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Abstract

The radiometric adjustment of aerial imagery is a process of very high importance considering the influences this step can generate
not only on the look of the image data (white balance), but even more importantly on derived information like indices (NDVI). In
comparison to the Aerial Triangulation where it is relatively straight forward to set up thresholds that need to be met in order to achieve
a high-quality result, the world of radiometric adjustment is dramatically different. There is no single standard or guideline that dictates
what a high-quality radiometric result will look like. Apart from these challenges there is also a rather big gap between the rich and
longstanding academic work done in the field of radiometry and actual application in real-life projects. The biggest discrepancy is the
usage of single images, especially when dealing with absolute radiometry approaches versus multiple thousand color balanced images
in a single block in an actual production environment. In this paper, we present the advantages of utilizing reflectance measurements
as a method to stabilize radiometric adjustments, as well as utilizing them as anchor to create indices like the NDVI that correspond to

the value range given by literature.

1. Introduction

In the field of radiometry, when terms like radians, absolute
radiometry, and reflectance are concerned, those methods usually
result in multiplicative correction factors and offsets applied per
spectral channel. It can be argued that a human radiometric
operator could derive a solution that closely approximates the
outcome of the methodology presented in this paper. Such an
approach would also result in derived products, such as NDVI,
falling within value ranges commonly reported in the literature.
Although it is possible to achieve such results without the use of
a reflectance target, questions remain regarding the consistency
with which this can be accomplished in an operational aerial data
production environment. The likelihood of success is strongly
dependent on the experience level of the radiometric operator and
on the specifications defined by the end wuser. These
specifications may, for example, emphasize a particular visual
appearance of the imagery, thereby neglecting the requirements
for accurate indices computation. Furthermore, in large-scale
aerial projects, such as national tenders, multiple data providers
are often involved. In such cases, the probability of achieving
highly comparable radiometric processing across providers is
low, and guided or standardized methods are therefore expected
to yield superior consistency.

In this paper we will propose a method for radiometric
adjustment of aerial images, which includes the advantage that
the resulting images are in reflectance unit. This makes the
images comparable to other remote sensing products as well as
vegetation indices as for example the NDVI can be computed and
compared to other sensor indices.

A typical absolute radiometric workflow with a testflight data set
will be presented. To assure a correct absolute radiometric
workflow ground truth reflectance measurements were taken
with a spectrometer during the flight mission (Hakala, 2018).
Further aerial image data sets with no reference measurements on
the ground were available. Information about the sun azimuth and
altitude angle was available as well. A model to compute
estimated reflectance values based on sun azimuth and measured
grey surface reflectances was build. This model was used to
derive reflectance scale factors per spectral channel, for the flight

missions that did not feature a ground truth measurement with a
spectrometer. The results are compared to the reference project
as well as to satellite images.

The structure of this paper is as follows: first the data,
measurements and processing of all collected data is described in
detail in section 2. Section 3 describes the reflectance estimation
model itself, the methodology to compute reflectance images and
the derivation of the corresponding reflectance values — which
are the basis for the analysis in section 4. Section 5 gives a
summary of the results and an outlook on the ideas for further
improvement.

2. Data description & processing information

Every UltraCam camera system that is delivered to a customer is
test flown over a test field area. This gives Vexcel Imaging
GmbH the unique possibility to evaluate images from all kinds
of different lightning situations and times of the year. The image
catalogue collected here features a tremendous amount of
imagery. Images with different ground sampling distances
(GSDs) and sensors, Bayerpattern as well as monochrome
sensors over UltraCam generations at various lightning situations
and seasons.

2.1. Ground truth

Over the past years multiple radiometric ground truth
measurements including color and reflectance targets during
several UltraCam test flights were collected, utilizing a calibrated
Avantes spectrometer (AVASPEC-ULS2048-USB2-FC/PC).
The reflectance targets are on the one hand a Spectralon white
(99% reflectance) target and a 50% reflectance grey target (RTI
of SphereOptics). Further measurements with the spectrometer of
different asphalts and other surfaces (gravel, paving, vegetation,
bare soil, etc.) at different sun angles have been performed.
Figure 1 shows the color and reflectance target setup in the
testflight area of Gleisdorf. The collected measurements are used
as a basis for the computed model of reflectances depending on
sun azimuths and further investigations and analysis in this paper.
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Figure 1. Color and reflectance target measurements during an
aerial flight mission

2.2. Image Data

The image data used in this analysis comes from 4 different
flights. The reference flight took place on October 22", 2024,
There an UltraCam Osprey 4.1. (UCO 4.1) was flown over the
area of Gleisdorf, Austria. The Ground Sampling Distance (GSD)
was 5cm. The flight took place at sunny weather at around noon.
During the testflight color and reflectance targets were placed
and spectrometer measurements were performed, including the
targets and surrounding features parallel to the flight.

Three further datasets were chosen to verify the suggested
method. The projects are located in different parts of the earth
and have different sun angles to our reference dataset. Two
datasets have also been flown with an UCO 4.1, and one dataset
was collected from an UCC 4.1 (UltraCam Condor 4.1.). The
areas are Gijon, Spain and Murfreesboro, Tennessee (US) and
Sandy Springs, Georgia in the US. An overview of the chosen
images and the corresponding details of the datasets can be found
in Table 1.

For all images comparable Sentinel reflectance images are
available, which were recorded on the same day or a day near the
aerial image collection (Yu,2016).

Area Gleisdorf Gijon Murfreeshoro Sandy Springs
AUT ESP TN, USA GA, USA

Sensor UCOv41 Ucov41 UccCv41 Ucov41

ImgNo 319 12194 3935 313 15674 25061

Date 22.10.2024|08.11.2024|16.09.2024| 13.04.2024 |01.12.2024|25.12.2024

Time 10:43:09 | 10:56:33 | 15:26:40 19:39:56 16:09:13 | 16:33:13

Sun Altitude | 31.62° 27.59° 39.86° 60.96° 31.17° 30.69°

SentinelImg|21.10.2024|06.11.2024 13.04.2024 |24.11.2024

Time 10:00:41 | 11:11:49 16:19:29 16:26:21

Table 1. Overview Testdata

The images are not absolutely corrected (no absolute calibration
coefficient is being applied) but still radiometrically (dark
current, pixel gain, vignetting) and geometrically corrected. In
addition, they have been processed with UltraMap software suite
up to a stage (Level 03) where the panchromatic images are fused
with the multispectral data (pan-sharpened) and the value of the
single pixels remain DN.

The post processed and pan-sharpened images are exported with
no further radiometric changes — meaning there was no user
interaction with setting of highlight and shadow values, level
settings or curves when exporting the resulting images. The
output images have the full unchanged radiometric resolution in
16bit.

2.3. Reference Data

The reference data set (UCO 4.1 — Gleisdorf) is being processed
with UltraMap to get radiometrically (dark current, pixel gain,
vignetting) and geometrically correct images but the
multispectral images are not pansharpened and fused with the
panchromatic image (Ladstadter, 2010). At this stage (Level 02
images) the imagery is still separated between the high-resolution
panchromatic information and multispectral information. Again,
the output images have the full unchanged radiometric resolution
in 16bit without any other incorporated information as the
panchromatic channel — pure radiometrically corrected signal of
the system. Again no user interaction was performed —no curves,
no level editing etc. have been applied to the images (Remondino,
2025).

Absolute calibration coefficients (Ryan and Pagnutti, 2009) were
derived in calibration and used to convert image DN to radiance,
to have the image data in the physical unit of W/m? sr um. In a
further step the ground measurements of the reflectance target
and surrounding grey surfaces (different kinds of asphalt) are
used to compute the reflectance images (see next section). This
workflow represents a correct absolute radiometric workflow
(Schlapfer, 2023).

3. Methodology

The generic term for pixel values is Digital Number or DN. It is
commonly used to describe pixel values that have not yet been
calibrated into physically meaningful units (Zaman, 2014).
Radiance is the amount of radiation coming from an area. It is
measured in watts per steradian per square metre (W /sr m 2). To
derive a radiance image from an uncalibrated image, typically a
gain and offset (calibration coefficients) must be applied to the
pixel values (Beisl, 2006 and Schlépfer, 2020). Radiance
includes radiation reflected from the surface, bounced in from
neighbouring pixels, and reflected from clouds above the area of
the pixel. Radiance is also affected by the source of radiation,
which is for optical imagery the sun. Reflectance (Beisl, 2008)
is the proportion of the radiation striking a surface to the radiation
reflected of it. Some materials can be identified by their
reflectance spectra, so it is common to correct an image to
reflectance as a first step towards locating or identifying features
in an image. In other words, reflectance is a property of the
material and its surface structure being observed. Radiance, on
the other hand, depends on the illumination (both its intensity and
direction), the orientation and position of the target and the path
of the light through the atmosphere (Schaepman-Strub G, 2009).

Two different methods to derive reflectance images out of aerial
images are used in this paper.

1) Scale factor (SF)

2) Empirical line method (ELM)

Both are well researched, fast and reliable methods to compute
reflectance images out of aerial images (Richter, 2023). In a
correct absolute radiometric workflow radiance images are
computed, and ground truth measurements are used. The
radiances in the images are set into comparison with field
reflectance measurements of known reflectances (e.g. reflectance
targets).

For the Empirical Line Method (Pompilio, 2017) two or three
targets of different grey scales are necessary, in the best case
these are a 99%-target (white), a 50%-grey target and a 10%-
target (black) (ReSe Applications, 2025). With at least two
calibration targets a linear equation per channel can be computed
with gain and offset to convert image radiance to reflectance
values as shown in Equation 1 below.

Ly1.2=ap + bv pp1,2 Where
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ab = Lb1 — by por

by = (Lb2—Lb1) / (pb2-poi), )
where Lo  is the at-sensor radiance per band
(1), (2) for bright, dark target
ap is the intercept per band
bo is the slope per band
pb is the surface reflectance per band

The scale factor method (Thompson, 2016 and Wang, 2015) is
the less accurate one but as long as the imaging system is linear
— which the UltraCam systems are - good results can be achieved.
The formula for scale factor computation can be found in
Equation 2.

SF»=ppb / DNp, )

where SFb is the scale factor per band
pob is the surface reflectance per band
DNy  is the DN per band

The main advantage of this method is that asphalt reflectances
can be estimated when there are no ground truth measurements
available. Those estimations are used as reference to compute the
scale factors (Honkavaara, 2014) for the conversion of
reflectance images This is a straightforward workflow as asphalt
can be found in nearly every aerial image scene. Still the user
needs to be aware of selecting the correct area of asphalt
(Honkavaara, 2010). Sometimes asphalts have coloured
inclusions of different stones. These samples shall be avoided as
they produce incorrect reflectance values. A good advice is to
check on streetside data as Google Maps to verify the asphalt
chosen if the ground truth is not known.

3.1. Reflectance measurements & model for reflectance
estimation

Spectrometer measurements of reflectance targets and other grey
surfaces like different kinds of asphalts have been performed
over the past few years at different sun altitude/azimuth angles.
In Figure 2 a selection of the reflectance measurements with the
spectrometer of the 50% grey target are shown. The sun azimuths
vary from 20° up to 65° - which shall represent the complete
range of sun angles which are typically used during image flights.
The colors of the columns indicate the time of the year when the
measurements were performed. Light green represents spring,
dark green summer, brown is for autumn and blue represents the
winter season. The upper chart shows the variation of the sun
azimuth, whereas the lower chart shows the changing of the
reflectance measurements of the 50%-grey target.

50%Target Reflectance

Figure 2. Overview of a selection of reflectance measurements
over the year

These variations in reflectances of the diffuse target are expected
and due to the variation in the illumination (especially at low
solar elevations), the viewing geometry and the good but even
not perfect Lambertian surface of the 50%-grey target
(Honkavaara, 2012 and Kedzierski, 2019).

For this reasons all those measurements were used to create a
model for reflectance values estimation. Besides the sun azimuth
reflectance measurements, information about the spectral
sensitivity of the UltraCam camera models have been
incorporated in the model. Figure 3 shows a graph of reflectance
measurements vs. sun azimuth for UCO 4.1 cameras for all four
available bands (red, green, blue and near infrared).

sun elevation VS reflectance 50%-target (UCOv41)

Reflectance

18.00 2.0 28.00 .00 28.00 43.00 48.00 53.00 58.00 62.00 68.00
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Figure 3. Reflectance measurements vs. sun azimuth for UCO
4.1

To be able to incorporate the aerial camera sensitivity to achieve
more accurate reflectance measurements the measured
reflectance values have been integrated over the cameras (in this
case UCO 4.1 and UCC 4.1) spectral sensitivity curve (SSC — see
Figure 4). This is being performed for each color channel
separately (Inband reflectance values) as it can be seen in
Equation 3.

1000 nm
f380 nm (refsta * SSChnorm)dA

InBandRef}, = [T e 3)
where InBandRef, is the InBand Reflectance per band
refs measured reflectance of the target

SSChbnorm norm. SSC of the camera per band

UltraCam Osprey 4_1 - Relative Spectral Respense RGB + NIR + PAN

— red

—— green
— blue
— NR
— PAN

relative Response [%]

400 500 600 700 800 900 1000
Wavelength [nm]

Figure 4. Relative spectral sensitivity curve of an UltraCam
Osprey 4.1

The resulting reflectances per dataset for each color channel is
listed in Table 2. The Gleisdorf reflectances (grey line) have not

been estimated but measured during the flight mission. The
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second line is the reflectance estimates based on the model for
Gleisdorf.

Reflectance[%]

Area RED GREEN BLUE NIR

Cleisdorf* 7.912 6.957 5.931| 8.094
+ |Gleisdorf 8.013 6.897 6.013| 8.265
.E_ Gijon 7.769 6.653 5.712| 7.937
w  |Gijon 8.511 7.396 6.627| 8.935
f’E Murfreesboro| 9.788 8.672 8.201] 10.653
©  |SandySprings| 7.985 6.870 5.979| 8.228

Sandy Springs| 7.956 6.841 5.943| 8.189

Gleisdorf* 12.864 11.478 9.802| 13.464
% |Gleisdorf 13.251 11.876| 10.151| 13.943
'§. Gijon 12.558 11.132 9.325| 13.161
E Gijon 14.667 13.398| 11.839| 15.543
2 |Murfreesboro| 18.292 17.298| 16.163| 19.638
2 [SandySprings| 13.174 11.793| 10.059| 13.856

Sandy Springs| 13.092 11.704 9.960| 13.763

Table 2. Computed reflectances for available data sets (grey line
is not estimated but measured reflectance in Gleisdorf)

When comparing the measured with the estimated reflectance
values out of the model it gives very promising results. Table 3
shows the results. In this case the measured reflectance values
have not been incorporated into the computation of the model.
The differences between estimated and measured reflectances are
all below 0.5%.

Reflectance[%]

Area RED GREEN BLUE NIR
~ = |Gleisdorf* 7.912 6.957 5.931 8.094
gé_ Gleisdorf 8.013 6.897 6.013 8.265)
@

difference -0.100 0.060 -0.082 -0.171

Gleisdorf* 12.864 11.478 9.802 13.464
Gleisdorf 13.251 11.876 10.151 13.943
difference -0.387 -0.398 -0.349 -0.480

bright
asphalt

Table 3. Measured vs. estimated reflectance values in Gleisdorf

According to literature typical reflectance values (Kokaly, 2017)
are for dense vegetation for example between 5 and 15% in the
visual range and in the near infrared between 40 and 60%.
Asphalt has typical values of 3 to 10%, whereas bare soil has
values between 10 and 40%. Concrete can range from 20 to 45%.

The main advantage of reflectance images is that spectral indices
(eg NDVI — Normalized Difference Vegetation Index) known
from remote sensing can be computed and the results are correct
and comparable to other sensors — even to satellite sensors with
different spectral response curves. With the help of these indices,
it is possible to estimate which areas in an image contain healthy
plants, where snow or water areas are located and even different
kinds of vegetation can be detected (depending on the spectral
bands used in the sensors) (Sousa, 2023). In this paper the most
common index of all is used — the NDVI (Xue, 2017). The
formula for computing this index is as follows:

NDVI = (NIR - RED) / (NIR + RED), 4)

NDVI values are ranging between -1 and 1 (Brown, 2018).
Typical NDVI values are shown in Table 4.

NDVI Range
-1.0-0.1 |water
<0.1 show/ ice
0.0 -0.2 |bare soil/sand/rock
0.2-0.5 |drygrass/sparse vegetation
0.4-0.6 |healthygrass/moderate vegetation
0.6-0.9 forest/ dense vegetation
0.1-0.4 stressed vegetation

Table 4. Typical NDVI value ranges

Figure 5 shows an overview how all of the following NDVI
images in this paper are classified. All samples below are
classified in the same manner to be able to compare them directly.

Value Color Label
-0.1 . -0.1
0 0
0.1 0.1
0.3 03

Figure 5. Legend for all following NDVI-images
4. Analysis & Results

To be able to compute scale factors for the conversion of the
image DNs to reflectance it is important to select the asphalt
samples with great care — that no color shifts appear in the asphalt
or gravel areas. Comparisons of different grey level areas in the
images is essential. In the examples shown in this paper more
samples (5 to 7) per scene were chosen with focus and average
values have been computed. Pixels with great discrepancy have
been omitted from computation. This was performed in order to
avoid exactly the selection of grey areas with potential color
shifts. The measured reflectances, the known camera sensitivities
(which performed the image flight — UCO 4.1 and UCC 4.1) and
the known sun azimuths at the recording time of the images are
the input parameters to model the reflectance values of the
corresponding areas. Those reflectances are in the next step used
to compute the Scale Factors for each image. And with the scale
factor the corresponding reflectance images have been computed.

4.1. Reflectance computation with reference image data

The sample for a correct absolute radiometric workflow is shown
in Figure 6. It shows a scene of the Gleisdorf project. This image
was treated in the correct absolute way where the images are
converted to radiance, followed by the conversion to reflectance
values. The upper left image (1) shows the original Level 02
image; the lower left image (3) is the computed radiance image.
On the right side two reflectance images are shown — the upper
right image (2) is the result of the Scale Factor conversion based
on the radiance image and the lower right image (4) shows the
result of the estimated Scale Factor conversion (this is already a
Level03 image). All 4 images’ histograms have been treated in
the same way — to be able to compare them visually (no curves
only shifting in the highlights).

The main problem with the correct absolute workflow is that the
user is still working on the non-pansharpened image data — to be
able to have the data as raw as possible to get the real sensor
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response. And in addition, ground truth measurements or at least
diffuse ground targets are essential.

3| f!*

Flgure 6. Gleisdorf image, original Level02 image (1),
reflectance image from Level02 image (1), radiance image (3),
reflectance image (Level03) from estimated Scale Factor

computation (4)

4.2. Reflectance computation based on the developed model

The absolute radiometric image workflow as described in the
chapter above is time consuming and fragile and for single image
processing perfect — as the results are very accurate. Although in
an aerial image data production environment, where multiple
thousand images need to be processed this approach is not
suitable.

Aerial images that are not absolutely radiometrically corrected
are in the physical unit of DN. Depending on aperture, exposure
time and illumination at time of recording and the storing of
image information in 8bit or 16bit, the DN range can vary. The
conversion to reflectance enables a direct comparison between
the images, independent from their sensor principle, as the range
of the reflectances is between 0 and 100 [%]. An example is
shown in Table 5. The reflectances have been converted from
DN utilizing the estimated Scale Factor values of the modelled
reference reflectances. The basis for these computations was the
Level03 images — with other words the pansharpened - ready for
orthophoto production - images.

Sandy Springs - DN -IMG15674 Reflectance-Scale Factor- IMG15674
fid |Class R G B 1 NDVI fid | Class R G B 1 NDVI
1|darkasphalt | 286| 328| 336| 330| 0.071 1|dark asphalt 6.864| 6.560| 5.376| 7.260( 0.028
2|darkasphalt | 254| 286 288| 344| 0.151 6|dark asphalt 6.096| 5.720| 4.608| 7.568| 0.108
3|brightasphalt| 500| 576| 572| 520| 0.020 10 |brightasphalt |12.000|11.520| 9.152)|11.440|-0.024
4|brightasphalt| 414| 466( 454| 434/ 0.024| brightasphalt | 9.936| 9.320| 7.264| 9.548]-
5
6

15.696 14.320 10.208
5.280 5.120 4.224

7| bare soil 468| 422| 326| 782| 0.251 bare soil 11.232| 8.440| 5.216|17.204|
8|bare soil 512| 486[ 380| 836| 0.240 25| bare soil 12.288| 9.720| 6.080]18.392| 0.199
9|drygrass 240| 264| 214| 648| 0.459 29|drygrass 5.760| 5.280| 3.424(14.256( 0.424

drygrass 316| 302 248 606| 0.315 32|drygrass 7.584| 6.040| 3.968(13.332| 0.275
11 forest 134 144 156 320 0.410 34 forest 3.216 2.880 2.496 7.040 0.373
12 forest 138 142 158 354 0.43%9 39 forest 3.312 2.840 2.528 7.788 0.403
13|urbanstruct | 270| 316| 316| 280| 0.018 41 |urban struct 6.32| 5.056| 6.16]-0.025

| 14]urbanstruct | 466] 534| 518] 500] 0.035| [43[urbanstuct | 11.18] 10.68] 8.288]  11]-0.008]
Sandy Springs - DN - IMG25061 Reflectance-Scale Factor- IMG25061

fid [Class R [6 [B Ji  [Nowi fid|Class R G B 1 NDVI
1|darkasphalt | 670] 738| 724] 634]-0.028] 1|darkasphalt | 6.700] 5.904] 5.068] 6.974 0.020
2[darkasphalt | 646] 702| 682] 808[ 0.111 6[darkasphalr | 6.460] 5.616] 4.774] 8.888[ 0.158
3|brightasphalt | 1224]1328[ 1212 1104|-0.052| | 10[brightasphalt |12.240[10.624] 8.484]12.144]-0.004
4brightasphalt | 1088 982]-0. 12[brightasphalt [10.880] 9.472] 7.434]10.802[-0.004
5 16.288 12.096 18.568 -0
6 7.072 5474 8510
7 |bare soil 1420| 0. 23 bare soil 11.540| 7.360| 4.634[15.620] 0.150
8|bare soil 1330[1268| 994[2146[ 0.235| [25]bare soil 13.300[10.144] 6.958(23.606| 0.279
9|drygrass 734| 738| 580|1606| 0.373| |29|drygrass 7.340| 5.904| 4.060|17.666| 0.413
10[drygrass 652 626 520[1082] 0.248] |32[drygrass 6.520] 5.008| 3.64011.902] 0.292

11 forest 256 274 278 472 0.297 |l 34 forest 2560 2192 1946 5.192 0.340
12 forest 316 330 330 664 0.355 M 39 forest 3.160 2.640 2.310 7.304 0.396
13[urbanstruct | 686 780] 744] 584]-0.080] |41|urbanstruct 6.86 6.24] 5.208| 6.424]-0.033
[ 14]urbanstuct [1352] 1508] 1356[1174]-0.070]  [43]urbanstruct | 13.52] 12.06] 9.492| 12.91[-0.023]

0.088 RMSE  0.033
Table 5. DN versus Reflectance Values in 2 overlapping images
of the Sandy Springs project

Table 5 shows the DN and reflectance values of 2 overlapping
images of the Sandy Springs project. As the NDVI columns in
Table 5 already indicates the fitting between those 2 images is
much better than when computing the NDVI in the uncorrected
DN range. There are differences between the results, which is still
absolutely feasible as the recording date of the images is 24 days
apart from each other. The vegetation as well as the surroundings
change in this period of time immensley as these images were
even recorded in december on the northern hemisphere. The
RMSE value computed out of the differences of the NDVIs of
the overlapping areas of the two images (for the DN vs.
Reflectance) shows the significant improvement. The RMSE
could be reduced nearly a third. When switchitng from a
quantitativ metric to a quality metric like given in a visual sense
in Figure 7, it can be argued that fixing the lack of consitency in
the DN results show in part 1 and 2 of Figure 7 even outweigh
the already impressive quantitative RMSE improvements shown
in Table 5.

The NDVI examples shown in Figure 7 are a perfect visual
representation of the described relationships. This sample is from
the Gijon project. The two images (left side is image 12194 shot
in the beginning of November, 2024 and on the right side there is
the NDVI images of image 3935 shot in the middle of September
2024) have been recorded nearly 2 months apart. The upper two
images (1, 2) show the NDVI results from the uncorrected DN
images and the lower two NDVI images (3, 4) show the results
of the computation of the index based on the reflectance images
(with estimated reflectance for Scale Factor computation). The
most prominent changes can be found in urban areas and man
made structures, which fit much better together than in the DN
results. Also the vegetation is represented more accurate than
before especially in the first example (1 to 3). The vegetation
changes between the two images (3 and 4), as this is typical for
this time of the year.
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Figure 7. NDVI Results of the Gijon project (upper images are
computed out of DN images, lower ones from the reflectance
images)

To have a “known” reference to verify the modelled approach for
the images where no ground truth measurements were available,
Sentinel images of the same area recorded during the same time
(as good as possible) were selected and the NDVI for those
scenes were computed as well. The NDVI computed out of the
reflectance images is also being compared to the one of the
Sentinel images.

Figure 8 shows such an example. On both images the Sentinel
NDVI image is in the background and on the upper part (1) the
NDVI image of the DN image is shown in front and on the lower
part (2) the reflectance NDVI result is shown.

# i %
o i . o ’..@- . "..' -k&’ -‘-ﬂﬂé
Figure 8. NDVI Images from UCC 4.1 (1 - NDVI from DN, 2 —
NDVI from estimated reflectance image) compared with
Sentinel NDVI for Murfreesboro project

Again, especially the urban areas fit much better to the result of
the Sentinel. But also, when focusing on details in the vegetation
especially when looking at the sparse vegetation the reflectance
images produce more accurate results.

5. Conclusion & Future Work

This paper shows a new approach to use estimated reflectance for
the Scale Factor computation to improve the radiometric quality
of aerial images. With the help of the estimated scale factors
images in DN space can be converted to reflectance and with this
meaningful vegetation indices can be computed. Besides the
vegetation indices the images are radiometrically adjusted, that
minimum manual work is necessary to produce neutral looking

aerial images. The study worked with different images recorded
on different days in the year at different sun azimuths and on
different locations on the earth. The suggested method produces
more reliable results, especially with images which were
recorded on different days (especially when there were several
weeks in between). The biggest difference can be seen in urban
areas — manmade structures as concrete surfaces, roads etc. have
improved a lot (especially when compared to the Sentinel NDVI).
Even though a manual selection of color shift free asphalt areas
is necessary, the massive benefits of the proposed method
outweigh the small room for error based on the users experience
level to a very large degree.

Further tests with more sophisticated methods to compute the
reflectance values as the enhanced ELM method or even
reflectance computation based on a physical model of the camera
showed promising first results. Detailed tests will follow to
determine the best method which produces the best and most
accurate results.
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