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ABSTRACT 

The design of multimedia systems is becoming more and 

more challenging due to their growing complexity and strict 

performance requirements. New implementations  fulfilling 

new market requirements must be included in increasingly 

complex multimedia systems. In this context, the OpenMAX 

standard provides abstraction facilities needed in order to 

design multimedia streaming applications with large 

amounts of data processing.   
This paper presents a methodology which provides a 

UML/MARTE methodology for the specification of 

multimedia systems according to the OpenMAX 

specification requirements for system level-design activities 

and a framework which automates the extraction of the 

corresponding SystemC executable specification, enabling 

the execution and the verification of the multimedia system. 

   
Index Terms— UML/MARTE, UTP, SystemC, OpenMAX, 

automatic generation 

 

1. INTRODUCTION 

 
The design of embedded systems is in a highly competitive 
context. The translation of a successful design into a 
successful product depends greatly on becoming the first 
product on the market with new complex functionalities and 
strict performance constraints. More specifically, in the 
multimedia system design area, new devices include a wide 
set of applications with an increasing number of intensive 
data processing operations fulfilling the new standards of 
audio, video, image quality.   
To cope with this increment of system requirements, some 
parts of the system have been implemented in electronic 
devices, making HW/SW integration necessary. The lack of 
standardization in HW/SW integration has led to ad-hoc 
implementations whereas the adoption of standards provides 
portable, flexible and reusable designs for embedded 
systems.  
The OpenMAX standard [19] is an initiative promoted by 
the Khronos Group that defines a standardized media 
component interface to enable developers and platform 
providers to integrate and communicate with multimedia 
codecs implemented in hardware or software. 

 
A strategy for designing complex systems has been the 
development of electronic system-level (ESL) design 
methodologies [13], where the key initial activity is 
specification. Model-driven development (MDD) 
methodologies enable concepts for making specifications 
simpler and more understandable, which are major 
requirements for tackling the design challenge [14]. Using 
standard languages, such as UML [15], provides 
understandability and portability of specifications. 
Model-driven design methodologies are commonly adopted 
to handle the design of large functionalities. The latest 
design methodologies start from high-level UML models 
combined with algorithmic codes (e.g. C, C++, Matlab, etc.) 
of the different system components [15]. In these models, 
the user defines the system functionality using a platform-
independent model (PIM). Then, given a platform definition 
model (PDM), the PIM is translated to one or more 
platform-specific models (PSMs), where resource 
allocations are specified.  
In order to provide specific semantics for UML, profiles 
have been developed. In the specific context of embedded 
systems, the MARTE profile [18] has been developed to 
model and analyze real-time systems, providing the concepts 
needed to describe real-time features that specify the 
semantics of these kinds of systems at high abstraction 
levels. The UML Testing Profile [17] enables the definition 
of models that capture scenarios for system testing.  
In order to achieve an optimal solution, different design 
alternatives have to be considered. Design space exploration 
(DSE) solutions have been proposed to perform this 
selection process. These DSE solutions should be captured 
in the UML/MARTE model, specifying all the different 
design alternatives that can be considered, defining a set of 
test benches which enables different system executions in 
order to obtain performance results to obtain the final system 
design. Count on the help of a system model in an early 
stage of development can facilitate the evaluation of the 
different design alternatives, reducing development costs. 
For this reason, SystemC [25] has been used in this work, 
since it is a modeling language that is applied to system-
level modeling, architectural exploration, performance 



modeling, software development, functional verification, 
and high-level synthesis. 
This paper focuses on the description of a design flow that 
enables the specification of a multimedia system design 
under the OpenMAX standard. By using the modelling 
capabilities of UML and the standard profiles, MARTE and 
UTP, the designer can completely specify the most relevant, 
requisite multimedia system attributes needed to obtain, in 
an automatic way, the SystemC executable specification that 
corresponds to a HW OpenMAX Integration Layer 
infrastructure [20]. This HW OpenMAX IL infrastructure 
can be executed and explored, considering different 
automatically generated test-benches as well.     
The paper is organized as follows; in section 2, a study of 
the state-of-the-art is presented. In section 3 the complete 
proposed design flow is described. Finally, some 
conclusions and future work are presented in section 4. 
 

2. STATE-OF-THE-ART 

 

Through the use of OpenMAX in embedded systems, 
developers can reduce the effort required to design 
multimedia hardware because: (a) the whole core logic can 
be reused when targeting a new platform (standardized 
interfaces), (b) it is not necessary to hand write the drivers or 
code that depends on these components and, (c) 
communication issues are separated from the processing 
primitives (the same synchronization protocols, standardized 
communication mechanism, etc.).  
The implantation of OpenMAX in many commercial 
products is a fact. For example, in [21], NVIDIA offered a 
demonstration which showed a prototype OpenMAX IL 
implementation executing on an NVIDIA GeForce 3D 
handheld graphics processing unit (GPU) to create a 
flexible, accelerated streaming media pipeline. Later, 
NVIDIA developed the first dual-core processor for faster 
Web browsing and snappier response time called NVIDIA 
Tegra 2 [22], which supports OpenMAX for media 
acceleration. The GST-OpenMAX project [23] extends the 
GStreamer multimedia framework with OMXIL in order to 
provide the advantage of enabling access to multimedia 
components in a standardized way.  Many component 
wrappers have been developed for different OMXIL 
implementations, such as Bellagio, TI (OMAP-3430) or 
Maemo. GST-OpenMAX is already distributed in many 
embedded platforms, such as Angstrom and Maemo.   
The application scope of UML has been extended to cover 
different domains to its initial application domain, such as 
object-oriented software system modelling. In this context, 
in [6], the capabilities of the application for the design of 
electronic systems are described. Specifically, in order to 
exploit the benefits of UML as a modelling language, the 
MARTE profile was created to deal with the modelling of 
real-time embedded systems.  

In [7], a UML/MARTE methodology for specifying systems 
with heterogeneous communication semantics is presented. 
Then, a mapping to SystemC is described in order to obtain 
an executable specification. Gaspard2 [9] is a design 
environment for data-intensive applications which enables 
TLM SystemC platforms to be generated from MARTE 
descriptions of both the application and the hardware.  
Other works take UML/MARTE models as input and 
generate executable code from them. In [8] the complete 
design flow to move from high-level MARTE models to 
code generation, for implementation of dynamically 
reconfigurable SoCs, is presented. In this paper, generic 
control semantics for the specification of adaptive and 
dynamic reconfigurable SoCs is presented. In [24], a 
component-based modelling methodology based on 
UML/MARTE and explicitly designed for supporting design 
space exploration is presented. This UML/MARTE design 
exploration methodology is focused on the specification of a 
set of design solutions for the HW/SW architecture; 
characteristics of the HW resources (frequency, etc.) and 
multiple application allocations to HW resources.      
According to the previous works, the use of UML/MARTE 
as high-level language for embedded systems is widely 
extended. Additionally, the generation of SystemC 
executable specifications from UML models is a well-known 
activity. However, no model-based methodology has been 
found that specify a complete design flow that based basing 
on UML/MARTE high-level specification, enables the 
automatic SystemC code generation considering the standard 
OpenMAX for dealing with the current multimedia system 
in a feasible way.   
 

3. PROPOSED FLOW 

 

The proposed design flow (Figure 1) starts from the creation 
of a UML/MARTE model. 
The system modelling methodology described in this paper 
is characterized by following a component-oriented 
approach [3] and applying Model-Driven Architecture 
(MDA) [1] principles in the development of the HW/SW 
embedded systems. Moreover, the proposed approach 
makes this methodology software centric [2] as it considers 
application components as units allocable either in the 
software resources or hardware resources.  
 

 

Figure 1 Application structure 

The information contained in a UML/MARTE model is 
separated in specific concerns, depending on their 



application area. Each concern is captured in a model view, 
which is represented using the UML diagrams that best fit 
the concern. These model views define the data types, the 
application components, the interfaces for the 
communication of these application components, the 
application structure (Figure 1), the HW/SW elements used 
for defined the platform where the application components 
are mapped, etc. Additionally, the views of the system 
model are grouped according to the MDA guide, forming 
three different viewpoints: the Platform-Independent 
Model, PIM), the Platform Description Model, (PDM), and 
Platform-Specific Model (PSM). The PIM (Figure 1) 
describes the system functionality (e.g. application, 
functional code, interfaces, application structure, 
communication mechanism…). The PDM describes the 
different HW and SW resources that form part of the system 
platform. Finally, the PSM describes the system platform 
architecture and the allocation of the application 
components into the platform resources.  
 

 

Figure 2 Proposed OpenMAX Flow 

From this model, an infrastructure integrated in Eclipse 
generates all the OpenMAX-SystemC code required for 
simulation or execution. The graphical tool used to create 
the UML/MARTE model is Papyrus [10]. A code generator 
will be developed as a set of generation templates written in 
the standard MTL language [12]. The development will be 
done through Acceleo [11], a code generation framework 
fully integrated in Eclipse.   
From the UML/MARTE model of the system to be 
designed, the goal is to automatically generate a SystemC 
specification of the system in order to get the ability to know 
its temporal behavior considering the different design 
configurations. This SystemC specification is executed with 
a set of test benches in order to select the most adequate 
configuration parameters of the system components. 
According to the characteristics of the implementation of 
each OpenMAX component (described in [20]) modelled in 
the UML/MARTE model, the code generation produces a 

SystemC component specification (Figure 3).  
The functionality of the component is translated into the 
Media Core (MC). Internally, the MC contains a generic 
synchronous pipeline in which the number of stages and 
cycle time can be set, making the MC temporal behavior 
flexible and configurable.  In order to make computation and 
communication independent, a placeholder for this MC, 
called OpenMAX Adapter (OA), has been implemented and 
is responsible for interpreting the OpenMAX primitives. 
Both elements form the OpenMAX Component. 
 

 

Figure 3 SystemC OpenMAX Component specification 

A simple fixed interface is provided between the MC and the 
adapter, mainly based on a standardized memory interface. 
Therefore, HMCs remain independent from the data 
communication protocols and the memory technologies. 
This interface facilitates reading and writing buffers coming 
from MC to local memories present in the OA. As it is 
defined in the standard, a buffer is the minimum amount of 
media data that can be exchanged between two OpenMAX 
components.  
Besides the memory interface, the OHA (OpenMax 
Hardware Adapter) implements the control logic that 
governs the MC execution. Moreover, the MC provides 
information to the OA about its execution status that is 
interpreted by the Data Transfer Engine (DTE) to overlap 
MC execution with the data transmission process that can be 
carried out through the Proxy and Skeleton communication 
adapters (acting as OpenMAX ports).  Using the rules for 
modeling in SystemC, all modules in the OpenMAX 
Component are connected via ports and channels as 
described in Figure 4. 
In order to check the performance of the set of 
interconnected OpenMAX Components, a simulation 
scenario has been developed. In it, several simulations will 
be launched according to the value of each component 
configuration parameter. From a pool of test cases, each 
simulation reads one test case in which the number of 
OpenMAX Components in the chain, the amount of media 
data that will be processed and the configuration parameters 
for each component are defined. 
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The simulation process is made up of a chain of OpenMAX 
Components connected through a shared bus (specifically 
through an AHB bus SystemC model as can be seen in 
Figure 4) and the simulation starts by injecting the media 
data into the chain. These data will go through the 
components and will be collected at the end of the chain. At 
this point, the time taken to complete the process is 
recorded.  
 

 

Figure 4 SystemC Simulation Scenario 

Depending on the results obtained after the simulation of all 
test cases, the configuration of each component is selected.  
The selection criterion is easy, the configuration parameters 
of the simulation whose execution time has been the shortest 
are chosen. In this kind of application, a typical performance 
metric is the execution time, so less time indicates better 
performance. 
   

4. CONCLUSIONS AND FUTURE WORK 

The paper presents a UML/MARTE based design flow in 
order to specify of current multimedia systems according to 
the specification requirements that the standard OpenMAX 
provides. In addition, the high-level modeling methodology 
enables the specification of test-benches which are used to 
establish a design exploration process in order to find the 
best configuration of the system. 
Then, from the UML/MARTE model, a SystemC mapping is 
produced. This SystemC mapping enables the automatic 
code generation of a SystemC executable specification in 
order to obtain the different timing execution performances. 
Depending on the values obtained, the best system 
configuration can be selected.  
From the on-going work presented in this paper, the code 
generator will be implemented. This code generator will be 
implemented by using MTL. Then, it will be included in an 
Eclipse infrastructure, which will enable the application of 
the UML/MARTE OpenMAX methodology in the complete 
design of multimedia systems.     
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