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1.͡Ίʹ
มԽݕग़ɼҟͳΔࡱʹࠁ࣌Ө͞ΕͨಉҰγʔϯը૾

͔ΒมԽͨ͠ྖҬΛநग़͢ΔͰ͋ΔɽCNNΛ༻͍ͨ
มԽݕग़๏ [1][2]ɼҐஔͣΕڥมԽʹ݈ؤͰ͋Δ
ͨΊɼϚοϓͷࣗಈߋ৽ར༻ௐࠪͷར༻͕ظ͞
Ε͍ͯΔɽར༻ௐࠪʹԠ༻͢Δ߹ɼมԽͨ͠ྖҬͷ
ͷͷଐੑࡏݱͱڈग़͚ͩͰͳ͘ɼྛͳͲաݕ
ใ͕ඞཁͰ͋Δɽ͜ΕʹΑΓɼมԽͨ͠ॴͷ༁Λ
Ѳ͢Δ͜ͱ͕Ͱ͖Δɽ
ͦ͜ͰຊڀݚͰɼมԽྖҬͱΦϒδΣΫτΫϥεΛಉ

ਪఆ͠ɼมԽྖҬʹͷଐੑใΛ༩͢Δ͜ͱ͕ʹ࣌
Ͱ͖ΔมԽݕग़๏ΛఏҊ͢ΔɽఏҊख๏ɼηϚϯςΟο
ΫηάϝϯςʔγϣϯͱมԽݕग़Λ 1ͭͷωοτϫʔΫ
Ͱ࣮͢ݱΔɽ·ͨɼηάϝϯςʔγϣϯϞσϧΑΓநग़͠
ͨಛϚοϓΛɼมԽݕग़Ϟσϧͷೖྗͱͯ͠༻͢Δ
͜ͱͰɼ྆λεΫͷਫ਼্ΛਤΔɽ

2.มԽݕग़ͷैདྷ๏
CNNΛ༻͍ͨมԽݕग़๏ɼಛྔϕʔεͱֶशϕʔ

εͷ 2ͭͷΞϓϩʔνʹྨͰ͖Δɽ
ಛྔϕʔεͷมԽݕग़๏ɿCNNΑΓநग़ͨ͠ 2ຕͷಛ
Ϛοϓͷڑ͔ࢉܭΒมԽྖҬΛਪఆ͢ΔɽͦͷͨΊɼม
Խݕग़ͷͨΊͷֶशσʔληοτΛඞཁͱ͠ͳ͍ɽಛ
ྔϕʔεͷදతͳख๏Ͱ͋ΔCNNF-F[1]ɼImageNet
Ͱࣄલֶशͨ͠ VGG19Λ༻͍ͯɼը૾ϖΞ͔ΒಛϚο
ϓநग़͠มԽྖҬΛݕग़͢Δɽݕग़ʹϢʔΫϦουڑ
Λ༻͠ɼมԽྖҬΛܾఆ͢ΔͨΊʹᮢॲཧΛ͢ࢪɽม
ԽྖҬͷΈΛݕग़͢Δख๏Ͱ͋ΔͨΊɼมԽྖҬʹଐੑΛ
༩͢Δ͜ͱ͕Ͱ͖ͳ͍ɽ
ֶशϕʔεͷมԽݕग़๏ɿมԽݕग़ͷͨΊͷσʔληο
τΛ༻͍ͯը૾ؒͷྨੑࣅ (ඇྨੑࣅ)Λֶश͢ΔͨΊɼલ
ड़ͷΞϓϩʔνͱൺͯࢹͷͣΕʹ݈ؤͳݕग़͕ՄͰ
͋Δɽֶशϕʔεͷදతͳख๏Ͱ͋Δ FC-EF-Res[2]ɼ
มԽݕग़λεΫͱηϚϯςΟοΫηάϝϯςʔγϣϯλ
εΫΛͦΕͧΕผʑͷωοτϫʔΫͰॲཧ͠ɼͦͷ݁ՌΛ
౷߹͢Δख๏Ͱ͋Δɽ̎ͭͷωοτϫʔΫ U-Net[3] Λ
ϕʔεʹߏ͞ΕɼࠩϒϩοΫΛಋೖ͍ͯ͠Δɽηάϝ
ϯςʔγϣϯωοτϫʔΫ͔Βநग़ͨ͠ಛϚοϓͷࠩ
ΛɼมԽݕग़ωοτϫʔΫʹεΩοϓଓ͢Δ͜ͱͰɼ
ը૾ؒͷ໌ࣔతͳൺֱΛ͍ߦͳ͕Βֶश͢Δɽ͔͠͠ɼλ
εΫ͝ͱʹಠཱͨ͠ωοτϫʔΫΛ༻͍ΔͨΊɼֶशதʹ
λεΫؒͰใΛ૬ޓར༻͢Δ͜ͱ͕Ͱ͖ͳ͍ͱ͍͏
͕͋Δɽ

3.ఏҊख๏
ຊڀݚͰɼมԽྖҬͱΦϒδΣΫτΫϥεΛಉ࣌ʹਪ

ఆ͢Δ͜ͱ͕Ͱ͖ΔมԽݕग़๏ΛఏҊ͢ΔɽఏҊख๏ͷ
ωοτϫʔΫߏΛਤ 1ʹࣔ͢. ωοτϫʔΫɼEncoder-
DecoderߏΛͭ̎ͭ࣋ͷϞσϧ͔Βߏ͞Ε͓ͯΓɼม
Խݕग़ϞσϧʹηάϝϯςʔγϣϯϞσϧͷ࠷ऴ͔
Βநग़ͨ͠ಛϚοϓΛೖྗ͢Δɽ

3.1 ηάϝϯςʔγϣϯϞσϧ
ηάϝϯςʔγϣϯϞσϧɼU-NetΛϕʔεͱ͢Δωο

τϫʔΫߏͰ͋Δɽը૾ϖΞͷͦΕͧΕΛݸผʹωοτ
ϫʔΫೖྗ͢Δɽͳ͓ɼ֤ωοτϫʔΫͷॏΈڞ༗͠
͍ͯΔɽηάϝϯςʔγϣϯϞσϧͷଛࣦؔɼैདྷͷ
U-Netͱಉ༷ɼΫϩεΤϯτϩϐʔଛࣦΛ༻͢Δɽ

3.2 มԽݕग़Ϟσϧ
มԽݕग़Ϟσϧɼ̎ͭͷEncoderͱ 1ͭͷDecoder

Ͱߏͨ͠ωοτϫʔΫߏͱͳ͓ͬͯΓɼͦΕͧΕ 3
ͷΈࠐΈΛͭ࣋ɽ2ͭͷ EncoderʹΑΓɼը૾ؒͰҟ
ͳΔಛΛ֫ಘ͢Δ͜ͱ͕ՄͰ͋Δɽ·ͨɼ֤ Encoder
ʹηάϝϯςʔγϣϯϞσϧΑΓಘΒΕͨಛϚοϓΛ
ͦΕͧΕೖྗ͠ɼDecoder ʹ֤ Encoder ΑΓಘΒΕͨ
ಛϚοϓΛνϟϯωϧํʹ࿈݁͠ೖྗ͢Δɽ
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ਤ 1 : มԽݕग़ωοτϫʔΫͷ֓ཁ

3.3 ஈ֊తͳֶशͱଛࣦؔ
ఏҊख๏ɼηάϝϯςʔγϣϯϞσϧͱมԽݕग़Ϟ

σϧʹΑΓߏ͞Εɼஈ֊తͳֶशΛ͏ߦɽ
Step1ɿ·ͣɼϕʔεͱͳΔηάϝϯςʔγϣϯϞσϧ θseg

Λֶश͢ΔɽϐΫηϧ૯Λ NɼΫϥεΛ S,ਖ਼ղϥϕ
ϧΛ tɼιϑτϚοΫεؔͷग़ྗΛ y ͱ͢ΔͱɼηϚϯ
ςΟοΫηάϝϯςʔγϣϯλεΫͷଛࣦؔ LSeg ࣜ
(1)Ͱද͢͜ͱ͕Ͱ͖Δɽ

LSeg = − 1
N

N∑

i

S∑

c

wcti,c log yi,c (1)

͜͜Ͱɼwc֤λεΫͷॏΈͰ͋ΔɽӴը૾ͳͲͷߴ
ղ૾ը૾Ͱߏ͞ΕΔσʔληοτΛ༻͢Δ߹ɼΫ
ϥεෆ͕ߧۉੜ͡Δɽϥϕϧ͕ෆߧۉͷ··ֶश͢Δͱɼ
ग़֬ݱͷ͍ߴΫϥεʹରͯ͠ૣظʹऩଋͯ͠͠·͍ɼग़
ͷ͍Ϋϥε͕΄ͱΜͲө͞Εͳ͍͕͋Δɽ֬ݱ
ͦͷͨΊɼࣜ (2) ʹࣔ͢Α͏ʹɼग़֬ݱ pc ͷٯʹର
ΛॏΈͱ͢Δɽ

wc = log
1
pc

(2)

͜ΕʹΑΓɼग़֬ݱͷ͍ߴΫϥεʹΦʔόʔϑΟοςΟ
ϯά͢Δ͜ͱΛ͙ɽ
Step2ɿ࣍ʹɼηάϝϯςʔγϣϯϞσϧ θseg ͷॏΈΛݻ
ఆ͠ɼมԽݕग़Ϟσϧ θcd Λֶश͢Δɽࣜ (2)Ͱఆٛ͠
ͨॏΈΛ༻͠ɼΫϥεΛ D ͱ͢ΔͱɼมԽݕग़λ
εΫͷଛࣦؔ LDiff ࣜ (3)Ͱද͢͜ͱ͕Ͱ͖Δɽ

LDiff = − 1
N

N∑

i

D∑

c

wcti,c log yi,c (3)

Step3ɿͦͯ͠ɼ2ͭͷϞσϧͷ૬ؔޓΛอͭͨΊɼθseg

ͱ θcd Λಉ࣌ʹֶश͢Δɽ૬ؔޓΛอͭͨΊͷଛࣦؔ
LMut Λࣜ (4) ʹࣔ͢ɽStep2 ͱಉ༷ɼLMut ͷࢉग़ʹ
θcd ΑΓநग़ͨ͠ಛϚοϓΛ༻͢Δɽ

LMut = − 1
N

N∑

i

D∑

c

ti,c log yi,c (4)

Step4ɿ֤ iterationͰ Step1͔Β Step3Λ܁Γฦ͢ɽ
Ҏ্ʹࣔ͢ஈ֊తͳֶशʹΑΓɼλεΫؒͰใΛ૬ޓ

ར༻͠ɼ྆λεΫͷਫ਼ظ্͕Ͱ͖Δɽ

3.4 ֶशσʔλͷೖྗํ๏
ఏҊख๏ɼ10,000×10,000ϐΫηϧͷߴղ૾ը૾

Λରͱ͠ɼֶश࣌ 512×512ϐΫηϧʹϥϯμϜΫϩο
ϓ͢Δɽ͔͠͠ɼΫϥεෆ͕ߧۉੜ͡Δ߹ɼϥϯμϜΫ
ϩοϓͰग़֬ݱͷ͍Ϋϥε͕બ͞Εͣɼֶश͕ෆ
҆ఆͱͳΔɽͦ͜Ͱɼग़֬ݱͷ͍ΫϥεΛଟؚ͘Ήύο
νը૾ΛผͰ༻ҙ͠ɼ௨ৗͷύονը૾ͱͱʹֶशΛߦ
͏ɽ͜ΕʹΑΓɼΫϥεෆߧۉʹΑΔӨڹΛ͑Δ͜ͱ͕
Ͱ͖ΔͨΊɼֶशͷ҆ఆੑʹͭͳ͕Δɽ

4.ධՁ࣮ݧ
ఏҊख๏ͷ༗ޮੑΛࣔͨ͢ΊʹɼมԽݕग़ٴͼηϚϯ

ςΟοΫηάϝϯςʔγϣϯͷධՁ࣮ݧΛ͏ߦɽ



ද 2 : มԽݕग़ͱηϚϯςΟοΫηάϝϯςʔγϣϯͷൺֱ݁Ռ

Semantic segmentation Change detection
Global Accuracy Class Accuracy mean IoU Kappa Global Accuracy mean IoU Kappa

U-Net
Seg 90.96 62.78 45.83 78.56 92.36 48.28 6.86
Diff - - - - 99.25 54.56 17.72

CNNF-F - - - - 88.66 - 3.28
FC-EF-Res 89.01 - - 71.92 98.30 - 25.49
Proposed 91.46 63.21 53.48 79.24 99.17 59.32 32.20

image (2006) image (2012) Ground Truth Proposed

ਤ 2 : ఏҊख๏ʹΑΔมԽݕग़ྫ

4.1 σʔληοτ
ຊ࣮ݧͰɼҟͳΔࡱʹظ࣌Ө͞ΕͨӴը૾ϖΞͰߏ

͞ΕΔ HRSCDσʔληοτ [2]Λ༻͢ΔɽHRSCD
σʔληοτɼେنͳߴղ૾ͷมԽݕग़༻σʔ
ληοτͰ͋ΔɽRGBը૾ϖΞͱɼ֤ϐΫηϧͰͷมԽ
ใΛ༩ͨ͠มԽݕग़ϥϕϧ (มԽྖҬͳ͠ɼมԽྖҬ
͋Γ)ɼར༻ใΛ༩ͨ͠ηάϝϯςʔγϣϯϥϕϧ
(ใͳ͠ɼਓɼۀଳɼྛɼ࣪ɼਫҬ)ؚ͕·
ΕΔɽσʔλ૯ 582ຕ͋Γɼֶश༻ʹ 292ຕ (146
ͷը૾ϖΞ)ɼධՁ༻ʹ 290ຕ (145ͷը૾ϖΞ)Λ༻
͢Δɽද 1 ʹ HRSCD σʔληοτͷ֤Ϋϥεʹ͓͚Δ
ग़֬ݱͱॏΈΛࣔ͢ɽද 1ΑΓɼग़֬ݱ͕খ͍͞΄Ͳɼ
ΫϥεॏΈ͕େ͖͘ͳΔ͜ͱ͕Θ͔Δɽ

ද 1 : ֤Ϋϥεʹ͓͚Δग़֬ݱͱॏΈ
Semantic Segmentation Change Detection

ใͳ͠ ਓ ۀଳ ྛ ࣪ ਫҬ มԽͳ͠ มԽ͋Γ

ग़֬ݱ [%] 17.70 11.51 61.84 8.36 0.02 0.58 99.23 0.77

ΫϥεॏΈ 0.0 2.16 0.48 2.48 8.54 5.15 0.01 4.87

4.2 ཁ֓ݧ࣮
HRSCD σʔληοτɼֶशαϯϓϧ͕গͳ͍ͨΊɼ

ɼϊΠζՃͷԿมز Data Augmentation Λ͍ߦɼ
όϦΤʔγϣϯΛ૿Ճ͢ΔɽධՁ࣌ɼߴղ૾ը૾Λ
512×512ϐΫηϧͷը૾ͱͯ͠λΠϧঢ়ʹΓग़ͯ͠ೖྗ
͢ΔɽఆྔతධՁࢦඪͱͯ͠ɼมԽݕग़ɼηϚϯςΟο
Ϋηάϝϯςʔγϣϯڞʹ Global Accuracyɼmean IoUɼ
KappaΛ༻͍ΔɽηϚϯςΟοΫηάϝϯςʔγϣϯ
Ͱɼ͞ΒʹClass AccuracyΛ༻͍Δɽ·ͨɼఏҊख๏ͷ
ੑൺֱͱͯ͠ɼU-Net͓Αͼ CNNF-FɼFC-EF-ResΛ
ݕΔɽU-Netɼ୯ҰͷωοτϫʔΫͱͯ͠มԽ͢༺
ग़λεΫ U-Net (Diff)ͱηϚϯςΟοΫηάϝϯςʔγϣ
ϯλεΫ U-Net (Seg)ͦΕͧΕͷֶशΛ͏ߦɽ

4.3 ֤λεΫʹ͓͚ΔධՁ݁Ռ
֤ख๏Λ࣌ͨ͠༺ͷɼมԽݕग़ͱηϚϯςΟοΫη

άϝϯςʔγϣϯͷఆྔతධՁΛද 2ʹɼఆੑతධՁΛਤ
2͓Αͼਤ 3ʹࣔ͢. U-Net (Seg)Ͱɼ֤ը૾ʹର͢Δ
ηάϝϯςʔγϣϯ݁ՌΛར༻ͨ͠มԽݕग़Λ͓ͯͬߦ
Γɼը૾ؒͰΫϥε͕ҟͳΔྖҬΛมԽྖҬͱ͢Δɽ
มԽݕग़ɿද 2ΑΓɼఏҊख๏͕ैདྷख๏ͱൺֱ͠ɼmean
IoUͱ Kappaʹ͓͍ͯߴਫ਼Ͱ͋Δ͜ͱ͕֬ೝͰ͖
ΔɽҰํɼU-Net (Seg)Ͱηάϝϯςʔγϣϯਫ਼ߴ
͍ͷͷɼݕग़ਫ਼Լͨ͠ɽ͜Εɼηάϝϯςʔγϣ
ϯ݁Ռʹ͓͍ͯΫϥεڥքͷࣝޡผ͕ଟ͋͘ΔͨΊɼมԽ
ྖҬͷݕޡग़Λট͍ͨͱ͑ߟΒΕΔɽ·ͨɼਤ 2ΑΓఏҊ
ख๏ಓ࿏ͳͲͷྖ͍ࡉҬͷݕग़ՄͰ͋Δ͜ͱ͕֬ೝͰ

image Ground Truth U-Net (Seg) Proposed

ਤ 3 : ֤ख๏ͷηάϝϯςʔγϣϯྫ

͖Δɽ
ηϚϯςΟοΫηάϝϯςʔγϣϯɿද 2ΑΓɼఏҊख๏
શͯͷධՁࢦඪͰ࠷ߴਫ਼Ͱ͋Δ͜ͱ͕֬ೝͰ͖Δɽ
ಛʹ U-Net (Seg)ɼఏҊख๏ͷηάϝϯςʔγϣϯϞσ
ϧͱಉҰͷωοτϫʔΫߏͰ͋Δ͕ɼࣝผਫ਼͕࠷େ
0.7ϙΠϯτ্ͨ͠ɽ͜ΕɼλεΫؒͰใΛ૬ޓར
༻͔ͨ͠ΒͰ͋Δͱ͑ߟΒΕΔɽ·ͨɼਤ 3ΑΓۀଳ
ͳͲͷྖҬͷ͍Ϋϥεͱɼݕग़͕ࠔͳͳͲྖҬ͕ࡉ
͍Ϋϥεʹ͓͍ͯߴਫ਼ͳηάϝϯςʔγϣϯ͕Ͱ͖ͯ
͍Δ͜ͱ͕͔Δ.

4.4 Ϋϥεෆߧۉʹର͢Δ༗ޮੑͷௐࠪ
ਓΫϥεΛؚΉύονը૾ΛՃ͢Δ͜ͱʹΑΔਫ਼

ൺֱΛ͏ߦɽද 3ʹɼՃલͱՃͦޙΕͧΕͷఆྔత
ධՁΛࣔ͢ɽग़֬ݱͷ͍ΫϥεΛؚΉύονը૾Λ
Ճ͢Δ͜ͱͰֶश͕҆ఆ͠ɼ΄΅શͯͷΫϥεͰਫ਼্
Λ֬ೝͨ͠ɽ·ͨɼग़֬ݱͷ͍ߴۀଳͷࣝޡผ͕ݮ
গͨ͜͠ͱͰɼྛΫϥεͷࣝผਫ਼͕ 35.7 ϙΠϯτ
ɽ্ͨ͠

ද 3 : ೖྗํ๏มߋʹΑΔൺֱ݁Ռ

Semantic Segmentation Change Detection

ਓ ۀଳ ྛ ࣪ ਫҬ มԽͳ͠ มԽ͋Γ

Ճલ 67.51 85.27 37.81 0.0 31.56 99.20 17.74

Ճޙ 68.97 89.88 73.55 0.0 35.01 99.17 19.47

5.͓ΘΓʹ
ຊڀݚͰɼมԽྖҬͷΦϒδΣΫτΫϥεΛਪఆ͢Δ

͜ͱͷͰ͖ΔมԽݕग़๏ΛఏҊͨ͠ɽ2ͭͷϞσϧΛ
༻͢Δ͜ͱͰɼߴਫ਼ͳมԽྖҬͷݕग़Λ࣮͠ݱɼ୯Ұͷ
U-Netಉ༷ͷηάϝϯςʔγϣϯਫ਼Λୡͨ͠ɽޙࠓɼ
ग़֬ݱͷ͍ΫϥεͷߋͳΔਫ਼্Λݕ౼͢Δɽ
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