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ABSTRACT

Cloud computing has been developed in various ways and many services have been migrated to this
relatively new paradigm since its advent. One representative example is mobile cloud computing, MCC,
in short. With introduction of faster network access and better empowered mobile devices than their
predecessors, the integration of cloud computing and mobile devices would be the natural technology
evolution path, which leads to the vision of mobile cloud computing. To provide the mobility capability,
mobile devices have battery as an energy source and if the battery is discharged no more cloud service
is available. The biggest advantage of mobile device which is mobility causes to the biggest
disadvantage. Motivated by the importance of conserving energy on mobile devices, in this paper, we
introduce an adaptive energy-aware encoding scheme for open source hardware platforms for RDA-based
mobile cloud services which we have named in our work. We expect that an open source hardware
platform can be a next important mobile device as well as a leader of IoT (Internet of Things).
Through experiments we have found that the characteristic of hardware components on a device need to
be considered carefully and the result showes that our proposed method is effective in saving energy
consumption for providing RDA-based mobile cloud computing.
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1. Introduction
It is expected that up to 26 billion devices will
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of information. As a producer of innumerable
amount of data, these billions of smart devices
builds the foundation for the Internet of Things
(IoT). The open
(OSHP), such as Arduino and Raspberry pi

provides internet environment for these tiny

source hardware platform

electronic devices and enables these to be smart
things. In this paper, we define an RDA(remote
display architecture)-based mobile cloud services
which have been implemented with a remote
display framework. With the belief that these
OSHP can be a major consumer for RDA-based
mobile cloud services, we have applied the
adaptive hybrid encoding scheme[2] onto an
OSHP and developed it in more efficient way for
saving energy consumption on those boards.

This paper is organized as follows. In Section
2, related work is discussed. Power-aware
encoding scheme for OSHP is introduced in
Section3. Then experimental result is presented

in Section 4 and Section 5 concludes the paper.

2. Related Work

[3] defines mobile cloud computing as an
integration of cloud computing technology with
mobile devices to make the mobile devices
resource-full in terms of computational power,
memory, storage, energy, and context awareness.
Many services have been proposed and
implemented in the form of mobile cloud [4] and
there have been many approaches to  approaches
to overcome the limit of energy on mobile
devices[2, 5, 6].

An adaptive encoding scheme to reduce power

consumption in delivering mobile cloud services
has been introduced in [2]. In this paper, authors
have investigated the correlation between energy
consumption and various encoding types, and
proposed a power-aware encoding scheme to
maximize the connection lifespan of battery-driven
devices to the cloud. In order to conserve power
on the mobile devices, the proposed scheme tries
to lower power consumption by CPU and
interface card and two
-RAW and ZRLE- were
chosen. One of the most popular remote display
solutions, VNC [7, 8, 9, 10] has been modified

for the adaptive encoding scheme. The client

wireless  network

encoding schemes

shows the lowest CPU utility usage when it
processes RAW type encoded data and the
smallest energy consumption by wireless network
interface card had been observed when the data
from a server were encoded with ZRLE type
which compresses graphic data in highest rate. In
the approach, once the server begins the hybrid
encoding scheme, it switches between the two
encoders -RAW and ZRLE- depending on

real-time transmission rate, adaptively.

3. Power-aware Hybrid Encoding Scheme
for OSHP

The purpose of this study is to minimize
energy consumption on OSHP by modifying the
adaptive power-aware encoding scheme [2] for
longer connection to use remote display
architecture-based cloud services. Dislike smart
phones explained in [2], devices of OSHP which

have relatively lower performance of CPU require
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more  considerations  because  the  energy
consumptions by CPU on these devices are
usually smaller. While smart phones and tablet
PCs have relatively high performance CPU(s)
such as quad cores, a raspberry pi B+ s
equipped with a single core at 700MHz. of CPU.
This difference has

implications.

several key performance

As <Figure 1> shows, the rate of current
discharge against CPU utilization becomes higher
when the frequency of CPU clock is faster [10].
reducing CPU

utilization on a raspberry pi is significantly

This implies the saving by

smaller than that of mobile devices such as smart

phones or tablet PCs used in [2]. This is one
important thing considered for OSHP.

CPU Utilization vs. Rate of Current Discharge
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Figure 1. Effect of CPU frequency and percentage CPU
utilization on the rate of current discharge [10]

In this work, we used two encoding schemes,
RAW and ZRLE, which were used in [2] and
using a UNIX command, the CPU wusage for
processing each encoding scheme on an OSHP
had been observed. For the case of ZRLE, CPU
usage showed 7 ~ 25% but 1 ~ 8% of CPU was

used when RAW was processed on raspberry pi
B+. Considering the mean values for two cases
(c.g., 16 for ZRLE and 4 for RAW), it can be
assumed that roughly four more CPU power is
required in processing ZRLE.

The energy consumption on a device during

duration is,

Energy Consumption = Current Discharge Rate x
Voltage = (CDRgistCDRy+CDRepyt..) x V

If the transmission rate is increased, the
CDR(Current Discharge
Rate, CDRy, also gets higher but the CPU
utility becomes decreased as well as CDR of
CPU, CDRcpu.

Let’s put ACDRy is the difference of CDRs

Rate) of transmission

for two transmission rates and ACDRepy is the
difference of CDRs for different CPU utility. A
CDR is the summation of ACDRy and A
CDRepu.

- ACDRy = CDRy) - CDRyq
" ACDRCPU = CDchu(n’) - CDchu(n)
* ACDR = ACDR; + ACDRp

Now, let’s consider a situations where the
transmission rate is increased twice (i.e., 400KB
to 800KB) and the CPU utility is decreased in
half (i.e., 80% to 40%).

To estimate current discharge rate(CDR) for
Wi-Fi, following formula (1) is used [10]. Here,
CDR is represented in mAH, and y indicates a

transmission rate in KB.

CDRy(x) = 0.0011y + 2.739 (1)
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The difference of CDRs by
transmission rate,ACDRy, from 400 to 800 as

increasing

below:

ACDR,=CDR,(400)-CDR(800) = - 0.4

Also, we can get ACDRcp, from Figure 1 as

below:

ACDRCPUZCDchu(go)-CDchu(4o):0 . 6

Therefore, the difference of CDR would be,

ACDR = ACDR; + ACDR,,, =-0.44+0.6

If the difference of CDR (ACDR) becomes
larger than 0 like in this case, it means that there
is no saving of energy consumption by changing
CPU utility and transmission rate. Therefore,
finding target transmission rate which can make
the difference of CDR gets less than 0 is
required.

To calculate desirable target transmission rate
when the CDR of CPU is decreased by half, it is
needed to find the value which makes the
difference of CDR(ACDR) becomes smaller than
0, such as (2):

ACDR = ACDR; + ACDRgp,
= [(CDRtr(target)‘CDRtr(current))_
(CDchu(current)‘CDchu(current/2))]
= [ ((0.0011 x targetTransRate + 2.739) -
(0.0011 x currentTransRate + 2.739))
- (CDchu(currem)'cDchu(current/Z)] <0 (2)

From the formula (2), the target transmission

rate can be,

targetTransRate = currentTransRate +

0'01011 X (CDRCPU(curTem) - CDRCPU(currem/Z))
After calculating the target transmission rate,
now we need to find the order for RAW type
encoded data under target transmission rate. Let’s
put the task T is to receive and decode n frames
from a server. Then we can decompose task T as

n numbers of task t, such as

T = ti+tot+tz+..t,

Also, the CDR which affects

consumption can be decomposed as below:

energy

sum(CDR(t))1,=Sum(CDRy(t)+CDRpu(t) HCR R (t)-.)

For RDA-based mobile cloud, each t can be
thought as an encoded image which is sent from
server and needs to be decoded on client side. If
ZRLE encoding was selected, considering the
compression ratio, the bandwidth of four fs is the
same size of that of one RAW-encoded 2]. So
using the bandwidth calculated, the server gets
the order for RAW typed image after the
sequence of ZRLE type encodings.

Modified adaptive algorithm for OSHP to save

energy is provided in <Figure 2>.

4. Experimental Measurements

4.1 Experimental Setup

We have deployed an RDA server onto the
laaS service, AWS(Amazon Web Service) EC2.
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For a client, we have chosen Raspberry pi B+
and attached a touch screen. Below is the
hardware specification of raspberry pi type B+ we
used for OSHP.

(1) dof

(2)  msg=ReceiveFrameBufferUpdateRequest();

(3)  if (msg = firstRequest){

[E5] encode_with ZRIE();

(53] startTimer(); msgCnt=1;

(6)  Jelse {

(n if (msg batteryStustus < threshold){

(&3] transRate = calculate_Transmission_Rate();

(L] size(raw) = calculate_raw_data_size();

(1e) cdr_cpu_gain =  getCdr_cpu({ing){cpulltilin/d));
1) transValue = (getCdr_tr(transRate) + fcdr_cpu_gaim) - 2.739) * (10000/11);
(10) if (transRate < transValue)

(1) left = fransValue -transRate,

(12) sise

(13) Igfi = transValus;

(14) t = (packetSize(raw) / left) * NumofFrameBufferUpdateRequestPerSec;
15) if (msgCnt % (coefficientValue* (£+1)) == 0){

(16) encode_with RAW();

an msgCnt = 1;

(18) Jelse{

(19) encode_with ZRLE();

20) msgCat+

@y

(22)  }else

(23)  encode_with_ZRLE():

@4 )

(23)  sendFrameUpdateMsg();

a8 2 Agste ¢agE
Figure 2. Proposed Algorithm

RDA Client

* OS : Rasbian

* CPU : 1 (700MHz Broadcom BCM2835)
* Memory : 512MB RAM

* USB Wifi Adaptor (802.11n/b/g)

* 4-inch touch screen (HDMI)

e DSI display port for connecting the Raspberry
Pi touch screen display

Under this circumstance, two different types of
task -static and dynamic workloads- have been
performed to measure power consumption on
OSHP as in [2]. The first set is the case of

editing a document where screen updates occurs
less often and updated areas are limited. The
second is the case of playing a video clip where
the screen needs to be refreshed frequently and at
a faster rate. These two tasks are referred as to
static and dynamic in this paper, respectively.

The power consumption was measured with an
external power meter as in <Figure 3>. The
power cable of the raspberry pi plugged into the
power meter which is goes into the power outlet.
In this experiment, we measure only total energy

consumption during the task.

a9 3 FYHETE o] &8 A 3
Figure 3. Energy Measurement Using a Power Meter

Static Workload

For a static workload, the scenario is to
perform 3,000 keyboard inputs on an editor
application, gedit and measure total energy
consumption for three encoding schemes — zlib,
zrle and hybrid. To emulate the situation as if a
user press key evenly, we had added test codes
for firing 3,000 key pressed events automatically
on VNC Client side so that a key input value is
sent to the server and the client receives the
result screen from the server. It was called when
the VNC client

message from a server that the keypressed events

received  framebufferUpdate

- 607 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 10, No. 5, pp. 603~610, October 2015

are called. This task has been performed for three
encoding schemes and the energy has been

measured for each task as shown in <Figure 4>

a9 4. gzdEgoldA AF 2] H2E W
Figure 4. Static workload test on raspberry pi

Dynamic Workload

A famous video clip, “Big Buck Bunny”
whose resolution is 854 x 480 had been
played for 9 minutes on the VNC Server and
the total energy consumed on raspberry pi had
been obtained as illustrate in <Figure 5>. The
total energy consumption to use this kind of
mobile cloud service on raspberry pi b+ had
been also measured for three different encoding

schemes.

a9 5 gz goldA 8 A H2E W
Figure 5 .Dynamic workload test on raspberry pi

4.2. Experimental Result

We took the average measurement after taking

away the minimum and maximum values for each

encoding  scheme.  The  average  energy
consumption and durations for static workload
with three encoding schemes are provided in

<Figure 6>.

Energy Consumed (mWH)

s

ZRLE Hybrid

1100

1050

1000

950
Zus

900

a9 6 AHAY H2E A
Figure 6. Static workload test on raspberry pi

The average energy consumptions for dynamic

workload with three encoding scheme are
provided in <Figure 7>.
Although the test result has showed the

effectiveness of the proposed algorithm, it has not
shown such significant improvement in saving
energy on a client side as in [2]. This proves
that different hardware characteristics of client
devices result different pattern in consuming

energy.

Energy Consumed (mWH)

500
495
490
485
480
475
s

a9 7. 5344 H2E A
Figure 7 .Dynamic workload test on raspberry pie

J8

ZRLE Hybrid

We provide our experimental result on <Table 1>.
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1. §2E A3
Table 1. Experimental Result

Encoding Type ZLIB ZRLE | Hybrid
Energy Consumption
during Static Workload 1,061.25 1,025 972.5
(mWH)

Energy Consumption during
Dynamic Workload (mWH)

500 480 480

5. Conclusions

The mobile cloud service provides an enhanced
experience on real-time basis, as well as
scalability and it is required the ease of
integration, reliability, and data synchronization as
other cloud services. In this paper, we have
proposed a modified power-efficient encoding
scheme for open source hardware platforms which
can be promising clients for RDA-based mobile
clouds. The proposed hybrid encoding scheme
considers power consumption by network interface
cards as well as CPUs for its encoding decisions
and switches encoding mode adaptively reflecting
bandwidth.

Experimental result showes that the proposal
outperforms one of well-known remote display
solutions, VNC.
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