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Fig. 1 Vision and Marker-Based Pose Estimation System.
Abstract
In this study, a vision-based drone takeoff and landing system is tested. A vision sensor and a marker are used with the embedded system for pose estimation. The pose estimation results were denoted on input images. Three distance (x, y, z) and three euler angle (roll, pitch, yaw) components. The performance of the system has been validated through the experiments with the marker above ground. Through the experiments, the feasibility of the vision-based takeoff and landing system was confirmed. The results indicates that the vision and marker-based system might be applied to the drone takeoff and landing control.
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Fig. 2 Drone System.
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I. Introduction
Recently, research on unmanned aircraft has been actively developed[1-6]. In particular, the study of the drone is currently gaining popularity. Most of the research has been about the dynamic control of the drone. However, the importance of the vision system of the drone has been increasing recently.
The vision systems is a major part of the robotic research. Therefore, in the drone research area, vision-based methods are actively used in the detection of objects, avoiding obstructions, and navigation parts[7, 8].
In this study, a vision-based drone takeoff and landing system is tested. A vision sensor and a marker are employed on an embedded system for real-time drone pose estimation. Since the vision sensor and the drone body are connected rigidly, the pose estimation method gives the location of the drone relative to the marker. Using this principle, the takeoff and landing systems of the drone is implemented.
The remainder of this paper is organized as follows. Section II introduces the vision-based pose estimation method and embedded system. In section III, the experiments are conducted in order to validate the performance of the proposed system. And the conclusions are addressed in section IV.
II. Vision-Based Drone Takeoff and Landing System
A. Vision and Marker-Based Pose Estimation
This section deals with vision and marker-based pose estimation methods. A Vision and Marker-Based Pose Estimation System is represented in Fig. 1. The mapping of four points on the image plane of the image taken from the vision sensor and the marker information in three-dimensional space give the intrinsic parameters of the vision sensor. Using the intrinsic parameters, this system eatimation 6-DOF pose estimation relative to the marker[9, 10]. Therefore, a drone system with the vision sensor autonomously conducts takeoff and landing on the marker.
B. Drone System
For the vision-based pose estimation of the drone system, a vision sensor is attached to the bottom of the body. The drone system used in this study employs an engine system for  spinning propellers. Fig. 2 shows the drone system. The engine based drone system allows the transport of a heavier payload than other motor-based drone systems.
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Fig. 3 Vision-Based Embedded Pose Estimation System.
C. Embedded Vision System
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Fig. 4 Experimental Results.
For the pose estimation algorithm, an embedded board is employed. The vision sensor is connected to the embedded board. In this research, we use the Nvidia Jetson TK1 developer kit which have an ARM Cortex-A15 CPU and a Kepler GPU with 192 CUDA cores. The marker employed in this system, consist of a square border and a circle. The square border is used to detect four corners of the marker. The entire image processing is accelerated on Kepler GPU. The processing time is averagely 10ms on this embedded vision system.
III. Experiments
Before attaching the embedded vision system to the drone system, ground experiments was conducted. The marker was attached on the ground. And the vision sensor connected to the embedded system travel above the marker. The pose estimation results were denoted on input images. Three distance (x, y, z) and three euler angle (roll, pitch, yaw) components were represented cm and degree units, respectively. Fig. 4 represents four experimental results. Through this experiments, the feasibility of the vision-based takeoff and landing system was confirmed.
IV. Conclusion
In this paper, a vision-based drone takeoff and landing system is tested. A vision sensor and a marker are used with the embedded system for pose estimation. Since the vision sensor and the drone body are connected rigidly, the pose estimation method gives the 6-DOF pose of the drone system. And the performance of the system has been validated through the experiments with the marker above ground. The results indicates that the vision and marker-based system might be applied to the drone takeoff and landing control. In the future, we will implement the autonomous takeoff and landing systems of the drone.
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