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Abstract: 4. Terrestrial photogrammetric setup

Photogrammetric methods can be used to derive metric information of surface deformation and flow velocity

of periglacial phenomena, e.g. permafrost creep. In this case study, the potential of ground-based (terrestrial) The figure 1o the right shows the six different camera  sooom ﬁ :

photogrammetry for monitoring mountain slopes of local extent (typically 102 - 103 m) has been investigated. positions used in the terrestrial surveys of 1986, 1999 and 3

We selected the Outer Hochebenkar rock glacier since it has been subject to intensive research for many 2003. They are located on the opposite slope between %,

decades. Stereo pairs have been taken in three terrestrial surveys in 1986, 1999 and 2003. Four different 2450 m and 2600 m a.s.l. They can easily be reached ™™™ W [

camera systems (analog/digital) have been used in total, including a phototheodolite build in 1961 and @ from the hiking frail leading from the village of Obergurg

moderm Nikon D100 digital still camera. For the combined evaluation of the multi-temporal image data, an fo the Ramoal hut (3005 m a.s.l.). The baseline between | A I

automated digital photogrammetric workflow has been applied. Image matching allows to derive high points 1 and 2 was installed in 1986 and is about 300 m I\

quality terrain models for each epoch. Using images of different epochs, points can be tracked as they move long. This baseline was extended by a third point (nr. 4) in AN

on the rock glacier surface. Results from this digital photogrammetric measurements have been compared 1999, forming a second pbaseline of 225 m length. Points g sseom] T N

with geodetic and also aerial photogrammetric surveys. 3,5 and 6 were added in the 2003 survey. (Unsignaled) -~ AN
confrol points have been derived from aqerial SR, S
photographs, oriented in the Austion Gauss-Kriger " o \l vl

: reference frame. A local, terrestrial coordinate system ¢
1. Introduction (TCS) has been defined as shown in the right figure. The TCS ss00m A
) | —— — - — was used for the orientation of the ferrestrial photographs, r—— e o @kg,}cier

The Ou’rgr [Germoq: AuBe_(es) Hochebenhor rock glacier (I46°5O'N, 10 O fOEO - 1 16 which dllowed us fo use standard photogrammetric ( Yoo TN D

11°01°E) is located in the Ofztal Alps, Austiia close 1o the village of . Vienna software for image orientation and orthophoto = ®om| ke el L

Oberglurg.l. Itis @ Tongge—shopgd rock glacier, about 1 km in length opd © , oroduction in the following steps. S e o S~

42 ha in size. The rooting zone is located at about 2800 m a.s.l. and its AUSTTO o som  tbm  tsom  oobom  osbom

snout reaches down to about 2360 m a.s.l. This rock glacier is | s INASBILCK Groz X008

characterized by a comparatively high flow velocity of severalm/aand |7 7 5 PTRRE - ;

periodically changing flow rates. Below 2580 m, which marks the end of S Dlglml pho*ogrqmmemc evaluation

the steady-state creeping zone, the snout has moved info very steep

terrain. In this area landslides have occurred due to the specific topograpnhic situation. The Outer Hochelbenkar
rock glacier is well known for its long record of velocity measurements. Early ground-based photogrammetric
surveys were performed by W. Pillewizer starting in 1938. Geodetic measurements were started in 1951 by L.
Vietoris and have been continued from 1972 until the present by H. Schneider from the University of Innsboruck.

The result of the image orientatfion/triangulation in the

terrestrial coordinate system is given for all cameras Model  #Images R.M.S.- U[m] RM.S.-V[m] R.M.S.-W [m]
and epochs. To get rid of perspective distortions, all | Photheo/1986 2 0.28 (< 0.9) 0.15(<0.4) 0.42 (< 1.3)
images have been rectified using a rough digital | Hnhof M/1995 0.72(< 1.5 0.37(<0.9) 082(<2.3)

3
: . ) | Rolleiflex/1999 3  0.35(<0.8) 0.23(<0.7) 1.05(<2.7)
terrain . model (DTM) The resulting "pseudo" ortho | [inhof M./2003 3 0.37(<20) 0.20(<0.7) 0.80(< 2.4)
4
6

Images have the same geometric resolution and | Rolleiflex/2003 069(<1.5) 034(<07) 1.40(<3.9)
can be matched with high accuracy. A very robust | Nikonb100/2003 0.40(<1.0)  025(<006)  087(<19)
"Multi-Photo-Consfrained-Matching" algorithm
(MPCM) is used for automated digital point fransfer. Points can be matched simultaneously in mulfiple images
of different epochs, which allows for direct determination of dense 3D vector fields. These flow vector fields are
describing the surface deformation with high spatial resolufion. The measured 3D point clouds also allows to

derive anew DIM foreach epoch, which can be compared inorder o derive surface height changes.

2. Camera equipment of the terrestrial surveys

6. Results
The figure on the right side shows the extracted flow vectors for the T
time period 1986 - 1999, derived from the stereopairs of two | 1338 Eir;%?fel\(jlgt?i/lgj 1
Vetfic comers o o igital comera (U7 different camera systems (Pho’rlheo/Linhlof M.). Note that the 3D g
Linhof Metrika Rollotfiex 4006 Mmetic Nikon D100 vectors measured in the ferrestrial coordinate system have been Sl
9 x 12 cm fim 6 x 6 cm film 6 MPixel CCD sensor transformed into the Austrian Gauss-Kruger reference system for N TRMSE +/. 60cm
150 mm - lens 150 mm lens 50 mm - lens visualization. Parts of the rock glacier are not visible from the
7 camera positions because of the surface topography (furrows
and ridges). In the upper, distant part of the rock glacier the
The camera systems used in the terestrial surveys represent four quite viewing direction becomes more and more surface paraliel,
different camera types. While Photheo 19/1318 and Linhof Metrika are which also prevents successfull measurements. In these areas £ TR\ §
both metric cameras, Rolleiflex 6006 and Nikon D100 are semi-metric fhe aensity of the flow vector field is reduced or there is no data af \\Qi\\g\\\‘\««‘%&s\\‘\i\i\\ﬁ\\\ 0
\  and non-metric cameras, respectively. Photheo 19/1318 uses glass all. In the surrounding stable areas, the exiracted vectors should TR A\ \\\\%
* plates (which are no longer available), the other two (analog) cameras Oe zero. This can be used fo eliminate any existing bias in the Q\\\Q\\i\\\\\\\\\\\@&\; \\\\N \\
Shotoheodolie are based on roll film (large/medium format). Nikon D100 digital orientation of the two epochs considered. The final accuracy for | \\‘\w&\%s \ \\\i\\s\ i\\\s\\\\%\“
Photheo 19/1318 camera on the other hand is a low cost consumer camera equipped a single flow vectoris +/- 60 cm (mean value, depending on the “ \\\\i\\\\\ \\\\\\\\ \\\\\Q\\\\\§§§\\\ &
13 x 18 cm glass plates with a 6MPixel CCD and a 1GByte Microdrive. distance from the camera). Considering the time intervall of 13 §\§\ &\\\i \\ii\\%;\%\i&\\\i N
years, the mean flow velocity can be derived with an accuracy of §§\\\\§§§\§\\\§§§\\\§\\\§§\\§§\ :
+/-5cm peryear. “§\\\\§§\\\\\\\\\\§§\\\\\
3. Image format, scale and resolution \
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s0cma (~120cm/a) is measured at the orographic right side of the rock
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weme 1 glacier at the lower end of the steady-state creeping zone. For the
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oma | fiMe period 1999-2003 (not shown here) flow velocities up to

Ocm/a

Mean 230cm/a can be measured in this area. This means, that the

horizontal

Now movement of the Outer Hochebenkar rock glacier has
198 - 1999 accelerated during the last few years. At the orographic left side
D however, arafherinactive zone can be identified during all epoches.
All of these results are in very good accordance with measurements
derived from aerial photographs but also with geodetic

measurements of the University of Innsloruck (B.&H. Schneider),
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'g‘lcl)gong}og |TF993 Wef d;ng)lzid USiﬂg Th? -|L-J|TrOSCf:('|]8 Camera Mean scale  Image size [pixel] GSD v GSD h 6 C I
excel Imaging Austria). A scan resolufion o Photheo 19/1318 1:9500 18000 x 13000 9.5cm 19cm . Conclusions
um was used for all images. The size of the resulting  [gPohema 2000 120 xo00s 12 em 2oem
image scans and the digital image data obtained  Nikon D100 1 :36000 3008x2000  28cm 56 cm This case study showed that the ground-based photogrammetric approach can be a valuable and
fromthe Nikon D100 camerais givenin Table 1. Image inexpensive supplement to aerial photogrammetric surveys of rock glaciers. Terrestrial surveys are restricted to
scale, given for a mean object distance of 1800 m, varies for each camera system according 1o the focal comparatively small areas (such as the rock glacier snout) and will best work in rather steep terrain.
length. Geometric resolufion in object space is computed by multiplying the pixel size with the mean image Photographs of different camera systems (analog/digital) can easily be combined in a digital
scale. This gives a theoretical value (denoted as “GSD_V*), which only holds for a vertical plane normal 1o the photogrammetric workflow which has been adapted from the aerial to the terrestrial case. The resolution of the
viewing direction located in the mean object distance. To calculate the GSD in the ground plane, an image 6 MPixel Nikon D100 consumer camerais not sufficient for larger object distances as used in this study (> 1km).
pixel has 1o e mapped onfo the surface of the rock glacier and furtheron be  projected info the ground With the large image format and scale of the Photheo 19/1318 and Linhof Metrica cameras however, detailed
plane. Thisvalueis giveninthe last column of the table. photogrammetric studies of the rock glacier surface were possible.
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