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∫∑§—¥¬àÕ

∫∑§«“¡π’Èπ”‡ πÕ√–‡∫’¬∫«‘∏’°“√ÕÕ°·∫∫«ß®√¥‘®‘µÕ≈¢π“¥„À≠à ”À√—∫«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å¿“¬„µâ

æ◊Èπ∑’Ë∫π FPGA (Field Programmable Gate Array) ∑’Ë¡’Õ¬ŸàÕ¬à“ß®”°—¥ °“√ÕÕ°·∫∫·∫àß‡ªìπ Õß à«π§◊Õ  à«π«ß®√¢âÕ¡Ÿ≈

(Data-path part)  ”À√—∫°“√ª√–¡«≈º≈ —≠≠“≥¢âÕ¡Ÿ≈ ·≈– à«π«ß®√§«∫§ÿ¡ (Control part)  ”À√—∫§«∫§ÿ¡®—ßÀ«–

°“√∑”ß“π«ß®√¢âÕ¡Ÿ≈ ‚¥¬ à«π«ß®√¢âÕ¡Ÿ≈∂Ÿ°ÕÕ°·∫∫‚¥¬Õ“»—¬À≈—°°“√„™â∑√—æ¬“°√√à«¡°—π·∫∫≈”¥—∫™—Èπ‡æ◊ËÕ≈¥

¢π“¥¢Õß«ß®√ ‡√‘Ë¡®“°‡´∑¢Õßøíß°å™—π∑’ËÕ∏‘∫“¬æƒµ‘°√√¡¢Õß«ß®√∂Ÿ°·ª≈ß„ÀâÕ¬Ÿà„π√Ÿª°√“ø°√–· ¢âÕ¡Ÿ≈ (Data

Flow Graph ; DFG) ∑’Ë¡’‚§√ß √â“ß‡ªìπ≈”¥—∫™—Èπ ®“°π—Èπ DFG ∑’Ë‡À¡◊Õπ°—π∂Ÿ°®—¥„Àâ„™â∑√—æ¬“°√√à«¡°—π‡ªìπ≈”¥—∫

™—Èπ®“°°≈ÿà¡„À≠à‰ª‡≈Á° ‚¥¬¡’°“√§”π÷ß∂÷ß‡«≈“∑’Ë™â“≈ßÀ≈—ß®“°¡’°“√„™â∑√—æ¬“°√√à«¡°—π „π à«π«ß®√§«∫§ÿ¡ FSM

(Finite State Machine) ·∫∫ Moore machine ∂Ÿ°„™â ”À√—∫§«∫§ÿ¡®—ßÀ«–°“√„™â∑√—æ¬“°√√à«¡°—π¢Õß à«π«ß®√

¢âÕ¡Ÿ≈„Àâ‡ªìπ‰ªÕ¬à“ß∂Ÿ°µâÕß «ß®√∑’Ë‰¥âÕÕ°·∫∫∂Ÿ°∑¥ Õ∫∫π™‘æ FPGA ¢Õß∫√‘…—∑ Xilinx µ√–°Ÿ≈ SPARTAN-3

‡∫Õ√å XCS4000-5FG676 ®“°°“√®”≈Õß·∫∫°“√∑”ß“π«ß®√ “¡“√∂∑”ß“π‰¥â∂Ÿ°µâÕß‡¡◊ËÕ‡∑’¬∫°—∫º≈°“√§”π«≥

®“°‚ª√·°√¡ MATLAB ·≈–®“°º≈°“√ —ß‡§√“–Àå«ß®√∑’ËÕÕ°·∫∫„™âæ◊Èπ∑’Ë≈¥≈ß 44% ·≈–¡’§«“¡‡√Á«√Õ∫°“√

∑”ß“π≈¥≈ß 30% ‡∑’¬∫°—∫«ß®√∑’Ë‰¡à¡’°“√„™â∑√—æ¬“°√√à«¡°—π

§” ”§—≠: °“√„™â∑√—æ¬“°√√à«¡°—π, ¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å, ‡Õøæ’®’‡Õ

ABSTRACT

This paper presents a large digital circuit design methodology for a digital filter bank circuit on an area

limited FPGA (Field Programmable Gate Array). The design is divided into two parts: a data-path part for data

processing and a control part for controlling data-path operations. The data-path part is designed by using a
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hierarchical resource-sharing technique to reduce the circuit size. The set of functions describing the circuit

behavior is translated into hierarchical data flow graphs (DFGs). Then the DFGs are hierarchically grouped into

the same structure DFGs to share the same resources from large to small groups. The slower operation of the

circuit after resource-sharing is of concern. In the control part, the FSM (Finite State Machine) in Moore machine

format is used for controlling the correct sequence of the resource-sharing in the data-path part.  The designed

circuit was tested on a Xilinx FPGA SPARTAN-3 XCS4000-5FG676. The circuit worked correctly compared to

the calculation results from MATLAB. From the synthesis results, the circuit size is 44% smaller, and the cycle

time is 30% slower, compared to the original circuit without resource-sharing.

Keywords: resource-sharing, digital filter bank, FPGA (Field Programmable Gate Array)

∫∑π”

«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å¡’ª√–‚¬™πå ”À√—∫

°“√·¬° —≠≠“≥ÕÕ°‡ªìπÀ≈“¬™à«ß§«“¡∂’Ë‡æ◊ËÕ„™â„π

ß“πª√–¬ÿ°µå∑’Ë∫“ß™à«ß§«“¡∂’Ë¡’§«“¡ ”§—≠°«à“™à«ß

§«“¡∂’ËÕ◊Ëπ ‡™àπ ß“π¥â“π°“√ª√–¡«≈ —≠≠“≥‡ ’¬ß„π

‡§√◊ËÕß™à«¬øíß¥‘®‘µÕ≈ (Nielsen et al., 1999 ; Lunner et

al., 1991 ; bernardini et al., 2006) ß“π¥â“π°“√ª√–¡«≈

º≈¿“æ¥‘®‘µÕ≈ (Balasingham et al., 2008) ‡ªìπµâπ

°“√»÷°…“·≈–°“√ÕÕ°·∫∫«ß®√¥‘®‘µÕ≈„π

ªí®®ÿ∫—π ‰¥â¡’π”«ß®√√«¡¥‘®‘µÕ≈™π‘¥Àπ÷Ëß∑’Ë‡√’¬°«à“

‡Õøæ’®’‡Õ (Field Programmable Gate Array ; FPGA)

¡“‡ªìπÕß§åª√–°Õ∫„π°“√‡√’¬π√Ÿâ ∑—Èßπ’È ‡π◊ËÕß®“°«ß®√

∑—ÈßÀ¡¥∑’ËµâÕß°“√ÕÕ°·∫∫®–∂Ÿ°ÕÕ°·∫∫∫π‚ª√·°√¡

§Õ¡æ‘«‡µÕ√å ·≈â« “¡“√∂®”≈Õß°“√∑”ß“π ‡æ◊ËÕ«‘‡§√“–Àå

º≈∑’Ë‰¥âÕÕ°·∫∫ ‡¡◊ËÕ∂Ÿ°µâÕß·≈â«°Á∑”°“√‚ª√·°√¡

«ß®√∑’Ë‰¥âÕÕ°·∫∫‰«â≈ß∫π™‘æ≈ß„π™‘æ‡æ’¬ßµ—«‡¥’¬«

∑’Ë “¡“√∂„™â∑”ß“π®√‘ß‰¥â∑—π∑’ πÕ°®“°π’È°“√æ—≤π“

√–∫∫¥‘®‘µÕ≈∫π FPGA ¬—ß¡’§«“¡¬◊¥À¬ÿàπ¡“°°«à“°“√

æ—≤π“∫π‰¡‚§√§Õπ‚∑√≈‡≈Õ√å·≈–™‘æª√–¡«≈º≈

 —≠≠“≥¥‘®‘µÕ≈ √–∫∫ “¡“√∂∂Ÿ°ÕÕ°·∫∫„Àâ∑”ß“π

·∫∫¢π“π‡¡◊ËÕ¡’¢âÕ®”°—¥¥â“π§«“¡‡√Á«  “¡“√∂∂Ÿ°

ÕÕ°·∫∫„Àâ¡’¢π“¥‡≈Á°‡¡◊ËÕ¡’¢âÕ®”°—¥¥â“πæ◊Èπ∑’Ë  “¡“√∂

√«¡√–∫∫°“√∑”ß“π√à«¡Œ“√å¥·«√å/´Õø∑å·«√å‰«â„π™‘æ

‡¥’¬« ‡ªìπµâπ §ÿ≥ ¡∫—µ‘¥—ß°≈à“«®÷ß∑”„Àâ FPGA ‡À¡“–

°—∫°“√ÕÕ°·∫∫«ß®√¥‘®‘µÕ≈∑’Ë¡’¢π“¥„À≠à

®“°§ÿ≥ ¡∫—µ‘¢Õß™‘æ«ß®√√«¡ FPGA æ∫«à“

‡À¡“– ¡∑’Ë®–π”¡“„™â„π°“√»÷°…“·≈–ÕÕ°·∫∫«ß®√

√«¡∑’Ë¡’¢π“¥„À≠àÕ¬à“ß«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å´÷Ëß

π‘¬¡„™â„π°“√·¬° —≠≠“≥ ·µà„π°“√ÕÕ°·∫∫«ß®√

¥‘®‘µÕ≈∑’Ë¡’¢π“¥„À≠àπ—Èπ®”‡ªìπµâÕß„™â∑√—æ¬“°√¿“¬

„π‡Õøæ’®’‡Õ¡“° ·≈–∫àÕ¬§√—Èß∑’Ë∑√—æ¬“°√¥—ß°≈à“«‰¡à

‡æ’¬ßæÕ À“°π”À≈—°°“√„™â∑√—æ¬“°√√à«¡°—π (Resource-

sharing) √–À«à“ß‚Õ‡ªÕ‡√™—πµà“ßÊ ´÷Ëß‡ªìπ¢—ÈπµÕπÀπ÷Ëß

„π —ß‡§√“–Àå«ß®√∑’Ë√–¥—∫ Ÿß∑’Ë∑”„Àâ«ß®√¢π“¥„À≠à

 “¡“√∂∂Ÿ° √â“ß‰¥â∫π™‘æ∑’Ë¡’æ◊Èπ∑’Ë®”°—¥¡“„™â„π°“√

ÕÕ°·∫∫ ®–¡’ª√–‚¬™πå¡“°µàÕ°“√ÕÕ°·∫∫ ·µàÀ≈—ß

®“°°“√„™â∑√—æ¬“°√√à«¡°—π«ß®√®–∑”ß“π™â“≈ß ·≈–

À“°¬‘Ëß¡’°“√„™â∑√—æ¬“°√√à«¡°—π¡“°¢÷Èπ‡∑à“‰À√à«ß®√°Á

®–∑”ß“π™â“≈ß¡“°¬‘Ëß¢÷Èπ‡™àπ°—π πÕ°®“°π’È¬—ß àßº≈„π

°“√µàÕ “¬ —≠≠“≥ (Interconnection) ¿“¬„π™‘æ∑’Ë®–

´—∫´âÕπ¬‘Ëß¢÷Èπ¥â«¬ ¡’ß“π«‘®—¬À≈“¬ß“π∑’Ëπ”‡ πÕ√–‡∫’¬∫

«‘∏’ Resource-sharing ∑’Ë¡’ª√– ‘∑∏‘¿“æ ‰¥â·°à √–‡∫’¬∫

«‘∏’‡≈’Ë¬ß°“√‡°‘¥‡ âπ∑“ß¬âÕπ°≈—∫·≈–‡ âπ∑“ß∑’Ë¬“«‡°‘π

(Qiao et al., 2007) √–‡∫’¬∫«‘∏’°“√„™â∑√—æ¬“°√√à«¡°—π

√–À«à“ß∫≈ÁÕ°¢Õß‚Õ‡ªÕ‡√™—π (Memik et al., 2003 ;

Jaschke et al., 1999) ‰¥âæ‘®“√≥“∂÷ß§«“¡´—∫´âÕπ

‡π◊ËÕß®“°°“√‡™◊ËÕ¡µàÕ “¬√–À«à“ß‚¡¥Ÿ≈ ·µà°Á‰¡à‰¥â

æ‘®“√≥“°“√„™â∑√—æ¬“°√√à«¡°—π¿“¬„π∫≈ÁÕ°

„π∫∑§«“¡π’Èπ”‡ πÕ√–‡∫’¬∫«‘∏’°“√„™â

∑√—æ¬“°√√à«¡°—π·∫∫≈”¥—∫™—Èπ„π°“√ÕÕ°·∫∫«ß®√

¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å¿“¬„µâæ◊Èπ∑’Ë∫π FPGA ∑’Ë¡’Õ¬Ÿà

Õ¬à“ß®”°—¥ ‚¥¬¡’°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß

∫≈ÁÕ°·≈–¿“¬„π∫≈ÁÕ°‡¥’¬«°—π ‚¥¬¡’°“√§”π÷ß∂÷ß‡«≈“

∑’Ë™â“≈ß·≈–§«“¡ —́∫´âÕπ¢Õß “¬‡™◊ËÕ¡µàÕ√–À«à“ß

‚¡¥Ÿ≈À≈—ß®“°¡’°“√„™â∑√—æ¬“°√√à«¡°—π

°“√ÕÕ°·∫∫«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å‚¥¬À≈—°°“√„™â∑√—æ¬“°√¥“µâ“æ“∑
√à«¡°—π·∫∫≈”¥—∫™—Èπ∫π FPGAs
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«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å

«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å (Digital filter bank)

§◊Õ«ß®√°√Õß —≠≠“≥‡™‘ß‡≈¢ª√–‡¿∑Àπ÷Ëß ¡’°“√

∑”ß“π§◊Õ∑”Àπâ“∑’Ë·¬° —≠≠“≥¥â“π‡¢â“∑’Ë∂Ÿ°ªÑÕπ‡¢â“¡“

„π«ß®√‡æ◊ËÕª√—∫ª√ÿß§ÿ≥¿“æ¢Õß —≠≠“≥ ‚¥¬ —≠≠“≥

∑’Ë∂Ÿ°ªÑÕπ‡¢â“¡“®–∂Ÿ°·¬°À√◊Õ°√Õß‡ªìπ —≠≠“≥∑’Ë¡’

§«“¡∂’Ëµà“ßÊ °—π‰ª´÷Ëß‡ªìπº≈¡“®“°°“√∑”ß“π¢Õßøî≈

‡µÕ√å¬àÕ¬∑’ËÕ¬Ÿà¿“¬„πøî≈‡µÕ√å·∫ß°å·≈– —≠≠“≥∑’Ë‰¥â

®“°øî≈‡µÕ√å¬àÕ¬µ—«·√°®–∂Ÿ°ªÑÕπ‡ªìπÕ‘πæÿµ„Àâ·°àøî≈

‡µÕ√å¬àÕ¬Õ◊ËπÊ ∑’ËÕ¬Ÿà¿“¬„πøî≈‡µÕ√å·∫ß°å‰ªµ“¡≈”¥—∫

®π§√∫ ´÷Ëßøî≈‡µÕ√å·µà≈–µ—«‡À≈à“π—Èπ°Á®–∑”Àπâ“∑’Ë·¬°

À√◊Õ°√Õß —≠≠“≥∑’Ë‰¥â√—∫‡æ◊ËÕª√—∫ª√ÿß§ÿ≥¿“æ¢Õß

 —≠≠“≥®“°°“√ª√–¡«≈º≈¢Õßøî≈‡µÕ√å·µà≈–µ—«‡™àπ°—π

 ÿ¥∑â“¬°Á®–‰¥â —≠≠“≥¥â“πÕÕ°¢Õßøî≈‡µÕ√å·∫ß°å

«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å∑’Ë„™â„πß“π«‘®—¬π’È

‡ªìπ«ß®√°√Õß¥‘®‘µÕ≈∑’Ë¡’ —≠≠“≥¥â“π‡¢â“ 1 ™àÕß

¿“¬„πª√–°Õ∫‰ª¥â«¬∫≈ÁÕ°ª√–¡«≈º≈ 8 ∫≈ÁÕ°

‡æ◊ËÕ∑”°“√·¬° —≠≠“≥∑’Ë‡¢â“¡“ÕÕ°‡ªìπ —≠≠“≥¥â“π

ÕÕ° 8 ™àÕß —≠≠“≥ ‚¥¬· ¥ß‰¥â¥—ß√Ÿª∑’Ë 1

®“°√Ÿª· ¥ß„Àâ ‡ÀÁπ∂÷ ß°“√∑”ß“π¢Õß

Õß§åª√–°Õ∫æ◊Èπ∞“π¢Õß«ß®√°√Õß¥‘®‘µÕ≈ ‚¥¬À“°

 —ß‡°µ®–æ∫«à“‚§√ß √â“ß¿“¬„π¢Õßøî≈‡µÕ√å¬àÕ¬π—Èπ¡’

‚§√ß √â“ß·∫∫‡¥’¬«°—π°—∫‚§√ß √â“ß¢Õß«ß®√°√Õß·∫∫

FIR ¥—ß√Ÿª¢¬“¬¢Õß∫≈ÁÕ° H7 ÷́Ëß‚§√ß √â“ß°“√

∑”ß“ππ’È “¡“√∂‡¢’¬π„ÀâÕ¬Ÿà „π¢Õßøíß°å™—π∑“ß

§≥‘µ»“ µ√å„π√Ÿª ¡°“√º≈µà“ß¢Õß√–∫∫ (Difference

Equation)

√Ÿª∑’Ë 1. °“√ª√–¡«≈º≈¢Õßøî≈‡µÕ√å·µà≈–µ—«
¿“¬„πøî≈‡µÕ√å·∫ß°å

‚¥¬°“√∑”ß“π¢Õß«ß®√øî≈‡µÕ√å·∫ß°åπ’È§◊Õ

øî≈‡µÕ√å¬àÕ¬∑’ËÕ¬Ÿà¿“¬„π·µà≈–∫≈ÁÕ°¡’°“√∑”ß“π∑’Ë

‡À¡◊Õπ°—π§◊Õ √—∫ —≠≠“≥Õ‘πæÿµ∑’Ë¥â“π‡¢â“®“°π—Èπ

ª√–¡«≈º≈ —≠≠“≥¿“¬„µâ ¡°“√º≈µà“ß‚¥¬∑’Ëøî≈‡µÕ√å

¬àÕ¬·µà≈–µ—«®–¡’ ¡°“√‡©æ“– ”À√—∫øî≈‡µÕ√å·µà≈–

∫≈ÁÕ° ‚¥¬°“√∑’Ë®– √â“ß ¡°“√º≈µà“ß¢Õßøî≈‡µÕ√å‰¥âπ—Èπ

®–µâÕß∑√“∫§à“º≈µÕ∫ πÕßµàÕÕ‘¡æ—≈ å (h(n))

´÷Ëßµ“√“ß∑’Ë 1 · ¥ß„Àâ‡ÀÁπ§«“¡ —¡æ—π∏å¢Õß§à“µÕ∫

 πÕßµàÕÕ‘¡æ—≈ å¢Õßøî≈‡µÕ√å·µà≈–∫≈ÁÕ°‡æ◊ËÕ™à«¬„π

°“√ √â“ß ¡°“√º≈µà“ß¢Õßøî≈‡µÕ√å·µà≈–∫≈ÁÕ°∑’Ë„™â

ª√–¡«≈º≈ —≠≠“≥¿“¬„π«ß®√øî≈‡µÕ√å·∫ß°åπ—Ëπ‡Õß

√Ÿª∑’Ë 2 · ¥ß ¡°“√º≈µà“ß¢Õßøî≈‡µÕ√å¬àÕ¬·µà≈–

∫≈ÁÕ°∑’Ë‰¥â®“°µ“√“ß∑’Ë 1
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µ“√“ß∑’Ë 1. §«“¡ —¡æ—π∏å¢Õß§à“º≈µÕ∫ πÕßµàÕÕ‘¡æ—≈ å¢Õßøî≈‡µÕ√å¬àÕ¬

H
1
(z) h

1
(0)=h

1
(48), h

1
(16)=h

1
(32), h

1
(24)=0.5

H
2
(z) h

2
(0)=h

2
(24), h

2
(8)=h

2
(16), h

2
(12)=0.5

H
3
(z) h

3
(0)=h

3
(28), h

3
(4)=h

3
(24), h

3
(8)=h

3
(20), h

3
(12)=h

3
(16), h

3
(14)=0.5

H
4
(z) h

4
(0)=h

4
(12), h

4
(4)=h

4
(8), h

4
(6)=0.5

H
5
(z) h

5
(0)=h

5
(10), h

5
(2)=h

5
(8), h

5
(4)=h

5
(6), h

5
(5)=0.5

H
6
(z) h

6
(0)=h

6
(6), h

6
(2)=h

6
(4), h

6
(5)= 0.5

H
7
(z) h

7
(0)=h

7
(30), h

7
(6)=h

7
(24), h

7
(12)=h

7
(18), h

7
(15)= 0.5

H
8
(z) h

8
(0)=h

8
(2), h

8
(1)= 0.5

H
1
(z) : y

1
(n) = [x(n-0) + x(n-48)] * h

1
(0)  + [x(n-16) + x(n-32)] * h

1
(1) +  x(n-24) * h

1
(2)

y
1c
(n) =  x(n-24)  - y

1
(n)

H
2
(z) : y

2
(n) = [x(n-0) + x(n-24)] * h

2
(0)  + [x(n-8) + x(n-16)] * h

2
(1) +  x(n-12) * h

2
(2)

y
2c
(n) =  x(n-12)  - y

2
(n)

H
3
(z) : y

3
(n) = [x(n-0) + x(n-28)] * h

3
(0)  + [x(n-4) + x(n-24)] * h

3
(1)  +

[x(n-8) + x(n-20)] * h
3
(2)  + [x(n-12) + x(n-16)] * h

3
(3) +  x(n-14) * h

3
(4)

y
3c
(n) =  x(n-14)  - y

3
(n)

H
4
(z) : y

4
(n) = [x(n-0) + x(n-12)] * h

4
(0)  + [x(n-4) + x(n-8)] * h

4
(1) +  x(n-6) * h

4
(2)

y
4c
(n) =  x(n-6)  - y

4
(n)

H
5
(z) : y

5
(n) = [x(n-0) + x(n-10)] * h

5
(0)  + [x(n-2) + x(n-8)] * h

5
(1) + [x(n-4) + x(n-6)] * h

5
(2) +

x(n-5) * h
5
(3)

y
5c
(n) =  x(n-5)  - y

5
(n)

H
6
(z) : y

6
(n) = [x(n-0) + x(n-6)] * h

6
(0)  + [x(n-2) + x(n-4)] * h

6
(1) +  x(n-3) * h

6
(2)

y
6c
(n) =  x(n-3)  - y

6
(n)

H
7
(z) : y

7
(n) = [x(n-0) + x(n-30)] * h

7
(0)  + [x(n-8) + x(n-24)] * h

7
(1) + [x(n-12) + x(n-18)] * h

7
(2)

+

x(n-15) * h
7
(3)

y
7c
(n) =  x(n-15)  - y

7
(n)

H
8
(z) : y

8
(n) = [x(n-0) + x(n-2)] * h

8
(0)   + x(n-1) * h

8
(1)

√Ÿª∑’Ë 2.  ¡°“√º≈µà“ß¢Õßøî≈‡µÕ√å¿“¬„πøî≈‡µÕ√å·∫ß°å
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Data Flow Graph (DFG)

°√“ø°√–· ¢âÕ¡Ÿ≈ À√◊Õ Data Flow Graph

(DFG) π‘¬¡„™â„π°“√·∑π‚§√ß √â“ß¢Õß¥‘®‘µÕ≈øî≈‡µÕ√å

´÷Ëßßà“¬µàÕ°“√ —ß‡§√“–Àå«ß®√∑’Ë√–¥—∫ Ÿß (High-level

synthesis) ‡æ◊ËÕ„Àâ‰¥â«ß®√∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ®“°‚§√ß √â“ß

¢Õßøî≈‡µÕ√å·∫ß°å„π√Ÿª∑’Ë 1 ·≈– ¡°“√º≈µà“ß¢Õß

øî≈‡µÕ√å·µà≈–∫≈ÁÕ°„π√Ÿª∑’Ë 2  “¡“√∂∂Ÿ°· ¥ßÕ¬Ÿà„π

√Ÿª¢Õß DFG ‰¥â¥—ß√Ÿª∑’Ë 4 ‚¥¬√Ÿª∑’Ë 4(a) · ¥ß DFG

≈”¥—∫∫π ‚¥¬·µà≈–∫≈ÁÕ°·∑π«ß®√øî≈‡µÕ√å·µà≈–

∫≈ÁÕ°µ“¡™◊ËÕ∑’Ë√–∫ÿ ·≈–√Ÿª∑’Ë 4(b) · ¥ß DFG ≈”¥—∫

≈à“ß ÷́Ëß· ¥ß‚§√ß √â“ß¿“¬„π¢Õß∫≈ÁÕ° H3 ‡ªìπ

µ—«Õ¬à“ß °“√§Ÿ≥ °“√∫«° °“√≈∫ „π ¡°“√º≈µà“ß∂Ÿ°

·∑π¥â«¬‚Õ‡ªÕ‡√™—π§Ÿ≥ ∫«° ·≈–≈∫µ“¡≈”¥—∫¥—ß· ¥ß

„π«ß°≈¡  à«π‚Õ‡ªÕ·√π¥å À√◊Õ —≠≠“≥·≈–§à“

 —¡ª√– ‘∑∏‘Ï∂Ÿ°·∑π¥â«¬°≈àÕß ’Ë‡À≈’Ë¬¡ ≈Ÿ°»√· ¥ß

°“√‰À≈¢Õß¢âÕ¡Ÿ≈ ‚¥¬„π°“√ √â“ß«ß®√®√‘ß∑√—æ¬“°√

∑’ËµâÕß„™â„π°“√ √â“ß∫≈ÁÕ° H3 §◊Õ «ß®√§Ÿ≥ 5 µ—«

«ß®√∫«° 8 µ—« «ß®√≈∫ 1 µ—« ·≈–™‘ø∑å√’®‘ ‡µÕ√å¢π“¥

29  ‡µ® ”À√—∫‡°Á∫§à“ —≠≠“≥®“° x(n-0) - x(n-28)

·≈–√’®‘ ‡µÕ√å 5 µ—« ”À√—∫‡°Á∫§à“ —¡ª√– ‘∑∏‘Ï

√Ÿª∑’Ë 3.  —≠≠“≥Õ‘πæÿµ·≈– —≠≠“≥‡Õ“∑åæÿ∑
∑’Ëøî≈‡µÕ√å¬àÕ¬·µà≈–∫≈ÁÕ°

°“√∑”ß“π¢Õßøî≈‡µÕ√å·∫ß°å®–‡√‘Ë¡®“°

 —≠≠“≥Õ‘πæÿµ x(n) ºà“π‡¢â“¡“∑’Ëøî≈‡µÕ√å H
1
(z) ®“°

π—Èπ —≠≠“≥®–∂Ÿ°ª√–¡«≈º≈·≈â« àß§à“‡Õ“∑åæÿµÕÕ°¡“

‡ªìπ Õß§à“§◊Õ y
1
(n) °—∫ y

1c
(n) ‚¥¬∑’Ë‡Õ“∑åæÿµ Õß§à“π’È

À“° —ß‡°µ®“°√Ÿª∑’Ë 3 ®–‡ÀÁπ«à“‡ªìπ§à“∑’Ëµ√ß¢â“¡°—π´÷Ëß

°—π·≈–°—ππ—Ëπ‡Õß ®“°√Ÿª‡¡◊ËÕ‰¥â§à“‡Õ“∑åæÿµ Õß§à“¥—ß∑’Ë

°≈à“«¡“·≈â« §à“‡Õ“∑åæÿµπ’È®–∂Ÿ° àß‰ªª√–¡«≈º≈µàÕ

¥â«¬øî≈‡µÕ√å„π≈”¥—∫∂—¥‰ª (H
2
(z) ·≈– H

3
(z))

≈”¥—∫∂—¥‰ªøî≈‡µÕ√å¬àÕ¬ H
2
(z) ®–√—∫§à“Õ‘πæÿµ

´÷Ëß§◊Õ§à“‡Õ“∑åæÿµ y
1
(n) ¢Õßøî≈‡µÕ√å H

1
(z) ¡“ªÑÕπ„Àâ

øî≈‡µÕ√å H
2
(z) ÷́Ëß∑”°“√·¬° —≠≠“≥ÕÕ°¡“‰¥â§à“

‡Õ“∑åæÿµ‡ªìπ y
2
(n) ·≈– y

2c
(n) ®“°π—Èπ§à“ —≠≠“≥ y

2
(n)

®–∂Ÿ°ªÑÕπ‡ªìπÕ‘πæÿµ„Àâ°—∫øî≈‡µÕ√å H
4
(z) ´÷Ëß®“°øî≈‡µÕ√å

H
4
(z) π—Èπ —≠≠“≥Õ‘πæÿµ®–∂Ÿ°ª√–¡«≈º≈‰¥â§à“ —≠≠“≥

‡Õ“∑åæÿµ‡ªìπ y
4
(n) °—∫ y

4c
(n) §à“‡Õ“∑åæÿµ y

4
(n) ®–‡ªìπ

§à“Õ‘πæÿµ„Àâ·°à H
8
(z) ®π ÿ¥∑â“¬®–‰¥â§à“ y

8
(n)  à«π§à“

y
8c
(n) ®–‰¡àπ”¡“„™â ·≈– ”À√—∫ —≠≠“≥ y

2c
(n) ®–ªÑÕπ

‰ª¬—ßøî≈‡µÕ√å H
5
(z) ‰¥â§à“‡Õ“∑åæÿµ‡ªìπ y

5
(n) °—∫ y

5c
(n)

‡¡◊ËÕ∑”°“√ª√–¡«≈º≈‡ √Á®·≈â«®–‰¥â§à“ —≠≠“≥

∑—ÈßÀ¡¥ 4 §à“

 à«π¥â“π¢Õßøî≈‡µÕ√å¬àÕ¬ H
3
(z) ¡’°“√∑”ß“π

∑’Ë‡ªìπ‰ª„π≈—°…≥–‡¥’¬«°—π°—∫ øî≈‡µÕ√å¬àÕ¬ H
2
(z)

‚¥¬∑’Ë§à“Õ‘πæÿµ‡√‘Ë¡µâπ§◊Õ§à“ y
1c
(n) ·≈–‡¡◊ËÕ∑”ß“π‡ √Á®

·≈â«π—Ëπ®–‰¥â§à“‡Õ“∑åæÿµÕ’° 4 §à“ ÷́Ëß‡¡◊ËÕ‰ª√«¡°—∫

‡Õ“∑åæÿµ°àÕπÀπâ“π’È°Á®–‰¥â§à“ —≠≠“≥‡Õ“∑åæÿµ∑—ÈßÀ¡¥

8 §à“π—Ëπ‡Õß
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√Ÿª∑’Ë 4. DFG ¢Õß«ß®√øî≈‡µÕ√å·∫ß°å (a) DFG
≈”¥—∫∫π ·≈– (b) DFG ≈”¥—∫≈à“ß (block H3)

°“√„™â∑√—æ¬“°√√à«¡°—π·∫∫≈”¥—∫™—Èπ

°“√ÕÕ°·∫∫«ß®√¢π“¥„À≠à∫π™‘æ∑’Ë¡’æ◊Èπ∑’Ë

®”°—¥¥—ß‡™àπ FPGA ¡’§«“¡®”‡ªìπ∑’Ë®–µâÕß®—¥°“√°—∫

∑√—æ¬“°√∑’ËµâÕß„™â„π°“√ÕÕ°·∫∫«ß®√„Àâ‡À¡“– ¡

°—∫¢π“¥¢Õß FPGA ß“π«‘®—¬π’È®÷ßπ”‡ πÕ√–‡∫’¬∫«‘∏’

° “ √ „™â ∑√— æ¬ “°√√à «¡°—π·∫∫≈”¥—∫™—È π „π°“√

ÕÕ°·∫∫«ß®√øî≈‡µÕ√å·∫ß°å´÷Ëß‡ªìπ«ß®√∑’Ë¡’¢π“¥„À≠à

∑√—æ¬“°√∑’ËµâÕß„™â°Á§◊Õµ—«∫«° µ—«§Ÿ≥ ·≈– √’®‘ ‡µÕ√å

´÷Ëß‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π¢Õß«ß®√øî≈‡µÕ√åπ—Ëπ‡Õß

‚¥¬∑’Ë√–‡∫’¬∫«‘∏’∑’Ëπ”‡ πÕ„π°“√ÕÕ°·∫∫«ß®√¥—ß∑’Ë

°≈à“«‰ª¢â“ßµâππ—Èπ “¡“√∂·∫àß¬àÕ¬ÕÕ°‡ªìπ 2 «‘ ∏’

§◊Õ °“√„™â∑√—æ¬“°√√à«¡√–À«à“ß∫≈ÁÕ° (Inter-Block

Sharing) ·≈– °“√„™â∑√—æ¬“°√√à«¡¿“¬„π∫≈ÁÕ° (Intra-

Block Sharing) ¥—ß√“¬≈–‡Õ’¬¥µàÕ‰ªπ’È

1. °“√„™â∑√—æ¬“°√√à«¡√–À«à“ß∫≈ÁÕ°

(Inter-Block Sharing)

°“√„™â∑√—æ¬“°√√à«¡√–À«à“ß∫≈ÁÕ° (Inter-

Block Sharing) §◊Õ°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß

∫≈ÁÕ°„π√–¥—∫∫π ÿ¥¢Õß DFG ‚¥¬∑’Ë°“√„™â∑√—æ¬“°√

√à«¡°—π√–À«à“ß∫≈ÁÕ°π’È®–∂Ÿ°π”¡“æ‘®“√≥“‡¡◊ËÕøíß°å™—π

¿“¬„π¢Õß∑—Èß 2 ∫≈ÁÕ°π—Èπ‡À¡◊Õπ°—π·≈–πÕ°®“°π’È

À“°∫≈ÁÕ° 2 ∫≈ÁÕ°À√◊ÕÀ≈“¬Ê ∫≈ÁÕ°¡’‚§√ß √â“ß¢Õß

DFG ∑’Ë‡À¡◊Õπ°—ππ—Èπ°Á “¡“√∂„™â∑√—æ¬“°√„π∫≈ÁÕ°

√à«¡°—π‰¥â ‡¡◊ËÕπ”‚§√ß √â“ß¢Õßøî≈‡µÕ√å¬àÕ¬·µà≈–µ—«

¿“¬„πøî≈‡µÕ√å·∫ß°å√Ÿª∑’Ë 1 ¡“æ‘®“√≥“π—Èπ æ∫«à“

 “¡“√∂∑”°“√®—¥°≈ÿà¡‚§√ß √â“ß¢Õßøî≈‡µÕ√å¿“¬„π

øî≈‡µÕ√å·∫ß°åµ“¡≈—°…≥–øíß°å™—π¿“¬„π∑’Ë‡À¡◊Õπ°—π

‰¥â‡ªìπ 4 ·∫∫ ¥—ßπ’È

Ô ‚§√ß √â“ß·∫∫ a ®– Õ¥§≈âÕß°—∫∫≈ÁÕ°

H1, H2, H4 ·≈– H6

Ô ‚§√ß √â“ß·∫∫ b ®– Õ¥§≈âÕß°—∫∫≈ÁÕ°

H3

Ô ‚§√ß √â“ß·∫∫ c ®– Õ¥§≈âÕß°—∫∫≈ÁÕ°

H5 ·≈– H7

Ô ‚§√ß √â“ß·∫∫ d ®– Õ¥§≈âÕß°—∫ Block

H8

√Ÿª∑’Ë 5. øî≈‡µÕ√å·∫ß°å∑’ËÕÕ°·∫∫¥â«¬°“√„™â∑√—æ¬“°√
√à«¡°—π√–À«à“ß∫≈ÁÕ° (a) ·≈–°“√„™â∑√—æ¬“°√√à«¡°—π

¿“¬„π∫≈ÁÕ° (b)
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®“°π‘¬“¡À√◊Õ§«“¡À¡“¬¥—ß°≈à“«‡¡◊ËÕπ”¡“

æ‘®“√≥“„™â°—∫«ß®√øî≈‡µÕ√å·∫ß°åπ—Èπæ∫«à“°≈ÿà¡‚§√ß

 √â“ßøî≈‡µÕ√å∑’Ë “¡“√∂ÕÕ°·∫∫‚¥¬‡≈◊Õ°„™â√–‡∫’¬∫

«‘∏’°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ°°Á§◊Õ ‚§√ß √â“ß

·∫∫ a ·≈–‚§√ß √â“ß·∫∫ c ‡æ√“–¡’øíß°å™—π°“√

∑”ß“π¿“¬„π∑’Ë‡À¡◊Õπ°—π ¥—ßπ—Èπ “¡“√∂‡¢’¬π«ß®√∑’Ë

„™âÀ≈—°°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ°„π°“√

ÕÕ°·∫∫¥â«¬√Ÿª∑’Ë 5 ‚¥¬‡ âπª√–∑’Ë· ¥ß„π¿“æ

ª√–°Õ∫π—Èπ‡ªìπ°“√· ¥ß«à“∫≈ÁÕ°∑’ËÕ¬Ÿà√–À«à“ß‡ âπ

ª√–π—Èπ∂Ÿ°ÕÕ°·∫∫¥â«¬°“√„™â∑√—æ¬“°√√à«¡°—π

√–À«à“ß∫≈ÁÕ° µ—«Õ¬à“ß‡™àπ∫≈ÁÕ° H2 ·≈– H4 „™â

∑√—æ¬“°√∑’Ë¡’‚§√ß √â“ß·∫∫ a √à«¡°—π ‚¥¬°“√

ª√–¡«≈º≈¢Õß H4 ®–‡√‘Ë¡‰¥â°ÁµàÕ‡¡◊ËÕ°“√ª√–¡«≈º≈

∫≈ÁÕ° H2 „™âß“π a ‡ √Á® ¡∫Ÿ√≥å°àÕπ

2. °“√„™â∑√—æ¬“°√√à«¡¿“¬„π∫≈ÁÕ°

(Intra-Block Sharing)

°“√„™â∑√—æ¬“°√√à«¡¿“¬„π∫≈ÁÕ° (Intra-Block

Sharing) §◊Õ°“√„™â∑√—æ¬“°√√à«¡°—π¿“¬„π∫≈ÁÕ°∑—Èßπ’È

‡æ◊ËÕÀ≈’°‡≈’Ë¬ß§«“¡ —́∫ ấÕπ¢Õß°“√‡™◊ËÕ¡µàÕ —≠≠“≥

¿“¬„π™‘æ·≈–∫≈ÁÕ°∑’Ë¡’°“√„™â∑√—æ¬“°√·∫∫ Inter-

Block Sharing ‰ª·≈â«®–‰¡àπ”¡“æ‘®“√≥“°“√ÕÕ°·∫∫

¥â«¬√–‡∫’¬∫«‘∏’ Intra-Block Sharing Õ’° ¥—ßπ—Èπ ”À√—∫

«ß®√øî≈‡µÕ√å·∫ß°å¿“¬„πß“π«‘®—¬π’È®–¡’‡æ’¬ß∫≈ÁÕ°

‚§√ß √â“ß·∫∫ b ·≈–·∫∫ d ‡∑à“π—Èπ∑’Ë “¡“√∂®–π”¡“

æ‘®“√≥“°“√∑” Intra-Block Sharing ‰¥â

æ‘®“√≥“√Ÿª∑’Ë 5(b) ´÷Ëß§≈â“¬§≈÷ß°—∫«‘∏’¢Õß

Inter-Block Sharing ·≈–‡¡◊ËÕæ‘®“√≥“‚§√ß √â“ß¢Õß H3

æ∫«à“®–¡’«ß®√∫«° 3 µ—« §◊Õ A1, A2 ·≈– A3, «ß®√

§Ÿ≥ 2 µ—«§◊Õ M1 ·≈– M2 ∑’Ë®–∂Ÿ°π”¡“ÕÕ°·∫∫‚¥¬

°“√„™â∑√—æ¬“°√√à«¡¿“¬„π∫≈ÁÕ°

«‘∏’°“√ÕÕ°·∫∫¥â«¬√–‡∫’¬∫«‘∏’¥—ß°≈à“«π’È

πÕ°®“°°“√æ‘®“√≥“‚§√ß √â“ß¿“¬„π·≈â«π—Èπ®–µâÕß

æ‘®“√≥“‡«≈“∑’Ë®–µâÕß Õ¥§≈âÕß°—∫°“√‡√‘Ë¡∑”ß“π¢Õß

«ß®√√«¡ à«π∂—¥‰ª¥â«¬ ¥—ß· ¥ß„π√Ÿª∑’Ë 6 æ∫«à“‡¡◊ËÕ

øî≈‡µÕ√å H3 ∑”ß“π‡ √Á®·≈â«π—Èπ‡Õ“∑åæÿµ∑’Ë‰¥â®–∂Ÿ°π”

‰ªª√–¡«≈º≈„π¢—ÈπµÕπµàÕ‰ª®–µâÕß√Õ„Àâøî≈‡µÕ√å

H4 ·≈– H5 ∑”ß“π‡ √Á®°àÕπ‡æ√“–øî≈‡µÕ√å H6 ·≈–

H7 π—Èπ‰¥â∂Ÿ°ÕÕ°·∫∫¥â«¬√–‡∫’¬∫«‘∏’°“√„™â∑√—æ¬“°√

√à«¡°—π√–À«à“ß∫≈ÁÕ° ¥—ßπ—Èπ®–¡’‡«≈“«à“ß‡°‘¥¢÷Èπ®÷ß

 “¡“√∂æ‘®“√≥“°“√„™â∑√—æ¬“°√√à«¡°—π ”À√—∫

‚§√ß √â“ß·∫∫ b ‰¥â·≈– ”À√—∫‚§√ß √â“ß·∫∫ d π—Èπ

®–‰¡à¡’°“√æ‘®“√≥“°“√„™â∑√—æ¬“°√√à«¡°—π ‡æ√“–

‚§√ß √â“ß¿“¬„π∑’Ë‰¡à´—∫´âÕπ

√Ÿª∑’Ë 6.   ‡«≈“∑’Ëπ”¡“æ‘®“√≥“ ”À√—∫°“√ÕÕ°·∫∫°“√„™â∑√—æ¬“°√√à«¡°—π
¿“¬„π∫≈ÁÕ° ”À√—∫«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å
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°“√ÕÕ°·∫∫«ß®√

√–‡∫’¬∫«‘∏’„π°“√ÕÕ°·∫∫∑’Ë°≈à“«‰ª¢â“ßµâπ

∑—Èß Õß·∫∫®–π”‰ª„™â‡¡◊ËÕ∑”°“√ÕÕ°·∫∫«ß®√øî≈‡µÕ√å

·∫ß°å¥â«¬‚ª√·°√¡ Xilinx ‡æ◊ËÕ¬◊π¬—π«à“¥â«¬«‘∏’¥—ß

°≈à“«π’È “¡“√∂≈¥®”π«π∑√—æ¬“°√∑’ËµâÕß„™â¿“¬„π

FPGA ‰¥â ‚¥¬‡√‘Ë¡µâππ—Èπ®–∑”°“√ÕÕ°·∫∫«ß®√øî≈‡µÕ√å

·∫ß°å¥â«¬«‘∏’∑—Ë«‰ª·µà∑—Èßπ’È„π°“√ÕÕ°·∫∫®–§”π÷ß∂÷ß

°“√„™â∑√—æ¬“°√„Àâª√–À¬—¥∑’Ë ÿ¥·≈–«ß®√ “¡“√∂

∑”ß“π‰¥âµ√ß°—∫«ß®√∑’ËÕÕ°·∫∫¥â«¬‚ª√·°√¡

MATLAB ¥â«¬

®“°√Ÿª∑’Ë 7  “¡“√∂Õ∏‘∫“¬≈”¥—∫°“√ª√–¡«≈º≈

‰¥â¥—ßπ’È§◊Õ‡√‘Ë¡µâπ¥â«¬°“√∑’Ë¡’¢âÕ¡Ÿ≈Õ‘πæÿµªÑÕπ‰ª¬—ß

Flop1 ´÷Ëß‡ªìπ√’®‘ ‡µÕ√åæ—°¢âÕ¡Ÿ≈∑’Ë¡’ —≠≠“≥§«∫§ÿ¡

°“√∑”ß“π§◊Õ enable ‡¡◊ËÕ —≠≠“≥ enable ¡’§à“‡ªìπ 0

¢âÕ¡Ÿ≈°Á¬—ß§ß∂Ÿ°æ—°‰«â®π°√–∑—Ëß —≠≠“≥ enable ¡’§à“‡ªìπ

1 ¢âÕ¡Ÿ≈∑’Ë√—∫‡¢â“¡“„À¡à®–∂Ÿ° àßÕÕ°‰ª¬—ß à«π∂—¥‰ª

´÷Ëß„π∑’Ëπ’È§◊Õ∫≈ÁÕ°øî≈‡µÕ√å H1  ”À√—∫¿“¬„π Flop1 π—Èπ

‡ªìπ«ß®√™‘ø∑å√’®‘ ‡µÕ√å (Shift register) ¢π“¥ 32 ∫‘µ

49  ‡µ®

H
1
(z): y

1
(n) = [x(n-0) + x(n-48)] * h

1
(0)

+ [x(n-16) + x(n-32)] * h
1
(1)

+  x(n-24) * h
1
(2)

(1)

‡¡◊ËÕæ‘®“√≥“ ¡°“√°“√ª√–¡«≈º≈¢Õß H1

¥—ß ¡°“√∑’Ë (1)  ¡°“√°“√∑”ß“π· ¥ß„Àâ‡ÀÁπ«à“®–¡’

°“√„™â¢âÕ¡Ÿ≈Õ‘πæÿµ∑’Ëµ”·Àπàß‡«≈“°àÕπÀπâ“‰ª 48

µ”·Àπàß¥â«¬ „π°“√ÕÕ°·∫∫®÷ßÕÕ°·∫∫„Àâ¿“¬„π

Flop1 π—Èπ∫√√®ÿ flip flop ‰«â®”π«π 49 µ—«·≈–®–¥÷ß

¢âÕ¡Ÿ≈®“°√’®‘ ‡µÕ√å„π ‡µ®∑’Ë n-0, n-16, n-24 n-32

·≈– n-48 ‰ª„™â„π°“√§”π«≥À“§à“‡Õ“∑åæÿµ¢Õßøî≈‡µÕ√å

H1 ¥â«¬«‘∏’‡¥’¬«°—ππ’È°“√ÕÕ°·∫∫ Flop µ—«Õ◊ËπÊ „π

«ß®√°Á®–π” ¡°“√¢Õßøî≈‡µÕ√åµ”·Àπàß∑’ËÕ¬ŸàÀ≈—ß Flop

π—ÈπÊ ¡“æ‘®“√≥“‡™àπ Flop2 °Á®–¡’ ™‘ø∑å√’®‘ ‡µÕ√å¢π“¥

25  ‡µ® ·≈– Flop3 ¡’ flip flop ™‘ø∑å√’®‘ ‡µÕ√å¢π“¥

29  ‡µ® ‡ªìπµâπ ®“°π—Èπ„π à«π∫≈ÁÕ°∑’Ë‡ªìπ H1 H2

®π∂÷ß H8 °Á§◊Õøî≈‡µÕ√åµ—«µà“ßÊπ—Ëπ‡Õß ÷́Ëß∫≈ÁÕ°‡À≈à“π’È

¿“¬„π°Á®–ª√–°Õ∫‰ª¥â«¬µ—«∫«° µ—«§Ÿ≥·≈–µ—«≈∫

®”π«π¢ÕßÕß§åª√–°Õ∫·µà≈–µ—« “¡“√∂∑√“∫‰¥â®“°

 ¡°“√¢Õßøî≈‡µÕ√åµ—«π—ÈπÊ ‡™àπ H1 ®–ª√–°Õ∫¥â«¬

µ—«∫«° 4 µ—« µ—«§Ÿ≥ 3 µ—« ·≈–µ—«≈∫ 1 µ—« ‡ªìπµâπ

„π≈”¥—∫ ÿ¥∑â“¬¢Õß«ß®√°Á®–‡ªìπ°“√π” —≠≠“≥

‡Õ“∑åæÿµ∑—Èß 8 §à“∑’Ë‰¥â¡“√«¡°—πÕ’°§√—ÈßÀπ÷Ëß‡æ◊ËÕ‡ªìπ§à“

‡Õ“∑åæÿµ¢Õß«ß®√øî≈‡µÕ√å·∫ß°å

®“°√Ÿª∑’Ë 7 °“√∑”ß“π¢Õß«ß®√øî≈‡µÕ√å

·∫ß°å·¬°‰¥â‡ªìπ 4 ¢—Èπ‡«≈“ (Time step) ®“° 0 -800

π“‚π«‘π“∑’ ‚¥¬·µà≈–¢—Èπ‡«≈“¡’§à“‡∑à“°—∫ 200 π“‚π

«‘π“∑’ ‡ªìπ‡«≈“∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå«ß®√¥â«¬‚ª√·°√¡

Xilinx °≈à“«§◊Õ‚ª√·°√¡®– —ß‡§√“–Àå«ß®√·≈â«

«‘‡§√“–ÀåÀ“‡ âπ∑“ß∑’Ë¬“«∑’Ë ÿ¥√–À«à“ß√’®‘ ‡µÕ√å∂÷ß

√’®‘ ‡µÕ√å ‡™àπ Flop1 - Flop2 À√◊Õ Flop2 - Flop4

‡ªìπµâπ ‡ âπ∑“ß¥—ß°≈à“«ª√–°Õ∫¥â«¬‡«≈“¢Õß«ß®√

‡≈¢§≥‘µ (‡™àπ §Ÿ≥ ∫«° ≈∫ œ≈œ) ‡«≈“¢Õß√’®‘ ‡µÕ√å

´÷Ëß¡’∑—Èß write time setup time ·≈–¬—ß√«¡‡«≈“¢Õß

 “¬‡™◊ËÕ¡µàÕ¥â«¬ (net delay) ¥â«¬ ‡ âπ∑“ß∑’Ë¬“«∑’Ë ÿ¥

®–∂Ÿ°‡≈◊Õ°„™â‡ªìπ§“∫‡«≈“¢Õß —≠≠“≥π“Ãî°“ ‡æ◊ËÕ

¬◊π¬—π«à“‚Õ‡ªÕ‡√™—π„π∑ÿ° Time step  “¡“√∂∑”ß“π

‰¥â∂Ÿ°µâÕß ®√‘ßÊ ·≈â«‡«≈“‰¥â®“°‚ª√·°√¡§◊Õ 189.160

π“‚π«‘π“∑’ ·µàµâÕß‡≈◊Õ°„™â 200 π“‚π«‘π“∑’‡æ√“–‡ªìπ

‡«≈“∑’Ë DCM (Digital Clock Manager) ¿“¬„π FPGA

 “¡“√∂ √â“ß‰¥â

°“√ÕÕ°·∫∫§√—Èß·√°∑”°“√ÕÕ°·∫∫‚¥¬

‰¡à¡’°“√„™â∑√—æ¬“°√√à«¡°—π¥—ßπ—Èπ°“√ÕÕ°·∫∫«ß®√

≈”¥—∫µàÕ¡“®–ÕÕ°·∫∫‚¥¬¡’°“√„™â°“√„™â∑√—æ¬“°√

√à«¡°—π‚¥¬„™â√–‡∫’¬∫«‘∏’°“√„™â∑√—æ¬“°√√à«¡°—π

√–À«à“ß∫≈ÁÕ°æ‘®“√≥“„π°“√ÕÕ°·∫∫‡æ’¬ß«‘∏’‡¥’¬«°àÕπ

´÷Ëß‡¡◊ËÕÕÕ°·∫∫«ß®√øî≈‡µÕ√å¥â«¬«‘∏’¥—ß∑’Ë°≈à“«‰ªπ—Èπ

«ß®√∑’Ë‰¥â “¡“√∂· ¥ß¥â«¬√Ÿª∑’Ë 8 ´÷ËßµÕππ’È§“∫‡«≈“

‡æ‘Ë¡¢÷Èπ‡ªìπ 260 π“‚π«‘π“∑’ ‡π◊ËÕß¡“®“°¡’°“√‡æ‘Ë¡‡«≈“

¢Õß¡—≈µ‘‡æ≈Á°‡´Õ√å (Multiplexer) ∑’Ë„™â ”À√—∫°“√

‡≈◊Õ° —≠≠“≥ªÑÕπ„Àâ°—∫∫≈ÁÕ°À√◊Õ∑√—æ¬“°√∑’Ë∂Ÿ°„™â

√à«¡°—π
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√Ÿª∑’Ë 7. «ß®√øî≈‡µÕ√å·∫ß°å∑’ËÕÕ°·∫∫‚¥¬‰¡à¡’°“√
„™â∑√—æ¬“°√√à«¡°—π

µàÕ®“°π—Èπ„π≈”¥—∫ ÿ¥∑â“¬°Á®–‡ªìπ°“√π”

√–‡∫’¬∫«‘∏’°“√„™â∑√—æ¬“°√√à«¡°—π¿“¬„π∫≈ÁÕ°·≈–

√–À«à“ß∫≈ÁÕ°¡“„™â„π°“√ÕÕ°·∫∫∑—Èß§Ÿà´÷Ëß· ¥ß«ß®√

À≈—ß®“°ÕÕ°·∫∫¥â«¬√Ÿª∑’Ë 9 „π√Ÿª√’®‘ ‡µÕ√å Flop

open ·≈– Flop close ¡’‰«â ”À√—∫‡°Á∫¢âÕ¡Ÿ≈Õ‘πæÿ∑

·≈–‡Õ“∑åæÿ∑µ“¡≈”¥—∫ ∫≈ÁÕ° Cir_add ¡’‰«â ”À√—∫

√«¡ —≠≠“≥∑’Ëºà“π°“√·¬°·≈–§Ÿ≥πÈ”Àπ—°„π·µà≈–

·∂∫§«“¡∂’Ë·≈â«

®“°√Ÿª∑’Ë 8 ·≈– 9  —ß‡°µ‡ÀÁπ«à“‡«≈“„π°“√

∑”ß“π¢Õß«ß®√øî≈‡µÕ√å·∫ß°å¬—ß§ß‡∑à“°—π ∑—È ß π’È

‡π◊ËÕß®“°À≈—°°“√°“√„™â∑√—æ¬“°√√à«¡°—π¿“¬„π∫≈ÁÕ°

∑’Ëπ”‡ πÕ‰¥â§”π÷ß∂÷ß Time interval ¥—ß√“¬≈–‡Õ’¬¥„π

À—«¢âÕ∑’Ë·≈â««à“ “¡“√∂∑”°“√„™â∑√—æ¬“°√√à«¡°—π

¿“¬„π∫≈ÁÕ°‰¥âÀ√◊Õ‰¡à

√Ÿª∑’Ë 8. «ß®√∑’ËÕÕ°·∫∫¥â«¬√–‡∫’¬∫«‘∏’°“√
„™â∑√—æ¬“°√√à«¡√–À«à“ß∫≈ÁÕ°
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√Ÿª∑’Ë 9. «ß®√∑’ËÕÕ°·∫∫¥â«¬√–‡∫’¬∫«‘∏’°“√
„™â∑√—æ¬“°√√à«¡√–À«à“ß∫≈ÁÕ°·≈–¿“¬„π∫≈ÁÕ°

«ß®√§«∫§ÿ¡

«ß®√§«∫§ÿ¡·∫∫ FSM (F in i t e S ta t e

Machine) ∂Ÿ°π”¡“„™â„π°“√§«∫§ÿ¡°“√∑”ß“π¢Õß

«ß®√¥“µâ“æ“∑¢Õß«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å ‚¥¬∑’Ë

‡≈◊Õ°√Ÿª·∫∫«ß®√§«∫§ÿ¡·∫∫ Moore Machine ÷́Ë ß

‡ªìπ√Ÿª·∫∫°“√‡¢’¬π ‡µµ‰¥Õ–·°√¡·∫∫§à“¢Õß

‡Õ“∑åæÿµ„π·µà≈– ‡µµ®–¢÷ÈπÕ¬Ÿà°—∫§à“¢Õß ‡µµªí®®ÿ∫—π

(Current State) ‡∑à“π—Èπ¡“„™â„π°“√ÕÕ°·∫∫§«∫§ÿ¡

«ß®√¥“µâ“æ“∑ ”À√—∫ß“π«‘®—¬π’È ∑—Èßπ’È„π°“√ÕÕ°·∫∫

°“√∑”ß“π¢Õß«ß®√§«∫§ÿ¡®–µâÕßæ‘®“√≥“‡«≈“°“√

∑”ß“π¢Õß«ß®√¥“µâ“æ“∑‡ªìπÀ≈—° ¥—ßπ—Èπ§à“ —≠≠“≥

π“Ãî°“∑’Ë ‡≈◊Õ°„™â‡æ◊ËÕÕÕ°·∫∫«ß®√§«∫§ÿ¡®–µâÕß

 —¡æ—π∏å°—∫®—ßÀ«–‡«≈“°“√∑”ß“π¢Õß«ß®√¿“¬„π«ß®√

¥“µâ“æ“∑¥â«¬

´÷Ëß ”À√—∫ß“π«‘®—¬π’È®–π”«ß®√¥“µâ“æ“∑∑’Ë‰¥â

ÕÕ°·∫∫‰«â¢â“ßµâπ¡“„™â„π°“√æ‘®“√≥“À“§à“ —≠≠“≥

π“Ãî°“∑’Ë‡À¡“– ¡‡æ◊ËÕ°“√ÕÕ°·∫∫«ß®√§«∫§ÿ¡ µ“¡

«‘∏’∑’Ë·π–π”„πÀ—«¢âÕ°àÕπÀπâ“π’È ´÷Ëß‡√‘Ë¡µâπ®“°æ‘®“√≥“

≈”¥—∫°“√∑”ß“π¢Õß«ß®√¥“µâ“æ“∑∑’ËµâÕß°“√ÕÕ°·∫∫

«ß®√§«∫§ÿ¡·≈â«∑”°“√ √â“ß≈”¥—∫°“√∑”ß“π¢Õß«ß®√

À√◊Õ‡√’¬°«à“ ‡µª§«∫§ÿ¡ (Control Step) ÷́Ëß∑”Àπâ“∑’Ë

§«∫§ÿ¡·µà≈– Time step ¢Õß¥“µâ“æ“∑ ·≈–®“° ‡µª

§«∫§ÿ¡ “¡“√∂‡¢’¬π State ¢Õß FSM ‰¥â„π¢—ÈπµÕπ

 ÿ¥∑â“¬¢Õß°“√ÕÕ°·∫∫ ‚¥¬√Ÿª∑’Ë 10 ®–‡ªìπ°“√· ¥ß

°√–∫«π°“√ √â“ß state ¢Õß FSM ∑’Ë®–§«∫§ÿ¡«ß®√

·µà≈–·∫∫ µ“¡≈”¥—∫ „π·µà≈– ‡µµ«ß®√§«∫§ÿ¡µâÕß

 √â“ß —≠≠“≥§«∫§ÿ¡‡™àπ  —≠≠“≥‡≈◊Õ°¢Õß¡—≈µ‘-

‡æ≈Á°‡´Õ√å‡æ◊ËÕ‡≈◊Õ° —≠≠“≥Õ‘πæÿ∑∑’ËµâÕß°“√„Àâ·µà≈–

‚Õ‡ªÕ‡√™—π ·≈– —≠≠“≥Õ‘‡π‡∫‘≈‰ª¬—ß√’®‘ ‡µÕ√å∑’Ë∑”Àπâ“

∫—π∑÷°º≈≈—æ∏å®“°‚Õ‡ªÕ‡√™—π„π·µà≈– Time step ¥â«¬
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º≈°“√∑¥≈Õß

®“°À≈—°°“√ÕÕ°·∫∫∑’Ëπ”‡ πÕ¥—ßÀ—«¢âÕ∑’Ë

ºà“π¡“ ‡¡◊ËÕπ”¡“ÕÕ°·∫∫®√‘ß¥â«¬‚ª√·°√¡ MATLAB

·≈– Xilinx ‰¥âº≈°“√∑¥≈Õß¥—ßµàÕ‰ªπ’È

1. º≈°“√ÕÕ°·∫∫øî≈‡µÕ√å‡æ◊ËÕÀ“§à“º≈

µÕ∫ πÕßµàÕÕ‘¡æ—≈ å À√◊Õ h(n)

°“√µ√«® Õ∫¥Ÿ§à“ h(n) ¢Õßøî≈‡µÕ√å·µà≈–

µ—«∑”‰¥â‚¥¬°“√π” ¡°“√º≈µà“ß ”À√—∫„™âÀ“§à“ h(n)

¢Õß«ß®√øî≈‡µÕ√å·∫ß°å¥—ß√Ÿª∑’Ë 2 ‰ªÕÕ°·∫∫„π

‚ª√·°√¡ MATLAB ∑—Èßπ’È„π√–À«à“ß°√–∫«π°“√À“§à“

h(n) π—Èπ®–¬÷¥À≈—°°“√µ√«® Õ∫§à“¢Õß h(n) ‚¥¬°“√

„Àâ‚ª√·°√¡· ¥ß°√“ø¢Õß≈—°…≥– —≠≠“≥∑’Ë‰¥â®“°

°“√ÕÕ°·∫∫ ”À√—∫øî≈‡µÕ√å·µà≈–µ—« √«¡‰ª∂÷ß®–

∑”°“√µ√«®§«“¡∂Ÿ°µâÕß¢Õßµ”·Àπàß§à“ h(n) µ“¡

µ“√“ß∑’Ë 1 ‰ª¥â«¬ √Ÿª∑’Ë 11 · ¥ß —≠≠“≥∑’ËÕÕ°®“°

øî≈‡µÕ√å∑—ÈßÀ¡¥„πøî≈‡µÕ√å·∫ß°å ´÷Ëß∂Ÿ°µâÕßµ“¡À≈—°

°“√„π√Ÿª∑’Ë 3

√Ÿª∑’Ë 10. «ß®√§«∫§ÿ¡¢Õß«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å ª√–°Õ∫¥â«¬ (a) §◊Õ DFG ¢Õß«ß®√¥“µâ“æ“∑æ√âÕ¡∑—Èß
‡«≈“∑”ß“π (b) ¢—Èπ‡«≈“„π°“√ÕÕ°·∫∫«ß®√§«∫§ÿ¡·≈– (c) §◊Õ «ß®√§«∫§ÿ¡·∫∫ FSM

√Ÿª∑’Ë 11.  —≠≠“≥∑’ËÕÕ°®“°øî≈‡µÕ√å∑—ÈßÀ¡¥
„πøî≈‡µÕ√å·∫ß°å

‡¡◊ËÕµ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß·∂∫ —≠≠“≥

∑—ÈßÀ¡¥·≈â« ¢—ÈπµÕπµàÕ‰ª°Á§◊Õ°“√µ√«® Õ∫§à“¢Õß

 —¡ª√– ‘∑∏‘Ï h(n) ¢Õßøî≈‡µÕ√å∑—ÈßÀ¡¥´÷Ëß®–∂Ÿ°‡°Á∫‰«â
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„πÕ“√å‡√¬å¢Õß‚ª√·°√¡ MATLAB ´÷Ëß„π°“√µ√«®

 Õ∫π—Èπ®–µâÕßµ√«® Õ∫µ”·Àπàß∑’Ë§à“ h(n) ∂Ÿ°‡°Á∫‰«â

„πÕ“√å‡√¬å‡ª√’¬∫‡∑’¬∫°—∫µ”·Àπàß∑’Ë‡¢’¬π‰«â„πµ“√“ß∑’Ë 1

æ∫«à“‡¡◊ËÕ∑”°“√ÕÕ°·∫∫øî≈‡µÕ√å§√∫∑—ÈßÀ¡¥ 8 µ—«

·≈–∑”°“√ª√–¡«≈º≈‡æ◊ËÕÀ“§à“ —¡ª√– ‘∑∏‘Ï ®“°π—Èπ

Õà“π§à“ h(n) ¢Õßøî≈‡µÕ√å®“°‚ª√·°√¡ MATLAB ‡¡◊ËÕ

π”§à“∑’Ë‰¥â¡“‡¢’¬πµ“√“ß· ¥ßº≈®–‰¥âµ“√“ß· ¥ßº≈

§à“ h(n) ¢Õßøî≈‡µÕ√å∑—ÈßÀ¡¥¥—ßµ“√“ß∑’Ë 2 ∑—Èßπ’È§à“ h(n)

∑’Ë‰¥âπ—Èπ®–· ¥ß„Àâ‡ÀÁπ‡ªìπ‡≈¢∑»π‘¬¡∞“π ‘∫·µà°“√

ÕÕ°·∫∫«ß®√øî≈‡µÕ√å∫π FPGA À√◊Õ∫π‚ª√·°√¡

Xilinx  ”À√—∫ß“π«‘®—¬π’È®–‡ªìπ°“√ª√–¡«≈º≈·∫∫

‡≈¢∑»π‘¬¡µ“¡¡“µ√∞“π IEEE 754 ¢π“¥ 32 ∫‘µ

®÷ßµâÕß∑”°“√·ª≈ß§à“ h(n) ∑’Ë‰¥âπ’È°àÕπ®–π”‰ª„™â„π

«ß®√∫π‚ª√·°√¡ Xilinx

2. º≈°“√«‘®—¬¢Õß«ß®√¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß§å

¥â«¬‚ª√·°√¡ Xilinx

‡¡◊ËÕºà“π°“√∑¥ Õ∫°“√∑”ß“π¢Õß«ß®√øî≈

‡µÕ√å·∫ß°å∫π‚ª√·°√¡ MATLAB ¡“·≈â«π—Èπ„π

≈”¥—∫∂—¥‰ª°Á§◊Õ°“√ÕÕ°·∫∫·≈–∑¥ Õ∫°“√∑”ß“π

¢Õßøî≈‡µÕ√å·∫ß°å∫π FPGAs À√◊ÕÀ¡“¬∂÷ß°“√ÕÕ°·∫∫

·≈–∑¥ Õ∫∫π‚ª√·°√¡ Xilinx π—Ëπ‡Õß ‚¥¬∑’Ë≈”¥—∫

°“√ÕÕ°·∫∫®–‡ªìπ≈”¥—∫¥—ßπ’È§◊Õ ‡√‘Ë¡µâπ®“°°“√

ÕÕ°·∫∫«ß®√„π√Ÿª·∫∫∏√√¡¥“§◊Õ°“√ÕÕ°·∫∫«ß®√

·∫∫‡¥’¬«°—π°—∫∑’ËÕÕ°·∫∫∫π MATLAB ®“°π—Èπ®–

ÕÕ°·∫∫«ß®√‚¥¬®–„™â√–‡∫’¬∫«‘∏’∑’Ëπ”‡ πÕ„πß“π

«‘®—¬π’È§◊Õ°“√ÕÕ°·∫∫‚¥¬„™â∑√—æ¬“°√¥“µâ“æ“∑√à«¡

°—π·∫∫≈”¥—∫™—Èπ ÷́Ëß®–ÕÕ°·∫∫‚¥¬„™â√–‡∫’¬∫«‘∏’°“√

„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ°‡∑à “π—Èπ°àÕπ

„π≈”¥—∫ ÿ¥∑â“¬®÷ß®–„™â√–‡∫’¬∫«‘∏’°“√„™â∑√—æ¬“°√

√à«¡°—π√–À«à“ß∫≈ÁÕ°·≈–°“√„™â∑√—æ¬“°√√à«¡¿“¬„π

∫≈ÁÕ°¡“∑”°“√ÕÕ°·∫∫

ß“π«‘®—¬π’È®–ÕÕ°·∫∫«ß®√·≈–∑¥ Õ∫∫π™‘æ

FPGA ¢Õß∫√‘…—∑ Xilinx µ√–°Ÿ≈ SPARTAN-3 ‡∫Õ√å

XC3S4000-5FG676 „π°“√ÕÕ°·∫∫®–‡ªìπ°“√

‡¢’¬π§” —Ëß‡æ◊ËÕ∫√√¬“¬«ß®√¥â«¬¿“…“ VHDL ·≈–„™â

‚ª√·°√¡ Xi l inx ISE 8 .1 i „π°“√ — ß ‡§√“–Àå

(Synthesis) ‡æ◊ËÕ¥Ÿº≈®“°°“√ —ß‡§√“–Àå«ß®√∑—Èß¥â“π

µ“√“ß∑’Ë 2. FIR Filter Bank Coefficient

°“√„™â∑√—æ¬“°√∫π FPGA ·≈–§«“¡‡√Á«„π°“√∑”ß“π

¢Õß«ß®√®“°π—Èππ”«ß®√∑’Ë‰¥â∑”°“√®”≈Õß°“√∑”ß“π

(Simulation) ‡æ◊ËÕµ√«® Õ∫º≈°“√∑”ß“π¢Õß«ß®√

·∫∫µà“ßÊ ∑—Èß 3 ·∫∫∑’Ë°≈à“«‰ª¢â“ßµâπ‡∑’¬∫°—∫§”µÕ∫

®“°‚ª√·°√¡ MATLAB
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®“°º≈°“√ —ß‡§√“–Àå·≈–º≈°“√®”≈Õß°“√

∑”ß“π¢Õß«ß®√ “¡“√∂∂Ÿ°· ¥ß‡ªìπµ“√“ß‡ª√’¬∫‡∑’¬∫

°—π‡æ◊ËÕ«‘‡§√“–Àåº≈°“√„™â∑√—æ¬“°√¢Õß«ß®√„π√Ÿª·∫∫

µà“ßÊ ∑’Ë‰¥â∑”°“√ÕÕ°·∫∫‚¥¬· ¥ß¥â«¬µ“√“ß∑’Ë 3

·≈–°“√„™â‡«≈“„π°“√ª√–¡«≈· ¥ß¥—ßµ“√“ß∑’Ë 4

 —ß‡°µ‡ÀÁπ«à“ À≈—°°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß

∫≈ÁÕ°™à«¬„Àâ¢π“¥¢Õß«ß®√‡≈Á°≈ß 38% „π¢≥–∑’Ë

§«“¡‡√Á«™â“≈ß 30% ·µà‡¡◊ËÕπ”∑—ÈßÀ≈—°°“√„™â∑√—æ¬“°√

√à«¡°—π√–À«à“ß∫≈ÁÕ°·≈–¿“¬„π∫≈ÁÕ°¡“„™âæ∫«à“

«ß®√¡’¢π“¥‡≈Á°≈ß 44% „π¢≥–∑’Ë§«“¡‡√Á«™â“≈ß 30%

‡∑à“‡¥‘¡ ‡Àµÿº≈∑’Ë‡«≈“∑’Ë„™â®“°«ß®√∑’ËÕÕ°·∫∫„Àâ„™â

∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ°‡æ’¬ßÕ¬à“ß‡¥’¬« ®÷ß¡’§à“

‡∑à“°—∫‡«≈“∑’Ë‰¥â®“°«ß®√∑’ËÕÕ°·∫∫„Àâ„™â∑√—æ¬“°√

√à«¡°—π∑—Èß√–À«à“ß∫≈ÁÕ°·≈–¿“¬„π∫≈ÁÕ° §◊Õ √–‡∫’¬∫

«‘∏’∑’Ëπ”‡ πÕ‰¥âæ‘®“√≥“°àÕπ·≈â««à“¡’ Time interval

‡æ’¬ßæÕ ”À√—∫°“√„™â∑√—æ¬“°√√à«¡°—π¿“¬„π∫≈ÁÕ°

‚¥¬∑’Ë‰¡à°√–∑∫°—∫‡«≈“°“√∑”ß“π¢Õß«ß®√‡¥‘¡

 √ÿª

∫∑§«“¡π’È‰¥âπ”‡ πÕ°“√ÕÕ°·∫∫«ß®√

¥‘®‘µÕ≈øî≈‡µÕ√å·∫ß°å∫π‡Õøæ’®’‡Õ∑’Ë¡’æ◊Èπ∑’Ë®”°—¥ ‚¥¬

∑”°“√«‘‡§√“–ÀåÀ“°≈ÿà¡¢Õßøíß°å™—π∑’Ë‡À¡◊Õπ°—π¢Õß

«ß®√¥“µâ“æ“∑ ‡æ◊ËÕπ”¡“ÕÕ°·∫∫«ß®√¥“µâ“æ“∑∑’Ë¡’

°“√„™â∑√—æ¬“°√√à«¡°—π‡ªìπ√Ÿª≈”¥—∫¢—Èπ ‚¥¬¡’°“√

§”π÷ß∂÷ß‡«≈“∑’Ë™â“≈ßÀ≈—ß®“°¡’°“√„™â∑√—æ¬“°√√à«¡°—π

®“°π—ÈπÕÕ°·∫∫«ß®√§«∫§ÿ¡·≈–°“√§”π«≥À“

 —≠≠“≥π“Ãî°“∑’Ë‡À¡“– ¡∑’Ë ÿ¥ º≈°“√∑¥≈Õß· ¥ß

„Àâ‡ÀÁπ°“√„™â‡π◊ÈÕ∑’Ë∫π FPGA ·≈–°“√„™â‡«≈“„π°“√

ª√–¡«≈º≈¢Õß«ß®√¥“µâ“æ“∑∑—Èß·∫∫∑’Ë‰¡à¡’°“√„™â

∑√—æ¬“°√√à«¡°—π ·∫∫„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß

∫≈ÁÕ°·≈–·∫∫∑’Ë¡’°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ°

·≈–¿“¬„π∫≈ÁÕ° æ∫«à“°“√ÕÕ°·∫∫«ß®√øî≈‡µÕ√å

«ß®√øî≈‡µÕ√å·∫ß°å ª√‘¡“≥°“√„™â  LUTs ‡∑’¬∫°—∫«ß®√·∫∫‰¡à¡’°“√

    „™â∑√—æ¬“°√√à«¡°—π

·∫∫∑’Ë‰¡à¡’°“√„™â∑√—æ¬“°√√à«¡°—π 43476 out of 55296   (‡ªìπ«ß®√µâπ·∫∫)

·∫∫∑’Ë¡’°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ° 26591 out of 55296  ≈¥≈ß 38%

·∫∫∑’Ë¡’°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ° 24285 out of 55296  ≈¥≈ß 44%

·≈–¿“¬„π∫≈ÁÕ°

µ“√“ß∑’Ë 4. ‡ª√’¬∫‡∑’¬∫°“√„™â‡«≈“„π°“√§”π«≥º≈¢Õß«ß®√øî≈‡µÕ√å·∫ß°å∑—Èß 3 ·∫∫∫π FPGAs SPARTAN-3 ‡∫Õ√å

XC3S4000FG676-5

«ß®√øî≈‡µÕ√å·∫ß°å ‡«≈“∑’Ë„™â„π 1 √Õ∫¢Õß ‡∑’¬∫°—∫«ß®√·∫∫‰¡à¡’°“√

°“√§”π«≥ 1 ‡Õ“∑åæÿµ „™â∑√—æ¬“°√√à«¡°—π

·∫∫∑’Ë‰¡à¡’°“√„™â∑√—æ¬“°√√à«¡°—π 1000 ns (‡ªìπ«ß®√µâπ·∫∫)

·∫∫∑’Ë¡’°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ° 1300 ns ≈¥≈ß 30%

·∫∫∑’Ë¡’°“√„™â∑√—æ¬“°√√à«¡°—π√–À«à“ß∫≈ÁÕ° 1300 ns  ≈¥≈ß 30%

µ“√“ß∑’Ë 3. ‡ª√’¬∫‡∑’¬∫°“√„™â∑√—æ¬“°√„π°“√ÕÕ°·∫∫«ß®√øî≈‡µÕ√å·∫ß°å∑—Èß 3 ·∫∫∫π FPGAs SPARTAN-3 ‡∫Õ√å

XC3S4000FG676-5
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·∫ß°å∫π FPGAs ¥â«¬√–‡∫’¬∫«‘∏’°“√„™â∑√—æ¬“°√„π

°“√ª√–¡«≈º≈√à«¡°—ππ—Èπ “¡“√∂≈¥ª√‘¡“≥°“√„™â

∑√—æ¬“°√„π°“√ÕÕ°·∫∫‰¥â‡ªìπª√‘¡“≥¡“°·¡â«à“®–

µâÕß™¥‡™¬¥â«¬‡«≈“°“√∑”ß“π∑’Ë¡“°¢÷Èπ·µàº≈®“°°“√

ª√–¡«≈º≈¢Õß«ß®√°Á‰¡à‰¥âº‘¥‡æ’È¬π‰ª®“°«ß®√∑’Ë

ª√–¡«≈º≈¥â«¬‚ª√·°√¡ MATLAB ‡≈¬ ¥— ßπ—È π

√–‡∫’¬∫«‘∏’°“√„™â∑√—æ¬“°√√à«¡°—π„π°“√ÕÕ°·∫∫«ß

®√øî≈‡µÕ√å·∫ß°å„πß“π«‘®—¬π’È®÷ß‡ªìπÕ’°·π«∑“ß∑’Ëπà“

 π„®‡æ◊ËÕ„™â„π°“√ÕÕ°·∫∫«ß®√¥‘®‘µÕ≈¢π“¥„À≠à

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ®“°∫—≥±‘µ

«‘∑¬“≈—¬ ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å

‡Õ° “√Õâ“ßÕ‘ß
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