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On a previous document [1], all the benefits given by the Embedded System Software Architectures (ESSA) were 
already highlighted. Now, we will discuss how the use of an ESSA in a virtual environment can speed up the 
development of the products and reduce costs.

Running an ESSA in a Virtual environment

Let us take a look at the ESSA block diagram that was previously shown:

                                       
The Hardware Abstraction Layer (HAL) makes ESSA easily portable from one hardware platform to another 
just by changing the Driver layer. Thus, it can be said that the rest of the Application is not dependant on the 
platform it is being run in. This means that it can also run in the Operating System of a computer, as long as 
an Integrated Development Environment (IDE) or a compiler + linker capable of translating the language which 
the ESSA is written in, into a set of instructions the machine can understand, is available. What is more, if the 
IDE has got debugging capabilities, it will be possible to start developing and debugging the Application on 
the computer without having a hardware platform available, which in fact, can be developed in parallel with 
the software.

In order to start, the ESSA will need at least two resources:

• Time base for the own ESSA OS.
• A way to communicate the Shell interface with the outside world.

In the first case, we already saw that when the ESSA is running on an Embedded System, this Time base is 
given by a hardware timer through the OsApi. Now, in the computer, this Time base from can be obtained from 
a host OS timer through a virtual OsApi.
In the second case, the driver that communicates the Shell with the outside world can be replaced with a Virtual 
Driver that communicates the I/O data to a serial port of the machine, or even better, to a host OS console.

[1] Embedded Software Architecture.
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Figura 1: Example of an ESSA 
block diagram
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Thanks to this two resources, it is possible to start working, running the Tasks and simulating their interaction 
with the Drivers (that in this case do not exist).
However, as it was said, these are, in our opinion, the minimum required resources. From here, the ESSA can 
be endowed with some additional resources as, for instance, more Virtual Drivers such as:

• Analog to Digital Converters.
• Non-Volatile Memory (NVM).
• Digital Inputs/Outputs.
• PWM outputs.
• Serial Ports.
• LCD.
• External RAM.

And other virtual drivers that the product should need.

Increase the competitiveness through an ESSA in a Virtual environment

Some of the issues to be taken into account related to the increase of the competitiveness are:

• Decrease in Time-to-Market.
• Increase in Software Quality.
• Improvement of customer service, through the Digital Twin concept.
• Cost savings regarding to the development tools.

Decrease in Time-to-Market

Even though the implementation of Virtual Drivers need the occupation of some technical resources for a while 
(and therefore a cost), these Drivers can be grouped and (following ESSA philosophy) be reused in subsequent 
developments. Running the ESSA along with this set of Virtual Drivers allows the development of the software 
of the product in parallel with the hardware, thus shortening the total development time. For instance, if Non-
Volatile Memory (NVM) devices are being used, it could be possible to create a Virtual Driver that emulated 
the behaviour of the NVM using the computer Hard Disk as a base. This would allow the development and 
debugging of the storage system long time before the first hardware prototype was available, which would lead 
to a smaller development time. Another example would be to use a Virtual Driver for LCD panel (Liquid Crystal 
Display), along with an application that emulated the display, the keys and/or the light indication devices. 
Again, this would allow the development of the whole menu system long before having the hardware platform

Another issue to consider, which in some cases cannot be neglected, is the time spent working on a real 
hardware platform. They are short amounts of time but they can become important by accumulation. These 
can be for instance, the time to download the developed software on the hardware for testing, hardware 
availability, hardware repairing, hardware version change, compatibility between different hardware versions, 
etc.

The accumulation of all these times for the whole project Team can become important.
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Increase in Software Quality

The possibilities offered by the Shell interface to test the software were already highlighted in  a previous 
document. Now, with a little effort, an application can be developed so from the host OS the software can be 
tested through the Shell interface. This can be done repeatedly with several Test Cases to check its robustness. 
These Test Cases can be stored as a files and be used later to verify that the system is behaving as expected 
and discard any unwanted side effects in the successive evolutions of the product. All this will result in higher 
quality, both in the code of the ESSA and in the Application.

Besides, the part of code that belongs to the ESSA will become more and more mature and therefore become 
bug-free, as this will be reused multiple times.

Improvement of customer service through the Digital Twin concept

The possibility, previously mentioned, of the virtualization of the devices leads us to the concept of Digital Twin, 
that comes from the new Industrial Revolution 4.0, and which can be defined as the total or partial virtualization 
of a product with the aim of improving its design and production processes or even the final customer service.

An example of a Digital Twin would be a software application that emulates an LCD panel, which behaves in 
the same way as the real one, so it can be considered as its twin in the digital substrate provided by a computer. 
In the same way, you can build the Digital Twin of an entire product, which allows you to expose it to conditions 
in the digital environment, which in the real world could be difficult to reproduce or even dangerous. This 
results in a greater robustness of the product, which benefits the customer.

The advantages do not end here because, if thanks to the IoT technology, the Digital Twin is fed with real 
data from a remote product, its behaviour can be analysed through the behaviour of the Digital Twin and solve 
problems remotely, once again, for the benefit of the client.

Cost savings regarding to the development tools

With regard to the development tools, although some devices have got free Integrated Development 
Environments, this possibility is not always available and depending on the device used, this may involve 
the purchase of a number of licenses of the IDE which may represent a significant cost. However, if an ESSA 
is used in a virtual environment, much of the software can be developed using any of the free IDE, that have 
also got debugging capabilities. This represents a significant saving because the payment IDE is usually only 
needed during the development of the Drivers, optimized code generation and final debugging. This could mean 
buying a single license instead of several ones. Another aspect to highlight is the pricey hardware devices 
used to debug the software on the Embedded System. Thanks to Driver virtualization most of the Application 
can be debugged in the host OS, being perhaps only necessary to use of the emulator device for the Driver 
development and final debugging.


