


 

 

Figure 1: Illustration of a snow depth distribution 
measured by a laser scanner mounted on a Wyssen 
avalanche tower in the release area.  

2. METHODS 

We used a laser scanning which is mounted at the          
bottom of a deployment box of the RACS. It is          
protected from the explosion by a steel housing        
which can be opened and closed mechanically. The        
laser is attached to the RACS power supply and         
automatically takes measurements at a wavelength      
of 850 nm in 38 lateral layers with a tilting of 2.5            
degrees (Figure 2). Each individual layer scan       
provided data with an angular resolution of 0.25        
degrees resulting in a maximum of 720 surface        
point measurements. This results in a maximum of        
27360 points of measurements per complete scan.       
During the measurements only a certain subset of        
these points yielded good results. The laser was        
operated for three months in Winter 2017/18 with        
one scan every three or six hours. The laser sends          
out a short light pulse and then measures the echo          
by counting photons at the given wavelength.       
Multiplying the time delay between sending and       
receiving with the speed of light results in the         
distance between sensor and object. 

 

Figure 2: Example data set for laterally scanned layers.         
Units in metres from laser unit position.. 

3. RESULTS and DISCUSSION 

The measured lateral scans were then interpolated       
and resulted in spatial maps of absolute snow depth         
(Figure 3) or snow height differences between two        
scans, such as new snow height for the last 24          
hours. For operational use the resulting      
measurements are directly incorporated and     
visualized in the Wyssen Avalanche Control Center       
WAC.3 

The laser scanner was operated in two modes: a)         
forecasting mode, monitoring changes in snow      
depth, and b) avalanche detection mode, during       
avalanche control operations. Unfortunately, no     
avalanche was artificially released during the      
measurement period. Nevertheless, the system     
allowed to verify these “negative” avalanche control       
results.  

 

Figure 3: Interpolated values for one full scan. 

 
The plot about daylight dependency is the reach of 
the sensor (furthest point measured) for each 
complete scan vs. hour of the day the scan was 
taken. 
 
The sensor unit returns a distance for each point of          
measurement. Or it returns "nothing detected" which       
basically means the echo was not clear enough.        
Since our measured "object" (the snow) doesn't       
really move that much it can be assumed that the          
maximum measurement should be about the same       
in each subsequent measurement.  
 
Yet, it has been observed that the ability of the          
sensor to measure at larger distances showed a        
variation during the day. Figure 4 shows the day         
daily variation at 3 hour measurement intervals of        
the maximum reach, i.e. the furthest points       
measured, for each complete scan. A lower       
distance can be observed around midday due to        
solar input reducing the signal-to-noise ratio and       
thereby reducing detection range. . 
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Figure 4: Box plot of distance measurements for three         
hour interval scans on a day with no clouds and direct           
sunlight during the day. 

To prevent this effect two things can be done: 
Send out a stronger impulse. This would lead to a          
stronger echo and therefore a larger signal. This of         
course enhances the SNR by simply raising the        
signal power. 
Another option is to reduce the noise. The noise in          
our case is ambient light. The amount of light which          
can reach the sensor can be limited by mechanical         
blinders which limit the visibility field of the sensor to          
the field where laser pulses are sent to and the          
echoes are expected from. Use of a laser system         
that operates at a longer wavelength would also        
serve to reduce noise as solar input decreases with         
increasing wavelength. 

Another measurement difficulty we encountered     
was due to the angle dependency due to the         
position of the mechanical opening mechanism.      
Therefore, we know the accuracy of the measured        
distances but we are uncertain about the angle        
angle accuracy of the measurement. However, the       
angular error is the same for one line of         
measurement. Therefore, it would technically be      
possible to eliminate this error mathematically but       
only to a certain degree. Since the source of the          
error is clearly the hardware and we are under full          
control of the hardware the aim is to eliminate the          
mechanical backlash with enhanced hardware. 

4. CONCLUSIONS

For the first time it is possible to receive spatial and           
temporal information with high resolution directly      
from the release area. This provides essential       
information for the avalanche control teams and       
allows for decision making with less uncertainty, i.e.        
to define the hazard more accurate. 

The laser, in its first operational version, has shown         
to work reliable and with sufficient accuracy for        
operational purposes. Yet, some system     
improvements will be necessary to improve the       
setup such as the presented diurnal variations in        
maximum measurement distance or angle     
accuracies due to the mechanical setup. 

5. OUTLOOK

The measured data can serve as detailed input for         
engineering applications (Deems et al. 2016) and       
manual (Prokop et al., 2013) or automatic       
avalanche dynamics calculations. Vera et al. (2016)       
coupled a snow cover model with an avalanche        
dynamics model and ran this chain in an operational         
setting. They showed that the input data was one of          
the main sources of uncertainty in their calculations        
and the laser measurements could help to reduce        
the accuracy for snow cover modeling, e.g. depth or         
release and associated layers, as well as dynamics        
calculations, e.g. release area width and depth. 
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