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ARSTRACT

This report describes the temporal response of an acousto-optic
spectrum analvzer to pulse-modulated cw signals. The detected waveforms
from the outputs of a real-time photodetector array are analyzed as a
function of pulse width, weighting function parameters, and relative
photodetector to spectral centroid location. The input pulse envelope
is modified in the forms of signal duration stretching, the anpearance
of a flattop, multiple humps, and longer rise and fall times. Various
schemes are discussed on the determination of the pulse width from the
detected waveform.

RESIMF

Description de la réaction temporelle d'un analyseur de spectre
acousto-optique par rapport 3 des signaux cw modulds par impulsions. lLes
formes d'ondes détectées 3 1'aide des sorties d'un réseau photodétecteur en
temps réel sont analysées en tant que variable de 1'impulsion en durée, des
paramétres de la fonction de pondération et de 1'emplacement relatif du
photodétecteur par rapport au centre géométrique spectral. L'enveloppe de
1'impulsion d'entrée est modifife par 1'accroissement de la durée du signal,
1'apparition d'une amplitude courante, des dénivellations multiples et le
prolongement des temps de montée et de descente. On €tudie différents plans
de d8termination de 1'impulsion en Aurée 3 1'alde de la forme d'onde détectée.
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1.0 INTRODUCTION

The optical Fourier transforming configuration as shown in Fig.l, where a
single~-channel Bragg cell is employed, is an acousto—-optic spectrum analvzer.
This configuration {s well known for its inherent capability of wideband
spectrum analysis on a real-time basis with many simultaneous signals
present., With the advent of new components such as Bragg cells and
photodetector arrays, acousto-optic technology has rapidly emerged as a major
optical signal processing technique for wideband reception and analvsis of
radar signals.

The acousto-optic spectrum analyzer is a real-time processor in which the
output is the instantaneous Fourier transform of the weighted input signal in
the aperture. The amplitude weighting function takes into account the
acoustic attenuation and the interaction profile between the laser beam and
the acoustic beam in the aperture. For cw signals, the spatial and temporal
characteristics of the spectrum are constant and are determined bv the Fourier
transform of the product of the amplitude weighting function and the signa)
[1],[2]. On the other hand, *‘n the case where the signal is of finite
duration, such as with pulse-modulated cw signals, the instantaneous spectrum
is a function of where the signal 1s located in the aperture and is a more
complex problem [3]-[5].

A photodetector array 1s usually used for detecting the spectrum. The
output from such a processor also depends on a number of other factors such as
the number of photodetectors used to cover a given frequencv band, the
response of the photodetector, and whether it is operating in the
time-integrating or the real-time mode.

In this report we investigate both the spatial and temporal
characteristics of the acousto-optic spectrum analvzer to pulse-modulated cw
signals. The formation of the temporal and spatial distributions in the
Fourier plane as a pulsed signal propagates through the Bragg cell aperture is
analyzed in detail. The detected signal waveform from a photodetector array
operating in the real-time mode is then analyzed as a function of the pulse
width, weighting function parameters, and the relative position of the
photodetector to the spectral centroid. Two simple methods of determining the
pulse width from the detected signal waveforms are also discussed.

2.0 SPATIAI AND TEMPORAL DISTRIBUTIONS

A Fourler transforming configuration is shown in Fig. 1, where the Bragg
cell is itlluminated with a collimated source of monochromatic light at the
Bragg input angle. An electrical signal is applied to the transducer of the
Bragg cell and a portion of the light is diffracted into one of the
first-order components. The interaction between sound and light {s assumed to
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be ideal and the effect of the acoustic spreading in the y direction is
neglected. The light amplitude distribution of the diffracted first—-order
component, in the back focal plane of the lens, is given by [6]

s

Pl

‘g
U (xl,yl,t) = ——= 7 g(t - X, /v ) w(x .Y, )
- . ‘. F - o v

T R ]

exp [—j2"(ux: + vy, )] dxodyc s (1

ARl R 9 4

where

VF » F

P\ D N

- are expressed in normalized coordinates, : 1is the optical wavelength, F is the
S focal length of the lens, K, is a constant which 1s proportional to the square
- root of the acousto-optic d?ffraction efficiency of the Bragg cell and the

N illuminating laser power, g(t- x /v ) is the acoustic signal function, v _1is
e the acoustic velocity, and w(x s y ) is the amplitude window weighting
function.

In the implementation of spectrum analyzers, the Bragg cell is cften
illuminated with a line source. The optics is configured to perform a 1-D
Fourier transform in the x direction and the line source is imaged in the y
direction. This operation is generated by inserting a cylindrical lens in
front of the Bragg cell and another in between the Bragg cell ard the Fourier
transform lens. In this arrangement, the effects of the acoustic curvature in
the y direction on the intensity distribution have been analvzed [2] and found
to be small. As a result, the analysis presented in this report can be
simplified by assuming the acousto-optic medium produces a self-collimating
acoustic beam.

[N L R
A

’ [olh p

oA

. In this arrangement, the welghting function can in general be
approximated by

o X . 1
w(x ,7 ) = rect(——) “(y ) exp [ - ri(=-=+ -—2)]
D ) D 2

X,
4 expl - ( 2Tx --- ) ]
2 N
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j j"::' X .
. = rect( === ) <(y ) exp{ «7/2[ .= /(8Tx ) -1 ];
A D ‘
o \ | «
:gﬂ - exp( -{2Tx[ Xc/D +.,:/(8Tx )] ) (2)
™ e
- where * is the Dirac delta function, rect is the rectangular function, the
:'f input laser profile is of the Gaussian form with Tx specifying the intensity
-f- truncation ratio at the 1/e' points, . is the acoustic attenuation coefficient
= in Np/s and increases with the input frequency, and - is the acoustic transit
e time across the effective aperture D. In the latter expression of Eq.(2),
both the acoustic exponential attenuation and the Gaussian illumination
. profile have been combined into a displaced Gaussian function.
%3 In the case of a pulse-modulated cw signal of the form
-
o
Vin(t) = C rect[(t = PW/2)/PW] cos(2- f t +: ), (3)
X ; -
fr; the corresponding acoustic wave function with only the first higher-order
T component generated is given by
gt = x /vy) = C rectl(t = PW/2 - x /v - /2)/Pu] l
;i}j cexp[-32= £ (t - x /v --/2) - §: 1, (4)
:)- where f_ 1s the carrier frequency, C is the pulse amplitude, and PW 1is the
o pulse width. The leading edge of the pulse arrives at x. = -D/2 at t=0 with
(\i: phase : .
AN )
::: With this modified configuration for spectrum analysis, the amplitude
o distribution of the signal in the frequency plane is obtained by substituting
: Fqs. (2) and (4) into Eq. (1) and solving the integral in terms of error
P functions [7], we have
::i .
i:: U (x ,y ,t) =K *(yl) Coglt - x /vq) w(x ) exp(-j32 cux ) dx
=KC (y)2expl-32 £ Ct- /2)- ,./2]
:. 1 1 -
o ~( ~/a): exp(b /a) [ erf(a' B + bla' )
v’
T - erf(a A +bla’ )] (5)
s
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where

(2Tx/D) ",

[
I}

b=3 lu-f /v -3, /2 DI,

~
|

=Kg/(+ )Y,

B and A are the upper and lower limits, respectively, of the integral and they
are a function of the pulse position in the aperture. For example, when only
the leading edge of the pulse is in the aperture, the limits are defined by

A = -D/2 and B = -D/2 + vgt .

The optical illumination profile can be easily modified while the
acoustic loss is inherent as it depends upon the material of the Bragg cell.
Let us analyze the case where the laser illumination profile is uniform in
the x dimension, to obtain insight on the characteristics of the field
distribution. If the input signal is pulse-modulated with an amplitude C,
then the amplitude distribution along the x, axis at y, = 0 can be expressed
as

U;(u,t) = K C exp[-j2 -f (t - -/2)] exp(-a1/2)
’t rect{(t - PW/2 - x, /v - 1/2)/PW] rect(x./D)
exp’-j2 " [u - fs/vS - 3§ /2D dx (6)

where the initial phase @ has been dropped from the above equation. There
are four possible cases when considering a pulse-modulated cw signal and they
are

(A) When the pulse fills up the aperture.

(B) Only the leading edge of the pulse in the aperture.

(C) Only the tralling edge of the pulse in the aperture and
(D) both the leading and trailing edges in the aperture.

These four cases will be considered in some details in this section.

2.1 The Pulse Completely Fills the Aperture

This is the only case for an input cw signal, but can also occur when
using a pulsed signal which has a pulse width longer than the aperture transit
time. In both cases, the limits of integration are now defined by the
aperture, namely, A = -D/2 and B = D/2 and the amplitude distribution is
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U:(u,t) CKDsinclub - £, - 3 /(2 )]

exp(- :/2) expl-j2- £.(t - /2)] D)

The last phase term shows that the light frequency is upshifted by the
input signal carrier frequency f_ . The magnitude is directly proportional to
the pulse amplitude C, and the aperture width D. It is also attenuated by an
average exponential factor given at one half of the aperture transit time.

The spatial amplitude distribution along the u axis is a complex sinc function
which is defined by

sinc [ uD - £o- 3 /(2 )]

sin[  (uD - £ )] cosh(- -/2) + j cos[ = (uD - fgl)] sinh(-:" /2)
. S S (8)

It is to be noted that the sinc function with a complex argument is
uncommon in the literature. However since it appears very often in this
report and is in a much more compact form than the expression given on the
right hand side, it will therefore be used.

The intensity of the distribution is proportional to the square of the
absolute value of the sinc distribution. It can be shown that the maximum
value of the sinc square function with a complex argument occurs at the
normalized spatial coordinate of u = fs/vs.

The square of the normalized absolute sinc function is plotted versus the
normalized variable uD for various acoustic loss values of 'S and is shown in
Fig. 2. The location of the centrold is shifted by f_ - and its magnitude is
normalized to unity. S is the normalized effective pulse width which is that
portion of the pulse inside the aperture normalized by the total aperture
width D, and is unity in thils case. As can be seen from the plot, the effect
of acoustic attenuation on the intensity distribution is to smooth out the
wvaveform by slightly broadening its main lobe, increasing its sidelobe levels
and filling up its nulls.

The peak amplitude of the distribution is given by

U, = CKD [ -mmmmmmmmmmem e ] 9)
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The square of the tast term is plotted in Fig. 3 as a function of . .
The normalized intensity distribution is plotted in Fig. 2, with its peak
value normalized to unity, while the absolute value of the peak is plotted in
Fig. 3. By using the plots of both Figs. 2 and 3, a semi-graphical technfque
can be used to obtain the absolute light intensity distribution as a function
of 7 and S.

In the limit when the loss is negligible, the amplitude distribution is
simply given by the familiar sinc function

U,(u,t) = C KD sinc(ud - f,1 ) exp[-j2-f (t - /2)] (10)

2.2 Only the Leading Edge of the Pulse in the Aperture
In this case, the lower limit of integration is defined by the aperture

boundary at A = -D/2 and the upper limit by the leading edge of the pulse,
which is moving in time, that is,

B=-D/2+ vt , t< PN, (1D

The amplitude distribution in the back focal plane is now
U, (u,t) = K CDS exp(-¢25/2) sinc{ [uD -f 1 - j «1/(2 )]s ;

cexp -3 [(uvg + £)t - uD] !} (12)

where the normalized effective pulse width S = t/i. The temporal frequency is
given in the last exponential term as

f = (uvg + £,)/2 (13)

The spatial amplitude distribution is again a complex sinc function as in
the case of a cw signal except that it is a function of the effective pulse
width. The temporal frequency at the centroid of the distribution (u = f_/7)
is also upshifted by the signal carrier frequency. However as we move away
from the centroid, the temporal frequency varies continuously as u varies. At
some incremental spatial frequency of ~u from the centroid, the temporal

;f}' frequency deviation is f /2. The explanation for this phenomenon is that in
jkj this case, one edge moveQ, and the other one 1s stationary. The absolute
o square of the normalized sinc function 1s plotted in Fig. 2.

.-_&C.c_ o _‘. o
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As t increases, the effective pulse width increases proportionally and
the magnitude of the centroid increases while its spatial width decreases.
The peak amplitude of the centroid is given by

1 - exp(==7185)
U (&) =CKD[ - ] (14)

T

and the square of the bracketed term is plotted in Fig. 3.
2.3 Only the Trailing Edge of the Pulse in the Aperture

The upper 1limit is now defined by the aperture at B = D/2. The trailing
edge of the pulse is moving in time and defined by

A=-D/2+v(t-PW) ,0.t-PW" - (15)

The amplitude distribution in the back focal plane is

U,(u,t) = KCDS exp[- - (1-S)] exp(-+1S/2)
.sinci[uD = fg- - § +:/(2 )]s} (16)
cexpi-j t[(uvg + £t = £ - (uvg - £5)PW] |
and s=1-(t-PW)/ - an

As expected, the distribution is of the same form as for the leading edge
case. The only difference is that the amplitude is attenuated more for the
same effective pulse width since it is now located at the exit end of the
aperture. The peak amplitude of the centroid is

U"fu,t) =K CDexpl- .(t = PW][ 1 -exp(=+-5)1/(x:) } (18)

2.4 Both the Leading and Trailing Edges in the Aperture

This case happens only when the pulse width PW is shorter than the
aperture transit time '. Both the leading and trailing edges are moving in
time, that is,




S
b
e “l-
I
.}::i.
S A=-D/2 + v (t - PW)
Vg
."~ B =-D/2 + vt (19)
"..:':: for 0 <t -PW < ¢
)
it The amplitude distribution in the back focal plane is
SN
3R
iﬁ U, (u,t) =K CDS exp[- alt - PW)] exp(—nt S/2)
. sinc {[uD - f 7~ jat /(2718 }
*:"'I
{;j exp{-j " [2uv t + (£ - UVS)PW - uD] !} (20)
e
-.. ”v..:
"
e and S = PW/t (21
-
o
o The temporal frequency is now
ey
-‘_ of*
AT £ = uv, (22)
-_'.:
T
10
z;?. It varles continuously as a function of the normalized spatial frequency u. At
K. : the centroid, the temporal frequency is again equal to f;. At some
‘) incremental frequency Au away from the centroid, we find that the temporal
- frequency of the sidelobes differs from the centroid by Af. The explanation
,t; for this phenomenon is that now both the leading and trailing edges move.
P ;
b |
4:Qi The spatial distribution is a complex sinc function with its magnitude j
‘j{i decreasing with time. The square of the absolute value of the sinc function
= is given in Fig. 2. The amplitude of the centroid is
o
‘iti U, (t) = K CDexpl-r (t-PW)]{ [1-exp(~18)]/(~1) } (23)
_('f The square of the last term is plotted in Fig. 3 as a function of ~7 S.
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”i;- In power spectrum analyzers, the intensity distribution along the x axis
o as a function of time 1s of interest. For a given pulse width, this
. distribution is completely characterized by Eq.(5) and is a function of only
e two parameters, Tx and (1.
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We have seen In the last section for Tx = 0 , the waveform distribution
is rather complicated as it is a function of where the pulse is located in the
aperture. With the additional parameter Tx , the power pattern is expected to
be much more complex.

A typical case 1s used to illustrate the formation of the power spectral
distribution of a pulsed signal as it propagates across the aperture. The
weighting function parameters are Tx = 0.8 and 7= 0.4,

The plots shown in Fig. 4 are for the case where the normalized pulse
width (PW/1) is unity. The normalized instantaneous intensity distribution is
plotted at five different positions as the pulse propagates through the
aperture. Due to symmetry in the waveform distribution, only the right half
of the waveform is plotted for each location and the spectral centroid is
chosen to be located at the origin. As can be seen from the plots, the
instantaneous intensity distribution changes with the pulse position in the
aperture and is complicated in shape.

In the implementation of a spectrum analyzer, solid-state linear
photodetector arrays are usually used for detection. They operate either in
the real-time mode with parallel individual outputs or in a time-integrating
mode where the output is from detectors arrayed in serial/parallel
configurations. In the time-integrating mode, there is a trade-off between
the frequency resolution and the integration time for a given data rate. 1If a
large number of photodetectors are used to obtain a fine resolution of the
spectrum, the integration time is usually increased due to finite clock
rates. In the real-time mode of operation, the number of photodetectors used
must be limited to keep the number of parallel channels to a manageable level.

The time-integrated waveform distributions for pulse-modulated cw signals
has been addressed {3] and therefore will not be considered further in this
report.

In the real-time mode of operation, one is more interested in the
instantaneous spectrum of the signal detected by the photodetector array.
Using this accurate measurement of the output voltage from the photodetector
array as a function of time, not only the pulse repetition frequency (PRF) but
also the pulse width (PW) of the signal can be determined.

In general, the output voltage from a given photodetector is a function
of the frequency response of the photodetector and the portion of the
intensity distribution sampled by it. To keep the number of possible cases to
a minimum, the most commonly employed 1/D bandwidth detection scheme is
investigated. In this photodetector array configuration, the spectrum analyzer
i1s used mainly as a frequency channelizer in which multiple simultaneous
signals of different frequencies can be spatially separated. In this case, a
coarse frequency resolution is obtained while the time resolution is very good.
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4,0 1/D BANDWIDTH DETECTION

In this scheme of detection, the spectrum analyzer is configured in such
a way that the photodetector width has a normalized spatial bandwidth eqral to
the reciprocal of the aperture width (D). If we designate the photodetector
where the spatial distribution of the signal is approximately centered at
K = 0, the output voltage from the Kth photodetector is

. u - (uS + K. u+u) v
VO = U (v, 0) L memmmtemeeeememnt o] du dv A R(E) (24
- u ‘v

where H 1s the spatial weighting function of the photodetector array;. u = 1/D
1s the center-to-center spacing, ‘v is the height of the photodetector array,
uy= f. /vy is the location of the signal spectral centroid, u, is the mismatch
between the spectral centroid and the centered photodetector, h(t) is the
impulse response of the detection circuit which normally consists of a
photodetector followed by an amplifier, and * denotes convolution.

If the bandwidth of the detection circuit is much larger than the
electrical bandwidth of the sampled waveform by the photodetector, the impulse
response can be approximated bv the delta function * (t).

A simple case is used to illustrate the detected waveform characteristics
with the weighting parameters Tx = .. = 0 and a normalized pulse width (PW/ )
of unity. It was carried out experimentally using a slit with a normalized
spatial bandwidth of 1/D placed in front of a large photodetector. The slit
with the photodetector was initially centered on the centroid of the signal
spectrum and was then moved in steps of 1/(2D) away from it. Tte reason for
the 1/(2D) step (half of the photodetector width) is to simulate the two
extreme relative positions of the photodetector array with respect to the
centroid of the signal spectrum. One case is when the spectral centroid is
centered with respect to one of the photodetectors and the photodetectors on
that array are designated by n = 2K = even integers. The other case is when
the spectral centroid is located in between two adjacent photodetectors with
n = 2K = odd integers.

The theoretical and experimental waveforms at the various photodetector
locations are plotted in Figs. 5 and 6, respectively, The bandwidth of the
detection circuit is much larger than the detected signal bandwidth and h(t)
is approximated by the delta function "(t). The spatial weighting function of
the photodetector in this arrangement is of rectangular form. The
photodetector located at the centroid of the spectrum is designated by n = 0,
and all the curves are normalized by the maximum output value at n = 0 and
t/° = 1. 1In Fig. 5, only the first half of the response is plotted because
the output waveform 1s symmetrical for the rectangular weighting function. In
Fig. 6(b), the four experimental curves are displaced vertically by one
division from each other to show a clearer picture.
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(PW/ =1.0, Tx = .~ =90), (a) |nl =0, 1, AND 2,
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For the rectangular weighting function, with Tx = .- = 0, the power
spectral distribution is always of the sinc squared function. Its magnitude
increases with the square of the effective pulse width in the aperture while
its main lobe width decreases proportionally to it. The minimum main lobe
width is reached when the pulse completely fills the aperture, with its first

nulls located at u = + 1/D from the centroid and the other nulls spaced at
1/D apart.

In the case where |n| = 0,1, the photodetector is always situated inside
the main lobe of the spectrum and, as a result, the detected output increases
monotonically as the pulse enters the aperture. It reaches a maximum level
when the pulse completely fills the aperture and then decreases to zero in the
same fashion as the pulse leaves the aperture.

On the other hand, for a photodetector situated in other locations, it is
initially located inside the main lobe of the spectrum as the pulse enters the
aperture and the detected output increases with time. As the pulse moves in
further, the nulls start moving in closer toward the centroid; every time a
null crosses the photodetector, a dip in the output magnitude occurs and thus
gives rise to the appearance of a hump in the detected waveform.

The number of humps appearing on the detected waveform from the nth
photodetector is |n| for n # 0 . For example, 1f |n| = 4, the output
registers four humps as the pulse propagates through the aperture, and with a
maximum level of only 14.8 dB below that of the photodetector located at the
spectral centroid.

So far we have only considered the cases where the spectral centroid is
located either at the center or in between two photodetectors. However, in a
practical situation, the spectral centroid of a given signal may be located
anywhere along the photodetector array. When this happens, the magnitude and
the number of humps appearing on the detected output will be slightly
different from the above two cases, and they will fall somewhere in between.

As can be seen from the graphs in Fig 5., the maximum output from the
photodetector array has only one peak (without the multiple-hump structure)
appearing on the waveform. In the case where the spectral centroid is located
in between two adjacent photodetectors, there are two identical maximum
outputs. In all the other cases, there is only one such maximur output. 1If

. the weighting function is not a rectangular one, its effect on the

iy instantaneous spectrum is to broaden the main lobe and to alter the sidelobe
- levels and spacings. This effect increases in direct proportion to the amount
N of overlapping between the pulse signal and the aperture. The broadening

P . effect will move the first nulls further away from the centroid thus ensuring

that there is at least one maximum output with only one peak appearing on the
waveform. The change in the sidelobe levels and spacings will affect the
shape and the number of humps detected by those photodetectors located off the

'~ signal spectral centroid.
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- The effect of the weighting parameters on the detected waveform is

- illustrated in Fig. 7. The detected waveform 1s taken from the photodetector
- which is centered with respect to the spectral centroid. For each set of

e weighting parameters, the response is plotted for two normalized pulse wfdths
{_ of PW/ = 0.5 and 1. The maximum response is normalized to a value of

) unity. As can be seen from the graph, the shape of the detected waveform is a
- strong function of the weighting function parameters.

The response for other pulse widths can also be derived from Fig. 5 when
A the weighting function is of the same rectangular form. If the normalized

N pulse width i1s greater than unity by "t/  , the waveform at t/° = 1.0 will
f}; remain at that level for the same time duration. On the other hand, if the
oy normalized pulse width is less than unity by "t/-, the waveform will only

N reach the level at 1 - t/ and remain at that level until t/ equals

- unity. It will then retrace the waveform from t/- = (1 -  t/-) back to

t/ = 0.

- In all the discussions presented so far, the impulse response of the
-, detection circult is approximated by the delta function ‘(t) . If the
= bandwidth of the detection circuit is not much larger than the detected signal
- bandwidth, the exact output waveform will depend on the bandpass nature of the
: detection circuit. It has the general effect of smoothing out the hump
structure and stretching the output in time.

5.0 PULSE WIDTH DETERMINATION

As given in FEq. (24), the detected output waveform from a photodetector .
is a function of many parameters. It is in general a function of the pulse
width, relative photodetector to spectral centroid location, spatial weighting
function of the photodetector array, amplitude weighting function parameters,
and the bandwidth of the detection circuit. The first two parameters are the
unknowns to be determined by the acousto-optic spectrum analyzer. However,
there are two characteristics which are independent of the above parameters,
namely, (i) the input pulse width of the signal is stretched by an amount
equal to the aperture transit time, and (ii) if the pulse width exceeds the
aperture transit time by 'T , the detected output reaches a maximum level
for the same duration 'T .
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- The above two characteristics can be utilized to determine the pulse

o width of an input signal. let us take a signal scenario where there may be
- simultaneous signals present but non-overlapping in the frequency plane. The
first function performed by the post-processor is to identify the
phtotodetector output where the signal spectral centroid is located. This is
-1 obtained simply by finding the maximum photodetector output free of the
nmultiple-hump structure. The second function is to determine the pulse width
from this maximum output.
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- One approach is to make use of characteristic (i) where the pulse width

- is stretched by the aperture transit time,

~ T = P + (25)

The pulse width can be estimated by measuring the duration of the
detected signal and then subtracting from it the aperture transit time. This
can be done bv setting a certain threshold level above the noise floor to
determine hoth the leading and trailing edges of the signal. It is apparent
that this scheme works well for output signals with a large signal-to-noise
:- ratio where both the leading and trailing edges are clearly defined. The

measured pulse width becomes shorter as the signal-to-noise ratio decreases.
. If the parameters of the weighting function are large, the effective aperture
.. transit time is reduced and an adjusting factor has to be used. Furthermore,
- if the impulse response of the detection circuit cannot be approximated bv the
- delta function, the output waveform will be stretched further and an
; additional adjusting factor must be used.
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> Another approach to determine the pulse width is to make use of the

' second characteristic. If the pulse width exceeds the aperture transit time

bv 'T, the detected output increases initially until a maximum level is

) reached when the pulse fills the aperture. The output stays at this maximum

KN level for the same time duration ' T and then decreases to zero as the
trailing edge of the pulse leaves the aperture. The pulse width of the input

v signal is related to T by

o -

T Pho= T + (26)

o

- To ensure that there is alwavs a flat maximum region in the output of the

AN tetected waveform, the aperture transit time must be chosen shorter than the

.. narrowest pulse width to be detected. This is not a serious constraint and it

P actually turns out to be what can be achieved in practice for broadband

- receiver applications. A Bragg cell with a bandwidth of 1 Ghz has a limited
useful aperture width due to high acoustic loss arising from operating in the

<r higher frequency range. The input laser beam is confined to the region

e closest to the transducer to achieve a high diffraction efficiency. In

-, addition, the number of parallel outputs must bte limited in this mode of

.-t operation and thus fine frequency resolution is not required. A coarser

o frequency resolution means a shorter aperture transit time.

For example, if the aperture transit time is 0.25 s, anv pulse width
exceeding that value will have a flat maximum level in the detected output.
This aperture will give a spot size equivalent to a frequency resolution of

4 MHz.
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In a practical situation, both approaches to pulse width determination
can be employed to take advantage of the merits each one has to offer.

In a real environment, the amplitude of the received pulse may he
distorted. Both the rise and fall times are of finite duration. Moreover,
the pulse amplitude is usually corrugated with ripples. These perturbations
will in general distort the shape of the detected waveform and increase both
the rise and fall times.

The ripples are usually small in amplitude and have a higher spatial
frequency content than the pulse envelope. The power intercepted by the
photodetector depends on the frequency components of the ripples. In general,
there is an averaging effect applied to those spatial components falling
within the photodetector's spatial bandwidth. This will in turn contribute
some distortions to the detected output and affect the shape of the maximum
flat region. However, these distortions are small in amplitude in comparison
with the rising and falling edges of the detected output and can be taken into
account by the postprocessor, If the spatial components fall outside the
photodetector of interest, they will not affect the output but will contribute
to the outputs of the adjacent photodetectors.

6.0 SUMMARY AND CONCLUSIONS

The temporal and spatial characteristics of the acousto-optic spectrum
analyzer for pulse-modulated cw signals, have been investigated. In the case
where the window weighting function contains only the acoustic exponential
attenuation function, the spatial distributions have been shown to be
characterized by a combination of exponential and complex sinc functions. The
instantaneous spectral distributlon generated by the spectrum analyzer as the
pulse propagates through the Bragg cell aperture, is detected by using a
photodetector array operating in the real-time mode. The center-to-center
element spacling used in the analysis and measurements, has a normalized
spatial bandwidth equal to the reciprocal of the aperture. This configuration
{s mainly used as a frequency channelizer in which a coarse frequency of the
signal 1s obtained while the time resolution is very good. The detected signal
waveform has been studied as a function of pulse width, amplitude weighting
function parameters, and relative spectral centrold to photodetector location.

It was observed that the input pulse envelope is modified by the
acousto-optic spectrum analyzer in a number of w-.ys. It is always stretched
in duratfon by an amount equal to the aperture transit time. Moreover, in the
case where the pulse width is longer than the aperture time, the difference in
duration was found to appear as a flat top on the detected output. The shape
of the detected waveform 1s strougly affected by the amplitude weighting
parameters. Furthermore, {f the photodetector is located off the main lobe of
the signal spectrum and detecting its sidelobes, multiple humps are detected.
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However, despite the appearance of complicated waveform distributions,
the first two characteristics, namely, the signal duration stretching and the
duration of the maximum flat region were found to be simply related to the
aperture transit time. This is especially true for the photodetector lc:ated
at the spectral centroid where the output level is the highest and free of the
multiple-hump structure. These two characteristics can then be utilized
effectively in the determination of the pulse width.




- -

-,—.-. . .- A

I'-.

".r'*.v' NS
a4

N

7.0

[11]

[2]

(3]

(4]

(6]

(7]

- 23 -

REFERENCES

D.L. Hecht, " Spectrum Analysis Using Acousto-optic Devices " , Optical
Fngineering, Vol. 16, No.5, pp. 461-466, Sept./Oct., 1977.

A. Vander Lugt, " Bragg Cell Diffraction Patterns ", Applied Optics,
Vol. 21, No. 6, pp. 1092-1100, 15 March, 1982.

J.P.Y. Lee, " Acousto-optic Spectrum Analvsis of Radar Signals Using an
Integrating Photodetector Array ", Applied Optics, Vol. 20, No. 4,

pp. 595-600, 15 Feb., 1981.

A. Vander Lugt, " Interferometric Spectrum Analyzer ", Applied Optics,
Vol. 20, No. 16, pp. 2770-2779, 15 Aug., 1981.

L.C., Lennert, I.C. Chang, D.L. Steinmetz, W. Brooks and F. Langdon,

"High-Performance GHz-Bandwidth Acousto-optic Spectrum Analyzer ", Proc.
Soc. Photo-Opt. Instrum. Eng. 352, pp.10-16, Aug., 1982.

J.P.Y. Lee and J.S. Wight, " Acousto-optic Spectrum Analyzer: Detection
of Pulsed Signals ", Applied Optics, Vol. 25, No. 2, 15 Jan. 1986,
pp.193-198,

M. Abramowitz and I.A. Stegun, Handbook of Mathematical Functions, Dover,
New York, 1965, p.556.

v, ,_ . . .‘..' R N AN oA

. . e e SN LN L
o ""-' "«’x"“‘- -J\\':\"." O -?a e -r~.-.w.vf"' o -".-' “ WY v
N u'. .

.



P -
] .'..‘ -".'.

u..

v

0y

P NI

R M A

[ A

P
R

25 -
UNCLASSIFIED
Security Classification
DOCUMENT CONTROL DATA - A & D !
(Sovueny Consdicanon of tie, oy ot atnteact amld mdewing gnnctation must be entered when the oveeall document g clasafod)

POOHIGINATING ACTINVIT Y 24. DOCUMENT SECUHITY CLASSIFICATION
DEFENCE RESEARCH ESTABLISHMENT OTTAVA UNCLASSIFIED o 3
DEPT. OF NATIONAL DEFENCE 2b GROUP
SHIRLEY BAY, QTTAWA, ONTARIO _KlA OZ4 | o
U0 T TITLE

"ACOUSTO-OPTIC SPECTRIM ANALYSER: TEMPORAL RESPONSE AND DETECTION OF PULSED
SIGNALS (1)

4 DESCHRIPTIVE NOTES {Type af renort and inchusive datest
DREO TECHNICAL NOTE

< ATHNAICY {1 2 agma frgt nama moidls oanal)

LEE, JIM P.

6 DOCUMNENT DATE 7a. TOTAL NO OF PAGES 7. NO. OF REFS
] DECEMBER 1986 23 . 7 ]
Hy. PROJECT OR GRANT NO %92 ORIGINATOR'S DOCUMENT NUMBERI(S)
J -
0111.B11 DREO TN 87-5
B CONTRHACT NO 9. OTHER DOCUMFENT NO IS] (Any other numbers that may be
assigned this document)

W) OISTRIBUTION STATEMENT

UNLTMITED

1Y SUPPLEMENTARY NOTES 12. SPONSORING ACTIVITY

DREO

13 Ae 12ALT

() This report describes the temporal response of an acousto-optic spectrum
analvzer to pulse-modulated cw signals. The detected waveforms from the outputs
of a real=time photodetector arrav are analyzed as a function of pulse width,
weighting function parameters, and relative photodetector to spectral centroid
location. The input pulse envelope is modified in the forms of signal duration
stretching, the appearance of a flattop, multiple humps, and longer rise and
fall times. Various schemes are discussed on the determination of the pulse
width from the detected waveform,

[ELTRY




. - Al B~ ol v el » B BUAR Al Lot tal can ek bad Sl Ad Bk el e d M ACe A DA R A A8 AN AL L0 n 8 A ua et e g a |

"
N -26-
N
L
Rk UNCLASSIFIED
»'-*\
- Security Classitication
KEY WORDS
ACOUSTO-OPTIC SPECTRUM ANALYZER
PULSEWIDTH DETERMINATION i
ACOUSTO=OPTIC RECEIVER
i BRAGG CELLS .
i
|
INSTRUCTINNS
1 QRIGINATING ACTIVITY Enter the name and adddrnss of the I OTHER DOCUMENT NUMBERIS) It the (tuciument hae bewn
Org.z2ation 15suIng the document assiyned any other document numbers (either by the anginator

or hy the sponsor). 3lso enter thes numbesis)
2y DOCUMENT SECURITY CLASSIFICATION Enter the overah
secunity classthication of the document inctuding special wdrning 10 DISTRIBUTION STATEMENT Enter any limatarnag an
teams whenever aophicable further gissermination of the dacument otner than thase omised
by security classibieabhion, usiny standard staternents such 4s
b GROUP Enter secunty reclassibication group "umbier. The three
gerus 3 dehiaed in Appendix Aot the DRB Secunity Hegulations (1) "Quahihicd requesters may ohtain copies nt thig
. dovument teom thew detence gocunentaticn center ™
3 OOCUVENT TITLE Enter the complicte document title in git

captat fetters Tittes i Al cases should be nrclassibied 1f a7 (20 "Announcement and disserinanon ot this document
SUtt Cirntty (ASeTiphive Litle CaNNA0T e selecteret arthout ciassifie 1S N0t autnareznd wWithout prior gepeoual team
caran snow Ghe ctassthication with the  suat anecapitab-iettaer orginat:ng activity

altravialion an parentheses anmaeduitely toilow:ng the hile
11 SUPPLEMENTARY NOTES Use tor additional explanatory

I DESCHIFTIVE NOTES Eater tne categury of document sy notes
T h o CV reprrl technic ) note Or e etiee 1 appropn
are earer the 1,0w o doCument ¥ g interim  progress, 12 SPONSQRING ACTIVITY Enter the name nt the depacimeat gt
Sy, Aol or hingl Guve the anclusive Jates ahen a pinject Sthoe or labaratory WONSANNg the resee ch ann
SPYLITLC FAPUTHINY PerY 18 COovernd anvelopment. Include aduress. b
5. AUTHTHKIS! Enter the namets) of author(s) as shown on or 13 ARSTRACTY Enter an abstract giving a brre! and factual
N the dotument. Enter Tast name. first name. middle instial summary of the document, even though it imay SO Jupear
Homuhitary. show rank. The name ol the pancipal author s an elsewhere 0 the hody 0! the document rselt 1t as haghiy
ALY ute Munimum reqursiment desirable that the abstract of classaibied documents be unclass
tied. Each paragraph of the ahstract shall end with an
6 OOCUMENT DATE Enter the date Imonth year) of ingication of the securnity classification of the information
Estannshment approval 1or publication of the document. n the paragraph luniess the document itsell s unddassibied)

representag as (TSH, {S), (C), (R), or (U
Ta TOTAL NUMBER OF PAGES The 101ai page count should

follow normal pagination procedures, 1 e, enter the number The length of the abstract should be hirmited to 20 single-spaced
of pages contaning inlormation standard typewritten lines, 788 wnches long
¢, "
'('-;" T A SR ROF REFFALCYMCES Eator the tanl numhes of 18 KEY WORDS Key words are tecnmicariy meaminalul teems ar
i f\"‘, fedevenirs Gitedoan the dociment SHOtt Phrases that charactetze a document and coultt be haptal
LS 1 cataloging the document Koy words should be selected so
{\). My PHOGECT O GRANT NUMBEH 11 yppeoproite. unter the that no security clatsihication ag reguued.  tdentibiers such as
.F:‘VI APPC able resiere oo develagpunent poagect o gEant number sauipment madel deaanatian, trade name, rabitary progect code
f\'{‘ [RREE AL ANS SPRI SN € cTUNRS A LI L T A A A name asoar.e 0Catnn gy be usedd as bey waonds but wall
[ be 1oilnwrd By an mdication o1 terhnic gl context
b e LOMTIACT NUMY B 1 approgn e enter the apphicabie
gt cuber whac o the dlos ament o a s wral Lo
« %y
".:’. D OFLGINATOR'S DOCUMENT NURAT RIS Entee the
: f<"f'. othend document supmbee by which the (docament vkl be
i", )‘, when oo gemd Fontealted by the ongnating wctivity Thes
N ‘:-;, NuMbe mast he grigue 10 This dociment
LWl

1
2 Copy available to BTIC doos met
s permit fully legible reproduckon




e AA a R X a7 s B R Lk T e

RN

(¢ L

U

\ .m‘(.t,‘(s.x."\i



