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Sensors

195 MHz (30 MHz)

750 MHz (300 MHz)

4.5 MHz (4 MHz)

14 MHz (4 MHz)

13.5 MHz (1 MHz)

. DC-8 - Fall 2009 (DC-8)
. P-3 « Spring 2010 (DC-8 and P-3)
* Twin Otter
. P-3 * Spring 2010 (P-3)
* Twin Otter
. DC-8 « Spring 2009 (P-3)
. P-3 « Fall 2009 (DC-8)
* Spring 2010 (DC-8 and P-3)
. DC-8 - Fall 2009 (DC-8)
* Twin Otter
« Surface * N/A
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Presentations

 Snow and Ku-Band Status and Results
« MCoRDS Status and Results

« MCoRDS Processing

« FMCW Processing

« MCoRDS Tomography Results

* Dual-Frequency HF Radar Sounder




Snow and Ku-band Radars

Operation Ice Bridge: 06/29/10
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Snow

Bandwidth
Pulse Length
PRF

Transmit Power

IF Frequency Range
Sampling Frequency
Range Resolution*

Radar description

Greenland 2009
251t07 GHz
270 us
2 kHz
20 dBm
41-58 MHz
58.32 MHz
~2.5cm

*In snow, assuming a snow density of 0.5

Antarctica 2009
4 to 6 GHz
100 us to 240 us
2 or 3 kHz
20 dBm
31-62 MHz
62.5 MHz
~5.5¢cm

CR

Greenland 2010

2.0t06.5 GHz
250 us
2 kHz
20 dBm
31-62 MHz
62.5 MHz
~2.5¢cm

SIS



Ku-band altimeter description

Antarctica 2009 Greenland 2010
Bandwidth 14 to 16 GHz 12.5t0 13.5 GHz
Pulse Length 170 to 240 us 240 us
PRF 3 kHz 3 kHz
Transmit Power 20 dBm 20 dBm
IF Frequency Range 5-31 MHz 5-31 MHz
Sampling Frequency 62.5 MHz 62.5 MHz
Range Resolution* =53¢ ~10.6 cm

*In snow, assuming a snow density of 0.5




Data collected: Greenland 2009

* 18 hours processmg time, 6 seconds/flle

ON NA| '~ DURATION DAT S ORDED |

03/31/09 Svalbard Sea Ice Sea Ice 4:20 234

| 04/01/09  East Central Gap Filler Land Ice 4:04 227
04/02/09 Thule to Fairbanks Sea Ice Sea lce 5:06 289

| 04/05/09  Fairbanks to Thule Sealce  Sealce 5:28 293
04/06/09 | Northwest Gap Filler Land Ice 4:30 242
 04/17/09  Thule 04 Land Ice 6:52 373
04/20/09 Thule 02 Land Ice 8:31 457

\ 04/21/09 \ Sea Ice Science 01 Sea lce \ 6:07 271
04/22/09 Thule 01 Land Ice 7:25 395

© 04/23/09  Thule 03 Land Ice 7:16 381
04/24/09 | Northeast Gap Filler Land Ice 7:31 380

| 04/25/09  Ice Camp Mission Sealce 4:48 247
04/27/09 Thule 05 Land Ice 7:03 359

| 04/28/09  Sondy 04 Land Ice 6:54 370
05/01/09 Sondy 03 Land Ice 6:35 356

- 05/02/09  Sondy 02 Land Ice 5:55 316
05/05/09 UAVSAR Flight Land Ice 3:28 160

‘ ‘ Sealce ‘ 25 hrs. 49 min. 1334
| | LandIlce 76 hrs. 4 min. 4016
Total 101 hrs. 53 min. 5350




Data collected: Greenland 2009

Snow Radar éreenland 2009

03/31/09 100.00%
© 04/01/09 87.61%
04/02/09 95.00%
~ 04/05/09 77.75%
04/06/09 89.93%
- 04/17/09 96.36%
04/20/09 98.50%
© 04/21/09 81.04%
04/22/09 97.89%
- 04/23/09 97.07%
04/24/09 93.75%
© 04/25/09 95.35%
04/27/09 100.00%
© 04/28/09 100.00%
05/01/09 94.51%
~ 05/02/09 98.61%
05/05/09 99.07%
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Data collected: Antarctica 2009

* 12 hours processing time, 5 seconds/file

10/16/09 Getz Island Land Ice 172 40

10/18/09 TSK2 Land Ice 181 185
10/20/09 Pine Island High Altitude Land Ice * ¥
10/21/09 = Amundsen & Bellingshausen Seas Sea Ice 253 226
10/24/09 Weddell Sea (Sea ice #2) Sea Ice 329 440
10/25/09 86 degree Arc High Altitude Land Ice fid i
10/27/09 Pine Island Glacier 2 Land Ice * 191
10/28/09 TSK3 Land Ice 184 306
10/29/09 Pine Island Glacier 1 Land Ice 270 402
10/30/09 Weddell Sea (Sea ice #3) Sea Ice 858 400
10/31/09 PEN2 Land Ice 220 325
11/02/09 TSK1 Land Ice 222 320
11/03/09 PEN1 Land Ice * 378
11/04/09 PEN3 Land Ice - 444
11/05/09 LVIS PEN Land Ice > *
11/07/09 PIG Modified Grid Land Ice 366 391
11/09/09 PIG4 Land Ice 326 328
11/12/09 Abbot Ice Shelf Land Ice 295 312
11/15/09 Evans Glacier Land Ice 346 346
11/16/09 PEN5 Land Ice 308 310
11/18/09 TSK4 Land Ice 277 274
Total 4102 5618

* - Data overwritten in backup
** - High altitude flight




Data collected: Antarctica 2009

Snow Radar ntarctica 2009
© g R 2

g W

10/16/09 99.47%

- 10/18/09 97.96%

10/21/09 98.76%

 10/24/09 72.89%

) & 10/28/09 87.60%

S ~ 10/29/09 99.67%

3 . 10/30/09 92.83%
'S £ 10/31/09 82.68%
) 11/02/09 98.13%
- 11/07/09 97.64%

s 11/09/09 98.44%

- 11/12/09 91.16%

11/15/09 99.74%

- 11/16/09 96.89%

11/18/09 100.00%




Processing

» Both radars follow the same processing
routine

« Subtract the fast-time mean

« Coherent integration

 Hanning window data in fast-time
* Fast Fourier Transform

 Altitude correction

* [ncoherent integration




Greenland 2009 sea ice images

rbanks, 04/02/2009
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Greenland 2009 ice sheet
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Antarctica 2009 sea ice images

Snow Radar Ku-band Radar
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Antarctica 2009 land ice images

Snow Radar Ku-band Radar
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Greenland 2010 pr

Snow Radar
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Ku-band Radar
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Current limitations

* Transmit/Receive Antenna Isolation (DC-8)

— Limits transmit power of radar to avoid receiver
saturation

 Limits altitude or depth of penetration due to
degradation of signal-to-noise ratio

— Coherent noise raises the noise floor of the
radar




Desired improvements

* Re-location of antennas to DC-8 wing
roots

— Provides better isolation
— Allows for higher altitude/deeper penetration

» Reconfiguration of P-3 Snow Radar to
multi-channel system




Future processing

* Implementation of the CReSIS Automatic Thickness Estimator
(CRATE)

— Interface picking — sea ice, Layer picking — land ice
* Implemention of Multiple Signal Classification (MuSiC)

algorithm
— Pseudo-spectrum estimation for interface/layer picking




