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Abstract. The advancement of an autonomous Unmanned Aerial Vehicle (UAV) has permeated throughout various aspect 
of our lives, from military to home entertainment. Autonomous UAV has bought a new level of sensation which enables 
the operator of the autonomous UAV to fly the UAV to the predetermined location just by selecting the location on the 
map projected on the screen as this can be done by implementing the GPS module on the drone. However, a slight 
interference will cause a tremendous effect on the GPS signal and it is impossible to operate the autonomous UAV indoor 
due to the weak signal. Therefore, the objective of this research paper is to develop an alternative for UAV to detect its 
own location up to 25cm of accuracy without the use of GPS module in a closed environment or under the tree canopy. It 
is also to perform a highly accurate and precise Simultaneous Localization and Mapping (SLAM) algorithm on a low-
power processing unit yet robust for UAV to map and navigate. In order to have further understand on how the SLAM 
algorithm works, the offline simulation was carried out on a ground computer. On top of that, a monocular offline data was 
downloaded and simulation of monocular SLAM was carried out with the data. Once the offline data simulation was 
completed, Robot Operating System (ROS) was then installed in the ground computer to perform real time monocular 
SLAM using a webcam. From the real time monocular SLAM, the webcam was used to capture the images and pinpoint 
the feature points of each image. This process will slowly generating a 3D map by each key frame. The real time SLAM 
was then performed with a low-powered processing unit on top of the UAV for mapping and navigation. In a nutshell, the 
expected outcome of this research paper is to develop a low-powered yet robust processing unit for SLAM algorithm in 
autonomous UAV to determine its own location up to the accuracy of 25cm for navigation and mapping purpose.  

 

INTRODUCTION 

Unmanned Aerial Vehicle (UAV) or also called as drone, it can be controlled by self-contained program control 
device (autonomous) or by radio remote control equipment. A drone normally is made up of light but strong materials 
such as carbon fibre to reduce weight and increase maneuverability [1,2]. Drones have been widely applied in 
agriculture, civilian areas and military due to its advantages over the size, ease of operation and low cost [3]. Military 
often use it for territorial surveillance and tactical reconnaissance to avoid casualties [4]. Drones also apply in civil 
use such as highway inspection, agriculture, natural disaster monitoring and so on. With the increasing number of 
people using of drones, development of the autonomous drone with Global Positioning System (GPS) became the 
latest technology trend [5,6]. 

However, a fully autonomous drone with GPS guided system will fail to achieve its autonomous function when 
the drone is set to operate around a wide area of agriculture farm or in a closed environment, due to the GPS signal 
failing or too weak to reach to the GPS module on top of the drone [7]. Besides, the anti-jamming capability of GPS 
module fails to achieve its function as any electronic interference or malfunction of GPS due to electromagnetic wave 
interference will cause the drone to lose its positioning and navigation capabilities [8]. Moreover, outdoor weather 
and sunspots also have significant effects on the GPS signal strength but not for the positioning function. Meanwhile, 
electromagnetic interference, strong magnetic field of the surrounding will generally have effect on the GPS signal 
and the signal will also decrease when the drone is operating in an indoor environment, under the tree canopy or 
around high-rise buildings [9,10]. 

13th International Engineering Research Conference (13th EURECA 2019)
AIP Conf. Proc. 2233, 030007-1–030007-10; https://doi.org/10.1063/5.0001374

Published by AIP Publishing. 978-0-7354-1992-6/$30.00

030007-1



To address the above-mentioned challenges, visual technology of Simultaneous Localization and Mapping 
(SLAM) algorithm can be one of the solutions to address the above challenge. Matrice M100 or also called as M100, 
the quadcopter drone is designed and built by DJI China, whereby DJI is the world’s largest consumer of drone maker 
[11,12]. Most of the visual SLAM systems track the set point via successive camera frames to transform into 3D 
position, which is to map the surroundings in relation to their own location for purposes of navigation [13]. SLAM is 
an optimization problem; its goal is to compute for the best configuration of camera poses and point position to reduce 
reprojection error [14]. There are few sensors which can be used to perform SLAM algorithm in outdoor or indoor 
environment such as laser, stereo vision sensor, acoustic sensor and RGB-D sensor [15]. For this project, RGB-D 
sensor will be used as this sensor combined of RGB based image sensing with distance/depth identification and this 
sensor which used to obtain depth information are called as active stereo.  

RGB-D sensor which is the Intel RealSense Depth Camera D400 Series with high resolution 1920x1080 of 30fps 
[16]. However, to maximize the performance of SLAM algorithm in order to yield a high accurate and precise data, a 
heavy computation is required which in term of high-performance processor, sufficient RAM and internal storage 
(SSD). Hence, allocating a high-performance processing unit to process the 3D map on top of the drone will resulting 
increase in weight of the drone, drawing more power from the battery source which eventually will drain up the battery 
and shorten the flying time of the drone [17]. Hence, this paper evaluates the possibilities of using a low-power 
processing unit to perform SLAM algorithm with RGB-D sensor on top of the drone for mapping and navigation 
purpose to replace the traditional GPS. 

METHODOLOGY  

The Challenge of Navigating and Positioning for an UAV 

A fully autonomous UAV will rely on its GPS module for navigation and position, once the GPS module loses the 
satellite signal, the UAV will fail to pinpoint its location. Besides, high-rise building, electromagnetic wave and 
sunspot will also have significant effect on the GPS signal. Moreover, the accuracy of GPS only up to 5-8 meters 
which is not so efficient. GPS module will only receive signal when the module is place at outdoor, it will not work 
in indoor environment as the GPS signal is unable to penetrate through the thick concrete wall to reach the GPS 
module. Besides, to allow GPS to work well, a map is needed to be downloaded and it is limited from place to place. 
For example, to set a drone to fly autonomously in a new place, a map is needed to be downloaded in order for it to 
fly autonomously, and it requires an operator to set location for the drone to fly.  

Simultaneous Localization and Mapping (SLAM) 

For image capturing, RGB-D camera will be the depth sensor use for development of SLAM algorithm. The 
camera will take in visible light which is the infrared light and create a 3D depth map of the surrounding with the 
output framerate of 1920x1080p at 30fps. The working principle is that RGB-D camera has the ability to project out 
IR laser towards the surrounding and since light will reflect when it hit the ground or object and there will be an IR 
sensor to detect the incoming IR laser which bounced back when the IR laser hit the ground or object, and calculate 
the time taken for the IR laser to bounce back and then the image processor will calculate the time taken for the IR 
laser to travel and determine to location of object. The processing unit used to process the image frame taken by RGB-
D camera, it is a small-form-factor barebone computer which will be deploy to process the image captured by RGDD 
Camera. For example, the image capture by RGBD camera will be in form of 3D mapping and the processing unit 
will convert the 3D point cloud map into grid map to determine the distance between object and drone. The all the 
data generated will be sent to microprocessor of drone to determine the next move. 

Offline Data Simulation 

In order to understand well how a SLAM algorithm operates, offline data simulation can be carried out in our 
personal laptop. We will require to choose a proper operating system for SLAM in order for it to perform well. Based 
on the research, Ubuntu is the best operating system to perform SLAM algorithm as this operating system is the fastest 
in term of processing speed and more stable compare to Windows OS and Apple OS. Most of the IoT also done in 
Ubuntu OS. However, there are some researchers perform SLAM algorithm in Windows and Apple OS. However, for 
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this paper, Ubuntu OS will be used. In order to run the offline SLAM simulation correctly, all the prerequisite software 
must install correctly. For Ubuntu OS, some installations can be done using ‘git clone’ command by downloading 
directly from the server using terminal of Ubuntu. For example, ‘git clone 
https://github.com/raulmur/ORB_SLAM2.git ORB_SLAM2’, by insert this command in the terminal, the system will 
automatic start to download the file from the input server. However, when the file is deleted, manual download from 
another server is required. Prerequisite software such as C++11, Pangolin, OpenCV, Eigen3 are the fundamental 
software requires by SLAM algorithm, if any of the software is missing or at fault, the simulation will not start. There 
are plenty of offline data can be downloaded from the internet such as monocular examples,  stereo examples, RGB-
D examples and ROS examples. These offline data are the data from other researchers, the file consist of video and 
data required for offline SLAM simulation, most of the video done in indoor and outdoor environment to ensure that 
SLAM will be able to operate in indoor and outdoor environment. If we able to carry out the offline SLAM simulation, 
which will indicate that the SLAM is installed correctly on Ubuntu OS.  

Robot Operating System (ROS) 

Once the offline simulation of SLAM is completed, monocular SLAM can be carried out by using webcam from 
the laptop. In order to allow the SLAM to perform correctly, Robot Operating System is required. ROS is an open-
source, meta-operating system for the robot. It provides service for an operating system, including hardware 
abstraction, low-level device control and message-passing between processes. Based on the research, most of the 
SLAM done in ROS Kinetic even though this version is old compare to ROS Indigo, but it is more stable, reliable and 
a lot of files patching can be used for this version.  

Performing Real Time SLAM Algorithm on Ground Computer  

To perform real time SLAM algorithm on the surrounding environment, an external webcam will be installed 
alongside with the ground computer, the function of the external webcam is to capture the images which is in form of 
monocular. However, to perform Stereo and RGB-D simulation, different camera such as RGB-D camera and Stereo 
camera will require. The ROS will determine the feature points of each image automatically by the system itself and 
a map is slowly generated through each key frame collected. Hence, in this process, a robust yet minimal power 
consumption processor is required in order to generate the map in more efficient way.  

Performing Real Time SLAM Algorithm on Low-Powered Processing Unit 
After successfully performing the SLAM algorithm on ground computer, the subsequence step will be choosing a 

low-powered yet robust processing unit to process the incoming feature points from each key frame. Initially, 
Raspberry Pi 3 Model B+, a single-board computer was chosen to process the feature points however, limitations such 
as insufficient in CPU and GPU which slow down the progress of 3D map generating as high-speed autonomous UAV 
requires instantaneous reaction towards its surrounding. AAEON Up Board is a substitute for Raspberry Pi 3 Model 
B+, the board consists of Intel Atom Processor and Intel HD 400 Graphics which makes it suitable to perform SLAM 
algorithm without interruption. Ubuntu 18.04.3 LTS (Bionic Beaver) will be the operating system for AAEON Up 
Board, all the prerequisites(OpenCV, Pangolin, Eigen3..) will be installed alongside with that. Offline simulation with 
offline data will be carried out on the board to ensure the SLAM algorithm able to operate without any error. ROS 
Melodic will also be installed to identify the feature points of each key frame capture by Logitech C310 USB webcam. 
The 3D map data will be sent to the UAV flight controller to navigate the UAV autonomously.  

RESULTS AND DISCUSSION 

Offline SLAM Algorithm Simulation with Offline Data 

One fundamental testing is to initiate offline SLAM algorithm simulation with offline data on the AAEON Up 
Board with offline data from the official website.  
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FIGURE 1. Offline SLAM algorithm simulation with offline data on AAEON Up Board. 

 
The offline SLAM simulation is important as this allow student to understand how does to SLAM algorithm 

actually works on the real time environment as according to Figure 1, the offline SLAM data was collected by the 
developer and posted it online for research and education purpose. Besides, this is this initial to perform real time 
SLAM algorithm on real time environment as to allow the SLAM algorithm to perform correctly, all the prerequisites 
must install according to the suitable version. For example, if the Ubuntu OS is 16.04 version, the version of OpenCV 
that installed on the OS must at least at the version of 2.4.3, all the version below version 2.4.3 will crash the offline 
simulation.  

 
There are few types of offline data can be found online such as Monocular Examples, Stereo Examples, RGB-D 

Examples and ROS Examples. The offline data according to Figure 1 is Monocular Examples as it used normal USB 
webcam to capture the feature points of each camera frame.  

Real Time SLAM Algorithm Configuration on AAEON Up Board 

 
FIGURE 2. Initiated real time SLAM algorithm.  

 
Figure 2 shows the initiated SLAM start on the Up Board, all the obstacles such as signboard, tree leaf and tree 

breaches are successfully detected as shown by the feature points and on the 3D map on the upper right-hand corner 
of Figure 10. The parameter was set at the original state without any modification made. 
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FIGURE 3. Real time SLAM when turning.  

 
Figure 3 show the situation where the Pepsi cans as ‘light poles’, however when moving the camera towards the 

second chair, the feature points not synchronized fast enough as the feature points not covering the second chair but 
most of the feature points still remain on the first chairs and no ‘3D map’ of the second chair’ was generated. However, 
tuning of the parameter was made on the camera input such as setting the value of camera of fx, fy, cx and cy value 
to optimum value. After the parameters of the camera was configured, the SLAM algorithm took about 5 seconds to 
launch and detect the feature points of the surrounding. More feature points were detected and more were plotted into 
the 3D map. 
 

 
FIGURE 4. The successful 3D map with adequate of recorded feature points  

 
Figure 4 shows the situation where the camera was turned to the second chair, the feature points in red quickly fell 

onto the obstacles with more than 700 features points detected on each camera frame. The 3D map generated through 
both chairs on the Figure 4 shows how a successful 3D map should like with adequate recorded feature points on each 
key frame. The green column in the map was the current camera frame and the green line shows the path where the 
camera/UAV was moving to. The small red dot that appeared in the map is the recorded feature points from previous 
camera frame. Besides, more tuning of camera parameter was done such as changing the frame per second(fps), and 
changing of the resolution of the camera input. The fps was set to 40 indicated that the camera will take 40 frames in 
one second. Eventually the workload for the ROS was increased as it required to process more incoming frames in 
one second. Eventually the AAEON Up Board heated up which indicating more power has been drawn from the power 
source to process the image. However, when set the parameter to 10fps which was the minimal. The SLAM algorithm 
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was set to run for 20 minutes and found out that the Up Board was not heated up comparing to the situation where the 
parameter was set to run at 40fps but when running with 10fps, the camera frame was buggy and lag. Other parameters 
were set to test out which was setting up the camera parameter to 60fps and maximum camera resolution, the output 
was that the feature points detected on the current frame increase from around 700 to around 800. The video output 
was smooth and stable compare to 10fps which was buggy and lag. There was also increase in efficiency of feature 
points taking when moving the camera from first chair to second chair as the feature points able to plot on the obstacle 
instantaneously. However, after running around 10 minutes, the Up Board turned hot as the ROS require more power 
and processing unit to process the incoming camera frame. With such, optimum resolution and fps of the camera will 
require to run the SLAM algorithm smoothly without interruption to save power but also able to yield out useful map 
for the UAV to navigate and positioning. 
 

 
FIGURE 5. A 3D map of a larger area with arrows to identify the objects 

 
 
 

 
FIGURE 6. Panorama of the students’ hostel  

 
Figure 5 shows the 3D map generated through SLAM algorithm on the Up Board. The map was generated based 

on the real time environment of the students’ hostel as shown in Figure 6. The figure was taken in panorama to show 
the path where the camera has been through and what data has been taken by the camera. There are some obstacles in 
Figure 5 and Figure 6 that can be easily spotted such as the green arrows in both of the figure shows the student’s 
hardcopy Interim Report, whereby the purple arrows show the student’s laptop and the most obvious obstacle is the 
yellow arrows which indicating a broken hanger.  
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FIGURE 7. AAEON Up Board placing on top of the UAV alongside with an USB camera.  

 
Figure 7 shown a UAV with AAEON Up Board single board computer and an USB camera was connected to the 

Up Board. The USB camera was attached on the gimbal. The function of the gimbal that act as a pivoted point that 
allows the UAV to rotate a camera along a single axis which stabilize the image capturing while the drone is pitching, 
rolling and yawning.  

 
 

 
 

FIGURE 8. An UAV carrying out SLAM algorithm to map the unknown surrounding. 
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FIGURE 9. The raw image captured by USB cam and the point-cloud map on the right.  

 
 

Figure 8 shown an UAV was mapping an unknown surrounding. The UAV was first piloted to fly at the corridor 
and the camera was point forward to detect upcoming feature points of the surrounding area. The camera frame was 
around 8-10Hz indicate that each second, the camera will take 8-10 frames per second to detect upcoming feature 
points, the feature points detected will be plotted in RVIZ map as shown in Figure 9. The white scattered points were 
the previous feature points detected and plotted inside the RVIZ map to become point cloud map.   

 

 
FIGURE 10. An UAV carrying out SLAM algorithm to map another unknown surrounding. 
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FIGURE 11. The cloud-point map and the image capture by USB camera.  

 
Figure 10 shows a testing was done in another unknown environment. The drone was first set to fly in a straight 

line while SLAM algorithm was carried out on the single board computer. The feature points were determined by each 
image captured by the USB camera. The scattered points shown on Figure 11 were the feature points plotted in the 
RVIZ map. By comparing with the maps showing in Figure 11 and Figure 9, the feature points were more cascaded 
in Figure 9 compare to Figure 11. In Figure 11, the SLAM algorithm was carried out in a dimmer environment 
comparing to Figure 9. To optimized the performance of SLAM algorithm, the surroundings must have, 

 Sufficient brightness  
 Non textureless surrounding.  
 Not overexposed brightness 

CONCLUSION 

In this research, SLAM algorithm is proposed and developed by using a low-power processing unit to provide 
navigating and mapping for UAV to operate in a closed environment or under the tree canopy. An offline SLAM 
simulation is carried out by using the offline data to understand on how the SLAM algorithm works. Besides, a real 
time monocular SLAM is developed by using a webcam to generate a 3D map of the surroundings with ROS. Hence, 
enhancement is made by performing the real time SLAM on top of the UAV for navigation and mapping. However, 
future improvement can be done in the SLAM algorithm to improve the speed of feature points capturing with almost 
the same speed as fast SLAM.  
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