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Ɣ /DVW�ZHHN�UHFDS

Ɣ 2EMHFW�GHWHFWLRQ

Ɣ ,QVWDQFH�GHWHFWLRQ

Ɣ ([DPSOH�RI�DQ�DGYDQFHG�FRPSXWHU�YLVLRQ�WDVN�

ż +XPDQ�SRVH�HVWLPDWLRQ



/DVW�ZHHN�UHFDS



,PDJH�FODVVLILFDWLRQ



5HPLQGHU��FODVVLILFDWLRQ�YV�UHJUHVVLRQ



2EMHFW�GHWHFWLRQ



2EMHFW�GHWHFWLRQ



/HW¶V�GHWHFW�FDW�KHDGV
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/HW¶V�GHWHFW�FDW�KHDGV



/HW¶V�GHWHFW�FDW�KHDGV



/HW¶V�GHWHFW�FDW�KHDGV



2EMHFW�GHWHFWLRQ
ĺ�2EMHFW�GHWHFWLRQ�FDQ�DJDLQ�EH�VHHQ�DV�D�FODVVLILFDWLRQ�SUREOHP�

6HYHUDO�LVVXHV�ZLOO�DSSHDU�



/HW¶V�GHWHFW�FDW�KHDGV�

)LUVW��PRUH�WKDQ�RQH�
GHWHFWLRQ�SHU�FDW�LV�OLNHO\�

'UHDP�ĺ�



/HW¶V�GHWHFW�FDW�KHDGV�

)LUVW��PRUH�WKDQ�RQH�
GHWHFWLRQ�SHU�FDW�LV�OLNHO\�

5HDOLW\�ĺ�



2EMHFW�GHWHFWLRQ
6ROXWLRQ��1RQ�0D[LPXP�6XSSUHVVLRQ��106�

5HPLQGHU��D�FODVVLILFDWLRQ�LV�UHSUHVHQWHG�E\�D�YHFWRU�
RI�VL]H�1�LI�WKHUH�DUH�1�FODVVHV�

&DW�KHDG 1RW�FDW�KHDG

��� ���
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�� ,I�,28�!�����ĺ�NHHS�%%�ZLWK�KLJKHVW�FRQILGHQFH�
OHYHO

&DW
&RQILGHQFH�OHYHO�����

&DW
&RQILGHQFH�OHYHO�����



2EMHFW�GHWHFWLRQ
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2EMHFW�GHWHFWLRQ
8QGHUO\LQJ�SUREOHP��&RPSXWDWLRQDOO\�H[SHQVLYH

,Q�D�����[���S[�LPDJH��LI�ZH�ZDQW�WR�WHVW�VOLGLQJ�ZLQGRZ�HDFK���SL[HO��ZH�KDYH�WR�
HVWLPDWH�������FODVVLILFDWLRQV��IRU�D�VLQJOH�ZLQGRZ�VL]H�

,I�ZH�WHVW���ZLQGRZ�VL]H�ZLWK���GLIIHUHQW�UDWLRV��������[���� ��������FODVVLILFDWLRQV�
IRU�D�VLQJOH�LPDJH�



2EMHFW�GHWHFWLRQ
5HFDS�VROXWLRQ���

�� &ODVVLI\�VOLGLQJ�ZLQGRZV�RI�GLIIHUHQFH�VL]H�DQG�UDWLRV�LQ�WKH�LPDJH�
�� 0HUJH�LQWHUVHFWLQJ�GHWHFWLRQV�ZLWK�1RQ�0D[LPXP�6XSSUHVVLRQ�

/LPLWDWLRQ��YHU\�FRPSXWDWLRQDOO\�H[SHQVLYH��WHQV�RI�WKRXVDQGV�RI�WHVWV�IRU�HDFK�
LPDJH��



2EMHFW�GHWHFWLRQ
6LGH�TXHVWLRQ��KRZ�GR�ZH�WUDLQ�WKLV"

�� 'DWDVHW�FUHDWLRQ�ZKHUH�HDFK�LPDJH�LV�DVVRFLDWHG�WR�ERXQGLQJ�ER[HV�WKDW�
KDYH�EHHQ�PDQXDOO\�ODEHOOHG�

�� *URXQG�WUXWK�IRU�HDFK�ZLQGRZ�FRUUHVSRQGV�WR�WKH�FODVV�RI�WKH�ODUJHVW�
LQWHUVHFWLRQ���



2EMHFW�GHWHFWLRQ
$�PRUH�JHQHUDO�UHSUHVHQWDWLRQ�RI�REMHFW�GHWHFWRUV�

,Q��VW�VROXWLRQ�
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Ɣ 5HJLRQ�FODVVLILFDWLRQ��KLVWRULFDOO\�690��QHXUDO�QHWZRUNV«
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5HJLRQ�SURSRVDOV 5HJLRQ�
FODVVLILFDWLRQ

5HJLRQV�
SRVW�SURFHVVLQJ
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SURSRVLWLRQV�
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2EMHFW�GHWHFWLRQ
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2EMHFW�GHWHFWLRQ
ĺ�7KLV�LV�FDOOHG�6HOHFWLYH�6HDUFK



2EMHFW�GHWHFWLRQ

6HOHFWLYH�6HDUFK�>�@�UHGXFHV�QXPEHU�RI�UHJLRQV�WR�DSSUR[LPDWHO\������SHU�LPDJH�

>�@�6HJPHQWDWLRQ�DV�6HOHFWLYH�6HDUFK�IRU�2EMHFW�5HFRJQLWLRQ��6DQGH�HW�DO������



2EMHFW�GHWHFWLRQ

6ROXWLRQ����8VH�6HOHFWLYH�6HDUFK�IRU�UHJLRQ�SURSRVDOV�

ĺ�0DLQ�LGHD�EHKLQG�5�&11

5�&11�KDV�WZR�DGGLWLRQDO�³KDFNV´�

5HJLRQ�SURSRVDOV 5HJLRQ�
FODVVLILFDWLRQ
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SRVW�SURFHVVLQJ
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2EMHFW�GHWHFWLRQ
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2EMHFW�GHWHFWLRQ
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2EMHFW�GHWHFWLRQ
,VVXHV�

Ɣ &ODVVLILHU�LQ�WZR�SDUWV��WUDLQHG�VHSDUDWHO\�
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2EMHFW�GHWHFWLRQ
+RZ�FDQ�ZH�UHGXFH�WKH�FRPSXWDWLRQDO�UHGXQGDQFLHV"
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2EMHFW�GHWHFWLRQ
�[��5HJLRQ�RI�,QWHUHVW�SRROLQJ�OD\HU

,W�DOORZV�XV�WR�UHXVH�WKH�IHDWXUH�PDS�IURP�WKH�FRQYROXWLRQDO�QHWZRUN

KWWSV���GHHSVHQVH�DL�UHJLRQ�RI�LQWHUHVW�SRROLQJ�H[SODLQHG�

https://deepsense.ai/region-of-interest-pooling-explained/


2EMHFW�GHWHFWLRQ
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https://deepsense.ai/region-of-interest-pooling-explained/
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https://deepsense.ai/region-of-interest-pooling-explained/
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2EMHFW�GHWHFWLRQ
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Ɣ 6OLJKWO\�EHWWHU�SHUIRUPDQFH�WKDQ�5�&11
Ɣ 7UDLQ�VSHHGXS������[
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2EMHFW�GHWHFWLRQ
1HZ�FRQFHSW��5HJLRQ�3URSRVDO�1HWZRUN��531�
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2EMHFW�GHWHFWLRQ
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2EMHFW�GHWHFWLRQ
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2XWSXW�IRU�HDFK�FHOO�

��ERXQGLQJ�ER[HV���FRQILGHQFHV

���FODVVHV

ĺ��[�[��



2EMHFW�GHWHFWLRQ
0XFK�IDVWHU�������ISV�

3UREOHPV�LI�REMHFW�LV�WRR�VPDOO�DQG�IRU�JURXSV�RI�VPDOO�REMHFWV�

/RFDOLVDWLRQ�LV�OHVV�DFFXUDWH�



2EMHFW�GHWHFWLRQ
<ROR9���<ROR9����



2EMHFW�GHWHFWLRQ
5HWLQD1HW��VWDWH�RI�WKH�DUW��ZRUNV�ZHOO�ZLWK�GHQVH�DQG�VPDOO�VFDOH�REMHFWV�

7ZR�PDLQ�LGHDV«

Ɣ )HDWXUH�3\UDPLG�1HWZRUN
Ɣ )RFDO�/RVV



2EMHFW�GHWHFWLRQ
1HZ�FRQFHSW��5HJLRQ�3URSRVDO�1HWZRUN��531�
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'LIIHUHQW�W\SHV�RI�S\UDPLG�DUFKLWHFWXUHV

7VXQJ�<L�/LQ��3LRWU�'ROOiU��5RVV�*LUVKLFN��.DLPLQJ�+H��%KDUDWK�+DULKDUDQ��³)HDWXUH�3\UDPLG�1HWZRUNV�IRU�2EMHFW�'HWHFWLRQ´������



2EMHFW�GHWHFWLRQ

)RFDO�ORVV�

)RFDO�/RVV�UHGXFHV�WKH�ORVV�FRQWULEXWLRQ�IURP�HDV\�H[DPSOHV�DQG�LQFUHDVHV�
WKH�LPSRUWDQFH�RI�FRUUHFWLQJ�PLVFODVVLILHG�H[DPSOHV��

$GGUHVVHV�FODVV�LPEDODQFH�E\�IRFXVLQJ�RQ�VDPSOHV�ZLWK�ORZHU�SUREDELOLW\��

7VXQJ�<L�/LQ��3UL\D�*R\DO��5RVV�*LUVKLFN��.DLPLQJ�+H��³)RFDO�/RVV�IRU�'HQVH�2EMHFW�'HWHFWLRQ´�������



,QVWDQFH�VHJPHQWDWLRQ



,QVWDQFH�VHJPHQWDWLRQ

,QVWDQFH�VHJPHQWDWLRQ� 
2EMHFW�GHWHFWLRQ��
6HPDQWLF�6HJPHQWDWLRQ



,QVWDQFH�VHJPHQWDWLRQ

��[���
VHJPHQWDWLRQ�
PDVN



,QVWDQFH�VHJPHQWDWLRQ
0DVN�5&11



,QVWDQFH�VHJPHQWDWLRQ

KWWSV���JLWKXE�FRP�PDWWHUSRUW�0DVNB5&11�EORE�PDVWHU�VDPSOHV�FRFR�LQVSHFWBPRGHO�LS\QE

https://github.com/matterport/Mask_RCNN/blob/master/samples/coco/inspect_model.ipynb


7RGD\¶V�SODQ

6HH�LQ�GHWDLO�D�VROXWLRQ�IRU�DQ�DGYDQFHG�FRPSXWHU�YLVLRQ�WDVN�

Ɣ +XPDQ�SRVH�HVWLPDWLRQ�ZLWK�2SHQ3RVH

7DNH�D�ORRN�DW�LQYHUVH�SUREOHPV�ZLWK�&11

Ɣ &11�UHJUHVVLRQ�IRU�LPDJH�GHQRLVLQJ
Ɣ 'HHS�,PDJH�3ULRU��DQ�DW\SLFDO�XVH�RI�&11

0LVVLQJ�KHUH

Ɣ *HQHUDWLYH�$GYHUVDULDO�1HWZRUNV
Ɣ 7ULSOHW�ORVVHV
Ɣ «



+XPDQ�3RVH�(VWLPDWLRQ�ZLWK�2SHQSRVH



5HDOWLPH�0XOWL�3HUVRQ��'�3RVH�(VWLPDWLRQ�XVLQJ�3DUW�$IILQLW\�)LHOGV
=KH�&DR��6KLK�(Q�:HL��7RPDV�6LPRQ��<DVHU�6KHLNK�������
6OLGHV�WDNHQ�PDLQO\�IURP�KWWSV���JLWKXE�FRP�=KH&�5HDOWLPHB0XOWL�3HUVRQB3RVHB(VWLPDWLRQ
6RPH�LPDJHV�IURP��KWWSV���DUYUMRXUQH\�FRP�KXPDQ�SRVH�HVWLPDWLRQ�XVLQJ�RSHQSRVH�ZLWK�WHQVRUIORZ�SDUW���H��DE����IF�

http://www.youtube.com/watch?v=pW6nZXeWlGM
https://github.com/ZheC/Realtime_Multi-Person_Pose_Estimation
https://arvrjourney.com/human-pose-estimation-using-openpose-with-tensorflow-part-2-e78ab9104fc8
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2SHQSRVH��3DUWV�'HWHFWLRQ���3DUWV�$VVRFLDWLRQ

7RS�GRZQ 2SHQSRVH
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2SHQSRVH��3DUWV�'HWHFWLRQ���3DUWV�$VVRFLDWLRQ

7RS�GRZQ



2SHQSRVH��3DUWV�'HWHFWLRQ���3DUWV�$VVRFLDWLRQ

7RS�GRZQ 3DUW�$IILQLW\�)LHOGV



2SHQSRVH��3DUWV�'HWHFWLRQ���3DUWV�$VVRFLDWLRQ

7RS�GRZQ



2SHQSRVH��3DUWV�'HWHFWLRQ���3DUWV�$VVRFLDWLRQ

7RS�GRZQ 3DUW�$IILQLW\�)LHOGV



2SHQSRVH��3DUWV�'HWHFWLRQ���3DUWV�$VVRFLDWLRQ

7RS�GRZQ 2SHQSRVH
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3DUWV��
'HWHFWLRQ

,PDJH

1RYHOW\��-RLQWO\�/HDUQLQJ�3DUWV�'HWHFWLRQ�DQG�3DUWV�$VVRFLDWLRQ

3DUWV
$VVRFLDWLRQ



&11

3DUWV��
'HWHFWLRQ

,PDJH

1RYHOW\��-RLQWO\�/HDUQLQJ�3DUWV�'HWHFWLRQ�DQG�3DUWV�$VVRFLDWLRQ

3DUWV
$VVRFLDWLRQ



6HTXHQWLDO�3UHGLFWLRQ�ZLWK�/HDUQHG�6SDWLDO�&RQWH[W

&11

5LJKW�VKRXOGHU

«

5LJKW�ZULVW

5LJKW�NQHH

6WDJH��

&RQYROXWLRQDO�3RVH�0DFKLQHV��:HL��5DPDNULVKQD��.DQDGH��6KHLNK��&935�����



6HTXHQWLDO�3UHGLFWLRQ�ZLWK�/HDUQHG�6SDWLDO�&RQWH[W

&11

3

&RQYROXWLRQDO�3RVH�0DFKLQHV��:HL��5DPDNULVKQD��.DQDGH��6KHLNK��&935�����

6WDJH��



&11

3

6WDJH��

6HTXHQWLDO�3UHGLFWLRQ�ZLWK�/HDUQHG�6SDWLDO�&RQWH[W

5LJKW�:ULVW���6WDJH��



&11

3

&11

6WDJH�� ������������������������������������������������6WDJH��

5LJKW�:ULVW���6WDJH��

3

6HTXHQWLDO�3UHGLFWLRQ�ZLWK�/HDUQHG�6SDWLDO�&RQWH[W



&11

3

&11

5LJKW�:ULVW���6WDJH�� 5LJKW�:ULVW���6WDJH��

3

6HTXHQWLDO�3UHGLFWLRQ�ZLWK�/HDUQHG�6SDWLDO�&RQWH[W

6WDJH�� ������������������������������������������������6WDJH��



&11

3

&11

3

««��

6WDJH�7

3

&11

««

6HTXHQWLDO�3UHGLFWLRQ�ZLWK�/HDUQHG�6SDWLDO�&RQWH[W

5LJKW�:ULVW���6WDJH�� 5LJKW�:ULVW���6WDJH�� 5LJKW�:ULVW���6WDJH�7

6WDJH�� ������������������������������������������������6WDJH��





Ɣ +QEX�][Ys�Y]E<Y�Z<rQZkZh�]N�jPI�PI<j�Z<dh�
Ɣ ]ZdkjIG�Ds�Z<r�E][p]YkjQ][�

([DFW�SDUW�ORFDWLRQV�E\�QRQ�PD[LPXP�VXSSUHVVLRQ
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3DUWV��
'HWHFWLRQ

,PDJH

-RLQWO\�/HDUQLQJ�3DUWV�'HWHFWLRQ�DQG�3DUWV�$VVRFLDWLRQ

3DUWV��
$VVRFLDWLRQ



3DUW�3HUVRQ�$VVRFLDWLRQ�IRU�0XOWL�3HUVRQ�3RVH�(VWLPDWLRQ

(OERZ��
:ULVW

«

GHWHFWLRQV

3DUW



3DUW�3HUVRQ�$VVRFLDWLRQ�IRU�0XOWL�3HUVRQ�3RVH�(VWLPDWLRQ

3RVH3DUW

GHWHFWLRQV



(OERZ��
:ULVW

3DUW�WR�3DUW�$VVRFLDWLRQ�IRU�0XOWL�3HUVRQ�3RVH�(VWLPDWLRQ



(OERZ��
:ULVW

3DUW�$IILQLW\�6FRUH�*XLGHV�WKH�&RQQHFWLRQ



(OERZ��
:ULVW
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�
�

3DUW�$IILQLW\�6FRUH�*XLGHV�WKH�&RQQHFWLRQ



(OERZ��
:ULVW

3DUW�$IILQLW\�6FRUH�*XLGHV�WKH�&RQQHFWLRQ



+RZ�WR�2EWDLQ�WKH�3DUW�$IILQLW\�6FRUH

(OERZ��
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