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Unmanned Aerial Vehicles

At present, there is extensive research and development on Unmanned Aerial
Vehicles or drones, especially in the development of various forms of autonomous
drones. Within this field of research and development, one interesting topic is the
development of autonomous drones for indoor environment. This is because it
requires finding methods for drones to determine their own position without relying
on Global Navigation Satellite Systems (GNSS), which are used by autonomous drones
for outdoor environment. Additionally, the complexity of indoor environments
necessitates the study of methods that allow drones to work safely. Hence, this
research aims to study and develop autonomous drones specifically for indoor
environment, with the objective of developing a: positioning system within buildings
that works in conjunction with object detection and avoidance systems to be used for
drones.

Based on the objectives of this research, a study was conducted to find suitable
methods to achieve the research goals. Through this study, a method called
Simultaneous Localization and Mapping system (SLAM) was discovered, which works
in conjunction with an Obstacle Avoidance system that utilizes the Dijkstra algorithm.
In the SLAM system, the positioning of the drone is processed to be used in the drone's
autonomous system. Furthermore, the generates maps or environmental data around
the drone to be used in the Obstacle Avoidance system. And the Obstacle Avoidance
system use all this data to processed and create a safe flight path for the drone. From
this point, it is evident that the SLAM system for positioning and mapping is of great
importance. Therefore, this research employs two types of positioning and mapping
systems: Visual SLAM and LIDAR SLAM. The data from both types is processed using
the Extended Kalman Filter method to enhance the stability of the data.



This research divided the testing into three parts. Firstly, the positioning system
was tested using a semi-autonomous system. The testing was conducted in two
scenarios: one where both types of SLAM work normally to assess accuracy, and
another where one of the types fails to function to evaluate whether the Extended
Kalman Filter can filter out abnormal data and allow the system to continue
functioning. Secondly, the mapping system was tested by creating actual maps in an
easily observable area with reference points. The size of the generated map was
measured and compared to the actual area, using the reference points for accuracy
assessment. Lastly, the autonomous flight and obstacle avoidance system were tested
to evaluate accuracy in reaching the destination, maintaining the flight path, and
verifying the calculation and generation of the flight path. By conducting these tests,
the research aimed to assess the performance and accuracy of the developed system
for autonomous indoor drone operations.

The results obtained from the testing showed that the indoor positioning
system used in conjunction with the drone was able to work with high accuracy, with
average RMSE 3.877 centimeters. The system was also able to continue functioning
even if either the Visual SLAM or LIDAR SLAM had failed to function. The mapping
system demonstrated the capability to rapidly generate maps with an average error of
about 10 centimeters. In the autonomous flight system, the drone was able to navigate
to the target position accurately and safely, with an average error 9.559 centimeters.
The drone successfully created flight paths to avoid obstacles that were detected
whether they were initially present or added later. These results indicate that the
developed system for indoor drone operations achieved high precision and reliability
in positioning, mapping, and autonomous flight, showcasing its potential for practical

applications.
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