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(57) An apparatus, method and computer program
product for designing a drilling pattern for a tunnel. The
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tics surrounding a portion of a tunnel (8).
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Description

Background of the invention

[0001] The invention relates to an apparatus for de-
signing or editing a drilling pattern for a tunnel.
[0002] The invention further relates to a method and
computer program product for visualizing a drilling pat-
tern of tunnel when designing or editing the drilling pat-
tern.
[0003] The field of the invention is defined more spe-
cifically in the preambles of the independent claims.
[0004] In mines underground tunnels are excavated
by utilizing drilling and blasting method wherein rock ma-
terial is removed in several successive rounds. The min-
ing tunnel may be a production tunnel or a connection
tunnel. Tunnels are also excavated in a so called con-
struction tunneling method wherein tunnel are excavated
for road and railway traffic paths. The tunnels are typically
created by implementing a drill and blast method, where-
in blast holes are first drilled to a rock surface and the
blast holes are then charged with explosives and are
blasted. Thereafter broken rock material is removed, and
a new round is again drilled, charged, and blasted. The
tunnel advances in several successive rounds. When de-
signing drilling patterns for the rounds, there is typically
a limited amount of data available on properties of rock
surrounding the already excavated part of the tunnel. Fur-
thermore, the possible data that is available is difficult to
utilize in the design process of the drilling pattern. Thus,
the present solutions contain some disadvantages re-
garding effective design process and ability to provide
useful data.

Brief description of the invention

[0005] An object of the invention is to provide a novel
and improved solution for planning and editing drilling
patterns.
[0006] The apparatus according to the invention is
characterized by the characterizing features of the first
independent apparatus claim.
[0007] The method according to the invention is char-
acterized by the characterizing features of the independ-
ent method claim.
[0008] The computer program product according to the
invention is characterized by the characterizing features
of the second independent apparatus claim.
[0009] An idea of the disclosed solution is that the dis-
closed apparatus comprises one or more data process-
ing devices for executing at least one design program for
producing drilling pattern data. The apparatus also com-
prises an input device for feeding data for the apparatus
for supporting the design process executed by means of
the apparatus. The apparatus is configured to present
the produced drilling pattern data on at least one display
device for an operator. The apparatus is provided with
geological data indicating rock characteristics of rock ma-

terial at examined location of the tunnel and is configured
to combine the geological data with the drilling pattern
data. Further the apparatus visualizes the combined data
on the display device.
[0010] An advantage of the disclosed solution is that
geological data is visualized in an intuitive manner on the
screen whereby the operator is provided with valuable
data for making decisions and controlling the designing
and editing process of the drilling pattern. The operator
is provided with better understanding on surrounding
rock material and geological circumstances. Thereby
quality of drilling patterns may be improved, and the ex-
cavation may be executed more effectively and in ac-
cordance with the detected rock characteristics. Further,
the design and editing process is facilitated and quick-
ened.
[0011] According to an embodiment, the apparatus
and the disclosed solution can be implemented also
when designing drilling patterns for excavating other un-
derground spaces than tunnels. Further, the solution may
be utilized for production tunnels and spaces in mines
as well as for traffic tunnels and spaces. The tunnels,
storages and other spaces may or may not be under-
ground structures.
[0012] According to an embodiment, the disclosed so-
lution can be implemented when designing totally new
drilling patterns and when editing already existing drilling
patterns. Thus, the drilling pattern data may relate to both.
In this document the term "design" may relate to new
design and to design by editing. In many cases already
existing drilling patterns are re-used in edited form.
[0013] According to an embodiment, the mentioned
geological data indicating the geological rock character-
istics comprises data on at least one of the following fea-
tures: hardness of the rock material, blastability of the
rock material, changes in geological structure or layers.
The geological data may also be called as a Rock Mass
Mapping (RMM) data.
[0014] According to an embodiment, the apparatus is
configured to present one or more rock mass data views
(RMM views) on a display screen together with drilling
pattern views or profile views of the excavated tunnel or
space. The mentioned views may be shown in superim-
posed manner in one image element.
[0015] According to an embodiment, the apparatus is
provided with input geological data. In other words, the
apparatus receives geological data which is produced
externally to the apparatus and is input for the design
program for presenting the geological data together with
the drilling pattern data. The externally produced Geo-
calculus may comprise several and versatile survey
methods and analysis and may provide improved under-
standing of geological circumstances.
[0016] According to an embodiment, the geological da-
ta includes manually examined data provided by a geol-
ogist. The data may be based on visual examinations,
material testing, exploration drillings and other geological
methods. The data produced by the geologist may be
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presented simultaneously and in a superimposed man-
ner with the drilling pattern data on the display device.
[0017] According to an embodiment, the geological da-
ta includes image data or scanned data on surfaces of
the tunnel. The produced optical data may be analyzed
by means of image processing programs, utilizing pho-
togrammetry techniques and programs, or the image da-
ta may be analyzed manually by a geologist. The output
of the analysis, or processed images or scanning results
may be input to the apparatus which may then display
them together with the drilling pattern data and data on
selected rounds of the tunnel. Further, the scanning may
comprise photo scanning and time-of-flight type scan-
ning.
[0018] According to an embodiment, the apparatus is
provided with at least one input geological data set. Then
the apparatus extrapolates the geological data for unex-
cavated rock material surrounding the already excavated
realized portion of the tunnel in response to the input data
set. In other words, the apparatus executes rock mapping
for at least one rock material zone or portion locating
outside the realized tunnel portion and implements the
outcome of the extrapolation when providing design data
for designing the drilling pattern. The apparatus can pro-
duce rock mapping view also for areas between drill
holes.
[0019] According to an embodiment, the mentioned in-
put geological data set includes measuring while drilling
data (MWD) gathered by means of a rock drilling rig dur-
ing drilling of drill holes of the tunnel. The apparatus de-
tects properties of the drilled rock material at each ex-
amined drill hole in response to the measuring while drill-
ing data, and then the apparatus extrapolates properties
of rock material at surrounding zones outside the drilled
holes in response to the detected properties of the drilled
material. In other words, the gathered geological data is
thereby based on realized data i.e., it is drilling based
data.
[0020] According to an embodiment, the apparatus is
provided with measuring while drilling (MWD) data from
one or more other rock drilling rigs operating at the same
or neighboring work site. Further, the received data may
alternatively be any other valuable sensing data relating
to the properties of the rock and received from other ex-
cavation or exploration vehicles or machines.
[0021] According to an embodiment, the input geolog-
ical data comprises measuring data on additional drilled
holes other than drill holes drilled on a face of a round of
the tunnel. This means that the apparatus may be pro-
vided with measuring while drilling data gathered from
any kind of drill holes. The mentioned drill holes being
other than the face drill holes may be probe drill holes
drilled longer in the direction of the tunnel than blast holes
at the face, injection drill holes drilled angularly outside
the round and relating to rock reinforcing, and rock bolting
drill holes drilled transversally to the excavated tunnels
in fan-shaped patterns. Drilling the mentioned additional
drill holes other than the blast holes provides valuable

additional data for evaluating properties of the unexca-
vated surrounding rock material.
[0022] Further, in mines production drill holes are
drilled. Measuring data gathered by production rock drill-
ing rigs may also include valuable data on rock charac-
teristics wherefore this data may also be input to the ap-
paratus and be considered when presenting geo data.
[0023] According to an embodiment, the geological da-
ta is a combination of at least two different geological
data or data sets received from different sources and
based on different observed parameters. In other words,
the disclosed embodiment can utilize multi source inte-
gration of data i.e., data having different origin is imple-
mented. An advantage is that accuracy of the estimation
can be improved when several data sets can be used.
[0024] According to an embodiment, the apparatus is
configured to extrapolate properties of unexcavated rock
material in the direction of the tunnel and to present the
output of the extrapolation as the geological data and
together with a face drilling pattern data. In other words,
geological data is presented on the display for facilitating
designing or editing the drilling pattern for blast holes on
a face of a new round to be drilled. An advantage of the
embodiment is that forthcoming rock material and its lay-
ers in the advance direction of the tunnel are estimated
more reliably whereby the drilling patterns can be de-
signed more easily and with improved quality and effi-
ciency.
[0025] Further, when the rock characteristics of the
surrounding rock mass can be estimated properly by
means of the rock mass mapping presented in this ap-
plication, it is possible to recognize ore bodies and ore
lodes, and to then orientate the tunnel towards them. The
rock mapping may indicate if directions of known ore
lodes change. Then new drilling pattern can be updated
by making needed amendments in accordance with the
detected changes in rock mass. This way more cost ef-
fective excavation is possible since amount of gangue
can be decreased.
[0026] The disclosed solution may also be implement-
ed in a so called narrow vein mining wherein narrow vein
drifts are produced in situations when ore is distributed
in narrow veins. Especially in the narrow vein mining it
is essential to recognize the changes in the rock mass
and to react them quickly.
[0027] According to an embodiment, the apparatus is
configured to visualize geological data surrounding the
already excavated portion of the tunnel and to thereby
provide assisting data for designing a drilling pattern for
rock bolts for executing rock reinforcing.
[0028] According to an embodiment, the apparatus
may assist an operator in one or more of the following:
determining rock bolting density i.e., distances between
rock bolt holes; defining directions of the rock bolt holes;
and dimensioning lengths of the rock bolt holes. The ap-
paratus may suggest decreasing the distances between
the rock bolt holes at areas or zones where soft or frag-
mented rock material is shown. Further, the apparatus
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may suggest correcting directions, and may suggest in-
creasing lengths of the rock bolting holes at zones having
poor strength or changes in rock layers.
[0029] According to an embodiment, the apparatus is
configured to extrapolate rock characteristics surround-
ing an already excavated portion of the tunnel in response
to measuring while drilling data gathered during the drill-
ing of the realized portion, and the apparatus is config-
ured to display outcome of the extrapolated rock charac-
teristics on the display device together with data on drill-
ing pattern of rock bolting holes. In other words, rock
mapping or geological estimation is based on drilling data
of blast holes of the examined round, and the results of
the rock mapping is utilized when designing or editing
the drilling patterns for the rock bolt holes.
[0030] According to an embodiment, the apparatus is
configured to display on a display device the geological
data surrounding a realized portion of the tunnel at sev-
eral selectable cross sectional locations in the direction
of the tunnel. This way valuable data of the rock charac-
teristics is provided for designing or editing rock bolting
fans at desired longitudinal locations along the tunnel.
[0031] According to an embodiment, the apparatus is
provided with a feature allowing the operator to scroll the
geological data or rock mass mapping data on the display
along the realized mining tunnel. In other words, the op-
erator may scroll and provide sliced cross sectional views
at desired points in longitudinal direction of the already
excavated round or tunnel portion. An advantage of this
embodiment is that the scrolling feature provides the op-
erator, in an intuitive manner, with an impression of trends
of changes in rock characteristics at surrounding rock
material along the tunnel. The notified trends can be tak-
en into consideration when designing drilling patterns for
the rock bolt holes. The mentioned scrolling can be done
in a graphical user interface or by means of a pointing
device, for example.
[0032] According to an embodiment, the disclosed so-
lution relates to a method for visualizing a drilling pattern
of a tunnel. The method comprises executing a design
program in a processing device for generating the drilling
pattern; displaying the generated drilling pattern on a dis-
play device; providing the design program with geological
data indicating rock characteristics of rock material at
examined location of the tunnel; and combining the ge-
ological data with the drilling pattern data and visualizing
the combined data on the display device.
[0033] According to an embodiment, the method fur-
ther comprises producing a blast pattern based on the
drilling pattern and by means of the design program. Then
the geological data is combined with the blast pattern
and the combined data is visualized on the display de-
vice. Thus, the disclosed solution can be implemented
also when creating data for blasting. This way valuable
and intuitive data is provided for the operator when de-
signing, editing, and checking the blast patterns.
[0034] According to an embodiment, the disclosed so-
lution relates to a computer program product for visual-

izing a drilling pattern of a tunnel. The computer program
product comprises program code means configured to
execute the steps and procedures disclosed in this doc-
ument when being run on a computer or a data process-
ing device.
[0035] According to an embodiment, the apparatus is
configured to shown different areas of zones with differ-
ent rock characteristic with different colors or fillings and
to thereby improve easy understanding of properties of
surrounding rock mass.
[0036] The above disclosed embodiments may be
combined in order to form suitable solutions having those
of the above features that are needed.

Brief description of the figures

[0037] Some embodiments are described in more de-
tail in the accompanying drawings, in which

Figure 1 is a schematic view of some issues relating
to excavation of tunnels and designing and editing
drilling patterns for the excavation,
Figure 2 is a schematic diagram of some features of
an apparatus for designing drilling patterns and pro-
viding visualization,
Figure 3 is a schematic top view of a round of a tunnel
and rock characteristics,
Figure 4 is a schematic top view of a round provided
with some additional drill holes,
Figure 5 is a schematic view of a visualization of a
drilling pattern and geological data on a display de-
vice,
Figures 6a is a schematic top view of a round and
Figure 6b and 6c are sliced views at two different
longitudinal points and shown on display device,
Figure 7 is a schematic view of visualization of a
combination of a face drilling pattern and two differ-
ent geological data shown on display device, and
Figure 8 is a schematic view of visualization of a
combination of a rock bolt drilling pattern and geo-
logical data shown on display device.

[0038] For the sake of clarity, the figures show some
embodiments of the disclosed solution in a simplified
manner. In the figures, like reference numerals identify
like elements.

Detailed description of some embodiments

[0039] Figure 1 discloses that drilling patterns 1 com-
prising data on position, direction, and length of drill holes
2 to be drilled may be designed by operators 3 by means
of an apparatus 4 which may be a designing computer
or part of control system. The drilling pattern 1 is trans-
mitted to a rock drilling rig 5 comprising a movable carrier
6 and one or more drilling units 7. In a drilling and blasting
method a tunnel 8 is produced in several successive
rounds R, Ra - Rd. The rock drilling rig 5 is positioned at
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a face 9 of a following round and is connected to a coor-
dinate system of the mine. The rock drilling rig drills the
blast holes in accordance with the designed drilling pat-
tern 1, where after the round Ra is blasted and the broken
rock material is removed. Then a new face is formed and
the rock drilling rig 5 is again positioned and navigated
for drilling the next round Rb. Several successive rounds
Ra - Rd form together a tunnel line 10, which is indicated
in a highly simplified manner in Figure 1. The mining tun-
nel line 10 may be provided with peg numbers 11 indi-
cating distance along the mining tunnel line. As can be
noted direction of the mining tunnel line 10 may change,
whereby it may comprise curves, for example.
[0040] As it is discussed in this document, geological
data on surrounding rock mass is examined and visual-
ized for assisting the operator 3 in design and editing
process of different drilling patterns 1. The drilling units
7 may be provided with sensors S or measuring devices
for producing measuring while drilling (MDW) data 12
during the drilling. The MWD data 12 can be input to the
apparatus 4 for providing drilling based data on hardness
and other properties of the rock material at the examined
round R. Further, a geologist 13 may execute different
geological surveys and may produce geological data and
data sets, such as a geo map 14 or geological chart or
views covering the examined tunnel 8 and its surround-
ings. The data produced by the geologist 13 may be input
to the apparatus 4 and may be utilized therein. The rock
drilling rig 5 may be provided with a camera or scanning
device 15 for producing data on surfaces of the face 9
and contour surfaces of the excavated rounds R. The
produced image or scanning data 16 may also be input
to the apparatus 4. The data can be processed and an-
alyzed in the apparatus 4 or externally before the input
phase.
[0041] Figure 2 discloses a possible basic setting of
an apparatus 4 for implementing the disclosed solution.
The apparatus 4 comprises a data processing device 17
or a processor for executing a design program or algo-
rithm and capable to assist an operator to design and
edit drilling and blasting patterns. The apparatus 4 com-
prises an input device 18 by means of which geological
data 19 and data sets can be input. The input device 18
may be used also for feeding required parameters and
basic design data 20 for the process. The apparatus 4
may further comprise a user interface UI by means of
which an operator may communicate with the apparatus
and can make selections and control commands. The
apparatus 4 may communicate with external electric de-
vices, such as sensors, servers, and computers, by
means of a data communication device DC. There may
also be a memory device M for storing programs and
data.
[0042] The disclosed apparatus 4 is configured to com-
bine 21 the geological data and the drilling pattern data
and is capable to show to show the produced combination
on one or more display devices for visualizing 22 it.
[0043] The apparatus 4 may be located at an office, or

alternatively it may in connection with an on-board control
unit of rock drilling rig.
[0044] Figure 3 discloses a round R and combined ge-
ological data 19 shown as lines 23 indicating changes
between different rock characteristics in rock mass.
Thus, Figure 3 provides an illustration of a geo-changing
layout and drilling technical information in the same view.
At time point t face drilling holes (t-1) are drilled for the
round R and an operator or designer of the drilling pat-
terns is considering a new drilling pattern for a face (at
t) or is planning bolting measures for t-1. Without the
visualized geological data, it is very difficult for the oper-
ator to know what is ahead of a face of the following round
R+1 (at time point t) when planning the face drilling pat-
tern, or to know what kind of rock mass is there in lateral
direction when planning the bolting drilling pattern.
[0045] In Figure 3 already excavated part of the tunnel
8 is shown with thicker lines compared to portions which
have not yet been excavated. Drill holes 2 of a face drilling
pattern are also shown in a simplified manner in Figure 3.
[0046] Figure 4 discloses that when drilling face drill
holes 2a, sensing data can be produced and utilized for
determining properties of rock mass at a round R. Fur-
ther, when rock bolting drill holes 2b are drilled, also then
measuring while drilling data can be produced and re-
corded. In addition to this, rock mass data in advance
direction of the round R can be explored by drilling rela-
tively long probe holes 24. When the rock mass is frag-
mented or very soft, or comprises voids, there may be a
ned drill injection holes 25 for injecting reinforcing mate-
rial. The drilling of the injection holes 25 may also gen-
erate valuable measuring while drilling data which may
be utilized as the geological data or data set.
[0047] Figure 5 is a display view 26 showing a face
drilling pattern 1 and geological data 19. As can be seen
there may be several areas or zones 27a - 27e with dif-
ferent rock properties. The zones 27 may be shown on
the display with different colours for improving easy un-
derstanding.
[0048] Figure 6a discloses a tunnel 8 and a round R
wherein face drilling holes 2 are drilled. On the basis of
measuring while drilling data gathered during the drilling
of the drill holes 2, geological data 19 is produced for the
round R. The apparatus disclosed in this document com-
prises a scrolling feature allowing it to provide sliced
views S1, S2 at desired points of the drilled round R. In
this example two sliced points S1 and S2 are shown.
[0049] Figure 6b shows a display view 26a of the sliced
point S1 and Figure 6c shows a display view 26b of the
sliced point S2. When examining the views 26a and 26b
it can be seen that shape and coverage of zones of graph-
ical data 19 have changes. This provides valuable indi-
cation on trends and intensity of changes in rock char-
acteristics.
[0050] Figure 7 is a display view 26 showing a drilling
pattern 1 and two different type of geological data 19a,
19b superimposed on the drilling pattern. A first geolog-
ical data 19a may be based on measuring while drilling
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data and a second geological data 19b may be based on
geo mapping produced by a geologist.
[0051] Figure 8 discloses a display view 26 showing a
drilling pattern 1 for bolting drill holes 2b. Geological data
19 with different zones is also presented. Figure 8 shows
that at right side distance between the drill holes is minor
than at left side because zone 27a indicates softer rock
mass.
[0052] The drawings and the related description are
only intended to illustrate the idea of the invention. In its
details, the invention may vary within the scope of the
claims.

Claims

1. An apparatus (4) for designing or editing a drilling
pattern (1) for a tunnel (8);
and wherein the apparatus (4) comprises:

at least one data processing device (17) for ex-
ecuting at least one design program for produc-
ing drilling pattern data;
an input device (18) for feeding data for the ap-
paratus (4) for supporting the design process;
and wherein the apparatus (4) is configured to
present the produced drilling pattern data on at
least one display device;
characterized in that
the apparatus (4) is provided with geological da-
ta (19) indicating rock characteristics of rock ma-
terial at examined location of the tunnel (8); and
the apparatus (4) is configured to combine (21)
the geological data (19) with the drilling pattern
data and is configured to visualize (22) the com-
bined data on the display device.

2. The apparatus as claimed in claim 1, characterized
in that
the geological data (19) indicating the geological
rock characteristics comprises data on at least one
of the following features: hardness of the rock ma-
terial, blastability of the rock material, changes in ge-
ological structure or layers.

3. The apparatus as claimed in claim 1 or 2, charac-
terized in that
the apparatus (4) is provided with input geological
data (19) .

4. The apparatus as claimed in claim 1 or 2, charac-
terized in that

the apparatus (4) is provided with at least one
input geological data set;
the apparatus (4) is configured to extrapolate
the geological data (19) for unexcavated rock
material surrounding the already excavated re-

alized portion of the tunnel in response to the
input data set.

5. The apparatus as claimed in claim 4, characterized
in that

the input geological data set includes measuring
while drilling data (12) gathered by means of a
rock drilling rig (5) during drilling of drill holes (2)
of the tunnel (1) ;
the apparatus (4) is configured to detect prop-
erties of the drilled rock material at each exam-
ined drill hole (2) in response to the measuring
while drilling data (12); and
the apparatus (4) is configured to extrapolate
properties of rock material at surrounding zones
outside the drilled holes (2) in response to the
detected properties of the drilled material.

6. The apparatus as claimed in claim 4 or 5, charac-
terized in that
the input geological data comprises measuring data
on additional drilled holes (2b, 24, 25) other than drill
holes drilled on a face 89) of a round (R) of the tunnel
(1) .

7. The apparatus as claimed in any one of the preced-
ing claims 1 - 6, characterized in that
the geological data (19) is a combination of at least
two different geological data or data sets received
from different sources and based on different ob-
served parameters.

8. The apparatus as claimed in any one of the preced-
ing claims 1 - 7, characterized in that
the apparatus (4) is configured to extrapolate prop-
erties of unexcavated rock material in the direction
of the tunnel (8) and to present the output of the
extrapolation as the geological data (19) and togeth-
er with a face drilling pattern (1) data.

9. The apparatus as claimed in any one of the preced-
ing claims 1 - 8, characterized in that
the apparatus (4) is configured to visualize geologi-
cal data surrounding the already excavated portion
of the tunnel and to thereby provide assisting data
for designing a drilling pattern for rock bolts for exe-
cuting rock reinforcing.

10. The apparatus as claimed in any one of the preced-
ing claims 1 - 9, characterized in that
the apparatus (4) is configured to extrapolate rock
characteristics surrounding an already excavated
portion of the tunnel in response to measuring while
drilling data (12) gathered during the drilling of the
realized portion, and the apparatus (4) is configured
to display outcome of the extrapolated rock charac-
teristics on the display device together with data on
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drilling pattern (1) of rock bolting holes (2b).

11. The apparatus as claimed in any one of the preced-
ing claims 1 - 10, characterized in that
the apparatus (4) is configured to display (22) on a
display device the geological data (19) surrounding
a realized portion of the tunnel at several selectable
cross sectional locations (S1, S2) in the direction of
the tunnel (1) .

12. The apparatus as claimed in any one of the preced-
ing claims 1 - 8, characterized in that
the apparatus (4) is configured to provide geological
data (19) for production excavation of a mine tunnel
and to assist in recognizing ore bodies or ore lodes
by means of visual presentation of different zones
of the geological data (19).

13. A method for visualizing a drilling pattern (1) of a
tunnel (8),
wherein the method comprises:

executing a design program in a processing de-
vice (17) for generating the drilling pattern (1);
and
displaying the generated drilling pattern (1) on
a display device;
characterized by
providing the design program with geological
data (19) indicating rock characteristics of rock
material at examined location of the tunnel (8);
and
combining (21) the geological data (19) with the
drilling pattern data (1) and visualizing (22) the
combined data on the display device.

14. The method as claimed in claim 13, characterized
by

producing a blast pattern based on the drilling
pattern (2) and by means of the design program;
and
combining the geological data (19) with the blast
pattern and visualizing the combined data on
the display device.

15. A computer program product for visualizing a drilling
pattern of a tunnel,
wherein the computer program product comprises
program code means configured to execute the
steps and procedures disclosed in the previous
claims when being run on a computer or a data
processing device.
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