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EARLINET Quality Assurance  - NA3  

It's all about

ERRORS.

An exemplary overview of

EARLINET-ASOS NA3

Quality Assurance activities
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Statistical errors => Systematic errors 

Workshop short courses:

Retrieval of optical properties of aerosols 

and clouds (Thessaloniki, 25-26 February, 2008)

Pre-processing and quality control of optical profiles 

for microphysical retrievals 

Detlef Müller

Multiwavelength Raman lidar data. 

Quality control and optimization 

Ulla Wandinger

Retrieval of aerosol optical properties 

Ina Mattis

.... 

Systematic errors are 

not randomly distributed 

and cannot be reduced 

by temporal or spatial averaging
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Systematic errors are mostly unconsidered

V. Freudenthaler, M. Esselborn, M. Wiegner, B. Heese, M. Tesche, A. Ansmann, D. Müller, D. Althausen, M. Wirth, F. I. X. Andreas, G. Ehret, P. 

Knippertz, C. Toledano, J. Gasteiger, M. Garhammer, and M. Seefeldner, "Depolarization ratio profiling at several wavelengths in pure saharan dust 

during samum 2006," Tellus B, vol. 61, no. 1, pp. 165-179, 2009. [Online]. Available: http://dx.doi.org/10.1111/j.1600-0889.2008.00396.x 

BTW: First EARLINET-ASOS lidar intercomparision during SAMUM 1 (2006)

Leipzig (BERTHA) – Munich (MULIS, POLIS) 

Systematic errors are not randomly distributed and cannot be reduced 

by temporal or spatial averaging
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Aerosol discrimination, systematic errors

source: LMU, Silke Groß
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Errors => comparison with model calculations

V. Freudenthaler, M. Esselborn, M. Wiegner, B. Heese, M. Tesche, A. Ansmann, D. Müller, D. Althausen, M. Wirth, F. I. X. Andreas, G. Ehret, P. 

Knippertz, C. Toledano, J. Gasteiger, M. Garhammer, and M. Seefeldner, "Depolarization ratio profiling at several wavelengths in pure saharan dust 

during samum 2006," Tellus B, vol. 61, no. 1, pp. 165-179, 2009. [Online]. Available: http://dx.doi.org/10.1111/j.1600-0889.2008.00396.x 
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Errors => microphysical properties 1

It's all about

ERRORS.

Detlef Müller et al.

EARLINET-ASOS

Granada 2006
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Errors => dust separation

Tesche, M., A. Ansmann, D. Mu¨ller, D. Althausen, R. Engelmann, V. Freudenthaler, and S. Groß (2009),  Vertically resolved separation of dust and smoke over 

Cape Verde using multiwavelength Raman and polarization lidars during Saharan Mineral Dust Experiment 2008, J. Geophys. Res., 114, D13202, doi:10.1029/2009JD011862.
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Network Activities NA3

transmitter / receiver
optics + filters

detectors + preamplifiers
data acquisition
preamplifier
signal conditioning
AD-converter

computer + software
signal selection algorithms
signal averaging
data storage
analysis algorithms
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Where do the errors come from  

lidar system                ERRORS

+

data analysis                ERRORS

=

common database more ERRORS
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How can errors be reduced?

lidar system                ERRORS

critical parts / design improvements  NA4 

system intercomparison / internal checks NA3.1

data analysis                ERRORS

algorithm intercomparison  NA3.2

single chain calculus   NA5.1

common database less ERRORS

data base checks

inversion optical to microphysical   NA5.2
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EARLINET Quality Assurance  - NA3  NA4 , NA5

lidar system                ERRORS

critical parts / design improvements  NA4 

system intercomparison / internal checks NA3.1

data analysis                ERRORS

algorithm intercomparison  NA3.2

single chain calculus   NA5.1

common database less ERRORS

data base checks             feedback

inversion optical to microphysical   NA5.2
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QA - NA3  NA4 – System Optimization

close linkage between NA3 and NA4

 improve lidar systems

 improve level of knowledge

 reduce data base errors / uncertainties

 reliable results
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Network Activity NA3 – Quality Assurance of Hardware and Software

• NA3.1 QA of harware

– LMU Munich

– MPI Hamburg => pulse generator

– IFT Leipzig => EARLI09, data base check

– BISIP.SMO Minsk => reference lidar, inter comparison

– CNR-IMAA Potenza => reference lidar, inter 

comparison

• NA3.2 QA of algorithms

– Elastic:  UP Potsdam

– Raman: CNR-IMAA Potenza
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¿ Calculation of Rayleigh scattering coeffcients ?

http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/EARLINET-ASOS-NA3-QA.html

6  Technical and related documents
Rayleigh scattering coefficients and linear depolarization ratios at several EARLINET lidar wavelengths (VF 12/2009)
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Rayleigh scattering coeffcients !
http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf
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Nd:YAG laser wavelengths  Interference filter

still an

open question

also:

laser polarization purity ?

http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf
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Interference filter bandwidth  acceptance angles
http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/raytracing/IFF/EA-IFFilters.html

(Source: Basic Aspects of Light Filters   

http://micro.magnet.fsu.edu/primer/lightandcolor/filtersintro.html)
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Interference filter bandwidth  acceptance angles
http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/raytracing/IFF/EA-IFF-BW-frames.html

example: 532-IFF2C4444HISM15 => 532 nm,   0.5 nm fwhm,  2.9° 90% hw
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Interference filter bandwidth  acceptance angles  ZEMAX
http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/raytracing/IFF/EA-IFF-BW-frames.html
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Mirror and beamsplitter diattenuation => elliptical polarization
http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/45DegAluMirror/index.html

S

P
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Beamsplitter diattenuation => backscatter and depolarization errors
http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/45DegAluMirror/index.html
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Error in backscatter coefficient due to optics diattenuation
http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/raytracing/IFF/EA-IFF-BW-frames.html

I. Mattis, M. Tesche, M. Grein, V. Freudenthaler, and D. Müller, "Systematic error of lidar profiles caused by a polarization-dependent receiver transmission: 

quantification and error correction scheme," Appl. Opt., vol. 48, no. 14, pp. 2742-2751, May 2009.  http://dx.doi.org/10.1364/AO.48.002742
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Whole optics errors incl. misalignments =>  ZEMAX => Müller matrix 

Diattenuation + Retardation 

+ Tilt + Rotation
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ZEMAX macro for Müller matrix determination (not documented yet)
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ZEMAX raytracing for lidar system check and optimization

NA3.1 - raytracing support to:

Linköping

Alomar

Potenza

Leipzig

Bilthoven

Bucarest

Granada

Madrid

Barcelona

Athens

Sofia 
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Paraxial optical calculus for lidar system check and optimization

Panos Kokkalis NTUA Athens, and Volker Freudenthaler LMU Munich, Dec. 2009

http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/EARLINET-ASOS-NA3-QA.html#Basic_lidar_design
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How to check a lidar system? => Internal checkup tools

 Rayleigh fit

 Dark signal measurement

 Electronical pulse generator (MPI)

 Trigger delay / zero bin

 Telecover

 Raytracing

 Upcomming: Polarimeter => diattenuation  (IfT) ?
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Internal checkup tools – Rayleigh fit - 2009

 Rayleigh fit
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Internal checkup tools – Rayleigh fit - 2010

 Rayleigh fit
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How to determine the best Rayleigh fit and the errors?

Hypothesis:

If clean air => signal noise = gaussian
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How to determine the best Rayleigh fit and the errors?

Hypothesis:

If clean air => signal noise = gaussian
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Rayleigh fit quality check – automatic fit algorithm

EARLINET-ASOS  Madrid, 2009 => workshop reports

Make a Rayleigh Fit  to the raw, unsmoothed range corrected lidar signal and 

Calculate the differences / residuals (statistics in the signal is different from that in the residuals)

Calculate from the residual signal over an appropriate  Rayleigh fit range (e.g 1km):

Local estimators
Anderson-Darling-Test =>  normal noise  distribution?

Kurtosis =>  normal noise  distribution?

Skewness =>  normal noise  distribution?

Durbin–Watson-statistics =>  normal noise  distribution?

Slope: local slope must not "significantly" deviate from Zero (i.e. the Rayleigh 
signal).

Correlation coefficient : seems to give similar information as slope

Curvature: Fit to polynomial (at least quadratic, advaced programming),  

or DiffSlope: differential slope  between first and second half of the fit range

Relative standard error of the mean (RSEM)

Global estimator
Cross: below the fitting range, residuals may not be smaller than Zero (regarding local noise)



EARLINET-ASOS – NA3   9th Workshop/Symposium, Geneva, 20. Sept. 2010,  Volker Freudenthaler  33

How to determine the best Rayleigh fit and the errors?

Hypothesis:

If clean air => signal noise = gaussian
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How to determine the best Rayleigh fit and the errors?

Hypothesis:

If clean air => signal noise = gaussian
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How to determine the best Rayleigh fit and the errors?

Hypothesis:

If clean air => signal noise = gaussian
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How to determine the best Rayleigh fit and the errors?

Hypothesis:

If clean air => signal noise = gaussian
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Internal checkup tools – Rayleigh fit quality check
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Internal checkup tools – Rayleigh fit quality check
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Background subtraction – too early in far range => pretrigger

 Rayleigh fit
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Internal checkup tools – Dark signal measurements

 Rayleigh fit

 Dark signal measurement => Background subtraction

 Electronic pulse generator for analog channels (MPI)

 Trigger delay / zero bin

 Telecover

 Raytracing

 Upcomming: Polarimeter => diattenuation  (IfT)
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Background – dark signal subtraction possible 1064 nm LICEL
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Background – dark signal subtraction possible 1064 nm LICEL



EARLINET-ASOS – NA3   9th Workshop/Symposium, Geneva, 20. Sept. 2010,  Volker Freudenthaler  43

Background subtraction – signal induced errors

here dark measurement subtraction not possible on 355 channel
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Internal checkup tools – Pulse generator

=> produce 10 µs pulse without longtime under-/overshoot

=> quantify signal induced errors
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Internal checkup tools – Old Pulse generator – Munich/Leipzig

=> produce 10 µs pulse without longtime under-/overshoot

=> quantify signal induced errors
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Internal checkup tools – New Pulse generators – MPI Hamburg

pulse generator
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Internal checkup tools - Pulse generator

Used for tests in

• Munich

• Barcelona

• Hamburg

• Athens

• Leipzig

• Madrid

• Thessaloniki

• Munich

• Napoli

• Potenza

• Lecce

• Granada
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Internal checkup tools - Pulse generator

pulse generator
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Internal checkup tools - Pulse generator

pulse generator
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Internal checkup tools - Pulse generator

pulse generator
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Internal checkup tools - Pulse generator

pulse generator
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Internal checkup tools - Pulse generator

pulse generator
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Internal checkup tools - Pulse generator – Pretrigger

pulse generator
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Internal checkup tools - Pulse generator
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Internal checkup tools - Pulse generator – Preamplifier effect

pulse generator
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Internal checkup tools - Pulse generator – Preamplifier effect

pulse generator
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Internal checkup tools

 Rayleigh fit

 Dark signal measurement =>  background subtraction

 Electronic pulse generator for analog channels (MPI)

 Trigger delay / zero bin

 Telecover

 Raytracing

 Upcomming: Polarimeter => diattenuation  (IfT)
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Trigger delay 15m => range corrected signal error
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Trigger delay Raman extinction error - theory
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Trigger delay Raman extinction error

λ
Laser

= 355 nm, λ
Raman

= 387 nm
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Trigger delay measurement without pretrigger

L
a
se

r

Fiber delay 
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Problems with fiber coupled receiver optics? E.g. CAELI, Bilthoven

Hypothesis:

Fibers scramble 

angular and

spatial 

intensity distributions

at the fiber input.
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ZEMAX non sequential polarization raytracing of optical fibers, double scrambler
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Fiber simulations Input Pol. X diam. 0.2 mm, NA 0.22, spatial depolarization

Input Xpol   Ypol         Output Xpol     Ypol          

0.6 mm

40°

 = 0.59
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Fiber coupled receiver optics
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Fiber coupled receiver optics – double scrambler with mode-mixer
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Fiber coupled receiver optics – double scrambler with mode-mixer



EARLINET-ASOS – NA3   9th Workshop/Symposium, Geneva, 20. Sept. 2010,  Volker Freudenthaler  68

Fiber coupled receiver optics – double scrambler with mode-mixer
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Internal checkup tools - TeleCover (TC) tests

 Rayleigh fit

 Dark signal measurement =>  background subtraction

 Electronic pulse generator for analog channels (MPI)

 Trigger delay / zero bin

 Telecover

 Raytracing

 Upcomming: Polarimeter => diattenuation  (IfT)
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Internal checkup tools - TeleCover (TC) tests - simulation
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Internal checkup tools - TeleCover (TC) tests – overlap simulation
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Internal checkup tools - TeleCover (TC) tests
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Internal checkup tools - TeleCover (TC) tests
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TeleCover (TC) tests - spatial and angular transmission
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Internal checkup tools - TeleCover (TC) tests
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Internal checkup tools - TeleCover (TC) tests - Report
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Internal checkup tools - TeleCover (TC) tests

 Rayleigh fit

 Dark signal measurement =>  background subtraction

 Electronic pulse generator for analog channels (MPI)

 Trigger delay / zero bin

 Telecover

 Raytracing

 Upcomming: Polarimeter => diattenuation  (IfT)
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ZEMAX Telecover macro: test of spatial and angular transmission

Incident

angles 

far range

near range
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ZEMAX Telecover macro: test of spatial and angular transmission
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Internal checkup
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Spanish lidar intercomparison – El Arenosillo, 2006
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Spanish lidar intercomparison – El Arenosillo, 2006

Michaël Sicard, UPC Barcelona reported about:

Acción Complementaria (AC) approved by the Spanish Ministry of Science and Education

Universidad  Politécnica  de Cataluña, Barcelona 

CIEMAT, Madrid 

Universidad de Granada

Universidad de Valencia

Universidad Politécnica de Cartagena
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EARLI09 Referenz lidar intercomparison, Leipzig, 2009

reference lidar systems
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Lidar intercomparisons – EARLI09, Leipzig, 2009

Leibniz Institute for Tropospheric Research IfT, Leipzig, Germany
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Reference Lidar Systems – Minsk
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Reference Lidar Systems – Potenza - MUSA
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Reference Lidar Systems – Hamburg – MARLmob
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Lidar intercomparisons – EARLI09, Leipzig, 2009
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Lidar intercomparisons – EARLI09, Leipzig, 2009



EARLINET-ASOS – NA3   9th Workshop/Symposium, Geneva, 20. Sept. 2010,  Volker Freudenthaler  90

Lidar intercomparisons – EARLI09, Leipzig, 2009
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Lidar intercomparisons – EARLI09, Leipzig, 2009



EARLINET-ASOS – NA3   9th Workshop/Symposium, Geneva, 20. Sept. 2010,  Volker Freudenthaler  92

Lidar intercomparisons – EARLI09, Leipzig, 2009
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Lidar intercomparisons – EARLI09, Leipzig, 2009



EARLINET-ASOS – NA3   9th Workshop/Symposium, Geneva, 20. Sept. 2010,  Volker Freudenthaler  94

Lidar intercomparisons – EARLI09, Leipzig, 2009
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Lidar intercomparisons – EARLI09, Leipzig, 2009
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Lidar intercomparisons – EARLI09, Leipzig, 2009
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Lidar intercomparisons – EARLI09, Leipzig, 2009
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Lidar intercomparisons – EARLI09, Leipzig, 2009
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EARLI09, Leipzig, 2009  /  114 individual signals
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EARLI09, Leipzig, 2009  /  61 combined profiles

Data preprocessing: 

Ina Mattis & Giuseppe D'Amico

with Single Chain Calculus – EARLI09 -preprocessor , NA5
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photo: Thomas Massmann

EARLI09 - Eleven lidar beams .
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Lidar intercomparison – ALI09, Alomar 2009

reference lidar systems
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Lidar intercomparisons – ALI09, Alomar 2009
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Lidar intercomparisons – ALI09, Alomar 2009
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Lidar intercomparisons – ALI09, Alomar 2009
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Lidar intercomparisons – 2010

reference lidar systems
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EARLINET-ASOS lidar intercomparisons 

reference lidar systems
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EARLINET Quality Assurance  - NA3.2 Algorithm checks  

lidar system                ERRORS

critical parts / design improvements  NA4 

system intercomparison / internal checks NA3.1

data analysis                ERRORS

algorithm intercomparison  NA3.2

single chain calculus   NA5.1

common database less ERRORS

data base checks

inversion optical to microphysical   NA5.2
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EARLINET Quality Assurance  - NA3.2 Algorithm checks  

Test of analysis software 

Fernald/Klett/etc.  & Raman

- using synthetic lidar signals

- extinction coefficients etc. unknown to groups

Already in EARLINET FP5 many sofware had been 

checked - and improved.
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EARLINET Quality Assurance  - NA3.2 Algorithm checks  

Alomar 2008
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EARLINET Quality Assurance  - NA3.2 Algorithm checks  

Error bars ! 
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EARLINET Quality Assurance  - NA3.2 Algorithm checks  

Geneva 2010

including “guest” groups
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