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SENSING CHANGE

A
new snow height sensor equipped 
with multipoint laser measurement 
technology – three separate modules 

to prevent data loss in the event of a module 
failure and with a better integration into 
existing measurement networks – will be 
launched by German company Lufft.

Its predecessor, the SHM30, is used  
to improve the safety of China’s rail network 
for high-speed trains but is also used for 
weather services, traffic and aviation safety, 
road surveillance and winter sports. The 
systems are installed within a measurement 
network in connection with other Lufft 
sensors such as the WS400-UMB, WS500-
UMB and WS600-UMB. As the trains run  
at an average speed of 300km/h, with the 
fastest at 400km/h, safety measures are 
particularly important. The Chinese rail 
network today covers 9,300km. 

The SHM30 determines depths up to 
10m in seconds to a precision within 5mm. 
It works with the help of a visible eye-safe 
laser light that is immune from temperature 
changes. It can reliably distinguish grass 
from snow and can be mounted up to 300m 
above the surface.

The measuring principle is based on 
high-frequency modulated light, with 
frequencies from f1 to f5, resulting in ϕ1 to 
ϕ5 phase shifts. Its phase shift and distance 
are calculated in the microprocessor and  
the reflected light is compared with a 
reference signal. This method enables 
accurate distance measurement. It is  
more precise than ultrasonic sensors and  
is not influenced by wind or temperature 
changes. The laser diode has an 
extraordinary lifetime of over 45,000  
hours in permanent measuring mode.  

Meteorological 
products and 
product 
development
 A new series of products has 
been launched, modernizing a 
multipoint laser measurement 
technique 
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as well as the aerosol layer, cloud base 
height and cloud penetration depths. Also 
incorporated are tools showing the device 
status, such as the degree of contamination 
of the outlet window, etc. Furthermore the 
quality of the light source (laser) and the 
detector have been improved. 

 
Lidar technology
As always, lidar technology delivers  
highly resolved backscatter profiles from 
atmospheric aerosols and droplets. It can 
calculate the vertical visibility and amount 
of cloud and detects cirrus cloud layers with 
optical densities below 0.003 at 500m 
thickness within one minute in daytime 
background light. It can measure heights  
up to 15km (50,000ft) at 5m resolution and 

For environmental use with two or three 
measurements per minute, there is an 
expected diode lifetime of over 10 years.  
The laser distance sensor technology was 
developed in 2002 by Jenoptik.

 
Ceilometer CHM15k
The CHM15k is a ceilometer specifically 
designed for the weather service and the 
scientific market. Lufft reintroduced, 
updates it and continues with modifications. 
It was originally introduced in 2006 and 
there is also another version called the 
CMK15k Nimbus, which is  
a face-lifted version of the CHM15k.

Some major improvements have been 
made. From 2012 network structures  
were implemented so that data could be 
transferred directly from the device to an 
FTP server. From 2013 the ceilometer got a 
new calibration procedure, new measuring 
units and an improved unit synchronization 
function. There will also be a new software 
solution called CHM Viewer, which can 
show measurement data, present ‘mixing’  
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“The life of the laser optical unit  
(LOM) is capable of measuring and 
reporting cloud base height from 
10m to 15,000m”

detects up to nine cloud layers. It comes 
with a sky condition index for precipitation 
and fog. Moreover its modular device setup 
components are service friendly, because 
the heaviest part weighs only 10kg.  
The sensor is used for weather service, 
climate research, airport, institute and 
university as well as power plants and  
heavy industry applications.

Lidar means that laser pulses are emitted 
from the ceilometer and the light is scattered 
in the atmosphere by molecules, droplets 
and aerosols. The scattering process 
depends on the wavelength and the 
sensitivity to aerosol particles is orders of 
magnitude higher than for small molecules. 
Only the backscattered light can be 
collected and processed by the ceilometer. 
The range and altitude information results 
from time of flight measurement and  
leads to sensitive photon counting among 
other measurements. 

The cloud height sensors are both 
classified as a laser class 1M products 

according to IEC EN 60825-1:2007  
and designed to operate continuously. 

The CHM15k enclosure is a 
double-shell casing  
of corrosion-resistant 
aluminum and UV  
and weather resistant 

cables are used. IP65 is 
fulfilled, with dimensions 

of 155 x 50 x 50cm. The 
life of the laser optical unit 

(LOM) is more than eight 
years. It is capable of 

measuring and reporting  
cloud base height from 10m  

to 15,000m, vertical visibility and 
backscatter profile. The ‘layer’ parameter 

defines the number of reported cloud 
layers. If the number is set at three, for 
example, and more layers are detected, the 
lowest, the highest and the strongest in 
between are selected. The ceilometer can  
be configured by the user to report cloud 
base height data with an update cycle 
between 2 and 600 seconds in 1 second 
steps, and the integration (logging) time  
can be set in 1 second steps starting from  
2 seconds. A minimum integration time of 
10 seconds for cloud base calculations should 
be used below 3,000m. In general the 
integration and reporting times are similar. 
It is not necessary to stop measurement 
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during data processing, because these  
tasks are performed in different processors, 
which consist of a calculation and a 
communication ARM processor. 

In an extended data telegram, or in the 
NetCDF measuring files, all parameters are 
reported: cloud penetration depth, average 
time (standard in NetCDF, available as a 
parameter in user-specified data telegrams), 
and number of laser pulses used for 
calculation (standard in NetCDF, standard  
in extended data telegram), report of cloud 
base uncertainty and cloud penetration 
depth uncertainty.

The accuracy of the CHM15k Nimbus 
has been tested on a horizontal measuring 
path, where a hard target is used at 9,367m. 
All LOMs are tested and certified on this test 
bench. They are compared with an Etalon 
unit, which serves as a reference. Principally 
we can observe that without changing the 
position the measurement is stable within 
1m. The reproducibility was tested when 
different optical units hit the target at 
slightly different positions. In such a case  
a tolerance of 3m RMS has been calculated, 
which equals 0.03% at 9,362m.

Vertical visibility is calculated using  
the integration method suggested in the  
ISO 28902 guideline. The values are given 
in the standard, including the optical depth 
of three, the number of datapoints suggested 
to keep the error small, and the principle 
method using the lidar signature S(x), are 
used as recommended. ISO doesn’t take 
multiple scattering effects in the near field 
into account. In fog, when the signal 
disappears after 50m altitude, an empirical 
workaround had to be added.

The backscatter can be updated every  
12 seconds. The integration and logging  
time can be programmed between 2  

seconds and 600 seconds, similar to the 
complete sky condition algorithm, e.g. for 
penetration depth cloud amount, and 
aerosol layer detection.

The height and time interval are 
delivered as constants. The user is able  
to define the resolution. The smallest 
available interval is 5m in range and  
a time of 2 seconds. The range is delivered 
with a 15m interval and a time interval of  
15 seconds was used as a default value. 
Furthermore a second height profile with 
5m intervals is delivered for the lowest 
150m with the same integration time. The 
startup time of the CHM15k Nimbus is less 
than two minutes. The time to boot the 
operating system and start measurements  
is roughly one minute depending on the 
environmental conditions. If a logging and 
integration time of <30 seconds is selected, 
the startup time will be less than two 
minutes for the first full reporting telegram. 
The ceilometer is equipped with an internal 
clock; a time stamp is set in the data 
telegram and in the raw data NetCDF file.

Verification protocol
The sensitivity of the CHM15k is high 
enough to detect aerosol layers within an 
average of 10 minutes in daylight with an 
optical thickness more than 0.003 for clouds 
almost as high as 10km. In twilight the 
average time can be reduced to 60 seconds 
to get the same performance. An aerosol 
lidar with wavelengths of 355, 532 and 

1,064nm was used for the comparison.
Non-volatile memory is used for all 

parameter settings. A verification protocol  
is delivered with the instrument. 

The ceilometer performs internal checks 
for temperature sensors, cabling problems, 
power supply of detector, signal quality and 
laser power, and reports details in every 
telegram and on the web interface. The 
status information is divided into errors  
and warnings; high-priority errors indicate  
a hardware fault, or perhaps a laser diode 
near the end of its life. At the web interface, 
additional debugging warnings from the 
algorithms and the integrated FTP service 
are available. The window contamination 
level and error level are also delivered. The 
cloud height sensor has been tested and 

Graph showing the spread of Sahara dust in April 2014 in Germany

The CHM15k

Screenshot of the CHM Viewer
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The SHM measurement principle

The SHM30 used for the high-speed train system in China

agrees with the environmental standards 
ISO 10109-1 and 10109-11 (selected as 
standard for optics and optical instruments 
used in outdoor conditions). The test 
procedures for various ISO standards have 
been fulfilled, referring to vibration, 
temperature, falling 1m, permanent shocks, 
humidity and temperature requirements.

The ceilometer can be tilted, a 15° 
adapter for tilted operation is available  
from stock; other adapter plates may be 
available upon request. Universities are 
using the instrument even tilted 45° to 
compare the measuring results with point 
detectors mounted on a tower (reference  
TU Berlin, Markus Pesch, PM10 and  
PM2.5 comparisons).

CHM Data Viewer
The CHM Data Viewer works with NetCDF 
measuring data files to present the 
measurement results and show the effects  
of the overlap correction. It further allows 
the display of original raw data. It comes 
with an overlay display function for cross 
checks for cloud base heights, which can  
be measured from 10-7,500m, as well as 
penetration depths and aerosol respectively 
mixing layer heights. 

Additionally, it shows failures and alerts 
while showing the following time dependent 
measured variables graphically: 
temperatures (inner, outer, detector, optical 
unit), window transmission index, laser 
state, detector state, noise, background light, 
etc. It is available for Linux and Windows.

 
Sahara dust in Teltow, Germany
A special phenomenon this year was Sahara 
dust ‘visiting’ Germany; it was recorded 
with the help of the CHM15k in Teltow. It 
stayed in Germany for about four days from 
April 1 and then went on to eastern Europe. 
The reason for this special event was the 

strong breeze coming from the south at 
average and high altitudes. 

It became visible through the milky sky 
and the obscured sun. It led to the formation 
of rain clouds and condensation nuclei, and 
lay as a yellow dust film on mountain peaks. 
A positive side effect came from the high 
mineral and nutrient content of the dust, 
which acts as a good fertilizer. The Sahara is 
Earth’s largest producer of desert dust, with 
60-200 million tons annually being carried 
around the planet. Through the iron and 
nitrogen content, this leads indirectly to the 
production of plankton in the oceans. z 
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