
 

  

Abstract— Since 1997 the Istituto Nazionale di Geofisica e 

Vulcanologia (INGV) in Italy has been involved in the 

development of the airborne RES system named Glacio RADAR, 

which is continuously upgraded.  Radio Echo Sounding (RES) 

techniques are widely used in glaciological measurements. They 

are based on the use of radar systems, to obtain information 

concerning ice thickness of ice sheets and ice shelves, internal 

layering of glaciers, detection of inhomogeneities, exploration of 

subglacial lakes and identification of physical nature of subglacial 

interface.  

The Glacio RADAR is mounted on an aircraft and flies at an 

altitude around 300m above the ice surface during the survey. 

The first prototype operates in bistatic mode with separate 

transmit and receive one wire folded dipole installed beneath the 

aircraft wings. It works at 60 MHz with an envelope pulse width 

variable between 0.3 s and 1 s. The receiving window is 64 s 

which implies a maximum penetration depth (range) in the ice of 

about 5.3 km. The horizontal sampling rate is 10 traces/s  at a 

mean aircraft speed of about 70 m/s. This would produce roughly 

143 traces per kilometre (horizontal resolution of 1 trace every 7 

m). The Navigation and geographical information is based  on a 

on board GPS receiver giving longitude, latitude, altitude and 

time for  the  acquired radar trace. This radar was used in several  

Italian Antarctic Expeditions (1997, 1999, 2001 and 2003) and 

highlights of data results from these expeditions are presented 

here. 

 

Index Terms— VHF Radar, RES-system. 

I. INTRODUCTION 

Radio Echo Sounding (RES) system is an active remote-

sensing instrument that uses the electromagnetic wave 

penetration into the ice to obtain information on the level of 

the bedrock, the ice thickness and its inhomogeneties, i.e. the 

internal layering of glaciers and subglacial lake exploration 

and identification of physical nature of subglacial interface in 

the framework of glaciological studies.  

Since 1997, the Istituto Nazionale di Geofisica e 

Vulcanologia (INGV) in Italy has been involved in the 

development of the airborne RES system named Glacio 

RADAR, which is under continuous up gradation [1].  

The Glacio RADAR was mounted on an aircraft DE 

HAVILLAND DHC-6 Twin Otter, that flies at an optimum 

altitude 1000 ft (around 300m) above the ice surface during 

the survey in Antarctic regions. During several Italian 

Antarctic Expeditions (1997, 1999, 2001 and 2003) a large 

 
Research was carried out in the framework of the Project on Glaciology of 

the PNRA-MIUR and financially supported by the PNRA Consortium 

through collaboration with ENEA Roma. 

 

amount of data was collected, with more than 60’000 km of 

flights  in the eastern part of Antarctica and around the Italian 

base Mario Zucchelli station and Italian-French base station 

Dome C fig. 2.   

II. GLACIO RADAR SYSTEM 

The Glacio RADAR model used during the 1997 and 2003 

Italian Antarctic Expeditions (Fig.1), operates at 60 MHz with 

an envelope pulse width variable between 0.3 s and 1 s. The 

carrier generator was developed using a Phase Lock Loop 

(PLL) frequency synthesizer, which could synthesize 

frequencies from 40 MHz to 75 MHz with 1 kHz step. In this 

way it was possible to fine tune  the carrier frequency to 

reduce the reflected power from the folded dipole antenna due 

to mismatch.  
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Figure 1 Glacio RADAR circuit diagram 

 

One wire folded dipole constitutes the antenna system which 

exploits the wing reflectors to increase the gain.   The 4 kW 

pulsed power amplifier allowed us to obtain an adequate 

amplitude echo signal at the input of the receiver. 

The receiver listening time was 51.2 µs in 1997 and 64 µs 

from 1999 and consequently the maximum penetration depth 

in the ice has been about 4.3 km in 1997 and 5.3 km from  

1999 to analyze deepest zone in Antarctica.  

The receiver consists of a low-noise logarithmic envelop 

detector with a dynamic range of 80 dB. The acquisition 

system uses high speed IC’s and flash converter. The received 

echo signal is digitized (8 bit) at the sampling frequency of 20 

MHz with an error in the received echo time of about 50ns. 

The receiver sensibility is -100 dBm which is good enough to 

detect the signal that suffers a loss of about 160 dB mainly due 
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