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Abstract

Infotainment applications in vehicles are currently supported both by the in-vehicle platform, as well as by user’s
smart devices, such as smartphones and tablets. More and more the user expects that there is a continuous
service of applications inside or outside of the vehicle, provided in any of these devices (a simple but common
example is hands-free mobile phone calls provided by the vehicle platform). With the increasing complexity of
‘apps’, it is necessary to support increasing levels of Quality of Service (QoS), with varying resource requirements.
Users may want to start listening to music in the smartphone, or video in the tablet, being this application
transparently ‘moved’ into the vehicle when it is started. This paper presents an adaptable offloading mechanism,
following a service-oriented architecture pattern, which takes into account the QoS requirements of the
applications being executed when making decisions.
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Abstract

Infotainment  applications in vehicles are currently
supported both by the in-vehicle platform, as well as by
user’s smart devices, such as smartphones and tablets.
More and more the user expects that there is a continuous
service of applications inside or outside of the vehicle,
provided in any of these devices (a simple but common
example is hands-free mobile phone calls provided by the
vehicle platform). With the increasing complexity of ‘apps’,
it is necessary to support increasing levels of Quality of
Service (QoS), with varying resource requirements. Users
may want to start listening to music in the smartphone, or
video in the tablet, being this application transparently
‘moved’ into the vehicle when it is started. This paper
presents an adaptable offloading mechanism, following a
service-oriented architecture pattern, which takes into
account the QoS requirements of the applications being
executed when making decisions.

1. Introduction

Infotainment “apps” are getting common in modern
vehicles. More and more vehicles are equipped with
advanced computational platforms that are capable of
executing a multitude of applications, ranging from video
reproduction to games, from satellite navigation to social
networking. Although many applications can only be
executed on the specialized hardware of the vehicle, it is
nowadays common for the vehicle to include general
purpose platforms, equivalent to the mobile devices carried
by the passenger — mobile phones, tablets, wearable devices,
etc.

It is increasingly common for the passengers to expect a
transparent equivalence of apps, which start to be executed
in one device, and then transparently “move” into the other.
This is already the case for hands-free mobile
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communication, but will extend to all other domains: the
driver will start planning a trip in a maps app in the
smartphone, expecting that when starting the car, the
vehicle’s infotainment system continues the interaction;
kids will expect that the movie which was being displayed
in the table tablet is also screened in the vehicle’s media
system.

At the same time, although the performance and
resources of mobile platforms is increasing in an
unprecedented way, they are not at the level of common
desktops or laptops. The usage of their resources (of which
energy is always an issue) needs to be carefully managed
and sharing in-vehicle resources is obviously interesting.

These different interleaving requirements hint into an
increasingly dynamic environment, where different devices
stop being the application providers, and should be seen as
simple components partaking into providing an application
to the user. The work behind this paper addresses this highly
dynamic environment, focusing in a particular functionality
to allow mobile devices to dynamically offload some of the
applications’ services [1 - 7] to the computational platform
of the vehicle. In particular, we target applications that
present variable Quality-of-Service (QoS) requirements,
and that can benefit from the speed-up and increased quality
provided by code offloading to computing node(s) with
more resources (e.g. multimedia streaming and gaming).

Offloading techniques have advantages over traditional
distributed computing: 1) the code to execute is available in
the client application; ii) the nodes to which computations
are offloaded are nearer, consequently communications
usually have less delays and better QoS; and iii) the changes
required on the original code are usually less significant, and
can be implemented as application layer solutions.

To support offloading several frameworks have been
proposed, of which some examples for smartphones are
Cuckoo [3], CloneCloud [4] and MAUI [5]. However, most
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of the existent frameworks do not support QoS
requirements. Exceptions are for the case of offloading
computation from mobile robots [1], or a generic offloading
computation method for server scheduled real-time systems
[10] and finally a generic framework to offload QoS-aware
services in an Android environment [8,12].

The solution proposed in this paper is an evolution of the
works proposed in [8, 12], addressing how offloading can
be instantiated within a service-oriented architecture and
detailing the interactions between components, such as the
one proposed in the Arrowhead framework [12]. The next
section provides an overview of the instantiated architecture
of the framework, and then section 3 presents the interaction
patterns between the system nodes to support the dynamic
offload behavior.

2. System Architecture

To provide a solution which is possible in an ecosystem
that includes multiple different types of devices, it is
required to use a generic, interoperable, framework that
allows the establishment of connection between services,
looking up for service locations and, at the same time,
granting the required levels of QoS, security and
confidentiality. Although this paper does not deal with
security and privacy issues, it is clear that any framework to
be used in this environment requires these properties.

A possible solution is to base the system architecture on
the Arrowhead framework [12], which has been proposed to
support interconnected, cooperative systems. It is based on
a SOA philosophy, interconnecting systems (in this case
devices) that provide and consume services, and cooperate
(systems of systems).

The framework also includes principles on how to design
SOA-based systems, guidelines for its documentation and a
software  framework capable of supporting its
implementations. The software framework includes a set of
Core System elements which are capable of supporting the
interaction between Application Services. The most
important elements are the Service Registry, Authorization
and Orchestration.

The Service Registry system is used to keep track of all
producing services within the system. The Authorization
system allows access to a list of access rules to other
services. The Orchestration system contains rules which
allow controlling how systems are deployed and how to
interconnect them.

In this paper we propose to extend the Orchestration
system in order to keep track on the utilization status of
possible offloading nodes. In this way, it can decide to
which nodes to offload the services, using as a simple rule
the present and past utilization level of that node. More
advanced rules can also be applied that take into account the
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status of all nodes and use an optimization algorithm find an
optimal (or close to the optimal) solution for the distribution
of services among the system nodes [13].

Each node must also make available a service to
determine its utilization status — the Status service in Figure
1. It will also need another service to support the mobility
of code — the CodeMobilityMngt service. Figure 1 shows the
main components of the architecture being proposed, where,
for convenience only the most relevant connections are
being shown. The figure shows a scenario where the
streaming of a movie which is being played in the tablet is
offloaded to the infotainment system, named as Vehicle
Media Centre.

In this scenario all services register themselves with the
Service Registry system and request the necessary
authorizations to connect with the Authorisation Service.
The Orchestration service is queried by the Tablet node
whenever it predicts the need to offload some of its
computations, as services. Since the Orchestration service
knows the status of each node in the system it is able to
choose the most underutilized node(s) to offload
computations. Other kind of criteria can also be used, it
simply depends on the parameters of the request made to the
Orchestration service.

The CodeMobilityMngt service handles the transfer of
code, state, of installing the mobile code on the destination
node and executing the transferred code. After, it runs the
offloaded code, which interfaces with the other components
through the VideoDecoder service to which the main node
must connect to. The information regarding this new end
point is also transferred through a specific interface of the
CodeMobilityMngt service.
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3. Offloading of Mobile Services

The offloading mechanisms underlying this proposal are
in part based on the QoS-aware code mobility framework
proposed in [8], the architecture proposed in Section 2 and
on the timing analysis proposed in [9].

The main objective of the mechanisms is to dynamically
adapt to the varying execution times by offloading
computation to surrogate nodes in a way that the user does
not notice any disruption on the application behavior. To
that purpose, the algorithm needs to predict the forthcoming
core execution times, based on past execution times.

Figure 2 illustrates the operation in the time domain. The
core services’ execution time on the main and offloading
device are represented by square and triangle marks,
respectively. The continuous line, without marks, shows the
linear regression that best approaches the evolution of the
execution time on the original device. At any time it is
possible to estimate the instant at which the core execution
time will exceed the maximum capacity of the original
device — fumaxcap. Obviously, to fulfill the operating
objective of the application, no QoS disruption should
occur, consequently the code mobility operation, which
precludes the offloading procedure, should be completed
prior to this time.

It is important to note that we are using a linear
regression, since it is much simpler and light to make the
necessary calculations, but any other kind of regression
might be used
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3.1. Services interaction

Figure 3 provides the sequence diagram of the service
interaction, for the scenario in Figure 1, where a user with a
Tablet, is executing a (resource hungry) application which
is registered into the car infotainment systems, running the
Arrowhead framework. The Tablet will require the
execution of some of the services on one of the available
nodes, chosen by the Orchestration system, based on status
information related to each node.

The boot-up starts by all systems registering their
services on the Service Discovery system. In such systems
only registered services can establish connections.

After some execution time, the Tablet application makes
an offloading decision (based on the principles described in
Figure 2). It first starts by obtaining the address of the
systems which offer the CodeMobilityMngt service. The
Tablet then sends the set of addresses to the Orchestration
service using the filterServices(S, QoS) service, specifying
the set of nodes that can cooperate and the criteria to be
used, i.e. the required Quality of Service.

The Orchestration system, which has been periodically
collecting the status information regarding each node, is
aware of the resource availability, therefore it is able to
decide on a target node for the offloading application. The
algorithm for this decision may be implementation
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dependent and potentially user configurable. Priority may
be given differently by users to multiple QoS dimensions,
taking into consideration that supporting one new
application may imply reducing the quality of other
applications being executed [13].

The Tablet can now connect to the CodeMobility Mngt
service of the Vehicle Media Centre, sending the code to
execute (assuming the same OS is serving both nodes?). The
Media Centre installs the code and executes the service,
replying with an address to be used, specifically in this case.
Note the authorization procedure which is implemented by
the device to guarantee that the requesting node is
authorized to do so.

The Tablet, now sends the data to be used on the remote
computation, the Media Centre starts to execute the Video
Decoder service (it could eventually execute only part of the
application and return results which would be consumed by
the requesting device). It is important to note that the
offloading phase depicted in Figure 3 is artificially enlarged
in the time domain, compared to the actual computation, for
the system to be efficient.

4. Conclusions

This paper presents an architecture for dynamic
offloading of application services in a vehicle environment.

2 The same ‘app’ code can eventually already exist in the offloading
node.
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The goal is to support the transparent execution of
application components from the users’ mobile devices to
the vehicle’s infotainment platform. The architecture of the
system is based on a service-oriented framework, intended
for interoperability. This framework provides discovery,
orchestration and authentication services, to which
offloading services are added. These offloading services
take into account the quality of service requirements of the
applications, as well as the load in the system, in order to
guarantee a continuous experience to users.
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