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Abstract-Lidar systems are one of the most important sensor infrastructures in autonomous vehicles and mobile robots. They 

are used for achieving indoor and outdoor mapping purposes. In the scope of this study, a new perspective to develop a lidar 

system is proposed. The system developed is constructed based on a low-cost infrared rangefinder sensor, low-cost slipring 

mechanism designed and manufactured, dc motor and microprocessor. The rangefinder sensor is mounted to a head-structure 

actuated by a dc motor that continuously rotates with a desired rotational velocity. The data coming from the rangefinder 

sensor flows through the microprocessor via the slipring. The design concept of the slipring mechanism gives an advantage 

that the data of the infrared rangefinder sensor can be taken while the sensor continuously rotates. The required power for the 

sensor can also be supplied by the slipring during motion. The decoding process of the data coming from the rangefinder 

sensor and motor control task are accomplished using an ATmega based microprocessor. A user interface is also created to 

communicate with the system and evaluate the performance of the whole structure developed. After conducting many 

experiments, successful results are obtained. The design steps of the system proposed and the experimental results are 

presented in this paper.  
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1. Introduction 

Autonomous vehicles and mobile robots require 

recognizing their surroundings. They are generally 

programmed to track a predefined trajectory / path in order 

to perform an autonomous task. While they effort to track 

a reference trajectory, a lidar system provides them the 

surrounding information (in order words lidar system 

behaves like their eyes). By this way, they can be able to 

recognize the obstacles, people, other vehicles, etc. The 

use of information coming from a lidar system can provide 

the opportunities to the autonomous systems to take some 

pre-actions so that any unexpected events could be 

prevented. In addition to recognizing the working 

environment of the autonomous vehicles, lidar systems are 

also used as a feedback sensor for the control systems. 

Desired trajectory tracking tasks including position, 

orientation and velocity control routines can be supported 

by the feedback information acquired from a lidar system.  

In the autonomous vehicle applications, path planning 

is one of the most critical issues that should be carefully 

designed. To achieve a successful path tracking control, 

reference path should be constructed by taking into 

account the working environment structure, capabilities 

and capacities of the vehicle and sensors. Lidar systems 

are one of the solutions for developing real-time maps of 

the working area and planning the desired paths. They can 

be adapted into the path planning algorithms as a powerful 

feedback option. The feedback information can also be 

used for the localization issues. An autonomous vehicle 

application, in which the location of the vehicle during the 

motion should be known, requires real-time position and 

orientation information. This can also be achieved by the 

use of a lidar system. An autonomous orchard application 

may be a good example for such a task (as presented in 

Fig. 1). In this figure, an orchard environment including 

trees and rows of trees and a four-wheeled vehicle is 

shown. In this scenario, the vehicle should drive itself 

autonomously inside the orchard. A lidar is mounted at the 
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front-mid-center of the vehicle for recognizing the 

surroundings. Its responsibilities are to provide the 

required data which is used for both detecting trees and 

estimating rows of trees. The lidar data is also necessary 

for localizing the vehicle inside the orchard. Suppose that 

point (X0, Y0) is the starting position. The scanning radius 

of the lidar is shown by R. In order to create a safe drive, 

let’s say this is an objective in this scenario, the vehicle 

should move on the center line that is exactly the middle of 

two neighboring rows. When there is a positioning error, 

indicated by ye in Fig. 1, the lidar system should warn the 

control system to take the required actions for steering the 

vehicle through the desired path. This action is also 

depicted in Fig. 1. 

 

Fig. 1. The use of lidar in an autonomous orchard 

application 

The importance of the use of lidar systems in 

autonomous applications is shown by a couple of examples 

presented above. Development of new lidar systems, 

approaches and models is still being continued. Parallel to 

the enhancements in the lidar research area, a new 

methodology for developing a lidar system is focused in 

this study. The new methodology involves the adaptation 

of a low-cost infrared rangefinder and a low-cost and easy-

to-use slipring mechanism. The rangefinder sensor, which 

continuously rotates by the help of a head structure 

designed, is used to scan the 360
0
 surrounding of the lidar 

system developed. This rotating mechanism enables that 

the working environment of the sensor can be sensed. 

Furthermore, when the sensor is surrounded by an object, 

the 2D shape of the object can be detected. The rotational 

motion is provided using a dc motor. The slipring 

mechanism is plugged to the system for achieving data 

flow from the rangefinder sensor to the microprocessor. 

ATmega based microprocessor is also used to achieve 

computation and communication purposes. 

This paper is organized as follows: the next section 

presents the literature studies reviewed.  Section 3 presents 

the lidar systems and their working principles. Section 4 

introduces the lidar system proposed in this study. Prior to 

the concluding remarks, experimental results are given in 

Section 5. 

2. Literature Studies 

The studies related to lidar systems can be reviewed 

into two main topics. The first topic is about proposing 

new approaches to develop lidar systems. The other topic 

focuses on implementing the lidar systems into the robotic 

applications. 

In [1], a lidar application for agricultural tasks was 

proposed. The data coming from a lidar was the only 

sensor source that provides feedback information to the 

mathematical model developed. In the scope of this study, 

a lidar canopy height model was developed using a semi-

automated pit filling algorithm. In [2], the accuracy 

enhancement of large scale canopy heights was focused. A 

new approach based on lidar output was. The system 

introduced was tested by the help of different scenarios. In 

[3], lidar system was used in city modeling and building 

recognition tasks. The use of methodology introduced for 

building footprints was presented. Classification of the 

roof structures of the buildings was also evaluated using 

algorithm created based on the lidar sensor data. In [4], 

lidar sensor was used for a planetary application. A system 

based on the lidar sensor data was constructed for 

achieving autonomous safe landing on planetary bodies. In 

[5], a lidar system was developed for forestry applications. 

The methodology was constructed based on laser induced 

fluorescence imaging technique. The system developed 

was tested to observe the performance of the proposed 

structure. Working characteristics of the system was also 

produced. In [6], a lidar was used to estimate individual 

tree heights in forestry applications. The data coming form 

lidar was accompanied with the aerial photography. In [7], 

a new approach for detecting stone monuments was 

proposed. The method was constructed based on data 

coming from a lidar. In [8], a lidar system was developed 

for observing the atmospheric events and the particle 

density inside in it. In [9], a crop monitoring system was 

proposed. The system was constructed based on a lidar and 

3D stereoscopic vision system. The system developed was 

tested for autonomous agricultural applications. In [10], a 

lidar was placed on a mobile platform and the data was 

logged. The developed methodology used the data logged 

for extracting highway light poles and towers. In [11], an 

automatic classification of urban pavements system based 

on lidar was built. In [12], a lidar based intelligent system 

was developed for recognizing the ancient city walls. The 

modeling strategy was also was used for doing digital 

documentation. In [13], a road detection system was 

constructed using lidar point clouds. The system was 

modeled in a way that could have the capability for 

adapting itself according to the data intensity. In [14], a 

lidar based system was built for detecting open water 

surfaces in an Arctic delta. The system was modeled by 

following the principles of decision tree classification 

technique. 

As seen in the literature studies, lidar systems are 

commonly used in different applications ranging from 

defense to industrial robotics, agriculture to automation, 

unmanned ground vehicles to submarines, civil 

engineering to architecture. In the market, there are already 

some lidar systems [15, 16, 17, 18] that are ready-to-use 

for the researchers and engineers. However, they may not 

be affordable for small-scale projects, small-scale research 

companies, student works, startup formations, etc. Due to 



INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES  
Gokhan Bayar et al., Vol.2, No.3, 2016 

96 

 

their high-prices, many lidar development research studies 

have been continuing. Their common goal is to build low-

price and easy-to-implement lidar systems. In parallel with 

the recent developments in the lidar research, this study 

aims to make a contribution to the continued investigations 

about developing lidar systems and to create a new 

perspective for this field. 

3. Lidar Systems 

Lidar systems are commonly used in different research 

studies and industrial applications. They are adapted into 

the real-time running unmanned aerial and autonomous 

ground vehicles. Path planning, mapping and control 

issues are supported by the data coming from lidar 

systems. They are also used for terrestrial scanning. 

Topography map creation, mining reconstruction, 

architecture, archaeology, building researches and city 

reconstruction require environmental data supplied by a 

lidar. Lidar systems are also intensively used for 

observation of agricultural and forestry areas, urban sites, 

industrial and power plants. Real-time mapping of such 

regions can be created using the information provided by 

the lidar systems. The moving platforms like industrial 

forklifts, public transportation vehicles, trains, boats, off-

road and unmanned vehicles are also suited with the lidar 

systems so as to ensure safe drive. In addition to providing 

fast drive and safe product handling, such systems are also 

utilized for increasing the reliability and performance in 

manufacturing systems. They are also implemented to the 

tools and systems manufactured by the defense industries. 

The other usage area of the lidar systems is the marine 

industry. Lidar systems can be plugged into any marine 

platforms to increase safe drive capabilities and working 

performance. Creating autonomy in marine products needs 

to be used lidar system as well. 

A 2D lidar, laser scanning, system is depicted in Fig. 

2. The system consists of a light source, transmitter, 

receiver and mirror. The light hitting the object and 

returning back is sensed by the receiver and the distance 

between the light source and the object is obtained. If an 

actuator is coupled to this system, a rotating lidar system 

would be built. 

 

Fig. 2. Working principle of a lidar (laser scanning) 

system (left). Using an actuator to develop a rotating-lidar 

system (right) 

4. Lidar System Developed in This Study 

In this study, a design strategy to develop a lidar 

system is formed to meet the following criteria that the end 

product should be low-cost and accessible, easy-to-use and 

efficient. Following these design criteria, the lidar system 

consisting of three main subsections is taken into 

consideration. A low-cost infrared rangefinder sensor 

(Sharp GP2Y0A21YK) that can be easily found in the 

market is used. The Lidar system developed is able to 

detect the objects that are closer than 80 cm. To trigger the 

sensor, 5V DC voltage is required. It gives analog voltage 

as the output which should be decoded using a 

microprocessor. The block diagram of the system is shown 

in Fig. 3. In this figure, the reference input and outputs, 

data flows from sensors through the microprocessor and 

computer are shown. The control system constructed to 

control the dc actuator is also presented in this block 

diagram. 

 

Fig. 3. Block diagram of the system developed 

The infrared rangefinder sensor is mounted to a 

designed head-structure that continuously rotates (Fig. 4). 

The rotation is provided using a 6V DC motor driven by a 

L298 H-bridge (motor motion control unit). The torque 

regulation is accomplished via a gear-head attached to the 

DC motor. An ATmega based microprocessor, called 

computing unit, is used for decoding, computing and 

communication purposes (Fig. 4). It needs 5V DC supply 

voltage and is connected through the computer via USB. 

 

Fig. 4. General view of the lidar system developed in this 

study. Computing unit consists of an ATmega based 

microprocessor 
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Fig. 7. Experiments performed using the lidar system. The results including 1 to 9 complete revolutions are presented 

To get the rotation information, a simple encoder unit 

presented in Fig. 5 is also built. This unit consists of an 

encoder disc and Omron photomicrosensor [19]. The 

resolution of the encoder unit is 36 pulses per revolution. 

The counting of the pulses is also achieved using the 

ATmega based computing unit. 

 

Fig. 5. Encoder unit including an encoder disc and 

photomicrosensor 

In order to achieve data flow from the infrared 

rangefinder sensor, which continuously rotates during 

operation, to the computing unit, a new design perspective 

for slipring mechanism is considered. The top and side 

views of the developed system are shown in Fig. 6. The 

infrared rangefinder sensor needs three cable connections; 

one is for data flow and the other two is for power supply. 

The simple slipring mechanism, presented in Fig. 6, is 

constructed to make these connections. The data flow is 

achieved using the inner circle and the power is supplied 

via the middle and the outer circles (Fig. 6-left). 

  

Fig. 6. Slipring mechanism developed. Top view (left) and 

side view (right) are shown. 

5. Experimental Studies 

In order to see the performance and accuracy of the 

lidar system proposed, the sensor structure introduced 

above is experimentally tested. It is placed at the center of 

a box which has the dimensions of 30 cm x 21 cm. The 

first experiment is performed for only 1 complete 

revolution. The resolution of the lidar system developed is 

10 degrees therefore 36 distance measurements are 

obtained for one revolution. The results for this scenario 

are presented in Fig. 7 (top-left). To see the performance 

and accuracy enhancement while the number of turns is 

increased, experiments are performed from one to ten 

complete revolutions. The results obtained for “i” 

revolution(s), (i = 1, 2, …,9), are shown in Fig. 7. 

The experiment results including 10 full revolutions 

are given in Fig. 8. The results are presented in polar plots. 

The left polar plot shows all the measurements of the 10 

turns whereas the right polar plot presents the average 

values of each measurement. 
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Fig. 8. Experiment results including 10 full revolutions. 

The left polar plot shows the measurement for all turns. 

The right polar plot indicates the average values of the 

measurements 

The results given in Fig. 8 and 9 show that increasing 

the number of scans increases the accuracy and 

performance. The box’s shape can be poorly estimated if 

only 1 revolution is performed (Fig. 9-a) whereas the 

shape obtained by the 10 complete revolutions is able to 

give almost the actual shape of the box (Fig. 9-b). These 

results emphasize that a lidar system developed using a 

low-cost infrared rangefinder sensor, a rotating head-

structure and a simple slipring mechanism can be 

successfully used for scanning and recognizing purposes. 
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Fig. 9. The measurements of 1 revolution (a) and 10 

revolutions (b). The red-colored-lines indicate the actual 

box’s shape that has the dimensions of 30 cm x 21 cm. The 

blue-colored-lines indicate the experimental results 

6. Analysis and Conclusion 

In indoor and outdoor mapping applications used for 

autonomous drives and automations, one of the important 

sensorial systems is the lidar. They are adapted into the 

control systems for providing feedback information. Lidar 

systems are able to scan the surrounding from 0 to 360 

degrees in variety of distances. The distances may range 

from 0 to a few kilometers. In the market, there are already 

some lidar systems that are used for autonomous research 

and applications. However, these products may not be 

accessible by the small companies, small research groups 

and students because of their high-cost. In the scope of this 

study, it is objected to develop a low-cost, easy-to-use and 

easy-to-implement lidar system. The system proposed is 

built using a low-cost infrared rangefinder sensor and a 

slipring mechanism designed. The end product is able to 

rotate continuously and give distance data in every 10 

degrees. The rotation is provided via a dc motor and the 

rotation information is obtained using an encoder. An 

ATmega based microprocessor is also used as the 

computational unit of the lidar system. In order to see the 

accuracy and the performance of the system proposed, a 

user interface is created in the computer side. Many 

experiments are performed and successful results are 

obtained. The results obtained in this study emphasize that 

the design strategy introduced provides a new perspective 

for developing lidar systems and can be used for the 

further researches. 
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