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Lampiran A

Abstract

Digital elevation model (DEM) generation from stereo images is an effective and economical
method in topography mapping. This study used the stereo pair methodology to generate the
digital elevation model (DEM) from PRISM (Panchromatic Remote-Sensing Instrument
Satellite) sensor which is onboard of ALOS (Advanced Land Observing Satellite). The pair of
forward-backward is used as stereoscopic imagery in this study. Ten ground control points
(GCPs) are collected with residual error 0.49 pixels to generate an absolute DEM. This
generated DEM with 2.5m spatial resolution is then matched with the 90m spatial resolution
of SRTM (Space Shuttle Radar Topography Mission) DEM to compare the resuit. Although
SRTM-DEM has a much courser resolution, the positional accuracy of the matching is found.
The difference of the height from the mean sea level (MSL) between the SRTM-DEM and
the PRISM-DEM is analyzed and the correlation between the two DEMs is R2=0.8083. The
accuracy of the DEM generated is given by the Root-Mean-Square Error (RMSE) value of
0.8991 meter. Besides that, the generated DEM data also will be used for the ATCOR3
analysis. In the air quality studies, the key issue in retrieving atmospheric reflectance from
remotely sensed data is to identify the surface reflectance. In this study, the surface
reflectance was created using ATCOR3 associated with the accurate DEM data. The
atmospheric reflectance was obtained by subtracting the reference reflectance from the total
reflectance observed by the digital images. And then the atmospheric reflectance can be
related to the particles measuring 10um or less (PM10) by using the regression algorithm
analysis. Then the retrieved atmospheric reflectance values are used for regression analysis
to determine the relationship between atmospheric reflectance and PM10 concentration.

Abstracts

Penjanaan Model Ketinggian Berdigit (DEM) daripada imej stereo merupakan satu kaedah
yang berkesan dan ekonomi dalam pemetaan topografi. Kajian ini menggunakan metodologi
pasangan stereo bagi menjanakan DEM daripada pengesan PRISM (Panchromatic Remote-
Sensing Instrument Satellite) yang terletak di dalam satelit ALOS (Advanced Land
Observing Satellite). Pasangan maju ke hadapan dan ke belakang digunakan sebagai imej
stereoskopik di dalam kajian ini. Titik kawalan bumi (GCP) diambil dengan ralat 0.49 piksel
untuk menjanakan satu DEM muktlak. DEM yang dijanakn dengan peleraian ruang 2.5
meter dibandingkan dengan DEM SRTM (Space Shuttle Radar Topography Mission) yang
mempunyai peleraian ruang 90 meter. Walaupun DEM-SRTM mempunyai peleraian ruang



yang lebih rendah tetapi perbandingan kejituan posisi didapati. DEM dianalysis dan korelasi
di antara kedua-dua DEM adalah R?=0.8083. Kejituan bagi DEM yang dijanakan diberikan
oleh nilai Sisihan Punca Min Kuasa Dua (RMSE), 0.8991. Selain itu, DEM yan dijanakan
digunakan untuk kegunaan analysis ATCOR3. Dalam kajian kualiti udara, kunci utama
dalam pendapatan pantulan atmosfera daripada data penderiaan jauh adalah penentuan
pantulan permukaan. Dalam kajian ini, pantulan permukaan adalah dijanakan dengan
menggunakan ATCOR3 dengan bantuan kejituan data DEM. Pantulan atmosfera didapatkan
dengan menolakkan pantulan rujukan daripada jumlah pantulan bagi imej digital. Kemudian
nilai pantulan atmosfera yang didapati bolehkan kaitkan dengan partikel bersaiz 10um atau
kurang (PM10) dengan menggunakan analysis algoritma regresi. Nilai pantulan atmosfera
yang didapati adalah digunakan untuk analysis regresi bagi menentukan hubungan antara

pantulan atmosfera dan kepekatan PM10.



Lampairan B

L. INTRODUCTION

A Digital Elevation Model (DEM) is digital data in which each point represents X-, Y- and
Z- coordinates or latitude, longitude and height describing the bare soil. Extraction of
accurate DEMs is important for flood planning, map generation, three-dimensional GIS,
erosion control, environmental monitoring and others. The accuracy of DEMs based on
space images is mainly depending upon the image resolution, the height-to-base-relation
and the image contrast. Currently, several different technologies are being used to generate
large area DEMs at various resolutions and accuracies, each with their own various
resolution and limitation.

One main application of SAR is the generation of Digital Elevation Models (DEM). The
Shuttle Radar topography Mission (SRTM) is widely considered to be the most successful
SAR mission up to date. The DEM of almost global coverage derived from data gathered
during this mission are still used as elevation model for many applications in various fields
such as geoscience and civil engineering. However, the spatial grid of the DEM is about 30
m or 90 m, which hinders detail analysis.

DEM generation requires many processing steps such as camera modeling, stereo
matching, editing, interpolating and so on. All these steps contribute to the quality of DEM.
Among all the steps, stereo matching is crucial to the accuracy and completeness of a DEM.
Stereo matching is a process of finding conjugate points in a stereo image pair. A number of
publications regarding stereo matching techniques for various applications have been
published.

With the strong advantage in providing high resolution of 2.5m with three indebendent
optical systems in viewing forward, nadir and backward that provides along-track
overlapping images, PRISM sensor on-board ALOS (Advanced Land Observation Satellite)
is capable to provide along-track stereoscopic imagery. PRISM is a panchromatic radiometer
with a wavelength of 0.52um to 0.77pum and 2.5m spatial resolution. Its high resolution of
2.5m has a good potential for 1:25,000 scale maps.

The nadir view telescope provides a swath of 70km width while the forward and backward
view telescope provide a swath of 35km. The forward and backward view telescopes are
inclined by +24° from nadir to realize a base to height ratio of one at an orbital altitude of
692km.

This paper describes DEM generation method from ALOS-PRISM stereo pair imagery
and evaluates the accuracy of generated ALOS-DEM by comparing it to SRTM-DEM of 90m
spatial resolution (Figure 1). The SRTM obtained elevation data on a near global scale (80%



of the land mass) to generate the most complete high resolution digital topographic database
of Earth. It consists of a specially modified radar system that flew onboard the Space Shuttle
Endeavour during an 11day mission in February 2000. Data in a resolution of 90m at the
Equator is freely provided for most of the planet. The generated DEM was used in ATCOR3
to generate the surface reflectance map using elevation data. It considers the slope and
aspect images to retrieve accurate surface reflectance values over high mountain terrain.
The satellite observation signal was the sum of the surface reflectance and atmospheric
reflectance. We used ATCORS3 in the image processing software to create a surface
reflectance image. The reflectance measured from the satellite [reflectance at the top of
atmospheric, p(TOA)] was subtracted by the amount given by the surface reflectance to
obtain the atmospheric reflectance. And then the atmospheric reflectance was related to the
particulate matters of size less than 10 micron (PM10) using the regression algorithm
analysis. The PM10 map was generated using the proposed algorithm. This produced a
smoother goecoded image to reduce the random noise. The generated map was colour-

coded for visual interpretation.

Specific objectives of this research grant are:
* To determining attributes of terrain over Penang Island.
» To finding the features of the terrain and to estimate the slope and aspect.
* To determine the air quality from satellite images using ATCOR3 associated with the
DEM data.




Figure 1: SRTM-DEM.

II. METHODOLOGY

In many DEM generation approaches, there is considerable user interaction. This is
especially true for topographic mapping, where obtaining specified height accuracies and
sufficient point distributions is very important. Such operator effort may include isolating
exclusion area such as forest, building or water, and also collecting the tie points and control
points. Such process may need manually operated. Another process that can require
considerable operator interaction is error checking.

For all of the processing stages used, investigations will be performed and one or more
possible methods will be carried out. Such processes include:

Pre-processing

GCPs / Tie points collection
Epipolar generation

DEM generation

S e

Validation
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The processes start with the pre-processing by extracting the stereo pair of raw PRISM
imagery into the project and correct it with radiometric correction. Then, start to collect tie
points and ground control points. It is essential to collect tie points because a tie point is a
feature that can clearly identify in two or more images and can be selected as a reference
points. It identifies how the images in the project relate to each other and compute a
transformation with ground control points to improve the fit between the images when the
corresponding project is using Rational Function math models which have to import Rational
Polynomial Coefficient. While collecting ground control points is to derive elevation
information from the stereo set. When the DEM generation process is done, the accuracy of
the result will be investigated and the image matching method will be studied.

In order to validate the result, an airborne LIDAR DEM data or GPS elevation data will be
used. The accuracy assessment will be done and finding the potential in correlating the
airborne LiDAR DEM data and PRISM-DEM stereoscopic generated data.

The advent of high resolution sensor like ALOS-PRISM offers the opportunity to derive
DEM in more detail, at least for certain kind of terrain. The participants of the project shall

carry out the DEM generation.

11



The process flow chart is as below:

/ Stereoscopic image /L_> Pre-processing

B

v

Initial setting

Y

Collecting and generating ground control points and tie points

A

Generating epipolar images

v

DEM generation

Result No
acceptable?

Yes

Validation with ground truth data and LIDAR DEM

No

Result
accurate?

l Yes

DEM map

The imagery of ALOS-PRISM was used to generate the elevation. The forward-
backward pair used in this paper is shown in Figure 2 and Figure 3.
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Figure 2: Forward-viewing imagery.



Figure 3: Backward-viewing imagery.

In DEM generation process, PCI OrthoEngine software was used. It supports the reading
of different satellite data, GCP collection, geometric modeling, orthorectification, image
matching, DEM generation and so on. Different correction methods are provided in the
software. However, the rational polynomial function method wasis selected to be used in the
processing.

During epipolar generation process forward view imagery was used as left stereo pair
while the backward viewing imagery was used as right stereo pair. To define the relationship
between the two stereo imageries the GCP points play important role. 10 GCP points were
collected in the pair of tile imagery, with residual error of 0.49 pixels. The generated DEM is
absolute in the sense that the horizontal and vertical reference systems are tied to geodetic
coordinates. The generated GCPs must be checked and corrected to reduce the parallax
error. The epipolar geometry was calculated and generated automatically by the software. It
is important to re-project the stereo pair so that the left and right images have a common
orientation, matching feature between the images appear along the x-axis. It helps to reduce

the possibility of incorrect matches. The last step is generating the DEM.



After generating the PRISM-DEM, the result was then match with SRTM-DEM to find the
positional accuracy. Next, a comparison between PRISM-DEM and the SRTM-DEM was
made by taking 30 ground points randomly to obtain the elevation from both DEMs. The
accuracy was found through plotting the correlation graph between the data of SRTM-DEM
and of PRISM-DEM.

lll.  RESULTS AND DISCUSSION

PRISM-DEM was generated from the forward-backward viewing pair by using 10 GCPs
with the residual error of 0.49 pixels. The generated PRISM-DEM is shown in Figure 4.
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Figure 4: Generated PRISM-DEM.

Validation analysis was carried out to determine the accuracy of PRISM-DEM by
comparing the elevation data to SRTM-DEM. The height distribution between PRISM-DEM
and SRTM-DEM has few differences in meters.




The correlation between the two DEMs data was analyzed as well. 30 control points
were collected to plot the graph with linear regression. The graph gives a correlation of R? =

0.8083 as shown in Figure 5 and the RMSE (root mean square error) of 0.8991meter.
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Figure 5: SRTM-DEM data vs. PRISM-DEM data.

In this study, the sea area was set to a constant value to improve the model. The sea
area often gives misleading elevation values. However, the study will be continued and the
problem of misleading elevation values will be studied in future.

Besides that, the generated DEM data also will be used for the ATCOR3 analysis. This is
very important analysis because the quality of the DEM and the ortho-rectification has a very
large influence on the radiometric processing. Atmospheric Correction (ATCOR 3) is
available as an add-on to the Advanced Optical package. Variations in the earth's
atmosphere and rugged terrain modify the "true" spectral characteristics of satellite imagery.

Atmospheric correction with ATCORS is a radiometric processing program which derives
surface reflectance and temperature from satellite imagery by atmospheric and topographic
correction. It eliminates atmospheric and illumination effects to ensure that you receive the

most from your imagery.



In the air quality studies, the key issue in retrieving atmospheric reflectance from
remotely sensed data is to identify the surface reflectance. In this study, the surface
reflectance will be created using ATCORS3 associated with the accurate DEM data. The
atmospheric reflectance will be obtained by subtracting the reference reflectance from the
total reflectance observed by the digital images. And then the atmospheric reflectance can
be related to the PM10 by using the regression algorithm analysis. Then the retrieved
atmospheric reflectance values are used for regression analysis to determine the
relationship between atmospheric reflectance and PM10 concentration.

Many researchers have been carried out to monitor particulates air pollution for taking
actions to prevent it from becoming more serious [Ung, et al., 2003]. The problems of these
particulates air quality monitoring techniques are not continuous and real time monitoring. It
can be used for record purpose but not for alarming purpose to prevent any accident from
happening.

A new algorithm was developed for detecting and mapping air pollution levels using the
remotely sensed images. The algorithm is based on the atmospheric aerosol characteristic
model and this, in turn can be related to the air pollutants concentration. The selected
parameter is particulate matter less than 10 micron (PM10). In-situ measurements of
corresponding air pollution parameters are carried out simultaneously with the acquisition of
remotely sensed data using a DustTrack Meter 8520. Atmospheric radiation is measured
using a handheld spectroradiometer. These in-situ measurements are then used as the
dependent variables in deriving the air quality information using the digital camera data. The
objective of this study is to test the potential of using remote sensing and image processing
technique. This method is designed to detect particulates air pollution in the environment.

The atmospheric reflectance due to molecule, Rr, is given by (Liu, et al., 1996)

_17,P,(0)
4, (1)

R

r

where

1r = Rayleigh optical thickness
Pr(@) = Rayleigh scattering phase function
pv = Cosine of viewing angle

us = Cosine of solar zenith angle



We assume that the atmospheric reflectance due to particle, Ra, is also linear with the Ta
[King, et al., (1999) and Fukushima, et al., (2000)]. This assumption is valid because Liu, et

al., (1996) also found the linear relationship between both aerosol and molecule scattering.

7,5, (©)
4, 2)

B =

a

where

ta = Aerosol optical thickness

Pa( 9) = Aerosol scattering phase function

Atmospheric reflectance is the sum of the particle reflectance and molecule reflectance,
Ratm, (Vermote, et al., (1997).

Ratm=Ra+Rr (3)
where

Ratm=atmospheric reflectance

Ra=particle reflectance

Rr=molecule reflectance

Ralm = [Tﬂpﬂ (e) + Tr})r (6):|
4, AR,

Ry =——[r,P,(@) +7,P,(©)]
4it, i, @)

The optical depth is given by Camagni and Sandroni, (1983), as in equation (5). From the
equation, we rewrite the optical depth for particle and molecule as equation (6)

T =0ps (5)

where
T = optical depth
o = absorption

s = finite path



el ] T (Camagni and Sandroni, 1983)

7, =0,p0,8 (6a)

Tp = Oppps (Gb)

Equations (6) are substituted into equation (4). The result was extended to a three bands
algorithm as equation (7) Form the equation; we found that PM10 was linearly related to the
reflectance for band 1 and band 2. This algorithm was generated based on the linear
relationship between 1 and reflectance. Retalis et al., (2003), also found that PM10 was
linearly related to T and the correlation coefficient for linear was better that exponential in
their study (overall). This means that reflectance was linear with PM10. In order to simplify
the data processing, the air quality concentration was used in our analysis instead of using
density, p, values.

= [0,p,5P.(©) +,p,5P,(©)]

5 v

Ryp =——0,0,P,(©)+0,p,P.(©)]
4uu

s v

N

Ruw(A) = [0, (4)PP,(©,4) +0,(4)GP.(©,4)]

sy

S

B k)= [0,(4,)PP,(©,4,) +0,(4,)GP.(©, 4,)]

s :

P = aORamz (/11) i alRaml (2'2) (7)

where
P = Particle concentration (PM10)
G = Molecule concentration

Ratmi = Atmospheric reflectance, i = 1 and 2 are the band number

aj = algorithm coefficients, j = 0, 1, 2, ... are then empirically determined.

Landsat TM satellite data set was selected corresponding to the ground truth
measurements of the pollution levels. The PClI Geomatica version 10.1 image processing
software was used in all the analyses. The Landsat TM 5 satellite images were acquired on
15th February 2001 (Figure 6), 17th January 2002 (Figure 7), 6th March 2002 (Figure 8) and
5th February 2003 (Figure 9).



Raw digital satellite images usually contain geometric distortion and cannot be uséd
directly as a map. Some sources of distortion are variation in the altitude, attitude and
velocity of the sensor. Other sources are panoramic distortion, earth curvature, atmospheric
refraction and relief displacement. So, to correct the images, we have to do geometric
correction. After applying the correction, the digital data can then be used for other
processing steps. Image rectification was performed by using a second order polynomial
transformation equation. The images were geometrically corrected by using a nearest
neighbour resampling technique. Sample locations were then identified on these geocoded
images. Regression technique was employed to calibrate the algorithm using the satellite
multispectral signals.
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Figure 6: Raw Landsat TM satellite image of 15th February 2001.



WA SOESTE eI E R IAr R GO Y HOIREE NArgIeiE Arbn R

FEN

yiers |

wwmn |

WTnEN

M

it

Figure 7: Raw Landsat TM satellite image of 17th January 2002.

ek

(AIIRE  PEET RO M IORY NI IOERIE e

v
e f s
LE L]
viren v
]
e
waean i
wEnEw

e B

wirn

)
1
i

21



Figure 9: Raw Landsat TM satellite image of 5th February 2003.

It should be noted that the relfectance values at the top of atmosphere is the sum of
the surface reflectance and atmospheric relfectance. The signals measured in each of these
visible bands represent a combination of surface and atmospheric effects, usually in different
proportions depending on the condition of the atmosphere. Therefore, it is required to
determine the surface contribution from the total reflectance received at the sensor. The
retrieval of surface reflectance is important to obtain the atmospheric reflectance in remotely
sensed data and later used for algorithm calibration. An algorithm was developed based on
the aerosol properties to correlate the atmospheric reflectance and PM10. In order to obtain
the surface reflectance values, ATCORS, in the PClI Geomatica version 10.1 digital image
processing software was used in this study. ATCORS generates a surface reflectance map
using elevation data. It considers the slope and aspect images to produce an accurate
retrieval of surface reflectance values over high mountain terrain. ATCORS3 is useful to
evaluate surface reflectance values in 3D because the digital elevation model (DEM) must
be used to generate the surface reflectance map. Therefore, in this study, the reference
DEM model was used to retrieve the LST. In addition, ATCOR3 also has a built-in function
for atmospheric correction, which is available for visible bands Landsat data. The user must
provide the input layer with specific visibility parameters to perform the atmospheric
correction. The other input parameters required are the data acquisition and solar azimuth

and solar zenith angles. All of these input parameters may be obtained from the header file



of satellite imagery. For the visibility of satellite images obtained from Penang, Malaysia
Forecast Weather Underground (http://www.wunderground.com/global/stations/48601/htm)
was used. The supported sensors that retrieved surface reflectance values by ATCOR3 T
are Landsat -4/5 TM (band 6), Landsat-7 ETM+ (band 6) and ASTER (band 13). In this
study, a simple form of the equation was used in this study (Equation 11). This equation also

used by other research in their study (Popp, 2004).

Rs— TR, = Ram (10)
Rs — R, = Raim (11)
where:

Rs = reflectance recorded by satellite sensor

Rr = reflectance from surface references

Ratm = reflectance from atmospheric components (aerosols and molecules)

T = transmittance

It should be noted that the relfectance values at the top of atmosphere was the sum of
the surface reflectance and atmospheric relfectance. In this study, we used ATCOR2 image
correction software in the PCl Geomatica 10.2 image processing software for creating a
surface reflectance image. And then the reflectance measured from the satellite [reflectance
at the top of atmospheric, p(TOA)] was subtracted by the amount given by the surface
reflectance to obtain the atmospheric reflectance. And then the atmospheric reflectance was
related to the PM10 using the regression algorithm analysis (Equation 7). In this study,
Landsat TM signals were used as independent variables in our calibration regression
analyses. The atmospheric reflectances for each band corresponding to the ground-truth
locations were determined. The atmospheric reflectance were determined for each band
using different window sizes, such as, 1 by 1,3 by 3,5 by 5, 7 by 7, 9 by 9 and 11 by 11. In
this study, the atmospheric reflectance values extracted using the window size of 3 by 3 was
used due to the higher correlation coefficient (R) with the ground-truth data. The extracted
atmospheric reflectance values were regressed with their respective ground -truth data and
the proposed algorithm to obtain the regression coefficients. PM10 maps for all the images
were then generated using the proposed calibrated algorithm and filtered by using a 3 x 3
pixel smoothing filter to remove random noise.

The data points were then regressed to obtain all the coefficients of equation (7). Then
the calibrated algorithm was used to estimate the PM10 concentrated values for each image.
The proposed model produced the correlation coefficient of 0.8 and root-mean-square error

16 ug/m3. The PM10 maps were generated using the proposed calibrated algorithm. The



generated PM10 map was colour-coded for visual interpretation [Landsat TM 5 - 15th
February 2001 (Figure 10), 17th January 2002 (Figure 11), 6th March 2002 (Figure 12) and
5th February 2003 (Figure 13)]. Generally, the concentrations above industrial and urban

areas were higher compared to other areas.
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Figure 10: Map of PM10 around Penang Island, Malaysia-15/2/2001 (Blue < 40 ug/m?®,
Green = (40-80) ug/m®, Yellow = (80-120) pg/m®, Orange = (120-160) pg/m®, Red = (>160)
ug/m® and Black = Water and cloud area).
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Figure 11: Map of PM10 around Penang Island, Malaysia-17/1/2002 (Blue < 40 pg/m?®,

Green = (40-80) ug/m?®, Yellow = (80-120) pug/m?®, Orange = (120-160) pg/m®, Red = (>160)
ug/m® and Black = Water and cloud area).
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Figure 12: Map of PM10 around Penang Island, Malaysia-6/3/2002 (Blue < 40 pg/m®, Green

= (40-80) ug/m?®, Yellow = (80-120) pg/m?, Orange = (120-160) ug/m®, Red = (>160) ug/m®
and Black = Water and cloud area).
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Figure 13: Map of PM10 around Penang Island, Malaysia-5/2/2003 (Blue < 40 pg/m®, Green
= (40-80) ug/m°, Yellow = (80-120) pg/m®, Orange = (120-160) pg/m®, Red = (>160) ug/m®
and Black = Water and cloud area).

IV. CONCLUSION

This paper describes DEM generation from forward-backward viewing stereoscopic pair
of ALOS-PRISM using commercial software PCI OrthoEngine. The stereo pair data can be
used to generate DEM with high spatial resolution of 2.5 meter. Visual observation result
shows that it has a smooth elevation pattern. However, the sea area provides misleading
elevation and it is still under research process. This study indicates that Landsat TM satellite
data can provide very useful information for estimating and mapping air pollution. The
proposed algorithm is considered superior based on the values of the correlation coefficient,
R=0.8 and root-mean-équare efror, RMS=16 pg/;ne‘. This technique has been proved to be
reliable and cost effective for such environmental study. Further study will be carried out to

verify the results.
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V. GOVERNMENT AND INDUSTRIAL RELATION

In upholding national aspiration in sculpturing universities into a dynamic knowledge

center that not only able to produce high qualified graduates but also excel in its research
and development, we have raises our effort in reaching to the horizon through established
collaboration with various external agencies such as government institution and industries.
A the v'ery early stage of this research, we have extended our interest to collaborate with
national Space Agency (ANGKAS). We will proceed with official research agreement and
collaboration with ANGKASA once all the research methods and facilities are in place since
currently the research is still within lab procedures in identifying air quality parameters at
several location of Peninsular Malaysia. Our objective here is to be able to tackle the real
issues related to air pollution in Malaysia and to utilise our funding from government of
Malaysia to enhance our expertise and to deliver its benefit back to the nation.

Besides collaborating on research ground, we are also developing and promoting our
training materials on experimental optics such as on the applications of spectroradiometer
and PCl Geomatica software. The target participants are among government researchers
and industrial (technical) personnel. We have successfully conducted 10 days training for a
group of ANGKASA technical personnel on “Short Courses on Research using
Spectroradiometer”. In this course we have trained the participants on the application of
spectrometer using ASD and JAZ (purchased using EScience Fund) spectrometer system.
Besides, we have produced our own tutorial module for PCl Geomatica training on
introductory basis and currently this module is distributed internally. Further effort is
continuously being made in upgrading the module with the hope it can support the need
among optical industries especially in Penang to upgrade their technical expertise. This
effort is being made through collaboration with USAINS Group, Universiti Sains Malaysia..

Currently, the training is conducted for undergraduate and postgraduate students.
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Figure 14: USM-ANGKASA Training on Spectroradiometer.

References

Asmala Ahmad, Mazlan Hashim, (2002). Determination of haze using NOAA-14 AVHRR
satellite data, [Online]
available: http://www.gisdevelopment.net/aars/acrs/2002/czm/050.pdf.

Camagni, P. and Sandroni, S. (1983) Optical Remote sensing of air pollution, Joint Research
Centre, Ispra, Italy, Elsevier Science Publishing Company Inc.

CropCam, 2006, A new altitude in agriculture. Available online:
http://www.cropcam.com/benefits.htm.

Fukushima, H., Toratani, M., Yamamiya, S. & Mitomi, Y. (2000). Atmospheric correction
algorithm for ADEOS/OCTS acean color data: performance comparison based on
ship and buoy measurements. Advances in Space Research, 25(5), 1015-1024.

~ King, M. D., Kaufman, Y. J., Tanre, D., & Nakajima, T. (1999). Remote sensing of
tropospheric aerosols from space: Past, present, and future. Bulletin of the American
Meteorological Society, 80, 2229-2259.

Lim, H. S., M. Z. MatJafri, K. Abdullah, N. M. Saleh and C. J. Wong, 2006, The relationship
between air pollution and satellite data from OCTS, Proceeding of the SPIE Defense
& Security Symposium 2006, Volume 6233.

30



Liu, C. H., Chen, A. J. and Liu, G. R. (1996) An image-based retrieval algorithm of aerosol
characteristics and surface reflectance for satellite images, International Journal Of
Remote Sensing, 17 (17), 3477-3500.

Kaufman, Y. J., D. C, Tanre, H. R. Gordon, T. Nakajima, J. Lenoble, R. Frouins, H.
Grassl, B. M. Herman, M. D. King and P. M. Teillet, 1997, Passive remote sensing of
tropospheric aerosol and atmospheric correction for the aerosol effect. Journal of
Geophysical Research, 102 (D14):16,815-16,830.

Quaidrari, H. dan Vermote, E. F., (1999) Operational atmospheric correction of Landsat TM
data, Remote Sensing Environment, 70, 4-15.

Retalis, A., Sifakis, N., Grosso, N., Paronis, D. and Sarigiannis, D. Aerosol optical thickness
retrieval from AVHRR images over the Athens wurban area, [Online]
available:http://sat2.space.noa.gr/rsensing/documents/IGARSS2003_AVHRR_Retali
setal_web.pdf.

Ung, A., Wald, L., Ranchi, T., Weber, C., Hirsch, J., Perron, G. and Kleinpeter, J. 2003. Air
pollution mapping: relationship between satellite-made observation and air quality
parameters. Procceding of the 12th International Symposium <Transport and Air
Pollution>, Avignon, 16-18 June 2003, France, p.p. 105-112, [Online]
available: http://lwww-
cenerg.cma.fr/Public/themes_de_recherche/teledetection/title_tele_air/title_tele _air _p
ub/air_pollution_mappin4043.

Vermote, E. and Roger, J. C., 1996, Radiative transfer modeling for calibration and
atmospheric correction, Advances in the Use of NOAA AVHRR Data for Land
Applications, 49-72.

31



Lampiran C

1. H.S. Lim, M. Z. MatJafri, K. Abdullah and N. Mohd. Saleh, 2008, Regional monitoring of
CO using ground based instrument over Penang Island, Malaysia, Proceeding of the 2™
International Conference on Health GIS 2008, Bangkok, Thailand, p.p. 187 — 190,
editor, Nitin Kumar Tripathi.

2. H.S.Lim, M. Z. MatJafri, K. Abdullah and N. Mohd. Saleh, 2008, A ground based aerosol
optical thickness (AOT) monitoring Over USM Campus, Malaysia, Proceeding of the 2™
International Conference on Health GIS 2008, Bangkok, Thailand, p.p. 191 — 194,
editor, Nitin Kumar Tripathi.

3. H.S.Lim, M. Z. MatJafri, K. Abdullah and N. M. Saleh, 2008, Spatial estimations of PM10
using Interpolation techniques over Penang Island, Proceeding of the 2" International
Conference on Health GIS 2008, Bangkok, Thailand, p.p. 195 — 197, editor, Nitin Kumar
Tripathi.

4, H. S. Lim, M. Z. MatJafri, K. Abdullah, N. Mohd. Saleh and H. G. Ng, 2008, Air quality
mapping using remote sensing technique over Penang, Malaysia, Proceeding of the
International Conference on Environmental Research and Technology 08 (ICERT
08), Penang, Malaysia. p.p. 702 — 706.

5. H.S.Lim, M. Z. MatJafri, K. Abdullah, A. N. Alias, J. M. Rajab and N. Mohd. Saleh, 2008,
Algorithm for PM2.5 Mapping Over Penang Island, Malaysia using SPOT satellite data,
Proceeding of the 5" International Conference Computer Graphics, Imaging and
Visualization (CGIV08), Penang, Malaysia. p.p. 385 — 388.

6. H.S. Lim, M. Z. MatJafri K. Abdullah, K. C. Tan, C. J. Wong and N. Mohd. Saleh, 2008,
Remote sensing retrievals from SPOT measurements of aerosol over Penang lIsland,
Malaysia, Proceeding of the the SPIE Europe Remote Sensing 2008, University of
Wales Institute, Cardiff, Wales, United Kingdom. Volume 7109, Image and Signal
Processing for Remote Sensing XIV, edited by Lorenzo Bruzzone, Claudia Notarnicola,
Francesco Posa, 71090Y, Digital Object Identifier:10.1117/12.800166.

7. H.S. Lim, M. Z. MatJafri, K. Abdullah, K. C. Tan, C. J. Wong and N. Mohd. Saleh, 2008,
A satellite AOT derived from the ground sky transmittance measurements, Proceeding of
the the SPIE Europe Remote Sensing 2008, University of Wales Institute, Cardiff,
Wales, United Kingdom. Volume 7110, Remote Sensing for Environmental Monitoring,
GIS Applications, and Geology VIII, edited by Ulrich Michel, Daniel L. Civco, Manfred
Ehlers and Hermann J. Kaufmann, 711019, Digital Object Identifier: 10.1117/12.800067.

8. A. N. Alias, M. Z. MatJafri, H. S. Lim, K. Abdullah and N. Mohd. Saleh, 2008, LIDAR
Surface Elevation and Digital Elevation Map (DEM) of the CALIPSO LIDAR Data over
Penang, Malaysia, Proceeding of the the SPIE Europe Remote Sensing 2008,



10.

1.

12.

13.

14.

15.

16.

University of Wales Institute, Cardiff, Wales, United Kingdom. Volume 7111, Lidar
Technologies, Techniques, and Measurements for Atmospheric Remote Sensing |V,
edited by Upendra N. Singh and Gelsomina Pappalardo, 71110F, Digital Object Identifier:
10.1117/12.800177.

A. N. Alias, M. Z. MatJafri, H. S. Lim, K. Abdullah and N. Mohd. Saleh, 2008, An Initial
Assessment of the CALIPSO LIDAR Data on Stratospheric Aerosol Backscatter
Coefficients over Penang, Malaysia, Proceeding of the SPIE Europe Security +
Defence, University of Wales Institute, Cardiff, Wales, United Kingdom. Volume 7114,
Electro-Optical Remote Sensing, Photonic Technologies and Applications Il, edited by
Gary W. Kamerman, Ove K. Steinvall, Keith L. Lewis, Thomas J. Merlet and Richard C.
Hollins, 71140U, Digital Object Identifier: 10.1117/12.800186.

H. S. Lim, M. Z. MatJafri, K. Abdullah, N. Mohd. Saleh, K. C. Tan, H. T. Teh, 2008, Air
Quality Mapping using Visible Remotely Sensed Imagery over Water Surface, Proceeding
of the 7" Annual Seminar on Science and Technology (S & T) 2008, Labuan, Sabah.
H. S. Lim, M. Z. MatJafri, K. Abdullah, J. M. Rajab, A. N. Alias and H. T. Teh, 2008,
Assessment of Urban Heat Island Effect over Penang City, Malaysia, Proceeding of the
International Conference on Environment (ICENV 2008), Penang, Malaysia.

H. S. Lim, M. Z. MatJafri, K. Abdullah, A. N. Alias, J. M. Rajab and K. C. Tan, 2008, CO
Monitoring over Penang Island, Malaysia, Proceeding of the International Conference
on Environment (ICENV 2008), Penang, Malaysia.

H. S. Lim, M. Z. MatJafri, K. Abdullah and N. Mohd. Saleh, 2009, Optimal estimation of
surface reflectance from Landsat TM visible and mid infrared data over Penang Island,
Proceeding of the World Academy of Science, Engineering and Technology, Volume
38, WCSET 2009: "World Congress on Science, Engineering and Technology",
Penang, Malaysia, Volume 38, Part 4, p. p. 705 — 707. Available Online:
http://www.waset.org/pwaset/v38/v38-118.pdf.

Jasim M. Rajab., M. Z. MatJafri, H. S. Lim and K. Abdullah, 2009, Satellite observed
distribution of atmospheric Ozone (O%) over Peninsular Malaysia from the Atmospheric
Infrared Sounder (AIRS), Proceeding of the Joint Programme 1°' Regional Conference
on Geo-Environmental and Geohazard in ASEAN & Waste Management Regional
Conference 2009 (WMRC 2009), Corus Hotel, Kuala Lumpur, Malaysia. p. p. 70 - 77.

C. E. Joanna Tan, M. Z. MatJafri, K. Abdullah and H. S. Lim, 2009, Generating Digital
Elevation Model (DEM) from ALOS-PRISM over Penang Island, Malaysia, Proceeding of
the Map Malaysia 2009, Equatorial Hotel, Penang, Malaysia.

H. S. Lim, M. Z. MatJafri, K. Abdullah, C. J. Wong and N. Mohd. Saleh, 2009, Aerosol
Optical Thickness (AOT) Data Retrieval Over Penang Island, Malaysia, Proceeding of the

33



17.

18.

19.

20.

21.

22,

23.

24,

2009 IEEE Aerospace Conference, Big Sky, Montana, USA. p.p. 1 — 6, Digital Object
Identifier 10.1109/AERO.2009.4839440.

C. J. Wong, M. Z. MatJafri, K. Abdullah and H. S. Lim, 2009, Temporal and Spatial Air
Quality Monitoring Using Internet Surveillance Camera and ALOS Satellite Image,
Proceeding of the 2009 IEEE Aerospace Conference, Big Sky, Montana, USA. p.p. 1 —
7, Digital Object Identifier 10.1109/AER0.2009.4839318.

C. J. Wong, M. Z. MatJafri, K. Abdullah and H. S. Lim, 2009, Determination of Aerosol
Concentration Using a Internet Protocol Camera, Proceeding of the 2009 IEEE
Aerospace Conference, Big Sky, Montana, USA. p.p. 1 — 7, Digital Object Identifier
10.1109/AER0O.2009.4839344.

C. J. Wong, M. Z. MatJafri, K. Abdullah and H. S. Lim, 2009, Determination of Particle
Concentration in the Air Using Digital SLR Camera, Proceeding of the SPIE Defense,
Security and Sensing, Orlando World Center Marriott Resort & Convention Center,
Orlando, Florida, USA. Volume 7334, Algorithms and Technologies for Multispectral,
Hyperspectral, and Ultraspectral Imagery XV, edited by Sylvia S. Shen and Paul E. Lewis,
733411, Digital Object Identifier:: 10.1117/12.820326.

C. J. Wong, H. S. Lim, M. Z. MatJafri, K. Abdullah and T. S. Chin, 2009, Temporal and
spatial air quality monitoring using internet protocol camera and Landsat satellite image,
Proceeding of the SPIE Defense, Security and Sensing, Orlando World Center Marriott
Resort & Convention Center, Orlando, Florida, USA.

H. S. Lim, M. Z. MatJafri, K. Abdullah, K. C. Tan, H. T. Teh and N. Mohd. Saleh, 2009, A
case study of global warming in Penang Island, Malaysia, Proceeding of the Map
Malaysia 2009, Equatorial Hotel, Penang, Malaysia.

N. Othman, M. Z. Mat Jafri, H. S. Lim and K. Abdullah, 2009, Air Quality Observation And
Mapping Over Bright Reflecting Desert Regions Using Remote Sensing Technique,
Proceeding of the Advanced Technology Congress (ATC) - Conference on Spatial
and Computational Engineering, SPACE Section (Proceeding in CD), Putra World
Trade Centre (PWTC), Kuala Lumpur, Malaysia.

C.E. Joanna Tan, M.Z Mat Jafri, H. S. Lim and K. Abdullah, 2009, Digital Elevation
Models (Dems) Generation From Stereo Images, Proceeding of the Advanced
Technology Congress (ATC) - Conference on Spatial and Computational
Engineering, SPACE Section (Proceeding in CD), Putra World Trade Centre (PWTC),
Kuala Lumpur, Malaysia.

H. S. Lim, M. Z. Mat Jafri, K. Abdullah, Faez M. Hassan and N. Mohd. Saleh, 2009,
Feasibility of Using Multi-band Imageries Captured by Cropcam Unmanned Aerial Vehicle

Autopilot for Land Cover Mapping, Journal of Materials Science and Engineering

34



25.

26.

USA, Vol 3, No. 12 (Serial 25), ISSN 1934-8959, David Publishing Company, USA. p.p.
26 - 31.

K. C. Tan, H. S. Lim, M. Z. MatJafri and K. Abdullah, 2010, Landsat data to evaluate
urban expansion and determine land use/land cover changes in Penang Island, Malaysia,
Springer, Environmental Earth Sciences, 60(7), p. p.1509-1521, ISSN: 1866-6280
(Print) 1866-6299 (Online), Available online:
http://www.springerlink.com/content/d00w220673408052/.  Digital Object Identifier:
10.1007/s12665-009-0286-z.

K. C. Tan, H. S. Lim, M. Z. MatJafri and K. Abdullah, 2010, Land Surface Temperature
Retrieval By Using ATCOR3_T and NDVI Methods in Penang Island, American Journal
of Applied Sciences, 7(5), p.p. 717-723. ISSN: 1546-9239 (Print), ISSN: 1554-3641
(Online), Available online: http://www.scipub.org/fulltext/ajas/ajas75717-723.pdf.

Chapter or Part of Book

27.

H. S. Lim, M. Z. MatJafri and K. Abdullah, 2010, Algorithm For Air Quality Mapping Using

Satellite Images, Air Quality, Publisher, SCIYO, Croatia, Editor: Ashok Kumar, ISBN 978-
953-307-131-2. p.p. 283 — 308.

35



Lampiran D

A DEM for the area of interest is necessary. The topographic effects strongly influence the
recorded signal. The processing eliminates the atmospheric/topographic effects and
generates surface data (reflectance, temperature) corresponding to a flat terrain. Problems
can arise in regions where the spatial resolution of the DEM is not adequate. Besides that,
the generated DEM data also will be used for the ATCORS3 analysis. This is very important
analysis because the quality of the DEM and the ortho-rectification has a very large influence
on the radiometric processing. Atmospheric Correction (ATCOR 3) is available as an add-on
to the Advanced Optical package. Variations in the earth's atmosphere and rugged terrain
modify the "true" spectral characteristics of satellite imagery. Atmospheric correction with
ATCORS3 is a radiometric processing program which derives surface reflectance and
temperature from satellite imagery by atmospheric and topographic correction. It eliminates

atmospheric and illumination effects to ensure that you receive the most from your imagery.

In the air quality studies, the key issue in retrieving atmospheric reflectance from remotely
sensed data is to identify the surface reflectance. In this study, the surface reflectance will be
created using ATCORS3 associated with the accurate DEM data. The atmospheric
reflectance will be obtained by subtracting the reference reflectance from the total
reflectance observed by the digital images. And then the atmospheric reflectance can be
related to the PM10 by using the regression algorithm analysis. Then the retrieved
atmospheric reflectance values are used for regression analysis to determine the

relationship between atmospheric reflectance and PM10 concentration.
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