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Abstract: To improve the dynamic performance of passivity-based control (PBC) of a Boost converter with
constant power load under external disturbances, a passivity-based adaptive control strategy based on neural network
was proposed. Under this strategy, a passivity-based adaptive control structure with proportional and integral terms was
adopted, and a single-neural network was used to optimize the injection damping, proportional coefficient and integral
coefficient in real time. In addition, a power observer was used to observe the power of unknown constant power load
(CPL) in real time, thus improving the dynamic and steady-state performances of the Boost converter when the CPL
changes. Compared with PI+PBC and PI double-closed-loop control strategies, the passivity-based adaptive control
based on neural network can make the Boost converter have a better performance. The results of computer simulations
show that the proposed control strategy is feasible.
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Fig. 1 Main circuit of Boost converter

HRAE I 1 AI 45 Boost 284 AR 23 AL Dy

L% gt +u,
dt

(1)

du, Y _£

C P =(1-d)i, 0
y=[, u] (2)

KX, d MIFRE T IRNE S u, 52 L

SRS R x, =i, . x, =u, , HZU(1) 15 Boost
AR e 2% 19 BR H7 - $7 4% B H EL(BEuler-Lagrange) 15
Ay



8 W W % H2%
My, X +J,, X + R, X=U 3) He(x):%ngmxe (1)

‘ Lo ] . [0 1-d
Al MB"Z[O c} X:L}’ JB"_L?—I 0 }

2
=-J T R. = O 0 u= uin
Bo — Bo Bo 0 P/ xzz ) 0 o

2 TR BRI

J

2.1 TiRMEENX
WAR 1 D RGACAEIELL ] R E Rt R
B H() B AERE R OO Il AR S5, B
H(X)<u"y-0(x) (4)
XRGMHEA u, fl y KAEREHEA R Uy BT,
W R GE e TCUR Y, RGN IR R E
RGN E X Boost ASHugi i E A7 PR AL
H(X)H

H(0 =3 XMy, X (5)
nj
H(x)=x"My x=u"y-x"R, X (6)

WOZRGRTCIRN, W T GRSl 8T
2.2 LRSI
W0 X =[x, x]=0 ul , u
R AERER, #u >u, ., ERAER, B
K (e
(1-d)x, =u,

(d*—l)xf+£*=0 7
xZ
A, EAR RN SRR,
d=1-"n o1 (8)
X,
HRORAK ()T 1H
w=r ©)

uin
BERERZE x, =x—x", WRAG)WTHE N
My X, =u—- (M, X +J, X+ R, X +R, X.)
(10)
WORZE RE A PR ECH

M H (x)BEIET 0, W x, LT 0, AJLLAF
W H . H () XTI S8

H,(X)= XM X, (12)
S H, (x) WS, wRHTBHEIEAR,,
M= (10)28 K
My X, =u—(My X +J, X+ R, X +R/X)+
R.X, (13)

X R =R, +R; R =[r*‘0‘ 1/Ora2] , 1, (i=1,2)
HIEH L
FR(13)RAK(12)4%
H,00 = XTTu= My X ~ 3, X~ Ry X' + R X, ]~
X, Ry, (14)
FBIERE R RGAEE, TEH ()<0, Ak
WOCIR %
u=M,x +J, X+R, X —R X, (15)
M xRN, WA M X =0, K150
fifeh
U= Jg, X+ R, X' =R X, (16)
G IR i 4% 2N (16) nT 45
u, = (1 =d)x, =1,y (x, = X))
xS . (17)
{0@11);l +

a2

(x, —x;)
13X (17) ATARRT R T ICIREfil g 1Y 2 A s L
Bapilb]

| P
d1=1—“i+ﬁ(——le (18)
uin

X, X

(xz —X ) +1- xzzxz

d, = (19)

X, xP
H e, B P ETHRIELL T, u, Jok PR
Eb R, FrRASE R G, RERS AL, AR
SF i
2.3 IhEWMF
B S PR TR Pl BEAF R DR S ORI 1
B, EUESCRR[19], #5811 Boost ZRHfegsH IR G148



56

Fb, S FETRREMZERY Boost A2 IR A 1 4% il 89

WL g, W PR P ORAETE, USSR 25 Ky
P=P—P. JT XU HE, PRwLE
}ijgﬁ(f)ﬂgg[ﬁ(l)—]’(f)]:() (20)
& Bt)=cP0) , a WIEWE, ¥ Bk
T
P(t) = P(t) - P(t) = —ae “ P(0) = —aP()  (21)
VARV IV PARTES

A

P=-alxx —aCx,x, + axu, —aP (22)

A= (22) 5] 15

P= —%a(Lxlz + szz) + a'[ (>, — f))dt (23)

in

/7\]31 =aJ.(xluin _i))dt .
151 = axu, —aP=axu, +%0¢2(Lx12 +Cx,%) -
aP (24)
i (23) M= (24) 15 Boost 254§ (1T
a8 H

P=——a(Lx+Cx,’)+ P

| —

: 1 (25)
P =axu, + 50:2 (Lx> +Cx,)—aP

A A ) R 2 O E SR ko P,
Boost 2548 #i HH EE -l a5 A Y L BRI A

xf:-fi (26)

uin

2.4 TiFEBIEMEGIE

FEAEANER LB B, SR FH JC U6 42 1l 4 45 1l
Boost AZ8fedl, RGN, #SEREEI S22
Ml o SRy T AR [l R, SR FH S i H F e 5 2
i HH L R P 25 R G RS, AME S S LR
2.4 e, = x;, —x, , i3 Popov iFaE PEREERY,
g S R 22 Ad 5 e, ZIRIELE LI FR 4356
#, W

Ad =kye, +1 [e,dt (27)
Kb, ko kPRI LIRS RO REL

R (18). K (25)F1xX(27), it H iGN
Y 2 T

d=¢+m#¥£(P—M]+pﬂm+@%+

Xy \ Uiy X,
&quf (28)
HC(28)71 15, Boost AFffhss JoU H 1 I 14 il
IRRGHEEE 2 PR, AN T3 u, 8]
i, e, >0, MRQ28)S, Ad N, S48,
iy R R R 2 R A R AN B T
—>- qT CI :
P

RS, e, <0, H(28)1F, Ad W), FE I
JIN, i R ) 2 S B A R
+
i
PWMR 435
d
TET HIE L
AP &25) o

B2 #EHIEMIER

i L D
+
uiu
—> il R08) u
Fig. 2 Block diagram of control structure
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