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1   

1.1  ￼ иέ 

ṛ ֵӦ Ἠ ѻ דȲӦὑẔכ ὑװ

ȳӀ ẓצ П Ȳ֪ױ₨ Пӻװ

ֵ Мὑ ṛ ϱȴӭ›ү ֮ е ױȲ₤כ

ṛ ẃ ֵȲֽ үҖᴟ ᴎȲצ Ϛ Ϯ Ҡẁ

ӣ Ϣ ȴᴖϚ ӣ ῏֯ Ἠ╥ḟứҏ Ȳֵ╥

ẃḟứȲT ╥Ϛӎטּצ ṶԈἨ╥ щ ᾭᾓ ӂ Л

Ȳ⁄ ὔ ᴩ Л ȴ 

Ἤ ₤ ṛ ╥ᵓӣԒ ╟ȳẓϢЏ ӻ и

έṆ цֵ Ṇ Ȳ ẁӣ Ϣד ӻ Ȳֽ ᴩ

ȲѿẦᵗӣ Ϣ ᴩד ḟ ȲҔ╗ᴶ ҏ ȳᴩ

ȲֽױҠ ӣ ϢП ᴩ ȲӼ ֮ ע ᾼ ᵅ

Ὲ ᾼᴁ╬Ȳ֪ױ ὑ ῂ צ Ӕ П ȴ 

֯Ἤצӻ МȲ ӣ ῏ ӣᾼצ ὑ ᴩ ȴѹἬ

ᾼӻצ Ȳֽ ⇔ȳ☼ Ȳ ∟ ч ֯ ᴩ ϱ ȴᵀ

╥ ẁ ϯᾼ ᴩ ӣ ῏Ҡ ϱ Ἤצ ȲẔ

ṛ ᾼ Ғᴖ Єȴ֪ ױ ẁᾼ ᴩ Ӈ ẓ

ɦצ ɧᾼғ ȴ 

1.2 ṅשׁ   

Ӑ ПЏᵂ … е ד Ṇ ӻ☼

П ◕ȲᵓӣԒ П ȳ ᶾȲדּ П ᴩ

Ȳה ẁӣ Ϣד ᾓ Ȳṿӣ Ϣ Ӧ ҏ

ȳѻ Ḇᴩ ПѠהȲѿ ע ᴩ ᵍᴩ Ἃ ȴ 

Ӑ ᾼѻ ṅשׁ ӭⱢȸ 

(1) ѝ ֫ ȳׁשṅѠᾎ έ 

(2) ҭ иέȳ  

 Ӵ∂ה (3)

(4) ҭ ∂  

(5) ԓ ◕(Ṇ ӻ☼ ) ᴩ П∂Ӵה ӣ 

(6) ᴩ П∂Ӵה ӣ 
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ה (7) ȳ  

(8) ӁṆ ∂  

1.3 ṅвשׁ  Џᵂ ӭ 

Ӑ ᾼЏᵂ ӭֽϯȸ 

ɎϚɏѝ ֫ ȳׁשṅѠᾎ έ 

(1) ᴩ דה ѝ ֫  

Пѝה (2) ֫  

(3) иέЛ֝ᾼѠᾎП Ȳ ∟ ҏ ᴩ

ᴷ  ה

Ɏϡɏ ҭ иέȳ  

(1) иέ 

(2) ц  

ɎϮɏ  Ӵ∂ה

 ה (1)

(2) Ӑ  ה

Ɏҳɏ ҭ ∂  

∂Ӵ Ṇ  

ɎХɏԓ ◕ɎṆ ӻ☼ ɏ ᴩ  П∂Ӵה

(1) Ϛ⁮ϯ 

 ̧ ᴄѦṆ - Ṇ  

 ̧ Ṇ - ᴎṆ  

 ̧ ᴎṆ - МṆ  

 ̧ МṆ - оṆ  

 ̧ оṆ - ὭṆ  

 ̧ ὭṆ - Ṇ  

 ̧ Ṇ - ⁮Ṇ  

 ̧ ⁮Ṇ -  Ṇ  

(2) ϚҖϱ 

 ̧  Ṇ -Ч Ṇ  

 ̧ Ч Ṇ - Ṇ  

 ̧ Ṇ - ὭṆ  

 ̧ ὭṆ - Ṇ  
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 ̧ оṆ - МṆ  

 ̧ МṆ - ᴎṆ  

 ̧ Ṇ -ᴄѦṆ  

(3) Ϯ⁮ϯ 

 ̧ ᴄѦṆ - Ṇ  

 ̧ Ṇ - ᴎṆ  

 ̧ ᴎṆ -М Ṇ  

 ̧ М Ṇ - оṆ  

 ̧ оṆ -ҡᵾṆ  

 ̧ ҡᵾṆ - оṆ  

 ̧ оṆ - Ṇ  

 ̧ Ṇ -ᴎӥṆ  

(4) ϮҖϱ 

 ̧ ᴎӥṆ - Ṇ  

 ̧ Ṇ - оṆ  

 ̧ оṆ -ҡᵾṆ  

 ̧ ҡᵾṆ -М Ṇ  

 ̧ М Ṇ - оṆ  

 ̧ оṆ -М Ṇ  

 ̧ М Ṇ - ᴎṆ  

 ̧ Ṇ -ᴄѦṆ  

╚ ӻ☼ ПѠהѻ …Ṽ еᶝᾘ

іṆ ɎRGSɏἬ ᴯ Ɫѻ ᴕ ȴѿ Ϛ⁮

ϯ RGS-N1-S-8.800-M ᾼ ⱢẂȲ ὑ Ϛ

⁮ϯ 8.8K ᾼѻ ϱ(ὑᴄѦṆ ӻ☼ ›)ȲӭᾼⱢ

ӱᴟ Ṇ ц Ṇ Ἤ П ᴩ Ȳ֪ױӐ

ᴩ Ϛ⁮ϯᴄѦṆ ӻ☼ - Ṇ ϮᴄѦṆ

ӻ☼ - Ṇ ᴩ П ȴ 

Ɏгɏ ᴩ П∂Ӵה ӣ 

      ∂Ӵ Җȳ ᴎȳ Мȳ ⁮ц П ȲẒẒ

ᾼ ᴩ ȲẔМүҖ ᾼ҅ῶӻ☼

ⱢүҖӻ☼ Ȳ ᴎ ᾼ҅ῶӻ☼ Ɫ ᴎӻ☼ Ȳ

үМ ᾼ҅ῶӻ☼ ⱢүМӻ☼ Ȳү⁮ ᾼ҅
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ῶӻ☼ Ɫү⁮ӻ☼ Ȳ ᾼ҅ῶӻ☼ Ɫ

ӻ☼ ȲҠֽῶ 1-1Ἤӱȴ 

  ῶ 1-1ХЄ ᴩ  

 Җ ᴎ М ⁮  

Җ      

ᴎ      

М      

⁮      

      

Ɏϝɏ ה ȳ  

(1) ϱ Ṇ ӻ☼ ᴩ ה ᴩ

 

(2) ϱ ᴩ ה ᴩ  

Ɏϥɏ ӁṆ ∂  

(1) е ᶝӻ Ṇ П XML ӻ ᵂ  

(2) ∂ Ӑ▲ Ȳṳᶙכ е ᶝ Ӂ

Ṇ П XML ӻ ᵂ  
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2  ṅѠᾎשׁ 

Ӑ Пׁשṅ☼ ֽ  2-1 ᴩ☼ ἬӱȲ Ḕᶙ֢כ

ЏᵂПв Ȳѿϯ иᵑ ḕϚ☼ ᾼẓ в Ғѿ ȴẔМ

ɦ ‹ɧȲ…ᾘӣה ПׁשṅכὨȲ֪ױ

ȴҫҵȲ֯ Ϯ ӐׁשṅἬ П ᴩ ȳה

ᴷȳѿц ה ᾼ ԌСѿ Ὑȴ 

ѝ ֫

Ϛ ц
Ϯ AVI

Ϛ ц
Ϯ VD

ἤиέ

ה

∂

ӁṆ ∂

ᴩ
ה

ה

ה

 

 2-1 ᴩ☼  
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2.1  ᴩ ד ѝ ֫  

2.1.1  ᶧԝиέ 

Hellinga Ϣ(1999)ѿ Ɫ Ȳ ẞӂᶁἋ ᾼἼ ᴷ

ѿцṞ ẞ ᾼи Ȳ Ἴ ц ▲ѩẂ כ ᴩ

Ὠᾼ ȴ ṅשׁ ᴩ Ɫ֢ ◕П ᴩ ếȲ

ᴩ Ѡᾎ ӣ ᶧԝѠהȲ ẃ ѿ ⇔ȳ☼ ȳᴾצ

Ɫѻȴ ṅשׁ Ὠ ӱ֯ Ṟ☼ᾼ ᾓϯȲ Ӣ ᾼ

Ὠȴ 

Yang Ϣ (2006)᷂ ᶧԝ ה ӣ֯ ᾼ ᴩ

ṅϱȴשׁ ׄ צ GPS Ṇ ᾼ ṞȲὑּר ὙҼ א I94

א е ᴩ ╥ṅȴẔѠᾎשׁ Ἤן Ɫ ᶧԝȲ

ѿ ARIMA ה ᴩ ᴩ ȲẔ Ὠ ӱױѠᾎ צ

вᾼ ᴩ ȴ 

Ichiro Ϣ (1998)Ἤ ҏᾼ ᴩ Ҕ╗Ἃ Ȳѹ

ὨҠѿứ Ӧ ᶧԝ Мה ȴ צṅ∂ӴϚᵶשׁ ҭӻ ☼

Ԓ› ᴩ ᾼᶧԝ Ȳɪ Ὼᾼד ᾼѩ

Ȳѿ ӭ ᾼ ᴩ ȴ ṅἬṿӣᾼשׁ ẃ ѻ Ɫ

AVIȴ 

Nagaoka Ϣ(1999) ד ѠᾎȲ ҏϠẒ ᴩ ᾼ

Ѡᾎȴ Ϛ Ѡᾎѻ ╥ ד … ᾼ ӔȲҠѿӦӂᶁ

ᴷ ◕Ḃ ᴖ оᾼ ẗ ȲԛӦ ẗ ᵛḖҏ

ᾼ ᴩ ȴ ϡ Ѡᾎѻ ╥ᵓӣד ᾼ ѠᾎȲ ӂᶁ

ᾼ ᴩ ҏ ᴩ ᾼẗ ȲԛӦ ẗ ᴩ ȴ 

2.1.2  Ṟ Ѡᾎ 

Ṟ ѠᾎҔ╗ ᴞ Ṟ (automatic vehicle 

identification, AVI)ѿц ᶾ Ȳ Ṟ Ẓ Б῀Ệứ

Ἤ Ȳẃ ᴩ ᴩ ᾼ ᴷ(Chung Ϣ, 2003; Bakata and 

Takeuchi, 2004; Yang, 2005)ȴ 

Chen Ϣ(2001)╓ҏᵓӣ AVI ᶾ Ἤ ᾼ Ɫ Ȳ

ᴩ ᾼ צ Ṿᾼ ὨȲT ֪Ἤ ҏṞ ᾼЛṜȲ

Ҡ ὨӔ ἤᾼЛṜȴ  ṅѿқשׁ ᾌᾎⱢ Ȳᵓӣ

Ἠ╥ М֢ ◕ AVI Ἤ ẁᾼᴩ Ȳ ϯϚ ◕ᾼ

ᴩ ȴ Ὠ ֯Ϛ Ṟ☼ ᾓϯȲ ᴩ ᾼ
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Ɫ ȷᴖ֯Ṟ☼ᾭᾓ Ὼ ếᾼ ᶮϯȲֽὨἬ ᾼṞ

ѩẂ ᵅȲ Ὠ ắ ȴ 

Yamane Ϣ(1999)ɔ ӣḦṞ П AVI ц UVD ן ᴩ

Ἤ Ȳѿ ẁӣ Ϣᵛ П ᴩ ȴBae Ϣ(1995)

ṿӣᴞ Ṟ ứᴯ(AVL)ᶾ ᾼеṞȲ∂ӴϚ ₤ẃᴷ ᴩ

Ȳ ױ ₤ ҏеṞẞ ᾼ ₤ȴ 

Ϡ ϱ Ѡᾎẃ Ṟ ҵȲӼҠҬ Ἠ

ẃ ᴩṞ ἨṞ ᴖ ᴷ ᴩ ȲSun Ϣ(1999)

ѩ Ṟ ᾼᾌᶮ(Waveform)ẃᵒ ֝Ϛ Ṟ ϱϯ

ᾼ ᴩ ȲT ᾌᶮױ ҫҵϚ Ӵᾼ ⇔ ẃҒ

ѿ оȴCoifman(1999) ѩ Ṟ ᾼ ⇔ẃ Ṟ ȲᵀϷ

ҫϚ ẃ ⇔ȴKarric Kwong Ϣ(2008)Ȳ⁄ᵓӣ

ẃ Ṟ ѿḖ ᴩ иᵉȴ 

Ndoye Ϣ(2008) Oh Ϣ(2002)Ϸᵓӣ ẃ Ṟ

ἨṞ Ȳ ᴖ ᴷẔ ᴩ ȴᵀ֯ ⇔ оᾼ МȲӇ

⇔ⱢϚ Ȳ֪ױҬ Ṟ ֯Ẓ ᾼ צ⇔ оȲӼᵛ

Ғ Ἠ Ȳ⁄ױ ЛכӴȲѹẔҬצ ӱ ◕ᾼ ᴩ

ᴷ Ὠȴ 

2.1.3   иέ 

Kwon Ϣ(2000)ṿӣ I880 א е ᾼ Ȳ∂ӴϚ

ѿ иέᶾ Ɫ ᾼ ᴩ ȴה ∂ṅἬשׁ ᾼ

МҔᵶ Ϛ Ἤ ẞᾼᴾצ ѿц☼ Ȳцׄ צ GPSᾼ

ṞἬ ẞᾼ ᴩ ȴ Мה ẞᾼ☼ ȳᴾצ ȳц

ᾼ╦ ᵑцѡ ⱢϚ Ȳ֥ṳ Ṟ ẞᾼ ᴩ

ἤ Ȳ ∟ѿ MSPE ẃ ȴ 

Rice Ϣ(2004)ṿӣ ἤ ȳѻכи(principal component)ц

(nearest neighborhood)Ϯ ѠᾎȲ ӣ֯ PeMS М ᴩ

ȴẔМ Ѡה╥Ԓѿϱϯ Ϛ Ἤ ẞᾼ☼ ᴾצ

ᾼ Ȳԛ Ӧ Jia Ϣ(2001) Ἤ ҏᾼѠᾎȲԒḖҏ g-factorѿ

ц ⇔∟Ȳԛ ѿ ᴷד ᾼ ᴩ Ȳѿ∂Ӵ ҭ ȴᵓӣ

ȲҠה ᴩ ᴩ ᾼ Ȳױ ѿה ᵑц╦ ᵑ Ɫ

patternᾼ иȲ ∟ Ὠѿ root MSEẃ ứ ȴ 

You Ϣ(2000)ѿ ӕ (non-parametric regression) Ѡ

ᾎᵂⱢ їᾼ ЏẓȲṳ ֥֮ Ṇ (GIS)Ȳ ҏϚ

֥(hybrid)Ṟ ᴩ ᴷ ₤ȴ 
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Sen Ϣ(1997)іӣּר ῡҒ ᾼ ADVANCE Ἤן ẞᾼ

◕ ᴩ Ȳ ֽᴶᵓӣЛᶙ ᾼṞ ᴷ ᴩ

ȴ ṅשׁ ֢ ᾼה ╥ᵡẓצ ἤȲṳᴷ Ẕ ȴ

ṅשׁ Ṽ ֯█ ◕ϱצ ᵉ ᾼẒ ᾓȲ ӣЛ֝Ѡ

ẃה ᴩ ᴩ ᴷȴ֯ Ӏ ᾼ ϱȲắẞ Ṇ ạ

֪ П ϯȲ ◕ ᴩ ПЛ ứἤ е Ṇ ẃᾼ

ȴ 

ќ═֣ (support vector regression, SVR)╥Ӧ Vapnikôs 

(1995, 1997, 2003)Ἤ ҏȲṳ ӣὑ ᶧԝצ ᾼ֢ ϱȴ

Wu(2004) Ẕ ӣ֯ ᴩ ϱȲӣМׁש ᾼ ITWS

֯МЍ е Ԍ ◕ϱȲѿ Ϛ ẞᾼ ⇔ Ȳṿӣќ

═֣ ᾎȳ › ᴩ ᾎ(current travel time prediction 

method)ȳ ҭӂᶁ ᴩ ᾎ(historical mean prediction method)

ẃ ᴩ Ȳṳѿ RMEế RMSEẃ ᴷ Ȳṳ ҏ SVR

צ Ṿ Ὠᾼ ȴ 

2.1.4   k-NNᾎ 

k Ὼ ᾎ(k-Nearest Neighbor, k-NN)Ȳ╥Ϛ ᵓӣ ҭ ᾼ

ἤẃ ᴷӑẃ ἤᾼѠᾎȴ╥Ӧ Benedetti(1977)ȳStone(1977)

ц Tukey(1977) Ϣ ҏϠῺ ᾎ(nearest neighbor)ᾼ ἘⱢ Ȳ

ᴖіӨҏ Ὼ ᾎᾼ Ἐȴk-NNѠᾎӦὑ ὔὑ ᴩȲԛҒϱ

ὨṏֻȲ֪צױЛюׁשṅ ╥ѿ k-NNѠᾎẃ ᴩ ᴩ

ᾼ ȴ 

Altman(1992)ѿ Ὼ ᾎⱢ Ȳ Ϛ ἤᾼדᴿ⇔ Ȳ

Єֵכ ἤᾼדᴿ⇔ (multivariate location estimators)Ȳṳѹ

ҏϠ k-NNᾎȴk-NNѠᾎ ӭ›ᾼ Ϥ ҭ ᴩѩ Ȳ

᷄ҏ Ὼᾼ k ҭ Ȳ k ᾼ ҏ ᴩӂᶁἨҒ

ӂᶁ∟ȲᵛⱢѿӭ› Ϥ Ɫ ᾼ ȴ Smith ц

Demetsky(1997) k-NNᾎ ᴩ ᴷȲ֝ ѩ ҳ Л֝ᾼ

ѠᾎȲиᵑⱢ ҭӂᶁᾎȲ ᶧԝᾎȳ ᾎȳ k-NNᾎȴ

ṅᾼשׁ Ὠ ӱȲ ҭ Є Ȳk-NNᾎἬ

ᾼ ὨѩẔ҃Ϯ ѠᾎἬ ẞᾼ Ὠ ẃ ЊȲṜѿ Ὑ

k-NNⱢϚ צ ᾼ Ѡᾎȴ 

Clark(2003) Ϡ ᴩ☼ ᾼ ҵȲϷ ᵓӣ k-NNᾎ Ẕ҃

ӻ ᴩ Ȳֽ ⇔ếᴾצ ȲϷ Ϛ ᴩиέếӻϿиέȴ

ṅᾼשׁ Ὠ ӱȲ ֝ ᵓӣ☼ ȳᴾצ ế Ϯ ἤ ᴩ
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ѩ ȲἬ ẞᾼ ѩ ӣ Ϛ ἤẃ ᴩѩ Ἤ ẞᾼ

ẃ ȲϷ ╥ ӣ ֵ ἤẃҒѿѩ ȲҠѿ ẞḆ ᾼ

Ὠȴ 

Rice ц Zwet(2004)⁄╥ᵓӣẒ Ɏ ἤɏẃ k-NN П

ȲϚ Ɫ Ἤ ᾼ ⇔ ȲҫϚ Ɫ ᴩ ȴ ֣

ϠҔᵶ ϯ tᾼ ҵȲ ҒϤ› (t-1ȳt-2ȳéȳt-w)

ᾼ Ȳv ╥ᵓӣϚ Ệứ вᾼ ẃ П ᾼ

Ȳ ∟ԛậ Ὼᾼ k ẃ ᴩ ȴ 

Robinsongц Polak(2005) ҏϠҳ ∂Ӵ k-NN ₤ ᾃ

ᾼ ԈȲҔ╗ ֣ Ҕᵶ ṷ ἤȳ∂Ӵ ᾼ

(distance metric) Ѡהȳḟứḕװậ Ὼ ᾼ (Ϸ ╥ k ᾼ

ứ)ȳᵓѿцֽᴶᵓӣҒ ᾎẃ ю k-NN ᾼה ȴ 

Chang(2006) ᴩ иⱢẒ ◕Ȳ ᴩ ᴷ

(estimation) ᴩ (prediction)ȴ֯ ᴩ ᴷ ◕МȲ

ה ӣ ἤ ѿ ⇔ Ɫ ᾼ ế Ȳה ױ Ἤ

ẞᾼᵛ ӻ Ɫ ◕ᾼ ᴩ Ȳѿ∂Ӵ ҭ ᴩ

ȴ֯ ᾼ ◕Ȳ⁄ן ᵛ ᾼ Ȳṳ ҭ ᴩ

k-NNѠᾎᾼѩ Ȳѿ Ӣᵛ ᾼ ᴩ ȴ 

2.1.5    

Ϛ ᴖṕȲ֯ ᾼ ᴩ ȲЄֵѿ ᾼѠᾎȲֽ

ӕ Ἠ╥ ᶧԝиέ ẃ ȴᵀὑ Ѡ Ȳ ṷ

Ѡᾎὑ ạṆ ϯᾼṞ☼ ᾼד ЛṜȴ

Palachara Ϣ(1999) ҏϠѿ Ṇ ц ᾼѠᾎẃ ᴩ

₤ᾼׁשṅȴYoshikazu Ϣ(1998) ᵓӣ▐ ֯ ◕ᾼ AVI Ṇ

Ṟ Ȳ ӣ ה֥ Ѡᾎ ḕ ◕ᾼ ᴩ

ᾼ ᴩ П ᾼ …ȴFu Ϣ(1999)ѿϢЏ

(ANN)ᾼѠהẃ МᾼṞ ᴩ Ȳṳ ӣὑṞ ứ ♆

ȴ 

Ϣ(2001) Ȳה ᴩ ◕ е

ᴩ П ȴ ṅשׁ Ԓ Ҡ Ṟ☼ ⇔ц☼

ᾼ ἤȲᵓӣ ᾼѠה ӢἬ Пӻ ṳҒѿ Ȳ ∟ᵓ

ӣ (feed-forward back propagation) ẃ∂ӴЛ֝ה

Ṟ☼₤ ϯП ᴩ ȴה ѝ Ϣ(2003)ѿ ᾼṔ⇔

в е ╟Џ ◕ᾼṞ☼ оȲ֝ ѿ Ѡᾎ∂Ӵ

ᴩ  ȴה
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ᶳа Ϣ(2002)… е Ѐҗ ☼ ◕П Ṟ

ᴩⱢ Ғ Ṟ Ṟ Ϥѻ ᴩⱢ Ԉ ᴩꜜứȲ

ᴩ ᴩ ȴױҵȲ ◕ ᶮ(Road Profile)ӼҠ

כ ᴩ П ȲὭЂ Ϣ(2001)ѿМ Џ Ҩӻ

Ͼṭ (e-traffic)Ἤ ẁПᵛ ӻ ȲԛҒϱ е ᴶȳ

ӻ ▲ ⅎ Ṟ GPS Ȳ ӣ

е ᴩ Ȳẃẁӣ Ϣ ᴕѿ ᵅЛ ứἤȴ 

ὑ в ЛṜȲᵦṾ Ϣ(2001) ׄ צ

GPSП Ṟ ᾼ ҭ ᴩ ẃ ᴷṞ ᴩ ȴⱢϠ Ӕ

ᴷṞ ᴩ Ȳ ṅשׁ ứϠṞ ᴩ и◕ѿцṞ ҭ

ᴩ и ◕П ⁄Ȳṳ ֝ ᴕ ҭ ᵛ ᾼ

ѠהȲṳ ›Ṟ ᴩᾼᾭᾓ Ϥᴕ Ȳ ҏϚ ẓ Ҡᴩᾼ ᴩ

ᴷѠהȴ 

Ӧὑӻ ᾼẃ ẓֵצаᾼ ἤȲ֪ױῺדẃצ ṅשֵׁ

ҏ ֥ᾼ Ȳẃה ֥Л֝ẃ ᾼ Ȳ ѿ с ᴩ

П ȲֽḈ Ϣ(2002) ֥ ⅎ Ṟ GPS ȳṞ

ȳṶԈ Ȳѿ ᾎ ֢᷄

ẃ Ẕ ᴩ П …ȴ Ϣ(2002)ѿ AVI Ѡה

е ӂ ѡПṞ☼ ȲɲԒᴩ ӣṞ☼ Ѡהᴕ Л֝ ҏ

ȳ ᵉ ц AVI Ӣד Ȳ ֥ ╓

ӂ ᾎȳHoltôs╓ ӂ ᾎȳARIMA цה ∂

ҳ ᴩ Ȳиᵑה ᴩ иέȴ ѝ Ϣ(2007)

⁄╥ᵓӣṞ Ṟ ὑМӔ ᴟүҖП צ

Ṟ ᾼ ◕ṿӣ ᴩ ᴩ ȴ 

2.1.6    

Li Ϣ(2002) Ϛ ᵓӣ Ϛ Ṟᵂ ᴩ ᴷ ᾼѠ

ᾎȴ іϤϠװ ᴩⱢ ȲиᵑⱢᶶ ȳМ ѿц Ȳ ᴩ

Ɫᾼи ╥ Ṟᾼ ӂᶁ ᴩ Ȳ ѩ Ἤ

ȴ Ṟᾼ ѩ ∟ ∟Ȳ ᵒứⱢМ ⇔ᾼṞ

ȲẔ Ɫ ◕ ᴩ Ȳᵡ⁄ ᾼ ᴩ

Ӧ Ṟ ѿṆ ᵂ ∟Ḗ ȴ Ȳ֯‍ ᾼ

ᾓϯ ҏṜ ᾼ ὨȲᴖ֯ ᾓϯῶ ⁄ӑֽ ȲЬצ

∕Ḃ ȴ 
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2.1.7   Ẕһ ᴷѠᾎ 

Choi Ϣ(1998)ɔ ӣ ╦ứᴯṆ (GPS)ц І֮ ẃ ц

Ӏ ◕П ᴩ ȴ ṅשׁ ẞⱢ ӣᾼѠᾎ╥ѿ Ṟ

ᾎ(floating car method) ẃ ẞ ◕ ᴩ Ȳ ֯ὑ Ṝצ

ᾼ ṞɎἨ ṞɏȲѿן ẞḕ Ṟ ȳḕ Ѡ֣ȳ֢

◕ᾼ֢ ӻ ȴYoshikazu Ϣ(1998)ׁשṅ е

ϱ(on-line)П ᴩ Ȳה ҏӇ ֯█ṷ Ԉ֪ Ṝ

ȲИ ֯Ṟ ᾎ ẁᶙ ᾼ ᾓϯȲ е ᾼ

ᴩ ȴ 

Ḉ„ Ϣ(1996)ׁשṅ ἤ ᴩ Ȳѿ Fu Ϣ(1999)

Ἤ ҏП (DSSPP)Ɫ Ȳ∂Ӵ ἤ

ᴩ (SDTT) ȴầה Ϣ (2003)ѿ ᴕ Ὼᾎ

Ɏpseudo-nearest-neighborɏᾼ ἘȲѿ Ὼ ᴕ ԝП

ᴩЛᶙ П Ȳṳ ӣᴊ ⇔ẗ ᵂⱢ Ẓᶙ ԝ П

Ὼ ⇔Ȳѿ ӻ ֥Ӈ ֥ Gaussian и П ạȲ

ԛ П ạ ᴷ ᴩ ȴ 

ӭ› в е ӣП ᴩ ᾿…ה ᵓӣ VD

ẞᾼ ⇔ҟ ◕ᾼ ᴩ Ȳṳ᾿ Ғ ȴ֯ ѹӻ ᾭᾓ

оЛЄᾼ ◕ȲἨ Ҡѿӣױ ᾼѠה᾿ Ғ Ȳ иέȲ

ϷצЛ ᾼῶ ȴT ╥Ϛӎ ᾼ  Ἠ╥ӻ ᾭᾓ о

Єᾼ ◕Ȳױ Ѡᾎᾼ ⧵צ⁄⇔ ᴷȴk-NNѠᾎҠѿᴕ

Ἃ ᾼ ȲԛҒϱ Ѡᾎ ὔὑ ᵂȲ ԉᴶ ᵛҠ

Ӵ ᵂȲ֪ױӐׁשṅ ѿ k-NNѠᾎⱢ Ȳ ד ᾼ е

ᴩ  ȴה

2.1.8  ה  

Пѻה ғ Ɫҟ ֪Ɫ ֪ ᾼ Ȳ

ᵀ֪Ɫ ϱṳ ᾎᵛ ᾼ῀ ᾭᾓᾼ ӢȲ╝Ӈ Ӧ ᾼ

њᾎ Ӑṝᵒứȴ 

(2011)֯ ᵓӣᴊᴥ ⱢṞ Ѡᾎᾼׁשṅ

МȲᵓӣ МᾼМҶ ứ ȷ֯ Ӵ ᾼЄ Ӑ(

Єὑ 30 ᵛ ⱢЄ Ӑ)МẔ Ӑӂᶁ ֥ и ȴ ֯ӂᶁ

Ӕ Ϯ Пҵᾼᾼ Ɫ (Outliner)Ȳṳ Ẕ

ȴ 
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ҫҵ (2011)Ϸᵓӣ Ϯ V t-1,Vt,Vt+1Ȳѿ Ϛц

Ϯ ϡ ᾼ о╥ᵡꞋ 15%Ȳֽ оꞋ

15%v Ɫ Ȳṳ Ẕ ȴ 

2.1.9  ה  

ᾼứ Ҡѿ ⱢȲ֯ Ӣ♄М ֯׀ Ȳ

ᵀҠ ֯ Ἠ ᾼ МȲ֪Ɫ Ἠ╥ ᾼ╝ Ȳᴖ

Ϛ Ἠֵ ἨЛ ᾼ ҷȲױ Ɫ

(Missing Value) (Plye, 1999)ȴ 

Little and RubinɎ1987ɏ иכϮ ȸ 

(1) ᶙԓ ɎMissing Completely at Random, MCARɏ 

ᶙԓ ╥╓ ᾼ ╥ᶙԓ ᾼȲ Ẕ҃

ȴױ ₤ᾼ ᾎ Ẕ҃ ᾼ ᴷẃҒ

ȴ 

(2) ɎMissing at Random, MARɏ 

╥╓ ╥ᵡ МẔ ẞᾼ ẓ

דצ ἤȲᴖ Ԍᾼ ⁄ ȴ 

(3) ЛҠἕ ᾼ ҷɎNonignorable Nonresponseɏ 

ЛҠἕ ᾼ ҷ╥╓ ╥ᵡ МἬצ ᶁד Ȳ

⁄ ױ ᾼ ӢⱢЛҠἕ ᾼȴᶺ Ҡѿ ᵗ ₤ᾼ

Ȳᵀז ᾼ ᾼ צ Ȳ֪ױױ Ἤ∂Ӵᾼ

₤ṳ ᾎᶙԓ֮ᵧ ᾼ ᾓȴ 

ᾼѠצה−ֵ ȲᵀϚ Єֵ ᾼד ᶾ

ẃ ᴩ ҷ ᾼ ᾎȲЄ ϱҠиⱢѿϯẒ ȸ 

(1) Ϛ ᾎ 

Ϛ ᾎҔ╗Ҕ╗ӂᶁ ȴ ứ

Ȳ ╥ỆứᾼȲRubin(1987) ẞ Ϛ ᾎ(single 

imputation)ѻ Ẓצ Ȳ ϚⱢ Ϛצ―∟ ᶙ

ᾼ ẃиέȲ ϡ Ɫ ᾼѠᾎҠѿ ֥ ן

῏ᾼ ȴד ᾼȲ Ϛ ᾎϷצ ҷѻ Ɫ ᾎч Ἴ

ᾼ ȲϷ ╥ Ғ ᴷ ֵᾼ Ȳ ‒כ
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ὑ ȴѹϷἕ Ϡᶙ ᾼֵ Ϛ

…ȴ 

(2) ֵ ᾎ 

Rubinὑ1978 ҏϠֵ (multiple imputation)ᾼ ἘȲѻ

ӣ֢ Ѡᾎếᴷ ᾼ Ȳ Л ὑϚ ȴчП

῏ṅשׁ ὑ█Ϛ ứ П ᾼ ȲҠѿ (Ἠᴷ )

ϚṆԝᾼ ȴӦὑḕϚ Ꞌדצ ᾼ ֵ

Ἠᴷ Ȳ֪שׁױṅ῏Ҡѿѩ Л֝ Ѡᾎᾼ Ȳꜙᴟ

ᴷ ᾼ Ȳ ∟ ϚḔ ᴷ ᾼиᵉȴҠ╥֯

ӣᾼṔ⇔ẃכȲӦὑֵ Ӈ Ӣ ֵᾼ Ȳ ∟

₤иέȲᴞ Ϸ Ғ иέᾼ ἤế

 Ӑȴכ

Ϛ ẃ ӣᾼ ᾎצRandom Hot-Deck ᾎȳӂᶁ

ᾎɎMean Imputationɏȳ ᾎɎRegression Imputationɏѿцѩ

Ẃ ᾎɎRatio Imputationɏȳ в ᾎ(interpolation imputation)ȳ

ҵ ᾎ(extrapolation imputation)ȴѿϯиᵑ ὙПȸ 

(1) ѩẂ ᾎ 

ѩẂ ᾎ…ᵓӣẒ Ἤ֯׀ᾼѩẂ … ᴩ ȲẔ

МϚ Ɫẓצ ҷ ᾼ ȲϷ ╥∕ ᾼ ȲẔ Ɫ

iyȲһ֯█ṷ ▲ ᴯϱ╥ ҷᾼȲ ҷᾼ Ԍ Ɫ *

iy ȷҫϚ

Ɫ ᵗ ȲẔ Ɫ izȲһᾼ ֯ ӐМ╥ᶙ ᴖ ҷᾼȲ

ֽῶ 2-1ѩẂ ᾎ ῶἬӱȴ 

 

ῶ 2-1ѩẂ ᾎ ῶ 

i 1 2 3 4 

iy  3 *

2y  9 6 

iz  15 20 45 30 

ѩẂ ᾎ…ᵓӣ iy izᾼѩẂ ᴩ ȲἬѿ

420*
15

3*

2 ==y ȴ 

(2) ӂᶁ ᾎ 
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ӂᶁ ᾎ ╥ᵓӣ֝Ϛ ἤ(X)Мᾼӂᶁ ẃậ҅Ẕ ἤ

ᾼצ ȴױѠᾎ Ὑ ᾼ ╥һ ᾎӣ֯‍ ᾼ Ȳ

ѹҠ Xפ᷁ ֯ ӐМᾼи ȴ 

(3) в ᾎ(interpolation imputation) 

ӂᶁ Л֝ ֯ὑẔᵂᾎⱢ ֢ ѿẔ›∟֢

ӑ ᾼ ḖẔӂᶁ ҅ПȲⱢӂᶁ ᾎᾼ ᶮȴ

Ѡᾎ Єᾼᵺ ֯ὑֽᴶḟứ ậ ẃӂᶁềȹѹצ

Лṓ Ẕ›∟ דצ ȲϚӎḥצԉᴶ …ᾼ ȲҠ

ḆЄᾼכ ȴ 

(4) ҵ ᾎ(extrapolation imputation)  

ᵓӣ П› Ἠ∟ ӑ ᾼӂᶁ ҅ПȲⱢ

ӂᶁ ᾎᾼ ᶮȲẔҠ Ӣᾼ в ᾎ֝דȴ 

(5) қ ᾎ(hot-deck imputation)  

қ ᾎᾼ Ӑ Ȳ ╥┬ ᵗ ᾼЛ֝ ԈȲ ӑ

ҏ ᾼ и Ɫכ Дᾼɦ Ὲ ɧ(imputation cell)Ȳ

∟ȲḕϚ ҏ ᾼ ȲṼ Ẕ ᵗ ᾼ ԈȲ

ד ᾼɦ Ὲ ɧМ᷄ Ϛ ȲѿẔ Ἤ ᾼ

҅ Ẕ ȴ  

FellegiцHolt(1976) Ɫṿӣ қ ∟ᾼ ѩӂᶁ ∟

ᾼ Ḇ ҅ῶ Ởᾼӕ и ᴩⱢȷϷ ╥ ṷ ∟ᾼ

Ḇẓ҅צῶἤȴѻ ╥֪Ɫӂᶁ ᾎ֯֝Ϛ ἤМҒϤϠד

Є ᾼӂᶁ Ȳṿ Ӑи ᾼᶮᾭắẞЛЊᾼ ȴ  

(6) m қ ᾎ(Cold-deck imputation)  

ד ὑ қ ᾎȲ ╥ иἨѩ ᾼ ╥ѿ› ᾼצ Ȳ

⁄ Ɫᵐқ ᾎȴ 

(7) ҅ ᾎ(substitution imputation)  

ᾼד ἤȲ ὑ ד⇔ ᾼ ȲẔ П и

֯׀ Лᶙ Ȳ⁄Ҡѿᵓӣד (ᶙ )П

ҏ ᾼ иȴ 
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(8) ᾎ(Regression imputation) 

ᾎ╥Ϛ ᾎМ ӣᾼѠᾎȲẔ ה ῶ

ӱֽϯȸ 

ù
ú

ø
é
ê

è
+ù

ú

ø
é
ê

è
=ù
ú

ø
é
ê

è

2

1

e

e
b

X

W

Z

Y
 

 

ẔМȲYⱢБ῀ Ȳ ZⱢ Ȳ WX, иᵑⱢ ZY, ᾼ Ȳ

bⱢᴷ ᾼ Ȳ
1e 2eиᵑⱢ ȴᵓӣБ῀ᾼ ∂Ӵ

₤ȸ
1eb+=xy Ȳᵓӣ ЊӂѠᾎ(LSE)K ҏbĔȲԛ᷂҅Ϥ

ȸה 2
ĔĔeb+=wz ⁄Ҡ ẞϚ ȴ צ

2
ĔeѠ Ȳ

0Ĕ
2 =e Ȳ⁄ Ɫ ứ ᾎȲᵡ⁄ ᾼ ᾎȴ

ᾎ╥ӣẃ █Ϛ ἤᾼ ,ẔᵂᾎⱢ Ӧ Ẕ҃

ἤ ∂Ӵ …ȴ ╥֯ ϱ ӣᾼѠᾎȲϚ ẃ Ȳ

ᾼ Ὠ Л ȲЛ ֽὨ иᵉы и Ȳ⁄Ẕ∂Ӵᾼ …

Ҡ Ȳᴖ ҏᾼ Ϸ Л Ȳҫҵ Ϛצ

ᾃ ᾼ ╥ ᾎ֯ Є ᾼ ᴩ ȴ 

2.1.10  Њ  

ӭ› в е ӣП ᴩ ᾿…ה ᵓӣ VD

ẞᾼ ⇔ҟ ◕ᾼ ᴩ Ȳṳ᾿ Ғ ȴ֯ ѹӻ ᾭᾓ

оЛЄᾼ ◕ȲἨ Ҡѿױ ᾼѠה᾿ Ғ Ȳ иέȲ

ϷצЛ ᾼῶ ȴT ╥Ϛӎ ᾼ  Ἠ╥ӻ ᾭᾓ

о Єᾼ ◕Ȳױ Ѡᾎᾼ ⧵צ⁄⇔ ᴷȴk-NNѠᾎҠѿᴕ

Ἃ ᾼ ȲԛҒϱ Ѡᾎ ὔὑ ᵂȲ֪ױӐׁשṅ ѿ

k-NNѠᾎⱢ ȲᵂⱢ е ᴩ  ȴה

ṅשҵӐׁױ е ᴩ Ȳ֪ ױ Ԓиέ е ӻ

ᾼ ἤȲ Л֝ӻ ẃ ᾼ ἤ∂ӴЛ֝

;ה ᶙ ∟Ȳ ᵛ ᵔ ᴖ כ ȴ

Ἠ῏╥ ȳ ᴖ Ӣ П ᶮȲ֪ױ

ה П ȴṼ ϱ ѝ ֫ ὨȲҠ ֵ Ѡ

ᾎꞋ ᶙ ᾼ ẃ ȲӐׁשṅἬṿӣ k-NNᾎЛ֝ὑẔ҃Ѡᾎ

֯ ҷ Ь צ ᵂȴ 
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2.2   

Ӑׁשṅᵓӣ е ϱᾼӻ Ҕ╗Ṟ

(Vehicle detector, VD)ȳ Ṟ(Probe vehicle)ȳ Іן Ṇ (ETC) )

ᴞ Ṟ Ṇ (AVI)ȴѿϯиᵑ Ὑ֢ ẃ П ἤ

› ȸ 

(1) Ṟ ɎVDɏ 

е ᾼṞ ẓצѿϯ ἤȸ 

A. ᵉ ᴯ ⇔ ◕ӻ ᾭᾓᴖứȲ פּ

1~2еṭȴ 

B. Ṟ ֫ Ɫ 1 и Ȳ֫װ/ ᾼ צ

ȳ1и в֢Ṟ ᾼӂᶁ ⇔ȳϚи в֢

Ṟ ᾼ☼ ȳ֫  

C. ֫ᾼⱢ ᴯ Ȳ‍ ◕ ȴ 

D. צҠ ֪Ɫ Ἠ╥ Ȳ ҷ

ȴ 

Ṟ ֯ ᾼ МҠ Ӣϯԝ ȸ 

A. ȳ☼ טּ ҒἨ ᵅ(ֽ 2.2-1ȳ 2.2-2)  

B.   ᵅἨ (ֽ 2.2-3) 

C.   ☼ ᵅἨ (ֽ 2.2-4) 

D. (ֽ 2.2-5) 

 

2.2-1 ᶮ 
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[ ẃ ȸӐׁשṅ ] 

2.2- 2 ☼ иᵉ  

 

 

[ ẃ ȸӐׁשṅ ] 

2.2- 3 иᵉ (  ᵅ) 

 

 

[ ẃ ȸӐׁשṅ ] 

2.2- 4☼ иᵉ (  ) 
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[ ẃ ȸӐׁשṅ ] 

2.2- 5☼ ҷ  

 

Ӑׁשṅ Ṽ ϯԝ☼ ∂Ӵ ☼Ȳה ֽϯ

Ἤӱȸ 

Ṽ ╦ ᵑ ӻ
ᾼӂᶁ

Ṽ ӂᶁ
Ȳ ҏ 

ҭṶԈ

ҭӻ

ṶԈ Пכ
ᶮҫҵ ׀

 

[ ẃ ȸӐׁשṅ ] 

2.2- 6 ☼Ӵ∂ה  

Ḕ Ϛȸ 

☼ ȳ ⇔ ᴾצ иᵑṼ ╦ ᵑиᵑ Л֝ ◕

Л֝ ◕Пӂᶁ  
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Ḕ ϡȸạứ   

ϱ Л֝ Л֝ ◕ᾼӂᶁ ∟Ȳᴖ ֯Ϯ

ѿҵᾼ ȲѿϮ ᵂ  ȴ 

ӐׁשṅἬ ὑЄ Ӑἤ ȲṼ Ӑ

Єὑ 30 Ȳ ᴷ Ἴה и Ὼ и ȴᴖ и

МЄ иП Ȳ ֯ ӂᶁ Ӕ Ϯ ᾼ вȴ

ױ֪ ֯Ϯ ҵᾼ ҠᵒứⱢ ɎOutliersɏȴӦὑ›

∟ ◕П ЛҠ ד ЄȲ֪ױҠ ṷ Ɫ

ȲṳСѿᵔ ȴ 

Ḕ Ϯȸ ṶԈ Ȳṳ ӦὑṶԈ Пכ и  ׀

ϱ Ҡ ᾼ Ӣ ֪МȲ ϠṶԈ ᾼכ

ҵȲẔ ֪ Пכ И╥Ӑ ה Пӭ Ȳ֪ױ ṶԈ

ᵗὑꜜứӦὑṶԈἬצ Пכ צ ṷȴ ᵛ ẃ

ȲӐׁשṅ Ԓѩ ԓ ᾓ Ȳככ ╥ᵡצ ӢṶԈȲ

ṶԈצ ӢȲ⁄᾿ ϤṶԈ׀ Ȳ ȲᵛҠṼ

 ױ ȴ 

 

(2) Ṟ(Probe vehicle) 

ӐׁשṅἬ ӣП Ṟ ѻ ẃ Ɫ ⅎ Ȳѻ ֪Ɫ

ӭ›Ἤ ᾼ Ṟ Мѿ ⅎ ᵂⱢẃ ᾼ Ɫ

ḝ ứȴӦὑⅎ Ṟ ᴩ ȲצṞ ạȲЛ ᴩ в Ṟ

Ȳѹ Ϛ ЊⅎṞᵅȴ֪ױᵓӣ Ѡה Ӕ ᴩ

ᴷ Ȳה Ẕ ЄⅎṞӂᶁ ⇔ ЊⅎṞӂᶁכ ⇔ȴ

ѿᵓ∟ ᴩ ᴷ ṿӣȲẔ  ϯȸֽה

ЊⅎṞӂᶁ ⇔ ɻ ɼɎЄⅎṞӂᶁ ⇔ɏ 

ῶ 2.2- 1ЄЊṞ  

Җϱ Ζ Η  ⁮ϯ Ζ  Η 

ӂѡ׆  88.0489 0.135855 ӂѡ׆  90.40584 0.097041 

ӂѡ  104.9501 - 0.01207 ӂѡ  101.115 - 0.00255 

ѡ׆  89.86883 0.088273 ѡ׆  108.5274 - 0.1181 

ѡ  100.3914 0.003374 ѡ  97.77981 0.025441 

 

ṞП ẓצѿϯ ἤȸ 
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A. Ṟ ֫ Ɫ ȴ֫װ/ה30ּ ᾼ Ṟצ

ȳ ȳ ⇔ȳѠᴯȳ֫ ȴ 

B. Ṟ֫ П Ɫ ᴯ Ȳ‍ ◕ ȴ 

C. Ṟ֫ Пᴯ Ἠ ⇔ Ҡ Ӣ ᾼ

ȴ 

D. Ṟѻ ѿ ⅎ Ṟ ⱢѻȲӦὑⅎ Ṟ ᴩ

ȲצṞ ạȲЛ ᴩ в Ṟ Ȳѹ

Ϛ ЊⅎṞᵅȴ 

E. ֝ ◕ҏ П ṞП ᴩ צ  

F. Ṥ Ҡ ӭ Л֝ 

G. ṞҠ ὑӭ Мϯҗ ⅎ∟ԛϱҗ  

Ṟ֯ ᾼ МҠ Ӣ GPS ᾼ Ȳֽ

2.2-7ȴ 

 

 

[ ẃ ȸӐׁשṅ ] 

2.2- 7 GPS  

GSP

ᴟ ҵ 
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֪ ϱ ἤȲ Ӑׁשṅ Ṟᾼ Ȳה ӣ Ἤשׁ

ẁɦ9 9 דᾪӻ ֮ ɧᾼ ᴯ ȲἬ

Ɫ Ϯ ᴎṆ ᴟᴄѦṆ Ȳ֪ױᵔ ⅎ

Ἤ֫ GPS ᴯЛ֯ вᾼ ȴױҵ֯ ứᵔ

е ₣᾿ Єὑ 100 еѐᾼ ᾼ ԈȲ Ἤצ

GPS ֯ѻ ᾼ вȴ  

GPSἬ֫ ᾼ

ứἬ ᾼ ᴯ

1.ᵔ ᴯЛ֯
вᾼ
2.ᵔ е ₣᾿
Єὑ100еѐᾼ

╥ᵡ ẞӒ

ḇ

╥

ᵡ

 

2.2- 8 Ṟ  ה

 

(3) Іן Ṇ (ETC) 

ETCП ẓצѿϯ ἤȸ 

A. Ӧὑ ן ᾼ ⇔ ᶶȳ Ȳ֪ױ ᵅᴷ

Ṟ☼ᾼ ᴩ ȴ 

B. ETC ẞП ᴩ ӭ Ҡ Л֝ȴ 

C. ETC ẞП ᴩ Ҡ Ҕᵶϯҗ П∟ԛϱ

җ Ἠ╥צ Ϥԅ ПṞ П ᴩ ȴ 

ETC ֯ ᾼ МҠ Ӣ ᴩ ᾼ (ֽ

2.2-9)ȴ 
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[ ẃ ȸӐׁשṅ ] 

2.2- 9 ᴩ иᵉ  

֪ ϱ ἤȲETCП› ӭֽϯȸ 

ậ  ETC ПѠהȲṳ‍ѿᵛ ᷿ậᾼѠהẃậ Ȳᴖ╥ậ

Ẕ ҭ ∟ ϤӐׁשṅП МȲậ Ѡה Ϡ ԏ

ᾼѠהȳϷ вן ᾼ FTP ậ ȴӐׁשṅѿ‍ᵛ ᾼ

ѠהȲ ᾼ ETC ᷿Ϥ М ᴩ ᴩ ᾼ ᴷ

Ӕȴᵀ ETCᵛ ҭ ẓצ Ἃ Ȳ╝

ȲẔה ὙֽϯɎ 2.2- 10ɏ: 

A. ›Ϛ◕ ɎֽХи ɏᾼӂᶁ ᴩ ѩ Ȳ

ᴩ ЛҠ צ о 

B. ᵔ Ӕ 15%ѿҵᾼ ( ∂ן ɏ 
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ứ Ở ᴩ (TTi, i = 0)

( ◕ ⇔/ᴞӦ )

ứ Ở

( 12 )

(Ti, i = 0)

ᵔ ϯХи в ᴩ
֯Ӕ 1.15*TTiᾼ װ

∟ᾼ
װ ᴩ ӂᶁ

ᵡ

╥ᵡẞ
Ӓ

ḇ

╥

 

2.2- 10 ETC  ה

֪ ⅎ Ṟצ ạȲЛ ᴩ в Ṟ Ȳѹ Ϛ

ЊⅎṞᵅȴᴖӐׁשṅἬ ᵉ ⱢЊⅎṞȲ֪ױᵓӣ Ѡה

Ӕ ᴩ ᴷ Ȳה Ẕ ЄⅎṞӂᶁ ⇔ Њⅎכ

Ṟӂᶁ ⇔ȴѿᵓ∟ ᴩ ᴷ ṿӣȲẔ  ϯȸֽה

ЊⅎṞӂᶁ ⇔ ɻ ɼɎЄⅎṞӂᶁ ⇔ɏ 

ῶ 2.2- 2ЄЊṞ  

Җϱ Ζ Η  ⁮ϯ Ζ  Η 

ӂѡ׆  88.0489 0.135855 ӂѡ׆  90.40584 0.097041 

ӂѡ  104.9501 - 0.01207 ӂѡ  101.115 - 0.00255 

ѡ׆  89.86883 0.088273 ѡ׆  108.5274 - 0.1181 

ѡ  100.3914 0.003374 ѡ  97.77981 0.025441 
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Ɏ4ɏᴞ Ṟ Ṇ (AVI)  

AVI П ẓצѿϯ ἤȸ 

A. ậ ᴩ П ЛỆứȴ 

B. ֝Ϛ ◕ѩ ẞП ᴩ צ ȴ 

C. AVI ▐ ὑҗ ӂ Ȳ⁄ ᴩ

Ҕᵶᴩ җ ᾼ Ȳ Ь ᴩ Ḃȴ 

D. AVI ẞП ᴩ Ҡ Ҕᵶϯҗ П∟ԛϱ

җ Ἠ╥צ Ϥԅ ПṞ П ᴩ ȴ 

֪ ϱ ἤȲAVI П› ӭֽϯȸ 

A. Ṽ ҏ ◕и  

B. ֝Ϛ ◕М ᴩ Пӂᶁ ȳ ȳ Є

Њ  

C. ᵔ ȸᴖ ᴩ ӂᶁ Ϛ ѿ

ҵП Ȳ ṷ −Ҡ ╥֪ⱢṞ ὑὢ ԅ Ȳ

Ἠ╥ϱϯ█ Мᾼӻ☼ Ἤ  ȴכ

 

2.3   

ᾼה   ϡȸצ֪

(1) ᴩ Џᵂ Ȳ ᵔ Ȳ֪ױ

ᵓӣ ה ֫ ᵔ П ȴ 

(2) П Ҡ ֪Ɫ Ӑṝ╝ Ἠ╥ Ṇ

Лṏᴖ Ӣ П ᶮȲ֪ױϷ Ϛ ẃה ֫

Ἤ П ȴ 

Ӑׁשṅ Ṽ ϯԝ☼ ∂Ӵ ☼Ȳה ֽ  

2.3-1 ☼ Ἤӱȸ 
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[ ẃ ȸӐׁשṅ ] 

 2.3-1 ☼  

Ḕ Ϛȸ ᾎ 

ֽ›Ἤ Ȳ Ѡᾎиכ Ϛ ᾎ ֵ ᾎ Ẓ Ȳ

Ӑׁשṅ…ᵓӣֵ ᾎẃ ᴩ ȴӦὑӐׁשṅἬ ӣ

ᾼ Ѡᾎ › ЛױȲ֪֝ד ԌҒѿ

ȴ 

Ḕ ϡȸ ᾎП ⇔ 

Ӑׁשṅ Ṽ ϯԝḔ ᾎП ⇔ȸ 

Ḕ 2.1ȸ ẞ ⇔ Ҡӣἤ ḖП VD

ҭ ᴩ Ṽ Л֝ӻ Ḗ Л֝ ◕Ғ

ѿи Ȳиכӂѡ ȳӂѡ׆ ȳ ѡ ȳ

ѡ׆ ȴ 

Ḕ 2.2ȸⱢϠ ῀֯Л֝ ѩẂϯ ᾎП ⇔Ȳ

Ҡиᵑ Л֝ѩẂП Ȳṳѹ֯Л֝П

ѩẂϯиᵑ ᾎП ⇔ȲẂֽҠѿиᵑ

20%ȳ40%ȳ60%ȳ80%ȳ100%П ẃ

ȴ 
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Ḕ 2.3ȸӦ ӣֵ ѠᾎȲ֪ױӇ ֯Л֝

װ Л֝ ѩẂϯȲ П

Ở ᾼ ȴ 

Ḕ 2.4ȸиᵑᵓӣ ∟П Ở ᴷ

ᴩ Ȳṳ Ẓ῏П П Є

ӂᶁ ȴ 

Ḕ Ϯȸ᷄ҏЛ֝ ҷѩẂϯȲ ᾎ П ⇔ 

Ṽ ϱ Ḕ Ҡѿ ῀ ѩ П

…ȲҠѿ῀ Л֝ ◕ Л֝ӻ ₤ ϯȲ ѩẂ ∟

⇔П …ȴ 

ᴩ ה ȲҠиέЛ֝ ⇔ ᴩ

⇔П П …Ȳֽױ― ῀ ҷ ⇔Єὑֵю Ȳ

ᾎ Ṝ ᴩ ⇔П ḖȲױ ― Ѧ ᵉ П ᴩ ȴ

› ᾼׁשṅכὨȲ ѩẂ П ⇔ֽῶ

2.3-1ȴ 

ῶ 2.3-1ѩẂ П ⇔ Ẃ 

ѩẂ 

(ᴍиѩ) 

⇔ 

(ᴍиѩ) 

20 90 

40 85 

60 60 

80 20 

100 0 

ה ὑ ᾼ ⇔ ḖⱢ 90%Ȳ ϱῶМҠ῀

ѩẂⱢ 20% Ȳ П∟ ⇔Ҡ Ḗᾼ 90%Ȳᵀ

ѩẂԛἏϱс Ȳ П∟ᾼ ᵛ ᾎ ẞ ⇔П

ḖȲ֪ױ ѩẂ 20% Ȳ⁄ Ѧ ᴩ ȴ 

2.4 иέ  

֯ӐׁשṅМȲ Пӻ ẃ צ VD AVI ẒЄ Ȳ

ẔМ VD ҠиⱢᵛ ҭ Ẓ ԌȲᴖẔМ ҭ ϭ

ҠṼ ṶԈᾼ Ӣ Ȳχ иⱢϚ ҭ ṶԈ ҭ ȴ  

Ӑׁשṅ∂ ὑן ẞᾼ VD ȲҠѿṼ ֽῶ 2-3Ἤӱᾼ

ῶ ẃҒѿ Ȳḕ׀ ᴯᾼ ֽɦ ᴯ ὙɧМἬ ȴ֢ ₤

ֽϯȸ 
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V VDȸ5и   װ/

V Ṟȸ30ּװ/ה 

V ETCȸ1и  װ/

V AVIȸ1и  װ/

 

 

ῶ 2.4-1 VD  

 ᴯ ₤   ⇔ ᴯ Ὑ 

1 Fdatetime nvarchar 50 ן ѡ  

2 Ftime nvarchar 50 ן  

3 Vdid nvarchar 50 VD  

4 Ftspd nvarchar 50 ӂᶁ ⇔ 

5 Favol nvarchar 50 ӂᶁ☼  

6 UseTime datetime 8  

7 source nvarchar 50 ẃ  

 

Ӑׁשṅ∂ ὑן ẞᾼ AVI ȲҠѿṼ ֽῶ 2.4-2ῶ ẃ

Ғѿ Ȳḕ׀ ᴯᾼ ֽɦ ᴯ ὙɧМἬ ȴ 
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ῶ 2.4-2 AVI ῶ  

 ᴯ₤  ₤   ⇔ ᴯ Ὑ 

1 id Integer 4  

2 Startdatetime datetime 8 ᾼѡ  

3 Direct nvarchar 50 Ѡ֣ 

4 CarNum nvarchar 50 Ṟ ᶧ  

5 FThroughPt nvarchar 50 A ᾼ֤  

6 TThroughPt nvarchar 50 Bᾼ֤  

7 TroughATime datetime 8 A ᾼ  

8 TroughBTime datetime 8 B ᾼ  

9 DiffTime datetime 8  

ῶ 2.4-3 ⅎ Ṟ GPS ῶ  

 ᴯ ₤   ⇔ ᴯ Ὑ 

1 liGPSID char 10 GPS  

2 iVehicleID char 10 Ṟ  

3 iDriverID int 10  

4 iOriginalDriverID int 10 Ở  

5 dtTime datetime 8  

6 fLatitude real 50 ⇔ 

7 fLongitude real 50 ⇔ 

8 iHeading int 10 Ѡ֣(⇔) 

9 ucVelocity int 10 ⇔(KPH) 

ῶ 2.4-4  ETC ῶ 

 ᴯ ₤   ⇔ ᴯ Ὑ 

1 DetectionDatetime datetime 8 ѡ  

2 Start_TollNo int 10 ן ҅  

3 End_TollNo int 10 ן Ṥ ҅  
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4 Dir int 10 Ѡ֣ 

5 Cartype int 10 Ṟ  

6 Weekday int 10 ╦ ᵑ 

 

2.5 ᵉṆ ∂  

ה П∟Ȳ ∂Ӵ ᴩ е ᶝӻ Ṇ

П XML ӻ ᵂ Ȳṳѹ∂ Ӑ▲ Ȳṳᶙכ е

ᶝ ӁṆ П XML ӻ ᵂ ȴ 

Ӑ ḕХиה ᴞ е ᶝ ӁṆ ПXML

ѿ ẞ П VD ȲṳѹḕХи ὑṆ Ἤ֯ IPᴯ

ᵉ XML Пה Ὠѿẁ е ᶝ ӁṆ Пӣȴ 

ד 2.5.1 ╟ 

ӐׁשṅП ╟ֽϯȸ 

1. ᴻὢ ϛүȲ ֽϯȸ 

МҶ ȸIntel E5300ѿϱ  

ѻ ὰȸMSI X58Mѿϱ 

ȸDDRII 2Gѿϱ 

ȸ320Gѿϱ 

ẁ ȸ400Wѿϱ  

ȸ15֡ѿϱ 

 

2. ӐׁשṅП ֽϯȸ 

SQL Serverϛ  

Microsoft Visual Studio 2005ϛ  

OS:  Windows XP 

2.5.2 ứꜜ Ὑ 

ⱢϠѠ―ӐṆ ᾼ ᵂȲᶺ ∂ӴϠϚ ―ᾼ ᵂЮ
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ẁṿӣ῏Ȳ ┬∟Пה ѿϯḔ ᵂᵛҠᶙכ ứ: 

(1) ᵓӣϯἮה ṿӣᾼ ȴ 

 
(2) ᵓӣϯἮה Ἤ ᾼ ◕ ṤȲ ᾼ╥

Ϯ ḥצ ẁ ᾼ ғ Ȳ֪֯ױ ậ

Ϯ ᾼ ԈϯֽὨ ᾼ ғ ⁄ ҏ

ȴ 
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(3) ┬ϯò VD ᴩ ò┬ ᵛҠ Ở  

(4) ֽ ֯֝Ϛүᴻὢ ϱ֝ ֵ ◕Ҭ ֝ ᴩ

ֵ ṳה Л֝ ◕ᵛҠȲ ᴖ֯֝Ϛүᴻὢ

֝ ֵ ◕ כ ᴖ ᾎ֯Хи Пв

ᶙכ Ȳ∂ ᴟֵ֝ Ϯ Ṇ ӻ☼ П ȳẒ

ד Ἠ╥Ϛ   ȴ 

2.5.3  ᵉ ה Ὑ 

ứᶙכᾼ Ṥ ◕ᾼ ᴩ Ὠ ӁȲӭ›Ṇ

ứᾼ▲ ѿϯẒצ Ѡה: 

(1) ᵉ: ὨҠѿᵓӣ ὑᴻὢ Ἤ֯ IPᾼ SQL 

Server ṳᵓӣ Query▲ ᴩ Ὠȴ 

(2) Xml ᵉ:Ṇ ᵛ Ḇ ֯ᴻὢ ϱѿ xml ה Ӂᾼ

ᴩ Ὠȴ 

ѿ ▲ Ѡה ᵓӣ xml ᾼѠהẃᾼ᾿ ᶶ ṳѹЛ ắ

ẞḆ xml ⇔ὈἋᾼ ȲҠѿ ẞ ᵛ ᾼ Ȳ╝∂ ṿӣ

▲ ᾼѠᾎȴ 
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3  ᴩ  ה

ӐׁשṅἬ ᾼ ᴩ Ȳѻה ╥Ἃ ϱ П ה

ὨȲכ ӐϱҠиⱢẒЄ ȲиᵑⱢ ᴩ ᴷ ѿц

ᴩ ȴ֯ ᴩ иȲϭҠиⱢϚ П

ѿцṶԈ П ȴ 

Ԓ ן ᴞṞ AVI ᾼӻ Ȳ ᵓ

ӣ ∟П VD ᴷ ᴩ Ɏὑ 3.1Њ М ὙɏȲ

∟ ԓ ᾓ ᾼ Ȳ ṳ∂Ӵ ҭ ᴩ ȴ

∟ ӐׁשṅἬ П ᴩ ẃ ᴩ ȴ

☼ ֽ 3.1Ἤӱȴ 

( )

 t t  = t + 1

VD

 

[ ẃ ȸӐׁשṅ ] 

 3.1 ☼ה  



 

42 

 

3.1  ᴩ ᴷ  

ᴩ ᴷ ֽ 3.2ἬӱȲ ☼ Ὑֽϯȸ 

(1) П  

ᵛ ⇔ȳ☼ Ҝצ Ȳṳ Ẕ

П Ϥ Мȴ П∟ ѩẂ 20%

Ȳ⁄ Ѧ ᴩ ȴӐׁשṅἬ ӣП k-NN ֯ה

ҷ ᾓϯЬ צ ᾼ ᴩ ᴩ Ȳ֪֯ױ

ӣМṳӑ ӣ Ѡᾎȴ 

(2) ᴩ ᴷ  ה

Ӑׁשṅᵓӣ Ἤậ ПЊⅎṞӂᶁ ⇔ ᴷ

Ẓ ᾼ ᴩ Ȳ ѠֽהɎה 3-1Ἤӱɏȴѻ

╥ậϱϯ ᾼ ⇔ȲҒѿӂᶁ Ẓ╥כ VD П ᾼ

ӂᶁ ⇔Ȳԛ ◕ ⇔ᾼѩ Ȳv Ҡ ҏ Ẓ VD

П ᾼ ᴩ ȴ 

( )2/1

1

ii

ii
i

VV

xx
T

+

-
=

+

+  (3-1 ה)            

ẔМȲ 

iTȸ i ẞ i+1 ᾼ ᴩ  

ixȸ i ᾼᴯ  

iVȸ i ẞᾼ ⇔ 

(3) ∂Ӵ ҭ ᴩ  

ҭ ӣὑ ׀ ᴩ ᴷ ᾼ ὨȲ

Ϸ ╥ ḕϚ׀ ד VD VD П ḕХи ᾼӂᶁ

ᴩ Ȳѿẁ∟ Пӣȴ ҭ ᾼ

▐ ṓϯῶ 3.1-1 ҭ Ẃὑ2012ד

12ѣ 30ѡϱрХ Хϫи Ӧ⁮ϯ 101.51еṭ ᴟ⁮ϯ
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105.985еṭ : 

 

t = t+1

 t

 

 3.2 ᴩ ᴷ  
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ῶ 3.1-1 ҭ Ẃ 

ϱ VD֤  ϯ VD֤  
ᴩ

  (הּ)

ϱ ⇔

(km/hr) 

ϯ ⇔

(km/hr) 

Ѡ

֣ 

VD-N1-S-101.510

-M-LOOP 

VD-N1-S-102.600

-M-LOOP 
40.59431 

2011/1

2/30 

05:50 

96.66346 96.66346 S 

VD-N1-S-102.600

-M-LOOP 

VD-N1-S-103.670

-M-LOOP 
39.84959 

2011/1

2/30 

05:50 

96.66346 96.66346 S 

VD-N1-S-103.670

-M-LOOP 

VD-N1-S-104.890

-M-LOOP 
45.43603 

2011/1

2/30 

05:50 

96.66346 96.66346 S 

VD-N1-S-104.890

-M-LOOP 

VD-N1-S-105.985

-M-LOOP 
40.78071 

2011/1

2/30 

05:50 

96.66346 96.66346 S 

Ἤ ҏẃᾼẒ VD П ᾼ ᴩ Ȳ ϠṼ ϱ

∂Ӵ ҭ ᴩ ȴױ ԓ ᾓМї ѩ Ȳ

ṶԈצ◕ ӢȲ⁄ ẞṶԈ׀ ҭ Мȷ ◕ḥ

ṶԈצ ӢȲ⁄ ẞϚ׀ Мȴ 

3.2 ᴩ  

Ϛ ᴩ ṶԈ ᴩ Ӑ Ἐ

Ѡᾎ╥ ᴿᾼȲ֪ױӐЊ Ϛ цṶԈ ᴩ ֥Ẇ

Ὑȴ ṶԈ ᴩ ҏП ᴩ ȲӦὑṶԈ

ᾼ ЬЛṜȲ ὑ ⇔Пᴕ Ȳ ẁв ᴕПӣȲЛ∂

ᵉ ӣ Ϣȴ 

ᴩ ᾼӭᾼȲ֯ὑᵓӣᵛ ᾼӻ Ɏ Ɫ

ᾓ ɏȲ Ӧ ҏ ᴟ ᾼ ᴩ ȴᵓӣ֯

֝╦ ›∟ҙЊ ᾼ ҭ М k-NNѩ ҏ k ῺП ҭ Ȳ

ḕ ҭ ֢ᴞ Ở ẞḕ ҭ Ҡѿὂ

Ϛ Ἤ ᾼ ᴩ ∟Ғ ӂᶁȲԛ ҏ Ғϱ ӂ

ᶁ∟ ᴩ ᵛ ẞὂ Ϛ ᾼ ȴᴖ∟ ֢ ҭ

ҏ Ғϱ ᴩ ẞ֢ ҭ ὂ Ϛ ᾼ

Ȳԛᵓӣ֢ ҭ Ӧ Ϛ ᴟ ϡ П ᴩ

Ғ ӂᶁȲ ẞӦ Ϛ ὂ ϡ Ἤ ᾼ ᴩ
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Ȳԛ Ϛ ҏ Ғϱ ᴩ ẞὂ ϡ

ᾼ ȲṼױ ᵛ ẞ ◕ᾼ ᴩ ȴ 

k-NNᾎҠḖ ᵛ ᾼ ᴩ Ȳ ᴖ ϱПӻ

ᾓֵ ȲӦὑӐׁשṅṿӣП k-NN ᾎⱢҒϤ  Ḃṏ∟ᾼ

k-NNᾎȲױѠᾎ ⇔ ȲT ⱢЛϚứҠѿѩ ᾼẞ ȴ

ṅⱢשӐׁױ֪ ═ ẞ ᴩ Ȳ ҒϤ ה ᴩ

ȴ Ἤצᾼ ⇔Ꞌ֯  ҵП ȲṆ ―ᵓӣṶԒ ᴷᶙ

Пכ ה ᴩ ᴩ ȴ ἬṿӣПה צ֯

ЄЏ ╝ ᴷȲ ᴷ ЄЏ ╝П

∟Ɫ ϚדП ҭ ṳѹ Л֝ᾼ Ṥ ◕иᵑ ᴷȴ 

ӐׁשṅἬ ҏП ᴩ ☼ Є ҠѿиⱢϮ Ḕ : 

(1) ứѩ ȸ֯ ҭ М ậ ᾓ ֝╦ ᵑȲ

ѹ֯ ᾓ П›∟ҙЊ вᾼ ȲᵂⱢ k-NNᾼ

ѩ ȴẂֽἬ ᾼ ᾓ Ɫ 2012/7/20 ╦ Х 

18:00Ȳᵛ֯ ҭ М ҟḕ ╦ Х 17:30ᴟ

18:30ПἬצẒẒ VD ᴩ ȴ 

(2) ѿ k-NNᾎѩ ȸѿ k-NN֯ϱ ѩ МȲѩ

ᾓ ֯⇔ᴿד вȲ ᴿПד K ҭ ȴӐ

ṅѿשׁ Ẓ ᴩ ᾼӂѠ ᵂⱢדᴿ⇔ᾼ

ᾼѠהȲדᴿ⇔ᾼ Ѡֽהϯȸ 

[ ]ää
= =

-=
L

i

T

j

mijrijq TTwtss
1 1

2)(  ȲẔМ(3.2-1 ה)            

tss: ҭ ᾓ ᾼדᴿ⇔ 

Lȸѩ ᾼ ◕ Ȳѿ и ◕ȴ 

Tȸѩ ᾼ ȴ 

Trijȸᵛ ֢ (i)ȳ֢ (j)П ᴩ ȴ 

Tmijȸ ҭ֢ (i)ȳ֢ (j)П ᴩ ȴ 

qw ȸ ȴ 

(3) ᴩἋ Ғ ӂᶁȸӦὑ VD ᴟṤ ᾼ й כ

ֵ ◕ȲṞ ḕ ◕ᾼҏ Ɫ›Ϛ ◕ᾼҏ

Ғϱ›Ϛ ◕Ἤ ᾼ ᴩ ȲױᵛⱢἋ Ғ ᾼ

ἘȴӐׁשṅ ϚἋױ Ғ ᾼ ⁄ȲҠᵓӣϱ ѩ

ҏẃ ᴿᾼד K Ȳ ҏ ẞ Ἤ ᾼ ᴩ

ȴ 
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Ẃֽ█ ҭ Ӧҏ Aᴟ EȲ֯ ד2012 1ѣ 6

ѡ╦ Х 18:00ҏ ȲӦ A ẞ B ῧ 11.94и Ȳ

֯פּױ֪ 18:12 B Ȳᴖ 18:12иӦ B ҏ ᴟ C

ῧ 12.48и Ȳ֪֯פּױ 18:24и C Ȳѿױ

ᵛҠ ẞ A E Ἤ ῧ ᾼ ᴩ ֽϯȸ 

   
)(16.5173.2001.648.1294.11 =+++=AET  

ᶙכḕ ҭ ПἋ Ғ ∟Ȳԛ ֢ Ἤ П ᴩ

ӂᶁᵛⱢἬ ᾼ ᴩ Ὠȴ 

Ӑׁשṅᾼᶙ ☼ ֽϯ Ἤӱ: 

ן ᵛ ☼

☼ ȳ ⇔ц
ᴩ П

ᴩ

ᴩ Ὠ

ᵓӣk- NN ᷄ ҟ
ПדῺ☼ ȳ ⇔

pat t er n

ᵡ

ҭ
ӻҭ ᴩ

ᵓӣFDA∂ӴЛ֝weekdayȳ
weekendᾼ ⇔ȳ☼ ȳ ᴩ

ᾼ pat t er n

ѩ ҭ М ⇔ȳ
☼ ȳ ᴩ ế

pat t er nП ᾼ

∂Ӵ ⇔ ȳ☼
ᴩ

ᾼ …

weekdayȳweekendᾼ

╥ᵡѩ ẞ
֥ ᾼ

╥

 

[ ẃ ȸӐׁשṅ ] 

 3.2-1 ᴩ ᴷ  
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ὑ k-NNѿц Пה ֽϯ: 

Ϛȳk-NN  ה

ӦὑЛ֝ᾼӻ ᾭᾓ Лӣᾼ ᴩ ȲᵓӣӐ ᵓӣה

ҒϤ  ∟П k-NN Ȳ᷄ҏה ᵛ ӻ ᾭᾓ ᴿᾼ ҭ Ȳ

ԛӦ ҭ ᾼ ᴩ ӭ›ᾼ ᴩ ⱢᴶȲѿϯ Ю

k-NN  ȴה

῏ Robinsonế Polak(2005) ҏֽὨ ∂ӴϚ ᾼ k-NN

Ȳה Ԓ Ԓḟứѿϯ ҳ ȸ1ȳḟứ Мᾼה ֣ ȴ2ȳ

ḟứᵒ и ᾼ Ӑ ȴ3ȳɔ ӣҒ ᾎ ю k-NN ᾼה ȴ4ȳ

ứ ⇔(distance metric)ȴѿϯ ҳ ϚḔ Ὑȴ 

ḟứ Мᾼה ֣ ȴ 

k-NNᾼӭ ╥֯᷄ Ὼᵛ ᾼ ҭ ȲӐׁשṅᵓӣ

ᵛ Ҡן ẞᾼ (☼ ȳ ) Ɫ ֣ ȲӦ ṷ

ᴩѩ Ȳ᷄ҏ ᵛ ד ᴿᾼ ҭ ȴ 

ᵓӣҒ ᾎ ю k-NN ᾼה ȴ 

ӦὑӐׁשṅ ֝ ѩ ☼ ᾼ ȲӦὑ Ẓ

ᾼ ᴯЛϚ ȲἬѿ ԛ ứ ѿ ю֪ ᴯ ᴖ ᾼכ

ȴӐׁשṅᶦ ׆֯ ẘϯЬẓדצ ᾼ Ȳ֪ױѿ׆ ẘ

֢ Пӂᶁ☼ ӂᶁ Ɫ ứᾼᵒ Ѡהȴ 

ứ ⇔(distance metric)ц  ȴ 

ᵛ ֢и ᾼ Ғ ȲᵛҠ ẞ Ӑ ֢и

ᾼ Ȳᴖ ⇔Ɫᵒ ᵛ ṪϚ ד

ᴿᾼϚ ᵒ ╓ Ȳ ⇔Њὑ█Ϛ   Ȳ⁄ᵒ ᵛ

█Ϛ ҭ ᴿȲϷӔֽױȲҠ ᾼצἬכ ⇔Ꞌ

֯  ҵȲ ѩכ Лẞ ᾼ ᾓȴ ᴖ ⇔ᾼᵒ ӭ›ṳ

ḥצϚ −ֻᾼ ⁄ẃ ֢ ᴩ ⇔ᾼᵒ Ȳ֯ ЛϚ

ᾼ ԈȲиέϢ Ӈ ᴞᴩ∂ӴϚ ⁄ẃ Ȳ֪ױ

Л֝ᾼ и Ȳ ӣЛ֝ᾼ ⇔ѿᵒ ᵛ ṪϚ

ҭ ᴿȴ 

ḟứᵒ ᴿ Ӑᾼ ȴ 

Ӑׁשṅ ѩ ḕҙ Њ ϯḕХи ֢ ᾼ☼ о

ếӂᶁ ⇔ оȲԛ ҭ ᴩѩ Ȳѩ ҏ ҙЊ ᾼӻ ᾭ

ᾓ ῺᴿὑṪṷ ҭ Ȳԛ ṷ ҭ М╚ Ὼᾼ k

ᴩ ᴩ ȴ 
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֯и ци П∟ȲӐׁשṅӭ ᵛ ế ҭ ѩד Ȳ

᷄ ᵛ ếṪϚṷ ҭ ד ȲRᴖ᷄ ѠהⱢ᷄ ҭ ᵛ

ᾼӂѠ Ғ ֯ ⇔в Ȳ⁄ᵒ и ᾼ ҭ ᵛ

ᴿȲ֪ױҠѿ щᾼ ҭ ẃ ӻ ᾭᾓȲᴖᵒ ᾼ

 Ӵֽϯȸ∂ה

[ ]ää
= =

-=
L

i

T

j

mijrijq TTwtss
1 1

2)(             (3.2-2) 

 

TȸVD П ᴩ      

Lȸѩ ᾼ ◕ Ȳѿ и ◕ȴ 

Tȸѩ ᾼ  ⇔ȲӐׁשṅ ѩ Ϛ Њ ᾼӻ оȴ 

rijȸᵛ ֢ (i)ȳ֢ (j)Пӻ ȴ 

mijȸ ҭ֢ (i)ȳ֢ (j)Пӻ ȴ 

qw ȸ ȴ 

֯᷄ẞ ᴿᾼи ∟ȲӐׁשṅ ן ҭ М Ṝ

ϯ ѡ Ȳṳ҅Ϥ ҭ ∟Ȳ ẞ ṷѡ ᾼ ҭ ᴩ

ӂᶁ ȲᵛҠ ֢ П ᴩ ȴֽ 3.2-2Ἤӱ 

ҭ ᴩ

t

Ṽ Л֝ ◕Ȳ ҭ ᴩ
М ậKNNᾎ

Пѩ

ᵓӣKNNᾎ ᴩ ᴩ

ҏ П
ᴩ

t=t+1

 

[ ẃ ȸӐׁשṅ ] 

3.2- 2 ᴩ ᴷ  

 

ϡȳ ה ∂ 
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Ἤצᾼ ⇔Ꞌ֯  ҵП ȲṆ ―ᵓӣṶԒ ᴷᶙ

Пכ ה ᴩ ᴩ ȴ ἬṿӣПה צ֯ Є

Џ ╝ ȲK ᴷ ЄЏ ╝П∟Ɫ

ϚדП ҭ ṳѹ Л֝ᾼ Ṥ ◕иᵑ ᴷȴ 

1. ἤ ɎSimple Linear Regression Modelɏ 

ἤ Мה ҔᵶẒ ɎVariablesɏȲѹױẒ

ᵧ ἤП …ȲẔ ₤ה ֽϯȸ 

eba ++= XY       (3.2-3)                     

Y  ⱢṼ ɎDependent  variableɏȴ  

X  Ɫᴞ ɎIndependent  variableɏȴ  

Ŭ  Ɫ ɎRegression parametersɏȲῶӱ  

ɓ  Ɫ ɎRegression parametersɏȲῶӱ᾿ ȴ  

Ů  Ɫ ȴ  

 

ἤ ה Ҡӣ ЊӂѠᾎɎMethod of Least Squaresɏ

ẃ ᴩ ἤ иέȲ ẞ Ŭ ɓП ᴷ Ȳ ҏϚ

֥ ᾼ᾿ ȴ 

2. ֵа ἤ  (Multiple Linear Regression Model)ה

ֵа ἤ ϭ Ɫ ȲẔѻ ╥Ἃᴼ ἤ П

ἘȲᵀ╥֯ᴞ ᾼ иȲⱢ Ẓ ѿϱᾼᴞ П

…ȲẔ ₤ה ֽϯה Ἤӱȸ          

        ebbba +++++= nnXXXY 22211
   (3.2-4) 

Ẕ ἤ Є֝Њה ȲҬ╥ᴞ ᾼ ӭӦ 1

כ n ȴֵа иέӭᾼ╥ צ П ᾼ …Ȳᵓӣ Њӂ

Ѡᾎ∂Ӵֵа ἤ Ѡ ȲẔѻ ϯӣֽצ ȸ 

ὔ ᾼ X
  
i ẃ ᾼ֪ Yȴ  

█Ϛ Ȳᴕ █ṷ֪ ᾼ …ȴ֯ױӣẃ∂Ӵ

ẃה ֢ П ϩȴ 

ֵ ἤ иέ ϠḖậ … ҵȲ Ӈ ứἬ ẞ

ᾼ … ╥ᵡɦצ ɧȲ֯Ḗ Ѡ ›Ȳ ἤ ₤Ҭ╥
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Ϛ Ȳ֪ױ ᴩ ứȲѿ ’Ἤ П ц ╥ה

ᵡẓצ Ὑ ȴ 

ӐׁשṅἬ ӣП Ɫֵаה ȴ᷄ ҏᵛ ӻ ( ȳ

☼ )ᾼ о Ԓ ᴩ и Ȳ᷄ и М ᴩ ᾼ ἉȲѿ

֢ о о …∂Ӵ ȴה ה Ἐֽϯ ȸ 

 

[ ẃ ȸӐׁשṅ ] 

3.2- 3 ᴷ Ἐӱ  

Ԓ╥ Ἁפ (Base curve)ᾼ᷄ᾎȲ֪Ɫ֝ и ᴿᾼדצ

иӁȲ֪ ѿױ М֢ ᾼѡӂᶁפ ẃ ᵂ֢ӻ ᾼ

Ἁפ ȴ Ӵ∂ה ȲԒậ ᾼ ҭ Ȳѿ Ԍ ᵂ

ӣѿ ᴷ Ȳѿḕѡᾼ ᴩ פ Ȳ᷄ ҏẔ Ἁ פ Ȳ

ԛѿ М֢ Ἤן ᾼḕѡᾼ☼ פ⇔ ᷄ҏẔ

Ἁᾼ☼ פ⇔ ȴ ᴩ ╥ᵓӣן ן֢ ֢Ṟᾼẞ

Ȳ֪ױҠ ẞẒẒן ֢Ṟ ᾼ ᴩ Ȳᴖᵛ

☼ ế ╥ᵓӣ е ᶝ֢ Ἤ ẞᾼ ⇔ц☼

ȴӐ ᶦה Ҡѿ᷄ҏ☼ ȳ ế ᴩ Ẕ Ἁפ

ᾼ …Ȳᵛ☼ ȳ ⇔ Ẕ Ἁפ ᾼ Ȳ ὑ ᴩ

ếẔ Ἁӂᶁ ᾼ …ȴ  ϯȸֽה

 

 

 

 

ᴩ

ᴷ  

ᴩ  

 
 

ḕѡױ Ӧ

ế☼ ᴩ

ᴷ ᴩ
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p

i

n

i

p

i

n

i

p

i

pp fvT
i

D+D=D ää
== 11

ba
     (3.2-5)

 

ẔМ
pTD Ɫ ᴩ ᴩ Ἁ ᾼ Ȳ

p

ivD Ɫ ⇔

⇔ Ἁ ᾼ Ȳ fDⱢ☼ ☼ Ἁ ᾼ Ȳi Ɫױ ה

Ἤ∂ ᾼן ᾼ ȲnⱢẔ ᾼ ȲrⱢи

ȴ 

☼ ֽϯ Ἤӱ 

 

[ ẃ ȸӐׁשṅ ] 

▐ה 4 -3.2  

 

ה 3.3 Ѡᾎ 

ⱢϠ ӐׁשṅἬ ҏᾼ ᴩ ѠᾎᾼӔ ἤȲӇ Ϛצ

ᾼ ᴩ Ɏ Ɫ ɏẃ Ὠ ᴩѩ ȲИ ⅎ

֮ẃҒѿᵒ ȴ 

Ӑׁשṅ ӣᾼ ẃ ϡȲצ Ϛ ⱢӦ еᶝἬ ẁᾼ AVI

ȲӦὑ AVI ᾼ Ӑ Ṝ ȲϷ҅ῶϠṞ ɦ ɧᾼ ᴩ
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Ȳ֪ױҠ Ɫɦ ɧȴ ϡ ẃ Ɫ ֮ ▲ȲӐׁשṅ♆

Ṟ (floating car)Ȳ ὑ е ᴩ ѿ ▲Ἤ ᾼ ȲӦὑ

ԓ ѿ GPSứᴯṳ ẁ Ȳ֪ױϷҠ Ɫɦ ɧȴ 

Ӑ Ԓиέ Ẓ ɦ ɧᾼ ἤȲṳ ҏד ᾼ Ѡ

ѿה ȴױҵȲᴕ ᾼậ צ Ȳ Ӈ ᾎ

ẁЄ ᾼ ה Ἤ ȴ֪ ṅשӐׁ֯ױ ד ᾼ ứѠהȲ

Ὑ AVI ṳḥ֯׀צ Ȳ֪ױҠṿӣ AVI

ᵂⱢԓ ה ПἬ ȴ 

3.3.1 AVI Ὑ 

ᴞ Ṟ (Automatic Vehicle Identification ,AVI)ᾼѻ ғ

╥ Ṟ ᾼ Ṟ נּ ϯẃȲ֝דṞ Ṟ Ẓ AVI

ᾼ Ȳᵛ╥ Ṟ Ẓ ᾼ ᴩ ȴӦὑЛ

ה ȲԛҒϱ Ӑ Ṝ Ȳ֪ױӐׁש∂ Ẕ ӣὑ

Ὠᾼѩ ȲẔ ֽϯȸ 

Ḕ 1: Ở  

AVI Ἤ П ϯῶἬӱȲẔҔᵶֽה в иᵑⱢ

AVI Ἤ֯ᴯ ȳ ẞṞ ᾼ ȳҒ ᾼṞ ȳѿ

цЏ ҅ ȴAVI в ҔᵶἬ֯ ₤ȳѠ֣ȳᴯ

ȴẂֽ֯ῶ 3.3-1 AVI Ở ῶМȲѿ AVI -N1-S-12.080-M

ⱢẂȲẔ Ὑ AVI Ɫ ὑ Ϛ ⁮ϯ ◕ 12.080еṭ

П AVI ȴ 

Ӑׁשṅ ṿӣҒ ᾼṞ ȳ ẞṞ ᾼ ц AVI

ẃ ᴩ ᴩ ȴ 

ῶ 3.3-1 AVI Ở ῶ 

 

 

ƀƕƈ ƀƕƈ

0 1 2011/11/29 23:594eTM3NV5a48 10 AVI-N1-S-0.000-M

0 2 2011/11/29 23:594dDcxN04532 10 AVI-N1-S-0.000-M

0 3 2011/11/29 23:594fTIyOF5655 10 AVI-N1-S-0.000-M

0 4 2011/11/29 23:594ejMxMF5253 10 AVI-N1-S-0.000-M

12080 1 2011/11/29 23:594eTM3Nl4648 10 AVI-N1-S-12.080-M

12080 2 2011/11/29 23:5952zQwN16767 10 AVI-N1-S-12.080-M

12080 3 2011/11/29 23:594fTk5NU6461 10 AVI-N1-S-12.080-M

12080 4 2011/11/29 23:5951UY0OT4167 10 AVI-N1-S-12.080-M

12080 5 2011/11/29 23:594fTg4NU3031 10 AVI-N1-S-12.080-M

12080 6 2011/11/29 23:594ejAzMl5a49 10 AVI-N1-S-12.080-M

12080 7 2011/11/29 23:594dTc5Sl553d 10 AVI-N1-S-12.080-M

12080 8 2011/11/29 23:594fTYyMk744e 10 AVI-N1-S-12.080-M
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Ḕ 2:Ṟ ѩ  

ὑ ◕Ẓ ȲṞ ∟Ȳ Ṟ П נּ Ȳ

ṳ ֫ᴻὢ ᴩ ȲṞ׀ Ẓ П ȲᵛⱢ ᴩ

ȴӐׁשṅѿ ῺẒү AVI Ɫйи Ȳ כ n-1 ◕Ȳ

ṿӣẒẒ AVI Ἤ ПṞ Фדѩ Ȳậ ֢ ◕ ᴩ

ц ȴ 

 

Ḕ 3:  

ӦὑṞ Ҡצ ֯ Мϱϯ֝Ϛ ӻ☼ ȲϷҠ Ϥὢ ԅ

Ȳ֪ױ ὑ ṷ ᾎ҅ῶ Ӕ ᴩ ᾼ ӐȲ Сѿ ȴӐ

ṅѿשׁ 5и ⱢϚ Ȳ ҏ вПӂᶁ ᴩ ц

Ȳ ∟ ҏ 1 Пҵᾼ ӐСѿᵔ ȴ 

ѿϯѿ Ϛ ד2012 7ѣ 20ѡ 34.17еṭ ѿц 23.36еṭ

ᵂⱢ ẂȲֽ 3.4ἬӱȲ1 ẓצ 2 Ḇֻ

ᾼ ὨȲ МҠѿ ҏȲ2כ ᾼ Ѡצ−הҠ

Ϥ ֵ ᾎ Ӕ҅ῶ ᴩ ᾼ Ӑȴ 

 

 3.3-1 AVI  

Ḕ 4:ӂᶁ ᴩ  

Ӑׁשṅ ѿḕ 5и й ⱢϚ Ȳ ẒẒ AVI Ἤ

П ӐȲ Ḕ 3 Ӑ∟Ȳ צ Ӑᾼ ᴩ

-20 

-10 

0 

10 

20 

30 

40 

50 

60 

0:00 4:48 9:36 14:24 19:12 0:00 4:48 

ᴩ
 

  

Ở иӁ 

Ϛ  

ϡ  
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Ẕӂᶁ Ȳv Ɫ ◕֯ вᾼӂᶁ ᴩ Ȳ Ὠ 3.3-2

Ἤӱȴ 

 

 

 3.3-2 AVI ᴩ  

 

Ḕ 5: ᴩ Ἃ Ғ  

Ḕ 1~4 ᵛҠ ẞẔһ ◕П ᴩ Ȳ֯ ᴩ

Ѡ ȲӦὑ AVI ᴟṤ иכ ֵ Њᾼ ◕ȲṞ

ḕϚЊ ◕ᾼҏ Ϥᴕ Ȳ֪ ױ ᴩ ҒϤ

Ἃ ᾼ ἘȴẂֽ█Ṟ Ӧҏ A ᴟ EȲ֯ ד2012 7ѣ 20

ѡ 18:00ҏ ȲṞ Ӧ A ẞ B ῧ 11.94и Ȳ֪ױṞ פּ

֯ 18:12 B Ȳᴖ 18:12иӦ B ҏ ᴟC ῧ 12.48и Ȳ

Ṟױ֪ ֯פּ 18:24и C Ȳѿױ ᵛҠ ẞ A E Ἤ

ῧ ᾼ ᴩ ֽϯȸ 

)(16.5173.2001.648.1294.11 и=+++=AET  

 

ϱ ᾼ Ҡֽῶ 3.2-2 AVI Ἃ Ғ ᴩ Ἤӱȴ 

 

 

 

 

 

0 

5 

10 

15 

20 

25 

0:00 4:48 9:36 14:24 19:12 

ᴩ
 

 

ӂᶁ ᴩ  
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ῶ 3.2-2 AVI Ἃ Ғ ᴩ  

 

 

AVI Ἤ ӢП ᴩ ὑ ҟ Ȳ֪ױ ᾎᵂⱢ

ϯᾼ ᾓ Ȳ ᵂⱢ∂Ӵ ҭ ПӣȲἨᵂⱢ Ὠ

Пӣȴ 

3.3.2 Ὑ 

ⱢϠ ᴷἬ ᾼ ᴩ ᾼӔ ἤȲ╝Ӑׁשṅ ᵑ ᴩ

Ṟ Ȳṳן ᶙ ᾼᾘ ȲѿᵂⱢ∟ ᴷПӣȴ ѡ

ⱢӖ Ϛ ד01 7ѣ 20ѡц 7ѣ 27ѡԚẒщȲ иᵑⱢϱр

׆ 7 ᴟ 9 цϱр 9 ᴟ 11 ȲѿḕЊ Ɫ ᴯԚ 4

ᴯ ᴩ ȴ Ἤ Пѡ ꞋⱢ ХȲ֪Ɫ Х׆ П

ᴩ о Ɫ ѹ ᾛȲ צ֯ ᾼ ϯҔᵶ Ҡ

ӢП ᴩ ȴ 

◕иⱢ Ϛ ⁮Җ֣ц Ϯ ⁮Җ֣Ȳ Ϛ Җ

ϱ ԌⱢȻ ẞ Ṇ ȳ Ṇ ẞ оṆ ȳ оṆ ẞ ᴎ

Ṇ ȳ ᴎṆ ẞᴄѦṆ ȷ Ϛ ⁮ϯ ԌⱢȻᴄѦṆ ẞ ᴎ

Ṇ ȳ ᴎṆ ẞ оṆ ȳ оṆ ẞ Ṇ ȳ Ṇ ẞ ȷ

Ϯ Җϱ ԌⱢȻᴎӥṆ ẞѬϱṆ ȳѬϱṆ ẞ оṆ ȳ

оṆ ẞ ᴎṆ ȳ ᴎṆ ẞᴄѦṆ ȷ Ϯ ⁮ϯ ԌⱢȻ
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ᴄѦṆ ẞ ᴎṆ ȳ ᴎṆ ẞ оṆ ȳ оṆ ẞѬϱṆ ȳ

ѬϱṆ ẞᴎӥṆ ȲԚ 4 ԌȲ ѡ ȳ ȳ ◕и

ῶֽϯἬӱ: 

ῶ 3.3-3 ȳ ◕и ῶɎ Ϛ ɏ 

Ϛ  

⁮ϯ Җϱ 

ᴄѦṆ  

ᴎṆ  

ᴎṆ  

оṆ  

оṆ  

ᴎṆ  

ᴎṆ  

ᴄѦṆ  

׆  

07~08 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 

08~09 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 

 

09~10 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 

10~11 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 7ѣ 20ѡ 

Ϛ  

⁮ϯ Җϱ 

оṆ  

Ṇ  

Ṇ  

 Ṇ  

 Ṇ  

Ṇ  

Ṇ  

оṆ  

׆  
07~08 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 

08~09 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 

 

09~10 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 

10~11 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 
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ῶ 3.3-4 ȳ ◕и ῶɎ Ϯ ɏ 

Ϯ  

⁮ϯ Җϱ 

ᴄѦṆ  

ᴎṆ  

ᴎṆ  

оṆ  

оṆ  

ᴎṆ  

ᴎṆ  

ᴄѦṆ  

׆  
07~08 7ѣ 20ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 20ѡ 

08~09 7ѣ 20ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 20ѡ 

 
09~10 7ѣ 20ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 20ѡ 

10~11 7ѣ 20ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 20ѡ 

Ϯ  

⁮ϯ Җϱ 

оṆ  

ѬϱṆ  

ѬϱṆ  

ᴎӥṆ  

ᴎӥṆ  

ѬϱṆ  

ѬϱṆ  

оṆ  

׆  
07~08 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 

08~09 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 

 
09~10 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 

10~11 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 7ѣ 27ѡ 

 

 

ᾼן ѠהⱢ Ṟ Ȳ֯╓ứᾼ Ṥ МȲ ᴩ

ὑ МȲԓ ן Ἤצᾼ GPSứᴯ Ȳṳԓ ᴩṞ

ן ᾘ ᾼ ȴ֝ ֯ МȲ Д ạ Ȳѿ―∟ Ҡѿ

ẒẒ ạ Ἤ ᾼ ᴩ ȴ 

 

3.3.3  AVI  

֪Ɫậ Ṝ ᾼ ֯ ϱצἬᵺ Ȳ֪ ӐЊ֯ױ

МȲ иέ AVI ἤȲ ᾎ Ẓ

ẃ ֯׀ Ȳ⁄∂ ѿ AVI כ Ἤ ᴩ ᾼ

ɦ ɧȲֽױ⁄Ҡѿ Є ᾼ ȴ 
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ᾼѠᾎѻ ╥ѩ ֝ ҏ ᾼ AVI Ṟ Ȳ Ṟ

ᾼ Ȳ ֽẒ῏ ᾼ Ὑ ᾼ Ȳ

⁄Ӑׁשṅ Ɫ AVI Ἤ ẁᾼ ế Ἤ ẁᾼ ᴩ ḥצ

ȴ 

֪Ɫ VD ц AVI ᴯ Л֝Ȳѿ VD Ɫѩ Ȳ AVI ◕

ᴩ Ȳ┬ѩẂ ᴟ VD ᴯ ϱȲṿ VD AVI ѩ ד ȴ 

֯ ѿϯ ẂȲ Ὑֽᴶ AVI ѿц Ṟ

ᾼ Ȳẃѩ Ẓ῏Ἤ ẁᾼ ᴩ ╥ᵡצ Ȳѿ

цד ᾼ ứȴ 

ϯῶ 3.3-5 оᴟ ᴎ Ɫ ד2012 7ѣ 20ѡ

Ϛ Ӧ оҏ ᴟ ᴎ Ȳ֢ Ṟ ᾼ

ѿцד ᾼ AVI ȴ 

ῶ 3.3-5 оᴟ ᴎ  

1 
Ϛ  о- ᴎ 

    

ᴩ

 

 
ṭ (km) 

179.

77  

160.

99  

150.

86  

116.

52  

111.

45  

100.

45   

 
AVI  0.30  0.30  0.31  0.32  0.32  0.33  

 

 
 0.29  0.30  0.30  0.32  0.32  0.33  

 

 
(km) 

 

18.7

8  

10.1

3  

34.3

4  
5.07  

11.0

0   

 

AVI ӂᶁ ᴩ

⇔(km/hr)  

97.4

7  

99.6

4  

101.

85  

104.

18  

108.

59   

 

ӂᶁ ᴩ

⇔(km/hr)  

98.8

3  

109.

76  

106.

07  

109.

85  

108.

33   

 
AVI ᴩ (minutes) 

 

11.5

6  
6.10  

20.2

3  
2.92  6.08  46.89  

 
ᴩ (minutes) 

 

11.4

0  
5.54  

19.4

3  
2.77  6.09  45.23  

         

2 
Ϛ  о- ᴎ 

    

ᴩ

 

 
ṭ (km) 

179.

77  

160.

99  

150.

86  

116.

52  

111.

45  

100.

45   

 
AVI  0.34  0.35  0.35  0.36  0.37  0.37  

 

 
 0.34  0.35  0.35  0.37  0.37  0.37  
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(km) 

 

18.7

8  

10.1

3  

34.3

4  
5.07  

11.0

0   

 

AVI ӂᶁ ᴩ

⇔(km/hr)  

91.3

1  

101.

47  

99.9

2  

102.

77  

112.

67   

 

ӂᶁ ᴩ

⇔(km/hr)  

88.2

4  

85.7

1  

101.

05  

96.7

0  

87.0

2   

 
AVI ᴩ (minutes) 

 

12.3

4  
5.99  

20.6

2  
2.96  5.86  47.77  

 
ᴩ (minutes) 

 

12.7

7  
7.09  

20.3

9  
3.15  7.59  50.98  

         

3 
Ϛ  о- ᴎ 

    

ᴩ

 

 
ṭ (km) 

179.

77  

160.

99  

150.

86  

116.

52  

111.

45  

100.

45   

 
AVI  0.39  0.40  0.40  0.42  0.42  0.42  

 

 
 0.39  0.40  0.40  0.41  0.41  0.42  

 

 
(km) 

 

18.7

8  

10.1

3  

34.3

4  
5.07  

11.0

0   

 

AVI ӂᶁ ᴩ

⇔(km/hr)  

89.2

9  

97.7

2  

98.6

8  

101.

74  

108.

77   

 

ӂᶁ ᴩ

⇔(km/hr)  

96.6

2  

104.

05  

108.

21  

108.

49  

100.

80   

 
AVI ᴩ (minutes) 

 

12.6

2  
6.22  

20.8

8  
2.99  6.07  48.78  

 
ᴩ (minutes) 

 

11.6

6  
5.84  

19.0

4  
2.80  6.55  45.90  

         

4 
Ϛ  о- ᴎ 

    

ᴩ

 

 
ṭ (km) 

179.

77  

160.

99  

150.

86  

116.

52  

111.

45  

100.

45   

 
AVI  0.46  0.47  0.47  0.48  0.49  0.49  

 

 
 0.46  0.47  0.47  0.48  0.49  0.49  

 

 
(km) 

 

18.7

8  

10.1

3  

34.3

4  
5.07  

11.0

0   

 
AVI ӂᶁ ᴩ

 
93.1 100. 104. 103. 114.
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⇔(km/hr) 2  30  32  82  63  

 

ӂᶁ ᴩ

⇔(km/hr)  

87.2

9  

87.9

5  

103.

50  

99.1

2  

88.5

7   

 
AVI ᴩ (minutes) 

 

12.1

0  
6.06  

19.7

5  
2.93  5.76  46.60  

 
ᴩ (minutes) 

 

12.9

1  
6.91  

19.9

1  
3.07  7.45  50.25  

 

Ἤצ AVI Ἤ ẞᾼ ᴩ Ȳѿц Ἤ ẞᾼ֝ד

ᴩ ȲҠ ᴩכ иέȲֽῶ 3.3-6 ϚҖϱ

о ᴎ◕ ὨἬӱⱢ ϚҖϱ оẞ ᴎ ᾼ ◕ᾼѩ

ȴ ứ ὨȲҠѿ ֯ Ѭ Ɫ 95%ϯȲẒ῏֯

ᾼ ᴩ ḥצ ᾼ ȴ 

 

ῶ 3.3-6 ϚҖϱ о ᴎ◕ Ὠ 

ϚҖϱ 
MAPE 

(%) 
RMSE(mins) n T P-value 

о ᴎ 7.75 0.85 20 -0.13 0.55 

 

ᵓӣ֝דᾼѠהȲҠѿẔ ȲAVI ᾼѩ Ȳ

ứᾼ Ὠ ֽῶ 3.3-7 ᴩ ὨἬӱ: 

ῶ 3.3-7 ᴩ Ὠ 

ϚҖϱ 
MAPE 

(%) 
RMSE(mins) n T P-value 

ᴎᴄѦ 12.56 2.16 15 -0.27403 0.306507 

о ᴎ 7.75 0.85 20 -0.13759 0.555775 

      
Ϛ⁮ϯ 

     
ᴄѦ ᴎ 10.95 2.11 24 -0.30412 0.149837 

ᴎ о 4.64 0.57 20 -0.07345 0.746138 

о  3.72 0.43 8 -0.38906 0.307541 

 5.72 0.74 16 0.188791 0.177388 

      
ϮҖϱ 

     
ᴎᴄѦ 9.16 1.26 16 -0.0515 0.839551 

о ᴎ 4.58 0.62 4 -0.20269 0.712375 
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ᴎӥ  12.01 1.99 12 -0.29331 0.331438 

о 11.16 1.07 20 -0.32955 0.156913 

      
Ϯ⁮ϯ 

     
ᴄѦ ᴎ 12.48 1.77 16 -0.28522 0.271814 

ᴎ о 6.76 2.51 8 -0.41028 0.283914 

о  2.63 0.45 6 -0.97682 0.062179 

ᴎӥ 3.014 0.67 6 0.339359 0.443701 

 

ӦϱῶҠ ὑӐׁשṅἬ їᾼ Ṥ ◕ȲAVI ế Ṟ ֯

ᾼ ᴩ ḥצ ᾼ ȴϷ ╥ȲҠѿ AVI כ

ɦ ɧȲᵂⱢ∟ Ӕ ἤᾼ Пӣȴῶ 3.3-8 ᶙ ◕ ᴩ

П Ὠῶӱ ὑἬצ ◕ᾼ ᴩ П Ὠȴ 

ῶ 3.3-8 ᶙ ◕ ᴩ П Ὠ 

 
p-value MAPE(%) RMSD(minutes) 

ϚҖϱ 
   

ᴎᴄѦ 0.750987 5.88 2.94 

о ᴎ 0.190624 4.38 3.64 

Ϛ⁮ϯ 
   

ᴄѦ ᴎ 0.24266 2.90 2.64 

ᴎ о 0.782717 2.81 1.25 

о  0.488697 2.53 0.80 

 0.264856 2.74 1.64 

ϮҖϱ 
   

ᴎᴄѦ 0.304979 5.12 3.01 

о ᴎ 0.712375 4.58 0.62 

ᴎӥ  0.383776 9.40 3.45 

о 0.264721 5.61 2.77 

Ϯ⁮ϯ 
   

ᴄѦ ᴎ 0.381475 7.67 3.95 

ᴎ о 0.062597 3.84 2.35 

о  0.17069 2.61 0.80 

ᴎӥ 0.102359 1.11 0.52 
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ה 3.4  

֯ k-NN Мѻה ᾼ Ɫ k ȴӐׁשṅѩ ᾼ╥ḕЊ

МḕХи ֢ ᾼᾼ☼ оếӂᶁ ⇔ оȲѩ ҏ Њ

ᾼӻ ᾭᾓ Ὼᴿὑ ṷ ҭ Ȳԛ ṷ ҭ М╚

Ὼᾼ K ᴩ ᴩ ȴ 

ӐׁשṅѿAVI ᵂⱢ ᴷ k ᾼѩ Ṽ ȴ֪ ᶺױ k-NN

Ὠ AVI ᴩ ᾼѩ Ȳẃ ᴷ ֥ ᾼ k ȲѿḖ

ὨᾼӔ ȴ 

ⱢϠ Ἤ П ֝ ϭ ’ П ἤЛắ Ȳ

Ӑׁשṅ֯ ה МȲ Ἤ П k ЄЊ ᴩϠ ᴷȴⱢ

ҭ ПЄЊ ὨἬ ӢП ȲӐׁשṅ֯ ᴷ k П›

Ԓṿӣ 3 ѣȳ6 ѣȳ9 ѣц 12 ѣ 4 ЄЊᾼ ҭ Ȳ

ҏ ᴩ Ȳԛиᵑѿ 4 Ὠ AVI П ᴩ

ᴩ ứȴѿ ứ Ὠ ӱⱢɦ ɧ̓͂ М Њᾼ ҭ

ȲᵂⱢ k ᴷἬṿӣП ҭ ЄЊȴ 

Ӑׁשṅѿ k ὑ 20Ɫ ỞȲḕװ 10 ᴯ ᴩ k-NN ᴩ

Ȳ П Ὠ Ἃ Ғ П ᴩ ứȲ᷄ҏ֯

ЄЊП ҭ ϯ ṾПk ȴ ה ☼ ֽ 3.4-1Ἤӱȴ

ѿϱἬ ҏᾼѠᾎᾼ ᴷ ὨȲ ֯ϯϚ МСѿ ȴ 
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KNN

(3 ѣ ҭ )

KNN

(6 ѣ ҭ )

KNN

(9 ѣ ҭ )

ứ
(1) 3 ѣ Ὠ v.s AVI

(2) 6 ѣ Ὠ v.s AVI

(3) 9 ѣ Ὠ v.s AVI

(4)12 ѣ Ὠ v.s AVI

ѿ ứ ὨⱢɶ ɷ῏ᵂⱢ
K ᴷ ȴ( Ẓצ ѿϱⱢ

Ȳѿ Њ῏ⱢṾ)

KNN

( K=20 )

KNN

( K=10 )

KNN

( K=30 )

KNN

( K=20 +10n )

Where  n = 

(1,2,ȼ,n)

ứ
(1) K=10 Ὠ v.s AVI

(2) K=20 Ὠ v.s AVI

(3) K=30 Ὠ v.s AVI

ứ Ὠ
Ɫɶ ɷ῏

KNN

(12 ѣ ҭ )

 

 3.4-1 ה ☼  
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4  ӣ  

4.1 ᴩ  
ӐׁשṅἬ ᴩ ֽϯȲῶ 4-1 ᴩ

⁮ϯ ◕ ῶἬӱᾼⱢ⁮ϯ ◕ᾼԝῶȲῶ 4-2 ᴩ

Җϱ ◕ ῶἬӱᾼⱢҖϱ ◕ᾼԝῶȲ ◕ ῶПӭᾼⱢ

ẁ П҅ῶӻ☼ ѿц ᾼ ȴ 

ῶ 4-1 ᴩ ⁮ϯ ◕ ῶ 

◕ ӻ☼  Ṥ ӻ☼  ◕ ⇔(еṭ) ӻ☼  

үҖ Ą 

ᴎ  
үҖӻ☼  ᴎӻ☼  70 12 

үҖ Ą 

үМ  
үҖӻ☼  үМӻ☼  153 20 

үҖ Ą 

ү⁮  
үҖӻ☼  ү⁮ӻ☼  302 42 

үҖ Ą 

 
үҖӻ☼  ӻ☼  342 48 

ᴎ Ą 

үМ  
ᴎӻ☼  үМӻ☼  83 8 

ᴎ Ą 

ү⁮  
ᴎӻ☼  ү⁮ӻ☼  232 30 

ᴎ Ą 

 
ᴎӻ☼  ӻ☼  272 36 

үМ Ą 

ү⁮  
үМӻ☼  ү⁮ӻ☼  149 22 

үМ Ą 

 
үМӻ☼  ӻ☼  189 28 

ү⁮ Ą 

 
ү⁮ӻ☼  ӻ☼  40 6 
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ῶ 4-2 ᴩ Җϱ ◕ ῶ 

◕ ӻ☼  Ṥ ӻ☼  ◕   ⇔

(еṭ) 

ӻ☼  

ᴎ Ą 

үҖ  
ᴎӻ☼  үҖӻ☼  70 12 

үМ Ą 

үҖ  
үМӻ☼  үҖӻ☼  153 20 

ү⁮ Ą 

үҖ  
ү⁮ӻ☼  үҖӻ☼  302 42 

Ą 

үҖ  
ӻ☼  үҖӻ☼  342 48 

үМ Ą 

ᴎ  
үМӻ☼  ᴎӻ☼  83 8 

ү⁮ Ą 

ᴎ  
ү⁮ӻ☼  ᴎӻ☼  232 30 

Ą 

ᴎ  
ӻ☼  ᴎӻ☼  272 36 

ү⁮ Ą 

үМ  
ү⁮ӻ☼  үМӻ☼  149 22 

Ą 

үМ  
ӻ☼  үМӻ☼  189 28 

Ą 

ү⁮  
ӻ☼  ү⁮ӻ☼  40 6 
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ה  4.1.1  

Ӧὑ֯Л֝  ⇔ᾼ ѿц k ᾼ ԈϯȲ k-NNἬ

ᴷҏẃᾼ Ꞌ ἬЛצ Ȳ֝╝Ӑׁשṅᶦ Л֝  ⇔

цЛ֝ᾼk ứѠהȲẃϠ k ὑ ᾼч ᾓȲ

ṳ ṅשׁ Ὠ ҏ ֢ ◕Ἤ ᾼ  ⇔ k ЄЊȴ

ṷ ╥ Ἤ ◕ᾼ ⇔ѿцԒщ ἤȲṳḥצ

оᴖ ᾼ Ȳ оד ֪ІБ֯ ҭ

ᾼḆ М ᵶ╗֯вȴ 

֯ ᴩ иȲӐׁשṅ ḥצ ᾼ ᾓ Ӣ(ֽ

Ṷ╝Ἠ ╟Џ )Ȳ֯֝ד ֮ ᾼ ᴩ ה Є

ᵧ ᾼ֝ד ᾓȴ צ֯ ЄЏ ╝ ᴷȲ ᴷ

ЄЏ ╝П∟Ɫ ϚדП ҭ ṳѹ Л֝ᾼ

Ṥ ◕иᵑ ᴷȴ 

ԒӇ ḟứἬṿӣ k ᾼЄЊȴӐׁשṅᵓӣ 3 ѣȳ

6 ѣȳ9 ѣц 12 ѣᾼ  ⇔ ᴩ ȴӦὑ k ᾼ

ứ ч ҟ ᾓדᴿ ᾼ Ȳ k ᾼ ứ Њ ὔ

ҏ ϷҠ ѿ ԓȲ ᾎ йᾼ ҟ ẃч ᾓȷ

k ᾼ ứ Є⁄ ὔ ᾓЛדᴿᾼ ҭ Ϥ Ȳ֪ ױ

Ӑׁשṅ k ᾼ ứⱢ 10ȳ20ȳ30 3 ứ ẃ ᴩ ȴ 

֯ѿϱ֢ Л֝ ᾼ ὨȲ AVI ᴩѩ ȲП

∟ ứѠהẃ ᴩ Ȳṳ Ὠ ֢ ◕ ᴩ Ἤ

ᾼ  ⇔ѿц k ứҏẃȲW ⱢἏ∟ ᴩ П

ᴕȴ 

Ẃ иⱢẒ ԌȲ Ϛ ԌԒ  ⇔ȷ

ϡ Ԍ⁄ ֥ ᾼ  ⇔ẃ K ᾼ ứ ȴ ὑ

Ϛ и  ⇔ᾼ ứȲѿ Ϛ ⁮ϯүҖẞ ᴎⱢẂȲ

∟ ᴩ ֽῶ 4-3 Ϛ⁮ϯүҖ- ᴎ ◕  ⇔ѩ

Ἤӱȴ 

ῶ 4-3 Ϛ⁮ϯүҖ- ᴎ ◕  ⇔ѩ  

Ϛ⁮ϯүҖẞ ᴎ   ⇔ 

 AVI  3month 6month 9month 12month 

06:00 44.75  42.14 42.19 41.94 42.04  

  45.66  42.44 42.21 42.17 42.31  

  45.48  42.6 42.54 42.65 42.63  
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  46.12  43.34 43.53 43.66 43.50  

  45.43  43.36 43.49 43.33 43.35  

  45.34  43.57 43.29 43.51 43.54  

06:30 45.96  44.07 43.79 43.92 44.00  

  46.70  44.69 44.2 44.47 44.58  

  47.51  45.01 45.01 44.61 44.81  

  48.06  45.84 45.72 45.64 45.74  

  48.94  46.73 47.15 47.14 46.94  

  52.73  47.14 47.59 47.52 47.33  

07:00 53.62  47.76 48.15 48.55 48.16  

  54.33  47.84 48.17 48.34 48.09  

  54.39  47.83 48.04 48.5 48.17  

  54.85  47.59 48.1 48.78 48.19  

  54.14  47.77 48.68 49.45 48.61  

  54.71  48.57 47.83 48.09 48.33  

07:30 54.98  48.97 48.15 48.59 48.78  

  54.91  49.64 48.45 48.45 49.05  

  54.82  50.18 50.71 50.01 50.10  

  54.15  49.73 54.57 53.95 51.84  

  54.25  48.98 57.19 57.12 53.05  

  55.96  46.86 56.81 56.76 51.81  

08:00 56.62  46.49 55.76 56.75 51.62  

  57.80  45.46 55.07 55.9 50.68  

  58.44  45.78 54.33 55.18 50.48  

  60.14  46 54.37 55.51 50.76  

  60.89  46.03 56.86 57.09 51.56  

  59.62  47.62 58.21 59.34 53.48  

08:30 59.39  46.41 49.83 54.09 50.25  

  58.98  46.52 49.29 53.43 49.98  

  59.79  47.07 49.02 53.44 50.26  

  59.03  48.42 50.08 53.2 50.81  

  58.12  50.88 55.64 57.65 54.27  

  58.60  51.42 52.75 56.47 53.95  

09:00 60.18  51.82 52.57 57.51 54.67  

  60.31  51.97 54.33 57.83 54.90  

  61.10  53.39 59.9 60.06 56.73  

  61.36  53.66 62.89 63.84 58.75  
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  61.42  54.2 62.8 63.38 58.79  

  61.50  54.85 63.25 63.29 59.07  

09:30 61.34  55.58 61.4 62.46 59.02  

  61.47  56.34 63.8 63.75 60.05  

  62.33  57.07 61.61 62.07 59.57  

  62.40  57.64 60.9 61.39 59.52  

  62.70  56.85 61.75 62.79 59.82  

  62.62  57.95 62.99 63.05 60.50  

 

ѿϱᾼ Ɫ 7/20ϱр 6 ᴟ 10 Ȳѩ ѿ AVI

Ἤ П ᴩ Ɫ Ȳṳ  ⇔ 3 ѣȳ6 ѣȳ

9 ѣц 12 ѣἬ ᴷҏᾼ ᴩ ᵂⱢ ѩ Ȳ ∟

ẒẒѩ ῶ ֽῶ 4-4  ⇔ AVI ѩ ῶἬӱȴ 

ῶ 4-4  ⇔ AVI ѩ ῶ 

 
MAE1 MAE2 MAE3 MAE4 diff(1&2)  diff(1&3)  diff(2&3)  diff(3&4)  

 
2.61  2.56  2.81  2.71  0.05  -0.20  -0.25  -0.10  

 
3.22  3.45  3.49  3.36  -0.23  -0.27  -0.04  -0.13  

 
2.88  2.94  2.83  2.86  -0.06  0.05  0.11  0.02  

 
2.78  2.59  2.46  2.62  0.19  0.32  0.13  0.16  

 
2.07  1.94  2.10  2.09  0.13  -0.03  -0.16  -0.02  

 
1.77  2.05  1.83  1.80  -0.28  -0.06  0.22  -0.03  

 
1.89  2.17  2.04  1.97  -0.28  -0.15  0.13  -0.08  

 
2.01  2.50  2.23  2.12  -0.49  -0.22  0.27  -0.11  

 
2.50  2.50  2.90  2.70  0.00  -0.40  -0.40  -0.20  

 
2.22  2.34  2.42  2.32  -0.12  -0.20  -0.08  -0.10  

 
2.21  1.79  1.80  2.00  0.42  0.41  -0.01  0.20  

 
5.59  5.14  5.21  5.40  0.45  0.38  -0.07  0.19  

 
5.86  5.47  5.07  5.46  0.39  0.79  0.40  0.39  

 
6.49  6.16  5.99  6.24  0.33  0.50  0.17  0.25  

 
6.56  6.35  5.89  6.23  0.21  0.67  0.46  0.34  

 
7.26  6.75  6.07  6.66  0.51  1.19  0.68  0.59  

 
6.37  5.46  4.69  5.53  0.91  1.68  0.77  0.84  

 
6.14  6.88  6.62  6.38  -0.74  -0.48  0.26  -0.24  

 
6.01  6.83  6.39  6.20  -0.82  -0.38  0.44  -0.19  

 
5.27  6.46  6.46  5.86  -1.19  -1.19  0.00  -0.59  

 
4.64  4.11  4.81  4.73  0.53  -0.17  -0.70  -0.09  
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4.42  0.42  0.20  2.31  4.00  4.22  0.22  2.11  

 
5.27  2.94  2.87  1.20  2.33  2.40  0.07  -1.67  

 
9.10  0.85  0.80  4.15  8.24  8.29  0.05  3.34  

 
10.13  0.86  0.13  5.00  9.27  10.00  0.73  4.87  

 
12.34  2.73  1.90  7.12  9.61  10.44  0.83  5.22  

 
12.66  4.11  3.26  7.96  8.55  9.40  0.85  4.70  

 
14.14  5.77  4.63  9.38  8.37  9.51  1.14  4.76  

 
14.86  4.03  3.80  9.33  10.83  11.06  0.23  5.53  

 
12.00  1.41  0.28  6.14  10.59  11.72  1.13  5.86  

 
12.98  9.56  5.30  9.14  3.42  7.68  4.26  3.84  

 
12.46  9.69  5.55  9.00  2.77  6.91  4.14  3.46  

 
12.72  10.77  6.35  9.54  1.95  6.37  4.42  3.19  

 
10.61  8.95  5.83  8.22  1.66  4.78  3.12  2.39  

 
7.24  2.48  0.47  3.86  4.76  6.77  2.01  3.39  

 
7.18  5.85  2.13  4.66  1.33  5.05  3.72  2.53  

 
8.36  7.61  2.67  5.52  0.75  5.69  4.94  2.85  

 
8.34  5.98  2.48  5.41  2.36  5.86  3.50  2.93  

 
7.71  1.20  1.04  4.37  6.51  6.67  0.16  3.34  

 
7.70  1.53  2.48  2.61  6.17  5.22  -0.95  0.13  

 
7.22  1.38  1.96  2.63  5.84  5.26  -0.58  0.67  

 
6.65  1.75  1.79  2.43  4.90  4.86  -0.04  0.64  

 
5.76  0.06  1.12  2.32  5.70  4.64  -1.06  1.20  

 
5.13  2.33  2.28  1.43  2.81  2.86  0.05  -0.85  

 
5.26  0.72  0.26  2.76  4.54  5.00  0.46  2.50  

 
4.76  1.50  1.01  2.88  3.26  3.75  0.49  1.88  

 
5.85  0.95  0.09  2.88  4.90  5.76  0.86  2.79  

 
4.67  0.37  0.43  2.12  4.30  4.24  -0.06  1.69  

mean 6.71  3.80  3.03  4.57  2.91  3.68  0.77  1.55  

std 3.59  2.76  2.03  2.44  3.42  3.72  1.47  1.94  

95% 1.44  1.10  0.81  0.98  0.54  0.60  0.09  0.12  

MAE ῶӱ  ⇔ AVI ᾼӂᶁ Ȳ ֿ

1ẞ 4⁄Ɫ 3ẞ 6 ѣᾼ҅ῶ ֿȷdiff ⁄╥Ẓ  ⇔ ԝ

ᾼ ȲmeanⱢ ԝᾼӂᶁ Ȳstd⁄Ɫ ԝᾼ Ȳ95%ῶӱ֯

95%‒ ᾼϚҙ ⇔(half width of confidence interval)ȲẔМMAE

ᾼ 95%‒ ╥ Z ứ
n

Z
s

³= 96.1 ᴖ Ȳdiff ᾼ 95%‒
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╥ ( )
n

z
s

r ³³-³= 96.112 Ἤ ҏẃȴ ứᾼѠהⱢ Ẓ

 ⇔ ԝ(diff)Ἤ ҏᾼ 95% ЊὑẔӂᶁ (mean)Ȳ⁄ MAE

ᾼӂᶁ Ȳѿ MAE ӂᶁ Њᾼ ԝⱢῶ Ṿᾼ ԝȷדч֮Ȳ

diff ҏᾼ 95% ЄὑẔӂᶁ Ȳ⁄ ᾎᵒ Ẓ ԝᾼ ȴ  

ѿϱ ẂᴖṕȲdiff(1&2)ᾼ 95% Ɫ 0.54ȲЊὑẔӂᶁ 2.91

ϭ MAE2ᾼӂᶁ 3.80Њὑ MAE1ᾼӂᶁ 6.71Ȳ֪ױҠѿ Ὑ

ԝ 2ῶ ԝ 1ẃᾼֻȲӼᵛ╥ 6 ѣᾼ  ⇔ ὑ 3

ѣ  ⇔ⱢṾȴᴖ ᴖṕȲѿ 6 ѣᾼ  ⇔

ЄЊⱢ Ṿȴ 

ϡ ԌⱢ k ᾼ ứȲ֯֝ד ЄЊᾼ ᾓϯȲ Л

֝ k Ἤ ᾼ ᴩ AVI ᾼ ᴩ ᵂⱢѩ ȴѿ

Ϛ ⁮ϯүҖẞ ᴎ ◕ⱢẂȲ ∟ֽῶ 4-5 үҖẞ ᴎ

◕ k ứ AVI ῶἬӱȴ 

ῶ 4-5 үҖẞ ᴎ ◕ k ứ AVI ῶ 

k ứ  
K=10П

 

K=20П

 

K=30П

 

 
AVI Ἤ

ᴩ     

06:00 44.75 42.35 42.19 42.25 

 
45.66 42.35 42.21 42.41 

 
45.48 42.72 42.54 42.8 

 
46.12 43.29 43.53 43.32 

 
45.43 43.31 43.49 43.6 

 
45.34 43.45 43.29 43.96 

06:30 45.96 43.47 43.79 44.46 

 
46.70 44.04 44.2 45.06 

 
47.51 44.38 45.01 45.75 

 
48.06 45.31 45.72 46.46 

 
48.94 46.99 47.15 47.25 

 
52.73 47.45 47.59 47.58 

07:00 53.62 48.07 48.15 47.89 

 
54.33 47.67 48.17 48.19 

 
54.39 47.74 48.04 48.23 

 
54.85 47.52 48.1 47.83 

 
54.14 48.11 48.68 48.39 
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54.71 47.14 47.83 48.93 

07:30 54.98 48.11 48.15 49.81 

 
54.91 47.93 48.45 49.44 

 
54.82 50.39 50.71 49.24 

 
54.15 50.67 54.57 49.09 

 
54.25 50.11 57.19 48.97 

 
55.96 46.32 56.81 48.46 

08:00 56.62 45.18 55.76 48.57 

 
57.80 45.07 55.07 48.55 

 
58.44 45.69 54.33 48.5 

 
60.14 46.17 54.37 48.23 

 
60.89 46.67 56.86 47.43 

 
59.62 47.63 58.21 47.52 

08:30 59.39 46.72 49.83 47.5 

 
58.98 47.38 49.29 47.75 

 
59.79 47.67 49.02 48.44 

 
59.03 49.56 50.08 49.05 

 
58.12 52.12 55.64 50.08 

 
58.60 54.77 52.75 50.72 

09:00 60.18 52.53 52.57 50.78 

 
60.31 52.58 54.33 50.95 

 
61.10 54.06 59.9 52.06 

 
61.36 56.43 62.89 52.53 

 
61.42 57.58 62.8 52.99 

 
61.50 58.16 63.25 53.7 

09:30 61.34 57.38 61.4 53.55 

 
61.47 59.83 63.8 54.73 

 
62.33 60.03 61.61 54.89 

 
62.40 61.37 60.9 55.26 

 
62.70 61.53 61.75 55.26 

 
62.62 61.7 62.99 55.27 

ϱ ȲҠѿ ֽῶ 4-6 ẒẒ ԝѩ ῶɎK ứ ɏ

ἬӱПв ȴῶ М MAE1ȳMAE2ȳ MAE3иᵑ҅ῶ k 10ȳ

20ȳ30 ᾼ MAE Ȳ ∟ԛậẒẒ ᾼ Ȳֽ ῶМ ∟Ϯ Ἤӱȴ 
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ὨҠ Ȳ k ԝ (diff 1ɽ2)95%ᾼ Ɫ 0.53Њὑ

Ẕӂᶁ 2.19Ȳϭ k Ɫ 20 AVI ᾼӂᶁ (MAE)

Њ(K=10ӂᶁ Ɫ 5.98ȲK=20ӂᶁ Ɫ 3.80)ȲἬѿ k Ɫ 20

ᾼῶ k Ɫ 10ṾȲẔ Ṽױ ȴ ᴖṕȲk Ɫ 20Ɫ֯ױ

ϯ ֥ ᾼ ứ ȴ 

 

ῶ 4-6 ẒẒ ԝѩ ῶɎK ứ ɏ 

 
MAE1 MAE2 MAE3 diff(1&2)  diff(1&3)  diff(2&3)  

 
2.40  2.56  2.50  -0.16  0.10  -0.06  

 
3.31  3.45  3.25  -0.14  -0.06  -0.20  

 
2.76  2.94  2.68  -0.18  -0.08  -0.26  

 
2.83  2.59  2.80  0.24  -0.03  0.21  

 
2.12  1.94  1.83  0.18  -0.29  -0.11  

 
1.89  2.05  1.38  -0.16  -0.51  -0.67  

 
2.49  2.17  1.50  0.32  -0.99  -0.67  

 
2.66  2.50  1.64  0.16  -1.02  -0.86  

 
3.13  2.50  1.76  0.63  -1.37  -0.74  

 
2.75  2.34  1.60  0.41  -1.15  -0.74  

 
1.95  1.79  1.69  0.16  -0.26  -0.10  

 
5.28  5.14  5.15  0.14  -0.13  0.01  

 
5.55  5.47  5.73  0.08  0.18  0.26  

 
6.66  6.16  6.14  0.50  -0.52  -0.02  

 
6.65  6.35  6.16  0.30  -0.49  -0.19  

 
7.33  6.75  7.02  0.58  -0.31  0.27  

 
6.03  5.46  5.75  0.57  -0.28  0.29  

 
7.57  6.88  5.78  0.69  -1.79  -1.10  

 
6.87  6.83  5.17  0.04  -1.70  -1.66  

 
6.98  6.46  5.47  0.52  -1.51  -0.99  

 
4.43  4.11  5.58  0.32  1.15  1.47  

 
3.48  0.42  5.06  3.06  1.58  4.64  

 
4.14  2.94  5.28  1.20  1.14  2.34  

 
9.64  0.85  7.50  8.78  -2.14  6.64  

 
11.44  0.86  8.05  10.58  -3.39  7.19  

 
12.73  2.73  9.25  10.00  -3.48  6.52  

 
12.75  4.11  9.94  8.64  -2.81  5.83  

 
13.97  5.77  11.91  8.20  -2.06  6.14  
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14.22  4.03  13.46  10.19  -0.76  9.43  

 
11.99  1.41  12.10  10.58  0.11  10.69  

 
12.67  9.56  11.89  3.11  -0.78  2.33  

 
11.60  9.69  11.23  1.91  -0.37  1.54  

 
12.12  10.77  11.35  1.35  -0.77  0.58  

 
9.47  8.95  9.98  0.52  0.51  1.03  

 
6.00  2.48  8.04  3.52  2.04  5.56  

 
3.83  5.85  7.88  -2.02  4.05  2.03  

 
7.65  7.61  9.40  0.04  1.75  1.79  

 
7.73  5.98  9.36  1.75  1.63  3.38  

 
7.04  1.20  9.04  5.84  2.00  7.84  

 
4.93  1.53  8.83  3.40  3.90  7.30  

 
3.84  1.38  8.43  2.46  4.59  7.05  

 
3.34  1.75  7.80  1.59  4.46  6.05  

 
3.96  0.06  7.79  3.90  3.83  7.73  

 
1.64  2.33  6.74  -0.68  5.10  4.42  

 
2.30  0.72  7.44  1.58  5.14  6.72  

 
1.03  1.50  7.14  -0.47  6.11  5.64  

 
1.17  0.95  7.44  0.22  6.27  6.49  

 
0.92  0.37  7.35  0.55  6.43  6.98  

mean 5.98  3.80  6.67  2.19  0.69  2.88  

std 3.89  2.76  3.24  3.39  2.57  3.45  

95% 1.56  1.10  1.30  0.53  0.23  0.47  

ϱ ᾼ ẂȲҠ ֯ Ϛ үҖẞ ᴎ ◕Ȳ

ᴩ ᴩ Ȳѿ  ⇔Ɫ 9 ѣṳ k ứⱢ

20 Ɫ֥ ȴᵀ ᴕ ᾼṆ ᵂ ȲӦὑ 6 ѣ

 ⇔ᾼ ⇔ 9 ѣ  ⇔ Ȳʉѹ Ὠῶ ד Лẞ

1и Ȳ֪ױ∂ ѿ 6 ѣⱢ  ⇔Ɫ Ṿȴ 

Ἤ ҏᾼ ѠהȲӐׁשṅ Ϛ ⁮Җ ֣ ᴩ

ᴩ  ⇔ k ᾼ Ȳѩ ֯Л֝ ᾼ ᴩ

ᴷϱἬ ᾼṿӣẞᾼ  ⇔ k Ȳ ∟ֽ 

 

ῶ 4-7 ᴷ ᴩ Ἤ  ⇔ῶɎ Ϛ ɏ

ῶ 4-8 ᴷ ᴩ Ἤ K ứ ῶɎ Ϛ ɏἬӱȴ 
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ῶ 4-7 ᴷ ᴩ Ἤ  ⇔ῶɎ Ϛ ɏ 

 

 
үҖ ᴎ үМ ү⁮  

үҖ 
 

6 ѣ 6 ѣ 6 ѣ 6 ѣ 

ᴎ 
  

3 ѣ 6 ѣ 6 ѣ 

үМ 6 ѣ 3 ѣ 
 

3 ѣ 6 ѣ 

ү⁮ 6 ѣ 6 ѣ 3 ѣ 
  

 6 ѣ 6 ѣ 6 ѣ 6 ѣ 
 

ῶ 4-8 ᴷ ᴩ Ἤ K ứ ῶɎ Ϛ ɏ 

 

 
үҖ ᴎ үМ ү⁮  

үҖ 
 

20 20 20 30 

ᴎ 20 
 

20 20 20 

үМ 20 20 
 

20 20 

ү⁮ 20 20 20 
 

20 

 30 20 20 20 
 

 

4.1.2  ᴩ Ὠ 

Ӑׁשṅ › ᾼ П ὨȲ Ϛ Җϱц⁮ϯẒ
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