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Abstract

The presented this method is more efficient for surveying a site. Part of this is the calculation of the
volumes of excavated muck using 3D models and their comparison.

The comparison of the measurements of part of the quarry in Jakubdovice nad Odrou using the
tacheometry and laser scanning techniques was performed. The final assessment was in favour of the laser
scanning method which provides capturing the entire object surface with a chosen level of detail compared to the
tacheometry method, in which only characteristic points of the measured object, such as edges, are captured.

Abstrakt

PiedloZeny ¢lanek se zabyva srovnanim klasické geodetické metody (tachymetrie) s metodou laserového
skenovani s cilem rozhodnout, ktera z uvedenych metod je pro zaméfeni dané lokality efektivnéjsi. Soucasti je i
vypocet objemd odtéZzené rubaniny na piislusnych 3D modelech a jejich srovnani.

Bylo provedeno porovnani mezi zaméfenim ¢asti kamenolomu v Jakubcovicich nad Odrou tachymetricky
a pomoci laserového skenovani se zavéreénym hodnocenim ve prospéch skenovani. Skenovani poskytuje
zachyceni celého povrchu objektu se zvolenou mirou detailu oproti tachymetrii, pii které jsou zachyceny pouze
charakteristické body objektu, jako naptiklad hrany apod.

Key words: quarry, tacheometry, laser scanner, laser scanning, spatial polar method.
1 INTRODUCTION - BASIC DATA

1.1 Locality description

The village of Jakub¢ovice nad Odrou is located in the south-western part of the Oderské Vrchy Natural
Park. There is a large quarry area at the north-west edge of the village. The total mining area of the quarry is
approximately 130 hectares. (Fig. 1)
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Fig. 1: Aerial photo showing the quarry in Jakub¢ovice nad Odrou

2 SURVEY PURPOSE

The measurement results can be used as a basis for calculating volumes of removed muck, material
reserves, storage areas, etc. Another option is to use the measurement results to update mine surveying
documentation (source [3]), in particular a quarry operation map.

3 SURVEY OBJECTIVES

The aim of this work was to survey a part of the quarry in JakubCovice nad Odrou using the laser
scanning method and the method of tacheometry and their comparison due to the assessment of the effectiveness
of these methods.

4 SURVEY METHODOLOGY AND TACHEOMETRY PROCEDURE

4.1 Survey methodology

The tacheometry method is a basic method for the preparation of planimetric and altimetric map
components.

The position of points of detailed survey is determined from a network of so-called tacheometric stations
using polar coordinates (horizontal angle, length). The height of points of detailed survey is determined in a
trigonometric way.

The stations are e.g. vertices of transit traverse. During surveying, mutual visibility between adjacent
stations must be observed. In the case where it is impossible to measure hypsometrical points of detailed survey
from a station, other stations are chosen that are most often determined by a radius bar. [2]

The method accuracy is given by both the precision of used total station, and other factors, for example
the field control accuracy, accuracy of station determination, etc.

The calculation of points of detailed survey is carried out by a spatial polar method, which is defined by
the relations:
X = X, +54.5INZ.coso
Y =Y, +54.5inZ.sinc 1)
Z=27,+54.C0SZ +V, -V,

where:

Xo» Yo, Zo — station coordinates,

Sq — slope distance,

z — zenith angle,
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o — bearing,
Vp — height of the device at the station,
Vp — target height.

To calculate the coordinates of points of detailed survey according to (1) the station coordinates and the
bearing to the landmark must be known. The station coordinates may be determined by various methods, e.g.
using a transit traverse, radius bar, backward intersection, GNSS technology (Global Navigation Satellite
System). [4]

4.2 Survey procedure

The actual quarry survey was carried out in two stages; the first stage took place in early April, the second
one at the end of July 2011. The survey was performed in stages due to the comparison of 3D models and the
calculation of the volume of removed muck as well.

During the first stage of the survey it was impossible to perform measurements on top benches due to
mining operations.

For the survey, the Leica TCR 1202 total station and the Leica system 1200 (GNSS) were used; the
instrumentation parameters are listed in the sources [6], [7].

In both cases, the surveying of the given locality was preceded by the preparation phase, including the
reconnaissance of the area in question, in order to check the visibility and locations of the points of field control.
(see Fig. 2, Fig. 3)

To perform horizontal and vertical connection of the locality the points determined by the GNSS
technology (fast static method) were used.

Fig. 2: Summary of points of mine minor horizontal control - Stage |
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Fig. 3: Summary of points of mine minor horizontal control - Stage |1

The survey itself starts at one of the stations. The measured data are recorded by the total station either
into a memory card or internal memory. When measuring orientations, it is suitable to measure all quantities in
both positions of the telescope. At the first stage, the survey was performed from 6 stations in total, at the second
one from 11 stations. This is followed by the measuring of points of detailed planimetry and altimetry. The
measurement is performed in one position of the telescope only. At the first stage, a total of 475 points of
detailed survey was measured; at the second one it was 429 points of detailed survey in total. The accuracy of
coordinates of the points of detailed survey meets the deviations given in [3].

4.3 Measured data processing

The calculation of the data measured by the GNSS technology was conducted using the evaluating
LEICA Geo Office software, version 7.1.

The calculation of coordinates of the points of minor horizontal and vertical control was carried out in the
Grom program, version 7.0. Corrections of measured lengths (due to refraction, cartographic distortion,
elevation, Earth's curvature) were performed automatically by the software. Systematic errors resulting from
temperature and pressure were corrected directly by the total station.

4.2 Survey results

Based on the measured and processed values, digital terrain models of both stages were created in the
Atlas DMT program, version 4.7. The 3D model of the quarry - stage | - is shown in Fig. 44 and Fig. 5, the 3D
model of the quarry - stage Il - is shown in Fig. 6 and Fig. 7.
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Fig. 4: 3D model of the quarry - stage | (Atlas DMT software)
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Fig. 5: Spatial model of the quarry illustrated using a hypsometric scale - stage | (Atlas DMT software)
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Fig. 6: 3D model of the quarry - stage Il (Atlas DMT software)
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Fig. 7: Spatial model of the quarry illustrated using a hypsometric scale - stage 11 (Atlas DMT software)
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5 SURVEY METHODOLOGY AND LASER SCANNING METHOD PROCEDURE

5.1 Survey methodology

The laser scanning survey method is used for the non-contact determination of spatial coordinates. The
coordinates are mostly determined based on the principle of a spatial polar method, for which it is necessary to
measure the slope distance between the point and the scanner as well as the horizontal angle and vertical angle to
this point.

According to [1], the distances are measured using a laser rangefinder, which is able to measure up to
several thousands of lengths per second. These rangefinders work usually on one of two basic principles:

e pulse - the principle of measuring the length of transit time which elapses between the sending
and receiving of a signal,

e phase - the principle of measuring the phase difference between the sent and received signals.

There are several currently used methods for determining an angle. Here, only the most common ones are
described:

e angles are obtained from the position of oscillating mirrors or a prism, which sweep the laser
beam in one or two directions,

e angles are determined by turning the servomotors which provide the scanner movement.

The calculation of points of detailed survey is carried out according to the relations mentioned in chapter
4.1,

The laser scanning survey is a selective method, i.e. the points to be measured are not chosen exactly, as it
is in case of tacheometric method using a total station, but a portion of sphere to be scanned and the scanning
density are defined. The rest of measurements are performed automatically according to preset parameters, and
all the work is managed by the utility software. This method receives a large number of measured points (often
in the order of millions) no matter how important the points are.

All measured values are stored in the memory of a connected computer, ready for further processing. The
resulting set of all measured points is called the cloud of points and is the basic output from the laser scanning
method. Each point of the cloud contains the information about its spatial coordinates X, Y, Z, which are
measured in a generally oriented coordinate system with the origin at the position of the scanner; optionally it is
possible to store the information about the intensity of the reflected signal. If the survey is performed at a
number of stations, it is possible to combine the individual scans into a single cloud, which can be transformed
into any coordinate system (e.g. S-JTSK) using control points, naturally or artificially targeted, whose
coordinates are known in both coordinate systems. [1]

5.2 Survey procedure

The quarry in JakubCovice nad Odrou was surveyed using the scanning laser method in two stages,
concurrently with the tacheometric survey. For the survey purposes, the terrestrial laser scanner Leica HDS3000
[8] was used. The first survey stage took place in April 2011 during which seven benches were measured (the
rest could not be measured). The second survey stage was carried out in July 2011 during which nine benches
were measured. In both stages, the benches were measured only to the level of a gravity incline, which is located
approximately in the middle of the mining quarry area.

At the first stage, the measurements were performed from 20 stations, herewith that at each station
measurements were carried out in a range of field of view of the lower scanning window [8] of the laser scanner.
The scanning density was set to 50 mm x 50 mm at a distance of 10 m. At each station, except scanning a
selected scene, the scanning of control points was performed as well. The control points were targeted by means
of special HDS targets. The connection of stations was made at each bench using these control points. Each
bench was then transformed into the S-JTSK datum. For this purpose, some of the control points (at least three at
each bench) had to be measured also by a total station. The field control created for tacheometry purposes was
used for this process. The total time of the first stage survey was about 20 hours.

At the second stage, the survey was conducted from 29 stations. The density and range of scanning was
the same as in case of the first stage of measurements. The difference compared to the first stage consisted in the
methodology of surveying control points. The connecting of clouds within a bench was refrained and all the
clouds were immediately transformed into S-JTSK datum. This procedure was chosen to reduce the scanning
time, because this survey method using a laser scanner measures substantially fewer control points. On the other
hand, it is necessary to survey all control points using the total station.

GeoScience Engineering Volume LVII (2011), No.3
http://gse.vsb.cz p. 73-88, ISSN 1802-5420



80

5.3 Measured data processing

First a resulting cloud was created for each survey stage, which originated from the connection of sub-
clouds from different stations into a common coordinate system. The transformation of individual clouds into a
resulting coordinate system, which was in this case the S-JTSK datum, took place on the grounds of surveying
control points, whose positions were determined both in the scanner coordinate system, and in the S-JTSK
datum. The expected resulting absolute accuracy, taking into account all the factors, was estimated to be 3 cm.

It was necessary to clean the resulting clouds from the points, not desirable for creating a model. These
were points not being a part of the quarry surface itself (handling equipment, solitary stones, ...). The refined
clouds were subsequently exported to the DXF exchange format. This format was chosen as it is supported by
almost all the processing software, and especially those software programmes that were used in the processing of
this survey.

A digital model of the quarry surface was created on the basis of creating an irregular triangular grid. The
triangular irregular network method was chosen as it accurately shows the contoured surface of the quarry,
which cannot be automatically interlaced by any regular body. The triangular network was created in the Atlas
DMT software for the purpose of this work. Before its calculating, the cloud of points was pre-processed, which
included the dilution of points in the cloud (the distance between individual points to be 50 cm), in order to erase
the difference in survey densities of individual parts of the quarry and to remove holes, resulting from non-
surveying some covered parts of the quarry surface. Due to the reduction, the number of surveyed points
decreased from the original total of 40 million to 2 million of points. This number of points was then used to
create the resulting models. The pre-processing of the clouds of points was performed by the Geomagic Studio
12 software.

5.4 Survey results

Triangular irregular networks were created from the modified clouds of points in the Atlas DMT
software, from which digital models of the quarry were subsequently created in both stages. The 3D model of the
quarry elaborated from the cloud of the corresponding quarry survey at the stage | is shown in Fig. 8 and Fig. 9,
the 3D model of the quarry created from the cloud of the corresponding quarry survey at the stage Il is shown in
Fig. 10 and Fig. 11.

Fig. 8: 3D model of the quarry - stage | (Atlas DMT software)
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Fig. 9: Spatial model of the quarry illustrated using a hypsometric scale - stage | (Atlas DMT software)

Fig. 10: 3D model of the quarry - stage 11 (Atlas DMT software)
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The models created from the classical geodetic survey (tacheometry) were compared to those that used

the laser scanning method.

Fig. 12 shows the 3D model of the first stage - coloured in yellow, 3D model of the second stage -

covered with the texture of an orthophoto map.

Fig. 13 shows the 3D models from the laser scanning method of both stages (visualization defined as in

tacheometric models).

Based on this comparison, it can be said that the scanning method provides capturing the entire object
surface with a chosen level of details compared to the tacheometric method which only captures characteristic

points of an object, such as edges, etc.
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Fig. 12: Tacheometry survey - stage |, stage Il (Atlas DMT software)

Fig. 13: Laser scanning survey - stage I, stage Il (Atlas DMT software)

The comparison of models of both stages was performed by the Geomagic Studio 12 software as well.
The comparison is illustrated in Fig. 14. The figure shows which parts were excavated (the grey strips along the
edges of individual benches), and the parts where the rock was piled (the area of a tailings dump at the bottom of
the quarry). It can be said that no significant changes occurred in the locations, where no colour predominates
and where yellow and grey colours are irregularly blended. The randomness of colour blending can be attributed
to accidental errors of measurements by the laser scanning method.
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Fig. 14: Laser scanning survey - stage |, stage 1l (Geomagic Studio 12 software)

The calculation of volumes of excavated muck was carried out by the Atlas DMT software, version 4.7
too. Using the tool “Volume Calculation”, the volume of the spatial formation, limited by both major and
reference models of the terrain, was calculated. The calculation is performed in the plane determined by a
common plan view of the main and reference models.

In the very calculation, the whole area is divided into auxiliary triangles. Over each auxiliary
computational triangle the prism volume limited by heights of major and reference terrains at the vertices of the
triangle is determined. The results are then values of positive and negative parts of the volume of the whole area.
The partial volumes in the locations where the major terrain is higher than the reference one, are included in the
positive part, while the volumes from the area where the reference terrain is above the major one, are added to
the negative part. [5] (see Fig. 15, Fig. 16)

Hlavni model Srovnavaci model Hlavni model

\
=
-
\
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Fig. 15: Results of positive and negative parts of the volume of whole area
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Fig. 16: Illustration of the values of positive and negative parts of the volume of whole area

Fig. 17 and Fig. 19 show the positive volumes (volumes from the area where the major terrain is higher
than the reference one) and the negative volumes (volumes from the area where the reference terrain is above the
major one), the sum of the volume positive and negative parts and the sum of absolute values of both volume
parts. The total surface area of the computing area is added too, along with its division into parts corresponding
to a positive, negative and zero volume. The program-set total surface area of the major and reference terrains in

the area of calculation is available too. [5]

When calculating the volumes resulting from the tacheometric survey, the stage I model was established
as a major model, the model of the stage Il was chosen as a reference one. The difference between these two

major model
reference model

models gives us the excavated volume for 3 months, or 88,879 m”.

Vysledné hodnoty X]

DBJEM:
Vil =
V[=
V] + VI =
abs{V[+]] + abs(V[-]) =
PLOCHA:
Al+] =
Al =
Al0] =
Alcelk] =
POVRCH:
Hlavni model S[celk] =
Srovnavaci model S[celk] =
| oK

Fig. 17: Resulting volume (m®) - stage I, stage Il (tacheometry)
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30 Deviation Vi,x

Max +/- 21.098 /32687 m
Average +/< 0.706 /1618 m
Standard Deviation: 2575 m

Fig. 18: Differential model - stage I, stage Il (tacheometry)

The differential model in Fig. 18 shows the differences, viewed in a hypsometric scale, between the first
and the second stages surveyed by the method of tacheometry. In this figure, the excavated areas are clearly
visible at first sight, and the values of changes in excavated rock can be estimated as well.

When calculating the volumes resulting from laser scanning survey, the stage | model was established as
a major model and the model of the stage Il was chosen as a reference one. The difference in these two models
gives us the excavated volume for 3 months, or 75.648 m°.

Vysledné hodnoty X
OBJEM:
V[+] = 114184.40
V[ = -38536.03
Y[+ + V[ = 7564837
abs{V[+]) + abs(V[-]] = 152720.44
PLOCHA:
Al+] = 95307.25
Al = 72643.47
Al0] = 4640.41
Alcelk] = 173191.13
POVRCH:
Hlavni model S[celk] = 227540.71
Srovnavaci model S[celk] = 22834395
| oK |

Fig. 19: Resulting volume (m?) - stage I, stage 1 (laser scanning)
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Fig. 20: Differential model - stage I, stage Il (laser scanning)

Just as in the tacheometric method, in surveying by the laser scanning method a differential model
between the first and second stages was developed. The model is illustrated in Fig. 20.

7 CONCLUSIONS

The paper describes the methodology of surveying the part of the quarry in the Jakub&ovice nad Odrou by
a tacheometric method and by a method of laser scanning. This survey has been performed to compare the two
methods and to assess the usability of these methods in mine surveying.

Compared to the laser scanning method, providing capturing the entire object surface with a chosen level
of detail, the tacheometric survey only captures characteristic points of an object such as edges, etc., which may
contribute to a somewhat less accurate resulting model and also a less precise calculation of volumes of
excavated rock.

The advantage of tacheometry, in which the data for planimetry and altimetry of maps is acquired in a
rapid manner, is a significant reduction in surveying work in the field. However, it is possible partly to eliminate
this disadvantage of laser scanning through the use of instruments with greater speed of scanning, or devices
installed on mobile equipment (a car), whereby it is possible to significantly shorten the time of scanning at
individual stations. The use of laser scanners with a larger scanning range could also contribute to the
acceleration of the survey work.

The benefit of laser scanning is also easier surveying in poorly accessible places in a locality or in places
where safety and health of operation is at risk, but mainly the greater complexity, density and thus the quality of
survey.

The laser scanning method could be used in future to update mine surveying documentation, monitore
mining operations, etc. It would thereby complete the currently used methods of aerial photogrammetry and
tacheometry.

REFERENCES
[1] STRONER, M. & POSPISIL J. Terestrické skenovaci systémy, Prague, 2008, ISBN 978-80-01-04141-3.
[21 KUBECKA, E. Geodézie a diini mérictvi, VSB v Ostravé, 1992, ISBN 80-7078-139-4.

[31 CBU Decree No. 435/1992 Coll., Mine surveying documentation during mining activities and some of
the activities carried out by mining methods, as amended by CBU Decree No. 158/1997 Coll. and Decree
No 298/2005 Coll.

[4]  http://k154.fsv.cvut.cz/~koska/publikace/soubory/Tachymetrie.pdf (5. 10. 2011)
[5] http://atlasltd.cz/show.php?key=Manualy (8. 10. 2011)

GeoScience Engineering Volume LVII (2011), No.3
http://gse.vsb.cz p. 73-88, ISSN 1802-5420


http://k154.fsv.cvut.cz/~koska/publikace/soubory/Tachymetrie.pdf
http://atlasltd.cz/show.php?key=Manualy

88

[6]  http://www.totalni-stanice.cz/images/totalky/1200.pdf (8. 10. 2011)

[7]  http://www.leicageosystemssolutionscenters.com/Site/Instrument%20PDF's/GPS%20Systems/SmartRove
r%20&%20GPS1200/GPS1200 TechnicalData_en.pdf (8. 10. 2011)

[8]  http://hds.leica-geosystems.com/hds/en/Leica_ HDS3000.pdf (8. 10. 2011)

RESUME

Predlozeny ¢lanek se zabyva srovnanim klasické geodetické metody (tachymetrie) s metodou laserového
skenovani s cilem posouzeni, ktera z uvedenych metod je pro zaméteni dané lokality efektivnéjsi. Soucasti je i
vypocet objemi odtéZzené rubaniny na ptislusnych 3D modelech a jejich srovnani.

Na zakladé tohoto srovnani lze fici, Ze efektivnéj$i metodou pro zaméfeni dané lokality je laserové
skenovani, které poskytuje zachyceni celého povrchu objektu se zvolenou mirou detailu oproti tachymetrii, pfi
které jsou zachyceny pouze charakteristické body objektu, jako naptiklad hrany apod.

3D model vytvofeny z laserového skenovani vypovidd o skute¢nosti mnohem lépe, nez 3D model
vytvofeny z tachymetrického zaméteni, avSak nedokaze generalizovat napf. ¢asti suti.

Publikace je soucasti feSeni grantového projektu SGS SP2011/5 "Vyzkum a aplikace metody laseroveho
skenovani na vybranych kamenolomech v Ceské Republice".
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