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What is an object? Why should robots detect them?
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Rise of Open-Vocabulary Object Detectors
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Pre-trained models like OWL-ViT and Grounding DINO 

can take any image and text queries, and output  

bounding boxes with scores 



Rise of Open-Vocabulary Object Detectors
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Pre-trained models like Segment Anything (SAM) can segment 
individual pixels to precisely identify where the object is



Let’s try it out!
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https://huggingface.co/spaces/merve/Grounding_DINO_demo

https://huggingface.co/spaces/johko/OWL-ViT



Robots now use these models to 

detect and manipulate objects 


without requiring any further training!
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https://portal-cornell.github.io/MOSAIC/
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Goal for Today’s Class
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Build fundamental understanding for 

object detection and semantic segmentation



Activity!



)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO���������

,PDJH�&ODVVLILFDWLRQ��$�FRUH�WDVN�LQ�&RPSXWHU�9LVLRQ

�

FDW

7KLV�LPDJH�E\�1LNLWD�LV�
OLFHQVHG�XQGHU�&&�%<����

�DVVXPH�JLYHQ�D�VHW�RI�SRVVLEOH�ODEHOV�
^GRJ��FDW��WUXFN��SODQH�����`

Let’s assume we have a really good image classifier



Think-Pair-Share!
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Think (30 sec): How can we extend our image classifiers to detect and 
classify objects in an image?

Pair: Find a partner 

Share (45 sec): Partners exchange 

       ideas 



Increasing complexity of computer vision tasks
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Increasing complexity of computer vision tasks
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Increasing complexity of computer vision tasks
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Increasing complexity of computer vision tasks
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Increasing complexity of computer vision tasks
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Slides from Stanford CS231N: Object Detection and Image Segmentation 
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Slides from Stanford CS231N: Object Detection and Image Segmentation 
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)XOO�LPDJH

"

Slides from Stanford CS231N: Object Detection and Image Segmentation 

Can you classify this pixel?
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Slides from Stanford CS231N: Object Detection and Image Segmentation 

Can you classify this pixel?

Pretty hard without context!
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Slides from Stanford CS231N: Object Detection and Image Segmentation Slides from Stanford CS231N: Object Detection and Image Segmentation 
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Slides from Stanford CS231N: Object Detection and Image Segmentation Slides from Stanford CS231N: Object Detection and Image Segmentation 

Classify each patch!
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Slides from Stanford CS231N: Object Detection and Image Segmentation Slides from Stanford CS231N: Object Detection and Image Segmentation 
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Slides from Stanford CS231N: Object Detection and Image Segmentation Slides from Stanford CS231N: Object Detection and Image Segmentation 
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Slides from Stanford CS231N: Object Detection and Image Segmentation Slides from Stanford CS231N: Object Detection and Image Segmentation 



)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO�����������

6HPDQWLF�6HJPHQWDWLRQ�,GHD��)XOO\�&RQYROXWLRQDO

,QSXW�
��[�+�[�: 3UHGLFWLRQV�

+�[�:

'HVLJQ�QHWZRUN�DV�D�EXQFK�RI�FRQYROXWLRQDO�OD\HUV��ZLWK�
GRZQVDPSOLQJ�DQG�XSVDPSOLQJ�LQVLGH�WKH�QHWZRUN�

+LJK�UHV�
'��[�+���[�:��

+LJK�UHV�
'��[�+���[�:��

0HG�UHV�
'��[�+���[�:��

0HG�UHV�
'��[�+���[�:��

/RZ�UHV�
'��[�+���[�:��

/RQJ��6KHOKDPHU��DQG�'DUUHOO��³)XOO\�&RQYROXWLRQDO�1HWZRUNV�IRU�6HPDQWLF�6HJPHQWDWLRQ´��&935�����
1RK�HW�DO��³/HDUQLQJ�'HFRQYROXWLRQ�1HWZRUN�IRU�6HPDQWLF�6HJPHQWDWLRQ´��,&&9�����

�&�[�+�[�:
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Slides from Stanford CS231N: Object Detection and Image Segmentation 



)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO���������

6HPDQWLF�6HJPHQWDWLRQ��6XPPDU\

��
32

Slides from Stanford CS231N: Object Detection and Image Segmentation 
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6HPDQWLF�6HJPHQWDWLRQ
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HV

/DEHO�HDFK�SL[HO�LQ�WKH�
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'RQ¶W�GLIIHUHQWLDWH�
LQVWDQFHV��RQO\�FDUH�DERXW�
SL[HOV

7KLV�LPDJH�LV�&&��SXEOLF�GRPDLQ

*UDVV

&DW

6N\ 7UHHV
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Slides from Stanford CS231N: Object Detection and Image Segmentation 



Increasing complexity of computer vision tasks
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Increasing complexity of computer vision tasks
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Slides from Stanford CS231N: Object Detection and Image Segmentation 
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Activity!



Poll

38

Assume you have a dataset of images.

For each image, you have a target object and a bounding box.

You have a model to predict target objects and bounding boxes.

What loss will you use?

)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO�����������

&ODVV�6FRUHV
&DW�����
'RJ������
&DU������
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2EMHFW�'HWHFWLRQ��6LQJOH�2EMHFW
�&ODVVLILFDWLRQ���/RFDOL]DWLRQ�

7KLV�LPDJH�LV�&&��SXEOLF�GRPDLQ 9HFWRU�
����

)XOO\
&RQQHFWHG�
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Poll
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What loss will you use?
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�[��\��Z��K�

)XOO\
&RQQHFWHG�
�����WR��

[��\�

K

Z



40
)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO�����������

&ODVV�6FRUHV
&DW�����
'RJ������
&DU������
���

2EMHFW�'HWHFWLRQ��6LQJOH�2EMHFW
�&ODVVLILFDWLRQ���/RFDOL]DWLRQ�

7KLV�LPDJH�LV�&&��SXEOLF�GRPDLQ 9HFWRU�
����

)XOO\
&RQQHFWHG�
�����WR�����

%R[�
&RRUGLQDWHV
�[��\��Z��K�

)XOO\
&RQQHFWHG�
�����WR��

[��\�

K

Z

Slides from Stanford CS231N: Object Detection and Image Segmentation 
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Slides from Stanford CS231N: Object Detection and Image Segmentation 



What about multiple 
objects? Would this idea 

work?
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'8&.���[��\��Z��K�
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2EMHFW�'HWHFWLRQ��0XOWLSOH�2EMHFWV
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Slides from Stanford CS231N: Object Detection and Image Segmentation 
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��QXPEHUV

���QXPEHUV

0DQ\�
QXPEHUV�

(DFK�LPDJH�QHHGV�D�
GLIIHUHQW�QXPEHU�RI�RXWSXWV�2EMHFW�'HWHFWLRQ��0XOWLSOH�2EMHFWV

Slides from Stanford CS231N: Object Detection and Image Segmentation 



What if we tried to 
detect a SINGLE object 

in a PATCH?
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RU�EDFNJURXQG

2EMHFW�'HWHFWLRQ��0XOWLSOH�2EMHFWV

Slides from Stanford CS231N: Object Detection and Image Segmentation 
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What if we had a 
SMART patch proposer?
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Isn’t calling a CNN for 
each patch super duper 

slow?

59



60
)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO�����������

5�&11

�[dkj�QZ<OI


][p"
Ij


][p"
Ij


][p"
Ij

/6!h

/6!h

/6!h

7<gdIG�QZ<OI�gIOQ][h�
¥ÃÃÅrÃÃÅ�dQrIYh¦

.IOQ][h�]N��[jIgIhj�
¥.]�¦�Ng]Z�<�dg]d]h<Y�
ZIjP]G�¥¯ÃX¦

�]gq<gG�I<EP�
gIOQ][�jPg]kOP�

][p"Ij

*LUVKLFN�HW�DO��³5LFK�IHDWXUH�KLHUDUFKLHV�IRU�DFFXUDWH�REMHFW�GHWHFWLRQ�DQG�
VHPDQWLF�VHJPHQWDWLRQ´��&935������
)LJXUH�FRS\ULJKW�5RVV�*LUVKLFN��������VRXUFH��5HSURGXFHG�ZLWK�SHUPLVVLRQ�


Y<hhQNs�gIOQ][h�qQjP�
/6!h

�D]r�gIO

�D]r�gIO

�D]r�gIO 3UREOHP��9HU\�VORZ��
1HHG�WR�GR�a�N�
LQGHSHQGHQW�IRUZDUG�
SDVVHV�IRU�HDFK�LPDJH�

+gIGQEj��E]ggIEjQ][h��j]�jPI�.]���Å�[kZDIgh��¥Gr��Gs��Gq��GP¦

Slides from Stanford CS231N: Object Detection and Image Segmentation )HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO�����������

³6ORZ´�5�&11

�[dkj�QZ<OI


][p"
Ij


][p"
Ij


][p"
Ij

/6!h

/6!h

/6!h

7<gdIG�QZ<OI�gIOQ][h�
¥ÃÃÅrÃÃÅ�dQrIYh¦

.IOQ][h�]N��[jIgIhj�
¥.]�¦�Ng]Z�<�dg]d]h<Y�
ZIjP]G�¥¯ÃX¦

�]gq<gG�I<EP�
gIOQ][�jPg]kOP�

][p"Ij

*LUVKLFN�HW�DO��³5LFK�IHDWXUH�KLHUDUFKLHV�IRU�DFFXUDWH�REMHFW�GHWHFWLRQ�DQG�
VHPDQWLF�VHJPHQWDWLRQ´��&935������
)LJXUH�FRS\ULJKW�5RVV�*LUVKLFN��������VRXUFH��5HSURGXFHG�ZLWK�SHUPLVVLRQ�


Y<hhQNs�gIOQ][h�qQjP�
/6!h

�D]r�gIO

�D]r�gIO

�D]r�gIO

+gIGQEj��E]ggIEjQ][h��j]�jPI�.]���Å�[kZDIgh��¥Gr��Gs��Gq��GP¦

3UREOHP��9HU\�VORZ��
1HHG�WR�GR�a�N�
LQGHSHQGHQW�IRUZDUG�
SDVVHV�IRU�HDFK�LPDJH�

,GHD��3DVV�WKH�
LPDJH�WKURXJK�
FRQYQHW�EHIRUH�
FURSSLQJ��&URS�WKH�
FRQY�IHDWXUH�LQVWHDG�



61
)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO�����������

³6ORZ´�5�&11

�[dkj�QZ<OI


][p"
Ij


][p"
Ij


][p"
Ij

/6!h

/6!h

/6!h

7<gdIG�QZ<OI�gIOQ][h�
¥ÃÃÅrÃÃÅ�dQrIYh¦

.IOQ][h�]N��[jIgIhj�
¥.]�¦�Ng]Z�<�dg]d]h<Y�
ZIjP]G�¥¯ÃX¦

�]gq<gG�I<EP�
gIOQ][�jPg]kOP�

][p"Ij

*LUVKLFN�HW�DO��³5LFK�IHDWXUH�KLHUDUFKLHV�IRU�DFFXUDWH�REMHFW�GHWHFWLRQ�DQG�
VHPDQWLF�VHJPHQWDWLRQ´��&935������
)LJXUH�FRS\ULJKW�5RVV�*LUVKLFN��������VRXUFH��5HSURGXFHG�ZLWK�SHUPLVVLRQ�


Y<hhQNs�gIOQ][h�qQjP�
/6!h

�D]r�gIO

�D]r�gIO

�D]r�gIO

+gIGQEj��E]ggIEjQ][h��j]�jPI�.]���Å�[kZDIgh��¥Gr��Gs��Gq��GP¦

3UREOHP��9HU\�VORZ��
1HHG�WR�GR�a�N�
LQGHSHQGHQW�IRUZDUG�
SDVVHV�IRU�HDFK�LPDJH�

,GHD��3DVV�WKH�
LPDJH�WKURXJK�
FRQYQHW�EHIRUH�
FURSSLQJ��&URS�WKH�
FRQY�IHDWXUH�LQVWHDG�

Slides from Stanford CS231N: Object Detection and Image Segmentation 



Instead of running N 
ConvNets, run just ONE!
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Can we get rid of the 
hacky region proposal 

algorithm? 
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Learn region proposal in 
an end to end manner!
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