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Instrumentation

TheUniversityof Colorado(CU)LIDARProfilometerand Imaging
System(CULPIS)is a relativelysmall,lightweight(<2 kg)andlow-
cost (<$5000) payload that provides high-resolution surface
elevationmeasurementsand imagery. TheCULPISconsistsof a
near-IR laser rangefinder, a GPS module, an Inertial
MeasurementUnit (IMU),still andHDvideocameras,anda data
acquisitionsystem. Arctic and AntarcticUnmannedAircraft (UA)
campaignshave employedthe CULPISto study glacierand sea
ice topographyandroughnesscharacteristics. Initial resultsfrom
two Arcticcampaignsillustrate the CULPISperformanceand the
capabilitiesof UA-basedcryosphericstudies.

ArcticMUSCOX

The Arctic MUlti-SensorCryosphericObservationeXperiment
was carried out in July 2008 from Ilulissat, Greenland. The
CULPISwas flown onboardAdvancedCeramicsInc.�[�•Manta UA
to studyicesheetsurfacetopographyasit relatesto supraglacial
melt pondformation,volumeanddynamics.

The top panel of the figure on the left is a MODIS
satellite imagethat depictsthree supraglacialmelt
ponds located in the MUSCOXstudy region. The
bottom panel is a digital elevation model
constructed from data collected during the
MUSCOXcampaign. It is evident that the CULPIS
surface measurements accurately depict the
location,shapeandsizeof the three melt ponds.

CASIE

The Characterizationof Arctic Sea Ice
Experiment(CASIE)wasbasedout of Ny-
Ålesund, Svalbard in July 2009. The
CULPISwasflown onboard�E���^���[�•SIERRA
UA to investigatethe ridging, roughness
and morphologicalcharacteristicsof first
andmulti-yearseaicein FramStrait.

The figures to the right depict surface
elevation profiles derived from data
collectedduring two overpassesof a sea
ice ridge complex. Carrier-phase
differential GPS (dGPS) post-processing
improves the CULPIS vertical and
horizontal position measurements,and
aircraft attitude measurementsfrom the
IMU are used to correct for off-nadir
pointing of the laserrangefinder. Prior to
these corrections the surface profiles
from the two overpassesdiffer by up to 3
meters. After applyingthe correctionsthe
two profiles are within 50 cm of each
other. The remaining differencescan be
partially attributed to the fact that the
two overpasses are not spatially or
temporallycoincident,beingseparatedby
approximately30metersand50minutes.

CULPIS

In an effort to quantify the precisionof CULPIS-derivedsurface
profiles,the SIERRAwastaxiedalongthe Ny-Ålesundrunwayto
obtain a ground-based �^�š�Œ�µ�š�Z�_reference profile. The aircraft
was then flown repeatedly over the runway, and surface
elevationprofilesweregenerated. Asshownin the figureon the
left, the profiles computed using standard GPS(sGPS) differ
from the reference profile by +/- 1.17 m. Applying dGPS
correctionsreducesthe error to +/- 12cm.

Thesurfaceelevationprofile alonga 2 km stretch of seaice is
shown below. The sea ice surfaceelevationsspan a range of
approximately3 meters. Theprofile ridgesandopen leadsalign
quite well with the featuresin the photo mosaic.

Conclusions

The CULPIShas proven itself as a suitable payloadfor small UA that provideshigh resolution
surfaceelevationmeasurementsand imagery. It hasbeenutilized in Greenlandduring the 2008
Arctic MUSCOXcampaignto map ice sheet surface topography,and during the 2009 CASIE
campaignto measureseaice roughnessin FramStrait off the coastof Svalbard. Initial analysis
indicatesthat the elevationmeasurementsareaccurateto within approximately+/- 12cm.


