A POLYNOMIAL APPROACH FOR RADIOMETRIC AERIAL TRIANGULATION
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ABSTRACT:

The introduction of digital cameras within orthopi@roduction allows two benefits: a consideralglduction in production time
for projects, which have an increasing work lodik the Spanish National Program of Aerial Orthdplgoaphy (PNOA), lead by
the Spanish IGN, and the applying of remote sengéahniques in digital image processing. Even thowgnventional
photogrammetric methodologies for radiometric conga¢ion of aerial images offer solutions that carfitied to new production
strategies, adaptation of this technology isn'sflele yet from a quality potential point of viewhd first digital aerial cameras were
presented to the Photogrammetric Community at tf3 28PRS Congress in Amsterdam. Since then, geonpetrameters have
been perfectly controlled during calibration andiaetriangulation processes. Contrary to this, d@®tause the radiometic
calibration protocols are quite recent, the radimim@rocessing of images lacks rigorous methodekgn this paper, an empirical
polynomial method for radiometric compensation wfitdl aerial images is described. This methodol@gpased on digital aerial
triangulation results carried out by means of aat@th correlation techniques. Radiometic correctiorctions for each image in a
photogrammetric block are then modelled from raditsin samples of tie points. Results obtained byyapg this methodology to a
Z/I DMC flights within the framework of PNOA's prajein Castilla-La Mancha and Andalucia regions,ase presented.

1. INTRODUCTION The empirical methods use either interactive mettamies by

identifying study areas, or statistical methodsebasn the
The development of photogrammetric systems hasriistly  analysis of histograms or dark objects.

been focused on purely geometric aspects. It hab dra
objective orientated towards the improvement ofdblection  Bi-directional effects have a significant impactaerial images
equipment's measurement methods and calculatioithis  due to the wide Field of View (FOV) of digital
to try to obtain the greatest amount of geospatfakmation in  photogrammetric cameras. Likewise, there has been a
the most precise and automated way possible. development of a great number of physical and edospir
correction methods. The semi-empirical methods,e lik
The fact that digital orthophotos — products wittogetrical  \Walthall's or Ambral's models, are widespread.
and semantic features — became the most in demand
cartographic element, proved the necessity of o@#ley The radiometric correction of an aerial image ljrsonsists of
methods for radiometric correction to enable cagpbic and  applying the absolute radiometric calibration pateTs
visual analysis applications as well. obtained in the laboratory. Atmospheric and finaBRDF
correction follow. Nevertheless, considering theeiactive
The introduction of digital cameras opened up tbesjbility to  solutions based on purely visual criteria thatarailable (both
apply rigorous remote-sensing techniques for ttBoraetric  in flight image processing and in ortophoto mosgneration),
correction of aerial images and to use them in bigbal and  few digital camera manufacturers and photogrammsuftware

quantitative analysis applications. vendors have implemented rigorous radiometric ctioe
procedures.
2. STATE-OF-THE-ART The current PNOA orthophotographic production psscetarts

. L o ) with the habitual manipulation of the aerial image®btain, at
Radiometry of an aerial image is influenced by aphesic et radiometric homogeneity without quantitatieeteria.

effects, the absorption of directly transmitted lght and the  commercial solutions for orthophotographic produgtian
dispersion of indirect light reaching the senserwell as the contrast, try to solve, in an approximate mannerjast in one
Bidirectional Reflectance Distribution Function (BRDF). step, all the effects that apply to image radioynetifering

) ) . acceptable solutions only for cartographic and -agro
Atmospheric correction methods are based on bogkigdl and  opvironmental applications.

empirical methodologies. Physical methods incluA@COR
(Rolf Richter, DLR Oberpfaffenhofen (Germany)), or ACORN
(Atmospheric CORection Now, Analytical Imaging and
Geophysics, LLC) which use Radiative Transfer Modés, 6s
and MODTRAN, the latter of which require knowledgé o
certain atmospheric parameters that are not djrecttessible.



3. POLYNOMIAL RADIOMETRIC AERIAL
TRIANGULATION METHOD

3.1 Introduction

Radiometric correction of images — the obtaining eafch
ground point's reflectance from the Digital NumgeN) of the
image's pixel — has been studied in satellite imagpce the
inception of Remote Sensing. The introduction ofitdlg
photogrammetric cameras allows a rigorous
correction approach of digital aerial photograpAshieving
this correction would be useful for:

radiametr

‘Radiometric tie points’ (RTP) were used to detemnithe
coefficients Ci of the polynomials, i.e. conjugateints from
which the comparison of radiometric values in ddfe
photographs where they appear, provide equaticaspbrmit
the calculation of these by imposing the equivadent the
corrected values:

E, (image 1) = G (image 2) 3)

The work was done with analogic panchromatic scdraegial

a) Eliminating non-homogeneities and discontinuitiesjnages, and hence the logical working units weret@hetric

in the radiometry of orthophotograph mosaics
b) Obtaining 'real' colour orthophotographs

(E: illuminance) and the optical ‘densities’ of thhotographic
film. In digital aerial images, an empirical modeain be directly

c) Allowing the use of orthophotographs to obtain applied to digital levels by considering geometrimd

biophysical parameters (LAI, FAPAR, etc.)

However, the radiometry's physical formulation bbfographs,
which can be found in the bibliography, e.g. Slat&880,

radiometric conversions of the received at sensaliance
during the image acquisition phase.

The present study aims to apply the same formulatiith

cannot be directly applied to the aerial photogsagie to some g5 me variations to the current case of multispedigital

problems of which the most significant ones are:

photographs coming from digital photogrammetric eeam. An

a) A lack of knowledge concerning the local jnhortant variant is that in the original studywias supposed

atmospheric conditions at the instant of capture.

that the correction polynomial was the same for thik

b) A lack of knowledge concerning the BRDF for each ypqtographs. The implication being that atmosphesiwditions

terrain's type present in the photographs.

Therefore, one of the authors of the present ssetlput, during
a visit to the French IGN (Villa, 1988), to use ampirical

polynomial method to 'homogenise' pixel radiomeingide

each photograph, assigning to each pixel the DNithasould

have if centred in the image, and to 'balancing' rddiometry
for the different photographs within a block by atigation of
the DN of a given ground point in all the photodrapvhen the
given point is present.

3.2 Polynomial mathematical model for the radiometric
correction

The proposed empirical method consisted of supposiat
between the pixel's radiometric value in an imagel &s
corrected value the following relationship is valid

Eo= K(xy) . E @

being

E: radiometric value of a pixel as it appears ia th

image

Eo: corrected radiometric value

K(x, y): correction factor, depending on the pasiti
of the pixel in the photograph

X, Y: pixel coordinates when they refer to the oewof
the image

Additionally there is a supposition that the coti@t factor

and the BRDF were constant in all the study areaer@ds, in
the present study, each photograph is correctedh \&it
independent polynomial.

Assignment of reflectance physical values of eadkel’s
corrected DN can be done in a subsequent phasegthrine
use of ‘radiometric control points’ (RCP), which ageound
points from which reflectance has been measurezigfr field
radiometry.

Results obtained from tests applied to a set oforadiric tie
points confirmed that second degree polynomiakijy) (yielded
good results.

3.3 Mathematical solution of the problem

Under the condition of invariance at the centréhefimage, the
polynomial expression (1) results in:

K(©00)=1 C,=1 @)

By resolving the parametric model by ordinary lesgtares
adjustment (OLS) applied to the selected RTP in the
overlapping zone of the images of the block, thpisidd DN

for each RGB channel can be obtained as a normatiequa

system corresponding to a functional model of thdirect
parametric observations space.

Taken as initial data the values for a given tiénpothe

could be expressed through a second or higher eegrempirical mathematical model (1) can be expressatbuthe

polynomial expression to be determined:

Kxy)=C,+Cx+Cy+Cxy+CX +Cy+... (2

DN equivalency condition of a photogrammetric stemeodel
as a linear system of equations in the coefficiefithe residual

factor expression:

DN°

= DN°
1

,= > ac +(N2-DNY)=0 ©)
i=1



C cteli

being
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The OLS functional model in matrix form correspomnats

(6)
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npa = number of RTP.

In general, when the RGB space colour can be desifyjoed
the diagonal hyper-matrix made up of the desigrrimédr all
the channels, adjusted polynomial coefficients B) @re
calculated by solving the related system of noreaaiations:

n

c=(AA"At ™

hence, the estimated DN is obtained by applyinghédas (2)
and (1) to the set of all points.

3.4 Generalised polynomial method of radiometric aerial
triangulation.

Expression (1) is not applicable in cases of noifeum ground
or in cases of different luminosity conditions beém
consecutive photographies. Consequently, the apiplicaf a
modified algorithm is necessary to generalise ayrpwhial
method valid for all conditions.

For every image of a given photogrammetric blocke t
proposed radiometric aerial triangulation methoadhststs in
considering, for each independent band,
polynomial and applying a non-null correction a ttentre of

the image (Cf1). Reference DNr (Digital Reference Levels)

can be considered equal to the arithmetic mean &f 8tained

values in each image which provides a BRDF effed-fre
solution; or values obtained from a reference imagéh the
possibility of introducing absolute values as RCPnprove
radiometric balancing.

DN, _ C,+Cs+C,Jl+CsO+Cs +CJ* 8)

DN (s,l)

being
s,l: the pixel's coordinates in the digital imagstem.

Tie points come from automatic digital aerial tgafation
measurement, whose reduced positions in the imgens are
obtained from any commercial aerial triangulaticoftwgare.
Different tie points distribution patterns can bsed, the
minimal condition being the measure of a point Mon
Griiber's zone which guarantees the obtainmentaif paint's
value from each corresponding image; i.e. from edioction,
covering the complete photography range. Becausal loc
variations produced by perspective and shadow tsffeould
result in changed values which must be removedcadfiection
of multiple points per area is nonetheless reconastérfor the
obtainment of a redundant system. The DN assigned¢h tie
point can vary from the corresponding pixel valwea variable
sized window which permits, according to the resofuof the
reference images, to clean representative radiametiues
from the microscopic noise of shadows.

By applying the previous adjustment to the resultdegign
matrix, a radiometric empirical correction is applito obtain
an uniform orthophotograph mosaic. A previous alsol
radiometric correction is required though to obtairantitative
results.

4. DEVELOPMENT OF THE POLYNOMIAL
RADIOMETRIC AERIAL TRIANGULATION SYSTEM

ATRPol is a modular system separating phases foa dat
preparation, system resolution and the parameppication
phase. The system works in an automatic and flexilaly and it
has the hability to be integrated into his orthdplheaph
production workflow.

The system is currently being developed in a C++#renment
(Borland Builder C++ 2006, Microsoft Visual Studio &)0
using the specific graphic libraries for the imageatment
(Leadtools Imaging Pro v.10). Figure 1 presentsxample of
the program interface.

4.1 ATRPol Import Module.

This module has been developed to incorporate maetigc
observations of tie and ground control points olgdi These
observations have been obtained from aerial phapdgr and
from digital aerial triangulation results. This mubel works
linked to a database constructed from a pre-defitatd model
of the project to allow the access to the initrdbrmation in a

a cormectio more efficient way as well as to register the resulvalues for

each calculation operation.



4.2 ATRPal Solve M odule.

This is a module developed to carry out the “leagtares
estimation” of the polynomial radiometric correctio
coefficients for each aerial photograph and is Gasm

Cholesky 's method for the matrix's inversion of ti@mal

equations system. This module is currently beinglémented
and requires the consideration of an automatic aaktfor

radiometric rough error detection.

4.3 ATRPol Apply Module.

This is a module developed for the application ofypomial
correction to each aerial photograph through inddpet
channels. For ATRPol to be an efficient method, thé
calculations have to be made over low resolutionges, for
what a scale factor K regarding the minificationeleof the
analysed image, is introduced within the image esin
system.
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Figure 1.ATRPol application interface.
Polynomial application module.

5. PRACTICAL EXPERIMENT.
5.1 Syntheticimages.

The possibility of generating synthetic images tkahulate
different radiometric effects so that correctiogaaithms could
be tested before making the results analysis irea aerial
image case has been a turning point for the dexedap of the
system.

A synthetic image consists of an nxn matrix withidil values
in a normalised cartesian system. Starting fromadrirawith
constant values which are equal to a digital averague (flat
image error free with a value of 128 using 8-bifalynomial
P° that simulates a known effect is applied to obsginthetic
image affected by the errorg(simulated) which then will be
used in the application of ATRPol method:

1,(DN=128 x P°(x,y) = |, (simulated 9)

Being the polynomial Pas stated by the equation (2).

The opposite problem is to find a correction polyma P that
when applied to simulated images could give usatifhage
corrected from digital values which are equal te tbference
values.

I, (simulated x P(x,y) = I,(Nd =128 (10)

If the algorithm correctly works, the image obtaindy
inversion of the model applying the ATRPol methodwgd be
close to the original. Figure 2 shows the correcgéfect on the
synthetic image which simulates a vignetting effect

I (simulated) | (corrected)

Figure 2. Vignetting's effect simulation and coti@t through
ATRPol

Table 1 shows the polynomials’ coefficients caltedeand used
to generate these images:

o G S Cs Cs Cs
P°(x,y) [0.83160[0.00000[0.03776/0.00000[-0.075540.02995
P(x,y) [1.099920.0000 |0.0000(0.00000/0.10939/0.10939

Tablel: Values applied for synthetic image simolati
calculated by ATRPol

The previous effect does not happen when usingatlichmeras
because the radiometric calibration present eliteamathe
optical influences of the sensor. Different Hot Seffects have
been simulated to check the correct running ofsystem (see
Figure 3).

I, (simulated) | (corrected)

Figure 3. Hot Spot effect simulation and correctiorough
ATRPol

5.2 PNOA images

ATRPol system is now being implemented using imdgas
flights using a Z/I DMC camera, in accordance wita PNOA
project.

Two testing areas are considered: one homogenames\zhich
is located in Castilla-La-Mancha region (2006 PNQht,

GSD: 0.45m and overlappings 60%-40%) and charaetkriy
flat terrain, tree-free and a big urban agglomergtiand a
woodland area located in the region of Andaluc®0@ PNOA
flight, GSD: 0.45m and overlappings 60%-25%) andcdbed
by a mountain terrain, a small settlement and @ &eident Hot



Spot effect. Both areas have been overflown on se@lieates
and under similar luminance conditions. Images hmen LUT
processed from 12-bit to obtain 8-bit ones and Pampened.

For Castilla-La-Mancha area the method has beeneappsing
as reference the RTP average digital value withirnalow size
of 33x33 and separating urban and rural areas. Rebale
been very satisfactory for rural areas, where theas a good
adjustment both for same flight strips and foratiéint ones (fig.
4). In contrast, for urban areas (fig. 5) althoeghrection level
is good, small differences between flight stripsildonot be
overcomed.
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Figure 4. Example of adjustment for rural zone istlla-La
Mancha. Original photographs (left) vs adjustedtpbmaphs

For the Andalucia area, the behaviour of the adfjest on the
averaged RTP radiometric values, established agrenee, are
similar (Figure 6), even having marked differencéap to 60%
in RTP digital levels between flight strips (Figum®. The
obtained adjusted polynomial for
radiometric channel responds approximately to tegyatic Hot
Spot correction (Figure 8) and is more evident aextred in
flight strip 11.

If we analyse visually the results from the RTP atipent (Fig.
7), we can notice how the algorithm tends to homagethe
radiometric values of the images without interfgrimith local

contrast. Furthermore, it is necessary to apply uahér

expansion contrast treatment which is more eapipjied to the
corrected picture than to the original for avoidisafurations.
On the other hand, the adjustment does not affextcblour
balance either, due to not having introduced radtomcontrol

points. To conclude the study in the current teshs we are
going to analyse the behaviour of the correctiortho by

introducing RCP from reference images over invariants

each photographd anf®

Figure 5. Example of adjustment for urban zonedrCastilla-
La Mancha. Original photographs (top) vs adjustedtpgraphs

Figure 6. Example of adjustmet for the Afllght '
Andalucia. Original photographs (left) vs adjuspdmtographs
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Figure 7. Example of RTP radiometric differences tldiws for
original and adjusted RTP.



deviations potentially undetectable for correlatialgorithms.
Having this in mind, given a tie point, the eleatiof an
associated boundary can be more representativeafRbsen
the window's size (the size is a variable for thdympomial
correction method, now) is necessary for its cardefinition in
function of the image types to be used.

Channel R Channel G ' AL AT D

09A0461

Finally, optimisation of the process is needed prove the
analysis of variables that take part in the catoutes (RTP-
centred window size, required number of points apdtial
distribution, the determination of reference vajués filtering
of the measurements involved, etc.) and the iné¢ggion of the
results in function of the ground type and collestconditions.
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Presented results in this paper are part of thed\stand
Development of a physical/empirical method for th@éiometric
balance of aerial images’ which is an RDI partngrgfrioject.
Financed by the Spanish N the project is collaboration
between the Institute for Regional Development oftilad a
Mancha (IDR), the IGN and Tragsatec, within the fearark of
the National Plan of Aerial Orthophotograph in $pai

Concerning the development of the method, autorretior
detection filtering is necessary to correct incetesit
radiometric observations in tie points that negayiaffect the
calculation of the polynomial coefficients. Ideallg rigorous
solution would consider tie points as point ensitirowever as
they are automatically measured through image letive
techniques, radiometric point selection is not donareas of
optimal comparison. Furthermore, the solution caraffected
by local bi-directional effects and hence by retatiadiometric

The data used in the Test has been released pthsB1S and
Cartography Servicéelonging to thePlanning and Housing
Department of Castilla-La Manchaand the Cartography
Instituteof Andalucia.



