
Lecture 12: Object Detection - part 2
02/19/2025

ROB 498/599: Deep Learning for Robot 
Perception (DeepRob)

https://deeprob.org/w25/

https://deeprob.org/w25/


Today
• Feedback and Recap (5min)
• Object Detection (part 2)

– Fast R-CNN  (25min)
• Receptive Fields
• ROI Align
• ROI Pool

– Faster R-CNN (25min)
• Region Proposal Network

– Mask R-CNN (6min)
– YOLO (6min)
– Mesh R-CNN (6min)

• Summary and Takeaways (5min)



Recap: Object Detection 
P3 released, 
Due March 9, 2025
Start NOW!!!



Recap: Fast R-CNN

(lightweight)

(most computation in 
backbone)



Fast R-CNN

Question:



Recall: Receptive Fields

???



Recall: Receptive Fields



Recall: Receptive Fields



Recall: Receptive Fields



Recall: Receptive Fields



Projecting Points



Projecting Points



Projecting Points



Projecting Points



Cropping Features: RoI Pool

Girshick, “Fast R-CNN”, ICCV 2015.
https://openaccess.thecvf.com/content_iccv_2015/papers/Girshick_Fast_R-CNN_ICCV_2015_paper.pdf 

https://openaccess.thecvf.com/content_iccv_2015/papers/Girshick_Fast_R-CNN_ICCV_2015_paper.pdf


Cropping Features: RoI Pool



Cropping Features: RoI Pool



Cropping Features: RoI Pool



Cropping Features: RoI Pool



Cropping Features: RoI Align



Cropping Features: RoI Align



Cropping Features: RoI Align



Cropping Features: RoI Align



Cropping Features: RoI Align



Cropping Features: RoI Align



Cropping Features: RoI Align



Cropping Features: RoI Align



Cropping Features: RoI Pool



Fast R-CNN vs “Slow” R-CNN



Fast R-CNN vs “Slow” R-CNN

Girshick et al, “Rich feature hierarchies for accurate object detection and semantic segmentation”, CVPR 2014. 
He et al, “Spatial pyramid pooling in deep convolutional networks for visual recognition”, ECCV 2014
Girshick, “Fast R-CNN”, ICCV 2015



Fast R-CNN vs “Slow” R-CNN



Fast R-CNN vs “Slow” R-CNN



Faster R-CNN: Learnable Region Proposals

Ren et al, “Faster R-CNN: Towards Real-Time Object Detection with Region 
Proposal Networks”, NIPS 2015 
Figure copyright 2015, Ross Girshick; reproduced with permission



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Region Proposal Network (RPN)



Faster R-CNN: Learnable Region Proposals



Faster R-CNN: Learnable Region Proposals



Extend Faster R-CNN to Image Segmentation: 
Mask R-CNN



Extend Faster R-CNN to Image Segmentation: 
Mask R-CNN



Extend Faster R-CNN to Mask R-CNN



Extend Faster R-CNN to Mask R-CNN



Mask R-CNN

He et al., “Mask R-CNN”, ICCV 2017
https://openaccess.thecvf.com/content_ICCV_2017/papers/He_Mask_R-CNN_ICCV_2017_paper.pdf 

https://openaccess.thecvf.com/content_ICCV_2017/papers/He_Mask_R-CNN_ICCV_2017_paper.pdf


Mask R-CNN



Mask R-CNN for Human Pose Estimation



Mask R-CNN for Human Pose Estimation



Mask R-CNN for Human Pose Estimation



Detection without Anchors - Transformers

(more details later)

https://arxiv.org/abs/2005.12872 

+ No RPN
+ No Anchors
+ No NMS

- Slow to train
- Worse than Faster R-CNN 

for smaller objects

https://arxiv.org/abs/2005.12872


SAM2

Under “in_class” folder 
“20250218_discussion_image_predictor_example.ipynb”

https://ai.meta.com/sam2/ 

● pre-trained Vision Transformer (ViT)
● NLP prompt

https://ai.meta.com/sam2/


Two Stage vs One Stage Detectors



Two Stage vs One Stage Detectors

https://pjreddie.com/yolo/ 

https://pjreddie.com/yolo/


YOLO
Split into SxS grid



YOLO Each cell predicts B boxes(x,y,w,h) and 
confidences of each box: P(Object)



YOLO Each cell predicts boxes and 
confidences(example: B=2)



YOLO Each cell also predicts a class probability
Conditioned on object: P(Class | Object)



YOLO

NMS

P(class|Object) * P(Object) 
=P(class)

Combine boxes and class probabilities
Apply NMS



YOLO



YOLO Variants
https://arxiv.org/abs/1506.02640 (original YOLO paper, 2015)
https://arxiv.org/abs/2304.00501 (from YOLOv1 to YOLOv8 and YOLO-NAS, 2023)
https://arxiv.org/abs/2402.13616 (YOLOv9, Feb. 2024) 
https://arxiv.org/abs/2405.14458 (YOLOv10, May 2024)
https://arxiv.org/abs/2410.17725 (YOLOv11, Oct. 2024)
https://www.arxiv.org/abs/2502.12524 (YOLOv12, Feb.18, 2025)
https://github.com/sunsmarterjie/yolov12 (YOLOv12 pytorch, Attention-centric YOLO)

heatmap
comparison

https://arxiv.org/abs/1506.02640
https://arxiv.org/abs/2304.00501
https://arxiv.org/abs/2402.13616
https://arxiv.org/abs/2405.14458
https://arxiv.org/abs/2410.17725
https://www.arxiv.org/abs/2502.12524
https://github.com/sunsmarterjie/yolov12


3D Shape Prediction: Mesh R-CNN

https://arxiv.org/abs/1906.02739 

Mesh R-CNN:
2D image -> 3D triangle meshes

https://arxiv.org/abs/1906.02739


3D Shape Prediction: Mesh R-CNN

Attach a customized head that operates on each RoI coming out 
of Mask R-CNN



3D Shape Prediction: Mesh R-CNN



3D Shape Prediction: Mesh R-CNN

https://proceedings.neurips.cc/paper_files/paper/2024/file/29c8c615b3187ee995029284702d3f43-Paper-Conference.pdf (2024 NIPS, 3D Scene Diffusion) 

https://proceedings.neurips.cc/paper_files/paper/2024/file/29c8c615b3187ee995029284702d3f43-Paper-Conference.pdf


Summary
● P3 released, Due March 9, 2025

Start NOW!!!
● Also, Canvas Quizzes

“R-CNN Family”

Region proposals

ROI Pool
ROI Align

Instance Segmentation

RPNs


