
Radar Systems and

Remote Sensing Laboratory

NASA-CR°ZOOSZ]

THE UNIVERSITY OF KANSAS CENTER FOR RESEARCH, INC.

https://ntrs.nasa.gov/search.jsp?R=19960020465 2020-06-16T05:00:16+00:00Z





RADAR THICKNF_SS MEAStmEMENTS OVER THE

SOUTHERN PART OF THE GREENLAND ICE SHEET

Teong Sek Chuah, Siva Prasad Gogineni, Christopher Allen, Brad Wohletz

Y. C. Wong, P. Y. Ng, and E. Ajayi

Radar Systems and Remote Sensing Laboratory

Department of Electrical Engineering and Computer Science, University of Kansas

2291 Irving Hill Road, Lawrence, Kansas 66045-2969

TEL: 913/864-4835 * FAX: 913/864-7789 * E-MAIL: graham@ardneh.rsl.ukans.edu

RSL Technical Report 10470-2

April 1996

Sponsored by:

NASA Headquarters

Washington DC 20546

Grant NAGW-2700





Table of Contents

Abstract.......................................................................................................................................... ifi

1.0 Introduction

2.0 Radar System and Experiment Description ....................................................................... 1

3.0 Description of Data ............................................................................................................. 3
References

Results: ............................................................................................................................................ 7

Appendix A.

Appendix B.

Appendix C.

Appendix D.

Appendix E.

Appendix F.

Appendix G.

Appendix H.

Appendix I.

Appendix J.

June 23, 1993

June 24, 1993

June 27, 1993

June 28, 1993

July 1, 1993

July 2, 1993

July 3, 1993

July 7, 1993

July 8, 1993

July 9, 1993



ii



Abstract--We performed ice thickness measurements over the southern part of the Greenland ice

sheet during June and July 1993. We used an airborne coherent radar depth sounder for these

measurements. The radar was operated from a NASA P-3 aircraft equipped with GPS receivers.

Radar data were collected in conjunction with laser altimeter and microwave altimeter

measurements of ice surface elevation. This report provides radio echograms and thickness

profiles from data collected during 1993.
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1.0 Introduction

In 1991, NASA initiated a research program to test airborne laser and radar

altimeters to measure surface elevation of the Greenland ice sheet in conjunction with a

surface-based program to validate airborne data and to interpret satellite microwave data

sets. Results from these initial airborne laser measurements showed that surface

elevations can be determined to an accuracy of about 20 cm [Krabill et al., 1995a, 1995b].

In 1993 the airborne program was expanded to include a radio echo sounder operated by

The University of Kansas for determining ice thickness along with laser surface

elevations.

We collected ice thickness data along several flights with an airbome coherent

radar operating at 150 MHz during 1993 and performed in-flight tests to isolate system

problems. The radar data are tagged with the Global Positioning System (GPS)

information for accurate location. This report presents results from the 1993 mission.

2.0 Radar System and Experiment Description

We used The University of Kansas radar depth sounder [Raju et al., 1990] for

thickness measurements during this experiment. It is a coherent pulse compression radar

that operates at a center frequency of 150 MHz. Two complementary Surface Acoustic

Wave (SAW) dispersive delay lines are used for pulse expansion and compression. The

system uses a high-gain low-noise receiver to amplify and coherently detect the received

signal. The detected signals are digitized using two 8-bit A/D converters. The digital signal

processor performs coherent and incoherent integrations on the detected signal. The

output from the digital signal processor is displayed on a monitor in real time and

recorded, along with GPS information, on Bernoulli cartridges for subsequent analysis.

The system operation is controlled by a personal computer. Two four-element dipole

arrays, one mounted under the left wing and the other under the right wing of the P-3



aircraft,areused for transmission and reception. Table 1 shows important radar system

parameters.

Table 1. Radar System Parameters

Pulse Compression

150 MHz

18.75 MHz

1.6 /as

60 ns

200 W

1, 2, 4, 8 (selectable) KHz

70 dB

selectable to 64000

selectable to 1024

8.5 MHz

8-bit, 48 dB

53.3 (18.75 MHz) I_s

; accurate to 100 ns

4.494 m

dipole arrays

Radar data are collected with the aircraft flying at an altitude of about 500 m and a

speed of about 100 m/s over the flight lines shown in Figure 1. Since one of the objectives

of the experiment is to evaluate radar performance, we made m-flight tests on the system

during that time we could not collect data. Also we had to replace a defective amplifier

with a gain of 43 dB with a lower-gain (30 dB) amplifier in the field. This reduced radar
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sensitivityresultingin a lossof bottomechoesin thepercolationzonewhenice thickness

exceededabout1.8km.

3.0 Description of Data

Data are processed in two steps: (1) raw echograms, with their intensity scaled to

enhance the visibility of the bottom echoes, are first generated to display measured

intensity as a function of time or location and range; and (2) thickness information is

derived from these intensity data using adaptive thresholding and smoothing techniques.

The data are arranged according to experiment date. First, a map of the flight line

where data were collected is presented. Second, a radio-echogram is given for each 1000

samples in a file. A few vertical black strips in these echograms are from the VHF radio

interference signal when pilot was communicating with airbase. The geo-locations, spaced

by 100 columns, are printed at the bottom of each echogram. Finally thickness derived

from the radar data are presented. The ice thickness is computed by calculating the

number of pixels between the top and bottom echoes and multiplying this by 4.494m. In

some thickness profiles, the thickness is smoothed using the conventional moving-average

method.
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