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Today’s class
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What are open vocabulary object detectors? How do robots 
use them? 

Spectrum of computer vision problems 

Semantic Segmentation 

Object Detection 

Modern multi-modal (vision + language) architectures



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/wendys-llc/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



Today’s class
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What are open vocabulary object detectors? How do robots 
use them? 

Spectrum of computer vision problems 

Semantic Segmentation 

Object Detection 

Modern multi-modal (vision + language) architectures

(Pre-trained models like OWL-ViT and Grounding DINO  can take any 
image and text queries, and output bounding boxes with scores)



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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Slides from Stanford CS231N: Object Detection and Image Segmentation 
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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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Today’s class
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What are open vocabulary object detectors? How do robots 
use them? 

Spectrum of computer vision problems 

Semantic Segmentation 

Object Detection 

Modern multi-modal (vision + language) architectures

(Pre-trained models like OWL-ViT and Grounding DINO  can take any 
image and text queries, and output bounding boxes with scores)

(Classification to Instance Segmentation)
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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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)HL�)HL�/L��-LDMXQ�:X��5XRKDQ�*DR /HFWXUH���� $SULO����������

6HPDQWLF�6HJPHQWDWLRQ�,GHD��6OLGLQJ�:LQGRZ

)XOO�LPDJH

"

Slides from Stanford CS231N: Object Detection and Image Segmentation 

Can you classify this pixel?
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6HPDQWLF�6HJPHQWDWLRQ�,GHD��6OLGLQJ�:LQGRZ

)XOO�LPDJH

"

Slides from Stanford CS231N: Object Detection and Image Segmentation 

Can you classify this pixel?

Pretty hard without context!
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&ODVVLI\�FHQWHU�
SL[HO�ZLWK�&11

&RZ

&RZ

*UDVV
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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!



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

6HPDQWLF�6HJPHQWDWLRQ�,GHD��6OLGLQJ�:LQGRZ

)XOO�LPDJH

([WUDFW�SDWFK
&ODVVLI\�FHQWHU�
SL[HO�ZLWK�&11

&RZ

&RZ

*UDVV
3UREOHP��9HU\�LQHIILFLHQW��1RW�
UHXVLQJ�VKDUHG�IHDWXUHV�EHWZHHQ�
RYHUODSSLQJ�SDWFKHV )DUDEHW�HW�DO��³/HDUQLQJ�+LHUDUFKLFDO�)HDWXUHV�IRU�6FHQH�/DEHOLQJ�´�73$0,�����

3LQKHLUR�DQG�&ROOREHUW��³5HFXUUHQW�&RQYROXWLRQDO�1HXUDO�1HWZRUNV�IRU�6FHQH�/DEHOLQJ´��,&0/�����

30
Slides from Stanford CS231N: Object Detection and Image Segmentation Slides from Stanford CS231N: Object Detection and Image Segmentation 
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VHPDQWLF�VHJPHQWDWLRQ�UHTXLUHV�WKH�RXWSXW�VL]H�WR�EH�WKH�VDPH�DV�LQSXW�VL]H��
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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�
'��[�+���[�:��
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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\

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



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

6HPDQWLF�6HJPHQWDWLRQ
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*UDVV

6N\7UH
HV

/DEHO�HDFK�SL[HO�LQ�WKH�
LPDJH�ZLWK�D�FDWHJRU\�
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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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Today’s class
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What are open vocabulary object detectors? How do robots 
use them? 

Spectrum of computer vision problems 

Semantic Segmentation 

Object Detection 

Modern multi-modal (vision + language) architectures

(Pre-trained models like OWL-ViT and Grounding DINO  can take any 
image and text queries, and output bounding boxes with scores)

(Classification to Instance Segmentation)

(Assign a class to every single pixel)
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Slides from Stanford CS231N: Object Detection and Image Segmentation 
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Activity!



Poll

42

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

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

)XOO\
&RQQHFWHG�
�����WR�����

%R[�
&RRUGLQDWHV
�[��\��Z��K�
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&RQQHFWHG�
�����WR��

[��\�

K
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Poll
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What loss will you use?
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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 



What about multiple 
objects? Would this idea 

work?

46
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47
Slides from Stanford CS231N: Object Detection and Image Segmentation 
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0DQ\�
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What if we tried to 
detect a SINGLE object 

in a PATCH?
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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?
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Instead of running N 
ConvNets, run just ONE!
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Learn region proposal in 
an end to end manner!
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Today’s class
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What are open vocabulary object detectors? How do robots 
use them? 

Spectrum of computer vision problems 

Semantic Segmentation 

Object Detection 

Modern multi-modal (vision + language) architectures

(Pre-trained models like OWL-ViT and Grounding DINO  can take any 
image and text queries, and output bounding boxes with scores)

(Classification to Instance Segmentation)

(Assign a class to every single pixel)

(FASTER-RCNN: Learn ROI, predict object, bbox, mask for each region)



Modern Architectures (OWL-ViT)
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