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Discrete-time sliding-mode control in panoramic aerial camera

ZHANG Xue-fei1,2, DING Ya-lin1, LI Xin-yang1,2, CHEN Zhi-chao1,2

(1. Key Laboratory of Airborne Optical Imaging and Measurement; Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun Jilin 130033, China;

2. Graduate School, Chinese Academy of Science, Beijing 100039, China)

Abstract: A discrete-time sliding-mode control method based on reduced-order state observer is proposed to provide
fast response and small overshoot for the drawtube control system of a panoramic aerial camera. In this method, the
angular velocity and acceleration of the camera are measured for controlling the velocity system, and a power-function
reaching law is proposed to substitute the conventional reaching law for suppressing the control chattering and the steady-
state chattering caused by the conventional reaching law. The non-chattering characteristics and the system stability are
analyzed theoretically. This controller has been applied to control the drawtube system of a panoramic aerial camera on
an experimental platform; the experiment results show that this control scheme can effectively eliminate the chattering and
make the drawtube system achieve desired dynamical performances.

Key words: panoramic aerial camera; reduced-order state observer; angular velocity; angular acceleration; reaching
law; discrete-time sliding-mode control
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2 (Reduced-order state ob-
server)

2.1 (Mathematic model
of drawtube control system)

, DSP TMS320F2812
,

,
.

1 .

1
Fig. 1 The chart of open-loop frequency response

characteristics of drawtube velocity

control system

1 ,
,

Gv(s) =
θ̇M(s)
Ua(s)

=
0.00199

(0.152s + 1)(0.005s + 1)
, (1)

: θ̇M(s) , Ua(s)
DSP TMS320F2812 PWM

.
(1)

GL(s) =
Gv(s)

s
=

θM(s)
Ua(s)

=

0.00199
(0.152s + 1)(0.005s + 1)s

, (2)

θM(s) ,
.

2.2 (The design of
reduced-order state observer)

,
.

,
. ,

,
.

.
,

,
.

(2) , ,

x(k + 1) = Ax(k) + Bu(k),
y(k) = Cx(k) + Du(k),

(3)

: u(k) DSP TMS320F2812
PWM , y(k)

; x(k) = [θM(k) θ̇M(k)
θ̈M(k)], θM(k) k , θ̇M(k) k

, θ̈M(k) k ,

A=

⎡
⎢⎣1 0.001 0

0 0.9994 0.0009
0 −1.1881 0.8133

⎤
⎥⎦ ,

B = [0 0 0.0024]T, C = [1 0 0], D = 0.

Wo rankWo

= 3, ,
.

,

x(k) =

[
X1(k)
X2(k)

]
, (4)

: X1(k) = θM(k),
; X2(k) = [θ̇M(k) θ̈M(k)]T,

.
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,

x(k + 1) =

[
X1(k + 1)
X2(k + 1)

]
=

[
A11 A12

A21 A22

][
X1(k)
X2(k)

]
+

[
B1

B2

]
u(k), (5)

:

A11 = 1, A12 = [0.001 0],

A21 = [0 0]T, A22 =

[
0.9994 0.0009
−1.1881 0.8133

]
,

B1 = 0, B2 = [0 0.0024]T.

X2(k)

X̂2(k + 1) =

(A22 − KA12)X̂2(k) + (A21 − KA11)X1(k) +

(B2 − KB1)u(k) + KX1(k + 1), (6)

K .

X̃2(k + 1) =

X2(k + 1) − X̂2(k + 1) =

(A22 − KA12)[X2(k) − X̂2(k)] =

(A22 − KA12)X̃2(k) = ΦX̃2(k), (7)

K Φ ,
. Φ

.

3 (Discrete-time sliding-mode
control)

,
,

,
, .

[10] .

fal(s, a, δ) ,
,

,

fal(s, a, δ) =

⎧⎨
⎩
|s|asgn s, |s| � δ,

s

δ1−a
, |s| < δ,

(8)

: 0 < α < 1, 0 < δ < 1.

⎧⎨
⎩

s(k + 1) = (1 − qT )s(k) − εT fal(s, a, δ),

δ > (
εT

1 − qT
)

1
1−a

, 0 <
εT

1 − qT
< 1.

(9)

3.1 (Non-chattering analysis)

s(k) = Cex(k). (10)

CeB �= 0 ,

u(k)=−(CeB)−1[CeAx(k)−(1−qT )s(k)+

εT fal(s(k), a, δ)]. (11)

s(k + 1) = Cex(k + 1) =

CeAx(k) + CeBu(k) =

(1 − qT )s(k) − εT fal(s(k), a, δ). (12)

.

1) s(k) � δ ,

s(k + 1) = [(1 − qT ) − εTs(k)α−1]s(k). (13)

Δs(k) = s(k + 1) − s(k),

Δs(k) = −qTs(k) − εTs(k)α � 0. (14)

Δs(k) � 0 s(k) , : s(k) � δ ,
s(k) , 0 � s(k) < δ .

2) 0 � s(k) < δ ,

s(k + 1) = (1 − qT − εTδα−1)s(k). (15)

Δs(k)

Δs(k) = (−qT − εTδα−1)s(k) � 0. (16)

Δs(k) � 0 s(k) , : 0 � s(k) <

δ , s(k) , s(k) < 0 .

3) s(k) � −δ , Δs(k) (14), s(k)
� −δ ,

Δs(k) � −qTδ − εTsα � 0. (17)

Δs(k)� 0 s(k) , s(k)�−δ , s(k)
, −δ < s(k) < 0 .

4) −δ < s(k) < 0 , Δs(k) (16),
−δ < s(k) < 0 ,

Δs(k) > −εTδα−1s � 0. (18)

Δs(k) � 0 s(k) , : −δ<s(k)<0
, s(k) , s(k) � 0 .

D = 1 − qT − εTδα−1, |s(k)| < δ ,
s(k + 1) = Ds(k), D < 1.

(8)−(9) 0 < α < 1, 0 <
εT

1 − qT
<

1, δ > (
εT

1 − qT
)

1
1−α ,

D>1−qT−εT ((
εT

1−qT
)

1
1−α )α−1 =−1, (19)
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|D| < 1, |s(k + 1)| < |s(k)|, |s(k)|
.

, 0 < α < 1, 0 <
εT

1 − qT
< 1, δ >

(
εT

2 − qT
)

1
1−α :

1) s(k) ,
|s(k)| < δ , s(k) D.

2) s(k) , s(k)
.

3.2 (Stability analysis)
,{

[s(k + 1) − s(k)]sgn(s(k)) < 0,

[s(k + 1) + s(k)]sgn(s(k)) > 0.
(20)

(20)
, . [14]

, |s(k)| � δ

|s(k)| < δ

. ,
.

4 (Experiment results and
analysis)

,
,

2 .

2

Fig. 2 Structure of drawtube control system

32
TMS320F2812,

. ,
, TMS320F2812 .

16 ,
.

, .
H PWM .

TMS320F2812 PWM
,

.

4.1
(Experiment of angular velocity and angular ac-
celeration observed)

K =
(1.875, 0.954). –

,
. 5(◦)/s ,

(V ) 3−4 ,
(a) 5 .

3

Fig. 3 Angular velocity curve of drawtube measured by gyro

4
Fig. 4 Angular velocity curve of drawtube observed by

reduced-order state observer

5

Fig. 5 Angular acceleration curve of drawtube observed by

reduced-order state observer

3−4 , ,
,

,
0.0387(◦)/s. ,

, 0.0212(◦)/s.
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4.2 (Experiment of
discrete-time reaching law analysis)

, Ce = [10 1],
T = 0.001, ε = 5, q = 50, α = 0.5, δ = 0.01.

,
6(◦)/s ,

6 7 .

6 7 ,
,

, ,
, ,

.
,

.
1.

(a)

(b)

(c)

6

Fig. 6 DSMC with conventional reaching law

(a)

(b)

(c)

7

Fig. 7 DSMC with power-function reaching law

1
Table 1 Comparison of parameters characteristic of

drawtube control system

/s /%

0.16 1.6
0.15 0.9

5 (Conclusion)
,

.
,

,
,

. ,

,
. ,

,
,

.
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