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$EVWUDFW

,Q UHFHQW \HDUV� GHHS OHDUQLQJ KDV EHHQ DSSOLHGPRUH DQGPRUHZLGHO\ LQ WKH ILHOG RI
LPDJH UHFRJQLWLRQ� (VSHFLDOO\ LQ WKH PHGLFDO ILHOG� D ODUJH QXPEHU RI &$'�&RPSXWHU�
$LGHG 'LDJQRVLV� V\VWHPV KDYH EHHQ GHYHORSHG DQG SXW LQWR SUDFWLFH GXH WR WKH FRXQ�
WU\¶V VWURQJ VXSSRUW IRU :,70(' �:LVH ,QIRUPDWLRQ 7HFKQRORJ\ RI 0HG� DQG WKH
VWURQJ GHPDQG RI PHGLFDO LQVWLWXWLRQV IRU FRPSXWHU�DLGHG 'LDJQRVLV WHFKQRORJ\� 6WXG�
LHV KDYH SURYHG WKDW GHHS OHDUQLQJ KDV H[FHOOHQW SHUIRUPDQFH LQ PHGLFDO REMHFW GHWHF�
WLRQ� VHJPHQWDWLRQ� GLDJQRVLV� DQG RWKHU WDVNV� +RZHYHU� WKH DFFXUDF\ RI WKHVH GHHS
OHDUQLQJ QHWZRUNV DOVR GHSHQGV RQ WKH TXDOLW\ DQG TXDQWLW\ RI WUDLQLQJ VDPSOH GDWD VHWV�
,Q WKH PHGLFDO ILHOG� SULYDF\ SURWHFWLRQ� GDWD VHFXULW\ DQG RWKHU SUREOHPV DJJUDYDWH WKH
GLIILFXOW\ RI GDWD VKDULQJ WR D FHUWDLQ H[WHQW� 7KH GHWHFWLRQ DFFXUDF\ RI PDQ\ &$'
V\VWHPV QHHGV WR EH LPSURYHG� 7KHUHIRUH� RWKHU ZD\V WR REWDLQ PHGLFDO GDWD VDPSOHV
QHHG WR EH H[SORUHG�

7R VROYH WKH SUREOHP RI VDPSOH VKRUWDJH� WKH UHVHDUFKHUV SURSRVH WR LQFUHDVH WKH
VDPSOH VL]H WKURXJK GDWD DXJPHQWDWLRQ� :LWK WKH GHYHORSPHQW RI WHFKQRORJ\� PRUH DQG
PRUH PHGLFDO WDUJHWV �VXFK DV OXQJ QRGXOHV� GHWHFWLRQ LV QR ORQJHU EDVHG RQ �' LPDJHV�
EXW XVLQJ �' LPDJHV DV LQSXW� &RPSDUHG ZLWK �' PHGLFDO LPDJH� WKH �' PHGLFDO
LPDJH FDQ EHWWHU FRPELQH �' LQIRUPDWLRQ RI WKH FRURQDO SODQH� VDJLWWDO SODQH DQG FURVV
VHFWLRQ RI WKH KXPDQ ERG\� 7KH XSJUDGH RI GDWD W\SHV DOVR EULQJV QHZ SUREOHPV WR GDWD
DXJPHQWDWLRQ� DQG LW LV XUJHQW WR VWXG\ WKH DXJPHQWDWLRQ PHWKRGV IRU �' LPDJHV�

7R VROYH WKH SUREOHP RI LQVXIILFLHQW PHGLFDO GDWD VHW� �'�'&*$1 LV XVHG LQ WKLV
SDSHU WR JHQHUDWH OHVLRQ VDPSOHV DQG UHDOL]H GDWD DXJPHQWDWLRQ� /XQJ QRGXOHV DUH VH�
OHFWHG DV WKH UHVHDUFK REMHFW� DQG WKH /,'&�,'5, GDWDVHW LV VHOHFWHG DV WKH RULJLQDO GDWD



LLL

VHW� %HFDXVH RI WKH XQLTXH LQIRUPDWLRQ VWRUDJH IRUPDW RI PHGLFDO GDWD� LW LV QHFHVVDU\
WR H[WUDFW LQIRUPDWLRQ DQG SUHSURFHVV LPDJHV IURP WKH RULJLQDO GDWD VHW� ,Q JHQHUDO� WKH
SURMHFW DFKLHYHG WKH JHQHUDWLRQ RI OXQJ QRGXODU OHVLRQ VDPSOHV WKURXJK QRGXOH LQIRU�
PDWLRQ SURFHVVLQJ� VDPSOH DFTXLVLWLRQ� DQG OHVLRQ JHQHUDWLRQ �XVLQJ �'�'&*$1�� $W
WKH VDPH WLPH� WKH TXDOLW\ RI JHQHUDWHG OHVLRQV ZDV HYDOXDWHG EDVHG RQ WKH PHWKRG RI
PRGHO WUDLQLQJ DFFXUDF\ FRPSDULVRQ� ZKLFK FRQILUPHG WKDW WKH WHFKQRORJ\ SURSRVHG LQ
WKLV SDSHU FDQ HIIHFWLYHO\ DXJPHQW WKH GDWD VHW� VROYH WKH SUREOHP RI XQEDODQFHG VDPSOH
GLVWULEXWLRQ� DQG LPSURYH WKH DFFXUDF\ RI WKH WUDLQLQJ PRGHO�

NH\ZRUGV� �' 0HGLFDO ,PDJH *HQHUDWLRQ� 'DWD $XJPHQWDWLRQ� '&*$1� /XQJ 1RG�
XOH 'HWHFWLRQ
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൘䘉ṧⲴ㛼Ჟлˈ⭏ᡀᔿሩᣇ㖁㔌ⲴՈ࣯ᱮ䵢ࠪᶕǄ⭏ᡀᔿሩᣇ㖁㔌

˄*$1˅ᱟа␡ᓖᆖҐ⁑රˈवਜ਼⭏ᡀ⁑ර઼࡛ࡔ⁑රє䜘࠶Ǆ䘉є䜘࠶䙊
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䗷ӂঊᔸнᯝ䘋㹼ᆖҐ઼Ոॆ >��@Ǆ⭏ᡀሩᣇ㖁㔌ⲴՈ࣯൘Ҿᆳ㜭ཏᆖҐࡠ
മۿѝⲴ㓶ሿⲴ␡ᓖⲴ⢩ᖱˈ䘲ਸ⭏ᡀਈॆ䖳ሿⲴሿ⢙փǄ൘५⯇മۿѝˈᑨ

㿱Ⲵ⯵⚦ǃ㔃㢲ǃ㓶㜎൷Ҿк䘠㊫රⲴሿ⢙փǄᵜᖸ䳮䇮ᇊⲴ㇇⌅о㿴ᖻ

䜭ਟԕ䙊䗷 *$1ᶕ㠚ࣘਁᧈоᆖҐǄਖཆˈ*$1䖳Ҿᑨ㿱ᢙ⇥ާᴹᴤ
儈Ⲵ⚥⍫ᙗǄഐѪ䙊䗷Ӫᐕ⇥৫䇮ᇊമۿਈॆⲴ৲ᮠᖸ䳮㾶ⴆᡰᴹᛵߥˈ㘼

*$1ਟԕᖸྭൠ䀓ߣ䘉њ䰞仈Ǆ*$1㜭ཏ⭏ᡀᴤ࣐ཊṧⲴᮠᦞˈޘ䶒ᢙݵᮠ
ᦞ䳶ˈӾ㘼ᨀॷ␡ᓖᆖҐ㖁㔌Ⲵ⌋ॆ㜭࣋Ǆ਼ᰦˈਇ⧠ᇎഐᖡ૽ˈ५⯇മۿ

ᮠᦞ䳶䙊ᑨᆈ൘ᮠᦞ㊫ර࠶ᐳн൷㺑Ⲵᛵߥ >��@ǄሩҾ䛓Ӌ䶎ᑨ㖅㿱Ⲵ⯮⯵ˈ
ޣ⯵ֻቁǃỰḕᖡۿቁˈӾ㘼ሬ㠤⁑ර䇝㓳ṧᵜቁǄ䙊䗷⭏ᡀሩᣇ㖁㔌ቡਟ

ԕਸᡀ䘉Ӌнᑨ㿱Ⲵ५⯇മۿǄ

ᵜ᮷Ⲵ⹄ウⴞḷቡᱟ᥆ᧈ⭏ᡀሩᣇ㖁㔌൘й㔤५⯇മۿᢙᯩ䶒Ⲵ▌㜭ˈ

ᇎ⧠ᰐᶑԦⲴṧᵜ⭏ᡀˈᨀׯᦧǃᴹ᭸ⲴᢙᢰᵟǄᵜ᮷֯⭘ *$1 ѝⲴ
�'�'&*$1㖁㔌⭏ᡀ⯵⚦ᢙᮠᦞ䳶ˈᒦሩᢙਾᮠᦞ䳶䘋㹼䍘䟿䇴ՠˈԕ↔
ᶕỰ傼䈕ᢙᯩ⌅Ⲵ᭸᷌ˈ傼䇱 �'�'&*$1൘й㔤५⯇മۿᢙкⲴՈ࣯Ǆ
ᵜ᮷ሶ �'�'&*$1⭏ᡀⲴᮠᦞ⭘Ҿ රⲴ䇝㓳ˈṩᦞ䇝㓳⁑࡛ࡔ⚦⯵11&�'�
ਾ⁑රⲴ߶⺞⦷ㅹ䇴ՠᤷḷሩᮠᦞⲴ䍘䟿઼ਟ䶐ᙗ䘋㹼䇴ՠˈণሩᵜ᮷ᯩ⌅Ⲵ

ᴹ᭸ᙗ䘋㹼䇴ՠǄ

� � � ᵢㄖቅ㔉

ᵜㄐᱟ᮷ㄐ㔚䇪ˈ俆ݸ䪸ሩ␡ᓖᆖҐ亶ฏṧᵜ㕪ѿ䰞仈䘋㹼ӻ㓽ˈቔަᱟ

൘५⯇亶ฏˈᮠᦞ䳶ᮠ䟿ቁ䍘䟿վⲴ䰞仈ᴤ࣐ѕ䟽Ǆ䇝㓳ṧᵜⲴ㕪ѿⴤ᧕ሬ㠤

Ҷ५⯇䇺ᯝ⁑රⲴ䍘䟿䰞仈ˈ䇨ཊ५⯇㌫㔏䳮ԕ䗮ࡠ儈㋮ᓖⲴ㾱≲ˈᙕ䴰䪸ሩ

५⯇亶ฏ䘋㹼മۿᮠᦞᢙᯩ⌅Ⲵ⹄ウǄ਼ᰦˈᵜㄐӻ㓽Ҷ५⯇മۿ䇶࡛ԕ৺

५⯇മۿᮠᦞᢙᢰᵟⲴ⹄ウ⧠⣦ˈ䀓䟺Ҷᵜ᮷䟷⭘⭏ᡀሩᣇ㖁㔌ᇎ⧠й㔤५

⯇മۿᢙⲴഐǄᴰਾӻ㓽Ҷᵜ᮷Ⲵ⹄ウⴞḷ઼ѫ㾱⹄ウᐕˈণˈ֯⭘⭏

ᡀሩᣇ㖁㔌ᇎ⧠й㔤५⯇മۿ⯵⚦ⲴᢙǄ
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� � � ⭕ᡆሯᣍ㖇㔒ᢶᵥ

� � � � � ㆶԁ

⭏ᡀሩᣇ㖁㔌˄*HQHUDWLYH $GYHUVDULDO 1HWZRUNˈ*$1˅>��@ᱟ ,DQ -� *RRG�
IHOORZㅹӪ൘ ����ᒤᨀࠪⲴа␡ᓖᆖҐ㖁㔌Ǆ൘ࡊ㻛ᨀࠪᰦˈᆳ㻛⭘ڊᱟа
䶎ⴁⶓᔿⲴᆖҐᯩ⌅Ǆ䶎ⴁⶓᆖҐᱟᵪಘᆖҐѝⲴа㊫ᯩ⌅ˈ䈕㊫ᯩ⌅⁑ර

䗃ޕⲴ䇝㓳ṧᵜᱟ⋑ᴹ㻛ḷ䇠ⲴˈᆖҐᰦަṧᵜ࠶㊫Ⲵ㔃᷌ⵏ՚ᵚ⸕ˈ਼ᰦҏ

ᵚਇࡠⴁⶓᔿᕪˈ㖁㔌ᵜ䓛ሶ㠚ࣘӾṧᵜѝ᧒ራ㿴ࡉǄ

⭏ᡀሩᣇ㖁㔌⭡⭏ᡀಘ˄ㆰ〠 *˅ǃ࡛ࡔಘ˄ㆰ〠 '˅є䜘࠶㓴ᡀǄ⭏ᡀ
ಘ⭘ᶕ᧒ウ઼ᆖҐᮠᦞⲴ⢩ᖱ઼࠶ᐳ㿴ࡉˈӾ㘼ṩᦞ㿴ࡉ⭏ᡀ䙬ⵏⲴٷᮠᦞǄ

⭏ᡀⲴᮠᦞ਼ⵏᇎᮠᦞа਼䗃࡛ࡔޕಘˈ࡛ࡔಘ䢤࡛ٷṧᵜ઼ⵏᇎᮠᦞǄҼ㘵

䙊䗷Ӕӂˈнᯝঊᔸˈ䈳ᮤҼ㘵ޣ৲ᮠǄ൘䘉њ䗷〻ѝˈ⭏ᡀಘ䈅മࡠᴤ

⭏ᡀಘ⭏࠶ಘՊ䙀⑀䳮ԕ४࡛ࡔ䙬ⵏⲴᮠᦞˈ㘼࣐ᐳˈ⭏ᡀᴤ࠶ⵏᇎⲴᮠᦞ࣐

ᡀⲴᮠᦞ઼ⵏᇎⲴṧᵜᮠᦞǄ*$1㔃ᶴྲമ � �ᡰ⽪Ǆ

മ � �� *$1㔃ᶴ⨶⽪മ



� ㅢӂㄖ ީ⨼䇰㔲䘦

⭏ᡀሩᣇ㖁㔌ѝ⭏ᡀಘ˄*˅઼࡛ࡔಘ˄'˅Ⲵঊᔸਟԕ⭘лޜࡇᔿ᧿䘠˖

min
G

max
D

V(D,G) = Ex∼pGDWD (x)[log(D(x))] + Ez∼pz(z)[1 − log(D(G(z)))] �� ��

ަѝˈ]ԓ㺘ಚ༠ˈpz(z)ԓ㺘ಚ༠࠶ᐳˈ[ԓ㺘ⵏᇎᮠᦞˈpdata(x)ԓ㺘ⵏ

ᇎᮠᦞ࠶ᐳǄ㺘䗮ᔿѝ logD(x)㺘⽪࡛ࡔಘሩⵏᇎṧᵜⲴࡔᯝˈlog(1 − D(G(z)))

㺘⽪ሩ⭏ᡀⲴṧᵜⲴࡔᯝǄ࡛ࡔಘቭ࣋ሶⵏٷṧᵜ䘋㹼४࠶ˈ䘉њ䗷〻ਟԕ㺘

⽪Ѫᴰབྷॆ Ex∼pGDWD (x)[log(D(x))]+Ez∼pz(z)[1− log(D(G(z)))]@Ǆ⭏ᡀಘቭ࣋ࡠᮠᦞ
ᐳ㿴ᖻˈ䘉њ䗷〻ਟԕ㺘⽪Ѫᴰሿॆ࠶ Ez∼pz(z)[log(1 − D(G(z)))]ˈᇎ⧠ѝᖰᖰሶ

Ez∼pz(z)[log D(G(z))]ᴰབྷॆǄ

മ � �ᱟ *$1Ⲵสᵜᙍ䐟䀓䟺മǄ⭏ᡀᔿሩᣇ㖁㔌䙊䗷ਈᴤ࡛ࡔಘ࠶ᐳ
˄മѝ㬍㢢㲊㓯˅઼⭏ᡀಘ࠶ᐳ˄മѝ㔯㢢ᇎ㓯˅䘋㹼䇝㓳ˈ࡛ࡔಘ˄'ˈ㬍
㢢˅䈅മሩⵏᇎṧᵜ˄唁㢢˅о⭏ᡀಘ⭏ᡀṧᵜ˄㔯㢢˅䘋㹼࡛ࡔǄമѝлᯩ

Ⲵⴤ㓯ԓ㺘ಚ༠˄]˅Ⲵ䟷ṧฏˈкᯩⴤ㓯ԓ㺘ⵏᇎᮠᦞ˄[˅ⲴᇊѹฏǄ㇝ཤ
ԓ㺘᱐ሴ x = G(z)Ǆ

മ � �� *$1สᵜᙍ䐟⽪മ
�D�ࡍ⣦ᘱ �E�പᇊ⭏ᡀಘˈՈॆ࡛ࡔಘ �F�പᇊ࡛ࡔಘˈՈॆ⭏ᡀಘ �G�ঊᔸ

ਾˈ⭏ᡀᮠᦞⲴ࠶ᐳ䘁լⵏᇎṧᵜˈ࡛ࡔಘ䳮ԕࡔᯝⵏ՚

� � � � � ㇍⌋⨼

ᐢ⸕⭏ᡀሩᣇ㖁㔌ᱟ࠶Ѫ⭏ᡀಘ˄*˅઼࡛ࡔಘ˄'˅є䜘࠶ⲴǄ⭏ᡀಘ⭘
ᶕ⭏ᡀ䙬ⵏᮠᦞˈ࡛ࡔಘ⭘ᶕሩ⭏ᡀമ⡷䘋㹼ⵏࡔٷᯝˈє䜘࠶ӂՈॆˈᒦ

ᴤᯠ৲ᮠˈᴰ㓸֯ᗇ⭏ᡀಘⲴ䗃ࠪ᧕䘁ⵏᇎമۿǄᵜ㢲ሶሩ *$1Ⲵ㇇⌅⨶
䘋㹼᧿䘠Ǆ

*$1Ⲵ࡛ࡔಘѫ㾱⭘ҾࡔᯝṧᵜⲴⵏ՚ˈᵜ䍘ਟԕⴻ䘋㹼Ҽ࠶㊫ԫ࣑ˈ
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⁑ර֯⭘ 6LJPRLGሶ䗃ࠪḷ䟿᱐ሴࡠ �a�ѻ䰤ˈ⭘ᶕ㺘⽪࡛ࡔಘሩṧᵜⵏ՚Ⲵ
ᯝˈ䈕٬䎺᧕䘁ࡔ �ԓ㺘࡛ࡔಘ䇔Ѫᆳᴤབྷᾲ⦷ѪⵏᇎᮠᦞǄഐ↔ˈਟԕሶަ
ᔪ⁑Ѫ՟࡙ࣚ࠶ᐳǄ՟࡙ࣚ࠶ᐳ˄%HUQRXOOL GLVWULEXWLRQ˅ҏ〠 �a࠶�ᐳˈҾ
ᮓරⲴᾲ⦷࠶ᐳǄ՟࡙ࣚ䈅傼ᴹᡀ઼࣏ཡ䍕єᛵߥǄᡀ࣏ᰦˈᴹ䲿ᵪਈ䟿Ѫ

�˗ཡ䍕ᰦˈᴹ䲿ᵪਈ䟿ਆ٬Ѫ �Ǆ䇠ަᡀ࣏ᾲ⦷Ѫ p(0 ≤ p ≤ 1)ˈཡ䍕ᾲ⦷Ѫ

q = 1− pǄ՟࡙ࣚ࠶ᐳѝˈሩҾ䲿ᵪਈ䟿 yˈᴹ y = 0઼ y = 1є⣦ᘱˈ┑䏣࠶

ᐳ˖y = 1Ⲵᾲ⦷Ѫ pˈy = 0Ⲵᾲ⦷Ѫ 1− pǄণˈp(y) = py(1− p)1−y, 0 < p < 1Ǆ

ሩҾ 1 њṧᵜˈᴹ {y1, y2, · · · , yN} (yi ∈ {0, 1}, i ∈ [1,N])ˈሩ S 䘋㹼ᴰབྷլ❦ՠ
䇑Ǆᴰབྷլ❦ՠ䇑˄0D[LPXP /LNHOLKRRG (VWLPDWLRQˈㆰ〠 0/(˅ᱟ⭘Ҿ৲ᮠ
ՠ䇑Ⲵаᯩ⌅Ǆ䈖㓶ൠ䈤ˈྲ᷌ᴹ䲿ᵪṧᵜ┑䏣Ḁᾲ⦷࠶ᐳˈնᴹаӋ৲

ᮠᱟᵚ⸕ⲴǄ䛓Ѹ䘋㹼ཊ⅑䈅傼ਾˈṩᦞ㔃᷌㜭ཏሩ৲ᮠ䘋㹼ањՠ٬Ǆྲ᷌

Ḁњ৲ᮠ٬㜭ཏ֯ṧᵜࠪ⧠Ⲵᾲ⦷ᴰབྷˈ䛓Ѹቡሶ䘉њ৲ᮠᖃՠ䇑Ⲵⵏᇎ

٬ˈ䘉ቡᱟᴰབྷլ❦ՠ䇑Ⲵᯩ⌅Ǆޜᔿ � �㺘⽪ሩ S䘋㹼ᴰབྷլ❦ՠ䇑Ǆ

p∗ = arg max
p
L(p)

= arg max
p

log L(p)

= arg max
p

log
N∏

i=1

p (yi) = arg max
p

log
N∏

i=1

pyi(1 − p)1−yi

= arg max
p




N∑

i=1

yi log p (yi) + (1 − yi) log (1 − p (yi))



= arg max
p

1
N




N∑

i=1

yi log p (yi) + (1 − yi) log (1 − p (yi))



= arg max
p




1
N

∑

yi=1

log p (yi) +
1
N

∑

yi=0

log (1 − p (yi))




≈ arg max
p
Ey[log p(y)] + Ey[log(1 − p(y))]

�� ��

ަѝˈEx∼p(x)[ f (x)] ≈ 1
N
∑N

i=1 f (xi) , xi ∼ p(x)ˈሶṧᵜ࠭ᮠ٬Ⲵᒣ൷٬䘁լ߉

䲿ᵪਈ䟿࠭ᮠⲴᮠᆖᵏᵋǄ

ާփࡠṧᵜⵏ՚ⲴࡔᯝˈሩҾṧᵜ䳶 [ˈᴹ࠭ᮠ y = D(x; φ)ԓ㺘ḀᮠᦞѪ

ĀⵏāⲴᾲ⦷ˈ䗃ࠪ٬㤳ത >���@Ǆок䘠՟࡙ࣚ࠶ᐳ㊫լˈ䈕ᮠᦞ࠶ᐳᖻਟԕ
㺘⽪Ѫ˖y = 1Ⲵᾲ⦷Ѫ p(y | x; φ)ˈ\ �Ⲵᾲ⦷Ѫ 1 − p(y | x; φ)Ǆ䙊䗷ሩ䈕࠶ᐳ

䘋㹼ᴰབྷլ❦ՠ䇑ˈণ࡙⭘㧧ਆࡠⲴ˄[�\˅Ⲵṧᵜׯˈ٬ਟԕሩ φ䘋㹼ՠ䇑Ǆ
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ণሩ φ䘋㹼ᴰབྷլ❦ՠ䇑≲䀓ᴰՈ৲ᮠ φ∗ˈޜᔿ � �ᱟ䘉а䗷〻Ⲵ㺘䗮ᔿǄ

φ∗ = arg max
φ
L(φ)

= arg max
φ

log L(φ)

= arg max
φ

log
N∏

i=1

p (yi | xi; φ)

= arg max
φ

log
N∏

i=1

p (yi | xi; φ)yi (1 − p (yi | xi; φ))1−yi

= arg max
φ




N∑

i=1

yi log p (yi | xi; φ) + (1 − yi) log (1 − p (yi | xi; φ))



= arg max
φ

1
N




N∑

i=1

yi log p (yi | xi; φ) + (1 − yi) log (1 − p (yi | xi; φ))



= arg max
φ




1
N

∑

xi∈xr

log p (yi | xi; φ) +
1
N

∑

xi∈xg

log (1 − p (yi | xi; φ))




≈ arg max
φ
Ex∼pr(x)[log p(y | x; φ)] + Ex∼pg(x)[log(1 − p(y | x; φ))]

�� ��

ަѝˈxr ԓ㺘ⵏᇎṧᵜˈxg ԓ㺘ٷṧᵜˈpr(x)ԓ㺘ⵏᇎṧᵜ࠶ᐳˈpg(x)

ԓ㺘ٷṧᵜ࠶ᐳǄ

൘⭏ᡀሩᣇ㖁㔌ѝˈ࠭ᮠ y = D(x; φ)ަᇎԓ㺘Ҷ࡛ࡔಘⲴ࣏㜭ˈሩ䗃ޕൠ

ṧᵜᮠᦞ䘋㹼䗘࡛ˈ䗃ࠪṧᵜѪⵏᾲ⦷Ǆሩ࡛ࡔಘⲴ䇝㓳ҏਟԕ⨶䀓Ѫሩ৲ᮠ

䘋㹼ᴰབྷլ❦ՠ䇑ˈᗇࡠᴰՈ৲ᮠ φ∗ˈӾ㘼䘋㹼߶⺞ⲴࡔᯝǄ

൘䇝㓳ѻਾˈ*$1Ⲵ࡛ࡔಘᐢ㓿ਟԕ䖳Ѫ߶⺞ൠ࠶䗘ⵏᇎᮠᦞ઼⭏ᡀಘ⭏
ᡀⲴᮠᦞǄ䘉ᰦˈ䴰㾱പᇊ࡛ࡔಘˈሩ⭏ᡀಘ䘋㹼ՈॆǄ

о࡛ࡔಘ㊫լˈ⭏ᡀಘⲴ࣏㜭ҏਟԕ֯⭘࠭ᮠᶕ᧿䘠Ǆ⭏ᡀಘᱟ䙊䗷

ಚ༠ᶕ⭏ᡀоⵏᇎമۿլⲴٷമۿˈ䘉а䗷〻ਟԕ㺘⽪Ѫ x = G(z; θ)ˈ

ަѝ z ԓ㺘аӋ䲿ᵪಚ༠ˈ ᱟ਼ φ ㊫լⲴᵚ⸕৲ᮠǄ䈕࠶ᐳਟԕ㺘⽪Ѫ

x ∼ p(x | z; θ)Ǆ⭏ᡀಘⲴ⭏ᡀṧᵜሶՊ䗃࡛ࡔࡠޕಘѝ䘋㹼ࡔᯝˈᡁԜᐼᵋ

ṧᵜǄ䛓ѸሩҾٷᯝѪ䍏ˈ䇔ѪԆԜ൷ᱟࡔಘሶ䘉Ӌṧᵜ൷࡛ࡔ 1њṧᵜˈ
ᴹ {(x1, y1) , (x2, y2) , · · · , (xN , yN)} (yi = 0, i ∈ [1,N])ˈሩ θ 䘋㹼ᴰሿլ❦ՠ䇑ਟ

ԕ㺘⽪Ѫޜᔿ � �Ǆ
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θ∗ = arg min
θ
L(θ) = arg min log L(θ)

θ

= arg min
θ

log L(θ) = log
N∏

i=1

p (yi | xi; φ∗)

= arg min
θ

log
N∏

i=1

p (yi | xi; φ∗)yi (1 − p (yi | xi; φ∗))1−yi

= arg min
θ

N∑

i=1

yi log p (yi | xi; φ∗) + (1 − yi) log (1 − p (yi | xi; φ∗))

= arg min
θ

N∑

i=1

log (1 − p (yi | xi; φ∗))

= arg min
θ

1
N

N∑

i=1

log (1 − p (yi | xi; φ∗))

= arg min
θ
Ex∼p(x|z;θ),z∼p(z)

[
log (1 − p (y | x; φ∗))

]

�� ��

൘⭏ᡀሩᣇ㖁㔌ѝˈ࠭ᮠ x = G(z; θ)ަᇎቡᱟ⭏ᡀಘⲴ࣏㜭ˈ⭘Ҿ⭏ᡀᡰ

䴰ⲴṧᵜᮠᦞǄ൘㖁㔌Ⲵ䇝㓳ѝˈ⭏ᡀಘ䜘࠶Ⲵ䇝㓳ҏਟԕ⨶䀓Ѫᱟሩ৲ᮠ䘋

㹼ᴰሿլ❦ՠ䇑ˈᗇࡠᴰՈ৲ᮠ θ∗ˈӾ㘼ሩ⁑ර䘋㹼ՈॆǄ

ᡰԕˈ㜭ཏᗇࡠ⭏ᡀಘ઼࡛ࡔಘⲴՈॆޜᔿ˖




D∗ = arg max
D
Ex∼pr(x)[log D(x)] + Ez∼p(z)[log(1 − D(G(z)))]

G∗ = arg min
G
Ez∼p(z)

[
log (1 − D∗(G(z)))

] �� ��

ণˈG∗ = arg minG maxD Ex∼pr(x)[log D(x)] + Ez∼p(z)[log(1 − D(G(z)))]

ާփ㇇⌅ਟԕ㺘⽪Ѫ˖

�� ಘ࡛ࡔಘˈ䈳ᮤ࡛ࡔṧᵜᮠᦞ䇝㓳ٷಘՈॆ˖֯⭘ⵏᇎṧᵜᮠᦞ઼㲊࡛ࡔ
৲ᮠ

�� ⭏ᡀಘՈॆ˖֯⭏ᡀಘ䗃ࠪⲴᮠᦞ䘧ᜁка↕ѝՈॆᗇࡠⲴ࡛ࡔಘ

�� 䟽༽ԕк↕僔ⴤ࡛ࡔࡠಘ䳮ԕ䇶࡛മۿⵏ՚ˈ⭏ᡀಘ䗃ࠪᮠᦞ䍘䟿䖳儈
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� � � � � ॱ⯍亼ตⲺ *$1⭕ᡆ

㠚 *$1ᨀࠪԕᶕˈަ൘䇑㇇ᵪ㿶㿹亶ฏⲴᓄ⭘ቲࠪнェˈ൘മۿ༴⨶ᯩ
䶒Ⲵᓄ⭘᭸᷌ᗇࡠ䇱ᇎˈ൘മۿ⭏ᡀᯩ䶒Ⲵ᭸᷌ቔѪᱮ㪇Ǆ

㲭❦⭏ᡀሩᣇ㖁㔌൘ࡊᨀࠪᰦˈᱟаᰐⴁⶓⲴ⭏ᡀ⁑රˈն൘ަ൘ॺⴁ

ⶓᆖҐǃᆼޘⴁⶓᆖҐᯩ䶒ҏ㻛䇔䇱ާᴹᓄ⭘ѹǄ൘മۿ⭏ᡀᯩ䶒ˈṩᦞ⭏

ᡀಘ઼࡛ࡔಘᮠ䟿о㔃ᶴⲴн਼ˈਟԕ࠶Ѫⴤ᧕ᯩ⌅ˈ࠶ቲᯩ⌅઼䘝ԓᯩ⌅Ǆ

ⴤ᧕ᯩ⌅ѝˈ⁑රवਜ਼ањ⭏ᡀಘ઼࡛ࡔಘˈ⋑ᴹ࠶᭟ˈ᭸᷌㢟ྭǄ㘼࠶ቲᯩ

ᡀˈ൘䘋㹼㔃ਸǄ䘝⭏࠶ᡀє䜘࠶ۿಘˈሶമ࡛ࡔѫ㾱䙊䗷єњ⭏ᡀಘ઼ࡉ⌅

ԓᯩ⌅֯ࡉ⭘㔃ᶴլⲴ⭏ᡀಘ䙊䗷䘝ԓ䙀↕⭏ᡀᴤ㓶㋂ᓖⲴമۿ >��@Ǆ*$1
㜭ཏ䙊䗷ᰐⴁⶓᆖҐᯩ⌅ˈӾ䇝㓳ṧᵜѝᆖҐࡠമۿⲴ␡ቲ⢩ᖱǄ䇝㓳ᗇࡠⲴ

⭏ᡀಘ㜭ཏ⭏ᡀ䶎ᑨ䙬ⵏⲴമۿᇩ >��@Ǆ਼ᰦˈ*$1нӵ⭏ᡀⲴമۿоⵏ
ᇎമۿ䶎ᑨլˈфާᴹ䖳儈ⲴᲠᓖˈ㜭┑䏣བྷཊᮠ൪ਸⲴ֯⭘䴰≲Ǆ൘മ

㠣᮷ᆇ䖜ᦒѪਖа㊫ර⭊ۿ䖜ᦒ亶ฏˈ֯⭘⭏ᡀሩᣇ㖁㔌ਟԕሶḀа㊫රമۿ

മۿнӵवਜ਼ᴹⴁⶓⲴᆖҐᯩ⌅ֻྲ˖3L[�3L[>��@ˈҏᴹᰐⴁⶓⲴᆖҐᯩ⌅ˈ
ֻྲ˖&\FOH*$1>��@Ǆമۿ䖜ᦒ൘५ᆖമۿ䖜ᦒǃӪ㝨㺘ᛵ䖜ᦒㅹᯩ䶒ᐢᴹ
ᓄ⭘Ǆ

ާփࡠ५ᆖമۿ亶ฏˈ५⯇മۿ䇶࡛亶ฏⲴ␡ᓖᆖҐ㖁㔌ቲࠪнェˈ䇨ཊ

⁑රⲴ䇶࡛߶⺞ᓖᐢ㓿㜭ཏტ㖾⭊㠣䎵䗷уᇦⲴ䇺ᯝǄնо䙊⭘亶ฏⲴ␡ᓖᆖ

Ґ⁑රаṧˈ⁑රⲴ߶⺞ᓖ䲔Ҷਇࡠᵜ䓛㇇⌅䍘䟿Ⲵᖡ૽ѻཆˈ䘈䎆Ҿ⭘Ҿ

⁑ර䇝㓳Ⲵṧᵜᮠ䟿о䍘䟿Ǆ䇝㓳ṧᵜ䍘䟿վлᖰᖰՊሬ㠤⁑ර߶⺞⦷н儈Ǆ

⋑ᴹՈ⿰ⲴᆖҐᮉᶀˈ⁑රᖸ䳮ᆖҐࡠⵏᇎⲴമۿ㿴ᖻǄਇࡠՖ⨶ǃ䳀⿱ㅹ㓖

ᶏⲴ䲀ࡦˈ५⯇മۿⲴ㧧ਆо࠶ӛഠ䳮䟽䟽ˈᡰԕ५⯇മۿ䇶࡛⁑ර䇝㓳ᖰᖰ

㕪ቁᴹ᭸ṧᵜˈṧᵜᮠ䟿н䏣ˈ䍘䟿৲ᐞн喀Ǆഐ↔ˈ൘५⯇ㅹṧᵜफ़ѿ

Ⲵ亶ฏˈ䘋㹼മۿᢙᱟ䶎ᑨᴹᗵ㾱Ǆਖཆˈ䘋㹼५⯇മۿ䇶࡛⁑රⲴ䇝㓳

䴰㾱֯⭘ᑖᴹḷㆮⲴṧᵜѪᮠᦞ䳶Ǆ൘䙊⭘亶ฏˈѪҶ㧧ਆḷㆮˈਟԕ䟷⭘

Շवㅹ⇥䘋㹼ḷ⌘Ǆ㘼൘५⯇亶ฏˈṧᵜⲴḷ⌘䴰㾱བྷ䟿Ⲵ亶ฏ⸕䇶઼ᇎ䐥

㓿傼ˈᖰᖰਚᴹ㹼ъуᇦ㜭ཏ䘋㹼↔亩ᐕǄն䘉ṧⲴӪ࣋⢙࣋৸ᱟᶱѪ〰㕪

Ⲵˈྲ᷌ᜣ㾱ษޫ㜭ཏ䘋㹼ḷ⌘ⲴӪઈᴤᱟ䳮к࣐䳮ˈ㘼മۿᢙ↓㜭䀓ߣ䘉

ṧⲴ䰞仈Ǆ਼ᰦˈሩҾ५⯇മۿᶕ䈤ˈṧᵜⲴ࠶ᐳᖰᖰᱟᶱн൷㺑Ⲵˈণ

བྷཊᮠⲴṧᵜ䜭ᱟ↓ᑨⲴнਜ਼⯵⚦ⲴǄ㘼བྷཊᮠ⁑රⲴޣ⌘⛩ቡ൘Ҿ⯵⚦䜘

ṧᵜн൷㺑Ⲵ䰞ߣ䙊ᑨ䟷⭘䲿ᵪ䟷ṧ䀓ࡽᡰԕᴹ᭸Ⲵṧᵜᮠ䟿нᒣ㺑Ǆⴞˈ࠶

仈Ǆնк䟷ṧਟ㜭Պᗇࡠ䖳Ѫ䘁լⲴമۿᮠᦞˈл䟷ṧՊሬ㠤аᇊ〻ᓖкⲴؑ
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㕪ཡ >��@Ǆ䛓ѸሩҾਜ਼⯵⚦Ⲵṧᵜ䘋㹼ਈᔲᢙቡᱮᗇቔѪ䟽㾱Ǆ*$1㜭ཏ
ᴹ᭸䀓ߣṧᵜ㊫࡛н൷㺑Ⲵ䰞仈ˈѪ⁑ර䇝㓳ᨀᴤ࣐ਸ⨶Ⲵ䇝㓳ᮠᦞ䳶Ǆ

൘᷀࠶Ҷ५⯇മۿᢙⲴᗵ㾱ᙗਾˈ䴰㾱ᴹ䪸ሩᙗൠ䘹ᤙਸ䘲Ⲵ५⯇മۿ

ᢙ⇥ǄሩҾᑨ㿱മۿ㘼䀰ˈሩҾമᮤۿփ䘋㹼ԯሴᢙ઼ᕩᙗᢙቡ㜭ཏ

བྷབྷᕪ⁑ර߶⺞ᓖǄᡰ䉃ԯሴᢙˈቡᱟሩҾമۿⲴۿ㍐⛩䘋㹼ս㖞〫ٿˈ

㘼ۿ㍐٬н䘋㹼᭩ࣘˈֻྲ˖䖜ǃ㘫䖜ǃ৽ሴǃ㻱࢚ㅹㅹǄᕩᙗᢙˈቡᱟ

н᭩ਈۿ㍐⛩ս㖞ˈሩҾۿ㍐٬ᵜ䓛䘋㹼ᴹ㿴ࡉⲴਈॆˈֻྲ˖ሩ∄ᓖ〫ٿǃ

Ӟᓖ〫ٿǃಚ༠ǃধ〟ǃ䴮ॆㅹㅹǄն䘉ṧⲴᢙ᭸᷌৸ᱟᴹ䲀ⲴǄ∄ྲˈ५

⯇മۿѝ⯵⚦ᖰᖰᱟ⹄ウⲴޣ䭞ˈнਸ⨶ⲴᮤփਈॆՊሬ㠤⯵⚦४ฏⲴ⢩ᖱђ

ཡˈഐ↔ҏᴹ⹄ウᨀࠪҶ⯵⚦о䶎⯵⚦४ฏ࠶ᔰ䘋㹼ਈᦒⲴᢙᙍ䐟ˈᒦ䙊䗷

ᇎ傼䇱᰾Ҷተ䜘ᢙᯩ⌅Ⲵᴹ᭸ᙗǄ>��@

ն⭡Ҽ㔤മۿкॷࡠй㔤മۿˈаӋਈᔲ㇇⌅Ⲵ䈟ᐞՊ㻛᭮བྷˈֻྲ⯵⚦

㕙ሿǃ᭮བྷㅹਈᦒᖸᇩ᱃䘍㛼⯵⚦⭏䮯㿴ᖻǄ५⯇മۿᵜ䓛⢩ᖱ༽ᵲˈӪփ㓴

㓷⭏䮯ਈᔲ㿴ࡉ༽ᵲˈ⯵⚦⭏ᡀ㿴ࡉ䳮ԕ䖫᱃᧒ウǄഐ↔ˈ൘䘋㹼й㔤५⯇മ

⢩ᖱˈ䚯ۿᡀѪҶан䭉Ⲵ䘹ᤙǄ*$1㜭ཏ㠚ࣘᆖҐമׯᢙᰦˈ*$1ۿ
ಘ㠚ࣘ䘋㹼ঊᔸᒦՈॆˈ㜭ཏ䗃࡛ࡔ䙐ᡀⲴ䈟ᐞǄ⭏ᡀಘ઼ۿҶӪѪਈࣘമݽ

ࠪⵏᇎⲴй㔤५⯇മۿǄ

൘५ᆖമۿ༴⨶亶ฏˈ*$1Ⲵᓄ⭘ֻݸҏᖸཊǄ∄ྲˈᴹ⹄ウ֯⭘ *$1
ᖒᡀമۿо৫ಚമۿⲴ᱐ሴᶕ⎸䲔५⯇മۿѝⲴಚ༠ˈ䚯ݽҶ &11ㅹᯩ
⌅ѝ֯മۿ䍘䟿л䱽Ⲵ䰞仈 >��@Ǆ⭡Ҿཡ䈟ǃ⧟ຳᖡ૽ᡆᛓ㘵փᘱ䰞仈ˈ
аӋ५⯇ᖡۿ൘䟷ṧᰦՊࠪ⧠䜘ؑ࠶ђཡⲴᛵߥˈ㘼䘉ӋؑⲴ㕪ཡᖰᖰՊ

ᖡ૽५⭏ሩ⯵ᛵⲴࡔᯝǄ֯⭘ *$1ਟԕᔪ・ؑ㕪ཡമۿо↓ᑨമۿⲴ᱐ሴ
ᶕሩമۿ䘋㹼䟽ᔪǄԕкࠐњᯩ䶒Ⲵᓄ⭘䜭փ⧠Ҷ⭏ᡀሩᣇ㖁㔌൘५⯇ᖡۿ㓶

㢲⢩ᖱᆖҐкⲴՈ઼࣯५⯇ᖡۿ⭏ᡀᯩ䶒ⲴՈ࣯Ǆਖཆˈ*$1ҏ㻛ᓄ⭘൘Ҷ
५⯇മࢢ࠶ۿ䇶࡛ᖃѝˈֻྲˈ֯⭘ *$1䘋㹼㝁ǃǃ㜨ㅹ䜘սമۿⲴ䇶࡛
Ǆ᷀࠶

਼䙊⭘亶ฏаṧˈ⭏ᡀሩᣇ㖁㔌൘५⯇亶ฏҏᴹമۿ⭏ᡀ઼മۿ䖜ᦒᯩ

䶒Ⲵᓄ⭘Ǆн䇪ᱟᴰᔰⲴᰐⴁⶓ⭏ᡀˈ䘈ᱟѻਾⲴᶑԦ⭏ᡀሩᣇ㖁㔌ণ

&*$1ˈ㊫⭏ᡀሩᣇ㖁㔌䜭㻛䇱ᇎ㜭ཏ⭏ᡀབྷ䟿儈䍘䟿Ⲵ५⯇ᖡۿṧᵜǄ

*$1൘᥆ᧈ␡ቲ⅑ᗞሿ⢩ᖱкާᴹ⤜⢩ⲴՈ࣯ˈഐ↔䘹⭘ᆳᶕ䘋㹼й㔤⯵
⚦മۿ⭏ᡀ䶎ᑨཱྀਸˈণ⅑Ոॆ࡛ࡔಘо⭏ᡀಘˈ֯⁑රࡠᆖҐ⯵⚦Ⲵ㔃ᶴ

ᐳ㿴ᖻǄধ〟⭏ᡀሩᣇ㖁㔌˄'&*$1˅ᱟ൘࠶ *$1Ⲵสк֯⭘ধ〟⾎㓿㖁
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㔌ԓᴯҶ *$1ѝⲴཊቲᝏ⸕ᵪˈ⢩ᖱᆖҐ㜭࣋ᴤᕪ >��@Ǆ'&*$1㜭ᆖҐ
Ⲵ儈㋮ᓖ䴰≲ˈᡰԕۿ䍘䟿ᴤ֣ˈ┑䏣५⯇ᖡۿᴤ␡ቲ⅑Ⲵ⢩ᖱˈ⭏ᡀⲴമࡠ

ᵜ᮷֯⭘й㔤 '&*$1ᢰᵟᇎ⧠⯵⚦⭏ᡀǄਖཆˈ֯⭘⭏ᡀሩᣇ㖁㔌ᢰᵟ⭏ᡀ
⯵⚦㜭ཏᴹ᭸㕃䀓བྷ䜘࠶५⯇ᮠᦞ䳶ᆈ൘Ⲵṧᵜ࠶ᐳн൷Ⲵ䰞仈Ǆ

� � � ◶⍱࠳ᮦ

кሿ㢲ㆰ㾱ӻ㓽Ҷ⭏ᡀሩᣇ㖁㔌Ⲵ㇇⌅⨶Ǆवᤜ⭏ᡀሩᣇ㖁㔌൘ⲴՇ

ཊ⾎㓿㖁㔌ѝˈᴹаӋ䶎ᑨ䟽㾱Ⲵ࠭ᮠᖡ૽⵰㖁㔌ᙗ㜭ˈ∄ྲ◰⍫࠭ᮠǃᦏཡ

࠭ᮠǄ൘⾎㓿㖁㔌ѝˈа㡜Պ֯⭘◰⍫࠭ᮠᕅޕ䶎㓯ᙗˈᕪॆᆖҐ㜭࣋Ǆ൘ᵜ

᮷֯⭘Ⲵ '&*$1ѝˈަ⭏ᡀಘⲴ䗃ࠪቲ֯⭘ 7DQKѪ◰⍫࠭ᮠˈަԆቲ֯⭘
5H/8Ѫ◰⍫࠭ᮠǄ㘼࡛ࡔಘѝ䗃ࠪቲ֯⭘ 6LJPRLGѪ◰⍫࠭ᮠˈަԆᡰ
ᴹቲ䜭֯⭘ /HDN\ 5H/8Ѫ◰⍫࠭ᮠǄ

6LJPRLG࠭ᮠᱟধ〟㖁㔌ѝᑨ⭘Ⲵ◰⍫࠭ᮠˈҏ〠 /RJLVWLF࠭ᮠǄᆳሩ䗃
ࠪ㤳ത䘋㹼᧗ࡦˈሶ䗃ޕ᱐ሴࡠ �����ѝˈަ࠭ᮠ㺘䗮ᔿѪ˖

f (x) =
1

1 + e−x �� ��

ն VLJPRLG࠭ᮠⲴ䗃ࠪᱟ䶎 �൷٬Ⲵˈഐ↔ੁлቲ⾎㓿ݳՐޕⲴ䗃ޕҏѪ䶎 �
൷٬ⲴˈӾ㘼Պᕅ䎧᭦ᮋ㕃ធǄᒦфˈ6LJPRLG࠭ᮠሬᮠⲴ㤳ത൘ >������@ѝˈ
൘㖁㔌৽ੁՐᰦˈởᓖ٬ՊнᯝਈѪᶕⲴ ởᓖ࣐䲿⵰ቲᮠⲴˈؽ����
٬Պ䎺ᶕ䎺᧕䘁 �ˈӾ㘼䙐ᡀởᓖ⎸ཡˈሬ㠤䳮ԕ䇝㓳Ǆަ࠭ᮠ৺ሬᮠമྲۿ
മ � �ᡰ⽪Ǆ

മ � �� 6LJPRLG࠭ᮠ
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7DQK˄+\SHUEROLF 7DQJHQW˅࠭ᮠᱟৼᴢ↓࠭࠷ᮠˈᆳ઼ 6LJPRLG࠭ᮠаṧ
ሩ䗃ࠪ䘋㹼Ҷ䲀ࡦˈሶ䗃ޕ᱐ሴࡠ ������ѝǄᡰԕ 7DQK࠭ᮠ㜭ཏ᭩ழởᓖ⎸ཡ
䰞仈ˈ䀓ߣҶ 6LJPRLG࠭ᮠഐ൷٬䶎 �ࠪ⧠Ⲵ᭦ᮋ㕃ធⲴ䰞仈 >��@Ǆަ࠭ᮠ㺘
䗮ᔿѪ˖

f (x) =
ex − e−x

ex + e−x

=
2

1 + e−2x − 1
�� ��

ަ࠭ᮠ৺ሬᮠമྲۿമ � �ᡰ⽪Ǆ

മ � �� 7DQK࠭ᮠ

5H/8˄5HFWLILHG /LQHDU 8QLW˅࠭ᮠ >��@ ᱟ؞↓㓯ᙗঅ࠭ݳᮠˈ࠭ᮠ㺘䗮
ᔿѪ˖

f (x) = max(0, x) �� ��

5H/8࠭ᮠᱟ䶎㓯ᙗ࠭ᮠǄ൘ x > 0ⲴᛵߥлˈᆳⲴሬᮠѪ �ˈᡰԕᆳ㜭ཏ
䀓ߣк䘠㖁㔌Ⲵởᓖ⎸ཡ䰞仈Ǆ൘ x < 0Ⲵᛵߥлˈᆳሶ࠭ᮠ٬㖞Ѫ �৫䲔ಚ
丣Ǆ5H/8࠭ᮠޜᔿㆰঅǄ֯⭘ᆳѪ◰⍫࠭ᮠˈнӵ㜭ཏㆰॆ䘀㇇ˈ䘈㜭䖳
ྭൠ䀓ߣởᓖ⎸ཡ䰞仈ˈ࣐ᘛ᭦ᮋǄަ࠭ᮠ৺ሬᮠമྲۿമ � �ᡰ⽪Ǆ

⭡Ҿ 5H/8࠭ᮠѝሶ x < 0ᰦⲴ࠭ᮠ٬㖞Ѫ �ˈ䘉ṧਟ㜭Պሬ㠤аӋޣ䭞⢩
ᖱ㻛ᘭ⮕ˈᡰԕаӋ࠭ᮠሩ 5H/8࠭ᮠ x < 0Ⲵ䜘࠶䘋㹼Ҷ᭩ࣘˈ∄ྲ /HDN\
5H/8࠭ᮠ >��@Ǆ/HDN\ 5H/8Ⲵ࠭ᮠ㺘䗮ᔿѪ˖

f (x) = max(αx, x) �� ��
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മ � �� 5H/8࠭ᮠ

ަ࠭ᮠ৺ሬᮠമྲۿമ � �ᡰ⽪

മ � �� /HDN\ 5H/8࠭ᮠ

� � � ᦕཧ࠳ᮦ

䲔Ҷк㢲ӻ㓽Ⲵ◰⍫࠭ᮠˈᦏཡ࠭ᮠҏᱟ⾎㓿㖁㔌ѝⲴањ䟽㾱࠭ᮠǄ⭏

ᡀሩᣇ㖁㔌ѝⲴޣ䭞⧟㢲ቡᱟ࡙⭘⭏ᡀಘ઼࡛ࡔಘⲴঊᔸнᯝՈॆˈ֯ᗇ⭏ᡀ

Ⲵٷᮠᦞоⵏᇎᮠᦞ䘁լǄ㘼൘␡ᓖᆖҐѝˈᖰᖰᱟ䙊䗷ᇊѹᦏཡ࠭ᮠᶕᓖ䟿

єњᮠᦞ࠶ᐳⲴ䘁լ〻ᓖǄ൘␡ᓖᆖҐ亶ฏѝˈ䙊ᑨ֯⭘ᦏཡ࠭ᮠᶕ㺑䟿⁑ර

൘䘋㹼࠶㊫亴⍻ᰦн߶⺞Ⲵ〻ᓖˈণ亴⍻оⵏᇎⲴᐞ䐍Ǆᦏཡ࠭ᮠ䇑㇇ᗇࡠⲴ

٬䎺ሿ䈤᰾䈕⁑රⲴ励ἂᙗቡ䎺Ո⿰Ǆ

Ā⟥āҏᱟᦏཡ࠭ᮠѝⲴањ䟽㾱ᾲᘥǄа㡜֯⭘Ā⟥ā㺘⽪㌫㔏൘Ⲵ



� � � ᦕཧ࠳ᮦ ��

ҡ〻ᓖˈ㺘⽪һԦवਜ਼Ⲵؑ䟿ˈ৸〠ѪĀؑ⟥āˈਟԕ㺘⽪Ѫ˖

S (p1, p2, · · · , pn) = −K
n∑

i=1

pi log2 pi �� ���

ަѝˈS 㺘⽪⟥ˈi㺘⽪ᾲ⦷オ䰤ѝᡰᴹਟ㜭Ⲵṧᵜˈpi 㺘⽪䈕ṧᵜⲴࠪ⧠ࠐ

⦷ˈK ᱟ઼অս䘹ਆޣⲴԫᑨᮠǄ

㘼ᜣ㾱㺑䟿о䲿ᵪਈ䟿 [ޣⲴєњ⤜・һԦᾲ⦷࠶ᐳ䰤Ⲵᐞᔲˈ䙊ᑨ
Պ֯⭘ሩ⟥ᶕ㺘⽪Ǆሩ⟥˄UHODWLYH HQWURS\˅ҏ㻛〠Ѫ ./ᮓᓖ˄.XOOEDFN�
/HLEOHU GLYHUJHQFH˅ˈㅹҾєњᮠᦞ࠶ᐳⲴؑ⟥Ⲵᐞ٬Ǆഐ↔ˈਟԕ֯⭘
ሩ⟥ሩєњ࠶ᐳѻ䰤Ⲵ䐍䘋㹼ᓖ䟿Ǆєњ䲿ᵪ࠶ᐳ䎺լˈ䛓Ѹ࠶ᐳⲴሩ

⟥ቡ䎺ሿ˗࠶ᐳ䰤Ⲵᐞ䐍䎺བྷˈሩ⟥䎺བྷǄ䲿⵰࠶ᐳⲴ᧕䘁ˈᆳԜ䰤Ⲵሩ

⟥䙀⑀䎻䘁Ҿ �Ǆྲ᷌䇮 P(x)�Q(x)ᱟ䲿ᵪਈ䟿 XкⲴєњᾲ⦷࠶ᐳˈྲ᷌䲿ᵪ

ਈ䟿ᱟ䘎㔝රⲴˈࡉሩ⟥ⲴᇊѹѪ˖

KL(P‖Q) =
∫

P(x) log
P(x)
Q(x)

dx �� ���

䲔Ҷ֯⭘ሩ⟥ᶕᓖ䟿ᐞ䐍ˈ⹄ウ㘵䘈൘↔สкᨀࠪҶӔ৹⟥ >��@Ⲵ
ᾲᘥ˖

DKL(A‖B) = −S (A) + H(A, B)

=
∑

i

PA (xi) log
(

PA (xi)
PB (xi)

)

=
∑

i

PA (xi) log (PA (xi)) − PA (xi) log (PB (xi))

�� ���

S (A) = −
∑

i

PA (xi) log PA (xi) �� ���

H(A, B) = −
∑

i

PA (xi) log (PB (xi)) �� ���

ަѝˈDKL(A‖B)ԓ㺘 $о %Ⲵሩ⟥ˈS (A)ԓ㺘 $Ⲵ⟥ˈH(A, B)ԓ㺘 $
о %ⲴӔ৹⟥Ǆᖃ S (A)Ѫᑨ䟿ˈDKL(A‖B)о H(A, B)ㅹԧǄ

൘⁑ර䇝㓳ѝˈഐѪ䇝㓳ᮠᦞᱟ⺞ᇊⲴˈᡰԕަ⟥ҏᱟ⺞ᇊ٬ˈഐ↔֯⭘

Ӕ৹⟥о ./ᮓᓖ᭸᷌а㠤ǄѪҶ߿ቁ䇑㇇ᡀᵜˈ䙊ᑨ֯⭘Ӕ৹⟥Ѫᦏཡ࠭
ᮠ䘋㹼ᓖ䟿Ǆᵜ᮷⁑රҏᱟ䘹⭘ҶӔ৹⟥Ѫᦏཡ࠭ᮠǄ
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� � � 䙐⭞ഴ܅ᢟ໔ᢶᵥ

ᢙ⇥ᐢ㓿ᒯ⌋ᓄ⭘൘␡ᓖᆖҐⲴᮠᦞ亴༴⨶䗷〻ѝˈᇎ⧠Ҷሩ䇝㓳ṧ

ᵜⲴᢙˈᨀॷҶ⁑ර䇝㓳Ⲵ᭸᷌Ǆ൘മۿᢙ亶ฏˈ᤹➗н਼㔤ᓖᢙᯩ⌅

ᴹཊ࠶㊫ᯩᔿˈ࠶ݵҶ䀓䘉Ӌᯩ⌅ሩҾᵜ᮷൘傼䇱ᇎ傼ѝ䘹ᤙਸ䘲Ⲵᢙ

⇥Ѫሩ➗ᱟॱ࠶ᗵ㾱ⲴǄྲ᷌൘䘉а䜘࠶䘹ᤙ֯⭘нਸ⨶Ⲵᢙ⇥ˈᖸਟ

㜭Պഐൿṧᵜਟ䶐ᙗሬ㠤⁑ර䇝㓳᭸᷌ਇࡠᖡ૽ˈᰐ⌅Ѫሩ➗㓴䘋㹼ᇎ

傼ˈӾ㘼ሬ㠤ሩ *$1⭏ᡀṧᵜⲴ䍘䟿䇴ՠࠪ⧠䖳བྷ䈟ᐞǄ

ṩᦞа⅑ᢙਈᦒѝ֯⭘ࡠⲴṧᵜᮠ䟿Ѫḷ߶ˈമۿᢙਟԕ࠶Ѫঅṧᵜ

ᢙ઼ཊṧᵜᢙǄਚ֯⭘ࡠањṧᵜⲴਈᦒᯩ⌅ቡ〠Ѫঅṧᵜᢙˈ֯⭘ཊ

њṧᵜࡉ〠ѪཊṧᵜᢙǄᒯѹⲴᶕ䇢ˈᵜ᮷֯⭘ *$1⭏ᡀᮠᦞҏҾཊṧ
ᵜᢙǄ⭡ҾаӋᑨ⭘Ⲵཊṧᵜᢙ˄6DPSOH3DLULQJ>��@ǃPL[XS>��@ㅹ˅㲭❦
൘ᙗ㜭кᨀॷ᭸᷌ਟ㿲ˈնਟ䀓䟺ᙗнᕪˈѪҶ؍䇱ޣ䭞⯵⚦䜘࠶нਇࡠ

ൿˈ䘉䟼ᵜ᮷䘹⭘অṧᵜᢙѪሩ➗Ⲵᢙ⇥Ǆ

ṩᦞ䘋㹼ᢙⲴമۿਈᔲ㤳തн਼ˈമۿᢙਟԕ࠶Ѫ䪸ሩമۿᵜ䓛Ⲵᮤ

փᢙ઼䪸ሩ⯵⚦˄ᡆ䶎⯵⚦˅䜘࠶Ⲵተ䜘ᢙǄԕᮤњമۿ㤳തⲴۿ㍐Ѫਈ

ᦒⴞḷⲴ〠Ѫᮤփᢙᯩ⌅ˈሶ⯵⚦о䶎⯵⚦䜘࠶४ฏ࠶ᔰ༴⨶Ⲵ〠

Ѫተ䜘ᢙᯩ⌅Ǆᵜ᮷ᐼᵋ֯⭘ሩᣇ⭏ᡀ㖁㔌⭏ᡀṧᵜҏᱟᐼᵋ䚯ݽ൘й㔤മ

ѝ䟷ਆተ䜘ᢙᯩ⌅ᰦӗ⭏䖳བྷ䈟ᐞǄӾࠪਁ⛩ᶕ䈤ˈᵜ᮷ᢰᵟоተ䜘ᢙۿ

ᯩ⌅լˈ䜭ᱟޣ⌘⯵⚦ᵜ䓛Ⲵ⢩ᖱǄᵜ᮷ᢰᵟᐼᵋ䙊䗷䇝㓳ਾⲴ⭏ᡀಘ⁑ර

⭏ᡀ⯵⚦ˈ֯ᗇᢙᗇࡠⲴᮠᦞቭ䟿н㾱ਇࡠ䶎⯵⚦४ฏѝаӋ㓴㓷Ⲵ䍏䶒ᖡ

૽ǄӾᨀॷ⁑ර䇝㓳Ⲵ䀂ᓖᶕ䈤ˈ䙊䗷ᮤփਈᔲᯩ⌅䘋㹼മۿᢙˈᒦ֯⭘ᢙ

ᮠᦞ䳶䇝㓳࡛ࡔ⁑රˈ㜭ཏᕪ⁑රⲴ励ἂᙗǄਇࡠԚಘ䝽㖞ǃ䟷䳶⧟ຳㅹ

ᇒ㿲ഐ㍐Ⲵᖡ૽ˈ५⯇ᖡۿⲴ䍘䟿৲ᐞн喀Ǆ֯⭘ᮤփᢙᯩ⌅㜭൘аᇊ

〻ᓖк䱽վ䘉Ӌᇒ㿲ഐ㍐ሩҾ䇶࡛⁑රⲴᖡ૽Ǆ㔬ਸԕкє⛩ˈ൘傼䇱ᇎ傼

ѝˈᵜ᮷䘹ᤙ֯⭘ᮤփᢙᯩ⌅Ѫ傼䇱ᇎ傼ѝⲴሩ➗ᢙᯩ⌅Ǆ

ṩᦞሩۿ㍐⛩Ⲵн਼ਈᔲᯩᔿˈਟԕ㋇⮕ሶമۿᢙ࠶Ѫԯሴᢙ઼ᕩᙗ

ᢙǄԯሴᢙቡᱟн᭩ਈۿ㍐⛩Ⲵ٬ˈਚ᭩ਈۿ㍐⛩Ⲵս㖞ˈֻྲ˖䖜ǃ

㘫䖜ㅹㅹǄᕩᙗᢙቡᱟн᭩ਈۿ㍐⛩Ⲵս㖞ˈնഎሩۿ㍐⛩Ⲵ٬䘋㹼аᇊਈ

ॆˈֻྲ˖ሩ∄ᓖ〫ٿǃӞᓖ〫ٿǃ⁑㋺ধ〟ㅹㅹǄ䘉Ӌਈᔲᯩ⌅ᐢ㻛བྷ䟿ᇎ

傼䇱ᇎ㜭ཏӗ⭏བྷ䟿ᴹ⳺Ҿ⁑ර䇝㓳Ⲵṧᵜˈ㜭ཏっᇊᨀ儈⁑රⲴ߶⺞ᓖо励

ἂᙗǄമ � �ኅ⽪Ҷᑨ㿱Ⲵਈᔲᯩ⌅Ǆ
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മ � �� 䙊⭘മۿᢙᢰᵟ

ᵜ᮷Ⲵ傼䇱ᇎ傼ѝ䘹⭘ҶаӋ䙊⭘മۿᢙᢰᵟѪሩ➗ᢰᵟˈሶ֯⭘䘉

Ӌᢰᵟ⭏ᡀⲴᮠᦞ䳶Ѫሩ➗䇝㓳䳶ˈо⭏ᡀሩᣇ㖁㔌⭏ᡀⲴᮠᦞ䳶䘋㹼ሩ

ᯝ⁑රⲴ䇝㓳ˈ䙊䗷ሩ∄䇝㓳㔃᷌ᶕ䇱ᇎᵜ᮷ᢰᵟⲴᴹࡔ⚦⯵Ҿ⭘࡛࠶ˈ∄

᭸ᙗǄ

� � � ᵢㄖቅ㔉

ᵜㄐѫ㾱ӻ㓽Ҷᵜ᮷ᢰᵟ֯⭘ࡠⲴޣ⨶䇪⸕䇶ˈवᤜ⭏ᡀሩᣇ㖁㔌ᢰ

ᵟǃ␡ᓖᆖҐ࠭ޣᮠԕ৺ᑨ⭘ⲴമۿᢙᢰᵟǄ䪸ሩ⭏ᡀሩᣇ㖁㔌ᢰᵟˈ䙊

䗷䱀䘠ަ⨶о㔃ᶴˈ㔃ਸޣ⹄ウˈ᷀࠶Ҷަ⭘Ҿ⯵⚦⭏ᡀⲴਟ㹼ᙗǄ਼

ᰦˈᵜ᮷൘傼䇱ᇎ傼ᖃѝ֯⭘Ҷ䙊⭘മۿᢙᢰᵟѪሩ➗ᢰᵟˈሶަ⭏ᡀṧ

ᵜѪሩ➗ᮠᦞ䳶ˈ⭘ԕ傼䇱ᵜ᮷ᢰᵟǄᵜㄐሩޣ⨶䇪Ⲵ䱀䘠Ѫѻਾޣ䭞ᢰ

ᵟⲴ⹄ウᔪ・Ҷ⨶䇪ส⸣Ǆ
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५⯇ᖡާۿᴹཊṧᙗⲴ⢩⛩Ǆ俆ݸˈӪփᴹཊⲴ㓴㓷ಘᇈǄަ⅑ˈ⇿

㓴㓷ಘᇈ䜭ᴹަн਼Ⲵ⯵⯷о㺘ᖱǄᒦфˈн਼ಘᇈ৸ਖᴹཊਟ㿲⍻Ⲵᖡۿ

㊫රǄྲ᷌㾱⺞ᇊᵜ᮷ᇎ傼ᡰ䴰Ⲵᮠᦞ䳶ˈᗵ享㾱Ӿⴞࡽ␡ᓖᆖҐമۿ䇶࡛൘

५⯇亶ฏⲴਁኅоᴰᯠ䴰≲ޕˈ㔃ਸ५⯇മۿᵜ䓛Ⲵ⢩ᖱ䘋㹼᷀࠶Ǆ

� � � ॱ⯍⯻⚬᷆࠼

൘⺞ᇊᮠᦞ䳶ѻࡽˈ俆ݸ䴰㾱᰾⺞䘹⭘Ⲵާփ㓴㓷ಘᇈ㊫රǃሩᓄ⯵⯷৺

⯵⚦Ⲵ㊫රˈԕ৺ሩᓄ␡ᓖᆖҐമۿ䇶࡛⁑රⲴ㊫රǄӪփⲴಘᇈǃ㓴㓷ǃ⯵

⚦ᵜ䓛ާᴹཊṧᙗǄ␡ᓖᆖҐ⁑ර㜭ཏ䪸ሩн਼䜘ս㜭ཏ䖵ࣙ䇺ᯝཊ⯮⯵

>��@Ǆֻྲ䪸ሩᗳ㜿ˈਟԕ䖵ࣙ䇺ᯝݸཙᙗᗳ㜿⯵ǃࣘ㜹⺜ॆ઼ߐᗳ⯵˗䪸ሩ
བྷ㝁ˈ᷀࠶䇺ᯝ㠚䰝⯷ǃ䱯ቄ㥘⎧唈⯵˗䪸ሩ䜘ˈ䙊䗷㹰㇑ࢢ࠶䇶࡛ᰙᵏ㌆

ቯ⯵Ӫ㿶㖁㟌⯵ਈ˗䪸ሩ㛪䜘ˈਁ⧠㛪㔃㢲亴䱢ᰙᵏ㛪ⱼǃ䇺ᯝ㛪⚾ㅹㅹǄ㔃

ਸ⭏ᡀሩᣇ㖁㔌ሩҾ␡ᓖ㓶ሿ⢩ᖱⲴՈ࣯ˈᇎ傼ⴞḷሶӾᗞሿ㊫⯵⚦ѝ㘳㲁Ǆ

һᇎкˈণ֯⺞ᇊҶಘᇈ৺⯵⚦㊫රˈ⭘Ҿ䇺ᯝ䈕⯮⯵Ⲵᖡۿҏ㊫ཊ

ṧˈާᴹн਼Ⲵᖡۿ㊫රǄᑨ㿱५ᆖᖡۿ㊫රᴹ ǃۿǃ&7ᖡۿᥟᡀޡ⻱,05
3(7ᖡۿǃ;�UD\ᖡۿㅹㅹ >��@Ǆа㡜ᶕ䈤ˈ␡ᓖᆖҐ⁑රⲴ᷀࠶䜭ਚ䪸ሩ⢩ᇊ
ಘᇈⲴ⢩ᇊᖡۿ䘋㹼᷀࠶ˈഐ↔ˈ൘䘋㹼५⯇മۿᮠᦞᢙⲴᇎ傼䇮䇑оᮠᦞ

䳶䘹ᇊᰦˈҏᱟ䪸ሩ⢩ᇊ⯵⚦Ⲵ⢩ᇊᖡۿ㊫ර䘋㹼ᢙˈᒦṩᦞ䈕⯵⚦ᡆ㓴㓷

Ⲵ⢩ᙗ৺ᖡۿ⢩⛩䘹ᤙᢙᯩ⌅Ǆ

ⴞࡽഭ䱵ᑨ⭘५⯇മۿᮠᦞ䳶㊫රѠᇼˈֻྲ˖&+' $WODVᮠᦞ䳶वਜ਼ݸ
ཙᙗᗳ㜿⯵Ӫᗳ㜿 05, Ṩ⻱ޡᥟᡀۿǃ$%,'( ᮠᦞ䳶वਜ਼㠚䰝⯷ᛓ㘵㝁䜘
05,Ṩ⻱ޡᥟᡀۿǃ$'1,वਜ਼䱯ቄ㥘⎧唈∿⯵Ӫ㝁䜘05,Ṩ⻱ޡᥟᡀۿԕ৺
3(7ᖡۿǃ2$6,6वਜ਼䱯ቄ㥘⎧唈⯵Ӫ㝁䜘 05,Ṩ⻱ޡᥟᡀۿǃ'5,9(ᮠᦞ
䳶वਜ਼ᰙᵏ㌆ቯ⯵Ӫ㿶㖁㟌 31*മۿǃ/,'&ᮠᦞ䳶वਜ਼ ',&20ṬᔿⲴ㛪䜘
&7മۿǃ/81$��ᮠᦞ䳶वਜ਼0+'ṬᔿⲴ㛪䜘 &7മۿǄ䲔↔ѻཆˈ䘈ᆈ൘
аӋ㔬ਸර५⯇ᖡۿᮠᦞᓃǄ
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൘㔬ਸ᷀࠶५⯇亶ฏ䴰≲઼ᖃࡽᑨ⭘ޜᔰᮠᦞ䳶䍴Ⓚਾˈᵜ᮷൘ሿර㓴㓷
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7LDQFKLˈഭཆⲴ /81$��ǃ.DJJOHǃ/,'&�,'5,ㅹㅹǄṩᦞᮠᦞ䳶ѝ㛪䜘ᖡۿ
ᆈۘṬᔿⲴн਼ˈਟԕሶަ࠶Ѫє㊫Ǆ7LDQFKL઼ /81$��֯⭘ PKGṬᔿᆈۘ
ᖡۿᮠᦞˈᮠᦞ䳶䙊䗷 PKG઼ UDZ᮷Ԧᶕሩ⯵ֻⲴỰḕᖡۿ䍴ᯉ䘋㹼Ṭᔿॆ؍
ᆈˈ㘼 .DJJOH઼ /,'&�,'5,֯⭘ GFPṬᔿᆈۘᖡۿᮠᦞǄ
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!KWWSV���ZLNL�FDQFHULPDJLQJDUFKLYH�QHW�GLVSOD\�3XEOLF�/,'&�,'5,

https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI
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㡜ᛵߥлˈ֯⭘ 6OLFH /RFDWLRQᡆ ,PDJH 3RVLWLRQѝⲴ ]
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٬˅

3L[HO 'DWD ᖡۿᮠᦞ
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ਟᗇࡠй㔤ᖡۿᮠᦞǄ

[PO᮷Ԧ䇠ᖅⲴᱟуᇦሩҾ䈕⯵ֻа⅑ỰḕമۿⲴᡰᴹ⯵⚦ḷ⌘ˈަؑ
Ṭᔿоа㡜 [PO᮷Ԧ਼ˈ֯⭘ṁ⣦㢲⛩䇠ᖅޣ䭞ؑǄަѝ䟽㾱Ⲵ㢲⛩㔃ᶴ
ᮠᦞമ � �ᡰ⽪Ǆ



�� ㅢпㄖ ⯻⚬ᮦᦤ᷆࠼

മ � �� /,'&�,'5,Ⲵ [PO᮷Ԧ㔃ᶴ

�6HULHV,QVWDQFH8,'!φỶḛⲺᓅࡍ㕌ਭȾ

�6WXG\,QVWDQFH8,'!φ⯻ׁⲺỶḛ㕌ਭȾ

�UHDGLQJ6HVVLRQ!φщᇬؗᚥḽ⽰॰ตȾ䈛㢸⛯сⲺؗᚥԙ㺞ҼḆщ

ᇬሯ䈛↚Ỷ⎁ഴ܅ѣ㊱ශ㔉㢸Ⲻḽ⌞θऻᤢ㔉㢸䖤ᔉૂ㔉㢸⢯ᖷኔᙝȾ

�XQEOLQGHG5HDG1RGXOH!φщᇬḽ⌞࠰ⲺжѠ㛰㔉㢸ⲺؗᚥȾ
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ㅢㄖ ᢶᵥީ䭤㇍⌋ ��

⌋ॆ㜭࣋ˈ䚯ݽ⅐ᤏਸ઼䗷ᤏਸⲴਁ⭏Ǆ൘५⯇ᖡۿᮠᦞ䳶Ⲵ༴⨶ѝᴤ䴰㾱⌘

ṧᵜ䳶Ⲵਸ⨶࠶ࡂˈഐѪᆳⲴᮠᦞ࠶ᐳо䙊⭘മۿᮠᦞ䳶н਼ˈ䍏ṧᵜⲴᮠ

䟿䘌ཊҾ↓ṧᵜǄо↔਼ᰦˈ५⯇ᖡۿⲴ؍ᆈᖒᔿо䙊⭘മۿᮠᦞ䳶ᴹ䖳བྷᐞ

ᔲˈ᮷Ԧ䜘ᖰᖰवਜ਼ᴤཊ⌘䟺ؑǄᒦфྲ᷌㾱ᜣ㜭ཏሶަ⭘Ҿ⁑ර䇝㓳ˈ

䘋㹼ла↕Ⲵˈ䘈䴰㾱ሶ५⯇മۿ䘋㹼ۿ㍐ॆǄᙫѻˈӾᮠᦞ䳶ࡠਟ⭘Ⲵ

ṧᵜ⯵⚦䳶ˈӽ❦䴰㾱䘋㹼а㌫ࡇⲴ༴⨶ᐕˈᵜㄐሶՊሩҾ䈕䗷〻㇇⌅䘋㹼

ӻ㓽Ǆ

каㄐ䘋㹼Ҷ *$1 ⨶Ⲵ᷀࠶ԕ৺ޣ亶ฏᡀ᷌Ⲵӻ㓽ˈ᷀࠶Ҷ䙊䗷
*$1⭏ᡀ⯵⚦Ⲵਟ㜭ᙗǄ㘼ⴞࡽˈ㲭❦䙊䗷ሩᣇ⭏ᡀ㖁㔌䘋㹼Ҽ㔤മۿ⭏ᡀⲴ
ᇎֻ䖳ཊˈն൘й㔤മۿ⭏ᡀԕ৺й㔤५⯇മۿ⭏ᡀкˈ*$1ᢰᵟ䘈⋑ᴹᲞ
䙽ᓄ⭘ǄᵜㄐሶՊ䪸ሩй㔤 *$1ᢰᵟˈ㔃ਸ⯵⚦⭏ᡀǃ㛪㔃㢲⭏ᡀⲴ亶ฏ⸕
䇶ˈሩ⭏ᡀሩᣇ㖁㔌⭘Ҿ㔃㢲⭏ᡀⲴ㇇⌅䘋㹼᧿䘠Ǆ

ሩҾᵜ᮷ᡰ⹄ウᢰᵟüü⭏ᡀሩᣇ㖁㔌⭏ᡀй㔤५⯇മۿ⯵⚦ˈѪҶ傼䇱

ᢰᵟⲴਟ䶐ᙗ઼⁑රⲴ߶⺞ᓖˈᵜ᮷䇮䇑Ҷ傼䇱ᇎ傼Ǆ䙊䗷ሩ➗ᇎ傼Ⲵᯩ⌅ሶ

ᵜ᮷ᢰᵟо䙊⭘ᢙᯩ⌅䘋㹼ሩ∄ˈ࡛֯࠶⭘ᵜ᮷ᢰᵟ઼䙊⭘ᢙᯩ⌅⭏ᡀᢙ

ᮠᦞ䳶ˈ❦ਾ䙊䗷㓴ਸⲴᯩᔿ⭏ᡀ䇝㓳ṧᵜ䳶ˈሩ㛪㔃㢲䇶࡛⁑ර䘋㹼䇝

㓳ˈሩ∄н਼ṧᵜ䳶л䇝㓳⁑රⲴ߶⺞ᓖˈӾ㘼傼䇱ᯩ⌅Ⲵᴹ᭸ᙗǄᵜ᮷Ⲵ傼

䇱ᇎ傼ˈнӵ㜭ཏ䇱᰾⭏ᡀሩᣇ㖁㔌⭏ᡀᮠᦞ䳶Ⲵᯩ⌅ሩҾ⁑ර䇝㓳ᴹ⳺ˈᴤ

㜭䇱᰾ަ൘Პ䙊ᯩ⌅สкӽ❦ሩ䇝㓳ᴹ⳺ˈ傼䇱ᇎ傼ⲴⴞⲴ⵰䟽᭮൘⭏ᡀሩ

ᣇ㖁㔌ሩҾᲞ䙊ᯩ⌅Ⲵ㺕ݵ⭘ǄާփⲴᮠᦞ䍘䟿傼䇱ᇎ傼䇮䇑ሶՊ൘лаㄐ

䘋㹼ӻ㓽Ǆն൘䘉ѻࡽˈᴹᗵ㾱ሩ䙊⭘മۿᢙᯩ⌅䘋㹼Ҷ䀓઼䘹ᤙǄമۿᢙ

䙊⭘ᯩ⌅㊫ཊṧˈѪҶ֯ᇎ傼䗮ࡠᴤ࣐Ո⿰Ⲵ䍘䟿Ự傼᭸᷌ˈᗵ享㾱ṩᦞ

ᯩ⌅Ⲵ࠶㊫ˈ㔃ਸ५⯇亶ฏമۿ⢩⛩䘹⭘ਸ䘲Ⲵᢙᯩ⌅ˈ߿ቁࡽᵏമۿ༴⨶

ᑖᶕⲴമۿ䍘䟿ᦏཡǄᒦфˈкॷࡠй㔤മۿˈަᢙ⇥ᓄ⭘Ⲵਟ㜭ᙗоᴹ

᭸ᙗҏ䴰㾱䘋а↕Ⲵᯏ䝼Ǆྲ᷌֯⭘䙊⭘മۿᢙ⇥ᗇࡠⲴṧᵜ䍘䟿䖳վˈ

ሩ䍘䟿䇴ՠᇎ傼Ⲵਟ䶐ᙗሶՊ䙐ᡀ䖳བྷᖡ૽ˈӾ㘼䳮ԕਸ⨶傼䇱ᵜ᮷ᢰᵟⲴᴹ

᭸ᙗǄ

к᮷䪸ሩᵜ᮷ᢰᵟѝⲴഋњޣ䭞䗷〻䘋㹼Ҷㆰ㾱䇪䘠Ǆᵜㄐሶ䪸ሩ亩ⴞѝ

䘉ࠐњޣ䭞䗷〻ᡰ֯⭘Ⲵᙍ䐟ǃ㇇⌅ԕ৺ᇎ⧠䘋㹼䈖㓶Ⲵӻ㓽Ǆ
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� � � 㔉㢸ؗᚥᨆ㇍⌋

㔃㢲ؑᨀਆⲴѫ㾱ᐕᱟ㧧ਆᮠᦞ䳶᮷ԦѝⲴ㔃㢲ؑǃᒦ㿴㤳ॆ؍

ᆈˈѪ⭏ᡀᇎ傼ṧᵜڊ߶༷ǄަⴞⲴᱟ䙊䗷ؑᨀਆ઼ᆈۘᶕㆰॆਾ㔝ṧᵜ

⭏ᡀⲴᐕˈᨀ儈᭸⦷ˈ䱽վᐕ䟿ˈҏׯҾሩҾᮠᦞ઼ؑⲴᴹ᭸㇑⨶Ǆഐ

↔ˈᶴᔪ㔃㢲ؑᨀਆ㇇⌅ᗵ享㾱Ӿ⁑ර䇝㓳ᡰ䴰Ⲵ઼ؑᮠᦞ䳶㜭ᨀⲴؑ

ޕˈ䘋㹼᷀࠶о䇮䇑Ǆ

俆ݸˈ䇝㓳ṧᵜ䳶Ⲵ㓴ᡀ㾱≲ᮠᦞ䳶㜭ཏᨀ↓䍏ṧᵜǄ䍏ṧᵜⲴ㧧

ਆ䖳Ҿ↓ṧᵜ䖳ѪㆰঅˈഐѪ൘ᮤњ &7മۿѝ㔍བྷ䜘࠶Ⲵ४ฏ䜭Ҿ⋑ᴹ
⯵⚦˄㔃㢲˅Ⲵˈ൘䘉Ӌ䶎⯵⚦४ฏѝ䘋㹼䲿ᵪᡚਆণਟǄ㘼↓ṧᵜࡉ㾱≲४

ฏѝवਜ਼ᴹ⯵⚦˄㔃㢲˅䜘࠶ˈф൘മۿѝ䶎⯵⚦४ฏ䘌བྷҾ⯵⚦४ฏǄ

ഐ↔ˈн䇪ᱟ⭏ᡀ↓ṧᵜ䘈ᱟ䍏ṧᵜ䜭㾱䶐㔃㢲Ⲵս㖞ؑǄ/,'&�,'5,ᮠ
ᦞ䳶൘ [PO᮷ԦѝᨀҶ⇿ս⯵ֻ⇿⅑Ự⍻ѝⲴ㔃㢲ս㖞ḷ⌘ؑǄᡰԕˈ㔃
㢲ؑᨀਆⲴޣ䭞ԫ࣑ቡᱟᨀਆᮠᦞ䳶ѝ㔃㢲ᡰ൘Ⲵ䈖㓶ս㖞ᒦ㿴㤳ॆ؍ᆈǄ

/,'&�,'5, ᮠᦞ䳶Ⲵ᮷Ԧ؍ᆈ㔃ᶴྲл˖/,'&�,'5,�;;;; � 6WXG\

,QVWDQFH 8,' � 6HULHV ,QVWDQFH 8,' � �GFP �[PO

;;;; � ⯻ׁᓅਭθ����a����χ

6WXG\ ,QVWDQFH 8,' � Ḇ⯻ׁⲺỶḛ㕌ਭχ

6HULHV ,QVWDQFH 8,' � ḆỶḛⲺᓅࡍ㕌ਭχ

�GFP �[POφᮽԬѣऻཐѠ GFP ṲᕅⲺᮽԬૂжѠ [PO Ṳᕅ

ⲺᮽԬ

䙊ᑨањ⯵ֻⲴ᮷Ԧཀྵ /,'&�,'5,�;;;;ˈवਜ਼ཊњԕ⯵ֻⲴỰḕᇎֻਧ
ભⲴ᮷Ԧཀྵˈ⇿њ᮷Ԧཀྵԓ㺘䈕⯵ӪⲴаỰḕᇎֻǄ൘⇿㊫රⲴỰḕⴞ

ᖅлˈ䘈वਜ਼ཊњԕỰḕⲴᒿࡇᇎֻਧભⲴ᮷Ԧཀྵˈԓ㺘䈕ਟ㜭ᆈ൘ཊњỰ

ḕᖡۿǄ⇿њᒿࡇ᮷Ԧཀྵлवਜ਼ањ५⯇ᖡۿⲴཊњ GLFRP᮷Ԧ઼ [PO᮷Ԧˈ
⭘ᶕᆈۘᖡ઼ۿ᧿䘠ᖡؑۿ�ྲമ � �ᡰ⽪Ǆഐ↔ᒿࡇᇎֻਧ઼ᖡۿᱟаа
ሩᓄⲴǄ㲭❦⇿њᒿࡇ᮷Ԧཀྵлˈਚवਜ਼ањᖡۿф䜭ᱟ GLFRP㊫රⲴ᮷Ԧˈ
նᱟ䘉ӋᖡۿሩᓄⲴỰḕ㊫н਼Ǆ൘ /,'&�,'5,ѝवਜ਼ഋỰḕ㊫රˈ
ǃ&5˄䇑㇇ᵪ˅ࢢ࠶ᱟ˖&7˄䇑㇇ᵪᯝቲᢛ᧿˅ǃ6(*˄',&20࡛࠶ ;㓯ᡀ
઼˅ۿ ';˄ᮠᆇॆ ;㓯ᡀۿ˅Ǆᵜ᮷䘹⭘Ⲵᱟ &7㊫රⲴമۿˈഐ↔൘䘋㹼
ؑㆋ䘹ᰦˈ䴰㾱ㆋ䘹ࠪമۿ㊫රᱟ &7㊫රⲴᮠᦞǄ

䲔Ҷ⯵ֻǃỰḕǃᖡۿⲴаሩཊޣ㌫ѻཆˈ⇿њᖡۿѝਟ㜭वਜ਼ཊњ㔃
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മ � �� ḀỰḕᒿࡇⲴ᮷Ԧཀྵ⽪ֻമ

㢲ˈᆳԜ਼ṧᱟањаሩཊⲴޣ㌫ˈྲമ � �ᡰ⽪Ǆ൘ṧᵜ㧧ਆ䗷〻ѝˈ⇿њ
↓ṧᵜⲴᮠᦞᱟ䜭оањᇎ䱵Ⲵ㔃㢲ሩᓄⲴˈᱟаሩаⲴޣ㌫Ǆഐ↔ˈؑ

ᨀਆ㧧ᗇⲴ⇿ᶑᮠᦞҏ਼ṧᱟԕ㔃㢲ѪঅսⲴˈаᶑᮠᦞሶՊሩᓄањ㔃

㢲ˈवਜ਼ཊ亩㔃㢲ᴹޣᮠᦞǄ

�D�㔃㢲аਧ �E�㔃㢲Ҽਧ

മ � �� �������ỰḕѝⲴཊњ㔃㢲

ㅜйㄐӻ㓽Ҷ GLFRP ᮷Ԧѝवਜ਼ⲴཊᖡۿⲴݳᮠᦞˈ䘉Ӌᮠᦞ㜭ཏ
䖵ࣙ䘋㹼⯵⚦ؑ༴⨶ˈ∄ྲᴹ˖⯵ֻⲴỰḕᇎֻਧ �6WXG\ ,QVWDQFH 8,�ǃ
⡷ᓖ˄6OLFH࠷ 7KLFNQHVV˅ǃۿ㍐䰤䳄˄3L[HO 6SDFLQJ˅ǃ⭘Ҿ䖜ᦒѪ +8
٬Ⲵᮠᦞ˄5HVFDOH ,QWHUFHSWǃ5HVFDOH 6ORSH˅ㅹǄ൘ؑ㧧ਆᰦˈਟԕ䙊䗷
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6LPSOH,7.!ᗇࡠ GLFRP ѝⲴ䘉Ӌޣ䭞ؑǄ਼⨶ˈ൘ла↕Ⲵṧᵜ㧧ਆ⍱〻
ѝˈҏਟԕ䙊䗷↔ᯩ⌅䘋㹼ؑ㧧ਆˈᇎ⧠䈫ਆǃ䟽ᔪǃኅ⽪ԕ৺䖜ॆˈ䈖㓶

ᇩሶ൘лаሿ㢲ѝӻ㓽Ǆ

൘ /,'&�,'5,ᮠᦞ䳶ѝˈGLFRP᮷Ԧ⵰䟽Ҿሩᖡۿᵜ䓛Ⲵ᧿䘠ˈ㘼 [PO᮷
Ԧࡉᱟ⵰䟽䇠ᖅ䈕ᖡۿѝ㔃㢲ⲴؑޣǄ;0/ᱟаḷ䇠䈝䀰 >��@ˈѫ㾱
⭘ҾᆈۘǃՐ䗃ᮠᦞǄ൘ [PO᮷Ԧѝˈḷ䇠ᡀሩࠪ⧠ˈᖒᡀањањ㢲⛩ˈ᮷
Ԧᮤփ㊫լṁᖒ㔃ᶴǄ൘ /,'&�,'5,Ⲵ [PO᮷Ԧѝˈ䙊䗷㢲⛩Ⲵ㓴ਸˈ䇠ᖅ
Ҷ㔃㢲Ⲵޣ䭞ᮠᦞǄ∄ྲ˖ỰḕⲴᒿࡇᇎֻਧਟԕ⭘ԕᇊսᱟଚањᖡۿ˗

UHDGLQJ6HVVLRQ वਜ਼ањ५⭏ሩ䈕ᖡۿѝ㔃㢲Ⲵᡰᴹḷ⌘ؑ˗UHDGLQJ6HVVLRQ
л৸वਜ਼ཊњ㛪㔃㢲㢲⛩˄वਜ਼ٷ䱣ᙗ˅ˈ⇿њ㛪㔃㢲㢲⛩л৸ᴹާփⲴ⢩ᖱ

৺䖞ᔃ᧿䘠ˈྲമ � �ᡰ⽪Ǆ[PO᮷ԦѝⲴؑ䶎ᑨ䈖㓶ˈ䘋㹼аᇊⲴ࣐ᐕǃ
䇑㇇ׯਟԕ㧧ᗇ㔃㢲ᮠᦞǄ

<?xml version="1.0" encoding="UTF-8"?>
<LidcReadMessage uid="1.3.6.1.4.1.14519.5.2.1.6279.6001.1307390687803.0" 
xmlns="http://www.nih.gov" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:schemaLocation="http://www.nih.gov  
http://troll.rad.med.umich.edu/lidc/LidcReadMessage.xsd">
<ResponseHeader>
<Version>1.8.1</Version>
<MessageId>-421198203</MessageId>
<DateRequest>2007-11-01</DateRequest>
<TimeRequest>12:30:44</TimeRequest>
<TaskDescription>Second unblinded read</TaskDescription>
<SeriesInstanceUid>1.3.6.1.4.1.14519.5.2.1.6279.6001.1790493736364387050597206031
92</SeriesInstanceUid>
<DateService>2008-08-18</DateService>
<TimeService>02:05:51</TimeService>
<ResponseDescription>1 - Reading complete</ResponseDescription>
<StudyInstanceUID>1.3.6.1.4.1.14519.5.2.1.6279.6001.2988061372886334532469756301
78</StudyInstanceUID>
</ResponseHeader>
<readingSession>

<annotationVersion>3.12</annotationVersion>
<servicingRadiologistID>540461523</servicingRadiologistID>
<unblindedReadNodule>
<noduleID>Nodule 001</noduleID>
<characteristics...>
<roi...>
<roi...>
<roi...>

</unblindedReadNodule>
<unblindedReadNodule...>
<unblindedReadNodule...>
<nonNodule...>

</readingSession>
<readingSession...>   
<readingSession...>   
<readingSession...>  
</LidcReadMessage>

മ � �� [PO᮷Ԧ䈖ᛵ

!KWWSV���VLPSOHLWN�RUJ�

https://simpleitk.org/
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�� ṩᦞᮠᦞᓃݳᮠᦞ᮷Ԧ䙽শᡰᴹᖡۿ

�� ṩᦞ [PO᮷Ԧˈㆋ䘹 &7㊫රᖡۿ

�� ṩᦞ [PO᮷Ԧˈ㧧ਆؑǄ

�D� 㧧ਆᒿࡇᇎֻਧǄ

�E� 㧧ਆ㔃㢲䖞ᔃս㖞Ǆ䙽শ UHDGLQJ6HVVLRQ㢲⛩ˈ㧧ਆ⇿५⭏Ⲵ䇺ᯝؑ
Ǆ൘↔㢲⛩лˈᴹཊњ㛪㔃㢲㢲⛩ �XQEOLQGHG5HDG1RGXOH!ˈ⇿њ㢲⛩
ԓ㺘ањ㛪㔃㢲䇺ᯝؑˈ㛪㔃㢲䖞ᔃⲴḷ䇠ᱟ᤹➗࠷⡷ᶕ䇠ᖅⲴˈ䈕

㢲⛩л⇿њ �URL!㢲⛩ԓ㺘ᵜ㔃㢲൘ ]䖤࠷⡷кⲴؑǄ⇿њ࠷⡷кˈ
䖞ᔃᱟԕ �[�\�ḷᖒᔿ䇠ᖅⲴǄ䙽শ �URL!㢲⛩ˈਟԕ㧧ᗇ㔃㢲൘ ]䖤
кⲴᴰབྷḷ৺ᴰሿḷˈ䙊䗷䇑㇇ਟԕ㧧ᗇ㔃㢲൘ [䖤ǃ\䖤кⲴᴰ
བྷḷ৺ᴰሿḷˈᖒᡀḷ䇠ṶǄᴰ٬䘋㹼䇑㇇৸ਟԕ㧧ᗇ䮯ᓖᐞǃᇭ

ᓖᐞ઼儈ᓖᐞǄ

�F� н਼५ᐸՊᴹ䟽༽Ⲵ㔃㢲ḷ䇠ˈҏՊᴹн਼Ⲵ㔃㢲ḷ䇠ˈ䇠ᖅ㔃㢲㻛५
ᐸḷ䇠Ⲵ⅑ᮠˈਟԕ䘹ᤙᴤާ࣐ᴹⵏᇎᙗⲴ㔃㢲Ǆ

�� ṩᦞ GLFRP᮷Ԧˈ֯⭘ 6LPSOH,7.㧧ᗇ࠷⡷ᓖǃۿ㍐䰤䳄ㅹᮠᦞ

�� ᮠᦞ؍ᆈ

䙊䗷ԕк㇇⌅ˈ㜭ཏሶ [PO઼ GLFRP᮷ԦѝⲴ㔃㢲ؑᨀਆࠪᶕǄሶᗇࡠ
Ⲵؑ䘋㹼㿴㤳ॆ༴⨶ᒦ؍ᆈˈ⭘ [PO�FVY᮷Ԧ䘋㹼ᆈۘǄ㧧ਆࡠⲴ㔃㢲ؑ
ྲ㺘 � �ᡰ⽪Ǆ

㺘 � �� 㔃㢲ؑ

㕌ਭ 㔉㢸ؗᚥ 1RGXOH,QIR

� 㔃㢲ਧ˄1RGXOH,G˅

� Ựḕᇎֻਧ˄6WXG\,G˅

� ᒿࡇᇎֻਧ˄6HULHV,G˅

� 㔃㢲ᴰሿ ;ḷ˄PLQ;˅

� 㔃㢲ᴰབྷ ;ḷ˄PD[;˅

� 㔃㢲ᴰሿ <ḷ˄PLQ<˅

� 㔃㢲ᴰབྷ <ḷ˄PD[<˅

� 㔃㢲ᴰሿ =ḷ˄PLQ=˅

� 㔃㢲ᴰབྷ =ḷ˄PD[=˅

�� ቲ䰤䐍˄GLVWDQFH˅

ĂĂ
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� �ᱟ [PO᮷Ԧ䀓᷀Ⲵ䜘࠶ԓ⸱Ǆԓ⸱䙊䗷ḕ [PO᮷ԦѝⲴ䟽㾱㢲⛩ᶕ
㧧ਆᮠᦞˈ㜭ཏᗇࡠỰ⍻ᒿࡇਧԕ৺ሩᓄⲴཊњ㔃㢲ؑǄ

def xml_info(xml_path):
with open(xml_path, 'r') as xml_file:

markup = xml_file.read()
xml = BeautifulSoup(markup, features="xml")
# 提取患者号
patient_id = xml.LidcReadMessage.ResponseHeader.SeriesInstanceUid.text
# 提取专家对该病例做出的诊断
reading_sessions = xml.LidcReadMessage.find_all("readingSession")

dict_info = {}
for reading_session in reading_sessions:

nodules = reading_session.find_all("unblindedReadNodule")
for nodule in nodules:

nodule_id = nodule.noduleID.text
rois = nodule.find_all("roi")

minX = sys.maxsize
maxX = -sys.maxsize - 1
minY = sys.maxsize
maxY = -sys.maxsize - 1
for roi in rois:

imageZposition = roi.imageZposition.text
edgeMaps = roi.find_all("edgeMap")
for edgeMap in edgeMaps:

x = int(edgeMap.xCoord.text)
y = int(edgeMap.yCoord.text)
minX = min(x, minX)
maxX = max(x, maxX)
minY = min(y, minY)
maxY = max(y, maxY)
# 其他信息...

dict_info[nodule_id] = [minX, maxX, minY, maxY]
return dict_info

മ � �� 㔃㢲ؑ䈫ਆԓ⸱
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␡ᓖᆖҐ⁑ර䇝㓳Ⲵ᭸᷌ᖸབྷ〻ᓖкਆߣҾ䇝㓳ṧᵜⲴ䍘䟿ˈᡰԕ൘ṧᵜ

㧧ਆ䘉а↕Ṭཆ䟽㾱Ǆ൘䘋㹼ка⍱〻㧧ਆࡠ㔃㢲ؑѻਾˈׯਟԕሶަо

ᮠᦞ䳶㔃ਸ䘋㹼ṧᵜ㧧ਆǄ५⯇ᮠᦞ䳶н਼Ҿ䙊⭘മۿˈަമۿṬᔿǃᡰਜ਼ؑ

䜭ᴹަ⤜⢩ᙗǄᒦфӾҼ㔤മۿкॷࡠй㔤മۿˈަ⎹৺Ⲵമؑۿ༴⨶৸
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ਈᗇᴤ࣐༽ᵲˈഐ↔൘ሶ५⯇ᮠᦞ䳶ᖡۿ䖜ᦒѪ䇝㓳ṧᵜᰦˈ㾱俆ݸҶ䀓५⯇

മۿⲴ⢩⛩Ǆ

५⯇ᡀۿᱟ䙊䗷䶎ᯩޕץᔿ㧧ᗇӪփᡆӪփḀ䜘սⲴ䜘㓴㓷ᖡۿǄṩᦞ

㿲⍻ᖡۿⲴؑਧ㜭৽᧘ኅ⧠Ӫփ㓴㓷Ⲵ⢩ᙗˈ৽᱐൘മۿкኅ⽪ḀӪփ䜘սⲴ

㔃ᶴ઼⢩ᖱǄᵜ᮷֯⭘Ⲵ䇑㇇ᵪᯝቲᢛ᧿ˈ৸〠䇑㇇ᵪփቲᡀۿˈᱟ֯⭘ ;ሴ
㓯ሩӪփ䜘ս䘋㹼ᢛ᧿ˈṩᦞн਼ᯩੁᗇࡠⲴᮠ٬ˈᖒᡀ䈕䜘սⲴа㌫ࡇ⁚ੁ

ྲ↓ˈ↔ҏ〠ᯝቲǄഐۿ⡷മ࠷⡷ˈ䘉Ӌ࠷ /,'&�,'5,ѝᮠᦞᆈۘⲴᖒᔿа
ṧˈᆳᱟ䙊䗷аቲаቲⲴ⁚࠷䶒ˈণҼ㔤മۿᖒᔿᶕ؍ᆈⲴǄնᱟ൘५⯇ᖡۿ

Ⲵ㿲⍻ᖃѝˈᖰᖰ䴰㾱㔃ਸߐ⣦սǃ⸒⣦սǃ䖤⣦սйњ䀂ᓖᶕ㿲ሏᶕ᷀࠶ˈ

ྲമ � �ᡰ⽪ˈഐ↔ࠪ⧠ҶՇཊԕй㔤५⯇മۿѪ⹄ウሩ䊑Ⲵᇎ傼Ǆ

മ � �� Ӫփสᵜ䶒

'LFRP᮷Ԧᇎ䱵кҏ┑䏣й㔤മۿ䟽ᔪⲴ䴰㾱ǄGLFRP᮷ԦṩᦞӪփ⺞ᇊ
Ҷḷ㌫ˈᔪ・ԕᤷੁ⯵ӪᐖחⲴᯩੁѪ [䖤↓ᯩੁǃԕᤷੁ⯵Ӫ㛼䜘Ⲵᯩ
ੁѪ \䖤↓ᯩੁǃԕᤷੁ⯵Ӫཤ䜘ⲴᯩੁѪ ]䖤↓ᯩੁⲴḷ㌫ˈྲ � �ѝᡰ
⽪Ǆа⅑Ự⍻ѝⲴཊњ GLFRP᮷Ԧަᇎቡᱟ⋯⵰ ]䖤Ⲵа㓴⁚࠷䶒ǄGLFRP᮷
ԦѝᨀҶቲ䰤䐍ؑˈѪй㔤മۿⲴ䟽ᔪᨀҶᴤཊਟ㜭ᙗǄ
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മ � �� 'LFRPḷ㌫

һᇎкˈGLFRP᮷Ԧѝ䘈ᆈۘ䇠ᖅҶമۿս㖞ǃമੁᯩۿǃۿ㍐䰤䐍ㅹ
ᙗǄമۿս㖞ԓ㺘Ҷᖡۿᴰᐖк䀂Ⲵۿ㍐ⲴⲴ [ǃ\ǃ]ḷˈമੁᯩۿԓ㺘Ҷ
മۿⲴ㹼ੁ䟿઼ੁࡇ䟿й㔤ᯩੁкⲴ։ᕖǄṩᦞമۿս㖞ˈਟԕᔪ・ԕ↔Ѫ

⛩Ⲵḷ㌫ˈ㔃ਸമׯੁᯩۿਟԕࡠ⇿ањമۿۿ㍐ሩᓄⲴй㔤ḷǄ㘼

൘㛪㔃㢲ⲴᨀਆѝˈഐѪṧᵜⲴᨀਆਚޣ⌘ṧᵜઘതⲴ・ᯩփˈᒦфޣ⌘ަᖒ

ᘱབྷሿ㘼䶎ᯩੁ䀂ᓖˈᡰԕ൘ᵜ亩ⴞⲴമۿ䖜ᦒѝᒦн䴰㾱ሩҾമۿ䘋㹼

ḷ䖤Ⲵ᭩ࣘǄഐ↔ˈ൘䘋㹼ṧᵜ⭏ᡀᰦˈ亩ⴞ䘹ᤙ㔏аሶཊњ GLFRP᮷Ԧ᤹➗
]ḷ䘋㹼ᧂᒿˈᒦⴤ ]䖤䘋㹼⁚࠷ᒣ䶒Ⲵਐ࣐ˈӾ㘼ᇎ⧠ㆰঅⲴй㔤 &7ᖡ
䟽ᔪǄۿ

й㔤മۿѝփ㍐Ⲵᮠ٬㜭ԓ㺘н਼Ⲵ⢩ᙗǄ൘ &7ᢛ᧿ѝˈ䘉Ӌ٬ަᇎቡ
ᱟӘ࡙অս˄+RXQVILHOG XQLWˈㆰ〠 +8�ˈ৸㻛〠Ѫ &7٬ˈ㺘⽪䓛փሩҾ ݹ;
Ⲵ੨᭦〻ᓖˈ⭘ԕ⍻ᇊӪփḀ㓴㓷ಘᇈⲴᇶᓖབྷሿˈ㤳തᱟ����������ǄӘ∿
অսѪަᡰ⍻䟿ѻӻ䍘Ⲵ㓯ᙗ㺠߿㌫ᮠⲴ㓯ᙗ᱐ሴˈަᇊѹሶ㫨便≤оオ≄൘

ḷ߶ᓖоḷ߶࣋лⲴ䱫ሴ⦷࡛࠶䇮Ѫ � +8઼������ +8Ǆഐ↔ˈ൘㓯ᙗ㺠
㌫ᮠӻҾᒣ൷٬䰤Ⲵփ㍐ѝˈަӘ∿অս߿ >��@Ѫ˖

HU = 1000 × µ − µZDWHU
µZDWHU − µDLU

�� ��

ަѝ µZDWHU о µDLU ㌫ᮠǄ߿Ѫ≤оオ≄Ⲵ㓯ᙗ㺠࡛࠶

+8٬䙊ᑨ⭘Ҿ㛯ⱔㅹ㓴㓷Ⲵ䗘䇶 >��@ˈᆳҏᱟ५ᆖമۿ༴⨶઼֯⭘ѝᴰ
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ᑨ⭘ⲴᮠᦞᖒᔿǄն⭡Ҿн਼ԚಘᡆᵪᶴⲴḷ߶н਼ˈн਼ GLFRP᮷ԦᨀⲴ
٬Ⲵ㊫රн਼ˈаӋᱟ &7٬ˈ㘼аӋᱟ⚠ᓖ٬˄&7ᖡۿᱟ⚠ᓖമۿ˅Ǆа
㡜ᶕ䈤ˈ䙊䗷᤹ሩᮠޣ㌫൘ⲭ㢢о唁㢢ѻ䰤࠶ᡀ㤕ᒢ㓗ਟԕᗇࡠ⚠ᓖㅹ㓗Ǆ⚠

ᓖ٬Ⲵᮠ٬㤳തа㡜Ӿ �˄唁㢢˅ࡠ ���˄ⲭ㢢˅Ǆᵜ᮷֯⭘ḷ߶Ⲵ &7മۿˈ
ᆳᱟ ��ս⚠ᓖമۿǄഐѪ⚠ᓖമۿᱟঅ䙊䚃Ⲵˈ⚠ᓖമۿⲴۿ㍐٬ቡㅹҾަ
⚠ᓖ٬ˈᡰԕаӋ GLFRPѝᨀⲴ⚠ᓖ٬ҏਟԕ〠ѻѪۿ㍐٬ǄѪҶ┑䏣५ᆖ
മۿ༴⨶Ⲵ䴰㾱ˈᗵ享㾱ሩ䘉Ӌ⚠ᓖۿ˄٬㍐٬˅䘋㹼䖜ॆˈਈѪ +8٬˄&7
٬˅Ǆ

ᐢ⸕ˈ+8٬Ⲵ䇑㇇ޜᔿ˖

HU = pixel ∗ slope + intercept �� ��

pixel˖⚠ᓖۿ˄٬㍐٬˅

intercept� GLFRP᮷ԦѝⲴ RescaleIntercept

slope� GLFRP᮷ԦѝⲴ RescaleS lope

һᇎкˈ൘࡙⭘ޜᔿ䘋㹼䖜ॆѻࡽˈ䘈䴰㾱ࡔᯝ䈕 GLFRP᮷Ԧۿ㍐ᮠ㓴ᱟ
䴰㾱䘋㹼䖜ॆǄṩᦞ GLFRP᮷Ԧ㿴ࡉˈྲ᷌ slope = 1ˈintercept = н䴰ࡉ0

㾱䘋㹼䖜ॆǄ

㓿䗷к䘠Ⲵˈਟԕᗇࡠ㔏аॆⲴ⭡Ҽ㔤മۿ䟽ᔪ⭏ᡀⲴй㔤 &7 ᖡ
ㆋ䘹ࠪⲴ㔃㢲ؑਟԕᇎ⧠ṧᵜ㧧ਆǄࡽǄ㠣↔ˈ㔃ਸѻۿ

മۿᵜ䍘ަᇎቡᱟ⸙䱥ˈй㔤മۿሩᓄⲴׯᱟй㔤⸙䱥Ǆй㔤⸙䱥ਟԕ⭡

Ҽ㔤⸙䱥ਐ࣐⭏ᡀˈᓄⲴˈй㔤മ਼ۿṧਟԕ⭡а㌫ࡇҼ㔤മۿ⭏ᡀǄᡰ

ԕˈй㔤㛪䜘മۿ䟽ᔪⲴޣ䭞ቡᱟ༴⨶ྭҼ㔤㛪䜘മ࠷ۿ⡷Ⲵ⅑ᒿˈѻਾ䘋㹼

㓴ਸǄഐ↔ˈṧᵜ㧧ਆ䗷〻ѝⲴޣ䭞⧟㢲ᱟ䈫ਆ GLFRP᮷Ԧˈᒦ㧧ਆ⇿њ᮷Ԧ
Ⲵቲḷ䘋㹼ॷᒿᧂࡇˈѻਾ䘋㹼Ҽ㔤മۿⲴਐ࣐ˈᖒᡀањй㔤ⲴമۿǄ䘉

ᰦˈ➗㔃㢲ؑᨀਆ㕃䀓⭏ᡀⲴ㔃㢲ؑ᮷Ԧˈ㜭ཏᯩׯൠࡠᵜ⅑ⲴỰ

⍻ᖡۿѝवਜ਼Ⲵᡰᴹ㔃㢲ˈԕ৺ԆԜⲴ䖞ᔃؑǄṩᦞ⇿њ㔃㢲Ⲵ ;䖤ᴰབྷ٬
઼ᴰሿ٬ǃ<䖤Ⲵᴰབྷ٬઼ᴰሿ٬ԕ৺ =䖤Ⲵᴰབྷ٬઼ᴰሿ٬ቡ㜭ཏ㧧ᗇањ
й㔤Ⲵ・ᯩփ㔃ᶴǄ⇿њ䘉ṧⲴй㔤・ᯩփ䜭वਜ਼Ҷањ䱣ᙗ㛪㔃㢲Ǆᵜ᮷ᇎ

傼䴰㾱ቪረབྷሿѪ ������Ⲵй㔤㛪㔃㢲മۿѪ䇝㓳ṧᵜ䗃ࡠޕй㔤ধ〟⭏
ᡀሩᣇ㖁㔌ѝ䘋㹼䇝㓳Ǆṩᦞ⭏ᡀⲴ㔃㢲ؑ᮷ẓਟ⸕ˈᮠᦞ䳶ѝᡰᴹ㛪㔃㢲

Ⲵབྷሿ䜭н䎵ࠪ ������Ǆᡰԕˈ㔃ਸ㔃㢲ؑ᮷ẓѝⲴ䖞ᔃؑо䟽ᔪᗇࡠ
Ⲵа㌫ࡇй㔤㜨䜘 &7ᖡۿˈ㜭ཏ㧧ᗇ䇝㓳ᡰ䴰ⲴṧᵜǄ
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മ � �ᱟй㔤䟽ᔪⲴޣ䭞ԓ⸱Ǆᆳᇎ⧠Ҷሶа⅑Ự⍻ѝⲴа㓴Ҽ㔤㛪䜘 &7
മۿ䟽ᔪᡀй㔤㛪䜘 &7മۿǄ

for directorypath in directorypaths:
filebroken=False
series_ID = sitk.ImageSeriesReader.GetGDCMSeriesIDs(directorypath)[0]
if os.path.exists(savePath + series_ID):

print(series_ID,"file already exist")
exist=exist+1
continue

# 所有切片路径
#选取其中一个序列ID,获得该序列的若干文件名
dicom_names = reader.GetGDCMSeriesFileNames(directorypath,series_ID)

# 读取单个文件
imageFileReader = sitk.ImageFileReader()
imageFileReader.GetLoadPrivateTags()

dict_img = {}
for dicomFileName in dicom_names:

imageFileReader.SetFileName(dicomFileName)
image = imageFileReader.Execute()

if '0020|1041' in imageFileReader.GetMetaDataKeys():
location = float(imageFileReader.GetMetaData('0020|1041'))
imageArray = sitk.GetArrayFromImage(image)[0]
dict_img[location] = imageArray

else:
print(dicomFileName+"not exist location")
fail=fail+1
filebroken=True
break

if not filebroken:
with open(savePath + series_ID, 'wb') as handle:

pickle.dump(dict_img, handle, protocol=pickle.HIGHEST_PROTOCOL)
success=success+1

print("success",success)
print("fail",fail)
print("already exist",exist)

മ � �� й㔤䟽ᔪᇎ⧠ԓ⸱

ṧᵜ㧧ਆ䱦⇥ѫ㾱䘋㹼Ҷйᯩ䶒Ⲵᐕ˖俆֯ݸ⭘Ҽ㔤㜨䜘 ⡷䘋㹼࠷7&
й㔤㛪䜘മۿⲴ䟽ᔪˈѻਾṩᦞ GLFRP᮷ԦѝⲴᙗ٬䘋㹼ۿ㍐٬о &7٬Ⲵ
䖜ॆˈᴰਾ㔃ਸ㔃㢲ؑ᮷ẓ઼й㔤㛪䜘മۿᗇࡠ⭘Ҿধ〟⭏ᡀሩᣇ㖁㔌䇝㓳

ⲴབྷሿѪ ������Ⲵ㔃㢲ṧᵜǄ䘉䟼ኅ⽪аӋᇎ傼ѝ㧧ਆࡠⲴй㔤㛪㔃㢲ṧ
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⭘㊫ᯩᔿ˖ṩᦞа⅑ᢙਈᦒѝ֯࠶ᢙᯩ⌅Ⲵཊۿ᮷ӻ㓽Ҷ䙊⭘മࡽ

Ѫঅṧᵜᢙ઼ཊṧᵜᢙ˗ṩᦞ䘋㹼࠶ᢙਟԕۿⲴṧᵜᮠ䟿Ѫḷ߶ˈമࡠ

ᢙⲴമۿਈᔲ㤳തн਼ˈമۿᢙਟԕ࠶Ѫ䪸ሩമۿᵜ䓛Ⲵᮤփᢙ઼䪸

ሩ⯵⚦˄ᡆ䶎⯵⚦˅䜘࠶Ⲵተ䜘ᢙ˗ṩᦞሩۿ㍐⛩Ⲵн਼ਈᔲᯩᔿˈਟԕ㋇

⮕ሶമۿᢙ࠶Ѫԯሴᢙ઼ᕩᙗᢙǄ㔃ਸ㜨䜘 &7മ઼ۿ㛪㔃㢲ᖡۿⲴ⢩
⛩ˈ㜭ཏབྷ㠤⺞ᇊ䴰㾱֯⭘Ⲵ䙊⭘ᢙ⇥ˈণ䪸ሩঅമۿṧᵜ䘋㹼Ⲵᮤփᢙ

ˈަѝሶ֯⭘ԯሴᢙ઼ᕩᙗᢙѝⲴമۿ༴⨶ᯩ⌅Ǆӵ䪸ሩᢙ⇥䘋㹼

䘈нཏˈ൘䘹⭘ާփⲴԯሴᢙ઼ᕩᙗᢙᯩ⌅ᰦˈᗵ享㔃ਸ㛪䜘᷀࠶ &7മ
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ᴰ㓸䘹⭘Ⲵᯩ⌅Ǆ᷀࠶њ㓿䗷㔬ਸࠐ⢩⛩䘋㹼Ǆԕлᱟۿ

俆ݸˈᮠᆇമۿᱟ⭡ањњۿ㍐⛩㓴ᡀⲴˈᆳਟԕ⭘⸙䱥ᶕ㺘⽪ˈമۿⲴ

⇿њۿ㍐⛩䜭оањ⸙䱥ݳ㍐ሩᓄǄሩ⚠ᓖമۿ㘼䀰ˈമۿ⸙䱥ѝݳ㍐Ⲵ٬ަ

ᇎቡᱟሩᓄമۿ䈕ս㖞ۿ㍐Ⲵ⚠ᓖ٬ǄҼ㔤५⯇⚠ᓖമۿਟԕ⭘ањҼ㔤⸙䱥

ᶕ㺘⽪ǄമۿⲴ儈ᓖо⸙䱥Ⲵ㹼䮯ㅹˈമۿⲴᇭᓖо⸙䱥Ⲵࡇ䮯ㅹǄᵜ᮷

֯⭘㛪䜘 &7ᖒᡀй㔤⚠ᓖമۿˈ਼⨶䘉њй㔤⚠ᓖമۿਟԕ֯⭘й㔤Ⲵ⸙䱥
ᶕ㺘⽪Ǆн䇪Ҽ㔤䘈ᱟй㔤മۿˈഐѪᆳԜ൷ਟԕ⭘⸙䱥ᶕ㺘⽪ˈᡰԕᜣ㾱ሩ

മۿ䘋㹼ਈᦒˈަᇎ䜭ਟԕ䟷⭘⸙䱥ਈᦒᶕᇎ⧠Ǆ
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x′ = x

y′ = y cos θx − z sin θx

z′ = y sin θx + z cos θx
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x′

y′

z′

1




=




1 0 0 0

0 cos θ − sin θ 0

0 sin θ cos θ 0

0 0 0 1




∗




x

y

z

1
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Rx(θ) =




1 0 0

0 cos θ sin θ

0 − sin θ cos θ
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# 旋转
def img_rot(image, rnum, axes):  # img rnum旋转几次 axes轴

if axes == 0:
# 绕z轴
image = np.rot90(image, rnum, axes=(0, 1))

elif axes == 1:
# y
image = np.rot90(image, rnum, axes=(0, 2))

elif axes == 2:
# x
image = np.rot90(image, rnum, axes=(1, 2))

return image
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[
x′, y′, z′, 1

]
= [x, y,−z, 1] �� ��
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TXOY =




1 0 0 0

0 1 0 0

0 0 −1 0

0 0 0 1
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# 翻转
def img_flip(image, dir):  # img dir方向 0上下 1左右

if dir == 0:
image = np.flipud(image)

elif dir == 1:
image = np.fliplr(image)

return image
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f ′(x, y, z) = a ∗ f (x, y, z) + b �� ��
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# 亮度

def img_brightness(image, brightness):

contrast = 1  # 对比度

pic_turn = cv2.addWeighted(image, contrast, image, 0, brightness)

# cv2.addWeighted(图像1,图像1权重,图像2,图像2权重，亮度) 实现的是图像透明度

的改变与图像的叠加

return pic_turn
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f (x) =
1

σ
√

2π
e−

(x−µ)2
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# 噪声
# 1.高斯噪声
# 高斯噪声是指概率密度函数服从高斯分布的一类噪声。如果一个噪声的幅度分布服从
高斯分布，而它的功率谱密度又是均匀分布的，则称它为高斯白噪声。
# input:均值为means,标准差为sigma
def img_noise_gaussian(image, mean, sigma):

image_modified = util.random_noise(image, mode='gaussian', seed=None, 
clip=False, mean=mean, var=sigma)

return image_modified

# 2.椒盐噪声
# 椒盐噪声是由图像传感器、传输信道、解码处理等产生的黑白相间的亮暗点噪声。椒
盐噪声是指两种噪声，一种是盐噪声，另一种是胡椒噪声。前者是高灰度噪声，后者
属于低灰度噪声。一般两种噪声同时出现，呈现在图像上就是黑白杂点。
# input:amount 噪声占比
def img_noise_saltpepper(image, amount):

image_modified = util.random_noise(image, mode='s&p', seed=None, clip=False, 
amount=amount)

return image_modified

# 3.泊松噪声
# 泊松噪声就是符合泊松分布的噪声模型，泊松分布适合于描述单位时间内随机事件发
生的次数的概率分布。
def img_noise_poisson(image):

try:
image_modified = util.random_noise(image, mode='poisson', seed=None, 

clip=False)
except ValueError:

print('ValueError: lam < 0 or lam contains NaNs')
return image

return image_modified
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ӵ䪸ሩ '&*$1о *$1Ⲵн਼ѻ༴䘋㹼᧿䘠Ǆ

ধ〟⾎㓿㖁㔌 >��@˄ㆰ〠 &11˅䙊ᑨ⭘Ҿമۿ䇶࡛ˈᆳᱟᦞ⭏⢙㿶㿹༴
⨶䗷〻ѪਁᨀࠪⲴǄᆳ⭡ধ〟ቲǃ⊐ॆቲǃޘ䘎᧕ቲ㓴ᡀˈ㜭ཏ䀓ޘߣ䘎᧕

⾎㓿㖁㔌᭸⦷վлǃ䗷ᤏਸㅹ䰞仈Ǆ൘ধ〟⾎㓿㖁㔌ѝˈধ〟ਟԕⴻᱟሩ⢩

ᖱⲴаᨀਆˈሶമۿѝ㮤ਜ਼Ⲵབྷ㔤ᓖⲴؑਈѪሿ㔤ᓖⲴؑǄ⾎㓿ݳн֯

ؑۿ䘋㹼䘎᧕ˈਚᝏ⸕ተ䜘Ⲵമ࠶аቲѝⲴተ䜘䜘ࡽ䘎᧕ᯩᔿˈ㘼ᱟоޘ⭘

Ǆѻਾਚ㾱ሶተ䜘Ⲵമؑۿ㔃ਸ䎧ᶕˈቡ㜭ᇎ⧠ሩޘተؑⲴᢺᨑǄ䘉䟼

Ⲵᙍᜣቡᱟተ䜘㿶䟾ᝏ⸕Ǆধ〟⾎㓿㖁㔌ѝ䘈ᴹањ䟽㾱ᾲᘥˈቡᱟᵳࡠ⭘֯

४ฏᨀਆࠪⲴ⢩ᖱᓄ⭘൘ަԆ४ฏǄ൘ধ〟ᨀਆ⢩࠶ӛǄަਜ਼ѹቡᱟሶ䜘ޡ٬

ᖱѻਾˈ㖁㔌ሶՊ֯⭘ᆖҐࡠⲴ⢩ᖱ䘋㹼࠶㊫ǄѪҶ䱽վᮠᦞオ䰤བྷሿ઼৲ᮠ

ᮠ䟿ˈ䱽վ༽ᵲᓖˈ䚯ݽ䗷ᤏਸˈধ〟⾎㓿㖁㔌֯⭘⊐ॆⲴᙍᜣˈሩተ䜘४ฏ

Ⲵ⢩ᖱ䘋㹼㚊ਸǄ&11ѝ൘ধ〟ቲѝޕ࣐Ҷ⊐ॆቲˈнӵ㜭䱽վ䇑㇇䟿ˈҏ㜭
䱽վধ〟ቲⲴ䗩㕈ᝏᙗǄ⊐ॆᱟ䶎㓯ᙗᖒᔿⲴ䱽㔤䟷ṧˈާփ⇥ਆߣҾ֯

⭘Ⲵ⊐ॆ࠭ᮠǄޘ䘎᧕ቲѝⲴ⾎㓿ݳокаቲѝⲴᡰᴹ◰⍫䜭ᴹ㚄㌫ˈ䙊䗷⸙

䱥҈⌅ٿ࣐ᐞ䟿ᇎ⧠◰⍫ˈоޘ䘎᧕⾎㓿㖁㔌਼Ǆ

&11൘മۿ䇶࡛ѝᴹ⵰Ո⿰Ⲵ㺘⧠ˈᒦф⭏ᡀሩᣇ㖁㔌ѝⲴ࡛ࡔಘᇎ䱵
кⲴ࣏㜭ቡᱟ䘋㹼䇶࡛ˈ䘉⛩о ↔㜭а㠤Ǆഐ࣏11& '&*$1㔃ਸҶ *$1઼
&11ˈሶ *$1ѝ⭏ᡀಘ઼࡛ࡔಘᦒѪধ〟㖁㔌ˈሶধ〟㖁㔌ⲴՈ࣯㶽ޕሩᣇ
⭏ᡀ㖁㔌ѝǄ൘ '&*$1ѝԕ *$1Ѫส䘋㹼ҶаӋ䈳ᮤ˖

�� ⭏ᡀሩᣇ㖁㔌ѝⲴ⭏ᡀಘ˄*˅㖁㔌઼࡛ࡔಘ �'�㖁㔌֯⭘ধ〟⾎㓿㖁㔌ᇎ
⧠

�� ሶ *ǃ'㖁㔌ѝⲴ⊐ॆቲ᭩Ѫধ〟ቲˈ࡛ࡔಘ֯⭘↕䮯ধ〟ˈ⭏ᡀಘ֯⭘ሿ
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ᮠ↕䮯ধ〟

�� ਆ⎸ᆼޘ䘎᧕ቲ

�� *㖁㔌ѝ䗃ࠪቲ֯⭘ 7DQKѪ◰⍫࠭ᮠˈަԆቲ֯⭘ 5H/8Ѫ◰⍫࠭ᮠ

�� 'ѝᡰᴹቲ䜭֯⭘ 5H/8Ѫ◰⍫࠭ᮠ

к䟷ṧ઼л䟷ṧᱟ '&*$1ѝⲴ䟽㾱ᾲᘥǄл䟷ṧ৸〠Ѫ䱽䟷ṧˈᱟ䙊䗷
ሩമۿਈᦒ㕙ሿമۿˈ⭏ᡀㅖਸᱮ⽪४ฏབྷሿⲴമۿᡆ⭏ᡀ㕙⮕മǄ൘ধ〟

㖁㔌ѝˈধ〟ቲ䙊䗷л䟷ṧ䘋㹼⢩ᖱᨀਆˈ㘼⊐ॆቲࡉ䙊䗷л䟷ṧ䘋㹼䱽㔤Ǆ

'&*$1ѝˈѪҶ࡛֯ࡔಘ㜭ཏ㠚ᐡᆖҐл䟷ṧˈሶ࡛ࡔಘ㖁㔌ѝⲴ⊐ॆቲ৫
ᦹˈ᭩Ѫধ〟ቲᇎ⧠Ǆ'&*$1࡛ࡔಘ֯⭘↕䮯ধ〟䘋㹼䟷ṧⲴ䗷〻ቡᱟধ〟
ቲ䘋㹼↓ੁধ〟Ⲵ䗷〻ˈਟԕ֯⭘⸙䱥䘀㇇ᶕ㺘⽪˖

Y = CX �� ���

ަѝˈ;ԓ㺘䗃ޕⲴݳ㍐⸙䱥ˈ<ԓ㺘䗃ࠪⲴݳ㍐⸙䱥ˈ&ԓ㺘ধ〟⸙䱥ˈሩ
ধ〟Ṩ NHUQHO䘋㹼䟽ᯠᧂࡇਟԕᗇࡠǄ䙊䗷ᇊѹধ〟Ṩǃ↕䮯઼ປݵቡ㜭ཏሩ
䗃ޕമۿ䘋㹼ধ〟Ǆধ〟䗃ޕ䗃ࠪቪረޣ㌫ྲл˖

o = (i + 2p − k)/s + 1 �� ���

ަѝ Rԓ㺘䗃ࠪ⸙䱥ቪረˈLԓ㺘䗃ޕ⸙䱥ቪረˈSԓ㺘ປݵˈVԓ㺘↕䮯Ǆ

ол䟷ṧሩᓄⲴᾲᘥᱟк䟷ṧˈᆳѫ㾱ᱟ䙊䗷ሩമۿਈᦒᶕ᭮བྷമۿˈ

⭏ᡀᴤ儈࠶䗘⦷Ⲵമۿˈᑨ㿱ᯩ⌅ᴹᨂ٬ǃ৽ধ〟઼৽⊐ॆǄ൘ '&*$1
ѝˈ⭏ᡀಘቡᱟ䙊䗷к䟷ṧᶕ֯⭘վ㔤ᓖ⢩ᖱ⭏ᡀമۿⲴǄ'&*$1਼ṧ֯⭘
ধ〟ቲԓᴯ⊐ॆቲˈ䇙㖁㔌ᆖҐк䟷ṧ㜭࣋Ǆ䘉䟼֯⭘৽ধ〟ᶕᇎ⧠к䟷ṧˈ

Ӿ㘼⭏ᡀᆼᮤቪረⲴമ⡷Ǆ'&*$1֯⭘ሿᮠ↕䮯ধ〟ᯩ⌅ >��@䘋㹼к䟷ṧǄ
൘䘋㹼↓ੁধ〟ᰦˈྲ᷌ᴹ↕䮯 V!�ˈ䛓ѸᆳሩᓄⲴ৽ধ〟↕䮯 s′ < 1Ǆᡰԕ൘

䘋㹼৽ধ〟ᰦˈਟԕ䙊䗷ԕлᯩᔿᇎ⧠Ǆণ൘䗃ޕ⸙䱥Ⲵ٬ѻ䰤ᨂޕ V��њ �ˈ
ሶަᖃᯠⲴ䗃ޕˈ↔ᰦ↕䮯 s′ = 1ˈᴹ৽ধ〟ቲ䗃ޕо䗃ࠪᗇቪረޣ㌫˖

o′ = s (i′ − 1) + k − 2p �� ���

ަѝ o′ ԓ㺘䗃ࠪ⸙䱥ቪረˈi′ ԓ㺘䗃ޕ⸙䱥ቪረˈS ԓ㺘ປݵˈV ԓ㺘
↕䮯Ǆ

൘⾎㓿㖁㔌ѝˈ䗃࠶ޕᐳ㓿䗷⇿ቲⲴਈॆਾ䜭Պਁ⭏аᇊ〻ᓖⲴ᭩ਈǄᖃ



�� ㅢㄖ ᢶᵥީ䭤㇍⌋

㓿䗷㖁㔌ቲᮠ䖳ཊᰦˈަӗ⭏Ⲵᖡ૽ሶՊ䘋а↕ᢙབྷˈަ䗃࠶ޕᐳՊӗ⭏᰾ᱮ

ٿ⭏ᐳՊ⭡Ҿ৲ᮠਈॆਁ࠶ޕǄ൘䇝㓳䗷〻ѝˈ␡ቲ㖁㔌ѝⲴ䳀ቲⲴ䗃〫ٿ

〫ˈ䘉ቡਛڊ䜘ॿਈ䟿䖜〫Ǆ㘼䘉〫ٿⲴӗ⭏ᖰᖰՊ֯ᗇ㖁㔌䇝㓳᭦ᮋഠ

䳮Ǆᡰԕᵜ᮷൘㖁㔌ѝ֯⭘Ҷᢩ䟿ḷ߶ॆⲴ˄%DWFK 1RUPDOL]DWLRQ˅ˈሶ
ቲⲴ䗃٬ޕⲴ࠶ᐳ䘋㹼㿴㤳ॆ⸛↓ˈᢺᮠᦞ࠶ᡀሿᢩ䟿䘋㹼䲿ᵪởᓖл䱽ˈ֯

ᗇ䗃٬ޕⲴ࠶ᐳᴤ࣐ḷ߶ˈԔ䗃٬ޕ㩭൘ሩ䗃ޕᝏ४ˈӾ㘼བྷởᓖǃ࣐ᘛ

᭦ᮋǄ㖁㔌ѝ൘◰⍫࠭ᮠѻࡽ䘋㹼ᢩḷ߶ॆˈ֯ᗇ䗃ޕⲴ൷٬Ѫ �ˈᯩᐞѪ �ˈ
ᢩ䟿ḷ߶ॆнՊᦏൿ㖁㔌ᐢᆖࡠⲴ⢩ᖱǄާփⲴᢩ䟿ḷ߶㇇⌅ਟԕ᧿䘠Ѫ˖

ᴹᢩ༴⨶䗃ޕ x : B = {x1, . . . ,m}ˈ㜭ཏ䇑㇇ަ൷٬Ѫ µB =
1
m
∑m

i=1 xiˈ䇑㇇

ަᯩᐞ σ2
B =

1
m
∑m

i=1 (xi − µB)2ˈṩᦞޜᔿ x̂i =
xi−µB√
σ2

B+ε
䘋㹼㿴㤳ॆ༴⨶ˈᗇࡠḷ߶

ॆਾⲴᮠᦞ yi = γx̂ı + β = BNγ,β (xi)�Ǆ

� � � � � ⌊㇍⧦ಞᇔࡡ࡚

ᯝ䈕ṧᵜᱟѪࡔˈਾ᷀࠶䘋㹼⢩ᖱۿⲴ⯵⚦മޕᱟṩᦞ䗃࣑ಘⲴԫ࡛ࡔ

ⵏᇎⲴṧᵜമۿˈ䗃ࠪањ �����ѻ䰤Ⲵᮠᆇ⭘Ҿ㺘⽪䈕䗃ޕᱟⵏᇎ⯵⚦മۿ
Ⲵᾲ⦷Ǆᵜ᮷ᵏᵋ㜭ཏ൘࡛ࡔಘ઼⭏ᡀಘⲴ⅑Ոॆ䇝㓳䰤㧧ᗇ㜭ཏ⭏ᡀ䙬

ⵏṧᵜⲴ⭏ᡀಘǄṩᦞк䘠⨶䇪ᦞˈᵜ᮷֯⭘ধ〟⾎㓿㖁㔌ᶕᇎ⧠࡛ࡔಘ

Ⲵԫ࡛ࡔˈ࣑ಘሶ᧕᭦ ������ቪረⲴṧᵜˈ㓿䗷ཊቲধ〟ቲᒦ㓿 VLJPRLG◰
⍫࠭ᮠ༴⨶ਾᗇࡠ䗃ࠪ㔃᷌ˈণ࡛ࡔಘሩṧᵜⵏ՚ⲴࡔᯝǄ਼ᰦˈᵜ᮷൘࡛ࡔ

ಘቲѝᨂޕҶᢩ䟿ḷ߶ॆ༴⨶䘋㹼ᮠᦞ㿴㤳ॆˈ֯⭘ /HDN\ 5H/8Ѫ◰⍫࠭
ᮠˈሶ࠭ᮠ Į䇮Ѫ ���Ǆᇎ傼ѝ֯⭘ধ〟Ṩ ���ˈ䇮㖞ধ〟↕䮯Ѫ ���ˈ䇮
㖞 EDWFKቪረѪ ��Ǆާփቲ䇮䇑ྲл˖

�� 䗃ޕቲ ,QSXW/D\HU

�� ধ〟ቲ K�

�D� ֯⭘ &RQY�G/D\HU䘋㹼ধ〟䘀㇇

�E� ֯⭘ /HDN\ 5H/8Ѫ◰⍫࠭ᮠˈĮ ���

�F� 䗃ޕ VL]H�batchsize ∗ 32 ∗ 32 ∗ 32 ∗ 1�ᢩ䟿ᮠ മۿ䮯 മۿᇭ മۿ儈 
ধ〟Ṩᮠ䟿�

�G� 䗃ࠪ VL]H� batchsize ∗ 16 ∗ 16 ∗ 16 ∗ 32

�� ধ〟ቲ K�

�D� ֯⭘ &RQY�G/D\HU䘋㹼ধ〟䘀㇇



� � � �'�'&*$1⭕ᡆ㔉㢸㇍⌋ ��

�E� ֯⭘ %DWFK1RUP/D\HU䘋㹼ᢩ䟿ḷ߶ॆ

�F� ֯⭘ /HDN\ 5H/8Ѫ◰⍫࠭ᮠˈĮ ���

�G� 䗃ޕ VL]H� batchsize ∗ 16 ∗ 16 ∗ 16 ∗ 32 �ᢩ䟿ᮠ മۿ䮯 മۿᇭ മۿ儈
ধ〟Ṩᮠ䟿�

�H� 䗃ࠪ VL]H� batchsize ∗ 8 ∗ 8 ∗ 8 ∗ 64

�� ধ〟ቲ K�

�D� ֯⭘ &RQY�G/D\HU䘋㹼ধ〟䘀㇇

�E� ֯⭘ %DWFK1RUP/D\HU䘋㹼ᢩ䟿ḷ߶ॆ

�F� ֯⭘ /HDN\ 5H/8Ѫ◰⍫࠭ᮠˈĮ ���

�G� 䗃ޕ VL]H� batchsize ∗ 8 ∗ 8 ∗ 8 ∗ 64 �ᢩ䟿ᮠ മۿ䮯 മۿᇭ മۿ儈 ধ
〟Ṩᮠ䟿�

�H� 䗃ࠪ VL]H� batchsize ∗ 4 ∗ 4 ∗ 4 ∗ 128

�� ধ〟ቲ K�

�D� ֯⭘ &RQY�G/D\HU䘋㹼ধ〟䘀㇇

�E� ֯⭘ %DWFK1RUP/D\HU䘋㹼ᢩ䟿ḷ߶ॆ

�F� ֯⭘ /HDN\ 5H/8Ѫ◰⍫࠭ᮠˈĮ ���

�G� 䗃ޕ VL]H� batchsize ∗ 4 ∗ 4 ∗ 4 ∗ 128 �ᢩ䟿ᮠ മۿ䮯 മۿᇭ മۿ儈 
ধ〟Ṩᮠ䟿�

�H� 䗃ࠪ VL]H� batchsize ∗ 2 ∗ 2 ∗ 2 ∗ 256

�� ֯⭘ )ODWWHQ/D\HUǃ'HQVH/D\HU䘋㹼ޘ䘎᧕ˈ֯⭘ VLJPRLGѪ◰⍫࠭ᮠ

� � � � � ⭕ᡆಞᇔ⧦㇍⌋

⭏ᡀಘⲴԫ࣑ᱟṩᦞ㛪㔃㢲⯵⚦Ⲵ⢩ᖱˈ㓿䗷к䟷ṧ⭏ᡀй㔤㛪㔃㢲മ

ᱟ䲿ᵪ⭏ᡀⲴಚ丣ˈ㓿䗷к䟷ṧüü䘉䟼֯⭘ধޕǄ൘аᔰˈ⭏ᡀಘⲴ䗃ۿ

〟ቲ৽ধ〟ᶕᇎ⧠ˈ⭏ᡀ䖳Ѫ䙬ⵏⲴṧᵜമ⡷Ǆሶ䘉Ӌ⭏ᡀⲴമ⡷䗃࡛ࡔޕಘ

ѝˈᵏᵋ㜭ཏ䘧ᜁ࡛ࡔಘሩަⵏ՚ᙗⲴ䇶࡛Ǆ䙊䗷⭏ᡀಘо࡛ࡔಘⲴঊᔸˈՈ

ॆє㘵ˈᴰ㓸ᗇࡠՈ⿰Ⲵ⭏ᡀಘ⁑රǄ⭏ᡀಘ᧕᭦䲿ᵪⲴ儈ᯟಚ༠ˈ㓿䗷ཊቲ

ধ〟ቲ༴⨶ˈᗇࡠ䗃ࠪ㔃᷌Ǆ൘ቲѝ਼ṧᨂᢩޕ䟿ḷ߶ॆ༴⨶䘋㹼ᮠᦞ㿴㤳

ॆˈ֯⭘ 5H/8Ѫ◰⍫࠭ᮠǄᇎ傼ѝ֯⭘৽ধ〟Ṩ ���ˈ䇮㖞৽ধ〟↕䮯
Ѫ ���ˈ䇮㖞 EDWFKቪረѪ ��Ǆާփቲ䇮䇑ྲл˖

�� 䗃ޕቲ ,QSXW/D\HU



�� ㅢㄖ ᢶᵥީ䭤㇍⌋

�� ֯⭘ 'HQVH/D\HU䘋㹼ޘ䘎᧕

�D� ֯⭘ 5HVKDSH/D\HU䘋㹼 UHVKDSH

�E� ֯⭘ %DWFK1RUP/D\HU䘋㹼ᢩ䟿ḷ߶ॆ

�F� ֯⭘ 5H/8Ѫ◰⍫࠭ᮠ

�G� 䗃ࠪ VL]H� batchsize ∗ 4 ∗ 4 ∗ 4 ∗ 512

�� ধ〟ቲ K�

�D� ֯⭘ 'H&RQY�G/D\HU䘋㹼৽ধ〟

�E� ֯⭘ %DWFK1RUP/D\HU䘋㹼ᢩ䟿ḷ߶ॆ

�F� ֯⭘ 5H/8Ѫ◰⍫࠭ᮠ

�G� 䗃ޕ VL]H� batchsize ∗ 4 ∗ 4 ∗ 4 ∗ 512 �ᢩ䟿ᮠ മۿ䮯 മۿᇭ മۿ儈 
ধ〟Ṩᮠ䟿�

�H� 䗃ࠪ VL]H� batchsize ∗ 8 ∗ 8 ∗ 8 ∗ 256

�� ধ〟ቲ K�

�D� ֯⭘ 'H&RQY�G/D\HU䘋㹼৽ধ〟

�E� ֯⭘ %DWFK1RUP/D\HU䘋㹼ᢩ䟿ḷ߶ॆ

�F� ֯⭘ 5H/8Ѫ◰⍫࠭ᮠ

�G� 䗃ޕ VL]H� batchsize ∗ 8 ∗ 8 ∗ 8 ∗ 256 �ᢩ䟿ᮠ മۿ䮯 മۿᇭ മۿ儈 
ধ〟Ṩᮠ䟿�

�H� 䗃ࠪ VL]H� batchsize ∗ 16 ∗ 16 ∗ 16 ∗ 128

�� ধ〟ቲ K�

�D� ֯⭘ 'H&RQY�G/D\HU䘋㹼৽ধ〟

�E� ֯⭘ %DWFK1RUP/D\HU䘋㹼ᢩ䟿ḷ߶ॆ

�F� ֯⭘ WDQKѪ◰⍫࠭ᮠ

�G� 䗃ޕ VL]H� batchsize ∗ 16 ∗ 16 ∗ 16 ∗ 128 �ᢩ䟿ᮠ മۿ䮯 മۿᇭ മۿ
儈 ধ〟Ṩᮠ䟿�

�H� 䗃ࠪ VL]H� batchsize ∗ 32 ∗ 32 ∗ 32 ∗ 1

� � � � � ಞȽ⭕ᡆಞⲺঐᔾࡡ࡚

മ � ��઼മ � ��ᱟᵜ᮷䇮䇑Ⲵ࡛ࡔಘ઼⭏ᡀಘ㖁㔌Ⲵㆰঅ⽪മǄ

⭏ᡀሩᣇ㖁㔌Ⲵ⨶ቡᱟ࡙⭘࡛ࡔಘо⭏ᡀಘѻ䰤ⲴӂՈॆˈ䙀↕ᨀ

ॷ࡛ࡔಘ䗘࡛ṧᵜⵏ՚Ⲵ㜭઼࣋⭏ᡀಘ⭏ᡀ䙬ⵏⲴṧᵜⲴ㜭࣋Ǆᵜ᮷֯⭘Ⲵ
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DKL(A‖B) = −S (A) + H(A, B) �� ���
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d− loss = arg min
G

max
D
Ex∼pr(x)[log D(x)] + Ez∼p(z)[log(1 − D(G(z)))] �� ���
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# 使用DCGAN生成肺结节

tf.reset_default_graph()
z_size = 100 
z_vector = tf.placeholder(shape=[None,z_size],dtype=tf.float32, name='z_vectors')
net_g_test = generator(z_vector, is_train=False, reuse=False)
saver = tf.train.Saver()

with tf.Session() as sess:
ckpt = tf.train.get_checkpoint_state(model_directory)

# 选择加载的模型
# print(ckpt.all_model_checkpoint_paths)
model = ckpt.all_model_checkpoint_paths[0]
saver.restore(sess, save_path=model)

# 噪声
noise = np.random.normal(0, 0.33, size=[batch_size,z_size]).astype(np.float32) 

# 生成
nodule_samples = sess.run(net_g_test.outputs,feed_dict={z_vector:noise}) 

# 保存
nodule_samples.dump('samples')
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MS E = 1
mn

∑m−1
i=0

∑n−1
j=0 [I(i, j) − K(i, j)]2
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PS NR = 20 · log10 (MAXI) − 10 · log10(MS E).
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SSIM(x, y) = (2µxµy+c1)(2σxy+c2)
(µ2

x+µ
2
y+c1)(σ2

x+σ
2
y+c2)

ަѝˈµx ᱟ xⲴᒣ൷٬� µy ᱟ yⲴᒣ൷٬� σ2
x ᱟ xⲴᯩᐞ� σ2

y ᱟ y

Ⲵᯩᐞ� σxy ᱟ x઼ yⲴॿᯩᐞǄc1 = (k1L)2ˈc2 = (k2L)2 ᱟ⭘ᶕ
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k1 = 0.01, k2 = 0.03Ǆ
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MSSIM(X,Y) = 1
M

∑M
j=1 SSIM

(
x j, y j

)

ᒣ൷㔍ሩᐞ٬˄0$'˅>��@

D = 1
W∗H

∑W
x=1

∑H
y=1 |S (x, y) − T (x, y)|
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>�@ 䜁䘌ᬰ�ᵾᒯ䱣�ᵾᲄ�␡ᓖᆖҐ൘മۿ䇶࡛ѝⲴᓄ⭘⹄ウ㔬䘠 >-@�䇑㇇ᵪᐕ
〻оᓄ⭘� ����� ������ � ���

>�@ ⭠၏⿰ࡈ�ഭ�䉧⧺⧺� HW DO�५ᆖമ᷀࠶ۿ␡ᓖᆖҐᯩ⌅⹄ウоᡈ >-@�
㠚ࣘॆᆖᣕ� ����� ����� � ���

>�@ 5$==$. 0 ,� 1$= 6� =$,% $� 'HHS /HDUQLQJ IRU 0HGLFDO ,PDJH 3URFHVVLQJ�
2YHUYLHZ� &KDOOHQJHV DQG WKH )XWXUH>0�2/@ �� '(< 1� $6+285 $ 6� %255$
6� &ODVVLILFDWLRQ LQ %LR$SSV� $XWRPDWLRQ RI 'HFLVLRQ 0DNLQJ� &KDP � 6SULQJHU
,QWHUQDWLRQDO 3XEOLVKLQJ� ���� � ��� ± ����
KWWSV���GRL�RUJ��������������������������B���

>�@ 6+(1 '� :8 *� 68. +�,� 'HHS /HDUQLQJ LQ 0HGLFDO ,PDJH $QDO\VLV>-�2/@�
$QQXDO 5HYLHZ RI %LRPHGLFDO (QJLQHHULQJ� ����� ����� � ��� ± ����
KWWSV���GRL�RUJ���������DQQXUHY�ELRHQJ���������������

>�@ 傜Ⴇ�䱸䍒�สҾᔰ᭮५⯇བྷᮠᦞⲴӪᐕᲪ㜭⹄ウ >-@�५ᆖоଢᆖ� �����
����� � � ± ��

>�@ 6+257(1 &� .+26+*2)7$$5 7� $ VXUYH\ RQ ,PDJH 'DWD $XJPHQWDWLRQ IRU
'HHS /HDUQLQJ>-�2/@� -RXUQDO RI %LJ 'DWD� ����� ��
KWWS���G[�GRL�RUJ���������V�����������������

>�@ $1$%<�7$925 $� &$50(/, %� *2/'%5$,&+ (� HW DO� 'R 1RW +DYH
(QRXJK 'DWD" 'HHS /HDUQLQJ WR WKH 5HVFXH�>-�2/@� 3URFHHGLQJV RI WKH $$$,
&RQIHUHQFH RQ $UWLILFLDO ,QWHOOLJHQFH� ����� ������ � ���� ± �����
KWWSV���RMV�DDDL�RUJ�LQGH[�SKS�$$$,�DUWLFOH�YLHZ������

>�@ /, 5� /, ;� +(1* 3�$� HW DO� 3RLQWDXJPHQW� DQ DXWR�DXJPHQWDWLRQ IUDPHZRUN
IRU SRLQW FORXG FODVVLILFDWLRQ>&@ �� 3URFHHGLQJV RI WKH ,(((�&9) &RQIHUHQFH RQ
&RPSXWHU 9LVLRQ DQG 3DWWHUQ 5HFRJQLWLRQ� ���� � ���� ± �����

https://doi.org/10.1007/978-3-319-65981-7_12
https://doi.org/10.1146/annurev-bioeng-071516-044442
http://dx.doi.org/10.1186/s40537-019-0197-0
https://ojs.aaai.org/index.php/AAAI/article/view/6233
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>�@ 6,1*+ 6 3� :$1* /� *837$ 6� HW DO� �' 'HHS /HDUQLQJ RQ 0HGLFDO ,PDJHV�
$ 5HYLHZ>-�2/@� 6HQVRUV� ����� �������
KWWSV���ZZZ�PGSL�FRP����������������������

>��@ /,7-(16*� .22, 7� %(-125',%(� HW DO� $ VXUYH\ RQ GHHS OHDUQLQJ LQPHGLFDO
LPDJH DQDO\VLV>-�2/@� 0HGLFDO ,PDJH $QDO\VLV� ����� �� � �� ± ���
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6�����������������

>��@ /(&81 <� %26(5 %� '(1.(5 - 6� HW DO� %DFNSURSDJDWLRQ $SSOLHG WR +DQG�
ZULWWHQ =LS &RGH 5HFRJQLWLRQ>-�2/@� 1HXUDO &RPSXWDWLRQ� ����� ���� � ��� ± ����
KWWS���G[�GRL�RUJ���������QHFR��������������

>��@ /(&81 <� %27728 /� %(1*,2 <� HW DO� *UDGLHQW�EDVHG OHDUQLQJ DSSOLHG WR
GRFXPHQW UHFRJQLWLRQ>-�2/@� 3URFHHGLQJV RI WKH ,(((� ����� ������ � ���� ±
�����
KWWS���G[�GRL�RUJ������������������

>��@ &(51$=$18 &� 67()$1 +� 6HJPHQWDWLRQ RI %RQH 6WUXFWXUH LQ ;�UD\ ,PDJHV
XVLQJ &RQYROXWLRQDO 1HXUDO 1HWZRUN>-�2/@� $GYDQFHV LQ (OHFWULFDO DQG &RP�
SXWHU (QJLQHHULQJ� ����� �� � �� ± ���
KWWS���G[�GRL�RUJ���������DHFH������������

>��@ 68+� /,8 )� ;,( <� HW DO� 5HJLRQ VHJPHQWDWLRQ LQ KLVWRSDWKRORJLFDO EUHDVW FDQFHU
LPDJHV XVLQJ GHHS FRQYROXWLRQDO QHXUDO QHWZRUN>&�2/@ �� ���� ,((( ��WK ,QWHU�
QDWLRQDO 6\PSRVLXP RQ %LRPHGLFDO ,PDJLQJ �,6%,�� ���� � �� ± ���
KWWS���G[�GRL�RUJ���������,6%,��������������

>��@ %(1=$0,1 $� &+$.5$%257< &� 'HWHFWLRQ RI +DUG ([XGDWHV LQ 5HWLQDO
)XQGXV ,PDJHV 8VLQJ 'HHS /HDUQLQJ>&�2/@ �� ���� -RLQW �WK ,QWHUQDWLRQDO &RQ�
IHUHQFH RQ ,QIRUPDWLFV� (OHFWURQLFV 9LVLRQ �,&,(9� DQG ���� �QG ,QWHUQDWLRQDO
&RQIHUHQFH RQ ,PDJLQJ� 9LVLRQ 3DWWHUQ 5HFRJQLWLRQ �LF,935�� ���� � ��� ± ����
KWWS���G[�GRL�RUJ���������,&,(9��������������

>��@ 6(7,2 $ $ $� &,203, )� /,7-(16 *� HW DO� 3XOPRQDU\ 1RGXOH 'HWHFWLRQ
LQ &7 ,PDJHV� )DOVH 3RVLWLYH 5HGXFWLRQ 8VLQJ 0XOWL�9LHZ &RQYROXWLRQDO 1HW�

https://www.mdpi.com/1424-8220/20/18/5097
https://www.sciencedirect.com/science/article/pii/S1361841517301135
http://dx.doi.org/10.1162/neco.1989.1.4.541
http://dx.doi.org/10.1109/5.726791
http://dx.doi.org/10.4316/aece.2013.01015
http://dx.doi.org/10.1109/ISBI.2015.7163815
http://dx.doi.org/10.1109/ICIEV.2018.8641016
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ZRUNV>-�2/@� ,((( 7UDQVDFWLRQV RQ 0HGLFDO ,PDJLQJ� ����� ����� � ���� ± �����
KWWS���G[�GRL�RUJ���������70,��������������

>��@ 6(7,2 $ $ $� 75$9(562 $� GH %(/ 7� HW DO� 9DOLGDWLRQ� FRPSDULVRQ� DQG
FRPELQDWLRQ RI DOJRULWKPV IRU DXWRPDWLF GHWHFWLRQ RI SXOPRQDU\ QRGXOHV LQ FRP�
SXWHG WRPRJUDSK\ LPDJHV� 7KH /81$�� FKDOOHQJH>-@� 0HG ,PDJH $QDO� �����
�� � � ± ���

>��@ +$0,',$1 6� 6$+,1(5 %� 3(75,&. 1� HW DO� �' &RQYROXWLRQDO 1HXUDO
1HWZRUN IRU $XWRPDWLF 'HWHFWLRQ RI /XQJ 1RGXOHV LQ &KHVW &7>-@� 3URF 63,(
,QW 6RF 2SW (QJ� ����� ������

>��@ +8$1* ;� 6+$1 -� 9$,'<$ 9� /XQJ QRGXOH GHWHFWLRQ LQ &7 XVLQJ �' FRQYR�
OXWLRQDO QHXUDO QHWZRUNV>&�2/@ �� ���� ,((( ��WK ,QWHUQDWLRQDO 6\PSRVLXP RQ
%LRPHGLFDO ,PDJLQJ �,6%, ������ ���� � ��� ± ����
KWWS���G[�GRL�RUJ���������,6%,��������������

>��@ 251(. $ +� &(</$1 0� &RPSDULVRQ RI 7UDGLWLRQDO 7UDQVIRUPDWLRQV
IRU 'DWD $XJPHQWDWLRQ LQ 'HHS /HDUQLQJ RI 0HGLFDO 7KHUPRJUDSK\>&�2/@
�� +(5(1&6$5 1� ��QG ,QWHUQDWLRQDO &RQIHUHQFH RQ 7HOHFRPPXQLFDWLRQV DQG
6LJQDO 3URFHVVLQJ� 763 ����� %XGDSHVW� +XQJDU\� -XO\ ���� ����� >6�O�@ � ,(((�
���� � ��� ± ����
KWWSV���GRL�RUJ���������763��������������

>��@ +28 <� /,8 -� :$1* '� HW DO� 7DX0HG� 7HVW $XJPHQWDWLRQ RI 'HHS /HDUQLQJ
LQ 0HGLFDO 'LDJQRVLV>0�2/@ �� 3URFHHGLQJV RI WKH ��WK $&0 6,*62)7 ,QWHU�
QDWLRQDO 6\PSRVLXP RQ 6RIWZDUH 7HVWLQJ DQG $QDO\VLV� 1HZ <RUN� 1<� 86$ �
$VVRFLDWLRQ IRU &RPSXWLQJ 0DFKLQHU\� ���� � ���̢����
KWWSV���GRL�RUJ�������������������������

>��@ 3(=(6+. $� 6$+,1(5 %� =(1* 5� HW DO� 6HDPOHVV ,QVHUWLRQ RI 3XOPRQDU\
1RGXOHV LQ &KHVW &7 ,PDJHV>-�2/@� ,((( 7UDQV� %LRPHG� (QJLQHHULQJ� �����
������ � ���� ± �����
KWWSV���GRL�RUJ���������7%0(��������������

http://dx.doi.org/10.1109/TMI.2016.2536809
http://dx.doi.org/10.1109/ISBI.2017.7950542
https://doi.org/10.1109/TSP.2019.8769068
https://doi.org/10.1145/3460319.3469080
https://doi.org/10.1109/TBME.2015.2445054
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>��@ 3(=(6+. $� 3(75,&. 1� &+(1 :� HW DO� 6HDPOHVV /HVLRQ ,QVHUWLRQ IRU 'DWD
$XJPHQWDWLRQ LQ &$' 7UDLQLQJ>-�2/@� ,((( 7UDQV� 0HG� ,PDJLQJ� ����� ����� �
���� ± �����
KWWSV���GRL�RUJ���������70,��������������

>��@ %(508'(=&� 3/$66$5'$ -� '$9,6 7 /� HW DO� /HDUQLQJ ,PSOLFLW %UDLQ05,
0DQLIROGV ZLWK 'HHS /HDUQLQJ>-@� 3URF 63,( ,QW 6RF 2SW (QJ� ����� ������

>��@ <$1 4� :$1* %� *21* '� HW DO� &29,'��� &KHVW &7 ,PDJH 6HJPHQ�
WDWLRQ � $ 'HHS &RQYROXWLRQDO 1HXUDO 1HWZRUN 6ROXWLRQ>-�2/@� &R55� �����
DEV������������
KWWSV���DU[LY�RUJ�DEV������������
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