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ABSTRACT:
Remote Sensing plays very important role in many different study fields, like hydrology, crop management, environmental and
ecosystem studies. For all mentioned areas of interest different remote sensing and image processing techniques, such as: image
classification (object and pixel- based), object identification, change detection, etc. can be applied. Most of this techniques use
spectral reflectance coefficients as the basis for the identification and distinction of different objects and materials, e.g. monitoring of
vegetation stress, identification of water pollutants, yield identification, etc. Spectral characteristics are usually acquired using
discrete methods such as spectrometric measurements in both laboratory and field conditions. Such measurements however can be
very time consuming, which has led many international researchers to investigate the reliability and accuracy of using image-based
methods. According to published and ongoing studies, in order to acquire these spectral characteristics from images, it is necessary
to have hyperspectral data. The presented article describes a series of experiments conducted using the push-broom Headwall
MicroHyperspec A-series VNIR. This hyperspectral scanner allows for registration of images with more than 300 spectral channels
with a 1.9 nm spectral bandwidth in the 380- 1000 nm range. The aim of these experiments was to establish a methodology for
acquiring spectral reflectance characteristics of different forms of land cover using such sensor. All research work was conducted in
controlled conditions from low altitudes. Hyperspectral images obtained with this specific type of sensor requires a unique approach
in terms of post-processing, especially radiometric correction. Large amounts of acquired imagery data allowed the authors to
establish a new post- processing approach. The developed methodology allowed the authors to obtain spectral reflectance
coefficients from a hyperspectral sensor mounted on an unmanned aerial vehicle, ensuring a high accuracy of obtained data.

1. INTRODUCTION
Nowadays remote sensing allows to obtain a number of very
detailed information about investigated objects. The significant
development of technology, especially in the area of electronics
(i.e. sensors), aerial platforms and methodologies, enable
construction of more sensitive and precise measurement
devices, is the driving force behind progress in remote sensing.
The foundation of modern remote sensing is spectroscopy, that
is a science that allows for acquiring and analyses of
electromagnetic spectra, which are results of interactions
between electromagnetic radiation with objects. This science is
used for all issues related to the description of matters’ structure
and identification of substances and is an object of studies in
the field of physic, astronomy, chemistry, genetic engineering,
natural science and many. Optical spectroscopy which is
commonly used in modern remote sensing, is the study of the
interaction between light and matter. Thereby spectrometric
measurements are measurements of photons in the function of
wavelength. Because all particular particles absorb radiation in
a characteristic way (depending on wavelength used and the
chemical bonds making up the investigated substance), it is
possible to identify objects and substances using just their
spectral characteristics (Kirkbride, 2000).

Each substance reflects a different amount of radiation and with
a change in wavelength the value of this varies. Spectral
reflectance coefficients represented in a function of wavelength,
known as spectral characteristic describes the dependence of the
reflectance coefficients of an object's surface from the
wavelength of the incident radiation. These characteristics allow
for the identification of the vast majority of objects and are
stored in a spectral libraries. Moreover, each substance has
certain distinct bands of the electromagnetic spectrum in which
an analysis of the reflectance allows for the assessment of the
quality or condition of the tested objects (Walczykowski et al.,
2013).
Spectral reflectance characteristics are usually acquired using
discrete methods such as spectrometric measurements in both
laboratory and field conditions. Spectral
reflectance
coefficients
obtained
with
spectroradiometers
and
spectrophotometers are characterized by a high accuracy.
However, due to the nature and structure of the instruments
used for this purpose, spectral characteristics can be obtained
only from one point of the investigated object at any given time,
what is extremely problematic when the structure of the
investigated object is not homogenous and is changing in time.
Moreover, high quality spectrometers are only available for in
situ (from close range) and laboratory measurements, and there
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is lack of variety of aerial spectrometers. Such measurements
however can be very time consuming, which has led many
international researchers to investigate the reliability and
accuracy of using image-based methods (e.g. Kokaly et al.,
2003; Yen- Ben et al., 2006; etc.).
In literature we can find a lot of examples of determining
spectral characteristics from satellite images (i.e. Landsat,
CHRIS/ PROBA and MERIS, etc.) and simultaneous in situ
spectral measurements of water, vegetation, etc. (with
spectroradiometers and spectrophotometers), that allow for
calibration of acquired images, and therefore it is possible to
obtain absolute spectral reflectance characteristics from images
(e. g. Hame, 1991; Guanter et al., 2003; Segl et al., 2003;
Guanter et al., 2006; Goetz, 2009; Maliki et al., 2012;
Olmanson et al., 2013). As the reference panel white reference
panels are also used, enabling calculation of spectral
characteristics.
All mentioned methods of obtaining spectral reflectance
characteristics from images require sensor calibration before
image acquisition or radiometric calibration of the imagery in
post- processing on the basis of reference reflectance panels.
According to concept presented in this paper and
(Walczykowski et al., 2013) it will be possible to obtain spectral
reflectance coefficients during laboratory and in situ
measurements without using reference panels, only with the use
of an imaging camera and information about lighting condition
during image acquisition. The basis for obtaining the correct
reflected values in each registered channel of electromagnetic
radiation is the proper registration of images, which will be
ensured by correct exposure parameters that would be adequate
for the light intensity during the measurements. This
methodology would be adequate for images acquired from low
altitudes, where the influence of the atmosphere and aerosols is
not so strong.

Figure 1. The push-broom hyperspectral imager- the Headwall
MicroHyperspec A-series VNIR

2. MEASUREMENT STATION
The main aim of this paper is to present applied methodology
for determining the relationship between exposure parameters
of the hyperspectral camera and light intensity in order to
determine absolute spectral reflectance characteristics from the
hyperspectral imagery without previous calibration of the
imaging sensor. In order to perform the task, an empirical
approach was selected based on a series of measurements
performed under laboratory conditions. The purpose of the
measurements was to analyze the impact of the exposure
parameters of the camera: the exposure time, the gain value on
the value of the pixel brightness- digital number (DN) of a
different reference panels.
For the study one VNIR hyperspectral camera was used,
produced by Headwall.
The Headwall MicroHyperspec A-series VNIR is a push- broom
sensor, that allows for continuous recording of the image line
by line. This hyperspectral scanner allows for registration of
images with 324 spectral channels with a 1.9 nm spectral
bandwidth in the 380- 1000 nm range. In addition to that, the
camera can be characterized by a relatively small weight
approximately to 0.68 kg, therefore can be easily mounted on
dedicated UAVs or aerial platforms.
Software dedicated for the sensor- HyperSpec III, allows for
camera’s control and selection of exposure parameters, i.e. the
exposure time, the gain value, the number of frames per second.

Figure 2. The measurement station
To ensure the repeatability and accuracy of conducted
measurements, a number of assumptions about the measurement
methods and measurement station were made.
First all calculations were done on DN values of exactly the
same surface area of four reflectance reference standards – the
Zenith Lite- reference panels which have 95%, 50%, 20% and
5% lambertian reflectance in 250-2500 nm range. To ensure the
correctness of calculations the 4 additional reference panels:
Zenith Diffuse reference panels (80%, 25%, 10% and 2.5%)
were used.
Next, a constant and reliable light source was used throughout
the experiment – ASD Inc Pro Lamps. These lamps have a 70W
power and give constant light in the 350-2500nm range. Four
lamps were used to ensure the studied reference panels were
evenly illuminated from all sides.
In addition to that the constant measurements of light intensity
was conducted.

Figure 3. Reference reflectance panels used in the experiment
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Figure 4. Spectral reflectance characteristics of reference
reflectance panels used in the experiment

Figure 6. DN values for reference panels on the raw
hyperspectral image
The main aim of this paper is to present briefly applied
methodology for determining the relationship between exposure
parameters of the hyperspectral camera and light intensity in
order to determine absolute spectral reflectance characteristics
from the hyperspectral imagery without previous calibration of
the imaging sensor.
In order to perform the task, an empirical approach was selected
based on a series of measurements performed under laboratory
conditions. The developed methodology is based on acquisition
of series of raw images- without previous sensor calibration. All
measurements were conducted in the laboratory condition to
ensure stable conditions of measurements. To establish the
relationship between acquisition parameters, amount of light
and coefficients that would allow to change DN value to
reflectance coefficients, during series of measurements the
amount of light was being changed. For each light intensity
(that was constantly verified with light meter) the series of
images had been acquired- images were acquired with different
exposure times and gain levels. The same acquisition
parameters were applied for all light conditions during
measurements.
Due to fact that every channel of the Headwall MicroHyperspec
A-series VNIR is a push- broom sensor has different sensitivity,
all formulas had been developed separately for all camera’s
spectral bands.
Determined formulas allowed to recalculate DN values to
reflectance coefficients.

3. METHODOLOGY

4. SUMMARY AND RESULTS

Figure 5. Methodology for determining spectral reflectance
coefficients from hyperspectral image without camera
calibration

All formulas obtained after applying developed methodology
allow for determining the exposure time and the gain value for
every spectral band of Headwall camera, which are needed to
obtain expected values of the reference panels with an accuracy
±7%. Due to great amount of noises on edges of spectral range,
it was impossible to better total accuracy.
It should be take into account that all developed formulas are
specific to the researched camera model and lenses. The
purpose of this article is to present a methodology for
determining these parameters in laboratory conditions.
The obtained accuracy of ±7% can be further increased by
additional measurements in both laboratory and field
conditions.
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