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Abstract: The spatial information systems of mining compaap @e used for monitoring of mining
activity, excavation planning, calculations of the volume and decision making. Nowadays, data bas
has to be updated by sources such as surveyintiopirsy technologies and remote sensed photogram-
metry data. The presented paper contains revietheoinethodology for the digital terrain model, i.e.
DTM, modelling and obtaining data from surveyingh®gologies in an open pit mine or quarry. This
paper reviews the application of GPS, total statimasurements, and ground photogrammetry for the
volume accuracy assessment of a selected objeetteBling field was situated in Belchatow lignifen

pit mine. A suitable object had been selected. tEseng layer of coal seam was located at 8'thsioie-

wall excavation area. The data were acquired twegiwithin one month period and it was connected
with monthly DTM actualization of excavation. Thigper presents the technological process and the
results of the research of using digital photogratnmnfor opencast mining purposes in the scope of
numerical volume computation and monitoring theasiby comparison of different sources. The results
shows that the presented workflow allow to buildNDThanually and remote sensed and the accuracy
assessment was presented by the volume compufsibmway. Major advantages of the techniques are
presented illustrating how a terrestrial photogratmntechniques provide rapid spatial measuremants
breaklines 3D data utilized to volume calculation.
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INTRODUCTION

The Digital Terrain Model, hereafter the DTM, igtmost important composite of
data base deposit in the open pit mine. It allawsbnitor the excavation process. In
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recent years, the performance of technologies wgsoved by acquisition of the
terrain in real time measurements with steadilyéasing accuracy. The terrain of
open cast mine is greatly convenient and usefulefsting the sophisticated surveying
technologies. The application of them is permittgdl the minimum constraint re-
guirements have to be fulfilled. Moreover, minirlgrt operation in the mining plans
exploiting of the ore and the additional rules aignificant. The limitations in the
polish law regulation are governed by Polish Geiglmigand Mining Law and interior
regulations. Implementing of digital techniques &gren pit mapping has increased
time efficiency and is less time consuming.

STUDY AREA

The study area is located in the eastern part offi&y the central part of Poland.
The Lignite Open Cast Mine Belchatow excavationsists of two adjacent excava-
tions. The first one is named as O/Rogowiec andesicas A at Fig.1. The geometry
of open pit mine and the dumping area is cleadible. The size of the first excava-
tion was about 3.0 km wide by 11.0 km long and al280.0 m deep. Opencast min-
ing is conducted at the 12 levels of excavatione ®econd one is named as
O/Szczercow and signed as B. Testing field wasatatlin the western part of A re-
gion at 8'th excavation floor in coal seat 70.0 mdev280.0 m long and signed as C.
All of the measurements were made with the aidxofeation technologists.

Fig. 1. Portion of the Landsat 8 composed band entddelchatow Lignite Open Pit Mine.
The combination is in false color 6-5-4 band. Asifion time: 08.24.2014
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REMOTE SENSORS AND CLASSICAL MEASUREMENTS

Cutting and filling volume calculations are impartdssues in mining industry.
Accurate digital terrain model allows to performlit this study the classical method
and remote sensing technique were used to prok&éedta for spatial database. The
easiest way to update the numerical map in opennges is to took the classical
surveying measurements. The first measurement igehiibased on GPS point posi-
tioning can be used in open cast mines (Karczeetséll., 2010). The GPS technique
could be applied owing to wide range clear horiaod open space over the excava-
tion area. Some problems may exist in deep exaavéitor where the horizon cut of
angle increases. At this moment it's not a limdatbecause of the large number of
the satellites. The second technology which ismenended to basic surveying mea-
surement of digital terrain model is based on oligi 3D coordinates. The concept
of the total station and volume calculation wascdesd by (Pflipsen, 2007). High
accuracy of the measurement allows to determinarataly the deposit break lines.
In the case of regular excavation floors the mairitp of the digital terrain model
changes are simply to by estimated.

Active remote sensed technology named as terretddgar scanning (TLS) was
described in (Sturzenegger, Stead, 2009a) and tmulbplied to acquire high densi-
ty point cloud for DTM modelling. The resulted pbiioud is a result of mathemati-
cal calculation of distances and angle. The higqudency measurement can cause big
data sets of 3D point cloud with full characteécistof it, for example the return sig-
nal intensity and RGB color bands. The wide rede&@ @resented by (Sturzenegger,
Stead, 2009b) and (Kolecka, 2011). One of the naougelimitation of TLS is the fact,
there exist occlusions and biases. The charadtsrief Belchatow open pit mine
show that the close range terrestrial laser scgnhés range constraints to acquire
data from the crown of the excavation. The weidghths equipment also poses dis-
advantage regarding the application of this teabgin mining industry. Review of
literature shows that TLS technology and advaneedt cloud filtering methodology
is used for landslides and subsidence monitoring ¢éHal., 2012). The concept of
airborne laser scanning was described by (Wehrr,L1809) and the application of
this technology could be used for DTM modelling avide range actualization of the
terrain. The accuracy assessment of ALS for engimgepplication was shown in
(Wajs, 2014) and the results show that resultedehisdcompact and might be used
in engineering applications. This technology has significant advantage connected
with strong penetration of the vegetation. And plost processing classification me-
thods produces bare earth digital terrain modedm@mosed to digital surface models
obtained from photogrammetry registered measuresnefiis shortcomings and
drawbacks were outlined by (Ratcliffe and Myersp@0and call into question the
landslides monitoring (MaciaszeRwiakata, 2010).
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Classical photogrammetry i.e. passive sensing alkmweconstruct the depth from
two images signed as stereopair. For the 3D measuntewe have to invest ground
control points and reconstruct the homologic poiinten collinearity, computation
coplanarity and restitution photogrammetric comdliti. This remote sensed technique
allows to acquire data and reconstruct the modelinent time. By the development
of digital techniques, close range photogrammetas wsed to perform geodesy
works related to the construction, expansion andem@nt of a mine, including sur-
veying the extracted overburden and ore. Terrégihiatogrammetry allows periodi-
cal surveying of exploited mining opencasts to befggmed quickly and simultane-
ous implementing new surveying methods to updatgitadi terrain model in
Belchatow open pit lignite mine in 2005. The ideaswoutlined by (Gawin, 2004).
The first tests of near thermal infrared stereogesaused in geological interpretation
and monitoring connected with checking of indirstztbility conditions of slopes and
decimations of lignite layers were investigated(fularz, 1993). Manual feature
extraction from stereograms was presented in (RaegiAlekniene, 2007). One sig-
nificant advantage of this approach is that respiitmeasurements are in vector for-
mat which is useful to the process of planning eachputer aided design CAD 3D.
The procedure of aerial digital photogrammetry wessented by (Patikova, 2004).
The specific demands were discussed with referemopen pit mines. The terrain of
open pit mines usually does not show a varietyotdrs or shades of grey. Wide open
air of open pit mines could be used for aerial n@g@nd producing the data for
DTM modelling. In the last decade the structurerfanotion processing has devel-
oped. It's also named as close range non-metricoprammetry based on image
matching and digital computing for volume computati This approach was pre-
sented in (Yakar, Yilmaz, 2008) and the structumenf motion principles was shown
in (Westoby et al., 2012) and in the future worlojren pit mines could be applied.
Moreover, remote passive sensing high quality Btelata might be used to open
cast mine area monitoring and change detectiosgpted in (Mularz, 1998). Actual-
ly the land monitoring could be performed by aetsensors from space, f.eg. Senti-
nel-la advanced synthetic aperture radar for deftiom and landslides indication
presented by (Cahyono et al., 2009) and (Torrak ,2012).

METHODOLOGY

The measurement campaign was held in SeptemberaZ0a Yeference digital ter-
rain model. The data were acquired with the usgrofind stereophotogrammetry.
The second stage of measurement were in Octolder BY GPS, total station and
photogrammetry technique. The classical GPS meamums were executed by rover
receiver Leica RX1200. All the points were acquinedeal time kinematic technolo-
gy connected to private reference station locattvden A and B excavation strip
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pit. The GPS measurements were made personallgcordance with the principles

of generalization. In this case, it was significamextract the ridge line of the terrain.
Furthermore, additional characteristic points @vation were measured. Nowadays,
a total station is a usual measurement instrunmetitd mining surveying field. In this

measurement, a Topcon GPT 7000i was used. Thdgosittotal station was set by

GPS with reference and orientation to local geaddttum. The spatial reference
frame was located around the excavation area an@tethaby geodetic reference

pipes. During this work the Health and Safety svirnvg rules have to be obeyed. The
main goal was to capture the surface’s variatiothefarea of interest with time and
number of data reduction. The Belchatow open pitemises the terrestrial photo-
grammetry to survey the mining work and updatesdifjgal terrain model. The me-

thodology used terrestrial digital pictures anditdigphotogrammetric station to de-

fine three dimensional vectors. In this paper cl@s®e photogrammetry was the
main tool to compute the volume of ore in opennpiihe. In the next paragraph the
applied methodology will be described.

Initially, the study area has was defined. Figndicates exactly where the area of
interest has been located. The designed shortavg@itdsented by color lines. Subse-
quently, all the invested ground control points evardicated and measured by total
station from mine crown by non-prism multi restibm The second stage of mea-
surement was to take a digital photo maintaininditamhally photogrammetry re-
quirements. The stereopair images were taken byMd@ular camera with 7256 (H)
x 5452 (V) geometric resolution. The principles motogrammetry described in
(Kurczynski, 2014) were held. Stereoscopic effeants formed when the baseline
length has specific conditions. In situ data adtjais was based on object identifying
and image histogram controlling. The post proc&ssias executed in Dephos digital
photogrammetry station joined with Bentley Micrdigia V8i software. With pre-
vious invested ground control points the geometrgxternal images orientation was
rebuilt. The relative orientation of overlappingages describes the mutual position
and altitude of two images and it based on imageay of conjugate points. Abso-
lute orientation of the model in photogrammetrgxecuted by transformation model
to the reference frame. This approach was outlime@Heipke, 1997) and was pre-
sented in use by (Gawin, 2009). All the computatisethodology adapted for digital
model reconstruction and the breaklines in 3D whegtresents the ridge line of floor
and roof of excavation were defined. The followkig. 2. presents the methodology
of the process. This kind of approach was desciib¢@awin, 2010) in detalil.
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Determination of excavation changes range

v

Photogrammetric data acquisition for DTM modelling

v

Post processing data for data base updating

v

Breaklines and outline of DTM defining

v

Volume computation from two DTM stages subtraction

Fig. 2. Applied photogrammetric processing pathway

The most important issue was to indicate clearlyndlogical points into lignite

excavation coal seat. Furthermore, this approatdwalto measure manually the
points with principles of generalization. Causeddxgavation digger , the predicted
ridge line of slope is inaccurate and difficult testimate e.g. machine

occlusion, obscuration and irregular sidewall.
\% )

!

Fig. 3. Design draft of interested area
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RESULTS AND FUTURE WORK

The procedure of the volume computation was caitktal question in (Yilmaz,
2010). The obtained volume of the object (partrefio 8'th excavation floor) with a
classical and photogrammetric methods have beamgivTable 1. Three dimension-
al vectors were transferred to Bentley InRoadswsoft and the volume computation
have been done in several minutes. Subtractingniiaster’ DTM model from the
current DTM model so-called ‘slave’, we obtain ¥e@ume from differential DTM
stages. It is apparent from Fig. 4 that processéd & built from two DTM’s. The
accuracy assessment of DTM can be illustratedisasahancies (%) in the right three
columns. In most cases the triangular irregulawogk known as TIN has the possi-
bility to represent ridge lines well. In this kimd DTM the defined 3D breaklines are
significant joined with triangles. This approactsha force the triangles connections
between previous defined breaklines in 3D. This eh@adlows to determine DTM in
an accurate way. Regarding to classical measureteembique the results show that
only generalization datum has significant influenpen the results

a b

Fig. 4. Processed 3D DTM. The left image (a) repmésmaster DTM
and the right images (b) shows the slave DTM a&fkeavation process

Tab. 1. Results of volume estimation

- . - —
Applied technology Mean | Max Min Discrepancies, %
DT™M Volume volume | volume | volume| Vi Vmax
model | m® (Vi . : - RV IRVE
Reference Slave (Vi) Vi) | (vmax)| (vmin) | vmin Vi | VieVsr
Photogrammetry GPS TIN 65058.0 0.0 0.9 -0.2
Photogrammetry Total Station TIN 65059.0 0.0 0.9 -0.2
Photogrammetry Photogrammetry  TIN 65223.0 0.3 0.6 0.0
65193.6| 65646.0 65049,
Photogrammetry GPS GRID 65049.0 0.0 0.9 -0.2
Photogrammetry Total Station GRID 65050.7 0.0 0.9 -0.2
Photogrammetry Photogrammetry GRID 65203.7 0.2 0.7 0.0
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In the last decade the computer vision sciencebban growing up. The structure
from motion presented in (Westoby et al., 2012) basn developed. Actually, the
close range photogrammetry principles are stroimglgstigated and image matching
techniques are more effective. It shows, that ghratmmetry from unmanned aircraft
systems, i.e. UAS, could be a good alternativddiage area digital surface modeling.
Increasing using non metric camera photogrammeillyb& inquire and time and
costs will be decreasing. The limitation of thisteyn is payload, stability and only
digital surface model registration. In open pit emthe most area represents bare earth
and this fact shows that close range non-metri¢qgnammetry could be potential in
the future.

CONCLUSIONS

Standard surveying measurements and terrestriabgtammetry are both tech-
nologies that are solving 3D measurement problems raccurately and effectively
than ever before. It can be stated that presemqtpobach allows to produce compact
and coherent 3D product to digital map updating awdme computation. Presented
pathway shows that close range photogrammetry eetirmporary occlusions, dust
scattering, redundant data in very safe way. Thim@ach is appropriate to acquire
data for DTM modelling and volume estimation. Theariari DTM rebuild as master
was subtracted from a’posteriori DTM stage namedslase. Estimated volume
represents the excavation of the ore in one moatiog.
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