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Abstract
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for automated guided vehicle’s movement network
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Automated guided vehicle (AGV) systems influence the efficiency and cost of flexible manufacturing

systems. Design of the AGV’s guide path is a feature that affects the efficiency of the system, and a good

design can reduce material handling cost in manufacturing. The path design problem for AGV’s movement

network has been solved using several approaches. In this research a new technique, the genetic algorithm,

is applied to the path design problem in which the appropriate travel direction for the AGV is determined.

The objective of the research is to minimize the total distance traveled by loaded and unloaded vehicles.

To calculate the total distance, a branch-and-bound technique with breadth first search is applied in the re-

search. The effects of loaded and unloaded movements are considered simultaneously. The genetic algorithm

approach achieved good results, when applied to the total loaded and unloaded vehicle distance. In conclu-

sion, the genetic algorithm can be applied to design path direction for AGV’s movement network.

Key words : automated guided vehicle, genetic algorithm, guide path
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„πªí®®ÿ∫—π√–∫∫√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘¡’Õ‘∑∏‘æ≈‡ªìπÕ¬à“ß¬‘ËßµàÕµâπ∑ÿπ ·≈–ª√– ‘∑∏‘¿“æ°“√∑”ß“π¿“¬„π

√–∫∫°“√º≈‘µ·∫∫¬◊¥À¬ÿàπ °“√ÕÕ°·∫∫º—ß°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘‡ªìπªí®®—¬Àπ÷Ëß∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ¢Õß

√–∫∫·≈–°“√ÕÕ°·∫∫º—ß°“√‡¥‘π√∂∑’Ë¥’  “¡“√∂∑’Ë®–≈¥µâπ∑ÿπ°“√‡§≈◊ËÕπ¬â“¬„π°“√º≈‘µ‰¥â °“√·°âªí≠À“‡√◊ËÕß°“√

À“º—ß°“√‡¥‘π√∂∑‘»∑“ß‡¥’¬« ”À√—∫√–∫∫√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘‰¥â¡’°“√„™â°≈«‘∏’À≈“¬Õ¬à“ß ·µà¬—ß‰¡à¡’„§√∑¥≈Õß„™â

‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√·°âªí≠À“¥—ß°≈à“«  „π°“√∑”«‘®—¬§√—Èßπ’È®÷ß‰¥â∑¥≈Õßπ”‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡‡¢â“¡“·°âªí≠À“

‡æ◊ËÕ∑’Ë®–„™âÀ“∑‘»∑“ß°“√‡¥‘π∑’Ë‡À¡“– ¡„Àâ°—∫√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘ «—µ∂ÿª√– ß§å°“√∑”«‘®—¬„π§√—Èßπ’È‡æ◊ËÕµâÕß°“√„Àâ

√–¬–∑“ß√«¡°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘∑—Èß√–¬–∑“ß®“°°“√∫√√∑ÿ°πÈ”Àπ—°·≈–√–¬–∑“ß∑’Ë√∂«à“ß‡ª≈à“√«¡°—π¡’§à“

πâÕ¬∑’Ë ÿ¥ „π°“√§”π«≥√–¬–∑“ß∑—ÈßÀ¡¥∑’Ë‡°‘¥®“°°“√¢—∫‡§≈◊ËÕπ√∂Õ—µ‚π¡—µ‘„™â«‘∏’°≈«‘∏’¢¬“¬·≈–®”°—¥‡¢µ (Branch-

and-Bound) ¥â«¬À≈—°°“√§âπÀ“·π«°«â“ß (Breadth First Search) „π°“√§âπÀ“√–¬–∑“ß√«¡∑’Ë —Èπ∑’Ë ÿ¥ „πß“π«‘®—¬π’È

¡’°“√§”π«≥√–¬–∑“ß®“°°“√∫√√∑ÿ°πÈ”Àπ—°·≈–√–¬–∑“ß∑’Ë√∂«à“ß‡ª≈à“√«¡°—π„π‡«≈“‡¥’¬«°—π º≈≈—æ∏å∑’Ë‰¥â®“°°“√

„™â‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√ÕÕ°·∫∫º—ß°“√‡¥‘π∑“ß‡¥’¬«¢Õß√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘‰¥âº≈‡ªìπ∑’Ëπà“æÕ„®  “¡“√∂

ÕÕ°·∫∫º—ß°“√‡¥‘π√∂‰¥â¥â«¬‡ß◊ËÕπ‰¢º≈√«¡¢Õß√–¬–∑“ßµË” ÿ¥ ¥—ßπ—Èπ°“√„™â‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡ “¡“√∂„™â‰¥âº≈‡ªìπ

∑’Ëπà“æÕ„® ”À√—∫„π°“√„™âÕÕ°·∫∫‡§√◊Õ¢à“¬°“√‡¥‘π√∂∑‘»∑“ß‡¥’¬«

„πªí®®ÿ∫—πÕÿµ “À°√√¡°“√¢π¬â“¬«— ¥ÿ‡ªìπ°√–∫«π
°“√Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠  ·≈–‡ªìπ°√–∫«π°“√∑’Ë àßº≈„Àâ
µâπ∑ÿπ°“√º≈‘µ‡æ‘Ë¡¢÷Èπª√–¡“≥ 15-70% (Tompkins et

al., 1996)  °“√¢π¬â“¬«— ¥ÿ‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ¬â“¬
 ‘Ëß¢Õß®“° ∂“π∑’ËÀπ÷Ëß‰ª¬—ßÕ’° ∂“π∑’ËÀπ÷Ëß (Apple, 1976)

¥—ßπ—ÈπÕÿª°√≥å„π°“√¢π¬â“¬®÷ß‡ªìπ à«π ”§—≠∑’Ë®–∑”„Àâ
°√–∫«π°“√¢π¬â“¬«— ¥ÿ¡’ª√– ‘∑∏‘¿“æ √–∫∫√∂¢—∫‡§≈◊ËÕπ
Õ—µ‚π¡—µ‘ (An automated guided vehicle system;

AGVS) ‡ªìπ√–∫∫Àπ÷Ëß∑’Ëπ‘¬¡„™â°—π¡“°„π°√–∫«π°“√
¢π¬â“¬«— ¥ÿ·∫∫Õ—µ‚π¡—µ‘ √–∫∫√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘‡ªìπ
√–∫∫∑’Ë¡’√∂¢—∫‡§≈◊ËÕπ‚¥¬‰¡à¡’§π¢—∫‡ªìπ√∂∑’Ë‡¥‘π‰ªµ“¡
‡ âπ≈«¥∑’ËΩíß‰«â„µâæ◊Èπ‚√ßß“πÀ√◊Õ‡∑ª ’∑’Ëµ‘¥‰«â∫πæ◊Èπ‡æ◊ËÕ„Àâ
√∂¢—∫‡§≈◊ËÕπµ“¡‡ âπ∑“ß¥—ß°≈à“«‚¥¬Õ—µ‚π¡—µ‘  °“√ÕÕ°·∫∫
º—ß°“√‡¥‘π√∂„π™à«ß‡√‘Ë¡µâπ®÷ß‡ªìπ ‘Ëß∑’Ë ”§—≠¡“°‡æ√“–
‡ªìπªí®®—¬∑’Ë™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√º≈‘µ·≈–°“√¢π¬â“¬
πÕ°®“°π’È√–∫∫°“√‡§≈◊ËÕπ¬â“¬∑’Ë¡’ª√– ‘∑∏‘¿“æ®–¡’º≈
°√–∑∫‚¥¬µ√ß°—∫µâπ∑ÿπ°“√¢π¬â“¬«— ¥ÿ„π√–∫∫°“√º≈‘µ
(Miller, 1987) ‚¥¬∑—Ë«‰ª∑‘»∑“ß°“√‡¥‘π√∂¡’∑—Èßº—ß‡¥‘π√∂

‰¥â∑‘»∑“ß‡¥’¬«¥—ß· ¥ß„π Figure 1 À√◊Õº—ß‡¥‘π√∂‰¥â Õß
∑‘»∑“ß¥—ß· ¥ß„π Figure 2 °“√ÕÕ°·∫∫∑‘»∑“ßº—ß°“√
‡¥‘π√∂ ‰¥â¡’°“√„™â‡∑§π‘§Œ‘«√‘ µ‘°„π°“√ÕÕ°·∫∫∑‘»∑“ß
÷́Ëß¡’π—°«‘®—¬À≈“¬∑à“π‰¥â‡ πÕ«‘∏’°“√ÕÕ°·∫∫∑‘»∑“ß

¥—ß°≈à“«‰«â¥—ßπ’È Gaskins ·≈– Tanchoco (1987) §”π«≥
À“∑‘»∑“ß°“√‡§≈◊ËÕπ∑’Ë¢Õßº—ß°“√‡¥‘π√∂‚¥¬«‘∏’ 0-1 Õ‘π-
∑’‡®Õ√å‚ª√·°√¡¡‘Ëß (a zero-one integer programming)

‚¥¬¡’«—µ∂ÿª√– ß§å„Àâ√–¬–∑“ß√«¡ ÷́Ëß§‘¥‡©æ“–√–¬–∑“ß∑’Ë
‡°‘¥®“°√∂Õ—µ‚π¡—µ‘‡§≈◊ËÕπ∑’Ë·≈–¡’πÈ”Àπ—°Õ¬Ÿà∫π√∂‡∑à“π—Èπ
Gaskin et al. (1989) ‰¥âÕÕ°·∫∫º—ß°“√‡¥‘π√∂‚¥¬„™â«‘∏’
virtual flow path   πÕ°®“°π’È Goetz ·≈– Egbelu

(1990) „™â«‘∏’°“√‚ª√·°√¡‡™‘ß‡ âπµ√ß„π°“√ÕÕ°·∫∫º—ß
°“√‡¥‘π·∫∫∑‘»∑“ß‡¥’¬« ·≈– Seo ·≈– Egbelu (1995)

„™â«‘∏’°“√ √â“ß ¡°“√∑“ß§≥‘µ»“ µ√å·≈–Œ‘«√’ µ‘°Õ—≈°Õ√‘∑÷¡
„π°“√§”π«≥À“∑‘»∑“ßº—ß°“√‡¥‘π√∂·∫∫∑‘»∑“ß‡¥’¬«´÷Ëß
¡’«‘∏’°“√ÕÕ°·∫∫º—ß‚√ßß“π 2 ¢—ÈπµÕπ §◊Õ ¢—ÈπµÕπ·√°
ÕÕ°·∫∫º—ß‚¥¬„™âº≈√«¡√–¬–∑“ß∑’Ë¡’°“√∫√√∑ÿ°πÈ”Àπ—°
‡æ’¬ßÕ¬à“ß‡¥’¬«„Àâ¡’√–¬–∑“ß√«¡πâÕ¬∑’Ë ÿ¥ ·≈â«®÷ß¡’°“√
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§‘¥√–¬–∑“ß∑’Ë√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘ ‡¥‘π‚¥¬‰¡à¡’πÈ”Àπ—°
∫√√∑ÿ°Õ¬Ÿà®“°º—ß∑’Ë‰¥â®“°¢—ÈπµÕπ·√°

ºŸâ«‘®—¬‰¥â»÷°…“∂÷ß‡√◊ËÕß°“√π”‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡¡“
¥—¥·ª≈ß„™â°—∫√Ÿª·∫∫ªí≠À“°“√ÕÕ°·∫∫º—ß°“√‡¥‘π∑“ß
‡¥’¬«¢Õß√–∫∫√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘ ‡π◊ËÕß®“°µâÕß°“√
æ‘ Ÿ®πå„Àâ‡ÀÁπ∂÷ßª√–‚¬™πå¢Õß°“√„™â‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ-
√‘∑÷¡„π°“√·°âªí≠À“¥—ß°≈à“«‰¥â  ·≈–®“°°“√„™â‡®‡πµ‘°
Õ—≈°Õ√‘∑÷¡„π°“√ÕÕ°·∫∫º—ß°“√‡¥‘π√∂∑“ß‡¥’¬«¢Õß√–∫∫
√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘´÷Ëß‡ªìπªí≠À“∑’Ë¡’≈—°…≥–‡ªìπ·∫∫
Œ‘«√‘ µ‘° (§◊Õªí≠À“∑’Ë “¡“√∂À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥‰¥â®“°
°≈ÿà¡§”µÕ∫∑’Ë‰¥â∑”°“√ ÿà¡¡“‡∑à“π—Èπ) æ∫«à“‡ªìπ‡∑§π‘§∑’Ë
„™â„π°“√À“§”µÕ∫∑’Ë¥’‰¥â º≈®“°°“√∑”«‘®—¬§√—Èßπ’È®–¡’ à«π
™à«¬„Àâ‡°‘¥·π«§«“¡§‘¥„π°“√·°âªí≠À“≈—°…≥–µâÕß°“√
º≈≈—æ∏å„Àâ¡’º≈‡ªìπ∑’Ëπà“æÕ„®¡“°∑’Ë ÿ¥ (optimization)

·≈–‡ªìπªí≠À“Œ‘«√‘ µ‘°¥â«¬‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡

«—µ∂ÿª√– ß§å

ß“π«‘®—¬§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°“√¥—¥·ª≈ß
„™â‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√ÕÕ°·∫∫º—ß°“√‡¥‘π√∂
∑‘»∑“ß‡¥’¬«¢Õß√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘ ‚¥¬§”µÕ∫∑’Ë¥’∑’Ë ÿ¥
§◊Õº—ß°“√‡¥‘π√∂∑‘»∑“ß‡¥’¬«∑’Ë∑”„Àâ‡°‘¥√–¬–∑“ß°“√
‡§≈◊ËÕπ∑’Ë√«¡∑—Èß√∂¡’°“√∫√√∑ÿ°πÈ”Àπ—°·≈–√∂∑’Ë‰¡à¡’°“√
∫√√∑ÿ°√«¡∑—Èß‚√ßß“π„Àâ¡’§à“πâÕ¬∑’Ë ÿ¥

1. À≈—°°“√¢Õß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡

Gen ·≈– Cheng (1996) ‰¥â √ÿª«à“ ‡∑§π‘§
‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡π‘¬¡„™â„π°“√·°âªí≠À“„Àâº≈≈—æ∏å‡ªìπ

∑’Ëπà“æÕ„®¡“°∑’Ë ÿ¥ ‡™àπ °“√®—¥≈”¥—∫°“√º≈‘µ ‡ªìπµâπ
‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡‡ªìπ‡∑§π‘§„™â„π°“√§âπÀ“§”µÕ∫∫π
æ◊Èπ∞“π°≈‰°°“√Õ¬Ÿà√Õ¥µ“¡∏√√¡™“µ‘¢Õß ‘Ëß¡’™’«‘µ
(Michalewicz, 1992) „π«‘∏’°“√¢Õß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡
®–°”Àπ¥„Àâ®”π«πµ—«·ª√µ—¥ ‘π„®¢Õßªí≠À“∑’Ë°”≈—ß π„®
‡ªìπ®”π«π®’π (gene) ∫π·µà≈–‚§√‚¡‚´¡ ®“°π—Èπ‚¥¬«‘∏’
°“√¢Õß‡®‡πµ‘°®–∑”°“√®”≈Õß √â“ß®”π«π‚§√‚¡‚´¡¢÷Èπ
¡“‡ªìπ√ÿàπÊ ‡æ◊ËÕÀ“‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥„π®”π«π∑—ÈßÀ¡¥∑’Ë
‰¥â∑”°“√®”≈Õß √â“ß¢÷Èπ¡“  ´÷Ëß‚§√ß √â“ß¢Õß‚§√‚¡‚´¡∑’Ë
µâÕß„™â„π«‘∏’°“√π’È· ¥ß„π Figure 3 ·≈–¡’°“√‡ª√’¬∫‡∑’¬∫
√–À«à“ß§à“∑’Ëª√“°Ø∫π‚§√‚¡‚´¡°—∫§à“∑’Ëª√“°ØÕ¬Ÿà„πªí≠À“
∑’Ë°”≈—ß π„®„π Table 1 À≈—°°“√∑”ß“π∑’Ë ”§—≠¢Õß‡∑§π‘§
‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡§◊Õ ®–¡’°“√§—¥‡≈◊Õ°‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥
„π·µà≈–√ÿàπ ‚¥¬‡≈◊Õ°®“°§à“º≈≈—æ∏å∑’Ë‰¥â®“°‚§√‚¡‚´¡∑’Ë¥’
∑’Ë ÿ¥À√◊Õ‡¢â“„°≈â‡ªÑ“À¡“¬¡“°∑’Ë ÿ¥ ‡™àπ ‡ªìπ‚§√‚¡‚´¡µ—«
∑’Ë„Àâ§à“º≈≈—æ∏å¡“°∑’Ë ÿ¥„π°√≥’∑’Ë«—µ∂ÿª√– ß§å¢Õßªí≠À“
µâÕß°“√‰¥â§”µÕ∫®“°ªí≠À“‡ªìπ§à“∑’Ë¡“°∑’Ë ÿ¥ À√◊Õ‡ªìπ

Figure 1.  Unidirectional path network Figure 2.  Bi-directional path network

Table 1. Relation between genetic algorithm’s

terms and problem solving terms

  Genetic terms         Problem solving terms

Chromosome Code of a solution
Gene Encoding
Locus A location of a gene
Allele A binary or digit number
Phenotype A series of decision variables
Genotype Fitness or a value of an objective

function
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‚§√‚¡‚´¡µ—«∑’Ë„Àâº≈≈—æ∏å‡ªìπ§à“∑’ËπâÕ¬∑’Ë ÿ¥„π°√≥’∑’Ë«—µ∂ÿ-
ª√– ß§å¢Õßªí≠À“∑’ËµâÕß°“√‰¥â§”µÕ∫‡ªìπ§à“∑’ËπâÕ¬∑’Ë ÿ¥
‡ªìπµâπ ‡¡◊ËÕ‡≈◊Õ°‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥®“°√ÿàπªí®®ÿ∫—π‰¥â·≈â«
°Á®–„™â‚§√‚¡‚´¡¥—ß°≈à“«‡ªìπµ—«∑’Ë®– ◊∫æ—π∏ÿå„π√ÿàπµàÕ‰ª
®“°À≈—°°“√ ”§—≠∑’Ë‰¥â°≈à“«‚¥¬ √ÿª‰«â·≈â«π’È “¡“√∂
Õ∏‘∫“¬À≈—°°“√∑”ß“π‚¥¬≈–‡Õ’¬¥¥—ß Figure 3

°“√®”≈Õß‚§√‚¡‚´¡„Àâ Õ¥§≈âÕß°—∫ªí≠À“∑’Ë

 π„®

°“√®”≈Õß‚§√‚¡‚´¡„Àâ‡¢â“°—∫ªí≠À“∑’Ë π„®π—Èπ
‡ªìπ ‘Ëß∑’Ë ”§—≠∑’Ë ÿ¥„π°“√∑”ß“π¢Õß‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ-
√‘∑÷¡ ‡π◊ËÕß®“°‡ªìπ¢—ÈπµÕπ∑’Ë∑”„ÀâºŸâ·°âªí≠À“√Ÿâ«à“ “¡“√∂
À“§”µÕ∫¢Õßªí≠À“‚¥¬«‘∏’°“√¢Õß‡®‡πµ‘°‰¥âÀ√◊Õ‰¡à  „π
¢—Èππ’ÈµâÕß¡’°“√»÷°…“Õ¬à“ß≈–‡Õ’¬¥«à“µ—«·ª√µ—¥ ‘π„®¢Õß
ªí≠À“¡’Õ–‰√∫â“ß ‡æ◊ËÕ®–‰¥âπ”µ—«·ª√‡À≈à“π—Èπ¡“°”Àπ¥
‡ªìπ≈—°…≥–¢Õß‚§√‚¡‚´¡¥—ß· ¥ß„π Figure 1 ´÷Ëß
‚§√‚¡‚´¡∑’Ë‰¥âπ’È®–‡ªìπ§”µÕ∫À√◊Õº≈≈—æ∏å¢Õßªí≠À“
„π°“√°”Àπ¥≈—°…≥–‚§√‚¡‚´¡µâÕß¡’°“√°”Àπ¥ ‘Ëßµà“ßÊ
¥—ßπ’È

1. °”Àπ¥§«“¡¬“«¢Õß‚§√‚¡‚´¡µ“¡®”π«π
µ—«·ª√µ—¥ ‘π„®

2. °”Àπ¥§à“√À— ·µà≈–µ”·Àπàß À√◊Õ°”Àπ¥
®’π«à“„π·µà≈–µ”·Àπàß„Àâ¡’§à“‡ªìπÕ–‰√‰¥â∫â“ß

3. °”Àπ¥µ”·Àπàß·µà≈–®’π ‡ªìπ°“√°”Àπ¥
«à“·µà≈–µ”·Àπàß¢Õß®’π‡ªìπ§à“¢Õßµ—«·ª√„¥

4. °”Àπ¥§à“¢Õßµ—«‡≈¢„π®’π ‡ªìπ°“√∫Õ°«à“
§à“µ—«·ª√À√◊Õ§”µÕ∫¢Õßµ—«·ª√µ—¥ ‘π„®´÷Ëß¡’√À— ‡ªìπ§à“
∑’Ë‰¥â„π¢âÕ 2 «à“‡ªìπ§à“„¥

5. °“√°”Àπ¥™ÿ¥¢Õßµ—«·ª√µ—¥ ‘π„® „π∫“ß
ªí≠À“§”µÕ∫∑’ËµâÕß°“√Õ“®®–‡ªìπ‰ª‰¥âÀ≈“¬≈—°…≥– ‡™àπ
‡ªìπ§à“µ—«‡≈¢¢Õß·µà≈–µ—«·ª√ À√◊ÕÕ“®®–‡ªìπµ”·Àπàß
¢Õß·ºπ°µà“ßÊ ´÷Ëß°“√°”Àπ¥√À— µ—«·ª√Õ“®®–·µ°µà“ß
°—π

6. §à“∑’Ë‰¥â®“°√À— µ—«·ª√∑—ÈßÀ¡¥ ‡ªìπ°“√À“
§”µÕ∫¢Õßµ—«·ª√∑’Ë‰¥â«à“¡’§”µÕ∫‡ªìπÕ–‰√∫â“ß

‡¡◊ËÕ¡’°“√°”Àπ¥‚§√‚¡‚´¡‡¢â“°—∫ªí≠À“∑’Ë°”≈—ß
 π„® ÷́Ëß∂◊Õ«à“‡ªìπ¢—ÈπµÕπ∑’Ë ”§—≠∑’Ë ÿ¥¢Õß‡∑§π‘§‡®‡πµ‘°
Õ—≈°Õ√‘∑÷¡‰¥â‡√’¬∫√âÕ¬·≈â« µàÕ‰ª°Á®–‡ªìπ°“√∑”ß“π¥â«¬
‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡´÷Ëß‡ªìπ«‘∏’°“√∑’Ë®–π”‰ª Ÿà°“√À“
§”µÕ∫∑’Ë¥’∑’Ë ÿ¥„πÀ¡Ÿàª√–™“°√À√◊Õ§”µÕ∫∑’Ë‰¥â ÿà¡¡“∑—ÈßÀ¡¥
‰¥â ‚¥¬√“¬≈–‡Õ’¬¥®–‰¥â°≈à“«µàÕ‰ª

°“√∑”ß“π¥â«¬‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡‡æ◊ËÕ

π”‰ª Ÿà°“√À“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥

„π°“√∑”ß“π¢Õß‡®‡πµ‘°‡æ◊ËÕπ”‰ª Ÿà§”µÕ∫∑’Ë¥’
∑’Ë ÿ¥ “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 3  à«π ‚¥¬ à«π∑’Ë 1 §◊Õ à«π
¢Õß°“√§”π«≥§à“º≈≈—æ∏å®“°‚§√‚¡‚´¡´÷Ëß‡ªìπ§”µÕ∫¢Õß
ªí≠À“∑’Ë π„®  à«π∑’Ë 2 §◊Õ à«π¢Õß«‘∏’°“√‡≈◊Õ°‚§√‚¡‚´¡
·≈–  à«π∑’Ë 3 §◊Õ °“√ªØ‘∫—µ‘°“√∑“ß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡
„π à«π¢Õß√“¬≈–‡Õ’¬¥ “¡“√∂Õ∏‘∫“¬‰¥â¥—ßπ’È

 à«π°“√§”π«≥§à“º≈≈—æ∏å®“°‚§√‚¡‚´¡

(fitness function)  ‡ªìπ à«π∑’Ë„™âøíß°å™—π∑“ß§≥‘µ»“ µ√å
„π°“√§”π«≥§à“º≈≈—æ∏å∑’Ë‡ªìπ§à“‡ªÑ“À¡“¬ ‚¥¬øíß°å™—π
¥—ß°≈à“«‡ªìπ ¡°“√∑’Ë¡’§«“¡ —¡æ—π∏å°—π¢Õß§à“µ—«·ª√
µ—¥ ‘π„® À≈—ß®“°∑’Ë¡’°“√·ª≈ß§à“®“°‚§√‚¡‚´¡∑’Ë‰¥â¡“‡ªìπ
§à“¢Õßµ—«·ª√∑—ÈßÀ¡¥∑’ËµâÕß°“√ ®“°π—Èπ°Á∑”°“√π”§à“¢Õß
µ—«·ª√∑—ÈßÀ¡¥∑’Ë‰¥â‰ª·∑π§à“„πøíß°å™—π‡æ◊ËÕ§”π«≥§à“

Figure 3.  Composites of an organism
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§”µÕ∫¢Õßªí≠À“®“°§à“¢Õß°≈ÿà¡µ—«·ª√∑’Ë‰¥â
 à«π°“√‡≈◊Õ°‚§√‚¡‚´¡ (selection function)

‡ªìπ à«π∑’Ë∑”„Àâ‡°‘¥°“√‡≈◊Õ°‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥π—ËπÀ¡“¬∂÷ß
‡ªìπ à«π∑’Ë∑”„Àâ‡°‘¥°“√§âπÀ“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥¢Õßªí≠À“„π
·µà≈–√ÿàπ¢Õß®”π«π‚§√‚¡‚´¡∑—ÈßÀ¡¥ °≈à“«§◊Õ ®”π«π
‚§√‚¡‚´¡¢Õßªí≠À“‡√“®–°”Àπ¥‡ªìπ™—Ë«√ÿàπ (generation)

·≈â«®–¡’°“√‡≈◊Õ°‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥„π·µà≈–√ÿàπ‡æ◊ËÕπ”
‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥„π√ÿàππ’È‡ªìπµ—«°”‡π‘¥‚§√‚¡‚´¡„π√ÿàπ
µàÕÊ ‰ª  „π à«ππ’È‡ªìπ°“√∑”ß“π‡≈’¬π·∫∫°“√§—¥‡≈◊Õ°
 ‘Ëß¡’™’«‘µ∑’Ë¥’∑’Ë ÿ¥„Àâ¡’™’«‘µÕ¬Ÿà√Õ¥µ“¡∏√√¡™“µ‘  ´÷Ëß°“√
∑”ß“π¥—ß°≈à“«®”‡ªìπµâÕß‡¢’¬π‚ª√·°√¡°“√‡≈◊Õ°¢÷Èπ¡“
‚¥¬‡©æ“– ”À√—∫·µà≈–ªí≠À“

°“√ªØ‘∫—µ‘°“√∑“ß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡ ‡ªìπ à«π
∑’Ë‡°’Ë¬«°—∫§«“¡·ª√ª√«πµà“ßÊ ∑’ËÕ“®®–‡°‘¥¢÷Èπ‰¥âµ“¡
∏√√¡™“µ‘µàÕ‚§√‚¡‚´¡∑’Ë∂Ÿ°‡≈◊Õ°‰«â·≈â« ‡æ◊ËÕ„Àâ‡°‘¥‚Õ°“ 
°“√ª√—∫‡ª≈’Ë¬πæ—π∏ÿå„Àâ¥’°«à“µ—«‚§√‚¡‚´¡µ—«‡¥‘¡∑’Ë‡≈◊Õ°‰«â
·≈â«À√◊Õ„π∑“ß°≈—∫°—πÕ“®®–‡°‘¥ “¬æ—π∏ÿå∑’Ë„Àâº≈≈—æ∏å
·¬à°«à“‡¥‘¡ ´÷Ëß‚Õ°“ ¥—ß°≈à“«Õ“®®–‡°‘¥¢÷Èπ‰¥â®“°°“√∑’Ë
‚§√‚¡‚´¡∑’Ë‰¥âµ—«„À¡àÕ“®®–‰¥â¡“®“°®’π¢Õß‚§√‚¡‚´¡æàÕ
À√◊Õ‚§√‚¡‚´¡·¡à À√◊ÕÕ“®®–¡’°“√‡ª≈’Ë¬π·ª≈ß§à“®’π‰ª
‚¥¬‰¡à¡’‡Àµÿº≈ ‡ªìπº≈„Àâ‚§√‚¡‚´¡„À¡à∑’Ë‰¥â„π√ÿàπµàÕ‰ª
·µ°µà“ß®“°‡¥‘¡´÷ËßÕ“®®–¥’°«à“‡¥‘¡À√◊Õ‰¡à¥’°«à“‡¥‘¡°Á‰¥â
„π à«ππ’È°Á‡ªìπ à«π∑’Ë¡’°“√‡≈’¬π·∫∫°“√∑”ß“π„π°“√‡≈◊Õ°
 “¬æ—π∏ÿå∑’Ë¥’∑’Ë ÿ¥¢Õß ‘Ëß¡’™’«‘µµ“¡∏√√¡™“µ‘‡™àπ‡¥’¬«°—π
„π°“√ªØ‘∫—µ‘°“√∑“ß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡ “¡“√∂∑”‰¥â 3 «‘∏’
¥â«¬°—π §◊Õ

1. °“√º≈‘µ„À¡àÀ√◊Õ°“√ ◊∫æ—π∏ÿå (reproduc-

tion) ‡ªìπ«‘∏’°“√≈Õ°‚§√‚¡‚´¡®“°√ÿàπ∑’Ë·≈â«∑’Ë∂Ÿ°§—¥‡≈◊Õ°
¡“«à“‡ªìπ‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥  ´÷Ëß‡ªìπ°√–∫«π°“√∑“ß
∏√√¡™“µ‘ ‚¥¬°“√§—¥‡≈◊Õ°¡’À≈—°Õ¬Ÿà«à“‚§√‚¡‚´¡∑’Ë¡’§à“
º≈≈—æ∏å‡ªìπ‰ªµ“¡«—µ∂ÿª√– ß§å¢Õßªí≠À“∑’Ë°”≈—ß π„®°Á
®–‚Õ°“ ∑’Ë®–∂Ÿ°‡≈◊Õ°‰ª√ÿàπµàÕ‰ª Ÿß

2. °“√·≈°‡ª≈’Ë¬π®’πÀ√◊Õ°“√º ¡¢â“¡æ—π∏ÿå

(crossover) ‡ªìπ°“√ √â“ß‚§√‚¡‚´¡µ—«„À¡à‡æ◊ËÕ„Àâ·µ°µà“ß
®“°‚§√‚¡‚´¡√ÿàπ‡°à“ ´÷Ëß°“√∑”‡™àππ’È‡ªìπ°“√ √â“ß‚Õ°“ 
∑’Ë®–∑”„Àâ‡°‘¥‚§√‚¡‚´¡„À¡à∑’Ë¥’°«à“µ—«‡°à“∑’Ë‡≈◊Õ°¡“ «‘∏’°“√
·≈°‡ª≈’Ë¬π®’π‡ªìπ°“√π”®’π®“°§Ÿà‚§√‚¡‚´¡∑’Ë¥’∑’Ë ÿ¥®“°
√ÿàπ∑’Ë·≈â«¡“∑”°“√·≈°‡ª≈’Ë¬π®’π°—π

3. °“√‡ª≈’Ë¬π·ª≈ß®’π∑’Ë‰¥â¡“‚¥¬‰¡à¡’‡Àµÿº≈

À√◊Õ°“√°≈“¬æ—π∏ÿå (mutation) ‡¡◊ËÕ‰¥â‚§√‚¡‚´¡µ—«„À¡à¡“
·≈â«°Á®–À“‚Õ°“ ∑’Ë®’π·µà≈–µ—«¢Õß‚§√‚¡‚´¡µ—«„À¡à¡’°“√
‡ª≈’Ë¬π·ª≈ß‰ª‡ªìπ§à“Õ◊Ëπ‚¥¬‰¡à®”‡ªìπµâÕß¡’‡Àµÿº≈„¥Ê
 π—∫ πÿπ°“√‡ª≈’Ë¬π·ª≈ßπ—Èπ

°“√ªØ‘∫—µ‘°“√∑“ß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡°Á‡™àπ‡¥’¬«
°—π‡ªìπ à«π∑’ËµâÕß‡¢’¬π‚ª√·°√¡¢÷Èπ¡“„Àâ Õ¥§≈âÕß°—∫
ªí≠À“∑’Ë‡°‘¥¢÷Èπ‡æ◊ËÕ„Àâ‡°‘¥º≈≈—æ∏å∑’Ë¥’∑’Ë ÿ¥ ·≈–„π°“√‡¢’¬π
‚ª√·°√¡®”‡ªìπµâÕß¡’°“√∑¥≈Õß§à“‚Õ°“ µà“ßÊ À√◊Õ§à“
‡ªÕ√å‡´Áπµå∑’Ë®–∑”„Àâ‡°‘¥‚§√‚¡‚´¡µ—«∑’Ë„Àâº≈≈—æ∏å∑’Ë¥’∑’Ë ÿ¥

2. °“√¥—¥·ª≈ß„™â‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡„π°“√ÕÕ°·∫∫º—ß

°“√‡¥‘π√∂∑“ß‡¥’¬«

®“°«—µ∂ÿª√– ß§å¢Õß°“√∑”«‘®—¬§√—Èßπ’È§◊Õ °“√
ÕÕ°·∫∫º—ß°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘∑‘»∑“ß‡¥’¬«„Àâ¡’
§à“º≈√«¡√–¬–∑“ß‡¥‘π√∂∑—Èß∑’Ë¡’πÈ”Àπ—°∫√√∑ÿ°·≈–‰¡à¡’„Àâ
¡’§à“πâÕ¬∑’Ë ÿ¥ ·≈–°“√ÕÕ°·∫∫º—ß°“√‡¥‘π√∂∑‘»∑“ß‡¥’¬«
¥—ß°≈à“«§◊Õ °“√À“∑‘»∑“ß°“√‡¥‘π√∂∑’Ë‡À¡“– ¡„π·µà≈–
‡ âπ∑“ß«à“§«√®–‡ªìπ∑‘»∑“ß„¥°àÕπ∑’Ë®–¡’°“√„™âß“πº—ß
°“√‡¥‘π√∂¥—ß°≈à“« ¥—ßπ—Èπµ—«·ª√µ—¥ ‘π„®¢Õßªí≠À“π’È§◊Õ
∑‘»∑“ß°“√‡¥‘π¢Õß√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘√–À«à“ß®ÿ¥ Õß
®ÿ¥„π·µà≈–‡ âπ∑“ß ‚¥¬ ¡¡ÿµ‘«à“¡’º—ß°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπ
Õ—µ‚π¡—µ‘«à“‡ªìπ·∫∫„¥·µà¬—ß‰¡à¡‘∑‘»∑“ß°“√‡¥‘π ÷́Ëßµ—«Õ¬à“ß
º—ß°“√‡¥‘π√∂‡√‘Ë¡·√°‚¥¬‰¡à¡’∑‘»∑“ß· ¥ß„π Figure 4

÷́Ëß„πº—ß¥—ß°≈à“«µâÕß¡’°“√°”Àπ¥ µ”·Àπàß·ºπ° µ”·Àπàß
®ÿ¥√—∫¢Õß·µà≈–·ºπ° µ”·Àπàß àß¢Õß·µà≈–·ºπ° ·≈–
µ”·Àπàß∑“ß·¬°∫πº—ß°“√‡¥‘π√∂  „π Figure 4 ‡ªìπ
µ—«Õ¬à“ß¢Õßº—ß°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘√–À«à“ß 4

·ºπ° ´÷Ëßª√–°Õ∫‰ª¥â«¬ 13 ®ÿ¥ ·≈– 16 ‡ âπ∑“ß  ®“°
µ—«Õ¬à“ßº—ß°“√‡¥‘π√∂„π Figure 4 π’È®–„™â‡ªìπµ—«Õ¬à“ß„π
°“√π”‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡¡“„™â„π°“√ÕÕ°·∫∫º—ß
°“√‡¥‘π√∂∑’Ë¥’∑’Ë ÿ¥µàÕ‰ª

2.1 ≈—°…≥–‚§√‚¡‚´¡¢Õßº—ß°“√‡¥‘π√∂∑“ß

‡¥’¬«

µ—«·ª√µ—¥ ‘π„®§◊Õ∑‘»∑“ß¢Õß°“√‡¥‘π„π
·µà≈–‡ âπ∑“ß  ¥—ßπ—Èπ§«“¡¬“«¢Õß‚§√‚¡‚´¡¢÷ÈπÕ¬Ÿà°—∫
®”π«π‡ âπ∑“ß¢Õßº—ß‡√‘Ë¡µ—π · ¥ß«à“„πµ—«Õ¬à“ß§«“¡¬“«
¢Õß‚§√‚¡‚´¡‡ªìπ 16 ®’π „π·µà≈–µ”·Àπàß¢Õß®’π‡ªìπ
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µ—«∫Õ°∑‘»∑“ß¢Õß‡ âπ∑“ß·µà≈–‡ âπ ´÷Ëß·µà≈–‡ âπ∑“ßµâÕß
ª√–°Õ∫¥â«¬®ÿ¥ Õß®ÿ¥‡ ¡Õ ¥—ßπ—Èπ„π°“√∑”«‘®—¬§√—Èßπ’È®–
„™â√À— ‡≈¢∞“π Õß {0,1} ‡ªìπµ—«°”Àπ¥∑‘»∑“ß  ∂â“§à“
¢Õß®’π‡ªìπ 1 · ¥ß«à“∑‘»∑“ß¢Õß‡ âπ∑“ßπ—ÈπµâÕß‡¥‘π®“°
®ÿ¥∑’Ë¡’§à“πâÕ¬°«à“‰ª¬—ß®ÿ¥∑’Ë¡’§à“¡“°°«à“ µ—«Õ¬à“ß‡™àπ ‡ âπ
∑“ß∑’Ë 1 ª√–°Õ∫¥â«¬®ÿ¥ 1 ·≈–®ÿ¥ 2 ·≈–§à“¢Õß®’π‡ªìπ 1
· ¥ß«à“∑‘»∑“ß¢Õß‡ âπ∑“ß∑’Ë 1 µâÕß‡¥‘π®“°®ÿ¥1 ‰ª®ÿ¥ 2
‡ªìπµâπ ¥—ßπ—Èπµ—«Õ¬à“ßÀπâ“¢Õß‚§√‚¡‚´¡∑’Ë®–‡°‘¥¢÷Èπ‰¥â
®“°º—ß„π Figure 4 ´÷Ëß‡ªìπº—ß∑’Ë‰¡à‰¥â· ¥ß∑‘»∑“ß‰«â §◊Õ
0010101010101101 ‚¥¬„Àâµ”·Àπàß´â“¬ ÿ¥‡ªìπ§à“¢Õß
‡ âπ∑“ß‡ âπ∑’Ë 1 ∂—¥¡“‡ªìπ‡ âπ∑’Ë 2 ®π ÿ¥∑â“¬§◊Õ ‡ âπ∑’Ë 16

2.2 °“√°”‡π‘¥°≈ÿà¡‚§√‚¡‚´¡‡√‘Ë¡µâπ®“°°≈ÿà¡

º≈≈—æ∏å∑’Ë‡ªìπ‰ª‰¥â

„π°“√°”‡π‘¥°≈ÿà¡‚§√‚¡‚´¡¢Õßº≈≈—æ∏å
‡√‘Ë¡µâπ„™â«‘∏’°“√·∫∫ ÿà¡ ´÷Ëß®–‡°‘¥º≈≈—æ∏å∑’Ë‡ªìπ‰ª‰¥â §◊Õ
º—ß°“√‡¥‘π√∂∑‘»∑“ß‡¥’¬«∑’Ë¡’∑—Èß∑“ß‡¢â“·≈–∑“ßÕÕ°„π
·µà≈–®ÿ¥ ·≈–º≈≈—æ∏å∑’Ë‡ªìπ‰ª‰¡à‰¥â§◊Õ º—ß°“√‡¥‘π√∂∑“ß
‡¥’¬«∑’Ë¡’‡©æ“–∑“ß‡¢â“„π∫“ß®ÿ¥À√◊Õ¡’‡©æ“–∑“ßÕÕ°„π
∫“ß®ÿ¥ ´÷Ëß‡ªìπº—ß∑’Ë‰¡à “¡“√∂„™âß“π®√‘ß‰¥â

2.3 °“√·ª≈ß√À— ‚§√‚¡‚´¡

À≈—ß®“°∑’Ë‰¥â‚§√‚¡‚´¡¡“·≈â« ®”‡ªìπµâÕß
¡’«‘∏’°“√·ª≈ß√À— ´÷Ëß°“√·ª≈ß√À— „π°“√∑”«‘®—¬§√—Èßπ’È§◊Õ
°“√‡ª≈’Ë¬π§à“‡≈¢∞“π Õß¢Õß·µà≈–®’π∫π‚§√‚¡‚´¡„Àâ‰ª

‡ªìπ∑‘»∑“ß¢Õßº—ß‡√‘Ë¡µâπµ—«Õ¬à“ß°“√·ª≈ß√À— §◊Õ ®“°
‚§√‚¡‚´¡ 0010101010101101 ·ª≈ß‡ªìπº—ß°“√‡¥‘π∑“ß
√∂∑’Ë¡’∑‘»∑“ß¥—ß· ¥ß„π Figure 5

2.4 °“√ª√–‡¡‘π§à“º≈≈—æ∏å

‡ªìπ°“√§”π«≥§à“√–¬–∑“ß∑—ÈßÀ¡¥∑’Ë√∂
¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘‡¥‘π∑“ß‡æ◊ËÕ°“√¢π¬â“¬∑—Èß∑’Ë¡’πÈ”Àπ—°
∫√√∑ÿ°Õ¬Ÿà·≈–‰¡à¡’πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà „π°“√§‘¥√–¬–∑“ß
„™â°≈«‘∏’¢¬“¬·≈–®”°—¥‡¢µ (branch and bound) ¥â«¬
À≈—°°“√§âπÀ“·π«°«â“ß (breadth first search) „π°“√
§âπÀ“√–¬–∑“ß∑’Ë —Èπ∑’Ë ÿ¥®“°®ÿ¥Àπ÷Ëß‰ª¬—ßÕ’°®ÿ¥Àπ÷Ëß ´÷Ëß
®”π«π°“√‡¥‘π∑“ß‡ªìπ ‘Ëß∑’ËµâÕß°”Àπ¥®“°·ºπ¿Ÿ¡‘®“°-
‰ª (from-to chart) ¢Õß‚√ßß“π

2.5 °“√ªØ‘∫—µ‘°“√∑“ß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡

1. °“√ ◊∫æ—π∏ÿå ‡ªìπ°“√‡≈◊Õ°‚§√‚¡‚´¡∑’Ë
¡’º≈≈—æ∏å§◊Õ§à“√–¬–√«¡µË”∑’Ë ÿ¥

2. °“√º ¡¢â“¡æ—π∏ÿå „™â«‘∏’°“√À“®ÿ¥∑’Ë
®–‡√‘Ë¡µâπ°“√‡ª≈’Ë¬π®’π®“°‚§√‚¡‚´¡æàÕ·¡à «‘∏’°“√·≈°-
‡ª≈’Ë¬π®’π·∫∫®ÿ¥®ÿ¥‡¥’¬«π’È· ¥ß‰¥â¥—ß Figure 6

3. °“√°≈“¬æ—π∏ÿå  „π°“√∑”«‘®—¬¡’°“√
°”Àπ¥‡ªìπ‡ªÕ√å‡´πµå«à“®’π·µà≈–µ—«§«√®–‡ª≈’Ë¬π·ª≈ß
§à“À√◊Õ‡ª≈à“ „π°“√·°âªí≠À“°“√∑”«‘®—¬„π§√—Èßπ’È„™â‚ª√·°√¡
¿“…“ C „π°“√‡¢’¬π‚ª√·°√¡

drop-off node of each workstation pick-up node of each workstation

intersection node 1,2,3, node and link number

Figure 4.  A network layout without direction of AGV for 4 workstations
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«‘∏’°“√¥”‡π‘πß“π«‘®—¬

1.  ¡¡µ‘∞“π„π°“√∑”«‘®—¬

1) ∑√“∫¢âÕ¡Ÿ≈·ºπ¿Ÿ¡‘®“°‰ª (from-to chart)

¢Õß∑ÿ°·ºπ°„π‚√ßß“π‡æ◊ËÕ„Àâ∑√“∫∂÷ß®”π«π‡∑’Ë¬«¢Õß
°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘√–À«à“ß·ºπ°

2) ∑√“∫º—ß°“√‡¥‘π‡√‘Ë¡·√°‚¥¬‰¡à¡’∑‘»∑“ß
ª√–°Õ∫¥â«¬µ”·Àπàß¢Õß·ºπ°®ÿ¥√—∫¢Õß®ÿ¥ àß¢Õß·µà≈–
·ºπ°·≈–®ÿ¥∑’Ë‡ªìπ∑“ß·¬°

3) √∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘∑’Ë¡’πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà
‡¥‘π∑“ß®“°®ÿ¥ àß¢Õß·ºπ°Àπ÷Ëß‰ª¬—ß®ÿ¥√—∫¢ÕßÕ’°·ºπ°
Àπ÷Ëß à«π√∂∑’Ë‰¡à¡’πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà‡¥‘π∑“ß®“°®ÿ¥√—∫¢Õß
·ºπ°Àπ÷Ëß‰ª¬—ß®ÿ¥ àß¢ÕßÕ’°·ºπ°

4) ·µà≈–‡ âπ∑“ß‡¥‘π°”Àπ¥„Àâ√∂¢—∫‡§≈◊ËÕπ
Õ—µ‚π¡—µ‘‡¥‘π‰¥â§—π‡¥’¬«·≈–¡’∑‘»∑“ß‡¥’¬«„π°“√‡¥‘π ”À√—∫
·µà≈–‡ âπ∑“ß

2.  ¡°“√°“√§”π«≥º≈≈—æ∏å·≈–‡ß◊ËÕπ‰¢∑¥ Õ∫

º≈≈—æ∏å

¢—ÈπµÕπ°“√§”π«≥§à“º≈≈—æ∏å®“°°“√·ª≈ß
√À— ‚§√‚¡‚´¡‡ªìπ¢—ÈπµÕπÀπ÷Ëß∑’Ë ”§—≠ ÷́Ëß„π°“√∑”«‘®—¬
§√—Èßπ’È‰¥â¡’°“√°”Àπ¥ ¡°“√„π°“√§”π«≥¥—ß ¡°“√∑’Ë 1

Min. wijΣ
j=1

m

Σ
i=1

m
dij + gijΣ

j=1

m

Σ
i=1

m
eij           (1)

Figure 5.  The unidirectional layout by decoding from the chromosome 0010101010101101

Figure 6.  One point crossover
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Applicaion of the genetic algorithm to design path

Rattanamanee, W.

     ‚¥¬ w
ij

§◊Õ ®”π«π‡∑’Ë¬«„π°“√¢π¬â“¬®“°·ºπ°
i ‰ª·ºπ° j

d
ij

§◊Õ √–¬–∑“ß∑’Ë —Èπ∑’Ë ÿ¥¢Õß√∂¢—∫‡§≈◊ËÕπ
Õ—µ‚π¡—µ‘∑’Ë¡’πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà

e
ij

§◊Õ √–¬–∑“ß∑’Ë —Èπ∑’Ë ÿ¥¢Õß√∂¢—∫‡§≈◊ËÕπ
Õ—µ‚π¡—µ‘∑’Ë‰¡à¡’πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà

m §◊Õ ®”π«π·ºπ°∑’Ë¡’∑—ÈßÀ¡¥
g

ij
§◊Õ ®”π«π‡∑’Ë¬«‚¥¬‡©≈’Ë¬¢Õß√∂¢—∫‡§≈◊ËÕπ

Õ—µ‚π¡—µ‘∑’Ë‰¡à¡’πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà¬—ß‡ªìπ
§à“∑’Ë‰¥â®“°°“√§”π«≥„π ¡°“√∑’Ë 2

gij  =  
wijΣ

j=1

m
 × wijΣ

i=1

m

wijΣ
j=1

m

Σ
i=1

m
, ∀i, ∀j               (2)

 ¡°“√∑’Ë 2 §‘¥‚¥¬ Egbelu (Egbelu, 1983)

‚¥¬®”π«π‡∑’Ë¬«‡©≈’Ë¬¢Õß√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘«à“ß‡ª≈à“
√–À«à“ß·ºπ° i ‰ª·ºπ° j ‡ªìπ§à“∑’Ë¢÷ÈπÕ¬Ÿà°—∫®”π«π‡∑’Ë¬«
°“√¢π¬â“¬¢Õß√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘∑’Ë¡’πÈ”Àπ—°∫√√∑ÿ°
Õ¬Ÿà∑—Ë«∑—Èß‚√ßß“π ¥—ßπ—Èπ°“√§”π«π®–‰¥â®“°°“√π”‡Õ“
®”π«π‡∑’Ë¬«°“√‡§≈◊ËÕπ¬â“¬∑’Ë§“¥À«—ß«à“®–‰ª¬—ß·ºπ° i

( ÷́ËßµâÕß‡ªìπ®”π«π‡∑’Ë¬«√∂«à“ß‡æ◊ËÕ∑’Ë®–‰ª¢π¢Õß¬—ß·ºπ°
i) §Ÿ≥°—∫®”π«π‡∑’Ë¬«°“√‡§≈◊ËÕπ¬â“¬∑’Ë§“¥À«—ß«à“®–ÕÕ°
®“°·ºπ° j (´÷ËßµâÕß‡ªìπ®”π«π‡∑’Ë¬«√∂«à“ß‡æ√“–‡Õ“¢Õß
≈ß∑’Ë·ºπ° j ‡√’¬∫√âÕ¬·≈â«) À“√¥â«¬®”π«π‡∑’Ë¬«°“√¢π
¬â“¬®√‘ß∑—ÈßÀ¡¥ (´÷Ëß‰¥â®“°·ºπ¿Ÿ¡‘®“°‰ª)

®“°∑’Ë°≈à“«·≈â««à“°“√·ª≈ß√À— ‚§√‚¡‚´¡„Àâ
‡ªìπº≈≈—æ∏å®–¡’∑—Èßº≈≈—æ∏å∑’Ë‡ªìπ‰ª‰¥â·≈–º≈≈—æ∏å∑’Ë‡ªìπ‰ª
‰¡à‰¥â ´÷Ëß¡’°“√„™â ¡°“√‡À≈à“π’È‰¥â„π°“√∑¥ Õ∫§«“¡‡ªìπ
‰ª‰¥â¢Õßº≈≈—æ∏å

1. µâÕß¡’‡ âπ∑“ß‡¢â“®ÿ¥∑ÿ°®ÿ¥∫πº—ßÕ¬à“ßπâÕ¬
1 ‡ âπ∑“ß

ci≥1Σ
i=1

n
       (3)

  ‡¡◊ËÕ c
i

§◊Õ ®”π«π‡ âπ∑“ß∑’Ë‡¢â“ Ÿà®ÿ¥ i ∫πº—ß
n §◊Õ ®”π«π®ÿ¥∑—ÈßÀ¡¥∑’Ë¡’∫πº—ß

2. µâÕß¡’‡ âπ∑“ßÕÕ°®“°®ÿ¥∑ÿ°®ÿ¥∫πº—ßÕ¬à“ß
πâÕ¬ 1 ‡ âπ∑“ß

Gi≥1Σ
i=1

n
       (4)

  ‡¡◊ËÕ G
i
§◊Õ ®”π«π‡ âπ∑“ß∑’ËÕÕ°®“°®ÿ¥ i ∫π

º—ß
i §◊Õ ≈”¥—∫∑’Ë 1, 2, ..., n

3. «‘∏’°“√§”π«≥‚¥¬À≈—°‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡

¢—Èπ∑’Ë 1: ÕÕ°·∫∫‚§√‚¡‚´¡¥—ß∑’ËÕ∏‘∫“¬„π 1.3

¢—Èπ∑’Ë 2: °”‡π‘¥‚§√‚¡‚´¡‡√‘Ë¡·√°¢÷Èπ¡“‚¥¬
°“√ ÿà¡

¢—Èπ∑’Ë 3: ·ª≈ß√À— ‚§√‚¡‚´¡‰ª‡ªìπ·ºπº—ß
°“√‡¥‘π√∂∑’Ë¡’∑‘»∑“ß·∫∫∑“ß‡¥’¬«

¢—Èπ∑’Ë 4: µ√«® Õ∫§«“¡‡ªìπ‰ª‰¥â¢Õßº≈≈—æ∏å
∑’Ë‰¥â®“°°“√·ª≈ß„π¢—Èπ∑’Ë 3 ‚¥¬„™â ¡°“√ 3, 4 ∂â“‡ªìπ‰ª
‰¥â°Á∑”µàÕ„π¢—Èπ∑’Ë 5 ∂â“‡ªìπ‰ª‰¡à‰¥â„Àâ‡√‘Ë¡¢—Èπ∑’Ë 2 „À¡à

¢—Èπ∑’Ë 5: §”π«≥√–¬–∑“ß°“√¥‘π∑“ß∑—ÈßÀ¡¥
¢Õß√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘

¢—Èπ∑’Ë 6: π—∫®”π«π‚§√‚¡‚´¡∂â“‡∑à“°—∫®”π«π
‚§√‚¡‚´¡∑’ËµâÕß°“√‰ª„π¢—ÈπµàÕ‰ª ∂â“‰¡à‡∑à“„Àâ‰ª‡√‘Ë¡∑”
µ—Èß·µà¢—Èπ∑’Ë 2 „À¡à

¢—Èπ∑’Ë 7: À≈—ß®“°°≈ÿà¡‚§√‚¡‚´¡‡√‘Ë¡·√°‰¥â¡’
°“√ √â“ß¢÷Èπ¡“‡√’¬∫√âÕ¬·≈â«µàÕ‰ª°Á‡ªìπ°“√º≈‘µ„À¡à‡æ◊ËÕ
§âπÀ“‚§√‚¡‚´¡ ”À√—∫°≈ÿà¡ª√–™“°√√ÿàπµàÕ‰ª‚¥¬«‘∏’°“√
¥—ßπ’È

1. «‘∏’°“√‡≈◊Õ° ‚§√‚¡‚´¡¡“‡ªìπ§ŸàÊ ®“°°≈ÿà¡
‚§√‚¡‚´¡‡√‘Ë¡·√°‚¥¬¡’«‘∏’°“√‡≈◊Õ°§◊Õ

1.1 °”Àπ¥µ—«‡≈¢ ÿà¡√–À«à“ß 0 ·≈– 1
1.2 ‡≈◊Õ°‚§√‚¡‚´¡µ—«·√°∑’Ë¡’§à“§«“¡πà“

®–‡ªìπ – ¡¢Õßµ—«‚§√‚¡‚´¡‡Õß‡∑à“°—∫µ—«‡≈¢∑’Ë ÿà¡‰¥â„π
¢—Èπ∑’Ë 1.1 ‚¥¬«‘∏’°“√§‘¥§«“¡πà“®–‡ªìπ – ¡„π°“√∑’Ë®–‰¥â
√—∫°“√§—¥‡≈◊Õ°‚§√‚¡‚´¡ ¢÷ÈπÕ¬Ÿà°—∫«—µ∂ÿª√– ß§å¢Õß°“√
∑”«‘®—¬§√—Èßπ’È§◊Õ °“√À“º≈√«¡∑’ËπâÕ¬∑’Ë ÿ¥¥—ßπ—Èπ®”‡ªìπµâÕß
Õ‘π‡«‘ µå§à“º≈≈—æ∏å∑’Ë‰¥â®“°°“√§”π«≥À≈—ß®“°°“√·ª≈ß
√À— ‚§√‚¡‚´¡ ‡æ◊ËÕ„Àâµ—«∑’Ë¡’§à“πâÕ¬∑’Ë ÿ¥ “¡“√∂∑’Ë®–¡’
§«“¡πà“®–‡ªìπ„π°“√§—¥‡≈◊Õ°‰ª¬—ß√ÿàπµàÕ‰ª¡’§à“ Ÿß¢÷Èπ
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Table 2.  Probability of each chromosome in case of minimization

Fitness Probability of Cumulative

Inversion reproduction Percent

1 677 0.0015 0.0470 0.0470
2 1370 0.0007 0.0220 0.0690
3 2810 0.0004 0.0125 0.0815
4 1157 0.0006 0.0188 0.1003
5 37 0.0270 0.8464 0.9467
6 527 0.0017 0.0533 1.0000

                                      Total    0.0319

Chromosome No. Fitness

®“°π—Èπ°Á§”π«≥§«“¡πà“®–‡ªìπ¢Õß‚§√‚¡‚´¡·µà≈–µ—«
µàÕ‰ª ¥—ß· ¥ß„π Table 2

1.3 ∑”°“√°”‡π‘¥‡≈¢ ÿà¡√–À«à“ß 0 ·≈– 1
„À¡à

1.4 ‡≈◊Õ°‚§√‚¡‚´¡µ—«∑’Ë 2 ‡™àπ‡¥’¬«°—∫
«‘∏’°“√„π¢âÕ 1.2

2. °“√·≈°‡ª≈’Ë¬π®’π ‡¡◊ËÕ‡≈◊Õ°‰¥â‚§√‚¡‚´¡
¡“·≈â« 2 ‚§√‚¡‚´¡ °Á®–¡’°“√À“µ”·Àπàß®’π∑’Ë®–·≈°-
‡ª≈’Ë¬π°—π√–À«à“ß‚§√‚¡‚´¡æàÕ·≈–·¡à·≈â«°Á®–‡°‘¥‚§√‚¡‚´¡
„À¡à¡“ 2 ‚§√‚¡‚´¡

3. °“√‡ª≈’Ë¬π·ª≈ß  ∑”°“√°”Àπ¥§à“‡ªÕ√å-
‡´Áπµå°“√ª√—∫ª√ÿß´÷Ëß‡ªìπ§à“∑’Ë§àÕπ¢â“ßµË” ‡™àπ 2%, 5%

‡ªìπµâπ ·≈â«∑”°“√°”‡π‘¥‡≈¢ ÿà¡ ”À√—∫®’π·µà≈–®’π ∂â“
‡≈¢ ÿà¡∑’Ë‰¥â¡’§à“πâÕ¬°«à“§à“‡ªÕ√å‡´Áπµå∑’Ë°”Àπ¥„Àâ‡ª≈’Ë¬π
§à“¢Õß®’ππ—Èπ ‡™àπ ‡¥‘¡‡ªìπ 1  ÿà¡‰¥â‡≈¢ 0.01 · ¥ß«à“„Àâ
‡ª≈’Ë¬π§à“®’π‡ªìπ 0 ‡ªìπµâπ

¢—Èπ∑’Ë 8: ‰ª∑”¢—Èπ∑’Ë 3 ·≈– 4 ‚¥¬„π¢—Èπ∑’Ë 4

∂â“µ√«® Õ∫¡“·≈â«‡ªìπº≈≈—æ∏å∑’Ë‡ªìπ‰ª‰¡à‰¥â°Á®–¡’‚ª√·°√¡
„π°“√‡ª≈’Ë¬π§à“¢Õßº≈≈—æ∏å∫“ßµ—«„Àâ‡ªìπº≈≈—æ∏å‡ªìπ‰ª‰¥â

∑”µàÕ¢—Èπ∑’Ë 5
¢—Èπ∑’Ë 9: π—∫®”π«π‚§√‚¡‚´¡∑’Ë∑”°“√º≈‘µ

¢÷Èπ„À¡à ∂â“®”π«π‚§√‚¡‚´¡‡∑à“°—∫®”π«π∑’ËµâÕß°“√°Á„Àâ
∫—π∑÷°¢âÕ¡Ÿ≈‚§√‚¡‚´¡∑—ÈßÀ¡¥∑’Ë‰¥â‡ªìπ°≈ÿà¡‚§√‚¡‚´¡‡√‘Ë¡
·√° ∂â“¬—ß‰¡à‡∑à“°Á‰ª∑”¢—Èπ∑’Ë 7 „À¡à

¢—Èπ∑’Ë 10: π—∫®”π«π√ÿàπ  ∂â“®”π«π√ÿàπ∑’Ë √â“ß
‚§√‚¡‚´¡‡∑à“°—∫®”π«π∑’ËµâÕß°“√ À¬ÿ¥°“√∑”ß“π¢Õß
‚ª√·°√¡ ∂â“¬—ß‰¡à‡∑à“°Á∑”µ—Èß·µà¢—Èπ∑’Ë 7 „À¡à

¢—Èπ∑’Ë 11: ‡≈◊Õ°º≈≈—æ∏å∑’„Àâ§à“º≈≈—æ∏åµË”∑’Ë ÿ¥
‡ªìπ§”µÕ∫¢Õßªí≠À“

„π°“√∑”«‘®—¬§√—Èßπ’È‰¥â∑¥≈Õßπ”¢âÕ¡Ÿ≈µ—«Õ¬à“ß
·ºπ¿Ÿ¡‘®“°‰ª (from-to chart) ´÷Ëß‰¡à´—∫´âÕπ¡“°‡æ◊ËÕ®–
‰¥â∑¥ Õ∫§«“¡∂Ÿ°µâÕß‰¥âßà“¬ ¥—ß Table 3, 4 ·≈– 5 · ¥ß
∂÷ß√–¬–∑“ß√–À«à“ß®ÿ¥µà“ßÊ

º≈°“√∑¥≈Õß

®“°°“√‡¢’¬π‚ª√·°√¡¿“…“ C ·≈–¡’°“√∑”ß“π
∫π‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å Pentium 128.0 MB  ·≈–„™â

Table 4. From-to chart of 4 departments for a

loaded vehicle (Calculated by equation 2)

From-To 1 2 3 4

1 245 435 422 123
2 156 277 269 78
3 155 276 268 78
4 221 392 380 110

Table 3. From-to  chart  of  4  departments  for  a

loaded vehicle

From-To 1 2 3 4

1 0 0 777 0
2 835 0 0 545
3 0 780 0 558
4 389 0 0 0
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Table 5. Coordinate of the given layout used to calculate distance

by the written program

     Point 1 2 3 4 5 6

Coordinate (0,30) (20,40) (40,40) (40,20) (20,20) (20,0)

     Point 7 8 9 10 11 12

Coordinate (30,0) (50,10) (0,20) (30,40) (30,20) (50,20)

‚ª√·°√¡„π°“√ ÿà¡§”µÕ∫∑’Ë‡ªìπ‰ª‰¥â æ∫«à“¡’º≈≈—æ∏å∑’Ë
‡ªìπ‰ª‰¥â®”π«π¡“° º≈≈—æ∏å∑’Ëπà“æÕ„®¡“°∑’Ë ÿ¥‚¥¬„™â
¢âÕ¡Ÿ≈µ“¡ Table 2 ·≈– 3 §◊Õ·ºπº—ß°“√‡¥‘π∑“ß∑‘»∑“ß
‡¥’¬«· ¥ß„π Figure 7 ´÷Ëß§”π«≥√–¬–∑“ß°“√‡¥‘π√∂
¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà‰¥â 487,320 Àπà«¬
·≈–√–¬–∑“ß°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘∑’Ë‰¡à¡’πÈ”Àπ—°
∫√√∑ÿ°Õ¬Ÿà‰¥â 517,640 Àπà«¬ ‚¥¬‡ âπ∑“ß°“√‡¥‘π√∂
√–À«à“ß·ºπ°∑—Èß∑’Ë¡’πÈ”Àπ—°·≈–‰¡à¡’πÈ”Àπ—°∫√√∑ÿ°Õ¬Ÿà
· ¥ß„π Table 6 ·≈– 7

Õ¿‘ª√“¬·≈– √ÿªº≈

Õ¿‘ª√“¬

®“°°“√∑”«‘®—¬‰¥â¡’°“√ª√–¬ÿ°µå„™â‡∑§π‘§‡®‡πµ‘°
Õ—≈°Õ√‘∑÷¡„π°“√·°âªí≠À“„π§√—Èßπ’È æ∫«à“„π°“√°”‡π‘¥
‚§√‚¡‚´¡µ“¡∑’Ë°”Àπ¥ ‰¡à¡’„§√‚¡‚´¡∑’Ë‡ªìπº≈≈—æ∏å‡ªìπ
‰ª‰¥â ¥—ßπ—Èπ®÷ß®”‡ªìπµâÕß°“√§‘¥‡∑§π‘§°“√ à́Õ¡‚§√‚¡‚´¡
‡æ‘Ë¡‡µ‘¡‡¢â“‰ª‡æ◊ËÕ„Àâ‚§√‚¡‚´¡∑’Ë°”‡π‘¥¢÷Èπ‡ªìπº≈≈—æ∏å∑’Ë

‡ªìπ‰ª‰¥â ·≈–¥”‡π‘π°“√µàÕ‰ªµ“¡‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡
„π°“√∑”«‘®—¬§√—Èßπ’È‰¥â¡’°“√»÷°…“°√≥’µ—«Õ¬à“ß 4

·ºπ°‡æ◊ËÕ„Àâßà“¬„π°“√‡¢â“„®·≈–∑¥ Õ∫º≈≈—æ∏å Õ¬à“ß‰√
°Áµ“¡‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡ “¡“√∂¥—¥·ª≈ß„™â‰¥â°—∫ªí≠À“∑’Ë
¡’¢π“¥„À≠à°«à“π’È‰¥â πÕ°®“°π’Èæ“√“¡‘‡µÕ√å∑’Ë¡’º≈µàÕ°“√
∑”ß“πÀ√◊Õ°“√§âπÀ“¢Õß‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡ª√–°Õ∫¥â«¬
§«“¡πà“®–‡ªìπ∑“ß°“√À“µ”·Àπàß‡ª≈’Ë¬π®’π (crossover

probability) §«“¡πà“®–‡ªìπ„π°“√°≈“¬æ—π∏ÿå (mutation

probability) ¢π“¥®”π«π‚§√‚¡‚´¡ (population size)

µ—«‡≈¢‡√‘Ë¡µâπ„π°“√ ÿà¡¢Õß‚ª√·°√¡ (seed number) ·≈–
®”π«π™—Ë«√ÿàπ¢Õßª√–™“°√ (number of generation) ´÷Ëß
„π°“√»÷°…“∑”«‘®—¬„π§√—ÈßµàÕ‰ª®”‡ªìπµâÕß¡’°“√æ‘®“√≥“
æ“√“¡‘‡µÕ√å‡À≈à“π’È·≈–®”≈Õß°—∫ªí≠À“∑’Ë¡’¢π“¥„À≠à¢÷Èπ
‡æ◊ËÕ«‘‡§√“–Àåº≈∑’Ë‡°‘¥¢÷ÈπµàÕ‰ª  Õ¬à“ß‰√°Áµ“¡„π°“√„™â
‡∑§π‘§‡®‡πµ‘°„π°“√ÕÕ°·∫∫º—ß°“√‡¥‘π√∂∑“ß‡¥’¬«∑’Ë¥’
∑’Ë ÿ¥ “¡“√∂§”π«≥√–¬–∑“ß∑’Ë‰¥â®“°√∂∑’Ë¡’°“√∫√√∑ÿ°
¢Õß·≈–√∂«à“ß‡ª≈à“‰ªæ√âÕ¡°—π ·≈–‡ªìπ‡∑§π‘§∑’Ë “¡“√∂
§âπÀ“§”µÕ∫∑’Ë¥’∑’Ë ÿ¥®“°°≈ÿà¡§”µÕ∫‡ªìπ®”π«π¡“°

Figure 7.  The optimized layout from the given example
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Table 7.  The shortest path for the unloaded vehicle of the optimized layout

From-To Shortest Path (Node) Distance Number of Moves Cumulative Fitness

1-1 2-1 30 245 7350
1-2 2-1-9-5-11-4-12-3 120 345 48750
1-3 2-1-9-6 80 422 82510
1-4 2-1-9-5-11-4-12-8 100 123 94810
2-1 4-12-3-10-2-1 90 156 108850
2-2 4-12-3 40 277 119930
2-3 4-12-3-10-2-1-9-6 140 269 157590
2-4 4-12-8 20 78 159150
3-1 5-11-10-2-1 70 155 170000
3-2 5-11-4-12-3 60 276 18650
3-3 5-11-10-2-1-9-6 120 268 218720
3-4 5-11-4-12-8 40 78 221840
4-1 7-11-10-2-1 70 221 237310
4-2 7-11-4-12-3 60 392 260830
4-3 7-11-10-2-1-9-6 120 380 306430
4-4 7-11-4-12-8 40 110 310830

Table 6. The shortest path for the loaded vehicle of the optimized layout

From-To Shortest Path (Node) Distance Number of Moves Cumulative Fitness

1-3 1-9-5 30 777 23310
2-1 3-10-2 20 835 40010
2-4 3-10-2-1-9-6-13-7 120 545 105410
3-2 6-13-7-11-4 40 780 136610
3-4 6-13-7 20 558 147770
4-1 8-13-7-11-10-2 80 359 176490

¥—ßπ—Èπ‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡®÷ß‡ªìπ«‘∏’°“√∑’Ë¡’ª√– ‘∑∏‘-
¿“æ¡“°°«à“«‘∏’°“√Õ◊Ëπ∑’Ë¡’„™â„π°“√§”π«≥º—ß°“√‡¥‘π√∂
∑“ß‡¥’¬«∑’Ë‰¥â¡’π—°«‘®—¬‰¥â∑”°“√»÷°…“‰«â°àÕπÀπâ“π’È

 √ÿªº≈

 ”À√—∫«—µ∂ÿª√– ß§å„π°“√∑”«‘®—¬„π§√—Èßπ’È§◊Õ °“√
ª√–¬ÿ°µå‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡„™â„π°“√§âπÀ“∑‘»∑“ß∑’Ë‡À¡“– ¡
 ”À√—∫°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘‚¥¬∑’Ë∑√“∫º—ß°“√
‡¥‘π·∫∫‰√â∑‘»∑“ß «‘∏’°“√‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡‡ªìπ«‘∏’∑’Ë„™â„π
°“√§âπÀ“º—ß°“√‡¥‘π√∂∑“ß‡¥’¬«∑’Ëπà“æ÷ßæÕ„®¡“°∑’Ë ÿ¥ ‚¥¬
°“√®”≈Õß·∫∫°“√§—¥‡≈◊Õ°‡ºà“æ—π∏ÿå∑“ß∏√√¡™“µ‘ ÷́Ëß„π

°“√∑”«‘®—¬§√—Èßπ’ÈµâÕß°“√∑”„Àâ√–¬–∑“ß√«¡∑—ÈßÀ¡¥¢Õß
°“√‡¥‘π√∂¢—∫‡§≈◊ËÕπÕ—µ‚π¡—µ‘‚¥¬∑’Ë¡’πÈ”Àπ—°Õ¬Ÿà·≈–‰¡à¡’
πÈ”Àπ—°Õ¬Ÿà‡°‘¥¢÷ÈππâÕ¬∑’Ë ÿ¥‚¥¬¡’°“√æ‘®“√≥“‰ª„π‡«≈“
‡¥’¬«°—π ́ ÷Ëßæ∫«à“°“√„™â‡∑§π‘§¥—ß°≈à“« “¡“√∂À“·ºπº—ß
∑’Ë∑”„Àâ‡°‘¥√–¬–∑“ß√«¡πâÕ¬∑’Ë ÿ¥‰¥â®√‘ß Õ¬à“ß‰√°Áµ“¡ ‘Ëß
∑’Ë®”‡ªìπµâÕß∑”°“√»÷°…“·≈–«‘®—¬µàÕ‰ª„π°“√„™â‡∑§π‘§
‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡°—∫ªí≠À“¥—ß°≈à“«§◊Õ æ“√“¡‘‡µÕ√åµà“ßÊ
‰¥â·°à §«“¡πà“®–‡ªìπ∑“ß°“√À“µ”·Àπàß‡ª≈’Ë¬π®’π §«“¡
πà“®–‡ªìπ„π°“√‡ª≈’Ë¬π®’π‚¥¬‰¡à¡’‡Àµÿº≈  ¢π“¥®”π«π
‚§√‚¡‚´¡  µ—«‡≈¢‡√‘Ë¡µâπ„π°“√ ÿà¡¢Õß‚ª√·°√¡  ·≈–
®”π«π√ÿàπ¢Õßª√–™“°√ πÕ°®“°π’È ‘Ëß∑’Ëπà“ π„®„π°“√∑”
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«‘®—¬µàÕ‰ª§◊Õ °“√¥—¥·ª≈ß„™â‡∑§π‘§‡®‡πµ‘°Õ—≈°Õ√‘∑÷¡„π
ß“π°“√ÕÕ°·∫∫º—ß∂ππ‡¥‘π√∂∑“ß‡¥’¬« ”À√—∫¬“πæ“Àπ–
„π‡¡◊Õßµà“ßÊ ‡ªìπµâπ
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