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Abstract: This paper proposes a new strategy for a humanoid robot to approach and operate a valve based on 
colour and shape constraints. It consists of four stages, namely rough base approaching, fine base approaching, 
rough hand approaching and fine hand approaching and grasping. The robot estimates the object’s position using 
its stereo-vision at the first stage. A new visual positioning method is used to determine the valve’s position and 
pose in the robot’s frame in the second stage. When its hands are near the valve, a visual servoing method is 
employed to catch the handle of the valve via cameras in end-effectors. The advantages of both eye-in-head and 
eye-to-hand systems are exploited. Experimental results are presented to verify the effectiveness of the proposed 
method. 
Keywords: Visual positioning, visual control, hand-eye system, autonomous manipulation, humanoid robot. 

 
 
 
1. Introduction 
 
Hand-eye systems is widely used in robotics 
applications, which include two types: one is an eye-in-
hand system (EIHS) that has cameras installed on and 
moved with hands, and the other is an eye-to-hand 
system (ETHS) that has cameras that do not move with  
hands (Flandin 2000). 
EIHS is very popular in the area of industrial robotics. 
When a manipulator approaches a target, the distance 
between the camera and the target is reduced, and the 
measurement error of the camera is decreased. Visual 
control methods in an EIHS are divided into three types, 
namely image-based, position-based or hybrid (a com-
bination of both). The image-based visual control method 
can effectively eliminate camera calibration error because 
of the closed loop established in the image space. On the 
other hand, the absolute measurement error in position-
based visual control is dramatically reduced while a 
manipulator is close to a target. The same situation 
happens under the hybrid visual control method (Hager 
1996, Chaumette 2000, Corke 2000, Zhu 2000, Wells 2001). 
However, EIHS has a vital drawback, i.e. the object 
cannot be guaranteed in the view field of the cameras at 
all time, especially during the pose adjustment of the 
hand at a long range (Hager 1996). 
In contrast, ETHS can be effectively used in humanoid 
robots and mobile manipulators that operate in a large 
work space. When the robot is far from a target, it travels 
toward it and stops at a close range. Then, according to 
visual measurements, the manipulator approaches the 

target and manipulates it. To ensure that the end-effector 
can reach the target accurately, some researchers have 
designed special marks which are installed on the end-
effector and the target (Han 2002, Cardenas 2003). The 
approaching task is realized through closed loop control 
of end-effectors. However, because the target or markers 
may be partially blocked during approaching or mani-
pulation, image-based or hybrid visual control methods 
may not be able to bring the manipulator to the target 
accurately. 
As we know, the position of an object in 3D space can be 
calculated from two image points using stereo cameras 
and according to the projecting view lines. The lack of 
constraints, errors in calibration and errors in image 
coordinates of matching points result in large errors 
during object positioning and pose estimation. By using 
shape constraints of an object and its multiple imaging 
points, positioning accuracy, especially pose estimation 
accuracy, can be increased and the influence of the last 
factor can be partly eliminated (Bartoli 2001). By 
combining ETHS and EIHS, a humanoid robot could use 
its hands to reach and manipulate an object accurately. 
In this paper, the advantages of both eye-to-hand and 
eye-in-hand systems are fully exploited in the develop-
ment of a new positioning method. The blocking problem 
for the eye-to-hand system is effectively avoided since 
cameras on the head are active. The problem of losing 
targets in the field of view for an eye-in-hand system is 
resolved, and end-effectors only adjust their position in a 
small range. The rest of this paper is organized as 
follows. Section 2 introduces our humanoid robot and the 
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four-stage process for finding and manipulating a valve. 
The camera models are described in Section 3. Section 4 
proposes a new visual positioning method based on 
rectangle constraints, which accurately provides the 
position and pose of the valve. System calibration is 
conducted in Section 5 to verify the accuracy of the 
proposed positioning method. Section 6 presents the 
application experiment that is designed for the humanoid 
robot to approach and operate the valve autonomously, 
and results show the effectiveness of the proposed 
method. Finally, Section 7 provides a brief conclusion. 
 
2. The robot and its control strategy 
 
As shown in Fig. 1, our humanoid robot consists of a 
head, a body with two arms and a wheeled mobile base. 
The robot body has three degrees of freedom (DOFs), i.e. 
twist, pitch and yaw. The two arms/manipulators have 
six DOFs and are fixed, one on each side of the body. 
Each has an end-effector as its hand, and its wrist is 
equipped with a mini camera and force sensors. Note 
that we treat the end-effect, gripper and hand as the same 
in this paper from now on without further explanation. 

The robot head has two cameras as eyes and a PC104 
computer to process images used to position the valve. 
Once the robot finds the valve, it moves towards it and 
operates it using its hands, as shown in Fig. 2. Operations 
include turning on or turning off the valve. These 
operations can be remotely controlled by an operator 
using audio commands sent via radio. 
 
The process of finding and operating the valve consists of 
four stages as follows: 
o Stage 1 − The robot first uses its stereo vision to 

estimate the rough position of the valve relative to its 
own position in order to approach the valve. At this 
stage, the centre of the image area for the red colour 
marker is selected as the feature point, and the pose 
of the valve is not important. When the distance 
between the valve and the robot is less than two 
meters, the first stage of the positioning method is 
ended and the second stage begins. A new strategy 
is developed for measuring the position and pose of 
the valve, in the robot frame, based on the shape 
constraint of the marker.  

o Stage 2 − According to the position and pose of the 
valve in the robot frame, the robot moves near to it at 
a range that is reachable by its arm. The position and 
pose of the valve, calculated at the end of the 2nd 
stage, is used for the movement control of its arm in 
the 3rd stage of the positioning method. The given 
pose of the end-effector of the robot arm is 
calculated, and is kept for later stages.  

o Stage 3 − The position that the hand should reach at 
this stage is calculated according to the position of 
the valve (by considering the position of the mark 
and handles). Based on kinematics and inverse 
kinematics, the hand is controlled to move to the 
handle while the camera in the hand measures the 
green colour image size of the handle marker. It will 
stop when the marker size is large enough or a given 
position is reached.  

o Stage 4 − An image-based visual servoing method is 
adopted to guide the end-effector to reach and catch 
the handle. Finally hybrid control with force and 
position is employed to rotate the valve using two 
hands. 

 
With regard to control, many methods are employed in 
the process described above. The control methods in the 
1st and 2nd stages employ position-based visual servo-
ing. Control in the 3rd stage employs models and control 
in the 4th stage involves image-based visual servoing. 
The position-based visual servoing methods in the 1st 
and 2nd stage and the model based control method in the 
3rd stage are traditional. They are omitted here because 
of length limitation. The pose of the valve, given at the 
end of the 2nd stage, is an important parameter because 
it ensures that the end-effector can catch the handle with 
correct orientation. The visual positioning method in the 
2nd stage will be described in the next section. 

Fig. 1. The humanoid robot 
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Fig. 2. Valve with a rectangle mark 
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3. Camera model 
 
To enlarge the field of view, 8mm focus lenses are 
selected for the cameras in the robot head. However, this 
kind of lenses has the distortion problem, which needs to 
be corrected. In this research, the process of distortion 
correction is carried out by simply changing a non-linear 
image to a linear one. In other words, the imaging curve 
of a line should be corrected to a linear line. To simplify 
the process, the non-linear model shown in (1) is used to 
denote the radial distortion.  
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where [u, v] are the coordinates of a point in a practical 
image. [u0, v0] denote the image coordinates of the centre 
of the optical axis. ],[ vu ′′  are the coordinates in the 
image after distortion correction, and [ku, kv] are the one 
order correction coefficients of the radial distortion in u 
and v directions. 2
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The intrinsic and extrinsic parameter models of the 
cameras are shown in (2) and (3). 
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where 0uuud −′= , 0vvvd −′= , and [xc, yc, zc] are the 

coordinates of a point in the camera frame. M1 is the 
intrinsic parameter matrix, and [kx, ky] are the 
magnification coefficients from the imaging plane 
coordinates to the image coordinates. 
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where [xw, yw, zw] are the coordinates of a point in the 
object frame, and M2 is the extrinsic parameter matrix. In 
M2, [ ]Tzyx nnnn =v  is the direction vector of the x-axis, 

[ ]T
zyx oooo =v  is the direction vector of the y-axis, 

[ ]Tzyx aaaa =v  is the direction vector of the z-axis, 

and [ ]Tzyx pppp =v  is the position vector. 
 
4. Visual positioning method  
 
A red rectangular colour marker is attached to the valve, 
as shown in Fig. 2. The measurement of the position and 
pose for the valve is similar to that for the red marker. A 
frame is established as a target frame based on the 
rectangle centre, which takes the rectangle plane as a 
XOY plane. The line between two handle markers acts as 
the X axis, as shown in Fig. 3. The rectangle size is 2Xw in 
width and 2Yw in height. The coordinates of the four 

vertexes P1 to P4 are also known in this frame. 
Obviously, any point on the plane should satisfy zw=0. 
 
 
 
 
 
 
 
 
 
4.1 The derivation of vector nv  
According to the orthogonal constraints of M2, we have 
(4) that is derived from (3) with the condition zw=0. 
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Since A1≠0, B1≠0 and zc≠0, we have 
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where C1= A1/B1, ccc zxx /=′  and ccc zyy /=′ . x′c. Note 
that y′c can be obtained from (1) and (2) according to the 
imaging coordinates [u, v]. 
All points on the line parallel to the X axis have the same 
coordinate yw, so A1 and B1 are constants. Taking two 
points on the line arbitrarily, such as point i and point j, 
and applying them to (6), we obtain (7) and also its 
simplified form (8) which results from its simplification 
using the orthogonal restriction of the rotation matrix M2. 
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Any two points on the same line parallel to the X axis 
should match (8). Therefore, we can obtain two equations 
for one camera from the two lines parallel to the X axis, 
i.e. four such equations for two cameras. If the camera’s 
optical axis is not vertical to the target plane, then nz≠0, 
(8) can be divided by nz and become (9).  

cjcicicjcicjycjcix yxyxxxnyyn ′′−′′=′−′′+′−′′ )()(         (9) 

where zxx nnn /=′  and zyy nnn /=′ . nz is calculated 

with 1=nv  after calculating zx nn / and 
zy nn / . Then nx 

and ny can be obtained easily. 
If the camera’s optical axis is vertical to the target plane, 
we have nz=0 and (8) has two unknown variables. (10) is 
obtained with 1=nv  after transposition and the square 

Fig. 3. The objective frame of a rectangle 
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of (8), with the results of nx and ny. nx is positive, and the 
sign of ny depends on (8). 
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4.2. The derivation of vector av  
According to (3) and the orthogonal restriction of the 
rotation matrix M2, we have 
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where 
zzyyxxw pnpnpnxA +++=2
. 

 
In a line parallel to the Y axis, xw is constant, so A2 is a 
constant too. Because A2≠0, B1≠0 and zc≠0, (11) becomes 

)(2 zciycixzciycix nynxnCayaxa +′+′=+′+′         (12) 

where C2=B1/A2. 
Considering that nv  and av  are orthogonal, and az≠0, we 
have 
 

zyyxx nanan −=′+′                          (13) 
where zxx aaa /=′  and 

zyy aaa /=′ . 
If (12) is divided by az, and then combined with (13), xa′  
is removed. A new equation with variables 

ya′  and 2C ′  is 

formed as follows:  
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where zaCC /22 =′ . 
As for points on the line parallel to the axis Y, 2C′  is a 
constant. Taking any two points from the line, we 
calculate both 

ya′ and 2C′  by using (14). By applying 
ya′  to 

(13), xa′  is calculated, followed by the results of ax, ay 

and az, with 1=av . 
To improve accuracy, points on two lines parallel to the Y 
axis are used to calculate the results of ax, ay and az. It 
should be noticed that each line parallel to the Y axis has 
a different constant 2C′  in (14). ov  is determined from 

nao vvv ×=  after obtaining the vectors nv and av . The 
rotation matrix can be ensured as an orthogonal matrix 
since nv  and av  are unit orthogonal vectors. 
 
4.3. The derivation of vector pv  
1) Rough Positioning:  
Two points are taken from two lines, one on line y=Yw 
and the other on line y= –Yw. The corresponding 
constants C1 for the lines are calculated from (6), denoted 
as C11 and C12 respectively. C11 corresponds to y=Yw. To 
enhance the precision, more points on each line are 
needed. C11 and C12 are calculated from the average of C1 
for each line respectively. From C11 and C12, two 

equations (15) and (16) with px、py and pz are obtained. 
Equation (17) is derived from them. 
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where 2221222211 , CCDCCD hh −=+= . 
Similarly, two equations are formed from line x=Xw and 
x= –Xw as in (18). Combining (17) and (18), px、py and  
pz are calculated. 
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where 
2221222211 /1/1,/1/1 CCDCCD vv −=+= . C21 and 

C22 correspond to lines x=Xw and x=–Xw, respectively. 
 
2) Fine Positioning:  

In the camera frame, pv  is a position vector of the 

original point in the target frame. Obviously, using pv  
and (2), the image coordinates of the target original point, 
[ub, vb], are obtained easily. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 shows the relation between the space point and its 
imaging point. According to the camera’s pinhole model, 
the target point P1 in the space and the point P′1 on the 
plane Zc=pz share the same imaging coordinates. Using 
the imaging coordinates P′1 and angle β, the x-coordinate 
of the point P1 in the target frame is obtained as follows: 
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where βx is the angle between projections of the Z axis in 
the target frame and the Zc axis in the image frame on the 
plane XcOcZc, as shown in (20). 111 // cczx zxpP =′  is 

obtained from (2) using the imaging coordinates. OP′1 is 
the offset on the Xc axis between the points P′1 and O on 
the plane Zc=pz, as in (21). 
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Applying (20) and (21) to (19), P1x, the coordinate for P1 
on the axis X in the target frame is calculated. 
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Similarly, the coordinate for P1 on the Y axis in the target 
frame, P1y, is also obtained. 
 

zyz
yyz

zyb
y pmp

vvaka
aavv

P 1
01

22
1

1 )(
)(

=
−+
+−

=                (23) 

where m1x and m1y in (22) and (23) are the coordinates of 
P1 in the virtual target frame, which is in the normalized 
focus imaging plane, i.e. pz=1. 
In the target plane, coordinates offset on the axis Y of 
both top brim and bottom brim of the rectangle are 
integrated along the axis X, obtaining the area S of the 
target rectangle. 
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where S1 is the target area on the normalized focus 
imaging plane. M is the sample numbers along the X axis 
in the target frame. i

y
i
y mm 21 ,  are coordinates on the Y axis 

of the i-th edge point of the rectangle, which have the 
same coordinates on the X axis. 

11 /2/ SYXSSp wwz ==                            (25) 

px and py are recalculated by applying pz to (17) and 
(18), to obtain more precise target position vector pv . 
 
5. System calibration 
 
5.1.  Camera Calibration 
The two cameras on the robot head were well calibrated 
using the method described in (Zhang 2000, Heikkela 
2000). Their intrinsic parameters are shown in Table 1. 
The extrinsic parameters of the left camera relative to the 
end of the industrial robot are given in (26). 
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Item Left Camera Right Camera 
Ku 4.2180e-007 3.4849e-007 
Kv 3.6959e-007 3.6927e-007 
Kx 1.0823e+003 1.2522e+003 
Ky 1.0678e+003 1.2423e+003 
u 324.6 335.0 
v 248.3 292.0 

Table 1. Camera parameters 

5.2. Verification of the visual measurement 
An experiment was designed and conducted to verify the 
proposed method with a rectangular colour marker 
attached to a panel. A red rectangle was viewed as the 
valve, and had a dimension of 98mm × 100mm. Two 
green parts are used to simulate valve handles. The robot 
head was installed on the end of an industrial robot as 
shown in Fig.5 (a). The target was laid on the ground 
under the head. Images captured by two MINTRON 
8055MK cameras in the head are as shown in Fig.5 (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the experiment, the target was fixed on the ground 
under the robot head. The position and pose of the 
robot’s hand was changed so that the cameras could 
capture the fixed target. The position and pose of the 
target relative to the left camera at the i-th sampling is 
denoted as Tci, that of the robot’s hand as Tei, and that of 
the target in the world frame of the industrial robot as 
Twi. The edges of the red rectangle were detected using a 
Hough transformation (Tzvi 1990) after distortion 
corrections. Two points were then selected from each line 
to calculate, Tci, the position and pose of the target 
according to the method described in Section 4. Four 
vertexes were computed using the intersection of these 
lines, then the fine position vector pv  was obtained and 
Tci was modified. Table 2 shows verification results. 
 
5.3. A comparison with traditional stereovision 
To compare the proposed method with a traditional 
stereo vision method, another experiment was 
conducted. Four points that the rectangle intersects with 
the x-axis and y-axis of the object frame were selected as 
feature points for stereovision. Their positions in 
Cartesian space were computed, and were used to 

Fig. 5. The experimental scene and target image 

(a) The experiment scene 

(b) Image 
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calculate the origin position, the X axis and Y direction 
vectors of the object frame. Thus the position and pose of 
the target relative to left camera was obtained. 
Measurements were taken three times under the same 
conditions. Table 3 shows measuring results for the 
position and pose of an object. The first column shows 
the results for the position and pose of the object 
computed with a traditional stereovision method, while 
the 2nd column shows the results for the proposed 
method. Position values are shown in mm. The results 
with stereo vision were different, and the results with our 
method were unchanging.  
 

Times Results with 
stereovision 

Results with the 
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91.1   0.3037    0.8397    0.4501 

 
Table 3. Measuring results for the position and pose of an 
object using stereovision and rectangle constraint 
 
Table 4 shows the positioning results for four feature 
points P1 to P4 in terms of the stereovision method and 

our proposed method. The results with the proposed 
method are formed using the coordinates of the feature 
points in the object frame, and the position and pose of 
the object frame. It can be found that the positioning 
results with our method are very stable. 
 

Results with stereovision Results with the proposed 
method Times

4321 PPPP  4321 PPPP  

1 
888.3948.0899.8948.7
135.88.2-80.647.0
44.4122.5132.035.3  

4.9428.9763.9419.977
2.1277.251.887.64
0.641.1186.1245.57  

2 
6.8826.9418.8938.955
5.1351.86.802.49
1.456.1211.1316.34

−
 

4.9428.9763.9419.977
2.1277.251.887.64
0.641.1186.1245.57  

3 
5.8882.9483.8991.957
6.1350.85.804.47
6.447.1224.1325.34

−
 

4.9428.9763.9419.977
2.1277.251.887.64
0.641.1186.1245.57  

Table 4. Positioning results for the feature points using 
stereovision and rectangle constraints 
 

It should be noticed that the method proposed in this 
paper computes the position and pose of the target with 
the imaging points on edge lines of the rectangle (these 
are detected through a Hough transformation). Even if 
there were errors in some imaging points, the edge line 
would be accurate enough for the Hough transformation, 
which can eliminate the influence of random errors. 
Furthermore, it does not need to employ feature point 
matching. Measuring results for the proposed method are 

 

Table 2. Verification Experiment Results 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

357.7     0.1040    0.9212    0.3749
275.3-  0.0594-   0.3706-   0.9269

1100.3   0.9928    0.1186-   0.0162

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

320.4   0.8922    0.4508    0.0286 
9.0-   0.4497-   0.8924    0.0362-

2.0     0.0418-   0.0195    0.9989 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

352.4   0.1469-   0.9097    0.3883 
282.7-  0.1186    0.3735-   0.9200 

1185.6  0.9820    0.1812    0.0530-

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

313.2  0.8792    0.4627    0.1134-
10.1-   0.4306-   0.8738    0.2261 
1.0-    0.2037    0.1499-   0.9675 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

348.0    0.2879-   0.7190    0.6326
394.9-  0.0948    0.6359-   0.7659

1250.1    0.9530    0.2805    0.1149

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

324.3  0.9333    0.1694    0.3167-
12.6-  0.1144-   0.9761    0.1848 
0.3    0.3404    0.1362-   0.9304 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

294.5     0.1409    0.4562    0.8787 
531.1-   0.0423    0.8895-   0.4550 

1098.3   0.9891   0.0269-   0.1446-

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

311.9  0.9587    0.2796-   0.0516
11.0-   0.2712    0.9538    0.1290

3.8     0.0852-   0.1097-   0.9903

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

294.5    0.1488-   0.3461    0.9263
583.9-  0.0587   0.9320-   0.3576

1198.4   0.9871    0.1075    0.1183

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

343.2  0.9190    0.3191-   0.2317-
22.5-   0.3380    0.9400    0.0462 
0.3-    0.2030    0.1208-   0.9717 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

6.9-   0.9984-   0.0228-   0.0524 
326.2-   0.0183   0.9963-   0.0838-

1142.1   0.0542    0.0827-   0.9951 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

6.2-    0.9987-   0.0248-   0.0436 
326.2-  0.0212    0.9964-   0.0822-

1141.2    0.0455    0.0811-   0.9957 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

4.8-      0.9995-   0.0021-   0.0313 
326.9-  0.0007-   0.9963-   0.0860-

1141.9    0.0313    0.0860-   0.9958 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

3.6-      0.9997-   0.0121    0.0207 
328.1-  0.0140-   0.9952-   0.0961-

1140.8   0.0195    0.0964-   0.9952 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

3.1-    0.9996-   0.0242-   0.0125 
328.3-  0.0230    0.9955-   0.0919-

1142.6   0.0146    0.0916-   0.9957 

Times           Tei (robot end-effector)                   Tci (visual measurement)                   Twi (target in the world frame) 

1 
 
 
 
 
2 
 
 
 
 
3 
 
 
 
4 
 
 
 
 
5 
 
 
 
6 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

352.5      0.0233    0.9609    0.2760
241.5-   0.1683-   0.2683-   0.9485

1142.4    0.9855    0.0686-   0.1555

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

318.3  0.8396    0.5338    0.1004-
11.2-  0.5420-   0.8357    0.0891-
1.7      0.0363    0.1292    0.9910  

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

6.7-   0.9983-   0.0127-   0.0563 
327.0-  0.0079    0.9963-   0.0853-

1142.9   0.0571    0.0847-   0.9948 
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stable and insensitive to random noise. In other words, 
the proposed method is more robust than the traditional 
stereovision method in terms of noise resistance. 
Errors which exist in the measurements taken with the 
proposed method mainly occur due to system errors such 
as camera calibration errors and so on. Errors in poses 
should be less than those in positions, i.e. the object pose 
measurements have higher accuracy. 
 
6. Experimental results 
 
Based on the proposed method, experiments were 
designed and conducted for our humanoid robot to 
approach and operate a valve with a rectangular 
coloured marker attached on its panel, as shown in Fig. 2. 
The red rectangle was 100mm in height and 100mm in 
width. The pose of the valve handles was marked by 
green colour, whose direction was consistent with the X 
axis in Fig. 3. The head with two MINTRON 8055MK 
cameras is shown in Fig. 1. Two mini cameras were fixed 
on the wrists of the two manipulators. The cameras on 
the head were well calibrated, but the ones on the wrists 
are not calibrated. 
 
6.1 Approaching the Valve by  the mobile base  
At the beginning, the robot searched for the target valve 
in the laboratory. When the valve was found, the 1st 
stage described in Section 2 was started. When the valve 
was within two meters of the robot, the 2nd stage began 
and the method described above was in operation. The 
position and pose of the mobile base was adjusted 
according to that of the valve until the robot was in an 
adequate operational area. When the robot stopped 
moving, the position and pose of the valve relative to the 
head was measured again by using the proposed method. 
The position and pose of the target valve relative to the 
chest of the humanoid robot could be obtained through 
coordinate transformation. Table 5 shows the position 
and pose of the target relative to the reference frame at 
the chest. The pose and position of the target relative to 
two end-effectors could also be calculated respectively 
through coordinate transformation. 
At the 1st and 2nd stages, both arms were not in 
operation and were kept in a static position and pose. In 
the process of approaching the target by the humanoid 
robot, two arms were positioned so that they did not 
block the head field of view of the target valve. 
 

nv  or  av  pv (mm) 
-0.3723 -0.6062 -0.6795 -905.8 
0.0279 0.7225 -0.6862 -36.7 
0.9277 -0.3326 -0.2522 124.5 

Table 5. Position and pose of the Valve 
 
6.2.  Moving the end-effectors near to the Handle 
Once the robot was in an adequate operational area, the 
hands of both arms would move, one to each of the 
handles of the valve. At the same time, the cameras on 

the head were inactive. The goal position and pose of the 
two end-effectors were determined according to the pose 
and position of the valve given above. The goal positions 
of the hands, especially in the cameras’ view direction, 
had an offset added in order to avoid collisions between 
the end-effectors and the valve as a result of any error. 
The moving paths were planned to satisfy positions with 
a high priority so as to avoid collisions, except for the 
cameras’ view direction.  
The movements were controlled using kinematic and 
inverse kinematic models of manipulators. Therefore, 
end-effectors could move to the given goal quickly. At 
the same time, the camera at each hand was in operation 
to measure the size of image areas of the valve handle 
(the green colour marker on both sides of the valve). The 
size of the green markers increases as each hand moved 
closer to the handle. If the size was large enough or a 
given position was reached, position adjustment was 
ended and the process changed to the 4th stage of the 
proposed positioning method. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 provides a pair of images of one hand, captured at 
the end of the 3rd stage. Both images, i.e. Fig. 6(a) and 
Fig. 6(b), were captured by the left and the right cameras 
of the robot head respectively. It can be seen that the end-
effector is at the place near to the handle with an 
appropriate pose. This means that the pose calculated by 
the proposed method has good accuracy. 

 
6.3.  Approaching and Catching the Handle 
An image-based visual servoing method in the 4th stage 
was applied to guide the end-effectors to reach and catch 
each handle. As pointed out in (Hager 1996), image-
based visual servoing methods for an eye-in-hand system 

(a) The left image 

(b) The right image 

Fig. 6. Images captured by the cameras on the robot head
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have the drawback that a target object may be out of the 
camera’s field of view during pose adjustment of the end-
effector, which results in servoing failure. If positions 
were only adjusted in a stationary pose, this drawback 
would be overcome. However, to ensure that the pose is 
stationary in the servoing process and the end-effector 
can catch the handle with appropriate pose, the pose of 
the end-effector should be given accurately at the 
beginning of visual servoing. This is why the pose of the 
valve needs to be measured accurately in the 3rd stage of 
the proposed positioning method and kept unchanged in 
the 4th stage. 
The goal of image-based visual servoing is that the image 
of the green marker, representing the handle, should 
match a given reference image as much as possible. The 
position adjustments of end-effectors were given a high 
priority, except for one (in the cameras’ view direction), 
to avoid collision with valve handles. The end-effector 
was open during the visual servoing process. The goal 
was to adjust the end-effector position at a small range, 
and the gripper reached the handle with an appropriate 
pose when guided by the camera in hand. The final part 
of the process involved the gripper closing to grasp a 
handle. A hybrid control method using force and 
position was employed to rotate the valve with the 
robot’s two hands. It is omitted here. 
In a series of experiments, the humanoid robot was able 
to autonomously find, reach and operate the valve 
successfully. These experiments show that the position 
and pose of the valve calculated using the proposed 
methods are accurate enough to guide two arms in order 
for them to operate the valve. The advantages of using 
both eye-to-hand and eye-in-hand systems are clearly 
demonstrated. 
 
7. Conclusions 
 
A new visual servoing strategy for a humanoid robot to 
approach and grasp a valve is proposed. It consists of 
four stages, namely rough base approaching, fine base 
approaching, rough hand approaching and fine hand 
approaching and grasping. As an important part in the 
process of autonomous valve manipulation, a visual 
positioning and control method was proposed in this 
paper (for a hand-eye system and rectangular shape 
constraints). It employs multiple imaging points, which 
lie on lines with pre-known parameters in the objective 
frame. Positioning accuracy and robustness, especially 
the pose, were increased, and the influence of position 
errors in images was eliminated.  
Based on the position and pose of the valve being 
calculated using the proposed method, end-effectors 
could smoothly reach valve handles, under the guidance 
of a hand-eye system. The end-effectors of our humanoid 
robot could catch the handles successfully and rotate the 
valve. The results verify the effectiveness of our proposed 
methods. The reliability and robustness of the system 
were significantly improved. The methods em-ployed 

can be widely applied in real-world applications of 
humanoid robots and mobile manipulators. 
 
Acknowledgement: The authors would like to thank the 
National High Technology Research and Development 
Program of China for supporting this work under grant 
2002AA422160. We would also like to thank the National 
Key Fundamental Research and Development Project of 
China (973, No.2002CB312200) for their support. 
 
8. References 
Bartoli, A., Sturm, P. & Horaud, R. (2001). Structure and 

motion from two uncalibrated views using points on 
planes, Proceedings of the 3rd International 
Conference on 3D Digital Imaging and Modelling, pp. 
83-90.  

Cardenas, A.; Goodwine, B.; Skaar, S. & Seelinger, M. 
(2003). Vision-based control of a mobile base and on-
board arm. The International Journal of Robotics 
Research, Vol. 22, No. 9, pp. 677-698 

Chaumette, F. & Malis, E. (2000). 2-1/2D visual servoing: 
a possible solution to improve image-based and 
position-based visual servoing, Proceedings of IEEE 
International Conference on Robotics & Automation, 
pp. 630-635 

Corke P. I. & Hutchinson, S. A. (2000). A new partitioned 
approach to image-based visual servo control, 
Proceedings of the 31st International Symposium on 
Robotics, Montreal.  

Flandin, G.; Chaumette, F. & Marchand, E. (2000). Eye-in-
hand /eye-to-hand cooperation for visual servoing, 
Proceedings of IEEE International Conference on 
Robotics and Automation, San Francisco 

Hager, G. D.; Hutchinson, S. & Corke, P. I. (1996). A 
tutorial on visual servo control. IEEE Transaction on 
Robotics and Automation, Vol.12, No. 5, pp. 651-670 

Han, M.; Lee, S.; Park, S.-K. & Kim. M. (2002). A new 
landmark-based visual servoing with stereo camera 
for door opening, International Conference on 
Control, Automation and Systems, Muju Resort, 
Jeonbuk, Korea, pp.1892-1896 

Heikkela, T.; Sallinen, M.; Matsushita, T. & Tomita, F. 
(2000). Flexible hand-eye calibration for multi-camera 
systems, Proce. of IEEE/RSJ International Conference 
on Intelligent Robots & Systems, pp.2292-2297  

Tzvi, D. B. & Sandler, M. B. (1990). A combinatorial 
Hough transform. Pattern Recognition Letters, Vol. 11, 
No.3, pp.167-174,  

Wells, G. & Torras, C. (2001). Assessing image features 
for vision-based robot positioning. Journal of Intelli-
gent and Robotic Systems, Vol.30, pp.95–118  

Zhang, Z. (2000). A flexible new technique for camera 
calibration. IEEE Transactions on Pattern Analysis and 
Machine Intelligence, Vol.22, No. 11, pp.1330- 1334  

Zhu, S. & Qiang, X. (2000). Analysis of 3-D coordinate 
vision measuring methods with feature points on 
workpiece. Journal of Optics and Precision Engin-eering, 
Vol.8, No.2, pp.192-197  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


