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Preface

Welcome to thel7th International Conference on Automation and Computing (IQ81LT).

The conference has a long successful history since its first conference in L[@886) The
conferencenitially aims to provide a forum foiChinesescientists engineers, scholars and
studentsin the UK to update technical knowledge and exchange ideas, and to provide a
platform where joint research programniegween those in both the UK and Choan be
formulated for mutual benefitSince 2007, the conferendead expanded towards a true
international conferencd&his year the conference brirsgtogether all researchetisroughout

the world including Bhutan, China, Egypt, India, Iran, Romania, Switzerdanttothers, to the

UK to disseminate their scientifiantlings in all aspects of automation, engineering, and
computer sciencalVe hope you have enjoyable time and find the conference stimulating and
fruitful.

In general, the scope of the conference covers all the aspects of automation and computing
from fundamental research to engineering applications and advanced technoksitee
tradition, we choose one research topic as the main theme of the conference each year which
will highlight the important issue need to be addressed. This year, the commgtebosan
Lomputational Intelligence This is a core element for the engineering automation in the
information eraWe invite Professor Bernard Hon form the University of Liverpool to make a
keynote speech orirtual Manufacturing to present the oppomities and challenges of
computational intelligence for industrial applicatidie also invite Profess@ingsheng Xie,
ProfessoiZigin Wang andDr Weijie PanW R S U H V HQpyportdnitiegv/aaei Challenges of
Developing Equipment Manufacturing IndustryWestern China 7KH &KLQHVH JRYHU
has invested heavilip build a good industridahfrastructureand environmen€&to strengthen
opening to the outside worllto attract foreign talents and technologies and to promote the
equipment manufacturing indugtdevelopmentWe believe these keynote speeches will be

very interesting.

After reviewing, @ papers have been selected in the conference proceedings and accepted for
the conference presentatioe are pleased to see the high quality of these papersh wh
containbothhigh level theoretical papeasd practicaapplication papers.

On behalf of the organising committege would like to take this opportunity to thaak

those who have contributed to this conference, as weth@esmembers of the orgamg
committee and the international program committee for their fantastic work. Our sincere thanks
also go tahe conference sponsors for their suggestions and suppodsly, but not leastye

want to thankmary volunteers for their diligenworks fa theconference.

Conference ChaibDr Xun Chen Programme Chair: DiWen-huaChen

September 201
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Huddersfield , UK, 10 September 20 11

Keynote Speches:

Opportunities an@hallenges oDeveloping
EquipmentManufacturing ndustry inWestern
China

Qingsheng Xiezigin WangandWeijie Pan
Guizhou University, China

Abstract: The Speech briefly introduces the overall development situation of Chinese equipment manufacturing
industry in facing a new round of the great western strategic development and the favourable opportunities in the
domestic and international industrial sttural adjustment and transfer, which brings opportunities and challenges to the
equipment manufacturing industry developmantvestern ChinaAccording to the strategic position of the existing

basis and conditions of the equipment manufacturing industi@uizhou, western China, the paper explores the
roadmap to develop the equipment manufacturing industry in Guizhou, and suggest the way to build a good
environment, to optimize industrial layout and structate strengthen opening to the outside wdflk attract foreign

talents and technologies and to promote the equipment manufacturing industry development better and faster in
Guizhou.

Professor & Dr QingSheng Xiewas born in October, 1954, at Guiyang, Guizhou, PR China. He is present vice
governor ofthe People's Government of Guizhou Province, PR China. Professor Xie QingSheng is a young and middle
aged expert who has outstanding national contributions. He mainly engaged in teaching, research and development of
manufacture information system, servexdaanational 863 expert group expert and participated in many national and
local information strategic project researches. He published more than 100 papers and 3 books. He has successively
presided more than 40 significant scientific research projects.

Professor & Dr ZiQin Wang was born in 1954, who is a Bh.supervisor. He is a deputy director of the Key

Laboratory of Advanced Manufacturing Technology of the Ministry of Education, a deputy director the Key Laboratory
of the Advanced Manufacturing TecHagy Guizhou Province, and a director of Laboratory Centre of Mechanical
Engineering College. He has visited the United States twice as a visiting scholar. His main research field covers
manufacturing technology and equipment, CAE technology. He has twimgial science and technology progress

prizes, five national patents, and more than 40 published papers.

Xiii



Proceedings of the 1 7" International Conference on
Automation & Computing, University of Huddersfield,
Huddersfield , UK, 10 September 20 11

Keynote Speches:.

Virtual ManufacturingzCurrent Advances and
Industrial Applications

Bernard Hon

University of Liverpool
Liverpool, UK

Abstract: It is now more than 40 years since the pioneering work on virtual reality (VR) was launched. The
technology has progressed to new level of technical competence and it is now part of the new product development
process for world class manufacturers ia #tutomotive and aerospace industry. This keynote will outline the state
of-the-art developments in VR followed by a concise summary on the distinctive features of VR. It will also cover
recent developments in augmented reality and its emerging usagehold range of activities of the new multi

million pound Virtual Engineering Centre (VEC) will be reported. A detailed case study on the use of DELMIA for
virtual assembly modelling and analysis of antd@wer at the VEC is given. The virtual assemdproach allows

detailed study on energy expenditure, posture analysis and cycle time for workplace design and assembly process
optimization. This virtual manufacturing approach will form part of thepsosluction planning for productivity
improvement ad cost reduction.

Professor Bernard Honis currently Professor of Manufacturing Systems at the University of Liverpool in the UK.

His research is focused on advanced manufacturing technology, sustainable manufacturing and manufacturing
systems analysi Prof. Hon has served on numerous professional institutions, national and international research
organizations. He also acts as consultants to industry on new product and process development. He is a Fellow of the
International Academy for Producti@ngineering (CIRP) and the Institution of Engineering and Technology.
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An Intelligent Cloud Computing Architecture
Supporting e-Governance

Rajkumar Sharmaand Priyesh Kanungo
1. Vikram University Ujjain, India
rksujn@rediffmail.com
2. Patel College of Sc. & Technolggydore, India

Abstract?The development of high speed Internet access,
Web 2.0 applications and Virtualization techniques have
made Cloud computing a leading edge technology. A user in

divergence in resources which categorized as distributed
computing such as Network of Workstations (NOW),
Cluster computing, Grid Computing etc. In present

H&ORXGYT UXQV ZHE EDVHG DSSOLFD3¢enRrR, ®oud Yomputing WSk Bentralizeld resources in

browser with a look and feel of desktop program. Cloud
computing provides dynamically scalable and virtualized
resources as a service over the network at a nominal initial
investment. Data-center works as backbone in Cloud
computing where a large humber of servers are networked
to host computing & storage needs of the users. The area
which needs more attention is Latency Optimization for
cloud architecture to work as ubiquitous as expected. Many
data intensive applications produce enormous amounts of
data which travel on cloud network. As the cloud users grow,
cloud architecture should accommodate movement of
voluminous data to avoid data congestion in the network. In
this paper, an intelligent & energy efficient Cloud
computing architecture is proposed based on distributed
data-centers to support application and data access from
local data-center with minimum latencies. It was found that
the proposed architecture is efficient for business
entrepreneurs, suitable to apply for e-Governance and
provides a green eco-friendly environment for Cloud
computing.

Keywords-cloud computing; green computing; latency

. INTRODUCTION

The trend in use of resources
centralized and distributed seems to

form of data-center.
alternatively, i.e.,
continue.

A. Cloud Computing

Cloud computing is use of scalable computing
resources over Internet on a pagyou-go basis [1]. It
provides a cost-effective IT solution to business &
scientific community. Economically the main attraction
from Cloud computing is that customers only use what
they need, and pay for what they actually use.
Organisations neither need to purchase expensive
hardware such as servers, storage, networking equipments
etc. nor require manpower for development of complex IT
solutions in-house. Resources as a service are available
over Cloud at any time and from any location via the
L, QWHUQHW > @

and Web 2.0 applications such as social networking sites,
blogs, hosting services etc. One can choose services from
pool of available services and negotiate price through
Service Level Agreements (SLAs). Among the popular
Cloud service providers are: Amazon [5], Google [6],

Computer scientists have always been attempting andicrosoft [7] etc.

3DVVLYH p&RQVXPHU\
M3BURVXPHUVY E\ XVLQJ 6HUYLFH 2ULHQ!'

innovating a new technology that efficiently & effectively _ _ )
utilizes the contemporary underlying hardware resources Three main types of service levels as delivery models
for the benefit of the science and business communit-

Starting from mainframes to recent virtual machines on Software as a Service (Saaghe clients may A%Dt
trol

H&ORXGVY FRPSXWDWLRQDO KLVYX&%éé&thE%h‘.iQe‘d'éé%ﬁc'é&ﬁn, ut 4606t Ree

g:cte::r:)a:g\rl)i[[)i/ncaon:/eesrgltjepcte?d a';i?];?ae:qte?&tﬁmé;%;Bfelrjss&/er background environment such as operating system,
processed users programs centrally on time sharirfgfrdware or network parameters. ,

concept. The deep penetration of cheap Personal?) Platform as a Service (PaaS)in this types of
Computers affected almost every corner of computingervices, clients have control over change in application
thus diverging the resources. Later, by again convergingnd hosting environment such as system software. But
the computing resources as shown in Fig. 1, dedicatésaaS does not provide control over operating system,
parallel machines run parallel programs faster thanardware and network parameters.

contemporary PCs. As these parallel machines were very

expensive, a major computational change was observed as
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Figure 1. Convergent and Divergent Trends in Computing History

3) Infrastructure as a Service (laaS) The clients
can create a virtual processing environment by
specifying choice of processing power, storage,
network parameter etc. and have control over operating
system and application environment.

B. Virtualization Technology

With virtualization techniques, multiple operating
systems can concurrently run on a single physical
system. A user can opt for his choice of operating
system and other hardware configuration called virtual
machine (VM) and run his application by sharing
XQGHUO\LQJ

C. e-Governance

e-Governance is use of IT infrastructure to ease
governance activity such as administration, revenue
services, various services to citizens, policy formation
etc. e-Governance improves the efficiency of
government functioning by removing redundancy at
different levels. Citizens get advantage from several e-
services like income tax, pension, services related to
municipal corporation and agriculture etc. The four
main categories of e-Governance applications and the
services fall under these categories are :

KDUGZDUH UHVRXUFHV x ,@évetnienW Ktd pE&MIMEM O (G2G):

,QIUDVWUXFWXUH ODQDJHPHQW 6RIWZRdhftratiBn, FFolicy WrkhaXivh etc.

centrally manages many VMs on a single physical
VA\VWHP
logical bunch of resources as shown in Fig. 2
Virtualization techniques provide cost-effective &
efficient utilisation of IT infrastructure. Presently, Xen
(http://www.xen.org) [10] and VMWare

(http://www.vmware.com) [11] are leading
virtualization technology providers.

two

Usersi iz ...................... i"
oL ol ol
Brokers éﬁi ét\%_ ,,,,,,,,,,,,,,,,,,,,,, &3<_
! {

VIRTUAL INFRASTRUCTURE MANAGEMENT SOFTWARE

:‘S‘y:m
-

Figure 2. Virtual Machines in Cloud Architecture

,Q XVHUYV SHUFHSWLRQ HDXKGaygmmept topBuginesy ¢G#B):

Taxation,
Tender etc.

X Government to Consumer (G2C): Land record,
Birth cetificate etc.

X Government to Employees (G2E): Income tax,
Pension etc.

Transforming ongoing national e-Governance plan
of governments to Cloud architecture would yield the
following benefits :

x Uniform e-Governance architecture all over the
country as against the heterogeneous
architecture due to procurement of IT
infrastructure from autonomous government
agencies.

x Governments need not have expensive IT
setups, pay for software licenses and maintain
them leading to a substantial cut in the
JRYHUQPHQWTV DQQXDO
infrastructure.

EXGJ

X Governments can concentrate on making e-
Governance convenient for the intended users
instead of mere focus on technical and
operational overheads to maintain IT
infrastructure.



Il.  RELATEDWORK

Continuous research work is being carried out
worldwide to address the issue of Cloud computing
architecture. Some researchers identify Cloud
computing as virtualization of previously existing data-
centers while some others nominate data-centers as
backend resources of newly adopted Cloud computing
paradigm. Fang & Yin [2] correlate Cloud architecture
with Business Process Management (BPM). Business
process activities are modeled over platform layer and
combined with application layer. A strategy to manage
complex and unpredictable workload entering cloud is
proposed by Paton et al.[3]. As all computing & storage
resources are managed centrally, despite workload

balance, the system is susceptible to network congestion.

Dabas & Gupta [4] propose a Cloud architecture for
radio frequency identification. The data captured by
radio frequency reader is sent to data processing system
present in the cloud. A substantial time delay may be
observed if radio frequency reader and cloud resources
are physically located at long distance. A common trend

data to travel from several mediums and network
equipments, thereby imposing a time delay in getting

Cloud services. Existing Cloud providers use
centralized data-center to host computing & storage

needs of the clients. In this study, an intelligent &

energy efficient Cloud computing architecture is
proposed based on distributed data-centers which form

D FOLHQWIV LQVWDQFH LQ QHDUHVW
FOLHQWYYV UHTXHVW LQ RSWLPL]JHG OCL

A. Cloud Computing Model

In the proposed Cloud architecture data-centers
work in master-slave paradigm. Nearest dzg#ers
form a computing zone and users may opt for creating
their instances in multiple zones. The main entities
involved in proposed architecture are :

1) Matser/Slave Data-Centeklaster data center is
ORFDWHG DW &ORXG SURYLGHUTYV DC
UseU TV DFFR X Q-¥kdR-goRagisSdxrbmpleted
here. Slave data-center are geographically scattered to

HUYH XVHUTVY UHTXHVWY LQ PLQLPXP

of centralized resources atthe CBUSURYLGHUYfV O I%)F %%ﬂs)%rgkers :Users directly communicate or

is present in almost all existing Cloud computing
architectures leading to increase in latencies.

.  PROPOSELRCLOUD ARCHITECTURE

Due to world-wide hype and rapid growth in
associated technologies, Cloud computing clients
continue to multiply. The large number of service
requests to fulfill the demands of millions of users will
broaden the latency problem. Cloud service provider
physically may be far away from the clients, compelling

VM, VM, VM,

via brokers submit requests which automatically
reaches at master data-center. Master data-center
creates user instance at appropriate slave data-center
considering minimum latency.

3) Service Level Agreements (SLAsQuality of
Service (QoS) and pricing negotiations are settled
through SLAs. Master data-center scans SLA each time
to host needs of the users.

VM

% Users
% 'I\W-—-\

Broker

)

{ T & s
TS A
SLAVE DATA-CENTER -2 \ﬂ:ﬂ -« '
VM, VM, VM, SLAS\
Users! ------
$/, VI\M’é_\“—\ |(Acco unting}

T ; p

e a3

Broker

SLAVE DATA-CENTER -M

\_ ' “,___*‘ A o /,H:H / MASTER DATA-CENTER

SLAs

Figure 3. Proposed Cloud Architecture
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B. Informal Description of Algorithm D. Advantages of Distributed Data-Centers in Cloud
After receiving a request for creating an instance, X Users get quick response to their requests in
master data-center look for the availability of resources minimum latency

LQ WKH XVH UcgnerOlRdesired ©@d0WMEEs are
available, then user gets his required instance and run
his application with minimum latency. Master data-
center searches other slave data-centers of same zone

x Data-centers may be formed with commaodity
hardware as against expensive hardware in
centralized data-center.

for resources if they are not available on the location of x Entrepreneurs may form local data-center on
the user. If resources are not available even in same their existing IT infrastructure for security
zone and user has opted for multiple zones then master measures, thus forming a hybrid Cloud.

data-center looks for resources in other zones. _
X A large number of services and network

C. Formal Description of Algorithm equipments are clustered in centralized data-
L center requiring more electricity, air

If we denote SDE as slave data-center i zone conditioning etc., whereas distributed data-
and at | location (i=1..M, j=1..N), -center, then the center require less power consumption, air
algorithm in proposed Cloud architecture for allocating conditioning etc., therefore creating an eco-
instances to user MDC as master data-center agisU friendly green computing environment.
an user in B zone and at the location of glave data o o )
is E. Suitability of Distributed Data-centers in e-

i Governance
Algorithm Create_Instance .
x Distributed data-center may prove to be very
Request for instance from usegd) o MDC effective in e-Governance as nature of

government functioning is distributed

MDC o if resources available in SE}C X Master data-center may be formed in capital of

(i=p,j=q) a state and slave data-center may be formed
either at division or district places.

create instangg (U . L
G ( X Users may get a direct connectivity through

fiber optical cable to local data-center thereby

else if resources available in SPC
SP providing a maximum bandwidth.

(i=p,j=1.N.Z0) X Governments may host their own Clouds,
create instangg) (U mfa:glsnt?u(l:(t)j?el data-centers on the existing IT

HOVH LI PXOWLSOH JRé&sbwcesp\HVY VHDUFK IRU )
x Government may Increase revenue by hosting

in SGiQi=1..M,i zp,j=1..N) service_s on own (_Zlouds and enforcing' tax
deduction at source in all business transactions.

if resources available, create instancg)(U

else make a fresh requegfgyo MDC ;
End of algorithm.



Figure 5. Comparison of Response Time and No. of Migrations.

IV. EXPERIMENTALRESULTSAND

COMPARISON

Experiments were carried out of the proposed
architecture on Cloud simulator [8] which has provision
for forming different data centers, virtual machine
instance migration, energy consumption model etc. By
running an application initially from central data center
and then from several geographic locations on different
number of data centers, about 21% improvement was

popular among business community. The architectural
design of Cloud computing is still in its infancy and

needs exploration towards the efficient utilization of

large scale IT infrastructure. In this paper, an effective
Cloud computing architecture is presented based on
distributed data-centers which vyields access to
application & data among users in minimum latencies
and create an energy efficient & eco-friendly green
computing environment . A possibility of using existing

IT setups as local data-center make proposed

REVHUYHG LQ ODWHQFLHV DV VK Rxhteqture costieffective fog grgapigagions.

instances created as virtual machines are migrated
across physical servers of data center for load balancing
purposes. Less number of virtual machine migrations
were reported as compare to central data center as
computing resources are distributed across geographic
locations. Maximum migrations occurred within zone
RI XVHUTV OR FR2ddé MdrathdKsD Barke QW H U
Shenoy [12] show data of read/write experiments for a
latency sensitive multimedia application running on a
single data center. We simulated a multimedia
application running on platform consists of distributed
data centers which outperforms about 12% the results of
[12] in terms of response time similar to as shown in
Fig. 5.

Data center usually consists of computing, storage
& network devices almost in thousands of numbers. In
addition to huge amount of electricity consumed by
these devices, huge electric power is also needed for
cooling systems. As a result data center emits more
carbon dioxide (CQ in a locality than permissible
emission standard of the government. Cloud
architectures proposed by several authors including [3]
and [4] are based on central data center. On the other
hand, in the proposed distributed data centers carbon
emission would be within permissible limit as the
resources are scattered in wide geographical area.

V. CONCLUSION

Scientific and commercial computing have seen
several architectural combinations of available
contemporary computing resources. In the similar way
as Grid computing gained much attention from
scientific community, Cloud computing is being
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Abstract 2 Information security is an important aspect of a  assessment procedure is to make security specialists and
successful business today. However, financial difficulties managers aware of the possible risks, network state and to
and budget cuts create a problem of selecting appropriate help them to adopt security measures effectively.
security measures and keeping networked systems up and However, to be cost-effective, a coherent, well structured
running. Economic models proposed in the literature do not  and straight forward risk assessment procedure should
address the challenging problem of security countermeasure jnclude the relationships among vulnerabilities, threats
sdection. We have made a classification of security models, gnd countermeasures. The common methodologies are
which can be used to harden a system in a cost effective ISO 27001, ISO 17799 and guidelines issues by the

manner based on the methodologies used. In addition, We \4tinng| Institute of Standards and Technology NIST
have specified the challenges of the simplified risk SP800-30 [3, 4, 5.

assessment approaches used in the economic models and
have made recommendations how the challenges can be Usually two approaches can be used to assess systems
addressed in order to support decision makers. for risks. One of them is qualitative risk assessment
approach. It uses modelling, visualization techniques to
give an overview of the state a system holds, whilst
quantitative approach tries to give a measure for risk. In
recent literature, researches argue, that combining both
1 INTRODUCTION approaches can be more beneficial than using these

appRoachess
7TRGD\TV ,7 LQIUDVWUXFWXUHV 'V

Keywords-risk assessment; multi-objective  models
network security optimisation visualisation techniques;
survey;

VWH Pi})arl%t%yéG]'D SSOLFDWLR

QV
are more integrated, dynamic and distributed. According With the high increase of automated systems and tools,
to [1] we have reached the era where information is thBumans have gained an ability to visualise, design and
key for business to thrive and never before, informatiormodel networked systems, their security states, connection
has been so important. With the rapid development gdaths and other security related factors. Modelling
Information Technologies (IT) and increased popularity téechniques hae been receivinga great interest between
run business online, networked systems are becomingsearchers. In terms of modelling, attack trees, attack
increasingly wulnerable to cyber attacks. As a resultgraphs and other visualization techniques, such as onion
attacks can influence the productivity, revenue angkin model, offer a goal-oriented perspective of multi-
reputation. Thus, there is a need to know the possibrfage attacks, help to estimate with the attack related costs,
chances of securing informational assets in tha&isualize dependencies between wulnerabiliies and
environment where the number of attacks and threaggcurity measures [6, 7, 8, 9, 10 . Despite the advantages
emerge rapidly [2]. The models developed recently argodelling technigues offer, they cannot be used for very
oriented towards better analysis and assessment of thred@ge networks. The graphs are complex and hard to read.
risks, wulnerabilities and network security measures. But
even with the presence of such models, security measurgg
cannot always protect assets from threats. This is beca
of a poor network assessment and inherent manageme

weaknesses. Hence, the security risk can never be fully,s effective selection of countermeasures as well as

eliminated, because it cannot be predicted. Though, t s : -
security models today should be designed to help securi yearly define research gaps in the area of risk assessment.

administrators and decision makers to take effective The remainder of the paper is organised as follows. In
decisions when a number of constraistsonsidered. Section 1l, we present visualisation techniques, which

Network risk assessment plays a crucial role irgﬂen are applied for quantitative and qualitative risk

d it di fthe 1 tant ﬂfsessment approach. In Section lll we discuss security
modern Society and IS one of the important Processes (Y, qq\s \which apply risk assessment based methodologies

information segu(rjn_y mgna?e%qentt_. A 9 rlsk_bmana(?emelnfo estimate risk. Section IV provides main challenges and
process is needed in order to identify, describe and analygyiarions. In Section V we illustrate our research model
network wulnerabilities. The final goal of a standard risk

This paper investigates security models, which
nsider risk assessment approaches to be applied for
Feat modelling, network hardening and risk analysis.
rthermore, we discuss the challenges related with the
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which is used to address limitations in the field. FinallyFor more information about visualisation techniques
we conclude in Section VI. applied for network hardening, please refer to [10, 25,

29].

Il. INCREASING NETWORK SECURITY BY APPLYING
VISUALISATION TECHNIQUES

A. Visualisation Techniques

In order to identify and assess informational assets fo
threats, wulnerabilities and risks, and implement risk
management practices to counteract them, it is necessa
to have a clear picture of a state the network holds
Further to this, every security specialist can analyse th
prospective adversaries and propose related securi
measures. With the complete picture, the risk and cos
effective strategies can be used to make dedshmsed
not only on the expertise of the security specialist, bu
also based on data obtained through particular scenaric 'ocal_bof(B
and examples [29].

ssh_bof(A,B)

Visualisation techniques can help to convert abstrac
data so that it can be more informative and easier t
understand. The semantic analysis of informatior
gathered from abstract data should provide knowledg
that will support decision-makers in finding a solution on IL&arn e —
how systems should be protected. Being more practical, | Suess the passward i

graph which interconnects various aspects in a compa
way is worth more than a long explanation. [Get from target | [Steal | [Bribe |

In general, visualisation techniques are widely appliec
to analyse network security level and predict attacks

risks and possible threats. These techniques are atta install “3"*";"’ ':'“‘3'";:':‘:
graphs and attack trees. Attack graphs can represent -
potential wulnerabilities and potential attack paths ar (b)

attacker can take in order to reach the target. Furthermol

attack graphs act as a tool in finding critical paths in larg&igure 1. Attack scenarios by applying attack graph (a), attack tree
networks based on the threats and vulnerabilitie&)29]-

identified. However, initial attack graph for large size

networks was complex and visually not clear due to .  SECURITY MODELS

number of attack paths. Later, by enhancing the
visualisation of the graph and proposing monotonicity . : : . .
concept, attack graphs became more scalable [30]. As g Security of information assets is a priority for most

result, the layout of an attack graph can be adjusted R{ggnisations today. In_vestments are made to ha_rden the
represent the real enterprise network perimeter, network devices, software bugs and to increase

_ ~ user awareness, however, to distinguish whether the
Attack graphs are often applied for network hardeningnvestment was cost effective is a challenging task.

in order to effectively represent a prior knowledge about R h h developed b ¢ .
wulnerabilities, their dependencies and network R€searchers have developed a number of security

connectivity. In a graph, each path is an exploit that caWOdel.S fqr valgating se;curity in\(estments anq optimally
have undesirable impact on system (Figure 1a). investing into information security [11,12]. Differently
from these models, the authors in [13, 21] have proposed

Attack trees are often applied for quantitative riska model which analyses optimal defence strategy as a
assessment analysis, because of the simplified way @ihite game between an attacker and defender

visualisin network nodes, attacks and their . e
9 In overall, security models can be classified based on

dependencies. According to [29] the concept of a tree ca . ; : )
be used to analyse and assess the attributes of a securi m_ethodologles use(_j to optimally Invest into computer
urity. We have specified the following:

system, e.g., a probability of an attack success, assess
risks and quantify the costs of possible damage and x Risk assessment models

defence controls. In terms of quantitative risk assessment, x Cost-benefit models

a tree structure can help to quantify lowest cost security x Game models

countermeasure and the total cost of an attack. x  Multi-objective decision support models

All of these methodologies help to distinguish how much
should be invested into computer security, what benefits

This research is financially supported by EP¢



an organisation would get from certain investment andhe main drawback of such theory lies in hypothetical
optimal allocated resources, so an attacker would n@ssumptions, which may not be applicable in a real state
have adverse effect on informational assets. of affairs. The steps an attacker may take are only

, predictable, so the final resource allocation methodology
A. Risk Assessment Models for a defender may be misleading.

Risk assessment is one of the risk management

procedures, which mainly provide guidelines in order to  TABLE I COMPARISON OFRISK ASSESSMENTMODELS
identify wulnerabilities, threats and their dependencig
The final goal of the process is to let decision makers

:gléeferen Risk Assessment Models

aware of possible risks that should be reduced, transfefred ces Method Input o;.tlf ut
or taken. Threats, winerabilt
. . [23] Quantitative |  Success/Failure ity
In general, risk assessment can be undertaken in fwo mapping,

data, Asset value

ways, by applying qualitative or/and quantitative analysis Risk index
methods. Qualitative methods require a good knowledge o Assets, Threats, ALE, Risk
in the areas of wulnerability assessment, threat analysis to[15] Quantitative Probabilities value, Total
correctly predict probabilities of various attacks and _ Damage
possible impacts on the assets [22]. Quantitative Hidden .
approaches offer mathematical methods for calculating [7] Markov IDS alerts Threat index
risks, impacts and other relative cost factors. gm:;’)d Risk index
We have made a comparison of risk assessment Asset values,

models analysed in the literature to help evaluate |IT Actual Threats, .

. . : . : TotalRisk,
security investments. Table | summarises the main - Potential Threats,| .

I . . [7] Quantitative L Risk for host
characteristics of the methodologies which can be used to Vulnerabilities, index
calculate Return on Investment (ROI), Return on Attack Frequency of
(ROA) or to estimate the risk value, based on the input threats
data, i.e. value of assets, threat likelihood, vulnerabiljty Asset value,
severit Relative ranking

y.
of vulnerabilities Return on
The risk assessment models that result in lists of rigks, o and threats
- . [8] Quantitative Investment
ROI value or set of scenarios do not provide enough Exposure factor (ROI)
information to prioritize risks when multiple resource (EF)
constraints are considered, e.g. budget or time constraints. ALE, ARO, SLE,
e Safeguard cost
Another drawback of the simplistic risk assessment An attack tree,
models relates to their non applicability to the realistic Qualitative | SLE, ARO, ALE, ROI,
case scenarios. Assessing risks of information security |s a [6] and EF, Safeguard Return on
very difficult step, because the data on the likelihood and Quantitative cost, Attack(ROA)
costs associated with the risk factors is often limited gnd Cost of loss
constantly changing. Thus, multi-objective conditions Asset value,
should be considered within the quantitative risk o Severity of
assessment process to optimally invest into network Quantitative | Vulnerability,
security. [24] and Likelihood of an ROI
Qualitative Attack,
B. Game Models SLE, ALE, ARO
Differently from the models covered above, authors lin Attack tree

[13][21] have proposed a game-theoretic method for

optimal network hardening, where the overall cost for & Economic Models with the Cost-benefit Analysis
defender is reduced based on the algorithm proposed. ' . . . .
Cost-benefit  analysis looks into intangible

Game theoretical analysis is useful for deCISIont:osts/returns and addresses time perspective. The
mode_llmg and control processes related to r‘et""(’”‘éimplicity of the frameworks can give suitable investment
security. solutions for low risk investments. However, these
An interaction between an attacker and a defendeépethods do not consider uncertainty and give misleading
treated as a two-player stochastic game in which actiofidications for long term investments.
sets, costs/reward functions and transition probabilities Arora et.al has proposed a risk management
can be defined. By creating specific scenarmgame  framework, which determines costs and benefits of
theory providesL QIRUPDWLRQ VXFK DV DWodratloh Hsbclinty J 8blatons VMAH STWey evaluate
he or she will follow, what are the rewards for each of thénvestments based on the benefits each invested dollar of
players, what the expenses are or how the resources amgestment brings, as well as reduce expected loss or risk.
utilised during an attack [25]. Furthermore, game-model&urthermore, a cost-benefit trade-off is identified in
can help to estimate optimal network hardening strategigélation to risk based return on investment (RROI) rather
used to defend the attack in advance. than ROIl. To calculate RROI, an incident risk is
calculated first (Eq.1). To distinguish between how cost



effective the security solution is and how it will affect the The authors have made an assumption that if a known
incident risk, authors have introduced a bypass rate, whiclulnerability is covered by a particular security
is estimated based on the effectiveness of it to an incideféchnology, the risk of that wulnerability being exploited
type (Eqg. 1). is uniform, which most probably in a real case scenario
would not always be the truth, as the risk level depends
upon the severity of the wvulnerability and impact it
4EOGDOANRA @&=I2E@®AJP PULA possesses to a system. The multi-objective problem
OAP >UL=QO®IREBMAIP P L?L A introduced is to minimise the residual vulnerabilities and

cost of implementing security measures. The problem

The model is rather hypothetical than practical because gas §|mp:|f|eq hto a set-co(;/erln% problﬁm, spl\éed dusmg
the challenges in esfimating bypass rate of the securi§enetic algorithm (GA) adapted to the weighted sum
solution and obtaining true costs of lost productivity orfithess function (Eg. (3)). As an input, authors have used
other possible attack consequences. generic set of security policies capable of covering one or

] ) more generic wulnerabilities, previously proposed in [27].
The cost-benefit analysis methodology proposed by

Wei et.al, can be used to calculate the cost of detecting an

a |

intrusion and responding to it based on qualitative and (L WLE >1 .4, u
guantitative risk management approaches. The overall U@s h@s
goal of the methodology is to determine the trade-off. k HuH . D Q @presént preferences of the

between costs required to respond to the IDS events agdganisation. First objective maximises the coverage of
benefits the investment brings. To calculate the total cogjinerabilities, or in other words, minimises the weighted
for the event the equation is as follows: residual wulnerability. Second objective minimises the

R costs to the organisation.
NEKLQLFHR 2ZNKCNAOO U &=1=CA%KOP )
9 0 0 i
E4AOLKJOA%KOP %DVHG RQ WKH %XWatdibufevy LQLW
E1LAN=PEKJ%KOP assessment framework, a multi-objective optimal security
hardening problem was formulated in [28]. The authors
KDYH PRGHOOHG WKH V\WWHP DGPL

From their model, a cost benefit trade-offis Problemas three optimisation problems on the attack tree

calculated and if the response cost is higher than tH@0del. The transformation of the problems has led to
damage cost, IDS will not log an event; however, in casg0re cost-benefit solutions required by the decision
the response cost is lower than the damage cost, Ma@ker. The multi-objective problem then is to find a
response to an attack will be initiated. The model is noYector of security measures which minimises the total
designed for real time intrusion detection and cosBecurity control cost and residual damage. To solve
calculation is not effective for this case, however, thigfoblems authors have used SGA and NSGA-II

developments. only few robust solutions with good balance between
o o residual damage were obtained. The gaps in the Pareto
D. Multi-objective Decision Support Models front are signalling that authors have not considered

Best security practice dictates that securitydependencies between the security measures. This limits
requirements be based on risk assessment [17]. Howevéhe ability to provide real life solutions when multiple
simplistic risk assessment that as a result lists risks basebljectives should be considered.
on the set of pre-defined scenariosesimot provide
sufficient information. Furthermore, when additional
requirements are requested, such as time or budget IV. CHALLENGES

constraints, these models cannot be applied. Based on the state-of-the art work related to risk

Multi-attribute analysis help decision makers evaluateassessment approaches, when a decision maker has to
alternatives when conflicting objectives must beconsider a set of security countermeasures to be applied
considered and balanced. Once constructed, a multie increase the security and reduce the risk of possible
attribute analysis framework also provides the basis frorfosses, the main challenge is to combine conflicting
which decision makers can evaluate alternative riskfactors into an analysis.

mitigation strategies [17]. From the discussed work, the factors such as cost, risk,

The approach to match vulnerabilities to securitythreats, likelihood are widely used, however, the issue
profiles and enabling organisations to choose a minimdike how the risk management can help in defining the
cost security profile providing maximal vulnerability risk and ways to reducik, has not been raised before.
coverage was analysed in [26]. The idea behind thei€urrently, there is no particular model introduced in the
approach is that any given security technology addrességerature, which would combine general risk
only specific vulnerabilities and could possibly create
additional wulnerabilities, named residual vulnerabilities.



the researchers to develop risk based models, which could

management factors into a multi-objective optimisatio

problem related to conflicting factors of cost and risk. rhelp in_dealing with the identfication of threats,

vulnerabilities and risks. Despite that, most of the models

Furthermore, in order to be able to answer thecan only be used to compute effectiveness of investments
TXHVWLRQ OLNH 3:KDWsirtddlistitNriskD Qn terms-6f igegdewdting the ROI index or are limited by
assessment models cannot be used. The following criteribeir applicability for real case scenarios.

should be considered: Visualisation techniques open the ability to illustrate

X Multiple objectives, which would compound large data formats so that gained data would be used for
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Abstract2A micro-strip patch antenna for a passive radio  onto the metallic surface or in the presence of water. This
frequency identification (RFID) tag which can operate in the  is because tlie performances are optingid in the free
ultra high frequency (UHF) range from 865 MHz to 867 space. When passive tags are mounted on the metallic
MHz is presented in this paper. The proposed antenna is surface, label-type dipole tag antensahort-circuited by
designed and suitable for tagging the metallic boxes in the the metallic surface. This results in changes in the
UK and Europe warehouse environment. The design is performance parameters such as radiation pattern, antenna
supplemented with the simulation results. In addition, the impedance, gain and bandwidththe RFID tag antenna
effect of the antenna substrate thickness and the ground Therefore, when a passive tag is placed onto the metallic
D e e e 1 e Surface s 10 be read by he reader witin he noma
antenna substrate thickness on the performance. reading zone. On other hand, 'there are still increasing
demands on RFID technologin the supply chain
Keywords-RFID) Passive Tag Tag antenna; Micro-strip appl_|cat|or) for tagging the metallic objects since most of
patch antenna the items in the wire house are made of metal or encased
the metallic boxes or container.

. INTRODUCTION

Radio frequency identification (RFID) technology [1] .1 @

is growing tremendous demand in the supply chain
management system. RFID is an automatic identification (a)
(Auto ID) technology [2]. It is a pervasive computing
technology for collecting and gathering data from a tagged — T
item. The data is stored in the mobile device called tag.

When the tag comes in the reafiétading zone, the data b)

is collected by the reader without any need of physical

contact. The _data In the_ tag may be th,e ICIemlflCatlorl}igure 1. Commercial Passive UHF RFID tags (a) Avery Dennison tag
number, location information, or specification of product [9] and (b) Alien Squiggle tag [10].

such as price, brand, date, etc. Unlike bar code

technology, the RFID technology does not require light-

of-sight and reads longer distance [3]. Such advantages

help the supply chain to operate very fast and efficiently.

Recently, a passive RFID system that operates in ultra
high frequency (UHF) band from 860MHz to 960 MHz
[4] is getting considerable attention. Because passive tags
are very cheap due to absence of onboard battery and
using UHF band can provide longer reading range, high
data rate and small sized antenna.

Currently, a label-type dipole antenna is commonly
used as a tag antenna for a passive UHF RFID tag and it is
printed on a very thin film at low cost [5, 6] to reduce the
overall cost of the tag.' Th? commercial passwe UHFFigure 2. A micro-strip patch antenna that the antenna trace is shorted
RFID tags are shown in Fig. 1. The passive tags are to the ground plane [11].
embedded in cardboard boxes, ID card, airline baggage
strip, passport, clothing tags, etc. However, papers [7] and
[8] have reported that these tags undergoserious
performance degradation when it is mounted or attached
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has multilayered construction (e.g., [20]). Such design

86 1

presents complex and costly antenna structure siall
U L e size, easy installation, lower cost and easy manufacturing
—— Linot ——— 1 in bulk, tag antennas are preferred to be completely
oy pap—— . . L
50 aocll:[F’l:]Im planner so that it can be directly printed on the antenna
=t \ \\ substrate_ without having any cross and multilayered
3 d. -
ﬂ vahoe o : 1_;'1]"““ construcftlon. | | |
: x p— i In this paper, a micro-strip patch antenna is proposed
/ : ‘e o \ L : as a tag antenna for a passive UHF RFID tag that can be
A B . I used for tagging the metallic containers or metallic boxes
\ P o A b in the warehouse environment. The fundamental
— Z — characteristic of the proposed antaim that the antenna
Unitmm trace (patch) is suspended above the ground plane without

any electrical connection between the antenna trace and

Figure 3. A micro-strip patch antenna that the feeding is shorted to thehe ground plane. T& eliminates the css and

ground plane [12]. multilayered construction without compromising its
performance. Therefore, the proposed antenna is
completely planner with low antenna profile and easy to
fabricate. The rest of the paper is organised as follow.
> i > Section Il discusses the proposed tag antenna design.
Sectionlll presents the simulation results of the proposed
antenna. Finally, sectidi addresses the conclusion.

[
L |

iV
Chip
location AN [I.  THE PROSPOSEDIAG ANTENNA DESIGN
Ly v The proposed micro-strip patch antenna for a passive
b ¥ ?H-Z‘ Loy UHF RFID tag is considered to operate in the UK and
' ' > T 86 Europe warehouse environment for tagging the metallic

boxes or metallic containers. The tag shall be easily
. L. tunable from 865 MHz to 867 MHz range which is UHF
Nz 7 RFID frequency band for the UK and Europe. The
l l operating frequency of proposed antenna is selected as
866 MHz which is the centre frequency of the band
t
X

Passive tags consist of a chip and an antenna. In this
proposed design, the Alien Hig@422] for EPC Class 1
1 Gen 2 RFID tag chip is selected. The Alien Higgs-
Micro-strip patch Substrate exhibits an impedance & = (31- M DW 0+]
{a) resonance frequency and requieasinimum of -14 dBm
= ) £ 7. power to turn on the chip. In order to deliver the
| N |17 maximum power from the antenna to the chip, the input
- _/f \_ p e impedance of the antenna, should be complex
Ground plane . Substrate conjugately matchetb the chip impedancé, (i.e. Z. =
®) Z. ). Therefore, the proposed antenna is designed.for
M

a

Ty —»f =

Figure 4. Geometry of thfe proposed micro-_strip patch antenna (a) top  The geometry of the proposed antenna is shown in Fig.
view and (b) side view. 4. The top layer is antenna trace and bottom layer is the
ntenna ground plane. Both layers are copper with the
same thicknesstj of 0.0358 mm. The middle layer is
ahR4 substrate with thickness)(of 1.6 mm, dielectric
&qnstant © of 4.9 and loss tangent)(of 0.025. The FR4
Substrate and ground plane has the same length and width
f 86 mm and 58 mm, respectively. The antenna trace

This problem may be solved by using an active RFI
tag, but it will be very costly. Thalternative solutions are

operate using the ground plamdicro-strip patch antenna
and planner inverted-F antenna (PIFA) are attractiv . g .
choices as both antennas use the ground plane. From tch) is slotted in rectangular shape with slot lehgth

literature review, RFID tags are employed using the'o MM and slot widthV; = 6 mm. The rectangular slot is
micro-strip patch antenna in [11-18] atie PIFA in [19- particularly for inserting the feeding line inside the patch

; - to reduce the size of tag antenna. There are also two small
21]. All these tag antennasveaan electrical connection ts on the patch whicr? are called window and these have
between the antenna trace and the ground plane (e.g., []%i

shown in Fig. 2 In some cases there is an electricalc 9t L“é:f 6fr_nm and W'd]EWr\]/W =2 r;]wm. The wmc:cow 1S
connection between the feeding line and the ground pla esigned for fine tuning of the patch resonance frequency

(e.g., [12] shown in Fig. 3). This leads to the cross-Eger at the desired operating frequency without changing other
construct of tag antennas. In some PIFA, the tag amenﬁgrameters of the patch.
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Traditional micro-strip patch antenna is single feedradiation of 3.29 dB. The radiation patterns are almost
that can be designed as direct feed type or coupled feedhnidirectional in the E-plane and almost bidirectional in
type and keeping reference with respect to the grounihe H-plane.
plane [23]. Such feeding methods require assilayered
construction in order to attach the chip. To avoid cross-
layered structure, T-match is proposed in this design. The 500
T-match feeding lines are inserted inside the rectangular £ ,.,
patch slot. There are no electrical connection between the2
patch and the ground plane. The chip location is fixed at £ 300
the centre of the patch (i.e. at the origin of principlg x-
plane of the proposed antenna). The RF port-1 of the
RFID chip is connected to the patch with feeding line
length Ly, = 6.5 mm and the RF port-2 (i.e. ground) is 0 —
connected to the patch with feeding line lenigth= 32.5 800 820 840 360 880 900 920 940 960 980 1000
mm. Both feeding line has widt = 2 mm. The input Frequency (MHz)
impedance of the proposed antenna is tuned by changing

geometry parameters of T-match feeding line. Figure 5. Simulated input resistance against UHF frequency for the
proposed micro-strip patch antenna.

Sonnet

sista
(=
=3
=

Re
-
o
=]

I1l.  SIMULATION RESULTS OF THEPROPOSEDIAG
ANTENNA

The proposed micro-strip patch antenna design is
simulated in Sonnet Lite version 12.52, electromagnetic
(EM) simulator [24] and in AWR Design Environment
version 9.04 [25] and the results are compared for
validation. Both EM simulators work based on the method
of moments (MoM).

500 -
— 400
300
200
100

Sonnet

- - - AR

Reactance {ohms

-100
A. Input Imped e
. In m n
) put impe _a ce ) _ ) 800 820 840 860 880 900 920 940 960 980 1000
Fig. 5 and Fig. 6 show the simulated input resistance Frequency (MHz)
and input reactance, respectively against UHF frequency

O_f the proposed micro-strip patch antenna. Both EM Figure 6. Simulated input reactance against UHF frequency for the
simulators results are closely matched. proposed micro-strip patch antenna.

B. Return Loss

Fig. 7 shows the return loss of the proposed micro-
strip patch antenna at 866 MHz resonance frequency. The
Sonnet simulation results also compared to the AWR
simulation result and both show strong agreement. The
minimum value of the simulated return losg St the
resonance frequency from the Sonnet is -21.03 dB. The
half-power bandwidth (return loss < -3 dB) is 46 MHz
(5.31%), from 84350 MHz to 889.50 MHz. The
simulated < -10 dB bandwidth of the proposed tag antenna
is 15 MHz (1.73%), from 858.50 MHz to 873.50 MHz.
Both bandwidths satisfy the design goal of the proposed
tag antenna which is 2 MHz (i.e. from 865 MHz to 867
MHz) as well as meet the requirement bandwidth (500 ) ]
kHz) of the ISO/IEC 18000-7 standard. Fig. 8 shows the Figure 7. Simulated return loss against UHF frequency for the
current distribution over the proposed patch antenna at proposed micro-strip patch antenna.
866 MHz operating frequency.

C. Radiation Patterns

Fig. 9 shows the simulated radiation patterns of th
proposed micro-strip patch antenna at 866 MHz in the H
plane (x-z plane). It is also called as elevation plot in 2D
The 3D radiation pattern of the micro-strip patch antenn
will look like dome shape. FiglO shows the simulated
radiation patterns of the proposed micro-strip patcl
antenna at 866 MHz in the H-plane (x-y plane). It is alsG

Ca”e_d as aZI_mL_Ith plot. At zero degree, E-plane _has é‘igure 8. Simulated current distribution over the proposed micro-strip
maximum radiation of 3.28 dB and H-plane has maximum patch antenna at 866 MHz resonance frequency.




Figure 11.Simulated return loss of the proposed micro-strip patch
antenna for different thickness (h) of the substrate while keeping
other parameter same.

Figure 9. Simulated radiation patterns at 866 MHz for the proposed
micro-strip patch antenna in E-plane.

Figure 12.Simulated results return loss of the proposed micro-strip
patch antenna for different size of the ground plane while keeping
other parameters same.

E. Effect of Ground Plane

The antenna is designed on the infinite ground plane
and substrate in both the Sonnet and AWR EM simulator
environment. When the infinite ground plane and
substrate are replaced by the finite ones in real world
application, there are affects of the ground plane on the
radiation patterns and resonance frequency of the micro-
strip patch antenna [15, 19]. The effect of the ground
plane on the return loss of the proposed tag antenna is
studied by using three different ground plane sizes8é.g.
mm x 58 mm x 0.0358 mm, 100 mm x 100 mm x 0.0358
mm and infinite ground plane. The substrate length and
breadth are taken as same as ground plane with the
Figure 10.Simulated radiation patterns at 866 MHz for the proposed thickness of 1.6 mm in all the cases. Fig. 12 shows the

micro-strip patch antenna in H-plane. simulated return loss against UHF frequency of the
proposed micro-strip patch antenna while keeping other
D. Effect of Substrate Thickness parameters the same. The change in bandwidth and shift

r_in resonance frequency due to different ground planes are
resented in Table.1The change in bandwidth is
valuated based on the half power (< -3 dB) and < -10 dB
E%urn loss bandwidth. There is not much effect on the

ndwidths but there are shifts in the resonance
frequencies. However, the entire range of shifts in the
Jesonance frequencies within the desired goal of the
rpéoposed tag antenna.

Fig. 11 shows the simulated return loss against UH
frequency of the proposed micro-strip patch antenna fdi
different thicknessh) of substrate while keeping other
parameters the same. The proposed antenna exhibits
optimised performance fon = 1.6 mm. It shows that
when the antenna substrate thickndssificreases, the
return loss is significantly increased and thereby reduc
the performance of the antenna. So the selection of t
substrate thickness for micro-strip patch antenna is very
important.



TABLE 1. SIMULATED RETURN LOSS AND BANDWIDTH FOR DIFFERENT SIZE OF THE GROUND PLANE

Return Ground plane size Frequency range | Bandwidth Resonance Minimum
loss (mm) (MHz) (MHz) frequency return loss
(dB) (MHz) (dB)

86 x 58 x 0.0358 843.5+889.5 46 866 -21.03

-3 100 x 100 x 0.0358 843.82 +890.51 46.69 867.12 -21.06
Infinite 841.34 +887.28 45.94 864 -21.86

86 x58 x 0.0358 858.5 +873.5 15 866 -21.03

-10 100 x 100 x 0.0358 859.44 +874.51 15.04 867.12 -21.06
Infinite 856.71+871.36 14.65 864 -21.86
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Abstract?ln reverse engineering, in order to meet the Solutions that are commonly used in practice for
requirements for model reconstruction, it is often necessary registration of multi-view Point Cloud include using
to locate and merge the different-view-measured cloud data datum markers, exploiting mechanical devices like
in a global coordinate system. Many merging methods have turntables [5] or multi-joint robotic arms [6]. The markers
been proposed, the method of three datum points is one of can be planar or solid and are usually adhered on or near
them and the registration precision of model data depends  the object to be scanned. While the measuring sensor is
on.the prec?sion of three datum points which are selegted. taking point clouds from a specific view, the 3D
This paper introduces a new development of thécentroid o qinates of the markers within the view are obtained at
of apexes hmetht:)d instead of the former daltum_ ﬁomtshto the same time. The relative position and orientation of two
Improve the  three points - positioning algorithm, the g0 oo he easily determined if only three or more pairs
effectiveness of the methods is validated with experimental of markers are visible in both views. This registration
results and a revised algorithm is presented. ; VISI ' I VIEWS. : g :
method is usually fast and reliable. However, except for

Keywords-reverse  engineering; points  registration; the preparation work before the measurement, the

coordinate transform; reference marker; B pointsets dl’aWbaCkS Of '[hIS Strategy |nC|ude that the areas COVered

registration by the markers cannot be digitized reliably. This problem
is outstanding especially for objects with small size and
NOMENCLATURE abundant details. Moreover, adhering markers on the
. . surface is obtrusive or even prohibited in some
Coordinate of feature points applications.

Vector between points 1. REGISTRATION ALGORITHM BASED ON3-D POINT

Unit vector SETS METHOD
Unit vector matrix Coordinate transformation of 3D graphics includes
Coordinate of any point geometric transformations of translation, proportion,

rotation and shear. The data alignments in this paper are

Rotation matrix only translation and rotation transformation. Since three

Translation vector points can express a complete coordinate, multi-view data
Absolute error of two edges transformation will be achieved simply with three

Relative error different reference points. Besl and Mckay described
manifold 3-D shape registration methods, includind 3-

l. INTRODUCTION point sets, free-form curves and surfaces [7]. Among these

The applications of three-dimensional (3D) shapdnethods, the 3-D point sets registration method is used in
measurement are widely used in the fields of industridinost places, _espema_lly In reverse engineering where the
design and manufacturing, relic restoration, biomedicin@bj€ct shape is described as 3-D scan point sets. To carry
and computer vision. There are various non-conta@ut 3-D point sets registration, first construct least-square
optical instruments involved in 3D surface measuremerfliStance object function between the corresponding points,
which are based on time-of-flight lasers [1], laser scanningC!Ve the object function based on the quaternions and the
[2], stereovision [3], and structured light [4]. These opticafingular value decomposition (SVD) the rotation and the
instruments can efficiently capture dense point cloudgranslation of the rigid movement [8-10].

which reveal the detail surface shape of the object being pMeasurement data registration can be seen as a kind of
scanned. However, all of them can only obtain partial aredgid body movement, soa three-point alignment

of the object at one standpoint due to obstructions and th@ordinate transformation method can be used to deal with
limited field of view of the sensor. In order to build agata registration. Because three points can establish a
complete 3D model, it needs to collect point cloudsoordinate, we can set up three datum points of the sphere
acquired from different views. These multi-view scans ar@enter at a different view for the data alignment. The data
represented in their own local coordinate system, anbgistration of 3D measurement data will be achieved
geometrically aligning them to a global coordinate systenrough the alignment of three datum sphere center points.
is called thetegistration problerh In fact, the data alignment problem is converted to

coordinate transformation.



The method of three-point alignment coordinateFig.1 shows a three-point coordinates transformation
transformation: suppose datum feature points are

and . The coordinates of the three datum points in the

second measurement turn into, and . Coordinate

transformation can be achieved via three steps as derived
by Mortenson and presented here for clarity [11]:

1. Transform to ;

2. Transform vector to Figure 1. Three points to three points transformation

(taking only the direction into consideration); _ Using the above re-positioning algorithm and
3. Transform the plane containing the three points introducing the reference points in the process of

, and to the plane containing the three points ~measurement, there are at least three pairs of public

_ ) feature points in the measurement process, the multi-view
and . The algorithmis: point cloud can be precisely registered. Through two
coordinate transformations based on the positioning

Step 1. Set up vector ' ’ points, the registration of two point set can be achieved.

and 1)

Ill.  ACCURACY ANALYSIS OF THREE-POINT
Step 2: Define , (2) POSTIONING METHOD
Step 3: Set up vector and From the above data transformation metitodan be

seen that the alignment accuracy of model data depends
on the measurement accuracy of three selected reference
3) point. In addition, in the same measurement error
circumstances, selection of different reference points will
Step 4: Set up vector,\and W also affect the alignment model data. However if the error
is controlled within certain range, such data
(4) transformation is able to meet the requirements of
modelling and assembly.

Obviously, the vector , and  constitute right- Tao [12] proposed multiple measuremeaf datum
. points method which used two datum points and centroid
handed orthogonal lines, and the vectog and as the new trianglo reduce registration errofo analyze
also constitute right-handed orthogonal lines. the error of two transform methpdlefine the vector
Step 5: Set up unit vector difference of the three reference poiats
)

When measurement errors exist, because the three
non-collinear points determine a triangle, if we take the
conversion method based on the three reference points, in

Step 6: Transform any point in the system to the fact, it is to ensure the overlap of a point and an deige.

system , with transformation formula: 2 shows the situation that and  points overlap,
; (6) and edges overlap and we define > , >
Step7: As and are unit vector matrixes,

Eso the unknown rotation matrix about the

system s
; (1)
Step 8: Define and Eput theminto the Figure 2. Three datum-points alignment model.
equation, then the translatigactor is obtainedx Define:
; (8) (10)

Step 9: Equation is rewritten:
Then the relative error can be expressed as:

; 9)



(11) =0.0041, =0.0014,

From equation (11), we can draw the following two =0.0043.

conclusions: Then calculate the centroid coordinates of each vertex
(1) When the measurement error is constant, thef triangle reference markers and use centroids as the new

bigger area of the triangle formed by the three points, thépenchmark reference point, vertex coordinates and

the smaller the relative error, that means the great@mentroid coordinates are shown in Table 2.

distance of reference points, the smaller impact of
measuring errors on data alignment; TABLE Il THE COORDINATES OF THE VERTICES OF REFERENCE
MARKERS AND THE CENTROIDS

(2) In the case of normal distribution of measurement

errors, the errors of three sides tend to be the same. T..Q'tAmm xcé;g r;’é”late chgfgate Z%"gi}'ggte
relative error should tend to be equal for the same impact A 62.908 45588 926.450
of the various points. That is, the selection of reference 4, 68.714 48.6@ 927.720
point should be as close to an equilateral triangle. Ao 65.15 48.89 926.565
B: 26.6@ -77.182 937.42
IV. METHODS ANDEXPERIMENT RESULTS B, 32.108 -75.148 938.5@
Since the error of each reference point can be seen-as 23 ;;'g% ';‘11'253% ggg';ﬁ
equal weight value, the relocation errors can be seernas CO 121.803 '56'026 958.9D

- . . ¢ 1 . - . .

average distributed errors. If we take a feature pointof—c, 116.25 5219 956.60
reference marker as the calibration reference point every c, 115.43 58.752 957.885
time, the possibility of occurrence of human errors and ¢C, 117.8B -55.6% 957.88
accidental errors will increase greatly. Therefore, we can AT 82.54 47.6% 930.928
calculate the centroid of the vertices of reference marker A€ 82.63 41.06 932.060
and then use the centroid as the reference point to re Hr‘n:% gi-gg; ii-g% 332-5338
registration errors. Specific methods are as follows: BY 60,010 e5.418 047 497
Take equilateral triangle markers as artificial reference B 65.68 -82.440 948.553
markers, there are three vertices of each reference point, gﬂ 22-8?‘2‘ 'ggézg gig-ig‘
shown in Fig. 3(a) and (b). Ccy 152.95 -52.739 966.510
cy 146.20 -49.18 964.17
cy 146.520 -56.18 965.577
cg 148.79 -52.65 956.45

It is easy to get the lengths ofgBy|, |BoCol, |CoAol
and [AEB g|, |IBEC g|, |CBA §|, calculate their relative
errors:

(a) The first measurement (b) The second measurement =0.0027 E

Figure 3. Three points alignment based on triangle reference markers.

First, take three vertices of reference markers |, =0.0010E =0.0012.

as benchmark reference points, the corresponding ,
Compare of the relative errors of two measurements,
vertices are , . The coordinates of each as shown in Table 3:

vertex is shown in Table 1:

TABLE Il THE RELATIVE ERRORS OF TWO MEASUREMENTS
TABLE |. VERTEX COOSE;:‘(AELESS OF THE SELECTED REFERENCE The first measurement The second measurement
0.0041 0.00Z
Unit:mm X Coordinate Y Coordinate Z Coordinate
A 63.751 52.4% 925.525 0.0014 0.0010
B; 26.6@ -77.182 937.42
C, 121.803 -56.026 958.90 0.0043 0.002
AT 82.54 47.6B 930.928
BY 60.000 -85.418 947.497
CTt 152.9% -52.739 966.%10 It can be seen that , , , the

We can easily get the lengths of three sides of precision increase greatly aﬁer we use_d _the new triangle
) ) formed by centroids to substitute the original triangle and
and respectivelyfrom equation then the centroids can be used as reference points for

(11), the relative errors can be expressed as:



registration. Therefore, the three points coordinatene among them. In this paper, we use the centroids
transformation method can be improved to: instead of original vertices of reference markers to register
oints cloud data and apply the method to make scan data
egistration Compare to other implementations the
Tentroid of apexesmethod is more practical and time-
Step 2: Calculate of the centroid coordinates ofaving. In many case, we can also use feature points on
triangle (polygon) reference markers; the surface of object directly instead of references markers.
Experiment results show that the new method can quickly
and effectively improve registration accuracy as well as

Step 1: Calculate the vertex coordinates of eac
reference triangle (polygon) markers;

Step 3: Use centroids to form a new of triangle;

Step 4: Turn to the front algorithm step 1, replace th&€ing easy to use.

three measurement benchmark points by the new triangle
centroids.

We apply the method to register scan data anE:il]
reconstruct the electric vehicle shape plastic parts model
from clay model in reverse engineering. Fig. 4 shows the
electric vehicle front panel reconstruction model. [2

The first scanning data is chose as the stationary part,

the other panel data is transfeuito it. [3]
(4]
(5]
6]
(a) The single point cloud data  (b) The merging point cloud data
(71
(8]
(9]
[10]
(c) The mesh front panel (d) Reconstruction model
Figure 4. Electric vehicle front panel reconstruction model. [11]
V. CONCLUSION [12]
Multi-view data alignment and the relocation is one of
fundamental data processing problem in reverse

engineering, a variety of methods has been proposed and
3-D point sets positioning method is a simple and practical
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Abstract2 Machine tool calibration requires a wide range of ~ components. These are critical for performing meaningful
measurement techniques that can be carried out in many measurements on machine tools. However, even with this
different sequences. Planning a machine tool calibration is rich knowledge there is still a great deal of interpretation,
typically performed by a subject expert with a great selection and planning to be done to develop a good
understanding of International standards and industrial strategy for measuring a specific machine t@jl For
best-practice guides. However, it is often the case that the example, ISO 230-27] contains a section regarding test
planned sequence of measurements is not the optmal. ySHELILEDWLR Q SDUDPHWHUV WKDW Q'
Therefore, in an attempt to improve the process, intelligent e cajibration supplier, manufacturer and the user. This
computing methods can be designed for plan suggestion. As UHVXOWYV LQ ’W KH QHHG IRU 3LQGHSHC
gngitffoxgggetmfo ?i‘;"spfgrg;ﬁf;f s gfe Z?(rgig'sneg ), because often the user does not have the sufficient level of
experience to make this decision and sometimes the

in the PROLOG language. It then shows how queries can be . . h
executed against the logic to construct a knowledge-base of interests of the manufacturer and user can conflict, leaving

all the different measurements that can be performed an expert to make the best decision to suit all.
during machine tool calibration. Furthermore, downtime for calibration is a cost to

manufacturing, so optimising the workflow has distinct
Keywords-component; machine tool calibration; first-order ~ commercial advantages.

logic; PROLOG Computational intelligence potentially holds the key to

allow for a more efficient method of planning machine
o : I.NTRODUCTION tool calibration. The use of Artificial Intelligence (Al) in

~ The continuing desire to manufacture artefacts to ghe form of knowledge-based planning can allow for the
higher degree of accuracy while decreasing the productiastficient searching of a very large search space. This could
cost has resulted in the requirement for more accurage peneficial for the process of machine tool calibration if
machine tools]-3]. This is because excess error within ahe knowledge and decision-making skills of an
PDFKLQH WRROfV FDSDELOLW)\ Zle@&ierR&IQrddhiHaV o Rnelibdy EXEW dm hav
during machining, possibly resulting in out-of-tolerancejnterpreted in the form of a computer program.
parts that are scrapped or require re-work. By calibrating a _ . i
machine tool, the asset owner can gain an understanding ' this paper a literature survey of the developments in

of WKH P D EdpabQitl 1 V dimensional metrology process planning is presented,
followed by a discussion on the process of machine tool

In a perfect world, the machine would be able to movealibration to establish a basic set of requirements. The
to predictable points in 3-dimensional space, resulting in gethod of separating the requirements into first-order
machined artefact that is geometrically identical to that ofpgic for the PROLOG language leading to the creation of
the designed part. It is, however, well known that they knowledge-base is described, followed by how to
machining process contains many possible sources ghiculate the estimated time for performing the sequence
error that make it extremely unlikely for the ideal case tgf tasks in the knowledge-base. Finally, the paper
prevail. Machine tool pseudo-static errors can be classifiegbncludes by laying out future plans for the complete

into three general classes of; (1) rigid-body geometrigmplementation of an intelligent machine tool calibration
errors, (2) thermally induced errors, and (3) non-rigidyrocess planner.

errors f-6]. Precalibrated compensation is the process of
measuring the machine to establish the pseudo-static
geometric errors that will be transferred to the workpiece
during machiningto implement corrective action. In
practice a machine tool has considerably more dynamic Within the subject of dimensional metrology, the
and thermal error components, however, for the scope effort required to create models and process guidelines
this paper, consideration is only given to the pseudo-statre significant. However, it is common that the models
geometric errors for a machine tool with threeare tailored for the measurement of specific, complex
perpendicular linear axes. parts. Muelaner et all{] presents a semi-autonomous

. method of metrology instrumentation selection for large-
Great effort has been spent by many to improve thg,|ime measurement based upon the artéifact

process of machine tool measurement to correctly identifyfimensional criteria. This is performed by querying a
WKH PDFKLQHTV H UntéRatiorraRseSdQH QliVse of known metrology instrumentation based upon

[7] and best-practice guides8][ provide guidance ihe artefac§ dimensions. However, the developed
regarding the selection of test methods for individual error

Il.  LITERATURE REVIEW



method is heavily dependent on user interpretation. Fanachine tool calibration expert in first-order logic was
example, if the identified artefact was to contain severatliscovered.

complex dimensional characteristics, the user would be

required to identify and include each one within the
quqery, followed thfgn by checking for any instrument-" (ISHUWTV NQRZOHGJH

related physical access and visibility obstructions. As dhe knowledge and decision making procedure that

result, this method can only be used to aid the suggestiéhachine tool metrology expert possesscan be

of instrumentation as human verification is alwaysexpressed as the following list of functions:

required. As briefly suggested by the Quthor, analgorithmy 1he DELOLW\ WR D QDO\VHaiiKH PDFKL
that was to automatically determine the artefact to derive a set of tests.

dimensional characteristics and identify any physical

access and visibility issues would be highly beneficial. 2. The ability to determine the possible/best equipment

This would allow for the model to be used with an for each test.

increased degree-of-confidence and significantly reduce
the need for human verification, therefore, saving tifne.
modification of this method would not be suitable for  These three areas of decision making are vast, so to
machine tool calibration because a more intelligentreate an effective program to perform the required
sdution is required which will always attempt to find the functionality resulted in a detailed investigation to
optimal sequence of measurements. identify the components that can be represented in a

Planning in Al terms is reasoning about the effects ol,oglcal structure suitable for programming.

actions and the sequencing of available actions to achieve

a given cumulative effectLl]. The use of Al plannin _ i :

teghniques has been exp%]ored in many supbject e?rea%; Machine Configuration

including manufacturing 12]. Large efforts are spent A machine can be constructed in many different ways

developing Al within robot control and improving their to perform its task, and knowing the construction of the

level of reasoningl3]. The developments in these areasmachine is essential for understanding the error

are significant; however their application is vastlycomponents. These can be established because the

different from that of machine tool calibration. There isgeometric errors associated with both linear and rotary

an absence of any literature indicating that implementingxes are knowrilf5, 7, 14. As shown inTable | a linear

Al techniques within machine tool calibration hasaxis will have six error components (six-degrees-of-

previously been attempted, even though the potentidfeedom) plus a squareness error with the perpendicular

gains are significant. axis. For the work presented in this paper, attention is
only given to a machine tool with three perpendicular
linear axes, which is illustrated Figure 2.

3. The ability to determine the best order of tests.

lll.  CALIBRATION PLANNING Table I. Error Components

Linear Error Component
Linear positioning error

To be successful at planning, it is essential to first
comprehensively understand the problem in hand, the
desired achievement, and the method of arriving there.

Horizontal straightness

Following this principle, the following section gives an Vertical straightness
overview of machine tool calibration. Roll error

Pitch error

Yaw error

Squareness error

Figure 1. Known and unknowns sections of machine tool calibration

Figure 1 illustrates the known and unknown aspects
of machine tool calibration. To overcome the unknown
aspect, a machine tool metrology expert is responsible for
deriving a dlan-of-action IRU PHDVXULQJ WKH PDFKLQHYV ,
error components. To produce an autonomous method dfigure 2. Slx—degreesf—freedom and squareness errors for the X-axis
planning, a method of defining the knowledge of a of a machine tool with three perpendicular linear axes



C. Possible Tests IV. CALIBRATION SYSTEM PLANNER

Once the array of error components has been derive;% PROLOG
EDVHG XSRQ WKH PDFKLQHTV FR \é%\/lL&VXHQW SDUWYV D%G WK.HLL{
configuration, a method of measuring the error PROLOGIs a prolgramrT;]lng_lan?ua eb.Wh'Ch 'Z V‘r’]el.
component is required. This EKHUH WKH H[SH F}:Wﬂ P ﬁl’s"%f[ﬁ gms tkat nolve Jec‘.shf""” r: eir
takes precedence. There is no definitive method dEations L1, IS The™ work undertaken within this
measuring an error component, only suggestions providef©iect could certainly be implemented in any procedural
by 1SO 230 7] and industrial best practice guidegj.[ |anguage; however, implementing symbolic computation
The following list givesa very simplistic example of a 2Y the use of PROLOG can considerably reduce the

test method that could be Used to measure each of tfgduired quantity of code. For this reason, this work
seven error components. makes use of PROLOG language to produce a working

prototype.

1) Linear positioning error - Laser interferometry to
FRPSDUH WKH PDFKLQHYYV UHSRU G RVLWLRQ DJDLQVW WKH
actual position. "B Refaion Pacté

. . . Representing the information for performing a

2) Horizontal straightness - Laser interferometry ©0  machine calibration in relation facts allows for dynamic
map the horizontal deviation. processing. The relation facts can be regarded as the facts

3) Vertical straightness - Granite straight edge and diafor the knowledge engine which would allow the planner

test indicator to map the vertical deviation. to make intelligent decisions. For the prototype program,
the following facts were used. The facts show the

4) Roll error - Electronic level to record the angular  relationship in first-order logic for a machine tool with

roll deviation. three perpendicular linear axes, which each have seven
5) Pitch error - Electronic level to record the angular 9€ometric errors that use different instrumentation for
pitch deviation. measurement. These facts lack a great quantity of
_ information that is required to perform a machine tool
6) Yaw error - Laser interferometry to record the calibration, but as an example to develop a working
angular yaw deviation. prototype, they are sufficient.
7) Squareness error - Using a metrological square ando,%% Machine type and axis name
a dial test indicator. machine(three_axis_machine, x_axis).

As a starting point for creating a prototype model, dnachine(three_axis_machine, y_axis).
common set of parametets distinguisha measurement machine(three_axis_machine, z_axis).

must be established. These parameters are as follows: %% Axis name, type and travel

1) Axis under test - Axis name axis(x_axis, linear, 500).
: : i . axis(y_axis, linear, 325).
2) Maximum axis travel - Length in mm axis(z_axis. linear, 490).

3) Number of measurements - Quantity %9%% Axis type and error component

4) Number of repeats - Quantity error(linear, position).
5) Direction of travel - Positive, negative, error(linear, horizontal_straightness).
bidirectional. error(linear, vertical_straightness).

error(linear, roll)
6) Accuracy - 4XDQWLW\ LQ WKH WH VV‘éH?éf(liﬁeQr',—;Wch ).

7) Resolution - 4XDQWLW\ LQ WKH WH YV Queriinga yany).

. . L error(linear, squareness).
8) Out of the box setup time - Quantity of time in

minutes %%% Error component and measurement method
test(position, laser_interferometer).
test(horizontal_straightness, laser_interferometer).
test(vertical_straightness, granite_stright_edge_dti).
test(roll, electronic_level).

D. Best Order test(pitch, electronic_level).

. est(yaw, laser_interferometer).

As previously stated, the exp§ry H[HFXWL R{% g : :
method is different depending on their experience. Some st d]u hﬂe'sy metrological_square_dt).
individuals might prefer to perform the tests axis by axis%%% Measurement method, accuracy, resolution
as some might prefer to perform the tests by the lowegt P, setup time and adjust time.
effort of instrumentation setup. However, overall it isinstrument(laser_interferometer, 1, 0.001, 30, 15).
desirable for the most efficient method to be selectednstrument(metrological_square_dti, 1 , 0.001, 20, 15).
Wh_lch allpws the calibration to be executed in thelnstrument(granite_straight_edge_dti, 1,0.001, 15, 8).
quickest time. instrument(electronic_level, 1, 0.001, 18, 9).

9) Setup time by readjustment - Quantity of time in
minutes



Creating a PROLOG program with these facts allowknowledge base(M):-

us to essentially ask the program questions to retrieve setof( [A, TY, E, I, AC, RE, ST, SA],
useful_ knowledge. Consider the following prolog (machine(M, A), axis(A, TY, LEN),
question; error(TY, E),

Where: TY = Axis type, LEN = Axis travel length. tesy(T, 1), instrument(l, AC, RE, ST, SA)),

List), print_kn(List).
?- axis(x_axis, TY, LEN).
) ) . print_kn([H|T]):-
Here a query is being executed to return the axis type write(H), nl, print_kn(T).
and axis travel by asking the following question; what is -

the W\SH DQG WUDYHO 2RU WKH D[LV u[BDJLVT
) ] ) The following command initiates the procedure;
Executing this query would give us the response of; ) ]
i ?- knowledge_base(three_axis_machine).
Type (TY) = linear,
Travel (LEN) = 500.

PROLOG would interpret the supplied facts and try to
answer the question in as many ways as possible. This

C. Knowledge : X . ; . X
h ki h will provide the required information regarding each of
In the same way as asking the PROLOG prograny,e " nossible axis, error, test and instrumentation

simple q“EStiO?SC’I compFIex qulestio_ns can also rt])_e as';ed'iéiationships. The response for this query contains 21 sets
aCﬁglre_ nowie g?d borbpa?.nllnlg a kmac '”ﬁ hoo f information (7 tests per linear axis). However, adding
calibration, it would be beneficial to know all the 5qqitional instrumentation and error facts would result in
properties of the specified three axis machine, including .~ increased knowledge base. Executing this query
each axis type, all the geometric error components Peloaingt the previously established facts will result in the

axis and a method of measuring them. Dynamically, ;¢ that can be seen MABLE Il. The produced
creating a knowledge-base at run time can be achieved Q

: . Kowledge-base is a list of all possible tests. Currently
creating a PROLOG procedure. The following procedurgpere is no intelligence to disregard and order the tests

creates a list of all the possible tests to be performed and yv SHEFWLYH WR WKH PDFKLOHYV FR
then prints them out for the user to see. BRBLE Il for <1 mentation. QHT Q

a key to the variables.
TABLE Il. KNOWLEDGE BASEOF ALL AVAILABLE TESTS

Setup | Adjust
Axis Type Error Instrumentation Accuracy | Resolution | Time Time
() Ty) (E) 0] (AC) (RE) (ST) (AT)
X_axis linear position laser_interferometer 1 0.001 30 15
X_axis linear horizontal straightness laser_interferometer 1 0.001 30 15
X_axis linear vertical straightness granite_straight_edge_dti 1 0.001 15 8
X_axis linear roll electronic_level 1 0.001 18 9
X_axis linear pitch electronic_level 1 0.001 18 9
X_axis linear yaw laser_interferometer 1 0.001 30 15
X_axis linear squareness metrological_square_dti 1 0.001 20 15
y_axis linear position laser_interferometer 1 0.001 30 15
y_axis linear horizontal straightness laser_interferometer 1 0.001 30 15
y_axis linear vertical straightness granite_straight_edge_dti 1 0.001 15 8
y_axis linear roll electronic_level 1 0.001 18 9
y_axis linear pitch electronic_level 1 0.001 18 9
y_axis linear yaw laser_interferometer 1 0.001 30 15
y_axis linear squareness metrological_square_dti 1 0.001 20 15
Z_axis linear position laser_interferometer 1 0.001 30 15
Z_axis linear horizontal straightness laser_interferometer 1 0.001 30 15
z_axis linear vertical straightness granite_straight_edge_dti 1 0.001 15 8
Z_axis linear roll electronic_level 1 0.001 18 9
z_axis linear pitch electronic_level 1 0.001 18 9
Z_axis linear yaw laser_interferometer 1 0.001 30 15
Z_axis linear squareness metrological_square_dti 1 0.001 20 15




Adding this procedure to the simple planner results in
the additional output of the cost for each measurement.
1) Cost Calculator ) :
A procedure which approximates overall cost inThe result from this execution can be seeMABLE III.

minutes for performing a machine tool calibration has
been implemented. This procedure evaluates the potential V. CONCLUSION AND FUTURE WORK

cost of performing a measurement based upon the pe \ork undertaken within this paper has described
following six factors: how to represent a simplified version of performing
1. The time taken to set up the instrumentation out of Machine tool calibration by representing the parameters
the box. as logical facts in PROLOG, and then reasoning about
) . . those facts. This was done by breaking the calibration
2. The time taken to set up the instrumentation by requirements down into first-order logic regarding the
readjustment. PDFKLQHYV D[HV HUURU FRPSRQHQW
The axis that the previous test was performed on. instrumentation. Next352/2*fv. DELOLW\ WR D
] ] . complex questions that provide a knowledge-base for
The axis that the current test is being performed on.fyrther processing is shown. This resulted in the
The instrumentation used in the previous test. implantation of a method for calculating the cost of
performing a sequence of measurements from the
knowledge-base. This will serve as a baseline to compare
a future intelligent implementation.

D. Simple planner

o g M~ w

The instrumentation used for the current test.

Implementing these six facts in PROLOG can be The
achieved with the following code:

implemented method allows for the
representation of an expérivknowledge that can
) _ . _ . . _ subsequently be retrieved by anybody. However, because
\Iévrg(\an'rgﬁssgx@ CS:,ituE “Cr;rller’reﬁtT i SAngISt —tlmlgr’ewl:',c?us_ this method is based on simplified facts, it is not a
. S _ : ' " complete solution that matches the real world scenario of
?ﬁgg?;g?ﬂggt' iﬁlm_ingtgrrem Instrumentation, COST machine tool calibration. The developed PROLOG
: program is a proof of concept which will lead to the
calccost(ST,AT,PA,CA,PI,CI,COST):- implementation of a much more sophisticated and
( CA=PA -> intelligent solution. The intelligent approach will require
the creation of more facts and planning procedures to

(CI=PI ->COST=AT)

- COST=ST provide for a more complete application.
);COST=ST.
TABLE Ill. KNOWLEDGE OUTPUT INQLUDING CALCULATED COST

Cost Axis Type Error Component Instrumentation

30 X_axis linear position laser_interferometer
15 X_axis linear horizontal_straightness laser_interferometer
15 X_axis linear vertical_straightness granite_stright_edge_dti
18 X_axis linear roll electronic_level

9 X_axis linear pitch electronic_level

30 X_axis linear yaw laser_interferometer
20 X_axis linear squareness metrological_square_dti
30 y_axis linear position laser_interferometer
15 y_axis linear horizontal_straightness laser_interferometer
15 y_axis linear vertical_straightness granite_stright_edge_dti
18 y_axis linear roll electronic_level

9 y_axis linear pitch electronic_level

30 y_axis linear yaw laser_interferometer
20 y_axis linear squareness metrological_square_dti
30 Z axis linear position laser_interferometer
15 Z_axis linear horizontal_straightness laser_interferometer
15 Z_axis linear vertical_straightness granite_stright_edge_dti
18 z_axis linear roll electronic_level

9 Z_axis linear pitch electronic_level

30 Z_axis linear yaw laser_interferometer
20 Z_axis linear squareness metrological_square_dti

Total:
411
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Abstract?This paper reviews different approaches to node  algorithms can be divided into two categories: range-
localisation discovery in wireless sensor networks (WSNs) based and range-free. There are many ranging methods for
and addresses issues of localisation by describing a variety localisation which include Time of Arrival (TOA), Time

of localisation techniques and theirs strengths and Difference of Arrival (TDOA), Received Signal Strength

drawbacks. The overview of the existing algorithm  (RSS) Near Field EM Ranging (NFER) and so on [7].
proposed for the improvement of localisation in WSNs is
also presented. To understand how the performance of

localisation techniques is evaluated, several evaluation A. Range-Based Localisation Algorithm

metrics are described and the comparative results verified Range-based localisation algorithms depend on

via Matlab simulations. distance or angle between nodes to obtain unknown
QRGHTV ORFiBtVéteR ® distadte estimation or

Keywords-localisation; Range-free; Simulation angle estimation [8]. A number of approaches, such as

TOA, TDOA, AOA and RSS have been presented. The

. INTRODUCTION second step is location calculations. Trilateration,

Progress in micro-electromechanical systems (MEM
and radio frequency (RF) technology has fostered th
development of WSNs. WSNs have been successful However, range-based algorithms are sensitive to
applied in emergency rescue, disaster relief, smagnvironmental changes [9]. The problems that arise
buildings and patient monitoring. As one of the keyinclude (i) incorrect range measurements due to non line-
enabling technologies and research hotpots, nodg-sight conditions for acoustic ranging, (ii) error in RSS-
localisation is very important due to its direct correlatiorbased ranging caused by variations in channel parameters

with theory and practical applications. Node localisation igicross different environments (1/ models), (iii) poor
required to report the origin of events, assist grougorrelation between RSS and distance owing to multipath
querying of sensors, routing and to answer questions Qferference and fading, and (iv) insufficient number of
the network coverage. [1]2][3] reachable beacons or interference amongst densely
Localisation algorithms can be classified to rangedeployed beacons for proxityrbased localisation. These
based and range-free algorithms [4][5]. In a range basdysical effects are difficult to predict and can lead to
algorithm, nodes determine their location based offcorrect measurements which would greatly affect the
distance or angle estimations to some reference poingélal_lty of localisation in multilateration and iterative
with known coordinates. In a range free localisatiodnultilateration approaches.
algorithm, nodes determine their location without using
time, angle or power measurements, but use beacons, Br Range-Free Localisation Algorithm

connectivity information to compute their location. Range-free localisation algorithms use the information

The reminder of the paper is organised as foIIowsOf topology and connectivity for location estimation.

Section 2 discusses the state of the art work in localisatidpe"9e-free  algorithms ~ have  some  advanced
for WSNs. Section 3 describes the existing range-fregharacteristics, such as low cost, small communication
affic, no extra hardware and flexible localisation

localisation algorithm. Section 4 describes the simulatio g X e
setting. Section 5 follows with a detailed performanced€cSIon. Because of these special characteristics of

comparison of the range-free localisation algorithmd@nge-free algorithms, they were been regdras a
described. Finally we conclude in section 6. promising solution for the localisation problem in WSNs

[10].

riangulation and maximum likelihood estimation are
pical methods.

Il.  STATE OF THE ART

The Global Positioning System (GPS) [6] provides an
immediate solution to the problem of localising a node i, Centriod Localisation
outdoor scenarios. However, having GPS in all the nodes
is often not a viable solution in many scenarios due to itg0
cost, the associated energy consumption and iﬁ
inapplicability in different scenarios. Localisation

lll.  RANGE-FREEALGORITHM

Centroid localisation algorithm uses anchor beacons,
ntaining location information, to estimate node position

1]. After receiving these beacons, a node estimates its
location using the following centroid formula:



The Amorphous localisation algorithm takes a
Q) different approach from the DWop algorithm to estimate
the average distance of a single hop. This work assumes

that the density of the network  is known gpriori, so

that it can calculate HopSize offline in accordance with
sensor node and , are the coordinates of all the Klein rock and Slivester formula:

anchor nodes heard by the sensor node.

where and are the estimated coordinates of the

B. DV-Hop Localisation

DV-Hop I_ocalisation_[lZ] is prpposed by D. Nicqles_cu 3)
and B.Nath in the Navigate project. DV-hop localisation Finally, after obtaining the estimated distances to three

uses a mechanism that is similar to classical distanCé{_\nChors triangulation is used to estimaR QRGH TV
vector routing. In this work, one anchor broadcasts ‘i’ocation.,

beacon to be flooded throughout the network containing
the anchors location with a hop-count parameter initialise APIT Localisation
to one. Each receiving node maintains the minimu . )

counter value per anchor of all beacons it receives and APIT requires a heterogeneous network of sensing
ignores those beacons with higher hop-count valueslevices where a small percentage of these devices
Beacons are flooded outward with hop-count value§percentages vary depending on network and node
incremented at every intermediate hop. Through thiglensity) are equipped with high-powered transmission and
mechanism, all nodes in the network (including othefocation information obtained via anchor nodes. Using

anchors) get the shortest distance, in hops, to eveBgacons from these anchors, APIT employs an area-based
anchor. approach to perform location estimation by isolating the

. ) i environment into triangular regions between beaconing
In order to convert hop count into physical distance,QRGHY $ QRGHYJV SUHVHQFH LQVLGH

the system estimates the average distance per hop with@ihngular regions allows a node to narrow down the area
range-based techniques. Anchor performs this task QY \which it can potentially reside. By utilizing

obtaining location and hop count information for all othercompinations of anchor positions, the diameter of the

anchors inside the network. The average single hogstimated area in which a node resides can be reduced, to
distance is then estimated by anchor using the followingqide a good location estimate.

formula:

IV. SIMULATION SETTING

(2)  A. Transmission Model

In this formula, is the location of anchor |,

and is the distance, in hops, from anchor to

anchor . Once calculated, anchors propagate the
estimated HopSize information out to the nearby nodes.

Once a node can calculate the distance estimation to
more than 3 anchors in the plane, it uses triangulation
(multilateration) to estimate its location. Theoretically, if
errors exist in the distance estimation, the more anchors a
node can hear the more precise localisation will be.

C. Amorphous Localisation

The Amorphous localisation algorithm, proposed
independently from DV-Hop, uses a similar algorithm for
estimating position. First, like DV-Hop, each node obtains
the hop distance to distributed anchors through beacon
propagation.

Once anchor estimates are collected, the hop distance
estimation is obtained through local averaging. Each node
collects neighbouring nodes hop distance estimates and
computes an average of all i@ H L J K Ev&tued) Mdf of
the radio range is then deducted from this average to

compensate for error caused by low resolution.
Figure 1. DOI model



X RIM model

X Regular model

x  DOI model

x Logarithmic attenuation model

Deployment Model

x Random deployment: it distributes all nodes and
anchors randomly throughout the terrain. (e.g. C

random)

X Uniform placement: the terrain is partitioned into
grids and nodes and anchors are evenly divide
amongst these grids (e.g. Square regular)

x Deployment Error (DE): The difference between
the grid point and the actual position of the sensor
node.

X Localisation Error (LE): The average of
localisation error is the Euclidean distance
between the estimated location and actual location
divided by communication radius.

V. EVALUATION

In the simulation, 4 different kinds of range-free
localisation algorithms (DV-Hop localisation, Amorphous
localisation, APIT localisation and Centriod localisation)

re run on various topologies of networks in Matlab.
Several system-wide parameters are studied that directly
affect localisation error, connectivity and the number of

neighbour anchor. In APIT, the sensor models are not
homogeneous (grid length). The communication range of
anchors is larger than that of unknown nodes.
Communication radius represents the communication
range of the unknown node and the communication range
of the anchor node can be calculated by times*com_r.

From Fig. 3It can been seen that there are 300 sensor
nodes and 60 anchor nodes (which the position is known
before located). The red *s represent anchor nodes and the
blue Os represent the unknown nodes. The bitge
represent the localisation error. The parameter is set as
follows. The GPS error is 0. The communication model is
regular model. The communication radius of anchor is 200
m.

Figure 2. C random and Square regular deployment

C. System Parameters

X Anchor Percentage (AP): The number of anchors
divided by the total number of nodes.

x Degree of Irregularity (DOI): DOI is an indicator
of radio pattern. It is defined as the maximum
radio range variation per unit degree change in the
direction of radio propagation.

x GPS Error: In reality, GPS equipped anchor will
render imprecise readings. In this evaluation, it is
defined as the maximum possible distance from
the real anchor position to the GPS estimated
anchor position in units of node radio range.

X Communication Radius (CR): The
communication radius of anchor node is the
proportion of the communication radius of
unknown node.

(@)

(b)



(b)
(©

Figure 3. (a) Distribution of WSNs (b) Topology of WSNs(c)
Localisation error

Simulation results are shown in Fig. 4 Fig.5 and Fig.6.
In Fig.4a, DOI can affect the network topologies resulting
in irregular hop count distributions in Amorphous and
DV-hop algorithms. The HopSize formula, used in the
Amorphous algorithm, assumes that radio patterns are
perfectly circular. It can be also seen from the figure how
this inaccurate estimate directly affects to localisation
error as the DOI increases. The HopSize based algorithms
can be easily affected by the anisotropic topologies (e.g. ©
Fig. 5b C random model) or irregular transmission models o o
(e.g. Fig. 5a logarithmic attenuation model). DV-hop Figure 4. Localisation error when varying different parameters (DOI,
algorithm estimates HopSize using online information number of anchor nodes, GPS error) in regular transmission model
exchanged between anchors. The results of DV-hop areé rhe effect of number of anchor on the localisation
much better performance than Amorphous (shown in Figsqror is shown in Fig. 5d and the effect on average number
4a, Fig. 5a 5b 5c). Because the Centroid and APl neighbour nodes is shown in Fig. 6b. As expected, the
algorithms do not depend on hop-count and HopSizgigher anchors density, the lower the localisation error and
estimations, these algorithms seem to be good for bettfoher average number of neighbour nodes. The reason is
localisation when compared with HopSize base Pat when there is higher number of anchors, each
algorithm. However, they require a dense numbers Qinknown node has more anchors that has multihop

$feighbourhood and gets more location information. The

direct communication between sensor nodes and anchqgajisation algorithm is improved with less localisation
is required. Fig. 4c demonstrates how initial location erog.or ~ The effect of communication radius on the

at anchors directly affects the error of the range-freg,5jisation error is shown in Fig 4b, 6a. The effect of
localisation _stud|ed. In gen.eral, in all thg_se_ algom.mconnectivity becomes high when the communication
.GfPS error f's abat?q Icon5|dherably by utilizing locationaqiys increases. The localisation error decreases due to
Information from multiple anchors. increase in the communication radius.

(® (a) Logarithmic attenuation model



(b) C random model

(c) C regular model

(d) Square regular model

Figure 5. Localisation error when varying different kinds of model

(@)

(b)
Figure 6. Connectivity and average number of neighbour nodes when
varying parameters

VI. CONCLUSION

In this paper, we have investigated 4 kinds of range-
free localisation algorithm over different node
deployments on different transmission models. The results
show that the effect of each of the above parameters on
any localisation algorithm depends on the actual
techniques itself in terms of DOI or GPS error.

In the future, we will explore other localisation
algorithms over a variety of realistic systems and designs
protocols while considering different quantities for
accurate, low-cost, low-energy purposes in a novel hybrid
localisation algorithm in applications.
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Abstract? Present smart phones contaimigh-tech sensors to Moreover, although a considerable number of
monitor three-dimensional movemens of the device and  gestural-communication systems with smart hand-held
usersbehaviours. These sensorallow mobile devices to  devices hee been investigated since 1993 and introduced
recognize motion gestures. However, onlg few gesture sets to public spaces, many people still suffer from
have beencreated and little is known about bestpractices  communication difficulties in their daily lives. According
in motion-gesture design. Also, the created gesture se®re  tg the Communication Forum, there are 2.5 million people
generatedfrom people who do not have to use their motion jn the UK with speech, language, and communication
gesturesvery much in their daily lives, nat from people with  haads and more than 1 million children in the UK struggle
communication difficulties. To address this $sue,we usea to communicte [4]. Specifically, the largest group with
focus group that has dyslexia and other specific learning . i oo Hicabilities inthe UK is studentsn the 12
difficulties for designing the userdefined gesture set This ~ 20 age rangd9]. It has been shown thatese youn
paper presens the results ofour study that elicits the focus peopleg devel%p .emotional social and beﬁ/aviogral

roup $ gestures to invoke commands on a smaphone e . . .
gevicpe. |tg demonstrates how the gesture sets ha"i‘,”;‘ been difficulties, havelower academic achievement, ahdve

designed and finalised throughoutother researchactivites, =~ Mental issues, and these problems have &
such as observation and interviews. Finallywe suggesthat ~ Unemployment and relationship difficulties after their
our result would help people with communication Studies.Given thee facts educatingand supportinghese
impairments conveniently interact wth others in an peopleareimportant, andlesigninga specialised gesture
intuitive and socially acceptable manner. commungcation systm that they can easily leaanduse

is paramount

Keywords communication gesture user interfaces . .
mob”eyévevices g In fact, education researchers have shown that paying

attention to gestures can be a powerful tool for training
students and forming effective pedagogical responses.
growing body of research indicates that hand gestures play
. INTRODUCTION an important role in major subjects, such as art, languages,

Motion gestures play an important role in mathematics, and science. A number of studies report that
communication. So designing a set of good gestures usisgudents and teachers use gestures when they talk about
a mobile phone to educate or assist people witBcience and teach about different langugddg. Other
communication difficulties in an intuitive and socially research indicates that gesture shapes mathematical
acceptable manner is a prerequisite for the success ofcenversations in certain learning environments, often
gesture-based mobile communication system. leading to new or more accurate task understarf@ndn

dition, researchers have used spontaneous hand gestures

R DVVHVYV dblkz<oi@ing dtaeyesSitdnguage
learning and matfl1].

Gestures, the spontaneous hand or body moveme
that normally accompany fate-face conversation2],
have been applied to devices using Higth systemmsuch
as accelerometdrased motiossensing techniques in However, a set of gestures, using gestural recognition
mobile phones and camepased methoddn particulara  techniques, has not been designed yet for educational
gesturalcommunication system using mobile photes  contexts, and existing general gestures are not sufficiently
become a trend because present smart phones contaieful for students. Also, most related studies using hand-
high-tech sensors to monitor thrdémensional held motion gestures have simply determined one method
movemers of the device and usefdehaviours. Thus, without considering the communication disabilities.
people highly expect that the hightech systems i
contribute to better life interactions for gee who have
communication difficulties.However, many researchers
have studied the gesal interaction techniquedo
demonstrate how their gesture systems are mor
technically improved and unique and generally used i

To solve these problems, this paper focuses
specifically on gestures for young people with dyslexia
and other learning difficulties to easily learn and use in the
eacademic context. We specifically observed a focus group
fo find common gesture patterns in a library. Based on our

public, rather than for showing hotiie systems can be observation, motion gestures for a variety of input tasks

practically used for helping real usevith communication USing different methods, such as navigating different
difficulties [2]. hand-gesture methods and inputting text, are designed and

introduced to make their future brighter and provide



sustainable development for people with communicatiobased sensors detect finger positions and some tablet PCs
impairments  via a  specialised  gesture-basework with electromagnetic-resonance pens. Position
communication system. Trackers use ultrasound emissions and infrared light to
identify the movements that make up a gesture [17].
Changes in ultrasound waves can measure the changes in
. LITERATURE REVIEW DILQJHUYY SRVLWLRQ UHODWLYH WR D

A. Definition of Gesture After these developments, gesture recognition systems

Several definitions of gesture exist. The most commofi@ve become more practical. Systems are beginning to

use of the term is with respect to natural gestures, whidfPmPine image- and device-based techniques to gather
are defined as supports to verbal communicafdnFor more information about gestures and researchers are also

Cassel and colleague® natural gestre means the types upgrading the sensors that relay information about\Viger
of gesturesspontaneousigenerated by a persoellinga ~ movements. Thus the upgraded systems enable more
story, speaking in public, or holding a conversafish * accurate recognition. In 2003, iMatte introduced iSkia, a

Offering awider perspectivePoggi [2] defines gesture as teéchnology that enables presenters to interact with
aQ\ PRYHPHQW SHUIRUPHG E\ KD QREFCIHUaHY Sqeensy R PRI peogniion [17]

We usegestures to do things, to touch objects, people, gf/Nen presenters N buttons on a remote control,
oneself, and finally to communicate. the iSkia system recognizes the movements of their

extended hand and converts them into on-screen drawing
Under the wider-perspective definition afgesture, a or highlighting [17]. Recently, various types of gesture-

communicative gesture can be defined as when  HFRJQLWLRQ SURGXFWV VXFK DV OLF
particular form and movement of hands is used for thaith a touch-sensitive top responding to hand gestures and

goal of communicating some meaning, that is, to helpeal-world objects, g-speak, special sensor gloves for

some other person understand some belief or[tlaA  detecting spatial ha@ JHVW XUHV DQGhI@ELTTZLC
communicative gesture is thus a sigmaaning pairThe  enables gestural interaction with a screen behind glass
signal is a particular form and movement of the hands ahrough optical motion detection, have been released in
arms;the meaning is a belief mentaligpresented either the market place [3, 7, 9]. However, these applications

as a mental image or in a propositional format; Hrel rely on expensive custom hardware and are not mobile.

signal and the meaning are linked to each other in the

minds of some peopléL1]. Therefore, research in the field of mobile computing

has also investigated the usage of acceleration sensors to
Hands can do three kinds of things: rest, withoutletect manual gestures. One of the favoured uses is the
doing anything; move to do some noncommunicativanteraction with connected real world objects such as
action; or, communicate. Thus we can distinguish: distant displays through a gesture-aware mobile phone.
Another possibility for detecting a phone gesture is to
analyze the buitt Q FDPHUDYV YLGHReVWUHD|
enhancements in mobile hardware, more complex
computer vision algorithms can be realized on smart
How to assess whether a gesture is either phones leading to handheld augmented reality applications.
communicative or an action gestutethat is, if it is ruled - ,
by the goal of communicating or simply by the goal ofC: EXisting Smart Hand-Held Devices
doing an instrumental actio# is an empirical issue, A different set of gesture methods have been
which has to be assessed case by case on the basigngfoduced with smart hand-held devices.
context of use.

1) Resting positions
2) Action gestures
3) Communicative gestures.

1) Designing DoubleFlip According to Ruiz and Li

B. Previous Work in Gestural Recognition Systems [13], DoubleFlip is a unique motion gesture that acts as a

Gesture recognition is a wide field of different delimiter for other motion gestures, and hence, separates
interaction techniques and devices that have the commarrmal mobileSKRQH PRWLRQ IURP D XVHU(fV
goal of interpreting human bodily motions into computerin addition, the gesture gives users the control to aetivat
input for interaction [3]. For effective gesture-based motion gestures without any hardware modifications to
communications, the key issue is how gestural inpuéxisting devices. The gesture is quick to perform. Since
g%"'cenia'gter%estea;g‘ﬁre?tselyhz \S/:”ees‘xc’flg?é’é'Orlf]gomeﬁﬁrrg(e gesture can be carried out with the simple rotation of
rec,ognitiox techniques using diversepdevices andgsensorse wrist and no movement in the arm, the gesture requires
over the past 20 years. Nno more physical spacea holding the phone for normal

Gesture systems were introduced in 1987 when IovéJ sel13l

es - . .

based user ir):terfaces FDOOHG 3'DWD*O RgY HY Mygr.fih@rﬁj E@ﬁﬁ%],_pésertthat he ability to
for interaction with wearable computers [16]. They werediStinguish the leFlip gesture from normal motion
equipped with a number of sensors which providé'€@tes many possibilities for motigesture based
information about hand position, orientation, and flex ofNtéraction. It allows the user to activate and deaetizat
the fingers. The glove measures each joint bend to d‘ygt!on gesture mode by simple flipping, and enlarges the
accuracy of 5 to 10 degrees [16]. Another gesture systef{fSI9n Space of motion gestures by not requiring gestures
was the Styli interface with display technologies to record0 € different from ambient motion. The gesture scenario
and interpret gestures like the writing of text [17]. Finger/S that when another person asks you a simple question,



you can simply answer. For example, "Do you likefine motor skills or detailed visual attention [12]. For
apples?” The answer can be expressed by sig¥ies:  mopile devices, Hudson, Harrison, and LaMarca [18] state
Double flip toward the right, No: Double flip toward the {nat this could eD EOH L QWHUDFWLRQ ZLWKRX
left. grasping or even glancing at the device. Thus, common

2) Shoogle on Mobile Phoneshoogle is a novel, interactions could be carried out in an extremely
intuitive interface for sensing datauch as the presence lightweight fashion without disrupting other activities.

and progrties of text messages or remaining resources The gestures are designed by a small vocabulary of
within a mobile device[15]. It is based around active gestures intended to interact with a small mobile device
exploration: Devices are shaken, revealing the contentgorn at the waist in a holder attached to a belt. Other
ratting around LQVLGH ~ ,Q  VWMIlkmaowy X ®rcations, such as in the pocket or in the bag or purse, are
Murray-Smith, and Hugh$15], a version oShoogle has also possible, and would likely only marginally affect the

aso been implemented ni standard mobikphone quality of the accelerometer-driven data we use for gesture
hardware (Nokia 6660 and othenodern series 60 écognition [12]. Gestures are performed by firmly

phones). Ituses the custofuilt Bluetooth SHAKE striking the device with an open palm or heel of the hand

(Sensing Hardware Accessory for Kinesthetic Ex ression{T oved towards the waist an action referred to simply as
Sing ry I . P whack [8]. One of its gesture scenarios is that a person
Inertial sensor pack for sensing. Mobildopes that

’ ) moves around his or her waist if the signal from a mobile
already incorporate accelerometers would require NBhone on the waist is right.

additional hardwargl, 4, 6, B].

Communications are over a Bluetooth serial por
profile. SHAKE includes a powerful DSP engine,

All these systems are useful and have unique
Eechnologies. These methods have also been proven with

allowing a real-time linear-phase sample-rate conversior?' L YH U V_H H[SHULPHQWYV . IRU H[SUHVVL
[15]. The SHAKE sensor allows realistic inertial sensing'Nteracting with others. However, there is a drawback to
prototypes to be rapidly implemented on mobile phonegach system when it is used individually as it is only
with plausible form factors and all of the accumulated dat@eneficial toa limited group of people. For example,

a real phone carriegl]. Its gesture scenario allows the DoubleFlip and Shoogle cannot be used for people with
user to reach into his or heady and shakthe phone mobile impairments, and MagiWrite is not useful for the
gently, without removing or looking at it. The contents ofplind because the blind cannot check whether or not a
WKH 606 LQER[ DUH WUDQVIRYE P Hghilk Bh¥hEredoltisBs kil & heryEs\iNe Bigns properly.
EDOOV = $V WKH XVH lunpedsDarerHhdarlv KH SKRQH

and felt as these balls bounce around. Hearing that one of

them & distinctly metallic, and hasdeep, heavy feeling Ill.  METHOD

impact, the user realises that a long text message from a .
colleague has been received. A. Research with Focus Group

This research was conducted at Brunel University,
ndon, UK and took place in the University library,
where students often use gestures to have quiet
conversations. To set user-defined gesturesspecified

3) MagiWrite The basic idea is to draw gestures, |
similar to characters (in terms of shape) in tHe 8pace
around tle device[10]. The characteshaped gestures are

made using a properly shaped magnet taken in han ; e
; ) } ne group whose members are dyslexic and have specific
Some mobile devices such as iPhone 3GS and Gooqgarning difficulties, such as problems with hearing,

Android are equipped with a magnetic sensor, which i . . " .
originally used for navigation purposis. §peak|ng, reading, arwbgnitive functions (see Table I).

Movement of a magnet in a shape similar to a certain TABLE I. DISABILITY CATEGORIES IN BRUNEL UNIVERSTY

character can change the temporal pattern of the magne ir‘Disabimy
field around the device, and can be sensed and registerpttategories
using the internally embedded magnetic sensor [10]. The L'J”nflfelgﬁ'y Listening | Speaking | Seeing | On% | PBoth | Cognitive
idea is partly inspired by the Around Device Interaction Sensory

(ADI) framework, which proposes using space around the impairments
device for interaction with the device [21]. ADI Unseen
techniques are based on using different sensory inpujsDisabilties
such as a camera, infrared distance sensors, a touch screqrtjﬁgﬁmms
at the back of device, a proximity sensor, and electric fieltl bysiexia and
sensing [20]. The gesture scenario is when a person writgs Other
"2" around a mobile device, the device recognises the ;Zfﬁ.'fr'fg
number movement, and the number shows up in thg dificulties

mobile screen. Mental
Health

4) Whack GesturesThis method seeks to provide a Disability and Dyslexia Service, Brunel University.
simple means to interact with devices with minimal The group of students include threhird-year
attention from the usetin particular, without the use of undergraduate student¥ two females and one male

Main Problems




Lynn (female) and Tanvi (female) are psychologysomeone or something, unlike with the existing devices
students, and Josef (malejisports-science student. This Which only used a single-gesture system, diverse system-
group was selected for analysis with the goal of havin estures for each listed action were considered in this
diversity in the study in terms of both academic>tudy- For example, the first step in the taskpen,
background gestures and gender gestures. could have different gesture sets whe’n using a mobile
phone, such as touching an icorfi@pen "button on the

OEVHUYDWLRQ RI \Wpedhl BRd-covima) RNOBE] 6r moving two hands toward the outside while
actions was conducted in the Brunel University libraryholding a mobile phone, or inputting texOpen, “or
over four weeks for a total of twenty hours. We trackedirawing the initial word %~ around the device to
their common gesture actions while they were doing eactecognisdt asthe &pen ‘command.

task in the library. After designing the set of motion gestures for the

B. Selection of &k given task set, in order to reaffirm our selected gestures,
From the observation, main tasks finding a book, e @sked the focus group to perform each gesture 10

printing, and reading a book are often done by students times on cue and then ratachgesture using numbering

in the library. While conducting those tasks, the focud’om the minimum 1 to the maximum 5 on following

group showed common actions. The focus grouﬁ”te”a; ease of use, frequency of use, and fit for its

performed actions for each of the tasks indicated ineTabfntended use.

I. Furthermore, an interview session was conducted to

evaluate the usefulness of the determined gestures. The

TABLE Il MAIN TASKS IN THE LIBRARY focus group was asked how often each person would use
Main At the motion gesture if the gesture existed and if they had
Tasks ctions suggestions for other gestures that would be more
1) Open library search engine beneficial.
2) Type the name oé book or authorin the new searc IV. RESULTS
engine ] .
Finding - . The data collected during our study included
3) Confirm if input data is correct . . . .
a book observation records with pictures and video, a set of
4) Deleteprevious text when the inpusth is incorrect gestures based on the given FaSk "finding a bdokm
: the observation, subjective ratings of the set of gestures,
5) Close the search engine and focus-group suggestionsthe interviews.
1) Turn on computer From the dataye finalised for each given task the
_ fine gesture set that had the highest total scores.
2) Openafile
— - A. Designing Set of Gestures Based on the Given Task
3) Set up printing options . .
To be propdy defined user gestures, all potential
4) Click OK " button gestures were classified with each step of actions in the
Printing : given task. The potential gesture sets for each step ar
5) Go to printer designed and listed in Tablie.
6) Tapstudent cards on the swipard device B. Subjective Ratings of the Designed Gesture Set
7) Selecfiles thathavealreadybeenloaded After we desiged gestures for a particular task, the
focus group rated the fit and ease of use, and how often
8) Push the buttor®Print” they would use the gesture assuming it existed. The rating
results are also in Tablg.
1) Take a book from a shelf
Reading 2) Put the book on a desk TABLE IIl. POTENTIALGESTURESETSAND EVALUATION
a book 3) Sit down in a chair Main Act Potential Evaluation
Tasks ctions Gesture Sets rit | Ease | Freq Total
f use | uency
4) Read the book 0
XTouchaniconic
Open’buttonon 4 4 4 12
Of the main tasks, one task, finding a book &ia the phone
library search engine, was selected to design a set| of xMove two hans
2 . . towardthe outside
gestures that fits an academic context. This task was the while holding a 3 | 3] 2 8
most performed task in the library, and the focus grolip mobile phone

in i d yjoding 1) Open library
and general students expressed via interviews that theffns |0 >po enging | 1QSXW wHI 2 | 2 | 2 .
want to use simple and efficient gestures for the task.

xDrawthe initial

C. Procedure ZRUG R° D 3 | 3 | 4 10
. . . . . the device
At the beginning of designing a set of gestures, diverse
gesture recognition aa ubiquitous input for the mobile xsnap the phone to| , | & | , 13

phone was selected. To effectively communicate with the right once




] ) Evaluation sometimes because it may conflict with signs of numbers,
Main Actions Potential like t . th h =N b 1 d twi _
Tasks Gesture Sets Fit Ease | Freq Total IKE tapping € phone once = umber an wice =
of use| uency Number 2.
Anput the first and . . i i
) Typethe | potwordsofthe | 3 1 2 | 1 7 When the input data is incorrect, another action
name ofabook gesture is created for deleting the previous text. The focus
g;jvuslzgfr'gh‘he Touch the initial group chose the gesturdVipe the hand out to the right
i word of the full 4 | 4| s 1 on the mobile screeri and thought this gesture was
engine name in order . . . A .
similar to the usual behaviour for erasaghiteboard in
Make a thumb up a classroom. So, the gesture was easy to remember and
for 3es’sign and pen‘orm.
down for No “sign 5 4 5 14
mobie phone After finishing all the actions for the task, th
3) Confirm it |_mobile phone er finishing all the actions for the task, the users
inputdaais | Xapthe phone onc neead to close the search engine. The focus group
correct for Yeslandtwicey 3| 5 | 4 | 12 wantd to use the gesture that contrasted with the open
oraw O around action for the library search engine for easier memory and
the phone for¥es”| 3 | 3 | 3 9 performance. Thus, the gesture for closing the search
and X “for No . . .
e engine was to snap the mobile phone to the left twice.
ipe their hand ou
4) Delete to ttrﬁ right on the 5 4 4 13
mobDile screen
previous text | Shake the onons TABLE IV.  FINAL GESTURESFOREACHACTION
Whenthe input| from the lefttothe| 3 4 3 10 Main
data is Jouonce Tasks Actions Final Gestures
incorrect Delete”buttonon 5 4 3 12
the phone
»Snap the mobe
h 4 5 4 13
Rmi(():ge to the left l) Open
Move o0 hand library Snap the phone
5)Close the | towandthoinaide | 3 | 3 | 2 8 search to the right once
search engine engine
Xouchaniconic
Close”buttonon 4 4 4 12
the phone
C. Finalised a User-Defined Gesture Set ﬁ;Tmlpgf;he
After rating each gesture set from the focus group, book or Touch the initial
final preferred-gesture sets for the given task were authorin word O_fthedfu"
suggested. From the final gesture set in Tablewe can tsheea:‘cehw name in oraer
see gesture that is a result of input from the focus-group. engine
The gesture for the frsDFWLRQ 32SHQ OLEUD|U\ VHDUFK
HQJLQH " LV WR VQDS WKH SKRQH WR WKH ULJKW RQFH :KHQ WKH
focus group tried to find a book via an online libran
: . . . Make a thumb
search engine in the library, it was really hard for them to 3 Confirm | UP for es”
find the menu on the library website due to their readinNGinging | i input data | S19n.and down
problems. So, by making the mobile recognise a sngabook | is correct f"{h’\r‘]olds.'gn
. : Wi olding a
motion, they can command the action. mobile phone
The gesture for the second actiGiiype the name of
the book or author in the new search enginas to touch
the initial word of the full name in order. The focus group
. 4) Delete
members did not want to type all the letters of each word . .
. . previous Wipe thehand
and cpuld not re_a(_j.the whole lists of books. So, by simply text when | out to the right
touching each initial letter of the names of books ar the input on the mobile
authors, they expect to minimize their time to find a bogk data is screen
and not display their disabilities in public. incorrect
The gesture for the third actiorfConfirm if input
data is correct’is to make a thumb up fofves” and
down for No " while holding a mobile phone. Although
there are many ways to expred¢ées” or No~ signs,
such as tapping the phone once figles” and twice for 5) Close the| Snap the mobile
No “and drawing® " around the phone fotYes” and search phone to the left
X~ for No, ~ the focus group preferred the ease aof ergine twice
movement of simply using their thumbs to move up and
down. Additionally, they said tapping the phone once or
twice to express the signs would make them confused




V. FURTHER WORK

A limitation of our study is that the user-defined

(6]

gestures were not tested with a specific mobile
application. A part of the gesture set that was already)
defined could be improved becauseaciual test results.

In future, we would develop a mobile application system

to generate the gestures and test how the gesture set is

properly working for the focus group.

In addition, our focus group was from one university.
It is quite possible that gestures are influenced by cultur
Thus, we will keep exploring the possible use of online

(8]

T

tools that other university students with similar problems
can revise, and we will expand the user-defined gesture
set as the tasks that users wish to accomplish on enobif10]
devices change. Moreover, there would be a test for
general users on how the user-defined gestures could be
used to address real-life communication.

VI. CONCLUSION

In this paperwe described the results apreliminary

[11]

[12]

study of motion gestures through a specific focus group,
students with dyslexia and other specific learning
difficulties in an academic contextWe showed how a
detaikd subset of gestures has been designed wit
particular user agreement and evaluation. As a resalt of
finalized gesture setye presergd design heuristics that
inform motion-gesture design for mobile interaction.[14)
Finally, we highlighted the significance of gesture design
based ora particular user group and gesture structures for
an effective gestural interaction.

(1]

(2]

(3]

(4]

(5]
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Abstract— The effect of depth of cut on multi-pass Since then, the use of the simulation method has extended
nanometric machining of copper workpiece with diamond from Physics to Materials Science and now to
tool was studied using the Molecular Dynamics (MD) Mechanical Engineering. Rentsch and Inasaki [4]
simulation. The copper-copper interactions were modelled ,oqelled a copper workpiece and a diamond tool using
by the EAM potential and the copper-diamond interactions the Lennard-Jones potential for the copper atom

were modelled by the Morse potential. The diamond tool . . .
was modelled as a deformable body and the Tersoff interactions. They observed a build-up phenomenon after

potential was applied for the carbon-carbon interactions. It 25000 time steps, while keeping the tool rigid.
was observed that the average tangential and normal quandurl et al [5] used copperlwqupleg‘e and an
components of the cutting forces increase with increase in infinitely hard tungsten tool for their simulation. They
depth of cut and they reduced in consecutive cutting passes used Morse potentials and a cutting speed of 500m/s.
for each depth of cut. Also, the ratio of the tangential to Many existing MD simulation studies on nanometric
normal force components decreases as the depth of cut gytting have been limited to single pass or simple line-
increases, but remains fairly constant after 1.5nm depth of type groove. As an extension of the single pass studies
cut. The ratio of the cutting force to area decreases with Zhang et al [6] modelled folder- line grooves for AFM- ’
increase in the depth of cut and remains constant after 9 . : .
based nanometric cutting process of copper workpiece
2.5nm depth of cut. - . .
with diamond tool. They used the EAM potential for the

Keywords- Multi-Pass; Depth of Cut, Molecular COpper-copper interactions and the Morse potential for

Dynamics; Nanometric Machining, Cutting Forces the copper-diamond interactions. They treated the
diamond tool as rigid and concluded that the normal,
. INTRODUCTION lateral and the resultant forces were almost symmetric

with respect to the critical folder angle of ¢%hi et al

é?] investigated the multi-groove simulation of single-
oint tuning of copper workpiece with diamond tool.

hey used two diamond tools, offset by a fixed distance

Current material removal technological requirement
in the aerospace, automobile, medical and ener
industries are at the nanoscale, with stringent form and

> X . . 10 simulate a two-groove cutting and modelled the
surface finish accuracy. At this length scale, maCh'n'n%opper-copper and the copper-diamond interactions by
5\/2?2 Oirgfg?n'tg:(f(z\crga\?\;ilghao?trgr?lclzgrrp[g?nds rae?é?,\r; ;{t;gglgrjsing the Morse potential. They also treated the tool as a
P ’ o e rigid body and observed that the tool forces increase with
layers of atoms. At present, it is very difficult to observe

. - . . . increase in feed rate and depth of cut. In practice, most
the diverse microscopic physical phenomena occurrin

through experiments at the nanoscale [1]. The interface @ achining processes involve the use of multiple passes to
roug P L Create new surface patterns and the diamond tool is
this nanometre level may not be considered as

. : eformable and subjected to wear. This study clearly
continuous media or homogeneous as assumed

continuum mechanics, so the analysis should be based %ﬁows the consecutive passes of cut, which is novel in
' Y multi-pass nanometric machining MD simulations. Also,

discrete atoms, whose interactions are governed tme effect of the variation of depth of cut on the
appropriate interatomic potentials. The use of Molecular P

; . . . “Simulation of multi-pass cutting was investigated to
Dynamics (MD) S|mulgt|on has prqvgd to be an eﬁecnvemodel the surface pcreation ing single point gdiamond
tool for the investigation of machining processes at th? min

nanometre scale. The method gives higher resolution ofning.

the cutting process than what is possible by continuum

mechanics on that length scale [2]. II.  THE MD METHODOLOGY

The MD method was initiated in the late 1950s at

Lawrence Radiation Laboratory in the US by Alder andmc;l;]hoir :gﬂﬁ{geégc e(;u&/lgrgk i;zdgL dcgnds’i::r?ongfto;
Wainwright in the study of statistical mechanics [3]. y PP P '



The model configuration has a total of 54232 atoms ag/here m is the mass of the ith atonw, is the resultant
shown in Fig. 1. The workpiece is made up of 43240

copper atoms, with the face-centred cubic (FCC) lattice/elocity of the ith atom, Nis the number of the
It includes 3 kinds of atoms namely, boundary atomsthermostat atomsJ, is the temperature of the ith atom
Newtonian atoms and thermostat atoms (See Fig. 1). The . .
cutting tool has 10992 carbon atoms With(diamor?d I;tticémd Kg is the Boltzmann constant (1.3806504 K10K7)
structure. Fig. 2a shows a diagram of the machined

grooves with passes 1 - 3 and Fig. 2b shows the tool tiyhenever the temperature of the thermostat atoms
dimensions, with the upper part as variable, whictexceeds the preset bulk temperature of 293K, their

depends on the depth of cut considered. velocities are scaled by using Eq. 2 [10, 11];
|
Vi,new Vi desired (2)
Tcurrent
WhereV, ., is the newly scaled velocity of atom i,

V,is the velocity of atom i,T . iS the current

temperature that is calculated from the KE and the

Tdesired is the desired temperature.

The simulation conditions applied in this study are the
fpllowing, viz; bulk temperature is 293K, the cutting
irection is along the x-axis, the cutting speed is 150m/s,
he feed is 1.5nm, the time step is 0.3fs and the
simulation run is 150000 steps. The depths of cut used
Pass 1\ Pass 2 Pass 3 are 0.5nm, 1.0nm, 1.5nm, 2nm, 2.5nm and 3 nm. The

Y

Figure 1: The MD Simulation Model

The end of the cutting tool is trapezoidal shape
(fairly pointed, with a blunt end). For the workpiece, thet
boundary atoms are kept fixed to reduce edge effects.

\ LAMMPS parallel MD software [12] was used for the
x Ir'g simulations, on the University of Huddersfield's High
Denth of Cut Performance Computer (HPC) clusters, with a total of
v P 144 processing cores (36 nodes) and a RAM @&B3
(800Mhz)per node. The MD software utilized 2 nodes and
4 processors for each simulation. The VMD software [13]
was used for the visualization of the results.

€) Feed

Variable Ill.  THE MODELLING PARAMETERS FOR THE

y SIMULATION
10.73angs

It has been previously established that the EAM potential
> <« is very suitable for the Cu-Cu interactions [14], [15] and
for the Cu-C interactions; the Morse potential is a good
choice [16].

2.65angs
(b) |
Figure 2a: Cross Section of the Machined Grooves with
Passes 1-3 (direction of cut is perpendicular to the paperA. Embedded-Atom Method Potential (EAM) (Eqg. 3)

face) 2b: Tool Tip Dimensions [17] (For the Cu-Cu interactions)

The Newtonian atoms obey the Newton’s equation of 1

motion. The thermostat atoms conduct the heat generate®,, ! G () = 'V, (r;) )
X . . ; . I LA 2 N

during the cutting process out of the cutting region. This i i

is achieved by the velocity scaling of the thermostat

atoms, (with the conversion between the kinetic energwhere E,.is the total embedding energyl/, is the

(KE) and temperature via Eq. 1 [8, 9]); total electron density at atom i due to the rest of the atoms

in the system@G, is the embedding energy for placing an

1 3
1 = =
12 ”ﬂ\{? 2 NkBTi (1) atom into the electron densit\/ilj is the short range pair

interaction representing the core-core repulsignis the
separation of atoms i and j.



B. Morse PotentiglEq. 4) [18] (F, |:y’ F -

(For the Cu-C int tions) , . are the tangential, lateral and normal
or the Cu-C interactions

components of the cutting forces respectively (eV/Angs =
1.602x10 N)).

It should be noted that, generally, the interatomic
potential parameters used for MD simulations are verified

Where Vij is the pair potential, iy and r, are by ascertaining good agreement between their predicted

instantaneous and equilibrium distances between (:itomélalueS of the material properties and experimental data.
andj respectively, L and D are constants determined on IV. SIMULATION RESULTS
the basis of the physical properties of the material.

The parameters used in the simulations are below, [19];

D 0088V ,D 017(wm)*,r 022nm

V, Dfexp[ 20, r)] 2exp[ Br; r} (4

The cut-off distance chosen was 6.4 Angstroms (that is,
the interactions between atoms separated by more than
this distance are neglected).

B. Tersoff Potential (Eq. 5) [20]
(For the C-C interactions)

1
g 211 vy 5
= .IE' 21, IizjVIJ ©
and, Figure 3: Simulation of Depth of Cut 0.5nm — Pass 3
Vi ()l fr () by fa(r)]
where
fo€) Aexp( @),
fa€) Bexp( ),
4 r R D
°1 1 . aSs o
f =sin-(r R/ D,R D r R D,
c(r) ) 25|n§2( R ,
9 r!'R D
b, @ EJN)Y™,
I : fe G )9 ( ijz-)eXp@(rij )’ ,@
k(D) Figure 4: Simulation of Depth of Cut 1.5nm — Pass 3
p’ p’°
1 —
L7 F 6 s @

a. (1 le) 1/2n ,

ij
K : fe € )expﬁrij N @
EB)
Where E, E; are the energies of interacting aton\4; is

the pair potential, R and D are cut-off parameters;

AB, ., QQODEN p,qh are fiting parameters
of the Tersoff potential.

The simulation parameters used for carbon, are given as
[20, 21, 22];
A(eV) = 13936uL0°; B(eV) = 3467 ul0?;
Qnm ') =34.879; Q(nm l) =22.119; L= 0.0;
£=15724107; n = 7275110 *; p = 38049110";
q=4.384;h= 57058u0*; _ _ ,
Qnm 1) = 22.119; R (nm) = 0.18; D(nm) = 0.02. Figure 5: Simulation of Depth of Cut 3nm — Pass 1



Cutting Forces for Depth of Cut3nm - Pass2
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Figure 9: Cutting Forces for Depth of Cut 3nm — Pass 2

Figure 6: Simulation of Depth of Cut 3nm — Pass 2 Cutting Forces for Depth of Cut 3nm - Pass3
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Figure 10: Cutting Forces for Depth of Cut 3nm — Pass 3

Tangential Cutting Force Components for Passes 1-3
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Figure 7: Simulation of Depth of Cut 3nm — Pass 3 —wl
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Figure 8: Cutting Forces for Depth of Cut 3nm — Pass 1Figs. 3 and 4 show the simulations after the third pass for
the depth of cut of 0.5nm and 1.5nm respectively. From
the figures, it can be observed that the amount of atoms
removed increases as the depth of cut increases, which is
logical, because as the depth increases, there is more
volume of material atoms to be removed.



and 3. Also, the values for passes 2 and 3 are quite close.
This is because the cutting cross sectional area for passes
15 2 and 3 are similar. The variation of &5 considerably
smaller than both J~Fand E and it should be zero
theoretically. The small variation is due to the atomic

Lateral Cutting Force Components for Passes 1-3

3 51 vibration during the cutting process. For pass ,l,sF

g = —e—Fy_Passl positive and becomes negative for passes 2 and 3 after the
g 0 L T T T T —=—Fy_Pass2

2 5 10 15 20 25 30 3 Fy_Pass3 depth of cut of 1.5nm.

% 10 Stress Evaluation (Fx/A) for Passes 1-3

1.8E+11

Depth of Cut (Angs) 1.6E+11 4 A
1.4E+11

Figure 12: Variation of Fin Passes 1-3 with Depth of
Cut
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Fz_Pass3
The change from positive to negative is because for
passes 2 and 3, the structure of the workpiece to be cut
becomes asymmetrical and skewed to the right. Fig. 14
shows the ratio J#f,, which is a measure of friction for
the different passes. It can be seen that this ratio is fairly
Figure 13: Variation of Fin Passes 1-3 with Depth of ~ constant after the depth of cut of 1.5nm, which might be

Cut due to the tool geometry. Fig. 15 shows the stress
variation with depth of cut for the three passes. It can be
observed that as the depth of cut increases, the stress
values decrease and it is higher for passes 2 and 3. The
10 stress values are in the range from 160GPa to 20GPa. The
values remain constant at around 20 GPa for all passes
for higher depth of cut — from 2.5nm. This is due to the
\ tool geometry, which becomes similar for higher depths
——FxFz_Passl

Normal Cutting Forces (eV/A)
n .
S

-60

Depth of Cut (Angs)

Ratio of Tangential to Normal Force Components

e of cut. The highest stress values are for depth of cut of

Pz Pass3 0.5nm during passes 2 and 3. It shows that the cutting

\xv/_. resistance of the copper material is highest at very small
depth cuts.

0 5 10 15 20 25 30 35 VI
Depth of Cut (Angs)

Fx/Fz

o B, M w A O ® N ® ©

CONCLUSION

Figure 14: Variation of #fF, in Passes 1-3 with Depth of The simulation of multi-pass nanometric machining has
Cut been conducted by using the MD method, and the effect
of varying the depth of cut has been investigated. Some
Figs. 5-7 show the simulation of the three consecutivémportant results are hereby outlined. The magnitude of
passes for the depth of cut of 3nm and Figs. 8-10 shothe tangential and the normal components of the cutting
the associated cutting forces respectively. The averaderces increase with the increase in the depth of cut. The
tangential and the normal cutting force componentsatios of the tangential to normal force components
decrease with the consecutive passes. Figs. 11-13 shdecrease as the depth of cut increases, but remain fairly
the variation of the cutting force components, B and  constant for each of the passes after 1.5nm depth of cut,
F,) with depth of cut, for passes 1-3. It can be seen thaiith values in the range of 1.1-2.3. Stress values decrease
for the different passes, both, Fand E increase in with increase in the depth of cut and remain constant for
magnitude with increase in the depth of cut. The averagsigh depth of cut.
values of k and E are larger in pass 1 than in passes 2
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connections araon verbal BSL is not a fasand efficient
way fordeaf peopléo communicate witthe NHL

Abstract?2in order to efficiently communicate with
non-hearing-impaired (NHI) in particular locations in
real-time, deaf people need a more intelligenand easyto
use tool beyond their sign language In this paper, we
propose a new communication tool, combining British sign
language with gesturebased mobile communication

We also found that, in general, writing on paper is
extensively used within face to face communication
between deaf and the NHI. 5 sheets of A4 paper need to

technology. It can quickly tra nslate sign language into text
with one mobile phone,through organized vocabularies in
context of different particular locations and integrated
touch screen with gesturegecognition technology. Itcan also
simplify the process of deafo-NHI communication, shows
meanings quickly and clearly and gets responses
immediately. It bridges the gap in communication between

be consumed in 20 minutes. The consumption of paper is
large for deaf people and unsustainable for the world.
Handwriting needs to be considered as a crucial factor to
an efficient conversation. Therefore, there is an urgent
need to develop an easy communication tool for deaf to
have a conversation with the NHI.

On the other hand, nowadays, gesture recognition

deaf and the NHI. In order to reach this goal, we have
designed a set of mobile motion gesture for testing our ideas
and further development.

applications on a mobile phone are ready to be explored.

Nokia has launcheé mobile phone for the deaf [6];
ILQWHQGRTV :LL DOORZVenguddedhV WR E't
video games with gesture recognition techniques [7]; flip,

tilt, tap, snap, and shake mobile phones can easily be
recognized by mobile phones and translated to different

. INTRODUCTION meanings in different particular situations [8-13].

In the UK there are around 9 million people who are Mobile phones as the most pervasive wearable
deaf or hard of hearing, which means 1 in 7 of the P P

obulation is deaf. And about 3 in everv 1000 children EMgomputers contain various sensors, such as accelerometers
Eo?n deaf [1] ' Y and microphones, as well as actuators in the form of

vibro-tactile feedback. To ensure a fast adoption rate of
Loss of hearing can cause people to become isolatggsture recognition as a ubiquitous input mechanism,
and lonely, having a tremendous affect on both their socié&chnologies already available in mobile phones should be
and working life. Society and the government all pawtilized. Features like accelerometer sensing and
attention to deaf peopl€or example, specific jobs, social vibro-tactile feedback are readily available in high-end
ZRUN D QRoyalrNMakional Institute for Deaf Pe@pH ~ mobile phones, and this should filter through to most
all offer help for deaf people to ease thealation [2]. In  mobile phones in the future.
this research, as figure 1 shows, the research focus is on

the communication problems of deaf people rather than Now?da%s, ]Ehere ;S no f?_x[stlnlg telecommumcan_or?
their social, work and health problems. System for deaf people to efficiently communicate wit

the NHI in common locations such as restaurants and
There are several tools for deaf people to communicatffee shops. Conversation with paper appears to be
with. One of them is British §h Language (BSL). In the boring and less interactive. Even with a mobile, current
UK, there are 50,000-70,000 people who prefer to ustext input method, letters one by one, is quite slow. There
British Sign Language toommunicate. Sign Language is is a need to design mobile motion gesture to translate the
a visual means of communicatiarsing gestures, facial gestures into letters or words, even sentences, making it
expression and body language, which is used mainly bgasier and quicker to achieve a faster, more natural and
people who are deaf or have hearing impairments. Thieteractive conversation.
BSL was recognized by the UK government as an official
minority language in 2003his has led to an increased
awareness of the language which now has a similar stat

Keywords- British sign languagemobile sign language
deaf peoplemotion gesture; inclusive design.

Our research aims to integrate BSL and gesture based
[]pbile phone interaction into a fast gesture-based mobile

to that of other minority national languages such as Gaell ommunication system for deaf people with one mobile

and Welsh [3]. Hoemann and Courtman-Davies [4, 5] sail] '°"€: To achieve a fast and clear way of communication,

learning sign language is also important for the NHI td. 'S designed to directly translate gestures into whole
communicate with deaf people meaningful sentences related to particular common

location (context) rather than words or letters. We used
interview and observation methods as primary research to
obtain and organize particular common location

vocabularies, and the literature review as secondary

However,due to unfamiliaty with BSL, the NHIcan
hardly understand what degfeople meanFrom our
primary researchwe found thatnearly 80% of deaf



research to combine British Sign Language with mobileccessible way of gaining a sign language translation of an

gesture recognition technology. The research frameworknglish word. If therefore, someone is having difficuity

is shown in Figure 1, clearly demonstrating the relatednderstanding something in English in a particular

technology, research methods and design process. situation, then the word in hand, can be entered into the
dictionary and the sign language equivalent can be
accessed. It is extremely easy to access sign language
signs using this method. The individual needing the sign
should set their mobile phone address page to
www.mobilesign.org. Once this has been done, then an
A-Z list of British Signs will come up on the display of
the mobile. The individual using the service, will then be
able to select the word which they wish to be translated
into sign language and the respective sign will be
displayed [14].

In 2010, Mobile sign language was being developed at
the University of Washington. So far, hearing-challenged
consumers have used video chat on PCs. For mobile
phones, they have to sent text messages. But that can be
limiting because it does not convey emotions, voice
inflections or body language. The iPhone 4, HTC Evo and
6 DPV XQ kWG gldne have front-facing cameras for
video conferencing. But video chat on these devices can
be too much of a bandwidth hog. Researchers at the
University of Washington in Seattle are building the first
mobile devices to effectively transmit American Sign
Language via compressed video over a 3G cellular
network. The aim is to provide real-time video cellular
communication for deaf people. The problem they are
trying to solve is to optimize the compressed video for
sign language so that it can be transmitted on a 3G
network, instead of requiring faster 4G network speeds.

Figure 1 Framework By increasing image quality around the face and hands,
they have brought the data rate down to 30 kilobytes per
[l.  RELATED WORK second. Mobile ASL also uses motion detection to identify

ether a person is signing or not so it can help extend the
KRQHTV EDWWidebusO[L3H GXULQJ Y

. Recently, the Reach 112 project aims to open up
A. Design for deaf people telecommunications to all people. In the UK, deaf users
Nowadays, design for deaf people based on sigare able to reach 999 services directly through tiewi-

language and mobile phone is developing. text call (from January 2011) [16].

In 1999, Nokia started to design mobile for deaf B. Mobile gesutre recognition techno|ogy
people. The Royal National Institute for the Deaf (RNID) Gesture recogniton is an ideal example of

has joined forces with Nokia to bring a more portable texFnultidisciplinary research. There are different tools for

phone to the deaf. The partnership was working to adaBEsture recoaniti :
. X gnition, based on the approaches ranging from
the Nokia 9110 Communicator to handie a Talk-TYp&iasigtical modeling, computer vision and pattern

service. Telephones for the deaf may initially sound like

Related research is concerned with gesture-base
mobile recognition technology and the design for deaf.

combinatio