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ABSTRACT

A :Zheband microwave surveill;nce receiver has been proposed,
aésembled, and demonstrated. Thewreceiver system consists of a hybq}d
approach which combines a firont-end stepping receiver’with 8 mic¢roscan
intercept receiver to monitor the frequency bandwidth extending from 3.2
to 4.2 GBz. This spectral analysis system-is designed to determine [and
identify the présénce of low level amplitude pulse or {W sighals. R +l- -
timé analog processing on signal leQéis’as low as =123 dBm fqr a

frequency resolution capability of 40 KHz and an accuracy of 126 KHz

. i
across the 1 GHz bandwidth is demonstrated. i
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Chapter 1 2

—

INTRCDUCTION

1:1  INTRODUCTION

1

In modeqn applications requiring swveillance, spectral analysis
systems must cope with the difficult task of intercepting signals over a
wide~};equeﬁcy bandwidth and collecting information from exotic
emitters, Signals must be sorted op é pulse-by-pulse basis for they can
potentially provide vital information about the emitter such as [8]:

Frequency
Received power
Pulse duration

\

Polarization

» . f

Time of arr;val
. Angle of arrival
Characteristic of intrapulse mocdulation
While several types of receivers can fulfill present-day surveillance
roles, each has their own advantages and limitétions. Th; demands ror'
better performance in particular applications have even .lepd to the
hybridization of certain receiver types. In this thesis, the
performance characteristics df\a wideband microwave surveillance
receiver combining a microscan recéiver and a superhg{erodyne receiver

are investigated for the purpcose of Jaenxifying lgng duration noise

disturbances occurring over a wide frequency bandwidth.



In section 1.2, the background and objectives of the thesis are
% T,
presented in greater detail, while the thesis organization 1s presented

in section 1.3.

1.2 BACKGROUND llé OBJECTIVE

In recent years, extensive efforts have been undertaken to design
surveillance receivers capable of operatihg in an increasingly dense and
éomplex signal environment while maintaining high fidelity on all
measured signal parameters. In applicatiog; requiring the colleciion of
informaticn from exqtic emitters such as frequency hopping signals,
spread (spectrum signals, multi-beam radars, jammers, weapon guidance
signals, etc., a reconnais;andh receiver must exhibit wide instantaneous
RF b;nduidt.h consistent with the requirement for high probability of
intercept on all incoming signals. It should also provide high
sensitivity for the detection of low level amplitude signals, offer
simul taneocus signal handling cﬁpability for the occurrence of multiple
signal events, and have a high dynamic range to avoid analyzing spurious

products unintentionally [S].

Conventional receiver technology such as superheterodyne, crystal
video,’or tuned radio frequency fail to meet the }equireménts set by a
high-density environment, rapid acquisition, and high® probability of
intercept (POI). ‘Eouever, with advances made with surface acoustic wave
(SAW) devices and microwave integfated circuits {(MIC) a neﬂ breed 6r
intercept“receivers have surfaced to meet the challenge. These ificlude

/Xé: instantaneous frequency mea§urement (IFM), chhnnelized. microscan,
&t§gd Bragg cell receivers [2,8,9]). Of these, only the latt?r Fhree can

provide simultaneous signal capability. Of the latter thgce. only the

1-2
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microscan receiver technology combines low complexity and high
sensitivity in a package of small size [14]. A more meaningful
comparison is presented in Figure 1.1 which lists the perfdrmance

parameters for high-probability of intercept receivers. An excellent

overview of these receivers is addressed by Tsul {2].

In a microscan receiver, the incoming signals are mixed with a
' linear chirp waveform and the result is convolved in a matched chirp
filter to produce the Fourier transform of the input signals. In spite
of its many attributes as a high speed signal processor, the microscan
receiver does present cer}ain shortcomings. In particdular, its
usefulness in processing a wide frequency bandwidthvwitg fine frequency
resolution cells is still presently limited by SAW technology. In
addition, the relatively large ;mount of insertion loss feund in SAWs
limits the attainable system noise figure, While it 1s clear that a
single receiver cannot simultanecusly meet all system requirements, it
is pos;ible to achieve the demands of a wideband surveillance system
with fine-frequency resolution capability by combining certain receiver
types. The hybridization of a stepping auperheterod&ne receive; with a
microscan receiver offers a promising solution fot wideband spectral
analysis. While the microscan performs fine res&lution high-speed
signal processing, the superheterodyne receiver offers excellent
selectivity of the RF region to be processed and very high sensitivity

- ~

for the detection of low level input signals.

The objective of this thesis is to demonstrate the performance of a

hybrid technique combining an ARGOS microscan receiver with a front-end

stepping receiver to rapidly scan a 1 GHz communication bandwidth



s

\
|
K

Figure 1.1:

1-4

System . /
IFM Channelized Microscan Bragg Cell
Parameter /
Sensitivity Low High High High /
Resolution Moderate  High High High
Intercept High High High High -
Probability
_Simultaneous
Signal Very Low Moderate High Moderate
Performance
Dynamic Range 50-60 dB. 40-50 dB 40-50 dB 25~35 dB
Signal ‘ Egj
Analysis Moderate High High High %
Capability . 4 -
Output Single Parallel Single Parallel
Format Channel Channels Channel Channels
‘System Moderate High Low Low -
Complexity
Size Moderate Large Small Small
Comparison of 1nte}copt receivers.
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between 3.2 to 4.2 GHz. This approqg&cis designed to determine and
identify, to within a channel spacing of 30 KHz, the presence of low

level amplitude, long duration noise disturbances in the vicinity of

Ottawa, Ontaric.

1.3 THRSIS ORGANIZATION A

Chapter) 2 is divided into two parts. The first part reviewa490ne
of(?ggf;:;itical design considerations which must be ;pplied when
designing receiving Systems. Receiver sensitivity, receiver noise
figure, third-order intercept level, and‘dynamic range are some of the
factors which are highlighted. "The;most important part of this spectral
analysis system 1s the microscan receiver and thus a good understanding
of its characteristics is essential. Consequently, the second part of
Chapter 2 is devoted to the basic theory of the microscan receiver. The

microscan receiver is also referred in the open literature as the

compressive receiver; both terms are used interchangeably in this text.

In Chapter 3, the system requirements and the proposed design
solution for the wideband surveillance receiver are assessed in detail.
Areas of 1interest include the ARGOS microscan receiver, the front-end

downcbnversion stage, and the microprocessor controller.

In Chapter 4, the experimental results obtained from the receiver

are presented, e performanse of the surveillance system is examined.

and compared with theoretical/predictioqs. °

In Chapter 5, conclusions and recommendations for future work are

presented.

SRR



Chapter 2

MICROSCAN RECEIVER AND SYSTEM DESIGN PARAMETERS

‘i

2.1 IlTiODUC’!OI
|

The many important concepts of a wideband spectral analysis systenm
using a microscan receiver are considered in this chapter. The chapter
is divided into' two parts with emphasis placed on both a sound
understanding of the theoretical &spects of a microscan 1ntercep£

receiver, and the many practical design considerations which must be

applied when designing a receiving system.

The first portion of the chapter reviews some- of the important
concepts 1involved in reéeiver design. These include thermal noise,
noise figure, operational sensitivity, dynamic range, and probability of
intercept. The second part of the chapter focuses its ;ttention more
specifigglly on the microscan receiver. Here, the thecoretical and -
analytical foundations of the microscan receiver are established.
Moreover, a brief overview on some of the pracéical . components whish

make up the receiver is also presented. Finally, this chapter

contludes ufth a brief summary.

2.2 RECEIVER CHARACTERISTICS .

The most significant characteristics and parameters used in

describing receiver performance are discussed in the following

subsections.



Fal

2.2.1 Thermal Noise

The chief limiting factor in receiver sensitivity is noise. Noise
is ‘unwanted electromagnetic energy which prevents the receiver rroﬁ
properly detecting the desired signal energy. It originates-within the
receiver itself or it may enter via the receiving antemmg along with the
desired signal. There isJ!lways noise present due té the thermal
agitation of electrons in the ohmic portions of the receiver. This 1is
known as thermal noise and is directly proportional $0 temperature and
bandwidth of qythe receiver {(1]. The available thermal noise power
generated by a receiver of bandwidth Bn (Hz) at ; iemperature I(°K) is

equal to:
N = KT Bn " : ¢ (2.1)

. . Lo
where K is Boltzmann's constant equal to|1.383§%}0 23J/deg.
T is the equivalent noise temperature in Kelvin (290°K=room
temperature).

The bandwidth Bn is the noise equivalent. bandwidth and 1s given by:

40
;oeee) | Pat
Bn= == ° - (2.2)
|[H(E )] )
(o]

where H(f) 1$ the frequency response characteristic of the IF filter aﬁd
fo is the frequency of maximum response (usually specified at midband).‘
This is an integrated bandwidth of an equivalent rectanguiar filter
whose noise power ocutput is tHe same as the filter with characteristic

B(f) as shown in Figure 2.1.

2-2
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Figure 2.1:

Equivalent noise bandwidth,
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2.2.2 HNoise Figure ‘\

The 'noise power of a practical receiver is always greltor' than

thermal noise because noise is.,added by every component in the receiver.

The noise figure F of a receiver is defined.as:

No noise out of practical receiver

= = : 2.
KTOBnG noise out of ideal receiver at std temperature (2.3)

where” No is the noise output from the receiver and G is the available

gain. The standard temperature T, is 290°K. Since the output‘signal is
related to the input signal through: )
So = G Si . (2.4)
equation (2.3) can be rewritten as:
SilNi SNRi -

F = = 2.
S /N SNR (2.5)
-0 o] (o]

a

where SNRi is the signal-to-noise ratio at the input /of the receiver and
SNRO is the signal-to;noise ratio at the output. /Equation 22.5) can be
interpreted as a measure of the degradation of signal-to-noise ratio as
the signal passes through the receiver. Therefore F is always greater
than unity. Noise figure is often expressed in dB as:

NF(dB) .= 10 logF _ - (2.6)

o

For n components connected in cascade, the overall noise figure FT may

be shown to be equal to:

F F F2—I + F3—1 + + Fn_l (2.7)
= + —_— ce . .
T % 66, G187~ Gh-y ,

2-4 i -
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where F; and G; are the noise figure and gain of the ith network
respectively. If the gain of the first stage is high and its noise
figure 1is low, the ncise contribution of the following stages can be

~

rendered negligible. This is an important concept in receiver design

(1=-71].

2.2.3 Operational Sensitivity

The detection of weak signals is limited by noise energy occupying
the same portion of the band as the signal. The operational seﬂ;itivity
of a feceiver is usually expressed as the minimum signal strength
required to provide a specified probabiliiy of Jetection without

exceeding a specified probability of false alarm [2]."

Consider the envelope detector circuit shown in Figure 2.2. It
consists of an IF filter of bandwidth BIF followed by a linear or square

law detector with a video amplifier of bandqj@tb\Bv. By rearranging

equation (2.5), the input signal may be expreSsed as:

14
SN

S ‘/
Q /
S1 = KT Bn F — (2.8)

NO

»
N,

)
If the minimum detectable signal Smin is that value of Si corresponding

to -the minimum ratio of output (IF) signal-to-noise ratio (SO/NO)min

necessary for detection, then:

’ S B
0
Swin = KT BAF ()gyp : (2.9)
o

Equation (2.9) can also be expressed in dBm as:

»

2=-5
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Figure 2.2:

Envelope detection circuit,
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L
Smin(dBm) = 10 10310(1000KT3 +\NF(dB) + 10 logyoBn + desired S/N(dB)
. (2.10)

Often a 0 dB S/N ratio is used to express receiver sensitivity and is

-

referred to as the minimum discernible signal (MDS) level. This means
the signal power is equal to the noise power at the output of the IF
filter. At this level the false alarm rate 1s high and it 1is,

therefore, a common practice to threshold the output of the envelope

detector to keep the false alarm rate at a desirable level.

The required threshold setting to get a specified probability of
detection without exceeding a specified probability of false alarm 1is
known as the Neyman-Pearson criterion and has been addressed by Skolnik
[1]. Only the results are presented here. The instantaneous noise
voltage V entering the IF filter is assumed Gaussian with mean equal to
® and variance Yoo Let the threshold voltage be VT' Then the average
time interval between crossings of the threshold by nocise alone is

defined as the false-alarm time Tfa:

v.2
Te, = X exp T (secq) (2.11)
fa BIF 2w0 :

{;aie ratio of the time the noise is above a certain threshold to the

overall observation time is defined as the probabllity of false alarm.

It is expressed as:

kes

S (2.12)
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By substituting equation (2.12) 4into (2.11) the result may be

manipulated to give the required tth;hold voltage in terms of the ncise

variance and false alarm probability:

'vT = ‘/2% 1n (1/Pg,) (2.13)

If a sine wave signal of amplitude A is present along with the noise in

the IF bandpass filter, then the probability of detection Pd is given

by :
7 R (~r%+a’ RA
Pd = ; B oexp LZR¥AT)  (RAS (2.14)
v ¥ yav o
o e}
T
where R is the amplitude of the envelope of the filter output. Here;

Io(z) is the modified Bessel funqiion of zero order and argument Z given

- .

by :

A
Ig(z) = —= (1 +=24+..) (2.15)
8z
2Tz

Equation (2.14) can only be evaluated by numerical techniques or by some
form of approximation [1,2]. The signal amplitude A and noise variance
Vg can be related to the signal-to-noise ratio as:

L

(2.16)

The probability of detection Pd as a function of signal-to-noise ratio
at the input of the detector and probability of false alarm Pfa is
illustrated in Figure 2.3. By determining BIF and Tfa' the false alarm
probabiiity Pge, can be calculated from equation (2.12). Then, for a

desired probability of detection Pd, the SNR required at the output of

?
Y N
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the filter can be read directly from Figure 2.3. In the above

.

discussion the video bandwidth Bv is assumed to be greater than BIF/Z

but less than BIF‘

2.2.¥ Dypamic Range -

t

The dynamic range of a receiver is the input RF power a receiver
can process correctly. It is defined as the ratio of the maximum signal
handled by a receiver to the smallest signal capable of being detected
[1,6]. The smallest sigiftal is the MDS or a specified threshold level
and the maximgm signal is that whicg.causes a specified degree of

intermodulation or a specified deviation from linearity (usually 1 dB)

of the output-vs-input curve as shown in Figure 2.4.

The dynamic range of a receiver is often determined by its
simultaneous signal handling capability. It refers to the radge of RF
input power'over-uhich two signals can be free from noise, harmonies, or
intermodulation products.. The instantaneous dynamic range defiqes the
maximum amplitude separation between a strong siénal and a weak one
(separated in frequency by more than the frequency resolution of the
receiver) such that thé receiver can measure both of them correctly [2].
The spuriocus free dynémic rang&/%SFDR) also indicates ihe receiver's
ability to handle two simultaﬁeous signals [2]. AS shown in Figure 2.5,
this range is bounded in tﬂe lower limit by a spécified threshold and at

the upper iimit by the input power level at which two signals F1 and F2

produce third order intermocdulation products F3 and F4 equivalent to the

-

R
MDS.' Third order spurious products are of greatest concern because they

v

appear inband.
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t‘,’l

It is possible to calculate the level of third order
intermodulation products given the third order intercept point P31, the
total gain of the receiver Gt’ and the input power Pi. The third order
intercept point P31 is the intercept point of the gain curve of slope I
and the third order product curve of slope 3 as shown in Figure 2.6.

The amplitude F3 and Fi in Figure 2.5 can be evaluated as [6]:
Img = 3(P1 + Gt) - 2 Py - (2.17) .

The input level at which the intermodulation products are equivalent to

the noise floor is given by:

26 13
No £ T 1
P, = 1se floor - + 2 3 dBm (2.18)

3 3 3

The spurious free dynamic range is often defined from this input power

level to the threshold level for a specified Pfa' This is stated as:

SFDR = P; - threshold -

wimn

(P31 - G - threshold) {2.19)

The spurious free dynamic range of a receiver can be evaluatea if the
third order intercept point of each component in the receiver is known.
The overall third order intercept point P31 T can be written as [71]:

’

1
(2.20).

n
-1
= I (P G )
31,1 “(4i+1,n)
P34, T 1=1 ! '

where P31 i and G1 are the third order intercept point and gain of
1

——

element'i respectively.
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2.2.5 Probablility of Intercept ' K

~

The probability of intercept (POI) plays an important role in‘
x

surveillance systems. The POI gives on indication of the likelihoodl'of
acquiring signals which are radiated by an emitter withig- a given
frequency " band of interest ;nd within a specified amount of fime after
the start of a particular activity. Interception should not be mistaken
for detection. Detection, as explained in Section 2.2.3, i3 related to
the signal level, noise level, and threshold of a previously acquired

aativity, whereas interception dictates the time coincidence of two or

more activities [38].

Determ;ning the POI is often a difficult task. It depends on the
signal environment as well as on the different system parameters which
influence tbg time required to achieve an intercept. Consider the two
independent wiﬁdow functions illustrated in Fiéure‘2.7. Figure 2.7(a)
repéegents the activity of an emitter while Figure 2.7(b) represents the
activity of a scanning receiver. Each window function is characterized
by a width 71, a period T, and a starting time t. For the scanning
reéeiver,r T representy the total time required to scan a bandwidth of

Btot and the time that the receiver dwells at a particular frequency is

given by:
’ G (2321)
T = .
Btot
’ »
where B is the instantaneous bandwidth of the receiver. An intercept

will occur when the window functions 6verlap. The condition required to

have an intercept in the first peridbd is expressed-as:
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Two independent time-bandwidth window functioas.
(a) Activity of an emitter and
(b) Activity of a scanning receiver,

Figure 2.7:
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- '(1 S t1 - t2 § T2 (2-22)

Assuming the start times are independent of one another, the probabiiity

of the two windows coinciding during the first period of the window

function with the shorter period can be shown to be equal to: .

%2
—_— P12(Ti) = f POF(z) dz, 'I‘i (i=1,2) (2.23)
- - T] .
where PDF is the probability distribution function for the ‘independent

random variable z illustrated in Figure 2.8.

Once P12(T1) is determined, the probability of having an intercept

@

during a period of time T is given by the equation:

T/T
i

.
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2.3.1 Introduction 4

The microscan receiver is an anabbg pqpceséor which extracts the

’

spectral contents of an incowing -sighal by performing a real-time
continuOQa Fourier transform. Its n;me derivés from the fact that it
can scan a large bandwidth in a period of time shorter than the duration
of the shortest pulse expected. This has.the added advadtdée over
conventional scanning receivers to achieve a -h;gher; p;obability -of

intercept (PO1) on both CHiand pulsed signals.

r

The following sections will examine in closé} detail the

N

" theoretical and analytical operation of the microscan receiver. First,

“
'the basic principles of oJperation of the receiver  are - présented
followed by‘ a section on signal 1ntarceptiop"and pr&bability of
'intercept. An analytical description of the (repgiver operation
immediafely follqus in order fo Five a more in depth 'understanding on
how signals are being processed. Furthermore, an overview on some 6f
the key components which make up the receiver such as the pulse
compression filter, the sweeping local oscillator, and the logarithmié

\

amplifier and detector is addressed.

-

2.3.2 Principloa_ot Operation

N »

A microscan receiver obtains spectral information by performing a
continuous Fourier transform on every signal entering its bandwidth. It
* overcomes the sweep rate versus resolution constraint found in

superheterodyne scanning receivers by using a pulse compression
" . - .
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B

technique. A block diagram of a microscan receiver is illustrated in

Figure 2.9. The 1ncom;ng signal is mixed with a linear chirp loocal

~oscillator (LO) signal of constant signal strength to produce a

" frequency modulated signal at an intermediate. frequency (IF). This IF

fignal can either chirp)up or down depending on the direction of the LO

sweep. Cg}rp is the general term used to describe a signal having a
b4

<
quadratic phase variation. <If the LO chirps up then the IF signal's

\)

“indtantaneous frequency increases linearly with time with a slope of +m

as shown in Figure 2.10(a). The IF signal is then cqnvolved in, a pulse
compression filter (PCF) which has a’?requency versus time delay of -m

\

as shown in éiguré 2f10(b). This ha' the effect of apeeding up the
higher frequencies ;t the trailing edge with respect to the 16:or
frequencies at the leading edge of the pulse. The outcome results in
collapsing (in time) all the energy of the incoming signal to proauce a
pulse at the output of the PCF. By conservation of energy, if the
signal duration 1s compressed then 1its amplitude must increase
proportionately {(15,24]. Consequently, the spectral contemt of this
signal is embedded in the time function co;ing out of the PCF. By
carefully measeﬁing the onset time at which this tisfe funct;on emerges
from the filter, the desired 1nformation is obtained. Noise 1is

ungffécted "by the PCF since different noise freguency components are

\uncorPelated; delayinghsome.more than others will have no effeét on the

.

J - . .
noise output [24]. Because of its compression effects, the microscan

~

recelver is of‘ten referred tohin the open literature as a compressive

receiver.

Lig . -

\ .
The arrangement shown 1in Figure 2.9 1is known as the M-C

configuration which stands for multiply-convolve and it is the most
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Figure 2.10: (a) Frequency vs time of the IF signal and
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basic of three possible architectures. The .two others being the
multiply-convolve-multiply and the convolve—multiply—convoive (C-M-C), a
dual of each other as shown in Figure 2.11.° In fact, the M=C
configuration 1s derived from the M-C-M configuration apd has use only
in the power spegtrum analysis of.signals (10,11,18,19] (see Section
2.3.5). Our attention will be primarily focused on the M-C
configuration. In the M=C configuration the difference in time between
the longest delay t, and the shontest delay ty of the PCF is referred to
as the integration time T. The range of frequencies which experiences
the delay is known as the filter bandwidth B [2,14]. The integration
time of the filter determiqé; the sensitivity and the frequency
resolution (1F) of the system and is given by 1/T. Frequency resolut}on
}efers to the ability to distinguish between neighboring frequency
s?gnals close-in. The filter bandwidth determines the pulse width at
the output of the filter and the probability of intepcept of the system.

v

The product of these two parameters gives the time-bandwidth proddct
v

(TBP) of the compression filter., The TBP is a figure of merit for the

compressive receiver which determines its overall processing gain. For

a fixed resolution, the larger the TBP the faster the LO can scan and,

thus, a wider band can be monitored (10,13,14,15].

2.3.3 3dgnal- Interception

~

/
To further wunderstand "how signal$ are intercepted and passed

through the compressive receiver, a simplified graphical approach is
presented. Figure 2.12 represents the time and frequency relation of a
M-C microscan receiver. In Figure 2.12(a) three frequency tones foin

fc' and f .. where appropria?ely‘chogen 30 that rmax and £, are biﬁh




LO CHIRP

(a)

LO CHIRP

(b)

LO CHIRP
(c)

Figure 2.11: Migrosoan receiver architectures
(a) Multiple-convolve,
(b) Multiply-convolve-multiply, and
(c) Convolve-multiply-convolve (copied from (351)
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at the edge of the RF band while f, 1s located in the center of the
receiver band. It is assumed that the RF bandwidth Ba is equal to the
input filter bandwidth B with the phase response of the convolver

matched to the phase response of the LO.

In Figure 2.12(b) the LO must scan a band consisting of By + B in a
t ime Tm in order to ensure that all three tones in the signal sanduidth
£111 up 'the input filter bandwidth B completely in order to jbe
intercepted‘with fuil sensitivity at the output. 'I'M is twice as long as

the filter integrétion time T.

Figure 2.12(c) shows the mixer ocutputs being intercepted by the
input bandwidth B. The output of the multiplier is a windowed version

ot the input superimposed with frequency modulation.

»

4 Figure :2:12{(d) 1illustrates the signals entering the PCF with a
frequency versus delay slope matched to the LO. Both the bandwidth%‘and
the- filter'respoqae time of the convolver are only half that of the LO

]

in order to keep thé sweep rate constant. ' v,

.. In Figure 2.1_3(e) fmin enters the PCF first followed by f, and rmax‘
a short time later. The windowed chirps produced by the mixer "slide"
through the PCF until their centre frequency corresponds to the centre

TN

frequency of the PCF, AN

Finally, °Figure 2.12(f) illustrates the three time shifted pulses

at the output of the PCF. Frequency information can be derived through

.
4

a scaling factor {2,12] as:

f = ut (2.25)

where uis the chirp slope.




For the practical case when Ba = B, the IF signal enters the PCF
during the first half of the LO chirp duration TM and emerges from the
PCF during the second half. In other words the PCF has a valid output
only during the second half of the multiplier chirp (i.e. Tw2a to Ty,
3/2 Ty to 2Ty, etc.). Therefore the POI cannot be 100% [2,14]. This
suggests that if a short pulse arrives at a time when the LO has passed
through a certain portion of its band, it could be missed entirely as
shown by the heavy lines in Figure 2.12(a). The POI cof the sysfem
determines the likelihood of intercepting each and every pulse received.
Because of 4its importance in fast sweeping receivers like the
compressive receiver the POI 1is reviewed more thoroughly in the

following section.

2.3.%4 Probability of Intercept (POI)

-

Given the same resolution bandwidth, a compressive receiver can

intercept a signal faster than a conventional scanning receiver by an

amount equal to the time~bandwidth product (TBP) of the pulse

compression ‘filter. This is expected, simply because the scan rate
(u =B/T) of the compressive receiver is B F times faster than that of a
conventional superheterodﬂge scanning receiver [2]. UnfortunéZelyQ the
;OI of a compressive receiver is not easily defined. Its measure
depends largely upon the complex effects of three p;rameters [15]):

1. energy of‘ the signal

2. pulse duration versus start of LO sweep

3. center rfequency of signal versus LO center frequency -

To simplify the definition, it is assumed that the energy of the

incoming signal is sufficiently strong during a time equal to the filter
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inkegration period T in order to cause a detection when intercepted by
the ' receiver. Full interception means that the signal muat fill the
entire integration time period of the pulse compression filter in order
to gugrantee a detection at full sensitivity, When the signal is not
present for the entire duration of T, in the fifter, the output signal
energy 1s decreased and; thus,'degradatioa in receiver sensitivity and
resolution occurs. This can be seen when both the time duration and/or
the center frequency of an incoming siénal do not coincide with the
start time‘and/or the center frequenc; of the sweeping locél oscillator
respectively. The gr;phical representation in Figure 2;j3 will help

-~

clarify these points.

Three difrereni pulse durations are illustrated, each beingm~at a
differgnt center frequency. If the signal duration is very long‘\?ike
the case for the CW tone, the signal will be intercepteé in the " filter
integration time window at every scan of the LO. The compression filter
will have outputs at 1/TH repetition rate with full sensitivity.

If the pulse duration is equal to the sum of the scan period plus
integration pefiod (TM+T)~ this will guarantee at least one full
integration at full sensitivity for any input time of arrival with

respect to the LO scan and for any frequency within th%%filter bandwidth

as shown. “

Finally, the case when the signal duration is equel to the filter
integration time. Three things might océur. In the best case pgasible,
the ﬁulse completely fills the receiver integration period and is fully
intercepted resulting in full receiver sedbitivity. In thé worst case,
the pulse falls between two adjacent scans and is completely missed and

v
therefore no interception occurs. Anywhere between these two extremes,
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partial overlap of the pulse and integration time occurs which results

in reduced sensitivity and resolution [14].

The ' effects of partialz intercepticn is analogoua to the
interception of pulses narrower than the filter integration time as
shown in Figure 2.{h.5‘§}noe full interception cannot be achieved, a

- receiver aensitiyity degradation results from a combination of:
‘ 1. variable compression ratio loss

2. conservation of energy
Since the detection process is one of peak detection and not energy a
sensitivity loss occuré. To have 100% POI requires that the signal
duration must be greater or equal than TM+T. For pulse§ narrower than

this and which decreases towards zero the POl is given by the following

equation:
T B I
POl = — = — 2.26
01 = &+ = 353 ( )
— = 50%

In other words pulse widths narrower than the fillter integration time
arriving at random would be intercepted by the receiver with a
probability of 50 percent. A method of improving the POI to 100% is by
interlacing a second LO scan between the adjacent scan period of the
existing LO as illustrated in Figure 2.15. This method suggests that
any pulse width cau‘be intercepted and that in the worst case scenario
the pulse would be split equaliy by adjacent integration period for

reduced sensitivity of 4-5 dB [2,14].
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In summary, the POI is a measure of the percentage of ﬁulsea which
will be intercepted by a receiver. This measurement depends greatly on
the duration of incoming pulses and wheré they are locatgd within the
filter bandwidth with reapect to the LO scan. The shorter the pulse the
lower is the POl. A 100% POI will occur only if the pulse width is
greater or equal than the LO scan period and filter integration time
(Ty+T). Pulse duration shorter than this will result in reducaé
receiver sensitivity and resolution. Interlaced scanning can also

improve the POI to 100%. .

Thus far, a general description.#f the microscan receiver has been
presented along with a sinpiitied‘ discussion on how signals are
intercepted and passed through the receiver. The following seciion is a

b

more analytical deacription on the operaticn of the receiver.

-

2.3.5 The M-C lgcoiver Configuration

-
The M-C (multiply-convolve) receiver configuration is suitable only
for signal processing schemes which require the amplitude information .
and not the phase. It is a simplification of the M-C-M (multiply-
convolve-multiply) arrangement. The last multiplier in the M-C-M scheme
strictly provides the phase information of the input signal and
therefére i3 often not required for spectral analysjis. There are two
generié forlas for the M=C configuration. They are: .
1. M(s)-~C(1) .
2. M(1)-C(s) '
The notation used for (1) and (8) denotes a long duration chirp and a
short duration chirp respectively, The M(1)-C(s) scheme is also known
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as the "sliding" transform processor which can be used only in the power
spectrum analysis of signals whose spectral components remain unchanged
fdr the duration of the multiplier interval Ty a3 shown in Figure 2.16
[10]. Further theoretical analysis will be focuaeq on the M(1l)-C(s)
scheme since a receiver with this configuration ;é/ employed in this
/ -
thesis. The analyais is based on a similar analyéia performed by Bridle
[19] for the M(s)=C(l) spectrum analyser. The theoretical aspects
describing this bandpass system will be based on coéplex signal
analysis. This is a consequence o{/;he assumed lingprity of the systenm.
The advantage of using this approach is that the carrisr can be removed
from the information signal and that an equivalent baseband model can be
established t6 simplify the analysis. A basic review of complex asigna

analysis is presented in Bridle [19].

The M(1)-C(s) is 1mpleménted via surface acoustic wave (SAW) chirp
filters., The chirp waveform used for signal multiplication is asaumed
"to be generated by impulsing a physically realizable SAW chirp filter.
The .iémpulse response of the premultiplier chirp C1(t) and the

convolution filter <C,(t) are given by the real function:

®

C,(t) = Re [wy(t) * exp (-Jnut?) * expj2nf t)] ™

wy(t) cos(anfyt - mut?), 1=1,2 (2.27),

where w;(t) 1is an a?bitrary weighting function to be determined.
Frequency ri represents the carrier frequency of the bandpass signal
Ci(t). The factor u is the rate of change of the instantaneous  angular

frequency and corresponds to the dispersive slope of the chirp filter

’
and is expressed in Hz/aa.
I
i ,
P
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hy (1) = exp(-jmuf) -
2
hy (1) = exp(inut)

Figure 2.16: The M(1)-C(s) microscan receiver
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Complete system characterization can be achieved by removing the
carrier and use only complex envelcpe analysis. The compleﬁ envelope
signal s(t) at the output of the convolution filter is written as:

-

“a(t) = [x(t) * Cy(e)] ® Cyl) ' (2.28)
where L7
Cy(t) = wylt) expl-gmut?)

Colt) = wylt) exp(yrut?) (2.29)

are the complex envelope of the real-analog impulse response of the SAW
chirp filters. The set of window functions may be given by:
[e~T, /2]

rect
T
1

wylt)

rect B T (2.30)
2 .

]

wo(t)

)

where the rect function is defined as:

1 t £ 1/2 .
rect(t) = - ' ' (2.31)
C otherwise

By expanding the convolution sign in its integral forh gives:

e 2 2
s(t) = J x( 1) wy(t- 1) exp(-jmut’) exp(jru(t-1)"dt (2.32)

for 'I‘2 £t g T1

where T1 and Iz are the multiplier interval and dispersive delay of * the

- SAW filters respectively.
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Using Bluestein's relation [19]:
2ttae t8 = (t-12 - P (2.31)

the expression in equation (2.32) can be written as:
oo

é(t) i (1) wz(t-r) exp(-j2nucT) exp(jﬂutz)dq

—a0

exp(jﬂutz) F(x(1)-w,(t=1)) Q (2.33)
F( e ) denotes the Fou;ier transform of the function xfr ) - u2(t-r).' An
fhteresting point to note here is that the gating function H2(§-I )
varies with time and thus "slides" across x( Tt ) embracing different
sections of this function. This results in a Fourier transform which
also varies with time. Now, by applying the well known property of the
Fourier trgnsform which states that m;ltiplication in the time domain
results in conveolution in the frequency domain equation (2.33) can be
rewri&en as:

s(t) = exp(Jmut?) [F(x(1) * Flup(t=1)] (2.34)

~-With subsequent manipulation, d;e complex envelope of the output

signal can be written in its final form as: '

. . T, .
s8(t) = exv(jnutz) [X(ut) * exp (-j2mut?) T, sinc(ut —%)]

e xp (jnutz) . Xsw(ut) ) for T, < t < T, (2.36{
where, for simplicity, Xsw(lm) denotes the sliding weighted Fourier
transform of x(t). It is possible to remove the phase modulation by
passing the signal through an envelope detector. This in turn will
result 4in the amplitude of the Fourier transform being‘squared to give
the - power spectrum of the input signal. When analyzing a signal going
through an envelope detector it is more convenient to use the real

'signal as opposed to the complex envelope. Assuming a real signal s(t)

has a carrier frequency fc, then:
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s(t)

Re [a(t) exp( j2nf t))

Re [A(t) exp( Janf t +\"0(t)]

A(t) cos(2nf t + @(t)) for T, < t K T, (2.37)

From equatiqns (2.36) and (2.37) the magnitude and phase componenta

of é(t) can be determined and thus are given as:

"

ACt) = Xgy(ut) ] ~

o(t)

oxX_ Cut) + mue” (2.38)
Th§ output of the envelope detector is given by:
¥(t) = S2(t) R (2.39)
Substitution of equation (2.37) into equation (2.39) gives:

) 1 + cos2[27f t + O(t)]) ‘ ’
AC(t) ( 2 )

Y(t)

2 1+ cos[unch + 20(t)]

| Xgy(ut)] & . ) . for T, vt K Ty

(2.40)

—

By passing this signal through a low pass filter with cut-off frequency
below fc it 18 possible to separate the weighted amplitude sbectra__from
the carrier frequency. The output of the filtering gives:

“»

2 ’ ' |
X (ut)
Y'(t) = L;ﬂ%?__J_. ] (2:41)

#his expression turns out to be the weighted amplitude spectra of the

input signal.

-
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Due to ﬁarmonic windowing, the compressed pulse shape contains a
i%gggf-tefm which produces sidelobes at 13 dB below the main lobe. The
sidelobes of one signal tend to mask the peak of other close-in signals
which are relatively weaker by 13 dB. These time sidelobes can be
reduced by choosing a proper windowing function for wz(t) as shown in

’Figure 2.1%. The effect of weighting the received signal to suppress
the sidelobes also widens the mainlobe which, in turn, decreases the
frequency accuracy measurement in the time domain. Therefore, a careful
tradeoff must be made when choosing a proper windowing function. The
Kaiser-Bessel weighting filter as well as the Hamming filter have been
preferred choices. An excellent overview on weighting filters is given

in a paper written by Harris [26].

-

In summary, the mathematical grougdwork necessary for describing
how a compressive receiver performs spectral anaiysis has -been
established with an emphasis placed on copplex envefope signal analysis,
The next topic is an overview of‘tbe key components which make-up a

compressive receiver.

2.3.6 SAW Receiver Components o .

A compressive receiver implements the chirp transform, hence
spectral analysis, via three ;mportant components. They are:

1. the SAW coqpréasion filter

2. the sweeping local oscillator, and

3. the logarithmic amplifier and detector circuitry
A brief overview on each of the three components is presented to provide

.. more insight on some of the design considerations involved.

~
S
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2.3.6.1 SAW Compression Filter

[

There are several techniques capable of creating a dispersive delay
'tsing,-a surface acoustic wave (SAW) device. These include; ,{(1) the
interdigital 1ranuducer (IDT), (2) the reflective array compressor
(RAC), (3) the reflective dot arra& (RDA), (4) the slanted reflective
array (SRAC), and (5) the in-line reflective array (ILRA) which are
illustrated in Figure 2.18. Of the vyriou; device type listed only the

IDT and the RAC are presently commercially available.

~

The interdigital transducer (IDT) is by far the simplest structure
but has the lowest performgnce in terms of time-bandwidth product (TBP).
It consists of metal electrodes spaced one-half of the acoustic
wavelength of the signal propagating along the surface of a
plezoelectric substrate, as shown in Figure 2.19. The distance between
the metallic fingers determine which frequency components will interact.
Low frequency components interact wifh widely spaced electrodes while
high frequency components interact.with clo;ely spaced electrodes. A
dispersive delay 1is incorporated in a SAW device by varying the spacings
between the electrodes. The ;mpulse response of the filter can be
shaped .. through apodization of the electrodes for better sidelobe

suppression [18,19].

The reflective array compressor (RAC) is the most complex of the
SAW compression filter technologies available, but has the highest
performance in terms‘;f TBP. It consists of shallow grooves etched in a
substrate, The different rrequﬁncy components in the incident wave

reflect where the groove spacings are equal to the corresponding

acoustic wavelength. By varying the groove spacings quadratically, it

-4
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Figure 2.18: SAW filter technologies (copied from [181).
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Figure 2.19: IDT SAW filter (copied from [19]).
(a) A typiocal interdigital transducer (ID'I')
(b) A disbu-un IDT filter with apodiszation.
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is possible to create the require dispersion delay as shown 1in Figure
2.20. Amplitude weighting for better sidelobe suppression can be

achieved by varying the depth of the grooves.

A critical requirement in most SAW filters is to-have an accurate

phase and low amplitude ripple across the entire bandwidth_ 1if “better

»

sidelobe suppression and, hence, better detection 'speed and accuracy are
tc be achieved. Figure 2.21 1llustrates,typical phaée ~and amplitude

ripples found in SAW filters.

2.3.6.2 LO Chirp Waveform ! . *‘J v
- .

There.are two methods of generating on LO chirp waveform:

1. fast turning of -a voltage controlled oscillator (VCO) or

2. dmpulsing a SAW compressiod filter
The rirst method, ;hich 1s becoming unpopular in compressive reéeivgr
design, consists of rapidly tuﬁ;ng a voltage controlied oscillator (VCO)
to produce an FM signal. The biggest problem facing this technique is
that the frequency versus tuning voltage curve of most commercial VCOs
are not perfectly linear. This results in a_poor scan linearity which

A d

must be compensated for, with some type of linearizing circuit. The
second app;oach consists of impulsing a physically realizable §AW
compression filter. Usually the filter used to generate the scan is a
duplicate of the one used for pulse compression. Because the LO must
cover a bandwidth of Bs+B, two RAC filters with parameters (T,B) are
cascaded to%Fther to give (2T, B) which can be further increased to (2T,

2B) by using a X2 multiplier as shown in Figure 2.22.
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?1gﬁrc 2.20: The reflective array ocompressor
(copied from [19]).
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Figure 2.21: Amplitude and phase ripples in SAW rilters.
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Another approach to produce the sweeping t‘reLuency is to

s 7 -

J&pe iong‘chirp waveform by interleaving two RAC filters wi£;/ paramétera
(T,B). The RACas are shifted in neighboring frequency bands and then
summed together to give a total baq?gidth of 2B in time of 2T as ,
illustrated in Figure 2.23. Thisas metgod is feasible but tends %o be \

rather complex as well as power consuming. ,

2.3.6.3 Logarithmtc Amplifier and Video Detector
v

A method,!or measuring the input signal strength accurately is to

use a log amplifier. In a log esmplifier the output is proportional to

™ Vzouolog Py , (2.42)

J

the logarithm of the input power:

Rt

where m 1s a constant and P1 is the input power. The log amplifigy

-

enables a video detector, which usually has a small dynamic range, to
process the signals coming out of a receiver with a wide dynamic range
(= 60 dB). Amplitude measurement of the output pulse is important
because time measurement and, thus, fr;quency information is obtained

from the pulse when it emerges from the compression filter.

. -
|

A detection circuit consisting of comparators following the log
amplifier is used to accurately measure the output time ([2]. The

comparators are used to locate the peak of the signal. One comparator
. . R

is usually not sufficient to proGide accurate information. If the

output pulse amplitude 1is high the base of the pulse is wide and _

— -\

therefore time résolution is lower as shown in-Figure 2.24. By setting

an ' array of thresholds and using a logic circuit to detect the highest
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~

Figure 2.22: Methods of increasjng the TBP of chirp filters.
(a) Cascaded filters for increased integration time.
(b) ’12 multiplication for increased bandwidth
(copied from [19]).
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‘Figuré 2.23: Interleaving chirp signals in neighbouring frequency
bands for increased chirp TBP (copied from [19]),
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threshold to be crossed provides better accuracy on the position of the

pulse. Thus, input signal frequency can be measured with more

[ 4

precision.

It is usually required that log amplifiers have very fgf$\\gg§ponae
time in order to cope with short pulses at the output of the. compressive.
line. For example, if the pulses coming out of the dispersive flliter
are 10 ns in width, then the log amplifier must have a video bandwidth
of 100 MHz. Sometimes, very short pulses mgy cause ; severe design

-

problem on the ldE amplifiers.

2.3.7 Summary

In summary, we first discussed some important concepts regarding

the design of receivers. Quantitative measures were established to

P

~——_.-determine the sensitivity, dynamic range and POI of acquisition systems.

Secondly, we have introduced the microscan receiver. This intercept
receiver has proven to be a valuable processing tool. It demonstrates
superior characteristics over the laboratory type spectrum anaiyser.
'Its higher' processing speed, reduced compiexity, lower power
consumption, and lower cost makes it a preferable choice over its
counterpart. Some of ;he major features of the microscan receiver are:
1. The output signq} represents the contiﬂuous Fourier transform
of the input signal where the output time represeﬁts the input
frequency. | ’ )
2. The input asignals are both time and bandwidth limixea,

3

producing a weighted Fourier‘;ransform oﬁtput signal.
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3.7 The system operates at~700$ POI for signals of duration greater
than or equal to the LO scan period plus the filter integration
time (Tp + T).

4. The M(1)-C(s) can provide amplitude spectrum (i.e. no phase

/ information) by omitting fhe last muitiplier. By replacing it
by an envelope detector a simple and economical power spectrum

analyser is realized.

5. Chirp transforms are implemented via SAW chirp filters with

large time-bandwidth products.
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Chapter 3

A WIDEBAND MICROWAVE SURVEILLANCE 3YSTEM

3.1 INTRODUCTION

The previous chapter explored the theory of the microscan receiver
and examined basic design considerations which apply to receivers 1in
general. The thesis can now focus on the application of these conkepts
to the practical design of a wideband surveillance system. A general
description of the spectral analysis system and the environmental.
scenario are first presented in the next section. The subsequent
section examines the subsystem level design. The wmicroscan réceiver,
the downconversion stage, and the controller are analyzed individually
in ordqr to .meet the system requirements. Finaliy, the chapter

concludes with a brief summary.

3.2 GENERAL SYSTEM DESCRIPTION AND ENVIRONMENTAL SCENARIO
. i ‘ i

~-
<

Recéntly, unusugl noise disturbances have been interfering with the
bit error rate (BER) of a downlink satellite communication channel 1in
the _vicinity of Ottawa, Ontario. The disturbances are rahdom, mostly
narrowband, and tend ;o occur more often at certain times of the day.
It has been reported that puises as low as -126 dBm could interfere with
the BER of 30 KHz channels spaced unif?rmly across the 3.2 to 4.2 GHz

band. An attempt to characterize the frequency, the amplitude, and the

time of the noise interference with a conventional laboratory type



spectrum . analyzer was carried out unsuccessfully. The fallure of this
type of. receiver in this particular application ig—gzigibuted to the
slow sweep rate of the local oscillator (which 1is limited to
approximately BiF for a given resolution). This receiver must dwell
for a relatively long time at each frequency in order to intercept a
signal, thus resuiting in a low probability of intercept on all incoming
pulses. The demand for a frequency measurement system which exhibits
high POI, high sensitivity, and good simultanecus signal bhandling
capability has lead to the.design of a wideband microwave surveillance
receiverr. A simplified block'diagram of the complete recelvar system 15
shown in Figure 3,1. ]t is primarily divided into three sections: the
front-end downconversion ‘Stage, the microscan receiver, and the

controller.

A

The heart of the system is the microscan receiver. The model wused
is the AS-520 from ARGO System Inc., USA. It has an input bandwidth of
20 MHz centered atlan IF of 160 MHz with a frequency resolution of 30
KHz., Its sweeping local osc¢illator can,.sweep at a rate of 0.1 MHz/ psec
and therefore, can scan a bandwidth 250 times faster than an brdinary
spectrum analyzer given the same resolution bandwidth. Consequently,

the POI is improved by the same factor. .

A front-end downconversion stage simil;r to that found in a
superheterzdyne receivér is placed in front of the AS;520 in order to
extendb its fine frequency measurement capability into the microwave
region. A double-down conversion network consisting of mixers,

amplifierd, and filters enable the microscan receiver to monitor an RF

4
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IF=160 MHz

} FRONT-END AS-520 O
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DISPLAY
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OONTROLLER |,

Figure 3.1: Block diagram of a wideband fast soanning receiver,

3-3




bandwidth between 3.2 to 4.2 GHz. The cascaded network offers
simultaneously a low noise figure and a high dynamic range in order to
meet the requirements for a high sensitivity receiviqf_dsystem. An
HP86T2A frequency synthesizer is used as a stepping local oscillator for
the first stage downconversion process. The synthesizer generates a new
tone of about 250 sec duration spaced 20 MHz from the previocus one to
cover the 1 GHz bandwidth. This effectively divides the RF spectrum
into 20 MHz sub-bands for IF processing by the AS-520. A contiguous
step scan across the 1 GHz bandwidth takes approximately 762 msec. This
rather long duration is acceptable since the principle aim of the thesis

is to demonstrate the performance of a wideband receiver.

A Hewlett-Packard micropmeeessor controller is used to automate
the entire system. It serves to synchronize the AS-520 receiver-to the
front-end stepping receiver. The controller utilizes the HP-IB bus to
command the frequency synthesizer to hop frequencies in predetermined
steps. Once the hop is completed, it then sends a delayed time pulse to
the external scan trigger of the AS-520 receiver. The hop cycle may be

repeated as often as desired for continuous coverage.

The complete receiver system realization is shown in Figure 3.2.
The following section will examine in greater detail the design and

implementation of the receiving systen.

PR e

vl

:
»




Figure 3.2: Complete receiver systea realization.
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3.3 SUBSYSTEM LEVEL DESCIIPTIOI/AID DESIGN CONSIDERATIONS

This section is concerned with the actual design and implementation
of the three -major subsystems discusséd above. Each subasystem is
important in the design of the receiver and must be give;— careful
thought and consideration. The microscan receiver i3 described first

due to 4its 1important role 1in signal processing. This will be

subsequently followed by the downconversion stage and the controller.

3.3.1 Microsocan Receiver

The microscan receiver 1s the key building block in the
implementation of the wideband fast scanning receiver. The model used
is the AS-520 from ARGO System Inc., USA. It employs a SAW dispersive
filter to monitor a selectable band of 10 MHz or 20 MHz centered at an
IF of 160 MHz Qith a frequency resolution of 30 KHz, Figures 3.3 and

3.4 are front and rear view photographs of the AS-520,

Figure 3.5‘;hous a simplified block diagram of the AS-520. It 1is
configured with the M(1l)-C(s) format discussed earlier in Chapter 2.
The input signal x(t) mixes with a sweeping local oscillator (SLO) and
enters a SAW dispersive filter with a time lag linearly proportional to
frequency. The overall bandwidth B of the SAW dispersive delay lines is
5 MHz and its integration time T is 50 usec. The AS-520 multiplexes two

dispersive delay lines and two sweeping local oscillators to increase

-

its overall IF input bandwidth to 10 MHz or 20 MHz centered at 160 MHz.
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Front view photograph of AS-520 (copied from [33]),

Figure 3.3
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The output of the filter is a time compressed IF pulse with a sinx/x
/

response. & weighting filter Similar to the cosine squared window with
n =2.0 ia‘gaed fo taper the sidelobe levels, The compressed IF pulse is
then detected in an envelope detector. The output of the envslggi’
detector after filtering can be written as iX(ut) * W(u[t-t])| which
is equal ‘to the sliding weighted Fourier transform of the input signal
x(t) where X(ut) iy the Fourier transform of x(t), W(u {t=-t1]) is the
transform of w(t-1) and ® indicates a convolution operation. This

receiver 1s an analsg processor 1in which output time represents input
o

frequency with a scaling factor. In particular, the output time tout is

related to theilnput frequency f, by:

(f - f)
. _in °r (3.1)

t =t = "

out

where u is the chirp scale factor, tr is the reference time, and fr is a

4
reference frequency. It is convenient to use offset time and frequency:

out r
f=f,-f, (3.2)
s
e
as a result: e

£ | )
u '

t =

as stated previously by equation (2.25). For.the ARGO system AS-520
L 3

‘ 4

analyzer: . )

B 5MHz .
us ; = — = 0.1 MHz/u sec

50 sec




Thus, the AS-520 microscan receiver provides an integration ékin of TxB
equal to 250. Therefore, as compared to an ordinary spectrum analyzer

with the same resolution bandwidth the microscan recoivir-c.n scan the

same bandwidth 250 times rister.

Because of its unusual design features, the following discusaion’

describes in more detail the principles of operation of the AS-520
receiver, Furthermore, a complete table of specifications for the AS-

520 microscan receiver can be found in Appendix A.

3.3.1.1 Principlea of Operation

A block diagram of the IF assemblies gf the Argos receiver is
contained in Figure 3.§;\\The IF input passes through a directiofal
coupler to the front panef 0-60 dB step attenuator and then, to a 24 MHz
1 dB bandwidth bandpasa filter centered at 160 MHz. F;equency markers
at 5 MHz spacings are switched into the IF path by a frequency marker
generator when internal calibration 1s p;rrormed. The output of the
filter 1s then split by a power divider and applied to A3 and 83 IF
downconvergers which result in chirp signals. These are then compressed
by dispersive delay-lines Au and Bu at a center frequency]of 30 MHz.
The compressed IF pulses\from the dispersive filters are Pnplified ahd
appI'tad o a RF switch. The switch selects which delay line will
provide the compressed IF pulse for detection by a logarithmic
amplifier. Thé output viden is then processed digitally for display.

The dispersive filters have bandwidths of only 5 MHz. Consequently, it

18 necessary to multiplex two compreasive assemblies in order to obtaig

a 1@ MHz or 20 MHz coverage. . ‘ _

-~
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* Figure. 3.7 shows a timing 1llu8tra€ion of the 20 MHz multiplexing
process. The SLOs are tunéé“by a ramp voltage and the output from each
is a chirp from5 @ﬁz to 14 Hﬁé;in a time of 90, psec. This slope
matches that of the dispersive filter slopé of § MHz per 50 yasec. To
begin, the 5 Mz to 14 MHz chirp from SLO #2 is upconverted by aasembly
B and filter B, to & chirp starting at 202.5 MHz and stopping at 193.5
MHz . After conversion by assembly A and filter A2, SLO ;1 begins to
sweep 50 usec later with a chirp starting‘at 197.5 MHz and fin{ahing at
188.5 HHz.' SLO #2 returns 50 usec after the start of SLO #1 to chirp
from 192.5 MHz down to 183.5 MHz. Finally, SLO #1 complgte; the process
50 usec past the start of SLO #5 with a chirp starting at 187.5 MHz and

ending at 178.5 MHz.

a .

Switch SA conneggs BPF A1 and A2 to the A3 frequency convgrteg
while switch SB connects BPF 81 and 82 to the B3 frequency converter.
At a time of 50 pusec past the start of SLO #2, the compressed IF pulse
>(for a band edge signal of 170 MHz) is present at the -S. switch. A
signal at 165 MHz would be present 50 ugéc later and so on. Switch S¢
allows 5 MHz band from 170 MHz to 150 MHz to be detecteq successively by
a logarithmic amplifier. The complete 20 MHz band 1is uobtained by

&

multiplexing four 5 MHz bands.

Pl

Due to high insertion loss in the SAW dispersive filters, a serjes

gf amplifiers 4in the RF, IF, and video paths are used to restore the

signal level to approximately O dBm_foﬁ a -20 dBm poat-atkenuator signal
a

into the AS-520. The 0 dBm level is the rated input level for a maximum

output video signal from the logarithmic amplifier. The transfer aurve
N, .

~

N
of the log amplifier of voltage out versus power input in dBm is linear

to s+ 1 dB from 0 dBm to ~7Q dB. N 4
a ]
\/ 3-13 i
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3.3.1.2 Sweeping Local Oscillator (SLO)

Tpe SLOs utilized in the AS-520 are very different from the more
common SLO configuration li;ted in Chapter>2, in that they conaist of
capdciteor coupled a;table multivibrators which wuse constant current
sources. Control voltages from logic circuits are used to control the
amount of current provided by the current sourcgs. The SLO frequency

range is 5 MHz to 14 MHz. :

N e ™ et e

3.3.1.3 Timing

A control circuitry card generﬁges tpe primary timing signals for
the AS-520. Figure 3.86111ustratps the internal timing sequence for
soﬁe of the control signals ghich trigger tﬁe SLO's, bandswitches, delay
line switches, generator dispiay gates, and sweeps for the 20 MHz
operation mode. The AS-520 may also be triggered externally with a
pulse of amplitude gre;tér than +1 volt and width greatgr than 1 Jsec.
The maximum external'trigger rates are equal td‘the internal t}igger
rates. External triggering will be used as a means for . synchronizing

the AS-520 to a front-end stepping receiver. This wil} be discussed

furthér in the section on the downconversion stage.

3.3.1.% Dyﬁalic Range

The AS-520 has a linear dynamic range of 70 dB. The noise floor is
‘at =90 dBm and' the 1 dB compression point is at -20 dBm post-

attenuation. The time sidelobes are 30 to 35 dB below the peak response
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-. detector is 1 x 10

of the output pulse while the clutter level (dynamic sidelobes) 1ia
typically 45 dB below. This, in fact, limits the instantaneous dynamic
range of the rece‘rer to approximately 30 dB at a frequency separation
of 80  KHz. Therefore, an operating window of 30 dB which is free of
spurs and sidelobes can be defined for any input signal strength within

1
the 70 dB noise-limited dynamic range of the receiver. In practioce,

however, the lower limit of the linear dynamic range will be taken . at

the threshold level. An illustration of the receiver dynamic range 1is’

shown in Figure 3.9.

3.3.1.5 Detection and Thresholding

In order to operaté‘the receiver satisfactorily a threshold level
is set 30 as to observe the Neyman-Pearson detection criterion d;scuased
in Sectgon 2.2.3 of Chapter 2. The,AS-520 microscan receiver can select
the level at which thresholding oocurs by a front panel Z-axis threghold
control. It is desirable to set the £§;eshold level such that a
tolerable false-alarm time gives only one falseqalarm every second
(Tp, = 1 sec) at the lower end of the linear Hdynamic range. Therefore,
the corresponding Pp, equalé 3.33 x 10'5 for an IF bandwidth of 30 KHz
(from equation (2.12)). This value is quite reasonable considering that.
for & 30 KHz bandwidth there‘are on the order of 30 x 103 noise pulses
per | second. Hence, the false-alarm probability of any one pulse must
be all (< 3.33 x 1072) if false-alarm times greater than seconds
arejnto be obtained. The average noise power at the detector output is«

* ~
measured at -90 dBm. Consequently, the rms noise voltage at the

-6 V. The threshold voltage for an rms noise voltage

4

of 1 x ‘lo"6 V and a probability of falseiilarm of 3.33 x 10'5yia

.
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calculated using equation (2.13) to be 4.54 x 1076 v. This corresponds
to a threshold level in dB above noise equal to 13.1 dB. Consequently,
the probability of detection vercus the aignal-to-noise ratioc oan be
read directly from Figure 2.3 for.a fixed probability of false-alarm.
For a desired Pd of 0.90, the SNR required at the input of the detector

is 12.8 dB.

3.3.2 Downconversion

As mentioned earlier, the AS-520 microscarf can only process an

instantaneous RF input bandwidth of 10 MHz or 20 MHz. The only feasible
- ]
way this microscan receiver can monitor a wide RF spectrum is by

dividing the RF b;nd into many sub-bands with bandwidth that matches
that of the AS-~520 receiver, énd convert these sub-bands, one at a time,
to the proper IF frequency for processing. This.can be quite eaaily
aiﬁzmplished using a front-end downconversion stage similar to that

found in a superheterodyne receiver as shown in Figure 3.10. *

The basic superheterodyne receiver consists of a mixer that

. - J
converts the input frequency to an intermediate frequency, and’/then

passes it through a narrowband filter which determineg/the sensitivity

and ‘the resolution of the receiver. By utilizing a tunable local
oscillator, the desired signal frequency can be placed at the center of

the IF filter passband. Thus, the receiver is capable of scanning an

entire RF ‘bandwidth [2].
- ‘ 4
The front-end down conversion stage which precedes the AS-520

A

receiver performs similarly, but is slightly more complex than the one

| .
illustyated in Figure 3.10. Careful consideration has been given to

~
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Figure 3.10:
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certain pgrformance parameters such as: (1) noise figure, (2) dynamic
range, (3) ihtermoqulation products, and (4) image-rejection. The
requirement to analyze input signal levels as low as -126 dBm in a depse
signal eqvironment, where the occurrence of simultaneous inputr signals
can create intermodulation products in the ponlinear RF-IF atages of the
receiver, has lead to the design of a low=-noise front-end with a high
spur-free dynamic range. Usually. the desire for a high dynamic range
is often not compatible with the simultaneous requirement for low noise
figure. The reason for this is that high-intercept receivers use RF-IF
amplifier stages and double-balanced mixers having high 1 dB compreasfon
points. Generally speaking, these components also have high noise
figure values. A low noise figure receiver, on the other hand, requires
components with 1;w noise figure and/or high gain. Therefore, the
achievément of a low-noise figure and a high dynamic - range front-end

dictates a careful selection and placement of the RF-IF gain and mixer

stages.

Another feature which must be highlighted in the deiign of this
front-end receiver is the use of a double mixer downconversion stagé
with a filter in order to block out the image noise. This unwanted

input occurs at the mirror image frequency of the desired signal with
»

, respect to the local osciliator, and mixes with the LO to appear the

same IF frequency as that of the desired signal [31]. The image signal
is 4illustrated in Figure 3.11. If the LO steps or sweepg in frequency
it becomes very dirficu;t to determine whether the detected signal is on
the high éide or low side of the LO frequency. To e(rectively block ouﬁ/

the 1image noise in the receiver front-end, a mixer downconverts an
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" Figure 3.11: Desired a!na.l competing with interfering
image at IF frequency.
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input-signal (between 3.2 and 4.2 GHz) to a first IF frequency of 1000

\MHz and a second mixer downconverts the 1000 MHz signal to a final IF of

160 MHz. .

3.3.2.1 Front-End Desaign -

The block diagram of the receiver front-end is depicted in Figure
3.12. The 3.2 to u‘.’z GHz input ‘F‘ signals enter the receiver's
downconversion stage through a wideband GaAsFET amplifier with a gain of
40 dB and a noise‘figure of 2.26 dB. This is followed by a fixed
preselector bandpass filter which reduces the out-of-band frequency
"signals that could mix ip the IF downconversion stages arfd create
unwanted spuripus responses. The filter i; a five-section, Chebyshev
design with 0.05 dB ripple. It has a 1 GHz 3 dB banduiéth ceﬁtered at
3.7 GHz and covers the band extending from 3.2 GHz to 4.2 GHz’; The
signals are theﬁ routed to the RF port of a double-balanced mixer. The
mixer has a B.S dB (typical) cénversion loss and a 6.5 dB (typical)

noise figure. The IF port feeds the downconverted 1000 MHz signals into

-

a “tunable BPF-H};h 5% 3 dB bandwidth centered at 1000 MHz. The filter
not only reduc;s the noise in the RF bandwidth to a much narrower IF
bandwidth, but also. prov;des attenuation of the local oacillator'
harmonics and to other mixing products generated outside the IF passband
r . . _ .

from the front-end of the receiver. The signals at the output of the

filter are then amplified to recover some of the power loss» incurred
frem both the first stage Qixer and Phe subsequent atagé mixer

downconverter. The amplifier used has a low gain of 7.5 dB and a high

intercept point of +28 dBm. The émplified signals are aﬁplied to the RF
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port of a hermeticqlly-aealed double-balanced mixer. This ‘ixtr is a
)

medium-class ' mixer which requires an LO drive level of + 13 dBm at the

LO port and which has a relatively high intercept point of +24 dBm in
order to maintain a high dynamié range. Finallygwtﬁe IF port of ‘the
second” stage mixer feeds thewdouncpnverted 160'Hﬂz aigna; to a power
stage amplifier. This amplifier has a gain of +14 dB and a2 very nigh
intercept point of 34 dBm which provide the necessary cascade output
power to bring the low le#el signalé withiL the d&namic riﬁgo of the -AS-
Séb microscan rec:iver. " The signals, thus, proceed in the  microscan
recelver via)\ the rear panel BNC input connector. The seloc;able input

C, , \
attenuation #hob on the front-panel of the AS-520 is set .to 9§ dB in

order to redude the excess gain from the downconversion stage.
Iy i

-~
~ -

A small sigpal amplifier is placed at the LO input port of - the

first conversion mixer inh order ,to provide the required LO drive level.
. 4

s -
3

The Class I mixer (1st downq?nverter mixer)" uses a +7.5 dB gain
gmpfifier to provide excess LO drive from a specified +7 dBm to +13 dBa

» \
'Tbraﬁgg additional 3 dB to 4 dB increase in the mixer intercept point.

An improwement in two-tone tﬁird prder iptermodulétion suébreasion. is
obtained by incressing the LO input level beyond the speciried mixer LO
drive lgvel for class I mixers with low RF inﬁut sigpaléﬁ'(i.a., $ -
20dBm). This is the result oé‘the mixer diodgs operating for a shorter
time in the highly nonline;r transition region [30]. The class II mixer

(2nd downconverter), however, is driven at the specified LO drive. level

of +13 dBm without the use of an additional ,amplifier. ' »
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The key to the performance of this deaign. 1s the careful
distribution of low gain amplifiers between the doﬁble—balanced nixers
and appropriate filters to aohieve a low-noise figure and high-dynamic
range front-end. A detailed signal flow budget with component noise
figures, gains, losses, and intercept points are included in Figure 3.12
to illustrate this point. Figure 3?13 shous a photograph of the front-

end downconversion stage.

3.3.2.2 LO Synthesizer

]
The front-end downconversion stage utilizes the Hewlett-Packard

8672A synthesized signal generator as a stepping LO for the first stage
mixer. The LO is required to hop 50 (1.e. 1x10% Hz/20 «x 106 Hz) steps
having 20 MHz separation for full coverage of the 1 GHz bandwidth, as
shown 4in Figure 3.14. The RF band 1s divided into 20 MHz‘sub—bands to
match the input‘banduidth of the AS-520 receiver. The second stage
mixer, on the other hand, uses the HPe8662A synthesized sweeping

generator to provide a fixed LO frequency at 1160 MHz.

Synthesizers are used since they provide very stable frequencies
with very little phase noise. Stability is an important criterion in
this application since it determines the accuracy by which the AS-520
receiver can measure the input signal. The AS-520 microscan receiver
can resolve, in frequency, signals spaced 30 KHz apart. Therefore, 1in
order to measure a signal at 3.7 GHz with 30 KHz of accuracy, the LO
frequency stability must be better than 8.1 x 10'6 (1.8, 3Ox303
Hz/3’.7x109 Hz) . If both LOs do not provide this order  of accuracy,
their frequency inaccuracy will be translated to the IF bandwidth and

contaminate the input to the microscan receiver [2,32].
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Figure 3.14: LO tone allocation.
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Voltage controlled oscillators (VCX0) exist which can provide a

frequency stability of 106

or better but they have often inherent
problems which make them less attractive. These prqoplems inglude such

things as poor close-1n phase-noise, uncontrollable freqiency drift ‘4ue
‘to temperature variations and load pulling, post-tuning driét, and
settligg time whiéh'are not found in a frequency synthesizer (2]. Most

low coat, compact frequency synthesizers avoid most of these problems by

r

using a method called indirect synthesis. The indirect method derives®

its frequency stability by using a feedback system whereby a VCO is

phaselocked (PLL) to a very stable reference source [32].

»”

A Dblock diagram of a pmsic phaselocked synthesizer 1is shown in
‘Figure 3.15. The reference oscillator frequency f, is divided by N and

the VCO frequency fo i1s divided by M. The.two are then compared in a

. Phase detector. The condition to have phaselock is f /N = f /M so the

output frequency is locked to a rational fraction of the reference. By
changing the integers M and N, the output frequency fd also changeg.
This .method offers a mean for generating a large number of highly

]
accurate output frequencies at low cost [32]. A major drawback in using

" this technique 1s that frequency switching time is relatively slow.

.

This switchigg time depends on fast acquisition of the correct lock
frequency, however, speed of acquisition is limited by the loop

bandwidth of the PLL. Thus, the slow switchi

of the stepping LO

will limit the prbcess&ng speed of the er U System.

It takes approximately 250 usec for the AS-520 microscan receiver
to analyze a 207'MHz input bandwidth. Consequently, if the synthesizer

has zero switchihg time, the entire 1 GHz RF bandwidth can be scanned in
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12.50 msec;?‘Houever, the‘HP8672A ﬁas a non-zero switching time slightly

JSess _thdﬁ 15 msec. Therefore, the scan time for full band coverage 1s
R ) )

1ncreds§d to [62.50 msec. This degrades the proceasing speed . of the

receiving system ‘to apprdximatelx 3.4 (i.e. (10.5 msec/T762.5 msec x.
250)) times that'of an ordinary spectrum analyzer. Consequently, it
requires a p&lae duration of 762.7hF msec or greater (1.e.‘scan beriod +
filtg;iintegration time {LIEZ.SQ msec + 0.250 msec) to intercept pulses
anywhere within the 1 GHz bandwidth withr100$ POI. Fast frequency
hopping is;'houever, possible by using a direct synthesis methog which

-

is not limited by the bandwidth of the PLL. Unfortunately a  synthesizer

based on this technique was not available for this thesis.

The HP8672A was selected for the stepping LO since it can deliver
. precise microwave signals over the 2.0 to 18.0 GHz frequency range. It
features excellent spectral purity using an indirect synthesis method
which phase-locks ;/YIG-tuned oscillator to a 10 MHz quérti crys:al
reference. This results-in excellent long term stability (frequency

drift < 5 x 10”10

per day). Thg phasé locking _responses are also-
optimized to allow the synthesizer to exhibiﬁ the lowest possib%g
single-sideband phase noise. If the LO exhibited poor ! sideband-noise
response, this would limit the usabie dynamic range and selectivity of
the receiver [37]. The HPB6T2A provides full programmability of all

front-panel functions. The frequency range, steq size, and output level
of the signals can be remotely accessed via the HP=-IB. This added
feature was essential for a continucus scan of the 1 GHz band. For more

information on the specifications ¢f the HPB6T2A and the HPB662A refgr

tc Appendix B. I -
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3.3.2.3 Noise Figure and Dynamic Range Calculations

;‘ Two of the most important calculations in receiver design are the
nolse figure and dynamic range calculations. The former determines the
sensitivity of the receiver while’the latter determines the range at

‘which the input signal level can be measured free of distortion and

spurious products.

The overall noise figure for a cascaded network 1is given by"
equation (2.7) as:
Faur P34

*Fn = Fy + + + ...
T 1 G, GyG, .

&
Using typical values for the components in the downeonversion ﬁz}age

yields: - ‘ ) - ‘ f.
<y
0.11416 4.62%4
Fp = 1.659 + ot L +
1 x 108 (1 x 10%) (0.897) ,
o 0.202 4.6234 '

+

(1x 10%) (0.897) (0.177) (1 x 10%) (0.897) (0.177) (0.832)

4,012

+ +

(1 x 10%) (0.897) (0.177) (0.832) (5:6234)

.
i »

»

5

1.818
(1 x 10%) (0.897) (0.177) (0.832) (5.623).(0.199)

"

1.6883

/
The resulf can be expressed in dB as:
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NF = 10log,, (1.6883) = 2.27 dB

L J
. N

The above calculation does not include the AS-520 receiver noise figure.

ﬁdwever{ reéeivér sensitivity 1is normally established bf the noise
- .
figure of the first few components‘'at the front-end of the receiver.

The sensitivity_of the recejiver is calculated from edtation€(2.3) as:

s
\

N, = KTBF : .
k)
4 0 [ '
Using our bandwidth and noise figure valyes, -gives:

T
[ 4 o

174 dBm + 10logyy (30 x 103) + 2.27 dB N
- ¢

-126.9 dBm

;
The MDS is aalso taken at the ndfge level. The overali gain of the
system is calculated at 36.9 dB."Thgrefore the available noise power at
the output of the system is eahal to -90’dBm (i.e. -126.9 dBm + 36.9 dB)
whiéﬁ corresponds to the lower eﬁd of the AS—SZOUreceiver dynamic range.

The threshold is. set acecording to Section 3.3.1.5 at -76.9 dBm (i.e. =90

dBm + 13.1 dB) for a false alarm rate;jof 1 FA/sec.

-

The dynamic rénge calculation involves the receiver's simultaneous
signal handling capability. To evaluate .the front-end SFDR the total

front-end 3rd order intercept point must be known. The total 3rd eorder

i r -
intercept point of a cascaded network can be calculated from equation
, N
(2.20) as: , .
L (Ps G )" * "
Py T s 1:1 31,1 Y(i+1,n)
Again using our downconverter values, provides: T

-
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n

[(630)(0.897)1" "% [(8x109)(0.178)]"" + [(63.24)(0.832)]""

P3y,T
+ [(8x109)(5.623)J'1 . [(630)(0.199)]" + [(158.ua)(25.11)]'1
b, [2511.89])"!
.= 0.04838 - . . .
” The total 3rd ordeg intercept point P31;T can be written in'dBm as:
P = 141 (-——l——*ﬂ
31,7 * "W1°810 ‘5 04838
= 15.31 dBm

This value gives the .worst case performance assuming a- perfect 50 ohm -

system. The SFDR can-now be obtained frem equation (2.19) as:

. ' 2 .
7/ - — v
SFDR = 3 (P31,T-G-thresh91d)

Q‘ R /Z/

2 L / ’
3 (15.31 dBm - 36,97dB - }1126.9 dBm + 13.1 dB))

61.5 dB !

g

The AS-520 cbuld not be included in the ébove calbq}ation due to lack of

—~— .

information on gsome “of its cémponents. .Howevér, the manufacturer of the

AS-520 has specified that spurious products generated by the mixers and

SAW disbpersiwe filters are suppressed 45 dB below the desired Eesponae.

This value is much lower than the calculated SFDR of the front-end.
Therefore, the_-frontf}ﬁg should not compromise the AS-520 receiver'sa

spur-free range.
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3.3.3' Controller N

A nglett-Packard series 200 microprocessor controller is utilized
to automate the entire system. fhe’eontroller uses a Basic 2.1 extended
go{tware program to command the HP-86T72A frequency synthesizer to- "hop"
in predetermined frequency steps and generate a time pulse, each hap. to

be used as an external trigger to the AS-520 microscan receiver.

Ah illustration of the timing sequence for the various operations
in the system is shown in Figure 3.16. An input trigger pulse to the
HPB6T2A frequency synthesizer 1;(r-epeat.ed every éSO L sec. It takes
approximately_15 msec of switching time for the frequency synthesizer to
output a new valid CW tone of frequency fn. Each tone is spaced 20 MHz
apart from the previous one (i.;T fn’fﬂ;1 = 20 MHz). Once’a GW tone f_
is valid, a trigger pulse ;lis sé;t to the AS-520 microscan receiver to
begin -~ processing a new input bgndwidth. For contipuous operation, the
step ;can cycle may repeat itself with the touch of a softkey. Every

operation 1is aacesaed by software. The commands for the sequential
hopping, the delays, and thg trigger pulse to the microscan receiver are
~all incorporated in the software program. A copy of the program can 'be

found in Appendix C.

The 5rogram is very general and enables the user to select xthe
frequency range of interest anywhere from 2 to 18 GHz. The starg
frequency, sfop frequency, step size, and amplitude settlng of the
HPB8672A can be tailored to meet the user';needs. To generate delays
via software, the microprocessor has an interrupt service routine that
can generate delays precise to 1 msec from its internal time ;lock.

Shorter delays c¢an be obtained by performing known arithmetical
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Figure 3.16: Timing sequence for HP-8672A frequency ayntheQizer.
. AS-520 trigger pulse, and LO single tone output .
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~"oper‘ations- which take up a specific amount of time to complete. A
aimple program was devised to calculate the time required to perform
various arithmetical operations in order to choose the cone suited for
our needs, The zsq/asec delay before the generation of a new LO tone is

devised wusing this scheme. The external trigger pulse to the AS-520
; . )
microscan recelver is generated ig'an unusual manner.

— ~— -
s
-~

.
N

éince the AS-520 receiver does not comply with the HPIB protocol, a
simple interface connection could not be used. Normally, devices that
do not comply wiéh the ANSI/IEE 488 standards can be‘still be accessed
by an HP miéroprocessor th}ough a General Purpose Interface Bus (GPIB)

‘
input-output card. However, this interface card was not available for
the Rroject. Therefore, after conducting certain tests with a data bus
analyzer, it was decided to make use of the data available (DAV)‘lina to
generate the pulse. This line is normally used as one of the management
lines for the HP-IB. Figure 3.17 illustrates thé’connection between the
HP microprocesscr and the AS-520 receiver. A cable physically connects
to the DAV line on the 50 pin connector of the HP-IB input-output port
of the‘controlle; and runs it to the BNC input connector of the external
scan trigger (back panel) of the AS-520 receiVer. An inverter is placed

.
A3

before the input to the external trigger because the HP-IB protocol

3

lines wuse negative logic. The AS-520 receiver requires a pulse of
AN .
amplitude greater than +T vogt and a width greater than 1 .sec into a 1

| .. .
kilohm input impedance.in order to trigger the microscan receiver,
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\ - 3.4 SUMMARY

The practical design of a wideband microwave surveillance sysiem

has been investigated. The entire system was divided into three
sections: the wmicroscan receiver, the downconversion stage, and the
controller. These were examined individually in order to satisfy the

system requirements.

As was described, a microscan receiver can extend 1ts fine
frequency measurement capability to the microwave region by
synchronizing it with a fggnt-end frequency stepping receiver. The

system described is fully automated w;th the use of a microprocessor,

and thus is capable of continuous coverage over a 1 GHz bandwidth.
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Chapter A
EXPERTMENTAL RESULTS

3.1 INTRODUCTION

The wideband microwave surveillance system of Chapter 3 was
assembled and tested under laboratory conditions. The receiver
performance was evaluated over the whole fr¥guency range of interest.
The AS-520 wmicroscan receiver was first tested in order to provide
insight to the system's o;;;;ll performance. Imporﬁint parameters ‘uere
examined to verify that they aﬁe in accordance with the manufacturer's

" specifications. Overall system parameters were subsequently evaluated

and compared with theoretical values. Included in the measurements were

S -

the sensitivity, frequency accuracy, frequencf resolution, dynamic range
and pulse width.
& .

3.2 MICROSCAN RECEIVER MEASUREMENTS

In this section measurements on some important performance
parameters of the AS-520 microscan receiver are presented. In specific,

topics covered are the amplitude response of the ocutput pulse, the pulse

width at the -3 dB point, and the sidelobe suppression.

The amplitude response of the receiver derives from the slope of
the output to input power relation of the lagarithmic amplifier., - The
output of the log amplifier was discussed ir Chapter 2 and can be

written as: . e



V = mlog Py

The measurement of the AS-520 log amplifier transfer curve is plotted in
Figure 4.1. Here, the operaging RF frequency was 160 MHz. As can be
seen, the slope of the curve is linear for vaiues of RF input__power
between -70 dBm to -20 dBm and corresponds to a value of 25 mV/dB. For
input powers above -20 dBm the output voltage wundergoes compression,
Also, as the input decreases below -70 dBm the slope of the transfer
curve changes to 10 mV/dB. Since distortion occurs at both the upper
and lower ends of the ope;ating range, most{ system measurements were
taken 1in the linear region of operation. The ratio of the maximum

1

permissible input power of -20 dBm to the minimum discernible output was

-— d

found to be about 70 dB. This agrees with the manufacturer's

specifications of noise-limited dynamic range.

The output pulse spectrum from the receiver is a weighted Fourier
transform of, the input signal. A weighting filter similar ‘to the
Hahning window with o=2.0 is used to taper the sidelobe levels. The
close - in sidelobe suppression:uas measured as well as the 3 dB pulse
width for different CW tone input frequencies within the 20 MHz IF
bandwidth of the rec@gwer and the results—aT® listed in Table 4.1.  The
measured 3 dB width wa ;ultiplied by the scaling factor [ =0.1 MHz/| sec

to give the proper frequency value. The theoretical 3 dB width 1is

calculated by:

K y
T (4.1)
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Table §.1: Values of Sidelobe Suppreasion and 3 dB Width for
the Output Pulses of the AS-520 Receiver at
Different IF Frequencies.

1 N

Close~In Sidelobe 3 dB Width
Frequency Suppression dB '  KHz
MHz
Measured Theoretical Measured Theoretical
a=2.0 a =2.0
152 3%.0 ‘ 32.0 30 28.8
154 36.0 32.0 .29 28.8
156 32.0 32.0 52 28.8
158 32.0 32.0 y2 ) 28.8
159 32.0 32.0 41 . 28.8
160 32.0 32.0 35 28.8
162 . 35.2 32.0 30 28.8
164 28.8 32.0 29 28.8
166 35.2 32.0 52 28.8
168 35.2 32.0 48 28.8
169 . 35.2 32.0 53 28.8




where k = 1.4Y4 for a Hanning window with =2.0, from Harris (26), and

T is the filter integration time of 50 sec.

Both the output pulse spectrum and the 3 dB pulse width are
displayed in Figure 4.2, The output pulse spectrum was found to be
unsymmetrical; the sidelobe roll-off in dB/octave being much smaller on
one side of the peak than on the other. Although the sidelobes remained
relatively constant and in good agreement with the theoretical value,
the 3 dB width varied widely and irregularly across the IF bandwidth.
Only in the best case did the meadured 3 dB width approach the
theoretical value of 28.8 KHz, and on average was much closer to 40 KHz.
In the worst case, the 3 dB width was larger by about 23 KHz. Moreover,
the manufacturer claimed a constant 3 dB width of 28 KHz for any input
frequency. The much wider than expected pulse width is thought to be
related to the phaseﬂ slope mismatches between the sweeping 1local

osci{}ators and the dispersive delay filters in the twin multiplexed

delay lines inside the receiver, In addition, the weighting filter 1s-

suspected of not having an ideal cos2(x) shape, thereby leading to the

unsymmetrical pulse spectrum.

The result of the unsymmetrical pulse shape and the varying pulse

width affects both the instantaneous dynamic range and the simultaneous

signal -resolution of the whole system. This will be discussed in the -

R )
next section.

®# It should be noted that the video threshold level was later raised to
0.1 dB above the previously set.level of -76.9 dBm in order to
conform with the average measured 40 KH2 pulse width for a constant
false alarm rate of 1 FA/sec.

.
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Figure §.2: (a) Output pulse spectrum of a C¥ tone
(x~axis: 1 usec/div, y-axis: 8 dB/div).
(b) An expanded view of (a) at the 3 dB pulse
width (x-axis: 0.2 ,sec/div).

4-6



' 5.3 RECEIVER SYSTEM EVALUATION

4.3.1 Introduction

Y

The bsystem berformance was measured for the range of frequencies
between 3.2 GHz and 4.2 GHz and the results are reported, in this
. %

section. The receiver measurements include sensitivitii frequency
accuracy, frequency resolution, linear dynamic range, 1instantaneous

dynamic range, two7boﬁ€/;;;;Jfﬁee dynamic range and puls8 width.

.‘\

4.3.2 Basic Measurement Set-Up

[y

Y

Figure 4.3 illustrates the basic experimental set-up used to
measure and evaluate most of the system performance parameters, Some
experiments made use of the whole set-up while others only used a
portibn of it. The set-up consisted basically of two signal generatofs
combined through a power divider at the front-ehd of the receiver. Most
measurempents were conducted with input CW_tones. . An oscilloscope was
used to monitor the output pulses from the receiving system. A spectrum
analyzer and a frequency counter were also employed 1in various
expériments to monitor the IF signal at the output of the cdownconversion
stage. In addition, a noise _figure meter was utilized for determining
receiver sensitivity and a pulae,gener;tor was employed for conducting

pulse width measurements.
®

The testing of the wide band receiver was conducted manually at
predetermined frequencies across the 1 GHz band with the final results
giving only the best case, worse case, and average value of the s&mpling

-
points measured. A thorough characterization of the receiver would have
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required the examination of every resolution cell (both 'in frequency and
in amplitude) across the 1 GHz bandwidth. However, such a task would be
unmanageabie without the use of automatic testing .equipment,
Unfortunately, the AS~520 receiver has only an analog output which
reﬁders it incompatible with most automatic¢ testing equipment.
N
é.3 .3 Senaitivity

p -
The first test was conducted to determine the MDS level of the
receiving system. A noise fiiﬁwe meter and nolse source were used to\
meas;re the noise figure and gain of the system. The measurements were
taken at the output’ef thefdownconversion stége and the results plotted .

at uniformly spacea RF freguencies across the 1 GHz -bandwidth as shown

in Figure 4.4. The measured gain curve has an average gain of 46.6 dB

k -

and a gain flatness of 12 dB about its mean value. This closely' agrees
with the thecretical gain value of 45.7 dB cited in Chapter 3. The
measured noise .figure curve also displays some ripples but this is to be
expected since noise figure is inversely proportional to gain. The mean
noise figure value measured is 2.97 dB; a difference of only 0.5 dB from
the calculated theoretical value of 2.27 dB. In addition, the gain and
noise figure were also measurgd at both the lower and upper edge of the
20 MHz band centered about the previously measured frequencies. It was
found that the gain remained virtually constant within a 20 MHz band and
that the noise figure varied no more than a few fractions of a dB. The
experimental value for sensitivity was calculated at -126.3 dBm for
B=30 KHz; T=290°K,and NF=2.97 dB. This value corresponds rather nicely
with the theoretical value for MDS of -126.9 dBm as calculated in

Chapter 3. The experimental value for MDS is somewhat of a best case

4-9 *
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e

value, considering that the measured value for the 3 dB resolution

bandwidth, as reported in Section 4.2, was closer to 40 KHz than it was
N .

" to 30 KHz. In addition, a degradation in receiver sensitivity equal to

4

2 to 3 dB resulted from cable losses. By taking into account the above,

a realistic value for receiver sensitivity can be estimated to be =123

-

dBm.

4.3.4 Frequency Accuracy

TN

The system frequency accuracy was measured at two locations in the
signal path and compared with a known reference input signal. " The RF
input signal used was a synthesized source, and was initidlly calibrated
with a microwave frequency counter for accurate-frequency readingé. The
output IF frequency fr?F the downconversion stage was then measured th
the frequency counter, while simultaneously, the time at which thp lse
emerged from the receiver was measured with ;n oscilloscope. The/ error
freguency for the wideband receiver is plotted for different RF input
frequencies in Figure U4.5. The error frequency 1s deflined as the

difference between the output and input frequencies. If the receiver

performance was perfect, this error frequency would always be zero.

o

The results obtained shoued_that the frequency accuracy of the
system is domlnated by the AS-520 microscan receiver. The measured
offset was, ‘at times, as far as +90 KHz from the reference signal,

while, at other times, no errors were recorded. The mean offset across
4 7 Ly

¢

the entire frequency range of 1interest was found to be 26 KHz

(excluding the display). The manufacturer claimed an accuracy of 10

KHz (excluding the display). This large discrepancy in error is& thought

¥
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Figure 4.5: Error frequency versus ipput frequency.
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to be linked to the aging of the sweeping local oscillators inaide the
AS-520, and to the random misalignments of the primary timing asignals

-
which trigger the SLOs and the generator of the display gates,

-

The errors 1qtroduced by the frequency translation alone are very
small and are on the order of 3.73 parts in 108 across the entire 1 GHz
Bandwidth. This slight error is probably a result of the long term
stablility of the two synthesized LO sources in the downconversion stage
and for all intents and purposes could be considered negligible in
comparison to the frequency errors caused by the microscan receiver

alone.

~

3.3.5 Frequency Resolution

The system's ability to distinguish between two simultaneous CW
-tones close 1in frequency was determined. These measurements were
conducted ;n the }S~520 receiver alone since it determines the width of
the pulsés emerging from the system as discussed in Section 4.2.1. Two

-
CW signals of the same amplitude were first widely separated in

firequency. One of the tones was thep progrésaively moved closer to the
other until the receiver could no longer differentiat]y between the two,
The results were taken at the lower-and upper side of differeﬁt fixed
tone frequencies within the 2Q\MH2 IF input bandwidth of tpe receiver
and are listed in Table 4.2.//

-

The average. signal resolution reported within the 20 MHz IF
bandwidth is about 40 KHz. The best case and worse case values are both
35 KHz and 50 KHz respectively. The measurements indicated that the 150

to 155 MHz and the 160 to 165 MHz bands had the best signal resolution

413
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Table §.2:

Frequency Resolution Mesasurement of the

150-170 HB,/IF Input Band

Fixed Frequency

Min Resolution

Min Resolution”

(MHz) Upper Skirt (KHz) Lower SKirt (KHz)
151 40 39
152 - 35 35
153 35 35
154 35 35
155 36 36
156 47 45
157 45 45
158 45 45
159 40 4o
160 38 38
161 35 35
162 35 35
163 37 38
164 ~ 36 36
165 { 40 40
166 \ 50 50
167 s 45
168 y7 L7
169 46 46
. 5
414y
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capability while the 155 to 160 MHz and the 165 to 170 MHz bands had the
worst, However, the manufacturer's claim of minimum resolution of 28
KHz was not achieved. This outcome is strongly rela&n{j to the'
observations made previously for the 3 dB width measurement in Section
4.2.1. The results su;;;rt the earlier stétement that one of the
receiver arms which processes the affected bends haa' a larger phase
mismatch between its sweeping local oscillator and dispersive delay
f¥lter, than the other. This results in a broadening of the c;mpressed
pulses and, hence, a degradation in resolution capability. From the’
Jfabulated results there are no significant differences in the minimum

resolution capability of the receiver on either side of the stationéry
input signal.

Figure 4.6 illustrates the minimum signal resolution for
simul taneous input signals. Here, both input signals have‘power levels
of -40 dBm; while one approaches the upper side of the other, stationary
at 166 MHz. Figure 4.6(a) illustrates the two tones separated by 100
.KHz; Figure 4.6(b) illustrates the tones separated by 60 KHz. Figure
4.6(c) shows the tones at the minimum signal resolution of 50 KHz. It
should be noted that the'nocise filling thé va;ley above thé crossover
point is due to the coherenp summation of the spectral components

\

weighted through the Hanning window at a given frequency.




Figure 4.6:

e —

100mU 1 720mU

(c)

Simultaneous signal resolution at
(a) 100 KHz separstion,

(b)

(b) 60 KBz separation,(x-axis: 0.5 . sec/div) and

(c) 50 KHz minimum separation (x-axis:
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4.3.6 Dynamic Range

5.3.6.1 Linear Dynamic Range ,

The amplitude range where the wideband receiver correctly reads gll
frequencies was established using one signal generator and precision
attenuators at the input to the system. The output was monitored on the
oscilloscope as the input level was increased in 1 dB steps. The
results are tabulated in Tables 4.3 and 4.4. The first set of readings

was taken at several frequencies within the 20 MHz band centered at 3210

~—— -

MHz in order to characterize the dynamic range of one individual band.
Other bands are assumed to have similar values. Ihe second set of data
was taken at the center frequency of 20 MHz bands spaced 100 MHz apart
from eaéh other in order to cover the frequency range of the receivér.
The linear dynamic range was previousiy defined as the difference
between the 1 dB compres;ion point and a specified threshold above the
noise level for a constant false alarm rate. However, 1in this section,
'the lower limit of dynamic range is taken at the MDS level (equal to the
noise floorj for a more accurate comparison with the value of dynamic
nang; specified by the manufacturer of the AS-520 microscan receiver.
The measured results revealed that for both sets of data tpe linear
dynamic range 1is not a sensitive function of frequency. The Yalue
o %
obtained wés typically 76 dB. - This closely corresponds to the noise-
limited dynamic range of the AS-520 réceiver. The measured data also
suggests that the downconversion stage has a linear dynamic range

greater than or equal to the AS-520 microscan receiver, otherwise the

measured 1 dB compression point would have been lower. This large




Table 4.3: Linear Dynamic Range of the Receiving System Taken

at Selected Frequencies in the 3200 to 3220 MHz Band.

[

x
. ~

RF IF Sensitivity 1 dB Comp. Pt. Dynamic Range
(MHz) (MHz) (dBm) ( dBm) (dB)
3200 1650 -123 -53 70
3206 156 =123 -54 69
3208 158 -123 -51 72
3209 159 ~-123 -53 70
3210 160 -123 -52 71
3215 165 -123 -50 73
3220 170 =123 =54 69

Table l.!f,hLinear Dynamic Range of the Receiving System

Taken at Frequencies Spaced 100 MHz Froam Each

LY

Other in the Frequency Range Between 3.2 to 4.2 GHz.

RF IF Sensitigity 1 dB Comp. Pt. Dynamic Range

(MHz) (MHz) (dBm) (dBm) (dB)
- 3310 - . 160 -123 =53 70
3410 160 -123 -53 70
3510 160 -123 -50 73
3610 160 -123 -53 70
3710 160 : -123 =53 70
- 3810 160 -123 -53 70
- 3910 160 -123 =53 70
4010 160 -123 -52 71
4110 160 -123 : =51 ' 72




dynamic range was verified with a spectrum analyzer at an input
frequency of 3210 MHz, for which a linear dynamic range greater than or
equal to 80 dB was measured. Figure 4.7 illustrates the linear dynamic

range of the downconversion stage at an input frequency of 3210 MHz.

§.3.6.2 Instantaneous Dynamic Range

The maximum amplitude separation for which the receiver can handle
both a strong signal and a weak signal correctly was evaluated. This
test was conducted using two signal generators and an oscilliocscope to
monitor the‘output. A fixed input signal was set at a relatively strong
level, while another (separated fpom the first by more than twice the
signal frequency resolution of the receiver) was decreased in 1 dB steps
using precision attenuators ugFil it was barely discernible on the
oscilloscope. This level for the wealker signal was measured at selected
frequencies above and below the stationary strong signal, and the data
was recorded. These steps were repeated for the upper, lower, and
center frequencies of the first 20 MHz bandwidth inside the 3.2 to 4.2
GHz® band. Similar measurements were then performed at the center
frequencies of 20 MHz bands, separated by 100 MHz spacings, across the

fqll 1 GHz bandwidth.

~

The results revealed that in both sets of measurements, for a
frequency separation of approximately 80 KHz, the maximum amplitude
separation is ﬁypically 28.3 dB on the upper side of the strong signal
and 26.2 dB on the lower side. Again, the different results on each
side of the strong signal was anticipated due to the unsymmetrical pulse

-

spectrum. In addition, these values are slightly below the 30 dB

amplitude separation specified by the manufacturer of the AS-520.
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However, this too was not surprising with the larger than expected 3 dB
pulse width. The best case and worse cadg values for the upper side of
the strong’signal are 33 dB und 12 dB respectively. Beat case and worst
case Vafhes for the lower side are 29 dB and 30 dB respectively. The
instantaneous dynamic range on the lower side of the strong signal 1is
coensistently wofse than that of the upper side for offsets as large as
300 KHz. Algo, a slight degradation occurs at the upper edge of the
measured 20 MHz bandwidth as well as the higher frequencies in the 3.2

to 4.3 GHz band.

Figure 4.8 {llustrates the instantaneous dynamic range measurement.
The strong signal frequency was at 3212 MHz with an input power of =20
dBm. Figure R.S(a);illustrates a weaker signal 30 dB down at 355 KHz
offset from the stronger signal; while Figure 4.8(b) illustrates the"

weaker signal (still 30 dB down) almost indistinguishable at 80 KHz

offset.

§.3.6.3 Two-Tone Spur free Dynamic Range

For this test, two signéls of equal amplitude, separated by more
than two frequency resolutions of ;he recei;er, were combined 1in a
passive power combiner at the input of the systemn. Third order
intermodulation suppression was mgasured at both the down conversion
point, and at the output stage of the system using a spectrum analyzer
and an. oscilloscope respectively. Three sets of measurements were
conducted in the 3.2 to 4.2 GHz band. The first set was performed in
the f;;quency band extending from 3200 to 3%20 MHz and consisted of

maintaining a constant frequency separation between the two input

signals while changing the absolute frequency. A second set of data was

4§-21




Figure 4.§:

(a)

»

Instantaneous dynamic range for a strong CW tone
at 3212 MHx with -20 dBa input power.

(a) Weak signal 30 dB down at 355 KHz offset.
(b) Maximum amplitude separation of 30 dB at

. 80 KHx offset (x-axis: 1 usec/div.,

y-axis: 8 dB/div.). ' ﬂfé/
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also taken inside the 3200 to 3220 MHz band by changing the frequency
separation between the input signals. Lastly, the third set of data was

obtained at frequencies spaced 100 MHz apart across the 3200 to 4200 MHz

!
band with constant frequency separation between the input aignals.
Some of the results obtained for the three sets of measlrements are
shown 1n Figure 4.9 for the downconversion stage. The CW tones had an
A
input power of Ju3 dBm. The value for the third order suppression is
clearly indicated by the delta marker in each of the figures. The third

order intercept point was computed from the third order suppression as

follows:

S
P31=Pi+_

> (4.2)

where Pi is the input signal power and S is the third order suppression.
The typical - third order intercept point value obtained from all the
sampled data points is 19.92 dBm. This value compares relatively well
with the previously calculated intercept po#nt of 15.31 dEm, considering
the theoretical valL:: is for a worst case performance in a perfect 50
ohm system, The two-tone spur-free dynamiq range was ghen calculated

using equation (2.19). The results obtained using the experimental

values of P31 Tr G, and threshold equals to:
' '

2 —
SFDR = — (P3.|'T - G - threshold)

3

2
= §'C19.92 dBm - 33.2 dB - (=123 dBm + 13.2 dB))
= 64.3 dB

4-23




This value {s approximately 3 dB greater than the calculated theoretical

value obtalined for the cascaded components in Chapter 3.

Similarly, the same sets of measurements were taken for the entire
system at the output of the oscilloscopes with the results displayed in
Figure 4.10. The typical third order intercept point‘obtained froﬁ the
measured data point wa; -0.23 &B, while the SFDR was calculated to be
50.§ dB. C(Clearly, the higher level of spurious products are generated
by the AS;SZO microscan receiver and not the downconversion stage.
However, the usable SFDR is not the limiting -factor, here. The clutter
level generated by the AS-520 receiyer is far more limiting, as far as

system dynamic range 1s concerned, for it always appears approximately

45 dB below the peak signal.

4.3.7 Pulse Width

The relative sensitivity of the receiver for different input pulse
widths was determined. The input pulse width was varied using a pulse

generator while the output was monitored on the oscilloscope.

The relative sensitivity degradation of the receiver for pulses
narrower than the filter integration time (T < SO/Lbec) is evident in
Figure 4.11. The measurements were taken at 160 MHz with an input power
of -36 dBm. Figure 4.11(a) illustrates the output ‘spectrum for a pulse
duration of 200 usec. No sensitivity degradatlon is noticeable at this
point,:“iL however the base of the pulse is wider. This is the result of
certain pulses being Ofii’g9ftialiy intercepted during the 210 usec scan

period of the receiver.
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Figure 3.9: Two-tone 3rd order suppression of the downconversion
stage inside the 3200 to 3220 MHz band for CW
inputs of -343 dbBm.

(a) \t1 = 3208.068 Mix, f‘z = 3211.320 MHz, and
3rd order suppression 53.80 d4B;

(b) f1 = 3208.38 MHz, fz = 3205.068 MHz, and
3rd order suppression 51.90 dB;

(c) fy = 3207 .068 MH=z, fz = 3212.3%8 m:/, and
3rd order suppression = 52.80 dB.
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(a)

Figure 4.10:

. (o)

Two-tone 3rd order suppression of the system inside the
3200 to 3220 MHz band for CW inputs of -A3 dBm.
(a) fy = 3208.068 Mix, £, = 3211.320 MHz,
suppreasion = 38 dB;
(b) f1 = 3205.068 MHz, fz = 3208.380 Hﬂzﬂ,’_
. suppresasion = 37 dB; -
(e) £y = 3207.068 Mix, [, 3212.340 MHz,

suppression = 38 dB.
(x-axis: 20 usec/div.; y-axis: 6.3 cfﬂldiv.)

-
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Figure 4.11(b) illustrates the output spectrum for an input pulse
duration of 20 usec. At this point sensitivity degradation results in a

3.2 dB dr in amflitude. The base of CQp pul se reméina aaaeniially the
same as in (a).

Figure 4.11(c) illustrates the output pulse for an input pulse
' )
width of 2 (isec. The shape of the pulse closely resembles the sinx/x

E4

pattern having ‘a mainlobe with a‘number of adjacent nulls and sidelobes.

The spreading of the pulse energy in the sidelobes results 1in a
- 3

sensitivity degradation of 23 dB relatiye to the input.

"Figure 4.11(d) illustrates the output pulse for an input pulse
width of 0.2 usec. A severe sensitivity degradation occurs with the

pulse energy completely spread throughout many adjacent frequency

~

resolution «cells, with the output pulse response being 45 dB below the

input. i

v

The input pulse width versus the relative sensitivity degradation

£

is plotted in Figure 4.12 for a gated CWepulse at 160 MHz with an input

—

N .

power of -36 dBm. The slope of the curve reveals. a 20 dB per
~ N \

pulsewidth-decade sensitivity degradation for pulses narrower than the

filter integration time of 50 psec. This occurs as a result of a
?\/ \

combinat;dn of compression ratio loss and conservation of enérgy. as

discussed in Chapter 2 under Section 2.3.4. Consequently, the wideband

surveillance system can only faithfﬁlly process pulses that are greafer

than the filter integration time of 50 :.sec.
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Chapter 5

13

2 . CONCLUSIONS

5.1 SYSTEM EVALUATION - .

A wideband microwave surveillan;e System for identifying pulsed and
CW '/ signals in a 1 GHz bandwidth has been conceived, assembled and
demonstrated. The marriage of both a sqperheterodyne and a microscan
receiver xéffeés a viable solution for performing wideband signal
analysis. The system performance was\essentially in good-agreement with
the thgpretical predictions. The receiver wés shown to'bg capéble of
scanning a 1 GHz bandwidth in 762.5 msec ., while providing real-tiq?
_analog processing on signal levels as low as -123 dBm for a frequent;
sepq‘ption of 40 KHz and an accuracy of i26 KHz. 1Its high processing

speed, ‘low power consumption, low cost, small size, and light weight

definitely makes it an attractive candidate as a poftable survg;llance

-

system for various applications.”
ﬂ Ay r

%

‘

Although, this receiver is a powerful measurement system some of

its performance characteristics GEETE have to be upgraded before 4it.
‘cobuld actually be employed to identify undesired noise signals in a
communication -link. For instance, improved phase matchi;g between the
SLOs and~the SAW dispersive filters would have ;Q be inéroduced in order
to produée frequency resolution cells on the order of 300 KHz for a
closer match with ;he communication channel spacings. The sidelobe

‘level of <32 dB and the clutter level of -45 dB would have to be

L .
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1hproved‘for bettér simultaneous signal dynamic range performance. This

L]

implies that better windowing be incorporated in the SAW filters, It

‘would also be considered advantageous to have an AGC circuit to control

“

.the amount of power going into the system in order to ravoid 'pr;iature
,,,aﬁgziation _or even damage to the receiver. An AGC would also maintain
the noise level relatively constant and, hénce. stghplize the false

- alarm rate.’ It would be deemed essential to improve the existing POI of
h

the receiver by using a more rapid stepping LO such as a direct

-

frequency syﬁthesizer.' The POI for frequency agile . signals could also
()

bé improved conéiderably by increasing ehe TBP of the system with a

wider instantaneous bandwidth (.i.e. search window) 'Largo-TéPs are now

14
achievable  using RAC filten technology. State-of-the-art microscan

intercept receivers are now approaching TBPs on the J?der of 2000 with

80 dB linear dynamic range and a 100§ POI usgng this technique. Despite
some of its limitations, the present system is not precluded from
‘ - s

performing in applicatiopa where it ‘eqixires less fine-grain signal

.

analysis.

14

5.2 FUTURE STUDIES

3

o

It is recommended that some future efforts be devoted to the
implemen;ation‘of fastJhoppang. This would not only increase the system
throughput but would improve ths POI on short duration pulse signals
immenseli.” ‘Some work should also be devoted ﬁo developing a means for
digitizing the analog output from the microscan receiver to extr;ct such
information as frequency,amplitude, and time of arrival on a pulse-by-
pﬁlse basis. The digitization of information is of bgramqunt importance .
for processing large quantities of data'coming.from a system operating

3

. B 5-2
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in a dense signal environment. Finally, valuable knowledge could be . '
R 2 ' o
gained on the real performance of this system by conducting field trial
experiments. PO S T,
’ . .
- - . * «
.
4 ‘ i
7
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/
Table of Specifications N
{ . -
FREQUENCY COVERAGE IS5 MHz to 165 MHz and
: 150 MHz to 170 MHz
SCAN RATE , - 4.7 KHz for 20 MHz covegage
. 9.1 KHz for 10 MHz coverage
. RESOLUTION BANDWIDTH 28 KHz typical at -3 dB points
. 80 KHz typical at -30 dB points
. FREQ. ACCURACY +10 KHz o s
(EXCLUDING DISPLAY) ‘ : ~
DYNAMIC RANGE T
. .
"FULL SCALE INPUT -20 dBm post attenuator
FULL SCALE TO >60 dB for 50 percent .
- MINIMUM DETECTABLE detection and 1 FA/sec
B SIGNAL RATIO
CLOSE-IN SIDELOBE ' >30 4B
SUPPRESSION
CLUTTER SUPPRESSION 245 dB
AMPLITUDE VARIATION +1.5 dB .
.
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FRONT PANEL CONTROL '
IF ATTLCNUATOR : 0 to 60 dBE ip 1l dB and 10 dB
' steps ..
BANDWIDTH ’ 10 MHz, 20.MHz )
SCAN TRIG Internal, External
FREQUENCY MARKERS R Crystal derived tones at 150, 155,

160, 165, 170 MHz energized at
0.025, 0.25, 2.5, or 25 percen
of scans with cff position

DISPLAY SELECT

PAN ' ) Panoramic (Amplitude”versus
. Frequency) ¢
PAN/EXP PAN . Split screen display with normal
panoramic upper half and

expanded/panoramic on 1ow$r half

PAN/RASTER Splif screen display with normal
p2horamic on upper half and
raster on lower half

PAN/EXP RASTER Split screen display with normal
panoramic on upper half and
expanded raster on lower half.’

DISPLAY CONTROLS

RASTER Selects 10, 20, 40, or 80 lines .
. EXPAND TH Selects 10 percent or 20 percent
) of scanned bandwidth be
., ‘ expanded.
XPAND POSITION Positions area to be eXpanded
RASTER TRIG Iﬁternal, External, Internal
adjustable with front panel
potentiometer

Z-AX1S CONTROLS

THRESHOLD J Sets level at which thresholding
: “obccurs
) \1“131
- INTENSITY . ~~ Adjusts level of Z-Axis voltage

. - _ App~-A3




SELECT
POSITION
OUTPUT
POWER .
ON/OFF
REAR PANLCL
. INPUTS
IF
N
SCAN TRIG

—_—

RASTER TRIG

DISPLAY OUTPUT

VERT

HORIZ

Z-AXIS

VISICORDER QUTPUT

HORIZ

Z-AX1S
AUX OUTPUT .

'VIDEQ

THRESHOLDED VIDEO

oy

'Coarse and fine control of

demodulation gate

600 ohm phone jack

Pushbutton with light

' 1150 MHz to 170 MHz; <2.0:1 VSWR

’

App-A&

a

4

Requires > + 1 volt pulse inta
1 Kilohm for external triggering

Requires 2 + 1 volk pulse into.
1 Kilohm for external triggerlng

-1V to +1V video into 50 ohms

+1 volt to -1 volt ramp into
50 ohms

[y

0 to +1 Volt into 50 ohms

+3 volt to -3.volt ramp. into
1 Kilohm. o

TTL with high drive capability

¢ <

- @

0 volt to +1 volt video into
50 ohms ,

TTL with high drive capability




g™

PACKAGING

o

.DATA FRAME

1 MHz CLK

"TTL INVERTER

SIZE

WEIGHT

VOLTAGE
FREQUENCY

CURRENT

TTL with high drive capability.
Bracketgs the valid output video;
PW=100 usec for 10 MHz coverage

and 200 pysec for 20 MHz covetage.

TTL with high drive
capability. Synchronized
to internal timing clotks.

TTL input aﬁd TTL output with
high drive capability
4

-

8" x 19" x 20" (H,W,D) _

45 1lbs. "

s

107 to 127 VAC
47 to 440 Hz

1.0 AMPS

<
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HP B672A, 86738 Specifications -

! LT Y n--l Sn 7 spuaiications are identical except for addi-
vorzl LI W6 VR spscahicatiens an staleg 1o pe )

- v

”~

v Frequency tange: Y0 XD GlEe (1% 499997 G, mc&.mg-.)

[ PSS G

SIGNAL GENERATORS

omp%t Characteristics
Output levet (+15°C to +35°C): +3 to —120dBm;

+810 ~100dBm up 10 18 GHz1, +4 10 =100 dBm up 10 22 GHz, 0 to

—100 dBmi up 10 26 GH:.

Flnlmn (0 dBm range, +13°C 1o +35°C): 20.75 dB through

Band 1
£1.75 d@ through Band
Remefe programming output level resolution: 1.0dB; 0 / 48

Source impedance: 50 chms nominal.

Pulse Modulation (HP 86738B)
ON/OFF ratio: >80 48

Rise/lall times: < 35 nx
Minimum-leveled puise width: < 100 ns
Puise repetition lfrequency: dc~1 MH:.

Maximum peak power: same as in CW mode
Peak level'sécuracy (relative fo CW, +15°C to +35°C):

+/ 5d8.

’h Band 2, 21.25 dB through Band 3,

Pulse modulation input requirements: normal mode, positive-

true T1L Ievels, complement mode, ndgative-irue TTL levels
Video feedthrough: mpicailly <350 dBec
RO ITIR T SR FUL R TAT

Rates (3 dB BW, 30% depth): 10 HH,-100 kHz; 10 Hz-50 kH2

S Sl 100 S GHE onerranged
hn.l L2 620GEH, 20 6060 GH:
a2 traGHs A8 122001

[T B

hiéquency bands:

(Optin O08). 20 Jiz- (X ATz

. N oot .,

Pcak deviation (max.): the smaller of 10 MHzor finod % S, Hand |,
10 My or Tovod X 1S, Band 2

10 My or fmod « 1(), Band 3

Sensitivity: 30 /V, 100 /V ranges Max input |V peak into 60012

545

ra

I10MII: or fined < 20 Bund 4
Sensitivity: 30 100, YOO kHs/V and |,
Mav input 1V peak into 501 -

M0 MHE2/Y ranges

Rates (3 dB BW typical): 30. 100 k1 17/V ranges SO H7zto 10 MHz,

JOOKMZ/V and |, 3. 10 MH7/V Tanges 1 kH7z 10 10 MHz
T e3729)

' 1 . L LY R TR Y]
Swecp funclion: start/stop wr AF H;um

Swecp modes: manual, auto, or ungle

r sweep.
weep

Slep size: maximun of 9999 frequency points per sweep, nnmmum

ho d V@ a ISUGHA 123 INGGIH
I AN AN Y RV T
Frequency rcsoluhon tRbizmtand 1, 2 ks Ilmd : . Vhltrn
l-\.'l.lnlt ca bl d s
Lo Tmebase o vl CSTEHES 0 S - M Y day apang Tate) ur eater-
R AR W)
Frequency swilching time: * 1< ma . 20 pisi 1o be within specihied
et o0l band .
; Single-sideh md phne noise (1t Hz BW, CW mode): ‘
i i OHmmml
b Fosw T 0w 10 Wik | 1001
.ok ! _10a8. 8 zf: [z 119 182
.t : | __bses [ -$0 ok, 104 280
__F i Fl et REE 6 78 100 98-
Fr - N o S 56 of:

-t

tep sze cquals frequency repolution R
Dwell time: «ct from | 13 235 1 per frequency.
Markers: 5 independent, settable frequency markers

Sweep oulpuis:Nio +10V ramp start 1o stop; | VIGH: samp [18 V.

mpvemom), Z-qxas blanking/markers. tone marker, peniift.
Carer a rogrn nnnlnq

i
r

-
n

—

Y

ALLEY AN YR IV] ey 'ﬂl“l 10U sy 1AM, 10 V)

LAY ) pevlmrnance using the internat standard,. Band 1.
Humonics (up to maximum Irequency, ompul level meter read-
— 28 dBe, - 40U JB-
HBoe. Bands | 3,
LN, M. Bond 3

|-
]
!
! tgue 2 Typicai HP BC72A & B673B singlesideband phase
+
|

s 0dB on 0 dBm range snd belou)
$ub-harggonics and multiples thereol: -

. Spurious {CW and AM modes) *
i MNon-harmorucally related: - 70 di. Hand I .

1 M CO Hnd 4 SN YR Bamd 4

¢ Powes line related and fan rotation related within $ Hz below
! lm In-quency and mulluples thereof:

-64dB, Band

e, —_ .'91"«"31" :
v, ¢ Mo [ odiwiim |
v L o8

T - . T

- L A

(4

[ 3
I — .
' -

ANl functions HP-1B

R673B canbulput over t e interface frequency and output level set.

rammable cxccpl line switch. The HP

ungs, creor/mallunction codes, and opcrallonal status codes.

s

Interface tunctions:

HP 86738: SHI, A, TS, TLO, L3, LEO, SR1, RLI PP1, DCI,

~ 1371, CO, Et
BET2A: SHE, AHICI TEO, L4, LEO, SR, RLO PP2, DC1,’
DTo, Co, Et -~ B
e ral ' -
Opeull temperature range: S lo +55°C. ‘
Power: l(?O 120, 220, 240 msa 10%, 48-66 Hz; 400 VA max. .
Weight: nct, 27 kg (60 Ib), 29 kg 6+ {b). Shipping, 32.5 kg {72 ib), . '

%4.5 kg (76 Ib).

Slze 133 mm H 2 425 mm W x 603 mm D (5.25° x 16.75 ".x 23 75‘)

(Yrednpiy Infnrmation
1P 86738 Syathesized Signal Generator
1P 8672A Syathesized Signal Generator

Option 001: Deletec RF output attcnuator

Option 002: Delete reference oscilbator
Optlon 003: Opcration at 400 lz.line
Qption 004: Rear panel R} out

put
Option 005: Rear panct Rt outpwl without RF

attenuvator
Option 008: Chassis shde kit

Option 008: +8 dBm (+7 dHim) output Ic‘cl

Option OOh Cromt panel handle At
Option & ck mounting fllange kit

Option 908: Froni pancl handlc kit plus r.uk mounting

lhn e knt

tion 910: Fxira o
lll' 187125 Suppard kit (for 1P B672A)
11I* 11726\ Support Kit if‘f 1114 RG?JB)
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™t Harmomes

SIGHAL GENERATORS

Synthesized Signal Generators
Models 8662A, 8683A (cont.)

HP 8662A Speclllcatlons - ' ’
Frecuency .. T -
Range: 10 kHz{b 1280 MHz (12794)990993 MH:) .
Resotution: 0.1 Hz (0.2 Hz above 640 MH1). R
Accurscy and stability: same a3 reference oscillator.
Interna! refesence vscillator: 10 MHE quartz oscillstor Aging
rate < 5x10- ”/,gly after 10day wnrm up (typically 24 hrs lh notmll
opcralm; cnvnmnﬁ\cm)

‘ *

Spectral Purit){ )
Residual S58B Phage Noise In 1 Hz BW (320 < 1, < 840 MH!)

Ofisat from Carrier .
1042 100 iz 1 kM2 10 %Mz 100 kHz
-100 -112 -121 -131 -132
98¢ dBc dBc dBc g%

888 broadband noiye floor In 1 Hx BW at 3 MH2z offsaet from-
carrier: < —146 dBc for {, between-120 and 640 MHz a: output
levels above + 10 dBm.

Spurious Signals. , T ’

Frequency Range (MHZ)
. 00k | 1201 320t | 64010
‘ 120 180 320 640 1280

Spurious non-harmonically -90 -100 -96 -90

relateg*? ' dBc dBc dBc .| dBc dBc
Sub-harmoncally retated 75
(;- 2! ete) | none [ none | none | nome | dBc
Power e {60Hz) *

related or gwcrophomcally -90. | -85 -850 -75 -7
generated (withn 300 H1y' | dBc dic d8c dBc | -dbc
<-30 dB¢

Output -
Level range: +}3 to ~1392.dBm (IV 10 0.023 4V, into 500).
Resolution: 0.1 dB. ~

’ . "Absolute levet accuraey (+15° to +45°C): +1-dB between +13

and —120 dBm, =3 dB between —12
SWR: typically from 1.5 to I .8 def
frequency.

Reverse power mlnﬁﬁ. typically up to 30W or +8 Vdc.

—130 dBm.
ing on output level and

Amptitude Modulation

Depth: 0 to 95% at output levels of +8 dBm and below (+10 dBm in
uncm"i gted mode). AM avaijable above these output levels but not
speci

Resolution: 1%, 1010 95% AM; 0.1%, 00 9. 9% AM.

incidental PM (at 30% AM): 0.15-640 MHz, < 0.12 radian peak;
640-1280 MHz, <0.09 radian peak.

Incidental FM (st 30% AM): 0.}15-640 MHz, <0 12 % fpeds
640-1280 MHz, <0.09x f,

Indicated accuracy: *Sﬂf reading «1% AM. Applies for rates
given in table below, internal or external mode, for depths s 90%.

>Rates and Distortion with internal or External llodulatlng

Signs!
AM m
Frequency - 0-30% 30-70% JO-00%
tange AM rate AM - AM AN
8.15-1 MMz de-1.5 kM2 % 4% $75%
1-10 MRz oc-5 Wiz by S a5 5.75%
10-1280 Mz dc-10 kHz . % 4% 5715% |

Freauency Modulation

EMeates (1 dB bandwidth): external ag, 20 Hz to 100 kHz; exter-
nal d¢, dc 1o 100 kHz.

FM devistion: from 25 to 200 kHz depending on carner frequency
indicated FM sccuracy: «8% of rudmfﬂus 10 Hz (30 Hz 0
20kH2).

FM resotution: 100 Hz for deviations < 10kHz, | kxHz for deviations
2 10kHz

(ncidental AM (AM sifebands at 1 kMz rate and 20 kHz devis-

", tion) < —72 dBe.f, < 640 MHz: < 65 dBc. {, 2 640 MHz.

FM distortion: < l—.?% for rates < 20 kHz. < I% for rates < ) kHz.
Center lrequency accurscy and long term stability In AC
mode: same as CW mode.

Supplemental Characteristics
Typical Absolote nnd Residual 888 Phasse Nolu. 839 MHz
c.nlﬂ.

5
; iiIlI
J

3 -

]

10 w 1w " Ll w
Ofteet From Caevter (Mz)

Frcqucncy lwllchlng lpnd' Frorn 420 usec to 12.5 mséc, de-
pending on the prognmmm; mode. -

HP 8663A Specifications
The HP 8663A signal generator is related to the HP B662A in both
concept and structure. The HP 8662A concept of an extremely low
phase noise signal source mcofporllm. signal generastor modulation
capabilities and output characteristics is canrigd even further by the
‘HP 8663A. While maintaining high speciral purity, the HP 8663A
offers increased Irequency range to 2560 MHz, Increased output level
¢ 10 +16 dBm, and the addition of phase and pulse modulation The
result-is a highly flexible and powerful ll|M| generator that utilizes
and extends the proven circuitry of the HP 8662A. Thus, the HP
8662A and HP 8663A share many of the same specifications 85
shown below:

~

Frequency
Range: 100 kHz to 2560 MHz (2559. 9999996 MHz)
Resolution: 0.1 Hz ([, < 640 MHz)
0.2 Hz (640 MHz s [ < 1280 MH1)
0.4 Hz (fc 2 1280 MH2)
Accuracy, stabifity, and interns! reference nolllalor identics!
to HP 8662A.

hnmnliwbmwmmm“ weondd
MHz apart ot on sbeohts lovel of typically less than - 145 SBm.
*Spurious signais can be wp 103 40 highar in the d¢ Fii mode.

e apurs ASt aDECIISE for Carriat froquunsins shave B0 Mty s
A A1 & 9O Hg ng froquency. pesw ke & )y related sgnete moy bo up 10
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¥ ) FREQUENCY HOPPING USING HP BB72A \\
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WRITTEN BY ANDRE UARIN

I

1

| USING THE HP BB72A FREQENCY SYNTHESIZER
' THIS PROGRAM ENABLES TO HOP FREQUENCIES ”
! - -~IN.PREDETERMINED STEPS.ANYWHERE .FROM,

' ‘ 2 GHZ TO 18 GHI B GENERATE A TIME PULSE

' . AT EACH HOP TO BE USED AS AN EXTERNAL

t TRIGGER TO A COMPRESSIVE RECEIVER

1
1

!

TerssasssNsRELRNERBEEREERS MAIN PROGRAM BB IR BEEIENI NPT LU TEOO BBV NEES

+ DLCLARATION 8F UnRIABLES

1 * .
KEAL F1 F2 FI AL XY

1

O TIMEOUT 7,3 CALL Chec)

'ni i Frog

Ll

l M .
- ICRT 1S THE PRINTER
IHPUT "ENTER START FREQ. IN MHZ™ F1

If «F1 2000 OR (F1t-18600) THEN 290 IREJECT FREQ. - 2 GHZ
FRINT "START FREDENCY “1F 13 MHZ" :

PRINT - ) N

148 UT "ENTER STOP FREQENCY IH MHI® ,F2 .

1 «F2-F1) OR (F2.18608) THEN 330 IREJECT F1 GHZ>FREQ.>18 GHI
FRINT "STOP FREQENCY";F23 "MMZ™

FRINT - . - e -

INPUT “ENTER STEP SIZE IN MHZ" ,F3
PEINT "STEP SIZE*1F3:"MHI"

(RINT © -

INEUT "ENTER SIGNAL OUTPUT LEVEL" A
IF (A -120) OR (A:3) THEN 400

FRINT "SIGNAL LEVEL" ;A" dBm"

FRINT -
FRINT “PRESS CONT. KEY TO CONTINUE PROGRAM "
(NUSE | IWAITS FOR CONT. KEY -
GUTPUT 257Ky’ tCLR SCREEN
Range=INT(ABS(MIN(A/ 1O ,11))) IAMPLITUDE SETTING
Vernier=-1@+Range-A IVERNIER SETTING
IMAGE ¥~ 8.,8,"0",D - IFORMATING .
QUTPUT 719 USING 49@:48+Range ,51+Vernier,t 1QUTPUT AMPLITUDE SETTING .
1-Plel E+583 1UALUES TO GEN. Z24Sus WAI1T
Yoz . v
FOR F=F1 ¥0 F2 STEP F3 . 1LOOP TO HOP FREQ.
QUTPUT 719 USING "A ,BZ,6A"1"P", 1000+F , " J0" & .
WAIT .015 115 ms OELAY FOR SETTLING
TRIGGER 8 ¥ 1I0UTPUT A PULSE ON DAV
~ ILINE OF HPIB
I=Y-X . 'jg IWAIT APPROX. 245 us
MEYT F [ ] ¢ .
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& ' ' J
Few LUcAL 719 ’ IRETURN DEVICE TO LOCAL

A BEEP 2000, .5
U FTRINT TABx Y30 ,15) "END OF ROUTINE®

by 1P
[ERS Frp* . ' +
P ! ' ' ,
T 106000000800 t8ssssncssrssesns SUB NO. | EF IR NAEIIIFCRNIIIREIIRG LIRS
P '
[ B Chec
[ ag REEP 1020,.5 -
AL BLEP S0Q, .5« -
I OHTPUT 21K 75
o PRINTER 16T
T < FRINT TABXY(4 10) , "INST"UMENT MALFUNCTION--CHECK SET UP*-
cd PEINT TABXY(S5 13) "GPIB CABLE CONNECTED 7™

PEINT 1ABXY(E,14) “CHECK IF PROPER ADRESS7"
vt PRINT IARXY (7 15),"1S POWER SWITCH ON7"

" FRINT TABxYy(8 18) “PRESS RST/RUN FEY & TRY AGAIN-

e FAuSE . ) .

S DUTPUT 24 '™y v : s
R URENO
BT ' - M
LINA | losssesossassrcesnssasnsnsansses SUB N, 2 ~sesscssssssrnsssssncsnsssssssnnss
.-.“‘\ ) . »

R LUR Krog ’

s FRINT TaBXy(28,1), FREQENCY HOPPING PROGRAM" -
Ch0 PRINT JABXY! 14 ,4) “DEVICE USED MODEL BUS ADDR *
g PRINT TABXY{(14 ,6) "FREQ. BYNTH HP BB72A 18 -
Y PRINT TABXY{17,10},"THIS PROGRAM ENABLES THE FREQ. SYNTH T0O HOP*
a0 PRINT TABXY(17 ,12) "PREDETERMINED STEPS ANYWHERE FROM 1 GHZ T0O -
agy PRINT TABXY(17,14),"18 GHZ B GENERATE A TIME PULSE AT EACH HOP"
an FRINT 1ABXY(17 16),°T0 BE USED AS AN EXTERNAL TRIGGER TO A RX*"

S PRINT USING "/° '
GO0 SUBEND ) B
940 |
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