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Abstract 
In the recent years, Unmanned Aerial Vehicles (UAVs) on agriculture have become more common with many applications such as: crop monitoring, irrigation, crop protection, etc. However, UAV’s cost is too expensive for agriculture application. The aim of the research is to develop a compact and cost-effective drone for agriculture monitoring. The first phase of the paper presents the design and implementation of quadcopter while the second phase provides mapping process. There are many difficult problems for farmers to check crop health in large-scale field. The drone mobility helps to solve large area monitoring problems and minimizes crop care costs. The basic components used for the quadcopter design were Pixhawk 4 flight controller, SunnySky brushless motor, Electronic Speed Controller (ESC), Lipo Battery, Skydroid Radio Control and an RGB camera. The quadcopter is set to fly under preset path and the images are captured continuously during flight. The images taken from drone are matched to form 2D map. For agriculture application, 2D map can be used for determining land distribution, current crop life cycle, vegetables heath. Therefore, farmers can promptly adjust factors which affecting plant health to improve the productivity.  The implemented drone had a stable and handy quadcopter with payload approximately 1.50 kg and 15 minutes flight time. The system has been tested under different scenarios. The 2D map is built with the clear image and the accuracy up to 99%. It is suitable for agriculture monitoring with reasonable price.
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1. Introduction

In recent years, the development of flying vehicles was driven by advances in aeronautics, engineering and embedded processing. UAV can be used in various fields, especially for inspection and monitoring applications such as environmental, agricultural and natural resources monitoring. 
Over the last few decades, UAV have been widely used for non-military purposes such as forest and agriculture applications (Saari et al. 2011), surveillance in complex environment (Semsch et al. 2009), traffic monitoring (B. Coifman 2006). The use of drones in these applications is mainly due to the fast speed, high maneuverability, low-cost and high safety of UAV systems. 

With the advantages of UAVs, different research group have begun to work in UAV photogrammetry for mapping and modelling application such as (Remondino et al. 2011), (Neitzel & Klonowski 2011), (Eisenbeiss 2009). UAVs are used as a platform for images collecting missions autonomously without the need for human control.  
In forestry and agriculture domains, drones can be used as data gathering tools for highly accurate and detailed observation data. From orthomosaic map, producers can take reliable decisions to save money and time, monitor the health of plants in terms of chlorophyll levels and leaf thickness, ﻿get quick and accurate record of damages or identify potential problems in the field. This information can allow producers to adjust the necessary parameters of their agricultural process so as to address the problems before they become more widespread.
In this paper, we propose a low-cost UAV system that is designed for mapping and modeling for agricultural applications. The main contribution is a cost-efficiency UAV that is able to perform autonomous surveillance mission for mapping application using RGB camera. The paper is organized as follows: section 2 describes the design of the UAV platform and the approach that was developed. In section 3, we verify the effectiveness of proposed UAV by presenting the experimental results. Finally, we conclude the paper in section 4. 
2. Design


The principle of operation of a quadcopter is simple but implementation requires quite a bit of attention to detail in order for the aircraft to function properly. This section focus to design method and details of how each subsystem works. The first phase considered the design of the quadcopter while seconds phase involved agriculture monitoring applications. Design components have been tested to ensure safety and have lowest price. It perfect suited to crops monitoring. 

2.1. Design Specification

The specification for the quadcopter were listed in table 1 below 

Table 1. Specification

	Parameter
	Value

	Weight
	1.5 kg

	Power supply
	a. Type of cells – Lithium Polymer (3S)

b. Flight time – 15 mins

	Visibility
	Suitable in clear weather only

	Range control
	10 kilometers

	Camera
	Camera can trigger in flight and has GPS information


2.2. Hardware Design


The following factors were put into consideration during design the quadcopter. The list of the components with respective weights is shown in Table 2.

Table 2. List of the components

	Components
	Estimated weight
	Number of units
	Total weight

	Brushless Motor
	60g
	4
	240g

	Propellers
	15g
	4
	60g

	Li-po battery
	415g
	1
	415g

	Frame
	282g
	1
	282g

	Skywalker ESC 30A
	37g
	4
	148g

	Pixhawk 4
	15.6g
	1
	15.6g

	Power board
	36g
	1
	36g

	RC receiver
	26g
	1
	26g

	Camera
	14g
	1
	14g

	
	
	Total
	1236.6g



The block diagram in figure 1 below shows the input/output relationship of all other components to the microcontroller.
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Figure 1. The hardware diagram

2.2.1. The Quadcopter Frame

The frame of the quadcopter was made of very strong materials. The arms are made from ultra strong PA66+30GF material which provides better resistance to dame on hard landings. The main frame plates use a high strength compound PCB material. The overall frame design provides enough space when assembled to fit an autopilot system. The body frame was made slim with holes drilled to it to maintain stability while flying and to reduce the weight. The width of the frame was 450mm and the height was 55mm.

2.2.2. Motors and Electronic Speed Controllers


From the above estimate for the thrust, SunnySky 2212-13 980Kv was chosen. When using 3 cells battery and a 10x47 propeller, the motor provides a thrust of up to 8.5N (Sunnysky 2212-13 kv980). The total load of the quadcopter is 1.6 kg but the weight for stable flight is about 1.5 kg. This design used ESC Skywalker 30A for safety flight.

2.2.3. Flight Controller and Sensor System


Pixhawk 4 is a flight controller, which was design and developed in collaboration between Holybro and PX4 team, optimized to run the full Dronecode stack, and comes pre-installed with newest PX4 firmware. With the newest advanced processor technology from STMicroelectronics, sensor technology from Bosch and InvenSense, and Nuttx real-time operating system, Pixhawk 4 provides incredible performance, flexibility, and reliability for controlling any autonomous vehicle.
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Figure 2. Pixhawk 4 controller, GPS and PM board

2.2.4. Image capture device


For image capturing, the quadcopter is equipped an RGB Camera. The Skydroid camera provides image with a resolution of 720p. It is controlled by the trigger pin directly from the drone.
2.2.5. Communication system


An important part of the drone’s design is the communication system. It plays a decisive role in the operation range of the drone and the mode control. For a safety flight, the quadcopter uses an RC transmitter, receiver to switch safety mode on the flight and use telemetry to observe quadcopter's flight. Because of the range flight and cost, Skydroid T12 RC (Figure 2) is a suitable choice. With long range control and video transmit, Skydroid T12 provide a stable connection for control (T12 12-Channel Radio Controller User Manual). 
[image: image3.jpg]



Figure 3. Skydroid RC and Camera

2.3. Software
2.3.1. PX4 Architecture


PX4 is an open source flight control software for drones and other unmanned vehicles. It provides a standard to deliver drone hardware support and software stack, allowing an ecosystem to build and maintain hardware and software in a scalable way. PX4 consists of two main layers: the flight stack (Documentation - PX4 Open Source Autopilot) is an estimation and flight control system, and the middleware is a general robotics layer that can support any type of autonomous robot, providing internal/external communications and hardware integration.
2.3.2. QGroundControl


The ground control station is called QGroundControl which provides full flight control and mission planning for any MAVLink enabled drone. Its primary goal is ease of use for professional users and developers. For survey mission in this research, we use the Survey plan pattern. A survey allows user to create a grid flight pattern over a polygonal area. You can specify an arbitrary polygon, the angle and other properties of the grid, and camera settings appropriate for creating geotagged images(Overview · QGroundControl User Guide).

3. Results


As a research result, the figure below shows the complete quadcopter ready for agriculture monitoring. The system has been tested for safety flight before monitoring mission. Through many experiments and many changes in hardware, quadcopter was ready to fly. 
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Figure 4. Quadcopter's Flight
With survey mission in football field, the quadcopter was set to fly with 22 set-points from start to the end of the mission. During flight mission, the camera capture image each 4.29 meter. The Figure 4 shows the survey mission and Figure 5 shows the quadcopter’s flight trajectory in reality (the violet path is survey mission).
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Figure 5. Survey mission in QGroundControl
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Figure 6. Quadcopter's flight trajectory

The graph shown above represents a stable system. The error between system estimation and actual GPS data is negligible. This design is perfectly suited to automated flying missions especially in surveillance.
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Figure 7. Trajectory of autonomous mission
The results of survey mission are 70 pictures with GPS information and 80% overlap. All data is processed by Pix4dmapper software. The figure shows the large-scale map after processing. From there, we can calculate length and width of the mini football field. It is 48.31 meters long and 31.27 meters wide. The actual size of the mini football field which was measured is 48.2 meters long and 31 meters wide. The calculation error is less than 1%, it shows the feasibility of the project. Large-scale map with detailed length information is an effective tool for monitoring crop density.
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Figure 8. Large-scale map building
4. Conclusion
In this paper, we introduce a low-cost UAV design and mapping method for observing crops and estimating their current production and environmental states. This open source system greatly reduces the costs of monitoring and management compared to other flying systems. The initial result have shown the effectiveness of UAV system for mapping application with high accuracy map. In the future, an embedded computer will be integrated in quadcopter for more complex survey mission.
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