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Abstract- DC–DC boost converters are widely used in 

modern power electronic systems to step up low input 

voltage to a higher regulated output. This paper 

presents a comparative analysis of Single Input Single 

Output (SISO) and Multi-Input Single Output (MISO) 

boost converter topologies. The SISO converter, based 

on inductor energy storage and controlled switching, is 

simple, cost-effective, and suitable for low-power 

applications. this work presents a unified comparative 

investigation of SISO and MISO boost converters 

under multiple operating conditions using small-signal 

state-space modeling and MATLAB/Simulink analysis. 

The proposed study additionally evaluates the dynamic 

behavior and stability characteristics of hybrid-source 

MISO configurations incorporating DC, AC, and fuel-

cell inputs, thereby providing practical insight for 

renewable-energy-based power conversion systems. 

 

Keywords–DC-DC Boost Converter, SISO Converter, 

MISO Converter, Hybrid Energy System, Small Signal 

Modeling, Renewable Energy Integration. 

 

1. INTRODUCTION 

The increasing demand for efficient energy 

utilization and advanced power management 

systems has led to significant developments in DC–

DC converter technologies. Among these, boost 

converters are widely used due to their ability to step 

up a low input voltage to a higher, regulated output 

voltage, making them essential in applications such 

as renewable energy systems, electric vehicles, 

battery-powered devices, and portable 

electronics.[1],[3],[21] 

The Single Input Single Output (SISO) boost 

converter is one of the most fundamental and 

commonly used topologies in power electronics. Its 

simple design, ease of control, and cost-effectiveness 

make it highly suitable for applications where only a 

single energy source is available. The SISO 

converter operates on the principle of storing energy 

in an inductor during the switching ON state and 

releasing it to the load during the OFF state, thereby 

achieving voltage amplification with relatively high 

efficiency.[5],[24] 

However, with the growing adoption of hybrid 

energy systems that combine multiple sources such 

as solar panels, batteries, and fuel cells, the 

limitations of single-input converters have become 

evident. This has led to the development of Multi-

Input Single Output (MISO) boost converters, which 

are capable of integrating multiple energy sources 

into a unified system. MISO converters offer 

enhanced flexibility, improved reliability, and better 

energy utilization by allowing simultaneous or 

independent operation of different input 

sources.[11],[12],[13] 

The objective of this study is to assist in selecting the 

most appropriate converter topology for specific 

applications, particularly in modern energy systems 

where efficiency, reliability, and sustainability are of 

paramount importance. Most existing research 

primarily focuses either on conventional SISO boost 

converters or on isolated studies of multi-input 

converter topologies. Limited work has been 

reported on the comparative dynamic analysis of 

SISO and MISO boost converters under hybrid 

energy operating conditions using unified small-

signal modeling techniques. In this work, a 

comprehensive comparison between SISO and 

MISO converter configurations is presented 

considering voltage gain, ripple behavior, efficiency, 

and stability performance. Furthermore, the 

proposed MISO system is investigated under 

different source combinations including DC–DC, 

DC–AC, and fuel-cell-based hybrid configurations 

to evaluate converter suitability for renewable 

energy applications. 

Here we use the following algorithm to analysis 

boost converter topologies:[23],[27] 

https://doi.org/10.71058/jodac.v10i05014
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Figure 1:Algorithm 

2. SINGLE INPUT-SINGLE OUTPUT (SISO) 

 

Boost converters are a type of DC-DC switching 

converter that efficiently increase (step-up) the input 

voltage to a higher output voltage. By storing energy 

in an inductor during the switch-on phase and 

releasing it to the load during the switch-off phase, 

this voltage conversion is made possible. Power 

electronics applications requiring a greater output 

voltage than the input source, in particular, depend 

on boost converters.[6],[7] 

 

 
Figure 2: Typical boost converter circuit diagram 

 

Components: 

● Input voltage: Vin 

 

● Inductor: L 

 

● Switch (MOSFET) 

 

● Diode: D 

 

● Output capacitor: C 

 

● Load resistor: R 

 

Control variable: Duty ratio D of the switch. 

We analyze in Continuous Conduction Mode 

(CCM).[1],[4] 

 

2.1 operating principle of boost converter: 

The basic operating principle of a boost converter 

can be understood through the following two stages: 

 

(a) 

  

(b)   

Figure 3: (a) boost converter ON state, (b) boost converter OFF 

state 

2.1.1 Switch ON (for duration DT): 

During this stage, the input voltage (Vin) is applied 

across the inductor (L), causing the current through 

the inductor to increase linearly. The energy stored 

in the inductor builds up, and the diode (D) is 

reverse-biased, preventing current flow to the load. 

𝑉𝐿 = 𝑉𝑖𝑛  

𝑖𝐿  increases ,   

𝑑𝑖𝐿

𝑑𝑡
=

𝑉𝑖𝑛

𝐿
 

𝑖𝑐 = −
𝑣𝑜

𝑅
 (load current through capacitor)  

https://doi.org/10.71058/jodac.v10i05014
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2.1.2 Switch OFF for duration (1-D)T: 

When the switch S1 opens, the inductor current must 

continue to flow. This forces the diode D to become 

forward-biased, and the inductor releases its stored 

energy to the load (R) and the output capacitor (C). 

During this period, the voltage across the inductor 

(VL) is equal to the difference between the output 

voltage (Vout) and the input voltage (Vin). The 

inductor current decreases linearly as the energy is 

transferred to the load. 

 

𝑉𝐿 = 𝑉𝑖𝑛 − 𝑣𝑜 

𝑖𝐿 decreases,        
𝑑𝑖𝐿

𝑑𝑡
=

𝑉𝑖𝑛−𝑣𝑜

𝐿
 

𝑖𝑐 = 𝑖𝐿 −
𝑣𝑜

𝑅
 

2.2 transfer function for boost converter (small 

signal CCM): 

State-space equation for both intervals: 

Let the states be: 

𝑥1 = 𝑖𝐿 , 𝑥2 =  𝑣𝑜 

(a)switch ON     

     [𝑖̇𝐿 𝑣̇𝑜 ] = [0 0 0 −
1

𝑅𝐶
 ] [𝑖̇𝐿 𝑣𝑜 ] + [

1

𝐿
 0 ] 𝑉𝑖𝑛  

(b)switch OFF 

[𝑖𝐿̇ 𝑣𝑜̇ ] = [0 −
1

𝐿
 
1

𝐶
 −

1

𝑅𝐶
 ] [𝑖𝐿̇  𝑣𝑜  ] + [

1

𝐿
 0 ] 𝑉𝑖𝑛  

Averaged state-space model:[2],[4],[9],[10] 

In steady state, average the two modes according to 

the duty ratio D: 

𝑥̇ = 𝐴𝑥 + 𝐵𝑉𝑖𝑛  

Where,    𝐴 = 𝐷𝐴𝑜𝑛 + (1 − 𝐷)𝐴𝑜𝑓𝑓  , 

𝐵 = 𝐷𝐵𝑜𝑛 + (1 − 𝐷)𝐵𝑜𝑓𝑓  

Substitutes matrices: 

A=[0 
−(1−𝐷)

𝐿
 
(1−𝐷)

𝐶
 

−1

(𝑅𝐶)
 ] ,  

B=[
1

𝐿
 0 ] 

So average model becomes: 

[𝑖𝐿̇  𝑣𝑜̇ ] = [0 −
(1−𝐷)

𝐿
 

(1−𝐷)

𝐶
 −

1

𝑅𝐶
 ] [𝑖𝐿̇  𝑣𝑜  ] +

[
1

𝐿
 0 ] 𝑉𝑖𝑛                (1) 

 

Steady state relations: 

At steady-state (𝑖̇𝐿 = 0, 𝑣̇𝑜 = 0): 

From inductor equation (1st row): 

0 = −
(1−𝐷)

𝐿
𝑉𝑂 +

1

𝐿
𝑉𝑖𝑛 → 𝑉𝑜 =

𝑉𝑖𝑛

(1−𝐷)
    (2) 

From capacitor equation (2nd row) 

 

0 =
(1−𝐷)

𝐶
𝐼𝐿 −

𝑉𝑂

𝑅𝐶
→ 𝐼𝐿 =

𝑉𝑜

𝑅(1−𝐷)
     (3) 

 

Introduce small perturbation: 

𝐷 = 𝐷 + 𝑑̂ , 𝑖𝐿 = 𝐼𝐿 + 𝑖𝐿̂ , 𝑣𝑜 = 𝑉𝑜 + 𝑣̂𝑜 

 

Linearize equation(1) around the steady-state. 

 

Substitute and linearize: 

For the inductor: 

𝐿
𝑑(𝑖𝐿)

𝑑𝑡
= 𝑉𝑖𝑛 − (1 − 𝐷)𝑣𝑜 

 

𝐿
𝑑(𝑖𝐿̂)

𝑑𝑡
= −(1 − 𝐷)𝑣𝑜̂ + 𝑉𝑜𝑑̂      (4) 

For the capacitor: 

𝐶
𝑑(𝑣𝑜)

𝑑𝑡
= (1 − 𝐷)𝑖𝐿 −

𝑣𝑜

𝑅
 

Linearizing gives: 

 

𝐶
𝑑(𝑣𝑜̂)

𝑑𝑡
= (1 − 𝐷)𝑖𝐿 −̂ 𝐼𝐿𝑑̂ −

𝑣𝑜̂

𝑅
      (5) 

 

Convert to Laplace(frequency) domain: 

 

𝐿𝑠𝑖̂𝐿 = −(1 − 𝐷)𝑣𝑜̂ + 𝑉𝑜𝑑̂      (6) 

 

𝐶𝑠𝑣𝑜̂ = (1 − 𝐷)𝑖𝐿̂ − 𝐼𝐿𝑑̂ −
𝑣𝑜̂

𝑅
      (7) 

Substitute (6) into (7) 

 

From(6): 

𝑖𝐿̂ =
(1 − 𝐷)𝑣𝑜̂ + 𝑉𝑜𝑑̂

𝐿𝑠
 

 

Substitute in(7) 

𝐶𝑠𝑣𝑜̂ = (1 − 𝐷)
−(1 − 𝐷)𝑣𝑜̂ + 𝑉𝑜𝑑̂

𝐿𝑠
− 𝐼𝐿𝑑̂ −

𝑣𝑜̂

𝑅
 

Simplify terms: 

 

𝐶𝑠𝑣𝑜̂ = −
(1 − 𝐷)2

𝐿𝑠
𝑣𝑜̂ +

(1 − 𝐷)𝑉𝑜𝑑̂

𝐿𝑠
− 𝐼𝐿𝑑̂ −

𝑣𝑜̂

𝑅
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By collecting terms: 

Multiply through by 𝐿𝑠  

𝐿𝐶𝑠2𝑣𝑜̂ +
𝐿

𝑅
𝑠𝑣̂𝑜 + (1 − 𝐷)2

= [(1 − 𝐷)𝑉𝑜 − 𝐿𝑠𝐼𝐿]𝑑̂ 
 

Transfer function: 

 

𝐺𝑣𝑑(𝑠) =
𝑣𝑜̂(𝑠)

𝑑̂(𝑠)
=

(1−𝐷)𝑉𝑜−𝐿𝑠𝐼𝐿

𝐿𝐶𝑠2+
𝐿𝑠

𝑅
+(1−𝐷)2

     (8) 

 

This is the boost converter small-signal duty-to-

output transfer function.[1],[2],[9] 

 

Substitute steady-state relationships (2) and (3) 

𝑉𝑜 =
𝑉𝑖𝑛

(1 − 𝐷)
  , 𝐼𝐿 =

𝑉𝑖𝑛

𝑅(1 − 𝐷)2
 

 

Substitute into (8): 

 

𝑮𝒗𝒅 =
𝑽𝒊𝒏(𝟏−

𝑳𝒔

𝑹(𝟏−𝑫)𝟐)

𝑳𝑪𝒔𝟐+
𝑳

𝑹
𝒔+(𝟏−𝑫)𝟐

     (9) 

 

In frequency domain: putting 𝑠 → 𝑗𝑤 in equation(9) 

 

𝐺𝑣𝑑(𝑗𝑤) =
𝑉𝑖𝑛(1 − 𝑗

𝑤

𝑤𝑧
)

−𝐿𝐶𝑤2 + 𝑗
𝐿

𝑅
𝑤 + (1 − 𝐷)2

 

 
2.3 Case study: 

We analyze the SISO converter using the following 

parameters.:  

𝑉𝑖𝑛=12 volt 

𝐿= 13.92 µH 

𝐶=27.5 µF 

𝑅=20Ω 

𝑓=10kHz 

Duty cycle = 0.5 

 
Table 1: Case study for SISO converter 

 

Input Transfer function 

 
Impulse 

input  
s→ 1 

 
48 − 1.33632 × 10−4𝑠

1.5312 × 10−9𝑠2 + 2.784 × 10−6𝑠 + 1
 

 

Step 

input 

s→ 
1

𝑠
 

 
576 − 0.001603584𝑠

1.5312 × 10−9𝑠3 + 2.784 × 10−6𝑠2 + 𝑠
 

 

Ramp 
input 

s→
1

𝑠2
 

 
576 − 0.001603584𝑠

1.5312 × 10−9𝑠4 + 2.784 × 10−6𝑠3 + 𝑠2
 

 
Arbituary 

input 

s→
1

𝑠+1
 

 
48 − 1.33632 × 10−4𝑠

1.5312 × 10−9𝑠3 + 2.7855 × 10−6𝑠2 +
1.000002784𝑠 + 1

 

 

 
3. MULTI INPUT-SINGLE OUTPUT (MISO) 

 

MISO converter accepts multiple DC inputs (PV, 

battery, fuel cell, supercapacitor, etc.) and produces 

one controlled output voltage.[8],[16],[26] 

MISO used for 

● Hybrid energy systems[21],[22] 

● Renewable + storage integration[29] 

● Reduced component count 

● Independent power sharing 

● Higher reliability 

 
Figure 4: Multiport system structure 

 

A multi-input single-output (MISO) boost converter 

enables effective integration of multiple energy 

sources into a common DC bus while ensuring 

regulated output voltage and controllable power 

sharing among sources.[14],[15],[17] 

 

 
Figure 5: Two input-single output boost converters 

 

3.1 Operating principle: 

 

3.1.1 Mode-I : Switches ON State 

When switches 𝑆1and 𝑆2are turned ON: 

• Inductors 𝐿1 and 𝐿2 are directly connected 

to their input sources.  

• Current through inductors starts increasing 

linearly. [18] 

https://doi.org/10.71058/jodac.v10i05014
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• Energy is stored in magnetic form inside the 

inductors.  

• Diodes 𝐷1 and 𝐷2 become reverse biased.  

• Load receives power from the output 

capacitor.[19] 

3.1.2 Mode-II : Switches OFF State 

• When switches 𝑆1 and  𝑆2 are turned OFF: 

• Inductor current cannot change instantly.  

• Polarity across inductors reverses.  

• Diodes become forward biased.  

• Stored energy transfers to:  

o Output capacitor  

o Load resistor  

Now both input sources and inductors together 

supply the load. 

 

 

3.2 Transfer function for proposed MISO 

converter: [25] 

 

State variables: 

𝑥1 = 𝑖̇𝐿1,  𝑥2 = 𝑖̇𝐿2,  𝑥3 = 𝑉𝑜 

 

On state (switches on) 

Inductor charge from sources: 

 
𝑑𝑖𝐿1

𝑑𝑡
=

𝑉1

𝐿1
 ,       (1) 

 
𝑑𝑖𝐿2

𝑑𝑡
=

𝑉2

𝐿2
 ,       (2) 

 

Capacitor supplies load: 

 
𝑑𝑉𝑜

𝑑𝑡
= −

𝑉𝑜

𝑅𝐶
      (3) 

 

OFF state (switches off) 

 

Inductor discharges to output: 

 
𝑑𝑖𝐿1

𝑑𝑡
=

𝑉1−𝑉𝑜

𝐿1
, 

 
𝑑𝑖𝐿2

𝑑𝑡
=

𝑉2−𝑉𝑜

𝐿2
 , 

 
𝑑𝑉𝑜

𝑑𝑡
=

𝑖𝐿1+𝑖𝐿2

𝐶
−

𝑉𝑜

𝑅𝐶
      (4) 

 

Averaged state-space model:[2],[4],[9],[10] 

Inductor L1: 

 
𝑑𝑖𝐿1

𝑑𝑡
= 𝐷

𝑉1

𝐿1
+ (1 − 𝐷)

𝑉1−𝑉𝑜

𝐿1
 , 

 

=
𝑉1

𝐿1
− (1 − 𝐷)

𝑉𝑜

𝐿1
        (5) 

Inductor L2: 

 

𝑑𝑖𝐿2

𝑑𝑡
=

𝑉2

𝐿2
− (1 − 𝐷)

𝑉𝑜

𝐿2
 ,     (6) 

Output capacitor: 

 
𝑑𝑉𝑂

𝑑𝑡
= (1 − 𝐷)

𝑖𝐿1+𝑖𝐿2

𝐶
−

𝑉𝑜

𝑅𝐶
      (7) 

 

Steady state voltage gain: 

At steady state: 
𝑑𝑖

𝑑𝑡
= 0 

So,            𝑉𝑜 =
𝑉1+𝑉2

1−𝐷
            (8) 

 

Small signal linearization: 

Perturbation:   𝐷 = 𝐷 + 𝑑̂ , 𝑉𝑜 = 𝑉𝑜 + 𝑣𝑜̂  

 

Linearize capacitor equation (control → output) 

 
𝑑𝑣𝑜̂

𝑑𝑡
=

(1 − 𝐷)

𝐶
(𝑖𝐿1̂ + 𝑖𝐿2̂) −

𝑣𝑜̂

𝑅𝐶
−

(𝑖𝐿1 + 𝑖𝐿2)

𝐶
𝑑̂ 

 

Control-to-output transfer function: 

 

𝐺(𝑠) =
𝑉𝑜(𝑠)̂

𝐷̂(𝑠)
 

Final form: 

 

𝑮(𝒔) =
𝑽𝒐

𝟏−𝑫
.

𝟏−𝒔
𝑳𝒆𝒒

𝑹(𝟏−𝑫)𝟐

𝑳𝒆𝒒𝑪𝒔𝟐+
𝑳𝒆𝒒

𝑹
𝒔+(𝟏−𝑫)𝟐

       (9) 

 

Where equivalent inductance:   

 

𝐿𝑒𝑞 =
𝐿1𝐿2

𝐿1 + 𝐿2

 

3.3  case study 

 

The MISO converter was simulated using the 

following parameters: 

𝑉1𝑖𝑛𝑝𝑢𝑡 = 12v 

𝑉2𝑖𝑛𝑝𝑢𝑡 = 24v 

𝐿1, 𝐿2 =50e-6 H 

𝐶=700e-6 F 

𝑅 =300 Ω 

𝑓 =20 kHz 

𝐷 =0.5 
Table 2: case study of MISO converter 

 

Case No. Input 1 Input 2 

Case 1 12V 24vV 

Case 2 12V Ac source 

Case 3 12V Fuel cell 

24v  
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4. SIMULATION AND RESULTS 

 

4.1 Stability analysis for different inputs of SISO 

converter: 

Using a variety of standard excitation signals such as 

impulse, step, ramp and arbitrary inputs, 

performance of the SISO system was evaluated with 

MATLAB Tool.[1],[5],[20] 

 
Figure 6: Output for impulse input 

 

 
Figure 7: Output for step input 

  

 

 
Figure 8: output for ramp input 

 

 
Figure 9: Output for arbituary input 

 

4.2           Responses for MISO converter in 

deferent cases as per table no. 2 

 

 
 

Figure 10: Response of the MISO boost converter in case 1 

 

 

 
Figure 11: Response of the MISO converter in case 2 

https://doi.org/10.71058/jodac.v10i05014
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Figure 12: Response of the MISO boost converter for case 

 

The MISO converter was analyzed under different 

case study as per the table no 2. The firt case is when 

both the inputs are 12V DC, under this highest output 

achieved with highest efficiency among all three 

cases as shown in figure 10. Bode plot analysis 

further validated the converter’s stability by 

demonstrating sufficient gain and phase margins. In 

Case 2 when one of the input is 12V and other one is 

AC source then , firsrt AC source is rectified asper 

the requirement , but in this case the reponse is 

moiderate and AC source introduces more ripple as 

highlighted in the figure 11. In figure 12 the case 3 

reponse is highlighted, in which the fuel-cell-based 

configuration demonstrated a lower crossover 

frequency because fuel cells inherently possess 

slower dynamic response characteristics compared 

to other energy sources. 

 
  

 

Table 3: Performace summary for MISO boost converter

                                                

 

5. CONCLUSION 

The major contribution of this work lies in the 

unified comparative evaluation of SISO and MISO 

boost converter configurations through small-signal 

modeling and stability analysis under multiple 

hybrid-source operating conditions. The presented 

analysis provides useful design insight for future 

renewable-energy-based power electronic systems 

requiring flexible multi-source integration and stable 

voltage regulation.  

Small-signal analysis of the proposed MISO boost 

converter was performed to investigate the dynamic 

behavior and stability of the system under small 

variations in input voltage and duty cycle. The 

nonlinear converter model was linearized around the 

steady-state operating point using state-space 

averaging techniques. The derived transfer function 

establishes the relationship between duty cycle and 

output voltage, which is essential for controller 

design. Results indicate stable operation for all 

investigated cases under continuous conduction 

mode (CCM). Among the considered configurations, 

the DC–DC case exhibited the fastest dynamic 

response, lower overshoot, and better settling 

characteristics. Bode plot analysis further confirmed 

the stability of the converter through adequate gain 

and phase margins. The DC–AC case showed 

reduced phase margin due to harmonic distortion, 

while the fuel-cell-based configuration exhibited 

lower crossover frequency because of slower source 

dynamics. Overall, the proposed converter 

demonstrated stable and reliable performance for 

hybrid energy applications. 
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