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Abstract 

Target detection based on deep learning has broad application prospects and 
commercial value in the market. This article introduces the current status and progress 
of target detection based on deep learning, introduces the main methods of target 
detection based on deep learning, and focuses on the classification of target detection 
algorithms and regression-based target detection algorithms. Finally, the development 
direction of target detection technology based on deep learning is prospected. 
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1. Introduction 

With the development of the times, the computing level of computers has shown an exponential 
and explosive improvement. With the rapid development of artificial intelligence technology, 
deep learning machines and machine vision technology are used in emerging fields such as 
unmanned driving and face recognition. It has been widely used. The research task of deep 
machine learning vision is mainly to analyze some of the many places that our computer can 
understand from the target image. At present, the computer's analysis and understanding of 
the target image mainly include image classification, detection and image segmentation. 
However, the traditional Classification target image detection and extraction algorithms are 
generally based on manual sliding window analysis models, presenting many problems based 
on manual detection and extraction of image features, relatively poor speed, poor detection and 
extraction accuracy, and poor applicability of analysis. With the continuous modification of the 
model, a new target image detection and extraction technology based on deep learning has 
emerged. The detection and extraction speed and analysis accuracy have far exceeded some 
traditional detection algorithms. 

2. Target detection algorithm based on deep learning 

Target detection algorithms based on deep learning can be divided into regression-based target 
detection algorithms and candidate region-based target detection algorithms. The first 
category is a one-stage algorithm that uses a convolutional neural network to directly predict 
different target categories and positions. The one-stage algorithm does not need to use 
candidate frames, converts the problem of target frame positioning into a regression problem, 
directly generates the category probability and position coordinate value of the target, and can 
directly obtain the final detection result after a single detection. This type of algorithm is fast, 
but the accuracy is low. The second type is based on the candidate area algorithm. This type of 
algorithm is a two-stage algorithm. It needs to use the area candidate network to generate the 
candidate area, and then perform classification and regression on the candidate area. The final 
detection result is obtained through two stages. This type of method has higher accuracy, but 
slower speed. 
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3. Target detection algorithm based on candidate area 

The problem target stage detection model algorithm based on the candidate region can also be 
referred to as the two-target stage detection model. It divides the currently detected problem 
target into two target stages, first accurately selects the candidate region, and then selects the 
candidate region target Perform accurate classification and adjust the target position, so as to 
accurately output the detected results of each target subject. 

3.1. R-CNN 

In 2014, Ross Girshick proposed an R-CNN algorithm based on candidate regions[1]. R-CNN has 
become our pioneering work when we use this deep machine learning technology to detect 
specific target groups. Regarding the algorithm generation process of inputting the R-CNN 
rectangle algorithm, we first input a rectangular image directly, and then use the Selective 
Search method to directly generate 1000-2000 candidate regions. Then this is for each 
candidate's region, using the deep network to calculate and extract the features of each region. 
The Selective Search method determines whether the type of this type is correct and should 
specify what type of characteristic value it belongs to. Finally, you can use the automatic 
position correction regressor to automatically correct the correct position of each position 
candidate frame more refined and intelligently. The framework of the R-CNN algorithm 
includes Selective Search, CNN, SVM and regerssion. Although the current R-CNN training 
algorithm has greatly improved its performance compared with the current traditional target 
test detection training algorithm, it still has many basic problems, such as slow target test 
execution speed, training execution The speed is slow, and the memory space required for the 
training process is large. The R-CNN algorithm flow is shown in Figure 1. 

 
Fig. 1 Flow chart of R-CNN algorithm 

3.2. Fast R-CNN 

The FastR-CNN [2]algorithm is another masterpiece of the author Ross GirshickFast after the R-
CNN algorithm. The specific process of FastR-CNN is to first obtain an input image in turn, and 
then first use the Selective Search algorithm to extract about 2000 bottom-up spatial region 
input images in turn. Then input this image directly into the neural network in the convolution 
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and get a corresponding image feature value and map, and map the image candidate frame 
directly generated using the Selective Search algorithm algorithm to the map with the feature 
value by projection. A corresponding image feature value and matrix. Finally, the feature graph 
matrix obtained from it is reduced by the ROI pooling layer operation and placed in the 7*7 
rectangular feature matrix graph, and the predictable result is obtained through a series of 
global connection layer operations. The framework of the FastR-CNN algorithm includes 
Selective Search and CNN. 

3.3. Faster R-CNN 

The FasterR-CNN [3]algorithm is another masterpiece of the author Ross GirshickFast after the 
FastR-CNN algorithm. The FasterR-CNN algorithm is an improvement on the original FastR-
CNN algorithm. The Selective Search algorithm used in the first step of the FastR-CNN algorithm 
to generate a corresponding candidate matrix area for image features can be modified to use a 
Regional Proposal Networks algorithm, using an RNP structure to generate a corresponding 
feature candidate box, and The candidate frame of the RNP structure is projected onto the 
feature map to obtain the corresponding feature matrix. Finally, each typical feature graph 
matrix is reduced by the ROI pooling layer and placed in a 7*7 rectangular feature matrix image, 
which is obtained through a series of global connection layer operations Predictable results. 
The FasterR-CNN algorithm is actually a combination of RNP+FastR-CNN. The framework of the 
FasterR-CNN algorithm includes CNN, which integrates all steps into a CNN. 

4. Target detection algorithm based on regression 

4.1. YOLO v1 

YOLO (You Only Look Once) is a new target detection algorithm proposed by Redmo in 2016[4]. 
Unlike the target detection algorithm based on candidate regions that uses a classifier to 
perform detection, this YOLO algorithm just uses a single convolution to perform a deep 
integrated neural network. Compared with the two-stage algorithm discussion, the YOLO 
algorithm treats target detection as A question about regression, a single neural network can 
obtain the prediction results of category probabilities and bounding boxes from the input image 
after a single operation, which is conducive to the system's end-to-end comprehensive 
optimization of the performance data detected by the target. The YOLO algorithm uses a 
separate convolutional neural network to perform the detection, which makes the detection 
speed of the target faster. The key operating idea of YOLO is to use a complete image as the 
input of the deep network, which can return to the different categories of the bounding box and 
the position data of the bounding box in the output layer. 

4.2. YOLO v2 

In 2016, Redmo optimized and upgraded the problems of the YOLO v1 algorithm, and proposed 
the YOLO v2 [5]algorithm on the basis of it. YOLO v2 replaces the bounding box of each grid in 
YOLO and refers to the anchor box idea in Faster RCNN to optimize the problem. But still 
different from Faster RCNN, the size of the bounding box in YOLO v2 is calculated using K-
means clustering. YOLO v2 uses a priori frame, cancels the fully connected layer in the network 
structure, and adjusts the network input size to 416×416. After downsampling by 32 times, the 
picture is divided into 13×13 grids. YOLO v2 can be used to predict 7×7×2 rectangular bounding 
boxes, and yolov2 can be used to predict 13×13×9 rectangular bounding boxes, so the spatial 
scale used to divide a grid is finer. Compared with the two-stage algorithm, the accuracy of the 
YOLO v2 algorithm when recognizing the target has been improved a lot. At the same time, in 
order to use multi-scale training for training, YOLO v2 cancels all fully connected layers. As a 
result, images of different scales can be input to increase the adaptability of the training 
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algorithm to different scales. YOLO v2 algorithm adopts a new network structure, which makes 
it have better performance compared with v1. 

4.3. YOLO v3 

In 2018, Redmon found that the problems of the YOLO v2 algorithm can be optimized, so it 
learned from the many advantages of the two-stage algorithms such as Faster RCNN and SSD, 
and learned to use the new network to propose the YOLO v3 algorithm[6]. The new network 
structure Darknet-53 contains multiple gradient residual calculation modules, which can 
effectively help reduce many complex problems about gradient disappearance. The algorithm 
sequentially uses 8 times, 16 times and 32 times to sample, and generates 3 different types of 
multiple grid target scales of 26×26, 13×13, 52×52, and then in the multi-grid scale On the basis 
of calculation, grid prediction is performed for each target scale. This grid structure design can 
greatly improve the calculation accuracy of multiple target grid detection. The difference 
between the algorithm and the old YOLO v2 is that although the algorithm still uses a priori box 
design idea, because yolov3 splits 9 new a priori boxes into 3 different measurement scales in 
turn , The scales assigned have 3 a priori boxes assigned by 9 a priori boxes. The fusion 
algorithm also uses a variety of feature sampling fusion and up-sampling methods, respectively, 
to fuse high-level features with low-level features after upsampling, which greatly improves the 
feature detection rate and accuracy of this algorithm. 

5. Algorithm comparison 

The training data sets commonly used in deep learning are mainly VOC2012 and VOC2007. The 
performance of various target detection algorithms based on deep learning in the data sets 
VOC2012 and VOC2007 is shown in Table 1. 

Table 1 

algorithm The internet FPS VOC2012(mAP) VOC2007(mAP) 

R-CNN AlexNet 0.04 - 57.5% 

Fast R-CNN VGG16 3 68.5% 70.5% 

Faster R-CNN VGG16 5 70.5% 74% 

YOLO V1 GoogleNet 44 57.5% 62.5% 

YOLO V2 DarkNet19 40 73.5% 77.5% 

 

6. Technical prospects for target detection based on deep learning 

Compared with traditional algorithms, the target detection algorithm based on deep learning 
has higher accuracy and higher detection speed, but it also has its own problems. For small 
target detection problems, because small targets contain image pixels compared to large target 
image pixels Say few, the features are not obvious, and often missed and falsely detected target 
detection results are low when detecting small targets. Therefore, for small target model 
detectors, it is necessary to continuously improve the technology in the algorithm to improve 
the detection model, so that the application of small target detection can be implemented. 
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