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ÿÿ�x±{ 

{_}ûx�1×�´[/�ß~o{�~¼»{Û~{_~O�xÿö²ëÛy»âÛ

~sxwr»2ßg�1/?{¸º¯�w�{ÿß{ÿu}}ûÿí²ò÷ûWw1}û÷

v²¯zsvt�2Ïxp1Viola ¹[1]�1Haar-like {ÿßx|p¼»}[z{ÿß²�

sv1��ögý~OtÛw~ÿ�Ûw~Ā²�k/ß{ùoy»sxw¿þþ{/~Ü²

}ûy»?ý²óhw�2s~?ýw�1�Ûw~~ëû´øw�1/~Ü²î�w��ÿ

÷ü¿²/ß{Nx»sxw¯×ö{¯x»|1�oy»{ÿß�Î±/�|�hw�²

~wrs�2 

s¼{ÿw1ß~1ý|�ÿ²ot�{_}û?ý|óhu¼vt»2ý|�ÿw�1/

ß~÷ü¿²�ÿy»sx{¸º1/?w¯�y»¸º²¿gýz{ÿßÿû~|ëûw

}»�±1¿þþ~{_}û²ÿý{wvt»2Ïxp1YOLO[2]� DarkNet[3]x|p¼

»ý|�ÿ²ot�{ÿßÿû~²�oy»sxw¿�¿þþz{_}û²ßÿwvt»2 

{_}û�1×�ß{²ùou¼vt»2×�ß�1³ÿy»f{w×ßw��ßÿõü

üðĀ²f�oU{ny�²~wr»2³ÿy»õüüð{{_}û²�kùow1õüü

ð�wÿßÞq»sxw1{_²ÿíy»sx|w}»2s~¸vz{_ÿíx~²÷ýü

ñ� Tracking by detectionÿ}û{¸»ÿíĀx|p¼1ß~1[ou¼vt»2}~ïè

Ïxwv1SORT[4]x|p¼»?ý|r»2SORT w�1õüüð�wßtO�{}ûu

¼�{_\/²ÿßÞq»sxwÿí²¯v2SORT ~{ùxwv�1}û|w}¼p¿þ

þ~ÿí|¯x»sx´÷v�þ|�tsx|{r¹¼»2/o1oùxwv�1}û{y

wy»xÿí²¯xztsx|{r¹¼»2³ÿy»õüüðw��ßÕû~YW�/u

t2}¼{²{{¿¹z1³ÿy»õüüð{{_}û²ùoy»x1r»õüüðw�ù

W{}ûw}�~{1{x³y�ßÕû{YW~ztk~õüüðw�}û{ywy»s

x|r»2Tracking by detection ~²÷ýüñ²x»x1s~¸vz}ûyw{¸ºÿí|

�W¼»sx|_Üxz»2 

}swo|~w�1×�ß{¹~{_}û{ztv1f�oUw~{_}û}ÿ²ÛÛu

{»sx²ogy2}~�±{1ßg~¸v{×�ß~Tõüüð{ÿwvÿÿztþ�{

{_}û÷v²ùoy»~w�z�1f�oU{³ÿy»uõüüð{¹ÿûw�{ÿß

²S{1{_}û²¯v?ý²óhy»2s¼{¸º1_ß~õüüð~åy²{_}û{

{ow}»¸v{z»�±1³ÿwv{_²}ûw}»¸v{z»x�x¹¼»2w_ö{

�1~z1}ûw�tõüüð~�ßx}~_ß~õüüð~�ß{ÿwv{ÿßÿû²¯

v2k{1ÿûw�ÿt~³ÿy»õüüð~{ÿß²/?xwv{_}û²¯vsxw1

³ÿ}û~gýUN²ogy2 

ïO1ÿúw�1{_}û~ßg?ý{ttvÿy»2ÿúw�1o|~~óh?ýwr

»ý|�ÿ²ot�³ÿõüüð{¹~{_}û?ý{ttvÿy»2ÿúw�1óhw�

³ÿw�ÿõüüð²/?xy»{_}û?ýxÿÿztþ�wv÷vy»{_}û?ý
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ÿYOLOĀx~��²¯t1óhw�?ý~oûg²ßïy»2ÿúw�1oÞo~}Þx

Îß~ºÜ{ttvÿy»2 
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ÿÿý|�ÿ{¸»{_}û 

ÿ.ÿ [/�ß{¹~{_}û 

{_}û�1Nx¹¼��ß~o{Ùu¼vt»{Û~{_~O�´ÿö²ëÛy»â

Ûwr»2�~1{_}û�Nx¹¼�[/~/?�ß{ÿwv÷v²¯v2Ïxp1Viola

¹[1]�1Nx¹¼� 1 ÿ~�ß~o{¹1Ü~�ß²ëÛy»?ý²óhwvt»2s~

?ýw�1Haar-like {ÿßx|p¼»}[z{ÿß²�sv1��ögý~OtÛw~ÿ�

Ûw~Ā²�k/ß{ùoy»sxw/~Ü²}ûy»2s~?ý²�±1ßg�}ûÿí

xz»{_²èÿy»{ÿß²/?w¯�w1{_}û÷v{Nxvt�2 

s¼{ÿwv1ß~1ý|�ÿ²�s��ß�Û?ý|[�óhu¼1{_}ûw²¿t

gý²�wvt»2ý|�ÿ{¸»{_}ûw�1w�¿�|x|p¼»�}²[ÿ�{n

y�w�¿�ýóøÿü¿ÿCNNĀx|p¼»ýóøÿü¿ë°|�{�¿¼»2{_}

û~ CNN �{ÿßÿûýóøÿü¿x{_}ûýóøÿü¿{¹z»ÿ÷ 1Ā2{ÿßÿ

ûýóøÿü¿w�w�¿�x|p¼»�ß÷v²[ÿ�ùoy»sxw1�ßo~{_

{·y»åy²{ÿßxwvÿûy»2/ß~�ß÷ü¿²�ÿy»sxw1/?w¯�w

�{ÿß¸º²{_}û{ùw�{ÿß²ÿûw}»¸v{z»2{ÿßÿûýóøÿü

¿�1{Û~{_}û~¿¹¿ï{�ÿy»sx²w}»|1[~/ß~�ß÷ü¿{¸º

Ï_{�ÿw�²~²{oy»sx²w}»2s~¸vz�ÿn�~{ÿßÿûýóøÿ

ü¿�{ÿßÿû~x|p¼»2ÿöw�1VGG[5]´ ResNet[6]zy¿gýz{ÿßÿû

~|ûw{{ow}»¸v{zsvt»2{ÿßÿûýóøÿü¿wÿûw�{ÿß²/

?xwv1{_}ûýóøÿü¿w�ßo~{_~O�´ÿö1~Þ²Ûwwvû?y»2

Faster R-CNN[7]�1ý|�ÿ{¸»/?{¹û?~w²öç1[/~ò÷ûÿEnd-to-EndĀ

w�ÿy»sx|w}»_±v~{_}ûò÷ûwr»2End-to-End~�ÿ{¸º1�ß

YÜ~ã�x¿ù¹~Ûw²ÿt~ýóøÿü¿w÷vy»sx|w}»2~�1SSD[8]

�1÷õ¹ûøüó¿¹x|p¼»ÿ�ñ¿üó²Ý�y»sxwð¶ó÷³ó°üó¿

¹²ëÛy»2÷õ¹ûøüó¿¹{¸º1/ut{_~}û{²ÿßy»sx|w}»2 

ý|�ÿ²�s�{_}û?ý~ÿtxwv YOLO[2]|r»2YOLO w�1ï¼þ¹³

²xtv²~²�oy»sxw1y~�ß{ÿíxy»¿ù¹~{_|kú{}ûu¼v

t»{²víy»2ï¼þ¹³²�1<Vru¼��ßÿð¶ó÷³ó°üó¿¹Ā{{_

|/svtv1kú{�ß²öxvt»{~kúu=x<T¿ù¹~Înú÷=²owy»

g{wr»2s~ï¼þ¹³²{¸º1�ßYÜ~ã�x¿ù¹~Ûw²\f{¯vsx|

w}»�±1ú²û¿´ð{ßt÷v�þ²ßÿwvt»2~�1ß~ YOLO �u¹z»

²k²Òrvzº1õ�z YOLO ~ò÷û|óhu¼vt»2YOLO v3[9]w�ù5z¹

±üû~{_~}û²¯v�±{1{ÿþó÷~/}u{ßxv1ÿt~û?||[�y»

ÿ÷ 2Ā2}~�±1{ÿþó÷~/}u{rs�1{ÿßÿûýóøÿü¿~{ÿßx{
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_}ûýóøÿü¿~{ÿß²}\y»sxw1uz»/}u~{_}û{ÿßwvt»2

416×416 ~�ß²/?xy»|\113×13126×26152×52 ~/}u{\s�{ÿßÿ

ûýóøÿü¿~{ÿßx{_}ûýóøÿü¿~{ÿß²}\w1}¼~¼²û?|{

Nxvt»2 

s~¸v{1{_}û}ÿxwv{_²övÿ�~ç²û?y»?ý{ÿwv1U-

Net[10]~¸vz�}[Ow¸º}{�{_~�ß²û?y»»þóö³ó¿»°ñóö

ü·÷ó[11]²ot�?ý²[�y»2U-Net �{Û~}Þ�ß~}û´Ó~�ß~}û

{�ou¼vt»2U-Net |ùou¼»�ß�1{ÛVß~Þ�w��ßxz»|1{ÛV

ß~��ö]u~�ÿ÷ü¿w¿t}ûþþ|ß¹¼»2 

 

 

 

 

 

 

÷ 1 ý|�ÿ{¸»[/�ß{¹~{_}û~�xo 

 

 

 

  

�ß(t) {ÿßÿû(CNN) {_}û(CNN) û?�ß
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÷ 2 YOLO v3 ~ýóøÿü¿ë° [12] 
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ÿ.ÿ ×�ß{¹~{_}û 

×�ß{ztv²{_}û|ùou¼vt»2³ÿy»õüüð{{_}û²�kùo

w1õüüð�wÿßÞq»sxw1{_²ÿíy»sx|w}»2s~¸vz{_ÿíx

~²÷ýüñ� Tracking by detectionÿ}û{¸»ÿíĀx|p¼1ß~1[ou¼vt»2

}~ïèÏxwv1SORT[4]x|p¼»?ý|r»2SORT w�1õüüð�wßtO�

{}ûu¼�{_\/²ÿßÞq»sxwÿí²¯v2Shuai[13]¹~?ý�1N�~ SORT

²}ïw�²~wr»2YOLO w}ûw�ð¶ó÷³ó°üó¿¹²�owv1õüüð

~_ßwßt/}uxßt×}~ð¶ó÷³ó°üó¿¹²ÿßuq»sxw1}ûÿí

{ ID ²tqvÿí²¯v2DeepSORT[14]² SORT ²}ïw�ò÷ûwrº1_»~Þ

�þ²��y»AIò÷û²�oy»sxw1ÿßÞq{¿�o~Þ�þ~åy²{oy»2

s¼¹~?ý�/Ûf�~õüüð~åy²ßcy»|1{_}û{/Ûf�ÿqvyw

y»x1}~÷ü¿||ìu¼1ÿí|�W¼»xtvq�w�_Üù|r»2 

×�ß{¹~{_}ûw�1_ûwÿy�[/�ß{¹~{_}û²×�ß~õüüð

ï{ùoy»oý|/®öwr»2ý|�ÿ{¸»{_}û~gýUN{�t1SORT ~¸

vz Tracking by detection ~²÷ýüñ|ßoö{zsv}vt»2w{w1}ûgý|

¿�v²1×�ß~[u~õüüð²÷vwvt�x1f5{_}û{ywy»sx|r»2

Nÿ~�º1SORT w�s~¸vz}ûyw|ox»xÿí÷v²ywwvw~v2}~�

±1ý|�ÿ²otv×�ß{{Ww�{_}û²¯v?ý²óhu¼vt»2 

ROLO[15]�1LSTM x|p¼»ý|�ÿ~ýóøÿü¿²�s�×�ß{¹~{_}

û?ýwr»2LSTM� Long Short Term Memory ~uw1fÿW~åy²�oy»sx

|w}»2ROLO w� YOLO ²otv{_~O�xÿöÿð¶ó÷³ó°üó¿¹ÿBBoxĀ

²ÿûy»2s~ BBox ² LSTM²�svõ³üùðó¿y»sxw1Tõüüðw~{

_}û~�{1_õüüðw}ûu¼�{_~O�´ÿö~åy²{oy»2s¼{¸º1

{_\/~Ýzº|rs�|\zyw²1{_}û~O�þþ|UNy»2w{w1fÿW

oUw{owvt»~�{_~O�´ÿö~åy~�w1_õüüð~�ßåy�{ow

vz¹z1f�oUw~³ÿw�{_}û~ÛÛW{�oûw�zt2 

U-Net3DT[16]�1U-Net[10]²f�oU{ã�w1ÿkSw�¿�²^/y»sxw{

_}û~þþUN²ogw�×�ß{¹~{_}û?ýwr»2U-Net3DT ~ýóøÿü

¿ë°²÷ 3 {�y2U-Net3DT w�1�ß²f�oU{�}��ßÿ²ÿkS�ßx�

zwv÷v²¯v2n ÿ~�}��ß²/?xwvNx»x1n ÿ~{_}û}ÿ|ß¹¼

»2{_}û}ÿ�1U-Net x\ù1BBoxw�z��}[Owèÿu¼»ÿ»þóö³ó

¿»°ñóöü·÷óĀ2U-Net3DT w�1VGG´ ResNet ~¸vz�ÿn�ò÷û²{ÿ

ßÿû~xwv{ow}zt�±1ÿ{¹yv�ÿy»ß�|r»2}~�±1gý|r~

ºï�ztxts�_Ü|r»2 
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÷ 3 U-Net3DT ~ýóøÿü¿ë° [16] 
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ÿ.ÿ ßg?ý~_Üù 

×�ß�1³ÿy»f{w×ßw��ßÿõüüðĀ²f�oU{ny�²~wr»2³

ÿy»õüüðw��ßÕû~YW�/ut2}¼{²{{¿¹z1³ÿy»õüüð{{

_}û²ùoy»x1r»õüüðw�ùW{}ûw}�~{1{x³y�ßÕû{YW~

ztk~õüüðw�}û{ywy»sx|r»2Tracking by detection ~²÷ýüñ²x

»x1s~¸vz}ûyw{¸ºÿí|�W¼»sx|_Üxz»2 
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ÿÿ×�ß~³ÿõüüð²ot�{_}û 

ÿ.ÿ ³ÿõüüð{¹~{_}û 

 o|~w�1×�ß{¹~{_}û{ztv1{_}û²ùow�tõüüðpqwz�

}~_ß²�±�³ÿw� 3 õüüð²/?xwvNxv÷vy»?ý²óhy»ÿ÷ 4Ā2

/?u¼�Tõüüð{¹{ÿßÿû~w{ÿß²ÿûy»2ß¹¼� 3 õüüðV~{

ÿß²}\wv{_}ûýóøÿü¿{Nxv1{_²}ûy»2³ÿõüüð²�}v/

?xwvNx»sx{¸º1_ß~õüüð~åy²{_}û{{ow}»¸v{z»�

±1³ÿwv{_²}ûw}»¸v{z»x�x¹¼»2Ïxp1÷ 5 ~¸v{³ÿw�

ÿÿ~�ß{ÿwv{_}û÷v²¯s�xy»2ßg?ýw��ßÿÿ{ÿwvþ�w

v{_}û÷v²¯v�±1f{ t+1 x t-1 ~}û{rßwv²f{ t w~}û{ywy»

|\|r»2s¼{ÿwv1óh?ýw�f{ t ~_ßõüüðwr»{_}û{rßwv

t»f{ t-1 x t+1 ~{ÿß²f{ t w~{_}û÷v{{oy»sx|w}»2s¼{¸

º1f{ t w~}û}ÿ|UNy»x�x¹¼»2 

 óh?ý~ýóøÿü¿ÿ÷ 4Ā�13 õüüð~/?{ÿw1ÿt~{ÿßÿû~²n

yv1}¼~¼ùoy»ë°xz»2{ÿßÿû~{�1ç[~�ÿn�CNN ²{oy»2

ß¹¼� 3 õüüðV~{ÿß�}\wv{_}ûýóøÿü¿{Nx»2{_}ûýó

øÿü¿�1YOLO v3 ~ýóøÿü¿ë°²Ó�{1}\w�{ÿß²sx»¸v{ñó

ýûu{²Yöw�²~²{oy»2}¼~¼~ýóøÿü¿~û}{ttv1kûwÿy

»2 
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�ß(t-1)

�ß(t)

�ß(t+1)

}û}ÿÿï

}û}ÿÿ×

}û}ÿÿï

ßg?ý

�ß(t-1)

�ß(t)

�ß(t+1)

}û}ÿÿï

}û}ÿÿ×

}û}ÿÿï

�ß(t)

}û}ÿÿï

óh?ý

÷ 5 óh?ýxßg?ý~Õt 

�ß(t-1)

�ß(t+1)

�ß(t)

{ÿßÿû(CNN)

{ÿßÿû(CNN)

{ÿßÿû(CNN)

{_}û(CNN)

�u~õüüð~{ÿß{¹{_}û

û?�ß

÷ 4 óh?ý~{_}û~�xo 
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ÿ.ÿ óh?ý~ýóøÿü¿ë° 

ÿ.ÿ.ÿ {ÿßÿûýóøÿü¿ 

 o|~w�1{ÿßÿû~xwv�ÿn�~ ResNet[6]²�oy»2ResNet �1ý|�

ÿ²ot�{ÿßÿû~wrº1ßg~ý|�ÿ²ot�?ý¸º²wRöz|~u²ß

ÿw�?ýwr»2ý|�ÿ{ztv|²ý�y»sx�1̧ º¿þw�×z{ÿ²ÿûy

»�±{Ý�wr»2w{w1|²ý�y»xþÝíy_Ü´óW_Üzy{¸º1�ÿ|

²~zt_Ü|ox»2ResNet w�1Residual block x|p¼»?ý²�vsxw1}~¸

vz_Ü²ë~wvt»2Residual block ~�xo�1r»|wn±»gùzû?²�ÿy

»~w�z�1|~/?²Óww�ëÿ·u²�ÿy»xtv²~wrº1s¼{¸ºgù

Ww´y�wvt»ÿ÷ 6Ā2Ïxp1�(�) = �xr{Ùß²�ÿy»~|gùwr»|\

²�x»2÷ 6~ÿ~÷w�1¯ÿ�·u� ~ñùñü¿²¿uw1r{Ùß²�ÿy»

ß�|r»|1s~oýw�|²ß´yxóW_Üzy~_Ü|ÿs»sx|�x¹¼»2

ResNet w�1ó~÷~¸v{1Shortcut Connection xtvÏÞï²ÿòw1�(�) + �²û

?y»¸v{Yöwvt»2s¼{¸º1r{Ùß²�ÿy»{��(�) = 01t~ºñùñ

ü¿| 0{z»¸v�ÿy¼p¸t�±1ÿ~÷{�y�ÿ|}[{z»2÷ 6~ó~÷

~ÿt~w�¿�|x 1 t~ Relu |1}wv Shortcut Connection {¹r»öýó¿²

Residual block x|v2s~ Residual block ²�uÝ}�ýóøÿü¿| ResNet wr»2   

 ResNet � 18|134|150|1101 |1152 |~ÿ~Þ|óhu¼vt»2è 1 �1ÿ

~Þ~ýóøÿü¿{ÿwv1/?�ß| 224×224~µ´º~|\w~w�¿�|tx~

{ÿß~µ´º´ñóýûuzy²�wvt»2o|~w�1152 |~ ResNet ²{ÿßÿ

û~xwv�oy»2YOLO v3 w�þþx÷v�þ~ðùó¹²�owv1DarkNet-53 ²

{ÿßÿû~xwvãowvt»2o|~w�1{ÿßÿû~gý²Ý�wv ResNet-152

²ãow�2è 2 {1YOLO v3[9]w¯¿¼�{ÿßÿû~~gýßï}ÿ²_owv�

y2oÞowãow� ResNet-152 ~o|1YOLO v3 wãou¼vt» DarkNet-53 ¸º

÷v�þ�Õ�z»|1¿tþþw~{_}û|¯x»sx|¿{»2CNN ~w�¿�|

~û?²{ÿþó÷x|v2YOLO v3 ~{_}ûýóøÿü¿w�1ù5z/}u~{_

{ÿßy»�±{1ÿÿ�~/}u~uz»{ÿþó÷²�oy»2o|~w�1è 1 ~

conv3_x1conv4_x1conv5_x~û?²}¼~¼ 3 õüüðV}\w�²~²{_}ûýóø

ÿü¿~/?xwv�oy»2 
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÷ 6 Residual block ~Ï 

 

 

 

  

! " + "

w�¿�|

w�¿�|

ReLu

ReLu

"

!(")

w�¿�|

w�¿�|

ReLu

ReLu

"

!(")

+

Shortcut

Connection

�~~w�¿�| Residual block
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è 1 ResNet ~ýóøÿü¿ë° [6] 

 

 

 

 

 

 

 

è 2 ResNet x DarkNet ~þþ�� [9] 
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ÿ.ÿ.ÿ {_}ûýóøÿü¿ 

 o|~w�1YOLO v3 ²Ó�{wv1{_}û~ýóøÿü¿²ëûw�2óh?ý~

ýóøÿü¿ë°²÷ 7 {�y2{_}ûýóøÿü¿w�1{_}ûw�¿�|{zt

v1{_}û~ÿí{{Ww�{ÿßÿû²¯svt»2{_}ûw�¿�|�<w�¿�

ÿBatch NormalizationÿReLu=wëru¼vt»2 

YOLO v3 ~{_}ûýóøÿü¿w�1ÿÿ�~/}u~{ÿþó÷²{oy»2óh

?ýw�13 õüüðV~/?{ÿwv1\ù{ÿÿ�~/}u~{ÿþó÷²ÿûw13

õüüðV²}\wv{oy»2{ÿþó÷~/}u�{ÿßÿû~wr» ResNet {/?

u¼»õüüðÿ�ßĀ~/}u{ß[y»2õüüð~/}u| 608×608~|\1è 1

~Tw�¿�| conv5_x1conv4_x1conv3_x~{ÿþó÷~/}u�}¼~¼ 19×19138

×38176×76xz»2 

conv5_x{¹~{ÿþó÷� 1 õüüðr�º 2048ñóýûw1s¼² 3 õüüðV}

\w� 6144ñóýû~{ÿß²�owv{_}ûw�¿�|ÿw÷v²¯v2{_}ûw

�¿�|ÿ~û?�1/}u 19×1911024ñóýû~{ÿþó÷wr»2s~û?{¹ñ

óýûu²ß´w�1/}u 19×1912048ñóýû~{ÿþó÷²S{û?|ÿw÷v²

¯v2\f{1s~{ÿþó÷²ÿ]~/}uÿ38×38Ā{²ó÷µó÷úó°w1512 ñ

óýû{w�{ÿþó÷²k~{_}ûw�¿�|ÿw{oy»2{_}ûw�¿�|ÿ

w�1conv4_x{¹~{ÿþó÷ÿ/}u 38×3811024ñóýûĀ3 õüüðVx1N�

~{_}ûw�¿�|ÿ{¹ß¹¼»{ÿþó÷ÿ512 ñóýûĀ²yv}\w� 3584ñ

óýû~{ÿß²�oy»2\ù{1{_}ûw�¿�|ÿw�1conv3_x{¹~{ÿþó

÷ÿ/}u 76×761512 ñóýûĀ3 õüüðVx1{_}ûw�¿�|ÿ{¹ß¹¼»{

ÿþó÷ÿ256ñóýûĀ²yv}\w� 1792 ñóýû~{ÿß²�oy»2 

}¼~¼~{_}ûw�¿�|{ßxv1ÿt~û?||[�y»2û?|�{_}ûw

�¿�|~}ÿ{¹�ö|ÿC,H,WĀ~{ÿþó÷²×q×»2ssw1C�ñóýûu1

H,W�}¼~¼{ÿþó÷~~j~°úóùu²èy2û?|w�1{ÿþó÷{ÿu}1

T°úóùÕw~{_~O�1ÿö1~Þ1ßït²ÿûwvû?y»2s¼¹~}ÿ²}

\wv1{_}û}ÿxy»2 
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out3  
512      76×76 

 
6144     19×19 

 
512      76×76 

 
256      76×76 

 
1792     76×76 

 
512      76×76 

 
256      76×76 

 
256      76×76 

û?|ÿ 

ResNet ResNet ResNet 

�ß(t-1) �ß(t+1) �ß(t) 

/? 608×608 /? 608×608 /? 608×608 

 
2048     19×19 

û?|ÿ 

 
1024     19×19 

 
2048     19×19 

 
1024     19×19 

 
1024     19×19 

 
2048     19×19 

 
512     38×38 

 
512     19×19 

 
1024     38×38 

û?|ÿ 

 
1024     38×38 

 
512      38×38 

 
3584     38×38 

 
1024     38×38 

 
512      38×38 

 
512      38×38 

 
256     76×76 

 
256     38×38 

Conv2d, Batch Normalization, ReLu 

Concatenate 

Upsampling 

{_}ûw�¿�|ÿ 

ÿconv1_dĀ 

out1 

out2 

up1 

up2 

{_}ûw�¿�|ÿ 

ÿconv2_dĀ 

{_}ûw�¿�|ÿ 

ÿconv3_dĀ 

÷ 7 óh?ý~{_}ûýóøÿü¿ë° 
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ÿ.ÿ óh?ý~�ÿx}ÿ~û? 

 óh?ý~�ÿw�1}�÷ü¿xwv1~z1×�ß~Tõüüð{ttv1õüüð

Õ~{_~~Þ²èyÛw/x}~{_~õüüðÕw~O�xÿöx²/?wNx»2

r»õüüðx}~_ßõüüð~ 3 õüüð²�}�²~²/?1}~õüüð~}�

÷ü¿²û?xw�}²�ÿ÷ü¿xwvóh?ý{Nxv�ÿy»sxw1{_}ûò

÷û²_ry»2 

 {_}û}ÿ²ß»��1}ûw�t×�ß²/?xwvNx»2Nx¹¼�×�ß{¹

³ÿw�õüüð²ÿÿ�}��ßÿ²×�ß~õüüð~upq_ry»2Nx¹¼�

�ßÿ²�ÿn�~{_}ûò÷û{/?xwvNx»sxw1{_}û²¯v2}ÿ~û

?xwv1ÿ�~O�åy|Nx¹¼»2s~O�åy{¹ï¼þ¹³²²n±»2ï¼þ

¹³²�1<Vru¼��ßÿð¶ó÷³ó°üó¿¹Ā{{_|/svtv1kú{�ß

²öxvt»{~kúu=x<T¿ù¹~Înú÷=²owy»g{wr»2ï¼þ¹³²

|¿t¸º²¿tð¶ó÷³ó°üó¿¹²{_}û}ÿxwvû?y»2 
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ÿÿß� 

ÿ.ÿ ß�¯Û 

 oß�w�1óh?ý|ßg?ýÿYOLO v3Āx�yv×�ßw~{_}û|y~{þ

ÛÛy»{²¿ÿy»�±{ÿt~ß�²¯v2 

 }ûy»ÿí{_�¿~ÿ¿ù¹xw1ß�÷ü¿xwv 35o~¿~×�ß[17]²ot

»2ß�÷ü¿{ot»¿~�ßÏ²÷ 8 {�y2×�ß{¸sv×�ßÕ~¿~u´�

ßµ´º|uz»2÷ 8 ~ÿN~�ß{¹ó~�ß{U{svÿßy»×�ß²×�ÿ1

×�ÿûûû×� 35xwv1×�ßtx~ß�÷ü¿~åy²è 3 {�y2×�ß²õü

üð{Vëw 10ÿ~³ÿõüüð~�ßÿ²_ry»2s~�ßÿ²o|~w�¿úó÷

x|v2¿úó÷²_ry»vuxwv�1ß�ÿw³ÿ}û~þþßï²¯v�1¿úó

÷²�oy»�±wr»2×�ß{¸º1õüüðu~Õt´×�ßÕw~¿~×}~YW

|uz»�±1×�ß{ßxvÿt~×�ß{¹ÿ<8[~¿úó÷²_ry»2~�1\

x×�ßwrsv²¿úó÷{¸sv�1[�y»¿~u|uz»2Ïxp1×� 8 ~|

\1r»¿úó÷w�ÿ½~¿|¿úó÷Õ{[�y»|1w~¿úó÷w�ÿ½~¿|¿

úó÷Õ{[�y»2\�w 1400 ÿÿ140 ¿úó÷Ā~�ß²ß�÷ü¿xwvot»2

~�1ß�÷ü¿{¹¿|[�y»kë~O�xÿöÿBBoxĀ²�y÷ü¿² LabelImg[18]

xtvôüû²�sv/?{¸º_rw�2 

 o|~w�1¿ý¹ðú÷ü·÷óx|p¼»?ý²otvßï²¯vÿ÷ 9Ā2¿ý¹

ðú÷ü·÷ó�ß�÷ü¿² K [{Vrwv1}~vq/t²}¾÷ü¿1ëº~ K-1

[²�ÿ÷ü¿{�oy»sxw1K[~ñ¿üówþþßï²¯v?ýwr»2ß�÷ü

¿|]zt|\1�ÿ´}¾{�v÷ü¿{¸sv}ÿ|/}�uzsvw~vp¼|r

»2¿ý¹ðú÷ü·÷ów�ß�÷ü¿²Vry»sxw1�ÿ}ÿ~_º|z�þþß

ï²¯x»2o|~~ß�ÿ1ß�ÿw� 35[~×�ß²ÿt{Vry»sxw1ÿñ¿

üó~ß�{¹þþßï²¯v2 

 {ÿßÿû{ot» ResNet ��ÿn�~ò÷û²�oy»2�ÿ�óh?ýxßg?ý

ÿYOLO v3Ā}¼~¼w¯t1�ÿÞu�ñ¿üótx{ 10000 Þ¯v2�ÿ~��/?

�ß~/}u² 608×608{¯Ûw1}¾~��/?�ß~/}u² 416×416{¯Ûy»2 
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÷ 8 ß�÷ü¿{ot»¿~�ßÏ 
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/}u õüüðüüøÿõüüðÿûÿ õüüðu ¿úó÷u ¿~u

×�1 1920×1080 60.00 687 6 1

×�2 3840×2160 30.00 382 4 1

×�3 1920×1080 30.00 408 5 1

×�4 1920×1080 25.00 151 3 2

×�5 1920×1080 50.00 328 4 1

×�6 3840×2160 60.00 1828 4 3

×�7 3840×2160 25.00 255 3 3

×�8 1920×1080 29.97 713 8 1~2

×�9 3840×2160 29.97 976 4 1

×�10 1920×1080 30.00 356 3 1

×�11 1920×1080 24.00 369 4 1

×�12 3240×2160 25.00 538 4 4

×�13 1920×1080 30.00 678 3 1

×�14 3840×2160 30.00 258 3 1

×�15 3840×2160 25.00 180 3 1

×�16 1920×1080 30.00 401 4 1

×�17 1920×1080 30.00 588 6 1

×�18 3840×2160 30.00 235 3 1

×�19 3840×2160 23.98 314 3 3

×�20 1920×1080 30.00 461 4 2

×�21 1920×1080 25.00 535 4 2

×�22 3840×2160 23.98 312 4 1

×�23 1920×1080 23.98 415 4 2

×�24 4096×2160 29.97 277 3 2~4

×�25 4096×2160 25.00 347 3 1

×�26 3840×2160 29.97 198 3 2

×�27 4096×2160 29.97 1057 6 3~6

×�28 1920×1080 30.00 262 3 4~6

×�29 4096×2160 29.97 905 5 1

×�30 3840×2160 25.00 406 3 2

×�31 3840×2160 50.00 1099 7 2

×�32 1920×1080 59.94 567 4 1

×�33 3840×2160 29.97 1110 4 2

×�34 3840×2160 25.00 202 3 3

×�35 1920×1080 25.00 368 3 3~4

è 3 ß�÷ü¿~åy 
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÷ 9 ¿ý¹ðú÷ü·÷ó~Ï 
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ÿ.ÿ ß�ÿ 

 ß�ÿw�óh?ýxßg?ýÿYOLO v3Āx~�Wù\÷ÿAPĀ²ot���²¯v2

AP � m [~këùùû~vq1y~�¹t~ùùû²}ûw}vt»{²�Wö{èw

�²~wr»2AP~�ÿ{�1Intersection over Union(IoU)ÿ÷ 10Ā²ot»2IoU�k

ë÷ü¿~�ßÿkë�ßĀx}û}ÿ~�ßÿ}û�ßĀ~/õþ²�y²~wr»2IoU

|¿tÿoß�w� 0.5ĀïNwr»|\1}ûw�ÿ�(BBox)²këxy»2këw�

BBox² True Positive(TP)1këwzt BBox² False Positive(FP)1y~}ûw� BBoxx

²}Þtvtztkë~ÿ�² False Negative(FN)xy»2s~t{¹ Precision x Recall

²�ÿy»2Precision x Recall ~_�ïO~¸v{z»2 

Precision = ��
�� + �� 

Recall = ��
�� + �� 

 s~ Precision x Recall {¹ AP²n±»2{_}ûw�1BBox~ï¼þ¹³²|r»

¿tïN~²~²}û}ÿxy»2s~¿t²Yx»x1Precision1Recall ~t|YWy»2

Recall |�~f1Presicion ~t²�(�)xy»2AP�1Recall ~xºß»ÿö[0,1]w~ P(r)

~�WxwvÛÿu¼1_�ïO~¸v{z»2 

AP = � �(�)��
Ø

Ø

 

AP~g/t� 1 xzº1t|/}t{y}ûþþ|¿tsx²�y2ÎÞ~ß�w�1¿

~¿ù¹~�wr»�±1¿~ùùû|y~�¹t}ûw}vt»{²��y»2 

 oß�w�¿ý¹ðú÷ü·÷ó~?ý{¸ºÿt~ñ¿üó{Vëwv}¾²¯v2

ÿt~ñ¿üótx{ 10000 Þ~�ÿ²¯v2÷ 11 {�ÿÞuï~ loss ·u~YW²�

y21000 Þ~weï{�]w�ß1r»{þ~_wY×wz|¹ß5{�]wvt»2�

ÿ~�o�ÿw~{×²��y»�±{1�ÿÞu 3000 Þ15000 Þ110000 Þw~}ÿ²

ñ¿üóï{��y»2óh?ýx YOLO v3 w~ß�}ÿ²è 4{�y2 
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÷ 10 IoU~ëÿÿ¿çÿkë�ß1{çÿ}û�ßĀ 

 

 

 

 

 

 

 

  

IoU = 
Ý��ß

y_�ß

÷ 11 loss ·u~ëûÿÿÿóh?ý1óÿYOLO v3Ā 
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ß�ÿ~ß�}ÿ~�ß 

 è 4 {¹1ñ¿üóÿï_~ñ¿üó{ztv1óh?ý~}ÿ| YOLO v3 ~}ÿ¸

º²{¼vt»sx|¿{»2ñ¿üóÿw� YOLO v3 ~�ÿÞu 5000 Þw~}ÿ~t

|g²{¼vt»|1ñ¿üóï~�Wt{ztvóh?ý~g²{¼vt»}ÿÿ10000

ÞĀx YOLO v3 ~g²{¼vt»}ÿÿ10000 ÞĀ²��y»xóh?ý� YOLO v3 ¸

º²} 0.04 NÞsvt»2s~sx{¹1y_ö{1óh?ý~}ûþþ| YOLO v3 ¸

º²{¼vt»sx|¿{»2~�1�ÿÞutx~}ÿw¿v�»x�ÿÞu 10000 Þ

|ë}{¼�}ÿ²�wvt»2ñ¿üóÿw~ YOLO v3 ~}ÿw�110000 Þ¸º²

5000 Þ~o|ït}ÿ{zsvt»|1�Wtw¿»x�ÿÞu|[t{yþþ|ï�z

svt»sx|¿{»2 

 

 

 

 

 

è 4 ß�ÿ~}ÿÿAP) 

 

  

ñ¿üóÿ ñ¿üóĀ ñ¿üóā ñ¿üóĂ ñ¿üóă �W

YOLO v3

3000 0.5012 0.3072 0.5746 0.6864 0.3589 0.4857

5000 0.5873 0.3607 0.6358 0.7072 0.4454 0.5473

10000 0.6162 0.4214 0.6838 0.6460 0.4933 0.5721

óh?ý

3000 0.5366 0.2045 0.6440 0.6112 0.3407 0.4674

5000 0.6307 0.3588 0.6702 0.6917 0.4860 0.5675

10000 0.6362 0.4325 0.7240 0.7050 0.5533 0.6102
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ß�ÿ~ÿòß� 

ß�ÿw�1óh?ý| YOLO v3 ¸º²}ûþþ{ztv{¼vt»sx²�w�2w

{w1óh?ý~�ÿÞu 10000 Þw~ñ¿üótx~�Wt� 0.6102 xzsvzº1r

~ºï�zt}ÿwr»2}sw1MSCOCO[19]w�ÿ²¯zs� YOLO v3 xß�÷ü

¿² 10000 Þ�ÿw�óh?ýw~��²¯s�2MSCOCO �¿~¿ù¹²�° 80 ~Þ

~¿ù¹~} 10Oÿ~�ßwëru¼»÷ü¿»óøwr»2s~MSCOCO ~�ÿn�

ò÷û²ot� YOLO v3 ~ APxóh?ý{zq»�ÿÞu 10000Þw~ AP~��²è 

5{�y2 

è 5{¹MSCOCO w~�ÿn�ò÷û²ot� YOLO v3 ~}ÿ|óh?ý{zq»

�ÿÞu 10000 Þw~}ÿ¸º²/}�NÞsvt»sx|¿{»2ñ¿üótx~�W

tw¿»x1} 0.23NÞsvt»2s~ßö~/txwv1óh?ýw~�ÿ÷ü¿u|

]z{s�sx|�x¹¼»2ÎÞ~ß�w�1ß�÷ü¿{ 10ÿ~³ÿw��ßÿwr

»¿úó÷² 140 [�owvt»2ÿt~¿úó÷Õ~�ß�{x³yYW~zt�ß~

�±1uz»¿´÷~�ßxwv� 140 ~Þ~�wr»x�x¹¼»2ss{¹¿ý¹ð

ú÷ü·÷ó~?ý²ot»x1ÿt~ñ¿üów} 110 ~Þw{�ÿ{�ou¼zt2

×�ßw�x»x 28 o~×�w{�ÿ{�xvtzt2MSCOCO �} 10 Oÿ~�ßw

ëru¼vt»sx²�x»x1}ÿ|ï�z{s�ßö~ÿtxwv1ß�÷ü¿~u|

]z{s�sx|�x¹¼»2[/~�ß÷ü¿�ß~��ößÖ|ûw{zsvt»|1

óh?ýw�]z�x²³ÿw� 3 õüüð~×�ß|ß�xz»2�ÿ÷ü¿~ßÖ~

ö÷u|ºÜ~/twr»2 

 

 

 

 

 

è 5 MSCOCO ²ot� YOLO v3 xóh?ýÿ�ÿÞu 10000 ÞĀx~�� 

 

  

ñ¿üóÿñ¿üóĀñ¿üóāñ¿üóĂñ¿üóă �W

YOLO v3
(MSCOCO)

0.7571 0.8396 0.9021 0.9978 0.7026 0.8398

óh?ý 0.6362 0.4325 0.7240 0.7050 0.5533 0.6102
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ÿ.ÿ ß�ÿ 

 ß�ÿw�1óh?ýxßg?ýÿYOLO v3Āw~³ÿ}û~þþ²ßïy»2ß�÷ü

¿�ß�ÿx\ù{1140[~¿úó÷²ot»2ÿ¿úó÷{�³ÿy» 10õüüðV

~�ß|r»2s~ 10õüüðÕw}ûu¼�ÿ��ßÿBBoxĀ~u|y~�¹tY¿s

�{²��y»sxw1³ÿ}û~þþ²ßïy»2w_ö{�1÷ 12 ~¸v{1r»õ

üüðw}ûu¼� BBox ~ux}~k~õüüðw}ûu¼� BBox ~u~ÿV²×»2

s~ÿV²ÿßy»¿~utx{ 140 ¿úó÷V×º1ÿV~\�u²óh?ýx YOLO 

v3 w��y»2ÿV~\�u|/ut{y1³ÿw~}û|¯xvt»sx{z»2ï¼

þ¹³²~¿t� 0.4xy»2ß�~}ÿ²è 6{�y2 

 

 

 

 

 

 

 

÷ 12 ³ÿõüüðtx~}ûu¼� BBox~u~ÿV~Ïÿ¿çÿ}ûrßĀ;1 

  

 
;1 ¿~²´³óÿhttps://icooon-mono.com/about-icoon-mono/ 

õüüðÿ õüüðĀ õüüðā

ÿVÿÿ ÿVÿÿ
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ß�ÿ~ß�}ÿ~�ß 

 è 6{¹óh?ý~o| YOLO v3 ¸º²ÿV~\�u|]zt}ÿwrs�2YOLO 

v3 w� BBox~u~YW| 251Þrs�~{ÿwv1óh?ýw�1}[V~ 133Þwr

s�2s~sx{¹1óh?ý� YOLO v3 {�yv1³ÿw~}û|¯xvzº1f�

oUw~{_}û}ÿ|ÛÛwvt»x�x»2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

k{1ß�÷ü¿~¿úó÷~o{¹ÿt~Ï²øs110 õüüðw}ûu¼»ÿ��

ß~u~��²¯s�2�ow�¿úó÷~�ß²÷ 13 {�y2 

 

 

 

 

 

 

 

 

 

 

 

 

  

ÿV~\�u

YOLO v3 251

óh?ý 133

è 6 ß�ÿ~}ÿ 

Ïÿ Ïÿ Ïÿ 

÷ 13 �ow�¿úó÷~�ß 
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Ïÿ~{_}û}ÿ 

è 7 {Ïÿw~õüüðtx~kwtÿ��ß~uxßg?ýw~ BBox ~u1óh?

ýw~ BBox~u²�y2~�1YOLO v3 w{_}û²¯zs�}ÿ~¿úó÷²÷ 141

óh?ýw{_}û²¯zs�}ÿ~¿úó÷²÷ 15{�y2Ïÿw�1�ßo{ÿ½~

¿|[�y»�±1s~ÿ½~¿~O�{ÿ��ß|Þòu¼vt¼p}û|rßxz»2

YOLO v3 w� 1 õüüð13 õüüð19õüüðw}ûo¼|oxvt»~{ÿwv1

óh?ýw�yv~õüüðw}û|w}vt»2 

 

 

 

 

 

 

 

è 7 Ïÿ~õüüðï~ÿ��ß~u 

 

 

 

 

 

 

 

 

ÿ Ā ā Ă ă Ą ą Ć ć 10

kë 1 1 1 1 1 1 1 1 1 1

YOLO v3 0 1 0 1 1 1 1 1 0 1

óh?ý 1 1 1 1 1 1 1 1 1 1

¿ûûû¿ 1 ~ÿ��ß~u 
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÷ 14 Ïÿ{ÿwv YOLO v3 w{_}û²¯zs�}ÿ~¿úó÷ 
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÷ 15 Ïÿ{ÿwvóh?ýw{_}û²¯zs�}ÿ~¿úó÷ 

 



 30 

Ïÿ~{_}û}ÿ 

è 8 {ÿ½o~¿²¿¯1ÿ½o~¿²þ¯~u_w1Ïÿw~õüüðtx~kwt

ÿ��ß~uxßg?ýw~ BBox~u1}óh?ýw~ BBox~u²�y2~�1YOLO 

v3 w{_}û²¯zs�}ÿ~¿úó÷²÷ 161óh?ýw{_}û²¯zs�}ÿ~¿

úó÷²÷ 17{�y2Ïÿw�1�ßo{ÿ½~¿|[�y»�±1ÿ½~¿tx~O�

{ÿ��ß|Þòu¼vt»{yv{w}û²víy»2YOLO v3 w� 2 õüüðo{z

tvÿ½o~¿~}ûo¼|oxvt»|1óh?ýw� 2 õüüðo²}ûo¼z�y

v~õüüðw}û|w}vt»2 

 

 

 

 

 

 

 

è 8 Ïÿ~õüüðï~ÿ��ß~u 

 

 

 

 

  

ÿ Ā ā Ă ă Ą ą Ć ć 10

kë 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1

YOLO v3 1,1 1,0 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1

óh?ý 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1 1,1

¿ûûû¿ 1 ~ÿ��ß~u 

þûûû¿ 2 ~ÿ��ß~u 
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÷ 16 Ïÿ{ÿwv YOLO v3 w{_}û²¯zs�}ÿ~¿úó÷ 
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÷ 17 Ïÿ{ÿwvóh?ýw{_}û²¯zs�}ÿ~¿úó÷ 
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Ïÿ~{_}û}ÿ 

è 9 {ÿ½o~¿²¿¯1ÿ½o~¿²þ¯1ÿ½o~¿²ý¯1ÿ½o~¿²�¯~

u_w1Ïÿw~õüüðtx~kwtÿ��ß~uxßg?ýw~ BBox~u1óh?ý

w~ BBox~u²�y2~�1YOLO v3 w{_}û²¯zs�}ÿ~¿úó÷²÷ 181ó

h?ýw{_}û²¯zs�}ÿ~¿úó÷²÷ 19{�y2Ïÿw�1�ßo{ÿ½~¿

|[�y»�±1ÿ½~¿tx~O�{ÿ��ß|Þòu¼vt»{yv{w}û²ví

y»2YOLO v3 xóh?ý~oow1¿ÿ~}û|w}z{s�sx|¿{»2s¼�¿

ÿx¿ÿ|Ýzº\svt»�±1�o~¿pq}ûu¼1²v�o~¿�}û|w}z{

s��±wr»2 

 

 

 

 

 

 

 

è 9 Ïÿ~õüüðï~ÿ��ß~u 

 

 

 

 

 

 

 

 

  

ÿ Ā ā Ă ă Ą ą Ć ć 10

kë 1,1,1,1 1,1,1,1 1,1,1,1 1,1,1,1 1,1,1,1 1,1,1,1 1,1,1,1 1,1,1,1 1,1,1,1 1,1,1,1

YOLO v3 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,0,1,1 1,1,0,1

óh?ý 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1 1,1,0,1

¿ûûû¿ 1 ~ÿ��ß~u 

þûûû¿ 2 ~ÿ��ß~u 

ýûûû¿ 3 ~ÿ��ß~u 

�ûûû¿ 4 ~ÿ��ß~u 
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÷ 18 Ïÿ{ÿwv YOLO v3 w{_}û²¯zs�}ÿ~¿úó÷ 
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÷ 19 Ïÿ{ÿwvóh?ýw{_}û²¯zs�}ÿ~¿úó÷ 
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ÿt~Ï{¹~�ß 

 ÏÿxÏÿ{ztv�1YOLO v3 w~{_}ûw}ûo¼|oxvt�~{ÿwv1ó

h?ýw~{_}ûw�1}ûo¼z�yv~õüüðw}û|w}vt�2~�1Ïÿ

w�1YOLO v3 xóh?ý~oow1ÿ½~Õÿ½~¿~}û|v~�t{ztsx|ú

�u¼�2s~¿�w~¿xÝzº\svt»�±1oo~¿²w5{}ûy»sx|÷

w{s�x�x¹¼»2óh?ýw�}ûy»õüüð~_ß~õüüð²{_}û{{

oy»|1_ß~õüüðw~}û|v~�tsvtzq¼p¿ü²óøxz»õüüð

~}û²v~�t{zt|\|�x¹¼»2s~sx{¹1ßg?ýw�u~õüüð²

³ÿwv}ûw}zt¸vz{_{ÿwv�1óh?ýw²}ûy»sx|÷wtx�x

»2 

 

 

  



 37 

ÿ.ÿ ß�ÿ 

 ß�ÿw�1óh?ý~{_}ûýóøÿü¿~ñóýûu²ß´ysxw1þþ~YW

|¿¹¼»{yv{²ßïw�2ñóýûu²ß´ysxw1�ÿw}»{ÿß²ßx»�

±1þþ~UN|¿¿±»2�{1ñóýûu²�¹ysxw�ÿyy}ñùñü¿u|�

º1�ÿ÷ü¿|]z�v²ùW{�ÿ|¯x»ÿýg²r»x�x�2 

 è 10{1ß�{ot�Týóøÿü¿~ñóýûu²�y21.5]ýóøw�1{_}

ûw�¿�|w~Tñóýûu²yv 1.5]10.5]ýóøw�yv 0.5]xw�2{_}

ûw�¿�|ÿ,ÿw�1}¼~¼{_}ûw�¿�|ÿ,ÿ{¹~{ÿþó÷²}\wv/

?xwvt»|1{ÿþó÷~ñóýûu|}¼~¼ 1.5]10.5]{Y¿»�±1}\ß

~/?xz»{ÿß~ñóýûu²}¼{ßxvY¿»2 

 ß�ÿ²ß�ÿx\ù{1¿ý¹ðú÷ü·÷ó~?ý{¸ºÿt~ñ¿üó{Vëw

v1AP²otv}¾²¯v2ß�ÿw�1�ÿÞu 3000 Þ15000 Þ110000 Þw~ AP

~t²��wvt�|1ß�ÿw�110000 Þw~ AP~t~�w��y»2ß�ÿ~ß�

}ÿ²è 11 {�y2 
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è 10 ß�{ot�Týóøÿü¿~ñóýûu 

 µ´º óh?ý 1.5 ]ýóø 0.5 ]ýóø 

conv1_d 19×19 

6144 

1024 

2048 

1024 

2048 

1024 

6144 

1536 

3072 

1536 

3072 

1536 

6144 

512 

1024 

512 

1024 

512 

out1 19×19 2048 3072 1024 

up1 38×38 512 768 256 

conv2_d 38×38 

3584 

512 

1024 

512 

1024 

512 

3840 

768 

1536 

768 

1536 

768 

3328 

256 

512 

256 

512 

256 

out2 38×38 1024 1536 512 

up2 76×76 256 384 128 

conv3_d 76×76 

1792 

256 

512 

256 

512 

256 

1920 

384 

768 

384 

768 

384 

1664 

128 

256 

128 

256 

128 

out3 76×76 512 768 256 
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ß�ÿ~ß�}ÿ~�ß 

 è 11 {¹ñóýûu²ß´wv²}ûþþ~UN�{x³y¿¹¼z{s�2ñ¿ü

óÿw�1ñóýûu²ß´w�{_}ûýóøÿü¿w~?ý|g²{¼�}ÿ{zs

�|1�Wy»x÷ 7 ~{_}ûýóøÿü¿w~?ý|g²{¼vt»sx|¿{»2

~�1ñóýûu²�¹w�{_}ûýóøÿü¿w~?ý|y~ñ¿üó{ztv²1g

²êt}ÿ{zsvt»2ß�ÿ~}ÿ{¹1ñóýûu²ß´{pß´y{yþþ|ï�

z»¿qw�z�1o|~w~{_}ûýóøÿü¿~ñóýûu�÷ 7 w�w�²~|

ùWx�x»2 

 

 

 

 

 

 

 

è 11 ß�ÿ~}ÿÿAP) 

 
  

ñ¿üóÿ ñ¿üóĀ ñ¿üóā ñ¿üóĂ ñ¿üóă �W

óh?ý 0.6362 0.4325 0.7240 0.7050 0.5533 0.6102

1.5]ýóø 0.6329 0.4145 0.7289 0.6648 0.5350 0.5952

0.5]ýóø 0.5977 0.3896 0.6322 0.6342 0.5389 0.5585
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ÿÿz¿º{ 

 o|~w�1×�ß{¹~{_}û{ztv1f�oUw~{_}û}ÿ²ÛÛu{»�

±{1f�oU{³ÿy»uõüüð{¹ÿûw�{ÿß²S{1{_}û²¯v?ý²ó

hw1ßg~{_}û?ýx~��{¸ºoûg²�w�2 

 óh?ýw�1{_}û²ùow�tõüüðpqwz�1}~_ß²�±�³ÿw� 3

õüüð{¹{ÿßÿû~w{ÿß²ÿûy»2ß¹¼� 3 õüüðV~{ÿß²}\w

v{_}ûýóøÿü¿{Nxv1{_²}ûy»2³ÿõüüð²�}v/?xwvNx

»sx{¸º1_ß~õüüð~åy²{_}û{{ow}»¸v{z»�±1³ÿwv{

_²}ûw}»¸v{z»x�x�2ß�~}ÿ{¹1óh?ý�{_}û~þþ1f�o

Uw~ÛÛg~ÿt~ùwßg?ý¸º²{¼vt»sx²�w�2w{wz|¹1�Wù

\÷~txwv�r~ºï�zt}ÿwrs�2 

 Îß~ºÜxwv�1�ÿ÷ü¿²ß´ysx|{r¹¼»2ß�xwv1MSCOCO ÷

ü¿»óøw�ÿw�ßg?ýx¯¿w_rw��ÿ÷ü¿w�ÿw�óh?ýx²��

w�}ÿ1óh?ý~}ûþþ�ßg?ý²OÞsvt�2MSCOCO |} 10Oÿ~�ß

wëru¼vt»~{ÿwv1_rw��ÿ÷ü¿� 28oV~×�ß~�wrs�2×�

ß~÷ü¿�1[/�ß{�yvßÖ|÷w�1/?{¸»}�÷ü¿~ÞN~³¹ø²¿

t2s~_Ü²ë~w1¸º/�kz÷ü¿»óøw~ß�|ß�wr»2 

 ~�1/?y»õüüð~u²ß´ysx²ºÜxwv{r¹¼»2o|~w�ÿt~³

ÿw�õüüð²{_}û{�ow�2/?õüüð²u¹{ß´ysxw1̧ º[�~{

ÿß²{_}û{�oy»sx|w}»2w{w1{ÿß²ß´wy~»x1GPU~ñò

úO¿w�ÿ|w}z�z»_Ü|r»�±1ýóøÿü¿ë°~/{|ß�wr»x�

x»2 
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�� 

 o|~²²±»{r�º1tg^t�pt�g^}õwr»ko×O}ë{ý���t

�w~y2|~²²±»ow~ow�_Ü{ÿwv1Ï}{�²ùð´¹²wvt�p}1

|~�×²¸º¹ðüº{¯vsx|w}~w�2Þow?ïß²1Þo~ÿZ´Þoër

~²ùð´¹zy²wvt�p}ý���t�w~y2~�1|~ÿÕw~þÏ´û¿²�

pus�ko|~ÿ~öù{²ý���t�w~y2 
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