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SYSTEMS FOR SPATIAL AND PHYSICO-CHEMICAL
PARAMETERS MAPPING OF ANTHROPOGENIC
LANDSCAPE FORMS AND PLANTS FORMATIONS IN
MINING AREAS WITH THE USE OF PHOTOGRAMMETRY
AND REMOTE LASER SENSING FROM LOW HEIGHT

Selected remote measuring systems were preseritatllsdor use on Unmanned
Aerial Vehicles (UAV) in order to provide data forapping of spatial and physi-
cochemical parameters of anthropogenic landscapasfoincluding sinkholes,
landfills and plant formations around the urbanustdal areas, especially bur-
dened with heavy mining activitApplications of UAV systems already used by
GIG for needs of air pollution monitoring were mentd. A photogrammetry for
needs of mapping of the anthropogenic terrain cbsuvgere presented on exam-
ples of closed coal mine in Katowice for needsamfd reclamation. Applications
of photogrammetry from low altitudes for mappingaothropogenic invasive alien
plants formations were presented on an exampleiaft®ogweed in locations in
the municipality of Piekarglaskie and the municipality todygowice of Silesian
Voivodeship.New UAV platform was proponed for the remote laseanning of
terrain from a low altitude, comprised of inertigistem, 2D laser scanner, and sys-
tem recorder. Examples of scans obtained usingag8r Iscanner in the laboratory
conditions were presented. The laser mining scawitéra self-propelled layout
for underground applications was also presentednfapping results of under-
ground anthropogenic activities, including appli@as of 2D scanners not only for
mapping geometry of underground workings, but #teointerior of test boreholes
in a rock mass, as well as for depicting artifigigiroduced fractures for the de-
gassing of the rock mass. The test configuratiahiatroductory results of meas-
urements in external environment of the slope gégmesing a laser scanner 2D
were also presented.
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1. Introduction

Both for the urban industrial areas, especiallywidaaded with mining ac-
tivities, whether in the case of the open pit minesinderground mining land-
fills and dumps of excavated materials, as wefoaghe agricultural areas, and
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even the wastelands, everywhere the results ohtioteal (pits, landfills) or
incidental (sinkholes, landslides) anthropogenipaats on landscape forms are
met, including also vegetation formations. Bothemtional (crops and forests)
and random (invasive plants and their formations).

In order to maintain a sustainable approach toraptgenic landscape
transformations associated with human economieiiGtincluding restoring its
close to natural values in all those places whaoh sictivities ceased (restora-
tion of the landscape, the revitalization of natuteere is need of a detailed
inventory (photo documentation, mapping, includsmatial mapping) of such
variable in time and space anthropogenic landst@pes and plants formations
([1]-[5D. In general, for a large-scale documeiaiatthere exist a number of
methods of providing such the documentation, rajpdiom the usual photog-
raphy from the ground and air, through the ster@ascphotogrammetric meth-
ods and the use of lidar laser techniques, to d@hdlise SAR and multispectral
remote sensing. For example, in GIG the Risk Infdfam Surface System for
Upper Silesia areas of abandoned coal mines igylwEmeloped, combined the
advantages of Google Earth with the still beingaipd datasets on such anthro-
pogenic changing forms of topography [6]. Genen&brimation about the for-
mation of such areas with sinkholes and their fitdynamics are possible to
achieve on the basis of Interferometric Synthetperture Radar (INSAR) satel-
lite maps. Proposed in this paper solutions mezntged for precision mapping
and delivery characteristics of individual points the general maps of these
systems. Such formations can be precisely documesitd the use of stereo-
scopic photogrammetric air techniques from a neddifi low height or with the
use of methods of terrestrial 3D laser scanninggusiationary laser scanners [7].

Existing gap in the range of very precise measungsnef such formations
for a low altitude had been tried so far to beeélllusing such manned and un-
manned platforms as balloon and dirigibles. Thesibigies of similar applica-
tions there were also opened before the microbglart. However, only recent-
ly, with the development of relatively low-cost ah@jh-performance mobile
unmanned, remotely controlled, flying platformsafoles), often referred as Un-
manned Aerial Vehicles (UAVSs), this area went tiglo@an avalanche expansion
of applications, from photogrammetry to the detacind analysis of air pollu-
tants examined along the route of passage of sptitfarm.

The GIG is currently implementing a whole compldxsonilar projects,
among others, the described here system for mambiagthropogenic forms of
the landscape and vegetable formations, using #tkad of laser-scanning from
a mobile platform, from a low and ultra low altiicassisted by, in parallel con-
ducted, classical photogrammetry techniques, aspatial orientation (inertial
sensors) and location (GPS). This paper is thetres§wne of such currently
conducted in GIG research projects, entitled: "Oeselopment of a remote
laser system for determining the geometric parameai€ landfills and mining
dumps"”, GIG no 11311056-172. Such a system allovepeécify detailed spatial
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maps and determination of precise dimensions atames of landscape an-
thropogenic forms, such as landfills or mining hedp addition, such a system
can be equipped with a specialized, depending ematha of application, sys-
tems for remote detection of gases. This will ajléar example, to determine
the maps of methane emissions from different foofrenthropogenic-like land-
fills, coal pit mines and coal deep mine shaftsfrom bio-waste processing
systems [8]. It can also allow the identificatiamldocation of the self-heating
areas of the mine dumps and coal landfills, wheig ¢ombined with increased
emissions of this and other gases. As well as dhatibn of the potential and
developing outbreaks of fire on the basis of renaoté direct (detected directly
above the point) detection of fire gases. Anothessjble area of application
combining both techniques (scanning photogrammaiy detection of trace
amounts of vapors and gases) will be the locatmh rmapping of areas where
some invasive plants occur, e.g. from the familyddeeum, which are charac-
terized by the emission of volatile furanocumarins.

2. Lidars and laser 2D and 3D scanners

For remote laser scanning of surface area liddgh{lDetection and Rang-
ing) currently are used. They use impulse lasembia scanning surrounding
environment and measure the time of flight TOF (@af-Flight) of diffuse
optical pulse. They can be used to determine thtamiie from 1 meter to several
kilometers. To increase their range of applicati@ry short pulses of laser NIR
(Near Infrared Range) radiation are used.

The scanning LIDAR system collects data on theadists to the different
points within the specified area using mirrors éetihg the beam. Most of them
work in a similar way as 3D laser scanners, ushmy simultaneous rotation
around its axis by 360 degrees. Much more acc@fatand 3D laser scanners
use in the measurement process the low power laserentinuous operation
with a modulated beam and phase measuring of angisttypical for a laser
rangefinders. Due to their lower power of lasermdhey allow to measure
much smaller distances (up to several tens of sjetér difference from the
LIDAR and the laser scanners 3D which are very egpe, their 2D laser scan-
ners counterparts achieve very economically prioesan order lower, which
makes them an attractive alternative for measupadicularly the relatively
small geometrical topography forms. Their appadisddvantage is that they
need to be extra tilt or move for obtaining effectsnparable to 3D scanning.
A sample solution will be discussed latter, howewdnich, by using indepen-
dent spatial orientation system, provides the ssatisfactory results, especially
when using relatively low cost UAV for the scannioigthe test area from a low
altitude. The advantage of such solution is thapérticular while ensuring uni-
form air path way at a set altitude, which, in tdase of currently available such
airborne platforms, is not a hard task) that arfoum cloud of points is ob-
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tained, based on data gained in a cylindrical (@otdspherical) co-ordinates. It
should be noted that some of the lidar systems, (BIQL-32E Lidar Sensor)
having a limited range (e.g., 80-100 m), intendead-operate with the UAV,
achieve comparable accuracy (about 2 cm) [9] .

In the agriculture and forestry lidars are alreadgd to control formations
of plants and crops. In addition, adequate filigrof the images (clouds of
points) can often remove vegetation formations @eample, a canopy of the
less dense vegetation cereals, forests and schgbrabs and, e.g., Giant hog-
weed) to display the surface of the ground. Itvedl@lso to determine height and
thus often also the nature of the vegetation. & l#iter case, the particularly
useful scans may be obtained from a low heightwatig not only to determine
the height of plants, but in particular, even theognition of certain species by
imaging of the shape of particularly large-sizealvks. This may be of particular
importance in the mapping of formations of sucleralinvasive plants, as, for
example, some species of Heracleum of an anthropogeigin in the specific
area, which leaves reach sizes of the order ofehaleter and more. This should
also allow to distinguish them from similar sizedVes of other natural native
species (e.g., some species of the Asteraceaeyfamadh as white and common
butterbur,Petasites albusnd Petasites hybridyswhich more oval leaves also
achieve comparable sizes). Such plants shouldiedliy be easily identifiable
on the basis of parallel photogrammetric data.

3. The photogrammetry and remote laser system for
determining the geometric parameters of mining landlls
and dumps from a low height

Figure 1 presents a schematic diagram of the sy&temqphotogrammetry
and remote laser determining of the geometric patars of anthropogenic
landscape forms and plants formations, based o2& scanner co-working
with an inertial sensor of orientation and positibhe laser beam in the extreme
positions 5 and 6 sweeps along line 7 the surfee® during the UAV platform
flight over it. In the case of periodic inspectiointhe same area, a series of natu-
ral or artificially introduced benchmarks 8 candistinguished or distributed on
it. Figure2 collected the first three elementshaf test equipment.

A set of tested three basic elements of the syltememote laser scanning
of surface terrain area includes (from left to tigh Figure 2): inertial system,
laser scanner 2D, and a system recorder with 64n@Biory, running under
Windows 10.
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Fig. 1. System diagram of photogrammetry and reraster for determining the geometry
of the anthropogenic forms of land

Rys. 1. Schemat systemu fotogrametrii i zdalnegeriavego okrdania geometrii form
antropo-genicznych terenu

Fig. 2. A set of three basic elements tested oféh@te laser scanning terrain system

Rys. 2. Zestaw testowanych trzech podstawowycheéiw systemu zdalnego laserowego ska-
nowania terenu

4. Photogrammetry from low height

To support the system of laser scanning (espedialtiie case of 2D laser
scanners of lower resolution, which decreases ptiopally with the altitude
from less than 2 cm to almost 20 cm for changirsgadice of scanning from 1 m
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to 10 m above the ground surface) the photogrargnietuseful for precision
imaging of scanned formation for the needs of jitscHications (of the surface
type in the case of technical objects, and of #reega in the case of plant species).

Figure 3 presents UAV systems used in the GIG taqgrammetry of land
from a low altitude and for remote control of otlpdrysico-chemical parameters
of anthropogenic forms and formations.

Figure 4 presents a picture of land subjected meadian of closed coal mine
in a City of Katowice, and illustrates the remowélthe temporary disposal of
mineral wastes of the remediation process. Thiggphas made from an UAV
platform, in October 2016, from a height of 60 m.

Fig. 3. UAV systems used by GIG
Rys. 3. Systemy UAV wykorzystywane w GIG

Fig. 4. Land reclamation at the terrain of closedlcmine in Katowice (photo by Tomasz
Ko-mandera, GIG)

Rys. 4. Rekultywacja terenu zaméieij kopalni wegla kamiennego w Katowicach (autor gmif:
Tomasz Komandera, GIG)



Systems for spatial and physico-chemical parametersping... 179

5. Anthropogenic formations of invasive plants on Aandoned
Mine Lands

In addition to regular formations of agriculturabps and forests, to the an-
thropogenic impacts on a vegetation the introdactiay be accounted of the
invasive alien species of plants to the rural emnments, which formations
spread further in the environment in a partiallgdam (by seeds dispersed ran-
domly further by water, wind, humans and animaisid partly conditioned by
their, usually not excessive, vegetation requirdsien

Another illustrations (Fig. 5 and Fig. 6) demontgran an example of alien
invasive plants from genus Heraclea, the deployraéstch invasive anthropo-
genic formation of plant species on, also changea esult of human activities,
areas of the manifold of sinkholes being resultpast mining, presently in the
form of partially overgrown little ponds. Figureshows a partially wooded area
of uncultivated forest Kocie Gorki in the Municijigl PiekarySlaskie - wooded
area of wasteland marked by numerous points ofrpashg activities, forming
in many places overgrown with swamp plants vegmtasinkholes filled with
water. On the north-eastern edge of the visualazed the adjacent Giant hog-
weed formations are spreading. The individual, ified locations of them were
marked by position data obtained from the GPS sysfehese formations are
particularly difficult to remove due to the factaththey adhere to an area of
overgrown, partially flooded sinkholes (Figure 6a).

Figure 6b illustrates the on-going within the Mupéadity todygowice in
the Silesian Voivodeship invasion of tight formasoof these plants, brought
there in the recent past to this area by a manpeggkntly penetrating freely the
currently uncultivated areas, as well as the aoéasditional agricultural econ-
omy. Both the pictures were taken from a low helgha system UAV.
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Fig. 5. Areas of past mining (a) with alien invasanthropogenic vegetation formations (b)

Rys. 5. Tereny przesziej eksploatacji gorniczejZajbcymi inwazyjnymi antropogenicznymi
formacjami rdélinnymi (b)
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Fig. 6. Difficult to remove formations of Giant heged in the Municipality Piekar§iaskie (a)
and in the Municipality todygowice (b) in SilesiaWodeship

Rys. 6. Trudne do uswriia formacje barszczu olbrzymiego na terenie GnitigkarySlaskie
(a) oraz Gminy todygowice (b) w Wojewddztwiegskim

6. Tests in laboratory scale of elements of the 2Bser scanning

Figures 7 - 11 illustrate tests in a laboratoryles@ad their results both on
examples of laboratory facilities, as well as inbé@mt conditions for a little

(®) (©)

Fig. 7. Examples of scans obtained using 2D lasanreer in the laboratory conditions for the
ceiling of the corridor (a) and (b), and laborattagilities (c)

Rys. 7. Przyktadowe skany uzyskane z wykorzystargkamera laserowego 2D w warunkach
laboratoryjnych dla sufitu korytarza (a) i (b) og@@mieszczenia laboratoryjnego (c)
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slope. Figure 7 shows an example of scans as elltéin the 2D laser scanner
in the laboratory conditions. Figure 7a illustraties value of ceiling albedo for
a long stretch of the corridor, Figure 7b pres@migendering of short section of
the ceiling of the corridor, and Figure7c shows ¢tead of points and 3D ren-
dering of the interior of a laboratory room.

In the absence of using the device to control th&tjon of the scanner, it
turns out that the key condition is the possibibfyconserving an even move-
ment of the head of scanning device. Figure 8c shawveloped in the Labora-
tory of Laser Technology GIG patent solution, whigtables the replacement of
costly scanner 3D with a precision measuremenesystat uses 2D laser scan-
ner, only, which additionally allows to obtain tlsame resolution along one
horizontal axis of measurements, which makes tiquaarly useful for imaging,
usually inaccessible from the air, forms of antleggnic tunnels and mine
workings ([10], [11]). Figure 8b shows an exampl@ingle scan of a 2D inte-
rior of mining corridor obtained with the use ofstlsystem. A complete set of
such scans can form the entire cloud of pointsaatlg the precise imaging of
geometry of the mine working.

8 ]
Vel

1 4103/2012

(b)
Fig. 8. The laser mining scanner in a self-propklégout (a) and a single transverse scan of the
excavation (b)

Rys. 8. Goérniczy skaner laserowy w ukltadzie santjgm (a) i pojedynczy poprzeczny skan
wyrobiska (b)

Figure 9 shows the 2D scan of the interior of thst tborehole made in
a coal rockmass, and depicts an artificial fractneated in it for degassing of
the rockmass.

Figure 10 illustrates the measuring post duringsitenning of geometry of
the slope with the use of 2D laser scanner, inigardtion for outside tests.
Example results obtained in these tests using:ttezrel 2D laser scanner sys-
tem were shown in Figure 11.
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Fig. 9. 2D scan of the fracture in a rock massiobthfrom the interior of test borehole
Rys. 9. Skan 2D szczeliny w calie gorotworu wykonany z wetrza otworu badawczego

Fig. 10. Measuring the slope geometry using a Issanner 2D
Rys. 10. Skanowanie geometrii skarpy, z wykorzyistarskanera laserowego 2D

3 3

Fig. 11. An example of the results obtained foeaxal testing of 2D laser scanner system

Rys. 11. Przyktad wynikow uzyskanych dla testow rgvenych systemu skanera laserowego 2D
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7. Summary

A series of records for different anthropogenicnfey from dumps and
landfills in the liquidated mines, to formationsiofasive plants artificially in-
troduced in a more or less intended way to aredlseoformer mining and agri-
cultural areas were presented. The described alesaarch were targeted on
determining the usefulness of applying photogramynand 2D laser scanning
methods from a small height with the use of UAV fareds of mapping and
recognition of different types of anthropogenic mpetrical objects and plant
formations. This techniques proved their usefulfesshe depicting of ground
area derived from the UAV from the low height of tgp60 m for both the ob-
jects of geotechnical, as well as for the plant@tions.

Thus the purposefulness of using two complementaoglern research
methods was confirmed: In addition to the In-SAReHite interferometry, the
UAV platform for low-altitude remote laser scannirapnsisting of an inertial
system, a 2D laser scanner, and a logger systeeapplication of both meth-
ods will certainly lead to a more accurate ideadifion of surface deformations
in the GZW.

For verification of an image, obtained while usingltiple flights at longer
intervals of time, it may be useful to apply a systof good visible from the air
constant reference benchmarks. In conditions ofdiffecult geometry of the
anthropogenic forms, requiring constant changddAN altitude of flight, it is
necessary to use a parallel system of spatialtatien, such as on-board inertial
sensors with GPS.
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SYSTEMY MAPOWANIA PARAMETROW PRZESTRZENNYCH

| FIZYKOCHEMICZNYCH ANTROPOGENICZNYCH FORM
KRAJOBRAZOWYCH | FORMACJI RO SLINNYCH NA TERENACH
GORNICZYCH Z WYKORZYSTANIEM FOTOGRAMETRII

| TELEDETEKCJI LASEROWEJ Z NISKIEJ WYSOKO SCI

Streszczenie

Omowiono wybrane zdalne systemy pomiarowe przyddtnaykorzystania na mobilnych
bezzatogowych platformach lagaych, w celu dostarczania danych dla mapowanianpatraw
przestrzennych i fizykochemicznych antropogenichnf@rm krajobrazowych, w tym zapadlisk,
wysypisk i formacji rélinnych wokét zurbanizowanych terenéw przemystowyetvtaszcza ob-
cigzonych cézka dziatalngcig goérnicz. Wymienione zostaly zastosowania systemow UAV wy-
korzystywane ji przez GIG dla potrzeb monitoringu zanieczyszczeoiaietrza. Wykorzystanie
fotogrametrii dla potrzeb mapowania antropogenichngmian uksztattowania terenu zostato
przedstawione na przyktadzie poddawanego rekultjviarenu zamknitej kopalni w Katowi-
cach. Zastosowania fotogrametrii od mapowania kictiswysokdci antropogenicznych formacji
obcych rglin inwazyjnych zostaly przedstawione na przyktadbiarszczu olbrzymiego dla wy-
branych miejsc jego wygtowania w gminach Piekar§laskie i Lodygowice, w Wojewddztwie
Slaskim.

Zostata zaproponowana nowa platforma UAV do zdainkgerowego skanowania terenu
z niskiej wysokdci, sktadajca s z uktadu inercyjnego, skanera laserowego 2D idikiaejestra-
tora. Przedstawiono przyktady obrazéw przestrzennyzyskane za pomgskanowania lasero-
wego 2D w warunkach laboratoryjnych. Przedstawiohweniez skaner laserowy 2D do zastoso-
wan gorniczych w uktadzie samojezdnym do mapowaniaikdmm podziemnych dziataantropo-
genicznych, w tym zastosowaie tylko do skanowania 2D geometrii wyrobisk piedanych, ale
réwniez wnetrza otworow badawczych w gérotworze, jak révini® obrazowania przestrzennego
sztucznie wytworzonych szczelin dla odgazowaniaydsru. Przedstawiono réwriigonfigura-
Cj¢ testovg oraz wsgpne wyniki pomiarow wsrodowisku zewetrznym geometrii skarpy przy
uzyciu skanera laserowego 2D.

Stowa kluczowe:skaner laserowy, UAV, zapadliska, sktadowiska addpg Heracleum
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