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IntroductIon

Formation damage and solid deposition in well tubing 
could cause declines in the production performance 
and down-time.  Wax buildup happens when wax 
crystallises out of the crude oil, coating tubulars, 
equipment, pipelines and the walls and bottoms of 

storage tanks.  During production, the oil temperature 
gradually decreases as it leaves the formation until it 
reaches the separator unless heat is added.  When 
the temperature drops below the wax crystallisation 
point, wax will plate out from the oil and form crystals 
that will grow in size and precipitate onto tubular and 
equipment surfaces [4].  Removal of the paraffinic 

utILISInG AcIdISEd nH2 For MItIGAtInG ForMAtIon 
dAMAGE And IMProVInG oIL rEcoVErY:  
cASE StudY oF PEnArA FIELd, MALAYSIA

n. A. M. Agil1, Ismail Mohd Saaid2, J. Ibrahim3 and M. F. Harun2

1 PETRONAS Carigali Sdn Bhd, 2 Universiti Teknologi PETRONAS, 3 PETRONAS Research Sdn Bhd

AbStrAct

Deposition of solid hydrocarbons such as asphaltene and wax near the wellbore and in the tubing is known to 
cause decline in well production performance.  Various mitigation methods such as chemical wax inhibition, 
thermal insulation and coiled tubing clearance are repetitive and exhaustive.  These methods could temporarily 
remove deposits but not prevent them from recurring.  On the other hand, the thermochemical method utilising 
acid-base reactions seems to be offering the most effective and simplest solution to the problem.  Reaction 
products and heat from the acid-base reactions could be utilised to dissolve and disperse wax or asphaltene 
deposition in addition to changing the wettability profile.  This study evaluated the performance of acidised 
amines for mitigating formation damage and improved oil recovery in the Penara Field, offshore Peninsular 
Malaysia.  Wells in the field have been recording massive production declines of more than 5 000 STB / D (stock-
tank-barrels per day) despite continuothus treatment of pour point depressant, wax dispersant, de-emulsifier 
and frequent tubing clearance activities. 

Physical observation and interfacial tension measurements were carried out to qualitatively and quantitatively 
measure the performance of the acidised amines.  Improvement in the oil recovery was measured through 
coreflooding test.  The study found that acidised amines by-products dispersed the suspended wax solid and 
prevented it from re-depositing after 48 hours.  Thus, oil recovery increased to 51.3% for non waxy-liquid crude 
and 13.0% for waxy-gelled crude.  These findings from the laboratory were further validated by production 
optimisation using Wellflo.

The thermochemical method utilising acidised amines is simple and proven experimentally to be effective in 
solving wax related problems.  Considering the reserve potential in the Penara Field and supported by sufficient 
well data, the incremental production of 22% could be predicted. 

This paper was presented at the Improved Oil Recovery Symposium 

19–23 April 2008 at Tulsa, Oklahoma, USA
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deposit is very difficult especially when the wax 
buildup occurs in the formation, near wellbores or 
inside well tubings. 

Thermochemical reactions and wettability effects have 
been studied to mitigate the production problem due 
to waxy crude [2, 3].  The process utilises a water-based 
exothermic reaction that generates enough heat to 
raise the temperature of the base brine.  The reaction 
can be controlled to generate large predictable 
quantities of heat at a pre-determined well depth. 
As the chemical reacts with the water present in the 
tubing, the generated heat would remove the wax 
deposited on the tubing wall.  A field example is the 
reaction of sodium nitrate and ammonium nitrate in 
aqueous solution as per the patented Shell system 
[2].

NaNO2 + NH4NO3 → N2 + 2H2O + NaNO3 + Heat

The 3 molar solution will generate heat of about 132 500 
BTU.  The heat produced raises the temperature of the 
base by around 192 °C.  Wax precipitates with sixty or 
more carbon atoms per molecule that have melting 
temperatures from 88 to 93 °C (Ashton et al., 1989).

One of the advantages of thermochemical treatment 
is that the generated heat can be produced at a 
desired location such as near the wellbore to melt and 
diffuse organic deposits.  It could act as an excellent 
wax and asphaltene dispersant, corrosion inhibitor 
and de-emulsifier.  The thermochemical reaction 
is inferred to change the wettability from oil-wet to 
water-wet by changing the wax morphology from 
crystalline to amorphous.  The treatment method 
was reported to be effective in the Temana Pilot 
Project, Balingian Delta, Sarawak in 2004 [5].  The 
thermochemical treatment could be considered as the 
simplest and most effective compared to other wax 
treatment methods such as chemical wax inhibition, 
thermal insulation and coiled tubing clearance.  These 
methods could temporarily remove deposits but not 
prevent them from recurring.  The thermochemical 
treatment is even better than the recent ultrasonic 
wave method which requires skill to identify optimal 
ultrasonic frequencies to prevent precipitation.

The present study evaluates the effectiveness of 
acidised amines for mitigating formation damage 
due to wax precipitation in the Penara Field.  The 
marginal field, located at 61-meter water depth is in 
the Penara-North Lukut cluster, offshore Terengganu, 
Malaysia.  The Penara A well produces from the 
Northern block sands which is at 1 500 psia (pound-
force per square inch absolute) and has a significant 
amount of remaining reserve.  An early costs viability 
study indicated that the remaining reserve would be 
able to overcome the high treatment cost [1].  The 
initial reservoir pressure before production was 3 057 
psia and the bubble point pressure is 751.7 psia.  Its 
average porosity is 21.3% and average permeability is 
between 500-1 000 mD (millidarcy).  Other crude oil 
properties are in Appendix A.

The Penara field has been producing waxy crude, 
mostly from Northern block sands.  Penara peak oil 
production was at 13 378 BOPD (barrels of oil per day) 
and the production had dropped significantly from 
fourth quarter 2005 to first quarter 2006 as tabulated 
in Appendix B.  The massive production decline 
of more than 5 000 STB/D from the Penara peak oil 
was attributed to wax deposition as evidenced from 
the on-site production environment.  The seabed 
temperature was around 25 °C whereas the surface 
temperature was at 34 °C, which was below the Wax 
Appearance Temperature (WAT) of 67.5 °C at Penara 
A.  Tubing head temperature also fluctuated between 
85 °C and 68 °C, which was slightly above the WAT.  
The Penara A well has been continuously treated 
with pour point depressant, wax dispersant and de-
emulsifier as detailed in Appendix B.  In fact, pipeline 
pigging was also carried out due to the severity of the 
wax deposition [1].

In a previous study, acidised amines were found to 
have the capability of reducing interfacial tension and  
altering wettability from an oil-wet state to a more 
water-wet or mixed-wet state of the Temana non-
waxy liquid oil [6].  However, the performance of the 
acidised amines were not carried out for waxy-gelled 
oil.  Therefore, the present study was conducted to 
evaluate the effectiveness of the acidised amines on 
waxy-gelled oil.  
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ExPErIMEnt And SIMuLAtIon 

Laboratory experiments to evaluate the effectiveness 
of the acidised amines were carried out in four stages: 
heat generation test, wax dissolution and dispersion 
test, interfacial tension measurement test and 
coreflooding test.  Two types of crude samples were 
used: waxy-gelled crude taken from Penara A well 
and and non-waxy liquid crude taken from Temana 
B well.  Finally, Wellflo simulation was carried out to 
estimate the increment of oil production based on 
experimental results.

The heat generation test was used to detect and 
measure temperature rise attributed to heat 
generation by the chemical reaction between organic 
acid and base solutions.  The wax dissolution and 
dispersion test were used to determine the extent of 
Penara A wax dissolution caused by generated heat. 

The interfacial tension measurement was used 
to determine whether there is reduction in the 
interfacial tension of waxy-gelled crude samples. 
Volume concentrations of acidised amine in the crude 

samples varied from 5% to 25%.  In principle, when 
a crude sample droplet is rotated using the spinning 
drop tensiometer, the droplet will elongate due to 
centrifugal force.  However, this is counter-balanced 
by interfacial tension between brine and the crude 
sample.  At an appropriate drop volume and rotational 
speed, the drop diameter will depend solely on the 
interfacial tension.  The droplet stabilises in the axis 
of rotation, while the surrounding fluid is forced 
outwards due to its higher density [7]. 

The coreflooding test was used to measure the volume 
of oil recovered before and after injection of acidised 
amines.  Increments in oil recovery relative to brine 
solution would indicate that the acidised amines did 
improve oil recovery.  The ratio of acid to amine, the 
main parameter in the present study, was varied from 
95:5 to 70:30 until the most optimum oil recovery was 
achieved.  Simulation using Wellflo software was used 
to predict the well productivity index, skin factor and 
oil production rate before and after treatment with 
acidised amines to estimate the increment of oil 
production.
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rESuLtS And dIScuSSIon 

Heat Generation test

It was observed that all crude samples added with 
acidised amines at different volume concentrations 
experienced a temperature rise.  This was expected 
since the reaction is exothermic.  Crude samples 
treated with 80:20 acid: amine ratio had the highest 
temperature rise of 102 °C.  The temperature rise in 
the waxy-gelled crude sample treated at different 
ratios are presented in Table 1.

table 1:   Measured temperature rise and acid : amine ratio

Acid:amine  
ratio

Temperature 
generated (°C)

 95 : 5  94

 90 : 10  92

 85 : 15  102

 80 : 20  105

 75 : 25  89

 70 : 30  91

The table clearly shows that there is an optimum acid: 
amine ratio which gives the highest temperature rise.

Wax dissolution and dispersion test

The acidised amines were observed to melt the Penara 
A wax at 62 °C, which was a slightly lower temperature 
than its WAT of 67.5 °C.  The melting temperature of 
62 °C also suggested that the heat generated by the 
exothermic reaction using 80:20 acid:amine ratio 
was more than adequate to dissolve the waxy-gelled 
Penara A crude.  The acidised amines were observed to 
disperse the suspended wax solid and also prevented 
it from re-depositing after 48 hours.  The non-waxy 
liquid crude from Temana B also showed the same 
effect.  The acidised amines also acted as an emulsion 
breaker.

Wax dissolving from solid to liquid indicated that the 
generated heat acted as a wax dissolver.  It was found 
that at room temperature the acidised amines not 
only acted as a wax dissolver, it also acted as a wax 
dispersant to prevent re-deposition of wax.

Figure 4:  Production prediction with skin reduction sensitivities
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Interfacial tension test

In this test, the original oval shape of an oil droplet 
started to elongate and thinned into a strip when 
the acidised amines were injected into the crude 
sample.  The interfacial tension between oil and brine 
(in mN / m) was reduced with the addition of acidised 
amines, measured by the Spinning Drop Tensiometer. 
The interfacial tension for the non-waxy liquid oil 
(Temana B crude) was reduced from 1.159 to 0.016 
mN/m at 25% concentration of the acid: amine ratio of 
80:20.  As for the waxy-gelled oil (Penara A crude), the 
interfacial tension reduced from 4.88 to 0.352 mN/m. 

Penara A waxy-gelled crude was further treated with 
different ratios of acidised amines to further reduce 
the interfacial tension as shown in Table 2.  The 85:15 
ratio had significantly reduced IFT to 0.183 mN/m (i.e 
46.65% reduction), wheras the 80:20 ratio reduced IFT 
from 0.437 mN/m to 0.352 mN/m.

The IFT reduction at different ratios of acid: amine for 
both waxy-gelled crude and non-waxy liquid crude is 
plotted in Figure 1.

coreflooding test

In this experiment, core samples were soaked with 
the acidised amines and a higher oil recovery was 
obtained.  This could have been contributed by the 
interaction between the chemical and the core grain 
surface. It is inferred that the wettability of the core 
changed to more water-wet.  A wettability experiment 
needs to be conducted to quantify the changes in 
wettability index.

The coreflooding results of waxy-gelled Penara A and 
non-waxy liquid Temana B in improved oil recovery 
using the acid:amine ratio of 80:20 and 85:15 are 
compared in Figures 2 and 3.  The percentage of oil 
recovered was taken at the end of the stabilisation 
period. 

The oil recovered for non-waxy liquid crude was 
higher at 51.3% as compared to the waxy-gelled 
crude at only 13%.  Therefore, an acid:amine mixture 
at  80:20 ratio had better oil recovery for the non-
waxy liquid oil.  At a ratio of 85:15, oil recovery was 
only 5%. Although the 85:15 ratio gave the highest IFT 
reduction, it did not necessarily give the optmimum 
result in the coreflooding test.

Simulation result

Due to the unavailability of core data for the Northern 
block sands, three different values of effective 
permeability were assumed to represent cases of low 
(500 md), medium (1 000 md) and high (3 000 md) 
permeabilities respectively.  This would allow well 
simulation for the prediction of skin factor prior to 
treatment. 

Table 3 shows results from well performance 
simulation using the three assumed cases of effective 
permeabilities.  The nearest keff resembling the actual 
well condition before treatment is 1 000 mD with skin 
factor of 48.  Therefore, this relatively medium value 
of effective permeability was used in subsequent 
simulations for comparing well performance before 
and after treatment with acidised amines.  

table 2:  IFT test result at different acid:amine ratio

Acid : Amine ratio IFt (mn/m)

 95:5 0.204

 90:10 0.236

 85:15 0.183

 75:25 0.332

 70:30 0.283

table 3:  Well simulation result before treatment

Assumed value of  
effective permeability, keff Skin

500 mD (less likely case) 

1 000 mD (high likely case)

3 000 mD (very unlikely case)

21

48

160
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After injection, the skin was simulated at 25% and 
50% of its original skin prior to treatment.  This is 
based from field implementation on Temana C well 
where the skin factor was reduced from 93 to 28 (i.e. 
66% reduction).  Skin reduction of 50% is considered a 
more likely case, while 25% reduction is a pessimistic 
case.

Simulated oil production prediction of waxy-
gelled Penara A after treatment is plotted in Figure 
4.  Oil production rate before treatment was 1 200 
STB / day.  The plot shows that at 25% skin reduction, 
oil production was predicted to increase to 1 325 
STB/ day or 125 STB/day increment.  While at 50% skin 
reduction, oil production was predicted to be at 1 465 
STB/day or 265 STB/day increment. 

Further well simulation at 13% oil recovery improvement 
factor as obtained from the coreflooding experiment 
showed skin factor of 33 or 31.2% skin reduction.

concLuSIon

Heat generated from thermochemical reactions using 
acidised amines could dissolve both types of non-
waxy liquid and waxy-gelled crudes at temperatures 
lower than the maximum temperature generated 
from heat genearation tests.  Since there was no wax 
re-deposition after 48 hours test, the exorthermic 
reaction had acted as a cleaning agent to disperse 
the suspended wax solid.  These characteristics are 
indeed desirable for improving the oil recovery.  This 
study indicates that the effectiveness of acidised 
amines depends on the type of crude and the acid:
amine ratio.  Acid:amine ratio of 80:20 was found to be 
more suitable for non-waxy liquid crude (Temana B) 
whereas the ratio of 85:15 was more suitable for waxy-
gelled crude (Penara A).  The thermochemical method 
using acidised amine showed good prospects for 
production increments of between 13% (or 156 STB/
day as indicated by the coreflooding test) and 22% 
(or 265 STB/day) as predicted by well performance 
simulation.  
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APPEndIx A:  crudE oIL ProPErtIES

table 1A:  Penara A and Temana B crude properties

crude oil Penara A Waxy-gelled oil temana b non-waxy liquid oil

Wax content 10.57% 3.1%

Asphaltene content Less than 0.01% 1.26%

WAT 67.5 °C 10.0 °C

Pour Point 48 °C – 24 °C

Density at 15 °C 0.8669 kg/L 0.8524 kg/L 

API Gravity 32° 35°

Figure 1b:  Penara field history and production profile from first oil to April 2007

APPEndIx b:  PEnArA QuArtErLY ProductIon dAtA And HIStorY

APPEndIx c:  PEnArA A WELL tESt HIStorY

Figure 1c:  Penara A well test history and production profile from Sept 2004 to May 2007
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EFFEct oF MouLd tEMPErAturE on  
FoAM dEnSItY And SurFAcE tExturE

A. M. Abdul-rani1, n. Hopkinson and P. M. dickens
Rapid Manufacturing Research Group, Wolfson School of Mechanical and Manufacturing Engineering, 

Loughborough University, LE11 3TU, United Kingdom 
A.M.Abdul-Rani@lboro.ac.uk

AbStrAct
 

Polyurethane foam is moulded into preheated tools and expands to fill the mould cavity.  Foam parts frequently 
have defects such as varying density and flaws in surface texture.  Although there are many possible causes, 
uneven mould temperatures were suspected to be a leading cause of defects [6, 7].  Much of the work previously 
undertaken to reduce flexible foam moulding scrap and improved quality focused on chemical compositions, 
chemical reactions and materials development.  This research investigated the effects of mould temperature 
on high-resilience cold-cure polyurethane foam moulded parts.  A specially designed airtight mould capable 
of holding tight temperature tolerance was used to produce standard sized foam specimens at varying 
temperatures ranging from 30 °C to 80 °C.  The specimens were kept in a controlled temperature and humidity 
environment for a stipulated time before analysis.  The effect of mould temperature on the average foam density, 
density gradients and surface texture were measured.  The foam specimens were weighed and measured for the 
overall density while Computerised Tomography was used to examine the density gradients throughout each 
foam specimen.  3D topographical analysis of the foam surface structure was conducted using a non-contact 
laser triangulation gauge.  The results showed that mould temperature has an effect on foam density and foam 
surface texture with specimens produced at 50 °C having the ideal texture.  This research was funded by EPSRC 
and assisted by Collins and Aikman UK and Rojac Tooling Technologies Ltd.

IntroductIon

In the automotive industry, moulded flexible 
polyurethane foams are used in load-bearing 
applications such as automobiles seats, head rests and 
arm rests [1] where weight reduction through lower 
density is desired.  Another application for moulded 
flexible foams is for improvement in sound insulation 
such as in engine side dash absorber, engine side hood 
absorber and acoustic seals.  Moulded flexible foams 
have gained a strong market position in automotive 
seats and sound insulation applications due to their 
outstanding design flexibility, comfort and cost 

effectiveness [2, 3].  Vehicle manufacturers used over 
900 000 tonnes of polyurethanes globally in 2001, 
with a typical car containing between 20 to 30 kg of 
polyurethane of which 13 kg would consist of flexible 
foam in various forms such as seating, head rests, arm 
rests and sound insulation [4, 5].

PU foam moulded products are manufactured by 
mixing raw materials (a polyol and an isocyanate) 
in a preheated tool;  the heat from the tool acts as a 
catalyst to cure the raw materials which expand and 
“search” to fill the cavity.  PU foam moulding tools are 
typically manufactured from aluminium by machining 
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with straight heating channels drilled to supply 
heated fluid.  Alternatively, the tools may be cast from 
a master pattern (usually machined or hand modelled 
from ureol) possibly with some hand finishing or 
machining.  Casting aluminium around steel pipes 
creates heating channels in cast tools.

Literature reports had indicated that temperature 
variations led to variable foam flow and encouraged 
foam collapse, scaling of foam surface, leaving voids in 
cavities and varied foam densities [6, 7].  Other reports 
suspected that uneven mould temperatures tended 
to cause surface defects such as shrink marks, voids, 
mottling and knit lines [8].  But the interesting point 
is that all the available references failed to provide 
documented evidence relating to these effects. 
There are no detailed published work focusing on 
the effect of mould temperature on high-resilience 
cold-cure polyurethane foam moulded parts.  Much 
of the work previously undertaken to reduce flexible 
foam moulding scrap and improve quality focused 
on chemical compositions, chemical reactions and 
materials development [9].

Proper thermal management of PU foam moulding 
tooling is critical for increasing overall part quality and 
thereby reducing scrap rates [10, 11].  The objective of 
this research is to understand the effects of mould 
temperature on the density and surface texture of HR 
cold-cure flexible foam parts.  The effect of processing 
temperature on foam density, density gradients and 
surface texture is presented.

ProbLEMS ASSocIAtEd WItH Pu FoAM 
MouLdInG

tool temperature variation (FEA)

Heating channels supply heat to a tool resulting in 
an elevated temperature but with a temperature 
variation at the surface.  Figure 1 depicts a Finite 
Element Analysis (FEA) model of a section of a tool 
with a variation in temperature of 7.2 °C at the surface. 
Variations in tool temperature can result in variable 
rates of reaction of the PU foam.

tool temperature variation (Industrial Inspection)

Thermal measurement of a industrial production 
mould surface temperature was conducted using 
a contact and a non-contact thermal probe.  It was 
found that there exists a mould surface temperature 
variation of 7 - 8 °C on some parts of the mould surface. 
The locality where the mould temperature was lower 
coincided with a negative effect on the final part such 
as shrink marks, scaling, voids, and knit lines (Figures 
2 and 3).

ExPErIMEntAL MEtHodoLoGY

A specially designed mould capable of maintaining 
tight temperature tolerance was built to produce 
foam samples at varying mould surface temperatures.  
The size of each foam sample moulded from the 
mould was 320 x 320 x 25 mm with a surface area 
of more than 0.1 m2 as stipulated by the Standard 
Test Methods for Flexible Cellular – Slab, Bonded, 
and Moulded Urethane Foams ASTM D 3574 –95 for 
testing the effect of mould temperature on the foam 
density and surface texture.  Foam samples were kept 
for more than 14 days as required by the standards 
in a known temperature and humidity before testing.  
A computerised tomograpghy scanning machine was 
used to scan the foam specimens and to analyse the 
foam density.  A non-contact 3D laser scanning gauge 
was used to analyse and quantify the foam surface 
roughness.

Coldest point at

Hottest point at

Temperature

o
Tool heated with
65 C water in
traditionally
manufactured
heating channel

58
57
56
55
54
53
52
51

Figure 1:  Finite Element Analysis (FEA) model of the temperature 
of a section of a tool with a variation in temperature of 7.2 °C
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tool design and manufacture

Perstorp Components Soft Foam Tool Design 
Guideline and Specifications was used to design 
the mould. Milled-grooves were machined to create 
a heating channel 15 mm wide and 17 mm deep 
at a distance of 8 mm to mould surface.  T-type 
thermocouples were inserted at various locations to 
track the mould surface temperature throughout the 
experiment.   Thermocouples were inserted at various 
locations through small holes drilled up to 0.5 mm to 
the mould surface.

Manufacture of test specimens

The foam-moulded specimens were manufactured 
by mixing polyol and diisocyanate diphenylmethane 
(MDI) using micro cell  mixing and metering 
equipment.   The mould was preheated to the required 
test temperature.  The heat from the tool acted as a 
catalyst to initiate the reaction and cure the material 
which expanded to fill the mould cavity.

The mixed material was dispensed into the open 
mould through the mixing head and the lid was 
quickly closed to avoid foam from flashing.  It was 
important to ensure that the tool was airtight to 
avoid decompression faults on foam parts.  The initial 
experiment was conducted at a mould temperature 
of 70 °C then followed by 80 °C, 60 °C, 50 °C, 40 °C and 

finally at 30 °C with the same procedure repeated for 
each moulding cycle (Figure 4).  Five specimens were 
moulded at each mould temperature with the same 
amount of shot injected at the exact location in the 
mould while a release agent was sprayed after every 
three shots.  The moulding time was 90 seconds, after 
which specimens were demoulded, rolled, weighed 
and labelled.  A cast iron bar was used to roll over the 
specimen to break the closed-cell structure.

dEnSItY MEASurEMEnt

Immediately after the foam specimen was demoulded 
and rolled, each sample was weighed on a precision 
balance and the length, width and thickness were 
measured using vernier calipers to calculate the initial 
densities.  When measurements were taken, four 
readings from each dimension were averaged and 
then recorded.  The samples were kept in a known 
temperature and humidity environment for 14 days 
before repeating the same procedure to weigh and to 
measure each dimension and to calculate  densities.

Analysis of the density gradient was limited to 
qualitative observation of the scan images while 
waiting for hardware and software upgrades.   The scan 
images were obtained through a Computerised-axial 
Tomography (CT) Scanning machine to scan through 
the foam samples.  Six foam samples from different 
mould temperatures were placed in a randomise order 

  

Shrink marks 

  

Scaling marks

Figure 2: Shrink marks form large foam tool with temperature 
variation

Figure 3:  Scaling marks close to region of temperature variation
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on specially made Perspex racks built with six shelves 
to hold the samples which were scanned through 
using the CT Scanner (Figure 5).  Shades of gray (or 
gray scale) mirror the density of the different sections 
across the foam sample.  This was to ensure that there 
should be no drift effect from the measuring machine, 
affecting the reliability of the results.

Surface texture inspection and measurement

Every surface has some form of texture whether it be 
smooth or otherwise.  The easiest and most common 
method for assessing a surface texture is through 
visual inspection or sensual touch.  Both these 
techniques are limited to qualitative assessment and 
very subjective to evaluator preferences.

As recommended by the ASTM D 3574, all tests were 
performed more than 14 days after the foam had 
been manufactured.  The foam specimens were kept 
undeflected and undistorted at the temperature and 
humidity of test for more than 12 hours before tested 
at a temperature of 23 ± 2 °C and in an atmosphere of 
50 ± 5% relative humidity.

Considering that the foam surface is very soft and 
porous the method adopted for surface measurements 
was a non-contact gauging technique provided by the 
Talysurf CLI system.  This system uses a 10 mm laser 
triangulation gauge to deduce the height of a surface 
point by sensing the position of a laser spot on the 

surface using a CCD detector placed at an angle away 
from the incoming laser beam.

The main requirement was to measure the surface 
texture produced at varying mold temperatures.  The 
two main elements of surface texture are roughness 
and waviness.  Micro surface analysis was conducted 
to quantify the surface roughness and macro surface 
analysis to quantify the surface waviness.  Micro and 
macro analyses were conducted for top and bottom 
surfaces of the foam specimens.

Micro and macro surface roughness inspection

A spacing of 50 x 50 microns (X- and Y-axes) was used 
to scan a 10 mm x 10 mm area in the middle section 
of the specimen (Figure 6).  A grid of 201 x 201 points 
or scan traces in both X-axis and Y-axis was used to 
measure the micro surface data.  The specimens were 
next measured over an area of 150 mm x 150 mm in 
the middle section (Figure 7) with a spacing of 5 000 
x 5 000 microns for macro surface texture analysis.  A 
grid of 31 x 31 scan traces in X- and Y-axes was used 
to measure the macro surface data.  Both the macro 
and micro surface data were then post-processed for 
3D topography and 3D surface roughness (Sa) using 
Talymap Universal software. The recorded Sa values 
for micro and macro for both top and bottom foam 
surfaces were recorded for comparative analysis 
between different mould temperatures.

 

Mixing 
head 

PU 
Foam 

Figure 4:  PU foaming experiment Figure 5: CT Scanning of foam specimens
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rESuLtS And dIScuSSIon

density

When all the initial densities of specimens produced 
at each mould temperature were averaged, a trend 
towards decreasing density with increased mould 
surface temperature was observed as illustrated in 
Figure 8.  The initial density of foam samples was 
recorded higher in the range of 56 – 57 kg/m3 at low 
mould temperature between 40 °C and 50 °C.  The 
foam density gradually lowered to the range of 54 
– 55 kg/m3 when mould temperature was increased 
between 60 – 80 °C.  This was attributed to more 
complete reactions with more CO2 released at higher 

temperature as compared to lower temperature.  
Density recorded after 14 days conditioned in a known 
temperature and humidity environment showed an 
increase in the overall density on all the specimens as 
compared to the initial density.  Although more CO2 
was being released during the 14-day curing process, 
the rate of H2O absorption from the environment 
was suspected to be higher.  Specimens produce at 
mould surface temperature of 50 °C recorded the 
least increase in average density of 3.77 kg/m3 while 
the largest increases were recorded at 40 °C and 80 °C 
with 5.77 kg/m3 and 5.24 kg/m3 respectively.

Initial qualitative analysis form CT Scan images 
indicated that density gradients exist at various 

Spacing 50 x 50 microns

10 mm x 10 mm area

150 mm x 150 mm area

Spacing
5000 microns

Figure 6:  Scanning a 10 x 10 mm area in the middle section for 
micro analysis

Figure 7:  Scanning area of 150 x 150 mm for macro analysis
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Figure 8:  A trend towards decreasing initial density with increased mold surface temperature.
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sections of the foams as indicated by different shades 
in the images and the existence of internal voids and 
internal knit lines which affected density gradients as 
shown in Figure 9.  A quantitative result on density 
gradient was obtained by selecting various region of 
interest (ROI) on the foam specimens and converting 
the corresponding Houndsfield unit into apparent 
density and conducting a comparative study.

Surface texture inspection

Visual inspection on the foam surface texture showed 
that foam produced at 50 °C generally have a smooth 
surface as compared to others (Figure 10).  The surfaces 
of foam produced at 70 °C were rather smooth but 
with some mottling effect while those produced at 

60 °C had shrink marks.  Scaling, voids and knit lines 
were mostly quite visible on foam produced at 30 °C, 
40 °C, and 80 °C.

Surface texture measurement

Surface roughness average, Sa, as defined in EUR 
15178EN as the average absolute deviation of the 
measured surface.  Surface roughness average, 
Sa, is very much similar to Roughness average, Ra. 
In measuring the Ra value, sampling length and 
assessment length is used while in measuring Sa, 
sampling area and assessment area is used.  Ra and Sa 

are the most commonly used parameters in surface 
texture analysis [12]. Sa units are length, typically 
microns.

Using the Talysurf 3D laser scanner, surface roughness 
of each foam sample was measured and the average 
surface roughness at each mould temperature was 
calculated.  Figure 11 shows the surface roughness, Sa, 
obtained from the macro analysis of the top surface 
of foam.  Foam samples produced at 50 °C gave the 
smoothest surface roughness.  As mould temperature 
deviates away from 50 °C, Sa values measured were 
higher.  Similar results were obtained for the macro 
analysis of bottom surface with foam samples 
produced at 50 °C having the smoothest surface 
roughness.  Surface roughness deteriorates as mould 

Figure 9: Scan images indicating internal voids and knit lines

Figure 10:  Visual inspection of foam specimens.  Top row from left: 30 °C, 40 °C, 50 °C.  Bottom row from left: 60 °C, 70 °C and 80 °C
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temperature deviates away from 50 °C as shown in 
Figure 12.  Very small Sa standard deviations were 
recorded at 50 °C and 70 °C while at mould temperature 
of 60 °C, the largest Sa standard deviations between 
each specimen was recorded.

The micro analysis of the foam surface roughness for 
both top and bottom surfaces gave similar results 
as in macro analysis with average Sa values lowest 
at 50 °C with a slight increase of Sa as the mould 
temperature deviates from 50 °C.  Figures 13 and 14 
shows the surface roughness, Sa, obtained from the 
micro analysis of the foam top surface and bottom 
surface respectively.

Deviation charts of all the scanned data on average 
surface roughness indicated that the best surface finish 
for all surfaces was achieved when mould temperature 
was at 50 °C.  There seems to be greater deviation in 
recorded surface roughness at mould temperatures of 
40 °C, 60 °C and 80 °C.  The most deviations occurred 
at mould temperature 60 °C, while a more consistent 
surface roughness with the least deviations were of 
samples produced at 50 °C and 70 °C.

The micro surface roughness for top and bottom 
surface is best at 50 °C at 53 microns and 48 microns 
respectively with uniform surface texture. As mould 
temperature increases above 50 °C the surface 

roughness for both top and bottom surface were 
coarser, of almost the same value and with visible 
mottling on the surface.  Meanwhile, when mould 
temperature decreases below 50 °C, the measure of 
surface roughness for top surface was slightly coarser 
than the bottom surface with more visible scaling 
marks comparatively.

The scanned surface data fed to the Talymap Universal 
software generated 3D topographical illustrations 
of the macro foam surface texture at various mould 
temperatures as shown in Figure 15.  The topography 
indicated a significantly smoother surface produced 
at 50 °C as compared to those at 40 °C and 60 °C with 
undulating peaks and valleys attributed to scaling 
and shrink marks.

The effect of mould temperature on foam micro 
surface roughness can be qualitatively analysed 
by inspecting the scan photo simulation shown in 
Figure 16.  Foam produced at 50 °C resulted in the 
finest surface texture free from scaling and mottling 
as compared with specimens produced at other 
temperatures.

The macro top and bottom surface roughness had 
a similar slanted ‘W’ pattern.  The surface texture 
was rougher at 30 °C with high Sa value due to void 
marks. Sa value decreases at 40 °C with some scaling 
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marks and smoothest at 50 °C with fine and uniform 
texture. The roughness rapidly increased attributed 
to shrink mark, knit lines and mottling as mould 
temperature increases towards 80 °C.  Exception was 
mould temperature at 70 °C when there was a slight 
improvement in surface roughness as compared 
to surface roughness at 60 °C which resulted in the 
slanted ‘W’ pattern.

The top and bottom surface roughness at 50 °C drop 
to 57 microns and 77 microns respectively from about 
140 microns at 400C.  Similarly the top and bottom 
surface roughness was progressively coarser from 
57 microns and 77 microns to 160 microns and 215 
microns respectively as mould temperature increased 
from 50 °C to 60 °C.

This indicates that the macro surface texture was 
greatly affected by mould temperature varying away 
from 50 °C.  High Sa at low temperature was attributed 
to incomplete curing and high Sa at high temperature 
was due to evaporation of release of wax agent. Top 

Scaling 

Fine 
and 
uniform 
texture

    T30_6 Micro Top  T40_2 Micro Top T50_1 Micro Top  

    (68.5 microns) (58.3 microns)  (51.3 microns) 

Mottling

Mottling

    T60_3 Micro Top  T70_3 Micro Top  T80_4 Micro Top  

    (62.4 microns) (70.0 microns)  (104.0 microns) 

Figure 16:  Scan photo 
simulation and the 
Sa values of micro 
foam surface texture 
at different mold 
temperatures
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Figure 15: 3D Topography of the scanned foam surfaces
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and bottom surface showed the same pattern on 
graphs.  This gives credibility to the suggestion that 
temperature does have an effect on surface texture.

concLuSIon

A study of the effects of mould temperature on average 
density, density gradient and surface texture of high-
resilience cold-cure flexible foam was presented.  It 
was shown that processing temperature had an effect 
on these properties.  The effect on foam density was 
correlated with the formation of internal voids formed 
due to the effects of temperature affecting rate of gas 
formation, gel formation reactions and changes in gas 
solubility.

It was also shown that mould temperature had a 
significant and repeatable effect especially on the 
macro surface texture.  Variations in surface roughness 
were observed at varying mould temperatures due to 
voids, shrink marks, scaling, knit lines and mottling. 
These variations were large enough to warrant careful 
considerations of mould temperature management 
when forming foam in the mould.  It can be suggested 
from these findings that temperature of a production 
mould should be held at close tolerance to maintain 
a uniform surface texture.  Temperature variations 
across the surface of foam tools, especially larger 
tools, is most likely one of the main reasons why foam 
parts have varying surface texture which often leads 
to scrap.

This study found that in the flexible foam moulding 
process, particularly cold-cure flexible foam moulding, 
temperature control is a very important factor.  The 
process requires uniform surface temperature 
throughout the mould to ensure a uniform foam 
density and uniform surface texture.
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IntroductIon

Safety should be considered and addressed in the 
whole life cycle of a process system or a facility 
[2].  There are many established methodologies to 
identify, analyse, prioritise and manage risks arising 
from different stages of a plant [15]. 

The conventional safety methodologies as shown 
in Figure 1 are often carried out in parallel with 
design process and often  after much of the process 
simulation have been completed.  Conventional safety 

approaches alone are unable to avoid or reduce the 
risk of serious chemical accidents [16].  Any re-design, 
done as a result of unfavourable safety performance, 
after the detailed design stage of the process life cycle 
would be very expensive compared to alteration in 
the early stage i.e. during conceptual design stage 
[16].  Modifications would be relatively easier to carry 
out during a preliminary design stage. 

An inherently safer approach is a cost-optimal 
option considering lifetime costs of a process and its 
operation [7]. Subsequent researches showed that 

InHErEnt SAFEtY IndEx ModuLE (ISIM)  
to ASSESS InHErEnt SAFEtY LEVEL  

durInG PrELIMInArY dESIGn StAGE
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31750 Tronoh, Perak Darul Ridzuan, Malaysia 
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AbStrAct

One of the acceptable methods to quantify the level of inherent safety is based on the inherent safety index.  
This paper reviews presently available techniques for quantification of inherent safety level in a design and 
addresses the shortcoming of current techniques by proposing direct integration of a process simulator with 
inherent safety index.  This integrated index, known as Inherent Safety Index Module (ISIM), is one of the 
modules developed in a newly proposed framework to determine inherent safety level in the preliminary design 
stage.  This framework is an enhancement of the framework developed earlier [10].  This new framework allowed 
process information from a process design simulator to be extracted and analysed for the determination of 
Inherent Safety Level (ISL), and consequences and probability of unwanted incidences.  The availability of such 
information at an early stage of design will help process designers obtain ISL that will assist in producing safer 
designs through the application of inherent safety principles in a more efficient and cost effective manner.  This 
paper also presents an overall concept of the proposed framework for the development of an inherent safety 
tool.  A case study illustrated the benefit of having inherent safety index known to process designers during the 
preliminary design stage.  With the right information, modifications to conditions of process can be carried out 
and thus leading to safer process plants. 
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inherent safety can be incorporated at any stage of 
design and operation;  however, its application at 
the earliest possible stage of process design (such as 
process selection and conceptual design) yields the 
best results. 

Principles defining inherent safety are shown in Table 1 
[8].  These principles aim to reduce or eliminate hazards 

by modifying design (using different chemicals, 
hardware, controls, and operating conditions) of the 
plant itself.  Conventional safety approaches shown 
in Figure 1, on the other hand aim to reduce risk of 
a process by adding protective barriers to mitigate 
impact. 

Despite the attractiveness of being able to proactively 

Figure 1:  Safety analysis program (Taylor, 1994)
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Table 1 : General principles of inherent safety

Principles definition

Intensification Reduction of the inventories of hazardous materials

Substitution Change of hazardous chemicals substances by less hazardous chemicals

Attenuation Reduction of the volumes of hazardous materials required in the process. Reduction 
of operation hazards by changing the processing conditions to lower temperatures, 
pressures or flows.

Limitation of Effects The facilities must be designed in order to minimize effects of hazardous chemicals 
or energies releases.

Simplification Avoidance of complexities such as multi-product or multi-unit operations, or 
congested pipe or unit settings

Error Tolerance Making equipment robust, processes that can bear upsets, reactors able to withstand 
unwanted reactions, etc.
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identify and reduce risk, the principles of inherent 
safety have not been widely adopted in industries. 
The lack of experience and knowledge (field and “real 
world plant”) of designers who are applying these 
principles and the lack of recognised methodology to 
review the agreement of different process alternatives 
according to the inherent safety principles are among 
the crucial obstacles to the implementation of this 
safety philosophy [11]. 

A study which assessed the familiarity and application 
of inherent safety among designers and companies 
concluded that although many designers know of the 
basic principles of inherent safety, they are not always 
clear about how to apply them [9]. There is also a 
general lack of familiarity with the specific advantages 
of adopting an inherently safer approach to process 
design.

There is a need for a computer aid that will perform 
comprehensive inherent safety analysis at each 
key decision point in the process life  [13].  The key 
benefits of automation are substantial reduction in 
time and effort, enhanced decision-making, improved 
documentation, and better understanding of the 
process.  The other reasons for lack of implementation 
of inherent safety in actual designs are summarised 
and shown in Figure 2 [8].

Indices for quantification of Inherent Safety Level 
(ISL)

One of the challenging aspects in the implementation 
of inherent safety principles is to convince the 
stakeholders and/or process owners about the 
benefits of investing in inherent safety features. 
Process designers are often faced with the question, 
“How can the benefits of implementing the inherent 
safety features be quantified?” Quantification is a 
challenging aspect unless a definitive comparison can 
be made such as two identical plants built of similar 
design, with one using inherent safety features and 
the other one without.  However, this would be very 
costly.

One of the potential solutions to the above query is 
using inherent safety indices.  A pioneering index was 
proposed [1], and the method improved by including 
an additional aspect to the index system [5]. Table 
2 compares the parameters used in the two index 
systems.

Conservatism in
design and

management

20%Cost and time

15%

Legislative
requirements

15%

Others
20%

Lack of awareness
and knowledge about

inherent safety
technologies

30%

Figure 2:  Problems of implementing inherent safety [8]

table 2:  Inherent safety index parameters

Lawrence 
(1993) [1]

Heikkilä 
(1999) [5]

Inventory X X

Temperature X X

Pressure X X

Heat of main reaction X X

Heat of side reaction - X

Flammability X X

Explosiveness X X

Corrosiveness - X

Toxicity X X

Chemical interaction - X

Type of equipment - X

Safety of process structure - X
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The parameters were then adopted [12] to develop an 
expert system for the application of inherent safety 
in chemical process design.  This same research also 
proposed three additional supplementary indices 
– worst chemical index (WCI), worst reaction index 
(WRI) and total chemical index (TCI) to overcome 
shortcomings in earlier indices.  WCI is the summation 
of maximum values of flammability, toxicity, reactivity, 
and explosiveness indices of all materials involved in 
a reaction step.  WRI is the sum of maximum values 
of individual indices for temperature, pressure, yield, 
and heat of reaction of all reactions involved in the 
process.  TCI is a measure of the number of hazardous 
chemicals involved in the route. 

A graphical method was developed to apply inherent 
safety index and make comparisons by evaluating 
six potential routes in the production of methyl 
methacrylate (MMA) [3].

A new indexing technique applicable throughout 
the lifecycle of a process design has been proposed 
[6].  Known as Integrated Inherent Safety Index 
(I2SI), it comprised 3 indices i.e. Hazard Index (HI), 
Inherent Safety Potential Index (ISPI) and Inherent 
Safety Cost Index (ISCI). HI measures the damage 
potential of a process after taking into account the 
process and hazard control measures.  ISPI accounts 
for the applicability of inherent safety principles (or 
guidewords) to a process. HI is calculated for the base 
process (any one process option or process setting 
will be considered as the base operation or setting) 
and remains the same for all other possible options.  
HI and ISPI for each option are combined to yield a 
value of the integrated index as shown in equation 1.

HI

ISPI
I2SI =  (1)

Both ISPI and HI range from 1 to 200 which is fixed by 
considering the maximum and minimum likely values 
of impacting parameters.  This range gives enough 
flexibility to quantify the index.  An I2SI value greater 
than unity denotes a positive response of the inherent 
safety guideword application (inherently safer option). 
The higher the value of I2SI, the more pronounced the 
inherent safety impact.

All indices described above rely on manual extraction 
of design parameters such as those derived from a 
process design simulator for the calculation of an 
inherent safety index.  This can only be obtained 
reaction by reaction within a process.  It is difficult 
to analyse the inherent safety level for all process 
streams in a plant due to the complexity of processes 
involved as process conditions undergo change. 
Manual extraction of process design data will limit 
the effective utilisation of the indices especially of 
repetitive quantification of inherent safety levels when 
process conditions or chemicals undergo change in 
the design stages.  This paper proposes a framework 
to address these shortcomings for meaningful use 
of inherent safety indices during preliminary design 
stage. 

Integrated risk estimation tool (irEt) for inherent 
safety application 

A feasible framework was introduced for inherent 
safety application in a preliminary design stage 
by an integrating process design simulator with 
consequences of an unwanted event such as explosion 
[10].  A demonstrative tool was developed by 
integrating process design simulation software, HYSYS 
with an explosion model developed in a Microsoft 
Excel spreadsheet.  The demonstration tool named 
as an integrated risk estimation tool (iRET) used a TNT 
equivalent explosion model.  Its results demonstrated 
that it is possible to determine consequences during 
the preliminary design stage hence providing crucial 
information to improve plant safety.  The algorithm 
involved for iRET is shown in Figure 3.

Apart from the benefits of having early indication of 
explosion consequences, the tool also eliminated the 
need to manually transfer information from process 
design simulator into consequence analysis software, 
thus saving time and reducing chances of data entry 
errors.  The concept used in iRET proved very practical 
for the implementation of inherent safety principles 
in preliminary design stage. However, there was no 
evidence to show how the tool could be utilised to 
estimate risk without the inclusion of probability 
estimation in the framework.
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This research expanded the concept shown in Figure 
3 to include ISL quantification features as part of an 
effort to address suggestions by industries that ISL 
quantification methodologies be simplified and 
made adoptable during early plant design stages.  
This suggestion was the conclusion from a survey 
[3] which received 63 responses including 36 from 
industries and consultants, 24 from academics and 
R&D organisations and 3 from regulatory bodies from 
11 countries.  The quantification of ISL was determined 
using an integrated system of inherent safety index, 
consequences estimation and probability estimation 
with a process design simulator.

InHErEnt SAFEtY LEVEL (ISL) QuAntIFIcAtIon 
uSInG InHErEnt SAFEtY IndEx ModuLE (ISIM)

The approach for the quantification of ISL followed 
the same concept as proposed in an earlier research 
[10].  A new framework is proposed to allow process 
information from a process design simulator, in 
this case HYSYS, to be extracted and analysed 
for the determination of inherent safety level, 
and consequences and probability of unwanted 
incidences, as shown in Figure 4.  The availability of 
such information at the earlier stage of design will help 

process designers obtain ISL.  The process designers 
can use the ISL as a tool to revise and produce safer 
designs by the application of inherent safety concept 
in a more efficient and cost effective manner. 

The current paper presents only the Inherent 
Safety Index Module (ISIM) as shown in Figure 4 to 
demonstrate its feasibility to measure inherent safety 
level during a preliminary process design stage. 
Research is currently on-going to develop the entire 
framework and results will be published separately.

Data such as pressure, temperature, flow rate and 
composition were extracted from a process design 
simulator (in this case is HYSYS) using macros in 
Microsoft Excel to calculate inherent safety indices. 
Heikkilä’s classifications approach [5] was adopted  
as this method is very basic, easy to be implemented 
and does not require extensive use of proprietary 
monographs.  Pressure, temperature and flow rate 
were directly evaluated for their respective inherent 
safety indices, ranging from 0 to 5 (worst).  Composition 
of each stream was used to calculate the flammability 
limits of the mixture and translated to explosiveness.  
Based on these indices, streams with unfavorable ISL 
were identified and improvements were carried out 
by process designers by applying one or more of the 
inherent safety principles as outlined in Table 1. 

In the complete tool being developed for the 
entire framework, consequences and probability of 
unwanted incidents could also be assessed.  When 
integrated with a process simulator, it is expected 
that the impact of changes in process conditions to 
inherent safety level and consequences could be 
effectively determined during a preliminary process 
design stage.

cASE StudY

An acrylic acid production process was used as a 
case study to demonstrate the capability of ISIM for 
inherent safety application in the preliminary process 
design stage.  The simulation model of an acrylic acid 
plant was originally produced for academic purposes 
[14] using HYSYS process design simulator.  In this case 

User input
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Ambient pressure

Hole diameter

Simulation data
Pressure

Composition
Heating value

HYSYS Ð Excel Interface

Flammable massFlammability estimation

Explosion parameters estimation

Potential damage estimation

Results

Yes

Risk and consequences are
acceptable?

User proceed with design

Figure 3:  Integrated risk estimation tool, iRET [10]
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study, ISIM was integrated with HYSYS to demonstrate 
its capability to determine stream that is more 
inherently unsafe.  Design changes were fed into the 
identified stream following the principle of inherent 
safety for the improvement of safety level. For instance, 
a stream scoring a level 4 index is deemed to be more 
inherently unsafe compared to a stream scoring level 
2.  Since safety does not have an absolute level, the 
application of the As-Low-As-Reasonable-Practicable 
(ALARP) principle is necessary to reduce the index in 
conjunction with process requirements.  For instance, 
if a process can only work at a particular temperature 
or pressure, which may score a high index, other means 
of increasing safety level should be explored rather 
than directly reducing pressure and/or temperature. 
This means that not all scoring high index streams 
can be reduced to a lower index. Modification of the 
process conditions will reach a limit once the desired 
process design objectives such as product quality is 
compromised. 

The simulation process of an acrylic acid production 
plant had a total of 33 streams.  The main feature of 
its production process were the twin parallel reactors 
(R101A and R101B) as shown in Figure 5, capable of 

converting propene and air mixture into acrolein. 
Acrolein was further oxidised in another reactor 
to produce acrylic acid and other by products.  The 
mixture was further refined in distillation towers to 
produce 99.99% pure acrylic acid.

For this case study, only the indices for temperature, 
pressure and explosiveness were considered in order 
to show the application of ISIM.  Other parameters 
such as toxicity, corrosiveness, etc. were also 
important but not considered in this case study.  The 
process information data for all 33 streams in the 
acrylic acid plant were easily transferred to ISIM due to 
the advantage of integrating with HYSYS.  Results are 
shown in Figures 6, 7 and 8 in order to illustrate the 
concept proposed in the framework. These figures, 
show that pressure parameters were all scoring index 
of 0, i.e. the system was operating at low pressure 
regime and pressure was not an inherent safety 
concern for the process.  Figures 7 and 8 show that 
there were streams classified as levels 3 and 4.  At that 
time, there was no definitive way to determine which 
level was safe or otherwise.  The only conclusion 
then was that a higher index is more inherently 
unsafe compared to a lower one.  This case study also 

Figure 4:  Framework to determine ISL at preliminary design stage
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demonstrated how these streams were modified to 
achieve a lower index.

The indices of related process streams are tabulated 
in Table 3.  Pressure index was no longer being 
considered in the analysis as indicated earlier.  This 
table clearly shows that integration of an inherent 
safety index module (ISIM) with a process design 
simulator allowed potentially dangerous streams to 
be clearly identified early during initial design.

The process design engineers will have the opportunity 
to modify the process to produce an inherently safer 
option using the inherent safety principles as described 
in Table 1.  In this particular case study, the streams 
scoring high indices (levels 3 and 4) were traced to 
streams originating from the parallel reactors (R101A, 
R101B) as shown in Figure 5.

The principle of simplification from the inherent safety 
concept as given in Table 1 was adopted in order to 

Figure 5:  Parallel reactors in original design of acrylic acid 
production plant [14].
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Figure 6:  Inherent safety index for stream pressure in original 
design

Figure 7:  Inherent safety index for stream temperature in original 
design

Figure 8:  Inherent safety index for stream explosiveness in 
original design

table 3:  ISL for parallel reactors streams in original design

Stream Tempera-
ture Index

Pressure 
Index

Explosive-
ness Index

R100 3 0 2

R101A Feed 3 0 2

R101A Top 4 0 2

R101A Bot 4 0 0

R102A Feed 3 0 2

R102A Top 4 0 2

R102A Bot 4 0 0

5 4 0 0
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show the application of ISIM in the preliminary design 
stage.  The objective was to reduce the complexity 
of the process that will reduce the number of 
streams having high ISL value for temperature and 
explosiveness. 

Improvement was made to the parallel reactors, 
which resulted in a single reactor as shown in Figure 
9.  This modification resulted in the elimination of 
one reactor and its inlet and outlet stream.  After 
the modification, ISIM was again used to analyse ISL 
of the modified process.  The inherent safety indices 
for the original and modified cases were compared 
and the results shown in Figures 10 and 11.  It can 
be concluded that the modification resulted in a 
reduction in number of streams temperature having 
ISL 3 and 4.  This indirectly improved the overall 
safety of the plant.  The explosiveness index was also 
reduced.  Modification to the process took very little 
time and low cost since the design was still at the 
simulation stage.  This would have been expensive if 
the concern is only detected further into the design 
stage, for instance, after preparation of the complete 
process and instrumentation diagram and sizing of 
equipment.

Quantification of inherent safety level was also 
tested in the simulation stage of process design. In 
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Figure 10:  Inherent safety index for stream temperature in 
original and modified design

Figure 11:  Inherent safety index for stream explosiveness in 
original and modified design
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this particular case, the process was simplified by 
combining both reactors as one.  From a mechanical and 
instrumentation stand point, lesser main equipment 
and lesser auxiliary equipment could improve overall 
reliability of the plant.  It is important to stress that 
the final selection decision has to be made after 
considering other factors such as economics of larger 
reactors and operational flexibility of only one reactor.  
The demerit of this design option is obviously the 
larger inventory to be handled by a single reactor. 

It is very important to note that the application 
of different inherent safety principles to the same 
problem may derive to different solutions in 
improving safety levels.  It is better to consider all 
the relevant inherent safety principles according to 
the hierarchy [8] and careful consideration should be 
given to select the best solution in improving safety 
levels.  As an example for the case of the reactor 
above, it is not always the case that combining two 
reactors together will provide the best solution to 
improve the safety level.  In the majority of times, 
multiple units rather than one big reactor will provide 
a better solution.  Therefore, careful consideration and 
attention would have to be given in the application of 
inherent safety principles to create the best solution 
which gives the safest condition.  Experience and 
knowledge on the design aspects are very important 
for effective application of the principles of inherent 
safety especially to review the agreement of different 
alternatives [11].

A more detailed study is being conducted to address 
the above issues.  An enhanced technique for the 
determination of safety index is also being studied.  A 
heuristic approach is also proposed to provide easy 
application of inherent safety principles in process 
design. 

concLuSIon

This paper conclusively showed that an inherently 
safer process can be designed since the inherent safety 
level (ISL) of the original process can be determined 
at the preliminary design stage using Inherent Safety 
Index Module (ISIM) as proposed in the framework 

given in Figure 4.  A more rigorous result could be 
determined once the entire system of the framework 
is completed.
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AbStrAct

The operation of a gas processing plant with a tight profit margin and rigid contractual constraints at both 
ends poses a challenging problem.  The problem is further compounded by continuous fluctuations in feed 
compositions and economic conditions of the plant.  To widen its profit margin, the plant needs to operate more 
efficiently.  This requires continuous re-evaluation of the operating conditions through an efficient optimisation 
algorithm. The success of solving the optimisation problem rests on the accuracy of the plant model used, as 
well as the inclusion of technical and business aspects of the plant operation.

This paper proposes means for optimising a refrigerated gas plant (RGP) based on a steady-state simulation 
model.  RGP is simulated using AspenTech HYSYS and calibrated with actual plant data.  Key optimisation 
variables were prudently identified to induce maximisation of profit function.  Four case studies namely a base 
case (1B), one-feed (1F), two-feed (2F) and three-feed (3F) inlet streams were carried out.  Compared with case 
1B, the profit margins rose by 9.3%, 12.3% and 13.4% for cases 1F, 2F and 3F, respectively.  It was observed that 
the best option for this RGP was to focus on balancing feed gas supplies while respecting plant constraints.  
In addition, it was found that optimising utility consumption resulted in insignificant savings.  Utilities only 
contributed less than 2.4% of total expenses in all four case studies.

Keywords:  gas plant, simulation, economics, optimisation

IntroductIon

Gas processing plants are considered as mid-stream 
operators.  Their upstream suppliers are gas producers 
while downstream customers are mostly power 
producers, petrochemical industries and residential 
dwellers.  On the supply side, raw gas is delivered 
by several producers and mixed at the plant inlet. 
To enhance the performance of gas plants, profit 
optimisation could be carried out at the supplier and/
or customer ends.  In business sense, the complexity 
is compounded by contractual obligations which may 
differ from one customer to another.

The main product of a refrigerated gas plant (RGP) 
is sales gas (SG) consisting of mainly methane (C1).  
Natural gas liquids (NGLs) like ethane (C2), propane 
(C3), butane (C4) and condensates (C5+) are the 
valuable by-products.  Under the current practices, 
RGP profit optimisation is performed in a two-level 
process.  The top level (L2) optimisation, executed by 
the planners, focuses on overall input-output material 
balance and economic relations.  The outcomes, usually 
the feed flow rates, are forwarded to the operating 
personnel responsible for performing lower level (L1) 
optimisations.  At L1, focus is on engineering such as 
energy and loss management (ELM).  An example of 

This paper was presented at the First Engineering Conference on Energy & Environment 

27-28 December 2007, Kuching, Sarawak, Malaysia
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ELM is the optimisation study of a heat exchanger 
network (HEN) integration of a turbo-expander plant 
(TEP) [1].

The current practice has two practical drawbacks. First, 
this two-level optimisation process lacks integration.  
As a result, the direction given by the planners may 
not be workable operationally due to such factors as 
column flooding, product flow fluctuation and reboiler 
tube clogging.  Second, unplanned/emergency 
shutdown situations like a major equipment failure 
could occur during the absence of the planners. The 
plant may be kept running albeit at a sub-optimal 
condition.  This situation requires a new direction set 
by the planners.  However, in most cases the operating 
personnel performs troubleshooting for a quick fix to 
the problem.  This may result in substantial product 
losses.

In this paper, a new approach based on the previous 
works [2]-[3] is proposed.  The proposal is to integrate 
L1 and L2 plant optimisation.  Economics and technical 
data were fed into a model optimiser and solved 
simultaneously.  This new approach differed from 
previous works in that the plant is modeled using 
a sequential modular process simulator like HYSYS 

instead of an equation-oriented process model to 
solve the material and energy balances.  The latter is 
flexible, and is used in less complex systems [4].  The 
former is more user-friendly and robust, and hence 
more practical for industry. 

ProcESS dEScrIPtIon

The refrigerated gas plant (RGP) was simulated using 
a rigorous process simulator (AspenTech HYSYS). 
Thermodynamic properties were estimated by the 
Peng-Robinson equation of state.  Key operating 
values were calibrated with data collected from a 
real gas processing plant (Figure 1).  Feeds to the RGP 
came from three main gas producers A, B and C.  Feed 
gas compositions varied as listed in Table 1.  Values 
fell within the approximate range of typical natural 
gas compositions found across the world [5].

Water, sulfur and mercury were assumed absent when 
feed gas (FG) entered the RGP.  In other words, all 
feed gas streams were assumed to be sweet, dry gas 
with varying richness and carbon dioxide (CO2) levels.  
Under normal operations (base case), mixed FG flowed 
at 280 metric ton per hour (MT/h), and entered the 
RGP at 20 °C and 50 bar.  It was cooled by exchanging 

Figure 1: Simplified process flow diagram of the RGP. E=heat transfer equipment (non-fired); S=separator; KT=turboexpander; 
K=compressor; P=pump; C=column; J-T=Joule-Thompson valve
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heat with the residual gas in three cold boxes (a 
variant of brazed aluminum plate heat exchanger), a 
C3-refrigeration cooler and an air cooler.

FG was flashed in two stages to enhance vapour-liquid 
separation.  The resulting vapour was expanded in 
a turboexpander (TE) and/or Joule-Thompson (J-T) 
valve to improve NGL recovery.  The liquids were fed 
to different stages of a demethaniser (C-101) column.  
The bottoms of C-101 were sent to the Product 
Recovery Unit (PRU) for further processing of NGLs. 
The top of C-101 was fed to an absorption unit (C-
102) to minimise ethane loss.  Recompression of the 
residual gas was carried out twice to meet pipeline 
pressure specifications at 30 bar.

Plant Economics

The complexity of an RGP business model depends 
on both ends of its boundary limits.  At the supply 
end, the three producers supply feed gas at different 
rates since contractual terms vary from one producer 
to another.  In general, contractual terms between 
producers and RGP are classified as:

1. a fixed processing fee
2. a “keep-whole” NGLs contract
3. retention of a fraction of the NGLs

The RGP enters into agreements for a diverse 
combination of terms with different producers. This is 
to ensure its economic sustainability.  In this study, feed 
gas prices were fixed on long-term contracts. They are 
listed in Table 2 together with prices of products.

Besides feed gas, an RGP also has to pay for utilities and 
consider maintenance of the expander-compressor 
(KT/K-101).  The former includes low pressure (6 bar) 
steam, refrigeration and electricity.  Maintenance of 
KT/K-101 includes normal deterioration of mechanical 
parts as well as topping up of seal gas and lubrication 
oil.  Maintenance cost was estimated to be half of 
refrigeration cost.  Table 3 summarises the utilities and 
maintenance costs.

table 1:  Compositions (mol fraction) of feed gases

component A b c

Methane 0.8865 0.7587 0.6797

Ethane 0.0622 0.0836 0.1056

Propane 0.0287 0.0535 0.0905

i-Butane 0.0102 0.0097 0.0302

n-Butane 0.0059 0.0194 0.0402

i-Pentane 0.0003 0.0058 0.0121

n-Pentane 0.0002 0.0068 0.0101

n-Hexane 0.0001 0.0002 0.0028

Nitrogen 0.0039 0.0043 0.0012

Carbon dioxide 0.0020 0.0580 0.0276

table 2:  Prices of feed gases and products

component Price unit

FG-A 3.50 RM/MMBtu

FG-B 3.10 RM/MMBtu

FG-C 2.75 RM/MMBtu

SG 6.40 RM/MMBtu

C2 1.32 RM/MMBtu

C3 542.29 RM/MT

C4 689.70 RM/MT

table 3:  Costs of utilities

utilities/Maintenance Price unit

Steam 26.0 RM/MWh

Refrigeration 49.0 RM/MWh

Electricity 180.0 RM/MWh

Expander-Compressor 24.5 RM/MWh
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optimisation

The goal of optimisation is to maximise profit of 
the RGP whilst respecting certain plant constraints, 
and contractual obligations to both producers and 
customers.  This is generally carried out through 
maximisation of product throughputs and/or 
minimisation of operating costs.  By integrating L1 
and L2 optimisation processes, the objective function 
can be written as:
 )(Max xu,

u
P  (1)

where
P = Revenues – Expenses
Revenues = f1 (SG, C2, C3, C4)
Expenses = f2 (FGs, utilities, maintenance)
u  = optimization variables:  u∈Rm, m = 9 as in Table 4 
x  = process variables:  x∈Rn,  n = 12 as in Table 5

The profit function is maximised subject to the 
following constraints:
a. FG flow rate ≤ 310 MT/h
b. SG

i. 35.1 [GHV [48.1 MJ/Sm3

ii. Specific gravity (relative to air) ≤ 0.75
iii. CO2 content ≤ 2.0 mole %
iv. Flow rate ≥ 295 MCM/h

c. Equipment
i. 20 [ C-101 flooding [ 90%
ii. E-101 UA [10,000 MJ/ °C-h
iii. E-103 UA [5000 MJ/ °C-h
iv. E-105 UA [1000 MJ/ °C-h
v. E-101 LMTD ≥ 5 °C
vi. E-103 LMTD ≥ 5 °C
vii. E-105 LMTD ≥ 5 °C

The significance of the above constraints are explained 
as follows. FG flow rate of 310 MT/h represents the 
maximum load of the RGP.  Constraints on SG are 
specified by the customer.  Specifically, constraints 
on gross heating value (GHV) and specific gravity are 
to ensure the quality of the SG.  Maximum CO2 content 
of less than 2.0 mol% is to satisfy the environmental 
regulations imposed by major customers.  Minimum 
SG flow rate of 295 thousands cubic meters per 
hour (MCM/h) is the load demanded by customers.   
Flooding constraint on C-101 is to ensure good 

separation of C1 from the heavier NGLs.  Maximum 
capacities (UAs) of cold boxes are taken according to 
design.  Log-mean temperature difference (LMTD) 
of greater than 5 °C is to prevent temperature-cross 
violation at cold boxes.

The maximisation of the profit function was performed 
by manipulating the optimisation variables, which 
were initially normalised with respect to their 
respective low and high bounds. The optimisation 
variables, as well as their corresponding units and 
bounds are listed below:
a. 150 [ FG-A [310 MT/h
b. 0 [ FG-B [150 MT/h
c. 0 [ FG-C [100 MT/h
d. 0 [ SR-1 [1
e. 0 [ SR-2 [1
f. 10 [ TE Pout [30 bar
g. 100 [ E-102Q [5000 kW
h. 100 [ E-106Q [2000 kW
i. 100 [ K-102Q [5000 kW

The optimisation problem was solved using the built-
in Box, SQP and/or Mixed algorithms in HYSYS [6].  
The procedure (Figure 2) was stopped when one of 
the following necessary conditions for optimality was 
achieved:

Variables

Objective function

Constraints

Modeling

No

No

YesOptimization

Start

Validated?

Steady-state Modeling

Problem Definition

Optimization Algorithm

Optimized?

Yes

End

Figure 2:  Modeling and optimization process flowchart
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1. the chosen algorithm reached convergence, or
2. a new state with higher profit value was attained 

for non-convergence cases.

dIScuSSIon oF rESuLtS

This section is divided into two parts.  The first part 
discusses operational matters and the latter, economic 
issues.

Process

Safety is an important aspect in plant operations. 
For this reason, buffers are often created to ensure 
reliability and smooth operations of a plant.  Buffers 
are beneficial and can be turned into opportunities for 
enhancing plant performance.  These opportunities 
could put some of the plant assets to “sweat” as some 
variables move closer to constraints.  Table 4 shows 
the changed optimisation variables attempted in 
order to shrink these buffers.  Table 5 displays the 
resulting constraint values of all cases.

For case 1F, the changes in the variable values were  as 
expected.  The first step was to move FG-A flow rate 
closer to the plant limit of 310 MT/h.  In this way, more 
SG could be produced and delivered to the customer. 
At C-101, the average flooding was only increased by 

about 3% from case 1B (60.22%).  CO2 presence in 
the SG was at 0.15%, which was far below customer 
specifications (2%).  This can be explained by the fact 
that FG-A is a lean gas with low CO2 content.

RGP temperature was mostly “controlled” by a 
refrigeration cooler (E-102).  The higher the cooler duty 
(E-102Q), the colder an RGP becomes. Specifically, an 
increase in E-102Q will drop the first flash vessel (S-
101) temperature.  In turn, this will yield more liquid 
fraction containing mostly NGLs at the bottom.  On 
the other hand, some NGLs could escape to the 
S-101 vapour outlet and enter E-103 at a higher 
temperature.  This condition would be undesirable 
because it could cause temperature-cross violations 
at the cold box and/or indirectly at E-101 and E-105.  In 
case 1B, the E-102Q was set at 4600 kW corresponding 
to S-101 temperature of -46.6 °C. For case 1F, the duty 
was lowered to 4248 kW to reduce the operating 
expenditure (OPEX).

The next step was to promote additional FG to pass 
through the turbo-expander (KT-101) and Joule-
Thompson (J/T) valve.  In this case, the first split ratio 
(SR1) decreased by 1%.  In terms of mass, it means that 
more FG is available to induce rotation of the KT-101 
blades as opposed to exchanging heat at E-105.  The 
second split ratio (SR2) dropped by 4%.  At the same 

table 4:  The final values of optimization variables 

Variable unit base 1-Feed 2-Feed 3-Feed

FG-A MT/h 280.00 304.00 290.00 288.05

FG-B MT/h 0.00 0.00 20.00 15.28

FG-C MT/h 0.00 0.00 0.00 6.67

SR1-1 - 0.10 0.09 0.05 0.03

SR2-1 - 1.00 0.96 0.83 0.90

TE  Pout Bar 23.08 22.49 22.80 23.03

E-102Q kW 4600.00 4247.50 4300.00 4513.09

K-102Q kW 3000.00 2800.00 3000.00 2800.00

E-106Q kW 2000.00 1027.14 600.00 100.00
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time, the turbo-expander outlet pressure was reduced 
from 23.08 to 22.49 bars.  Hence, more rotational 
energy was supplied by KT-101 to the mechanically 
linked compressor (K-101).  This shows that a right 
balance in expansion work between KT-101 and J/T 
valve has been found. 

The final optimisation steps were to adjust the SG 
pressure and temperature sufficiently enough to meet 
customer requirements.  In this case, the minimum 
pressure was 30 bars and the maximum temperature 
was 50 °C.  For case 1B, 3000 kW of compressor duty (K-
102Q) was used to increase SG pressure from 23.67 bars 
at K-101 outlet to 31.39 bars.  K-102Q was reduced to 
2800 kW for case 1F that the final SG pressure settled 
at 30.23 bars.  SG temperature for case 1B was 38.37 
oC.  Overcooling was obtained at a cooler duty (E-
106Q) of 2000 kW.  For case 1F, E-106Q was decreased 
by about half to give a final SG temperature of 45.63 
oC which is closer to the constraint.

Similar explanations hold true for cases 2F and 3F.  
The only notable difference was that there were more 
than one FG streams to consider.  The two additional 

streams were rich gases (higher NGL content) with 
medium and high CO2 levels.  FG-B is a typical raw 
natural gas coming from older gas fields while FG-C 
is obtained from a refinery or crude oil terminal off-
gas.  Economic optimum was achieved mainly by 
focusing on varying FG flow rates. The aim was to 
extract more SG and NGLs while curtailing CO2 level 
to the lowest possible at SG product stream.  For 
case 2F, temperature cross-violation occured at E-101 
partly due to the presence of 20 MT/h of rich gas (FG-
B).  This problem was rectified by increasing E-102Q to 
4300 kW from 4247 kW in case 1F.  This maintained S-
101 temperature around – 44 °C.  Similarly, for case 3F, 
temperature cross-violation also took place but this 
time, it was at E-105.  The violation was partly due to 
adding 6.67 MT/h of very rich gas (FG-C) to the RGP. 
Consequently, E-102Q was further increased to 4513 
kW.

Economics

Profit is the bottom line of any plant economics 
consideration. This can be achieved by increasing 
revenues, decreasing expenses or both at the same 

table 5:  The final values constraints

constraint unit base 1-Feed 2-Feed 3-Feed

FG flow MT/h 280.00 304.00 310.00 310.00

SG GHV MJ/Sm3 38.12 38.15 38.19 38.23

SG specific gravity - 0.57 0.57 0.57 0.57

SG CO2 MoI % 0.145 0.146 0.384 0.362

SG flow MCM/h 325 353 355 354

C-101 flooding % 60.22 63.25 60.43 52.26

E-101 UA MJ/(h∙°C) 3520 6020 9190 5240

E-103 UA MJ/(h∙°C) 885 1100 1040 914

E-105 UA MJ/(h∙°C) 499 493 352 289

E-101 LMTD °C 12.66 8.04 5.47 9.62

E-103 LMTD °C 17.42 17.55 18.73 20.24

E-105 LMTD °C 13.79 13.63 10.73 6.58
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time.  In this research, economics data were collected 
from an actual GPP operating in a fixed regime 
environment.  In other words, the FG supplies and 
product demands were agreed on a long-term 
contract basis.  Hence FG, SG and NGL prices did not 
fluctuate as those in the daily spot market.  Even utility 
costs for fuel gas to generate steam, C3 refrigeration 
cycle, and electricity to run pumps, compressors and 
expanders, remained unchange in the foreseeable 
future.  In other words, an optimisation project as 
illustrated in this study is unlikely to hit cost overruns 
because product values and OPEX are precisely known 
a priori.

The optimised economics for all case studies of the 
RGP are shown in Figure 3.  For the base case (1B), 
the hourly profit was RM42,839.  The revenues were 
obtained from the sales of SG (78.69%), C2 (1.16%), 
C3 (10.14%) and C4 (10.01%) as illustrated in Figure 4. 
The expenses were mostly attributed to FG-A (97.58%) 
(Figure 5). 

In case 1F, portions of SG, C3 and C4 in the pie chart 
appeared to increase only by 0.01% but that of C2 
decreased by 0.02% (Figure 4).  In actual fact, the 
revenues are up by 8.6% and exceeding RM100,000/h. 
This means that the size of the pie chart was enlarged 
by exactly the same percentage whilst the expenses 
increased by 7.9%.  The majority is caused by FG-A 
cost (98.16%).  The other 1.84% of expenses was due 
to costs of major utilities.  In the end, profit jumps to 
RM46,835/h (up by 9.3%) amid increments in both 
revenues and expenses.

For case 2F, revenues were up by 10.2%.  Although 
expenses also increased by 8.4%, margin was higher 
by 12.3% to yield a profit of RM48,110/h.  The major 
expenses were due to FG-A (93.24%) and FG-B (4.99%). 
Utilities only took up 1.76% of the total expenses.

For case 3F, profit was RM48,592/h or up by 13.4%. 
This came about at the highest plant revenue 
(RM104,253/ h) and moderate expense (RM55,660/h). 
Majority of expenses were again due to costs of FG.

Figure 3:  Economics of RGP
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Figure 5:  Breakdown of RGP major expenses

Figure 4:  Breakdown of GPP revenues
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concLuSIon

Four case studies on RGP were performed by 
integrating L1 (operational) and L2 (economics) 
optimisation problems.  RGP profit margin for case 3F 
was the highest compared with the other three cases.  
Specifically, profit was up by 13.4% when weighed 
against case 1B.  For cases 1F and 2F, profit increments 
were 9.3% and 12.3%, respectively.  It is therefore 
concluded that RGP should opt for adding two rich FG 
streams (FG-B and FG-C) to the existing one (FG-A). 
This can be performed by continuous re-evaluation of 
plant operating conditions at frequent intervals.
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IntroductIon

Combustion of two-phase fuel-air mixture of fuel 
droplets is a very important area in gas turbines, diesel 
and spark ignition engines, furnaces and hazardous 
environments.  Theoretical [1] and experimental [2] 
evidences suggest that flame propagation through 
aerosol/vapour clouds, under certain circumstances, 
is higher than that in a fully vaporized homogeneous 
mixture.  Thus, an understanding of the influence 
of the presence of liquid droplets in laminar aerosol 
flames is vital before the behaviour of practical spray 
combustion can be fully understood. 

In engines, combustion takes place under turbulent 
conditions, as in boilers, burners and in the hazards 
context.  Nevertheless, the exploration of important 

parameters in practical combustion systems is difficult 
due to the multiplicity of dependent variables.  It 
is well established that the laminar burning rate 
plays an important role in turbulent combustion [3].  
However, information on laminar burning velocity for 
fuel sprays and for gas-liquid co-burning is still sparse, 
even for gaseous mixtures.  As a consequence, there is 
little experimental data of a fundamental nature that 
clearly demonstrates the similarities and differences 
in burning rate, either laminar or turbulent, between 
single- and two-phase combustions. 

In this paper, spherically expanding flames following 
central ignition of globally homogeneous combustible 
fuel mixtures at near atmospheric pressures were 
employed to quantify the differences in the structure 
of instabilities in laminar gaseous and aerosol flames. 

burnInG rAtES And rEGIMES oF SPHErIcALLY 
ProPAGAtInG LAMInAr FLAMES oF  

ISo-octAnE-AIr AEroSoL MIxturES
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31750 Tronoh, Perak Darul Ridzuan, Malaysia 

shaharin@petronas.com.my 
2Department of Mechanical Engineering, University of Leeds, UK 

AbStrAct

The study of combustion droplets-vapour-air mixtures is important to assess the effect of the presence of 
droplets to burning rates and flame instabilities.  In this work, spherically expanding laminar flames were 
employed to study the burning properties of homogeneous droplet-vapour-air mixtures at various ranges of 
equivalence ratio and droplet sizes.  Comparisons were made with gaseous flames and the results suggest that 
flames of droplet-vapour-air mixtures become unstable earlier and have a higher degree of cellularity than those 
of gaseous.  It was also observed that generally three regimes of combustion modes exist, which are stable, 
accelerating and oscillating.
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Iso-octane-air aerosols, in the size range of up to about 
25 mm, were generated by expansion of the gaseous 
pre-mixture to produce a homogeneously distributed 
suspension of fuel droplets.  The droplet size varies 
with time during expansion;  hence the effect of 
droplet size in relation to the cellular structure and 
burning rate of the flame was investigated by varying 
the ignition timing.

It is shown that under the conditions presented there 
were three regimes of flames, in relation to instabilities. 
More importantly, droplets appeared to induce flame 
instabilities at a wider range of conditions than those 
of gaseous flames.  This will be shown to be a function 
of droplet size and equivalence ratio. 

ExPErIMEntAL APPArAtuS

Figure 1 shows a schematic of the combustion 
apparatus.  Full descriptions of the system and aerosol 
generation technique were presented in an earlier 
study [11].  The explosion vessel which essentially 
resembled a Wilson cloud chamber [12], was a 
cylindrical vessel of 305 mm diameter by 305 mm 
long. Optical access windows of 150 mm diameter 
were provided on both end plates for characterisation 
of aerosol and photography of flame propagation. 
Four fans, driven by electric motors, adjacent to the 
wall of the vessel, initially mixed the reactants.  Two 
electrical heaters were attached to the wall of the 
vessel to preheat the vessel and mixture to 303 K.

CV : Combustion Vessel
EV : Expansion Vessel
SL : Supply Line
DL: Discharge Line
VP: Vacuum Pump
 Orifi ce
 Pipe

Valve

DL

VP

 CV   EV

SL

28 litres 23 litres

Figure 1:  Schematic of combustion apparatus

AEroSoL GEnErAtIon & cHArActErISAtIon

Iso-octane-air aerosol mixtures were prepared by a 
condensation technique to generate well defined, 
near mono-dispersed, droplet suspensions in-situ by 
controlled expansion of a gaseous fuel-air mixture 
from the combustion vessel into the expansion vessel, 
which was pre-evacuated to less than 1 kPa.  This 
caused a reduction in the pressure and temperature 
of the mixture which took it into the condensation 
regime and caused droplets to be formed. 

The characteristics of the generated aerosol were 
calibrated by in-situ measurements of the temporal 
distribution of pressure, temperature, and droplet 
size and number, without combustion, with reference 
to the time from start of expansion.  The diameters 
of individual droplets were measured using a Phase 
Doppler Anemometer system from which the droplet 
mean diameter, D10, was obtained.  The number 
density of droplets, ND, was estimated from laser 
extinction measurement method during expansion 
by using the Beer-Lambert Law correlation [5].  The 
far field values of D10 were assumed to be constant 
during combustion because expansion took place 
over a period of several seconds while combustion 
took place over less than 100 ms.

Figure 2 shows a typical variation of pressure, 
temperature, droplet size, fuel mass and number 
density of droplets with time from the start of 
expansion for a stoichiometric iso-octane-air mixture 
expanded from 250 kPa and 303 K.  The measured 
temporal variation of temperature, Tm, initially 
exhibited a polytropic relationship, as shown by 
the dashed curve in Figure 2.  At the start of droplet 
nucleation, approximately one second after the start 
of expansion, the measured temperature departed 
from that of the polytropic expansion, in part due to 
the latent heat of condensation.  This was also evident 
by the increase in ND and D10.  It is shown that ND is 
nearly constant after 1.25 seconds from the start of 
expansion.

Also shown in Fig. 2 is the standard deviation of the 
droplet mean diameter, σD. The low values of σD 
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indicate the near mono-dispersed distribution of 
droplet size that results in the present apparatus. The 
spatial distribution of droplet size was also monitored 
previously [6] and was found to be reasonably 
uniform.

Figure 2:  Typical variations of droplet size, number density 
of droplets, temperature and pressure with time for laminar 
iso-octane-air aerosols expanded from 0.25 MPa, and 303K, at 
stoichiometric condition

MEASurEMEntS oF burnInG rAtES

The droplet size varies with time during expansion; 
hence the effect of droplet size in relation to the 
cellular structure of the flame was investigated by 
varying the ignition timing.  The aerosol mixture was 
ignited at the centre of the combustion vessel by an 
electric spark of approximately 500 mJ.  The flame 
front was monitored through the vessel’s windows 
by schlieren movies which were recorded using a 
high-speed digital camera at a rate of 1 000 frames 
per second and with a resolution of 256 pixels × 256 
pixels.  The flame image was processed digitally by 
using image-processing software [7] to obtain the 
flame radius.
 
From the measured flame front radius, r, the flames 
speed, Sn, is obtained by 

dt

dr
Sn =  (1)
where t is the time from the start of ignition.  Flame 
speed is not a unique property of a combustible 
mixture but is the sum of the gas expansion velocity, 

ug, and stretched laminar burning velocity, un, based 
on the propagating flame front 

ngn uuS +=  (2)

The total stretch rate, α, is defined as:

nS
rdt

dr

rdt

dA

A

221
===α  (3)

where A is the flame surface area.  The gradient of 
the best straight line-fit for the plot of Sn against α 
yields the burned gas Markstein length, Lb [8], which 
expresses the influence of stretch on the flame speed 
by: 

αbsn LSS −=  (4)
 

where Ss is the unstretched flame speed.  A more 
fundamental property would be the laminar burning 
velocity, ul, which is obtained from Ss using the 
approximation:

u

b
sl Su
ρ
ρ

=  (5)

where ρb and ρu are burnt and unburnt densities of the 
gaseous mixture.

rESuLtS And dIScuSSIon

Flame observations 

Figure 3 shows typical sequences of flames within 
stoichiometric aerosols with droplet sizes of (a) 5 µm 
and (b) 15 µm.  The pre-ignition conditions were: 
(a) P = 185 kPa, T = 281 K, φg = 0.92, and (b) P = 155 kPa, 
T = 272 K, φg = 0.63.  The flames in Figure 3 were 
compared at similar radii as indicated.  Also shown in 
each photograph was the time from ignition.  It must 
be noted that the small difference in P and T between 
the conditions in the three images has been shown, 
for gaseous flames, to have little effect on the flame 
structure [9].  Hence, it is assumed that the difference in 
the structure is entirely due to the effects of droplets. 

In Figure 3 (a), with the smaller droplets, the flame was 
initially smooth, without cells.  The long crack on the 
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surface of the flame was originated by the perturbation 
from the spark electrode, and this changed very little 
throughout flame propagation.  The first sign of a 
change in flame surface structure in Figure 3 (a) was 
observed at a radius of about 40 mm, as denoted by the 
shallow cells.  At a radius of 60 mm the flame surface 
displayed scattered and an increasing number of cells. 
The flame became fully cellular after the flame had 
developed beyond the radius of the vessel windows. 
For the aerosol with larger droplet diameter (15 µm), 
the cells on the flame surface developed more rapidly 
(at r = 34 mm) as compared to that for 5 µm.

Measurements of burning rates

The flame speed was obtained from the flame radii 
using Equation (1).  Two experiments were undertaken 
at each stoichiometric condition.  The difference 
between the burning rate properties, for example Ss, 
was typically less than 5%.  Hence, the experiments 
were considered reasonably repeatable.  Therefore, the 
experiments for conditions other than stoichiometric 
were made once, unless the results were inconsistent 
with measurements at conditions by close proximity.

Figure 4 shows typical variations of flame speed with 
time, for three aerosol flames at D10 = 8 µm and φov = 0.8 
(triangles), φov = 1.0 (circles), and φov = 1.2 (diamonds). 
The aerosols were at pressures between 122 and 142 
kPa, and temperatures between 271 and 281 K.  Also 
shown are the flame contour tracings throughout 
propagation at intervals of 2 ms to illustrate the flame 
propagation rate. 

The flame of the leanest mixture (φov = 0.8) is shown 
in Figure 4 to be the slowest. Observation from the 
schlieren photographs (not shown) revealed that 
the flame was stable throughout the whole of the 
observed period. This is also indicated by the smooth 
contours. In addition, Figure 4 shows that this flame 
was affected by the buoyancy effect, as depicted by 
the larger spacing between the contours at the top 
portion of the flame than that at the bottom, and 
by the vertically elongated flame shape. The flame 
for the stoichiometric mixture was initially smooth, 
but became wrinkled at later stages of propagation. 

Figure 3: Sequences of schlieren images of flames within 
stoichiometric aerosols at (a) P = 185 kPa, T = 281 K, and  
(b) P = 155 kPa, T = 272 K

t = 34 ms, r = 60 mm t = 30 ms, r = 59 mm

t = 24 ms, r = 41 mm t = 21 ms, r = 40 mm

t =16 ms, r = 25 mm t = 14 ms, r = 26 mm

t = 8 ms, r = 10 mm t = 6 ms, r = 9 mm

(a) D10 = 5 µm (b) D10 = 15 µm

Figure 4:  Variation of flame speed with time after ignition for 
aerosol flames for aerosol flames at D10 = 8 µm, and φov = 0.8 
(triangles), φov = 1.0 (circles), and φov = 1.2 (diamonds).  Inset: 
Flame contour tracings
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Conversely, the flame of the richest mixture (φov = 1.2) 
was the fastest throughout the whole of the observed 
period and also had the highest degree of cellularity, 
similar to that shown in Figure 3(b) at radii greater 
than 40 mm.

Figure 5 shows typical variations of flame speed with 
stretch rate for the flames in Figure 4.  On the axis for 
the stretch rate, the flame grows from right to left; i.e. 
highest stretch rate at smallest radii as suggested by 
Equation (3).  The solid lines are linear fits to the data 
points at which the flames were stable and were used 
to obtain Ss and Lb, as indicated.  All the flames in Figure 
5 displayed a gradual increase in Sn.  However, at a 
critical radius, the flame for the rich mixture (φov = 1.2) 
became unstable, and later began to accelerate.  The 
point at which the flame speed begins to accelerate 
rapidly with decreasing stretch defines a critical Peclet 
number, Pecl [9], given by the flame radius at the onset 
of flame acceleration, normalized by the laminar flame 
thickness.

From the present work, three main regimes of 
flames are identified.  Figure 6 shows the regimes 
of aerosol combustion for iso-octane-air mixtures 
at various values of D10 and φov, for a pressure range 
of between 90 and 150 kPa, and temperature of 
between 260 and 290 K.  Also shown in the figure are 
the regimes for premixed gaseous flames (D10 = 0 µm) 

at P = 100 kPa and T = 303 K.  In Figure 6, the crosses 
represent flames that remained stable throughout 
observation (r < 75 mm) or those that did not have 
increased acceleration.  The diamond markers identify 
flames that accelerated during within the range of 
observation.  The circles identify oscillating flames [7], 
which occurred in lean mixtures for a certain range 
of D10.

concLuSIon

The effect of droplets in the size range of up to 25 µm 
on the flame speed of iso-octane-air aerosols (0.8 < 
φ <1.4) has been experimentally studied in centrally 
ignited spherical laminar aerosol flames in which a 
cloud of fuel droplets was suspended in a mixture of 
quiescent air and fuel vapour.  These were compared 
with those for gaseous flames.  Inspection of schlieren 
photographs revealed that aerosol flames become 
more unstable as the droplet size and equivalence 
ratio increase.  At a critical radius, the flame became 
unstable and later began to accelerate (as a result of 
cellularity);  this defines a critical Peclet number, Pecl. 
Three main regimes of flames were identified in the 
present work: stable, oscillating, and accelerating. 
Further investigation on the nature of instabilities in 
aerosol flames as well as the transition from stable to 
accelerating regime is required.

Figure 5:  Variation of flame speed with flame stretch for aerosol 
flames
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IntroductIon

Advancements in computing enable information to 
be digitised and to obtain the unique characteristics 
of bits, namely convergence, compression, increased 
speed of dissemination and intelligence in networks. 
These characteristics enable anyone to be an 
information producer, allowing them to produce 
and distribute information to a worldwide audience. 
Science Magazine estimated that the size of the web 
is roughly about 320 million pages, and growing by 
several hundred percent per year [1].  The massive size 
of information available on the Internet produces an 
information overload.  Searching information in the 
Internet becomes a challenge as it often produces 
an overwhelming number of links, many of which 
point to entirely irrelevant sites.  The web became 
the attention of the public in 1994, with the scourge 

of easily accessed on-line pornography, violence and 
hate speech [1]. 

Fear of this trend brought out the desire to protect the 
community, especially children from harmful texts.  
As the Internet became a part of daily life, the need 
for technology solutions to help in managing Internet 
access in education and enterprise became more acute 
[2].  As laws on harmful Internet content were passed, 
the software industry developed technological 
solutions, namely content blocking filtering software 
that enforced their rules, blocking prohibited sites 
from being viewed by an Internet user. 

Due to the desire to protect a community from 
harmful information in the Internet, software filters 
were invented. The four most popular software 
filters currently available are Net Nanny, Solid Oak 

ScALAbLE tExt FILtErInG SYStEM
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Information Technology/Information System Department, Universiti Teknologi PETRONAS, 

31750 Tronoh, Perak Darul Ridzuan, Malaysia 
1foongoimean@petronas.com.my,  

2 izuddin_z@petronas.com.my,  
3 yongsuetpeng@petronas.com.my

AbStrAct

Advancements in computing enables anyone to become an information producer, resulting in the rapid growth 
of information in the Internet.  One concern arising from this phenomenon is the easy access to offensive, vulgar 
or obscene pages by anyone with access to the Internet.  One of the solutions for this concern is filtering software.  
This paper presents a prototype called DocFilter that filters harmful content of a text document without human 
intervention.  The prototype is designed to extract each word of the document, stem the words into its root 
and compare each word to a list of harmful words in the hash set.  Two systems evaluations were conducted to 
ascertain the performance of the DocFilter system. Using various blocking levels, the prototype yields average 
filtering scores of 73.4%.  The system is regarded to have produced an effective filtering accuracy of offensive 
words for most English text documents.

Keywords:  keyword matching, stemming, information filtering, adaptive information retrieval

This paper was presented at the MMU International Symposium on Information and Communications Technologies M2USIC 2006,   

16-17 November 2006, Petaling Jaya, Selangor, Malaysia.



46

Technology Platform:  APPLICATION OF INTELLIgENT IT SySTEM

PLATFORM   VOLUME Six NUMBER ONE  jaNUaRy - jUNE 2008

Software’s CYBERsitter, The Learning Company’s 
Cyber Patrol and SpyGlass Inc.’s SurfWatch [2].  These 
employed the use of an artificial intelligence web 
spider to flag potential inappropriate content to be 
reviewed, categorised and added to the blocked list 
by the company employees.  Each URL on the list will 
be blocked and will be inaccessible to their respective 
clients.  A huge amount of resources, mainly labour 
and money, is required to keep up with the increasing 
number of web pages in the Internet.  The effort to 
create a perfectly working filter is not yet achieved. 
There are vast amounts of reports in the Internet that 
pertains to the failure of filters in blocking the most 
repulsive content while most of them successfully 
block the non-sexual, non-violent content.  There is 
no software available that is able to detect potential 
harmful documents without human intervention.

This study aimed to produce a prototype software 
filter to identify obscene words in a document.  The 
prototype will identify the existence of obscene words 
in the document or page without human  intervention.  
In addition, the study finds a way to reduce resources 
needed to filter unwanted information.  In general, 
this study focuses on identifying harmful content of 
documents to find a possible solution that could be 
implemented to improve the identification process 
and reduce human intervention. 

The rest of this paper is organised as follows: in “Related 
Work”, previous work related to filtering software 
is given.  The prototype document filtering system 
is then introduced.  Results and discussion on the 
developed system are presented after this, followed 
by a summary and a proposal of future work.

rELAtEd Work

Existing filters in the market employ the same 
mechanism, that is, categorising, listing, word 
filtering and access, or distribution control [1].  These 
companies follow the same procedure of deploying 
a web spider to flag a site with potential harmful 
content, summarising the site by taking the first 
and last 25 characters.  This summary is passed to 

employees for further review and categorising.  If a 
site is offensive, the URL is added to the company’s 
block list.  Some filtering products pull offending 
words from the web pages without providing a clue 
to the reader that the text has been altered [3].  The 
text which has been altered as a result of filtering 
might change in its meaning and intent dramatically.  
Porter’s algorithm removes the more common 
morphological and inflexional endings from words 
in English [4]. It strips suffixes based on the idea that 
the suffixes in the  English language are mostly made 
up of combinations of smaller and simpler suffixes 
[5].  Another product, CiteSeer, consists of three main 
components, namely a sub-agent to automatically 
locate and acquire research publication, a document 
parser with a database creator and a database browser 
interface which supports searching by keywords and 
browsing by citation links [6].  Another approach 
to filtering software is by the adaptive information 
retrieval system [7].  This approach is based on the 
query and relevance feedback from the user. The 
system retrieves a document based on queries from 
the user and waits for feedback on whether the 
retrieved document matches the wanted document. 
In the process of relevance feedback, a user will 
identify the relevant document from a list of retrieved 
documents which enables the system to create a new 
query based on the sample document [8].  Based on 
this, any new query based on the relevant documents 
will return a document that will also be similar to the 
desired document.

None of the above-mentioned approaches to 
information filtering is similar to the prototype of this 
study which is characterised by scalability. The scalable 
feature allows a user to determine the blocking level 
of a document.  Unlike the approach by Censorware 
[9], the proposed system does not replace censored 
words with words or sentences that potentially alter 
the whole meaning of the original sentence.

docuMEnt FILtErInG

The main module of the proposed architecture for 
document filtering, DocFilter, is shown in Figure 
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1. Tasks involved in identifying and detecting an 
offensive document are document pre-processing, 
list processing and document processing.

document Pre-processing

The first step is document pre-processing, where 
DocFilter reads the text of the document contained 
in a specified directory, extracting each string into 
individual tokens using a method called tokenising. 
String tokenising involves the use of an existing 
function in Java which extracts substrings from a 
string as individual words.  This process enables 
the system to analyse each word contained in the 
document, word by word, rather than painstakingly 
analysing character by character [10]. 

Then, the process of stemming each word takes place.  
Existing Porter stemmer algorithm is used in DocFilter.  
Stemming is the use of linguistics to identify root 
words.

List Processing

A list of offensive words are created in a text file 
named  “denylist.txt” which  acts  as the  database  
for DocFilter.  In list processing, offensive words 
contained in “denylist.txt” are uploaded into a hash 
set.  A hash set is a collection that contains unique 

elements, stored in a hash.  It is made up of an array 
where items are accessed by integer indexes.  Use 
of hash sets are more efficient since access time in 
an array is bounded by a constant regardless of the 
number of items in the container.  This class offers a 
constant time performance for basic operations such 
as add, remove, contain and size, assuming the hash 
function distributes the elements properly among the 
buckets. 

document Processing

Two functions in document processing are word 
detection and word frequency calculation.  DocFilter 
uses a keyword-matching method to detect and 
filter the occurrences of offensive words in a text 
document.  Each token in a text document is analysed 
by comparing them with a list of offensive words in a 
hash table to find all unacceptable words.  If the token 
matches with a word specified in the offensive list, the 
word is recorded and the number of its occurrences 
calculated. 

In addition, each offensive word detected is replaced 
with a “<censored>” tag to inform the user that 
DocFilter has filtered the document.  Once an offensive 
word is detected, DocFilter calculates the frequency 
of its occurrence.  The total number of words in the 
document is recorded.  The percentage occurrence of 

Figure 1:  DocFilter System Architecture
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Figure 2:  Blocking level

Figure 3:  DocFilter summary sections
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offensive words in the whole document is calculated 
using the formula in Table 1.

The blocking level of the system is scalable as shown in 
Figure 2.  Users determine the status of a text document.  
DocFilter provides three different blocking levels, 
namely “Low Level”, “Medium Level”, and “High Level”.  
Each level has a different percentage of occurrence 
of offensive words in determining offensiveness of a 
text document.  Using this technique, DocFilter can 
be customised to allow some flexibility to support 
different levels of access for different types of users. 
The blocking levels are defined as follows:
•	 Low blocking – Document is offensive when 

occurrence of offensive words is more than 15%. 
•	 Medium blocking – Document  is offensive when 

occurrence is more than 10% but less than or 
equal to 15%.

•	 High blocking – Document is offensive when 
occurrence is more than 5% but less than or equal 
to 10%. 

•	 Strict blocking – Document is offensive when 
occurrence is less than or equal to 5%.

Once offensive words are detected and status of a text 
document is determined, DocFilter provides the user 
with a summary of the filtering.  Figure 3 shows the 
summary section of DocFilter.

SYStEM EVALuAtIon

Each module was developed with an objective in 
mind. Document pre-processing involved tokenising 
of words into tokens and stemming tokens into the 
roots. 

List processing involved loading a list of offensive 
words from a text file into a hash set.  Document 
processing involved matching of keywords and 
calculating occurrences of words.  Document 
pre-processing and list processing works in the 
background, that is, not transparent to the user.  The 
document-processing module produces output that 
is displayed and readable by the user.  Each of these 
modules functions as expected.

comparisons between human evaluators and 
docfilter

There were a total of three different types of 
documents tested using DocFilter.  These documents 
were entertainment news, song lyrics and personal 
blogs. 

A total of 25 users who consisted of 16 parents and 
9 English linguists are involved in the evaluation 
process.  Each user was given six different types 
of text documents.  The original documents were 
first read, then offensive words encountered were 
highlighted. The same documents were then 
processed using DocFilter to extract all offensive 
words in the documents.  Marks were given to each 
word found both highlighted in the original document 
and extracted by DocFilter.  For each document, an 
average of the highlighted words by human evaluators 
and offensive words extracted by DocFilter were 
calculated.  The total average for all documents were 
derived by comparing the scores of words highlighted 
by human evaluators against scores of DocFilter’s 
word occurrences.  Finally, the text document status 
determined by DocFilter is compared against the text 
document status determined by human evaluators.

From the evaluations, the results were summarised as 
the following:

•	 The average scores of offensive words detected 
by human evaluators differ from offensive words 
detected by DocFilter for 3 categories of text 
documents (song lyrics, entertainment news and 
personal blog). Based on offensive words stored 
in denylist.txt, actual occurrences in song lyrics 

Table 1: Computing precision and recall

Predicted 
Classes

Actual Classes

Offensive Non-offensive

Retrieved a b

Not retrieved c d

Precision =  %
ba

a
100×

+
Recall =  %

ca

a
100×

+
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are 24, entertainment news 27 and personal blog 
16 offensive words.  Average scores by human 
evaluators were 26.76 for song lyrics, 27.2 for 
entertainment news and 19.52 for personal blogs.  
However, DocFilter managed to detect 21 for 
song lyrics, 22 for entertainment news and 19 for 
personal blogs.

• Based on the default blocking level (High Level), 
both song lyrics and personal blogs were identified 
to be offensive by DocFilter while entertainment 
news were not considered offensive.  The results 
produced were similar for both human evaluators 
and DocFilter.

• Based on the “High” blocking level, the 
performance of DocFilter in determining the 
status of a text document is 75.86% for song lyrics, 
80.88% for entertainment news article and 61.47% 
for the personal blog.  Based on these evaluations, 
the total average scores for DocFilter’s filtering 
accuracy is 72.8%.  Table 2 shows the comparative 
scores between human evaluators and DocFilter.  
After a document is processed by DocFilter, 
offensive words encountered are replaced with 
“<censored>”.

Precision and recall computation 

System evaluations were also conducted to compute 
the average precision and average recall for 3 
categories of text documents such as song lyrics, 
entertainment news and personal blogs as shown in 
Table 3.

The evaluation result reconfirms that precision is 
inversely proportional to recall and its average recall 
is 74.0% for keyword matching text filtering system. 

concLuSIon

Generally, most filtering software require human 
intervention in determining the status of the site. 
Based on a keyword matching approach, this filtering 
software depends on the URL block list and a list of 
offensive words to filter and block sites from their 
clients.  DocFilter is a prototype aiming to find a 
possible method or a solution that could identify and 
determine the harmfulness of content in a document 
without human intervention.  Furthermore, DocFilter 
employed the use of stemming algorithm to stem 
words to its root in order to improve the keyword 
matching used by existing filtering software.  The 
architecture of DocFilter is carefully designed, to 
give the best possible output of the system.  Overall, 
the experimental results show that the application 

table 2: Scores comparison between human evaluators and 

DocFilter

Document 
Type

Result 
from
Human
Evaluator 
(E)

Result 
from 
DocFilter
(D)

100×
E

D

Entertainment 
news article  27.2 22 80.9

Song lyrics  27.68 21 75.9

Personal blog  19.52 19 61.5

Average Percentage 72.8

table 3:  Calculate average recall & precision

Types of 
documents

Total No. 
Words

Offensive 
words 
retrieved

Average 
Precision 
(P)

Average 
Recall 
(R) %

Entertain-
ment 
News

551 22  4.0 85.0

Personal 
Blog 363 19  5.2 77.0

Song 
Lyrics 264 21  8.0 60.0

Average Percentage 74.0
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manages to detect occurrences of offensive words 
in sample documents.  DocFilter produced quite 
good results with an average score of 73.4%.  The 
performance of DocFilter could be improved with 
the inclusion an automated revision of the offensive 
words list so that users can add and delete offensive 
words based on their preferences. 

In this study, unlike the filtering approach by 
Chowdury [3], the DocFilter system does not alter 
censored words (to words that may not have the same 
meaning as the offensive words).  The DocFilter system 
censors offensive words and displays the original 
article without the offensive words.  In addition, the 
system is scalable, allowing users to adjust the levels 
of blocking. 

Additional features recommended for future work 
includes improving the stemming algorithm.  The 
accuracy of filtering will improve by improving the 
accuracy of stemming each word into their root 
word.  Currently, DocFilter faces some inaccuracy 
in the filtering process due to the problems of 
under-stemming and over-stemming.  In addition, 
an automated list of offensive words could be an 
improved feature and a good approach to be applied to 
DocFilter.  It will enable a user to add and delete words 
from a database of offensive words as and when they 
deem it fit as new offensive words appear. Another 
recommendation is that the system be extended to 
offensive words in Bahasa Malaysia as the number of 
websites in Bahasa Malaysia has increased.
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AbStrAct 

With the advent of the Internet, there is a dramatic growth of data available on the World Wide Web.  In order 
to reduce information overload, Web Personalisation has been introduced as a significant tool that provides an 
important impact on drawing users’ attention in adapting to vital information such as health information.  A 
personalised web application was developed using Hypertext Markup Language (HTML) as a tool.  The technique 
adopted was a content-based filtering system which applied the functionality of cookies to identify the user’s 
profile.  The results of this study proved that in order to captivate users’ attention and raise health awareness, 
the design of an interface gave an impact towards adaptation to the content.  Therefore, personalisation of 
the interface and content according to one’s preference played an important role in enhancing users’ surfing 
experience. 

Keywords: Web Personalisation, cookies, health awareness, user’s surfing experience. 

IntroductIon 

The World Wide Web (WWW) is emerging as an 
appropriate environment for business transactions 
and user-organisation interactions because it is 
convenient, fast and cheap to use.  Most of the 
websites nowadays have been designed to fit all 
the visitors (one-size-fits-all) regardless of users’ 
interests and preferences.  Therefore, users often 
receive ambiguous and unspecific results.  To reduce 
information overload and create customer loyalty, 
both E-commerce businesses and content-based 
sites use Web Personalisation.  Personalisation is a 
process of gathering and storing information about 
site visitors; analysing the information and based on 
the analysis, delivering the right information to each 
visitor at the right time. 

The implementation of personalisation technology 
for website development can be developed using 
cookies.  Cookies are pieces of information generated 
by web servers to be stored in users’ machines.  It has 
been used to detect users who have previously visited 
the site and display customised pages for them based 
on choices which they have indicated according to 
their preferences. 

This study focuses on the implementation of 
personalisation technology for website development 
using cookies.  A user’s profile such as age, gender, race 
and occupation could be used in differentiating and 
guiding the website design.  The website content was 
based on the topic “Raising Awareness of AIDS”.  This 
topic was chosen because it is suitable for all ranges 
of website visitors despite their different backgrounds 

This paper was presented at the National Conference on Social Science and ICT,  

15-16 July 2006, Langkawi, Malaysia.
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and profiles.  By personalising this website, it is also 
hoped that the information portrayed regarding AIDS 
(Acquired Immune Deficiency Syndrome) would be 
easily adaptable by public visitors in order to increase 
their awareness of the disease. 

The general public seem to be lacking in awareness 
on health issues which could be hazardous to them.  
Nowadays, this kind of vital information is being 
published online for visitors’ reference and knowledge.  
To increase awareness related to this issue, the web 
designer should find a solution to make the website 
more attractive according to the visitors’ individual 
preferences.  This would enable users to adapt easily 
to the information which the website designer is 
trying to convey. 

The main objective of this project was to develop 
a website layout that would fit a user’s profile by 
applying the functionality of cookies.  Besides that, 
this project also intended to evaluate the user’s 
satisfaction towards the system’s functionality, 
perception towards website content, layout and 
design and perception towards web personalisation. 

LItErAturE rEVIEW 

Personalisation can be defined as the ability to 
proactively tailor products and product purchasing 
experiences to the taste of individual consumers based 
upon their personal and preference information [1]. 
The term personalisation has been used in a variety 
of contexts.  Web personalisation is simply defined as 
the task of making web-based information systems 
adaptive to the needs and interests of individual users 
[2]. Typically, a personalised website recognises its 
users, collects information about their preferences and 
adapts its services, in order to match the users’ needs. 
Web personalisation improves the web experience of 
a visitor by presenting the information that the visitor 
wants to see in the appropriate manner and at the 
appropriate time.  By knowing their customers’ needs 
better, firms can offer products and services at the 
right price, in the right context, and at the right time. 
Web personalisation enables this sort of interaction 
[3].  Web personalisation serves three main objectives 

[4], which are  to draw attention to a company and its 
products and services, to implant messages and to 
persuade. 

The first step in web usage mining process for 
personalisation consists of gathering the relevant 
web data, which is then analysed to provide useful 
information about the users’ behavior.  In web 
personalisation, in order to adapt the content to 
individual users it is necessary to first recognise the 
user as a certain singular individual.  This could be 
done in two different ways:  recognising the user as 
the same person as before (previous visits, relative 
identification) e.g. through cookies;  or recognising 
the user as a certain person using his/her data 
(absolute identification) e.g. demographic data [8].  In 
this project, demographic data was used based on the 
categories of data in web personalisation as suggested 
in an earlier study [11], i.e. User Profile – Information 
about the user including demographic attributes 
(age, income, etc) and preferences gathered either 
explicitly (through registration forms) or implicitly 
(through web server logs). 

According to [6], cookies are short strings dispensed 
by web servers and held by the client’s browser for 
future use.  They are mainly used to track browser 
visits and pages viewed.  Through the use of cookies, 
the web server can store its own information about 
the visitor in a cookie log at the client’s machine. 
Cookies permit a state to be saved and restored for 
multiple visits to the same web page [10].  A cookie 
could be a short string of 8 characters written and 
read by the web server and is stored at the client’s side.  
This cookie can store information that can be used for 
identifying the client.  With this concept it is possible 
to re-identify a client and link multiple visits together. 
Current personalisation techniques either store the 
user’s preferences in the cookie or store an identifier 
in the cookie serving as an index to a database entry 
containing the user’s preferences. 

The use of the Internet to connect individuals with 
common interests provides the scaffolding for 
building communities that offer support, solidarity, 
information and social capital [12].  The Internet 
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transformed the way individuals obtain all types of 
information including health information.  

WEb PErSonALISAtIon ProcESS 

Web personalisation process could be divided into 
four distinct phases [2, 7]: 

• collection of web data – Data was collected using 
cookies that stored small amounts of information 
about the visitor’s name, gender, age and race 
inside a cookie log at the user’s computer. 

• Preprocessing web data – web data was pre-
processed by identifying unique sessions of 
different requests originating from an identical IP 
address. 

• Analysis of web data – the user was automatically 
profiled based on the information stored especially 
gender, age and race, as this data would influence 
the layout and content design. 

• decision-making or final recommendation 
phase – This last phase in personalisation made 
use of the results from the previous analysis step 
to deliver recommendations to the user.  The 
recommendation process typically involved 
generating dynamic web content. 

WEb dEVELoPMEnt LIFEcYcLE ModEL 
(ModIFIEd SEQuEntIAL ModEL) 

Analysis Phase 

Data from users were collected and each was 
developed into a user’s profile such as preferences, 
personal details, surfing habits and awareness of 
health information distributed on the website.  The 
data was collected through an explicit data collection 
method, using a survey.  The survey was designed 
based on these areas: 

•  Section 1.  Personal details – Focused on the user’s 
personal details.  The main personal details that 
were important to capture were the respondent’s 
age, race and gender.  These were the factors used 
in determining the layout, design and content of 
the website. 

•  Section 2.  Internet usage – Focus was on the 
user’s Internet Usage.  Information captured was 
the user’s surfing behavior such as how frequent 
was the internet used, how much time was spent 
to surf the internet per usage and where was 
usually accessed. 

•  Section 3.  Functionality of cookies – Explanations 
to the users about the functionality of cookies in 
order to improve their understanding towards the 
implementation of cookies in the website. 

•  Section 4.  Website content, layout and design – 
The fourth section was important as it focused on 
the user’s preferences on website content, layout 
and design.  Factors such as text colour, text font, 
text size, background colour, picture position, 
layout preference and content organisation were 
asked in this section. 

•  Section 5.  Health issue:  “Raising Awareness of 
AIDS” – Emphasised on the health issue portrayed 
in the website which was “Raising Awareness of 
AIDS”.  Users were given the opportunity to rank 
the efficiency of the World Wide Web in conveying 
health awareness towards the public. 

In determining the design, layout and content of 
the website, profiles were identified and categorised 
based on results of the survey.  The survey was 
distributed among UTP (Universiti Teknologi 
PETRONAS) population including students and staff, 
and among school children in Tronoh town with the 
aim of reaching out to local citizens by emphasising 
the importance of AIDS awareness among the public 
from different ages and generations. For this purpose, 
a total of 50 respondents were obtained and each 
profile was categorised accordingly.  Table 1 depicts 
the user profiles and categories: 

design and development Phase 

The design phase involved the design of the 
functionality of the system.  It can also be called input 
and output design.  An input design page functions 
to store cookies of a user’s profile.  An output design 
page is the user interface which would display 
according to the preferences in the user’s profile.  The 
system would only be able to identify which output to 
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display based on the data input that fits a category of 
profile which was set. 

The development phase focused on developing the 
website based on results obtained from the previous 
two phases.  The website was developed to reflect the 
various categories of profiles.  Numerous categories  
of profiles were identified to suit users’ preferences.  A 

total of 12 categories of profiles were developed from 
individual user profiles.  Figure 1 shows two examples 
of the profile categories.  Website design, content 
and layout were personalised according to the results 
derived from the survey questionnaire.  The website 
was also personalised to display user’s name, date, 
and greetings. 

table 1:  Segregation of User Profile 

Profile
categories

Age Range Gender Race

8-12 13-17 18 & above Male Female Malay Others

A X X X

b X X X

c X X X

d X X X

E X X X

F X X X

G X X X

H X X X

I X X X

J X X X

k X X X

L X X X

Figure 1:  Print screen of profile categories B and C
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Integration Phase 

Integration phase is where the functionality of cookies 
was integrated with the website.  The integration of 
the system with the website was achieved using PHP 
language.  The integration was to enable the website 
to function according to its objectives.  Testing was 
conducted upon 30 selected users.  Each tester was 
required to give comments and suggestions towards 
the website by filling up an evaluation questionnaire. 
The website was published on a web server and tested 
for accessibility and compatibility. 

EVALuAtIon 

Evaluation of the complete product was conducted 
among UTP students and staff.  End-to-end testing 
was conducted by 30 selected participants to evaluate 
the product.  The participants were then interviewed 
informally.  After the interview session, they were 
required to fill up an evaluation questionnaire to clarify 
their views of the product.  All the respondents were 
given the opportunity to browse through the website.  
No specific time was given to each respondent.  The 
questionnaire was designed in 3 main sections.  
Section 1 focused on user’s satisfaction towards the 
system’s functionality using cookies.  In section 2, 
perceptions of the website’s content, layout and 
design were evaluated.  Finally in section 3, users were 
asked for their response towards the implementation 
of website personalisation. 

Figure 2 shows the result of data analysis from the 
30 respondents towards section 1 – the functionality 
of cookies.  It showed a coherent finding that 80% 
of the respondents were satisfied with:  the ease of 
usage, felt welcome, no frequent registration, privacy 
of personal information and usage in their personal 
PC via the functionality of cookies.  The respondents 
felt that the functionality of cookies helped them in 
personalisation and displayed information based on 
their profile.  In contrast, 85% of the respondents were 
‘Somewhat Dissatisfied’ with the usage of cookies 
when using shared computers which could enable 
anybody to view their personal information stored in 
the personal computers. 

The findings collected from section 2 on the 
website content, design and layout showed that for 
each criterion, the highest answer chosen by the 
respondents was ‘Somewhat Satisfied’ and there 
were also respondents who were very satisfied with 
the design.  For the Text Style, 60% of the respondents 
were ‘Somewhat Satisfied’ and there were a minimum 
of 10% of the respondents who were ‘Somewhat 
Dissatisfied’ with the Text Style.  It could be because 
the style could not fulfill their requirements or the 
text were not readable. 

70% of the respondents were ‘Somewhat Satisfied’ 
with the background color.  50% of the respondents 
were satisfied with the colour combination whereas 
the others were dissatisfied with the combination. 
More than 50% of the respondents were ‘Somewhat 

Figure 2:  Responses towards functionality of cookies
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Satisfied’ with the layout and content.  The layouts 
presented were well structured with meaningful 
content.  10% of the respondents were even ‘Strongly 
Satisfied’ with the content of the website containing 
useful health information for public awareness. 

Figure 4 associates the results of section 3 – responses 
towards the perception of web personalisation. 
Overall, the majority of the respondents chose 
‘Somewhat Agree’ with all the statements.  Statement 
on “Web personalisation suits preference and 
enhances HCI” showed the highest number (60%) of 
the total respondents.  Meanwhile statement on “Web 
personalisation suits preferences, increase interest 
and should be implemented” showed that 50% of the 
respondents ‘Somewhat Agree’ with this statement. 
30% of the respondents ‘Strongly Agree’ with the 
statement on implementation of web personalisation. 
Although 10% of respondents ‘Somewhat Disagree’ 

with statement on “Web personalisation enhances 
surfing experience”, it is concluded that most of the 
respondents agreed with all the statements. 

concLuSIon And FuturE Work 

Web Personalisation is a process of gathering and 
storing information about site visitors and delivering 
pages that fits the user’s profile.  User profiling is 
essential in order to collect information to determine 
the preferences of a website’s visitors so as to generate a 
suitable website design, content and layout.  This adds 
both usability and warmth to a web application as users 
find what they seek faster and feel “recognised” by a 
site.  From the testing and evaluation, it is concluded 
that by using personalisation technology, users were 
satisfied in surfing the website thus enabling them 
to adapt to the knowledge and awareness of health-
related information. 

Figure 4:  Responses towards web personalisation 

Figure 3:  Responses towards content, layout and design of the website
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To test the website, only a few demographic data such 
as age, race and gender were collected.  In future, 
demographic data collected should be widened 
to include academic qualification, background 
information and job specification.  Also, numbers 
of sampling should be increased and targeted 
area of survey should be enlarge.  With advances in 
technology, systematic data collection methods for 
gathering survey results can be implemented.  With 
increased targeted respondents, the scope of study 
will broaden for continuation of this project focusing 
on presentation of AIDS information globally, instead 
of just the Malaysian context, to raise AIDS awareness 
among international citizens. 
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 AbStrAct

During system development life cycles, system developers perform so many repeated tasks such as compilation, 
unit testing, system installation, and file transfer.  Some developers choose not to automate scripts because they 
are too busy working on the development process, ending up relying on the existing build tools.  The problem 
of many existing build tools is the usage of text files, allowing mistakes to crawl into the configuration files.  The 
proposed build tool allows automation for the configuration files in graphical user interface (GUI) approach. 
The GUI-based build tool is expected to help users install the tool without even knowing the syntax of the 
automation scripts.  In order to do automation in different platforms, the developers would have to use different 
tools, causing them to create different automation scripts for different platforms.  This may result in inconsistent 
automation processes across different platforms.  The research aims to develop a platform-independent script 
generator so that the system would automatically convert instructions into scripts which potentially speeds up 
the development process of a particular framework.

Keywords:  Automation, script generator, build tool

IntroductIon

During a development life cycle, a programmer 
performs such repeated tasks as compilation, unit 
testing, system installation and file transfer.  The 
programmer would have to choose either writing a 
thorough manual or writing a script to automate all the 
required tasks.   Writing a thorough documentation 
would be impractical, as the system administrator 
may not know all the complexities of the system.  In 
addition, writing a batch file would only result in many 
mistakes. 

An automation offered by a build tool greatly affects 
redeployment.  For instance, consider a project 
consisting of x program files, y configuration files 

and z startup files.  These files would advertently be 
placed in directories that are different from each other.  
Possibly, the destination directory might be located 
at a different machine that could only be accessed 
using file transfer protocol (ftp).  If an error occurs in 
the transfer of files, then the files would have to be re-
transferred.  By using a build tool, all these steps are 
automated and done correctly. 

A build tool is an application used throughout a 
development life cycle, which takes as its input a list 
of instructions a user wants the tool to automatically 
perform.  The user writes these instructions typically 
in a text file format (e.g. XML, custom instruction, and 
scripts).  Build tools undertake tasks needed to install 
applications.  These instructions are better known as 

 This paper was presented at  The International Conference on Man-Machine System,  
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build scripts.  A build script can also be categorised 
into automation tools.  As widely known in software 
engineering, the automation process is one of the 
saviors to a particular project.  Andy Hunt and Dave 
Thomas [5] discussed three ways to ruin a software 
project as well as three “legs of support” or ways 
to save a project from common problems.  One of 
the latter three legs involved automating repetitive 
procedures to avoid the inconsistencies that can 
ruin a project.  They recommended automation for 
compiling as well as for any tasks repeated more than 
three times, such as testing or performing a release, a 
backup, an installation, or an update.

The problem with build tools is the usage of text 
files as their configuration files because mistakes 
may crawl into the configuration files.  Almost every 
command written for the configuration files could 
be done using the GUI approach.  One of the main 
reasons for developers not to create automation 
scripts is that they are too busy working on the 
development process.  The developers would have 
to face the compatibility issues for the automation 
scripts.  Make for example is a good tool in the sense 
that it supports multiple languages.  However, it only 
supports Unix environments.  The developers would 
have to use different tools, causing the developer to 
create different automation scripts that may result in 
inconsistent automation processes across different 
platforms.

This research aims to (i) develop a build tool able to 
be run on multiple operating systems, (ii) maximise 
scripting independence by creating a method that 
can free the user as much as possible from changing 
the configuration text file directly, and (iii) create a 
method whereby a person can track all the processes 
done by the build tool.

rELAtEd WorkS

The tools supported by this project, Ant and Make, 
would be elaborated. 

Ant build tool
Ant is developed in Java.  Hence, the build tool would 

capitalise on the strength in Java, which is “write once 
run everywhere” philosophy.  The Java Virtual Machine 
will be handling the platform specific issues instead of 
the programmers.

Unlike Make, Ant is extended using Java classes.  Ant 
offers the capability of constructing shell commands 
without the inherent limitations of having the tool’s 
foundation built on shell commands.  Users can extend 
Ant further by writing custom tasks and packaging 
them into a jar file [2].  Most intranet teams have 
multiple members working on different projects with 
regular release schedules.  In this fashion, one would 
like to avoid having the project leader becoming a 
bottleneck, while at the same time enforcing a degree 
of standardisation and consistent work processes.  Ant 
is a great tool for this [2].

Ant can be a great tool when used as a team 
management tool.  One build script can be used 
for multiple projects with a few amendments at the 
configuration file.  The interesting thing is that, Ant 
is like another programming language.  One has to 
remember the syntax errors.  It is very hard to learn all 
the syntax required without an Ant guru by the side, 
as affirmed by P G Daly [2].

One of the most basic factors that inspire this project 
is based on the hypothesis that the modification of 
build files using text editors is very inefficient.  It is 
true that Ant has deployed an XML approach.  This 
approach does make building files easier if compared 
to the Make tool.  Ant’s big advantages include 
simplicity, portability and power.  Based on their 
extensive experience, Nicolás Serrano and Ismael 
Ciordia summarised Ant’s most important features 
and a wealth of recommended practices [4]. 

MAkE build tool
This build tool is extended from the Unix shell.  Make 
has the ability to compile and package any language 
(e.g. Java, C, C++), and at the same time lessen the 
burden of writing shell scripts.  As stated at the Ant 
website, Make-like tools are inherently shell-based:  
they evaluate a set of dependencies, and then 
execute commands.  This means that users can easily 
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extend these tools by using or writing any program 
for the operating system that you use.  However, this 
also means that you limit yourself to one operating 
system

The Make tool also suffers from the text file problem. 
 tool however is worse than Ant because it 

is difficult to build the configuration files even for 
small-sized files. Make has another problem that the 
developers would have to deal with.  It does not have 
if-then-else statement.  It is difficult to build real-life 
projects without the if-then-else statements.  One 
has to use alternatives, either using include directive 
or conditional macro expansion.  Even if users get to 
the desired functionality, they lose the readability of 
the build description [3].  There are a few other well-
known Make drawbacks.  Make-based builds rely 
heavily on shell environment variables.  The best-
known consequence is that the build is difficult to 
reproduce for other users on other build machines 
[3].  These environment variables would not be able 
to be changed in run time.  As an analogy, consider 
a windows installer application that does not ask the 
user the directory where the program is to be installed.  
This would introduce myriads of problems to the user.  
Make also suffers from the problem that most poorly 
designed applications suffer.  A change in one part 
would create so many problems on other parts.  A 
change to those other parts would create problems in 
other parts, creating a never-ending chain-reaction-
like problems [3].

There is a generic problem experienced by most build 
tools which use text files as the configuration medium.  
As stated before, the problem with text files is that 
they would be incomprehensible when the project is 
too complicated. 

buILd tooL dEVELoPMEnt

In order to automatically generate text files, a 
framework-specific template is required.  A template 
file would be created and the system would fill only 
the required data.  In other words, the structure of the 
file would be governed by the template file.  There 
were several tools needed in this project.  The first 

tool was the Eclipse IDE, a tool used by many Java 
professionals.  One of its most compelling functions 
is the auto-completion feature, CVS clients, Ant plug-
in, and the infamous Java unit-testing suite, JUnit.  All 
these plugging sped up the development process 
of the project.  Software needed for this project was 
the Make tool, a Linux-based tool.  There were also 
template technology such as Xerces, Xalan and Velocity.  
No additional hardware was required for this project 
except for a complete set of a personal computer. 

reading Mechanism 
There is a need for a system to read all build files even 
though written outside the system itself.  Currently, an 
organisation where the system is developed for, uses 
their own build files.  The system would first read the 
file given by the developers (Figure 1).  It would then 
associate the tools that are used with the build file. 
For each and every one of the tools, the system will 
determine the syntax associated with the file.  Then, it 
converts the file into a GUI representation.

Writing Mechanism
For the system to convert the GUI representation 
into the build file, the system would first check the 
environment in which the build file is going to be 
deployed.  The system would then determine the 
tools supported by each environment (Figure 2).

It would then determine the syntaxes specific to 
the tools and write the build file according to the 
syntaxes and user input from the GUI.  There is a 
need for an application using a GUI to organise and 
ease the creation of automation script.  This would 
help the developer use automation even without any 
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Get Project
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Get Task
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Get Target
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Read Project
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Figure 1:  Reading Mechanism
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substantial knowledge in using the automation script.  
The system would be divided into two:  to build the 
script needed to run the tool and to analyse the 
behavior of the script in the case of comprehension 
of a particular script.  The system would be used to 
produce a script that would be run at a particular 
machine.  The choice of type of script, a batch, a shell, 
an Ant script or a Make would be determined by what 
is offered at the machine.  For instance, if the target 
machine has the Ant tool installed, then the system 
would produce an Ant script.  Thus, the user would 
have to specify what tool is available in the machine. 
If no tool is specified, a shell script will be used.  The 
user would then give instructions to the systems 
on the steps of the automation script using the GUI 
provided.  Different tasks would require different GUIs 
altogether.  The system can convert the complexity 
presented in the automation script into a graphical 
display that is much easier to be comprehended by 
the user.  By doing this, it would be much easier for 
the user to debug a particular script.  Moreover, if this 
idea succeeds, the user would just have to use the GUI 
without even touching the codes.

Among the limitations of this project was that it did 
not free the developer from touching the automation 
script.  Instead, it automated quite a number of tasks in 
the script. thus freeing a great portion of automation 
script for the developers.  Another limitation of this 
project was that it only catered to two of the many 
build tools that is available in the market today, i.e. Ant 
and Make. 

The system was created with the objective of asisting 
the automation process primarily by programmers. 

This was achieved by giving users a suitable GUI to 
represent the commands of the scripts.  The tasks 
integrated into the system were:  copy files, delete 
files, move files, compile Java files, CVS manipulation, 
and ftp.  The system gave users the ability to use the 
system remotely through the web interface.  This was 
achieved using the applet technology.  In order for 
applets to be used, the user’s workstation was installed 
with the JRE plug-in.  Alternatively, using JSP, did not 
impose the need to install the additional plug-in for 
the user.  The applet technology could be thought of 
as a traditional local workstation GUI placed inside the 
browser.  So, the web interface was made based on 
applet technology.  Another issue discovered was the 
application environment. There were cases whereby 
the script would use a tool installed in the system. As 
an example, the script generated by the system took 
advantage of the ftp tool, a tool native to the current 
operating system.  When this tool was in use, the script 
lost control of the current session execution. 

In cross-platform capability, there were limitations 
to create uniform scripts across all the 4 major tools 
which were Ant, Make, shell and batch tools.  MS-DOS 
or Windows in general is not case-sensitive.  On the 
other hand, the shell script and the Make tool are case-
sensitive. There are also commands that are available 
in one tool but not in another. As an example, the 
shell script has a zip and unzip command for archiving 
purposes. 

The major problem in designing this system was to 
make it compatible with all the four tools.  The system 
design was based on the Model-View-Controller 
methodology.  The system consisted of three parts:  the 
model portion, view portion and controller portion.  
The controller portion received information from the 
user.  The controller then turned these actions into 
commands that were then sent to the models that 
executed appropriate changes and instructions for 
the system.  The model managed one or more data 
elements, responded to queries about its state, and 
responded to instructions to change state.  The view 
portion of the system communicated to the user 
appropriate information based on the operations 
done by the system’s view portion. 
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Figure 2:  Writing Mechanism
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This system made use of a template engine known as 
the Velocity Template Engine.  This engine catered to 
a part of the model portion of the system.  The model 
portion was subdivided into two.  They were the class 
modelling and template modeling.  Assume that the 
CopyModel (Figure 3) was the class model for the copy 
file function.  It had a counterpart in the template 
Model.  The class model rendered the output based 
on the template given by the template file (Figure 4). 
The separation of these two gave the user more to 
define for the output of the system.  The output of 
the system could be changed without changing the 
code.

dIScuSSIon

Project Model
There were four options created to handle the project 
functionality (Figure 5).  They were:  Add Dependency, 
Add Target, Delete Element and Set Default.  The Add 
Target function was to create targets in that project. 
As an example, the project in Figure 5 had three 
targets: the init, compile and test target.  All these 
targets were created by the Add Target function.  The 
Add Dependency function acted as the linker between 
targets. 

It determined the sequence of targets that executed in 
the project.  A target may or may not have a parent or 
child.  They can also have multiple parents or children. 
For instance, the test task depended on the compile 

task while the compile task depended on the init and 
tar1 task.  Hence, the test tasks could only be launched 
after the compile task was launched.  The compile task 
was a multi parent task.  Thus, the compile task was 
launched only after the init and tar1 task was launched.  
The inde task was not related to any other tasks.  This 
means that the inde task did not precede or would be 
preceded by any other tasks.  The Set Default action 
determined which task would be used as a default 
task.  This was a requirement for the Ant and Make 
automation tool.

The Save Script function exported the project into four 
formats:  the Make, Ant, shell and batch scripts.  The 
Save Project function saved the project particulars in 
a project file.  This project file could be loaded later 
from this file.  The Open Project function opened the 
project and loaded the particulars into the GUIs.  The 
detail was represented in the Project IO. 

FtP Model
In the ftp model, the system catered to the normal 
operation done by the user.  These were:  the delete 
function, get file function, put file function, create 

Figure 3:  Task Template Class Modeling

Figure 4:  Template File

Figure 5:  Project GUI
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directory and rename directory (Figure 6).  All the 
operations were recorded by the system and were 
written to the automation script.  As for the Ant 
automation script, the system wrote all the instructions 
in one file.  For the batch file, the system wrote the 
ftp instructions in a separate file.  This file was later 
fetched by the ftp command with the –s flag.  As an 
example, ftp –s:<commandfile>, where the command 
file is the file that contains ftp commands.  

copy File Model
Concentration had been given to the model portion 
of the system.  The effort to bridge the model view 
and controller was done on the CopyFileModel.  The 
GUI is shown in Figure 7 

The tree represents the current file structure.  The 
user was able to move all the files by using the 
buttons provided.  The output of the system was not 
the movement of the files.  Instead, the output was a 
text file with commands.  The output statement was 
written in the Ant and Make automation script.

cVS Model
CVS is a system that keeps track of the changes in 
the files of a project.  CVS is also used as a means of 
collaboration amongst team members of the group. 
Amongst the powerful feature offered by CVS is the 
recovery of previous files that has been overwritten 
or missing from the current file.  This is done using a 
client-server approach.  For this system, codes from  
a JVCS project were reused [6].  This was where the 

reuse-oriented design methodology [1] came into play.  
The CVS was based on the client server feature.  In the 
CVS server, there were multiple clients connecting to 
it. The clients (software developers) inserted files into 
the server using the import command.  When the user 
used the import command, the system sent all the files 
in a local directory into the server.  At the same time, 
the system recorded this information and turned this 
information into automation scripts.  The Checkout 

Figure 6:  FTP GUI

Figure 7:  Copy File GUI

Figure 8: CVS GUI
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command was used to fetch the files from the server 
into a local directory.  The Commit option was used 
to send the changes of local files into the server.  The 
Update command retrieved the files from the server 
into the local files.  All these tasks were recorded and 
later, were turned into automation script coding when 
needed.  Figure 8 shows the developed CVS Model.

concLuSIon And FuturE Work

A possible contribution from this project is that 
the automation script building process would be 
simplified, thus promoting the usage of automation 
in software development.  This would result in faster 
system deliveries.

This system uses the concept of communication 
among entities for incompatible products.  Usually 
IT products would compete against each other to 
prove that they are better than their competitor.  
Unsubstantial effort is taken to provide compatibility 
among these products.  Rather than creating another 
build tool, one of this project’s aims was to provide 
compatibilities among different build tools, unifying 
most of the tasks in automation into a unified GUI. 
This project was not meant to replace the role of text 
editors in building automation scripts.  It would only 
automatically generate the mostly used function in 
automation scripts. However, it is not impossible for 
total replacement of text editors to be achieved in 
the near future.  An enhancement of this project is 
the continuous researching of ways to achieve this 
objective.

Another possible enhancement is to transfer the JSP 
technology adopted in this system to the Tapestry 
technology.  This is because the Tapestry technology 
(developed by the Apache Jakarta team) provides a 
very good Model View Controller (MVC) concept.  This 
would be able to separate the presentation layer and 
the processing layer of the system.  The separation 
would enable the developers know less about the 
presentation layers while concentrating on the 
processing layer.  Web designers would cater for this 
aspect on the presentation layer. 

The request for web-enabled support will inspire 
the usage of mobile technology into the system. A 
web-enabled technology is a good improvement, 
enabling the developers to launch the build scripts 
remotely from using the web.  It would be better if the 
developers would be able to send a simple instruction 
to the system to build and deploy the system. 
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IntroductIon

In today’s world of heterogeneous knowledge 
sources, it is impractical to suggest that all researchers 
converge on some “best” or “optimal” uniform KR 
formalism [1].  It is also quite impractical to suggest the 
best application to be used by a project team for their 
implementation of work. It is as well not fair to judge 
which one KR is better than another as it depends on 
the nature of work and personal satisfaction of a user.  
Gennerari [1] also mentioned that what researchers 
need are methods to combine and synthesise data 
and knowledge across KR systems, even if the back-
end and the interface of these systems are different.
Since there are many applications and various KR 

systems, integration of data, information and files 
across these systems is another problem.  Sharing and 
reusability is needed but interoperability is difficult.  
“There is a general lack of data integration in most 
organisations.  Data are not only dispersed in different 
forms of organisational memory (e.g. files and images) 
but even within the one storage format there is often 
lack of integration.” [2]. 

Organisations have created simple file systems to 
support a particular function and many of these 
systems are still in use.  Therefore, this study proposes 
‘integration’ as the long-term goal.  As new systems 
are developed, organisations should evolve in 
integrating these systems rather than re-writing the 
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whole system.  It would be too costly and disruptive 
to migrate and reinvent the wheel.

In another aspect, in order to ensure good data 
management, storage of organisational data must 
reflect the reality and complexity of the real world.  
Consider a typical bank customer who might have a 
personal checking account, mortgage account, credit 
card account and some certificates of deposits.  The 
request for full customer details must be reasonable 
and realistic and should be expected to be viewed in a 
single interface.  If the data management system does 
not record this relationship, then this does not mimic 
reality.  This makes visualisation of a single customer 
complicated. Yet this is how data is represented 
in RDB systems like Microsoft Access and MySQL.  
MS Access does not show the Entity Relationship 
Diagram if you have not created the relationship 
– a complicated process if rules like relationship, keys, 
cardinalities are not in place.  MySQL does not provide 
any relationship diagrams for viewing at all.  However, 
these are powerful tools needed for managing data in 
a company.

As the use of ontologies for the representation of 
domain knowledge increases, so will the need for an 
effective set of tools to aid the discovery and re-use of 
existing knowledge representations.  This is because 
a major advantage of ontologies is their ability to be 
re-used as well as easily adapted to work with new 
knowledge-based applications [3].  The adoption of 
knowledge transformation presented in this paper 
could help roles like managers to use the tree-like 
structure of ontologies for making decisions.  Hence, 
other roles like developers would not have the hassle 
to migrate to a new tool and rewrite the program. 

We believe that organisational data should be 
shareable, transportable, and provide timely 
and relevant data.  The goal of a transformation 
method, as presented in this study, is to prove that 
(a) integration helps transformation of data across 
different systems, (b) ontology is an effective tool for 
better knowledge representation;  it is an aid to reflect 
the reality of information, and (c) interoperability and 
transformation between applications is not a problem; 
and is a better solution than migrating.  This study 
does not include factors like secure and accurate data 
transformation.

Figure 1a:  Transformation method – Frame Based to RDB System and vice versa (Protégé and MySQL)
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MEtHodoLoGY

There are a variety of ways to transform the information 
from RDB systems to any OKBC systems.  This core 
study focused on transformations from:
•	 MySQL to Protégé
•	 Protégé to MS Access
•	 Protégé to MySQL
•	 MS Access to Protégé

The approach in implementing transformations 
varies.  The transformation process used in this study 
is shown in Figures 1a and 1b.  The transformation 
processes were between RDB systems to Frame Based 
systems and vise-versa specifically MySQL/MS Access 
and Protégé. 

IMPLEMEntAtIon

transformation of rdb, MySQL to Protégé 

The execution of transformation was between 

an RDB system and a Frame Based system using 
MySQL and the Protégé application.  The MySQL 
ODBC 3.51 driver was the connector and appeared 
on the running machine at the ODBC Data Source 
Administrator window. The exact configuration was 
crucial for ensuring a successful transformation.  For 
this transformation process, a database was created in 
MySQL which consisted of tables, attributes (column), 
datatype and data.  Transformation to an OKBC 
structured application (Protégé) was implemented via 
the Datagenie plug-in.  A MySQL User DSN setup was 
needed for the Datagenie configuration.  The whole 
database including tables, attributes and data was 
imported to Protégé after a successful connection 
using the MySQL User DSN. The importing process 
was carried out to see the creation of ontology from 
all the data transformed. 

transformation of rdb, MS Access to Protégé

Transformation was between MS Access to Protégé.  
The Microsoft Access Driver (.mdb) and the Datagenie 

Figure 1b:  Transformation method – Frame Based to RDB System and vice versa (Protégé and Microsoft Access)



69

Technology Platform:  APPLICATION OF INTELLIgENT IT SySTEM

 VOLUME Six NUMBER ONE  jaNUaRy - jUNE 2008  PLATFORM

plug-in were configured to ensure a successful 
transformation.  A database, tables, attributes 
(column) and data were created in MS Access with a 
proper field name, type and comments as needed.  
The saved tables were transformed to Protégé and 
classes were the output.  The importing process made 
the ontology structure appear completely in Protégé. 

transformation of Protégé to rdb, MySQL

Protégé, Frame Based system, and MySQL, an RDB 
system, were configured for the transformation.  
Ontology was created in Protégé and saved in .pprj, 
.pont and .pint formats.  MySQL J-connector was 
the connector.  Ontology created in Protégé was 
first converted to Protégé database files and then 
transformed to MySQL.  The whole ontology tree 
structure was then converted to a new saved file in 
MySQL. 

transformation of Protégé to rdb, MS Access

Transformation was between Protégé and MS Access.  
Ontology structure of knowledge was created in 
Protégé.  JDBC ODBC Driver was configured and a 
database without table was created in MS Access.  
The blank table created was the path for transformed 
data to be exported upon successful transformation.  
The user DSN window at the running machine was 
configured.  This knowledge was then converted 
into Protégé database files.  The knowledge was then 
transformed into the table in MS Access. 

rESuLtS And dIScuSSIonS

transformation of rdb, MySQL to Protégé

The process applied included the transformation from 
an RDB system (MySQL) to the Protégé application. 
The RDB (MySQL) and MS Access were using the same 

table 1:  Configuration information for the transformation 
between MySQL to Protégé.

User Data Sources DBMySQLProtege

Driver MySQL ODBC 3.51 Driver

Figure 2:  Transformation result from Employee table MySQL/(MS 
Access) to Employee Ontology (Protégé)

Figure 3: Transformation result from Product table MySQL/(MS 
Access) to Product Ontology (Protégé).

database, tables, attributes (column) and data.  Table 
structures created, details of data inserted are as 
shown in the test table (Table 3).  Results of MySQL 
transformations to Protégé are shown in Figures 2, 3 
and 4.

transformation of rdb, MS Access to Protégé

The same table structure and data was used for 
transformation from MS Access to Protégé.  Refer to 
Table 4 for the test table used in this process. 
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discussion of the transformation between rdb to 
Frame based System

The transformation from RDB to Frame Based system 
resulted in a correct mapping:  Table to Class;  Attributes 
(Columns) to Slots;  Row to Instances.  Table 3 shows 
transformation between two different structures of 
database system.

This study showed that the RDB structure was clear 
enough (Table, Attributes and Rows) and could be 
digested by a Frame Based system model without 
any complications.  Table 4 shows an example of an 
Employee table.  This was one of the tables used as a 
testing dataset.

RDB which has been considered a simpler structured 
system was also found to correspond to Frame based 
structured system like Protégé. 
 
Interestingly, the results of transformation showed 
not only transformation to table format but also to a 
well presented ontology tree-like structure – a good 
way to transform normal plain table information to 
ontology knowledge which would help in better 
knowledge representation.  Transformation which 
results in ontology tree-like structure could help in 
decision making as it would be possible to view a 
whole big tree diagram rather than tables which are 
scattered.

Knowledge representation which is in ontology tree 
like structure is an alternative to Entity-Relationship-
Diagram (ERD) which is not presented in MySQL.  ERD 
also will not be presented automatically in MS Access 

Figure 4:  Transformation result from Vendor table MySQL/(MS 
Access) to Vendor Ontology (Protégé).

table 2:  Configuration information for the transformation 
between MS Access to Protégé.

User Data Sources DBAccessProtégé

Driver Microsoft Access Driver 
(*.mdb)

Result of transformation 
of table Employee

Exactly same as result in 
Figure 2

Result of transformation 
of table Product

Exactly same as result in 
Figure 3

Result of transformation 
of table Vendor

Exactly same as result in 
Figure 4

table 3:  Information transferred and result of transformation 
from MySQL/MS Access to Protégé

Type 
(MySQL/MA)

Expected 
Transformation 

Output 
(Protégé)

Actual Output
(Protégé) Mapping

Table Class Class √

Attribute 
(Column)

Slots Slots √

Row n Instance n Instance n √

table 4:  Table Employee

E_ID E_Name

182588 Abdullah Hashim

159766 Mohd Imran

987456 Izzati Jamal 

457896 Jamilah Saa’din
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if it is not created.  In creating an ERD, knowledge 
in database designing (i.e. link, cardinalities, keys) is 
needed.  Therefore, ontology is a better alternative for 
a better representation and an aid for managing and 
decision making. 

transformation, Protege to rdb, MySQL

The ontology of knowledge created in Protégé was 
transported to MySQL.  The protégé tree of knowledge 
was built into a tree-like structure and Protégé as a 
knowledge base system uses Open Knowledge Base 
concept.  The ontology created in Protégé is shown in 
Table 7 and its configuration information in Table 6 

The result of ontology transformation from Protégé 
tree-like structure to RDB system was viewed in MySQL 
Command Line Client.  Shown in Figures 5 and 6 are 
the results of the query executed from aviation 
table from the database name Protégémysql. 

transformation, Protege to rdb, MS Access

The same process of transformation: from Frame 
Based system Protégé to RDB system MA is conducted 

table 5:  Result of transformation from table Employee (Table 4) 
in database MySQL/MS Access to Protégé

Type of 
element

Name of element Expected 
Output

Actual 
Output

Map

Table Employee Class Class √

Attribute 
– Column

E_ID Slots Slots √

Attribute 
– Column

E_Name Slots Slots √

Row of 
data 1

(182588, Abdullah 
Hashim)

Instance 
1

Instance 
1

√

Row of 
data 2

(159766, Mohd 
Imran)

Instance 
2

Instance 
2

√

Row of 
data 3

(987456, Izzati 
Jamal)

Instance 
3

Instance 
3

√

Row of 
data 4

(457896, Jamilah 
Saa’din)

Instance 
4

Instance 
4

√

table 6:  Configuration information for the transformation 
between MySQL to Protégé.

Name Path Remarks

Project ProtegeMySQL.pprj

JDBC Driver 
Class Name

Com.mysql.jdbc.Driver

JDBC URL Jdbc.mysql//:
localhost/
ProtegeMySQL

Database 
MySQL

ProtegeMySQL Database created in MySQL
(path created earlier for 
transformation)

Table Aviation Table created for 
transformation to MySQL
(new table created later)

table 7:  Ontology created in Protégé.

Class Name (1) Pilot Datatype

Instance of: STANDARD SLOT (1.1) Pilot_ID String 

Instance of: STANDARD SLOT (1.2) Pilot_Name String 

Class Name (2) Aircraft

Instance of: STANDARD SLOT (2.1) Aircraft_ID String 

Instance of: STANDARD SLOT (2.2) Aircraft_Name String 

Class Name (3) Crew

Instance of: STANDARD SLOT (3.1) Crew_ID String 

Instance of: STANDARD SLOT (3.2) Crew_Name String 

(I) mysql> describe protegemysql.aviation;

Figure 5:  Table structure in MySQL, result of transformation 
Protégé – MySQL.
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with the same pair of knowledge, ontology, classes 
and instances applied to Table 4.  Refer to Table 8 for 
details of configuration information.

The transformation which took place from Protégé to 
MS Access gave the same result as the transformation 
of Protege to RDB, MySQLas shown in Figures 7 and 
8.

discussion on the result of transformation from 
Frame based System to rdb system: Protégé to 
MySQL, MS Access

This discussion is based on the transformation result 
and Figures 8 and 9.  It was found that transformation 

of a database from a frame based ontology structure 
was gathered into only one table.  The ontology 
contained 3 sets of classes (tables) and all of the three 
tables were then joined together once transformed 
into the RDB system: MySQL and MS Access.  All 
the classes and instances were transformed to only 
a specific column in a specific table.  The column 
was the short-value column and other columns (i.e. 
frame, frame-type) were occupied by other unknown 
values.

The transformation from Protégé to MySQL and MS 
Access, both showed the same result.  The information 
transformed lost its originality.  It was logically 
predicted for a direct transformation:  Classes to tables, 

Figure 6:  Result of the complete transformation Protégé – MySQL 
in MySQL Command Line Client.

(II) mysql> select * from protegemysql.
aviation;

Figure 7:  Design View/Table structure in MS Access, result of 
transformation from Protégé to MS Access.

Figure 8:  Result of the complete transformation Protégé – MS 
Access in a dataview, Microsoft Access.

table 8:  Configuration information for the transformation 
between MS Access to Protégé.

Project ProtegeAccess.pprj

JDBC Driver Class Name Sun.jdbc.odbc.JdbcOdbcDriver

JDBC URL Jdbc:odbc:DBProtegeAccess

Database (MySQL) ProtegeAccess
Remarks: Database is  created in MS 
Access
(create the path earlier for transformation)

Table Aviation.
Remarks:  Table created for 
transformation to MS Access (New table 
created afterwards)
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slots to attributes (columns) and instances to rows.  
However, this was not the case with Protégé which 
is a Frame Based System and uses the knowledge 
based concept.  The OKBC model blurs the strong 
differentiation that a database makes between tables 
(classes) and tuples (instances). 

The result of transformation from Frame Based System 
to RDB system was very different in nature.  Referring 
to the test table output in Table 9, the expected output 
was totally different from the actual output achieved.  
The transformation seemed like a failure but it was 
carried to  completion.  Therefore, it was an actual 
result of transforming from a Frame Base structure to 
an RDB schema. 

This study surmised that Protégé with its open base 
concept (OKBC) does not support simpler systems 
as it is the nature of its schema.  From tests carried 

out, it was found that the result was stored in a single 
table possibly due to the Protégé knowledge base 
design rationale.  All tables were transformed into 
a single table that stored the entire contents of the 
knowledge base.  All unknown values were in a whole 
table possibly because tables in Protégé has a fixed 
number of columns – the unknown values were fixed 
numbers declared by default. 

Looking at the transformation results, inferences were 
made about values which appeared to be unknown 
numbers. Values in the frame column appeared to be 
numbers like 10196, 10197, 10204 and 10207 because 
these were frame ID numbers declared in the edu.
Stanford.smi.protégé.model.Model.java file.  The 
numbers appeared to be big because frame IDs < 
1000 are reserved for the system.  On the other hand, 
the frame value column seemed to have numbers like 
6 and 7 which were possibly numbers to indicate the 
type of value stored in the slot or facet values.

In the column slots, numbers like 2007, 2014 and 2002 
possibly represented slot frame id.  Slot was treated as 
one frame in an OKBC system (Protégé).  In the column 
facet, number ‘0’ appeared and this was representing 
a facet frame id.  Zero appeared as there was no facet 
value.  Number zero also appeared in column is_
template.  This represented the value of OKBC “own”.  
In the column of value_index, ‘0’ represented no value 
stored in the slot or facet columns. 

Most of the data transformed were mapped into 
the short_value column.  For example: Crew_Name, 
Pilot_Name, Crew_ID and Aircraft_Name.  This 
column held the value of varchar typically <= 255.  
No value appeared in the long_value column after the 
transformation. This column held longvarchar values 
which were too long to fit in the short_value column.  

bEnEFItS

The important aspect here was to identify where 
all data were exported to in a specified system.  
The significance of this study was to prove that 
transformation between systems do retain all 
data and therefore makes transformation and 

table 9:  Information  transferred and result of transformation 
from Protégé to MySQL/MS Access

Name 
Type 

(Protégé)
Expected 

Output Actual Output Map

Pilot Class Table short_
value

X

P_ID Instance Attribute 
(Column)

short_
value

X

P_Name Instance Attribute 
(Column)

short_
value

X

Aircraft Class Table short_
value

X

Aircraft_
ID

Instance Attribute 
(Column)

short_
value

X

Aircraft_
Name

Instance Attribute 
(Column)

short_
value

X

Crew Class Table short_
value

X

Crew_
ID

Instance Attribute 
(Column)

short_
value

X

Crew_
Name

Instance Attribute 
(Column)

short_
value

X
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interoperability worthwhile.  The objective was to 
motivate transformation of knowledge;  improve 
upon interfaces which reflect reality and complexity 
for a wide variety of systems in use.

Further, transformation could be created in many ways 
based on characteristics of the application.  This study 
successfully experimented with OKBC (Protégé) and 
RDB specifically Microsoft Access and MySQL based.  
A combination of this method with more details in 
the concept could possibly be beneficial.  The set of 
transformations represented by RDB to OKBC were 
very acceptable in this initial experiment and showed 
potential.  Future recommendations include security 
and accurateness of data as another step towards 
better transformations. 

concLuSIon

This paper presented the knowledge transformation 
results between the RDB system and Frame 
Based System. Both are of different structures but 
conversions were possible in terms of transporting 
and sharing of whole information and knowledge in 
a fair duration of time.  This study represents an initial 
stage and stresses on transformation of knowledge 
between Frame Based System and RDB system.  Data 
created were just basic tables, column (attributes) and 
data (rows) for the RDB system;  and just classes and 
instances for Frame based system.  The basic idea 
was to transform between these applications.  Data, 
linkages, cardinality, inheritances: parent and child, 
primary keys, foreign keys and associations were not 
studied. However, further endeavours into these areas 
would help to improve the result of transformations.
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IntroductIon

In the area of multi-agent systems (MAS), constraints 
and rules are used to guide the cooperative, 
coordinative or even competitive behaviours of 
agents.  As described in [1], the application of 
constraint-based specification within the domain 
of agent communication and coordination includes 
determining the allowed sequence of communicative 
acts between agents, commonly referred to as 
an Agent Interaction Protocol (AIP).  AIPs are used 
to specify the set of allowed message types (i.e. 
performatives), message contents and the correct 
order of messages during dialogues between agents 
[2], and become the basis for agent negotiation and 
cooperation [3].  Protocols provide a useful framework 
for coordinating agent conversation as agents using 

a particular protocol are obligated to obey the 
interactive rules specified by the protocols. 

To date, a number of tools and languages have been 
proposed to model and implement agent interaction 
protocols, for instance Electronic Institutions [4] and 
Conversation Policy [5].  However, there are a number of 
shortcomings with these approaches.  They are based 
on static state-based diagrams, and normally are not 
directly executable.  They also require a centralised 
mechanism to synchronise the coordination between 
agents [6].  An AIP language called the Lightweight 
Coordination Calculus (LCC) has been proposed to 
overcome these limitations [6-8].  This language, 
which is derived from process calculus, relaxes the 
static specification of agent interaction protocols as 
state-based diagram and allows the protocols to be 
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defined and disseminated in a flexible manner during 
agent interaction.  In LCC, coordination is achieved via 
an interaction model in which participating agents 
assume roles constrained by the social norms of their 
shared task;  the state of the interaction reflecting the 
ways these constraints are mutually satisfied within 
some system for synchronisation that is open and 
distributed [8]. 

LCC interaction protocols are brittle, i.e. the constraints 
contained within them must either succeed or 
fail, and if they fail the entire protocol may fail [9].  
Consequently, protocol failure will cause the dialogue 
between agents to break, even though the interacting 
agents could in principle reach an agreement.  
Therefore, this paper describes the design and 
implementation of a constraint relaxation approach 
within a particular AIP framework (LCC) to address the 
brittleness problem.  The approach focused on finite-
domain constraints involving bilateral, peer-to-peer 
multi-agent interaction patterns which was handled 
by the participating agents themselves without any 
reliance on a third-party mediator, thus ensuring 
that issues like invasion of privacy and bottleneck 
problems were addressed.  As a demonstration, it 
was applied to a short but (by current standards of 
web service interaction) complex scenario that dealt 
with the purchase and configuration of a computer 
between a customer and vendor agents.  The scenario, 
adapted from [7], was as follows:  An internet-based 
agent acting on behalf of a customer wants to buy a 

computer but doesn’t know how to interact with other 
agents to achieve this, so it contacts a service broker.  The 
broker supplies the customer agent with the necessary 
interaction information.  The customer agent then has a 
dialogue with the given computer vendor in which the 
various configuration options and pricing constraints 
are reconciled before a purchase is finally made.

The remainder of this paper is organised as follows: 
(a) an overview of the LCC interaction framework; the 

LCC protocol language and the mechanism used 
in implementing the framework. 

(b) a description using the scenario, about the 
constraint handling aspect of the LCC interaction 
protocol, the brittleness problem faced by the 
current work and how this led to the proposed 
research work. 

(c) a discussion on the design of the proposed 
constraint relaxation module to address the 
brittleness problem. 

(d) an example which demonstrated the application 
of the approach to the scenario. 

(e) a discussion of further work and potential 
shortcomings of the approach.

oVErVIEW oF Lcc IntErActIon FrAMEWork

the Lcc Protocol Language

LCC borrows the notion of role from agent systems 
that enforce social norms but reinterprets this in a 

Framework := {Clause,…}
Clause := Role::Def

Role := a(Type,Id)
Def := Role | Message | Def then Def | Def or Def | null  C

Message := M ⇒ Role | M ⇒ Role  C | M ⇐ Role | C  M ⇐ Role
C := Term| ¬C | C ∧ C | C ∨ C

Type := Term
M := Term

Where  null denotes an event, which does not involve message passing;  
  Term is a structured term in Prolog syntax and  
  Id is either a variable or a unique identifier for the agent.

Figure1:  Abstract syntax of LCC interaction framework
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process calculus.  Figure 1 defines the abstract syntax 
of LCC.  An interaction model in LCC is a set of clauses, 
each of which defines how a role in the interaction 
must be performed.  Roles are described by the 
type of role and an identifier for the individual agent 
undertaking that role.  The definition of performance 
of a role is constructed using combinations of the 
sequence operator (‘then’) or choice operator (‘or’) 
to connect messages and changes of role.  Messages 
are either outgoing to another agent in a given role 
(‘⇒’) or incoming from another agent in a given role 
(‘⇐’).  Message input/output or change of role can 
be governed by a constraint (‘C’) defined using the 
normal logical operators for conjunction, disjunction 
and negation.  Constraints are marked by ‘’, which 
indicate the requirements or consequences for an 
agent on the performatives or roles available to it.  The 
clauses of the protocol are arranged so that, although 
the constraints on each role are independent of 
others, the ensemble of clauses operates to give the 
desired overall behaviour. 

Implementing the Protocol Framework

The format of messages communicated between the 
agents within the LCC framework is as follows:

i. A message must contain (at least) the following 
information, which can be encoded and decoded 
by the sending and receiving mechanisms 
attached to each agent:
•	 An identifier, I, for the social interaction to 

which the message belongs. 
•	 A unique identifier, A, for the agent intended 

to receive the message.
•	 The role, R, assumed of the agent in identifier 

A with respect to the message.
•	 The message content, M, expressed in an 

ontology understood by the agents.
•	 The protocol, P, of the form P:=<T,F,K> for 

continuing the social interaction. T is the 
dialogue state.  This is a record of the path 
of the dialogue through the conversation 
space and the current state of the dialogue 
for the agents.  The second part is a set, F, of 
LCC clauses defining the dialogue framework 

(based on syntax in Figure 1);  and the final 
part, a set K, of axioms consisting of common 
knowledge to be publicly known between 
the agents.

ii. The agent must have a mechanism for satisfying 
any constraints associated with its clause in the 
dialogue framework.  Where these constraints 
can be satisfied from common knowledge (the 
set of K above) it is possible to supply standard 
constraint solvers with the protocol, in order to 
handle more complex constraints, as described in 
detail in the section “LCC Protocol for MAP”. 

Given these assumptions about the message format, 
the basic operation an agent must perform when 
interacting via LCC is to decide on the next set of steps 
for its role in the interaction using the information 
carried with the message which it obtained from some 
other agent.  An agent is capable of conforming to an 
LCC protocol if it is supplied with a way of unpacking 
any protocol it receives;  finding the next set of moves 
that it is permitted to take;  and updating the state of 
the protocol to describe the new state of the dialogue. 
Rewritten rules can be applied to achieve these, and 
further details with regards to this mechanism and 
LCC in general were found in [6-8].

rEturn to ScEnArIo

In this study, the scenario was formalised as an 
incremental Multiagent Agreement Problem (MAP) 
[10], i.e. the process of reaching a mutual agreement 
requires each attribute (i.e. configuration options 
and pricing constraints) of the computer to be 
communicated on an attribute-by-attribute basis 
among the interacting agents. The interacting 
agents jointly mapped elements from one set, 
which were modeled as the attributes or variables, 
to elements of the second set, which were modeled 
as values, satisfying both intra-agent and inter-agent 
constraints. In incremental MAP, agents are expected 
to choose values for variables to satisfy not only their 
own intra-agent constraints, but also inter-agent 
constraints with other agents. To ensure that inter-
agent constraints were satisfied, agents coordinated 
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the choice values for variables through an interaction 
protocol.  The following paragraphs provide further 
details with regards to the intra-agent and inter-agent 
constraints covered in this study.

Lcc Protocol for MAP

The LCC interaction protocol of the scenario is defined 
in expressions 1-4 [7].  In accordance to the interaction 
protocol clauses, an agent which assumed the role of 
a customer had asked to buy an item of type X from 
the vendor.  The agent then entered into a negotiation 
with the vendor about the attributes required to 
configure the item to the customer requirements.  The 
negotiation was simply a recursive dialogue between 
the vendor and customer with, for each attribute (A) 
in the set of attributes (S), the vendor offerred the 
available attribute and the customer accepted it, as 
illustrated in expressions 2 and 4 respectively. 

C).[ ]),V,(X,a(neg_cust

then  V)  sells(X,  need(X)V)a(vendor,)ask(buy(X)
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realising Inter-Agent constraints.  The protocol 
ensures coherence of interaction between agents by 
imposing constraints relating to the message they 
send and receive in their chosen roles.  The clauses 
of a protocol are arranged so that, although the intra-
agent constraints on each role are independent of 
others, the ensemble of clauses operates to give the 
desired overall behaviour, towards the realisation of 
inter-agent constraints.  For instance, as defined in 
expressions 2 and 4, the protocol places two constraints 
on each attribute (A) in the set of attributes (S) of the 
computer to be purchased:  the first (available(A)) 
of expression 4 is a condition on the agent in the 

role of negotiating vendor sending the message 
offer(A) and second (acceptable(A)) of expression 2 
is a condition on the agent in the role of negotiating 
customer sending the message accept(A) in reply.  By 
(separately) satisfying these intra-agent constraints 
the agents mutually constrain the attribute A.

Specifying Intra-Agent constraints.  Finite-domains 
formalism is used to assign a range of valid domain 
values that can be assigned to the set of attributes S. 
This means, that given a set of attributes S = {A1,..,An}, 
there exists a set of domain values D={D1,..,Dn}: where 
each Di(1 ≤ i ≤ n) is a set of possible finite-domain 
values for attribute Ai.  As described [11], finite-
domains can be formalised as constraint Ai::Di which 
means that the value for the variable Ai must be in the 
given finite-domain Di.  More precisely, if Di is an:

•	 Enumeration domain, List, then Ai is a ground 
term in the List. 

•	 Interval domain, Min..Max, then Ai is a ground 
term between Min and Max. 

These specifications constitute what we call unary 
constraints. Finite-domain constraints can also be 
composed of binary constraints over pairs of variables 
that define the dependency relationship between 
them.  For instance, the finite-domain constraint 
imposed on the price can be specified as an equation 
in the form of:  

price = {1000+((monitor_size-14)*100)
 +((disk_space-40)*10)}, 
which constitutes two parts; a fixed base price of 
1000, and a non-fixed component that depends on 
the available finite-domain values of the attributes 
needed to configure a computer.

Accommodating distributed Finite-domain 
constraint Solving. In providing dialogue 
coordination for distributed and mutual finite-domain 
constraint solving, [7] described how the basic clause 
expansion mechanism of LCC extends to preserve 
the ranges of restricted finite-domain on negotiated 
variables.  This allows agents to restrict rather than 
simply instantiate these constraints when interacting, 
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thus allowing a less rigid interaction. For instance, 
applying this to the example of mutual finite-domain 
constraints in expressions 2 and 4, if the range of values 
permitted for A by available(A) is {32,64,128}, while 
the range of values permitted for A by acceptable(A) 
is {64,128,256}, then by using finite-domain constraint 
solver, a constraint space of {64,128} is obtained – a 
range that would be attached to the variable returned 
in the accept(A) message.

The finite-domain constraints on variables, mutually 
defined by the distinct agents are entirely separate 
and private from each other.  So, when a constraint is 
applied by one agent, the constraint will not propagate 
to the other agents unless carried by the protocol. 
One addition to the protocol structure as described 
earlier in “Implementing the Protocol Framework” 
is proposed: a list of variable restrictions, V, for any 
variable that has been instantiated and constrained in 
the protocol.  Figure 2 provides a general overview on 
the basic architecture and process flow on how this 
could be accomplished. 

As described earlier, the components of the 
receipt message included a protocol P, of the form 
P:=<T,F,K>.  Given this, set V will contain the current 
restriction for each variable in the expanded clause 
of T.  Once decoded, the set V will be posted to the 
constraint store of a finite-domain constraint solver, 

and the rest of the message will be forwarded to the 
protocol expansion mechanism to determine the 
agent’s next move in the dialogue.  The expansion 
of an agent’s role in a particular round of dialogue 
interaction will require the relevant variable and 
its intra-agent finite-domain constraint, associated 
with the interaction, to be instantiated with values 
from the agent’s knowledge base and posted to 
the constraint store of the finite-domain constraint 
solver.  Successful expansion of the agent’s part in the 
interaction protocol was determined by whether the 
newly added constraint is consistent with the existing 
set V;  the process computationally performed by 
the finite-domain constraint solver.  This process 
should allow the distinct finite-domain constraints, 
mutually defined by the interacting agents on a 
particular variable contained within the interaction 
protocol, to converge to a new finite-domain range. 
Once completed, an updated state of the interaction 
protocol, a new message content, and updated set, 
V’ would be together encoded before being passed 
to the message passing media to be retrieved by its 
intended recipient.

Source of AIP brittleness

As described earlier, for a multi-agent interaction 
involving a distributed constraint solving process 
over a set of variables, an expansion to the interaction 

Figure 2:  Basic architecture of LCC framework for distributed constraint solving interaction
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protocol (i.e. moving to the successive states of the 
protocol) is only possible if the interacting agents 
can mutually satisfy their part of the finite-domain 
constraints imposed on variables contained within the 
protocol.  In the interaction protocol of expressions 1-4 
for instance, the dialogue will continue in accordance 
to the defined interaction protocol as long as the 
ranges of attribute values offered by the negotiating 
vendor converge with those required by the 
negotiating customer.  To illustrate this point, assume 
that the current attribute value being negotiated 
between these two agents is the disk space size of the 
computer, and the following statements describe the 
knowledge and finite-domain constraints private to 
the customer and vendor agents respectively:

Vendor: available(disk_space(D))  D in 
20..100 Gb
Customer: acceptable(disk_space(D))  D in 
40..∞ Gb

Upon negotiating these private finite-domain 
constraints via the defined protocol, the disk space 
attribute value that meets the vendor offer, and 
also the customer requirement will be in the mutual 
range of 40 Gb ≤  disk_space(D) ≤ 100 Gb.  However, as 
mentioned [12], in the process of proposal exchange 
involving bilateral negotiations between two agents 
(i.e. customer and vendor), each agent has a private 
border proposal, which is the maximum (or minimum) 
limit that must be respected in reaching a deal.  The 
intersection between the agents’ border proposal 
defines what we call the deal range.  If the deal range 
is empty, then the deal is impossible.  This will lead 
to a failure in the product configuration process and 
break the prescribed protocol.

constraint relaxation to reduce AIP brittleness

The approach in this study to this brittleness problem 
was an agent which would be able to adapt to the 
constraints on variables established by the other 
agents, achieved through constraint relaxation.  
Focus was on the revision of the initially assigned 
finite-domain intra-agent constraints by a single or 
many agents to ensure that a deal range would be 
obtained. 

Constraints relaxation is only possible if the agents 
participating in the interaction are cognitively and 
socially flexible to the degree that can be handled (i.e. 
identify and fully or partially satisfy) the constraints 
that are confronted with.  It has been emphasised [13] 
that a requirement for applying efficient mechanisms 
for (joint) constraint relaxation and propagation is that 
agents are able to reason about their constraints and 
involve other agents in this reasoning process.  Thus, 
for the proposed constraint relaxation process to be 
successful, the engineering requirements expected 
from the interacting agents include cognitive and 
social requirements. 

The cognitive requirement concerns with the 
agent’s internal reasoning capability that enables 
it to dynamically modify and redefine its own set of 
predefined constraints, an inherent functionality 
expected of agents involved in distributed constraint 
solving processes.  The issue of the best computational 
approach or constraint relaxation strategy that an 
agent might employ to reach this decision is still 
open, and its discussion extends beyond the scope of 
this paper.  However, a generally accepted notion is 
that the decision taken should be to the agent’s own 
advantage, leading to the realisation of the eventual 
goal of the agent (i.e. interacting agents reaching an 
agreement in solving a particular MAP).  The second 
requirement (i.e. social requirement) obligates the 
participating agents to communicate and coordinate 
the constraint relaxation process with the other agents.  
This process is expected to be handled at the protocol 
level and is the focus of this study (demonstrated later 
within the LCC framework).

The application of the constraint relaxation approach 
in MAS is not new, as it has been used in other studies 
to resolve conflicting constraints between agents [14].  
Within the area of multi-agent negotiation, research 
has been conducted using modelled negotiation 
as a constraint-relaxation process. The agents had 
self-interest, i.e. achieve an agreement that give the 
highest utility, but were cooperative, i.e. willing to 
accept the lower offer in order to facilitate reaching an 
agreement.  The agents communicate their constraints 
through proposals and counterproposals, achieved 
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via a centralised agent who would act as a mediator 
to resolve any conflicting constraints established 
by the distinct agents.  This central-agent approach 
was adopted to handle constraints which involved 
multi-lateral interaction patterns (i.e. one-to-many 
or many-to-many) of distributed agents.  The use of 
a central agent, though effective, has been associated 
with a number of drawbacks that included invasion of 
privacy [15] and bottleneck problems [7]. 

As described [16], the fundamental constraint-related 
issues that needed to be considered when applying a 
constraint relaxation approach included:
i. How to relax a constraint?
ii. Which constraint to relax?
iii. When to relax – when exactly during computation 

that we have to relax the constraint?

By extending the constraint relaxation approach to 
the AIP domain, agent-related and protocol-related 
issues that was taken into account included:
iv. Who or which agent should be asked to relax a 

particular constraint?
v. How the agents coordinate their communicative 

acts when engaging in the constraint relaxation 
process?

The proposed constraint relaxation module addressed 
all these issue except issues which involved customised 
and private constraint relaxation strategies (which 
are expected to be internalised within the agent and 
individually defined by the engineer of the respective 
agent).

tHE conStrAInt rELAxAtIon ModuLE

This proposed module will be composed of three 
fundamental components, namely:

i. Extractor.  This component will be made up of 
two important processes.  First, the constraint 
extractor (will be used to select the constraint(s) 
to be relaxed), and second, the recipient details 
extractor (will be used to find the agents 
authorised to relax these constraints).  

ii. Constraint relaxation processor.  This component 
will provide an interface with the agent of the 
internal reasoning layer.  The list of constraints to 
be relaxed as selected by the extractor component 
would be forwarded to this layer.  Feedback of 
the agent in form of finite-domain values on 
relaxed constraints would  then be propagated 
against the variable restriction list using a finite-
domain constraint solver.  This would check on 
the consistencies of constraints.

iii. Interaction sub-protocol for constraint relaxation.  
This component will communicate and coordinate 
the constraint relaxation process at the inter-agent 
level which will be achieved via two processes:  (a) 
the composing of sub-protocols to coordinate 
communicative acts of agents engaged in the 
constraint relaxation process, and (b) the insertion 
of this sub-protocol into an existing protocol that 
would accommodate interactions of the agent. 

Extractor

Constraint extraction and decomposition.  Within the 
LCC framework (Figure 2), an agent will proceed to 
the next interaction state if an instantiated finite-
domain constraint, Ci of a variable Ai, associated with 
a particular interaction cycle is consistent with a set 
V containing the current finite-domain restriction for 
each variable in the expanded interaction protocol.  If 
this is not the case, then it will cause the constraint 
relaxation module to be enacted.  It will begin with 
the process of identifying the set of constraints to 
be relaxed, and the high-level algorithm for this is as 
follows:

i. Add Ai into List.  A list will be used to store a 
possible set of variables.  The finite-domain 
constraint would have imposed that Ai requires 
relaxation.

ii. If Ci is a finite-domain constraint expression and is 
composed of N-binary constraints that define the 
dependency between Ai with N other instantiated 
variables (i.e. A1..AN) of complete protocol states, 
then each Ak(1≤ k ≤ N) will be added to List 
consecutively, given that Ak does not already exist 
in List.
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An agent would be able to employ any reasonable 
finite-domain constraint relaxation strategy on this 
list of variables in List (i.e. removal of dependency, 
expansion of interval values, etc.).  Each successive 
relaxation, CRevised, on the content of List, will be 
propagated against set V using a finite-domain 
constraint solver to ensure that the revised value 
is consistent with the values being held in V.  A 
successful constraint relaxation will enable the agent 
to recommence expanding its interaction state, 
therefore ensuring the continuance of dialogue which 
could have been left out prior to the enactment of the 
constraint relaxation module. 

Extraction of details by agent.  In the case if an agent 
were to fail to relax its part of the mutual finite-
domain constraints associated with the set of 
variables contained in List, the alternative will be 
to compose a message requesting other agents to 
relax their part.  To find the agent(s) authorised to 
relax these finite-domain constraints, the dialogue 
state component of the protocol, T, will be searched.  
T will provide a record of dialogue paths followed 
by the respective interacting agents.  Given T, the 
identifier of the agent, XReceipt, mutually responsible 
for instantiating the finite-domain constraint for the 
variable Ai will be obtainable. XReceipt will be passed 
to the constraint relaxation interaction sub-protocol 
component and will be used in the composing (next) 
process.  A constraint relaxation request message, 
will be attached to a revised interaction protocol in 
order to coordinate the agents’ communicative acts in 
performing the relaxation, and this will be forwarded 
to the LCC interaction layer. 

Interaction Sub-Protocol for constraint 
relaxation

Composition of Sub-Protocol.  In this study, two roles 
have been determined to be important in the process 
of constraint relaxation: constraint relaxation initiator, 
and constraint relaxation responder.  The constraint 
relaxation initiator would initiate the constraint 
relaxation process and would usually fail to relax its 
part of the mutual finite-domain constraints imposed 
on variables.  An agent could assume this role to send a 

request message for a constraint relaxation process to 
be performed by other agents to mutually constraint 
the variable.

The constraint relaxation responder would be the 
prospective recipient of this request message.  Upon 
receipt of a request message, an agent will assume this 
role by replying with a message notifying the success 
or failure of the constraint relaxation.  A composed 
interaction sub-protocol will define the message 
passing behaviour of these two roles and the message 
will be instantiated with details (i.e. Ai, the variable in 
which its finite-domain constraint needs relaxation, 
and XReceipt, identifier of the agents authorised to 
perform finite-domain constraint relaxation on Ai) 
obtained from the extractor component.

Revision of Agent’s Dialogue State. Once the 
composition and instantiation process is complete, 
the sub-protocol will be integrated with the 
interaction protocol associated with the agent(s).  The 
dialogue state component, T, of the agent(s) will be 
inserted with the composed sub-protocol.  In a way, 
this insertion of sub-protocol could be an interruption 
of the dialogue flow iterating among the interacting 
agents.  This means that the agent(s) in receipt of the 
revised protocol will participate in the joint process 
of constraint interaction (sub-protocol defines how 
the recipient of a message that consists of constraint 
relaxation related contents, can communicatively be 
involved in the process).

The message (containing a request for a constraint 
relaxation to be performed on a list of variable(s), a 
revised protocol, and a revised set V containing the 
restriction for each variable in the expanded interaction 
protocol) will be encoded before being passed to the 
message passing media, and will be retrieved by the 
intended recipient.  In order to properly interpret this 
message, the recipients will ensure that the constraint 
relaxation module is compatibly defined locally.

conStrAInt rELAxAtIon APPLIcAtIon

The constraint relaxation module as described 
was implemented using SICStus Prolog, and the 
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finite-domain constraint solver available in SICStus 
Prolog (i.e. clp(FD)) [17] was used to accommodate 
the handling of finite-domain constraints imposed 
on variables contained in the interaction protocol. 
The constraint solver restricted variables to integer 
ranges.  The expression V in L..U restricted variable 
V to be in the range of L to U, where L and U were 
integers or constant inf (for lower infinity) or sup (for 
upper infinity).  These ways of defining and restricting 
ranges of variables were part of the specific constraint 
solver used in the example in this study but different 
constraint solvers could be used.  The more important 
issue is to demonstrate how a constraint relaxation 
performed locally by the vendor or customer agents 
is communicated consistently (i.e. at the intra-agent 
and/or inter-agent levels) throughout an interaction 
between agents.  A demonstration of the mechanism 
is presented here.  

To start, some finite-domain constraints are 
introduced:

• knowledge private to the customer agent.  The range 
of acceptable values for attributes of a personal 
computer under discussion.  The customer 
will accept a disk space attribute value of 40 or 
above. 

     need(pc)
sell(pc,s1)
acceptable(disk_space(D))  D in 40..sup
acceptable(monitor_size(M))  M in 17..sup
acceptable(price(_,_,P)) P in 1200..1600

(5)

• vendor agent’s local constraints are defined in 
the similar way to that of the customer.  They are 
the available ranges for the attributes needed to 
configure a computer and these are related to 
its price via a simple equation (the aim being to 
demonstrate the principle of relating constraints 
rather than an accurate pricing policy).

attributes(pc,[disk_space(D),monitor_size(M), 
price(D,M,P)])
available(disk_space(D))  D in 40..80
available(monitor_size(M))  M in 14..21
available(price(D,M,P)) P #= 1500+((M-14)*100) 
+((D-40)*10)

(6)

The finite-domain values for the price attribute of both 
agents are conflicting with each other to demonstrate 
the workings of the constraint relaxation module.  The 
sequence of message passing that follows from the 
protocol expressions is shown in Table 1.  The dialogue 
iterates between the customer, b1, and a vendor, s1. 
Each illocution shows:  a numeric illocution identifier 
for reference (i.e. 1..n);  the type of the agent sending 
the message;  the message itself;  the type of agent to 
which the message is sent;  the variable restrictions 
applying to the message (the term r(V,C) relating a 
finite-domain constraint C to a variable V).  The first 
illocution is the customer making initial contact with 
the vendor.  Illocution two to five are offers of ranges 
for attributes (disk_space, and monitor_size) each of 
which are accepted by the customer.  However, in 
illocution six, an offer of r(P,[[1800|2600]]) for the 
price attribute by the vendor, is conflicting with the 
local finite-domain constraint of r(P,[[1200|1600]]) 
imposed by the customer, which caused a failure 
to expand the interaction protocol received with 
the message. This enables the constraint relaxation 
module to be enacted. 

In this example, the constraint relaxation module is 
evaluated against two different scenarios.  

First scenario is if the customer agent fails to reply 
with an offer(price(D,M,P)) message in accordance 
to the prescribed interaction protocol, the situation 
in consideration is whether the customer agent will 
be able or will agree to relax its part of the mutual 
finite-domain constraint on price locally.  The primary 
aim of this example is to show the successful and 
coordinated interactions of intra-agents (as illustrated 
in Figure 3) involving components of the AIP layer, the 
constraint relaxation module and the agent’s internal 
reasoning module.  Upon enactment of the constraint 
relaxation module, the constraint relaxation processor 
component becomes involved in a repetitive 
interaction with the agent’s internal reasoning module 
in order to obtain a revised finite-domain constraint on 
the price attribute (due to the failed unary constraint 
of acceptable (price (_,_,P))P in 1200..1600) until 
a set of valid relaxation value is obtained or the 
agent decides against relaxation.  Assuming that the 
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customer agent decides to revise its finite-domain 
constraint to acceptable(price(_,_,P))P in 1500..2000 
(i.e. case 1 of Figure 3) using a finite-domain constraint 
solver, this value will be propagated against the 
current variable restrictions set V=[r(P,[[1800|2600]]), 
r(M,[[17|21]]),r(D,[[40|80]])], causing a revision on its 
content to V=[r(P,[[1800|2000]]), r(M,[[17|21]]), r(D, 
[[40|80]])]. The expansion of the interaction protocol, 
(described in Figure 1), will recommence once this 
local constraint relaxation process performed by the 
customer agent is complete.

Second is if the customer agent fails to relax its 
part of the mutual finite-domain constraint, thus 
requiring the involvement of the vendor agent in the 
constraint relaxation process.  The primary aim of this 
example is to show the enactment of the interaction 
sub-protocol for constraint relaxation component, 
together with the inter-agent interaction aspect that 
takes place during the relaxation process, and how 
these components are managed and coordinated. 
Assuming that the customer agent fails to relax its 
part of the mutual finite-domain constraint imposed 
on the price attribute (i.e. case 2 of Figure 3), then 
the interaction sub-protocol for constraint relaxation 
component will be enacted.  A message, contained 
within a request for the vendor agent to relax its part 
of the mutual finite-domain constraint imposed on 
the price attribute, will be composed and sent to the 
vendor agent, together with the revised interaction 

protocol, contained within a sub-protocol specifying 
the roles, and message passing behaviour expected 
to coordinate the constraint relaxation process.

The sequence of message passing that follows from 
an interaction between the constraint relaxation 
initiator (i.e. customer) and the constraint relaxation 
responder (i.e. vendor) concerning a constraint 
relaxation of the price attribute is shown in illocution 
7 and 8 of Table 2.  In relaxing its part of the finite-
domain constraint, the vendor, in the role of constraint 
relaxation responder, will undergo similar intra-agent 
interactions process as described in Figure 3.  Since 
this relaxation involves a set of binary constraints, 
there exists a number of constraint relaxation 
strategies that can be employed by the customer 
agent (e.g. remove the dependency of price attribute 
on the other attributes).  Assuming that the vendor 
agent agrees to relax its fixed base price component 
of the price attribute from 1500 to 1000, then a new 
finite-domain constraint of available(price(D,M,P)) 
P #= 1000+((M-14)*100)+((D-40)*10) is obtained. 
A message confirming that a relaxation has been 
performed, as described in illocution 8, will be sent 
together with the revised variable restrictions set 
V=[r(P,[[1300|1600]]), r(M,[[17|21]]), r(D, [[40|80]])]. 
Upon receipt of this message, the constraint relaxation 
message processor, local to the customer agent will be 
enacted, and the received set V will be applied.  Once 
this is complete, that is the sub-protocol concerning 

No: 1
Sender: a(customer,b1)
Message:  ask(buy(pc))
Recipient:  a(vendor,s1)
Restrictions:  [ ]

No: 2
Sender:
Message:  offer(disk_space(D))
Recipient:  a(neg_cust(pc,s1,_),b1)
Restrictions:  [r (D, [[40|80]])]

No: 3
Sender:  a(neg_cust(pc,s1,[]),b1)
Message:  accept(disk_space(D))
Recipient:  a(neg_vend(pc,b1,_),s1)
Restrictions:  [r (D, [[40|80]])]

No: 4
Sender:
Message:  offer(monitor_size(M))
Recipient:  a(neg_cust(pc,s1,_),b1)
Restrictions: [r (M, [[14|21]]),r (D, [[40|80 ]])]

No: 5
Sender:  a(neg_cust(pc,s1,[att(disk_space(D))]),b1)
Message:  accept(monitor_size(M))
Recipient:  a(neg_vend(pc,b1,_),s1)
Restrictions:  [r (M, [[17|21]]),r (D, [[40|80 ]])]

No: 6
Sender:  a(neg_vend(pc,b1,[price(D,M,P)]),s1)
Message:  offer(price(D,M,P))
Recipient:  a(neg_cust(pc,s1,_),b1)
Restrictions: [r (P, [[1800|2600]]), r (M, [[17|21]]) ,r (D,  [[40|80]])]

table 1:  Sequence of message passing
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the interaction protocol of constraint relaxation has 
been fully expanded, the agents resume their prior 
roles, and continue with the interaction that has been 
left out. 

dIScuSSIon And FuturE Work

Induced backtracking is another approach that 
has been applied to address constraint failures in 
distributed dialogue protocols [18].  It is considered 
limited because in multi-agent interactions it cannot 
be assumed that agents having received messages 
are able to backtrack as they may have been 
implemented in a language that does not support 
backtracking [7].  In addition, it has been reported 
[18] that it does not specifically focus on finite-
domain constraints.  Knowing that a failed constraint 
is dependent on a number of other constraints that 
have been satisfied by the interacting agents, then 
choosing an acceptable backtracking point within  
the expanded dialogue states to accommodate the 

agents’ constraint relaxation strategies, would be a 
complicated matter.

On the other hand, the approach reported in this paper 
provides a mechanism that allows an interaction sub-
protocol on constraint relaxation to be initiated and 
incorporated with the currently executed interaction 
protocol.  This is an improved and extended version 
of a previous study involving constraint relaxation [9]. 
In the previous study, the communicative acts for the 
joint process of constraint relaxation were predefined 
in the interaction protocol deployed to each of the 
agents participating in the interaction.  This required 
the agents’ roles in the constraint relaxation interaction 
to be determined in advance.  Thus, it does not 
provide the necessary support for a flexible constraint 
relaxation strategy to be incorporated.  In addition, a 
number of processes which could be accomplished 
at the protocol layer were assumed to be internalised 
within the interacting agents.

Figure 3:  Intra-agent interactions of finite-domain constraint relaxation

No: 7
Sender: a(const_initiator(pc,s1,_),b1)
Message:  relax_request(price(D, M, P))
Recipient: a(const_responder(pc,b1,_),s1)
Restrictions: V=[r(P,[[1200|1600]]), 
 r(M,[[17|21]]), r(D, [[40|80]])]

No: 8
Sender:  a(const_responder(pc,b1,_),s1)
Message: relax_performed(price(D, M ,P))
Recipient:  a(const_initiator(pc,s1,_),b1)
Restrictions: V=[r(P,[[1300|1600]]), 
 r(M,[[17|21]]), 
 r(D, [[40|80]])]

table 2:  Sequence of message passing involving constraint relaxation
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At this stage, the constraint relaxation module in this 
study could only accommodate a minimum interaction 
requirement – the agents could only propose or 
request for a constraint relaxation to be performed, 
and responses to such requests were either acceptance 
or rejection.  However, a simple accept or reject reply 
will not guide the constraint relaxation initiator in a 
direction of search space to find a converging mutual 
finite-domain constraint range.  This could be time 
consuming and inefficient, and might also lead to 
an infinite loop.  Therefore, the ideal remedy is to 
have the agents in receipt of a constraint relaxation 
request to provide more information in their response 
to help direct the initiator.  This is possible if the 
agents’ responses to a request could include critiques 
or counter-proposals [19], which enable the agents to 
exercise a more flexible constraint relaxation strategy. 
To accommodate this type of flexible interaction at 
the protocol level, the interaction protocol currently 
executed by the interacting agents needs to undergo 
a dynamic revision process, controlled within a 
certain set of parameters.  This extension is one of the 
important focuses of further studies.
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IntroductIon

The field of mobile application development has been 
an active research area over the years [4] with explosive 
numbers of applications being written everyday.  For 
instance, there are more than 800 million mobile 
devices in use worldwide, and the numbers are 
projected to rise to 1 billion [14]. This research proposes 
yet another useful mobile application called Mobile 
Route Planner (MRP) that will benefit people who are 
new to a place such as tourists and businessmen who 
desire proper planning beforehand for a better travel 
experience.  The proposed application implemented 
using Wireless Application Protocol (WAP) technology 
could be accessed anytime and anywhere using 
mobile devices.  This kind of travel planner is popular 

and is commonly used when travelling on public 
transport [12].

The proposed application is related to numerous 
studies on mobile computing and architecture.  The 
middleware framework [4] was proposed to efficiently 
overcome the challenges of mobility.  Various 
architectures are available nowadays which all play a 
role in the development of mobile applications [2]. A 
study [10] was carried out to address the dependability 
issue of mobile applications needed for supporting 
crucial activities such as m-commerce.  Research work 
[6] in distributed architecture of mobile Geographical 
Information System (GIS) on WAP, proposed four logic 
tiers:  presentation, WAP service, application and data 
service. 

dEVELoPInG WAP-bASEd MobILE routE PLAnnEr  
For oPtIMuM trAVEL PLAnnInG

Mohd Hilmi Hasan and nur Farihah Sajali
CIS Department, Universiti Teknologi PETRONAS,  

31750 Tronoh, Perak Darul Ridzuan, Malaysia. 
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AbStrAct

This paper presents a research on the development of Wireless Application Protocol (WAP)-based Mobile Route 
Planner (MRP) application.  The objective of the research is to develop an MRP application comprising two 
modules:  locator and travel planner;  which could help in providing an optimal way of travel planning for users.  
The locator module will perform the basic computation to provide the shortest route to a destination.  The travel 
planner module will allow a user to check more than two destinations at a time and then present the travel plan 
as a result.  The travel plan will consist of a list of destinations ordered based on distance from the user’s current 
location.  The MRP will implement Djikstra’s algorithm for the shortest route computation.  It will also provide 
a user with a map, routes and directions, and estimated time to reach each destination for both modules.  The 
functionalities provided by the MRP and its accessibility via mobile devices could make it the optimal travel 
planning application.
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There are a number of existing online route planning 
applications, for instance AA RoutePlanner Great 
Britain, Mapquest and Gitex. However, these are 
running on web technology accessible only by using 
a personal computer connected to the Internet 
[1, 11, 7].  MRP aims to overcome this limitation by 
providing portability features to the user which is 
accessible using a mobile phone.  Another example 
is the Tubelet system, a mobile travel planner for the 
London underground train system [8] implemented 
on wireless Java platform executed locally in the 
mobile device.  MRP was developed on the Wireless 
Application Protocol (WAP) platform for mobile 
web servers to perform all necessary processing.  
Significant advantage is expected over applications 
running locally since it should reduce load on mobile 
devices [15]. 

The objective of this research is to develop a WAP-
based MRP that provides locator and travel planner 
modules.  The application should be able to suggest 
an optimal travel plan by providing a locator module 
to help users find directions, and a travel planner 
module to provide a travel plan, both working on the 
shortest computed path.  Users would be able to view 
maps, text-based directions, estimated travel times 
and total distances of destinations – all accessible 
through mobile phones.  

APPLIcAtIon dEVELoPMEnt

System Architecture 

The MRP is a mobile web application developed on 
the Microsoft .NET Framework supporting Mobile Web 
Services.  Thus, the MRP is a WAP-based application, 
allowing access to those with WAP-supported mobile 
devices.  A user request will be directed to the WAP 
server to retrieve methods from the MRP mobile 
web server.  Once the server processes the request, 
results will be sent to the user’s mobile device.  In this 
study, results from the server will be sent in two forms:  
image format (for map display) and text-based format 
(for directions).

Figure 1 shows the system architecture of MRP.  First, 
a user has to provide a WAP URL from a mobile 
device which supports GPRS or 3G to connect to 
the WAP server.  The request is then translated into 
an HTTP request by the WAP gateway.  The IIS web 
server was used in this study and it emulated the WAP 
environment.  The MRP was executed on this server, 
with an additional map server component, AspMap. 

Once connected, a user will be able to access MRP.  The 
user will be able to view and use the MRP in a manner 
similar to using web-based applications.  The web 
server peels off the request to retrieve geographic 
information, which is then delivered to the map 
server. 

A map server usually consists of a GIS component 
module that is responsible for processing geographic 
information requests at real time and generating the 
relevant response.  AspMap is used by MRP as a Map 
Server to deliver the GIS functions.  AspMap is a set 
of server-side mapping components which add maps 
to web applications and services.  AspMap is installed 
for use by MRP and acts as a Windows Map Server for 
processing GIS data.  The AspMap component allows 
the integration of GIS components into the Mobile ASP.
NET platform.  MRP will invoke the GIS component to 
process map files (in .shp format) by running its server-
side codes.  The result is a display of maps in image 
form, readable by any WML or HTML processor.  The 
map files used in this project were basically materials 
downloaded from the Internet.

Upon receiving a response from the map server, 
the web server then converts the data into a WAP 
Markup Language (WML) format and sends it to the 
WAP gateway.  Filtering and compression will also be 
processed by the WAP gateway which then transfers 
the data to the user’s mobile device.

Algorithm

The basic function of the MRP is to find the shortest 
path between two places.  This study found that an 
algorithm is required to compute all the shortest paths 
between multiple sources and multiple destinations, 



90

Technology Platform:  APPLICATION OF INTELLIgENT IT SySTEM

PLATFORM   VOLUME Six NUMBER ONE  jaNUaRy - jUNE 2008

which is very crucial in solving problems such as 
travelling sales and vehicle routing [13].  Commonly, 
one of two parameters will decide the shortest path, i.e. 
distance or time.  A study reported that the algorithm 
of prioritising network segments according to traversal 
speed resulted in a highway segment being preferred 
to a residential street [9]. Therefore, distance is used in 
this study for computing the shortest path.  MRP will 
still provide users with the estimated time taken for 
each of the shortest paths between two places.

A few algorithms were taken into consideration in this 
study. The Dijkstra algorithm computes the shortest 
path from one source to all destinations [5].  The 
Genetic Algorithm (GA) searches for multiple routes 
and finds the shortest path of routes and suggests the 
best path to be taken [3].  Since the MRP application 
required computation of the shortest path from a 
single source to several places, the Djikstra algorithm 
was implemented. 

rESuLtS

This study developed an application called MRP which 
consisted of two main modules:  locator and travel 
planner modules.  The former will provide users with 
guided directions from one place to another.   The travel 

planner module will help users by providing a plan to 
optimise travel to several places.  MRP provided the 
results for its modules in an image format (map), text 
format that consists of directions, as well as estimated 
time and total distance to the destination.  

the Locator Module

The locator module will perform the basic routing 
function in the application.  The module will accept 
the input from users:  source and destination location.  
A list of available locations will be presented to users 
as a selection list based on a map loaded.  Figure 2 
shows a flowchart depicting the process flow for the 
locator module and Figure 3 is a screenshot of the 
input page.

When a user submits the inputs e.g. Jacobs School as 
the location and Fairfield School as the destination, the 
AspMap component will process the map file, accepts 
the inputs and perform the routing algorithm.  The 
system will compute the shortest route in distance 
based on the Djikstra algorithm.  The results will be 
displayed on the user’s device in two forms:  routed 
map (in an image format) and text directions.  Figure 
4 shows the screenshots for the output page of the 
locator module.

Figure 1:  System Architecture
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the travel Planner Module

The travel planner module extends the locator module 
by using the latter for routing purposes. The travel 
planner differs from the locator module.  It is more 
complex as it performs travel planning operations.  

Start

User input 1 source location and 1
destination

System accepts source and
destination

Mobile web server sends
data to GIS component for

Processing

Routing is performed
by GIS component

Final routing results
returned to mobile web

serve

Saved to history

Mobile web server
displays results to user

End

Figure 2:  Locator Module: Process Flow Figure 3: Locator Module: Input Page

The travel planner module will receive one source 
location input and two or more destination locations.  
It will then process these inputs and decide on how 
the travel should be performed (which destination 
to go first and the next), according to the shortest 
routes.  This will allow users to optimise as well as plan 
their travel ahead of schedule.  Figure 5 shows the 
flowchart that depicts the basic process flow for the 
travel planner module.

The user will select one source location and two or 
more destination locations.  These locations would 
have been pre-set in the selection list. Figure 6 below 
shows the screenshot of the input pages for the travel 
planner module.

A user will select and submit the source and multiple 
destinations, the inputs will be sent to the web server, 
which is then sent to the AspMap component.  The 
web server will interrupt the component at this 
stage to allow modified scripts to run the travel 
planning function. At the same time, the application 
will compute the shortest route from the source to 
multiple destinations based on the Djikstra algorithm. 
When the shortest route is found, the destination 
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User input 1 source location and 2
destinations

Saved to history

Mobile web server sends data to
GIS component for processing

System accepts source and all
destinations

GIS component performs routing
and planning algorithm

Sorted routing results returned to
mobile web server

Start

End

User needs to go to more than
1 destination

More destination?

Mobile web server displays results
to user

User adds the next
destinations

Figure 4:  Locator Module: Output Page

Figure 5:  Travel planner Module: Process Flow
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Figure 6:  The Travel planner Module: Input Pages

location will be put as the next destination in the 
list.  The computation will then iterate, routing from 
the previous chosen destination to all remaining 
destinations.  The next shortest route will be chosen 
and the destination location will be placed in the list. 
The iteration will continue until all destinations are 
processed. Figure 7 gives a visual flow of the travel 
planning algorithm.

The result of the computations will be displayed to 
the user, as shown in Figure 8.  This page will display 
the travel planner results of destinations sorted in the 
order of which destination should be visited first.  The 
user may select each of these destinations in the list 
to view a display of the route to reach them.  This is 
shown in Figure 9.

Figure 8:  The Travel planner Module:  Planner Results Page
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of 
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(N-1) until 

there is 
only 1 

destination 
left, which 
is the final 
destination

Figure 7:  General flow of Travel planner Algorithm
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concLuSIon

The outcome of this research could provide 
some benefits to users. First, users could retrieve 
information for travel anywhere and anytime since it 
is implemented in a mobile environment. Users could 
also benefit from adequate information provided 
by the application through maps, text directions, as 
well as estimated time, total distance and travel plan. 
Moreover, the implementation using WAP technology 
also means that users need not pre-install any software 
in mobile devices to run the application.

MRP has a limitation because it is implemented 
using an emulated map for producing the results.  
It is proposed that future studies would be on 
implementation using real GIS maps which will 
produce more meaningful results.
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IntroductIon

Heart auscultation, defined as the process of 
interpreting acoustic waves produced by the 
mechanical action of the heart is a non-invasive, low-
cost screening method and is used as a fundamental 
tool in the diagnosis of cardiac diseases.  It can provide 
valuable information concerning the function of heart 
valves and the hemo-dynamics of the heart and has 
high potential for detecting various heart disorders 
especially valvular problems.  New advanced imaging 
techniques like EKG, MRI and CT scan do provide more 
direct evidence but they utlise expensive equipment, 
specialised technicians to operate, experienced 
cardiologists to interpret the results, high maintenance 

cost, a permanent space for installation and generally 
require more resources to function properly.  These 
requirements are usually met in advanced hospitals 
and are not suitable in homecare, in rural hospitals and 
rural as well as urban clinics [1].  Therefore in numerous 
cases the heart sound diagnosis is an economical and 
quick alternative to detect heart conditions under 
emergency conditions.

Heart sound analysis by auscultation depends highly 
on the skill and experience of the listener.  Despite 
the importance of auscultation, internal medicine and 
cardiology training programmes underestimate the 
value of cardiac auscultation and new clinicians have 
not been well trained in this field [2].   It was reported 

A SIGnAL ProcESSInG ModuLE For tHE AnALYSIS oF 
HEArt SoundS And HEArt MurMurS
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AbStrAct

In this paper a Signal Processing Module (SPM) for computer-aided analysis of heart sounds was developed.  The 
module reveals important information about cardiovascular disorders which could assist general physicians in 
adducing more accurate and more reliable diagnoses at the early stages.  It can help overcome the scarcity of 
expert doctors in rural as well as urban clinics and hospitals.  The module has five main blocks:  data acquisition 
and pre-processing, segmentation, feature extraction, murmur detection and murmur classification.  Heart 
sounds were initially acquired using an electronic stethoscope capable of transferring these signals to a nearby 
workstation using wireless media.  The signals were then segmented into individual cycles as well as individual 
components using spectral analysis of the heart without any reference signals such as the ECG.  Features were 
extracted from the individual components using a spectrogram and used as an input to a Multiple Layer 
Perceptron (MLP) neural network trained to detect the presence of heart murmurs.  Murmurs, upon detection, 
were classified into seven classes depending on its timing within the cardiac cycle using Smoothed Pseudo 
Wigner-Ville Distribution (SPWVD).  The module was tested with real heart sounds from 40 patients and it proved 
to be quite efficient and robust while dealing with a large variety of pathological conditions.

This paper was presented at the International MEMS conference,  
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that extremely high percentages (as high as 87%) of 
patients referred to cardiologists for evaluation have 
benign heart sounds [3].  So a computer assisted 
system can help the general physician in adducing 
a more accurate and more reliable diagnoses at the 
early stages and also reduce unnecessary referrals of 
patients to expert cardiologists faraway.

As part of a major effort towards developing a system 
for tele-diagnosing heart diseases, a signal processing 
module was developed to assist general physicians. The 
module will use heart sound signals that were taken 
as input from an electronic stethoscope which can 
be made available to primary healthcare units. These 
signals will then be processed through embedded 
sophisticated signal processing algorithms before a 
final diagnosis can be made.  The block diagram of the 
module is depicted in figure 1.

MEtHodoLoGY

data acquisition and pre-processing

Heart sounds were collected from Institute Jantung 
Negara (National Heart Institute) Kuala Lumpur and 
Hospital Fatimah, Ipoh, Malaysia.  Recordings of heart 
sounds were made using the 3M Littmann Electronic 
Stethoscope of about 8 seconds each.  A total of 40 
patients aged 16 to 79 years with various pathologies 

as shown in Figure 2 were used in the current study.  
Patients’ willingness to participate in the study were 
obtained in written consent forms.  Heart sounds 
were recorded in a quiet room with assistance from 
patients who were not sedated.  A senior cardiologist 
listened to all the recordings and gave assurance 
that its of good quality.  The recordings were then 
transferred to a nearby workstation with wireless infra-
red media.  Recordings were saved in *.e4k format 
which is a proprietary format by the manufacturer of 
the stethoscope (a 16-bit signed integer code, little 
endian) not recognised by common audio software 
[4].  They were then converted to *.wav format using 
software provided with the stethoscope.  The software 
also saved each patient’s information inside a wave 
file. 

The sounds were then re-sampled at 8 KHz, 16 bits/
sample.  The digitised signals were then used as input 
to a segmentation algorithm.

Heart sound segmentation

The segmentation algorithm is based on the spectral 
analysis of heart sounds from each patient, i.e. 
separation into individual cycles with each cycle 
containing first heart sound (S1), systolic period, 
second heart sound (S2) and diastolic period in 
time.  Most of the techniques used previously were 
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Figure 2:  Distribution of pathologies in data collected
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dependent on ECG references of a signal or/and 
carotid pulse for segmentation [5-7].  However, to 
avoid time synchronisation of both heart sounds and 
ECG signals and to simplify data collection procedures 
no reference signal was used.  The main idea was to 
compute locations of S1 and S2 first and using that 
information, to calculate the locations of systolic 
and diastolic periods.  The steps involved in the 
segmentation algorithm are shown in Figure 3.

Figure 4 shows implementation on a real heart sound 
[8].  Before wavelet decomposition and reconstruction, 
the original signal was downsampled by a factor of 
four so that the details and approximations resulted 
in frequency bands displaying the maximum power 
of S1 and S2 which in this case were fourth and fifth 
level details.

Feature extraction using a spectrogram

Features were extracted from individual systolic and 
diastolic periods using a spectrogram, a Windows-
based Fast Fourier Transform (FFT).  MATLAB 
commands calculated the windowed discrete-time 
Fourier transform using a sliding window called 
specgram.  The Hanning window which has smooth 
edges compared to the rectangular window was 
used to prevent oscillations in the spectrum known as 
Gibbs phenomenon.  However, the smooth edges of 
the Hanning window tapered the signal at the edges 
which eliminated important information present in 
the signal. In order to avoid this, the windows were 
overlapped by half the window length.  Next the 
spectrogram was divided into 10 segments of equal 
lengths and the maximum amplitude in each segment 
was taken as a feature as shown in Figure 5. 

detection using artificial neural networks

Biomedical signals have very complex and 
unpredictable characteristics which cannot be 
modeled analytically in a straight-forward manner. 
Conventional signal processing methods are 
inappropriate for their processing and analysis.  Neural 
networks, with inherent non-linear characteristics can 
provide a powerful framework for performing medical 

 Heart Sound Segmentation Algorithm
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Downsampling
by a factor of 4
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maximum

Wavelet Decomposition
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Figure 3:  Steps involved in segmentation algorithm

Figure 4:  Implementation of segmentation algorithm. (a) 
Original heart sound signal.  (b) 5th level detail of the signal. (c) 
The normalised average Shannon energy. (d) Peaks belonging to 
S1 and S2. (e) Calculated boundaries of S1 and S2
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signal processing.  Such non-linear signal processing 
helps to reveal hidden information in biomedical 
systems [9].  This has led to the integration of signal 
processing and intelligent techniques such as neural 
networks to improve performance [10].

Previous researchers have efficiently used the ANN for 
detecting and classifying heart sounds and murmur. 
However, network sizes being used were quite large 
that it took time for training and testing the system 
[10, 11].  In this study, a three-layer perceptron neural 
network with 10 neurons in the input layer, 10 in the 
hidden layer and one in the output layer was used. 
The network detected the presence of murmur and 
the output was quantified to two values using a 
threshold. A back-propagation learning algorithm 
based on a least mean square error in conjunction 
with a gradient descent technique was used.  The 
network was trained using batch steepest descent 
function, that updates the weights and biases of the 
network only after all the training data has been 
provided.  The goal and the learning rate were chosen 
carefully to optimise computational complexity while 
maintaining stability by hit-and-trial method. 

classification using SPWVd

Due to the complex nature of heart sounds, the 
spectral contents change so rapidly that traditional 
time-frequency analysis techniques do not give good 

resolutions.  In this study, the application of SPWVD 
used two windowing functions;  one in time domain 
and other in frequency domain to suppress the 
interference terms in the WVD, defined as:

where n is the time domain representation, k is the 
frequency domain representation, h[m] and g[l] 
are the windowing functions in time and frequency 
domain respectively, x[n] is the original signal and 
x[n+m-l].x*[n-m-l] is the bi-linear product of the x[n].

rESuLtS And dIScuSSIon

results and discussion of Ann prediction

A total of 120 individual systolic periods were used to 
train and test the ANN.  The data was grouped into 
pathological and non-pathological cases.  First half 
of the data was used to train the network and then 
the network was tested using full data.  The results are 
shown in Figure 6. 

The blue circled areas are the misclassifications where 
the ANN misclassified the murmur.  The black areas 
show a high fluctuation in the pathological cases, this 
is because any type of murmur no matter how severe, 
was used as a pathological case.  These fluctuations 
can be reduced by further grouping the pathological 
murmur cases.

Figure 5: Feature extraction using spectrogram.  In order to 
automate the whole feature extraction step, MATLAB was linked 
with Microsoft Access.  The features were then exported to the 
database directly.
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Comparisons in the performance of network accuracy, 
sensitivity and specificity defined in [10] were 
calculated and tabulated in Table 1.

results and discussion of classification block

The individual systolic and diastolic periods on 
applying the SPWVD are shown in Figure 7.  Figures 
7(a) and 7(b) show the systolic and diastolic periods 
respectively of patient (PT124) suffering from Ventricle 
Septal Defect (VSD).  Symptoms indicated pan systolic 
murmur and no diastolic murmur.  However some 
energy contents in the edges of the diastolic period 
are observed which could be S2 since the boundary 
calculation algorithm was based on a relative 
measure of energy and not an exact value.  This 
problem could be avoided by using some tolerance 
factor while calculating the boundaries.  Figures 
7(c) and 7(d) show the systolic and diastolic periods 
respectively of patient (PT118) suffering from Aortic 
Regurgitation/Mitral Regurgitation (AR/MR).  This is a 
case of multiple murmur and the symptoms indicated 
pan systolic murmur followed by quite a loud mid-
diastolic murmur.

4
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Figure 8:  Murmur cases in grouped form

Figure 7:  Results of SPWVD 

(a)

(b)

(c)

(d)

table 1:  ANN Performance

Performance Measure Percentage

Accuracy 86.4

Sensitivity 85.1

Specificity 87.5

table 2:  Classified Groups

Systolic Murmur Diastolic Murmur

 Early Systolic (ESM) Early Diastolic (EDM)

Mid Systolic (MSM) Mid Diastolic (MDM)

Late Systolic (LSM) Late Diastolic (LDM)

Pan Systolic (PSM)
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The classification block classified the murmur into 
seven different classes depending on the timing of the 
murmur within the cardiac cycle as shown in Table 2.  
The collected data was grouped into these classes as 
shown in Figure 8.  Some of the patients with multiple 
murmurs were additionally counted in the grouped 
form.

concLuSIon

A signal processing module which processed the tele-
signal received from an electronic stethoscope was 
developed.  A general physician will be able to interact 
with the module to get quick preliminary diagnoses 
of heart problems of patients who cannot be easily 
shifted to advanced hospitals which are a distance 
away and also who cannot afford high consultation 
fees and traveling costs.  The module has a provision 
of extracting information at the end of every step 
instead of working as a black box to the user.  Such 
a module will be a step towards the development of 
efficient medical care.  It will overcome the scarcity of 
expert cardiologists in both urban and rural areas. 
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IntroductIon 

background 

In dermatological practices and studies, visual signs 
play an important role in enabling dermatologists 
make accurate diagnoses.  Vitiligo is a skin disorder 
characterised by de-pigmented macules that result 
from damage to and destruction of epidermal 
melanocytes.  Histological examination of vitiligo 
reveals complete absence of melanin and melanocytes.  
Visually, the vitiligo areas are paler in contrast to 
normal skin or completely white due to the lack of 

melanin [1, 2].  The prevalence varies from 0.1% to 2% 
in various global populations without any sex, racial, 
skin types or socioeconomic predilection [3]. 

Vitiligo treatments have two objectives, to arrest 
disease progression and to re-pigment the vitiligo 
skin lesions [4].  To monitor the efficacy of treatment, 
dermatologists observe the disease directly, or 
indirectly using digital photos.  Currently there is no 
objective method to determine the efficacy of vitiligo 
treatments. 

dEtErMInAtIon oF SkIn rEPIGMEntAtIon ProGrESSIon

Hermawan nugroho1, Ahmad Fadzil M. H.2, V. V. Yap3, S. norashikin4 and H. H. Suraiya5

1 Department of Electrical and Electronics Engineering,  
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AbStrAct

This paper describes an image processing scheme to analyse and determine areas of skin that have undergone 
re-pigmentation, in particular, during the treatment of vitiligo.  In vitiligo cases, areas of skin become pale or 
white due to the lack of skin pigment called melanin.  Vitiligo treatment causes skin re-pigmentation resulting 
in a normal skin color.  However, it is difficult to determine and quantify the amount of re-pigmentation visually 
during treatment because the re-pigmentation progress is slow and changes in skin color can only be discerned 
over a longer time frame typically 6 months.  The analysis by the digital image processing scheme identifies and 
determines vitiligo skin areas and re-pigmentation progression within a shorter time period.  The technique is 
based on analyses of principal and independent components which converts the RGB skin image into an image 
that represents skin areas due to melanin and haemoglobin only, followed by a segmentation process.  Vitiligo 
skin lesions are identified as skin areas that lack melanin (non-melanin areas).  In the initial study of 4 patients, 
the method was able to quantify re-pigmentation in vitiligo lesions.  Hence it is now possible to determine re-
pigmentation progressions objectively and treatment efficacy within a shorter time cycle.

This paper was presented at the 29th International Conference of the IEEE Engineering in Medicine and Biology Society in conjunction with the  

Biennial Conference of the French Society of Biological and Medical Engineering (SFGBM), 23-26 August 2007, Lyon, France.
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Physician’s Global Assessment (PGA) scale is the 
current scoring system used to evaluate the response 
to the treatment.  The scale is based on the degree of 
re-pigmentation within lesions over time.  An example 
is shown in Table 1. 

table 1:  Physician’s Global Assessment Scale 

Repigmentation Scale 

0-25% Mild 

26-50% Moderate 

51-75% Good 

76-100% Excellent to Complete 

Evaluation is still largely dependent on the human eye 
and judgement to produce the scorings.  In addition, 
PGA score is also subjective, as there are inter- and 
intra-observer variations. 

The progression of vitiligo treatments can be very slow 
and can take more than 6 months [1].  Dermatologists 
find it visually hard to determine the areas of skin 
re-pigmentation due to this slow progress and as a 
result, the observations were made after a longer 
time frame.  To enable the quantification of areas of 
re-pigmentation objectively over a shorter time frame 
during treatment, a digital image analysis technique 
was developed which can determine melanin areas of 
skin and evaluate re-pigmentation progression. 

review of related Works 

Skin colour is due to the combination of skin 
choromophores, namely melanin and haemoglobin. 
However in digital imaging, colour is created by 
combining three different spectral bands: red, green, 
and blue (RGB). 

Takiwaki et al. [5] proposed a formula to measure 
melanin, based on the reflectance values of the red 
channel in RGB image. 









×=

r
r R

A
1

log100 10  (1)

Ar is the absorbance index in the red channel and Rr 

is reflectance in the red given by the pixel intensity 
value of the red channel.  B Jung et al. [6] evaluated 
erythema and melanin in port wine stain lesions by 
converting RGB image into CIE L*a*b* colour space 
and assumed that the L* image represents the inverse 
of the melanin distribution map and a* image the 
erythema distribution map.  It was found that these two 
methods did not give accurate melanin measurement.  
The premise in this study is that changes in melanin 
concentration will affect the entire RGB and CIE L*a*b* 
channels. 

Y V Haeghen et al. [7] proposed a calibrated image 
colour image system, based on CIE L*a*b*, for use 
in dermatology.  S D Cotton et al. [8, 9] proposed a 
physics-based skin model based on CIE LMS colour 
space for extracting histological skin parameters.  Scott 
Umbaugh et al. [10, 11] developed PCT/Median cut 
segmentation scheme for skin tumour segmentation.  
It was also reported [12] that PCT/Median cut 
segmentation is superior to thresholding, weighted 
function, region growing, spherical coordinates and 
CIE L*a*b* colour space, for pigmented skin lesion 
segmentation.  However, these three methods could 
not directly quantify the amount of melanin in skin 
image. 

APProAcH 

Interaction of Light and Skin 

As an incident light approaches a skin surface, a 
small portion of the light will be reflected due to the 
difference in the index of reaction between the air 
and skin surface.  Most of the light penetrates into the 
skin and follows a complex path until it exits back out 
of the skin or gets attenuated by skin choromophores 
and only 4% -7% over the entire light spectrum reflects 
directly [13]. 

Skin choromophores absorb electromagnetic 
light energy.  As shown in Figure 1, the primary 
choromophores in skin are melanin and haemoglobin 
(oxy-haemoglobin and deoxy-haemoglobin) [14]. 
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Epidermis Malanin

HaemoglobinDermis

Figure 1:  Distribution model of melanin and haemoglobin in 
skin 

Skin colour Model 

According to Tsumura et al. [15], the spatial distribution 
of melanin and haemoglobin could be separated by 
employing linear independent component analysis of 
a skin colour image.  The analysis was based on the 
skin colour model with three assumptions.  Firstly, the 
linearity in the optical density domain of RGB channels 
is assumed. The second and third assumptions state 
that the spatial variations of skin colour are caused by 
two skin choromophores (melanin and haemoglobin) 
and their quantities are mutually independent, as 
shown in Figure 1.  Figure 2 shows the skin model 
developed by Tsumura et al. [15]. 

log (g)

bias

Skin color distribution

-log (b)

-log (r)

pure density
vectors of
melanin

pure density vectors
of haemoglobin

Figure 2:  Skin colour model (reproduced from Tsumura et al. 
[16]) 

Principal Component Analysis (PCA) 

Figure 2 shows that skin colour distribution lies on 
a two-dimensional melanin-haemoglobin colour 
subspace.  Using PCA as a dimensional reduction tool, 
the two-dimensional subspace can be represented 
by its first and second principal components.  It was 

reported that the values of the RGB skin image can 
be adequately represented by using two principal 
components with an accuracy of 99.3% [15].  An earlier 
work based on the PCA approach has enabled the 
determination of vitiligo areas [21]. 

In addition, it is also necessary to make the two-
dimensional subspace zero mean and unit variance in 
order to get stronger independence condition [17]. 

Independent Component Analysis (ICA) 

Let s1 (x,y) and s2 (x,y) represent the quantities of the 
two colour pigments on image coordinate, (x,y), that 
are independent variables.  The colour vectors of the 
two pigments per unit quantity are denoted a1 and 
a2, respectively.  It is assumed that the compound 
skin colour vector v(x,y) can be calculated using linear 
combination of the colour vectors as follows,

v(x,y) = a1s1(x,y) + a2s2(x,y) (2) 

This equation can be written as: 

v(x,y) = As(x,y) (3)

A = [a1a2] (4) 

Equation 3 is known as linear Independent Component 
Analysis (ICA), where A is a mixing matrix and s contains 
the independent components.  As depicted in Figure 
3, the goal of ICA is to find a linear transformation W of 
the dependent sensor signals v that makes the output 
independent as possible [18] (Equation 5). 

u = Wv, u >> s (5) 

A W

v1 u1S1

v2 u2S2

Figure 3:  Linear ICA 
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In this work, matrix W was estimated using a method 
developed by Hyvarinen [18].  The matrix W was 
computed so that the mutual information of s is 
minimised.  This is roughly equivalent to finding 
directions in which the negentropy is maximised.  
Negentropy is a measure of non-gaussianity [18].  
However, instead of measuring negentropy, the 
method employed the approximation of negentropy 
[19]. 

{ } { }[ ]2)(-)()( zGEvWGEvWJ TT
G =  (6) 

G is practically any non-quadratic function and z is 
a Gaussian variable of zero mean and unit variance. 
The maxima of Equation 6 were obtained at certain 
optima of ( )}{ vWGE T .  According to the Kuhn-Tucker 
conditions, the optima of ( )}{ vWGE T  under the 
constraint  1

2 =W   were obtained at points where 

{ } 0)( =+ WvWvGE T β  (7)

is some constant.  Using Newton’s iteration method, 
Equation 7 was solved. 

{ } { }WvWGEvWvGEw TT )(-)( '  (8) 

Image Segmentation 

As mentioned in the review of related works, median 
cut segmentation produced superior results for 
pigmented skin lesion segmentation [12].  Therefore, a 
threshold selection based on median cut segmentation 
[12, 20, 21] was performed on the melanin extraction 
of skin colour image to separate vitiligo skin lesion 
from healthy skin.  In this method, two samples, each 
representing the vitiligo skin lesion and healthy skin 
segments were obtained.  The Euclidean distance was 
used to map each pixel to its closest segments. 

re-pigmentation Measurement 

The difference in the vitiligo surface areas between skin 
images before and after treatment was expressed as a 
percentage of re-pigmentation in each vitiligo lesion. 
This percentage represented the re-pigmentation 
progression of a particular body region [22]. 

RGB in optical domain

Pre-processing
(PCA and Signal Whitening)

ICA

First and Second Principal
Companents

Vitiligous Skin Lesion
Segmentation

Repigmentation
Measurement

Skin Image Areas dua to Pigment
Melanin

Figure 4:  Flow chart of the proposed method 

rESuLt And AnALYSIS 

Sample data

Sample Data Images were captured by Nikon digital 
camera SLR D100.  The study involved images taken 
from 4 different patients at different times. The 
developed digital analysis scheme was used to monitor 
the re-pigmentation by comparing the images. 

Figure 5 shows samples from patient 1 and patient 4. 
The images refer to the same skin area and were taken 
during the course of treatment.  The progression of 
re-pigmentation can be seen clearly for patient 1 after 
nearly 12 months of treatment.  However, in the case 
of patient 4, re-pigmentation progression is hard to 
see as the treatment was on-going for only 4 months. 

The developed method applied on the RGB skin 
images of patients 1 and 4 produced images that was 
the current representation of the skin due to melanin 
and haemoglobin only as shown in Figure 6. 
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Analysis 

Using the measurements shown in Table 2, the 
re-pigmentation progression due to the vitiligo 
treatment was determined objectively in percentages 
as shown in Table 3.  Table 3 also shows comparisons 
of re-pigmentation assessment by Physician’s Global 
Assessment with the proposed method in this study. 

It is clearly seen that the percentages obtained using 
the proposed method are within the Physician’s Global 

Assessment ranges except for the case of Patient 4.  In 
the case of Patient 4, the images were taken within 
only 4 months of treatment therefore re-pigmentation 
is observed on a smaller area.  It can be seen from the 
images that it is difficult for dermatologists to discern 
visually small re-pigmentation progressions during 
treatment.  The method developed in this study was 
able to capture small re-pigmentation progressions 
objectively and proved to be potentially superior as it 
allowed monitoring in a shorter time frame.  However 
this technique still needs to be properly validated. 

(a)  (b)  (c)  (d) 

Figure 5:   Patient 1  (a) RGB image taken on November 2003  (b) RGB image taken on November 2004
 Patient 4  (c) RGB image taken on October 2005 (d) RGB image taken on February 2006

(a)  (b)  (c)  (d) 

Figure 7:   Patient 1  (a) segmented melanin image – Nov 2003,  (b) Segmented melanin image – Nov 2004
 Patient 4  (c) segmented melanin image – Oct 2005,  (d) Segmented melanin image – Feb 2006

(a)  (b)  (c)  (d) 

(e)  (f )  (g)  (h) 

Figure 6:
Processed images for Patient 1 (a) Melanin image – Nov 2003, (b) Haemoglobin image – Nov 2003, (c) Melanin image – Nov 2004,  
(d) Haemoglobin image – Nov 2004; 
Processed images for Patient 4 (e) Melanin image – Oct 2005, (f ) Haemoglobin image – Oct 2005, (g) Melanin image – Feb 2006,  
(h) Haemoglobin image – Feb 2006 – segmentation performed on the melanin images as shown in Figure 7. 
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concLuSIon 

This study developed a digital image analysis scheme 
which was able to identify and determine non-melanin 
skin areas (corresponding to vitiligo skin lesions) and 
re-pigmentation progressions in a shorter time frame. 
The technique was based on analyses of principal and 
independent components which converted RGB skin 
images into images that represented skin areas due to 
melanin and hemoglobin. This effectively segmented 
vitiligo skin lesion areas (non-melanin areas) and 
normal skin. 

The results show it is possible to quantify re-
pigmentation in vitiligo lesions.  Hence clinicians 
would be able to monitor vitiligo treatment efficacy 
within a shorter time frame.  Following this study, a 
clinical trial on vitiligo treatment efficacy within a 
shorter time frame (6 weeks) was being planned. 
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table 2:  Determination of vitiligo skin areas using proposed 
method 

Time Interval
Vitiligo Skin Areas 

(pixels)

Patient 1 
November 2003 26,263 

November 2004 8,907 

Patient 2
July 2004 20,848 

July 2005 1,535

Patient 3 
March 2003 1656 

October 2004 133 

Patient 4 
October 2005 585 

February 2006 432 

table 3:  Comparison between physician’s global assessment 
(PGA) with proposed method 

PGA Proposed Method 

Patient 1 51%-75% 66% 

Patient 2 76%-100% 94% 

Patient 3 76%-100% 92% 

Patient 4 0-25% 26% 
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IntroductIon

It is said that this is the age of extreme competition in 
which the combined pressures of global competition, 
technology, interconnectivity and economic 
liberalisation make life for organisations tougher than 
ever before [1].  It is the task of every manager to realise 
the goals of the organisation by achieving outstanding 
performance in the unit they are responsible for.  They 
are thus under a great strain to deal effectively with 
these pressures.  The performance appraisal is an 
important management tool to assess employees’ 
efficiency in the workplace [2].  Consequently, 
employees are considered as a strategic asset for the 
organisation, and could determine the organisation’s 
survival [3].  

However, it has been claimed that money could 
influence workers’ motivation and also act as an 
incentive for workers to be loyal to their organisation 
[4].  Based on this, it is important for organisations 
to take care of their workers’ income and welfare. 
Performance appraisals has been seen as having a 
direct influence on job satisfaction and motivation of 
workers.  A performance appraisal can be defined as 
a periodic evaluation of the output of an individual 
measured against certain expectations [5].  The process 
involves observing and evaluating staff members’ 
performance in the workplace in relation to pre-set 
standards.  A conventional approach to performance 
appraisal would treat it as a measurement exercise, 
while most contemporary approaches would be more  
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concerned with information processing within the 
performance appraisal decision-making process.  

A performance appraisal could be carried out for 
various purposes, such as professional and career 
development, accountability check, recognition and 
compensation, references in disciplinary procedure, 
and most commonly as a mechanism to determine 
salary increment and promotion exercise [6].  There is 
an obvious need for tools which can improve decision-
making in performance appraisals.  Much effort has 
been put into developing suitable software tools 
which can act as consultants for managers.  Advances 
in computer technology and computer based 
techniques for handling information have allowed the 
development of decision support systems (DSS) which 
could play a crucial role in the progress of a firm [7].  
A DSS is a specific class of computerised information 
system that supports business and organisational 
decision-making activities.  A properly designed DSS 
is an interactive software-based system intended to 
help decision makers compile useful information 
from raw data, documents, personal knowledge, and/
or business models to identify and solve problems 
and make decisions.  Many authors [8, 9, 10] have 
given extremely broad definitions of the concept of 
decision support systems and they vary depending 
on the author’s point of view.  It has been given many 
different forms and has been used in many different 
ways.  It has even been described as an interactive, 
flexible, and adaptable computer-based information 
system especially developed for supporting the 
solution of a non-structured management problem 
for improved decision-making [11].  In this paper, 
the focus was on a very specific DSS on behalf of 
decision makers who would want to develop and 
implement an efficient performance appraisal 
system.  Like any other DSS application, it contained 
a user interface, a database and a mathematical 
model management system.  In the workings of the 
Model base, a weightage mathematical model was 
proposed.  This paper is organised in the following 
order:  presentation of the problem statement, review 
of relevant literature, research methodology, model 
base management, numerical evaluation, detailed 
discussion and conclusion.

ProbLEM StAtEMEnt

There are three key problems [13] when attempting to 
establish a performance appraisal for employees in an 
industrial product manufacturing organisation.  They 
are:
1. what to measure;
2. how to measure; and
3. how to compare between departments.

The first obstacle is on “what to measure”.  A number of 
challenges arise when determining what to measure 
for employees.  First of all, the job description for 
workers are essentially a series of statements and a 
set of responsibilities.  However, the more complex 
the task is and the more flexible the organisational 
structure is, the less concrete are the job description 
statements that will fit what the employee does.

The second problem is “how to measure”.  There are a 
couple of items to be considered when deciding how 
to obtain performance results from the workforce.  The 
subjectivity of measuring objectivity and frequency 
is important.  It is common to apply a non-numeric 
measure to assess the performance of workers and 
it is crucial to ensure that information from this 
measure is obtained from the right person(s) with low 
subjectivity.

The third problem is “how to compare between 
departments”.  It has been observed that all approaches 
and techniques to measurement of performance 
appraisals are difficult to compare on a standard 
platform.  For example, workers of the research and 
development department concentrates more on 
innovating product features and development of new 
products.  A lot of investment spending goes into such 
projects.  Success or failure of a product would still be 
unknown.  It is difficult to compare the performance 
of this department with other departments.

LItErAturE rEVIEW

In the appraisal of employees of the research field, 
related studies focused on appraisal factors and 
methods.  Appraisal factors should be thought of first 
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to avoid overestimation or underestimation of the 
nature of work.  Attributes such as technologically 
innovative ability, technological specialty and 
classification, product management, technological 
competitiveness, technological support, technological 
risks, and property ownership are some of the factors 
[12].

A proposed framework designated as the multi-
dimension measurement process was based on the 
nature of white-collar work as well as on the strengths 
of measurement techniques then [13].  It focused on 
measuring the workforce level mainly for appraisal/
administrative purposes.  Another proposal concerning 
the general patent trading mechanism was a systematic 
patent appraisal model to provide patent transferors 
and transferees a reasonable price suggestion of 
the target patent [14].  Based on a case study, it was 
found that system performance is better if the non-
critical factors were identified and dropped out from 
the appraisal model.  Another study suggested that 
the element of performance appraisal of the human 
resource management department may be superior 
to another in terms of its impact on performance in a 
health care organisation [15].  Another study focused 
on operational and financial performance [16].  Hence, 
performance measures differ according to sector and 
more research is required focusing on different sectors 
taking these differences into account. 

A whole range of human resource management 
practices, policies, and systems and performance 
outcomes have been included in many reviews.  Some 
practices such as incentive compensation, specific 
versions of practices such as group versus individual 
bonuses might matter less than other practices 
such as developmental versus control oriented 
performance appraisal.  The area of DSS were also 
reported in many research papers.  Some of the papers 
reviewed shed some light on critical decision-making 
aids.  Two studies developed a model to deal with 
the complexities of altering schedules and acquiring 
additional resources when MIS plans became too 
ambitious [17, 18].  A mixed integer-programming 
model was developed for the information services 
division of a state government agency. 

 rESEArcH MEtHodoLoGY

A quantitative approach was used to gain an 
understanding of the process in the evaluation of 
performance appraisals in an organisation.  This 
study critically evaluated criteria of the performance 
appraisal assessment process.  The primary research 
objective of this paper was to evaluate performances 
of individuals in each department and finally rank 
the departments based on the performances of 
each department using a decision support system.  
Information about the criteria for evaluation was 
collected from employees through a questionnaire 
and a discussion with them on a one-to-one basis 
between the researcher and respondent.  The 
appraisal decision process focused on a public sector 
industrial boiler manufacturing organisation in India.  
This organisation had fifty or more departments, out 
of which this study selected only 10 departments 
through a simple random sampling method. Data 
were collected from all the employees in each selected 
department.  A suitable DSS was proposed for the 
study and the data of criteria values were applied to 
the model for analysis with the help of an illustration.

ModEL bASE MAnAGEMEnt SYStEM

Some models of performance appraisal assumed 
that appraisal largely concentrated on cognitive 
processing activities.  These models included a six-
step process starting from observation, categorisation, 
storage, retrieval, integration and decision [19].  Many 
researchers [13, 14, 20] proposed a different qualitative 
and quantitative model for evaluating performance 
appraisal such as multiple regression model, graphic 
rating scale, behavioural anchored rating scale, 
management by objectives, Zigon’s measurement 
techniques [21], Analytic Hierarchy Process, Brown-
Gibbson and total measurement development.  In 
this study, a weightage mathematical model was 
proposed as follows:

Total Composite Score
= (WT * TTS) + (WM * TMS) + (WS * TSS)
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where Wi is the weight of each attribute, TTS is the 
total technical score, TMS is the total managerial 
score and TSS is the total social score value for the 
corresponding attribute.

Figure 1 describes the blocks representing the focus of 
this paper to measure the performance of individuals 
and departments using performance composite 
scoring and department rating index for employees 
in an organisation in India.  Figure 2 describes the 
calculation of total composite score through the sum 
of three different aspects like technical, managerial, 
and social scores.

The limitation of this model is the need to assign 
weightage for each technical, managerial, and social 
attribute.   However, it could be assigned by the decision 
maker based on the nature of each department and 
experiences of the decision maker.  This may lead to 
variations in the final decision.  However, decision 
makers would be more interested to reduce the gap 
between an ultimate correct decision and a poor 
decision.

nuMErIcAL EVALuAtIon And dIScuSSIon

A numerical illustration is presented in this section to 
show the behaviour of the proposed mathematical 
model used to calculate performance composite 

scoring and departmental rating index for decision-
making.  The data were collected from an industrial 
product manufacturing organisation in India.  At 
the time the study was conducted, it was one of the 
largest engineering and manufacturing enterprise 
in India and was one of the leading international 
organisations in the power field. This organisation was 
a public sector organisation manufacturing industrial 
boilers in the range of 200 MWs - 1000 MWs for 
generation of electrical power.  It consisted of many 
departments where each department consisted of 
many employees.  Ten departments were sampled for 
this study and data collected through a questionnaire 
for analysis.

An illustration is presented in Table 1.  A simple 
example is as follows.  The three aspects of weight WI 

= (0.70, 0.15, 0.15), of the Research and Development 
Department in the organisation were technical, 
managerial, and social skills respectively.  Note that 
the sum of the weights should equal to one, or should 
be normalised before applying into this equation.  
The attributes in technical, managerial and social skills 
were collected in a 1 to 5 scale and then multiplied 
by the weight to get total technical, total managerial, 
and total social scores of each individual employee in 
the department.  The sum of these scores is the Total 
Composite Score of an individual.  The maximum and 
minimum scores of the whole department represent 

Performance Appraisal

Department levelIndividual level

-Attribute
database

-Employee
database

-Department
database

-Weightage for
factors

-Analysis
increments

-Rating leveling

-Performance
composite

scoring
-Department
rating index

Total Composite Score (TCS)

Technical
(weight)

Managerial
(weight)

Social
(weight)

- Subject knowledge
- Productivity
- Cost consciousness
- Quality in work
- Learning ability

Total Technical
Score (TTS)

- Ability to plan
- Leadership
- Delegation
- Communication
- Innovation
- Creativity

- Acceptability
- Interractive Skills
- Integrity
- Punctuality
- Appearance
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Total Managerial
Score (TMS)

Total Social
Score (TSS)

Figure 2:  Hierarchical models of Total Composite ScoreFigure 1:  Performance Appraisal Process Model
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the range of values of that department.  This range 
indicates the differences between employees in the 
department.  Lower values show consistency among 
the employees.  The average department score of 
each department is divided by the total organisational 
score, and the result is multiplied by 100  Similarly, for 
other departments the individual and department 
performance index is calculated using the same 
procedures.

concLuSIon

This paper revealed key issues in the performance 
appraisal measurement method especially in 
the context of a manufacturing organisation.  In 
order to promote improvements in performance, 
this paper proposed a decision support system 
from an information system perspective.  This 
study examined the influencing factors in each 
aspect of technical, managerial and social skills for 
evaluation of performance appraisal measurement.  
A systematic decision support procedure was 
tested in a performance appraisal decision (which 
was traditionally based on expert opinions).  This 
model based decision support system enabled the 

organisation or user to use the results in terms of 
finding the best department or which employee 
deserves promotion, transfer, bonus, and incentives.  
In the test case, it was found that the performance 
of the production department was better than 
other departments.  Future work on this appraisal 
model could be on a service based organisation and 
suggestions for further improvements. 
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table I:  Final decision table

Depart-
ment

Number of 
employees

Number of 
employees 
appeared 

Maximum 
TCS Score 

Minimum 
TCS Score 

Total de-
partment 

Score 

Range of 
TCS 

Average 
depart-

ment score

Rating 
index 
(rank) 

Dl 55 50 22.3 18.2 960.0 4.1 19.2  10.02 (5) 

D2 46 45 19.1 12.8 823.5 63 18.3  9.55 (7) 

D3 38 37 2L8 14.9 721.5 6.9 19.5  10.17 (4) 
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D5 51 50 24.0 19.8 1090.0 4.2 21.8  11.36 (2) 

D6 45 40 19.8 16.3 728.0 3.5 18.2  9.49 (8) 

D7 34 32 15.6 12.7 473.6 2.9 14.8  7.72 (10) 

D8 21 20 20.5 18.6 384.0 1.9 19.2  10.02 (5) 

D9 12 12 17.3 16.6 201.6 0.7 16.8  8.75 (9) 

D10 32 30 22.3 20.1 645.0 2.2 21.5  11.22 (3)



��5

Technology Platform:  APPLICATION OF INTELLIgENT IT SySTEM

 VOLUME Six NUMBER ONE  jaNUaRy - jUNE 2008  PLATFORM

evolutionary algorithms. Decision Support System, 38, 4, 
pp: 495-509.

Keen P. G. W , “Adaptive design for decision support system”, 
ACM SIGOA Newsletter, Vol.1, No. 4-5, 1980, pp: 15-25.

Power D. J., A brief history of decision support systems. 
DSSResources.com, World Wide Web, www.DSSResources.
com/history/dsshistroy.html,  version 2.8. Referred in June 
2007.

Turban E., Expert systems and applied artificial intelligence, 
3rd edition, New York: Macmillan,  1992, pp: 25-29.

Turban E., Aronson J. E., & Liang, T. P.,  Decision support 
systems and Intelligent systems, 7th edition, Pearson 
Education International,  2005, pp:15-17.

Raymond, L., & Croteau, A. M. (2006) Enabling the strategic 
development of SMEs through advanced manufacturing 
systems: a configurational perspective, Industrial 
Management & Data Systems, 106, 7, pp: 1012-1032.

Josu Takala, Udomsak Suwansaranyu & Kongkiti Phusavat, 
(2006). A proposed white-collar workforce performance 
measurement framework, Industrial Management & Data 
Systems, 106,5, pp: 644-662.

Jiang Liang Hou & Hsiu Yan Lin (2006). A multiple regression 
model for patent appraisal, Industrial Management & Data 
Systems, 106,9, pp: 1304-1332.

Hyde, P., et al. (2005) Role redesign: new ways of working in 
the NHS, personnel Review, 34, 6,  pp: 697-712.

Combs, J., et al. ( 2006) How much do high performance 
work practices matter? A meta-analysis of their effects on 
organizational performance, Personnel Psychology, 59, pp: 
501-528.

James R. Marsden, Ramakrishnan Pakath & Kutim Wibowo, 
“Decision-making under time pressure with different  
information sources & performance based financial  
incentives”. Part 3. Decision support system, Vol. 42, No. 1, 
2006, pp:186-203.

Smith L Douglas, Nauss Robert M, Subramanian Ashok & 
Beck Ron (2004) “Decision support for staffing, outsourcing 
and project scheduling MIS strategic plans”, Information 
Systems and Operational Research (INFOR), Vol. 42, No.1, 
2004, pp: 79-100.

Rusli Ahmad & Nur Azman Ali (2004) Performance appraisal 
decision in Malaysian public service, The International 
Journal of Public Sector Management, 17, 1, pp: 48-64.

Felix T. S. Chan et al. (2003) A conceptual model of 
performance measurement for supply chains, Management 
Decision, 41, 7, pp: 635-642.

Zigon, J. (1998) Measuring the hard stuff: teams and other 
hard-to-measure work, Zigon Performance Group, available 
at www.zigonperf.com

8]

9]

10]

11]

12]

13]

14]

15]

16]

17]

18]

19]

20]

21]

P. d. d. dominic obtained his M Sc degree 
in operations research in 1985, MBA from 
Regional Engineering College, 
Tiruchirappalli, India in 1991, Post Graduate 
Diploma in Operations Research in 2000 
and completed his PhD in 2004 in the area 
of job shop scheduling at Alagappa 
University, Kariakudi, India.  Since 1992 he 
has held the post of Lecturer in the 

Department of Management Studies, National Institute of 
Technology (formerly Regional Engineering College), 
Tiruchirappalli- 620 015, India.  Presently he is working as a Senior 
Lecturer, in the Department of Computer and Information 
Sciences, University Teknologi PETRONAS, Malaysia.  His fields of 
interest are Information Systems, Operations Research, Scheduling, 
and Decisions Support Systems.  He has published technical 
papers in international and national journals and conferences.

Izzatdin Abdul Aziz delves into various 
aspects of parallel programming using 
Message Passing Interface for High 
Performance Computing and Network 
Simulation.  He worked at PERODUA Sdn 
Bhd as a Systems Engineer in 2002.  
Presently, he is with the Computer and 
Information Science Department at 
Universiti Teknologi PETRONAS as a lecturer 

and researcher.  He received his Masters of IT from University of 
Sydney specialising in Computer Networks.

Goh kim nee obtained her MSc Information 
degree in Human-Computer Interaction 
from University of Michigan, USA in 2007. 
She is currently lecturing at the Department 
of Computer and Information Sciences at 
Universiti Teknologi PETRONAS. Her 
research interest includes User-Centered 
Design, Interface and Interaction Design 
and Usability.



��6

Technology Platform:  APPLICATION OF INTELLIgENT IT SySTEM

PLATFORM   VOLUME Six NUMBER ONE  jaNUaRy - jUNE 2008

IntroductIon

A broad range of applications of the Vehicle Tracking 
System, such as in-car navigation systems, dynamic 
route guidance systems, fleet management and 
collision avoidance systems, require continuous 
and accurate positioning information on the vehicle 
traveling on the road network [1]. 

The commonly used configurations for land vehicle 
navigation are satellite based radio navigation 
systems, such as Global Positioning System (GPS), 
as the initial data source.  It may be combined with 
other sensors such as gyrocompass, vehicle odometer 
or other dead reckoning (DR) techniques, typically 
employing Kalman Filter as the integrator.  The use 
of these multiple data sources helps to correct the 
error on the GPS (or other satellite navigation system) 
position output [2]. 

Moreover, it is now common to use map-matching 
in attempting to improve accuracy [3], as well as a 
goal to be achieved.  Map matching is a computing 
process to integrate location data of the vehicle with 
the digital map road data, usually assuming that the 
vehicle always takes a place on one link of the road 
network.

Even with great improvements on satellite navigation 
systems, added with DR techniques and sophisticated 
integration, map-matching inaccuracies are still 
inevitable.  The challenge of map-matching 
algorithms lies in that it has to reconcile inaccurate 
location data with inaccurate digital road network 
(map) data.  If both digital maps and vehicle location 
are perfectly accurate, the algorithm would be a very 
straightforward projection or “snapping” of a point in 
a map road system [4].  Unfortunately, this is almost 
always not the case.  GPS readings vary over time, and 

A noVEL MAP-MAtcHInG ALGorItHM to  
IMProVE VEHIcLE trAckInG SYStEM AccurAcY
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they may degrade, especially when the environment 
is not conducive, such as in urban canyons, roads with 
dense tree cover or tunnels [1].  Moreover, the map is 
also subject to many error factors, coupled with the 
true location of the vehicle which may not lie in the 
road center-lines but can be anywhere “inside” the 
road. 

Therefore, the objective of this study was to develop 
an algorithm which will be able to give improvements 
on the accuracy of the map-matching process.  The 
algorithm must be able to pick a location which 
coincides with the road system (or subway system 
etc) [4], and it must also able to present unambiguous, 
meaningful travel route [5].  The algorithm should at 
least be near real-time, effectively enabling application 
of in-vehicle online navigation.

MAP-MAtcHInG ALGorItHMS

Map-matching procedures have many approaches, 
varying from simple point-to-point search to the use 
of more complex mathematical techniques such as 
integration using Kalman Filters as in [6].  It is noted 
that the map-matching problem is complex and fairly 
difficult [7] since the simple point-to-point and point-
to-curve are unlikely to work very well.  Hence, a more 
complex algorithm must be used. 

Before further elaboration on the various algorithms, 
the formal problem statement adapted from a study 
[4] is as follows:  the concern is about a vehicle (or 
abstracted to any agent) moving along a finite system 
(or set) of roads (or a more general concept, tracks, 
such as railways), N .  At each T ∈ N0, the system 
provides the estimate of the vehicle’s location.  The 
actual location is denoted by P  and the estimate 
is denoted by Pt.  The goal of map-matching is to 
determine the road in N  which contains P  t.  The 
road system, N  is rather unknown exactly, instead, 
there is network representation, N, consisting of a set 
of curves in R2, each of which is called an arc.  Each arc 
is assumed to be piece-wise linear, and arc A	∈ N can 
be characterised as a finite sequence of points (A0, A1, 
…, AnA), each point An ∈ R2.  The A0 and AnA are called 
the nodes, where it may represent a connection to 

other arcs.  Also, the rest of the points An in the set are 
referred as shape points.  The problem is called map-
matching problem because the first goal is to match 
the estimated location P  t, with an arc A ∈ N, and then 
determine the road, A ∈ N  , which corresponds to the 
person’s actual location  P  t.  The secondary goal is 
to infer on which spot of the road arc the vehicle is 
located. That is, a point on A that best corresponds to 
P  t.  The third goal of map-matching is delivering a set 
of road arcs that forms an unambiguous, meaningful 
travel route of the vehicle.  That is, providing a 
connected sequence of ( A0, A1, A…, Ak ) from set of 
A resulting from the first goal. 

the point-to-point and point-to-curve matching 

The simplest point-to-point algorithm will snap the 
estimated location Pt to the closest node or shape point 
in the network.  The notion of “closest” or “nearest” will 
depend on the metric used, e.g. Euclidean distance. 
It is fast and easy to implement but suffers from the 
resolution dependency of the arc.  If there are two 
similar roads in parallel, and Pt lies in between those 
roads, then the road arc with more shape points are 
more likely to be matched to [4]. 

The point-to-curve algorithm will select the piece-
wise arc (or curve) nearest to the estimated point Pt, 
and find the projection of the estimated point on 
the curve.  This is more natural, but may still have the 
“unstable” property [3], just like the previous algorithm 
because this algorithm does not care for the continuity 
and connectivity of the route.  A snapped point may 
be at one time on arc A and suddenly jumps to arc B, 
then being snapped again on arc A, according to the 
“nearest” metric discussed earlier.

the curve-to-curve matching

A better, albeit more complex, method is to compare 
the similarity between two curves:  the algorithm 
considers a sequence of estimated positions and 
matches this to the closest arc.  Assuming there are m 
positions, the algorithm is to find the arc most similar 
to the piece-wise linear arc P, defined by estimated 
points (P0, P1, … , Pm).  Hausdorff distance works to 

A
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measure the curve similarity and is easy to calculate 
but does not consider the course of the curves.  This 
is relatively unattractive compared to, say, Fréchet 
distance, which is hard to compute but does the curve 
comparison well, since the movement of the vehicle 
does create a course in its track curve.  More discussion 
on this was found in an earlier study [8]. 

There are offline algorithms which use Fréchet 
distance but as a consequence of the near real-time 
requirement, it was decided in this study to implement 
a faster way to compute distance between curves.  One 
way could be by using parameterised (unidirectional) 
curve.  The distance between two curves P and C, 
assuming that the curves are parameterised in p: [0, 
1]  P, can be written as 

 
dttctpCP ∫ −=−

1

0
)()(

The problem with this metric is that it will not operate 
very well on curves with quite different lengths or 
sizes [9].  Modification of this metric is required so that 
it may well-handle the curves with different sizes. 

The first modification was by picking the shorter 
curve of the two as Q = min(P,C), and the longer R 
= max(P,C), and rinit denotes the initial portion of the 
curve R with the same length of Q, then

 rinit DdttrtqCP +−=− ∫
1

0
)()(

where Dr is the residual distance, which is 

 
dttrtqD resr ∫ −=

1

0
)()(

where rres is the last portion of R which follows the 
equation R = Rinit + Rres.  This metric will emphasise 
more on the initial portion of the curves rather than a 
full curve comparison of two curves of differing sizes.

The second modification was to translate one of 
the curves so that the initial points of the curves 
would coincide.  Let R’ be the translated curve of R, 
therefore
 r’(t) = r(t) - T
where T is the translation delta, obtained from the 
initial points difference, T = r(0) – q(0).  This R’ was 
to replace R in the previous metric.  The purpose 

in aligning was to alleviate inconsistencies of the 
previous metric which only measured distance as 
the area between two curves.  Two curves which are 
very dissimilar could have the same distance as two 
identical curves, provided that the curves are placed 
such that the areas between two sets of curves are the 
same. 

It was noted that last modification discarded the 
Euclidean distance factor, i.e., two curves have the 
same similarity, even if separated away to a certain 
distance.  This would not be suitable for the problem at 
hand as a better matching hypothesis would be closer 
road arcs.  So a final modification was to account for 
the distance between two initial points (the same as 
T) as a multiplier of the metric.  The final modification 
should read as:

 '

1

0
)(')( rinit DdttrtqTCP +−=− ∫

This distance metric will henceforth be referred as arc 
similarity, and was used as the primary method in 
matching vehicle tracks to the correct road arcs.

MAnAGInG MuLtIPLE HYPotHESES

Pioneering work of Reid, popularly known as Multiple 
Hypotheses Technique (MHT), spawned many 
researches and applications.  MHT was developed 
based on Bayesian probability to generate a set 
of data-association hypotheses to account for all 
possible origins of every measurement.  It was used 
to track multiple targets in a cluttered environment, 
by associating measurements with the appropriate 
tracks of the targets movement [10]. 

The hypotheses can be shown as a tree (represented 
as a matrix in computer) which lists measurement-
oriented hypotheses, i.e. every possible target is listed 
for each measurement.  A measurement represented 
as a level of that tree.  Each node on a particular level 
is a possible target for a measurement.  This technique 
was formulated for multiple targets but a brilliant 
research of a Vehicle Tracking System reformulated 
Multiple Hypotheses Technique to a single target 
problem [6]. 
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This study followed this approach by reformulating 
Multiple Hypotheses Technique as a single target 
problem and then generated pseudo measurements 
using adjacent road networks.  Each hypothesis H 
inside H will consist of a sequence of points (H0, H1, 
…, HnH) and a corresponding road segment for each 
Hn.  Thus, each hypothesis could be a possible vehicle 
route.  A tree representation was also used which 
consisted of a root node and a number of hypotheses 
tree H as its children.  A hypothesis would be a full 
path of that tree, from root to the leaves, where Hn 
is a direct parent of Hn+1.  It is easy to see that this 
new set of hypotheses will “grow” on the previous 
hypotheses.  The tree of hypotheses is illustrated in 
Figure 1b.  The proposed map-matching process, 
however, will not use any probability calculation of 
each hypothesis.  Instead, the arc similarity metric will 
be used to evaluate each of the hypotheses to pick 
the best road the vehicle is on. 

The advantage of maintaining multiple hypotheses 
is that the system may correct the previous wrong 
choices of road(s).  Road Reduction Filter [2] employed 
a similar idea but is only useful until the vehicle finds a 

junction.  The central concept is to evaluate the last C 
distance route (can be composed of many connected 
roads) of the estimated vehicle track and finding 
the route on the map similar to the three previous 
tracks.  In Figure 1a, the real road taken by the vehicle 
is through the nodes (1, 2, 3, 7, 8).  The bold dotted 
arrowed line at the centre represents a sequence of 
GPS-reported estimated positions (i.e. the estimated 
vehicle track). The corresponding hypotheses tree 
for the scenario is shown in Figure 1b.  To simplify 
the following explanation, information at hypothesis 
point Hn will be omitted and this discussion would 
use the road segment information instead.  Therefore 
a hypothesis will be represented as a sequence of 
nodes (such as 1, 2, 3, 7, 8) which has the meaning that 
the vehicle went through nodes 1, 2, 3, 7 and currently 
lies somewhere between nodes 7 and 8. 

Let (T0, T1, …, T∞) indicate a sequence of time-stamp 
within a fixed time interval (e.g. 5 seconds).  Each Tn is 
called an “update”, and it holds that Tj happens earlier 
than Tk if j < k .  Each update is the time for the system 
to update the hypotheses and map-match based 
on the retrieved information from the navigation 
system. 

The figure shows that at Ta, the system must find on 
which road the vehicle is on, based on the previous 
estimated positions P(a) = (PT0 , PT1 , PT… , PTa ) and 
also the previous hypotheses set H.  In the figure, H 
= {(1, 2)} (to simplify the illustration, assume that the 
only hypothesis is at Ta before growth).  From here, 
the curve-to-curve algorithm will be executed.  It 
will find all possible, adjacent curves (roads) from all 
previous hypotheses,compare it with the last vehicle 
track for some distance C.  To achieve that, it will grow 
the hypotheses tree H for some growth-distance D, 
estimated from ||PTa – PTa-1||.  Usually, the setting 
will be C > D.  The algorithm will then pick the most 
similar hypothesis (the one with minimum sums of all 
arc similarity distance performed for that hypothesis) 
tentatively and the system will present that as the road 
where the vehicle is located.  Referring to the figure, 
at Ta, there will be at least three new hypotheses: the 
vehicle went through the route (1, 2, 6) or the road (1, 
2, 3, 7) or (1, 2, 3, 4).  The hypothesis (1, 2) will not be 

The system generates the
hypotheses at Ta, Gen(Ta).
Using arc similarity, it picks the
most probable hypotheses at that
time, Choice(Ta). This time it
(temporarily) incorrectly, infers the
vehicle route as (1-2-6).

1

2
At Tb, the system will produce
Gen(Tb), by growing the
previous hypotheses set by the
growth length D (the estimated
last travelled distance calculated from
the last update is used to ‘advance’ the vehicle hypotheses)

3
Among the new hypotheses is that (1,2,3,7,8) and (1,2,6,5). The hypotheses (1,2,6,5), represented
by Gen(Tb)2 is the result of growing Gen(Ta)1. Notice that Gen(Tb)2 is exactly D distance from
Gen(Ta)1. All hypotheses will be compared with last travelled vehicle track L for the similarity.
It is clear at Tb, that the more probable route is (1,2,3,7,8) since there is a sharp right turn which is
only possible on that route. Indeed, the system use arc similarity metric and picks Gen(Tb)1 as
the winner for epoch Tb/Choice(Tb).

L

D
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Figure 1:  Hypotheses tree generation and choosing the winner 
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included because it is the old hypotheses upon which 
new hypotheses must grow.  Hypothesis which has 
very low similarity like (4, 3, 2, 1) is considered “bad” 
and will not be part of the generated hypotheses.  
Also, it will not be possible to have “jumping points” 
hypothesis like (1, 2, 7, 8).  Assuming that the arc 
similarity distance chooses the sequence (1, 2, 6) and 
makes it the winner for this update, but because (1, 2, 
3, 7) and (1, 2, 3, 4) are quite “good”, then these two 
hypotheses will remain for some time, making them 
future candidates.

The content of the hypotheses tree is displayed to 
show greater details in Figure 1b.  Before Ta, only 
one hypothesis is available in the tree, H = {(1, 2)}.  
This is the result of the first guess performed at T0 
using simple point-to-curve-matching since there is 
insufficient information available (i.e., no hypotheses 
yet).  Note that the nodes 3, 7, 4, and 6 are generated 
on the grow phase of Ta (noted as Gen(Ta)).  After the 
growth of the tree (hypotheses generation) of Ta:

H = {(1, 2, 3, 7), (1, 2, 3, 4), (1, 2, 6)}

This generated hypothesis Gen(Ta) is drawn using a 
dotted line on the Figure 1b and is “grown” over the 
previous hypotheses H = {(1, 2)}.

In the next update, Tb, the system will again grow 
the tree (the generation process noted as Gen(Tb)), 
where the growth distance D is seen in Figure 1a, 
step 3.  This will grow as two leaves to the hypotheses 
tree, that is two new hypotheses (1, 2, 3, 7) added to 
node 8, becoming (1, 2, 3, 7, 8) and addition of node 
5 to (1, 2, 6), becoming (1, 2, 6, 5).  Notice that there 
is no growth on the (1, 2, 3, 4) branch because it is 
too dissimilar to the last vehicle track.  Whenever the 
arc similarity distance of a branch yield D > Dmax, it 
will be discarded immediately and will not add to the 
hypotheses tree.  Also, it is apparent that (1, 2, 3, 7, 8) is 
much more similar compared to (1, 2, 6, 5).  Hence, the 
algorithm will pick this as the winner for Tb, as noted 
by Choice(Tb) in the diagram.

To see the overall picture of the algorithm, it is 
important to note that the map-matching algorithm 
is presented based on the update illustrated in the 
flowchart of Figure 2.  The first step is to get estimated 
location update from the navigation system.  It will 
then check whether the hypothesis set is empty or 
not.  An empty hypothesis set indicates either the 
system will perform its first update or the system 
will fail to match the reported location to any road 
segment.  The latter is because the algorithm prunes 
all “dead” (i.e. too improbable) hypotheses and will 
leave the system with no hypotheses at all. 

An empty hypotheses set needs an initial hypotheses 
generation by other map-matching methods, which is 
the point-to-curve in this configuration.  It will select 
the nearest road segment within a circular area around 
the reported vehicle location. 

If the hypotheses set H is not empty, the system will 
just grow it for a D distance.  Growth is by tracing the 
adjacent road network for the length of D, and to 
incorporate “good” candidates into the hypotheses set.  
After growing, the system will compare all hypotheses 
with the last vehicle track for some distance C.  The 
comparison will use arc similarity metric.  The details 
of this growing process will proceed as elaborated 
earlier followed by pruning of the hypotheses.

End Update

Pick the best hypotheses
is, one that has the minimum
sums of are simlarity so far

True False

False True

Start Update

No Hypotheses?

Get Location Update
from Navigation System

Create First Hypotheses
(point to curve matching)

Grow the Hypotheses Tree
for a D distance

Compare all grown Hypotheses
with the last C distance

vehide track

Too dissimilar?

Decrease line life time of
a hypotheses is (Time To Live)

Prune all dead hypotheses
(ie. Time To Line = 0)

Figure 2:  Flowchart of the algorithm
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Pruning is suggested otherwise the algorithm will 
present an ever-growing hypotheses tree problem. 
The pruning algorithm proposed is to assign a Time-
To-Live (TTL) counter to each node of the tree.  The 
TTL counter will be reduced for all “bad”, non-growing 
hypotheses.  On the other hand, the TTL counter 
will remain intact for a “good”, growing hypotheses 
branch.  When a particular branch has zero TTL, it will 
be pruned up to the next non-dead node.

tHE ExPErIMEnt

The experiment was carried out in Batu Gajah town 
near Ipoh, Perak, situated around 4o 28’ 6:39” N,  
101o 2’ 33:68” E.  It is a small town without high-risers, 
but has considerable GPS signal obstacles along the 
route, such as y-over, and many two- to three-storey 
buildings beside the roads.  The road network was 
digitised using a simulator (ViTracker), which was 
estimated to have the worst accuracy of 29.6 m.  There 
were 173 nodes identified in 66 roads.  The sky was 
bright, the weather was fine, and the GARMIN (e-
Trex Legend) handheld GPS that was used, reported 
varying accuracy, with the mode of 7 meters.  The 
choice was an easy scenario which should suffice to 
proof the concept of the new algorithm.

The journey was through predetermined road paths 
for 563 seconds where the GPS estimated reports of 
the journey for each second (one GPS epoch was set 
to a second).  Total route length was 3.51 km, and the 
average speed was 22.43 kph.  MapSource converted 
the data into text format, later imported to ViTracker.

The simulator was fed with the data, coupled with 
the new algorithm and the basic map-matching 

algorithm (point-to-curve map-matching) as the 
benchmark. Out of the 140 system updates (each 
four GPS ticks/second), the basic map-matching was 
incorrectly inferred 19 times (86.43% accuracy) while 
the new algorithm presented no errors but with 10 
corrections.  It was found that near real-time gross 
error of the new algorithm was better (92.86%), and 
the final results were perfect (100% accuracy) road 
inferences.  While this result should not be over-
generalised due to the limited experiment, it proved 
that the algorithm works on a quite typical case with 
considerable improvement towards accuracy.  The 
performance summary is shown in Table 1.

table 1:  Performance of the algorithm

Category Naive
Proposed 
algorithm

Total Errors
Total Prediction
Gross Accuracy
Corrected Error
Net Accuracy 

19 
140 

86.43% 
n/a 

86.43% 

10
140

92.86%
11

100%

The digitised road network and the recorded vehicle 
route (obtained from GPS) are displayed in Figure 3(a).  
The algorithm was fed with the recorded route and 
the map-matched outcome is shown in Figure 3(b).  It 
can be seen that there was varying estimated vehicle 
track error which gradually changed over time. This is 
a direct effect of GPS and map inaccuracies.

concLuSIon

The arc similarity distance and a new map-matching 
algorithm were implemented.  Both algorithms relied 
heavily on recursion, which made them somewhat 
limited by the stack and reduced its speed.  The other 
consideration was about the explosion of hypotheses 
data, i.e. if the system would allow two-way internode 
hypotheses generation at each update.  It would be a 
good ability to handle an assumption that a vehicle 
might make a 180o turn at each update.  Currently the 
algorithm only allowed branches of the hypotheses 
tree at road junctions and the branches were not 
able to refer to the previous road.  The solution to this 

(a) The recorded route (b) Map-matched route

Figure 3:  The experimental data and map-matching results
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hypotheses explosion problem was to implement a 
simple detector whenever a vehicle turns 180o, which 
will effectively limit the number of hypotheses.  It 
could be a fuzzy logic rule, neural networks or even a 
simple algorithm based on a vehicle’s heading.

Setting the weaknesses aside, the simulation results 
showed a remarkable accuracy improvement due to 
the algorithm’s ability to pick a better interpretation 
of the vehicle track.  In the second objective, it was 
seen that the algorithm could infer the spot that the 
vehicle was located within the correct arc, albeit with 
several seconds latency due to the effect of near real-
time constraint.  The algorithm was also able to form a 
meaningful travel route, as the hypotheses generation 
was always based on a real road network connectivity. 
This showed compliance to the third objective.  
Overall, while there were plenty of opportunities 
to improve the algorithm, it was observed that this 
model works and was capable of giving a considerable 
improvement of accuracy.
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IntroductIon

XML stands for Extensible Markup Language and it is 
widely used in internet applications.  XML is an ideal 
tool for publishing and exchanging data [1] on the 
World Wide Web (WWW) because it allows different 
applications to communicate with each other as if 
they were on the same platform [2].  Unlike its closest 
language, HyperText Markup Language (HTML) 
which only defines how the elements are displayed 
on the webpage, XML describes the structure of the 
information contained within the elements [1].  XML 

presents meaningful data in sets of matching start 
and end tags such as <type/> and </type> [3]. 

There are several reasons why XML is the best tool 
for data exchange.  First, XML describes the structure 
of the documents on the web whereas HTML and 
SGML is practically not suitable [4].  Second, XML is 
readable even without an XML browser, i.e. one is 
capable of reading and knowing the contents of a 
document. Third, XML allows different applications 
to communicate as if they were on the same platform 
via the network [2] thanks to available mapping tools 
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that help XML applications map to existing relational 
schema.  However, mapping manually is painstaking 
and provides no efficiency especially with hundreds 
of documents to be processed.  Therefore there is a 
need to have a knowledge-based XML document 
generator that assists in speeding up the mapping 
process.  For example, company A is still using its 
relational database and wants to exchange their 
document with company B which already has an 
XML driven application.  The system administrator 
needs to manually choose the best or most suitable 
XML schema to represent the database schema from 
company A.  This process is time consuming especially 
with hundreds of documents to be exchanged.  Hence 
a knowledge-based mapping tool would help to 
speed up these repetitive processes. 

A knowledge-based (KB) system is described as a 
system that uses knowledge to solve problems [5].  
The main focus of KB is to support the decision-making 
process, learning process and action by humans.  KB 
helps to increase efficiency where repetitive steps 
could be automated and knowledge easily kept 
updated, which is, whenever the new schema is 
updated by the user.  Hence existing knowledge is 
preserved and updated accordingly.  The development 
of KB is useful to preserve knowledge

This paper reports on the development of a prototype 
Knowledge-based XML Document Generator (KXDG).  
The rest of the paper is organised as follows: related 
works and explanations about the main characteristics 
of the KXDG.

rELAtEd WorkS

The KXDG prototype was developed to help automate 
the mapping process between XML elements and 
a relational database as well as to suggest the most 
suitable XML document based on the relational 
schema.  The KXDG was implemented using rule-
based mapping process.  Users were allowed to 
manually map the relational elements to the XML 
element by using Soundex algorithm to find a match. 

Currently, there are lots of commercial tools available 
in the market such as XQuare Bridge, Clio and LegoDB. 
XQuare Bridge allows the developer to extract the 
relational data, transform it into XML format while still 
keeping the existing schema [6].  XQuare Bridge has 
two independent modules to support its functionality:  
Extractor and Mapper.  The Extractor extracts the 
data stored in a relational database into XML format 
via XQuery while Mapper maps XML documents and 
loads them into the existing relational database.  The 
tool allows Extractor to choose the format of the 
XML document to be generated as well.  However, it 
supports only mySQL, Oracle and Sybase relational 
databases and not smaller scale databases such as 
MS-Access. 

Sharing the same idea [6], the IBM Almaden Research 
Centre introduced Clio’s mapping engine.  Clio allows 
mapping to and from relational databases with XML 
schemas while still preserving data associations.  
Clio guides users towards specifying how values for 
a target attribute can be generated by one or more 
source attributes [7].

Giovanni [1] suggested to consider the following 
factors in mapping:

a declarative approach where the users do not 
need to know how to implement the mapping 
process as well as how the mapping process takes 
place.
a mapping technology which relies on the W3C 
Schema or DTD (Document Type Definition) to 
describe the standard format of XML documents.
mapping generated using GUI applications.
mapping which does the hard work to generate 
SQL statements automatically 

AnALYSIS oF tHE orGAnISAtIonAL 
rEQuIrEMEntS

Methodology of study

Analysis of user requirements and current practices 
was conducted using observation, questionnaires and 
individual interview sessions.  The idea of involving 

•

•

•
•
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users was to ensure that the system solves the right 
problem at the right time.  This can be achieved only 
by studying people practices [6].  The focus was mainly 
on the observation of current practices to determine 
user needs and requirements.  

Different tools and methods were used to capture 
information at different steps of the investigation:

observation of current practices in mapping 
suitable elements between XML and relational 
schema
informal interview sessions
observation of existing system
questionnaires 

Observation of current practices – to fully understand 
the process involved in the mapping procedure.  It was 
also to find the best solution to help reduce repetitive 
steps of similar problems. 

Informal interview sessions – to determine user 
requirements.

Observation of current system – to investigate on 
implementation of improvements or enhancement to 
the existing system. 

Questionnaires – to investigate the effectiveness and 
level of productiveness of the current system. 

Based on analysis, the following problems needed to 
be addressed when designing the KXDG:

Automation of the manual mapping process 
– mapping between suitable XML elements and 
the relational schema needed to be automated 
and controlled by the user.
Handling conflict resolution – the application 
should suggest the best schema that suits the 
given relational schema.
Elimination of repetitive steps – to ‘store’ the 
knowledge and to retrieve when needed, hence 
eliminating or minimising repetitive steps. 
Reusability of knowledge – knowledge stored in 
terms of rules should be reusable when similar 
problems or similar tasks arise. 

•

•
•
•

•

•

•

•

Ease in updating – the rules in the knowledge base 
should be easily updatable whenever a new set of 
schema is received.

knoWLEdGE-bASEd xML docuMEnt 
GEnErAtor PrototYPE

Based on research, this study proposed that the 
generator framework addresses the following four 
aspects:

1. Source information analysis
 Based on a user query, the database schema will 

be retrieved from the existing user database.
2. Best schemas listing
 Extracted database schema will be compared 

with given XML schema to obtain the best schema  
representing the user query data.  

3. Document planning
 Each XML element (from the XML schema) will be 

compared with database columns (extracted from 
the database schema) to find a match. 

4. XML document generation
 XML tagged document will be produced based 

on mapping results.

Implementation 
The prototype was implemented with reference to 
the framework.

1. Database schema extraction 
 The prototype will extract the database schema 

based on the dataset request by the user.  ADO 
components;  SQLCommands and SQLDataReader 
will be used to handle the extracting process. 
The retrieved result will be displayed on the user 
interface.

2. XML schema processing
 The prototype will traverse the XML schema and 

extract the relevant data from it. The Schema 
Object Model (SOM) component and Document 
Object Model (DOM) component will facilitate this 
process.  All information extracted from the XML 
schema will be stored in an ADO data set which 
will be used for the mapping process. 

•
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3. Rule-base for mapping process
 For the mapping, each element in the XML schema 

and columns in the database schema will be 
compared.  The matching process will be handled 
by Soundex algorithm to find similar sound names 
or simply to map the same XML element names 
with table columns in the database schema. 

4. XML document generation
 All the required data in the record set will be 

inserted into the document according to the 
mapping table.  Based on this document, the XML 
tagged document will be produced. 

System Structure 

The KXDG system structure is presented in Figure 1. 

Data Analyzer (DAN) module

The information source was analysed in the DAN 
module.   The prototype scanned the source to 
obtain the contents based on user requirements.  
The database schema was retrieved and all existing 
tables and columns were listed.  The Active Data 
Objects (ADO) component was used as an application 
programming interface (API) to connect between the 
database and the application.  A Structured Query 
Language (SQL) statement was produced based on 
the table and column specified by the user.  Two 
ADO objects; SQLCommand and SQLDataReader 
were needed to extract from the database and table 
schema. The SQLCommand stored the SQL statement 
which executed the database command while the 
SQLDataReader retrieved a read-only, forward-only 
stream of data from a database.  From the table 
schema, the extracted list of tables was displayed.

Document Structure Planner (DOP) module

The Document Structure Planner (DOP) module was 
responsible for planning the document structure that 
was produced.  It displayed a list of the best schemas 
based on results retrieved from the DAN module.  XML 
schema was read and traversed using the Schema 
Object Model (SOM) component.  Column name in the 

record set was compared with the element represented 
in the XML schema.  The user was allowed to choose 
the best XML schema provided by the module before 
the XML document was produced.  To process the 
XML schema and extract relevant information from 
it, Microsoft XML parser components;  SOM and DOM 
were used.  The XML document and XML schema were 
both loaded into DOM and SOM to be processed.

Knowledge-based XML-Document Generator 
module 

In this module, the XML tagged document was 
produced based on the selected XML schema.  The 
Document Object Model (DOM) and ADO components 
were used to facilitate the XML document generation 
process.  Each XML node, which was specified in the 
schema, was mapped to the specific table column in 
the record-set using rule-based mapping algorithm. 
This mapping algorithm stored the results of the 
mapping process in a new data set called “datamap” 
which consisted of three fields, XML Element, Data 
Type and Table Field.  The XML element fields were 
inserted into “datamap”.  This was followed by the 
looping process.  This process compared each XML 
elements with each table field.  Furthermore, users 

User interface

Data

Document

Document

Rules /
Knowledge

Inferenc
e en ine

Knowledge-based XML
Documentanalyzer

User

Planner

Generator (DG)

g

Figure 1:  Knowledge-based XML Document Generator structure
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were allowed to manually map as well as add or 
delete any XML element with any of the table fields 
according to their preferences. 

System Prototype 

Based on the proposed structure, the prototype for 
the KXDG was developed.  Table 1 shows the main 
features in each module with some descriptions.

table 1:  Main functionalities of prototype

Functionality/ 
feature

Action 
performed

System result

Search 
keyword

Insert column 
user wants to 
find

List all data 
related to the 
keyword

Add file To add new 
schema

List of files that 
has schema

Run mapping Mapped 
columns with 
the XML node

List of matched 
columns and 
the node

Add node To add new 
node

New element 
is added

Delete node To delete node An element is 
deleted

Generate XML To generate 
the mapping 
result to 
XML tagged 
document

XML tagged 
document is 
created

View XML To display the 
XML document

XML document 
is displayed

Figure 2:  Data Analyzer (DAN) module

Figure 3:  Document Planning (DOP) module

Figure 4:  Knowledge-based XML-Document Generator (KXDG) 
module

concLuSIon

The need for data exchange between business 
applications promoted the development of KXDG.  
The  prototype developed in this study successfully 
generated an XML tagged document in a timely 
manner.  The application was able to convert a 
document into an XML document based on a given 
XML schema.  The given XML schema was used so as 
to ensure that the generated XML document would 
be meaningful to the user.  The knowledge-based 
XML document generator made a modest effort to 
generate an XML document based on XML schema.

This prototype version of KXDG could be enhanced 
for other XML schema and relational database features 
such as value constraints and cardinality.  This study 
suggests that all constraints can be extracted by 
expanding the mappings algorithm.  Based on the 
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retrieved results, a stricter mapping process could be 
applied to map between XML elements and relational 
database columns. 
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