MOBI LE DEVICE Field of the invention The present invention relates to a
nobi | e device and a software architecture for use in a nobile device. In
particular, the present invention relates to a nobile device having reduced
har dwar e and software requirenents in the operation of the nobile device.
Background of the invention There has been a rapid growh in the nunber and
use of nobile cellular tel ephones. Mre recently, wrel ess devices have
been i ntroduced which conmbi ne the functionality of nobile phone and
Personal Digital Assistants (PDAs). It is expected that this area wll
undergo further growmh in the near future as new cellular tel econmuni cation
standards make it possible for hMPBEEJHEVNICEansfer of data across the
wireless interface. Mbile devices such as smart phones are becom ng
capabl e of perfornming a |arge nunber of functions. These nobile devices
tend to bﬁmﬁéaﬂﬂuiﬂﬂﬁnﬂénlarge nunber of software applications for
perform ng these different functions. Snart phones are devices that are

able to handl e copputi,ng and co catio eed in a.single.smal] package.
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undergo further growth in the near future as new cellular telecommunication standards

make it possible for high speed transfer of data across the wireless interface.

Mobile devices such as smart phones are becoming capable of performing a large
number of functions. These mobile devices tend to be loaded with a large number of

software applications for performing these different functions.

Smart phones are devices that are able to handle computing and communication needs
in a single small package. Smart phones may be thought of as handheld computers
integrated with a mobile telephone, and usually allow the user to install and run
advanced applications. Unlike traditional mobile phones, smart phones allow individual
users to install, configure and run applications of their choosing. A smart phone offers
the ability to conform the device to a user’s particular way of doing things and allows the
user to make voice/video calls, email, download and access applications such as word
processing programs or video games. In addition, it may also allow a user the option of
playing audio and video files in some standard formats. A difficulty arises in making
these mobile devices lighter, smaller and cheaper to manufacture yet retaining their

ability to perform all the desired applications.



Current smart phones require nultiple mcro-controller units (MCUs) in
order to performthe functions |isted above. Each MCU nay contain one or
nore conputer processors necessary to run or control the rel evant operating
systemto nanage the hardware conponents of the nobile device. Each MCU has
its own peripheral conponents (e.g. Flash, RAM and etc.) to support an
operating system As such, at present,?a number of processors are required
to provide the necessary control of the many hardware conponents of the
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In another approach, a “virtual machine” is set up to simulate two MCUs for running the

operating system. A “virtual machine” is a software implementation of a machine that

executes programs like a physical machine. This approach allows for one MCU to

simulate two or more MCUs. However, the problem with such a “virtual machine” is that

the hardware (e.g. RAM) and power requirements for the MCU are very high.
Summary of the invention

In accordance with a first aspect of the invention, there is provided a mobile device

comprising: a single computer processor capable of operating a modem, wherein said



Preferably, the second operating system provides instructions to the
conputer processor to operate at |east one application program the second
operating systemis a run-tinme operating system Preferably, the at |east
one application programme is selected fromthe group conprising: an enai
application progranme, an internet browser application programe, a

t el ephone book application progrannn,:%nd a nessage application programe.
Preferably, comrunication between the first operating systemand the second
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operating systems, a first operating system stacked below a second operating system in a

stacked software architecture.

Preferably, the first operating system provides instructions to the computer processor to

operate the modem, the first operating system is a real-time operating system.

Preferably, the second operating system provides instructions to the computer processor
to operate at least one application program, the second operating system is a run-time
operating system.

Preferably, the at least one application programme is selected from the group
comprising: an email application programme, an internet browser application
programme, a telephone book application programme, and a message application

programme.

Preferably, communication between the first operating system and the second operating

system takes place over an application program interface.
Preferably, the computer processor resides on a single micro-controller unit.

Preferably, the mobile device is a mobile phone or a personal digital assistant device with

mobile communications functionality.

In accordance with a second aspect of the invention, there is provided a software
architecture for use in a mobile device, the software architecture comprising: a single
computer processor capable of operating a modem, wherein said processor is also

capable of receiving instructions from at least two operating systems, and at least one of



Preferably, the conputer processor is capable of receiving instructions
fromtwo operating systens, a first operating system stacked bel ow a second
operating systemin a stacked software architecture. Preferably, the first
operating system provides instructions to the conputer processor to operate
the nodem the first operating systemis a real-tine operating system
Preferably, the second operating systém provides instructions to the
conputer processor to operate at |east one application program the second
operatin m | -1 l: i iot.l of
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readi | y pmbdémt o practical effect, there shall now be described by way of
non-limtative exanples only preferred enbodi nents of the present
invention, the description being with reference to the acconmpanyi ng
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Preferably, the first operating system provides instructions to the computer processor to

operate the modem, the first operating system is a real-time operating system.
Preferably, the second operating system provides instructions to the computer processor
to operate at least one application program, the second operating system is a run-time
operating system.

Brief description of figures

In order that the present invention may be fully understood and readily put into practical
effect, there shall now be described by way of non-limitative examples only preferred
embodiments of the present invention, the description being with reference to the
accompanying illustrative figures.

In the Figure:

Figure 1 shows a schematic diagram of an operating software architecture according to

an embodiment of the present invention; and

Figure 2 shows a schematic diagram of an operating software architecture according to

another embodiment of the present invention.
Detailed description of the preferred embodiments

Referring to Figure 1, there is provided a software architecture 2 for use in a mobile

device. For example, the mobile device may be selected from the group including, but not



5limted to, a nobile personal conputer, a netbook, a nobile tel ephone, a
| apt op conputer, a handheld conputer and a smart phone. The software
architecture 2 in Figure 1 is a stacked software architecture. In
particular, two.operating systens are stacked on each other. By "operating
systent, it is nmeant to include any software conprising of programres and
data that is able to run on a conputerd processor and manages the nobile
devi ce hardware resources and provi des compn services for execution of
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The stacked software architecture 2 provides instructions to a single computer processor
that is capable of operating a modem. The modem resides on this computer processor. In
the present invention, the first operating system 4 provides instructions to the computer
processor to operate the modem while the second operating system 6 provides
instructions to the computer processor to operate at least one application program.
Typically, the application programme includes any application programme that may be
used on a smart phone. Examples include an email application programme, an internet
browser application programme, a telephone book application programme, and a

message application programme.

Figure 2 shows the stacked architecture 2 when in use in a mobile device environment

10. In addition to providing instructions to operate the modem, the first operating



The second operating system 6 exists on kernel 35. In this GS, all the user
interface applications are in this |layer. For exanple, graphics service,

mul ti medi a service, network rel ated service, nessage Service, file Service
and so on. Drivers are not included in this kernel 35. The second operating
system 6 is responsible for all these user interface applications. The
first operating system4 and the secorfd operating system 6 takes place
usi ng an application progran1interface (API') 40. The first operating system
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a runtime operating system. If there is no real-time operating system support for the first

operating system 4 (i.e. runtime operating system), either a special driver service layer

should be adopted or some other operating system (e.g. Linux) may be used. The special

driver service layer is to give a alternative option to provide basic Low level OS feature

which is scheduling, tasking, interrupt handling, in another words, it is a simplified OS

kernel .

The real-time operating system may be able to support certain applications that run on
binary data. However, this pose as a limitation since there are more complex
applications that are desired to be able to run on a smart phone. Also, ancther limitation
of using the real-time operating system alone to support applications is that these

applications cannot be changed — they are only able to be flashed once. Therefore, in the



CLAI M5 A nobil e device conprising: a single conputer processor capable of
operating a nodem wherein said processor is also capable of receiving
instructions fromat |east two operating systens, and at | east one of the
two operating systens provides instructions to the conputer processor to
operate the nodem 2. The device according to claim1l, wherein the

conput er processor is capable of recei%ing instructions fromtwo operating
systens, a first operating system stacked bel ow a second operating system

in a stacked software architecture. 3. The devi.ce accqrdi im?2,
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7. The device according to any one of the preceding clains, wherein the
conputer processor resides on a single mcro-controller unit. 9 8. The
device according to any one of the preceding clains, wherein the nmobile
device is a nobile phone or a personal digital assistant device with nobile
comuni cations functionality. 9. A software architecture for use in a
mobi | e device, the software architectdre conprising: a single conputer
processor capabl e of operating a nodem wherein said processor is also
capabl e of receiving instructions fromat |east two operating systens, and
at | east one of the two operating systens provides instructions to the
conput er processor to operate the noHamS 10. The software architecture
according to claim9, wherein the conputer processor is capable of
receiving instructions fromtwo operating systens, a first operating system
st acked bel ow Ansbiloda/iegematising systemin a stacked software architecture.

a single computer processor capable of operating a modem,
wherein said processor is also capable of receiving instructions from at least two
operating systems, and at least one of the two operating systems provides

instructions to the computer processor to operate the modem.

2. The device according to claim 1, wherein the computer processor is capable of
receiving instructions from two operating systems, a first operating system stacked

below a second operating system in a stacked software architecture.

3. The device according to claim 2, wherein the first operating system provides
instructions to the computer processor to operate the modem, the first operating system

is a real-time operating system.

4. The device according to any one of claims 2 or 3, wherein the second operating
system provides instructions to the computer processor to operate at least one

application program, the second operating system is a run-time operating system.

5. The device according to claim 4, wherein the at least one application programme
is selected from the group comprising: an email application programme, an internet
browser application programme, a telephone book application programme, and a

message application programme.

6. The device according to any one of claims 2 to 5, wherein communication
between the first operating system and the second operating system takes place over an

application program interface.

7. The device according to any one of the preceding claims, wherein the computer

processor resides on a single micro-controller unit.



11. The software architecture according to claimin, wherein the first
operating system provides instructions to the conputer processor to operate
the nodem the first operating systemis a real-tine operating system 12.
The software architecture according to any one of clains 10 or ii, where

t he second operating system provides instructions to the conputer processor
to operate at |east one application pPogram the second operating systemis
a run-time operating system

8. The device according to any one of the preceding claims, wherein the mobile
device is a mobile phone or a personal digital assistant device with mobile

communications functionality.

9. A software architecture for use in a mobile device, the software architecture
comprising:
a single computer processor capable of operating a modem,
wherein said processor is also capable of receiving instructions from at least two
operating systems, and at least one of the two operating systems provides

instructions to the computer processor to operate the modem.

10.  The software architecture according to claim g, wherein the computer processor
is capable of receiving instructions from two operating systems, a first operating system

stacked below a second operating system in a stacked software architecture.

11, The software architecture according to claim 10, wherein the first operating
system provides instructions to the computer processor to operate the modem, the first

operating system is a real-time operating system.

12.  The software architecture according to any one of claims 10 or 11, where the
second operating system provides instructions to the computer processor to operate at
least one application program, the second operating system is a run-time operating

system.



