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Uncalibrated Hand-Eye Coordination Based HRI on Humanoid Robot
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Abstract: In the field of human-robot interaction (HRI), the robot’s hand-eye coordination ability is an important basis for the
robot to achieve a natural interaction with human being. How to endow a humanoid robot with hand-eye coordination ability is
the main content of this paper. In this paper, the issue is studied from the perspective of uncalibrated hand-eye coordination. Since
humanoid robot has the nature of uncertainty and instability, the method of Kalman filter based online identification of image
Jacobian matrix is applied, and an uncalibrated hand-eye coordination controller is designed for humanoid robot. Simulation
shows the effectiveness of the method as well as its robustness to image observation noise. The HRI experiments on the humanoid
robot NAO further illustrate the practical application value of the method.

Key Words: Humanoid robot, Uncalibrated, Hand-eye coordination, HRI, NAO

1

,

[1]. ,

,

,

. ,

,

, ,

, [2]. ,

,

.

,

: (1)

; (2) . ,

,

,

, [2].

,
[3–11],

,

, . ,

, : 61221003.

,

,

. ,

. ,

, ; ,

,

,

, .

, ,

,

,

.

, :

.

, ,

.

Kalman

, ,

, Kalman

,

,

.

,

Proceedings of the 33rd Chinese Control Conference
July 28-30, 2014, Nanjing, China

8438



, ,

.

2

,

Kalman ;

3 ;

4 ;

5 NAO

;

.

2 Kalman

2.1
,

. ,

(image Jacobian matrix) [12],

:

ḟ = J(r) · ṙ. (1)

, f ∈ Rm , r ∈ Rn

, J(r) ∈ Rm×n

, :

J(r) =

(
∂f

∂r

)
=

⎛
⎜⎜⎜⎝

∂f1(r)

∂r1
. . .

∂f1(r)

∂rn
...

. . .
...

∂fm(r)

∂r1
. . .

∂fm(r)

∂rn

⎞
⎟⎟⎟⎠

m×n

.

(2)

. ,

,

.

2.2 Kalman

, Kalman

,

.

.

:

f(k + 1) ≈ f(k) + J(r(k)) ·Δr(k). (3)

, ,

, mn × 1 :

x =
(
∂f1
∂r

∂f2
∂r

· · · ∂fm
∂r

)T

. (4)

,
∂fi
∂r

=
( ∂fi
∂r1

∂fi
∂r2

· · · ∂fi
∂rn

)T

(5)

J(r) i .

,

,

y(k) = f(k + 1)− f(k). (6)

(3) (6), :

{
x(k + 1) = x(k) + η(k),

y(k) = C(k)x(k) + v(k).
(7)

, η(k) v(k)

, ; C(k)

, :

C(k) =

⎛
⎜⎝

Δr(k)T . . . 0
...

. . .
...

0 . . . Δr(k)T

⎞
⎟⎠

m×mn

. (8)

, Kalman
[13] :⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

Q(k + 1) = P (k) +Rη,

K(k + 1) = Q(k + 1)CT(k)×
[C(k)Q(k + 1)CT(k) +Rv]

−1,

P (k + 1) = [I −K(k + 1)C(k)]Q(k + 1),

x̂(k + 1) = x̂(k) +K(k + 1)×
[y(k + 1)−C(k)x̂(k)].

(9)

, Rη Rv ,

; P (k) .

x̂(0),

Ĵ(k + 1), :

1) ,

, n

Δr1, . . . ,Δrn,

Δf1, . . . ,Δfn;

2) ,

:

Ĵ(0) = (Δf1, . . . ,Δfn)(Δr1, . . . ,Δrn)
−1; (10)

3) Ĵ(0) x̂(0),

.

, k

,

.

3

,

rg = (rgx rgy rgz)
T

;

, fg = (fg
1 fg

2 fg
3 fg

4 )
T.

:

ḟ
g
= J(rg) · ṙg. (11)

:

fg(k + 1) ≈ fg(k) + J(k) ·Δrg(k). (12)
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k Ĵ(k).

(12) k :

u(k) = Δrg(k) = Ĵ(k)+
(
f̂
o
(k + 1)− fg(k)

)
. (13)

, Ĵ(k)+ Ĵ(k) , f̂
o
(k+1)

k + 1 ,

:

f̂
o
(k + 1) = fo(k) + (fo(k)− fo(k − 1))

= 2fo(k)− fo(k − 1).
(14)

,

fo(k) :

eo(k) = f̂
o
(k + 1)− fg(k). (15)

, ,

:

u(k) = μk · Ĵ(k)+ · e(k). (16)

, μk , :

μk = min

( ‖Δrmax‖
‖Ĵ(k)+ · e(k)‖ , 1

)
. (17)

Δrmax
.

1 .

, d1 d2
.

,

.
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