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Programme and schedule of the 1st ČAG ‘19 WORKSHOP
on Geomorphological survey methods
(Tuesday April 2nd / Wednesday April 3rd 2019)

Meeting point: parking in Příhrazy (50.5271269N, 15.0752600E) on Tue Apr 2nd at 11:30

Instructors: Petr Tábořík, Jan Blahůt, Filip Hartvich, Jakub Stemberk, Jan Balek

Tue April 2nd
11:30

meeting at the parking place in Příhrazy village, then walking transfer to the
Kobyla rock tower

12:00

Workshop Field Part Opening
-

Participants will be split into two groups by 11 people and also programme
will be divided into two thematic blocks, lasting approximately 2 hours, and
then the groups will swap.

1st time-block 12:00 – 14:00 (14:30)
2nd time block 14:00 (14:30) – 16:00 (16:30)
Block I – „Subsurface surveying“– use of Applied Geophysical Methods
o Shallow Seismic Refraction (SSR)
o Electrical Resistivity Tomography (ERT)
o Dipole Electromagnetic Profilling (DEMP)
o Ground Penetrating Radar (GPR)
Block II – „above-ground surveying“– use of remote sensing and
photogrammetry
o UAV airborne survey
o ground-based survey (LiDAR, geodetic survey)
o GNSS systems
o Photogrammetry
17:00 (ca.)

Closing of the Workshop Field Part (and transfer back to the parking)

18:00

departure to the Parkhotel Skalní město

19:00 (ca.)

dinner

20:00 - 21:30

Workshop evening programme: „Data processing and interpretation“
– part I.

Wen April 3rd
8:30

„Data processing and interpretation“– part II.

12:00

Closing of the Workshop, lunch

Study site description
KOBYLA Tower
✓ Kobyla – “Mare” or Kobylí hlava – “Mare´s Head” is a lone-standing sandstone tower in Příhrazské
skály Rocks in the Český Ráj

✓ It is built of turon sandstones and has a height of approx. 25-30 meters
✓ It is an icon of sandstone climbing, first ascend was made on 5/7/1937 by German climbers M.
Kauschka and R.O. Bauše (VIIb), first Czech ascent by L. Vodháněl and J. Smítka on 23/7/1939 (VIIb,
RP VIIIb)

✓ Its stability is yet to be determined :-)

(left) First ascent of Česká cesta – “Czech Route” in 1939; (right) Chroust Procházka and Joska Rakoncaj
climbing on Nová Česká cesta – “New Czech Route” (VIIc) in 1965.

Methods
SHALLOW SEISMIC REFRACTION (SSR)
(a field measurement method)

& SEISMIC TOMOGRAPHY (ST)
(a data processing & interpretation method)

✓ uses elastic field and mechanical (seismic) waves
✓ 2D/3D geophysical technique of a shallow seismic surveying, based on artificially induced seismic
(elastic) waves at so called shotpoints and subsequent measurements of times of the first arrivals at
geophones

✓ seismic waves: we distinguish between the P-waves (primary) and S-waves (secondary). The Pwaves oscillate in the same direction as they propagate (causing the volume deformation), whilst
the S-saves oscillate perpendicularly to the direction of propagation (causing the shear
deformation)

✓ measurements are usually performed by using of a various number of multi-channel seismic cables
(24ch, 48ch etc.), geophones and seismometer (e.g. Geode seismometer from Geometrics, USA),
securing the registration and amplification of the seismic signals

✓ a resolution is determined by a geophone spacing and frequency range of the seismic source. The
frequency and energy of the seismic signal also affects the effective depth range. Higher
frequencies (shorter wave length) deliver higher resolution but a shallower penetration depth and,
on the contrary, lower frequencies (longer wave lengths) of the seismic signal gives lower
resolution but gets deeper

✓ there are several types of seismic sources differing in frequency, energy and a way of seismic signal
induction, ranging from sledge (seismic) hammer and other mechanical sources (weight-drop,
piston) to the high energy blasts (buffalo gun, sparker or explosive charges)

✓ the seismic data have to be pre-processed before the inversion process: the first arrivals need to be
picked from the amplitude curves and reciprocal times have to be checked. The picking of the times
of first arrivals is crucial for the seismic refraction method. The processing of the seismic data is
thus time-demanding.
✓ measured apparent velocity (va) values are recalculated into „real“ (=modelled) velocities (v) within
the seismic inversion process (e.g. in inversion software OYO Plotrefa or Rayfract)
✓ an interpretation is based on the final 2D ST inverse model of a seismic velocities, usually displayed
as velocity sections (= tomography)

(A) SSR field measurement with Geode system; (B) sledge hammer as a seismic source;
(C) detail of a geophone connected to the seismic cable; (D) Buffalo gun seismic source in action

Seismic tomography – an inverse seismic velocity model of toppled block (Záryje, Beskydy Mts)

MULTI-ELECTRODE RESISTIVITY MEASUREMENTS
(a field measurement method)

& ELECTRICAL RESISTIVITY TOMOGRAPHY (ERT)
(a data processing & interpretation method)

✓ uses artificial stationary electric field and Direct Current (DC)
✓ 2D/3D geophysical technique of shallow surveying, based on injecting of electric current by pair of
electrodes C1, C2; and on measuring of electrical potential on pair of electrodes P1, P2.

✓ measurements are usually performed by using of a various number of multi-electrode cable
sections and managed by a device involving electronic control and switching units, voltmeter and
ammeter (e.g. GF Instruments’ Ares system or ABEM Terrameter etc.)

✓ a resolution in both horizontal and vertical direction,
as well as a penetration depth, are determined by an
electrode spacing and an electrode array
(configuration) used (with given
geometry of a
measurement)

✓ for the most used electrode configurations see the
picture on right →

✓ using the modified Ohm’s law, apparent resistivity is
determined from registered current and measured
voltage:
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where C1P1 , C1P2 , C2 P1 , C2 P2 are distances between electrodes (spacing),

ρa [ohm.m] stands for

apparent resistivity, U [mV] is voltage, I [mA] - current, k [m] - geometric factor
✓ measured apparent resistivity (ρa) values are recalculated into „real“ (= modelled)  = k U
I
resistivities (ρ) within the inversion process (e.g. in inversion software Res2Dinv)
✓ an interpretation is based on the final 2D/3D ERT model of a variating subsurface resistivity
distribution, usually displayed by means of resistivity sections (= tomography)

(A) multi-electrode cable sections laid along the profile; (B) grounded electrode in detail; (C) ARES Automated Resistivity System with connected multi-electrode cables and power supply.

The Lukšinec ridge disintegration (comparison of two model types): I. + III. - rigid sandstone-dominated
flysch; II. - claystone-dominated flysch, (1) shallow mass movements; (2) structures connected with deepseated massif disintegration; C - widened crevices.

DIPOLE ELECTROMAGNETIC PROFILLING (DEMP)
(a field measurement method)

also CALLED as “CONDUCTIVITY MEASUREMENT” or “CONDUCTOMETRY”
✓ uses alternating current (AC) and electromagnetic (EM) field and belongs to the
electromagnetic methods (sometimes called as “harmonic methods” due to the harmonic
shape of the AC sinusoidal waveform)
✓ the method is based on a principle of EM induction when the primary field is induced at
the device transmitting coils, while the secondary EM field is induced in the subsurface
environment as a response to the primary field. A receiver (also coil) records the intensity
of the secondary field
✓ the DEMP method is thus contactless with no need of conductive coupling with the ground
surface (and therefore is very fast and cheaper than other geoelectrical methods)
✓ Theoretical basis of EM fields is defined by the MAXWELL’s EQUATIONS:

✓ apparent conductivity σa is the measured physical parameter, however it can be easily
transfer to apparent resistivity ρa as its reciprocal value: ρa = 1/σa
✓ there are two ways how to penetrate deeper: (1) geometric approach (with an extending distance
between the transmitting and receiving coils) and (2) frequency approach (with changing frequency
for certain depths).

✓ Used CMD MiniExplorer and CMD Explorer are calibrated for following depths:
Exporer: 2.2 – 4.4 – 6.7 m

MiniExplorer: 0.5 – 1.0 – 1.8 m

✓ the measured data can be depicted as (A) 2D curves in several depths or 2D pseudosections of the
variating apparent conductivity/resistivity along the
profile, or (B) in 3D depth slices in case of areal
measurements

(A)

(B)

GROUND PENETRATING RADAR (GPR)
(a field measurement method)

also CALLED as “GEORADAR”

✓ uses the RADAR (Radio Detection and Ranging) principle to investigate shallow near-surface
features (with depth ranging from first up to first tens of meters)

✓ the principle lays in transmission and receiving of a very short high-frequency (microwaves) EM
pulse and a registration of arrival times of the signal (echo) reflected from inhomogeneities and
reflectors under the surface.

✓ an effective depth range and resolution depends on a wave length and thus on the used antenna
and its specific main frequency (e.g. 30, 50, 100, 250, 500, 1000... MHz)

✓ the EM pulse of the higher frequency (e.g. 500 MHz) does not penetrate such depths (first metres)
as with the use of low-frequency antenna (e.g. 50 MHz) with depth range of tens of meters.
However, high frequency antenna (short wave length) gives results with multiple higher resolution
in comparison with a low-frequency antenna

✓ some of the antennas are shielded (usually with f = 100 MHz and higher), some of them are
unshielded (e.g. with f = 30 or 50 MHz) or even with separable transmitter and receiver

✓ the GPR can be applied on a rock massif, sediments and sedimentary rocks, accumulations, soils, ice
and even on water, as well as on constructions such as dams, roads or bridges. By means of the
GPR we are able to detect objects, material changes or subsurface cracks

✓ results (EM signal reflections) in form of amplitude curve for each trace are usually displayed as
vertical time slices in case of 2D profile measurements or horizontal time slices in 3D survey. In
both cases, the data can be converted to the depth slices using recalculation based on velocity of
the EM wave propagation (related to the permittivity of an environment)

✓ the biggest disadvantage of the method is more difficult data processing and interpretations of
“radargrams” are generally not intuitive and difficult without any previous experiences

(Left): pulling the MALÅ Ramac X3M system with 250 MHz antenna. (Right): the results of 3D GPR
surveying (right) at the Kopanina site (Mariánské Lázně Fault zone) – 3D depth slice combined with two
parallel 2-D ERT inverted sections

Example of 2D GPR surveying combined with 2D resistivity measurements – Homole cukru rock tower
in the Adršpašské skály rock town – an investigation of the rock tower base (how is the tower “rooted
into” the bedrock)

UNMANNED AERIAL VEHICLE (UAV)
(a field surveying method)

& STRUCTURE FROM MOTION (SfM)
(a data processing method)

✓ UAV, commonly known as drone is aircraft without pilot
✓ UAV is component of UAS (Unmanned Aerial System) comprising UAV, ground-based controller and
system of communication

✓ Usage for scientific (and commercial) purposes under legislation of ÚCL (Úřad pro civilní letectví Civil Aviation Authority) in Czechia and similar organisations in other countries

✓ Operator has to pass a theoretical and practical exam and has to have permission to fly and to
perform fly works and comply all the laws

✓ SfM is a photogrammetric range imaging method of using photos to construct 3D objects
✓ Principle is very old (from ´50s) but current evolution of computational capacity increased its usage
tremendously
✓ Its accuracy can be compared to LiDAR with an advantage of evading shade-effect
✓ Current software solutions (e.g. Agisoft PhotoScan/Metashape; Pix4D; Autodesk 123D; osmBundler; 123D Catch) allow fast semi-automatic processing to acquire 3D point clouds, meshes;
adding textures and exporting DEMs, 3D models or orthophotos

(left) Sparse 3D point cloud of the Branická skála Rock in Prague; (right) Dense point cloud of the
branická skála (both generetaed in Agisoft PhotoScan

LIGHT DETECTION AND RANGING (LiDAR)
(a field surveying method)

& TOTAL STATION THEODOLITE (TST)
(a field surveying instrument)

✓ LiDAR (commonly known as “laser scanning”) is very accurate method for acquiring 3D point clouds
of real objects; its name comes from combination of “laser” and “radar”

✓ It is based on emitting laser beam, which reflects on a surface and returns back to the instrument
✓ Originated in 1960s after the invention of a laser and its first application was to measure
atmospheric clouds; in 1971 it was on board of Apollo 15 to map Moon surface

✓ TST is an electrical/optical instrument for surveying and building construction; it measures angles
and distances with high accuracy (0.5 arc second; 1.5 mm respectively)
✓ It is used for referencing (putting coordinates) of models (point clouds) generated from LiDAR or
SfM
✓ Sometimes allows combination with GNSS (Global Navigation Satellite System) receiver for
georeferencing

PHOTOGRAMMETRY
(a field measurement method)

& „AGISOFTING” THE DATA
(a data processing)

✓ If you need to have 3D model of the object of interest
✓ If you don’t have any special equipment, this method is easy, quick and requires camera with 5Mpx
resolution only

✓ Method is based on taking photos of object from several different angles (horizontal and also
vertical)

✓ You can use it for documentation of the PBR, rock walls, galleries, trench walls, etc.

✓ Enemies: sun light, shades, not visible parts of objects
✓ Using Agisoft Software for semi-automatic processing to acquire 3D point clouds, meshes; adding
textures and exporting 3D model.

FURTHER SURVEY NEEDED !!!

