The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B3, 2016
XX ISPRS Congress, 12—19 July 2016, Prague, Czech Republic

ANALYZING RCD30 OBLIQUE PERFORMANCE IN A PRODUCTION ENVIRONMENT
M. E. Solef, W. Kornus, A. Magarifios, M.Pla

Institut Cartografic i Geologic de Catalunya, 08038 Barcelona, Spain — (eulalia.soler, wolfgang.kornus, antonio.magarinos,
maria.pla)@icgc.cat

Commission |11, WG I11/1

KEY WORDS: Oblique imagery, Point Cloud, Mesh, Accuracy Analysis, Normalized Difference Vegetation Index, Line Spread
Function.

ABSTRACT:

In 2014 the Institut Cartografic i Geologic de Catalunya (ICGC) decided to incorporate digital oblique imagery in its portfolio in
response to the growing demand for this product. The reason can be attributed to its useful applications in a wide variety of fields
and, most recently, to an increasing interest in 3d modeling. The selection phase for a digital oblique camera led to the purchase of
the Leica RCD30 Oblique system, an 80MPixel multispectral medium-format camera which consists of one Nadir camera and four
oblique viewing cameras acquiring images at an off-Nadir angle of 35°. The system also has a multi-directional motion compensation
on-board system to deliver the highest image quality.

The emergence of airborne oblique cameras has run in parallel to the inclusion of computer vision algorithms into the traditional
photogrammetric workflows. Such algorithms rely on having multiple views of the same area of interest and take advantage of the
image redundancy for automatic feature extraction. The multiview capability is highly fostered by the use of oblique systems which
capture simultaneously different points of view for each camera shot. Different companies and NMAs have started pilot projects to
assess the capabilities of the 3D mesh that can be obtained using correlation techniques. Beyond a software prototyping phase, and
taking into account the currently immature state of several components of the oblique imagery workflow, the ICGC has focused on
deploying a real production environment with special interest on matching the performance and quality of the existing production
lines based on classical Nadir images.

This paper introduces different test scenarios and layouts to analyze the impact of different variables on the geometric and
radiometric performance. Different variables such as flight altitude, side and forward overlap and ground control point measurements
and location have been considered for the evaluation of aerial triangulation and stereo plotting. Furthermore, two different flight

configurations have been designed to measure the quality of the absolute radiometric calibration and the resolving power of the
system.

To quantify the effective resolution power of RCD30 Oblique images, a tool based on the computation of the Line Spread Function
has been developed. The tool processes a region of interest that contains a single contour in order to extract a numerical measure of
edge smoothness for a same flight session. The ICGC is highly devoted to derive information from satellite and airborne
multispectral remote sensing imagery. A seamless Normalized Difference Vegetation Index (NDVI) retrieved from Digital Metric
Camera (DMC) reflectance imagery is one of the products of ICGC'’s portfolio. As an evolution of this well-defined product, this
paper presents an evaluation of the absolute radiometric calibration of the RCD30 Oblique sensor. To assess the quality of the
measure, the ICGC has developed a procedure based on simultaneous acquisition of RCD30 Oblique imagery and radiometric
calibrated AISA (Airborne Hyperspectral Imaging System) imagery.

1. INTRODUCTION and develop the specific techniques which better describe the
urban ecosystem from many different points of view: urban

The Institut Cartografic i Geologic de Catalunya (ICGC) is themorphology, energy  efficiency,  sustainability — and
mapping agency of the Government of Catalonia. Created ignvironmental applications, etc.
late 1982, ICGC'’s activities have been focused on providing
valuable geoinformation for territorial planning by generatingSome of the environmental or energy efficiency applications
raster and vector databases at different scales ranging from Ildéveloped at ICGC for urban planning (such as light pollution,
000 to 1:1 000 000. Nowadays, although maintaining up-to-datgiermal efficiency, Urban Heat Island analysis) are related to
information at smaller scales, the ICGC is also very concernespecific hyperspectral surveys, but there is an increasing
about the specific geoinformation required for managing th@equirement of including detailed and photorealistic 3D models
ever growing urban areas (UN World Urbanization Trendfor specific morphological analysis and as a base layer of the

forecasts that 86% of the population of the developed world willirban information infrastructure, moving from 2D to 3D
live in urban areas by 2050). This effort is not only a matter oknvironments.

working at large scales (1:1 000 and larger), but also to adopt
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Figure 1 3D Orthé vs 2D Orh‘

LoD1 city models are being regularly produced in urban are
ICGC as a hyroduct of the 1:1 000 topographic datab:
LoD2 city models from LiDAR point clouds aalso generated
as intermediate information when developing specific en
efficiency applications such as photovoltaic suitab

Figure 2 Point
photovoltaic suitability

The ICGC acquid the oblique camera system in 2014 with
objective of adding a new urban sensor to its pori, which
enables not only the creation of photorealistic 3D meshes
multi-view pixelbased algorithms, but also the evolution of
current product grtfolio. In such evolution, ICGC’s analys
aims at increasing the productivity of the oblique flight sun
by maximizingthe number of applications derived from
captured informationincluding 3D meshes, point cloud &
facade textures, NDVI orthwiagery and ster-models for data
capture at 1:1000 scale.

Establishing robust production pipelines relying on the obl
camera system requires an depth study of the senso
capabilities. Thereforethis paper presents the current ICG
analysis otthe oblique system based on mec-format RCD30
cameras. The analysis focuses on different aspects c
system. On the one hand, the study of geometric
radiometric suitability of the RDC30 camera for remote ser
applications and stereo plotting arban scales; on the ott
hand, the study of the automated aerial triangulatioNadir
and oblique blocks which is challenged by the numbe
images involved in the higbverlap flight surveys, thscale and
resolution variationsalong the obliqueimages and the
performance of dense point matchiragross the different
viewing directions.

Figure 3 High overlap in  malt-cross

configuration

data capture

2. RCD30OBLIQUE TEST FLIGHTS

From the whole set of models present in the market, the |
finally decided to acquire in 2014, the RCD30 oblique feat
by Leica: a 60Mpixel multispectral medium format can
which consists of one Nadand four okique cameras viewing
towards the four cardinal pointt an of-Nadir angle of 35°.
The system can easily be upgraded to 80 Mpixels and
multi-directional motion compensation -board system to
deliver high quality images.

Three dfferent block configurationthave been considered to
carry out the camera assessment:

T1. Geometricstudy has been performed v a block of 10095
images collectedvith the RCD300blique camera from 770 m
flying altitude (AGL) with 80% sidelap and 70% endlap. -
block was flown in northeast soutl-west direction, 36 strips
and a resulting GSD of 8 cri\bout 45 shots per flight lin
were taken from each camera.

T2: For the radiometric assessn, a simultaneous flight with
the AISA Eagle Il hyperspectri sensor was planned. The
configuration chosen, with a flying height of 1650 and 120
knot of speed, produced 1®@&nd AISA four stripimages with

a resulting GSD of 1m. At the same time, a block of 240 im
wascollected with the RCD30 Oblique with % sidelap, 40%
endlap and 17 cm GSD.

T3: A block of 240 images collected from 0 m flying altitude
with 60% sidelap and enlapas acquired fospatial resolution
evaluation.The resolution pattern was located in different p
of the image The resulting GSD for this configuratiwas 7.5
cm.

For the acquisition process, the RCD30 Oblique was mol
on a PAV gyrostabilized suspension mounThe weather
conditions during the flight tests were excel.

3. AERIAL TRIANGULATION

A sub-block of 866 imagesxtracted from the T1 configuratic

has been triangulated using the Trimble Inpho v7.0.2 soft

package (Match-AT)Approximately 11 images per flight line
were taken from each camefeor accuracy assessment a t

of 16 control and check points werevailable, evenly
distributed over the block.

The simultaneous image capture with 5 cameras and the
image overlap resulted in a very high degree of in
connections causing long processing times for image matc
Although the settingparameters (the matching module were
highly restrictive to reduce the amount of matched poin
much as possible, an average of 700 points per image
correlated including points connecting up to 112 images.
process took 31 hours on a-b#4 server (16GB RAM, 16
threads, local image storage). After thinning out the dense
distribution to approximately 100 points per image, the b
adjustment took less than 10 minut

The following input data was introduced into the adjustr
approximately 87000 iage point coordinat with an a priori
standard deviatioro of 2 microns (automatic points) and
microns (manual points), GNSS coordinates of the proje
centres §=3 cm for X, Y and Z), IMU angle observatio
(Nadir looking camera onlyg =3 mdeg for omega and phi,
o=15mdeg for kappa) and ground coordinates of 4 co
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points =4 cm for X, Y and Z). The adjustment settir
considered shift and drift parameters of the GI
measurements, IMU misalignment and -calibration (44
parameters for each camera).

Selfcalibration led to significantly improved results. 1
Trimble Inpho software allows applying two different sets
self-calibration parameters: the 12 called Ebner paramete
(Ebner, 1976) and the 44 salled Grun parameters ((n,
1979). Figure 4shows the averaged residuals of im
coordinates for the Nadimage derived from block adjustme
without selfealibration. The mayor systematic effects coulc
compensated by applying seilibration with 44 parametel
The set of 12 parameters did not result in satisfying object
accuracy.

maximum residual: 4.0 micron
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Figure 4. Calalated distortion grid foNadir camera

From 12 independent check poin®MS object point residua
of 3.2cmin X, 45cm in Y and 6d@n in Z were obtaine(
Figure 5 shows the graphical representation of the grc
control and check point residuals.

Figure 5 Horizontal (left) and vertical (right) residuals
ground control points (triangles) and check points (cir

This well characterized bloatenfiguratior has been the one
preferred to generate preliminargense point clols and

subsequent  textured meshesusing the  Bentley

Smart3DContextCaptusftware package (Acutel.

4. RADIOMETRIC CALIBRATION

The availability of remote sensing da&itherfrom satellites or
manned and unmanned airborne platforisigrowing more an
more due to theinseful applications in a wide variety of fielc
Airborne photogrammetric systems are able to provide-

resolution imagery over large areas iniraely mannei being
increasingly used for different applications such as -use

monitoring and environmentatonditions assessment. As a

consequence, as well as geometprecision, radiometric
integrity becomes a key task of data processing for

exploitation of photogrammetric data. The ICGC has t

increasingly emphasizing the role of absolute radiom

calibration through the incorporation of innovative prod

involving radiometric calibration of data into its portfolio. T

step basically amslates the recorded digital numbers (DNs)

physical information (radiance) using correction coefficient

pixel level that are estimated ktintegrating sphere in-lab
measurements. As a matter of fact, even photogramr

sensor manufacturers, udlya devoted to the design

geometrically highperformance systems, take great cof the

absolute calibration of their sensors. Nowadays, they are a

provide the constant values to customers and, at best, to il

a workflow to generate radiometrice-corrected images
automatically.

The aim of this section is to ass the quality of the absolute
calibration workflow included in the image p-processing
software package for the RCD30 Peniblique camera model
operated at ICGC. To evaluatiee quality of these measures,
ICGC has developed a procedibased on a simultaneous
acqusition of RCD30 oblique imagery arthe AISA Eagle Il
hyperspectral sensor.

The AISA Eagle I] which is regularly operated by ICGC,
calibrated once a year by SPECIM. Oncereturns to our
facilities after calibration and maintenance opera, a
systematic validation of iteadiometricprecision is carried out.
This protocol follows these steps:

1. AISA Eagle Il sensor is placetout 20 cm far from
the Integrating Sphere

2. Acquisitionsof (approx.) 500 lines and 5 millisecor
of dark lines arearried out

3. Image is radiometrical-corrected using pixel-by-
pixel calibrationcoefficient:.

4. Radianceinformation of illuminated pixels is tin-
averaged (beinghe image taken at a distance fr
the sphereonly the central part of the field of view
illuminated).

5. Radiance is comparewith the spectral radiation
curve of the Integrating Sphere provided NPL
(National Physical Laboratory) in UK. Figure 6
shows the resultingoenparisor

SRU
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Figure 6.Absolute radiometric calibration cAISA Eagle I
validation at ICGC
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The validation procedure demonstrates the reliability of the
AISA absolute calibration as a reference to assess th p

radiometric performance of RCD30 images. With this aim, the
126 useful AISA spectral bands (T2 block-configuration) have ;44 + = =
been integrated according to RCD30 spectral filters leading t

4-bands imagery that can be used for the assessment in 1500

consistent manner.

The evaluation has been carried out for each channel separate ) =
over seven terrain samples representing a heterogeneous set
land covers (e.g. forest, field, asphalt, bare soil, etc.). Thus,
difference image has been calculated from both AISA anc & & & &
RCD30 acquisitions. The statistics computed for each sampl & & & & & & €
show an averaged difference of 22.91 \iiffum between blue

2500

1000 1
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o 7}'_| ﬁﬁﬁ”
Q\@' S ) M AisaNIR Band

RCD30 Nadir NIR Band

band calibrated images. Moreover, the averaged differenclt_-}Igures 7,8,9,10. Histogram mean values computed for each

values found in green, red and near infrared channels are 36.
59.66 and 37.04 Wi/farlum respectively. Figures 7, 8, 9 and

%mple and each band. Y axis represents Radiance

10 show the mean values obtained from the histogram of €ag(y, 5 final summary of the previous measures, Table 1 shows the

sample in both AISA and RCD30 calibrated images.
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relative error of the RCD30 absolute calibration.

Blue Green Red Near
Infrared
Relative | 2.44 3.26 4.57 2.1
error (%)

Table 1. Relative error of the RCD30 absolute calibration

5. IMAGE RESOLUTION

Spatial resolution has become a key quality factor of the
photogrammetric sensors, especially with the advent of digital
sensors in the market. In this case, the spatial resolution is
limited by the measure in pixel, yet it rarely coincides with the
nominal resolution due to blurring and noise effects. They are
caused by many factors. The main ones are the atmosphere (e.g.
visibility, haze), the illumination geometry (sun height), the
camera design (e.g. CCD, motion compensation, optic), the
flight configuration and acquisition settings (e.g. flight speed,
flight altitude, exposure, aperture) and data post processing
(Read & Graham, 2002).

The visual identification of targets was the most used procedure
to assess the resolving power of an optical system. USAF 1951
was especially recognized amongst the rest of patterns due to it
wider use. In the last decades, photogrammetric systems have
shown important improvements of resolution capabilities,
strengthening the importance of image quality. With the same
aim, automatic methods developed to assess the performance of
a system based on profiles of sinusoidal intensity and their
evaluation by means of the Spread Functions (SF, image space)
or the Modular Transfer Function (MTF, frequency space).

Since the acquisition of the first Z/| DMC camera, the ICGC has
an in-house methodology supported by the Line Spread
Function (LSF) intended to provide a resolving measurement of
an image in pixel magnitude. The program processes a region of
interest that contains a single contour and performs a minimum
least squares adjustment over a bi-dimensional function of the
edge modeled by a sigmoid function:

P

e —P;-(i-cos Ps+ j-sin P;—P,)

SEI B =B+
1+
P eRk=1.5. @)
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The five parameters estimated by the least squares adju:
are used to achiewbe analytical expression of the Line Spr
Function in the image space. The FWHM (Full Width at |
Maximum) over the LSF is considered as the measure
value of the effective resolution.

5.1. Theoretical expectations

Image formation is performed by mmesa of a Bayer filte
demosaicking procedure for eacdimera hee. This commonly-
used color deviceypically alternates red and green filters
odd rows and blue and green filters for even : within each
two-bytwo cell, the green filters double thlue and red ones
(Figure 11). Since demosaicking is carr@d through a spatial
interpolation approachthe final image givs better resolution
values for green band in both Nadird oblique image:

Figure 11 Bayer patter

Furthermorethe resolution is not constant for oblique ima
since the image scale decreases with the increasing di
from the image center. The pixel siie the oblique imag
border on the ground )xis obtained from the geometric
relationships shown in Figure B2d described in equations:

X=X, x;=htan(o + oy ), ;= htan{e + o;) ,
d;=d; + p

(3)
0 =tan'1(?}

N
o, =tan~ (=
2 (f)

where:

a = tilt angle

h = flying height

p = pixel size in image
f = focal length

d = image side length/2

Figure 12.Geometry of a tilteccamera

The scale reduction factors in taea of one component image
(y direction) are shown in Figu 13. The graphic has been
obtainedby projecting a regular grid from object to image
comparing the distances of the points to nominal diste
given by the nominal scale (Honkavaara et, 2006).
According to these reduction factors and theum of pixel
size, the resolution varies frona nominal RP value of 129
lines/mm to 74 lines/mm alorthe flight direction.

RP Reduction
factors

Flight
Direction -

-20 ’- 1

25 20 A5 -0 -5 0 5 10 15 20 25

Figure 13.Resolution reduction factoror the Forward camera
along flight direction Position within the image is given in ir

mm

5.2. Results obtained with RCD30 aerial
Siemens Star targets

images and

The algorihm has been applied on a Sieis star target painted
on a canvas surface of 50(fFigure 14 that has been captured
for both Nadir and oblique camer: Without loss of
generalization, the analysis has been restricted to one o
camera (Forward) which has acquired bar pattern in 3
different images. In each difierr the pattern was imaged at a
different location within theimage (T3 block-configuration).
Moreover, n order to compens: for the directional effect of
the measure, the algorithm has been applied on each edge
pattern. The final effectiveesolution measu shown in Tables
2 and 3 has been calculategaveragin¢these values.
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In the stereo plotting tests three aspects have been considered:
the visualization of the stereo pairs, the photointerpretation of
the real world objects and the positional accuracy of the
digitation.

Related to the quality of the images, it has been seen that the
main limitation of RCD30 Oblique images is the high number
of fuzzy images, which hinder the stereoscopic vision and visual
fatigue, and may provide poor accuracy in positioning and
measuring. However, since the production phase is still in an
early state of deployment, the reasons concerning blurred
images have to be analyzed in more detail.

Figure 14. Siemens star quarter used for the resolution study.

Figure 15 shows an example to illustrate the reason of the

Resolution| Red Green Blue stereoscopic problems.
(pix) ‘
Nadir 1.9 1.3 2.2
Oblique 31 2.4 3.6

Table 2. Effective resolution results for Nadir images in pixels .

Forward Pattern location  Resolution
in image (y axis,|  (pixel, green
in milimeters) channel)
Image 1 -9.38 2.23
Image 2 6.16 241
Image 3 18.31 2.60

Table 3. Resolution measurements as a function of the locatig
in the image

These results prove that the image formation procedure has ti## = e N \ e e AN
major influence on the effective resolution. Typically, cameras". T N o
witrj1 a single CCD for every channel, such );2 DMyC show A:lgure 15. Clearness differences between left image and right
worsening of the effective resolution as the wavelengthage of the same stereoscopic model.

decreases due to Rayleigh scattering. Conversely, RCD30

presents the best resolution values in green channel, while the,jiher problem detected is the loss of resolution in the
gap between red and blue values appears as a consequencgQfemes of the images (section 5), as is showed in the road of

atmospheric dispersion. In addition, mainly for the obliqueriq e 16 which also makes uncomfortable data capture and
cameras, the values show that the location of the object W'th'ﬂpdating.

the image greatly affects the resolution, since the tilted

geometry leads to different optical path lengths for every pixel=mmmmmmrs Zlo :
Finally, the reduction factors obtained for oblique images mus
be taken into account when translating the pixel value into th
object space. As a consequence, the ground sampling distal
will not be constant.

6. STEREO PLOTTING

Besides the geometric and radiometric assessments,
qualitative analysis on the usability of the RCD30 Oblique
imagery for stereo plotting purposes has been carried out. Ste
pairs have been generated using Nadir images and visualized
a 3D environment in order to evaluate the usefulness of the
images in a production workflow for creation and updating o
topographic databases covering urban areas with a level
detail equivalent to 1:1000 scale (T1 block-configuration). The . _ .
approximately 70% overlap is not the best configuration t'igure 16. Clearness diﬁerénées between the extreme pért (left)
achieve a good Base-Height ratio, but the use of only alternativzgznd centré (right) of the same image

images for the generation of the stereo pairs was discarded '
because they would not cover completely the area.

[ —
e —
e
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The photointerpretation has been based on the ICGC catalogiegarding the resolution of RCD30 images resolution measures
that includes the features and the attributes collected in tHeave been generated from a Siemens Star target whose
urban topographic database at 1:1000 scale. Using the RCD8@mensions are known. The measurement FWHM extracted
stereomodels, the recognition of the required level of detail fofrom the LSF function provides a specific quantification of the
this database has widely achieved. resolving power of the system. The results have shown the
impact of the image formation process (Bayer filter) on the
As in the case of aerial triangulation, the positional accuracy déffective resolution, as well as the position of the objects within
stereoplotting has been assessed by comparing the coordinatiee image due to the different optical path length that has to be
of independent check points with the coordinates of the sammovered for every pixel. In addition, the description of the tilted
point measured in the stereoplotter. Table 4 allows comparingeometry for the oblique cameras has been included in the
the positional accuracy achieved with the RCD30 images ansection. The projection of a regular grid from the object to
the DMC aerial images at 9cm nominal pixel, in which usuallyimage space and the comparison between distances of the points
is based the ICGC stereoplotting process. The positionab nominal distances have provided the reduction factors of the
accuracy required for the topographic database at scale 1:10f8solution along the camera pointing direction.
is 20cm in X,Y and 25cm in H.
From the stereoplotting point of view, the conclusion is that
RCD30 stereopairs from Nadir images are suitable to achieve

90% X (m)| 90% Y (m)| 90% H (m) the positional accuracy and to identify and classify properly the

RCD30 Nadir elements included in the catalogue of the ICGC topographic
images 0.08 0.07 0.10 database at 1:1.000 scale, which are the required to create or

- update the information on urban areas. Main limitation using

DMC images 0.143 0.150 0.169 the RCD30 images is related to the resolution variation within

the images, which difficult the stereoscopic vision and produce
visual fatigue. Preliminary results for positional accuracy have

. . . allowed us to provide firsts comparison values between DMC
An additional positional check has been performed comparing " o~p30. However. future tests at different scales and

the results of measuring a point from different stereo pairs. Thi&ifferent configuration overlaps must be carried out to

comparison provm_les an estimate Qf. th_e different CumuIatw%eneralize the comparison in a more rigorous manner.
errors from the orientation and positioning processes. Table

shows that the differences in measurements from different
stereo pairs are, in comparison with to the DMC images, better

in coordinates X and Y and not so good in elevation. We would like to thank the hard job done by Andrés Alvarruiz
and Joan Marimén for the measurements of the check points

Table 4. Positional accuracy.
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