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Abstract
The system architecture of stereo vision system remote control (SVSRC) is proposed to realize
on a mobile robot. The system architecture includes remote user, web service server. and wheel
robot platform. There are three functions are developed for this architecture. First, the moving
speed and direction of mobile robot are controlled by the gesture of user. Then. the
environment information. such as images of webcam. can be transmitted via wireless network.
Moreover, several web services are developed to fransmit control commands from remote user
to the robot. and return environment information from the robot to remote user. According to

the system architecture, the prototype is proposed to verify the functions.
Keywords: Remote Control. Stereo Vision System. Mobile Robot, Web Service

1. Introduction

With the popularity of the internet environment, the needs to use remote robot are gradually
increasing. For example, a Sydney woman bought a new iPhone 6s by operating the robot at
home. On the other hand, remote control robot can also replace human to finish the works in
high-risk environments, such as the defense advanced research projects agency (DARPA)
robotics challenge (DRC) held in 2012-2015, which’s competition scene is build according to
the Fukushima nuclear accident. The purpose of this challenge wishes to realize that robots
work in worst disasters where humans can’t work in.

In the past decades. there are several researches [1-9] have been proposed for the remote robot,
which can be divided roughly into the transmitting methods for control commands and the
remote control methods. For the transmitting methods, a prototype of remote batter swapping
and charging for home robot has been developed in [1]. which uses home server to transmit
image information to the user through the Wi-Fi environment.
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Several researches propose control robot through wireless network [2-4]. One develops a
didactic robotic platform [2], which users can upload their programs through browser. and
control robots which is linked by Wi-Fi. The robot which controlled through wireless network
can also be used to track from camera images [3]. In [4]. a robot platform which can be
controlled by the computer only with keyboard and mouse on network is proposed. However.
how to connect robot with users through Wi-Fi network is complex. Richtr et al. propose a
simple way to connect robot by web service. and develop a Silverlight web page for users to
control the robot [5]. In [6], ZHU et al. also develop a system which can control robot by
speech web service. Therefore. according to the literatures. Wi-Fi with web service connection

is a suitable solution for remote robot control.

On the other hand. the traditional control methods for remote control are not intuitive. Several
new control methods are proposed in [7-9]. A robotic arm is developed to be controlled
remotely by feedback of arm signal [7]. The other robof is confrolled remotely by charge
coupled device image. which the user should wear the marked gloves for image detection of
control [8]. Different from the above researches which the users should wear some devices.
Cheng et al. develop the system which control the robot by using stereo vision system [9].
While the skeleton of user is detected. the robot can be controlled just by the motion of the
human. Therefore, the stereo vision system is chosen for the remote control method of robot.

In this study. the remote robot controlled by stereo vision system through Wi-Fi is realized.
Moreover. the web service server is build to exchange data from robot to remote user each
other, and users can monitor the robot information through the browser. The architecture of
system and control method will be depicted in the following sections. The system architecture
of SVSRC will be introduced in Section 2. Then, the motion analysis and the control command
creation will be described in Section 3. Finally, some illustrated experimental results will be

presented in Section 4.

2. System Architecture
The system architecture of SVSRC on mobile robot is illustrated in Fig. 1 [10]. The system is
composed of three blocks: 1) server: 2) client and 3) robot module. The sever block provides
web services for data transmission and information web page. which is communicated with
robot and users through the internet. There are three web services, motion command
transmission service, real time image transmission service. and real time sensor data
fransinission service in the proposed SVSRC. For the motion command transmission service,
robot can receive the control commands form the remote user through this service. The
environment information which is detected by web cam or sensors of robot can be transmitted
to remote user or shown on web page through real time image and sensor data transmission
services. The web page is used to provide the real time images and sensor data information for

remote viewers.
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The robot block consists of one wheel robot with several sensors, such as collision detecting
sensor. laptop and web cam. It queries the server through Wi-Fi whether there is new control
command or not. While the server obtains new control commands, it will be transmitted to the
wheel robot and executed. During the process of action. the robot module also detects the
environment information by web cam and sensors at the same time. The images and data of
sensors will be transmitted by calling real time image and data transmission respectively. All
these process are operated by the laptop of the robot module.

The client can be divided into two categories. One is the viewer, and the other is the operator.
The viewer can just monitor the images and sensor data of robot by viewing the web page of
the browser. On the other hand. the operator can remotely control the robot by using human
machine interface (HMI) and stereo vision system. The HMI analyzes the image of stereo
vision system. transforms the motion information to commands and transmit commmands to
robot by calling command transmission service through internet. How to transform the stereo
images into motion commands will be depicted in next section. The HMI can also show the

images and sensor data of robot to assist the operator.

e o o s s’ i
I Server i
: Motion Real Time Real Time W |
I Command Image Sensor Data i |
| | Transmission Transmission Transmission Page I
' L L L ’
| | E— | — — |
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| |
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' |
' |
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Fig. 1: System architecture of SVSRC on mobile robot [10].

3. Motion Analysis and Control Command Creation



In order to define the motion control commands, the Kinect software development kit (SDK) is
used to analyze the motion of the operator [11]. Moreover. since the actions of upper body are
distinguished easily. the control commands are calculated based on the motions of arms. The
skeleton of operator can be detected from stereo images at first by using Kinect SDK. The
detected skeleton is composed of several joints, such as left. right and center of shoulder.
Ju»J» and Jj, . left and right elbow, j, and j,, ,and joint of spin, j,. as depicted in Fig.
2 (a). The origin of the coordinate is on the camera of stereo vision system. After detecting the
skeleton of operator. there are several vectors can be selected to define the motions of arm,
such as the vector form the center of shoulder to the spin. the vector from the center of shoulder
to the shoulder. and the vector from the shoulder to the elbow in the proposed SVSRC system.
Based on these vectors, there are four variables are calculated, 6,, €., v,, and .. Assume

h,, is the vector from j_. to j,. h, is the vector from j, to j,. h, is the vector

<p

from j, to j,. and m, is the cross product of h,, and h,. The 6, is the angle

between h,, and h,, and the y, is the angle between n, and h,, as shown in Fig. 2

er?

(b). Hence, the 6, can be solvedby (1), and the y, can be solved by (2):

6, =cos™ (h,,-h,,.) (1)

W, =cos™ [(h(PXhF)-hw] (2)
Furthermore, the €, and y, can be calculated similarly.

jn‘

4
o

N

=
*e-—-————-9-——-
"

(a) (b)

Fig. 2: (a) Detected skeleton with joints, and (b) location of &8, and w,.

The control commands can be given by the angles of 6,, 6.. v,. and w,. The commands can
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be divided into five categories: forward. backward, tumn left and right, and stop commands.
First, the 6, and &, will be determined. The stop command is obtained while &, and 6,
are both less than 70 degrees (with hands down). Moreover, while the 6, and the y, are both
larger than 70 degrees, the robot will be controlled to tumn left. While the &, is larger than 70
degrees and the v, is less than 20 degrees. the robot will be controlled to go forward. If the
y, is larger than 20 degrees and less than 70degrees. even the &, is larger than 70 degrees.
the robot will do nothing. On the other hand, the 6, and w, will be used to determined the
commands of tum left and go backward. Similarly, if , is larger than 20 degrees and less
than 70degrees, the robot will be stopped. too. The command determination flowchart is

Commands
Determination

depicted in Fig. 3.

Determine the
angle of & and 8’\/
d
6,>70° Y 8 >70°
Determine the Determine the
angle of ¥, Otherwise | angleof v,
v, >70° v > 70°

Turn Left Right

«/ Determination \_
“\  Finished

Fig. 3: Control commands determination flowchart.

4. Results
The prototype of the remote control robot is implemented in the Wi-Fi environment. The
control commands are transmitted from the personal computer with stereo vision system and
HMI, which is used to transform the motions of operator into commands. The server installed
web services is used to transmit data from operator and robot to each other. The viewers can
also watch the operation process on the web page. Finally. the feasibility and effectiveness of
the proposed SVSRC system are verified with experimental results.

4.1 The Robot Module

The robot module shown in Fig. 4 consists of wheel robot, laptop (Acer Aspire 4930G with
Windows XP OS) and webcam (Microsoft HD-5000). The Kobuki robot with three bumpers
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and cliff sensor, gyroscope and two wheel drop sensor is adopted as wheel robot [12]. These

sensors can be used to provide the environment information to the remote operator.

Wheel Robot

Fig. 4: Structure of robot module.

4.2 Remote Control and Monitor

The Microsoft Kinect is used as the stereo vision system of ore research. The location of
operator is shown in Fig. 5 (a), and the computer which is connected with stereo vision system
is depicted in Fig. 5 (b). In Fig. 5 (c), while the stereo vision is linked to HMI. the image of
operator and the detected skeleton will be shown in the HMIL The left image of HMI is the real
motion of the operation. and the right image is the skeleton image of operator. According to the
rules of commands determination. it can be found that the operator is doing the “forward”

command motion. The executed result of robot is shown in Fig. 5 (c). Moreover. the image

shows the skeleton which only related to the vectors of h,,, h;. h,, h, . and h,. InFig. 6,

the operating images of web cam on the robot are monitored by Google Chrome browser.

Finally. the mobile robot is operated by the proposed SVSRC system successfully.

Fig. 5: (a) Operator. (b) Computer with stereo vision system and HMI, (c) HMI, and (d)

operation result.
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Fig. 6: Image of web cam on remote robot monitored by browser.
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