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‡æ»™“¬ 30 §π ·≈–‡æ»À≠‘ß 30 §π º≈°“√∑¥≈Õßæ∫«à“´Õøµå·«√åª√–‡¡‘πº≈§à“§«“¡∂Ÿ°µâÕß‡©≈’Ë¬Õ¬Ÿà„π™à«ß√âÕ¬≈–
71.24 ∂÷ß 92.47

§” ”§—≠ : °“√ÕÕ°‡ ’¬ß¿“…“‰∑¬ / °“√«‘‡§√“–Àå —≠≠“≥‡ ’¬ßæŸ¥ / °“√ª√–¡«≈º≈ —≠≠“≥ / Àπà«¬‡ ’¬ß

°“√æ—≤π“´Õøµå·«√å§Õ¡æ‘«‡µÕ√å ”À√—∫«‘‡§√“–ÀåÀπà«¬‡ ’¬ß
¢ÕßºŸâæŸ¥¿“…“‰∑¬



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 33 ©∫—∫∑’Ë 4 µÿ≈“§¡ - ∏—π«“§¡ 2553320

* Corresponding author : E-mail : montrip@buu.ac.th, montrip@gmail.com
1, 2 Undergraduate Students, Department of Electrical Engineering, Faculty of Engineering.
3 Lecturer, College of Research Methodology and Cognitive Science (RMCS).

Nalinee Chanamool 1 , Benyada Unhalekajit 2 , and Montri Phothisonothai 3*

Burapha University, Muang, Chonburi 20131

Development of Computer Software for Pathological Analyzing of
Thai Language Speakers

 The main problems of Thai language learners are on reading and writing issues. Especially, Thai

language is unique comparing with other languages due to the different part of consonant phonemes from the

vowel. It plays key role in pronouncing Thai language especially in the specific tones, segmentation of

each consonant phoneme from the vowel is required for analyzing Thai speech signal. The conventional

assessment method was on Thai language clinic. This paper, therefore, proposes the development of computer

software for pathological analyzing based on the speech processing techniques, which developed in Delphi

language. Our software can be also to support not only Thai speakers, but also foreigners practice themselves

pronunciation of specific Thai words. There are three main processes of the proposed method as follows: 1)

preprocessing, 2) template enrollment and 3) assessment. To obtain the featured templates, we have selected

two parameters that are zero-crossing rate (ZCR) and time duration (TD) of phonemes. The speech signal of

correct pronouncing is recorded and then ZCR and TD of each word will be categorized as the template.

Finally, the final grade of assessment is determined by comparing input parameters with stored templates in

the databases. In the experiment, this paper used 12 words, subjects (30 male and 30 female 20-25 years old)

participated to test the software. The results show that the method can archive average accuracy rates of

71.24% to 92.47%.
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1. ∫∑π”
‡π◊ËÕß®“°„πªí®®ÿ∫—π°“√„™â¿“…“‰∑¬„π™’«‘µª√–®”«—π

¢Õß§π„π —ß§¡æ∫«à“¬—ß¡’ªí≠À“∑’Ë‡°‘¥¢÷Èπ°—∫°“√„™â¿“…“
‰∑¬ ∑—Èß°“√æŸ¥ Õà“π ‡¢’¬π ‚¥¬‡©æ“–°“√ÕÕ°‡ ’¬ß‡ªìπ
ªí≠À“‡∫◊ÈÕßµâπ∑’Ëπ”‰ª Ÿà°“√„™â¿“…“‰∑¬∑’Ë‰¡à∂Ÿ°µâÕß ªí≠À“
°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬æ∫¡“°„π°≈ÿà¡‡¬“«™π¢Õß‰∑¬
√«¡‰ª∂÷ß™“«µà“ß™“µ‘∑’Ë¡’§«“¡ π„®»÷°…“¿“…“‰∑¬
‚®∑¬åªí≠À“§◊Õ∑”Õ¬à“ß‰√„Àâ°≈ÿà¡§π‡À≈à“π’ÈÕÕ°‡ ’¬ß
¿“…“‰∑¬‰¥âÕ¬à“ß∂Ÿ°µâÕß ®“°‡¥‘¡°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬
‰¥â∂Ÿ°µâÕß®”‡ªìπµâÕßÕ“»—¬·æ∑¬åºŸâ‡™’Ë¬«™“≠∑“ß¥â“π
 —∑»“ µ√å·≈–¿“…“‰∑¬‚¥¬‡©æ“– „πªí®®ÿ∫—π¡’‚§√ß°“√
À¡Õ¿“…“æ—≤π“‡¬“«™π  —ß°—¥ ”π—°ß“π§≥–°√√¡°“√
«—≤π∏√√¡·Ààß™“µ‘ ‰¥â∫—≠≠—µ‘°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬º‘¥
∂◊Õ«à“‡ªìπ‚√§ [1] ‚¥¬‚√§∑’Ë«‘π‘®©—¬æ∫¡“° ·∫àßµ“¡
≈—°…≥–ªí≠À“°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬∑’Ëæ∫∫àÕ¬ µ—«Õ¬à“ß
‡™àπ ‚√§ /√/ /≈/ / / /´/ /∂/ /∑/ /Ω/ /ø/ /®/ /ß/ /¥/ /≈/
‡ªìπµâπ ¥—ßπ—Èπ®÷ß‡°‘¥‚§√ß°“√µà“ßÊ ¡“°¡“¬∑’Ë¡ÿàß‡πâπ°“√
·°âªí≠À“°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬∑’Ë¡’«‘∏’°“√√—°…“‡À¡◊Õπ
°—∫°“√æ∫·æ∑¬å∑’Ë‚√ßæ¬“∫“≈ ¡’°“√∑”ª√–«—µ‘ «‘π‘®©—¬‚√§
∫”∫—¥√—°…“·≈–®à“¬¬“

®“°°“√§âπ§«â“∫∑§«“¡«‘®—¬π’È ‰¥â√«∫√«¡¿Ÿ¡‘À≈—ßß“π
«‘®—¬∑’Ë‡°’Ë¬«¢âÕß‚¥¬·∫àß‰¥â‡ªìπ 2 °≈ÿà¡À≈—° §◊Õ °≈ÿà¡°“√
«‘‡§√“–Àå‡™‘ß§«“¡∂’Ë (Frequency domain analysis) ·≈–
°≈ÿà¡°“√«‘‡§√“–Àå‡™‘ß‡«≈“ (Time domain analysis) [2]
¡’ß“π«‘®—¬∑’Ëª√–‡¡‘π§à“Àπà«¬‡ ’¬ß¿“…“‰∑¬ ‚¥¬ J. Jitsup
·≈–§≥– [3] ß“π«‘®—¬π’Èπ”‡ πÕ«‘∏’°“√·¬°æ¬“ß§å
¢Õß —≠≠“≥‡ ’¬ßæŸ¥¿“…“‰∑¬„π°√≥’∑’Ë‡ ’¬ßæŸ¥µ‘¥°—π
Õ—π‡π◊ËÕß¡“®“°‡ ’¬ß¢ÕßºŸâæŸ¥¡’≈—°…≥–‡ ’¬ß„À≠à À√◊Õ
¡’°“√æŸ¥∑’Ë§àÕπ¢â“ß‡√Á« ®÷ß∑”„Àâª≈“¬æ¬“ß§å¢Õß‡ ’¬ß
¢â“ß‡§’¬ß‡°‘¥°“√´âÕπ∑—∫°—π (Overlap) ´÷Ëß„πß“π«‘®—¬π’È
π”¢∫«π°“√·ª≈ß‡«ø‡≈µ (Wavelet transform) Àπ÷Ëß
√–¥—∫‡¢â“¡“™à«¬„π°“√·¬°æ¬“ß§å ÷́Ëß°“√·ª≈ß‡«ø‡≈µ
‡ªìπ°“√·¬° —≠≠“≥‡ ’¬ßÕÕ°‡ªìπ 2  à«π§◊Õ  à«π¢Õß
 —≠≠“≥§«“¡∂’ËµË”·≈– à«π¢Õß —≠≠“≥§«“¡∂’Ë Ÿß π”
‡©æ“– —≠≠“≥§«“¡∂’Ë Ÿß¡“·ª≈ß‡«ø‡≈µ°≈—∫ (Inverse
wavelet transform: IWT) ®“°π—Èππ” —≠≠“≥‡ ’¬ßπ’È ‰ª
„™â‡æ◊ËÕ™à«¬„π°“√·¬°æ¬“ß§å¢Õß —≠≠“≥‡ ’¬ß K.
Chamnongthai [4] ‰¥â‡ πÕ«‘∏’°“√§—¥·¬°µ—« –°¥„π

‡ ’¬ßæŸ¥¿“…“‰∑¬ ‚¥¬‰¥âπ‘¬“¡‡ ’¬ßµ—« –°¥¥—ß· ¥ßµ“¡
S = CVTF ‚¥¬∑’Ëæ¬“ß§å (Syllable: S) ª√–°Õ∫¥â«¬
µ—« –°¥ (Consonant: C)  √– (Vowel: V) √–¥—∫‡ ’¬ß
(Tone: T) ·≈–µ—« –°¥ ÿ¥∑â“¬ (Final consonant: F)
·µà≈– à«π™’Èµ”·Àπàß‡ ’¬ßµ—« –°¥¢Õßæ¬“ß§å ‡¡◊ËÕ‰¡àπ“π
¡“π’È ‚°«‘∑¬å æ—π∏ÿå§√Ÿ ·≈–§≥– [5] ‰¥â‡ πÕ√–∫∫°“√
«‘‡§√“–Àå°“√ÕÕ°‡ ’¬ß √ ·≈– ≈ ‡æ◊ËÕ«‘π‘®©—¬§«“¡º‘¥
ª°µ‘¢ÕßÕ«—¬«–°“√ÕÕ°‡ ’¬ß Õ¬à“ß‰√°Áµ“¡√–∫∫¥—ß°≈à“«
 “¡“√∂·¬°·¬–°“√ÕÕ°‡ ’¬ß‡©æ“–‡ ’¬ß √ ·≈– ≈ ‡∑à“π—Èπ
πÕ°®“°π’È ‰¥â¡’ß“π«‘®—¬∑’Ë ‰¥âπ”‡ πÕ«‘∏’°“√ª√–‡¡‘π
°“√ÕÕ°‡ ’¬ß„π¿“…“µà“ßª√–‡∑» ‡™àπ ¿“…“Õ—ß°ƒ… ·≈–
¿“…“®’π [6]›[8] Õ¬à“ß‰√°Áµ“¡ æ∫«à“¿“…“‰∑¬¡’°“√
ÕÕ°‡ ’¬ß∑’Ë·µ°µà“ß®“°¿“…“Õ◊Ëπ·≈–¡’‡Õ°≈—°…≥å‡©æ“–
®“°ªí≠À“¢â“ßµâπ∫∑§«“¡π’È®÷ß‡°‘¥·π«§«“¡§‘¥„π°“√
æ—≤π“´Õøµå·«√å§Õ¡æ‘«‡µÕ√å ”‡√Á®√Ÿª ”À√—∫«‘‡§√“–Àå
·≈–ª√–‡¡‘πº≈°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬¥â«¬‡∑§π‘§°“√
ª√–¡«≈º≈ —≠≠“≥‡ ’¬ßæŸ¥ ´÷Ëß™à«¬„ÀâºŸâ‡¢â“√—∫°“√√—°…“
 “¡“√∂Ωñ°ÕÕ°‡ ’¬ß‰¥â¥â«¬µπ‡Õß√«¡∂÷ßª√–‡¡‘πº≈°“√
ÕÕ°‡ ’¬ß‡∫◊ÈÕßµâπ‡æ◊ËÕ™à«¬ª√–À¬—¥‡«≈“„π°“√‡¢â“æ∫·æ∑¬å

2. ·π«§«“¡§‘¥
ß“π«‘®—¬π’È¡’·π«§«“¡§‘¥æ◊Èπ∞“π ”À√—∫„™â«‘‡§√“–Àå

·≈–ª√–‡¡‘πº≈Àπà«¬‡ ’¬ß¢ÕßºŸâæŸ¥¿“…“‰∑¬¥—ßπ’È
(1) °“√·∫àß·¬°™à«ß —≠≠“≥‡ ’¬ß·≈–™à«ß∑’Ë ‰¡à „™à
 —≠≠“≥‡ ’¬ß‰¥â„™â ¡¡µ‘∞“π∑’Ë«à“ ™à«ß∑’Ë‡ªìπ‡ ’¬ß§«√
¡’§à“§«“¡·ª√ª√«π¡“°°«à“™à«ß∑’Ë ‰¡à „™à‡ ’¬ß (2) °“√
«‘‡§√“–Àå —≠≠“≥‡ ’¬ß·∫àßÕÕ°µ“¡Àπà«¬‡ ’¬ß∑’Ë‡°‘¥¢÷Èπ
‡π◊ËÕß®“°æ∫«à“ —≠≠“≥‡ ’¬ß∑’Ë‰¥â‡°‘¥®“°Àπà«¬‡ ’¬ß¬àÕ¬
ª√–°Õ∫°—π ·≈– (3) °“√À“§ÿ≥≈—°…≥–‡¥àπ¢Õß —≠≠“≥
„™â§à“æ“√“¡‘‡µÕ√å 2 §à“ §◊Õ Õ—µ√“°“√µ—¥ºà“π»Ÿπ¬å (Zero-
Crossing Rate : ZCR) ·≈– ™à«ß‡«≈“∑’Ë‡°‘¥‡ ’¬ß¢Õß
·µà≈–™à«ßÀπà«¬‡ ’¬ß (Time Duration : TD) ÷́Ëß§à“æ“√“
¡‘‡µÕ√å∑—Èß Õß¢ÕßÀπà«¬‡ ’¬ß¡’§«“¡·µ°µà“ß°—π

3. «‘∏’°“√
√–‡∫’¬∫«‘∏’°“√¢Õßß“π«‘®—¬π’È· ¥ß¥—ß√Ÿª∑’Ë 1 ´÷Ëß·∫àß

ÕÕ°‡ªìπ 4 ¢—ÈπµÕπÀ≈—°Ê ¥—ßπ’È
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√Ÿª∑’Ë 1  ¢—ÈπµÕπ°“√«‘‡§√“–Àå·≈–ª√–‡¡‘π‡ ’¬ßæŸ¥¢Õßß“π«‘®—¬π’È

3.1 °“√√—∫ —≠≠“π‡ ’¬ßæŸ¥
 —≠≠“≥‡ ’¬ßæŸ¥∑’Ë‰¥â∫—π∑÷°®“°°≈ÿà¡µ—«Õ¬à“ß∂Ÿ°

∫—π∑÷°ºà“π‰¡‚§√‚øπ ·≈–®“°π—Èπ —≠≠“≥‡ ’¬ß∂Ÿ°·ª≈ß

„ÀâÕ¬Ÿà„π√Ÿª —≠≠“≥¥‘®‘µÕ≈ºà“π°“√å¥‡ ’¬ß§«“¡≈–‡Õ’¬¥
¢π“¥ 16 ∫‘µ ∑’ËÕ—µ√“°“√ ÿà¡¢âÕ¡Ÿ≈∑’Ë 44,100 ‡Œ‘√µ ǻ  —≠≠“≥
¥‘®‘µÕ≈‡¢â“ Ÿà°√–∫«π°“√µàÕ‰ª‡æ◊ËÕ∑”°“√ª√–¡«≈º≈

3.2 °“√ª√–¡«≈º≈‡∫◊ÈÕßµâπ (Preprocessing)
¢—ÈπµÕππ’È ‡ªìπ¢—ÈπµÕπ°“√ª√—∫·µàß —≠≠“≥

‡∫◊ÈÕßµâπ°àÕππ”‰ªÀ“≈—°…≥–‡¥àπ ‡π◊ËÕß®“° —≠≠“≥‡ ’¬ß
Õ‘πæÿµ∑’Ë ‰¥â∫—π∑÷°®“°°≈ÿà¡µ—«Õ¬à“ß¡’§«“¡·µ°µà“ß°—π„π
¥â“π √–¥—∫§«“¡¥—ß¢Õß‡ ’¬ß·≈–™à«ß‡«≈“„π°“√ÕÕ°‡ ’¬ß
‚¥¬¡’¢—ÈπµÕπ¬àÕ¬¥—ßµàÕ‰ªπ’È

3.2.1 °“√∑”§à“‡©≈’Ë¬‡ªìπ»Ÿπ¬å (Zero mean) :
‡ªìπ¢—ÈπµÕπ°“√∑”„Àâ —≠≠“≥‡ ’¬ß¡’§à“‡©≈’Ë¬‡ªìπ»Ÿπ¬å
‡æ◊ËÕ‡À¡“–·°à°“√ª√–¡«≈º≈‡π◊ËÕß®“°√–¥—∫ —≠≠“≥
‡ ’¬ß¢ÕßºŸâ∑¥ Õ∫·µà≈–§ππ—Èπ·µ°µà“ß°—π®÷ßµâÕß¡’°“√
ª√—∫„Àâ —≠≠“≥‡ ’¬ß¡’§à“‡©≈’Ë¬‡ªìπ»Ÿπ¬å

3.2.2 °“√∑”√Ÿª·∫∫∫√√∑—¥∞“π (Normaliza-
tion) : ¢—ÈπµÕππ’È∑”°“√ª√—∫√–¥—∫¢Õß —≠≠“≥„ÀâÕ¬Ÿà„π
™à«ß -1 ∂÷ß 1 ‡æ◊ËÕ„Àâ —≠≠“≥‡ ’¬ßÕ¬Ÿà„π∫√√∑—¥∞“π
‡¥’¬«°—π°àÕππ”‰ªª√–¡«≈º≈

3.2.3 °”Àπ¥§«“¡¬“«¢Õß¢âÕ¡Ÿ≈‡ ’¬ßæŸ¥
(Fixed-length signal) : ®“°°“√∑¥ Õ∫∫—π∑÷°‡ ’¬ß
·µà≈–§”æ∫«à“§«“¡¬“«¢Õß —≠≠“≥‡ ’¬ßÕ¬Ÿà„π™à«ß‰¡à‡°‘π
1.5 «‘π“∑’ ¥—ßπ—Èπ ß“π«‘®—¬π’È®÷ß‰¥â°”Àπ¥§«“¡¬“«¢Õß
¢âÕ¡Ÿ≈‡ ’¬ßæŸ¥∂Ÿ°ª√—∫§«“¡¬“«¢Õß¢âÕ¡Ÿ≈„ÀâÕ¬Ÿà„π™à«ß 216

®ÿ¥ (65,536 ®ÿ¥) ‡æ◊ËÕ„Àâ§√Õ∫§≈ÿ¡°≈ÿà¡§”∑’Ë∑”°“√«‘‡§√“–Àå
°“√°”Àπ¥§«“¡¬“«¢âÕ¡Ÿ≈°√–∑” Õß·∫∫ §◊Õ °√≥’∑’Ë
§«“¡¬“«¢Õß —≠≠“≥Õ‘πæÿµ‡°‘π™à«ß§«“¡¬“«∑’Ë°”Àπ¥
™à«ß∑’Ë‡°‘π∂Ÿ°µ—¥∑‘Èß‰ª ·≈–°√≥’∑’Ë§«“¡¬“«¢âÕ¡Ÿ≈‰¡à∂÷ß

65,536 ®ÿ¥ ∑”°“√·∑√°§à“»Ÿπ¬å‡¢â“ (zero padding) ‡æ◊ËÕ
„Àâ ‰¥â§«“¡¬“«∑’ËµâÕß°“√

3.2.4 °“√À“§à“æ≈—ßß“π (Energy signal) :
‡ªìπ¢—ÈπµÕπ°“√À“§à“æ≈—ßß“π¢Õß —≠≠“≥‡ ’¬ß  “¡“√∂
∑”‰¥â‚¥¬°“√§”π«≥§à“°”≈—ß Õß¢Õß —≠≠“≥‡ ’¬ß ‡æ◊ËÕ
·¬°§«“¡·µ°µà“ß¢Õßæ≈—ßß“π∑’Ë‡°‘¥¢÷Èπ√–À«à“ß√–¥—∫
 —≠≠“≥¢Õß à«π∑’Ë‡ªìπ‡ ’¬ß·≈–‰¡à„™à —≠≠“≥‡ ’¬ß

3.2.5 °“√À“§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¥â«¬«‘∏’
Àπâ“µà“ß (Windowing-based standard deviation) :
‡ªìπ¢—ÈπµÕπ°“√À“§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π„π™à«ß§«“¡¬“«
¢Õß¢âÕ¡Ÿ≈∑’Ë°”Àπ¥¥â«¬‡∑§π‘§«‘∏’Àπâ“µà“ß (windowing
technique) ß“π«‘®—¬π’È ‰¥â‡≈◊Õ°®”π«π¢âÕ¡Ÿ≈ ”À√—∫
ª√–¡«≈º≈·∫∫Àπâ“µà“ß¢π“¥ 256 ®ÿ¥ ‚¥¬·µà≈–™à«ß
¢Õß¢âÕ¡Ÿ≈∂Ÿ°π”¡“À“§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π µ—«Õ¬à“ß
 —≠≠“≥∑’Ë‰¥âÀ≈—ß®“°°“√À“§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π æ∫«à“
‰¥â¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ 256 ®ÿ¥ (65,536/256) πÕ°®“°π’È®“°
√Ÿª —≠≠“≥∑’Ë ‰¥â¬—ßæ∫«à“™à«ß¢Õß —≠≠“≥‡ ’¬ß„Àâ§à“
‡∫’Ë¬ß‡∫π¡“µ√∞“π Ÿß°«à“ —≠≠“≥∑’Ë‰¡à„™à‡ ’¬ß ´÷Ëß∑”„Àâ
 “¡“√∂π”‰ª„™â§—¥·¬°‡©æ“– à«π∑’Ë‡ªìπ —≠≠“≥‡ ’¬ß
ÕÕ°¡“‰¥â

3.2.6 °“√°”Àπ¥§à“µ—¥ ‘π„® (Thresholding) :
‡ªìπ¢—ÈπµÕπ°“√°”Àπ¥§à“µ—¥ ‘π„® ‡æ◊ËÕ·¬° à«π∑’Ë‡ªìπ
‡ ’¬ß·≈–‰¡à„™à‡ ’¬ßÕÕ° ß“π«‘®—¬π’È‡≈◊Õ°„™â§à“µ—¥ ‘π„®„π™à«ß
0.001 ∂÷ß 0.1 ·≈–∑”°“√ª√—∫§à“‡ÕßÕ—µ‚π¡—µ‘ (adaptive



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 33 ©∫—∫∑’Ë 4 µÿ≈“§¡ - ∏—π«“§¡ 2553 323

threshold) ÷́Ëß§à“µ—¥ ‘π„®π’Èª√—∫¢÷Èπ§√—Èß≈– 0.001 ®π
°√–∑—Ëß‡ß◊ËÕπ‰¢°“√·∫àß™à«ßÀπà«¬‡ ’¬ßµ√ß°—∫§”∑’Ë∑¥ Õ∫
‚¥¬∑’Ë§à“‡∫’Ë¬ß‡∫π¡“µ√∞“πµË”°«à“§à“µ—¥ ‘π„®°”Àπ¥„Àâ
‡ªìπ à«π∑’Ë‰¡à„™à‡ ’¬ßæŸ¥ ·≈– à«π∑’Ë¡“°°«à“§à“µ—¥ ‘π„®
°”Àπ¥„Àâ‡ªìπ à«π∑’Ë‡ªìπ‡ ’¬ßæŸ¥

3.2.7 °“√·¬° —≠≠“≥‡ ’¬ßæŸ¥ (Speech
segmentation) : °“√·¬° à«π∑’Ë‡ªìπ —≠≠“≥‡ ’¬ßæŸ¥
ÕÕ°®“° à«π∑’Ë ‰¡à „™à —≠≠“≥‡ ’¬ß„™â§à“µ—¥ ‘π„®®“°
¢—ÈπµÕπ∑’Ë 6 ∂â“§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π Ÿß°«à“§à“µ—¥ ‘π„®
°”Àπ¥„Àâ‡ªìπ —≠≠“≥‡ ’¬ß (À√◊Õ§à“ 1) ·≈–∂â“µË”°«à“
§à“µ—¥ ‘π„®°”Àπ¥„Àâ ‰¡à„™à —≠≠“≥‡ ’¬ß (À√◊Õ§à“ 0) ‡¡◊ËÕ
‰¥â —≠≠“≥‡ ’¬ßæŸ¥∑’Ë·∫àß·≈â«„π¢—ÈπµÕππ’È∑”°“√¢¬“¬
¢π“¥¢ÕßÀπâ“µà“ß°≈—∫§◊π‡æ◊ËÕ„Àâ ‰¥â¢π“¥¢Õß —≠≠“≥
µ√ß°—∫ —≠≠“≥Õ‘πæÿµ

3.3 °“√À“§ÿ≥≈—°…≥–‡¥àπ (Feature extraction)
¢—ÈπµÕππ’È‡ªìπ°“√À“§ÿ≥≈—°…≥–‡¥àπ∑’Ë‡°‘¥¢÷Èπ¢Õß

 —≠≠“≥‡ ’¬ß·µà≈–°≈ÿà¡§” ‚¥¬ß“π«‘®—¬π’È‡≈◊Õ°„™â§à“
æ“√“¡‘‡µÕ√å 2 §à“¥—ßπ’È

3.3.1 °√“ø· ¥ß™à«ß‡«≈“ (Time duration) :
°“√µ√«® Õ∫‡«≈“¢Õß°“√‡°‘¥„π·µà≈–™à«ßÀπà«¬‡ ’¬ß¬àÕ¬
„™â‡æ◊ËÕÀ“°√“ø· ¥ß™à«ß‡«≈“ À√◊Õ‡√’¬°«à“§à“ TD ¢Õß
·µà≈–Àπà«¬‡ ’¬ß¬àÕ¬ À“‰¥â®“° ¡°“√

‚¥¬∑’Ë TD §◊Õ ™à«ß‡«≈“∑’Ë‡°‘¥ —≠≠“≥‡ ’¬ß ¡’Àπà«¬‡ªìπ
«‘π“∑’, Tn §◊Õ ™à«ß‡«≈“°“√‡°‘¥ —≠≠“≥‡ ’¬ß≈”¥—∫∑’Ë n,
·≈– fs §◊Õ §«“¡∂’Ë„π°“√ ÿà¡¢âÕ¡Ÿ≈ („πß“π«‘®—¬π’È„™âÕ—µ√“
°“√ ÿà¡¢âÕ¡Ÿ≈∑’Ë 44,100 ‡Œ‘√µ ǻ)

3.3.2 Õ—µ√“°“√µ—¥ºà“π»Ÿπ¬å (Zero-crossing
rate) : „™â‡æ◊ËÕÀ“°√“ø· ¥ßÕ—µ√“°“√µ—¥ºà“π»Ÿπ¬å À√◊Õ
‡√’¬°«à“§à“ ZCR ‡æ◊ËÕ„™â ”À√—∫À“§à“Õ—µ√“µ—¥ºà“π»Ÿπ¬å
¢Õß·µà≈–Àπà«¬‡ ’¬ß¬àÕ¬  “¡“√∂§”π«≥‰¥â®“° ¡°“√

‡¡◊ËÕ S §◊Õ  —≠≠“≥‡ ’¬ß∑’Ëºà“π¢—ÈπµÕπ°“√ª√–¡«≈
º≈‡∫◊ÈÕßµâπ·≈â«, T §◊Õ§“∫‡«≈“À√◊Õ‡∑à“°—∫ 256 ·≈–
øíß°å™—π I {A} ‡∑à“°—∫ 1 ∂â“ A ‡ªìπ®√‘ß ·≈–‡∑à“°—∫ 0 ∂â“
‰¡à‡ªìπ®√‘ß ́ ÷Ëßµ—«Õ¬à“ß√Ÿª —≠≠“≥‡ ’¬ß¢Õß§”«à“ ç©ÿ°‡©‘πé
∑’Ëºà“π¢—ÈπµÕπ°“√ª√–¡«≈º≈‡∫◊ÈÕßµâπ· ¥ß¥—ß√Ÿª∑’Ë 2
À≈—ß®“°ºà“π¢—ÈπµÕπ°“√·¬° —≠≠“≥ à«π∑’Ë‡ªìπ‡ ’¬ß
·≈–‰¡à„™à‡ ’¬ßÕÕ°·≈â«æ∫«à“ —≠≠“≥‡ ’¬ß∑’Ë‰¥â‡°‘¥®“°
Àπà«¬‡ ’¬ßª√–°Õ∫°—π

®“°√Ÿª∑’Ë 3 ‡ªìπ· ¥ß√–¥—∫§«“¡‡¢â¡¢Õß‡ ’¬ß¥â«¬
°√“ø ‡ª°‚µ√·°√¡æ∫«à“ —≠≠“≥‡ ’¬ß§”«à“ ç©ÿ°‡©‘πé
ª√–°Õ∫¥â«¬Àπà«¬‡ ’¬ß 5  à«π§◊Õ (1) ç/©–/é (2) ç/Õÿ°/é
(3) ç/©–/é (4) ç/Õ“/é ·≈– (5) ç/π/é ‚¥¬∑—Èß 5  à«π∂Ÿ°
·¬°‡æ◊ËÕ«‘‡§√“–Àå§à“æ“√“¡‘‡µÕ√å§à“‡«≈“¢Õß°“√‡°‘¥ (TD)
·≈–§à“Õ—µ√“°“√µ—¥ºà“π»Ÿπ¬å (ZCR) ¢Õß·µà≈– à«π ´÷Ëß
º≈≈—æ∏å· ¥ß¥—ß√Ÿª∑’Ë 4 ®“°√Ÿªæ∫«à“§à“æ“√“¡‘‡µÕ√å¢Õß
 à«π∑’Ë 1 ·≈– 3 ¡’§à“„°≈â‡§’¬ß°—π ‡π◊ËÕß®“°¡’‡ ’¬ßµ—«
 –°¥‡¥’¬«°—π ·≈– à«π∑’Ë 4 ¡’§à“‡«≈“¢Õß°“√‡°‘¥ Ÿß ÿ¥

3.4 °“√ª√–‡¡‘πº≈ (Assessment)
°“√ª√–‡¡‘πº≈ß“π«‘®—¬π’È ‰¥â‡ª√’¬∫‡∑’¬∫°—∫‡ ’¬ß

µâπ·∫∫ (Template) ∑’Ë∂Ÿ°µâÕß ´÷Ëß‰¥â®“°°“√∫—π∑÷°‡ ’¬ß
ºŸâæŸ¥„π ¿“æ·«¥≈âÕ¡∑’Ë¡’°“√§«∫§ÿ¡ —≠≠“≥√∫°«π
·≈–ª√–‡¡‘π¥â«¬ºŸâ‡™’Ë¬«™“≠¥â“π°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬
‚¥¬π”§à“ ZCR ·≈–§à“ TD ¢Õß‡ ’¬ß∑’Ë∂Ÿ°µâÕß®—¥‡°Á∫
‡ªìπ∞“π¢âÕ¡Ÿ≈„™â ”À√—∫‡ª√’¬∫‡∑’¬∫°—∫ —≠≠“≥‡ ’¬ßæŸ¥
¢ÕßºŸâ∑¥ Õ∫ ‚¥¬ß“π«‘®—¬π’È ‰¥â·∫àß‡°√¥¢Õß°“√«‘π‘®©—¬
¥—ßµ“√“ß∑’Ë 1

(1)

(2)

µ“√“ß∑’Ë 1  ‡°≥±å°“√ª√–‡¡‘πº≈°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬
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(¢) §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¥â«¬«‘∏’Àπâ“µà“ß¢π“¥ 256 ®ÿ¥

(§)  —≠≠“≥‡ ’¬ß∑’Ë∂Ÿ°·∫àßÕÕ°‡ªìπÀπà«¬‡ ’¬ß¬àÕ¬∑—Èß 5  à«π

√Ÿª∑’Ë 2  µ—«Õ¬à“ß√Ÿª —≠≠“≥∑’Ëºà“π¢—ÈπµÕπ°“√ª√–¡«≈º≈‡æ◊ËÕ·¬°Àπà«¬‡ ’¬ß¬àÕ¬

(°)  —≠≠“≥‡ ’¬ßæŸ¥∑’Ëºà“π¢—ÈπµÕπ°“√∑”√Ÿª·∫∫∫√√∑—¥∞“π
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√Ÿª∑’Ë 3   ‡ª°‚µ√·°√¡ (Spectrogram) ¢Õß√–¥—∫§«“¡‡¢â¡¢Õß‡ ’¬ß ·∫àßµ“¡Àπà«¬‡ ’¬ß¬àÕ¬∑—Èß 5  à«π

√Ÿª∑’Ë 4  °√“ø‡ª√’¬∫‡∑’¬∫§à“æ“√“¡‘‡µÕ√å TD («‘π“∑’) ·≈– ZCR ¢ÕßÀπà«¬‡ ’¬ß¬àÕ¬∑—Èß 5  à«π

4. º≈°“√∑¥≈Õß
ß“π«‘®—¬π’È ‰¥â‡≈◊Õ°∑¥ Õ∫°—∫°≈ÿà¡µ—«Õ¬à“ß‡æ»À≠‘ß

®”π«π 30 §π Õ“¬ÿ√–À«à“ß 20-25 ªï ·≈–°≈ÿà¡µ—«Õ¬à“ß
‡æ»™“¬ ®”π«π 30 §π Õ“¬ÿ√–À«à“ß 20 › 25 ªï ™ÿ¥§”
∑’Ë„™â®”π«π 12 §” ‰¥â·°à ©ÿ°‡©‘π, ‡™◊ËÕß™â“, ́ âÕπ, ‡ √‘¡, ∑’Ë,
∂à«ß, ≈Õ¥√—È«, ≈ß√Õ¬, ßà«ß, Àßÿ¥Àß‘¥, ‡®◊Õ®“ß, ·≈–øÿÉ¡‡øóÕ¬
ºŸâ«‘®—¬‰¥âæ—≤π“´Õøµå·«√å¢÷Èπ‡æ◊ËÕ„™â ”À√—∫«‘‡§√“–Àå
Àπà«¬‡ ’¬ß·≈–ª√–‡¡‘πº≈‚¥¬ß“π«‘®—¬π’È ‰¥âæ—≤π“«‘∏’°“√
∑—ÈßÀ¡¥¥â«¬¿“…“‡¥≈‰ø (Delphi) ·≈–µ—Èß™◊ËÕ´Õøµå·«√å
π’È«à“ çPATHAI (Pathological Analyzer for THAI
language)é ¥—ß· ¥ß„π√Ÿª∑’Ë 5 °“√∑¥≈Õß‰¥â∫—π∑÷°‡ ’¬ß
®“°°≈ÿà¡‚¥¬∑’Ë°”Àπ¥„ÀâÕÕ°‡ ’¬ß 12 §” §”≈– 10 §√—Èß

‡ß◊ËÕπ‰¢°“√ª√–‡¡‘πº≈æ‘®“√≥“§à“æ“√“¡‘‡µÕ√å¢Õß‡ ’¬ß
∑¥ Õ∫‡∑’¬∫°—∫µâπ·∫∫∑’Ë‡°Á∫‰«â ß“π«‘®—¬π’È·∫àß‡°√¥°“√
ª√–‡¡‘π∑—ÈßÀ¡¥ 3 √–¥—∫ ‚¥¬¡’‡ß◊ËÕπ‰¢¥—ßµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2  ‡ß◊ËÕπ‰¢ ”À√—∫„™âª√–‡¡‘π¥â«¬§à“æ“√“¡‘‡µÕ√å
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(ß) Àπâ“µà“ß √ÿªº≈°“√«‘‡§√“–Àå·≈–º≈°“√ª√–‡¡‘π

√Ÿª∑’Ë 5  ´Õøµå·«√å PATHAI ∑’Ëß“π«‘®—¬π’È ‰¥âæ—≤π“¢÷Èπ

º≈°“√∑¥≈Õß· ¥ß¥—ßµ“√“ß∑’Ë 3 ‚¥¬„™â°“√ª√–‡¡‘π
§à“§«“¡∂Ÿ°µâÕß¢Õß°“√ÕÕ°‡ ’¬ß„™â‡°≥±å°“√„Àâ‡°√¥ A
‡∑à“°—∫ 3 §–·ππ, ‡°√¥ B ‡∑à“°—∫ 2 §–·ππ, ·≈–‡°√¥ C
‡∑à“°—∫ 1 §–·ππ µ“¡≈”¥—∫ ®“°π—Èππ”§–·ππ∑’Ë‰¥â¡“
√«¡‡æ◊ËÕª√–‡¡‘πº≈

5. «‘®“√≥åº≈
®“°º≈°“√∑¥≈Õßß“π«‘®—¬π’Èæ∫«à“ Àπà«¬‡ ’¬ß¢Õß

ºŸâæŸ¥¿“…“‰∑¬ “¡“√∂·¬°·¬–‰¥â¥â«¬«‘∏’°“√∑’Ë ‰ ¥â
π”‡ πÕ ‚¥¬∑’Ë µ—« –°¥ √–¥—∫‡ ’¬ß ·≈–µ—« –°¥ ÿ¥∑â“¬
∂Ÿ°π”¡“«‘‡§√“–Àå¥â«¬§à“æ“√“¡‘‡µÕ√å ZCR ·≈– TD ÷́Ëß
·µà≈–§”∑’Ë „™â∑¥ Õ∫¡’√–¥—∫∑’Ë·µ°µà“ß°—π∑’Ë “¡“√∂

µ“√“ß∑’Ë 3  º≈°“√∑¥≈Õß„™ấ Õøµå·«√å PATHAI °—∫°≈ÿà¡µ—«Õ¬à“ß

(°) Àπâ“µà“ßÀ≈—°¢Õß´Õøµå·«√å

(¢) Àπâ“µà“ß∫—π∑÷°ª√–«—µ‘ à«πµ—«¢ÕßºŸâ∑¥ Õ∫

(§) Àπâ“µà“ß ”À√—∫∫—π∑÷°‡ ’¬ß·≈–ª√–¡«≈º≈
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µ“√“ß∑’Ë 4  º≈°“√∑¥≈Õß‚¥¬·¬°µ“¡®”π«πæ¬“ß§å

µ“√“ß∑’Ë 3 (µàÕ) º≈°“√∑¥≈Õß„™â´Õøµå·«√å PATHAI °—∫°≈ÿà¡
     µ—«Õ¬à“ß

√Ÿª∑’Ë 6  §à“§≈“¥‡§≈◊ËÕπ∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√·∫àß™à«ßÀπà«¬‡ ’¬ß

®—¥°≈ÿà¡‡æ◊ËÕ«‘π‘®©—¬‡ ’¬ßæŸ¥‰¥â ®“°µ“√“ß∑’Ë 4 æ∫«à“
º≈°“√ª√–‡¡‘π‡©≈’Ë¬¢Õß®”π«πÀπ÷Ëßæ¬“ß§å¡’§à“√âÕ¬≈–
85.64  Õßæ¬“ß§å¡’§à“√âÕ¬≈– 76.83 ‡π◊ËÕß®“°Àπ÷Ëßæ¬“ß§å
„™âæ“√“¡‘‡µÕ√å„π°“√ª√–‡¡‘π 1 ™ÿ¥ (TD ·≈– ZCR)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ Õßæ¬“ß§åµâÕß„™âæ“√“¡‘‡µÕ√å 2 ™ÿ¥
∑”„Àâ°“√‡ª√’¬∫‡∑’¬∫‡æ◊ËÕª√–‡¡‘πº≈∑”‰¥â´—∫´âÕπ°«à“
‡æ◊ËÕ∑¥ Õ∫§«“¡‡™◊ËÕ¡—Ëπª√– ‘∑∏‘¿“æ¢Õß´Õøµå·«√å
‡ª√’¬∫‡∑’¬∫°—∫º≈°“√ª√–‡¡‘π¢ÕßºŸâ‡™’Ë¬«™“≠¥â“π°“√
ÕÕ°‡ ’¬ß¥â«¬°“√«‘‡§√“–Àåº≈∑“ß ∂‘µ‘·∫∫ T-test °“√
∑¥ Õ∫∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ‚¥¬¡’§à“¡“°°«à“
§à“¡“µ√∞“πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ
√âÕ¬≈– 95 (p < 0.05) ·≈–„π¢≥–‡¥’¬«°—π∑’Ë√–¥—∫§«“¡

‡™◊ËÕ¡—Ëπ√âÕ¬≈– 90 (p < 0.1)  √ÿª‰¥â«à“‰¡à·µ°µà“ß®“°§à“

¡“µ√∞“π Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ
√âÕ¬≈– 95 ·≈–∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 90  ”À√—∫
®”π«πÀπ÷Ëßæ¬“ß§å·≈–®”π«π Õßæ¬“ß§åµ“¡≈”¥—∫
 “‡Àµÿ¢Õß§à“§≈“¥‡§≈◊ËÕπ∑’Ë‡°‘¥¡“®“°°“√π”™à«ßÀπà«¬
‡ ’¬ß¬àÕ¬∑’Ë·∫àß‰¥â¡“‡ª√’¬∫‡∑’¬∫°—∫‡ ’¬ßµâπ·∫∫ æ∫«à“
®”π«π¢Õß™à«ßÀπà«¬‡ ’¬ß¬àÕ¬¢Õß®”π«π Õßæ¬“ß§å
°“√·∫àßÀπà«¬‡ ’¬ß∑”‰¥â¬“°°«à“·∫∫Àπ÷Ëßæ¬“ß§å ¥—ß√Ÿª
∑’Ë 6 ·µà‡¡◊ËÕπ”‡Õ“§à“æ“√“¡‘‡µÕ√å„π°“√«‘‡§√“–Àå¡“
‡ª√’¬∫‡∑’¬∫æ∫«à“§à“∑’Ë ‰¥â®“°°“√«‘‡§√“–Àå‡ªìπ§à“∑’Ë ‰¡à
∂Ÿ°µâÕß ß“π«‘®—¬π’È √ÿªªí≠À“·≈–·π«∑“ßæ—≤π“∑’Ë‡ªìπ
ªí®®—¬ ”§—≠¥—ßπ’È

1. ¢≥–∑’Ë°¥ªÿÉ¡∫—π∑÷°‡ ’¬ß„π™à«ß·√°¡’ —≠≠“≥
√∫°«π‡°‘¥¢÷Èπ´÷Ëß‡°‘¥®“°‰¡‚§√‚øπ∑’Ë¡’§ÿ≥¿“æµË” ·π«∑“ß
°“√·°â ‰¢ °“√‡≈◊Õ°„™â ‰¡‚§√‚øπµâÕß‡≈◊Õ°‰¡‚§√‚øπ∑’Ë¡’
§«“¡‰«µàÕ‡ ’¬ß·≈–¡’§«“¡‰«µàÕ°“√√—∫ —≠≠“≥‡ ’¬ß„π
æ◊Èπ∑’Ë∑’Ë®”°—¥
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     2. ‡ ’¬ß√∫°«π®“°∫√‘‡«≥„°≈â‡§’¬ß∑’Ë∑”°“√∑¥ Õ∫
´÷ËßÕ“® àßº≈„Àâ°“√∑¥ Õ∫º‘¥æ≈“¥‰¥â ·π«∑“ß°“√·°â ‰¢
§«√‡≈◊Õ° ∂“π∑’Ë „ ™â „π°“√∑¥ Õ∫„Àâ¡’§«“¡¥—ß¢Õß
‡ ’¬ß√∫°«π®“°∫√‘‡«≥„°≈â‡§’¬ß¡’§à“§«“¡¥—ß‰¡à‡°‘π 10
‡¥´‘‡∫≈ ·≈–§«√‡æ‘Ë¡¢—ÈπµÕπ°“√≈¥ —≠≠“≥‡ ’¬ß√∫°«π
‡æ◊ËÕª√—∫§ÿ≥¿“æ‡ ’¬ß„Àâ¥’¢÷Èπ°àÕπ∑”°“√ª√–¡«≈º≈

6.  √ÿª
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«‘‡§√“–Àå°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬¥â«¬°“√ª√–¡«≈º≈
 —≠≠“≥‡ ’¬ßæŸ¥ “¡“√∂„™â∑¥ Õ∫°—∫°≈ÿà¡ºŸâ∑¥ Õ∫‰¥â
∑—ÈßºŸâÀ≠‘ß·≈–ºŸâ™“¬„π√–¥—∫∑’Ëπà“æÕ„® ´Õøµå·«√å ”À√—∫
«‘‡§√“–Àå°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬¥â«¬°“√ª√–¡«≈º≈
 —≠≠“≥‡ ’¬ßæŸ¥ “¡“√∂„™â∑¥ Õ∫°—∫°≈ÿà¡ºŸâ∑¥ Õ∫‰¥â
∑—ÈßºŸâÀ≠‘ß·≈–ºŸâ™“¬ ∑’ËµâÕß°“√∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß
°“√ÕÕ°‡ ’¬ß  ”À√—∫«‘‡§√“–Àå°“√ÕÕ°‡ ’¬ß¿“…“‰∑¬
¥â«¬°“√ª√–¡«≈º≈ —≠≠“≥‡ ’¬ßæŸ¥ª√–‡¡‘πº≈°“√
∑¥ Õ∫‡ ’¬ßÕÕ°¡“‡ªìπ‡°√¥ ´÷Ëß·∫àß‡°√¥∑’Ë„™âÕÕ°‡ªìπ
3 ‡°√¥ ‡π◊ËÕß®“°‡ß◊ËÕπ‰¢°“√∑¥≈ÕßÕ¬Ÿà¿“¬„µâ ¿“«–
∑’Ë§«∫§ÿ¡‡ ’¬ß√∫°«π®“°¿“¬πÕ° ß“π«‘®—¬„πÕπ“§µ
§◊Õ°“√ª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢Õß°“√ª√–‡¡‘π„Àâ Ÿß¢÷Èπ
·≈–¡’§«“¡§ß∑πµàÕ ¿“æ·«¥≈âÕ¡∑’ËÀ≈“°À≈“¬
¢≥–„™âß“π®√‘ß
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