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1. Space imagery processing in PHOTOMOD software system

Digital photogrammetric system PHOTOMOD allows to process images acquired by space
scanners and to produce both cartographic and other output products.

PHOTOMOD system includes special type of projects intended for space imagery processing
— Scanner survey projects. If initial images make up a valid stereopair you should select
Stereoblock subtype of the project to be created. If there is no images overlap or the overlap
is not good enough to perform stereo processing, select Monoblock subtype. Single space
images are processed in Monoblock subtype projects either.

The Manual is aimed to demonstrate the workflow of both scanner survey projects subtypes
in general: SPOT 5 set of images as Monoblock project (see the chapter 2 SPOT
Monoblock processing workflow), and IKONOS stereopair as Stereoblock project (see the
chapter 3 Processing of IKONOS stereopair).

Details of space images formats and their processing in PHOTOMOD are described also in
Overview and PHOTOMOD Montage Desktop User manuals.

2. SPOT Monoblock processing workflow

Block of space images without stereo overlap (SPOT 5 set of images is shown as an
example here) as well as single scanner image processing consists of several main stages:
= project creation (which includes reference system specification and images
addition);
= points measurement (ground control and check points coordinates specification
and points measurement on the images);
= block adjustment;
= orthomosaic creation.

The step-by-step instructions are given below.

2.1 Launch PHOTOMOD Montage Desktop

Start PHOTOMOD System Monitor first (from standard Start menu of OS Windows using
command Programs | PHOTOMOD | Utility | PHOTOMOD System Monitor). Then launch
PHOTOMOD Montage Desktop using either double click on PHOTOMOD System Monitor
icon in Windows system tray or standard Windows Start menu.

PHOTOMOD Syskem Monitor
bdl ® & W 11:13
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2.2 Create PHOTOMOD project

Push the Create button in the window appeared to start new PHOTOMOD project creation.

= start PHOTOMOD Montage Deskto) ) ]

~PHOTOMOD project:

| Lazt: 3black.
Open recent Open / manage
3
Create |mpart
W fo project | I'L Euit |

2.2.1 Set PHOTOMOD project parameters

In the New project window specify some project name (mandatory) and project description
(optionally). Select the project type. It should be Scanner survey | Monoblock in this case.
The word “Monoblock” means that the images overlaps do not constitute stereopairs. Select
this project type both for single SPOT image or several ones without stereo overlap.

Mew projeck 5'

Project name: Il:anada project

—Diezcription
SPOTS

Froject type

- Central Prajection Block of single pushbroom images
. - Block

Sinale image
I+ Seanmer survey

- Stereoblock

—Coardinate systen

I == Mot selected == Select... |
coce_|
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2.2.2 Specify the PHOTOMOD project reference system

To complete the project creation, select coordinate system by pushing the Select button. The
reference systems are stored in databases. You can install several databases into each of
PHOTOMOD data storages; moreover, you can use several storages simultaneously. So you
should select the reference systems database first (select the database and push the Open
button).

ET—— 101
memx/ 2% m- 25 e% ¢ |20k

0 O O 0O

Bazapnander: BasapadHer Meswagnapo.. Memoynapo...
CMCTER KO CWMCTEM KO.. 0433 AaHHbl.. 5338 AaHHE...

Intemational
=

coce_|

| 4

Then select the appropriate reference system from the list. Use search operation to find the
reference system by its name.

-1l x
Sealchl j ilil

M arne I D escription =
p -
| M| Cartegi€in Left

Left Cartesian reference systemn

|| Cartsian Rig Local right Cartesian reference system

|| Locy C Local left Cartesian reference system which takes into account Earth curvature

|| Local i Local right Cartezsian reference system which takes into account E arth curvature
|_|Abidian 1387 Cote D'lvoire [lvory Coast). IGM Pariz EPSG Supersedes Locodio 1967 (EPSG oc

|| abidian 1987 S UTH zone 294 Cote D'lvoire [Ivory Coast] west of B deg wWest, IGM Pariz EPSG Supersedes Loc

|| Shidjan 1587 / UTH zone 304 Cote D'lvoire [Ivory Coast] easzt of 6 deg West. IGN Paris EPSG Supersedes Loo
|_|Adindan Ethiopia; Sudan EPSG =
<] | _*IJ

Detailz | Mew | Edit | Remove | Expoit... | Impoit... | Cancel |

It should be noted that currently PHOTOMOD project cannot use latitude-longitude reference
systems for the workflow. So, if necessary, convert the source data (GCP coordinates and
DEM) into some projected reference system (using PHOTOMOD), then implement the
workflow, and finally create the output orthoimagery with respect to the latitude-longitude
system.

Please remember also that the “Cartesian Left”, “Cartesian Right”, “Local Left”, “Local Right”
systems cannot be used with the pushbroom imagery, because the relation between the
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systems and global frames is unknown (but it is necessary for involving the imagery
metadata into adjustment process). See PHOTOMOD Mosaic User Manual.

When the appropriate reference system is selected (or created), push OK to finalize the
reference system specification.

L=
Search [WGS B4 ~] +| +|
M arie | Descrption |;|
|_|'G5 84 / UPS South Polar areas south of 80 deg 5. EPSG
|| WES 84 A UTM zone TOM 130deq West to 120deg West; northern hemizphere, Canada -
| |'G5 84 / UTM zone 105 130deg West to 120deg West: southern hemizphere. EPSG
|| WeES A4 A UTR zone T1H 120deq West to 114deq West: northern hemizphere. Canada -
WES 84 A UTH zone 115 120deg West to 114deg ‘West: southern hemizphere. EPSG
3
|| WiES 84/ UTM zone 125 114deg ‘West to 108deg West; zouthern hemisphere. EPSG
|| WES A4 A UTR zone 13 108deq West to 102deqg West; northern hemizphere. Canada - -
4] | _>I_I
Ok | Detailz | MHew | Edit | Remaove | Expart... | Impart... | Cancel |

Refer to PHOTOMOD Montage Desktop User Manual for more details on coordinate
systems creation or selection.

2.2.3 Finalize the PHOTOMOD project parameters setup process

When project name, project type and project reference system are specified in the New
project window, push OK to proceed.

In the dialog appeared select the PHOTOMOD storage for your project if you work with
several PHOTOMOD storages.

Select resource placement x|

[ Allow placement anly in selected storages:

[0 123 [LocalHost | 12.050.916k)
O TATA_E_Storage [LocalHost . 18,558,820k]
[ abc [LocalHost . 18,558.820k)

¥ Eedistibute existing resources

cace_|

2.3 Input images into Monoblock project

2.3.1 Create strip (or strips if needed)

Any image of PHOTOMOD project should be placed into some strip. The meaning of the
term “strip” is not proper for pushbroom block (contrary to aerial block). In the case of
pushbroom monoblock project the only way of using strips is that PHOTOMOD supposes
that strip is oriented “horizontally”, so it is reasonable to place into the same strip images
which have side (but not top and bottom) overlaps.
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So before an image addition you should create or select strip and then place the image into

o
it. To create the strip, push the button ﬂ (Add strip) on the Block forming toolbar. If the
toolbar is not visible, turn it on using PHOTOMOD Montage Desktop main menu (Windows
| Toolbars | Block forming).

Canada project - PHOTOMOD Montage Desktop = |EI|_X[
Project  Modules  Operations  11fl  Vectors  Contours  DEM Pre-regions  Service  Windows  Help Exit

e $%EE goo|dx]meoo|E@o>||wF (@ %[0 @ o & T
[ 2D window #1 [5:1] ;'il_x[
B0 Qs -+

Fockformn
RE L7 -5 £|FPd B @0

| f’@ Triangulation points
“ | B Raster

mswenm e

Add stip

Then specify the strip properties: input the strip name. There is no need to change the strip
orientation.

Strip propetrties x|

Name [Nurber 1| oK

Cancel |

2.3.2 Add images into the strip

When a new strip has been created or selected (which can already contain some images),
you can add one or several images into it.
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Canada project - PHOTOMOD Montage Desktop _,_LEI_'_X[

Project  Modules  Operations  TIH Ueciors Copfours DEM Presredions  Service  Windows  Help Exit
| MNMEEEEE ik

P EEEEEE R ELET ERE

_isixl
B - QQ@muamps -+

block forming ——
PTT A d -8 8| BHE =D -0 B

# B@ Elock scheme
1 _f’@ Triangulation points
L B B Raster

Mumber 1

. »
& - © 1 I f mee2nm]e

Add images

Push the button J (Add images) on Block forming toolbox to call the dialogue of
images adding (make sure that the marker is inside the strip frame in 2D window).

The dialog contains two tabs.

Image adding ;lglﬁl
@ Select folder | Add images |
- =) SourceData ;l File formats: IAII file [2.%] j
& e Nome | Size [ Name [ Modiied I
‘?‘" éa%§i223808042418 © B ICON JPG 4KB ACDSeeProJPEG Im..  17.10.2006 17:40
i [ =
- aazzt0anszang— | T IMAGERY.TIF BE2G0ZKE  ACDSee Pro TIFF Ima..  23.08 2008 05:07
e METADATADIM ES97 KB DIM File 23.10.2006 11:38
] PREVIEW.JFG 131 KB ACDSesProJPEG Im..  17.10.2006 18:40
@ () Bhemnenaang | BEISTYLEXSL 34KB  HSL Stpleshest 17.10.2006 18:40

-7 55452410R061418. 7
»

Kl
—Preview
Use the tab to select a folder; to add
[~ Show SCEME 5 545-240 06/06/14 18:40:421 T Geale i im?ge o ot ta Lt th kb el
images"
=l
A Remoyve |
Qk | Cloge |
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The left tab Select folder is used to select folder that contains the data while the right tab
Add images are used to add imagery into the project.

The dialog conceptually based on automatic imagery recognition. When user changes from
Select folder tab to Add images tab, the image recognition procedure is started. It searches
for imagery metadata and reads it. So it is not allowed to rename or move files of the source
imagery product.

The results of the analysis are shown on the picture below.

i
@ Select folder  Add images I
—  Products i Product files
|1] | Type | Format | Murnber of images | File name | Fath -
SCEME 5545-24.. SPOTS/HRG: 5.. DIMAP1.1/GEOTL. 1 metadata. dim E:%\Canada‘\D%D 145 ource. ..
IMAGERY. TIF E:NCanadat\DvD 145 ource... —

preview.jpg E:\Canada\DWD1\Source... -
4 = 3

i Product image:

Image name | “width
SCEME 5545-240 D6/06/14 18:40:421 T 24000
= Pushbroom Monoblock - PHOTOMODD Mont Desk - |E|Iﬂ
Program iz running. Pleaze wait ... |
Creating pyramidz. .. 4 | | _>|
i] 24 100
| ] l I l | Preproceszing. .. I
—Preview—— Time elapsed: 00014 @ —Parameter
¥ Show Estimated time left: 0:00:43 J— Name

X Cancel | ISCENE 5 545-240 DE/0E/14 12:40:

‘. o : i "I_ Compression—————— |

| v

2w
& IFEG IBD EI %

I~ lrwvert raster

fie: 5

& *4

po_4714_gb_0000000
po_471 8_rgh_0000000
po_4713_1gh_0000000
po_4717_rgh_0000000

Add | Remoyve |

-
Ok | Cloge |

The window shows the imagery products recognized, the files, which comprise the product
and the images the product includes.

The Preprocessing button opens a window intended for preliminary radiometric processing
of the images; it is necessary if the input imagery have dynamic range more than eight bits
per sample. More details on radiometric processing of the images see in the chapter 3.2.1
Images adjustment.

The field Name in Parameters panel specifies the image name in the project (it may differ
from the image filename or product ID). The name must have length of 2-32 symbols. Push
the button Add to add the image to project

You can return to the Add images tab, select new folder and to add images from it too.
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Image adding i ] ]
& Selectfolder Addimages |
— [ Products r— Product files
nge Format Mumber of images | ||| File name | Fath | Size | Tupe |
3 SPO . DIMAP 11/ GEOTI.. 1 retadata. dim E:\CanadatDVD1%Soure... 41140983 Meta..
IMAGERY.TIF E:A\Canada\DVD1h\Sourc...  57B002008...  Imagem
preview.jpg E:\CanadahDWD1\Sourc... 127022 Preview
/' icon.jpg E:\Canada\DVD1NSoure... 2602 leon
Product containing Eiles included
in the folder selected to the product - Fimelet s
Image name | swidkh | Height |
SCEME 5 542-239 06/04/24 18:21:122 7 24000 24000
Freprocessing... |
—Preview P
[~ Show SCEME 5542233 06/04/24 18:21:122 T Scale —_— J- Mame

|SEENE 5542-233 06/04/24 18:21:

12w
& JPEG ISD Z] %

I Invert raster

"F Compression————— |

po_42314_rgb_0000000
L po_4318_rgh_0000000
po_4213_rgh_0000000
po_4317_rgb_0000000

Images to be added to the project \

Add Fiemove |

I ok I Clase |

Names of the images added previously are listed in the panel above the buttons.

Push the OK button to close the window saving changes.
You will return to the PHOTOMOD Montage Desktop window; the images will be written into
PHOTOMOD Storage; the source imagery data will not be used anymore.

SPOT Canada UTM12N - PHOTOMODD Montage Desktop - |EI|5|
Project  Modules  Operations  TIF Yectors  Confours  DEM Prereqions  Service  Windows  Help Exit

I = EEE S ECER R BT Sdrd

Ef|dHD- & @nmiz -

=
““@T@-Egu ERSNER: RN -

Project manager

| #/H% ® Block schems
B@ Triangulation points

L | B Raster
- To next stage

) f e w([&uwm e

To nest stage
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Then in PHOTOMOD Montage Desktop window add new strips here and add images into
them.

Then push the button @ in the Project manager window to get from Block forming to
Aerial triangulation stage.

2.4 Phototriangulation stage

The stage is called Aerial triangulation but nevertheless it regards to space pushbroom
imagery too. On the stage user should collect point's data: input geodetic coordinates of
ground control and check points and measure on the images ground control as well as tie
points. Run PHOTOMOD AT module to perform the operations.

Project manager x|

(4] [ Acril tiangulstion -

Start AT (CtrlHa)

B | 5| %=

| o] | 2|

AT interface is based on the set of tabs, which are used in left-to-right order.

FAPHOTOMOD AT [SPOT Canada] -|O] x|
Steps  Help Exit:
0. Project Properties 1. Measuring GC points | 2. Measzuring tie pointz I
Measuring GC Points
Measured: 13 of 18 poirts
—Image: C point
= -
mZ GC Foints Catalog Maime Strip Mame +i-
SCEME & 1 2 SICEME 4
3 SCEME &
4 SCEME &
5 SCENME 5
5] SCENME 5
Ek; Messure Paint
= 7 SCENME 5
g SCEME &
%‘ Delete GC points messurements and & SESSE
= catalog 10 SCEMNE 5
12 SCENE 4
14 SCENE 4
15 SCENE 4
16 SICEME 4
17 SICEME 4
18 SICEME 4
14 SCENE 4
20 SCENE 4
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The tab Measuring GC points is used to specify the ground points geodetic coordinates and
to measure the ground points on the images.

ZE GCPoints Catalog
Use the button to call the window for ground points geodetic
coordinates input.

RI=TEY
e S s I 1Y T I I I e e
Name | Type | | Iz |wisight = [weighty  [weightZ  |Comment -
C . contral B15766.108 5944362 218 626,000 1.00 1.00 1.00
BE . contral £22521 980 59234006 006 £19.000 1.00 1.00 1.00
RE Gr, contral BE5182.251 5921721.722 £70.939 1.00 1.00 1.00
| [4 fGir. contral B70413 165 5316003 f46 B0 002 1.00 1.00 1.00
BE Gr. contral 627427198 5974640 774 582 934 1.00 1.00 1.00
| |5 . contral 639042122 597980 757 566,167 1.00 1.00 1.00
BE Check £40870.133 5973381.913 580,744 1.00 1.00 1.00
BE fGir. contral B73263.776 B354 2 383 Bl 560 1.00 1.00 1.00
RE Gr. contral B70133.165 5963807524 703578 1.00 1.00 1.00
| [0 Check 543320133 B946546 210 B54.417 1.00 1.00 1.00
| |12 Gr, contral £02491,863 5914177.300 550,001 1.00 1.00 1.00 =
<] | o 4

You can load the ground points coordinates from the text file using the (Import) button
or input it manually immediately in the table. The coordinates must be given with respect to
the project reference system specified above (see the chapter 2.2.2 Specify the
PHOTOMOD project reference system). If coordinates of all the points have the same
accuracy, all the weights should be set to be unity.

So, you should fill the catalog of ground control and check points geodetic coordinates. Then

close the window using the button ﬂ and start measuring points on images. Run the

£
Elﬁ: Messure Pairit

procedure by pushing the button _ (Measure point).

In the window opened select a point from the list in the window bottom, select the appropriate
—

image using the button 21 (Select image) and find the point on the image (referring to
overview image on the left and lens image on the right). Then push the button il
(Measure) to place the point in the current marker position.
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ST
el & 8lE A

—_—— 137 1|

18334.800
18334.800

17220.200
17220.200

:\l;me . 1 (1 [, K= 613636307
) . ﬂ » [ = 5954821692
a
- Z= B70.034
15 ==

You should measure each point on the appropriate single image in the window.
To measure tie points and to transmit already measured ground points to other images use

the tab Measuring tie points.

kA PHOTOMOD AT [SPOT Canada]
Exit

Steps  Help
0. Project Propertiesl 1. Measuring GC points 2. Measuring tie points |

Measuring tie points

=10l x|

|Strip 2 |Image :

E] Measure points

Strip 1 Image ;
SCEME 4

Showy scheme

#

Delete tie measurements

oot

Delete all points measurements

Ed

Delete unused points from catalogue

SCEME 5

13
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You should select two images for the ties measurement procedure. When a strip is selected
in the appropriate left column, the imaTes of the strip are shown in the right column. Push the

E] lMeasure points
button
selected images.

(Measure points) to measure points that ties the

FeAlstrip ties SCENE 5[1]-SCENE 4[1] —|&] x|
Images Points  Options

PR

——— 4 M| ———F— 1 M|

<K o>
.‘«"‘

1091.592 E3E.418 19892000 E312.000

1091.592 23362582 19892.000 17087.000

'y — X - 1M il
2 ——— i Ml ———— uom
Mame [Type [u o [cor [Par
24 Tie L

25 Tie + |+ 0976

If the images selected belong to the same strip (side-to-side overlap), the window is arranged
horizontally; if they belong to different strips (bottom-to-top overlap), the window is arranged
vertically.

You can add tie point or transmit already measured ground control, check or tie point with

correlation (using the icon il (Add with correlation)) or manually without correlation

algorithm (using the icon ll (Add without correlation)).

You should measure several tie points in each overlap and transmit ground points to all the
images the point belongs. You can change the images using buttons on the top of the

window nd : - (next/previous image of the strip).

Refer to the PHOTOMOD AT User Manual to see more about ground control and tie points
measurement in PHOTOMOD.

When all the points are measured, close the window and leave PHOTOMOD AT module.
You will return to PHOTOMOD Montage Desktop. Get to the next stage Block adjustment

using the button @ in the Project Manager window.

© 2009 14
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Block adjustment

Launch PHOTOMOD Solver module from Project manager used for images block
adjustment.

Project manager

After starting PHOTOMOD Solver, push the button to specify the
parameters of the block adjustment procedure.

@BInck adjustment - SPOT Canada UTM12N

For the simplicity, you can perform the adjustment using default parameters values; so just
push the OK button in the adjustment parameters dialog.
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@Parameters

—

You should check the adjustment results: push the button to view the
adjustment report.

Then save the adjustment results — push the button .
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@BIu(k adjustment - SPOT Canada UTM12N =18 ]

‘ g By &

2% [EEE B0 B S, e e

See more details on project adjustment in PHOTOMOD Solver User Manual.

When the adjustment is completed, close PHOTOMOD Solver and get to the next stage in
PHOTOMOD Montage Desktop.

Project manager
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2.6 Orthomosaic creation

Start PHOTOMOD Mosaic to create orthoimagery.

Project manager x|

S

_
-

_

S| HLEsQ yE Wl |FASE EEEHE

Save as...
Import...

Add images...
Add images From another praject...
Delete images. .,

|0utput raster: SOG17 x 29729 x § = 1475331k

Specify the PHOTOMOD Mosaic project parameters in the Parameters window (use
Mosaic | Parameters menu command to open it).

The first tab of the dialog is intended to specify the appropriate relief model to be used for
orthomosaic creation. To import your DEM into PHOTOMOD project, select the DEM option
and push the Import button.
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181
Images Wiew Project ROIs Mosaic Serwice Block scheme  Window  Help
I +4B3> =20 SB8S|FLEsQrE ul%" (TASB EDEER
= A=

Parameters

Type of DTM | Drthmmagel Brightriess adiuslmentl Split inta sheetsl Processingl

" Constant elevation I £26.45

" Corveert TIN ta DEM
TR |

~ Control points interpolation

& DEM |

PHOTOMOD

El QX E-

™ Use breaklines \ Er
BRI | =
I~ Use palygons

PHATEMED |

Interpolation el size

[~ Use constant for unknowns

File narne: IMosaic.t\l

Open I

Files of type: IAI\ Filez [*."]

Cancel

w

AR ABREER + T T ©F 1 ] EeeE|
‘Output raster: S0817 x 29729 x § = 1475331k ‘X:U.U ¥=0.0 |X:5?EIUS?‘518 ¥=5952599,724 Z=620,450

Convert the DEM into the PHOTOMOD project reference system. Using the dialog you can
cut the appropriate part of the DEM if your DEM is much larger than the imagery block; it will

save space on your hard disks.

Parameters

Input coordinate swskem

IWGS a4

Cutput coordinate syskem

IWGS g4 | UTM zone 121
—DEM

x|
Change |
__Change_|

Change

NorthlﬁlDDDD Z]

\West el size

|535unn A |2.;, %

SDuthISQDDDDD E]

East
715000

Width: I548966.D42102 (28545 cells)

Height: [466765. 780840 (24526 cells)

Bytes per pixel: |2 bytes

=

Cancel |

Then pass to the Orthoimage tab of the mosaic parameters dialog.

19
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Parameters

Type of DTH  Orthaimage | Brighthess adiustmentl Split into sheetsl

x|

Cell size | 2871 [m]
[~ Build pyramid

¥ Grapzcale autput

Calculate |
Scale |

—Orthoirmage comprezziar

[~ TIFF.JPEG compreszion
Image quality - [75%]

i
A
0 100
Backaground caolor Reszamling method Georeference file
(MM Black =] |Bilnea | |pHOTOMODGED  +]
[ Swap#.Y

COutput coordinate system

|wss 84 / UTH zane 12M

IEI.EI EI [deq]

[T Set background colon az “ransparent!

Fatation angle:

Change |

Cancel |

The most important settings are the Cell size (ground sample distance for the output
orthoimage) and reference system for the output orthoimage (the reference system may

differ from the PHOTOMOD project reference system).

You can also select the type of the georeference file here (Mapinfo, Arc World,
PHOTOMOD). Then push the OK button to close the mosaic parameters dialog.

To create the orthoimage push the button ﬂ or use menu command Mosaic | Build!
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B PHOTOMOD Mosaic — & x|

Images Wiew Project ROIs Mosaic Serwice Block scheme  Window  Help
N+EE83+ @S SE3 W0 N il [fANE X2EHR
SCENE 4 - SPOT Canada UTM12N (24000 x 24000 & 8) (1:44) i e e L011 X] - (o] x|

AR ABREER + T 1 ©F 1 DL ] [l
‘OUtDUt raster: S0516 x 29725 x § = 1466543k ‘X=U.U ¥=0.0 |X=57UU37‘518 ¥=5952599,724 Z=620,450 ‘

Select the appropriate type of the output orthoimage in the window of resulting mosaic file
saving.

PHOTOMOD Mosaic [mosaic] =18 x|
ofpaxeHia  Bua MpoexT OBnacTH TpaHcopMMpoBaHia Mosamika Cepeuc CxeMaBnoka OkHo  Cnpaska

I«~<d@B3+ suQSES/PnosqQrd wl=" [FoSFEEaEER

{]SPOT Canada - SCENE 4 (24000 1 24000 x 8) (1:44) M [=[JE3] | ] sPoT canada - > SCENE 5 (24000 x 24000 x 8) {1:44) =[S |

Savein [ () PHOTOMOD 42 s Ho®eE

Config

Coord3ys
oM
Help

WeckQr

File name: IMosaic

Ssvessyps: | Taglmage Fie Fomal [TIFF) E

Tag Image File Format [TIFF)
- Windows Bitmap (BMP)
"ectOr Raster Map [RS'W)

ERDAS IMAGIME [IMG)
NITF (NITF]

JPEG [JPEG]

Fortable Netwark Graphics [PNG)
MicroStation DGM DGM)
PCIDSK [Plx)

| PE G 2000 [IF2]

QIR 11 @ R = [FET T o T (L 7 [Slala=)
|Bb|xo.m-|oﬁ pacTp: 44786 x 26356 x 8 = 1152715K |>(=EI.U Y¥=0.0 ‘X:S?UUE?‘SIE Y¥=5982599.724 Z=052.004 ‘
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Refer to PHOTOMOD Mosaic User Manual for more details on orthophotos creation in
PHOTOMOD system.

3. Processing of IKONOS stereopair

3.1 Project creation in PHOTOMOD

3.2

When creating a project for stereopair of scanner images (in this case, acquired by IKONOS
satellite) select the project type — Scanner survey | Stereoblock. The rest of project
creation procedure is the same as described in the chapter 2.2 Create PHOTOMOD project.

Mew projeck |

Project name: IStereuMuscuw

—Description
IEOMOS images

—Project tupe

(- Central Projection Elock of pushbroom stereopairs

Single image
=8 S_canner ILIMYEY

- Merging projects

~Coodinle yslem—_

Pulkova 1995 / Gau@ Select... |
e |

Coordinate system selection for the project to be created is described in the chapter 2.2.2
Specify the PHOTOMOD project reference system.

Note: Reference systems of the following types: “Cartesian” and “Local Curved”
should not be used with IKONOS projects, because the systems are local (arbitrary
positioned and oriented) while Rational Polynomial Coefficients (RPCs) the IKONOS
imagery is supplied with are referenced with respect to global (WGS-84) reference
system

Note: Current version of PHOTOMOD does not support geodetic (latitude-longitude)
reference systems

Input images into Stereoblock project

After closing the dialogue of new project creation call the toolbar Block forming in
PHOTOMOD Montage Desktop module using menu command Windows | Toolbars |
Block forming, create new strip and add there initial images. See the chapter 2.3 Input
images into project for more details on adding images to the project.
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When IKONOS images are recognized by PHOTOMOD system automatically, they are listed
in the panel Product images. The Add images window shows the following.

=Image adding - |EI|1|
@ Select folder  Add images |
— [~ Products r— Product files
[0} | Type ‘ Farmat | Mumber of images | ||| File name | Fath | Size | Type ﬂ
po_7015 IKOMOS Standz...  TIFF 2 po_7015_metadata.txt E:*_IKOMOSASterea_Mo.. 6039 Metadata _I
po_7015_rob_0000000L6 E:% [KOMOS\Stereo_Mo... 24040866 [229M]  Image
po Z015_rgb_ 0010000 E:S_IKOMOSASterea_Mo... 24040566 [229M]  Image
. . ' 7015_rgb_0000000.. E:% IKOMOS\Stereo_Mo.. 3718 RPC
Files included ¢ po_7015_rgh_0010000.. E:_IKONOS\Stere_Mo.. 3718 RPC
ini po_7015_aoi.dbf E:5\ [KOMOSAStereo_Mo.. 238 DEF 2
_Product containing to the product I -
in the folder selected Pt
. 5 t
(IKONOS stereopair) e : :
| wicdth | Height |
po_7015_rgb_0000000 2001 200 J
Opens a window on po_7015_rgh_0010000 2001 2001
radiometric correction \ Images included
™
Praprocsssing.. | to the selected product
—Preview P
¥ Show po_7015_rgh_0000000 |Sc:a|e .—J— Mame

Jpa_?u1 5_rgh_0000000

/ v Compression————————
Image name in { C 2w

PHOTOMOD project @ UPEG [B0 %] %

I~ Irevert raster

po_4314_rgh_0000000
po_4318_rgh_0000000
po_4313_rgh_0000000
po_4317_rgh_0000000

Add Femayve |

ok | Cose |

In Products panel imagery products containing in selected folder are displayed. The
products are the sets of files obtained from space data supplier. The list of all files included to
the product is shown (for reference only) in Product files panel to the left. List of images
included to the product (shown in the Product images panel) is used for adding them to
PHOTOMOD project.

All metadata included to the product is detected and added automatically. So the user should
not know all the details of formats of the data, it is just necessary to remember that initial files
of product should not be renamed (or moved), i.e. some of them are used for automatic
search for other files included to the product.

In case of IKONOS imagery the process of recognition has two stages:
= searching for file with metadata and for files with images (and also for RPC files),
which are specified in metadata file. If any of product files is absent you will see a
warning
= reading RPC files and searching the appropriate images.
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=Image adding — IEllil
@ Select folder  Add images |
— [ Products 1~ Product files
[0} | Type | Format | Mumber of imai| || File name | Path | Size | Type ﬂ
po_7015 IKOMOS Standard ... TIFF 2 po_7015_rgh_ 0000000 E:N_[KOMOShStereo_Moscowtlm... 24040566 [22.9M]  Image _I
po 7015 rgb 00710000k E:% IKONOSYStereo Mozcowhdm.. 24040566 [22.9M]  Image
po_7015_rgh_ 0000000 rpe. bt E:h_IKOMOShStereo_Mozcowdlm... 3718 RFLC |
o 2005 _rgh 000000 roe bt E-5 _LkONOSYSteren Moscowtlm A718 EPLC
/ po_7015_aoi.dbf E:5_IKOMOS4Stereo_Moscowhlm... 238 DEF
Files with RPC po_7015_anishp E:h_IKOMOSSteren_Mozcowim.. 236 SHP 'l
. 4 »
included to the product | |
— Product image:
Image hame | width | Height |
po_7015_rgh_0000000 2001 2001
po_ 7015_rgh_00710000 2001 2001
‘ I I _'I Preprocessing |
—Preview P
[V Show po_7015_rgh_0010000 |Sc:a|e —_— J— Mame
|pa_m1 5_rgb_0010000
[ Compression—————— |
] 2
Image preview @ JPEG [0 [ %
after correction
[ lrevert raster

po_4314_rgb_0000000
po_4318_rgh_0000000
po_4313_rgh_0000000
po_4317_rgh_0000000

Add Femayve |

ok | Chse |

If the source raster has more than 8 bits per sample (acquired for instance, by IKONOS or
QuickBird sensors), it is recommended to perform dynamic range adjustment procedure
before image addition into PHOTOMOD project, see the chapter 3.2.1 Images adjustment.

3.2.1 Images adjustment

If the source raster has more than 8 bits per sample it is recommended to perform dynamic
range adjustment procedure before image addition into PHOTOMOD project.

After you select an image, push the Add button and the system prompt you to perform such
conversion automatically.

If you would not like to correct images radiometrically push the No button in the dialogue
shown below:

& Radiometric processing is recommended For the image, Should it be performed?

uo|

|

and the image will be added to the project without histogram correction.

However it is recommended to perform radiometric correction (by pushing the Yes button).
Advanced users could set up parameters of the procedure and start the process themselves
using the button Preprocessing in the Product images field.
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B =10l x|
2 Select folder  Add images |
— [ Products r— Product flles
I8} | Tupe | Fommat | Mumber of images || || File name | Path -
po 7015 IKOMOS Standa..  TIFF 2 po_ 7015 _metadata. kst E: IKONOS Sterea_Mas,., —
po_7015 rgh 0000000,k E:A IKOMOSASteren Moz,
po_7015_rgh_007 0000k E: IKONOSASteren_Moz... -
| i : »
— Product images
|Image name | width
po_7015_rgb 0000000 2001
po_7015_rgh_ 0010000 20
= Pushbroom Monoblock - PHOTOM ! o ] 4
Program iz running. Please wait ... | 4 | _PJ
Building histogram... f‘— =
0 02 100 ‘\.- Preprocessing... |
—Freview— | —————————— [ Parameter
¥ Show Time elapsed: 0:00:m _— J_ Name
Estimated time left 0:00:01 |po_715_rgh_0000000
x Canoel | —[ Compression
= 2w

& [PEG |20

&

I Irwert raster

po_4314_rgh_0000000
po_4318_rgh_0000000
po_ 4313 rgh_0000000
po_4917_rgh_0000000

Add | Fremoie |

ok Chse |

The procedure includes histogram creating which may appear to be rather time-consuming
for large images. After completing of image histogram creation process the window
Radiometric correction is opened. Window title bar contains image name, its width, height
and number of bites per pixel.
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=101 %]

= Radiometric correction: po_7015_rgbh_0000000 {2001 = 2001 = 48}

¥=020 y=743 . |R=78 G=80 E=g& |

v Remove pyramid and histogram after close Cancel |

Note. Temporal pyramidal image is created in Temp subfolder in PHOTOMOD
configuration folder (usually in C:\PHOTOMOD.VAR\Temp). That is why you should
have enough room on hard disk, otherwise the pyramid will be not created and image
visualization at 2 and more zoom will be slow

Temporal pyramidal image and histogram used for preprocessing of the image to be added,
could be deleted after closing the Radiometric correction window, if the option Remove
pyramid and histogram after close is on.

In the Radiometric correction window you may change the results of automatic conversion
manually using tools described below.

The following tools are used for image scale management:

o .\ (duplicated by “*” key) - one step zoom in

3 (duplicated by “/” key) - one step zoom out

(duplicated by “Alt-Enter” keys) - fits image to window

1:1

e Ul (duplicated by “Alt-1" keys) - 1:1 zoom (image cell corresponds to screen pixel)
1:2

Current ratio between image size and scale is shown in the window

For zooming in by zoom box, press Ctrl-Alt keys and draw the box by the mouse. Use
Ctrl-Alt-Shift keys for zooming out by zoom box. For “panning” over the image move a
mouse cursor along with pressed Alt key.

If there is more than 8 bits per channel in the image, the histogram stretching operation is
applied for the whole brightness range, for each channel independently.
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Operation of histogram stretching for the whole brightness range for each channel is started

=
from the window opened by the button g (Channels).

x
Red: Ichannel: 3 j

Green: I j

Blue: IChanneI: 1 j

concel | __oply

Note. The initial order of channels is setup depending on type of the image to be
added

The button @ opens a window used for auto levels setup operation.

x
Channels: Iﬁ
Mumber of nodes: Il_@
Trim left: IID_@
Trim right: IID_@

ol

The operation includes stretching the histogram of the initial image on the whole brightness
range. Select necessary channel of image (blue, green or red) in Channels field, and apply
the next parameters of histogram stretching to them. The Number of nodes parameter
specifies the number of intervals of intermediate feature, which is used for histogram
stretching. Parameters Trim left and Trim right show a percent of histogram area to be cut
off, and not be considered in the operation.

To view a histogram of the image to be added and to adjust a transfer function used to setup

d
arbitrary brightness transformation, open a window by pushing the button Q (Curves).
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¥ Histogram o ] 4|

x=24095 y=37272 d=0.1% |

Channels: all - Curvature: J
' 1

QI | v Preview Reset | Zancel | apphy I

Graphically the function is visualized as a green curve. In X axis there are values of image
brightness before transformation, and in Y axis — after it. Transfer function is setup using
node points (small green squares). Between nodes the function line is Bezier curve with
curvature degree from 0% (leftmost position of the Curvature slider) to 100% (its rightmost
position). When curvature degree is 0% the function is shown as a broken line segment.

To add node point place marker to needed point and press Insert.

To select node point just click somewhere close to it. You can move selected point by
moving a mouse cursor along with pressed Ctrl key. Press Delete to delete selected point
and Esc to cancel selection.

Use “[* and "™ keys on numeric keyboard to zoom in/ zoom out the histogram. Use
Alt-Enter shortcut to show the histogram in full and Alt-1 to show it in 1:1 scale.

In case of color image the transfer function is setup either for all color channels
simultaneously or for each one. Use Channels drop-down list to select color channel to be
adjusted.

To apply all changes in image window immediately mark the Preview check box.
Marker X, Y coordinates and histogram value for the current brightness reading in percent

are shown in Status line in the bottom of the window.

o

The button ﬂ opens a window Brightness-Contrast-Gamma used for adjusting of the
corresponding features for each image channel, or for all of them at once. If the option Live
preview is on, the image changes are applied “on-the-fly”, without pushing the Apply button.
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Brightness-Contrast-Gamma x|
Channels: I.ﬁ.ll ""l [ Live preview
Brightress: |
Cantrask: |
1
Gamma:
M
Resat Cancel Apply

L

Sy |
The button ﬂ opens a window used for color balancing. You can shift the image balance
to cyan, red, magenta, green, yellow or blue color. Resulting brightness is not changed at
that. You can also shift balance of each color in numeric form —100 to 100 in the Values
field.

Color balance x|

Cyan J Red
Magenta | Green
ellow | Blue

Yalues: IIII Iﬂ IIII Iﬂ IIII Iﬂ

[+ Live preview

(] 4 Feset | Zancel | apply

The button g (Filters) opens a window used for improving of visual quality of initial image
using it's processing by different filters.

Firers x|

Filter bvpe: IBIur j

Aperture size |3><3 j

Filtering lesvel (0-100%4)

[+ Preview

Reset Zancel Apply ||

Select processing type in Filter type drop-down list from the following items:
e Blur — intended for dithering of initial image details
e Gaussian blur — kind of smoothing filter, where transfer value is not a linear function
(as in Blur function), but a section of Gaussian function ("bell curve");
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e Sharpen — allows to highlight and intensify a differences between image's details

e Sharpen edges — alike a Sharpen filter but performs filtering only when brightness
differences between details are exceeding some threshold. Suits very well for
identifying and highlighting of objects borders which are homogeneous insight (fields,
for instance), at that inner part of objects remains unchanged

e Median — non-linear filter intended mainly for impulse noises filtration (single pixels
with unnatural brightness)

e Sobel — non-linear differential filter, which is the first derivative of the initial raster.
Used for acquisition of contour borders on raster image.

To apply all changes in image window immediately mark the Preview check box.
The button ol (undo) cancels the last action, ﬂ (redo) — redoes the last cancelled

action. The button ﬂ cancels all actions performed, and undo-redo operations list depth is
10 actions.

Note. All operations are applied to the current image state
When you get acceptable correction result in the preview window push the button Close and

go back to Adding images dialogue — see the chapter 3.2 Input images into Stereoblock
project.

The procedure is not the only image enhancement/adjustment operation; other modules of
PHOTOMOD system include brightness-contrast-gamma and color balancing procedures;
the Mosaic module has advanced possibilities to adjust radiometry as well.

Start of phototriangulation

When all the necessary data contained in the current folder are added and specified in the
lower window of the Parameters panel, go back to the Select folder tab to continue the
image addition process or finish it by the button OK.

1=
@ Select folder  Add images |
— [ Products |~ Product files
18] | Type | Farmnat | Mumber of ima| || File name | Path | Size | Type ;I
po 7015 IKOMOS Standard ... TIFF 2 po_7015_rgh_ 0000000, Hf E:5_IKOMOSAStereo_Moscowhm... 24040566 [22 9M]  Image _|
po_7015_rgh_ 001 0000,k E:5_IKOMOSAStereo_Moscowhm... 24040566 [22 9M]  Image
po_7015_rgh 0000000_rpe. it E:5 IKOMOSYStereo_Moscowhlm... 3718 RPC
po_7015_rghb_0010000_rpc. k=t E:%_IKOMOSYStereo_Moscowhm... 3718 RFC
po_7015_aoi.dbf E:5_IKOMOSAStereo_Moscowhlm... 238 DEF
plo_?D‘I F_aoi.zhp E:%_IKONOSASterea_Moscowhm.. 238 SHP | 7
4 3

— Product image:

Image name | width | Height |
po_7015_rgh_0000000 2001 2001
po_7015_rgh_0010000 2001 2001
. | | j Freproceszing... |
—Preview P
¥ Show po_7015_rgb_0010000 |Sc:a|e — Marne

[pa_7015_rab_00r 0000

1 2
& JPEG IBD Z] #

I~ lrevert raster

"I_ Compression—————— |

po_4314_rgb_0000000
po_4319_rgb_0000000

Images has been added,
push the button to continue

Add Fiemaye |
I oK I Close |
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Images of the project are visualized then in the window of PHOTOMOD Montage Desktop
module.

= StereoMoscow - PHOTOMOD Montage Desktop _ ;Igl_xl

Project  Modules  Operations 711 Uectors  Confours DEM Pre-regions Service  Windows  Help Exit
e G i
[@]% |7 % o & T [5] |

legwEE g0oax| o E@om>|| =

=gl x|
B |50 @ Q@i

”“”‘“’ELT@ BNg HEHAE =D ﬁ‘l@

Reverse strip images order

_______ ? B e o |
= Aop g

i — oo

w4 B Marker

B S Block schems

B | [
= k- F\aster

mswenm e

Reverse ship images order

Due along-track stereopair acquisition mode, the IKONOS images are physically upper and
lower to each other; so in case of IKONOS stereopair they are automatically rotated by 90
degrees to be left and right. But if something is wrong, you can rotate images “manually”
using the button J on Block forming toolbar.

The first added image becomes left and the second image is right. User can invert the order

oo
by the button ﬂ on Block forming toolbar.

To pass to the next stage, push the button E in Project manager.

Ground control, check and tie points measurement

The PHOTOMOD AT module (started from Project manager window) is used to perform
point’s measurement on images.
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=StereoMoscow - PHOTOMODD Montage Desktop = |EI|£|
Project  Modules  Operations 711 Uectors  Confours DEM Precreqions Service  Windows  Help Exit

I EEEEEE RO

EEDS| 7 # PR

[ 2D window #1 [1:6]

B0 0 Qaanasir -

Start AT (Clrl+A)

2|7 ¥

E |o o |
+ 40 &
E1-Main Windaw
b | o B Marker
- #B8 B Black scheme
b€ s EETTIEREE
+ A & Raster

»
; © i f mee2nm]e
= =

Stat AT

In case of pushbroom imagery processing, use the following PHOTOMOD AT main window
tabs. The tab Measuring GC points allows ground control and check points coordinates
input and their measurement on the images.

T=IE

Steps  Help Exit:

0. Project Properties 1. Measuring GC points | 2. Measuring tie poinlsl 3. Measuring sterso pointsl

Measuring GC Points
Measured: 75 of 75 paints
—Image: C point:
%; C Points Catalog Mame |Strip | Mame +- -
70151 Moscow
70150 Moscow [N I 7015_0
131 ToM5_1
13_2 ToM5_1
133 TS5 _1
E; leazure Point 198 s
= 141 TS5 _1
14_2 ToM5_1
? Delete GC points measurements and i WO
= catalog 15_2 ToM5_1
171 TS5 _1
18_1 TS5 _1
18_2 TS _1
18_4 ToM5_1
191 ToM5_1
19_2 TS5
19_4 TMs_0
201 TS5 _1
20 3 70151
20_4 ToM5_1
s vvr—
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The tab Measuring stereo points is intended for GCPs/CPs and tie points measurement in
stereoscopic mode.

-lojx]

Steps  Help Exit
0. Project Properties I 1. Measuring GC points I 2. Measuring tie points 3. Measuning stereo paints |

Measuring stereo points
P —

Mame [ fr JLett Right | |

Q? Perforim origrtstion \ 1

Perform arientation

Showe scheme

O Recompute relative arientation

Delete tie measurements

=

& Delete all points messurements

=L

T Delete unused points from catalogue

See the chapter 2.4 Phototriangulation stage and PHOTOMOD AT User manual for details
on measurement of GCP and tie points on space images in PHOTOMOD.
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3.5 Block adjustment and pass to processing stage

Push the next E button to pass to block adjustment stage.

= [KONOS_Moscow - PHOTOMOD Montage Desktop _ i |EI|5|
Project  Modules  Operations  TIM Yectars  Confours DEM Precredions Service  Windows  Help Exit
e gwEE el x| mmnn|BED S| = F [ @)% 62| 9 oo o T |50

[] 2D windowe #1 [1:4

1
Bl dH0- @& @nam>E:  -»

tarker
| % Block scheme
B 5 Triangulation points
|| B Raster
I - ;
e ! o ! 7 ! N )
= =

To next stage

Start PHOTOMOD Solver.
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=IKONOS_Moscow - PHOTOMOD Montage Desktop
Project  Modules  Operations  TIF Yectors  Copfours DEM Pre-regions Service  Windows  Help Exit

legwEE gooax| o E@o>| =%
[=] 2D window #1 [1

[
B JE- Q@ uasE -

I [l

IR
x|
[ Blokioming
[ Aztsitienuietion |
| %] =
[&] [ Biock sdustment _
= B e o |
# +3¥2 *
Start Solver (CE+R) | AR

EI EI EI gl ﬂ%g g‘l:::k:rscheme
@

@ & Raster

¥ |

Project manager

I r o
[ 1 © 1 o i mesamjenm e

Status

Start Solver

Push the button ﬁ Parameters

in the opened window to set up adjustment parameters.

mBlock adjustment - IKONDS_Moscow

_[&]x]
Steps  Miew Help

n ‘ El £ | X Parameters o[ Compute 1= Report Y Gave | & 2 ]
meadanD Xt ErEoH B

0151&

[ " ik N

P S ]
& %

x X ox e’
L

% . w .
" 0
ﬁ Faints I\magesl F\spurtl
- Reference system Paints coordinates acouracy
X

% X & x

IKap’ra Mockeb! . | Image measurement FMS 0s i
) X
Pt i (=

Measurement accuracy of unity-weighted ground coordinates

) plane 1 m
height 1 m

— Paints using

[V Use ties in block adjustment

X3

% ' _'l_I
Source | Stereopairs | Imsges |
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If IKONOS stereopair contains RPC coefficients supplied with the product, they are
considered during adjustment that is shown in the Parameters window on Images tab.

B parameters N [m] |
Paints  Images I Hepoltl
— Images — Adjustment parameters
MName |Method [~ Method
| Rigorous
70151 RPC

/5' RPC
" Generic

— Parameters

r— Refinement

& Auta
¢ Bias
£ Bias and diift

£ MNa

— Parameters apriony covariances

Biag [pixels) |1 il
Dirift [p.p.m.] IED

‘ " Lpply I

' Apply ta all

<] |

X Cancel |

If RPC coefficients are not supplied with the product or the results of adjustment using the
coefficients are poor, you may adjust the projects using Generic algorithm. Select the
appropriate option in this case in the Parameters window on the Images tab:

MParameters - Ol x|
Pointg  Images |Hepolt|
— Images |i| Adjustment parameters
Mame IMethod Method
| Higorous
7015_1 Qe:er) " RPC
* Generc
Parameters
Model type
% Parallel-perspective
" Direct Linear Tranzformation [DLT)
‘ ¢ Apply ’ Apply to all
1| I
o 0K X Cancel
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After that in Parameters panel you can choose the model type: Parallel-perspective or DLT
(direct linear transformation).

If the number of GCP is sufficient, leave the model selected by default — in that case the
algorithms work similarly. If GCP amount is minimal, use default algorithm first and in case of
improper results, use another one.

Then save the adjustment results (if they are acceptable) by pushing the button

@BIu(k adjustment - IKONDS_StereoMoscow_DEM

See more details about adjustment in PHOTOMOD Solver in the appropriate User Manual.

After completing the adjustment you, pass to orthomosaic creation in PHOTOMOD Mosaic
module.
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3.6 Creation of orthomosaic for IKONOS stereopair

Start PHOTOMOD Mosaic using Project Manager in PHOTOMOD Montage Desktop.

=StereoMoscow - PHOTOMDD Montage Desktop u = |EI|_X[
Project Modules Operations TIM  Wectors Contours DEM  Pre-tegions  Service ‘Windows Help Exit
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In Parameters window on Type of DTM tab select the option according to the relief model
(DTM), which is used for orthophotos creation.
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If the DTM was created in PHOTOMOD DTM module (automatically or in stereo mode),

select it from project resources using the button SO in Parameters window.
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After that set up other parameters needed (see the chapter 2.6 Orthomosaic creation) and
start orthophoto mosaic creation using menu command Mosaic | Build!.

}#] PHOTOMDD Mosaic
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In the dialogue of resulting mosaic saving, select also file format in drop-down list and then

push the Save button. Mosaic building process may take a long time for images blocks of big
volume.

Refer to PHOTOMOD Mosaic User Manual for more details about orthomosaic building.
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