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ABSTRACT

GIS-BASED SEARCH THEORY APPLICATION FOR SEARCH AND
RESCUE PLANNING

SOYLEMEZ, Emrah
M.Sc., Department of Geodetic and Geographic Information Tecbies!
Supervisor: Assoc. Prof. Dr. Hebnem DUZGUN

April 2007, 113 pages

Search and Rescue (SAR) operations aim at finding missing ®kygbtminimum
time in a determined area. There are fundamentally two prebliemthese
operations. The first problem is assessing highly reliable pratyathistribution
maps, and the second is determining the search pattern that sheepsa from

the air as fast as possible.

In this study, geographic information systems (GIS) and mutir decision
analysis (MCDA) are integrated and a new model is developsetihgpon Search
Theory in order to find the position of the missing object as quiaklpossible
with optimum resource allocation. Developed model is coded earahsplanning
tool for the use of search and rescue planners. Inputs of thd aredast known

position of the missing object and related clues about its pl@lpasition.

In the developed model, firstly related layers are arrangedrding to their
priorities based on subjective expert opinion. Then a multi @itecision method

is selected and each data layer is multiplied by a weighesmonding to search



expert's rank. Then a probability map is established accordintet result of
MCDA methods. In the second phase, the most suitable searcipatted in
literature are applied based on established probability map. &teoged model
is a new approach to shortening the time in SAR operations and fititeng

suitable search pattern for the data of different crashes.

Keywords: Search and Rescue, Multi-Criteria Decision Analysis, G@&arch
Theory, Kutahya
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CBS - DESTEKL ARAMA TEOR S UYGULAMSI VE ARAMA
KURTARMA PLANLAMASI

SOYLEMEZ, Emrah
Yuksek Lisans, Jeodezi ve Cografi Bilgi Teknolojileri E.ADB.
Tez Yoneticisi: Dog. Dr. H. ebnem DUZGUN

Nisan 2007, 113 sayfa

Arama kurtarma operasyonlar , kay p nesneleri belirli bir alamdasa sirede ve
en uygun kaynak kullanarak bulmay hedefler. Bu operasyonlarda trnield
sorun ile karla |r. Birincisi, glvenilirli i yuksek bir olas | k haritas elde etmek;
ikincisi ise, Uretilen olas | k dal m na gore belirlenen bdlgeyi, en k sa siurede
havadan taramada kullan labilecek arama desenini belirlemekiiksek
guvenilirli e sahip olas |k haritalar Uretmek, taranacak alan n kici#silnae

tarama suresinin azalmas igin gereklidir.

Bu cal mada, kay p nesnelerin en k sa slrede bulunmas ve en uygun kaynak
kullan m na altl k salayacak Corafi Bilgi Sistemleri (CBS) tabanl Cok Olgditli
Karar Verme Analizi (COKVA) ile bitunl¢irilmi arama teorisine dayal bir
model gelitirilmi tir. Geli tirlen model, arama kurtarma uzmanlarnn CBS
ortam nda kullanabileceé bir arama kurtarma planlama yazIm olarak
kodlanm t r. Model girdisi olarak kaybolan nesnenin en son gorilme koordinatla

ve ilintili di er bilgiler kullan Imaktad r.

Vi



Modelde o©ncelikle ilgili katmanlar uzman goiine gbére 0©znel olarak
onceliklerine gore s ralan r. Ard ndan uygun olan COKVA metoduliseg her
katman uzmann verdi a rl a gore sralanr. Olaslk haritas COKVA
metodunun ¢ kt lar na gore belirlenirkinci basamakta ise olturulan olas | k
haritas temel al narak literatirde kullanlan arama tewisdayal metotlar
kullan larak en uygun arama metodunun deseni belirlenir. {@iéin model ve
yaz | m arama kurtarma operasyonlar ndaki arama sireclesaitias ve farkl
kazalar n verilerine gére en uygun arama desenini bulmas bak natatata yeni

bir yakla mdr.

Anahtar Kelimeler: Arama Kurtarma, Cok ol¢utli karar analizi, CBS, Arama

Teorisi, Kitahya
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CHAPTER 1

INTRODUCTION

Search and Rescue (SAR) is an operation to find and rescue the pedjstress

either in a difficult area, such as in mountains, desestesf or at sea (Stone,
1975). SAR operations have several distinct stages. In thesfage, the most
likely location of the missing object is determined. Thi$oimation is then

processed with other considerations to decide the initial imp®tand scale of
the operation (Frost, 1999).

The next stage is the search stage, in which a searchusted by appropriate
search tools like searching the area from air or land. Whesaech mission is

required, there are four factors which should be considereédimately:

1) An adequate description of the search target,

2) The search area condition, including weather and any possiblearisks
dangers,

3) The best search pattern, sweeps the area optimally,

4) The appropriate track spacing, according to the terrain conditicaisyH
and Stone, 1979).

Then the third stage is the Rescue stage, at this stage sigppamtiered to the
object where it is found, to allow it to be safely transporteal ptace, where more

intensive aid can be provided.

Finding the people in distress as quickly as possible requiredestined SAR
planning and better use of technology (Zeid and Frost, 2004). For edttngiex

or simple search operations, a search plan should always be devbiopleel



control of the search expert, as many lives may depend onrthevith which the
search is planned and conducted (NSAR, 1998).

SAR planning operations differ from each other according to thetséauation.
These are; inland search and rescue planning, maritimehseat rescue
planning, and aeronautical search and rescue planning. Thedattersubject of

this study.

Aeronautical Search and Rescue (ASAR) term defines operdkianare carried
out by aircrafts which are the most satisfactory units farcteng large areas
quickly (IMCO, 1980). An ASAR planning operation characteristicailyolves
three main parts, and requires several layers of informalmout probable
position of the target (IAMSAR, 2001). The first and second stepsnonautical
search planning are to search along the track visually and oglieetty and
determine the limits of the area containing all possibleviwr locations,
respectively (NSAR, 1998). This is usually done by determininglduened route
of the missing airplane. Currently, search planners are ynasithg the New Two-
Area Method (NTAM) which sweeps the either side of traekgsbarch area along
the route of the plane; commonly a search performed in an area rafutigal
miles either side of track, the method was developedidyCanadian Department
of National Defense’s Directorate of Air Operational Reded#eid and Frost,
2004). This method is based on research of 76 missing aircraibmsi€onducted
in Canada from 1981 to 1986 (NSAR, 1998). The usage of this methodesequir
search planners to have the last known position (LKP) of the miasitraft and
the intended route of the missing aircraft, and the intendetinaésn of the
missing aircraft. From this information the search aredeffned for prioritizing

the search.



The last stage in ASAR planning is computation of a probabifigya &y using
navigational tolerance, LKP and signals from the area. H&#R, planners have
to know the LKP, route, and destination as discussed, but theretlaee
mitigating factors that often allow planners to focus thecbeafforts. These
include a known flight plan, signals from the area, radamesses, or known
Emergency Locator Transmitters (ELT) signals or distredls ¢n the area of

possibility of the search.

1.1.Search Theory in SAR

The theory of how to search for missing objects has been a swolbjsetious
scientific research for more than 50 years. It is a brancheobtoader applied
science known as operations research (Frost, 1999). In more re&@@sf the
principles of operations research have been applied to a widgyvafiproblems
that involve making good decisions in the face of uncertainty aibauty of the

variables involved (Champagne et al., 1999).

Search theory is defined by Cadre and Soiris (2000) as a disdipdih&eats the
problem of how a missing object can be searched optimally, wheatbant of
searching time is limited and only probabilities of the possibletipnsof the
missing object are given. The development of search theory andedrch
application and rescue consist of three main parts. Theseieméfic research and
subsequent developments, developments of search planning doctrineARith S
manuals and development of computer based search planning decision support
tools (Stone, 1989).

The first part is mainly developments in a scientific redeaide. Search theory
was first established by Koopman during World War 1l using the teeWwniques

of operations research. First applications of search theory made on military



operations (Stone, 1975). Koopman (1980) stated that the principlesroh se
theory could be applied effectively to any situation where tlpectie is to find a
person or object contained in some restricted geographic area. miftery
applications it was applied to different problems such as; slanved,
explorations, medicine, industry and search and rescue operatafey (and
Stone, 1979). The aim of searching in the context of ASAR imdtbtiie missing
aircraft effectively and as quickly as possible with the lalsé resources (Stone
1989). In search theory framework, effectively means minimizing time
required to find the search object while maximizing the chanmesinding the

object.

Koopman (1956) defined Search theory in three reports. The first one i
Kinematics-based, which includes the analytical descriptiomoofations of a
target and observer movement, description of equations of probalalitg of
connecting an observer and a target and equation describing the mandoml
distributed targets. The second report was about target detdwitooonsisted of
analytical description of instantaneous probability for targeation, analytical
description of horizontal distance distribution and the analytieatription for a
common case of a random search. The last report investitfaeproblem of

optimum distribution of search efforts.

The second part of developments in search theory involves esiablis of search
planning doctrine. In 1957 the U.S coast guard first articulates#=ch planning
doctrine in the form of search and rescue manual and showed how tbe bas
principles of search theory were applied to the SAR planning mo¢8®ne,
1989)

The third part is development of computer based search planningpdestipport
tools. According to Stone (1989) in the early 1970s Richardson (1972) develope



the computer assisted search planning (CASP) system for dymdaniaing of
search for ships and people lost in the sea. Then, CASP systen® developed to

assist U.S navy in planning submarine searches.

The first computer based systems mostly used for marine dgp&Rations (Stone
1975). In order to reach a target in minimum time with lichitesources, it is
important to use CASP systems to increase the speed of aheh.s&Vith the

development of search theory CASP systems have beeninsed 870s.

CASP systems were first introduced by United States Coastd@nal974s
(Champagne et al., 1999). It was based on Monte Carlo simulaticapafied in
naval SAR operations. CASP generates an initial probabilityilalision taking in
to account current wind and environmental information. RichardsorCandn
(1980) used CASP systems in marine SAR operations. They hateel shree
types of SAR scenarios to construct initial probability map.sétere referred as
position, area and track line scenarios for distress objBotstion Type initial
target probability distribution is modeled as bell shaped distribligrause it
considers that the missing object is not stationary. In the tapeascenario the
search area is bounded and the probability in the area is thoughta® uniform
for distress object. The third scenario is the track licenario. It is used if a

reported track of the object is assumed to be true.

CASP systems were limited in terms of spatial dataofeér et al., 1999).
Therefore, in order to put up limitations about spatial data, im®rtant to
integrate GIS into CASP systems used in ASAR operationsofJ&4S is highly
increased in SAR operations. Hence, GIS permits to analyzeethgonships

between different data layers easily and effectively.



Cooper et al., (1999) have focused inland search and planning techiibags.
developed a methodology for land search planning and developed computer based
search planning decision support tool for land SAR. Champagne, €1299)

tested three of the search patterns used only for naval searndsane operations.

They examined with respect to number of U boats sighted by airasfta
measure of search efficiency. Their studies conclude #eatcls patterns have

impacts on search efficiency in naval SAR operations.

Wollan (2004) investigated creation of search patterns in ASARabpes.
Besides generic search patterns in use; Wollan tested leatggrithms in the
mean of minimizing the time. In the study of Wollan (2004) added iGis a
developed search management implementation. Also Wollan offeredbdify
search patterns individually to accommodate the area that hedms searched

instead of using generic search pattern.

Zeid and Frost (2004) have developed a decision support systematianfadian
search and rescue operations in the case of lost air €radt; developed an
optimization module based on search theory, on gradient search methegs

compared their system with current Canadian manual SARRmnsys

1.2.Problem Definition and Aim

Search and rescue operations are spatial activities (Hategptone, 1979). Search
planners must combine information on where the missing objectiasaseen,
likely routes, and maps of the areas already searched,lashesearched, and
available resources to effectively mount a search areaq@ghrand Frank, 1995).
The main problem is to produce the reliable probability maps, witichuats for
these clues (Stone, 1975).



The majority of the SAR planning is made through the ease dfodetdescribed
in the United States National Search and Rescue Manual (M8W)Canadian
National Search and Rescue Manual (NSAR). However, thesemdmts are
adequate for describing search planning doctrine and providing pragtidaince
for planning searches with only traditional tools like pencil, papeutical charts
etc. They are inadequate as a guide to search theorylar prdctical application
of the currently available considerable computing power to theclsgdanning
problem (Frost, 1999).

While preparing probability maps of the suspicious distress ertegrated spatial
technologies such as geographic information systems (GIS) woukh hdeal
solution for aeronautical search and rescue operations (USADT, 200&).
dynamic relation between maps and the spaces represented inp@fdRions is
common to geographic information systems. Therefore, GIS prdasssitsaas the

most useful tool in making effective SAR operations.

Moreover, for more accurate probability maps it is importantntdude more
inputs about the location of the missing object (USR, 1991). In ordmrich the

information about the area and getting more reliable probabilifysnadout its
distribution on the area, GIS could be used as a tool (Armstrongaoid £979).

In the absence of inputs on the contrary, it may be assumeti¢habst probable
area within which a missing aircraft will be found is aldhg intended track from
LKP to intended destination and within a reasonable distance sitteenf track
(NSAR, 1998).

Each SAR mission has different characteristics (Stone, 19&3)l. &d Frost
(2004) stated that, parameters related with the missing piaicé, as intended
route, is an important role of the SAR planning. However, if tlger of the plane

is not known like air combat maneuvering, achieving this step cdmenpossible



to sweep the route of the plane. In this kind of search operatimnsnpossible to
sweep the either side of track, in the search area diengtte of the plane. It can
be faced with many crashes, such as dog fight flights whichcmrmamon flight
type used to describe close-range aerial combat betweearyndircrafts (Web 1).
In this type of flights route information of the missing planenza be determined
to include into SAR mission planning. SAR planners can cope highproblem
by calculating maximum distance the survivors could have lgdveetween the
time of their LKP and the known or assumed time of the disiresdent and
drawing a circle of that radius around the LKP. Knowing theeexér limits of
possible locations allows the search planner to determine wheseek further
information related to the missing airplane. However, systiensearch of such a
large area is normally not practical. Therefore, the nextistshrinking the search

area as possible.

Besides the problem of decreasing size of the searcharesgronautical search
and rescue operation requires access to information from mdesedif sources in
order to properly respond to an emergency or incident. An incident lbeust
understood within the context of the environment that it has oct(@iRebe and
Frost, 2002). Generally search environment is very dynamic anddpaRtions
need to include all of the dynamic factors. Therefore this gg®ccan be
summarized as location of an incident and how to access tlaiblocThe most

logical way of organizing such data could be geospatial mamif@md analysis.

Missing aircraft search methods are very intensive and trearny resources that
could be used elsewhere (Stone, 1975). SAR planning procedures plaadybasi
where, when and how to search. Therefore, determining the opgarahsarea is
the main problem. The subject of search theory is constructipgplaability
distribution for the location of the missing object in order forirogt resource
allocation (Cadre and Soiris, 2000).



The use of GIS in SAR operations is growing very rapidly. SARatpms benefit
greatly from the GIS technology in recent years. In recentestiftiu et al., 2006;
Wollan, 2004; Zeid and Frost, 2004) lots of applications were developkeip
solving SAR problems. Many early systems like computerdag#arch planning
systems (CASP) were developed to solve relatively narrpecific kinds of
problems. The past twenty years have seen an explosion iectireotogical base
for these systems, particularly in the areas of spath grocessing in GIS
technologies. Zeid and Frost (2004) tested how their GIS integaiksdcould be
applied in SAR operations in Canada. Wollan (2004) used GIS for detiméng
search area, generating the search patterns and viewing réet catus of search
effort. (Web 2) presented examples of how the development $fi&ireases
capabilities in a natural disaster management in tampbe of SAR operations in

India.

According to above mentioned state of the art, the followimdplpms related to
SAR operations can be listed:

1) The problem of producing highly reliable probability map from thetéd
available information to conduct a SAR operation,

2) Highly subjective decisions by SAR expert while distributing resesito
the area,

3) Dividing the area into sub sectors before considering the pipabap,

4) The problem of having no information about intended route, and intended

destination of the missing aircraft.

In the present context, due to scientific advances it has bezasier to carry out
SAR operations efficiently with the use of GIS, which help taifie areas that

are probable location of missing objects, searching them angotaliprobability



distribution maps, and simulating search operation according to thags. m
Moreover, GIS is useful even in managing SAR planning as itigegsvinstant
access to information and analyzing efficiently requiredskarch management
decisions (Web 3).

In this study it is aimed to develop a new systematic intedranethodology
which could reduce the time it takes to find survivors of planshes and thus
save lives. The proposed methodology with the desired charticeengegrates
Search Theory, for constructing reliable probability distributiorpsnaith GIS;
for acquiring, integrating and analyzing data coming from diffeneterogeneous
sources and Multi Criteria Decision Analysis (MCDA) methodsdonstructing

probability maps.

Particularly, this study focuses on incorporating the spatial aladiaclues from
variety of sources to create a meaningful, accurate and ebenBive
representation for aeronautical search and rescue planningpgdtering reliable
and accurate probability map, search pattern efficiency msdelst order to do this
properly, the criteria necessary for the preparing of the pratyalilap is

reviewed.

The integration of GIS and MCDA provide a powerful tool to geteepaobability
maps of the search area, since GIS provides efficient matgu and
presentation of the spatial data and MCDA supplies consisteking of the

spatial layers and clues from the area based on a vefietyeria.

The proposed methodology is coded as computer software (METUSAIR w
allows SAR planners to observe how the conditions and clues datfiect
probability maps and SAR planning process. It creates a conditioSAB

planners for ranking and rating the environmental and geographical leat
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computer program three goals are met. Firstly, the systefasigned in a manner
that allows for ease of understanding for the search experd@gcthe system
involves all the steps of preparing probability map for SAR djmera rather than
separate parts of functions. Thirdly, the system containsabpad geographical
data, in order to get more accurate probability map. Theseatbastics are
combined in geographic information systems, based on mukreridecision

analysis tool for SAR operations.

The developed methodology and the coded Software are implemented orethe cas
of Plane Crash in Kutahya in 2004. The search time of thit evas one of the
most excessive ones in the Turkish ASAR (Gerede, 2007), as tiee \pés in a
dog fight. The case is used for performance testing of #hadology and the

software.

The main innovation of this study is integration of search theod/ MCDA
within GIS framework and providing a single integrated system ASAR
operations. The proposed methodology provides easy retrieval @l spat non

spatial information, analysis of this information in the ligiit Search Theory

concepts and estimating consequences of proposed SAR plans.

1.3.Organization of the Thesis

Outline of the thesis is as follows;

First chapter starts with a brief summary of SAR planning and gmodEefinitions

as well as aim of the thesis.

In the second chapter, the historical and theoretical framew@kath Theory is

presented. The terminology is defined briefly.

11



In the third chapter, developed methodology of the thesis is explakisd,
preparing the probability map with using MCDA is described. Moee, the steps
of methodology which are classification of probability maps andckepattern

comparison are discussed.

In the fourth chapter, the software design and developmentisamed, module-

by-module.

In the fifth chapter, implementation of application on the caseysarea is
discussed. The data related to the incident is presemgdh& status of the
incident area is set accordingly. Geographical settinghefstudy area and all

layers used are given. Different search patterns arpaeui.

In the Conclusion chapter, an evaluation is made, regardingnheohjective of
the study and analysis for these objectives. Finally, reamdations and
conclusion of the study were discussed and some ideas are giverthebfuitire

studies.
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CHAPTER 2

SEARCH THEORY AND SAR

2.1.Principles of Search Theory

One of the goals of search theory is to provide optimal solutiotiei Search and
Rescue (SAR) context. A search plan would be optimal if it provid@smum
probability of success (POS), which is the probability of findimg object (Zeid
and Frost, 2004). Two concepts are also important: the probability af{R@A)
which is the probability that the search object is contain¢iimtihe boundaries of
a region, segment, or other geographic area and the probabdigyeaftion (POD)
which is probability of detecting the search object in therdehed area. The
relation between POD, POA and POS is given in Equation 2.1

POS=POD" POA (2.1)

The POD of a search is determined by the coverage, as shoWigure 2-1.
Coverage (C) is the ratio of the search effort (Z) to tlea @earched (A) and is
equal to Z/A. For parallel sweep searches where the sedrabks are perfectly
straight, parallel, and equally spaced, it may be computdueastio of effective
sweep width (W) to track spacing (S) or C = W/S. "A" (asearched) and "Z"
(search effort) must be described in the same units of Ae@ffective sweep
width) and "S" (track spacing) must be expressed in the sameaiingagth.
Coverage may be thought of as a measure of thoroughness (NSAR, T!998).
POD may be derived from the POD vs. Coverage graphr@2xl).

13



POD vs. Coverage
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Figure 2-1 Coverage vs. POD

Effective sweep width is a measure of detectabilityfedive sweep width
depends on the search object, the sensor, and the environmentabosmdisting
at the time and place of the search. Real effective swédth values must be
measured via exact scientific experiments, but rationaliyrate estimates may be
made from tables of effective sweep widths (Tables A-2, A-3 and A-4) that
have been experimentally determined for various search situalidess accurate
method of estimation for visual search is to assume the igdesiveep width

equals to the visual distance.

The effective sweep width may be thought of as the width efathscentered on
the sensor’s track such that the probability of failing to deteabject within that
width equals to the probability of detecting the same objettliés outside that
width, assuming the object is equally likely to be anywhErest, 1999).
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Another, equivalent, definition is: If a searcher passes thrawgbarm of identical
stationary objects uniformly distributed over a large area, the effective search
width, W, is defined by the Equation 2.2,

(2.2)

Where \4is searcher speedy 8 Number of objects detected per unit time and N
is Number of objects detected per unit area. All values in Egqu&.2 are
averages over a statistically significant sampling per®enerally, a significant
increase in search speed will decrease the effectivepswieith. W is needed to
compute the search effort (Z), and Z is needed to compute thesdd ba the
amount of search effort expended in the segment relative toghwegs physical

area.

The effective sweep width (W) times search speed (V)stihmurs spent in the
search area (T) equals to the search effort (Equation 2.3) faseameher or one

resource.

Z=W'V'T (2.3)

Alternately, Z = W x D, where D is the linear distancavéled. The unit of
measure for search effort is described in area. If multgdeckers simultaneously
follow independent paths when searching and together achieve appedyxima
uniform coverage of the segment, then the total search effgrten by Equation
2.4

15



Z=n" (W V'T) (2.4)

Wheren is the number of searchers.

2.2.Search Sequence

Generally five steps for search and rescue operations areadelefuese steps are
as follows: (NSAR, 1998)

Estimating the Last Known Position (LKP)
Determining the size of the search area
Selecting appropriate search patterns

Determining the desired area coverage

o M w NP

Developing an optimal search plan

2.2.1.Estimating the Last Known Position (LKP)

The term Last Known Position (LKP) expresses the last witeseported, or
computed position of a lost object. Estimating the LKP is es$éntidetermining
the probable position of the target in ASAR cases (IMCO, 1980; IARIS2001).
a stationary target is equally likely to be at any pointhm area, besides LKP,

every clue about target should be considered before preparing pitgbahps.

Estimating the LKP of the target is the first step ofefficient search planning
process (Champagne et al., 1999). Therefore, getting clues #imuarget,
determining where it was last seen, and defining the approxsiza@nd location
of the area, where the subject could be are all importahtnprary steps for any

kind of search problem.
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2.2.2.Definition of the search area

The second step of the SAR planning is highly related with LKPpaolability

map. According to NSAR (1998) the search area is the sectibhdhaded by the
target’s limit of endurance in all possible directions frdra tKP of the search
object. It approximates a circle centered on the LKP with #tdius being

expressed in terms of distance.

After the search area has been determined, the nexisste@ssign a probability
map location of the search object, which is called POA. Acogrdd NSAR
(1998), estimated location for a stationary object is based on dhe &llowing
three distributions: point datum, line datum or area datum. The gatum is a
bivariate normal distribution centered on the LKP with no cati@h between x
and y variables. The standard deviations for these varialdamed to be equal.
This standard deviation represents the error in the estimatitime last known
position. Position error may also be expressed as the total probableof
position, E. This quantity represents the radius of the cangdend the LKP that
contains 50 % cumulative probability that the search object oaith in the
circle. The line datum is used when both LKP and destinatiorkraoe/n. It
corresponds to a uniform distribution along the flight path. The areandes
uniform distribution that is appropriate when very little is known alfi@ltt plan

of the search object.

Normally, it is impractical to search wide area; hesearching the whole area is
not optimal. In the absence of information, it may be assumedttiibamost
probable area that missing aircraft is found is that alongnteeded track from

the last known position to intended destination.
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2.2.3.Selecting Appropriate Search Pattern

There are mainly six search patterns according to the Nas@aaith and Rescue

Manual for visual searches from the air:

Track crawl search pattern
Parallel track search pattern
Creeping line search pattern
Expanding square search pattern

Sector search pattern

> o B ow N P

Contour search pattern

Track Crawl Search Pattern:

The Track crawl pattern is usually used as the initialcbeaction, and is based on
the assumption that the search object’s route is known. Track patern (Figure
2-2) can be used on electronic or visual searches if the rothe tdrget is known

before the crash time.

A Truck Line _l‘-]_'_'_“‘—'——__.__‘_‘_‘_h‘_‘—/
CEP
% [

Truck Crawl Pattern
Figure 2-2 Track Crawl Search Pattern (NSAR, 1998)
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Parallel track search pattern:

Parallel Track search pattern (Figure 2-3) which is emploggutdvide uniform
coverage over the search area is used for the successivbh ks advancing

across a search area.

Figure 2-3 Parallel Track Search Pattern (NSAR, 198)

Creeping Line Search Pattern

Creeping Line Search Pattern (Figure 2-4) like ParallelKTpattern is employed
to provide uniform coverage over areas where only the approximatmpasithe
target can be estimated. The difference between panaltd &nd Creeping line
search pattern is if legs are parallel to the shortesoéitte search area it is called

Creeping line search pattern.
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L Width

Figure 2-4 Creeping Line Search Pattern (NSAR, 1998

Expanding Square Search Pattern:

The Expanding Square Search Pattern (Figure 2-5) is used wHenatien of the
stationary search object is known with reasonable accurafissti€overage of an
area is not adequate, the tracks should be angled at 45 degifee$itst coverage

for the second coverage.
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Figure 2-5 Expanding Square Search Pattern (NSAR,9P8)
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Sector Search Pattern:

The Sector Search Pattern (Figure 2-6) is used when probatéfiyis established
with a high degree of confidence, the search area is not esdeansil the search
object is difficult to detect. The main advantage of a sesgarch is that track
spacing at the centre of the search is very small, negufiia greater probability

of detection in the area of greatest probability of whereah®IBAR, 1998).

According to (NSAR, 1998) sector search patterns should not hadeua gaeater

than 18 Kilometers for air searches.

HHHHH
- T Giark Gecond
- . - Bearch

-
Start Flrst
Semrch

Figure 2-6 Sector Search Pattern (NSAR, 1998)

Contour Search Pattern:

The Contour Search Pattern (Figure 2-7) is used for the teraiches however it

can be hazardous search procedure, and can only be done whenr#ie used

21



must be suitable for the conditions, highly maneuverable and low apéesmall
turning radius with adequate power reserve. The restrictidhi®fpattern is that

only one aircraft can search the area.

Figure 2-7 Contour Search Pattern (NSAR, 1998)

2.2.4.Determining the Desired Area Coverage

The coverage factor is a measure of how systematicallyesnwas swept. It is the
ratio of the area effectively swept divided by the physica sf the area. These
steps include consideration of the factors that affects sweadth, track spacing
and number of sweeps. To make optimum use of probability of deteB@n)(
sweep width terminology has been developed (NSAR 1998). Sweep(Wilik a
mathematically expressed measure of detection capabilityd bage target
characteristics, weather and other variables (Figure 2A8)is obtained by
choosing a value less than the maximum detection range so dliarext targets
that may be detected beyond W are equal in number to those which mmeésske
within W (Zeid and Frost 2004).
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Figure 2-8 Sweep Width (NSAR, 1998)

In general two types of inland search are conducted: initialrageeand intensive
coverage. For initial coverage, track spacing (S) is usud@pendent on terrain.
For intensive coverage, S is less than 3,2 km with 1,6 km beinghdha
depending on terrain (IMCO, 1980).

Mostly, the coverage factor is based on the subjective judgofetiite search
expert and the search planner (Frost, 1999). This value can thesedd¢o assess
the effectiveness of the initial coverage and the requirenfer@peated searches

of an area.

2.2.5.Developing an Optimum Search Plan

The optimal search problem is made of three basic elemdmsprobability
distribution for the target’s location or motion, the detection functdod the
constraint on the search effects. The target's position irtame usually, but there
is some information about its location. For search theorg, dssumed that the
information has been quantified in the form of a probability distributimrction
called the target distribution (Liu et al., 2006).

According to Stone (1975) the detection function relates the amouwsganth
efforts utilized in searching an area to the probability oéatetg the target given
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that it is located in the area. Usually, the seartlasra limited amount of search
resources available to carry out the search. For each talloaaf total search
effort to the various regions of search space, the probabiligtefcting the target
with that allocation can be computed given the probability distribdtiantion.
Therefore the optimal search problem is to find an allocatiomswurces which
can maximize the probability of detection, or to minimiee expected

consumption of resources for detecting the target.

2.3. Probability Density Distribution and Probability Maps

Quantifying all the available information about the target's tmpsobable
locations and establishing the probability density distributions itedcaa
probability map (Frost, 1999).

Dividing the search area in to the smaller searchable usiteamed as
segmentation. According to Champagne et al., (1999) segmentatyemesally
determined by logistical and operational constraints unrelatedetg@robability

density distribution on search object location.

Finding probability distribution for a target's location relies onsubjective
judgment and experience of the search planner. Constructing famgion
distribution is strictly related with the last known positiorttad target and this is a
critical step in preparing a search plan (Stone and Wa@@&i;). According to
Frost (1999) in order to determine starting point, it requiresefudaand attentive

assessment of all the available information from allpthesible sources.

2.4.Determining a search area

In order to solve a search problem, creating or assuming a pigbdensity

distribution, which represents where the search object i® rikely and less
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likely, is essential (Koopman, 1980). Therefore, determinirgy ltbrder of the
search area is a crucial step in search and rescue operdtibes the rough
search area is determined it is necessary to define itadedesearch units. Then

total area is needed to be divided in sub-areas (NSAR, 1998).
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CHAPTER 3

FRAMEWORK OF DEVELOPED METHODOLOGY

The proposed methodology, integrates principles of Search theooygthr
Geographic Information Systems (GIS) supported with Multi Gat&ecision
Analysis (MCDA) methods. GIS provides a suitable framework EXR
applications for capturing, storing, retrieving, editing or digiplg spatial SAR
data. MCDA provides GIS with the means of performing compledyais on
multiple and often conflicting objectives, while taking multipl&eria and expert

knowledge into account.

In this study GIS and MCDA analyses are integrated with ttimate aim of
selecting the most appropriate search pattern, producing probabdips and
segmenting the area according to probability map. In Figurelg&istéps of this

methodology are shown..

The methodology has a number of steps (Figure 3-1). The firstsstefprepare
the data for generating probability map. In order to do this, tejegation model
of the area, last known position of the target, location dfese¢nts near the LKP
and roads in the area are used in order to prepare probability Ibazed on
MCDA methods. Then the probability map is classified. Latéferint search
patterns are selected and finally the appropriate searchnpiattstained based on

minimum search effort.
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Figure 3-1 Stages of Developed Methodology
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3.1.Data collection

Data collection part of Aeronautical Search and Rescue (ABp&hptions consist
of two main parts. Generally, in ASAR cases the most impbpart is to know
clues about the probable last location of the missing object.uhmeate clue
about the target is last known coordinates (LKP) or its prolvabte. Altitude and
velocity of the plane before the crash is also important terméne the limits of
the search area (Figure 3-2). The second part is environmefgahation that
effects construction of probability map and search operatiogetddon, weather
conditions, size of object, composition of the surface composttiaihe object

(color, reflective ability), visibility of area from éhground.

Environmental
Information

V
V

Figure 3-2 Layer structure

Locational
Information

3.2.Probability Maps

An optimal search plan should include the following proceduresdithension
and the location of the search area and sub search areassitpement of the
available search and rescue units to the corresponding areawatbrifpe track

spaces and altitudes (Cooper et al., 1999).
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In SAR planning determining the probability of success (POS) ismgoriant
part. POS helps to find the minimum amount of search effort esjtir achieve

the search process.

POS is determined by probability of area (POA), which isdhance that the
missing object is located within the limits of the detevaci area. Probability of
detection (POD) is related with the used detection tool, wikithe probability of
detecting the target in the given area (Koopman, 1956). Robe and(Z002)
described the effective sweep width as a basic measure ofdsyvoehard it will
be for a searcher to detect the search object under the eneitaimonditions

that exist at the scene of the search.

The method for estimating effective sweep width is based on pbotea lateral
range curve (Figure 3-3), which refers to the perpendiculamdistan object to
the left or right of the searcher’s track where the traxdses the object. (Robe and
Frost, 2002) Therefore the distance from the searcher to thet @bjthe closest

point of interaction indicates how narrowly the searcher appesao the target.

Probabhility of Detection
o
m
“K‘“"\--._._
L~

I:I 1 1 1 1 1
8 -B -4 -2 0 2 4 B 5

Lateral Range

Figure 3-3 Lateral Range Curve (IMCO, 1980)
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Probability maps consist of regular grids which are geomeftriadintical square
cells. Each cell is labeled with its POA value. Howevbe, data obtained from
different sources about the possible location of the missing obmdt be
disordered. Therefore, producing probability maps of the case coultiobe
difficult. In this case it is important to decide which imf@tion is more or less
important. Moreover, different types of information should be condbiire
obtaining probability maps. Multi-criteria decision analysiSOQVA) tools provide
a solution to this problem. In this thesis, MCDA methods are fmedbtaining
probability maps.

MCDA is a set of procedures to analyze complex decision prabléiain
objective is dividing the problem into small interpretablegaand then analyzing
every part and integrating them in a logical manner to produceaningful
solution for the decision problems (Malczewski, 1999). The typedeofsion
problems that interface SAR planners typically involve aedasgt of feasible
alternatives and multiple conflicting evaluation criteriao®t 1989) In order to
solve this kind of problems an appropriate decision rule should be usetfatl
assessment (Malczewski, 1999). Since, choosing an appropriatgodenile
according to their performance with respect to evaluation ieri®ia main part of

MCDA, results of this process is important for the accudddpe study.

According to Malczewski (1999) the goal of the MCDA is to choosttebe
alternatives, to sort alternatives and rank them accordipgeference. There are
numerous decision rules that can be used for tackling the MCDA prsble
Additive decision rules are the best known and most widely used methGdS-
based decision making. The most often used three decision ot additive
weighting (SAW), analytic hierarchy process (AHP) and orderegighting
averaging (OWA) are discussed below.
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3.2.1.Simple Additive Weighting (SAW)

Simple additive weighting (SAW) which is also known as scorirgghads is a
simple multi attribute decision technique (Malczewski, 1999). SAthod is
based on the weighted average concept which is a direct wasgkssment
method. Decision maker assigns importance weights according stbethi
assessments to the variables and makes a numerical sohlthgm (Kenneth
1973). An evaluation score is calculated for each alternative Wipiying the
scaled value given to the alternative of that attribute withwlights of relative
importance directly assigned by decision maker followed by sugminthe
products for all criteria. The simple additive weighting methodluwates each

alternative, Ai, by Equation 3.1:

A= WX (3.1)

Where % is the score of thenialternative with respect to the attribute, andw; is

the normalized weight, so thaty =1. The weights represent the relative

importance of the attributes (Malczewski, 1999).

The GIS-based SAW methods can be implemented by using GIS hawrgyov
capabilities. The order of this operation is first defining the of evaluation
criteria (i.e. GIS layers). Second standardizing eachriontanap layer and third
defining the criterion weights according to expert’s choices.rAftandardizing
the map layers, they are translated to the weighted staneldndiap layers. GIS
helps generation of the overall score for each alternative usiegoverlay
operation and ranking of the alternatives according to the oveelbrmance

score (Malczewski, 1999).
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The main advantage of SAW method is that it is a proportionalarline
transformation of the raw data which means that the relatiler of magnitude of

the standardized scores remains equal.

3.2.2.Analytical Hierarchical Process (AHP)

The Analytical Hierarchical Process is a technique, devdlbgeThomas Saaty in
1980 to solve multi-criteria decision problems. It is based on thrieeiples;

decomposition, comparative judgment and synthesis of prioritiedc@ewski,

1999).

In AHP process, a decision-maker firstly decomposes thesidegproblem into
the hierarchical structure typically consisting of three lev&lse goal of the
decision is at the top level, the second level consists of itkei@iand alternatives
are located in the third level. Then, a simple pair vdsmparison is made to
develop the overall weights of criteria for decision makirigalfy, the priority of
alternatives is ranked according to the overall scores, vdaiclbe synthesized by

considering the weights and values of criteria for eacinaltize.

In AHP the first step is decomposition, which is called desighi@farchies; in
this stage a complex decision problem is decomposed into a hiessitthgach
level consisting of a few manageable elements by group discussibgraup
judgment. In the second step which is weight derivation, relatieghts of
decision elements are derived at each level by carrying outvisgrcomparisons
for all the elements in each level. The final stagsyisthesis level. The overall
priorities are ranked for each alternative according to the ssym®thesized by
weights and values of criteria. A final decision can be madedan the ranks

made for each alternative.
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When the matrix A shown in Figure 3-4 is normalized, the carsigt of the

judgment matrix can be determined which is called the consisteticy (CR)
defined as:

_al

CR=
RI

(3.2)
where Cl symbolizes the consistency index and RI the random. iBdlexdefined
as:

_(/ max n)
(-

Cl (3.3)

Reciprocal values

Judgements values
m l

Figure 3-4 Matrix A

Where n is the number of items being comparedhax the average of the values
in matrix. Rl is the consistency index of a randpménerated reciprocal matrix
from the 9-point scale, with forced reciprocals B and Pelia 2005). Saaty
(1990) provided average consistencies (Rl valuegralomly generated matrices
(up to 11 x 11 size) for a sample size of 500.dnegal, a consistency ratio of 10
% or less is considered acceptable. If the valugigker, the judgments are not
reliable and have to be formed again.
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Two features of the AHP differ from the other deaisinaking approaches. One is
its ability to handle both tangible and intangibktributes. The other is its ability
to test the consistency according to results oistt maker’s preferences (Roper-
lowe and Sharp, 1990).

It is a quantitative comparison method used tocsdlee optimal alternative by
comparing project alternatives based on their ikggberformance on the criteria
of interest after accounting for the decision-makerelative preference or
weighting of these criteria. AHP wholly aggregatesous facets of the decision
problem into a single objective function. The g®ato select the alternative that
results in the greatest value of the objective fianc AHP is a compensatory

optimization approach (Saaty, 1990).

AHP uses a quantitative comparison method that isedaon pair-wise

comparisons of decision criteria, rather than tytiland weighting functions.

Accordingly, it compares the decision elements @sthie dominance of one
element over another for each of n elements wipeet to an element on the next
higher level using a 1-9 scale (Table 3-1) (Pom&@00).
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Table 3-1 Saaty’s fundamental scale

Value Definition Explanation
1 Equally Two decision elements equally influence the pagegision
important element

Moderately more| One decision element is moderately more influentiah the

important other
5 .MUCh more One decision element has more influence than ther ot
important

Very much more | One decision element has significantly more infheenver the
important other

Extremely more | The difference between influences of the two deciglements
important is extremely significant

Intermediate Judgment values between equally, moderately, muerly,much

2,4,6,8 judgment values | and extremely

All individual criteria must be paired against athers and the results compiled in
matrix form. If the first criterion is strongly merimportant compared to the
second criterion (i.e. a value of 4), then the sdcoriterion has a value of 1/4
compared to the first criterion. Thus for each camative score provided, the
shared score is awarded to the opposite relationdtip normalized weight is

calculated for each criterion using the geometrgamof each row in the matrix
divided by the sum of the geometric means of alcdhteria. The AHP technique
thus relies on the assumption that humans are wegpable of making relative

judgments than absolute judgments

3.2.3.0rdered Weighted Averaging (OWA)

Ordered Weighted Averaging (OWA) method was first idtrced by Yager
(1988). The main difference of this method is toyule a method for aggregating

multiple inputs that lie between the max and mierapors. As the term “ordered”
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implies, the OWA operator pursues a nonlinear aggjien of objects considered.
In the short time since the first appearance, tihAOnethod has been used in an

amazingly wide range of applications in lots of @temnal fields. (Byeong, 2006)

OWA decision rule is illustrated by a set of ordeeights in addition to the
importance weights. With the help of OWA method, #tandardized criterion

values a are multiplied with the corresponding importanceghies w Thus,

b|k :Wj ’ aij (34)

Which denote the weighted criterion values for alive i, but they are re-
ordered so thatit> ... > bn. Result evaluation scores are calculated as tmec$u
the re-ordered standardized criterion values withadditional weighting of the

positions. The score of alternatives

s= V. b (3.5)

Wherew is the order weight for the k-th position in treeardered of sequence
weighted criterion values (Malczewski 1999). Thalesr weights are used to
emphasize the better or the poorer properties di dacision alternative. The set
of order weights is a parameter that determinesistance of the OWA operator.
On the one hand, order weights (1, O, ..., 0) willegiull weight to the best
criterion outcome of each alternative, independsnhow poorly an alternative
may perform in some other criteria. Alternativeshvatsingle outstanding property
will be ranked highest. This is called an optintistecision strategy. On the other
hand, order weights (O, ..., 0, 1) will give full wetgto the poorest criterion
outcome, independent of how well an alternative parfootherwise. Alternatives
with the “least poor” properties will rank highestder this pessimistic decision

strategy. Between these two extremes there is atyarfientermediate strategies,
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the most important of which is the neutral stratégyt does not emphasize any
position in the re-ordered criterion values. Theitra strategy is achieved by
using order weights yields scores that are propoati to those resulting from

simple additive weighting.
1
Vv, = Efor every k from 1 ton (3.6)

Wherew is the order weight for the k-th position in treeardered of sequence
weighted criterion values. Order weights could béngel manually by the user of
an application. Yager (1988) suggests a way ofutating the order weights based
on a parameter, which corresponds to the decision strategy definsst of valid

order weights for a given number n of criteria.

A @7)

The parameter allows a mapping of labels on a quaigatcale to order weights.
As it was discussed, MCDA is a quantitative apphofar evaluating decision
problems that involve multiple criteria. The chomiethe MCDA decision rule is
very crucial step since it has a significant effatthe final probability distribution
map. MCDA characteristics and properties shoulddrapatible with the specific
nature of the decision problem (Malczewski, 1999).

In order to get appropriate layers, the first sgefhe standardization of layers. It is
important to get comparable units. The next stapeighting criteria incorporation
of expert preferences, this step is typically eafriout by means of relative

importance weights. The last step is aggregatiggréaaccording to a specific
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function. According to a given decision rule, weigh criterion layers are
combined. (Figure 3-5)

pm— SAR Problem | .
Constraint ﬁ' : E g
y o “omstramts
—*| Ewvalustion Criteria - 4%— E z-:-' E
= 2
= ¥
iz 2 ‘ Alternatives ¥
Decision Matrix -‘;'} *
Search Expert g -
a Preferences :'E" g
Decision Rules 7 'E' ﬁl
BAW-AHP-OWA ]
¥
5 Divide the Aren in o L
T Probabi lity B e
i 2 Sub sectors 1
o
Recommendation P =
‘HE
g |3

Figure 3-5 Decision flowchart for MCDA of Malczewsk (1999) adapted for SAR operations

At the end, scores for all input objects in thdsed MCDA methods were set up
to indicate probability map. The higher MCDA valubgrefore indicate areas of
higher probability. This map could then be useditade the search area into sub

sectors. This step should be done by a searchtexper

3.3.Classification of probability map

Two striking features of the MCDA analysis resudit® remarkable: the output
probability maps for every decision rule are nucelly and spatially continuous,
which means that it has to be classified subjelgtive order to help decision
making. Classification of the resultant probabilitap provides for search expert

easy understanding of outcomes.
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In this step, it is also important to determine riienber of classes. Less number of
classes generates non interpretable results heffeeentiating the probability
map into sub sectors is difficult, on the otherdhaigher number of classes creates
continual results that are not interpretable. Résulprobability maps contain
many details. Therefore it is important to reclysgshese results to more
understandable formats. The suitable number otetas tested for each MCDA

decision methods.

3.4.Determining a suitable Search Pattern

The details of five search patterns are explaine8eiction (1). For each of the five
patterns sweep width is determined from the NSARwmé After deciding the

search area, search patterns are tested on thgrxhseawn by SAR tool. Parallel

Track, Creeping Line and Expanding Square searehesused grid searching.
Grid searching for the target via aircraft is th@mary technique in aeronautical
Search and rescue operations (O’Conor, 2004). @rother hand Sector Search
Pattern handles the area as a circle. It calculdmesradius of the determined

search area.

39



CHAPTER 4

SOFTWARE DESIGN AND DEVELOPMENT

4 1.Introduction

The basic aim of this computer program is to iraégrSearch theory with GIS
through MCDA to be used in Aeronautical Search Redcue (ASAR) planning
process. In order to do this, the program mustigevo the ASAR Planners

interpretable information, but not make the decidmr them.

In order to meet described purpose above, the cngrogram had to be
designed as a tool that would allow SAR plannergrioritize different criteria
and view the results. Furthermore, it had to h&eeability to separate the search
area into the sectors by the classification modutech would let SAR planners to
compare and discuss dissimilar results accordinghéo different classification
decisions. This tool also let the SAR plannersamjgare different search patterns

with their efficiency considering their SAR time.

One of the objectives of this study is testing #earch pattern efficiency in
aeronautical search and rescue cases. In orderstoséarch pattern efficiency,
previous steps of the search planning process ghioell assessed correctly to
coordinate various aspects of the search operathen.a result, developed

implementation has to perform some basic objectfeke search planning steps.

4.2.Requirements

The GIS based system is compulsory for AeronauzsR planning process to

handle both vector and raster grid based data Wethould have an easy user
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interface; one that allows the designer free cominowhat functions and tools the
user has access too. The system should also fanggth on a personal computer

and not require a large amount of disk space opecibimg power.

A concluding requirement of the system is that usibe easily modifiable and
updateable. This is important since the SAR plagpirocess is racing against the

time.

4.3.Development Environment

ESRI's product ARCGIS which is the most popular Gifgram, provides
extending the capability of program by using corepyirogramming languages
like Visual Basic (Web 4). ArcGIS Desktop produgige the ability to the user to
develop their own tools. In this thesis a GIS bawed is coded in the form of
Dynamic Link Library (DLL) with ArcGIS 9.1, VisuaBasic 6.0 and ArcObjects.

ArcObijects is a desktop GIS application which repres user friendly interfaces
and components to work with GIS functionality. Tuse of ArcObjects provides a
comprehensive set of components to embed GIS fmality for the SAR
applications. ARC Objects Interfaces are used ia implementation.The

implementation of the software part is divided itlicee parts:

MCDA based Probability mapping module
POA segment module

Search pattern comparison module

4.4. MCDA-based Probability mapping

Determining the area to be searched and whereatb astsearch operation is the

basic question of the search operations. Startsegach from the high probability
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areas, which the subject is in, decreases the lsdeme. Probability maps are
determined based on a number of features, to mertoe reliable probability
mapping. This tool provides the search expert $b tleree different multi criteria
decision analysis methods described in Chapterith e help of this tool, search
expert determines the search area according togsabability distribution on the

map. Figure 4-1 and Figure 4-2 represent the esfithis process.

Forms Classes Interfaces

‘ AmSAW [Application
[“P“]“' IMxDocument
Search expert assesment as o T

. 7 MapAlgebraClass B
numerical value frmAHP EReERRAR IRaster

- - [RasterCatalogTable
& ‘ frmOWA [FeatureClass
“tP“F" : [SpatialReference

after doing algebric IGeometry
operations produce a hvm‘k:amii:-e
probability map IMapAlgebraOp

Figure 4-1 MCDA based probability mapping module

MCDA based Probability mapping (Figure 4-1) moduses raster, geometry and
map algebra interfaceMapAlgebraClassalculates inputs from the search expert
and produce a probability map. MapAlgebraClass (Raster interface to prepare

raster layers for the necessary algebraic calomsti

For each of MCDA methods, program compares seatpbreassessment on the
layer-based and produce probability map. Detaileduthentation is given in
Appendix B.2.
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4.5. Probability of Area (POA) based segmenting

Once the probability map of the area has been elfiry the software based on the
MCDA methods considering the individual judgmentstlte search expert, the
next step is to divide the area into segmentsderto determine where the search
starts. The tool makes this operation by clasgifytime probability map with the
help of GIS. The tool also gives the ability to eaexpert to determine the
number of classes according to the case. It givesbility to search planner POA
based segmenting the area. Search expert can divete to sub search areas
(Figure 4-2).

Forms Classes Interfaces
. frmSegment ArcessValueOfRasterTable () IApplication
Inputs \—‘ e pmptage IMxDocument
e celussify By StringField() LR el
Mumber Classes as s IMap
numerical value IrasterBand Collection
IrasterBand
Iraster Descriptor
Outputs Raster Descriptor
After Reclussfiying produce IrecluzsOp
u divided probability map Iraster AnalysizEnviromment)
Inumberfemap
IrasterLayer
IRasterBand

TrasterBund Collection

Figure 4-2 POA segment module

POA segment module (Figure 4-2) uségcessValueOfRasterTableg@nd
ReclassifyByStringFieldQlasses in order to divide produced probability rirap
sub areas visuallAccessValueOfRasterTableaches pixel value of raster layers.
ReclassifyByStringField()lemaps old pixel value of raster layer to user rafi
values. Search expert determines the number clésgg®duce sub sectors from

the probability map. Detailed documentation is giue Appendix B.3.
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4.6.Search pattern comparison

One of the objectives of this thesis is to testgbgormance of the search patterns,
and offer the most suitable search pattern forsearch and rescue cases. After
dividing area to the segments according to theababilities, with the help of
ARCGIS’s rectangle tool, the area to be scannethéyircraft is chosen. The next
step is determining the sweep width by consideth search factor. A search
factor is a variable that is changing accordinthtofeatures of the terrain. Finally,
the tool compares search patterns according tpeedsand how quick to sweep

the search area.

Forms Classes Interfaces

Inputs frmCimidmaler Segment|) IApplication
; MakeFields(pEny As [Envelope) IMxDocument

Area to be divided into grids frmPattermnSelection IMap
IextrachonOp

Temmvelope
IgenDataset
Cutputs InumberDialog
Total Search effort I Drulog
Efficiency of Search Pattern IfeatureClass
IgeoFeatureLayer
IsmpleFill Symbol
Ificlds
HeaturaCursor
Ifeature Buffer
Tpolygon
IsggmentCollection
I5egment

Ihme
frectungleElemnent

Figure 4-3 Search pattern comparison module

Search pattern comparison module has two différerdtions. First function uses
Segment(xlasses in order to divide the area into gridsi\@ridmaker form get
sweep width and a search factor as input to gemerarid.frmPAtternSelection

form read output of thbemGridmakerform to evaluate the value of search effort
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for each Search Pattern. Detailed documentationsefd functions is given in
Appendix B.4

Figure 4-4 shows the attribute table of the reduiead shape file. Dimension of
the grid is determined by the search expert consigléhe sweep width and search
factor.

ol x|
FID Shape Row Col Hame j

(3 0 |Palygon 1 1 [R1_C1

1 |Palygon 1 2|R1_C2

2 |Polygon 1 3|R1_C3

3 |Palygon 1 4 |R1_C4

4 |Polygon 1 5|R1_C5

5 |Palygon 1 B (R1_CE

B |Polygon 1 TIR1_CT

7 |Polygon 1 §|R1_C8

8 |Polygon 1 9(R1_C9

9 |Polygon 1 10 [R1_C10

10 |Polygon 1 11 |R1_C11

11 |Palygon 1 12 |R1_C12

12 |Palygon 1 13 [R1_C13

13 |Polygon 1 14 |R1_C14

14 |Palygon 1 15 |R1_C15

15 |Polygon 1 16 |R1_C16

16 |Palygon 1 17 |R1_C17

17 |Polygon 1 18 |R1_C18

18 |Polygon 1 19|R1_C19

19 |Palygon 1 20 (R _C20

20 |Polygon 1 21 [R1_C2

2 |Palygon 1 23R _C22

22 |Palygon 1 23 |R1_C23

23 |Polygon 1 24 |R1_C24

24 |Palygon 1 25 |R1_C25

25 |Polygon 1 26 |R1_C26

26 |Palygon 1 27 IR _C27

27 |Palygon 1 25 |R1_C25
Record: 14] 4] T [o|  Show[ 4 Selected | Records (1 out of 841 Sel

Figure 4-4 Attribute table of Probability map grid

Search expert can select a specific cell from tioelyced grid (Figure 4-5). Also,
tool provides two distinct grid shapes in two diffiet shape file formats (Figure
4-6).
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B Selected Attributes of Probability map base-grid.shp! o [=] B3]

FID Shape Row Col Hame
v 262]Falygon | 9] 11[Ra_C1l ]
Record: 14] ¢ T Show: Al l Selected  Records (1 outof 841 Select 5ol

Figure 4-5 Relation between selected cell and whagbeobability map

o

ma s

Figure 4-6 According to POA search area can be digded into sub sectors.
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4.7.User Interface

The most critical factor in the user interfacetssaase of use and simplicity. For
ease of use, the focus of the user interface bexdmedevelop a new Graphical
User Interface (GUI). A GUI is a class of windovwsat interface between the user
and the underlying program (Burke 2003). The ustriace is developed through
Visual Basic 6.0. Main menu is shown in Figure 4aith three main modules,

namely MCDA methods, Classify area and select bgaaittern.

Air SAR Tool |

MZDA Methods = Clasify Area .. ™ Select Search Pattern.. ™

Figure 4-7 Main menu of the METUSAR Tool.

Each GUI have unique pull down menus, pop up meomusons and a toolbar. In
ArcGIS, each of the basic system classes (Viewsegsa layouts) has their own
GUI. The development of a new GUI allowed the useleave the complete
ArcGIS capability with the original GUIs (Web 4).

4.8.Modules of the tool

The tool contains three main modules. First modsila MCDA module (Figure
4-8), which gives the chance to the SAR plannetyapyp three MCDA methods
which are Simple Additive Weight (SAW), Ordered \§feied Analysis (OWA)
and Analytical Hierarchical Process (AHP) method.
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|
MDA Methods = Clasfy Area.. = Sebsct Search Pattarn.. ¥

DT o reron..

WA METHOD. ..

Figure 4-8 MCDA menu view

The second module is Classification module (Figl#8) which divides the search
area to the small sectors.

MCDA Methods | Clasfy Area .. ¥ Selact Seach Pattam..

Figure 4-9 Classification menu

Air SAR Tool _=§|

The last module (Figure 4-10), which is a Searditepa selection module, gives
ability to the SAR planners by dividing user-defingearch area to the grids and
calculating the search time and search effort far éntire search area. This

module also gives the chance to compare the diffesearch methods with
different inputs.

air sar Tool =
MCDA Methods Clasky Area ., ™ | Select Search Pattern.,

Figure 4-10 Pattern selection menu
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4.8.1.The MCDA Module

The MCDA module, as mentioned before, is openeddbgcting the new ranking
and rating command under the MCDA methods menthefTool (Figure 4-8).

This command opens up the three MCDA methods. TRE®M gives the ability

to SAR planners to analyze different type of multiteria decision analysis
methods like SAW method, OWA method and AHP method.

The MCDA module components firstly list the datgeles in the most upper part
of the layers section of the ArcGIS program. Itwseand collects the entire layer

available there and places them in its list.

4.8.1.1Simple Additive Weighted

The SAW method which is one of the sub menu of M@DA menu, (Figure
4-11) queries the user to enter data layer rankimyprioritize them. The program
correctly cancels to script it, when the user falenter at least one data layer and

presses the cancel button.

The SAW module next calculates the weights that@iee assigned to each data
layer. It does this by first counting the number ddta layers selected and
calculating the distance that each weight must lfi@ra the next weight of a base
of one. Finally the weights are normalized so thaty add up to one by taking

each weight as a percentage of the sum of all #ights.
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SAW - Simple Additive Weight

Layers Weight
LKP Jeo
Signal 1 E
Signal 2 [10
Settlements  [io
Roads [0 |

Marmalize |

LI Sak Methiod |

Cancel

Figure 4-11 Layer available in open application

4.8.1.2Analytical Hierarchical Process

The MCDA module performs additive overlay processtas outlined in Chapter
2. Each layer is multiplied by its weight given the expert of the SAR planning
and then all the data layers are added togetheés. rEsult in a grid has values
ranging from zero to hundred and that is the repgive of the user’s ranking
priorities. The program then adds this grid themehie view with the name of
“Grid #”. The number of this name will change edthe when a new grid is
created since the program keeps track of an igemutmber to differentiate

between the output grids.

Firstly program prompts the expert to enter thednahy of criteria. Secondly, it
asks the decision maker with pairs of criteria frdme hierarchy to judge their
relative importance for them. It works from thetbat of the hierarchy to upwards

rather than from the top down. Hence, expert wamtsnow how criterion sub-
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divides before judging it. This process helps ity the criterion meaning. After
pair wise comparison process is completed, therprogcontrols the consistency
ratio of the judgment. If it is under 10 %, it prpta the user and does not give
permission to the next step (Figure 4-12).

w Analytical Hierarchy Process ﬁl
AHP-Analytical Hierarchy Process
i
d ; ; ] ; 3 ;
Equaly Equalyto Moderstel Hodesately to  Stongly tovery Ve Stongl Ve lo ediemely | Exiresmely
Prafedied e slely prademed sirongly prsteed piefesed  Prefesed strongly pealemed  prabeied
pretened
Layers LNP Signal 1 Egnal 2 R
0.3z o3 [ES 034 f
Signal 1 J1.02 a7 D24 |07 023
Sagnal 2 | fi.z3 iz 2034 [IRE]
Settlarnant | .= |1.08 BT |0.45
Road | |1.3 |35 Jora 753

TOTAL [3 5575675675675 (4, 763970586235 [4.1515151515151 [1,6857142857142 |1 923076523075
Normakze Mstic I” ‘"-“'“"Wl 5 DO AHP |
0 TR

Cloas Text Box |

Figure 4-12 AHP form

4.8.1.30rdered Weighted Averaging

The last MCDA module, OWA, uses a fuzzy model. thirgprogram needs to rank
the layer from the most important to the least intgoat one. Secondly, it prompts
the expert to determine the decision strategy:naptic, moderately optimistic,

neutral, moderately pessimistic or pessimistic.
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After choosing strategy, the program controls nundfdayers and it calculates
the ratio according to layer numbers (Figure 4-Ez)ch layer is multiplied by its

weight given by the OWA decision rule and thenth# data layers are added
together.

[« ordered wieght Average todel = <ol
OWA - Ordered Weighted Average - Method

STRATEGY
|
L. .J

Dptimistic Wiodkes ateks Optmishic Heutezal Modeeally Pessmistic Pesimedhic

Ordered Layaers  Weights given by OWA

Most LNP
Signal 1
Signal 2
Settlement

e Road

Figure 4-13 OWA form

4.8.2.The Classification Module

The Classification Module is executed by the Cfasgion menu item under the

classify area to the sector menu in the tool. Tasimand opens Classification
Form which was listed in Appendix B. Like the MCDAodule, section the first

issue is that the classification module does hieck to see if the top most layer is
raster layer or not. If this criterion is not méten buttons would not be in active
mode (Figure 4-14).
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Figure 4-14 Reclassify form

The classification module gives the user the ghititmake decision on how many

classes of the data and their intervals and theitisg and ending point are.

4.8.3.Pattern Comparison Module

This module has two sub menus; first one is griddouwhich helps to divide the
area to the suitable number of grids and secondsopattern comparison tool that
compares each of search patterns according todffeativeness for the case. The
effectiveness of a search pattern is determinethdéygearch time of sweeping the
area.

This command is under comparison module. Aftercéielg the area by rectangle
tool dividing grids, the program prompts the sweagith in kilometers and search
factor (Figure 4-15). Then the program calculatemimer of rows and columns
according to width and height of the area. Fintilyl divides the area according to

user defined grids. User can also change grid ditoas manually.

53



o =

Select Rectangle Fram the Draw menu and then Click Make Grid button

Sweep idth [ ID'? km Search factar ||:|’5

Figure 4-15 Grid making form

The Search Pattern comparison module is executethdypattern comparison
menu item under the Search Pattern menu on the Tdw$ command opens
FrmPatternComparisiorwhich is listed in Appendix B. Search pattern medu
compare five different search patterns. The SeRutern module (Figure 4-16)
gives the user the ability to make decision on Wwipattern is best fit. It controls
the effectiveness of the search.

Search speed, sweep width, search factor and haifhplane affect the
effectiveness of a search operation. These parasnate used as an input for
pattern comparison form. Pattern comparison forffmRatternComparison
automatically gets the sweep width from thékmMakegrid Then
frmPatternComparisonform calculates total time for search and caladat
effectiveness of the selected search pattern.yLasth the help ofbotnCompare
list the search effort for each search patternit Asknown that found coordinates
of the plane, this module can calculate the timinid the target for parallel track,

creeping line and expanding square for this case.
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Figure 4-16 Pattern comparison form

In order to provide SAR experts a practical ASARnpiing tool MCDA based

GIS tool the “"METUSAR” is developed, which integedtthe GIS analysis and
multi criteria evaluation model. The prototype bétprogram is tested on a real
case study, producing conclusive performance assggsresults for a particular

F-16 plane crash case.
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CHAPTER 5

IMPLIMANTATION

5.1.Case Study Area

An F-16 plane crash occurred twenty kilometers lsaiftKitahya city in Turkey
in 16 January of 2004. Although lots of SAR teard aivilian attended the search
and rescue operation, the wreckage of the plandfavel nearly after three days
from the crash time which is one of the longestrdegoeriods in Turkey.
Meteorological conditions were not suitable at thiate. However, to test SAR
tool, it is accepted that meteorological conditiorese suitable for this case study.
According to NSAR (1998), if winds are greater ti&nknots and /or visibility is
less than 3 nautical miles (nm) but greater thamml a track spacing of 1 nm
should be considered by day or night but reducqebniging on the size of the

search target.

The case study area is located at the northwdsiitahya city in Central Anatolia
(Figure 5-1). The area is covered by four 1:25.@@@le topographical map
guadrangles of 123-d1, 123-d2, 123-d3 and 123-dle Extents of the study area
can be defined as 4405000N, 715000E in the northedge and 4337000N,

736000E in the southeast edge in the zone of 3thNddrUniversal Transverse 3

Mercator projections. The study area is nearly 683 with dimensions of 21.7 X
27.8 km.

Some parts of the region are mountainous with abauraf high hills. Most of the

area has dense forest and was covered by snow tutrih of crash. The size of the

possible search area, steep slopes and changiogrémhy did not give chance for
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searching the area from the ground. Thereforetirsgathe search from the air was

a solution for this case.
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Figure 5-1 Geographical location of the study area

After digitizing the crash area and its near envinent, DEM of the area (Figure
5-2) was created. DEM of the area is essentiatHervisibility analysis steps of

the study.
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Figure 5-2 Digital elevation Model Layer and Map lger of the area

5.2.Data Collection and Preparing Data Layers

The most important information about the crashK$lof the target. Also, clues
from the reliable sources are important for theatom of a probability map.

(Figure 5-3) Data layers used for this case study @escribed in detail in

(Table 5-1). Graphical and non graphical data ibl&@&-1 and 5-2 are obtained
from the Turkish Air Forces (TAF). The dataset ud#s plane crash information
in 2004 in Katahya.
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Figure 5-3 Framework of developed methodology
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Table 5-1 shows the structure of graphical datarkayAll data layers are 1/25.000
scale that enables accurate results to the SARrtexgeoordinates of each data

layer are provided from TAF and put into a map.

Table 5-1 Structure of graphical data layers

Layer
N Data Scale Type Format Source
DEM Digital 1/2500 Grid Digitized | Turkish
elevation from the | Air Forces
model map
LKP Last 1/25000 Point Shape file  Map
Coordinate (*.shp)
of the
plane
Signal 1 Signal 1/25000 Point Shape file  Map
form the (*.shp)
area
Signal 2 Signal 1/25000 Point Shape file  Map
From the (*.shp)
area
Settlements| Villages 1/25000 Point Shape file Map
(*.shp)
Roads Primary 1/25000 Poly line | Shape file  Map
and (*.shp)
secondary
roads
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Table 5-2 Structure of non-graphical data layers

Data Format Source Content
LKP Coordinate | Turkish Air | Last known coordinates of the
data Forces plane
Sianal 1 Coordinate | Turkish Air Signal got from the CN-235
igna
J data Forces plane from 243.00 MHZ
) Coordinate | Turkish Air Signal got from the CN-235
Signal 2
data Forces plane from 282.00 MHZ
Wreckage of| Coordinate | Turkish Air | Coordinate of the wreckage of
Plane data Forces the plane after the crash
Height of Turkish Air Probable height of the plane
Number
Plane Forces before the crash

174

The LKP coordinate information of the plane wasorggd as 39.39.652 N and

29.35.376 E, height of the plane before the craab veported as nearly 3000
meter (Figure 5-4). According to NSAR (1998), thetual position of the target

often has circular normal probability density dlstion centered from the

reported last known position. In the light of theséormation and free fall

formula, the maximum reach of the plane wreckage eedculated as 6000 meters.

(Equation 5.1)

m m
Vy=(Vyo+--get)- - og

m m R
y=- 4 (Vy0+?g)(e“-1)+gt + Yo
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Where ;

Vy: Initial velocity of the plane on the y axis
VyO0: Initial altitude of the plane

g: Gravity acceleration

m: Mass of the object

t: Fall time

X: Range

heaght

range

Figure 5-4 Range of the air plane

Statistically, the amount of probability of contained (B@Ca circle drawn from
the last known position to reach the plane wreckages distibis given in
Equation 5.2 (Cooper et al., 2003).
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POC=1- e¥"2 (5.2)

Where, e is the base for natural logarithm. The probability of taoring one
standard deviation of the mean is about 68 %, two stamtiasietion of the mean
is 27 %, three standard deviation of the mean is 4 %lencemaining part of the
area is accepted as 1 % (Figure 5-5).

724001

Figure 5-5 Areas with certain probabilities aroundlast known position
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5.2.1.Signal Points

After the crash and before finding the wreckage of the plaome signals and
words of witnesses were reported to the search planningrcénte of the dense
signals was reported from the CN-23 aircraft from 2432MB9.43 N and 29.38
E) (Gerede, 2007).

The other point of signal was again reported from the GMi2craft from the

channel 8 and 282.8 MHZ. Considering all the suggestesl diafances in the
NSAR (1998) and expert suggestion, minimum distancethéosignal points are
determined as 5 km from the centers. These distances atdousesate buffer
zones around signal points and included to the stuedy (&igure 5-6).

Figure 5-6 Location of signal points
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5.2.2.Settlement Layer

After digitizing all the settlements in the area, visipildnalysis was made from
the center of the each settlement. Considering all the dedgeafe distances in
the NSAR (1998), minimum distances for the study areadatermined as 5 km
for settlements. These distances are used to create bwffes around settlement

areas and excluded from the study area.

The next step is intersecting the visibility of the sigh the settlements and
buffers from their centers. It is assumed that, if theckage of the plane is in the
buffer zones within 5 km radius from the center oflegténts, it is already seen
by the people living in the settlements over there. Thegeblack areas should
not be searched by the search team shown in Figure 18, BAeight of the
visibility is tested aside from formal human height.gives much large areas
effecting probability map. Therefore, formal human heightised for visibility
map creation.
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Figure 5-7 Visibility of Settlement Figure 5-8 Intersection of visibility map and
layer of the study area settlement buffers

5.2.3.Roads Layer

The same process is repeated for the road layer which iizetigfrom the
1:25.000 scaled topographical maps. As in the case térsent areas, it is
intersected with the visibility layer. The buffer zomenh the roads is accepted as
100 meters, since it is accepted that if the wreckage bFld$ is in the buffer
zone of the roads, it could be seen by the people passenghere. (Figure 5-9)
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Figure 5-9 Visibility map from the Figure 5-10 Intersection of visibility map and
view of roads road buffers

5.3. Construction of Probability Maps based on MCDA

The most important part of this search operation is haviognsistent probability
map. Ranking the layers according to their importance atiagrthem was done
by search expert from the Turkish Air Forces, Major Aéir&le. Three different

MCDA methods were tested while producing probabilityppma

5.3.1.Simple Additive Weight (SAW)

Weights given by the expert is showed in Table 5-3. Higkest score is given to

last known position of the plane.
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Table 5-3 SAW ranking

Layers Weights
Last Known Position 0.6
Signal 1 0.1
Signal 2 0.1
Visible range of roads 0.1
Visible range of villages 0.1

The tool normalizes the values given by experts and acgptdithe values; the
first probability map of the area is created (Figure b-A% expected center of the
produced probability map according to SAW decision rulguiie 5-11) contains

higher probability area hence search expert gives 60 % afeight to LKP. Also

signal points are easily distinguished from the envireminof them. The lowest
probabilities are shown in the centers of settlement alReababilities in the area
are between 0.0019 and 0.0996. According to result idgtision rule the center

of the area in white color and three outer circles contd8ith$% of the total

probability.
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LE ADDITIVE WEIGHT (SAW)
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Figure 5-11 Probability map produced with SAW metha

5.3.2.Analytic Hierarchy Process (AHP)

Difference of the AHP method is based on pair wise coisgarWith the help of
this tool every layer of the study can be seen in a matkthe expert compared
them for producing probability map (Table 5-4). Prokgbihap according to the
result of AHP decision rule is shown in Figure 5-12abilities in the area are
between 0.0017 and 0.106. According to the resultisfdiécision rule, the center
of the area in white color and three outer circles contain 36f%he total
probability.
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Table 5-4 AHP method criteria

Preference Value
Equally 1
Equally to moderately 2
Moderately 3
Moderately to strongly 4
Strongly to very strongly 5
Very strongly 6
Very extremely strongly 7
Extremely 8

ANALYTICAL HIERARCHICAL PROCESS (AHP)
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Figure 5-12 Probability map produced from the AHP nethod

70




According to values in Table 5-4 the tool producedgtabability map in Figure
5-12

5.3.3.0rdered Weighted Averaging (OWA)

OWA decision rule determines weights according to lisiagérs and number of
layers. Expert can make an order from the most pretetabh least preferable

layer. The values of OWA are shown in Table 5-5:

Table 5-5 Preferences of Search Expert according ©®WA method

Layers Weights Strategy Order

LKP 0.61 1 Most Preferable
Signal 1 0.146 2 ...

Signal 2 0.098 Moderately 3

Visible range of roads| 0.077 Optimistic 4

Visible range of 0.064 5 Least Preferable
villages

According to values in Table 5-5 the tool produced théadndity map as shown
in Figure 5-13. Probabilities of founding wreckagelw# plane in the area for one
cell are between 0.0019 and 0.108. According to thetrefktliis decision rule, the
center of the area in white color and three outer circlesaiten86 % of the total
probability. The rest of the area contains 64 % of tb&lprobability. On the other

hand, road and settlements buffers in black contain lessiealglities.
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ORDERED WEIGHTED AVERAGING (OWA)
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Figure 5-13 Probability map produced from the OWA method

Although the results of three methods gave visually theesaattern, there are
some distinctions among them. The resultant probabilgpsraccording to three
methods of MCDA show that the SAW method gives the maxinpuobability
(between 0.1216 and 0.002) the second method OWA (bet@ddii36 and
0.00199) and the third AHP method between (0.106397 (a®d1738). Total
probability in the center of the circles of SAW methodighhr, as search expert
gave the maximum weight to LKP (60 %). Similarly, OWAthwal calculates the
weight according to order and number of layers it gihes(61 %) weight to the
LKP. Lastly, AHP method gives less weight accordinghtese methods. After
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applying three different MCDA methods on the case, exgiarted classification

each production with different classification intervals.

5.4.Reclassification of the Probability map

Reclassification of the area gives ability to divide the aa@rding to classified
segments. Expert examined different classification interalevery probability
maps produced from the MCDA methods. Firstly, the prdibmnap was

produced from the SAW method and was classified wiflerdint values.

The aim of this procedure is testing different classificaintervals for probability
maps. Resulted probability maps were classified inteethiour, five, six, seven,
eight and nine intervals. Used classification method israldtueaks, and then the
last classes are widened manually to encompass the lentgehalf of the ranked

values. Also, the upper classes are restricted to theshigireing value.

Effects of classification determining the sub search areas aritical question.
Taking into consideration each decision rule results, eachalecise is classified
into 3, 4, 5, 6, 7, 8 and 9 plots intervals. Everyislen rule gives different pattern
and these patterns provide detailed and reliable informé&dicthe expert to divide

the search area into search sectors.
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5.4.1.Reclassification According to Result of SAW

Figure 5-14 shows the case when the area is classifie@ tlasses which form a
preference scale with three degrees of decreasing probabhigycénter of the
circle colored by red has the maximum probability. dellareas have contained
minimum probability. The weakness of this figure is thecond maximum
probability area covers almost the whole area (72 %).eftwer using Figure 5-14

would not give an optimal solution.
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Figure 5-14 SAW classification with 3 classes

Figure 5-15 shows the case when the area is classified}intasses. It covers
much more area in the center of the circle than Figure 418 the effectiveness
of this classification is better. Also, road weighecikase the probability of the
center area in red color. However, signal points can ndtdoeiminated from this
classification. Since used classification method is ahtweaks, the second plot
in the histogram of Figure 5-15 resulted as 0.
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SIMPLE ADDITIVE WEIGHT (SAW)
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Figure 5-15 SAW classification with 4 classes

In Figure 5-15 Probability of Area (POA) is higher tharlasses. Also a signal
point is shown in this figure. Figure 5-16 gives aikimresult with Figure 5-15.

However, intersection of road and settlement buffers calisbeaminated easily.
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Figure 5-16 SAW classification with 5 classes
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Figure 5-17 SAW classification with 6 classes

Hence, Figure 5-17, 5-18 and 5-19 have nearly equal arehtheir effectiveness

are nearly the same. However, signal points are not diseteadnin Figure 5-18.
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Figure 5-18 SAW classification with 7 classes
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Figure 5-19 and Figure 5-20 differentiate the other rsifieation figures hence

signal points can be easily discriminated from the sther
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Figure 5-19 SAW classification with 8 classes
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Figure 5-20 SAW classification with 9 classes
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5.4.2.Reclassification According to Result of AHP

Result with classification into 3 classes for AHP metlodhown in Figure 5-21

and the center of the circle colored by red has the maximabapiity. Second

maximum probability area covers a reasonable area. Thereforethsirfigure

would be optimal. Figure 5-22 is the case with classificatimo 4 classes. It

covers longer area in the center of the circle compared to FigRte Thus the

total effort for this classification is higher than Figd-21.
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Figure 5-21 AHP classification with 3 classes
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ANALYTICAL HYERARCHICAL PROCESS (AHP)
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Figure 5-22 AHP classification with 4 classes

Results of classification into 5, 6, 7 and 9 classeAfdP method are shown in
Figure 5-22, Figure 5-23, Figure 5-24, Figure 5-25 Biglire 5-26 respectively.
Although there are slight differences, probability afeeg are just about the same.
Thus the total effort for these classifications is lbss Figure 5-20 and Figure
5-22.
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Figure 5-23 AHP classification with 5 classes
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ANALYTICAL HYERARCHICAL PROCESS (AHP)
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Figure 5-24 AHP classification with 6 classes
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Figure 5-25 AHP classification with 7 classes
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Histogram of AHP-9 Classes
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Figure 5-26 AHP classification with 9 classes

5.4.3.Reclassification According to Result of OWA

Results of OWA method is slightly the same apart fragufés 5-28 and 5-33.
Figures 5-27, 5-29, 5-30, 5-31 and 5-32 give nagadysame search efforts.
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Figure 5-27 OWA classification with 3 classes
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ORDERED WEIGHTED AVERAGING (OWA)
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Figure 5-28 OWA classification with 4 classes
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Figure 5-29 OWA classification with 5 classes
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ORDERED WEIGHTED AVERAGING (OWA)
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Figure 5-30 OWA classification with 6 classes
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Figure 5-31 OWA classification with 7 classes
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ORDERED WEIGHTED AVERAGING (OWA)
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Figure 5-32 OWA classification with 8 classes
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Figure 5-33 OWA classification with 9 classes
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Important criteria for comparing the results aréallsws:

Signal points should be discriminated easily by the seaxpert,

Road and settlement buffers should be discriminated fromethiassified
map

Size of the searching area should be between (5 x 5 ldr(Larx 10) km

Considering the above criteria Figure 5-17 and Figure &r@Guitable for SAW
decision rule. Figure 5-26 is suitable For AHP decisiole and Figure 5-28,
Figure 5-31 and Figure 5-33 are suitable for OWA method.

5.4.4.Dividing area into grids

Sweep width (w) value for this case is considered asr.&dcording to values in
Table A-3 listed in Appendix A.

User can determine the border of the search area with thefhelgtangle tool in

‘ARCGIS’ toolbar. After drawing the area as a rectangle ftbenmenu of search
tool, the user can determine the number of rows andnc@w@according the size of
one side of the rectangle. User can also use different reesadpwever every
time it should be calculated and summed up to calculatectsd¢ime of search

patterns.
Also the search area can be divided into more than one sedmehis case,

search time for every segment should be calculated sepaeatdl added to

calculate total time for the search with a chosen searchrpatter
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5.5.Discussions

The implications of this study are composed of thesést which are listed below:

Test of finding suitable MCDA methods: Three differenEDA methods
(SAW, AHP and OWA) were tested according to search expieritjes.
For each decision rule the changes of probability digtabuwere also

examined.

Test of class numbers while dividing area into sub searehs: every
decision rule affecting the classification of the proligbimap was
examined.

Test of finding suitable search patterns for this kirfd cases and
environmental effects: for every probability distributimap five different

search patterns were tested based upon their effectiveness.

Result of these tests has its preferred use conditionsrandhust understand the
methods in order to choose the best one for the same oosdiéill are useful for
the same purpose of defining an importance rating over & maingriteria. SAW
can only be used when the decision maker knows the exachiageeof each
criterion contributing to the decision (Malczewski, 1998)P is most valuable
when there is a great uncertainty and there are opposiogsfat work in the
decision process (Saaty, 1990). The OWA method shouldsbd when the

concept of decision risk makes sense in the decismreps (Yager, 1988).
According to results of test of finding suitable MCDw@ethods, probability map

determined by AHP decision rule provides more effective lteghan other

decision rules. The smallest search effort values are caldulatAHP decision
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rule for every search pattern. From the Figure 5-34, itbmasaid that the most

effective results were provided by the AHP method.

Average Test Results
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Awerage SAW Awerage AHP Awverage OWA

Average deciison rules values

o Paralel m Creeping O Expanding O Sectorsearch

Figure 5-34 MCDA and Search Pattern Comparison

Figure 5-34 also shows effectiveness of search patteiths MMCDA decision

rules. The most effective search patterns are both ExpaSdagh Pattern and
Sector Search Pattern. The less effective search patternssfoatiei are Parallel
search pattern and Creeping Line Search Pattern. The conkdditibrence

among these search patterns originated from their commendet@dite search.
Expanding Search Pattern and Sector Search Pattern stathB@AR operation
from the center point of the POA. According to resuéeen in Figure 5-34
Creeping Search pattern method is the least effective seatempitence, in that
pattern the plane sweeps the area two times for every lnincreases the POD
however it also increases the search time. Therefore setiectiveness of this

pattern is less than other search patterns.
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As it is discussed in Chapter 1, Search Effort (Zhésproduct of the sweep width
times the length of track in nautical miles in the search &#dle testing search
patterns efficiency, Z is used for this case. Coveragierfés not used, because the

extent of the search areas for each pattern is equal.

Search effort results for SAW method is shown in FiguBb5While calculating
search efforts, program uses track line length and sweep widhe pattern as
input. Generally, in SAW decision rule average search e¥aues were high
(between 281 and 859). The highest search efforts for $A&thod is 7 plot
intervals in creeping line search pattern, 5, 8 and Siertvals are also above the
average search effort.

SAW decision rule Search Effort Results
1600
1400
1200
E! 1000 @ Paralel
] B Creepin
% 800 ] Expa:digg
(0,)“3 600 O Sectorsearch
400
0
SAW-3 | SAW-4 | SAW-5 | SAW-6 | SAW-7 | SAW-8 | SAW-9 Average
O Paralel 10,959 | 162,71 | 849,5 | 303,88 | 898,78 | 849,5 | 849,55 560,69
B Creeping 15,236 | 234,69 | 1269,4 | 492,27 | 1369,6 | 1318,6 | 1318,6 859,771
O Expanding 5,5565 | 81,651 | 425,42 | 154,77 | 450,08 | 426,1 | 426,1 281,383
O Sectorsearch | 5,6968 | 91,149 | 488,78 | 173,09 | 517,31 | 488,78 | 488,78 321,941

Figure 5-35 Search Efforts (Z) for SAW

Figure 5-36 shows search effort values for AHP decisian &earch effort values
are nearly the same except 4 plot intervals. The average sefnthvalues are
(between 153,745 and 466). These values are nearly haigfriethod results.
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AHP decision rule Search Effort Result
1600
1400
1200
é 1000 O Paralel
b M Creeping
< 800 I
S O Expanding
3 600 os
0\ ectorsearch
400 -
] I = ol ol
0+
AHP-3 | AHP-4 | AHP-5 | AHP-6 | AHP-7 | AHP-8 | AHP-9 Average
O Paralel 280,92 | 898,78 | 162,71 | 162,71 | 303,88 | 162,71 | 162,71 304,917
@ Creeping 467,84 | 1369,6 | 234,69 | 234,69 | 492,27 | 234,69 | 234,69 466,924
O Expanding 144,76 | 450,08 | 81,651 | 81,651 | 154,77 | 81,651 | 81,651 153,745
O Sectorsearch| 160,62 | 517,31 | 91,149 | 91,149 | 173,09 | 91,149 | 91,149 173,659

Figure 5-36 Search Efforts (Z) for AHP

According to the results shown in Figure 5-37 averageckeafort values are
between AHP and SAW decision rules. Search effort veduesiearly the same
except from 4 and 9 plot intervals. The average searont etilues are (between
215 and 660).

OWA decision rule Search Effort Results
1600
1400 A
1200 A
:;C;’ 1000 O Paralel
w B Creeping
<= 800 A
S O Expanding
s 600 os
%) ectorsearch
400 1
il il
0
OWA:-3 | OWA-4 | OWA-5 | OWA-6 | OWA-7 | OWA-8 | OWA-9 Average
@ Paralel 303,8 | 897,39 | 176,57 | 176,57 | 350,76 | 192,29 | 898,78 428,023
B Creeping 492,27 | 1420,7 | 248,38 | 248,38 | 567,91 | 278,53 | 1369,6 660,824
O Expanding 154,77 | 451,47 | 88,905 | 88,905 | 178,42 | 96,468 | 450,08 215,574
O Sectorsearch | 173,09 | 517,31 | 99,337 | 99,337 | 200,2 108,6 | 517,31 245,026

Figure 5-37 Search Effort (Z) for OWA
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According to the results shown in Figure 5-38, the toad tested for every search
pattern. While calculating search time for each search patteather conditions
were assumed suitable from the air search. Figure 5-38 dduitvdest results of
the decision rules according to search effort and testndfnfj suitable search
patterns. Expanding and Sector search patterns are the ffexdive search

patterns for five, six and eight plot intervals.
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Figure 5-38 The result of comparing three decisiorules

In the real life, operation for this case was drivehtbree days (Gerede, 2007).
Except the use of GIS, TAF used expanding square seattdrn in the search
operation. The basic obstacle was weather conditionsidrstiidy it is accepted

that weather conditions are suitable for air search and repeuation.

Results of our study showed that both expanding squarsemtolr search pattern
provide an effective result for this case. This studiifierentiated from TAF's for
the used methodologies. Basically, GIS is used as a walirfar data analysis,

MCDA for weighting input layers. The last steps of batle nearly the same.
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Moreover, results of this study supports used searclerpsatin the real SAR

operation and recommend sector search pattern for such opgration
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

6.1.Conclusion

The adopted methodology, which integrates GIS, MCDA andcBegmneory, for

SAR planning leads to some considerable results. Theussmes derived from

the study are as follows:

When MCDA decision rules are tested, it is found that Aides much
better results than SAW and OWA. This confirms that thie pése

comparison is more reliable for these conditions.

Of the used three different MCDA decision rules, SAW denisiule
provides the worst search effort results. The average sefiochof SAW
is considerably higher than both OWA and AHP. Theref@®/A and
AHP decision rules should be preferred by the search expekSAR

cases.

While dividing area into sub sectors; reclassificatioatiod which is
firstly adopted for SAR operations is used. This methoa/ides search
expert reliable borders of the sub sectors in the probabipping. This
method also decreases the subjectivity of search expert vididend area

into sub search areas.

According to the results obtained from the reclassificatd probability

distribution maps, the reasonable class numbers are det¢drasrb, 6, 7, 8
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and 9 plot intervals for AHP decision rule. 3, 4 plotervals are not

reasonable for this situation.

OWA decision rule has a similar character to AHP deciside. rlihe
reasonable class numbers are determined as 5, 6, 7 aotir@evals like
AHP. However, besides 3, 4 plot intervals 9 plot irdérs not reasonable
for OWA decision rule.

On the other hand, for SAW decision rule 4 and 6 plteruals are
reasonable. Hence 3,5,7,8 and 9 plot intervals provigleehisearch effort,

they can not be considered as a reasonable solution.

In the final stage, a functional comparison analysis @afrcée patterns
within the framework of search theory in terms of tineendin, it is found
that expanding square and sector search patterns prowdesshime to

sweep the whole area.

The main difference among these search patterns is commenciol sear
points. Expanding square and sector search patterns stegsshing the
area from the LKP point. Therefore, if LKP of the plasé&nown, it is a

better solution to use Expanding square and sector Seateins.

In this case, target is found around LKP, thereforengithe highest score

to the LKP while weighting was reasonable.

As a result with this methodology, the whole search aredbeaswept by
the search aircraft in the limit of weather condition. Figdhe location of
missing aircraft in a short time is an achievement of eliged
methodology.
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6.2. Recommendations

There are many modules and tasks that METUSAR tool cbaldexpanded.

Following recommendations can be useful for similar anthén studies.

In this study generic search patterns explained in NSAR8)lwere used.
Therefore search expert was limited to find the bestditarch pattern to
the area. For further studies, a search pattern whichtabkufor the area

automatically.

Also, topographic obstacles were not encountered terméing the
probability maps. It would be beneficial to assess taguyc features of

the area apart from generation of visibility maps.

Aspects variations (Appendix C) should be taken into adceurile

calculating search effectiveness. Because, the speed ofatiee qould be
adjusted and this can affects the search effectiveness. Inesrasias
aspects and special characteristics of the terrain should beled. Also
lots of parameters in smaller areas could be included isttiuly like size
of object, composition of the surface, composition & dbject (color,
reflective ability) and vegetation (so many tree types, rastdgrowing in

uniform pattern).

This tool only covers a small part of a search and eesmperation
processes. Also, optimal ways of reaching the missingcblis a new

study subject.
The features listed in this part are just suggestiongectthns the

METUSAR tool can be taken in the future works. Arytese extensions
would increase the functionality and usability of thislio real life cases.
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APPENDIX A

VARIABLES FOR SPECIFIC SEARCH TYPES

Table A-1 gives track speed and altitudes for electronic adbsearches. In this
study, value of Search is chosen for SAR input varialitethe real case, search

was conducted both day and night in order to find wreckag®e plane.

Table A-1 Search Types and Altitudes (IAMSAR, 2001)

Search Type Period Target Preferred Track/ Spacing Altitude
Aircraft Speed
1 and trackline day/ communication jet 300/600 50 10 000~
initial night wreckage, 40.000
electronic beacons
2 electronic day/ electronic beacons jet 300/600 50 10 000—
night 40 000
3 visual (aids) night fires. flares, turbo-prop 150/300 20 1500-
torch, etc. 3000
4 visual (aids) day mirrors, dye prop 130/190 10 1500—
2000
5 visual (rafts) day rafts prop. helo 100/180 31 300-1500
6 visual day wreckage prop. helo 75/130 0.3 200-500
(wreckage)

All aircraft to keep radar search.

NOTE: Initial, electronic and visual (aids) searches could take place simultaneously at night and visual
(aids)/(rafts)/(wreckage) searches could take place during the ensuing daylight hours: six searches being
completed by the end of a 24 or 36 hour period.

Table A-5 shows sweep widths and search factor for a spedifidition. Table
A-3 shows search correction factors according to propertigsederrain. In this

case 60-85 % of the area was mountainous and covereadWwy s
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Table A-2 Sweep width for visual searches (km/nmJAMSAR, 2001)

Visibility (km(NM))
Search Object | Height (m(ft)) 6(3) 9 (5) 19 (10) 28 (15) 37 (20)
Person 150 (500) 0.7(0.4) 0.7(0.4) 0.9 (0.5) 0.9 (0.5) 0.9 (0.5)
300 (1000) 0.7(0.4) 0.7(04) 0.9(0.5) 0.9(05) 0.9 (0.5)
450 (1500) -- - - - -
600 (2000) -- - - - -
Vehicle 150 (500) 1.7(0.9) 24(1.3) 24(1.3) 24(1.3) 24(1.3)
300 (1000) 1.9(1.0) 26(14) 26(1.4) 28(15) 2.8(1.5)
450 (1500) 1.9(1.0) 26(14) 31(1.7) 31017 31(1.7)
600 (2000) 1.9(1.0) 2.8(1.5) 3.7(2.0) aveo 3.7(2.0)
Aircraft less 150 (500) 1.9(1.0) 26(1.4) 26(1.4) 26(1.4) 26(1.4)
than 5700 kg 300 (1000) 1.9(1.0) 2.8(1.5) 2.8(1.5) 3.0(1.8) 3.0(1.6)
450 (1500) 1.9(1.0) 2.8(1.5) 3.3(1.8) 33(1.8) 3.3(1.8)
600 (2000) 1.9(1.0) 3.0(1.6) 3.7(2.0) 3720 3.7(2.0)
Aircraft over 150 (500) 22(1.2) 3720 41(22) 4.1(22) 41(22)
5700 kg 300 (1000) 33(1.8) 50(27) 5.6(3.0) 56(3.0) 5.6 (3.0)
450 (1500) 37(2.0) 52(28) 59(3.2) 59(32) 59(3.2)
600 (2000) 4.1(2.2) 52(29) 6.5(3.5) 6.5(3.5) 6.5 (3.5)
Table A-3 Search correction factors (IAMSAR, 2001)
15-60% Vegetation 80-85% Vegetation or Over 85%
Search Object or Hilly Mountainous Vegetation
Persan 05 03 0.1
Vehicle 07 04 0.1
Aircraft less than 5700 kg 07 04 0.1
Aircraft over 5700 kg 0.8 04 0.1
Table A-4 Recommended search altitudes (IAMSAR, 200
Search Object Terrain Recommended Altitudes
Person, light aircraft Moderate Terrain 60-150 m (200-500 ft)
Large aircraft Moderate Terrain 120-300 m (400-1000 ft)
Person, one-person raft, light aircraft Water or Flat Terrain 60-150 m (200-500 ft)
Medium-sized liferaft and aircraft Water or Flat Terrain 300-900 m (1000-3000 ft)
Pyrotechnical signal at night Night 450-500 m (1500-3000 ft)
Medium-sized aircraft Mountainous Terrain 150-300 m (500-1000 ft)
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Table A-5 Sweep width table

Instruction Example Value
1. In Table N-9. identify type of search object. a persan
2. Locate the row under that search object type corresponding to
the height closest to the aircraft’s altitude AGL. 150 metres
s Befer to Table W-11 for recommended altitudes.
3. Locate the row under that search object type corresponding to SRS
the height closest to the atrcrafit’s altutude AGL. 3
4. Locate the colurun that has the visibility that most closely
corresponds to the meteorological visibility at the scene.
o —_ & km
# (Obtam from local weather bureau office or nse pilot’s
estimate.
5. Locate the uncorrected sweep width (W) comresponding to the
chosen row and colmun.
- . . . . 0.7 km
# Interpolation to obtain sweep widths for heights and
visibilities between the tabulated values 1s permussible.
6. In Table N-10, locate the row with the search object type. a person
7. Locate the colummn that most closely descnibes the amount of ) _
vegetation and/or nature of the terrain. 15-80% Vegetation
# Obtain from local knowledge or use pilot’s and'or observer’s I-:illiw_.r
estimate(3).
8. Find the terrain/vegetation cormrection factor (fp) in the .
comresponding row and column. '
9. Multiply the uncorrected sweep width (W) by the comection 0.7 x 0.6 = 0.35 km
factor (fy) to get the comrected sweep width {W.). (W fi = W)
10. Determune the track spacing (3) of the parallel sweep search
pattern flown by the aircraft 0.6 km

#  Tlis small track spacing would likely require a helicopter.

11. Compute coverage with the shorteut formula C = W,/5S.

0.35 /0.6 = 0.58

W, /5 =C)
12. Enter the POD vs. Coverage graph with the Coverage and read

the corresponding POD from the vertical axis.

# For the mathematically inclined, compute POD with the 44%

formulaPOD=1-e%=1- exp(-C) and get 44.196%.
» Tlis added precision is completely superfluous.

Meteorological visibility (6 km in haze)

It is important for pilots to reports what they can olseemncluding:

Amount of vegetation (50 % moderate three cover in valleyh low

brush elsewhere)
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Nature of the terrain (hilly with numerous rocky awfes visible in un
forested areas)

Weather (overcast, light rain, wind)

Any other observations that might effect estimates ofckegiifectiveness,
the subject’s continued chances of survival or decisionst atdoether to

deploy ground parties. Sightings are particularly irtgour
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This Appendix lists the Forms, Class modules and fanstthat were used in the

program (Table B-1). To assist the reader in understanifisgcode, textual

APPENDIX

B

OVERVIEW

notation is used in the body of the code.

Table B-1 Summary Information of used GUI

Form Name Class Module Function Page

FrmAHP ClsAHP Contains AHP 51
decision rule GUI

FrmSAW ClsSAW Contains SAW 49
decision rule GUI

FrmOWA CIsOWA Contains OWA 51
decision rule GUI

FrmPatternSelection | ClsPatternSelection Provide a formtoa | 54

user making selectio
appropriate search
pattern.

-

FrmSector ClsSector Provide probability | 53
map into smaller
sectors

FrmTrack ClsTrack Provides 52
reclassifying

probability maps

B.2 MapAlgebraClass for AHP

This script performs main calculations about Multi CrééeDecision Analysis

(MCDA).
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Code for frmAHP form

Variables

Private m_MxDoc As IMxDocument

Private m_Map As IMap

Private m_Outraster As String

Private m_Extension As String

Private m_App As IApplication

Private m_InRaster As IRaster

Private m_CatTable As IRasterCatalogTable
Private m_Outws As IWorkspace

‘The code above is necessary for being communication with@map

Functions
Private Sub WieghtedSum()

All of the calculations are done in this piece of code. ugarts get by the help of
text boxes in the forms and used as a double variable.

Dim n As Double' n is the number of compared layer

Dim lamda As Double' lamda is an average of layer values
Dim CI As Double’ Cl is used for Consistency index

Dim RI As Double'RI is used for random index

n=5"

lamda = (cra + crb + crc + crd + cre) / 5
Cl=(lamda-n)/(n-1)

Rl =1.12' this is constant for n=5 layers
cr=CI/RI

Textl7.Text = cr

If cr <0.50r cr=0.5Then

MsgBox "Decision is relatively ConsisterPrompts the user about Consistency of

choices
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Elself cr <1 And cr > 0.5 Then
MsgBox "Your Decision is almost ConsisteRRrompt the user about Consistency of

choices

Else

MsgBox "Your Decision is not seem consistent iteésy high try again”
End If

End Sub

Get list values to the Form
List3.AddlItem "Last Known Position"
List3.Addltem "Cities"

List3.AddItem "Roads"
List3.Addltem "Second Position"
List3.Addltem "Direction"”

Command2.Enabled = True

Private Sub Command2_Click()
Call WieghtedSum
Command4.Enabled = True
End Sub

Private Sub Command3_Click()

Algorithm for ARCMAP communication

Dim m_MxDoc As IMxDocument

Dim m_Map As IMap

Dim pLayer As ILayer Creates Layers

Set pLayer = m_Map.Layer(i) Sets the value of Layer
Dim pRLayer As IRasterLayer

'‘Create a Spatial operator

Dim pAlgbOp As IMapAlgebraOp

Set pAlgbOp = New RasterMapAlgebraOp
‘Set output workspace

Dim pEnv As IRasterAnalysisEnvironment
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Set pEnv = pAlgbOp

Dim pWS As IWorkspace

Dim pWSF As IWorkspaceFactory

Set pWSF = New RasterWorkspaceFactory
Set pEnv.OutWorkspace = pWS

'‘Bind a raster

Dim Grid1 As String

Call pAlgbOp.BindRaster(pInRaster, "Grid1")
Call pAlgbOp.BindRaster(pInRaster2, "Grid2")
Call pAlgbOp.BindRaster(pInRaster3, "Grid3")
Call pAlghOp.BindRaster(pInRaster4, "Grid4")
Call pAlghOp.BindRaster(pInRaster5, "Grid5")

'Perform Spatial operation
Dim pvalue As String
pvalue = Text6(0).Text

Dim strExpression As String
strExpression = "([Grid1] * " & pvalue & ") + ([Grig] * " & pvalue2 & ")+ ([Grid3] * " & pvalue3
& ")+ ([Grid4] * " & pvalued & ")+ ([Grid5] * " & pvalue5 & )"

Dim pOutRaster As IRaster

Set pOutRaster = pAlgbOp.Execute(strExpression)
Dim pRlayer6 As IRasterLayer

Set pRlayer6 = New RasterLayer
pRlayer6.CreateFromRaster pOutRaster

‘Add created layer in to ARCMAP

m_Map.AddLayer pRlayer6
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B.3 MapAlgebraClass for SAW

Code for frmAHP form

The difference of these forms is getting of variables amcliedgions. Basically,
SAW Form gets the SAR expert's preferences, and themrgses it according to

SAR decision rule.

Variables

Dim m_MxDoc As IMxDocument
Dim m_Map As IMap

Dim pLayer As ILayer

Dim pLayer2 As ILayer

Dim pLayer3 As ILayer

Dim pLayer4 As ILayer

Dim pLayer5 As ILayer

Functions

'‘Creating a Spatial operator

Dim pAlgbOp As IMapAlgebraOp
Set pAlgbOp = New RasterMapAlgebraOp

' Set output workspace
Dim pEnv As IRasterAnalysisEnvironment

Set pEnv = pAlghOp
Dim pWS As lworkspace

Dim pWSF As IWorkspaceFactory

Set pWSF = New RasterWorkspaceFactory
Set pEnv.OutWorkspace = pWS

'Bind a raster

Dim Grid1 As String

Call pAlghOp.BindRaster(pInRaster, "Grid1")
Call pAlgbOp.BindRaster(pInRaster2, "Grid2")
Call pAlgbOp.BindRaster(pInRaster3, "Grid3")
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Call pAlgbOp.BindRaster(pInRaster4, "Grid4")
Call pAlgbOp.BindRaster(pInRaster5, "Grid5")

'‘Perform Spatial operation

Dim pvalue As String
Dim pvalue2 As String
Dim pvalue3 As String
Dim pvalue4 As String
Dim pvalue5 As String
pvalue = Text6.Text
pvalue2 = Text7.Text
pvalue3 = Text8.Text
pvalued = Text9.Text
pvalue5 = Text10.Text

Dim strExpression As String
strExpression = "([Grid1] * " & pvalue & ") + ([Grid2 " & pvalue2 & ")+ ([Grid3] * " & pvalue3
& ")+ ([Grid4] * " & pvalued & ")+ ([Grid5] * " & pvalue5 & )"

Dim pOutRaster As IRaster

Set pOutRaster = pAlgbhOp.Execute(strExpression)
Dim pRlayer6 As IRasterLayer

Set pRlayer6 = New RasterLayer
pRlayer6.CreateFromRaster pOutRaster
Private Sub Command2_Click()
Text6.Text=a

Text7.Text=b

Text8.Text=c

Text9.Text=d

Textl0.Text=e

cmdOk.Enabled = True

End Sub

Dimi As Integer

For i = m_Map.LayerCount - 1 To 0 Step -1

Set pLayer(i) = m_Map.Layer(i)

Next i

Dim pRLayer() As IRasterLayer
Dim pInRaster() As IRaster
ReDim pRLayer(Layersayisi)
ReDim pInRLayer(Layersayisi)
Dim g As Integer
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For g = (m_Map.LayerCount - 1) To O Step -1

Set pRLayer(g) = pLayer(g)
Set pInRaster(g) = pRLayer(g).Raster

Next g
End Sub

B.4 POA SegmentModule

This scripts used for accessing the pixel value of the. giwessValueOfRaster
function accesses raster table of the grid and gets pixeés/alf raster cells.
Secondly determines minimum and maximum pixel valugbeofyrid and divide it

user defined value. Finally remaps old values to a useratktfialues.

Sub AccessValueOfRasterTable(pRaster As IRastieidBlame As String, RowIndex As Integer)
End Sub

'‘Create a raster descriptor and specify the field to beised for reclassify

Dim sFieldName As String

sFieldName = "Value"

Dim pRasDescriptor As IRasterDescriptor
Set pRasDescriptor = New RasterDescriptor

pRasDescriptor.Create pInRaster, Nothing, dName

'‘Create a RasterReclassOp operator
Dim pReclassOp As IReclassOp
Set pReclassOp = New RasterReclassOp
'‘Create a StringRemap object and specify remap
Dim pNumberRemap As INumberRemap
Set pNumberRemap = New NumberRemap
Dim mins As Double
Dim maxs As Double
'Call AccessValueOfRasterTable(pInRaster, "Value", NumO#Nalues — 1)

110



MinValue = -1

Dim MaxValue As Double

MaxValue = pLayer.Value

fark = (MaxValue - MinValue) / com

Fori=1tocom
pNumberRemap.MapRange MinValue, (MinValue + fark
MinValue = MinValue + fark

Next i

pNumberRemap.MapRangeToNoData 100, 200

End Sub

B.5 SearchPatternComparison module

This module divides the area in to user defined gridsti¥fiuser defines a

rectangle.

' Create the RasterExtractionOp object

Dim pExtractionOp As IExtractionOp

Set pExtractionOp = New RasterExtractionOp

' Declare the input dataset object

Dim plnputDataset As IGeoDataset

' Call function to open a dataset

Dim pLayer As ILayer

Set m_MxDoc = m_App.Document

' Create an envelope (minimum rectangle area of the selett object)
Set pEnvelope = New Envelope

pEnvelope.PutCoords dbIXMin, dblYMin, dbIXMax, dbitax

Set pOutputDataset = pExtractionOp.Rectangle(pDatatset, pEnvelope, True)
End Sub

Function that generate grid based on draved envelope

Public Function GenerateGrid(strWorkPath As StreigName As String, pEnv As IEnvelope,

End Function

Function that convert envelope to polygon
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Private Function Env2Polygon(pEnv As IEnvelope)lRslygon
End Function

Functions that making result grids

Private Function MakeFields(pEnv As IEnvelope) Rilds
End Sub
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APPENDIX C

ASPECT VARIATIONS OF THE AREA

Figure C-1 Aspect variations of the area
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