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Abstract

The article focuses on selected issues related to creating documentation of cartographic departments of geological surveying
of mines. It highlights the problem of creating three-dimensional models from flat digital maps. This article presents a new
solution to this problem based on the AutoCAD platform. The visual lisp environment has enabled to build MapDraw package,
which uses non-explicit object attributes so that it has become possible to obtain additional information necessary to carry out
the transformation of flat digital map to a fully qualified three-dimensional model. The base of these solutions is studies on the
generalization of mining maps MapDraw environment published in the D. Biegun dissertation.

The article presents the methodology of obtaining the required information from the flat digital map using a group of proce-
dures called ‘Mini GIS’. Step by step we present the method of creating TIN surface obtained from the raw data and a tool for
optimizing the resulting surface. Then, the tools available to use the model to create profiles and generate contour formed on the
surface are presented. The program enables users to smooth the resulting contours using for this purpose an original algorithm
in conjunction with third-degree polynomial approximation. Thanks to these forms of handling course of generated contour it is
very simplistic. Additionally, we present various automatic and manual methods of labeling contours, the use of surface gradient
fill to improve the effect of 3D visualization. The developed methodology to generate contours allowed us to implement in an
overlay of MapDraw AutoCAD one of the typical functions for GIS programs without using advanced mechanisms offered by,
for example, AutoCAD Civil. This solution enhances both the comfort, quality and the possibility of obtaining new information
from the map resources with minimal effort from the user’s side.

METODY WYKORZYSTANIA SRODOWISKA APLIKACYJNEGO CAD
DWUWYMIAROWYCH GORNICZYCH MAP CYFROWYCH
DO TROJWYMIAROWEGO MODELOWANIA POWIERZCHNI GEOLOGICZNYCH

Stowa kluczowe: kartografia gornicza, Systemy GIS, Systemy CAD, interpolacja danych przestrzennych

Abstrakt

Artykut porusza wybrane zagadnienia zwigzane z tworzeniem dokumentacji kartograficznej w dzialach mierniczo-geologicz-
nych kopalni. Zwrocono w nim uwage na problem tworzenia trojwymiarowych modeli z ptaskich map cyfrowych. W niniejszym
artykule zaprezentowano nowe rozwigzanie tego problemu bazujace na platformie AutoCAD. Srodowisko visual lisp pozwolito
na zbudowanie pakietu MapDraw, ktory wykorzystuje atrybuty niejawne obiektow, dzigki czemu mozliwe stato si¢ pozyskanie
dodatkowych informacji niezbednych do przeprowadzenia transformacji ptaskiej mapy cyfrowej do w petni kwalifikowanego
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modelu trojwymiarowego. Bazg rozwigzania sg badania nad generalizacja mapy gorniczej w srodowisku MapDraw, opubliko-
wane w dysertacji D. Bieguna.

Artykut przedstawia metodologi¢ pozyskiwania wymaganych informacji z ptaskiej mapy cyfrowej z wykorzystaniem gru-
py procedur o nazwie ,,Mini GIS”. W kolejnych krokach prezentowana jest metoda tworzenia powierzchni TIN z uzyska-
nych danych pierwotnych oraz narzg¢dzie do optymalizacji uzyskanej powierzchni. Nastepnie prezentowane sg narzedzia wy-
korzystujace powstaty model do tworzenia profili oraz generowania warstwic na powstatej powierzchni. Program pozwala
na wygtadzanie powstatych warstwic wykorzystujac do tego celu autorski algorytm w potaczeniu z aproksymacja wielomia-
nem trzeciego stopnia. Dzigki tym zabiegom przebieg powstalych warstwic jest bardzo naturalny. Dodatkowo zaprezentowano
roznorakie metody etykietowania warstwic automatyczne i manualne oraz wykorzystanie gradientowego wypehienia powierzchni
w celu poprawy efektu wizualizacji 3D. Opracowana metodyka generowania warstwic pozwolita w srodowisku naktadki MapDraw
programu AutoCAD na implementacj¢ jednej z typowych funkcji dla programéw GIS bez wykorzystywania zaawansowanych
mechanizméw jakie oferuje na przyktad AutoCAD Civil. Prezentowane rozwiazanie zwigksza zaréwno komfort, jakos¢ jak
i mozliwosci pozyskiwania nowych informacji z zasobu mapowego przy minimalnym naktadzie pracy ze strony uzytkownika.

INTRODUCTION

Computer systems which build and operate digital
mining maps use the latest computer support technol-
ogies of designing (CAD). These systems enable users
to implement the non-explicit object and enhance the
representation of data into a three-dimensional model
(apart from two-dimensional cartographic visualization
directed to analog reproduction).

In geological-surveying mine departments various
tasks connected with creating cartographic documen-
tation are divided and transferred to different mine de-
partments. A geological department prepares geological
data concerning e.g. the noun ledge isolines, mineral
deposits or drawing other surfaces based on geodetic
data gathered by a surveying department.

Originally, many years ago, geological departments
drew the isolines manually. Then, the programming sys-
tem desktop started to be used which enabled us to draw

Autodesk AutoCAD 2017
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the isolines. This type of tasks was generally performed
by GIS systems and specific software created for geol-
ogy and mining industry. Nowadays, for this purpose,
Polish mines use SURFER program by Golden Sofi-
ware. KGHM Company uses GIS programming system
called Geomedia by Intergraph [1]. There is also free
software SGeMS which may be used to calculate spa-
tial distribution of methane, for example, in the mining
panel designed to exploitation. [2]

In the article below, we would like to present a new
solution to the problem which was created based on the
MapDraw environment. The solution is based on the
studies on the generalization of maps mining MapDraw
environment published in the D. Biegun dissertation. [3]

The article concentrates on the importance and
usability of attaching non-explicit additional and de-
scriptive (text) attributes to geometrical elements. Due
to such an attitude, it is possible to solve problems
which normally are difficult to perform or they are so
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Fig. 1. The menu of MapDraw 3D Mapa with the option MiniGIS
Rys. 1. Menu pakietu MapDraw paleta 3D Mapa z opcja MiniGIS
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labor-consuming in implementation that they become
unprofitable. A good example is the problem of profiles
of the mining ledge. Information about the position of
the sidewall (coordinates X, Y) was used to plot, and
Z-coordinate were registered as an additional attribute
in the map objects. As a result of such an operation it
was possible to design software which automatically
generated a profile of mining pits directly from a digital
mining map. The data gathered in this way are highly
useful for the mining entrepreneur. But the problem of
completing the profile with geological data, and con-
sequently, the profile of a ceiling and a floor of a ledge
between pits, still exists. Because of this problem, it has
become necessary to work out a solution of that issue.

THE USE OF ADDITIONAL ATTRIBUTES
TO MODELING (MINI-GIS)

Additional data attributed to objects may be used
to perform the process of modeling the location of the
ledge [4]. The chosen issues implemented in the pack-
age are initiated from the menu in the fold 3D Mapa and
Mini-GIS [Fig. 1].

The data analysis requires downloading specific in-
formation from the picture database. To achieve this,

The selected
area to simulate

Fig. 2. A chosen part of the ledge
Rys. 2. Wybrany fragment poktadu

Fig. 3. Choosing the format of the data
Rys. 3. Wybor formatu danych

a part of the ledge [Fig. 2] which includes the informa-
tion about the positioning of the ledge is chosen. Then
the required information is downloaded and transformed
by the procedures implemented in the package [Fig. 3].
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Fig. 4. The window of text data import Rescaling x 10
Rys. 4. Okno importu danych tekstowych Wysoko$¢ prze-
skalowana x 10



50 DARIUSZ BIEGUN, ARTUR KRAWCZYK

Imported
points 3D

Fig. 5. Graphic representation of text data
Rys. 5. Graficzna reprezentacja danych

The next steps are to set the format of the record-
ing and the place of the saved and downloaded infor-
mation. In order to get a better visualization of the
surface positioning, for the use of this publication, it
has been decided to rescale the elevations ten times
bigger [Fig. 4].

It enables us to expose the positioning of the ledge in
a chosen part. To create the surface a triangulation algo-

Fig. 7. TIN surface after automatic edition
Rys. 7. Powierzchnia TIN po automatycznej edycji

Redundant
triangulation

Fig. 6. ‘Raw’ TIN surface
Rys. 6. ,,Surowa” powierzchnia TIN

rithm presented by Evgeniy Elpanov [5] has been used.
It applies a simple iterative algorithm based on a struc-
ture of a super-triangle, which was presented in a di-
ploma dissertation of I. N. Ponamarev (1.H. [Tonama-
pér) under the supervision of Professor A. V. Skvortsov
(A. B. CxBopro) [6]. In its assumed that the program
was created to operate with enormous groups of points.
When choosing a cloud of points and its transforming,

Triangulation after removing
redundant elements
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primitives of triangles are generated in the picture in
the form of objects 3DFACE type. The triangulation of
the chosen points [Fig. 5] allows the creation of TIN
surface [Fig. 6].

The next procedure enables to remove excessive tri-
angulation from an irregular grid. In consequence we get
a required positioning of a highlighted part of a ledge.

This procedure was described in ‘Efficient gener-
ation of simple polygons for characterizing the shape
of a set of points in the plane’. Its algorithm is based
on Delaunay’s group of point triangulation [7]. TIN
surface contains information which at the same time
allows the analysis of this in order to calculate eleva-
tion view of any edge on that surface. As a result of
the intersection of the projection and TIN surface, it is
possible to set the positioning of a surface profile under
the curve. In order to achieve that, drawing any curve,
which is an edge of the projection, is sufficient [Fig. 8].

Afterwards, the program sets positioning of the
curve in the projection on the TIN surface. As a result,
we get a precise course in the form of 3D lines for an
examined surface [Fig. 9]. At the same time, it is a sur-
face grade line for the chosen edge.

It is possible to show the course of the grade line in
the form of a profile generated by the following proce-
dure implemented in the package [Fig. 10].

The analysis of the course of the leveling may be
used for different purpose. It is possible to define poten-

Projection line
profile on surface

Fig. 9. The course of a profile lines
Rys. 9. Przebieg linii profilu

Fig. 8. Setting the positioning of a profile
Rys. 8. Wyznaczanie przebiegu profilu

tial places of formed water reservoirs, for example. The
data profile may be used to design cutting out the parcel
or the course of an excavation. It is worth mentioning
that the whole procedure may have various usage con-
nected with mining issues, but it may also be applied to
work out case studies concerning surface area.
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Fig. 10. The graph of a profile displayed on a flat surface
Rys. 10. Przebieg profilu w rozwini¢ciu na plaszczyznie

The TIN surface is also used to create a contour

map. Using the surface, model contours are generat- Mini-GIS X
ed. Additionally, the contours are smoothened, which Warstwice
allows more natural visualization of the course of the -
examined surface. After entering required parameters SEEEEeE 1 e
[Fig. 11] the application generates the course of 3D con- Skok warstwic grubych 5 v
tf)urs. If we apply smoothening of contours, we get flat Wygladzanie warstwic .
lines close to the surface. If we do not want to smoothen )
Kolor warstwic

the contours, they are exactly on the TIN surface.

The method of smoothening contours is based on Cienka . Gruba .

the process of adding vertexes to curves in the plac-
es of their bending. The algorithm analyses the radius
of the curve in correlation with the length of the line
segment prescribed to them. If the ratio of the length

Opis
[] Opisz warstwice

from the curve is appropriate, additional vertexes are Auluj
calculated. The approximation of the curve is calculat- EN T ~ -
ed up to the point of achieving limit values of parame- Fig. 11. Parametres of generating contours
ters assessed in the program. Due to such an approach, Rys. 11. Parametry generowania warstwic

Contours
TIN surface

Fig. 12. Contours after smoothening process
Rys. 12. Warstwice po wygtadzeniu
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Fig. 13. Methods of labeling contours
Rys. 13. Metody etykietowania warstwic

vertexes are added only in the places which demand
to be condensed. In order to get a better effect, addi-
tional smoothening of curvatures is applied (using the
means of interpolation with the help of third-degree
polynomial approximation — the function inbuilt in
AutoCAD system)

Fig. 15. Labels of main contours generated automatically

Skala mapy: X
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Fig. 14. Adjusting labels to map scale
Rys. 14. Dopasowanie etykiet do skali mapy

After smoothening, we get a map of contours posi-
tioning for analyzed surface [Fig. 12]:

The application offers possibility to add labels to
generated objects. There are several methods imple-
mented [Fig. 13] which present automatic labeling of
main contours. After entering the demanded parameters
and setting the map scale [Fig. 14], the application adds
labels automatically in accordance with the descent of
TIN surface.

Automatic labels for the
scale of 1: 2 000

Rys. 15. Etykiety warstwic glownych wygenerowane automatycznie
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Fig. 16. An RGB gradient model
Rys. 16. Model gradientowy RGB

Owing to the program, we get a generated TIN sur-
face with contours and labels which include the descent
of the surface [Fig. 15].

Adding gradient of the TIN surface [Fig. 16] addition-
ally allows getting a more plastic form of visualization.

The elaborated form of visualisation of a ledge surface
map considerably enhances cognitive values of a digital
map in comparison to its 2D version. It is a priority [8] in
the development of cartographic maps for mining indus-
try. More plastic spatial data makes the spatial informa-
tion easier to perceive for the personnel of a mine.

SUMMARY

The presented method of generating contours al-
lows the implementation of one of typical functions
of GIS program in MapDraw environment of Auto-
CAD program. This new approach to mining maps al-
lowed the integration of the work of two technolog-
ical departments of KWK ‘Piast’ mine. The solution
improved both comfort and possibilities to obtain new
information from the map resources with minimal ef-
fort and labor from the user’s side. Requirements of

the package are optimized in such a way that it may be
activated in low efficient computers with a basic ver-
sion of AutoCAD. The MapDraw platform is adjusted
to current information solutions applied in the latest
applications considering principles of ergonomics of
modern interface.

It must be emphasized that the worked-out solution
is a complete one contrary to other half measures used
in Polish mining industry. The formulated interpola-
tion algorithm makes the user independent from buying
foreign software. For example, in GeoLISP [9] system
Surfer software was initially used, nowadays more ex-
pensive AutoCAD MAP software which contains inter-
polation modules of TIN surface is used.

It is also worth mentioning that the presented tech-
nology does not limit its use to mining map environ-
ment. It may also be used for any kind of maps when
the interpolation of data is necessary. A good example
is a K-1 overlay which has been already equipped with
isoline interpolation module. Information included in
the picture database is enhanced with descriptive data
operated by dedicated tools. It enables both publishing
the data of a module in the form of a map and carrying
out various analysis.
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