XX IMEKO Wo

rld Congress

Metrology for Green Growth

September 914, 2012, B

A REFERENCE SURFACE UNIFORM

usan, Republic of Korea

ITY EVALUATION FOR SENSO RS

ABSOLUTE CALIBRATION

Cibele Teixeira Pintb?, Flavio Jorge Ponzorli and Ruy Morgado de Casttd

!Instituto Nacional de Pesquisas Espaciais (INP&)sSriamento Remoto, Brazil, {cibele, flavio}@dspe.br
2|nstituto de Estudos Avancados (IEAv), GeointelitjanBrazil, {cibele,rmcastro}@ieav.cta.br
Universidade de Taubaté (UNITAU), Fisica, Brazilcastro@unitau.br

Abstract: The aim of this work is to present the
methodology used to evaluate the radiometric umiftyr of
a reference surface with the potential to be useabsolute
calibration missions of imaging systems for renmsgasing.

reflectance in experiments, one obtains in pracigeantity
called equivalent Reflectance Factor (RF) [4]. Tdusntity
is estimated by the ratio of the spectral radiasfca sample
(target) with the spectral radiance of an ideal bartian

Besides this work also estimates the main sourdes surface under the same conditions of illuminatiomd a

uncertainties associated with radiometric measunéme

process.
Keywords: Imaging sensors; absolute calibration;
reference surface; uniformity.

1. INTRODUCTION

There are two approaches used nowadays as regp@rds
use of remote sensing data in the study of natesalurces:
one is a qualitative, it's identify the type of oesces; and
the other quantitative, when determining physical
chemical properties of objects or surfaces, throtnghdata.
To know the second approach (quantitative) it'segsary to
have a high degree of reliability on the sensorcilian be
obtained through their absolute calibration [1].

Several methods have been proposed to perform
absolute calibration. Methods that are based orusiee of
reference surfaces have been widely used for bdatesors,
as theEnhanced Thematic Mapper PI(BTM+) [2].
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In these methods the reference surface should haw

among other characteristics, radiometric uniforraityng its
length. So the first step to carry out a radioreatdlibration
mission of imaging sensors, using this method) izéalize a
characterization of the reference surface.

Then within that context, the aim of this work i3 t
present the methodology used to evaluate the umitfpiof a
radiometric reference surface. In addition, thedgtalso
estimates the main sources of uncertainties adedcigith
radiometric measurement process.

2. REFLECTANCE FACTOR

The reflectancep, is the property that a target has of
reflecting the electromagnetic radiation (EMR) @ext on
it, i.e. the ratio of the reflected flow of EMR atitk incident
flow on a surface. However, the reflectance cargt b
measured directly because the infinitesimal elemeotit
solid angle do not contain measurable amounts diina
flux [3]. Thus, due to technical difficulties in t@ning the

observation, thus:
L

target
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where: Liager IS the radiance of the target abgh, is the
radiance of a reference panel (supposedly with &tidgn
reflectance). To simplify the notation, the spdctaad
angular dependence of the RF was omitted.

t Therefore, checking the behavior of the reflectance
factor over the surface, can determined if it is
radiometrically uniform.

FR=

3. RADIOMETRIC MEASUREMENTS

Brazil does not have an “ideal” reference surface f
absolute calibration purpose [5]. However, to télsé

Hethods for evaluating reference surfaces we ctwsarry

out studies in an area and time most suitable Far
realization of radiometric measurements.

In the extreme west of the Bahia state, it is faesio
ﬁemify some areas for agricultural plantation$jck have
partially some positive features for testing. listtvay, on
the premises from the Santa Luzia 928’ 23"S and
45°54' 04” W) in the municipality of Correntina, a
reference surface (approximately 300 by 300 m), pasad

of quartz sand was used to perform radiometric
measurements. The fieldwork was developed on ASBijl
2010, the period of the 9h00 t010:00 a.m.

The radiometric uniformity of the surface
characterized by the RFs and, in general, is eteduly
comparing the measured values in some sample points
the reference surface. Therefore, the objectivio igerify
the existence of differences/similarities betwede RF
values. Thus, within the selected surface, tweotptp were
marked to perform the radiometric measurements.

The measurements were done using an ASD FieldSpec
Pro spectroradiometer, which is a portable instminibat
operates in a spectral range from 350 to 2500 fmA$
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reference panel was used a Spectralon panel of thalue, this implies that the variances are homcestér

LabSphere.

All the procedures were performed by two operatong
was the operator of the spectroradiometer and tter evas
the operator of the reference panel. The spectimrader
was operated manually, and the collection uniti{(\igld of
view of 8°) was kept vertically pointed to the gnoiy with
the operator stood facing the sun, avoiding thgeptimn of
his shadow on the surface to be measured. Theerefer
panel was kept on a tripod near the point to beacterized,
keeping the operator as far as possible the pamltize
collection unit. The time necessary to go throuljtvaenty
points on the surface was approximately 1 hour.

The measurements were made in reflectance modein t

FieldSpec Pro, and in each of the twenty sampliogtp
were made: (1) four measurements of the refereacelp
(2) four measurements of the target, and (3) agaur
measurements of the reference panel.
measurements of the reference panel (before and thit
reference surface) seem to be redundant, they nepemated
to establish a criterion of control, for both: pedare and
equipment, and also for uncertainty evaluation.

4. METHODOLOGY FOR UNIFORMITY
EVALUATION

The first step of the evaluation methodology was tdaken

examine the consistency of the raw data collectedaah
point of the surface. The data was checked foiieyatland
the bias. After that was determined the mean, stahd
deviation and standard deviation of the mean fothea
point [7].

With the RF values of the surfacBFqe) and their
statistical uncertainties related to repetitivitgtapdard
deviation of the mean), the behavior of the RF other
points was analyzed. As the measurement points ta&en
in conditions of repetitivity, it was expected faruniform
surface that, both the mean and dispersion of e dere
approximately the same for all points. However, obef
comparing the mean values, were necessary to petfog
evaluation of variances homoscedasticity.

Otherwise, the variances are heteroscedastic.

If the variances of the twenty points are differestnot
be possible determine a "common" uncertainty, nmgani
that their distributions (characterized by mean stahdard
deviation) are also different. This implies thag turface is
not uniform. However, if the variances are homosséd,
we can estimate a mean and standard deviationsn $us
case, we can calculate an overall standard denmjatirich
takes into account the scattering of all data goirsing the
following equation:

s g Sl SR Sk x) | @)

where: k is the number of pointsn is the number of
repetitions performed at each poirt;is the value obtained
in the n repetition; andx_ is the mean value obtained at

Although the .

pointk.
The Ogienal is related to the measurements repeatability.
For the repeatability uncertaintarepetitivny, we used the

equation:
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To determine the uncertainty in the measurements we
into consideration, in addition to statidtica
uncertainties (repetitivity), three sources of utaety:
(a) the reprodutibility of the arrangement’s geawyietb) the
instruments; and (c) the procedure.

g,

As previously described, were made measurements of

the target (reference surface) and the referennel p@/ith
these measurements it was possible to "estimageREh of
the reference paneRFy,.e in each of 20 points. These
measurements include the uncertainties relateteiosi (a),
(b) and (c) listed above. This is because: theeafee panel
was always the same and their physical charadtarisave
remained unchanged during the measurements; théhevea
remained constant throughout the measurement; hed t
influence of the illumination angle, solar zenitigée, in the
determination of the RF of the panel is not very

To evaluate the homoscedasticity of the variancegnportant [9].

obtained in each of the twenty points was perforrtiea
Cochran test. For each sample (ie, for the tweatyming

points) was calculated the variancgz(wherei =1,23,..
k), as all samples have the same sizay wieasurements (in

this case, four measurements). Thus, the valuehef t

Cochran testC, is given by [8]:
52

max

C ="
28
I
where: s,lzis the variance of the samples’_ is the highest
value found in the variances; akds the number of sample
points
The critical values for the Cochran Test are taiedlas

a function of sample size, and the amount of samplés |f
the calculated value given by Eq. 2 is less thandtiical

)

Thus, based on data froRF-.. determined at each
point, the uncertainty, which we call “severate ey Was
estimated by:

e
k _l 1 K
where:k is the number of sample pointg;s theRF of the

panel in poink; and x is the mean of the R&F the panel.
So, the final uncertaintyg;,,, can be calculated by:

Ufinal = \/(Urepetitivity )2 + (a-several)2 (6)

Now with theFRi,4: for each point of the surface and its
(final) uncertainty was made to correct them iratieh to
the reference panel used, according to the equation

FRCorrected = FRtarget X I:Rpanel

g,

several —

(5)

(7)



where: FRyanel is the reflectance factor of the reference
panel, which is a calibration coefficient deterntirfer the
reference panel used.
o 2
FRlarge( (8)
FR(arget

Finally, after theFR correction the behavior surface RF
over the points was +@nalyzed, and performed the fit of the
data obtained. After this procedure, the qualityhef fit was
evaluated by the value of the reduced chi-sqygre This

value is useful and appropriate to assess thetgudlia fit,
and in general, is expected to have a value closkih a
good fit [7].

The uncertainty oF ReorrectediS given by:

J =

FR

panel

UFRCorrected = FRCorrected X { FR

panel

5. RESULTS

As described earlier, the first stage of the evinawas
to assess the uniformity of the raw data consistelmcthis
analysis it was found that the data did not shoesduxl
behavior. Therefore, it was possible to determiemean,
standard deviation and standard deviation of mdath®
reflectance measurements for each sample point.

After that, the RF and their uncertainties, relatedhe
repetitivity (standard deviation of the mean) oflegdample
point were calculated. Then we analyzed the behafithe
RF Oo;(er the points (Fig. 1).
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Fig.1. Behavior of the reflectance factor of twenty poioter the

surface to the wavelength of 835 nm. The uncestaivars

represent the 68% confidence level.
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As can be seen in Fig.1, the uncertainties at gaaft
were different. However,
uncertainties were statistically the same, sincee th
measurements were carried out under the same morsdit
Thus, to evaluate the homoscedasticity of varianeas
performed the Cochran Test (Eqg. 2). In this casenf= 4

Finally, we calculated the final uncertainig;,,, using

Eq. 6. These three uncertainties: repetitivitfepetiiity
several,Oseverasi @and final,ging, are shown in Fig.2.

Tab. 1.Results of Cochran Test for four wavelengths

Wavelength c
[nm]
560 0,2135
0,2071

1650 0,2039

2210 0,1620
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5] . Surface in Brazil ]
44 M M 1

arepelmva

several

a
\ Gtinal

. . .

} }

t
2000

Relative uncertainty (%)

|
T

o

500 1000 1500 2500

Wavelength (nm)
Fig. 2. Graph of the estimated uncertainties for each painthe
reference surface as a function of wavelength. $pectral
regions of water absorption were not presented.

As seen in Fig. 2, the uncertainty curve due the
repetitivity is close of the final uncertainty cetvFor this
reason, the uncertainty due to repetitivity of the
measurements is the main component of the final
uncertainty. In general, the relative uncertainty £ach
point was approximately 4%, Fig. 2 (except in tpeciral
regions of water absorption).

In the next step, the estimated RF of the surfBégges

and its uncertaintyiina, were corrected with Eq. 7 and 8,
respectively. This new uncertainty (to the corrdcteR)
remained the same as the final uncertainty. Thizesause
the uncertainties of calibration plates were venak [10],
then it was irrelevant to the froof,,.

Finally, we reassess the behavior of the RF over2h
points of the surface. In Fig. 3 can be seen thgegaof the
RF (corrected by the reflectance of the refererar@e)), in

it was expected that theach of the points, with their respective final emainty.

Due to an evaluation of the isotropy [10] of theface
reflectance, was expected that the RF would inereeth
decreasing solar zenith angle. It could also becebgn a
possible correlation between the RF and its looatiothe

and k = 20, the critical value is equal to 0.2205 (for greference area. However none of these effects were

significance level of 5%). In Tab. 1 are presertteriresults
of this test for four wavelengths.

In Tab. 1 allC calculatedcare below the critical value. By
this criterion, we can conclude that the varianoéshe
samples may be the same (ie, are equal) for a 5&b &f
significance. Therefore, we chose to consider ttiet
variances, obtained in each point of the referena#ace,
are homoscedastic. Hence, we can calculate thealbver
standard deviation,ggona, @and the uncertainty due the
repetitivity, Grepetiiviy, With EQ. 3 e 4respectively. Then the
OseveraWas calculated using Eq. 5.

observed.

Wherefore, we chose to perform a fit to the expernital
data with a constant functiony constant which
correspond to the simple mean of the 20 pointgritn 3
one can be seen the fitting for the 835 nm waveteagd
Tab. 2 are presented the results for four wavelengt
adjustments.
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Fig. 3. Behavior of the surface RF as a function @érszenith
angle, for the wavelength of 835 nithe surface RF was corrected
by reference panel used.

Tab. 2. RF Adjustments for four wavelengths.

Wa\g:ﬁ)ngth Mean X r2ed
560 0,1496£0,0014 | 3.9
835 0,254+ 0,002 4,2
1650 0,429+ 0,004 2,3
2210 0,343+ 0,003 2,5

The expected reduced chi-square, for 19 degrees

To exemplify the application of the methodology a
surface was chosen. We made radiometric measurement
from 20 sampling points in the surface. The finatertainty
in the reflectance factor, obtained for each samplat, was
approximately 4% in the spectral region from 350 to
2500 nm (except in the spectral regions of water
absorption). However, there were significant déferes
between the mean values of surface reflectancehén t
sampling points, differences which can’t be expdity the
statistical fluctuation of the data nor by anisptroof the
surface and nor by other effect. Therefore the assal in
the test has no radiometric uniformity.

The surface uniformity evaluation was conductednfro
measurements carried out on the ground (fieldwork).
However, the data collection can be performed a& th
airborne or orbital level. Therefore, it would b#eresting
check and evaluate other levels of uniformity.
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In this work was presented a methodology to eveluat

the radiometric uniformity of a surface as well the
uncertainty of the procedure. In this methodology i
necessary to make measurements of the reflectanter f
not only of the surface but also of a referencespan



