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Abstract—Obstacle detection and collision avoidance algorithm are proposed to detect and avoid static and dynamic 

obstacles in the indoor environment. The range of the obstacle from the Micro Aerial Vehicle using Light Detection and 

Ranging sensor. Based on the principle of Time of Flight obstacle detection algorithm is implemented on Raspberry Pi 

Zero W, a single board computer. When the computed range between the Micro Aerial Vehicle and the obstacle is less than 

threshold range value of 1.5 m, pulse width modulated signal can be applied to the pitch channel to pitch the Micro Aerial 

Vehicle backwards to avoid collision with an obstacle. 
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I.  INTRODUCTION 

 

Air vehicles which are remotely piloted or having an 

autopilot are generally defined as Unmanned Aerial 

Vehicles (UAV). They could have different missions 

according to their civil or military usage such as ground 

surveillance, payload or cargo carriers, and geological 

surveying, reconnaissance and armament carrier 

applications. Unmanned air vehicles may be considered as 

the future of aviation. Technological advances in aviation 

electronics, avionics, seem to enable the air vehicles to fly 

themselves with small help of the human pilot. Nowadays, 

all over the world, a lot of UAV concepts have emerged 

and most of them have been made operational successfully. 

To maintain the flight path, avoid the obstacle in the course 

of flying by remotely sensing the range of the obstacles 

before it leads to an accident. These can be applied in the 

future UAV Air Traffic Control System as the flight path 

doesn’t change frequently in the place of a crowded drone. 

Unless the emergency condition. System integration of the 

Micro Aerial Vehicle (MAV) was a little complex because 

of less weight and size. And also, the selection of 

microcontroller and sensor must be optimum. 

 

The rest of the paper is organized as follows Section II 

contains the Related work, Section III contains the 

proposed Methodology, Section IV contains the Results 

and Discussion, Section V contains the Conclusion and 

Future Scope. 

 

II. RELATED WORK  

 

The distance of the obstacle must be detected before the 

MAV collide with it. There are many remote sensing 

sensors to measure the range of obstacles, which means 

that the sensors find the distance of obstacle without 

disturbing the obstacle. The light travels faster and hence 

the sensor gives instantaneous values. The Light Detection 

and Ranging (LIDAR) sensor play more advantages such 

as long-range determination and resistance to high noise 

environment than other sensors [1]. The Raspberry Pi Zero 

W is a single board smaller computer. So that we can be 

able to integrate different things under the common 

controller. The Raspberry Pi Zero W has inbuilt Wi-Fi and 

Python idle. Also, its size and weight were satisfying the 

requirement of MAV. The Python is an open-source 

programming language to access the Microcontrollers and 

also the Flight Simulator. To check the process, the 

simulation was made by using the XPlane Flight 

Simulator. In this work, the real-time value was computed, 

processed and simulated in the digital form. Thus, the 

simulation reduces the cost of invention, increases the 

study of MAV behavior. The TCP internet protocol was 

used to make the connection reliable. 

 

III. METHODOLOGY 

 

It is a Time of Flight (TOF) principle. The source sends the 

signal periodically, which wave will reflect after contacting 

the object [2]. The source obtains time of flight by 

measuring the round-trip phase difference and then 

calculates relative range between the source and the 

detection object.  

 

 d = s x t. (1) 

Where, d denotes the distance travelled by the signal 

(meter), s denotes the speed of the signal (meter/second), t 

denotes the time taken by the signal (second). 

 

 s = λ x f. (2) 

http://www.isroset.org/
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Where, λ denotes the Wavelength of the signal 

(nanometer), f denotes the Frequency of the signal (Hertz). 

 

 t = Δϕ / 2πf. (3) 

 

Where, Δϕ denotes the Phase shift between the transmitted 

and received signals (radian). 

 

 r = d / 2. (4) 

Where, r denotes the Range of the object from the source 

(meter). 

 
Figure 1. Schematics of TOF Principle 

 

A. Rapsberry Pi Zero W: 

The Microcontroller was used to control the input and 

output signals of the sensors and actuators. The Raspberry 

Pi Zero W was a remotely accessible microcontroller 

through VNC software even without the internet 

connection. The Pi was booted headless and the serial port 

interfacing option should be enabled to interact with the 

LIDAR sensor. 

 

B. Benewake TFMini LIDAR: 

The sensor converts the physical property to the analog 

signal. The Light Emitting Diode as a source and the 

Photodiode as a detector. Inbuilt microcontroller 

STM32F030C8T6 processing the signal and convert into 

the digital signal. The sensor interface with the 

microcontroller via  UART communication (Four 

Channel). The phase shift was calculated by the Lock-in 

Amplifier, a homodyne detector which operated under the 

single frequency [3]. The frequency and the wavelength of 

the signal from the TFMini LIDAR sensor are 100 Hz and 

850 nm as given in the datasheet. There will be checksum 

and limited strength value verification, to maintain the 

error-free output. 

 

C. XPlane Flight Simulator: 

The simulation is the process of conversion of a 

mathematical model into the computer model. Under the 

various conditions, we can simulate a system and check the 

responses of the system. Using the xpc library in Python, 

the MAV can be simulated to required operations.  

 

D. Python: 

It is a high-level programming language flexible to read 

and write the functional algorithm. Using the socket library 

in Python, the communication between two or more 

computers can be made. 

 
Figure 2. Systematic Connection and Flow Diagram 

 

 
Figure 3. Algorithm for Obstacle Avoidance 

 

IV. RESULTS AND DISCUSSION 

 

When the range value computed by the LIDAR sensor 

reaches the threshold value (less than or equal to 1.5 m) 

[4]. The signal was sent from the Raspberry Pi Zero W 

which acts as a server to the XPlane Flight Simulator 

which acts as a client through the Python under 

Transmission Control Protocol (TCP) communication. The 

signal was checked once again by the client python code 

and then execute the pitching command to make MAV 

pitch backwards [5]. When the MAV flying at a speed of 

2.8 m/s, the threshold value of 1.5 m is enough to pitch 

backwards quickly. 
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Figure 4. Graph between the Range, r (m)  vs Strength 

 

Figure 4. Shows the graphical relationship between the 

range and strength value which are obtained from the 

LIDAR sensor. The graph explains that the strength value 

was less than 200 at the range was either below 2 m or 

above 12 m. As the distance travelled by the signal 

increases the strength of the signal got reduced. The 

addition of Byte 2 and Byte 3 give the range value while 

the addition of Byte 4 and Byte 5 give the strength value. 

These are given in the Datasheet of TFMini LIDAR 

sensor. 
 

V. CONCLUSION AND FUTURE SCOPE  
 

Light Detection and Ranging based obstacle detection and 

collision avoidance algorithm were proposed for the Micro 

Aerial Vehicle. The range between the Micro Aerial 

Vehicle and the obstacle was computed using the Light 

Detection and Ranging sensor based on the principle of the 

Time of Flight. Estimated range value can be used to avoid 

the static and dynamic obstacles in the indoor environment 

[6]. In future work, Compare the frequency of the signal 

emitted from the source with the reflected frequency. Using 

the Doppler Effect, compute the wind speed and real-time 

implementation of obstacle detection and collision 

avoidance algorithm onboard the Micro Aerial Vehicle. 
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