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Optimization for visual servoing with depth adaptation
WU Bo, LI Hui-guang, XU Peng

(Institute of Electrical Engineering, Yanshan University, Qinhuangdao Hebei 066004, China)

Abstract: How to design the moving speed of a camera and effectively estimate the depth of the observed object have not

been solved properly for visual servoing with eye-in-hand configuration. The GMC(generic model control) is introduced

to confirm the output trajectory of the system, and an optimization controller is designed for controlling the moving speed

of the camera. In the case of unknown object depth, an adaptive update law is proposed to estimate the depth of selected

features based on the approximate depth values of these features at the initial and desired positions. Under the driving of

the controller, the camera can reach any desired location from any initial position in the robot workspace while the system

is globally asymptotically stable. The method does not need any knowledge of a three-dimensional model of the object.

Finally, a simulation is carried out to show its validity.
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2 (Notation and problem for-

mulation)
1 , F , F ∗

. R ∈ SO3, t ∈ R
3

. Pi(P ∗
i ) ∈ R

3 F (F ∗)
. pi(p∗

i ) ∈ R
2 Pi(P ∗

i )
. mi(m∗

i ) ∈ R
2 Pi(P ∗

i )
. ωc, vc∈ R

3

.

, ,

,

,

F ∗ ,

F ,

( )

F F ∗ , m − m∗ = 0.

3 (Main result)
[6], mi =

[
xi yi

]T

ωc, vc :

ṁi = Ji(mi, Zi)u. (1)

: u =
[
vT

c ωT
c

]T
,

Ji(mi, Zi) ,

Ji(mi, Zi) =
[
θiAi(mi) Bi(mi)

]
,

Ai(mi) =
[−f 0 xi

0 − f yi

]
,

Bi(mi) =

⎡
⎢⎢⎣

xiyi

f
− x2

i + f2

f
yi

y2
i + f2

f
− xiyi

f
− xi

⎤
⎥⎥⎦ ,

θi = 1/Zi, Zi . ,

N

ṁ = J(m,Z)u =
[
θA(m) B(m)

]
u. (2)

:

m =
[
mT

1 · · · mT
N

]T
,

θ = diag{θ1, θ1, · · · θN , θN},
J(m,Z) =

[
JT

1 (m1, Z1) · · · JT
N(mN , ZN)

]T
,

A(m) =
[
AT

1 (m1) · · · AT
N(mN)

]T
,

B(m) =
[
BT

1 (m1) · · · BT
N(mN)

]T
.

y = m. (3)

: y =
[
yT
1 yT

2 · · · yT
N

]T ∈ R
2N , yi ∈ R

2,

(2) (3) {
ṁ =

[
θA(m) B(m)

]
u,

y = m,
(4)

(3)

ẏ = ṁ =
[
θA(m) B(m)

]
u =

θA(m)vc + B(m)ωc. (5)

.

:

ẏr = k[y∗ − yr]. (6)

: yr , y∗ (

m∗), k yr y∗ .

(

) y∗, , ,

, ,

k[ε] = K1ε + K0

dε

dt
, (7)

K1 = diag{K11,K11,K12,K12 · · ·K1N ,K1N},
K0 = diag{K01,K01,K02,K02 · · ·K0N ,K0N},

K1, K0 . ,

ẏr = K1(y∗ − yr) + K0

d(y∗ − yr)
dt

, (8)

yr(0) = y0 , ,

K1i,K0i,

.

, u

, , y =
yr, (y(0) = yr(0)),⎧⎪⎪⎪⎨

⎪⎪⎪⎩
min

u

� tf

0
[a(x, u)TWa(x, u)],

s.t. ṁ =
[
θA(m) B(m)

]
u,

|u| � β,

(9)

a(x, u) = ẏ − ẏr =[
θA(m) B(m)

]
u−K1(m∗−m)−K0

d(m∗−m)
dt

,

(10)

W . (9)

|u| � β, β ,

:

[θA(m) B(m)]u−K1(m∗−m)−
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K0

d(m∗−m)
dt

=0, (11)

θA(m)vc+B(m)ωc−K1(m∗−m)−
K0

d(m∗−m)
dt

=0. (12)

, θ̂ θ

θ̂A(m)vc =λK1(m∗−m)+K0

d(m∗−m)
dt

, (13)

B(m)ωc = (1 − λ)K1(m∗ − m). (14)

0 < λ < 1,

vc = pinv(A(m))θ̂−1(λK1(m∗ − m) +

K0

d(m∗ − m)
dt

), (15)

ωc = pinv(B(m))(1 − λ)K1(m∗ − m). (16)

pinv(A(m)) pinv(B(m)) A(m)
B(m) .

(4)(15) (16),

.

1 (4) (15)(16),

V (m, θ̂1, θ̂2, · · · , θ̂N)=
1
2
(m−m∗)T(m−m∗)+

N∑
i=1

1
2
τi(θ

1
2
i (θ̂i − θ̂∗

i ))
2, (17)

θi θ̂i

(18) , .

(θ̂i − θ̂∗
i )

˙̂
θi =

− 1

τiθ̂i

(
1
2
K0i − λK1i)(mi − m∗

i )
T(mi − m∗

i ) −
1

2τiθ̂i

K0i(
d(m∗

i − mi)
dt

)T(
d(m∗

i − mi)
dt

). (18)

K0i � 2λK1i, θ̂∗
i F ∗ θ∗

i ,

, τi > 0 .

, [7].

1
X , Y μ > 0, :

Y TX + XTY � μXTX +
1
μ

Y TY.

(17)

V̇ = (m − m∗)T
[
θA(m) B(m)

]
u +

N∑
i=1

τiθi(θ̂i − θ̂∗
i )

˙̂
θi,

u =
[
vT

c ωT
c

]T
(13) (14)

V̇ = (m − m∗)Tθθ̂−1(λK1(m∗ − m) +

K0

d(m∗ − m)
dt

) +
N∑

i=1

τiθi(θ̂i − θ̂∗
i )

˙̂
θi +

(m − m∗)T(1 − λ)K1(m∗ − m) =
N∑

i=1

(mi − m∗
i )

Tθiθ̂
−1
i λK1i(m∗

i − mi) +

N∑
i=1

(mi − m∗
i )

Tθiθ̂
−1
i K0i

d(m∗
i − mi)
dt

+

N∑
i=1

τiθi(θ̂i − θ̂∗
i )

˙̂
θi +

(m − m∗)T(1 − λ)K1(m∗ − m),

1,

V̇ �
N∑

i=1

(
1
2
θiθ̂

−1
i K0i − θiθ̂

−1
i λK1i)(mi − m∗

i )
T ×

(mi − m∗
i ) +

N∑
i=1

τiθi(θ̂i − θ̂∗
i )

˙̂
θi +

N∑
i=1

1
2
θiθ̂

−1
i K0i(

d(m∗
i − mi)
dt

)T
d(m∗

i − mi)
dt

−
(m − m∗)T(1 − λ)K1(m − m∗),

(18)

V̇ � −(m − m∗)T(1 − λ)(m − m∗) � 0,

, (4)(15)(16) , u = 0, y = m∗ ,

m → m∗, ,

La Salle , m∗

.

.

(18) , ,

τi, θ̂i ,

τi , θ̂i−θ̂∗
i = 0 , ‖mi − m∗

i ‖ = 0
.

4 (Simulation)
2 F

5 3

F ∗

p(0) = [400 50 824 50 616

266 400 474 824 474]T,

pd = [32 50 400 50 216

242 32 434 400 402]T,

, 0.016 m,

x y 80000 pixels/m,

0.3 m,

0.32, 0.35, 0.33, 0.32, 0.35 m, 0.1 s,
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λ =
1
9
, τ1 =

1
13080

, τ2 =
1

45500
,

τ3 =
1

21300
, τ4 =

1
12500

, τ5 =
1

45000
,

K0 = K1 = 0.25diag{1, 1, · · · , 1, 1} ∈ R
10,

0.5 cm/s,

0.1 rad/s,

4,5 ( 4 :

, ), 6, 7

, 8 .

[4] ,

Y 30 , , X

8 cm, X 10 ,

, 1 ,

, 1000 ,

,

10 , , ,

, 400 ,

. ,

( ),

,

, .

1

Fig. 1 Problem illustration

2 F

Fig. 2 The position of the object in F

3 F ∗

Fig. 3 The position of the object in F ∗

4

Fig. 4 Trajectories in the image of the target points

5

Fig. 5 Error in image points coordinates

6

Fig. 6 Translational velocity of the camera

7

Fig. 7 Rotational velocity of the camera
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8

Fig. 8 Points depth

5 (Conclusion)
,

,

,

,

,

, ,

,

, ,
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