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∫∑§—¥¬àÕ

ªí®®ÿ∫—π¡’ß“π«‘®—¬®”π«π¡“°∑’Ë„™â°“√®”·π°ª√–‡¿∑¢âÕ¡Ÿ≈¥â«¬«‘∏’°“√‚§√ß¢à“¬
ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫ ‡π◊ËÕß®“°¡’§«“¡ “¡“√∂∑’Ë®–‡√’¬π√Ÿâ¢âÕ¡Ÿ≈∑’Ë´—∫´âÕπ‰¥â‡ªìπ
Õ¬à“ß¥’ ·μàªí≠À“∑’Ëæ∫ ”À√—∫«‘∏’°“√π’È§◊Õ À“°™ÿ¥¢âÕ¡Ÿ≈∑’Ëπ”¡“„™â„π°“√‡√’¬π√Ÿâ¡’§«“¡‰¡à ¡¥ÿ≈
°—π¢Õß¢âÕ¡Ÿ≈ (Imbalanced data) ‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫®–‡√’¬π√Ÿâ§≈“ 
∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈¡“° ¡“°°«à“§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈πâÕ¬  àßº≈„Àâ°“√®”·π°ª√–‡¿∑π—Èπ
‡Õπ‡Õ’¬ß‰ª¬—ß§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈¡“°°«à“ º≈¢Õß°“√®”·π°ª√–‡¿∑‚¥¬√«¡®÷ß‰¡à∂Ÿ°μâÕß
ß“π«‘®—¬π’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ·°âªí≠À“§«“¡‰¡à ¡¥ÿ≈°—π¢Õßª√‘¡“≥¢âÕ¡Ÿ≈„π·μà≈–§≈“  ‚¥¬
‰¥âπ”‡ πÕ«‘∏’‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫√à«¡°—∫Õ—μ√“°“√‡√’¬π√Ÿâ·∫∫ª√—∫μ—«‡Õß
(Backpropagation Neural Network with Adaptive Learning: BPNN-ALR) ÷́Ëß‡ªìπ
°“√ª√—∫ª√ÿß«‘∏’°“√‡√’¬π√Ÿâ®“°‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫ „π°“√∑¥ Õ∫
ª√– ‘∑∏‘¿“æ¢Õß«‘∏’°“√∑’Ëπ”‡ πÕπ—Èπ ºŸâ«‘®—¬‰¥â∑¥ Õ∫°—∫™ÿ¥¢âÕ¡Ÿ≈∑“ß°“√·æ∑¬å∑’Ë¡’§«“¡
‰¡à ¡¥ÿ≈°—π¢Õß¢âÕ¡Ÿ≈®”π«π 2 ™ÿ¥ º≈°“√∑¥ Õ∫æ∫«à“  ”À√—∫™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue
§«“¡·¡àπ¬”¢Õß«‘∏’°“√‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡∂Ÿ°μâÕß√âÕ¬≈– 47.62
 à«π«‘∏’ BPNN-ALR ∂Ÿ°μâÕß√âÕ¬≈– 77.14  ”À√—∫™ÿ¥¢âÕ¡Ÿ≈ Vertebral Column «‘∏’°“√
‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡∂Ÿ°μâÕß√âÕ¬≈– 48.39  à«π«‘∏’ BPNN-ALR
∂Ÿ°μâÕß√âÕ¬≈– 60.97 ®“°º≈°“√∑¥≈Õß∑’Ë‰¥â∑¥ Õ∫‰ª„π‡∫◊ÈÕßμâπæ∫«à“Õ—≈°Õ√‘∑÷¡∑’Ëæ—≤π“¢÷Èπ
¡“¡’§«“¡·¡àπ¬”„π°“√®”·π°ª√–‡¿∑¡“°°«à“«‘∏’°“√¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à
¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡

§” ”§—≠: °“√®”·π°ª√–‡¿∑¢âÕ¡Ÿ≈ ‚§√ß¢à“¬ª√– “∑‡∑’¬¡ Õ—μ√“°“√‡√’¬π√Ÿâ·∫∫ª√—∫μ—«‡Õß
Õ—≈°Õ√‘∑÷¡°“√‡√’¬π√Ÿâ·∫∫·æ√à¬âÕπ°≈—∫ ¢âÕ¡Ÿ≈∑’Ë‰¡à ¡¥ÿ≈°—π

Abstract

Currently there are several research studies solving classification with
Backpropagation Neural Network (BPNN) due to its high capability to learn complex
data. However, the drawback of this method is that if the learning data sets contain
imbalanced data, the BPNN will learn more from the class that has more data than
the class that has few data; as a result, it will always predict the class that has
more data. Thus, the overall classification accuracy is low. This research aims to
solve the imbalanced data problem by presenting the Backpropagation Neural
Network with Adaptive Learning Rate (BPNN-ALR) which is improved over the
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traditional BPNN. To test the efficiency of the proposed method, the researchers
used two imbalanced medical data sets. The results showed that the accuracy of
the traditional BPNN on Breast Tissue data set is 47.62%, while that of BPNN-ALR
is 77.14%. On Vertebral Column data set, the accuracy of the traditional BPNN is
48.39%, while that of BPNN-ALR is 60.97%. In summary, the preliminary test
results showed that the proposed algorithm is more accurate than the traditional
BPNN.

Keywords: Classification, Neural Network, Adaptive Learning Rate, Backpropagation
Learning Algorithm, Imbalanced Data
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Zhang, Huang, Wu, and Li (2020) π”‡ πÕ‡∑§π‘§∑’Ë‡√’¬°«à“ SGM ‡æ◊ËÕ„™â
°“√®—¥°“√°—∫ªí≠À“¢âÕ¡Ÿ≈‰¡à ¡¥ÿ≈°—π ‚¥¬ SGM ‡ªìπ‡∑§π‘§∑’Ë‡°‘¥®“°°“√º ¡º “π°—π¢Õß
SMOTE ·≈– Gaussian Mixture Model (GMM) ‚¥¬ SMOTE ∑”°“√ —ß‡§√“–Àå¢âÕ¡Ÿ≈
‡æ‘Ë¡„Àâ°—∫§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈πâÕ¬ ·≈– GMM ∑”°“√®—¥°≈ÿà¡¢âÕ¡Ÿ≈„π§≈“ ∑’Ë¡’ª√‘¡“≥
¢âÕ¡Ÿ≈¡“°‡æ◊ËÕ‡ªìπ°“√≈¥ª√‘¡“≥¢âÕ¡Ÿ≈≈ß §≥–ºŸâ«‘®—¬‰¥âπ”‡Õ“ SGM ‰ª„™âß“π√à«¡°—∫
Convolutional Neural Network (CNN) ‡æ◊ËÕ„™â‡ªìπ√–∫∫„π°“√μ√«®®—∫°“√∫ÿ°√ÿ°∫π‡§√◊Õ
¢à“¬§Õ¡æ‘«‡μÕ√å ‚¥¬‡√’¬°√–∫∫π’È«à“ SGM-CNN °“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß SGM-CNN
∑”°—∫¢âÕ¡Ÿ≈ 2 ™ÿ¥§◊Õ UNSW-NB15 ·≈– CICIDS2017 º≈°“√∑¥≈Õß √ÿª‰¥â«à“ SGM-CNN
¡’Õ—μ√“μ√«®®—∫ 99.74% ·≈– 96.54%  ”À√—∫¢âÕ¡Ÿ≈ UNSW-NB15 ·≈–¡’Õ—μ√“°“√μ√«®
®—∫∑’Ë 99.85%  ”À√—∫¢âÕ¡Ÿ≈ CICDS2017

∂÷ß·¡â«à“ß“π«‘®—¬ à«π„À≠à®–‡πâπ‰ª∑’Ë°“√·°â ‰¢ªí≠À“„π¢—ÈπμÕπ¢Õß°“√‡μ√’¬¡
™ÿ¥¢âÕ¡Ÿ≈°àÕππ”‰ª‡√’¬π√Ÿâ ·μà°Á®–¡’¢âÕ‡ ’¬‡°’Ë¬«°—∫°“√∑’ËμâÕß‡ ’¬‡«≈“„π°“√‡μ√’¬¡™ÿ¥¢âÕ¡Ÿ≈
·≈–Õ“®∑”„Àâ‡°‘¥§«“¡≈”∫“°μàÕºŸâ „™âß“π∑—Ë«‰ª∑’Ë ‰¡à¡’§«“¡√Ÿâ¥â“π§Õ¡æ‘«‡μÕ√å ¥â«¬‡Àμÿ
¥—ß°≈à“«ºŸâ«‘®—¬®÷ß§‘¥§âπ«‘∏’°“√‡æ◊ËÕ·°â ‰¢ªí≠À“§«“¡‰¡à ¡¥ÿ≈°—π¢Õß¢âÕ¡Ÿ≈ ‚¥¬∑”°“√ª√—∫ª√ÿß
Õ—≈°Õ√‘∑÷¡°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫„Àâ¡’§«“¡ “¡“√∂„π°“√
‡√’¬π√Ÿâ¢âÕ¡Ÿ≈¢Õß·μà≈–§≈“ ¥â«¬Õ—μ√“°“√‡√’¬π√Ÿâ∑’Ë·μ°μà“ß°—π πÕ°®“°π—Èπ·≈â«Õ—μ√“°“√‡√’¬π
√Ÿâ¢Õß·μà≈–§≈“ ¬—ß “¡“√∂∑’Ë®–ª√—∫μ—«‡Õß„Àâ‡À¡“– ¡°—∫ª√– ‘∑∏‘¿“æ„π°“√®”·π°¢âÕ¡Ÿ≈
„π·μà≈–™à«ß‡«≈“¢Õß°“√‡√’¬π√Ÿâ πÕ°®“°Õ—≈°Õ√‘∑÷¡∑’Ëπ”‡ πÕ®–™à«¬„ÀâºŸâ„™âß“π∑—Ë«‰ª “¡“√∂
„™âß“π‰¥â –¥«°¡“°¬‘Ëß¢÷Èπ·≈â« Õ—≈°Õ√‘∑÷¡∑’Ëπ”‡ πÕ¬—ß¡’ª√– ‘∑∏‘¿“æ„π°“√®”·π°ª√–‡¿∑
¢âÕ¡Ÿ≈∑’Ë‰¡à ¡¥ÿ≈°—π¥’°«à“‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡Õ’°¥â«¬

∑ƒ…Æ’∑’Ë‡°’Ë¬«¢âÕß
1.1 °“√‡√’¬π√Ÿâ¢Õß‡§√◊ËÕß®—°√ (Machine learning)
°“√‡√’¬π√Ÿâ¢Õß‡§√◊ËÕß®—°√‡ªìπ»“ μ√åÀπ÷Ëß¢Õßªí≠≠“ª√–¥‘…∞å (Artificial Intelligence:

AI) ∑’Ë»÷°…“·≈–æ—≤π“Õ—≈°Õ√‘∑÷¡‡æ◊ËÕ∑”„Àâ‡§√◊ËÕß§Õ¡æ‘«‡μÕ√å “¡“√∂∑’Ë®–‡√’¬π√Ÿâ·≈– √â“ß
·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¢÷Èπ¡“®“°™ÿ¥¢âÕ¡Ÿ≈μ—«Õ¬à“ß ÷́Ëß‡¡◊ËÕ¡’·∫∫®”≈Õß·≈â«‡§√◊ËÕß®–
 “¡“√∂æ¬“°√≥åÀ√◊Õμ—¥ ‘π„®‰¥âÕ¬à“ß·¡àπ¬” ‚¥¬«‘∏’°“√„π°“√‡√’¬π√Ÿâ·∫àß‰¥â‡ªìπ 2 ≈—°…≥–
§◊Õ 1) °“√‡√’¬π√Ÿâ·∫∫‰¡à¡’ºŸâ Õπ (Unsupervised Learning) ‡ªìπ°“√‡√’¬π√Ÿâ∑’Ë‡§√◊ËÕß
®–∑”°“√§âπÀ“√Ÿª·∫∫À√◊Õ “√ π‡∑»®“°¢âÕ¡Ÿ≈∑’ËªÑÕπ‡¢â“‰ª„Àâ¥â«¬μ—«‡Õß ‚¥¬∑’Ë‡√“‰¡à®”‡ªìπ
®–μâÕß√–∫ÿº≈≈—æ∏å‡ªÑ“À¡“¬¢Õß¢âÕ¡Ÿ≈‡À≈à“π—Èπ„Àâ°—∫‡§√◊ËÕß 2) °“√‡√’¬π√Ÿâ·∫∫¡’ºŸâ Õπ
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(Supervised Learning) ‡ªìπ≈—°…≥–¢Õß°“√‡√’¬π√Ÿâ∑’Ë®–μâÕß¡’°“√ªÑÕπ¢âÕ¡Ÿ≈Õ‘πæÿμ·≈–
º≈≈—æ∏å‡ªÑ“À¡“¬‡¢â“ Ÿà‡§√◊ËÕß§Õ¡æ‘«‡μÕ√å ‡æ◊ËÕ„Àâ‡§√◊ËÕß„™â„π°“√ √â“ß·∫∫®”≈Õß§«“¡
 —¡æ—π∏å√–À«à“ß¢âÕ¡Ÿ≈Õ‘πæÿμ·≈–º≈≈—æ∏å‡ªÑ“À¡“¬∑’Ë‡°’Ë¬«¢âÕß ¥—ßπ—Èπ°“√‡√’¬π√Ÿâ·∫∫¡’ºŸâ Õπ®–
¡’°“√·∫àß™ÿ¥¢âÕ¡Ÿ≈ÕÕ°‡ªìπ 2 ™ÿ¥§◊Õ ™ÿ¥¢âÕ¡Ÿ≈‡√’¬π√Ÿâ (Training set) ‡æ◊ËÕ„™â„π°“√ √â“ß·∫∫
®”≈Õß ·≈–™ÿ¥¢âÕ¡Ÿ≈∑¥ Õ∫ (Testing set) ‡æ◊ËÕ„™â„π°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß·∫∫
®”≈Õß∑’Ë √â“ß¢÷Èπ¡“

°“√®”·π°ª√–‡¿∑ (Classification) ‡ªìπ à«πÀπ÷Ëß¢Õß°“√‡√’¬π√Ÿâ·∫∫¡’ºŸâ Õπ
´÷Ëß‡§√◊ËÕß®–∑”°“√ √â“ß·∫∫®”≈Õß§«“¡ —¡æ—π∏å√–À«à“ß§ÿ≥≈—°…≥–¢Õß¢âÕ¡Ÿ≈·≈–§≈“ 
‡ªÑ“À¡“¬¢Õß¢âÕ¡Ÿ≈®“°™ÿ¥¢âÕ¡Ÿ≈‡√’¬π√Ÿâ∑’Ë ‰¥â√—∫ ‡¡◊ËÕ √â“ß·∫∫®”≈Õß‡√’¬∫√âÕ¬·≈â«‡§√◊ËÕß
®– “¡“√∂∑”π“¬§≈“ ¢Õß¢âÕ¡Ÿ≈∑’Ë‰¡à‡§¬‡ÀÁπ¡“°àÕπ‰¥âÕ¬à“ß∂Ÿ°μâÕß μ—«Õ¬à“ß¢ÕßÕ—≈°Õ√‘∑÷¡
„π°“√®”·π°ª√–‡¿∑∑’Ëπ‘¬¡„™â„πªí®®ÿ∫—π‰¥â·°à ‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫À≈“¬™—Èπ (Multi-
layer Neural Network) π“Õ’ø‡∫¬å (Naive Bayes) °“√«‘‡§√“–Àå°“√∂¥∂Õ¬‚≈®‘ μ‘° å
(Logistic Regression Analysis) °“√‡√’¬π√Ÿâ‡™‘ß≈÷° (Deep Learning) μâπ‰¡âμ—¥ ‘π„®
(Decision Tree) ·√π¥Õ¡øÕ‡√  (Random Forest) ‡§‡π’¬‡√ ‡π‡∫Õ√å (K-Nearest Neighbor)
‡ÕÁ°´å∑√’¡°“‡¥’¬π∫Ÿ∑μ‘Èß (Extreme Gradient Boosting)

1.2 ‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫À≈“¬™—Èπ (Multi-layer Neural Network)
 ∂“ªíμ¬°√√¡¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫À≈“¬™—Èπ®–¡’≈—°…≥–‚¥¬∑—Ë«‰ª

¥—ßπ’È§◊Õ ¡’™—ÈπÕ‘πæÿμ (Input Layer) ®”π«πÀπ÷Ëß™—Èπ ™—Èπ‡Õ“μåæÿμ (Output Layer) ®”π«π
Àπ÷Ëß™—Èπ ·≈–¡’™—Èπ´àÕπ (Hidden Layer) Õ¬à“ßπâÕ¬Àπ÷Ëß™—Èπ ¥—ß· ¥ß„π¿“æ∑’Ë 1

¿“æ∑’Ë 1  ∂“ªíμ¬°√√¡¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫À≈“¬™—Èπ

Õ—≈°Õ√‘∑÷¡∑’Ëπ‘¬¡„™â¡“°∑’Ë ÿ¥„π°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫À≈“¬™—Èπ §◊Õ
Õ—≈°Õ√‘∑÷¡°“√‡√’¬π√Ÿâ·∫∫·æ√à¬âÕπ°≈—∫ (Backpropagation Learning Algorithm) ÷́Ëß‚¥¬
∑—Ë«‰ª·≈â«‡√“¡—°®–‡√’¬°‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫À≈“¬™—Èπ∑’Ë¡’°“√„™âÕ—≈°Õ√‘∑÷¡°“√‡√’¬π√Ÿâ
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·∫∫·æ√à¬âÕπ°≈—∫«à“‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫ (Backpropagation Neural
Network) ¢—ÈπμÕπ°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫‡ªìπ¥—ßπ’È

¢—ÈπμÕπ∑’Ë 1 °”Àπ¥Õ—μ√“°“√‡√’¬π√Ÿâ (Learning rate) „Àâ¡’§à“Õ¬Ÿà√–À«à“ß 0 ∂÷ß 1
¢—ÈπμÕπ∑’Ë 2 °”Àπ¥®”π«π‚Àπ¥„π™—ÈπÕ‘πæÿμ ™—Èπ´àÕπ ·≈–™—Èπ‡Õ“μåæÿμ √«¡∑—Èß

®”π«π√Õ∫∑’Ë®–∑”°“√‡√’¬π√Ÿâ ‚¥¬®”π«π‚Àπ¥„π™—ÈπÕ‘πæÿμ®–·∑π¥â«¬μ—«·ª√ n ®”π«π
‚Àπ¥„π™—Èπ´àÕπ®–·∑π¥â«¬μ—«·ª√ m ·≈–®”π«π‚Àπ¥„π™—Èπ‡Õ“μåæÿμ®–·∑π¥â«¬μ—«·ª√ p

¢—ÈπμÕπ∑’Ë 3  ÿà¡§à“πÈ”Àπ—°‡√‘Ë¡μâπ„Àâ°—∫‡ âπ‡™◊ËÕ¡∑ÿ°‡ âπ∑’Ë‡™◊ËÕ¡√–À«à“ß‚Àπ¥
„π™—Èπ∑’ËÕ¬Ÿàμ‘¥°—π ‚¥¬§à“πÈ”Àπ—°¢Õß‡ âπ‡™◊ËÕ¡∑’Ë‡™◊ËÕ¡√–À«à“ß‚Àπ¥„π™—ÈπÕ‘πæÿμ°—∫‚Àπ¥„π™—Èπ
´àÕπ®–·∑π¥â«¬ W

ji
 ·≈–§à“πÈ”Àπ—°¢Õß‡ âπ‡™◊ËÕ¡∑’Ë‡™◊ËÕ¡√–À«à“ß‚Àπ¥„π™—Èπ´àÕπ°—∫‚Àπ¥

„π™—Èπ‡Õ“μåæÿμ®–·∑π¥â«¬ W
kj

¢—ÈπμÕπ∑’Ë 4 §”π«≥À“§à“‡Õ“μåæÿμ¢Õß‚Àπ¥„π™—Èπ´àÕπ·μà≈–‚Àπ¥ (H
j
) ‚¥¬„™â

 ¡°“√∑’Ë (1) ·≈– (2)

(1)

(2)

‡¡◊ËÕ X
i

§◊Õ §à“®“°‚Àπ¥∑’Ë i „π™—ÈπÕ‘πæÿμ
W

ji
§◊Õ §à“πÈ”Àπ—°¢Õß‡ âπ‡™◊ËÕ¡∑’Ë‡™◊ËÕ¡√–À«à“ß‚Àπ¥ i „π™—ÈπÕ‘πæÿμ°—∫‚Àπ¥ j

„π™—Èπ´àÕπ
¢—ÈπμÕπ∑’Ë 5 §”π«≥À“§à“‡Õ“μåæÿμ¢Õß‚Àπ¥„π™—Èπ‡Õ“μåæÿμ·μà≈–‚Àπ¥ (O

k
)

‚¥¬„™â ¡°“√∑’Ë (3) ·≈– (4)

(3)

(4)

‡¡◊ËÕ W
kj

§◊Õ §à“πÈ”Àπ—°¢Õß‡ âπ‡™◊ËÕ¡∑’Ë‡™◊ËÕ¡√–À«à“ß‚Àπ¥ j „π™—Èπ´àÕπ°—∫‚Àπ¥ k
„π™—Èπ‡Õ“μåæÿμ

¢—ÈπμÕπ∑’Ë 6 ∑”°“√‡ª√’¬∫‡∑’¬∫§à“‡Õ“μåæÿμ∑’Ë ‰¥â®“°‚§√ß¢à“¬ (O
k
) °—∫§à“

‡Õ“μåæÿμ‡ªÑ“À¡“¬ (y
k
) ‡æ◊ËÕ§”π«≥À“§«“¡º‘¥æ≈“¥‚¥¬„™â ¡°“√

∑’Ë (5)

(5)
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¢—ÈπμÕπ∑’Ë 7 „™â§à“§«“¡º‘¥æ≈“¥∑’Ë‰¥â„π¢—ÈπμÕπ∑’Ë 6 ‡æ◊ËÕ∑”°“√ª√—∫§à“πÈ”Àπ—°
¢Õß‡ âπ‡™◊ËÕ¡∑ÿ°‡ âπ∑’Ë‡™◊ËÕ¡‚Àπ¥„π™—Èπ´àÕπ°—∫‚Àπ¥„π™—Èπ‡Õ“μåæÿμ (W

kj
) ‚¥¬„™â ¡°“√∑’Ë (6)

·≈– (7)  à«π°“√ª√—∫§à“πÈ”Àπ—°¢Õß‡ âπ‡™◊ËÕ¡∑’Ë‡™◊ËÕ¡‚Àπ¥„π™—ÈπÕ‘πæÿμ°—∫‚Àπ¥„π™—Èπ´àÕπ (W
ji
)

®–„™â ¡°“√∑’Ë (8) ·≈– (9)

(6)

(7)

   (8)

(9)

¢—ÈπμÕπ∑’Ë 8 ∑” È́”¢—ÈπμÕπ∑’Ë 4 ∂÷ß 7 ®π§√∫μ“¡®”π«π√Õ∫∑’ËμâÕß°“√

1.3 ¢âÕ¡Ÿ≈∑’Ë‰¡à ¡¥ÿ≈°—π (Imbalanced Data)
¢âÕ¡Ÿ≈∑’Ë ‰¡à ¡¥ÿ≈°—π À¡“¬∂÷ß °√≥’∑’Ëª√‘¡“≥¢âÕ¡Ÿ≈¢Õß·μà≈–§≈“ „π™ÿ¥¢âÕ¡Ÿ≈

¡’§«“¡·μ°μà“ß°—π¡“° ‡¡◊ËÕπ”‰ª„Àâ‡§√◊ËÕß®—°√‡√’¬π√Ÿâ ‡§√◊ËÕß®—°√®–®¥®” ‘Ëß∑’Ë‰¥â‡√’¬π√Ÿâ „π
ª√‘¡“≥∑’Ë¡“°‰¥â¡“°°«à“ ∑”„Àâ‡°‘¥°“√‡√’¬π√Ÿâ∑’Ë‰¡à ¡¥ÿ≈  àßº≈°√–∑∫„Àâ°“√®”·π°§≈“ ∑’Ë¡’
ª√‘¡“≥¢âÕ¡Ÿ≈πâÕ¬¡’§«“¡·¡àπ¬”„π°“√®”·π°πâÕ¬ π—Ëπ§◊Õ‡¡◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë‰¡à‡§¬‡ÀÁπ¡“°àÕπ¡“
∑¥ Õ∫º≈°“√®”·π°¢âÕ¡Ÿ≈®–‡Õπ‡Õ’¬ß‰ª∑“ß§≈“ ∑’Ë¡’¢âÕ¡Ÿ≈ª√‘¡“≥¡“° ∑”„Àâª√– ‘∑∏‘¿“æ
„π°“√®”·π°‚¥¬√«¡π—Èπ≈¥πâÕ¬≈ß

1.4 «‘∏’°“√·°âªí≠À“¢âÕ¡Ÿ≈∑’Ë‰¡à ¡¥ÿ≈°—π
1) «‘∏’ ÿà¡≈¥ (Random Undersampling) ‡ªìπ‡∑§π‘§„π°“√≈¥®”π«π

¢âÕ¡Ÿ≈¢Õß§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈¡“°„Àâ¡’®”π«π„°≈â‡§’¬ßÀ√◊Õ‡∑à“°—∫§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈
πâÕ¬ ‚¥¬®–∑”°“√ ÿà¡‡≈◊Õ°¢âÕ¡Ÿ≈®“°§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈¡“°¢÷Èπ¡“®”π«π„°≈â‡§’¬ßÀ√◊Õ
‡∑à“°—∫§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈πâÕ¬ ·μà«‘∏’°“√π’È¡’¢âÕ‡ ’¬§◊Õ„π°“√≈¥¢âÕ¡Ÿ≈¢Õß§≈“ ∑’Ë¡’
ª√‘¡“≥¢âÕ¡Ÿ≈¡“°Õ“®∑”„Àâ¢âÕ¡Ÿ≈∑’Ë ”§—≠ Ÿ≠À“¬®“°™ÿ¥¢âÕ¡Ÿ≈°“√‡√’¬π√Ÿâ ‰¥â

2) «‘∏’ ÿà¡‡æ‘Ë¡ (Random Oversampling) ‡ªìπ°“√ ÿà¡¢âÕ¡Ÿ≈®“°§≈“ ∑’Ë¡’
ª√‘¡“≥¢âÕ¡Ÿ≈πâÕ¬‡æ◊ËÕ∑”„Àâ¡’®”π«π‡æ‘Ë¡¡“°¢÷Èπ„°≈â‡§’¬ßÀ√◊Õ‡∑à“°—∫®”π«π¢Õß§≈“ ∑’Ë¡’
ª√‘¡“≥¢âÕ¡Ÿ≈¡“°
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3) «‘∏’ —ß‡§√“–Àå¢âÕ¡Ÿ≈‡æ‘Ë¡ (Synthetic Minority Oversampling
Technique: SMOTE) ‡ªìπ‡∑§π‘§°“√ ÿà¡ ‡æ‘Ë¡ ‚¥¬„™â¢âÕ¡Ÿ≈‡¥‘¡·≈â«∑”°“√ —ß‡§√“–Àå¢âÕ¡Ÿ≈
¢÷Èπ¡“„À¡à®“°¢âÕ¡Ÿ≈‡¥‘¡∑’Ë¡’Õ¬Ÿà  ‡√‘Ë¡μâπ®“°°“√ ÿà¡§à“¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π°≈ÿà¡∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈πâÕ¬¢÷Èπ¡“
1 §à“ À≈—ß®“°π—Èπæ‘®“√≥“§à“¢âÕ¡Ÿ≈„°≈â‡§’¬ßÕ’°®”π«π K §à“ (K-nearest neighbor) ·≈â«
§”π«≥À“√–¬–∑“ß (Euclidean distance) √–À«à“ß§à“∑’Ë ÿà¡°—∫§à“¢âÕ¡Ÿ≈„°≈â‡§’¬ß·μà≈–§à“ ‡æ◊ËÕ
À“§à“√–¬–∑“ß∑’ËπâÕ¬∑’Ë ÿ¥√–À«à“ß§à“∑’Ë ÿà¡°—∫§à“¢âÕ¡Ÿ≈„°≈â‡§’¬ß ®“°π—Èπ®÷ß √â“ß¢âÕ¡Ÿ≈‡∑’¬¡¢÷Èπ
¡“„ÀâÕ¬Ÿà√–À«à“ß§à“¢âÕ¡Ÿ≈∑’Ë ÿà¡°—∫§à“¢âÕ¡Ÿ≈„°≈â‡§’¬ßμ—«∑’Ë„Àâ§à“√–¬–∑“ß∑’ËπâÕ¬∑’Ë ÿ¥

«‘∏’°“√«‘®—¬
®“°°“√»÷°…“ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕßæ∫«à“ ß“π«‘®—¬‚¥¬ à«π„À≠à‡πâπ°“√·°âªí≠À“

§«“¡‰¡à ¡¥ÿ≈°—π¢Õß¢âÕ¡Ÿ≈°àÕπ∑’Ë®–π”¢âÕ¡Ÿ≈‰ª„™â„π°“√‡√’¬π√Ÿâ (Training) ´÷ËßÕ“®∑”„Àâ‡ ’¬
‡«≈“·≈–‡æ‘Ë¡§«“¡´—∫´âÕπ„Àâ°—∫ºŸâ„™âß“π¡“°¬‘Ëß¢÷Èπ ¥—ßπ—Èπ„πß“π«‘®—¬π’ÈºŸâ«‘®—¬®÷ßπ”‡ πÕ«‘∏’°“√
·°âªí≠À“§«“¡‰¡à ¡¥ÿ≈°—π¢Õß¢âÕ¡Ÿ≈ ‚¥¬·°â ‰¢„π à«π¢Õß¢—ÈπμÕπ°“√‡√’¬π√Ÿâ„ÀâÕ—≈°Õ√‘∑÷¡¡’
§«“¡ “¡“√∂„π°“√ª√—∫Õ—μ√“°“√‡√’¬π√Ÿâ„Àâ‡À¡“– ¡°—∫ª√– ‘∑∏‘¿“æ„π°“√®”·π°¢âÕ¡Ÿ≈„π
·μà≈–™à«ß‡«≈“¢Õß°“√‡√’¬π√Ÿâ ‰¥â¥â«¬μ—«‡Õß ºŸâ«‘®—¬‰¥â‡√’¬°Õ—≈°Õ√‘∑÷¡∑’Ëª√—∫ª√ÿß„À¡àπ’È«à“ ‚§√ß
¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫√à«¡°—∫Õ—μ√“°“√‡√’¬π√Ÿâ·∫∫ª√—∫μ—«‡Õß (Backpropagation
Neural Network with Adaptive Learning Rate: BPNN-ALR) ‚¥¬®–∑”°“√∑¥ Õ∫Õ—≈
°Õ√‘∑÷¡∑’Ëª√—∫ª√ÿß„À¡àπ’È‡ª√’¬∫‡∑’¬∫°—∫«‘∏’‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡
°“√∑”ß“π¢Õß BPNN-ALR π—Èπ‡ªìπ°“√æ—≤π“·°â ‰¢«‘∏’°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡
·∫∫·æ√à¬âÕπ°≈—∫ (Backpropagation Neural Network) „Àâ¡’ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ BPNN-
ALR ¡’°“√ √â“ßμ—«·ª√‡æ‘Ë¡¢÷Èπ¡“ 1 μ—«·ª√§◊Õ z

c
(t) ‚¥¬∑’Ë z

c
(t) ‡ªìπμ—«·ª√∑’Ë„™â„π°“√ª√—∫

§à“Õ—μ√“°“√‡√’¬π√Ÿâ¢Õß·μà≈–§≈“  c „Àâ‡À¡“– ¡°—∫§à“§«“¡·¡àπ¬”„π°“√∑”π“¬¢âÕ¡Ÿ≈¢Õß
§≈“ π—Èπ„π™à«ß‡«≈“ t °≈à“«§◊Õ∂â“§«“¡·¡àπ¬”„π°“√∑”π“¬¢âÕ¡Ÿ≈¢Õß§≈“  c ¡’§à“μË” ‚§√ß
¢à“¬®–∑”°“√‡æ‘Ë¡§à“¢Õßμ—«·ª√ z

c
(t) ¢÷Èπ ‡æ◊ËÕ„Àâ¢âÕ¡Ÿ≈¢Õß§≈“  c ∂Ÿ°‡√’¬π√Ÿâ¥â«¬Õ—μ√“∑’Ë Ÿß

¢÷Èπ„π√Õ∫°“√‡√’¬π√Ÿâ∂—¥‰ª
¢—ÈπμÕπ„π°“√∑”ß“π¢Õß BPNN-ALR ®–§≈â“¬§≈÷ß°—∫¢—ÈπμÕπ°“√∑”ß“π¢Õß‚§√ß

¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫∑’Ë‰¥âÕ∏‘∫“¬‰«â„πÀ—«¢âÕ 2.2 ‡ªìπ à«π„À≠à ·μà®–¡’§«“¡
·μ°μà“ß„π à«π¢Õß¢—ÈπμÕπ∑’Ë 1 ¢—ÈπμÕπ∑’Ë 6 ·≈–¢—ÈπμÕπ∑’Ë 7 ¥—ßπ’È

¢—ÈπμÕπ∑’Ë 1 °”Àπ¥Õ—μ√“°“√‡√’¬π√Ÿâ (η) „Àâ¡’§à“Õ¬Ÿà√–À«à“ß 0 ∂÷ß 1 ·≈–°”Àπ¥
§à“‡√‘Ë¡μâπ„Àâ°—∫ z

c
(t) ¥—ßπ’È

(10)

‡¡◊ËÕ N
max

§◊Õ ®”π«π¢âÕ¡Ÿ≈„π§≈“ ∑’Ë¡’¢âÕ¡Ÿ≈¡“°∑’Ë ÿ¥
N

c
§◊Õ ®”π«π¢âÕ¡Ÿ≈„π§≈“  c
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¢—ÈπμÕπ∑’Ë 6 ∑”°“√‡ª√’¬∫‡∑’¬∫§à“‡Õ“μåæÿμ∑’Ë ‰¥â®“°‚§√ß¢à“¬ (O
k
) °—∫§à“

‡Õ“μåæÿμ‡ªÑ“À¡“¬ (y
k
) ‡æ◊ËÕ§”π«≥À“§«“¡º‘¥æ≈“¥‚¥¬„™â ¡°“√∑’Ë (5) ·≈–μ√«® Õ∫º≈

°“√∑”π“¬¢âÕ¡Ÿ≈„π·μà≈–§≈“ «à“¡’§«“¡∂Ÿ°μâÕß®”π«π‡∑à“„¥ (r
c
) À≈—ß®“°π—Èπª√—∫§à“¢Õß z

c
(t)

‚¥¬„™â ¡°“√∑’Ë (11)

(11)

‡¡◊ËÕ §◊Õ  ‡μÁª„π°“√ª√—∫‡æ‘Ë¡§à“Õ—μ√“°“√‡√’¬π√Ÿâ ‚¥¬°”Àπ¥„Àâ‡ªìπ§à“πâÕ¬Ê √–À«à“ß
0 ∂÷ß 0.1

¢—ÈπμÕπ∑’Ë 7 „™â§à“§«“¡º‘¥æ≈“¥∑’Ë‰¥â„π¢—ÈπμÕπ∑’Ë 6 ‡æ◊ËÕ∑”°“√ª√—∫§à“πÈ”Àπ—°
¢Õß‡ âπ‡™◊ËÕ¡∑ÿ°‡ âπ∑’Ë‡™◊ËÕ¡√–À«à“ß‚Àπ¥„π™—Èπ´àÕπ°—∫‚Àπ¥„π™—Èπ‡Õ“μåæÿμ (W

kj
) ‚¥¬„™â ¡°“√∑’Ë

(6) ·≈– (12)  à«π°“√ª√—∫§à“πÈ”Àπ—°¢Õß‡ âπ‡™◊ËÕ¡∑’Ë‡™◊ËÕ¡√–À«à“ß‚Àπ¥„πÕ‘πæÿμ°—∫‚Àπ¥„π
™—Èπ´àÕπ (W

ji
) ®–„™â ¡°“√∑’Ë (8) ·≈– (13)

(12)

        (13)

º≈°“√∑¥ Õ∫·≈–Õ¿‘ª√“¬º≈
ß“π«‘®—¬π’È∑”°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢ÕßÕ—≈°Õ√‘∑÷¡∑’Ëπ”‡ πÕ‚¥¬„™â¢âÕ¡Ÿ≈∑“ß°“√

·æ∑¬å„π°“√∑¥ Õ∫ 2 ™ÿ¥ ‚¥¬¢âÕ¡Ÿ≈∑—Èß 2 ™ÿ¥π’È‡ªìπ¢âÕ¡Ÿ≈∑’Ë¡’§«“¡‰¡à ¡¥ÿ≈°—π§àÕπ¢â“ß Ÿß §◊Õ
™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue (Jossinet, 1996; Silva, Marques de S‡, & Jossinet, 2000) ·≈–
™ÿ¥¢âÕ¡Ÿ≈ Vertebral Column (Berthonnaud, Dimnet, Roussouly, & Labelle, 2005; Rocha
Neto & Barreto, 2009; Rocha Neto, Sousa, Barreto, & Cardoso, 2011) ´÷Ëß‡ªìπ
™ÿ¥¢âÕ¡Ÿ≈¡“μ√∞“π∑’Ë‡ªî¥‡ªìπ “∏“√≥– ‚¥¬‡°Á∫Õ¬Ÿà„π UCI Machine Learning Repository
(Dua & Graff, 2019) √“¬≈–‡Õ’¬¥¢Õß™ÿ¥¢âÕ¡Ÿ≈∑—Èß Õß®–‰¥â°≈à“«∂÷ß„π¬àÕÀπâ“∂—¥‰ª

™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue ‡ªìπ™ÿ¥¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√«—¥§à“§«“¡μâ“π∑“π‰øøÑ“¢Õß
μ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ∑’Ë∂Ÿ°μ—¥ÕÕ°®“°‡μâ“π¡¢Õß°≈ÿà¡μ—«Õ¬à“ß®”π«π 106 √“¬ ‚¥¬∫ÿ§≈“°√¢Õß INEB-
Instituto de Engenharia Biomedica ·≈–‰¥â‡ªî¥‡º¬‡ªìπ “∏“√≥–„πªï §.». 2010 ‚¥¬¢âÕ¡Ÿ≈
106 ¢âÕ¡Ÿ≈∑’Ë√«∫√«¡¡“·∫àßÕÕ°‡ªìπ 4 °≈ÿà¡§◊Õ °≈ÿà¡∑’Ë 1 ‡π◊ÈÕ‡¬◊ËÕ™π‘¥ Carcinoma (Car)
®”π«π 21 ¢âÕ¡Ÿ≈ °≈ÿà¡∑’Ë 2 ‡π◊ÈÕ‡¬◊ËÕ™π‘¥ Fibroadenoma (Fad), ™π‘¥ Mastopathy (Mas),
·≈–™π‘¥ Glandular (Gla) ®”π«π 48 ¢âÕ¡Ÿ≈ °≈ÿà¡∑’Ë 3 ‡π◊ÈÕ‡¬◊ËÕ™π‘¥ Connective (Con)
®”π«π 15 ¢âÕ¡Ÿ≈ ·≈–°≈ÿà¡∑’Ë 4 ‡π◊ÈÕ‡¬◊ËÕ™π‘¥ Adipose (Adi) ®”π«π 22 ¢âÕ¡Ÿ≈ √“¬≈–‡Õ’¬¥
¢Õß™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue ®–· ¥ß‰«â¥—ßμ“√“ß∑’Ë 1 ·≈– 2



SUTHIPARITHAT JOURNAL Vol.35 No.2 April - June 2021140

μ“√“ß∑’Ë 1 ª√‘¡“≥¢âÕ¡Ÿ≈„π·μà≈–§≈“ ¢Õß™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue

§≈“  ®”π«π¢âÕ¡Ÿ≈ Õ—μ√“ à«π

1 (Car) 21 19.81%
2 (Fad, Mas, Gla) 48 45.28%

3 (Con) 15 14.15%
4 (Adi) 22 20.75%

√«¡ 106 100.00%

μ“√“ß∑’Ë 2 μ—«Õ¬à“ß¢Õß™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue

I0 PA500 HFS DA AREA A/DA MAX IP DR P Class

524.71 0.187448 0.032114 228.8002 6843.598 29.9108 60.20488 220.7372 556.8283 1

330 0.226893 0.26529 121.1542 3163.239 26.1092 69.71736 99.08496 400.2258 1

... ... ... ... ... ... ... ... ... ...

211 0.053931 0.094248 30.75344 151.9846 4.942034 14.26837 27.24312 217.1307 2

196.8567 0.020071 0.090757 28.59313 82.05889 2.869882 7.968783 27.66152 200.7493 2

1724.09 0.052709 0.020944 404.1262 3053.967 7.556963 71.42759 399.1942 1489.387 3

1385.6655 0.0923288 0.089361 202.48 8785.029 43.38713 143.0922 143.2578 1524.609 3

... ... ... ... ... ... ... ... ... ...

2100 0.061959 0.045379 390.4825 16640.72 42.6158 125.9004 380.6447 2073.029 4

1800 0.034208 0.042586 301.0604 4406.154 14.63545 67.62533 293.3669 1742.376 4

™ÿ¥¢âÕ¡Ÿ≈ Vertebral Column ‰¥â‡°Á∫√«∫√«¡®“°°≈ÿà¡μ—«Õ¬à“ß 310 §π ·∫àß‡ªìπ
°≈ÿà¡§πª°μ‘ (NO) 100 §π  §π∑’ËªÉ«¬‚√§À¡Õπ√Õß°√–¥Ÿ°∑—∫‡ âπª√– “∑ (DH) ®”π«π
60 §π ·≈–§π∑’ËªÉ«¬‡ªìπ‚√§°√–¥Ÿ° —πÀ≈—ß‡§≈◊ËÕπ (SL) 150 §π  ¥—ß√“¬≈–‡Õ’¬¥„πμ“√“ß∑’Ë
3 ·≈– 4
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μ“√“ß∑’Ë 3 ª√‘¡“≥¢âÕ¡Ÿ≈„π·μà≈–§≈“ ¢Õß™ÿ¥¢âÕ¡Ÿ≈ Vertebral Column

§≈“  ®”π«π‡√§§Õ√å¥ Õ—μ√“ à«π

1 (NO) 100 32.26%

2 (DH) 60 19.35%

3 (SL) 150 48.39%

√«¡ 310 100.00%

μ“√“ß∑’Ë 4 μ—«Õ¬à“ß¢Õß™ÿ¥¢âÕ¡Ÿ≈ Vertebral Column

Pelvic Pelvic tilt Lumbar Sacral slope Pelvic Grade of Class
incidence lordosis angle radius spondylolisthesis

38.51 16.96 35.11 21.54 127.63 7.99 1
54.92 18.97 51.6 35.95 125.85 2 1

... ... ... ... ... ... ...
63.03 22.55 39.61 40.48 98.67 -0.25 2
39.06 10.06 25.02 29 114.41 4.56 2

... ... ... ... ... ... ...
74.38 32.05 78.77 42.32 143.56 56.13 3
89.68 32.7 83.13 56.98 129.96 92.03 3

„π°“√∑¥≈Õß‡æ◊ËÕ∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢ÕßÕ—≈°Õ√‘∑÷¡„π°“√®”·π°ª√–‡¿∑ ºŸâ«‘®—¬‰¥â
·∫àß™ÿ¥¢âÕ¡Ÿ≈ÕÕ°‡ªìπ 2 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë„™â„π°“√‡√’¬π√Ÿâ·≈–°≈ÿà¡∑’Ë„™â„π°“√∑¥ Õ∫ ‡æ◊ËÕ
„Àâ°“√∑¥ Õ∫¡’§«“¡πà“‡™◊ËÕ∂◊ÕºŸâ«‘®—¬®÷ß‡≈◊Õ°„™â«‘∏’ K-fold Cross Validation (Geisser, 1975)
„π°“√·∫àß™ÿ¥¢âÕ¡Ÿ≈ ‚¥¬‡√‘Ë¡®“°°“√·∫àß™ÿ¥¢âÕ¡Ÿ≈ÕÕ°‡ªìπ K  à«π ¢âÕ¡Ÿ≈„π·μà≈– à«π®–º≈—¥
°—π‰ª‡ªìπ¢âÕ¡Ÿ≈∑¥ Õ∫ „π¢≥–∑’ËÕ’° 4  à«π∑’Ë‡À≈◊Õ∂Ÿ°„™â‡ªìπ¢âÕ¡Ÿ≈ ”À√—∫°“√‡√’¬π√Ÿâ ¥—ßπ—Èπ
°“√∑¥ Õ∫®–μâÕß∑”∑—ÈßÀ¡¥ K §√—Èß ‚¥¬·μà≈–§√—Èß®–¡’¢âÕ¡Ÿ≈∑’Ë„™â„π°“√‡√’¬π√Ÿâ·≈–¢âÕ¡Ÿ≈∑’Ë„™â
∑¥ Õ∫·μ°μà“ß°—πÕÕ°‰ª  ”À√—∫™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue ®–°”Àπ¥§à“ K = 5 ·≈–
 ”À√—∫™ÿ¥¢âÕ¡Ÿ≈ Vertebral Column ®–°”Àπ¥§à“ K = 10 μ—«Õ¬à“ß¢Õß°√≥’ 5-fold Cross
Validation ‰¥â∂Ÿ°· ¥ß‰«â„π¿“æ∑’Ë 2
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§√—Èß∑’Ë 1 §√—Èß∑’Ë 2 §√—Èß∑’Ë 3 §√—Èß∑’Ë 4 §√—Èß∑’Ë 5

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

4 4 4 4 4

5 5 5 5 5

¢âÕ¡Ÿ≈‡√’¬π√Ÿâ ¢âÕ¡Ÿ≈∑¥ Õ∫

¿“æ∑’Ë 2 μ—«Õ¬à“ß«‘∏’ 5-fold cross validation

μ“√“ß∑’Ë 5 ·≈– 6 ‡ªìπμ“√“ß‡ª√’¬∫‡∑’¬∫§à“§«“¡∂Ÿ°μâÕß §à“§«“¡∂Ÿ°μâÕß‡©≈’Ë¬ ·≈–
§à“ à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π„π°“√®”·π°ª√–‡¿∑¢Õß™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue ·≈–™ÿ¥¢âÕ¡Ÿ≈
Vertebral Column ‚¥¬„™âÕ—≈°Õ√‘∑÷¡ BPNN-ALR ·≈–‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à
¬âÕπ°≈—∫ ®“°º≈°“√∑¥≈Õß„π∑—Èß Õßμ“√“ßæ∫«à“Õ—≈°Õ√‘∑÷¡ BPNN-ALR ¡’§à“§«“¡∂Ÿ°μâÕß
‡©≈’Ë¬ Ÿß°«à“Õ—≈°Õ√‘∑÷¡‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡ 29.52%  ”À√—∫
™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue ·≈–Õ—≈°Õ√‘∑÷¡ BPNN-ALR ¡’§à“§«“¡∂Ÿ°μâÕß‡©≈’Ë¬ Ÿß°«à“
Õ—≈°Õ√‘∑÷¡‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡ 12.58%  ”À√—∫™ÿ¥¢âÕ¡Ÿ≈
Vertebral Column ‚¥¬‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡æ¬“°√≥å
™ÿ¥¢âÕ¡Ÿ≈∑¥ Õ∫«à“‡ªìπ¢âÕ¡Ÿ≈„π§≈“ ∑’Ë¡’¢âÕ¡Ÿ≈ª√‘¡“≥¡“°∑—ÈßÀ¡¥ ®÷ß∑”„Àâ§«“¡∂Ÿ°μâÕß¢Õß
‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡¡’§à“μË”

μ“√“ß∑’Ë 5 §«“¡∂Ÿ°μâÕß„π®”·π°ª√–‡¿∑™ÿ¥¢âÕ¡Ÿ≈ Breast Tissue ¢ÕßÕ—≈°Õ√‘∑÷¡ BPNN-
ALR ·≈– BPNN

                                   §«“¡∂Ÿ°μâÕß (%)

BPNN BPNN-ALR

§√—Èß∑’Ë 1 47.62% 71.43%

§√—Èß∑’Ë 2 47.62% 80.95%

§√—Èß∑’Ë 3 47.62% 80.95%

§√—Èß∑’Ë 4 47.62% 76.19%

§√—Èß∑’Ë 5 47.62% 76.19%

Mean 47.62% 77.14%

S.D. 0% 3.98%
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μ“√“ß∑’Ë 6 §«“¡∂Ÿ°μâÕß„π®”·π°ª√–‡¿∑™ÿ¥¢âÕ¡Ÿ≈ Vertebral Column ¢ÕßÕ—≈°Õ√‘∑÷¡
BPNN-ALR ·≈– BPNN

                               §«“¡∂Ÿ°μâÕß (%)
BPNN BPNN-ALR

§√—Èß∑’Ë 1 48.39% 54.84%

§√—Èß∑’Ë 2 48.39% 58.06%

§√—Èß∑’Ë 3 48.39% 58.06%

§√—Èß∑’Ë 4 48.39% 61.29%

§√—Èß∑’Ë 5 48.39% 61.29%

§√—Èß∑’Ë 6 48.39% 61.29%

§√—Èß∑’Ë 7 48.39% 67.74%

§√—Èß∑’Ë 8 48.39% 61.29%

§√—Èß∑’Ë 9 48.39% 64.52%

§√—Èß∑’Ë 10 48.39% 61.29%

Mean 48.39% 60.97%

S.D. 0% 3.55%

 √ÿªº≈°“√«‘®—¬·≈–¢âÕ‡ πÕ·π–
ß“π«‘®—¬π’È‡ªìπ°“√ª√—∫ª√ÿß«‘∏’°“√‡√’¬π√Ÿâ¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ

°≈—∫„Àâ¡’§«“¡·¡àπ¬”¡“°¬‘Ëß¢÷Èπ„π°√≥’∑’Ë∂Ÿ°„™â®”·π°ª√–‡¿∑™ÿ¥¢âÕ¡Ÿ≈∑’Ë ‰¡à ¡¥ÿ≈°—π ‚¥¬
ªí≠À“¢Õß‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡∑’Ë¡—°®–‡√’¬π√Ÿâ¢âÕ¡Ÿ≈„π§≈“ 
∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈¡“°¡“°°«à“§≈“ ∑’Ë¡’ª√‘¡“≥¢âÕ¡Ÿ≈πâÕ¬‰¥â∂Ÿ°·°â ‰¢ Õ—≈°Õ√‘∑÷¡∑’Ëª√—∫ª√ÿß¢÷Èπ
¡“„À¡àπ’È¡’§«“¡ “¡“√∂„π°“√‡√’¬π√Ÿâ¢âÕ¡Ÿ≈¢Õß·μà≈–§≈“ ¥â«¬Õ—μ√“°“√‡√’¬π√Ÿâ∑’Ë·μ°μà“ß°—π
πÕ°®“°π—ÈπÕ—μ√“°“√‡√’¬π√Ÿâ¢Õß·μà≈–§≈“ ¬—ß “¡“√∂∑’Ë®–ª√—∫μ—«‡Õß„Àâ‡À¡“– ¡°—∫
ª√– ‘∑∏‘¿“æ„π°“√®”·π°¢âÕ¡Ÿ≈„π·μà≈–™à«ß‡«≈“¢Õß°“√‡√’¬π√ŸâÕ’°¥â«¬ ºŸâ«‘®—¬‰¥â∑”°“√
∑¥≈Õß‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æÕ—≈°Õ√‘∑÷¡∑’Ëπ”‡ πÕ°—∫Õ—≈°Õ√‘∑÷¡‚§√ß¢à“¬ª√– “∑‡∑’¬¡
·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡„π°“√®”·π°ª√–‡¿∑¢âÕ¡Ÿ≈∑“ß°“√·æ∑¬å∑’Ë¡’§«“¡‰¡à ¡¥ÿ≈°—π
¢Õß¢âÕ¡Ÿ≈ 2 ™ÿ¥æ∫«à“Õ—≈°Õ√‘∑÷¡∑’Ëπ”‡ πÕ “¡“√∂®”·π°ª√–‡¿∑¢âÕ¡Ÿ≈„π™ÿ¥¢âÕ¡Ÿ≈∑’Ë 1 ·≈–
2 ‰¥â¥’°«à“‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫·∫∫¥—Èß‡¥‘¡ 29.52% ·≈– 12.58% μ“¡
≈”¥—∫
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®“°º≈°“√∑¥≈Õß„π‡∫◊ÈÕßμâπ°—∫¢âÕ¡Ÿ≈∑“ß°“√·æ∑¬å∑—Èß 2 ™ÿ¥¢Õß‚§√ß¢à“¬ª√– “∑
‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫√à«¡°—∫Õ—μ√“°“√‡√’¬π√Ÿâ·∫∫ª√—∫μ—«‡Õß∑’Ë‰¥âº≈Õ¬Ÿà„π√–¥—∫πà“æ÷ßæÕ„®
·≈–®“°≈—°…≥–¢Õß¢âÕ¡Ÿ≈∑“ß°“√·æ∑¬å∑’Ë¡—°®–¡’Õ—μ√“§«“¡‰¡à ¡¥ÿ≈°—π¢Õß¢âÕ¡Ÿ≈ Ÿß ºŸâ«‘®—¬
®–‰¥â∑”°“√∑¥ Õ∫‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫√à«¡°—∫Õ—μ√“°“√‡√’¬π√Ÿâ·∫∫ª√—∫
μ—«‡Õß‡æ‘Ë¡‡μ‘¡°—∫™ÿ¥¢âÕ¡Ÿ≈∑’Ë¡’Õ—μ√“§«“¡‰¡à ¡¥ÿ≈°—π¢Õß¢âÕ¡Ÿ≈ Ÿß¡“°¢÷Èπ°«à“π’È ‡æ◊ËÕ∑’Ë®–‡ªìπ
·π«∑“ß„π°“√π”‚§√ß¢à“¬ª√– “∑‡∑’¬¡·∫∫·æ√à¬âÕπ°≈—∫√à«¡°—∫Õ—μ√“°“√‡√’¬π√Ÿâ·∫∫ª√—∫
μ—«‡Õß‰ªæ—≤π“‡ªìπ√–∫∫„π°“√«‘π‘®©—¬‚√§‡∫◊ÈÕßμâπ„Àâ°—∫ª√–™“™π∑—Ë«‰ª ∑”„ÀâºŸâªÉ«¬∑√“∫«à“
μπ‡Õß‡ªìπ‚√§‰¥âÕ¬à“ß∑—π∑à«ß∑’ ®–‰¥â ‰ªæ∫·æ∑¬å‡æ◊ËÕ√—∫°“√√—°…“Õ¬à“ß∂Ÿ°μâÕßμ“¡À≈—°
«‘™“°“√μ—Èß·μà„π√–¬–‡√‘Ë¡μâπ ´÷Ëß®–π”‰ª Ÿà°“√≈¥≈ß¢ÕßÕ—μ√“°“√μ“¬¢ÕßºŸâªÉ«¬‰¥â
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