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A Parallel Analog Fourier Transformer for Acoustic Underwater Holography

and Sector Scanning Sonar by C.J.M.WOlff.x

I. INTROUUCTION

Well known techniques in underwater acoustic imaging are sonar, acoustical

holography and imaging by means of an acoustic camera. The subject dealt

with in this article concerns the two former techniques. Speaking in terms

of sonar, a novel technique of realizing sector scanning will be discussed.

However in terms of acoustical holography the technique should be refered

to as Fourier transformation.

Several techniques of realizing a Fourier transform have beendiscussed in

the literature. These are reconstruction of the image by means of optical_

interference (3)(é), or digital calculation by means of FFT (4)(5).

Each of these techniques has its specific charcteristics, which may be

disadvantageous in some particular situations. In marine applications the

main disadvantage of optical reconstruction is the problem of time delay

between making the hologram and reconstructing the image. The disadvantage

of FFT is that in some applications it is not fast enough to process the

available information without skipping part of it.

The "Within Pulse Scanning Sonar" or "Sector Scanning Sonars" apply elec-

tronic beam forming based on phase shifting of the incoming signals.‘

Essentially this process is a Fourier transformation as well. One of the

sector scanning techniques described in the literature is the modulation

scanning technique by Voglis (I) (2). The instrumentation presented in

this article is based upon this technique. Realization of a modulation

scanner, however, is characterized by operation on the acoustic carrier

frequency, a great number of tuned filters and trimmed phase shifting

networks. In the novel technique, on the contrary, the acoustic carrier

frequency is immediately eliminated, no phase shifting networks occur and

the filters are only of the low pass type. It is our belief that these

modifications make a sector scanner easier to manufacture. In the following

the apparatus will berefered to as Parallel Analog Fourier Transformer or

PAFT.
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2. PREPARATION OF THE HYDROPHONE SIGNALS BY QUADRATURE DETECTION

The signals received by the hydrophones in the array can be understood as

both amplitude and phase modulated carriers.

hn(t) = An(t) .cos {mot + ¢n(t)} I

In the case of a single CW source An(t) and ¢n(t) reduce to constants An

and ¢n. For ease of the discussion this situation will be assumed appli-

cable and in practice the duration of the transmitted pulses will be

chosen long enough to approach it.

Handbooks about acoustical holography show that the image can be recon-

structed by Fourier transformation of the aperture function, described by

the amplitudes and phase of the hydrophone signals. The carrier frequency

only acts as a factor and thereforemay be eliminated. This is being done

by quadrature detection. In this manner the information of the hydrophone

signals fn is represented by the pair

Re(fn) = An cos ¢n or f = A ei¢n

n n_ - II
Im(fn) — An Sin on

3. THE PRINCIPLE OF THE ANALOG FOURIER TRANSFORMER

 

The Fourier transform of a function f(x), defined on (-x0, x0) is denoted

by x _.

bw) = °/ f(x)e 1x"’dx III
_x _ p I.

0

If f(x) has been sampled, as is the case with acoustic receiving arrays,

the formula changes into

+N _.
bop) = E f e “"9 Iv

, n
-N

where fn denotes the complex value of the function f(x) in the point number

n, 2N+l is the total number of points, and b(w) represents the Fourier

transform of f. In general the number of points may be both odd and even,

but in order to simplify the discussion it is assumed to be odd.

In fig. 1 the transformation process is represented grafically, and essen-

tially the Analog Fourier Transformer is only a realization of this scheme.

-inw
, 2N complex multiplying blocks and oneIt shows 2N auxiliary signals e

adding block.
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fig. 1 Schematic of the Fourier transformation process.

Multiplication of the complex signal Ae1¢ with the complex auxiliary-v

function e_1wcan be realized according to the definition, using four

multipliers:

Ae1¢.e-1¢ = Acos¢.cosw + Asin¢.sinw - iAcos¢.sinw + iAsin¢.cosw V

Fig.2 shows the schematic of such a complex multiplication.

Aein¢ .- 5-iw o Aei(¢-¢)

cosw

Acos¢ .

0 Aces (¢-w)

Asin¢

   
o Asin(¢-w)

fig. 2 Addition of an auxiliary phase o to a complex variable.

'In order to calculate b(w) for all values of w, w is chosen linearly

increasing with time: w - at. And consequently the result' of the trans-

formation process becomes periodic with a repetition frequency a/2w.

. . . ind . .
The aux111ary functions become e t or cos(nut) and Sin(nnt), which can

be generated easily for all n.

 



 

Applying the schematic of fig. 2 for all signals it would be possible in

principle, to realize a Parallel Fourier transformer. It is however rather

discouraging to see that for transforming say 8] points 320 analog multi-

pliers and 40 synchronous frequencies would be required. But it appears to

be possible to reduce the numbers of multipliers and auxiliary frequencies

drastically. In general the number of multipliers can be halved. The

number of frequencies can be shown to be proportional to the log of the

number of points (2N+l). If 2N+1 is equal to 81, four frequencies will be

sufficient. In his articles about Modulation Scanning, Voglis (2) indi—

cates how the reduction can be realized. We shall apply now the same

techniques.

First, the four multipliers of fig. 2 can be used to perform two multi-

plications at the same time. And for transforming three complex numbers

the same number of multipliers can be used, as can be shown by inspection:

+1 -
_ . -1nat _ _ ,

b3(at) — _§ (Rn + 11“).e - (R1 + R_]).cosat + (I1 I_1).51nat +

+ R0 + i(--R1 + R; ).sinat + 1(I1 + I_1).cosat + 110 VI

The corresponding scheme is shown in fig.3. Similar combinations could be

made of 2, 4, 5 points etc.

     

o Re{b3(ot)}

. Im{b3(ot)}

fig.3 The basic Fourier transformation unit.

Secondly, in order to reduce the number of auxiliary frequencies, the sets

of three can be combined in a similar way. Thisresults in the scheme pre-

sented in fig. 4 where 9 complex figures are Fourier transformed in two

stages. The auxiliary frequency of the second stage is three times the

basic repetition frequency: Bot. In a similar way 27 points can be trans-

formed in three stages, 81 points in four, etc.

  



 

fig. 4 combination of four basic units to one larger one.

4. REALIZATION OF A 27 POINTS TRANSFORMER

 

At our Institute a 27 points Analog Fourier Transformer consisting of three

stages has been built. The repetition frequency of the transformation is 30

kHz, and consequently the bandwidth of the output signalis 30 x 27 = 810

kHz theoretically. In practice both real and imaginary outputs have a band-

width of 0 to 405 kHz. In order to save components, the 27 quadrature de-

tectors can be combined with the first transformation stages according to

schemes of fig. 8a or fig. 8b. We prefered to use the circuit of fig. 8a,

because it is realiazable using multipliers in the switching mode, while

the circuit of fig. 8b requires full multipliers.

It should be noted that the output of the Fourier transformer is a complex

function and therefore it consists of a real and imaginary part. Before

displaying the signals by intensity modulation of a CRT, the two complex

outputs have to be combined. In fact one should calculate the modulus of the

complex output signal. But for the purpose of making images we approximated

the modulus of the vector by simply

summing the moduli of both components:

W = IRI + |I| VII

The subsequent error varies between

0 and 40% or 1 20% as can be seen in

fig. 5.

 

fig.5 Approximation of VR2+IZ by IRI+|II  
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-ccs mt.sin at
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fig.8 Two methods of combining the quadrature detection and the first

Fourier transformation stage.

a) Top: method with switching multipliers

b) Bottom: method with full multipliers.
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The 27 point Fourier transformer has been tested at several temperatures.

5. RESULTS

It could be expected that the balance of the multipliers is sensitive to

changes in temperature. This is important since the zero frequency as well

as the auxiliary frequencies are in the output band. Between 0 - 40°C

environmental temperature drift resulted in 1.5 mV unwanted signal at the

output but no distrortion could be noted. The output "noise" level is also

of the order of 1.5 mV.

The dynamic range of the output of the Fourier transformer appeared to be

60 dB and because of variable gain in the first stage mixers the input

dynamic range is greater : 74 dB.

The 27 points Analog Fourier Transformer requires 70 multipliers. So the

technique still could be expensive if it was not possible to use simple

multipliers. In fact rather cheap modulators have been applied. The 54

modulators in the first stage were common mixers (Signetics N5596) and the

16 multipliers in the second and third stages were little more expensive

ones (SGS-LOZS).

Some final remarks

 

- No coils or transformers are applied in the Analog Fourier Transformer.

Only integrated circuits and active low pass filters are used. So in

principle the technique can be realized in modern production methods.

- The processing of the received signals is independent of the used

acoustic frequency.

- Integration time can be as long as the duration of the acoustic pulse

provided. Integration is performed before the first transformation stage.

Or in the scheme of fig.8 the integration is performed as lovaass fil-

tering in the first stage.

— The main disadvantage of the PAFT is that the auxiliary frequencies are

in the output band. This requires ahigh degree of balance of the multi-

pliers and compensation of leak through.

- Using the circuits of fig.2 showing how to realize electrically controlled

phase shifting, it is possible to perform variable focussing as well. This

could be achieved in the cheapest way if in the last stage of the trans-

formation, the centre signal is fed through one phase shifting circuit

like fig.2.



 

like fig. 2. In that case the minimum image forming range is decreased

approximately by a factor 3.

- Also 2-dimensional images can be formed using the same analog transfor-

mation technique. For example a 9 x 9 element square hydrophone and a 8|

point transformer will be sufficient to realize a TV-like image.

Probably in that case a larger array is prefered and the image repeti-

tion frequency could be lowered to some 50 in lieu of 10.000 Hz.
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