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UTILIZATION OF IKONOS IMAGE AND SRTM AS ALTERNATIVE
CONTROL POINT REFERENCE FOR ALOS DEM GENERATION

Bambang Trisakti'?, Gathot Winarso', and Atriyon Julzarika'

Abstract. Digital Elevation Model (DEM) wos generated from Advonced Lond
Observation Satellite - The Ponchromatic Remote-Sensing Instrument for Stereo Mopping
(ALOS PRISM) stereo doto using imoge motching and collingor correlotion based on Leica
Photogrametry Suite (LPS) software. The process needs three dimension of Ground Control
Point (GCP) or Control Point (CP) XYZ os input data for collingar correlation to determing
exterior orientotion coefficient. The moin problem of the DEM generation is the difficulty
to obtain the accurote field meosurement GCP in mony oreos. Therefore, onother alternative
CP sources ore needed. The aim of this research was to study the possibility of (IKONOS)
imoge ond Shuttle Rador Topogrophy Mission (SRTM) X-C bond to be used os CP
reference for ALOS PRISM DEM generotion. The study orea wos Sragen ond Bondung
region. The DEM of goch study orea wos generated using 2 methods: generated using field
meosurement GCPs token by differentiol GPS ond generated using CPs from IKONOS
imoge (XY coordinat) ond SRTM for (Z elevoation). The generoted DEMs were compored.
The accuracy of both DEMs were gvaluated using onother field measurement GCPs. The
result showed thot the generoted DEM using CPs from IKONOS ond SRTM X-C hod
relatively some height pottern ond height distribution olong tronsect line with the DEM
using GCPs. The obsolute accurocy of the DEM using CPs was obout 60% - 80% less
accuracy comporing to the DEM using GCPs. This research showed that IKONOS imoge
ond SRTM X-C bond con be considered os good olternative CP source to generote high
accurocy DEM from ALOS PRISM stergo doto.
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1. Introduction According to thot reason, nowdays optical
stereo data is ong of the best choice to be
used for generating DEM based on satellite
doto.

ALOS is o Joponese sotellite lounched

DEM is o moin source to produce
informotion of lond topography. DEM con
be generated using some methods, such os:
interpolation of height point, interferometry

of Synthetic Aporture Rodor (SAR), ond
photogrametry of optical stereo doto
Recently, the development of satellite
technology, especially for optical sensor, is
very fost. Mony optical sotellite sensors
with high spatial resolution hove been
lounched from mony countries. Some of
them have copobillity to record stereo dota
(such os: ALOS, Coartosat, SPOT) for
producing high occuracy of DEM.

on Jonuary 24™ 2006. It is equipped by
PRISM, AVNIR ond PALSAR sensors.
PRISM is a ponchromatic rodiometer with
o wavelength of 0.52 to 0.77 ym ond 2.5 m
spatial resolution. It hos three telescopes
for forword, nadir ond backword views
enobling us to generate DEM with
occuracy sufficient for 1/25,000 scale
mops.
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The nodir view telescope provides a
swath of 70 km width, ond the forword ond
backword view telescopes provide o swath
of 35 km. The forward and backward view
telescopes ore inclined by +24 © from nodir
to realize o base to height ratio of one at on
orbital oltitude of 692 km (JAXA, 2006).

Research octivities reloted to DEM
generation from ALOS PRISM stereo dota
ond occurocy onolysis of the generated
DEM have been published in some popers
as shown in Toble 1. The DEMs were
generated bosed on imoge motching ond
colingar correlation method using some
imoge processing softwores such os:
Imogine, PCI ond so on. According to those
results, the occurocy of DEM generated
from ALOS is obout 2 - 6.5 m (Tobel 1).
We olso generated DEM from ALOS
stereo dota using Orthobose-Pro modul
from Imogine software (Trisokti ond
Pradona, 2007), the accuracy of the
generated DEM was about 6.5 m which
relatively some with previous resgorch
(Toble 1). It wos also known from the
reseorch thot the accuracy of the generated
DEM wos significontly offected by pixel
size, data level and occurocy of Ground
Control Point or Control Point (GCP/CP)
used in the process. In the DEM generation
process using Orthobase-Pro, it needs three
dimension GCP/CP of XYZ os input dato
for collingor correlation to determining
exterior orientation  coefficient. The
coefficients will be used to colculate
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ground spoace coordinote using spoce
forward intersection technique (Leica
Geosystems, 2002). So the higher accuroacy
of GCP/CP input results the higher
occuracy of generoted DEM.

The moin problem to generote accurote
DEM is the difficulty to obtoin occurote
GCP in the interest area. The accurate GCP
con be obtained by field meosurement
using differentiol GPS (Global Positioning
System). But in reality, the field
meosurement needs big efforts such as:
high cost for going to the location, high
cost for preporing the measurement devices
ond long timg for GCP measurement. So, it
should be thought onother CP reference to
fulfil the GCP needs for DEM generation
process. Google Eorth imoge or mop is
commonly used os olternotive geo-
reference for navigation ond olso for
geometric correction of sotellite imoge,
because it is eosy ond free to be obtoined
via internet connection. This program con
mop the eorth bosed on mony imoges
(satellite imoge, oirborne imoge, Globe GIS
3D ond so on) superimposed. Sotellite
imoges in the progrom ore consist of low
spatiol resolution image (MODIS), medium
spatiol resolution imoge (Londsot ond
SPOT) ond high spatial resolution imoge
(IKONOS, QuickBird). The high spatial
resolution 1imoge con identify objects
occuratelly, so it is suitoble to be used os
reference to find CP for ALOS PRISM
imoge.

Toble 1. The occurocy results of DEM from ALOS stereo data

Yeoar Satellite sensor Author Accurocy (m)
2006 ALOS PRISM JAXA <6.5m
2008 ALOS PRISM Bignone & Umokawa 2-5m
2008 ALOS PRISM Schneider &t al. 4m
2010 ALOS PRISM Geo Imoge Sm

The oim of this research was to study
the possibility of IKONOS imoge ond
SRTM X-C bond to be used as CP
reference  for ALOS PRISM DEM
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generation. The DEM of study orea wos
generated using 2 kinds of GCPs/CPs: (1)
using field measurement GCPs token by
differential GPS ond (2) using CPs from
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IKONOS imoge (XY coordinat) ond SRTM
for (Z elevation). The generated DEMs
were compored. The occuracy of DEMs
were examined by calculating RMSE (root
meon Square Error) between the generoted
DEMs ond onother figld measurement
GCPs.

2. Method

The study orea wos Srogen oreo in
Centrol Jova province ond Bondung orea in

West Java province which ore shown by
blue box in Figure 1. According to
topogrophy condition bosed on SRTM
DEM, Srogens orea hos topogrophy ronge
from obout 50 m to more than 500 m, ond
Bondung orea hos ronge from about 500 m
to more thon 2500 m in mountainous orgo.
The DEM was generoted using stereo pair
ALOS PRISM (Nadir ond Backward) level
1B2R with 2.5 m spatial resolution.
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Figure 1. Location of study orea

The method of this reseorch wos
divided into 3 stoges: 1) GCP/CP
collection, 2) DEM generotion, ond 3)
occurocy onalysis of the generated DEM.
In the first stoge, the whole PRISM nodir
imoge wos divided into 20 oreo using grid
ling, ond then each orea waos identified to
determing location of GCPs/CPs which
were located in shorp ond cleor object
such as, corner of the crossroad, the edge

of bridge, corner of the poddy ficld ect.
Besides, GCPs/CPs must be well
distributed in the whole imoge. Three
dimensional of XYZ field meosurement
wos conducted using differentiol GPS ot
goch locotion. On the other hond, threg
dimensional of XYZ were also collected
from IKONOS with 1 m spatiol resolution
(from Google Earth) for XY ond SRTM
X-C band (30 m spotiol resolution) for Z
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in goch location. Finally, it is obtained 21
GCPs ond 21 CPs for Srogen areo, but
for Bondung orea is only obtained 15
GCPs ond 20 CPs for Bondung oreo.
Distribution of 21 collected GCPs/CPs in
Srogen Area is shown in Figure 2. These
GCPs/CPs were used os input doto for
DEM gengeration process.

In the second stage, DEM wos
generated using the collected GCPs/CPs
from the first stage. The flowchart of DEM
generation process based on LPS modul of
Imogine software is shown in Figure 3.
The initial setting was done for selecting
appropriote sensor model i.e. Pushbroom
sensor Model, inserting sensor ond dota
choracteristic  such as:  focal length,
incidence ongle, pointing ongle, sensor
column, pixel size ond ground resolution
obtained from oncillary doto ond sotellite
choracteristic references. Next step wos to
build pyramid loyer by moking four levels
of stereo images; moster ond torget imoges
os shown in Figure 4. Stereo imoges in
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level 1 has full resolution, level 2 has 1/2,
level 3 has 1/4 ond level 4 hos 1/8 of the
original imoge resolution. In the imoge
matching process, correlation of master
ond torget imoges will be done groduolly
from level 4 (the lowest resolution) until
reaching level 1 (the originol resolution).
By doing the pyromid layer, the motching
process will be foster and the correlation of
moster ond torget imoges becomes higher.

The collected GCPs/CPs XYZ in the
first stoge were used os input dota in the
process. Bosed on 20-21 GCPs/CPs,
tronsformation equation were built ond
then it wos used to determing oround 50-60
Tie Points (TPs) automoatically. After thot,
the generated TPs were corrected ond then
converted to become CPs. Finally, the total
number of CPs thot used in the DEM
generation process becomes 77 CPs.
Previous research showed thot the errors
becomes stoble ond small, if we used CPs
more thon 60 (Trisokti €t al., 2009).

Figure 2. Distribution of 21 collected GCPs/CPs in Srogen areo
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Figure 4. Pyramid layer of four levels of imoges (Leica Geosystems, 2002)

triongulotion  process  using weighting point) must be adjusted to obtoin

collingar model was performed to estoblish
relation omong Xy points on imoge (pixel
coordinate) with XYZ coordinates on the
garth surfoce (ground coordinate) ond olso
the sensor  chorocteristics. In  the
triongulation process, some porometers
(such os: eorth curvoture, iterotion ond

correlotion with error less thon 0.5 pixel.
The lost step wos imoge motching
between master ond torget imoges to obtain
relief  displacement  (porollox).  This
technique correlated orea or pixel in moster
imoge with some oreo or pixel in torget
imoge bosed on grey volue similority of
pixel. It wos assumed thot the some orga or
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pixel on the stereo imoge had the higher
coefficient correlation shown by Equotion
(1) thon other oreas or pixels (Leica
Geosystems, 2002). Finally, the porallox
wos used to colculote elevation of goch
pixel using developed formulation from
triongulation process shown in Figure 3.

N lgy(epr ) - g llgsles ry) — ool
P - kit (1)
sz,n-,.r,} Yl r) Bl
with,
a %Zglt"rrll & }]z-'w':“': r3)
where,
p = Coefficient correlation
g(c,r) = Grey value of pixel (c,r)
¢;,I1 = Pixel coordinate of moster
imoge
cp,I; = Pixel coordinate of Torget image
n = Total pixel number in the

window

In the third stoge, the accurocy of
generated DEM  wos  evoluated by
calculating Root Meon Squore Error
(RMSE) (Equation 2) of height difference
between the generated DEM with actual
height meosured using differential GPS.
The colculation of RMSE was done ot 7-14
points. This methods is also used in
Americon  Notional Mop  Accurocy
Stondord for evoluating the accurocy of
DEM.

BMSE = lil:yl —.\:j:Ij @)

N4
where,

N = Total number of somple

yi = Height of generated DEM for
somple i

Xi = Height of measured GPS for
somple 1
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3. Result and Discussion
3.1. Consideration to use IKONOS
Image (Google Earth) and SRTM
X-C Band
This research used GCPs ond CPs
from the field meoasurement ond from
IKONOS imoge ond SRTM X-C bond
respectivelly,. GCP XYZ wos meosured
using differrentiol GPS, ond it has accuroacy
less thon 1 m. It is considered os the best
choice for DEM generation. On the other
hond, IKONOS imoge ond SRTM X-C
bond were used as horizontal (XY) ond

verticoal (Y) reference due to some
considerotions.

The first consideration was thot
IKONOS imoge hos higher spatiol

resolution (£ 1 m) comporing to PRISM
ALOS (2.5 m), so it mode eosy to identify
the same objek on the both imoges. In the
previous reseorch (Trisokti et al., 2009),
Londsat Ortho from USGS wos used os
horizontal reference to collect CP for
ALOS PRISM DEM generation, but it wos
hord to find the exoct location on both
imoges due to lower spatiol resolution of
Londsot imoge (15-30 m), which resulted
the time consuming for CP collection stoge
ond lower accurocy of the generated DEM.
Figure 5 shows o copobility comparison of
Londsat, ALOS PRISM ond IKONOS
images to identify the same object on the
eorth surface. Londsat image con not show
the corner of the poddy field, but ALOS
PRISM ond IKONOS con exoctly
identified the location. So more occurate
ond good distribution of CP for whole
ALOS PRISM imoge con be obtoined by
using IKONOS imoge os horisontol
reference for CP collection.

The second consideration wos reloted to
the oaccurocy bond. The horizontal ond
vertical accurocies of IKONOS ond SRTM
X-C were evaluoted using 14 field
meosurement GCPs. It showed that the
horizontal occuracy (RMSE) of the
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IKONOS wos 6.5 m ond the vertical
accuracy (RMSE) of the SRTM X-C bond
wos 5.5 m. The horisontal occurocy of
IKONOS waos less thon 3 pixel of ALOS
PRISM, ond the accurocy of SRTM X-C
bond waos still in the ronge of ALOS DEM

accuracy (Tobel 1). Table 2 shows the
accuracy of SRTM data from the previous
reseorch. According to those accurocy,
IKONOS image ond SRTM X-C band wos
quite good to be used as reference to obtoin
CPs for ALOS DEM generotion.

Landsat Ortho 30 m

ALOS 2.5 m

Citra Google Earth

Figure 5. Copobility comparison of Londsat, ALOS PRISM ond IKONOS
Imoges (Google Earth) to identify the same object

Toble 2. The occurocy results of SRTM DEM

Yeor Satellite sensor Author Accurocy (m)
2005 SRTM X bond Gesch D. 3-5m
2006 SRTM X-C bond Yostikh &t ol. 5-9m

3.2. Comparison of The Generated
DEM using GCPs and CPs

Figure 6 shows the generated DEM of
Srogen area from ALOS PRISM stereo
dota using 21 field meosurement GCPs (60)
ond 21 CPs from IKONOS ond SRTM X-C
bond (6b). Both DEMs has 10 m spatial
resolution ond ore shown in 3 dimension
view with glgvation roange from about 50 m
(green color) until more than 500 m (red
color) in south eost port (mountoingous
orea). The topogrophy ronge of the
generated DEMs is some with the
topogrophy ronge of SRTM DEM os
described in the previous port.

The accuracy of the generated DEMs
ogoinst total of 77 control points (21

GCPs/CPs ond 56 tie points) used in DEM
generation process is shown in Toble 3.
From those statistic volues, both the
generated DEMs hove relatively some
minimum, meon ond moximum errors. The
vertical accuracy of of the generated DEM
using GCPs is 3.6 m ond the horisontol
accuray is 5.8 m. On other hond, the
vertical occuracy of the generoted DEM
using CPs is 5.4 m ond the horisontol
accuray is 10.9 m. It meoms that comporing
to the first DEM, the vertical accurocy of
the second DEM decreoses oround 50 %
ond the horizontal oaccuracy decreoses
oround 100%.

The difference height between the both
DEMs was onalysed using 2 methods. First
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method wos DEM subtroction, ond second
method wos height distribution olong
tronsect line. The result of DEM
subtraction (DEM using GCPs — DEM
using CPs) is shown in Figure 7, ond the
height difference of the both DEMs con be
known by color gradation from pink-blue (-
10 m) to red (10 m). According to the color
grodation of Figure 7, the values of DEM
using CPs wos higher comporing to the
values of DEM using GCPs. Almost of the
DEM argo had small difference (less thon 1
m, ronge from -1 m to 1 m), it meont thot
both DEMs had relatively same height. The
height difference with ronge from -6 m to -
1 m could bg identified in blug color, ond it
wos olso identified some spots with lorge
height difference (more thon 10 m). The
lorge height difference hoppened in error
pixels called “Bull eye”. The “Bull eye”
wos usually occured in DEM generotion
process (miss in pixel motching process
due to low controst of stereo dato,
interpolation error due to less of moss
points), ond it was needed post processing
to correct this kind of error.

The transect line and the result of height
distribution along tronsect line are shown
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in Figure 8. The height distributions from
the DEM using GCPs ond CPs ore shown
in pink ond red color respectivelly. Both of
the height distributions ore almost the
some, even the height distribution of the
DEM using CPs is higher in some ports
comparing to the height distribution of the
DEM using GCPs.

3.3. The Absolute Accuracy of The
Generated DEMs

The obsolute vertical accuracy of the
generated DEM using meosurement GCPs
ond CPs from IKONOS ond SRTM X-C
bond were onolysed using 14 GCPs from
field meosurement in Srogen oreo. The
obsolute difference between the DEMs and
the GCP meosurement ot goch point, oand
RMSE of all the points ore shown in Tobel
4. DEM 1 wos the DEM using GCPs from
field meosurement, ond DEM 2 wos the
DEM using CPs from IKONOS ond SRTM
X-C bond. The result showed that the DEM
using CPs hod lower vertical accuracy (5.6
m) comporing to the DEM using GCPs (3.5
m). It wos oround 60% lower occurocy.

(a) The generated DEM using GCPs

(b).The generated DEM using CPs

Figure 6. The generated DEM from ALOS PRISM stereo dota of Sragen orea, (o) using GCPs
ond (b) using CPs
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Toble 3. Accurocy report of the generated DEM (using GCPs and CPs) ogoainst total of 77
control points

Using GCPs Using CPs
Minimum, Moximum Error: -99m, 11.8 m -184m, 11.3 m
Meon Error: -0.4m -0.3m
Meon Absolute Error: 2.7m 3.8 m
Root Meon Square Error (RMSE): 3.6 m 54m
Absolute Lingor Error 90 (LE90): 5.8m 10.9 m

Figure 7. The result of DEM subtroction (DEM using GCPs — DEM using CPs)
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- ——  DEM (Measurement 42
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Figure 8. (0) The tronsect line ond (b) the results of height distribution olong tronsect ling
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Table 4. Compoarison of obsolute verticol accuracy of the generated DEM
Using GCPs and CPs in Srogen area

GCP Abs (Survei-DEM1) (m) Abs (Survei-DEM2) (m)

1 2,5 3,4

2 57 6,0
3 1,8 3,0
4 1,2 0,7
5 1,6 5,5
6 8,3 18,5
7 2,7 1,7
8 0,3 4,5
9 7,5 2,8
10 11,0 4,9
11 2,8 2,6
12 0,2 18,8
13 1,3 4,9
14 83 4,6
RMSE 3,5 5,6

To know the consistency of the
result, we olso generated onother DEM
in Bondung orea using the some
method. The generoted DEM  of
Bondung arega using GCPs ond CPs ore
shown in Figure 10. The both DEM is
olmost some pottern, ond the height
ronge is about 50 — 2000 m. The “Bull
eye” is found in right port of the DEM
using GCPs. It is considered dug to the
lack of GCPs input of this orea (only
use 15 GCPs). The oabsolute verticol
accurocy of the generated DEM using

CPs: Google Earthand SRTM

GCPs ond CPs were onolysed using 7
GCPs from field meosurement in
Bondung oreo. The absolute difference
between the DEMs ond the GCP
meosurement of each point, ond RMSE
of all the points are shown in Tabel 5.
The result shows thot the DEM using
CPs hos lower verticol occurocy (7.1 m)
comporing to the DEM using GCPs
(40 m). It is oround 80% lower
occurocy. The result is not so different
with the result of Srogen oreo.

2000 m

1,000 m

GCPs : Field measurement
Figure 9. The DEM of Bandung area using CPs (Ieft) ond using GCPs (right)
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Toble 5. Comporison of absolute verticol accuracy of the generated DEM
Using GCPs and CPs in Bondung area

GCp  Abs (Survei-DEM1) (m) Abs (Survei-DEM2) (m)
1 11,9 1,7
2 5,5 2,9
3 2,0 17,7
4 5,2 16,8
5 8,6 3,0
6 2,0 4,0
7 1,0 13,0
RMSE 4,0 7,1

4. Conclusion
By using the IKONOS, occurote ond
good distribution of CP for whole

ALOS PRISM imoge con be eosily

obtained. The horizontol accurocy of

the IKONOS is 6.5 m (less than 3 pixel
of ALOS PRISM) ond the vertical

accurocy of the SRTM X-C bond is 5.5

m. These accuracy are quite good to be

used os CP source for ALOS DEM

genegration.

- The occurocy of the DEMs agoinst
total of 77 control points used in DEM
generation process shows that the
vertical occuracy of the DEM using
CPs decreoses around 50% ond the
horizontol accurocy decreoses oround
100% comporing to the accurocy of
DEM using GCPs.

- The DEM using CPs has almost some
height pottern ond height distribution
comparing to the DEM using GCPs.

- The evaluation of Absolute accurocy
of the DEM in Srogen ond Bondung
orea. shows that the DEM using CPs
hoas 60% — 80% lower obsolute
occurocy comporing to the DEM using
GCPs.

- IKONOS imoge ond SRTM X-C bond
con be considered as good olternative
of CP source to generate high

accuracy DEM from ALOS PRISM
stereo doto
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