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Abstract—Unmanned vehicles are getting furthermore 
intelligent due to the increase focus and scaling 
development of processors as well as proximity sensors, 
there are various types of sensors developed for this 
purpose such as radio wave type sensors “radar”, echo 
based sensors “sonar” ,optical flow sensors ,infra-red 

proximity sensors and finally light based sensors “lidar”, in 
this report I will intraduct the evolution of proximity 
sensors in the robotic & unmanned vehicle field and 
compare the performance of these sensors ,furthermore 
discuss some modern researches done in this field ,finally 
explaining how we can achieve better results theoretically 
by manipulating processed information from a lidar sensor 
on an unmanned vehicle to perform indoor/outdoor 

mapping and accurate localization techniques comparing to 
the conventional proximity sensors known. 
Keywords—LIDAR; proximity sensing; robotic sensing; 

SLAM; Ros;   

 
I. INTRODUCTION: 

 

A. Robotic& sensors research  

Robotic research is a wide area, it covers a large 

spectrum of different technologies [1], engineering 

and applications. The robotic system may turn to a 

powerful and an excellent support system to human 

kind [2]. 

The evolution in sensor and software technology, 

abled the combination of mobile robot with 

localization and mapping system is being applied and 

studied in many applications such as in hospital, 
home appliances, military, exploration, search and 

rescue, tracking and positioning. The term 

localization can be defined as a work to determine 

and search a position of an object, people or a 

specific location. Then, the mobile robot localization 

can be noted as a moving robot that has to work to 

from a position of a particular target. the mobile 

robot localization is a process of establishing a 

correspondence between the map coordinate system 

and the robot's local coordinate system [3][4]. 

Mapping can be described as a process to illustrate 

environment based on the surrounding information 

which is represented in a graphical image [5]. 

Mapping helps localization by showing the target or 
object positions in which area the object is located. 

The most challenging issue regarding mapping is the 

accuracy and reliability of the sensors. Usually, a 

mapping work uses cameras, laser range finder, 

ultrasonic as well as a Kinect to be its sensor. These 

sensors have their own benefits and limitations.  

A. LIDAR DESCRIPTION AND CONCEPT 

Lidar shown in figure below is a remote sensing 

technology that measures distance by illuminating a 

target with a laser and analyzing the reflected light.  

LIDAR system emits a beam of light from a laser 

source and then captures the returned light in sensors 
as it bounces back from a reflecting object, 

measuring the distance by calculating the time 

required for the round trip.  

The system includes a laser diode, a directional 

sensor, a transparent window, a receiving sensor that 

will receive an “EM” electromagnetic pulse, and a 

processor [7]. 

The directional sensor will be configured to measure 

and position the direction of the narrow 

electromagnetic pulse emitted by the laser, It will 

therefor pass through the window where the pulse 
can then be reflected by at least the window and an 

object external from the LiDAR sensor [7].  

The processor will finally receive the information 

sent from the directional sensor and the 

electromagnetic pulse receiving sensor, indicating the 

position of the object relative to the LiDAR sensor as 

shown in Figure 1.  

 
Figure 1 Lidar sensor 
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B. BEAM DIVERGENCE – THE ABILITY TO 

GET LASER ENERGY ON TARGET 

Beam divergence [9], is an angular measurement of 

how “focused” the laser beam is. Smaller beam 

divergence provides greater ranging precision and 

greater max distance in most situations. beam 

divergence parameter can be a major indicator of 

ranging performance. If you can focus 100% of the 

laser energy on the intended target example shown in 

Figure 2, you have a much better chance of getting 
multiple readings off of it. However, if a rangefinder 

is smart in how it analyzes the readings, it can make 

up for less than ideal beam divergence 

 
Figure 2 Beam Divergence over distance example 

In unmanned vehicles proximity sensors, 

the signal disperses the further it gets away from the 

emitter. The way it progresses towards the signal is 

therefore cone-shaped and not cylindrical. The rate at 

which the beam is spread is defined through the 
system-specific beam divergence angle. Sensor optics 

with a larger divergence angle increases the signal 

diameter at a faster rate than sensors with a low 

divergence angle, the emitted signal has its highest 

power levels in the center of the beam [9]. As a 

result, sensors with a larger beam divergence will 

spread the pulse energy over a larger area which 

leads to a lower signal-to-noise ratio. This can make 

it more difficult in certain circumstances to 

distinguish the returning signal from general noise in 

the data. 
 

C. SIMULTANEOUS LOCALIZATION AND 

MAPPING (SLAM) 

SLAM is the computational problem of constructing 

or updating a map of an unknown environment while 

simultaneously keeping track of an agent's location 

within it.  

Simultaneous localization and mapping, or SLAM for 

short, is the process of creating a map using a robot 

or unmanned vehicle that navigates that environment 

while using the map it generates [8]. SLAM is 

technique behind robot mapping or robotic 

cartography.   

The robot or vehicle plots a course in an area, but at 

the same time, it also has to figure out where its own 

self is located in the place. The process of SLAM 

uses a complex array of computations, algorithms 

and sensory inputs to navigate around a previously 

unknown environment or to revise a map of a 
previously known environment [8].  SLAM enables 

the remote creation of GIS data in situations where 

the environment is too dangerous or small for 

humans to map an example is shown in Figure 3. 
 

 
Figure 3 Simultaneous localization and mapping 

  

D. PROPOSED PROJECT LIDAR LITE V3 
SENSOR 

1. Theory of Operation: To take a measurement the 

device goes through these operating steps block 

diagram shown in Figure 4: 

 receiver bias correction routine: correcting 

changing ambient light levels and allowing 

maximum sensitivity. 

 Transmitting reference signal: directly 

from the transmitter to the receiver. It 

stores the transmit signature, sets the time 

delay for “zero” distance, and recalculates 
this delay periodically after several 

measurements [13]. 

 Measurement: performing a series of 

acquisitions. Each acquisition is a 

transmission of the main laser signal while 

recording the return signal at the receiver.  

 Storing matched signal: its stored as a 

correlated record. 

 Summing acquisitions: The device 

integrates acquisitions until the signal peak 

in the correlation record reaches a 

maximum value.  

 Signal strength calculation: calculated 

from the magnitude of the signal record 

peak and a valid signal threshold is 

calculated from the noise floor. If the peak 

is above this threshold the device will 

calculate the distance. When beginning the 

next measurement, the device clears the 

signal record and starts the sequence again 

[13]. 
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 Figure 6 Specular 

 
 

 
Figure 4 Theory of Operation 

 

2. The spread of the laser beam 

 At very close distances (less than 1 m) the beam 

diameter is about the size of the aperture (lens). For 

distances, greater than 1 m, you can estimate the 

beam diameter using this equation: 

 
Distance/100 = beam diameter at that distance (in 

whatever units you measured the distance). 
 

The actual spread is ~8 milli-radians or ~1/2 degree. 

 

3. Effect and types of surfaces on lidar readings 

Reflective characteristics of an object’s surface can 
be divided into two categories [11] [12]: 

 

 Diffuse Reflective 

 Specular 

 

a) Diffuse Reflective Surfaces 

Purely diffuse surfaces are found on materials that 

have a textured quality that causes reflected energy to 

disperse uniformly shown in Figure 6. This tendency 

results in a relatively predictable percentage of the 

dispersed laser energy finding its way back to the 
device. As a result,  

 Pros these materials tend to read very well.  

 Cons observed reflection at visible light 

wavelengths may exhibit unexpected results 

in other wavelengths. [11] [12] [13]. 

 

 
Figure 5 Diffuse Reflective 

b) Specular Surfaces 
Specular surfaces are found on materials that have a 

smooth quality that reflect energy instead of 

dispersing as shown in Figure 6. 

Cons It is difficult or impossible for the device to 

recognize the distance of many specular surfaces. 

Reflections off of specular surfaces tend to reflect 

with little dispersion which causes the reflected beam 

to remain small [11] [12] [13]. 

 

 

 
II. ROBOT OPERATING SYSTEM: 

 

ROS is an open-source [15][16], meta-operating 
system for your robot. It provides hardware 

abstraction, low-level device control, implementation 

of commonly-used functionality, message-passing 

between processes, and package management. It also 

provides tools and libraries for obtaining, building, 

writing, and running code across multiple computers. 

ROS implements several different styles of 

communication, including synchronous RPC-style 

communication over services, asynchronous 

streaming of data over topics, and storage of data on 

a Parameter Server. These are explained in greater 
detail in our Conceptual Overview [16]. 

The main ROS client libraries (C++, Python, LISP) 

are geared toward a Unix-like system, primarily 

because of their dependence on large collections of 

open-source software dependencies [14] [15]. 

 
III. APPROACHES IN THIS FIELD 

 

A. An approach [17] A Novel Setup Method of 3D 

LIDAR for Negative Obstacle Detection in 

Field Environment 
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It discussed a novel 3D LiDAR setup method for an 

Unmanned Ground Vehicle (UGV) driving safely in 

field environments.  

In this setup, Two Lidars are equipped on each side 

as shown in Figure 7 of the vehicle, scan lines from 

two LiDARs crossed in the front area of the vehicle, 
which improves the resolution of the LiDAR data. 

Based on this setup, a geometrical character based 

negative obstacle detection approach is presented. 

There are two cues, the width and the up-side of the 

negative obstacle, are combined under a Bayesian 

framework to improve the capability of detection. 

Support Vector Machine (SVM) is employed to 

identify negative obstacles from background. 

Experimental results show that the proposed 

approach is effective. 

 

 
Figure 7 Two Lidars are equipped on each side 

This approach addresses the drawbacks of the 

traditional upright setup method all of these 3D 

LiDARs are equipped uprightly on the top of the 

vehicle platform. The blind region generated in this 

setup can be analyzed the distance of the blind region 

in side of the vehicle is  
B1 = W1 x (H1 + H2) = H1 -W1  

 

 where W1 is the half width of the vehicle, H1 is the 

height of LiDAR, and H2 is the height of the vehicle. 

The distance of the blind region in front of the 

vehicle is  
B2 =W2 x (H1+H2) = H1-W2 

 

 where W2 is the distance between LiDAR and the 

head of vehicle. These blind areas are shown in the 

figure above also in ref. [17]. 

with their setup method, they were able to reduce the 

blind spots vehicle, the vehicle now is able to detect 

obstacles beside it, also the front region is scanned by 
both lidars which enhances the resolution by a 

margin. finally, with this method it is easier to detect 

negative obstacles. 

 

B. A second approach [18]: Detection of Road 

Boundaries and Obstacles Using LIDAR 

Their approach was for detecting road boundaries and 

obstacles for robust urban navigation of unmanned 

ground vehicles (UGVs). In their method, a 2-D 

LIDAR sensor mounted at a given pitch angle is used 

to extract the road surface. The information obtained 

about the road is evaluated by filters to detect 
whether the area scanned is a road or an obstacle. The 

proposed method is implemented through simulation 

and a real-life test vehicle called AKAY01 shown in 

Figure 8. 

 

To detect obstacles, a LMS111 lidar sensor is 

attached to the front of the vehicle the pitch in 

degrees of depression of the lidar is referred to as a. 

With the use of a, the lidar beam reflects from the 

ground level of the vehicle[18].  

Processing the lidar readings will enable us to extract 
some information about the road. Therefore, we can 

infer both speed bumps and traffic depressions. The 

height of the lidar above the ground is h cm. Taking a 

and h together determines the scanning range of the 

lidar. Reducing a and a high h both increase the 

scanning range [18]. 

 

 

 
Figure 8 Detection of Road Boundaries and Obstacles Using 

LIDAR 

 If hi = 0, the lidar beam was reflected from 

an obstacle.  
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 If hi> 0, the lidar beam was reflected from 

an obstacle which is above the ground level.  

 If hi< 0, the lidar beam was reflected from 

an obstacle that is below the ground level.  

 

C. A Third Approach: A Mapping Mobile Robot 
using RP Lidar Scanner [19]. 

This approach presents work on mapping which uses 

a low-cost laser rangefinder, developed by Robopeak, 

RP Lidar. This work will be implemented on an 

autonomous mobile robot for indoor environment 

applications shown in Figure 9. The collected data 

were analyzed using two methods of pre-processing. 

i. raw filter.  

ii. a moving average of smooth filter.  

 

Objectives: 

 The main objective for them is to map a 

particular area using this cheap RP Lidar. 

 The second objective for them was to 

analyze the raw data using a few methods of 

pre-processing. The selected preprocessing 

did not give the best solutions for the 

mapping, but, it gives the computational 

easier and simple, the simple algorithm in 

the mobile robot and preprocessing may lead 

the system to move faster and out with the 

results instantly[19]. 

 
 

 
Figure 9 A Mapping Mobile Robot using RP Lidar Scanner 

D. Comparison of discussed approaches 

 
TABLE I. 

SHOWS A COMPARISON OF ALL APPROACHES DISCUSSED RELATING 

OBSTACLE DETECTING USING LIDAR 

 
Approac

hes 

 

Title Pros Cons 

First 

approac

h 

Negati

ve 

Obstac

le 

Detecti

on 

1-reduced blind areas. 

2-crossed scanned 

lines improves 

resolution of LIDAR 

data. 

3- addresses the 

drawbacks of the 

traditional upright 

setup 

4- easier to detect 

negative obstacles. 

 

1- Increases 

complexity. 

2- High power 

consumption. 

3- Requires high 

processing 

capability 

hardware which 

increases costs. 

second 

approac

h 

Detecti

on of 

Road 

Bound

aries 

and 

Obstac

les 

1- enables road 

boundaries and 

obstacles 

detecting. 

2- Moderate in 

complexity and 

costs compared 

with 

performance. 

 

1- limited detection 

“speed bumps & 

likewise 

obstacles” 

 

Third 

approac

h 

Mappi

ng 

Mobile 

Robot 

1- Less 

complexity. 

2- Cost efficient. 

3- Power efficient. 

All due to using 2D-

lidar. 

1- Less data 

information 

received due to 

using 2d-lidar. 

2- Low mapping 

quality. 

 
IV. LIMITATIONS & TESLA’S VS GOOGLE’S 

CHOICES FOR LIDAR TECHNOLOGY 

 

Tesla rather famously has chosen not to use LIDAR 

as one of the sensors on its cars to assist 

with its autonomous features, at least so far. Google 

uses LIDAR as one of its dominant sensors and 

insists it’s necessary. With the recent fatality in a 

Tesla that was operating under Autopilot, Tesla’s 

choice is under attack [20] [21]. 

 

Google’s self-driving car [20] [21] solution uses 
LIDAR as the primary sensor, but uses the rest of the 

sensors as well. Tesla’s current solution does not 

incorporate LIDAR (although, its sister firm SpaceX 

does) and past and current statements indicate that 

Elon and team do not believe it is necessary for 

autonomous cars. 

Google cars can do things Teslas currently can’t [21] 

[20], They can drive from Point A to Point B in 

towns and regions that Google has mapped to 

centimeter scale, which is basically areas south of 

San Francisco plus a few demo areas. You can’t get 

in a Tesla, give it an address, and sit back. These are 
clear performance advantages of the Google model 
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over current Tesla capabilities, and while not trivial, 

are enabled by the world map model. 

 

V. CONCLUSION: 

 

There are 5 main current problems for automotive 
vehicles: 

 

A. reliable software: 

currently, the only method to assure software 

reliability is by having both a backup driver and a 

second person as a monitor, who can shut off the 

system at the first hint of a glitch. But coming up 

with safety-critical, fail-safe software for completely 

driverless cars would require reimagining how 

software is designed. 

"There is no current process to efficiently develop 

safe software"  
 

B. Better maps 

Unmanned vehicles, with their current sensors and 

processing, may not be able to operate as smoothly 

without such a detailed map of the rest of the world 

 

C. Better communication 

Once unmanned vehicles begin to proliferate, they 

will need a much better way to communicate with 

other vehicles on the road. As different situations 

emerge, these cars will need to flexibly adjust to 
other cars on the roadways, reroute on the fly and talk 

to other driverless cars. 

If they don't have the communication capability, they 

will probably make traffic worse than it is today. 

 

D. Ethical robots 

Many types of ethical dilemmas would require the 

software in a self-driving car to weigh all the 

different outcomes and come to a final solution on 

its own. 

 

E. Better sensors 
Human brains still by far analysis and processes 

human sensing information then robots the current 

crop of sensors just isn't equipped to process that data 

as quickly. 

No solution based on a single-sensor set or even a 

dual-sensor set is likely to be viable. Each sensor 

type has strengths and weaknesses and amalgamating 

a single representation of reality from multiple 

sensors is required in order to avoid false positives 

and also false negatives as Shown in Figure 10. 

 

 
Figure 10 different sensor performance 

 Furthermore, no single solution is perfect. Every 

combination solution has compromises, even if those 

compromises are of size or differences in degree of 

awareness in different directions. looking at the 

significant variance in performance of sensors under 

different conditions in Figure 11. The charts below 

provide rough approximations of range and acuity of 

the sensor based on rough averages across various 

technical implementations of different sensor types. 

Range is in meters. Acuity is an asserted value based 

on a combination of resolution, contrast detection, 
and color detection. 

In summary for using a lidar scanner, a small target 

can be very difficult to detect if it is distant, poorly 

reflective, and its aspect is away from the normal. In 

such cases, the returned signal strength may be 

improved by attaching infrared reflectors to the 

target, increasing the size of the target, modifying its 

aspect, or reducing distance from the sensor. 
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Figure 11 significant variance in performance of sensors 

under different conditions 

 

 
VI. GOALS 

My next step is to fully design a robust intelligent 

unmanned vehicle equipped with multiple LIDAR 

sensors ,overcoming its drawbacks and limitations by 

using multiple differ sensors such as ultrasonic 

sensors alongside with an onboard computer that will 
perform independent road edge and road detection in 

robust conditions which is an essential component of 

autonomous vehicles, I will also further research on 

how to tackle lidar limitations the goal is to create 

and design a adaptive frequency lidar that is able to 

work reliably in all weather conditions, The advanced 

technique fulfills the objective of autonomous driving 

in an urban environment for the 2007 DARPA (the 

Defense Advanced Research Projects Agency). 
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