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Abstract—Robot Operating System (ROS) and Qt are both
powerful tools used in the field of robotics and Graphical User
Interface (GUI) development. The combination of both these tools
gives an advantage of creating a simple and easy to use yet
powerful GUI for control of robots and autonomous vehicles.
This paper introduces a simple tab based UI for control of the
WAM-V (Wave Adaptive Modular Vehicle) Autonomous Surface
Vehicle. The UI is aimed to allow for easy initialization and
killing of processes as well as gather and view the vehicular data
such as diagnostics, sensor information and live camera feed,
all at one place. All communication and data transfer is done
wirelessly over a local WiFi network. Manual control of the ASV
can be done using the buttons or by specific commands entered
via command line as arguments.
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I. INTRODUCTION

In the world of autonomous vehicles and robotics, there is
no single unified software or platform, open-source or other-
wise, that allows for the complete development of an easy to
use control system that includes all the various types of sensors
and actuators on the robot. Even the Robot Operating System
(ROS) [1] provides only the standard operating system services
such as hardware abstraction, low-level device control, imple-
mentation of commonly-used functionality, message-passing
between processes, and package management.

ROS lacks the provision of a graphical interface for direct
control over the various components of the system, although
it does contain packages which allows the developers to link
the system with a Graphical User Interface (GUI) created
separately using another software such as Qt, GTK+, or
wxWidgets.

Attempts have been made in the past to effectively interface
ROS with individual sub-systems. Kevin et al.[2] developed a
system to integrate ROS with a number of individual systems
that could not natively communicate. All these attempts fo-
cused on the interface of the sub-systems with ROS on a lower
level only. It has been identified that it becomes difficult for
the user to handle the individual sub-systems without proper
knowledge. Thus it becomes necessary to introduce a light
weight and easy-to-use GUI that helps in saving user’s time
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and energy and allows them to focus better on the original
topic.

The paper introduces a GUI based on the Qt framework
which enables end users to interact with ROS through graph-
ical icons and visual indicators.

II. PROBLEM STATEMENT

Our ASYV uses five cameras, a hydrophone, Global Position-
ing System (GPS), and an Inertial Measurement Unit (IMU) to
understand the environment, and two main propeller actuators
to navigate the vehicle throughout the course. Figure 1 shows
the current experimental setup of the WAM-V ASV with all
the hardware attached. In order to execute the tasks efficiently,
it becomes necessary to analyze the data obtained from the
vehicle quickly and issue commands accordingly without any
inconvenience.

Due to the lack of any publicly available software platform
or architecture that allows the user to control the ASV from
the ground station and monitor its diagnostics, we propose
to build a simple software layer in the form of a GUI that
encompasses all the hardware components and enables quick
and easy interaction with the ASV.
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Fig. 1: The current WAM-V ASV (Team NTU Singaboat).

In short, our aim is to develop a software architecture in
the form of a Graphical User Interface (GUI) to congregate
the data published by all the sensors in one place, analyze it
and execute the appropriate commands. We also aim to keep
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the software architecture simple and flexible in order to add
or remove the sensors according to the users convenience and
also to use the architecture for any other autonomous vehicle
or robot. This will enable future researchers to implement their
own changes to the robot framework and add control algo-
rithms that give the vehicle further autonomous functionality,
whether now or in the future as more advanced algorithms are
developed.

Our work consists of two tasks. The first one is to develop
the GUI and the second one is to develop the software modules
[3] which link the GUI to the various hardware components
through the ROS framework. The development of GUI is done
using Qt [4] as it has built-in support for ROS libraries. The
sensor data is published as ROS messages on ROS topics
which can be subscribed to by other modules which are
considered as subscribers. The subscribed data needs to be
visualized inside the GUI and this can be done by linking the
subscriber data to the respective Qt widgets.

III. RELATED WORK

ROS (Robot Operating System) is widely used nowadays as
a development platform for various autonomous vehicles. But
working with ROS alone using command windows sometimes
becomes a tedious job when the user has to deal with lots
of sensor data. ROS coupled with a GUI helps the user to
monitor the sensor readings and take the necessary actions.

Several attempts were made by teams which participated in
the Maritime RobotX Challenge 2016 to develop an auxiliary
tool in order to simplify the complexities of ROS for control-
ling the ASV. The Simulink feature of MATLAB allows for
a program to be used as a node in ROS. The incompatibility
of MATLAB with various tools and its dependence on heavy
computational processing power imposes certain restrictions
on using MATLAB as a control interface. Keeping all this
in mind we propose an architecture that uses the flexible Qt
framework along with the ROS libraries to develop a GUI for
the ASV.

IV. OVERVIEW OF PROPOSED SOFTWARE ARCHITECTURE

ROS (Robot Operating System) is a collection of soft-
ware frameworks for robot and autonomous vehicle software
development. It provides operating system like functionality
on a heterogeneous computer cluster and provides standard
operating system services such as hardware abstraction, low
level device control, message passing between processes and
package management.

ROS was selected as the base platform for the Wave Adap-
tive Modular Vehicle (WAM-V) control system and interface.
The WAM-V is an Autonomous Surface Vehicle (ASV) that
is required to perform various tasks which require the use
of a plethora of sensors and actuators. In total, 5 cameras,
a hydrophone, a Global Positioning System (GPS) unit, an
Inertial Measurement Unit (IMU), a radar unit, a wireless
communications array and two main propeller actuators are
used to control the ASV and navigate it around the various
obstacles.

ROS is a highly flexible platform. This allows us to use
any combination of the aforementioned sensors and actuators
or even add and remove more as required, all with very simple
changes to the underlying framework codebase. It also allows
for easy communication between all the onboard devices as
well as between the main onboard PC and the ground station
control PC. This means that all the low level processing
required for instantaneous control reaction such as IMU data
processing can be done onboard the ASV while the much
heavier workloads such as simultaneous image processing
from multiple cameras can be done on the more powerful
ground station PC. As the processing power of the onboard
computer increases, all operations can be shifted onto it while
the land based PC can be used simply for monitoring and
manual control of the ASV.

A GUI overlay for the ROS control system was built using
Qt Creator. This allows us to control and monitor the ASV
from the ground station PC much more easily than if we were
using ROS alone. Qt contains classes that give us easy access
to the ROS nodes to which we can subscribe and publish data
to. The UI developed is tab based in which each node is given
its own tab page. For example all the live camera feed can
be viewed on one page. Using the configuration page we can
enable and disable the various modules/nodes of the ASV as
needed for testing and debugging. Most of the interface is
button based, but a terminal window command line input box
is also present which allows us to execute detached terminal
processes through the GUI itself without having to open the
gnome terminal on Ubuntu.

Due to the way in which the ROS based framework and Qt
GUI were developed, the same application can be run on both
the ROS master or the ground station PC and the slave or the
onboard PC with no changes to any code. In any case both are
interoperable and allow for wireless communication between
them on the same local network. A number of individual
modules were developed to enable control of each of the nodes
and facilitate communication between them. These modules
can be added, removed, enabled or disabled as required due to
their flexibility. They are discussed in detail in the subsequent
section.

V. MODULES
A. ROS Master

The ROS Master sets the connection between the main
controlling computer and the ASV. It requires both the main
ground station PC and the computer onboard the ASV to be on
the same local network before a connection can be established
between them. In this case the ASV has a 150 Mbps bandwidth
wireless router as a part of the communications array which
allows the ground station PC to connect to it easily over large
distances.

The connection is established over the ROS framework. This
requires the ground station PC to be set as the ROS Master
on both itself and the ASV computer. Both the computers also
need to set their own identifiers in the connection. This is done
by using the local IP addresses of both the computers.
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Fig. 2: Software Architecture

The ROS Master IP address is set as the same on both
computers and the address of each computer is entered in the
respective dialog box. Clicking connect establishes a secure
connection between both PCs based on the IPv4 protocol
through the ROS framework.

The same connection can be achieved manually by entering
the following commands in the terminal window:

export ROS_MASTER_URI=http://<ROS Master
IP >:11311
export ROS_IP=<This Computer IP>

Starting the connection reads the current settings and writes
them to memory so they can be saved for future use. You can
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Fig. 3: Home Page of the ASVs GUI

also choose to automatically have the same settings for the
next time the application is started.

Once the communication channel is established between the
PCs, it enables transfer of data between the ground station and
ASYV computers. Live camera feed, images, GPS location data,
IMU and other sensor data is fed back to the land based PC
from the various cameras and sensors on the ASV. All the
commands and manual control inputs given to the ASV are
also sent through this same channel.
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Fig. 4: ROS Master connection page

B. Configuration Page

The configuration window consists of a list of checkboxes
which allow us to enable and disable individual modules as
required using simple Boolean logic. If a checkbox is left
unchecked, the module will be inaccessible to the user and
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will be switched off completely. This is mainly for testing
and diagnostic purposes of the ASV as it allows us to activate
only certain modules or nodes such as the cameras for easier
debugging and faster iterative testing.

All the required modules be selected before connecting to
the ROS Master keeping in mind that the ROS Master itself is
a module. Enabling and disabling of modules during running
of the program is not allowed.

C. GPS Module

The GPS module displays the current location data of the
ASV on the ground station PC. It subscribes to the GPS data
publisher topic which is being relayed continuously over the
established communication channels.

The GPS data is transmitted in the standard NMEA format.
Once the data is received it can be displayed directly on the
logging window or split apart and displayed separately for
easier legibility.
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Fig. 6: GPS data page

D. IMU Module

The Inertial Measurement Unit present on board the ASV
relays its current orientation data, velocity data and accelera-
tion data back to the main ground station PC over the wireless
communication channel. This data is then displayed on the
logging window to the user.

The IMU module subscribes to the standard ROS
sensor_msgs topic which transmits data in the format as
specified by the sensor manufacturer. Again as in the case of
the GPS module, the data can be displayed directly on the

631

logging window or split apart and displayed separately as its
individual components on each of its axes.
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Fig. 7: IMU data Page

The IMU and GPS modules both work in the same manner.
E. Terminal Module

The command terminal in the user interface helps to run
various shell commands without actually opening the gnome
terminal in Ubuntu. Qt Creator provides a QProcess class
which is used to start external programs and communicate with
them. The command is entered in the input box as a single
string which is then split into command and arguments strings.
An object of QProcess class is created to call the functions
for running the commands. Qprocess class provides basic
functions like start (), execute () etc. to run the terminal
commands but with certain restrictions. The use of these
functions forces the users to wait till the process started with
this module is over or closed by the user thereby restricting the
use of other blocks and functions available in the code. This
certainly restricts the use of other modules available which are
crucial to drive the vehicle.

To overcome this limitation the GUI makes use of the
startDetached () function instead of start(). Once the
process is started with the startDetached () function, it
detaches itself from the parent process and continues to run
in the background once the parent process is closed by the
program, thus allowing the user to access the other blocks of
code in the program. The process ID of the started process
is acquired during launch and saved in a text file. When
another process is started using the same QProcess object,
a new process ID is assigned to the process and thus it doesnt
interfere with the already running processes.

Terminal commands are executed using QProcess in the
following manner:

proc;
command;
cmd=uil.term->text ();

command = "bash -c \" "+cmd+" | pgrep -n

>> /pid.txt \"";
proc.startDetached (command) ;
proc.close () ;

Once the use of the process is over it can be killed by
the user using the Kill button. The use of kill button calls a



function which reads the text file containing the process IDs of
the running processes and terminates the processes by passing
a SIGTERM signal provided by the <signal.h> header
file. The Kill all button kills all the processes and the Kill last
button kills the last started process.
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Fig. 8: Terminal and Normal Command section

FE. Normal Command Module

This feature provides an alternate way to turn on and
turn off the subscription of different modules by entering the
specific commands as mentioned in the module tabs or in
the help section. For example if any user wants to subscribe
to the GPS coordinates, they can simply enter the command
" subscribegps’ and the display window in the video tab
starts subscribing to the appropriate topic. Similarly, to stop
displaying the video, a simple command as ’ stopvideo’
will terminate the subscription.

All these commands are user defined and can be added,
removed or modified as required. They are meant to be used as
simplified alternatives to the full terminal commands and their
arguments. A debugging window is also present to display the
terminal output in the GUI to read and display error messages
and the list of processes as required.

G. Video Module

The live video stream captured by the camera is the input
for many algorithms like SLAM and amcl to identify the
environment parameters and distinguish between the objects
present. The interface uses the image_transport library
of ROS for handling the camera output. image_transport

provides classes and nodes for transporting images in arbitrary
over-the- wire representations, while abstracting this complex-
ity so that the developer only sees sensor_msgs/image
messages.
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Fig. 9: Video module displaying live video feed

The subscriber node uses the <cv_bridge.h > header
file to display images and videos using OpenCV’s sim-
ple GUI capabilities. Once the camera starts publishing the
video on the subscribed topics, the callback function of
the subscriber node encodes/decodes the messages type to
sensor_msgs/image. The ROS image message is con-
verted to an OpenCV image with BGR pixel encoding to
display it. To display the obtained image the Qlabel widget
of Qt is used.

H. Camera Module

Using the command window to subscribe to and analyze
the camera images with more than one camera in action is a
cumbersome task. The ASV interface embeds the display win-
dows for all the camera modules in a single screen providing
a flexible way to deal with different cameras. The user can
choose which cameras to enable or disable by selecting the
checkbox corresponding to the camera of their interest.

The display window for subscribing to the camera images
is started by clicking the start button or by using the normal
command window as described in section F.

The camera module works in the same way as the
video module, the only difference being subscription to the
appropriate topic. Each camera window subscribes to the
respective camera topic. The camera node subscribes to the
/camera/image topic in the following manner:

image_sub_=it_.subscribe (" ",
1,& ::chatterCammBack, ) ;

L. Teleoperation Module

The teleoperation module allows the user to choose the
mode of manual control of the ASV. The user is given the
choice of using the keyboard, standard joystick or proprietary
controllers such as the Microsoft Xbox controller and the Sony
PS3 controller. Clicking on the respective button launches the
control window for the selected input method.
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Fig. 10: Camera module with Camera 2 and Camera 4 active

The buttons are linked to roslaunch commands that are
launched through Qt using the QProcess class. The control
windows are launched through separate terminal windows.
The only downside to this is that the main program window
becomes inactive as soon as the teleoperation windows are
opened, so they must be closed after use in order to regain
usage of the main window.
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Fig. 11: Manual teleoperation page

VI. PERFORMANCE

The processor intensive tasks such as image processing
to identify edges, colors and objects as well as trajectory
planning are performed on the ground station PC while the
onboard computer requires only enough processing power
to perform the basic navigational functions while publishing
video streams and other sensor data to the ground station PC.
All the processing workload is on the CPU, with the GPU not
being utilized.

The GUI was tested with the computer processor configu-
rations as listed in Table 1.

The ground station PC was not restricted in any manner
while the onboard PC was successively restricted in its power
allotment processing core wise. All tests were completed with
no noticeable frame drops or lag during video streaming with
simultaneous edge detection.

Hence we can use a smaller computer onboard the ASV
which is lighter and has a lower power draw which reduces
the overall load on the ASV battery.

TABLE I: Computational Hardware Tested

Ground Station PC

Intel core i7-4710HQ 2.4GHz (8
virtual cores) , 8Gb RAM

Intel core i7-4710HQ 2.4GHz (8
virtual cores) , 8Gb RAM

ASV Onboard PC

Intel core i7-4710HQ 2.4Ghz (8
virtual cores) , 8Gb RAM

Restricted Intel core i7-4710HQ
2.4GHz (2 virtual cores) , 4Gb
RAM

Restricted Intel core i17-4710HQ
2.4GHz (1 virtual core) , 4Gb
RAM

Intel core i7-4710HQ 2.4GHz (8
virtual cores) , 8Gb RAM

VII. RESULT

The GUI created using Qt over the ROS framework provides
us with a simple and easy to use control interface for the
ASV. All the required data can be displayed as needed and the
switchover to manual control is as easy as clicking a button.
Any ROS command and most gnome terminal commands can
also be executed quickly through the interface to start and stop
the different nodes.

Due to the flexibility of ROS and the method in which the
software is implemented, adding new modules to the code
is highly simplified, as each module is implemented as a
separate function with the only main requirements being the
topic to which data is being published and the data type. The
data from additional sensors can be read to new display or
logging windows easily and new control input methods can be
implemented without disturbing any of the previous processes.

VIII. CONCLUSION

In this paper we have presented the design and implementa-
tion of an ROS based software architecture for an autonomous
surface vehicle. The developed software enables us to add new
sensors and actuators to the vehicle as required simply by
adding them as additional code modules.

Our interface can easily be used to control other types of
autonomous vehicles as well. With very few modifications to
the code, the Qt and ROS based GUI can be used as a general
platform UI to control various other robots and ASVs.
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