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of a Linux-based Smartphone

Dong-Yun Shin and Sung-Soo Lim

Abstract—As the features of mobile phones are being
enhanced and the performance is being greatly
improved, the generic operating systems are being
incrementally used in mobile phones. However, since
the mobile phones have different requirements in both
features and performance compared with desktop or
server systems, the operating systems for generic
systems could not be used without customization and
modification. This case study paper describes the design
and implementation of a Linux-based smartphone
hardware and software. The enhancements and
additional implementations in both kernel and
middleware layers are explained. As an experiment, the
power consumption of the implemented mobile phone
under a number of user scenarios has been measured.

Index Terms-—Smartphone, Linux, dynamic power

management.

I. INTRODUCTION

The portion of high-performance, multi-functional
smartphones are being dramatically increased in wireless
phone market [1]. As the smartphone occupies more
portion in the market, the software architecture has been
advanced accommodating desktop software layers based
on generic operating systems.

When using the generic software architecture for
wireless handheld devices, each component included in the
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software architecture needs to be modified and customized
to be well adapted to battery-powered systems. The most
important components that need to be carefully customized
in the software architecture for smartphones include power
management part and the wireless communication support
layer.

In this paper, we describe the design and implementation
of a smartphone prototype built for various research and
development purposes. We explain the hardware design
which contains the most of the key features to be used in
next generation data centric wireless services and the
software architecture that is fully based on Linux kernel
and open source software. The software architecture
contains the key components including kernel-level power
management module and the communication support
middieware for CDMA services.

Our prototype design of smartphone platform has been
verified using a number of key applications in
smartphones including voice call and multimedia
decoding. As an experiment for such verification, we
measured the power consumption for a number of
scenarios when the key applications are running. The
power consumption results are shown comparing the cases
where the power minimization feature is enabled with the
cases where power management feature is not used.

The rest of the paper is organized as follows: Section 2
describes the hardware design of our smartphone prototype
and Section 3 explains the software architecture of our
platform. Section 4 shows the implementation ‘of the
smartphone prototype and experimental results for power
consumption measurements. Section 5 concludes the

paper.
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1I. SMARTPHONE HARDWARE ARCHITECTURE

Figure 1 shows the structure of our smartphone
hardware. The smartphone hardware consists of two
different processors, an application processor (PXA255
from Intel) [4] and a co-processor (MQ1188 from nVidia)
[5] for multimedia acceleration processing. The reasons
why the additional multimedia co-processor is used are 1)
to reduce the traffic in the system bus by separating the
data traffic between LCD and framebuffer and 2) to utilize
the hardware acceleration feature of the additional
multimedia co-processor for multimedia performance
improvement. The hardware organization used in our
smartphone prototype is widely used in high-end
multimedia smartphones whose performance and diverse
applications are key features.

The CDMA module is connected to the main processor
through UART interface. The CDMA module performs
modem operations controlled by AT commands from the
main processor. This hardware organization has been
widely used for high-end multimedia communication
devices in the commercial market.

Fig. 1. The structure of smartphone hardware.

I1I. LINUX-BASED SMARTPHONE
SOFTWARE ARCHITECTURE

Our Linux-based software architecture implements all
the key features required in the battery-powered
communication devices including power management

features and communication support.
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Fig. 2. Kernel-level power management module.

Figure 2 shows the power management module
implemented in the Linux kernel running on our
smartphone hardware. As shown in the Figure 2, two
different APIs are impleme‘nted around the power
management core component: the user-level power
manamgent APIs are used by the applications to get the
status of the devices whose power consumption modes can
be controlled and the device driver-level power
management APIs are used by device drivers so that such
devices can be controlled by the core power manager. The
power manager in the kernel determines the appropriate
power consumption mode of each device based on the
usage status of each device and the current system load.

The power manager implemented in our smartphone
platform software contains both dynamic power
management (DPM) of devices and dynamic CPU
voltage/frequency scaling features (DVS) [2] [6] [7] [8]-
The DPM controls the power consumption modes of the
devices attached to the system: most of the devices used in
handheld devices have various power consumption modes
such as run mode and sleep mode. The role of the power
manager in the kernel is to determine which power
consumption mode is appropriate for each device. The
current implementation of the power manager is basically
an infrastructure in that all the APIs and data structures to
be used by power management algorithms are
implemented.

The DVS is also implemented in the way that
appropriate CPU frequency and voltage pair among the
discrete voltage/frequency scaling steps of PXA255
ranging from 98 Mhz to 400 Mhz of CPU frequencies
along with 1.0 V through 1.3 V of CPU operation voltages
could be selected by the power management core.
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Fig. 3. Pseudo device for power management control.

Kernel

Figure 3 shows the implementation details of the power
management part in our Linux kernel. A pseudo device
called /dev/pm is implemented thorugh which all the
power management control commands are transfered to
both power management core in the kernel and device
drivers. Both the DPM and DVS can be controlled from
the user-level through the IOCTL commands implemented

in the pseudo device driver.
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Key applications of smartphone include communication
applications such as voice call, messaging, and data service
applications. Though more and more data centric
applications are being increasingly used in mobile phones,
the voice call and messaging applications are the most
important applications. Therefore, the software layer to
seamlessly support the communication applications should
be prepared.

We designed and implemented a communication
application support software layer called telephony API
(TAPI) providing all the necessary APIs to be used by
voice call, messaging, and data service applications. Since
the CDMA module is controlled by AT command set, the

TAPI implemented in our platform traslates the API calls
from communication applications using TAPI to the
appropriate AT commands to be interpreted by the CDMA
module.

Our TAPI is based on a client-server model in that all
the communication applications talk to TAPI server and
the TAPI server is the only channel to control the CDMA
module and transmit/receive the CDMA data. TAPI server
provides the transparency for both transmission and
reception of CDMA data. In addition, the TAPI server
manages all the exceptional scenarios in CDMA
communications such as messaging call arrival during
voice communication. Figure 4 shows the structure of our
TAPI implementation.
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Fig. 5. Linux-based smartphone software layers.

Figure 5 shows the overall software layers for our
Linux-based smartphone platform. The application
launcher is an application manager performing both
window management role and the overall application
control. The roles of the application launcher include
collecting the various system information such as battery
status and CDMA signal strength and displaying the
information at user screen. We have used the combination
of CRAMEFS and JFFS2 [3] flash memory file systems in
order to get the best performance in file transactions in
flash memory

IV. IMPLEMENTATION AND
EXPERIMENTAL RESULTS

As a prototype of the Linux smartphone platform, we
implemented the hardware based on the design described
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in this paper and ported the Linux-based smartphone
software layers on the hardware; Figure 6 shows the
hardware. In order to verify the operations of the hardware
and smartphone software, we have executed a number of
key smartphone applications including CDMA voice call,
data service call, and multimedia decoding. In addition, to
test whether the power management feature of the
smartphone software is in operation, the power
consumptions of the smartphone hardware are measured
when the power minimization technique is applied. The
measurement results of the power consumptions for
various scenarios are shown in Figure 7 and Figure 8.
Figure 7 shows the measurement results for power
consumption when the CDMA voice call communitaion is
in operation. Figure 7 (a) is the power consumption results
when the smartphone is operating with the maximum CPU
frequency and voltages and all the devices running while
Figure 7 (b) is the power consumption when the dynamic
power management is applied so that the CPU
voltage/frequency is minimized with all the unnecessary
devices put to sleep modes. As shown in the figures, the
CPU power consumption of Figure 7 (b) is drastically

reduced.

Fig. 6. Smartphone hardware prototype.

Figure 8 shows the power consumption results when a
multimedia decoding application is running. Similarly to
Figure 7, Figure 8 (a) is the power consumption results
when the system is running at the maximum power
consumption status while Figure 8 (b) is the power
consumption results when the dynamic power

management is applied so that the CPU power is
minimized and unnecessary devices are turned off. The
CPU power consumption in Figure 8 (b) is reduced
significantly and thus the total power consumption is
accordingly reduced. Our experimental results show that
the total power consumption is reduced up to 21% when
we apply dynamic power management techniques. We can
note that the total power consumption of the platform is
not significantly reduced compared to the power
consumption reduction of CPU. This is due to the effect of
various current leakage of the hardware which is not at the
commercialization stage. The hardware could be shrunk
down to handful size with the same organization and then
the power leakage could also be minimized.

V. CONCLUSIONS

In this paper, the hardware and software architecture of
our Linux-based smartphone platform is described. The
hardware has a two processor organization with a main
application processor and a multimedia co-processor
which has been widely used in the market. The software
architecture includes necessary modification and
enhancement in both Linux kernel and application-level
middleware. Our experimental results show that the
overall smartphone platform is operational and especially
the power management feature implemented in the kernel
is effective.

Our objective of designing the smartphone platform
described in this paper is to perform diverse research for
both system level power/performance optimization for
wireless handheld devices and novel middleware
implementation for next generation ubiquitous handheld

devices.
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