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Sensorless flatness based control for a boost converter

Mahsa Rahmati Khorramabadit, Zohreh Shahrouei?, Rogahyeh Gavavgsaz-
Ghoachani?

Abstract: In this paper, a sensorless flatness based controller with nonlinear observer for non-
ideal boost converter is proposed. Losses are modeled with a voltage source series with input and a
current source parallel to output. By a one-loop control structure with flatness property, both output
voltage and inductor current is regulated. But, flatness based control is a model based method and
requires extra sensors for obtaining data of all system parameters. For reducing numbers of sensors,
a nonlinear observer is used to estimate output current and input voltage. So, sensors of these two
parameters are eliminated. Simulation and experimental results are given to validate the proposed
controller and robustness of proposed controller to variation of system parameters is obvious. In
addition, simulation results of proposed controller are compared with a two-loop controller including
Pl and energy control

Keywords: Sensorless control, Flatness, One-loop control structure

s sb i ol i o5 01y 353 131 5 IS Oludige el o 28 dloes o5 o) il Sl sdge ekt 5


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

S gp e (8l it s S 5 g O34 J S s¥

Sl 3 S S a8 a5 025 s3UTp 5 e Lo

4Ok s 82055 Sy ¥l 53 eSS Doy ol sl el
Cewzdy 5o Ll 55 ol 55 (635,55 Wy 5 (s 2 OL 2 e
[VF] 555 0,8 5S4 5 g 53 e 55 o1 03557
o LRIl dse 1y ol e ey gt ¢,8 8
5 Ll 18] Oleblokl 288 (s (Sdom 5 o 0
TVl e 3L A 5 el (G35 e 4 5L (e (S5lesly
il Sl @5 bl b s olre dhear 1 {VY]
ain g 53 kst 53 50 ) g S S b (J 1S sl
o 55 5 b eyl Jldie s gl b Seaalin ¢l gy
ST 53 sl Gl ol )y p b gui slias j2alS
G50 6N L e Sedalin pftn ) g 05k oS 55
@AiSJ S ol 53 Cslediias § 4 Cowyy Jde (5l D3 5LY
Ol caibyat o 5 s Sy csas Sy bwy Sedalia
e 03557 Consay (1 5 g (6,8 S 4 L3 0 Cmnind |y ks
S a5 g IS V] 3l gy o) Al (63555 56
opl s i Caledd slgiiny Caw g Jibos (5 a9 Sl lo L oS 28
Gledde Shlse 5 G Salaslie &b I DU eSS
NMa ks b e a5 (ol ol s Cledd
Sy peds gl e Sedalin o il ol s Caledias §
g or S g o S5 235 53,1555 (s A 0L 5 83508
S Pl oS I8 o o jo 0L o3y lp s adl o
W ek 5 b SlalaEl il s oS U S ol cCwlotiias 5
3,5 st o S S g Slai ] o 5 Sl pslae 63509
03 Cyspdome Sl oty ail 53 Pl ot 0SS (6,8,
g RS () 5 [VF] 55555 o I8 dba i bS] 285 Slas
b it g dil 5> oS J 28T 6 Mokl Sy Juls
Sie Sodalin bwy Culodian § 4 Slalizel Sodalis
3053 i Slalazil (3,5 5 55 b (os F 0L 5 63555 SWs
S5 Sl (6,8 5w lods (ol eyl 53 pl (Sl g
3l e 3 gdoen |y SYL WL lgs 4 oL cadl> g5
S oS s stalie cokd plonil sla g5 DLl gs 0 b
Saegr on llas ol s sl 1y 5 Cules 5 Ll baeuSTd 2S5
SIS a0l S sboles .l ity e oS 28 5 Slas
S G (PO i 3l 43 515 J2S7 gy ol sl Rl
O G b el e ool ) oSl eSS
65 53 Sy die (63555 Ob 2 5 (5 SWy oS gl o smite
Wy pe EG 05,56 b Ol L Clodd slgiiy il ST st

e (s 5 b (05 Db i &5 03 S S3lsn 5 2005 b (055

3 Chattering

dodo —

S el G e Syd8 Je &K (Cawy DC-DC e
Cead 5 Vo5l o e s o GRI3I1 63555 SW 5 e
Y] s 551 Glaptunn ile olas )80 53 V] b
bl (235 [F] (SC S0 gla e s 5 (Y] (S Jais Jo
S 15 0T s oS 287 Vb gy Js o5 8 5135 51
Jsene ssba cCavs Jde Gl )8 5o ol pedle ajlee
Sy 0k 5 aols 5 b s b el cs2505 Sy 53 e nlidens
0] 555 plasil biZoabapde l )3 53 Ll (g Jdis (9 &
5 dhe ot Lol b lie oS U281k 4l 2l
..xf&,‘..‘!;L;\.:La.o‘b{l,::,,a);l)d)\.gl:S@U’Lg(-}u.a&:‘g-r.a

G s Jks (61 5 PID? 5 PIT sl los (laotiSJ 287 (g 5luesly
o el Gl S sl s e st plal (Soles
[8] 0,510 SWas Lol 13 51 (glos 28 03 gdoma 5 o Sl fly
Slusslme @y oly b GleliS RS s s
¢Sy oS J 1S T dherr 51 iaT LI (655 Lo (sbrodiSd 28
B F )5 Sy Jea S5 03 28 D)y o el Ol
&5luesly 5 pslie Sl oy ols oS 28T ol [V] ol 0l
IS 0 5 5 5 aibset o sl LG ¢ s ol OLT
Olasi S0y L LE opl ool 0L 2 &Sy J 557 sla
o) 5o Sl o 035 1AL g oy S pe)le 5
el Lle Sl (gl 5 4 5 00T K5 (il ST o by 1y e
el Sy e S S Gl s gy (B eSS
Sl Al 1l pglia o )l ks 5 SLBLLZE ) 55 0S8
L8] 5,8 o La1P e s oy 4 0157 o0 (o ji0on oS 287

L el s iz 22n 28 015 (0 Sy S SRS 81
1440 Jlo )3 MiFliess Jaw s 5 odol jeisle (S5 [V0] 5, 8
0T (358 Sl gt &K O30l Shs S1 V] s - e
5 S e S 4 Sl et S a5 1 2 O 8
Sahn el e 2l 5 ME (JES )l 03 08 b
J;S,m,;\?,)t?xuut,,;wéftﬁ;,m s b Ol
d:.alf}l)fdb)::)gugmwSs)l::}q-jw;:léj@:,ﬁ
oo e V] 2530 bloalipds 4 Lo ple ol
Ol 5 ozl ks 1y 53 03 ppslie it gz IS Ko
2pra b et g st J S IV ol 5B a8 St J 257
i pma JES Sl SIS ol 5 ol bl
creislh p tn J ST 55 [VF] Gl s 385 Jube 4 OT 0 il
5L ssge (SLB i 55 Pl sle SIS (slao S’ 287 4 S

! Proportional Integral
2 Proportional Integral Derivative

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

7o

Sy Jos (6l ol s n 5 guacin O ks J 287

Sl S S a8, a5 025 s3UTp 5 e Lo

E_Z(T_( —d)v,) ")
dv,
d" =—((1 —d)i, —Ip) (¥)

U ol s I b blze aibyas o d o(F) 6 (1) ladal, s
()5 ®) slaaaly 53 (2)V JS5 w45 b 55 Ip 5 Vp lie ool
13 s mie Jala Vp o Sy mia cdals) pl 53 Canlodkiion 5T
Ol o 8l e i vl T, a5 (6500 SW 5 5 Vo SW 5 e
by (Aly 295 0L 5 dpg Ob - Joliddp L 5 >

Ve =V, =V =104 )

Ip = Ipg + 2

p=1p0Tp ®#)

Solgly ouis” J 8™ (A o T
2L Gy Jda Gl ol odSJ a8 (ide ol o
Gyl Sl s SSG Il L Clods b e Dlils 8 § L
Sl b Sodalin & (o Colodd 35 5 55 pren
)J.W\aﬂf‘kd@jﬁ@fﬂ-\iﬁu’a.\.:b‘)‘gg')u.ug}:o;;rﬁ
Sl eSS bl Y ol 65 bl

Cwlods

oy} S yp Jon

(<)
Vig L IL
Gy s IPO
Jh.m
Vo I
— b
o gy Jn
TVr JTes!

9,5 15 55 b gy s (s o3l Sy ks ST Les (L1 S
WO b G gy Jes 0l =Nl ke (o 0l

Gl 4 b 0Kl Wil bl 6,8 8w Y] Clods
ST Soutaliie & DUl e (5135l om ol 3 1 5L L
Gl S oalin ol ey s e sy 5,8 S 25 o8 S
S Fn D o s e ds 1 g Sl
Olaeb I bl 5 2alS (J 287 ot 055 5 o a2 clay g
b SRIB
Oitu Sl e il ekt 48§ L5 s 48 ) @ lis bl
ok (§5ludite (Uil 535 5 55 b oy Jos £33 UhSu 0> caadae
ol U (i on 5 Fodalin ol jona oS 28 o1 b il
23 Sl o Gl pam i3 53 5L ()55 by oS RS
23 e B85 5 (2b3) O3e¥ S (Siloans el bocpsler Ao
o gy g (St oS RS Gl $2955 Sy Cunlaets
KL @olgiy oSS Gl edaTiwse mlE e el
G5 etiSTJ 1S 5Pl oS JmS ¢SS fals o il 53 oS 1S
S @l (il S e ekt aglie (ol
5 ediplnil Jags (6,8 et (sl 55 Lol 0ds 1yl A5 L5T

el ol 05l v:a.._t_ u’t’”

axfllan 8590 ks (A oo —F

(D Sl 0k yme andllan 350 s ¢ 5 pl 3
L Cale 0T ool (gliart s oo 0Las 1y ITeubs| S g oo &S5 las
Jibe (o5 53 el D 33 5 U Ol b JUSCw b o 28 K S
SV Ol Caslin R cmres 358 0w S 5 55 C 03l (s
VS sl a3l (6500 O U 5 (s S Y 5208
Caler s S glin Ty Cslodiias § b 53 Caw s Jibs Sl ()
b e 553305 b s Vo SWs e G b 51 5 il K05 .l
1 0L 5 5wl slie . Coslosd (5ludie (5 5 L S5l se Ipo
Jis Sl Ol g g w313 (Ko Jebos 15" ot 4 (il 03,8 ok
onl 3 303 DL () ) IS8 &y g Sl 3 8 i 55 L1y Sy
22 s e 3 ML b b (6 Zaslie 5 Vi (63,5 5W 5 ol
Cenlodzias § b yslp 2 A Ol e 53R b Caglie 5V

O Sl (agld S ol SS d ) S s L
AT oo Cawdas (Y) 5 (V) laadasly 35,k 51 05 5l Ol juis 5 el

dlL
dt
dvo

1
(V iy =V — (A =d)v,) M

au\.&cw‘ J.LA Ls‘j’ r;”:w fvrfb SYslee 4(F)j (Y‘)élhﬂ.b{b

s O ) (D)) S w5 LSy s

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

Sy Jos (6l ol s n 5 geaiw O ks J 87 44

Sl 3 S S a8 a5 025 s3UTp 5 e Lo

IS bl Koy Ki ey gl 53 .55 o |y 36 gla bl 5
sl o o G 177 (%) 5 Aiten
3 gh 0313 0L (19) 5 (V) Lailgy 5> peaded sllast
=%—x
5 (00

=P-P %)

bl gl Ep 5 b gla e ey e & S
el BT mly e 1 oo} puaded sl

Setalin sladlslee (19)5 (10) ((VF) (slaakl, 5,5 ,5a
LOA) 5 (W) slaalasl ) doT oo Cawdis (63lgiiny

$x = 91(x) Ep —Ki ¢y av)

ép = (_7’1 + Kp Kl)fx - Kp gl(x) Ep OA)

Q)}JQ&@}J;Y‘J&ULZ‘M&%)JJJJLQM
Cb o & S b (Sla e el i ot .Sl X 1 s
Coygots Y e cdomitys 238 biys X=R Oly e OT fpeds
e Ol (14)
y = h(X
y=h® 0%

. Oh 0% 0h
V=2 X5 =52(9000) + 91 () P )

V=92 Tt
+92(x) d — Ky (& — x))
Olse B 3550 e Sl O3 B S5y 4wy L
KR o e (VP58 53 e 4l (320200 D)
\J;}b)b(\'\)@‘)&)rﬂbd‘jdb(\")d@b

. Oh ~ o~ o)
y=§(go(x)+yl(x) D)

= fy(jc\) + gy(f) p
3550 Ol (V) daly Sy 50t I S Gike
af, (%) ()
0x
s 65 Ol 0 3530 e (51 e (S5 4 e 5L
a:l;QLS,J(YY’)4@\,33%&&»5&%.3}@,«6;}3@&4}'

X

ol el
T
Zz[f(y_yref)dr Y = Yref y_YTef] v
Vs )
Vref = Vref
1wl 0l Ol (YF) dslan &) gty Z s 5o Gies ¢ s
A B
e ~
. 010 0 (YF)
Z=10 0 1{Z+|0[(v—vre)
0 0 O 1

el ok a5 S 5 55 (Y0) oty Gollas (V — Viyep)

il 1 -¥

Sl sla i plos Ol ST ol B o gt &K
S el Cosea U (JS9) 63555 o i pled 5 X (e
T3S 0T GlaGata I ssdous slus 5y b s 2
Sles b OT sl & Gl Jams la it I (glas gazme o
b Copea Cb o A Y N el s e sl
(V) daly) 345 oo Olsesil Il gla e

= h
y = hx) W

Q)B- E) el BE) au\;aﬁﬁ-s L;\AL;;J;‘ C}w o g J.L.a BE)
() dal)) 355 o S i 55 b (g 5 O ity (o

1, 1
h(x)=ELlL +ECU0 W)

s S sl b Sy sen |y adb sas 2 Ol e ol ol
(@) daly) Cs 5 0T slarin
d = (7,3, y") ®

.;;QUIJWQ:}{LBOUS@%—_Z)’

Soualio-Y-v

o (glaita poadnd (51 ot b Sodalin &K ¢ tom ol 53
IOV ] Clos ol b p ast lish gla alyl,

dasly gty 1) e Joho Ol o (S3lgty 2SI S 1

g (V)

{J'c=go(x)+gl(X)p+gz(x)d o)

p=20
p=5 = ba,ane Jopx=[i V]" Cang Jds o &S
Sl 3 st lial gls el )b ol s lial gls eyl ls o [V 1p]7
35 Sl 1y LT Olg e ool ol S o ok edT b SE L
X ot gl il 62(0) 5 9100 o) <l 235 i

go(x)=[—vL—° %]T )
I

a@=" On
° ¢

gz(x)=[% —%]T o)

353 00313 QLIS (VF) oyl ) Oy sty 0o e e

{f =90 + g1 ()P +9.(x) d — Ky (X —x)
p=-mE-x) - K& —-x)

ssbolea Ll p=[Vr L] 52=[0 Tp]" (VF) dai, 5o

F)

o Il (5l e 015 gn Sodalin ol Lo 7 3 535 0 obalicn o

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

Sy Jos (6l ol s n 5 guacin O ks J 287

Sl S S a8, a5 025 s3UTp 5 e Lo

B b P bl Sl s Gt S 3550 i s
oyl o s s 3 (63503 0155 51 (5.5 Oy Jbl5 o) 30
W (YD) daly O sy
J,)ZVTQ_TJEIP (‘~0>
Sy gty (ki 033 OLES (YY) daly 3 &7 shailen § b e
sy e 42h 5 (19) ala
s di_dn
Y=g Tae P
((F) s (Y‘)(.:«.‘:.w I SY¥sles 5 (FF) 4.]@.‘) 4 a5 b oam o

¥%)

29T wsas (FV) sl 511 d sl gas > Ol 5 oo
W (T W\ A~ ~L @
y+Vr lL+VT(TD_TT)_Ion_IP(?P_?L) )
ctI

o Aol OLES (g3lgiiny suS'd 1S ("Jf\i’ Sy Jﬁ.’:):

d =

PERbT g Silwand b £

53 olgiiy oS’ 1S (giluans I ol R BB
lodios 5T A& le3T IS s MATLAB/Simulink Losws

Sl —£-)

Sileas MATLAB/SIMUIINK Lame )3 aalllas 3550 ot
Wl 0l 48§ S5 ey 3yse Gidu pl 53 s i Casleds
(3505 g Sy Sl g 5 e L1, NP P SRy
ok SleST 5 S oS 28T S L g lie

2 L e ol 03 ST JLs 530SI ST ) (o e
el (038 b i 5 (Gb3) (s Sy e sl
Lok oy 2§35 pie LonlaBode gy 53 (R 51D, (o o
I U A
S3A A 5 s adle Gl Pl gy cald 55 0iS'J 28 0l 5o
Sl bl 5 e sla bl 358 o3 S S 2yl ail sl

.Cw‘a.&.ia:)jTY d).\q—)\ J}A:-):g,‘::JSA;L;J:S

Lgslé;.iﬁa\);;fd,:f(:l)f\i:df}l{:*dg&

V—V,er=—-KZ
ref (o)
WS Ol o e

2= AegZ (%)

S s yh e Dl sS4 Kl Agg = A= BK 0T 55 &8
SAS 056 oph OBl Oplbe il ol ki L J RS 056
s3osmsnke skpikg ol g Sl ods (b2 (V) daly O 5oy
Lpd o b IS (1) 5 (Y0) ((YA) slaalaly 5 calasly o)
S e 1y s e Saliys
Y = Jrer + kaOres = ¥) + ki Orrer = ¥)

(YY)

+ kcf(yref - y)dt
Ke=2Cwn+p (YA)
Ky =2anp+wn2 3
K. = wnz p )

Syl oty T

Sl s wsleiy Fedalin Salys sl DU sl
Ol (M) daly &gty B LU b 350 a8 5 IS4 LU
23 g ge03ls

1 . 1 . 1 T
V=E§x §x+zfp fp+EZ Pz (1)

el e e o 5la &S P S
23,05 34 5 (FY) sl y &) pos o 5L L Aslas cazes s

Aeg" P+ PAsq = —0Qy )

'&:ﬂﬂ‘wg:”,‘i‘m)qu OT)JA{
3 et 5 OFF) ey G D5 6 S e
V=&" (.08 — Kidx) -
+ pr(gl(x) &
- Q28,) 27012

Q2= Kp g1(0) >0 5 9,(0) = (—m () + KiK,,)" 0T 5 o

Foslu b4 Ol 1y () dlasly Oy o ) 93 5 oah 8 ka5 s
(OFF) el ) 5 5 0L

V= _SszKlfx - prQZS(p - ZTQ1Z o)

Fhe Q>0 50Q;>0 Ky >0 4yl 4 a5l (FF) alasly s

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

Sy Jos (6l ol s n 5 geaiw O ks J 87 ZA

Sl 3 S S a8 a5 025 s3UTp 5 e Lo

()
X 6
—"’5 55 .
2 "Lestim
% 5 et
3 45
xi 1,
= 5
fi 1538
8T
3 2
1,
-
._.3 15
™ 1
1 15 2 25 3
(s) Ol
&)
- 55
3, Yo
Il‘ 50
-
b
3 %
= YT
9=
i s
2>
AP
3
o 25—
i 20 .
1 15 2 25 3
(s) O

O o o 5 0ok 03 e 5lotie cis 0L (L) 2 oo, o JSCo
5\.:!}4,::55\.5L[)T@-f}cﬂaéji):&)ujﬁc@-)ﬁjujcyﬁﬁ (u)
RIS FRGAPE [ PG PY- T PP ol I\ PSSP RGA PY P TRGA P 1 B PP ges

Ak Y

()

‘5 4.5

I

©
o

w

~
o

e 5 oo el el 0L
AL e

2
028 03 032 034 036 038 04 042 044 046 048

() Ol

()
j’\ 50.8
EES v,
A 506 v
2 oestim
IS 50.4 Voret
‘i \50.2
B
i )
+ 9.8
2>
N2
3 496
B
o 4o
3 el
- 028 03 032 034 036 038 04 042 044 046

(OB}

OT o o 5 0o adns JMie ik O o (D) 1050 85 F IS

)l.,\.s.ax.:ﬁb.c[)ngnja@a:j&:«&éﬂﬁnk‘ﬁjfjujcyp(g)

[)Lnj):r.al?/\q{r.al\’\c)'lj@\j '/\’QLajJ:r.alY?A{r.alfAjlli@jun
sl /f

e S 20l 1) J g

BEES el AL
24V S350 5 Vi
1mH ol L

1000 pF O
0.76 Q Calow 1> Coaslie T
40 kHz SIS S fs

SAS sl sl Y g

Sl Al

-1.4x 103 ¥ j1.4 x 103 P, D2
Diag[1 x 102 1 x 10*] Q1
[0.059 =50 ] P

—50.7 7.14 x 10*
Diag[10 10] Q2
14000 Ky
2000 Wy
0.7 ¢
Loy (A

&L_s,@ﬁf,#;u”qpogﬂ6ucfb}§\xmu&zp
Q&L.v_bj PYCOWA B0 ‘5\]3 Sl ol eals OLES ff u?"}f" 5\:.3,
G.f@);ju,,tm}@u.uafﬁ,;qurhlf/\)p)u_aﬁ
W}bﬁ@o}\bﬁd}b' ﬁd}"b@j‘)‘@)‘ﬂfb\ OLA)‘JD
¥ IS 3 & jboles 3 gd e odils F 5L s YO 4 Y Olej 5o
JJ..-:QLLJ?)QToAﬁao:jm‘;ﬁ)\.ﬁn)@)Jﬁ-jlﬂjA:}.'::LSA::J.AUJ
LJJ@JL;)Gbeb? gfﬁ:wQTeﬂeb‘jg‘x&J)‘Ab}
)})@}bﬂ)‘.\iﬁ;)l{t&ﬁwbsﬁmiue.bcdgﬁ:mb}:
S o S Ol e S oy e

Ogm¥ o5 s (@

Sl B o a3 5y e 0 5o ¥ S s ) 81
W}:ﬁ@o:l:ﬁ:ﬁ r.al\‘?m.rﬁlf/\jl 4l /Y Oy 5o Hb i
o ¥ S 355 e 0ls 85U ol FA 4 oal YF 1St +/F Ol s
O 5 oA S Gln b 05 ¥SS 5 ol il 5l fol>
Gl 53 oS 558 e dixSe (O) F S 53 das e OLES ol
3 o Golae 0T edion s Hlis 5 (s 5 SWs L ek
(_;dl)vJﬁ;..u;s@dp;;l,;,;@,oT;u,{,.u,uu:Ptg
odalice .M)@ olis b L)T gf)e-\.ze.:jw )‘-\Z.a cakw g)LLF
SWe b -qu.a JdLs 1y 5 = e e 0L o "y Ssh o
S b Cgllas Dy pon |y (s

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

74

Sy Jos (6l ol s n 5 guacin O ks J 287

Sl S S a8, a5 025 s3UTp 5 e Lo

(V) 2505 5Hs

& g
202
s 5 ]53 b
312
33
E
RN
b 2
.’i 505
-4 50.4
29
&g o2l
'\'9 - D
23 <
35 L [ [ [ f
() Ol
)
29
N
3
N
I
)
s =
25 L
1 15 2 25 3

(OEN

s el 0L >

MR yedies i (TS )‘-\L;Mfujg,—éﬁ

V) &

Sde ¢ s & Sy

15
(5) Ol

Jg..i_,L}nga}a&a:j&&ﬁﬂ.ﬂucﬁ;ﬁjﬂ)cfﬁibJg.::
gfﬂ-}\ gsl“liu:'-“l{b‘OTffjﬂubb)u:wﬁ)\Aa‘éuﬁlwd\{)’C}“
SWs (o) sl SRl s (Gl Sdg V8 4 I YF ey S
RCEHNAPE L PIRUAPE | S RTXTEY)

g
&

H

g
L

N

— ol s oS

r
S5 5 P dil>g0 s ] s’
03 032 034 036 038 04 042 044 046 048
(s) oles

(V) sro7 395
B B
o @ 3

a
&
Y

Y@ oal FA 1 s 5 Caslin i b s 5 W5 a8 IS
oS J 187 5 (2T (galgiiny oS I 287 (sl ol FA 4 0l YF 51 5 ol
o) (6551 adl~ 5 Pl adl>- 55

(5399 WY Sl ek 2238 e 55 (@

93 Ll 0 (g 1 (63905 S5 kS L o JB) ¢ 25 ) 5o
Sl o onls ol 5V casli /0 55 (63555 5W5 ()0 JSKa
3363958 5Ws (LN & JSa 55 el ooy S5 Y8 4 2I5 Y0 1
e ooy S5 V8 4 5 YF S g ebonls 2alS I ) sl /0
odies ) el Hldie g g 5 W5 a8 398 e odalie Sl g3 a s
355 o palie 0T okdion ) radd e 5 ol Ob 2 iz o 5 OT
RPN N

A B0 (O

L olgity S J xS s Sl awmlin idu opl o
ol o3l ads ahyl adls gs bl L oSS el S
P|a&fd}f;bhﬂdﬁfLﬂﬁ&b4.2.1:-):44.119-):5415&]]:5
S 4 (5l SIS oK Gy IS gl ol Al s s
}6:%4&5d;§6‘ﬁ£})ﬁ-5w}‘7ﬁ)é.ﬁwh.ﬁ:df
r\y‘u'\ L;'.‘Jl> BE w_u.a w‘ ) ok 03ls OlES cadl> 93 ou\..de'.‘.f
Sb oM 5 Sl Sl L5 00 Slie 3 o o s S5 S 350
/FY 0L J’)’}:"s“’"’m"‘;r“‘ Yf A{V.A‘ A 3 adb /¥ Ol s
odalive b edd ladbe) 43 5 4d 0 okilay rﬁ\?/\d.:rﬁ‘ YF 5l asl
6}&5&.@}‘})&.{;—}))‘@ 6:\.@,.;.:{ add;jf:)&d
2l adl 95 0uiSTJ 1S 4 s

Sl 30 i JLSH (O

oo slie jldie 35 o gy 2 SOl 93 e 1By ¢ 23w pl 3
o 3l3 i st V/YA Oloj 55 ol Ko oS o el A e 1L
w8 L. (3T cpl 53 s 5 S o o sl
&:&evﬁabT@f;JLuj\tgjﬁbliﬁ le.acy‘)ﬁ.i,c,..»\e.u
odalive .@la.&.ﬁ:a:l:VJﬁi B ) T I0) ‘5u@“}§:~
Sl Ll 50 b Dl ek Jlesl 51 g candllan 3 50 0t 457555
35 g e sMae & GBI (oS5l e o (s S e L
b Kan 2655 0l )

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

Sy Jos (6l ol s n 5 geaiw O ks J 87 D

Sl 3 S S a8 a5 025 s3UTp 5 e Lo

Ol (Fl 53 1) 036 Wy 5 ale bz zae JS5 @ IS
FA 31,0 Sslas 5 sl b s 00 @f@,fj\:j,af.u;@
e S 5 gn 0l S5l oA PA & s 5 355 gro il YF 4 ol
YO 3l e s Sy i L 051 Sy 5 Gk Ol e S
rgtvf)l{c..ﬁju,u\,.a\);.m@oww&ﬂ,u,mA{;J,
S 3 15 036 S 5 ke Db e KB O IS8 Ll 6
A 3363503 55 ()N S s das e Ol (635,55 SW5 on
A 0352553 35 (D VY s 53 5 ST o by 2131 T (8
..x;f@l.x:,’u:.alfd}\rlf

iy

b Cwglia Y
dSPACE DS1202 -f
s 55000

SLi, -

Tok I T I ] Trig?

Vo (ch 4: 10V/div)

i il (ch 2: 2A/div)

B R A S S MMSSRA W

m— : - s
vj(ch 3:10V/div)
B
34
a 20.0ms S00kS/s a 25 Tan 202
@& 1.0y @ 100k points 4044 [ 14:40:00

FA 5L Cnslin i b o 55Uy 5 il OL o 50 S5 18 IS8
W00 e s B s 53 b 5 @RI YF ol

Tek Stop [ I . - - - 1 - 1 §
i (ch 2: 2A/div) 1 : : : o
//.4,,.=—=——==-=——=-.=\}./vuo(ch 4:20V/div)
A o b
S A : :
s : 1 : N :
s\ (Ch 3: 10V/diV) | : AN
P A R . E . . T
B .
B . ]
{ [2] T - ][4UDH|5 - ZSDLS/s. 7 [ 25 Jan 20
@ oy 200V 100k points 288V J 14:04:38

3 W e b o S 5 il 0L e JSKE 1Y JSC
.ra\vf)p\;”up,;wiawd,m RS PALEFC S

(A) T e SMin 5 il 0

1 1.1 1.2 13 1.4 1.5 1.6 1.7 1.8 1.9 2
(s) ol

M s Gl 0L g

o I | I |
127 1.275 1.28 1.285 1.29 1.295 13
(OS]
152 .
vu
515
151

(V) OF g oo 5 (s = 55

) K
495 | | | | | | | | |
1 1.1 1.2 13 1.4 1.5 1.6 1.7 1.8 1.9 2

(OS]
=)

5 el 0L o (D) (b o I s ucydigz:v‘)i.:

O oo oo 5 (s 2 55 () T e

ST W -Y-¢
adllas 340 (e el odiS Y 1S o Hloel S
eSS o ibeiT plmil Gl o luesly das s
dSPACE- o&ews 3 0aS’J S - Simulink/MATLAB-RTW Sl s
ol A JSs 55 A& leT S5 5 .Cwleds (5 5luesl, DS12D02
BTV [t pls < T =% SIS 0593 A s Canlediesls
Vi 635,55 W5 5 smim 93 4 coolgiiin o) 53 Sl 0k (5515 24 gas
5 ke Ol sl st &K S 5 e 5B o s 0Lz s
Sl aen 35 043 5 584 o555y 1y i
53 okdad 8 IS4 (gl sy Llods plonil il oty oo

Walodd 0313 Y J g 5 has

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

Sy Jos (6l ol s n 5 guacin O ks J 287

Sl S S a8, a5 025 s3UTp 5 e Lo

&y

[1] Yazici and E. Kiirs, “Fast and robust voltage
control of DC-DC boost converter by using fast
terminal sliding mode controller,” IET Power
Electronics, vol. 9, no. 1, pp. 120-125, 2016.

[2] A. Mesbahi, Y. Aljarhizi, A. Hassoune, M.
Khafallah and E. Alibrahmi, “Boost converter
implementation for wind generation system based
on a variable speed PMSG,”Ist International
Conference on Innovative Research in Applied
Science, Engineering and Technology, pp. 1-6,
2020.

[3] A. Janabi, B. Wang, “Switched-capacitor voltage
boost converter for electric and hybrid electric
vehicle drives,” IEEE Transactions on Power
Electronics, vol. 35, no. 6, pp. 5615-5624, 2020.

[4] A. K. Mishra and B. Singh, “Performance
optimization ~ of  grid-interactive  switched
reluctance motor-driven SPWPS utilizing a new
structure of boost converter,” IEEE 9th Power India
International Conference, pp. 1-6, 2020.

[5] M. Malekzadeh, A. Khosravi, M. Tavan “A novel
adaptive output feedback control for DC-DC boost
converter using immersion and invariance
observer,” Evolving Systems, pp. 707—715, 2020.

[6] M. Malekzadeh, A. Khosravi, and M. Tavan
“Observer based control scheme for DC-DC boost
converter using sigma—delta modulator,” The
international  journal for computation and
mathematics in  electrical and electronic
engineering, vol. 37, no. 2, pp.784-798, 2017.

[7]1 N. Femia, K. Stoyka, G. Di Capua, “Impact of
inductors saturation on peak-current mode control
operation,” IEEE Transactions on Power
Electronics, vol. 35, no. 10, pp. 10969-10981,
2020.

[8] I.J. Prasuna, M. S. Kavya, K. Suryanarayana and
B. R. Shrinivasa Rao, “Digital peak current mode
control of boost converter, ” Annual International
Conference on Emerging Research Areas:
Magnetics, Machines and Drives Kottayam, pp. 1-
6, 2014.

[9] Z. B. Duranay, H. Guldemir, S. Tuncer, “Fuzzy
sliding mode control of DC-DC boost converter,”
Engineering, Technology & Applied Science
Research, vol. 8, no. 3, pp. 3054-3059, 2018.

[10] R. Saadi et al., “Dual loop controllers using Pl ,
sliding mode and flatness controls applied to low
voltage converters for fuel cell applications,” Int. J.
Hydrogen Energy, vol. 41, no. 42, pp. 19154—
19163, 2016.

[11] M. Fliess, J. Levine, P. Martin, and P. Rouchon,
“Flatness and defect of non-linear systems:
introductory theory and examples,” Int. J. Control,

(<

R W Vo(ch4:10V/div)
_—\__‘—'-"——w“-\___-_____

vi(ch3:10V/div)
B

100 10.0k5/5 € | 25nn 2 \2}
@ o | Woipons Sy ) ieipos )
©)
Tk Frevy I [ 1 1
FRSTEEmny
- ,”m. ,,,77\:] -
Vo(ch4:10V/div)
T R T S e .
- vi(ch3:10V/div)
B
3
"l 00 5 10.0k3/5 o 25 Jan 2 I3[I|
e [4] I 100k points 2.8y w1133 |

Wy (Hs) Rl L s 5 5 e 0L eSS Y S
(o) r\f,ap 63325 55 (Ba\ Ll 5 (L) rlf,aﬁ S
(ARELST S 5 ilaas 5l edTowsy mls 4 e b
S e e WS 3l S i o S35 s Ul
2l ol o iSTJ S gl L DD 5 es ST by 1) 258
i 68 NS4 03 1y o 5 Sy 5 g e i b S

ST e (8255 S5 st 5 (s 0L

& 5 4o A

s e ) g 09y iS5 )50 )3 el ) s
35 s Eom dTol b Sy Joo J 587 (6l b 8 Sontalin b
3505 03 SWs a5 (oA 53 b mte Lo UL (ot
G395 W (e DS céﬁ:’-x&;a.\al&» oSSz Jue
L5 (galgiing oS J S 55 42l 55 b 03 el (29 5 0L
5 Sl sl 5L 635,55 0L 5 (oA S e 50 4
Carbaipe plp 031 (ool o1 S 05 e slie AR LST LIS
Sy 05V S5 5 o) di s ol Ol o395 W
olasOlis codeT Cwdd G;_L;s PLEREA o Sl a.l...fdj:,f
algiiy oS U 28T (6 luand dmet .ol 0liS U 18T ol 3 Shes
S b adalin 5 awlis (g5 5 Pl Jols cails 53 0diSJ 287 &K L
4 i 6205 s b 5 el Ol e b ol eSS
2,15 6550 5 Pl ads 55 eas™d 28

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


https://www.emerald.com/insight/publication/issn/0332-1649
https://www.emerald.com/insight/publication/issn/0332-1649
https://www.emerald.com/insight/publication/issn/0332-1649
https://www.emerald.com/insight/publication/issn/0332-1649
http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html

[ Downloaded from joc-isice.ir on 2025-12-22 ]

[ DOR: 20.1001.1.20088345.1401.16.1.6.8 ]

[ DOI: 10.52547/j0c.16.1.63 ]

Sy Jos (6l ol s n 5 geaiw O ks J 87 VY

Sl 3 S S a8 a5 025 s3UTp 5 e Lo

Riedinger, “Observer and Lyapunov-based control
for switching power converters with LC input
filter,” IEEE Trans. Power Electron., vol. 34, no. 7,
pp. 7053-7066, 2018.

[24]J. Levine, “Differentialy flat systems,” in Analysis
and control of nonlinear systems, a flatness-based
approach, Springer Dordrecht Heidelberg, 2009, p.
318.

pp. 1327-1361, 1995.

[12] P. B. Ngancha, K. Kusakana, and E. Markus, “A
survey of differential flatness-based control applied

to renewable energy sources,” IEEE PES Power
Africa, pp. 371-379, 2017.

[13] L. Gil-antonio, B. Saldivar, and O. Portillo-
rodriguez, “Trajectory tracking control for a boost
converter based on the differential flatness
property,” IEEE Access, vol. 7, pp. 63437-63446,
20109.

[14] Q. Li, Y. Huangfu, L. Xu, and D. Zhao, “Robust
flatness based control with disturbance observers of
non-ideal boost converter for electric vehicles,”
IEEE Tranportation Electrification Conference and
Expo, pp. 1-6, 2019.

[15] A. Hussain, H. Ahmed, A. Faisal, and K. Al-
haddad, “a novel sensor-less current technique for
photovoltaic system using DC transformer model
based model predictive control,” Elec. Power
Energy Syst., vol. 122, 2020.

[16] W. Qiao, “Intelligent mechanical sensorless MPPT
control for wind energy systems,” IEEE Power
Energy Soc. Gen. Meet., pp. 1-8, 2012.

[17] M. A. S. Ali, K. K. Mehmood, S. Baloch, and C. H.
Kim, “Wind-speed estimation and sensorless
control for SPMSG-based WECS using LMI-based
SMC,” IEEE Access, vol. 8, pp. 2652426535,
2020.

[18] H. Cho, S. J. Yoo, and S. Kwak, “State observer
based sensor less control using Lyapunov’s method
for boost converters,” IET Power Electron., vol. 8,
no. 1, pp. 11-19, 2015.

[19] Q. Li, Y. Huangfu, L. Xu, D. Zhao, and F. Gao,
“Robust adaptive flatness based control for non-
ideal boost converter in fuel cell electric vehicles,”
IEEE International Conference on Industrial
Technology, pp. 1707-1712, 2019.

[20] A. Shahin, A. Payman, J. Martin, and S.
Pierfederici, “Approximate novel loss formulae
estimation for optimization of power controller of
DC/DC converter,” 36th Annual Conference on
IEEE Industrial Electronics Society, pp. 373-378,
2010.

[21] M. Mehrasa, E. Pouresmaeil, S. Taheri, I. Vechiu,
and J. P. S. Cataldo, “Novel control strategy for
modular multilevel converters based on differential
flatness theory,” IEEE J. Emerg. Sel. Top. Power
Electron., vol. 6, no. 2, pp. 888-897, 2018.

[22] H. Renaudineau, J. Martin, B. Nahid-Mobarakeh,
and S. Pierfederici, “DC-DC converters dynamic
modeling with state observer-based parameter
estimation,” IEEE Trans. Power Electron., vol. 30,
no. 6, pp. 33563363, 2015.

[23] R. Gavagsaz-Ghoachani, M. Phattanasak, J.
Martin, S. Pierfederici, B. Nahidmobarakeh, and P.

Journal of Control, Vol. 16, No. 1, Spring 2022

VO 5l o) led V8 A oJ S dloes


http://dx.doi.org/10.52547/joc.16.1.63
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.1.6.8
https://joc-isice.ir/article-1-805-fa.html
http://www.tcpdf.org

