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ABSTRACT: 
 
Remote sensing in areas with extreme altitude differences is particularly challenging. In high mountain areas specifically, steep 
slopes result in reduced ground pixel resolution and degraded quality in the DEM. Exceptionally high brightness differences can in 
part no longer be imaged by the sensors. Nevertheless, detailed information about mountainous regions is highly relevant: time and 
again glacier lake outburst floods (GLOFs) and debris avalanches claim dozens of victims. Glaciers are sensitive to climate change 
and must be carefully monitored.  
Very detailed and accurate 3D maps provide a basic tool for the analysis of natural hazards and the monitoring of glacier surfaces in 
high mountain areas. There is a gap here, because the desired accuracies are often not achieved. 
It is for this reason that the DLR Institute of Optical Sensor Systems has developed a new aerial camera, the MACS-Himalaya. The 
measuring unit comprises four camera modules with an overall aperture angle of 116° perpendicular to the direction of flight. A High 
Dynamic Range (HDR) mode was introduced so that within a scene, bright areas such as sun-flooded snow and dark areas such as 
shaded stone can be imaged. In 2014, a measuring survey was performed on the Nepalese side of the Himalayas. The remote sensing 
system was carried by a Stemme S10 motor glider. Amongst other targets, the Seti Valley, Kali-Gandaki Valley and the Mt. 
Everest/Khumbu Region were imaged at heights up to 9,200 m. Products such as dense point clouds, DSMs and true orthomosaics 
with a ground pixel resolution of up to 15 cm were produced.  Special challenges and gaps in the investigation of high mountain 
areas, approaches for resolution of these problems, the camera system and the state of evaluation are presented with examples. 
 
 

1. INTRODUCTION 
 

Digital terrain models form the basis for a series of analyses in 
environmental monitoring, natural hazards and as a simulation 
database. High mountain regions play a major role, as indicated 
by a series of geological and climatic processes (Lemke et al., 
2007). Multi-temporal measurement data acquisition by remote 
sensing is an important environmental monitoring tool for 
determining the change in glacier extent and volume (Abermann 
et al., 2010; Kääb 2002; Bolch et al., 2011). In areas such as the 
Andes or the European Alps, aerial cameras and laser scanners 
are used in addition to satellite-based systems (Bamber & 
Rivera, 2007; Quincey et al., 2005). In other areas such as the 
high areas of the Himalayas, only satellite-based systems are 
used; aerial cameras as indicated in (Müller et al., 2014) are not 
used. Solely in 1984 was a WILD RC30 analogue aerial camera 
flown over the area of Mt. Everest in a Learjet 35 at an 
altitude (1) of 13,100 m (Altherr & Grün, 1990). This set of data 
yields, for a narrowly limited area, important information for 
time series analyses. Nevertheless, the geometric resolution of 
0.5 m horizontal and 15 m in the DTM plus the 8 bit 
radiometric resolution (Bolch et al., 2011, Pieczonka et al., 
2011) are now exceeded by satellite-based systems (Poli et al., 
2010; Berthier, 2014). For selected areas, attempts were made to 
perform survey flights over mountain glaciers at approximately 
4,300 m altitude using unmanned systems (Immerzeel et al., 

                                                      

(1) The altitude data in this paper are, if not otherwise stated, relative to 

sea level (a.s.l.). 

2014). To do so, the ground personnel had to remain in the 
survey area. 
 
Investigations into the performance capability of optical remote 
sensing systems indicate that enormous progress has been made 
over the last 20 years. The geometric as well as the radiometric 
resolution has been increased and satellite-based data are made 
available to scientists, e.g. SPOT through the ISIS program of 
the French Space Agency, CNES. 
 
However, in some situations more information is desirable or 
absolutely necessary. This includes, for example, radiometric 
resolution without any saturation zones, the modelling of steep 
slopes without degradation of the quality of the digital elevation 
model (DEM) and the monitoring of glaciers even in the highest 
regions of the world with a ground sampling distance (GSD) of 
<< 30 cm. At the DLR Institute of Optical Sensor Systems, 
approaches have been developed to show how these targets can 
be achieved with the aid of a new aerial camera and further 
developed evaluation and visualisation methods. This paper is 
derived from these approaches. Moreover, the camera system is 
introduced and the current state of the evaluation is presented by 
way of example. 

 
2. SPECIAL REQUIREMENTS IN HIGH MOUNTAINS 

 
2.1. Orography 
A major challenge in optical remote sensing is the modelling of 
severely inclined structures with a gradient > 40° (Müller et al., 
2014). The quality of useful data is degraded due to the 
observation geometry. If the angle of incidence on the surface is 
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too low (vertical shot or low off-nadir angle), the ground pixels 
become greater. A nearly linear relationship between the 
precision of a DEM and the gradient has been identified 
(Toutin, 2002). In high mountain areas, there are slopes that in 
part include sections with vertical gradients, which greatly 
reduces the precision of the DEM. Satellite-based camera 
systems offer (multi)stereo functionalities by swivelling of the 

optics. Table 1 lists the GSDs of standard high resolution 

remote sensing satellites. However, the GSD increases as the 
off-nadir angle increases. Also, at large angles of up to 45°, an 
additional effect may arise whereby surrounding elevated points 
hide the target area. 

Satellite GSD pan, nadir 

WorldView-1 

0.5 m 
WorldView-2 

Pléiades 

GeoEye-1 

WorldView-3 0.3 m 

QuickBird 0.6 m 

Cartosat-2B 0.8 m 

IKONOS 0.8 m 

SPOT-6 & 7 1.5 m 

Table 1. GSD of high resolution remote sensing satellites; 
sources: respective data sheets of the manufacturers/operators 

In urban areas in particular, the precision of high resolution 
satellite DEMs falls due to disparities in the stereo image pairs. 
For GeoEye-1, WorldView-2 and Pléiades-1A, RMSE values 
between 6.1 and 8.5 m have been determined (Poli et al., 2014). 
In high mountain areas, the topographical height differences are 
increased by an order of magnitude, so that the precision is 
further reduced. On the other hand, homogeneous structures 
such as glaciers can be more accurately modelled. A vertical 
precision of glacier DEMs in high mountains with an SD 
between 0.51 and 1.26 m is achieved with the aid of Pléiades 
stereo image pairs (Berthier et al., 2014). For more inclined 
structures and vegetation ±3 m has been determined (Stumpf et 
al., 2014). 

Using airborne systems, the high mountain target area can be 
imaged from a reduced distance, so that GSDs, and thus the 
resolution of the DEM, of the order of a few centimetres can be 
achieved. Standard aerial cameras have maximum off-nadir 
fields of view of a/2 = 27° (ADS80, RC30, UltraCam Hawk, 

DMC IIe) to a/2 = 36.5° (UltraCam Falcon), so that on steep 

slopes the improvement in the GSD remains limited. For some 
time now, diagonally orientated cameras have been available, 
e.g. UltraCam Osprey, IGI DigiCAM and MIDAS five. Most of 
them offer an off-nadir shift of 45°. Such systems weigh several 
dozen kilograms. They are designed for aerial photography 
aircraft with a floor hatch and are compensated for roll, pitch 
and yaw using a stabilisation platform. Aircraft capable of 
carrying such systems must operate at a safe distance from the 
ground. Strong structured terrain then results in very large 
differences in the GSDs when imaging from the bottom of a 
valley to a mountain ridge. 

2.2. Radiometry 

Due to the rarefied atmosphere in high mountain areas, scatter 
and absorption of light is greatly reduced. Moreover, high 
mountains and deeply carved valleys result in large, very dark 
areas of shadow. It often occurs that within short distances 
extremely light areas, such as sunlight flooded glaciers or snow 
surfaces, lie alongside extremely dark areas such as shaded dark 
stone or a narrow valley. The result of this is that an optical 
sensor must record a scene with an extraordinarily wide 
radiometric dynamic range.  

Current remote sensing systems reproduce the visible light 

spectrum with a range between 11 and 13 bits; Table 2 

summarises a number of systems. Under normal circumstances, 
imaging with 10–12 bits is adequate. By contrast, it is apparent 
that in high mountain regions such as the Himalayas, such a 
dynamic range is not always sufficient. In satellite images with 
12 bit resolution 10% of pixel saturation occur (Berthier et al., 
2014). This can be countered by the use of special imaging 
plans with reduced sensor amplification. Such types of 
investigations were performed for 8 bit imagers (e.g. SPOT1-5, 
ASTER) (Korona et al., 2009; Raup et al., 2000). The result of 
this is that snow and ice areas can be radiometrically resolved, 
but the dark areas of the scene can no longer be portrayed.  

Remote sensing 
system 

Dynamic 
range 

Source 

Microsoft 
UltraCamD 

13 bit 

Honkavaara & Markelin, 2007 
Intergraph DMC 12 bit 

Leica ADS40 13 bit 

Microsoft 
UltraCam-Xp, 
UltraCam 
Falcon 

12 bit 
Technical specs of  

UltraCamXp (2008) and  
UltraCamFalconP (2013) 

Microsoft 
UltraCam-X 

< 13 bit Schneider & Gruber, 2008 

High resolution 
satellite imaging

11 bit Jacobsen, 2005 

Table 2. Radiometric resolution of common remote sensing 
systems (choice) 

We are not aware of any available remote sensing sensors that 
have a sufficiently wide dynamic range to be able to 
meaningfully radiometrically image all occurring lighting 
situations within a scene. 

3. MEASURING SYSTEM 
 

To be able to generate a clear improvement in DEM resolution 
in heavily structured terrain and to improve the radiometric 
dynamic range, a new remote sensing system was developed. 
The aircraft described in section 3.5 was identified as a carrier 
that can operate reliably in the high Himalayas test area. The 
aim was to fulfil the following points: 

‐ The measuring instrument functions operationally under the 
prevailing conditions of use (see section 3.3). 
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‐ To be able to create DEMs/DSMs of higher resolution than 
has been possible up until now. This also applying for 
slopes with an inclination of more than 45°. 

‐ DEMs are accurate and precise, i.e. they have an uncertainty 
in respect of geographical position and NMAD (normalised 
median absolute deviation) that is demonstrably as small as 
possible. 

‐ A DEM is to be generated for every part, even the smallest, 
of a target region. 

‐ The radiometric interpretability is increased. 
  

Based on the latest progress in the manufacture of chips for 
digital imaging sensors in respect of geometric and radiometric 
resolution, noise performance, saturation characteristics and 
new photographic interpretation methods, it was decided to 
develop an aerial camera with RGB and NIR spectra. Highly 
resolved DEMs, RGB textures and NIR signatures can be 
derived from its images. Alongside automated change detection 
such as glacier volumes and tectonic movements, classifications 
can be performed, e.g. water and vegetation masking. 

The sensor system was designed based on MACS aerial 
cameras (Modular Airborne Camera System) (Lehmann et al., 
2011). Multiple individual sensor modules were implemented 
taking into consideration the conditions presented in sections 2 
and 3.3. 

3.1. Imaging geometry 

Two RGB camera modules were set up perpendicular to the 
direction of flight each at an off-nadir angle of 36°. The gap 
between them was filled by a further, identical camera module. 
An NIR module was likewise positioned for vertical viewing. 
This results in a total aperture angle for the RGB spectrum of 
a=116° perpendicular to the direction of flight. When flying 

parallel to the slope, the flank of the mountain is ideally imaged 
at a perpendicular angle so that optimum ground pixel 
resolution is attained. Projective distortion, which occurs with 
oblique shots in level terrain by changing the image scale within 
an image, is reduced here and in the optimum case, shots 
perpendicular to the slope, is equivalent to an ideal nadir aerial 
photograph. Forward/backward viewing directions are not used, 
because such images would not offer significant advantage for 
the intended slope-parallel surveying flights. Aerotriangulation 
(AT) is based on the perpendicularly aligned camera. The outer 
orientation of the oblique images is determined using the 
reference orientation method (Wieden & Stebner, 2013).  

3.2. High Dynamic Range (HDR) 

The expected dynamic range was countered by use of a High 
Dynamic Range (HDR) mode. High frequency exposure 
bracketing was implemented. With four commercial camera 
modules operated in parallel we achieved a continuous frame 
rate of 4.4 fps for each camera module. With three-stage HDR 
operation, that is three different integration times, the frame rate 
was 3.3 fps (per exposure time 1.1 fps). That was sufficient to 
achieve a longitudinal overlap of approximately 90% per 
exposure time under the planned mission conditions of 1,000 m 
above ground and 180 km/h airspeed. Thus from the 

geometrical point of view, at a frame rate of 1.1 fps, there was 
sufficient longitudinal overlapping for stereoscopic imaging. 
Using the HDR approach, the possible dynamic range of the 
imaging should be increased from approximately 12 to 16 bits. 

3.3. Conditions of use 

Use of the measuring instrument was to be possible in the open 
air at altitudes up to 9,000 m. The photogrammetric 
measurement reliability had to be ensured in spite of low 
pressure and temperatures. Camera functioning was tested in a 
vacuum chamber at a pressure of down to 150 mbar, which 
corresponds to an equivalent altitude of approximately 
20,000 m. The objectives were constructed using certain aspects 
of space-proof manufacturing because air temperatures below    
-30 °C were to be expected. Amongst other things, the lens 
groups were contained in a single lens tube and a fixed aperture 
was integrated. The objectives can be actively thermally 
controlled. 

The main computer is specified for an altitude of > 18,000 m. 
The data storage unit is designed as a swap module and can be 
exchanged for a new module within a matter of minutes, so that 
the aircraft can start its next mission and the already collected 
data can be sorted and/or backed up.  

3.4. Aerial camera  

Figure 1 shows the MACS-Himalaya aerial camera. The 

technical data are summarised in Table 3. The sensor unit 

comprises the four camera modules which are held and directed 
by a bridge. Within the scope of subsequent scientific surveys, 
this bridge can be rotated vertically through 90°, which, for 
example, enables the imaging and investigation of 
forward/backward views. A differently designed bridge enables 
the carrying of sensors necessary for a particular task, e.g. a 
hyperspectral apparatus or thermal infrared sensor. Figure 2 
shows an individual sensor module. Figure 3 shows the sensor 
head with four sensor modules, of which two are inclined at 
±36° perpendicular to the direction of flight. 

 

Figure 1. MACS-Himalaya aerial camera 
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Imaging sensors Kodak KAI-16070 Bayer CCD, 4864 x 
3232 pixels, 7.4 µm pixel pitch, 14 bit 
ADC, electronic shutter 

Camera 
arrangement 

1x RGB + 1x NIR; orientation: 

ZAircraft positive  

2x RGB; orientation: 

lateral oblique ±36° left/right 

GSD 15 cm @ 1000 m distance to ground 

Radiometric 
resolution 

12 bit per channel, 15 bit aspired with 
HDR 

Focal length/IFOV 50 mm each camera/0.14 mrad 

FoV total (a) 27°/116° RGB (along-track/cross-track) 

27°/39° NIR 

Image rate 4 fps max. 

3.3 fps with 3-step HDR 

Direct 
georeferencing 

Post-processed L1/L2 GPS/GLONASS, 
mid-cost INS (Novatel SPAN-CPT) 

Computer Core i7, Linux, 2TB SSD 

On-board recording ~22,000 images for each sensor per data 
cartridge 

Auxiliary devices Flight guidance/operator system,temp. 
and humidity logging, second L1/L2 
GNSS receiver 

Dimensions 950 x 300 x 280 mm³ (L x W x H)  

Weight 23 kg  

Power consumption 120 W typ. @ 28 VDC 

Temperature min. -35 °C tested operation 

Altitude >9,000 m tested operation 

Table 3. Technical data of the MACS-Himalaya aerial camera 

 

Figure 2. One of three RGB sensor modules 

The inner orientation of each sensor module was determined 
using coded target markers using a spatial control point array 
and verified by GCPs in the covered test areas as well as follow-
up measurements. Radiometric correction is implemented by 
determination and application of the parameters for dark signal 
non uniformity (DSNU) and photo response non uniformity 
(PRNU) for each sensor module. 

 

Figure 3. Sensor head with the Himalaya expedition 
configuration (illustration). The footprint of the bridge is 

255x255 mm² 

The instrument is connected to the aircraft via a mechanical 
damping system, whereby two cameras (RGB and NIR) are 
aligned with the aircraft Z-axis and two cameras have a 
transverse view being rotated about the aircraft's longitudinal X-
axis (definition of the coordinate system according to DIN 9300 
and ISO 1151). A stabilisation platform was not necessary 
because of the large longitudinal overlapping of the images and 
the wide cross-track field of view. The cameras follow the roll 
movement of the aircraft. In addition this enables to record 
extremely steep slopes and ridges during turning manoeuvres as 
in this case the camera looks up to the horizon. This method can 
be particularly worthwhile for valley ends because in this way 
the slope-parallel flight is continued without interruption. The 
photogrammetric processing chain for such uncommon image 
blocks is to be adapted. 

3.5. Carrier aircraft 

The camera system was optimised for use on a two-seater motor 

glider of type Stemme S10-VTX (Figure 4). This aircraft is 

suitable for testing the MACS remote sensing system. There is 
adequate space in external underwing pods. In mountain ranges, 
the aircraft is suitable for flying along contour-hugging paths 
with extremely low turn radii, which enables almost any 
trajectory including relatively close to the slope. 
 
Nevertheless, for experimental work in high mountain areas, 
safety aspects play a dominant role. In the event of engine 
damage, the aerodynamic quality, with a glide number of 1:50 
comes into play, i.e. in still air, the aircraft loses only 1 km 
height over a 50 km distance. Even in the most remote survey 
flight area of the Himalayas, it is ensured that an emergency 
landing strip can be reached. Due to its engine turbo charging, 
the aircraft can achieve flying altitudes of more than 9,000 m, 
which was important for testing of the measuring system. An 
oxygen positive pressure system was installed for the pilots. 
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The measuring equipment was installed in one of two 
unpressurised external pods beneath a wing and had a clear 
view through an opening in the bottom of the pod. 

 

Figure 4. Stemme S10-VTX motorglider during a test flight in a 
high mountain area. The aerial camera is placed in the right 

underwing pod. 
 

4. MEASUREMENT SURVEY 
 

The system was tested and optimised by test flights in urban 
areas and in the European Alps. In January 2014, as part of an 
interdisciplinary expedition, a high mountain survey was 
performed in Nepal (Heise et al., 2014). Selected areas were 
investigated in respect of specific questions. In this respect, the 
aim was on the one hand to empirically investigate the potential 
of the concepts described in sections 3.1 and 3.2 and on the 
other hand to obtain scientifically relevant data records which, 
after evaluation, could be used for various applications. 

‐ Seti Valley: 
With slope gradients > 70° in some areas and a typical bell-
shaped valley end, this varied region is suitable for taking 
oblique shots of steep structures by flying parallel to the 
slopes and performing appropriate turning manoeuvres. The 
region is geomorphologically interesting and the start point 
for GLOFs and moraines (Schwanghart 2014; ICIMOD 
2011; Bhandary 2012). Ground-based fieldwork is scarcely 
possible here due to the inhospitable conditions. A detailed 
DEM together with vegetation classification could facilitate 
realistic flooding simulations and enable improved 
identification of geological movement patterns. 

‐ Kali-Gandaki Valley: 
Due to its extent, the valley is suitable for testing 
geometrical camera properties using a wide area control 
point array. With a length of more than 50 km and a valley 
bottom in an altitude range between 1,100 m and 3,300 m, 
altitude-dependent camera changes can be identified in a 
ground-parallel flying pattern. GCPs on both sides on the 
slopes enable validation of the oblique cameras. 

‐ Rikha-Samba Glacier: 
Fresh snow enabled the imaging of this remote glacier under 
conditions representing highly radiometrically 
homogeneous surface properties. The performance of the 
camera and processing chain for glacier monitoring could 
be checked. For this purpose, radiometrically well-
illuminated aerial photographs must be captured to enable 

creation of a DEM of the entire glacier. The glacier was to 
be imaged with a GSD of approximately 20 cm. 

‐ Khumbu Glacier: 
It should be possible to create a DEM for the world's 
highest glacier (4,900 m to 7,600 m) which can then be used 
for environmental monitoring. 

‐ Mt. Everest: 
The peak of Mt. Everest represents the highest possible 
target for remote sensing. The Yellow Band is a distinctive 
feature. It is located on a gradient of approximately 50°. A 
high resolution colour 3D model of the south flank was to 
be generated with a GSD < 20 cm. Among others, aim of 
acquiring this target was to evaluate the overall system 
function and measurement accuracy of the aerial camera 
from altitudes of around 9,000 m. 

These five target areas were acquired within six days. An 
additional target was the photographing of the old town of 
Kathmandu with a GSD of approximately 12 cm. The NIR 
camera was deactivated from the fourth day due to partially 
unreliable behaviour so that NIR data are not available for all 
areas. The maximum flying altitude reached was slightly above 
9,200 m. The minimum temperature was less than -35 °C during 
the surveying flight over Mt. Everest. On this day, the starting 
and landing temperatures were 21 °C and 18 °C respectively so 
that the air humidity in the pod reached 100%. Figure 5 shows a 
survey flight over the Kali-Gandaki Valley from an altitude of 
4,800 m. 

 

Figure 5. The Kali-Gandaki Valley survey 

 
5. STATUS OF EVALUATION 

 
All photographs taken could be interpreted and directly 
geocoded. In a first step, images of the regions Kali-Gandaki 
Valley and Khumbu Glacier/Mt. Everest were aero-triangulated 
and visualised using DSMs. The partially spiral-shaped flight 
trajectories required modified methods to implement the oblique 
images. Figure 6 shows an excerpt of a model in which the 
Yellow Band and peak of Mt. Everest are apparent. The GSD 
on the flank is approximately 15 cm in spite of the slope of circa 
50°. The Khumbu Glacier was imaged and modelled with a 
GSD between 20 and 30 cm. 
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Figure 6. The southern flank of the Mt. Everest’s summit with a 
GSD of circa 15 cm (3D point cloud snapshot). 

 
5.1. Geometrical aspects 

The inner orientation of the sensor modules was re-determined 
and checked using a spatial control point array after the 
measurement survey. As part of the geodetic measurement 
series more than 100 GCPs were measured in the Kali-Gandaki 
Valley, Kathmandu and Khumbu Valley regions. An altitude 
range from 1,100 m to 5,550 m was covered with an as uniform 
as possible distribution in the respective areas. The geometric 
evaluation of the aerial photographs is not yet completed. After 
completion of this phase, the system can be qualitatively 
described and the accuracy of the DEMs, especially of the 
Khumbu Glacier, determined. Statements in this respect are to 
be published in the near future. 

5.2. Oblique views 

The high transverse inclination angle of the camera combined 
with special flying manoeuvres by the carrying plane deliver 

perspectives of steep slopes as can be seen in Figure 7. An 

enlarged excerpt of this image is shown in Figure 8. Areas of 

the image show nearly vertical structures at an altitude of 
approximately 5,000 m in the Upper Seti Valley. The GSD on 
this slope is approximately 12 cm. The photograph was taken 
from an altitude of 5,700 m while in a left curve manoeuvre 
with a roll angle of -37.8°. The adjoining photographs are 
contiguous and yield a gap-free image block. Through the use 
of such aerial photographs, it should be possible to model the 
Upper Seti Valley in detail. The aircraft was flown at roll angles 
of more than 40°. In this way, the camera obtained perspectives 
extending 75° off-nadir. 

 

Figure 7. Single image of a steep slope and icefields in the 
Upper Seti Valley. Position at the time of exposure was 

28.549747°N/84.039636°E/5,700 m altitude with an off-nadir 
angle of 73.8°. The red rectangle indicates the extent of Figure 8 

 

Figure 8. Detail of Figure 7 with a GSD of circa 12 cm on a 
steep slope 
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5.3. High Dynamic Range (HDR) 

The analysis of the photographs showed that a 12 bit dynamic 
range is often insufficient for the imaging of mountainous  
scenes under all lighting conditions. Even achieving the 
minimised rate of over- and undershots (optimum integration 
time) for the scene in question, surfaces are either over- or 
under-exposed. An example is shown in Figure 9 which shows a 
series of three different exposure times. Several integration 
times are necessary to obtain interpretable measuring data for 
all areas of the scene. Known methods of HDR image creation 
such as exposure blending cannot be used because, amongst 
other reasons, the outer orientation is different for every image. 
The automated, photogrammetrically correct synthesis of the 
photographs is currently being investigated and will be 
published shortly. 

 

 

 

Figure 9. High contrast scene, a series of consecutive 12 bit 
aerial photos with different integration times. All three images 

have to be considered to reproduce all areas. 

6. SUMMARY 

It has been shown that it is very difficult to measure high 
mountain areas using optical remote sensing systems. The 
orographically highly structured terrain and the enormous 
variations in brightness cannot be satisfactorily resolved with 
the currently available standard systems across all areas. 

Approaches have been presented indicating how the particular 
challenges can be met in high mountain regions. This includes 
oblique perspectives with off-nadir angles of more than 75°, so 
that steep slopes can be imaged with high GSDs and very 
detailed DEMs/DSMs can be created. A High Dynamic Range 
(HDR) mode should make possible the imaging of all occurring 
lighting situations. This mode means that an increase of the 
imaging dynamic range from 12 to 16 bits can be expected. 

The 3D aerial camera system MACS-Himalaya has been 
presented. It is optimised for use in high mountains. In 
conjunction with a suitable aircraft, here demonstrated with a 
Stemme S10-VTX, image data can be generated under 
operational conditions for high resolution DEMs/DSMs of, 
amongst other structures, glaciers, steep slopes and entire 
mountainous regions. As part of an expedition to Nepal, the 
system was successfully operated at altitudes of 9,200 m in 
open air conditions. The regions Kali-Gandaki Valley, Seti 
Valley, Rikha-Samba Glacier and Khumbu Glacier/Mt. Everest 
were subject to systematic survey flights. Photographs were 
taken to evaluate the camera system and to be able to determine 
the potential of the methodology. Moreover, photographs were 
taken to form a first database for applications relating to natural 
disaster and glacier monitoring. 

Exemplary, mountain sides were represented with a GSD of 
12 cm (individual aerial photograph, slope gradient > 70°) and 
15 cm (dense point cloud, slope gradient approximately 50°). 
Based on high contrast areas, saturation zones were used to 
highlight the fact that in spite of optimum exposure, the 
dynamic range of the sensor modules is considerably too 
narrow. The existing brightness differences cannot always be 
imaged using the available dynamic range of the sensor. HDR 
by exposure bracketing make all areas of such a scene visible. 

The systematic work on HDR and on consideration of extreme 
oblique perspectives will shortly be completed. The geometric 
evaluation is in progress and likewise will be published in the 
near future. 

The presented statements indicate that based on the illustrated 
approaches DEMs and DSMs can be prepared for mountainous 
regions at all possible altitudes and that their geometric and 
radiometric resolution will be significantly higher than has been 
possible up until now. The evaluation continues. 
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