
However, applying the proposed strategy based on
the designed nonlinear control laws (11), (12) with
the obtained adaptation laws (15), (16), the population
changes in different compartments in the presence of
20% parametric uncertainty are depicted in Fig. 5.

As seen, due to the employment of the first control
input (u1), the population of unaware susceptible com-
partment (Su) reduces and they join the aware suscepti-
ble class (Sa). Since the rate of infection for the aware
susceptible people is less than that of the unaware ones,
and due to the effect of control input u1, the extension of
the HCV infection decreases compared with the no-con-
trol-input case (shown in Fig. 4). Moreover, using the
treatment as the second control input (u2), the popula-
tion of the chronically infected compartment (C)

decreases (Fig. 5) based on the described scenarios (Cd

in Fig. 3). Thus, the populations of unaware susceptible
and chronically infected classes reduce and the popula-
tion of aware susceptible increases in Fig. 5, which are in
accordance with the HCV dynamics (1). Although 20%
parametric uncertainty is taken into account for the non-
linear model, simulation results show that the proposed
control strategy satisfied its objective, which is conver-
gence to desired population reduction and treatment
scenarios (Su ! Sud and C ! Cd). Fig. 6 depicts the
desired and real populations of unaware susceptible
and chronically infected classes, which imply the appro-
priate convergence performance using the nonlinear
controller. The corresponding tracking errors are pre-
sented in Fig. 7.
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FIG. 4 Populations of (A) unaware and aware susceptible,
and (B) acutely infected, chronically infected and treated
classes in the absence of control inputs.

0 5 10 15 20
Time (year)

0

(A)

(B)

200

400

600

800

1000

1200

1400

P
op

ul
at

io
n 

of
 c

om
pa

rt
m

en
ts

Su: Unaware susceptible population

Sa: Aware susceptible population

0 5 10 15 20
Time (year)

0

10

20

30

40

50

60

70

80

90

100

P
op

ul
at

io
n 

of
 c

om
pa

rt
m

en
ts

I: Acutely infected population
C: Chronically infected population
T: Treated population

FIG. 5 Populations of (A) unaware and aware susceptible,
and (B) acutely infected, chronically infected and treated
classes in the presence of control inputs (u1 and u2) based on
the proposed laws (11), (12).
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