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(Design of Layered Software Architecture Based on
ROS That Reflects the Requirements of Underwater
Robot Software System)

O3 AYF 0TS, 88X HEF
(Jung-Woo Lee, Young—Ho Choi, Jong-Deuk Lee, Sung-Jo Yun, Jin—Ho Suh)

Abstract : Underwater robots operating in constrained underwater environment have requirements
for software systems. Firstly, it is necessary to provide reusable common software components
for hardware interface of sensors and actuators that are frequently used in underwater robots.
Secondly, it is required to support distributed execution environment on multiple embedded
controllers. Thirdly, it is need to implement a monitoring system capable of high-speed and
large—-data transmission for underwater robots operating in an environment where it is difficult to
check the robot status. For these requirements, we have designed the layered architecture
pattern and applied several design patterns to enhance the reusability and the maintainability of
software components, In addition, we overlaid the broker architecture pattern to support
distributed execution environments. Finally, we implemented the underwater robot software
system using ROS framework based on the software architecture design. In order to evaluate the
performance of the implemented software system, we performed an experiment to measure the
response time between components and the transmission rate of the monitoring data, and
obtained the results satisfying the required performance.

Keywords : Underwater robot software system, ROS, Layered architecture, Broker architecture,
Software design pattern
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Table 1. Requirements of underwater

robot software system and corresponding

architecture design

Software System
Requirements

Corresponding
Architecture Design

Underwater Robots are
limited in the kinds of
sensors and actuators
used, so common
elements need to be
developed

Designed an architecture
with the layered
architecture pattern that
can separate hardware
—dependent elements and
non-dependent elements
for common use in various
underwater robot platforms

Due to the shape of
the waterproof
pressure-resistant
mechanism, it is
difficult to apply a
high-performance
single controller. Using
multiple decentralized
mid-performance
controllers requires a
mutual communication
scheme

In order to execute the
software system in a
distributed environment, the
broker architecture pattern
is applied to data
transmission between
controllers through brokers

High-speed monitoring
(over 30Hz) is
important because it is
difficult to check
underwater robot status
with camera image or
naked eye

Each software component
implements functions for
monitoring. the
implementation of
monitoring is designed to
apply the observer design
pattern and transmit
information to the
mothership control station
via a separate
communication channel
using the XMLRPC protocol
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Class TemplateComponent

308

public:
static TemplateComponent& getlnstance()

static TemplateComponent instance;

return instance;
+
static std::unique_ptr<TemplateComponent_Model>& Model()
{

return TemplateComponent::getInstance().pModel;

static std::unique_ptr<TemplateComponent_View>& View()
return TemplateComponent::getInstance().pView;
static std::unique_ptr<TemplateComponent_Controller>&
Controller();
return TemplateComponent::getInstance().pController;
protected:

TemplateComponent();
~TemplateComponent();

unique_ptr<TemplateComponent_Model> pModel;
unique_ptr<TemplateComponent_View> pView;
:unique_ptr<TemplateComponent_Controller> pController;

Y 5. AZEe] AXUEY AFE A
de HLe 93 a8 2=

Fig. 5 Template code for applying a software
component’s singleton design pattern
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