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1. Background and Objectives

Due to the accelerating decline of natural and semi-natural surfaces, the
changing climate, and the changing role of environmental protectionism and
wildlife Conservation, it is vital to have reasoning underpinned with scientific
evidence supporting the importance of protecting land, areas covered with
natural vegetation, and the buffer zones of such areas when assisting decision-
makers. These scientific underpinnings help assess the economic value of
ecosystem services, and make it possible to provide well-founded reasoning for
preserving biodiversity and enacting sustainable land management policies. In
the 20th century, it became clear that remote sensing is a quick and generally
cost-effective method of data-gathering, with minimal or no impact on the area
under inspection. Used together, remote sensing and GIS are suitable for
exploring the connections and interactions between various objects and
phenomena, and provide assistance with the analysis of complex spatial data. It
becomes possible to provide optimal solutions for the environmental issues of
inhabited areas as well, facilitating the relevant design tasks. High spatial
resolution remote sensing is useful, and has even become indispensable, for
planning the optimal management of natural areas and performing impact
analysis on interventions.

Due to the above, I have mostly chosen to spend time on the evaluation of
non-intrusive passive aerial remote sensing methods, and implementing
effective procedures.

The main objectives of the research were:

e Understanding the range of user demands and the newest requirements
for aerial remote sensing products.

e Finding solutions to meet the demands identified, through technical and
methodological development.

e Radically improving the speed of photographic aerial remote sensing for
vegetation-related and ecological studies and surveys, as well as for
studies relating to the environment, conservation, or urban development,
and thereby enabling a higher frequency of results for the areas under
inspection and having photographic areas of overlap that were taken
under homogenous lighting and weather conditions, as much as possible.
Quick and unnoticed flyovers also allow for less impact to the area under
inspection.



Testing and confirming that higher spatial resolution ortho image
mosaics result in lower rates of data reconciliation errors and increase
the reliability of thematic maps.

Finding or developing the technical prerequisites for enabling 200 km/h
flight above terrain with a level of surveying detail that is significantly
higher than normal (5-10 cm spatial resolution) and implementing such a
procedure.

- Analysis and evaluation of the subjective effects arising during
visual interpretation.

- Assisting with the rapid design of aerial surveys.

- Analyzing flight precision, and based on the results,
recommendations for performing aerial surveys.

Designing complex measuring equipment which will allow for optimal
management of information content and data storage capacity. In
addition to high-resolution spectral ranges that can be modified to meet
the requirements of the specific task, it must also be suitable for high-
resolution 3-dimensional surface modeling and continuous-spectrum
photometry, but the increased amount of information provided should
not necessitate a drastic increase in the information storage capacity
required.

Testing the designed methods through practical tasks. Completing and
evaluating the tests for municipal surveying, waterfowl population
surveying, vegetation surveying and telecom surveying.



2. Materials and Methods

I recorded the data to be evaluated from Pa-32, Cessna 172, Cessna 182,
Cessna 210, Antonov An 2, and PZL Gawron aircraft. The flights were followed
by laboratory measurements. During testing, in addition to evaluating spectral
sensitivity, dynamics and resolution of the equipment used, we analyzed the
following important characteristics: processing speed, signal-to-noise ratio,
image height/speed stability, and the distortions caused by the camera’s internals
or optics. To facilitate the photogrammetry work, I used geodetic ground control
point and check point surveying, and GPS, then D-GPS-based direct orientation.
Processing was done via single-block aerial triangulation (bundle block
adjustment) method.

I performed aerial imagery for testing purposes over a hundred times. In
addition to designing the tasks and managing operations, I was tasked with
handling the surveying camera. My role in the photogrammetry work was 50%
and I performed the evaluation myself for every case, before assigning others to
also evaluate the results for consistency and comparison purposes.

I grew to understand the range of user demands for aerial remote sensing
products while manufacturing the products and via the incoming user
requirements. My work involved contact with most national parks, a large
number of research institutions and hundreds of local municipalities and their
urban development staff.

I tested the increased spatial resolution’s effect on the level of detail and
the improved accuracy in the data, as well as the subjective effects on
evaluation, by presenting orthophoto mosaics that I had already interpreted to
independent evaluators, who mapped the inspected surface cover categories onto
a thematic map. I had previously reduced the resolution of the high spatial
resolution ortho image mosaic. Thus, ensuring “constant conditions” (the same
camera system, the same atmospheric conditions, temperature, recording
positions, etc.) was made possible by re-sampling the high-resolution photo
mosaics with smaller (discrete) resolution values (using cubic convolution). As a
result, the analysis showed the limits of spatial resolution at which the
evaluation results (resulting map) definitely failed to meet the expected quality
requirements. The evaluators were not shown the various resolution maps in
advance, and always had to begin by analyzing the lowest-resolution recordings
first. Once their evaluation of a recording with a given resolution was complete,
they were provided with the next recording, with one level of improvement in
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resolution. This method avoided the possibility of the evaluators using
information from higher resolution recordings to make decisions that they would
have been unable to make by evaluating the lower resolution recordings.

The areas undergoing analysis were municipal, conservation (e.g.
waterfowl populations), agricultural and water management-related, as well as
flooding and other technical aspects (e.g. landscape design for
telecommunication towers).

During the field inspection of vegetation, I performed transect field survey
and species assessment, with the assistance of the staff from the Duna Ipoly
National Park, from Mecsekerdo Zrt. (Mecsek Forestry Plc.) and from the
Institute of Botany and Ecophysiology.



3. Results

3.1 A summary of common user requirements

A brief summary of the most common issues and requests: better detection
of the bases of objects; precise, orthogonal projection of objects positioned
above terrain, such as eaves; better recognition of traffic signs, public property
and fire hydrants; a more accurate structural analysis of vegetation; more
accurate geometric determination of surface cover; and a storage format for
spectral data that can be easily interpreted and opened. The development of the
measuring camera, which began in 2009, was a response to these practical issues
and to the special requirements of conservation data collection. I attempted to
find technical and methodological solutions for the above that would allow for
productive, cost-effective surveying.

3.2 Verifying the correlations between spatial resolution and
evaluation accuracy

I analyzed the correlations between spatial resolution and evaluation
accuracy, using areas and themes matching surface cover categories that are
commonly studied in Hungary. In particular, I studied the following surface
cover categories: Water surfaces, sandbanks, willow groves, poplar forest,
meadows, contiguous locust-tree groves, dirt roads, turf wounds, asphalt
pavements, constructed objects, waste heaps, balks, areas infested with various
invasive plant species.

3.3 Development of high-speed aerial recording method

My findings have shown that when the aerial data gathering for a given
survey area can be completed in a shorter amount of time, the reliability of
thematic analysis increases. Accordingly, I increased the speed of the
measurement cameras used for high-speed aerial remote sensing with the result
that the necessary overlaps were still present and the picture remained stable
despite the low, fast flight. In addition to designing the recording equipment, |
developed a methodology for carrying out such surveys. When modeling
environmental problems, I tested the economical method a number of times for
GIS tasks, for telecommunication tower placement optimization for achieving
maximum mobile network coverage, as well as for flood forecasting and
drainage water risk maps.



3.4 A novel, extremely high-resolution remote sensing method

I ensured that the area would remain undisturbed through developments
that made increasing the object distance (relative altitude) and increasing the
overland flight speed possible. The procedure for achieving high surface
resolution (0.5 - 3 cm GSD, 220 km/h - 800 km/h) provides much more
accurate, detailed, and higher content data compared to traditional (5 to 10 cm
GSD) orthophotos, thus allowing for a wider range of users. The process makes
it easier to achieve a finer level of identification for colony fragments. I tested
this method on waterfowl population estimates, upper canopy vegetation
mapping and dense 3-dimensional point cloud analysis of woody vegetation.

3.5 Alternative method of surveying waterfowl populations

After having successfully developed appropriate instruments for the high
spatial resolution procedure, I attempted to use it to survey the waterfowl
populations nesting on Lake Venice. The high-resolution (0.5-3 cm spatial
resolution) orthopho image maps of important nesting and feeding sites can also
be used for purposes other than population surveying. The appearance or
disappearance of animals from a given area can by no means be considered a
coincidence. I published the results and I submitted a recommendation to use the
procedure for conservation status indicator purposes.

3.6 New mathematical foundations for aerial survey planning
software

The software allows for faster and safer flight planning and
documentation, because in addition to the camera data, it also includes
aeronautical maps and a 3-dimensional model of the terrain. In addition, by
entering the obstacles into its database, the software can then also include those
in its calculations in the planning phase. Thus, it facilitates a procedure that is
able to follow the terrain contours, while providing the required level of
resolution everywhere.

3.7 Statistical evaluation of piloted precision flight

In order to develop the aforementioned methods, I prepared a statistical
evaluation of all piloted precision flights that I had been on in the last six years.
This was made possible by the onboard GPS and navigation data, as well as the
analysis of the orientation data from several thousand orthophoto. Based on the
results, I submitted a recommendation to reconsider the proposals and
recommendations for precision flights.



3.8 Assessing the effects of subjectivity on visual interpretation

Having examined the effects of subjectivity with regards to
orthophotographic information, I concluded that the work of experts from a
wide range of different specialties is more reliable than the work of experts
purely specializing in remote sensing. As the accuracy of the analyses can differ
for various surface coverings, I highlighted the possible reasons for the
discrepancies, and proposed further refining the methods by selecting the survey
parameters according to the surface cover category to be studied. I compared the
efficiency of semi-automated classification with that of visual interpretation. For
the semi-automated classification, I highlighted both its evident lack of accuracy
and its advantages. I developed a pre-classification method for the quick
isolation and mapping of surface cover categories and vegetation patches from a
high spatial resolution (0.5 - 10 cm) ortho image mosaic.

3.9 Designing complex measuring equipment

After having created the necessary equipment, I designed a device to
address the tasks listed in item 3.1. It was designed to provide the high spectral,
spatial and radiometric resolutions necessary for the analysis of ecological and
vegetation parameters, but is also capable of providing material for 3-
dimensional analyses. It provides high-resolution (50 megapixels) multispectral
and single-diode continuous spectrum recordings with high spectral resolution,
while not requiring an increase in storage capacity commensurate with the
increase in information content.

3.10 New scientific results

1 T highlighted the correlations between spatial resolution and evaluation
accuracy for a few categories that are high priority in Hungary, or that
involve common surface cover categories and prepared a reference for
selecting an economical spatial resolution when planning aerial surveys for
these categories.

2 Idesigned a rapid assessment process, designed equipment to facilitate this
process and tested the usability of said equipment in the evaluation test.

3 I designed an extremely high-resolution remote sensing method to facilitate
the more accurate identification of colony fragments. I designed a high-
quality aircraft-based vegetation mapping method, based on the
aforementioned procedure.



I designed a novel method specifically to assess waterfowl populations. In
addition, we were able to successfully develop appropriate instruments for
procedure, which I successfully tested and published. I submitted a
recommendation to use the procedure for conservation status indicator
purposes.

I developed the mathematical foundations for aerial survey planning
software. The software facilitates faster and safer flight planning and
documentation. Since June 2015, we have been using it in our work in
practice as well.

I have done a statistical evaluation of precision flying performed by
manned aircraft and evaluated the orientation data of several thousand
orthophotos. Based on the results of these studies, I have prepared
recommendations for rethinking the requirements for precision flying.

I tested the distortions occurring due to the subjectivity of visual
interpretation and provided recommendations for further refining the
method. I compared the efficiency of semi-automated classification with
that of visual interpretation. For the semi-automated classification, I
highlighted both its evident lack of accuracy and its advantages. I
developed a pre-classification method for the quick isolation and mapping
of surface cover categories and vegetation patches from a high spatial
resolution (0.5 - 10 cm) orthophoto mosaic.

I designed a complex measuring equipment which is able to provide the
high spectral, spatial and radiometric resolutions necessary for the analysis
of ecological and vegetation parameters, but is also capable of providing
material for 3-dimensional analyses. I tested and analyzed the applicability
of the new equipment and processes to the fields of conservation,
environmental protection, public services, flood and drainage modeling,
and telecommunications.
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4. Conclusions and Recommendations

Construction and completion of the complex aerial remote sensing
equipment would provide an efficient and economical tool to use for supporting
the conservation and administrative analyses, as well as monitoring activities.
The new device can be adapted for installation under the wing of any fixed-wing
platform, and as such, could be used in more circumstances than the measuring
cameras currently available.

I see merit in designing visual evaluation software, which would show the
effects of changing various parameters (particularly sliders) on the desired
image in real time. A user-friendly program that is able to visualize and use the
tools of the evaluation and analysis applications could make semi-automated
data extraction more widely used and available, and would promote
interdisciplinary research.

For surveying waterfowl populations nesting in open areas and in the
upper canopies, it would be helpful to implement the reduced-impact aircraft
method, instead of the glider-based, helicopter-based or other currently used
methods. It would also be worthwhile to test the method for estimating the
populations of small mammals (e.g. prairie dogs) and for large animals in open
areas, as well as for studying gradation. The method could also facilitate an
improved understanding epidemiological vectors, also helpful, especially with
regards to vegetation. It would be worthwhile to use it to assess storm damage,
inundation or flooding, as well as for terrain and surface modeling, which serve
as one of the important inputs for hydrodynamic models, where this is made
possible by the total or relative lack of vegetation. It would be worthwhile to
prepare a highly detailed surface model which could be used to find the optimal
placement of telecom towers and base stations for given terrain characteristics.

It would be worthwhile to prepare a guide for identifying and assessing
stand counts for dominant plant species, and for identifying vegetation types,
colonies and plant species based on aerial photographs. This could potentially be
extended to more species, or even herbaceous vegetation patch types.

It would be worthwhile to prepare a summary of the various
environmental information system elements that use information accessible
through aerial remote sensing and field sampling and which are relevant to
villages, national parks, inspectorates and other regional authorities or farmers.
This would facilitate the creation of complex databases, as well as the use of
more optimal strategies involving the gathering of greater amounts of data,
while using fewer and more economical flights.
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