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THE RESULTS OF GRAVIMETRY APPLICATION
IN WEST-SUTORMINSKY GEODYNAMIC TESTING AREA

Anatoly I. Kalenitsky
Siberian State Academy of Geodesy, 630108, Rulsiagsibirsk, 10 Plakhotnogo St., Prof., Dr.,
department of astronomy and gravimetry SSGA, 3413)906-74-53, e-malil: kaf.astronomy@ssga.ru

Eduard L. Kim

Siberian State Academy of Geodesy, 630108, RuBkiapsibirsk, 10 Plakhotnogo St., chief of
SSGA civil defense and emergency situations heatlEgaSSGA, tel. (383)343-29-00, e-mail:
52tkrbv@rambler.ru

The results of gravimetry during the second obsemaycle, the technology and procedures
of in-situ measurements are described by the exaafiWest-Sutorminsky geodynamic testing area.

Key words: geodynamic testing area, geodetic and gravimetbiservations.
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ADJUSTMENT OF GEODETIC NETWORKS
BY RELATIVE GPS-MEASUREMENTS

Vladimir I. Dudarev
Siberian State Academy of Geodesy, 630108, Russ@psibirsk, 10 Plakhotnogo St., Prof.,
department of geodesy SSGA, tel. (383)344-36-60ad- kva@ssga.ru

The method of equalizing of the geodetic networkising results of relative GPS-
measurements is considered. Process of formatiaoméction equations system is in detail de-
scribed: matrixes of factors and vector of the tigénd part. This method allows to receive coordi-
nates of unknown points in system of coordinatasital points.

Key words: GPS measurements, geodetic network adjustmemgation, coordinates of land
stations measurements, coordinate system, sateltieaver.
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During the last few years mobile laser scanningatee from land and water vehicles has ra-
pidly been becoming established for various ardaapplication, such as the surveying of roads,
trackage, and coasts. This is based on the contsntezhnological advancement of the individual
components, the combination of which now makesgsyble to deliver highly accurate 3D point
clouds at very high measurement rates.

The RIEGL VMX -250 provides a compact, flexible and high-perfamogsystem for mo-
bile laser scanning. The seamless integrationefiibdular camera system into the hard- and soft-
ware complements the system.

This report gives an overview of the system conegept demonstrates the high quality of the
data, with a project to survey the palaces of tihen@ Canal in Venice as an example. The ideal
workflow for recording, as well as the newly dey®d automatic adjustment of scan data is de-
scribed and analysis resulting in facade plansiibned.

Key words: Mobile Laser Scanning, Photogrammetry, Surveyingd®ing, Orthoimage.

INTRODUCTION

In 2010RIEGL realized a sensational project in cooperation Withiversita di
Venezia: The VMX-250 was employed to capture thetws-old facades of the pa-
laces in the Grand Canal using mobile laser scanriRegults were exemplarily
processed based on a few buildings. In this codineenew modular camera system
VMX-250-CS6 could be tested in a large project fog first time. The combined
processing of the photogrammetric and the laser de#a resulted in colored point
clouds, 2D CAD plans, and 3D CAD models using the optotting method.

DATA ACQUISITION

Mission Planning

The speed of data acquisition and the huge amadfriata make it essential to
carefully plan the surveying mission and the subeatjprocessing. "Virtual walks"
on Google Earth and videos on YouTube providedweamwew of the expected con-
ditions in advance: a heavily frequented waterwaty wraffic driving on the right,
roughly four kilometers long and 40 to 70 metersleviThe view of the facades,
which are 20 meters high at most, is unobstructgd anly occasional Vaporetto
stops as an obstacle.
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..Google

Fig. 1: CAD plan of Venice white: Fig. 2: facade of the Palazzo
planned trajectory gray: areas “Casa d’'Oro” in Google Earth
with planned control points with swimming Vaporetto stop

Good open sky guarantees sight to as many sateflgepossible. Forecasts for
the days in question predicted signal receptiomfloetween 7 and 10 satellites.
A great number of satellites, spread as evenly theesky as possible, is the most es-
sential requirement for measuring an accuratedt@)g of the boat and hence for the
accuracy of the data. A 20-meter long Venetian Wwogt equipped with a crane and
a crew was organized. The problem posed by visostiaction of the facades by the
Vaporetto stops was reduced to a minimum by mogrthe laser scanning system on
a scaffold three meters high (Fig. 6). The heidbam@ance of the bridges of approx-
imately seven meters and the travelling speed kinB1 would not impose any re-
strictions. The ability to perform rapid changedlirection in the canal was not giv-
en, which would have contributed to increase thmucy of the yaw angle. Before
departure, two camera positions were chosen sattiith cameras were aimed to the
right of the boat (due to traffic) for image acduis. The national reference system
"Gauss Boaga", an orthophoto, and a 1:2000 2D CAD (#a. 1) of Venice served
as additional sources of information.

Before arrival on 9 of November 2010, the weather was a mainly unknfagn
tor. Disregarding advice from the Venetians, whaenstruggling with high water,
rain and fog, the project commenced as plannedorékieally, a single day of data
acquisition would have sufficed, but due to the lbaghther, the canal was scanned
and photographed on three days under varying dondjthowever mainly without
precipitation.

Description of the RIEGL VMX-250

The hardware of the VMX-250 consists of tREGL VQ-250 2D laser scan-
ners, a camera system, an INS-GNSS-unit and anoardbcomputer fitted into
a portable case. The INS-GNSS-unit comprises terehics for real-time kinematic

18



(RTK) and three sensors: the sensor of the inargigation system (INS), a global
satellite navigation system-receiver (GNSS) inatgdantenna, and a wheel sensor
(distance measuring indicator, DMI). This last sens deactivated when used on
a boat. The modular camera system VMX-250-CS6 wisatlescribed in the next
section is also part of the hardware.

(D RIEGL

VMX-250
. . -

-

WME-250-080

alternalor

_ VMX250056 N

on-biard power
supply, 12V DC

Fig. 3: Block diagram of the Mobile Laser ScanniggtemRIEGL VMX-250
In  combination with the modular camera systemX/B60-CS6. In Venice,
the DMI sensor was deactivated for data acquistipboat

and only two cameras were used

The RIEGL VQ-250 scanners and the INS-GNSS-unit are rigathached to
a stable mounting platform which can, for example,mounted on a boat. A single
cable connects this measuring head to the comibbox. It is housed in a case and
contains the power supply, a computer running tPECRUIRE software package
for data acquisition, removable hard drives, anaady touch-screen providing
a convenient control interface for the operatorriby acquisition, both laser scan-
ners are operated synchronously, thus taking 3Dsunements at the double mea-
surement rate of a single scanner. Key data ofytsters can be found in Table 1.

Description of the RIEGL VMX-250-CS6

The VMX-250-CS6 camera system complements acquisdgidaser scan data
with the recording of high-resolution color imagés to six individually selectable,
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fully calibrated digital color cameras with electro shutters can be integrated. Each
of these industrial cameras is encased in a rabustinum housing allowing reliable
operation under adverse conditions. Image triggedan be parameterized indivi-
dually for each camera either time-based or digtdased. When the picture is cap-
tured the camera sends a strobe signal which Egetg time-stamped by the elec-
tronics of the camera system. Camera control andendata recording is completely
managed by the acquisition software embedding ittarps into the project structure
together with the scan data. The accurately tiragyged images can be used to color
the scan data, but are also the basis for photogednt processing. Additionally, it
Is possible to record FullHD videos with precisediinformation.

Fig. 4: lllustration of the camera positions arelds of view at the moment
of their synchronous triggering. Light and darkygcanes represent the fields of
view of camera 1 and 2 respectively. Scan datés@al/ed colored with the gray
scaled relative reflectance [Rieger (2010)]

The cameras can be attached to the mounting frach@@@ented individually to
meet the requirements of the current applicatiosirgle cable connects the camera
system to the VMX-250 measuring head. A robust raeal connection between
these two components guarantees a stable mourtitige @amera system with re-
spect to the laser scanners while maintaining tbeularity and portability of the
whole system at the same time. An additional PC elohbd in the control unit is re-
sponsible for acquiring image data and storinghitiee more hard disks. Although
the camera system is designed for use with the reenwdfered byRIEGL, models
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from other manufacturers can be integrated, fomgte, digital single-lens reflex
(DSLR) cameras, and infrared cameras or “360°” caraselutions.

Fig. 5: mobile laser scanning system Fig. 6: VMX-250 laser scanning system
RIEGLVMX-250 with the modular mounted on the workboat "Sante" while
camera system VMX-250-CS6 scanning the Grand Canal in Venice

Default camera model

The camera model used is based on a Cartesian catgdgystem (CaMera
Coordinate System, CMCS). The origin is coincidentwitat of an equivalent pin-
hole camera. The x-axis of the right-handed coatéirsystem is aligned from left to
right in the images, whereas the y-axis is aligineoh top to bottom. Thus, the z-axis
corresponds to the direction of camera’s view.

The internal camera calibration describes the igaddole camera represented by
the focal length and the equivalent center of thbgle projected orthogonally onto the
chip surface. The x and y axes use separate faagthls fx and fy which are normalized
by the respective pixel spreads dx and dy, sofilagéxample, fx,n = fx/dx. The center
of the image in relation to the CMCS is defined by parameters Cx and Cy, given
in pixel units. For lenses with negligible distortj usually Cx ~ Nx/2 and Cy ~ Ny/2,
whereas Nx and Ny are the pixel offsets in eithexation. Deviations from this rule
indicate a lens not centered to the sensor.

The lens distortion is modeled by at least twoahkdnd two tangential coeffi-
cients: k1, k2 and p1, p2 respectively. In caserditial coefficients of higher order
equal 0, the camera model is identical to the omscrbed in OpenCV
(http://opencvlibrary.sourceforge.net/
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Table 1: Mobile Laser Scanning Syst®EGL VMX-250 Specifications

2 X RIEGL VQ-250 Laser Scanner

Effective measurement rate

up to 2 x 300.000 measemts/sec.

Max. measurement range

500 m @r 3 80% & 100 kHz
75m@r3 10% & 600 kHz

Accuracy

10 mm

Precision

5 mm

Scanning rate (selectable)

up to 2 x 100 lines/sec.

Laser Class

1 (eyesafe)

Multi target capability yes
Range-dependent reflectivity yes
INS/GNSS properties (trajectory)

Position (absolute) typ. 20-50 mm
Position (relative) typ. 10 mm

Roll, Pitch, Yaw

0.005°, 0.005°, 0.015°

Camera System

Numbers of cameras

upto6

Resolution

2 MPx FullHD / 5MPX

lens / FOV

5mm / 80° x 6F°

1) Higher resolutions on request. External caméeas reflex or IR cameras)
from other manufacturers can be integrated.

2) 12mm lenses with a field of view of approx. 4030° were used for the
Grand Canal project.

Parameterization of the camera

The two 5-megapixel-cameras were mounted side d® feir photos in portrait
format, aiming to the right with a vertical overlapthe field of view. The 12mm
lenses have a vertical field of view of approx. 40U the overlap of approx. 10° re-
sulted in an effective field of view of approx. 7@king both cameras into account,
which corresponds to a pixel pitch of 14mm at geadistance of 20 meters.

White balance was performed using a gray card. &x@otime was set to 8ms
and gain to 8dB for acquisition. The cameras weiggéred periodically every
1.5 seconds yielding generous overlap between tmeeaxrutive pictures.

Parameterization of the scanner

In order to be able to subsequently draw a 2D plah 1:100 scale from the
scan data, a point spacing of one centimeter shbealcgimed at. This results in
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a point spacing of 0.1mm for printouts which cast joe distinguished by the human
eye.

The acquisition software RIACQUIRE calculates the mopti scan parameters.
Speed and distance from the target have to begedviAt a speed of 5km/h and 20m
from the target a horizontal point spacing of 2.3ca 2000 points/m2) per pass and
scanner can be achieved.

Configuraton Parameter -
Name 20.00m .00kmh 300 kiz F—r—
Seanur Type (V250 gScanner 1, Scarner 2) w | ] show at
Scanner |Scanner 1 (S5997363)

Mission Parametsr

Target Distance 200w

Ground Speed 5.00kmh

Scanner Paramaler

Scan Mode: Line

Mg agureirant Pragram _m-ru

Monfor Shep Hullipher 26

Liree Start (=B e ]

Lirse Stop 260,000deg

Lire Imrement DL 3deg
Information

anner Parameter:

Scan Spead 52.0hness

Scan Patbern;

Lime: Disimrice: 0.02%m

Font Destance 8.0231m

Point Dermsty 1504 Bopt fmt

(o J[ comn |[ r

Fig. 7: left: scan parameters applied iRIEGLVQ-250: 58 scan lines per
second with an angular resolution of 0.0663%ken laser shots, resulting in
a point spacing of ca. 2.3cm per scanner and gught: point pattern on the facade
(dark gray = left scanner 1, white = right scarjgrachieves 3,500 points per m2
on the facade (1cm grid spacing)

To achieve the necessary point spacing for an dedén" (orthogonal projec-
tion of a surface generated from a point cloudgast three scan passes have to be
overlaid. These passes have to be optimally aligneelach other. Ideally a point
spacing of 10,000 points per square meter coulacheeved in a single pass. Howev-
er, this would require even higher measuremensratsver travelling speeds, and
less distance to the target, all of which was m@tsble in practice.

Before the actual surveying, the entire system hesh bnitialized. For purpose
it was necessary to perform a quick static aligrinpeacedure and a few minutes of
dynamic movements. As soon as the INS-GNSS hadedathe required position
accuracy, data acquisition began. In the meantinewhite balance of the cameras
could be performed.
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PROCESSING OF DATA

Even during data acquisition the project was digtideto four sectors corres-
ponding to the water sections between the maigesaf the Grand Canal. At the end
of every day of acquisition scan and trajectoryadaere processed into a 3D point
cloud using the software package for mobile andoaire applications RiPROCESS.
Computing time equals the time necessary for dajaisition.

This way a first quality check could be carried duectly in the field and the
scan parameters and camera settings could beederifhe focus of post-processing
was on the section three between the Rialto andziSwadiges. For scan data adjust-
ment, the records of all three days, containingsgadoth up and down the canal,
were used. Before the actual adjustment, the yawedrayl to be optimized due the
slow acquisition speed in conjunction with the laélchanges in direction within the
“linear shape” of the water channel. For this pgseelected parts of planar surfaces
in the scanned facades of section three were dkfswecalled “tie planes”. The au-
tomatic adjustment feature in RIPROCESS then provided correction values for
all scans in this section.
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In a second step the software automatically creat&ble of correction values
for orientation, in particular the yaw angle and ffositions in addition, which were
applied to the trajectory at specific time stampgasponding to the previously de-
fined tie planes. Adjacent time stamps within eetesxd time window were merged
to one single entry. This automated trajectorynesfient procedure allows for optim-
al alignment of the eleven passes from all threes:d@he result of these adjustment
steps shows a residual standard deviation of 0rQ1(8rg. 8) based on all 16,771 ob-
servations (95 tie planes).

After these steps of optimizations and the appboadf the improved trajectory
to the point cloud, image data from both overlaggmmegapixel cameras was sub-
ject to refinements. Only the images from the Ipasts up and down the canal were
used. First, the white balance was optimized aed #tan and image data were com-
bined. RIPROCESS offers tools for both optimizatispst

By clicking corresponding points in the images andthe point cloud in
RIPROCESS, the exact mounting of the cameras (exteatiblation) was easily de-
termined. This made exact navigation and measumingage and scan data possible.
After another few clicks, the point cloud was celdifrom the image data and a pho-
torealistic 3D visualization allowed a first brettking trip into the virtual world of
the Grand Canal.

For further processing in the local Italian cooedesystem (Monte Mario / Italy
Zone 2), the project was transformed accordinglthwie RIEGL GeoSysManager
during export into the proven LAS format. Additidiya it is possible to check the
accuracy using externally surveyed control poimikjch, however, were not yet
available at the time of publication.

MODELING AND EVALUATION OF MEASUREMENT RESULTS

In cooperation with EKG Baukultur and PHOCAD, theisegred photos and
point clouds were assessed regarding their sutiafol further processing. Based on
the orthoscans of the facades of the palaces "C@sa"dand "Casa Pesaro”, EKG
Baukultur GmbH (EKG 2011) drew exemplary 2D CAD pladsing the "Phidias"
software, PHOCAD created an orthophoto and a 3D CA@lehbased on the
RiIPROCESS project (Fig. 9-16).

Casa d’'Oro

The Palazzo Casa d'Oro is probably the most fangkample of Gothic archi-
tecture along the Canal Grande. Constructed fro@il l@ghwards by order of the
wealthy patrician Marino Contarini, it owes its namo the original gilding of the fa-
cade. The numerous subsequent owners performedicagh building alterations,
and the structure suffered considerably duringl®t century. In 1894 Baron Gior-
gio Franchetti bought the Casa d'Oro and had itn&cacted according to numerous
watercolors, lithographs and engravings. He accatedla large art collection which,
together with the casa itself, became state prppenen he died. Today the Casa
d'Oro is used as a museum (Venedig 2011).
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Fig. 9: Photo RIEGL) Fig. 10: “Orthoscan” orthogonal
depiction of the point cloud
(RIEGLRIPROCESS/RISCANPRO)

Fig. 11: Orthophoto (Phocad/Phidias) Fig. 12: 2D CdvBwing (EKG)

Casa Pesaro

Construction of the palazzo started in 1628 by coatioon and modification of
some already existing buildings by order of theaPe$amily. The distinguished arc-
hitect Baldassare Longhena started the projecerAlis death in 1682 it was finished
by Gian Antonio Gasparia in 1710. The palazzo famaous example of Baroque ar-
chitecture with a sophisticated marble facade. Ydta palace is state property and

used as museum for modern art and hosts a famdlastmm of oriental art (Venedig
2011).
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Fig. 13: “Orthoscan” orthogonal Fig. 14: 2D CAD drawing (EKG)
depiction of the point cloud
(RIEGLRIPROCESS/RISCANPRO)

Fig. 15: Monoplotting (Phocad/Phidias)  Fig. 16: GBD drawing (Phocad)

PERSPECTIVES

It has been demonstrated that the mobile scanysigraRIEGL VMX-250 is
able to both scan and photograph the facades oBtaad Canal with high resolu-
tions in a short time. The quality of the acquidada is more than sufficient for CAD

drawings on a scale of 1:100.

Data acquisition Time

Data acquisition 3 days + journey

Georeferencing approx. 1 man-week
of point cloud and images |(depending on the degree of optimization)
creation of CAD plan 1 day per facade (2D), 2 dagisfacade (3D)
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Further processing options:

- Even higher point resolutions will probably be pbks soon through higher
measurement and scan rates.

- Measurements of reflectance can provide additiorfatmation especially for
moist facades.

- The high point density enables graphic represamstof irregularities of the
facade (for statistical purposes). Deformationstic@ declines, and other structural
damage can be made clearly recognizable and visdatio scale.
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The research described in this article was camwigdunder the Federal Target Program for
GLONASS infrastructure realization in the Novos#iiarea. It concerns the problem, arising while
determining obtaining the coordinates of pointsgaocentric coordinate system. The paper de-
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APPLICATION OF ULTRACAM SURVEYING DATA
FOR THE EARTH DIGITAL MODEL DEVELOPMENT

Alexander Wiechert
Vexcel Imaging GmbH, 8010, Austria, Graz, e-mdikiache, michgrub}@microsoft.com

Michael Gruber
Vexcel Imaging GmbH, 8010, Austria, Graz, e-mdiNiache, michgrub}@microsoft.com

This paper describes the BING maps project cawigdsince 2005 by Microsoft. The history
is described as well as the underlying technolagy/the most recent Global Ortho project. Also the
digital aerial frame camera UltraCamG is describdds camera has been developed specifically
by Vexel Imaging for Microsoft for nation-wide mappg to carry out the Global Ortho project.

Key words: BING maps, Global Ortho, UltraCam, UltraMap, daicamera, aerial camera,
remote sensing, digital photogrammetry.

INTRODUCTION

In the last years, global player such as Yahooydgioft or Google entered into
the mapping community and invest heavily into tleedlopment of internet based
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mapping services for consumer and business. Ceattdaset are used such as street
maps, images and other databases to enable sesuiciess street view, aerial view,
and search for driving or walking directions, daspbf traffic information or search
for people, business and locations. Also the platfooffer interfaces such as AJAX
or Silverlight which enable the user to build owpphcations and business on top of
the platform by using data and features from thef@m. Prominent examples of
commercial applications are the use of these ietamapping services by real estate
companies or for tourism or for location based aiilsiag.

VIRTUAL EARTH

The processor of BING maps was called Virtual Eafthis project has been
launched by Bill Gates during his speech in Londbhig 50" birthday. The vision
Bill shared was impressing: to map 3000 cities we fyears with a fully automated
workflow and a cost reduction of 90% over currenstng methodologies.

To enable this vision, in 2006 Microsoft purchaséekcel Imaging GmbH,
Austria, a leading manufacturer of digital aeri@nhe cameras. Since then, Vexcel
Imaging became a research and development cemtBiN&G maps in addition to its
commercial aerial camera business. Vexcel Imagas developed impressive soft-
ware which allowed Microsoft to process 3D city ratsdin a highly automated
workflow. The underlying methodology is based ortrmay photogrammetry.

. &) kN 5

Figure 1: Multi-ray photogrammetry is the undertymethodology for Microsoft 3D
city model generation. Specific flight pattern emesuredundancy and avoids occlusions
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UltraCam images are the sole source for the detation of the vectorized 3D
city model. Important for the automated processirg some key image parameters
such as redundancy, geometric accuracy and radicnaginamic. Redundancy has
been achieved by a specific flight pattern with 8f@fftvard and 60% sidelap. Due to
the leading geometric accuracy and radiometric ayoaf the UltraCam images, it
was possibly to process surface models (DSM) amditemodels (DTM) in a fully
automated workflow. The DSM has been generated Ogrse matching of highly
overlapping UltraCam images. That leads to very el@m&l accurate surface models,
around 10 to 20 times denser than a typical acHidyeairborne Lidar sensor sys-
tems.

Figure 2: Highly overlapping UltraCam images (l&fijh 10cm ground

sample distance and high resolution DSM (rightycpssed by dense

matching from the images. Point density of the DiSMround 50 points
per square meter, accuracy is better 10 cm.

This DSM is then classified and then filtered audtically into a DTM by using
the “knowledge” achieved by the classification.

Figure 3: UltraCam image (left) and classificatioap{right),
derived automatically from the image.
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Figure 4. The DSM (left) which has been gerenated dense matchign of the
images is filtered into a DTM (right) by a specifilgorithm. The classification map
Is used during the filter process.

e :
C

The images, DSM, DTM and classification map arenthsed to extract a vec-
tored roof polygons of buildings. Then the roofymun is extruded to the bare earth
(represented by the DTM) and leads to a vectorrggmn of the building. That
building now is available as a vector object, candxtured and attributed and used
in the global scene as a building object.

Figure 5: Automatically extracted roof polygon {)eextruded and textured vector
building (middle) and global scene with the vectb®® building model.

The results achieved by this workflow have beenrespive in quality, speed
and automatization. On the internet, the 3D modrlbled rich user experience and
have been used in a wide range of applications.

N Al F 8 . — "

Figure 6: Examples of 3D city models in Virtual Eaigenerated by the automated
workflow based on multi-ray photogrammetry and &@tam aerial images.
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However, that virtual reality still looks virtuab the end user and more artificial
compared to a picture of the real world. Basedhenféedback from the user, Micro-
soft changed the design of the platform.

BING maps [ittp://maps.bing.coin

The platform BING maps integrates several data setliding vector maps, sa-
tellite images, aerial nadir images, aerial obligmages and the virtual reality 3D
layer.

Figure 7: BING maps data sources, such as vectps ifugoper left, aerial
nadir images (upper right), aerial oblique imadewér left) and virtual
reality 3D layer (lower right)

With the growing availability of the oblique imagand the very positive feed-
back on the aerial oblique images, the virtualing&D layer has been deactivated in
2010 and replaced by an image based synth viewlmfuze images.

Figure 8: Virtual reality 3D layer (left) versuslmue image based
3D look and feel (right)
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This gives an impressive look and feel based ohinegges, significantly less
artificial than the virtual reality 3D layer. Alsthe image based representation allows
a smooth transition to the street side level. Haveeven if this approach sounds
purely image based, there is still photogrammetoykimg the background. To allow
a smooth transition (moves, rotations, zooms), kadge of the underlying 3D struc-
ture is required, however in a less detailed regrgion compared to the virtual re-
ality 3D layer. So, there is still a native 3D stwre behind the images. This 3D
block structure is derived out of the aerial UltemCimages by the process which has
been discussed in the previous chapter.

GLOBAL ORTHO

A big challenge of a world-wide mapping projecthe consistency and age of
data. Even in well developed areas, there is instarey in quality, resolution and
age of images.

Figure 9: Marin, lllinois, USA - an example of imstent color,
resolution and age.

To address this, Microsoft has launched in co-dmmrawith DigitalGlobe
a project called Global Ortho. Within 24 monthse tiwhole of USA and Western
Europe will be captured by aerial images with an3@esolution (15cm in some urban
areas).

The coverage of the Global Ortho project is 8.1liamlsquare kilometers in the
USA and additional 2,4 million square kilometeMfestern Europe. These areas will
be mapped by a set of specific cameras called China5, operated by selected flyers
for Microsoft.
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Figure 10: Global Ortho coverage. USA (left) anddpe (right). Color represent
priorities, ranging from urban orange) to counidegwhite).

ULTRACAM

UltraCam is a leading aerial camera series withentban 205 cameras sold
world-wide, developed by Vexcel Imaging GmbH, Ausstifor the commercial re-
mote sensing market. The cameras are designedve pkRotogrammetric applica-
tions with typical image resolutions ranging fro@ck to 2.5cm. The camera series
has some outstanding features such as the syrdggpasure which leads to parlay
free images, superior monolithic image geometryiadd by monolithic stitching,
superior image radiometry of 7600 grey values, @ad by monolithic radiometry
and a highly automated, very fast 16 bit image @semg workflow with automated
features such as distributed processing, projestdaolor balancing and embedded
aerotriangulation.

|

ULTRACAM

Figure 11: UltraCam camera series - UltraCamXp Widgle (left),
UltraCamXp (middle), UltraCamLp (right).
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The first camera was the UltraCamD which has beeroanced 2003. Since
then, Vexcl Imaging, has continuously turned thedtavailable technology into an
innovative series of cameras. Vexcel Imaging aomst updated stability, reliability,
accuracy and efficiency of the camera system tahbe current available technolo-
gical possibilities to maximize the benefit of tikeraCam customer.

Digital aerial cameras have basically replacedanahmeras for all kind of ap-
plications. Since the first digital cameras cameh® market, a constant increase of
frame size or more generic: an increase of the ammoiupixel across the flight strip
took place. The key parameter for the collectidicieihcy of a digital aerial camera
Is the number of pixel across flight strip. Thiseditly impacts the number of flight
lines required to map a certain area. That devedopiwas driven by the need of in-
creased flight efficiency to minimize flight cositsinimize flying time and to minim-
ize project risk. The number of pixels along thght line has no or only very little
impact on the collection efficiency because this alvays be offset by a fast frame
rate and an automated processing workflow.

Figure 12: Evolution of the UltraCam frame size. ag from UltraCamD
(2004, left) to UltraCamX (2006, middle) and torfdliEamXp/UltraCamXpWA
(2008/2009, right).

The current UltraCam models are UltraCamLp with @tgant of 11700 pixels
across the flight strip, UltraCamXp and its wideglenversion UltraCamXp Wide
Angle with 17310 pixels across the flight strip.eTétameras are commercially avail-
able and successfully used world-wide by a widgeawof organizations.
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To enable the demanding and huge Global Ortho, &etxgaging GmbH has
developed a specific camera called UltraCamG. €hiwera is especially designed
for nation-wide ortho mapping. Key parameters arengpressive footprint of 28000
pixels across the flight strip and a reversed gaargening ration of 3:1 between the
Pan and the color channels. Thus, the camera tohégh resolution color and lower
resolution Pan image information. This is reversed standard photogrammetric
camera which usually collects high resolution Pantfie photogrammetric applica-
tions and lower resolution color for the mapping@lagations. The Pan cannel of the
UCG is not designed for high accuracy photogrammeipplications; it is designed
to enable the processing of a DTM suitable to gdbiify the 30cm color images.
This makes the camera and the Global Ortho projédefpendent from any other data
sources such as airborne Lidar data. The UCG cslteet high resolution images, it
collects the lower resolution Pan images whichuased to process a DTM automati-
cally based on the above described methodologyitaisio collects lower resolution
NIR for classification.

Figure 13: UltraCamG camera system (left) and &aer the UltraCamG
sensor head and lens system (right)

The pan channel is captured at a large frame witlett resolution and high for-
ward overlap of 85% to ensure automated DSM and Darbtuction. The color
channel has a smaller dimension in flight directama is exposed with a much higher
frame rate and a forward overlap of 20% to ensaver@ge. The NIR channel covers
only the center part and has full coverage duaitalslie forward and sidelap.

Operationally, the camera is designed to be operattdrigher altitudes (30cm
GSD is being achieved at around 5000m flight algtand results in an almost 9km
wide strip) and very fast air speed. This leadsuperior mapping efficiency above
all existing camera systems.
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Figure 14: UltraCamG channels: low resolution PAddt), covering the area
with 85% frontlap; high resolution color (middie€pvering the area
at different frame rate with 20% frontlap; low regmn NIR (right) covering
the center but area coverage is ensured by froatidsidelap.

Figure 15: UltraCamG frame, Rome, Italy. Shows is fudl frane PAN and one
RGB strip. The detail shows the Vatikan. Image regmius 30cm.
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The examples show here give an impression aboututstanding image quality
achieved by the UltraCamG. The UltraCamG enablésonly Microsoft to map the
whole of USA and Western Europe in roughly 24 msmthly with an impressive image
quality, consistency and timeliness. Furthermdre,damera is an excellent example of
the leading UltraCam camera design. That desigwsaltieveloping leading commercial
photogrammetric cameras as well outstanding canemgeting specific applications.

Figure 16: UltraCamG color image example, Franki@grmany.
Image resolution is 30cm ground sample distance.
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The paper deals with the reliability of probableoes of terrain points coordinates calculated
from adjustment of a phototriangulation network @mdves a necessity to take them into account
for accuracy estimation of digital mapping and nilig results.
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INVESTIGATION OF RELIEF INFLENCE UPON THE ACCURACY
OF VERY HIGH RESOLUTION SATELLITE IMAGES ORTHORECTI FICATION

Alexander Yu. Chermoshentsev
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graduate student, department of photogrammetryramibte sensing SSGA, tel. (960)798-55-06,
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In the article accuracy assessment of orthoredtificages WorldView-1 and IKONOS using
digital elevation models of various densities iagidered.

Key words: satellite images, digital elevation model, ortlobifecation, accuracy.
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Inarticle method of gradient Sobel filter usageifareasing efficiency automatic decoding is
given.

Key words: space image, Sobelfilter,automated decoding, vieetiion.
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ACCURACY ASSESMENT OF CALCULATED CORRELATION
COEFFICIENTS OF TASSELED CAP TRANSFORMATION
FOR FORMOSAT-2 IMAGERY

Maxim A. Altyntsev
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In article main point of the Tasseled Cap tranmsfation is briefly described and accuracy as-
sessment of this transformation coefficients whigre calculated for plots areas with typical set of
objects is given. In result of the assessmentargry about selection accuracy of these plots and
about opportunity of these coefficients usage tdomatic selection of objects is given.

Key words: principal component analysis, Tasseled Cap tramsfbon, correlation matrix.
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The problems of the recreational use of city lacoigered with forests and their state cada-
stral account in Krasnoyarsk city are discussedtierpaper.
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Are considered result of application of approximgtfunctions in the course of a mass esti-
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ESTIMATION OF HYDROLOGICAL NETWORK CONDITION
OF THE IRTYSH RIVER BASIN IN KASAKHSTAN

Nadezhda I. Mikhailova
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It is looked the questions of geological histoye af left bank net of Irtysh. It was given the-cha
racteristic of gidrological regimes changes of maters of left tributary in the basin high Irtysh.
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NATURE MANAGEMENT IMPROVEMENT ON THE BASIS
OF BIOCHEMICAL PROCESSES IN ECOLOGY

Mikhail A. Kreymer
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Analysis of chemical elements distribution and ithiele in technosphere and biosphere are
presented. The difference between their biocheniaes is shown. Improvement of nature man-
agement on the basis of biochemical processedbsantiated. The new role of environmental eco-
nomics in managing biotic migration of §enus atoms is underlined.

Key words: biochemical processes, classifications integratiatyre management
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