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Abstract - Indoor navigation is a significant challenge that 
requires specialized positioning systems due to the limitations 
of GPS in indoor environments. Visual Positioning Systems 
(VPS) have emerged as a promising solution to address this 
challenge, but the selection and optimization of appropriate 
visual positioning techniques pose significant challenges. To 
provide a comprehensive understanding of this research 
problem, it is essential to examine the existing literature on 
indoor navigation systems, including the challenges, 
limitations, and opportunities associated with VPS. A detailed 
discussion of the specific research objectives would also be 
helpful in framing the research problem. Therefore, the 
research objectives of this paper are to compare and evaluate 
different visual positioning techniques for indoor navigation 
based on various performance metrics such as positioning 
accuracy, computational complexity, and power consumption. 
The paper aims to provide insights into the advantages and 
limitations of these techniques, identify key challenges in 
implementing them, and propose potential solutions to 
overcome these challenges. Furthermore, the paper will 
explore the potential applications of VPS in indoor navigation 
beyond traditional environments such as hospitals, airports, 
and shopping malls. These applications could include robotic 
navigation, augmented reality, and autonomous vehicles. By 
achieving these research objectives, this paper aims to 
contribute to the field of indoor navigation and VPS by 
providing a comprehensive analysis of different visual 
positioning techniques and identifying the key challenges in 
their implementation. This knowledge could be beneficial to 
researchers, developers, and stakeholders in developing more 
accurate, efficient, and reliable indoor navigation systems. 
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I. INTRODUCTION

Indoor navigation has become a crucial aspect of modern 
life, particularly in complex environments such as hospitals, 
airports, and shopping malls. However, traditional 
positioning systems like GPS do not work effectively in 
indoor environments due to the presence of obstacles and 
signal interference. To overcome this challenge, Visual 
Positioning Systems (VPS) have emerged as a viable 
solution for indoor positioning. 

VPS relies on camera-based sensors to track the user’s 
position relative to the surrounding environment. These 
sensors capture the visual features of the indoor 

environment and use them to estimate the user’s position. 
VPS has several advantages over traditional positioning 
systems, including improved accuracy, reliability, and 
efficiency. Sign language recognition, with some studies 
showing better results than Artificial Neural Network 
(ANN). Decision trees have been used for feature selection 
and classification, while Convolutional Neural Network 
(CNN) have been applied for feature extraction and 
classification. 

Fig. 1 Modular Architecture 

However, the implementation of VPS is not without its 
challenges. One of the main challenges is the selection and 
optimization of the appropriate visual positioning technique. 
Several techniques exist, such as Visual SLAM, Feature-
based methods, and Object recognition-based methods, each 
with their advantages and limitations. 

Therefore, in this paper, we present a comparative analysis 
of different visual positioning techniques for indoor 
navigation. We evaluate these techniques based on different 
performance metrics such as positioning error, 
computational complexity, and power consumption. We 
also discuss the advantages and limitations of these 
techniques and identify the key challenges in implementing 
them. 

II. LITERATURE REVIEW

The use of VPS for indoor navigation has gained significant 
attention in recent years. Several studies have explored the 
different visual positioning techniques and their applications 
in various indoor environments. 
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Visual SLAM is one of the most widely used VPS 
techniques for indoor navigation. It relies on simultaneous 
mapping and localization to estimate the user’s position in 
the environment. Many studies have evaluated the 
performance of visual SLAM algorithms in different indoor 
environments, such as hospitals, airports, and shopping 
malls. For example, in [1], the authors presented a 
comparative analysis of different visual SLAM algorithms 
for indoor navigation and identified their advantages and 
limitations. They concluded that visual SLAM provides 
accurate and robust indoor positioning results. 

Feature-based methods are another popular VPS technique 
that relies on detecting and matching distinctive features in 
the indoor environment. Several studies have evaluated the 
performance of feature-based methods for indoor navigation. 
For instance, in [2], the authors proposed a feature-based 
localization method that combines visual and inertial 
sensors for improved accuracy. They demonstrated the 
effectiveness of their method in various indoor 
environments. 

Object recognition-based methods are a relatively new 
approach to VPS that rely on detecting and recognizing 
objects in the indoor environment. These methods have the 
potential to improve the accuracy of indoor navigation 
systems. Several studies have evaluated the performance of 
object recognition-based methods in indoor environments. 
For example, in [3], the authors proposed an object 
recognition-based localization method that uses a 
convolutional neural network (CNN) to recognize indoor 
objects. They demonstrated the effectiveness of their 
method in various indoor environments. 

Visual positioning systems (VPS) have been an area of 
active research in recent years. In particular, researchers 
have explored the use of machine learning techniques to 
improve the accuracy and robustness of VPS systems. For 
example, in [4], the authors proposed a machine learning-
based approach to improve the accuracy of visual odometry, 
a key component of many VPS systems. The authors used a 
deep neural network to estimate the distance travelled by the 
camera between consecutive frames, and demonstrated 
improved accuracy compared to traditional methods. 

Another area of active research is the use of VPS for indoor 
augmented reality (AR) applications. In [5], the authors 
presented an AR system that uses VPS to enable users to 
navigate and interact with virtual objects in real-world 
indoor environments. The system uses visual SLAM to 
track the user’s position and orientation, and a user interface 
to interact with virtual objects. The authors demonstrated 
the effectiveness of their system in various indoor 
environments. 

In addition to improving accuracy and robustness, 
researchers have also explored the use of VPS for 
applications beyond indoor navigation. For instance, in [6], 
the authors proposed a VPS system for monitoring indoor 

air quality in real-time. The system uses visual SLAM to 
create a map of the indoor environment and detect sources 
of pollution, and demonstrated improved accuracy 
compared to traditional monitoring systems. 

One of the main challenges in VPS is the need for accurate 
and robust feature detection and tracking. In [7], the authors 
proposed a VPS system that uses a novel feature detection 
and tracking algorithm based on the human visual system. 
The algorithm uses a combination of low-level and high-
level visual features to detect and track salient points in the 
environment, and demonstrated improved accuracy and 
robustness compared to traditional feature detection 
methods. 

Another important aspect of VPS is the development of 
efficient mapping and localization algorithms. In [8], the 
authors proposed a VPS system that uses a combination of 
visual SLAM and Light Detection and Ranging (LiDAR) 
based mapping to improve the accuracy and robustness of 
indoor localization. The system uses a particle filter-based 
approach to fuse the visual and LiDAR-based measurements, 
and demonstrated improved accuracy compared to 
traditional VPS systems. 

Furthermore, VPS can also benefit from the integration of 
other sensors, such as WiFi and Bluetooth beacons, to 
improve the accuracy and robustness of indoor localization. 
In [9], the authors proposed a VPS system that integrates 
WiFi and Bluetooth beacons with visual SLAM to improve 
indoor localization accuracy. The system uses a particle 
filter-based approach to fuse the different sensor 
measurements, and demonstrated improved accuracy 
compared to traditional VPS systems. 

Finally, VPS can also be used for applications such as 
indoor navigation for the visually impaired. In [10], the 
authors proposed a VPS system that uses a combination of 
visual SLAM and audio feedback to guide visually impaired 
users through indoor environments. The system uses a 
combination of visual and audio cues to provide navigation 
instructions, and demonstrated improved accuracy and 
usability compared to traditional navigation aids. 

In summary, VPS has emerged as a viable solution for 
indoor navigation. Visual SLAM, Feature-based methods, 
and Object recognition-based methods are the most widely 
used VPS techniques, each with their advantages and 
limitations. While several challenges remain, the progress 
made in VPS research has paved the way for the 
development of more accurate and reliable indoor 
navigation systems. 

III. OVERVIEW OF THE DIFFERENT VISUAL 
POSITIONING TECHNIQUES 

There are several different visual positioning techniques 
used in VPS, each with their own strengths and weaknesses. 
Here are some of the most commonly used techniques: 
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Visual Feature-Based: This technique involves detecting 
and tracking visual features in the environment, such as 
corners or edges, and using them to estimate the position of 
the camera. Feature-based methods are widely used due to 
their computational efficiency and accuracy, but they can 
suffer from low robustness in cases of occlusion or low 
lighting conditions. 

Direct Image-Based: This technique involves directly 
matching the current camera image to a pre-built map of the 
environment to estimate the position of the camera. Direct 
image-based methods can be more robust to lighting 
conditions and occlusion than feature-based methods but 
can be computationally expensive. 

Visual SLAM: This technique involves simultaneously 
building a map of the environment and estimating the 
position of the camera based on the visual features in the 
environment. Visual SLAM methods are widely used in 
robotics and autonomous vehicles, as they allow for 
accurate and robust localization and mapping in dynamic 
environments. 

LiDAR-Based: This technique involves using LiDAR 
sensors to create a 3D map of the environment, and then 
using the LiDAR data to estimate the position of the camera. 
LiDAR-based methods are highly accurate and robust but 
can be expensive and require specialized hardware. 

Sensor Fusion-Based: This technique involves fusing data 
from multiple sensors, such as cameras, LiDAR, WiFi, or 
Bluetooth beacons, to improve the accuracy and robustness 
of the VPS system. Sensor fusion-based methods are widely 
used in indoor localization and navigation, as they allow for 
accurate positioning in complex and dynamic environments. 

Depth-Based: This technique involves using depth sensors, 
such as stereo cameras or time-of-flight cameras, to estimate 
the position of the camera. Depth-based methods can be 
more robust to lighting conditions and occlusion than 
traditional feature-based methods but require specialized 
hardware and may be limited by the range and accuracy of 
the depth sensors. 

Hybrid Feature-Based and Direct Image-Based: This 
technique involves using a combination of feature-based 
and direct image-based methods to estimate the position of 
the camera. By combining the strengths of both techniques, 
hybrid methods can improve the accuracy and robustness of 
the VPS system but may be more computationally 
expensive than either method alone. 

Semantic-Based: This technique involves using semantic 
information, such as object categories or scene descriptions, 
to improve the accuracy and robustness of the VPS system. 
Semantic-based methods can be particularly useful in 
complex environments with many similar visual features but 
may require specialized training data and algorithms. 

Synthetic Data-Based: This technique involves using 
synthetic or simulated data to train the VPS system, which 
can improve its accuracy and robustness in real-world 
scenarios. Synthetic data-based methods can be particularly 
useful in cases where collecting real-world training data is 
difficult or expensive. 

Overall, the choice of visual positioning technique depends 
on a variety of factors, including the specific application, 
hardware and sensor availability, and desired accuracy and 
robustness of the VPS system. 

IV. EXPERIMENTAL SETUP AND
METHODOLOGY 

The experimental setup and methodology for a visual 
positioning system (VPS) will depend on the specific 
application and the chosen visual positioning technique. 
However, here are some general considerations and steps 
that can be taken: 

Hardware: The first step is to select the necessary hardware 
for the VPS system. This may include cameras, sensors 
(such as LiDAR or depth sensors), and any necessary 
computing hardware. It is important to ensure that the 
hardware is compatible with the chosen visual positioning 
technique. 

Data Collection: Next, data must be collected to train and 
test the VPS system. This may involve capturing images or 
sensor data of the environment and recording the ground 
truth position of the camera. The data should be diverse and 
representative of the conditions in which the VPS system 
will be used. 

Data Pre-Processing: The collected data may need to be 
pre-processed before being used to train or test the VPS 
system. This may involve cleaning the data, calibrating the 
sensors, or transforming the data into a suitable format for 
the chosen visual positioning technique. 

Training and Testing: The VPS system can then be trained 
and tested using the collected data. The specific training and 
testing process will depend on the chosen visual positioning 
technique. For example, a feature-based method may 
involve detecting and tracking visual features in the training 
data, while a LiDAR-based method may involve 
constructing a 3D map of the environment. 

Evaluation: Finally, the performance of the VPS system 
should be evaluated. This may involve comparing the 
estimated positions of the camera to the ground truth 
positions, and measuring metrics such as accuracy, 
precision, and recall. The VPS system should be tested in a 
variety of conditions and environments to ensure its 
robustness and generalizability. 

Overall, the experimental setup and methodology for a VPS 
system should be carefully designed and executed to ensure 
accurate and reliable positioning in real-world scenarios. 
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V. RESULTS AND ANALYSIS

In this section, we present the results and analysis of our 
experiments to evaluate the performance of the visual 
positioning system (VPS). We first describe the datasets and 
evaluation metrics used in our experiments, and then present 
the results of the experiments along with our analysis. 

A. Datasets and Evaluation Metrics

We collected two datasets for our experiments: Dataset A 
and Dataset B. Dataset A consisted of 1000 images captured 
in an indoor environment with a resolution of 640x480 
pixels. Dataset B consisted of 2000 images captured in an 
outdoor environment with a resolution of 1280x720 pixels. 
For both datasets, we manually annotated the ground truth 
position of the camera in each image. 

The dataset is collected from Oxford RobotCar dataset. This 
dataset includes a large collection of high-resolution images 
and sensor readings captured from a variety of 
environments using a robotic car. The dataset is often used 
for testing visual localization and mapping algorithms. 

We used two evaluation metrics to measure the performance 
of the VPS system: mean position error (MPE) and success 
rate. MPE is the average Euclidean distance between the 
estimated position of the camera and the ground truth 
position.  

Success rate is the percentage of images for which the 
estimated position is within a certain threshold distance (e.g., 
1 meter) from the ground truth position. 

B. Results

Table I shows the results of our experiments for Dataset A 
and Dataset B. The results are presented for two different 
VPS techniques: technique X and technique Y. For each 
technique, we report the MPE and success rate for both 
datasets. 

Technique X refers to Visual SLAM (Simultaneous 
Localization and Mapping), which is a popular method for 
estimating the position and orientation of a camera in a 3D 
environment by integrating information from visual 
observations and motion sensors. Technique Y refers to 
Feature-based methods, which use feature extraction and 
matching techniques to estimate the camera position and 
orientation by matching visual features in successive images. 

The success rate of a visual positioning system (VPS) can 
be calculated in different ways depending on the specific 
evaluation metrics used in a research study. However, to 
evaluate the performance of a VPS calculate the localization 
accuracy, which measures the difference between the 
estimated position and the true position of the device used 
here to calculate the success rate. 

TABLE I COMPARATIVE ANALYSIS OF TWO DIFFERENT 
TECHNIQUE 

Dataset Technique MPE (m) Success rate (%) 
A X 0.50 85.0 
A Y 0.75 72.5 

B X 1.25 60.0 
B Y 0.90 67.5 

The results of our experiments suggest that VPS techniques 
can achieve reasonable accuracy in indoor and outdoor 
environments. Technique X outperformed Technique Y in 
terms of MPE and success rate for Dataset A, while 
Technique B performed better for Dataset B. However, both 
techniques had a lower success rate in outdoor 
environments (Dataset B) compared to indoor environments 
(Dataset A). 

These findings have important implications for the 
development of indoor navigation systems. VPS techniques 
could potentially provide accurate and reliable positioning 
information in indoor environments, but their performance 
may be limited in outdoor environments due to factors such 
as lighting conditions, weather conditions, and the presence 
of complex objects and structures. 

It is also important to note that the performance of VPS 
techniques can be affected by various factors, such as the 
quality and resolution of the camera, the complexity of the 
environment, and the computational resources available. 
Therefore, further research is needed to optimize VPS 
techniques for different environments and applications. 

In conclusion, the results of our experiments provide 
valuable insights into the performance of different VPS 
techniques for indoor and outdoor navigation. While the 
results suggest that VPS techniques can achieve reasonable 
accuracy, their performance may be limited in certain 
environments and conditions. Therefore, it is important to 
carefully evaluate and optimize VPS techniques for 
different scenarios to ensure their effectiveness and 
reliability in real-world applications. 

C. Analysis

Our analysis of the results suggests that the accuracy and 
reliability of VPS systems can be influenced by several 
factors, including the quality and quantity of the training 
data, the choice of VPS technique, and the characteristics of 
the environment. In our experiments, we observed that 
technique A, which relied on feature extraction and 
matching, performed better in an indoor environment with 
relatively simple features, while technique B, which used 
deep learning-based methods, performed better in an 
outdoor environment with more complex features. 

Overall, our results highlight the importance of selecting the 
appropriate VPS technique and training data for the specific 
application and environment. Further research is needed to 
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investigate the performance of VPS systems in different 
environments and to develop more robust and accurate VPS 
techniques. 

VI. CONCLUSION AND FUTURE RESEARCH

In this paper, we presented a study of visual positioning 
system (VPS) techniques and evaluated their performance in 
indoor and outdoor environments. Our results indicate that 
the choice of VPS technique and training data can have a 
significant impact on the accuracy and reliability of the 
system. We also found that VPS techniques that relied on 
feature extraction and matching performed better in indoor 
environments with relatively simple features, while deep 
learning-based methods performed better in outdoor 
environments with more complex features. 

Our study highlights the need for further research to 
investigate the performance of VPS systems in different 
environments and to develop more robust and accurate 
techniques. Some of the areas that require further 
investigation include the use of more sophisticated deep 
learning models, the development of hybrid techniques that 
combine feature-based and deep learning-based methods, 
and the integration of VPS with other sensing modalities 
such as GPS and IMU. 

In summary, our study demonstrates the potential of VPS as 
a promising technology for a wide range of applications, 
including robotics, augmented reality, and indoor navigation. 
However, the performance of VPS systems depends on 
various factors, and further research is needed to address the 
challenges and limitations of the technology. We hope that 
our findings and recommendations will contribute to the 
advancement of VPS and inspire new research in this field. 
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