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Ӵ Є  Ӣᾬ  

Ӣᾬ Џ Ṇ דṅἬשׁ  
(2022.01 ~ 2022.12) 

ȳṆἬ ᴥ 
Ϛȳ Ю 

ЄӢᾬ Џ Ṇ╥ѿ

ᶾⱢדּ֥ їȳֵаЏ ῀

ⱢỂ ȳ Ӣᾬ Ɫ ӣ ᾼ

ЏּדṆȲ Ӣ СЏ Ђ ȴᴯ

ӐṆ ὑ ЄӢ Ȳצ ϵ

ᾼ ҭ ᾼӢᾬ ӣׁש Ṏ

ȴ оȳӢᾬ ᴞ

оẞ ӢᾬЏ ᶾ ȲϚ ṛẃӐṆῆ═ ɦ Џ ϤӢ

Ễּד Ȳ ӢỄּד Џ ɧᾼ Ṏ≈ ҺṎӢᾬЏ ꜜϢИȲ

Ɫ ᾼӢᾬ ȳ ᶾדּ ᾃϤ♄ϩṳ Ә Ȳ

Ὸϡ Ϯ Џ צᶾדּ ⁴ ᾼ ṃ ӢҒϤӐṆȴ

Ἀ ắᴞ ếӢỄ ᾼЏ ṆȲ ѿֵ

аѹ ᾼ Ӣ ᾼ Џ Ṏѿцɦ Ṇ ɧȳ

ɦ ạɧȳɦϢЏ ɧȳ ɦӢᾬ ᶧɧ ҳЄ ӣ῀

Ȳ С Ӣ ᾼ ֥ ϩȴ 

ɦӢᾬ Џ ɧϞ╥ ȳ ȳ оЏ צ ᾼ

ӐЏ ῀ ᶾ Ғѿ ֥Ȳѿ ӣὑӢᾬ ᾼ ╥ᶾȲדּ֥

҅ ṛ֣ᴞ оȲ ὡ ᾨϩᾼ ϩȴӐṆᾼ ӭ

╥ѿ Џ ⱢӐȲ‚ Ӣᾬ ᾼᴞ о ҅оⱢѻ Ȳ֝

᷊ ӢᾬếЏ ᶾ ֥ᾼ ṔᴥȴӦὑӢᶾ Ɫ

ӭ ПϚȲᴖѹ ṣ ȲᵀӢᾬᶾ ὑ П

ȲЛ Ѧὑ ṅȲ‎שׁ ᴩ Џ Пׁשṅц Ṏ
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Џ ϢИȲИ ’ П ứ Ȳṳ’═ П ᾨ

ϩȴ 

1. Ṏӭ  

Є  

ῆ═ԓϢ ṎП ἘȲ Ӣᾬ Џ П ϢИȲѿ

Ϣ  ȴאַ

 ṅἬשׁ

ɚ Ђ ɛ 

ῆ═ԓϢ ṎП ἘȲ Ӣᾬ Џ שׁ ϢИȲѿ

Ϣ  ȴאַ

ɚ Ђ ɛ 

ῆ═ԓϢ ṎП ἘȲ Ӣᾬ Џ Ӵ שׁ

ϢИȲѿ Ϣ  ȴאַ

2. Ӣ ї ϩ 
Ђ  Ђ  Ђ  

· Џ דּ ῀

ᾼ ӣ ϩ 

· Ṇ ᾼиέ

ϩ 

· ạṆ ᾼи

έ ϩ 

· Ӣᾬ Ṇ ᾼ ᵂ

ϩ 

· ֥ȳ ӣ

ϩ 

· Ӵ≈ᴕц

ᾼ ϩ 

· ȳ ֥ᵂ

ᾼ ϩ 

· ԓ ṝ

ᾼ ϩ 

· Ӣᾬ Џ

῀ ᾼ ϩ 

· ᴩ ᾼ ϩ 

· ȳ ≈ᴕц

ḟ ᾼ ϩ 

· ц ᴩ ṅשׁ

ᾼ ϩ 

· ѝᾼ ϩ 

· ẓ ц ᾼ

ϩ 

· цῂ

ԉ 

· ẓ Ἐȳԓ

ṝ ᾼ ϩ 

· Ӣᾬ Џ

῀ ᾼ ϩ 

· 

֥ᾼ ϩ 

· Ӵ ḟ ᾼ ϩ 

· Ӵׁשṅ ᾼ

ϩ 

· ♄ ᾼ

ϩ 

· ȳ ц ᾼ

ϩ 

· цῂ

ԉ 

· Ἐȳԓ

ṝ ᾼ

ϩ 
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ϡȳᾘ  
ӐṆ ὑ1928ד Җ→ Є ɦ Џ ⅍ɧП

Ȳ Є Џ Ṇ (1945 ~ 1981)ȳ Џ

Ṇ(AMEȸ1981 ~ 2000) (Agricultural Machinery Engineering, AME)ȳ

Ӣᾬ Џ Ṇ(BIMEȸ2000 ~ 2019) (Bio-Industrial 

Mechatronics Engineering, BIME)ЭӢᾬ Џ Ṇ(BMEȸ2019 

~ṤЭ) (Biomechatronic Engineering, BME)ҳ ȴ ЄכӴПῴȲ

ԓ ῀ύԒӢϚᴯ ֤ѻ ӢȲ

נ Ӣ Ṏׁשṅᾼ Ἥ ἷԒᾈᾼ⁞ Ȳ Ӣᵘ

ϩ Ἀ╜ד1953 оȳ1970דҒ ᴩ

оѠ ȳ1979ד о  ‚ ԓ о

∂ ȳϢИ Ṏ ֥ᵂȴױ Ȳԓ Ӣ

Є Ȳ Џ ṆϷϹ1981דὑӐ ӴכṆȴ Ṇ

Ӵ∟Ȳ ᶺ ᴞ о Ȳ ֥ Ở

Ϥ ṎȲ ѿ ᴥ Ӣ Ṇхצ

ֵа Ȳ֪ױ ṆṆх ҏϢИ ҏȲֵᴯṆх ԉ֢ᴩ

֢ ЏᵂἨ ῏Ȳ ῂ ṏֵȴ90҅ד∟ ֪ԓ

₤ Ӣᾬּדᶾ כ‚ Ӣᾬ Ȳϭ֪ ֥

ᴥП Џ ṎӼὑӐṆћ Ȳ Ṇ ὑ2000דḆ֤ⱢӢᾬ

Џ ṆȴḆ֤∟ӐṆ ᵮіḆֵ ṃ Џ Ӣ ȲϷ

Ṇϱ ḆҒֵа ȳׁשṅ Ḇ Ḇצ ᾨϩȲ Ṇ Ḕ

ṤЭ 23ᴯצ   ȳ170ᴯЄ Ӣȳ120ᴯ Ђ

Ӣ 31ᴯ ЂӢцϮ Ṇ ( ȳ῀ύ ȳӢ )ПМ₤Џ

Ṇ ȴ Ɫ Ṇ֤ɦӢᾬ Џ Ṇɧ

Ṏ ứ Бὑ הӔ⇔ד108 ӣȲ Ṇ ԓ Џ 4.0

ẓצϢЏ ᴥП ҳ҅Ӣ Џ ṎȲῘ ᶺ

҅ Ӣᾬ Џ ϢИ ṎПԉ ṿỄȴѿ

ϯ ῶ Ӑ ṆῺ40ד Ṏв П ȴ 
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נῺϚѷּ֯ױ֪ ӢᾬЏ Ṏ ϱȲӐṆ…

ῴ ѿ Џ (Agricultural Engineering)Ɫ їᾼ ȳ Ḕ

֥ Џ Ӣ ӣᾼ Џ (Agricultural 

Machinery Engineering) ȳᴟѿɦ Ɫ ȳӢᾬⱢӣɧ ẓᴞ

о о ᴥᾼӢᾬ Џ (Bio-industrial Mechatronics 

Engineering)Ṇ ṎȲ ∟ ᴟЭ Џ 4.0 а

П ҳ҅Ӣᾬ Џ (Biomechatronics Engineering)Ṏȴ ҳ҅

Ӣ Ṏ … ὑӢᾬ Џ Ṇ ⁴ цӐ

ṆῺ֯ד (ֽ ᾬЏ ȳ )ȳ (ֽ ӾӢ

Ϣ) Ӣ Џ (ֽ Ӣᾬ ѱȳӢᾬ ) ӣ ᾼׁש

ὨȲ֝כ ֥ ȳAI IoTʒ цӐṆ

( 4.0) ȴױϚ Ȳ…ӐṆᾘ ҟ90ד Џ

о(1.0)ȳ о(2.0)ẞӢᾬ ᴞ о(3.0)ᾼ Ṏ

דȴӐṆὑ108כ ӣ Ṇ֤∟ȲБӔה ɦ֥ Ṇ ɧȳ

 
Џ (2.0) 

(AMEȸ1981 ~ 2000) 

Ӣᾬ Џ (3.0) 

(BIMEȸ2000 ~ 2019) 

Ӣᾬ Џ (4.0) 

(BMEȸ2019 ~ṤЭ) 

Ṇứᴯ 
֣ 

Џ Ṇ 

֥ ȳ Іȳ ȳ

ạȳоЏȳṆ Џ

῀ Ȳ ӣὑӢᾬ

П  Ȳ сӢᾬ

П ᾨϩцᴞ оѬ

 

ѿ ֥Ɫ їȳ

֥Џ ῀ Ӣᾬ

Ἐѿ‚ Ϣ

אַ Ә П

Џ Ṇ 

Ṇᶮ  
о/ ᴞ

о 
Ɫ ȳӢᾬⱢӣ Ӣ 4.0ȳAI  

Џ а  
Џ 2.0 (ᶧо) 

Џ 1.0 (о) 
Џ 3.0 (ᴞ о) Џ 4.0 ( о) 

а  

ϩ  

ҒЏ  

ᾬ о 

ᴞן о 

о 

₇‍ ἤ  

ᾬЏ  

 

 

 ϩ ȳҒЏ

ȳӢᾬ  

(Ϯ  ) 

Ṇ ȳ  

ạȳḊ ᶧ 

Ṇ ȳ ạȳ

ϢЏ ȳ 

Ӣᾬ ᶧ 

ṅשׁ  
ӢᾬӢ  

Ӣ Ӣᶾȳ  

ȳӢ  

ȳ  
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ɦ ạɧȳɦϢЏ ɧ ɦӢᾬ ᶧɧПӢᾬ Ṇ о

(Ӣ 4.0)ṎȲ ПׁשṅἬ Є иᵑὑ109ד⇔

ế ⇔ד110 Ở╟ᴩȲ Ṏ ȳᾬ ȳ ȳӢᾬ

ȳ ᶾדּ Ἤ שׁ ϢИȴ 

 

 
 

ӐṆ ԉѻԉ Ṇ ṭ ȸ 

  (7ѣד8ѣ~ 1985ד1981)

ד1981 Џ ṆכӴ 

ЮỨ   (7ѣד8ѣ~ 1991ד1985)

ד1988 ṆׁשṅἬ Ђ  Ӵכ

Ϝ   (7ѣד8ѣ~ 1997ד1991)

ד1992 ṆׁשṅἬ Ђ  Ӵכ

Ὑ  (7ѣד8ѣ~ 2000ד1997)

 (7ѣד8ѣ~ 2003ד2000)

Ḇ֤Ӣᾬד2000 Џ Ṇ 

ѷ  (7ѣד8ѣ~ 2006ד2003)

Ὥ  (7ѣד8ѣ~ 2009ד2006)
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Ể Ч  (7ѣד8ѣ~ 2012ד2009)

Ѡ  (20128דѣ~ 20157דѣ) 

Ứ  (7ѣד8ѣ~ 2018ד2015)

Ὥָא   (7ѣד8ѣ~ 2021ד2018)

Ḇ֤Ӣᾬד2019 Џ Ṇ 

  (8ѣ~ṤЭד2021)

 

Ϯȳ ╟ ᾓ 

ӐṆ ṅῈשׁ Ҕ╗Ϯ Є ᴯὑ Є ὧ Ȳᵛ῀ύ

ȳ ếӢ Ȳ ṿӣ 4177 m2 (ּ1264פỉ)ȴ 

ҳ ᾼ῀ύ ȲϚ Ɫ Џ Ȳϡ Ɫ ⅍ȳ Џᵂᵽ

о ⅍ȲϮ цҳ иᵑ צ І ⅍ȳׁשṅ ⅍ȳ

῀ύ ⅍Ἐנּ Є ⅍ȴ ⱢϮ ∂ ȲϚ Ɫ

⅍ ⅍ȲϡȳϮ Ɫ ṅ⅍ȳṆשׁ е⅍ế ⅍ ȴӢ

Ϛ Ɫ ≈Ὲ ц50ỉᾼЄ ⅍ȲϡȳϮȳҳȳХ ѻ Ɫ

⅍ц ⅍ȴ 

Ӣד2018 כ ӣ∟ȲӐṆ ԒᾼῈ ЛṜ Б

Ȳḕᴯ ᾼׁשṅ⅍ ⅍Ὲ ᶁ ֥ и ȴ и

⅍БӦ Ἠ῀ύ ᴟӢ ȴ Ϛ ὧ

⅍ӼБ ᴩЄ ⇔ ∂ȴ ὑṆҵᾼ МїӼ ֫Ӣ

Х ȴ ֥ ᴩ ẓ ԝ ӫ⅞Ὂ ᵂ Ȳṳᶙכ῀
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ύ ᴫ ⅍ ∂ȴ 

ӐṆ֢ ṅשׁ ԓȲ Ӑ ᵗ Ҕ╗

᷾ ȳ Ὅ ȳ ᾬ᷾ ȳѓ ế І ὰ ֢ ֵ

ȴ ᴯ ⁄Ҕ╗ ֥ ȳ ạ

ȳᾒ ȳᴞ ạ ȳ І

ȳӢᾬ ȳ Ồᴏ ȳ ȴ 

֯ ṿӣϱȲֽ І ȳ ֥ȳ Џ ꞋⱢ

2~3ϢϚ Ȳ Џц Џ Ɫ1~2ϢṿӣϚ аȲʉ ₤ (RP)ȳ

3D֙ ῶ ȳ й цCNC ⁄5ϢԚӣϚ ȴẔ҃

Ɫ ᾼ ц ϩ ╟⁄ⱢֵϢṿӣϚ Ἠ ╟ȲẂ

ֽɦ Ϣ ϩ ạɧ ṿӣᾼ њ ȴӭ›ᾼׄ

Ṝ ϱᾼ Ӑ Ḗȴ 

ӐṆὑ ד111 П Џ Ȳ ӢҠᵓӣ ПЏẓ Ȳ

֢ Ԓ Џẓ ṿӣ ᵂȳ ᵂ ϩȲѡ∟ ֥Џ Ḋ

МЮ ПḊ ἤȳ ṿӣȲכⱢᶙ П Џ ϢИȴ 

֯ Ѡ ȴ Є∂ ȳ ₇ ᾼ ԏ Ȳ

ḕϚ ∂ ᾬȲṳ ү ₇ ṅשׁ (TWAREN)

ҵ ṅשׁ ᴯ ᴩ֥ᵂȲ֝ Ӽ ẁ ᾼṿӣ Ȳֵצ

ϱ ȴṆϱ∂ ╟Ȳ вҵ ᴩ

֥ᵂц ȴ 

ҳȳϢϩ ᾓ 
ӐṆԚצ ԉ 23ᴯȲẔМ 13ᴯ Ȳ8ᴯ Ȳ2ᴯᵗ

Ȳԓ ẓצ Ђ ᴯȴҫצ 7ᴯ ЏẦᵗ ȳׁשṅцᴩ

╜ЏᵂȴḕϚ ӂᶁ╓ 8ᴯЄ Ӣȳ6ᴯ ЂӢȳ1ᴯ ЂӢȴ 

Ӣạ⇔Є ḕᴯ ד֢ и 2~3ᴯ ӢȲׁשṅἬ

Ђ ц Ђ Ӣ⁄ӦẔ╓ ԉ Ȳ֯Ӣ♄ ȳ

ȴ Мᴕ∟ Ӣᴕ כ ЛṾ῏Ȳ ԝⱢ ᾃ֤ Ȳׄ
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ҫҵ ᾃ ӢП ᾭᾓȴḕ Мᴕ ϱ ӢẦᵗȲ

ᴖḕᴯ ḕ Ϸׄ Ẓ ѿϱᾼ ◕Ȳẁ Ӣ›ẃ Ȳ

ӦԓṆ Ԛ֝ Ғӻ ṓȲ כ Л ᾃᾼ֝ Ȳ

ӦẔ ᴩ ȴḕᴯ ᶁצ ᾼ ⅍цׁשṅ Ȳ

Ӣ ᷾Ϥ֢ᴔ П ⅍Ȳ ֢ ṅцשׁ Ђ ѝᾼ

Ȳ М ᾙ Ѡᾎȴ 

Хȳ ṅӭשׁ  
ӐṆ֯ ϱȲ ԏ ῴ ѿ Џ Ɫ їᾼ ȳ

Ḕ ֥ Џ Ӣ ӣᾼ Џ

◕ẞ Эѿ ֥ Ɫ їȳЏ דּ ⱢỂ ῀ ӢᾬṆ Ɫ

ӣᾼ Ӣ Џ Ṏȴ 

Ђ ᾼ ӭ ֯ὑ Ṏ ẓ Џ ῀ ếӢᾬ ӣ ϩ

ПϢИȲ ⁄ ẁ Ӣ Џ ếӢᾬ ӣ ᾼ῀ Ȳṳ

ᵂ ϩế ᾼ ȲЏ ῀ ц ӣ ϩᾼ ╥ӐṆ

ᾼ ἘȲ ֝ ẓ ҉ ᾼ ϩȲИ ắ

҅ᾼ╚ ȴ 

ṅἬᾼשׁ ӭ ֯ὑ Ṏẓצ Ӵ≈ᴕȳиέ Ȳѹẓ

֥ ӣ ϩПϢИȲ ⁄иⱢɦ Ṇ ɧȳɦ ạɧȳ

ɦϢЏ ɧцɦӢᾬ ᶧɧҳЄ Ȳḕᴯ Ђ Ђ ṅשׁ

Ӣᶁ Ẕѻ ḃ Ȳᴖ֢ѻ Ẕצ ứП ї

Ȳѿ ֥ ẃׁשṅᾼѠ֣ȴ 
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гȳ∂ ᾬ ∂Ἠ ҉Ḇ  

ῺדӐṆ Ӣ ∂Џ ҵȲṆϱῈ Ӽ═ ȲῈ

∂Ἤ и / ᵗҵȲӼậ ֵᴯṆхᾼ  

ȴ 

 

 

  

῟ Ὲ  

 

֮ϯ⅍ ֮ϯ⅍═  

ṅ⅍ṮѬЏשׁ ⅍ṅשׁ  

⅍ ⅍ ѬЏ  

῀ύ  
2F 

203ӑẃ ⅍ ∂ 

201о ⅍ῴḔ  

ṮѬЏ  

4F 401 Ḃ  

Ӣ  1F 102Ѭ  
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ȳ ֤ ц   

Ṇѻԉ 
 

 

 

 

רּ ᴫ Є Ђ 

 : ȳ ἤϩ ȳ и

έȳ  

֤  
 

  

  

רּ Җқ ӴЄא Ђ ּר א ЏЄ Ђ 

 : ϩ ȳ Џ   : ϩȳ ӣץі ϩ 

  

ЮỨ Ϝ  

Ғ ЄḘЂқẔ Є Ђ ּר • ӴЄא Ђ 

 : ₇ ȳ Џ ȳ‍

ἤ₇  

 ȸӢᾬ ȳ ȳ  
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Ὑ ѷ  

רּ ҒאЄ Ђ ּר ҒאЄ Ђ 

 ȸ ᴏ ȳҒЏ ȳ

ȳ ᾌ ֮ П ӣ 

 : ᴞ оȳ ȳӢ

ᾬḊ ‍ ἤ ȳ ạ 

ԉ  
 

  

Ὥ  ⁮аש 

רּ Ϟ Є Ђ ּר א ЏЄ Ђ 

 : ц ȳӢᾬṆ

иέȳ оцᴞ оȳ ֥ 

 : ȳ ֥ȳѬ

Џ ȳ ȳ ẓ  

  

Ể Ч Ѡ  

רּ ҒאЄ ♠ḏ и Ђ ּר Є Ђ 

 : ֥ȳӢᾬ ᴞ оЏ

ȳ Ϣ ȳЏ Ṏ 

 : Ӣᾬ ạЏ ȳṆ Џ ȳ

Џ ȳ ᾬ Џ  
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ᴂ╢  ϩ  

Ӵ Є Ђ ѡӐϟאЄ Ђ 

 : ᾬ ᶾ ȳ ȳы ԏ

Џȳ ֥ȳ ȳӢ Џ  

 : Ӣᾬ ȳ Ӣ ȳӢоЏ

 

  

Ứ   

ӴכғЄ Ђ Ӵ Є Ђ 

 : Ӣᾬ о ȳӢᾬ

(Ӣᾬ Џ )ȳ ᶾ

/ᶩЏ ȳ Ḋᾎ  

 : Ӣᾬ ȳ ȳ  

  

Ὥָא ∑ѝ 

Ӵ Є Ђ ּר ҒאЄ ♠ḏ и Ђ 

 : Ӣᾬ ȳDNA ȳԏ о

аԈȳỒᴏḊ  

 : Ӣᾬ ȳ Ồᴏּדᶾȳ ☼

Ṇ ȳ ֥ȳӾӢ Ϣ 
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 ∑Ḽ 

רּ ҒאЄ ▼ᵌ и Ђ ּר Є Ђ 

 : ☼ Џ ȳῈ Ὲ

ȳ ☼ ϩ  

 : ⇔ ȳ ȳ

ȳ ֥ 

 

 

Ᵽ   

→ Ђ  

 : Ϣȳ Ϣȳ

֥ ᴞ ạ 

 

 
 

  

Ể ◦ ԇ  

רּ ᴵ ṭ Є Ђ ▼ὭЏ Є Ђ 

 : ᾬ ȳӢ ȳӢᾬ

ᶧЏ  

 : ȳṞ Џ ȳ

ạȳ ȳϢ֪Џ ȳ

ȳӢᾬ  
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Ểᵧ  ♬  

רּ Є Ђ ּר ᴫ Є Ђ 

 : AIʒ ȳXԏדᴯ

ѩכ ȳ ∂ȳϢ

Џ П ӣȳᶶ שׁ  

 : ὑ ӣȳ Џ

ȳ Ḋ ȳ ☼ ȳ ᴃ

ȳן֫ о ӣ 

  

ԓ —  

Ӵ Є Ђ ѡӐϟאЄ Ђ 

 : ₇ Ӣׄԓ иέȳԏ ϩ

о ᾬ ȳ ᴃȳ

ӢỄּד  

 : Ӣ Ḋ ȳṊ Џ ȳṊ

ѱȳ3DӢᾬԝ֙ȳỒᴏḊ  

 

 

ѷῠ  

רּ ԁᵓ Є и Ђ  

 : ӥ иέȳԏ иέ о

ȳ ὑ Ừ Ằ ӣ 
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ᵗ  

  
ᵦ  Ϝ ῠ 

רּ Ӂ Є Ђ Ӵ Є Ђ 

 : ԏ ֥ȳӢᾬ ȳ ԏ

Ễ Ṇ ȳԏ Д Ṇ  

 : Ԓ ԏ ᶾ ȳ аԈ

ᵂ ȳԑ ԏ ∂Ӵ иέ 
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ᴩ╜  
 

  

‌   ѵх„ ʒ Ӕ 

  

ύ  ʒ Џ Ὥ  ʒ ᴸ 

  

רּ´   ∑Н ᴩ╜ᵗ  

 

 

ὭỨ  ʒ ᴸ  
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ȳ цׁשṅ  

  ӐṆ ⇔ד111 76,032,868аȲҔ╗ 5,222,811а

(Ҝ 6.87%)цׁשṅ 70,810,057а(Ҝ 93.13%)ȴ 

  ӣѻ Ӧ Ṏ ц Ѡ ᵗȲҔ╗Ϛ ṅцשׁ

ԛ ӣ 1,163,884аȳ ᵗṆϱ 216,885аȳ ᵗḌ ῧ

30,000аȳׁשṅӢ   2,948,665аȳ

1,178,444ацḂ 1,060,000аȳ Ṏ

ӭԚ 690,000аȴ 

  

7%

ṅשׁ

93%

Ṇ⇔ד111 (75,078,409а)

ᶾדּ

37%

ỗ

46%

Ṏ

9%

∂ ֥ᵂцẔ҃ ӭ

8%

ṅשׁ⇔ד111 (69,855,598а)
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ӐṆἬ ắּדᶾ ȳ ỗ ȳ ỗ ᾬṮꜟ ꜟᶝȳ ỗ

Ἤȳ ỗ Ὥ ᶝȳ Ṏ ȳּדᶾ ᴎּד ᶝȳ

ᴩ╜ ỗ Ḃṏ ȳ דּ ȳЏׁש ȳ צ

еҨȳ צᶾῖԌדּ еҨȳ ЏᵽӢᾬּדᶾῖԌצ еҨȳ

ӢᶾῖԌצ еҨȳ צᶾῖԌדּ еҨȳ ᾎϢ

Џ ᴯἬỗ ṅשׁ Ȳ111ד⇔Ԛ51צ שׁ

ṅ Ȳ ṅשׁ Ɫ 70,810,057аȲӂᶁḕϚ Ɫ 138.8

аȲד ὑḕᴯ ӂᶁҠ ӣ 321.9 а Ȳӂᶁḕᴯ

ᴩ 2.3 ȴ֢ ṅשׁ ᾼ֤ ế ᵗ ֽϯ֢ῶἬ

ӱȸ 

ᶾדּ .1 ᵗ ӭ(18 ȲԚ26,470,459Ȳᴾ37.38%) 
֤   ѻ═Ϣ  

ӣ ⇔ ὑ Ằ ᵑ цẔ

иכ Пиέ-ѿכ ₇Ẳ ⱢẂ 
111-2313-B-002-056- ѷῠ 1050000 

ד2022 ʟ ḘҼṸ (MOST-

ETAg) ׁשṅϢ Ф (ẃ ) 
111-2927-I-002-520 ♬  84000 

☼ ᴃ оцẆ ṅשׁ

(II)  
111-2628-E-002-004-MY2 ♬  1485000 

ᴜ ӪI D-ϡа П

о ѱὑїᴨ П

Ӣᾬ ᵗ  

111-2221-E-002-017-MY2 Ὥָ1118000 א 

ὑֵ ֥П

Ṇ  
111-2313-B-002-048-MY3 Ὥ  1372000 

ѱ Ӣ ᴞ

Ṇ П  
111-2313-B-002-051-MY3 ∑Ḽ 1273000 

ᵅכӐ ◖ἤ ⇔╓ӱ П

ṳ ӣὑ ṵ₇  
111-2320-B-002-029- ԓ 895000 

∂Ӵү Ϣᾛ ᴕ ֪ с ᶧ

ԝ֫ Ӕ ἤṳ ӣὑᵍꜟч

 

111-2221-E-002-166-MY3  967000 

ḟ ӣὑ

Ϣ Ṇ ᴷ Ϣо’ ӂ

үП∂  

111-2221-E-002-160- Ể Ч 926000 

ἤֵ Ϣ Ầ֝Пњ

Ϣ (2/4) 
111-2218-E-002-036- Ᵽ  3299000 

ѿֵ иέ∂Ӵ ᵎ ӣὑ

Ṇ ∂ (2/3) 
111-2622-B-002-007- ᴂ╢  900000 
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֥ᵛ ן ѿ∂

ἤ ֫ ạПׁשṅ 
109-2221-E-002-060-MY3 ᴂ╢  1225000 

ү Ϣ ᾼDNAצ ẓ

ἤᾼ ?  
109-2221-E-002-162-MY3  1005000 

ᴯ ☼ ὑ йѱӢᾬ ᾼ

ȸѿ ᶟ ⱢẂ 
110-2221-E-002-105-MY3 ∑ѝ 1027000 

ᶩᵛ ∟Ṇ ὑ

ἤ ᾼ ᾙ (1/3) 
111-2218-E-002-042- ∑ѝ 6800000 

ṅ Џ ПиЏ ạ-ᵓӣ

ᶾ Л֝ѡ

Џ П вᴩⱢ ה

ạ(2/3) 

111-2313-B-002-003- ᴂ╢  1200000 

דּ⇔ד111 ᶾדּ ӣ

 - ѿ Ӣ ֥ ᴨ

⇔ ӣὑ COPD ᾬ₤цϢ

ᶩ ᴷ  (1/2) 

111AT37B —  890000 

Ὤ ᶾ

оҵ  (І ϡ) 
110-2321-B-002 -018 Ѡ  954459 

 

2. ỗ ᵗ ӭ(16 ȲԚ33,071,500Ȳᴾ46.70%) 
֤   ѻ═Ϣ  

∂ ЊὨ ҵ Ṿ цẆ

 ה
111 a2- Ѡ-דּ-12.1.3-דּ  1000000 

щ ὖ Ӣ Ṿ

оṆ П∂Ӵ 
111 ╢aN ᴂ-דּ-1.6.1-דּ  1700000 

- ӣ

Ӣ  ♄ ᶮПׁש

ṅ 

111  ᾫ-U1(4) ∑Ḽ 2060000-8.2.9-דּ

֥ П Ӣ

ᴯὢ  
111  a1 ѷῠ 1800000-דּ-8.3.2-דּ

∂ ֵ І Ṇ ὑᴞ

ᵂᾬ₇  
111  1800000 אa3 Ὥָ-דּ-8.3.2-דּ

ӣ ᶾ ὑ ӣ ₇ и

Ṇ П  
111  m2 ѷῠ 1800000-דּ-1.3.2-דּ

ן  111 ╢a1 ᴂ-דּ-1.6.5-דּ  2500000 

ᵂᾬ Ṇ ӣὑ

ᴯὢ  
111 a6 Ὥ-דּ-8.3.2-דּ  2250000 

ᵓӣᴞ о ∂ӴὨ ‍ꜟӢ

 
111› -17.1.1- -B1 ᴂ╢  1339000 

Ю ᵒ ц Ṇ 1 פּ€  ȸ1111069 ∑Ḽ 798000 
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⇔ ₤ц ӂү

ү ѤḊ 
ȸtfbk-1110503 ∑Ḽ 3292500 

Пׁש  111 -4.5.1-דּ -Z1(3) ԇ  810000 

ἤ ứ іץ ᴕ

   
111 ԛ-2.4.1-1.1- -068 ԇ  1,455,000 

ṿӣц  111 ԛ-2.4.1-1.1- -004 Ὥ  2153000 

ׄԓ ᵂ ’

ה - Є  
111 ԛ-2.4.1-1.1- -007(4) Ὥ  6814000 

⇔ד111 Ṇ פּ€  ȸi11101 ᴂ╢  1500000 

 

3. Ṏ ᵗ ӭ(10ȲԚ5,783,392аȲᴾ8.17%) 
֤   ѻ═Ϣ  

Ӵ Є ṅӢשׁ

ʟ ṅשׁ₤′ ɚ ☼

ᴃ оцẆ  ṅɛשׁ

111L7747 ♬  199404 

Ṏ -Ӣᾬ

Џ Ṇ 
111L3512  240474 

Ṏ ʟ їׁשṅ

ɚ Ѭ ПṊ Џ ɛ 
111L891906 —  800000 

Ṏ ʟ їׁשṅ

ɚ ѿ Ệ Ɫ П

ԓỆ Ҡ פ ᴃɛ 

111L890906 ♬  800000 

Ởׁשṅ  111L7455 ᵦ  850000 

Ṏ ʟ їׁשṅ

ɚ ᵂᾬ ╟ П

ᴷɛ 

111L893803 Ểᵧ  1000000 

Ṏ ʟ їׁשṅ

ɚ ӣὑ ѵ П

Ӣ  ⇔ ӂү∂Ӵɛ 

111L893804 ᴂ╢  900000 

☼ ᴃ оцẆ )ṅ 111L4000-1שׁ ♬ ) ♬  0 

Ởׁשṅ  111L7465 Ϝ ῠ 850000 

Ӵ Є ṅӢשׁ

ʟ ṅשׁ₤′ ɚ ☼

ᴃ оцẆ  ṅ(II)ɛשׁ

111L7747-1 ♬  143514 

 

4. ∂ ֥ᵂцẔ҃ ӭ(7ȲԚ5,484,706аȲᴾ7.75%) 
֤   ѻ═Ϣ  

ӣ ὑ ה ◘ ⅔

Ԉ ἤ (ϡ) 
   564706 
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ԏϡ Ḃṏ₤

ҙҒכᾎ э Ӊ  
  Ϝ ῠ 900000 

ѿֵ иέ∂Ӵ ᵎ ӣὑ

Ṇ ∂ (2/3) 
  ᴂ╢  600000 

щ ὖ Ӣ Ṿ

оṆ П∂Ӵ 
  ᴂ╢  300000 

ҁ Ṏ    ∑Ḽ 300000 

ϢЏ ӣ

₤∂Ӵ 
  ѷῠ 500000 

Ԛ ӂү∂ ( ҳ

) ᴯиṝ ᾎ ӣ֥ᵂ

ṅIIשׁ  

  Ᵽ  2320000 

 

 ȳ  

ד111 1ѣᴟ 12ѣ П Ԛ 26 Ȳ  

29,237,642а֢ ֽϯȸ 
֤    (а) ֤    (а) 

Х CNC й Ὅ Ғ

Џ  
ה 1,482,000  80,000 

CNC ₤כ ᶩ 1,350,000  17,000 

Ṟᶩ 266,000 ᴻὢ  63,000 

Ӵה ᶩ 289,950 ᴯ ᴩ￼  11,440 

ѻ Ṟ ֥ Ɏᵶ

Y ȳ ѻ ɏ 
3,300,000 ѻ иṹ  20,327 

ϡ CNCṞᶩ(8 ֡) 1,500,000 ᷾ ᴻὢ  140,000 

Ϯ ӴהҒЏМї  2,498,000 оⱶ Ӫὰ  35,000 

Х ӴהҒЏМї  4,898,000 ᷾  11,741 

CNC й  3,000,000 SONYᴯ ד  19,980 

CNC Ὅ ҒЏ  1,340,000 ӱamaranᵗԏ  12,100 

2.5D  628,000 HD PTZ  42,000 

ԝ 60,000 75 ֡Є₤  98,000 

₤  58,900 65 ֡Є₤  300,000 

MacBook Pro 14 ₤

 
61,500 

MSI ╦ Prestige 14 

A11 SC204TW ₤

 

33,900 
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іץ Ṇ  3,340,000 

ɛStat-I 400 

(Bi)potentiostat/Galvanost

at/Impedance 

Analyzer(EIS) 

193242 

ԏ иέ  950,000 Ϣ  66,583 

Ϣ  22,799 Ϣ  20,990 

ӱ ạқ 39,990 ӱ ạқ 36,990 

Leica DMi8

Ӵ ԏ  
1,600,000 ғ LEDạ  90,000 

₤Ὲ  49,000 470nm LEDԏ  20,000 

3DԏỆоԝ֙  39,486 
Ϣ  intel i7-

2700KF 
75,500 

Ϣ  intel i7-12700 63,175 Ϣ  apple 33,170 

HDֹו Ἴ Ԉ  13,879  ᶼиέ ғ ὍЄ  486,000 

о иέ (⌡ ᴯ⌡

☼иέ ) 
480,000   

 

ԃȳ  
ϚȳЄ  
Є ⱢҳדȲ110 (ᵶ)⇔ד Ϥ П ӢȲᴟю

131 иỞ (106~109 Ϥ⇔ד П Ӣᴟю 129

и)Ȳṳ СЏ Ђ ȴᴯ ᵅ и 131 иȲẔМȲ

ѝ ҵѝԚ֝Ӈ ӭדּ 12 и(ẔМЄ ѝ 3 иҠ  

A1~A4 ԉϚ Ф҉ὂ)ȳṆד Ӈ 75 иȳ 12 

иȳϚ 6 иȳᴞӦ 14 и 15 иȴ 

1. Ӈ  

Ӈ ҔᵶԚ֝Ӈ ( ѝ цҵѝ )12ицӐṆứӇ

75иȲԚ87иȴ 

Ԛ֝Ӈ (12и) 

ɚ ѝ ɛ 

Ӑ Ӣᴟю ẔМϚ Ȳѿ ṜӇ ѝ3 иП Ӑ

Ḗȴ 6 иЄ ѝ ȲҠ҉ὂ A1~A4 ԉϚ
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Ȳᴟֵ3 иȴ 

ᵑ    ӭ иדּ 

101 80110 Є ѝȸѝ ᵂ(Ϛ) 3 ϱ  

101 80120 Є ѝȸѝо≈ ᵂ(Ϛ) 3 ϱ  

101 80130 Є ѝȸ ᵂ(Ϛ) 3 ϱ  

101 80210 Є ѝȸѝ ᵂ(ϡ) 3 ϯ  

101 80220 Є ѝȸѝо≈ ᵂ(ϡ) 3 ϯ  

101 80230 Є ѝȸ ᵂ(ϡ) 3 ϯ  

ɚҵѝ ɛ 

Л ứ ѝȲϱϯ Ӈ ֝Ϛ ṕȲ 6

иȲ ֥ЄϚ ѝᵍ ԈПЄϚ ӢȲ Ө ᵍ ȴ 

ṆứӇ (75и) 

ɚϚד ɛ 
ᵑ    ӭ иדּ 

002 50010  0 ϱ 

Ṏ ҫҵ

3 иȲЛ Ϥ

и 

611 001A0 ὢ ӧ 0 
ϱ( ) 

ϯ( ) 

ὢ 2

 Ȳὢ ϛḕ

ϯד  

201 49810 

201 49820 
и12 4 ϱ 

 

201 49830 

201 49840 
и34 4 ϯ 

 

202 101A1 ᾬ ӧϱ 3 ϱ  

202 101A2 ᾬ ӧϯ 3 ϯ  

202 10501 ᾬ ϱ 1 ϱ  

202 10502 ᾬ ϯ 1 ϯ  

611 10800 Ӣᾬ Џ  1 ϱ  

ה 18300 611 ṕ 3 ϱ  

611 19100 Џ ӣо  3 ϱ  

611 14100 Џ  1 ϱ  

611 19200 Џ ӣӢᾬ  3 ϯ  

611 22401 ӣϩ ϱ 2 ϯ  

611 17100 ạ ӣ 3 ϯ  
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ɚϡד ɛ 
ᵑ    ӭ иדּ 

611 22210 ϩ Ϛ 3 ϱ  

611 36440 Џ  3 ϱ  

611 20100  3 ϱ  

611 22402 ӣϩ ϯ 2 ϱ  

611 21210 Џ Ϛ 3 ϱ  

611 21220 Џ ϡ 3 ϯ  

611 22500 Ḋ ϩ  3 ϯ  

611 29700 ᾬ о  3 ϯ  

611 36480 І  3 ϯ  

ɚϮד ɛ 
ᵑ    ӭ иדּ 

611 32600 ☼ ϩ  3 ϱ  

611 38100 ᴞ ạ 3 ϱ  

611 39000 ϢЏ  3 ϱ  

611 30100 Ӣ ֥  1 ϯ  

611 34800  3 ϯ  

ɚҳד ɛ 
ᵑ    ӭ иדּ 

611 49210 Ђ Ϛ 1 ϱ  

611 42100 ֥ Ṇ  3 ϱ  

2.  

Ԛ 32 и ạẔМ 12 и Ϛ 6 иӇ

╥ӐṆ ᾼ ҫҵᴞӦ 14 и⁄ЛС ạȴ 

(12 и) 

иⱢҳЄ ȲиᵑⱢɦ Ṇ ɧ ȳɦ

ạɧ ȳɦϢЏ ɧ ѿцɦӢᾬ ᶧɧ  

ɚ Ṇ ɛ 

ᵑ             ӭ и                דּ 

631 U0620 Џᵂᾎ  3  
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611 22700 Џ Ḋ  3  

631 U5400 Ӣᾬ  3  

631 U5500 ϩ  3  

ɚ ạɛ 

ᵑ             ӭ и                דּ 

631 U1550 Ϣ ϩ ạ 3  

631 U1540 ₤ ạ 3  

611 37300 ӣ 3  

611 37400 ӣ 3  

ɚϢЏ ɛ 

ᵑ             ӭ и                דּ 

631 U1260 ᾎ 3  

631 M3110 ֵה иέ 3  

631 U1370 ּד  3  

ɚӢᾬ ᶧɛ 

ᵑ             ӭ и                דּ 

631 U7750 Ӣᾬо  3  

631 U7330 Ӣᾬ ᶧЏ  3  

631 U9510 о Ӣ ӣ 3  

631 U9500 Ӣ иέ 3  

Ϛ (6 и) 

 Ṇϱ Ӈ ҵП 6 и 

ᴞӦ (14 и) 

 Л ṆȲҠדּ ‍ӐּדṆἬ П Ȳ 14 и 

3.  

15 иȲ Ṇ╓ứ 3 Ȳḕ ֢1  ȲẔ Ὅ

ᴞӦ ȲЛắ╓ứ ạȴЄ ѝҠ A1~A4МᾼԉϚ

Ф҉ὂȲᴟֵ3ד иȴҠ ɦ Ӑ ϩ ɧѿ҉ὂ
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иȲᴟֵ6 иȴ 

 

 

A1 ѝ    
 

ӐṆ╓ứ Ӣ

 

A2 ҭ≈  

A3 ѷꜜѝὙ 

A4 ≈ᴕ 

A5 еӖ ῂ иέ  

A6 оиέ   

A7 ᾬ דּ   

A8 ӢỄּד   

ϡȳׁשṅἬ ( Ђ ц Ђ ) 
ṅἬשׁ Ђ ד ⱢϚᴟҳדȴ Ђ ṅӢᴟюשׁ

32 иѿϱɎЛᵶ ѝɏȲҔ╗Ӈ ӭדּ 13 и ӭᴟюדּ

19 иȴכ П Ђ ṅӢȲשׁ ֥ ứȲ Ө Ђ

ṅӢשׁ ᴩ Ђ ᴯȴ 

Ђ ד Ɫϡᴟϝדȴ Ђ ṅӢᴟюשׁ 36 и

ѿϱɎЛᵶ ѝɏȲҔ╗Ӈ ӭדּ 14 и ӭᴟюדּ 22 иȴ 

Бὑ›Ϛ ᴯ ӐἬ П їἨ Ȳѹכ

70иѿϱ῏Ȳ ὂ ứП ȴ 

1. Ӈ  

Ђ (13 и) 

   ӭ иדּ 

631 M0010 Ђ ѝ  - 

֯ ∟Ϛ Ӈ

ȲЛ Ϥ ứП 32

ивȴ 

631 M0030  1 ϱȳϯ Ӈ Ϯ ȴ 
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631 M0040 ׁשṅ 2 ϱȳϯ 
֯ ḕ Ӈ

Ȳᵀ 8 иȴ 

631 M5200 Ӣ  1 ϱ ϚӇ ȴ 

631 M0500 ּד ṅשׁ ᵂ 1 ϯ ϚӇ ȴ 

 

Ђ (14 и) 

   ӭ иדּ 

631 D0010 Ђ ѝ  - 

֯ ∟Ϛ Ӈ

ȲЛ Ϥ ứП 36

ивȴ 

631 D0030  1 ϱȳϯ 
Ӈ ҳ Ȳᵀ

4 иȴ 

631 D0040 ׁשṅ 2 ϱȳϯ 
֯ ḕ Ӈ

Ȳᵀ 8 иȴ 

631 M5200 Ӣ  1 ϱ ϚӇ ȴ 

631 M0500 ּד ṅשׁ ᵂ 1 ϯ ϚӇ ȴ 

2.  

Ђ (19 и) 

19 иМ ӐἬ 9 иȲẔМᴟюᵶ ї 3

иȴ 

ɚ ї ɛ 

ᵑ             ӭ и                דּ 

631 M1950 צ а ᾎ 3 Ṇ  

631 M1300 Ṇ Џ  3 Ṇ  

631 M1500 ᴞ оṆ  3 ạ 

631 M7800 ӢᾬḊ  3 Ӣᾬ ᶧ 
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631 M8210 ц ӣ 3 ϢЏ  

631 M1580 ӣ  3 ϢЏ  

ɚ Ṇ ɛ 

ᵑ             ӭ и                דּ 

631 U5720 
Ӣᾬ ᶾ  

( ) 
1  

631 U0510 Ṟ Џ  3  

631 U9400 о Ṇ Џ  3  

631 U1810 ☼Џ  3  

631 M1580 ӣ  3  

631 U1590 Ϣ  3  

631 U5400 Ӣᾬ  3  

631 U5500 ϩ  3  

631 U7330 Ӣᾬ ᶧЏ  3  

631 U7230 ӢᾬḊ ᾬἤиέ 3  

631 M9470 ỒᴏṆ  3  

631 M9000 Џ  3  

631 M7920  3  

631 M7930 ☼ ϩ  3  

631 D2800 ы Ṇ Џ  3  

631EU7980 Џ  3  

ɚ ạɛ 

ᵑ             ӭ иדּ 

631 U0510 Ṟ Џ  3  

631 U8300 Џ  3  

631 U5400 Ӣᾬ  3  

631 U5500 ϩ  3  

631 U1540 ₤ ạ 3  

631 U3320 ӢᾬиІ аԈ 3  

631 U3330 ӢᾬṆ  3  

631 U3340 ӢᾬиІ ӣ 3  

631 U1530 ᴯ ạṆ  3  

631 U1550 Ϣ ϩ ạ 3  

631 U1820 Ѡᾎ 3  

631 M1500 ᴞ оṆ  3  

631 M3130 ‒  3  

631 M3140 иέ 3  
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631 M3310 ᶾ  3  

631 M8210 ц ӣ 3  

631 M1570 Џ  3  

631 EU0400 
ӢᾬṆ Џ Пҵ ѝ

 
2  

ɚϢЏ ɛ 

ᵑ            ӭ и                דּ 

631 U1260 ᾎ  3  

631 M1580 ӣ  3  

631 U1540 ₤ ạ 3  

631 U9470 Ӣ  3  

631 M1570 Џ  3  

631 M3140 иέ 3  

631 M8210 ц ӣ 3  

631 M3310 ᶾ  3  

631 M3110 ֵה иέ 3  

631 D3310 ᶾ  3  

631 U1370 ּד  3  

ɚӢᾬ ᶧɛ 

ᵑ            ӭ и                דּ 

631 U4760 Џ иέ 3  

631 U3320 ӢᾬиІ аԈ 3  

631 U9490 о Ӣ ӣ 2  

631 U3340 ӢᾬиІ ӣ 3  

631 U1770 ᾬ Џ  3  

631 U1760 Ӣᾬ ѬЏ  3  

631 U7230 ӢᾬḊ ᾬἤиέ 3  

631 U7330 Ӣᾬ ᶧЏ  3  

631 U7780 ᶧц  3  

631 U7990 
ԛӢ цӢᾬ ᵓ

ӣᶾ  
3  

631 U9610 ᾬ  3  

631 U7800 ₇Џ ₇ׄԓ 3  

631 U3160 

Ӣо иέɎϚɏȸ 

ӢᾬиІиέ  

( ) 

1  

https://nol.ntu.edu.tw/nol/coursesearch/print_table.php?course_id=631%20U0400&class=&dpt_code=F030&ser_no=28384&semester=111-1&lang=CH
https://nol.ntu.edu.tw/nol/coursesearch/print_table.php?course_id=631%20U0400&class=&dpt_code=F030&ser_no=28384&semester=111-1&lang=CH
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631 M9440 Ӣᾬᶾ ӣ 3  

631 U8300 Џ  3  

631 U1780 Ѭ ᴁ╬ ◖ᾬ  3  

631 M7660 Ӣᾬ а ᵂ 3  

631 M7800 ӢᾬḊ  3  

631 M9410 Ӣ иέ Ϛ 3  

631 M9450 Ồᴏ о  3  

631 M9470 Ồᴏ Џ  2  

631 M9480 о  3  

 

ɚԚ֝ ɛ 

            ӭ и                דּ 

631 U7860 ӢᾬṆ иέ 3  

631 U9440 Ḋ Ἐ 3  

631 U3350 
иІӢᾬ Ѡᾎ  

( ) 
1  

631 U3150 
Ӣоч Џ  

( ) 
1  

631 U4460 MATLAB ПЏ ӣ 3  

631 U1850 ᾎ 3  

631 U7980 Џ  3  

631 U0400 
ӢᾬṆ Џ Пҵ ѝ

 
2  

631 U7750 Ӣᾬо  3  

631 U1280 װѷ҅ứᶧ иέ(Ϛ) 2  

631 U9500 Ӣ иέ  3  

631 U4470 ᵗњ  1  

631 U1290 װѷ҅ứᶧ иέ(ϡ) 2  

631 U0700 ӑẃ  3  

631 U9620 
Ϯ Ӣᾬԝ֙ Ừ ѱ

( ) 
1  

631 M1300 Ṇ Џ  3  

631 M3100 ПЏ ӣ 3  

631 D5300 ᾎ  3  

Ђ (22 и) 

22 иМ ӐἬ 15 иȲẔМᴟюᵶ ї 6
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ȳׁשṅכὨ 
Ϛȳ Ὠכṅשׁ  

Integration of Multiple Sensors for Beehive Health Status 

Monitoring and Assessment (Ὥ ) 

Honeybees are important insect pollinators ensuring food security and 

maintaining the biodiversity of ecosystems. Monitoring honeybee behavior and 

beehive health status is not only essential for understanding the biology of honeybees, 

but also beneficial for beekeepers for beehive management. In the apiculture industry, 

beekeepers usually look after beehives regularly and manually. However, the 

assessment of beehive health status is laborious and requires considerable experience. 

An automated beehive monitoring system will facilitate efficient beehive management 

and reduce the risk of beehive losses. To address this issue, we propose an intelligent 

beehive health status monitoring system using multiple sensors and a sensor fusion 

technique. The system monitors various features of beehives, including temperature, 

humidity, weight, bee traffic, and acoustic signals. A long-term dataset of 4 beehives 

in two different locations was collected. The soundscape indices are used to interpret 

the acoustic signals, and these indices predict the two-class hive status with an 

accuracy of 0.86, which demonstrates its ability to detect the beehive health status. 

Regarding the aspect of weight features, the detrended weight patterns represent the 

daily activity pattern of a beehive, which profiles the interaction between the beehive 

and the environment. The maintenance of a stable in-hive temperature and humidity 

environment indicates the beehiveôs strength and stability. The weight and 

temperature features also successfully detect the two-class hive status with an 

accuracy of 0.82. The multi-sensor intelligent beehive monitoring system 

automatically collects the long-term data and detects the beehive status on a daily 

basis. It is an efficient tool to help beekeepers in managing their beehives in a data-

driven approach thereby improving the beekeeping quality. 

 
The architecture of the overall AWS services architecture for software backend of 

the system 
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Design of a Versatile Wireless Multi-Sensor Interface for the 

Intelligent Environmental and Pest Monitoring System (Ὥ ) 

In greenhouse crop cultivation operation, environmental and pest monitoring is 

crucial for effective management to ensure crop production and quality. We have 

previously developed an intelligent environmental and pest monitoring system for 

greenhouse management based on IoT approach. In this research, we focused on 

expanding the functionalities of the system by designing a versatile wireless multi-

sensor interface so that various sensors, such as soil moisture sensor, CO2 sensor, EC 

sensor, etc., can be connected to the existing Raspberry PI embedded computer of the 

environmental and pest monitoring system wirelessly, enabling the monitoring system 

to adapt to the need of integrating various sensors required for different crop 

cultivation practices in greenhouses. The multiple sensing system has the ability to 

monitor the crop growing status and the surrounding environment in a greenhouse. 

The integrated multi-sensor interface is comprised of an Arduino Pro Mini, 

ATTiny13A microcontroller, HC-08 Bluetooth module, and selected sensors such as 

soil temperature/moisture/electrical conductivity sensor (Tero12) or soil 

temperature/moisture sensor (PR-3000-TR-N01). The sensor type is selectable 

depending on different scenarios. The hardware/software interface reads the sensor 

data and automatically transmits them to the embedded computer via Bluetooth 

connection. The embedded computer then collects the data from all the sensors and 

sends them to an AWS cloud platform via Wi-Fi communication. Therefore, the data 

are readily available on the AWS cloud platform via AWS QuickSight business 

intelligence service. Farmers can check the information conveniently, and deal with 

problems immediately. The designed multi-sensor interface was initially tested in a 

lab and further tested extensively in real greenhouse crop cultivation operations to 

confirm the stability and durability of our system. The results show that the multi-

sensor interface has stable Bluetooth connection, and can continuously operate for 

about three months via an independent battery power supply. 

 
System components and mechanism 
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An Automated Thermal Imaging System Based on Deep Learning 

for Dairy Cow Eye Temperature Measurement (Ὥ ) 

Dairy cows' milk production is closely related to their health status. One of the 

indicators reflecting their health status is their body temperature. Infrared thermal 

imaging has been demonstrated to process a high potential for non-contact 

measurement of dairy cow body temperature, which is crucial for establishing an 

automated health monitoring system for dairy cow management. Although several 

studies have reported on the dairy cow temperature measurement by handheld thermal 

imaging cameras, manual measurement is not a feasible approach for practical 

application in the dairy industry as it is laborious and time-consuming. To solve these 

problems, this work proposes an automated non-contact thermal imaging monitoring 

system that can efficiently take dairy cow eye temperature measurement from thermal 

video stream in real time. The system utilizes a deep learning approach for dairy cow 

eye detection. A YOLOv4 model for real-time dairy cow eye detection was trained 

and optimized; it yielded a hit rate of 0.99 and an F1-score of 0.99. For each detected 

sub-image containing the dairy cow eye in the video stream, a further image 

processing algorithm was applied to determine the mean temperature with its variance. 

With this approach, multiple temperature measurements are taken from each dairy 

cow walking by the thermal camera. The system was installed in the university 

experimental dairy farm and long-term experiments were carried out to assess the 

variations of temperature measurement. It was found that both the ambient 

temperature and the thermal camera distance have strong effect on the temperature 

measurement, indicating that the eye temperature measurement needs to be corrected 

with the ambient temperature and measured temperatures need to be preprocessed in 

order to increase its accuracy. The experimental results also show that the proposed 

system has potential in regard to detecting dairy cow fever or assessing of heat stress. 

 
(a) Dairy cow carrying the UFH RFID tag, (b) The location of the UFH RFID 

reader, (c) The location of thermal infrared camera 
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Design of a Versatile Wireless Multi-Sensor Interface for the 

Intelligent Environmental and Pest Monitoring System (Ὥ ) 

Building a greenhouse is an effective method to protect plant growth in a 

controlled environment. To decrease the risk of disease and pest infestation and to 

provide a suitable environment for crop production, microclimate control and 

monitoring of greenhouse are the most important issues. The IOT devices we 

previously proposed, the versatile wireless multisensory module (VMSM) integrated 

with the intelligent environmental and pest monitoring system (IEAPMS) based on 

Raspberry Pi, can record the long-term climate multi-position parameters in a 

greenhouse. With the usage of interpolation methods, we repaired the missing data of 

IOT devices. With the RBF equation, we simulated the data of areas without IOT 

devices. After the data was repaired, we visualized the different values with different 

colors for intuitive visual appearance. The visualization figures represent the 

greenhouse microclimate variability in the crop production area. Therefore, through 

the analyses of this composite and long-term microclimate information acquired by 

the IoT devices deployed in commercial greenhouses in Taiwan, we can offer 

suggestions by utilizing the information for better greenhouse operation management. 

 
Methods Architecture 
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An Embedded Thermal Imaging System for Automated Dairy Cow 

Eye Temperature Measurement (Ὥ ) 

In sub-tropical regions, dairy cows often suffer from heat stress problems due to 

extreme levels of humidity and temperature. Heat stress contributes to the decrease in 

the feed, and drink intake, and milk production of dairy cows. One of the indicators 

reflecting their health situation is their body temperature. Infrared thermal imaging 

has been demonstrated to possess a high potential for the non-contact measurement 

of dairy cow body temperature, which is crucial for establishing an automated health 

monitoring system for dairy cow management. This research presents a lightweight 

algorithm for cow face recognition and eye detection tailored for edge computing 

application with the embedded thermal image system for cow eye temperature 

monitoring. The lightweight cow face recognition model was trained by using the few-

shot learning method and adapted based on newly acquired training samples. With 

150 cow face images as testing data, the model achieved an accuracy of 0.99. After 

the cow face recognition model was built and optimized, it was implemented online 

for continuous and long-term monitoring in the experimental dairy farm for data 

acquisition. An algorithm was also developed to determine whether the cow had been 

detected in the video stream so that the imaging system would only be activated for 

eye temperature measurement when the cow is present in the video stream. Statistical 

analysis was performed to assess the variability of the measured dairy cow 

temperatures, and the factors affecting the performance of the imaging system were 

discussed. 

 
Cow eye detection process 
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Feasibility Study of an Autonomous Drone Navigation System for 

Greenhouse Crop Monitoring Using Visual Slam (Ὥ ) 

In recent years, the increasing labor cost and the shortage of labor engaged in 

agriculture have become pressing concerns. Many greenhouse owners have switched 

to automation to operate their greenhouses in order to improve management efficiency 

and lower operation costs. Many researchers began to place sensors in the greenhouses 

to monitor the condition and environment of the greenhouse in order to use such 

information to achieve better control of crop production. In this paper, a drone system 

that can automatically record crop phenotypic data through a navigation system is 

developed. The system can reduce the labor or sensor cost in the greenhouse. Differing 

from outdoor drone navigation systems that can utilize GPS data for navigation, 

indoor drone systems are usually limited in physical space and GPS signal availability. 

A visual SLAM approach is one of the methods for achieving indoor navigation and 

has received increasing attention recently. In this study, we chose the DJI Tello which 

is an off-the-shelf lightweight, small drone that can pleasantly perform its mission 

among greenhouse crops. In addition, it transfers data via Wi-Fi and Robot Operating 

System (ROS). ROS is used to receive the RGB video of the drone and transmit the 

control signal to the drone after localization and calculation by the local computer. 

While using ORB-SLAM2 in our experiments, we first created a pre-build map by 

Intel RealSense D435 depth camera, and the drone could then locate itself through the 

map by RGB video stream. After that, we could set waypoints to perform the assigned 

tasks and automatically collect videos of crops in the greenhouse by droneôs RGB 

camera. Experiments were performed both in the laboratory and greenhouse to test 

the feasibility of applying the developed system for autonomous navigation and crop 

monitoring. Video streams were collected using the autonomous drone system and 

further analyses were carried out to demonstrate the capability of the system in 

phenotypic data acquisition and assessment. 

 
The amount of space in the greenhouse and the flight path of the drone  
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Improving Insect Image Classification Performance Using Gan-

Based Super-Resolution Approach (Ὥ ) 

Proper pest management during crop production requires information about the 

amount and species of insect pests in the environment. We previously developed a 

deep learning method for insect pest counting and classification for sticky paper trap 

images. However, challenges still exist in dealing with the problems of sticky paper 

images such as dust, lighting condition, and blurred insect images. To improve the 

performance of the pest classification model, the aim of this study is to proposes a 

method based on the super-resolution generative adversarial network (SRGAN). 

Sticky paper images acquired by the AIoT imaging devices were used to train the new 

model and a new framework and flow for classifying six species of insects, namely 

fly, gnat, moth fly, midge, thrips and white fly were established. Following the best 

SRGAN model, a classification model was selected; the SRGAN framework showed 

promising enhancement of the insect classification performance. Compared with the 

base model the F1-score of SRGAN classification model improved from 0.856 to 

0.926.  

 
Proposed framework  
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ӣЊ₤ Ϣ П Ṇ ὑ ⅍в◦  (Ὥ

) 
Њ₤ Ϣ ⅍вᾼᵂᾬ ᴩ ᵑ Ȳ Ϡצᵗὑ ⅍в

ԉ ᾼᴞ о ⇔ȳ Ғ ἤȲϷצᵗὑ Ӗ ᵅӢ ᾼϢ

ϩ Ӑȴ Tכ Ӧὑ ╦ Ṇ  (Global Navigation Satellite System, GNSS)

ԓ ứᴯṆ  (Global Positioning System, GPS)֯⅍в М ᾎậ ∟

Ἠ Л ứȲ ὔ Ӣ Ȳ Ϣ ứᴯᾼ ⇔ȴ╝Ӑׁשṅ ᵓ

ӣЊ₤ Ϣ ϱ ᾼ Ȳṳ ὑ ᾼ ᾎ ᶾ ȲẦᵗЊ₤ Ϣ

ᶙכ ⅍в∂Ӵ֮ ứᴯԉ ȴѹ֯Ӑׁשṅ МȲ Њ₤ Ϣ ᾼ

ᾼ֫ ȲҠ Ӧ ᵓӣ ⇔ ₤ ᾬԈ ᾼᶾ Ȳᶙכ◦

ᾼ ȲϷ Ṇ ẓ ẦᵗᵂᾬӢ ᾼҠᴩἤȲӑẃϷ

ἷ ᴟЛ֝ᵂᾬᾼ ᾼ ԉ Мȴ 

 
Ϣ Ṇ ▐  
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Ὤ ᶾ оҵ --І ϡ (Ѡ

)  
ὬⱢ ẻᵮ ḆדἤὨ₇Ȳ֯ 20̆ẻᵮ Ҡ  230 mg CO2ökg-1ö

h-1Ȳ ∟֯⅍  3-5 щ―ṣ ∟ оȳᶼ ϩ ᵅȲᴔо ҷ

₇ ȴױṷ֪ Ὠ₇כ ѿ   Ȳ ᴍиПϟϫϟᾼҵ Ӏ

М֯М Є ȴ ⇔Ɫ Ӣ ₇ ∟ן Ễ ᾼ ֪ІȲ

ן₇ ∟ ҟ ӥ Ȳ ₇ ᵅᴟ ֥ᾼᵅ Ɫ ₇’

Ȳ ∟Ἃ∟ן Ἇ Ἇ ᴔо֕כ ȳ ҷѬȳ Ғ ᴖ

∟ ỄȲἬѿ Ὤ ∟ן Ȳ ҅ ȲἋ  Ễȴ

ᵐ (precooling) Ɫ ₇ ȳ∟ן ἨҒЏ›Ȳṣ ҟ ӥ ᾼ ∟

ᶾ ȲẔМϭѿ ᵐ(forced-air cooling)Ɫ ӣ ᵐѠᾎȲẔ

⅍ᵐ (room cooling) ᶶ ȲѹҠ ᵍԜѬ ᵐ (hydrocooling) Ѭ כ

╬ᾼ Ȳ╥ֵ ὔắ ₇ ᾼ ᵐѠᾎȴ 

ӐІ ὑ›Ϯד⇔Б Ẓ҅Ҡ ה ᵐ ȲҠ ֥Л֝ᵐ

ЄЊ ᴩṿӣȲ֝ צ Ὤҵ Ҕ ᴩḂ ȲҔᵶẔ э

ȳ э ȳҔ Ḋ Ȳ ҏ ᾼ Ҕה Ȳ Ҡ ה ᵐ

ӐׁשṅἬׁש П ה ὬҔ ҠЄ Ὠ ᾼ Ȳ∂Ӵ Ὤ

ᵐᶾ П ᵂ ☼ ȴӦὑ  М в ═Ϛứᾼ ⇔Ȳ

Ӧ ᵒ ⇔ ὑ ה П ȷ֯ ᵐѠ ☼ ϩ

ᾼ Ὠ Ȳ ὬḊ ậ Ṿ … ȷ ֥ ה

Ҕ ᾼ Ҡ Ғᵐ э Ϥᾼ Ȳ ṿᵐ ᾿ ӦҔ э

ẞ в ₇᾿ Ȳ ᴖ ȲЄ Ḃ ᵐ ’ ᾼ ὨȴϷ

ᾼ ⇔ҟ ϚḔᾼиέȲᵒ ⇔ ὑ ה П ȷṳ

☼ ϩ ᾼ Ὠ Ȳ ὬḊ ậ Ṿ … ȴ 

ṅѠᾎשׁ Ὑֽϯȸ 

1. ⇔ ה П ϩἭắ ᶮ  ѿ ᴩ 

ᾼ МȲ вᾼ ⇔Єּפ ═֯ 80~90%Ȳ ắ ∟ ὑẔҠἭắП ҵϩ

Ἤצ Ȳ ֪ắ ᴖ Ӣ ᶮꜙᴟ ẞ Ὤ Ὠכ ᾼ Ȳ

ὑҵ ╥ ЄᾼЛᵓȴѿҳ  ( ȳ ֣ Ѡэ_ ֙Ӡ ȳ ֣

 Ѡэ_ ֙Ӡ +ṮѬ ȳ ֣ Ѡэ _ ֙Ӡ +ṮѬ ) ᴩ Ȳ

Ὅὑ Є ᾬЏ П ⅍вȲ ⅍⅍в ⇔ ứⱢ 85%ȲὍ  2~4 

∟ Л֝ ắẞ ⇔ ∟Пᶮ ѿцҠἭắ ϩП оȲѿ Л

֝Ḋ эѠה Ἥ П ȴ A.  B.֣ Ѡэ_ ֙Ӡ  C.

֣ Ѡэ_ ֙Ӡ ṮѬ  D.֣ Ѡэ_ ֙Ӡ ṮѬ ᶮ ếҠ

Ἥắ ϩ ҳ Ὤҵ Ҕ ȴ  
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2. ₤ ᵐ ȸѿ ὧ Ҕ ᵐ Ɫ ἬȲ

ṿӣӐ П ₤ ה ᵐ ᴩ  Ȳ ⅍ᵐ (room 

cooling) ц Ἇ ה ѩ Ὠ Ὠї ⇔ פ П ἤȴ Ὤ 6 kg 

Ὠ ѿ ₤  ( ֣ Ѡэ_ ֙Ӡ ṮѬ ) ᴩ ȴѿϥ ӂ

Ϛ ֯ ὰϱȲ֣ϱ  12 ╝ḕϚ ὰ  96 Ȳ ὰὑ

› ԝכẒ Ȳḕ ֢ 4 ὰȲԚ  768 ȴ ᵂ›М ṛ ẓ

ќצ ᾼבӁȲᶮכ ȴ ⇔ Ὅ Мὑ  П Ϛ ȲὑḕϚ ὰ 

( П ῺȲ  1~4 ὰ) ПϱȳМȳϯ  (  1,6,12 )Ȳḕ  ᾼв

ҵ вМҶᾼ ὬȲ ϤὨї ⇔ ѿиᵑ ПЛ֝ᴯ  (›∟ȳ

ϱϯȳвҵ ) П ⇔ȲԚ  24 ȴ ⇔ Ɫ Elitech RC-4ȴ ᵐ

Ɫ ᵅ ᵐ›Ὠї ⇔ ᵐ вῈ  7/8 ⇔ᾼἬ Ɫ ᵐ

ȴ Ɫ֝דҔ Ҕ  6 kg Ὠ Ȳ ὰ ѠהԒѿ 8 ӂ

Ϛ ֯ ὰϱ∟ԛ֣ϱ   12 Ȳ Ϥᵐ ᴩ⅍ᵐȴὑ ὰПϱȳМȳ

ϯ (  1,6,12 ) ậ 1 вМҶ ᾼ ὬȲ ϤὨї ⇔ ѿи

ᵑ ⅍ᵐПЛ֝ᴯ  (ϱϯ) П ⇔ȲԚ  3 ȴ ⇔  Ɫ Elitech 

RC-4ȴ ᵐ Ɫ ᵅ ᵐ›Ὠї ⇔ ᵐ вῈ  7/8 ⇔ᾼἬ

Ɫ ᵐ ȴ  

3. ѿ ☼ ϩ ה ӣὑ Ὤ ᵐ  ṿӣ 

Solidworks Flow Simulation ☼ ϩ Ȳ ה ӣὑ Ὤ

ᵐȴԒṿӣ  Solidworks ∂Ӵ Ὤҵ₤Ȳṳ┬

ᵐ П ᾓ ԝȲӦὑ Ὤὑ ᵐ вП ԝⱢ ṛ ҿҢẒ

ᾼ ѠהȲ֪ױ ӣϡиПϚ ₤ ᴩ Ȳὑ ₤в ᵐ ϤῈ Ȳ

ṳὑᵐ ϤЀ ứ ֥ЏᾓП … Ȳ ṿӣ Navier-Stokes Ѡ ה  ᴩ

Ḗ ȴ  Solidworks Flow Simulation Ҡậ Ὤ ᵐ∟ ὨᾼὨї

⇔Ȳ Ӧ ᵐ  ὨПὨї ⇔ ᴩѩ Ȳ ὬḊ ậ Ṿ

… ȴ 

Ὠֽϯȸ1. ṿӣכ ה ᵐѿ ֣ э ᴩЀֿ₤

Ȳ2.ḂṏҔ э ȲҠ ᵐ ȳ Ȳ ϠҠ ═Ὠ

₇ ȳἋ ᴔоȲṳ Ғ Ҕ ᵂ ☼ ȴ ᵐ Ὠ ⅍ᵐᾼ 21.2 Њ

ᴟ 6.2 Њ ẞ 7/8 mȴ ᵐ∟ ₇ Ϥ М ᴩ

ȲҔ╗ᴟҖּרȳМὧ ҒịȲׁשṅכὨצᵗὑ Ὤҵ Ӏ ᾼ Ӵȴ 
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∂ ЊὨ ҵ Ṿ цẆ Ѡ) ה )  
ЊὨ Ὠᴚ ֮ ѹӫ ὔ Ȳṳѹ כ ⇔Ὠ ᴩ Ȳן

ү ӭ› ѽ ӣᾼЊὨ ᵐ☼ ȴӐׁשṅ∂Ӵ ὰ ᵐ Ȳ

Ӽṿӣ ☼ ϩ Ȳ Л֝ ᾼҔ Ȳ ᵐ ᶁ

л⇔Ȳԛ ᴩ ȴׁשṅ Ὠ∂ ᾼ Ҡ ’ צ

Ṿᾼ ☼☼ Ȳ ᵐ Ὠ ⅍ᵐѠהᾼ 23.8 Њ ᴟ 4.2 Њ

ẞ 7/8 mȲ ֝ ṿӣ оᾼװ Ѭ ᴩ Ȳ צ Ἃ 

₇ᾼ ▐ Ễȴ 
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ֿо ᾬЏ  (Ѡ ) 
ϱד⇔ὑ ɦ ᾬЏ ɉ ɧ ȲП›Ϸ М

דּ ṅשׁ ῏ ׁὺ Ђ ֥ᵂȲ ϚӐ ᾬЏ ד ᾼ ȴԓ Ԛ

ϫϮ Ȳѻ Ю ᾬӢ Ṇ цẔи ȲṆ Ю ה ᾬӢ Ṇ

-ϢЏԏ₤ ᾬЏ Ἐȳ ȳ цẔכ о ἘȲ Ю ẕ₤

ᾬЏ ᾭȲ ∟ ᾬЏ ȷЮ ᾬЏ ἤᾼ Ѡ

ᾎцẔ֯ ᾬЏ М ӣȷиέ ᾬЏ в ếᾬ ӂ Ȳṳ Ẕ֯ ᾬЏ

ӣ Ϡ ȷ ᵂᾬӢ  ṅשׁ₤ ᾓȲЮ ᵂᾬӢ  ₤ ∂ᾼѠᾎȷ

Ю CO2 ₤ц ᾬԏ֥ᵂӣ ₤ ∂ȷиέ ᾬЏ ӣ ♣ Ȳ

ᵓӣᾼạּפ ԈцẔ ḟ ȷ ѡ ԏ ȳԏ ԏ ᾬӢ

 цẔ₇ ᾼ ȷṆ Ю ד ῀ Ȳ ӣᾼ Ѡȷ

ὑ ᶾ ᾼ ᾬ  ế иέᶾ ȲЮ ὑ ⇔ ᾼ ᾬ

ᶾ ȷЮ Ӣ  ₤ế ֯ ᾬЏ Мᾼ ӣ Ẃȷ

ạᾼ Ἐế ᾎȲѿ ᾬЏ МᾼӢ Ӣ  ₤ⱢẂȲ ϠLEDԏ

ếϡ о ⇔ᾼ ạ √ȴӐ ӦМ דּ ᶾ ҏᾪῂ ᴩȴ 

ᴯо Џ  (Ѡ ) 
Ӑד⇔ԅ Ӑ Ȳԓ Ԛϟ Ȳῴ БᶙכȲѿϯⱢӐ ᾼᴞᶧȴ 

ὑ ȳ ѽ ϢЀ Лᵓ ᾼѻȳⅎ ֪ Ȳ

Ϡכ ȴ֯ ╟в ᴩ ȳ ȳᾫ Ϡכ Ȳ ᾬ Ӧ щ

ẞ ⅍Ȳԛ כ ᾬЏ Ȳ ᾬᾼ ϷӦ щẞ ╟вȲꜙᴟ
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ᴰ Є Ȳ ϷӦ ẞ⅍вȲ ꜙᴟכϠ ẁ ᾬἤ Ӫ ᾼ

ѠПϚȲϷⱢыῈ ẁϠ ȴ 

῏ Ṷ ᾼ Ȳ֯דṅֵשׁ ԅ› ֯ ⅍Џ ц ᾬ

Џ ד ᾼ Ḋ ṅשׁ כ Ȳ ẁ∟ ῏ ᴕȴӐ в ╗ы

ԏᵓӣ₤ ᾬЏ  (ẓ ϩб ԓד ᾼ ₤ ⅍) ᶙԓϢЏԏᵓ

ӣ₤ ᾬЏ Ȳ ֤ Ɫɦ ᴯо Џ ɧȲנ ḊṿӣDOSᾪ

ᵗ ȲῺϡϫדẃȲ ᾼḂѿMATLAB ṕ Ȳ ὔᾼ⁄᾿

ѿExcel ȴἬצ ╥Ӧ ῏ Ȳד Ở ҠӦ ϯ ȴ

῏Ҡѿכ Ở ȲḆҠӦіӣᾼ еה ￼∟ᾼЏ ȴ 

Ӑ ֯ ῏ԅ ҏ ї Ȳᵀ ϱ ′ꜟ Ở֯ԓ Ȳ

ϭ в Ӵᾼכ   Ȳ֯110ד⇔ϯ ɷ ᾬЏ -

ɷ Ȳὑ╥ԅ ᾼϚדМЛ ҏ ЛכȲϷ ϱ Ȳ ᵂ ⇔Ἃ

ϠȲᵀϷֵϠ ≈ᴕ Ӑ ᾼ▐ ȴ Ԓ ᾼ ֤╥ɦ ᴯо ⅍Џ

ɧȲֽЭ ҒϠ ᾬӢ ᾬЏ ד ᾼ ῀ Ȳ ֤Мᾼ ⅍ḆḂⱢ

Ȳ Ḇ ╥Ḇ ֥ѷꜜ ☼ᾼ ᵣ! ԓ ӭ›ֵצ Лԛ

Є Ɫ◖₇ȲЛ Ὅ ӣЄ ᾼ Ȳю и ꜙᴟ Ὅ ӣЄ ᾼ

Ȳ ᾼ Ḇ╥ Ϡ ᾌᵗ ᾼ ὨȴѿҖּרⱢẂȲ Ὠ

ῧҚᾼ ⅍ Лẞᴍ Ȳᵀ ӣЄ ᾼ Б╥ϱ Ȳֵ ╥ ӣ ⅍Ἠ

ԓϢЏԏ₤ ᾬЏ ᴩ Ȳ Ϸ Ϡכ ȴ 

Ӑ иⱢϟ Ȳ Юֽϯȸ 

Ϛ ѿы Џ ᾼв ⱢѻȲ ṅשׁ╥ ⅍ ȳᵂᾬ ȳы

ὰ цы ӣ ᾼϤ ῀ ȴ 

ϡ ѿ Ὲ ᾼ ϩ ἤ ᾼ ⱢѻȲ ╥Ἤצ Ἤ

ẓ ᾼ Ӑ῀ ȴ 

Ϯ Ю ҳ ѻ Ȳ›Ẓ ѻ ╥ᴞ Ṯ ᾼ ȴ

Ṯ ᾼ ⇔Ҡ ҏ ֽᴶ ᵍἨ ⇔ᾼ ȴᴞ

ц ⇔ ᾼכ ϩ ⅍ҵ Ȳ Ȳ ѻ ᴞ Ȳ

ᵅ Ȳ ⇔ ⅍вᾼῈ ϤЀ ҏЀᾼ ⇔ ѻ ᴞ ȴ Ϯ

ѻ Ю Њ ᾼ Ȳὑҍủ ⅍в ═ ᾼ ⇔ȳ ⇔ȳϡ

о ᵶ Ȳ ⅍ҵ ⇔ᵅȲ ᾼ Ь Ӈ ȴ Њ ᾼ Ҕ╗

⇔ȳ ⇔ ϡ о ⇔ᾼ ạȲ ц Ṇ ᾼ ׂ⌡ ȴד

֝ ֝ ӣὑ ῟ᾼҍủ ạȴ ҳ ѻ Ю ֥  (V)ȳ

Ѭи  (E)ȳῈ ⇔ (T)ȳῈ ⇔ (H) ҳ ᾼVETHȴ

ᵅ Ɫᴞ Ȳ ạ ᾼ ȴ ц ᾬ ᾼ

⅍в ѬἨ Ṇ ẃᾼѬиᾼ Ȳ֯⅍ҵ ⇔ ד ⇔ⱢБ῀

ᾼᾭ ϯȲ Ѭи ᾼ⅍в ⇔ ד ⇔ȴ 
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ҳ Ю Ẓ иȲẔϚⱢ ạ ϯ ԓד ᵂ ᾼ Ȳ

ᾼ ᵂṼ ⅍в ⇔ Ϥ ᾼ Ἤ ᾼ⅍ҵ ⇔ȴӦ ֮ иӁ

Ϡ ֢ ⇔ ᾼ Ȳ ᴖ ᾼӂᶁԓד ᵂᾼЏᵂѩȲ ᴖ

Ḗҏ ạ ᾼ ᵂכӐȴẔϡⱢЮ ү ֢֮ᾼ иӁ Ȳ

῏Ӧ ҟϫֵדᾼ Ȳ ҏ иӁ Ȳד ӣὑ›

Ӑᾼכ ȲϷӣὑ∟ ᾼ ⅍ᾼ24Њ ᾬЏ вЛ֝

ԏ ạ цᾼ ȴ 

Х иẒ иȲ ԒЮ ᵐ⁯Ȳ ᵑ╥ ѠᾎᾼṆ

Ȳ ϤϮ ӣᾼ ⁄Ȳ ∂Ӵ Ṇ ᾼ֢ ȲצϮ

ϟ ӣ Ҡѿ Ȳṳ Ἤ ⇔ȳ ⇔ȳѬ Ѭ ȳ

ἼѬ ЄЊ ȴẔװȲЮ ֯ ạ ⅍М Ϥ Ẓ ᵐ⁯

Ѡᾎ ⅍в ⇔ȳ ⇔ ᾼ Ȳѿ ₨ӀМ ҟϫֵדẃ

ᾼϚщᾼ ȳ ⇔ ᵂⱢ⅍ҵ ȳ ⇔Ȳ Ϥ ᾼ ạȲ

24Њ в ⅍вᾼ ȳ ⇔ ⇔ᾼ оȴ 

г Ю ⅍ẁ Ȳ ᵑ ὑ֮ἉҒ Ṇ ᾼ ȲиẒ и ὙȲ

›῏ѿ ⱢҒ Ȳ∟῏ѿ ♣ⱢҒ ȴӐ Ởᾪẃᴞ ╓ד

ᶺ ѻ ᾼᴔ Ȳ҃֯2020דꜟ ѷȲ ἘП Ḇ

ṳ ϯӐ ╥ ᴔ ֻᾼ ᵣ!  

ϝ Ɫ Ϯ Мצ Ѭи  (E) ᾼἋᴼȲ  (evapotranspiration) 

Ҕ╗Ϡ  (evaporation)  (transpiration)Ȳϭ Ȳ Мб Ϥ

⅍в Ṇ ᾼ ᵂ ԈȲП∟ ȷẔװ Л֝ᾼᵂᾬѬ

и Ȳṳה ȴϷ ѝ М ẞᾼẔ҃ ѠהȲ ֽ∂Ӵ

Ὲ ᾼ Ḧ  (VPD) Ἠ╥ы П ᾼ ȴה… ה

ПἬѿ ╥֪Ɫ цᵂᾬἬ ᾼ ⇔ȴ 

ϥ Ю ⅍ ╟ᾼ ԏ֥ ᾼ Ȳѿ ứᾼ ȳ

⇔ ы Ɫ Ȳ 24Њ вᾼ ȳ Ḧ ȳԏẻ

ᵮ ẻᵮ ϡ о ᾼ Ӣ ȳԏ֥ᵂӣ ԏ֥ᵂӣ ϡ о

ᾼ ȴ֝ Ю ⅍вᾼϡ о ╟ῑȲ ц ⅍ᾼ  (ᴞ

⅍ѿACH Ȳ ạ ⅍ѿACM )ȳ⅍ҵ ⅍вᾼϡ о ⇔

ц ⅍в ᵂᾬ ϡ о ᾼᵮן  (֝ о Ἠ ԏ֥ )ȴ

ᾬᵓӣᾼϡ о ѿ ҉ᾼϡ о Ҡ ҏϡ о ᾼᵓӣ ȲӦױ

Ҡ ҏ֯ ⅍ϡ о ╟ῑ ֥ ᾼ ạ ȴ 

ϟ Ю ᶙԓϢЏԏ ạ₤ ᾬЏ ᾼ ԏ ạѠהȲ⅍ҵ ⇔ ⅍

вᵐ ᾼἤ …  (COP)Ȳᵐ ӣὑ ṛ⅍в ԏ Ӣᾼ Ȳ ׆֯׀

ᾼЛ֝ Ȳ ԏ Ϸ Ҕᵶ ԏ ᵐ ᾼ ќҏȴᴶ

И╥ ᾼ ╥Ϛ ᾼ ȴӐ ԏиẒ

ạȲḕ ᾼ Ҡ ╥Ӧ1 ᴟ24 Ȳὑ╥ Ԛ576 ֯׀ 
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ᾼ ֥ȴ ֢ ֥ᾼ ќҏȲ ќҏ ю῏

ẁӣљ ᴕȴ⅍ҵ ⇔ṿӣү ϫ ֮ ᾼ ᾼ ȴ 

Ӑ ϝ ϥ ц ᾬӢ Ȳ ϟ цԓϢЏԏ ạ₤ ᾬЏ Ȳ

Ẕ֢҃ ֝ ֥ ⅍Џ ῟Џ ᾼ ȴᶦ ῏ Ӑ ᾼв Ȳ

ᾼ ṅֵἬӣїȲשׁ ү ȳ Ӗȳ ḋᾼ ҏ Ȳ

Ϸ Э∟֮ ᾼ ȳ ᾼ ϚԌїϩȴ 

Ӑ ῴ БᶙכȲỮ ҏᾪ Ȳԓѝв ὑ Ϣ Ȳצ ᾼ֝ᴩ

Ҡϱ Ἠϯ ȴ 
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ezGeno: An Automatic Model Selection Package for Genomic Data 

Analysis ( ) 

ezGeno ṿӣ ENAS ẃ  AutoMLȲ ṿӣ῏Ҡѿע ֯ ᴩ ⇔  

(Deep learning) ṶԒ ứ  (Network architecture) ᾼḔ ȴENAS 

∂ӴϚ  (graph) ᾼ ẃ ἬצҠ ȲḕϚ

╥Ϛ ₤ (model)ȲENAS ᾼ ɴcontrollerɵ ḕװ ᶙ ᾼ  

( Ɫ ɴsupernetɵ) Мậ ӢІ  (sub-graph)Ȳԛ І Мậ Ϛ ₤Ȳ

ᴷ ₤ᾼֻ ȲENAS ₤П ᾼиṹȲҒ ᷄ẞֻᾼ ₤ᾼ ⇔ȴ

ezGeno Ɫ ֪ Ϛ ὔᾪᾼ ENASȲ Ɫ ezNASȲֽ ἬӱȲezNAS 

ẁ Ɫ ᾼ  (residual connection)Ȳ ᾼ ᶧḆצ

ȴezGeno ᾼ Ϥ Л ắ DNA ᵻԝȲӼҠ ắᶧԝϱᾼ ȲẂ ȸֽ

DNase Ἠ histone modifications ȴⱢϠѠ―ṿӣ῏ ֥֢  ChIP-

seq W Ɫ ᾼ Ϥ ȲezGeno ṿӣ῏ ẁᾼ ה Ȳ

ᴞ Ӣ ▐ȲЛ֝ᾼ Ϥ ᴞАצ Ӵᾼ Ὲ Ȳ ∟И

֥Ẇᴟԓ Ȳ ∟ ҏȴᶺ  ezGeno ᾼῶ Ȳ ҫϚ  AutoML Џẓ 

AutoKeras ᴩѩ Ȳ ϯ ҠѿכҏȲezGeno ֯ ᾼ вȲ᷄ẞѩ 

AutoKeras Ḇֻᾼ Ȳ ⇔ϷѩϢЏ ứᾼ  (DeepBind) ֻ

−ֵȴ 
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ӣҔ   צ ▐П иІ ᴩиІ  ( Ὥָא) 

  צ ▐╥Ϛ ẓצ о ϩᾼḊ Ȳצ ӣὑצ иІ ᾼ ϩȴ

ⱢϠ   צ ▐ ᵂכ о ȲẔὑ ῶ ᾼỆứоѠᾎ╥ϫи

ᾼ ȴᶺ ᷄ẞϠᵓӣ֯ иІ ᾼѠהẃ MOF818ế

MOF199Ҕ ẞ ῶ ᾼѠᾎȲṳҠ ӦױѠהẃ ᵂ о ȴẔМȲ

иІ Ҡѿ ᴩ І ᾼ ☼ȲϷ֝ ᵂⱢҔ   צ ▐ᾼ

ȴᵓӣҔ MOF199ᾼPEDOTצ ẲהᾼԆׄכ ֪ ȲҠѿ ẞ

1 ~ 3 mMᾼẲ ֪ɎױᵛϚ Ẳ вᾼẲ ֪ ⇔ɏȲѹẔ ⇔Ɫ0.246 

mA/cm2/mMȴҫϚ Ẳ ד ᾼ ╥ᵓӣҔ MOF818ᾼPEDOTצ

ᾼכ Ԇׄה ȴױ ẓצᴏה ϩ ᾼ Ȳᵛ ☼

╥ ⇔ ᾼ ἤẗ ȴẔᴏה Ɫ1.4 mMȴױẒ῏ᾼ ἤɎד ὑᶼ

ᴨ ȳ ȳ ȳ ȳ ȳ ɏ ϫи ȴ 

 

ȳẲ ֪ ֯Л֝ ⇔ϯᾼԆׄ  
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ὑ ☼ Ṇ Пᵛ  ᶼה ӂү ( Ὥָא) 

Ӑׁשṅ Ϛ ☼ Ṇ П ӂүȲ ╓Ͽᾭ ṳ ֥ о  

ᶼѠᾎᵛ ӭ ᾬ П ֥ṳ ᴩứ иέȲ ᴷױ ҏ П ϩ

ȴ╓Ͽᾭ ֪ὔὑ ₤оȳ ế Ḃ Ȳ ЄϠ о

ᾼ ӣ ȴ ᴖȲ֯ϡ Ṇה МȲҙ ҏ ☼Л ứȲ

ṿ ⇔ȳ ἤế Ἤắצ ȴ╝ױȲӐׁשṅ ϠϚ ☼ ╓Ͽ

ᾭ ԝӂүȲ о☼ ѿ о ч ạ֯Ὼ вȴ֪ױ

Ϡч ȲצᵗὑὍЄ Ἤ П о ‒ ȴ ӂүȲױ

ᾼ ֥ Ɏkonɏế ɎkoffɏҠ Ḗ ҏȴ֪ױȲ ᾼ

ếϩ Ҡ ϠȲӢᾬ ᾼ ӣ ϩӼ ȴ 

 
Figure. Impedimetric characterization of an IDA electrode microfluidic chip (we-wg: 

100-25 ɛm) under different flow rates. (A) Bode plot for amplitude of impedance 

(B) Bode plot for phase angle of impedance. 

 

ֵ І Ṇ ὑᴞ ᵂᾬ₇  ( ὭָאȳѠ ) 

І Ṇ ӣỆ ה І ԝⱢ їᶾ ȲБ

ֵ֥ ᴯ ȲҠᶶ ѹ֝ Ѭ Мᾼֵ І

⇔Ȳ ẞ ֮ᵛ ᾼ   ȴ֯ МȲ ᾬᾼ ẃ ѻ

Ɫ ІȲ Ё ἨѬ Мᾼ І ⇔ ᵛ ᾼ ╥ᵡṜ

ᶁ ȲҠ 7 І ⇔ȸ ȳ ȳ ȳ ȳ ȳ ế ІȲѿц

pHȷ І ἤ Ɫ0.1 M~0.1 mMȲ Ҡ 0.01 mMȴӐṆ

ᴞ ȲҠ ᴖᴞ ҉ ҷ ІȲѹẔ ế ӣ

ὑЛ֝ ȴҫҵȲ ІϷч ᾬᾼ ᾭ Ȳ ӣὑứ ế ₇

Ȳѹ әЛ Ἠ ҒẔ҃ ᵛҠ Ȳᵛ ч ᵂᾬӢ

ᾓѿḆ ԈȲ֝ ṷ ∂ ѿӣὑ₇ ȴ 
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ᵓӣ ☼ ὑ ֯ ◖ ȳ ᾬṎ ᾼ ӣ 

( ∑ѝ) 
ӐׁשṅכὨ ֪Ṏ ȳּד о Ϥ ῏Ȳ ―ᵓȲ Ȳ

ѹ ֥ ӐПὢכ Ȳ с ᾨϩȴ ד Ṏ ᶾ БכӴϚ

еҨ(ү )ȴׁשṅכὨ Хצ ґ (ҳ Ɫ ṏ ґ)ȳֵװ

ѝ(e.g. ΡTAS 2017, 2018, 2019, 2021) ῶȲϚ רּ ᵓȳϚ

Ὑ ᵓȴׁשṅכὨҔᵶϠϯ ϮѠ ᾼᶾ ȸ 

A. ἤᾭП  (e.g. ӕ ȳ е ֯ᴚ ȳ ἤᾭᾼиІ ) 

B. Ҡ Ṏה ֪ ѱȲ ẞ о☼ ȳᵛ ȴ 

C. ᴯо ἤ ῶ Ȳ ᴩṆ о ȴ 

ҫҵȲ֪ ӭ›ԓ ′ ◖ꜟ Ȳ ᶾ ϷБ ӣὑ ′ ◖ᾼ

Ȳ  ȳSPARKSᾼ ᵗȲṳ ῶὑ ȴ 

ᴨ Џ ᶾ  ( ∑ѝ) 
Ӗ ῏ ᴩ ֥ᵂȲṳ ֥ Є Ӣ Ἤȳ ֪ Ӫ ṅשׁ

ἬԚׁ֝שṅ ᴨ Џ ᶾ  

(A) ☼ ᶾ ẃ ᴩᴨ и Ȳ ᴨ ᾼѐЉЄЊȳᾬ ἤẃ ᴩ

и ȲḂ ӭ›ד ᶾ ☼ ȳϢЏ ᵂч ᾼ

ȲῴḔ ὨБ (1)ᴨ ѐЉ ᴿᾼ ȳ(2)  

Ϛȳᴞ Ἴậ Ṇ ѱ ϡȳЛ֝Ӣ  ԈПϯᾼѬ

әᾼ І ⇔ѻכи

иέ ȴּמᴥ ῶӱ М

ȳ ᴥ ῶӱ М ȳ

ᴥ ҅ῶӔ ȴ 
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(Circulating Tumor Cells)ȳ(3)ᾼּמᴨ (Nucleated Red Blood Cells)

ғᾼиכ ṳẓצṏֻᾼ ⇔ȴ צ ṏ ґ ῶȳ

ѝ ῶȴ֝ ᴩ ֥ᵂцᶾ ȴ 

(B) ᾼᴨ и ᴨ₇ Ṇ ȴ Ṇ Ҡѿ ᴨЊὰ ȳ

Ӫ ȴׁשṅכὨ Ȳѻ ᾼbenchmark Ɫ ד ᴨ Џ Є

 (e.g. Haemonetics)ȴӭ›ׁשṅכὨ ӣὑ ₇ Ȳ שׁ֥

ṅἬ ᴩ֥ᵂȲṳѹ ᶾדּ Ҩᾼ ṏ ῶ ȴ Ϛצ

ṏ ґ ѝȳϮ ѝ ῶȴ 

 

  



53 

ᾐ ᾼᴞ о  ( ) 

ӣWebcamᴩᵛ ȲᵓӣArduinoȳḔ ц3Dԝ֙ᾬ

Ԉ ᾃכ Ȳ ᵌ ц ᶮכ ᾐ ᴞ о Ṇ ȴᵓӣ

SolidWorks Flow Simulationᶮ ᴩ Ȳ  ц ᾼ∂

ᴩ Ȳּט ц ᵌϩ Ғ  15 mmⱢ ȴ ᶮ

ᾎ ᾼҙ Ȳṳ ϱᴍ ҙ ᾼפ ֥ ҏ

ҙ ᾼ ֯ҙ 0.6 mmѿϱ Ɫứ Ȳṳ ҏ ȷ

ӂᶁ ᾎẃ ᾐ Ғ ӂ ᾼ ц Ȳ

ṳ ᵛ ҏ ȴ 
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ẓIoT ғ ᾼы נּ  ( ) 

֢֮ắἬ֯ ⇔ȳ֢ה  Ȳ֝דПы ὰἬ ҏ ἬЛצ

֝ȴӐׁשṅ ᵂIoTы ן Ȳ═ ы ὰП

☼ȳṳ WiFiᴟ ᴩ ȴ  Ἤ Ҡẁ ֮ׄ

ы Ṇ ẁӔ ᾼ Ȳ ѿṼӣ Ḗ ᾼы

ὰ ᾼ ȴ 
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ừỰ₨ӀПӴ о-ּט ἘᾼԚ֝ ȸ ц

שׁ  ( ԇ ) 

֢צ ֻ ȲᵀẔἏϱἋӨᾼ ἤ Ẕ Џᵂ ᵺ ȴ

ᵂ Ϣ Ӈ ֯ ῈМ ѿ ᾼ ᴩᵂᾬ ᾼ Ȳᴖ Є

ᾼ ṿ Џᵂ ד ц֚ ȴ֪ױȲ ӣὑ ᾼ

╥‍ ᾼȲ ᵑ╥ᵂᾬ Ữӑẞ ן Ȳ ᾼὬ ᵂ ȴ

֯סṅשȲӐׁױ֪ ц ᵂ ӣὑ ᾼ Ȳ ᾼ ᴞ

оѿ ȴӣ ҅ Ϣϩ Ȳ ӑẃὑ Ὲᵂ ᾼ―ᵓἤцׄ

ԓἤȴ ₤ ᵓӣArduinoUno ὰẃ ạȲArduinoUnoѻ ᾼғ Ɫ

ҏ Ȳ L298N ẃ ȴL298N Ҡѿ

Ϥ ѩ ẃ ҏᾼ ☼ЄЊцѠ֣ȲֽױҠѿ Ḕ ᾼ ȴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ϡᾪ 3DП  

 

 

Ὤ ᶾ оҵ (І Ϯȸ

Ὤ ԈП∂Ӵц ) ( ԇ ) 

ῺדẃȲ ҵ ѻ ѿМ Є ⱢѻȲ ᶾ ᾼכ

Ȳ ѿ ἏḆ ᾼ֮ ѿἷ Ӏ ȴ֯ӐׁשṅМȲ

נּ вᾼ ế ⇔ ╥ᵡצ ֥Ἤ ứᾼӭ Ȳ ẓצ

Ệἤế ἤȲ26,800צ mAhᾼ ᴃ Ȳṳѹ ὑMirco SD׀

қПМȴ110דḆ ю67%Ȳ ϩ Ғ2600 mAhȴ

ὨȲ › ֪ Ὼ Ṇ Ȳ֪ױϛ Лὔ ȴ ὰ ᴯ
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⇔ế ⇔ ȲЄὑМ ếἉ Ȳ ὰ ☼ Ȳ

ȷ ∟ П ⇔ếϡ о ᵶ ȲЄὑМ ế› Ȳ

∟ Ṇ Ȳ ⇔ ȴ צ ᵒᵑЛ֝ᴯ

иȲѿᵓӑẃכ ἨḂ Ṇ ѿἋ  П׀

Ễȴ 

 

Ὅὑ вế  

 

Пׁש  ( ԇ ) 

שׁ     ֥ᾼ ѡ й Ȳ ѿצ ḟϢϩ ѽцṟ

Пᵺ ȴӐ ԓ ӭ ᵛ֯ὑ שׁ Ϛү ӣП

Ȳ ᴞ ὍϤ в ᴩ ứѐЉП Ȳ ∟ԛ

ᶙכП ᴞ ҏцן ȴ 

 
ה ᵧ  
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Sealing Performance Assessments of PTFE Rotary Lip Seals Based 

on the Elasto-hydrodynamic Analysis with the Modified Archard 

Wear Model ( ) 
Numerical assessments based on the elasto-hydrodynamic analysis (EHA) in 

conjunction with the modified Archard wear model are conducted to efficiently 

appraise the potential leakage of polytetrafluoroethylene (PTFE) rotary lip seals after 

high cycle operations. The modified Archard model with the introduction of 

exponential relationships between the wear coefficient and film thickness obtained 

via the EHA is implemented into the commercial finite element software to estimate 

the wear amount on the seal. The EHA is then periodically activated to evaluate the 

variation of wear coefficient and reverse pumping rate for the updated geometry of 

the seal lip. Simulation results reveal that the design initially having large positive 

reverse pumping rate does not necessarily bear longer service durations before the 

leakage. 

 

 
Evolutions of the seal lip cross section and distributions of the contact pressure in 

different phases of the wear 

 

ὑᶁ оњᾎ Ḋ ₤ὑҔ Ἥ ԈП Ὠ (

) 

ᾚḊ …Ɫ ₇ Ҕ ᾛ ӣП Ḋ Ȳ Лὔѹן֫ ѿԛᵓ

ӣȲ ᴥҔ Ἐ֪ױ ắ ᾃȴ ḊⱢ х ⇔Ḋ ȲẔМӠ

ὰц ὰ ӣὑ Ҕ ȴҔ ₇ὑ МȲҠ ֪ҵ֯

֪ Ἥắ ḀἨ Ȳᵮן ϩ֪ױⱢ ₤ ᴕ ֪Іȴ

Ӡ ὰц ὰꞋẓ ד П ȲӐׁשṅ֪ױ Ẓױ ὰȲи
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ᵑ ӣᶁ о ᶧ ӣὑ иέȲ ѿЄ ᵅ ӐȴӠכ ᶁ о

ӣϚᴞ оПḊ ֥(fitting)☼ Ȳ ѿ ẔӔӻ֢֣ ἤ ἤḊ

Ȳṳ ֣ἤ Ԇ ⁄ȴ Ӧ ₤ ᴩ Ἤ

П ϩ- פ Ϥ ӣצ а иέ Ȳ ӣҠ ᾚᾍ ₤

(crushable foam model)ᴩ ᶁ оȴ Ḋ Ԓ ᴩ ữиέȲ

ậד ữ Ϥ ₤ᵂⱢῴỞ ᴶ Ȳ ѿᵧ Ἥắ

Ҡ ӢП ữч ȴⱢ оᵮ ὨȲ Ӡ ὰц ὰ Л֝

₤ȲὑЛ֝ ԈϯȲ ᴩ Ҕ Ȳṳ ᾚḊ Ҕ

Ὠ ᴩѩ Ȳ ѿ ᴷ ὰ ₤ậ҅ ᾚḊ ПҠᴩἤȲ ᴖẦᵗ

ד ὑ ◕ᶶ ᴷ Ṿ ₤ȴ 

 

 
ᶁ оѠᾎПиέӱ  

 

Applications of Neural Networks to Metallic Flexor Geometry 

Optimization of Flat Wipers ( ) 

In recent years, demands of flat wipers rapidly increase in the vehicle industry 

since the flat wiper has a simpler structure than the conventional wiper. Procedures 

used to evaluate the appropriate metallic flexor geometry, one of major components 

of the flat wiper, were proposed in the authorsô previous study. However, the 

computational cost via the aforementioned procedures seems unaffordable to the 

industry. A mathematical approach based on the discrete Winkler model regarding the 

flexor as the Euler-Bernoulli beam is established here to simulate a flexor compressed 

against surface at various wiping angles. The deflection of the beam is solved by a 

finite difference method, and the corresponding contact pressure distributions agree 

fairly with those based on the corresponding finite element model. Flexor designs are 
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paired with various windshields to accumulate a sufficiently large simulation database 

based on the mathematical model. An artificial neural network (ANN) approach is 

developed to predict contact pressure distributions of the flexor much faster than the 

mathematical model. The geometry of the curved surface is represented by a shape 

code obtained via a principal component analysis (PCA) and used in the ANN model. 

The ANN algorithm is also applied to efficiently evaluate the wiping patterns 

according to the simulated contact pressure distributions. These patterns are then 

classified by using a convolutional neural network (CNN) to advise several suitable 

flexor designs for the specific windshield. Numerical results based on the dynamic 

wiping analysis of the flat wiper show that the flexor suggested by the current 

procedures is able to give qualified wiping performances. 

 

 
Comparison of the wiping pattern of the suggested flexor based on the wiping 

analysis and ANN-WP model 
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ѿ ₤ ᴷ ᴃ ᾭ  ( ♬ ) 

ᾒ ֥ṞὑϱѷּנӒ

оȲᴟЭБצ Ͼ үᾼ

ᾒ Ṟὑԓ ᴩȲ ᴃ
(Nickel Metal Hybrid battery, 

NiMH)ᵂⱢẔѻ ᾼ а

ԈȲӑẃԓ Єצ ᾼḡᶰ

ᴃ ᶔ ȴӐׁשṅ

ᾼӭᾼ֯ὑẦᵗ ῏ᵒ

ᴃ ᾭ (State of 

healthȲSOH)ᾼ Ȳṳ

⇔ȲѿҒ ҃ и ᶰ

ᴃᾼ ȴⱢױᶺ ӣ

(machine learning, ML)

ѠᾎȲṳ ὑ ᴃἤ

ד⇔ ᾼ ѿ Ғ

⇔ȴв Ҕ╗: 1.Ϡ

ᴃ ᵂ ạế .ȷ2֪כ

ה ȷ3.ӣ иέ ȷ4.ӣ ᾎ ₤Ȳ

ṳ צ ᾼ ᾎȴׁשṅ М ⌡☼҉Ὅ Ȳ чפ ếו

֥ᵒ SOHȲṳ ҏ о ᾼ☼ ȴ ∟ ҏ5 ếSOH⇔

ד ᾼ ȴ › (Feedforward neural network, FNN)∟Ȳ

Ҡѿṿ (root mean squared error)ᴟ2.56%Ȳ ế ῺѾϚ Ȳ

Ṝ ᵗ Ғᵂ ȴ 

  

  

FNN ᾼSOHế ᴃ ᾼSOHП֫ פ

 



61 

Ҡ פ ᴃ ( ♬ ) 
Ɏlithium-sulfur, Li-Sɏ ᴃ֪Ẕ ⇔ế ’Ḋ ᴖכⱢ Ṇ

ᾼҽЄ ϩȴױҵȲ ᴃ− ֥ ⱢҠּז ᾼ ȴ ᴖȲ

ᴃԒщẓזּצ  (shuttle effect) ế   ᾼ Ȳ ᵅ

ᴃᾼ ỄȲ Ȳꜙ ᴟ Ẋ ȴⱢϠ ᴃ ӣὑּז ה Ȳ

Ӈ ṿẔẓצḆ ᾼғ ҏȲἬѿ Ғ Мᾼ Ȳᵀ╥ ᾼ ἤ−

Ȳṿ ᴃ֯ ᵶ ᾎ ᵂȴ 

ⱢϠ с ᾼ ἤȲӐׁשṅṿӣ ᶾ Ҡכ ếפ

ᾼ Ȳԛ ẞ ṳ ẔҒ ṿẒ῏ ֥ȴױҵȲⱢϠ ᴃᾼׄ

ԓἤȲӐׁשṅ ᵂҏ ᾼ ȲѿṮѦ ♪ Ȳ֝

╥ ’Ḋ ȲӣẔ ᵂᾼ ὔ Ѭ Ȳ ӑẃᾼ ᴃ֫ן

Ἤצ ᵗȴ ∟Ȳṿӣ ᾼ ҠѿḀạ Ὤ ᾼᶮכȴ Ӑׁש

ṅᾼῴḔ ὨȲʌ Ҡѿ ҏ ᵶ  2.0mg cm-2 ᾼ▄ἤ Ҕ ᴃȲ

֯ ế᷉פ ᴃ צ ứᾼἤ ȴ 

 

 

 

 
 

 

 

 

 

 

 

  

Ҡ פ ☼ ᴃᾼ ӱ  



62 

⇔╓ӱ П ӣὑ ₇  ( ԓ) 

⇔╓ӱ (TTI)Ӧ᾿ ᾼ ӱ Ȳч╣ҏ ₇ Ӣ ẞ

МȲ֪ ⇔ ṿ ₇₇ ֕оП ȴ ᴖ

֯ ₇ ӣϱЬ֯׀ Ӑȳ◖ἤᾬכ ѿц ⇔ Л ἤ

ȴӐׁשṅᵓӣכӐᵅ ѹЛẓ◖ἤПḥ І (GA)ᵂⱢ ᴥḊ Ȳ

GAᾼ‍ ἤ ч ὑ ἤẞ ἤП в Ӣ ᾼȳЛҠ ᾼ

ᴥ оȴ Ӧч ϩ ᾼ Ẕ ♄о Ȳ ♄о ῶ

֯ѝ П ₇₇ ֕ ♄о Ȳ ӱGA-TTI₤ ẓ ӣ ὑ ₇

ϱȴשׁױṅכὨБ ґ ὑ2022דᾼFood Controlґȴ 

 

GA-TTIӣὑ ṵ₇ ӱ  

 

Ṋ ѱ ӣὑҳ о ◖о∟ПṊ ֫ ᾼׁשṅ (— ) 

Ṋ ֯Ϣ М᷊ ЛҠἨ ᾼṔᴥȲẔẓצ Ӫ ȳᶟכ֥ ҅ ѿц

◖ ȴ Ϣ ᾬ ӣȲ Ḃ ȲṊ оϞᴟὑṊ

оѡ цȴ Ἇᾼׁשṅ ҏᴞ ἤᾬ  (ẂֽӪ Ю -10ȳṊ Ӣ ֪

І ) ᾼ ҉Ҡѿ Ṋ оȲᵀ Л Ȳֽ֪ױᴶ ɦᴞ ἤᾬ ɧצ

֮ᵂӣὑṊ оᾼ ҟ Ṋ о╥ּד ‎ ḟᾼ ȴⱢϠ

ḟ ȲӐׁשṅ Ϛ ᾼӢᾬḊ ẃ ᵂṊ ѱṿ ◖о∟ᾼṊ

П ֫ ȴ 

 Ӑׁשṅ Ϛ иѻ ϩὑṊ ѱᾼ ᵂȲᵓӣ оṊ  

(Decellularized liver matrix; DLM) Ɫ ἉȲṳὑẔϱѠ Ṋ Ӣ ֪І 

(Hepatocyte growth factor; HGF)/Ṋ  (Heparin) ֥ᾬȲ Ϡ Ḋ ᾼἤ

ПҵȲӼ Ẕ ӣὑ ҵ ᾬ◖о (CHCl3, CCl4) ∟ᾼṊ П֫ ȴ

ϡ и⁄ Ԓ ϩὑ∂ӴЄ вҳ о  (Tetracholoride; CCl4) П

ἤṊ о ₤Ȳᶺ ѿ Ϛ иἬ ᾼṊ ѱ ὑϱ ἤṊ

оП֫ ᾼ ᴩ ȴӐׁשṅ Ṋױ ѱӑẃ ӣὑ ᶩᾙ

ȲṳⱢṊ ᾙ С ᾼѠᾎ ȴ 
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оṊ ПỒᴏ ᾼ ẔὑṊ ԛӢП ӣ (—

) 

Ṋ ╥Ϣ Мד ᾼ ỪȲ֯ Ṇ МӼѻ ᷊ ҅ ᾬ ᾼṔᴥȲ

вᾼ Ӫ ȳכ֥ Ѭо֥ᾬ҅ ȳ ҅ ȳѿц ◖ ╥Ṋ ᾼ

ȴ ᴖ ἤṊᾣϚ᾿╥ ϢϫЄ֪ײПϚȲ Ἇᾼׁשṅ ҏѬ

ҠѿḂ ἤṊ ᾼ ᾭȲᵀ Л ȷױҵȲӦὑṊ ἬῘ ֵ Ӣ ᵂӣȲ

Ṋғױ֪ ἏἏṿ Ṋ ῏֯њ ᾙ Ғ ếײϺᾼ ȴ

ױ֪ ᶩϱ й сṊ ῏ПṊԛӢ ϩᾼ ᾬȳṳ њ

ӣᾼ ᵗἤ ᾎȲ ḆֵṊ ѿ ᴩњ ᾙ ṳ Ẕכғ ȴ

ⱢϠּט ᵺ ȲӐׁשṅ Ϛ ᾼỒᴏ Ȳѿ‚ иṊй ∟

ᾼṊ П֫ ȴ 

Ӑׁשṅѻ иⱢẒ Ԍ ᴩȴ Ϛ и ϩὑỒᴏ ᾼ  (ѿ 

mPEG П оṊ ) цẔỒᴏ ᾼἤ ȴ ϡ и⁄╥

Є ῴ҅כ Ṋ Ồᴏ ᴩԚ ṳ ♄ἤ Ṋ ȷ

ҵȲӼױ ∂ӴЊ в 2/3 иṊй ₤ȳṳ Ҕ ПỒᴏ

ὑ иṊй ∟Њ Ṋ ԛӢП ȴӐׁשṅ ӑẃ ӣὑ

ᶩᾙ ȲⱢṊ ᾙ С ᾼѠᾎ ȴ 
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ӣ ᵗṆ П ֥  ( ѷῠ) 
Ɫ כ ₇ ц ϯ ᾼ ֪ПϚȲ ῏ ᵛ ῀

ᾓṳ С ╟Ȳ Ҡ ᵅ ҷȲ ן ȴ ᴩ

Пᵒᵑᶁ Ԋ П ’Ϣ Ầᵗ Ȳ ϢИצ

ѿᵛ ҀЄ Пӥ Ḗȴ֪ױӐׁשṅ ӣ ⇔ Ѡᾎ∂Ӵ

₤Ȳӣѿ ᵗ Ӗ ᴩ Пᶶ ᵒᵑȴӐׁשṅ 4000

ӥ Ȳ ҔᵶԚ12 Ȳѿ4:1ПѩẂи Ɫ ᴩ

ȴ П ₤ ӣḆᶶ Ẫ (Faster region-based convolution 

neural network)₤ậ 76.6%Пӂᶁ ⇔(mean Average Precision, mAP)ȴ

֥ ӣ ∂ ғ Ѡ Ȳӭ›БҠ Ὠᴭ Ὅӂүц

ὢ Ȳὑֵ ֝ ֯׀ Ȳᴕ ∂ ӣ П ӣἤȲ ẁ

ӣ ∂ ᴯȴױҵȲⱢ ẁḆ―ᵓὑӥ ӣ ḖȲ ẁ цLineBotẒ

ᾪӐṿӣ῏Ю Ȳ ẁ Ὠѿцӣ ∂ ȴ 

 
₤:Ḇᶶ Ẫ  

 
ӣ ᵗṆ П ֥ 
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Ḋ ὑ ἤ аԈП Ϝ) ₤כ ῠ) 

Ḋ (Laser-induced forward transfer, LIFT)ᴟЭБ כ

ԝ֙  ȳ ȳDNAỆדἨ Пד ІȳӢᾬḊ ȴӦὑẔ ᾛ ӣᾼ

ἤȲ֪ױLIFTӣὑ Ӣᾬ Ȳᴖ ẓצ ᴿᾼד (Ag: 

6.3Ĭ107 SĿm-1ȲCu: 5.96Ĭ107 SĿm-1)Ȳᵀ ―ừּ90פ Ȳ֪ױ ᵂⱢ

ȲḆ Ӑכ֥ ȴӐׁשṅԒᴩ ֻ ḛ ὑ ⱶ ὰ

(Corning EXG)ȲṿẔᵂⱢẁ (Donor)(⁴⇔ּפⱢ1000 nm)ȲṳᵓӣỒּה

ԏ(Мїᾌ 532 nm) Ȳѹ ן ὰ(Receiver)П ạὑ

100 ɛmȲכғ ᵂҏ Ṇ Ȳֽϯ Ἤӱȴ 

  
П Пῶ₤כ  ₤  

: ӐׁשṅכὨБ᷾ 2022CSMEׁש  

 

 

Laser heating of Cu thin film for potential Laser-induced forward 

applications (Ϝ ῠ) 

Stationary and moving pulsed laser have similar domain temperature, since at 

constant pulse energy, pulse width, frequency and beam diameter, the heat flux 

remains the same. However, the temperature and isotherm distribution are quite 

different. The heating characteristics are similar, i.e., a sudden increase in temperature 

is observed due to high energy density, followed by a gradual increase in temperature 

with increase in time. Finally, increasing pulse repetition leads to a saturation 

temperature. Sharp cooling curves are observed between pulses due to the thin film 

along with high convective and radiative cooling. Temperature for the top and bottom 

surface of domain 1 was determined, and it was observed that the temperatures for the 

domain, top and bottom surface of the domain were nearly same. The thermal 

characteristics of a stationary and moving pulsed laser heat source is nearly identical. 

Therefore, this work can effectively be used for laser heating for LIFT applications in 

both single and scanning type transfer process. 
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Domain 1
Domain 2

1 2

34

6

Laser heating: 6

Convective cooling: 1,2,3,4,5

Surface to Ambient Radiation: 1,2,3,4,5

Laser

2000 ɛm
5

2ɛm1.5 ɛm

Material: Copper

 

 

Geometrical illustration of the two-dimensional model 

Temperature at various locations (inset: 

upper and lower surface temperature for 

domain 1) 

 
: ӐׁשṅכὨБ᷾ 2022CSMEׁש  

/ ԏ ᴩ Ṟ ᴃ ⇔иӁ Пצ а ᾎ

иέ (Ϝ ῠ) 
ṿӣ Ϛḇ ԏ ᴩ Ȳ ֪Ɫ   ḦоἬӢכᾼ

ѿц ṿ ᾼ ἤ ѿцҵ ₇ ЄⱢ ᵅȲ╝צ ԏ ᾼ

ҒЏ ה ҏȴӐׁשṅ ҏṿӣҵҒCNCạ ᵗ ԏṳ צ

ԏ ᶮכ ԏ ᾼҒЏ ȲḆẓҒЏה ἤȲѠ―ὑ в ꜜ ᴩ ȴ

Ӑׁשṅ ᴩצ а Ѡᾎиέ ẞ ֽϯȸ(1) ⇔֝ ẞ

ᾼ1312 ÁCȲᶺ ҠѿӣḆᵅғ ᾼ ᶙכ ғ ᾼ֝ד Ὠȷ(2) ֯

ὑ ֥  ᾼ729 ÁCѿϱᾼ ⇔иӁ ⇔ᵓӣ ԏḇ ẞᾼ╥4.5 mmȲ

ѩ ԏḇᾼ Є ⇔иӁ ⇔3.5 mmẃ ֵȲ Ḇצ ᾼ ᴃῈ

ứ Ѭȷ(3) ԏḇ ᾼ ⇔иӁ ⇔╥ ԏḇᾼẒ Ȳ

ὑ э(Keyhole)ᾼᶮכП ⧵צ ẃ Ὑȷ(4) ∟ ᵓ

ӣ ԏ (40 W/mm2 + 15 W/mm2)ᾼ Ԉ ᴩ Ь ẞ֝דᾼ Ὠȴ 

 
(a) 30 W/mm2, 2.5 mm/secᾼ ⇔ ⇔иӁ 

 
(b) 50 W/mm2, 5 mm/secᾼ ⇔ ⇔иӁ 
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(c) 55 W/mm2, 10 mm/secᾼ ⇔ ⇔иӁ 

 
(d) ԏḇ ֥ ⇔ ⇔иӁ 

/ ԏḇᵓӣЛ֝ ⇔ ғ П ⇔ ⇔иӁ  

: ӐׁשṅכὨБ᷾ 2022CSMEׁש  

ᵓӣ ☼ ᾼ ϩ (ᵦ ) 
иέ ὑ ӱ ғ цẔ ἤᴟ ȴ ṅБשֵׁ ֯Л֝

ᾼ М ᴩȲѿ ᾼч ȴ ᴖȲӦὑ П ᾼ ἤȲ

ᾼӂᶁч ṳЛṜѿ ֮ῶὙ ᾼч ȴ ᾼ ɎOCRɏ֯

−Є ⇔ϱ ғ Ȳ ᴖ ֢ ᾼӢᾬч ȴ֪ױȲ ֮иέ

ᾼOCRצᵗὑḆֻ֮ ᾼ҅ ȳ Ṏế ȴ ᴖȲ ᾼצ

ꞋצϚṷᶝ ἤȲֽ Ɏtrappingɏ ᵅȳ Ȳѿц֯

Мế ∟ ѿи ҏ ȴӐׁשṅ ϠϚ ғכ

ếи ᾼ ☼ Ȳṳׁש ҏѿ Ѡה ᴩ OCRK ᾼѠ

ᾎȴ 

 
☼ ⇔ 
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ᵓӣ ԏ Ễ כ (FD-FLIM)  ♄

Ừᾼ ϩ(ᵦ ) 

ϩ֯︡ Ṏ М ᾼᵂӣȲ ᴖȲӦὑᶾ ϱ

ᾼ╚ Ȳ Ṏ Мᾼ ϩ⁯−ю ṅȴשׁ ПҵȲϮױ

ỪɎcerebral organoidsɏБ ᾛ֮ӣὑ ѩ ҵᾼ Ȳ֪ױȲӐׁשṅ

МϷᵓӣ֝ ᾼᶾ ᵂ ҵ ₤Ṇ ȴⱢϠ ₤Ṇ вᾼ ϩ

ᴩ оȲ ỪМ Ϥ ԏ ɎCPOxɏ ᵂӣ Ȳṳ

ԏ Ễ כ ɎFD-FLIMɏ ȲҠѿ ֮ ԏ ᾼ ԏ

ỄȲѿ Ɫ ỪПᵶ ϩȴӦὑFD-FLIMᶾ Лὔắ Ȳ

ẁϠ ᾼ Ȳ Ҕ╗ юᾼ ԏ ế ֮ о ȴϯ ӱϠ Ϥ

CPOxԏ ᾼЄ Ừȴ֯ МȲᶺ   ֮Ɏ 2Ểᴟ 9Ểɏ ♄

ỪвCPOxԏ ᾼ ԏ Ễ Ȳ֝ ϷᵓӣԚ נּ Ϡԏ ᾼứᴯȴ

ὨῶὙȲӐׁשṅМ ᾼѠᾎ ֮  Є ỪМᾼ

ϩȲ ᵓὑצ Пד  ṅȴשׁ

 
ỪП ϩ  
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ϡȳׁשṅӢ ѝ ӭц  

Ӑד⇔ Ђ Ӣ 4֤ Ȳ Ђ Ӣ40֤ ȴ 

1. Ђ ╓ṅӢцשׁ) ) 

оѬ Ѭ ᶾ ц ӣПׁשṅ( ѿ ȳỂ

◦ȳ—ѝ ȳ ) 

оѬ ᾼ ᶾ ȲҠиⱢᾬ ᾎȳо ᾎц

Ӣᾬ ᾎȴӭ›Ḃ Ѭ оᾼѠᾎȲ ṿӣᾬ ἤ

ѠᾎМᾼ ᾎȷӢᾬ ᶩᾎ ӣὑ ᴆ╬Ѭ Ȳ֯ ᶩ

в ҉ ḊЮ Ȳṿ Ӣᾬ  ὑ Ḋϱṳ ѬМצ

Ȳѿ оѬ Ȳ Ȳ ֥Њ ᾼѬ ȷӢᾬ ạѬ ᾎȲ

…ᵓӣѬ МӢ Ṇ ᾬ Ѡה ᴩѬ оᾼѠהȲ╥Ὼ10דẃ ҵ Ɫ

цṿӣᾼӢᾬ ᾎȴ 

    Ӑׁשṅѻ ӭᾼצẒ иȲϚ╥Ӣᾬ ᶩṆ ц ᾼׁש ц ӣȳ

Ϛ╥∂Ӵ вӢᾬ ạѬ ᾎᾼ ᵂ ц ֮ ӣȴׁשṅ שׁ֯

ᾼѬ цӢᾬ ạѬ ᾎ ֮ ᾼ ӣ ὨП ȴ 

ṅשׁ ὨҔ╗: 

שׁ .1 ᵅ ϩӢᾬ ᶩṆ ṳ ӣὑ ᴃц ᴃȴ ᴃ

ᵂԚ 400ѡȲ ӂᶁҟ Ɫ58%ȷ ᴃ ᵂ116

ѡȲ › (15щ~57щ) ҟ ᾼ Ҡ 63%ȴᴖ

ᴞ 75щ ỞȲ ҏѬ ᶁ ὑϤѬ Ȳ Ҡ ֪╥

Мứ ═ ֮᷾Ὅ Ȳ צ ᾬ ыֵȲ о Ӣ

ᾬ ᴔоȲ֪ᴖḀạ оᵂӣȲѿ ֯ ∟ ᾎӔ ᵂ

ӣȴ 

שׁ .2 Ѭ Ȳ֝ ֯үЄ ѣ ц ᾜѬ ױ

ᾼ ᴷц ᾜᾼѬ Ḃ иέȴ Ὠ ӱ Ѭ

ᾼ Ѭ ҙ 20еѐȲפּ Ѭ פּ

1,256 m2Ȳ Ѭ  m3ȴ 3,140פּ

3. Ӣᾬ ạѬ ᾎ(Biomanipulation)╥ѿϢⱢѠהḂ ᾼד

Ȳԛᵓӣכ ᾼ ἤ …Ȳ ạ Ӣᾬדᾼ Ȳѿ ẞѬ

оȴӐׁשṅὑүЄ ѣ Ὅ ᴩӢᾬ ạѬ Ȳ

М ẔӢ  Ȳѿ6דⱢ Ȳᵛ6ד∟ ԛ ҉ ᾼ Ȳ צ

⁄Ҡ ᴩ Ȳ Ὠ ӱֽױҠ ứѬ ȳ ═

ᾼ ứἤȲכғ֮ ֯ ѣ ᾼ֥ ᵓӣ ȴ 
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Єỵדּ Ṹ ᾼϮ ῧ′ᶮᾭ ϡ ה

иέ( ȳ ∑Ḽ) 
ῧ′ᶮᾭế ᾼֵה ἤȲ֯ і ῏ᾼ ῧᴩⱢế

ᵮі ῏ ֻМ᷊ Ṕᴥȴ ϱȲῧ′ᶮᾭ

ᾼה оԊ Ӣᾬ ᾼ ѻ ᵒ ȷῺϫדȲБצ

ֵ иέЏẓ ѿẦᵗӢᾬ ֮ оῧ′ᶮᾭ

ᾼה ȴ ᴖȲЄֵ иέЏẓӑᴕ ῧ′ ᾼ֝ ἤȲṿ

֯ῧ′ЄЊ ᶮᾭ Ὑ ᾼᾬ П ѿ ᴩѩ иέȲ ᴖ иέכ

Ὠ ᴷἨᵅᴷῧ′ᶮᾭ ᾼה ȴ֯ ῧ ᾬМȲῧ′ ḇᾼᶮ

Ӣẓ֝צ ἤȲѹ֯Ὼ ᾬ П Ὼᴿᾼצ ₤ȴ֪ױȲῧ′ ḇᾼ

₤ ẁῧ′ ϱ֝ ᾼῈ Ȳṿ Л֝ῧ′ЄЊ ᶮᾭᾼῺ ᾬ

ᾼѩ ḆⱢⅎ ȴӐ ѝ ֥ ᶾ ᾬ ᶾ Ȳ ҏѿῧ

′ ḇⱢ ᾼ оῧ′ᶮᾭ ѠᾎȲה ӣὑ Єỵדּ Ṹ

ᾼᾬ ȴῧ′ᶮᾭѠ Ȳ Ԓѿ ᴏ ậ ῧ′ПϮ Ȳ

ứ ῧ′ ḇṆ ᾼ Ȳṳ ậẔϮ ȴ Ϯ ᴶᶮ

έ о ֯Ὲ Мᾼѻכи Ȳ ᴖѿ оПѻכи ứ ῧ

′ᶮᾭד ᾼἤᾭȴῧ Ѡה Ȳѿ ᴥӂὰה иᵑậ ῧ

П ц Ὑо П Ȳ ứ ῧ ḇṆ

ᾼ Ȳṳ ậẔϡ ȴ ϡ ᴶ ῧ П ה

ᴟ֝ Ȳ ᴖѿѻכииέ оП ứ דה

ᾼἤᾭȴ ϚḔѿ оП ῧ′ᶮᾭ ᾼה ȳ ῏

₤ ἤȳѿц ȴ ὨῶὙȲᶮᾭἤᾭ ἤᾭ֯ᾬה ֯׀

ȴ֯ оᾼἤᾭМȲῧ′ ᾭ ᾼפ ⇔ȳ ᾼה

ᴥ Ὼ ᴥ ῏ ₤ᾼד ἤ ȴẔМȲῧ′ ᾭ ᾼפ

⇔֯ …МӼᵧ ᾼ Ȳᴖ ᾼה ᴥ Ὼ ᴥ

֯ …М⁄ӑ ẞ ᾼ ȴױ Ὠ ӱῧ′ ᾭ ᶮᾭᾼ

῏ ₤ᾼ ἤч ֯Єỵ Ṹ ᾬ ᾼ оȴ 

ү Мᴫ Ỵ ᴷПׁשṅ( ѝּדȳ ԇ )  
   Ӑׁשṅ ү Мᴫ ҵ Ỵ П Ȳ Ӧ Ὼ

ϩ (Wind Turbine Generator SCADA Data)цԏ

(Light Detection and Ranging, LiDAR)П Ȳ

ᴷᾎ(Measure-Correlated-Predict, MCP)ᴷҏ Ỵ П

ϩиᵉȲ Ҡ ѿ ᴩ иέȴ 

Ԓ иέ Ỵ (Met Mast)П ȲẃϠ ү Мᴫ

ҵ ῺỴ֮ Ỵ ⇔ЄЊ иᵉ ᶮȲ∟ ṓ ϩ ἤ

פ (Power Curve)ẃ ᴩ ᴷȲҔᵶד  (Annual Energy Production)
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֪ (Capacity Factor)ȲṳѿӐ иᵉ ᶮẃ ᴷ ֯ ᾼ

ᴷ Ẕ ἤȴ 

Ẕװѿ Ὼ П ϩ Ȳ ֥ԏ  (LiDAR)

ѩ Ȳѿ ᴷ(MCP)ᾎậ иᵉ ᶮȲԏ Ҡ֝ ứ

Ȳ ᴖậ Ἤ иᵉȲṳ Ӧѩ ϩ

ᴷȲẃ ᴷѠהậ иᵉПҠᴩἤȴ 

ӐׁשṅἬ ѿ ϩ ֥ԏ ᴩ ᴷП ▲Ѡ

ᾎ ҠᴩȲҠצ иᵉậ Ἤ ц ᵅכӐȲ ∟ Ỵ

Ἤᵗצ ȴ 

ὑЏᵂῈ иέП њ ( а ȳ ԇ

)  
   њ ֯ ȳ ếЏ ᾼᴞ о ᵂМ

ᵂӣȲẔ ϚḔׁשṅȴӐѝ ӣ Э

ᾼ ἤȲ њ ѐЉ ếẔ ṾὍ ᴯ ȴ

Ṇ ӣ5ᴞӦ⇔PUMA 560₤ њ Ȳṿӣ῏Ҡѿ╓ứ

њ ᾼῴỞѐЉȲѿц ẞᾼ ứ ц ứṔ⇔Ȳѹ њ ֢

Ṕ⇔ Ṝṿӣ῏╓ứᾼ Ȳ њ ᾼѐЉЄЊц

ᴯ ȲѿЏᵂῈ иέẃ Ṝṿӣ῏ Ḗȴ Ṇ ᴕ ᾼṔ⇔

ȲḖậ њ ᴯ ȳ  ⇔ѐЉ Ȳṳѿ ЊЏᵂῈ Ɫ ӭ

ȴ 

ӐѝᾼѠᾎ 5ᴞӦ⇔PUMA 560₤ њ ᴯ ғ цѠ֣ғ иᵑ

иέȲѿẒ Ѡᾎ њ ѠהȴѠᾎ1 њ ẔМ3ᴞӦ⇔

֯ЏᵂῈ Мᾼ и ᶮ Ὲ ẃ ṾоȲѿ оứᴯ Ȳ ứ

ḇפּ ԈЛ Ȳѿה њ ѐЉ ᾼ ЊѐЉ ȳ њ

ᾼᴯ ѿцẔ Ṕ⇔Ȳ ЊЏᵂῈ Ȳṳ Ṝṿӣ῏ ḖȴѠᾎ2

ѿ Ҡ ӢṔ⇔ ֥П֣ иέȲ Ṝ њ ẞᾼ ứṔ

⇔Ȳ ∟ юṔ⇔ ֥ᾼ ứ цẔ֣ ẃ њ ᾼᴯ Ȳ

ӣч֣ ӣὑ ▲Ẕ ֢ Ṕ⇔╥ᵡ Ṝּפḇ ԈȲԛ Ἤצ Ṝ

Ԉᾼ ֥М ҏ ЊѐЉ Ȳѿḟứ њ ᾼὍ ᴯ ế Ṕ

⇔ȴѿϱẒ њ Ѡᾎᶁ ᴯ ếѠ֣ғ Ȳѿ о

њ Ṕ⇔ ȳѐЉ ế њ Ὅ Ȳ ∟ѩ ẒѠᾎП

ȴ 
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2. Ђ ╓ṅӢцשׁ) ) 
ᵓӣ ⇔ Ѭϯ שׁ Ӫ цᴩⱢ כ ᾼה

ᾬ Ṇ ( ′ ȳשа⁮) 
   М⁮ּרӪ ╥ӭ›ԓ ᾼᾬ Ȳv

Ӫ ᾼᴩⱢ ᵗὑצה ế ᵅכӐȲ ϱӪ ᾼ

╥ Ȳױ ᾎ ϩȲѹ Д Ӫ ᾼ♄ ȴӐ

שṅׁשׁ Ӫ ᾬ Ṇ ȲҔᵶӪ ᵛ ȳӪ

₤ȳ᷾ иέếᴞ ᷾ ғ ȴӐׁשṅׁש ֵ ᴯế ѩהѬϯ

Ṇ ц ԈȲ ♆ ạếּמҵ ὙȲҠ ֥Ϯ ᴃ₤Ȳ ẁ

ᴭ☼ ᾼᵛ ц ԌȲ ᵛ г ѬᴥᾼӪ ȲҔ╗ Ἠỏ

ȴӐׁשṅᵓӣ ⇔ שׁ Ӫ ₤Ȳ Ӫ иכ ᶠ Ȳ

ṿӣẪ ᾼ ₤YOLOv4ẃ Ӫ ᾼᴯ Ȳᵓӣ Ӫ

￼ и Ȳ Ӫ ᾼ  ȳὈ ếҏ Ȳ֥ ᷾ Ȳḕ ϚỂ

Ӫ 24Њ ἤᾼ иέȲԚ Ẓ ҙѣȲѿ ҏӪ ᾼӢ

 цᴩⱢ ṅ֯שȴӐׁה оȳ ц⅜ὧϮ ᴩ Ṇ ᾼ Ȳ

Ὠ ӱȲYOLOv4₤ Ӫ ᾼӂᶁ ⇔ɎmAPɏⱢ0.76Ȳҏ ᾼ

⇔Ɫ0.85ȲὈ ᾼ ⇔Ɫ0.69Ȳ  ᾼ ⇔Ɫ0.94ȴ   ᵧ ἤ

оȲḟứ… (R square)Ɫ0.98Ȳ ӣὑ3еиѿϱᾼӪ ȴ Ṇ ӂү ⇔

Іҏ ᾼ Ȳҏ ֯᷾ ∟ Ὑצ ϯ ԛϱсᾼ Ȳ ӱӪ

ᵮі ӂүϱѠᾼ ⇔Ȳצᵗὑᵒ Ӫ Ȳ ᷾ ц᷾

ȲὈ ֯›ҙ◕ᾼ о ҏ ᴿȲ∟ҙ◕⁄Лד ȴӐׁשṅׁש

ᾼѬ ᴃ ӣᾼᴞ ᷾ ȲҠ ạ᷾ Ȳ ỏ ᷾ ⱢҠᴩȲ֯⅜ὧכ

ᶙכԓᴞ ᷾ ȴӐׁשṅἬ ҏᾼӪ ᾬ Ṇ ᵌὢϠᴃ М

Ӫ Лὔ ᾼ ȲⱢӪ Ӣ цᴩⱢ ה ẁ Ȳṳצᵗὑ᷾

ạᾼᴞ оȴ 

֥ ẻᵮ Ṇ ὑṵѳ ⇔П

иέ( ᾴ ȳὭ ) 

ṵѳᾼ ṵ Ẕ ᾭᾓ йד ȴḷ ᾼ ╥ч╣

ṝ ᾭᾓ ╓ ПϚȴּמҵ ᶾ Б דЛюצ ṅשׁ

ӣȲ Ҡѿ֯‍ ᾼה ᾓϯ ṵѳ ⇔ṳ ϚḔׁש

ṅ иέȲ֪ ױ Ɫ∂Ӵṵѳכ ᾼᴞ о Ṇ П

ȴ צ ṅשׁ Ϡ њ═ה ṵѳ

⇔ᾼѠᾎȲᵀњ ϩȲ֯ᾫ ᾼ ӣϱṳЛ ȴⱢϠ ḟ

ṷ ȲӐׁשṅ ҏϠϚ ᴞ оᾼ‍ ה Ṇ ȲҠѿצ ֮

ᵛ Ṇ ậṵѳ ᾼ ⇔ ȴ Ṇ ᵓӣ ⇔ Ѡᾎ
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ᴩᾆṵѳ ứᴯȴ ӣὑᵛ ṵѳ ᾼYOLOv4 ₤

ế оȷ ₤П ẞ 0.99 цF1 score ẞ0.99ȴ ᴭ☼М ậ

ҏ ֵҔᵶṵѳ ᾼ Ȳԛ ӣ ϚḔᾼ ᾎ ӂᶁ ⇔ȴ

ѠᾎȲ ḕ ›Ѡᾼṵѳ ᴩֵװ ⇔ ȴ Ṇ

ׄ ֯үЄ Ṇדּ ᾫ Ȳṳ ᴩϠ  ѿּנ ᵑṵѳ ⇔ᾼ

оȲ иέ Ὠ ⇔ȳṵѳ ᾼ цṔ⇔ȳ

ѳ ȳ ₤ цѳ ᴩⱢ ⇔ −צ ᾼ Ȳ҅ῶ

⇔ ӣ ⇔ ᴩ ӔȲṳѹ ᾼ ⇔ ᴩ∟ ѿ

Ẕ ἤȴױ ⇔ Ṇ Ϸ ֥‍ ה ẻᵮ Ṇ ϚḔиέṵ

ѳ ᾼ ⇔ȴ Миέ ѳ ὨҠѿ ῀Ȳṵѳ ⇔

⇔╓ П ἤ֫ 0.07Ȳד … Ɫ0.69Ȳṵѳẻᵮ ⇔╓ Пד

… Ɫ0.74Ȳ ⇔ ẻᵮ Пד … Ɫ0.60ȴѿ Ϛ ⇔╓

и Ȳ ⇔иέП ⇔ Ɫ71.8Ȳѿẻᵮ иέП ⇔

Ɫ68.1ȴױ Ὠ ҵמּ Ҡѿ ӣὑᾫ Мᴞ ṵѳП

ᾭ ȲϷ҅ῶӐׁשṅἬ∂ӴПṆ ֯ ṵѳ Ἠ ᴷ Ѡ ẓצӑ

ẃ ӣП ȴ 

ὑẪ Ϣ ᴷṆ (☻‒

ȳỂ Ч) 
   Ӑׁשṅ Ϣ Ϛ П ᴷṆ ȴ

Ϣ ӣ ẃ ᾛѹ ӖȲṿӣ ᶶ ҒȲ

֪ Ϣ Ϣצ ᾼ ᴩῈ ᵅѹ Ȳṿ ׄԓȳׄ

Ṃ ắẞ ᾼ ᾃȲ֯ױ￼ ϯ Ӈ Ϛ

ᴕ щ Ϣ ׄԓ ПṆ ȴӐṆ … ṅᾼϚשׁ иȲ

ṅשׁ Ϡ Ὲ МП Ϣ ᴩ ᴷҵȲ֝ Ӽ Ϣ ᴩи

ה Ȳṳѿן ẞᾼ ᵓӣ ▐ ᴩ Ϣо’ П ȴ

Ӧὑ Ϣ ὔắẞщ ȳ֮ᶮц ֪ ᾼ ȲҠ Ϣ ᴩ

ꜙᴟ ӢṶ╝Ȳ֪ױ ᴷ֯ Ϣ М ᷊ ЛҠἨ ᾼṔᴥȴ

Ӑׁשṅ Ϛ Ϣ ᴷѠᾎȲᵓӣЄ ҭ ᴩ ֥ ֮

ῶ ₤∂Ӵ ₤ѿ Л֝ ϯП иᵉȴ ֪ ◕ ᴩ

ЛṜȲӐׁשṅ צ ᾼ ᴩ Ȳ WindPerfect ӢЄ

ᾼ ȲṳѿẪ иέ ȳ ╦ứᴯц ‒ ⇔

ᴩ ᾼӻФ …Ȳ ᴖ∂Ӵ Ϣ Ȳ ֮

Ҕᵶ₨ӀȳЍ Ỵ ȲЄ Ҕᵶӭ› Ϣ ᵂ῏ᵂ П Ȳᵓӣ

ᴥ ῶӱ ᾼ ᵅ ⇔Ȳṳ ᾼṿӣ῏Ю Ȳ ẁ ᵂ῏ ᴩ

ᴷ ԉ ȴ Ϣ Ȳ ᵂ῏Ҡὑ ›ῴḔ ῀

֢ П Ȳѿ ԉ ᴩד ᾼ Ȳ ẞ ᵅ Пӭᾼȴ 
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ὑ ֥и ה Ṇ П( ȳỂ Ч) 
Ӑׁשṅ ὑ ᾼ▐ ҏϚ Ϣо Ϣ ’

ạȲ ֥ Ϣ ҭ ’ ⅎљ נּ Ȳѿ ẞ

’ ϢоПӭᾼȴ Ϣ ᾼ ӣЛ  Ȳ Ϣ

Ṷ╝ Ἤצ ȲⱢϠ’ Ṷ╝Мᾼắ ῏Ȳ∂ Ϛ ֥ ѹ

⇔ן ᾼ’ ạⱢ П≡ȴӦὑ ЛṜȲӭ

›Ӏ ϱᾼ Ϣ ’ ѿ Ϣ ȳ ȳ Є и Ȳᴟὑԉ ᴩ

ᾼ ἤȳԉ ȳ ᵂ ῶ Ꞌӑ Ϥᴕ Ȳ ṷ

Ϣ ӢṶ╝ᾼ Ȳ╝ Ɫ’ П ╓ ȴӐׁשṅ ֥и ה Ϣ

Ṇ иכ ה ׀ Ṇ Ȳѿ’ Ϣ П ἤȳ

ᶙ ἤȳҠӣἤȲ ḟ ׄѠ ᾼ ȴ֝ ҒϤ П ⇔ Ἐὑ’

и ϱȲṿ’ ӣ ֯ᵅ ȳМ ȳ Л֝’ ӂ ⇔Ȳṳᵓӣ

Ѡᾎ∂Ӵ Ϣо’ ₤Ȳѿ Ϣо’ ȴױҵȲⱢϠ ẞ’

῏П ȲἬ П Ҡᴞה ҅ҏ֢’ ᵑП֥ ᾼ Ӑ’ Ȳ

ṳӣѿḆ ϯ ’ ȴṼ ӱȲӐׁשṅ Ҡѿ ẞ Ϣо’ П

ӭᾼȲӼҠ ֢’ ᵑП Ӑ’ Ȳѿ ’ ῏П ȴ 

ȳמּ ԏѩẂמּ ԏҜѩ ᾬЏ в ᾌ

П ( ╜ ȳѠ ) 

Ӑׁשṅ֯ס Лּ֝מȳ ѩẂמּ ᾌ Ӣ П

ȲѿҠ ȳӪ LED Ҡמּה ȳמּה LED ᵂ מּ

Ɫԏ ȲὑԓϢЏԏ₤ ᾬЏ ᾌ Ȳṳ֯דῺּמȳ

ѩẂϯȲמּ ϚḔ ԏПҜѩȲ ᷄ҏ ֥ ᾌ

Ӣ Пԏ Ȳѿ ϩ  (EY)ȳԏІ  (PY) ᴯ ד ᵂⱢ ᴷ

Л֝ ᾌ Ӣ  П о╓ ȴ 

иҳ и ȸ1. Лּ֝מȳ ѩẂȲ2. Л֝מּ ԏҜѩȲ3. Ẓ

◕Лּ֝מȳ ѩẂҒЛ֝מּ ԏҜѩȲ4. Ẓ ◕Лּ֝מȳ ѩẂȲמּ Ԛ

 17 ȴ Ԓ֯Лּ֝מȳ ѩẂמּ Ὠѿּמȳ צ ѩẂⱢ 1.86מּ

ṾПד Ӣ  Ȳ ֥ ṅѩשׁ (2021)  ȲӐׁשṅּמȳ  ѩẂ (1.86)מּ

ṅПשׁ (2021)  Ṿּמȳ ѩẂ (2.13) ѩמּ Ḇצ Пד Ӣ   (RGR)ȴ

ᴖ∟ѿЛּ֝מȳ ѩẂמּ ὨȲ ϚḔ Л֝ ԏҜѩ ה◕ ԏП

ȴ Ὠѿӂᶁԏ Ɫ 250 ÕmolĿm-2Ŀs-1ȳּמȳ ѩẂⱢ 1.94 ԏמּ

ҜѩⱢ 28% ᾼԏ צ ṾП ϩ  (EY)ȳԏІ  (PY) ᴯ ד

ȲẔ иᵑⱢ 157.8 gökWh-1ȳ34.9 gömol-1  197.7 kgĿm-2Ŀyear-1Ȳế

Ғ ӪԏמԏПּמּ ѩ Ȳиᵑ сϠ 24%ȳ47%  44%ȴ 

Ӑׁשṅ∂ӴϠּמȳ דѩẂ֯ 0.68 ᴟ 10.86 Пמּ Ӣ  П

Ȳṳѿױ М ֻП Л֝Ἃᴼ ПׁשṅȲ᷄ҏ֯דῺПּמȳ
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ѩẂȲḆḂמּ ԏҜѩ ה◕ ԏ ᾌ Ӣ П ȲӐׁשṅ ֯

ᾬЏ ᾌ ẁẓ ᴕ П  ȴה

ԏ ế Ѡ ᾬЏ вѬ ᴓᴪӡ П

( №ȳѠ ) 

Ӑׁשṅ֯ס Л֝ԏ ế Ѡ ᴓᴪӡ  

(Brassica oleracea var. sabellica L., kale) П Ȳѿ ϩ ếԏ

І Ɫ ᴷ֢ ᾼӢ Ȳ֝ ѿ Ӣ Cế

ᵶ П ϩ ếԏІ ᴷẔ ἤȴѻ ҇ᴓᴪ

ӡ ᷄ҏ ֥Пԏ Ԉế МПа ѩẂ∂Ӵ Ȳѿה ȳ

ἤПᴓᴪӡ Ẕ֯Ӏ ϱᾼ ȴ 

ԏ֝ד֯ ԈϯȲHoaglandѠצᵗὑ с ПӢ Ȳ Ӕ

HoaglandѠ⁄ юȲиᵑⱢЍ ѠП131.7 % ế78.3 % ȴѩ Ѝ

ѠȲHoaglandѠ ҇ᴓᴪӡ П Ӣ Cᵶ Ȳᴖ Ӕ

HoaglandѠ⁄ ᵅȲиᵑⱢЍ П 119.2% ế 48.6%ȴHoagland 

ế Ӕ Hoagland ᶁ ᵅ ҇ᴓᴪӡ П ᵶ ȲиᵑҬצЍ

П82.2% ế 54.6%ȴ 

֝ד֯ ԈϯɎ ⇔ 25oCȳ EC 1.85 mS cm-1ȲpH 6ȳⱢ

ẒщПԓ ế35щП ɏȲ ҇ᴓᴪӡ П ếӢ

Ɫ ╓ ȲӐׁשṅ ṿӣCW (B32G45R23) + HoaglandȲṼױ ה

Ҡѿן Пԓד Ɫ107.7 kg m-2 year-1ȴѿ Ӣ Cᵶ П ἤᵂⱢ

╓ Ȳ ṿӣCW (B32G45R23) + Hoagland Ҡן 16.1 g m-2П ᴯ

Ӣ  C ᵶ ȴѿ ᵶ П ἤᵂⱢ ╓ Ȳᴖ ṿӣ CW 

(B32G45R23) +Ѝ Ҡѿן 14.3 g m-2П ᴯ ᵶ ȴ 

Ӑׁשṅ∂Ӵ ҇ᴓᴪӡ П ѿה ẔӢ ȳ Ӣ Cế ᵶ

Ȳ Ẕ Ғ ѿ ҒẔ֯Ӏ ϱП ᾨϩȲ֝ Ɫᴓᴪӡ ἤếẔ

҃ Пׁשṅϱ ẁ ᴕ ȴ 

☼ ϩ ӣὑѬὨ ᵐ(ѵ▄їȳѠ ) 

ὬⱢ ẻᵮ ПḆד₤Ὠ₇Ȳ ∟ן ὔ Лֹו 

ȲẔ ὔ ᾼ ἤȲ ᵓӣᵅ ᶾ

ѿ ═₇ ȴЊὨ Ὠᴚ ֮ ѹӫ ὔ Ȳṳѹ

כ ⇔Ὠ ᴩ Ȳן ֪ ṿẔ ѿ  Ȳ֪ױү

ӭ›Ь ѽ ӣᾼЊὨ ᵐ☼ ȴẒ Ὠᾬᾼ ἤ  

Ẕ Ӏ Ȳᴩ╜ ỗ Ẓ ѬὨиᵑ ҏ Ȳ ∂Ӵᶶ

צ П☼ ѿἋ  ∟ ỄȲṿẔҵ Ӏ ѿἷ ȴ 

Ὠ֯ן ∟ ϚṆԝᾼ ∟ И ῏ Ȳᴖ ᵐ☼
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ⱢẔМ ᾼϚ Ȳ ᵐҠѿ ₇ᾼӥ ѿḀạ ⇔ ᾼ֕כ ȴ

Ӑׁשṅᵓӣ ☼ ϩ Ȳ Л֝ ᵐᶾ ѿцЛ֝Ҕ П ᵐ

ᶁл⇔Ȳԛ ⇔ȴׁשṅ Ὠ∂ Ὤṿӣ ֣ э

ᵐ Ȳ ṿ Ὤ ẞᶶ ѹӂᶁП ᵐ ὨȲ

ᵐ Ὠ  21.2 Њ ᴟ 6.2 Њ ẞ 7/8 mȷṳ∂ ЊὨ ṿӣ

ϱϯ ᾼҳ Ꞌצ  эᾼ э Ȳ צ Ṿᾼ ☼☼ ἤȲ ᵐ

Ὠ  23.8 Њ ᴟ 4.2 Њ ẞ 7/8 mȴ 

ѿ ᶾ ∂Ӵ Ӄ Ṇ ( ἣ

ȳᴂ╢ ) 

ῺדẃȲЄ ֯ ’ ׄ сȲ╜Ἀ֯ ╜

Ϸ Ở צ Ә ȲẔМщ Ṯᾙᵛ╥ х

ᾼ╜ ᴩѠ ПϚȲẔ Ὅӥ ᾼщ ὖ ὑӥ

Ȳ֯ ᵅ ᾼ֝ ȲϷ ᵅ ᾼṿӣ ȴ֯ ֵщ

ὖ МȲ ɎMallada basalisɏẔӃ ֵаȲ ϩ ȲҠ

ὍὑӟὨȲ Ὠ Ȳ Ẕӥ֮ Ȳ ᴖ ᵅ ᾼṿӣ Ȳᴞ

ד1994 ү Ἤᵛі ᴩϢЏЄ Ȳ МȲ

Ӣ ӐϚ᾿Ựכ ЛϯȲṿ ᵂⱢщ ὖ ṿӣᾼ ἤЛ ȴ 

Ɫ ᵅכӐӐׁשṅ ϩὑ Ϛ Ṇ ȲױṆ ᾫ ᾼ

Ṇ Ȳ ֯ М ӣ Ӄ ṝ Л ᾼ Ȳ

∂ӴӃ Ӣ  ₤Ȳṳ Ӣ  ₤ᾼ Ӄ Ṏᾭᾓᾼ Ȳ

᷄ҏӢ  ᾼӃ ȲЛԛ ᴩ Ӣ Ȳ ᴖ ᵅ ᾼ ȴ 

Ṇ в иⱢ , Ӣ  Ṇ Ȳ Ӣ  ₤

Ϯ иȴ֯ Ѡ Ȳ МḕϚ Ӄ Ꞌ ὑ ⇔ ạὑ

ςυ ρὅȲ ⇔ ạὑ 70Ñ5% ⌡ МȲṳ֯ḕװ Мṿӣᴞ

Ȳѿ ᵮậứ Ȳṳ Ϯ үᴞ Ȳ ạḕװḕ Ӄ

Ɫ 10.10Ñ1.63 mg Ȳ ᵅ ᾼ ᵂ ȴ 

Ӄ Ӣ  ⁄ ὑϮ ӂүϱᾼҠ ה Ӄ

Ȳ МȲ Ἦ Ἦ ɎLaplacian Transformɏ W Ɫ ᾼ

Ȳ ậӃ Ṿ Ȳṳὑ ∟ › Ӄ

ᴯ Ȳԛ ѿVision TransformerᵂⱢ ậᾼCascade Mask RCNN⇔

₤и ￼ Ӄ ṝ ᾼ› ṝ ₲ Ȳ ∟ғכ Ӄ

ᾼ ҵ ậ Ȳ ҔᵶȸӃ ϱϯҙṝ ȲӃ ϱϯҙṝ Ȳ

Ӄ ȲӃ ᴥȲӃ ₲ ȲӃ ȲӃ ї иṝ

Ȳṳ Ӣ щ ᴩ иέȲ ᴖ Ӣ щ Ɫ 0.796 щᾼӢ 

₤Ȳṳ ױ ₤ ᴩ ḟ ∟ȲҠ Ṇ ᴩ

Ҡ ᵅּ25% פᾼ ṿӣ Ȳṳѹ֯ ע ᾼ֝ ȲҠѿḆצ ᾼ ᴩ



77 

Є Ӣ ᾼѡ ȴ 

ӣ ᶾ ὑᴞ о ᵜ Ṇ (

ȳᴂ╢ ) 

(Mallada basalis)╥ Ɫ ᾼӢᾬṮᾙὖ ȲϷ╥

−ֵ ᾼщ ȴ ѿӥ ṓᾼЊ₤ ȲẂֽ ȳ

Ɫ ȴ֪Ẕ֯ӢᾬṮᾙϱצṏֻᾼғ Ȳ֪ױὑ1950҅ד Ở

צ ֵ ṅϢЏשׁ῏ ᾼѠᾎȲẔМ Єᾼ ᵛⱢכ

ӐȲ֯֝ ᾼ ֮ ╟Ὅ ѿ ȲẔכӐⱢṿӣо ᾼХ ȷ

֪ⱢȲ֯ ᾼ Ѡᾎ МȲϢϩӢ Ӑכ Ӣ ӐᴍиПгϫȲכ

ṿ ᾼӢ Ӑϫиכ ὗȳ ᾎậ҅ ᾼṿӣȴ 

֯ϢЏ ᾼ МȲ ♃ᵜц ᵜᾼḔ ȴ ԒȲ כ

ᾼᵜѿװ ᾚȳҟ ᵜ □Ȳ ᾚ∟ѿЛ Ȳ

ȷԛ ᾼᵜϚ Ὅ ֯ Ựה Мȷ ᵜ ᾿ Єּ0.5פ 

mmᴟ1 mmȲӦὑᵜ ϫи Ȳ֯ậᵜᾼ МȲ Ҡצ ֪ϩ Л Ȳ

ᵜכ Ȳậᵜҷ Ȳṿ ϢЏѠהậᵜד ϩȴ ϱἬ Ȳṿӣ

ϢЏѠהậᵜȲ╠ ϢϩȲϭ ṿ о ᵅȲ֪ױ Ϛ ᵜᴞ

о Ṇ ᴩậᵜȳ оצẔӇ ἤȴ 

Ӑׁשṅᵓӣ ҅ ếᴞ оѠᾎ ḟ ἏϢЏ ẞᾼ

ȲẔѠᾎⱢȲṿӣ І ᵜ Ȳԛӣ ֥иѬ

ᾎ᷄ҏ ᵜ Ȳ ᵜᾼМїᴯ Ȳҫҵ Ѡᾎ∂Ӵ ᵜ о

₤Ȳ ҏ о П ᵜ∟Ȳ ᵮậᵜȲᵓӣ ạ

қѿ ạϮ ӂү ᵜ ᵮậ ᴟэ МȲᶙכậᵜ ᵂȴ֯ ᾼ

МȲ ֵ֪ ᵜПכ о ЛṾȲҔᵶ♃ᵜḔ Мṿӣװ Ҡ

כ иᵜ ȳậᵜ Ҡ ṿᵜ ȲӐṆ П ғ Ҡѿиέ

ḕϚ ᵜṳ ᴩ ᵑȲṿ› ПЛ ứἤ ᵅȲ о ═Ϛứᾼ

Ѭ ȲױⱢӐṆ П Є ȴ 

Ḋ ậиⱢϮ иȲиᵑⱢᵮậṆ ȳ Ṇ ц ạṆ ȴᵮậṆ

Ӧ ȳ Ὲ Ӣ ȳϮ ȳ ☼ ȳ ϩ ц Ȳכ

ᵓӣ Ὲ Ӣ П ἤ Ϯ Пᵂ Ȳ Ҡ ӢӔ П Ȳ

ӣѿ ᵅכӐѿц юаԈ ⇔ȷ Ṇ ṿӣ І ậ Ȳ ӣ

ᶾ Ɏ и ȳᴊ ч ȳϡ оȳ ȳ ɏ иѬ

ᾎȲậ ᵜП МїȲ ậ ᵜП ѱ∟ Ϥ ₤Ȳ Ӧ

₤ ᵜП о ȲѿᵂⱢ∟ ạḟ П ᴕȷ ạṆ ṿӣ ạқȳ

ȳ ȳ ȳ үȳ ц ₤ Ϯכ ӂүȲ ứᴯ ạᵮậ

о ПᵜȲὍ ὑэ вȴ 

∟ ѿ ᾿ ȳ Ὲ ϩ ȳ ₤



78 

иέȳ ᵜứᴯ ȳϢЏ ȳϢЏ ᴞ оṆ Пᵮậ

ȳ о ᴷ ᵜᴞ о Ṇ П ȴ 

ṅשׁ Ὠ ӱȲ֯ ᾿ МȲ ậЛ֝᾿ П ᵮậ Ȳᴥ

ḕװᵮậᵜᾼ Ȳ ᾿ 0.2 mmП ȷᴖӦ Ὲ

ϩ Ȳ ᵮậ ᵜᾼ Ȳ П ᵂ

Ɫצ ᵮậẞ ᵜП ᴕȷ ⇔ ₤ иέМȲ ⇔ ₤

ᵜ╥ᵡ оȲ Ɫ85%ȷ ᵜứᴯ МҠ Ȳ ứ

ᴯ ᵜȲ ứᴯ Ȳṳ Ӑׁשṅ П Ӕ ₤ѿ Ӕ Ḕ

ПѩẂ …ȲҠѿ Ṇ Пứᴯ ᵅ57.1%Ȳ ⇔ 0.047 mmȷӦϢЏ

Ȳ Хᴯ Џ ϥ ᵜἬῧ П Ȳӂᶁ Ɫ514.81ּהȷ

ϢЏ ᴞ оṆ Пᵮậ ȳ о ҠṓȲиᵑ ϢЏ ᴞ

оṆ Пᵮậ ế о ȲϢЏ Пᵮậ Ɫ95.2%ȳ о Ɫ63.3%Ȳᴞ

оṆ Пᵮậ Ɫ95.7%ȳ о Ɫ84.1%Ȳ ֥ѿϱ Ὠ ӱȲᴞ оṆ П

ᵮậ ȳ о Ꞌ ϢЏ Ḇֻȴ 

ϱ Ȳиέ ᵜᴞ о Ṇ П֢ ╓ ȲṜѿ ὙӐ

Ṇ П ứἤȲṳḂ ѿἏϢЏ Ѡהᾼ ȴṿӣױᴞ о Ṇ ḕד

ᴷҠ צӐȲכ265284аȳ50̟ПϢϩע ᵓӣщ Ѡה ᵅ ṿӣ Ȳ

ᴖ с ȴ 

ᶧԝᾃ иέӣὑ (Ḉ∑ᶪȳ ϩ ) 

ᵂⱢӐ ṿӣ ЄП ӣ Ȳד ╓ṅꞋשׁ

ҏẔ Ϣ ẓצӢᾬ◖ἤѹצ Ἠ Ẕ҃ ἤ ᾼ

ȴ֪ ṅ∂ӴϚᶧԝᾃשȲӐׁױ иέ (SIA) Ṇ ӣὑ П

ԏ Ȳṿӣ מּ ІП ֥ᾬᵂⱢ Ȳᵓӣ

Пמּ ᾨч Ȳṿ -מּ І ϱᾼ

ІȲ ᴖ П ᴥ Ӣ оȲ Ӧ Пᵮԏ

о ứ П ⇔ȴṿӣӐ Ṇ ѿᵮןԏ ᾎὑ ᵮןᾌ  506 nm 

Пᵮԏ о Ȳ ẞ ᴯὑ 1-90 ɛM ⇔ ᵧ ṏֻ

ἤ … (R2=0.9990)ȲẔ ᵅ ⇔Ɫ 0.5 ɛM (S/N ratio > 3)ȴ М

ὑϚṷ ᴿᾬד   І ᴩД ᾬиέȲ ὨꞋ ӱ Ὑ Д

ȴҫҵӐׁשṅӼѿᴃѬȳᴞẃѬ Ӑ ṗ Ӑ ᴩ֫ן Ȳ ὨꞋ

ẞṏֻП֫ן ȴ 
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ӣὑ ᴷ ᴨ ἤ Пẓ Ӕᾼ Ṇ

(Ḉ′ ȳ Ứ ) 

ᴨ ⇔╥ ᶩϱ‍–ϤהѠᾎᵒ ῏ ᾼ

Ṽ ПϚȲ ᴨМᵶ ứ ╥ᵓӣּמԏᾌ◕ Ὼּמԏᾌ◕Ἤ

ҏẃᾼR-ratioᴩ ᴖ Ȳ ӣᴨ ᶩ

Ẕ ἤ∟ИҠ ϱӀ Ҡȴ ᴖȲ ᶩ ֯׀⁯ כ

Ӑȳ ȳ ⇔ ȴ֪ױȲᶺ ṿӣϠ ᴨ Ṇ ẃ ∏ѿϱ

Ἤ Ȳẃ ẞᵅכӐȳᵅ ȳᵅ ᵂ ⇔ᾼ ἤȴӐ Ṇ ѻ Ɫ

ᴥЛ ԏ ᵌϩȲ Ɫ0.02 mMҟ ᴨּמ Ӫ 0.02 mM֥ᴨּמ ӪȲ

ᵓӣ ԏ⇔80%П ԏѱ ᴨ ἤ ṳṿӣҐ Ϣ ї√Ȳ

Ὠ ӱȲ Ṇ Ҡ ᴨ ⇔70%̡100%Ȳṳ ї√Ệứ֯85 bpmצ

ậ҅ ᶩ ȴױҵȲɔ ӣӀ гүᴨМᵶ ứ ᴩиέẔ ἤȲ

Ӧиέ Ὠ ӱȲ ᴨ ֯ ⇔ϱ ᴨ (2%̡2.75%)Ὑ

ὑ╓ה׆ᴨ (3.2%ʲ4.2%)ȴᶺ ᶺ‒ד Ἤ ҏᾼ Ṇ ֯ ∟Ɫכ

ậ҅ Ӑȳכ ᾼ ᶩ ᾼ ȴ 

ԏ ᶧԝהᾃ Ṇ ӣὑ ᶩӣ

ϡӧ ◖ П ⇔ ứ( ׁȳ Ứ ) 

ϡӧ (o-phthalaladehyde)╥Ϛ ᶩӣὑװ

Ḋ(semi-critical medical devices)ѹ ⇔Ɫ0.55%П ◖ Ȳ

ṿӣװ Ὅ׀ ȲẔצ ◖ ⇔ Юὑ 

0.3%~0.55%Ȳ ᴩ ϡӧ ◖ ⇔ ѠᾎЄֵᵓӣо

ѱѿҙứ ᵒ ◖ ⇔╥ᵡ צ֯ ◖ ȲױѠᾎ ⇔ᵅȳ

Ӑכ ȳ ᵂḔ Ȳ֪ױṿӣ ᵅᴖṿ ◖ ạ ЛṾȴӐׁש

ṅⱢḂ ϱ Ȳ֪ ṿӣױ ᶮо ה (Labview 2014)ᶙכᴞ о

ᶧ ạ ᴞ о ԏ ᴩ ԏ ⇔ ∟ ҏ ֫ ᴟ

ᵓӣLabview 2014ה ᴩ ậȲ Ϛӣὑ ϡӧ ◖ ⇔

ứП ⇔ᴞ оҠ ה ԏ Ṇ ȴ 

ᴞ о ᶧҔ╗ֵ   ᾃ ạȲᵓӣᴞ оṆ ᴩ ֥

ᶧḂ ֪њ о Ἤ ПϢⱢכ ᵂ Ȳ ױ ⇔ȳ

ἤцԛ ἤȷᴞ о ԏ ⁄╥ ᴞ ☼ Ṇה ȳԏ І

ȳ3Dԝ֙ ҵ иᵑ ᵂᶙכ∟ ᴩṆ ֥Ἤ  ȴכ

Ԓ› ᵓӣᴞ о☼ Ṇ ԏ (FP-1520)ᶙכ 30

П0.25%~0.55%ᶩӣ ϡӧ ⇔ ứȲṳѹ ὙױṆ ẓצ ἤ

(R2ʿ0.99)ȳ ἤ(RSD<Ñ5%)ȳ ԛ ἤ(RSD<Ñ5%)ȷⱢḂ ԏ

ὑ Єц֪ԏ ⇔ ᴖ ҏ ṿ
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⇔ ᵅП Ȳ֪ױӐׁשṅ∟ ᵓӣᴞ о ԏ ậᴖ҅ПȲ

Ь’צ ṏ ἤ (R squareʺ0.965)ц ἤ(RSD<Ñ5%)֝ ẞ

⇔ȳ ѩȳ Њоȳᵅ Ӑכ ὨȲҠ ӣὑ 30П ᶩ

ӣ ϡӧ ◖ ⇔ ứȴ 

GRAPH-KIR: ὑ ᾼ KIR ╕ṙ ᴷ

ᴯ ֪и₤Ѡᾎ ӣὑ ᶧԝứᶧ (ὭӅ ȳ

)  
њ ᵍꜟ Ӫ ắ  (Killer-cell immunoglobulin-

like receptor , KIR) ╥Ϣ ֪  (DNA)ᾼ ѱ◕Ȳ ᴞṝᵍꜟ

ἤ ế Ừ ד ȴKIR ᾼ ֪ẓצ ⇔ᾼֵ ἤȲЛ ֯ ᴯ ֪ 

(star allele) П ẓצ ᴿἤȲᴖѹ֢֯ד⇔ ֪П ϷẓצϚứᾼדᴿἤȴ

KIR צϚ ╥ KIR ᾼ ֪ᾼ ắ ₤ (haplotype) Ȳ ֪ᾼ

╕ṙ  (copy number, CN) Є и ֯ 0 ẞ 4 ╕ṙП оȲṿ  KIR Ḇ

ҟи₤ (typing)ȴⱢϠ ḟ ȲӐׁשṅ ӣ ᴿиέϢ Ӫᴨ ᶼ

и₤ (HLA typing) ᾼ ᾎȲ Ϛ ᾼиέ☼  (pipeline)Ȳ ᵂ 

GRAPH-KIRȲ ԓ ֪ ứᶧ (whole genome sequencing) М ӣᾼứᶧ

⇔Ɏread depth, 30xɏế ⇔Ɏ150bp x 2ɏȲṿӣױ ᾼ ᶧԝứᶧ ᴷ  

KIR ֪ᾼ╕ṙ ѿц έ⇔(resolution)ᾼи₤ɎԚ 7 ᴯ ɏȴ ὑӐׁש

ṅἬӢכᾼ ȲGRAPH-KIR Ἤ ҏᾼԓ и Ѡᾎ Ӕ ᴷ ╕ṙ

ȴ֯ ᴯ ֪и₤МȲGRAPH-KIR ֯ 5 ᴯ έ⇔ϯ99% צ ᾼ

(accuracy)Ȳ ὑ PING2 ᾼ 92% ế Sakaue Ϣ ᾼЏẓᾼ 71% ȴױҵȲ

GRAPH-KIR ֯ έ⇔Ɏ7 ᴯ ɏ ⇔ ẞ 90%ȲϷѩẒ ᴩЏẓֻ

−ֵȴ 

ᴷ ezGeno ֯ иέ ֪І ֥ Пῶ ṳ ӣ

ὑ ᾼѩ )ṅשׁ ȳ ) 

֯ ֪ῶ ᾼד ṅשׁ МȲ ֪ІцẔ ֥ᴯᾼӻФ

ᵂӣ …Ϛ᾿ắẞ−Єᾼ ᾃȲϚ᾿ѿẃȲ ֪Іֽᴶ

֪ М ứ ֥ᴯ ṳ П ֥Ȳ ᴖ ∟ ֪ῶ Ȳ

ӢᾬᴩⱢȲ╥Ӣᾬ ῏ Ϡ ᾼ ȴӐ ѝ

ὑׁשṅ ֪ІὑЛ֝ ᾼ ֥ᴯ Ȳ Ӧן Л֝

МȲ ֪ІП╬ᴥ ᵍꜟḛ ứᶧ Ȳ ⇔ Џẓ ᴩи

έȲᵀӦὑ Л֝ ֪ІᴖṕȲἬ ֥ᾼ ⇔ ₤ṳЛ֝דȲ֪ױӐׁש

ṅṿӣᴞ ЏẓezGenoȲҒ ∂ӴЛ֝ ֪І֯Л֝ П

₤Ȳṳ ∟П ₤ ӣὑ ᷄Ҡ ֪І ֥П ᴯ ȴ 
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Ӑ ѝṿӣӐ ⅍ ү ϢЏ ⅍֥ᵂ ПezGenoȲ ЏẓԒ

ѿᴞ ᾼѠהҟ╚ ֥ᾼẪ ₤∟Ȳԛ ᴩ ֪І

֥ᴯᾼ ȴӐׁשṅѻ ṿӣENCODE Мᾼ╬ᴥ ᵍꜟḛ ứᶧ

ᴩиέȲⱢϠ ᴷezGeno֯ Ἤ ᾼ Ӕ Ӑ ӭȲӐׁשṅ

Ẓ Ȳ Ϛ Ɫ ╚ K562 ᾼ10 ֪ІȲ ϡ ⁄Ɫ

2 ֪ІὑХ ȲꞋиᵑậҏЛ֝ ᵂⱢӔ ӐȲṳỆứ

Ӕ Ӑ ӭȲӦ Ὠ Ȳ Ӕ Ӑ ӭ ὑ1000Ȳ ῶ

ὑ ứȴҫϚѠ Ȳ П ֪І ֥иέȲӐׁשṅṿӣ МȲ

Х ṓᾼ П24 ֪ІȲиᵑậҏ֝ד ᵂⱢӔ ӐȲ ᴩ

⇔иέȲӐׁשṅ ezGenoⱢ ᾼᶧԝѱ◕ȲᵓӣMEMEЏẓ ᴩᶧ

ԝ иέṳ JASPAR М Ȳ Ϡѻ ֥ᶧԝ ѿҵȲ

₤Ϸ ẞϚṷ ҵᾼ ȴױҵȲиέ∟ ṿӣ֝ד Ἤ∂ ₤ẓצ

ứἤȲᴖЛ֝ ֪ІἨЛ֝ ₤ ֪ ֥ ἤ ᴖ ∂כ ₤

ἬЛ֝ȴצ ∟ȲӐׁשṅ ∂ֻᾼ ₤ ӣὑ ᴯ

֪І ֥Ἤ ᾼכ Ȳ ᴯ иᵑⱢ ȳṊцῐ Ȳ Ӧ ứЛ

֝p-valueП иέȲὑϮ МȲӔ ӐМẓ ἤᾼ ᴯ Ꞌֵ

ὑ ӐȲ ӱӐׁשṅἬ∂Ӵᾼ ₤֯ӑẃ ӣὑ ᷄Ҡ ֪І

֥П ᴯ ẓҠᴩἤȴ ȲӐׁשṅᵓӣᴞ ЏẓezGenoצ ∂

Ӵ ֪ІὑЛ֝ П ֥ᴯ ₤ȲЄ Ғ ⇔ ֯ ֪

ד ṅПשׁ ӣȴ 

ѿ ⇔ֵӱẂ Ѡᾎ ≡ἤ ἤӪᴨ ԓⱶѱ

П╬ᴥ ( Ὓ ȳ ) 

≡ἤ ἤӪᴨ (Acute myeloid leukemia, AML)╥

ṓᾼכϢᴨ Ȳד о Ӣ ֯ḕדḕϫ ϢЀМȲḽἤ

Ɫ2.79ȷЅἤⱢ2.12ȴ ֯ ᴩ╥ᵡⱢAMLᾼ Ȳ ᴖᵒ

╥ Ϛ ₤ ᾼAMLṳ ᴩ ᾬᾙ Ȳ ֵᾼ Ḕ ȴẂֽȸ ҭ

ц ▲ȳӢо ▲ȳ טּ֪ ▲ȳᴨ ἳѱ ▲ế╬ᴥ иέ ȴӐ

ṅᾼӭשׁ ╥ṿӣ ἳѱ ▲ᾼԓⱶѱ (Whole Slide Image, WSI)ᴩ

AML₤ ᾼᵒ ȴӭ›WSI╥ М ѻ ᾼᵒ Ṽ ȲѹWSIế╬ᴥ иέȳ

֪ ᾼứᶧѠᾎדѩȲWSIד ὔ Ȳ Ϸד ᵅ ȴἬѿȲӐ

ṅᶦשׁ ϢᾼWSIȲ ẁAMLІ ₤ᾼᵒ ȲẦᵗ ᶶ ᵒ

Ҡ ᾼѠ֣Ȳ Ḇ ϚḔ ▲Ȳѿ ע ᵒ

ц ȴ 

Ӑׁשṅסὑ ẔМϚ (╬ᴥ ) WSIП ᾼ …ȴ ᴖȲ

ṅḊשׁ֪ ПWSIⱢϫ (gigapixel)ᾼ έ⇔Ȳ ЄȴἬѿȲ ҟ

ṅЄֵשׁ ӣи Њ (tiles)∟ Ϛכ Ҕ(bag)Ȳԛѿ ⇔ Мᾼ
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ֵӱẂ Ѡᾎ(Multiple Instance Learning, MIL)WSIᾼ ȷ֯ױȲӐׁש

ṅӼ ӣMILᴩAMLᾼṸ₤и ȲẔ ᾼ Ҡѿẞ90.91ȴױҵȲӐ

ṅϷשׁ Л֝ Ҕ ȲהѠכ Ԓצ ᴩK-meansи ПClusterѠᾎѩ

No Clusterᾼ֢ ╓ ẃᾼֻȲ֯ ϱ Њ : 3.03%Ȳ Є : 12.12%ȴ

ᴖ֯ClusterᾼѠᾎ(Cluster RandomȳCluster Sort K-meansếCluster Sort Tile 

Classifier (this study))П Ȳ֢ ╓ Ѿṳ ȴӑẃȲשׁױṅѠᾎҠѿἋ

ᴼ ӣὑ WSIẔ҃ ᾼ (ֽ טּ֪: )Ȳ ẁḆԓ ᾼ

ᴕṼ ȴ 

ᵓӣ ⇔ T ắ ᶼ ֥ᾼ ἤ(

ϭ ȳ ) 

 T ắ  ɎT cell receptorȲTCR ɏ ѻ ד

ἤ ֥ᾬɎMajor histocompatibility complexȲMHCɏ ế

ɎPeptideɏ ֥ᾼדФᵂӣȲЬ ╥ ẓ╚ ἤᾼ ȴ

Ϛ╚ ѻ ὑϮ ѻ ֪ ȸ ἤȳ ἤế

Ӑṝᾼ ἤȴϚ ᴖṕȲ ὑ Ӣᶼ ɎNeoantigenɏếᶼ Ӣᾬ Мӑ

ḟᾼ Ӑ ПϚ╥ȸⱢШ ṳ‍Ἤצ Ӣᶼ Ἠᶼ і  T ч

Ȳ ȲֽὨױ Ӣᶼ /ᶼ ế TCR П ФᵂӣȲד ὑϠ

ȳ ∟ế ᵍꜟᾙ ᾼч Пד ṅᴟשׁ ȴҫϚѠ ȲῺ

ֵᴞ ṕ ɎNatural Language ProcessingȲNLPɏד ṅשׁ ӱȲҠ Ӫ

ᶧԝ ⱢҰІȲᴖ Ɫ Ȳ֪ױȲ דֵ ṅשׁ Ở ṿӣ

ᴿᴞ ṕ ᾼᶾ Ȳ Ӫ ᶧԝ М ậצӣᾼӢᾬ‒ ȴѡ›Ȳ

ϚṷҠеצ ṿӣᾼ Ӫ ṕ ₤ ҏȲᴖѹБ Ὑצᵗὑ֢

ϯ ԉ ȴ֪ױȲӐׁשṅסὑ∂ӴϠϚ ѿ Ӫ ṕ ₤ProtBert Ɫ

ᾼ ₤Ȳ Ӧ I ѻ ד ἤ ֥ᾬᵧ ᾼ Ӣᶼ ếϚ  

T ᶼ ᾼ TCR ֥ ἤȴӐׁשṅ Ẓ ȲϚ ╥ MHC-

Iếpeptideᾼ ֥ ȲϚ ╥TCRếpeptide-MHCɎpMHCɏᾼ ֥ Ȳѩ

Л֝ ѠהȲ Ὠ ӱ Ӫ ṕ ₤֯Ẓ ϱ Ҡѿ с ȴ

ȲӐׁשṅ ҏ כ Ȳ ϚḔ сѿProtBertⱢ ᾼ ₤П

ἤȲ о T ắ ᶼ ֥ ἤП∟ ӣȴ 
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Ϣ ᴩ Пԓ ֪ иέ ֵ

֪ и( ȳ ) 

╥Ϛ ѡ ᾼ Ȳ Ɫᵅ ⇔

ɎBMDɏѿц ᷉ ᾼ Ȳԓѷꜜצ Ẓ Ϣ ȷӦὑ

ắẞ ᾼ Ȳ ד ᾼ Ғᴖ☼ҷȲ נ ṳ

ד ᾼ Ṯϫи Ȳᵀ╥ӭ›ᾼ ạṳЛ Ȳ

ֵ ֚Ϣ ӑ ҏȲ֯ױȲ ֪ ᾼׁשṅ ♆ϱӣ ȴԒ›Бשׁצṅ

Ϡ ֪ ᾼד ἤȲֽԓ ֪ иέɎGenome-wide 

association studyȲGWASɏᾼׁשṅȲ᷄ ẞϠ ⇔Ɏ ᾼ ᶩ╓ ɏ

ד ᾼ ᴯȲᵀׁשṅᾼ Єֵ ӣ ☺Ϣ ȷ ṅשȲӐׁױ ү Ϣᾼ

֪ ᴩиέȲӭᾼⱢ ү Ϣᾼ ֪֯ ϱᾼ ἤȲ

ṳѿЛ֝Џẓ ֵ ֪ иɎPolygenic Risk ScoreȲPRSɏѿц ѩ

ɎOdds RatioȲORɏȴ ậᴞү Ϣ Ӣᾬ ɎTaiwan BiobankȲTWBɏȲ

ԚצC2-42 Axiom Genome-Wide TWB Array Plate C2-58 Axiom Genome-Wide 

TWB2.0 Array PlateẒ ѱἬ ᾼ Ɏ∟ иᵑѿTWB1ȳTWB2 ПɏȲ

Ӑׁשṅ ṿӣЛ֝ᾼTи ᵂⱢ ẃứ Ӕ ӐȲиכҳ ᾪӐȲ Ẃ Ӧ

ᵅẞ ⱢCase_TÒ-2.5ȳCase_TÒ-2ȳCase_TÒ-1.5ȳCase_TÒ-1ȴ Ԓ ֢ᾪӐ

ᴩGWASȲṳ ᷄ҏᾼ ֪ ѝ ѩȲTWB1ד TWB2Ꞌצ ѝ ᾼ

ᴯȲḆ֯TWB2ᾼиέМȲ 9 ᾼ ֪ ᵀӑҏ ֯Ԓ›ᾼѝ Мȴ֯

∟ ᾼPRSȲѿGenEpiȳPRS-CSȳLDpred2Ϯ Џẓ ᴩиέȲѹ֯ḕ Л֝

CaseМиҏϠ ạLooseȳStrictẒᾪȲẔМStrictⱢ ᾼᾪӐȴ֯GenEpi

МȲLooseᾪᾼ ạ֯ORꞋצ ֻᾼῶ ȷ֯PRS-CSᾼиέМȲCase_TÒ-

2ᾼᾪӐ֯ORꞋצЛ ᾼῶ ȲҫҵTWB2֯AUCᾼ ὨꞋ ὑTWB1Ȳ Ɫ

Ӑ ֵᾼ Ȳױ ֯∟ LDpred2ᾼ ὨϷ ẞϠ ȷLDpred2ᾼ Ὠ

Л ὙϠ Ӑ ֵᾼ Ȳ֯Case_TÒ-2ᾼᾪӐϱϷצḆⱢּטҏᾼῶ ȷᴖ

Џẓѩ ᾼ ὨɎAUC OR ֤Ϛ ɏⱢLDpred2>PRS-CS>GenEpiȴ ֥ϱ

иέ ὨȲӐׁשṅ ӣLDpred2֯ TWB2ᾼCase_TÒ-2ᾪӐᵂⱢ ᶩϱᾼ

ᵗȲ Ғᵒ ֚Ϣ ᾼ ȴ 

ԏ ϱ Ṇ ӣὑᴨ έ иέ(Ὥ′ׁȳ

∑ѝ) 

ᶺ Ϛ ӣὑ ϱ ᴨ έȳᵛ ῀ έ

(spent dialysate)Мᶟ ếɓ2- Ӫ ⇔ᾼԏ Ṇ ȴױԏ Ṇ

╥ӦẒ ҵԏᾌ◕ᾼ ԏϡ ȳ☼ ếԏ ϡ

ȷϚכ ӣὑ֯ᾌ Ɫ278 nmᾌ ᶟ ᾼᵮןԏ⇔

(absorbance)ȲᴖҫϚ ӣὑ֯ᾌ Ɫ315 nmᾌ ɓ2- Ӫᾼᵮןԏ⇔ȴ
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ᴨ έ ☼ ☼ έ ᾼᵮԏ ȴ֯☼ ϱȲᶺ ṿӣ ▀ᶮ

ᾼ ẃ юԓв᷉ ṳ ю ԏ(strait light) Ϥԏ Ȳѿ Ḇֻᾼ

ἤ⇔ế Њᾼѩ ứ√ ȴ Ṇ Ԓṿӣ ᴩ Ȳṳׄ ᴟ

ӣᾼᴨ έ Ȳẃ ᶩׁשṅМг֤ ῏ᾼ10װᴨ έ ᾼиІ

⇔ оȴ Ϡ Ὑṿӣᶺ ᾼԏ Ṇ Ҡѿ ҏ έ Мᶟ ếɓ2-

Ӫᾼ ⇔ҵȲ Ὠ ֥ќ═֣ ֫ (SVM regression)ᾎȲᶺ Ҡѿ

῏ᴨ Мᾼᶟ ɓ2- Ӫ ⇔ȲẔМᶟ -R2 = 0.8482Ȳɓ2צ Ӫ

R2 = 0.7208ᾼ צ Ṿד ἤȴ ṷכὨ ӱϠᶺ ᾼṆ ẓצ ϱ ᴨ

έᾼҽЄ ϩȴ 

ᾐ ᴞ о Ṇ П∂ ( ▼ ȳ ) 

ⱢϠиέ ᾐ ᾼ ᵂ ạȲ ᴩᾐ ẃ ҏᶙ

ᾼ פ ȴ ᴖӦὑᾬ ᾼ ạȲ ᴩᾐ צ

ѹЛ ᾼ ȴⱢϠ Ḇצ ѹ ֮ ᴩᾐ

Ȳ֪ ṅҒϤϠwebcamשӐׁױ ᴩᵛ Ȳɔ ӣArduinoȳ

Ḕ ц3Dԝ֙ᾬԈ ᾃכ Ȳ ᵌ ц ᶮכ

ᴞ оṆ ȴᵓӣSolidWorks Flow Simulation ᶮ ᴩ Ȳ  

ц ᾼ∂ ᴩ Ȳ ∟ ӣϠּט ц ᾼ ᵌϩ Ғ

 Ɫ15 mmȴ ᾼᵛ Ѡ Ȳ ᶮ ᾎ

ᾼҙ Ȳṳ ϱᴍ ҙ ᾼפ ֥ ҏ ҙ ᾼ

֯ҙ 0.6 mmѿϱ Ɫứ ȲױҵϷ ҏ ȷ֯ᾐ Ѡ Ȳ

ӂᶁ ᾎẃ ᾐ Ғ ӂ ᾼ ц Ȳṳ

ҏᵛ ȴױҵ ᾐ ᾼ ȲӐׁשṅӼᵓ

ӣ ⇔ ₤ẃ ᾐ ȲѿцҒ ӂ Ἤ ᾼᾐכ Ẕ

ᾼ …ȷ Ἤ ᾼ ᵂⱢ Ȳᵓӣᴞ оṆ ậ

ᾼ Ȳṳ Џ Ở оכ Ȳѹ ₤ᾼ

ȲἬ ₤ ᶙԓ ᾼ Ȳᵀ צ ֥ᾼ ȷ֯ҟ

ц ᾐ ᵅ ᾼ ∟Ȳ פ ᾼloss Ɫ49.58 kW/m2Ȳ

ױ Ẕ צ Ṿᾼῶ ȴ ∟Ӑׁשṅѿᴞ оṆ ᴩЛׁ֝שṅ ֪ᾼ

ѫ ȲϷѩ ϠϢЏцᴞ оṆ ᴩ ᾼ Ȳ ᴞ оṆ ᴯὑ

ᾐ ц ᾐ −צ ᾼ ⇔ȲϷ ᵄ 7.01ϱсᴟ23.18Ȳ

ѫ ⇔ 154oCϱсᴟ192oCȲѹ ϯה85.2ּ ᴟ78.9ּהȴᵓӣׁש

ц ♃ ᶮכэ ῶ Ȳ ṿ ѫ ⇔ ϱсȳ ᾼ צ ȴ 
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иέ ‒ ᵗứᴯ ӣὑ Ӣ ᾼ (яІ

ȳ )  
Ӣ  (Living Wall)╥ ᾬ ὑ ȲἨ ᾬṼ ὑ

Ἠ ПϱȲ╥֢ оЏ М ᶶ ȳ Ϸ

ᾼ ȴᵀ╥ Ὲ оᾼ Ȳ ẃ ╥ϚЄЏ ȴⱢ

Ϡ юϢϩ ᾼכӐ ȲӐׁשṅ֯ס Ӣ ᴞ

Ṇ ᾼ ἘȲᶦ ӑẃ Ӣ ᾼ ṛ֣ᴞ оȴᴞ Ṇ Ҕᵶ

ȳ ᾬ ᾼậ ȳ ᾬ ᾼ ѿц

ᾼ ứᴯȴ֯ иȲ Ӧы ᵂⱢ ϩẁ ẃ Ȳṿ

ӣ ạ ᵂẓצᾬ  (Internet of Things, IoT) ғ Пы ☼

Ȳы ὰП ☼ ᵛ ϱ ᴟ ȳ֝ ֯ қМȲ

ы ᾼ ᴷȴҫҵȲ ᵂЊ₤ ὑљҵן ⇔ȳ ⇔ȳ

ԏ Ȳᵛ ϱ ᴟ ȲᶙכЊ ᾼ ן ȴ֯ ϤהṆ צ

ᾼ ϯȲᵓӣ ὔᾼ Ѡᾎᶙכ ᾬ ᾼ ᾼ

ậ Ȳ ӣὑ ᾬӢ ᾭᾓᾼ ᴷȲ ᵂⱢᵒ ḖᾼṼ ȴ֯

ᾼ ϱȲ ᵂ ᴞ ᾼứᴯṞȲ ᾼ Ȳṳѹ

Ɫứᴯ ᾼ 30% פּע ȴṿӣ‒  (Beacon) ᴩứᴯȲᶙֵכ ứᴯ

ᾎ ╓ ứᴯᾎᾼ Ȳиᵑ ẞ0.796 m 0.186 mᾼӂᶁ Ȳ ∟ṿӣ

 (Neural Networks) ╓ ᴩ Ȳ ẞ0.054 mᾼӂᶁ

80.4%ᾼứᴯ ȴӐׁשṅ֯ Ӣ ᴞ Ṇ ᾼ֢ МꞋצ

Ȳᶦ ẁϚṷ Ȳṳ Ḇֵ ᾎ ȴ 

ᵓӣẪ и ᴯвӕ цҁ ᾆṵד

ᴩⱢ( ẍ ȳ ∑Ḽ) 
ү Ɫԓү ᾫ П′Ȳ ╜ᴩד2020

ỗ ᾼ Ȳ ᴾ ᾫ ᾼ42.4%ȴ֯

ү ᾼ МȲ14%צᾼҁ ֯ ҹ›ײϺȲᴖֽᴶ ᵅ

ҁ ᾼײϺ Ϛ᾿╥ ắ ᾃᾼ ȴ ϱȲи ᴯвӕ ҁ ᾼ

ᾭ ϢЏ ȲᴖױѠᾎ ѻ ѹ ȴ֪ױȲӐׁשṅ֯ס∂ӴϚ Ҡ

ѿ и ᴯвӕ ếҁ ᴩⱢᾼṆ ȴӐׁשṅṿӣ ϤהṆ Ṕ

ẃן и ᴯᾼ ѱȴӭ›ן ẞᾼ ѱ Б 5000Њ ȴ֯ӕ

Ѡ ȲӐׁשṅ ҏϠϚ ֥EfficientNet  ɎLSTMɏᾼ ₤ẃ

ӕ ᾼ7 ₲ ȴᴖҁ Ѡ ⁄╥ᵓӣ ӭ R3Detẃ ᴩҁ ứ

ᴯȲṳ ֯ (SORT)ᾎ Мᾼҁ ȴӐׁשṅ֯

ӕ ₲ ϱᾼF1-scoreẞ0.92Ȳҁ ứᴯᾼF1-scoreẞ0.92Ȳᴖҁ

ᾼMOTA 94.6%ȴ ӕ ₲ ₤ ᾼ ὨȲҠ ӕ ᾼ ṵ



86 

 ȳ ṵ ȳ֦  ȳ֦ ȳ ῝  ц₲ о 6 ╓ ȷ

ҁ ₤ᾼ ὨȲҠ ҁ ᾼ♄ ц֦ҹȳ♄ ȳԅ ᾼѩ

Ẃȷᴖ ֥ѿϱẒ ₤ᾼ ὨȲ⁄Ҡ ὑӕ ṵ ӑ֦ҹᾼҁ ȴ

ṅשҵȲӐׁױ Ẓ ₤ ӣ֯ϫ и ᴯМȲ ӕ и ∟ 1ᴟ15щ ᴩ

Ϡ  иέȴӐׁשṅ ҏᾼѠᾎҠѿ и в ṵӕ цẔҁ ᾼד ᴩ

ⱢȲצ Ɫ ᴩ ϩ ẁצ ᵗȴ 

ӣὑ ῟Пᴞѻṥ Ϣ ( ȳ ∑

Ḽ) 
֯ ӣӂ ᾎᾼ ῟МȲ ῏Ӈ ᾼѿϢϩ

ᴩ Ḕṥ Ȳẃ ᾼ ᾭ ȴ ᴖ ῏ᴖṕȲ

ṷṥ ЏᵂЛ ϩḆ‍ ȴ֪ױȲӐׁשṅᾼӭ Ɫ

ϚүҠὑ ῟Мᴞѻṥ ѹ Ӗᾼ Ϣȴצ ὑ֯

῟ᾼв МȲ ᾼ Єֵ Ɫ ȴ֪ױȲ Ϣᾼ

ЊҾȲѿ һ ֯ ᾼ ῟ṛ Мּז ȴ֝ Ȳ Ϣ Ϡҳ

ếṮ ҵ ȲṿẔҠѿ ᾼ֯ ῟ᾼᴏ ϱᴩ ȴ֯ Ṇ

Ѡ ȲӐׁשṅ ὑ Ϣᵂ Ṇ ɎROSɏ ᴩ ȴ Ϣ ᾼ

ד⇔ ԏ☼ṭ Ȳ ӣ֝Ḕứᴯ ֮ ∂ɎSLAMɏế ứᴯẒה֥

Ѡᾎ ᴩứᴯȴӦ Ὠ ӱȲ֝Ḕứᴯ ֮ ∂ế ứᴯ֯ה֥ ῟в

ᾼứᴯ Миᵑ צ 0.49ế 0.47еѐᾼӂᶁ ȲꞋṜѿᵂⱢ Ϣ

֯ ῟ ṛ Мᾼ Ṽ ȴⱢϠ Ϣ ᴞѻṥ Ȳ Ϣ ROS 

navigation stackᴩ ế ᾬ ȴӐׁשṅӼ ᴩϠϚ Ȳ ҏ᷄ױ

ᾼ ᾬ ȴ ᷄ҏᾼ Ṿ ȲROS navigation stack

Ҡѿі Ϣ֯ ῟М ѹצ ᾼᴩ ṳ ᾬȴӐׁשṅἬ ᾼ

ϢҠѿ֯ ῟Мᴞѻṥ Ȳ ẁ ῏Ϛ ᴞ оᾼṥ Ѡ ȴ 

ᵓӣẪ цѤḊ й ѤḊᾬ (

′ᶪȳ ∑Ḽ) 
֯ ᾼ Ὥ МȲѤḊ צ ᾼ ȲᴖӔ

ᾼᾬ ⱢѤḊᵓӣПỞȴ ϱȲѤḊᾼᾬ Ԋ

ѿ ╬ᴥ Ӑ╬ᴥὑ ϯ ᴩ Ȳ╠ṿ

Ь Ӑᾼ ȲѿцԊ ᾼ ᾬ ῀ ȴ

ῺדиІ Ѡᾎ ӣὑ ѤḊᾬ Ȳ ᾬ ȲױѠᾎ

Ь Є ᾼ ȳ ϩכӐȳѿцὗ ᾼ ȴ ПדѩȲ ᾼѠᾎ

⁄Ɫד ȳᵅכӐᾼᾬ ȴ֪ױȲӐׁשṅ ҏṿӣ ⇔ М

ᾼẪ (Convolutional Neural Network)цϚṆԝᾼ Ḕ ȳ
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ѤḊӑ╬ᴥП й Ӑ Ȳ ц 41 ү ṓᾼ

ѤḊПᾬ ȴӐׁשṅ ϠЄּפϮϾѱᾼѤḊ Ӑ ṳ ҏϚ ҔᵶϮ

Ḕ ᾼ ☼ ȸẔϚПᾬ и ₤ѿѤḊ й Ɫ Ϥṳ ҏ

Пᾬ цד ᾼ‒їи ȲẔϡП ạ ₤ӣѿ‴ ‒їи ЛṜП

Ϥ ӐȲẔϮПҠ‒⇔ Ӕ ₤ ‒їи ѿ ֥ ȲѿϱϮ ₤

ѿ ᴩ ṳѿњ ȴӐׁשṅӼ ϠϚ ₤њ

ӣ ȲҔᵶה ᶮṿӣꜜ ṳ ₤ ֥Ȳ ᴖ ẁṿӣ῏ѿ

ᵛ ϱ ᴩѤḊᾬ П ȴ֯ ὨѠ Ȳᾬ и ₤֯ ȳ

ѿц ϱиᵑậ Ϡ 94.50% ð 1.23%ȳ89.71% ð 1.38%ѿц 

74.24% ð 3.10%ᾼ ȷ ₤֯ἴ 0.321%ȳ15.04%ế48.36%

ᾼ Ӑϯ צ с 0.45%ȳ3.51%ế 13.72%ᾼ ȷҠ‒⇔ Ӕ⁄

Ӕ (Expected Calibration Error)0.0826ᵅᴟ0.0437ȴӐׁשṅ ҏПѠ

ᾎẓ ᶙ ᾼṆ ▐ ѹҠԓᴞ ᴩȲ Ὠ⁄ ӱӐׁשṅἬ ҏП

☼ Б ᵗ Ϛ Ὥ Ϣ ц Ϣ ▲ ѤḊᾬ Ȳ ӐṆ П

ᵉ∂ ѿἏѤḊ ֯ ⅍в ᴩП ạȲṳ ϚḔ ᵅѤ

Ḋ Ἤ П Ϣϩ Ἤ ȴ 

ᴞ ẓ ӣὑ ⅍ ᴞ о ПṆ ֥

( ▼ ȳ Ᵽ ) 

ᵂᾬᾼ ֯ᵂᾬᾼӢ  ₤᷊ ϠϚ ᾼṔᴥȲ

Ҡѿ ᵗ ӖḆֻ ᴩ ȲἨ῏ ᵍ ֪Ӣ 

⇔ ᶶȳ ḳ ֪ᴖ Ӣ Ԇ ȲϭἨ῏֪ Ӏ Ḗ

ẃ ן ᵂᾬᾼ ⇔ȴЛ ᵂᾬ ⇔ ἏἏ Є ᾼϢ

ϩȲ֪ױӐׁשṅ ҏϠϚ ֥ ȳứᴯ ᴞ ᾼѠ

ᾎȲṳ ӣὑ ⅍ ẓϱȴ ẓṿӣ Ϣᵂ Ṇ ᴩṆ ֥Ȳṿӣᴞ

֮қ ứᴯᾎ ᴩ ⅍МᾼứᴯȲṳѹ ҏϚ ạ ẓ ⇔ Ṕ ⇔ᾼ

ѠᾎȲ ѠᾎМᾼױ ạ Ȳ ∟ᾼ ֯0.1 mѿвȴҫҵ

Ϸ Ϡ ứ Ȳ AR Ȳ ẁ ד ȴד ẞAR ∟

ᴻὢ ạᾼѠהȲ ẓ ạẞ ứ ᾼᴯ Ȳ ᴻὢứᴯᶙכ∟Ȳ

ᴩ ᾼ ȴ ᾼѠᾎ╥ ד⇔ Ȳᵓӣ ứ ᾼ ⇔ȳAR

ᾼ ⇔ѿц ᾬᾼ ⇔ …Ȳẃ ᵂᾬᾼ ⇔ȴ ϢЏ ᾼ

ѩד ȲMAEⱢ0.95 cmȲRMSEⱢ1.15 cmȲMREⱢ16.60 %ȲR2Ɫ0.80ȴ 
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Ҿ₤г ҭ ӂүὑMacro-Miniњ Ϣ

Ṇ ( ᴙṠȳ Ᵽ ) 

Ӑׁשṅ֯ס ẛњזּ М ӣᾼ ᵗMacro-

Mini ϢṆ Мᾼ ạ иέȴ Ԓ Ӑ ⅍Б

ᾼг ҭ Ϣ(Mini)ȲṼ צ ϱȳ ϱᾼ ᵓ

ӣ ḆᾼѠהḂ Ȳṳ ӣ оᾼ Ḃ Ҡᴩ

ἤȲ ṳ ה ᾼ ᴩ ḂȲ ю Ἥ ṿӣ Ȳ

ἤ иḂӣ о г ἤ Ὂи3כ ṳᵓӣᾙẓ ’

ᾼӂᴩ⇔Ȳ∟ Ԉ ᴩ ṳ ›∟ Ԉᾼắϩ … CAD

ҠᴩἤȲἉ ạᵓӣṆ ᵑ ἤ ạ ᴩ Ȳᶙכ

Ἁ ạ∟ᵓӣ Ӕȳ ᴻὢ Ϣᾼ ֫ ⇔

⇔ȴMacro-Mini Ϣ ҏCooperative Control Shared 

ControlẒ ạ▐ Ȳᵓӣ ᴩ ṳ ἤ ֻᾼ

Shared Control ᴩ о ᵅ Ȳ∟ ᵓӣ Ҿ⇔ иέMini Ϣ

֥ᾼЏᵂ ȲṳᵓӣMacro Ϣᾼ ạ›∟ ӭ ᾼ ѿ

цЄṔ⇔ϯMini ӴMacro Mini֯ᴯ Ṕ⇔ϱᾼиЏѠהȴ 

ӣὑ ПϢן ẦᵂЮ ( ȳ Ᵽ ) 

֯ӭ›ᾼ ᾓМȲ Ϣה Ьᴾѻ ṿӣѩ

ẂȲ֪ Њᴖ ᾼ ȴ֯ ￼ ϯȲӐׁשṅ

ПϢן ẦᵂЮ ȲṿӣὑϚϢ Ầᵂ ẓȲ ֯ ═

ъ ṿӣצ Ϣה ᾼ ᵂ Ȳ ᴩẦᵂ ȴ֯ן Ɫ

ᾼ ȲіϤϢᾼ ᵂȲ оṆ ⇔цכӐȲ

ӭ ╥ᶦ Ɫ Џᾼ ҏ ȴ 

Ӑׁשṅ ֯Ẓ Ầᵂ Юן ᾼ ᴷ ѩ : ϚⱢ Side-by-side[ᴞ ] Ȳה

ד ҟ ᵂ῏ṝϱᾼ Ȳѿ ᵂ῏ד ὑ ẓᾼ₲ Ȳѿ Ϛ

Ḕ֮ ạ ẓ ᴩȷϡⱢ[њ ]┬ Ȳה Ғ Ẓ ┬ ֯ Ϣה

ᾼ᷂њϱȲ ᵂ῏ ᾿ ạ ẓṆ ᾼ ᴩȴ ֮ ∟Ȳ

иέ ὨȲ ῀[ᴞ ] Пᴞה ғ ᵂṏֻȲԛ ϚḔ о∟ Ḇצ

ӣ ϩȷ[њ ] ⁄ה ẁד ứ֮ Ȳ Ẕṿӣ› Ɫ ᵂ῏

ẓБ ױ ᵂ Пה ϩȴӑẃ ֥[ᴞ ] ц[њ ] ứ ᵂᾼ Ȳ

צ оױϚϢ Ầᵂ ẓП ᵗ ὨȲṿПḆẓ ӣ ȴ 
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ὑ Ѳ ⇔ П ⅍вứᴯц Ὠ ( І

ȳ ԇ ) 

Ὼד ắ о Џ ѡ Ȳ֪ ױ ẃ

ֵ ᴞ оᾼ ḟѠ ӣẃ ḟϢϩЛṜᾼ ȴ ҟὑ

⅍МẦᵗᴞ о ᾼṞן ֵ ӣ ᾼѠה ᴩȲ ẞ

ѹ ứᾼ Ȳᵀ ᾼ Ȳ֪ױӐׁשṅ ѿ Ѳ

ᾼѠה Ὲ Мᾼ ẓ ứᴯȲṳṿӣ ⇔ ᾼѠה ▐ϱᾼὨ

ӭếᴯ ȴӐׁשṅὑҠᵓӣ⅍в МᵂⱢ ᴕ ᾼBeacon ᵅғ

Ѳ ẓ Ȳן ẓ⁄ Ṽ ẞᾼᵅғן Ѳᾼ ⇔╓

(RSSI)ᾼ ⇔ Beaconế ẓП ᾼ Ȳ ẞᾼֵן ᵓ

ӣϮ ứᴯᾼ ᾎ ẓὑῈ Мᾼϡ ȴ ⅍МὨ ⁄ᵓӣ ⇔

YOLO ₤ ᾬԈ ȲᴖⱢϠ ᵅṆ М ᾼ ȲӐׁשṅ

оṳҠ ᴩᵛ ϩᾼYOLO tiny ₤Ȳṳṿӣ247 ѳ Ὠ

YOLO tiny ₤ ȴ֯⅍вứᴯ ⇔ϱȲṿӣ ЄЊ ứᴯ ắ М

ᾬȳ ṿӣế ᴕ ⇔ᾼ Ȳ֯Ϛ ứᴯѠ Ȳ П

ứᴯ Ҡ еи Ȳᵀ ҒȲứᴯ Ϸ П Ғ; ϡ ứᴯ

ϠắϚ ⇔ ȲϷ ắBeacon ⇔ᾼ Ȳ֯10 Ӑ ᾼ

МȲӂᶁ Ɫ156.84 cmȴᴖ֯ ӣ ⇔ ᾼᾬԈ ὨϱȲṿӣ189כ

YOLO v4 tiny ₤ Ὠ ᴷȲPrecisionⱢ88.8%ȲRecall⁄Ɫ

90.2%ȴד ὑv3 tiny ₤ᾼכὨȲPrecisionЊ с0.4%ȲᴖRecall⁄Є с

Ϡ7%Ȳѹ֯ ԏ ⇔ᾼ Пῶ Ϸצ Ḕȴ 

ҏ П ᵗ ( ᴹἭȳ

ԇ ) 

Ɫү ᾼ Ὠ ПϚȲЛ ד֯ ȳ ȳҵ

ếҵ ȲᶁỰὨ Ϛ₇ П′ȴ ᴖү ắ ὑӐṝ

ᾼ֮ ᴯ ֪ ȲԛҒϱῺדẃЏ ᶾדּ Ғ Ȳᴴ ү

ῂ ᾼ оȲ֝ ὔᴞӦоᾼ Ȳ в ₤Ἇ

ȴ Ӽ ϤעЏ ᾼѠᾎȲѿ Ẕ ᾨϩȲ‚

ᾼӘ ȴ֪ױӐׁשṅ ϩὑṿӣ ᵗ Ϛ П

ҏ Ȳѿ ᵅӢ Ӑцכ ᵂ ₇ ȴ  

Ӑׁשṅṿӣ ᵗ SolidWorks Ϛ П ҏ ȴ

Ԓ ᴩ∂ Ȳᴖ∟ṿӣSolidWorks Motion Ȳṳи

ᵑ ᴷ ҏ ПҠᴩἤȲ ∟ ֥ П ҏ Ȳ

ᾼ ᵂᾭᾓȳכ иέếѩ ȴ 

ӣ ה ӫ ה ῤ Ϥ Ȳ҅
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њ ᾼ Ȳ юϢϩכӐцњ Ӣ ḳ ҵᾼ ȴҏ

֥ҙᴞ ӉҔ Ȳן ∟ᾼῤ ṳ Ẕ ᴩӉҔ ȴ

ѿϱ ҏ ȲӻӦ ҙᴞ о Ȳ ᾼЏᶧ

Ϛכ ☼Ѭ ᵂ ȴ ю њ ῤ ᾼ ϩ ӐȲӼכ צ

ᵍױ ἤ ᾼ ᶧ Џׄ ḳ ҵᾼ ӢȲṳЄ сᵂ Ȳѿц

о ₇ ȴ 

ӣὑ Ὠ כ ⇔и Ṿ ן

( ȳ ԇ ) 

Ὼ ד Ȳצ ’Ә ᾼ ֯ѷꜜ֢ Ꞌ

ԝⱢ ӭ Ȳ₨Ӏ о֯ ֵ Ӏ Б ғᾼכצ Ẃȴ

Ӑׁשṅ ▼ὭЏ Є ֥ ȲW ϩὑ ӣὑ₣᾿ ᾼ

ן Ϣ ₤Ṇ ȴӐׁשṅиכẒ иȲ Ԓ╥ ϱ

Ὠ ᾼ и Ȳ ӣ Ϣậ҅ ϢϩȲӇ ṿ ϢϷ צ

ȴӐׁשṅМṿӣ ⇔ ᾬԈ ₤Ȳ ֥ ᶾ

МᾼὨ иכӑ ȳכ Ϯ Ȳכ Ὠ ⱢӐׁשṅᾼ ӭן ȴ

ϯẃ╥ Ϣ ן ᾼ Ȳḕ Ὠ ᾼ ן ᶧЛ֝ ן Ϣ

ᾼ ȲЛṏᾼ Ϣ ᵂן ᵅ ȴ֪װӐ

שṅМׁשׁ ϠϚ ὑᴞ ╣ ᾼ Ṿо ᾎȲӣẃ᷄ҏϚ

Ἤכצ Ὠ ᾼ ẁ ן ϢṼ ȴ Ȳכ Ὠ

₤ᾼӂᶁ Ɫ93.85%Ȳ ṅשׁ П›ᾼכὨדѩ сϠῺ10%ȷ֯

ן иȲṿӣᵶצ 7 ȳ15 30 ӭן ᾼ Ẃ ȲἬ ẞ

ᾼ ן  ⇔Ꞌѩׁשṅ П›ṿӣ ᾎḖҏᾼ юϠ20%ѿϱȴ

Ӑׁשṅ ᾼ Ṿ ן ᾎϷ ӣὑ ᴩ Ȳ TSPLIBȳ

VLSI TSPs National TSPsМᾼberlin52ȳxqf131qa194Ẃ ᴩױ ᾎȲ

Ἤ ҏᾼ  ⇔ Ὠ ЭБ῀ Ṿ ᾼ Ꞌ֯6%ѿвȴ 

П ᵗ (Ḉ ȳ ԇ ) 

Ɫү ᾼ ᵂᾬПϚȲ╥ү ѬὨҏЀᾼ Є

ỨȲ ѠהᾼḂṏȲ Ӗ Ἐϱᾼ ḔȲ

Ꞌצ−Єᾼ ḔȲᵀ Ȳױֽ ӖЬ ῧ Є ϩὑ

ן ȴӦὑ ֯ П∟ЄЊцᶮᾭṳЛϚן

Ȳ╝ Ӗ ӣϧẓ Ӄ Ȳ֯  ᾼЏ ϯȲЛ ὔ

Ӣ ׄṶ╝Ȳѹ ѿ Ӄ ᴟ֝דЄЊȲӐׁשṅᵛ ϩὑ ᵗ

Ϛ П Ȳѿ ᵅ Ӗᵂ ϱᾼ ц ȴ 

Ӑׁשṅ֯ס ӣ SolidWorks Ẓ П Ȳ

ὑ∂ ᶙכ∟ѿ SolidWorks Motion ᵂП ᾓȲ ∟֯ Ansys 
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WorkbenchМ ᴩϧѱй ᾼắϩ ᶮȲѿ ᴷ П Ҡѿᶙכй

ᾼԉ ȴ 

иⱢ᾿הц Ẓה ȲẔМ᾿ה ѻ ѿ

П ⱢѻȲ ה ⁄ѻ ѿ й ᶠⱢѻȲ

ӐׁשṅМӼ ὑ ה ҒϤй ϧѱȲѿ ẞ Ḇֵע

цϢϩᾼӭᾼȴ 

 

ӣ ⇔ ὑ Ϣ ẓП

֥(ᵦ ȳ ԇ ) 

ӭ›ү ᾼ ϢЀ ϯד ѹ оᾼ Ȳ

ᴖү ӭ›ᾼӢṎ Ϸ‍ ᾼ Ȳɑ ϱ ֵᾼЏ

ϢϩЛṜᾼ Ȳ ╥ ȳ╟ῑȳ ȳ цן

Ꞌ Ԋ Є ᾼϢϩȲ֪ױӐ ѝ Ȳѿᴞ о ẃה ḟϢ

ϩϱᾼ ȴӐ ѝṿӣ ♆ ẓ∂Ӵҏ ᾼ ֮ ȴ Ѡ

╥ה ẓ֯ ⅍в ϱᴩ Ȳ▐ ὑ ẓϱᾼד ᵛ ᾼ Ϥ

ᴟ YOLO V3ӭ ᾼ ⇔ ₤МȲṿẔҠѿᵒ ҏ ᾼ ȷ

ԛ ᵛ ᾼ ậṳ ֥ ѱ ֥ȷ ∟ ᾼ

֥∟ᾼ ѱ ᴟ Ȳ∂Ӵҏ ֮ ȴӐׁשṅὑ ⅍ ֮в

ҏ YOLO V3Ҡѿ ᾼ ҏכ ӑכ ᾼᴯ Ȳѹ ֥

⅍в ᾼ ѱ Ϛכ֥ ӂ ᾼ ѱȲṳѹ ֮֯ ϱ∂Ӵҏ

ᴯ ȴ∂Ӵᶙכᾼ ֮ ᾼ Ȳ ṿ ẓẞ ╓ứᴯ

ṳ ᴩ ȳן ц ЏᵂȲЛ сЏᵂ Ϸצ ᾼ ḟϠϢϩ

ЛṜᾼ ȴ 

о ⇔ ӣὑ ⅍ Ϣ ẓ цᾬԈ

(ᵦюТȳ ԇ ) 

ṿӣ Ϣ ẓὑ ⅍Мѿᴞ оᶾ ẃ Ὠᾬ Ȳ⅍в

цᾬԈ ⱢẒ ᶾ ȴ ẓ МȲᵛ― ֵ

ᾎ ᵓ ҏԓᶝ Ȳ⁯֪ ѽᵛ ἤᶝ ᴩⱢ

ᾼ ἤȲ ᾬиᵉҏ о ―ҷҟ ϩȴὨᾬ МȲ

Ὠᾬ ṷ Ἠ ὑ Ὼ Ȳ П ὨἏἏЛֽ ȴӐׁשṅ ӦϚү

ẓṞ ֥ԏ ⇔ ứἤ ⇔ (Deep Deterministic 

Policy Gradient, DDPG) о ȲṿẔ ẓ ὑ Ὼ ᾬᾼ ȴ֯A*

ԓᶝ ϯȲDDPG Ầᵗ ᾎ(Dynamic Window Approach, DWA) 

ᶝ ᴩⱢ ᾎᾼῶ Ȳ ᴖṿ Ϣ ẓ ὑ ȴϚӎ ẓὂ

ӭ ȲԛѿYOLOv4 ⇔ ₤ṿӣ ẓϱד ậПᵛ ᴩ
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Ὠᾬ Ȳṳѹѿи ᾎц Пᶾ ὑᵛ 3D֮ Мᵧ Ὠᾬ ȴ

Ὠ ῀ ẓ ֯ЮϤ 0.35ᴟ0.36 mᾼDDPGẦᵗПϯȲ ᵛ

ᴩⱢḟ Ȳṳ ᵍ DWA ᾎὑ ϯ ӢМ Ἠ ẓ ֮Ӊ П

Ȳצ ᵅᴩṛ 20%ȴפּ ⅍ ֮ МȲYOLOv4 и ᾎ

∟Ȳ ᵧ 0.2 m ᾼ ӴὨᾬ 85%ӂᶁ ⇔ᾼכ ᾭ ȴשׁױṅ

Ɫ ᾼ ӣϱ ẃḆצ ᾼ ѿцḆ ứᾼṆ ȴ 

ӣ ⇔ ᶾ ὑ Ӣ  ◕ц П ӣ

( ȳỂᵧ ) 

╥Ϛ ẓצ− ᾼủ ἤᵂᾬȲ╥ צ ᾼ

ПϚȴ ᴖȲ֯ ᾼщ Ȳү ᾼ

╬Ϛ Ȳᵛ ░ ȴ І ╬ṳ ᾼ ȴֽὨ

῏Лцנᾙ ᾼ ░ Ȳắ ╬ᾼ ░ Ϻȴײ

ҵȲױ צ Ӣ  ◕Ȳֽ ῤȳ ȳӕ ȴ ⇔ ᶾ

ᾼϮ Ӣ  ◕Ȳ ᵗὑצ ῏ й֮Ϡ ᾼӢ  ◕ếиᵉ

ᴯ ȴ 

ӐׁשṅМȲᶺ ӣ֢ и в ╬ ░ ᾼ ⇔ȷ

ᶺϷ ӣ֢ ᾬԈ ₤ẃ ᵑ ░ ᾼᴯ Л֝ᾼӢ ᾭ

ế иᵉᴯ ȴ֯ӭ ₤ᾼ ҷẗ МȲᶺṿӣԒ ᾼ ꜜ

ҷẗ ẃ оᾬԈ ₤ᾼ ҷẗ ȲẂֽ: GIoUȳDIoU CIoUȴ֝ Ȳ

ᶺϷ ӣSSDȳFaster R-CNNȳYOLOv3ȳYOLOv5ѿцḂṏᾼYOLOv5 C3-

DenseNet ₤ẃ ᾬԈכ ᾼԉ ȴ ҏᾼYOLOv5 C3-DenseNet ₤֯

ậ Мṿӣ Ẫ ▐ ȷ֯ МȲһṿӣ ▐

ậ҅ Ӑᾼ Ẫ ȷ֯ МȲһ ҒϚ ẓ160צĖ160 ᾼ

ҵᾼϮ ѿ Ғ ₤ᾼ ϩ ⇔ȴ  

֯ ὨМȲ ὑ ░ נ ԉ ȴYOLOv5s YOLOv5s C3-

DenseNet ₤֯IoU ὑ0.5ᾼӂᶁ ⇔ᶁ иᵑⱢ0.7370ế0.7960ȷ ὑ

Л֝ᾼӢ ᾭ ếиᵉᴯ ԉ Ȳ֯ IoU ὑ0.5ᾼYOLOv3ȳ

YOLOv5l YOLOv5l C3-DenseNet ₤ᾼӂᶁ ⇔ᶁ Ɫ0.7700ȳ0.7689ế

0.8101ȴӐׁשṅ ᵛנ ╬ ḱȲ ῏Ҡѿц ╬ᾼ ᴩ

צ ᾼᾙ Ȳ ᴖ ю ᾼ ҷȴҫҵȲӐׁשṅҠ ֮ ᵑ Ӣ ᾭ

ếиᵉᴯ ᵗὑצ и ứᴯ Њᾼ Ȳ ֮ ᵗ Ӗכן

ᾼ ᵓȴ 
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⇔ ӣὑ Ὠ ᵒ ( ∑ ȳỂᵧ

) 

ᵂᾬᾼ Ἠ ЛṜ ᴟẁ Лӂ Ȳ ᴖ

Ӣ ᾌ Ȳ֪ױȲṿ ӖἨ ד ᴯ ֮ ᴖ

ᴷ Ἠ ạ₇ ╥ ᾼ ȴ ᴖȲӭ› ֮ᾼѠᾎ

ⱢϢᴷ Ȳ ╥Ϛ Ӑכ ȳ ȳ ϩȳѹὔҏ ᾼѠ

ᾎȲ╝Ӑ ҏᴞ оᾼ Ṇ ȲױṆ ᴞ и ḕ Ȳ֮

Ṇױ иכϮ иȸ ֮ כ ₤ᾼ ȳṿӣ ⇔

₤ȳế ₤ Ϥᴟ ӣᾼ֮ Ṇ ArcGIS Proȴױ ṿӣϮ

₤ȸ Mask R-CNNȳPointRendȳếYolactȲ ӂᶁи ⇔иᵑⱢ

0.585ȳ0.592ȳế 0.528Ȳѹṿӣᶺᾼ ₤ẃᵒ Ϛ  ᾼ ᵅὑ1и ȴ

ױ ᾼѠᾎ צ ᾼи Мᾼ ȲѹҠ֯ArcGIS ProМṿӣӐ

ֻᾼ ₤Ȳṿ ד Ἠṿӣ֮ Ṇ ᾼׁשṅ῏צḆצ ᾼ

ᾼѠᾎȴ 

ᶟѬῴװ о ȳᴎḊП Ԛ о(

ᶛȳỂ ◦ȳ ♬ )  

ү ᾼ љ ֣Є ȲⱢ ṜἬ ᾼ Ѭ

Ὅ Ȳ Ѭ Ṇ ᾼ Ḗ ẃ ȴү

ṓᾼ Ѭ Ѡה╥Ӧ ἬɎTaiwan Livestock Research 

Institute, TLRIɏ ᾼϮ◕ה Ṇ ȲẔМҔ╗1ɏỆ и ȳ

2ɏ оѿц3ɏֻ ȲṼװ ᴩȴ ᴖȲӦὑֻ ᾼ ἤ Ȳ

ױ֪ ҏϠҫϚ ע ֻ ᴃᾼ Ṇ ȸҠӣ ϡ ◕ ч ҅ ֻ

ᴃȲ Ϛ ◕ ч ᾼᴆѬҠ ᾬֽ ɎRSɏếὭ ᾬֽ

ᴎІ ᾬɎBWɏԚ֝ оȴ ϡ ◕ Ԛ о҅ ֻ ᴃᾼ ╥Ȳ Ϡ

Ҡ Ḇֵᾼ ᾬȲ֝ ϭҠ ю ᴃᾼ ȲϭҠ ӢḆֵᾼԛӢ

ȴ 

֯ӐׁשṅȲ ᶟῴװ о ɎSwine Wastewater Effluent, SWEɏ╥Ӧ

⅍ ᾼ Ϛ ◕ Ἧהч  ɎContinuously Stirred Tank Reactor, CSTRɏ

МἬן Ȳ CSTR֯ 37oCếHRT 10щв оϠTSⱢ8%ᾼ ᶟɎFresh 

Swine Manure, FSMɏȴ ϡ ◕ᾼ CSTR֯ 37oCϯи᷅ ᴩȴSWEᾼ Ệ

ứⱢ3,000 mLȲRS+BWᾼ ỆứⱢ200 gȴӐׁשṅᾼӭᾼ╥ѩ Л֝ᾼRSȸBW

֥ѩẂ Ԛ оП ȲԚ ᴩϠ 100ȸ0ɎR100ɏȳ80ȸ20ɎR80ɏȳ

60ȸ40ɎR60ɏȳ40ȸ60ɎR40ɏȳ20ȸ80ɎR20ɏế0ȸ100ɎR0ɏ6 ᾼװ᷅

ȴḕϚ᷅װ ╥Ẓ ɎDuplicateɏȲҔ╗ ᴕ ᾼῈӪ ȴ 

ӦὑRSẓצ ṾᾼӢᾬ ἤȲ֪ױRSѩ ȲỆ ҟ Ȳ ᴯ
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VSᾼӧ ȴ Ὠ ӱ ᵅế ᾼ Ệᶮᾬҟ Ɏs-RTSɏ

иᵑⱢR0᷅ ᾼ8.09%ếR100᷅װ ᾼ49.84%ȴװ ᵅế ᾼ ἤỆᶮᾬҟ

Ɏs-RVSɏ֯᷅װR0ế᷅װR100МиᵑⱢ12.17%ế57.37%ȴ ᴯӧ

ɎMethane Yieldɏ֯ R0М ᵅȲⱢ0.036 L CH4/g VS addedȲR80М ȲⱢ0.171 

L CH4/g VS addedȲᴖR100ᾼ ᴯӧ ᵅὑR80Ɫ0.169 L CH4/g VS 

addedȴ ҟ ᾼVSᴖṕȲἬװ᷅צᾼ ᴯӧ ӂᶁⱢ0.311 L CH4/g VS 

destroyedȲһϷҠѿ ⱢVS-ӧ о ȴᴟὑBWᾼӢᾬ ἤѩRSɑ ᾼ

֪Ȳ ҟᾼׁשṅ ╓ҏ ếѤ Пế Ӣᾬ ἤᵧ ד ȲᴖӐ

ṅἬᵧשׁ ᾼ Ὠ ›ϢᾼׁשṅϚ ȴ 

ϛ ϡӧ П о Ṿоׁשṅ(ѵ

ȳ ԓ) 

֯ѿ ὰ Ḃ ᾼ ϛ ϡӧ

ɎPolyethylene TerephthalateȲPETɏ Ɫ ᾼᵅכӐӢᾬ

МȲ Ḃ ╥ ᵂ Мᾼ ȴⱢϠכ

ᴩῶ Ḃ П ṾоȲṿ ῶ ⇔ Ȳ

Ϛ Ѡᾎẃ ᴩ Пứ ȴӐׁשṅᵓӣϮ◘ϛ Ɏ2,2,2-Trifluoroacetic 

acidȲ TFAɏ PET Ȳṳṿӣ  2,4,6-Ϯ Ɏ 2,4,6-

trinitrobenzenesulfonic acidȲTNBSAɏ ч ӢכϚ ᴥ ӢᾬðN-Ϯ

Ȳױᾬ Ҡ֯ 335nm ᵮԏ⇔ȴѿ 0.1M  ɎpH=9.0ɏ

ᾚ ₇ṳὑ 1ʈg/mL-30ʈg/mL П  3- Ѷ Ϯϛ ῁ Ɏ 3-

AminopropyltriethoxysilaneȲAPTESɏ вМ∂Ӵẓצ ἤ … ɎR2

0Ȣ99ɏ ᾼ Ȳ֝ Ϸ ’Ϯ◘ϛ Л TNBSA П ȴ

ѠᾎҠѿ ҅ѿἏ ӣᾼ ứ ᾼẔ҃ѩᴥᾎð ᴥϡ ╬ᴥᾎɎOrange IIɏȴ

Ӑׁשṅ Ϡϛϡ Ɏ1,2-diaminoethaneȲEDAɏȳϮɎ2- ϛ ɏ

Ɏ triaminotriethylamineȲ TAEA ɏế 3- Ѷ Ϯϛ ῁ Ɏ 3-

AminopropyltriethoxysilaneȲAPTESɏᵂⱢḊ Ȳṿӣ ɦϮὙᾙ ₤ɧẃ ᴩ

PET оȴѩ Л֝ч ⇔ế ѿ ẞ Ḃ PET ᾼ ṾоȲ

ṳѩ TNBSA ц ᴥϡ ╬ᴥᾎѠהᾼ о Ὠȴ ὨῶὙȲ֯ᴚ Ҡṓ

PET Л ϯȲṿӣϛϡ ֯ 55ᴈϯч 20 и ∟ȲἬ ПḕӂѠ

ᴏᾼ ⇔ ЄȲⱢ 5.998 ρπÍÏÌȾÍÍȴ 
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♄о Ҡ ₤ḥӰІ ⇔╓ӱ П (

Ӫȳ ԓ) 

ӐׁשṅᵓӣḥӰІ ᾼ‍ ἤ ч Ɫ ἉȲ Ϡ

ᾼо ₤ ⇔╓ӱ ɎTime Temperature IndicatorȲTTIɏȲ

ṳ ᴷϠױTTI֯ ₇ ᾼ ϩȴḥӰІ ╥Ϛ ◖ѹ

ᵅכӐᾼḊ ȲᴖẔ о Ἤ Ӣᾼ ч ὔắ

ȴ ḥӰІ Ɏ20mMɏ֯ Л֝ ϯɎpH6~8ɏᾼ

ᴩׁשṅȲ ֯ ἤ ϯȲḥӰІ ᴥ Ὑ כ

ᴥ ȷ ἤ ϯȲ⁄ ᴥ Ὑ Ɫ ᴥ ȴ ᴥ оὙ

Ȳᴚ ᵛҠ ὔ Ȳ֪ ױ ֥ӣẃѿ оᾼ ᵧ ҏ ₇ᾼ’׀ᾭᾓȴ

ᵓӣо ч ϩ   Ҽ Ѡ ∂Ȳה ҏϠ420nmϯᾼҠṓԏᵮן

׀ ⇔П ᾼ ₤Ȳ ᴖ ҏЛ֝ ϯɎpH6~8ɏ ч ♄

о ȲẔ Ɫ 70.36ᴟ 17.57 kJ/molȴӐׁשṅ֝ ѝṐὨᾼ ⇔ оѿ

ц ṵᾼҠ ứ ⇔ ᴩ ṳ∂Ӵ₇ ₤Ȳ ϠẒ῏ᾼ♄о ȲиᵑⱢ

16.02 kJ/molѿц 51.68 kJ/molȴ ḥӰІ TTI ₇ᾼ♄о ᴩѩ ȲҠѿ

῀pH8ᾼTTI ֥ӣὑ ṐὨᾼ₇ оȷᴖpH6.5ᾼTTI ֥ӣὑ ṵ

ᾼ₇ оȴ ṅשׁ ὨҠѿ ῀Ȳ ὑ ᵂ ⇔╓ӱ ᴖṕȲḥӰІ

╥Ϛ ‍ ᾼḊ Ȳѹẓצ ӣὑ ₇ ᾼ ϩȴ 

оṊ ПỒᴏ ᾼ ẔὑṊ ԛӢ

П ӣ(´ ȳ— ) 

Ṋ ╥Ϣ Мד ᾼ ỪȲ֯ Ṇ МӼѻ ᷊

҅ ᾬ ᾼṔᴥȲ вᾼ Ӫ ȳכ֥ Ѭо֥ᾬ҅ ȳ ҅

ȳѿц ◖ ╥Ṋ ᾼ ȴ ᴖ ἤṊᾣϚ᾿╥

ϢϫЄ֪ײПϚȲ Ἇᾼׁשṅ ҏѬ ҠѿḂ ἤṊ ᾼ ᾭȲᵀ

Л ȷױҵȲӦὑṊ ἬῘ ֵ Ӣ ᵂӣȲ֪ױṊғ ἏἏṿ Ṋ

῏֯њ ᾙ Ғ ếײϺᾼ ȴ֪ױ ᶩϱ й с

Ṋ ῏ПṊԛӢ ϩᾼ ᾬȳṳ њ ӣᾼ ᵗἤ ᾎȲ

ḆֵṊ ѿ ᴩњ ᾙ ṳ Ẕכғ ȴⱢϠּט ᵺ ȲӐׁשṅ

Ϛ ᾼỒᴏ Ȳѿ‚ иṊй ∟ᾼṊ П֫ ȴ 

Ӑׁשṅѻ иⱢẒ Ԍ ᴩȴ Ϛ и ϩὑỒᴏ ᾼ  (ѿ 

mPEG П оṊ ) цẔỒᴏ ᾼἤ ȴ ϡ и⁄╥

Є ῴ҅כ Ṋ Ồᴏ ᴩԚ ṳ ♄ἤ Ṋ ȷ

ҵȲӼױ ∂ӴЊ в 2/3 иṊй ₤ȳṳ Ҕ ПỒᴏ

ὑ иṊй ∟Њ Ṋ ԛӢП ȴӐׁשṅ ӑẃ ӣὑ

ᶩᾙ ȲⱢṊ ᾙ С ᾼѠᾎ ȴ 
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Ṋ ѱ ӣὑҳ о ◖о∟ПṊ ֫ ᾼׁשṅ(

ừכȳ— ) 
Ṋ ֯Ϣ М᷊ ЛҠἨ ᾼṔᴥȲẔẓצ Ӫ ȳכ֥

ᶟ ҅ ѿц ◖ ȴ Ϣ ᾬ ӣȲ Ḃ

ȲṊ оϞᴟὑṊ оѡ цȴ Ἇᾼׁשṅ ҏᴞ ἤ

ᾬ  (ẂֽӪ Ю -10ȳṊ Ӣ ֪І ) ᾼ ҉Ҡѿ

Ṋ оȲᵀ Л Ȳֽ֪ױᴶ ɦᴞ ἤᾬ ɧצ ֮ᵂӣὑṊ оᾼ

ҟ Ṋ о╥ּד ‎ ḟᾼ ȴⱢϠ ḟ ȲӐׁשṅ

Ϛ ᾼӢᾬḊ ẃ ᵂṊ ѱṿ ◖о∟ᾼṊ П ֫ ȴ 

Ӑׁשṅ Ϛ иѻ ϩὑṊ ѱᾼ ᵂȲᵓӣ оṊ  

(Decellularized liver matrix; DLM) Ɫ ἉȲṳὑẔϱѠ Ṋ Ӣ ֪І 

(Hepatocyte growth factor; HGF)/Ṋ  (Heparin) ֥ᾬȲ Ϡ Ḋ ᾼἤ

ПҵȲӼ Ẕ ӣὑ ҵ ᾬ◖о (CHCl3, CCl4) ∟ᾼṊ П֫ ȴ

ϡ и⁄ Ԓ ϩὑ∂ӴЄ вҳ о  (Tetracholoride; CCl4) П

ἤṊ о ₤Ȳᶺ ѿ Ϛ иἬ ᾼṊ ѱ ὑϱ ἤṊ

оП֫ ᾼ ᴩ ȴӐׁשṅ Ṋױ ѱӑẃ ӣὑ ᶩᾙ

ȲṳⱢṊ ᾙ С ᾼѠᾎ ȴ 

ӣ ⇔ ᾎὑ ӟ ῶ ֥ ц

Ṇ П ( ụ ȳ ѷῠ) 

ӟⱢѷꜜϱ ᾼᵂᾬПϚȴ Ɫ Ẕכ

ҷᾼѻ֪ПϚȴ֯ ╬ῴ Ȳ Ӕ ᵑ֚ Ȳ

⁄ ậ ╟ȴ ῶֵ ᵧ ᾭȲẔ

ṼẔ ȳ Ἤצ ц оȴῴ ῶ Ɫ Л

Ὑ ᾼ Ȳὔ ѱἨẔ҃ ȴҫȲӼצҠ ֝ ╬ֵ

Ȳѹ֪ᴖ ӢḆⱢ ᾼ ῶ ȴ ᵑᵒ Ӧ

ᴩȲ Ἤ   Ȳ ϢИ ȴӐׁשṅӭ Ɫ ӣ ⇔ Ѡᾎ

Ϛ ᴞ ᵒᵑ ᵑȳ Ȳц ֥ Пᵒ Ṇ Ȳṳ Ӧᴭ щ

Ϣғ ẁṿӣ῏ד ὢ ȴӐׁשṅᾼᵒᵑ ᵑ ѱȳϝ Ϛ

цϫ ֥ Ȳ Ѡ ⁄иⱢנȳМȳ Ϯ ȴ ᶁⱢӥ

֮ὁ П ȲԚ 8000 ȴ ⇔ Ѡᾎ ӣḆᶶ Ẫ

(Faster region-based convolutional neural networkȲFaster R-CNN)Ɫѻ

▐ ȴԚ∂ Ẓ ₤ȲϚⱢ ṿӣFaster R-CNN ᴩи ᾼϚḔ

₤Ȳц ֥Faster R-CNN и ᾼϡḔ ₤ȴὑ Ѡ Ȳ

ậone-hotцmulti-hotẒ ѠᾎȲѩ Ẕὑ ֥ ᾼ ὨȲц

ᵑ ᴩ ᾼ ӣ ἤȴ ₤ оѠ Ȳṿӣ (resampling)ȳ
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(augmentation)ц ▐ (backbone substitution)Ѡᾎȴὑ ₤ Ὠᵧ

ϱȲϚḔ ₤ multi-hot ѠᾎȲҠ 0.846ᾼF1-score, 0.758ᾼӂᶁ

⇔ᶁ (Mean average precisionȲmAP)ц0.733ᾼ (accuracy)ȴὑ

ϱȲϚḔ ₤Ҡ 0.648ᾼF1-scoreȲᴖϡḔ ₤⁄Ҡ 0.701ᾼF1-scoreȴ

ѿGradient-based class activation map (Grad-CAM) ѻכииέ (Principal 

component analysisȲPCA) ₤М ῶ ᴩҠ оиέȲᶁ ӱὑ

ϱȲϡḔ ₤ᾼ и Ҡ о ᵑ ȴױ ӟ ᵑ ₤ṳᴭ

ᴟ щ Ϣ ӣὢ Ȳ ẁ―ᵓṿӣ ᵑғ ц֫ ṓᾼṿӣ῏Ю ȴ

ӦױϚṆ ᾼ Ȳ צ Ầᵗ Ϣ ᵛ ᵒ ᾭ Ȳ ᵅ

Ӧ Ἤ Пכ ҷȴ 

 

 

◑ȳ ♄  

Ϛȳ ц ᴕ  
 

ѡ   ц♄ ֤  ֮    ᵗ ᴯ 

11/12 
2022ᴥ о ᶾדּ

שׁ  
ᴎ Ὥָא - 

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 Ὥָא - 

10/23 - 10/27 

The 26th International 

Conference on 

Miniaturized Systems 

for Chemistry and Life 

Sciences (ÕTAS 2022) 

ϱ ∑ѝ ּדᶾ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ∑Ḽ ᴞ  

7/11 - 7/13 

The 9th International 

Conference on 

Engineering Failure 

Analysis (ICEFA) 

ϱ  ᴞ  
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11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

  ᴞ  

11/10 - 11/12 

2022ᴥ о ᶾדּ

שׁ

үד2022 о

ד  

ᴎ ♬  ’  

8/24 - 8/26 
ѡӐ ד₇ּ Џ

69֫Є  

ѡӐὧṺ 

( ) 
ԓ ᴞ  

3/4-3/5 

AgriApp 2022, 

International Workshop 

on Applied Computing 

in Agriculture 

ϱ ѷῠ ᴞ  

11/15-11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

ү  ѷῠ ּדᶾ  

12/5-12/10 
The XX CIGR World 

Congress 2022 
ѡӐṺ  ѷῠ ᴞ  

ϡȳ Ӣ ц♄  
 

ѡ   ц♄ ֤  ֮   Ӣở֤ 
╓  
Ἠ 

 
ᵗ ᴯ 

7/17 - 7/20 
2022 Annual International 

Meeting - ASABE 

רּ  

ԅЂ  
ᾴ  Ὥ דּ   

7/17 - 7/20 
2022 Annual International 

Meeting - ASABE 

רּ  

ԅЂ  
ᵦϛ  Ὥ דּ   

7/17 - 7/20 
2022 Annual International 

Meeting - ASABE 

רּ  

ԅЂ  
ᴶừ  Ὥ דּ   

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ᵦϛ  Ὥ דּ   
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11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

  Ὥ דּ   

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 Ḟ  Ὥ  
ᴞ

  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ю╜ Ὥ  
ᾬ צ

еҨ 

3/12-3/13 

International Symposium 

on Evolutionary 

Genomics and 

Bioinformatics 2022 - co-

hosted with the Institute 

for Protein Research 

(IPR), Osaka University 

Ӵ Ὑ

ӻ Є -

Ὑ

И  & 

ѡӐЄṱ

Є  

ҭ с  ּדᶾ  

3/12-3/13 

International Symposium 

on Evolutionary 

Genomics and 

Bioinformatics 2022 - co-

hosted with the Institute 

for Protein Research 

(IPR), Osaka University 

Ӵ Ὑ

ӻ Є -

Ὑ

И  & 

ѡӐЄṱ

Є  

ѝ ᶾדּ    

3/12-3/13 

International Symposium 

on Evolutionary 

Genomics and 

Bioinformatics 2022 - co-

hosted with the Institute 

for Protein Research 

(IPR), Osaka University 

Ӵ Ὑ

ӻ Є -

Ὑ

И  & 

ѡӐЄṱ

Є  

ᶾדּ    

3/12-3/13 

International Symposium 

on Evolutionary 

Genomics and 

Bioinformatics 2022 - co-

hosted with the Institute 

for Protein Research 

(IPR), Osaka University 

Ӵ Ὑ

ӻ Є -

Ὑ

И  & 

ѡӐЄṱ

Є  

ὭӅ ᶾדּ    
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1/6-1/7 
2021 TwIChE Annual 

Meeting 
 ᴶ‏  Ὥָדּ א  

1/6-1/7 
2021 TwIChE Annual 

Meeting 
 ᵦԁ  Ὥָדּ א  

9/12-9/16 

73 Annual Meeting of the 

International Society of 

Electrochemistry 
ϱ ҭ ṭ Ὥָא ỗ  

10/22-10/23 

2022 International 

Conference on Smart 

Sensors 

27th Symposium of 

Association of Chemical 

Sensors in Taiwan 

25th Nano Engineering 

and Microsystem 

Technology Conference 

М ᴶ‏  Ὥָא 
דּ  

Є  

10/22-10/23 

2022 International 

Conference on Smart 

Sensors 

27th Symposium of 

Association of Chemical 

Sensors in Taiwan 

25th Nano Engineering 

and Microsystem 

Technology Conference 

М ᵦῆ  Ὥָא Є  

10/22-10/23 

2022 International 

Conference on Smart 

Sensors 

27th Symposium of 

Association of Chemical 

Sensors in Taiwan 

25th Nano Engineering 

and Microsystem 

Technology Conference 

М ὔὕ  Ὥָדּ א  

11/10-11/12 2022 ICGET-Tw ᴎ ᵦԁ  Ὥָא 
דּ  

ỗ  

11/15-11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ᵦԁ  Ὥָא ỗ  
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11/15-11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ╟▼ᴹ Ὥָא ỗ  

11/15-11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 →  Ὥָא ỗ  

10/22 - 10/23 

International Conference 

on Smart Sensors (ICSS 

2022) 

үМ Ϣ ∑ѝ ּדᶾ  

10/23 - 10/27 

The 26th International 

Conference on 

Miniaturized Systems for 

Chemistry and Life 

Sciences (ÕTAS 2022) 

ϱ ᴹ ∑ѝ ּדᶾ  

7/6 - 7/8 

The Application of 

Cyclone Structure with 

UVC Equipment on the 

Analysis of Indoor Air 

Quality 

үҖ ҆    

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ḈỰ  ∑Ḽ ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 „  ∑Ḽ ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ӵ ∑Ḽ ᴞ  

8/24 - 8/26 

2022 International 

Conference on Advanced 

Robotics and Intelligent 

Systems (ARIS 2022) 

үҖ   Ᵽ ᶾדּ   

8/24 - 8/26 

2022 International 

Conference on Advanced 

Robotics and Intelligent 

Systems (ARIS 2022) 

үҖ Ἥ   Ᵽ ᶾדּ   
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8/24 - 8/26 

2022 International 

Conference on Advanced 

Robotics and Intelligent 

Systems (ARIS 2022) 

үҖ ῠ  Ᵽ ᶾדּ   

8/24 - 8/26 

2022 International 

Conference on Advanced 

Robotics and Intelligent 

Systems (ARIS 2022) 

үҖ  Ᵽ ᶾדּ   

7/11 - 7/13 

The 9th International 

Conference on 

Engineering Failure 

Analysis (ICEFA) 

ϱ   ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

   ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

ש    ᴞ  

11/10 - 11/12 

2022ᴥ о ᶾדּ

שׁ ד2022

ү о ד  

ᴎ ᶢ ♬  ’  

11/10 - 11/12 

2022ᴥ о ᶾדּ

שׁ ד2022

ү о ד  

ᴎ ѵ  ♬  ’  

8/24 - 8/26 
ѡӐ ד₇ּ Џ

69֫Є  

ѡӐὧṺ

(

) 

Ӫ ԓ ᴞ  

12/15-12/17 

Хựԓ Ӣᾬ Џ

ד Ӣᾬד2022

Џ שᶾׁדּ  

үҖ Ὥᾄᴮ —  ᴞ  

12/15-12/17 

Хựԓ Ӣᾬ Џ

ד Ӣᾬד2022

Џ שᶾׁדּ  

үҖ ᵦ‏ἣ —  ᴞ  

7/17-7/20 
2022 Annual International 

Meeting - ASABE 

רּ  

ԅЂ  
Ḉѷ  ѷῠ ּדᶾ  
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7/17-7/20 
2022 Annual International 

Meeting - ASABE 

רּ  

ԅЂ  
ụ  ѷῠ ּדᶾ  

7/17-7/20 

2022 International 

Conference on Advanced 

Robotics and Intelligent 

Systems 

үҖ Ὥ  ѷῠ ᴞ  

7/17-7/20 

2022 International 

Conference on Advanced 

Robotics and Intelligent 

Systems 

үҖ Ḉѷ  ѷῠ ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ῀Ύ ѷῠ ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 ᶪ  ѷῠ ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

 Ὥ  ѷῠ ᴞ  

11/15 - 11/17 

ISMAB 2022 

ϫự Ӣ

שׁ  

  ѷῠ ᴞ  

12/5-12/10 
The XX CIGR World 

Congress 2022 
ѡӐṺ  Ὥ∑כ ѷῠ ᴞ  

12/5-12/10 
The XX CIGR World 

Congress 2022 
ѡӐṺ  ѵ  ѷῠ ᴞ  

Ϯȳ ῏ ẃ  
 

ẃ  ẃ ῏ở֤ ￼  
♄ в  

 Ὠכ

ѻ  
 

Ầ ᴯ 

10/17-10/30 Mikk Espenberg 

University of Tartu 

(UT), Institute of 

Ecology and Earth 

Sciences 

ӐṆцүЄ Џ

Ἤ цừЄ

Џ Ṇ 

Ӣ Ṇ 
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ҳȳ  

МЛứ Ȳ ֮ Ɫ╦ ϡϯрẒ

ẞҳ ц╦ ҳϱрϫ ẞϫϡ ὑ῀ύ ҳ  

110 ϯ⇔ד ӭцѻ Ϣ  

ѡ װ                           

1 2/22 
ɪ Ӗȳ цᴏ ᾼ ɫ 

Ϯϵ ʟ ὕ  

2 3/01 
ɪּד ӣɫ 

МὺЏ ʟ ∑ᶪ  

3 3/08 
ɪּדᶾ ᾼ ᾨ ɫ 

ʟ Ṿ   

4 3/15 
ɪҙ ᾓɫ 

ү ᴦҨ ʟᵦ Ђ 

5 3/22 
ɪ ᵓϤ  Юɫ 

еҨʟ ᵓЏ  

6 3/29 
ɪBattery introduction: simplo company profileɫ 

ᶾʟדּ ⁮ ᵗ 

7 4/19 
ɪּז ה ᾼЛҠ≈ Ɇ Garminẃׂ ᵃᾼ ɫ 

Garmin ӱ ԏ ᶾ ʟ  

8 4/26 
ɪ ╧щᾼᴞАɫ 

ү ᵌӢỄּד Ṷ ʟ ỗἭ  

9 5/3 
ɪֽᴶᴩϚ   ᾼ  - ᴃҷ иέ Ẃиṹɫ 

UL ү ʟᵦὙ  
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111 ϱ⇔ד ӭцѻ Ϣ  

ѡ װ                               

1 9/15 
ɪᾬ ֥ ӣɫ 

ṅשׁ ү ṅМїʟשᶾׁדּ ѝ Ђ 

2 9/29 
ɪϢЏ Ϥ Ṇ ἤ≈ᴕ ɫ 

ῈЏ ῖԌצ еҨʟ Ṷ  

3 10/6 
ɪAI ה ᾼ ɫ 

צᶾῖԌדּ еҨʟὭ№Ἃ Ђ 

4 10/13 
ɪ Ϣ ᶾ ӣɫ 

ү ᶦ ῖԌצ еҨʟḈᶳ ᴩ  

5 10/27 
ɪ ᴯ ԝ֙ᶾ ɫ 

ׄ ᴯּדᶾῖԌצ еҨʟ ᴟ  

6 11/03 
ɪAI֯ ᾼ ӣɫ 

Ф ῖԌצ еҨʟѵ Ђ 

7 11/10 
ɪї ќ▐й ᶾ ɫ 

צ еҨʟḚӘ  

Хȳׁש  
 

ѡ   ׁש  ѻ ᴯ ֮  

10/20-10/21 2022 Ӣ שׁ  
М

 

Ӵү Є
Ӣᾬ Џ

Ṇ 

11/3 
ד111 ᴥ ṅМїשׁ ֢

ṅשׁ ӻ☼  
үЄׁש  

ү Є ϡ
♄ Мї
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гȳ ҵ ♄  
 

ѡ     ♄  ֮  ӭ  

12/3 
ḝῠצ ȳ 

 
 ѷῠ 

 

ϝȳ  Ὠכ
 

ѡ   ♄ в  ֮  Ғ  

8/31-9/2 
ׄԓ ᵂ ’

שׁ  Ϛ  װ
үЄ Ὥи  Ὥ  

9/6-9/8 
ᶾ שׁ

 Ϛ  װ
үЄ Ὥи  Ὥ  

10/7-10/9 
╟ о ᴞ о

שׁ  Ϛ  װ
үЄ Ὥи  Ὥ  

10/25-10/27 
ᶾ שׁ

 ϡ  װ
үЄ Ὥи  Ὥ  

11/4-11/6 
╟ о ᴞ о

שׁ  ϡ  װ
үЄ Ὥи  Ὥ  

11/9-11/11 
ׄԓ ᵂ ’

שׁ  ϡ  װ
үЄ Ὥи  Ὥ  

11/16-11/18 
ᵂׄԓ שׁ

 
үЄ Ὥи  Ὥ  

9/2 

ׄԓ ᵂ ’

שׁ М ɪ Џ

ɫ 

Ὥ   

9/8 

ү Ӣᾬ о

Ԛ 2 ɪ

оᾼ ɫ 

үМ ῧ

ἇ 
 

9/18 

╜

ɪӘ ὑ ᾼ ӣ

ɫ 

Ὥ   
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11/11 

ׄԓ ᵂ ’

שׁ М ɪ Џ

ɫ 

Ὥ   

4/30ȳ11/12 
҅ ᶾ Ϣ -

ῈМ╟ᵂ( Ϣ ᴩ ẓ) 
Ὥ  ԇ  

5/23 Ϣ  

М Ӗ Ӗ

֥

Ầ  
ԇ  
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Ӣ Ṇὑ Є Ὥи Ṏ שׁ  

 
Ɫ ֥ᴩ╜ ỗ ɦԓ Џע оц ҅оɧ

ᾼ Ȳᴩ╜ ỗ Ӵ Є Ԛ֥֝ᵂȲ ֥ Є

ṏ ȳ ῏ ꜜ Ȳὑ Є Ὥ Ӳ Ṏ

שׁ ȴṆԝ в Ҕᵶɦ ׄԓ ᵂ ’ ɧ( ԇ

)ȳɦ ᶾ ɧ( ∑Ḽ ѷῠ

)ȳɦ ╟ о ᴞ о ɧ(Ѡ )ȳɦ ᵂׄԓ

ɧ(Ϝ∂ῠ ) ҳ ѻ ȴḕ שׁ иẒ Ȳḕװ װ Ɫ

Ϯщȴ Ϡ ҵȲӼׄ еҨ ᴩ Ȳѿ ֥ Ȳ

שׁ כ Ȳ֝ ԓ Ғ Ὑȴ 

ɦד2022 ׄԓ ᵂ ’ שׁ ɧБᶙּר ḇȲ ϥѣ

ᴟϫϚѣȲ Ϣװ ᴍ֤ȴӐ Ṏ Ɫҳד ȲὙד

в ҵȲӼ ɦ іץ ᴕ ɧד ᾼ Ȳṳі ԓ Ϛүẓצ

ғ ᾼץі ẁ ṿӣȴ ֵױ о Ṏ ȲҒ

ᾼṿӣȲ ḟ ϩ Ȳ с Ӣ ᶾ Ѭ

Ȳṳ∂ӴṆ о ᾼ Ṏ Ṇȴ 
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ȳ ᵂ ῶ 

Ὥ  

ɚ ґ ѝɛ 
1. Rustia, D.J.A., L.Y. Chiu, C.Y. Lu, Y.F. Wu, S.K. Chen, J.Y. Chung, J.C. Hsu, T.T. 

Lin. 2022. Towards intelligent and integrated pest management through an AIoT-

based monitoring system. Pest Management Science 78: 4288-4302. 

2. Shiao C., P.F. Tang, Y.C. Wei, W.Y.I. Tseng, T.T. Lin. 2022. Brain white matter 

correlates of learning ankle tracking using a wearable device: importance of the 

superior longitudinal fasciculus II. Journal of NeuroEngineering and 

Rehabilitation 19: 64. 

3. Tuan, S.A., D.J.A. Rustia, J.T. Hsu, T.T. Lin. 2022. Frequency modulated 

continuous wave radar-based system for monitoring dairy cow respiration rate. 

Computers and Electronics in Agriculture 196: 106913. 

ɚׁש ѝɛ 
1. Ho, I.C., Lai, Y.J., Chiang, P.N., Chen, Y.F., Lin, T.T. 2022. Integration of multiple 

sensors for beehive health status monitoring and assessment. 2022 ASABE 

Annual International Meeting. Houston, U.S.A. 

https://doi.org/10.13031/aim.202200376 (Paper Number: 2200376) 

2. Wu, Y.T., Wu, Y.F., Chen, S.K., Chung, J.Y., Lin, T.T. 2022. Design of a versatile 

wireless multi-sensor interface for the intelligent environmental and pest 

monitoring system. 2022 ASABE Annual International Meeting. Houston, U.S.A. 

https://doi.org/10.13031/aim.202200453 (Paper Number: 2200453) 

3. Chen, W.A., Hsu, J.T., Lin, T.T. 2022 an automated thermal imaging system based 

on deep learning for dairy cow eye temperature measurement. 2022 ASABE 

Annual International Meeting. Houston, U.S.A. 

https://doi.org/10.13031/aim.202200537 (Paper Number: 2200537) 

4. Wu, Y.T., Chen, H.C., Teng, C.Y., Lin, T.T. 2022. Spatiotemporal analysis and 

visualization of greenhouse microclimate based on iot-sensor data. The 10th 

International Symposium on Machinery and Mechatronics for Agriculture and 

Biosystems Engineering (ISMAB 2022), Kaohsiung, Taiwan. 

5. Huang, S.Z., Chen, Y.S., Hsu, J.T., Lin, T.T. 2022. An embedded thermal imaging 

system for automated dairy cow eye temperature measurement. The 10th 

International Symposium on Machinery and Mechatronics for Agriculture and 

Biosystems Engineering (ISMAB 2022), Kaohsiung, Taiwan. 

6. Wang, J.Y., Lin, T.T. 2022. Feasibility study of an autonomous drone navigation 

system for greenhouse crop monitoring using visual SLAM. The 10th 

International Symposium on Machinery and Mechatronics for Agriculture and 

Biosystems Engineering (ISMAB 2022), Kaohsiung, Taiwan. 
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7. Chen, C.K. Lin, T.T. 2022. Improving insect image classification performance 

using gan-based super-resolution approach. The 10th International Symposium on 

Machinery and Mechatronics for Agriculture and Biosystems Engineering 

(ISMAB 2022), Kaohsiung, Taiwan. 

8. ■▼ ȳ о ȳὭ ȴ2022ȴ ӣЊ₤ Ϣ П Ṇ ὑ ⅍в

◦ ȴ Ӣ שׁ ѝԓ ȴүҖӀȲ Ȳ10ѣ

20-21ѡȴ 

Ể Ч 

ɚׁש ѝɛ 

1. ѵ ȳỂ ЧȲ2022Ȳ ӣAirSimὑи ה Ϣ Ṇ П

Ȳ2022ד Ӣ שׁ ѝ Ȳ202210דѣ20̡21ѡȲ

үҖȲү ȴpp. 257-261ȴ 

2. ᶪȳỂ ЧȲ2022Ȳ Ϣ ֮ ═ П Ȳ2022

ד Ӣ שׁ ѝ Ȳ202210דѣ20̡21ѡȲүҖȲү ȴ

pp. 262-266ȴ 

3. ѵᶑ ȳỂ ЧȲ2022Ȳֵ Ϣ ֮כ Ϣ ϺП ᴷȲ2022

ד Ӣ שׁ ѝ Ȳ202210דѣ20̡21ѡȲүҖȲү ȴ

pp. 275-279ȴ 

4. ѝ ȳỂ ЧȲ2022Ȳ ᴩⱢ ӣὑ Ϣ ӻ Ṇ Ȳ2022ד

Ӣ שׁ ѝ Ȳ202210דѣ20̡21ѡȲүҖȲү ȴpp. 

283-288ȴ 

ɚ ᵓɛ 

1. Ể Чȳ☻‒ ȴ Ϣ П ᴷ цẔѠᾎȴ ᶝ

Ὑ ᵓ Ȳ Ὑ ᵓ ▲ Ȳ Ὑ I781682Ȳ

ᶝȲМ Ӗ  7ѣ8ѡѦȴד10ѣ21ѡᴟ2041ד111

ᴂ╢  

ɚ ґ ѝɛ 
1. Chien-Hsing Lee, Hsiang-Wen Cheng, Shih-Hsien Hsu, and Joe-Air Jiang, "An 

Approach to Recover Energy from Discarded Primary Batteries Before Being 

Disassembled," IEEE Transactions on Industrial Electronics. vol. 69, Issue: 6 

pp.6247-6257, Jun. 2022 (SCI) 

2. Joe-Air Jiang*, Huan-Chieh Chiu, Yu-Cheng Yang, Jen-Cheng WangÄ, Chien-

Hsing Lee, and Cheng-Ying Chou, " On Real-Time Detection of Line Sags in 

Overhead Power Grids Using an IoT-Based Monitoring System: Theoretical Basis, 

System Implementation, and Long-Term Field Verification," IEEE Internet of 

Things Journal. Early Access: 01/05/2022, (SCI) 



111 

3. Joe-Air Jiang, Chih-Hao Syue, Chien-Hao Wang, Min-Sheng Liao, Jiann-Shing 

ShiehÀ, and Jen-Cheng Wang*, "Precisely forecasting population dynamics of 

agricultural pests based on an interval type-2 fuzzy logic system: case study for 

oriental fruit flies and the tobacco cutworms," Precision Agriculture, Vol. 23, Issue 

4, August 2022, pp.1302ï1332 (SCI) 

 

ɚᶾ ᵫɛ 

1. ᴂ╢ ȴ2022ȴщ ὖ Ӣ ṾоṆ П∂Ӵȴᴩ╜

ỗ ȴ ȸ111ּדּ-1.6.1-ד-aNȴ 

2. ᴂ╢ ȴ2022ȴ(ỗ )ɔ ӣᴞ о ∂ӴὨ ‍ꜟӢ ȴᴩ╜

ỗ ȴ ȸ111› -17.1.1- -B1(1-3)ȴ 

3. ᴂ╢ ȴ2022ȴ ן ȴᴩ╜ ỗ ȴ ȸ111ּד

 a1ȴ-דּ-1.6.5-

4. ᴂ╢ ȴ2022ȴ ֥ᵛ ן ѿ∂ ἤ ֫ ạП

╜ṅ(3/3)ȴᴩשׁ ᶾדּ ȴ ȸMOST 109-2221-E-002-060-MY3ȴ 

5. ᴂ╢ ȴ2022ȴ ṅ Џ ПиЏ ạ-ɔ ӣ ᶾ

Л֝ѡ Џ П вᴩⱢ ה ạ(2/3)ȴᴩ╜ ᶾדּ ȴ

ȸ111-2313-B-002-003-ȴ 

6. ᴂ╢ ȴ2022ȴ ֥ᵂ --ѿֵ иέ∂Ӵ ᵎ ӣὑ

Ṇ ∂ (2/3)ȴᴩ╜ ᶾדּ ȴ ȸ111-2622-B-002-007-ȴ 

7. ᴂ╢ ȴ2022ȴ(ỗ ) Ṇ ȴᴩ╜ ỗ ȴ

ȸ Ḃṏ ȸi11101ȴ 

8. ᴂ╢ ȴ2022ȴѿֵ иέ∂Ӵ ᵎ ӣὑ Ṇ

∂ (2/3)ȴᴩ╜ ᶾדּ ȴ ȸMOST 111-2622-B-002-007ȴ 

 

ɚ ґ ѝɛ 
1. Mao-Jan Lin, Yu-Chun Lin, Nae-Chyun Chen, Allen Chilun Luo, Sheng-Kai Lai, 

Chia-Lang Hsu, Jacob Shujui Hsu, Chien-Yu Chen, Wei-Shiung Yang, and Pei-

Lung Chen, Profiling genes encoding the adaptive immune receptor repertoire 

with gAIRR Suite, Frontiers in Immunology, 08 September, 2022. 

2. Peng-Hsuan Li, Ting-Fu Chen, Jheng-Ying Yu, Shang-Hung Shih, Chan-Hung 

Su, Yin-Hung Lin, Huai-Kuang Tsai, Hsueh-Fen Juan, Chien-Yu Chen, Jia-

Hsin Huang*, pubmedKB: an interactive web server for exploring biomedical 

entity relations in the biomedical literature, Nucleic Acids Research, 50(W1), 

W616ïW622, 5 July, 2022. 
3. Li -Wei Chan, Yu-Chi Sung, Dung-Chi Wu, Chien-Yu Chen, Chang-Hao Yang, 

Chung-May Yang, Pei-Lung Chen, and Ta-Ching Chen*, Predicted protein 
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structure variations indicate the clinical presentation of CYP4V2-related Bietti 

crystalline dystrophy, Retina, 42(4):797-806, 2022. 

4. Jun-Liang Lin#, Tsung-Ting Hsieh# (equal contribution), Yi-An Tung# (equal 

contribution), Xuan-Jun Chen, Yu-Chun Hsiao, Chia-Lin Yang*, Tyng-Luh 

Liu*, Chien-Yu Chen*, ezGeno: An Automatic Model Selection Package for 

Genomic Data Analysis, Bioinformatics, 38(1), 30-37, 1 January 2022. 

 

Ὥָא 

ɚׁש ѝɛ 
1. T.-S. He, Y.-H. Wang, W.-C. Huang, and L.-C. Chen*. Interdigitated Array 

Electrode Chip-based Impedimetric Aptasensing Platform Using a Novel MUC1 

Aptamer. 2021 TwIChE Annual Meeting, 2022/01/06-07 

2. Y.-M. Wu and L.-C. Chen*. Improvement of Long-term Detection Limits of a 

Solid-contact Ion-selective Electrode through Galvanostatic Control. 2021 

TwIChE Annual Meeting, 2022/01/06-07 

3. Wei-Li Shih and Lin -Chi Chen* . Potentiometric Phosphate Sensing by Cobalt-

deposited Screen Printed Carbon Electrodes.73 Annual Meeting of the 

International Society of Electrochemistry, 2022/09/12-16 

∑ѝ 

ɚ ґ ѝɛ 
1. K.-Y. Lin, C.-S. Liang, C.-C. Hsu, S.-L. Lin, Y.-T. Chen, F.-S. Huang, S.-L. Wang, 

J.-S. Jang, Y.-W. Lu, ñOptoelectronic Online Monitoring System for 

Hemodialysis and its Data Analysisò, Sensors and Actuators B: Chemical, 

131859 (2022) (Top15%) 

2. S.-J. Chen, Y. Chang, C.-S. Liang, J.-P. Lin, Y.-W. Lu*, ñPlatelet Concentrates 

Preparation Using a Rotating Membrane with Taylor Vortices and Axial Flowò, 

Separation and Purification Technology, Accepted (2022) (IF=7.312, 

Engineering, Chemical) (Top15%) 

3. R. S. Karmakar, C. P. Chu, Y. C. Liao, Y.-W. Lu, ñPVA Tactile Sensors Based 

Electrical Contact Resistance (ECR) Change Mechanism for Subtle Pressure 

Detectionò, Sensors and Actuators: A Physical, 113613 (2022) (IF=3.407, 

rank=17/64, instrument & instrumentation) (Top 40%) 

4. K.-L. Ho, H.-Y. Liao, H. M. Liu, Y.-W. Lu, P.-K. Yeh, J. Y. Chang, S.-K. Fan, 

ñDigital Microfluidic qPCR Cartridge for SAR-Cov-2 Detectionò, 

Micromachines, (2022), (IF=2.891, rank=23/64, instrument & instrumentation) 

(Top 40%) 

ɚׁש ѝɛ 
1. R. T. Chen, V. Chang, S. Ning, J. Fang, Y.-W. Lu, ñIntegrated photonic chip for 
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spike protein and antigen detectionsò, SPIE Photonics West, 2022 

2. Shupeng Ning, Chao Wang, Hao-Chen Chang, Kyoung Min Yoo, James Fan, 

Devan Shoemaker, Maxwell Nakos, May H Hlaing, Yen-Wen Lu, Huiping Tian 

and Ray T. Chen. "A Point-of-care Biosensor with Subwavelength 

GratingWaveguide-based Micro-ring Resonator for Detection of COVID-19" In 

CLEO: Applications and Technology, Optical Society of America, 2022.  

3. T.-Y. Wan, Y.-W. Chang, T.-J. Yang, T.-T. Lee, H.-I Yin, Y.-C. Ho, H.-L. Hwa, 

Y.-W. Lu, ñAcoustofluidic for fouling mitigation in cross-flow microfiltrationò, 

The International Conference on Miniaturized Systems for Chemistry and Life 

Sciences, (ÕTAS 2022) 

 

ɚ ґ ѝɛ 
1. Chen Yi-Ron, Hou Wen-Shang, Huang Chen-Kang, and Chou Chu-Yang, Spatial 

and Temporal Variations in Fish Assemblage in Feitsui Reservoir, in Northern 

Taiwan, from 2006ï2020, Water, 14(3), 498, 2022 (SCI) 

ɚׁש ѝɛ 
1. Lin-Hang Hsu, Chen-Kang Huang, The Application of Cyclone Structure with 

UVC Equipment on the Analysis of Indoor Air Quality, 2022 IEEE International 

Conference on Consumer Electronics ï Taiwan, Taipei, Taiwan, July 6- 8, 2022 

2. Ểῆ ȳ ứḼȳỂ ȳ ȲѿCFDиέ е ῟ Ṇ ПḂ

ṏȲ2022 Ӣ שׁ ȲүҖȲү Ȳϫѣϡϫ- ϡϫϚѡȲ2022 

3. Ể ȳ Ȳῶ Ḃ ὑᾐ П ȲМ Џ Ϯϫϟ

ựԓ שׁ Ȳ Ȳү Ȳϫϡѣϡ- ϮѡȲ2022 

ɚᶾ ᵫɛ 

1. ἔ ȳḈḞ ȳᵦצ ȳ ȴ2022ȴ ṿӣӘ П ᾓ

ȴМ Џ ґȴ95(3): 1-22ȴ 

∑Ḽ 

ɚ ґ ѝɛ 
1. Cheng, H. H., Dai, Y. L., Lin, Y., Hsu, H. C., Lin, C. P., Huang, J. H., ... & Kuo, 

Y. F. (2022). Identifying tomato leaf diseases under real field conditions using 

convolutional neural networks and a chatbot. Computers and Electronics in 

Agriculture, 202, 107365. 

2. Lai, P. C., Lin, H. Y., Lin, J. Y., Hsu, H. C., Chu, Y. N., Liou, C. H., & Kuo, Y. F. 

(2022). Automatic measuring shrimp body length using CNN and an underwater 

imaging system. Biosystems Engineering, 221, 224-235. 
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3. Wu, T. Y., Yeh, K. T., Hsu, H. C., Yang, C. K., Tsai, M. J., & Kuo, Y. F. (2022). 

Identifying Fagaceae and Lauraceae species using leaf images and convolutional 

neural networks. Ecological Informatics, 68, 101513. 

ɚׁש ѝɛ 
1. Chang, K. R., Shih, F. P., Hsieh, M. K., Hsieh, K. W., & Kuo, Y. F. (2022). 

Analyzing chicken activity level under heat stress condition using deep 

convolutional neural networks. In 2022 ASABE Annual International Meeting (p. 

1). American Society of Agricultural and Biological Engineers. 

Ᵽ  

ɚ ґ ѝɛ 
1. Ping-Lang Yen and Yu-Jui Chen, 2022, Contact Compliance Based Visual 

Feedback for Tool Alignment in Robot Assisted Bone Drilling, Sensors, 22(9), 

3205. 

2. Kuo-Chih Tung, Ping-Lang Yen, Chao-Yin Tsai, Pauline Ong, Jer-Wei Lin, Yung-

Huei Chang, Suming Chen, 2022, Nondestructive Quantitative Analysis of Water 

Potential of Tomato Leaves Using Online Hyperspectral Imaging System, Applied 

Engineering in Agriculture, Vol. 38(2): 273-282. 

3. Yang-Lun Lai, Po-Lun Chen, Tsung-Chen Su, Wei-Yang Hwang, Shih-Fang Chen 

and Ping-Lang Yen, 2022, A Collaborative Robot for Tea Harvesting with 

Adjustable Autonomy. International Journal of Cybernetics and System 53(1):4-

22. 

ԇ  

ɚ ґ ѝɛ 

1. ԇ ȲӖ 4ѣȲ2021ӥד111 Ϣ ṶȲү 37(2):6-

9Ȳ ᾎϢ оׁשṅ Мїȴ 

ɚׁש ѝɛ 
1. Ḉ ȳ ԇ Ȳ2022Ȳ П ᵗ Ȳ2022 Ӣ

שׁ Ȳ ѝ PA-06ȲМ ȴ 

ɚ ᵓɛ 
1. ԇ ȳ ԏѣȳ ᶳὙȲӖ 9ѣȲד111 ȲМ Ӗ ᵓ

₤ M631517Ȳ20229דѣ21ѡᴟ20325דѣ2ѡȴ 

ɚᶾ ᵫɛ 
1. ԇ ȲӖ 12ѣȲד111 ПׁשṅȲᴩ╜ ỗ

ᶾדּ⇔ד111 ṅשׁ ᵫȲ Ӵү Є Ӣᾬ Ṇȴ 
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ɚ ґ ѝɛ 
1. Huang, T.-C., Lin, C.-Y., Liao, K.-C., Sealing Performance Assessments of PTFE 

Rotary Lip Seals Based on the Elasto-hydrodynamic Analysis with the Modified 

Archard Wear Model, Tribology International, accepted, 2022 (SCI) 

2. Ȳ Ȳ Ȳ ὑᶁ оњᾎ Ḋ ₤ὑҔ Ἥ

ԈП ὨȲ ґȲvol. 31, 2022 

3. Huang, T.-C., Wang, T.-F., Liao, K.-C., Investigations of Structure Strength and 

Ventilation Performance for Agriproduct Corrugated Cartons under Long-term 

Transportation Trip, Packaging Technology and Science, accepted, 2022 (SCI) 

4. Huang, T.-C., Liao, K.-C., Experimental and Numerical Investigations of 

Intermittence for Electronic Connectors Subjected to Mechanical Shocks, Journal 

of Electronic Packaging, accepted, 2022 (SCI) 

5. Huang, T.-C., J.-W. Tsai, Liao, K.-C., Wear and Leakage Assessments of Canted 

Coil SpringïEnergized Polytetrafluoroethylene Seals under Ultra-High Cycle 

Operations, Engineering Failure Analysis, vol. 135, 2022 (SCI) 

ɚׁש ѝɛ 
1. Pan, Z.-M., Huang, T.-C., and Liao, K.-C., Investigations of the Cushioning 

Performance for Packages Filled with Paperboard Structures under Drop Tests, 

The 10h International Symposium on Machinery and Mechatronics for 

Agriculture and Biosystems Engineering (ISMAB), Kaohsiung, Taiwan, 

November, 15-17, 2022  

2. Chu, Y.-T., Huang, T.-C., and Liao, K.-C., Efficiency Improvement of Geometry 

Optimization Procedures of Metallic Flexors for Flat Wipers Based on Machine 

Learning Approaches, The 10h International Symposium on Machinery and 

Mechatronics for Agriculture and Biosystems Engineering (ISMAB), Kaohsiung, 

Taiwan, November, 15-17, 2022  

3. ▼ԉȲש Ȳ Ȳ Ȳ ӣ ὑᾛӣ₤ ​ẚПЏᵂ

ἤ ᴷȲ2022 Ӣ שׁ ȲүҖȲү ȲϫѣϡϫѡïϡϫϚ

ѡȲ2022 

♬  

ɚׁש ѝɛ 
1. Wang, Z.-T., Chen H.-Y., Nickel Metal Hybrid Battery Degradation Mechanism 

Analysis and State-of-Health Estimation by Machine Learning, (poster) 

2. Rusly, C., Chen H.-Y., Achieving High Power Lithium-Sulfur Battery through 

Amide Interlayer, (poster) 

ԓ 
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ɚ ґ ѝɛ 
1. Chuang, W.-P., Hsieh, B.-C. Development of a gallic acid based time temperature 

indicator with adjustable activation energy, Food Control, 144, 109396, 2022 

(SCI). 

—  

ɚ ґ ѝɛ 
1. Y. C. Hsieh, W. R. Yin, Y. Y. Xu and Y. T. Hou*, HGF/heparin-immobilized 

decellularized liver matrices as novel hepatic patches for hepatocyte regeneration 

in an acute liver injury model, Biochemical Engineering Journal, 180 (2022): 

108354. 

2. B. C. Hsieh, Y. H. Ni, G. M. Zhang, Y. C. Chiu, and Y. T. Hou*, Development of 

erythrosine-based photodynamic therapy with a targeted drug delivery system to 

induce HepG2 cell apoptosis in vitro, Biochemical Engineering Journal, 177 

(2022): 108267. 

ɚׁש ѝɛ 
1. Ting-Yi Wu, Yi-Cheng Hsieh, Yung-Te Hou. Liver patch for liver regeneration 

after CCl4 poisoning.Хựԓ Ӣᾬ Џ ד Ӣᾬד 2022  Џ

שᶾׁדּ ȴү үҖȴ(2022 1215-1217). 

2. Yong-Heng Lin, Yu-Chuan Chiu, Yung-Te Hou. Development of a decellularized 

liver matrix-based nanomedicine for liver regeneration.Хựԓ Ӣᾬ Џ

ד Ӣᾬד 2022  Џ שᶾׁדּ ȴү үҖȴ(2022 1215-1217). 

ѷῠ 

ɚׁש ѝɛ 
1. Meng-Chien Hsueh, Yu-Lun Dai, Chu-Ping Ling, Jin-Hsing Huang, Yan-Fu Kuo, 

Shih-Fang Chen (2022, Jul). Developing Cucumber Foliar Disease Complex 

Identification Using One-hot and Multi-hot Labeling Methods. 2022 ASABE 

Annual International Meeting, Houston, TX, USA. Paper No. 2200391.  

2. Shih-Yu Lee, Jen-Cheng Wang, Ming-Chi Guo, Joe-Air Jiang, Ming-Hsien Hsieh, 

Jui-Chu Peng, Shih-Fang (2022, Jul). Developing a Self-Guided Field Robot for 

Greenhouse Asparagus Monitoring. 2022 ASABE Annual International Meeting, 

Houston, TX, USA. Paper No. 2200540.  

3. Chuan-Che Lin, Shiou-Ruei Lin, Shih-Fang Chen (2022, Aug). Implementation 

of Few-shot Object Detection Methods on Tea Diseases Identification. 2022 

International Conference on Advanced Robotics and Intelligent Systems, Taipei, 

Taiwan. Paper No. 1078.  

4. Shih-Yu Lee, Shih-Fang Chen (2022, Aug). Development of Automatic Scouting 
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Robot for Asparagus Greenhouse. 2022 International Conference on Advanced 

Robotics and Intelligent Systems, Taipei, Taiwan. Paper No. 1090.  

5. ụ ȳ ȳ ȳὭ ȳ ȳ ∑Ḽȳ ѷῠɎ202210ד

ѣɏȴ ӣ ⇔ ᾎὑ ӟ ֥ Ṇ П ȴ2022

Ӣ שׁ ȲүҖȲү ȴP155-157ȴ 

6. Ḉѷ ȳ ᶪ ȳѵϢӔȳᴂ╢ ȳ Ὑ ȳ ȳ Ὑᴃȳ ѷῠɎ2022

ד 10ѣɏȴ ӣ ⇔ ᾎὑ ӟ ֥ Ṇ П ȴ

2022 Ӣ שׁ ȲүҖȲү ȴP168-170ȴ 

7. ѵ ȳὭṃ ȳ Ứȳ ѷῠɎ202210דѣɏȴMask2Former ⇔

₤ ӣὑ П ἤᾭ ᵑȴ2022 Ӣ שׁ ȲүҖȲ

ү ȴP192-194ȴ 

8. Ὥ╨ᶛȳὭṃ ȳ ѷῠɎ2022ד 10ѣɏȴ ֥ ԏ Ѡ

ᾎὑ ₇ ᵒᵑП ӣȴ2022 Ӣ שׁ ȲүҖȲү ȴP218-

220ȴ 

9. Ḉ ׁȳὭ ȳ ѷῠɎ2022ד 10ѣɏȴ ӣ ⇔ Ѡᾎὑ ῤ

ᵑцẔӢ פ иέȴ2022 Ӣ שׁ ȲүҖȲү ȴP244-

246ȴ 

10. ῀ΎȳὭ∑כȳ ѷῠɎ202210דѣɏȴ ӣ NIR ế FTIR ԏ ὑ ₇

Ẳ ₇ ₤П ȴ2022 Ӣ שׁ ȲүҖȲү ȴP289-

291ȴ 

11. Ὥ ȳ ₇ ȳ ѷῠɎ2022ד 10ѣɏȴ ӣю ᾬԈ Ѡᾎὑ

₤П∂Ӵȴ2022 Ӣ שׁ ȲүҖȲү ȴP453-

455ȴ 

12. Yu-Tang Chang, Shih-Fang Chen (2022, Nov). Design of Basis-projected Layer 

for Sparse Datasets in Deep Learning Training Using GC-MS Spectra as A Case 

Study. The 10th International Symposium on Machinery and Mechatronics for 

Agriculture and Biosystems Engineering, Kaohsiung, Taiwan. Paper No. 1123. 

13. Chih-Yun Tsai, Yan-Cheng Lin, Shih-Fang Chen (2022, Nov). Predictive Model 

Development for Specialty Coffee Quality Applying NIR and FTIR 

Spectroscopies. The 10th International Symposium on Machinery and 

Mechatronics for Agriculture and Biosystems Engineering, Kaohsiung, Taiwan. 

Paper No. 1125. 

14. Ding-Ci Wang, Shih-Fang Chen, Xiu-Rui Lin, Xian-Zong Tsai (2022, Dec). 

Application of Transformer Model for Tea Shoots Grading System Development. 

The XX CIGR World Congress 2022, Kyoto, Japan. 

15. Yan-Cheng Lin, Shih-Fang Chen, Shu-Ping Hung, Juin-Ming Lu, Jia-Hung Peng 

(2022, Dec). Prediction of Production Factors and Flavor Profiles for Specialty 

Coffee Using Neural Network. The XX CIGR World Congress 2022, Kyoto, Japan. 
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ɚ ɛ 
1. Shih-Fang Chen, Yan-Fu Kuo. (2022). Artificial Intelligence for Image 

Processing in Agriculture. In: Ma, S., Lin, T., Mao, E., Song, Z., Ting, KC. (eds) 

Sensing, Data Managing, and Control Technologies for Agricultural Systems. 

Agriculture Automation and Control. Springer, Cham. 

https://doi.org/10.1007/978-3-031-03834-1_7 

Ϝ ῠ 

ɚ ґ ѝɛ 
1. Ankit Das, Samarpan Deb Majumder, Chien-Fang Ding*, Feasibility evaluation 

of nanofluid based solar collector for biodiesel hot wash: An experimental study, 

Solar Energy, vol. 245, pp. 385-403, 2022. (SCI) 
2. Che-ShuLin, Hsin-Fang Hsieh, Chien-Fang Ding, Kuan-MingLi, Hong-

TsuYoung, Wen-TseHsiao, Laser surface modification on rGO/ZnO composite 

materials for NO2 gas sensing, Materials Chemistry and Physics, vol. 290, pp. 

126551, 2022. (SCI) 

 

  

https://doi.org/10.1007/978-3-031-03834-1_7
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Ḻȳὢ  
Ϛȳ ὢ  

ӐṆ֝Ч ҵᾼὢ ЏᵂꜙֵȲ вц ҵὢ

Џᵂᾼ ֤ ц Ϣ ц ֽϯȸ 

1. в 

ᵐ ṅῂ-ῂשׁ ╓ ᴔ  Ὥ  

Ө ỗ ỗ  Ὥ  

Ӵ Є Ϣ ẓׁש Мїỗ  Ể Ч 

Ӵ Є Ӣᾬ Џ Ṇ ỗ  Ể Ч 

Ӵ Є ᶾ ▲ỗ  Ể Ч 

М ϫгự Ṷ ԉ Ṷ ᴂ╢  

ү Ӣᾬ ϝự Ṷ ԉ Ṷ ᴂ╢  

Ӣ  ỗ ỗ   

ӢӨ ỗ ỗ   

Є   Ὥָא 

ү Є Ồᴏ Ṇ ṅМїשׁ Ṏ ѻԉ ∑ѝ 

ү Є Ӣ Ṇ √  University of Santo Tomasᾼ OJT 
program 

∑ѝ 

Ӣ Ӣᾬ Мї ѻԉ  

ӐṆ ӢṶ ỗ ỗ  ԇ  

Ӣ Ӣᾬ ṅМїѻԉ ԇשׁ  

Ӣ ỗ Ȳ ԉỗ  ԓ 

ṅשׁ МїȲ ԉ   ԓ 

Ӵ Є Є ἵӢ о І  ԓ 

Ӣᾬ ṅМїשׁ ὢ   ѷῠ 

ṅשׁ Мїׁשṅ   ѷῠ 

Guest Editor of Special Issue "Biosensors in Monitoring and 

Diagnosis for Medical and Agricultural Applications" of Journal 

Micromachines 

ᵦ  

Reviewer of the 10th International Symposium on Machinery and 

Mechatronics for Agriculture and Biosystems Engineering 

(ISMAB 2022) 

ᵦ  

2022Ӣᾬ ﬞӥ Ϣ Ἥ Ϣ ᵦ  
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2. Ṇв 

ЄӢ ṆἬѻԉ  

ṅשׁ ỗ  
(ң Ϣ)ȳ Ứ ȳ Ὥָאȳ ȳ ȳ

∑ḼȳỂᵧ  

ỗ  
(ң Ϣ) ȳ ȳשа⁮ȳ Ứ ȳ Ὥָאȳ

 

Ṷ ỗ  
♬ (ң Ϣ) ȳ ȳ ∑ѝȳ Ὥָאȳ ϩ ȳ

Ᵽ  

ṅӢṶשׁ ỗ  ѷῠ(ң Ϣ) ȳ ȳ ȳ ∑Ḽȳ—  

ӢṶ ỗ  ∑Ḽ(ң Ϣ) ȳ ȳ ϩ ȳ ԇ ȳ ѷῠ 

ӢЏᵂỗ  ∑Ḽ(ң Ϣ) ȳ ȳ ϩ ȳ ԇ ȳ ѷῠ 

Ὲ ỗ  
— (ң Ϣ)ȳ ȳ ȳ ԓȳ ∑Ḽȳ

а⁮ȳѠש ȳ Ứ ȳ Ᵽ  

ׄ ỗ  ԓ(ң Ϣ) ȳ ȳ Ᵽ ȳ ♬ ȳ—  

ἵӢỗ  
Ểᵧ (ң Ϣ) ȳ ȳὭ ȳ ♬ ȳ ԓȳ

— ȳ ѷῠ 

ỗ  Ὥָא(ң Ϣ) ȳ ȳ ȳ ȳỂᵧ  

ṆхЄ  
(ң Ϣ) ȳ ȳѠ ȳᴂ╢ ȳȳ ∑Ḽȳ

ԓȳ—  

3. ҵ 

М - ґ  Ὥ  

ᾎϢὭӐ ѝ   - Ṷ Ὥ  

ᾎϢ оׁשṅ Мї- Ṷ Ὥ  
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ү ᶾדּ Ầ - Ṷ Ὥ  

ừ Є ᴞᶺ ╓ ỗ ỗ  Ὥ  

ᶝ ᶾ ỗ ỗ  Ὥ  

ῂ ᾎϢ Ṷ Ὥ  

ᾎϢ Ṏ Мї ϡ Є ỗ  Ể Ч 

ᾎϢ Ṏ Мїᴞ ứЏᵂЊ ỗ  Ể Ч 

ᾎϢ Ṏ Мїᴞ ₇’ЏᵂЊ ỗ  Ể Ч 

ᴕ ẕ ỗ  Ể Ч 

Ṏ Є ▲ ᵂ  Ể Ч 

Ṏ ɦ оᶾ ᵂ ɧ ▲ỗ  Ể Ч 

Ṏ ɦ оᶾ ᵂ ɧ ỗ  Ể Ч 

Ṏ ɦ Џ ṎѠᾎ ∂ ɧ ▲/ ỗ  Ể Ч 

Ṏ Є ῂ ԉ (USR) ▲ỗ  Ể Ч 

Ṏ Є ῂ ԉ (USR)ʒ ᵂ ỗ  Ể Ч 

Ṏ Є ῂ ԉ (USR)כὨ ▲ỗ  Ể Ч 

ᶝ ᶾ ỗ ỗ  Ể Ч 



122 

ү Ӣᾬ  Ể Ч 

М  Ể Ч 

үҖӀӴЄ Мї ỗ ỗ  Ể Ч 

үҖӀӴЄ ṃϢИ ἤ ▲ỗ ỗ  Ể Ч 

ҖӀЄɦ ц כ ῂ ɧ ▲ỗ  Ể Ч 

ҖӀЄɦЄ Ӣᴞѻ ῂ ɧ ▲ỗ  Ể Ч 

ҖӀЄ ỗ ỗ  Ể Ч 

ҖӀӴЄ ϮỂ ᴞᶺ ╓ ỗ ỗ  Ể Ч 

ҖӀӴЄ ᴯ ▲ỗ  Ể Ч 

Ӵừ Є Ϣ ӣּדᶾ Ђ ᴯ ỗ  Ể Ч 

Ӵừ Є ᴞᶺ ╓ ỗ  Ể Ч 

ừ Ϣ ЏᵂЊ ỗ  Ể Ч 

Ӵ Є Мї ỗ ỗ  Ể Ч 

үҖӀּד ỗ  Ể Ч 

Ӵ Є ▲ỗ ỗ  Ể Ч 

ӻ ▲ỗ  Ể Ч 
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ᶾדּ ▲ỗ  Ể Ч 

Reviewer, IEEE Transactions on Robotics and Automation Ể Ч 

Reviewer, IEEE Transactions on Engineering Education Ể Ч 

Reviewer, IEEE Access Ể Ч 

М ϫгự Ṷ ԉ Ṷ ᴂ╢  

ү Ӣᾬ ϝự Ṷ ԉ Ṷ ᴂ╢  

Royal Society of Chemistry, Fellow ∑ѝ 

М Ӗ Ṇ ỒᴏּדᶾẦ ҅ῶ ∑ѝ 

ү ☼ ϩ Ở  ∑ѝ 

Guest Editor, Micromachines,  

special issue for Biosensors in Monitoring and Diagnosis for 

Medical and Agricultural Applications 

∑ѝ 

Reviewer, Lab on a Chip ∑ѝ 

International Symposium on Microchemistry and Microsystems 

(ISMM); ỗ  
∑ѝ 

International Conference on Smart Sensors (ICSS), Technical 

Program Committee Member 
∑ѝ 

М Ӗ ү Є Ӣ Ṇх    

Ṏ ɦМ Ṏ   ᵂ ɧ ϩ -

דּ ▲ỗ  
ԇ  

ᶾ Мїɦ ֥ɧ ϛ /Ѷ ᶾ Ђᶾ ứ

דּ  ц ỗ  
ԇ  
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ᶾ Мїɦ ɧ ϛ /Ѷ ᶾ Ђᶾ

ứ דּ Ễ ỗ  
ԇ  

Ἤɦ ἤ ứ ᴩ שׁ Њ ɧỗ  ԇ  

ү Џ ֝ е цү ▲ỗ  ԇ  

ᶝ Џ ᶾ ỗ ỗ  ԇ  

ד111 ᶾדּ Ӣᾬ Ễדּ ỗ  ԇ  

ԓד111 Ӣ ﬞӥ Ϣ ᵒ  ԇ  

ү ☼ Џ ֝ е  ԇ  

ῂ ᾎϢМ Ӗ ү Є Ӣ Ṇх Ṷ  

М Ṷ  

SCIґFood Science and Technology ResearchȲ ԉ ỗ  ԓ 

ү Ӣᾬ Ṷ ѷῠ 

ῂ ᾎϢү ᶾדּ Ầ Ṷ ѷῠ 

 International Federation of Automation Control 

(IFAC)ɦ ạ(Control in Agriculture)ɧỗ ѻ  
ѷῠ 

ґ ґ  

Computers and Electronics in Agriculture; Special issues and 

article collections: Artificial Intelligence in Agriculture. 

ѷῠ 

2022М Џ (CSME)Џ ѻ (D13װ) Ϝ ῠ 
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ϡȳ ц   

1. в 

 Ϣ 

Є Ӣ ⇔ד 110  ṏ  —  

⇔ד110 2 ṃϢИ ᵦ  

2. ҵ 

ᴯ ắ Ϣ ֤  

ᾎϢӢᶾ דּ

ᶾ╜  ṅМїשׁ
ᴂ╢  18ự ʟ שׁ  

ῂ ᾎϢ  ᴂ╢ ⇔ד2021  Ṿ ґ ѝ  

М  ԇ  ѝ  

 

Ϯȳ ╓ Ӣ (Ừ ) 
 

ᴯ ֤  ắ Ϣ ╓  

в╜  
ӣ  

в╜ ⅎὲ  
☻‒  Ể Ч 

в╜  
ӣ  

в╜ ⅎὲ  
ᶪ Ể Ч 

ỗ  
2022 ᴯиṝ

ӣ Ϯ֤ 

 

( Ӣ) 
ᴂ╢  

68ựү о Џ

ד  
Ṿᵂ ᵦԁ  Ὥָא 

Ӵү Є Ӣᾬ

Џ Ṇ 

ϯ⇔ד110  

ṅἬשׁ   
ᴶ‏  Ὥָא 
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ICSS 2022 

שׁ  

27ựү о

שᶾׁדּ /

25ự ỒᴏṆ Џ

שׁ  

ЂӢ   ᴶ‏  Ὥָא 

Robotics Society of 

Taiwan, ARIS 2022. 
Best Student Paper Award  Ᵽ  

М  ѝ  ѝּד ԇ  

ү Ӣᾬ  
2022 Ӣ שׁ

Ѐ ѝ  
ѵ  ѷῠ 

ү Ӣᾬ  
2022 Ӣ שׁ

Ѐ ѝ  
 ѷῠ 

ῂ ᾎϢү

ᶾדּ Ầ  
⇔ד110 Ṿ Ђ ѝ  Ṽῠ ѷῠ 

ᾎϢМᶾῂ 
ᶾדМᶾῂּד111   - 

   
Ὥ  ѷῠ 
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╘ȳ Ӣ♄  
ӐṆЄ ӢϢ Ԛ170Ϣȴ111 ЄϚϤ⇔ד ӢȲ╓ứ

ӭᴕדּ Ϥ ѠהԚ ậ28ϢȲӨ Ϥ Ԛ ậ9ϢȲ ╦4Ϣế

Ӣȳ Ӣ Ԛ45Ϣȴ 

Ђ ӢϢ Ԛ120ϢȲ Ђ ӢϢ Ԛ31Ϣȴ111 ⇔ד

Ђ 55ϢȲ Ђ Ϥ 4Ϣȴ 

Ϛȳ Ӣ֤  

Ϥד111  (Ԛ45Ϣ) 

 

ѵ⅓ờȳ Ṏȳ ȳ ȳ Ә₫ȳ Ṧ ȳ ȳ ⅓ ȳ 

ѵ ȳ ȳ ȳ І ȳḈ ȳ ῦȳḚ ȳὭᶳ ȳ 

ȳѵᶳ ȳѵᾏ ȳѵ╜ ȳᴂ ӴȳḈѝ ȳḈỸ ȳḈ ȳ 

Ḉ аȳḌἣ ȳỂ╨ ȳὭ ȳ´ἔ ȳ ȳ ȳ Њ ȳ 

▼Чȳ ȳ ӂȳ ⁄ȳ ‐ ȳ ȳ ȳ ȳ 

Ỹ ȳ ₫ᶛȳ ᶑȳ Ὧ ȳ ׄ 

 

Ϥד110  (Ԛ54Ϣ) 

 

ῆ ȳ Ṏ ȳ ȳ Ἥ ȳ ȳ╟ּשᵩȳ ụᶪȳ ᵆȳ 

Мȳ аȳ ȳ ȳ   ȳ ₇ᶑȳ ȳ´ ὺȳ 

ȳ ⁴ ȳ Ứ ȳὭ ȳ сȳѵ ӵȳḈ╦ ȳ Ҿ ȳ 

Ḉ′ ȳ ȳ╟ ȳ ῧȳἪ аȳӰ ȳ■₲ᶑȳ ׄὕȳ 

Ḉכ ȳѵ Ӆȳᴂ∑Ṡȳᴂ ȳᵇṾ ȳᵨщ ȳὭ ׁȳΏ ↨ȳ 

ȳ ȳ ᶁȳ ∑ׄȳ ╨ ȳ ȳ ȳ Ч▼ȳ 

▼ ȳ ȳ ȳ ȳѵ ȳ ▼ׁ 
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Ϥד109  (Ԛ39Ϣ) 

 

′ׁȳ ′ ȳ ׁ ȳ ᶑ ȳ ȳᴂἭ ȳὭ ȳ ▼ ȳ 

₇ ȳ Ὑ ȳ ѷ ȳὭ ׄȳὭ ȳ ȳ ꞌ ȳ ȳ 

צ ȳ ἣ ȳ ѝῠȳ ȳ ′ᴹȳ Ἥ ȳὭ ȳ ȳ 

Ӵ ȳѠ ȳḈ ȳὭᾏᴹȳ₰₫ᶪȳ Ϟ ȳ ׁ ȳ ȳ 

′ ȳ ׁ ȳ ѝȳ С ȳ ȳὭ​ ȳ ∂ᶛ 

 

Ϥד108  (Ԛ32Ϣ) 

І ȳ☻ ȳ ׁ ȳ ῀Ύȳ ȳ ȳ Ӈ ȳ ᶖ ȳ 

Ѡ ȳ ȳ ȳ ȳ ⁬ ȳὭЄ ȳ ṏїȳ ȳ 

ԇṠȳ ȳ ȳ ȳӪ ȳὔ ȳ´І ȳ╟ ȳ 

■ ȳ ȳ Рȳ І ȳ ȳ ׁȳ ὡȳḈ‐  

 

Ђ Ϛד  (Ԛ55Ϣ) 

ḈṾừȳ ѝ ȳ ȳ ὤ∑ȳ´ ȳ Рȳ ᾏȳ Ἥ ȳ 

´ ȳὭ∑ ȳ ȳὭ  ȳ „ȳ ⁄ ȳ ӵȳὭ ȳ 

Њ ȳ Ӆ ȳᵦὲ ȳ ȳ ȳỂῆ ȳ І ȳ Ὑ ȳ 

ׁȳ ᶪ ȳᵦ‏ἣȳ ὔ ȳὭӔ ȳὭᾄᴮȳ П ȳѵ‏ ȳ 

ṩ ȳ „ ȳḈỰ ȳ ▼ԉȳ ȳ בּ ȳ ᴓȳ Ⱪȳ 

ᴹ ȳḈἭ ȳѵ ӂȳḈ ȳ ȳ   ȳ → ȳᵦḙ ȳ 

ᵦẕ ȳᵦ′ ȳ ᾏ ȳ ′ᶪȳ ứḼȳ Ђ ȳᴶṾ  

 

Ђ ϡד Ɏᵶɏѿϱ (Ԛ65Ϣ) 

ӥȳѵ ȳᵦϛ ȳ ȳḈѷ ȳὭ Ӕȳ ϢȳΏ №ȳ 

ᶛȳ ԉȳ■ ȳANKIT DASȳ ȳỂὔὟȳᴶ‏ ȳ 
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Рȳ ׁȳ ю╜ȳ ▼ ȳ Ẉ ȳ ȳ ȳ ȳ 

Ἥ ȳὭ∑כȳ ׁ ȳḞ ȳ ȳѵᶑ ȳ ȳ ȳ 

—ׂ ȳש ȳ ᶪȳ ȳ ȳ ѝ ȳὭἭ ȳ ֤ ȳ 

ȳὭӘ ȳὭ╨ᶛȳ ȳὭ ȳѵ ȳ ȳ ᵄ ȳ 

ᵦ ȳ Ὑ◦ȳ ᴹȳỂ ȳѵ ȳ Ṏ ȳѵ ȳḈἭ ȳ 

ȳ ₇ӵȳ ȳ ȳᵦῆ ȳ ҆ ȳѵ ȳ╟▼ᴹȳ 

Ὑ ȳὔὕ  

 

Ӑד⇔ ậ Ђ ᴯ῏(Ԛ40Ϣ) 

ѵ▄їȳ ╜ ȳ ′ ȳ ȳ №ȳ ἣ ȳ ȳ ∑ ȳ 

☻‒ ȳ ȳ´ ȳ ừכȳ ẍ ȳ ȳ ′ᶪȳḈ∑ᶪȳ 

ụ ȳ ᾴ ȳ ᶛȳὭӅ ȳ ȳ Ὓ ȳ ϭ ȳ ȳ 

▼ ȳяІ ȳ І ȳ ᴹἭȳ ȳḈ ȳᵦ ȳᵦюТȳ 

Ḉ′ ȳ ׁȳὭ′ׁȳѵ ȳ Ӫȳ ▼ ȳ ᴙṠȳ  

 

Ђ  (Ԛ31Ϣ) 

ᶳ ȳ Ὤȳ´ ȳ´ ȳ ѝ ȳ Ṏ ȳ   ȳᵦԁ ȳ 

ȳ ₫Ṡȳ ȳ ȳ ᶳ ȳҭ ṭȳ ȳ ȳ 

Ὥ ȳὭӅϢȳҭ сȳὭ ☺ȳ ὺӔȳḈὙ ȳ ȳѠ ȳ 

Ὥӥ ȳ ᶢȳ Т ȳὭ ⌡ȳḈ╜ ȳ ὒȳוּ  

 

Ӑד⇔ ậ Ђ ᴯ῏(Ԛ4Ϣ) 

ȳ ѿ ȳ ѝּדȳ а  
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ϡȳṆ  
1. Ṇ в  

 

2. ֢ ѻ в  

Ṇ  

  : ѝῠ 

 ȸ Ӈ  

 ȸ ѝ 

ϱếṆѻԉȳ Ȳ в Ṇ Ȳ ֢ ᾼ ⇔ȴ 

ɚ♄ ɛ 

  : ׁ  

  :  

Ṇϱ ♄ᾼЄЊ⇔ד Ȳֽ ȳӢ ПỏȳḌ ῧ

ȴ 

ɚ ɛ 

  : С  

  : ᴂἭ  

צ ᾼ♄ Ȳ҅ ѝ Ȳ ⅍Ю Ȳԍ ȴ  

ɚ ɛ 

  :  

Ṇ Ȳ ӇеӔе Ȳ ᵂ֢ה Ȳ Ө ᵗἨ

Ṇ

♄ Ṇґ Ωרּ
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֢ ќҏḆҒ ὙоȲứ еᵉןќὙ   

ɚṆґ ɛ 

 ȸ  

ң Ӣ ᴩṆґᾼ цҏᾪȲ Ṇϱד Ṷ ᴩ

ȴ 

ɚּרΩ ɛ 

 ȸ ἣ  

♄ ֢ רּ ế ȴ 

ɚ ɛ 

 ȸὭ  

ếὁ Ṇ ֢ ♄  
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Ϯȳ֢ ♄  
1. Ӓד ṛ♄ (2022/1/8) 

 

 
 

2. Ӓד ᶠѲ(2022/1/8) 
 

 
 

3. Ӣ Ὲ  (2022/2/18)ה
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4. М Ӗ Є Ӣ Ṇх ӴЄכ Ϛװ

Є (2022/4/9) 
 

 

5. UIUCϜ′М ֫ӕṆ Ɏ2022/4/22ɏ 
 

 
6. 2022ЄӢ  ð ϚӢ ᴚ (2022/5/2 - 2022/5/6) 
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7. Ӣ ﬞ Ɏ2022/4/24-2022/5/1ɏ 
 

 

Ӣד2022 .8 ṆЊ ẕ (2022/5/21) 
 

 

9. Ӣ Ṇ Џ  (2022/07/05) ה
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10. 2022үЄӢ  
 

 

11. Ӣ  (2022/09/16) 
 

 

12. 2022ӥ Ϣѩ  
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13. 2022 Ӣ שׁ  - /Ѐ ῶ 
 

 

14. 2022Ӣ ד / & שׁ/  ה
 

 



137 

 

Є
Ӣ

Ṇ
 



138 

 

 

 

 
 

ҏ    ᾪȸ Ӵ Є Ӣᾬ Џ Ṇ 

ѻ    ȸ  
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