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定位 + 分类

What is 计算机图像实体检测？

Our Demo1 垃圾分类 By YOLO



What is 计算机图像实体检测？



Where is 计算机图像实体检测？



How is 计算机图像实体检测？
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How is 计算机图像实体检测？
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How to 计算机图像实体检测？

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃

𝐹𝑃𝑅 =
𝐹𝑃

𝐹𝑃 + 𝑇𝑁

Our Demo1 垃圾分类 By YOLO

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁



How to 计算机图像实体检测？

https://image-net.org/download-images.php https://cocodataset.org/#home http://host.robots.ox.ac.uk:8080/ https://github.com/openimages/dataset

https://image-net.org/download-images.php
https://cocodataset.org/#home
http://host.robots.ox.ac.uk:8080/
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Life of 计算机图像实体检测

1966
Marvin Minsky

&
Gerald Sussman

1973
图画结构

Pictorial Structure

1980s
人工智能寒冬

各种滤波器诞生

1998
神经网络
人脸检测

早期探索阶段(1966-1998)



Life of 计算机图像实体检测

1999
SIFT

尺度不变特征变换

2001
VJ检测器

Harr-like特征

2005
HOG检测器

方向梯度直方图

2008
DPM

可变形部件模型

传统计算阶段(1999-2011)



Life of 计算机图像实体检测

传统计算阶段(1999-2011)

· 选取候选区域

· 特征提取

· 特征向量分类

滑动窗口法 选择性搜索法 ···

SIFT HOG ···

SVM AdaBoost ··· 非极大值抑制



Life of 计算机图像实体检测

2012
深度卷积神经网络

AlexNet

2018
CornerNet

2019
CornerNet-Lite

2019
CenterNet

深度学习阶段(2012-至今)

Anchor-based

Anchor-free

One-Stage

Two-Stage

Keypoint-based

Center-based

FSAF

2014
RCNN

2015

SPPNet
Fast RCNN

2016
Faster RCNN

2017
FPN

2018
Cascade RCNN

2019
Grid RCNN

2016
YOLOv1

2017

SSD
YOLOv2

2018
RetinaNet
YOLOv3

2020
YOLOv4

2021
YOLOv5

2017
PLN ResPoint

ExtremeNet

FCOS SAPD YOLOX

2021



Anchor-based
Two-Stage



Life of 计算机图像实体检测

Anchor-based Two-Stage

2014
RCNN

2015

SPPNet
Fast RCNN

2016
Faster RCNN

2017
FPN

2018
Cascade RCNN

2019
Grid RCNN



Life of 计算机图像实体检测

Anchor-based Two-Stage

RCNN：Region CNN

https://openaccess.thecvf.com/content_cvpr_2014/html/Girshick_Rich_Feature_Hierarchies_2014_CVPR_paper.html

BBox Regressor

AlexNet

NMS



Life of 计算机图像实体检测

Anchor-based Two-Stage

SPPNet：Spatial Pyramid Pooling

https://ieeexplore.ieee.org/abstract/document/7005506/



Life of 计算机图像实体检测

Anchor-based Two-Stage
Fast RCNN

𝐴 = 𝑉𝛴𝑊𝑇 ≈ V′𝛴′𝑊′𝑇

http://openaccess.thecvf.com/content_iccv_2015/html/Girshick_Fast_R-CNN_ICCV_2015_paper.html



Life of 计算机图像实体检测

Anchor-based Two-Stage
Faster RCNN

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



Life of 计算机图像实体检测

Anchor-based Two-Stage

图像金字塔

基于金字塔的实体检测

单层特征金字塔多层特征金字塔单层特征融合金字塔

http://openaccess.thecvf.com/content_cvpr_2017/html/Lin_Feature_Pyramid_Networks_CVPR_2017_paper.html



Life of 计算机图像实体检测

Anchor-based Two-Stage
FPN：Feature Pyramid Networks

多层特征融合金字塔
http://openaccess.thecvf.com/content_cvpr_2017/html/Lin_Feature_Pyramid_Networks_CVPR_2017_paper.html



Life of 计算机图像实体检测

Anchor-based Two-Stage

Cascade RCNN

http://openaccess.thecvf.com/content_cvpr_2018/html/Cai_Cascade_R-CNN_Delving_CVPR_2018_paper.html



Life of 计算机图像实体检测

Anchor-based Two-Stage

Grid RCNN

http://openaccess.thecvf.com/content_CVPR_2019/html/Lu_Grid_R-CNN_CVPR_2019_paper.html



Anchor-based
One-Stage



Life of 计算机图像实体检测

One Stage
2016

YOLOv1
2017

SSD
YOLOv2

2018
RetinaNet
YOLOv3

2020
YOLOv4

2021
YOLOv5



Life of 计算机图像实体检测

Grid Detection

Anchor-free?

https://www.cv-foundation.org/openaccess/content_cvpr_2016/html/Redmon_You_Only_Look_CVPR_2016_paper.html

YOU ONLY LOOK ONCE! 2016



Life of 计算机图像实体检测
YOU ONLY LOOK ONCE! 2016

https://www.cv-foundation.org/openaccess/content_cvpr_2016/html/Redmon_You_Only_Look_CVPR_2016_paper.html



Life of 计算机图像实体检测
YOU ONLY LOOK ONCE! 2016

https://www.cv-foundation.org/openaccess/content_cvpr_2016/html/Redmon_You_Only_Look_CVPR_2016_paper.html



Life of 计算机图像实体检测

SSD: Single Shot MultiBox Detector 2016

https://arxiv.org/pdf/1512.02325



Life of 计算机图像实体检测

SSD: Single Shot MultiBox Detector 2016

https://arxiv.org/pdf/1512.02325



Life of 计算机图像实体检测

YOLO9000: Better, Faster, Stronger 2017

http://openaccess.thecvf.com/content_cvpr_2017/html/Redmon_YOLO9000_Better_Faster_CVPR_2017_paper.html

Hi-resclassifier…

Darknet19



Life of 计算机图像实体检测

Focal Loss for Dense Object Detection 2018

http://openaccess.thecvf.com/content_iccv_2017/html/Lin_Focal_Loss_for_ICCV_2017_paper.html



Life of 计算机图像实体检测

YOLOv3: An Incremental Improvement  2018

Darknet53

https://arxiv.org/abs/1804.02767

多尺度

忽略样本



Life of 计算机图像实体检测
YOLOv4: Optimal Speed and Accuracy of Object Detection 2020

https://arxiv.org/abs/2004.10934

Mosaic数据增强

CSPDarknet53

Bag-of-Freebies

Bag-of-Special



Life of 计算机图像实体检测

YOLOv5 Mosaic数据增强

自适应锚框计算

自适应图片缩放

Focus结构

CSP结构......

https://github.com/ultralytics/yolov5



Anchor-free
2018

CornerNet

2019
CornerNet-Lite

2019

CenterNet

Keypoint-based

Center-based

FSAF

2017
PLN ResPoint

ExtremeNet

FCOS SAPD YOLOX

2021



Anchor-free
Keypoint-based



Life of 计算机图像实体检测

Anchor-free Keypoint-based

CornerNet: Detecting Objects as Paired Keypoints 2018

http://openaccess.thecvf.com/content_ECCV_2018/html/Hei_Law_CornerNet_Detecting_Objects_ECCV_2018_paper.html



Life of 计算机图像实体检测

CornerNet-Lite: Efficient Keypoint Based Object Detection 2019

CornerNet-Saccade

CornerNet-Squeeze

https://arxiv.org/abs/1904.08900



Life of 计算机图像实体检测
CornerNet-Saccade

https://arxiv.org/abs/1904.08900



Life of 计算机图像实体检测
CornerNet-Squeeze

https://arxiv.org/abs/1904.08900

SqueezeNet

MobileNet



Life of 计算机图像实体检测

Anchor-free Keypoint-based

Point Linking Network for Object Detection 2017

Bottom-up Object Detection by Grouping Extreme and 
Center Points 2019

CenterNet: Keypoint Triplets for Object Detection 2019

RepPoints: Point Set Representation for Object 
Detection 2019

Reppoints: http://openaccess.thecvf.com/content_ICCV_2019/html/Yang_RepPoints_Point_Set_Representation_for_Object_Detection_ICCV_2019_paper.html



Anchor-free
Center-based



Life of 计算机图像实体检测

Anchor-free Center-based
CenterNet：Objects as Points 2019

https://arxiv.org/abs/1904.07850

前后景分类 ×

NMS ×

FPN ×



Life of 计算机图像实体检测
Feature Selective Anchor-Free Module for Single-Shot Object 
Detection 2019

http://openaccess.thecvf.com/content_CVPR_2019/html/Zhu_Feature_Selective_Anchor-Free_Module_for_Single-Shot_Object_Detection_CVPR_2019_paper.html

人为设定的特征水平？



Life of 计算机图像实体检测
Feature Selective Anchor-Free Module for Single-Shot Object 
Detection 2019

http://openaccess.thecvf.com/content_CVPR_2019/html/Zhu_Feature_Selective_Anchor-Free_Module_for_Single-Shot_Object_Detection_CVPR_2019_paper.html



Life of 计算机图像实体检测
FCOS: Fully Convolutional One-Stage Object Detection 2019

http://openaccess.thecvf.com/content_ICCV_2019/html/Tian_FCOS_Fully_Convolutional_One-Stage_Object_Detection_ICCV_2019_paper.html

逐像素回归预测

center-ness 



Life of 计算机图像实体检测
FCOS: Fully Convolutional One-Stage Object Detection 2019

http://openaccess.thecvf.com/content_ICCV_2019/html/Tian_FCOS_Fully_Convolutional_One-Stage_Object_Detection_ICCV_2019_paper.html



Life of 计算机图像实体检测

YOLOX: Exceeding YOLO Series in 2021

https://arxiv.org/abs/2107.08430



新进展
Transformer



Life of 计算机图像实体检测
新进展——Vision Transformer、Swin Transformer

https://openaccess.thecvf.com/content/ICCV2021/html/Arnab_ViViT_A_Video_Vision_Transformer_ICCV_2021_paper.html?ref=https://githubhelp.com
http://openaccess.thecvf.com/content/ICCV2021/html/Liu_Swin_Transformer_Hierarchical_Vision_Transformer_Using_Shifted_Windows_ICCV_2021_paper.html



Life of 计算机图像实体检测
新进展——Focal Transformer

https://arxiv.org/abs/2107.00641
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Demo of 计算机图像实体检测
The Trash Dataset of Our Demo

可回收垃圾

有害垃圾

厨余垃圾

其他垃圾

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

四类垃圾分布



Demo of 计算机图像实体检测
The Trash Dataset of Our Demo

0 100 200 300 400 500 600 700 800
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Demo of 计算机图像实体检测
The Trash Dataset of Our Demo



Demo of 计算机图像实体检测
The Models of Our Demo

Val Datasets AP(%)

One-Stage YOLOv5-s

COCO

36.7

Two-Stage Faster R-CNN + FPN 35.9

Anchor-free YOLOX-s 39.6



Demo of 计算机图像实体检测



Demo of 计算机图像实体检测
The Models of Our Demo

YOLOX                    Faster R-CNN               YOLOv5

可回收垃圾63%          可回收垃圾86.2%             可回收垃圾73%



Demo of 计算机图像实体检测



Demo of 计算机图像实体检测
The Models of Our Demo

mAP Model
Inference 

Time

One-Stage 
YOLOv5-s 80.3% 13.9MB 27ms

Two-Stage
Faster R-CNN + FPN 53.9% 316.7MB 108ms

Anchor-free
YOLOX-s 71.4% 68.6MB 205ms

Tested on RTX1080
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Challenge of 计算机图像实体检测

Our Demo1 垃圾分类 By YOLO

· 实体多样性

光照、视角、类间 ···

· 部分遮挡

· 复杂密集场景

· 小实体

` 模糊图像



Future of 计算机图像实体检测

· 精度与速度的权衡

· 自动化学习技术

· 弱监督学习

· 多任务、多模态

· 难样本

· 3D场景

https://arxiv.org/abs/2103.00020



THANKS!


