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Abstract

Radio Frequency identification (RFID) system is an automatic identification method. An RFID
reader recognizes objects through wireless communications with tags having unique ID and information
attached to the objects. The reader must be able to identify tags as quickly as possible. If only one tag
responds, the reader will receive one response. But if there is more than one tag response, their responses
will collide on the communication channel, and thus cannot properly be received by the reader. The
problem is called Tag collision. This paper, we approach the problem of identifying a set of objects in the
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RFID system. We propose a modified version of EPC Class 1 Generation 2 using Slotted ALOHA
Protocol to reduce the number of transmission collision. All tags select a slot to transmit their ID by
generating a random number. If there is collision in the slot, the reader will broadcast the next identifi-
cation request only to the tag which collided in that slot. Simulation results show our approach performs
better than EPC Class1 Generation 2 in terms of identification time.

∫∑§—¥¬àÕ

Õ“√å‡Õø‰Õ¥’‡ªìπ√–∫∫∑’Ë„™â„π°“√√–∫ÿ¢âÕ¡Ÿ≈‚¥¬Õ—μ‚π¡—μ‘¥â«¬§≈◊Ëπ§«“¡∂’Ë«‘∑¬ÿ ∑”Àπâ“∑’Ë‡ªìπ ◊ËÕ°≈“ß„π°“√ àß
ºà“π¢âÕ¡Ÿ≈√–À«à“ß‡§√◊ËÕßÕà“π°—∫·∑Á°´÷Ëßμ‘¥Õ¬Ÿà°—∫«—μ∂ÿ‚¥¬¡’¢âÕ¡Ÿ≈√À— ª√–®”μ—«·∑Á°·≈–¢âÕ¡Ÿ≈∑’Ë®—¥‡°Á∫ ‡§√◊ËÕßÕà“πμâÕß
¡’§«“¡ “¡“√∂„π°“√√–∫ÿ·∑Á°À≈“¬·∑Á°‰¥âÕ¬à“ß√«¥‡√Á« „π°√≥’∑’Ë¡’‡æ’¬ß·∑Á°‡¥’¬«μÕ∫°≈—∫¡“¬—ß‡§√◊ËÕßÕà“π °“√√–∫ÿ
·∑Á°°Á®–∑”ß“π‰¥â‚¥¬‰¡à¡’ªí≠À“ ·μàÀ“°¡’¡“°°«à“Àπ÷Ëß·∑Á° àß¢âÕ¡Ÿ≈¡“æ√âÕ¡°—π„π‡«≈“‡¥’¬«°—π°Á®–‡°‘¥ªí≠À“´÷Ëß
‡√’¬°«à“ °“√™π°—π¢Õß·∑Á°‡°‘¥¢÷Èπ √“¬ß“π«‘®—¬©∫—∫π’È ∑”°“√»÷°…“∂÷ßªí≠À“„π°“√√–∫ÿ·∑Á°À≈“¬·∑Á° ‚¥¬¡’°“√
ª√—∫ª√ÿß·≈–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß EPC Class1 Generation2 ´÷Ëß„™â‚ª√‚μ§Õ≈·∫∫ Slotted ALOHA ‚¥¬≈¥
®”π«π‡«≈“„π°“√√–∫ÿ·∑Á°„ÀâπâÕ¬≈ß ´÷Ëß«‘∏’°“√§◊Õ À“°¡’°“√™π°—π‡°‘¥¢÷Èπ„π ≈ÁÕμ‡§√◊ËÕßÕà“π®–∑”°“√ àß§”√âÕß¢Õ„π
√Õ∫∂—¥‰ª‡©æ“– ≈ÁÕμ∑’Ë‡°‘¥°“√™π°—π‡∑à“π—Èπ º≈°“√∑¥ Õ∫ æ∫«à“ ‚ª√‚μ§Õ≈∑’Ë∑”°“√æ—≤π“¢÷Èπ¡’ª√– ‘∑∏‘¿“æ¡“°
°«à“ EPC Class 1 Generation 2 „πª√–‡¥Áπ‡√◊ËÕß¢Õß‡«≈“∑’Ë„™â„π°“√√–∫ÿ·∑Á°

∫∑π”

¥â«¬§«“¡‡®√‘≠°â“«Àπâ“∑“ß¥â“π‡∑§‚π‚≈¬’„π
ªí®®ÿ∫—π  àßº≈„Àâ°“√¥”‡π‘π™’«‘μ¢Õß§π„π —ß§¡
‡ª≈’Ë¬π·ª≈ß‰ª ‡∑§‚π‚≈¬’ ¡—¬„À¡à≈â«π¡’ à«πº≈—°¥—π
·≈– àß‡ √‘¡„Àâ°“√¥”‡π‘π°‘®°√√¡¢Õß¡πÿ…¬å‡√“ –¥«°
 ∫“¬ ·≈–√«¥‡√Á«¡“°¬‘Ëß¢÷Èπ

Õ“√å‡Õø‰Õ¥’ (Radio Frequency Identification)
‡ªìπÕ’°Àπ÷Ëß‡∑§‚π‚≈¬’∑’Ëπ”¡“ª√–¬ÿ°μå„™â·∑π∫“√å‚§â¥ „π
°“√≈¥¢âÕ®”°—¥μà“ßÊ ¢Õß∫“√å‚§â¥ ·≈–™à«¬‡ √‘¡„Àâ°“√
¥”‡π‘π°“√μà“ßÊ  –¥«°√«¥‡√Á«·≈–‡°‘¥§«“¡§≈àÕßμ—«
¡“°¬‘Ëß¢÷Èπ  “¡“√∂√Õß√—∫§«“¡μâÕß°“√∫“ßÕ¬à“ß∑’Ë∫“√å‚§â¥
‰¡à “¡“√∂∑”‰¥â ‡™àπ„π‡√◊ËÕß¢Õß°“√‡ª≈’Ë¬π·ª≈ßÀ√◊Õ
∑”°“√∫—π∑÷°¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π·∑Á°‰¥âμ“¡§«“¡μâÕß°“√¢Õß
ºŸâ„™âß“π πÕ°®“°π’È·∑Á°·≈–‡§√◊ËÕßÕà“π “¡“√∂∑’Ë®–
 ◊ËÕ “√ºà“πμ—«°≈“ß‰¥âÀ≈“¬Õ¬à“ß‡™àπ πÈ” æ≈“ μ‘° °√–®°
À√◊Õ«— ¥ÿ∑÷∫· ßÕ◊ËπÊ Õ’°∑—Èß„π‡√◊ËÕß¢Õß§«“¡‡√Á«„π°“√
Õà“π¢âÕ¡Ÿ≈ §«“¡∂Ÿ°μâÕß·¡àπ¬” Õ“¬ÿ°“√„™âß“π §«“¡
§ß∑πμàÕ ¿“æ·«¥≈âÕ¡·≈– π“¡·¡à‡À≈Á° °“√¡’√–∫∫

√—°…“§«“¡ª≈Õ¥¿—¬ √«¡∑—Èß “¡“√∂μ‘¥μ“¡μ”·Àπàß
¢Õß«—μ∂ÿ‰¥âπÕ°®“°π’È®ÿ¥‡¥àπ∑’Ë ”§—≠∑’Ë ÿ¥¢ÕßÕ“√å‡Õø‰Õ¥’
§◊Õ °“√Õà“π¢âÕ¡Ÿ≈‰¥â∑’≈–À≈“¬·∑Á°æ√âÕ¡°—π´÷Ëß‡ªìπ
ª√–‚¬™πåÕ¬à“ß¬‘Ëß‚¥¬‡©æ“–ß“π¥â“π ‘π§â“§ß§≈—ß∑’Ë¡’
 ‘π§â“®”π«π¡“°  À“°¡’°“√ àß¢âÕ¡Ÿ≈¡“¬—ß‡§√◊ËÕßÕà“π
æ√âÕ¡°—π„π‡«≈“‡¥’¬«°—π Õ“®∑”„Àâ¢âÕ¡Ÿ≈‡°‘¥°“√
 Ÿ≠À“¬À√◊Õ‡§√◊ËÕßÕà“π‰¡à “¡“√∂√–∫ÿ∂÷ß«—μ∂ÿÀ√◊Õ ‘π§â“
π—Èπ‰¥â °“√∑’Ë®– “¡“√∂Õà“π¢âÕ¡Ÿ≈‰¥âÕ¬à“ß√«¥‡√Á« ∂Ÿ°μâÕß
·¡àπ¬” πà“‡™◊ËÕ∂◊Õ ·≈–‡°‘¥§«“¡º‘¥æ≈“¥πâÕ¬∑’Ë ÿ¥ ®÷ß
‡ªìπ‡√◊ËÕß∑’Ë®”‡ªìπÕ¬à“ß¬‘Ëß ß“π«‘®—¬©∫—∫π’È‡ªìπ°“√æ—≤π“
·≈–ª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢ÕßÕ—≈°Õ√‘∑÷¡∑’Ë„™â„π°“√
ªÑÕß°—π°“√™π°—π¢Õß¢âÕ¡Ÿ≈„π¥â“π‡«≈“∑’Ë„™â„π°“√√–∫ÿ
·∑Á°·μà≈–·∑Á° (Identification Time)

√–∫∫Õ“√å‡Õø‰Õ¥’

Õ“√å‡Õø‰Õ¥’ ‡ªìπ‡∑§‚π‚≈¬’∑’Ë„™â —≠≠“≥§≈◊Ëπ«‘∑¬ÿ
„π°“√√–∫ÿ≈—°…≥– «—μ∂ÿª√– ß§åÀ≈—°‡æ◊ËÕ„™â„π°“√μ‘¥μ“¡
·≈–„™âª√–‚¬™πå„π°“√§«∫§ÿ¡°“√‡¢â“∂÷ß«— ¥ÿμà“ßÊ  ‚¥¬
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Õ“»—¬§≈◊Ëπ«‘∑¬ÿ„π°“√μ√«®®—∫ —≠≠“≥·∫∫‰√â “¬´÷Ëß¡’
ª√– ‘∑∏‘¿“æ Ÿß ‡ªìπ√–∫∫∑’Ë∂Ÿ°π”¡“„™â·∑π√À— ·∑àßÀ√◊Õ
∫“√å‚§â¥ ª√–°Õ∫¥â«¬

1. ·∑Á°À√◊Õ∑√“π æÕπ‡¥Õ√å (Tag À√◊Õ Tran-
sponder) „™â ”À√—∫μ‘¥°—∫«— ¥ÿ ª√–°Õ∫¥â«¬‰¡‚§√™‘æ
∑’Ë¡’Àπà«¬§«“¡®”μ—Èß·μà 32 ∫‘μ  ®π∂÷ß  1  ‡¡°–‰∫μå  ·≈–
¢¥≈«¥ ÷́Ëß∑”Àπâ“∑’Ë‡ªìπ‡ “Õ“°“»√—∫- àß —≠≠“≥  ·∑Á°
·∫àßÕÕ°‡ªìπ Õß™π‘¥ ‰¥â·°à (1) ·ÕÁ°∑’ø·∑Á° (Active
Tag)  ‡ªìπ·∑Á°™π‘¥∑’Ë¡’·∫μ‡μÕ√’Ë‡ªìπ·À≈àßæ≈—ßß“πμ‘¥
Õ¬Ÿà¿“¬„π·∑Á°  “¡“√∂ √â“ß§«“¡∂’Ë·≈–°√–®“¬ —≠≠“≥
ÕÕ° Ÿà‡§√◊ËÕßÕà“π‰¥â‡Õß  ·≈– (2) æ“ ´’ø·∑Á°  (Passive
Tag) ‡ªìπ·∑Á°∑’Ë‰¡à¡’·À≈àßæ≈—ßß“π„πμ—«‡Õß °“√ àß
¢âÕ¡Ÿ≈‰ª Ÿà‡§√◊ËÕßÕà“π∑”‰¥â‚¥¬ ‡§√◊ËÕßÕà“π®– àß§≈◊Ëπ«‘∑¬ÿ
„π§«“¡∂’Ë∑’Ë°”Àπ¥‰«â‰ª¬—ß·∑Á°  ‡¡◊ËÕ§≈◊Ëπ«‘∑¬ÿ°√–∑∫
·∑Á°®–∑”„Àâ‡°‘¥·√ß‡§≈◊ËÕπ‰øøÑ“‡Àπ’Ë¬«π”¢÷Èπ∫π·∑Á°
«ß®√¿“¬„π®–„™â°”≈—ß‰øøÑ“π’È‡ªìπ·À≈àßæ≈—ßß“π‡æ◊ËÕ √â“ß
§«“¡∂’Ë«‘∑¬ÿ∑’Ë‡¢â“√À— ¢âÕ¡Ÿ≈ àß°≈—∫‰ª Ÿà‡§√◊ËÕßÕà“π

2. ‡§√◊ËÕßÕà“π —≠≠“≥§«“¡∂’Ë«‘∑¬ÿ (Reader  or
Interrogator) Àπâ“∑’Ë¢Õß‡§√◊ËÕßÕà“π§◊Õ  √â“ß —≠≠“≥
§«“¡∂’Ë«‘∑¬ÿ¢÷Èπ·≈â« àß‰ª∑“ß “¬Õ“°“» ‚¥¬§«“¡∂’Ëπ’È®–
¡’¢π“¥‡∑à“°—∫∑’Ë·∑Á° “¡“√∂μÕ∫ πÕß‰¥â ‚¥¬Õ“»—¬
À≈—°°“√°“√‡Àπ’Ë¬«π”∑“ß·¡à‡À≈Á°‰øøÑ“ (Electromag-
netic Induction) ‡¡◊ËÕ§≈◊Ëπ«‘∑¬ÿμ°°√–∑∫°—∫·∑Á° ®–
∑”„Àâ‡°‘¥æ≈—ßß“π‰øøÑ“¢÷Èπ¿“¬„π·∑Á° §≈◊Ëπ«‘∑¬ÿ∑’Ë àß®“°
‡§√◊ËÕßÕà“π¡“¬—ß·∑Á°π’È®–∑”Àπâ“∑’Ë‡ ¡◊Õπ‡ªìπμ—«°≈“ß àß
æ≈—ßß“π„Àâ·∑Á°„™â‡∑à“π—Èπ ‰¡à‰¥â∑”Àπâ“∑’ËÕà“π¢âÕ¡Ÿ≈

À≈—°°“√∑”ß“π¢ÕßÕ“√å‡Õø‰Õ¥’

‡§√◊ËÕßÕà“π®– àß —≠≠“≥«‘∑¬ÿÕÕ°¡“Õ¬Ÿàμ≈Õ¥‡«≈“
‡¡◊ËÕ¡’°“√π”·∑Á°ºà“π‡§√◊ËÕßÕà“π„π√—»¡’∑’Ë°”Àπ¥ §≈◊Ëπ«‘∑¬ÿ
∑’Ë‡§√◊ËÕßÕà“π àß¡“®–°√–μÿâπ„Àâ·∑Á° àß¢âÕ¡Ÿ≈∑’Ë‡°Á∫‰«â„Àâ
‡§√◊ËÕßÕà“π‰¥â√—∫√Ÿâ¥â«¬§«“¡∂’Ë‡¥’¬«°—π ‡¡◊ËÕ‡§√◊ËÕßÕà“π√—∫
¢âÕ¡Ÿ≈®“°·∑Á°·≈â« °Á®– àß¢âÕ¡Ÿ≈μàÕ‰ª„Àâ√–∫∫
§Õ¡æ‘«‡μÕ√å∑’Ë‡™◊ËÕ¡Õ¬Ÿà

°“√™π°—π¢Õß¢âÕ¡Ÿ≈ (Collision)

°“√™π°—π¢Õß¢âÕ¡Ÿ≈§◊Õ °“√∑’Ë‡§√◊ËÕßÕà“πÀ√◊Õ·∑Á°
‰¡à “¡“√∂∫Õ°‰¥â«à“¢âÕ¡Ÿ≈∑’Ë‰¥â√—∫¡“π—Èπ¡“®“°‡§√◊ËÕßÕà“π
À√◊Õ·∑Á°„¥ ‡æ√“–¡’°“√ àß —≠≠“≥æ√âÕ¡°—π„π‡«≈“
‡¥’¬«°—π  “¡“√∂·∫àßª√–‡¿∑¢Õß°“√‡°‘¥°“√™π°—π¢Õß
¢âÕ¡Ÿ≈‰¥â  2  ·∫∫¥—ßπ’È (Myung and Lee, 2005)

1. Reader Collision °“√∑’Ë‡§√◊ËÕßÕà“π¡“°°«à“
Àπ÷Ëß‡§√◊ËÕß àß —≠≠“≥¡“∑’Ë·∑Á°‡æ’¬ß·∑Á°‡¥’¬«À√◊Õ‡°‘¥
°“√ ấÕπ∑—∫°—π¢Õß —≠≠“≥ ÷́ËßÕ“®„™â§≈◊Ëπ«‘∑¬ÿ§«“¡∂’Ë
‡¥’¬«°—π  àß —≠≠“≥¡“æ√âÕ¡°—π„π‡«≈“‡¥’¬«°—π ∑”„Àâ
·∑Á°‰¡à “¡“√∂ ◊ËÕ “√À√◊Õ àß¢âÕ¡Ÿ≈°≈—∫‰ª¬—ß‡§√◊ËÕßÕà“π‰¥â

2. Tag Collision ‡¡◊ËÕ·∑Á°¡’æ≈—ßß“π‡æ’¬ßæÕ
·μà≈–·∑Á°®– àß¢âÕ¡Ÿ≈¡“∑’Ë‡§√◊ËÕßÕà“πæ√âÕ¡°—π„π‡«≈“
‡¥’¬«°—π ∑”„Àâ‡§√◊ËÕßÕà“π‰¡à “¡“√∂·¬°·¬–‰¥â«à“¢âÕ¡Ÿ≈
∑’Ë àß¡“π—Èπ ‡ªìπ¢Õß·∑Á°„¥ ´÷Ëß«‘∏’°“√„π°“√·°â‰¢ªí≠À“
π’ÈμâÕß„™â‚ª√‚μ§Õ≈™à«¬„π°“√®—¥°“√¢âÕ¡Ÿ≈∑’Ë‡°‘¥°“√™π°—π
‚¥¬·∫àßÕÕ°‡ªìπ 2 ·∫∫¥—ßπ’È

2.1 ALOHA base protocol  ‡ªìπ
‡∑§π‘§∑’ËÕ“»—¬§«“¡μà“ß¢Õß‡«≈“„π°“√∑”Õ¬à“ß‰√„Àâ·∑Á°
μÕ∫°≈—∫¡“„π™à«ß‡«≈“∑’Ëμà“ß°—π ‡™àπ ALOHA, Slotted
ALOHA, Frame Slotted ALOHA ‡ªìπμâπ

2.2 Tree base protocol  ≈—°…≥–¢Õß
Tree base ®–¡’°“√·∫àßÕÕ°‡ªìπ “¢“À√◊Õ‡ªìπ°≈ÿà¡¬àÕ¬
·≈–®–„™â°“√ ÿà¡μ—«‡≈¢‚¥¬‡≈◊Õ° 0 À√◊Õ 1  ®π°√–∑—Ëß

√Ÿª∑’Ë 1 °“√∑”ß“π¢Õß√–∫∫Õ“√å‡Õø‰Õ¥’
(«—™√“°√ ÀπŸ∑Õß·≈–§≥–, 2547)
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‡§√◊ËÕßÕà“π “¡“√∂√–∫ÿ·∑Á°‰¥â‚¥¬‰¡à‡°‘¥°“√™π°—π ‡™àπ
Binary Tree, Query Tree ‡ªìπμâπ

‚¥¬æ◊Èπ∞“π¢Õß ALOHA  based ®–‡ªìπ°“√
≈¥§«“¡πà“®–‡ªìπ¢Õß°“√‡°‘¥°“√™π°—π¢Õß·∑Á° ‚¥¬
‰¡à√—∫√Õß«à“·μà≈–·∑Á°®–‰¥â√—∫°“√√–∫ÿ§√∫∑ÿ°·∑Á°À√◊Õ‰¡à
´÷Ëß·μ°μà“ß®“° Tree Based ´÷Ëß π„®«à“∑ÿ°·∑Á°μâÕß‰¥â
√—∫°“√√–∫ÿ √«¡∂÷ß§«“¡√«¥‡√Á«„π°“√√–∫ÿ·∑Á°·μà≈–
·∑Á°¥â«¬ ®“°ª√–‡¥Áππ’È‡Õß ß“π«‘®—¬§√—Èßπ’È®÷ß‰¥âª√—∫ª√ÿß
ª√– ‘∑∏‘¿“æ¢Õß EPC Class 1 Generation 2 ´÷Ëß„™â
Slotted ALOHA ‡ªìπÕ—≈°Õ√‘∑÷¡∑’Ë„™â·°â‰¢°“√™π°—π
‡√’¬°«à“ Q-Selection Protocol ‚¥¬¡’°“√π”·π«§‘¥
°“√®—¥°“√°“√™π°—π·∫∫ Tree based ‡¢â“¡“™à«¬‡æ‘Ë¡
ª√– ‘∑∏‘¿“æ

‚ª√‚μ§Õ≈·∫∫ Slotted ALOHA

·μà≈–·∑Á°®– àß√À— ª√–®”μ—«·∑Á°‰ª¬—ß‡§√◊ËÕß
Õà“π„π ≈ÁÕμ¢Õß‡ø√¡‚¥¬°“√ ÿà¡§à“¢÷Èπ¡“§à“Àπ÷Ëß ·≈–
∑”°“√ àß‰ª¬—ß‡§√◊ËÕßÕà“π ‡§√◊ËÕßÕà“π®– “¡“√∂√–∫ÿ·∑Á°
‰¥â°ÁμàÕ‡¡◊ËÕ ‡«≈“∂Ÿ°„™â‚¥¬·∑Á°‡æ’¬ß·∑Á°‡¥’¬« ·μà∂â“¡’
¡“°°«à“Àπ÷Ëß·∑Á°Õ¬Ÿà„π ≈ÁÕμ‡¥’¬«°—π ‡§√◊ËÕßÕà“π®–‰¡à
 “¡“√∂√–∫ÿ·∑Á°‰¥â ®÷ßμâÕß √â“ß‡ø√¡„À¡à ·≈–„Àâ·∑Á°∑’Ë
¬—ß‰¡à‰¥â√—∫°“√√–∫ÿ ÿà¡μ—«‡≈¢‡æ◊ËÕ∑”°“√ àß„À¡àÕ’°§√—Èß

‚ª√‚μ§Õ≈·∫∫ Query-Tree Algorithm

≈—°…≥–°“√∑”ß“π®–·∫àßÕÕ°‡ªìπ “¢“À√◊Õ°≈ÿà¡
¬àÕ¬ ·μà≈–·∑Á°®–¡’√À— ª√–®”μ—«·∑Á°‡ªìπ¢Õßμ—«‡Õß¬“«
k bits §à“æ“√“¡‘‡μÕ√å k ®–¢÷ÈπÕ¬Ÿà°—∫®”π«π¢Õß«—μ∂ÿ ¡’
§à“‡∑à“°—∫ 2k  ‚¥¬„π·μà≈–√Õ∫‡§√◊ËÕßÕà“π ∑”°“√ àß
 —≠≠“≥ ·≈–√Õ§Õ¬°“√μÕ∫°≈—∫®“°·∑Á° ‚¥¬ —ß‡°μ®“°
prefix À“°¡’¡“°°«à“Àπ÷Ëß·∑Á°μÕ∫°≈—∫ ‡§√◊ËÕßÕà“π®–
∑√“∫∑—π∑’«à“ ¡’Õ¬à“ßπâÕ¬ Õß·∑Á°∑’Ë¡’ prefix π—Èπ ‡§√◊ËÕß
Õà“π°Á®–∑”°“√ àß 0 À√◊Õ 1 ‰ª‡√◊ËÕ¬Ê ®π°«à“®–¡’‡æ’¬ß
·∑Á°‡¥’¬«∑’Ë‰¥â√—∫°“√√–∫ÿÕ¬à“ß∂Ÿ°μâÕß

√Ÿª∑’Ë 2 °“√∑”ß“π¢Õß Slotted ALOHA
(Cha and Kim, 2006)

√Ÿª∑’Ë 3 °“√∑”ß“π¢Õß Query-Tree
(Myung and Lee, 2005)

EPC Class1 Generation 2

ß“π«‘®—¬§√—Èßπ’Èπ”‡ πÕ°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ
‚¥¬Õ¬Ÿà∫π¡“μ√∞“π¢Õß EPC Global ´÷Ëß‡≈◊Õ°∑’Ë®–
∑”°“√»÷°…“„π à«π¢Õß EPC Class1 Generation 2 ́ ÷Ëß
‡ªìπ‡«Õ√å™—Ëπ≈à“ ÿ¥¢Õß EPC UHF Class 1 À√◊Õ∑’Ë‡√’¬°
°—π‚¥¬∑—Ë«‰ª«à“ çGen 2 protocolé ∑”ß“π„π¬à“π
§«“¡∂’Ë Ÿß¬‘Ëß (Ultra-High Frequency) 860-960
‡¡°–‡Œ‘√μ´å
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°“√∑”ß“π„π à«π¢Õß°“√®—¥°“√°“√™π°—π¢Õß
EPC Class 1 Gen2 π’È®–„™â‚ª√‚μ§Õ≈„πμ√–°Ÿ≈ ALOHA
§◊Õ Slotted ALOHA Protocol ‚¥¬„™âÕ—≈°Õ√‘∑÷¡∑’Ë¡’
™◊ËÕ«à“ Q-Selection Protocol

√Ÿª∑’Ë 4 °“√∑”ß“π¢Õß Q-Selection
(EPCglobal, 2006)

°—π æ◊Èπ∞“π·π«§‘¥ ‡ªìπ°“√·°â‰¢ªí≠À“¢Õß°“√‡°‘¥°“√
™π°—π ‚¥¬À≈’°‡≈’Ë¬ß°“√‡°‘¥°“√™π°—π„π ≈ÁÕμ ®–¡’
‡æ’¬ß·∑Á°´÷Ëß‡°‘¥°“√™π°—π‡∑à“π—Èπ∑’Ë∂Ÿ° àß„À¡à„π√Õ∫∂—¥‰ª
«—μ∂ÿª√– ß§åÀ≈—° §◊Õ ≈¥®”π«π°“√‡°‘¥°“√™π°—π¢Õß
·∑Á° ‚¥¬°“√‡≈◊Õ°‡©æ“–·∑Á°∑’Ë‡°‘¥°“√™π°—π„π ≈ÁÕμ
‡¥’¬«°—π‡∑à“π—Èπ

°“√∑”ß“π¢Õß Adaptive Slotted ALOHA

„π¢—ÈπμÕπ·√° ‡§√◊ËÕßÕà“π∑”°“√ àß —≠≠“≥‚¥¬
°”Àπ¥¢π“¥¢Õß‡ø√¡„πμÕπ‡√‘Ë¡μâπ‡∑à“°—∫ L

0
 ‡¡◊ËÕ

·∑Á°‰¥â√—∫ —≠≠“≥°Á®–∑”°“√ ÿà¡§à“μ—«‡≈¢‡æ◊ËÕ‡≈◊Õ° ≈ÁÕμ
∑’Ë®–∑”°“√ àß‚¥¬Õ¬Ÿà„π™à«ß [1,..., L

i
 ] ·≈– àß√À— 

ª√–®”μ—«·∑Á°‰ª„π ≈ÁÕμπ—Èπ À“° ≈ÁÕμ¡’‡æ’¬ß·∑Á°‡¥’¬«
‡§√◊ËÕßÕà“π®–∑”°“√√–∫ÿ√À— ª√–®”μ—«·∑Á°¢Õß·∑Á°∑’Ë‰¥â√—∫
·μàÀ“°„π ≈ÁÕμ¡’¡“°°«à“Àπ÷Ëß·∑Á°®–∑”°“√«π È́”‚¥¬
‡æ‘Ë¡§à“ Level ·≈–‡¢â“ Ÿàøíß°å™—Ëπ°“√®—¥°“√°“√™π°—π

¢—ÈπμÕπ∑’Ë Õß„π à«π¢Õß°“√®—¥°“√°“√™π°—π
≈—°…≥–¢Õß°“√®—¥°“√°“√™π°—π‡ªìπ°“√§âπÀ“·∑Á°μ“¡
‚§√ß √â“ß·∫∫ Tree structure ‚¥¬‚Àπ¥√“° §◊Õ‡ø√¡∑’Ë
Õ¬Ÿà„π√Õ∫¢Õß°“√Õà“π„π§√—Èß·√° ´÷Ëß°Á§◊Õ L

0
 ‡ªìπ¢π“¥

¢Õß‡ø√¡„πμÕπ‡√‘Ë¡μâπ  à«π N
i
 ‡ªìπ®”π«π·∑Á°∑’Ë àß

√À— ª√–®”μ—«·∑Á°‰ª„π ≈ÁÕμ i ´÷Ëß¡’§à“‡∑à“°—∫ i ≤ L
0
 ,

N
i
 ≥ 0 , ∑ 

i
 N

i
  = n ∂â“ N

i
 ≥ 2 ‡¡◊ËÕ¡’°“√™π°—π¢Õß

·∑Á°‡°‘¥¢÷Èπ„π ≈ÁÕμ i ‚¥¬∑’Ë i  §◊ÕÀ¡“¬‡≈¢ ≈ÁÕμ·≈– n
‡ªìπ®”π«π·∑Á°∑—ÈßÀ¡¥ „πμÕπ∑â“¬¢Õß·μà≈–√Õ∫¢Õß
°“√Õà“π ∂â“‡§√◊ËÕßÕà“π‡®Õ°“√™π°—π‡°‘¥¢÷Èπ ®–‡√‘Ë¡√Õ∫
„À¡à‡©æ“– ≈ÁÕμ∑’Ë‡°‘¥°“√™π°—π‡∑à“π—Èπ ‚¥¬°“√‡æ‘Ë¡
‚Àπ¥„À¡à‡¢â“‰ª„π∑√’ ‡§√◊ËÕßÕà“π®– àß¢π“¥‰ªæ√âÕ¡Ê
°—∫®”π«π ≈ÁÕμ¢Õß‡ø√¡·≈–√–¥—∫¢Õß∑√’‡©æ“–·∑Á°∑’Ë
‡°‘¥°“√™π°—π‡∑à“π—Èπ ‚¥¬„π·μà≈–√Õ∫·∑Á°®–‡°Á∫§à“∑’Ë‰¥â
®“°°“√ ÿà¡‡æ◊ËÕ∑’Ë®–„™â„π°“√ àß√À— ª√–®”μ—«·∑Á°‰ª¬—ß
‡§√◊ËÕßÕà“π ·≈–‡æ‘Ë¡§à“‡¢â“‰ª‡æ◊ËÕ„™â‡ªìπμ—«π—∫√–¥—∫¢Õß
∑√’ ÷́Ëß°√–∫«π°“√∑—ÈßÀ¡¥®–∑” È́”®π°«à“·∑Á°®–‰¥â√—∫
°“√√–∫ÿ®π§√∫

À≈—°°“√∑”ß“π¢Õß Q-Selection Protocol §◊Õ
¡’°“√°”Àπ¥§à“®”π«π√Õ∫‡∑à“°—∫ 2Q  ≈ÁÕμ „πμÕπ
‡√‘Ë¡μâπ·∑Á°®–μ—Èß§à“À¡“¬‡≈¢ ≈ÁÕμ‚¥¬„™â«‘∏’°“√ ÿà¡
μ—«‡≈¢®“°™à«ß 0 ∂÷ß  2Q-1 ‡§√◊ËÕßÕà“π∑”°“√ àß§” —Ëß
‡æ◊ËÕ‡√‘Ë¡ ≈ÁÕμ ·∑Á°∑’Ë¡’À¡“¬‡≈¢ ≈ÁÕμ‡∑à“°—∫ 0 ®– àß§à“
Reply ·≈–∑ÿ°·∑Á°®–≈¥§à“ Slot counter ≈ß‰ª 1
°√–∫«π°“√π’È∑”®π°√–∑—Ëß§√∫∑ÿ° 2Q  ≈ÁÕμ ‚¥¬„™â°“√
‡ª≈’Ë¬π·ª≈ß§à“ Q ‡§√◊ËÕßÕà“π “¡“√∂°”Àπ¥®”π«π
 ≈ÁÕμμàÕ√Õ∫ ·≈–ª√—∫ª√ÿß®”π«π·∑Á°„π™à«ß¢Õß°“√
∑”ß“π‰¥â

°“√ÕÕ°·∫∫Õ—≈°Õ√‘∑÷¡∑’Ë„™â„π°“√ªÑÕß°—π°“√™π°—π

¥â«¬‡∑§π‘§ Adaptive Slotted ALOHA

‡∑§π‘§∑’ËºŸâ«‘®—¬π”‡ πÕ„π√“¬ß“π«‘®—¬π’È§◊Õ
Adaptive Slotted ALOHA ‡ªìπ°“√π”‡Õ“≈—°…≥–
¢Õß°“√®—¥°“√°“√™π°—π‚¥¬√«¡‡Õ“ª√– ‘∑∏‘¿“æ¢Õß
Query-tree algorithm ·≈– Slotted ALOHA ¡“√«¡
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°“√§”π«≥¢π“¥¢Õß‡ø√¡·≈–®”π«π·∑Á°∑’Ë„™â„π

°“√ àß·μà≈–√Õ∫

¢π“¥¢Õß‡ø√¡„π·μà≈–√Õ∫°“√Õà“π§”π«≥
§≈â“¬°—∫ Ÿμ√¢Õß Vogt ‚¥¬°”Àπ¥„Àâ <C

o
,C

1
,C

k
>

À¡“¬∂÷ß  ≈ÁÕμ∑’Ë«à“ß  ≈ÁÕμ∑’Ë àß·∑Á°‰ª‡æ’¬ßÀπ÷Ëß·∑Á° ·≈–
 ≈ÁÕμ∑’Ë‡°‘¥°“√™π°—π ´÷Ëßº≈≈—æ∏å∑’Ë‰¥â®–„™â„π°“√
ª√–¡“≥§à“®”π«π·∑Á°∑’Ë„™â„π°“√ àß ́ ÷Ëß°Á§◊Õ§à“ n π—Ëπ‡Õß
¥—ß ¡°“√∑’Ë 1

®“° ¡°“√ <a
0
,a

1
,a

k
> ‡ªìπ§à“∑’Ë§“¥À«—ß¢Õß

®”π«π ≈ÁÕμ∑’Ë«à“ß  ≈ÁÕμ∑’Ë¡’‡æ’¬ßÀπ÷Ëß·∑Á° ·≈– ≈ÁÕμ∑’Ë
‡°‘¥°“√™π°—π ‚¥¬∑’Ë N ‡ªìπ¢π“¥¢Õß‡ø√¡„π·μà≈–√Õ∫
·≈– n ‡ªìπ®”π«π·∑Á°‚¥¬∑’Ë§à“ n Õ¬Ÿà „π™à«ß
[C

1
+2C

k
,...2(C

1
+2C

k
)] ‚¥¬ C

1
+2C

k
 „Àâ§à“ n ∑’Ë‡ªìπ‰ª

‰¥âπâÕ¬∑’Ë ÿ¥ À¡“¬∂÷ßÀ“° C
1
 §◊Õ·∑Á°∑’Ë‰¥â√—∫°“√√–∫ÿ ®–

μâÕß¡’Õ¬à“ßπâÕ¬ 2C
k
 ∑’Ë‡°‘¥°“√™π°—π¢÷Èπ„π ≈ÁÕμ ‚¥¬

μ—Èß§à“ Ÿß ÿ¥¢Õß™à«ßπ’È‰«â∑’Ë 2(C
1
+2C

k
)

‡¡◊ËÕ‡§√◊ËÕßÕà“π„™â¢π“¥¢Õß‡ø√¡∑’Ë¡’¢π“¥‡∑à“°—∫ N
·≈–®”π«π¢Õß·∑Á°∑’ËμÕ∫°≈—∫¡’§à“‡ªìπ n ∑”°“√
§”π«≥§à“ r §◊Õ®”π«π¢Õß‡ø√¡∑’Ë®– √â“ß„π√Õ∫μàÕ‰ª
¡’§à“¥—ß ¡°“√∑’Ë 2

 à«π¢π“¥¢Õß‡ø√¡„π√Õ∫„À¡à §”π«≥®“°
 ¡°“√∑’Ë 3

‡¡◊ËÕ ni ,c i
1
 ·≈– c i

k
 ‡ªìπ§à“∑’Ë‰¥â®“°°“√ª√–¡“≥

‚¥¬ ni §◊Õ ®”π«π·∑Á°∑’Ë àß‰ª„π·μà≈–√Õ∫, c i
1
 §◊Õ ®”π«π

·∑Á°∑’Ë‰¥â√—∫°“√√–∫ÿ ·≈– c i
k
 §◊Õ ®”π«π ≈ÁÕμ∑’Ë·∑Á°

‡°‘¥°“√™π°—π
‡¡◊ËÕπ”¡“§”π«≥À“§à“‚¥¬π”®”π«π·∑Á°∑’Ë àß‰ª

„π·μà≈–√Õ∫ (ni) ¡“≈∫°—∫®”π«π·∑Á°∑’Ë‰¥â√—∫°“√√–∫ÿ
(c i

1
) ®–‰¥â®”π«π·∑Á°∑’Ë¬—ß‰¡à‰¥â√—∫°“√√–∫ÿ„π√Õ∫∑’Ë i+1

´÷Ëß “¡“√∂ª√–¡“≥‰¥â«à“¡’·∑Á°∑’Ë‡°‘¥°“√™π°—π„π√Õ∫∑’Ë i
®”π«π‡∑à“„¥ ‚¥¬π”§à“∑’Ë‰¥â¡“À“√¥â«¬®”π«π ≈ÁÕμ∑’Ë
‡°‘¥°“√™π°—π (c i

k
) ´÷Ëß°“√§”π«≥π’È®–π”¡“„™â„π∑ÿ°Ê

√Õ∫¢Õß°“√∑”ß“π

°“√∑¥ Õ∫√–∫∫

„π°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ√–∫∫ ºŸâ«‘®—¬∑”°“√
æ—≤π“Õ—≈°Õ√‘∑÷¡∑’Ëª√—∫ª√ÿß„À¡à ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫
ª√– ‘∑∏‘¿“æ¢Õß Class1 EPC Generation 2 ´÷Ëß„™â
‚ª√‚μ§Õ≈ Slotted ALOHA ‡™àπ‡¥’¬«°—π·μàμà“ß°—π
μ√ß‡∑§π‘§¢Õß°“√·°â‰¢ªí≠À“°“√™π°—π‚¥¬ Class1
EPC Generation 2 „™â‡∑§π‘§¢Õß Q-Selection ·μà
Adaptive Slotted ALOHA ‡ªìπ°“√π”‡Õ“‡∑§π‘§¢Õß
Query-tree Protocol ‡¢â“¡“™à«¬„π°“√®—¥°“√·°â‰¢
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¿“…“ ’́„π°“√‡¢’¬π‚ª√·°√¡ ·≈–∑”ß“πÕ¬Ÿà∫π‡§√◊ËÕß ‡§√◊ËÕß

(3)

(1)

√Ÿª∑’Ë 5  °“√∑”ß“π¢Õß Adaptive Slotted ALOHA

(2)
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