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Abstract: In this article, we investigate the mechanics of
breathing performed by a ventilator with different kernels
by an effective integral transform. We mainly obtain the
solutions of the fractional respiratory mechanics model.
Our goal is to give the underlying model flexibly by
making use of the advantages of the non-integer order
operators. The big advantage of fractional derivatives
is that we can formulate models describing much better
the systems with memory effects. Fractional operators
with different memories are related to different types of
relaxation process of the non-local dynamical systems.
Additionally, since we consider the utilisation of different
kinds of fractional derivatives, most often having benefit
in the implementation, the similarities and differences
can be obviously seen between these derivatives.

Keywords: Sumudu transforms, fractional derivatives,
respiratory mechanics models

1 Introduction

The mechanical features of the respiratory system can be
schematised in terms of resistance, compliance and iner-
tance. The latter is considered less valuable in describing
the overall mechanical behaviour at the breathing fre-
quencies. Many techniques for the assessment of respira-
tory mechanics are related on static measures following
flow interruption or on the frequency/time domain, off-line
identification of lumped variable models of the respiratory
system [1].

Fractional analysis, which has many implementa-
tions in science and engineering, is a valuable mathema-
tical analysis branch in which derivatives and integrals
are extended to non-integer orders. The notions of frac-
tional derivative and fractional integral were discussed in
more detail in the 18th and 19th centuries. Many works
demonstrate the benefits of the non-local fractional deri-
vatives and integrals providing us to see real-world pro-
blems associated with the memory effect. The area of
fractional calculus, which has been discussed for centu-
ries, has provided many different descriptions of frac-
tional derivatives and integrals to offer, and one of the
most valuable descriptions is the Riemann–Liouville (RL)
definition. This definition for arbitrary derivative and
integral of any function was offered in the late 19th
century with a complex analysis approximation. Many
fractional derivatives are special cases of this general
definition of RL. This important description is acquired
by generalizing the Cauchy integral formula under favour
of the iterated derivatives of a complex analytical function,
and there are many non-local fractional derivative descrip-
tions acquired from iterating some local derivatives in lit-
erature. Thus, one of the most wide and comprehensible
ways of describing fractional calculus is to investigate the
description of RL [2].

Differential equations including fractional derivatives
are created in order to be able to make more precise mea-
surements in understanding andmodeling events in nature
and to produce solutions with less errors. They solve these
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equations with integral transformations. The Sumudu trans-
form is just one of these integral transformations, it does not
lose the uniqueness and form of the function. Converting it
to a function increases its usefulness. The exact operations
of some linear fractional differentials including Caputo,
Caputo–Fabrizio, Atangana–Baleanu and Constant Caputo
fractional derivatives will be obtained [3–7]. For more
details see refs. [8–15].

We arranged this study as follows: We present the
fundamental definitions of fractional calculus to use for
the main results of the article in Section 2. Then, we apply
the Sumudu transformation to the mechanics models
with power-law, exponential-decay, Mittag-Leffler and
hybrid kernels in Section 3. We present the conclusion
in the last section.

2 Mathematical background

Definition 1. We describe the Sumudu transform over
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Definition 2.We describe the Mittag-Leffler kernels ( )E τη
and ( )E τη β, as ref. [17]:
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Definition 3. We present the fractional derivative with
the power-law kernel as ref. [17]:
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Lemma 1.We have the Sumudu transform of the fractional
derivative with the power-law kernel as ref. [16]:
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where [ ] [ ( )]=G u S Y t .

Definition 4. Suppose that R[ )∞ →θ λ, : 0, . Then, we
have the convolution of θ λ, by ref. [16]:

( ) ( ) ( )∫= −θ λ θ t u λ u u⁎ d ,
t
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thus, we reach

{( )( )} { ( )} { ( )}=S θ λ t uS θ t S λ t⁎ . (9)

Definition 5. We describe the fractional derivative with
the exponential-decay kernel as ref. [17]:
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Lemma 2. We have the Sumudu transform of fractional
derivative with the exponential-decay kernel as ref. [16]:
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Definition 6. We describe the fractional derivative with
the Mitttag-Leffler kernel as ref. [17]:
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Lemma 3.We have the Sumudu transform of the fractional
derivative with the Mitttag-Leffler kernel as ref. [16]:
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Definition 7. We describe the fractional derivative with
the hybrid kernel as ref. [18]:
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Lemma 4.We have the Sumudu transform of the fractional
derivative with the hybrid kernel as:
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Lemma 5. We have the following relations ref. [16]:
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3 Implementations

We construct the analytical solutions of fractional respira-
torymechanicsmodels by Sumudu transform in this section.

3.1 Respiratory mechanics models with
Caputo fractional derivative

First, we consider the respiratory mechanics model equa-
tions with the power-law kernel as:
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We implement the Sumudu transformation to both
sides of the Eq. (22) under the condition ( ) =Y 0 0i , then
we have
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Applying the inverse Sumudu transform of above
equation yields
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Similar operations can be done for the Eq. (23). Then,
we reach
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Applying the inverse Sumudu transform of above
equation yields
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3.2 Respiratory mechanics models with
Caputo–Fabrizio fractional derivative

We discuss the respiratory mechanics model equations
with Caputo–Fabrizio fractional derivative:
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Implementing the inverse Sumudu transform yields:

( ) ( ) ( )

( )

( ) ( )

⎛

⎝
⎜ ( ) ( )

⎞

⎠
⎟

= − − −

×

+ −

−

+ −

Y t C P P C P P

M η
M η η

ηt

M η η1
exp

1
.

i

CR

CR

CR

d m d m

1

1

1
(42)

The similar operations can be done for the Eq. (35).
Thus, we reach
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Applying the inverse Sumudu transform yields:
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3.3 Respiratory mechanics models with
Atangana–Baleanu fractional derivative

We discuss the respiratory mechanics model equations
with Atangana–Baleanu fractional derivative,
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Implementing the inverse Sumudu transform yields:
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Implementing the inverse Sumudu transform yields:
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3.4 Respiratory mechanics models with
constant proportional Caputo fractional
derivative

We consider the respiratory mechanics model equations
with constant proportional Caputo fractional derivative as:
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Implementing the inverse Sumudu transform yields:
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(65)

Taking = −r j d gives:
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Then, we obtain [19]:
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Similar operations are done for (60). Then, we have
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Applying the inverse Sumudu transform yields:
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Choosing = −r j d yields
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Then, we acquire [19]:
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4 Conclusion

In this work, the mechanical process model applied by
the ventilator has been discussed with some fractional
derivatives. We investigated the effect of the four different
kernels by Sumudu transform in this article. We obtained
very original results in this work. We can see the effect
of the power-law, exponential-decay law, Mittag-Leffler
kernel and hybrid kernel impacts on the solutions. We
proved the efficiencey of the Sumudu transform for the
mechanical process for different fractional derivatives.
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