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Abstract  
Since the 70s astronomy has been at the forefront of data gathering, archiving and sharing 

information electronically. In modern observational astronomy data is collected at large rates and 

sky surveys are commonly storing petabytes of data. 

When a user wishes to query these large sky surveys they first want to know whether the sky survey 

has any information that they want. Secondly, they want to know specific information about the 

data in the sky survey.   

This dissertation is based on answering the two problems of efficient and accurate searching. There 

are two core parts of the project. The XML approach discovers a method to make the spatial 

coverage of a sky survey available through the Virtual Observatory Registry and analyses whether 

this approach is feasible with millions of images. The SQL approach is again split into two parts. The 

first part is focused on the accuracy of the queries proposed and the speed they run at. The second 

half of the SQL approach involves implementing Hierarchical Triangular Mesh on the database and 

attempts to improve the efficiency of searching overall.  
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1. Introduction  
In astronomy there is a wealth of information gathered that far surpasses the data on the known 

web. The data gathered consists of two main components, the location and the electromagnetic 

spectrum band. Locations are recorded in RA (right ascension) and Dec (declination) which is the 

ŜǉǳƛǾŀƭŜƴǘ ƻŦ ƭƻƴƎƛǘǳŘŜ ŀƴŘ ƭŀǘƛǘǳŘŜ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ These two components 

combined produce a complex scientific problem for reduction and extraction of data.  

Astronomers mostly form queries on astronomical databases that contain a spatial constraint. The 

subset of data that contains the spatial coverage or spatial relevance is referred to as footprints. 

Most queries ǘŀƪŜ ǘƘŜ ŦƻǊƳ ƻŦ άǿƘŀǘ ƛǎ ǘƘŜ ōǊƛƎƘǘƴŜǎǎ ƻŦ ŀƭƭ ǎƻǳǊŎŜ ƭȅƛƴƎ ƛƴ Ȅ ŀƴŘ ȅ?έ ǿƘŜǊŜ Ȅ ŀƴŘ ȅ 

are RA and DEC values. If the query returns an empty data set it could mean one of two things:  

i. The database queried does not cover that region of the sky.  

ii. The database does cover that region of the sky but there is no source at that location. 

To the astronomer the two cases are fundamentally different. Case (ii) could contain useful 

astrophysical information. For example, in the database in that region there is an X-ray source and 

the query asked for a radio source, a null result set could indicate that the source emits a weak radio 

source ς giving the astronomer useful information. In case (i), no assumptions can be made about 

the properties of the source because the region of the sky is not covered in the database. From the 

ŀǎǘǊƻƴƻƳŜǊΩǎ ŜƳǇǘȅ ǉǳŜǊȅ ǊŜǎǳƭǘ ǎŜǘΣ ƛǘ ƛǎ ƴƻǘ ŎƭŜŀǊ ǿƘƛŎƘ ƻŦ ǘƘŜ ǘǿƻ ŎŀǎŜǎ ŀǇǇƭȅΣ ǿŀǎǘƛƴƎ ǘƛƳŜ ŀƴŘ 

computational power.  

The aim of this project is to build a single system within the context of the Virtual Observatory (VO) 

that answers two questions:  

1. Is it worth executing a query on the database for data within radius of x, y (RA, DEC)? 

2. Is there data covering this position?  

Problem 1 is an efficiency problem and approximate answers are acceptable. Problem 2 is a scientific 

problem and therefore only exact answers are acceptable, which are computationally expensive and 

complex. To add to the problems, astronomers cannot be assumed to be computer scientists so the 

workings of the solution must be invisible to the user.  

I begin this dissertation by covering the background knowledge required to understand the methods 

deployed in the implementation and why they were used. The work plan is the design section and 

covers the technical aspects of the proposed methods. The work plan finishes with the planned 

schedule. The implementation begins with the XML approach and finishes with the testing. The SQL 

implementation begins by first producing the accuracy algorithms, then implementing the HTM 

schema, with testing after each phase. CƻǊ ŜŀŎƘ ǎŜŎǘƛƻƴ LΩǾŜ ƛƴŎƭǳŘŜŘ ŀ ǎǳƳƳŀǊȅ ŀƴŘ ŀ ŎƻƴŎƭǳǎƛƻƴ 

with future work where relevant. The final section covers the self evaluation of my own 

performance. 
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2. Background  
In modern day astronomy, the recording of astronomy data is carried out by using large powerful 

telescopes from high vantage points that generate large amounts of data. The amounts of data 

generated by some sky survey organisations reach into the petabytes. To place this into perspective, 

the web is thought to only hold approximately 200 terabytes of data. These large amounts of data 

figures represent how important the efficiency of searching is in these sky surveys.  

Observational astronomy is not only divided by regions of the sky but also by the observed region of 

the electromagnetic spectrum. Data is collected in the different bands of the electromagnetic 

spectrum and there are observatories built specifically for each spectrum. The Very Large Array in 

New Mexico (figure 1) records radio data and the Hubble Space Telescope, a space based 

observatory (figure 1), ǊŜŎƻǊŘǎ ǘƘŜ ōŀƴŘǎ ǘƘŀǘ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ƛǎ ƻǇŀǉǳŜ ǘƻ όsuch as UV, X-

rays and gamma rays). Some sky surveys cover just one band of the electromagnetic spectrum, such 

ŀǎ ¦YL5{{Σ ǿƘƛŎƘ ƛǎ άǘƘŜ ƴŜȄt generation near-ƛƴŦǊŀǊŜŘ ǎƪȅ ǎǳǊǾŜȅέ ώ2]. In this sort of sky survey it is 

very simple to search in terms of spectrums because there is only one but the Virtual Observatory 

consists of all the spectrums and some mapped in the same location. Therefore, an accurate method 

of detecting data covering a position is astrophysically interesting. 

 

 

Figure 1: Very Large Array and the Hubble Space Telescope 
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2.1. WFCAM Science Archive 
The WFCAM (Wide Field Camera) Science Archive (WSA) primary content originates from the United 

Kingdom Infra-Red Telescope (UKIRT) Infrared Deep Sky Surveys (UKIDSS): Large Area Survey, 

Galactic Plane Survey, Galactic Clusters Survey, Deep Extragalactic Survey and the Ultra Deep Survey.  

Mapping the sky on large scales takes several years to accomplish, for example the Large Area 

Survey (LAS) has a 7 year plan until completion. The WSA consists of a series of database releases 

that are built up over several years and grow with each release. Figure 3 shows the LAS coverage in 

2008, the red areas are the covered areas and the grey zones are the areas to be scanned. It is clear 

from figure 3 and 4 that there are several holes both small and large that affects the coverage of 

data. The gaps in information can cause several problems, the main one being that a user does not 

know if there is nothing at a certain point or if the area has not been covered yet by the survey. The 

filters such as Y, H, K and J_1 are astronomical bands that feature different wave lengths, each of 

these bands are covered in the LAS.  

A typical image will contain four images taken from the WFCAM detectors. ¢Ƙƛǎ ΨƛƳŀƎŜΩ ƛƴ ǘƘŜ ²{! ƛǎ 

known as a multiframe and is stored on disk as a multi-extension FITS (MEF) file. Each FITS file 

contains description of astronomical coordinates systems in its image header, otherwise known as 

the World Coordinate System (WCS). Each multiframe has a unique id number known as a 

multiframeid and each detector in a multiframe has an extension known as an extnum (numbered 2-

5). The extension number and multiframeid combined create a unique identifier for each science 

detector frame. 

 

Figure 2: Schematic diagram of a multiframe (Source: http://surveys.roe.ac.uk/wsa/dboverview.html) 

The Multiframe table contains data that is applicable to the multiframe as a whole. The 

MultiframeDetector table contains information about each individual frame. CurrentAstrometry 

contains detailed information of the current astrometric calibration coefficients (WCS) such as the 

distortion of the lens and the current centre point of the Multiframe. For each detector in a 

multiframe there is a corresponding row in the MultiframeDetector and CurrentAstrometry tables. 
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Figure 3: DR4plus - Data Released 4, July 1st 2008 (Source: [13]) 

 

Figure 4: DR5plus - Data Released 5, April 6th 2009 (Source: [13]) 
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2.2. Virtual  Observatory  
The concept of the VO is that the astronomical data retrieved across the world should be accessible 

in a transparent manner similar to the World Wide Web, which makes documents feel like they are 

linked in a single system ς ǘƘŜ ǳǎŜǊΩǎ ƳŀŎƘƛƴŜΦ As there are more astronomical datasets coming 

online every year there is a requirement to standardise the way they are stored and used so they 

become useful to all users. The standardisation will assist new software applications to understand 

the data it comes across and allow for faster development. 

As mentioned previously, some sky surveys are gathering terabytes of data and this creates two 

bottlenecks, searching through 1TB of data can take up to a day and transferring 1TB of data can 

take up to a week. The VO uses data services, provided by expert centres and the users themselves, 

to find the services they require ς therefore they only have to download the results and not all of 

the data. 

The importance of standardisation is vital to the success of the VO. Standard internet technologies 

such as TCP/IP, Java, XML, SOAP and REST makes the integration the VO requires from different 

organisations feasible [4]. However, the content of the databases must also conform to a standard 

for rapid software development. These standards are quite specific and are not just about data 

formats but also the meanings of columns ƛƴ ŀ ǘŀōƭŜ ƛΦŜΦ ǿƘŀǘ ŘƻŜǎ ά±a!Dέ ƳŜŀƴΚ In 2000, several 

projects began to work on these standards and formed into a body called the International Virtual 

Observatory Alliance (IVOA) [1]. 

The VO uses the idea of a resource as almost any sort of application, repository of information, a 

query-able database, or something you invoke with specified parameters etc. These resources are 

άŀŘǾŜǊǘƛǎŜŘέ using set protocols that are set by the IVOA. The VO Registry takes the form of a 

άȅŜƭƭƻǿ ǇŀƎŜǎέ ŘƛǊŜŎǘƻǊȅ ǘƘŀǘ ǇŜƻǇƭe or other software use to find resources and to understand their 

purposes. There are several VO registries across the world and they share data with each other to 

stay up to date, in a process known as harvesting [4]. 

Tabular data in the VO uses an XML format and are called VOTables; structures of VOTables are 

defined by the IVOA in [14]. VOTables were designed with particular emphasis on astronomical 

tables. Figure 5 expresses a typical data model of a VOTable, where it is clear how the VOTable 

models a typical table in a database. 

 

Figure 5: Typical data model of VOTable. (Source: [14]) 
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2.3 Spatial Indexing Scheme 
Spatial indexing schemes are used in celestial catalogues because of the search efficiency they offer. 

One does not want to query such large datasets for specific RA and DEC values, so these schemes 

were introduced to provide fast estimates for data mining. To obtain the required data to solve the 

problems defined above, a scheme for pixelisation on the celestial sphere is needed. The scheme 

must be hierarchical for efficiency, where hierarchical means the model is organised in a tree-like 

structure. Due to the large amounts of data involved there have been two popular approaches in 

astronomy; Hierarchical Triangular Mesh (HTM) and Hierarchical Equal Area isoLatitude Pixelisation 

(Healpix).  

2.3.1 Hierarchical Triangular Mesh 
The HTM algorithm concept is described in Kunszt et al [5]. The scheme begins by projecting 

octahedrons onto a sphere, starting with 8 triangular oōƧŜŎǘǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǘǊƛȄŜƭǎέ ǿƘŜǊŜ ŀƭƭ ǘƘŜ 

points of the sphere are mapped. Each trixel is then subdivided into four smaller ones by using the 

midpoints of the sides as extra vertices. The procedure is repeated until we reach the desired 

number of accuracy. Figure 2 shows how the sphere looks after each recursive step starting from 

level one with 8 trixels to level 5 which has 8192 trixels. Figure 3 shows the naming convention of a 

HTM, each triangle inherits its parents name and appends the number of the triangle to its name in a 

counter clockwise manner.  

HTM software is well developed and documented by the SDSS/SkyServer team [9] and integrates 

well with SQL Server by allowing calls to their functions (in C#) via SQL commands. Although there 

are some drawbacks to HTM, the technique used to subdivide the sphere is recursive and with each 

level of recursion the triangles are only roughly the same, therefore losing accuracy in the data. Due 

ǘƻ I¢aΩǎ ǊŜŎǳǊǎƛǾŜ ƴŀǘǳǊŜ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘo overshoot the recursive level. This can be very 

computationally expensive and it would be difficult to step back a level.  
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Figure 6: The HTM recursively decomposes a sphere. (Source: [8]) 

 

 

Figure 7: The naming convention of a HTM (Source: [8]) 

 

 

 

Figure 8: Orthographic view of the Healpix partition of the sphere. (Source: [7]) 
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2.3.2 Hierarchical Equal Area isoLatitude Pixelisation 
Healpix starts by subdividing the sphere into 12 equal regions, with centres on isoLatitude rings 

(hence the name). Figure 4 shows how the grid is hierarchically subdivided into equal area pixels, 

moving clockwise starting from top left; the resolution parameter is denoted as: NSide = 1, 2, 4, 8 and 

to calculate the corresponding number of pixels: Npix = 12 x Nside
2 = 12, 48, 192, 768. Each pixel 

centres lies on lines of constant latitude. In each panel the areas of all pixels are identical.  

There are two variations of pixel indexing discussed in [7]. The first is the ring scheme, which 

numbers the pixels by starting from the North Pole and moving down to the South Pole along each 

isoLatitude ring. The second scheme is the nested scheme, where pixel indexing is carried out in a 

nested tree fashion. 

The obvious advantage of Healpix is the accuracy it offers, the operations are exact. There is also no 

recursion so it can be fully implemented in SQL ς and therefore portable to multiple RDBMS. There 

are drawbacks such as the algorithms which are quite complex and vary depending on the position 

of the trixel on the sphere, see figure 6. 

 

Figure 9: Equations to calculate a pixel centre on the northern hemisphere. (Source: [7]) 
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2.4. Summary 
In astronomy there are large amounts of data that needs to be shared in some standardised way, 

the IVOA allows this and the VO is working towards integrating various data to allow astronomers to 

access the sky surveys in a transparent way. 

For this project to be successful the development must follow the IVOA standards and protocols to 

allow the system to fully function with the current and future versions of the VO.  It would be wise to 

use the data from the LAS as this is the largest survey in the WSA and also it is real data, allowing for 

realistic tests. 

There are two popular spatial indexing schemes in data mining techniques on celestial spheres. 

There are advantages and disadvantages of using each method but there is a lot more support and 

software available for HTM compared to Healpix. Therefore I have decided to just use HTM for the 

remainder of the project paired with SQL Server due to the integration of the two. 
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3. Work plan  
There are two appealing solutions to address these two problems:  

i. To include footprint information in the XML documents which hold the metadata about the 

database in the VO Registry. In essence, this is an extension to the VOResource schema. 

ii. To add a set of new tables to each database, which holds the coverage information and 

define a standard query to obtain the information from these new tables. 

The goal of this project is to attempt to develop two (separate) single systems that cover these 

solutions and to compare the efficiency and accuracy of each system. 

Both solutions require the use of the Region specification of the IVOA Space-Time Coordinate 

Metadata for the Virtual Observatory [3]. The STC provides the standard definitions for region types 

(AllSky, Circle, Ellipse, Polygon, etc) and operations (Intersection, Unison, Negation, Difference), 

providing all the necessary functions required for describing the sky and its regions.  

In terms of an individual image requested, it is easy to find the bounding box (min RA, max RA, min 

DEC, max DEC), but it is difficult to obtain the exact answer because of the way footprints are 

detected via WFCAM i.e. they can be orientated at any angle and they are distorted. Fortunately, 

these distortions are in the CurrentAstrometry table as defined previously, in the WSA section. 

Therefore, I will need a function to collect accurate answers that compare the point of interest to 

the astrometric values (i.e. WCS) featured in CurrentAstrometry [13].  

The interface to the data should be transparent to the user for simplicity. The standard approach to 

accessing a VO service is to provide an interface through a web browser or through the VODesktop 

application provided by AstroGrid [4]. The web browser approach is limited to initial design and 

therefore is not extendable. The VODesktop software runs AstroGrid Runtime [4], which is 

middleware that allows calls to VO services (such as this VOResource) from any programming 

language, thus allowing users to build their own unique scripts to query the database and 

manipulate data. This is very useful in the XML approach, where specific scripts are required to 

extract data, as opposed to using a standard approach such as SQL.  

The data itself comes from the WSA [13], which offers a freeform SQL access page where a user can 

submit queries to the WSA tables. Mike Read provided the query in figure 7 that extracts the 

coverage of the LAS in the Y-band. The lasMergeLog table is used to constrain the query to just 

science frames and the other tables were described previously. When executed against the latest 

UKIDSS release (UKIDSSDR5), the query returns approximately 31, 000 detectors. Each detector has 

a unique ID formed from the multiframeid and extnum paired with its minimum RA/Dec values. 

Since it is common for different bands to overlap in RA/Dec values, there is only a need to test in one 

astronomical band because the project is based on the coverage of large amounts of the sky and the 

overlapping RA/Dec values do not provide extra coverage as such. 
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Figure 10: UKIDSS query to pull out the coverage of the LAS in the Y-band; the commented sections are swappable with 
the Y values to extract different bands. 

3.1. XML Approach 
¢ƘŜ ƛŘŜŀ ƛƴ ǘƘŜ ŦƛǊǎǘ ǎƻƭǳǘƛƻƴ ƛǎ ǘƻ ŜȄǘǊŀŎǘ ŀƭƭ ǘƘŜ ŎǳǊǊŜƴǘ ¦YL5{{ ƛƳŀƎŜǎΩ ƳŜǘŀŘŀǘa and transform it 

into an XML document that complies too the IVOA XML schemas located at [1]. My assumptions are 

that converting the images into XML entries will suffer from the limitations of the IVOA schemas as 

they were not designed to describe sky coverage exclusively and data will be lost in the process of 

converting the images into XML valid documents. The process of producing XML documents that 

cover several thousands of images is likely to be a lengthy process. Querying an XML document is 

also inefficient as items further down the XML document are likely to take longer to extract. 

The XML document is referred to as a VOResource object [1] and consequently is uploaded to an 

AstroGrid Registry, creating an accessible VO Service. The user is then able to discover and query the 

registry by using a Python script running on AstroGrid Runtime. 

LŦ ǘƘŜ Řŀǘŀ ŎŀƴΩǘ ōŜ ǉǳŜǊƛŜŘ ƛƴ ŀ ǎŜƴǎƛōƭŜ ǿŀȅ ǘƘŜƴ ƛǘ ǎƘƻǿǎ ǘƘŀǘ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ƴƻǘ ŀŘŜǉǳŀǘŜ ǘƻ 

ǎƻƭǾŜ ǘƘŜ ǇǊƻōƭŜƳΦ LŦ ƛǘ Ŏŀƴ ƎƛǾŜ ŀ ǊŜŀǎƻƴŀōƭŜ ǊŜǎǳƭǘ ǎŜǘ ǘƘŜƴ ƛǘΩǎ ǿƻǊǘƘǿƘƛƭŜ ǘƻ ǘŜǎǘ ǘƘŜ ǎŎŀƭŀōƛƭƛǘȅ ŀƴŘ 

monitor how performance degrades with additional data. This approach is similar to building an XML 

database, which is not well known for their ability to handle large amounts of data. They are used 

mainly because they are quick to create and very mobile. If the approach does manage to handle 

large amounts of metadata then a large registry could be developed quickly and easily.   

3.2. Database approach 
A typical relational database management system (RDBMS) does not suffer as such with scalability 

but this approach is a lot more complex. The database must be query-able in terms of the STC 

regions defined in [3]. It must be able to provide the approximate (fast) and exact (accurate) results 

to queries. Although RDBMS are designed to manage large quantities of data efficiently, even a table 

with millions of entries can result in slow queries. 

Most VOResource applications are developed in Java due to its independent platform capability. 

Java Database Connectivity (JDBC) [15] is an API for Java that allows a client to connect to a database 

and subsequently perform SQL queries against the database through Java. Most RDBMS provide a 

JDBC jar that allows a user to connect to their database via Java. As stated previously, the LAS survey 
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is incomplete and therefore testing against the current LAS survey is not a real model of scalability as 

it is bound to grow as more images are taken. Since Java is άloopέ friendly, it is possible to create a 

large model of a sky survey that has similar attributes to the LAS (with randomised RA and Dec 

values) for testing purposes.  

To obtain the accurate estimate in the database approach should be much easier than in XML as the 

whole of the CurrentAstrometry table is available so the values to calculate the distortions (from the 

WCS) are accessible and can be done within the database. The question is, is it possible to execute 

the accurate query within a reasonable time? 

3.2.1. Using HTM 
The database approach does not suffer from the XML Schema restraints and therefore allows a lot of 

flexibility into how much and what should be stored. This makes it a lot easier to create a dataset 

that will allow a user to find the accurate answers to a query as well as finding an estimate in the 

same database. 

When using HTM, the exact points of the detectors are lost and the accuracy of the data is 

dependent on the trixel level. The higher the number of trixels (i.e. the resolution) on the sphere 

ƻōǾƛƻǳǎƭȅ ǊŜǎǳƭǘǎ ƛƴ ƭŜǎǎ Řŀǘŀ άƭƻǎǎέ ōǳǘ ǘƘŜǊŜ are more entries and therefore affecting the speed of 

queries. For the estimation technique, all the user is interested in is whether there exists a source in 

the location of the query.  

Figure 11 shows the set up of the tables for the estimation part of the database approach. Each bar 

represents an image and each image has a central RA/Dec value that is used to calculate the HtmID. 

The HtmID can be converted into a string representation that conforms to the HTM naming schema 

presented in Figure 7. From the HTM naming convention it is explicit that the children inherit the 

parents name and has its location in the trixel appended on the end.  By comparing the names of the 

previous image it is possible to determine if there exists all four (0, 1, 2, 3) trixels that belong to one 

parent. If this holds true the parent is stored into the next table, in this case Level N-1, thus saving 

storage data without losing accuracy. 

 

 

Figure 11: N Trixel level, the red values in level N are the children of the red row in Level N -1, since there is no more 
data left in Level N-1, Level N-2 will be empty. 
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For example, in Level N the data values are shown below, where A, B, C and D are different arbitrary 

values. 

HtmID minRA maxRA minDec maxDec 

1000 A B C D  

1001 A B C D  

1002 A B C D  

1003 A B C D  

2101 A B C D  

2102 A B C D  
Table 1: Example level N table 

The values in the HtmID column in string representation are as shown below: 

String representation 

N3220 

N3221 

N3222 

N3223 

S00311 

S00311 
Table 2: Table 1's HtmID column converted to string form 

The N and S characters simply represent whether the trixel is in the northern or southern 

hemisphere of the sphere. From the first four rows the string is exact apart from the last character, 

since the four children exist (the 0, 1, 2, 3 end values) in this table, then we can enter N322 into the 

ǇŀǊŜƴǘ ǘŀōƭŜ ά[ŜǾŜƭ b-мέΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ǾŀƭǳŜǎ ŀǊŜ ŀǇǇŜƴŘŜŘ ǘƻ ǘƘŜ ά[ŜǾŜƭ b-1Ωέ όprime) table so 

data is not lost. 

3.3. Summary 
The general theory is that the XML approach will suffer from scalability issues and the time taken to 

query the full XML document will grow very quickly and therefore will not be a feasible solution.  

The database approach allows for a lot of additional data that is required to obtain the accurate 

estimates of whether a point actually lies within the image. The HTM approach will offer a fast 

method of querying for estimates in the database that will not suffer from more data but in fact 

could well benefit from additional data by merging more trixels into their parents. 
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4. Risk Management   
Like any project there are several risk factors involved during the development stages. There are 

several models used in software engineering that represent the flow of the lifecycle of a project, 

most are loosely based on the waterfall model where one simply steps through the phases one by 

one. However, I prefer to follow the Extreme Programming (XP) paradigm.  

4.1. Extreme Programming  
XP is a form of agile software development; these methodologies promote an iterative approach to 

problems as denoted in figure 12. XP was developed in a business environment so some of the 

ŦŀŎǘƻǊǎ ǿƻƴΩǘ ŀŦŦŜŎǘ single developers such as ownership, releasing projects on a regular basis for 

customer (the customer can be any user of the system) feedback and team feedback but a lot of 

them do apply such as: 

¶ Testing is vital for the success of the code and for sanity reasons to. Each function should be 

tested against uncertainty by using unit tests. The programmer must write tests that they 

think will break the code and run these tests against the function. There are also acceptance 

tests based on the requirements given by the customer during the release planning phase. 

¶ Listening to the customer helps the programmer understand the project. This might sound 

silly but tƘŜ ǇǊƻƎǊŀƳƳŜǊ Ƴǳǎǘ άƭƛǎǘŜƴέ ǘƻ ǿƘŀǘ ǘƘŜ ŎǳǎǘƻƳŜǊ ǿŀƴǘǎ ŀƴŘ ŀƭǎƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 

problem the customer has.  

¶ By producing a core design (that allows for flexibility and extensions) the programmer can 

avoid facing unforeseen complexities. In a team environment the design must also be 

understandable to other members so using a standard modelling language such as UML for 

the design helps. 

¶ Keep the design as simple as possible and add in the extra functionality later. Focusing on 

today instead of the future saves spending resources on something that might not be 

needed.  

One major difference between XP and UML is that there are no use cases in XP. Use cases require 

(some) industry knowledge to understand what the diagrams and labels mean. User stories are 

short, usually a sentence long, which states a user requirement. This makes it easier for the 

customer to understand and easier on the programmer to not get bogged down in drawing 

diagrams.  
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Figure 12: Model of the XP paradigm 

 

4.2. Customer feedback 
The main customer of this project is the supervisor, given the XP approach to the project, regular 

communication with the supervisor is essential for success. Ideally, visiting my supervisor once every 

week should suffice to discuss the progress of the project with extended meetings every fortnight 

showing him my progress. Luckily there are also two other staff members who can assist me with 

the project if my supervisor is away for any duration in the summer. Therefore, I cannot see any 

problems with meeting up with some form of (backup) supervisor ǘƻ ŘƛǎŎǳǎǎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǇǊƻƎǊŜǎǎ 

or for guidance. There is also a disadvantage to having 3 supervisors in that they might want 

different things from the project and the project might be larger than first envisioned to satisfy all 3 

supervisors. 

4.3. Project Schedule  
Figure 13 holds the two Gantt charts representing the projects schedule, the figures of the Gantt 

chart are also represented in a table in the appendix. The first Gantt chart shows the first part of the 

project that involves the development schedule of the first solution that involved an XML solution.  

The plan is to finish the project by August the 4th if things go perfectly well. However, I do expect to 

approach several problems that might extend this deadline and also if the XML solution bodes well 

then there is time at the end of the project to turn it into something useable. LΩǾŜ ŀƭǎƻ ƴƻǘ ƛƴŎƭǳŘŜŘ 

the bounding box solutions as I plan to do this at the end once I can obtain an approximate answer 

from queries. LΩǾŜ ǳǎŜŘ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳǎ ōŜŦƻǊŜ ŦƻǊ ǿƻǊƪƛƴƎ ƻƴ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ōŜŦƻǊŜ ǎƻ L ōŜƭƛŜǾŜ 

that the solution will only take at most a week to discover.  

The first half of the project is fairly trivial as I have experience in each approach and already have 

reusable code to perform the metadata extraction and transform it into XML. I will go through each 

step of the project in the Gantt chart. 

1. I first need to obtain and install the UKIDSS images into some database; this benefits the latter 

part of the project so it is worthwhile to do it at the start so I do not get held up later on and also 






































































