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The Current Design of Esperantoand the Evaluation
of its Interpretation in Slovenian

GregaJakuSago Tomagi |
Faculty of Eledtical Engineering, University of Ljubljana, Slovenia

Abstractd The present paper describes the current design-sgeanto, a formal language for
recording multilingual documents on the Web. The messagespeEanto can be represented with a
semantic netork which consists of concepts, the relations between concepts and concept attributes. The
concrete syntax of Bperanto is based on XML (eXtensible Markup Language), enabling a simple
addition of multilingual documents recorded insperanto into web pag. When a user visits such
multilingual web page, the interpreter interprets the content-g8pefanto into a preferred natural
language. In this way, the user can read multilingual web documents in any chosen language, provided
that the language is supped by the interpreter.

Besides the design of&peranto, the paper also presents the results of a quantitative evaluation of E
speranto interpretation in Slovenian. The evaluators included in the evaluation were potential system
users and professionahtrslators. The concept of the interpretation of multilingual web documents was
compared to the existing approach to multilingual Web, i.e. the use of online translation tools. The results
of the comparison prove the adequacy of the concept of multiling'eél based on Bperanto, as the
interpretation yielded significantly more accurate sentences than the online translation tool used in the
evaluation.

Keywordsd E-speranto, interpretation, World Wide WediiL

[. INTRODUCTION

Multilingualism appears on the WdrWide Web in two ways. Most often it is reflected in
the translations of web pages into | anguages
target audience. The users that do not understand any of these languages can use one of the
freely availalte online translation tools, such as Babel Fish [1], Google Translate [2], PROMT
[3] or SYSTRANet [4]. The most common weaknesses of these tools are a lower quality of
translations and a limited scope of supported languages. This is mostly due to tevonaisth
prominent problems in the field of machine translation, namely, natural language understanding
and the problem of scalability.

The natural language understanding is demanding due to the ambiguities and inconsistencies
that are present in naturalnguages. The problem of scalability is especially apparent when
translating between a large number of languages. In order to translate betasguages, we
requiren(n-1) translation tools, which actually means that 47,727,372 translators are needed in
order to provide the translation between the

The established approach to address the problem of scalability is a translation in two
separate steps via an intermediate language or interlingua [6]. The interlingoacipeduces
the necessary number of modules2i but still it does not resolve the issues with natural
language understanding. As this is problematical only when translating from a natural language
into an interlingua and not in the reverse processstigtion lies in the introduction of a
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formal language for recording multilingual documents. Such a language would reduce the need
for automatic translation from a natural language, as it would enable the authors to create
documents using specially desaghtools. Esperanto was designed especially for this purpose.
When translators into -Bperanto are developed, this language will also function as an
interlingua in multilingual translation.

The idea and the early design oSpgeranto can be found in [7h@ [8]. In this paper, we
present the current design ofsBeranto which is the result of the progress in the development
of this language.

Il. RELATED WORK

E-speranto belongs to abstract formal languages intended for multilingual communication.
Already estabthed examples of such languages are thealled interlinguae. The record in an
interlingua is the result of a lexical, structural and semantic analysis of a text in a natural
language. As the analysis removes all specificities of the source languages;dhd in an ideal
interlingua is independent of any natural language and thus completely abstract, expressing the
meaning only. Due to this complete abstraction, the interlingua can serve as the basis for the
generation of content in any given natu@hduage. Some more notable implementations are
presented in the next paragraphs.

DLT (Distributed Language Translation) [9] was a project of the development of a
multilingual translation system in the 1980s that used an adapted version of Esperanto as an
interlingua. The document in Esperanto would be carried over the computer network and
interpreted in a chosen language by the target computer. Although DLT presented a novel
approach to machine translation, it was established that Esperanto is not doitabie
interlingua, as this language still has many features similar to those of natural languages.

The interlingua of the system KANT [10] is based upon controlled English (a language with
a limited scope of vocabulary) and was created with the intemtiomanslating technical
documentation. Its interpretation produces very accurate sentences, but due to the limited field
of use it is not directly applicable for general multilingual translation.

The interlingua of the Rosetta system [11] inherently dostthe features of supported
languages, which significantly simplifies its interpretation. However, as it contains only the
linguistic features of a limited set of languages, the interlingua is not universal and the system
itself is not scalable, as we uld need to change the interlingua if we decided to add a new
language into the system.

UNL (Universal Networking Language) [12] is a computer language for recording and
exchanging information in the Internet. UNL is a successor of the ATILAS3] and PNVOT
[14] interlinguae. The authors are able to write in UNL directly, but due to the fact that the
language itself was not intended for such use, it is not easily comprehensible.

I1l. E-SPERANTO

The development of peranto was influenced by Esperanto, alagg designed at the
turn of the 20th century. The aim of Esperanto was to become the international auxiliary
language. The most important features of Esperanto are the relative consistency and
unambiguousness of its grammar and a suitable level of eik@nesss. Although it has never
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become a universal second language, Esperanto encompasses an extensive linguistic knowledge
and years of work, which is why it was used as the basis for the developmespefdato.
The latter can thus be considered aslactmnic version of Esperanto.

A. The message in-Eperanto

The basic elements of the message igpEranto are concepts, the relations between
concepts and concept attributes. The messagespeEanto can be represented with a semantic
network (Fig 1).

relation A relation B

concept A
+ attributes

concept B
+ attributes

concept C
+ attributes

Fig. 1 The model of the message irsBeranto

A concept is an abstract idea or a symbol and can also be defined as a unit of meaning. One
of the important challenges when designing a language intended for multilingual
communicatio is the choice of its vocabulary, as it defines the accuracy of expression and the
expressiveness of the language. When developing the basic vocabulaspefaito, we used
the vocabulary of Esperanto together with the meanings that are conveyedibgivfial
items in the vocabulary.

In addition to the concepts, the relations between the concepts also have an important
contribution to the meaning of the message. The relationssipeEanto can be divided into
logical and semantic. The basis for daetigling the set of relations is the grammar of
Esperanto. However, as it turned out that the relations from Esperanto do not suffice for a
suitable semantic description of the content, the set of relations is continuously supplemented.

The attributes of theoncepts transform the concepts into concrete objects by placing them
in the world as it is perceived by the author of the message. The attributes can for example refer
to the time (past, present, future, not stated etc.), aspect (finitdinitely moad (conditional,
imperative, indicative) etc. Whereas some attributes are vital for the retention of meaning when
interpreting Esperanto in a natural language, the other attributes only indicate the style with
which the author has formed his message. Abdscase with semantic relations, the grammar
of Esperanto is the basis for defining the set of attributes and their values; however, new
attributes and their values can be added if required.

B. Concrete syntax

The concrete syntax of-§peranto is based ahe syntax of XML (eXtensible Markup
Language). The latter is compatible with XHTML (eXtensible HyperText Markup Language),
which enables the integration of documents written-spEranto into web pages. The grammar
rules of Esperanto are defined usinget XML Schema language [15]. The basic standalone
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unit in the concrete syntax is the elemseitencevhich roughly corresponds to a sentence in a
natural language.

C. Concepts

The concepts that constitute a sentence-apé&ranto are recorded using lexioalts from
the vocabulary of Esperanto and are then placed in the eleroroépt Each concept is
assigned to a class using a parent element of the eleoras#pt(Fig. 2).

The classes of concepts enable the distinction between the concepts as regamls ih
the meaning of the message (TableEach class has its own grammatical rules defining the
syntactic and semantic restrictions of the class. The restrictions, for example, determine the
available subordinate classes, the set of attributestasgelscribe the concepts in more detail
and the set of relations used to link a concept with other concepts.

D. Relations

A semantic relation is recorded as the value of the XML attrikaiédion. The direction of
a relation is implied with the nesting eliements. The relation within a specific element implies
the semantic relation of the concept in this element to the concept in a parent element (Table

).

<sentence feelings= "declarative" organization= "simple" >
<subject  proper_name number="singular" >
<concept> e- speranto </concept>

</subject>
<predicate mood="indicative" tense= "present" person= "third" >
<concept> esti </concept>
<predicate detail_predicate= "predicate_noun" number="singular" >
<concept> dezajno </concept>
<object relation=  "composition_element" number="singular" >
<concept> lingvo </concept>
<attribute detail_attribute= "relativity" >

<concept> formala </concept>
</attribute>
</objec t>
</predicate>
</predicate>
</sentence>

Fig. 2 The record of a sentence irsfieranto
(DEZAJNO = fAdesigno, LINGVO = fAlanguageodo, ESTI = fAto

b €
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TABLE |

THE CLASSES OF CONCEFS

Class Interpretation

predicate The concept that represents an action or state.

subject The concept with the semantic role of the doer of the action.
object The concept that is involved in the action or state.

adverbial The concept describes the circumstances of the autisiate.
attribute The concept describes the features of the other concepts.

TABLE Il

THE RECORD OF SEMANTC RELATIONS

Semantic relation Record in Esperanto

AA is the reci f<predicate>B
<object relation=  "recipient ">A
</object>

</ predicate>

AA i s an i nstr L<object>B
<object relation=  "instrument ">A
</object>
</object>

AA is a part of <object>B
<object relation= " partOf ">A
</object>
</object>

TABLE IlI

THE RECORD OF LOGICALRELATIONS. (THE ELEMENT X REPRESENTS ANY OF THRAVAILABLE CONCEPT CLASSES)

Semantic relation Record in Esperanto

AA and BO <sequence relation="and">
<Xx> A </x>
<x> B </x>
</sequence>

AA or BoO <sequence relation="or">
<> A </x>
<> B </x>
</sequence>
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The availableset of semantic relations depends on which class the concept is assigned to. The
concepts in the clasabjecthave a predetermined role of the doer of the action represented by
a concept belonging to the clagsedicate The clasbjectallows only the ge of semantic
relations linking nominal concepts. The use of other relations (temporal, locative, causal etc.) is
only allowed with the concepts assigned to the ddserbial

Semantic relations can be combined with logical relations by using the ¢lsetgrence
(Table III). As opposed to semantic relations, logical relations do not depend on the class of the
concept.

E. Attributes

The concept attributes are recorded in the form of XML attributes (Tdblé\s is the case
with semantic relations, conceattributes also depend on the class to which the concept has
been assigned. For example, tense or aspect can be assigned only to the concept belonging to
the clasgpredicate

TABLE IV

THE EXAMPLES OF CONCET ATTRIBUTES

Semantic relation Record in Esperaio
aspect of the activity <predicate aspect="ongoing">
plural <subject number="plural">
biological gender <object gender="female">

IV. THE PROOF-OF-CONCEPT SYSTEM

The system for the interpretation ofseranto consists of prototype interpreters for
Slovenian and English and the related information resources which mostly contain linguistic
data. Due to the demanding and extensive development of the system, we decided on several
simplifications which are mostly reflected in the limited functionality of ititerpreters and
content of the information resources, as well as in the simplified recordpeanto.

The prototype Esperanto interpreters and the information resources were used to design a
proof-of-concept implementation of the multilingual Web hss Esperanto (Fig3). The
central elements of the preof-concept implementation are the development environment for
the record of documents in-gperanto and the multilingual web site. The latter contains
multilingual web documents and also the sysfer their interpretation. As the server responds
the request for a multilingual document with a usual XHTML document with the content in a
chosen target language, the user can test the multilingual Web basesperafto by using
any web browser. The stem can be tested on thesperanto web site [16].
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E-speranto IDE multilingual website
_ database IOOkl.l]‘) information resources
e - >
=
5 °
% publish _ : % E - target transfo-
- " b= e language rmational
E c?; gramiey dictionary grammar
2}
web browser 3
)
f’ ‘\
AN
request 7 R E-speranto
web page in > ) I
e Ia . interpreter of
o auaee web Server e b
of the user S | E-speranto
Z of the user
=
i

response

Fig. 3 The proobf-concept implementation of the multilingual Web based epé&ranto

V. EVALUATION

We concluded a quantitative evaluation of thepgranto interpretation by using the proof
of-concept gstem. For this purpose, we chose four English texts which altogether consist of 46
simple sentences. The selected texts include a welcome message from a mobile operator to the
roaming user and three recipes.

Due to the limited functionality of the integters, the texts were adapted before recorded in
E-speranto. The information resources were also supplemented by the records required for the
interpretation, however, the functionality of the interpreters remained unchanged. The record in
E-speranto was #n interpreted into Slovenian using the prototype interpreter, while the
adapted original text was at the same time translated with the online translation service Google
Translate.

The evaluation was undertaken in two parts. In the first part, ten pbteséies of the
system, all Slovenian native speakers, were given both the translated and the interpreted texts.
The evaluators were not shown the original text and were also not revealed the manner in which
each text was created. The evaluators were askathrk each sentence in the translated and
the interpreted texts with marks from 1 (Av
evaluation included the clarity of the expressed meaning and grammatical correctness.

The second part of the evaluationsanducted in a similar way, the only difference being
that, instead of potential users, the evaluation was conducted by three qualified translators.
They were asked to compare the translated and the interpreted texts with the adapted original
text and ewluate if they contain the same meaning.

The average marks of the translation using the online translation service Google Translate
and the interpretation using the prototype interpreter-gfi&anto are given in Table V.
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TABLE V

THE RESULTS OF THE EXLUATION

precision of expression grammatical correctness preservation of meaning
Google interpreter of Google interpreter of Google interpreter of
Translate E-speranto Translate E-speranto Translate E-speranto
welcome
4,82 4,73 4,95 4,27 4,72 4,72

message
recipe 1 3,87 4,64 3,42 4,59 3,86 4,45
recipe 2 3,96 4,93 3,41 4,89 3,92 4,56
recipe 3 3,60 4,91 3,18 4,76 3,43 4,83
all texts 3,93 4,81 3,54 4,68 3,86 4,63

VI. DISCUSSION

According to the results of the evaluation, the interpretation-spéfanto pves to be
more accurate than the translation with the online translation service Google Translate in all
three observed aspects. However, if we were to repeat the evaluation by choosing a random
text, the results would most probably turrfaror of the Google Translate. As the information
resources in the system for interpretingfieranto are limited, it is unlikely that they would
contain the exact content required for the interpretation of the selected text. The results given in
TableV should thus nibbe interpreted as a comparison between the prototype interpreter of E
speranto and an existing translation tool, but rather as a comparison between two approaches to
multilingualism on the Web.

The results of the evaluation reveal the potential of fimgtial Web based on-Eperanto.
The key strength of the approach is a very precise interpretatiBrspéranto, as very few
words turn out to be wrongly translated or not translated at all. This is due to the fact that
information resources in the systéon the interpretation can easily be supplemented. Although
the vocabulary and set of semantic relations are currently limited, they are being regularly
supplemented with further development e$jieranto and its interpreters.

As a part of the burden far precise interpretation falls on the user, the establishment of E
speranto mostly depends on the complexity of the recording in this language. This is why
special attention has been dedicated to creating a development environment for recording texts
in E-speranto. Although the existing environment proved helpful when recordingperanto,
it will need to be upgraded. The development of graphical editors would, for example, make the
recording in Esperanto more intuitive and the users would no longeedbeired to learn the
exact syntax of peranto.

VII. CONCLUSION

In this paper, we briefly presented the current designsgdtanto and the evaluation of its
interpretation in Slovenian. The interpretation eferanto was compared to the use of an
online translation tool. The results of the comparison prove the adequacy of the concept of
multilingual Web based on-gperanto, as the interpretation yielded more accurate sentences
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than the translation tool used in the evaluation.

As a part of the future demment, we intend to supplement the vocabulary-ep&anto
and the set of semantic relations. In addition, we intend to evaluate the interpretation of E
speranto based on a larger number of texts and develop the interpreters also for other Slavic
languag@s.
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Agent Based Data Mining in Wireless Sensor Networks:
A Survey

MilicaKney e ¥,iNenad Mitil**, Zoran Ognjanov
* Mathematical Institute, Serbian Academy of Sciences and Retgrade Serbia
** Schml of Mathematics, University delgrade Serbia
** School of Eleciical Engineering, UniversitBelgrade Serbia

Abstractd Wireless Sensor Networks (WSNs) are nowadays widely used for monitoring physical
phenomena of the environment. Traditional dataimy algorithms cannot be applied to such distributed
systems in which strict memory, power, and communication constraints do exist. New algorithms that
would be more suitable for WSNs have been developed. In this paper, we give an overview of the
selectd algorithms fordatamining in WSNs and discuss benefits of integration of agent systems and data
mining algorithms.

Keywordsd Wireless sensor networks, Data mining, Software agents

|. INTRODUCTION

The WSNs consisbf a large number (typically hundreds timousands) of ligtweight
devices- sensor nodes that collect measurements from the environ®emsor nodes are
battery powered and equipped wiiwireless radio transceiver, small CRAgtuatorsmemory
and one or more sensors that can measure tetaperdight, humidity, prssure, sound,
vibration, etc In general, they can be of one of the following types: physical, chemical,
biological, or technologicalThere isa wide variety of use of WSNs in different fields like
military surveillance, targetracking, traffic management, weather forecasting, habitat
monitoring, smart home desigmealth and medical monitoringic.

A. Data Mining in Wireless Sensor Networks

Data Mning (DM) is a discipline of examining large amounts of data in order to find
unse@ patterns and relationBy WSNs, @ta mining techniques can be used forsapievent
and attack detection, target classification, energy conservation, etc. Traditional data mining
approaches assume that all data are static and stored at some cersitakydjpften organized
as a database). Collecting all sengtata at some central point leadshe bottleneck problem
increase of latengyand greadr energy overhead?erforming some part of the computation at
sensor nodes and sendihg processedrad aggregated datastead of raw data is more energy
efficient and can extend the lifetime of the networtkis leads to development of new
algorithms that can extract data patterns from sensors data in a more efficient way.

B. Agent Systems

Agent is a softare uni capable of independent action behalf of its user or owner. Once
created, agent does not require interaction with user and can activate itself not athctly
being invoked for a task. Agent may reside on a Wwading for thestarting condibns. Agents
may also communicat@nd collaborate with each other while performing ta€kesracteristis

11
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of an agent, which distinguish it from an arbitrary prograre; (a) persistencg(b) autonomy
(c) reactivity, and (d)social ability
Mobile agentsarea special kind of agenthat can migrateunder host or its own conttol
from one node of a network to another. A mobile agent running at a node can suspend its
execution at some point, move to another hastl resume execution from thespension
point.
Agents can be found useful for data mining over WSNs for the following reasons:
9 Agents reacto the changes ithe environmentaind areable to bypass the faultyostor
select a more reliableost.
1 Agentscancooperatenegotiate, collaboratend fam a smart system.
1 Mobile agents allow algorithm to scale well. The parent agent can clone several child
agents tamplement concurrent operations.

9 Mobile agents operate asynchronously. Once dispatched, mobile agectites
autonomously without any intezmtion of the dispatcher.

Il. PROBLEM STATEMENT

The purpose of this paper is to: (a) identify importenteria for classification of data
mining techniques for WSNs(b) describe classification critarand present a classification
tree, (c)give a descriptin of eachone of the selectedilgorithms and (d) show how agent
systemscan help improving DM algorithmgo suit distributed nature oWSNs as well as
communicatiorand computationajonstraints.

Ill. CLASSIFICATION CRITERIA AND CLASSIFICATION TREE

Possibleclassification criteria for DM methods in WSNs are presented as ssteleid. 1).

The first level of the tree divides methods into two groups: Collaborative and-ioeGébbal
Learning approach.

Clustering

Association Rules

Regression

Classification

Association Rules

Collaborative

DM -> WSN

Local-to-Global

Regression

Fig. 1 The proposed classification tree

12
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In the Collaborative Learning approach (&g 2), each sensor node creates a data mining
model exchanging multiple rounds of messages with its neighboring nodes. dtessayg
consist of a selected subset of aggregated local data or, more often, parameters of the local
models. This approach does not require hierarchical organization of the network. Stationary
agents may be placed at nodes, autonomously selecting otrds &g collaborate in building
the data mining model.

Fig. 2 Collaborative Learning Stationary agents placed at sensor nodes exchange multiple
rounds of messages with neighboring agents in order to create data mining model.

Fig. 3 Locatto-Global Learning A mobile agent sent to visit sensor nodes, collects local models.
When the last node,$ visited, global model can be created.

13
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In the Localto-Global Learning approactseeFig. 3), each sensor node builds its local
model. The global model is created as a combination of ocalels This approach usually
requires a hierarchical organization of the network. Data mining models created at child nodes
are sent to beombined with parent data model, until the root node is reached. In order to avoid
this requirement, a mobile agent, or several of them, may be dispatched into the network, to
collect and combine local models into a global model.

On the second level of ¢htree, the appropriate DM algorithms for each one of the
mentioned groups are presented. More details about used algorithms are provided in the next
sections of this paper.

IV. PRESENTATION OF THE EXISTING ALGORITHMS

A. Collaborative Learning

1) Classification

An dgorithm for unsupervised classification basedtlimoneclass quartesphere 8pport
Vector Machine (SVM)is proposed if1]. This is an algorithm for outlier detection real
time. Each nodeébuilds its localmodel and exchanges the model parameters with its spatially
neighboring nodes. Sensor node will use collected parameters to distinguish between event and
error, which are common outliers, in the process of classification, yielding a lower false alarm
rate Nodes in the WSN are considered to be time synchronized and densely deployed and
sensors data correlated in time and space.

Learning a onelass quartesphere SVM model is a linear optimization problem and its
computational complexity is reduced commhte some other orelass SVMbased classifiers.
The algorithm scales welb large networksThe solution for model update is currently under
development. Further work will include improvements towards robustness in presence of
network topology changes.

Algorithm One-Class Quarter Sphere SVM
procedure LearnLocalSVM:
for each node N
collect m data measurements;
learn local quartesphere radius;R
send local radius to the neighboring nodes;
collect radii from the neighboring nodes;
compute R,, median radius of the collected radi;
compute R, median radius othe collected radii and;R
call IsOutlier;

procedure IsOutlier:
when new measurementatrives
compute das distance of;from the quartesphere center
if (d; > R AND d; > R})
X; indicates an outlier;
call SourceOfQuitlier;
else xindicates normal measurement;

14
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procedure SourceOfOultlier.
let X1, Xo, - . . , % be new data measurements arriving@ B8l nei ghboring nodes;
collect d,,..,dx distances of the new data measuresom their quartessphere centers;
¢ 0 mp u;tae medlién distance of collected distances
if (di > R AND d'i, > Rin)

if (di > Rim AND d'i, > Rip)

X; may indicate an event;

else xmay indicate an erroneous measurement;

2) Clustering

A Peerto-Peer vesion of the KMeans clustering algorithm is proposed [2]. The
algorithm does not require global synchronization, i.e. not all the nodes have to be in the same
iteration step, but there is an upper bound and the algorithot mompletely asynchronous. In
order to create accurate data models, sensor nodes communicate with their immediate
neighbors exchanging locally produced cluster summaries (centroids and the number of data
vectors per cluster).

Links inside the network magome up and down but the nodes will continue building the
model exchanging messages with their available neighbors. The authors propose an idea for
handling norstatic databut without experimentalerification.

Algorithm P2P K-Means

for each node N

initialize K centroids;

repeat // once t time units have elapsed
assign local points to the K centroids;
update local centroids;
if centroids changed significantly

set changed = true;

else set changed = false;
poll the collection of nodefr their centroidscluster counts and changed flag;
process polling requests received from other nodes;
combine local centroids with the received ones;

until change flag is false for;ldnd nodes that responded;

3) Association Rules

An algorithm for nining association rules between spat@ahporal events detected by sensor
nodes is proposed [B]. Correlated events often occur in spatial and/or temporal proximity,
thus each node periodically collects notifications ablogitetvents that are detected by the nodes
within a certain distance. To reduce memory consumption during frequent item set extraction,
two approaches are considered. The first approach is the approximate mining of frequent
itemsets. The quality of approxiti@n will depend on the available memory. The second
approach is to find only a subset of frequent itemsets (close or maximal frequent itemsets).
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Paper[3] shows that innetwork creation of association rulessystems like WSNs, where
strict constraints on memory and computational podeexist, is a challenging problem and
that more energy efficient algorithmshich can be applied in practicGhould be developed.

Algorithm Distributed Station-Temporal Event Patterns
for each node N
collect information about local events;
periodically collect information about everitem the neighboring nodes;
extract frequent/closed/maximal itemsets;
create assoc. rules using extracted itemsets;

B. Localto-Global Learnng

1) Classification

A distributed version of C4.5 classificationalgorithm is proposed if4]. The paper also
proposeghe routing protocol that will providkierarchical organization of senswodes into a
spanning treeLocal dassifiers are built starting from the leaf sensor nodes and merged along
the routing path. In ordep create the enhanced classifier fritadownstream clasfiers, the
downstreammodewill restorepseudo training datset for each received classifidiherole of
pseudo dataet is toreflect the distribution of ifferent classes.

In order toavoid immediate propagation of ttmodel update from the leaf node, over
intermediate nodegjp tothe root nodea parent nodenay decide to periodically chedtr
change of the model at the child nodes. This approach is more energy effitre@ntlgorithm
gives high classification accuracy with low storage and communication overh€hd.
algorithm does not take into consideration node failure and packet loss

Algorithm Enhanced C4.5
for each node N
if node isaleaf
periodically collect data;
create local classifier;
send local classifier to the parent;
else
periodically collect data;
for each new classifier from child
generate pseudo data set;
create combined classifier from local data and pseudo data;
if not root node send local classifier to the parent;

Two algorithms for incremental frang of a SVM based classifiare proposed ifb]. The
second algorithm is. modification of the basic algorithm and is suitatole networks where
regular updating of the model is necessary (problem knowcoasept driff. The authors
accepted theprotocol for spaal clustering of WSN, which reduces tlmount d data sent
through the networkStarting from the first cluster head, local estimation SVM is built and sent
to the next cluster head whetlge enhance@stimation SVM iscreatedusing local sample
vectors and the previous estimation.
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The experimets show that bth algorithms givea good approximation of the model created
using the centralized approach while reducing energy costs by more than 50%.

Algorithm Incremental SVM Training
for each cluster headgh {ch,, é , }:c h
create local estimationVd/; from local data at gland previous estimation SVM
ifchi ¢ h
send model to the next cluster head;

2) Clustering

An algorithm for anomaly detection based on fixed radius clustering is presef®dTihe
algorithm requires nodes to be time synchronized and to maintain tree kétpofogy in
order to produce global clustering model at the root node. Clusters which include outliers are
detected using average intduster distance of the K nearest neighbors.

Statistics of the local clusters consists of the linear sum of datarsectd the number of
data vectors in the cluster. The experimental results show that the cluster radius has to be
selected carefully in order to achieve better detection performance. A proper value can be
selected by training the system before deployment.

Algorithm Fixed Radius Distributed Clustering
for each node N
if leaf node
create K local clusters;
send statistics for local clusters to the parent;
else if not root node
create K local clusters;
merge local clusters and clusters received febitdren;
send statistics for clusters to the parent;
else
create K local clusters;
merge local clusters and clusters received from children;
identify clusters with outliers;

An algorithm for kernel density based clustering, with two possilgentoriented
implementations, is proposed {i7]. All nodes create local estimates using same kernel
function, a window width parameter that controls smoothness of the estimate, and same
sampling parameters. Dsity estimates are additive for homogenously distributed data and
local estimates can be collected and summed up giving the global estimatediMealisional
sampling is used to avoid explicit reference to data objects.

Possibility of efficient clusterip over all data in a WSN is not discussed in pgperThe
global density estimate is created over all data, but it is only used to create local clusters at each
node.
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Algorithm Kernel Density Estimate Clustering
for each nde N:
if N; is not helper node
create samples of the local density estimate;
send local samples to the helper node;
when samples of global estimate are received
find M={M ;...M;} local maximumsof the global estimate;
for each data vector:v
if v; can be connected using an uphill path with M
assign yto the cluster with center M

else
collect local density estimates;
create global estimate summing up local estimates;
send global estimates to the nodes;

3)Regression

An algorthm for distributed kernel regression is proposeBin At the first sensor node,
kernel functions and coefficients of a regression model are selected based on local data and sent
to the next sensor node. If the next visisethsor node is in the neighborhood of any previously
visited sensor nodes, its kernel function may be well approximated by a linear combination of
the model kernel functions. Ot her wi se, mod el
kernel functionln both cases, coefficients of the model will be updated.

The algorithm can be applied in densely deployed sensor networks and it will still show low
computational complexity, unlike many other regression algorithms.

Algorithm Reduced Order Kernel Regresi®n
for each node Nn {N,..., Ny.}:
if N; is not in the neighborhood of previously visited nodes
include corresponding kernel functionttte model;
update the coefficient vector to be as close as possible to the previous one;
ifN; I N
send mdel to the next node;

V. CONCLUSIONS

In this paper we have proposed a classification of the existing distributed data mining
algorithms for WSNs and possible integration of agent systems with each class of algorithms.
This paper is intended for those who wavith WSNs and are interested in energy efficient in
network data mining for WSNs. Thilea that lies behingresentedalgorithmsis that
computation can be done-iretwork by putting (someg¢omputationalload on gnsor nodes
themselves.

Agent based modeloes not alwaytead towards more efficient algorithigents have to
be lightweightor they will produce too much energy overlodatie same undesirable result will
be created when dispatching too many agents into the network. Efficient data mining
algoiithms that fully exploit the possibilities agent systems offer, are yet to be developed.
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CoAP (Constrained Application Protocol) implementation in
M2M Environmental Monitoring System
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Abstract T In order to enable M2M devices to communicate over the existing Internet, Constrained
RESTful Environments (CoRE) working group at the Internet Enginediéasy Force (IETF) proposed
Constrained Application Protocol (CoAP) as application layer protocol for IP based solutions. This paper
presents a survey of the CoAP (Constrained Application Protocol), along with its implementation and
evaluation in a real M@ system. The CoAP protocol was deployed in a mobile Environmental
Monitoring System for transmission of a resource description and sensor environmental data from loT
nodes and vehicle tracking devices. The evaluation of the CoAP protocol was done byirapitinga
existing HTTP implementation with CoAP protocol in the same M2M communication scenario. Results
shows that the performance of the CoAP compared to the HTTP based resource retrievals performs better
in constrained environments and give possiblediion for further development utilizing the latest
advancements and the vision of the Internet of Things.

Keywords - M2M; CoAP; Wireless Sensor Networks; Internet Of Things, Implementation

I. INTRODUCTION

Over the past few yearmiternet of Things (I0T) &s emerged as one of the most interesting
technologies of a Future Internet. Enabling a range of new applications, it is based on
constrained networkd,e. networks of devices with limited computing, memory and energy
capabilitiessuch as wireless sensoetworks A typical constrained devices are characterized
by severdimits on throughput, availablgower, and particularly on theomplexity that can be
supported with tnited code size and limited RAMer node.This haslead to a number of
activities [1]aiming at definingcommunication protocsffor such networks, while maintiaining
global connectivity

In this paper we focus on the application level protocols. The existing protocols on this
level, like HTTP, although considered simple from a regulanmger or even smartphone
perspective, are actually very complex and difficult to handle from the perspective of
constrained devicdg].

CoRE working group has developed CoAP Blspecialized web transfer protocol for use
within constrained networkand nodes for machin®-machinecommunication. Thidight-
weight application layer protocol uses UDP protocol on transport layer and enables reliability
mechanism on the highest layer. In addition, the CoAP protocol provides request/reponse
interaction modethat supports resource discovery, multicasynchronousessage exchanges
with low overhead and parsing complexitimple proxy and caching capabilitieshe CoRE
working group adoptedRepresentational State Trans{®EST) architectureapproach This
architecture style together with the CoAP protocol empoweres constrained netwroks with web
service oriented architecture, providing similar fucntionality as the regular web services, but
optimized for execution.
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This paper discusses the CoAP protocol @sdusefor machine to machindM2M)
communication in vehicle tracking and environmental conaqmplicationi in one type of
constrained network§he M2M devices used in this implementation are 10T nodes capable to
monitor different environmental pararees such as NO2, SO2, CO2, etc. GPRS is used to
transfer data to the ba@nd servers located in the cloud [4]. At the moment, HTTP is used for
transmision of the gathered data. In this paper we compare performance of such transfer in
terms of the amountfalata transferred and the time required to tranfer data against CoAP
utilization is the same deployment.

In section 2, CoAP protocol is discussed in detail. More about Telit GNEFB2 modems
is presented in section 3. Section 4 describes our implementdtibe CoAP protocol on the
used devices. A comparison of the HTTP and the CoAP performance in the system
implementation is given in section Section 6concludes the pape

II. CONSTRAINED APPLICATION PROTOCOL

The use of web services in constrained nekwds an important part of tremerging M2M
communicatiorparadigm. Therefore, the CoRE working group proposed CoAptimize the
use of the RESTfuleb service architecture in constrained nodes and networks.

Utilization of availableprotocols like HTTRFTP, SOAP, etc, is not possible in constrained
networks due to limitations of the devices that comprise such networks. These protocols have
large overheads and are using, from the contrained devices point of view, awegkry
protocol on the transpottayer i TCP (a 3way handshake for connection and av&y
handshake for disconnection). The large overhead reduces the size of the user data that can be
transmited (payload), as the maximywacket size for IEEE 802.15.4 @nly 127 bytes.
However, it iscrucial that the application layer protocol arles integraton with IP based
networks so an adequate solution had to be designed [5].

CoAP represents an application layer protocol that is compliant with the existing web
protocols and and at the same titoerers thecomplexity for the constrained environmetih
which it is used.

COoAP is not just @ompresed HTTP protocol. It takes a subset of the HTTP and optimises
it for use in constrained networks. There is a number of features that enables devices with
constrained resources to adjust to the existing wabh as builin discovery,asynchronous
message exchangeSDP binding withoptional relability supporting unicast and multicast
requests,dw header overhead and parsing complexXitRl and Contentype support Smple
proxy and caching capabilities, stateless HTTP mappingecurity binding to Datagram
Transport Layer Security (DTLS).

A. CoAP model

CoAP utilize datagrarroriented transport such as UDB asynchronosly interchanges
messaged-igure 1. epresents achematiaview of layers used in this communication.
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Application

Requests/Responses

Message

UDP

Figure 1. Abstract layering of CoAP

Although it looks like CoAP is logically using a twolayer approach the
Requests/Responsémyer and the Message layer ajest features othe CoAP header, and
therefore it is a single layer protocol. The UDP layer receives a message from the message
layer, packs it into a datagram and sends it to the IP layer of the OSI or the TCP/IP architecture.
Similarly, in the oposite direction, the UDP layer receives a datagram from the IP layer and
unpacks it into a message readable by the application layer.

Message Format

CoAP messages are encoded in a simple binary format. A messagjets of aCoAP
Healer, options and a payloadOptions are given in a Type Length Value (TLV) fornighe
number of options idetermined by the header (Figure 2).

[} 1 2 3

012 3456678 %0123 4568785012345 678501

ot —F—d—d—F—F o F bbbt —F—F—F—F—F—F—F—F—F—F -

Ver T J..g.Cc Code Me=z=zage ID

+—+—+—+—+—+—+—+—+—+r—+—+r—+—+++—+r—+—+r—+—+—+—+—+r—+—+r—+—+—-+—+—+—++
Option=z (if any), ...

+—+—+—+—+—+—+—+r—+—+r—+—+r—+—+-++—+r—+—+r—+—+—+—+—+r—+—+r—+—+—+—+—+r—++
Payload (if anv) ...

FoF—F—F—d b F—FoFd b F—b—b bbb —F—Ft—F—F—F—F—F—F—F—F—F—F—F—F—F

Figure 2. Message Format

The fields in thenessagare defined as follows:

Version (Ver):2-bit unsigned inéger. Indicates th€€oAP version numberCurrently,
version is 1.

Type (T):2-bit unsigned integedndicates if this message is gpe Confirmable (0), Non
Confirmable (1), Acknowledgement (2) Beset (3).

Option Count (OC): 4-bit unsigned integer. nticates the number afptions after the
header.

Code: 8-bit unsigned integer. Indicates if the message carniequest (131) or a response
(64-191), or is empty (0). (Albther code values are reserved.)

Message ID16-bit unsigned integer. Usedrfthe detection ofmnessage duplication, and to
match messages of typeknowledgement/Reset and messages of type Confirmable.

Options: Used for defining message type of the payload, Rtdey Uri-Host, UriPort,
Location Path, MaAge, Etag, Uri Path, ti Query, Token, Accept, {Match, etc.
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Payload: The payload can carry the representation of a resource or some useful data from the
sensor.ts format is specified by the Internet media tyjieen by the Conterfype Option.
Both requests and responseg/nmelude payload

Message Type

Message type is determent by the code field in the header. Message can carry request,
response or it can be empty.

Confirmable (CON) message of this type require response, i.e. confirm that the message
arrived.

Non Confirmable (NON)i this message do not require response, therefore it represents
unreliable message.

Acknowledgement (ACHK) message of this type is used to confirm that CON message is
arrived. Message ID has to be the same as the CON ID.

Reset (RST) messagef this type is used to confirm that CON message is arrived but that
there is something missing and the message could not be processed.

Reliability
For sleeping, low power devices, which has reduction of power consumption as one of the
main design goalsreliability mechanisms that TCP offers ignnecessaryoverhead.
Accordingly, CoAP employ ueliable, asynchronousJDP protocol. UDP is connectionless
protocol and messages are sent directly to an IP address, without confirmation of successful
reception.The response is transferred independently, also directly to an IP address.

Although, UDP does not provide reliability on transport layer, the CoAP implements
lightweight reliability mechanisms based on confirmation of message reception with
acknowledge reponseEvery message contains ID number for duplicate detection but also, for
reliability. If no ACK message was received in some time, the message is retransmited.
RESPONE_TIMEOUT and MAX_RETRANSMIT determine how to retransmit.

Client Serwver Client Server
| | | |
| CoOM [0xTd34]) | | NCHN [0=x01a0] |

Figure 3.Reliable mesage deliveryand uneliable message delivery

B. Request/Response Semantics

CoAP and HTTP have similar request/response modeal CoAPclient sends one or more
CoAP requestdo the server, which services the requests by sending FC@&ponse The
difference § that reponse igot sent over a previoushstablished connection, but exchanged
asynchronously over CoARessages.

The CoAP supports the basic methods GET, POST, RBADELETE, which are easily
mapped tahe HTTP. The GET methodrétrieves a represeiian of a resourse) is a safe (it

24



E-society Journal: research angpéicatiors, Vol. 3, No. 1, July 2012

means that can be onfgtrieva) and idempotenf{can beinvoked it multiple times with the
same effecs PUT (equests that the resourom the servelbe updated or creatpdnd
DELETE (requests that the resouroe deléed) are alsadempotent This is not the case with
the POST method€quests that the representatinrihe payload ofhe request be processed
because idependsrom server andt usually results in a newesource being created or the
target resourceding updated.

After receiving a requesa server responds withGoAP responseA response is identified
by the Code field in the headethd CoAP Response Code indicates the result of tmpt to
understandhe requesiThe responses are defined inAP Response Code Registry.

C. Freshness and validation model

Freshness modél To determine how fresh is the information, Mage Option is used.
This Option can be defined by the server and the default value is 60 seconds.

Validation model When an engboint has one or more stored responses for a GET request,
but cannot use any of them (e.g., because they are not fresh)ugectime ETag Option in the
GET request to give the server @pportunity to both select a stored response to be used, and
to updae its freshness.

D. Proxy

A proxy is a CoAP engboint that can be tasked by CoAP clients to perform requests on
their behalf.This may beusdul, for example, when the Proxy is caching informafioorder to
reduce response tinee when mapping CoAP to HTPrand vice versa

A CoAP CON or NON requests, that goes over a Proxy, has a-Broxyption (that is an
absolute URI). A Proxydri Option defines the target server. When Proxy receive a message
with this option, it retransmits it to a different Proxy be tend server defined by the Predyi.

E. HTTP-CoAP Mapping

CoAP supports a limited subsetaHTTP functionality, and thus mapping tothe HTTP
is straightforward.

The CoAP request on a HTTP resource is the same as on the CoAP resource. Mapping
takes plae on the Proxy (whether CoARTTP or HTTRCoAP). If a CoAP GET request with
a HTTP URI, as a Proxyri Option, is sent to the Proxy, it is mapped to the HTTP and
transmited to the HTTP server. HTTP server reponses to the Proxy, where;GORHP
mapping tes place and message gets back to the node. It is simillar with the POST, PUT or
DELETE methods.

HTTP-CoAP mapping is not thattraightforward as CoAP does not support all HTTP
features. Basics methods GET, POST, PUT or DELETE, are easy to translafe isiosible
to map on ProxyOPTION, TRACEandCONNECTmethods are not supported.
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. HARDWARE FOR EVALUATION

Telt GSM-GPRS modems are different from fypical application that uses a
microcontroller for managing /0 pins on the moduterough the AT commah interface
because they are extended with EASY Script Extensi@nablesa customer progranwriten
in a highlevel opersourced languagéo runon the Telit modulefg].

In order to eliminate external controller and further simplify the programnointghe
sequence of operation$elit modulesintroduce virtual machine and Python interpreter where
is allowed to program even on high level object oriergaduage.

Python module has a 3MB of memory for scripts and 1,2MB of RAM memory. It uses a
Pythonscript interpreter engine v. 1.5.24.

Pythonscripts are simple text files stored in the N\(Mon-volatile memory)inside the
Telit module.In one moment only one Python script carekecutecbn PY modules.

The Python script is executed in a task vifte lowest pority on the Telit module, sds
executiondo notinterfere wth GSM/GPRS normal operationsurthermore, thigllows serial
ports, protocol stacketc to run independently from the Python scriphe Python script
interacts with he Telitmodule functionalitieshrough several budin interfaces (Figure 4).

™
Hardware Resources

e
with UPGRADABLE

CIapl:

.

| —— | ——
Serial port 1 (ASC1*) ex Serial port 0 (ASCO*) ex
TRACE PROG

Figure 4. A Python interfaces

MDM and MDM?2 is the most importat interface that allows Pythoscript to send and
receive data from the network during connecti@s

IV. IMPLEMENTATION OF COAP PROTOCOL IN M2M SYSTEM

The measurement devices (resources) are installed on top and insidpubliberehicles
Devices deployed ontap of the vehiclesre equipped with the gas sensors (CO, CO2, NO2),
weather sensors (temperature, air presshumidity), location (GPS) and a mobile network
interface (GPRS).

The GPS tracker devices are Telit GM8BRS Modem. This device have a GPS and a
GSM interface, 8oard To Boarctonnector and th8IM Card ReaderThe CoAP protocol is
implemented on apigation layer of M2M sistem that uses this modem.
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Communicational scheme and data flow, used in this implementation are shown in Figure 5.

GM862-GPS Modem

P
)
=ai @ \_/
= A/
o= AV
Database > B

\\‘mjs Server

Dynamic.DNS SOHO Firewall/NAT 7
Clien Appliance 7

N o =
5 = $
< e

CoAP Proxy
Server
HTTP Server

Figure 5. Implementation of CoAP protocol on GM8BPS modem

To enable sensor devices to use CoAP as an ajpptidayer protocol, it is notnoughjust
to send CoAP like message, the end point have to be able to process received message and to
turn back response. CoAP server is was made to read message, take the payload and store it,
and turn back acknowledgemenéessage to sender. All of this allows other web applications to
use data from sensors through HTTP not knowing how that information came (black box).

Server side of the system is defined in Java programming language. Access to a server is
enabled througlkdynamic dns server. Access to dns leeds to the rooter, which is set to forward
all incoming data that are coming on the port 5683, to the predefined server in the LAN.

Modem at first opens the UDP socket and sends the request to dns. Rooter gets the reques
and forwards it to a server. The Server is able to receive and handle the regeest.dtethe
payload from the request and put it in the Access database and external file. Afterwards,
payload is inserted into a HTTP message and forwarded to a&fiady.s

Client side of the M2M system
Python script language was used in order to define the client side of the M2M system.

After the basic configuration is set, socket needs to be configurated (connection id, package
size, time to live, max reception @

MDM.send('AT#SCFG=1,1,300,7,1024\B(D)
Then, UDP socket has been set (port and address):
MDM.send('AT#SKTSET=H683"coap.dyndnserver.comit',0)
Afterwards UDP socket should be opened with the folowing command:
MDM.send('AT#SKTOR"',0)
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The respos e , for t hi CONNBGAnandVhens t Bi s reponse
everything is ready for sending a message.

A CoAP message that needs to be sent, has header, as defined above in section 2. and a
payload. Header is defined as folow: Version: 1, type N®Bcduse of the nature of the
message, information is valid only in one moment and it is not usseful to send it later), Option
Count: 2, Code: POST and MessagelD: randoimuenumber.

HEADER ='11 2 2 RANDOM_NUMBER

Option Count is defined to be two, soawptions has to be sent. The first option defines
Content Type of the payload (content is in a XML format), and the saéndimhtesthe Proxy
Uri. This option helps the Proxy server to reveil what is the final destination for the message.
The Options ardefined as CoAP specificatisaquires

OPTIONS ='1 2r\n41\n\n2 53nn'+SRV_ADDR + WEB_PATH_REP + "' + SRV_PORT\A'
Payload is sent in the folowing format:
XML_HEAD = '<EC><n>GPSData</n>'
XML_ID = '<ei>'+imei_data+'</ei><si>'+imsi_data+'</si>'
XML_GPS ='<d><gD>'+gps_data+'</gD>"'
XML_TAIL = '</d></EC>\r\n\r\n'
Complete payload (XML) lookes like this
XML = XML_HEAD + XML_ID + XML_GPS + XML_TAIL

Server side of the M2M system

A message defined in the modésrdelivered via UDP to the serveside,where theUDP
socketis openand waits for messagd.he server side is created in Java andvisting
information on por6 5 6:8 3 &

DatagramSocket serverSocket = new DatagramS&8&s)(
serverSocket.receive(receivePacket);

After messagés received, servgrrocess itThe myload is packdinto the HTTP message
andthat message irwarded to the local web server. The web server, defined in a PHP, is
doing only echoof the payload. This shathat it is possible tamplementCoAP without
making any changeto the existing installation.e. it is possible tdorword a message to an
existing HTTP serveon asystemplatform. &va server serves as myy that translate€oAP
messages tthe HTTP and vice versa.

In addition, payload sent by the modenstoed in the local databasefined inAccess.

V. EVALUATION OF COAP DEPLOYMENT IN M2M SYSTEM

The evaluation of the CoAP is given as comparision of resource efficiency against
previously deployed HTTP protocol for the same M2M scen&amdwidth and transmissio
speed were taken as an evaluation criteria to estimapo#isibleadvantages of CoOAP protocol
in real life system.

CoAP utilizes UDP as atransport layer protocotherefore some speduaenefitscan be
expectedon its side. These advantages :as&e ofthe transferreddata, becaus&CP has a
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biggersegment, and data transfer shegecause the TCP protoéeh connective type, and the
UDP is not

Evaluation methodology is based on measuring the following for both pratocols
1. Transmission bandwidth
2. Transmissiorspeel

Transmission bandwidth

For sizedeterminatioWireshark was used. Size of the payload (XML) is 163 bytes. CoAP
message has a 10 bytes header and a 51 bytes
whole UDP package, which is cargia CoAP message, is 266 bytes, while the TCP segment
carries 324 bytes (Table 1.).

TABLE |
SIZE CONSIDIRATION
CoAP [bytes] HTTP [bytes]
Header 10 20
Options 51 /
Payload 163 163
Whole package 266 324

Transmission speedomparison

In order to calalate a transmission time for both protocols, the folowing approach was
used. he measurement waerformed on the server side widhWireshark because a modem
is unable to measure time smaller than a secbod the transfer of the HTTP message, a
duraton of the TCP connection was measured, because that represents the time needed for one
message to be transfered.

On the server side, there is no information when the communication has started, i.e. when
the modem has sent the first SYN message in a 3@Ry handshakeso that has to be
calculated. In th&-way handshakerocedure, we can see in the Wireshark the time when the
server responded to the modem with the second ACK message and when the third message sent
from the modem is received. If this timedivide with two, we get the time needed the first
message to arrive from the modem to the server. In order to get more acurate time, 50
measurements were taken (Talb)e
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TABLE Il
. TIME NEEDED FOR THE IRST SYN MESSAGE TO ARRIVE
Num Time[s] Num Time[9 Num Time[s]

1 0,61815 18 0,5818 35 0,54988
2 0,79139 19 0,60003 36 0,59822
3 0,52597 20 0,60964 37 0,55408
4 0,72335 21 0,6018 38 0,57728
5 0,77444 22 0,65677 39 0,56635
6 0,63764 23 0,62256 40 0,5329
7 0,54077 24 0,56927 41 0,57866
8 0,52541 25 0,59866 42 0,59411
9 0,56662 26 0,59722 43 0,54065
10 0,53852 27 0,56072 44 0,65255
11 0,5789 28 0,6094 45 0,60033
12 0,54044 29 0,59471 46 0,53666
13 0,98407 30 0,67 47 0,60024
14 0,52432 31 0,55609 48 0,53913
15 0,58428 32 0,68542 49 0,61197
16 0,60757 33 0,56211 50 0,54632
17 0,60591 34 0,60305

Measurement shows thateragetime needed to transfer the first SYN message from the
modem to the server was 0.3012633 seconds. The same time has to past for message to arrived
to the modem from theerver when closing the connection iway handshake.

Average time of the connection duration was calculated also with the 50 measurements, and
also on the server side. Talleshows the measurement values.
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TABLE Il
TCPCONNECTION TIME
Num Connectiortime Num Connection time Num Connection time
[s] [s] [s]

1 8,82001 18 8,8069 35 8,73765
2 16,1032 19 8,88407 36 8,74798
3 11,0177 20 8,91578 37 9,10502
4 8,90851 21 8,81474 38 9,1503
5 16,677 22 8,79918 39 8,97075
6 8,89243 23 8,8242 40 9,28623
7 9,36813 24 8,75101 41 8,99216
8 9,19986 25 8,80949 42 8,98812
9 8,9924 26 8,96354 43 9,25768
10 9,08242 27 8,993 44 8,74795
11 8,96358 28 8,99728 45 9,05517
12 9,08824 29 9,16909 46 8,85617
13 8,79535 30 9,12084 47 8,98255
14 9,27468 31 8,99375 48 8,83881
15 8,92286 32 8,89597 49 8,91679
16 9,1812 33 9,34277 50 8,76586
17 9,11209 34 9,23638

Avarage time, taken from this values is 9.322336 seconds.

Time needed to transfer HTTP message, through the TCP connection, from the modem to
the server anblack, is 9.9248626 seconds.

The CoAP protocol uses UDP on a transport layer so the time has to be measured using
different method. The UDP is connectionless, so it does not communicate with the server
before the message is sent. It sends the message spetific address and port.

Measurements are also taken on the server side, so that the values can be compared. In the
TablelV. differences betwen sending time and receiving time are provided. Sending time was
taken from the server so that this two timmas be compared.
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TABLE IV
ARRIVAL OF THE COAP MESSAGE TO THE SERVR

Num Time [s] Num Time [s] Num Time [s]
1 1,9131 18 1,93061 35 2,02831
2 1,91 19 2,17304 36 1,99722
3 1,87257 20 2,00974 37 2,00322
4 2,00883 21 1,91206 38 1,92955
5 2,10376 22 1,6161 39 1,94918
6 2,08108 23 1,96319 40 1,97978
7 1,24993 24 1,97849 41 2,13744
8 2,08792 25 1,85537 42 1,22525
9 1,93593 26 2,13685 43 1,83944
10 2,06519 27 2,03583 44 1,8629
11 2,12149 28 2,09912 45 1,92767
12 1,79254 29 1,8813 46 1,9556
13 1,78781 30 1,49717 47 1,95842
14 1,99185 31 1,94055 48 1,82597
15 1,76863 32 1,9839 49 1,7033
16 2,1393 33 1,97531 50 2,07579
17 2,30096 34 2,15925

Average time needed for CoOAP message to arrive from the modem to the server was
1.9335558 seconds. In ordey compare this with HTTP, we have to take in considiration
response time, so this valuenigiltiplied with two and the value is 3.8671116 seconds.

TABLE V
AVERAGE TRANSMISSION TIME
CoAP HTTP
Average
T 3.8671 9.9248
transmission timés]

Results showshat the time for message transport is 3 times smaller if COAP protocol is
used.

In the mobile Envoronment Systendevices are sendingata to the central server
approximately every 15s. As eaphcketis 324 bytes large, it means that one device geesrat
and transferd 822,5KB during a dayAfter HTTP replacement with CoARhe total amount
of bytes per device per dag reduced tol 496,25bytes which represents a significant
reduction resulting in shorter transfer tineewireduced cost of runningpé system
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VI. CONCLUSION

In this paper, an implementation of the Costrained Application Protocol in an Enviromental
Monitoring System is presente@he previously used HTTP protocol is replaced with the
CoAP protocol and the performance of two solutions valiated in term of resource
utilization. The CoAP represents the protocol of choice for the constrained networks. This
protocol supports the majority of the concepts that enabled the existing Web to run, while the
complexityis reduced and adjusted forpedoilities of the devices with constrained resources.

The time needed to transfer a CoAP message over mobile network is almost three times shorter
then the time required when HTTP messages are used. Also, the size of a HTTP message is 1.2
times bigger tharthe CoAP message which has implications on the processing of such
messages on the constrained networks side. The implementation evaluation presented in this
paper shows that the CoAP protocol is easy to deploy, saves bandwidth, memory and device
power inthe M2M communication. Problems with reliability of the UDP are resolved with
retransmision mechanism that enables devices to resend message if no response is receved. For
the futuredeploymentimplementation of the CoRE Linked Format as a payload forhwatld

be considered. The idea is to replace heavy XML with some lighter message format and in that
way to reduce whole message on the application layer. To the constrained devices this could
rapidly lower a resource consumption.
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Abstractd In mobile marketing campaigns, information can be quickly and easily transferred to
consumers and thus ensure the competitive edge. Therefore, barcodes are currently a hot marketing trend.
In addtion to the initial use of the product labelling in warehousing and logistics, barcodes are now
prevailing in virtually all areas of life due to the wide range of applications for codes. The applications
vary from routing to a website, YouTube or Facehdokmaking calls or paying for a product and service
instead of cash or credit card. Also the area where barcodes are placed is very broad and ranges from print
media, billboards or business cards to packaging. Since many different barcodes exist,esomaiuty
select a specific type of code. First, this decreases the amount of data that has to be encoded and, second,
it improves the awareness and recognition factor of the symbol. So far, only limited research has been
conducted to show the consumersaeamess and application of different barcodes. On the basis of on an
online survey, this paper analyses differences in attitude and awareness of multiple codes. Furthermore,
reasons why people scan codes or why they refuse these new marketing chadisdassed.

Keywordsd Barcode, TweDimensional Code, QR Code, HCCB, Mobile Marketing

[. INTRODUCTION

Barcodes are a modern type of illustration and give communication a whole new approach.
With the rapid development of smartphones and the booming mobileenhtgrplications that
come along with it, barcodes are being used more frequently and new barcodes originate.

In 2011 472 million smartphones were sold worldwide and 17% of the global population
already has an active mobiteoadband subscription [1]. Sintiee proliferation of smartphones
will increase significantly in the coming years (see Figukerdr! Reference source not
found.), also the use of mobile internet and mobile services increases [2], [3].
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Fig. 1Smartphone Sales Worldwide from 200ntil 2016, in Million Unitg[2], [4]
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Due to this increasing spread, the consumer behavior as well as the pattern of web usage is
changing. Communication and shopping is jus
anywhere. In addition to the alreadgproved usability of mobile services the biggest obstacle
to more widespread use of mobile internet is the media break between the real world and the
content of the Internet. The big challenge is to provide customers an easy access to information
and servges.A very simple solution is the technology of optical coding using barcodes. In this
way, mobile smartphone users are able to capture all the information they need easily
interact with this information immediatelly by taking a picture of the bayde with their
smartphone as they walk by the advertisement and let the application do the rest.

In addition to the initial use of the product labeling in warehousing and logistics, barcodes
are now prevailing in virtually all areas of life due to the evidnge of applications for codes.
The applications vary from routing to a website, YouTube or Facebook in order to provide
detailed information about the product and tracking packages and mail, to making calls or
paying for a product or service insteadcakh or credit card [5Also the application area is
very broad. Barcodes are now found on nearly every item: on electronic parts, packaging,
newspapers, billboards, business cards or even coffee mugShirts.

Since a great diversity of barcodes &xfsr marketers, understanding which consumer
segments scan [ é] codes, the source and | oca
delivered, is crucial [é] .6 (Mark Donovan, [

This paper aims to reveal motives of consumers for scanning lesresdvell as differences
in awareness, attitude and appliance of different codes.

Il. BARCODES

The technology ofoptical coding offers an enormous numbepf different code
combinationsThe best known anahost frequentlyused ones arencounteredh bar@des The
initial intention of barcodes was in the rationalization of warehousing. The information in so
called 1D codes such as EAN and UPS, is encoded indimensionalhorizontalbars. As a
consequence only limited number and typef data can be stored.up to the restricted space,
these codes reached their limitations in cert@ieas of application [7]With the idea of
0 s t admkliipte §D codes above each othep calledstack codes, the first principle of 2D
codesemergedEachcode type, such asaple codes or matrix codespntains manylifferent
versionsthat are optimizedh terms ofdata capacitya quick readabilityor robustnessgainst
reading error for a specific purpose.Today's developmentsrepresentan increase irdata
capacityby the dstinction of differentcolors (3Dcodes)or the chronologyf code sequences
(4D codes).

Above all, the evegrowing smartphone penetration accelerates application development
and creates new barcodes every dayrentlythere are oved0 different2D and 3D barcodes
on themarket[8].Table | gives an overview of selected barcodes.

36



E-society Journal: research argpécatiors, Vol. 3, No. 1, July 2012

TABLE |
OVERVIEW OF DIFFERENTBARCODES
Developer(Country) Capacity Main field of | Standards
Year appication
EAN Code Developed out of UPC | e.g. PDF 14 (2D Code) 1SO. EAN
Code by RCA (USA) Numeric: 2.710 X . P =
L Office Automation International BSI,
In Europe Alphanumeric: 1.850 DIN, NEN etc
3 oTER areen 1976 Binary: 1018 ! .
QR Code H i isti
= ml Denso (Japan) Nlumerlc. 47-'0.89 Logistics, Factory
1004 A_phanumerlc. 2.953 Automation, Mo_blle AIM, JIS, ISO
w38 Binary: 1.817 phones, Advertisemen
Shotcode University Cambridge . .
G' (UK) g;r;ssts of 4®it pro Advertisement
’ 1999
BeeTagg [ . i i
o At Convision AG No directly applicable
€5 (Switzerland) 10* different Beerggs | information,
. 2007 Mobile Tagging
?gtem?:tczz(e RVSI Acuity CiMatrix Numeric: 3.116 Iadu?g::lf):t?gnparfirlpna
(USA) Alphanumeric: 2.355 ind d » P AlIM, ISO
2006 Binary: 1.556 industry, document
handling
Aztec Code i
Numeric: 3.832
Welch Allyn (USA) Alphanumeric: 30.67 | Eticket, bills AIM, 1SO
1995 -phan
Binary: 1.914
Microsoft Tag Biometric ID,
High Capacity color Microsoft (USA) . Labeling N
barcode (HCCB) 2007 1000 per square inch | »y ertisement ISAN-IA

According to its area of operation, different demands are made on the various codes [9].
These include data capacity, which is redd to the maximum amount of data, as well as the
data density, which indicates the concentration of the data related to the required area. Another
important feature is the error detection and correction, which increases data security, because
also dirty,poorly printed or partly damaged codes become readable. The robustness of a code
is also essential. It takes the tolerance of rotation, strain, different angles, lighting conditions or
damage into account. Aesthetic and conspicuousness of a code pimyfieasit role for the
acceptance by end users

I1l. METHODOLOGY AND SAMPL E

This study employs a survey method in form of a quantitative analysis. The survey was
conducted in thdirst quarter of 2012 by using an online questionnaire via the survey software
tool6 | i mesur vey?od.

The survey consisted of 79 questions, clustered into 13 sections. Section one had the aim to
query the smartphone usage. After a section relating to Social Media behavior, the barcode
section (section three) contained all relevant questiegarding the awareness, scanning
behavior and preference of barcodes. Each further section queried the use of one specific
barcode, based on the knowledge in section three. Hence, the section was skipped if the specific
code was not known. In the end dmgraphic data was obtained.

The main target group of this survey was Austria and especially the younger generation. A
random sampling technique was adopted for questionnaire distribution. The questionnaire was
sent out to schools, universities and assimeiatTo reduce biases in format and content as well
as to enhance validity of the questionnaire a pretest of 25 people was conducted prior to the
actual data collection.
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In total more than 1,059 participants were interviewed. After considering unansaveted
not valid forms 784 questionnaires build the basis for the analysis. The demographic profile of
the respondents is shown in Table II.

TABLE Il

DEMOGRAPHICOVERVIEW OF THETESTEDSAMPLE POPULATION

ltem Frequency %
Gender Male 278 35.5
Female 506 645

Age Average Age 26.78 years
Age <30 655 83.5
30-50 100 12.8

Smartphone User >50 29 3.7
Yes 463 59.1
No 317 40.4

Don't know 4 0.5

IV. RESULTS

A. General results

The smartphone penetration is generally increasing in Austria. From the second afuarter
2011 to the second quarter of 2012, the penetration of smartphones in Austria increased from
43% to 47% of all mobile phone users [10]. Also our study reflected this tendency, by
concluding a market share of 59.1% of smartphones within all respondérgshigher
penetration rate is explainable by the average age of the sample group. Smartphone penetration
is generally much higher in younger sample groups than in older sample groups. The Austrian
Internet Monitor found, that in target groups rangingnfrages 14 to 29, smartphone
penetration rates can be as high as 72% of all mobile phone users. (Integral, 2012) Surprisingly,
our study revealed that males or more likely to have a smartphone (66.2%) than females
(55.1%).

As Figure 2(right illustration) $iows, most smartphone users possess a mobile device that
runs on Android (58.35%). Subsequently the iPhone establishes itself clearly as number two in
the market (21.34%). The results reflect the current situation on the smartphone sector (see
Figure 2- left).
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Fig. 2left: Market Share of Leading Operating Systems on Sales of Smartphones Wof@aither via 11}
right: Results of Survey: Operating Systems of Smartphones

Our survey also indicates that the average respondent already possesseasehisrptmut
a year, for most (67.10%) it is the first smartphone.

B. Barcode results

The survey depicted that 35.6% of the respondents are able tcasvase with their
smartphone. However, 20.0% are not aware whether their smartphone is capable of scanning
code. 56.99% of the participants who are able to scan a code already scanned a barcode at least
once. On average the selected barcodes have been scanned 13.41 times (by people who have
ever scanned a barcode), with a deviation of 10.85, and mainlyif@atereasons (80.57%).
Interestingly, on average female participants did not scan as many barcodes as male participants
(see Table 11).

TABLE Ill

MEAN VALUE OF SCANNEBARCODES BY GENDER

Gender Mean N Std. Deviation
Female 10.71 76 9.920
Male 15.67 91 11.004
Total 13.41 167 10.82

Reasons for not scanning a code are shovifigare 3 The main reason lies in the lack of
interest. Most respondents do not see any benefit in scanning a code. Concerns about the
security of data are also an issue.
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Fig. 3Reasons for Not Scanning a Code
Grades5=totally agree, 4=rather agree, 3=neutral, 2=rather disagree, 1=totally disagree

All respondents were asked which barcodes they are aware of and if they use certain types
of codes. The results indicate, thfie best known barcode is the EAN Code (40.28%),
followed by the QR Code (38.13%) and the Aztec Code (10.93%). Besides the DataMatrix
Code (6.52%), all of the other requested codes have hardly been noticed by the participants. It
is very interestingto & t hat QR Codes have caught t he <co
EAN Codes, which are on every packaging.

The findings of this survey show thd8.09% find barcodes very useful or rather useful.
Only 10.08% are of the opinion that barcodes are (rathetess This leaves a majority of
41.80% indifferent respectively neutral about the usefulness of. Results indicate, that users of
smartphones which are running on Symbian or Android find barcodes a little more useful than
users who work with an iO®r Windowsbased smartphone (see Table IV).

TABLE IV

USEFULNESS OBARCODES BYOPERATINGSYSTEM

What type of

Smartphone are you Mean N Std. Deviation
using?
iOS (iPhone) 2.25 101 0.974
Android 2.47 27 0.976
Blackberry OS 2.37 16 1.025
Windows 2.23 13 0.927
Symbian (Nokia) 2.53 34 1.022
Do not know 2.62 26 0.804
Total 2.42 447 0.972

Additionally it was found, that the perceived usefulness of barcodes differ among the gender
of participants. While male respondents on average find that barcodes arausaftik (factor
= 2.19), female respondents have an attitude towards the usefulness of barcodes that is much
more neutral (factor = 2.61). Also, the standard deviation of the perceived usefulness of male
respondents is slightly higher than the standardiatien of the perceived usefulness of
barcodes by female participants (see Table V).
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TABLE V

MEAN VALUE OF SCANNEBARCODES BY GENDER

Gender Mean N Std. Deviation
Female 2,61 506 0,931
Male 2,19 278 1,022

The survey also contained an open questionutbeconsidered advantages and
disadvantages. Thereby the answers were clustered into different categories and the values were
calculated based on the allocation. As already mentioned above, the use of barcode poses
potential danger to business and consumsers of smartphone35.68%find barcodes riskyn
particular because it is uncertato which destinationthey are link to. 22.1% see a
disadvantageof bar codesin the necessity of decryptiotools such asa scanner and a
smartphone 10.05% also feel that the readingof bar codesoften does notvork. Also the
requisite internet connection is considered to be a disadvantage of barcodes (6.03%).
Surprisingly, some people also specified that barcodes reduce social contacts because they for
example replacéirect contact to the customeX.possible explanation might be found in the
virtual store applications of codes. Hcemmerce is the main procurement form of goods the
contact bet ween fellow human beings coul d
Neighborhood Grill and Bawhere customers were invited to scan a code tabketop place
cardwhile waiting for their meal, decreases social interaction [11].

However, advantages of barcodes were seen iedkg wayof gaining moreinformation
about productand services (31.82%lEven though 28.79%ee the advantage of barcodes in
the easy and rapid conducting of activities, some respondents stated that they do not see any
time-savings through the useof barcodes(value of 7.04% of denoted disadvantages
Furthermore barcodegpresenta wayto automateas well as standardizausiness processes
(14.65%) 10.61%find barcodesasy to usend6.31%seethe advantagef bar codesn the
low spaceconsumption.
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Fig. 4 Where Did You Scan Codes of?
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Barcodes are mainly used for the purpose of information retrieval. Therefore codes of
products and packages as well as flyers and billboards are scanned. ahztddataMatrix
Codes are also scannedrfrdnternet sites whereas business cards are also a popular scanning
object for QR Codes. Another interesting result is that geocaching and coupons are no
motivational factors for an increased use of codes. Furthermore, the mobile payment is hardly
prevalen.

Figure 5 summarizes the results regarding the awareness, appliance and optical preference
of selected barcodes.
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Fig. 5 Relation of Awareness, Appliance and Optical Preference of Queried Codes

V. DISCUSSION

Since the study is based on a quantitativeeassh design, some answers could not be
retrieved in full deepness. Especially necessary requirements for a more intensive use of
barcodes are an imtsting issue and should bevéstigated further. Also the reason why
barcodes with a more appealing desage rather unknown should be examined in deAdlil.
respondents came from one cultural area; ecaftsiral differences cannot be considered in this
researchLimitations in this study also lie in the predominantly young and female sample.

VI. CONCLUSION

Based on an online survey wit84 valid respondentshis study shows that 59.1% of the
sample possess a smartphone 86b% areable to scan a code with it. Only 3% of the
respondents have not noticed any of the queried cathestesults indicate thaté EAN Code
is the besknown code, followed by the QR Code. The rather trendy codes, such as Shotcode,
BeeTagg or HCCB, are almost unknown. The appliance of the codes reflects the same results.
Even though barcodes are considered to be useful, the sgdrabit is not widely accepted.

EAN Codes have been scanned 4.56 times on average by people who know it, QR Codes 2.92
times and the other codes less than once. The main use lies in receiving information. The use of
scanning barcodes in order to get disgsuor pay by mobile is not widely spread in our
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sample. Because of the simple and already inured design the EAN Code is also the code that
appeals most to the respondents.

Codes will become more and more important in marketing management. In Japan, for
example, it is already well established to scan codes in order to receive information or shop for
goods. With the increasing smartphone penetration the easy and effective way of interacting
with advertisement will also increase in Austria. Nevertheless;olar readers should be
preinstalled on every smartphone.

Since fun is the second motivation for scanning codes, the code's looks and the integration
in billboards, flyer, journals etc. are important to attract attention and hence action. Therefore
companie could use QR Codes in different, flashier colors than just black and white. And,
since the error correction is pretty high at QR codes also pictures can be embedded in the code
in order to increase the fun factor.

This paper gives an overview of the peption and scanning behavior of different barcodes
with the aim to help struggling companies to determine the strategy of marketing campaigns.
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Abstractd Autonomous outdoor quaabtor helicopters increasingly attract the attention of potential
researchers. Several structures and configurations have been developed to allow 3D movements. The
autonomous quarbtor architecture has been chosen for this research for its low dimension, good
maneuverability, simple mechanics and payload capability. This paper presentzodieéng and
navigation of an autonomous outdoor guatbr helicopter.

Keywordsd Autonomous, modeling, navigation, questor helicopter

I. INTRODUCTION

The quaerotor helicopér configuration is well known and has been studiedes the
beginning of 1900s. In 1907, tHast known quadrotor helicopter, Gyroplane No. 1 @éd.
Autonomous quadotor helicopters increasingly attract the attention of potentiabrekers. In
fact, several indstries require robots to replace men in dangerous, boring or onerous situations.
A wide area of this research is demtied to aerial platformsSeveral structures and
configurations have been developed to allow 3D movementELPl] there areblimps, fixed
wing planes, single rotor hebpters, birdike prototypes, quadotors, etc. Each of these has
advantages and drawbacks. The vertical-t#tkand landing requiremenexclude some of the
aforementned configurations. However, the platfer which show these characteristics have a
unique ability for vertical, stionary and low speed flight. Thdeetrically powered fourotor
quadrotor heliopter architecture has been ska for this research fits low dimension, good
maneuerability, Smple mechanics and payload capability (Fig. 1).

Figure 1Quadrotor helicopter
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This structure can be attractive in several applications, in particular for surveillance, for
imaging dangerous environments and for outdoor navigation and mapping.

The paperis organized as follows: Section lhtroduction. In Section Zhemodeling of tke
quadrotor helicopter is presented. In Sectioth8 control stragy are presenteth Section 4,
the GPS navigation of the quagtor helicopter is illustratedConclusons are given in Section
5.

II. MODELING OF THE QUAD-ROTOR HELICOPTER

The model of the quarbtor helicopter and the rotational directions of the propellers can be
see in Fig. 2. The rotor pair 2 and 4 rotates clockwise direction and the rotor pair 1 and 3,
articlockwise direction. A quadotor helicopter has fixed pitch angle rotors and the rotor
speeds are controlled in order to produce the desired lift forces.

Figure 2The model of the quadrotor helicopter

A. Actuators of the Quadrotor Helicopter

The quadratr helicopter has four actuatorbrushless DC motors wich exert lift forceg
F., F3, F4 proportional to the square of the angular velocities of the rotors. Actually, four motor
driver boards are needed to amplify the power delivered to the motors. rotedion is
transmitted to the propellers which move the entire structure.

B. Sensor System of the Quadrotor Helicopter

Two types of sensors are used for measuring the adbtatde and for measuring its height
from the ground. For the first, an Inettieasurement Unit (IMU) was adopted, while the
distance was estimated with a SOund Navigation And Ranging (SONAR) and an InfraRed (IR)
modules. There are: accelerometers and angular velocity sendbeslmrard of the quabtor
helicopter. The conceptf dhe vision system is originated from motistereo approach. The
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camera is attached to the quadrotor helicopthe data processing and the control algorithm
are handled in the Micro Control Unit (MCU) which provides the signals to the motors.

C. Coordinae Systems for Navigation

To describe the motion of a 6 DOF rigid body it is usual to define two reference frames [1]:
A the earth-framegand i al frame (E

At h dixeb foahe/ (Bframe), Fig. 3.

Geoid

Figure 3Earth and Bodyframe used for modelingf the quaerotor system

The equations of motion are more conveniently formulated in tfrarBe because of the
following reasons:

A The inert4dnariamatri x i s ti me

A Advantage of body symmetry can be taken t
A Me a s u akenmoeboardsare easily converted to befiked frame.

A Control forces ar efixedlframest al ways given in

The Eframe OXYZ is chosen as the inertial righand referenceY points toward the
North, X points toward the EasZ, points upwardwith respect to the Earth, and O is the axis
origin. This frame is used to define the linear position (in meters) and the angular position (in
radians) of the quarbtor.

The Bframe (xy2 is attached to the body. x points toward teamter of gravity bthe
quadrotor quadrotor front, y points toward the quadtor left, z points upwards aralis the
axis origin. The origiro is chosen to coincide with the center of the gr@dr cross structure.
This reference is righthand too. The linear velowifyn/s), the angular velocity (rad/s), the
forcesF (N) and the torque3 (Nm) are defined in this frame. The linear position of the
helicopter K, Y, 7 is determined by the coordinates of the vector between the origin of the B
frame and the origin of the-frame according to the equation.

The angular position (attitude) of the helicoptel{ ,d,y ) i s defined by t h
the Bframe with respect to the-tEame. This is given by three consecutive rotations about the
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main axes which take the-ffame into the Bf r a me . I n t h ipischrypaawpoe rs, e tt hoef
Euler angles were used. The vector that describes thergtmdoosition and orientation with
respect to the frame can be written in the form:

s=[xvzr d ]y 1)

The rotation matrix between the &nd Bframes has the following form:

T~ O S%T 9 GG 2

R=g,C, ¢ +S,55 -GS +S55,Cy (2
& 5 CqSr CqCr ¥

The corresponding transfer matrix has the form:

é,l Sftq Cftq ?
_€ u
T= ¢ -5y ®
& s/c, clc,H
Where C, and S, represent:os(q) and sin(q) respectively.
D. Kinematical Model of the Quaibtor Helicopter
The system Jacobian matrix, taking (2) and (3), can be writtdwe ifotm:
eR 03,0
J= g) 3+X3U 4
3x3 u
where 0,,, is a zerematrix. The generalized quadtor velogty in the Bframe has a form

[2]:
v=[wg g )

Finally, thekinematical model of the quator helicopter can be defined in the following
way:

H=J & (6)

E. DynamicModel of the QuadRotor Helicopter

Dynamic modelling of the quadrotor helicopter is a well efatedl field of aeronautics. The
dynamics of a generic 6 DOF rigimbdy system takes into account the mass of the body m and
its inertia matrix I.

Two assumptions have been done in this approach:

- The first one states that the origin of the bdiggd frame is coincident with the center of
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mass (COM) of the body. Otherwise, another point (COM) should be taken into account, which
could make the body equations considerably more complicated without significantly improving
model accuracy.

- The second one spéies that the axes of the-BBame coincide with the body principal
axes of inertia. In this case the inertia matrix | is diagonal and, once again, the body equations
become simpler.

Each rotor produces moments as well as vertical forces. These momentsbaeneed
experimentally to be linearly dependent on the forces at low speeds. There are four input forces
and six output state§, y, z ¥ ,q,f) and, therefore the quadtor is an undeaduated

system. The rotation direction of two of the rotors are clockwise while the other two are counter
clockwise, in order to balance the moments and to produce yaw motions as needed. The
equations of motion can be written using the force and momemtdealgielding:

a.i _0
a8 Fiac,sqcy +s,@)- K, %
=G - @)

=&t = ®)

=01 = p- 9)

ﬂ#:Ié_ F1+F2+|33- F, - Kyy#) 10

g & Fl'F2+§3+F4'K0‘ﬁ (1)
y

i‘#:(_ M1+M2+‘|;/|3-M4-K,fa 12

z

The factorsK i in (7)-(12) given above are the air resistance coefficients to be determined

experimentally. J,, Jy , J, are the moments of inertia with respect to the particular axes.

Ill. MODELING OF THE CONTROL STRATEGY

Together with modeling, the determination of the control algorithm structure is very
important for improving stabilization. Controlling a aubomous quadotor helicopter is
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basically dealing with highly unstable dynamics and strong axes coupling. In addition to this,
any additional ofboard sensor increases the autonomous-geiad helicopter total weight and
therefore decreases its operatiomet The control system of the autonomous euadr
helicopter requires accurate position and orientation infoomd5], [6], [8] [9] [10]. In this
section we present a control strategy to $itabiof the quaeotor. Fig. 4shows the block
diagram of he quaerotor control system

i v X

J N v l]l mref (Dl >

- re, —> e > Y

8 \Hff > ref| =2 >

3 s U, o | 2 0, Z

g w2 posiioN ¢ | arrrTupe [ E % > E g .

5 ©Z CONTROL »| CONTROL S = o) (3) E

S g5 Xy Ul 25 [oFf] € Dy 25 \}

%o = ¥ P (outside loop), (inner loop) |—p] £ s =, g | o p g = >

& B f
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Figure 4The block diagram of the quadtor helicopter control system

The task planning block is in debt to determine desired, i.e. referent 3D rotorcraft trajectory
of flight as well as to propose the referent flightespalong the trajectory. The task planning
block generates referent path based on flight parameteguaddotor task imposed.

Position control blockhas to ensure accurate 3D trajectory tracking. It represents so called
outside control loop. Based @ensory information (GPS, IR, SONAR) about the referent
positions (speeds)nd corresponding actual onesfided in the inertial coordinate system-(E
frame), the position controller calculates referent attitude position of-mpad body (pitch
and rollangle ) thahave to enable desired motion.

Inner control block represents the core of the control scheme. It is responsible for the
attitude control of quadotor system. Appropriate attitude control ensures in an indirect way
required flight performancein the particular directions of motion such as longitudinal, lateral
as well as vertical. Inner control block processes the task and sensor data and provides a signal
for basic movements which balances the position effwe.essence of building contischeme
presented in Fig. 4 is that by contitog a body attitude (within an inner loop) it is enabled
controlling of the rotorcraft movements in the coordinate directiodiear with the axes of
the inertial sysem

Inverted Morements Matrix blocksued t o compute the propell e
the four basic movement signals.

Variety of control algorithms can be implemented within the flighitroller presented in
Fig. 4. These are: (i) convepnal PID regulator, (iibackstepping nthod and (i) knowledye-
based Fuzzy Inference System (FIS).
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IV. GPSNAVIGATION OF THE AUTONOMOUS QUAD-ROTOR HELICOPTER

The trajectory of the autonomous quador can be introduced by GPS coordinates (e.g.
Pgrs(j)) as shown in Fig. .5 The autonomous quattor helicopter is requested to track the

imposed trajectory between the particular poings={,...,n) with satisfactory precision,

keeping the desiredttdude and height of flight [11], [J2 The autonomous quattor
helicopter checks fothe current position: X and Y by use of a GPS sensor and/or electronic
compass. Also, the altitude is measured by a barometric sensor.-Bgaah microcontroller
calculates the actual position deviation from the imposed trajectory given by succesSive GP
positions P..¢(j). It localizes itself with respect to the nearest trajectory segment, b

calculation of the distances), or d, .

Gyroscopes provide angular velocity measurements with respentettiiai space. With
recent developments in gyroscope technology, their usage in various fields is observably
increasing. In combination with accelerometers, gyroscopes are used in position, velocity, and
attitude computation in a variety of navigation andtion tracking applicatianfor aircraft and
robots[14-15]. By providing angular velocity measurements, gyroscopes can also be used in
angular orientation estimation.

N

Figure 5The block diagram of the quadtor helicopter control system
Using the groscope, the autonomous quador helicopter determines desired azimuth of

flight @ (Figure 5) and keeps the desired direction of flight. The height of flight is also
controlled to enable the performance of the imposed missior).(task

51



E-society Journal: research angpéicatiors, Vol. 3, No. 1, July 2012

V. CONCLUSIONS

We presented the modeling and navigation of an autonomousrapaachelicopter in a
outdoor scenario. The main aspects of modeling of rotorcraft kinematics and rigid body
dynamics, spatial system localization and navigation of autonomaadraotor helicopter in
outdoor scenario are considered in the paper. The control strategy is presented. The GPS
navigation of the autonomous queator helicopter is illustrated.

ACKNOWLEDGMENT

Thi s wor k was supported by ahd Bevelopmenb ofat i on
Ambientally | ntel ITR-3p@8, 2011304, vfinded byRhMinistty ®f6 ,
Science of the Republic Serbia and partially supported by the TAM@R/08/1/2009008
program of the Hungarian National Development Agency.

REFERENCES
[1] Al eksandar Rodic, Gyul a Mester lvan Stojkovil, AQu
Autonomous Quadrotorso, in Intelligent Syst ems: Mo d

Intelligent Engineering and Informes, Vol. 3, Part. 2, ISSN 2192411, elSSN 2193942X, ISBN 9783-642-
339585, elSBN 9783-642339592, DOI 10.1007/978-642339592_7, Springer, 2012, pp. 11534

[2] Aleksandar Rodic, Gyula Mester, The Modeling and Simulation of an AutonomousRatadvViicrocopter
in a Virtual Outdoor Scenarid\cta Polytechnica Hungarica, Journal of Applied Sciend&s. 8, Issue No. 4,
Budapest, Hungary, 2011, pp. 1022.

[3] Aleksandar Rodic, Gyula Mester, "Ambientally Aware-Rinctional Groundierial RobotSensor Netorked
System for Remote Environmental Surveillance and Monitoring Tasks", Proceedings of the 55th ETRAN
Conference, Section Robotics, Vol. RO2.5, p@g, 1SBN 97886-8050966-2 , Banja Vrulica, B
Herzegovina, 2011.

[4] Aleksandar Rodic, Gyula Mesteiyodeling and Simulation of Quabtor Dynamics and Spatial Navigation",
Proceedings of the SISY 2011, 9th IEEE International Symposium on Intelligent Systems and Informatics, pp
23-28, ISBN: 9781-4577-19738, DOI: 10.1109/SISY.2011.6034325, Stiba, Sebia, 2011

[5] C. Lebres, V. Santos, N. M. Fonseca Eearand J. A. Tenreiro Machad®#\pplication of Fractional Controllers
for Quad Rotor, Nonlinear Science and Compléxityart 6, DOI: 10.1007/9780-481-98849_35, Springer,

2011, pp. 30809.

[6] J. Coelho,R. Neb , C. Lebr es, cation of Bractiohab Algorithind\ip @dntrol of a Quad Rotor
Flightd, Proceedings of the"2Conference on Nonlinear Scienceand Complexity, Porto, Portugal, Jdg,28
2008, pp. 12.

[7] Tommaso Bresciani, Modellingfidertification and Control of a Quadrotor HelicopierDepartment of
Automatic Control, Lund University, ISSN 028316, ISRN LUTFD2/TFRT/5823.SE, October 2008.

[8] B. Siciliano,O. Khatib, Eds., Handbook of Robotics, Springer, ISBRB-3-540-239574, 2008, pp391-410.
[9] Barnes W.McCormick, W., Aerodynamics Aeronautics and Fliigchanis. New York: Wiley, 1995.

[10] Gordon Leishman, J., Principles of Helicopter Aerodynamics, Second Edition, Cambridge University Press,
1995.

[11] Etkin, B.,Reid L. R., Dynamics of FlightStability and Control. JohnWiley & Sons. New York, 1996.

52



E-society Journal: research anapécatiors, Vol. 3, No. 1, July 2012
[12] Castillo, P. Dzul, A. Lozano, R. Stabilization of a Mini Rotorcraft Having Four Rotors, Conteier8y
Magazine, Vol. 25, No. 6, 2005, pp.-85.
[13] Aircraft X650 Quadrotor, http://www.infmetry.corftoolstuff/xaircraftx656quadcopterquadrotor/

[14] Koifman, M., Bar-ltzhack, 1.Y.finertial navigation system aided by aircraft dynamidEEE Trans. Control
Syst. Technoll999, 7,pp.487-493.

[15] Wang, J.H.Gao, Y. LandfiVehicle DynamicsAided Inertial Navigéiono. IEEE Trans. Aerosp. Electron. Syst.
2010, 46pp.16381653.

53



E-society Journal: research arngpécatiors, Vol. 3, No. 1, July 2012

54



E-society Journal: research angpéicatiors, Vol. 3, No. 1, July 2012
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Abstractd Clustering algorithms usually have one or moreapaatershat control the scale at which
the algorithm looks at théata. We study the problem of simultaneously selecting paranadters for
multiple datasets (clustering instances), some of whreha priori known to have similar values. We
propose twmptimizationproblems related to this task. We show that one of tisePhard, and give a
polynomiattime algorithm for the other.

Keywordsd About four key words or phrases in alphabetical order, separated by commas.

I. INTRODUCTION

Clustering highdimensonal data is a widely studied problem with numerous applications.
The goal is to partition a set of higlimensional points into subsetdusterd so that, generally
speaking, the distances within one cluster are smaller than distances between pdfetgim
clusters. Of course, depending on the application, one can think of many ways to make this
problem precise. For example, clusters can be allowed to overlap or not, the desired number of
clusters may be known or unknown, intemd intracluster dstances may be defined as
maximum, average, root mean square distances, etc.

Common to most clustering algorithms (at least the practical ones) is that they do not
attempt to give only one definitive answer, but leave a few parameters that can-foedihe
when the algorithm is used in a specific application. These parameters control the desired size,
separation, or number of clusters. In this paper we restrict our attention to algorithms with
single parameterwhich we callscale because they typicallgefine the scale of the features
that we consider relevant for the application, and wish our algorithm to discover.

An example of such an algorithm is one variant of the clashieahrchical (or single
linkage clustering [5]. One starts with each elemnas its own cluster, and repeatedlyrges
cl uster s wh aismes bigher shanaheicdeametess (of some function thereof). In this
case the parameterlis | t s fAoptimal 06 value varies among

In applications, parameter values are often chosen by trying n@agsvfrom a certain
range, and choosing those that are the most
large amount without significantly affecting the result. In other words, if we partition the range
of parameters into subranges according t he c¢clustering produced,
corresponds to the largest subrange.

In the hierarchical clustering example, the above idea may be realized as follows. One runs
the algorithm until there is only one cluster left (i.e., everything igge®). To each cluster
merge event one attaches the corresponding distaftiameter ratio. In realorld datasets,
the ratio usually experiences a sharp increase between the time when the algorithm forms all
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fireal 0 clusters, anarging théne Thenpiismset to liehsenmewhiere intis ar t s
interval.

In this paper we consider applications where we clusidtiple datasetssome of which
are correlated that is, knowna priori to have similar scales. This can happfen,example,
when the datasets come fromé¢ s ame experi ment, or when near
are examined (see the MAPPER example below). Such correlations provide additional
information for scale selection. Now we would like to select scales that are both robust within a
single datast, but also similar among correlated datasets. In other words, when deciding
between several clusterings of similar robustness, we should opt for that which respects
correlations the most.

Il. RELATED WORK

Direct motivation for our work is thtMAPPER algoritim for structural analysis of high
dimensional data, proposed Bingh, Mémoli and Carlsson [8, 6]. The input of MAPPERa
high-dimensional dataset, and its output is a simplic@ahplex which serves as a simplified,
topologypreservingepresentation dhe dataset.

We give a brief description of the algorithm (see Figure 1 for an illustration). Define a
(scalar or vector) continuobb uncti on on the input. Cover the
simple, partially overlapping patches. Define leset as the preimages of these patches.
Clustered eaclevelset using any clustering algorithm. For each cluster create one vertex in the
output complex. Create lkasimplex for anyk +1 vertices whose corresponding clusters have
nonempty intersection (notkat such clusters necessarily come from overlapping levelsets).

The algorithm works best if the function is nearly injective, i.e., close to a true
parameterization In that case the levelsets are topologically simple, i.e., the clustering step
produces pe cluster. Since for higlimensional datasets this is not always easy (indeed, one
of the goals of data analysis is to discover such parameterizations), the clustering step is
introduced to allow the user to Ibthisstep the @sl ¢
algorithm works even when levelsets are not simple, but consist of several simple pieces far
away from each other; the pieces are detectedsapdrated by the clustering algorithm. The
authors suggest a few functions that they expectord for many datasets: local density, local
eccentricity, eigenvectors of the graph Laplacian operator on the data etc.

How does this relate to our work? The datasets that need to be clustered are the levelsets.
The levelsets that come from overlappingcpat in the parameter space can be expected to
have the similar scales, since the function is continuous.

In the original paper about MAPPER [8], Singhéibli, and Carlsson use singlakage
clustering independently for each dataset, i.e., do not exgplaital coherence of scale at all. In
a later version of their paper (only published as poster [7] to our knowledge), they propose a
way to take scale coherence into account, but only for scalar functions whose image is a
segment on the real line. In thiase, the correlated datasets (levelsets) are exactly those that
appear consecutively on the real line. In other words, the correlation graph (to be defined
precisely below) is a path grapg their scale selection problem can be solved by computing a

L with an appropriate definition of continuous for the finite domain.
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shortest path. We suspect that they did not pursue this further because the associated

optimization becomes difficult for arbitrary correlation patterns. In fact, in this paper we prove
it NP-hard (Section 6).

Fig. 1. lllustration of MAPPER. Input datasist shown on the left. The function is scalar, and its range is a segment on
the real line, shown as vertical bar in the center. The output is shown on the right. In this case the output is a graph
(simplicial complex of dimension 1). Colors encode covedrfy t he functionds range by
(center), corresponding levelsets (left) and clusters (right). Gray always represents overlap of black and white.

Ill. OUR CONTRIBUTION

In this paper we study the scale selection problem for arbitrary atorelpatterns. We
propose two natural formalizations of the aforementioned scale selection probleof. tDem
(see PROBLEM B below) is a direct generalization of the one studied in [8]. Unfortunately, we
can show that this problem is Nfard, and hencanlikely to be solvable in polynomial time.
Our second formalization (see PROBLEM A below) is more tractable. We give a polynomial
time algorithm that solves the problem exactly, and workaroitrary correlation patterns.

The rest of the paper is orgaad as follows. In Section 4 we define the two optimization
problems of interest. In Sections 5 and 6 we present an algorithm for PROBLEM A, and a
hardness proof for PROBLEM B, respectively. We concltide paper in Section 7 by
presenting some directiofsr future work.

IV. PROBLEM DEFINITIONS

In this section we study two combinatorial optimizatiproblems which formalize the
aforementioned task of automasicale selection.

57

bl



E-society Journal: research angpéicatiors, Vol. 3, No. 1, July 2012

The input is the same for both problems. It consists of:
1. An undirected grap& = (V,E).

2. For each v V, a nonempty set of real valugs = {s,y. 53, ... 55, ), Wheres < s, for
al 1i<isl. O

Eachv N V corresponds to a dataset,\j ¥ E if the datasets associated withandv are
correlated, i.e., if theiscale difference should be love,f =, s |) is the rangef scales relevant
for the dataset associated with V. [s,;, S,-1) for 1 Oi < |S| are maximal intervals in which
clustering of that dataset does not change. Note that if§5, thenx belongs to the interval
flaboved it.

Next we desribe the objective functions. Fery V, we denote byl(X) the length of the
interval inS, containingvaluex, that is

Iv(x) = min{sN S, |sOx} - maxs™ Sv|s>x}.

Foru,v N V, letdg(u,v) denote the graph distance (lengflrae shortest path) iG betweeru

andv. ForpN S, gN S, we definedg(p,q) = dg(u,v).

PROBLEM A We want to select one scale per vertex g0 asaximize theotal length of
the intervals containing the selected scalehile respecting ampper bound on maximum
distance beteen correlated scale§ormally,

I.(x.
[xﬁﬁmz v (%e)
PEV

S.txu- %] O1¥(UV) N E, 5,1 OX, <55, WVN V.

@

Notice that we have assumed an upper bound of 1 atigteance between correlated scales.
This is without loss ofienerality,since we can multiply all values in the instamgethe same
suitable constant. The last set of constragmsures that in any feasible solutigfx,) is finite
forallvn V.

For uv) ¥ E,10i <|S), 10j <|S), we denote by, the overlappindength of intervals
[Sui Sui+a] @and[s,, S, j+1], that is
Ouivj = Max Min{ s, j+1, Sy, jra} — Max s, Sy}, O}

PROBLEM B We seek to maximize the total overlapdamgth of selected intervals for all
pairs of correlatedatasets. Formigl

m O i
lipl12 6, ffsvl_usuj Z By Ul
L el

Singh, Mémoli and Carlsson [8] considered the very sajective, but they required th@tbe
a line graph.

V. ALGORITHM FORPROBLEM A

We solve PROBLEM A by reducing it to MINIMUM CUTwhich is well known to be
efficiently solvable.

MINIMUM CUT Given adirected graphG = (V,E) with distinguisheds, t ¥ E, and norn
negative edge capacities(e) |eN E}, find SP V that such that
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Z{c{e]l e=(uvleEuelCvel}
i.e., total capacity of the edges fr&@rto V \ C, is minimized.
The first step is to show that we only need to considiita, discrete set of scales.

Lemma 1. There is an optimal solutiofi,|r € ¥ such that for alkx € ¥ it holds that
lxy — sl = dg{u.v) for someu € V ands € 5,,.
Proof. Assume for contradiction that every optimal solutiorPROBLEM A violates the

aforementioned condition.Fix an arbitrary ordering of vertices and consider the
lexicographicallysmallest optimal solution to PROBLEM A witkspect to this ordering. Let v

be a vertex that violates ttedorementioned property. L&t = {ulx, = x, + d; (u,v)}, ie.,
the set of vertices that can be reached from v in @Nvgtys increasing the selected scale by 1.
Notice thatr = 7.

We prove that we can decreafe,lu € U} by a nonzeroamount without violating
optimality. If this is not the e, then someu € U either crosses into a different interval
(possibly changing the objective function value), or becoisker than 1 fromx,* for some
u' e NV such that{u.u") € E (violating feasibility). The first case coattictsthe fact that
v € 7. The second case contradiatse .

Decreasingx, |u € 17} leads to an optimal solution lexicographicadiyaller than the one
chosen initially, whichs impossible.

We defineP, to be the discrete sets from Lema 1.

B = U{s+ du, ), s — dlw, v)ls € S, 1

HEV

We defineP = 11, B, (note the disjoint unici.

Now we pruneP to make sure that all its elements beldngone of the original scale
ranges. That is, we discard #lle F, which is not in the intervals,,.s,s ). We pruneP
furthero ensure that al/l i t s elnetmewords wefdisaard alle ¢t i

p € F, such thatjz — g| = 1 for all g € E,, where{u,+} € E. Both types ofpruning do not
change the optimal solution, because the discaetéatknts could not have participated in any
feasiblesolution.

If after this pruning step sont& is empty, then we cammediately declare the PROBLEM
A instance infeasiblédtherwise, from now on we can assume the following.

Assumptiorl. For allv € ¥, P, is nonempty, and all lengttgp) are positive and finite. For
any{u, v} € E and anyp £ F, there existg € F, such thalp — g| < 1.

Let C be the sum of the longest intervals in foria#t V.

2\We keep track of whiclz, each element d? came from. In particulawye  d o ntify duplicates inP.
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C= ;E.E'E{"{S]'
PE
Then for anyw € V, p € F. we define the weight g to bew(p) = € + I,(p). ForX £ F,
we definew(X) = Zycpwip).

Now we claim that can rewrite PROBLEM A as follows.

max ) w (p)
T pex @)

Stlp —ql = ds(p.q) Vp.ge X

Lemma 2. Any optimal solution to (2) of weight W feasible solution tBROBLEM A of
lengthi’ — || C.

Proof. Let X be an optimal solution to (2) of weight It suffices to show thgtf N F,| =1
forallv e V.

It is clear thatX cannot have more than one element feomeP,, as this igprevented by
the constraints of (2)lherefore, it suffices to prove thgt| = |V].

Define y, = minF, for all v eV, and ¥ = {y,|r € V1. Note that this is well defined
because allP, are nonempty(Assumption 1).Y is feasible for (2). Thissi because
ly, — .| = 1 for some(u.+) € E, would imply that eithey, is not connected to any element
of P,, or vice versa, which isnpossible by Assumption 1. It follows tha(Y) = |¥|C = |V|C.

On the other handy(X) = |X|C + £, ., I(p). SinceX hasat most one lement from each
P,, the second term is anost C, so wix) = (|X| + 1)C. Since X is optimal for (2),
wix) =w(¥) = |V|C. This implieslX] + 1 = |V|, i.e.,lX| = |V|, as required.

Lemma 3. Any feasible solution t8ROBLEM A of length L that satisfies the conaditi of
Lemma 1 is a feasible solution to (2) of weighkt |V|C.

Proof. Let X be a feasible solution for PROBLEM A l&ngthL, and supposX satisfies the
condition of Lemma 1The latter implies that any elementXfalso exists irP. Letp.g € X,
and supposg € B, p € B, for somea, b € V. To see thalp — gq| = d;(p.q), applying the
constraint|x, — x| =1 of (1) to every edgé¢u.»} on some shortegiath betweera andb.
HenceX is feasible for (2).

Lemma 4.(2) has tke same optimal solution as (1).

Proof. Let L be the optimal length of (1). By Lemma 1 abeimma 3, there is a feasible
solution to (2) of weightl. + |V|C. Hence the optimal weight of (2) is at ledst |V|C. It

cannot be strictly higher than+ |V|C, since by Lemma 2hat would imply a solution to (1) of
length strictly morehanL.
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In light of Lemma 4, from now on we refer to (2) as PROBLEM

The next step is to map the instance of PROBLEM A to ftilowing instance of
MINIMUM CUT (Figure 2). For eaclr € P, create two nodeg* andp~. Let P* (resp.F~)
be the set of alb* (resp.p™), p € P. For any{p.g) € P, connectp* and g~, with infinite
capacity, if and only ife = g + d;(p.g). Create two additional nodesandt. Connects to
eachp™ € P~ with capacityw({p). Connect eaciz™ € P* to t, also with capacity(p). The
problem is to find ae- ¢ cut of minimum capacity.et W = Epe; wip).

Lemma 5. If there is a feasible solution with weight I, then there is a cut of capacity at most
W —A.

Proof. Let X be an optimal solution. Clearhg (X} = A.

Define

C={stulptlaxeXp=x +d(x p)}
Ulp~lvxeXp=>x—d;(x,p)}

Refer to Figure 3 for a mermpictorial representation of thienstruction.
S

Fig. 2. Solving PROBLEM A via MINIMUM CUT. Edge labels denote capacities
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Fig. 3Constructing a cut from a feasible solutiorPROBLEM A. Left: The vertices shown are elementX.of

is apartition of i nt o fbXy,gfea Xa thaathd fis Xalveelrudash.anRi ght: Sc
representation of different parts of the bipartite graph firagnre 2 that appear in the proof. Qlis represented in

bl ack. Upperal(wves®.ofl owsusgts aieh@espr e)pr esent

Let , . By definition ofC, we have

By feasibility of X, . Applying triangleinequality

hence is not an edge.

It follows that the capacity o€ is equal to the capacity of , for all , and

, for all . The latter is equal to
(3)

Some cannot appear in either of the two sums, because the respective condgion fai
for x = p. Now suppose some  appears in both the sums. Then
o] is feasible. But then , which contradicts the choice of. We
conclude that canappear at most once in (3).

Since any is counted at most once, and any is not counted at all, (3) evaluates
to at most

Lemma 6. If there is a cut of capacity, then there is a feasible solution with weight at
least

Proof. Let be a cut of minimum capacity. Clearly, thapacity ofC is at most .
Define
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