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Abstract: In this article; we process DC-DC buck converter by adaptive controller. The Massachusetts Institute
of Technology (MIT) rule is applied as an adaptive mechanism to determine the optimum control parameters
under certain conditions. The regulators take three positions; it located in: - feed forward and direct chain; - feed
forward and feed back; -direct chain and feed back. The adaptive control technique used is Model Reference
Adaptive Control (MRAC); this method can control the system by varying the output voltages, input voltage and
load resistance. The proposed method has a stable response capable of reaching the model reference smoothly.
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1 Introduction

Power electronics is part of electrical engineering
which deals with the static conversion of electrical en-
ergy from one form to another, adapted to the user’s
needs. The systems responsible for managing electri-
cal energy are static converters which make it possi-
ble to adapt the electrical source of energy to a given
receiver in conversion between the network and the
load. DC-DC converters are a fairly important part of
the conversion chain. They are widely used in connec-
tions to accumulator batteries, photovoltaic systems,
wind turbines, hybrid systems in [11].

The classical non isolated DC-DC converters,
which include the buck, boost, buck-boost, Cuk,
SEPIC (Single Ended Primary Inductance Converter)
and Zeta (dual-SEPIC) topologies are inadequate for
high-power applications, since only one active switch
and one diode are responsible for processing the load
power.

There are two main approaches presented by
the literature. The first Linear duty cycle control
based on Proportional Integral Derivative compensa-
tion (PID) (see [3, 8, 1, 4, 5, 9]). Several works
have based their control strategy on voltage control
using type PI (or type IT) compensation. Other work
(looking for a higher bandwidth) adds the function de-
rived by adding a zero to the PI control, forming the
PID (or type I11]) or by using the second loop based
on a control in current (see. [14, 7]). The second is
Nonlinear controls such as control V2 in [16], hys-
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teretic control in [12, 2], Sliding mode control or even
Boundary control. The most used is the hysteretic
control which can be carried out either by voltage de-
tection or current detection. [13]’s work presents the
design of a 3-state Buck converter to improve the dy-
namic behaviour of microprocessor supply voltages.
In this article ; we are going to apply the MIT
rule on a Buck converter. The next section will be the
modeling of the Buck followed by the synthesis of the
command. the results and simulations will be in the
fourth section and the conclusion in the fift section.

2 DC-DC Buck Converter Model

The electrical circuit of the buck converter is pre-
sented in the figurel

Figure 1: Buck converter diagram.
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The equivalent circuit of the buck converter
shown in figur 11is:

Figure 2: Schematic of the buck converter with .S,
closed (left) and S, opened (right)

During the interval, {g < t < tg+ T, the switch
Sy 18 closed and the diode D is blocked. The linear
model which represents the left configuratio of the
circuit describes in figur 2 is given by :

di 1 - 1
a 0 -z iL 1’
_ + E
dV 1 1
T ¢ TR Ve 0 0

Over the interval, t) + oT < t < tg + T, Sy is
open and the diode D is conducting. The linear model
which represents the good configuratio of the circuit
described in the figur 2 is given by :

dip _1 ;
o 0 I 17, 0
= 4 E
dVe 1 1
dt C RC Ve 0

The state space mean model for the buck converter is
shown in equation (3).

di 1 .
a 0 -z iL 1’

= 4 E
dV 1 1
_dta C “RC Ve 0 3

From Vo = Vi; we fin the firs transfer function link-
ing the output voltage V; with the duty cyclic a:

Vi(s) E 1
afs) ~ LC 82

“4)

1 1
TRCS T IC

We deduce the transfer function linking the inductor
current 77, with the duty cyclic a:

. 1
ZL(S) :E S+W (5)
a(s) L s2+ %s + %
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3 Synthesisof Adaptive Control with
MRAC Regulator

According to the firs equation of expression (3); we
can deduce the control law according to:

(6)

a:EsiL-i—Es

Massachusetts Institute of Technology (MIT) rule is:
C { } 0J(e) de

de 00
Where e represents the error between the plant and
model output. The @ is adjustable parameter and it is
set in such a way such that J is minimized to zero.
That is to say the optimality criterion .J(e) of the
adjustment loop is expressed by the absolute value
(see [15] and [6]):

a9
dt

(7

J(e) = le| (8)

Its derivative is :

0J (e)
Oe
We will present the synthesis of each regulator

separately closely connected to clarify the methodol-
ogy of synthesis of each one of them.

sign(e) ©)

3.1 Output Voltage Regulator Located at
Feed Forward and Direct Chain
To achieve this objective, one takes an MRAC of the
type:
I1.(s) = (01Vrep(s) — Vs(s)) 02 (10)

We can represent the closed loop system by the figur
3.

Vm

/—{ Adaptation law |<—5<‘:

| L 1

C
s + RC

+7

<

ref o, (glvref —Vs )

/

Figure 3: MRAC closed loop circuit diagram block of
output voltage.

14 Volume 7, 2022



Ahmed Chouya, Kada Boureguig

The reference model of the closed loop system is
selected with a firs order transfer function:

bm

S+ apm,

Gm(s) =

In closed loop, the transfer function is written:

010K
s+ RC+0,K¢

GBFl(S) = (11)

With K¢ = % The error e = V; — V,,,, its derivative
compared to the parameters gives :

oe OQKC
oge  _ 12
90, 3+R0+92Kcv’"ef(3) (12)
oe . 91KC
00, 3+R0+92Kcv’"ef(3)
0105 K2
- 17272 ¢ Vier(s) (13)

(s+ RC + 0:Kc)? "

Fore =0 = V; = V,, then RC + 0K~ = a,, and
010K = by,.

5“_; _ g_i.sjimamwef(s)zg—ll.vm(s) (14)
e Vgl g
.Sjimamwef(s>
_ 9_12'5 i";m. (wef(s) - gilvm(s)>(15)

Taking into account (9), (14) and (15), one can write
the gradient equation #; and 6s:

o\ dJ(e) Oe
S (10
1
01(s) = —ﬂsign(e).—.vm(s) (17)
S 01
And
dfa\ oJ(e) de
‘C{dt} P79 06, (18)
- g 1 _bvm
Oy = Sszgn(e).02.8+avm

(Vees (9 = 5 Vmle)) 19
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3.2 Output Voltage Regulator Located at
Feed Forward and Feed Back

The equation for this type of regulator is given by:
IL(s) = p1Vres(s) — p2Vs(s) (20)

The closed loop of expression (20) will be presented
in figur 4.

Vm

Adaptation law |<;Q/5<<D
+
Vref I 1 \A
PV ret — P2V L s >
s + RC

/

Figure 4: MRAC closed loop circuit diagram block of
output voltage.

Closed loop; the transfer function of the system is
given by:

,mKc

G =
BFQ(S) s+ RC + pch

€2y

The error e = Vs — V,,,, Their derivatives compared to
the parameters p; and ps are: :

oe KC

M 22
op1 s+ RC + po K¢ Vref(s) (22)
Oe le%
— = — Ve 23
0p2 (s + RC + p2 K¢)? f(s) (23)

when the error is zero e = 0 = Vi, = V,,, then RC +
poKco = ap and p1 Ko = by,.

Oe 1 b, 1

- = __. Vier(s) = —.Vi(s) (24

apl P1 S+am f( ) pl m( ) ( )

Oe 1 by bm,

= - — . Ve

0pa p1 S+ am s+ am f(s)
1 by

= ——. .V 25

Vi) ©5)

Taking ; consideration (9), (24) and (25), the equation
gradient p; and po are :

d dJ(e) 0
e (26)
1
p1(s) = —%sign(e).a.Vm(s) 27)
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And
dpo oJ(e) Oe
L = —_— 28
E{ dt} 2" De 0ps (28)
— 2 in(e). L bm
p2 = szgn(e).p1 T am.Vm(s)(29)

3.3 Output Voltage Regulator Located at Di-
rect Chain and Feed Back

In this case the regulator formula is :

I1,(s) = 01 (Viep(s) — 02Vis(s))

The closed loop system is shown in the figur 5.

(30)

Vm

Adaptation law |<;Q/5<<D
+
Vref I 1 \A
L s
Vrer — 22V )Jon c
s + RC

/

Figure 5: MRAC closed loop circuit diagram block of
output voltage.

In closed loop, the transfer function is written:

K
Grra(s) = [EaYe)

= 31
s+ RC + 0109K¢ (D)

The error e = V; — V,,,, its derivative compared to the
parameters gives :

oe 1 01 Kc
— = —. Vier(s)
do1 01 s+ RCH+ pg102K¢
1 0102 K2
- Vye (5132
o1 (s + RC + p102K¢)? ref(s132)
2K2
oe _ aKo g o) 33)
902 (s + RC + 010:K¢)

According to equations (9), (32) and (33), the gradient
01 and g5 of the formula :

doi dJ(e) de
cery el 4
E{ dt } m de 001 (34)
it 1 bm >
N e :
o) s 01 < s ram) "
sign(e) (35)
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And
do2\ 0J(e) Oe
E{ dt} N " de 009 (36)
09 = Esign(e). Vm(s) (37)
S S+ "
3.4 Inductor Current Regulator

For the closed loop inductance current, an MRAC reg-
ulator of the form has been proposed:
o = '(92 (ﬁlIref(S) — IL(S)) (38)

The functional diagram is given by the figur 6.

[ G [

e. —
Adaptation law |<—I<‘D
+
Iref 1
o S+——

95 (Shlrer —1) —f E T RC 1 !

Loz, g, 1

RC LC

/

Figure 6: Schematic block in loop closed of inductor
current MRAC regulator.

If the desired mean tension with equilibrium is
seq = Va, then we have with equilibrium iz, =
Vg
R

<

v
:Iref etaeq:f". .

The reference model of the loop closed is selected
with a second-order transfer function:

b1ims + boim

Gip(s) =
m(3) 82 4+ a1im$ + Qoim

In open loop, the transfer function is written:

191'(92% (S + R_IC)

Gpoi(s) = 39
BOz() SZ—F%S—F% ()
And in closed loop:
o ( ) '(91'(92% (S + %)
BFil(S) =
1 EY EY 1

32+(W+Tz)3+ RL(ZJ"‘W)

(40)
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The error e = I — I,,,, its derivative compared to the
parameters gives :

de 927 (3 + R_IC) Io; (41)
59, B9 B9 ref
O 52"’(%"‘%)3"‘ (RL%*"’%)
de 917 (S + R_IC) I
9. 9 EY- ref
93 324’(%"‘#)5"‘ (RLé’_{—%)
2
191’(92 E; (8 + %)
— QIref(S) (42)
2 1 Eﬁz Eﬁz 1
(3 + (W + T) s+ (RLC ﬁ))
Sothate = 0 = I = Imthen%—l—% = Aim;
e + 22 = atim; 91922 = biim and 919,57 =
bOim-
ﬁ _ i blims + bOim I (S)
a0, 9152 + arims + agim
1
Oe. _ 1 biims + boim Toos(s)
002 92" 52+ Qrim$ + aoim !
1 blims + bOim )2
— . I s
P12 <82 + a1ims + aoim ref (9)
_ 1 biims + boim
792 ) 82 + A14mS + Aoim
1
(Lers) = 5T (4
1

Taking into account (9), (43) and (44), one can write
the equation of gradient ¢, and ¥J5:

&, d0J(e) Oe
—_— = - ) a9 4
‘C{ dt } T8¢ 99, @)
9, = _ﬂ_sign(e).i.lm(s) (46)
S th
And
d’ﬂQ 8J(€) 36
A "
. _Esign(e) i b1ims + boim
2 S 02 52 + arims + aoim

(ers) = 5-1(o)) (48)

4 Resultsand Smulations

This work is based on the output voltage and induc-
tance current generated by the Buck converter which
has adaptive regulation. See this when there are
changes in the output voltage, input voltage, and re-
sistance load. This research that will be carried out in
a buck converter using a adaptive controller when :
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e Output voltage regulator located at feed forward
and direct chain;

e Output voltage regulator located at feed forward
and feed back;

e Output voltage regulator located at direct chain
and feed back.

And inductor current regulator located at feed forward
and direct chain with a buck converter using MRAC.
To examine practical usefulness, the proposed regula-
tor has been simulated for a Buck (see [10]), whose
parameters are depicted in Table 1.

Table 1: DC-DC buck converter parameters.([10])

Parameters Notation | Value | Unit
Input Voltage E 24 v
Output Voltage Vs 12 V
Inductance L 69 uH
Resistance Load R 13 Q
Capacitor C 220 uF
Normal switching f 100 | KHz
frequency

Switch off Sw a=0

Switch off Sw a=1

By using these parameters, the model of DC-DC
buck converter (3) is utilized as a plant of the system.
The MRAC based on MIT rule for inductor output
voltage Regulator obtain :

Equations (17) and (19) for output voltage regulator
located at feed forward and direct chain;

Equations (27) and (29) for output voltage regulator
located at feed forward and feed back;

Equations (35) and (37) for output voltage regulator
located at direct chain and feed back.

And current regulator (46) and (48). The value of y is
specifie to achieve the appropriate response.

We show a detailed general diagram of adaptive
control with MRAC regulator in the figur 7.
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Figure 7: General diagram of adaptive control with
MRAC regulator for DC-DC buck converter.

The performance of buck converter in pro-
posed controller is proven in simulation such
that any changed responses are able to be ob-
served. The input voltage and resistor load of the
buck converter are 24V and 132, respectively.
Reference voltage is set to be 12V and of v as

following: 4’1 Yv2 Yi1 Yi2 ] =
[250 500 15 650 |. As  reg-
ulation parameters are initialized to
[ 0 b p1 p2 o0 02 D
[ 1 47 1 47 1 4.7 61 0.64

Changein reference output voltage:

The desired output voltage is set to 12V; at the in-
stant £ = 0.08s, it is changed to 17V. Figure 8 rep-
resents the output voltage error and its histogram with
the assembly Gaussian; distribution given by figur
3. There are oscillations at start-up, the peak error
5.53V, at the instant of variation the desired voltage
with a peak error of 66.6 x 1072V, the mean error
is —21.03 x 1072V and the variance 38.42 x 1072
The development of duty cycle « is shown in figur 9
where it takes the values 0.5 then 7 x 10~!. The evo-
lution of adaptation gains is presented in figur 10(a)
and 10(b) where #; = 1 and 6, = 4.699 x 10".

When we have the assembly of figur 4. The peak
error, at start-up, is 8.543V and 0.54V at the time of
variation of the voltage (see figur 11). —0.2577V is
the mean of output voltage error and 1.8177 variance.
Figure 12 configure the duty cycle where « is 0.5
then 7 x 10~!. The shape of the apparent adaptation
gains is shown in figur 13 with p; = 2.841 and p2 =
20.84 x 107 1.

For the diagram in figur 5. —12.25V is the peak
output voltage error at start-up and reaches 3.0212V
during the voltage variation (figur 14). The mean
output voltage error is —0.3558V with the variance
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518.18 x 1072. « equals 0.5 and 0.7 are the
duty cycles following the change in the desired volt-
age (Figure 15). The shape of the apparent adaptation
gains is shown in figur 16 with gy = 1 and g3 = 1.

The inductor current is given by the figur 17(a).
We notice that there are oscillations along the desired
trajectory but it follows it. The evolution of the cor-
rection gain ¢, and 1), are given by the figur 17(b);
where 91 = 60.99 and ¥ = 64.9 x 1072 . The in-
ductor current error and the histogram with Gaussian
distribution are shown by figure 18(a) and 18(b) re-
spectively. The error means is equal 0.3714 A and the
variance is 12.654 x 1071

Changein input voltage:

The input voltage is set to 24V'; at the instant ¢ =
0.08s, it is changed to 29V. Figure 19 represents the
output voltage error and its histogram with the Gaus-
sian distribution; assembly given by figur 3. There
are oscillations at start-up, the peak error 5.53V, at
the instant of variation the desired voltage with a peak
error of 66.6 x 10~ 2V. the mean error is —16.34 x
1072V and the variance 38.47 x 10~2. The develop-
ment of duty cycle « is shown in figur 20 where it
takes the values 0.5 then 4 x 10!, The evolution of
adaptation gains is presented in figur 21(a) and 21(b)
where 1 = 1 and 65 = 4.699 x 10"

When we have the assembly of figur 4. The
peak error, at start-up, is 8.919V and 0.298V at the
time of variation of the input voltage (see figur 22).
—17.94 x 1072V is the mean of output voltage error
and 164.81 x 10~2 variance. Figure 23 configure the
duty cycle where « is 0.5 then 41.38 x 1072, The
shape of the apparent adaptation gains is shown in fig
ure 24 with p; = 2.841 and py = 28.4 x 101,

For the diagram in figur 5. —6.251V is the peak
output voltage error at start-up and reaches 0.4472V
during the input voltage variation (figur 25). The
mean output voltage error is —0.2085V with the vari-
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ance 34.20 x 1072, « equals 0.5 and 0.416 are the
duty cycles following the change in the desired volt-
age (Figure 26). The shape of the apparent adaptation
gains is shown in figur 27 with g = 1.4955 and
02 = 1.

In figur 28(a), the inductor current oscillated
along the desired trajectory but it follows it. The evo-
lution of the correction gain ¢ and 1), are given by the
figur 28(b); where ©J; = 60.99 and o = 64.9 x 10~2
. The inductor current error and the histogram with
Gaussian distribution are shown by figure 29(a) and
29(b) respectively. The error means is equal 0.3028 A
and the variance is 12.595 x 107"

Changein theresistor load:

The resistor load is set to 13€2; at the instant ¢ =
0.08s, it is changed to 26€2. Figure 30 represents the
output voltage error and its histogram with the Gaus-
sian distribution; assembly given by figur 3. There
are oscillations at start-up, the peak error 4.8562V, at
the instant of variation the desired voltage with a peak
error of —17.07 x 10~1V;1.3387210°. the mean error
is —0.1886 and the variance 21.86 x 1072, The devel-
opment of duty cycle « is shown in figur 31 where it
takes the values 5 x 10~'. The evolution of adapta-
tion gains is presented in figur 32(a) and 32(b) where
1 = 1 and 6> = 4.699 x 10'.

When we have the assembly of figur 4. The
peak error, at start-up, is 8.9188V and —1.7168V" at
the time of variation of the input voltage (see figur
33). —0.2182V is the mean of output voltage error
and 1.6684 variance. Figure 34 configure the duty
cycle where « is 0.5. The shape of the apparent adap-
tation gains is shown in figur 35 with p; = 2.841 and
p2 = 28.4 x 1071,

For the diagram in figur 5. V is the peak out-
put voltage error at start-up and reaches 11 during
the input voltage variation (figur 36). The mean
output voltage error is —0.1746V with the variance
35.38 x 1072, « equals 0.5 is the duty cycles fol-
lowing the change in the desired voltage (Figure 37).
The shape of the apparent adaptation gains is shown
in figur 38 with p; = 1.4955 and go = 1.

The inductor current oscillated along the desired
trajectory but it follows it (Figure39(a)). The evolu-
tion of the correction gain ©; and 1J- are given by the
figur 39(b); where ¢¥; = 60.99 and ¥5 = 65 x 102.
The inductor current error and the histogram with
Gaussian distribution are shown by figure 40(a) and
40(b) respectively. The error means is equal 0.2011 A
and the variance is 9.605 x 107,
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Table 2: Means and variances of output voltage error
for regulator located at feed forward and direct Chain.

Change in | output input resistor load
voltage voltage

Mean 0.2103V | 0.1634V | 0.1886V

Var 0.3842 0.3847 0.2186

Table 3: Means and variances of output voltage error
for regulator located at feed forward and feed back.

Change in | output input resistor load
voltage | voltage

Mean 0.2577V | 0.1794V | 0.2182V

Var 1.817 1.6481 1.6684

Table 4: Means and variances of output voltage error
for regulator located at direct chain and feed back.

Change in | output input resistor load
voltage | voltage

Mean 0.3558V | 0.2085V | 0.1746V

Var 5.1818 0.3420 0.3538

Table 5: Means and variances of inductor current er-
ror.

Change in | output input | resistor load
voltage | voltage

Mean 0.371 | 0.3028 0.2011

Var 1.2654 | 31.2595 0.9605

The table 2, table 3, table 4 and table 5 are collec-
tion of the preceding results. We notice :

e For the regulator located at the feed forward and
direct chain, the change to the input voltage gives
a minimum error means.

e For the regulator located at feed forward and

feedback, the change to the input voltage gives
a minimum error means.
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e For the regulator located in the direct and feed 0 - 7 a7.00ar o

back chain, changing the load resistance gives

the best result. 1 47002t

1.ar 1 47.0017J
1.3f 1 a7t

| o a6.909}
46.998f

The smaller mean value obtained, in these assemblies,

46.997

in the case of the regulator located at the feed forward ' a6 006|
and direct chain, the change to the input voltage. 0.or 1 ac.osst ]
0.8 | 46.994 41—

Time [s] Time [s]

x 10° (b)
J ‘ ] Figure 10: Evolution of adaptation gains 6 and 6
for change in reference output voltage and regulator
2oL 1 located at feed forward and direct chain.

1.5

Output votage error [V]

sk
— Gaussian
E Histogram

0.5r 2.50

0 0.05 0.1 0.15
Time [s]

Output voltage error [V]

Figure 8: Output voltage error with histogram and
Gaussian distribution for change in reference output
voltage and regulator located at feed forward and di-
rect chain.

o 0.05 0.
Time [s]

0.15 -a -2 o 2

Figure 11: Output voltage error with histogram and
Gaussian distribution for change in reference output
voltage and regulator located at feed forward and feed
back.

0.1f — 0.1F i

0 0.05 rime[s] 0.1 0.15 o e rime (] o1 0,15
Figure 9: Duty cyclic « for change in reference out- Figure 12: Duty cyclic « for change in reference out-
put voltage and regulator located at feed forward and put voltage and regulator located at feed forward and
direct chain. feed back.
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(a) (b) (a) (b)
i ] ast | 1 1.0004F 1 4'51
2.81 ' 7 aof 1
L i 1.0004 B al
2.4 | 1.0003F 3.5
30
2.2¢ B ool | 1.0003 A
ot 4 o o 1.0002F &
| | 201 L 2.51
1.61 7 I 1.0001f 2r
10
1.4 | 1.0001F 1 1.5F 1
o 0.05 0.1 0.15 o 0.05 9-1 0.15 170 0.05 0.1 0.157 0 0.05 0.1 0.15
Time [s] Time [s] Time [s] Time [s]
Figure 13: Evolution of adaptation gains p; and po Figure 16: Evolution of adaptation gains g, and g
for change in reference output voltage and regulator for change in reference output voltage and regulator
located at feed forward and feed back. located at direct chain and feed back.
x 10* (b)
— e ]
EEl Histogram | (a) (b)
60 7
o ]
g Tr 1 50 7
3 sl ]
) = o
3 st R = aof --%, g
3 el 5 | ;8) 30t 1
—10f i | é 20 4
n o#: 10f 1
o .05 0. 0.15 -5 o 5
Time [s]
o OA‘OS Oil OA‘lS O;_____:)_.‘;5_____0_1_1____;71_;
Time [s] Time [s]

Figure 14: Output voltage error with histogram and
Gaussian distribution for change in reference output
voltage and regulator located at direct chain and feed
back.

Figure 17: Inductor current with Evolution of ¥J; and
Ja.

10 4

—— Gaussian 1
EE Histogram

Inductor current [A]

Time [s]

Aﬂiime [5%11 O.‘lS -2 o] 2 4
Figure 15: Duty cyclic « for change in reference out-
put voltage and regulator located at direct chain and Figure 18: Inductor current error with histogram and

feed back. Gaussian distribution.
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Gaussian
Histogram

al

Output voltage error [V]

o 0.05 0.1 0.15
Time [s]

Figure 19: Output voltage error with histogram and
Gaussian distribution for change in input voltage and
regulator located at feed forward and direct chain.
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Figure 22: Output voltage error with histogram and
Gaussian distribution for change in input voltage and
regulator located at feed forward and feed back.
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Figure 20: Duty cyclic « for change in input voltage
and regulator located at feed forward and direct chain.
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Figure 21: Evolution of adaptation gains 6, and 6 for
change in input voltage and regulator located at feed

forward and direct chain.
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Figure 23: Duty cyclic « for change in input voltage
and regulator located at feed forward and feed back.
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Figure 24: Evolution of adaptation gains p, and ps for
change in input voltage and regulator located at feed
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Figure 25: Output voltage error with histogram and Figure 28: Inductor current with evolution of ¢, and
Gaussian distribution for change in input voltage and Ja.

regulator located at direct chain and feed back.
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Figure 29: Inductor current error with histogram and

Figure 26: Duty cyclic « for change in input voltage Gaussian distribution.

and regulator located at direct chain and feed back.
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Figure 27: Evolution of adaptation gains g and o, for Figure 30: Output voltage error with histogram and
change in input voltage and regulator located at direct Gaussian distribution for change in the resistor load
chain and feed back. and regulator located at feed forward and direct chain.
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Figure 31: Duty cyclic a for change in the resistor
load and regulator located at feed forward and direct

chain.

Figure 32: Evolution of adaptation gains 6 and 65
for change in the resistor load and regulator located at
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Figure 33: Output voltage error with histogram and
Gaussian distribution for change in the resistor load
and regulator located at feed forward and feed back.
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Figure 34: Duty cyclic a for change in the resistor
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Figure 35: Evolution of adaptation gains p; and ps
for change in the resistor load and regulator located at
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Figure 36: Output voltage error with histogram and
Gaussian distribution for change in the resistor load
and regulator located at direct chain and feed back.
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Figure 37: Duty cyclic a for change in the resistor
load and regulator located at direct chain and feed
back.
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Figure 38: Evolution of adaptation gains g, and g9
for change in the resistor load and regulator located at
direct chain and feed back.
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Figure 39: Inductor current with evolution of ¢, and
Ja.
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Figure 40: Inductor current error with histogram and
Gaussian distribution.

5 Conclusion

In this paper, MRAC is chosen for controlling DC-DC
buck converter; where :

e Output voltage regulator located at feed forward
and direct chain

e Output voltage regulator located at feed forward
and feed back

e Output voltage regulator located at direct chain
and feed back

And change for all case in :
e Reference output voltage;
e Input voltage;
e The resistor load.

The smaller mean value obtained, in these assemblies,
in the case of the regulator located at the feed forward
and direct chain, the change to the input voltage.
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