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ABSTRACT

This paperdescribesprogressin the assemblyandtestingof a new High SpectralResolutionLidar (HSRL) for long-
term unattendedobservationsof arctic cloudsandhazes.After a long wait for the delivery of critical components,as-
semblyis nearlycompleteandsomeof the critical componentshave beentested.Most notably, the polarizationbased
transmit-receiveswitchoperatessuccessfully. Atmosphericdatahasbeenacquiredwith thesystemoperatingasa normal
backscatterlidar. Thegeometricoverlapfactorhasbeenmeasuredandcomparedto resultsfrom anopticalsystemmodel.

1. THE ARCTIC HSRL

TheUniversityof WisconsinHigh SpectralResolutionLidar (HSRL)providesverticalpro�les of opticaldepth,backscat-
ter cross-sectiondepolarizationandbackscatterphasefunction. All HSRL measurementsareabsolutelycalibratedby
referenceto molecularscatteringwhich is measuredat eachpoint in the lidar pro�le(Grund 91, Piironen94). This en-
ablestheHSRL to measurebackscattercross-sectionsandopticaldepthswithout prior assumptionsaboutthescattering
propertiesof theatmosphere.Thedepolarizationobservationsallow robustdiscriminationbetweenice andwaterclouds.
Rigorouserrorestimatescanbecomputedfor all measurements.

This paperdescribesa compactnew HSRL designedfor long-termobservationsof arctic cloudsandhazes.Unlike
thecurrentHSRLwhich is housedin a46 ft semi-trailerandrequirescontinuousattentionfrom ahighly trainedoperator,
the new instrumentis designedto operateunattended.It will operateasan Internetappliance,with operationanddata
transfercontrolledremotely.

Oneof the most troublesomefeaturesof the currentHSRL involvesmaintainingalignmentof the laserbeamwith
the receiver �eld of view. Alignment is sensitive to perturbationsat the10 : rad level. In thenew design,this problem
is avoidedby employing a transceiver con�guration wherethe transmitterandreceiver sharethe same0.4 m diameter
telescope( Fig. 1). In addition,the largetransmitteraperturelimits boththepershotenergy densityandthemulti-pulse
averagepower densityto eye-safelevelsat theexit port. A passive polarizationtransmit-receive (T-R) switchconsisting
of a polarizationbeamsplitteranda 1/4-wave plateis employed. Our �rst critical testwasto measuretheparasiticlight
incidenton the detectorsduring emissionof the laserpulse. The molecularchannelis well protectedby thecombined
rejectionof thepolarizationT-R switchandtheI ; �lter attenuation.Thechannelswithout theI ; �lter receivedexcessive
illumination. It wasnecessaryto includecentralbeamblocksin boththetransmittedbeamandin thereceivedlight path
in orderto prevent illumination of (andto maskre�ections from) thecentralpartof the telescopesecondarymirror(see
�g 1). Without these,transmittedlight incident on the centerof the telescopesecondaryis re�ected directly to the
detectors.Preliminarytestingwith thebeamblocksinstalledindicatesthatstraylight is suf�ciently attenuatedsothatthe
atmosphericreturnsareunaffected.

Theetalon�lter usedin thecurrentHSRL employsa �o w throughN ; pressureregulationsystemfor tuningwhich is
not suitablefor unattendedoperation.Pressuretuningof theetalonin thenew systemis accomplishedusinga stepper-
motordrivenbellows. Flowing <=; is not required.
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Figure1. Schematicof thenew HSRL.Mirror M2 is mountedona stepper-motoradjustedmount.Thisalongwith feed-
backfrom the2-dPositionSensitiveDetector(PSD)allowscomputercontrolof thetransmitter-receiveralignment.Small
beamblockshave beeninstalledin thetransmitterbeamprior to thethin-�lm polarizerandin thereceivedbeamprior to
entry into thereceiver subsystem.Thesewererequiredto suppressthescatteringof straylight from thetransmitterinto
the receiver. The delay�ber in the calibrationsubsysteminjectstransmittedlight into the receiver after the straylight
scatteredfrom the transmitterhasdisappeared.During calibration,the wavelengthof the seedlaseris tunedacrossthe

	

; absorptionbandandthepulseinjectedby the�ber is usedto determinethespectralresponseof the
	

; �lter . LensL7
expandsthe transmittedbeambeyond the appertureof L8. Using only the centralpart beamprovidesa moreuniform
energy densityin thetransmittedbeam.Thisallowsa largertransmittedpowerwithoutexceedingeyesafelimits.

Arctic locationsreporta largenumberof dayswith very low cloudceilings. This is a problemfor our narrow �eld-
of-view lidar designwhich doesnot collect light from the entire transmitterilluminated areauntil the laserpulseis


�� km from the lidar. Incompleteoverlapdoesnot effect backscattercrosssectionand polarizationmeasurements
becausethesequantitiesarederivedfrom ratiosof signals.However, absolutemeasurementsof themolecularreturnare
requiredto computeoptical depth. The overlapfunction requiredfor this measurementis obtainedusinga computer
controlledfocusadjustmenton the telescopesecondarymirror. A calibrationsequenceperformedperiodicallyduring
routineoperationwill observe themolecularlidar returnwhile scanningthetelescopefocusto maptheoverlapfunction.
Preliminarymeasurementsof thegeometricoverlapfunctionhave beenmadewith thesystemoperatingwithout the

	

;

cell. Thesecomparewell with resultssimulatedwith a detailedZemaxopticalmodelof thecompletesystemwhenfocus
andalignmentparametersin themodelarevariedto provide a best�t to thedata.However, critical testsof stability and
reproducibilityawait thecompletionof computercontrolledalignmentsystem.



Transmitter
Averagetransmittedpower 0.6W
Spectralwidth ������� pm
Pulserepetitionrate 4 kHz
Transmittedbeamdivergence 


��� : rad
Aperture 0.4m

Receiver
Aperture 0.4m
Angular�eld of view 70 : rad
Spectralbandpass 8 pm
I ; Blocking �lter bandwidth 1.8pm
Molecularchanneldetector EG&G GeigermodeAPD
Combinedmolecular/aerosolchanneldetector Hamamatsu7400PMT
Crossedpolarizationchanneldetector EG&G GeigermodeAPD

Table 1: Arctic HSRL Speci®cations

Figure 2. A perspective drawing of thearctic HSRL without its environmentalenclosure.The telescopeis tilted at �
	

from theverticalto minimizespecularre�ectionsfrom orientedicecrystals.

A new PCbasedphotoncountingdatasystemhasbeendesignedfor this lidar. It consistsof a mastertiming/control
boardwith threeaccumulatorboards(oneeachfor themolecular, combinedandcross-polarizationchannel).They employ
a standardPCI computerbuss.A Linux driverhasbeenwritten to allow convenientaccessby dataacquisitionprograms.
Thetiming boardalsoprovidesanenergy monitorinput which is summedalongwith thelidar pro�les. Thelaserusedin
this lidar presentsa signalwith every laserpulsespecifyingwhetherthe laserpulsewassuccessfullylockedto theseed
laserwavelength.This indicatorbit is not presenteduntil 


����:
� after the laserpulse. In orderto preventbadpro�les
from beingaddedto the sum,the accumulatorboardbuffers eachpro�le in a FIFO memoryprior to summing. If the
seeded-OKbit is notassertedthepro�le andtheassociatedenergy monitorreadingarerejected.An outputFIFOmemory
alsobuffers thedatatransferto thecomputer. Theboardsincludeaninternalcounterwhich canaccommodate50 MHz
count rates. Whenhighercount ratesareneeded,a 1 GHz ECL countercanbe mountedon a daughterboard. Each
accumulatorboardhastwo sumbuffers.Thecounteroutputcanbedirectedto eitherof thebufferssothatseparatesignals
canbe recordedwhenthe lidar transmitsalternatingpolarizationson successive pulses.This featureis not usedon the



arcticHSRLbut will beemployedonourexistingHSRL.

Min bin width 50ns
Max buffer length 8192
Buffer depth 16bits
Max accumulationinterval 2048pro�les persum
Max countrate(onboardcounter) 50MHz
Max countrate(ECLcounter) 1 GHz

Table2: DataSystemSpeci®cations

Testingof thenew systemhasbeenslowedby latedeliveryof components.Thedatasystemcontrolandaccumulator
cardsjust beendelivered. Thesearerequiredto implementthe computercontrol of the system.Etalontuning, system
alignmentand locking of the laserwavelengthto the

	

; absorptionline all requirefeedbackfrom the dataacquisition
cards.This testingcannow begin andtheresultswill bepresentedat theILRC meeting.

Figure3. Dataacquiredwith molecularchannelAPD detectoronwith thearcticHSRL.The
	

; �lter wasnot installedfor
this preliminarysystemalignmenttest. Becausethenew dataacquisitioncardswereincomplete,this datawasacquired
by patchingdetectoroutputsinto theexistingHSRLdatasystem.
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