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Abstract 
 

Currently, wired gables have been installed or portable storage devices have been installed for data 
acquisition of flying drone. In this paper, we propose a technology to transmit data wirelessly by sensing 
information such as battery discharge value, acceleration, and temperature by attaching RF sensor to a 
drone. The purpose of this paper is to design and develop the monitoring technology of agriculture drone 
battery usage in real time using RF sensor.  
In this paper, we propose a monitoring system that can check real time data of battery changed value, 
temperature, and acceleration during pesticide control activity of agricultural drone. 
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1. Introduction 
 

 The currently available and commercially available Agricultural Drone(AD) flight time is about 15 to 20 
minutes. The agricultural drone uses a large capacity battery but its weight is heavier than normal drones, and 
the flight time is shortened because the weight of the pesticide can reach up. Simply increasing the flight time 
can be done by using gasoline instead of batteries and by increasing the size of the gas or fuel cell. However, 
this increases the cost of drone manufacturing and management, which lowers the profitability and increases 
the risk of accidents. These agricultural drones use battery modules or packs connected in series / parallel to 
multiple cells, and the inter-cell voltage becomes unbalanced by electrochemical side reaction and impedance 
difference of battery cells during charging or discharging. Also, in over-display, the gap structure in the 
lithium-ion battery may be destroyed, which may shorten the battery life. Therefore, a cell balancing system 
capable of uniformly controlling unequal cell voltages is indispensably required to prevent over-charge / 
over-discharge [2]. 

In this paper, we try to analyze usage characteristics of battery cells by acquiring data values of individual 
cells in battery packs used for in flight for agricultural drone.  

The Agricultural Drone Battery(ADB) is used as a battery pack because it has to use a large capacity. A 
battery pack is a one pack made by connecting multiple lithium ion batteries. The battery pack used in this 
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paper contains 12 lithium ion batteries. Analysis of battery usage characteristics is to carry out the load test with 
20 km of pesticide same as the method of agricultural drone and taking off or air from hovering method with a 
rise condition of about 1m from the ground. 

We want to monitor the battery's characteristic data in real time using RF communication. We want to 
acquire the monitored battery characteristic data, and use the RF sensor for this purpose. The RF sensor to be 
used can be applied to various fields such as position tracking, ecological environment monitoring, etc., and the 
data values of the sensors must be transmitted to the destination reliably in real time. In order to effectively 
transmit the monitored data value, the sensor network must cover all the necessary areas and it is important to 
increase the reliability of transmitted sensor data [1]. This study is not influenced by the reliability of data 
transmission to the sensor value when there is no obstructed building as a communication condition with flying 
agricultural drones and in the area where there is no communication obstacle of radio wave. 

 
 

 
 
 
 
 
 

Figure 1. Schematic view for obtaining the data value for the agricultural drone battery cells 
 
 

2. METHOD OF WIRELESS SENSOR NETWORK  
 

It learns surrounding state information through the sensing device on the wireless sensor network, processes 
it, and transmits it to the other node through the wireless interface. Generally, a wireless sensor network 
(WSN) consists of three elements node, gateway, and software. A spatially dispersed measuring node 
communicates with a sensor to monitor physical or environmental conditions, and the collected data is 
passed wirelessly to the gateway to provide a wired connection to collect, process, analyze and display 
measurement data. Researches related to wireless sensor networks are divided into physical layer, data link 
layer, network layer, and transport layer [3]. 

Research on each network layer in the field of wireless sensor network has been actively carried out, but 
studies for effectively linking the wireless sensor network with the Internet have not been actively conducted. 
However, many applications in wireless sensor networks are mostly based on monitoring physical 
phenomena and collecting them and taking specific actions based on the information gathered or analyzed 
[4]. 

 
2.1  ZigBee Communication 
 
ZigBee enacted low-speed, low-cost, low-power standard of wireless transmission technology for use in 

wireless integrated remote controller, home appliance controller, home automation applications such as 
systems, farm sprinklers or home thermostats. However, ZigBee users are hoping to broaden the application 
scope to get a good response from toys, game consoles, consumer electronics devices and PC peripherals. 
This advantage of ZigBee means economical solution for low power wireless data communication in 
personal wireless communication environment, efficiency in power consumption aspect, implementation of 
ZigBee in system ZigBee protocol can be installed from Bluetooth, IEEE 802.15.3 HR (High Rate) -WPAN, 
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or 802.11x wireless LAN protocol in terms of development. It is much simpler to configure [5].  
Bluetooth and ZigBee are the service specification standards aimed at low-cost low-power service among 

wireless network standard. Among them, Bluetooth is currently available in the market, but it is not 
appealing due to problems such as development cost, development complexity and speed. 

ZigBee was created with a focus on low bandwidth and low power in the Bluetooth realm. As a result, the 
application range has been reduced compared to Bluetooth, but this has become a factor of lowering the 
complexity and unit price and attracting much attention. 
 

2.2  RF(Radio Frequency) Communication  
 
All currently used communication systems use a super-heterodyne method using IF (Intermediate 

Frequency). Therefore, the communication system has a three-stage structure as shown below. The baseband is 
a signal area that directly handles information such as actual voice and video. In recent years, most of the 
signals are converted into analog signals. It is then raised to the RF frequency again [6]. 

The RF section in communication refers to the high frequency transmitting and receiving end which deals 
with the actual carrier frequency of after IF stage.  

Compared to an IF unit that uses a tens of MHz band, the RF unit usually handles various carrier frequencies 
of several hundred MHz to over GHz. It is actually much harder to implement because it is higher in frequency 
than the IF stage, which can actually be called a low frequency electronic circuit. For this reason, RF stages are 
naturally classified as high-frequency signal stages, and RF basically deals with ultra-high frequency range of 
several hundred MHz to several GHz. Figure 2 shows the Typical RF Communication Usage Examples. 

 
 

 
 

Figure 2. Typical RF Communication Usage Examples  
 
 

In this study, the communication was designed using RF without using ZigBee. I chose RF because 
ZigBee does not have a lot of data, but RF can come up with a lot of data. The voltage data value of the 
agricultural drone battery cell should be received in seconds. In order to be easy to use in a wide area, RF 
should be used, and RF is suitable for a wide area because an antenna can be used. Figure 3 shows a typical 
RF structure. 

 
 



4                                       International Journal of Advanced Smart Convergence Vol.6 No.3 38-44 (2017) 
 
 

 
 

Figure 3. General typical RF structure 
 
 
 
3. DESIGN OF RF COMMUNICATION 

 

Figure 4 is a communication circuit that transmits the current data value from the RF communication control 
attached to the agricultural drone to the receiver. 

Use 3.3V ~ 9.0V power supply as designed contents of RF communication as shown in figure. Also, UART 
(serial communication) 3V / 5V I / F is possible and additional circuit is not required. Built-in HDLC 
communication protocol, UART (RS-232C) communication is possible without any communication protocol 
and it is designed to be easily connected with existing equipment. It provides module id setting function to 
solve the problem caused by crosstalk, error detection / correction function and high sensitivity reception 
(-124dBm) and long-distance communication are possible. 

 
 

 
 

Figure 4. General typical RF structure 
 
 
The reason for using the AFSK modem is that it has better noise characteristics than the FSK modem and has 

a high data transmission rate. This module can be set by DIP switch or EEPROM (related to RF channel, 
UART communication), module operation status (mode) can be checked by green & red LED status and 
battery usage application and RSSI (Received Signal Strength Indicator) output support is possible. 

 
 

4. DESIGN AND DEVELOPMENT 
 

In this chapter, analysis of battery characteristics of agricultural drones was conducted using the proposed RF 
communication method and the commonly used wired method. In order to proceed with the same method as 
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the method of spraying the pesticide at the actual site, the measurement method was filling 20 liters of water 
instead of pesticide and conducting the test from the ground by about 1M rise flight or hovering method in the 
air. Figure 5 shows what is being measured using a wire. 

 
 

 
 

Figure 5. General typical RF structure 
 
 
Therefore, we developed transmitter / receiver module as shown in figure 6 to obtain the result of battery 

usage which is actually operated as wireless communication base using RF sensor proposed in this study. 
 

 
 

Figure 6. Modules developed for transmitting and receiving current values 
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Figure 7. Picture of mounted transmission / reception module on agricultural drone 
 
 

Figure 7 shows the fabricated transmission / reception module in figure 6 mounted on the agricultural drones. 
Figure 8 shows the current sensor board that can measure the current with the additionally manufactured board, 
and the wireless transmission / receiver that transmits the measured current value. 

 

 
 

Figure 8. The appearance of drone load measurement by RF communication 
(Communication: -RF 424MHZ, -Transmission output 10(dBm), Receive Sensitivity -124dBm / Current Sensor: 

-ACS759, ~200A / Micom: -Arduino Mega 2560) 
 
 

 
Figure 9. Monitoring system operation flowchart  

 
 
It receives the output (0 ~ 3.3V) of current sensor and converts it into current after ADC and outputs data. A 

6.6mV / A ==> 6.6mV change per 1A of current sensor per mV. Output 0V => -200A, 1.65V => 0A, 3.3V => 
200A. 

After converting to 10bit resolution of output of current sensor, convert to current using 6.6mV / A scale 
factor. Display data is ADC value of 10bit resolution, sensor output voltage (mV), current value. Display Data 
transmission cycle is programmed to send once per second. Voltage = (ADC Value / 1023.0) * 5000 (5000mV 
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because Micom's driving voltage is 5V). Amps = (Voltage – ACS off set(1.65V)) / mV per Amp(6.6mV/A) [7].  
The proposed scheme is based on active balancing BMS control method. It receives cell voltage by battery 

monitoring IC and SPI communication, calculates the minimum value of each cell, calculates the deviation 
from each cell, and turns on the balancing switch of the cell where difference of 50 mV or more occurs do. 

When the cell deviation falls below 50mV, the cell balancing switch is turned off, and the battery voltage and 
the current flowing through the FET are ADC to control charging and discharging. In addition, charge and 
discharge FET gate is opened in 10ms unit to measure the direction of voltage and current, and charge and 
discharge state is detected and controlled. The battery charge is determined by the battery voltage and the 
charge and discharge are cut off. 

 
 

5. CONCLUSIONS 
 

In this paper, we propose a monitoring system which real time monitoring of the discharged data value of the 
battery by installing the RF sensor on the drone to monitor the drone battery usage in real time using the 
wireless sensor network.  

The wireless sensor network is a technology that discrete sensors are placed in a physical space and 
information such as battery discharge value, acceleration, and temperature is sensed and wirelessly transmitted. 

In this paper, the proposed system monitors the changed values, temperature, and acceleration status of the 
battery in real - time while the agricultural drones are in control activity, so it is possible to efficiently manage 
battery balancing by cell. 
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