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Object detection is a fundamental task in computer vision, which involves 

determining the presence of objects of specific classes in an image or video frame 
and localizing their spatial position. The result of the detection algorithm is usually 
a set of bounding boxes and their corresponding object classes. Object detection 
methods are the foundation for more complex tasks, such as tracking, action 
classification, and behavior analysis. 

Formally, the object detection task can be presented as finding a set of pairs 
of the form (1): 

B =  {(bi, ci)}, i =  1. . N                                                   (1) 
where: 
𝑏𝑖 - coordinates of the object's bounding rectangle, 
с𝑖 - object class. The quality of detection is evaluated by comparing the predicted 
rectangles with the ground truth labels. 
 
One of the key metrics is the Intersection over Union (IoU) indicator, which is 
defined as (2): 

IoU =
S{crossing}

S{association}
                                                       (2) 

This metric is used to determine whether the detection is considered correct. 
Early object detection methods were based on a sliding window and manually 

designed features. Such approaches had high computational complexity and 
limited accuracy. 
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Modern detection methods are mostly based on deep convolutional neural 
networks. They are conventionally divided into two large groups: two-stage and 
one-stage detectors, but within these groups, there are also different approaches 
to their implementation (Fig. 1-3). 

Faster R-CNN is a classic two-stage object detection method in which, in the 
first stage, a set of candidate regions is formed using a Region Proposal Network, 
and in the second stage, the coordinates of the bounding boxes are classified and 
refined [[2]]. 

 

 
Fig. 1. Faster R-CNN architecture with RPN and two-stage detection 

 
The SSD method performs object detection in a single pass through the 

network using multi-level feature maps, which allows for the effective detection of 
objects of different scales without a separate region generation stage [[1]]. 

 

 
Fig. 2. SSD architecture with multi-level feature maps and default boxes 
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The YOLO (You Only Look Once) method formulates the task of object 
detection as a direct regression problem. The input image is divided into a regular 
grid, each cell of which simultaneously predicts the coordinates of bounding 
rectangles, a confidence score, and the probability of an object belonging to a 
certain class. This approach allows detection to be performed in a single pass of the 
neural network, ensuring high performance and suitability for real-time operation. 
 

 
Fig. 3. How YOLO works: grid division and simultaneous prediction of 

bounding boxes and classes 
 

Table 1 
Comparative characteristics of detection approaches 

Characteristic Faster R-CNN SSD YOLO 
Type of approach Two-stage Single-stage Single-stage 
Main idea Generation of region 

proposals + 
classification 

Detection at 
multiple levels of 
features 

Global regression 
on the grid 

Working with  
object scale 

Through region 
proposals 

Explicit multi-scale 
detection 

Through anchors / 
FPN 

Average detection 
accuracy mAP(50) 

Hight Medium - hight Medium - hight 

Speed Low - medium Medium Hight 
Real time Limited Limited Yes 
Complexity of 
implementation 

Hight Medium Low - medium 

Typical areas of 
application 

Research, offline 
analysis 

Embedded 
systems 

Real - time 
systems 

[author's development] 
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Two-stage approaches provide high localization accuracy, while single-stage 
models are focused on real-time data processing. 

Research overview. Current research focuses on optimizing the balance 
between accuracy and speed, as well as reducing the number of model parameters 
without significant loss of quality. 

Recent research in object detection aims to further improve the speed and 
accuracy of single-stage models. Transformer-based approaches such as RT-DETR 
combine DETR ideas with optimizations for real-time operation. Other modern 
models, such as RF-DETR and PP-YOLOE, focus on improving feature selection 
mechanisms, optimizing anchor-free detection, and increasing training stability, 
which allows them to achieve competitive results in practical applications [[3], [4]]. 

Conclusions. Object detection methods are a key component of most 
computer vision systems. The use of deep learning has significantly improved 
detection quality, but the choice of a specific approach depends on accuracy and 
speed requirements. 

The analysis of modern object detection methods shows that there is no 
universal approach that can simultaneously ensure high accuracy and speed. Two- 
stage methods, such as Faster R-CNN, demonstrate high accuracy but are inferior 
in terms of speed, while single-stage approaches (SSD, YOLO) are focused on real-
time applications. 
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