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Abstract: This paper addresses the design and implementation of a high-level control system
for the planning, supervision, and mission operation of the observation class remotely operated
vehicle VISOR3. This work was developed following the Waterfall Model for the Software
Development Life Cycle. First, a brief description of the ROV VISOR3 is made. Then, the
functional and non-functional requirements, that are based on the ISO/IEC/IEEE 29148:2011
and were gathered from stakeholders, are presented. The software architecture is based on the
standard ISO/IEC/IEEE 42010:2011. The implementation of the high-level control system is
done by using a high-level programming environment using layers through parallel executed
threads. This architecture establishes a flexible structure and guidelines that orient the
implementation of future components for the mission control system of the ROV.
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1. INTRODUCTION

During the operation of an underwater remotely operated
vehicle (ROV) the equipment is piloted by a human lo-
cated at the surface, through an umbilical cable. It is
common to find such devices with minimum levels of
autonomy; hence, position and attitude controls of the
craft rely on the pilot’s ability to provide commands that
are converted into trajectories by using input peripherals
located on the surface station. Sometimes there are com-
plex tasks that require long displacements and movements
that demand greater precision and accuracy; in some cases
missions fail, even after several attempts, due to the lack
of skills of the operator; therefore, operation costs can be
drastically increased (Kim and Yuh, 2004).

A mission control system (MCS) that interprets and assists
the operator in managing all aspects involved in the devel-
opment of the ROV mission comprises: defining objectives,
planning, execution, monitoring, diagnosis, data recording,
and mission analysis. Furthermore, the MCS must address
and translate the mission into specific tasks and actions
that can be processed by a low-level system hosted in the
vehicle (Battistella and de Queiroz, 2014).

The MCS runs during all stages of the vehicle opera-
tion. Therefore, the use of a well-conceived architecture,
together with programming tools, can often help man-
aging complex stages. Nowadays, there are no standard
architectures for all ROV applications; for this reason, it
is important to identify the strengths and weaknesses of
a particular implementation by using a given approach
(Kortenkamp and Simmons, 2008).

This work addresses the design and implementation of
a high-level control system for the planning, supervision
and mission operation for the ROV VISOR3, which was
developed for the inspection of port facilities in the 2000s
(Gutiérrez et al., 2010), and has been used as a test
platform for the development of robotic technology for
the underwater exploration of Colombian seas (Ramı́rez-
Maćıas et al., 2016). This paper is structured as follows:
Section 2 presents a brief description of the ROV VI-
SOR3, Section 3 shows the software requirements elici-
tation process, Section 4 exposes the software architecture
design, Section 5 describes the software implementation for
the high level control of the ROV VISOR3, and finally,
some conclusions are addressed.

2. ROV VISOR3

2.1 Description of the Platform

VISOR3 is an ROV that was developed to acquire visual
information during surveillance and maintenance of ships’
hulls and underwater structures in Colombian port facili-
ties (Gutiérrez et al., 2010). The vehicle is being upgraded
today as a test platform for an Underwater Robotics Pro-
gram, including hardware, software, and firmware redesign
and update.

The vehicle’s hardware has been modified and built using
a three-level architecture: surface level, vehicle’s high-level
and vehicle’s low-level. The surface level has a surface sta-
tion mainly composed by a Microsoft R© Surface Pro 3, joy-
sticks and potentiometers for ROV guidance, and an aux-
iliary portable command device based on an NVIDIA R©
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rafael.vasquez@upb.edu.co).

Abstract: This paper addresses the design and implementation of a high-level control system
for the planning, supervision, and mission operation of the observation class remotely operated
vehicle VISOR3. This work was developed following the Waterfall Model for the Software
Development Life Cycle. First, a brief description of the ROV VISOR3 is made. Then, the
functional and non-functional requirements, that are based on the ISO/IEC/IEEE 29148:2011
and were gathered from stakeholders, are presented. The software architecture is based on the
standard ISO/IEC/IEEE 42010:2011. The implementation of the high-level control system is
done by using a high-level programming environment using layers through parallel executed
threads. This architecture establishes a flexible structure and guidelines that orient the
implementation of future components for the mission control system of the ROV.

Keywords: Remotely Operated Vehicle, control software, software engineering.

1. INTRODUCTION

During the operation of an underwater remotely operated
vehicle (ROV) the equipment is piloted by a human lo-
cated at the surface, through an umbilical cable. It is
common to find such devices with minimum levels of
autonomy; hence, position and attitude controls of the
craft rely on the pilot’s ability to provide commands that
are converted into trajectories by using input peripherals
located on the surface station. Sometimes there are com-
plex tasks that require long displacements and movements
that demand greater precision and accuracy; in some cases
missions fail, even after several attempts, due to the lack
of skills of the operator; therefore, operation costs can be
drastically increased (Kim and Yuh, 2004).

A mission control system (MCS) that interprets and assists
the operator in managing all aspects involved in the devel-
opment of the ROV mission comprises: defining objectives,
planning, execution, monitoring, diagnosis, data recording,
and mission analysis. Furthermore, the MCS must address
and translate the mission into specific tasks and actions
that can be processed by a low-level system hosted in the
vehicle (Battistella and de Queiroz, 2014).

The MCS runs during all stages of the vehicle opera-
tion. Therefore, the use of a well-conceived architecture,
together with programming tools, can often help man-
aging complex stages. Nowadays, there are no standard
architectures for all ROV applications; for this reason, it
is important to identify the strengths and weaknesses of
a particular implementation by using a given approach
(Kortenkamp and Simmons, 2008).

This work addresses the design and implementation of
a high-level control system for the planning, supervision
and mission operation for the ROV VISOR3, which was
developed for the inspection of port facilities in the 2000s
(Gutiérrez et al., 2010), and has been used as a test
platform for the development of robotic technology for
the underwater exploration of Colombian seas (Ramı́rez-
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SHIELDTM tablet, as shown by Osorio et al. (2016), that
is used for shallow-water operations; these devices are the
operator’s interfaces with the ROV. Additionally, a tether
management device is available, allowing the surface level
to establish communication through fiber-optic-based Eth-
ernet link and to provide electrical power to the ROV. The
vehicle’s high level has a DC power system; an on-board
processor; and a high definition camera; the vehicle’s low-
level has a propulsion system composed by four thrusters
that allow the ROV to move on surge, sway, heave, and
yaw directions; an illumination system formed by four
LED lights; and an on-board controller that establishes the
data acquisition interface with multiple sensors, enabling
the operator to manipulate the equipment and manually
control the vehicle.

2.2 Control Architecture

The Navigation, Guidance, and Control (NGC) system of
VISOR3 is being developed in order to allow the user
move the vehicle in a more precise and safe way. The pro-
posed NGC system has been structured using a hierarchi-
cal three-level control architecture (Aristizabal et al., 2016;
Rúa and Vásquez, 2016), Figure 1. The upper and middle
levels are hosted on the surface station, and are in charge of
the execution of planning, supervision, and manipulation
tasks for the ROV during the mission. The lower level runs
on the vehicle’s hardware, and its function is to interpret
and execute the manoeuvres that the operator generates
remotely using the upper levels. This architecture allows
each level to be executed independently, which benefits
the ROV in case of communication failures and connection
losses.

3. SOFTWARE REQUIREMENTS SPECIFICATION

The elicitation process and requirement analysis is based
on the ISO/IEC/IEEE 29148:2011 standard: Systems and
software engineering - Life cycle processes - Requirements
engineering (ISO/IEC/IEEE, 2011b). In this section, the
functional and non-functional requirements gathered from
the stakeholders are presented.
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Fig. 1. VISOR3 control architecture (Aristizabal et al.,
2016; Rúa and Vásquez, 2016).

Functional Requirements Functional requirements define
fundamental actions that the software solution has to
perform on the high level control system of the ROV VI-
SOR3. The identified requirements can be classified into
five categories: navigation (show location, position and
orientation, trajectory generation, etc.), operation (lights
control, thrusters control, balancing system operation,
data transmission and reception, etc.), monitoring (display
information from sensors, display operational events, show
alarms status, data logging, etc.), security (fault detection
and diagnosis, etc.) and logistics (mission management,
etc.). The selection refers to main functions which the
pilot has to interact with during the system’s operation.
The complete description of functional requirements was
addressed in Gómez (2016).

Non-functional requirements Non-functional require-
ments of the system, also known as quality attributes, are
aspects that, generally, do not affect the needed function,
but instead define the quality and characteristics that
the system have to support. For the software solution
development, six quality attributes are identified:

• Performance: if the system is linked with the vehicle
and the surface station, it has to be able to receive
and process data with a frequency of 5 Hz and 20
Hz respectively. The system has to operate fluently;
alternation between modules has to take less than 300
ms.

• Availability: the system must have an events panel
that generates alerts in case of anomalies detected
during the development of the mission. If communi-
cation links with the vehicle and surface station are
lost, it has to recover automatically.

• Modifiability: the system has to be easily scalable and
sustainable. Based on this, it must have a flexible
and modular design that reduces the time needed
by non-experienced programmers to understand the
development.

• Security: the software has to work with low probabil-
ity of failure. In case of failure, it has to guarantee
that the ROV enters a safe operation mode.

• Testability: The system has to allow the user to
generate individual ROV element testing, without
generating inconveniences to the operator.

• Usability: The application must have a graphical user
interface oriented to touch-sensing computers, such
as the Microsoft R© Surface Pro 3. Distribution of the
components on the interface has to be simple, so that
the pilot finds the controls or indicators quickly.

4. SOFTWARE ARCHITECTURE

The software architecture model’s description has been de-
veloped based on the standard ISO/IEC/IEEE 42010:2011:
Systems and software engineering - Architecture descrip-
tion (ISO/IEC/IEEE, 2011a). It suggest that architecture
presentation could be made from the “4+1” view model,
designed by professor Philippe Kruchten. The model spec-
ifies the design of five views corresponding to: scenario,
logical, process, development, and physical views. In this
section, the logic view taken from the “4+1” view model
is used to present and describe the proposed architecture
for the high level control system.
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4.1 Scenarios

Scenarios view, relates main functionalities of the software
solution abstracted from the requirements identified on
Section 3. An alternative to describe scenarios consists on
a schematic presentation of the use cases of the system.
Use case represents a sequence of interactions between a
system and an actor that uses any of its services (Reyes-
Ramos, 2010). First, it is important to previously identify
the involved actors on the system operation. The involved
actors are:

• User: who operates and manipulates the system to
generate actions on the vehicle and monitor signals
generated from it.

• ROV VISOR3: vehicle that is remotely operated by
the system.

• Surface station: station available on the surface, com-
posed by input peripherals for the user to generate
commands to the vehicle.

The first use case involves reading status information of
the internal and external conditions of the vehicle, coming
from the its sensors. The transmission of commands from
the system operator to the ROV is the second use case
of the system. Failure detection, and on-screen display of
them (alarms), constitute the third use case. The last use
case specified is the generation of historic mission data
reports stored in the system. Figure 2 presents the use
case diagram.

4.2 Logical view

Traditionally, mobile robotic systems focus their architec-
tures under the SPA structure: sense, plan, act. This con-
trol structure was implemented in the early 1960s, with the
robot Shakey from Stanford University, and since, it has
been refined after its adaptation within diverse applica-
tions, being the distribution layer one of them (Palomeras
et al., 2012). The designed architecture model has been
inspired by the SPA structure implemented in a multilayer
pattern under a hierarchical distribution, in which the
lower layers represent an interface with physical devices
and the database, and upper layers execute processing
and mission planning of the ROV. Figure 3 presents the
composition of the logical architecture of the system.

Presentation layer Presentation layer includes the com-
ponents that interact in the first instance with the user

Surface Station

ROV Visor3

User

Signals reception -ROVSignals processingDisplay signals

Signals reception -C.I.
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Commands generation Commands processing Signals transmission -ROV
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Fig. 2. Use cases view.
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Data Access Object

Mission 
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Fig. 3. Logical view.

that operates the system. It is composed by multiple
indicators, that present organized information to the user,
and by controls that interpret the actions that the pilot ex-
ecutes to manipulate the vehicle. The main responsibilities
of this layer are to:

• present information from sensors available in the
vehicle;

• inform about the state of actuators such as illumina-
tion, thrusters, and balancing systems;

• receive, validate, and interpret the manoeuvres that
the user want to perform with the ROV;

• alert the pilot about risks or failure conditions
through visual or auditive signals; and

• deliver the operator a report of data stored from
historic missions.

Execution layer In this layer, signals generated by the
system’s actors are processed. This task has three modules:
sensor managing, error handling, and actuation control.

• Sensor managing executes post-processing of the sig-
nals coming from the ROV. It executes information
tasks such as filtering, scaling, estimation, and rout-
ing to upper levels. It is expected that most of the
signals arrive processed by the lower level of the vehi-
cle, because this represents a safety and performance
condition in cases which the ROV loses communica-
tion with the surface.

• Error handling collects information referring to func-
tionality losses generated from the vehicle or the
software application itself.

• Actuation control manages continuous and discrete
events that the system must generate upon user’s re-
quest. In continuous events it is emphasized the path
generation to the low level control system. Among
discrete events, power-on and power-off signals sent
to the ROV subsystems are found.

Communication layer Communication layer becomes
the most important piece of the software solution, because
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