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Abstract
Stimulated by the growing demand for three-dimeradi@3D) photo-realistic model of archaeological mumnent, people are looking
for efficient and more precise methods to genetfaéen. However, a single method is not yet availablgive adequate results in all
situations, especially high geometric accuracy paudtion, photorealism as well as flexibility anfi@déncy. This paper describes the
method for generating 3D photo realistic model okiB Batu Pahat shrine by the means of multi-senslata integration. Global
Positioning System (GPS), Total Station and terigdtiser scanner (Leica ScanStation C10) wereduserecord spatial data of the
shrine. Nevertheless, due to the low quality ofableured point cloud captured by the scanner, gitdi camera, Nikon D300s was
used to capture photos of the shrine for surfas¢uténg purpose. A photo realistic 3D model witlglhigeometric accuracy of the
shrine was generated through spatial and image datgration. A feature mapping accuracy and geoim@apping accuracy was
conducted to analyse the quality of the 3D photdiséc model of the monument. Based on the restitained, the integration of
ScanStation C10 and images data is capable ofigiray a 3D photo-realistic model of Bukit Batu Palsrine where feature
mapping accuracy showed that the model was 90.&&pesimilar with the real object. Additionallyheé geometrical accuracy of the
model generated by ScanStation C10 data was vewirmzing which was 4 millimetres. In summary, t@al of this research has
successfully achieved where a 3D photo- realistideh of Bukit Batu Pahat shrine with good geometag generated through multi-

sensors data integration.

Keywords: archaeological monument, terrestrial laser scanmiigital photo, 3D photo-realistic model
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1. INTRODUCTION

In the past two decades, three-dimensional (3D) ettiod
was becoming a prevalent trend in many researthstead of
focusing on the typical areas of applications swash car
design, reverse engineering for precision mecharocs
medical imaging, 3D modelling is becoming popular i
various fields like anthropometrics, archaeology anany
others (Guarnieriet al., 1999). According to Aguilera and
Lahoz (2006), the demand for 3D models of histdrica
monuments is increasing in the field of archaeaalgiand
architectural applications.

Several techniques and tools were developed tal filné
increasing demand of 3D model especially in desigrand
manufacturing industries. Nonetheless, as state@dmpana
et al. (2009), in order to conduct archaeological redgatds
crucial to utilize Geomatic techniques because ethes
techniques are capable in representing correctly al
peculiarities of the investigated objedtig-1 shows the
capability of two Geomatic tools; laser scanner and

photogrammetry in recording the inscription on wedl. Both
approaches resulted with same accuracy which is 0.3
millimetres respectively.
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Fig-1: Geometric details of an inscription captured using
different sensors (left: laser scanner, right: pgcammetry)
(Remondino, 2010)

Basically, a systematic documentation in archadodg
research is important for further analysis andrprtation.
Nevertheless, a digital documentation is more pabie
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because analysis and interpretation can be dortealir
without worrying about access limitation or physidamage
of the remains. Hence, image-based method
photogrammetry), range-based method (i.e. lasenngog)
and integration between the two methods are seitabl
approaches to be used as they are non-contact dsethat
prevent handling damage of archaeological remains,
applicable in various scales and yet the sensomepsing
software and analysis tools have become availabledent
years (Lambers and Remondino, 2007).

(i.e.

In this research, the archaeological area is ajpiaiely 48 x
40 metres which contains hundreds of religiousfacte and a
temple or shrine. In order to generate highly aatur
geometric and photo-realistic model, several Gemntabls
were used to record spatial and texture data ofstirane.
Terrestrial laser scanner, Leica ScanStation CH3, used to
collect spatial information of the structure whiNékon D300s
digital camera was used to capture high resoluiinages.
Network control for georeferencing purpose was l#isfacd
around the area by using Global Positioning Sys(@RS)
and total station. A modelling methodology was ieatiout by
integrating data from all the sensors.

2. RELATED WORKS

In archaeology, a systematic and well-judged usBaedmatic
techniques for documentation and digital conseovati
purposes is relatively a recent innovation, notaggtlied on a
regular basis for a variety of reasons; the peezkitigh cost’
of capturing 3D, the difficulties in achieving go8® models,
the difficulty of integrating 3D worlds with oth@D data and
traditional documentations and the perception 8iatis only
an additional ‘aesthetic’ factor (Campana et alQ08&).
However, the available technologies and methodekdor
digital recording of archaeological sites and otgeare really
promising and the whole heritage community is tgyio adapt
these approaches for fastest, detailed and easy
documentation (Campana and Remondino, 2009).

3D

Methods and techniques chosen for archaeologicaument
documentation should be the most effective, leastrdctive,
most efficient and economical means of obtainireyrieeded
information. In the beginning, there was only arstrange
laser scanner and mainly used in the automotiverahgstrial
design process to facilitate the data capture fomg@uter
Aided Design (CAD) process. Nevertheless, sinchrtelogy
keeps evolving, other potential fields were exgditDue to
outstanding advantages of laser scanning; non conta
measurement, high accuracy, long range, fast adagaisition,
etc., other disciplines like cultural heritage,harecture, urban
development, forensics, and the entertainment inguwgere
starting to adopt this technology (Heine, 2004).

When dealing with archaeological structure docurmin,
end user normally require a geometric documentatiothe

monument as a final product. Primarily, geometric
documentation of archaeology monument is very inguar
because it consists of a series of measurements, \irhich
visual products such as vector drawings, rasteg@ma3D
visualizations etc. may be produced (Georgopoulos a
loannidis, 2004). Georgopoulos and loannidis (20a%)0
stressed that the products’ scale, purpose andragcu
requirement must be defined first before startinge t
documentation proces3dble-1). This is because the scale of
the final product implies the level of detail yigdglentually.

Table-1: The mapping scale requirement for geometric
documentation (Georgopoulos and loannidis, 2004)

Geometric Purpose
Documentation Scale
1:100 — 1:250 General surveys, in order to
relate the monument to its
immediate surroundings
1:20-1:50 Geometric recording cases

providing a highly detaileg
product for practically any so
of study
Drawings of special details ¢
interest

—

=

less than 1:20

A geometric documentation of a monument contains
measurement of the objects which will be used éstaration

or reconstruction work of the monument. The sebectof
recording type will be based on the accuracy demary the
client. More accurate geometric documentation o th
monument will require lots of effort and the progesf
collecting and producing the output will be morengdicated.
Table-2 shows the accuracy requirement needed in
archaeological site recording.

Table-2: Accuracy requirement in archaeological site
recording (Georgopoulos and loannidis, 2004)

Type of Purpose Accuracy
Recording Requirement
Normal Structural / Building / +2cm
Recording | Others

Plans / Elevation / Cross | £ 10cm

Section
Detailed Building / monument +2mm to £5mm
Recording | Building Plans / Elevation| = 10mm to

/ Cross Section +25mm

Terrestrial laser scanning technology is becomiregeasingly
popular recently as the scanning devices becomee mor
reliable, cheaper, faster and more portable (Farad.,2009).
By taking into consideration about the size of tigects, the
distance between object and scanner, the surfattee afbject
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and the accuracy requirement, a suitable typeragfagacanner
is chosen. Lambers and Remondino (2007) statedttiea¢

are three scales of archaeological research whemétic

techniques and methodologies can be appliathle-3 shows

the detail on the scale of archaeological site @edsuitable
Geomatic tool to be implemented (Lambers and Reimond
2007), (Guidiet al.,2008), (Abdullah, 2005).

Table-3: Size of archaeology site versus suitable Geomatic

tools (modified from Lambers and Remondino, 2007)

Size of | Object of Available Geometric
Archaeo | Interest Geomatic Resolution
logy Site Approaches (per pixel)
Regional | Landscape| -Middle and high-| IKONOS: 1 m

Topograph resolution
y satellite imagery | QUICKBIRD:
Sites / -Small scale aerial 0.6m
Monument images
-Airborne LIDAR | 0.50 m - 0.75
m
0.75m-3.0m
Local Sites / -Large scale aerial -10 cm- 25 cm
Monument images -5 mm - 20
Architectur | -Terrestrial laser mm
es scanner -0.5 mm - 10.0
Excavation -Terrestrial mm
Layers images.
Object | Excavated -Terrestrial -0.5 mm - 10.0
artefacts images. mm
Museum | -Close-range laser -0.3 mm
objects scanner

During conventional recordings, different peopléenfhave to
draw the features and the results are non-homogeneo
drawings. Basically, the accuracy for manual drawis 25
millimetres which required a lot of time, focus aslidlls in the
documentation process. However, the accuracy reaeint
for geometric documentation of archaeology monunierfo
millimetres to few millimetres (Georgopoulos andnaidis,
2004). Additionally, a laser scanner can achievetai2.00
millimetres accuracy when the measuring range s tban
120 metres with 50000 points per second.

The need of combining multiple techniques, likerdstrial
laser scanning, photogrammetry and digital sungys the
result of the complexity of some structures andhwylack of
a single technique capable of giving satisfactesuits in all
measuring conditions (Gonzo et al., 200Mere is no single
method that is applicable of recording every subpécultural
heritage and hence there is a strong demand foybaidh
method that exploits several technologies (Kadofiaiyet al,
2004). The advantage of using laser scanning it ithean
produce a very dense 3D point cloud data which ¢suaial
requirement for creating high-resolution geometmodels

(Fig-2). On the other hand, digital photogrammetry can
produce high-resolution texture if the original oea have
sufficient resolutionKig-2). Thus, the integration of these two
technologies is indeed a key to create high quaBfy
recordings and presentations.

Fig-2: Porta' de Santiago; Image (left). 3D textured etod
(Ong et al., 2010)

3. SITE DESCRIPTION AND CURRENT
DOCUMENTATION IN BUJANG VALLEY

Being situated at the southern tip of Asian maidjan
Peninsular Malaysia which is also located betwdwenrmajor
trades centres of China in the East and India arad Avorld
in the west seems to contribute enormously in tleitme
trade. Thus, it possesses some remarkable arclygesites
that are significant and require preservation sw@sh in
Lenggong Valley and Bujang Valley.

Bujang Valleys is the home of an impressive, weliserved
historical complex that is capable of eliciting avemd
wonderment for those who come to visit the anc&t®. To
date, more than 80 archaeology sites have beenwdised in
the valley (New Straits Times, 2008). According bk
Hassan Shuhami (2004), among of all excavated, §itesites
were thought to have been religious shrines. Thestmo
prominent shrines discovered in the valley are Bubatu
Pahat shrine (Site 8), Bukit Choras shrine (SiteBEndang
Dalam shrine (Site 50) and Pengkalan Bujang sti{Bite 21).

Nevertheless, archaeological activities in Malaysiae
progressing slowly due to the lack of expertise in
archaeological field, the use of conservative tegpmn for
documentation purposeFif-3) and less awareness among
Malaysian on the important of preserving the remain
Archaeology and conservation activity in Malaysés started

in early 1990s and it is far left behind comparedother
develop countries which have started these ad&tvisince
1960s (Nik Hassan Shuhaimi, 2006).
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Fig-3: Conventional methods used in Malaysia archaecédgi
research (Patel, 2009)

An analogue filing system is used by the administrawhich
seems to be impractical due to the increasing etimav
activities, require bigger storage space, redundant
information forms for artefacts and misinterpretati of
handwriting. Hence, it is a crucial requirement fesearches
to develop a digital documentation system to imprdkie
existing documentation method in Malaysia. Thusis th
research is a pilot project in implementing new hoet for
providing digital data of archaeological site inj&ug Valley.
An archaeological site, Bukit Batu Pahat shriRig{4) which
has been excavated was chosen as a study area thieere
shrine is modelled into 3D photo-realistic model.

Fig-4: Location of the study area; Bujang Valley and Buk
Batu Pahat shrine

4. METHODOLOGY

Numerous methods were developed to generate 3DImbde
archaeological monument. Unfortunately, most cootions
were focusing either on a single sensor i.e. cammra
integration between range sensor and image sensor.
Conversely, this paper attempts to reveal the ratem
process involving various sensors with differentatip
resolution and types of data. Multiple sensors vuse in site
survey and archaeological monument mapping phade. S
survey provides coordinate information of the moeuatmwith
respect to the real terrain world while archaeaabi
monument mapping provides information such as géwcae
characteristic and texture of the structure.

Based orFig-5, this research focused with two activities that
involved in documenting archaeological monumente si
survey and monument mapping. Site survey is a vasire
control points with known mapping coordinates are
established around the archaeological site. GPSic sta
observation was conducted where two points wererobs.
As to the production of a precise model, a cometivork was
established by using a total station. Coordinagédyirom site
survey task is used to georeference the model.

In monument mapping phase, two sensors were usealléct

spatial and texture data of the shrine. Leica Stdit® C10

(terrestrial laser scanner) was used to collediaptata of the
shrine. The data collected were in the form of 3hpcloud.

In the mean time, the scanner also captured imageg a
built-in camera inside the scanner itself. It hasrbproven in
many researches that images captured from a bud&inera
in a scanner provide only low quality of images ahds

affecting the result for photo-realistic model esphy for an

outdoor task. Hence, a high resolution digital ceamveas used
to capture images of the shrine. The images were fised
with the laser scanner data to get a 3D photosti@lnodel of
the monument with good geometrical accuracy.
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Fig-5: Workflow to generate 3D photo-realistic model of
Bukit Batu Pahat shrine

4.1 Data Acquisition
4.1.1 Site Survey

Site survey at Bukit Batu Pahat shrine was conductgng
GPS and a Total Station. Two points were obsenadgu
GPS with static mode within an howig-6). The coordinates
of the two points were referred to Malaysian CdsSitate
Plane coordinate. The same points were then useidgdu
traversing process. Four points were establishednglu

traversing around the shrine. The points were nehrke

permanently because the same points are neededdte lthe
scanner during scanning process.

mL——___'."'”

Fig-6: Location of GPS points, traverse points and regec
coordinates for each point

4.1.2 Scanning the Monument

The second phase in recording archaeological monuisdo
map spatial information and features of the monumen
Therefore, the monument mapping phase is dividéal timo
parts; spatial data acquisition using terrestrémel scanner
and features data acquisition using high-resolutitgital
camera. Fundamentally, before a structure is schrthe area
must be observed first to plan the location of saag stations
and to decide suitable places to put the targeheltargets are
not enough, user may also used checkerboard tdrgetan
be directly printed from Cyclone software. Befooarmning is
conducted, all the targets were placed covering dbject
where at least three targets can be seen from dwsecutive
stations.

Direct georeferencing method was used where thenscavas
setup at the exact points established during theetsing

process. This is because; the points have cooadirdiserved
using GPS. Hence, traversing and scanning usingstel

laser scanner can be carried out using the sanegencie
frame. The requirement for spatial information diet
monument is that the data is in the form of digitébrmation.

Thus, the data can be used for various purposels aac
analysis by archaeologists, study by researchehivar by

preservation and conservation department and usgzlifism

activities. Consequently, the manipulation of ttetadcan be
carried out while the existing monument in the site
preserved.

A terrestrial laser scanner, Leica ScanStation @48 used to
record 3D spatial information of Bukit Batu Pahdirise.
Initially, a survey planning is made by definingthurpose of
mapping the monument, accuracy demanded and detagmi
the deliverables as required by the clients. This ¥ollowed
by a site observation task to know the complexifyttoe
structure, number of scanning station and targedtion. After
defining the requirement and complexity of the stioe, the
method or equipment to be used in the data aciuisis
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confirmed. In this research, the required deliverab a 3D
photo-realistic model of Bukit Batu Pahat shrinéhmaccurate
geometric model.

The project name, resolution of scanning, modecahsing
either scan with image or just scan, space availéblthe
storage and method of scanning (traverse and stgnni
scanning only) must be verified first. For Bukit tBaPahat
shrine, the resolution used was high resolutio@50neter of
point spacing), method of scanning was traversesaad and
mode of scanning was scan with image. Scanning kigh
resolution would take about forty five minutes fmch scan
station. Each HDS target was scanned before saarthie
whole site. Even though it seems difficult, butsteiep could
reduce the processing time later. Images were =ptoy a
built-in camera (4 megapixels) inside the scanrir @&ach
scanning finished. Scanning process was continunidl the
area of the shrine was fully coverelig-7 illustrates the
position of scanning stations and targets distigiouaround
Bukit Batu Pahat shrine.
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Fig-7: Target distribution and location of scanning stagio

4.1.3 Capturing High-Resolution Images

Museums are keen on presenting their collectiom imore
appealing and exciting manner using the digital ianed
attract visitors to view virtually and visit the ygical museum
site. According to Whiteet al. (2004), current surveys show
that about 35% of museums have already started
developments with some form of 3D presentation ljéats.
Development of 3D laser scanner has brought a whele
landscape to the recording and study of histoacal cultural
heritage. Nevertheless, the drawback of laser sraisnthat
colour images of an object cannot be obtained endv is
possible, the quality of the colour images are wiran that
of the photographs (Kodabayagdti al., 2004). Fig-8 shows

coloured point cloud generated by Leica Scan Sta@d0.
Hence, digital photographs were taken by using NIRSLR
D300s with 10.2 megapixels.

Fig-8: Coloured point cloud of Bukit Batu Pahat shrine
provided by Lieca Scan Station C10

Instead of providing colour information for the soiéng
points, digital images have also been used to extra
information on edges and linear surface featuresrder to
bridge gaps in the laser scanner data and to addietils to
improve the realistic perception of the scene (Algabkeh
and Haala, 2004). If a direct photo-shots textusgpping is
used for texturing the 3D point clouds, the phoapiis must
have been captured by a high resolution cameratddca
perpendicular with the object (Al — Hanbali and Awtah,
2010). The high-resolution images were used fatureng the
3D model to get a better photo-realistic 3D model.

4.2 Data Processing

The main goal of this research was to integratex dedm
various sensors in order to generate 3D photostéalinodel
of Bukit Batu Pahat shrine. Nevertheless, data freach
sensor must be processed first before they camtegrated.
Thus, there were three data processing tasks iestalv this
research; point cloud registration, point cloud eltbdg and
texturing the 3D model.

4.2.1 Point Cloud Registration

Registration is the process of merging ev&ganWorld
contained in a project into a single registeBamdnWorld The
process of registering th8canWorldswas carried out by
systematically merges two contiguouScanWorlds via
corresponding constraints or corresponding poinbudtl
appeared in bottscanWorlds.There were two methods of
registration provided by Cyclone 7.3; (1) combinitige
ScanWorlds via corresponding target or constrauthsas
HDS target or black and white target, (2) combinitig
ScanWorlds via cloud-to-cloud method where at le¢hste
corresponding points from each ScanWorlds was chase
common points to merge two ScanWorlds. Eventuallythe
ScanWorldswere merged together to form a complete 3D
point cloud model of Bukit Batu Pahat shrine.
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Generally, more constraints or corresponding pomtsked
could give better result. However, Cyclone requoely three
corresponding points to merge two ScanWorlds. Ottee
points were selected, Constraint menu was chosen the
Cloud Constraint wizard to add the constraints ite
database. Error might occur whereby the constraag not
accepted. In this issue, any bad point was remawedother
point is selected. In the Optimize Constraint stape
constraints were analyzed whether tloeyld be used for the
registration or vice vers#ig-9 shows the scanning data sets
that acquired from different scanning points befangl after
the registration process.

After registration

Fig-9: Bukit Batu Pahat shrine; before and after regismat

4.2.2 Point Cloud Modelling

A point-based representation of an object can gatesfactory
result only when the object is viewed in a smaklsc But
when viewing in a large scale, the point cloud nictizrted to
deteriorate and what can be seen is just pointttesed
randomly. Therefore, the point clouds are modeild a
surface mesh, which best represent the reality.e&hrmodel
is a collection of contiguous polygons that comhalang their
edges. In this research, a mesh model of Bukit Brbat
monument is indeed the basis for various 3D model
generations such as 3D photo-realistic and 3D gea@me
model of the structure. The process of meshingptiet cloud
model was carried out using 3D Reshaper 7.1 soétwar

Once a mesh model of the shrine was produced, ebigts
were analyzed based on the triangles that covesks fin the
model, the existing of anomalous points and theeedy the
structure. If the result was poor, the point clonodel was re-
processed by changing the parameters value. Twizatri
parameters were considered when creating a mesly 8§

Reshaper 7.laverage distance between poirasd triangle

sizes Smaller value for average distance between powufl

produce a surface like the real surface becauspdimés were
denser and more triangles were created. In addifammany

small holes detected, the software automaticalteated and
filled the holes with triangles. Thus, smaller mgges could
increase the sharpness of edges.

4.2.3 Texturing the 3D Mesh Model

Although the most important aspect in documenting a
archaeological monument is the geometry of thecsira,
preserving its texture is also essential becaysisotorealistic
model can be used for virtual advertising and ferth
conservation purpose (Ariest al., 2005). Concern on the
arising demand in archaeological documentatios, rissearch
was carried out to find a method to deliver bothtrirneand
textured 3D model of archaeological monument. Moeeo
instead of providing method to generate 3D photdigtc
model of archaeological remains, this research wakE®
intended to find an alternative for better digiwéualization,
preservation method and documentation of archawzbg
remains. By having a quality 3D textured modelcduld
improve the effectiveness of data dissemination ramo
archaeologists, researchers, historians, studedttoarists.

In this researchReference point'snethod was chosen to map
digital images onto the 3D mesh model. It is suggpkdo
mark at least four pairs of corresponding pointthd image
has perspective projectionFig-10). Nevertheless, higher
number of points is essential for image that hasodions.
When all the points defined and marked correctig, image
can be applied onto the 3D mesh mod&y-11 shows the
result before and after applying digital image o8f» mesh
model.
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Fig-10: Corresponding points are marked on the 3D mesh
model and images

Fig-11: Mesh model and image integration

5. RESULTS AND ANALYSIS
5.1 Mesh Model and Geometric Mapping Analysis

In this research, a third party software, 3D Reshapl was
used to texture Bukit Batu Pahat shrine with extbdigital

images. Nevertheless, integrating both laser sognmind

digital images data was not a straightforward psec&he 3D
point cloud model must be transformed into a 3Dhmresdel.

A mesh model is important for controlling the gtyalof the

3D model where it keeps only the most relevant tgoar the
object and optimized the size of the 3D model. &ujeby
transforming millions of points into one entity|als other
3D modelling software to make used the model fdreot
applications such as reverse engineering, aninstiand
photo-realistic rendering.

The 3D mesh model of Bukit Batu Pahat shrine waisequ
impressive although there were several small hdlesvever,
after enhancing the 3D mesh model using toolsdikeothing
and filling holes, the 3D mesh model was readydddxtured
with high-resolution digital images. Besides thhgre was no
spike or noise in the 3D mesh model because th&pbave
been clean-up before meshing process started. Mejeic

mapping accuracy was applied onto the 3D mesh model

where, several measurements of the shrine were oradée

using measurement tape and compare with the measote
done virtually in 3D Reshaper 7.Fig-12 illustrates the
measurement conducted in 3D Reshaper 7.1 while the
measurements results are tabulate@ahle-4.

Based on the measurement results tabulatebabie-4, the
differences between two measurement methods was 1
millimetre (minimum) to 7 millimetres (maximum). Othe
other hand, the RMS value for the measurements is
approximately 4 millimetres. By referring tdable-2, the
geometric accuracy requirement for detailled monumen
recording was between = 2 millimetres until £5 miktres.
Thus, from the result obtained, it showed thatrlasanning
data was capable of providing the required geomatcuracy

in detailed monument recording.

—1

Fig-12: Measurements of the shrine for geometric accuracy
validation
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Table-4: Comparison between on site measurements and
virtual measurements

On-Site Virtual Deviation
Segment| Measurement | Measurement
(m)
(m) (m)
a 10.596 10.603 0.007
b 23.966 23.963 0.003
c 10.320 10.314 0.006
d 13.462 13.458 0.004
e 10.654 10.656 0.002
f 10.730 10.733 0.003
g 0.374 0.373 0.001
Root mean square (RMS) value 0.004

5.2 Photo-Realistic Model and Feature Mapping
Analysis

Although the geometric accuracy of the mesh modat w
impressive and the model has been used as a basatiaing
process, it does not mean that the 3D photo-rialisbdel
would turn out to be as good as the mesh modeltrésence,
an analysis called feature mapping analysis wasedaout to
evaluate the quality of the photo-realistic modgkcbmparing
the 3D photo-realistic model with digital imagestioé shrine.
A feature mapping accuracy was chosen as an approac
evaluate how closed was the feature in 3D photlist&a
model with the real monument. Several identicatuess of
the 3D photo-realistic model were compared with the
corresponding images. The identical features sushtha
colour, holes and broken rock were chosen as fiteriarto
evaluate the quality of the 3D photo-realistic nmode

Thus, for the first parameter in feature mappinglysis, the
colour of the 3D photo-realistic model was compavéth

high resolution images to know the accuracy of nmgrgwo

different types of data. Several areas were sealeftie each
parameter to be analyzed and the results are tabula

Table-5, Table-6 and Table-7 respectively Each area
contained one to three selected spots that werd fme
detailed comparison.

Table -5: Feature mapping analysis — comparing colours of
the shrine

Feature Mapping Analysis (Colour)

3D Photo-Realistic High Resolution
Model Images

Simila
r Spots

Quality (%)

[Number of similar spot/Total spot] x 100 91.67

By referring toTable-5, the colour quality of Bukit Batu Pahat
shrine was approximately 91.67% matched with thal re
objects. The spots chosen were based on the uncommo
colour or noticeable features appeared in the svea as a
pink target marked on the shrine, white colourextain rock
and peculiar rock location. Eleven out of twelveotsp
possessed the same colour like the real monumerhy. dhe
spot was detected to be difference with the imagées might
be due to the location of the spot, which was atetige of the
image. Thus, the image was slightly distorted aifected the
colour of the rectangular rock (covered with graapss).
Consequently, the rock became non-rectangular Sheqeuse
the colour was only applied at certain part ofrihek.
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Table-6: Feature mapping analysis — comparing holes of the
shrine

Feature Mapping Analysis (Holes)
3D Photo-Realistic High Resolution Similari
Model Images ty

3/3

=

Quality (%)
[Number of similar spots/Total spot] x 100

80.00

Bukit Batu Pahat shrine is a structure built fromcks
obtained from a river. The structure is not cemeritecover
holes between the rocks. As a result, there areyrhales in
the structure. These holes are considered as agaenpter to
analyze the quality of the photo-realistic modehs&d on
Table-6, 80% of holes are well presented in the 3D photo-
realistic model. The shape of the holes is maieghiwithout
any distortion. However, there was one hole, whigs not
well presented in the model. This was caused byshiape of
the mesh model that was not quite good. Thus, veimemage
tried overlapped with the mesh mode, the image eenid
cover the whole mesh even the structure was & Itit
different than the real one. In conclusion, feaduike holes
could be well-preserved in the photo-realistic modiehe
mesh model or the base model was constructed d@ebyura

Table-7: Feature mapping analysis — comparing broken rock
of the shrine

Feature Mapping Analysis (Broken Rock)

3D Photo-Realistic High Resolution Similari
Model Images ty
1/1

Quaity ) -

[Number of similar spots/Total spot] x 100 | 100.00

Broken rocks were the third parameter used to aeathe
quality of the 3D photo-realistic model. This femuwas
selected because it was the most obvious featutteecghrine.
Yet the existing of broken structure can help aechagist to
identify the changes or deformation of the monunzemt they
can plan for maintenance process. Accordingdble-7, the
broken rocks are 100% textured without changing Steape.
However, there is a small broken part undergoesgéma
distortion because the image is not attached pdipgar to
the broken part. This problem can be overcome Ipyucang
an image perpendicular with the broken surfaceraag it to
the mesh model.

Generating a 3D photo-realistic model of a struetisrnot an
easy task. It requires proper data collection glemn
systematic data management and smart way of data
processing. In this research, the structure oftirine is quite

big thus required longer time to integrate both gmaand
scanner data. An automatic texture menu in 3D Reshal

is very helpful to achieve the main objective dkthesearch.
Several problems were realized during integrating tlata.
First of all, the image must be captured perpendicand
closer to the structure (fit with the camera fram@)is is to
ensure that the process of texturing run smoothBesides
that, it is important to capture the image with coom features
such as the edge to ease the process of marking the
corresponding points.

CONCLUSIONS

This research was conducted to produce 3D photistiea
model with required geometric accuracy of archagiokd

monument via multi-sensors data integration. Inctasion,

the resulting 3D photo-realistic model was conwvigci
because, most of the important features like tHeucar the

texture, existing holes and broken parts were prelserved in
the virtual model. Hence, archaeologists and rebeas can
use the model to do their research or analysis owith
travelling to Bujang Valley. The result of the 3Dhqto-

realistic model can be visualized in Reshaper VieR@13

where user can display the model (zoom and rotpang do

some measurement onto the model.
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