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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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Ⲵս㖞ᖰᖰҏާᴹ㿴ᖻˈ㘼䘉⿽⭏䮯㿴ᖻᱟ␡ቲ⅑Ⲵǃᱟ㓶ᗞⲴˈ䳮ԕ⭘ㆰঅ

Ⲵ㇇⌅䘋㹼⁑ᤏǄഐ↔ˈ൘ሩമۿ䘋㹼⯵⚦ᨂޕㅹਈᦒᰦˈ䀂ᓖǃս㖞Ⲵ⺞ᇊ

аⴤᱟањ䳮仈Ǆ㘼൘й㔤മۿⲴ༴⨶ѝˈ䘉⿽䳮仈㻛䘋а↕Ⲵᢙབྷˈ㔤ᓖⲴ

໎࣐Ѫս㖞Ⲵ⺞ᇊ໎࣐ᯠⲴ㘳㲁ഐ㍐Ǆᡰԕˈণ֯৏ᴹᢙ໎᡻⇥ਟԕᓄ⭘൘й

㔤५⯇മۿਈᦒкˈҏᖸᴹਟ㜭Պᴹ䖳བྷⲴ䈟ᐞˈѪҶ߿ቁ䈟ᐞ䗮ࡠ५⯇亶ฏ

ḷ߶ˈ䳮ݽ⎸㙇བྷ䟿Ӫ࣋⢙࣋Ǆ

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



� ㅢжㄖ 㔠䇰

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൷኎Ҿк䘠㊫රⲴሿ⢙փǄ৏ᵜᖸ䳮䇮ᇊⲴ㇇⌅о㿴ᖻ

䜭ਟԕ䙊䗷 *$1ᶕ㠚ࣘਁᧈоᆖҐǄਖཆˈ*$1⴨䖳Ҿᑨ㿱ᢙ໎᡻⇥ާ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⧠ᇎ৏ഐᖡ૽ˈ५⯇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⯇മۿᢙ໎ᯩ䶒Ⲵ▌㜭ˈ

ᇎ⧠ᰐᶑԦⲴṧᵜ⭏ᡀˈᨀׯ׋ᦧǃᴹ᭸Ⲵᢙ໎ᢰᵟǄᵜ᮷֯⭘ *$1 ѝⲴ
�'�'&*$1㖁㔌⭏ᡀ⯵⚦ᢙ໎ᮠᦞ䳶ˈᒦሩᢙ໎ਾᮠᦞ䳶䘋㹼䍘䟿䇴ՠˈԕ↔
ᶕỰ傼䈕ᢙ໎ᯩ⌅Ⲵ᭸᷌ˈ傼䇱 �'�'&*$1൘й㔤५⯇മۿᢙ໎кⲴՈ࣯Ǆ
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മۿᮠᦞᢙ໎ᯩ⌅Ⲵ⹄ウǄ਼ᰦˈᵜㄐӻ㓽Ҷ५⯇മۿ䇶࡛ԕ৺

५⯇മۿᮠᦞᢙ໎ᢰᵟⲴ⹄ウ⧠⣦ˈ䀓䟺Ҷᵜ᮷䟷⭘⭏ᡀሩᣇ㖁㔌ᇎ⧠й㔤५

⯇മۿᢙ໎Ⲵ৏ഐǄᴰਾӻ㓽Ҷᵜ᮷Ⲵ⹄ウⴞḷ઼ѫ㾱⹄ウᐕ֌ˈণˈ֯⭘⭏

ᡀሩᣇ㖁㔌ᇎ⧠й㔤५⯇മۿ⯵⚦Ⲵᢙ໎Ǆ
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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

ᵚਇࡠⴁⶓᔿ໎ᕪˈ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മ᢮ࡠᴤ

⭏ᡀಘ⭏࠶ಘՊ䙀⑀䳮ԕ४࡛ࡔ䙬ⵏⲴᮠᦞˈ㘼࣐ᐳˈ⭏ᡀᴤ࠶ⵏᇎⲴᮠᦞ࣐

ᡀⲴᮠᦞ઼ⵏᇎⲴṧᵜᮠᦞǄ*$1㔃ᶴྲമ � �ᡰ⽪Ǆ

മ � �� *$1㔃ᶴ৏⨶⽪᜿മ
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⭏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⭏ᡀಘቭ࣋᢮ࡠᮠᦞ
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



� � � ⭕ᡆሯᣍ㖇㔒ᢶᵥ �

⁑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࠶�ᐳˈ኎Ҿ⿫
ᮓරⲴᾲ⦷࠶ᐳǄ՟࡙ࣚ䈅傼ᴹᡀ઼࣏ཡ䍕є⿽ᛵߥǄᡀ࣏ᰦˈᴹ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Ⲵа⿽ᯩ⌅Ǆ䈖㓶ൠ䈤ˈྲ᷌ᴹ䲿ᵪṧᵜ┑䏣Ḁ⿽ᾲ⦷࠶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৲ᮠᖃ֌ՠ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⭏ᡀоⵏᇎമۿ⴨լⲴٷമۿˈ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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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ᶴ⴨լⲴ⭏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ⵏⲴമ޵ۿᇩ >��@Ǆ਼ᰦˈ*$1нӵ⭏ᡀⲴമۿоⵏ
ᇎമۿ䶎ᑨ⴨լˈфާᴹ䖳儈Ⲵ␵Რᓖˈ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⯇ㅹ৏࿻ṧᵜफ़ѿ

Ⲵ亶ฏ޵ˈ䘋㹼മۿᢙ໎ᱟ䶎ᑨᴹᗵ㾱Ǆਖཆˈ䘋㹼५⯇മۿ䇶࡛⁑රⲴ䇝㓳

䴰㾱֯⭘ᑖᴹḷㆮⲴṧᵜ֌Ѫᮠᦞ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ᐕ֌Ǆն䘉ṧⲴӪ࣋⢙࣋৸ᱟᶱѪ〰㕪

Ⲵˈྲ᷌ᜣ㾱ษޫ㜭ཏ䘋㹼ḷ⌘ⲴӪઈᴤᱟ䳮к࣐䳮ˈ㘼മۿᢙ໎↓㜭䀓ߣ䘉

ṧⲴ䰞仈Ǆ਼ᰦˈሩҾ५⯇മۿᶕ䈤ˈ৏࿻ṧᵜⲴ࠶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ਈᔲᢙ໎ቡᱮᗇቔѪ䟽㾱Ǆ*$1㜭ཏ
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㘼ۿ㍐٬н䘋㹼᭩ࣘˈֻྲ˖᯻䖜ǃ㘫䖜ǃ৽ሴǃ㻱࢚ㅹㅹǄᕩᙗᢙ໎ˈቡᱟ

н᭩ਈۿ㍐⛩ս㖞ˈሩҾۿ㍐٬ᵜ䓛䘋㹼ᴹ㿴ࡉⲴਈॆˈֻྲ˖ሩ∄ᓖ〫ٿǃ

Ӟᓖ〫ٿǃಚ༠ǃধ〟ǃ䴮ॆㅹㅹǄն䘉ṧⲴᢙ໎᭸᷌৸ᱟᴹ䲀ⲴǄ∄ྲˈ५
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ᇎ傼䇱᰾Ҷተ䜘ᢙ໎ᯩ⌅Ⲵᴹ᭸ᙗǄ>��@
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ࠪⵏᇎⲴй㔤५⯇മۿǄ
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5H/8֌Ѫ◰⍫࠭ᮠǄ㘼࡛ࡔಘѝ䗃ࠪቲ֯⭘ 6LJPRLG֌Ѫ◰⍫࠭ᮠˈަԆᡰ
ᴹቲ䜭֯⭘ /HDN\ 5H/8֌Ѫ◰⍫࠭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৽ੁՐ᫝ᰦˈởᓖ٬ՊнᯝਈѪ৏ᶕⲴ ởᓖ࣐䲿⵰ቲᮠⲴ໎ˈؽ����
٬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⭘ᆳ֌Ѫ◰⍫࠭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
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␧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ਆ⴨ޣⲴԫ᜿ᑨᮠǄ

㘼ᜣ㾱㺑䟿о䲿ᵪਈ䟿 [⴨ޣⲴєњ⤜・һԦᾲ⦷࠶ᐳ䰤Ⲵᐞᔲˈ䙊ᑨ
Պ֯⭘⴨ሩ⟥ᶕ㺘⽪Ǆ⴨ሩ⟥˄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࠶ᐳⲴ⴨ሩ

⟥ቡ䎺ሿ˗࠶ᐳ䰤Ⲵᐞ䐍䎺བྷˈ⴨ሩ⟥䎺བྷǄ䲿⵰࠶ᐳⲴ᧕䘁ˈᆳԜ䰤Ⲵ⴨ሩ

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

ਈ䟿ᱟ䘎㔝රⲴˈࡉ⴨ሩ⟥ⲴᇊѹѪ˖

KL(P‖Q) =
∫

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

dx �� ���

䲔Ҷ֯⭘⴨ሩ⟥ᶕᓖ䟿ᐞ䐍ˈ⹄ウ㘵䘈൘↔ส⹰кᨀࠪҶӔ৹⟥ >��@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 %Ⲵ⴨ሩ⟥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



�� ㅢӂㄖ ⴮ީ⨼䇰㔲䘦

� � � 䙐⭞ഴ܅ᢟ໔ᢶᵥ

ᢙ໎᡻⇥ᐢ㓿ᒯ⌋ᓄ⭘൘␡ᓖᆖҐⲴᮠᦞ亴༴⨶䗷〻ѝˈᇎ⧠Ҷሩ䇝㓳ṧ

ᵜⲴᢙ໎ˈᨀॷҶ⁑ර䇝㓳Ⲵ᭸᷌Ǆ൘മۿᢙ໎亶ฏˈ᤹➗н਼㔤ᓖᢙ໎ᯩ⌅

ᴹཊ⿽࠶㊫ᯩᔿˈ࠶ݵҶ䀓䘉Ӌᯩ⌅ሩҾᵜ᮷൘傼䇱ᇎ傼ѝ䘹ᤙਸ䘲Ⲵᢙ໎᡻

⇥֌Ѫሩ➗ᱟॱ࠶ᗵ㾱ⲴǄྲ᷌൘䘉а䜘࠶䘹ᤙ֯⭘нਸ⨶Ⲵᢙ໎᡻⇥ˈᖸਟ

㜭Պഐ⹤ൿṧᵜਟ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

ṩᦞа⅑ᢙ໎ਈᦒѝ֯⭘ࡠⲴṧᵜᮠ䟿Ѫḷ߶ˈമۿᢙ໎ਟԕ࠶Ѫঅṧᵜ

ᢙ໎઼ཊṧᵜᢙ໎Ǆਚ֯⭘ࡠањṧᵜⲴਈᦒᯩ⌅ቡ〠Ѫঅṧᵜᢙ໎ˈ֯⭘ཊ

њṧᵜࡉ〠Ѫཊṧᵜᢙ໎ǄᒯѹⲴᶕ䇢ˈᵜ᮷֯⭘ *$1⭏ᡀᮠᦞҏ኎Ҿཊṧ
ᵜᢙ໎Ǆ⭡ҾаӋᑨ⭘Ⲵཊṧᵜᢙ໎˄6DPSOH3DLULQJ>��@ǃPL[XS>��@ㅹ˅㲭❦
൘ᙗ㜭кᨀॷ᭸᷌ਟ㿲ˈնਟ䀓䟺ᙗнᕪˈѪҶ؍䇱ޣ䭞⯵⚦䜘࠶нਇࡠ⹤

ൿˈ䘉䟼ᵜ᮷䘹⭘অṧᵜᢙ໎֌Ѫሩ➗Ⲵᢙ໎᡻⇥Ǆ

ṩᦞ䘋㹼ᢙ໎Ⲵമۿਈᔲ㤳തн਼ˈമۿᢙ໎ਟԕ࠶Ѫ䪸ሩമۿᵜ䓛Ⲵᮤ

փᢙ໎઼䪸ሩ⯵⚦˄ᡆ䶎⯵⚦˅䜘࠶Ⲵተ䜘ᢙ໎Ǆԕᮤњമۿ㤳തⲴۿ㍐Ѫਈ

ᦒⴞḷⲴ᫽֌〠Ѫᮤփᢙ໎ᯩ⌅ˈሶ⯵⚦о䶎⯵⚦䜘࠶४ฏ࠶ᔰ༴⨶Ⲵ᫽֌〠

Ѫተ䜘ᢙ໎ᯩ⌅Ǆᵜ᮷ᐼᵋ֯⭘ሩᣇ⭏ᡀ㖁㔌⭏ᡀṧᵜҏᱟᐼᵋ䚯ݽ൘й㔤മ

ѝ䟷ਆተ䜘ᢙ໎ᯩ⌅ᰦӗ⭏䖳བྷ䈟ᐞǄӾࠪਁ⛩ᶕ䈤ˈᵜ᮷ᢰᵟоተ䜘ᢙ໎ۿ

ᯩ⌅⴨լˈ䜭ᱟޣ⌘⯵⚦ᵜ䓛Ⲵ⢩ᖱǄᵜ᮷ᢰᵟᐼᵋ䙊䗷䇝㓳ਾⲴ⭏ᡀಘ⁑ර

⭏ᡀ⯵⚦ˈ֯ᗇᢙ໎ᗇࡠⲴᮠᦞቭ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മۿᢙ໎ˈᒦ֯⭘ᢙ

໎ᮠᦞ䳶䇝㓳࡛ࡔ⁑රˈ㜭ཏ໎ᕪ⁑රⲴ励ἂᙗǄਇࡠԚಘ䝽㖞ǃ䟷䳶⧟ຳㅹ

਴⿽ᇒ㿲ഐ㍐Ⲵᖡ૽ˈ५⯇ᖡۿⲴ䍘䟿৲ᐞн喀Ǆ֯⭘ᮤփᢙ໎ᯩ⌅㜭൘аᇊ

〻ᓖк䱽վ䘉Ӌᇒ㿲ഐ㍐ሩҾ䇶࡛⁑රⲴᖡ૽Ǆ㔬ਸԕкє⛩ˈ൘傼䇱ᇎ傼

ѝˈᵜ᮷䘹ᤙ֯⭘ᮤփᢙ໎ᯩ⌅֌Ѫ傼䇱ᇎ傼ѝⲴሩ➗ᢙ໎ᯩ⌅Ǆ

ṩᦞሩۿ㍐⛩Ⲵн਼ਈᔲᯩᔿˈਟԕ㋇⮕ሶമۿᢙ໎࠶Ѫԯሴᢙ໎઼ᕩᙗ

ᢙ໎Ǆԯሴᢙ໎ቡᱟн᭩ਈۿ㍐⛩Ⲵ٬ˈਚ᭩ਈۿ㍐⛩Ⲵս㖞ˈֻྲ˖᯻䖜ǃ

㘫䖜ㅹㅹǄᕩᙗᢙ໎ቡᱟн᭩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⭘മۿᢙ໎ᢰᵟ

ᵜ᮷Ⲵ傼䇱ᇎ傼ѝ䘹⭘ҶаӋ䙊⭘മۿᢙ໎ᢰᵟ֌Ѫሩ➗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⭘ࡠⲴ⴨ޣ⨶䇪⸕䇶ˈवᤜ⭏ᡀሩᣇ㖁㔌ᢰ

ᵟǃ␡ᓖᆖҐ⴨࠭ޣᮠԕ৺ᑨ⭘Ⲵമۿᢙ໎ᢰᵟǄ䪸ሩ⭏ᡀሩᣇ㖁㔌ᢰᵟˈ䙊

䗷䱀䘠ަ৏⨶о㔃ᶴˈ㔃ਸ⴨ޣ⹄ウˈ᷀࠶Ҷަ⭘Ҿ⯵⚦⭏ᡀⲴਟ㹼ᙗǄ਼

ᰦˈᵜ᮷൘傼䇱ᇎ傼ᖃѝ֯⭘Ҷ䙊⭘മۿᢙ໎ᢰᵟ֌Ѫሩ➗ᢰᵟˈሶަ⭏ᡀṧ

ᵜ֌Ѫሩ➗ᮠᦞ䳶ˈ⭘ԕ傼䇱ᵜ᮷ᢰᵟǄᵜㄐሩ⴨ޣ⨶䇪Ⲵ䱀䘠Ѫѻਾޣ䭞ᢰ

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

㓴㓷ಘᇈ䜭ᴹަн਼Ⲵ⯵⯷о㺘ᖱǄᒦфˈн਼ಘᇈ৸ਖᴹཊ⿽ਟ㿲⍻Ⲵᖡۿ

㊫රǄྲ᷌㾱⺞ᇊᵜ᮷ᇎ傼ᡰ䴰Ⲵᮠᦞ䳶ˈᗵ享㾱Ӿⴞࡽ␡ᓖᆖҐമۿ䇶࡛൘

५⯇亶ฏⲴਁኅоᴰᯠ䴰≲ޕ᡻ˈ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⿽⯮⯵
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ᇊቲ䰤䳄ሩ㛪䜘䘋㹼⁚ᯝ䶒ᡀۿ 䙊ᑨᱟሩ㜨䜘ᮤփ䘋㹼ањᒣ䶒ᮤݹ;ˈ@��<
փᡀۿǄቡỰ⍻᭸᷌㘼䀰ˈ㜨䜘 &7㋮⺞ᓖ儈ˈ㘼 Ԇ㓴ަࡠᇩ᱃ਇۿ⡷ᡀݹ;
㓷Ⲵᒢᢠˈ䙐ᡀ㛪㔃㢲㻛僘ཤㅹ䜘ս䚞ᥑ >��@ǄᡰԕሩҾ㛪㔃㢲ⲴỰḕ䙊ᑨ䘈
ᱟ׍䶐㜨䜘 &7䘋㹼Ǆվࡲ䟿㷪᯻ &7ᱟц⭼ޜ䇔Ⲵᰙᵏ㛪ⱼㆋḕ᡻⇥ˈ㻛䇱
ᇎ㜭ཏ᰾ᱮᨀ儈㛪ⱼỰ⍻⦷઼ᛓ㘵⭏ᆈ⦷Ǆᆳ֯⭘վ䗀ሴࡲ䟿ᢛ᧿ˈሩӪփ䜘

ս䘋㹼᣽ᩴᡀۿˈ㋮ᓖ䖳儈Ǆ䘋㹼㛪㔃㢲䇶࡛Ⲵ␡ᓖᆖҐ㖁㔌䙊ᑨҏᱟԕ㜨䜘

&7֌Ѫ䗃ޕṧᵜⲴǄഐ↔ˈᵜ᮷䘋㹼㛪㔃㢲ᖡۿ⭏ᡀᰦ਼ṧ䘹⭘㜨䜘 &7Ѫṧ
ᵜǄԕ↔㔃䇪Ѫส⹰ˈ䴰㾱䘋а↕൘⧠ᴹ५⯇ᮠᦞ䳶ѝ䘹ᤙਸ䘲Ⲵ㜨䜘 &7ᮠ
ᦞ䳶Ǆ

�D� &7 �E� ݹ;

മ � �� 㜨䜘Ựḕᖡۿ

� � � ᖧ܅ᮦᦤ᷆࠼

䘁ᒤᶕˈഭ޵ཆᴹнቁᵪᶴਁᐳҶޡӛⲴ㛪䜘ᖡۿᮠᦞ䳶ˈ∄ྲഭ޵Ⲵ

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

/,'&�,'5,ᮠᦞ䳶!ᱟᴰབྷⲴޜ⭘㛪㔃㢲ᮠᦞ䳶Ǆᆳᨀ׋Ҷ ����њ⯵ֻⲴ
!KWWSV���ZLNL�FDQFHULPDJLQJDUFKLYH�QHW�GLVSOD\�3XEOLF�/,'&�,'5,

https://wiki.cancerimagingarchive.net/display/Public/LIDC-IDRI
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㜨䜘५⯇ᖡۿˈᒦᨀ׋Ҷሩ㔃㢲Ⲵḷ䇠⌘䟺Ǆ䈕ᮠᦞ䳶亩ⴞ⭡㖾ഭഭᇦⱼ⯷⹄

ウᡰਁ䎧ˈᰘ൘Ѫ㛪ⱼỰ⍻о䇺ᯝⲴ䇑㇇ᵪ䖵ࣙ䇺ᯝ㌫㔏ᨀ׋ᴹ᭸Ⲵᮠᦞṧᵜ

>��@Ǆ㺘 � �ѝኅ⽪Ҷ /,'&�,'5,ᮠᦞ䳶Ⲵสᵜؑ᚟ᛵߥǄ

㺘 � �� /,'&�,'5,ᮠᦞ䳶สᵜؑ᚟

ᮦᦤ䳼ؗᚥ

ᖧ܅Ṳᕅ &7˄䇑㇇ᵪᯝቲᢛ᧿˅

˅ࢢ࠶20&,'˄*)6

&5˄䇑㇇ᵪ ;㓯ᡀۿ˅

';˄ᮠᆇॆ ;㓯ᩴᖡ˅

ᛙ㘻Ӱᮦ ����

⹊ガᙱᮦ ����

ᓅࡍᙱᮦ ����

ᖧ܅ᙱᮦ �������

ᖧ܅ཝቅδ*%ε ���

䈕ᮠᦞ䳶䙊䗷 GLFRP᮷Ԧᶕ؍ᆈ㛪䜘ᖡۿǄ⇿њ GLFRP᮷Ԧਟԕ䖜ᦒѪа
њҼ㔤മۿ >��@ˈԓ㺘㛪䜘ḀቲⲴ⁚ᡚ䶒ᢛ᧿Ǆᡰԕˈа⅑Ự⍻Ⲵᖡۿ⭡ཊњ
GLFRP᮷Ԧ㓴ᡀˈԓ㺘ཊቲⲴ㛪䜘⁚ᡚ䶒ᢛ᧿Ǆᮠᦞ䳶䙊䗷 [PO᮷Ԧᶕ؍ᆈ⯵
⚦Ⲵ䈖㓶ؑ᚟ˈަѝवᤜഋս㓿傼ѠᇼⲴуъ㜨䜘᭮ሴ、५ᐸሩ㛪㔃㢲䘋㹼Ⲵ

ḷ⌘⌘䟺Ǆ⇿սуᇦ࡛࠶ሩỰḕⲴ㛪䜘ᖡۿ䘋㹼䇶઼࡛⌘䟺Ǆ㔃㢲⌘䟺㊫රᴹ

й⿽˖ćQRGXOH ! RU  � PPĈ�ćQRGXOH �� PPĈ઼ćQRQ�QRGXOH !

RU  �PPĈǄ൘ᴰਾˈ⇿սуᇦ⤜・ᇑḕ㠚ᐡ৺ަԆй਽уᇦⲴⲴḷ䇠ˈᗇࠪ

ᴰ㓸㔃䇪Ǆ

/,'&�,'5,ᮠᦞ䳶ѝˈ⇿⅑ỰḕⲴ䇠ᖅ䜭㻛؍ᆈ൘ањ᮷Ԧཀྵѝˈ䈕᮷Ԧ
ཀྵлᴹᮠњ GLFRP᮷Ԧ઼ањ [PO᮷ԦǄ㲭❦⇿њᮠᦞ䳶䜭ᴹަ⢩↺Ⲵᆈۘᖒ
ᔿˈն⭡Ҿަᆈۘ޵ᇩ⴨լǃؑ᚟㊫ර⴨լˈᡰԕᵜ᮷ᨀࠪⲴؑ᚟༴⨶ᯩ⌅਼

ṧਟԕᓄ⭘ҾަԆ㊫රⲴ㜨䜘 &7ᖡۿᮠᦞ䳶ԕ৺ަԆⲴ५⯇ᖡۿᮠᦞ䳶Ǆ
൘䈕ᮠᦞ䳶ѝˈа⅑⯵ֻỰḕⲴ᮷Ԧཀྵ㔃ᶴѪ˖/,'&�,'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 
�[POφᮽԬ཯ѣऻ੡ཐѠ GFP ṲᕅⲺᮽԬૂжѠ [PO Ṳᕅ

ⲺᮽԬ
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/,'&�,'5, ѝ䟷⭘ GLFRP Ṭᔿ؍ᆈᖡۿǄ५⯇ᮠսᖡۿՐ䗃ॿᇊ˄',�
&20˅ᱟ⭘Ҿ५ᆖമۿ༴⨶ǃᆈ઼ۘՐ䗃Ⲵᑨ⭘ḷ߶ॿᇊǄྲ᷌ཊњ५⯇Ԛ
ಘ䜭㜭䘲䝽 GLFRPṬᔿˈ䛓ԆԜѻ䰤㜭ཏ䙊䗷Ր䗃 GLFRPṬᔿⲴ᮷ԦᶕՐ䙂५
⯇ᖡؑۿ᚟Ǆާփ൘ /,'&�,'5,ᮠᦞ䳶ѝˈањ GLFRP᮷ԦᆈۘⲴᖡۿԓ㺘
ҶḀ⯵Ӫ൘Ḁ⅑Ự⍻ѝ൘Ḁа⁚࠷䶒кⲴ㛪䜘ᡀۿǄᮠᦞ䳶ѝањ᮷Ԧཀྵव

ਜ਼Ҷа⅑ỰḕѝⲴޘ䜘ᖡؑۿ᚟ˈণཊњ GLFRP᮷Ԧ઼ањ [PO᮷ԦǄሶཊ
њ GLFRP᮷Ԧ㓴ਸˈቡԓ㺘Ҷа⅑Ự⍻ᖃѝⲴᡰᴹ⁚ᡚ䶒ᡀۿˈᦞ↔ਟԕ䘋
㹼й㔤䟽ᔪǄ/,'&�,'5,ᮠᦞ䳶ѝˈ⇿њ GLFRQ᮷Ԧѝ؍ᆈⲴ &7⁚ᡚ䶒࠷⡷
䜭ᱟ䮯 ���ˈᇭ ���ⲴǄ䲔↔ѻཆˈGLFRP᮷Ԧ䘈ᆈۘҶཊ⿽䟽㾱ݳᮠᦞˈྲ
㺘 � �ᡰ⽪Ǆ

㺘 � �� GLFRP᮷Ԧ䟽㾱ᮠᦞࡇ㺘

ᮦᦤኔᙝ ֒⭞

23 ,QVWDQFH 8,' ⇿ᕐ GFP࠷⡷ާᴹⲴ⤜аᰐҼⲴ㕆ਧ

3DWLHQW ,'V ⯵ֻⲴ ,'ਧ

6OLFH 7KLFNQHVV 䈕⅑Ự⍻֯⭘Ⲵ࠷⡷৊ᓖǄ൘Ự⍻ѝˈ⭡ҾಘỠᡆ䇮㖞Ⲵ
н਼ˈՊ䟷⭘н਼৊ᓖⲴ⁚ᡚ䶒࠷⡷Ǆն൘а⅑Ự⍻ѝˈ
ᡰᴹ࠷⡷䰤Ⲵ৊ᓖᱟ؍ᤱа㠤ⲴǄ

6WXG\ ,QVWDQFH 8, Ḁ⯵ֻⲴỰḕ㕆ਧ

,PDJH 3RVLWLRQ �3DWLHQW� 䈕࠷⡷മۿⲴ৏⛩˄ᴰᐖк䀂Ⲵ⛩˅ሩᓄⲴオ䰤඀ḷ
˄[�\�]˅ˈঅս˖∛㊣

6OLFH /RFDWLRQ 䈕⁚ᡚ䶒൘オ䰤 ]඀ḷ䖤кⲴ⴨ሩս㖞Ǆঅս˖∛㊣Ǆа
㡜ᛵߥлˈ֯⭘ 6OLFH /RFDWLRQᡆ ,PDJH 3RVLWLRQѝⲴ ]඀
ḷ൷ਟԕᇊս࠷⡷ս㖞Ǆ

3L[HO 6SDFLQJ ㍐䰤䳄ۿ

5HVFDOH 6ORSHθ5HVFDOH ,QWHUFHSW ֯⭘䘉єњ٬ਟԕሶаӋമۿⲴۿ㍐䖜ᦒѪ +8 ٬˄&7
٬˅

3L[HO 'DWD ᖡۿᮠᦞ

⭡к䶒Ⲵӻ㓽ਟԕ⸕䚃ˈй㔤മۿ䟽ᔪਟᐢ䙊䗷ሶỰḕᒿࡇⲴ᮷Ԧཀྵ

ѝᡰᴹ GLFRP ᮷Ԧ䘋㹼㓴ਸᶕᇎ⧠ˈ⇿њ GLFRP ᮷Ԧ䜭वਜ਼ ] 䖤඀ḷؑ᚟
˄,PDJH3RVLWLRQ3DWLHQW>�@ᡆ 6OLFH /RFDWLRQ˅ˈṩᦞ ]䖤඀ḷ䘋㹼ᧂᒿᒦึਐণ
ਟᗇࡠй㔤ᖡۿᮠᦞǄ

[PO᮷Ԧ䇠ᖅⲴᱟуᇦሩҾ䈕⯵ֻа⅑ỰḕമۿⲴᡰᴹ⯵⚦ḷ⌘ˈަؑ᚟
Ṭᔿоа㡜 [PO᮷Ԧ⴨਼ˈ֯⭘ṁ⣦㢲⛩䇠ᖅޣ䭞ؑ᚟Ǆަѝ䟽㾱Ⲵ㢲⛩㔃ᶴ
ᮠᦞമ � �ᡰ⽪Ǆ
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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܅ѣ਺㊱ශ㔉㢸Ⲻḽ⌞θऻᤢ㔉㢸䖤ᔉૂ㔉㢸⢯ᖷኔᙝȾ

�XQEOLQGHG5HDG1RGXOH!φщᇬḽ⌞࠰ⲺжѠ㛰㔉㢸ⲺؗᚥȾ

�QRQ1RGXOH!φщᇬḽ⌞࠰ⲺжѠ䶔㛰㔉㢸ⲺؗᚥȾ

�FKDUDFWHULVWLFV!φ㔉㢸⢯ᖷኔᙝ

�URL!φ㔉㢸䖤ᔉ

�LPDJH=SRVLWLRQ!φ䈛࠽⡽ᡶ൞Ⲻ ] 䖪փ㖤

�HGJH0DS!φ䈛࠽⡽ቸѣⲺ㔉㢸䖤ᔉ

� � � ᵢㄖቅ㔉

ᵜㄐѫ㾱ӻ㓽Ҷᵜ᮷ᢙ໎⯵⚦Ⲵ䘹ᤙԕ৺५⯇ᖡۿᮠᦞ䳶Ⲵ䘹ᤙǄӾ␡ᓖ

ᆖҐᢰᵟ൘५⯇亶ฏⲴᓄ⭘ࠪਁˈ㔃ਸ५ᆖ亶ฏ䴰≲ˈᵜㄐ⺞ᇊҶ㛪䜘Ѫᵜ᮷

⹄ウⲴ㓴㓷ಘᇈ㊫රˈ⺞ᇊҶ㛪ⱼѪᵜ᮷⹄ウⲴⴞḷ⯵⯷ˈ⺞ᇊҶ㛪㔃㢲Ѫᵜ

᮷⹄ウⲴⴞḷ⯵⚦ˈ⺞ᇊҶ㜨䜘 &7Ѫᵜ᮷༴⨶Ⲵᖡۿ㊫රǄ䲿ਾˈᵜㄐӻ㓽
Ҷᵜ᮷ᡰ䘹ᮠᦞ䳶 /,'&�,'5,৺䈕ᮠᦞ䳶Ⲵ⢩⛩ˈѪ५⯇ᮠᦞ亴༴⨶⍱〻ᨀ׋
ؑ᚟᭟᫁Ǆ
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ᵜᢰᵟⲴԓ⸱ᇎ⧠ਟԕ࠶Ѫйњ⁑ඇ˖৏࿻ᮠᦞ༴⨶ǃ⭏ᡀሩᣇ㖁㔌

⭏ᡀ⯵⚦ǃ䍘䟿傼䇱ᇎ傼Ǆަѝˈࡽєњ䜘࠶኎ҾᵜᢰᵟⲴṨᗳ޵ᇩˈਾа

њ䜘࠶኎ҾѪҶ傼䇱ᢰᵟᡀ᷌ᡰ䘋㹼Ⲵ傼䇱ᇎ傼ˈާփⲴᢰᵟᇎ⧠㔃ᶴྲ

മ � �ᡰ⽪Ǆ

മ � �� ᵜ᮷ᢰᵟ㔃ᶴമ

亩ⴞѝⲴ⇿њ⁑ඇѝ䜭वਜ਼Ҷаࡠཊњޣ䭞ᢰᵟǄ∄ྲˈ൘ሶ५⯇മۿ⭘

Ҿ⁑ර䇝㓳ࡽˈ䴰㾱ሩҾ৏࿻ᖡۿ䘋㹼༴⨶Ǆнӵ䴰㾱ሩᮠᦞ䳶䘋㹼㧧ਆˈᴤ

䟽㾱Ⲵᱟ䘋㹼㔃㢲ؑ᚟Ⲵᨀਆ઼㿴㤳ॆ༴⨶ˈ਼ᰦṩᦞᨀਆࡠⲴؑ᚟䘋㹼മۿ

Ⲵ䖜ᦒ઼ṧᵜ䳶Ⲵ⭏ᡀǄ⭏ᡀሩᣇ㖁㔌˄␡ᓖধ〟⭏ᡀሩᣇ㖁㔌˅ᱟᵜᢰᵟⲴ

Ṩᗳ㇇⌅ˈᱟᮤњᢰᵟ㜭ཏᇎ⧠Ⲵ⨶䇪׍ᦞˈҶ䀓ަ⨶䇪৺޵⏥ˈ㔃ਸ亶ฏ⸕

䇶䘋㹼ᓄ⭘ᱟ䟽ѝѻ䟽Ǆ਼ᰦˈѪҶሩᢰᵟ䘋㹼傼䇱઼ሩᢙ໎ਾⲴᮠᦞ䳶䘋㹼

䍘䟿Ự傼ˈ亩ⴞ䇮䇑Ҷ⴨ᓄⲴ傼䇱ᇎ傼ˈަѝ䴰㾱ᓄ⭘ࡠ䙊⭘മۿᢙ໎㇇⌅֌

Ѫሩ➗ᢰᵟǄ֯⭘䈕ᢰᵟ⭏ᡀⲴമۿ֌Ѫሩ➗䘋㹼⁑ර䇝㓳ᇎ⧠䍘䟿䇴ՠǄл
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аㄐ䘈Պሩ傼䇱ᇎ傼䘋㹼ᴤ࣐䈖㓶Ⲵӻ㓽Ǆᵜㄐࡉ䪸ሩк䘠ᨀࡠⲴ㔃㢲ؑ᚟ᨀ

ਆ㇇⌅ǃṧᵜ㧧ਆ㇇⌅ǃ䙊⭘മۿᢙ໎㇇⌅઼⭏ᡀሩᣇ㖁㔌⭏ᡀ㔃㢲㇇⌅䘋㹼

䈖㓶᧿䘠Ǆ

ѪҶᇎ⧠ሩ㛪㔃㢲ᮠᦞ䳶Ⲵᢙ໎ˈ⭏ᡀй㔤Ⲵ㛪㔃㢲മۿˈᵜ᮷䘋㹼Ҷа

㌫ࡇⲴᐕ֌Ǆ俆ݸˈᵜ᮷ӻ㓽Ҷ५⯇മۿᮠᦞ䳶ਁኅ⧠⣦ˈ᧿䘠ҶⴞࡽᐢᴹⲴ

㛪㔃㢲ᮠᦞ䳶ˈᒦṩᦞ亩ⴞ䴰㾱䘹ᤙҶ䘲ਸⲴᮠᦞ䳶 /,'&�,'5,Ǆн਼Ⲵᮠᦞ
䳶ᖰᖰᤕᴹн਼ⲴᮠᦞṬᔿ઼ᆈۘᖒᔿˈ㠚ᡀа྇㌫㔏ǄሩҾ५⯇മۿᮠᦞ䳶

㘼䀰ˈҏᱟྲ↔Ǆн਼Ⲵ⹄ウᵪᶴᨀ׋Ⲵᮠᦞᖡۿ䍴ⓀˈṬᔿǃؑ᚟ާᴹаᇊ

ᐞᔲᙗˈᡰԕ൘䘹ᇊᮠᦞ䳶ਾሩҾަ䈖ᛵⲴ␡ޕҶ䀓о᷀࠶ᗵнਟቁǄ䪸ሩҾ

䈕ᮠᦞ䳶ˈᵜ᮷䈖㓶ӻ㓽ҶަᖡۿⲴᆈۘṬᔿˈؑ᚟Ⲵ᧿䘠ᯩᔿԕ৺ݳᮠᦞⲴ

㺘⽪ਜ਼ѹㅹㅹǄ㧧ਆᮠᦞ䳶ਾᗇࡠⲴᮠᦞᱟᵚ㓿䗷ԫօ༴⨶Ⲵˈ֯⭘䘉ṧⲴᮠ

ᦞ䘋㹼䇝㓳Պ䶎ᑨⲴ༽ᵲˈ䴰㾱৽༽Ⲵ䘋㹼䖜ᦒ઼䈫ਆ᫽֌Ǆਖཆˈമۿᮠᦞ
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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
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�� ṩᦞᮠᦞᓃݳᮠᦞ᮷Ԧ䙽শᡰᴹᖡۿ

�� ṩᦞ [PO᮷Ԧˈㆋ䘹 &7㊫රᖡۿ

�� ṩᦞ [PO᮷Ԧˈ㧧ਆؑ᚟Ǆ

�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ᯝؑ᚟ˈ㛪㔃㢲䖞ᔃⲴḷ䇠ᱟ᤹➗࠷⡷ᶕ䇠ᖅⲴˈ䈕

㢲⛩л⇿њ �URL!㢲⛩ԓ㺘ᵜ㔃㢲൘ ]䖤࠷⡷кⲴؑ᚟Ǆ⇿њ࠷⡷кˈ
䖞ᔃᱟԕ �[�\�඀ḷᖒᔿ䇠ᖅⲴǄ䙽শ �URL!㢲⛩ˈਟԕ㧧ᗇ㔃㢲൘ ]䖤
кⲴᴰབྷ඀ḷ৺ᴰሿ඀ḷˈ䙊䗷䇑㇇ਟԕ㧧ᗇ㔃㢲൘ [䖤ǃ\䖤кⲴᴰ
བྷ඀ḷ৺ᴰሿ඀ḷˈᖒᡀḷ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˅
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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
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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
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ੁѪ \䖤↓ᯩੁǃԕᤷੁ⯵Ӫཤ䜘ⲴᯩੁѪ ]䖤↓ᯩੁⲴ඀ḷ㌫ˈྲ � �ѝᡰ
⽪Ǆа⅑Ự⍻ѝⲴཊњ GLFRP᮷Ԧަᇎቡᱟ⋯⵰ ]䖤Ⲵа㓴⁚࠷䶒ǄGLFRP᮷
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മ � �� 'LFRP඀ḷ㌫

һᇎкˈGLFRP᮷Ԧѝ䘈ᆈۘ䇠ᖅҶമۿս㖞ǃമੁᯩۿǃۿ㍐䰤䐍ㅹ኎
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ḷ䖤Ⲵ᭩ࣘǄഐ↔ˈ൘䘋㹼ṧᵜ⭏ᡀᰦˈ亩ⴞ䘹ᤙ㔏аሶཊњ GLFRP᮷Ԧ᤹➗
]඀ḷ䘋㹼ᧂᒿˈᒦ඲ⴤ ]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

�� ��
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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
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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
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Ҽ㔤⸙䱥ਐ࣐⭏ᡀˈ⴨ᓄⲴˈй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
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傼䴰㾱ቪረབྷሿѪ ��
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ᡀሩᣇ㖁㔌ѝ䘋㹼䇝㓳Ǆṩᦞ⭏ᡀⲴ㔃㢲ؑ᚟᮷ẓਟ⸕ˈᮠᦞ䳶ѝᡰᴹ㛪㔃㢲
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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)
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x′ = x

y′ = y cos θx − z sin θx

z′ = y sin θx + z cos θx

�� ��

ᴹ⸙䱥ਈᦒᔿᆀ˖




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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https://docs.enthought.com/mayavi/mayavi/
https://docs.enthought.com/mayavi/tvtk/
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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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µ,σ2
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f (x) =
1

σ
√

2π
e−

(x−µ)2
2σ2 �� ���
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S NR =
σ2
VLJQDO

σ2
QRLVH
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ަѝ σ2
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2
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_ಚ༠മ⡷Ⲵ⚠ᓖ٬ѻ઼ �ᰐಚ༠മ⡷Ⲵ⚠ᓖ٬ѻ઼ _
�� ���

NP = S P ∗ (1 − S NR) �� ���
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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

മ � ��� ಚ༠ᇎ⧠ԓ⸱
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ަᯩᐞ σ2
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1
m
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i=1 (xi − µB)2ˈṩᦞޜᔿ x̂i =
xi−µB√
σ2

B+ε
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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')

മ � �� ֯⭘⁑ර⭏ᡀ㛪㔃㢲
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MS E = 1
mn

∑m−1
i=0

∑n−1
j=0 [I(i, j) − K(i, j)]2

ަѝˈ,ᱟᰐಚ༠Ⲵ PîQঅ㢢മۿˈ.ᱟަಚ༠䘁լ٬

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

)
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D = 1
W∗H

∑W
x=1

∑H
y=1 |S (x, y) − T (x, y)|
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〻оᓄ⭘� ����� ������ � ���

>�@ ⭠၏⿰ࡈ�ഭ᡽�䉧⧺⧺� HW DO�५ᆖമ᷀࠶ۿ␡ᓖᆖҐᯩ⌅⹄ウо᥁ᡈ >-@�
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������������

>��@ 2=785.7� 7$/20� <,/',5,0 ($� HW DO� $XWRPDWHG GHWHFWLRQ RI &29,'���
FDVHV XVLQJ GHHS QHXUDO QHWZRUNV ZLWK ;�UD\ LPDJHV>-�2/@� &RPSXWHUV LQ %LRORJ\
DQG 0HGLFLQH� ����� ��� � �������
KWWS���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6�����������������

>��@ ⦻ඔጠ�㤏䎵�⇥㢣ᶠ� HW DO�⭏ᡀᔿሩᣇ㖁㔌 *$1Ⲵ⹄ウ䘋ኅоኅᵋ >-@�㠚
ࣘॆᆖᣕ� ����� ����� � ��� ± ����

>��@ .(5 -� :$1* /� 5$2 -� HW DO� 'HHS /HDUQLQJ $SSOLFDWLRQV LQ 0HGLFDO ,PDJH
$QDO\VLV>-�2/@� ,((( $FFHVV� ����� � � ���� ± �����
KWWS���G[�GRL�RUJ���������$&&(66��������������

>��@ *22')(//2: , -� 328*(7�$%$',( -� 0,5=$ 0� HW DO� *HQHUDWLYH $GYHU�
VDULDO 1HWZRUNV>-@� �����

>��@ +8$1* +� <8 3 6� :$1* &� $Q ,QWURGXFWLRQ WR ,PDJH 6\QWKHVLV ZLWK *HQHU�
DWLYH $GYHUVDULDO 1HWV>-@� �����

>��@ ằ׺ᶠ�世㡠Ღ�㪻↓䬻�⭏ᡀሩᣇ㖁㔌 *$1㔬䘠 >-@�䇑㇇ᵪ、ᆖо᧒㍒�
����� ����� � � ± ���

>��@ ,62/$ 3� =+8 -�<� =+287� HW DO� ,PDJH�WR�,PDJH 7UDQVODWLRQ ZLWK &RQGLWLRQDO
$GYHUVDULDO 1HWZRUNV>-@� �����

https://doi.org/10.1109/TMI.2016.2640180
https://arxiv.org/abs/2004.10987
http://www.sciencedirect.com/science/article/pii/S0010482520301621
http://dx.doi.org/10.1109/ACCESS.2017.2788044
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>��@ =+8 -�<� 3$5. 7� ,62/$ 3� HW DO� 8QSDLUHG ,PDJH�WR�,PDJH 7UDQVODWLRQ XVLQJ
&\FOH�&RQVLVWHQW $GYHUVDULDO 1HWZRUNV>-@� �����

>��@ 䱸֋䇑�ᵡᷛ�੤␵╷� HW DO�⭏ᡀሩᣇ㖁㔌৺ަ൘മۿ⭏ᡀѝⲴᓄ⭘⹄ウ㔬
䘠 >-@�䇑㇇ᵪᆖᣕ� �����

>��@ ᕐᶠ�䎥ᜐߋ�ᵾ䍔ေ� HW DO�สҾ⭏ᡀᔿሩᣇ㖁㔌ᢰᵟਸᡀ५ᆖമۿⲴ⹄ウ
䘋ኅоኅᵋ >-@�५⯇ছ⭏㻵༷� ����� ������ � ��

>��@ ୀ䍔Ֆ�ᶌа䬝ࡈ�䴘ᗞ� HW DO�สҾᶑԦ␡ᓖধ〟⭏ᡀሩᣇ㖁㔌Ⲵമۿ䇶࡛
ᯩ⌅ >-@�㠚ࣘॆᆖᣕ� ����� ����� � ���

>��@ 䱸䎵�喀ጠ�ধ〟⾎㓿㖁㔌Ⲵਁኅ৺ަ൘䇑㇇ᵪ㿶㿹亶ฏѝⲴᓄ⭘㔬䘠 >-@�
䇑㇇ᵪ、ᆖ� ����� ����� � �� ± ���

>��@ 1$,5 9� +,1721 * (� 5HFWLILHG OLQHDU XQLWV LPSURYH UHVWULFWHG EROW]PDQQ PD�
FKLQHV>&@ �� ,FPO� �����

>��@ 0$$6 $ /� +$1181 $ <� 1* $ <� HW DO� 5HFWLILHU QRQOLQHDULWLHV LPSURYH
QHXUDO QHWZRUN DFRXVWLF PRGHOV>&@ �� 3URF� LFPO � 9RO ��� ���� � ��

>��@ 1,(/6(10$� 1HXUDO QHWZRUNV DQG GHHS OHDUQLQJ � 9RO ��>0@� >6�O�@ � 'HWHUPL�
QDWLRQ SUHVV 6DQ )UDQFLVFR� &$� 86$� �����

>��@ ,128( +� 'DWD $XJPHQWDWLRQ E\ 3DLULQJ 6DPSOHV IRU ,PDJHV &ODVVLILFD�
WLRQ>-�2/@� �����
KWWSV���DU[LY�RUJ�DEV������������

>��@ =+$1*+� &,66(0� '$83+,1<1� HW DO� PL[XS� %H\RQG (PSLULFDO 5LVN0LQ�
LPL]DWLRQ>&�2/@ �� ,QWHUQDWLRQDO &RQIHUHQFH RQ /HDUQLQJ 5HSUHVHQWDWLRQV� �����
KWWSV���RSHQUHYLHZ�QHW�IRUXP"LG U�'GS��5E�

>��@ ᕐᐗѭ�䎥ൠ�䘏ᆖᮼ�สҾ␡ᓖᆖҐⲴ५ᆖᖡۿ䇺ᯝ㔬䘠 >-@�䇑㇇ᵪ、ᆖ�
����� ���%��� � ��

>��@ ᵾඔᡀ�঒⌱�५ᆖᖡۿᆖᯠ䘋ኅ >-@�俆䜭५、བྷᆖᆖᣕ� ����� ����� � ��� ±
����

https://arxiv.org/abs/1801.02929
https://openreview.net/forum?id=r1Ddp1-Rb
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>��@ 681* +� )(5/$< -� 6,(*(/ 5 /� HW DO� *OREDO &DQFHU 6WDWLVWLFV �����
*/2%2&$1 (VWLPDWHV RI ,QFLGHQFH DQG 0RUWDOLW\ :RUOGZLGH IRU �� &DQFHUV
LQ ��� &RXQWULHV>-�2/@� &$� $ &DQFHU -RXUQDO IRU &OLQLFLDQV� ����� ����� � ��� ±
����
KWWSV���DFVMRXUQDOV�RQOLQHOLEUDU\�ZLOH\�FRP�GRL�DEV���������FDDF�������

>��@ 9$/(17( , 5 6� &257(= 3 &� 1(72 ( &� HW DO� $XWRPDWLF �' SXOPRQDU\
QRGXOH GHWHFWLRQ LQ &7 LPDJHV� $ VXUYH\>-�2/@� &RPSXW� 0HWKRGV 3URJUDPV
%LRPHG�� ����� ��� � �� ± ����
KWWSV���GRL�RUJ���������M�FPSE�������������

>��@ =+28 4� )$1 <� :$1* <� HW DO� >&KLQD 1DWLRQDO *XLGHOLQH RI &ODVVLILFDWLRQ�
'LDJQRVLV DQG 7UHDWPHQW IRU /XQJ 1RGXOHV ����� 9HUVLRQ�@>-@� =KRQJJXR )HL $L
=D =KL� ����� ������ � ��� ± ����

>��@ $%(5/( ' 5� $'$06 $ 0� %(5* & '� HW DO� 5HGXFHG OXQJ�FDQFHU PRUWDOLW\
ZLWK ORZ�GRVH FRPSXWHG WRPRJUDSKLF VFUHHQLQJ>-@� 1 (QJO - 0HG� ����� ������ �
��� ± ����

>��@ 7($01 / 6 7 5� 27+(56� /XQJ FDQFHU LQFLGHQFH DQG PRUWDOLW\ ZLWK H[WHQGHG
IROORZ�XS LQ WKH 1DWLRQDO /XQJ 6FUHHQLQJ 7ULDO>-@� -RXUQDO RI 7KRUDFLF 2QFRORJ\�
����� ������ � ���� ± �����

>��@ 3$6725,12 8� 6,/9$ 0� 6(67,1, 6� HW DO� 3URORQJHG OXQJ FDQFHU VFUHHQLQJ
UHGXFHG ���\HDU PRUWDOLW\ LQ WKH 0,/' WULDO� QHZ FRQILUPDWLRQ RI OXQJ FDQFHU
VFUHHQLQJ HIILFDF\>-@� $QQ 2QFRO� ����� ����� � ���� ± �����

>��@ GH .21,1* + -� YDQ GHU $$/67 & 0� GH -21* 3 $� HW DO� 5HGXFHG /XQJ�
&DQFHU 0RUWDOLW\ ZLWK 9ROXPH &7 6FUHHQLQJ LQ D 5DQGRPL]HG 7ULDO>-@� 1 (QJO -
0HG� ����� ������ � ��� ± ����

>��@ 㜑㦓ភ�䰫亲㣿�⦻䍥㖾� HW DO�㛪䜘վࡲ䟿㷪᯻ &7᭮ሴࡲ䟿Ⲵ⹄ウ >-@�५ᆖ
ᖡۿᆖᵲᘇ� ����� ������ � ��

>��@ $PHULFDQ &DQFHU 6RFLHW\� &DQFHU )DFWV )LJXUHV ����>(%@� $WODQWD � $PHULFDQ
&DQFHU 6RFLHW\� �����

https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.21660
https://doi.org/10.1016/j.cmpb.2015.10.006
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>��@ ᵾᜐ≁� 㛆⒈⭏� 㛪㔃㢲 &7 ᖡۿ䇴ԧ >-@� ѝഭ५ᆖ䇑㇇ᵪᡀۿᵲᘇ�
�������� � �� ± ���

>��@ ⦻⩚�䱸ᘇᕪ�䛜ሿᒣ� HW DO� ;ሴ㓯ᆹޘỰḕᢰᵟ㔬䘠 >-@� &7⨶䇪оᓄ⭘⹄
ウ� ����� ����� � �� ± ���

>��@ ԫ⌅Ӂ�Ԉݻᒯ�վࡲ䟿 &7൘㛪㔃㢲ㆋḕѝⲴѤᒺᓄ⭘ >-@�ѝഭ५ᆖ䇑㇇
ᵪᡀۿᵲᘇ� ����� ����� � ��

>��@ $50$72 ,,, 6� 0&/(11$1 *� %,'$87 /� HW DO� 7KH /XQJ ,PDJH 'DWDEDVH
&RQVRUWLXP �/,'&� DQG ,PDJH 'DWDEDVH 5HVRXUFH ,QLWLDWLYH �,'5,�� $ FRPSOHWHG
UHIHUHQFH GDWDEDVH RI OXQJ QRGXOHV RQ &7 VFDQV>-�2/@� 0HGLFDO 3K\VLFV� �����
�� � ��� ± ����
KWWS���G[�GRL�RUJ�������������������

>��@ %24,$1* /� =+8 0� =+$1* =� HW DO� 0HGLFDO ,PDJH &RQYHUVLRQ ZLWK ',�
&20>&�2/@ �� � ���� � �� ± ���
KWWS���G[�GRL�RUJ���������&&(&(���������

>��@ ⷯ㼅ᘐ�ᕐࢁ䬻�䱸ጕ� HW DO� ;0/䈝䀰৺⴨ޣᢰᵟ㔬䘠 >-@�䇑㇇ᵪᐕ〻� �����
������ � � ± �����

>��@ /(90� *21=$/(= 5� �� � &7 $QJLRJUDSK\ DQG &7 3HUIXVLRQ ,PDJLQJ>*�2/@
�� 72*$ $ :� 0$==,277$ - &� %UDLQ 0DSSLQJ� 7KH 0HWKRGV �6HFRQG (GL�
WLRQ�� 6HFRQG (GLWLRQ� 6DQ 'LHJR � $FDGHPLF 3UHVV� ���� � ��� ± ����
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�%��������������������

>��@ ᕐ呿�ᵾ֣㘄ࡈ�ᯠഭ� HW DO�สҾ␡ᓖᆖҐⲴ䇑㇇ᵪ䖵ࣙ㛪ⱼ䇺ᯝᯩ⌅ >-@�
䇑㇇ᵪ䖵ࣙ䇮䇑оമᖒᆖᆖᣕ� ����� ����� � ���

>��@ 5$')25' $� 0(7= /� &+,17$/$ 6� 8QVXSHUYLVHG 5HSUHVHQWDWLRQ /HDUQLQJ
ZLWK 'HHS &RQYROXWLRQDO *HQHUDWLYH $GYHUVDULDO 1HWZRUNV>-@� �����

>��@ *8 -� :$1* =� .8(1 -� HW DO� 5HFHQW DGYDQFHV LQ FRQYROXWLRQDO QHXUDO QHW�
ZRUNV>-�2/@� 3DWWHUQ 5HFRJQLWLRQ� ����� �� � ��� ± ����
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6�����������������

http://dx.doi.org/10.1118/1.3528204
http://dx.doi.org/10.1109/CCECE.2007.16
https://www.sciencedirect.com/science/article/pii/B9780126930191500198
https://www.sciencedirect.com/science/article/pii/S0031320317304120


�� ৲㘳᮷⥞

>��@ 6+, :� &$%$//(52 -� 7+(,6 /� HW DO� ,V WKH GHFRQYROXWLRQ OD\HU WKH VDPH DV
D FRQYROXWLRQDO OD\HU">-@� �����

>��@ .,1*0$ ' 3� %$ -� $GDP� $ PHWKRG IRU VWRFKDVWLF RSWLPL]DWLRQ>-@� DU;LY
SUHSULQW DU;LY����������� �����

>��@ :$1* =� %29,. $� 6+(,.+ +� HW DO� ,PDJH TXDOLW\ DVVHVVPHQW� IURP HUURU
YLVLELOLW\ WR VWUXFWXUDO VLPLODULW\>-�2/@� ,((( 7UDQVDFWLRQV RQ ,PDJH 3URFHVVLQJ�
����� ����� � ��� ± ����
KWWS���G[�GRL�RUJ���������7,3�������������

>��@ /$5621 (� &+$1'/(5 '� 0RVW DSSDUHQW GLVWRUWLRQ� )XOO�UHIHUHQFH LPDJH
TXDOLW\ DVVHVVPHQW DQG WKH UROH RI VWUDWHJ\>-�2/@� -� (OHFWURQLF ,PDJLQJ� �����
�� � �������
KWWS���G[�GRL�RUJ�������������������

>��@ 6+(,.+ +� %29,. $� GH 9(&,$1$ *� $Q LQIRUPDWLRQ ILGHOLW\ FULWHULRQ IRU
LPDJH TXDOLW\ DVVHVVPHQW XVLQJ QDWXUDO VFHQH VWDWLVWLFV>-�2/@� ,((( 7UDQVDFWLRQV
RQ ,PDJH 3URFHVVLQJ� ����� ������ � ���� ± �����
KWWS���G[�GRL�RUJ���������7,3�������������

>��@ 6+(,.++� %29,. $� ,PDJH LQIRUPDWLRQ DQG YLVXDO TXDOLW\>-�2/@� ,((( 7UDQV�
DFWLRQV RQ ,PDJH 3URFHVVLQJ� ����� ����� � ��� ± ����
KWWS���G[�GRL�RUJ���������7,3�������������

>��@ )$:&(77 7� $Q LQWURGXFWLRQ WR 52& DQDO\VLV>-�2/@� 3DWWHUQ 5HFRJQLWLRQ /HW�
WHUV� ����� ����� � ��� ± ����
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6���������������;�

http://dx.doi.org/10.1109/TIP.2003.819861
http://dx.doi.org/10.1117/1.3267105
http://dx.doi.org/10.1109/TIP.2005.859389
http://dx.doi.org/10.1109/TIP.2005.859378
https://www.sciencedirect.com/science/article/pii/S016786550500303X


ㆶ়ф〇⹊ᡆ᷒

ะᵢؗᚥ

��ˈ严ᲇˈྣˈ≹᯿ן��ᒤ �ᴸࠪ⭏ˈ⋣ইⴱᯠґӪǄ

ᮏ㛨㜂Ქ

����ᒪ �ᴾ² ����ᒪ �ᴾ ইӜབྷᆖ䖟Ԧᆖ䲒 ⺅༛

����ᒪ �ᴾ² ����ᒪ �ᴾ ইӜབྷᆖ䖟Ԧᆖ䲒 ᵜ、

᭱䈱ᐛぁ⺋༡ᆜփᵕ䰪ᇂᡆⲺᆜᵥᡆ᷒

�� <XQKDQ +RX� -LDZHL /LX� 'DLZHL :DQJ� -LDZHL +H� &KXQURQJ )DQJ� DQG =KHQ\X
&KHQ� ³7DX0HG� 7HVW $XJPHQWDWLRQ RI 'HHS /HDUQLQJ LQ 0HGLFDO 'LDJQRVLV�´ LQ
3URF� ��WK $&0 6,*62)7 ,QWHUQDWLRQDO 6\PSRVLXP RQ 6RIWZDUH 7HVWLQJ DQG $QDO�
\VLV �,667$� ����� -XO\� �����


	中文封面
	中文摘要
	英文摘要
	目 录
	插图清单
	附表清单
	1 绪论
	1.1 研究背景与意义
	1.2 国内外研究现状
	1.3 研究目标及主要研究工作
	1.4 本章小结

	2 相关理论综述
	2.1 生成对抗网络技术
	2.1.1 简介
	2.1.2 算法原理
	2.1.3 医疗领域的GAN生成

	2.2 激活函数
	2.3 损失函数
	2.4 通用图像扩增技术
	2.5 本章小结

	3 病灶数据分析
	3.1 医疗病灶分析
	3.2 影像数据分析
	3.3 本章小结

	4 技术关键算法
	4.1 结节信息提取算法
	4.2 样本获取算法
	4.3 通用图像扩增算法
	4.3.1 旋转
	4.3.2 翻转
	4.3.3 亮度
	4.3.4 噪声

	4.4 3D-DCGAN生成结节算法
	4.4.1 卷积生成对抗网络技术
	4.4.2 判别器实现算法
	4.4.3 生成器实现算法
	4.4.4 判别器、生成器的博弈
	4.4.5 损失函数

	4.5 本章小结

	5 生成病灶及质量评估实验
	5.1 3D-DCGAN网络训练
	5.1.1 实验环境
	5.1.2 模型训练与病灶生成

	5.2 质量检测手段
	5.3 质量验证实验
	5.3.1 研究问题
	5.3.2 实验设计
	5.3.3 评估指标
	5.3.4 实验结果

	5.4 本章小结

	6 总结与展望
	致 谢
	参考文献
	简历与科研成果

