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Abstract 

In this paper, a Deep Learning based method is proposed to bridge GPS denied areas with fusion tracking 

camera navigation. This fusion tracking method is for navigating in GPS-denied areas using a camera and an inertial 

measurement unit (IMU). The fusion approach integrates visual and inertial information to estimate the position and 

orientation of the camera in real-time, even in GPS-denied areas. To achieve this, a neural network-based 

architecture that fuses the visual and inertial data using a set of convolutional and recurrent layers is proposed. This 

method has the potential to enable a wide range of applications, including robotics in autonomous aerial vehicles or 

autonomous ground vehicles, in which reliable pose estimation is crucial. 
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Ⅰ. Introduction 

Unmanned vehicles, also known as drones, have seen 

significant growth in recent years, with applications in 

a wide range of industries including agriculture, 

construction, delivery, inspection, and surveillance [1]. 

There are several key challenges that need to be 

addressed in order to enable autonomous navigation 

such as sensing, localization, and Mapping. Another 

method is used fusion techniques, some common 

fusion techniques include Kalman filtering which a 

recursive estimation method that combines a model of 

the system's dynamics with measurements from 

sensors to produce an optimal estimate of the 

system's state [2]. Another method was Particle 

filtering, it is a Monte Carlo method that represents 

the state of the system as a set of random samples, or 

particles, which are updated based on the 

measurements from the sensors [3]. However using 

multiple sensors typically increases the cost of the 

system, fusion techniques often require the use of 

complex algorithms inside system to combine the 

  

Figure 1. System Model of Fusion Tracking Camera with GPS 

receiver 

measurements from the sensors, and integrating 

multiple sensors and fusion algorithms can be a 

complex and time-consuming process. To address the 

challenges of integrating GPS and tracking camera 

data for autonomous navigation, this paper aims to 

improve the accuracy and robustness of the navigation 

system. The way to do this is by combining tracking 

camera data with GPS data. This is achieved by using 

a convolutional neural network (CNN) and a long 

short-term memory (LSTM) network.  

Ⅱ. Method 

In this system model ROS is utilized as 

middleware to subscribe and publish odometry of 
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simulation devices. This simulation is applied to UAV 

simulation in gazebo. A system model is proposed to 

use CNN for visual-inertial navigation with tracking 

cameras, to know the position of object. The CNN is 

trained to recognize specific landmarks or features in 

the camera's field of view, as shown in Fig.1. The 

CNN will detect the features in the current image and 

match them with the features detected in the previous 

image. This estimates the motion of the camera 

between the two images by using the relative 

positions of the matched features. 

 
Figure 2. Result data preprocessing of GPS navigation in 

outdoor and Visual odometry in indoor simulation by 

subscribe ROS topic local velocity. 

 To ensure the trajectory is working correctly, 

the GPS signal receiver is forwarded to be processed 

by LSTM. In cases where the GPS receiver is 

unreliable or unavailable, the visual odometry 

becomes the primary source of navigation and the 

fusion approach relies on it, and the fusion approach 

can then rely on the visual odometry output. It's also 

important to take into account the accuracy of GPS to 

prevent errors or drift. LSTM is employed to combine 

the GPS trajectory for sequential processing, this 

integration is done with results from CNN features of 

the tracking camera for motion estimation. This 

motion estimate, derived from combining CNN 

features of the tracking camera with LSTM fused GPS 

trajectory, can then be utilized to adjust the device's 

position and orientation, and this refined location and 

direction is subsequently broadcasted as the device's 

local position, together with providing the information 

of the local position in geocentric coordinates, by the 

publisher. 

Ⅲ. Conclusion 

A deep learning-based method was proposed to use 

fusion tracking camera navigation to bridge GPS-

denied areas. This fusion tracking method navigates in 

GPS-denied areas by using a camera and an IMU 

sensor. This fusion approach combines visual and 

inertial information to estimate the camera's position 

and orientation in real-time, including in GPS-denied 

areas. As illustrated in Fig.2, the trial results confirm 

that, in the indoor scenarios, the visual odometry 

technique was adopted to navigate, whereas for the 

outdoor experiments, the GPS navigation system was 

utilized, in order to thoroughly evaluate and contrast 

the capabilities and effectiveness of these two 

navigation methods. Based on this conclusion, future 

work could involve further developing the CNN-LSTM 

part to improve device positioning in GPS-denied 

areas. 
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