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1 Introduction
Lidar is a surveying method that measures distance to a target by illuminating that target

with a pulsed laser light, and measuring the reflected pulses with a sensor. 1 The name

“Lidar” is sometimes considered an acronym of Light Detection And Ranging 2 and some-

times Light Imaging, Detection, And Ranging. There are so many fields to which Lidar

can be applied, such as geodesy, geomatics, archaeology, geography, geology, geomorphol-

ogy, seismology, forestry, atmospheric physics, laser guidance, airborne laser swath mapping

(ALSM), and laser altimetry. The technology is also used for control and navigation for some

autonomous cars.

In this paper, I will mainly talk about the the working mechanism of the Lidar and its

use in autonomous cars.

1https://en.wikipedia.org/wiki/Lidar#Robotics
2“LIDAR—Light Detection and Ranging—is a remote sensing method used to examine the surface of the

Earth”. NOAA. Archived from the original on June 4, 2013. Retrieved June 4, 2013.
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2 The Working Mechanism of the Lidar

2.1 What Is Lidar?
Lidar refers to a remote sensing technology that emits intense, focused beams of light and

measures the time it takes for the reflections to be detected by the sensor. This information

is used to compute ranges, or distances, to objects. The three-dimensional coordinates (e.g.

latitude, longitude, and elevation) of the target objects are computed from

• the time difference between the laser pulse being emitted and returned

• the angle at which the pulse was “fired”

• the absolute location of the sensor on or above the surface of the Earth.

Lidar is typically “flown” or collected from planes where it can rapidly collect points over

large areas (Figure 1).

Figure 1: Schematic diagram of airborne lidar performing line scanning resulting in parallel
lines of measured points (other scan patterns exist, but this one is fairly common)
Source: Carter, Jamie; Keil Schmid; Kirk Waters; Lindy Betzhold; Brian Hadley; Rebecca
Mataosky; Jennifer Halleran (2012). ”Lidar 101: An Introduction to Lidar Technology, Data,
and Applications.” (NOAA) Coastal Services Center” . Coast.noaaa.gov. p. 14. Retrieved
2017-02-11.
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In this way, people can figure out how the area looks like.

2.2 Lidar and Radar
At the first sight of the word “Lidar”, people may wonder what are the differences between

radar and Lidar or if they are just the same. To help people to understand Lidar more deeply,

now let’s talk about the differences between them.

To begin with, we will show you a picture (fugure 2) which tells us how the wavelength

correspond to the properties of the wave.

Figure 2: Electromagnetic spectrum showing radio waves all the way on the left for Radar
and near-infrared/visible/ultra-violet waves towards the right for Lidar usage.
Source: Inductiveload, NASA [GFDL (http://www.gnu.org/copyleft/fdl.html) via Wikime-
dia Commons

Radar which is short for Radio Detection and Ranging uses radio waves to compute

velocity, and/or range to an object. Radio waves have less absorption (so less attenuation)

than the light waves when contacting objects, so they can work over a longer distance.

What’s more, as is mentioned before, Lidar uses focused beam of light or laser in other word,

which is in the near-infrared, visible (but not really visible), and UV spectrum’s. So, unlike

Radar, Lidar cannot penetrate clouds, rain, or dense haze and must be flown during fair
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weather.In fact, most Lidar data are collected at night, when the air is usually clearer and

the sky contains less air traffic than in the daytime, so there will be less obstacle interfering

with Lidar’s emitting pulses of light and detecting the reflected light. And the down side of

Radar is that if an object is much smaller than the wave being used, the object might not

reflect back enough energy to be detected. For that reason many Radar’s in use for obstacle

detection will be “high frequency” so that the wavelength is shorter and can detect smaller

objects. However since Lidar have the significantly shorter wavelength, they usually have a

finer resolution than Radar. At last, we will show you two pictures (figure 3 and figure 4) to

help you comprehend the difference.

Figure 3: LIDAR data. The top shows the reflectivity data. The bottom shows the range
data with brighter points being farther away.
Source: http://robotsforroboticists.com/lidar-vs-radar/
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Figure 4: Source: http://robotsforroboticists.com/lidar-vs-radar/

It is clear that the Lidar data is much more accurate and explicit than the Radar data.

2.3 Major Components to A Lidar System
With a picture, we can roughly know about the major components to a Lidar system.

Figure 5: major components to a Lidar system
Source: http://web.pdx.edu/ jduh/courses/geog493f12/Week04.pdf
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And with a flowing diagram, we can see how various sensors employed in Lidar instrument

and the computation steps.

Figure 6: Flow diagram showing various sensors employed in LiDAR instrument and the
computation steps
Source: Lohani B. Airborne altimetric LIDAR: Principle, data collection, pro-
cessing and applications[J]. URL: http://home. iitk. ac. in/ blohani/Li-
DAR_Tutorial/Airborne_AltimetricLid ar_Tutorial. htm, accessed Feb, 2008.

2.3.1 Laser

A laser is a device that emits light through a process of optical amplification based on the

stimulated emission of electromagnetic radiation. 3The term “laser” originated as an acronym

for “light amplification by stimulated emission of radiation”. 4Lasers are distinguished from

other light sources by their coherence. Spatial coherence is typically expressed through the
3https://en.wikipedia.org/wiki/Laser
4Gould, R. Gordon (1959). ”The LASER, Light Amplification by Stimulated Emission of Radiation”.

In Franken, P.A.; Sands R.H. (Eds.). The Ann Arbor Conference on Optical Pumping, the University of
Michigan, 15 June through 18 June 1959. p. 128. OCLC 02460155.
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output being a narrow beam, which is diffraction-limited. Laser beams can be focused to

very tiny spots, achieving a very high irradiance, or they can have very low divergence in

order to concentrate their power at a great distance.

Here is how a laser works

step 1 High-voltage electricity causes a quartz flash tube to emit an intense burst of light,

exciting some of the atoms in a cylindrical ruby crystal to higher energy levels.

step 2 At a specific energy level, some atoms emit particles of light called photons. At first

the photons are emitted in all directions. Photons from one atom stimulate emission

of photons from other atoms and the light intensity is rapidly amplified.

step 3 Mirrors at each end reflect the photons back and forth, continuing this process of

stimulated emission and amplification.

step 4 The photons leave through the partially silvered mirror at one end. This is laser light.

The emitted light waves are in phase with one another and are so nearly parallel that

they can travel for long distances without spreading.

We will use a few pictures to illustrate the process.

Figure 7: 1.Gain medium 2.Laser pumping energy 3.High reflector 4.Output coupler 5.Laser
beam
Source: https://en.wikipedia.org/wiki/Laser
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Figure 8: The formation of laser
Source: http://web.pdx.edu/ jduh/courses/geog493f12/Week04.pdf

2.3.2 Scanner

Scanner is just like the picture below.

Figure 9: Scanner
Source: http://web.pdx.edu/ jduh/courses/geog493f12/Week04.pdf

There is a mirror spins so that it can change the direction of laser and project the laser

pulse to the surface. The scanning angles are up to 75 degrees and the scanner measures the

angle at which each pulse was fired. At last, it receives reflected pulse from surface. These
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data will be used in the later calculation and measurements.

2.3.3 Position and Navigation Systems

Lidar sensors that are mounted on mobile platforms such as airplanes or satellites require

instrumentation to determine the absolute position and orientation of the sensor. Such

devices generally include a Global Positioning System receiver and an Inertial Measurement

Unit (IMU).5An inertial measurement unit (IMU) is an electronic device that measures and

reports a body’s specific force, angular rate, and sometimes the magnetic field surrounding the

body, using a combination of accelerometers and gyroscopes, sometimes also magnetometers.

Recent developments allow for the production of IMU-enabled GPS devices. An IMU allows a

GPS receiver to work when GPS-signals are unavailable, such as in tunnels, inside buildings,

or when electronic interference is present.6

The function of global positioning system (GPS) is to record the x, y, z location of the

scanner and to survey ground base stations in the flight area. And inertial measurement

unit (IMU) is used to measure the angular orientation of the scanner relative to the ground

(pitch, roll, yaw).

2.3.4 Photodetector and Receiver Electronics

A photo detector operates by converting light signals that hit the junction to a voltage or

current. The junction uses an illumination window with an anti-reflect coating to absorb

the light photons. The result of the absorption of photons is the creation of electron-hole

pairs in the depletion region. 7 Two main photodetector technologies are used in Lidars:

solid state photodetectors, such as silicon avalanche photodiodes (An Avalanche photodiode

is operated at reverse bias close to the breakdown, which causes photo excited charge carriers

to accelerate in the depletion region and produce additional carriers by avalanching. 8), or

photomultipliers(Photomultiplier tubes (photomultipliers or PMTs for short), members of
5https://en.wikipedia.org/wiki/Lidar#Robotics
6http://www.eetimes.com/electronics-news/4216978/GPS-system-with-IMUs-tracks-first-responders
7http://www.ele.uri.edu/Courses/ele432/spring08/photo_detectors.pdf
8http://www.ele.uri.edu/Courses/ele432/spring08/photo_detectors.pdf
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the class of vacuum tubes, and more specifically vacuum phototubes, are extremely sensitive

detectors of light in the ultraviolet, visible, and near-infrared ranges of the electromagnetic

spectrum. These detectors multiply the current produced by incident light by as much as

100 million times (i.e., 160 dB), in multiple dynode stages, enabling (for example) individual

photons to be detected when the incident flux of light is low.9). The sensitivity of the receiver

is another parameter that has to be balanced in a Lidar design.

2.4 Basic Principles
With all the data collected, we now can measure the distance between transmitter and

reflector. This is realized through the measurement of phase difference between transmitted

and received wave. As shown in Figure 10, the time of travel can be written as:

TL = nT +
ϕ

2π
T (1)

Where n is the total number of full wavelengths, T is time taken by light to travel equal

to one wavelength and ϕ is the phase difference. The only unknown in above is n which is

determined using the techniques like decade modulation. So range is given by:

R =
TL

2
c (2)

Figure 10: Continuous wave for phase difference measurement
Source: Lohani B. Airborne altimetric LIDAR: Principle, data collection, pro-
cessing and applications[J]. URL: http://home. iitk. ac. in/ blohani/Li-
DAR_Tutorial/Airborne_AltimetricLid ar_Tutorial. htm, accessed Feb, 2008.

9https://en.wikipedia.org/wiki/Photomultiplier
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For n = 0, we have

R =
ϕ

4π
Tc =

ϕ

4π

c

f
(3)

∆R =
c

4π

∆ϕ

f
(4)

Where f is frequency of the wave.

The Lidar instrument fires rapid pulses of laser light at a surface, some at up to 150,000

pulses per second. A sensor on the instrument measures the amount of time it takes for each

pulse to bounce back. Light moves at a constant and known speed so the LiDAR instrument

can calculate the distance between itself and the target with high accuracy. By repeating this

in quick succession the instrument builds up a complex ‘map’ of the surface it is measuring.

With airborne Lidar other data must be collected to ensure accuracy. As the sensor is moving

height, location and orientation of the instrument must be included to determine the position

of the laser pulse at the time of sending and the time of return. This extra information is

crucial to the data’s integrity. With ground based Lidar a single GPS location can be added

for each location where the instrument is set up.10

3 Lidar In Autonomous Car
Autonomous cars today rely heavily on Lidar to locate themselves on the detailed maps they

need to get around, and to identify things like pedestrians and other vehicles. The best

sensors can see details of a few centimeters at distances of more than 100 meters.

But self-driving technology has ramped up so fast that the nascent industry is suffer-

ing from a kind of Lidar lag. Making and selling Lidar sensors was previously a relatively

niche business, and the technology doesn’t yet seem mature enough to become a standard

component in millions of cars. One problem is apparent from a casual glance at a proto-

type car: lidar sensors are bulky. What’s more, Lidar sensors are also expensive, costing
10http://www.lidar-uk.com/how-lidar-works/
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Figure 11: An image from a patent filing shows how Alphabet’s self-driving cars use Lidar
to map the road ahead.
Source: https://www.technologyreview.com/s/603885/autonomous-cars-lidar-sensors/

thousands or even tens of thousands of dollars apiece. Most vehicles in testing have multiple

Lidars onboard, and despite the relatively small numbers on the road, demand has become

a problem.

So, many in the self-driving-car industry think Lidar needs reinventing if it is to become

practical enough. They work on designs that don’t use spinning mirrors to direct their laser

beams out into the world, as the devices on the road today do. One of them is Velodyne.

Versions that steer their lasers electronically, described as solid state, should be much cheaper,

smaller, and more robust, because they don’t have moving parts. However, it’s a theory yet to

be fully tested. Velodyne reported last December that its project had made a “breakthrough”

that could make Lidars as cheap as $50, but it hasn’t said when it will release a solid-state

device. Startup Quanergy, which last year scored $90 million in funding, says it will start

producing solid-state Lidar sensors at a factory in Massachusetts this year and sell them for

$250, but full details of their performance are unclear. Auto-parts suppliers Continental and

Valeo are working on similar technology of their own, but they say it will come to market in

two or three years.

Automakers including Ford and BMW have said they want to have fleets of autonomous
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cars operating on roads by 2021. The performance, cost, and looks of those vehicles will be

shaped by progress on the sensors so crucial to today’s prototypes.11

4 Conclusion
Through all the discussion above, we can now see how Lidar works and what’s the major

components of a Lidar system. The mathematic and physic principle of Lidar is also illus-

trated. In addition, we introduce the use of Lidar in autonomous cars as well and point out

the weaknesses of Lidar and briefly give the future research direction of the use of Lidar in

autonomous cars.
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