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ABSTRACT: P&SMT, or power & signal 

multiplex transmission, is a method for 

transmitting communication signals using power 

electronic circuits. A three-phase cascaded 

multilevel inverter-based P&S MT system is 

suggested in this paper. By transmitting 

communication signals without using a 

Controller Area Network bus, the suggested 

solution can lower the wiring expense of the 

existing electric vehicle (EV) communication 

system. The system's architecture enables battery 

balancing discharge and motor speed 

management for EVs. In a simulation model 

constructed in Matlab/Simulink, both power and 

communication signals are effectively conveyed 

using the combined pulse width modulation 

scheme and frequency shift keying approach. 

The maximum signal rate of the suggested 

system is determined to be 600 bit/s by analysing 

the bit error rate of the sent signal. 

 

Index Terms—Battery state of charge, 

controller area network, frequency shift 

keying, motor speed control, pulse width 

modulation, three-phase DC-AC converter. 

 

 

 

 

 

I.INTRODUCTION 

 
The difficulties posed by climate change are 

motivating experts and academics to look into fossil 

fuel substitutes in order to reduce carbon dioxide 

emissions. These days, the use of electric vehicles 

offers a workable alternative for energy savings and 

emission reduction in the automotive industry. 

Electric vehicles (EVs) create less noise and air 

pollutants like CO and NOx than conventional 

internal combustion engine vehicles (ICEVs) do [1], 

[2]. Additionally, charging an EV battery at night can 

help the grid balance the load and save costs by 

avoiding the peak in power usage [3]. It is vital to use 

an efficient approach to realise signal transmission 

since several subsystems, including the motor control 

unit (MCU) and the battery management system 

(BMS) in an EV, need communication with the 

transmission control unit (TCU) [4], [5]. Because of 

its high reliability and high communication baud rate, 

using a Controller Area Network (CAN) bus for data 

transmission in electric vehicles is one of the 

methods that is widely acknowledged by 

manufacturers and researchers [6], [7]. Fig. 1 shows 

the general layout of an EV's powertrain. For a 2-

level inverter, several traditional power systems for 

EVs use a DC/DC converter to increase the battery 

voltage [8], [9]. This method may result in large 

switching losses due to its rapid voltage change rates 

(dV/dt) [8]. Due to the usage of large inductors for 

the DC/DC boost converters, the system is both 

expensive and has low power density [9]. Traditional 

EVs use the CAN bus to realise their internal 

communication, but the power transmission line and 

the communication channel are still two separate 

parts of the system that can still be optimised. In 
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order to transmit power and communication signals 

simultaneously through a three-phase multilevel 

inverter circuit for EVs, the power and signal 

multiplex transmission (P&SMT) approach is 

proposed in this study. A DC/DC converter is not 

necessary since the cascaded multilayer inverter itself 

may increase the battery voltage because the 

individual devices of the multilevel inverter have 

substantially lower switching losses than those of a 2-

level inverter. Further paper is extended using three 

Level Converter. And switching can be reduced 

more.In the suggested system, frequency shift keying 

(FSK) is used to modulate the transmitted signals 

while pulse width modulation (PWM) is used to 

convert power. The proposed method can 

significantly reduce the cost of the communication 

system because the power and signals are delivered 

simultaneously using the same power line, as 

opposed to using a CAN bus as a communication 

channel in modern EVs. The rest of this essay is 

organised as follows. The suggested system's 

structure and P&SMT methods are described in 

Section II. Multi-Level Converters are Explained in 

section III. Section IV presents the simulation 

findings. A brief conclusion is drawn in Section V at 

the end of this study. 

 
Fig 1: Schematic Diagram of EV integration 

 

II. PROPOSED P&SM TRANSMISSION 

SYSTEM 

 

I. System Structure: 

In this study, the transmitted battery state of 

charge (SOC) signal and the motor speed control 

signal are used as examples to further explain the 

fundamentals of the proposed P&SMT approach. 

Fig. 2 depicts the suggested system architecture 

for an EV employing the P&SMT approach. 

Signals are transmitted through a three-phase 

multilevel inverter circuit to enable 

communication between the battery and BMS as 

well as between the MCU and motor. Fig. 3 

shows the suggested structure of a three-phase 

P&SMT system. Each phase of the inverter 

architecture consists of four series-connected H-

bridge cells, one of which is driven by a DC 

voltage source and is used for signal 

transmission, while the remaining three cells are 

battery-powered and are used for energy 

transmission. The phase A and phase B 

branches, respectively, are used to carry the SOC 

signal and the motor speed adjustment signal. In 

this example, the inverter topology's load is a 

permanent magnet synchronous motor (PMSM). 

 

 
Figure 2: System architecture for an EV 

employing the P&SMT approach  

 

 
Figure. 3. Topology of the proposed P&SMT 

system for EVs. 

B. Signal Transmission 

In the suggested system, the signals are 

modulated utilising the FSK method, and the 

signal transmission scheme can be seen in Fig. 4. 

Two carriers with different frequencies, as 

illustrated in SC, can be used to modulate the 

digital bits '1' and '0', respectively, if the 

transmitted 4-bit signal SI is '1010'. The signal 

can be modified by managing the quick flipping 

of the four switches in the cell because it is 

intended to be relayed through an H-bridge cell 

in each phase. A switch will specifically turn on 

if a gate signal of digital '1' is applied and turn 

off if a gate signal of digital '0' is applied. The 

switches Q3 and Q4 turn on and off 
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simultaneously in Fig. 3, and Q1 and Q2 

function concurrently. Additionally, so as to 

prevent a short circuit, switches Q1 and Q2 work 

in the opposite state from switches Q3 and Q4. 

The transmitted signal can be thought of as 

overlaid on the output current waveform since 

the H-bridge cell used for signal transmission is 

series linked with the other three cells used for 

energy transmission. The transmitted signal is 

then extracted from the output current waveform 

at the receiver using a band-pass filter. The 

Fourier series expansion of any signal f(x) with 

period T and angular frequency =2*pi/T can be 

written as 

 

𝐹(𝑥) =
1

2
𝑎0 +∈𝑛=1

∞ (an*consnwx+bn*sinnwx) 

(1) 

 

Where ao, an, bn defined as: 

(2) 

Similarly, if a square wave f(t) with period T is 

applied as a carrier for digital ‘1’, it can be 

expressed as 

(3) 

The Fourier series expansion of f (t) is derived as 

(4) 

the number n being odd. The first-order 

harmonic can be used for restoring the 

communication signals because the Fourier 

series expansion of f(t) only contains the odd 

harmonic components and the first-order 

harmonic has the biggest amplitude. For 

instance, the upper envelope of the demodulated 

carrier for the digital "1" represented by the 

curve SD in Fig. 4 can be collected using an 

envelope detector. When the upper envelope's 

amplitude exceeds the comparison value and a 

suitable comparison value is used, the upper 

envelope can be recovered to a digital '1'. 

Otherwise, a digital '0' will be recovered. After 

sampling the recovered digital signal at the SI's 

initial bit rate, the restored SR is finally acquired. 

 
Figure 4: The proposed system's proposed  

signal transmission scheme, 

 

 where SI is the initial 4-bit signal '1010', SC is 

the carrier waveform, SD is the extracted carrier 

for the digital '1' after applying a band-pass filter, 

SR is the restored signal, and SP is the output 

phase current waveform superimposed with the 

carrier of the signal. 

 

 
Fig. 5. Carrier level rearrangement in the PWM 

process. 

An envelope detector can be used to obtain the 

upper envelope of the digital "1" demodulated 

carrier. When the upper envelope's amplitude 

exceeds the comparison value and a suitable 

comparison value is used, the upper envelope 

can be recovered to a digital '1'. Otherwise, a 

digital '0' will be recovered. After sampling the 

recovered digital signal at the SI's initial bit rate, 

the restored SR is finally acquired. 
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C. Motor Speed Regulation and Battery Balance 

Discharging 

In the suggested system, the power frequency is 

varied along with the communicated signal to 

control the motor speed. The link between a 

PMSM's motor speed n, pole-pair p, and power 

frequency f is explicitly shown as 

(3) 

where 60 s/min is indicated by the constant 60. A 

2-pole pair motor's speed should theoretically 

fluctuate between 1200 and 1800 r/min if the 

power frequency ranges between 40 and 60 Hz. 

The power frequency is then determined using 

the sent signal s by 

(4) 

If the transmitted signal contains a digital '0' or 

'1', the power frequency will be 40 Hz or 60 Hz, 

accordingly. The next step is to collect the three-

phase reference sinusoidal waves from 

(5) 

where A is the amplitude and Pa, Pb, and Pc, 

respectively, stand in for the reference wave in 

phases A, B, and C. The phase A reference wave 

is 2/3 and 4/3 radians behind the phase B and 

phase C reference waves, respectively. Finally, 

the motor is driven by modulated variable 

frequency sine waves in order to alter the motor 

speed. 

 

The gating signal of a switch is created using the 

traditional sinusoidal PWM method by 

comparing the reference wave with a triangular 

carrier. The duty cycle of each switch varies 

because different carriers and the reference wave 

meet at distinct locations. 

As shown in Fig. 5, for instance, in a single 

period from 0 to T, a switch controlled by a 

"Level 3" carrier has a lower duty cycle than a 

switch modulated by a "Level 1" carrier (t1t2). 

The switch operating with a reduced duty cycle 

uses less power than the switch operating with a 

bigger duty cycle since the input power is 

provided by batteries. This will also increase the 

likelihood that, after the system has been 

functioning for some time, the batteries' 

remaining capacity will be out of balance. 

Therefore, by periodically rearranging the carrier 

levels inside the PWM process, the battery 

balance discharging can be achieved. 

To accomplish this goal, a data stream created 

from the battery SOC values at the periodic 

sampling point is first communicated via the 

FSK method through a full-bridge cell powered 

by a DC voltage source. The SOC values are 

divided into various decimal numbers once the 

signal from the phase current has been 

demodulated. Finally, the battery balance 

discharge is accomplished by rearranging the 

PWM carrier levels in accordance with the 

communicated SOC values (at t0 in Fig. 5, for 

example). 

 
TABLE I 

PARAMETERS VALUE USED IN THE PROPOSED 

SYSTEM 

III MATLAB/SIMULINK IMPLEMENTATION 

 

A. Simulation Parameters and Output Waveforms 

Matlab/Simulink is used to create a simulation model as 

shown in figure 6  The parameter values for the simulation 

model are summarised in Table I. A 48 V battery is 

installed in each H-bridge cell for power transmission, and 

a 30 V DC voltage source is used in each H-bridge circuit 

for signal transmission. As a result, neither the transmitted 

signal's amplitude is too tiny to allow for restoration nor is 

it too great to significantly alter the output sinusoidal 

waveform. Additionally, silicon type IGBT devices can 

work in this frequency range because the system uses 

carriers with a frequency distribution of 2 kHz to 10 kHz 
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Fig. 7 shows the output voltage and current waveforms 

measured by a voltage sensor and a current sensor when a 

PMSM is connected to the output side of a three-phase 

inverter circuit as a load. The maximum phase voltage is 

174 V (348+30=174) due to the three batteries and a DC 

voltage source in each phase. It is noticeable that the phase 

current waveform's amplitude differs at approximately 

0.27 s and 0.51 s. This is due to the motor power 

frequency switching from 40 Hz to 60 Hz at these time 

intervals. 

 
Fig6: MATLAB Implementation 

 
Fig 7: Output Voltages and Currents 

B. B. Motor Speed Adjustment Signal Transmission: 

Since an original 8-bit motor speed adjustment signal has a 

bit length of 0.03 s, its transmitting rate is 100/3 bps. Then, 

to distinguish between two adjacent 8-bit data strings, a 4-

bit cyclic redundancy code (CRC) is inserted at the end of 

each data string. The complete 12-bit data frame is 

111100000100 since the created 4-bit CRC code is 0100 

thanks to the generator 1. By using 

the modulo-2 division method and the divisor 11110 to 

divide the transmitted data frame, the system can check to 

see if the residual is zero to see if the frame data is 

incorrect. By using the modulo-2 division method and the 

divisor 11110 to divide the transmitted data frame, the 

system can check to see if the residual is zero to see if the 

frame data is incorrect. If it is 0, it demonstrates that there 

were no transmission faults in the frame data; if not, there 

was a problem. Figure 8 displays both the initial message 

data and the message data after the CRC code. 

It is important to note that the time required to send a 

frame with and without a CRC code is the same; as a 

result, the 12-bit data is transmitted at a rate of 0.02 s per 

bit. The 4 kHz square wave is utilised as a carrier for 

digital "1" and the 8 kHz square wave is used as a carrier 

for digital "0" after the whole data frame has been 

collected. 

The 4 kHz carrier is then recovered from the phase current 

waveform with a band-pass filter after the signal has 

passed through an H-bridge cell. The transmitted signal is 

then recovered with the help of the suitable threshold value 

using the filtered carrier waveform SF in Fig. 9. 

Since this band-pass filter's attenuation at cut-off 

frequencies is fixed at 6 dB, the attenuation ratio x can be 

derived as 0.5 from 

(6) 

Finally, Fig. 9's recovered signal SRE is used to 

 

control the motor speed, which is shown in Fig. 10's 

waveform. The motor turns on whenever the signal shifts 

from '0' to '1'.  Speed varies for roughly 0.01 seconds. The 

motor speed stabilises between 1200 r/min and 1800 r/min 

as expected because the power frequency is made to 

alternate between 40 Hz and 60 Hz. The sent signal will 

interfere with the phase current waveform because it is 

superposed on the phase current as energy, which will 

impact the stability of the motor speed. The steady-state 

variation of the motor speed, which is open-loop controlled 

by varying the motor power frequency, is also greater than 

that of the traditional double closed-loop control strategy. 

 
Fig. 8. SO represents for the original 8-bit data string and 

SE refers to the entire 12-bit transmitted signal. 
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Fig 9 SF represents the extracted 4 kHz carrier after the 

filtering process; SST is the recovered 12-bit signal; SRE 

is the restored 8-bit motor speed adjustment 

signal. 

 
Fig. 10. The controlled motor speed with the transmitted 8-

bit signal ‘11110000’. 

 

Conclusion: 

In this research, a three-phase multilevel 

inverter-based P&SMT system is suggested to 

enable battery balance discharging and motor 

speed adjustment for EVs. Each phase of the 

inverter architecture involves four series-

connected H-bridge cells, three of which are 

controlled by PWM for energy transmission and the 

remaining two by FSK for signal transmission. The 

complexity of the overall system can be decreased by 

simplifying the system wiring since the suggested 

technique uses a portion of the power electronic circuit as 

a communication channel. The viability of the proposed 

P&SMT technique is tested by sending the battery SOC 

signal and the motor speed adjustment signal through the 

phase-A and phase-B currents, respectively, using a 

simulation model that has been constructed in 

matlab/Simulink. Additionally, after examining the 

connection between the signal bit rate and error rate, it is 

established that the suggested method's signal transmission 

capability is 600 bit/s. 
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