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using coherent Raman rigid endoscopy - Construction of transfer learning 
method with fluorescence images and evaluation method for maximum 
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 ꁿ䌑ס㜽璇䩘銉ע䩘銉䔿׾ֽׄמ气嵛ס鮐מ濪潨ג׊䪫銉סꪛ溪ֿ鉿ֽי׿؂
玗篑⺪镄ס╚銉׾׿׼䮕ׅי׊כ麃✄塌茣걀㵬ֿ鞏꾴ס銉䔿׾׻מ⥣玗篑䴮׽
ⵊ׾׻מ玗篑廛㲽椙⻔┪؅潨䭰׊玗篑؅摾叉虝מ⺪镄ⵊ׾׌긊納䓺ُٚ٤俆▸燖
䙎⫐镄ꡘֿꪛ溪ג׀י׿׈׼ֿם׊־׊ꆬַْؕء٤ة٭ꅋ䍲ֿ鞏꾴זֵך
critical imaging rateעך勓煝疴ג 氺ג幾㺽㳔肪؅氠ַ׊䭰埉؅䳀呾ַֹכ
⦐⭦槏ء٤ة٭ْؕ׾׻מꅋ䍲⻔┪ס㴻ꓪ雄❿כ׆׾׌ֽצ׻迄⩱氺⦐؅◜⯼㳔
肪מ氠ַ׾㳔肪偙岺ס牞皑؅鉿ַ玗篑ْؕء٤ة٭ꅋ䍲؅┪⻔ס㵅隍ג׊ 
䖩מ幾㺽㳔肪ג׊둚ꅋⵊ؅嗱阧סꅋ䍲ء٤ة٭ْؕ׾׻מ⹛ꯙثؕؿע׍ױ 
锡׾׿׈כ㝂ꓪذ٭ظם⺅䕑ֿ㎦곓״גגזֵך긊納䓺ُٚ٤俆▸꿃䕻ꡘ׽׻מ
㝂ꓪ؅ذ٭ظם⺅䕑׊◜⯼מ㳔肪ֹ׻׾׌䈰㝜ג׊ס׆◜⯼㳔肪׽׻מ燖䙎
⫐镄ꡘך⺅䕑ג׊㸴ꓪס玗篑氺⦐מ㸐ثؕؿ׾׌׊ꯙ⹛䙎茣؅劔䟨׆׾׀ך┪⻔מ
י׊כ䭰埉׾׌❿䙎茣؅㴻ꓪ雄ס⹛ꯙثؕؿגױג׊؅獏כ Peak signal-to-
noise ratioPSNRכ structural similaritySSIMֿ┞薭溷מ❈氠ֿ׾׿׈
׻מ⹛ꯙثؕؿך׆אגזֵך鞏꾴ֿכ׆ַם雄❿ֿ鉿ֻסꅋ䍲ء٤ة٭ْؕ
CIR; critical imaging rateع٭ٝء٤ة٭蔢汔ْؕ״ג׾׌❿؅雄┪⻔ꅋ䍲׾
 ,氺鮐PSNR=30׾׿׈כ䖩锡מ⦍ⶕ氠氺ע׿׆ג׊䭰埉؅䳀呾ַֹכ
SSIM=0.8؅彸ס׿ב׿א؅ع٭ٝء٤ة٭ْؕ׌ג䭰埉׼־砯⮂׊CIRPSNR, 
CIRSSIM鞪⾔䌐㐬גזכ؅⡑׾ֵךثؕؿꯙ⹛⯼䔿ס CIR ٝء٤ة٭ْؕ׼־
؅ع٭ 5 ⠨둚ꅋⵊ؅כ׆׾׿׈㴻ꓪ雄❿ג׀ךֿכ׆׾׌0.023 fps ׼־ 0.12 fps
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㲳䮴ⳛ؅氠ַי⺪镄ⵊ؅鉿׽ֽיז茭鮐ס迄⩱氺⦐ע긊納䓺ُٚ٤俆▸כ⻎瞏ם
䓺枱䝠㖥؅劔כ׾ַי׊脝ֻ׾׿׼גױגױ VGG16 ⨲מ⮂䬂ס杅䖇ꓪַֹכ
䙎茣؅ס⮂玗篑䬂ג氠ַי׊כ⮂杅䖇ꓪ䬂סٜظٓ⮂؅玗篑䬂ٜظٓג׿ F1ؤت
ٜظٓג׊؅㳔肪ײס⦍긊納䓺ُٚ٤俆▸⫐镄ꡘ氺כ׾׌❿㴻ꓪ雄׽׻מؓ
VGG16 ؅❈氠ٜظٓג׊VGG16 ؅❈氠׊迄⩱氺⦐מ⯼◜؅㳔肪ٜظٓג׊ס
꽄מ䭰埉ֿ둚ַ⡑؅獏׊劔䟨䈼ֿ牞霼ג׿׈יזֿג׊┞薭氺⦐ך㳔肪׿׈
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劔氠ג׿׈״׊ֿכ׆׾ֵך 
 劄䔿מ玗篑䬂⮂ֿْؕء٤ة٭ꅋ䍲מ┪⻔ס劔氠؅כ׆׾ֵך僻ג׊מ־׼
ꅋַْؕء٤ة٭ꅋ䍲ך⺅䕑ג׊⛼ַ SNR ؅獏׌긊納䓺ُٚ٤俆▸⫐镄ꡘ氺⦐מ㸐
ַ⛼גז؅鉿❿㴻ꓪ雄ס┪⻔ꅋ䍲ء٤ة٭㳔肪؅鉿ַْؕס⮂玗篑䬂׊ SNR
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篑䬂⮂䙎茣מ㝕؅כ׆׾׎׈┪⻔ׂ׀僻ג׊מ־׼玗篑䬂⮂עך F1ֿؓؤت 0.8
♧┪؅彸׌ג㖪⻉؅ CIR ꅋ䍲؅ء٤ة٭ْؕ׽׻מ⮂玗篑䬂כ׾׌㴻聋כ 0.63 
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Sג׿׈㵅隍ֿכ׆׾׎⮂׀둚ַ䙎茣؅䑛׵יַֽמ枱岞ַם㸴ֿذ٭ظ㳔肪ךכ
幾㺽㳔肪׽׻מ镄ꓩס㝕ء٤ة٭ْؕכ׈׀ꅋ䍲סꪨמ气סغ٭ٝع׾׋ꫀ➳؅䩤
긊納䓺ُٚ٤俆▸⫐镄ꡘע勓煝疴篙卸׽ֽי׊؅獏כ׆׾ֵך茣⺪ֿכ׆׾熏ה
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