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ocean systems in the world, supporting a large numbers of fish, crustaceans, sea birds 

and marine mammals lNQA03j. Such large numbers of fish in the Benguela system 

make it an extremely rich fishery resource. In order to ensure that this resource is 

exploited in a sustainable manner, management policies are needed which must be 

based on a good understanding of the ecosystem dynamics. 

Figure 2.1 Upwelling in the Benguela system 

2.1.3 Links Between Biological and Environmental Processes 

It is well knovm that biological processes including species abundance, distribution 

and breeding patterns are affected by environmental conditions and this holds true 

lxlth for terrestrial and marine environments. In terrestrial environments these 

conditions may include water availability, air or ground temperature, humidity, 

SUUQunding vegetation etc. In marine environments. the environment of the species is 

the ocean itself, and the condition of the ocean. The ocean is in constant motion and 

the forces causing this movement include winds, waves and tides. This movement 

results in currents and other oceanic processes such as upv'elling, frOnts etc., v.hieh in 

turn affect the water temperature. oxygen content. PH. nutrients and stratification. It is 

these parameters and their spatial and temporal variation that ultimately have a strong 

influence on the population dynamics (distribution and abundance) of marine life 

[Dra03]. including the important fish stocks for v.hich management policies are 

required. 

Many studies have been undertaken worldwide investigating the relationships 

bel>veen different oceanic processes or environmental variables, and the spatial and 

temporal distribution of species populations. For example, [WQOO] investigated the 

relationship of the recruitment of Pacific herring to environmental variables; [RGH98] 
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study more than a small area or an ocean at one time. Added to this, becaw;e the 

oceans exist as one continuous body of water, what happens in anyone area or an 

ocean is dependent on processes at work in other parts of the world's oceans. This 

means that researchers need to study the oceam. as a total system [OA98]. Remote 

sensing provides a solution to these problems in that it provides total OCemJ coverage 

with large amounts of data which could not be obtainoo by any other means. RS is 

also very useful in that it collects data at frequent, regular intervals. The ocean is a 

very dynamic environment where signific;mt changes can occur over very small 

spatial and tempoml scales. RS provides a means to capture these small changes. 

Oceanographic data that can be derived from RS are ocean pigmentation 

(chlorophyll), currents (location, direction, speed), sea surface temperature, wind 

(direction, speed) and waves (location, direction, speed). Figure 2.2 below shows a 

satellite image of sea surface temperature (SST). 

Figure 2.2 Satellite images showing SST 

Being able to obtain such varied types of environmental information on large scales 

and at regular interval makes RS a very useful source of data for both studies of the 

ocean environment and the relationship between oceanic processes and the temporal 

and spatial distribution offish species. 

[CL99] point out that most previous work done on interactions between fish 

distribution and environm<.->Jltal purarneters tend to assume micro-sale observations as 

representative of meso Or macro"scale values. For example, in situ measurements of 

sea parameters made at single locations in the ocean are assumed as representative of 

an entire area and a few months' sparse measures are averaged to get proxy annual 

mean values. Satellite data helps in overcoming these limitations. 

8 
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Although new technologies now allow satellites to infer the depth of the ocean, most 

RS satellite: images that arc available cannot penetrate below the ocean's surface 

[OA98]. This means that although this data j ~ useful in its own right for man,' 

applications, it becomes most valuable ,vhen using in conjunction with ill Silu data 

collectc:d of phenomena occurring below the ocean's surface for example vertical 

chlorophyll proftles, fish and eggs densities etc. 

A number of srndies have been done which incorporate the data available hom 

satellite images. [Col99] used a time"senes of mean w&Okly SST images to inve5tigate 

the relation5hip between oceanographic conditions and the recruitment of anchovies 

and pilchard.! in the Benguela 5ystem and [CYOO] use similar images to investigate 

the variability of SST and discu.ss the implications of these findings for fisheries 

research, [CL99] investigated the interaction between satellite derived environmental 

factors and Bluefin tuna behaviour in the Mediterranean, while [DFOO] showed links 

beD"veen environmental indices derived from 5atellite SST images and recruitment 

patterns of two fish species off the coast We5t Africa. 

2.3 Geographical Information Systems 

A Geographic Information Sy,tem (GIS) i, 'a ,ystem of computer software, 

hardware, data and per50nnel that allows the storage, retrieval, manipulation, analysis 

and visuali5ation of geographically referenced spatial data', In short, it is a 

'technololo!:Y that manages, analyses and disseminates infonnation about the earth's 

surface and the feaMes found on it' [GIS05]. 

2.3.1 Layers or Themes 

TIle m05t balic function of a GIS i5 to take data which has a spatial location and 

produce a visual representation of that data. The most common fonn of this 

representation is on maps where related data is displayed al a layer. For e:ol:ample, 

different vegetation zones would be displayed in One layer and a road ne iwork in 

another layer. Layers are also called themes or coverages. Layers can be displayed 

individually Or overlaid with other layers. \Vhcn layers are overlaid, every location on 

one layer is precisely matched to its corresponding locations on all the other layers. 

Figure 2.3 below illustrates this concept, where five layers have been overlaid. 

9 
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Figure 2.3 Diff~entlay ers of data overlaid with each oth~ 

(Diagram from MeM) 

2.3.2 Types of GIS Data 

There are moo main models for storing and representing spatial data in GIS: the nctor 

and raster data models. 

Vector Data 

Vector data is data where features are represented as point., lin~s or polygons. For 

~xampl~ a house may b~ r"Pr~s "llt~d as a point, a street or river as a line and a cOlmtry 

or vegetation zone as a polygon. Each feature is stored with a spatial location and a 

set of attributes. The spatial location is recorded as a ,ingle x,y co-ordinate for points 

or a , ~t of x,y co-ordinates for line, and polygons. Figure 2.4 bd ow shows how som~ 

real world features could be presented as vector data. 

Real World 
Vector Representation 

• 

Figure 2.4 Real world features represented as vector data 

10 
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Raste-r Data 

Raster data is spatial <lata expre!<sed as a matrix of cells or pixels. Each cell within this 

matrix contains location co-ordinates as well as an attribute value. The spatial location 

of each cell is implicitly contained within the ordering of the matrix. unlike a vector 

structure which store~ topology explicitly. Figure 2.5 below show~ how the same real 

world features shown in Figure 2.4 collld be represented as Hlster <lata. 

Real World 
Rasmr Representation 

, 

Figure 2.5 Real world features represented as raster data 

An example of how layers of raster and vector data are displayed in a GIS 1S 

illu,trated in Figure 2.6 which shows three layen< di~played in a map. 

"" ~ r_ l<-~ L _,"" !""" "~m>'~>"~~~~~~_ 
Ie. e. '"""0, .. , :: :: ~I . " " tI" , • "' ':: f IJl [I 

(l .., !;j 1 • I::,:,-r.;:..-~,I 

• 
'" Ii! -'hoI,'_ 

o 
~ Ii! "''''''''10 .­

.~ , ,,,,,,,,,, , 

. l_"~' "'' 

Figlire 2.6 A map displaying three layer~: 'B030', 'South Africa' and ·chlI99103l8'. 

The 'South Africa' and 'R030' layers ooth represent vector data. Tbe 'South Ali"lCa' 

layer contains a poly!}ll1 feature (shown in light green) representing the land mass of 

South Africa, while the '13030' layer contains point fea/lires (shown as black dots) 
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each repre5enting a location in the ocean where sampling took place. Each feature is 

stored with a 5et of attributes v.hich contain related infonnation about the feature and 

which can be viewed in a layer' s anribute table. Figure 2.7 below shows the attribute 

iable for the 'South Africa' layer. There is only one featme in this layer: a polygon 

representing the area of land for South Africa. Area and Perimeter are two of the 

attributes shov.n. Figure 2,8 shows the attribute table for the 'B030' layer. This layer 

consisis of a nwnber of points. Each point is Sh01l<ll in the table with its associated 

attributes of position, daie, period, temperaiure etc. 

Fi~re 2.7 Attribute table for 'South Africa' layer 

Figure 2.8 Attribute table for ' B030 ' layer 

The 'cIlI19910308' layer (from Figure 2.6) is raster data of a remotely sensed satellite 

image indicating chlorophyll concentrations. The pixels are not apparent at this 

resolution, boweyer Figure 2.9 below, which is zoomed in, illustrates the matrix of 

pixels or cells that make up the image. 

Figure 2.9 Close-up of a raster image showing individual pixels 
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The attribute table for the 'chll9910308' layer is shown in Figure 2.10 below. It 

consists only of a list of each pixel and its associated value, in this case, the 

chlorophyll concentration. 

Figure 2.10 Attribute table for the 'chI19910308' layer 

2.3.3 Features of a GIS 

GIS technology integrates a number of different very useful features. It acts a.~ a 

datab"s~ ma.nagement ,"ystem by storing, organizing and managing data. It allows !ht; 

sharing of data and can link different datasets together by common spatial locations. It 

provides tools for the input and manipulation of geographic information as well a.~ for 

querying and analysis including statistical analysis. Finally it provides a means to 

visuali >e data not only through maps but also through tab les, graphs etc. 

Together, these features allow the exploration of possible spatial relations, patterns 

and trends that may exist within and between data, giving us a better understanding of 

the world around us. A GIS therefore provides a means to turn data into useable 

infonnation which can be llsed to answer questions, solve problems and support 

decision making processes 

2.3.4 GIS and the Marine Environment 

From their inception about 35 years ago, GIS's have traditionally been used for 

terrestrial environments [:\1ea99]. In the early 1990' s, land-based applications 

accounted for almost all of the commercial market for GIS SOM·iII"" . Since then, the 

use of GIS applications in the marine and fisheries sectors has slowly expanded with 

the recognition that GIS could hold the key to better management of the numerous 

spatially related problems that face these sector:<! [Bar99]. 

13 
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Figure 2.11 Delaunay triangulation for points PI to P5 

In Figure 2.12 below, Circles J to 4 are the <.~n;urndrcles for the four triangles in the 

above Delaunay trianb'lllation. it can be seen that none of these drcles contllin any 

other points. Should a drcle be dnlWll through PI, P3 and P5, (illustrated in red). it 

can be seen that this circle ~ontains another point, P2, and so a triangle fonned from 

these points would not fOilll part of the Dclaunay triangulation. Removing this red 

circle would leave us with four circles passing through P3, each of which contains no 

other points. This feature of a Dclaunay triangulation: that the circles dra""Tl through 

the three points of each triangle will contain no other points, is referred to as the 

'empty circumcircle property'. 

/ 
/ Cn .. ' 

( 

\\~ 

Fib'UTC 2.12 Circumcirdes for the Delaunay triangulation 

As mentioned pr<'Viously, II DeJllunllY trianb'llllltion is closely relllted to II Dirichlet 

tesselllltion. This is beClluse II Dirkhlet tesselllltion can easily be created from II 
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Deiaunay triangulation and vice versa. To create a Dirichlet tcssellation from these 

circles, the eentrc points of all the circlcs passing through a point become the vertices 

of the Thiessen polygon for that particular point. For the points and circles in Figure 

2.12, the centres ofcireles 1 to 4 will therefore become the vertices for the Driessen 

polygon for P3 etc. This is illustrated in the Figure 2.13. This diagram shows how the 

area has now been divided into five regions: the first is the region nearer to PI than to 

any of P2 - P5; the second is the region nearer to P2 than to any of PI, P3, P4 and P5 

, oc. 

Figure 2.13 Thiessen polygon for P3 

There arc a number of algorithms which have been \uitten to construet Voronoi 

diagrams. Dris 'empty circumcircle' property is \l5ed in several Dclaunay 

triangulation and Dirichlet tessellation algorithms. One of these is called the Bowyer­

Watson Algorithm which performs a triangulation. This algorithm is described and 

illustrated in Figure 2.14 as follows. The process is initiated by generating a 

supertriangle which is an artificial triangle encompassing all the points. At the end of 

the triangulation process any triangles which share edges with the supertriangle are 

deleted. Points are added in one at a time (Figure 2.14a). All the triangles whose 

cireumcirc1es enclose the poinl to be added are identified and the outside edges of 

those triangles form an enclosing polygon (Figure 2.14b). The triangles in the 

enclosing polygon are deleted and new triangles are formed between the point to be 

added and eaeh outside edge of the enclosing polygon (Figure 2.l4e). This process is 

repeated until all points have been added [Bou89]. 

19 
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Figure]. 14 Process of creating a triangulation (Diagrams from [BouR9]) 

e",~ 
<If)C~$ng 

triol!ro;)e. \'14:0 
rteroe::tOJ 
circlrnCf C!eo 

Ihi5 algorithm forms the basis for the algorithm u sed to perform the tessellation for 

thi s project, but ",ith a few 5light changC5. This is discussed in more detail in Chapter 

5. 

2.6 GIS Software - ArcGIS 

A nurnbc:r (If companies have developed both free and commercial GIS software, 

oowever the Environmental Systems Research lnstirnle (ESRl) is the largest of these 

and its products the most extensively used worldv.ide [Hal04j. It has dcvd oped an 

integrated collection of GIS ooflware products called ArcGiS which allo\ys the 

deployment of GIS functionality in desktop5, servers (including the Web) or mobile 

information systems. These diffb ent functionalitic5 have been devd oped under the 

nameg Desktop GIS, Server GIS and )Jobile GIS [7ci02]. 

2.6.1 ArcGIS Desktop Products 

ArcGIS Deshop is a collection of sofhvare products that run on standard desktop 

computers. Th~y an: us~d to creat~, import, edit, qu~ry, map, analys~ and publish 

geographic infonnation. Iher~ an: four products in th~ ArcGIS De5ktop collection, 

each adding a higher I~Y<:l of functionality. Th~ m05t bm;ic is ArcR~ader which is a 

'free vi~wer for maps d~veloped U5ing other ArcGIS De5ktop products' [ADH04]. 

ArcVi~w fo11O\v3 and 'provides ext~nsive mapping, data U5e and analy5i5 tools'. 

ArcEditor includes some advanced ~ diting f~ ature5 and finally ArcInfo which i5 the 
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'full fimction, flagship GIS desktop product' [ADH04J. These products are relatively 

ea,>y to use for non technical users with some training, have sophisticated tools for 

advanced users and can be easily customized by developers using industry-standard 

programming languages. 

Each of these products contains a suite of integrated applications including ArcMap, 

ArcCatalog and ArcToolbox. ArcMap is the central application among these for all 

map-ba9Cd tasks including cmiography, map analysis, and edi ting. ArcCatalog is used 

to organize and manage all GIS infonnation such as maps, globes, data sets, models, 

metadata, and senices, and ArcToolbox contains tools for data management, data 

conversion, statistical analysis etc [ADH04]. 

New capabilities can alSiO be added to these desktop products through a series of 

ArcGIS extensions from ESRI and other organizations. These extensions allow tash 

to be performed such as raster geoprocessing (Spatial Analyst extension), three­

dimensional visuali)"ation (3-D Analyst extension) and geostatistical analysis 

(Geostatistical Analyst extension), to name a few. 

2.6.2 ArcGIS Releases 

The first of F.SRl's de'ktop GIS products was ArcView 3 first released in 1992. After 

several upgrades, this wa'> followed by ArcGIS 8 where a few versions were released, 

the last being 8.3. ArcGIS 9 followed this, relea'>ed in late 2004. 

2.6.3 The ArcMap GUI 

The ArcGlS products have comprehensive graphical lL'>er interfaces (GUT) with 

extensive menu systems as well a'> many command buttons which allow users to 

manually perfOl1ll tasks. These exist for ArcMap, ArcCmalog and ArcToolbox, 

however the focus of furth er discussion ""ill be on Arc:\1ap as this is the application 

that is lL'>ed in this project. An example of the GLiI for ArcMap is shown in Figure 

2.15 below. 

Figure 2.15 'vIenus and tool bars on the Arc'vlap interface 
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The tools pwvided in these ArcMap menus and tool bars opr:rate on the layr:rs that are 

displayed in ArcMap. The results of any tasks performed on the layers will be seen 

directly after the operation, either in the visual representation of the layer itself or in 

its attribute table. Tasks cannot be performed on files that are only stored on a 

physical mediwn and not displayed in ArcMap. 

2.6.4 Customizing ArcMap 

It is also possible for users to customize ArcMap by adding custom commands, tools 

and menus, as well as by writing pwgrarn code to create their o\\n modules (small 

sections of C(lde including declarations and procedures) or compieie applications. 

Writing applications allov.'S tasks to be performed on the data contained in files or 

raster images without having to actually display it in ArcMap, although they can also 

be performed on layers that are displayed. 

Writing applications allows non-GIS experts to penoon tasks v.ithout needing l(l 

know how to use the complex ArcMap interface. A command button can be added 10 

the ArcMap GUT and this is used to run an application so that the user never needs to 

use any of the standard ArcMap GUI elements to perform the task. 

Many operations on GIS data can be fairly complicated for inexperienced GIS users. 

Regardless of a user's experience, SOme tasks can also be very time consuming 

especially if it involves a number of different steps to obtain results or if the same 

operations must be perfonned repeiitively on a large number of diffr:rent datasets OT 

files. Writing applications allows such tasks to be performed much quicker \\lith 

minimal inpul required from the user. 

In summary therefore, although using the ArcMap GUI to manually perform tasks 

may be the easier option for simpler tasks and trained users, v.'riting applications 

provides an ideal way to automate tasks that are time consuming, complicated and 

in\"olve many step ~. They also make GIS functionaiit} usable b)' the inexperienced. 

2.7 ArcObjects 

ArcObjects is the development platform for all the ArcGIS Desktop products. The 

ArcObjects software components expose the full range of functionality available in 

ArcInfo and ArcYiew to software developers and provide an infrastructure for 

application customization. ArcObjects is built using Microsoft's Component Objoct 

Model (COM) tochnology. The ArcObjeds library is a comprehensive set of COM 

components consisting of over 1,000 classes and 2,000 interfaces. lJ sing these classes 
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it is possible for developers to create a ,,,,ide variety of customizations and custom 

applications to extend existing ftmetionality provided in the ArcGlS applications. 

2.7.1 Writing Code Using ArcObjects 

In general, there are three ways to ",Tite ArcObjects code: 

As a Visual Basic for Applications (VBA) macro in an ArcGiS application. 

As an ActiveX COY! component such as a DLL or OCx. 

As a standalone EXE. 

Each or these, including some advantages and disadvantages of usmg them is 

disclUlsed briefly below. This information has been taken from a publication entitled 

'Exploring ArcObjects', written to assist developers in understanding and using 

ArcObject5 [Zei02]. 

VBA 'berns in an ArcGIS AppIicll.lion 

VBA is embedded within ArcCatalog and Arc\1ap and can be accessed from their 

GUls. Figure 2.16 below shows the ArcMap Gm 'with the menu selection to opcn the 

VBA editor. 

,. < ...... ,'~" "'... A...... ...,",. 

• 

Figure 2.16 Menus to open the Visual basic Editor from ArcMap 

VBA can be used to extend the ArcGIS products by adding modules and forms to 

create applications just as would be done when creating standard VB applications. 

VBA inside ArcGlS Desktop allows the majority of required customization with 

relatively little development effort and is the most common "vay that developers 

customize AreGIS Desktop applications [Zei02]. Even if the final product will be 

23 



Univ
ers

ity
 of

  C
ap

e T
ow

n

It is 

It is simlple 

It is 

source 

more to 

not on 

macro 

,",".H.-,m are macros can 

a 

to a 

is it 

It is 

to 

to 

was asa 

a 
to 1;l11r,nnrt 

it is to 

to 

as 



Univ
ers

ity
 of

  C
ap

e T
ow

n
are "'1.1''''''''''''''''''''' 

can 

user 

.u, ............. "',"'. or user 

a 

to 



Univ
ers

ity
 of

  C
ap

e T
ow

n

"~""l'l>" 
fr...:"""I ... " 
fr¥He"""" 
f,d ", ....-ootoFaid 
"do,_OI'e\o:I2 
fr"""'""" o ...... 
rr~_~"'" 

hnSMct 
r",,,,,,,,=tf_ 

Figure 2.17 The ArcMap Project Explorer 

VB Coding Standard~ llnd Guideline~ 

It i~ recommended that when y,Titing applications, developers adhere to a numbe:r of 

VBNBA standards. 1be relevant orthes.e are discussed briefly below and have been 

used in the development of this project. 

Naming standards 

\1odules, controls and data types should be named according to the function they 

provide together with the appropriate prefix [Zci02]. For example, forms are named 

with the prefix 'fun' (e.g. frmLoadData), labels with ' lbl' (e.g. IblTnstruction) and 

Strings with an's' (e.g. sImageNamel· 

Variable tkc/arations 

'Option Explicit' should be used. This forces all variables to be declared before u;se, 

thereby preventing careless mistakes. 'Public' and 'Private' arc u.s ed to declare 

variables at module seope and 'Dim' used for declaration in local scope. Explicit 

types should be provided for variables, arguments and functions, othernise they 

defaLIIt to Variant, which is less efficient [Zci02J. 

Error handling 

To ensure fault-tolerant code, regular error cheeking is strongly recommended. This is 

implemented by using the On Error statement, which allows control to be: passed to a 
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figure 2.18 Extract from the ArcObject class diagrams 

Object Browser~ 

In addition to the class diagram PDF files, the type library infonnation can be vie,ved 

using a number of object browsers_ Although Visual Basic has a built-in Object 

Browser (OLEVicw), the best object viewer to use is the ESRI object vie,ver. This has 

been customised for use with ArcObjects and was created to address certain 

limitations of standard object browsers [Zei02]. It can be used to view type 

infonnation for any type library but defaults to the ESRI Object Library. 

ESRI Forums 

These are online forums hosted by ESRI where GIS users (both desktop user, and 

developers) Can browse and post focused questions and problems 

(http://support.esri.comlindex.cfm?fa=forums.gateway). 

ArcObjecl~ Developers Help 

The Developers Help contains detailed reference documentation about every class, 

coclass, interface, and enumeration within ArcObjects as well as sample code and 

technical docwnents. It ,mps with the ,\reGIS software or is available online 

(http://arcobject50nline,esri .coml). 
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3 Project Requirements 

In order to address some of the limitation~ that are encountered whcn applying RS 

sateUite imagery to datasets that cover ""ide spatial artl;is and long time span~, the 

generation of 'spatio-temporal" c<Jmposite images specific to individual dataset~ was 

investigated. Ihis proje<."t aims to automate the processes of creating these compo~jte 

images. 

This chapter begins by describing exactly what a spatio-temporal composite image is 

and what steps are required to create these images. The problem caused by cloud 

cover in sateUite images and how a solution to this problem will be incorporated into 

the product is then discussed. Finally, an overview is given of what the product is 

required to do and the ftl;itures it will contain. 

3.1 What is a Spatio-temporal Composite Image? 

A spatio-temporal composite image is a composite image whose creation is based On 

both the tempontl and spatial extent of a dataset. More specifically this involves 

applying the satellite image of the specific date on which data points were sampled or 

surveyed, to the total area sampled or surveyed on that date. For example, if a boat 

did a two-day survey of an area of coostlinc, this would involve obtaining the satellite 

image for the first day of the survey and applying that to the total area covered On the 

first day, and likewise obtaining the satellite image for the second date of the survey 

and applying it to the area covered on the second day. 

Let us imagine, in tcnns of a GIS, two polygons, each surrounding the total area 

covered on one of the two da)'ll. For example, Figure 3.la below shows the location of 

the data collection point~ on our example two-day survey. The points from the fir~t 

day are shOll,'ll in red and second day in blue. Figure 3.1 b then shows two polygons 

surrounding aU the data points for each day. 

, , 
.' 

Figure 3.1 a) Data coUected at points over two days shown in red for one day 

and blue for the next. bl Polygons representing the total area covered on tl;ich 

d,y 
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These polyguns would b~ ul;ed to determine the extent that ea~h urth~ satellite images 

would eover. This wOlild be dune by clipping these images with the JXllygon~ (ellt1ing 

a piece of the image out l1~ing the polygon to determine the shape and location of the 

cut piece). These pkce~ or dipped images wOlild then be merged into on~ image ~o 

that the resulting image, although appearing a~ a single image woold actually ~onsist 

of two pieces of different images. Thi~ in essence would be a spatio-tempural 

composite image: a singk ~atellik image that would be generated to be used with a 

whole dataset reglU'dkss or th~ tim~ span and ~patial extent of the dataset while 

retaining the value,.; /Tom th~ original imag~~. 

T1le advantage or thel;e image~ is that they prevent the smoothing of phenomena that 

are highly dynamic. The diagram~ below i1111strate this point. Figure 3.2 shows the 

data puints ror a survey conducted around the ~outhcm African coast. The survey 

lasted about a munth and in th~ diagram each coloured polygon represents an area 

covered un a dirrerent day. Hw~ wanted to map this survey with satellite images of 

sea surl~ temp~ratur~. ordinarily we might usc monthly composite images (figure 

3.3a). Figllre 3.3b how~ver. shows the =e area being mapped but using a daily 

spatiu-temporal ~omposite image. Th~ dilTcrcncc in the two images is quite apparent: 

the monthly averaged image shows smoothing of the values where potentially 

important variability may have existed. For example, in th~ daily spatio-tempural 

composite there is a patch ofvCl)' cold water (in blue), uffthe Cape peninsula ~oast as 

well as a strip of much warmer water (in orange) off the southern coast which i~ not 

apparent when the monthly composite is used. 

figure 3.2 A coastal survey where the ar~a ~ov~r~d ror each day is 

represented by ~ C<Jlul1)'~d JXllygon 
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Figure 3.3 a) Monthly average SST b) Daily composite SST 

3.2 Steps for Creating a Spatio-temporal Composite Image 

This proce~~ or creating a ~patio-temp(lnil ~omposite image can be broken down into 

a rew well defined step~ illustrated in the diagram~ in Figure 3.4 that follow. 

Step 2 
Polygon for Day 1 1 

Step 3 I 
Rcquircdpar(ofSI for Day 1 t 
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Polygon f(}r Day 2 1 
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Step 4 \Merge polygons from both day. into one image/ 

Figure 3.4 Step~ tilr ereating a eompo~ite image 

The steps il1u~trated in Figure 3.4 can be summari~ed as follow~: 

Step!: Obtain satellite images for each day 

Step 2: Get the polygon for each day 

Step 3: Clip the relevant satellite image with relevant polygon 

Step 4: Merge the image clips to create a single image 

3.3 Dirichlet Tessellation 

While the above may ~eem a rather ~traightfiln.vard proce~~, there are a few 

complicating factors. The first of these is that most in siru data is represented by 

points while satellite data is repre'>eT1ted a, a contimlO11~ ~l1Ttaee in a ra,ter image. 

This means that it is necessary to find a way to associate these points and their 

surrounding areas with equivalent pixels or spatial area'> on the R S images. 

As mentioned earlier, ultimately we need polygon,> that repre,ent the area,> covered by 

eaeh date of the datas~t. The qll~stion therefore is how to determine the ,hape and 

extent of the polygon ellSuring that each JXllygon represents the area covered by a 

particular day only and that polygons for different days do not overlap? 

This can be done by creating a Dirichlet tessellation around all the points (deflllcd in 

section 2.4). When creating these tessellation polygons it i, neces,ary to ,et a limit for 

the Ollte!" lying one~. This limit;' ,et using a predefined 'buffer area' which l~ created 

36 



Univ
ers

ity
 of

  C
ap

e T
ow

n

aronnd the points. The Thiessen polygons for a sample dataset are illustrated in Figure 

3.5 helow. Each polygon here represents a hypothetical area ~overed by each survey 

data point. 

.' 
"';-:'::' . 

. ::::'. '. ::.:: .. ~ 

Fi~'lI1"e 3.5 Thiessen polygons for a set of point 

What is really needed however, is the area covered on each day of the survey, not jnst 

the area for each data point. If we look at Figure 3.6 below, the data points are 

displayed in different colours according to their date. 

• 
OATE 

• 1995-10-22 

• 1995-10-23 

• 1995-10-24 

• 1995-1O-2!j 

• 1995-10-2I'i 

0 1995-w-n 
• 1995-1O-2e 

, 
.. . . ;. ... ; . . .' . . . .:: .. ', 
... -::., 

. '. . . . 
."' ~. -' . , .. : . ; .. . .' 

'.' ' 
'¥ . . .~ ;: 

., ...... ::.~ ... 'L..~ 

Figure 3.6 Data points for different dates displayed in unique colours 

These dates can then he applied to the Thie8sen polygons for each data point, so each 

polygon will have a date. Fi~'lI1"e 3.7 below shows the polygons now displayed m 

different ~olours according to the date of the point around which they were neated. 
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" " 
" "" 

," , , , ", 

" " 

Figure 3,7 Thies8en polygons displayed in different colours according to their 

dale 

Finally, all polygons of the same date can then be dissolved to fonn a single polygon 

covering the total area for each date. Dissolving is the process of removing boundaries 

between adjacent polygons that have the same values for a specified attribute 

[ESR05]. This is illln'trated the Fib'llTe 3.8 below. 

[lATE , 

Figure 3.8 Thiessen polygons di8solved by <hie 

These polygoll8, each with a date value, can then be used to clip the satellite of the 

corresponding date. 

3.4 Problems with Cloud Cover 

One problem with most satellite images is that data, for whatever parameter is being 

measured, cannot be obtained when there is cloud cover. Fib'llTe 3.9 below illustrates 

this problem, where all (he white areas (pixel~) have no data due to cloud cover. 
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Sl (199~10-22) S2(199~10-23) S3(100~10-24) 

\ I 

ComposiIG cI Sl-S2 

~.'te afS1-S2-S3 

Figure 3.10 Crealing lemporal compo~ile images 

Given that we now have a way to decrease the cloud cover in the images, the queMion 

arises as to how this can be applied to the spatio-temporal composite images we are 

trying to create. The polygons that have been constructed are for each date while the 

images above are for every two dates. It is then simply a case of applying these 

images above to polygons for oolh dales. Referring back to the polygons we 

constructed earlier in Figure 3.8, the SI-S2 composite would be clipped using the 

polygon, for 19<)5-10-22 and 1995-10-23, and likewise, the S3-S4 compo,ite would 

be clipped using the polygons for 1995-10-24 and 1995-10-25. 

To make this clearer, the polygons for each consecutive two days can first be 

dissolved together and this single polygon used to clip the above compo,ites. This is 

illu,trated in Figure 3.11 below. The 1995-10-22 and 1995-10-23 polygons are 
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dissolved to form a single 1\195.110/22-23 polygon, which will then be used to clip the 

SI-S2 composite and likewise the 1995/10124-25 polygon will be used to clip the S3-

S4 composite. 

~ . ... 
• 1!l9S~002_Zl 
• 1995n004_25 
D 199511006-27 

• 1!l9511 ()'28 

Flgure 3.11 Polygons for two consecutive dates dissolved 

Should the daily images contain no cloud cover then there is no need to perform this 

extra operation of ereating the temporal composites. The benefit of this is that the 

original pixel values arc retained and will be present in the final spatio-temporal 

composite image. It is likcly however that there will be some clo"d cover in the final 

composite image. If this is the case. then the option exists to try and decrease the 

cloud cover (increase the percentage of data pixels) by performing the temporal 

composition. The in~rease in the percentage of data pixels obtained by doing this will 

incur the cost of deLTeasing the a~curacy of the pixels values (because they have now 

been averaged). As the temporal aggregation is increased and more days arc averaged 

together, so the acc"racy or the data will decrease. Ultimatcly it should be left to the 

"ser to de~ide what temporal aggregation they wish to usc. The product is therefore 

required to give the user the option of generating the composite images at different 

temporal resolutions. 

3.5 Overview of Product Requirements 

It can be seen that the whole process of creating a spatio-temporal composite image 

which includes <.1"eating the polygons (including performing the tessellation), clipping 

these with the appmpnate image and if necessary performing temporal aggregation of 

the images, involves a large number of steps. The example dataset illustrated in this 

section covered only seven dates. Other datasds may cover much longer time span~, 

possibly weeks and so wo"ld need much more processing to complete. 

Creating these composite images manullily using the ArcMap interface is quite 

possible, however it is clear that for data covering more than a trivial nnmber of days 

this would be a very time consuming activity. It would also be required that the user 
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run successfullh 

sources 

user 

is 
on 

user. example is 

are sarnOILed over a 

eXlunple is "'", .. "', .... 

1 

Survey Date ShiP. Name ... Area SST Count Lat ... long 
101 1612104 P.R. Taylor South Coast 24 32 31.521 18.254 
101 1612104 P.R. Taylor South Coast 23 23 31.532 18.256 
101 1612104 P.R. Taylor South Coast 21 28 31.534 18.260 
101 1712104 P.R. Taylor South Coast 15 9 31.542 18.260 
101 1712104 P.R. Taylor South Coast 14 5 31.555 18.262 
101 1812104 P.R. Tai'lor South Coast 20 22 31.560 18.256 
102 2217/04 P.R. Taylor South Coast 19 12 30.870 18.321 
102 2217/04 P.R. Taylor Wesl Coast 13 7 30.872 18.342 
102 2317/04 P.R. Taylor West Coast 14 2 30.900 18.342 
102 2417104 P.R. Taylor West. Coast 14 5 30.952 18.325 
102 2417/04 P.R. Taylor WeslCoast 15 6 30.962 18.341 
103 9/10104 SallAway South Coast 22 41 31.421 18.421 
103 9/10104 SailAway South Coast 21 24 31.432 18.432 
103 10/10104 SailAway South Coast 18 25 31.421 18.428 
103 11110104 SailAway South Coast 18 30 31.324 18.433 
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To allow shapd iles that contain ooth single and multiple datasets to be used 

(as discussed in section 4.11). 

To let the user indicate the field that represents the "date' so that this tl.eld does 

not need a standard name (can be called anything). 

To allow the tool to handle all date fields regardless of what data type the date 

tl.eld is defined as i.e. to be able to handle dates that are typed as Strings as 

well as Dates. 

To allow the tool to handle shapefik s where ther~ are duplicat~ points. 

4.2 External Data Sources 

Then:: are four external sources of data that will be used as input for the system: 

1) A shapcfile containing point data. 

2) The remotdy sensed satellite images. 

3) The Access database containing metadata on all available satellite images. 

4) User defined parameters. 

/ 

~ 
Figure 4.2 External data sources. 

An overview of the first three sources follows, before going (m to discuss the design 

issues in more detail. The input required by the user is discussed further in the next 

section. 

4.2.1 A Shapefile Containing Point Data 

As discussed in section 4.1.1, the system should be designed to accept shapefiles 

containing a single or multiple datascts. The only requirement of the shapefile is that 
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is contains point data and that each point has an associated date value. Should the 

shapefile contain multiple datasets, it would be necessary for there to be a field or 

fields that could distinguish the different groupings (datasets). 

Regardless of what other fields are contained in the shapefil e, this is the only 

infonnation needed to Cl"t'ate the composite image: the spatial location (which is 

contained in the 'Shape' field) and date of each data point. This means that the tool 

can be used for any other data, as long as it contains points which have a date 

attribute. The remainder of the fields which may contain infonnation on biological or 

environmental parameters that were measured at each jXlint are important for analysis 

or correlations ""ith data from the final composite image, but = not needed to create 

the composite image itself. 

4.2.2 Satellite Images 

Remote sensing satellite images are obtained from various sou~es worldwide. The 

available images difTer in the manner the data is obtained (i.e. the satellite and type 01' 

sensor used), the l"t'solution of the image (i.e. si;:e of the pixels), the size of the image 

(i.e. number of pixels), what parnmeter the image measures (e.g. SST, chlorophyll 

concentrations, wind directions etc.) and the algorithms used to convert the raw 

satellite data to values of the measllIt'd parameter. 

The images themselves need to be correctly processed and fOlllliltted to be displayed 

in a GIS. At MCM there are currently four image sources available. These are: 

Meteorat. TIlls is a geostationary weather satellite launched by the European 

Space Age~y.lt provides images of sea surface tempenlture (SST). 

SeaWiFS. (Sea-viewing Wide Field-of-viev.' Sensor). Launched by ~ASA, 

providing images of chlorophyll. 

NOAA. (~ationaI Oceanic and Atmospheric Administration). Provides images 

of SST. 

Ocean Space. Located at the University of Cape Town, Provides images of 

chlorophyll and SST, 

4.2.3 Image Metadatabase 

As discussed previously, checking image availabilily would be done by means of the 

metadatabase. The layout oflhis database i5 illustrated in the Figure 4.3 below which 

shows the difle=t tables, their relatio!l5hip to each other and the fields in each table. 
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Figure 4.3 Layout of the :\1C\1 metadatabase showing the table nameS and fields 

Information from only three of these tables is aGNally needed for the system. The first 

of these tables is called 'Groups' and it stores infonnation on the different groups or 
images. The different groups are distinguished by the source of the satellite imag~s, 

the parameter measured and whether the images in the group are daily or composite 

images. Figure 4.4 shows the records for this table. The relevant fields in this table 

are: 

.II/ame: Gives the name of the b>TOUP or the images (e.g. Meteosat_Days, 

OceanSpace_chl, Seawiffs_Days_raw). 

Parameters: \Vhich parameter the lOlage describes (Temperature or 

Chlorophyll). 

Parh.Name: Gives the file path (e.g. F:\IDYLE_GIS\METEOSAT'DAYS) to 

where the group of images is saved. 

RTCOTJF:: WhetheT the images arc daily, monthl} etc (day, month, peniade). 

It should he noted here that it is only those groups with an RTCODE of 'Day' that 

"'ill he used by the tool as these images are all daily images. Groups with RTCODEs 

of 'pentad', 'rorthn' and "month' contain S-day, 2-week, and monthly composite 

images respectively. 
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Figure 4.4 Groups Table 

This 'Groups' table has a one-to-many relationship with the ' Images' table which 

stores information about ~v~ry image that is available in each group. Figure 4.5 below 

shows a selection 0(' records from the Images table, including a list of images 

available from the 'YfeteosaCDays' group and some from the 'Yfcteosat_Months' 

group. It can also be seen from the table that the 'Meteosat_ Da)'s' images, which are 

daily images have the same 'StartTime' and 'EndTime', whereas images from the 

'Mcteosat_Months' group, which are monthly composites, have 'StartTime' and 

'EndTime' which indicate the first and last date of the composite image. Since the 

tool will only use daily images, itis only the 'StartTime' that is needed. 

The relevant fields in this table are therefore: 

Fild"ume: ;-.lame o('the actual image (e.g, b20011019, sst19704). 

SturtTime: The date the image was taken (e,g. 2001/10/01). 

fa .. ,.,.~ ' ' '''' 
.... 1l.,.:...... . ;a..:: ~IL"'" t 

Figure 4.5 A s~lection or records from the 'Images' table 

The last table of importance is the 'Parameters' table shown in Figure 4.6 below. This 

has a one-to-man)' relationship v.ith the 'Groups' table and gives details of the 

different Parameters. As can be seen from the table, there are six different parameters 

that have been included. The important fields in this table are: 

ID: This is used as the key to link to the 'Groups' tabk. 

],'arne: The name of the parameter (e.g. Temperature, Wind Speed). 
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Figure 4.6 Records in the 'Paramctel1l' table 

Using these three tables, SQL queries can be done on the data to determine if images 

are available for the required dates, and if so, what these images are called and where 

they are stored. 

4.3 Design Sections 

When designing the system, the operations involved in cr"ating the composite unage 

could be logically broken d01l>ll into four steps: 

1) Acquiring all the necessary information from the user. Preparing the 

input shapcflle. 

2) Checking image availability and obtaining the actual images. 

3) Creating polygons which will be used to clip the images. 

4) Ra<lter (image) processing. 

Steps 2 and 3 could be done in any order as the outputs of each are used together in 

step 4. This is illustrated in Figure 4.7 below. 

Get us., inlorm~tion & 
format in~ sha~flle 

shapefiJe 

\ 

Create polY!JOO5 

• 

Get im ages 

Composite Ima~e 

Figure 4.7 Main design sections for the tool 
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If however, it ,vas found that there were no images available for the required dates, 

then the process could not be completed and creating the polygons would have been 

done for nothing. For this Tea50Il, the system has been designed to check the image 

ilsailability first and only then to create the polygons once it is known that th= are 
images available. Some of the main operations in each of these steps are discussed 

below. 

4.3.1 Getting User Input and Preparing Input Shapefile 

Vser informatiOIl 

The following infonnation is n~ed~d from tr.e user: 

1) The name and location of the input shapefik. 

2) \VlIether the input shap~fi1e contains a single or multiple datasets. 

3) A folder where the final image would be saved to. 

4) The name and location of a shapefile vvith a land polygon. 

5) The field representing the date. 

6) The field indicating the different dataset, (if multiple). 

7) The particular dataset \\1thin this shapefile that is to be used (if multiple). 

8) The type of satellite image to be used. 

9) The temporal resolution. 

Preparing the input shapefile 

Csing the info1T1Jation obtained from the user, II few operations need to be perfonned 

on the shapefile so that it can be used for further processing. The inputs and outputs of 

the step are illustrated iu Figure 4.8 below. 

",PUT 

OUTP JT 

1 nput "hapefile 

Single.multiple Date format 

j--L-Jf"~J 
Prepare input 

shapefile 

./\ 

User selected 
data~et 

'singl.' dataset shape~le Spatial reference 

Figure 4.8 Input and output for the process preparing the input shapefile 
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There are three activities included in this section: 

I) Obtaining a spatial reference from the input shapc:fIle. When creating any 

new fIle in a GIS it is necessary to provide a geographical co·ordinate 

system so that it can be projected properly. Each raster and shapefile has 

a property called 'Spatial Reference' which contains details of the 

geographical co-ordinate system used to display data in the files. This 

spatial reference needs to be:: obtained from the original input shapeflle, 

stored and used when necessary when creatinli: new raster images or 

shapefiles. 

2) If it is a multiple dataset, create a single shapeflle in output folder. If it is 

a single dataset, copy shapefile to output folder. 

3) Check the field type of the date field. If not a 'Date', then obtain the 

format of the: date from the user and convert values to proper dates. 

4) Ifme name is invclid or too long, get a new name from the user. 

What should be:: noted at this point, is that once the creation of a composite image is 

complete, should the user opt to create a new composite image for the same data but 

at a different resolution, this whole step need not be:: repeated. The same shapefile with 

the formatted date fields can be used. 

4.3.2 Checking Image Availability 

Ibe purpose of this section is to determine whether there are satellite images (of the 

user selected type Le. SST or chlorophyll) available for the required dates; that is the 

dates of all the points in the shapefile. The inputs and outputs of this section are 

ill ustrmed in the Figure 4. t 1 be::low. 

IH JT 

Cl IT?l IT 

T)'pe of u taliite 

\ 

/ , 
Liotofrequired 

d,~ 

.ingle· .hllpRfile ImagR dalllbaSR 

Cheek image 
availabil~y 

• 
Lid of aVllilllbl .. 
image names 

/ 
• 

ImugR file Pllth 

Figure 4.9 Inputs and outputs for the process ofcheclcing image availability. 
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This section is divided into three subsection,: 

1) Obtaining a list of required dates. 

2) Yfaking a connection to and querying the Access database containing 

metadata on all available images. 

3) Using the results of this query to check if any available images match the 

required dates. If so, creating a list of these image names and obtaining 

the file path (if images from one group) or paths (if images from more 

than one group) to where they are stored. 

In checking for available images there are therefore fOUT JXlssible outcomes which the 

system design needed to take into account. These are: 

1) No images found for the required dates. 

2) Images available for all the required dates WId ali these images belonging 

to the same group (see section 4.2.3. for discussion on different groups). 

3) Images available for SOme of the required dates and all these Images 

belonging to the same group. 

4) Images available for the required dates, but images available from mOre 

than one group. 

If no images are available for the given dataset then the process cannot continue and 

the user is returned to the beginning. These possible outcomes together with proposed 

actions for each are illustrated in the Figure 4.10 below. 

PR OC f::SS 

OO TCOM E 

AcrlON 

! 
i , 
I 
i • ,:;.,,.,' 'nor...,. .-

J 

C~eck image ava ilability lor 
required dates 

·· l \ 

""""i """" .. ~ _ "'" "rr,~ 0" 

,'''','', "",.. 
I 

ImI\l" ~""" ""'. 
"-' """ ..... ,. --

\. 
\ 
\ 

''''' """0.-.,,. 
'ow ~_''' "'., 
', .. , .. Ioc~ " .. 

I 

Figure 4.10 Potent ial outcomes and proposed actions when checking for image 

availability. 
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If any images are missing, certain opc:rations would be affected by this and the system 

needed to be designed to handle the:: se missing images. The operations which would 

be affected would be: 

I ) Averaging images, if the res.olution is greater than daily. 

2) Clipping the images Vvith the relevant polygons. 

3) Merging these image clips into a single image. 

4.3.3 Creating Polygons for Clipping Images 

As discussed earlier. what is required from the point shapefile is individual polygons 

each covering the area covered by the datapoints for a specific date. The:: inputs and 

outputs for this section are illustrated in the Figure 4.11 below. 

I~Jr 
User gN~n Inl""t point Land polygon 
resolution shapefile shapefile 

\ j I 
\ I 

PROC~ S S Create polygons I 

/ 
I • 

POIyQOn shapefile New list of dales 

Figure 4.11 Inputs and outputs for ihe process of creating polygons. 

The:: process of creating these polygons goes through a number of steps which are 

illustrated in the Figure 4.12. Each of these steps ",ill produce a shapefile that ",ill be 

used as input for the next step. 

In summary, these steps are: 

I) Create a buffer around the points. 

2) Clip the buffer area with the land polygon. 

3) Create Thiessen polygons from data points. 

4) Perform a spatial join wiih Thiessen polygons to the data points. 

5) Clip the Thiessen polygons using the buffer area. 

6) Dissolye ihe Thi essen polygons by days. 

57 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• 

-
_s .. 

. . -

Point Sh8:lefile 

I 
C,eatB burr~r 
8r~und po ll t~ 

~" ,..eo 

I 
Clip ooller ilre. 

I'oi!h land 
p~~:.n 

• 

j 

\ 
Create Thiessen 

o~ ~'O~ns 

Thleuon poIy!lOfll 

I 
Join Thiessen 

polyoons to po nt 
SfOloefi B 

, 

CI;pTh'leSsen 
po~oonswith 

burrer ~rBa 

-

-

I 

Figure 4.12 Steps for creating polygons from the input shapcfilc 
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4.3.4 Raster Processing 

The last section in the system involves all tho rastor processmg that is all the 

manipulating (clipping. averaging, merging) or the satellite imagos to create and 

display the final spatio-temporal composite image. 

An overvie\y orthe step's inpll/;; and Olltpllts aro shov>'Jl in the Figure 4.13 below. 

User given 
resolul",n 

DiS$o~d 

potygon 
~hap efile 

SateiHte name~ & 
file path 

. \ . i 
! 

il-CR-.-~-.-,-,·;-o-,-.-,-,C;"-g-;I 

! \ 
II 
i \ 

Percenl~g e '00 
data' pixu l~ 

Figure 4.13 Inputs and OUtplits for tho rastor procossing 

The section can be divided into six subsections: 

1) Averaging images ifresolution is greater than daily. 

2) Clipping images with the dissolved polygons. 

3) Merging the image dips into one image. 

4) Creating colOW' renderers ror displaying tho composite image. 

5) Calculating the p~centage dOlid cover in the composite image. 

6) Displaying a results screen. 

Some of the operations would differ slightly depending on whether the temporal 

resolution was daily, or anything greator than daily. These are illustrated in the Figure 

4.14 below. 
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Figure 4.14 Final steps for creating the composite image whom resolution is daily (left 

hand diagram) and an)"ihing more than daily (right hand diagram). 

4.4 Interface Design 

The design of the interface was basically d etennin~d by th~ infonnation that V,as 

needed from the user. As was discussed previously this infonnation is: 

I) The name and location of the input shapcfil e. 

2) V,'hether input shapefile contains a single or multiple datasets. 

3) A folder wh~r~ the final imag~ would be saved to. 

4) The name and location of a shapefile with a land polygon. 

5) The fi eld representing the date. 

6) Th~ field indicating the different dataselS (ifmultiplc). 

7) The particular dataset within this shapdik that is to be used (if multiple). 

8) The type of satellite image to be used. 

9) The temIXlral resolution. 

Two possibi1iti~s ~xisled for the inlmace: putting all the required inputs on a singl~, 

large scretlll or dividing them up and putting them on a series of smaller screens. 

Some of the options that would be displayed for the user to choose would depend on 

previous information given by the user and which also then require som~ processini 

to detennine the options. For example, the user must firsl indicate the input shapdile, 

from which the system obtains a list its fi elds which lITe then displayed to the ll.'leT. 
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lbis means that the order that some of the infonnation is obtained is fairly imponant 

and would best be done through a series of smaller screens. These inputs, together 

with the inputs where the order does not mattcr (e.g. location of the land polygon 

shapefile or temporal rewlmion), were di\ided into groups of inputs \>,1th similar 

fimctions. and each group displayed on a diffcrcnt screen. 

When dcsib'11ing thc layout of the screens the following features were considered as 

important: 

Keeping the screens simple, ,vith not too much infonnation on cach, 

Keeping the design of all the screcns consistcnt. 

Providing feed back to the user so that he may evaluate the results of his 

actions. For example, when the user indicates an output folder, displaying the 

name of this folder so that the user can check and see ifi\ is correct. 

Allowing the user to return to pre"ious steps (screens) if needing to change 

any inpu!. 

Allowing the user to quit the program at any poin!. 

Displaying meaningful message when data is entered incorrectly e.g. incorrect 

character enterc:d for the date fonnat. 

Preventing the user from progressing to the next screen if the), fail to enter any 

information. This includes displaying an appropriate message. 

The layout and design of the screens that were us.cd in the final product are shown and 

discussed in more detail in the next chapter. 

4.5 Summary 

One of the main goals when designing the tool was to make it generic so that it could 

be used to generate composite images for point data stored in any format in a 

shapefile, A number of features were included in the desi~ to ensure this. These 

included allowing all the data or records or just a selection of records in the input 

shapefile \0 be used; to be able to usc the relevant fields regardless of what they were 

named, and allowing the date field to be fonnatted in any way. One of the other main 

design considerations was how to go about checking to see if images were available 

for the required dates. The system was desi~ed so that this information would be 

obtained from a metadatabase, This would allow this whole process to be done 

automatically without needing any input from the user. The main disadvantage to this 

method however, would be that it wollld rcqllire that the metadatabase be kept up-to­

date. The whole process of creating a composite image involves a large number of 

djfferent operations including creating a number of intelTIlediate shapcfiles and raster 
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images. Once a composite image has been created, and should the user wish to create 

another for the same input shapef1le but at a different temporal resolution, many of 

these intermediate operations need not be repeated; the same intermediate files could 

be used. The system was therefore designed so that in such cases therc is no 

unnecessary repetition of any operations, in effect meaning a faster processing time. 

Because some pieces of information are required to determine further options that will 

00 given to the user, the interface \\'tIS designed to consist of a series of small screcns, 

each requiring a small amount of input from the user. This had the advantage that the 

s.creens could be kept simplc, uncluttered and thus not overwhelming for users 

Wlfamiliar to the GIS s.ollware. 
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5 Implementation 

11I.i! chapter &5Cribes how the design issu~! djscus~d in chapter four have been 

implemented. A brief Overview of the development environment is given which 

inCludes the oofu>1iI"ll iUXI programming language used to develop the tool. "The 

implementation o f the user interfac<, is then diKlWCd.. This is folloowed by &tails on 

the other Ihrcc steps outlined in the desil.'JI; ehceking: i:nagc availability, cn:ating 

po ly~005 iUXI perfonning alllbc mstcr processing. 

5.1 Development Environment 

5.1.1 Software Used 

At the time this project began ArcVie", IU "'lIS tile liOftW1Ire that "''lIS being lI.'I ed at 

MCM and so it "'as the 10giCill choiC<! of software to develop the application. Added 

10 thi.., a ncw development platfonn called ArcObJcct8 (disl:IISsro in se-ction 2.6) "'as 

incllllkd with NeGIS 8 ",hieh allowed for much easier customiwtioo than was 

pn:sent in ArcVie", 3, its immediate predecelsor, which required coding in a language 

calledA,'enue. 

It should be oote<! that sine.. An::Edilor and ~Infu contain al l the flUlctionality that 

An::Vie,,", has, the tool Will n.w 00 tht!St' produets as wdL The only rcqulrcmect is that 

they are v~on 8.3, In the latest n:leaso: of thc /\reGiS software: (ArcGlS 9). there 

have been significant change! to many of the classes and interfaces iUXI so the tool 

will nOl run sllCces.sfully using this software. Like",ise, there were chlU"lges from 

ArcView 8.2 to 8.3 , and 50 (although thi s has not be= verifi<:d) it is possible that the 

product will Jll)t n.m on rele~ prior It) 8.3. 

As there- is raster processing inlfOl ved, it iJ ncccssllly to .have the Spatial Analyst 

extewoion. lIthe sofho.ure beiog used to run the 1001 dOQ not ba\e a IiCt:1)se for Spatial 

Analyst the tool "'ill nOt run. 

5.1.2 Writing ArcObject Code 

As d:!iCusscd in section 2,6.1. there are three opticlDs for de,-elopiog applic.atiolU usmg 

Ard>bjcct; : ..... Titing VBA macrOl!, ,,·riting Active X COM COrnpDnerJls or lJ.!ing otlllT 

prognunming languages iUXI working outside the VBA "-'ll~ironmel1l, or writing 

standalone appl icalioos. 

It was decided to d~\"etop the tool using VBA embedded in ,\reMap. This "'as eoo= 

primarily becau>e it "'as recommended by ESRT as the best method 10 develop 
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>maller applications. Add~d to this, it would be easy for MCM to modii)" or ext~nd 

the code should thi> be\Xlm~ nec~s>ary. 

5.2 User Input 

In th~ pr~vious chapter il v.'a> noted that before any proces>ing can be done, a number 

of pi~c~s of information ar~ r~quired from the u>er. It \Va> decid~d that this 

information would best be obtained through a s~ri~s of small, simple screens rath~r 

than a single, more complex screen. The graphical us~r interface (GL'I) for th~ (001 

was therefore implemented as such. During earlier stages of implementation, a s~rie> 

of >Imple, prototype screens were constructed for the GUT using VB and used during 

th~ 1001's devdopment. Creating interfaces in VB is very >imple. Windows are 

creat~d from forms which act a> containers for controls. Forms can be added when 

nc:c~ssary and controls such as labels, textboxes, option button>, command buttons 

etc. can be added to the forms by simply sel~cting the r~quir~d control's icon from a 

toolbox an.:! dragging it to the requir~d position on the form. Th~ interface for the 1001 

was cr~ated in this manner. 

Once development of the 1001 v.'as near completion, a demonstnrtion was giv~n to th~ 

client of th~ application using thi> prototype GUI. The client was consulted about his 

desired layout of the final GUI including any changes he rhought should be made on 

the prototype. His response was that he was quite happy with the GL'l as it was and he 

did not propose an} significant changes. The basic format of the GL'l was therefore 

left as is. 

A final step was to get other users to assist in the design of the GL'l. A usability te>t 

,vas conducted which induded gaining input from th~ user> as to how th~y found the 

interface and any improv=ents they could suggest. L'sing th~>e corrunents, slight 

modifications were made, after which the modified GU! was used in the final product. 

User evaluation is discussed in mor~ detail in Chapter 7. Th~ rationale for the user 

interfac~ screens is presented in this section, along with implementation issu~s that 

input processing rais~d. The scre~ns ar~ shown in the order in which lhey appear 

when running the application. 

5.2.1 Input File and Output Folder 

Th~ first scre~n, sho\\'ll in Figure 5.1 below, requires th~ U>Cr to: 

Select an input shapefJl~. 

Indicate whether this file contains a singl~ dataset (i.~. all data in th~ file will 

be used) or multiple dataset> (i.e. only sdect~d data in the file will be used). 

Select an output folder. 
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Figure 5.1 Screen 1: Input shapefile and output folder 

Input shapdile 

This has been impl=ented by allowing the 115er to browse for the relevant file using 

the Common Dialog of the Windows API [Ku]OO], shown in Figure 5.2. As can be 

seen, each shapd ile consists of a number of files ,~ith different extensions (e.g .. shp, 

.8hx). The user can select uny one of these files for the shapefile by highlighting it und 

clicking the ' open" bulton. 

Figure 5.2 Common Dialog for browsing und selecting the input shapefile 
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The input shapefile provided by the user, must contain points which have a dat~ 

attribute i.e. there mu,t be a field which indicates the date on which the points were 

srunpJed. The only other requirement of this shapefile is that the points have been 

geon::ferenced c(HTectly. 

Once the shapefilc has been ,cleeted, the mer must then indicate whether this file 

contains a 'single' dataset so that al1 the data or records in the file will be used, or a 

'multiple' dataset, in which case only a selection of the data or records \vill be used. If 

'multiple' is selected, the u,er must indicate which particular dataset they want to usc 

through screens that appear [u.rther on. 

Output folder 

As has been discussed, a folder is required in which to save the final composite 

Image. Two options existed for this folder: using a fix ed, pre-defincd folder or 

allo ... ing the user to select one. It was decided to allow the user to select the folder as 

it is more user-friendly. This was implemented using the shell32.dll, a library which 

contains Windows Shell API functions which arc used when opening web pages and 

fil es [US05]. When the user clickll the 'Browse' button the window shown in Figure 

5.3 appear:;;. 

Figure 5.3 Window for browsing for the output folder 

Should the user attempt to proceed without making a selection, a message will appear 

as in Figure 5.4. Similar messages appear in all cases where the user fails to enter 

required information. 

66 



Univ
ers

ity
 of

  C
ap

e T
ow

n

.'''''''. .. 

Figure 5.4 Error message displayed when user fails to select an output folder 

5.2.2 Land Polygon 

In order to determine the extent of the tessellation and the composite image, a buffer 

area is created around the datapoints in the input shapefile. It is then necessary to use 

a polygon representing any land that lies near the datapoints to clip the buffer area 

ensuring thm: it only covers the sea. Polygon features could potentially be used in 

general to indicate area:5 to be excluded from the final image. 

Initially the system Wa:5 implemented to use a default land polygon of South Africa. 

After discussions with the client however, the system was changed to be more generic 

by allowing any polygon to be used. The screen where the 115er must indicate this 

polygon shape file is shov.-TI in Figure 5.5 below. 

• >C • ........ ".,~ .. ~ .. <""'-... ."..,. , ............ ,'\. 

", ... do. "" , ... """ ........ _ '''' ....... ;, ~ "', ....... , , ... , 
ttM, ~ .<1_ ".,r."",. _"" """"'" ,, __ '", 
...... of ,~ ... ~o1' " ,,., '- ~'"""" -.... 

------~ 

-,,',,' I 
Figure 5.5 Screen 2: Land polygon shapefile 

In the prototype screens, the user was given the option of typing the filename in a text 

box or browsing for the fil e. After a usability test ""'liS conducted (discussed in 

Chapter 7), it was decided to remove this option for the following reasons: 

1) This option ""'liS rarely used. 
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2) Users struggled to enter the filenam e correctly (incom:ctly entered spaces or 

capital letters which weren't there). 

3) An easier alternative existed. 

4) To keep the screens simple and uncluttered. 

After the user has selected the file, a check is done to make sure the sh<!pefile contaillS 

a polygon (rather than lines or points etc). If it is not, a me~sage is displayed 10 the 

user. 

It should be notcd that the application has been implemented s.o that only a ~ingle 

polygon is used for the: clipping operation. In most ca~e~ this will suffice as most land 

ma.s5eS lying along coastlines ""ill consist of a single body. Should data be collected 

around a group of i~land~, the individual islands can be repreoented as a singlc 

polygon in the shapefile and hence used successfully ""1th the tool, while still being 

viewed as separate islands on a map. 

It may also occur that a composite image needs to be cre<l1ed for data located away 

from the coast in deeper ocean waters or over land. Any polygon shapefile regardless 

of its spatial location can be used for such cases; the only requirement is that it does 

not lie in the same spatial location as the data. 

In order to make it clearer as to what is required from the user here (i.e. polygon 

shapefile of nearby land), the clicnt suggested adding a small diagram showing what 

such a ~hapefile should look like. A diagram sho""1ng a polygon of South Africa was 

therefore added to the screen for this purpose. 

5.2.3 Field Names 

Although most input shapefiles will probably have date field~ that will be called 

'Date', therc is no guarantee of this. The date field may also not be distinguishable by 

its data type (a~ people often u~e String), or by thc contents of the field (as one file 

may have several date fi elds e.g. 'date sllTveyed' and 'date checked'). It is therefore 

necessu{)' to gel the user to indicate the field in the ~hup efile which represents the 

date. Likewise, should the shapefile contain multiple dutasets, it is necessary for the 

user to indicate which field distinguishes the different dataset~. 

From the input shapefil e it is therefore necessary to obtain a list of all the field names 

so that the user can indicate these tv.'o fi elds. The JLay~rF;e/ds interface 'Provides 

access to members that work with a layer's fields' [ADH04j, and this is used to 
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retrieve a list of the field names. These are displayed to the user in listboxes on a third 

screen as shovm in Figure 5.6. If the shape file contains a single dataset, the right hand 

listbox will oot appear. 

" ....... " .... , ........ ' ..... """',......, "NO"O· j;!!~!"6~."'l!"""., ~ 

_.-n "" __ ... bo ........ -..., 

,.... dlP.- ""'_ " 

Figure 5.6 Screen3: field names 

From the field indicated by the user to distinguish the different datasets, a list of all 

the unique values (datasets) in this field needs to be obtained so that the user can 

select the one value to use e.g. a particular cruise !D. 

Initially this was done by using a cursor to move through each row in the shapefile's 

table extracting each new value. This process was extremely slow however, and a 

more efficient method was sought. Another possibility was to do a SQL query using 

the 'SELECT' and 'DlSTTh'CT' functions. The problem encountered here was that 

this is done through the IQucryDcf Interface which can only be used with geodatabase 

and personal g~odatabase data sources [ADH041. Since my application ,vas working 

with standalone ,hapeJile, and not a geodatabase, using these SQL queries was not 

possible. 

After >orne research it was found that the quickest and most efficient method to do 

this would be to use the Scripting Dictionary which is an object of the Microsoft 

Scripting Runtime Object Library. This library contains objects that are usefu.l for 

either VBA Or script, and provide easy access to the me system making reading and 

writing to a text file very simple [MC05a]. The Dictionary object is a top-level objoct 

in the library and is used to store data key item pairs and returns the values (and 
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frequency if nec~ssary) of any text or numeric field. By default, no rd~rence to this 

library is set and so a refer~nc~ to it must be set manually in YBA before it will run, 

TIle list of datasets obtained is displayed in th~ IOVv"er the section of the founh scr~en 

(Figun:: 5.7). The dataset the user selects here Vvill then be used to create a new 

shapefile which is used for the reminder of the process. 

5.2.4 Parameters 

In till: fourth screen the user must select: 

Type of satellite image (top section of screen) 

Temporal resolution (middk section) 

Dataset (lower section). This last s~ ction will only <lppear if the input shapefik 

conlmns multiple datasets . 

..---, ""'" of ___ f' ' bOO' __ 

f". ~11 

."' ... ~» I 

FigllIe 5.7 Screen 4: Param~ters 

Type of satellite image 

'I1u:: options given to till: user here are limited to those for which ilIll\g~s are available 

e.g. there is no point in giving wind direction as an option without images for this in 

the d<ltabase. The tool first queries the metadatabase to detcmrine what image types 

(parameters) are currently available and then give tho::se as options to the user. This 

means that images for any parameters, such as wind speed or gradient, can be: added 

to the collection in the future and used with the tool. This would simply entail adding 

relevant details to the 'Groups' and 'Images' tabk in the metadatabase. 
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Temponl resolution 

Th~ r~soluti(ms that w~re implemented were daily, 2-day, 3-day, 4-day and 5-day. 

Daily is set as default, as in most cases this w(lldd be the r~solution of choice. The 

details of how these resolutions were implemented and why they were chosen is 

cliscussed in section 5.5.1. 

5.2.5 New File Name 

As indicated earlier, during the process of creating the composite image a number of 

intermediate shapefiles lind raster images are created. In order to keep track of these, 

they are given the same nam~ as the input shapefile, so for example if the input 

shapefile is call ~d 'BmO', the shapefile with a buffer area around the points in this 

file 'hill be called 'B030 Buffer' and a clip of one of the images "".jll be called 

'B030 jmageClipl'. 

When sa~ing raster images there is however, a restriction on the number of characters 

in the name; this can be no more than 13 characters. If a fil e name is too long use 

another screen is displayed (Figure 5.8), giving the name of the shapefile and 

requiring the user to enter a new name "".jth a maximum of six characters (to allow for 

additional characters to be added to make up the 13). 

"'"_01.111>0_._ .... ____ . 
__ .'-...... '01 .... _.7 __ 
",IIw __ : 

t· 

,. 

Figure 5.8 Screen 5: New file name 

Intermediate files are saved in the sam~ folder as the final image so that there is only 

one working directory. Should the user wish to view or use any of the intermediate 

files, they will then be easy to locate. 
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5.2.6 Formatting the Date Field 

A problem regarding the dak s cropped up when testing the tool on a wide range of 

datasets. In some shapefiles, a date value was defined as a 'String', This meant that it 

was necessary to convert it to a proper Date format. Although there are ways to 

automatically distinguish the day, month and year values in such Strings, detecting 

this is complex and would require confmnation from the user anyway. It is therefore 

best to get this infonnation directly from the user. An examplc date (i.e. a date value 

from the input shapefile) is therefore obtained and displayed to the user (Figure 5.9). 

The user must then indicate which characters in the example date are years, months 

and days, This is done by typing in a text box the positions of the years using 'Y' , 

months using an 'M', days using a 'D' and any other characters with a '*'. So for 

example, if the example date is 02/05/04, and the date it represents is 2nd May 2004, 

the user would type in OO'"MM"YY, and an example date of 24/07/20()4 would be 

indicated by OO·MM"YYYY. This is subsequently referred to as the ' date format'. 

" 

""'_ ....... fflt _ 0' ......... "'-,.... "'-" 
",.... '!' 100 """. 'M' f« """"'-... T1 '''' n.., • .wi - "" 
_ "",,or c!>ot""...,. """"'""" ......... 

",. ~ "" ,.on+-_ """ """" •• _ .,,., , <I> ",co', o • .u> .... "',.""< •. "' ....... ~' 

Figure 5.9 Screen 6: Ensuring that the ' dale' field is correctly 

fonnatted 

The reason why the user is asked to enter an ,", rather than a '/' is because some dates 

may be entered using dashes and may also include time values (e.g. 2001·10·23 

00:00:00). To keep coding and instructions to the user simpler, it was decided to use a 

'.' to indicate all characters that were not years, months or days, rather than having 

the user enter different characters depending on the charackrs in the date . 
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Originally the user was asked to enter an 'X' to indicate non-date characters. After the 

user evaluation "vas conducted however, it was found that users had problems 

understanding and using this screen. In an attempt to improve this, the 'X' was 

replaced by a ,*, and this used in the final GUL 

A new field typed as a 'Date' is crcated in the shapefile and thc fonnatted date values 

placed here. At this point, all the infonnation rcquired from the user has been obtained 

and a shapefile with a correctly fonnattcd datc field has been saved in the output 

folder and is ready to be used in sllbsequcnt stcps. 

5.3 Checking Image Availability 

5.3.1 Getting the Required Dates 

As was done carlier to obtain a list of the different datasets, it is now also necessiry to 

get a list of all the unique dates in the shapefile. Because the scripting dictionary that 

was used previously only returns text and numeric fields, this method cannot be used 

here. Instead, a cursor iterates over the rows and unique date values are stored in an 

array (called SaIDalesArruy). It is this set of dates that needs corresponding satellitc 

Images. 

5.3.2 Connecting to and Querying the Metadatabase 

Connecting to the dll.tabll.se 

As discussed in the pre~ious chapter, details of all available satellite images are stored 

in an MS Access metadatabase to which a conncction must be established from the 

application. Initially this was done by making a tcmporary connection each time the 

program was run using ADODB. This requires that the Microsoft ActiveX Data 

Objccts 2.5 Library reference 1S set from within AreMap and that 

'Microsoft.Jet.OLEDB.4.0' is installed [MC05bj. In establishing the connection, it is 

necessary to stipulate the data source i.c. the path aIld database name e·s· 'Data 

Sourec=C:\tcmp\lmages3.mdb'. This infonnation was coded in and so could not be 

altered or chosen by the user. 

For use of this tool for the purposes it was created at MCM, this is ideal. Should, 

however, the tool be used elsewhere, or the location of the databa>e change, this 

would mean recoding the application. An alternative sollltion would be to create a 

pe:nnanent ODBC connection to the database on the computer but a user would have 

to manually set it up. 
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Querying the metadatabase 

v,,'hat is ultimately needed from this database is the name and file path of each image 

that will be used to create the spatio-temporal compo~ite image. Once a connection 

has been established, a SQL query is used to retrieve the required infonnation. In~tead 

of making a query for each date that is required, one query is made which v,ill return 

all the images which meet two requirements: 

Parameter e.g. SST or chlorophyll. Chosen by the user on Screen 4. 

RTCode. Because it is only daily images that are used, this will always be 

'Day'. 

The query return~ a recordset which contains a list of all the available images which 

meet the above criteria. The required infonnation that needs to be returned is: 

Name (image oource) 

ParMlame (in order to locate the image) 

File]'iame (name of the actual image) 

StarrTime (date of the image) 

5.3.3 Checking Image Availability 

The recordset returned by the SQL query must then be checked to ~ee if there are any 

images that have dates (StartTime) matching those required by the panicular dataset 

(and stored in SatDatesArray). Filenames of the available images arc stored in a 

separate array (SatNamesArray) at the .<ame position (same index value) as its 

matching date is stored in the satDatesArray. rfno images are available for any of the 

required dates, a message is displayed to the user who is then returned to the start of 

the program. 

It is possible that images may be available from more than one .<Durce for !he required 

parameter. For example, if we look again at the Groups Table in Figure 5.10b, it can 

be ~een that there are two groups of images 'OceanSpace_chl' and 

'ScaWifs_Days_Raw', that both have daily images of 'chlorophyll'. Because the 

images from different sources may have diff~r~nt pixel .<i7.es and ~patial extents, they 

cannot be used together to create a single composite image. When checking for image 

availability for the required date.<, it is !herefore necessary to distinguish the source of 

the image.<. 
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Figure 5.10 Groups table from Image database 

Should available images for the required dates all originate from the same source, 

then these images are simply used. If some images are missing, a message is 

displayed to the user indicating the number of images missing and the remainder of 

the program v.ill function as normal except that the final composite image ""ill have 

gaps for the dates that were missing. 

Should there he images available from more than one source, the image names for 

each source are stored in separate arrays. 1bis information is then added to a screen 

(Figure 5.11) indicating the different sources as well as the number of images missing 

for each. The user must then select which source they want to use. 

The outcome of this step is a list of image names stored in an array, which match the 

required dates. As all the images come from the same source, they will have the same 

file path, and it is merely a case of retrieving this file path from a single record. 

"', '""'" .... dod dol",,,. II .... " .,...,., .. --. 
t ... _ • ....., ........ " . __ ''''''h"", 
'"""" Ito t. _ 

"~.;:"::.i~j 
M'" "" 7, m .. "" 

(' co,''',,,''.''' 
, vA' ",.,.,..-, 

~I 

Figure 5.11 Screen for choosing an image source 
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Another consideration when retrieving available images occurs when the chosen 

temporal resolution is anything more than daily. lfthe resolution requested by the user 

is 2-day. it means that images of lvm consecutive dates are 'averaged' (described in 

section 5.5.1) to create a single image for both dates.lfthere are an odd nwnber of 

dates in the dataset. the last image will be single and hence won't have illlOther image 

to be averaged ..... ith. Data from the single image could simpl) be used but to keep it 

consistent \vith other images, it was suggested to and agreed by the client to get an 

image for the follo ..... ing date, and use this to be averaged with the last date. If 

resolution is 3-day, one or 1\\'0 extra images may be needed depending on the total 

nwnber of dates in the dataset. 

If no images are available for these extra dates, this is accounted for and just the 

single image is used, or if it is a 3·day resolution and only one extra date is missing, 

the other two are averaged together instead of all three etc. 

5.4 Creating Polygons for Clipping Images 

5.4.1 Determining the Buffer Area 

The main input for the next few steps is the input point shapeflle and what is 

ultimately needed is to create an area around the points which ",ill ultimately 

determine the extent of the composite image. 

One method to define this area is to create a convc:x hull around the survey points. 

The convex hull of a set of points is the smallest convex polygon that encloses all the 

points [ESR05], an example of which is shown Figure S.12a. The outer lying points 

will lie on the boundary of the convex hull polygon. 

Ideally however it would better if the area extended for some distance beyond the 

outer lying points. Creating a 'huffer' around these points would solve this problem. 

An ArcObject method from the ITopologicalOperator Interface is provided to add in 

a specified buffcr distancc around the points; an example of this huffcring Can be seen 

in Figure S.12b with a buffer distance of 0.3 decimal degrecs. 

" 
, h 

( , 
~ 

Figure 5.12 a) Convex Hull b) Buffering 
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Although this operation v.ith this buffer di,tance work> for the above dataset, if we 

look at the Figure 5. 13 below of a different survey, it can be seen that here, this buffer 

distance is not suitable. When the data points are far apart, the buffer distance is not 

large enough to produce one continuous area. 

figure 5.13 Buffer distance too small to create one continuous area 

The problem encountered here is therefore how big to create the buffer distance to 

ensure that one continuous area is created for all po,sible dataset,. The buffer distance 

can be increased to something much larger, for example in Figure, 5.14a and figure 

5.14b below the distance has been increased to 0.7 for two sets of data points. In both 

of these, there is now one continuous buffer area as required, however while this 

increased distance may be suitable for the first set of points (Figure 5.14a), for the 

smaller set (figure 5.14b) the area may be too large . 

• 

Figure 5.14 a) Buffer area the correct size b) Buffer area too big 

A reasonable solution to this problem, and one that has been implemented, is to 

calculate the mean distance between all the points and use a function of this value as a 

buffer distance. This value would at lea.~t then be standardized but still change 10 fit 

the spatial extent of the individual dataset. 

Clipping buffer with land polygon 

Because the data points li e along the coast, close to land, the buffer area v.ill extend 

over the land. It therefore needs to be clipped to the shape oftbe land and this is done 

using the land polygon shapefile provided by the user. The result of these two steps is 

a single buffer polygon extending over the ocean only. 
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5.4.2 Dirichlet Tessellation 

In line with thc discussion in scction 3.3, it is necessary to associate every part of the 

buffer area with a specific data point nearest to it. This is done by ereating Thiessen 

polygons aroWld all the points in the shapoefile. 

5.4.2.1 Conpl'rtToVoronoiRt'gions Method 

There is an ArcObjects method called ConverrToVoronoiRegions whieh ereates 

Thiessen polygons from a set of points and USeS a "clippcr polygon' to dcfine the 

extent of the Thiessen polygons. Thi~ 'c1ipp~r polygon' will be thc buffcr area that 

was created in the previous step. Although the result~ of this method appear to be 

correct, when the polygons are dissolved by date, there are odd lines which appear in 

places. This problem is illustrated in Figure 5.15. Figure 5.15a showO'i the Thiessen 

polygons for a sct of points. Figure 5.l5b shows the odd lines that appear whcn 

dissolving polygons of the Same date aftcr using thc ConVl!rtToVoronoiRegions 

method to create the Thies~en polygons. An altcrnative method ViRS foWld to create 

the Thi essen polygons using a DLL When using this method and the days are 

dissolved, the odd lines do not appear and the resulting polygons appear as they 

should, illustrated 1Il Figure 5.15c. This indicated that it \\'as the 

ComertTo VoronoiRegions method that was causing the problem and not the dissolve 

operation. 

Figur~ 5.15 a) Thiessen polygons b) Dissolved by date when using the 
ConverrToYoronoiRegions method c) Dissolved by date usi ng DLL 

When thc Thiesscn polygons were examined more closely it was apparent that then:: 

wcre slight overlaps between somc adjaccnt polygons and tiny gaps beh'ieen others. 

These overlaps and gaps were not noticeable when viewing the polygons in a normal 

resolution in ArcMap and only become evident when it is zoomed in to the maximum_ 

These gaps are not actual polygons, but rather small areas betwecn other polygons. 
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Generate three 
Create a circle from these 
Add the circle it to the circleList 

For each 
InitIalize the build list 
For each circle in the clrclelist 

Calculate the dIstance between the NewPoint and the centre of the circle 
Calculate the radius of the circle 
If the distance Is less than the radius the newPolnt lies In the 

Add the three of the circle to the build List 
Remove circle and Its from the circieLlst 

End if 
Remove from the bulldList 
Call sortFunctlon to sort the in the buildlist ..... ,.I1 .... 'i'" 
Get the of from this sorted buildllst and use 

"',I"I .. I'I, .. r with the NewPoint to create a new circle 
Add this new circle and Its three to clrcleList 

End for each circle 
End for each 

Initialize "'''''''''''''''1'1' of Thiessen ... ..,Iiv,., .... "c 

I!!wPolntl in the 

For each circle In circle list 
If the NewPoint is one of the three clrcleList 

Get the centre of the circle 
Add this centre to the thiessenList 

End if 
End for 
Call sortFunction to sort the in the thlessenList 

In the thlessenList Make a "'''''V,,",,,, 
Add this oolvncln 

End for each 

Make one ~hn,o ... 'fil .. with all the n""ivn,cn~ in the 

End Function 
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Figure 5.20 a) Tessellation for a set of points b) Close-up vie"v 

5.4.2.4 Clipping Problems 

As this tessellation extends well beyond the data points it is then necessary to clip it 

\\ith some user defined area. This will be the 'buffer area' that was created 

previously. Initially this clip operation was performed using a clip method belonging 

to the JTop%gicalOpera/or Interface. \\-ben the Thiessen )XllygollS were dissolved 

by dates in the next step, the results showed the 5allle problem that was encountered 

when lLSing the ConvenTo VoronoiR egions method to perfonn the tessellation: there 

were slivers present between some of the adjacent )Xllygons and odd lines appeared 

when polygons Were dissolved (as shown in Figure 5.15b). 

11 was determined that these slivers were not present before the clip operation and it 

was therefore this clipping that actually caused the problems. lillother clip method 

was found which belonged to the IlJruicGeoprocessor Interface, and when this was 

used no slivers were created. 

5.4.2.5 Rcmovin l:; Duplicate P()int5 

After testing of the tessellation code with different dlltusets it lIppeared that it worked 

perfe ctly for 1I11 but a few cases. Tn these few, no Thiessen polygon was created for the 

odd point (Figure 5.21a) or odd lines appeared above a correct or almost correct 

tessellation (Figure 5.21 b). 

• , 
, . 

< • 
• 

l 
Figure 5.21 a) Point for which no polygon was crellted b) Odd lines in tesselllltion 
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It was determined that these irregularities occurred ",hen there were duplicate points 

in the inpui daiaseis i.e. points with ~xactly the same spatial locations. This problem 

was solved by removing the duplicate points befor~ the tessellation algorithm was 

perfonned. ~o ArcObjects method could be found that easily identified and removed 

duplicate geometric slruciure,. The fTableSort Interface however, allows the rows in 

a shapdik 's attribute table to be soned by a given field. Some input shapefiles have 

latitude and longitude ficlds alr~ady defined and so these could be used to sort the 

data. However, as other datasets may not have such fields, it was necessary to create 

two new fields, onc for thc latihlde and one for longitude and populate them with cach 

point's x and y co-ordinal~'. Th~,e iwo lklW fields were then us~d to perform th~ sort. 

ET GeoWizard, has a function to 'Build Thicssen Polygons'. The acrnal codc is not 

availabk, however, it is interesting io noie that in the description of this function, it 

says that one ofthe first steps pedbrm~d is to 'clean duplicate points' [TcOSbj. 

5.4.2.6 SfI"ti,,[ .Join 

Once ihes~ Thiessen polygons hav~ been created, they are merdy polygons v,ith no 

other attribute,. 'Nhat is then needed is to associate each of thes~ polygons "'ith the 

datapoints around which they were ereat~ d. This will in etT~ct give each Thiessen 

polygon a 'date' attribute. This operation is performed using a spatial join of the input 

point shapetile and the newly creat~d Thiessen polygon shapefi1e. A spatial join is a 

type of table join operation in which 'fields from one layer's attribute table are 

appended to another layer's attribllle iable based on the relative locations of the 

features in the w'o layers' [ESROSj. 

5.4.3 Dissolving Polygons by Date 

1be final step in this section is to dissolve th~ Thi~sscn polygons by their dates. For 

the Thiessen polygons tms involves getting all the polygons of the same date and 

dissolving their boundaries to create onc large polygon. Each of th~se larg~r polygons 

then repre,ents the total area covered on each date and ",ill be used to dip the satellite 

image of the same date. 

If the user chooses a daily resolution, the dis>(llve i, based on each date. For any 

resolution greater than daily, it is necessary to merge the dates in the shapefLle based 

on the resolution. If the resolution was 2"days, this would require all polygons for 

every W'o consecutive dates to b<: merged into one date. And likewise, for a resolution 

of 3-days, every lhr~" conSilcutive dates would be merged. An example of this is 

,hown in Table 5.1 below. The new datc value is given as the first date in the group. 
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Table 5.1 Example date values for daily, 2-day and 3-day resolution 

Instead of replacing the values in the existing date field with the new values, a new 

field was created in the shapcfile which was populated with the new values. At the 

same time a new array is created recording dlese new dates. For resolutions greatcr 

than daily, this array would bc l1'lcd in subsequent steps instead of the original 

satDatesArray created earlier in the program. The dissolve is then performed on these 

new values. The JXllygons created from this dissolve operation are then l1'led to clip 

the satellite images in the next section. 

5.5 Raster Processing 

5,5.1 Averaging Images if Resolution is Greater than Dally 

If the resolution is daily, the original images (which are daily images) will be clipped 

using the daily dissolved JXllygons. For any re!lolutions greater than daily, the raster 

images need to be averaged. More specifically, this involves getting an average value 

for two or more images for each pixel and creating a new image based on these 

averaged values. 

The number of images averaged together ",ill be the same as the resolution. So for a 

2-day resolution, just as the polygons were dissolved for every t ... 1,'O dates, images for 

every (1,"0 dates must be averaged together These images ",ill then be clipped using 

the dissolved polygon of the same dates. 

1brough the JRasterGeometeryl'roc Interface there is a Mosaic method which as 

described in the ArcObjects Developers Help 'combines multiple adjacent dataselS 

into a single output raster dataset. It determines the value of an output cell by 

averaging the values of the overlapping input cells' [ADH04]. This appeared as an 

ideal method to use, however two problems existed: 

I) This method can only be performed on two linages, md so would be useless 

when needing to average three or more images. 
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2) It was fOWld that the pixel values of the 'mosaiced' image were incorrect. Tbis 

problem is described below. 

During the mosaic method, each raster is put into a Raster Band Collection. The order 

in which the rasters were added to the collection appeared to detennine the value of 

the mosaiced pixels. To test this, the order in which the two images were added was 

changed and random pixels values of the mosaiced raster were checked. These are 

shown in the Table 5.2 below. 

R:';tu Image -7!.i"1 1 Pixel 1 ~ Pinl3 ! Piid4 I l'in l.5 ! 

R.,t.,,-l (ocitin l) l.25 3.42 2.78 No d.t. ! 1.65 

Ro,t<i2 (or4';in. l) , 
'''' "No data HO . 0.77 3.67 

Yler:ed (RI added I'') 1.25 3.42 2.78 0.77 1.6~ 

. M"r~ed (Rl added I' ') 1.90 3.42 3.80 0.77 3.67 

Table 5.2 Pixels values when images are mosaiced using IRastaGeometayProc 

It can be see from here that the value of the mosaiced pixel was the value of the pixel 

from the raster that was added first and not an average of the two pixels. "'''hen either 

of the two was a 'no data' pixel, the other value was used, which is what should 

happen. The fact that this does Occur shows that both rasters are in fact being 'read', 

but th ... l whtm it ~om~' to aclmuly ... veraging two pixels which both have values it is 

not doing so and takes the first value. 

What added to the peculiarity of these results was that there is a sample of code in the 

Developers Help to perfonn this operation which should be able to be copied and used 

as it is given. Even though this was done, the results were still incorrect The same 

operation was then attempted but using the raster calculator that is available as part of 

the Arc:Ylap interface. Here it was found that the 'averaged' pixel values were 

different to those obtained using the mosaic method, but were still incorrect. 

These two factors led me to believe that perhaps in order to perform these operatiollS 

the raster must be of a particular formal. After some investigation, 1 could not find 

any other references or solut ion to this problem_ For this reason, as well as the fact 

that the mosaic method could only be perfonned on two raster images any.vay, it was 

decided to write function~ to average the images from scratch. 

The method of averaging roster images involves going through each pixel, averaging 

the values of the pixe1~, and wTIting this valu: to a new raster. Vr'hen doing this it had 

to be kept in mind that there may be images missing. If this averaging operation was 

attempted on a 'no image' it would carne an error. The following scenarios therefore 

exist: 
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image, the only difference being that all the cells arc given a value of O. "This allows 

us to detennine the total number of pixels in the composite image by counting the 

number of pixels v.ith a value of O. From this we can calculate the number of 'no 

data' pixels in the remaining area around the composite image and finally the actual 

number of 'no data' pixels in the composite image. 

, b 

! 

d 

,) 
E ''' '' ''' :~''9'' f 

, 

s""" '", d ... • 
,:" k ~ ,,"'''',., . 
, ~. " 

..•..................................... 

Figure 5.22 a) Original image b) Composite image showing extent of actual image c) 
Buffer polygon used to create composite image d) Polygon converted to a Ia.'5ter 

5.5.6 Displaying a Results Screen 

Once the final composite image has been displayed in Arc\1ap and the percentage 

cloud cover calculated, a [mal screen is displayed to the user (Figure 5.23). This 

contains the following information: 

The file name of the composite image. 

The folder it Wll.'5 saved in. 

The percentage cloud cover for the image. 
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This new composite image is now available for adding to any map in the same way as 

any normal raster file would be used in GIS. 

The user is also given the option of creating another composite image using the same 

parameters (i.e, same input shapefile, type of image, output folder) but at a different 

resolution. The process will then be repeated but without needing to obtain 

informatiou from the user. 

---- .. ____ c- -- . ~-% "I 
n. ",,,-•• ,""""""""'" '"''''''''''''J'"''' ,,""" ...... 
..- \" """"'''' '''' ''''' tu .- .. .. ,,, ... ,..;tt, " .. ,,-, 1< 
"''''_'"_0, ., U" 'aU., 0.»"" ----

--- -------------' 

'------

1 3<'<"< I 
" .... ,.--.. '...-,d . ' 

_-===========:' _________ -=::::::--.l 
Figun: 5.23 Final results screen 

5.5 Summary 

S.S.1Interface 

The GCI was implemented through a senes of small, simple screens. The screens 

were kept simple, cousisteut and easy to use. Although advanced users may find 

having to repeatedly go through all the screens frustrating if creatiug multiple 

composite images, they are necessary to obtaiu all the information required to create 

the desired composite image. The implementation of a single, larger, more complex 

screen to obtain the required information wa, considered, however it is uot possible to 

obtain all the information in one ,tep. Thus, if the our cousisted of a siugle screen, its 

contents would have to be changed three times to get all the required informatiou. The 

nature of the information required lent itself to having a series of screens and this is 

what was implemented in the final product. 
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5.5.2 Making the Tool Generic 

A metadatabas~ for checking imag~ availability goes a long way tCl automating a 

prCK;~ss that would othen"'ise be time consuming for the user. Sinc~ a m~tadatabase 

had already been ~et up for all the "atdlite image' available at .\1CM, the tool Wa" 

implemented according to the fonnat and ,11UCture of this database. As only a few of 

the tables and fields from the MCM metadatabase are used, only thesc would be 
required in any other metadatabase that was setup fClr us~ with tho: tool. 

There is a fair amount Clf functionality in the tool dedicated to the date field. This may 

at first appear unnecessary, however the date field (date of each data point) is 

fundamental to cre:ating the composite image. It is therefore vital to ensure that the 

dales arc rr:cognized by the tool. Unfortunatdy the manner in which the dates arc 

",corded in the shapdile is beyond the contml of the application. Although attempts 

can r,., made to automatically determin~ the correct format of the dates which are: 

typed as Strings, ultimat~ly confirmation of this is required from the uso:r. For thi~ 

reason, this feature was remClved and the mer asked to supply this information. 

Although it may be: a bit tedious, it is necessary to ~nsure that the tool is generic and 

w11l run successfully using any input data 

The clipping op<:ration (Clf the buffer area W1th the land polygon) is dClne to limit the 

extent of the composite image tCl tho: ~ea. The dipping function could potentially be 

used to delimit very specific areas where a cClmposite image is required, for example, 

for a 51llall section of the coa~t. 

5.5.3 Problems with ArcObjects 

Tes~dlation is widely us.:d in geographical operatiClns and it was therefore surpri~ing 

to discover that this ArcObj~cts methCld dCles not work correctly in that th~rc arc slight 

gaps and Clv~r1aps bi:t;'v"een adjacent tessellated polygons. Most peopk u~ing a 

li:~sellation creakd using the ArcObject method will pn:hahly not dissolve the 

polygons and therefore not have any problem~. Having ,,,,ntlen my own tessellation 

function, not only did my code create acCUHte tessellations, being identical to those 

produced from a DLL rt"ovided on th~ ESRI website, but my code also created the 

tessellations far quicker than the DLL. 

A problem was also found Vvith the lRasterGeometryPrnc Inler:face, Mosaic method 

in that the value of the pixels in raster images ,,,ere not av~raged correctly. For this 

reas.on, as well as the fact that there: are no methods available to average more than 

tv.'o images, functions were: "WTItten tCl perfClnn all the av~raging operations. 
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6 System Testing 

An important part of developing any system is testing and evaluating the final 

product. Testing the functionality of the system was done by using the tool with a 

variety of input data in an attempt to identifY and fix any bugs that may have been 

present and checking the accuracy of the output of the prGducl. Finally, a test was 

done to evaluate the success of the product in tenns of time i.e, how much time is 

saved by using the tool rather than creating a composite image manually, Each of 

these is discussed in this chapter, 

6.1 Robustness Testing 

During the development of the tool, each function that was v,.Tinen obviously needed 

to be tested on SOme data to ensure that it was working correctly. This meant that the 

tool was continuously beini tested as it was implemented. For the most part, the data 

used for testing during the development was a shapefile called 'Acoustics' provided 

by MeM. The near-final product was therefore error free when using this shapefile as 

input. As already noted, it was important to ensure that the tool could be used for a 

variety of data or shapefiles. During the implementation a few other shapefiles were 

therefore also used to run the tool. A number of problems ,vere encountered when 

these shapefiles were used and alterations were therefore made to the design and 

implementation of the tool as and when these problelll!l were encountered. Once the 

tool was deemed complete, a number of new shapefiles were wed as input in a final 

testing stage. The main problems discovered during the implementation and final 

testing stages are discussed below. 

6.1.1 Missing Dates in Input Shapefile 

Some input shapefiles had missing dates. For example data points may ha"e existed 

for 8th
, 9th

, 12"', 14'" August etc., with no points for the 10", II" and D'".lfa daily 

temporal resolution WaS used to create the composite image, these missing days 

would not make any difference, If !K)"\.vever, the temporal resoluiion Was anything 

more than daily, satellite images of consecutive images would have to be averaged. 

For a 2·day resolution, this would mean ihat images for the 12'" and 14th would be 

a"eraged when in fact they are not actually consecutive dates. This problem was 

discussed with the client, who did not think ihere was any need to for me to check and 

account for such an eventuality. There were two reasons for this. First, most 

composite images would be created using a daily resolution anyway where this would 

not be a problem. Second, the majority of their data would not have any dates 

missing, it being a rare occurrence rather than the nonn. The application was therefore 
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not amended in any way to check for missing dates, although a future improvement to 

the tool could do so. 

6.1.2 File Names for Raster Images 

It was discovered that there was a limit to the number of characters that could be used 

in the file name when creating and saving raster images. Spaces in the file name also 

caused errors. Code was therefore included to check the length of the file name and if 

too long the uscr is required to choose a shorter name. If any spaces are found in the 

file namc, these are removed. 

6.1.3 Datapoints Incorrectly Georeferenced 

In a few of the shapefil es tested, there were thc odd datapoints that had becn 

incorrectly georeferenced so that they were located over the land and not the sea. For 

example, sec Figure 6.1 which shows a single point on the land. If these incorrect 

datapoints were sampled on a day when no other datapoints were sampled this would 

cause an error in the program. This was because once the Thiessen polygon.s have 

been created for all the points, they are clipped using the land polygon. The result 

would be that the Thiessen polygon for this misplaced point would be clipped out. 

Once the Thiessen polygons are dissolved by date, the number of dissolved polygons 

would be one short of the number of dates originally obtained from the input 

shapcfile. This problem was discussed with the client who said that I should not worry 

about it because the input shapefiles provided should be checked for such errors 

before they are used. Again, a future improvement to the tool could incorporate a 

system to check for such misplaced points before any processing begins. This could 

be done by using the land polygon provided by the uscr to indicate areas where no 

points should lie and remove these from the original set of points before processing 

begins. 
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Figure 6. 1 Dataset with an incorrectly georeferenced point located over 
the land 
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6.1.4 Buffer Operation Not Working 

In a single shapefile there was a problem perfonning the buffer operation. Although it 

created a bllffer shapefile, and in the attribute table of this file it appeared as if there 

,vas a polygon (~e Figure 6.2 below), the shapefile was acrually empty. An error 

therefore occurred during the tessellation when the buffer area was used to clip the 

Thiessen polygon. The error received is shown in Figure 6.3. 

Figure 6.2 Attribute table for th~ buffer polygon 

bo/II I. 

Figure 6.3 Error me~sage received when trying to clip Thiessen 
polygon with the bllffer polygon 

A number of things were done in an attempt to detennine the source of and solve this 

problem_ W1J.en creating th~ buff~r area, all the points are added to a point collection. 

A check reveal~d the points had in fact been added to the collection, indicating that 

this wa.' not the problcm.lJsing the point collection, one can also create a convex hull 

around the data lX'iQ[~. The convex hull and buffer methods are from the same 

interfacc (ITop%gicafOperalor) and = the same set oflX'int_. The convex hull wa.' 

created without any problems which suggested that there was some problem ,,<jth the 

buffer method itself and not 'with any operations leading up to it. 

The bllffer distance was then changed to see if this would make a diff=nce, which it 

did not. An attempt to create a buffer area around the data points manually in the 

ArcMap interface was successful. In the end, the source of the problem could nO[ be 

identified. As a fix, a line of code was added to the function which checked to see if 

the 'geometry' was empty. If this was the case, then a convex hull was created around 
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the points and ihis U5ed instead of a buffer. A message was also display~ d infonning 

the us~r that this had occurred. 

6.1.5 Conclusions 

After extensive (esting of the tool using a number of diff~rent shape liles as input, for 

th~ se Jiles at least, the system appeared to be bug·free. Almost all of the problems or 

potential problems that w= dis~oyer~d wen:: either fixed or as ""'as the case ""ith the 

incorrectly geore fcrenced ]XIints, ~onsid~rc d heyond the scope of the system to 

!\LCOlUlt for. The only maJor issue that r~mained unresolyed was the buffer operation 

which did not function correctly for a single shapeJIle but for which a remedy 

included should this occur. 

The tool ~an therefore he considered a s\lcc~ss in terms both of the user being able to 

use a tool that is free of errors and making it generic so that it can be used with any 

input data. 

6.2 Accuracy Testing 

Accuracy testing was done to check that the extent and data in th~ output of the tool 

i.e. the composite imag~, was correct. 

6.2.1 Testing the 'Averaging' Functions 

Testing was done to check that all the functions that averaged the satellite images 

produced accurate results. In order to do thi., the pixel values in the original satellite 

images were compared with the pixel values in the composite image. This can easily 

be done by viewing all the images in ArcMap. "Ibere is an 'Identify' command in the 

tool's tool bar as shOWIl in Figure 6.4 helow. 

!:Io ldt '!JtIH lrJK"'t ~ looJs ~ t:~':o-c. 

<Q EI. F'''I"I~ Date< ; ~ :: -b ...... tP lit 

Figure 6.4 '1001s toolbar showing the 'idelllif)" cOlmnand 

This pointer can he placed at any location on a map displayed in ArcMap and will 

show the values of each of the layers that are displayed for that specific location. This 

means that the composite image and the original images can be displayed together and 

the values for indhidual pixels compar~ d. 

Figure 6.5 helow shows five layers created for a datas~t called 'B030' and displayed 

in ArcMap. "lne first two dates of the 'B030' dataset were 22'10/1995 and 

23/10/1995. The layers are: 
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1) The dissolved polygons for a 2-day resolution. 

2) A composite image. 

3) An original satellite image called' b 19951 022' (taken on 22110/1995). 

4) An original satellite image called 'bI9951023' (taken on 23/1 0/1995). 

5) A polygon showing South Africa .. 

The top-most polygon in the composite image represents the area covered over the 

two dates. Placing the 'Identify' pointer over any spot in this top polygon will give us 

the pixel values for the tv,·o oribrinal images and the composite images as shown in 

Figure 6.6 below. These values can he ched,ed to see if the value of the pixel in the 

composite image (18.9) is indeed an average of the pixel values from the two original 

images (19.27 and 18.71), which it is. 

" . . ~ " . ",." 
. "." . ,,·n 
. ,~" 
.,~" 
. ,~ .. . " " . "." -"." 
::: ""'" ~, 

. ,,·n 
" "< . "." . ,. " 
"" e. '" ,,_'" 

,. '" '"''''"" e'''' ~ .... ~ . • 
Figure 6.5 ArcMap interface Mlowing maps with flve layers 

layers I <Vist>1e ~SC> 

El S030_Dissolved2 
1 ] 1995110/22 

El S030 ST C!2 

i iB·'" 
-3. bl995J022 

:E lg.2700 
1:"]·· bl9951023 

I!] 16.7100 

PixolvokJ. 18.~ 

Figure 6.6 Results from the identify command showing pixels values for the 
different layers 
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Csing this method, the pixel values were checked for a number of different composite 

images at diflerent re,olulions and all values were found to be correct. 

6.2.2 Clipping Images with Polygons Correctly 

A check was done to make sure that thc imagc clips were exactly tlle same size as tlle 

polygons which werc used to dip them. This was done by displaying the polygons in 

one layer in AIeMap, overlaying them with the individual image clips in another 

layer, and then visually checking that the image clips had tlle same extent as the 

polygons. In some oftlle datasets tested there were no prublelll8, however, in others it 

was found that the ,hape oftlle image clips were not identical to the polygon8 u8ed to 

clip them. On clo:.er inspection it was found that the,e prohlems only occurred when 

the polygon8 did oot con8ist of one continuou:. area. 

This problem is illustrated in the diagram8 helow which show the dissolved polygons 

for a dataset callcd A00028 in one layer and individual image clips in another layer. 

Thc blue outlines a polygon for a single date. Figure 6.7a shows that when the 

polygon consists of a single, continuous area thc image is clipped perfcctly. In Figure 

6.7b, the highlighted polygon is not continuous and here there are odd pixels which 

are present in tlle image clip which lie outside the polygon . 

• 

Figure 6.7 a) Correctly clipped image b) Incorrectly clipped image when 
polygon is not continuous 

Examining every polygon and image clip for this particular dataset. it was found that 

all the polygons that were not continuous dipped incorrectly while all the 8ingle area 

polygon:. were fine. Thi8 clipping operation is done through the IExtractionOp 

Jnte(ltu:c, u8ing the Polygon method which 'Extracts the cells of a raster based on a 

polygon' [ADH04]. A search on the ESRI forums for similar problems encountered 
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with this interface did not reveal much although in one post one per50n "'TOte 'I'm 

trying to extract the pixels contained in a polygon using the polygon method of 

IExtractionOp .... The extraction works but :he result seems quite wTOng. I guess the 

out raster should have the shape of the polygon,no? In any case it doesn·t, the result is 

very strange.' [GreOI J. No answer was however provided to this post. I then posted a 

message my5llif explaining my specific problem and again did not receive any 

feedback. No solution or explanation for thi5 problem was therefore found suggesting 

a possible bug in either the IExtractionOp Interface or more specifically with the 

Polygon method of this interface. 

6.2.3 Comparing Composite Images Created by the Tool to Those 
Created Manually in ArcView 3 

As a final test to check that the output of the tool was accurate, a composite image 

that was L"Teated by the tool was compared to one created by the client. The one 

created by the clieni Wa5 done manually using ArcYicw 3. As well as providing me 

with th<:: actual compo5ite image, the client was able to give me the 'buffer' shapefile 

U5ed to detennine the extent of the image as well as the shapefilc containing the 

tessellation. These were aho compared with the same shapefiles created by the tool. 

The same point 5hapc:file and satellite images were u!led as input. The results of thi3 

comparison are discussed below. 

Buffer area 

The diagrams below show layers containing the 'buffer areas' used to detennin~ the 

extent of the composite image. Figure 6.8a shows the arc::a created by the cli~nt and 

Figure 6.gb that created by the tool. The dark points indicate the input point shapefile. 

As can be se~n th~ s~ nyo area5look very 5imilar. 

Figure 6.8 a) Extent from client b) Extent, created by buffering from tool 

If w~ overlay these two layers, the difference benveen the nyo becomes more 

apparent. This is shown in Figure 6.9 where that created by the cli~nt in blue overlays 
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the beige extent created by the tool. It can b.: seen here that the t<Xll"S extent is slightly 

larger than the dients, but this difference is minor. The general shape of the e;>;tenl is 

very similar. Differences arc due to the fact that in the tool this e;>;lent is obtained by 

creating a buffer around the points where the outskirts of the buffer area is a set 

di~U1ncc from the outlying points. TItc client on the other hand created this extent in 

an all together diftcrrnt way: by density kernel calculations. Such slight differences 

are not however important and would only become problematic if there were 

significant differences between the two extents. 

Figure 6.9 Tool and client 'extent' layers overlaid. 

T esscllatio" 

'Jbe tessellations for these points are shown in the diagrams below. Again, lhe 

tessellation created by the client is shown in Figure 6.10a, while thai created by the 

tool is shown in Figure 6.10b. As cun be seen the two layers look very similar. 

" 

Figure 6. lOa) Tessellation from client b) Tessellation fl1.lm t<Xll 

To make sure that the two tessellations were in facl the same, the two layers were 

overlaid. the results of which are shown in Figure 6,11_ 1l;e baekgrOlmd eoiollrs of 

the layers ha\'e been removed and only the outlines of the tessellation polygons are 

visible, The client tessellation is shown in red, which overlays the 1001'S tessellation 

in black. It ClUJ be seen that there is very little black visible because it lies directly 
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underneath the red lines. This shows that the tessellation crO!"<lte(i by the tool was 

exactly the same as that from the client. the only (iifterence being thut the t001's 

tessellation extended a bit beyond that of the clients. This wus becuuse the 'extent" 

shown in Figure 6.9 used to determine the limits of the tessellation were slightly 

ditYerent. a~ explained in the previous section. 

Figure 6.11 Tool and client tessellation layers overlaid 

Composite Image 

lbc final daily composite image created by the client is shO\'in in Figure 6.12a below, 

and by the tool in Figure 6.12b. Vi~ually the two images look identical apart From the 

tool's image having a slightly larger extent. This was oonfinned by overlaying the two 

images and using the 'Identify Re~uHs' command (described in section 6.2.1) to check 

that the pixel values were the same in eueh image, which Ihey were. 

b 

Figure 6.12 a) Daily composite created by client bl daily composite created by tool 

In oonclusion, this oomp,lTiwn has shown thut Ihe intennediate shapefi1es (extent an(i 

tessellation) as well as the final daily spalio-tcmporal composite image created by the 

client in AreView 3 and the tool arc identical. Presuming therefore, tlmt the composite 

image created by client previously in ArcView 3 is Uccur<lte, it can be concluded that 

the composite image crated hy the 1001, too is accurate. 
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The users' responses to their level of expertise at computers are shown in Figure 7.1 

Most of the users indicated that they felt very confident using computers. Since most 

ofthes.e users are working in IT or GIS related fields or are students doing Science 

degrees this w-as not surprising since they are likely to be using computers on a daily 

basis for a range of applications. The users that wen: fairly confident and the single 

user that felt not wry confident tended to be those whose professions/degrees did not 

require much use of computers e.g. medical doctor, BA student 

Love l of u5 e r5'~ experti5 o .t u5in ~ 
computer 

eVery confd..,t 

C F.r~ confident 

D Not very oonfijerl 

• I«>t ooofido rl . t 0' 

Figure 7. I 'Users' level of computer expertise 

The users were asked if they knew of GIS. The results of this question are illustrated 
in Figure 7.2. 

Do you know what a Gls .. 1 

D V .... used i, P"'t 

u Y .. , bot "" ... r u.ed 

.~ 

Figure 7.2 Users familiarity of GIS 

Of the five users that had used a GiS before, when asked whether they had used 

ArcGlS in panicular, they all had or still did. This suggests that .>\reGiS sofwiare is 

"idely used. 
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7.3.2 Interface Evaluation 

L"sers' responses to problems they had "'.Iith the different screens are shov,'ll in Figure 

7.3. Screens 3, 4 and 6 presented no problems to the users, while for screens I, 2 and 

5, users did experience some problems. 

Problems with each screen 

" ,---------l 
" " ~ ~ , , 

I ' , ' , , , , 
S",- Sere ... S=..., Screen Screen S Cf1>Of1 
12.45£ 

• Lot. 0( pr~.m. 

D Some pr~"" 

I B No pr<bl<ms 

Figure 7.3 L"sers' responses to which screens they had problems with 

Through these responses, the comments made by the users during the task and in the 

questionnaire aftenvards, and the direct observation made of the users, the following 

issues concerning each screen were noted: 

Screen! (lnputlOutputjiles): 

All but one of the users had no problems browsing for the input file and output folder. 

This is probably because the users are familiar with the Common Dialogs used for 

browsing as they are standard Windows features. 

Vv'hen selecting the actual input file, four of the users were unsure of which file to 

select, confused by the different extensions_ They were looking for the file name 

\,ithout any extensions. Three of these were those that had never used a GIS. 

Screen 2 (Check/or land polygon): 

All but two users used the 'Browse' button to indicate the land polygon shapefile 

rather than entering the name of the file in the text box. Those users that selected the 

'Browsing' option did not have any problems. Both the users who entered the name in 

the text box had a problem: one user entered the shapefile name (southaflica) with a 

space between the 'south' and 'africa' which caused an error, while the other user 

entered the name with a capital letter (e.g. Southafrica) which also caused an error. It 

had to be pointed out to these users that the name had to be entered exactly as it was 

\vritten dov,'ll. TIle one user succeeded on the second attempt while the other opted to 
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browse for the file instead. These are the same two users who indicated they had some 

problems with this screen in Figur~ 7.5 (screen 2). 

Screen 3 (Seieclfieid names) and Screen 4 (Select parameters): 

1\'0 problems were encountered by any of the users for either of these screens. 

Screen 5 (Format date field): 

The date the users were given was: 1995-10-22 ()():OO:OO 

They needed to enter the format as: yyyyxmrnxddxxxxxxxxx 

(This was the original interface f(Jr this screen and n(Jt the (Jne used in the final 

product) 

This screen presented the most problems for the users, with seven out of the eleven 

users indicating they had some (Jr lots of problems with this screen. Of those users 

that indicated problems, three commented that the instructions were not very clear. 

Other questioll5 asked by the users were: 

whether the format needed to be entered as capital letters 

whether the time part of the date needed to be entered as well 

Vr"hile entering the format, a count was done for each user as to the number of 

attempts it took to enter the fonnat correctly. Only four users entered it correctly the 

first time round as shown in Figure 7.4 below. 

• , • • • • , , • , 
" , , , 
• , " 

0 

Numb .. 01 ottemplll ot onlo,;n9 dote f",mot 
cor,ectly 

, 

. et~IJji 
, 3 4 

"'-'mbo, of ottompts 

Figure 7.4 Number of attempts by users to enter format correctly 

The format entered by these unsuccessflll users was incorrect for a range of reasons 
including: 

'x' not entered for the space het",een the 'date' and ·time'. 

Incorrect number of 'x's entered for the time . 

. -' entered ill5tead of 'x'. 

General mistyping e.g. entering only three 'y's ill5tead. offour. 
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&reen 6 (Composite image completedj: 

},-o problems were encountered by any of the users for this SCreen. 

funeral corrunents made by the users for improvements to the screens included: 

v,'hen the users have to browse for a shapefile, to display only the shapcfile 

name without any extensions, rather than having the different file extensions 

all displayed. 

Telling the user that there can't be spaces when typing in the land polygon 

shapefile name 

Provide a clearer explanation on how to enter the fonnat of the date . 

After the infonnation is entered On Screen 5, it takes a bit oftime for the composite 

image to be made. Many of tile users were unsure what was happening i.e. whether 

the computer was still prGCessing or whether it had frozen. Some of the corrunents 

made by the users in this regard included 'How do I know if! pressed the '}'-ext' 

button', 'Is the computer thinking?', 'Is the computer busy'!' and 'How long must T 

wait?'. A number of users suggested that the user should be told that the computer is 

busy. Suggestions for this included a progress bar or just a message telling the user 

thal will have to wait a while for the process to compiete. 

7.3.3 Ease of using Tool 

Performing task with tool 

Generally Q'-CTS had very few problems using the tool. The time taken by the users to 

complete the ta8k varied from 5 to 31 minutes, the avenlging being 10 minutes and 18 

seconds. In comparison I completed the task in 2 minutes and 30 seconds. Although 

the users' t imes are far greater than my time, it should he remembered that while the 

users were completing the task they were asking me questions which added some time 

to the totaL The range in times can al.o be explained by the different levels of 

experience using computer> and GIS. 

l hers were asked how easy they found using the tool in generaL Their n:sponses to 

thi8 question arc sho .. n in Figure 7.5. It can be seen that seven users indicated 'Very 

easy', three indicated "Easy' and only a single user indicated '~ot very easy'. The 

user that indicated '}'-ot very easy' was the user that expressed a very low levcl of 

expertise at using a computer. The groups of users indicating "Very easy' and 'Easy' 

consisted of users ",ith a range of GIS experience. This suggests that prior GIS 

experience did not g\lllTantee that users encountered nO problems (problems entering 

the date fonnat probably accounted for this). It al.o indicates that users 'without prior 

GIS experience still fO\ll1d the tool easy to use. 
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How euy WitS the tool to use? 

• , , 
R • , • , • , , - '8 • , -

I~,; 
---- -- -- -- ----- -----

" , , , , 
! i 1; z I2J I 0 

V~ry easy ~>, Not v~ ry DilficlJlt 
eMy 

Figure 7.5 Users' responses to how easy the tool was to use 

Performing the task manually 

Generally the users did not get very far in the manual task, the nwnbcr of tasks 

completed varying from thre~ to s~ven out of eight, the averag~ being 4.7 (i.e. step 

four). The results of this are sho'WTI in Figure 7,6. The two users who used GIS 

regularly complet~d the most steps. Both these US~T5 did however, get stuck on th~ 

last task, which was clipping th~ satellite imag~ with a polygon. This is a fairly 

complicat~d operation and requires a bit of research or reading up to detennine what 

to do. Most of the us~rs ask~d lots of questions about how to do things. I tried not to 

answ~r thdr qw:stions directly but encouraged them to use the Help function. If, after 

some tim~ thO!)' 'W ~re still stuck, I pointed th~m in the right direction. Apart from the 

two regular GIS users, everyon~ found this task fairly to very difficult Even the us~rs 

who had used ArcMap in the past, battkd with some of the steps. 

! , 
1+ --········ 

, , • • , • 
' ''p .. m bo r 

Figure 7.6 :t-:umber of steps completed for all users for the manual task 
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When asked to rate how easy they fuund the task, none ofthc us.:rs found it very easy. 

The w,o regular GIS users indicak d it was fairly easy with a few problems, while the 

remainder of the users thought it was not every easy or difficult. The number of users 

choosing each category is show in Figure 7.4 below. 

How ••• ywos tho manual task? 

"r-----------------, 

Vory o • • y .. , 
Figure 7.4 Users' responses to how easy the manual task was 

Comparison 

A comparison of the users' responses to how easy the manual task and tool were to 

use (Figure 7.8) shows how the users seemed to fmd thc:: tool much easier to us.: . 1bis 

was confmned by the fact that when asked this in question 7, all the users indicated 

that the tool was much e8..'lier. Some of the us.:rs' resporu;es as to reasoru; for saying 

the tool was easier to use included: 

1 only had to click a few buttons and choose a few things in the 1001. In the 
other task nothing was easy to do' 

1t took me ages to figure out how to do the tasks in ArcMap. Even using 

Help was difficult because I didn't understand properly what' "'"liS supposed 

to be doing. The tool was much easier because' didn't have to figlln: out 

anything, 'just had to click buttons and everything was done for me' 

"When I was using the tool, , knew exactly what to do, and. if , made a 

mistake there was a message so , knew wh~t I'd done ,vrong. Thing" in 

ArcMap weren't so obvious. I had to look around a long time before I knew 

what to do' 

'Even though' have used ATCMap before, some of the tasks I had no clue how 

to do. In the tool, I didn't need to find out how to do anything' 
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Ease of us!! for manual task VI tool 

8,------------------, , 
~ 6 , 
~ 
8 , 
z 1 

Very easy Not very 

easy 
mhoul! 

figure 7.8 Comparing I.I>eTS ratings of ca.o;c ofus~ ofmanuallask versus ihe 
100] 

7.3.4 General 

When the users were asked if they would use this tGol in tr..:. future, sev~n us~rs 

indicated 'yes, nu problem" four indicaled 'yes, hut would prder someone tl.l hdp or 

check' and only one said they would ask someone else instead. The us<:r indicating 

they would 3<;k someone else instead was the user who indicated they were not 

confi<knt ll.Iing computer" while the users who indicated they were confident in 

wing the tDDl in the future ",;thl.lul any help, were generally those that had used a GIS 

before. 

The final question asked the users if they thought the tool could be applied in their 

own subject or field. Almost all ihe users said nD. One ll.Icr WhD is studying pelicaru;, 

including their population dynamics and mov~ment" as part ofher PhD said she could 

see how the tool could be usd Ul, but for her research it would not be applicable. Part 

of h~r re5Carch may involve tracking the pelican's movements and although this data 

could be potentially used as the input point data, she did not think that any 

environmental parameters that could be mea~ured by satellite images would affectlhe 

pelican's movement. 

7.4 Conclusions from Initial Evaluation 

Conclusions that can be dravm from the results of this evaluation include: 

1) T;sers found the manual task difficult, confinning the fact that using a 

GIS hy inexperienced or untrained users is not easy. 

2) Lsers found the tool easy to use. and indicated that is was much easier 

than the manual task. 
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In general, the design of ihe interface for the tool was considered adequate, alihough 

ihere were a few screens where prohlems were identified and changes or 

improv=ents were made. These were: 

I) Users were confused when brow"Sing and selecting shapefiles as they 

didn't know which file (extension) to select. The screen was iherefore 

changed and a note included telling the user ihat ihey could select any of 

the files of the correct name, regardless of the extension. 

2) Users had problems when entering the shapefile name in the text box to 

indicatc the land polygon shapefile. This option was suhsequently 

removcd from the interface. 

3) Users did not have a clear understanding of what they had to do whcn 

required to indicatc thc format ofthc date. The instruction~ on this screcn 

were therefore changed so that this was clearer. Two examples werc also 

added to the screen which showcd a date and the format it should be 

entered as. One of these examples is shown in the serecn shot below. 
£; . i' tho ....-...;~ ~. '1",~<U."iI·. J<>J rn.ol ...u< '00. ~ 

In attempt to make the instructions even clearer, the use of an 'X' to 

indicate 'non-date' characters was changed to a '~'. This was used 

because '·'s are often used when typing passwords for example, where 

they indicate the position ofa character which can't be seen 

4) Users were unsure of when the computer was husy processing. A 

message was therefore added asking the user to please wait a few 

moments while the computer is husy 

7.5 Follow-up Evaluation 

Once thcsc changes had becn made, a follow-up was done with three of the users. The 

users chosen were those ihat had the most prohlems during the evaluation. Because 

the follow-up was done a while alter the original evaluation, the users were shown the 

original screeru and reminded ofthc problems they had, and then shown the modified 

screens. They wcre then asked to comment on whether they thought the 

impwvements were adequate. All three users indicated that this was the case, with 

one of ihe user~ commenting that the instTuciions on thc 'Date fonnat' screen Were 

much clearer and a vasi impwvement. 

In addition to following up with these users, six new users were recruited to perform 

the flTst task from the iniiial evaluation using the tool with the changes. Two of these 

users are doing post-graduate degrees in Marine Biology; boih these users indicated 
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they were confident using computers and had used a GIS in the past but had not used 

it recently. Three lI.~ers are professional~ working in non-scientific fields. Two of 

these usen; indicated they were fairly confident and the other one very confident using 

computers. All three had heard of a GIS but hadn't used one. The final user is a bar 

manager. He indicated he wa.~ not very confident using computers and had never 

heard of a GIS. 

t:sers performed the first task and were then asked to indicate the problems they had 

with each of the screens. The results are shovm in Figure 7.9 below. 

• 

, 

Probl_m" with each "crean 

&c_ &c_ , . 
• ,01. """""'""" ' 
i. Sam. problOms 

I ~ I+J w.toIorn> 

Figure 7.9 Problem~ users had with each screen in follow-up 
evaluation 

From the re sult~ sho1Ml above, observations of the users and comments they made 

while perfonning the task and comments users made in the questionnaire after 

completing the task, the following points should be noted: 

Only a single user indicated they had some problems with first screen. This 

user does not use computers regularly and battled slightly browsing for the 

correct file as he was looking for the file without an extension. 

In Screen 2, unlike in the initial evaluation, the option of indicating the 

shapefile by typing the name in a text box had been removed and all users had 

to use browse for the fil e. No users had any problems \\1th this; the users who 

batUed with Screen J now knew exactly what he was doing. 

As in the initial evaluation, no users had any problems \\ith Screens 3 or 4. 

Users generally took a bit of time reading the instruction~ on screen 5. A 

single user started asking me a question shout what to do, however I asked 

them to read the instructions carefully and attempt to proceed without my 

help. All but one user managed to enter the fonnat correctly the first time 

round. The user who entered the fOlTIlat incorrectly, had entered one to few 
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, creates a butfer around a set of points 
Public Function CreateBuffer(sInputFileName As String) As IGeometry 

Dim pWorkspace As IWor~pace 
Dim pFact As IWorkspaceFactory 
Dim pWorkspace As IFeatureWorkspace 

Set pFact a New ShapefileWorkspaceFactory 

, set up workspace 

Set pWorkspace .. pFact.OpenFromFile("c:\temp", 0) 
Set pWorkspace = pWorkspace 

Dim pFeatureclass As IFeatureClass 
Dim pFeatureCursor As IFeatureCursor 
Dim pFeature As IFeature 

Set pFeatureclass = pWorkspace.OpenFeatureClass(sInputFileName) 
Set pFeatureCursor = pFeatureclass.Search(Nothing, False) 
Set pFeature • pFeatureCursor.NextFeature 

, Set up multipoint for constructing butfer 
Dim pHultiPoint As IHultipoint 
Dim pPointCollection As IPointCollection 
Dim pPoint As IPoint 
Dim pGeometry As IGeometry 

Set pHultiPoint - New Hultipoint 
Set pPointCollection - pHultiPoint 

I Loop through each pOint, project it and add it to the pointcollection 
Do While Not pFeature Is Nothing 

Set pGeometry OR pFeature.Shape 
Set pPoint = pGeometry 
pPointCollection.AddPoint pPoint 
Set pFeature .. pFeatureCursor.NextFeature 

Loop 

, Set up for getting the buffer of the points 
Dim pTopo As ITopologicalOperator 
Dim pBufferGeo As lGeometry 

Set pTopo = pHultiPoint 
Set pBufferGeo = pTopo.Buffer(0.7) 'with the required buffer distance 

CreateButfer pBufferGeo 'return the buffer geometry 

, Hemory cleanup 
Set pFeatureCursor = Nothing 
Set pFeature = Nothing 
Set pHultiPoint - Nothing 
Set pPointCollection = 
Set pGeometry • Nothing 
Set pPoint OR Nothing 

End Function 
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I 
PUblic SUb JoinT .. oI:io:lagee (eI:io:lageN'I!IDleA J.e String, eI:io:lageN'!lIXlleB Ae String) 

, set up raster workspace 
Dtm pRasterWorkspaceFactory As IWorkspaceFactory 
Dtm pRasterWorkspace As IRasterWorkspace 
Set pRasterWorkspaceFactcry - New RasterWorkspaceFactory 
Set pRasterWorkspace • pRasterWorkspaceFactory.OpenFramF11e(~c:\temp\tmageeW, 0) 

, open t.he rasters 
Dtm pRDSl As IRasterDataset. 
Dtm pRDS2 As IRasterDataeet 
Set pRDSl - pRasterWorkspace.OpenRast.erDataset(sImaqeN'!lIXlleA) 
Set pRDS2 - pRasterVorkspace.OpenRaeterDataset(sImageN'!lIXlleB) 

, set up sate Array for first raster 
Dtm pRBandCol As IRasterBandCollection 

Dtm pRasterl As lRaster 
Dtm pRPropsl As IRaet.erProps 
Dtm pS1zel J.e IPnt 
Dtm pBlockl As IPixelBlock 
Dtm pRPnt.l .15 IPnt. 
Dtm pSAl As Variant. 

Set pRBandCol - pRDSl 
Set pRast.erl - pRDS1.Creat.eDefault.Raet.er 
Set. pRPropsl - pRaeterl 
Set pSizel - New DblPnt 
pSlzel.SetCoorde pRPropsl.Wldt.h, pRPropsl.Helght. 
Set pBlockl - pRaeterl.CreatePlxelBlock(pSizel) 
Set. pRPntl • New DblPnt. 
pRPnt.l.Set.Coorde 0, 0 
pRasterl.Read pRPntl, pBlockl 
pSAl - pBlockl.SafeJ.rray(O) 
, set up se.teArray for second raster 
Dim pRaster2 As lRaster 
Dim pRProps2 As IRasterProps 
Dim pSize2 As IPnt 
Dim pBlock2 As IPixelBlock 
Dim pRPnt2 As IPnt 
Dim pSAZ As Variant 

Set pRaeter2 = pRDS2.CreateDefault.Raster 
Set pRPrope2 - pRaster2 
Set pSizeZ - New DblPnt 
pSlze2.SetCoords pRProps2.Width, pRPropsZ.Heiqht 
Set pBlock2 - pRaeter2.Creat.ePixelBlock(pS1ze2) 
Set pRPnt2 - New DblPnt 
pRPnt2.SetCoords 0, 0 
pRaster2.Read pRPnt2, pBlock2 
pSA2 - pBlock2.SateArray(01 

'get parameters from one of the input images to create new raster 
Dim pPointOrig As esrlCore.IPoint 
Set pPolntOriq - New eeriCore.Point 
pPointOriq.PutCoords pRProp~l.Extent.xHin, pRProp~l.Extent.yHin 
Set pPointOrig.SpatialReterence - pRPropsl.SpatialReference 

Dim lCol As Long 
Dim lRe .. As Lonq 
Dim c8ize As Double 
Dim lNumBand.8 As Long 
Dim pOUtSR As ISpatialReterence 

Set pOUtSR • pRPropsl.SpatialReterence 
lCol - pRPropsl.Width 
lRow - pRPropsl.Heiqht 
c8ize - pRPropsl.BeanCellSize.x 
lNumBands - 1 

1 

, Get the spatial reference of the input 
I number columns 
, number row:s 
I cell size 
, number of bands 
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, create new raster ~ata set 
Dim pRDSNew As lRasterDataset 
Dim pRasterNew As IRaster 
Dim pRPropsNew As IRasterProps 
Dim pBlockNew As IPixelBlock 
Dim pSANe1ll' As Variant 
Dim sNeVName As String 'name for the new image 
sNeVName • '~ewlmage" 

Set pRasterWorkspace • pOUtRasterWorkspace 
Set pRDSNew • pRe.!lter1iorkspace.CreateRasterDataset(sNeVName, "GRID", 

pPointOriq, lCol, lRO., csize, 

, set up sate Array for new raster 
Dim pBandNew As IRasterBan~ 

Dim pBandCo!New As IRasterBandCollection 
Dim pRawPixelNew As IRawPixels 
Dim pSizeNew As IPnt 

Set PRasterNew - pRDSNew.CreateDe~aultRaster 

Set pRPropsNew - pRasterNew 
Set pBandCoLNew = pRasterNew 
Set pBandNew - pBandColNew.Item(O) 
Set pRawPixeLNew - pBandNe1ll' 
Set pSizeNe1ll' - New DblPnt 

True) 

pSizeNew.SetCoords pRPropsNew.W1~th, pRPropsNew.Heiqht 
Set pBlockNew - pRawPixeLNew. CreatePixelBlock (pSizeNew) 
pSANew - pBlockNew.Sa~eArray(O) 

'next section calculates the new pixel values to put in newArray 
Dim noDataValue As Variant ' get the 'no data' value 
noDataValue - pRPropsZ.noDataValue(O) 

Dim vP1xelValuel As Variant 
Dim vPixelValue2 As Variant 
Dim vP1xelValueNew As Variant 
Dim i As Long 

, to hold the value ot the pixel trom lmageA 
, to hold the value ot the pixel trom lmaqeB 
, to hold the newly calculated pixel value 

Dim j As Long 

'loop through each pixel in the two arrays to get their values 
Tor i-a To pSizel.x - 1 

For j - a To pS1zel.y - 1 
vP1xelValuel - pSA1(i, j) 
vP1xelValue2 - pSA2(i, j) 
vP1xelValueNew - 0 

, calculate new pixel value trom the two values 
If Not vPixelValuel - noDataValue And Not vPixelValue2 - noDataValue Then 

vPixelValueNew - (vPixelValuel + vPixelValue2) I 2 '1t both are data pixele 
Elee ' it only one has a data pixele, use thet value 

It vPixelValuel - noDataValue And Not vPlxelValue2 - noDataValue Then 
vPixelValueNew • vPixelValue2 

It vPixelValue2 - noDataValue And Not vPixelValuel - nODataValue Then 
vP1xelValueNew - vPixelValuel 

Else 'it both are no data, then set to no da~a 
vPixelValueNew - p5A2(i, j) 

End It 
End If 

End If 

pSANew(1, j) - vP1xelValueNew 
Next j 

Next i 

, Create a DblPnt to hol~ the ~op le~t corner 
Dim pPntl As IPnt 
Set pPntl - Ne. DblPnt 
pPntl.SetCoordl!l 0, 0 

, Write the PixelBlock to ras~er ban~ 
pRawPixeLNew.Wr1te ppntl, pBlockNew 

End Sul:! 
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Task 1. 
You are going to try and create a composite I.lsing the tool. Tbe data you need is listed 

below. To start the tool. dick this button A which appears on one of the tool bars 
in the ArcMap interface as sbo"'"Il in the diagram below. 

Cse the infonnatioo given to YOI.l below to create the image. You will be faced with a 
series of screens. Enter the required information and click the 'l\ext" button to take 
you to the nexl screen. 

Input: 
Input shapefile is called B030 in is stored in c:\tcmp, you will use all the data 
in this shapef1le 
Choose any folder for the output, c:\temp is fine 
Land polygon is called southafrica and stored in c:\temp 
The date field is call ed 'Date_" 
You want to create a image for temperature at a daily resolution 

Questions for task 1: 
4. Did you have problems "With any of the screens? Please mte each screen and 
comment on specific problems in the space aftel"\'>"ards 

Screen 1: Input/Output files 

A ).10 problems at all 
B. Some things I had a problem with 
C. I did not know what I was doi ng 

Screen 2: Check for land polygon 

A. ).10 problems at ail 
B. Some things I had a problem with 
C.I did not know whal J was doing 

Screen 3: Sc\~d field names 

A. 1\0 problems at all 
B. Some rhings I had a problem with 
C.I did not know what I \YaS doing 

Screen 4: Select parameters 

A. No problems at all 
13. Some things I had a problem with 
C.I did not know what I was doing 
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Screen 5: Format date field 

A. )/0 problems ul all 
B. Some things I hud a problem with 
CJ did not know whut I was doing 

Screen 6: Composit~ image completed 

A. )/0 problems at all 
B. Some things I had a problem with 
C.l did not know what I was doing 

Comments about any oIthe SGreens above: 

5. In generul how easy did you find aeating the composite image Ulling the tool? 

A. Very easy, no problems as all 
B. Easy but a few things I was llilsure about 
C. };ot very easy, loiS of things I was Ull.'lure about 
D. I didn·t really know what I was doing 

Task 2. 
You life now going to perform:ll few simple tasks in ArcMap. You h:llve 15 
rnimlles, try :lind do :liS much as you can 

<Give the user 15 minules and see how far they get> 
< noie whut step they get to> 

The steps you must follow are listed below: (use defuult names when saving the files) 

1) Add the B030 and soutbafrica layers to ArcMup (lOGUted in c:\temp) 
2) Create a buffer area arollild the points in B030, specify the distance at 40km 
3) Add the B030_tbiessen layer to ArclYfup (locmed in c:\temp) 
4) Do a spatial join ocl\veen the te,selhttion(H030_thiessen) layer and H030 

layer 
5) Dissohe the polygons in the tessellation layer by date 
6) Select first polygon in the dissolved layer and create a new layer from this 

polygon 
7) Add the satellite image named ~st19961022 to ArcMap (located in c:\tcmp) 
8) Clip this image with the single polygon in the layer you created in step 6. 
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Que:o;tions for task 2: 

6. How eas} did you find completing the above tasks manually using ArcMap? 

A. Very easy, no problems as all 
B. Eas} but a few things r was unsure about 
C. :.lot very easy, lots of things I was unsure about 
D. 1 didn't really know what l,vas doing 

7. How easy to use 1,\'aS the tool compared to using the tasks you perfonned in 
ArcMap interface? 

A The tool was much easier 
B. The tool w-as slightly easier 
C. About the same 
D. Using ArcMap was easier 

Explain: 

General questiom: 

8. Any other comments about the tool in general or suggestions for improvements? 

9. Would you use this tool in the future if you were asked to produce such an image? 

A. Yes, no problem 
B. Yes, but would pref~r someone to help or check me 
C. No, would ask ~meone else instead 

10. Are you aware orany way in which the tool could be appli~d in your 01,\11 SlIbj~ct 

or fi eld? 

A. Yes 
B.Ko 

If Yes. explain 

Thank-y()u for taking y()ur time to help evaluate this tool 
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Appendix D: Screen Shots used in Initial User 
Evaluation 
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Screen 6: Composite imagc completed 
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