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ABSTRACT 

This research implements a Single Input Multi Output (SIMO) converter system that generates 

multiple outputs by using Neural Network (NN) for Electric Vehicle (EV) Application. SIMO 

converter is one of the Multiport Converters that provides three distinct output voltages by using a 

neural network controller. Neural networks improve the efficiency, flexibility, and also reduce the 

complexity of the system. To reduce voltage ripples, prevent cross-regulation issues, and manage 

output voltages, the configuration SIMO converter is suggested. The proposed configuration 

eliminates cross-regulation issues, and the load voltage is unaffected. Further, the loads are isolated 

from one another during control by using the neural network controller. MATLAB/Simulink software 

Simulation results are used to confirm the effectiveness of the proposed converter and control method. 

Keywords: Cross-Regulation, Electric vehicle, Multiport converters, Neural Network Controller, 

Single Input Multi Output Converter. 

 

I. INTRODUCTION 

Concerns over global warming and the depletion of fossil fuels are driving up the demand for electric 

vehicles (EVs), multiport DC-DC converters, and various battery chargers. Several dc–dc converters 

are typically needed in the auxiliary power supply system of EVs in order to meet various load 

circumstances [1], [2]. Multiport dc to dc converters attracted a lot more attention from researchers in 

recent years; this is due to the development of power electronic systems or the growing need for energy 

from non-conventional sources, and the growing application of micro grids. Multiport DC-DC 

converters offer a compact design with fewer components and a reduced cost as compared to multiple 

independent converters [3], [4].  

Various control strategies are placed in the review of the literature to address the cross-regulation 

problem in a single inductor-based SIMO converter; in [5] the Predictor controller as of the now is 

provided as an alternative to the traditional charge balance strategy. A challenge that has emerged is 

the generation of duty ratios for active switches. Likewise, [6] the presents the deadbeat-based control 

technique. Since it’s dependent upon an output current monitor, noise and large parametric changes 

might affect it. A multivariable digital controller-based SIMO is suggested for reducing output voltage 

fluctuations, cross regulation issues, and control voltage ripples. On the other hand, complexity may 

rise as a result of controller design. Non-isolated SIMO converters, which independently regulate the 

output voltages and don't need a separate control circuit, are presented to address the issues with single 

inductor SIMO converters. A new SIDO converter topology can be seen in [7], [8], [9] to combine 

buck and super lift converters to produce step-up and step-down voltages at output are used in EV 

applications. Combining high gain step-up with SEPIC converter-based SIMO is advised for solar 

powered applications.  

By including capacitors and diodes, the output voltage in this configuration is increased to be higher 

than the supply voltage. Conduction losses and cost are nevertheless impacted by the quantity of diodes 

and capacitors used. In [10], a novel SIDO buck-boost architecture is created to provide both positive 

and negative outputs. With the fewer parts, a multi-output converter is recommended in [11]. 

Conduction losses are raised by the fact that it has more diodes. With the benefits of lowering low 

voltage stress and passive filter size, a SIMO configuration structure is presented [12].   
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Fig 1: SIMO converter with cross regulation problem. 

The updated SEPIC and a high step-up SIMO converter with interleaved base are provided in the [9]. 

It is made up of a voltage multiplier, an attached inductor, and switching capacitors that increase the 

output voltage in sustainable energy applications. But still, because there are more components, it is 

more complex. For SIMO applications, a four-phase interleaved converter based on the SEPIC-Cuk 

converter is recommended in [13]. Its benefits include small size, low ripple voltage, and fit to high 

power applications requiring quick response times. Fig 1. illustrates the auxiliary power supply system 

for EVs in the usual method of handling load requirements. Although this approach appears easy to 

understand its primary defect is that it has a cross-regulation issue, meaning that loads are not isolated 

from one another while they are operating.  Additionally, if the ground is engaged or there are loads 

that are turned on concurrently when charging the battery, there is a potential of grounding problems 

[14].   

It is possible to employ different duty ratios to control the output voltages in accordance with the circuit 

architecture shown in the circuit layout in Fig 2. This prevents the energy stored in the inductor from 

being shared with the other outputs during control and restricts it to a single output. Furthermore, the 

loads maintain their isolation against one another during control, thus overcoming the problem of 

cross-regulation 

 

II. SIMO CONVERTER AND NUERAL NETWORK CONTROLLER 

 A. SIMO Converter  

The proposed SIMO DC-DC Converter is shown in Fig 2. The components of this configuration are 

as follows: input voltage (VDC), switches (S1, S2, S3), diodes (D1, D2, D3), along with passive 

elements (L1, L2, L3 and C1, C2, C3). The proposed converter can produce three distinct output 

voltages: Boost (Vo1), Buck-Boost (Vo2) with positive voltage polarity, Buck (Vo3). The converter 

can be used to independently regulate the three output voltages, respectively. 
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Fig 2: SIMO converter without cross regulation problem 

In this recommended circuit design, the loads are scaling with concurrent operation. As can be seen 

from the accompanying pictures, load R3 through S3 alone is linked to the input power supply during 

mode-1 operation, while the remaining loads are separated, as Figure 3(a) illustrates. 

Similarly, as shown in Figure 3(b), In mode-2, the input supply is connected to only load R1 through 

D1; all other loads are isolated. Every load in the suggested control strategy is kept apart from the 

others while it is being controlled in any mode of operation. Although this circuit layout appears to be 

relatively basic, it is unique and useful. The primary flaw in the traditional method depicted in Fig. 1. 

is the cross-regulation issue, which results in the loads not being separated from one another while 

they are operating. Furthermore, in the buck-boost mode of operation, to change the output voltages' 

inverse polarity, the system design will get more complex.  

The proposed SIMO has the following benefits:  

1. There are no operational duty ratio assumptions, and the structure is straightforward.   

2. It has the ability to produce three distinct output voltages those are boost, buck, and buck-   

    boost   

3. During control, loads are separate from one another, and    

4. The cross-regulation issue is satisfactorily resolved the output voltage is positive buck-boost.   

1. OPERATION MODES OF SIMO 

a) MODE-1  

S1, S2, and S3 switches are in the ON position. Fig 3(a) shows the current flow path. L1, L2, and L3 

are magnetized by the energy port VDC. As a result, (C3) is charged and the C1 and C2 are discharged 

to the loads (R1) and (R2), respectively. The voltages and currents of the capacitors and inductor are 

shown in Eq. (1)-(4).  
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Fig 3: Operational Modes of SIMO: (a)Mode-1 and (b) Mode-2. 

b) MODE-2  

In this condition, L1, L2, and L3 lose their magnetic fields and send their energy through D1, D2, and 

D3, respectively, to the load. Fig 3(b) provides an illustration of it. The voltages of capacitors and 

currents of the inductors found in Equations (5) to (11) are as follows: where c1, c2, c3, c4, c5, and c6 

are the initial values.  
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As seen in Fig-3(a), it is seen that load (R3) alone through S3 is linked to the ground during Mode-1 

operation, when, during battery charging, even in the presence of the ground, the remaining loads are 

separate from one another. Similar to this, only load (R1) through D1 is linked to the ground during 

Mode2; other loads, like what is displayed above Figure-3 (b), are isolated from both the load (R1) 

and ground. Every load in the suggested control strategy is kept apart from the others while it is being 

controlled in any of the operational mode.   

Furthermore, the circuit design guarantees that under control, the stored energy of the inductor is 

restricted to just a single output and doesn’t interact with remaining outputs. This permits separate 

duty-cycle regulation of the output voltages. Thus, there is no impact in the Load Voltages (Vo1, Vo2, 

Vo3) by the variation in Load Currents (Io1, Io2, Io3) Because of this, the suggested setup using this 

control method eliminates all cross-regulation difficulties, even while the battery charging process is 

taking place on the ground. There are no assumptions needed because the arrangement is simple and 

can generate three different outputs. 
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B. Neural Network controller 

To manage the intricate dynamics and control needs of the SIMO DC-DC converter, a neural network 

controller can be employed. For various subsystems (such as motor control, battery management, and 

auxiliary systems), the neural network controller gathers information on input and output voltages, 

load circumstances, and designed output voltages [15], [16].  And for this NN controller should be 

train by using its layers, they are input layer, hidden layer, and output layer. The EV system sends data 

to the input layer, including the intended output voltage, load current, and battery voltage. The input 

data is processed by hidden layers using a number of nonlinear functions. The intended system 

complexity and performance determine how many hidden layers there are and how complex they are. 

The output layer generates the control signals that are delivered to the DC-DC converter's switching 

components according to the data that has been received from the hidden layers. Fig 4. Displays the 

general view of NN Controller.  

It also gains the ability to manage different interruptions and load circumstances [17]. To ensure 

optimal performance across all outputs, a neural network controller can be modify the converter's 

operation: When the load on the motor increases, the neural network can modify the converter's output 

to make sure that the motor receives enough voltage without burdening the other outputs and it can 

adjust the converter's settings so that that all outputs are steady in the case of a drop or sudden change 

in input voltage  Enhancing the efficiency and adaptability of power management systems through the 

use of a neural network controller for a SIMO DC-DC converter in electric vehicle applications can 

improve the electrical system's overall performance. 

 
Fig 4: General view of NN controller 

 

III. METHODOLOGY 

The Single-Input Multi-Output (SIMO) converter system that has been suggested for use in electric 

vehicle (EV) applications must be implemented methodically in order to handle issues like voltage 

ripple and cross-regulation and guarantee effective power management. The first step in the process is 

designing the SIMO converter, which combines three separate DC-DC converters with one input 

source to create a single system that can produce three different output voltages shown in Fig 5. A sort 

of DC-to-DC converter that is employed to raise a lower input voltage to a greater output voltage is 

called a boost converter, commonly called as a step-up converter. In order to ensure that individual 

battery cells function under acceptable parameters and maximize their performance, battery 

management systems utilize buck-boost converters to regulate their voltage levels [18]. Step-down 

converters, or buck converters, are a kind of DC-to-DC converter that effectively converts a higher 

voltage to a lower voltage. The EV's motor drive, auxiliary systems, and battery management are just 

a few of the subsystems that are powered by these output voltages, which lowers the total number of 

components and system complexity. The operation of the converter is then controlled by a controller 

built using a neural network. This controller effectively prevents cross-regulation by guaranteeing that 
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each output voltage is isolated from the others and stays stable. MATLAB/Simulink software is 

utilized to model and simulate the SIMO converter system.   

To confirm that the system can reduce voltage ripples, maintain stable output voltages, and run 

effectively, the simulation results are examined. This will enable the neural network controller to be 

further improved and the performance of the converter to be optimized. After a thorough analysis of 

the system's performance, the implementation ends with recommendations for future work that will 

concentrate on further optimization and integration with other EV systems. This work highlights the 

benefits of the SIMO converter in lowering complexity, cost, and operational challenges in EV power 

management systems. By cleverly modifying the control settings, the neural network controller can 

isolate these outputs and reduce or completely eradicate cross- regulation problem. 

 
Fig 5: Block diagram of SIMO converter. 

As a result, each EV subsystem receives power delivery that is more consistent and dependable. The 

neural network controller lessens voltage ripples. Because of their adaptability, they can be used for a 

variety of EV applications, ranging from tiny personal vehicles to bigger commercial or industrial EVs. 

Neural network optimization of the converter can improve system efficiency as a whole.  

In this, there are two cases in which a SIMO converter can operate. In Case 1, there are three distinct 

outputs (Boost, Buck-Boost, and Buck Converters) with an input value of 50V from 0 to 1 sec. In Case 

2, the input value is initially 50V, however after 0.5 seconds, the input value suddenly changes to 70V 

for each of the three outputs. Thus, by the A sudden change that causes distortions in the output 

waveforms at 0.5 seconds. However, the distortions are not as severe when using the NN controller, 

and these include can be resolved more quickly. 
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TABLE-I. SPECIFICATIONS 

Above table-1 illustrates that the parameter specifications of SIMO converter. 

 

IV. SIMULATION RESULTS 

In order to verify the effectiveness of the proposed SIMO with neural network is implemented in 

MATLAB Orientation. Further, the proposed system is simulated with different cases: The case-1 

simulation is presented with input voltage 50V and the case-2 simulated the input voltage changes 50V 

to 70V at 0.5sec. 

Case 1: At 50V Input. 

 
Fig 6: Simulation Diagram of case-1 

 

S. 

No 
Parameter Name 

Parameter Value with Units 

Boost 

Converter 

Buck- 

Boost 

Converter 

Buck Converter 

1. Output Voltage (Vo) 100 V 50 V 25 V 

(2. Output Current (Io) 2 A 2 A 2 A 

3. Capacitance (C) 200 µF 470 µF 360 µF 

4. Inductance (L) 0.6 mH 0.9 mH 1 mH 

5. Switching Frequency (f) 50 Hz 50 Hz    50 Hz 
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Fig 7: Input Voltage (Volts). 

 
Fig 8 (a): Vo1 

 
Fig 8 (b): Vo2 
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Fig 8 (c): Vo3 

Fig 8 (a, b, c): Output Voltages (Volts). 

Fig 9 (a): Io1 

 
Fig 9 (b): Io2  
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Fig 9 (c). Io3 

Fig 9 (a, b, c): Output Currents (Amps). 

Figs 8 and 9 show the simulated output voltages and currents respectively. The intelligent Neural 

Networks is maximumly reduce the ripple content of the proposed converter topology. 

Case 2: At Input Changes 50V to 70V at 0.5sec. 

The case-2 simulation is presented in Fig 10. And the input voltage shown in Fig 11. The system's 

performance can be evaluated in the event of a sudden input voltage shift. Figures 12 (a, b, c) and 13 

(a, b, c) displays the simulation result over a sudden shift in the input voltage (VDC) for the Boost 

output from 50 V to 70 V at 0.5 seconds; the same thing applies for the Buck-Boost and Buck voltages 

and currents. The output voltages (Vo1, Vo2, Vo3) are displayed along with their reference voltage 

(Vref). The reference voltage for Vo1 is 100V, for Vo2 is 50V, for Vo3 is 25V are shown in Fig 11(a, 

b, c) and the Output Currents are shown in Fig 12 (a, b, c). 

 
Fig 10: Simulation diagram of case-2 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 12, No.3, December : 2024 
 

UGC CARE Group-1                                                                                                                         34 

 
 Fig 11: Input voltage (Volts). 

 
Fig 12 (a): Vo1 

 
Fig 12 (b): Vo2 
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Fig 12 (c): Vo3 

Fig 12 (a, b, c): Output Voltages (Volts). 

Fig 13 (a): Io1  

 
Fig 13 (b): Io2 
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Fig 13 (c): Io3 

Fig 13 (a, b, c): Case 2 Output Currents (Amps). 

Figs 12 and 13 shows the effectiveness of the system. 

 

V. CONCLUSION 

The suggested single-input multi-output (SIMO) converter topology provides a reliable solution for 

electric vehicle (EV) applications. Further, the proposed SIMO converter generated efficient ripple 

management, cross-regulation elimination, and steady output voltage provision under a range of load 

scenarios. The incorporation of neural network controller that isolated load and keeps voltage levels 

constant leads to improve performances. The efficacy of the suggested system is confirmed by 

simulation results which shows the simplify of EV power management, cut costs. However, the 

proposed approach represented a significant advancement in multioutput DC to DC converter 

technology used in electrical vehicles. 
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