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Nonlinear Systems and Control
L ecture # 28

Stabilization

Backstepping



- n = f(n)+gn)é§
é:ua ﬂERn,&UER

Stabilize the origin using state feedback

View £ as “virtual” control input to

n=fn) +g9n)é
Suppose there is £ = ¢(n) that stabilizes the origin of

n=f(m) +gn)e(n)
v
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Ve(n, &) = V(n) + 127

oV

8—[1"(77) +g(m)e(n)] + 8—Vg(n)z + zv
Y on

)%
—Wm) + 5 -g9(n)z + zv
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v=——g(n)—kz, k>0
on

Ve < —W(n) — kz?



fExampIe

ro = Pp(x1) = —a:% — T = X1 = —T1 — I

V(ml):%w% = V=—a?—2, Ve, ER
zo = Tg — P(x1) = T2 + 71 + x°

. 3
rMP = —I1 — wl + <2

u+ (14 2z1)(—21 — x5 + 22)

N.
N
|

—p. 5/~



Ve = z1(—x1 — 22 + 29)
+ zo[u + (1 + 2z1)(—x1 — =3 + 22)]

’ _ 2 4

+ z2[@1 + (1 + 2@1) (—z1 — o5 + 22) + u]
u=—x1 — (14 2x1)(—x1 — :c? + z9) — 29
Ve = —a? —axf — 22

: 2 4 212
Ve=—x7 — 7 — (x2 + 1 + x7)
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fExampIe o

$1=w%—$?—|—€82, T2 = T3, T3 = U
wlzw%—w‘?—l—wg, o = I3
def
r3 = —T1 — (1 + 2z1)(—x1 — 7 + 22) — 22 o(x1, x2)
V(a:): —|— zz, V:—a:%—afll—zg

Z3 = I3 — Cb(f’?la C82)

1 = xy—x +x2, T2 = P(T1,T2) + 23
0P 0P
L 23 = u—a—ml(f’?%_w?‘l‘@)—a—@@‘l‘%)

—-p. 7"



. Vo=V + 4]

: oV oV
VC — 8—m($%—$§+$2)+8—$2(23+¢)
0P 0P
+ 23 [u — a—wl(a}% — a:‘? + x2) — 8—:82(23 + qb)]
Ve = —af —af — (w2 + @1 + x7)°
oV oo 3 o]0 ]
t23 [3582 o2 (7 — =7 + x2) Y (23 + &) +u
V. 8d, 5, 4 0¢
Y= T o, + o2 (7 — x7 + 2) + O (23 + @) — 23
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f(n) +gn)§

fa(m,6) + ga(n, 8w, ga(n,€&) #0

‘T ga(n, )

v — fa(n,&)]

n = f(n)+gn)E

E = o
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Strict-Feedback Form

fo(x) + go(x) 21
fi(z, z1) + g1(x, z1) 22
fa(x, 21, 22) + g2(x, 21, 22) 23

fe—1(xy 21505 2k-1) + gr—1(x5 21,5 . .
Fi(y 21, ..

gi(x,z1,...

y2k) + gr(xy 215« oy 2K)U

,2;) Z0 forl1 <1<k

) Zk—1)Zk
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fExampIe

n=-n+n%% E=u
n=—n+n
§=0 = n=-—n
2 —n%, VnER

Vo=3n" => W
V=3(n"+¢&%
V =n(—n+n%) + tu = —n? + £(n° + u)
u=—-n>—k¢& k>0
V = —n? — k&2 Global stabilization
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