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CHAPTER ONE

1.6 IMTRODUCTION

i3 Background o Sudy

Wireless communiontions have five years, and that yrowth is

e, Besides GSM {CGlobad Sysiom for Mobile) and 3G mwbile

comnuRicaiion systems, aow commimicaton technologies such as Blucinody, Wil
WibAX, ZigBee and 4G Network are emerging [Wikershom, 2010] Most Wireless

are imied and natuve-provided therefore w of officienly

atilicing tham 5 very Dmporant o communication engineers. Power, however not
nature-provided s one of the wiveless nebwork resources and 18 not an exception, and s

1

fe, satelitie and sensors networks, where the devices or

the batleries powering them or on power, Hhe n the case of the
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Migerie satellite which “died” due to complete drain of ity stored battery power, when

its solar panel shilled position,

vour nhile device

<.»

i the same vein, it could be really fusirating o have the battery of

B
5

or werminal run out on o day when vou have lelt vour charger &t home and vou are in the

middie of an mportani py ion o calll the frusbmtion is better

cxperienced.

Mobile devices are powerad by an attesiey; this Hmited battery ifetime

tnposes a constraint on mobile erminal optimsl performance and on the network utility

: device 15

{Basil, ¢f of 20081, for instance the mobhility of a mob v hampered if




vou have 1o intenmitiently charge your device sl a particular fixed point severally within

# short poriod of time.

The mobile device needs 1o be up or powsred, to nilize the network and deliver the
peeded satisfaction fo the user, mherodse the network @ rendered useless, and also dus

g popularity of the interset Llosef] ¢ of, 2003, menufacturers of mobile

1 the mereasin
devices gre adding featores that cnables the users (0 access the mternsd and Infranet.
These pew features make It possible for users 1o downdoad videos, pivtures, and gvon

play music from the intornet, mcluding other mudimedin services, however these

additional benefits, are without the added overbend on the wmobile forminal bantery, with
the resultant high and or fast drain on the gvailable batiery energy. This challenge leads

,me(m mwareness o slectronio cirouiis and

MANUIACIUITYS 10 HOOrpOraie pOWEL Consg

2Ey e formance with lmited

mtean Gesigns, with the overall objuctive of delive
power consumption. The trend in techuslogical development in the area of networking
poinds to & futwre of unisthered comomunication. The dream of  ublguitous

communization- anywhere anviime with any device is already being achigved. The

L k3

phrgse ‘anywhere and anytime’ means the device will most Hkely be a wirelsss deviee.

Also the idea of “abways best connected” {ab) for users Implies the device should be

power confident, 1t is therefore not Gifcult to see that ressarch indo mobile termingl

povwer conservation technologies s a very stringent need. Therefore considering the

Y
s

.

great importance of mobide teominal power in pecessing the teeming wirgless network
resources both for today and in the future, efficiont power wmanagament of 3 mobile

ternuinal 15 oritical and is subject 1o conservation,




1.2 Matoment of the Problem,
dust g fow shorl vears ago, the expectauons of cellphone wsers centred arsumd one

capability: being able 10 reliably conduct volee calls while they were away from g wired

telephone set, Since then, imprassive technoelogical advances have been achieved, now

mobhile devices come with a fon of multimedis featores for instance they come with a

% i’iv Aid

console and high-speed  wireless-Imemet-connection

combinations. To pus i siroply, cellular phones have stoppad being fust telephones,

However, these supercompuiing and communication devices

wvite o compley moblom:

bs

Keeping these products rupnimg on very small batiories fov longer periods of time is a

majer chablenge. As o result, special emphasis is now being dedicated to extonding the

14

batiery e of such systems, Designers sxpanding thelr operating time from a fow

3

mirtes to many bours while standby times vise from hours to weeks,

in doing so. ing & mubit-level maix of theoretical and practical

Limits vsics to systern-levelb-optimivation technigques,

from the fundamental laws of ph
At the same thine, designers must implement dvnamis powor-consumption-management

ja aeedures,

1.3 Seope of the Study
Much work bave been dove in the area of power control and power maenagoment in
mohile devices, according to Merature much of the ressarch work in power control

techuugue sfarted In 199171992, Some of the cady, ploneering energy-mansgoment schemes

¥

Wi
¢4

simply turned sclested arens of g system on and off, These schemes werg based on rudimentary

utibization algonituns, It pow andersiood that an energy-waste cost s associated with nirning

2 o Bow Treguently a blook is aned off

off aod on g section of an elecironic device. Depend

W




and o, this cost may exceed the beaefit of powering H off i the first place. Therefore much

focps B onenw oo implementing dynange power-consumplion-inanag 1 procedures.,

The seope of this vosearch work is batterv-iife conservation in a mobile device by

dynamicaily adjusting the ransmit power,

1.4  Objective of the Study
The objective of this research work i 10 develop & simple and effective power control

algoritiun thay dynaoically adiusis the tmsmi power of mobile device, also to

Rt

implement the aigorithm and 0 evaluate ?i‘: effect of the algorithim on the onergy

consumption of encrgy saving of a moebile terming! by extensive computer stmulation,

v

And finghly io compare the result of the effect developed slgorithim on the batiery-life of

mobdle tenminal with the effoct of existing algorithm on the batiery-ife of mobile

termimnal,

1.5 Contributions to Kuowledge

This work introdoced a simple and effective dynamic power contrel algovithin thag
showed remarkable power saving ot 2 mobile tworminnl by dynamicslly adpusiing
transimi power as shown by resulls oblaned from computer simulation.

It i obeerved that the operting thue for the wobile device can b inoreased by the

rgy conservid ot the battery os shown by sialation resulis compared ©

other algorithm for the same amount of run-ime,

This work showed that “romplex” is not always “right”™ by showing that an algonithm

car bv simpde and vet very effective,

o




S ey
1.6 Structure of Thesis

Chapter 2 of this thesis report presents a lteraiare veviesy and some related works on the
subject, their coniributions, and weaknesses, it also introduces our algorithm, Thereafter

Chapter 3 gives a detailed explanation of design and Bmplementation of the algonthun,

in Chapter 4 resulls obtained were presented. Chapter 5 discussed the resuits obiained,

&

W




CHAPTER TWO

T4 LITEARTURE REVIEW

I 3804 and in other vradittonal mobile sysioms a trade-off between different goals is

negessary o achieve the optimal system performance. Generally

AR 5

. high speech quality,

high capactiy and low power consurophion we major goala,

2.3 Radio Cell And Wave Propagation,

et fack of infrasuacture, cost and vandalism of existing infrasuaeiures, nebwork

et

operators are finding it dfficnll 1o cover all locations partivulerly in Migeria

Especially, places that are remote arcas By imsiance Intevior villages, and along the

s
Pt
2
ot
)

ctors of roads spanning the counlry. B0 network covernge/s

very Hmited in some places and non existence 1o most,
Fechmiveily in mobile nepworks we talk in terms of “eells”. In general, a coll van be
defined a3 the ares covered by ong sector, Le. one antennn systen, Doverage in g cell i3

dependent upon the area covered by the sigual

tn radio nebwork planning candidate sites are nsusily divided futo wrban, suburban s

vural based on human-made structores and natural serraing,

he colls that are construcied in these areas can be classified as oudoor and indoor cells,

{Chrdoor colls can be firther classified as macro-cellular, micro-celhular or pico-celiular
{i} Mavro-Uells

'>)

When the base station antennas are placed above the avarage reof-op level, the cell &

o

known as a macro-cell. As the anienng height s above the average rooi-top level, - The

ares gt con be coversd is ow wle. A macro-cell FANES YAy Vary irom 4 oupis ot

o




wiometres to 35 km, the distance depending uwpon the type of temaln ol the

propagation conditions, Hence, this concopt is gonerally used for subuwban or vural

SRV,

{ity  Micro-Cells

When the base slation antennas are below the gverage rooftop levell then the cell is

kmoown as w ndoro-cell. The area thal can be covered is small, so this concept is appliad

" gy SOPLL S S IO ORG 1 SU D s T I T E TS WA beyrea e G gmm ot ¥
i urban and subwrban sreas. The mnge of micro-cells s from g fow hundred metre

a couple of Milometres,

{iii} Pico-Lells

Pico-cells are defined as the same laver as micro-cells,

BALY

nal that i3 fransuuied from the ransmitiing antenns (BTS/ME) and received

The :

\.(’)
E‘} 'J

ig

by the reeeiving ontenna (MEBTSY wavels o small and complex path, This signal i

exposed to a wvariety of man-made sunctures, different tyvpes of torrain, and a

v

of propagation sovironments, Al these factors contribute o variation in

varyving the signal coverage and gualbity in the network,

T

1f 92 an accepted fao that 1 2 mobie termivad is constantly siraining to find a peiwork

hxi

signal i owill use more powsr than it 18 not, When it s in an grea with poor nepwork

\->

SOVErage W

>

gae more power o fores g connection with the nearest mobile ma

hase station.

Becanse of this, i weill draw more power irvm the batiery and as g result shorden the

battery life. [Androw, 2




2.2 Impairments To Radio Transmission
The problom with radio transmission 5 that i 1s mposaible to control the transmission

envirpmment. The bmpairmenis gre known, bot thelr effect as a function of time iz

unpredictable and hence, ¥ 35 diffioult to accurstely model the wausmission

There are several faciors that affect vadkio ransmission conditions, in addition to noiss.

Some of the probloms with the

adio ransmiss) on are Hsied b i (3 I ‘e k., :Zg:“}f}i

{i} Free Space Loss

Any signal that s transputted by an anternna will

suffer attenuation during s ourmey

Lt

in frez gpace. The amount of powsr recelved b any given poind in space will be

inversely proportional to the distance covered by e signal. There

termuanal for from the base station needs 1o yadiste more power than 4 wobile forminal

near the base station, For this reason i is

i that the communication engineers

find a technigue o reduce power loss due to free space loss, This work will he

i 1o

reduce battery consumplion due (0 unnecessary power being radisted when a mobile

tries to conneot to g base station very fur off, and provent receiver satprtion B g

mobile very close o g base

Az the signel travels from the tranumiiling aufenna fo the receiving antennn, it loses

O

strength, This may be dug 10 the phenomenon of path loss as oupla

RESERES

sy be due o the Ravleigh effect. Bavieigh {or Bician} fading s due 1o the fast

varigiion of the signal level both in torms of ampiiude and phase between the

o

wansmitting wd receiving antennas when there 5 no Hne-ofesight So that befire 3

feied




faded signal eaches the recoiving RS eIE: it i5

PR TTIOTE

already weak, and the quality compromised. and ih

power 15 roquired to transmit, and mvariably more energy is drawn from the batlery.

Signal fading is theretore one of the major Impatrment o signal iransmission and a

(iity  Imterference

The signal st the receiving vy virtne of interference from other

erwork or may be due o manemade

- onuse of ierference oo cellulyy network is the radio resources in

the network, There are mwany redio channels in wse in a network that use common
shared bandwidily,
se of devices such

Today second-gonervation nobworks ar wroviit i i

g3 personal dighial assistants (PDAsh palre-top and potebook computers, and
Hghpeeeight mobile phones [Raolnick and Bambos, 19961 For gsers of this eguipment

is advantageons or pocessary W roinlmive energy consumption, provided, of cowrse,

that quelity-nfeorvice requirement is met For example, i may be desirable o suspend

ence i3 wmsuaily bigh, How o autonomously

o

transmission al moments when ingord
determine when, and af what power, g wobile ’ir’ rminal should sltempt tronsmission 13

the aim of this work, When substantial amount of energy 13 consereed, which would

7,
Y
7

-y

g5 due o erferance, the device is most usetul to the user and

Reast

have otherwise been Ic

&

1o the network,

W




{1} Diffraction OUr Shadowing
Diffraction is a phonomenon that takes place when the radio wave sivikes a surface and

changes ts direction of propagaton owing 10 the nability of the surface to absorb it

The foss due to ditfraction depends ppon the kind of obstrection in the path In

practice, the mwbile antonna 1S ot a much lower height than the base slation antenna,

and there may be high bulldings or hills inothe aven. Thus, the signal undergoes
diffrgction in resching the mebile andewna. This phenomenon i3 alse kpoown as

sshadowing' bevguse the mobile recelver is b the shadow of these struchy

v} Reflections And Multipath

Vhe tansmitied radio wave nearly never travels i one path to the reosiving anlenna,

which alse means that the transmission of the signal between amennas 1s never lne-of-

Thys, the stgnal rece s of aif the componenta of
the signal transmined by the tansmiiting antenna

s reflecting object suck as 2 mwountain reflects sigral und the wobils station will henee

ireet signal and g falrdy swong reflected signal from the reflecting
obiget. These twe signals will arrive s difterent shnes which conld cause individual
hits 1o overlap with each other and disiorl the overall signal These effect i3 called

£

juter symbol intortorence (1511

{vi}  Building And Vehicle Penetration

When the signal strikes the surface of g budlding, i way be diffracied or absorbed. I
it is 1o some extent absorbed the signal sirength is redused. The amonnt of absorption

i}




is dependent on the type of butlding and Uy environment: the amount of solid stroeture
and glass on the outside surface, the propagation characteristios near the building, and

ortertation of the tadlding with respect to the gptenng orientagtion.

Yehicle penciration loss 13 , except that the object in this case s 3 vehicle

rather than g building

E5e

(vity  Propagation Of A Signal Over Vegetation {(Foliage Lass) And

water

Follage loss is caused by propagation of the radio sigeal over vegetation; principally

v b bod]

W

forests. The variation in signal strength depends spon many actors, such as the type of
trees, tranks, lpaves, branches, their densitios, “ma; thelr heighis relative to the andenna
heights,

Folinge foss depends on the signal frequency and vartes according to the season. This

foss can be gs 1 20 a8 i GSM B0 systens [vishen, 20041

Vicrrover, a3 water surfhee is a very pood mflecior of radio waves, there 3 2
posaibitity of the signal causing Interforence o the antenna radiation pattems of other

o

cells,

23 Overview Of Battery Technology

The lmbied battery Hictine i3 always for the development of unproved

3 +

portable clectronic products. Although, bati fogy has been improved over the

vears, 1 definliely has uot kept up with the advances in other technological fislds,
Therefore, it is left on the hands of other sclemific flelds o find solutions where

chnology seems o have failed, indeed, In the lost decade an Intense research




Wy various areas hove besn i

ring the power consuption of wircless

sek O 1V

phatfrms [sandip, 20101

A brigf review of contemporary battery techuoiogies and the characteristios of batteries

iovant 1o desioy © syetams

past and folure that may be

are here prosented.

{3} Nichel-Uadoriom: This has been suceesstully used fir several decades to

develop rechargeable baieries for portable elecronic dovices, He advaniages

nchude low cost, aml | rates. While Mi-0d wechnology has bean

1zh discharg

losing ground In recent vears owing o i3 low energy donsisy, it s sl used in

fisd b

fow cost applications jile portable rwkiog, Cl¥iape plavers, eie

{ity  Nigkel Metab-hydvide: These battories have besn in widespread ose in the
reent years for powering laptop computers, They bave roughly twice the

- ¥

energy density of M04 batteries, However, they have shorter ovele life, are

I

move expensive, and are wefficions s high rates of discharge

Lithiun jon: This i the fechnelogy today, with

significantly higher energy densities, and cyele e about twice that of Ni-MH

batterics, Lithiwg fon batiories arg more expenstve than Ni-MH baiteres, and
can be upsafe when hoproperty used, However, longer Hictimes hove made
them the most popular battery cheice for notebooks, PDAs, and collular
phinngs,

«

{ivi  Reuwsable Alkaline: While dispusable olkaline batieries have heen used for

\...7

many vears, rensable atkaline wengoanese technology bas developed as a low

cost alternative in which energy density and oyele life are compromised. While

& batteries 1g - than WNi-Cd, 1

the initial coergy density

has beew found to decrease rapidly with ovele Bife, For instance. after 19




-0

cyeles, a 309 veduction, and afbor 30 oveles, o 753%% reduction

AN

density 15 vonumonly observed
{¥}  Lithium Polymer: This emerging technology enables ultra thin batteries (less

than 1w thickoess), and IS expecied 1o sult the needs of lght-weight nexi-

genoration portable computing and conununication deviers, Additionally, they

el

ANEEV)

are expected o paprove over carrent fibiom fon webnology in torms of eoerg

density and safvty. However, are currently exponsive 1o

snarndacture, and |

2.4 Batiery Power Optimization Technigues,
3 , §

Researchers bave over the vears faben up the task of fnding selution to this challenge

wa W
% i

of batie y power consarvation where batiery technology hus failed, through numerous

technigues. Some of these tecd

fiv Jeseribed below,

sgues are by
{1} Dvnamie power management,

There have been severgl offorts at optimizing avstem battery  especially  mobile
o3 R v 3 P

fermnals are powered by epergy Hmited batieries,

termrinals

These efforts have nereased with the noressing denand on mobile devices to deliver

high performances with lmilied power conswuption. Besearchers have dons ¢ ot of

work in the ares of power conirod and power management w optimize batlery life. For
h e

the purpose of this thesiz, I s necessary to distinguish botween the two concepts,
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ment i g technigues

Whiletr power munag

wirgiess devices by sa

control, the energy ncurred th transmission is reduced by using different transmission

i3




power tovels, Tdeaily, power control explores a contipuous control space and 15 e

theoretically atieactive. Howe in reality wireless devices are only capable of

o power fovels inoa diserete fashuoy

One of such power managoment techey vy pesearchers s dynane

sewver panagement (DEM) for electronic & L and mobite devices in particuiar

x

Prenarnic power management is one of the most poy and successful low power

design technigues in commercial slectronic devices, The principles of DPM are 1o

selectively shutdown or depress voltage/frequency of some componenis s swhich are tdle.

"

iy o power-man 15 possible o set corponents into different states, cach

characterized by performance and powsr conswnption e = mpain Bnction of a
poeer management polioy 15 to decide when to porform componzint stae tas witions

ansd which trensition should be performed, depending on system history, worklosd, and

wased on some observations

performance constraints. A policy is a contrsl procedun

S TEY

andior assamplions on the workioad | Shun-Ren, and ¥i-Bing, 2UORL

‘

ms are usually designed 1o deliver poak performance, but

bg

sttronie circuls and sy
in many cases peak performanse levels are not needed for most of the operation tme,

Congider a cellular phone for instance, when the user is making ot receiving 2 cali with

the cellplar phone or a Personal computer (PO when the user s compiting a €

program he fshe woams to bave magimun performance. towever, when the user is

v

> i3 thinking Jhat 0 write next during &

fing the phone in bis pocket or heish

don on a PO hefshe does not need maximum pepformance or the full

fexi-editing s

Low power conswmption is required to schieve

computational power of the syt

aecertable anionomy m hattery- IR ered § SYBRLLINS
H $J




In the same vein, eleciromic systoms can be viewed as collections of components,

'

which may be hoferogeneous in nature, Some coraponends may have mechanical part

'

e, hard-disk drives (HDD), or optical parts, e.g., displavs. For example, o celinler

‘r

tedephone has o digital wery large scale wtegration (VESD componens, an anslog radio-

&4 ¥k X

frequency (RE} component, and a display. Such components may be active at different
tipes, and correspondmgly consumye difterent fractions of the telephone power budget,

~ I ’"
H 3,

Stmilarly, main components of portable computers are VST chips, HDDY, and display

mmnn

tois olien the case that the HID and the displey sre the most power-bungry
k R LoCh

componenis [Eich, 20051, and thus effictent wse of thom I important to achieving long

operating times bebwesn batiery vecharges.

Dvangmic poseer managers can be of difforent embodiments, according o the lovel,

5
3
H

component, system, and pebwork reapectively

ST

where DPEM s applied, and w the

phyvsical realization stvle e.g., timer, hard-wired coutroller, and software routine,

< o

/

Typically, g power manager (P} tmplements a conirnd procedure based on some
observatinns and/or assumplions on the worklosd, The control procedure i offen

called policy [Dutta and Sheel 20021 An example of g simple policy, ubiguitousty

psed for laptops and polmtops, 18 the timeond policy, which shuis down g componeng

after a fixed inactivity time, under the assumption tha

cornponay remsins idle 151 has been idle fur the tuneout time,

PN has proved 1o be a powerful methoedoloygy for reducing power conspmption in

fn a power-managed avstemy, the state of operation of various
components i3 dynamically adapied 1o the vequired performance lovel, i an effont o

A

sniniee the power wasted by tdle oy undermilized components.




However, [Sandip, 2018 showed how this simple minded polivy may i oul o be

"

methicient, Firstly, sinee these policies have 1o he nin on an operating

e, they

come with addiiionsd overhead, Ancther weokness of the D3PM 45 that based op #s

stochastic and predictive nmure, policiss are implersented on prediction of future

L
ot
X
3
i
b8
f
J.‘;
po
g
5
PN
-~
jreri
’/‘

istory and or events resulting sometimes in over predictions and

unsher predictions) consoquently, a policy s Hiely 10 ssue more shotdown commands
ardd degrade performance. On the other hand, o policy can be conservative in power
saving and issue fower shutdown commands, While poerformance aud acouracy

> )

Eﬁif’tz L, these ;}«) WA DORSUTIS MOre PHIWOY,

(i) Discontinuous Transmissien,
PHscontinuons transmission 15 another technigue thay has been emploved in sysiem
power optimization, expocially in wiveless network, where it bas been used 0 preserve

bave glso been done in this

and projong mobile erminal battery, much research work
aea,

Driscontinuous transnussion (TN 18 g method for optimizing the efficiency of
wireless voioe commmicstions systems by momentarily powering-dows or muting &

mobile or porable telephone 10 the absence of voice inpu. Fach party in 2 typacal 2-

o slinhily loss thay hal

way conversation e time, so iU a transmitter i3 on during
volce inpud only, the phone's duty cyvele can be cut 1o less than 30%. Thar condition

conserves battory power, easey the workload of ansmitter components, and frees the

hantel, aliowing the systarn to ke advandayge of avadiable bandwihih by sharing the

chiannel with other signals. DT clronits operate with voice activity detestion {YVADY

which in wircless fransmitions 13 sometimes called volco-operated transmission {Y(O0

{ Ashay, ef gf, 2009],




The des of discontinuous tansmission is based on the fact that a person speaks less

than 40% of thme i normad conversation, a0 lurnin 2 the transmutter off 15 sssuwmed 1o

3

C o distinguish voice and backgroumnd noise, very accuraie Yolos

wave powsr. In

>

PRnST will hear a o]
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stlence, which is due o the nature of diglial transm

BE, 4 Loimingt

n0ise s generated rying o match the

E}_is:mz';.{‘i{mmu;f:. ransimission when activaied In a mwbile device or svstem have heen

found (o conserve ihstanial mmount of %..-:ﬁiﬁi) energy, hwwwever, some of the

problems with DUX s the need for DT clrenits which consumes additional power
when this feature is furn on, and ot Urees when the Voize Activity Detector mistakes

background woise for velce and it s

masmitred. battery energy i wasted in

fransmitesion
(1t} Discontinnous Reception,

Another method used fo conserve power ot the mwbile swtion is discontinuous

reception, snd i iy very sumilar fo discontinuous transmission already discussed, In
2> «

¥
v

discontinuous reception the paging channel, used by the base station o signal an

comng call, s stractured into subechannels, Bach mobile station needs w Hsten only

0 iy own sub-channel. In

the thme bebwesn successive pagi
mobile can go o sleep mode, when almost no power is used, thereby conserving

G341,

[e—

battery energy [Croce, 20

{iv} Power Condrol,

Power conirod refers to the sirategles or technigues required to adjust the trmpsmiited

i7




power to the wintmum so thal more powsr than necessary 18 ot radiated, Power
coutral regulates the ranamitied power to achiove desired signal strength, According

to Herature much of the study on celludar network power control started 1o 1992-1993,

power control is divided i two parts. fast power control and outer loop control. The

fast power control i used 10 counteract the effects fading by wdiusting the
gransmitied power of the mobile in order 1o schicve o given Signal fo Inferforense

Ratio {3IR) targst {Sklaves and Touling, 20071

o ceriain guality in ferms of Frame Error

Ouer loop power contrel is ussc

Rate (FER). This is done by comparing a measwred FER value with a PHERfarget and
wsing the difference o regulate the S1Riarget used by the fast power coptrol [Bklavos

gngd Toudion, 20071

{vi})  Siep Wise Power Dontrel Algorithm

The base station controls the power outpi of the mobile through the concept POWER

CONTROL g5 discuased above, GBM standard det agses of mobile stations,
aczording o thelr peal traosnitter power, rated at 20, 8, 5 4 and 0.8 W, A table of
GSM power fevels is defined, and the base stetion convols the power of the mobile by
sending a GBM "power level” number, The mobile then adjusts #s power accordingly

fn viemslly all cases the incrementdecrement betweon the different power level

numbers is 2dB. Rignal quality s messored by mobile and base station. The mobie

station passes resulls of Hs masurenys he B, which is responsible tor power
control, Megsursment reports arg sent in Slow associated control channel (SALCCH)

about once i 484 mis,

Sene of the problems with existing power conirel algorithms are complexity owing io




the amount of parampters that peeds 1o be prodetined. The other problom s the usage
of o fixed wmreet valoe for all sthnations. Alse the Hxed norement of 2db between

differant power bovel numbors 13 00 1

apinion, assuming a mobile fenninel
needs to jump botween two exbreme power lovels due to sudden and sharp drop o

signal guahity.

{vi} Dypamic Power Conlrol Algorithm,

The dvnamic power contred slgorithm boing proposed in this work s an ouer oo

power control, which seck to evaluate and sdjust the fransmiited power o the desired

)\Q

signal strongth and quality by o power regulation process thay regulate the ransmitted

&

power divectly to the required oplimum transmitied power, unlike the step-wise power

control algorithun, for instances i we think about 2 silustion where mobile nhone hears

e

v

wase station very well, but suddenly the strengh of signul goes lower, user mavbe,

goes inside building, which biocks geit good radio signals.

2.5 Some Related Work on Power confrolimanagement,

As wireless conmmunivetions industry s growing, users” demands for now enhaneed

P

fegtures and long batfery Bfe are norpasing. Henee, power bas becoms the fist class

design constrant, when it comes to rich mubiioedin portable devices | ShuneRen

20057 This part present previous wirk that have beop camvied outd in this feld, thely

contributions gl thetr drgwbacke

Sklavos and Toulisu {2007 wled thelr work, Power Consumption in wireloss

>

networks Technigues & Optimizations, in their afterpt to provide solutions io the

moressing energy domands, they proposed various power management echnignes,

15




Among them, the most well known i the voltage and froguency sealing technigue,

Iay are the moeduies that

Their « ,uufi» showedd that UPLs, momories aned the dev

powver resources. Their solution s systeme-level based approach,

consmne most of th

A systera-lovel approsch foeuses on the powey consumption of the CPFUs, memories,
buses or the display of the device, Since according to thom, the three most importans

sraployed

contributors in povwer loss s PU, the moemory

b other o mimimize the power foss

tzchniques th mostly involved
i the UPL in the power consumpiion, they emploved power officiont processors,

Avcording to them, memories power foss can either be static or dyvamic and in selving

cpergy eificient momory schemes soch as momnry

the problem they employ

hierarchy, memory partitioning, and g new range of mobilefvellidar memories such as

collularR AN and mobieRARM which have been Josigned for wirelsss, hatiory

operating devices. While addressing Power Control Techniques for Displays in order

el L]
to veducs the power consumed by the dispday they proposed the use of energy adaplive
LCD ewvstems [Skinvos and Toeuliou, (20071 This technigue suggests the trade off

>

hetsween quality and powsr consumption, Depending on the application requirements

<

or size of the display, was also

angd users’ demunds, a reduction of

suggested for power efficiency. They clubmed that this approach 13 further motivated

by research resulis that showed that the window of foous, meaning the user’s aren of

st - utilizes only 60% of the toial sercen aren [Sklsves and Toulioy, (20071

Based on thess observations, techndgues that modily the olanity of the image and

“ v

i

L of the noresclive oreen aren:
olowr depth of the nomesciive soroen greas were proposed, while leaving the active

SUICSn ardd Uiy

B could appear that they haove solved all of dw problems by tackling the three mos

331 L




..A.

power loss contributors as they clabmed, but thelr solution is only g system hase

3.
oy

iy

14

reh e dw study of power Hon o portable

e R subsystern rand second only to video and audio processing operations

which they have been silent about, and this is the main focus of oor work,

Abukmatl and Helal (2007 in their wiit for Maobile Devices

Manage

npuigiion Oulsowrsing within Pervasive Smart Spaces, explored the

. They

v

opportunily Perva

wive Spaces could provide as supplemental energy sourpes

\.f.'

o U Fu g ey i i ey ey g S
uithize the noture of pervasive smart s
¥ i

corppatation that wonld

normaltly be perfonmed on a mobile de ar swithin the smart space.

Their decision o putsowrse g computation according to them depends on whether its

energy cost on the device is bwger than the cost of communicating #ts data 1o the

swrvogate and receiving the rosulis They propose an approach by which the

outsourcing dectsion is made of nunfime, while the ntelligence that makes thet decision

ts tserted at coropife-time as fogie that o 5 the application code. The merit of

thelr approach as they clalmed atinn-indepondent and roquires
mingoal programmer energy swareness, Additionally, they Implemented 3 rugime
support on top of Linu o facilitale for testing and experimenting with ¢

X

glint/server ouis

sxperimenial vabidation and be

vw ¢
3
~3
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S
ﬁ
o3
(47
ey
<
L
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o
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clatmed showed 2 signifis ihe mobile device, whic

validates their approach us a vighle and novel approach fo power saving and

magnagement tor mobile devices.

)
o
I
W
¥4
ot

heir approach depends on o swrogate server for compudation and energy saving

1. s

through Computation Outsoursing within Pervasive Smarnt Spaces, this makes their

NS
foed




systemy’ power munsgement echudgue dependent, and nothing was said on power

management for the swropaie, which menn

thay asaume that the > weill abways

3

he up or powered by some meosns which they didn’s mention, They claimed that thelr

systemy makes commpmicstion a means of cnergy saving, but they ddn’t el us whe

bear the cost of commurdeation betwenn the systern and the surrogate. Thelr ichnigue

involve a lot of complex programiming ineva and ot L

3

1iakes 2 ol memory spaces
andd processor time, which consume reasonable amourt of energy. They also clabmed
thetr outsourcing 1s real-tine, but we know that this depends u lot on the processing

power of the surrogate, Our design anlves o whoele b of this problem by solving the

problem of optimization within the systerm, and the neteark only,

Pushkar and Chinta (200%) of the University of lilinels, Chicago. Blectrical and

Cepnputer BEngiuvering Department in theilr survey which they caplioned ™ smovey
report on dynamic power managmnent  sarveved a series g journal on dynamic power
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mapagement and conciuded that DPM can be applied 10 varinus
analvze g DPM based system, they adopied a botiomeup view. They first tocus on how
& power-manageabie system component for example, chips has been designed. Then

H

they moved on o see how this DIPM policy is applizd o 2 functionally complete

system which binds all interacting components,

However, these simple minded policies may turn out to be insfficient. Firsily, thev
come with additional overhiesd sinee these pobicies have 10 be run on an operating
systen, Another weakness of the DFAM s thot based on s stochastic and predictive

based on past history

pature, policies gre bmplementod on prediction of future evenis

7]

anpd or events resubiing sometimes i over predictions and under predictions;

22




comseguently, o policy is Hkely 1o isspe more shutdown conunands and degrad

feg

.

stive i power saving and

perfornance, On the other handd 2 pobiey can he conse
igsue fewer shutdown coomands, Wihile performance and avoursey improve, these
pOIHCISS CORSIME MOTE POWLT.

Also policies are system, vomponent and most ihne operation-spocitic, therefore

specific policy has to be developed for every partionkw operation with Hs own

sssumnptions, lmitetions and technivelities. However, our algovithn s simple and

dymamig taking inio cognisance the dynamic nature of wireless network environment,

this it achieves by measuving the quality, drough the Bt sovor rate (BER) of the

recetved signal at the base station and adjusting the tranamis power accordingly,

_,v
2
~
o
3

Ashay, o f (2009 proposed 2 dyvamic power control aluvorithms in thelr w
v " - Fd R 2

P

)

sion Power Control i Bilomedical Wireless Seusor

“Algorithms  for Tronsmis
Networks” They proposed e feedback-based closed-loop algorithms for dynamically

adiusiing radio transmit power o body-worn devices, they evaloanted the performance
' K »’ N v a2

of thelr alporitun in wrms of energy s

rebiability os the Jdata periodicity and
fopdback time-seales vary with real Hife cxporimental set-up, Using experimental trace
deta from body worn devives, they fust showed that the performance of dynamic

Fa

data porieds, Mext for a given data period

power contro! 5 adversely
they showed that modifving the fransmi power al oo long time scales {around 2

e} reduces the efficacy of dynamic power control, while oo short o fhme-seale

signatling overhead

{fow seconds of lessy inowrs 2 high
advocals an enmediaie range of time-svales (when pormitted by the data pariodictivy,
typically in the few tens of seconds, a1 which the control algorithms should adapt

sransmut power in order 1o achiove maximol engrgy savings in body-worn seusor

N
{23




devices used for medical rwonitoring.

While thelr work 15 cond and recent, it only addressed two aspests of power control

sechnique which affect dynamie power control, and with particular fos on wireless

sensor netwerk namely e perindicity of data wensmissions and the Troquency of

H

gransinit powsr updates, Albelt the performance of thelr algorithm was te: sted in torms

of energy savings and reliability, encrgy saving was not their pripary interest, their

primary interest was to evalaate the effect of data periodicity and feed thack tme-scales

on dynarnie power control,

M

L employ dynamic posver control, our algorithin is simpie and our

o

Fhough our w

Lot

ont comserving vnerny at the mobile ferminal using a power controd algorithm

that takes into consideranon the ever-changing nature of the mobile network

evironment which we have ioeorporaied inte the aigorithin by mcasuring two

marameters: signal strength and signal quality at every measurement period.




CHAPTER THREE
346 MATERIALS AND METHOD

In thix chapwr the stimuistion model ix deseribed, for example what the simulation

spvironment tooks fie and bow some Nunetions works,

31 Simulation Maded

g

The simudation model is based on the real-life GRM aysien network and ol design

concepts were modelled according to the

design procedire constats of v Mervarchical structore arvapged as follows:

{iy The Network Projeot Model A vetwork model defines the overall scope of g
gystern o be simulnded, I is o high-level desoviption of the nodes conained in the

systent. Fhe nebwork nodel specifies the nodes in the system, as well as thew physical

focations, interconnections and configurations.

{it} The Node Model The internnl sthucture of

¥omaodel, for the
mrost part, 18 not visible at the network Tovell This section (the node model) presends the

Yy the internal strovture in tenms of functionsd elements and flow

methods used o s

stween them

{5t} The Process Muodel describes the bebavior of provesses (alporithros, profocels,

applications) specified using Finite Swie Machines {FSM} and exiended high-level

£

5

fanguage. The FAMs run on sete of progromaming codes reforred to a8 PROTO-C, This

3

programming langnage ¢ o variant of Cvh A comwbination of O+ codes and

enous OPMHET codes forms the PROTOC codes.




3.2 Steps Towards Validating Expertmental Hypothesis

IEXPERIMENT 1L S up eyperiment to siudy the offoqr of makinpem power

%]

fransmisaion on the battery of 8 mobile formingl.
=3 T taken for mobilte tesminal battery 0 pet completely deplotad.

EXPERIMENT 21 Sct up experiment 1o study the effect of exionded outer loop

slgorithn {dyoamic algorithm) on the mobile terminal battery,

o

= The effect of algorithm on mobile hattery,

i taken for mobile tenminal batiery 0 oo 1% r depieied.
i taken for mobile tenmin tery to get completely depleied

IEXPERIMENT 3] Set up exporiment 10 siudy effect of current algorithm {step wise

ingrement) on the mobile {erwinad batiery

Kl

=2 The effvct of the algorithm on the mobile termingl vattery

T 1ad s mebile terminad basery © get completaly dopleted.

3.3 Experiment One

331 Project Network Bonain Design.

.

The size and scope of the networks modelicd can range from simple w complex. A
nepwork medel way contaln one node, one subnebwiork, or many interconnocied nodes

1

angd subpetworks, This is hecause the structure and complexity of g petwork model

o

typioally follows those of the system to be modelled. For example, Figure 3.0 and

AL,

Figure 3.1 show a notwork with a stay topology and s corresponding nepwork moded

with one cenire node (the bub; and several peripheral nodes connecied 1o @t with point-

T
Py




toeporint ks respectively,

v

Topology. Figure 3.7 Network Model,

OPWNET MODELER does not place resirictions on the number of node models that can

be deploved in o communication uetwork; inste fopts an open appresch whers

modeler can develop their own library of node medels o use as building blocks for

his was the approach emploved in this project work., A

their own nebwork model

o~
G

pres

lbrary of emluted nodes was developed, which were subsequently wsed i th

simulations. The moject editor can provide o geographical context for network model

development. Localions can be chosen on world or country mmps, or custommized

"

dimenmioned areas can be deploved for the network domain, These domaing shmulate 2
wotion of corresponding distances, whivh buither give a sense of real-hife scongrio and

allow for automeatic caloniution of delay and oiher factors thad are distance dependent,

The basic objeot used to bulld o etwork models s the fixed communicetion node, Thess

nodes are wssigned arbitrary focations and Jo not change thelr location throughout the

course of the sirmlation. However with recent versions {like the OPME T vid used

3

d. which alfows for the nclusion of

this work), wirelesy funstionality has

mobtie and saelifle nodes. Mobile nodes can be assipned traloctories {0 define ther

o
~d




path of motion and thelr positions during the course of the simulation, hence change

coand soteilite podes need 1o have

Both fized, mob the ability 1o conmununicate, The

lnk models therefore enable these nodes to Initiate and susiain compmunication during

a simulation peried. Different types of Hok wodels are made available o provide the

inferconnection of these nodes and enswre commumicstion. OPNET provides simplex

{x

wdireetionaly, doaplex (bidirectional) podnd 1o point lnks and bus hinks to aliow foy

fixed node corpmunication, Wireless fanciionalily provides radio Hnk commueation

channels for both fixed, mobile and e nodes 0 communicnts

., ~

For this work, in the Brst experiment amd subs and 3} two

nodes are used in the nework setup throughont namely: (8 The base station and (i) the

mobile wrminal, Figure 3.3 18 o typival view of the nerwork domam design. The

o

A 3 with th

ciwork topology was dest

bedh

cut ope project domain

vy
o

1, Total nebwork coverage area = 10 10 Km.

N
jocsd




2. The mobile tormting was locgted gt coordinaies

Lok

The base 511 focated of coordinaies (1.3, 1.5) in Bm,
The mobile station s communicating with iizf hase station as in real e slisation. In

real Bie however, when g mobile connects 10 a base station, # starts 1o ansmit a1 peak

power then an algorithn steps down power 1o a desirablie power lpvel

33,2 Node Bomain Besign Foy Mebile Terminal

The futernal sivucture of the nodes for the most part as stated alyeady is oy visthle at

the internal

the petwork level The domain presents the methods used o speeify
strucivie,

A node model is composed of a series of connecied blocks called modufes Node

E

models specity the manner i which the nputs and ouiputs of vartous modules are
commected using objects celled connections, Thuwe types of conpection in OPNET
provided 1o interconneet modules are; pocker strecms, stgistical wires and logical
associations. Packet sireams allow formotivd messages called packets to be conveyed

from one modale © another. Statistical wires convey simple nurseric values or control

b

signals from one module o another while logical associations simply identify

o

birding between modules.

I expenment 1) the aothos 1in the effect of wansmission power only on

encrgy consumption of the mebile tenminal, baring olber sources of power

®

susemption in mobile terminal. Sueh as the dighal very large seale integeation (VLS
component, and the disploy which experience has shown consume large amount of

daliery ensrgy.

]
©2




The mobile torminal desion consist of the following

stor which s g standard nioduis

{iy Packet ¢

wdard module and

termingt ansmier

ST permits individual

{111 The mobile processon is the author's

r\-.l\.;

ndividual purpose.

mas <

design 1o su

A& typical view of the mobile terminal node domain design is shown in Figare 34, the

v
L3l Jaw
iy

modules in this desig

Figure 3.4 mobile terminal node domain design

{1} The Packet Generntor

The Packet generator o5 stated earhier i3 a sundard Opnet module used in this and

mobite

e

aubsequent experiments to ostablish that there is a commmmication between the

k3

erminal and the hase station, peckets generatesd by the Packel generator in the mobile

vom the mohile termingl and s

ferminal node domain are rensmitted

basne station. confirming a commupication between the mobile tormingl and the base

station.




{11} The Mohile processar

The mobile processor ks part of the author’s designs and s designed 1o enulate the
mternal structure of owbily termingl, Yo this work the mobile processor does all
processing work within the mobile fevminel. It registers the moximum power 2l the
beginming of ransnission and records the current power {new dimin value) during the
course of fransmission, It also ensures that the mobile terminal transimits ot this value

to the base siatton.

{311y The Mobile terminal transmiiier

\
Ll
=
&
[
'/‘

standard OPNet module wag used in the model 10 help i transmitting the packets

from the mobile eorminal 1o the base station, The modulstion scheme omploved

3.3.3 Process modelling for mobile terminal,

Processor modules are user programmable elemenis that are Rey components of
communivation nodes, The tashe that these modules exeoute are called processes.
Because 1 bas o set of instructions and maintains stde memory, a process is similar o
A m ng software program, The process module deseribes the hebavior of
provesses {algorithms, protocols, apphicaionsy specitiad using Finlte Stue Machines

FSMY and extended high-lovel langoage. The FRMs run on sets of programming codes

L,

referred to sz FROTO-C. This progranuowing lengusge 38 o variant of 4+ A
pombination of O4+ codes and indigenous OPMNET codes forms the PROTO-C codes.
Process editors express process models in

“’ P

specifically defined to support developments

is hased on g combinution of siale fransition <




commmands koown as Kemel procedures snd general fucili
progranuning nnguage. A process raodels ST defines o et of privaary modes or

+

stafes that the process can enter and, for each @

e, the vondBions that would cause the
process o move to another state, The condition needed for 4 particular change in state

¢ cailed g prgnsition, Transifions can

o necur and she associated destnation g

sither be condiiionad or unconditional

£

A brief deseription of the PROTOC-C sivizi in section 134

3.3.4 Brief Description of PROTORU Language.

1. State Variables—Provesses maintain povate staie vanables with poemed
variables of arbitrary data types, ncluding Modelerspecifie, geuveral O/
fanguage, and user-defined tvpes, This capabtlity allowes a process 1o flexibly

related 1o H3 perlormance, or

malniain counters, routing iobl

en oguiring retransmibssion. Arbitrary combinations of ste varigble

vatues mway be used in all decisions gnd sclions implemented by a process,

2 5tate Exeomiives-— gach staie of 2 process can spocify arbitraniy complex

5

« with the process entering or legving that state, These

o~
ry

ACIONs A0
actions, called state executives, are exprassed with the full Hexibiltty of the

Typical setions inchide modifying state information,

creating or receiving messages, updating the coptents of and sending

messages, updating stalistics, and sefiing or responding to Gmers,

o condition statements, which detenmine

3. Vransitinn Conditions— Tra

whether a tansition should be traversed, may be expressed as g

wval G0+

language booleans that make reference to properties of 8 new interrupt as

well as 1o combingtions of state variables,

(X
P




4. Tramsition Exeombives—Transitions way spectfy  goneral actions, called

exgoutives, which arg implesented wach tme that they are taversed, This

praject design emploved oll the above defined atributes fo orease the provess

oo R

model{sy of the mobile terminal in experiment one. and both the mobike

ty. PROTO-

terminal and base siation in expariments two and three respectl

€ codes for eavh modide can be found in th . Fach modale

o
::-“'
<
’ \)
:)
{2
=3
=<

desoribed 1o the node mpodel dest

o ahove and those that would be deseribed

for experiments one and two bas iheir own specilic process mode! design.

The process model for experiment one 18 described in sention 3.3.9
P

335 DMohile terminal process wmodel

The process vodel for this roodole consists of three 8TDs linked by both

conditional and unconditional

s as shown in Figure 3.3, The provess

iniiaies in a foreed stated called the /e sinte. Al sinfistical variables gre

mitiated and registered in this stie. §1 i folowed by an wconditionsd

o~

ansition to the packer woir siote which serves Hke balfer for packels before

they transited 10 the processor . Either of the transitions loaving this state we
conditional iransitions where condiiions for dranstiion are staied in the

HEADER BLOCK provided in the process editor, however, the defunlt ensures

(47

that only packers from the gt siafe, fransit conditionally to the

K$

,..a

processor, The

-

dotted lines represent conditional transition while the unbroken Hnes represenst

(i
o4




Prgure 3.5 mobile proeessor proeess moded desigy

k3

3.3.6 Mode Domain Design For Base Xatien,
Having described the node aud process domains design for the first node which i the
mobile wrminal, the same will b done for the second and last node In the project
network domaiy; the base station, Base station In experiment one i3 not expesied W
perform gy fask other thon comununionts with the mobile tenminal because no
algorithm was ran in exporiment one, Theretore the bass stadon consist of Gvg
standard opwt modules;

{1} Base station raveiver

{11} Base stution siuk.

{i} Hase siation receivey
The receiver was incorporated in the hase station design so that the base sigton can
veceive sipnal om the mobile tormingd and esteblish o communiontion link, ay was

stated above the receiver 13 a stendord opnet modaole and was just imcorporated o the

EA

23
P2ty




{ii} Base station sfnk.
The sink is also o standard opnet modude sd it belps 1o store tamporarily and destroy
mackets reectved from the mobile terminal 80 a5 10 cloar the base station memory
& shows the node

space and ot clog the wemory space unnecessarily, The Figuare 3

oy he base station.

domain {48\3} it

Figure 2.0 node mode] for hase statior

34 Experiment Tweo
341 Project Metwark Domain Design,
There is a need o stue here Yt network domain for the three experiments are the

same with parameters 3o as those of experiment one. This is o be able 1 make

»

2

comparisan beteeeen the resulis Bom the thred experiments. The figure 3.7 shows the

aetwork domain for expariment two,

W
W




Figuare

3 7 ot
IR £ 3V I 11675

3.4.2 MT Nade donuin for experiment two

The mobide wermdnal node domaln for ¢

modules; packe

speriment iwo compise of the |

inllowing

enerator, mobile processor, mo

Bile trangnis
shown in 1 ;

L oA e
the Ggure 38,

and mobile recatver as

Fignre 18 Node domain dest

on for mobile termingd experimer

PR AL N

(8]
bs ]




3.4.3 The pobile ternmudnad reveiver

The mobile wominal recetver in oxperiment 1wo e

s the ondy addivon to the
mobile tormnal design in oxperiments ong, and i included here becanse the molbdle

o

terminal in experimuay beo nesds to conununicate abways with the base station the

ransmil power aind the stgnal guality,

344 Eiase station node design fov experiment fwg

The base station for experiment bwo consists of the following models; base station
processor, base station transmitier, and the base station receiver

3.4.5 Base station fransmitier and veeelver

Both the transmitier and the receiver werg incorporaied in this design to receive and

+

1o 10

ranamil infoey and fro the mo

station and they are standard opnet model,
the modulation scheme emploved was Gaussian modulation shift key (GMEBRL

345 Base station processor for experimont e

The base station processor in expariment two iy part of the author’s designs and 3
epnudutes the nternal siructure of buse stgtion, The base station processor here, does all

the provessing work required at the base station, it ensures that the algonthun (step wise
algorithm) rans properly and the reselt of the algorthm, which is the new transput

poseer is commnicsted back to the mebile 1ermivall The Plgure 309 shows the base

station node design

(e
s
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13 EXPERIMENT THREE
351 Metwaork domaln design Experiment three
The netweork domain design for experiment three 15 the same a8 that in cxperiments one

amd two gs already mentioned earlior with ol pargreters been the same. Beforence can

beomade to Figures Tor nepwork domaing of experim

5 one and two respociively.
3.5.2 MT Nede domain design for experbuent throe

Mobile torminad node domain in experiment three sct-up also comprise of four models

pamely: packet generator, mobile terninal processor, mobile rinal wansmitter and

.

mobile terminal receiver as shown dnihe Figwe 3.1

Figare 3.11 mobile terovinal node design for experiment thres

353 MY process design experiment three
The moebile torminal process model for this medoie conxists of the same mumber of

STDs a5 in the desipn for experbment two, Which are Huked by both conditionsl and




sneonditional bansitions, Moebile tenminal o both expevimens have been desipned o
function in the same fshion,
354 BS node domain design experbment three

The base station node domain design for experiment three also consists of the following

ion transmiitter, and the base station receiver as

models: base station processor, bass sial
that i experiment 1wo,

353 BS trawswitter and recelver experiment three

The transmitter and the receiver weore incorporated 1 this desivn 1o receive and transmii
wformstion back o the moblic station and both are siondard opnet mndel, the

‘

modulation scheme employed was GMEK

3.5.6 BS process modale desipn experiment three,
The process madel for this module constsis of three ST0s. B consists of an ini state for
the initializetion and registsation of statistical vasiable, 2 packet wait state and g
processor. Atter initialization at the indt state, there {9 an unconditions! anaition 1o the
packet woif stale wich serves as a buffer for packets before they are tonsited © the
processor, . Either of the fransitions leaving the packet wall stule are condifional
psitions where conditions for transilion we sated 1n the HEADER BLOCK provided
iy the provess editor, however, the default ensares ot ouly parkets from the it state,

ransit comditionally 1o the mocessor. The detted lines reprosent conditional transition

swhitle the unbroken bnes renresent unconditione! transifiog

Ax staded carlier it 18 8l the process modale that all algorithim, protocol, and desdgns are
coded nio the opnet moduder, It is in this module theretore that the proposed algorithm

ford

and all colenlanions are coded nto the sirou!




3.6 Catenlations

= Mavimum power was set ol 390bi as specified by GSM B00, GEMSOD specity

+  Maxbmwo batlery capacity a typical value for Nokia

= O ampere-hourg LAY s egual to 2 current of oue ampere fowing for one how

i3

»  Ro. i you have g twoe ampere-hour batdery, then it has the capacily io flow a
two-ampere surrent for ene hour,

o A valtage of 3.7v, alse typical of the waodel of te nokia baties

s THImAM x 3.7 = 2 59wH

s Approx, et

+ Ty x 60 = 80w =available battery power
= At this point packet arriving gre captured

« pcied connf s incremented

Ty

¢ Awvailable Battery Powers Maoimum O — Dirain valoe,

3.7 Design
» Fhe Dysoamic Power Control Algorithm takes into congideration both BRxQual

{Becieved Quality) and Bxlev (Recoived Lovel), which spable the MBS and the

aal and Iow Bxlew,

3
e

Biﬁ power i inoreasy in case of tow Bad)

clev or BxQual) increases or decreases from

o

s} the received power or quality {

the set threshold, the power of MR or BT decreases or nereases respoctively,

» i

iy,

the {Rxbley or Rafdual} is optimur, thore will not be any variation i outpmy

DOWET,

«  The jnstruction for the changs in pos v the regulation is 2iven by




= Py ¢ favcdes J B fgdesidd - rugualligne
= Where ¢ and # are the path loss respective quality compensstion and  gdesDE
andh regiud By ave the gdes and svqud mapped to O/ s in e Table 3.0,
s The power lovel dovwn regulation order iy given by
o PLeINTLFPulld {bi
wherg INT muneates the power lovel 1o a higher lovel value,

BYSME v power = Py - 3 PL0 WHhere g vorresponds o fnll power,
Fhe purpose of the ower loop (BER measurement updatey in Tabde 3.1 ¢
fhe parpc {ihe ouwer loop

,....4

imner foop with dynamic gdes value thal changes antomatically

v the outer loop additional information about the ourrent g

. The m

3 1o serve the

wasuremnd

Jmii‘v’ i th

Odesidian] & g 24 30 40 50 £33
Bxgual {} i 2 3 4 3 &
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CHAPTER FOUR

4.8 RESULTS AND DISCUSSION

4.1 Experiment one

4.1.1 Hoesult for experiment one {peak powey iransmission}

Figure 4.1 peal power (ws) transmission.
4.2 Experiment fwo

4.2.1 Result fov experiment two! scenario § {good notwark conditinn)

-~

Figure 4.7 dram valoe (w) tor scenario § oxpeniment fwo




+

experiment |

[RESEN

Y sy ST b gt e s s e
Figgre 4.3 batery powe

4.2.2 Result Yor experinmunt fwa: scenario H {moderate network condition)




.

Figure 4.5 batiery power {wa) scepario I expertinent two,

Figure 4.6 drain value(w) sconorio T exporiment two,




Figurs 4.7 battery power Ows) scenario HI enperiment two,

4.3 Experiment three

£.3.1 Result for expeviment threer scenavio § {good nefwork conditing)

Figure 4.8 diain valoe (w) s




i

Figare 4.9 battery power {ws) seenanio | experiment threo,

4.3.2 Result for expevimuent three: seenario 1 {(moderate network condition)

43




cwver {weap seenario H exporiment three,

433 Result for experiment three: scenuaris 1 (bad network condition)

Figwe 4,17 deain valoe (w) scenario 1H experiment three

4




st seenario U experiment three.

4.4 Comparison of resalt from experiments {wo and three

4.4.1 Comparison of sveparios § resalis,

STEP-WISE ALGORITHM | DYNAMIC ALGORITHM

Fi

gure 4,14 comparison of resubis: scongrios L




4.4.2 Comparison of scenavios I results

5TER-

AT ALGORITHM

Figure 4,15 comparison of results: scenanos 1,
4,4.3 Comparizon of seenavis 1 results,

STEP-WISE ALGORITHM DYNANIC ALGORITHM

sire 4,16 cony

L5
ey




4.5 Kesult Discussion
451 Experiment one
Figare 4.1 s the resulis of experiment one showing the graph of a2 mobile tenning!

fransmitiing &t peak power. Recall thet when a moblle lormingd connects 10 a base

.

station i stards ansnuiling o peak power, then B8 ransiod! power is step down by ihe

:

alporithn in uwse by the base station. However o the case of experiment one oo

¥
Py

algorithn was used throughout, 1 other wordy the mobile erinal ransmitted a1 peak

power throughout the experiment.

Exp {';?2 wint onw iy used 8% a2 “eontrel experiment”. Resulis Hom experiment one allow

ug o see what happens gl contimous peak power ransmission, B also onables os

—
L

sppreciate the need for the use fov an algoridun and ghve answer 10 such guestion as

why need an algorithre 7

¥y
H
37

y power 2t the start of the experiment was 140

N
Eaay

Avatlable batie s, the el duration

the experiment was | howr, which implies that the mobile forminal continsously

wansiit 1o the base staion for | e gt peak power. Result from the graph indizates

that the battery power of the mobile terminal was completely depleted after about 23

3

minutes of peak power transmission.

452 Experiment fweo: seenarin § (gond netwerk condition)

in Figure 4.2 residis of deoln value (ransmat pover) of a ruobile ferminal ransmitting 1o

4 hase station over a good network conditic

<

TR PEesSeTID i The d "\m 55Ty DOWEE SO o
alorith was In use. I could be seen that the mobile terminal inkiiated 2 transmission
af Bw (390b) 1o the base station, and the tansmit power was inmediately step down to

2w, This s beeause Swowas upnocsasarily 100 igh 1o maintain the good conmection

under the preveiling zood network Wi pOower waas




+
> ot

ALBd

aintined theoughout ihe

1y s B FATANEY well,

it power the mobile terminal henrs (e B9s

5 the graph v jepresenting ihe resutiing effect of the rpgolation process BB

the battery powet for o mobile rormingl irempiting 1o 2 hase station o E00 d peiwork
condition, with the dynuuic power conired slgoriihre 1 use. available batter
P2

she start of ransmission was 190w and afier 1 howr of SPanSIESIng,

baltery powet ay the end of 1

z! zi-

g"i’s'v'a??" WAS L o u i idlic@‘?i SRIOIL Hems

Hout.

4.5.3 Experiment two seenario 11 (moderads aetwork condition)

Figure 4.5 prosents the groph of the mobile torminut rans iting (o the tase - aiation
moderaic BEWOrK condiion, with dynann o powEd comtral algonthm be ing used.
Sy (30Db) and was

According o 1he praph, HORSITHSHON 54
immediately siep pped dowi 1 Ty, However ansil powet was stepped up 5 s
et oF RIS Ccin ard
yoannios i u STBITISSIon, ABG

petwork condition alior 8

papidly  ohang
galue for about 5 minuies. Thereafter 11 Was steppid

fransInission contirmed at this s
down 10w and {ransraisHon contimied @i 4w Lor fhe peTnEiing Pl it of the oxperineni.

mattery of the mobile

. . X
Figure 4.3 chorwe e e ot o e Sregoing pov
~

rerminal, with e avatable power of G es griting completely dopleid 4 afier about 44

5 bepwvest the mobie e inal and the bass sla 10T

winntes of i AN SEIOL

43,4 Eaperimuni o seenarin 1 {had setwock condition)

Seenario Hiinall pxperirneital 801 up FEPIES ety onsmasion in bad norwork condititn,

shows o g ¢ e drpin valus {(ransy nil power) of @ mo

tepminad copmniiting 108 hage stalion ot nolwork oo dition for cuprrimant VO

%
i




F TR T i S T TP LS LA PP aric g rer 1 h W asr tye wveryaest
LIYDARINIC POWER f,-iigur;i;u.n was used, Tronsmission siaried st PRAK DOWET O BW 45 USLAI,
5 &

but unlike the bwo previous sconarios. irenstoission continned st &w thuoughout the

experiment. Thos s beeause of the very bad noveork condition. Algorithm digd nol step

down power, beoause roobile ternunal reguired masiroum powsy 10 connect 10 the basg

station. A close Jook ai the graph shoves that 1 is the stme as the graph of experiment

one. Where Meoebie tereinal transraitted al pesk power because no algorithon was used,
Bowever here algorithn 15 used, but algonithum 3id not siep down power because mobile

wrnnnal reguired maximum power 1 connegt © the base station.  Therefore baltery

power got nsed up st I3 mimues afler the start of experbment as shown in figure 4.7 a5

was the pase i experiment one

455  Experiment threes scenario § {(good network condition)

Figure 4.8 shows the graph of the drain value {transmit power) of o mobile terminal

2

trapsmditing 1o a base station ooder goed network condition. Step wise algorithm is
being weed in thus case. The groph shows that the mobile starts transmiiting at peak
power of 8w but grdually steps down bansmit power fo 2w aller 15 minuies of

transmission before stabilizing at 2w of transmit power thronghout the experiment, This

w5 4 high fransimitting power 10 fransmit af therefore alporithm stepped

oo
b2
o
%
(«s
\7\

dowen ransiit power 1o 2w, This is the optimum power for mobile terminal 1o transnut

the base siation a the provailing pood network comfition. Hosvever the power

L

regulation was done tn steps of 2 beeause Lrwise algorithn used,

Fignre 4.9 showed that 136w of battory power was used in trmnsmission with only ddw
© Yantboagss CUSIer N Y EYYEY b iy arvire v b % CErinvgy Fartuarmenrs five 3 =%

of batlery power romanung afiey [ hour of 4y son bebwesn the mobile terminal

54




4586 Esperiment three; scenario H (moderaty network condition)

o by Figure 4,30 present a g i descent to 2w of wansnul

power from 8w of peak power transmussion by o step of 2 as regulated by the stepwise

algorithm, however dug to changing network condition. Transmit power was stepped up

to Hw, where it eventually Pt the end of exporiment,

-

4,11 showed the correspondin

e

ooy

Figure ng botrery power used during ihe peried of

transnuission. 80w of batlery power was aval it the stard of fransmiasion, and this

was siowly being d

. . - ot Y] - M v g L
ed affer 20 minutes of ansmission. Thereafter o sharp lnorease
was poticed 1n buitery conswnpbion and eventually baltery power was compistely used

pat 41 mimnes of franamissio

457 Experiment three scenario 1 fhad setwork condition)

i

Resuliz fr Scepario [ experiment throe is presented in Flgure 4.12 and it shows the

transouif power for a mobile wrminal ansmitiing o o base siadon 21 peak power of &w,

,

which # mainteined throughout the fransmission berause of bad network condition. The

beg

sigpwise algorithin being operated ¢ o aond o opower siep down

s mnobils terminal, This was because the neivwork condilion was

2 i g
3

very bad; therefors the mobile teruinagl needed the mudmum power W fransmit (o the

base ssgtion.

458 Comparison of rexulis

11} Svenarios Ir dynamic and stepwise alporithms,

In the msults of both the stepwise and the dynumic plgorithms for scenarios )

represented i B e the mobile forminal initisied 3 connection 1o the hase

station of peak poswer of Bw under good network conditton. Both algorithms caloulated

1
Wt




e o be optimm 10 maintain a good Conney ction between the sunbiic

sransmit power of 2

corminat and the hase station o7 the prev aiting pebwor % condition. W hitar the dynamic

corithm stopps ¢k

shgorithim Spy wed down power 10 0w direotly from 8w, S

down from Hw 10 2w i ateps ol 4.

The sffens of both sopulation provassss onn b seen on the baltery povwe v of the b

(erminal, While 1w of batfery pOWSr wWas wsed i 7% roinutls of trapamission usng
e srepwise alpuril (s, the same amoant of pattery power was psed 3% minutes whes

S » -3 Tk DI I S T b
the-dynarnic algonithe Wik used,

After 1 hour of fransmissing hetween (e mobite erminal toargd the base siation under

good nehwd ork comdition, for Steprwise gigorithi. avaiiable hattory pOwsy feft was HhW.

tiowever for dynaniic algorithin available attery power fefl was Hlkw

(i} Seenarios 11 dynamie and stepwisg wlgprithins.
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