DEM exiraction of PRISM stereo
imagery
TUTORIAL

Geomatics

Relatively inexpensive while at the same time offering a high spatial resolution (2.5m in the
Nadir), PRISM data offers an attractive option for Stereo DEM extraction.

This tutorial is designed to give a brief overview of the ALOS PRISM sensor and its products
followed by instructions to extract a DEM from PRISM stereo imagery using Geomatica
Orthoengine.

ABOUT ALOS

The Advanced Land Observing Satellite (ALOS) was developed by the Japan Aerospace Exploration
Agency (JAXA). The sun synchronous, sub recurrent ALOS was launched by JAXA in January of 2006.
ALOS is designed to provide valuable information for mapping, precise regional land coverage
observation, disaster monitoring, and resource surveying. ALOS contains three sensors, commonly
referred to as the “three eyes” of ALOS. These sensors are: the Panchromatic Remote-Sensing
Instrument for Stereo Mapping (PRISM), the Advanced Visible and Near Infrared Radiometer type 2
(AVNIR-2), and the Phased Array type L-band Synthetic Aperture Radar (PALSAR).

ABOUT PRISM

The PRISM sensor onboard ALOS contains three independent optical systems that allow for viewing in
the Nadir direction, as well as forward and backward directions. This allows for the production of a
stereoscopic image along the satellite’s track. PRISM data is collected in a single band (panchromatic)
with a wavelength of 0.52 to 0.77 micrometers. The spatial resolution of PRISM is 2.5m (when viewing in
the Nadir direction). Swath width of PRISM is 70km when viewing in the Nadir direction, and 35km when
in triplet mode. Prism’s spatial resolution makes this sensor particularly desirable for mapping, urban
planning, and monitoring desired areas. PRISM cannot image regions that are beyond 82 degrees North
latitude and 82 degrees South latitude.

The PRISM sensor contains 6 CCDs for viewing at the Nadir, and 8 CCDs for viewing in the forward
direction and backward directions. An image file is provided for each CCD when dealing with 1A and 1B1
level imagery (uncorrected imagery). Geomatica software offers support for PRISM imagery levels 1A,
1B1 and 1B2R. The following table, provided by NEC TOSHIBA Space Systems Ltd. displays the scene
size and scene definition for PRISM level 1A, 1B1 and 1B2R.



PRISM PRODUCTS

(Geo-reference)

forward, backward
VICW

Level Observation Mode Scene Size Scene Definitions and Extraction method
1A, 1B1 Nadir Approximately 35 km x 35 km Scene position is defined by satellite RSP No. (Path and
normal mode. (4992 pxls x 16000 lines x 4 = 305 Mbvte : Nadir Frame) and scene shift distance. Calculate the scene
forward, backward 4928 pxls x 16000 lines x 4 = 301 Mbyie center time corresponding to the frame number, and
view : Forward / Backward extract equidistant lines above and below from  the
s Effective 4864 pxls x 3 x 16000 lines) | calculated time.
4992 (4978) pxls When scene  shift is  specified, the center time
corresponding to the shifted frame number is calculated.
dumm Image file 1s created per CCD unit.
16000 [— S_izc of cach file is 4992 pi_.\u]-a (nadir view} and 4928
lines L pixels (forward, backward view), and areas with no data
l would be lefi as dummy data.
CCDi CCDi+l CCDi+2 CCDi3 Do not delete overlapped areas between CCDs,
Even and odd pixel numbers have been alreadv
re-ordered. Usually there are 4 CCDs (4 files), but it
may be occasionally 3 CCDs (3 hiles).
Nadir 70 km Approximately 70 km x 35 km Same as above,
Observation mode (4992 pxl x 16000 line x 6 = 457 Mbyte
- Effective 4864 pxls x 6 x 16000 lines)
dupmy 990 pls du.l@l_\-
\ N
16000
lines
o1l CCp2 CCD3 CCD4 CCDS CCDe
Level Observation mode Scene Size Scene Definitions and Extraction method
IB2R Nadir normal mode, 35 km x 35 km (Except skew arca) Scene position is defined by satellite RSP No. (Path and

((14000+a) pxl x 14000 lines = 187 Mbyte)

35km

Frame) and scene shift distance. Calculate the scene
center time corresponding to the frame number, and
extract equidistant lines above and below from the
calculated time.

When  scene shift s the time
corresponding to the shifted frame number is calculated.
Ihere is only one image file in total. since cach CCD
was combined to make one scene.

specilied. center

IB2R

(Geo-reference) Observation mode

Nadir 70 km

70 km x 35 km (Except skew arca.)
((28000+a) pxl x 14000 lines = 374 Mbyte)

Tokm

35km

Same as above

STEREO DEM EXTRACTION USING GEOMATICA ORTHOENGINE

STEP 1 — Create a new project

To begin the process of extracting a DEM, we must

setup a project in Orthoengine.

e In Orthoengine toolbar, select File > New to begin
a new project. The Project Information Window

appears.
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i Project Information

Filename:

|E:\T esthTutorialshprism_dem_extraction. prj

Emwsel

Name:

|PRISH DEM Exbiaction

" Mone [mosaic only)

Drescription: IF’HISM DEM Estraction|
I ath Modelling Method
" Aerial Photography
& Satelite Orbital Modeling
" Palynomial
£ Thin Plate Spline
€ Rational Functions

Optian:

= Toutin's Model (Low Res): ASAR, ASTER, CBERS,
DMC, EOC, ERS, IRS, JERS, LANDSAT
MERIS, PALSAR, RADARSAT, SPOT

' Toutin's Mode! [High Res): CARTOSAT, EROS,
FORMODSAT, IKONOS, ORBYIEW, QUICKBIRD, SPOT

" ASAR/PALSAR/RADARSAT Specific Model

£ Low Resolution: AYHRR

@

Ok Canicel




o Create a filename for the project, and give it a
description.

e Select Toutin’s Model (High Res).
e Click OK.

The next step is to define the Projection.

e Enterin the appropriate projection information for your
PRISM dataset.

e |tis recommended that you use “Set GCP Projection based
on Output Projection” option for the GCP projection.

¢ Once the projection information is properly entered, click
OK.

STEP 2 — Import PRISM imagery into project

ﬂ Set Projection

Output projection

IUTM "I EarthModeI...llUTM 13 C D0an

Output pizel spacing: |2.EDDDDDD m
Output ine spacing: |2.EDDDDDD m

GLCP Projection

IUTM 'I EarthModeI...llUTM 13 CDoon

Set GCP Projection based on Output Proiectionl

B2 ok |

Cancel |

The below dataset shows stereo imagery from a single PRISM CCD, there are two types of files. One
type is prefixed with the term “IMG” and the other type is prefixed with the term “VOL”. The “VOL” files
simply maintain information about the dataset, such as the images included in the dataset, their
associated channel, and filename. The “IMG” files are the actual images in each dataset.

Note that both file types end with either “_F” or “ B”. F indicates forward view, and B indicates backward
view. Therefore, “VOL” files ending in “_B” maintain information about the backward view dataset, and
“VYOL” files ending in “_F” maintain information about the forward view dataset.

If you have data from the entire scene (i.e. all CCDs) then you will have several sets of stereo imagery to
process using the following procedure. You could then stitch the DEMs from each stereo pair using the
“‘DEM from Raster” tool in the “Import & Build DEM” processing step

& STERED -0l =l
File Edit Wiew Favorites Tools Help | :,'
@ Back - d - ? /.. ) search Folders Elv
Address |_) C:\Test\philip|STEREO\STEREQ j &z
Tarie | Size: | Tvpe * | Date Modified |
File and Folder Tasks 2 G| IMG-05-ALPSMFO030625840-0161__ F 78,537 KB File 6/12/2007 4:10 PM
-3 Make Fald IMG-Dﬁ-ALPSMBDDSDﬁZQSD-OIBI_B 78,537 KB File 6/12/2007 4:13 PM
B2 ma & new roer [ voL-aLpsMBOOIDE2950-0181__F 4KE File 6/12/2007 4:13 PM
[ ] 5\5‘:&5"' this folder ko the YOL-ALPSMFOO3062840-0161_F 4KB File 6/12/2007 4:10 PM
ket share this Folder
Other Places S
[ STEREO
() My Dacuments
My Computer
\.3 My Mebwork Places
Details ¥
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To begin importing your PRISM imagery into your
project:

e Orthoengine select “Data Input” from the
processing step, and Click “Read CD-ROM data”.

¢ |n the Read CD-ROM data window, select “PRISM
(LGSOWG)”

e Select the CD header filename (the VOLUME file).
e Select the channel to import. For example, if the
imagery provided is prefixed by “IMG-05" then this

would indicate that the channel is 5.

¢ Once the channel is selected, provide an
appropriate PCIDSK filename and click READ.

¢ Repeat this procedure for all images in both the
forward and backward views.

STEP 3 — Open Imagery

Once the imagery has been imported into PIX format,
open a stereo pair.

In the processing step drop down in Orthoengine,
select “GCP/TP Collection” and click the “Open a new
or existing image” button.

Once both images are open, one will be set to
reference, and one will be set to Working.

iewer: Image ID: img5f - ...TEREDSTERED  ima5F. - | [m] LI
lll, e
EYRa RS e Rl ]|

.

hd v | 2464.000F 3000.000L
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-lojx|
— Data Source
CD Format: |FRISM LES0WE) =l

Select [ CD header filenarme: IE'\Test\philip\STEHED\STEHED\VDL-ALF'SMBDD3DE285

Requested channels: ﬂﬁﬂ 4| ) ﬂﬂﬂ

S Type: @ ERS O FALSAR € BADAHSAT

— Data Output
PCIDSK filename: |C:\Test\Tutolials\ingS-lorward.pix
Create linked fle: T Yes @ Mo

Repaort filename: IlmgUE-folwafd.rpl Blowsel

Scene description: I

ﬂl Read | Cloze |

ﬂ Open Image

& Uncomected images ¢ Ortho images

imghf; C:ATest\philiphSTEREONS TERE Oimghf. pix
imgBb: C:ATest\philiphSTEREDYSTEREOYimgEb. pix
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STEP 4 - Collect Stereo GCPs

Now that the images have been opened, it’s time to
start collecting Stereo GCPs. Stereo GCPs are GCPs
that are present in both images. These are
advantageous for several reasons. Firstly, Stereo
GCPs are useful because they can be used to derive
elevation information from a stereo dataset. This is
the result of the parallax difference which occurs
between the stereo pair. Secondly, Stereo GCPs are
heavily weighted in the adjustment model. It is
important when collecting Stereo GCPs that the user
take the utmost care to ensure that accurate and
precise Stereo GCPs are chosen.

To begin collecting Stereo GCPs:

e Ensure that the “Collect GCP/TP Collection”
option is chosen in the Processing Step of
Orthoengine, and

o Click the “Collect GCPs Manually” button. The
GCP collection panel opens.

e Select a Ground Control source that you will use
to obtain control information for your Stereo
GCPs. For this example, a Geocoded Image will
be chosen.

e If you are going to be extracting elevation from a
DEM, browse to your DEM file (note: If you do not
have a DEM, you may use demworld.pix
(C:\Program Files\PClI
Geomatics\Geomatica_V101\etc).

Shown below is the configuration of files/windows that
will now be used to collect Stereo GCPs. The bottom
image is the Geocoded Source Image, and the top
two images are the stereo PRISM imagery.
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Ground control source;  |Manual entry ;I
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\working Image:imgbb
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Select the first image you would like to collect a
GCP in by setting it to the working image. The
working image chosen for this example is the
forward view image (img5f.pix)

In your working image viewer, locate a clearly
identifiable point you would like to use as a GCP
and click “Use Point”.

To ensure better results, make sure that the GCP
you choose is a well defined location in your
image (such as an intersection of two roads).
Also ensure that the GCP is identifiable in both
images in the stereo pair, and the control source
image.

Notice that after you click “Use Point” the GCP
Collection Window updates with the pixel and line
location of the GCP.

Now locate the same location (in this case, G0O001)
in the geocoded image. Be sure to get as close as
possible to the same location as that in your working

image.
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¢ Once you have found the same point, click “Use ‘wiorking Imagetimast
Point” in the control source image window. Notice = PeintFroisction: METRE — DOOD

that the Eastings and Northings information is Paint D | GOOD1 1 |
added to the GCP collection Window. Image pixel [1302.4 +- [0 P
Image line: | 2555.6 +/- |01 L
e Enter the elevation of your GCP (if it is known), or Easting [<): |808208 664 +-[10 m
use “Extract Elevation” to extract the elevation Northing [Y): [3882855 900 +-[10 m
N In the GCP Collection Window, Click Accept. Acceptl Deletel New F‘ointl Extract Elevation
Notice that the new GCP (in this case, G0O001) is
now added to the Accepted Points section Accepted Frints: 1 Tatal
Residual units: ¢ Ground €% Fisels
, RiMS: X AMS: ' RMS:
» Now the same GCP must be collected in the other PortID | Fesidual| Res® | Res¥ | Tope Image
image in the stereo pair. Change the Viewer E00M Stale GCP

Window Status of the second image in the stereo
pair from Reference to Working.

e Inthe GCP collection window, change the Point
ID to the same Point ID just collected in the other

image. In this example, the Point ID just collected g | |
was G0001. Therefore, in the current working
image, we change the Point ID to G0001 as well. ‘Warking Image:imgfh
This allows Orthoengine to reference the same Paint Projection: UTH 19 C
Easting, Northings and Elevation information from Point 10: | GODD1 = | FEaE—
the previous image. The Easting and Northing Image piet: | oo .
information is updated as shown here: mageline: | + [ L
mage Ine: + .
e Click “Use Point” for this Working Image and Eastt:g [X]'_ |22§§§§55§;D +j I]EEE "
notice that the pixel and line coordinates of the o | ' i "
Elevation [2]; |0.000 +/- [1.000 m

GCP are added to the GCP collection window.

.t’-‘«c:ceptl Deletel NewPointl EHtractEIevationl

e Click “Accept” in the GCP Collection Window to
add the Stereo GCP.

‘Wworking Image:imgEb
Point Projection: T 19C

e Now repeat the same process to collect other Peint ID: 50001 ~ | E— ]
Stereo GCPs. Try to collect GCPs such that they oo | -

are evenly distributed across both the spatial e e R - ¢
extent and elevation range of the scene. gzl B - K -
Remember to ensure a good RMS (Root Mean Easting (<] |208208 664 #1000 m
Square) error Northing ['); [3852855.900 ¢~ [1.000 m

Elevation [Z): [0.000 +/- [1.000 m

Acceptl Deletel NewPoinll ExtractEIevationl

STEP 5 — Compute Model

¥ orthoEngine: New Project o [m] 5|

Eile Utilities ©Options  Help

e Now that all stereo GCPs have
been collected, switch to “Model | Processing step
Calculations” in the processing |
step of Orthoengine and click the
“Compute Model” button.
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STEP 6 — Extract DEM from Stereo

In Orthoengine, switch to the “DEM From Stereo”
option in the Processing Step. Then click the
“Create Epipolar Image” button. The Generate
Epipolar Images Window appears.

In the Generate Epipolar Images window, select a
left image and right image. Then click Add
Epipolars to Table. The Epipolar pairs are then
added to the Epipolar Pairs table. For PRISM
data, it is also recommended that the user set a
down sample factor greater then 1 to obtain a
more smooth DEM. For this example, we will use
a down sample factor of 2. A value of 4 may also
be good.

Now click Generate Pairs to generate the Epipolar
images. (This may take some time depending on
file size).

Now that the Epipolar Pairs have been generated,
click the “Extract DEM automatically” button in
Orthoengine (Processing Step: DEM From Stereo)

&% Generate Epipolar Images

Epipolar selection:

User select x| Hiirum pereentage overag: |50 ::II

Left Imag
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Right Image

g0 1 |
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oAl Al
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—
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Murnber Select Left File

Right File Left Channels Right Chant_= |

4 | Ll;l

Select All| Seleot None| Fiemove| Remove all| Swich Pai| Switch Al Paits

Options————| [~ Prooassing Start Timi
Warking cache (MB): [128 = || ¥ Statnow

" Start at (hhrom]
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= = S

Do samplefiter:  [Awerege = con
@7 Save Setup| BeneratePais|  Close |
¥% Generate Epipolar Images -1o| x|
Epipolar selection
: =
ser select =1 Wi percerage ovetop [50 =]
Left Imag Fight Imag

be . C:“Testphilip~STEREC-STERE]
£5: C:nTest philip~STEREONSTERE(

|

Channet  Channels
<Al oAl

Channet © Channels

—

—

Add E pipolar Pairs To Table

Epipolar paits
Humber Select Let File | RightFie |

Left Channels Fiight Channel
1 v | b6 | 5 | 1 1

4| | »

SelectAHl Se\eclNonel Remove | Remowe All| Switch Pairs [ Switch Al Pairs

Options————————————— ~ Processing Start Time
‘working cache [MB): |128 j‘ & Statt now

 Stat at h
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¢ In the Automatic DEM Extraction Window, put a checkmark next to the stereo pair you are working
with and set a pixel sampling interval of 1. Select the option “Create Geocoded DEM” and choose an
output filename for your DEM.

=
Stereo pairs:
Select Left Image Right Image E pipolar Pair Epipolar DEM DEM Report
V3 [ is] Online bE_{5_dem.pix bE_f5_dem.ipt

Select All [ Select Mone |

— Epipolar DEM Extraction Options—————— — Geocoded DEM
. X | Create Geocoded DEM
Hinimurn elevation: IU X
[~ Delete Epipolar DEMs after use
I arimum elevation: |83 " X
Output filename:
Failure value: -100 -
IC \TesthphiliphSTEREOSSTERE O'dem-out. pis
Background value: -150
Upper left: I?SSZEE.UUUUUU XIESESSET 500000
() el Jiesim | | e [E13470.000000 % [3545080,000000
Output DEM channel pe: |1E bit signed ;' Resolution; |5_U ><|5_D Y
Pixel sampling intervak |1 - I Fesolution; 5.0 DEM bounds: % Allimages = Selected images He:nmputel
[~ Use clip region Output aption: ILlse last value -
¥ Fill holes and fiter — Extraction Start Tim
[~ Create score channel (D Sl
[~ Delete Epipolar Pairs after use £ Start at [Hhem)]
12 ={[oo = #on
©om

EI Entract DEMl Close

i i . ¥% Input DEM File Selectio ol x|
e Now click Extract DEM. (Note: This may take some time to process, &5 Tnput DEM File Sellction P [=TE|
depending on file size). The DEM extracted from the sample data etect| Fie: |

used in this tutorial is shown below: DEM mergs set candidates:

STEP 7 — Extract DEM for additional stereo pairs and merge

e In order to completely build a DEM for the entire scene of interest, the
user must repeat Steps 1 through 6 for the stereo pair from each CCD %
in the scene. Set of DEMs to merge:

e Once a DEM has been extracted for each CCD, the user can then use
the “Build DEM from Raster File” module in Orthoengine under
processing step “Import and Build DEM”. The following window
appears.

Remove FiIe[s]I Move Up | Move Down

e The user then uses the “Select” button to import each DEM generated Sokat| Sharmel [

for each CCD, and uses the arrow button to add all DEMs to “Set of Flaster Meraing Optons
DEMs to merge”. Click Ok to proceed to the “Define Output DEM File” i::i:ﬁd Vamam
window, where the user will define the DEM Region and Resolution, '

then choose “Generate DEM” to generate the DEM of the entire scene.
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