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Abstract: A communication system of Vehicle to Vehicle (V2V) consists of a transmitter, a receiver, and scatterers 

which can move in random speeds and directions to generate the Doppler Effect that reduces communications system 

performance. The Doppler effect that occurs in V2V channel modeling is a combination of the Doppler effect on each 

of its constituent components. After being combined with the Orthogonal Frequency Division Multiplexing (OFDM) 

multi-carrier system, the signal received at the receiving end experiences attenuation due to the characteristics of the 

channel used. To analyze the attenuation factor received due to the influence of channel characteristics, the power 

spectral density parameter is used. Previous research was limited to modeling the V2V channel with moving scatterers, 

without knowing the effect of velocity on power spectral density. The purpose of this study was to examine the effects 

of velocity parameters of V2V’s components on power spectral density where scatterers moved randomly. Moving 

scatterers speed was classified into two categories, where the scatterers were faster or slower than the sender and 

receiver. The power spectral density was analyzed after combining Quadrature Phase Shift Keying (QPSK) modulation 

with multi-carrier OFDM. The results show that components with higher velocity yielded more damped power spectral 

density on the receiver that reached -0.7099 dB/Hz. Moreover, the number of scatterers that moved around the 

transmitter and receiver highly affected the magnitude of the Doppler effect. The largest Doppler Shift generated in 

this study was 13.5 kHz with attenuated power spectral density at -0.8646 dB/Hz. 

Keywords: Power spectral density, V2V channel, Moving scatterer, Doppler effect, QPSK modulation, OFDM. 

 

 

1. Introduction 

Current wireless communication technologies not 

only serve users through cellular, satellite, radar or 

microwave services but also through vehicles that can 

communicate with each other. The vehicle-based 

communication system provides a variety of services 

ranging from vehicle communications without a 

driver to the internet connection between vehicles 

that are ubiquitous. This service is required to provide 

a sense of comfort and security to all users [1]. 

Standard communication systems between 

vehicles and other vehicles have been developed in 

recent years to regulate interoperability of 

information exchange between vehicles. Among 

these standards are Dedicated Short Range 

Communications (DSRC) developed in the United 

States, and the standard of Intelligent Transport 

System (ITS) developed by the European 

Telecommunications Standard Institute (ETSI) [2]. 

Both standards are developed based on IEEE 802.11p 

technology as a standard for Vehicle Ad Hoc 

Network (VANET) [3]. Furthermore, on the mapping 

of 7 OSI layers, DSRC technology is placed on the 

Physical and Data Link layers and the rest is used for 

the IEEE 1609 Wireless Access Vehicle (WAVE) 

standard [4]. 

One communication model in VANET 

technology is Vehicle to Vehicle (V2V), which is 

used to accommodate the connection between a 

vehicle and other vehicles [5]. The characteristic of 
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V2V differs from Fix to Mobile (F2M) and Mobile to 

Mobile (M2M) communication model in the radio 

communication that has been developed. In the F2M 

communication model, users on the mobile station 

side are considered moving, however, users on the 

base station are considered static. Meanwhile, in the 

V2V communication system, users on the transmitter 

and receiver are considered randomly moving, 

equipped with a low elevated antenna, surrounded by 

scatterers that are also moving randomly [6]. Another 

characteristic of V2V communication model is the 

influence of the environment around the 

communication system and the traffic density [7].  

M2M communication model that considers the 

movement of the transmitter, receiver, and scatterers 

were introduced by [8]. This modeling provides 

statistical analysis by calculating parameters such as 

probability distribution of received signal envelope, 

spatial time correlation function, and power spectral 

density of the received signal envelope. Further 

development of this model is conducted by involving 

second-order statistic including crossing rate level, 

fade duration, the random probability distribution of 

FM, expected random number of crossing from a 

phase, and power spectrum. Power spectrum 

explained the biggest power distribution in a certain 

bandwidth range [9]. 

A different M2M communication system model 

is developed by initially placing scatterers on the 

circle surrounding the transmitter and receiver. This 

concept is called a correlated double-ring [10]. In this 

model, the number of scatterers on the transmitter and 

receiver are assumed to be the same while the 

velocity of the transmitter and receiver are assumed 

to be the same but with random directions. This 

modeling is validated by using autocorrelation 

function and probability density function for 

Rayleigh and Rician distribution. For Rayleigh 

fading channel for the wireless communication 

system, it has been proved that for flat and frequency 

selective fading channel condition, the performance 

of the Bit Error Rate (BER) parameter improved in 

the value of the signal to noise ratio (SNR), which is 

equal to 45dB [11].  

The correlated double-ring model used for V2V 

application was developed by [12] by 

accommodating the movement of a transmitter, 

receiver, and scatterers that are placed on the radius 

of a circle surrounding the transmitter and receiver. 

This model required wave propagation from the 

transmitter to surrounding scatterers towards 

scatterers on the receiver side then goes to the 

receiver. This scheme is known as a single bounce. 

Results indicate that near and far moving scatterers 

yielded different effects in fading channel statistic.  

In a different model, V2V modeling using 

geometrical street model is defined by [13], 

encompassing moving and fix scatterers in the 

highway propagation environment. In [14], this 

model is developed using a three-dimensional (3D) 

geometrical propagation model that includes line-of-

sight (LOS), single bounced (SB), and multiple 

bounced (MB) rays. In subsequent modeling, [15] 

developed the V2V model by emphasizing the 

Doppler effect due to moving scatterers. This 

modeling is also equipped with analysis using 

autocorrelation parameters and spectral power 

components [16]. The integral value of the power 

spectral density parameters in the entire frequency 

range is equal to the average power [17].  

Moreover, in multi-carrier technology OFDM 

with high-efficiency amplification, modeling power 

spectral density has been done using 802.11a. 

Research on Doppler power spectral density by 

accommodating the presence of roadside scatterers 

has been carried out. Roadside scatterers are assumed 

to be on both sides of the highway. The modeling 

simulation results are then compared with the 

measurement method to be validated [18].  
As is known, there are two methods in 

determining the parameters of power spectral 

density[17]. The first method uses the decomposition 

of fourier transforms of signals containing random 

processes. The second method is to perform a fourier 

transformation of the autocorrelation function of the 

signal which contains a random process. Research on 

the modeling of power spectral density on the V2V 

channel with a mobile scatterer has also been carried 

out with a 3-D model under Line of Sight (LOS) 

conditions, single bounced and double bounced rays 

[19]. This research uses determining power spectral 

density using a method through the fourier transform 

of the autocorrelation function. However, in this 

study, the modeling results had not been combined 

with the multicarrier system used in VANET 

standardization. 

Some key contributions of this paper are as 

follows : 

1. We used the decomposition of the Fourier 

transform of a signal which comprising the 

random process. 

2. Integrating V2V channel model with moving 

scatterer with multi-carrier OFDM and use 

QPSK modulator to transmit the signal with 

single bounced model. The communications 

system was modeled based on the block diagram 

as seen in Fig 2. The complex envelope of the 

V2V channel was processed with channel 

impulse response and convoluted with output 

IFFT on OFDM and Additive White Gaussian 
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Noise (AWGN)  was added. As far as we know, 

no paper has ever used V2V channel with moving 

scatterer and integrating with multi-carrier 

OFDM. 

3. Using the mobility of scatterer to get power 

spectral density with the velocity of the scatterer 

that was more dominant than the speed of the 

transmitter’s and receiver’s vehicles. This 

configuration generated a unique power spectral 

density parameter compared to the dominance of 

vehicle speed as the transmitter and receiver. 

The next sections of this paper will be divided as 

follows. Section II discusses the research method and 

the channel modeling characteristics using the V2V 

Channel in the presence of moving scatterer and the 

concept of combining the channel with OFDM. 

Meanwhile, Section III presents the results and 

analysis, and Section IV presents the conclusions. 

2. Research method  

2.1 V2v channel model in the presence of moving 

scatterer 

Wave propagation modeling in V2V 

communication with the transmitter, receiver, and 

moving scatterers is depicted in Fig. 1. Transmitter 

(Tx) and receiver (Rx) are surrounded by N scatterers 

denoted with Sn (n = 1,2,3,..., N). The velocity of Tx 

and Rx are assumed constant, which are denoted with 

VT and VR and their directions are defined by angles 

𝛼𝑣
𝑇 and 𝛼𝑣

𝑅. 

Whereas each of randomly moving scatterers 

denoted with 𝑣𝑠𝑛
 and their directions are denoted 

with 𝛼𝑣
𝑠𝑛 . In this modeling, owing to the high path 

loss, the scatterers around the transmitter and receiver 

that located at a remote are ignored and assumed that 

wave propagated from transmitter with Angle of 

Departure (AoD) 𝛼𝑛
𝑇  to receiver with Angle of 

Arrival (AoA) 𝛼𝑛
𝑅 immediately after it bounces once 

on scatterers inside the propagation area.  

 

Tx Rx

VT
VR

VSn

Local scatterers

αv
Sn

αv
R

αn
R

αn
T

αv
T

Sn

 
Figure. 1  Propagation scenario in V2V communication 

model 

To determine the parameter of the complex 

channel gain of channel modeling being used, an 

assumption from frequency modeling of non-

selective channel Fix to Vehicle (F2V) is used. This 

modeling required that Tx is static, but Rx can move 

with high velocity and surrounded by static scatterers. 

This system is modeled as follows [15]. 

 

μ(t)= ∑ cne j(2πfnt+θn)N
n=1             (1) 

    

The attenuation factor is denoted with cn and fn is 

the Doppler frequency as a result of receiver 

movement. All the path gain cn have the same size 

with value 𝑐𝑛 = 𝜎0√2/𝑁  . The parameter θn is a 

phase shift from nth propagation that uniformly 

distributed in the range of 0 – 2π. This channel gain 

is a mixture of all incoming path line towards receiver 

after they bounced on scatterers.  

In the V2V channel modeling, there is a 

fundamental difference to the F2V channel modeling. 

This fundamental difference is that the transmitter 

and receiver are moving simultaneously and both of 

them are surrounded by scatterers that are also 

moving. As a consequence, the Doppler effect as a 

result of the movement of the transmitter, receiver, 

and their scatterers are taken into account. Hence,  fn 

in the eq (1) is replaced with the following. 

 

𝑓𝑛 = 𝑓𝑛
𝑇 + 𝑓𝑛

𝑇𝑠 + 𝑓𝑛
𝑆𝑅 + 𝑓𝑛

𝑅     (2) 

   

The parameter denoted with 𝑓𝑛
𝑇 is the Doppler 

effect caused by transmitter movement. The 

parameter 𝑓𝑛
𝑇𝑠 is the parameter caused by a 

transmitted signal that hit n-th moving scatterers. The 

parameter 𝑓𝑛
𝑆𝑅 is the effects of scatterers that move 

and bounce signals towards the receiver. The 

parameter 𝑓𝑛
𝑅 is the Doppler caused by receiver 

movement. Each of these Doppler frequency 

components in eq (2) can be defined as follows. 

 

𝑓𝑛
𝑇 = 𝑓0

𝑉𝑇

𝐶0
𝑐𝑜𝑠(𝛼𝑣

𝑇 − 𝛼𝑛
𝑇)    

 (3) 

 

𝑓𝑛
𝑇𝑠 = (𝑓0 + 𝑓𝑛

𝑇)
𝑣𝑠𝑛

𝑐0
𝑐𝑜𝑠(𝜋 + 𝛼𝑛

𝑇 + 𝛼𝑣
𝑠𝑛)  

 (4) 

             ≈ −𝑓0
𝑣𝑠𝑛

𝑐0
𝑐𝑜𝑠(𝛼𝑛

𝑇 − 𝛼𝑣
𝑠𝑛) 

 

𝑓𝑛
𝑆𝑅 = (𝑓0 + 𝑓𝑛

𝑇𝑠)
𝑣𝑠𝑛

𝑐0
𝑐𝑜𝑠(𝜋 + 𝛼𝑣

𝑆𝑛 + 𝛼𝑛
𝑅) 

 (5) 

              ≈ −𝑓0
𝑣𝑠𝑛

𝑐0
𝑐𝑜𝑠(𝛼𝑣

𝑆𝑛 − 𝛼𝑛
𝑅) 
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Figure.2  Model of V2V channel system with OFDM 

 

𝑓𝑛
𝑅 = (𝑓0 + 𝑓𝑛

𝑆𝑅)
𝑣R

𝑐0
𝑐𝑜𝑠(𝛼𝑣

𝑅 − 𝛼𝑛
𝑅)    (6) 

 ≈ 𝑓0
𝑣𝑅

𝑐0
𝑐𝑜𝑠(𝛼𝑣

𝑅 − 𝛼𝑛
𝑅) 

 

However, these Doppler frequency values are 

small and less than f0 which has a value of 5.8 GHz. 

Eq (3) to (6) to calculate each of Doppler frequency 

individually can be summarized into one formula 

denoted with  fn as follows [15]. 

 

𝑓𝑛 =
𝑘0

2𝜋
[𝑣𝑇 𝑐𝑜𝑠(𝛼𝑣

𝑅 − 𝛼𝑛
𝑇) − 𝑣𝑆𝑛

+ (𝑐𝑜𝑠(𝛼𝑛
𝑇 −

          𝛼𝑣
𝑆𝑛) +  𝑐𝑜𝑠(𝛼𝑣

𝑆𝑛− 𝛼𝑛
𝑅)) + 𝑣𝑇 𝑐𝑜𝑠(𝛼𝑣

𝑅 − 𝛼𝑛
𝑅)]     

(7) 

 

with the parameter 𝑘0 = 2𝜋
𝑓0

𝑐0
is a free space 

wavenumber.  

2.2 Multi-carrier OFDM 

VANET has a bandwidth of 10MHz. This 

bandwidth in the vehicular environment is 

susceptible to multipath fading and users that move 

with high velocity. Moreover, channel bandwidth 

suffers from doubly selective in frequency domain 

and time domain. Channel response in one period has 

fluctuated power strength and delayed propagation 

that cause Inter-Symbol Interference (ISI). 

Furthermore, the frequency response of the channel 

has different characteristics and fluctuation that cause 

Inter-Carrier Interference (ICI) phenomenon.  

Based on the phenomenon, the multi-carrier 

system implemented on the VANET service is 

Orthogonal Frequency Division Multiplexing 

(OFDM) [25]. In this paper, QPSK modulation with 

Cyclic Prefix (CP), and conversion process of Serial 

to Parallel (S/P) and Parallel to Serial (P/S) were used. 

QPSK modulation used 4 subcarriers that transmit a 

64-bit number of data. Therefore, the comparison 

between technology 802.11a and 802.11p on the 

physical layer become as in Table 1. 

In multi-carrier OFDM, the IFFT output signal 

that will be integrated is formulated as follows. 

 

𝑠(𝑡) = ∑ 𝑋𝑥𝑒𝑥𝑝(−𝑗2𝜋𝑘∆𝑓𝑡)𝑁=1
𝑘=0           (8) 

 

 
Table 1. Physical layer differences between 802.11p and 

802.11a [20] 

Parameter 802.11p 802.11a 

Band Frequency 5.85 – 5.95 

GHz 

5.15 – 5.35 

GHz 

Data Rate Max 27 Mbps Max 54 Mbps 

Channel 

Bandwidth 

10 MHz 20 MHz 

Number of 

Channel 

7 12 

OFDM Signal 

Duration 

8 μs 4 μs 

Guard Time 1.6 μs 0.8 μs 

FFT Period 6.4 μs 3.2 μs 

Preamble 

Duration 

32 μs 16 μs 
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With N is the number of IFFT point, Xk is the 

symbol data, and f is frequency.  

2.3 Integrating V2V channel model with multi-

carrier OFDM 

The modeled channel will be integrated with a 

multi-carrier system which is used in VANET. After 

the transmission block, the signal is combined with 

Additive White Gaussian Noise (AWGN) and 

spreading out into the V2V channel that considers 

moving scatterers. Block diagram of this system 

model that incorporates channel modeling with 

OFDM multi-carrier is shown in Fig. 2. 

The first step taken to integrate V2V Channel 

with multi-carrier OFDM is to express the channel 

gain in Eq 1 as a complex number.  

 

𝑍(𝑡) = 𝑥(𝑡) + 𝑗𝑦(𝑡)            (9) 

 

Parameter x(t) is the real value and parameter y(t) 

describes the imaginer value. The absolute value of a 

complex envelope Z(t) can be calculated as follows. 

 

𝑅(𝑡) = |𝑍(𝑡)| = √𝑥(𝑡)2 + 𝑦(𝑡)2        (10) 

 

To calculate the value of the phase angle, the 

following formula can be used. 

 

𝜃𝑡 = 𝑡𝑎𝑛−1 (
𝑦(𝑡)

𝑥(𝑡)
)                (11) 

 

Therefore, real part, imaginary part, and its 

absolute value can be expressed as follows. 

 

x(t) = 𝑅𝑒{𝑍(𝑡)} = 𝑅(𝑡) cos(𝜃𝑡)                   (12) 

 

y(t) = 𝐼𝑚{𝑍(𝑡)} = 𝑅(𝑡) sin (𝜃𝑡)       (13) 

 

So, to get the rectangular version from the parameter  

Z(t) we used: 

 

𝑍(𝑡) = 𝑅(𝑡). 𝑒𝑗𝜃𝑡                       (14) 

 

The second step is to establish the impulse 

response channel of the V2V channel. To calculate 

the value of the impulse response of the modeled 

channel, the following formula is used. 

 

ℎ(𝑡, 𝜏) = ∑ 𝑅(𝑡)𝛿(𝜏 − 𝜏𝑘)𝑒𝑗𝜃𝑡𝑁
𝐾=1        (15)            

 

With N is equal to 8 scatterers. 

 

The third step is to combine the convolution 

between the impulse response channel ℎ(𝑡) and the 

IFFT output of OFDM 𝑠(𝑡)  and add AWGN 

noise 𝑛(𝑡). 

 

𝐺(𝑡) = 𝑠(𝑡)ℎ(𝑡) + 𝑛(𝑡)                      (16) 

 

The final step to find power spectral density, we 

used decomposition of fourier transform of signal 

which comprising the random process. Power 

spectral density of received signal G(t) can be found 

as follows [17]. 

 

𝑆𝑥(𝑓) = lim
𝑇→∞

𝐸 {
1

2𝑇
|∫ 𝐺(𝑡)𝑒−𝑗2𝜋𝑓𝑡𝑑𝑡

𝑇

−𝑇
|

2
}    (17) 

3.  Result and discussion 

The simulation was conducted by modeling the 

effects of the velocity of the transmitter, receiver, and 

scatterers on the value of power spectral density. 

Simulation results were divided into 2 parts. The first 

part was the effect of the transmitter or receiver 

velocity that significantly increased while the 

velocity of moving scatterers was slightly increased. 

Meanwhile, the other part was the effect of the 

significantly increased velocity of moving scatterers 

while the velocity of the transmitter and receiver were 

slightly increased. On each scenario, the Doppler 

frequency fn was generated to be compared with 

power spectral density. 

Predetermined parameters in this study were as 

follows. 

• Carrier Frequency   = 5.8 GHz 

• Number of Scatterers = 8 

• T

v and R

v    = 15°  

• R

v and R

n    = random within   

                                                 range 0 - 2π 

• Bandwidth   = 40 MHz 

• Sampling Frequency  = 100 Hz 

• Transmitted Data  =  64 bit 

• Modulation   = QPSK 

• Number of Sub-carriers = 4 

3.1 The effect of transmitter and receiver velocity 

on the power spectral density 

The transmitter and receiver velocity in this 

scenario were adjusted starting from low speed (15, 

30 and 45 km/h), medium speed (50, 75, and 100 

km/h) and high speed (125, 150, and 175 km/h) while 

scatterers moved with speed slightly increasing from 

3 – 5 km/h. Each scenario yielded the Doppler 

frequency fn value related to the power spectral 

density parameter in the range of frequency within 

the predetermined bandwidth. 



Received:  September 23, 2019                                                                                                                                          212 

International Journal of Intelligent Engineering and Systems, Vol.12, No.6, 2019           DOI: 10.22266/ijies2019.1231.20 

 

 
Figure. 1  The effect of transmitter/receiver velocity on 

the power spectral density at low speed 

 

The simulation result displayed in Fig. 3 shows 

that the first iteration of the scenario yielded the 

smallest Doppler frequency of 315 Hz while the 

power spectral density was damped by approximately 

-0.2 dB/Hz. Furthermore, when the transmitter and 

receiver velocity increased significantly while the 

moving scatterers velocity increased slightly, the 

generated Doppler frequency increase significantly.  

This result was followed by a significant amount 

of attenuation on the power spectral density value up 

to -0.4944 dB/Hz for the Doppler frequency of 

2.1956 kHz. In the wider frequency range, the value 

of power spectral density tends to decrease. This is 

because, in the wider frequency range, the value of 

the Doppler Effect becomes greater, which reduces 

the power spectral density value. The range of power 

spectral density from the lowest Doppler frequency 

to the largest at this scenario approximately reached 

0.3 dB/Hz. 

 

 
Figure. 2  The effect of transmitter/receiver’s velocity on 

the power spectral density on medium speed 

Figure. 3  The effect of transmitter/receiver velocity on 

the power spectral density at high speed 

 

In the medium-speed scenario presented in Fig. 4, 

the increase in speed at the first iteration of 50 km/h 

generated a Doppler frequency almost 10 times 

higher than the first iteration at a low speed of 15 

km/h. The range of power spectral density from the 

lowest Doppler frequency to the largest at this 

scenario approximately reached 0.25 dB/Hz. 

Furthermore, at a speed of 100 km/h, the power 

spectral density damped up to – 0.5766 dB/Hz for a 

Doppler frequency value of 6.7533 kHz. 

In the third iteration, as shown in Fig. 5, the 

Doppler frequency as the result of the simulation 

reached a value above 6 kHz. The highest Doppler 

frequency was generated when transmitter and 

receiver moved with a speed of 175 km/h while 

moving scatterers around them moved with a speed 

of 5 km/h. In this condition, the value of the power 

spectral density was -0.7099 dB/Hz. The range of 

power spectral density from the lowest Doppler 

frequency to the largest at this scenario 

approximately reached 0.24 dB/Hz. 

3.2 The effect of dominant moving scatterers 

velocity on power spectral density 

In this section, two iterations were compared 

where the velocity of the transmitter and receiver 

were equal while moving scatterers had quite a 

significant increment of velocity. Theoretically, the 

Doppler frequency will be affected by referring to 

Eqs. (2) and (7). The Doppler frequency component 

in formula (2) was a combination of Doppler 

frequency which was induced by movement of the 

transmitter, receiver, and from the transmitter to its 

scatterers and also to the receiver from its scatterers. 

The number of scatterers used in this simulation was 

set to 8.  This component and the velocity of each 
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scatterer gave the most significant impact on the 

value of Doppler frequency. 

Velocities of moving scatterers were divided into 

two groups, which were scatterers that moved with 

speeds lower than speeds of transmitter and receiver 

and scatterers that moved with speeds higher than 

speeds of transmitter and receiver. The purpose of the 

division was to represent the real environment in the 

highway to simulate vehicles’ velocity condition 

compared to moving scatterers around them. In the 

equal velocity of transmitter and receiver, while the 

velocity of moving scatterers was slightly different 

with the previous simulation in Fig. 3, the simulation 

gave higher Doppler frequency value as can be seen 

in Fig. 6.  

 

Figure. 4  The effects of moving scatterers that were 

slower than transmitter/receiver velocity on power 

spectral density 
 

 
Figure. 7  The effects of moving scatterers that were 

faster than transmitter/receiver velocity on power spectral 

density 

 

When the velocity of transmitter and receiver 

were at 45 km/h and scatterers moved at 24 km/h, it 

resulted in the Doppler frequency of approximately 

3.6 kHz which was higher than the previous 

simulation. This can be seen in Fig. 3 on the third 

iteration while maintaining similar velocity pattern. 

The range of power spectral density from the lowest 

Doppler frequency to the highest at this scenario 

approximately reached 0.28 dB/Hz. 

A second iteration where scatterers moved faster 

than the transmitter and receiver speeds generated a 

very large Doppler frequency value as seen at Eq (2) 

and (7). This is caused by the speed of each scatterer 

was combined with the speed of the other moving 

scatterers which were 8 scatterers. When the 

transmitter/receiver moved at a speed of 45 km/h and 

scatterers moved at a speed of 56 km/h, it generated 

the Doppler frequency that reached 13.576 KHz. In 

this condition, the power spectral density parameter 

was damped up to - 0-8646 dB/Hz as illustrated in Fig. 

7. The range of power spectral density from the 

lowest Doppler frequency to the highest at this 

scenario approximately reached 0.24 dB/Hz. 

4. Conclusion 

This study analyzed the V2V channel modeling 

with moving scatterers that were combined with 

OFDM multi-carrier system and QPSK modulation. 

Simulation with various scenarios which was 

differentiated by the velocity of the transmitter, 

receiver, and moving scatterers shown that the faster 

they are moving, the higher Doppler frequency 

induced and the higher the attenuation of the power 

spectral density. In conclusion, power spectral 

density is attenuated on the receiver would be 

disadvantageous to a communication system. 

Therefore, careful and precise estimation of the 

transmitter, receiver, and moving scatterers’ velocity 

is essential. This study also concludes that the 

number of scatterers and their velocity are parameters 

with the most influence on the attenuation of power 

spectral density according to channel modeling that 

was used. The scatterers generated a Doppler Shift of 

13.5 kHz with the power spectral density attenuated 

until -0.8646 dB/Hz. 

4.1 Future works 

This study focused on power spectral density 

modeling due to the effect of the Doppler frequency 

on V2V channel modeling. Future research that will 

use the same V2V channel modeling to analyze the 

performance of Signal to Noise Ratio (SNR) and Bit 

Error Rate (BER) parameters in different modulation 
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schemes with variations of transmitter / receiver 

speed and adjustable moving scatterers.  
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