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Abstract. It is difficult for the robot to grasp objects of any pose by the independent grasping
scheme without the help of human. And the independent grasping scheme is also the key
technology to develop the Al robot. In order to solve the problem, this paper establishes the full
3D point cloud model of the target object in advance under the PCL point cloud library. The partial
view model of the target object in the current working environment is extracted when dexterous
hand grasps the target. After aligning the extracted partial view model, the best alignment
homogeneous transformation matrix mapping the partial view model to the full 3D point cloud
model is obtained. According to the inverse matrix of the obtained matrix, the 3D point cloud
model of the target object in the current working environment, where dexterous hand grasps the
target, is obtained through the homogeneous transformation. According to the characteristics of
the dexterous hand, a grasping algorithm is proposed, which is suitable for the most objects.
Finally, the algorithm is verified by the point cloud model of the target object, and finds out the
grasping points and grasping pose accurately (the direction of the hand's force). It demonstrates
that this algorithm is correct and useful.

Keywords: 3D point cloud model, homogeneous transformation matrix, target alignment,
independent grasping scheme, grasping point and pose.

1. Introduction

Robot with the ability of the independent grasping scheme is so versatile, such as space
exploration, industrial production and household services [1-3]. So independent grasping scheme
is the key technology to develop the Al robot and needs to be solved urgently. The independent
grasping of the dexterous hand firstly imitates the eye of human to analyze the pose and shape of
the object. And then it imitates the hand to grasp the object. However, according to the fact that
the usage of human vision and hand occupies at least 70 percent of the human brain resources, the
independent grasping scheme is considered as Al-complete problems in academic circles [4].

The independent grasping scheme is divided into 3 steps. Firstly, the full 3D point cloud model
of the object is established and stored in dexterous hand system in advance. Secondly, it extracts
the partial view model of the target object in the current working environment, and maps the full
3D point cloud model to the current position. Finally, after the pose and shape of the object is
analyzed, the grasping points and the grasping pose are obtained. Nguyen [5-6] proposed a force
closure algorithm based on the shape of the object. It estimates the independent region of the
contact through the force closure grasp, and then the motion of the object is completely restrained.
Through the study and preservation of the past experience, the mechanism of extracting the
effective grasping plan is established [7]. Phoka [8] utilized the genetic algorithm to design a new
grasping planner for the object, which can plan the optimized grasping mode under certain
conditions. Li Jiawei [9] studied a force closure grasp of three fingers. And he also studied the
optimal minimum internal force required for the stabilization grasp when external interference is
existed.

In order to grasp the object in the space station, an independent planning algorithm for the
grasping point and grasping pose of the object is proposed. At last, the algorithm is verified by the
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point cloud model of the target object, and the algorithm finds out the grasping points and grasping
pose accurately.

2. Establish the target model

To establish the 3D point cloud model of the target object, the partial view models of the object
need to be scanned from multiple viewpoints. Then, the partial view models are integrated into
the full 3D point cloud model. This paper uses the Microsoft KINECT V2 sensor to scan the
surface of the target object. Each coordinate origin of the six sensors is respectively located in
center of the six surfaces of the virtual cube with the 1.6 m side. The coordinates of the six sensors
are respectively named {A}, {B}, {C}, {D}, {E} and {F} (Fig. 1). Where the U, V and W axis of
the coordinate system {B} are respectively corresponding to the X, Y and Z axis of the coordinate
system {A}. The coordinate system {A} is chosen as the world coordinate system. The partial
view models in the other five coordinates are transformed to the world coordinate system through
the homogeneous transformation. And then, the full 3D point cloud model of the object is obtained.
There are the following formulas:

4p = 4TPP, (1)
1 0 0 x][cosp —sing 0 O][ cosa 0 sina O][1 O 0 0
AT — 0 1 0 y||sing cosp 0 0O 0 1 0 0]|0 cos¢p —sing 0 @)
B 0 01 z 0 0 1 0||—sina 0 cosa 0]||0 sing cosp O
0 0 0 1 0 0 01 0 0 0 11lo o0 0 1

where 4P is the point in the coordinate system {A}, BP is the point in the coordinate system {B},
AT is the homogeneous transformation matrix mapping the coordinate system {B} to the
coordinate system {A}, ¢, a and ¢ are the angles around X, Y and Z axes of the coordinate
system {A} respectively, x, y and z are the translation distance in the coordinate system {A}. The
homogeneous transformation matrix can be obtained:

10 0 0

a0 0 =1 08

5T=10 1 0 os| 3)
00 0 1

The homogeneous transformation matrix mapping the other coordinates system to the
coordinate system {A} can be deduced by the same method. After all homogeneous
transformation, the full 3D point cloud model of the target object can be obtained (Fig. 2).

V*

Fig. 1. Six sensors installation position Fig. 2.3D point cloud model
3. The target model alignment

Robot can generally see the partial view like human. When the robot recognizes the partial
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view of the target object, the full 3D point cloud model which is established in section 2 needs to
be mapped to the current working position for grasping the object. FPFH descriptor and the
Sample Consensus Initial Alignment algorithm will be used [10]. FPFH descriptor is a novel
representation for object features. The FPFH includes the relative pan angle a, tilt angle ¢ and
yaw angle 0 (Fig. 3).

V=(P-P.)x U po
u
Ww=uUxy
w
Fig. 3. Schematic diagram of each angle Fig. 4. Influence area of the picked point

Where p; and p; are two points in the point cloud model, ng and n, are respectively the
normal of pg and p,. Defining a Cartesian coordinate system, where u is a unit vector with the
same direction of ng and v is a unit vector with the same direction of (p; —p;) X uand wis a
unit vector with the same direction of u X v. So there are the following formulas:

a=v-n, 4)
¢=u‘ptdps, (5)
6 = arctan(w - n;, u - n,), (6)
d = |Ipe — psll2 @)

where @, ¢ and 8 between the picked point and other points in the influence area of the picked
point are computed (Fig. 4), which is called the Simplified Point Feature Histogram (SPFH). Then:

k
1o 1
FPFH(p,) = SPFH(p,) + ;Z — - SPFH(py), ®)
o k

i=1

where k is the number of points in the influence area of p,, py is the point in the influence area of
Pq» Wy is the distance from py, to p,.

The Sample Consensus Initial Alignment algorithm can accomplish the mapping from the
partial view of the target object in the current working environment to the full 3D point cloud
model. The steps are as follows:

Select s sample points from the partial view while making sure that their pairwise distances
are greater than a user-defined distance.

For each of the sample points, find a list of points in the full 3D point cloud model whose
FPFH descriptors are similar to the sample points’ FPFH descriptors. From these, select one
randomly which will be considered that sample points’ correspondence.

Compute the rigid transformation defined by the sample points and their correspondences and
compute an error metric for the point cloud that computes the quality of the transformation.

These three steps are repeated, and the homogeneous transformation matrix that yielded the
minimum error metric is stored and used to roughly align the partial views. According to the
inverse of the stored matrix, the 3D point cloud model of the target object in the current working
environment is obtained after the homogeneous transformation. Thus, the full 3D point cloud
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model of the object in the current working environment is obtained through the partial view
(Fig. 5).

Where the gray point cloud is the full 3D point cloud of the target object established in
Section 2. The red point cloud is the partial view of the object in the current working environment.
The green point cloud is the result of the 3D point cloud model mapped to the partial view in the
current environment by the Sample Consensus Initial Alignment algorithm. And the green point
cloud is considered as the full 3D point cloud model of the object in the current working
environment.

a) b) <)
Fig. 5. Point cloud model: a) the full 3D point cloud model and partial view of the target object before
alignment, b) result obtained after alignment, c) observation from another viewpoint

4. The grasping algorithm and verification

Due to working in the weightless space station, the gravity is not considered. The structure of
the dexterous hand is similar to the human hand (Fig. 6). The grasping mode can be classified as
the power grasp and the precision grasp. The precision grasp selects the grasping points on the
target object and plans the grasping pose according to the pose and shape of the object. According
to the grasping feature, this paper considers the thumb finger as one grasping point, and the other
four fingers as one. So the fine grasp will be simplified as two grasping points, which are called
the grasping point pair in this paper.

Fig. 6. NUAA hand

It needs to ensure that the two force are the same size and the opposite direction for grasping
the object. Because of the friction, the angle between the direction of two force should be more
than a certain value. This paper considers that the angle is more than 3.12 Rad (178.8 degrees),
which meets the requirements. By the simplified model, a grasping algorithm is proposed. The
main steps are as follows:

1) Select one point from the full 3D point cloud called p, and compute the normal of p.

2) The point p and its normal form a line [, and find out those points which are a user-defined
value away from the line [. This value is set to 1.5 times the resolution of the point cloud that
make sure those points in line [.
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3) Compute the normal of each point from those found points, and find out the point called t.
The angle between the normal of point ¢ and the normal of point p is closest to 7. This angle is
called a in this paper. Point t and point p are the grasping point pair.

These three steps are repeated for each point in the 3D point cloud model. And the grasping
point pair that yielded the maximum « is stored. The two points in the stored grasping point pair
are considered as the grasping points of the target object, and the normal of the two points is the
grasping pose. The algorithm is verified by the green point cloud model in Section 3, and the
results are shown in Fig. 7.

Input y normal test

Points | point1=3446 point2=4954

Point1 Coordinate | -0.022 0.081 0.644
/ Point2 Coordinate | 0.031 -0.076 0.646
Point1 Normall | 0.996 0.088 -0.021
/ Point2 Normal2 [ -0.994 -0.101 0.034
Angle between Normall and Normalz  |3.122839689
a) b) ©)

Fig. 7. The green point cloud model: a) grasping point and pose, b) observation from another viewpoint,
¢) the parameters are obtained after testing the model

Where Fig. 7(a) and Fig. 7(b) are the different visions of the target object. The red balls are
the grasping points, and the black arrows are the grasping pose. The parameters are obtained after
testing the model, as shown in (¢), including the sequence of the grasping points in point cloud,
points’ coordinates, normal of the point and angle between two normal.

5. Conclusions

Firstly, six partial views of the target object are integrated into one point cloud through the
homogeneous transformation. Thus, the full 3D point cloud model of the target object is
established in advance. Secondly, according to the partial view of the object in the current working
environment, the full 3D point cloud model of the object in the current working environment is
obtained through FPFH descriptor and the Sample Consensus Initial Alignment algorithm.
Thirdly, a grasping algorithm is proposed. The algorithm is verified by the point cloud model of
the target object, and finds out the grasping points and grasping pose accurately. It demonstrates
that this algorithm is suitable for the most objects. This algorithm can also determine whether the
point cloud model of the object can be grasped by the dexterous hand.

However, the grasping algorithm is just applied to the condition without gravity and obstacle.
If this algorithm will be used in the complex environment on the ground, the gravity and obstacles
must be considered. In the future, further studies will be launched.
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