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Abstract. UAVs often need to perform tasks in low-level complex environments. In order to protect 
the safety of UAVs, it is necessary to avoid radar and to avoid early warning and obstruction. In this 
paper, the obstacle avoidance radar of UAV is analyzed deeply, and a stable, low cost and 
miniaturized LFM broadband millimeter wave obstacle avoidance radar is designed to solve the 
problem of UAV flight safety. The test data show that the designed millimeter wave obstacle 
avoidance radar system meets the requirements of UAV obstacle avoidance. 

1. Introduction 

UAV obstacle avoidance generally use the technology: optical detectors, infrared detectors, laser 
radar and millimeter-wave radar and other technologies [1-7]. In the fog, strong sun exposure and other 
harsh conditions, visual detection and infrared detection basically lost its role [8]. The lidar is too large 
to be used on unmanned aerial vehicles. Millimeter-wave radar obstacle avoidance technology is the 
most potential, this is because the ability to load unmanned aircraft is limited, in order to maximize 
the implementation of the task, the size and weight of airborne equipment should be as little as 
possible, millimeter-wave radar obstacle avoidance Technology just to meet this requirement[9-12]. 
Millimeter-wave radar with a large bandwidth, narrow beam, low wavelength, low power 
consumption advantages, fully meet the requirements, millimeter-wave radar can rain and snow, haze, 
dust and other bad weather under normal work, with a strong anti- Clutter capability, so that UAV can 
work around the clock. Therefore, millimeter-wave radar obstacle avoidance technology is an 
optimal choice for UAV obstacle avoidance system [13-16]. All manuscripts must be in English, also 
the table and figure texts, otherwise we cannot publish your paper. Please keep a second copy of your 
manuscript in your office. When receiving the paper, we assume that the corresponding authors grant 
us the copyright to use the paper for the book or journal in question. Should authors use tables or 
figures from other Publications, they must ask the corresponding publishers to grant them the right to 
publish this material in their paper.  

2. Millimeter Wave Unmanned Aerial Vehicle Obstacle Avoidance Radar System 

Obstacle avoidance system has three main components: transmitter, receiver front and signal 
processing module. The system block diagram is shown in Fig. 1. The transmitter module consists of 
a VCO, a power divider, a frequency multiplier and an amplifier. The main function is to generate a 
high frequency signal and amplify the signal through the isolator and finally through the antenna. 
Receiver mainly by the mixer, low noise, IF amplification and filter circuit, the main function is to 
receive the echo signal, and the signal amplification, mixing and filtering for the follow-up signal 
processing to prepare. Signal processing module is mainly implemented on the FPGA, the main 
function is to deal with the front of the receiver signal to do digital processing, and ultimately the 
distance information extracted from the target, and through the serial module sent to the ground 
control station, ground control station control People can make real-time responses. 
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Fig. 1 block diagram of obstacle avoidance system 

2.1 Millimeter Wave Broadband Linear Frequency Modulation Avoidance Radar Transmitter 
According to the transmitter index and radar system requirements, the transmitter diagram shown 

in Fig. 2. First through the FPGA linear frequency modulation VCO, resulting in 18.8-19GHz linear 
FM signal, through the frequency multiplier to 37.6-38GHz linear FM signal, amplified by the power 
amplifier, and finally through the antenna radiation out. The program is simple, economic, volume 
and power consumption are smaller. 

 
Fig. 2 Schematic diagram of the transmitter 

2.2 Front - end design of millimeter - wave broadband LFM radar receiver 
The block diagram of the zero-IF receiver is shown in Fig. 3. The received RF signal is amplified 

by the low noise amplifier and mixed with the local oscillator signal. Since the local oscillation signal 
and the frequency and the frequency of the RF signal are the same, the frequency signal close to zero 
frequency is directly generated after mixing, and then a low frequency intermediate frequency The 
signal processing unit performs filtering and amplification. In order to facilitate the next stage of 
FPGA signal processing. Because this program is simple, high reliability, can meet the requirements 
of the indicators at the same time in terms of volume and power consumption can be smaller. 

 
Fig. 3 Block diagram of the receiver 

2.3 Signal Processing Module Based on FPGA 
The application of this project is mainly small unmanned aerial vehicles to obstruct the power line, 

small UAV in flight through other auxiliary equipment can make small unmanned aerial vehicles and 
power lines in a plane, so the state of the power line The intensity of the scattering is relatively strong, 
the accumulation of time does not need to be too long, there is a reason because the small UAV flight 
speed is slower, the detection distance is short, the ground strong clutter in space and frequency 
domain filter filter, The complexity of this system can greatly reduce the complexity of the signal 
processing, the above reasons, FPGA-based signal processing program is: A / D module to collect the 
beat signal, the collected digital signal fast Fourier transform, non-coherent accumulation, And then 
do constant false alarm processing, and finally output distance information. 
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3. Realization of Obstacle Avoidance Radar System and Analysis of Measured Data 

This radar system is designed for unmanned aerial vehicle power line obstacle avoidance. The 
radar system includes radar transmitter, radar receiver, signal processing module and antenna. The 
physical map is shown in Fig. 4. In Shandong, a test site carried out the field flying test, the radar 
installation diagram is shown in Fig. 5. 

           
Fig. 4 Obstacle avoidance physical map                      Fig. 5 Field test device diagram 

When the UAV is flying in the air, the millimeter wave obstacle avoidance radar sends the obstacle 
distance information detected by the front through the serial module to the airborne station and 
forwards the distance information of the obstacle to the ground control station via the airborne radio 
station and According to the information returned, the ground station control personnel on the flight 
path and flight status of the aircraft in real time to adjust, in the field fly test, the ground station 
control personnel can be hikes such as hover, flight, turn, Rise and fall and other operations. When the 
unmanned aerial vehicles in front of a certain range of obstacles, the ground station will be red 
"alarm" words. Obstacle avoidance system status code is 0x01, indicating that the obstacle avoidance 
system is on, as shown in Fig. 6. Obstacle avoidance system status code is 0x00, indicating that the 
obstacle avoidance system is off state. As shown in Fig. 7. 

                                   
Fig.6 Ground control station displays                  Fig. 7 Obstacle Avoidance System Off State 

        information                                                     Ground Station Display 
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4. Concluding remarks  

In order to protect the safety of UAV operations, the need to avoid radar for early warning and 
obstacle avoidance. The analysis of UAV obstacle avoidance radar is carried out, and a stable, low 
cost and miniaturized LFM broadband millimeter wave obstacle avoidance radar is designed. From 
the above field simulation experimental data show that the system can detect unmanned aerial 
vehicles in front of obstacles (including power lines) to meet the system requirements. 
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