
International Journal of Research Studies in Science, Engineering and Technology 

Volume 5, Issue 11, 2018, PP 1-6 

ISSN : 2349-476X  

 

 

 

International Journal of Research Studies in Science, Engineering and Technology V5 ● I11 ● 2018       1 

Distance Estimation Using 8-PPM for V2V Visible Light 

Communication Using  

1
Mohammed Musa, 

2
Hongbing Qiu 

1
Communication department, institute of information and communication, Guilin university of 

electronics technology, Guilin , China 
2
University of Bahri, Khartoum, Sudan. 

*Corresponding Author: Mohammed Musa, Communication department, institute of information and 

communication, Guilin university of electronics technology, Guilin , China 

 
INTRODUCTION 

With the explosion of wireless communication 

services and spectrum crises due to heavy 
demand of the traffic of data leads to high 

energy consumption and bandwidth exhausted 

[1, 2], an alternative method of communication 
of wireless communication using visual light is 

visible light communication [3, 4] was proposed 

as a new wireless communications technology is 

strongly required to meet this challenge. 
Furthermore, VLC is considered as energy 

efficient wireless communication solutions to be 

deployed in 5G wireless systems. VLC 
technology has twofold use in transmission 

environments indoor and outdoor technology  

[5]. 

The outdoor VLC environment used to offer 

services which can be applied in several 

applications. It provide a communication 

between buildings, vehicles, and facilitates the 
use of street and park lights to render 

communication. It may also facilitate the task of 

self-driving vehicles and allows traffic lights to 
become VLC transmitters. The outdoor VLC 

environment also enables the use of solar panels 

to harvest energy and receive a communication 

signal [6]. 

Nowadays the demand for vehicles is getting 

increased which is leads to compound the 

numbers of accidents on the road.  Furthermore, 

the number of road accidents committed by 
young people, represent the leading cause of 

mortality[7]. In contrast the traffic congestion 

due the huge number of car becoming an 
increasingly widespread problem. First, people 

may spend a longer commuting time between 

their home and workplace. Second, air and noise 

pollution will increase, severely threatening the 
health of urban populations. Fuel consumption 

has also dramatically increased, contributing 

greatly to the amount of CO2 emissions adding 
to global warming [8]. 

VLC technology applied on V2V 

communication was used to overcome all these 
challenges and offer best solution leads to 

increase the safety and provide high efficiency 

of road transportation, prevent intersection 

crashes and rapidly propagate accident reports. 
For example, VLC technology shares the  
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information between the vehicles and road's 

infrastructure and among the vehicles, improve 
the traffic flow and reducing the congestion, and 

address environmental concerns by monitoring 

driving behavior, thus giving warnings to 
drivers and even control and  stop of the 

vehicles providing information for safe driving 

[9]. 

V2V based VLC provide magnificent 

advantages compare to V2V based RF, such as 
low cost due to usage of the existing  LED 

lamps on the vehicles, and provides precise 

positioning in LOS characteristics of light which 
is reduce the error and improve the system 

performance[10]. 

Table I. Comparison of VLC and RF (DSRC) schemes 

Type VLC RF (DSRC) 

Communication Mode LOS – Point-to-point Broadcasting -Point-to multipoint 

Target data rate  400 Mbps  27 Mbps 

Carrier frequency  400-790 THz  5.85-5.925 GHz 

Licensing  Free  Required 

Mobility  Low - medium  High 

Power efficiency  High  Medium 

Coverage area  Low and narrow  Long and wide 

 LED  play an important role in whole scenario,  
LED devices have benefits such as, energy 

savings, long life, low maintenance cost, better 

visibility and high brightness. Looking at these 
benefits, LEDs are replacing automobile brake 

lights and even head lights. Visible light 

communication (VLC) systems use the inherent 
characteristic of high rate switching as a means 

to convey information [11]. 

Recently, research based on the theoretical and 

experimental aspects of the VLC V2V has been 
steadily increasing. in this paper a mathematical 

model in different communication modulation 

techniques  for V2V based VLC was studied 
and bit error rate performance for on the 

communication distance between two vehicles 

was investigated. The channel characterization 
of a traffic light to vehicle VLC system was 

studied an analytical LOS path loss model has 

been proposed and validated by measurement 

results. Both line-of-sight and non-line-of-sight 
links were considered.  two vehicle's headlamp 

of the second vehicle consider as a transmitter 

and tail lamps of the first vehicle is consider as 
PD. traffic light to vehicle channel has been 

considered and studied.  

In this paper, we carry out bit error rate (BER) 
performance analysis and evaluation for a V2V 

VLC using 8PPM. A market-weighted 

headlamp beam pattern model is employed and 
both the LOS and non-line-of-sight (NLOS) 

links configurations are incorporated into the 

model. 

The remainder of the paper is organized as 

follows: In Section 2, we describe the system 

configuration, outline the mathematical model  

of luminous intensity and a transmitted optical 
power, and modulation techniques are also 

discussed in this section. Section 3 is reserved to 

noise analysis. In Section 4, The BER 
performances of our system, and simulation 

results, discussion are described in section 5.  

concluding remarks are provided in Section 6. 

SYSTEM MODEL 

In this section, the V2V VLC system model is 

presented. In detail, we consider a market-
weighted headlamp model, road surface 

Lambertian reflection model, optical channel  

model using 8 PPM modulation technique , and 
ambient noise model in our proposed, system 

model as in figure 1. 

 

Figure 1. V2V VLC communication link 

Fig. 1. as in [12] show the communication 
system headlamp as a transmitter of the left 

vehicle and the tail lamp of the right vehicle as 

receiver separated by VLC channel. Both direct 

light and reflected from road surface were 
combined as mathematically. 
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LED Light for LOS Properties 

In light there are two properties, a luminous 
intensity and a transmitted optical power. The 

relationship between photometric and 

radiometric quantities is explained in [13], in 
this paper we concentrate on the luminance of 

low beam headlamps. 

Illuminance of LED Lighting: 

The Illuminance expresses the brightness of an 
illuminated surface, in this paper we study the 

distribution of illuminance at a daytime. The 

luminous intensity in angle: 

( ) (0)cos ( )mI I      (1) 

 A horizontal illumination  E is given by  

2

(0)cos( )I
E

d


    (2) 

Where m is Lambertian order assumed is 1 , 

I(0)is the center luminous intensity of an LED, 

  is the angle of irradiance with respect to the 
transmitter perpendicular axis, ψ is the angle of 

incidence related to the receiver perpendicular 

axis, d is the distance between the light source 
and the receiver. 

 Led Light Design For NLOS 

In the fig. 1  in this research we assumed the 
refection is surface road reflection with 

reflection radiant intensity R(φ) as in [12] with 

the parameter mention the table II.    

𝑅 ∅ = 𝜌
𝑐𝑜𝑠∅

𝜋
                (3) 

where φ  is the polar angle of the scattered light, 

and ρ is the diffuse reflectivity. Fig. 2 shows the 

configuration of C2C VLC system using LOS 
and NLOS models, the low beam batten on the 

road surface the design of the full system is 

come out as the double of the our which the 
photodetector (PD) receives light from both the 

right and left headlamps, and the modeling is 

done for right side of headlamp, the A 
horizontal illumination  E with respect to road 

surface is given as 

2

(0)sin( )

T

I
E

d


                      (4) 

Where dT d is the distance between the light 
source and the road surface reflection point, In 

this paper , luminous efficacy of radiation 

(LER)  assumed to be 250.3 lm/W [14].  

The received power at the reflection point can 

be  expressed as: 

𝑑𝑃𝑓 =
𝐼 0 sin (𝜓)

𝐿𝐸𝑅 .𝑑𝑇
2 𝑑𝑆   (5) 

Received  light power intesity in the tail lamp 

(PD) of desitation vehicle from reflected point 

can be expressed as: 

𝑑𝑃𝑟 =
𝑑𝑃𝑓 .𝑅 ∅ .Ar .cos(𝜓)

(𝑑2+2) 
   (6)  

where Ar is the area of the PD, and d is the 
distance form reflection point to the PD, h is the 

height of the PD. 

 The total receive power at the receiver is the 

summation of the direct and reflect power with 
the range of field of view (FOV) and the whole 

illuminated area S. the equations 7 and 8 

illustrated PrNLOS and PrLOS respectively. 

𝑃𝑟𝑁𝐿𝑂𝑆 =

  𝑃𝑟𝑁𝐿𝑂𝑆𝑑𝑆           0 ≤ 𝜓 ≤ Ψ          
𝑠

0                                  𝜓 > 𝛹     
     (7) 

where Ψ is the half angle of PD’s field of view 

(FOV) and Sis the entire area of road surface 

that has been illuminated. 

𝑃𝑟𝐿𝑂𝑆 =  
𝐼 0𝐵  Ar cos (𝜓𝐵 )

𝐿𝐸𝑅 .𝑑𝐵
2        0 ≤ 𝜓𝐵 ≤ Ψ

0                                  𝜓𝐵 > 𝛹     

    (8) 

where the 𝜓𝐵  is the angle between incident LOS 

light to PD, and 𝐼 0𝐵  is the luminous intensity. 

the total received power of both sides  can 
expressed as: 

𝑃𝑅 = 𝑃𝑟𝐿𝑂𝑆 + 𝑃𝑟𝑁𝐿𝑂𝑆        (9) 

where PR is total received power at PD receiver. 

Modulation Techniques 

They are  a part of communication process in 

communication system which is better 

performance of the system in based on 
appropriate and robust modulation techniques. 

Different modulation schemes have been studied 

as well in this paper[15]. 

On-Off keying OOK 

In OOK, the LEDs are turned off and on based 

on the bits in the stream. Moreover, during an 

OOK transmission, an optical pulse which 
occupies part of entire bit duration represents a 

single data bit “1”. On the other hand, the 

absence of an optical pulse represents a single 
data bit “0”. The ratio of on-off signal of OOK 

changes the DC value of the OOK signal which 

would affect the stability of optical power 

transfer, OOK scheme does not guarantee the 
absence of flickering and has lower spectral 

efficiency. OFDM techniques offer both good 
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multipath and narrowband interference 

rejection response, but imply quite expensive 
hardware requirements. In this research we 

consider MPPM scheme which it is 

characterized by having a better system 
performance against AWGN channel[16]. 

𝑩𝑬𝑹𝐎𝐎𝐊 = 𝑸  𝑺𝑵𝑹    (10) 

Pulse-Position Modulation (MPPM) 

MPPM is a modulation technique for 

simultaneous communication and dimming. the 

magnificent advantages of PPM scheme is the 

elimination of decision threshold dependence on 
the input power [17]. MPPM is log2(M) 

equiprobable input bits form a time domain 

symbol. It is a sequence of M chip represented 
as a vector, instead of allowing for one pulse per 

symbol period in one of M chips, it permits 

multiple pulses in any of the M chips. MPPM 
scheme and bit rate and BER can be expressed 

as follows [18] 

𝑅𝑏 = 𝐵
𝑙𝑜𝑔2𝑀

𝑀
                           (11) 

𝐵𝐸𝑅𝑃𝑃𝑀 =
1

2
𝑄  

1

2 2
 𝑆𝑁𝑅

𝑀

2
𝑙𝑜𝑔2       ( 12) 

Noise Analysis 

There are two types of noise affecting the light's 

path in an outdoor VLC, which are background 
solar radiation which is composed of direct 

sunlight and scattered radiations from 

surrounding surfaces during the daytime, and 

ambient light coming from vehicles, traffic 
light, and street light during the nighttime. Noise 

on daytime is stronger than at nighttime, 

therefore, the direct radiations are considered as 
the dominant noise component. Note that the 

intensity of the solar radiation received at the 

earth surface depends on the atmospheric 
conditions and the position of the sun both 

during the day and throughout the year [19]. 

according to [20] the shot noise introduced by 

solar radiation is consider the main noise for 

V2V based VLC system in the daytime, and 
noise comes from ambient light consider the 

main noise at nighttime. In this paper we 

consider the total noise affecting our system as 
the additive white Gaussian noise AWGN with a 

mean of 0 and variance of 𝜍2 illustrated as: 

𝜍2
𝑡𝑜𝑡𝑎𝑙 =  𝜍2

𝑠𝑜𝑡  + 𝜍2
𝑡𝑒𝑟𝑚𝑎𝑙   (13) 

𝜍2
𝑠𝑜𝑡 = 2𝑒𝑅𝑃𝑟𝐵 + 2𝑒𝐼𝑏𝑔 𝐼2𝐵  (14) 

𝜍2
𝑡𝑒𝑟𝑚𝑎𝑙 =

8𝜋𝑘𝑇𝑘

𝐺
𝜂 𝐴𝑟𝐼2𝐵

2 +
16𝜋𝑘 𝑇𝑘Γ

𝑔𝑚
𝐴𝑟

2𝜂2𝐼3𝐵
3       (15) 

where, R is the responsively of the PD, e is the 
electronic charge (1.602×10

-19
 C), B is the 

system bandwidth, Pr is the average received 

optical power of the desired signal, Ibg is the 

received background noise current, I2 is the 
noise bandwidth factor for the background 

noise[12], k is Boltzmann’s constant, TK is 

absolute temperature, G is the open-loop voltage 
gain, η is the fixed capacitance of PD per unit 

area, Γ is the field-effect transistor (FET) 

channel noise factor, gm is the FET trans-
conductance, Ar is the detection area of the PD, 

and the noise bandwidth factor I3 = 0.0868[21]. 

BER Performance of A V2V VLC System 

In this section, a 8PPM modulation technique 
for a C2C VLC system is developed and its 

BER performance is simulated. Also outlined is 

the relationship between the transmission 
distance and BER. According to [16], for a V2V 

VLC link the typical channel delay is 10ns, 

compared to few MHz bandwidth used in a 
VLC system, therefore ISI is not considered in 

our model. 

OOK and 8PPM modulation scheme under 

AWGN channel were investigated. as well as 
other parameters listed in Table II.  

Table I1. System parameters 

Parameters  value 

Diffuses reflectivity  0.4 [28] 

PD area  1 (cm2) 

Order of Lambertian diffuser  1 

Luminous efficacy of radiation  250.3 (lm/W) 

FOV of the PD  60º 

Electronic charge  1.6×10-19 (C) 

Responsivity of PD  0.54 (A/W) 

Received background noise current  5100 (μA) 

Noise bandwidth factor  0.562 

Boltzmann’s constant  1.38×10-23 (J/K) 

Absolute temperature  298 (K) 
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Open-loop voltage gain  10 

Fixed capacitance of PD per unit area  112 (pF/cm2) 

FET channel noise factor  1.5 

FET transconductance  30 (mS) 

System bandwidth  2 (MHz) 

Luminous intensity (cd) 10 

SIMULATION RESULT AND DISCUSSION  

In our simulation Matlab software has been 
used. All parameters are listed in table II, we 

have adopted the optical channel configuration 

as shown in Fig. 2, low beam lamps (75 % 

luminous intensity) for the daytime, concrete 
road surface. BER performance of the V2V 

based VLC using OOK and 8PPM modulation 

techniques at data rate of 2 Mbps  with fixed the 
height of PD and comparison has been 

investigated. In Fig. 3 the BER performance of 

OOK scheme slowly increased with increasing 
of the distance up to  10 m only,  after that its 

gave fix value at different values of the distance 

between the transmitter and receiver. Fig. 4 

show the  BER performance of the system when  
an OOK modulation scheme was investigated, 

we consider BER of 10e
-4

 as threshold and got 

the distance between two vehicles is 2.6 m,  
when the distance is increased the BER decrease 

simultaneously.  

 

Figure 3. BER performance between two vehicles. 

 
Figure 4. The BER between two vehicle using OOK 

schemes 

 

Figure 5. The distance between two vehicles using 8-

PPM scheme 

 

Figure 6. The distance between two vehicles 

according to height of the head lamp 

Fig. 5 shows the communication distance 
between two vehicles has been increased when 

the proposed  modulation scheme has been used 

in full simulation LOS and NLOS both the 

result come out with head of tail lamp of 0.2 m 
and BER 10e

-4 
 is 13.4 m. In our proposed 

system the angles of radiation and acceptance 

has been modified to 75 ,60 respectively normal 
to x-axis, and The value of the Illumination 

factor Io=10, the system response has been 

improved as in the fig.6. 

Fig. 6  shows that, two vehicles could 

communicate with high quality when the height 

of the headlamp is short, at BER of 10
-4 

which 

consider as the proposed value give high quality 
of communications, the distance between 

vehicles gave according to its head lamp's 

height. when the height is  0.2 m we can get 
communication signal up to 78m which is good 

but the position of lamp is not matching to the 

standard of vehicle’s design and easy could 

affect interference and noise due it lower  
height, when the height of the headlamp 
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increased  the communication distance when 

reducing, as at 0.4m we get communication 
signal  up to  42m, at lamp height of 0.6 cars can 

communicate with distance of 32m, and finally 

at standard position of headlamp, 
communication signal is available on 27m 

which is the best value we proposed.   

CONCLUSION  

In this paper led-based headlamps has been used 

for vehicle to vehicle communication for both 

LOS and NLOS under lambertian model. BER 
performance of a V2V VLC system using 8-

pulse position modulation was simulated. the 

simulation assumed daytime model. Ambient 

noise is numerically analyzed. The simulation 
using Matlab software carried out  result of the 

distance communication between two vehicle is 

27 m at the height of LED-headlamp of 0.8m. 
which is consider best performance compare 

with the  tradition modulation scheme.  
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