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Intelligent Digital Redesign of Biodynamic Model of HIV-1
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Abstract : This paper studies digital control of biodynamic model of HIV-1 via intelligent digital redesign (IDR). The purpose
of the IDR is to develop an equivalent digital fuzzy controller maintaining the satisfactory performance of an existing
continuous-time fuzzy controller in the sense of the state-matching. Some conditions for the stability as well as the global
state-matching are provided.. They are given by the form of the linear matrix inequalities (LMIs) and thereby easily tractable
by the convex optimization techniques. The main features of the proposed method are that 1) the generalized control scheme
is provided for the multirate as well as the single-rate digital controllers; 2) a new compensated block-pulse function method
is applied to closely match the states of the continuous-time and the sampled-data fuzzy systems in the discrete-time domain;
3) the two-step procedure of IDR is presented to prevent the performance degradation caused by the additional stability
conditions. The applicability of the proposed approach is shown through the biodynamic model of HIV-1.

Keywords : IDR(Intelligent Digital Redesign), multirate digital fuzzy control, T-S(Takagi-Sugeno) fuzzy system, stability, LMIs
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Fig. 1. A biodynamic model of HIV-1.
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Fig. 2. Comparison of x state responses of the controlled HIV-1
system (control input is activated at time t=0.2):
continuous-time control (solid), proposed with N = 1
(dashed), [13] (dash-dot), [12] (dotted). The sampling
period is 7= 0.01.

IIl. HIV-12] Hjo|@ S5t mEof
A CixE WA
2 Aol HIV-19] ujole Folat 2ale] A5 v
Y AEAE 27h3 A28l @9l B PDC [10,11] 713
A&-ARE 32| Aol BT 2ol Fojzick.

u(t) = Z 0i(2(2)) Kizo(t) )

A7 e PEARHAlE o] @k B EEAE
A2-A7 Aoyl el 2 A7 Holrm HF. )
= @0 oA St tew 28 HEZ Aad

=
o A
’Eoz_j_'\:

¥

- Z S 0G0 A+ B o) ©
S-EE HyYolE HAE Ao FRE 1Egit o714
w()e Aol FHlolE HE Aleldld LA T ¢ &
4zt AEY Aoy Pdole F7ig} st r=T/Nolzt
71484 delolE tAg HA| Alojrle t € KT + kT,
KT+ k7 +7), k X £ € Ly X Zpw-y Folol| Thea} e
FEE YehATh

ug{t) = Z O:(2(kT + 7)) Frxg (kT + k1) %)
A7V x (kT+x0), x€Z v & xAKDERE o

2 HojAx aE UAL Aol o] @k (DE @) u
gee the 2o A%E ek

0.25 : T v v -

0151

zaft)

o1t

0.051

0 02 04 06 08 1 12 14 16 18 2
Time (years)
1% 3. ARl Al xg §F Bk AEAIRE (AA), Atd
71%(dashed), [13] (dash-dot), [12] (dotted). The sampling
period is T =0.01.

Fig. 3. Comparison of x, state responses of the controlled HIV-1
system (control input is activated at time t = 0.2):
continuous-time control (solid), proposed with N = 1
(dashed), [13] (dash-dot), [12] (dotted). The sampling
period is 7= 0.01.
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Fig. 7. Comparison of x4 state responses of the controlled HIV-1
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(dashed), [13] (dash-dot), [12] (dotted). The sampling
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Fig. 8. Comparison of x| state responses of the controlled HIV-1
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continuous-time control (solid), proposed with N = 1
(dashed), [13] (dash-dot), [12] (dotted). The sampling
period is 7= 0.07.
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