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INSTRUMENTS AND METHODS 

RADIO-ECHO POWER PROFILING 

By C. S. NEAL 

(Scott Polar Research Institute, Cambl-idge CB'2 I ER , England ) 

ABSTRACT. A m e thod of continuously recording the Lf. power returned from a sub-glacial ice/ rock or 
ice/water interface is described. Illustrat ions of the records produced are given a nd lheir relevance 10 the 
reconstruction of lhe small scale roughness of a refl ec ting surface is discussed . 

R ESUME. Pr~fil de puissallce d 'ull echo-radio. On dccrit une mClhode d 'enregistrement continuel de la 
puissance d'une frcq u ence de rad io qui revient d' une fronti e re sous-glac ia ire entre glace el roch e ou glace cl 
eau. On pn!sente des illustra tions d 'en regislrcments, e t on discutc Ieu r ra pport avec la reconstitution d e la 
rugositc a pelile ech elle d 'une surface reAechissanle. 

ZUSAMMENFASSU NG. Projila1!!zeichllllllg der Starke VO II Radar-Echos . Eine M e thode zur kontinuierli ch en 
Aufzeichnung d e l' R a darfreq uenzstarke nach ReAexion a n e iner subglaz ia le n Eis/ Fcls- odeI' Eis /Wasser
GrenzAache wird beschrieben. Die gewonnenen Schrieb e w erdcn vorgefuhrt und ihre Relevanz fur die 
Wiederherstellung d e l' kl e inraumigen R a uhigkeil einer re Aekti erenden OberAache wi rd diskuti erl. 

INTROD UCTION 

As a consequence of the successful a pplication of radio-echo sounding to depth profiling, 
inte res t has recently been shown in the reconstruc tion of the small-scale statistical roughness 
of reflecting surfaces. This statistical roughness, whilst remaining unresolved in range, is 
responsible for the fading effect observed in all radio-echo records. 

Since all form of power recording necessarily r esul t in the loss of phase information, a 
direct reconstruct ion of a reflecting surface is impossible. However , Bramely and Young 
( , 967 ) and Oswald (unpublished ) have shown that , in certain cases, it is possible to deduce the 
r.m.s. slope and auto-correlation length of the refl ec tor from a knowledge of the variance and 
auto-correlation length of the peak returned power. 

Oswald (unpublished ), in analysing the ice/bedrock charac teristics on Devon Island, 
Northwest T erritories, obtained the power variance and auto-correlation length from a 
series of A-scope pictures which had been recorded sequentially at on e metre intervals along 
a track. This sampling rate is somewhat greater than the Nyqu ist sampling frequency (Ba th, 
'974) which is computed under the valid assumption that the major contribution to the 
returned power com es from the first few Fresne l zones; for exam ple, a flight altitude of 
, 000 m above ice of thickness 500 m implies a Nyquist sampling distance of about 3 m . 

At this optimum sampling rate, continuous A-scope recording requires up to one million 
frames of film per flight. I t was this , together with the associated problems of data reduc tion , 
which prompted the d evelopmen t of a new system which would record the peak of the 
returned power in a quantitative form. The records were later to acquire the name echo 
strength measurem ent , abbreviated to E .S.M. 

ApPARATUS 

The output from the 60 MHz receiver is appli ed to the Y-plates of an oscilloscope operat
ing with the time base switched off. The signal thus appears on the screen as a vertical line, 
the height of which is proportional to the power in the return. 35 mm film , moving at a 
constant speed in fron t of the oscilloscope screen, is used to record the display which therefore 
appears on the film as a continuous band , the width of which is directly related at any instant 
to the peak of the re turned power at that time. The hori zonta l scale of the recording is fixed 
by recording a position marker every ten seconds , whilst the temporal location of the record 
is established by recording an increm ental LED display at interval s of twenty seconds. 
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Since the signal is displayed with the time base switched off, 1t 1S necessary to gate the 
output from the receiver in order to blank out the strong echo from the top surface which 
would otherwise obscure the (usually weaker) return from the bottom ice/water or ice/ 
bedrock interface. This was accomplished by applying a gating pulse of variable width and 
delay, derived from the transmitter trigger pulse, to a video-band analogue switch, the output 
of which was displayed on a recording oscilloscope. 

In the absence of an automatic tracking facility, manual tracking of the reflecting surface 
was required and so short voltage pulses generated at the rise and fall of the gating pulse were 
applied to the <-input of an A-monitor scope in order to enable the operator to position the 
gate. Unfortunately these pulses were frequently hard to see and it was better to display the 
gated signal on a separate monitor scope. 

A prototype E.S.M. system differed from the apparatus described here in that the output 
of the analogue switch was used to drive a peak voltage detector. This detector lowered the 
ability of the system to reject external noise and the unexpected presence aboard the aircraft 
of such a noise source-later traced to an electrically operated window demister-frequently 
masked the weak return from an ice/rock interface. A peak detector permits the blanking of 
power levels below the peak so that the envelope of the returned power can be recorded as a 
single line. However, experience has shown that the internal structure of the E.S.M. records 
can be of use in distinguishing between the different regimes of fading whilst recording the 
noise level is very useful for calibration purposes. I t now seems, therefore, that the use of a 
peak detector is both undesirable and unnecessary. 

RESULTS 

Several examples of E.S.M. records obtained from reflectors of different roughness charac
teristic are shown in Figure I. These are continuous power profiles and as such are especially 
useful for: 

(a) Locating regions of similar bottom roughness characteristics. 
(b) Following the changing nature of the ice/rock or ice/water interface along a flow line. 
(c) Detecting changes in either the reflection coefficient of the ice/rock interface or the 

r.f. absorption properties of the ice. 

Of particular interest is the record shown in Figure I (d). This was obtained by simul
taneously gating the returns from the ice/air and ice/water boundaries on the Ross Ice Shelf. 
A change of 25 dB in the reflection coefficient of the smooth ice/water interface indicates the 
presence of an r.f. absorber within the ice. The ice/air interface is smooth as expected but 
its r.m.s. slope is higher than that of the ice/water boundary. 

In many situations it is possible to obtain the bottom roughness parameters from a detailed 
study of the E.S.M. record. However, as Oswald (unpublished) has pointed out, there are 
situations in which it is impossible to deduce the roughness characteristics from variations in 
peak returned power. Under these circumstances, estimates of the roughness must be made 
from the decay rate of the returned power, details of which are available from widely spaced 
A-records. (This method of analysis, proposed in detail by Berry ( 1973), is very sensitive to 
the shape of the transmitted pulse and is, in general, less accurate than the method of Oswald. ) 
It is for this reason that the E.S.M. system must be regarded as a complement to, rather than 
as a replacement for, A-scope recording. To this end the E.S.M. system was supplemented 
by a "Leicina" super 8 cine-camera which was available to record the A-scope display, 
either in automatic mode or upon operator request, in bursts of up to twenty seconds duration 
at a sampling rate of 54 f.p.s . (frames per second) . This rate corresponds to a horizontal 
ground spacing of roughly 2 m. 

Analysis of the data is continuing and the results will be presented in a future paper. 
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(a) 
-90 

-130 

(b) 
-90 

(c) -120 

-160 

(d) -70 

Fig. I. Exalllples of ES.M. recordillg. /C'-cho flower is illdica led to the right of Ih f recard ill dlJ relalire 10 Ih f Ir(l1l.1/lI illed power. 
The inner structure within the records at power levels below the peak is due partly 10 the gale straddling relurns frolll high 
Gllglefacets of the reflecting surface, and partly to a type of ringing phenOmetlOn which is clearly visible in (a) and which 
probably resultsfrom an impedance mis-match in the antenna connecting cables. Flight details are recorded at 20 s intervalof 
from an LED display, whilst event marks occur every 10 s, this time increment being roughly equivalent to a traversed 
distance of one kilometre. 

(a) Retum from a smooth ice/water interface on the Ross Ice Shelf. Position : 800 25' S. , 1590 00' W. Aircraft 
height : 830 Ill. Ice thickness: 630 Ill. 

(b) Retumfrom an ice/water boundary of large r.III. S. slope. Position: 79° 57' S., 1770 38' E . Aircraft height: 
740 m. Ice thickness : 310 111 . 

(c) Retumfrom a rough ice/rock interface in East Antarctica . Posilion: 67° 40' S. , 1380 17' E. Aircraft height: 
870 m. Ice thickness: 1 730111 . 

(d ) Retums from both the top alld bottolll snrfaces qf the Ross lee Shelf. Pos ition : 79° 5 1' S., 1780 30' W. Aircraft 
height: 8000 Ill . Ice thickness: 3 10 Ill . 

CONCLUSION 

The great advantage of E .S.M. records is that they a llow the glaciologist to assess the 
quali tative nature of a reRecting surface quickly . Detai led analysis of the records can often 
yield values for the roughness parameters of the reRecting surface, a task for which the addition 
of a 300 MHz E.S.M. device to the existing 60 MHz recorder would be desirable. 
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Although interest has so far centred on the nature of sub-glacial reflectors, returns from 
the ice/air interface are seen to have regional variations suggesting that further study of this 
boundary could be of interest. 
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