÿª “¡‡À≈’Ë¬¡ „™âµ—«µ√«®«—¥Õ—≈µ√“‚´π‘§‡æ’¬ß 3 µ—« ∑”„Àâ
Àÿàπ¬πµå„™â‡«≈“„π°“√ª√–¡«≈º≈πâÕ¬  ¡’°“√µÕ∫ πÕß
Õ¬à“ß√«¥‡√Á« ·≈–‡À¡“– ¡∑’Ë®–π”¡“„™â°—∫°“√µ—¥ ‘π„®
¢ÕßÀÿàπ¬πµå„π°“√‡§≈◊ËÕπ∑’ËÀ≈∫À≈’° ‘Ëß°’¥¢«“ß‰ª¬—ß
‡ªÑ“À¡“¬∑’Ë°”Àπ¥

·∫∫®”≈ÕßÀÿàπ¬πµå·≈–°“√ÕÕ°·∫∫µ—«§«∫§ÿ¡øí´´’

1. ·∫∫®”≈ÕßÀÿàπ¬πµå

Àÿàπ¬πµå∑’ËÕÕ°·∫∫π’È „™âÕÿª°√≥åµ—«µ√«®«—¥ 2

™π‘¥  §◊Õ  ≈‘¡‘µ «‘µ™å  (Limit Switch)  ·≈–µ—«µ√«®«—¥
Õ—≈µ√“‚´π‘§ (Ultrasonic Sensor)   ‚¥¬∑’Ëµ—«µ√«®«—¥
Õ—≈µ√“‚´π‘§ „™âµ√«®«—¥√–¬–∑“ß√–À«à“ßÀÿàπ¬πµå°—∫ ‘Ëß
°’¥¢«“ß „™â∑—ÈßÀ¡¥ 3 µ—« §◊Õ ¥â“πÀπâ“ ∑“ß´â“¬ ·≈–∑“ß
¢«“ ‚¥¬§à“∑’Ëµ√«®«—¥‰¥âπ’È®–‡ªìπ§à“∑’Ë„™â‡ªìπµ—«·ª√Õ‘πæÿµ
¢Õßµ—«§«∫§ÿ¡øí´´’   à«π≈‘¡‘µ «‘µ™å„™âµ√«®®—∫°“√™π®–
„™â 2 µ—« §◊Õ ∑’Ë¥â“πÀπâ“∑“ß´â“¬Àπ÷Ëßµ—«·≈–¥â“πÀπâ“∑“ß
¢«“Õ’°Àπ÷Ëßµ—« ¥—ß· ¥ß„π Figure 1 ‚¥¬®–∑”Àπâ“∑’Ë‡ªìπ
™ÿ¥µ√«®«—¥ ”√Õß‡æ◊ËÕ„™â„π°√≥’∑’ËÀÿàπ¬πµå‡°‘¥°“√™π°—∫
 ‘Ëß°’¥¢«“ß‚¥¬„™âÀ≈—° “¡—≠ ”π÷°§◊Õ  ∂â“≈‘¡‘µ «‘µ™å¥â“π
´â“¬∑”ß“π·≈â«  „ÀâÀÿàπ¬πµå∂Õ¬À≈—ß·≈–À¡ÿπ‰ª∑“ß¢«“
·≈–∂â“≈‘¡‘µ «‘µ™å¥â“π¢«“∑”ß“π ·≈â«„ÀâÀÿàπ¬πµå∂Õ¬À≈—ß
·≈–À¡ÿπ‰ª∑“ß ấ“¬

Figure 1. Installation of Ultrasonic Sensors and

Limit Switches
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2. °“√ÕÕ°·∫∫µ—«§«∫§ÿ¡øí´´’

„π∫∑§«“¡π’È√–∫∫§«∫§ÿ¡øí´´’„™â‚§√ß √â“ß
æ◊Èπ∞“π∑’Ë ”§—≠ 4  à«π §◊Õ  à«π°“√øí´´‘øî‡§™—π (Fuzzi-

fication Unit)  à«π°Æ°“√§«∫§ÿ¡øí´´’ (Fuzzy Rules

Base) Àπà«¬«‘π‘®©—¬°Æ (Inference Engine) ·≈– à«π
°“√¥’øí´´‘øî‡§™—π (Defuzzification Unit) ¥—ß· ¥ß„π
Figure 2

2.1 °“√øí´´‘øî‡§™—π

‡ªìπ¢—ÈπµÕπ°“√·ª≈ß§à“µ—«·ª√Õ‘πæÿµ·≈–
§à“µ—«·ª√‡Õ“µåæÿµ„ÀâÕ¬Ÿà„π√Ÿª§à“§«“¡‡ªìπ ¡“™‘°„π√–∫∫
øí´´’‡´µ ‚¥¬Õ“»—¬øíß°å™—π§«“¡‡ªìπ ¡“™‘°·≈–µ—«·ª√
∑“ß¿“…“µ—«·ª√Õ‘πæÿµ∑’Ë„™â„π°“√øí´´‘øî‡§™—π¡’¥â«¬°—π
4 µ—«·ª√ §◊Õ

1) √–¬–Àà“ß√–À«à“ßÀÿàπ¬πµå°—∫ ‘Ëß°’¥¢«“ß
∑“ß¥â“π ấ“¬

2) √–¬–Àà“ß√–À«à“ßÀÿàπ¬πµå°—∫ ‘Ëß°’¥¢«“ß
∑“ß¥â“πÀπâ“

3) √–¬–Àà“ß√–À«à“ßÀÿàπ¬πµå°—∫ ‘Ëß°’¥¢«“ß
∑“ß¥â“π¢«“

4) ∑‘»∑“ß¢Õß‡ªÑ“À¡“¬
´÷Ëßµ—«·ª√ 3 µ—«·√°‡ªìπ¢âÕ¡Ÿ≈∑’Ë√—∫¡“®“°

µ—«µ√«®«—¥Õ—≈µ√“‚´π‘§ · ¥ß‰¥â¥—ß Figure 3  à«πµ—«·ª√
∑‘»∑“ß¢Õß‡ªÑ“À¡“¬ À“‰¥â®“° ¡°“√∑’Ë 1 §◊Õ

θ  =  φ(robot) - φ(target)           (1)

Figure 2.  Structure of Fuzzy Control

Figure 3.  Acquired information for fuzzification of input variables
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‚¥¬∑’Ë θ §◊Õ ∑‘»∑“ß¢Õß‡ªÑ“À¡“¬
φ(robot) §◊Õ ¡ÿ¡¢ÕßÀÿàπ¬πµå
φ(target) §◊Õ ¡ÿ¡¢Õß‡ªÑ“À¡“¬

∂â“∑‘»∑“ß‡ªÑ“À¡“¬¡’§à“‡ªìπ≈∫ · ¥ß«à“‡ªÑ“À¡“¬
Õ¬Ÿà∑“ß¥â“π´â“¬¢ÕßÀÿàπ¬πµå  ∂â“∑‘»∑“ß‡ªÑ“À¡“¬¡’§à“‡ªìπ
∫«° · ¥ß«à“‡ªÑ“À¡“¬Õ¬Ÿà∑“ß¥â“π¢«“¢ÕßÀÿàπ¬πµå ‚¥¬
°“√À“∑‘»∑“ß‡ªÑ“À¡“¬ · ¥ß¥—ß Figure 4

øíß°å™—π§«“¡‡ªìπ ¡“™‘°¢Õßµ—«·ª√Õ‘πæÿµ∑—Èß 4

π—Èπ · ¥ß¥—ß Figure 5

µ—«·ª√∑“ß¿“…“¢Õßµ—«·ª√Õ‘πæÿµ ¡’§«“¡À¡“¬
¥—ßπ’È

-  ”À√—∫µ—«·ª√√–¬–Àà“ß¥â“π´â“¬  µ—«·ª√√–¬–
Àà“ß¥â“πÀπâ“  ·≈–µ—«·ª√√–¬–Àà“ß¥â“π¢«“
NL: Near Left §◊Õ ‡¢â“„°≈â ‘Ëß°’¥¢«“ß∑“ß ấ“¬
FL: Far Left §◊Õ ‰°≈®“° ‘Ëß°’¥¢«“ß∑“ß ấ“¬
NF: Near Front §◊Õ ‡¢â“„°≈â ‘Ëß°’¥¢«“ß∑“ßÀπâ“
FF: Far Front §◊Õ ‰°≈®“° ‘Ëß°’¥¢«“ß∑“ßÀπâ“
NR: Near Right §◊Õ ‡¢â“„°≈â ‘Ëß°’¥¢«“ß∑“ß¢«“
FR: Far Right §◊Õ ‰°≈®“° ‘Ëß°’¥¢«“ß∑“ß¢«“

-  ”À√—∫µ—«·ª√ ∑‘»∑“ß¢Õß‡ªÑ“À¡“¬
B_L: Back Left §◊Õ ‡ªÑ“À¡“¬Õ¬Ÿà¥â“πÀ≈—ß∑“ß ấ“¬
L: Left §◊Õ ‡ªÑ“À¡“¬Õ¬Ÿà¥â“π ấ“¬
F_L: Front Left §◊Õ ‡ªÑ“À¡“¬Õ¬Ÿà¥â“πÀπâ“∑“ß ấ“¬
Z: Zero §◊Õ ‡ªÑ“À¡“¬Õ¬Ÿà¥â“πÀπâ“

F_R: Front Right §◊Õ ‡ªÑ“À¡“¬Õ¬Ÿà¥â“πÀπâ“∑“ß¢«“
R: Right §◊Õ ‡ªÑ“À¡“¬Õ¬Ÿà¥â“π¢«“
B_R: Back Right §◊Õ ‡ªÑ“À¡“¬Õ¬Ÿà¥â“πÀ≈—ß∑“ß¢«“

øíß°å™—π§«“¡‡ªìπ ¡“™‘°¢Õßµ—«·ª√‡Õ“µåæÿµ¢Õß
√–∫∫§«∫§ÿ¡øí´ ’́· ¥ß¥—ß Figure 6  µ—«·ª√∑“ß¿“…“
¢Õßµ—«·ª√‡Õ“µåæÿµ¡’§«“¡À¡“¬¥—ßπ’È

-  ”À√—∫µ—«·ª√ §«“¡‡√Á«¢ÕßÀÿàπ¬πµå
Slow §◊Õ „ÀâÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ë™â“
Medium §◊Õ „ÀâÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ëª“π°≈“ß
Fast §◊Õ „ÀâÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ë‡√Á«

-  ”À√—∫µ—«·ª√ ¡ÿ¡°“√À¡ÿπ¢ÕßÀÿàπ¬πµå
NB: Negative Big §◊Õ „ÀâÀÿàπ¬πµåÀ¡ÿπ ấ“¬¡“°Ê
NM: Negative Medium §◊Õ „ÀâÀÿàπ¬πµåÀ¡ÿπ´â“¬ª“π°≈“ß
NS: Negative Small §◊Õ „ÀâÀÿàπ¬πµåÀ¡ÿπ ấ“¬‡≈Á°πâÕ¬
ZZ: Zero §◊Õ „ÀâÀÿàπ¬πµåµ√ß‰ª¢â“ßÀπâ“
PS: Positive Small §◊Õ „ÀâÀÿàπ¬πµåÀ¡ÿπ¢«“‡≈Á°πâÕ¬
PM: Positive Medium §◊Õ„ÀâÀÿàπ¬πµåÀ¡ÿπ¢«“ª“π°≈“ß
PB: Positive Big §◊Õ „ÀâÀÿàπ¬πµåÀ¡ÿπ¢«“¡“°Ê

2.2 °“√ √â“ß°Æ°“√§«∫§ÿ¡·∫∫øí´´’

°Æ°“√§«∫§ÿ¡·∫∫øí´´’ ∂Ÿ°°”Àπ¥„ÀâÕ¬Ÿà
„π√Ÿª·∫∫¢Õß°Æ ç∂â“-·≈â«é À√◊Õ “IF-THEN” ´÷Ëß· ¥ß
§«“¡ —¡æ—π∏å√–À«à“ß§à“Õ‘πæÿµ·≈–‡Õ“µåæÿµ À≈—°°“√„π
°“√ √â“ß°Æ°“√§«∫§ÿ¡π—Èπ √â“ß®“°æƒµ‘°√√¡¢ÕßÀÿàπ¬πµå
∑’Ë°√–∑”°—∫ ‘Ëß°’¥¢«“ß„π ¿“«–·«¥≈âÕ¡¢≥–π—Èπ ·∫àß‡ªìπ

Figure 4.  Calculation of target direction
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Figure 5.  Membership Function of Input Variables

Figure 6.  Membership Function of Output Variables
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4 æƒµ‘°√√¡ §◊Õ
1) æƒµ‘°√√¡‡§≈◊ËÕπ∑’ËÀ≈∫À≈’° ‘Ëß°’¥¢«“ß

‡¡◊ËÕÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ë‡¢â“„°≈â ‘Ëß°’¥¢«“ß
Àÿàπ¬πµå§«√®–‡§≈◊ËÕπ∑’Ë‡æ◊ËÕÀ≈∫ ‘Ëß°’¥¢«“ß„Àâ‰¥â ·≈–≈¥
§«“¡‡√Á«„Àâ‡§≈◊ËÕπ∑’Ë™â“≈ß‡æ◊ËÕªÑÕß°—πµπ‡Õß„π°√≥’∑’Ëµ—«
µ√«®«—¥∑”ß“π‰¡à∑—π‡π◊ËÕß®“°¢âÕ®”°—¥∑“ß°“¬¿“æ

2) æƒµ‘°√√¡‡§≈◊ËÕπ∑’Ë„π∑“ß·§∫Ê
‡¡◊ËÕÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ë‡¢â“‰ª„π∑“ß·§∫Ê

Àÿàπ¬πµå§«√‡§≈◊ËÕπ∑’Ëµ√ß‰ª¢â“ßÀπâ“‡æ’¬ßÕ¬à“ß‡¥’¬«‚¥¬∑’Ë
‰¡à π„®∑‘»∑“ß¢Õß‡ªÑ“À¡“¬·≈–„™â§«“¡‡√Á«„π√–¥—∫ª°µ‘
‡æ√“–Àÿàπ¬πµå§«√√’∫æ“µπ‡ÕßÕÕ°®“°√–¬–ª√–™‘¥

3) æƒµ‘°√√¡‡§≈◊ËÕπ∑’Ë‰ªµ“¡¢Õ∫
‡¡◊ËÕ∑‘»∑“ß¢Õß‡ªÑ“À¡“¬Õ¬ŸàΩíòßµ√ß¢â“¡

 ‘Ëß°’¥¢«“ß·≈–‡æ◊ËÕ„ÀâÀÿàπ¬πµå«‘Ëß‰ªÀ“‡ªÑ“À¡“¬‰¥â Àÿàπ¬πµå
§«√®–«‘Ëß‰ªµ“¡¢Õ∫¢Õß ‘Ëß°’¥¢«“ß‰ª‡√◊ËÕ¬Ê ®π°√–∑—Ëß
ºà“πæâπ ‘Ëß°’¥¢«“ßπ—Èπ ·≈â«®÷ß‡§≈◊ËÕπ∑’Ë‰ª¬—ß‡ªÑ“À¡“¬µàÕ‰ª
‚¥¬Àÿàπ¬πµå “¡“√∂‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«ª°µ‘‰¥â

4) æƒµ‘°√√¡‡§≈◊ËÕπ∑’Ë«‘Ëß‰ªÀ“‡ªÑ“À¡“¬
‡¡◊ËÕ‰¡à¡’ ‘Ëß°’¥¢«“ß√–À«à“ßÀÿàπ¬πµå°—∫

‡ªÑ“À¡“¬ À√◊Õ‰¡à¡’ ‘Ëß°’¥¢«“ß√Õ∫Ê µ—«Àÿàπ¬πµå „π°√≥’π’È
Àÿàπ¬πµå “¡“√∂∑”µ“¡®ÿ¥ª√– ß§åÀ≈—°§◊Õ «‘Ëß‡¢â“À“‡ªÑ“
À¡“¬·≈–„™â§«“¡‡√Á«„Àâ¡“°∑’Ë ÿ¥‡∑à“∑’Ë®–∑”‰¥â

¬°µ—«Õ¬à“ß°Æ°“√§«∫§ÿ¡  „π°√≥’∑’Ë
Àÿàπ¬πµåµ√«®æ∫ ‘Ëß°’¥¢«“ß„π√–¬–„°≈â∑—Èß 3 ∑‘»∑“ß ·≈–
‡ªÑ“À¡“¬Õ¬Ÿà¥â“πÀπâ“  ¥—ßπ—ÈπÀÿàπ¬πµå®–¡’æƒµ‘°√√¡‡§≈◊ËÕπ∑’Ë
À≈∫À≈’° ‘Ëß°’¥¢«“ß ‡¢’¬π°Æ°“√§«∫§ÿ¡‰¥â¥—ßπ’È ∂â“√–¬–
Àà“ß¥â“π´â“¬ = NL, √–¬–Àà“ß¥â“πÀπâ“ = NF, √–¬–Àà“ß
¥â“π¢«“ = NR, ∑‘»∑“ß¢Õß‡ªÑ“À¡“¬ = Z ·≈â«§«“¡‡√Á«
¢ÕßÀÿàπ¬πµå = Slow ·≈–¡ÿ¡°“√À¡ÿπ¢ÕßÀÿàπ¬πµå = NM

2.3 °“√«‘π‘®©—¬°Æ

‡ªìπ°“√π”§à“§«“¡‡ªìπ ¡“™‘°∑’Ë‰¥â√—∫‡¢â“
¡“‰ªª√–¡«≈º≈µ“¡°Æ°“√§«∫§ÿ¡¢Õß√–∫∫§«∫§ÿ¡øí́ ’́
∑’Ë‰¥âÕÕ°·∫∫‰«â „π∑’Ëπ’È®–‡≈◊Õ°„™â«‘∏’°“√ Mamdani - Min

(Tsoukalas and Uhrig, 1996) ́ ÷Ëß‡ªìπ«‘∏’∑’Ë„™â‡«≈“ª√–¡«≈
º≈‡√Á«·≈–¡’°“√§”π«≥∑’Ë‰¡à́ —∫ ấÕπ

2.4 °“√¥’øí´´‘øî‡§™—π

‡ªìπ°“√·ª≈ßº≈®“°§à“§«“¡‡ªìπ ¡“™‘°∑’Ë

‰¥â®“°¢—ÈπµÕπ¢Õß°“√«‘π‘®©—¬°Æ°“√§«∫§ÿ¡„ÀâÕ¬Ÿà„π√Ÿª
¢Õß§à“‡Õ“µåæÿµ‚¥¬‡ªìπ®”π«π®√‘ß∑’ËÕ¬Ÿà„π‚¥‡¡π¢Õßµ—«·ª√
‡Õ“µåæÿµ  ÷́Ëß§à“π’È‡ªìπ§à“∑’Ëπ”‰ª„™â„π°“√§«∫§ÿ¡Àÿàπ¬πµå
π—Ëπ‡Õß

‡∑§π‘§°“√¥’øí́ ‘́øî‡§™—π¡’À≈“¬«‘∏’¥â«¬°—π
 ”À√—∫√–∫∫§«∫§ÿ¡·∫∫øí´´’„π∫∑§«“¡π’È®–‡≈◊Õ°„™â«‘∏’
À“§à“»Ÿπ¬å°≈“ß (Tsoukalas and Uhrig, 1996) ´÷Ëß«‘∏’π’È
‡ªìπ∑’Ëπ‘¬¡„™â¡“°„π°√–∫«π°“√§«∫§ÿ¡ ‡π◊ËÕß®“°„™â¢âÕ¡Ÿ≈
¢Õß§à“§«“¡‡ªìπ ¡“™‘°¢Õß∑ÿ°°Æ∑’Ë‡ªìπ®√‘ß∑”„Àâ§à“∑’Ë‰¥â¡’
§«“¡πà“‡™◊ËÕ∂◊Õ·≈–‡À¡“– ¡°«à“«‘∏’Õ◊ËπÊ  “¡“√∂§”π«≥
§«“¡‡√Á«¢ÕßÀÿàπ¬πµå ®“°°“√¥’øí´´‘øî‡§™—π‰¥â®“° ¡°“√
∑’Ë 2
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 à«π°“√§”π«≥¡ÿ¡°“√À¡ÿπ¢ÕßÀÿàπ¬πµå  “¡“√∂
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 ”À√—∫°“√∑¥ Õ∫°“√ÕÕ°·∫∫µ“¡À≈—°°“√¢Õß
·∫∫®”≈ÕßÀÿàπ¬πµå·≈–°“√ÕÕ°·∫∫µ—«§«∫§ÿ¡øí´´’ ®–
π”‡ πÕ„πÀ—«¢âÕ°“√∑¥ Õ∫¥â«¬°“√®”≈Õßº≈
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°“√∑¥ Õ∫¥â«¬°“√®”≈Õßº≈

‚§√ß √â“ß¿“æ√«¡¢Õß¢—ÈπµÕπ°“√∑”ß“π¢Õß
‚ª√·°√¡®”≈Õß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀÿàπ¬πµå· ¥ß¥—ß Figure

7

„π°“√∑¥ Õ∫°“√∑”ß“π‰¥â®”≈Õßµ—«Àÿàπ¬πµå¢π“¥
°«â“ß 15 ´¡. ¬“« 15 ´¡. ¿“¬„πæ◊Èπ∑’Ë®”°—¥ ¢π“¥°«â“ß
230 ´¡. ¬“« 150 ´¡.   à«π¢—ÈπµÕπ°“√µ√«® Õ∫«à“
Àÿàπ¬πµå‡§≈◊ËÕπ∑’Ë∂÷ß‡ªÑ“À¡“¬∑’Ë°”Àπ¥„Àâ·≈â«À√◊Õ‰¡à
 “¡“√∂µ√«® Õ∫‰¥â®“°°“√∑’ËÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ë‰ª‡¢â“„°≈â
‡ªÑ“À¡“¬„π√–¬–∑’Ë¬Õ¡√—∫‰¥â ¥—ß ¡°“√∑’Ë 4

(X
t
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r
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„π¢—ÈπµÕπ°“√‡§≈◊ËÕπµ—«Àÿàπ¬πµå®–π”§à“§«“¡‡√Á«

·≈–¡ÿ¡°“√À¡ÿπ¢ÕßÀÿàπ¬πµå∑’Ë‰¥â®“°°“√√¥’øí´ ‘́øî‡§™—π
¡“°”Àπ¥µ”·Àπàß∑’ËÀÿàπ¬πµå®–‡§≈◊ËÕπ∑’Ë‰ª·≈–¡ÿ¡¢Õß
Àÿàπ¬πµå„À¡à ¥—ß ¡°“√∑’Ë 5
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Figure 7.  Block diagram of simulation program for robot navigation
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Table 1. Distance and time of robot from Figure 8

Start Point Path Distance (Cm.) Time (S.)

1 1   � 234.4 73.8

2 2   � 109.3 27.6

3 3   + 417 128

4 4   × 305.4 91.1

Table 2. Distance and time of robot from Figure 9

Start Point Path Distance (Cm.) Time (S.)

1 1   � 234.5 65.7

2 2   � 336.8 106.8

3 3   + 167.6 52.6

4 4   × 143.9 41.6

Table 3. Distance and time of robot from Figure

15

                Path Distance (Cm.) Time (S.)

Simple Fuzzy Control
     (Red Path) 246.5 72
Complicated Fuzzy Control
     (Blue Path) 238.4 79

v
x

* §◊Õ §«“¡‡√Á«Àÿàπ¬πµå„π·°π X À√◊Õ

v
Robot

* cos(φ(t))

v
y

* §◊Õ §«“¡‡√Á«Àÿàπ¬πµå„π·°π Y À√◊Õ

v
Robot

* sin(φ(t))

φ(t) §◊Õ ¡ÿ¡¢ÕßÀÿàπ¬πµå°àÕπÀ¡ÿπ
φ(t + T

s
) §◊Õ ¡ÿ¡¢ÕßÀÿàπ¬πµåÀ≈—ß®“°À¡ÿπ·≈â«

(X(t),Y(t)) §◊Õ æ‘°—¥¢ÕßÀÿàπ¬πµå°àÕπ‡§≈◊ËÕπ∑’Ë
(X(t+T

s
),Y(t+T

s
)) §◊Õ æ‘°—¥∑’ËÀÿàπ¬πµå®–‡§≈◊ËÕπ∑’Ë

‰ª

1. ‡ªÑ“À¡“¬Õ¬Ÿà„π ‘Ëß°’¥¢«“ß√Ÿªµ—«¬Ÿ‚¥¬∑”°“√

‡ª≈’Ë¬πµ”·Àπàß‡√‘Ë¡µâπ¢ÕßÀÿàπ¬πµå

„π Figure 8 ·≈– Table 1 · ¥ß„Àâ‡ÀÁπ«à“‡ âπ
∑“ß°“√‡§≈◊ËÕπ∑’Ë„π‡ âπ∑“ß∑’Ë 1 ·≈– 2 π—Èπ   Àÿàπ¬πµå
 “¡“√∂‡§≈◊ËÕπ∑’Ë‰ª¬—ß‡ªÑ“À¡“¬‚¥¬„™â√–¬–∑“ß·≈–‡«≈“∑’Ë
πà“æÕ„® ·µà ”À√—∫‡ âπ∑“ß∑’Ë 3 ·≈– 4 ®–æ∫¢âÕ‡ ’¬¢Õß
µ—«§«∫§ÿ¡øí́ ’́∑’Ë‰¥âπ”‡ πÕπ’È§◊Õ ‡¡◊ËÕÀÿàπ¬πµåµâÕßÀ≈∫À≈’°
 ‘Ëß°’¥¢«“ß‚¥¬¡’‡ªÑ“À¡“¬Õ¬Ÿàµ√ßÀπâ“  ®“°°“√ÕÕ°·∫∫
°Æ°“√§«∫§ÿ¡‰¥â°”Àπ¥„ÀâÀÿàπ¬πµåÀ≈∫‰ª∑“ß ấ“¬‡ ¡Õ
∑”„ÀâµâÕß‡§≈◊ËÕπ∑’Ë‚¥¬„™â√–¬–∑“ß·≈–‡«≈“∑’Ë¡“°°«à“∑’Ë
§«√®–‡ªìπ

2. ‡√‘Ë¡µâπ®“°®ÿ¥‡¥’¬«°—π‰ª¬—ß‡ªÑ“À¡“¬∑’Ëµà“ß°—π

„π ‘Ëß°’¥¢«“ß«“ß°√–®—¥°√–®“¬Õ¬Ÿà

„π‡ âπ∑“ß∑’Ë 1, 3 ·≈– 4   Àÿàπ¬πµå “¡“√∂
‡§≈◊ËÕπ∑’Ë‰ª¬—ß‡ªÑ“À¡“¬‚¥¬„™â√–¬–∑“ß·≈–‡«≈“∑’Ëπà“æÕ„®
·µà ”À√—∫‡ âπ∑“ß∑’Ë 2  ®–æ∫¢âÕ‡ ’¬‡™àπ‡¥’¬«°—∫°“√
®”≈ÕßÀ—«¢âÕ∑’Ë°àÕπÀπâ“π’È ¥—ß„π Figure 9 ·≈– Table 2

3.  ‘Ëß°’¥¢«“ß«“ßÕ¬à“ß ≈—∫´—∫ ấÕπ§≈â“¬‡¢“«ß°µ

‡æ◊ËÕ∑¥ Õ∫ª√– ‘∑∏‘¿“æ„π°“√∑”ß“π¢Õß
Àÿàπ¬πµå ®÷ß®”≈Õß ‘Ëß·«¥≈âÕ¡∑’Ë¡’ ‘Ëß°’¥¢«“ß«“ßÕ¬à“ß ≈—∫
—́∫ ấÕπ ÷́Ëß¡’≈—°…≥–§≈â“¬°—∫‡¢“«ß°µ  ®“°‡ âπ∑“ß°“√

‡§≈◊ËÕπ∑’Ë¢ÕßÀÿàπ¬πµå„π Figure 10 æ∫«à“Àÿàπ¬πµåµ—¥ ‘π„®
º‘¥æ≈“¥∑”„Àâ‡§≈◊ËÕπ∑’Ë«π°≈—∫‰ª¬—ß®ÿ¥‡√‘Ë¡µâπÕ¬ŸàÀπ÷Ëß√Õ∫
·µà√Õ∫∑’Ë Õß°Á “¡“√∂µ—¥ ‘π„®‰¥âÕ¬à“ß∂Ÿ°µâÕß‡π◊ËÕß®“°
¢âÕ¡Ÿ≈∑’ËÀÿàπ¬πµå‰¥â√—∫‡ª≈’Ë¬π‰ª∑”„Àâ°“√µ—¥ ‘π„®‡ª≈’Ë¬π
‰ª¥â«¬

4. ‡ªÑ“À¡“¬Õ¬ŸàÀ≈—ß ‘Ëß°’¥¢«“ß√Ÿªµ—«¬Ÿ

‡ªìπ°“√®”≈Õß‡æ◊ËÕ∑¥ Õ∫«à“Àÿàπ¬πµå “¡“√∂
‡§≈◊ËÕπ∑’ËÕÕ°¡“®“° ‘Ëß°’¥¢«“ß√Ÿªµ—«¬Ÿ‚¥¬∑’Ë‰¡à‡§≈◊ËÕπ∑’Ë«π
√Õ∫Õ¬Ÿà¿“¬„π‰¥âÀ√◊Õ‰¡à  º≈°“√∑¥ Õ∫¥—ß· ¥ß„π Figure

11  Àÿàπ¬πµå®–„™âæƒµ‘°√√¡‡§≈◊ËÕπ∑’Ë‰ªµ“¡¢Õ∫‡æ◊ËÕ∑’Ë®–
‡§≈◊ËÕπ∑’ËÕÕ°¡“®“° ‘Ëß°’¥¢«“ß√Ÿªµ—«¬Ÿ  À≈—ß®“°∑’ËÕÕ°¡“
¿“¬πÕ° ‘Ëß°’¥¢«“ß·≈â«°Á®–‡§≈◊ËÕπ‰ª¬—ßµ”·Àπàß‡ªÑ“À¡“¬
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Figure 8. Robot tracking line from several start-

ing  points  to  reach  the  same  target

inside U-shaped Obstacle

Figure 9. Robot tracking line from same start

point to reach the several target points

in cluttered environment

Figure 10. Robot motion in complicated environ-

ment like the maze

Figure 11. Robot escape from U-shaped obstacle

and target position is located at the

backside

Figure 12.1 Robot  avoiding  the  first  obstacle

(moving up)

Figure 12.2 Robot avoiding the second obstacle

(moving down)
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Figure 13.  Robot catching the moving target

Figure 14.  Membership function of input variables for complicated fuzzy control

Figure 15.  Compare robot tracking line of simple and complicated fuzzy control
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µàÕ‰ª
5. À≈∫À≈’° ‘Ëß°’¥¢«“ß∑’Ë‡§≈◊ËÕπ∑’Ë‰¥â

‡ªìπ°“√®”≈Õß„Àâ¡’ ‘Ëß°’¥¢«“ß∑’Ë‡§≈◊ËÕπ∑’Ë‰¥â 2

µ—«  ‡§≈◊ËÕπ∑’Ë¢÷Èπ≈ßÕ¬Ÿà√–À«à“ß®ÿ¥‡√‘Ë¡µâπ¢ÕßÀÿàπ¬πµå°—∫
‡ªÑ“À¡“¬ ‚¥¬∑’Ë ‘Ëß°’¥¢«“ß∑“ß´â“¬°”≈—ß‡§≈◊ËÕπ∑’Ë¢÷Èπ  à«π
 ‘Ëß°’¥¢«“ß∑“ß¢«“°”≈—ß‡§≈◊ËÕπ∑’Ë≈ß ∑—Èß Õß‡§≈◊ËÕπ∑’Ë¥â«¬
§«“¡‡√Á« 2.5 ‡´πµ‘‡¡µ√µàÕ«‘π“∑’‡∑à“°—π   ‡ âπ∑“ß°“√
‡§≈◊ËÕπ∑’Ë¢ÕßÀÿàπ¬πµå· ¥ß¥—ß Figure 12.1 ·≈– 12.2

6. ‡ªÑ“À¡“¬ “¡“√∂‡§≈◊ËÕπ∑’Ë‰¥â

‡ªìπ°“√®”≈Õß„ÀâÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ë‰ª¬—ß‡ªÑ“À¡“¬
∑’Ë “¡“√∂‡§≈◊ËÕπ∑’Ë‰¥â ‚¥¬‡ªÑ“À¡“¬‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«
2 ‡´πµ‘‡¡µ√µàÕ«‘π“∑’  ‡ âπ∑“ß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀÿàπ¬πµå
· ¥ß¥—ß Figure 13

°“√®”≈Õß„π¢âÕ 5 ·≈– 6 ∑”„Àâ‡ÀÁπ«à“ √–∫∫
§«∫§ÿ¡øí´´’ “¡“√∂π”¡“„™â°—∫Àÿàπ¬πµå„Àâ‡§≈◊ËÕπ∑’Ë„π
 ¿“æ·«¥≈âÕ¡∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß‰¥â ‡π◊ËÕß®“°°“√∑”ß“π
¢ÕßÀÿàπ¬πµå®–√—∫¢âÕ¡Ÿ≈ ¿“æ·«¥≈âÕ¡ ≥ ‡«≈“π—Èπ®÷ß∑”„Àâ
°“√µ—¥ ‘π„®‡ªìπ‰ª„π≈—°…≥–‡√’¬≈‰∑¡å

7. ‡ª√’¬∫‡∑’¬∫«‘∏’§«∫§ÿ¡øí´´’·∫∫ßà“¬°—∫·∫∫

´—∫´âÕπ

 ”À√—∫«‘∏’°“√§«∫§ÿ¡øí´´’·∫∫´—∫´âÕππ—Èπ‰¥â
∑”°“√®”≈Õß¢÷Èπ‚¥¬°”Àπ¥„Àâøíß°å™—π§«“¡‡ªìπ ¡“™‘°
¢Õß·µà≈–µ—«·ª√Õ‘πæÿµ√–¬–Àà“ß°—∫ ‘Ëß°’¥¢«“ß ∑—Èß¥â“πÀπâ“
∑“ß´â“¬·≈–∑“ß¢«“¡’§«“¡´—∫´âÕπ¢÷Èπ °≈à“«§◊Õ ·µà≈–
µ—«·ª√Õ‘πæÿµ¡’‡∑Õ¡‡´µ‡æ‘Ë¡¢÷Èπ‡ªìπ 3 ‡∑Õ¡‡´µ ¥—ß· ¥ß
„π Figure 14

°“√‡ª√’¬∫‡∑’¬∫«‘∏’§«∫§ÿ¡øí´ ’́Õ¬à“ßßà“¬∑’Ë‰¥â
∑”°“√ÕÕ°·∫∫‰«â„π∫∑§«“¡π’È°—∫«‘∏’°“√§«∫§ÿ¡øí´´’
·∫∫ —́∫ ấÕπ ‚¥¬°“√®”≈Õß„ÀâÀÿàπ¬πµå‡§≈◊ËÕπ∑’Ë„π ¿“æ
·«¥≈âÕ¡∑’Ë‡À¡◊Õπ°—π·≈–¡’®ÿ¥‡√‘Ë¡µâπ·≈–µ”·Àπàß‡ªÑ“À¡“¬
‡¥’¬«°—π

®“°º≈°“√®”≈Õß„π Figure 15 æ∫«à“«‘∏’°“√
§«∫§ÿ¡øí´ ’́·∫∫ßà“¬„™â√–¬–∑“ß„π°“√‡§≈◊ËÕπ∑’Ë‰ª¬—ß
‡ªÑ“À¡“¬¡“°°«à“·µà®–„™â√–¬–‡«≈“∑’ËπâÕ¬°«à“¥—ß· ¥ß„π
Table 3  ∑—Èßπ’È‡π◊ËÕß¡“®“°°“√‡æ‘Ë¡‡∑Õ¡‡´µ¢Õßøíß°å™—π
 ¡“™‘°¢Õßµ—«·ª√Õ‘πæÿµ¢Õß«‘∏’°“√§«∫§ÿ¡øí´ ’́·∫∫
´—∫´âÕπ∑”„ÀâÀÿàπ¬πµå “¡“√∂‡§≈◊ËÕπ∑’ËÀ≈∫ ‘Ëß°’¥¢«“ß‰¥â
°àÕπ∑’Ë®–‡¢â“‰ª„°≈â°—∫ ‘Ëß°’¥¢«“ß   à«π‡Àµÿ∑’Ë∑”„Àâ«‘∏’°“√
§«∫§ÿ¡øí´´’·∫∫´—∫´âÕπ„™â‡«≈“„π°“√‡§≈◊ËÕπ∑’Ë¡“°°«à“
π—Èπ ‡π◊ËÕß®“°Àÿàπ¬πµåµâÕß∑”°“√‡ª≈’Ë¬π·ª≈ß¡ÿ¡°“√À¡ÿπ
¡“°¢÷Èππ—Ëπ‡Õß ‚¥¬‡¡◊ËÕ¥Ÿ®“°°√“ø∑’Ë· ¥ß„π Figure 16

®–‡ÀÁπ«à“«‘∏’°“√§«∫§ÿ¡øí´´’·∫∫ßà“¬¡’°“√‡ª≈’Ë¬π·ª≈ß
¡ÿ¡°“√À¡ÿππâÕ¬°«à“«‘∏’°“√§«∫§ÿ¡øí´´’·∫∫´—∫´âÕπ

 √ÿªº≈

®“°º≈°“√®”≈Õß®–‡ÀÁπ‰¥â«à“Àÿàπ¬πµå “¡“√∂
‡§≈◊ËÕπ∑’ËÀ≈∫À≈’° ‘Ëß°’¥¢«“ß·≈–‡§≈◊ËÕπ∑’Ë‰ª∂÷ß‡ªÑ“À¡“¬∑’Ë
°”Àπ¥‰«â‰¥â„π°√≥’»÷°…“µà“ßÊ ‰¡à«à“ ‘Ëß°’¥¢«“ß®–Õ¬Ÿà°—∫
∑’ËÀ√◊Õ ‘Ëß°’¥¢«“ß‡§≈◊ËÕπ∑’Ë‰¥â  ·¡â°√–∑—Ëß‡¡◊ËÕ‡ªÑ“À¡“¬
‡§≈◊ËÕπ∑’Ë‰¥â ¥—ßπ—Èπ®÷ß “¡“√∂°≈à“«‰¥â«à“√–∫∫§«∫§ÿ¡øí´´’
Õ¬à“ßßà“¬∑’Ëπ”‡ πÕ„π∫∑§«“¡π’È∑’Ëπ”¡“„™â‡æ◊ËÕ™à«¬„π°“√

Figure 16.  Comparision of robot steer angle of simple and complicated fuzzy control
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