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ABSTRACT:

Nowadays the imagery data acquired from UAV sensors are the main source of all data used in various remote sensing applications,
photogrammetry projects and in imagery intelligence (IMINT) as well as in other tasks as decision support. Therefore quality
assessment of such imagery is an important task. The research team from Military University of Technology, Faculty of Civil
Engineering and Geodesy, Geodesy Institute, Department of Remote Sensing and Photogrammetry has designed and prepared
special test field- The Portable Imagery Quality Assessment Test Field (PIQUAT) that provides quality assessment in field
conditions of images obtained with sensors mounted on UAVs. The PIQUAT consists of 6 individual segments, when combined
allow for determine radiometric, spectral and spatial resolution of images acquired from UAVs. All segments of the PIQUAT can be
used together in various configurations or independently. All elements of The Portable Imagery Quality Assessment Test Field were
tested in laboratory conditions in terms of their radiometry and spectral reflectance characteristics.

1. INTRODUCTION

Nowadays there is a great increase in the demand for geospatial
information- especially remote sensing data that were obtained
in different ranges of the electromagnetic spectrum with
different kind of sensors (e.g. multispectral, hyperspectral, etc.),
both for military and civilian applications. Hugh amount of
remote sensing data, especially the imagery data, that are
acquired all over the world, at different heights (i.e. from the
ground, from the satellites, aircraft or unmanned airborne
platforms) and in different ranges of the electromagnetic
spectrum with different types of sensor (i.e. passive and active),
are reliable material to carry on various types of spatial and
spectral analyses.

In the last few years it can be observed a significant increase in
the availability of different imagery data, especially that
obtained with relatively economic and optimum sensors, that
are placed on Unmanned Aerial Vehicles (UAV), which can be
used both for photogrammetry and remote sensing (Colomina &
Molina, 2014; Dabrowski et al., 2014). Unmanned Aerial
Vehicles have a great potential for various remote sensing
applications which is caused by several advantages of UAVs
over satellites and aircraft. The most important advantage
of UAVs is the possibility of their quick and repeatedly
deployment. Moreover they are less costly and much more safer
than standard aircraft. UAVs can fly at various heights and are
flexible in the terms of mission planning. In addition to that it is
possible to obtain imagery at sub-decimetre resolution with
sensors that are mounted on them (spatial resolution of sensors
mounted on UAVs is greater than satellite sensors, i.e. several
centimetres instead of hundreds of meters) and unlike the
satellite and aerial observations they do not have observation
gaps due to high cloud coverage or other atmospheric
phenomena and their coverage is not limited over certain
regions due to orbit around the Earth (Hein & Bento, 2008;
Bending et al., 2012).
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The increased availability of UAVs in the recent years and all
mentioned advantages of unnamed aerial systems have resulted
in their frequent adoption for a growing range of different
remote sensing tasks (environmental and anthropogenic) (Gupta
et al., 2013) which among others include fine- scale topographic
mapping, homeland security (Henriques, 2014), urban mapping
and monitoring (Fernandez Galarreta et al., 2015), vegetation
mapping (Berni et al., 2009; Salami et al., 2014; von Bueren et
al., 2015, Feng et al., 2015), precision agriculture (Honkavaara
et al., 2013), wetlands monitoring, wildfire research (i.e. forest
fire monitoring) (Casbeer et al., 2005; Ollero et al., 2006;
Merino & Ollero, 2010), river detection and tracking, disaster
management and surveillance for emergency disasters (Ezequiel
et al., 2014). Furthermore UAVs are used for Earth science
research, humanitarian observations, traffic monitoring,
inspection of industrial facilities like gas pipeline monitoring,
volcanic gas sampling and many other environmental tasks (e.g.
aquatic ecosystem monitoring (Flynn & Chapra, 2014), and
coastal management (Mancini et al., 2013), ice cover
monitoring (LeSinskis et al., 2012), monitoring of wildlife
(Jones 1V et al., 2006), monitoring of climate change and
observing the weather phenomena, etc.) and digital elevation
model of terrain (Dowling & Gallant, 2013; Ruiz et al., 2013).
The implementation of all mentioned applications with the use
of UAVs is possible with the use of various sensors working in
different range electromagnetic spectrum range, that can be
mounted on unmanned aerial vehicles. Nowadays, depending
on the application it is possible to use a RGB-IR digital
cameras, video cameras, multispectral and hyperspectral
sensors, thermal cameras or even a LIDAR sensor.

The imagery data acquired with UAV sensors are the main
source of all data used in various remote sensing applications,
photogrammetry projects and in an imagery intelligence
(IMINT). In case of imaging sensors mounted on different kinds
of UAVSs, the determination of an interpretational potential of
acquired imagery is one of the most important thing in the chain
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of data acquisition, data post- processing and image analysis for
remote sensing and photogrammetric purposes. Field- testing
and calibration of digital imagery sensors mounted on UAVs
are essential to assess their quality and characterize their
performance, therefore spatial, radiometric and spectral
properties of digital imagery systems not only require
calibration but also testing before the operational use.

UAVs’ sensors can be and are tested in the laboratory
conditions, but due to various flight parameters of UAVs,
exposition parameters of imaging sensor, light conditions and
many others that can occur during the UAV flight it is
important to maintain control over spectral, radiometric and
spatial parameters of used sensor. Due to changing external
conditions it is important to assess the image quality and test
the imaging system in terms of radiometry, spectral and spatial
parameters in field conditions before operational flight. To
provide such assessment it is important to have field test, that
would be portable and applicable for imaging sensors in many
field conditions.

2. IMAGE QUALITY ASSESSMENT

Digital images obtained with sensors mounted on UAVs are
subject to a variety distortions during acquisitions, like external
conditions (e.g. amount of light, exposure time, wind speed,
etc.). Therefore the assessment of their quality is very
important. Till now the only method of quantifying visual
image quality was through subjective evaluation (Zhou et al.,
2004). Image quality can be defined as subjective impression
ranging from poor to excellent. In practice, however, only
subjective evaluation was usually too inconvenient, time-
consuming and expensive, especially for multispectral and
hyperspectral images.

Humans perception of good image quality assessment is based
on the real- world experiences of seeing colours, intensities,
textures and distinguishing different objects. Image quality is
a subjective impression ranging from poor to excellent- that is
asomewhat learned ability, accomplished by the brain.
Therefore perceptual quality of the same scene can vary
between individuals and temporally for the same individual.
Because of large variations exist in an observer’s judgment as
to the correct rank ordering of image quality from poor to best,
it is impossible to place image quality on an absolute scale
(Holst, 1998).

There are many formulas for assess image quality. One of the
possibility to evaluate the quality of image quality is evaluation
its spectral, radiometric and spatial resolution.

There are many tests that provide the assessment of image
quality of aerial sensors in the field conditions. However due to
their dimensions and construction they are permanent field test,
that cannot be used for evaluation of quality of images obtained
with sensors mounted on UAVs. All such test provide the
possibility of checking image quality in terms of spectral,
spatial and radiometric resolution. Usually they consist of
Siemens star and/ or sparse resolution bar target, greyscale, and
different reflectance targets. e.g. Honkavaara et al. (2006),
Honkavaara et al. (2008), Honkavaara et al. (2010), Markelin et
al. (2010).

In response to lack of the portable test field for the image
quality assessment of sensors mounted on UAVS, that could be
used in different conditions and for gran variety of sensors, the
research team from Military University of Technology, Faculty
of Civil Engineering and Geodesy, Geodesy Institute,
Department of Remote Sensing and Photogrammetry has
designed and prepared special test field- The Portable Imagery
Quality Assessment Test Field (PIQUAT), that will fulfil the

gap in this area. The PIQUAT (The Portable Imagery Quality
Assessment Test Field) is the portable test field, dedicated for
different sensors mounted on UAVs that allows for evaluation
of the quality of images. The PIQUAT, designed and build by
research team from MUT allow for determine radiometric,
spectral and spatial resolution of images acquired from UAVs.

3. THE PIQUAT

The Portable Imagery Quality Assessment Test Field (PIQUAT)
is the portable test field, dedicated for different sensors
mounted on UAVs that allows for evaluation of the quality of
images. It consists of 6 individual parts made from wooden
plates, 70 x 70 cm each, when combined allow for determine
radiometric, spectral and spatial resolution of images acquired
from UAVs. All parts of the PIQUAT were checked in the
laboratory conditions. All segments of the PIQUAT can be used
together in various configurations or independently.

3.1 Spatial resolution

The spatial resolution describes the ability of a sensor to
identify the smallest size detail of a pattern on an image. It is
the distance between distinguishable patterns or objects in an
image that can be separated from each other and is often
expressed in meters. Spatial resolution of digital sensors
depends primarily on their Instantaneous Field of View (IFOV)
and the flight height (Levin, 1999). Spatial resolution and
spatial attributes of sensor can be described with GRD (Ground
Resolved Distance) and GSD (Ground Sampling Distance).

To determine spatial resolution for UAVs’ sensors there is the
first segment of the PIQUAT. It consists of a quarter of the 32
sectorial Siemens star (radius- 70 cm)- Figure 1, Figure 2, that
allows to determine the spatial resolution of the sensor.

15.1 cm

232 cm

70.0 cm

70.0 cm

—

Figure 1. The project of the segment no 1: the quarter of
Siemens star (diameter 70 cm)
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Figure 2. Segment no 1: the quarter of Siemens star
(image obtained with RGB camera)

3.2 Radiometric resolution

The radiometric characteristics describe the actual information
content of an image. Every time an image is acquired on film or
by a detector, its sensitivity to the magnitude of the
electromagnetic energy determines the radiometric resolution.
The radiometric resolution can be defined as the sensitivity of a
sensor to incoming flux (Levin, 1999; Orych et al., 2014).

The second segment if the PIQUAT is built from three parts,
that together form a 12- level greyscale board (from black- 3%
reflectance to white- 85% reflectance). This segment should be
used for the evaluation of radiometric resolution- Figure 3.
Thanks to 12- levels of grey it is possible to check the
radiometric capacity of sensor’s array.

WHITE GREY 10
white: 100% white: 1.8 %
black: 0% black: 18.2 %
GREY 11 GREY 09
white: 90.9 % white: 72.7 %
black: 9.1 % black: 27.3 %
B - 350cm -

GREY 08 GREY 06
while: 63.6 % white: 43,5 %
black: 36.4 % black: 34.5 %
GREY 07 GREY 05
white: 54.5 % white: 36.4 %
ch: black: 63.6 %
GREY 02
whire: 90.9 %

black: 9.1 %

GREY 03 BLACK
white: 18.2 % white: 0 %
black: 81.8 % black: 100 %

Figure 3. The project of the segment no 2: 12- level grayscale

All shades of grey presented in the Figure 4 were prepared by
mixing black and white paint in presented proportions (Figure
3). To avoid gloss only matt paint was used. Elements of the
second segment (Figure 4) of the PIQUAT were measured in the
laboratory conditions with the ASD FieldSpec 4 Wide-Res
spectroradiometer. For all 12 elements, spectral reflectance
coefficients were obtained, thereby this segment can also be
used for assessment of spectral resolution of investigated
sensor- Figure 5.

Figure 4. Segment no 2: 12- level greyscale (image obtained
with RGB camera)
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Figure 5. Segment no 2: Spectral reflectance coefficients
of 12 elements

3.3 Spectral resolution

Spectral resolution is the sensitivity of a sensor to respond to a
specific wavelength range. Different materials reflect and
absorb differently at different wavelengths. The reflectance
spectrum of a material is a plot of the fraction of radiation
reflected as a function of the incident wavelength and serves as
a unique signature for the material. In principle, a material can
be identified from its spectral reflectance signature if the
sensing system has sufficient spectral resolution to distinguish
its spectrum from those of other materials (Levin, 1999). On the
basis of this concept the las segment of the PIQUAT was
designed. The third segment is built from two elements. First
element is covered with four different types of materials- wood,
red PVC, aluminium plate and green textile. Such diversity of
materials will allow to evaluate the ability of sensor to
distinguish different materials on the basis of their spectral
reflectance coefficients- Figure 6- 7.
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Figure 6. The project of the segment no 3: Various materials

Figure 7. The segment no 3: Various materials (image obtained
with RGB camera)

The second element used for assessment of spectral resolution
is divided into four parts- two are painted with two different
kinds of green paint and the next two with two kinds of red
paint. Both red and green colours are almost indistinguishable
with the naked eye or RGB sensor, but additional spectral
channel, e.g. IR or narrower spectral channel, like in
hyperspectral sensors would allow to distinguish different
paints- Figure 8-9.
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Figure 8. The project of the segment no 3: Different paint of the
same colour

Figure 9. The segment no 3: Different paint of the same colour
(image obtained with RGB camera)

For all element of this segment spectral reflectance coefficients
were obtained in the laboratory conditions. As it is shown on
the Figure 10, spectral characteristics of red colours as green
are quite similar in the visible spectrum range, however it is
possible to distinguish them in infrared spectral range.
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Figure 10. Segment no 3: Spectral reflectance coefficients
of various paints

4. PRELIMINARY RESULTS

The application and the usefulness of the Portable Imagery
Quality Assessment Test Field was tested with the camera
Tetracam miniMCA in the field conditions. First results are
presented on the Figures 11, 12 and 13- results discussion can
be found in the article: Dabrowski et al. (2015) Preliminary
results from the Portable Imagery Quality Assessment Test
Field (PIQUAT) of UAV imagery for Imagery Reconnaissance
Purposes.
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Cn

Figure 11. The PIQUAT- image obtained with miniMCA,
(composition IR-G-B)

Figure 12. The PIQUAT- image obtained with miniMCA,
(composition IR1-IR2-R)

Ly

Figure 13. The PIQUAT- image obtained with miniMCA,
(composition IR-R-G)

5. CONCLUSIONS

The Portable Imagery Quality Assessment Test Field (PIQUAT)
that provides quality assessment in field conditions of images
obtained with sensors mounted on UAVs. Thanks to its
construction: separate segments, wooden plates and dimension
(70 x 70 cm), the PIQUAT can be transported with UAVs and
mounted in any possible field conditions. All segments can be
mounted separately or combined depending on the field
conditions. Three segments that provide evaluation of three

types of resolutions (i.e. spatial, spectral and radiometric) are
ideal for image quality assessment. Moreover the portable
construction of the PIQUAT allows using it without any durable
interference with imaged area from UAV system. Therefore the
PIQUAT facilitates testing different UAV sensors used for
remote sensing or IMINT purposes in field conditions.
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