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Abstract

The current lifestyle of humans involves a wide range of electronic gadgets. The dependencies on mobile devices like laptops,
smartphones, tablets and wearables for everyday activities have outburst and raised an urge to improve the battery life of such
devices. The demand for thin and light weight devices restricts the battery size and capacity embodied to these devices. The
advancements with respect to the mobile applications are way too quick compared to the innovations in the battery technology.
All these factors impose the need for power optimization techniques. This paper gives overview of development of Android
operating system, identifies the major power draining sinks of a generic mobile device and summarizes the various techniques
the application developers should be aware of before developing mobile applications which utilize the available power wisely
and provides best user experience. The techniques general for all the mobile devices irrespective of the operating system and the
techniques specific to Android based devices are discussed briefly. The impact of the generic optimization techniques for the
mobile device is discussed with the help of the data obtained by the experiments. This study comes handy for Android
application developers. It also benefits other operating system developers to achieve software optimization for their mobile
applications.
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I. INTRODUCTION

The statistical study of mobile market reveals that the global mobile device users are 12% more than the global desktop users.
The total time spent on mobile devices is 9% more than desktops or any other connected devices [1]. Android is the most widely
accepted and preferred mobile operating system as it holds a large market share of 78% worldwide [2]. The impulse to design
and develop a hybrid system out of traditional telephone and the personal computer resulted in the mobile device. The inclusion
of functionalities of various devices like camera, radio, telephone, music player, television and personal computer into a single
portable device with additional sophisticated functionalities like web surfing, location services, e-commerce and e-banking have
made the mobile devices inseparable from human life. To render all these functionalities, the mobile device should possess
longevity of battery life.

Any upgradation or innovation for power optimization of mobile devices relies on the frameworks or the models which deliver
the power consumption estimation for various use cases. To design a reliable and powerful estimation framework or a model, the
developer should have knowledge of major power sinks and the existing techniques available to optimize the power consumption
strategy. Familiarity to the mobile operating system features benefits in the design of optimal power plans for the device.

The compelling need for a specialized Operating System (OS) to support the complex functionalities of mobile devices had
strict Time-To-Market (TTM). The software giant, Google embraced the software adaptation to develop the mobile OS. Linux
was the then successful model for desktops which was an open source too. Android, a new OS for mobile devices was designed
on top of the Linux Kernel 2.6. The adaptation of core system functions of Linux namely, process, memory and resource
management along with the security, reduced the cost and time involved in the OS development. The major actions taken in the
advent of Android were detainment of Linux Kernel core functionalities, continuous upgradation of Android software stack to
reflect the improvements of the Linux Kernel and bug resolution [3].

The availability of Android as an open source is the major reason for its success. The openness to the source code creates a
competitive edge for mobile manufacturers and developers. The customization of the kernel, hardware design and the services
provided by the OS leads to competition among various Original Equipment Manufacturers (OEMs). The strengths of Linux
Kernel adapted for Android OS are as listed below.

A.  Open Source with Large Community Support

As Linux was widely used by the research community and was released as an open source, the probability of obtaining guidance
and assistance for the modifications and improvements were high. The stability of the system with respect to key operations like
network connectivity, application support and hardware interfacing was way too flexible.
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8. Multitasking

The support for multitasking made the OEMs to exploit the 100% usage of the multicore processors embodied in the mobile
devices. The power of running multiple background applications with synchronization gave scope to incorporate additional
functionalities of 2-in-1 devices to mobile devices.

. Flexibility

The reusability of source code gives enough freedom for the mobile device OEMs to merge their own kernel drivers, modify the
existing Android system and applications based on their SoC architecture.

However, the pool of large number of patches found across Git repositories makes it difficult to maintain redistributable copy
of Android, as many of the patches are copyright protected [4].

The paper is organized into various sections. Section Il discusses the major power sinks present in a generic mobile device.
The general techniques for power optimization which can be employed for any mobile device with any OS is described in
Section I11. Android specific features and techniques for intelligent use of the power is narrated in Section IV. Section V and VI
gives the details about experimental set up and the result analysis. The conclusion is given in the Section VII.

Il. MAJOR POWER SINKS FOR A MOBILE DEVICE

Any mobile device will have three basic sets of components. They are computing components, 1/O components and the
peripherals as shown in Figure 1.

The workload of any application can be classified as either CPU intensive or 1/O intensive or network intensive. The CPU
intensive workloads will require more CPU time to finish the execution. It demands for more CPU cycles and thus drains power
for computation. If the workload is 1/0 intensive, then power drain will be more due to 1/O operations at the peripheral devices
like the display, earphones, headphones and the USB. The network intensive applications will drain considerable power due to
the background activities for networking assistance like polling, streaming, application update and synchronization of online
account data.

b
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Fig. 1: Block Diagram of Generic Mobile Device
The major components which drop the battery level significantly during its operations are as listed below.
A. Network Interface Cards

The activity done by any network interface card can be categorized as either transmitting activity or receiving activity. The
power consumed to transmit data is more than the power consumed to receive the data [5]. These power values depends on the
file coding formats, network coverage and the transmission speeds. Making the device intelligent enough to select the optimal
options for these factors is a challenge [6].

8. Display

Display is the largest component found on most of the mobile devices like smartphones, phablets and tablets. The wider the
display, more the pixels to render data on the screen. The brightness level and the back light of the screen with the pixel density
influence the power consumption by the display. In spite of using low powered OLED and AMOLED displays, there is a need to
optimize the display power for the passive use cases and for the low battery scenarios [7].

. 1/O Operations

Semiconductor memory forms the densest part of any System-on-Chip (SoC) with 94% of total volume occupancy [8]. The
parameters which influence the power consumption is the data access speed, type of memory embedded to the device and the
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refresh rate for the memory cells. Only the DRAM memory requires the refresher which forms an overload to the circuit design
and has become obsolete in the mobile device cache memory design. 6T SRAM is the most widely used cache memory for
embedded systems [9].

I11. GENERAL POWER OPTIMIZATION TECHNIQUES

The best optimization can be achieved by the optimization of both hardware and software. The controlling of the hardware
components through software is facilitated by the operating system. The current techniques for the power optimization
techniques for optimal use of available hardware are as discussed below.

A. CPU Frequency Scaling

The access permission to either increase or decrease the CPU clock frequency [10] at the user space is supported by the Android
OS. The available CPU governors will scale the CPU frequencies according to the current system load and the occurrence of
ACPI events. The Android Kernel supports five governors namely On Demand, Performance, Conservative, Power Save and
User Space. At any point of time, only of the governor will be active.

8. UnderClocking

The CPU is powered by a predefined clock frequency and voltage. The frequency value will influence the performance of the
device. These two parameters are directly proportional to each other [11]. Underclocking is the mechanism of reducing the input
frequency for the CPU with the help of a frequency divider. The responsiveness of the devices deteriorates significantly due to
underclocking. Hence, it is recommended to use underclocking when the user interaction with the device is very minimal or
absent and requires background process to execute behind the screen. For example, idle state or standby state.

. UnderVolting

The power consumed by any mobile device depends on the supply voltage. Power and voltage are directly proportional as shown
in the equation (1).
P=VxI )

Undervolting for mobile devices are done by the use of Power Management Integrated Circuits (PMIC). Based on the
activeness of the component, the input voltage level is decided. For instance, the Wi-Fi block will be idle during a regular voice
call scenario. PMIC will throttle the voltage supply for the Wi-Fi block in this use case and thus minimizes the total system
power consumption of the device. The voltage and frequency level of the components should be revertible to default values when
the device is busy, so that the performance bottleneck doesn’t occur. Controlling the PMIC by the application or by accessing the
kernel variables helps to achieve undervolting and underclocking.

£2. Timer Coalescing

Timer Coalescing (TC) is the technique of grouping the CPU wakes into a bundle and triggers it at once [12]. This helps the CPU
to be in the idle state for more time and thus reduces the overall power consumption. It is evident from the Doze feature of the
Android Marshmallow OS that, coalescing the device wakes impacts the standby use cases [13].

1VV. ANDROID SPECIFIC TECHNIQUES

The power management driver of Linux is not sophisticated to manage for mobile devices. Hence, Android has its own power
manager built on top of the traditional power management drivers of Linux. The Android provides application centric power
manager. The architecture for power management in Android is as shown in Figure 2 [14].

Usually, Android OS puts the system in sleep state when user is not interacting with the device. If the device enters deep sleep
states, then the background processes will get suspended. To avoid the inconveniences caused by suspending the high priority
background processes or application, power manager provides the application developers a technique called Wake Locks. The
application should request a wake Lock from the power manager to keep the dependency peripheral or component in the active
state. Currently, there are four wake locks supported by Android as mentioned below.

A. Partial Wake Lock

Here the CPU will be ON and keeps listening to the incoming requests and computation is not halted. However, the screen and
the keyboard will be in the OFF state.
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Fig. 2: The Android Power Management Architecture
8. Screen Dim Wake Lock

Here the screen’s backlight will be in ON state with lower brightness level along with the CPU. Whereas, the keyboard remains
in the OFF state.

. Screen Bright Wake Lock

Only the keyboard will be completely suspended in this wake lock. Both the CPU and the screen will be in the ON state. The
brightness of the screen will either be higher or at the default value.

. Full Wake Lock
In this scenario, the device will not enter sleep state. All the peripherals will be in the ON state. It’s usually used for critical

applications.

V. EXPERIMENTATION

The approach to profile the power consumption in different use cases includes the Device-Under-Test (DUT) and the power
measure device called Power Monitor released by Monsoon Solutions and a host machine to save all the data collected by the
measure device.

A.  Component Specifications
The DUT and the power measure device specifications are as given in the Table | and Table Il respectively.

Table- 1
Dut Specification
Component Specification
Model Asus Zenfone 2 Laser ZE500KL
0S Android 5.0, Lollipop
Processor Qualcomm MSM8916 Snapdragon 410
CPU Quad-core 1.2 GHz Cortex-A53
GPU Adreno 306
RAM 2 GB RAM
WLAN Wi-Fi 802.11 b/g/n, Wi-Fi Direct, hotspot
GPS A-GPS, GLONASS
Bluetooth v4.0, A2DP, EDR
Sensors Accelerometer, proximity, compass
Battery Removable Li-Po 2400 mAh battery
Display Size | 5.0 inches (~67.1% screen-to-body ratio)
Resolution | 720 x 1280 pixels (~294 ppi pixel density)
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Table - 2

Power Monitor Specification

Characteristic Value
Input Voltage Range 21V-54V
Output Voltage Range 21V-45V
Continuous Current Maximum 3.0 A
Integrator Cut off Frequency 300 KHz
Thermal Limit Shut Down Maximum 50 C

H. Experimental Set up Overview

The Windows machine will save the power numbers recorded by the power monitor tool. The power monitors and host machine
both are connected to DUT as shown in Figure 3. A rework is done at the power button of the DUT to connect the positive and

negative terminals of the power monitor.

Sends Recorded Numbers
Power Monitor

Windows Host Muns Test Case

Machine

weds System Power

Device Under
Test (DUT)

Fig. 3: Overview of the Experimental Set Up

VI. RESULT ANALYSIS

This section gives the graphical analysis and explanation for the power numbers captured for specific use cases.

A.  CPU Frequency Scaling based on System Load

Mobile Mark benchmark was run with the CPU frequency scaling enabled and disabled scenarios and the battery discharge
patterns were recorded for both the cases. The power save CPU governor was enabled in this use case. From the Figure 3, we can
conclude that the battery life is enhanced in the power save CPU governor enabled case. Thus, frequency scaling based on the

system load will impact the power consumption positively.

£. Under Clocking

Fig. 4: Battery discharging for CPU Frequency Scaling Enabled and Disabled Scenarios.

Figure 6 shows that as the clock frequency increase the corresponding power consumption will also increases. Hence under
clocking helps to achieve longer battery life. However, reduced clock frequency implies reduced duty cycles. Thus the
instructions processed by the CPU will reduce and negatively impacts on performance. When CPU intensive workload is
obsolete, then under clocking will echo a significant impact on overall device usage.
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Fig. 6: Impact of Clock Frequency on Power Consumption

Trickster Mod application was used to under volt the device and records the corresponding CPU frequencies. Under volting
reduces the risk of thermal throttling and gives marginal gain over battery life. However the performance will get degraded as the
CPU frequency reduces due to under volting. This can be visualized from Figure 7 that the voltage and clock frequencies are
directly proportional with each other. Thus under volting helps in prolonged battery life, but performance will get deteriorated

too.
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Fig. 7: Impact of Voltage level on the Clock Frequency.

The device was fully charged for 100% battery capacity and the WebXPRT was run at 8 hours, 24 hours and 48 hours after the
start of the test case. WebXPRT was run for 30 mins each time. The procedure was repeated with Time Coalescing (Android M-
0S) and without Time Coalescing (Android L-OS). From Figure 8, its evident that time coalescing has significant impact on the
battery draining rate. It gives prolonged battery life of around 533 Hours in connected standby whereas in default case it’s 300

Hours in connected standby scenario.
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Fig. 8: Percentage Battery Loss for Time Coalescing Enabled and Disabled Scenarios.

VI11.CONCLUSION

This paper identifies the strengths of Linux Kernel which led to its adaptation for the Android OS. It also overlays the common
and major power sinks found in any mobile device. The discussion on the general optimization techniques and Android specific
techniques provides strong basics for any application developer. The topics explained in this paper forms pre-requisites to
develop quality applications which delivers good performance accompanied with longevity of battery life.
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