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What is object detection?



What is object detection?
Classification: What is it?

Object Detection: What and where?



The application of object detection?

Face Detection



The application of object detection?

Autonomous driving



The application of object detection?



The application of object detection?

Defect Detection



Metrics



Metrics



Metrics

Rank by confidence



Metrics

Interpolated AP



Object Detection as Classification: Sliding Window
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Object Detection as Classification: Sliding Window



Object Detection as Classification: Sliding Window





R-CNN



R-CNN

• Training is slow (84h), takes a lot 
of disk space

• Inference (detection) is slow 
• 47s / image with VGG16



Fast R-CNN





Fast R-CNN RoI Pooling



Fast R-CNN



Feature Maps = features and their locations





Faster R-CNN



• Anchors:	pre-defined	reference	boxes	
• Box	regression	is	with	reference	to	anchors:	

•	regressing	an	anchor	box	to	a	ground-truth	box	

• Object	probability	is	with	reference	to	anchors,	e.g.:	
	 •	anchors	as	posi?ve	samples:	if	IoU	>	0.7	or	IoU	is	max	 

	 •	anchors	as	nega?ve	samples:	if	IoU	<	0.3	

Anchor as References



Anchor as References

• Transla?on-invariant	anchors:	
	•	the	same	set	of	anchors	are	used	at	each	sliding	posi?on	 

	•	the	same	predic?on	func?ons	(with	reference	to	the	sliding	
window)	are	used	 

	•	a	translated	object	will	have	a	translated	predic?on	



• Mul?-scale/size	anchors:	
• mul?ple	anchors	are	used	at	each	posi?on:		

e.g.,	3	scales	(1282,	2562,	5122)	and	3	aspect	ra?os	(2:1,	1:1,	
1:2)	yield	9	anchors	

• each	anchor	has	its	own	predic?on	func?on		
• single-scale	features,	mul?-scale	predic?ons	

Anchor as References



Target

Anchor

A feature map.

Anchor as References



Anchor-Based Two-Stage Detector

• Rich feature hierarchies for accurate object detection and semantic segmentation 


• https://arxiv.org/abs/1311.2524


• Fast R-CNN 


• https://arxiv.org/abs/1504.08083


• Faster R-CNN: Towards Real-Time Object Detection with Region Proposal Networks 


• https://arxiv.org/pdf/1506.01497.pdf


• Mask RCNN


• https://arxiv.org/pdf/1703.06870.pdf

https://arxiv.org/abs/1311.2524
https://arxiv.org/pdf/1506.01497.pdf
https://arxiv.org/pdf/1703.06870.pdf


Anchor-Based One-Stage Detector



Anchor-Based One-Stage Detector

Backbone:  
Feature Extractor

Neck:  
Feature Enhancer

Head:  
Classification and Regression for each anchor

K: The number of classes 
A: The number of anchors



Anchor-Based One-Stage Detector



• SSD: Single Shot MultiBox Detector 


• https://arxiv.org/abs/1512.02325


• You Only Look Once: Unified, Real-Time Object Detection


• https://arxiv.org/abs/1506.02640


•  YOLO9000: Better, Faster, Stronger 


• https://arxiv.org/abs/1612.08242


• Focal Loss for Dense Object Detection


• https://arxiv.org/pdf/1708.02002.pdf

Anchor-Based One-Stage Detector

https://arxiv.org/abs/1512.02325
https://arxiv.org/abs/1506.02640
https://arxiv.org/abs/1612.08242
https://arxiv.org/pdf/1708.02002.pdf


• Two-Stage detector ≈ One-Stage detector + Refine Head


• There are some training details in two-stage detector which makes the two-stage 
detector may perform worse than one-stage detector in some scenario. I will leave 
this for you to think and discuss after reading the papers.

Two-Stage VS One-Stage Detector



• Anchor is an important but sensitive hyper-parameters for detection performance.


• What happens if there is a dog which is much larger than all of the anchors in a 
detection algorithm? 


• It will fail to detect!

Anchor-Free One-Stage Detector



Anchor-Free One-Stage Detector

• Point as references to avoid all hyper-
parameters related to anchor boxes.


• Regression for each point in a feature map

(x0, y0)

(x1, y1)

(x, y)



• Anchor-Based Detector will use IoU to assign the positive or negative to an anchor.


• Anchor-Free Detector has other strategy.


• spatial constraint: center (x, y) is considered as a positive sample if it falls into 
any ground-truth bounding box.


• scale constraint: Based on max(l*, r*, t*, b*) to assign ground-truth box to 
different head.

Anchor-Free One-Stage Detector

Image (16x16)

Convolutional 
 (with stride > 1)

Feature map (4x4)



Anchor-Free One-Stage Detector



• FCOS: Fully Convolutional One-Stage Object Detection


• https://arxiv.org/pdf/1904.01355.pdf


• CenterNet: Keypoint Triplets for Object Detection


• https://arxiv.org/pdf/1904.08189.pdf


• FoveaBox: Beyond Anchor-based object Detector


• https://arxiv.org/pdf/1904.03797v1.pdf

Anchor-Free One-Stage Detector

https://arxiv.org/pdf/1904.01355.pdf
https://arxiv.org/pdf/1904.08189.pdf
https://arxiv.org/pdf/1904.03797v1.pdf


• What is the reference


• Anchor vs Points (or others)

Anchor-Based VS Anchor-Free 



• How to assign positive and negative


• IoU(Anchor-based) vs Rules(Anchor-free)


• It is nowadays an interesting research topic in 
object detection.


• Bridging the Gap between Anchor-based and 
Anchor-free Detection via Adaptive Training 
Sample Selection. https://arxiv.org/abs/
1912.02424


• FreeAnchor: Learning to Match Anchors for 
Visual Object Detection. https://arxiv.org/abs/
1909.02466

Anchor-Based VS Anchor-Free 

https://arxiv.org/abs/1912.02424
https://arxiv.org/abs/1912.02424
https://arxiv.org/abs/1909.02466
https://arxiv.org/abs/1909.02466


Object Detection: lots of variable

• Base Network

• VGG16

• ResNet-(18/34/50/101)

• Inception-(v1/v2/v3)

• MobileNet-(v1/v2/v3)

• ResNext

• ….

• Architecture

• two-stage

• faster RCNN

• Mask RCNN


• one-stage

• Yolo-(v1/v2/v3/v4)

• SSD

• RetinaNet

• FCOS


• ….

• Reference

• anchor

• anchor-free(points)

• ….

• Takeaways

• Two-stage is more accurate but 

slower

• One-stage is faster but not as 

accurate



At last…

• Any question about object detection, please send me an email.


• If you are interested in computer vision, please feel free to apply for an 
internship or a full-time position in SmartMore.


• If you are interested, drop me an email at: exxon.yan@smartmore.com

mailto:exxon.yan@smartmore.com


Thanks!


