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The ICEX experiment

In March 2011 a 9 «m long
survey line was established
near the US Navy ICEX2011 ice
camp in the Beaufort Sea

The survey line was
strategically located to cover a

wide rangeof oo
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o | (e _ Undeformedj‘"‘"

=-irst-year ridge
Multiyear ice

r

ngrozen leades first year\ice.- —



UTC Time (hours) P-3 aircraft

18 19 20

73.03

73.02°
73.02°

- 7eor An operation IceBridge
1 4 (OIB) P-3 aircraft
W e 1 overflight of the survey
e |—— I 7299 line was conducted on
b 72,08 the

72.98" - T
from an
g L | 727

73.01° -

72.96"

16 passes over the
f 7298 survey line in total

72.95" -

+ 72.94°

This analysis Is based on
7293 the straightest overflight:
pass 5

72.94" Lo 3

gorl- |
Lavl-



S
S
g
g

DMS Image




Overview

® For my AGU talk | focused on the science results from
ICEX

® The aim of this talk is to outline the technical aspects
of the radar analysis

® There are four topics | will cover:
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~ Timing errors




Unique feature on the
sea ice surface at 25.93
s (Due to distinct ice

e same unique teature
on the sea ice surface
seen at 10.93 s in show




Feature: predicted lead Comparison echogram - DMS image: origin:

Lat: 73.010517
Lon: -146.757247
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Feature: predicted lead
Lat: 73.010517
Lon: -146.757247




Hypothesis for the cause of the
timing error

® Between segment #1 and #2 the time signal used by
the GPS navigation system switched from GPS 1o

UTC time

® A 15second correciion had been applied to all of the
segments to convert from GPS time to UTC time, on
the assumption that all the segments are locked into
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Correcting the snow radar timing
error

® The time signal used to sync the snow radar echograms

with the navigational data was -15 seconds in error over the
majority of the 20110323 flight, including the ICEX survey
area

This resulted in a geolocation error of ~1575 m (for an
average aircraft velocity of ~105 m/s)
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Feature: predicted lead
Lat: 73.024960
Lon: -146.757114

Comparison echogram - DMS image: correc

Flat sea ice surface

Feature: predicted lead ¢
Lat: 73.024960 |
Lon: -146.757114



Radar cross section of corner
reflectors




Ku-band radar echogram: Pass 5
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Ku-band radar echogram: Pass 5
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Radar Cross Section (RCS) for
trihedral corner reflector




distinct radar reflectors

distinct radar reflectors




AR 2cm A~ 10cm

CRYOVEX

L=14m CRYOVEX
RCS = 1005




- Wavetorm artitacts




Ku-band radar echogram: Pass 5
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Ku-band radar echogram: Pass 5
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Ramp pass

calibra

® Ramp passes over
airfields can be use to
constrain the ~veraoe fal
surface radar response

® The airfield ramps are
smooth and free ‘of Snow




Average waveform
constructed from

224 waveforms over
ramp passes from the
2011 IceBridge Arctic
campaign

Trailing subsidiary peak
23.60 ns after main lobe
-13.1 dB below main lobe




Average waveform
onstructed from

9471 wavelorms over

ramp passes from the

2011 IceBridge Arctic

campaign

Leading “sidelobe’ Trailing "sidelobe’

2.10 ns before main lobe 11-51952”d583:)te|r main !Obleb
-17.3 dB below main lobe / -11. elow main lobe
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Grating lobes




Grating lobes

® The aircraft velocity divided by the radar PRF determines the
spacing of the pulse locations

® If this spacing (d) is greater than half the wavelength of the
carrier frequency secondary lobes (grating lobes) can start to
Induce angular ambiguities in post-processed radar data
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PRF = 2000
velocity = 12
X=81lm




Multiple caused by
fore grating lobe

PRF = 2000 Hz s
veIOC|ty 105 m/s s ”MM. ;_
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