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Abstract

The heritage of Lembah Bujang, Kedah isimportant as a starting point to understand the
origins and history of civilization in Malaysia. This research is to analyze the spectral
reflectance of shrines propertiesin an identified area by using remote sensing techniques
in conserving this cultura heritage site. The remote sensing device (Spectroradiometer)
was used to measure the spectral reflectance of the source of shrines in the study area.
This tool was applied for reflectance’s test over properties such as ancient brick, granite,
literates and iron in a different two study areas consist of Lembah Bujang and Kompleks
Sungai Batu. Remote sensing test properties demonstrate that discrimination of properties
types of each civilization is possible through reflection measurement, but that
discrimination is complicated by surface conditions, such as weathering and lichen
growth. Comparison between clays, granite and iron show that claysto be morereflective
than granite and iron. This result will help more in our further study on detecting these
properties direct through remote sensing imagery and will be helpful in developing new
indexes and selection of threshold value on shrines material in the case study of Lembah
Bujang.

Keyword: Shrines, Lembah Bujang, Remote Sensing, Spectroradiometers, Land Use
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INTRODUCTION
Lembah Bujang islocated in Sungai Petani, Kedah (northern Maaysia), and specifically
in Merbok district of Kuala Muda. It became a starting point of the civilization of the
Kedah Tua Kingdom and a strategic area for a trade and industry (Jacg-Hergoualc’h,
1992, Bellwood 1997). In the fourteenth century, the Merbok Estuary was an important
port and trading center for traders from China, India and the Middle East (Khoo, 1996).
It has been believed that over 50 shrines and hundreds of the relics are displayed in
Lembah Bujang (Erna et.al, 2013). Unfortunately, the actual boundary of shrine areais
not clearly determined, thus, only Lembah Bujang and Kompleks Sungai Batu has been
gazette in KualaMuda Local Plan 2020 as a heritage zone.

Spectral reflectance is one of the methods to identify the indexes and selection of
threshold value over the selection of shrine properties. Field measurements of surface
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reflectance are widely used in the number of remote sensing analytical approaches such
as vegetation canopy reflectance modeling (Rosemacet al., 1992). The feasibility of using
airborne multispectral remote sensing reflection measurements for discrimination of rock
types has recently been investigated (Watson and Rowan, 1971). It measures the amount
of energy reflected from the ground area, material or object over different wavelength
(Milton, 1987). The measurement of spectral reflectance is made with these spheres by
comparing the reflectance signal from the sample to the reflectance beam signal and then
making the same comparison with the reflectance standard in place of the shrines sample
from the area. The spectra reflectance or reflectance spectrum curve is the plot of the
reflectance as a function of wavelength. The reflectance values are independent of time,
location, illumination intensity, atmospheric condition, and weather. The aim of this paper
isto differentiate the spectral curvatures of shrine properties according to the function of
places and age of civilization. The variations of shrine properties value will be affected
by the soil and mineralogical differences or particle size effects.

STUDY AREA

Lembah Bujang islocated in Merbok, Kedah, between Jerai Mount (1,300 meters high)
in the north and Muda River in the south of Kedah, Malaysia. Lembah Bujang holds a
significant value as a physical prove of the earliest civilization in the Southeast Asia
region. The specific study areais divided into two main areas consist of Lembah Bujang
and Kompleks Sungai Batu as shown in Figure 1 and Figure 2.

Figure 1: Site Plan of the study area
(Source: Google Earth, 18 October 2015)
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METHODOLOGY OF RESEARCH

The purpose of this study is to examine the spectral reflectance of shrines propertiesin
the study area by using the remote sensing device; Spectroradiometer. Clays, granite,
literates and iron in a different two study of Lembah Bujang and Kompleks Sungai Batu
has been choosing for the reflectance’s test. The shrine properties have been recorded
according to the function of places and age of civilization where it was located. The
specific detail of every shrine propertiesis shown in Table 1. A conceptua flow diagram
shown in Figure 3 will explain the methodology of this study.

Table 1. Location and the samples collection

L ocation Shrines properties/ Description of Beginning of
Sample the site Century
Lembah Bujang Granite and Literates Lembah Bujang 4 Century
Museum (Coedes,1968)
Archaeology
Sungai Batu Ancient Clay : -Anancient brick  Early of 2 century
1) SiteSB1B structureshowsa  CE
spiritual/ sacred
2) Site SB1A area
- Ancient
riverside jetty
which located Early of 2" century
near to paleoriver CE
at Sungai Batu
Iron: -Iron smelting From 18 -14h Century
1) Site SB2A kiln CE

Source: Sephen Chia, Barbara Watson Andiya, 2011
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Figure 3: A conceptual flow diagram for Analysis of Shrines Properties using Remote
Sensing Approach

METHODS

Field measurements were carried out in two different archaeological areas in Lembah
Bujang, Kedah which Lembah Bujang and Kompleks Sungai Batu. Moreover, ground
Spectroradiometer measurements were taken: a) over shrines features or materials such
as ancient brick, granite and literate depend on site material in order to develop an
archaeological spectral signature database and b) at iron smelting kiln areain Kompleks
Sungai Batu. The Spectroradiometer instrument that was used to register the spectral
signature was GER1500. Figure 4 shows an instrument that may record electromagnetic
radiation from arange of 400 nm up to 1000 nm.

e M N
Figure 4: Reflectance’s test in site SB1A- an ancient jetty structure (ancient brick) dated
early of the 2™ century CE using Spectroradiometer
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Lembah Bujang

In Lembah Bujang, two different types of material (granite and literate) for ground
Spectroradiometer measurements were taken while in each consecutive 10th
measurement the calibration spectral on the panel was used in order to minimize sun
changesilluminations.

Kompleks Sungai Batu

In Kompleks Sungai Batu, two different types of material (ancient clay and iron) for
ground spectroradiometer measurements were taken for Spectroradiometer test. The
actual reflectance measurements are usually performed under illuminating and viewing
conditions recommended by CIEZ 45°/0°, 0%/45°, diff /0° and 0%diff where diff stand for
diffuse.

ANALYSISAND FINDING

Reflectance of Lembah Bujang

Most of the construction materials for the temple at Lembah Bujang site were made of
clays, river rock (pebbles), mineral literate and granite as display in Figure 5. There are
severa famous temples had been uncovered in the Lembah Bujang, among of them are
the Candi (Temple) Bukit Batu Pahat (Site 8), Candi Kampung Pangkalan Bujang (Site
19, 21 and 22), Candi Estet Sungai Batu (Site 5 and 11/3), Candi Kampung Pendiat (site
16), Candi Kampung Permatang Pasir (site 31) and Candi Kampung Bendang Dalam (site
50). All these temples became evident that the Lembah Bujang was under the Hinduism
influenced at that time. However, part of the original structure has been destroyed and
cannot be reconstructed from natural disasters such as floods, erosion, World War 11 or
destroyed by local people.

Lembah Bujang
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Reflectance’s’ Analysis of Lembah Bujang

The spectral signature diagram is an easy way to plot target reflectance against
wavelength, in a graphica form. Therefore, ground field measurements from
archaeological sites may be used in order to create an “archaeological” digital spectral
signature. In Lembah Bujang site, different spectral signatures of the materials were
taken. The result shows in diagram 1a and 1b Figure 6 the spectra value of granite is
higher than literate spectra value.
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Figure 6 (1a) and (1b): Diagram shows the result of the reflectance test on granite (1a)
and Literate (1b)

Kompleks Sungai Batu

The site was divided into two sides, Sungai Batu 1 - SB1 and Sungai Batu - SB2. These
both site SB1 and SB2 are situated in a private oil palm estate along new Merbok-
Semeling road. It is situated near Sungai Batu, a tributary of Sungai Merbok. (Stephen
Chia, 2011). In site SB1, based on 2009- 2010 excavation, 1) an ancient clays structure
inFigure 7 showsaspiritual/ sacred areadated to the early 13- 2" century CE (site SB1B)
and 2) an ancient roofed clay platform, believed to be ajetty which located near to paleo-
river at Sungai Batu, dated to early of the 2™ century CE (site SB1A) meanwhile, in site
SB2, they found iron smelting industry used from 1% century CE in site SB2A and site
SB2C from 8" -11"" CE. Besides, they also found an ancient jetty which continuously
from site SB1A in site SB2E along paleo-river at Kompleks Sungai Batu.
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Figure 7 Monument at site SB1B- A circular clays floor with a square clays structure
on top of it and small round clays structure on top of square clays structure.

Sungai Batu- SB1B and SB2A

In site SB1B for instances there amonument such acircular clay floor with asmall square
clay structure on top of. The reflectance’s test is on ancient brick with two different
situations- open area and under roof. In Sungai Batu site, same spectral signatures of the
materials (ancient clay) were taken but in different condition. On the other hand, in site
SB1A, thereis believed to be an ancient jetty based on the location of the structure which
near to the river bank of the ancient Sungai Batu which established early of 2™ century
CE. The reflectance’s test is on ancient brick as shows in Figure 9 with two different
situations- open area and under roof.

Figure 9: Sample (brick) that used for reflectance’s test in site SB1A

Reflectance’s’ Analysis of Sungai Batu- SB1B

Figure 8(2a) shows that the result of spectra was taken in an open area exposed to the
lighting. However (2b) shows the result of spectrawas taken under the roof in site SB1B.
The result shows the spectra value in an open area is higher than spectra value in under
roof.
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Figure 8 (2a) and (2b): Typical spectral reflectance characteristic for ancient brick in
site SB1B; an ancient clay structure of a spiritual/ sacred area dated to the early 2™
century CE.

Reflectance’s’ Analysis of Sungai Batu- SB1A

Figure 10(3a) shows that the result of spectra was taken in the open area which exposed
by the lighting, however (3b) shows the result of spectrawas taken under the roof in site
SB1A. Theresult shows the spectra value in an open areais higher than spectravauein

under roof.
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Figure 10 (3a) and (3b): Typical spectral reflectance characteristic for ancient brick in
site SB1A - an ancient jetty that believed established early of the 2™ century CE

Sungai Batu- SB2A

In site SB2A, the reflectance’s test is of clay and iron (iron smelting kiln) as shown in
Figure 11. In this site, CGAR was found an iron smelting industry structure used from 1%
century CE. Besides, thousands of pieces of iron ore and iron slag, there are also alarge
number of clay pipes which used to blow air into the iron smelting furnaces. The latest
findings from PPGA is ancient jetty in site SB2 namely SB2E which continuously from
the ancient jetty at SB1A.

Figure 11: Sample; Iron that used for reflectance’s test in site SB2A
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Reflectance’s’ Analysis of Sungai Batu- SB2A

In site SB2A different spectral signatures of the materials were taken which ancient clay
and iron in the same area; iron smelting kiln site from 1 Century CE. Theresult showsin
diagram 4a and 4b Figurel2, the spectra value of iron is lower than spectra value of
ancient brick in the same area.
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Figure 12 (4a) and (4b): Typical spectral reflectance characteristic for iron in site SB2A

- iron smelting kiln used from 1% century CE

Reflectance’s’ Analysis of Sungai Batu- SB2E
In site SB2E as display in Figure 13, the result of reflectance’s test over sample ancient
brick as shown in Figure 14.
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Figure 13: the ancient clay that used for reflectance’s test in site SB2E- ancient jetty
continuously from ancient jetty at site SB1A
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Figure 14: Typical spectral reflectance characteristic for ancient brick in site

SB2E

RESULT

Figure 15 shows the comparison of the spectra value after average al the wavelength
index between iron, clay, and granite in two different locations of Lembah Bujang and
Kompleks Sungai Batu. The result shows that ancient brick to be more reflective than
granite and iron.
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Figure 15: Comparison Reflectance Results between Iron, Ancient Brick and Granite

CONCLUSION

The study found that the reading of wavelength in al samplesin two different location
are 900nm and above. Here we can assumethat all the shrines properties magnitude length
is situated in 700-1400 nm-wavelength of near-infrared radiation. Secondly, there are
possible reading errors may arise due to the inability of the measuring the samples to
properly compareto the reflectance curved and the flat surface either dueto the difference
in the relative area or by the sample properties laid by the ground and not be clean before
the test or due to inconsistent lighting such as vegetations or weather condition when the
sample istaken.

Moreover, it was proved that Spectroradiometer measurements can be used as an
alternative approach in order to identify archaeological properties since they can provide
accurate spectral signaturesfor awide spectral region. Anomalies of the shrines properties
spectral signatures, for instance, can be recorded in detail and contribute to the
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construction of a predictive archaeological model in the future. Furthermore, thisstudy is
efficient for any potential researcher to combine this spectral signature and satellite
imagery in order to detect archaeological relics in the area because it highlights the high
correlation of spectral response of archaeological material and local geological
formations in the area.
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