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ABSTRACT

For over a decadeow oblique images are collected from airborne platforms on a regular basis. Several camera
products have been presented from distinct camera vendors and their image produgiikaosvn. The UltraCam
Osprey is the new obligusensor by Microsoft / UltraCam Business Unit and was introduced into the market at the
ASPRS 2013. Tis camera combinesmetric nadir subsystewreates onparchromatic high resolution image, one
true-color RGBimage, one neatinfraredimageandsix oblique truecolor wing imagedakenat an oftnadir angle

of 45°. This specific camemesign supportexceptionaproductivity and quality during acquigith and processing.
Camera specification parameters as well as results fromtr@ngulation, DSMproduction and oblique image
processing are presented in this article.

INTRODUCTION

The UltraCam Osprey was presenfedthe first timeat the ASPRS 2018onference anéxhibition in Baltimore,
MD, March 2013. While this is not the first obliguecames introduced to the markethe UltraCam Osprey
incorporateseveralnewand unique conceptgith aclearemphasin professional photogrammetand collection
productivity. First there is thmetric nadir component which has been derived from thekmellvn UltraCam Lp
camera This nadir camera constitutes thgleometry backbonebf the UltraCam Osprey and enables traditional
photogrammetric processirfgpm an oblique aerial camera systeRor example, Osprey images am@mpatible
with the UltraMap softwee supporting the full workflowfrom aeretriangulation to dense surface modelling and
ortho imagecreation Secondly, dding the six oblique camera heads makes the pixel hax&smely productive
The wing cones arpointing in the four cardinal dire@n at 45° offnadir. There are dual condsrwards and
backward, and single conekeft and right.

THE ULTRACAM OSPREY DESIGN

There arelO independent camer@nes integrated into a singbamerasystem Four such conesconstitutethe
classicahadir camerdor creating one 90 Mpixel panchromatic image, as well as onetioe RGB and one near
infrared image(cf. Fig. 1) The remaining i cameraconesare equipped with 80 mm legsand highquality
optical prisms. The forward and backward lmakcones arassemblegbairwise greatly enlarginghe crosgrack
FOV of these twin cone§.ablel1 describeghe principal parameters of the camera system andItheegCam Osprey
design



Figure 1: UltraCam Osprey (left) and cone layout (right)

Focal Lens/ Pixel Size

Nadir PAN 51.0 mm Oblique Sensor Heads 80.0 mm

Nadir RGB and NIR 25.5mm

Frame Format / Pixel Size

Nadir PAN 11674 * 7514 6.0 um Oblique Sensor Heads 6870 * 4520 5.2 ym
Nadir RGB and NIR 6735 * 4335 5.2 ym

FOV/ deg cross track along track

Nadir PAN (RGB) +/- 34.48 ° +/- 23.85°

Nadir RGB (PAN) and NIR +/- 34.48 ° +/- 23.85°

FOV / deg

Oblique Forwd/Bckwd +/- (53,36° / 36,64°)

Oblique Left/Right +- (57,59° / 32,41°)

Table 1: Principal design parameters of the UltraCam Osprey

The cameradesignis geared towardproductivity in the air. Thus the extent of the nadir footprint and the cross
track dimension of the wings are well tuned to each other. At a flying altitude of 1275 m and a nadir GSD of 15 cm
the nadirlooking imagecovers the area of/f50m by 1127 m The correspondingdeft and right wing overlapwith

the nadirimage yielding a combined andeamless imagedtprint of 115° FOV. The crogsack footprint size of

the forward and backward wingsnsore thanl135 m This supports a flight pattenmherethe flight line distance

is 60% of the nadir footprint (40% side overlapt a speed over ground of 60 m/sae UltraCam Ospreframe

rate of about 0,45images /secon@2,2 seconds TBFRallows achieing a forward nadir overlap of 80% at a
minimum GSD o0f8,5 cm and less than 5 85D with60% endlap.
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Figure 2: UltraCam Osprey footprint (left) and FOV diagram (right)



GEOMETRIC PERFORMANCE

The geometric performance of thdtraCamOsprey nadir image is illustrated by the results of@undant aerial
triangulation project. This 313 image block shows high overlap and cross strips. Thus the redundancy is high and
the investigation of the image quality is well supported. We show the block layout and the remaining image residuals
after theleast squares adjustment. The overall geometric quality is represented by theosigine which was
computed at 1.8 TheRMS residuals of the image coordinate measuremesatre in the range of + 1.2 um (x

direction) and+ /- 1.1 um (y-direction). Fig.3 illustrates the pattern of small image residuaid the block layout.
TheRMSresiduals of measured ground control points and independent check points was lespitehata GSD

value of 10 cm.The correspondingblique images are well oriented twitespect to the respectivenadir imags

due to the known and calibrated lever arms. Suchoevahted oblique imagerg beneficialfor further processing

The geometric accuracy of the oblique imagery has not yet been fully evaluated.
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Figure 3: Image residuals of the nadir image and block layout of the aero-triangulation project.

IMAGE QUALITY

The sensor technology and related radiometric performance of the UltraCarayQs in line with the high
radiometric quality level of all sensors of the UltraCam familie show sample imagé&om a recent test flight to
highlight the quality of nadir and wing imaged he test project was flown on May 28, 2013 over the city of
Salzburg Austria The altitude wer ground was roughly 900 m resultimja mearGSD of 10 cm. The cross track
dimension of the wing image is between 1150 m (foreground) and 1700 m (background).



Figure 4: Forward wing image (composite of twin cone) and part of nadir image (right).

TheUltraCam Ospregamera heads are equipped viétestgeneratiorsensors and electroniaich are optimized
to exhibitvery low signatto-noise leved which manifests itself in virtually noisieee images of very high dynamic
range. The analog to djtal conversion is implemented at the-Hit level and all digital image processing is
implemented in 16 bitThe resultingmage datajuality is evident inFigure 5which illustrates thdarge dynamic
range ofUltraCam Ospreymages. Both, he bright wak of the Hohensalzburg Castlas well as a dark shadow
area showfine detailswithout saturatioron either end of the spectruurther processingnagery of such high
dynamic \rangevvill likely result inequally impressivdinal imagerdataproducts

Figure 5: A prominent object i Castle Hohensalzburg i acquired by UltraCam Osprey

WORKFLOW AND 3D RESULTS

Since every nadir photo is accompanied by six additional oblique imaigetlitraCam Osprey producesrather
large number of images durirayflight mission. Thus it is obvious that lighly automatedprocessingchan is

needed t@conomicallyextract thefull valueof the image harvesthe combination of highlyedundant and highly
accurate imagery allows to crealigital surface modsl(DSM) of amazing fidelity and accurac@®nesuch example
DSM, createdrom the mission to Salzbuygs illustrated in Figure §green = low, brown = high)



Figure 6: DSM of the castle and the historic center of the City of Salzburg i
automatically extracted from UltraCam Osprey images.

Having availablesuchhigh-fidelity DSM data and the weknown camera geometry makes it rather strafghward

to then apply the oblique imagesorderto produce fully textured 3D models. Especially for urbarniremnents,

the quality of the source imageembined withthe ability to acquire all vertical faces of manmade structures are
crucial ingredients for creating the desired 3D models at high degrees of automation. Figure 7 illustrates the results
of a fully automated 3D modeling workflow.

Figure 7: 3D Geometry and photo texture from UltraCam Osprey wing images.



CONCLUSIONS

The principal desigrparameterand the main goal of the developmenthe UltraCanOsprey were presented and
some results from photogrammetry and 3d modeling were illustratechave shown the productivity of the camera
and the ability to simultaneously acquire high quality nadir images and oblique i we show tk digital
workflow to process images and to produce value added products.
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