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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 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]

and
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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.
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
comprehensive comparison between SISO and
MISO 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

Limited work has been
work, a

converter

energy applications.
Here we use the following algorithm to analysis
boost converter topologies:[23],[27]
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e  Output capacitor: C
[ Design (block diagram) ]

U

[ Circuit design

] o Load resistor: R

I State space averaging technique I

Control variable: Duty ratio D of the switch.

<a

[ state space model I

<

We analyze in Continuous Conduction Mode
l transfer function O/P I (CCM).[1],[4]

3

[ transfer function in ferquency domain l . L.
2.1 operating principle of boost converter:

The basic operating principle of a boost converter

-

l Applying input l can be understood through the following two stages:
U
I Response I L] D
] 1
U M N
| Trequency range | + =S

L
U | =6
| Bode plot | Vi ; R‘
T ik

I Design parameters I -

Figure 1:Algorithm
2. SINGLE INPUT-SINGLE OUTPUT (SISO) (a)

Boost converters are a type of DC-DC switching

converter that efficiently increase (step-up) the input E‘ D,
voltage to a higher output voltage. By storing energy . M H
. . . . —_— +
in an inductor during the switch-on phase and t i
releasing it to the load during the switch-off phase, irlzc'
this voltage conversion is made possible. Power Vi ikl gvﬂ
electronics applications requiring a greater output
voltage than the input source, in particular, depend - -
on boost converters.[6],[7] '
L D (b)
M N
v vl Figure 3: (a) boost converter ON state, (b) boost converter OFF
. i state
-‘ T & ||
51 q ¢ 2.1.1 Switch ON (for duration DT):
During this stage, the input voltage (Vin) is applied
Figure 2: Typical boost converter circuit diagram across the inductor (L), causing the current through
the inductor to increase linearly. The energy stored
Components: in the inductor builds up, and the diode (D) is

reverse-biased, preventing current flow to the load.
e Input voltage: Vin
V, =V
e Inductor: L
i, increases ,

e Switch (MOSFET) di, V,
A
_ dt ~ L
e Diode: D
ip=— %" (load current through capacitor)
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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.

i;, decreases, — ==t

2.2 transfer function for boost converter (small
signal CCM):

State-space equation for both intervals:
Let the states be:
X1 =1 ,%X, = v,
(a)switch ON
li, v,] = [000 -1
(b)switch OFF
[, v, 1 =

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

In steady state, average the two modes according to
the duty ratio D:

x = Ax + BV,
Where, A= DAon + (1 - D)Aoff .
B=DB,, +(1— D)Boff

Substitutes matrices:

—(1-D) 1-D) -1
[O c (RC)

B=[; o

So average model becomes:
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1- D) (1-D) 1

[, v, ] =0

;0] Ve

Steady state relations:
At steady-state (i, = 0,v, = 0):
From inductor equation (1% row):

(1 D) Vin

0= (1-p)

Vo +7 Vm Vo = 2

From capacitor equation (2" row)

(1-b)
c

14 V,
Vo o

0= RC I = R(1-D)

I, — (3)

Introduce small perturbation:
D=D+d,iL=IL+iZ,v0=I/0+ﬁo
Linearize equation(1) around the steady-state.

Substitute and linearize:
For the inductor:

d(i,)
L—==Vin = (1= D)7,

Ldfi’}) =—-(1-D)7; +V,d

For the capacitor:

4o Vo

=0A-D)i,——

dt =( )iy R
Linearizing gives:

“4)

d(%5) _ _%
c=r=Q0Q-Dy= R

)

Convert to Laplace(frequency) domain:

Lsi, = —(1 — D)T; + V,d (6)

CsTy = (1-D)i; — I,d — =2
Substitute (6) into (7)

(7

From(6): A

. (1-D)7, +V,d
L= Ls

Substitute in(7)
—A-D)+Vd . T
—-Ld--=2
Ls R

Csv, =(1-D)
Simplify terms:

(1—D)2A (1 —D)Vo
v, +
Ls Ls

Q..)
|

Csv, = —

=|S)
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By collecting terms:
Multiply through by Lg

2~ L 2
LCs*v, +Esvo +(1-D)
= [(1 = D)V, — LsI,]d
Transfer function:

_ ) _ (=D)Ll
Gua(s) = as) LCs2+%+(1—D)2

®)

This is the boost converter small-signal duty-to-
output transfer function.[1],[2],[9]

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

“ G- " T RA-Dy

Substitute into (8):

Ls
Vin(1 —m) ©)

Gyy=—1T—"—
vd LCs2+Es+(1-D)?
In frequency domain: putting s — jw in equation(9)

Vin(1 =)

—LCW? + jZw + (1= D)?

Gyg (]W) =

2.3 Case study:
We analyze the SISO converter using the following
parameters.:

Vin=12 volt

L=13.92 uH

C=27.5 uF

R=20Q

f=10kHz

Duty cycle = 0.5

Table 1: Case study for SISO converter

Input Transfer function

Impulse 48 — 1.33632 X 107*s
mput 1.5312 x 107952 4+ 2.784 x 10=°s + 1
s— 1
Step 576 — 0.001603584s
input 1.5312 x 107953 + 2.784 x 107°s2 + 5
s— =
Ramp 576 — 0.001603584s
input 1.5312 x 107%s* + 2.784 x 10753 + 52
s
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Arbituary 48 — 133632 x 107*s
inpult 1.5312 x 107953 4 2.7855 x 107652 +
s—— 1.000002784s + 1

s+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

e Hybrid energy systems[21],[22]
Renewable + storage integration[29]
Reduced component count
Independent power sharing
Higher reliability

Source 1

Source 2 >
Multiport
bidirectional | | Regulted
de-de H de
Storage | converter . outputs

Storage 2

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]

D2
D L2t}

1 L2

[ S S N | P
©

-

Figure 5: Two input-single output boost converters

3.1 Operating principle:

3.1.1 Mode-I : Switches ON State
When switches S;and S,are turned ON:
e Inductors L; and L, are directly connected
to their input sources.
e  Current through inductors starts increasing
linearly. [18]
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e  Energy is stored in magnetic form inside the
inductors.
e Diodes D; and D, become reverse biased.
e Load receives power from the output
capacitor.[19]
3.1.2 Mode-1I : Switches OFF State
When switches S; and S, 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:
Xy =g, Xp =g, X3 =V,

On state (switches on)
Inductor charge from sources:

diy, V;
d—tl =i, (D
diy, V;
o T @)

Capacitor supplies load:

av, v

4t RC ©)
OFF state (switches off)
Inductor discharges to output:

dits _ V1-Vo

at Ly

ditz _ V2=Vo

dt L,

mowton

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

Inductor L1:
fu_phy-pyite,
1 1
_nh_q_p
=2-(1-D) 5)

Inductor L2:
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diLz_&_ _ ﬁ
L 1 D)Lz, (6)

Output capacitor:

dVo _ _ ir1+ip2 _ &
o = A-D)= RC )
Steady state voltage gain:
At steady state:
di
dtV_ .
So. b= ®)

Small signal linearization:
Perturbation: D=D+d,V, =V, +7,

Linearize capacitor equation (control — output)

v, (1-D) __ Vo (g +i2) 5
T TRl 7 el

Control-to-output transfer function:

V,(s
6(s) = 2
D(s)
Final form:
1-s—red
G(s)=to.—_Ra-D? ©9)

. L
1=D LoqCs?+—3ts+(1-D)?

Where equivalent inductance:

LiL,
L, =
L+ L,

3.3 case study

The MISO converter was simulated using the
following parameters:

V1ppue = 12v

VZinput = 24V

Ly, L, =50e-6 H

C=700e-6 F

R =300 Q

f =20kHz

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
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4.2

Voitage (V) Veltage V)

Curent (A)

https://doi.org/10.71058/jodac.v10i05014

Figure 9: Output for arbituary input

Responses for MISO converter in
deferent cases as per table no. 2

Case 1: DC Source - DC Source

mw‘v.‘
150 e
o il
[~ vetcamen
% V.~ 120V 1
.. ot o2 o3 oa s
Time (s}
2 — Ripple [Case 1)
0 1 Mo Mones Daugr Mg My Mg Mgt oy g 2y
V™12V I
-2
o s a2 03 LR os
Time ()
& Inductor Currents (i, . i)
- ey (Come 1)
2 ~‘~-Kv"\ ___________ s Ry (Case 1)
.. o1 o2 o3 04 s

Voitage (V)

Output Voltage (V)
: %
| Vecmen
V.= 110V |
L ot LS 03 o4 o0s
Time (s}
Output Voltage Ripple

V=28V
o o 0.2 L+ s s
Time (s)
Inductor Currents (i, . i,)
S kg iCase D)
4 "1~-."-.'_’~'-___ R PER R A | b \alCased)
° o 02 o3 o4 0s

Figure 11: Response of the MISO converter in case 2
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Case 3: DC Source — Fuel Cell

Output Voltage (V)

The MISO converter was analyzed under different
case study as per the table no 2. The firt case is when

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

VOLUME 10 ISSUE 05 2026

s :: S ; both the inputs are 12V DC, under this highest output
g il V. (Cave 3) achieved with highest efficiency among all three
;- Vo 0N cases as shown in figure 10. Bode plot analysis
%o ot P 03 ot os further validated the converter’s stability by
g demonstrating sufficient gain and phase margins. In
< o OUIPUIVOAgE RIPPIS | e icases  Case 2 when one of the input is 12V and other one is
= e o S AC source then , firsrt AC source is rectified asper
g R AVAYA . VAVAVAVA V. U ; . ) ”
5 VS SV the requirement , but in this case the reponse is
-t = - = = ~ moiderate and AC source introduces more ripple as
Time (s} ~ highlighted in the figure 11. In figure 12 the case 3
Inductor Currents (i, . is) reponse is highlighted, in which the fuel-cell-based
% = configuration demonstrated a lower crossover
g : I~ - Kb s frequency bec.ause fuel cells inhf:re.ntly possess
e e e - slower dynamic response characteristics compared
° ol o = o3 04 o5 to other energy sources.
Figure 12: Response of the MISO boost converter for case
Table 3: Performace summary for MISO boost converter
Performance Sumary
Case 3
Case 1 Case 2 .
Paramter (DC-DC) (DC-AC) (D(Cj;ﬁ;lel Conclusion/Fact
Steady State Output ~120V ~110V ~ 100V Highest output in Case 1
Vo
Voltage Ripple (Vipp) =12V =28V =18V AC source introduces more ripple
Efficiency (n) =925 % =~ 87.0 % =~ 89.0 % Case 1 has highest efficiency
Inductor Current(Avg) | =26 A/23A | =29A/25A | =24A/2.1 A | Current stress moderate in Case 3
Stability High Moderate Good AC source causes more variability
Suitability Best for stable | Good for Good for Choose based on application
DC systems hybrid AC renewable
systems systems
5. CONCLUSION 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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