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Abstract— A general framework of robot manipulation plan-
ning for door opening task is proposed in this paper. First grasp
pattern, including grasp point and method for various door
handles, is defined. Second door-opening pattern, including
task planning and trajectory planning, is also proposed. This
paper utilizes Kinect as a vision sensor to collect point cloud
data of the environment. Viewpoint Feature Histogram (VFH)
descriptors are used to recognize the type of the door handle.
Then corresponding parameters of grasp pattern and door-
opening pattern are extracted using Point Cloud processing
algorithms. The robot follows the corresponding grasp pattern
to grasp the door handle and repeats the motion trajectory to
finish each sub operation. Two experiments were conducted to
validate the proposed framework.

I. INTRODUCTION

Indoor service robot is a robot that provides various daily
services in human living or working environments, includ-
ing fetching lattes, daily caring, etc. Many countries have
become aging societies, which has been a big motivation
of developing indoor service robot. Door opening task is not
only a frequent daily task for indoor service robot, but also a
task before a robot executes other comprehensive tasks such
as crossing room or fetching bottles from the refrigerator.

Because of the diverse shapes and colors of door and door
handle, it is not an easy work for robot to recognize them. So
far, researchers have explored a lot of vision-based methods
[1]–[6] to accomplish the door opening task. Andreas et al.
[1] proposed a multi-sensor based approach to accomplish
door opening for a dexterous robot. A force-torque sensor
and a tactile sensor were combined to collect door opening
information. Wim et al. [2] utilized PR2 [7] robot equipped
with vision sensor and laser sensor to open door. They
designed 14 door action primitives to complete the door task,
each action performed one single task, such as detecting the
door, grasping the door handle, moving the mobile base,
etc. Giulio et al. [3] developed a multi-sensory discrete-
continuous control concept to realize interactive basic skills
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for robots and based it robots accomplished opening and
closing door task. These researches generally proposed a
comprehensive model using multi-sensor to accomplish door
opening task. It is indeed an expensive cost for common
family.

The current paper proposes a light-weighted and gener-
alized framework for door opening manipulation. Microsoft
Kinect [8] is selected as a visual sensor to capture the 3-
dimension depth image of around environment, which would
be processed for recognizing and extracting the door and
handle. The robot uses only visual sensor to accomplish door
opening task. Define different grasp pattern for various kind
of door handle, the grasp pattern consists of the definition
and description of grasp point, as well as the grasp way of
door handle. The following step is motion planning of the
robot arm. Different door handle would result in diverse door
opening trajectories, which is regarded as door-opening pat-
tern. The robot would utilize corresponding grasp pattern
and door-opening pattern to accomplish the door opening
task. This work would contribute to the enhancement of the
autonomous planning and manipulation ability of service
robot. It drives the service robot to accomplish various
daily tasks which would increase the practicability of service
robot.

The rest of this paper is organized as follows. In Section
2 the system architecture is revealed, the flow of door
opening task would be talked about. Section 3 would propose
the detailed algorithms used in door opening task, such
as the door extraction and handle recognition algorithm.
In Section 4, experiments would be descried and results
would be examined to ensure the effectiveness of this work.
Conclusion and future works would be discussed in Section
5.

II. FRAMEWORK

The robot door opening manipulation planning could be
divided into two main components. The first component is
the determination of grasp pattern. This part uses Kinect
to capture 3D depth image and extract door and door handle
from it. Depending on the type of door handle the grasp point
and grasp way are generated. In the second component the
door-opening pattern is calculated. Different door handle
would result in quite diverse door opening trajectory. Accord-
ing to the kind of door handle, the door opening trajectory
is produced. The robot arm would follow the corresponding
trajectory to complete the door opening task. Figure 1 shows
the processing flow of door opening task.
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Fig. 1: Processing flow of door opening

A. Grasp Pattern

1) Door and door handle recognition and extraction:
This paper uses Viewpoint Feature Histogram [9] (VFH)
descriptors to recognize door handle and other point cloud
processing algorithms to extract door and door handle pa-
rameters from the 3D depth image collected by Kinect. The
detailed algorithms would be discussed in Section 3.

2) Grasp Point: Once the door handle is extracted, the
grasp point should be determined. This work utilizes three-
finger gripper to grasp the door handle. For the door handle
in Figure 2(a), the grasp point could be the top side central
point, left side central point and right side central point of the
handle. In this case the three-finger gripper could spread the
largest and grasp stably for reducing the risk of slippage. For
the door handle in Figure 2(b), the grasp points could be set
to the location that has a certain distance from the end point
of the door handle. For convenience, the distance could be
set to α times than the length of door handle, 0.2 < α < 0.5.
On this occasion, the three-finger gripper wouldn’t slide from
the end of door handle, as well as using very large force to
twist the handle. For other types of door handle, use the
corresponding method to set the grasp point of three-finger
gripper to update the success rate of door opening task.

3) Grasp Way: Once the grasp point is set, the corre-
sponding grasp way of three-finger gripper would be de-
termined to a large extent. For door handle in Figure 2(a),
when it is grasped the end points of the gripper constitute an
equilateral triangle. But for door handle in Figure 2(b), the
shape looks more like an isosceles triangle. Of course the
location stated here is the initial location, the grasp posture
would change during the door opening process.

B. Door-opening Pattern

1) Task planning: Door opening task should be decom-
posed into sub operation sequence, which could be executed

(a) Door handle: type 1 (b) Door handle: type 2

Fig. 2: Various door handle

by robot directly. For the door handle in Figure 2(a), when
the three-finger gripper grasp the door handle, it does a
rotation operation to turn the door lock on at first. Then
it does a push or pull operation around the door pivot until
the door has been opened to a small certain degree. Finally
it loosens the door handle and continues to open the door
until it has been opened to an enough degree for robot to
pass through. HTN [10] is a proper method to plan the task.

2) Motion trajectory: For different types of door handle,
the motion trajectory would be diverse. The robot arm
follows this motion trajectory to accomplish the door opening
task. As shown in Figure 3, the three-finger gripper located
in the end point of the robot arm follows the arc to unlock
the door. The center of this arc is the axis center of door
handle, and the radius is the distance from grasp point to
axis center. When this motion has finished the robot use the
same method to open the door around the door axis.

Fig. 3: Motion trajectory of the three-finger gripper

III. APPROACHES

To open the door, the robot must first recognize the door
and the door handle. The environment data is acquired by
Kinect and organized as point cloud. This paper processes the
point cloud by a series of methods to recognize and extract
the door and the door handle. At first, the point cloud must
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be filtered by a pass through algorithm to remove the points
obviously outside the door and door handle.

A. Door Handle Recognition and Extraction

Take the door handle in Figure 2(b) as an example, the
process of door handle extraction is showed as Figure 4.

Fig. 4: The flow diagram of door handle extraction

The extraction of door handle could be separated into three
parts: firstly the point cloud of door handle part is extracted,
then the type of door handle is recognized, finally the rotation
center and grasp point are calculated from this part of point
cloud.

1) Point cloud extraction of door handle part: In order to
get the point cloud of door handle, the door and door handle
must be separated. The current paper uses a RANSAC [11]
method to estimate parameters of door plane. The distance
threshold is set to 0.01 which implies how close a point
must be to the plane would be considered as an inlier. Once
the points of door plane have been segmented, the points of
door handle are among the outside points. This paper uses a
statistical method to remove the outliers of the outside points
and the rest points are considered as door handle. Firstly
calculate the distribution of points to neighbors’ distances
in the input point cloud. Then compute the mean distance
from each point to its neighbors. Assume the distribution
is Gaussian with a mean and a standard deviation. If a
point’s mean distance is outside an interval defined by above
distribution, it could be considered as an outlier and removed
from the data.

2) Door handle recognition: The VFH is a global de-
scription of a point cloud image. The histogram contains a
viewpoint direction component and a surface shape compo-
nent which comprised of an extended FPFH [12]. VFH is
a fast and discriminative feature to recognize 3D objects.
The current paper first computes the VFH descriptors of the
door handle part of the point cloud. Then it searches a most
appropriate match from the door handles VFH library which
was built before.

3) Computation of rotation center and grasp point: Once
the point cloud of door handle is extracted, the rotation center
and grasp point must be computed to plan the door handle
opening trajectory. Firstly fit the door handle points to a
cuboid model. Then generally set the end point of the cuboid
as the rotation center, sometimes the rotation center doesn’t
locate in the end, an offset must be added to the calculation.
The grasp point’s location is the location of the other end of
cuboid minus α times of the length of cuboid, 0.2 < α < 0.5
.

B. Door Extraction

The door extraction is an independent process from the
door handle extraction, showed as Figure 5.

Fig. 5: The flow diagram of door extraction

The door extraction consists of three parts:
1) Point cloud extraction of door part: To reduce the

computation complexity, firstly use a downsample method to
decrease the number of points. Secondly outliers are removed
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by using the same method in the extraction of door handle.
Because the color of the door and the things around are
different in general, a color-based region growing clustering
algorithm [13] is applied to split the door region from the
whole environment. The purpose of this algorithm is to
merge the points that are close enough in color to be regarded
as a same region. The colorimetrical difference between two
points is calculated by the following formula:

CD(C1, C2) =

√
(R1 −R2)

2
+(G1 −G2)

2
+(B1 −B2)

2
,

Where C1, C2 represent color vectors of two points, and
Ri, Gi, Bi represent the RGB values of point i. The color-
based region growing algorithm could be divided into two
components: region growing component and region merging
component. Once the sub regions are split, this paper chooses
the maximum region as the door region by priori knowledge.

2) Extraction of door edge: Once the door point cloud is
extracted, the door edge should be picked up for the next
door axis computation. Firstly use the RANSAC method to
obtain the parameters of door plane. Then project all points
belong to the door point cloud onto the door plane. Finally
extract the polygonal door edge of the projected point cloud.

3) Computation of door axis: After extracting the polyg-
onal door edge of the projected point cloud, the door axis
should be separated from the edge. The current paper chooses
the leftmost or the rightmost points as the axis of the door, in
some situations an offset must be added to the computation
because there is a distance between the door edge and the
door axis. After that fit the door axis to a line model, the
output of the method is the linear equation of the door axis.

In summary, the outputs of door extraction and door handle
extraction are rotation center, grasp point and door axis
equation. The above information could assist robot to plan a
trajectory to open the door.

IV. EXPERIMENTS AND RESULTS

The current manipulation system uses Gazebo [14] sim-
ulator as a door opening platform. Kinect is imported as a
visual sensor to capture the point cloud data. A Schunk robot
arm with seven DOF and a three-finger gripper with tactile
sensor are equipped to grasp the door handle and open the
door. This system uses PCL [15] to process the point cloud
data. C++ language is chosen to implement programs in this
system.

Because the extracted door and door handle are in the
Kinect coordinate system, it must be translated to the Schunk
coordinate system before robot executes the door opening
task.

This paper designs two experiments to confirm the effec-
tiveness of this manipulation system. The two experiments
are showed as follows:

A. Open Door with A Cuboid-liked Handle

In this experiment, the rotation center is set to be the left
end of the door handle with an offset, the offset between the
left end and the rotation center is 0.9cm. The grasp point is
set to be the location that has a distance which is α times of

the length of door handle from the right end point of the door
handle. Where α is set to be 0.3. The result of color-based
region growing clustering is showed as Figure 6.

Fig. 6: The result of color-based region growing clustering

The extracted door point cloud and door handle point
cloud are showed as Figure 7.

(a) Door point cloud

(b) Door handle point cloud

Fig. 7: The point cloud of door and door handle

The door opening process is showed in Figure 8(a)-(d).

B. Open Door with A Non-rotatable Handle

In this experiment, because the door handle isn’t rotatable,
the rotation center of the door handle doesn’t exist. The grasp
point is set to be the top side central point, left side central
point and right side central point of the door handle. The
door opening process is showed in Figure 8(e-h).
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Fig. 8: The door opening process in Gazebo simulator, (a-d) is with a cuboid-liked handle, (e-h) is with a non-rotatable
handle

V. CONCLUSIONS AND FUTURE WORKS

This paper presents a framework for robot to plan daily
manipulation tasks. Take door opening task for example,
firstly define the grasp pattern for the robot, which contains
the grasp point and grasp way of the door handle. Secondly,
door-opening pattern is determined by the robot, which
consists of door opening task planning and motion trajectory
planning. This paper utilizes Kinect to collect point cloud
data and suitable point cloud processing algorithms are
applied to recognize and extract the door and door handle.
The experiment results guarantee the effectiveness of this
framework.

Future works will focus on the extraction of door handle
with secularity and the generalization of this framework.
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