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ABSTRACT

This report deals with the development of a software package for
evaluating the performance of a radar for single and multiple
return pulse integration and fluctuating and non—fluctuating
targets, as defined by Blake [1 and 2] and Hovanessian [3].

The software provides the user with a Persopal Computer based
package allowihg him to caloulate :

t4. the signal-to-noise watio required, t¢ give a specified
tanget detegtion probability for a specified false alarm
probability, and number of integrated pulses.

ii. the effective target cross-section for various
fluctuation models.
i%. the detection performance versus range of a given radar

iid.
using i and ii.
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LIST OF SYYBOLS

Rpax = maximum radar range.

Py = transmitted power, Watts.

Gy = transmitting antennd gain, dB.
@r = receiving anbenna gain, dB.

¥ = target radar cross’section, m?
Lambda = wavelength, metres.

Spip = minimum signal to noise ratio required for a specific
Pra and pg. -

Fy = pattern propagation factorptransmittihg antenna 4o target
path.

Fy = pabtern propagation factor, 'haréet to receiving antenna i
path.

k = Boltzmann's constant = 1.38 x 19722 J.K-1,
T = equivalent noise temperature (292°K).
B = receiver bandwidth, Hertz. o
L = System Losses (both transmit and receive).

8 = (8/N) = signal-to-noise ratio.

Ig(x) = Modified Bessel function of oxder zero. N
v = the receiver output voltage. : '

Pq = the probability of detection.

vy, = By = fixed threshold voltage leval,
Pgn = Probability density function of v.
Py = the probability of false alarm.

Pp(v) = probability demsity of the detector output voltage when
+the input is nolse.

o® = the noise poder at the debector inpub.




1. THTRODUCTION

Radar is a prime example of the use of electromagnetic waves for

remote sensing. Its development has been stimulated primarily by
military needs for surveillance. navigation, and weapon control,

but it is widely used in many important civilian applications.

Modern commercial air travel relies heavily on radar navigation
on board aircraft and for air-traffic control or the ground.
Raday is found on almost all the commercial shipping aud ou many
Pleasure boats.

As a remote sensor; it responds to targets as close as tens of
feet, (as in police speedmeters), to ranges of hundreds of
millions of miles, as in large radars used by astronomers to
probe the planets.

Radar is simple in concept even though in most instances its
practical implementation is not. It operates by radiating
electromagnetic enargy and detecting the presence and character
of the echo return from reflecting objects.

As an active device it utilizes its own controlled illumination
to detect the target and to probe the target characteristies. It
does not depend on energy radiated by the target itself, as does
the radiometer, cr on the energy reflected from uncontrolled
sources, as doss the optical camera.

The ability to detect a target at great distances and to locate

its position with relatively high accuracy are the two chiaf b
attributes of rudar. Although radar technology has been advanced i
primarily by the military, bemefits have spilled over into many
important civilian applications, of which a orincipal example is

the navigation and contxol of ships and airerafti.

The radar prineciple has been applied from frequencies of a few e
Megahertz (HF) upto ultraviolet (laser radar). This represents a ¥
frequency ratio of about 12%:1. The particular techniques used v
in implementing the radar concept differ markedly over this wide e
range of frequencics, but the basic principle remains the same.
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Figyre 1 Block diagram of a radar enploying a power-
amplifier tter and a o
receiver.

The figure shown above illustrates the block diagram of one form
of simple radar. The radar signal, usually in the form of a
repetitive train of shoxrt pulses, is ted by a itter
and radiated into space by an antenna.

The duplexer permits a single antenna to be used for hoth
transmission and reception. BReflecting objects, or targets,
intercept and reradiate a portion of the radar signal; a small
amount returns in the direction of the radar.

Some of the returned signal, or echo, is collected by the antenna
and detected in the receiver. The presence of refledted energy
reveals the presence of a target.

Comparison of the returned signal with thab transmitted yields
information about the target, such as 1ts location, size, shape,
and whether it is in motion relative to the radar. In most
radars the extracted information is displaved on a
cathode~ray~tube where it is viewed by an operator. In some
applications, for example weapon contrel, the radar outpnt may
bypass the operator and actuate a tontrel system without human
intervention.

The form of the electromagnetic signal radiated by the radar
depends on the desired information that is wanted about the
target. A pulse radar for alrecraft surveillance, for instance,
may generate a repetitive train of short pulses, esach a few
microseconds in width, at a reperition rate of several hundred
per second.

e




For accurate range measurement short pulses, which occupy a small
wvolume of space, or longer ’chirped’ pulses which occupy a wide
spectral bandwidth are used.

To sense accurately the doppler f shift i d in the
reflected signal by a moving target, the signal waveform must be
long in duration. An example is the continuous wave (CW) doppler
radar.

In addition to the widely used pulse train, there are many other
possible waveforms; including OW with frequency modulation,
pulses with frequency or phase mcdulation, and bursts of pulses.

Theory prescribes the optimum waveform for a particular set of
constraints on measurement accuracy, ambiguity, resolution, and
elutter discrimination.




2 BAGRGROUND AND SELEGTED TOPICS

2,1, The Radar Egnation

Radars are electromagnetic devices used for detection of targets
by radiating electromagnetic enmergy and examining the reflected
energy. The term ’target’ will refer to any refiecting object
which interferes with the tra smitted wave and reflects part of
its energy. The definition deviates from the common notion of
targets as hostile aircraft or missiles.

It will be seen that a on 0f the perties of the
transmitted energy with that of the reflected energy from a

target will result in parameters relating the relative radar
target positions. The £ shift b tted and
reflected wave is proportional to radar target closing rate and -,
the delay between transmitied and received electromagnetic energy
is proportional to the distance between the radar and the target.

The detection range of a radar system is pri.aarily a function of

‘three parameters: 1) transmitted power, 2) antenna gain, and 3) "
receiver sensitivity. Increasing the transmitted power will
increase the radiated energy which, in turn will result in a
stronger target return. The antenna gain is a measure of the
radiated energy in the direction of the target as compared to »
uniform radiation of energzy. Receiver sensitivity is a measure

of the capability of the receiver in detecting target returns. )




The form of the radar equation shown below expresses the maximum
radar range Rpax in terms of radar and target parameters:

L]
Py Gt b z Lam’bdaz

Fmaue = (4003 Sypp Py Fx (eTB) L

{EQUATION 11

where Py = transmltted power, Watts
Ppy = Drobability of false alarm
pg = probability of detection
= transmitting antenna gain, dB
Gy = receiving antenna gain, dB
% = radar target cross section, n* ~
Lambda = opérating wavelength, metres
Spin = migimum signal to noise ratio for a given pgy
and p,
¥y = pattern propagation factor, transmitting antenna
to target path
= pattern propagation factor, target to receiving
antenna path -
Boltzmann’s constant = 1.38 x 18723 J/°K
equivalent nolse temperature (292°K)
receiver bandwidth, Hertz " N
System Losses (both transuit and receive)

=
H
[

2l T4
wn

All the parumeters are to some extent under the control of the s
radax designer, except for the target cross section ’Z’ The

radar equation states that if long range detection is required
then

ot /o

1) the transmitted power must be large

2) the radiated energy must be concentrated into a narrow beam B
(high transmitting antenna gain?,

po=x]

8) the received echo energy must be collected with a large
antenna aperture (also synonymous with high gain),

fisa)

4) and the receiver must be sensitive to weak signals. .

T
I

In practice, the radar equation does not predict the range o
performance of actual radar eguipment to a satisfactory degree of .
accuracy. The predicted valnes of radar range are usually

optimistic. ,

In some cases the partioular radar detection range might can be
half of that predicted by Bquation 1.

-
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Part of this discrepancy is due to the failure of Equation 1 to
explicitly include the various losses that occur throughout the
system or the loss in performance usually experienced when
electronic equipment is operated in the field rather than under
lahoratory—type conditions.

Another important factor that must be considered in the radar
equation is the statistical or unpredictable nature of several of
the parameters.

The minimum detectable sigmal 'Spyy’ and the target cross
section 'S’ are both statistieal in nature and are expressed in
statistical terms.

2.2. Detection in the Radar Receliver

The ability of a radar receiver to detect a weak echo signal is
limited by the noise energy that occupies the same portion of the
frequency spectrum as does the signal energy. The weakest signal
the receiver can detect is called tha minimum delec e si

(MDS) .

The specification of the minimum detectable.signald is sometimes
difficult becauss of its statistical nawure and because the
eriterion for deciding whether a target is present or not, may
not be too well defined.

Detection is based on establishing a threshold lsvel at the
output of the receiver. If the receiver output exceeds the
threshold, a signal is assumed to be present. This is called
threshold detection.

in the detection circuitry of the radar, the target return power
is processed in the presence of redeiver noise. The figure shown
below is a qualitative description of target detection im the
presence of receiver noise.

Volvage A Target Return Falsg Alarm
or
Power ....Threshold
Level

Mean Noise
Level

Time ~->

Figure 2 Ruadar receiver output as a function of time

i b S Bl s RS
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A target is said to be detected if the envelope crosses the set
threshold. The threshold is set sc as to result in an acceptable
nusber of false alarm (threshold crossings due to noise per given
time, for example, five per minute).

Too low a threshold increases the likelihood that noise alone
will rise above the threshold and be taken for a real sigaal.
Such an ewcurrence is called a false alarm. Thus, the settings
of thresholds is a trade-off b the desired false alarm rate
and the detection capability.

Increasing the threshold level will, of course, decrease the
number of false alarms, but it will alsoc decrease target
detection capability.

In defining false alarm ratés and threshold settings, the type of
displays, the required display density, and human factors such as
the experience of operators can alsc be considered. .

2.3, Probability of Deteotion and Signal To Weise Ratio

The probability of target detection depends on the value of
‘target echo signal-to-noise ratio {S/H) in th receiver and the
threshold setting in the receiver detection circuitry. High
vdlues of S/N correspond to high values of target return power.
Higher thresholds raise the level of power at which target
returns will be detected thereby degrading detection capability.

On the other hand higher detection thresholds reduce the rate of
false alarms (noise crossing threshold levels) making detection
of strong echo targets on the display casier.

Gilven the equations defining probability of detection as a
function of signal-to-noise-ratio with probability of false alarm
as a variable, the designer can valenlats the range performance
of a given radar for a given target using Equabion 1.

2.4, Radar Target Cross Section

The discussion of the mipimum signal-to-noise ratic assumes that
‘the echo signal received from a particular target does not vary
with time. Tr practice, however, the echo signal from a target
in motion is npever constant,

The cross sactions of complex targets (the usual type of sadar
target) are very sensitive to target aspect. Therefore, as the
‘target aspeot changes relative to the radar, variations in the
echo signal will result.

A method of accounting for a fluctuating cross section in the
radar equation is to seleot a lower bound, that is, a value of

- -
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cross sechion that is exceeded for some spocified (large)
fraction of time. For all practical purposes the value selected
is a minimum and the target will always present a cross section
greater than that selected. This procedure results in a
conservative prediction of radar range and has the advantage of
simplicity.

To properly account for target cross~section fluctuations, the
Probability density function and the correlation properties with
‘time must be known frr the particular target and type of
trajectory.

Gurves of radar cross secticn as a function of aspect angle and a
Imowlsdge of trajectory with respect to the radar are needed to
obtain an exact value for the dynamic radar cross section of a
target at any time.

Thus we define the probability-density function, which gives the
probability of finding any particular value of target cross
section between the values of I and I + 42, whilst the
auto-correlation functlon describes the degree of correlation of
the cross section with time or number of pulses.

2.5, Gaverage Diagrams
The vertical coverage diagram is typically a range-height-angle
chart.

Plots of the radar range as a function of elevation angle can be
made on such charts.

Such plots are called coverage diagrams.

In general, the curvature of the earth cannot be neglected when
predicting radar coverage. This is especially drue for coverage
at low elevation angles near the horizon. The two regions of
interest in radar propagation are the interference region and the
diffraction region.

The interference, or optical, region is located withir line of
sight of the radar. The direct and reflected waves interfere to
produce a lobed radiation pattern similar to that for a plane
earth.

Liobing, however, is not as pronounced in the case of the round
earth; the minima are not as deep nor are the maxima as great
since a wave reflected from a curved surface is more divergent
‘than one reflected from a plane.

The other region of inter~st is that which lies just bevond the
interference region below the radar line of sight and is the
diffraction, or the shadow, region.
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Here radar signals are rapidly attenuated. Very few microwave
radars have the capability of penetrating the diffraction. z-egion
%o any extent because of the severe losses.

The effect of the round earth on radar cuverage can be preficted
by analytical means for the idealized case of a ’smooth’ earth of
known, uniform properties. .

There exists in the literature the necessary graphs and
nomographs which simplify the computation of the radar coverage.
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3. FORMULATION OF YHE P

A personal computer based radar desigrn rackage was to be
developed which allows the designer to inpnt the known parameters
with regards to a particular vyadar,

Information such as the radar transmitiing powexr, the
transmitting and rec:lving antenna gains, the target radar cross
section, the pattern propagation factoer (PPF) for the
transmithing antonna-to-target-path and the PPF for the
target—to~receiving antenna path, the receiver bandwidth, the
generalised system losses, the wavelength and the signal to nolse
ratic are typical input parameters.

Those that can typically be caleculated (if not available) are the
probability of detection, and minimum signal to noise ratio given

‘the probability of false alarm and also the losses due to target -

cross section fluctuation.

A simple flow chart of the problem is given below.

Input of known parameters :
Pt,Gr,Gt,PPP(trans),PEF (targ)
Bn,b,Lambda, 8/

Is zll the information
available (Y/N) ?

Calculate Radar Perf

Calculate Pd,Pfa
S/N and target |

fluctuasion loss
Display the resulits

a8 vegulred
Flaure 3 Sinple Flow Charl of the Problem

- ig -




3.1 Calculation of the Radar Range

The derivation and vhe formulation of the radar equation as
described in section 2.1 was done over a long period of time.
The particular equation which is used in the software package
which was developed is described later.

(& complete and detailed discussion of all those factors that
influence the prediction of the radar range is beyond the scope
of this thesis. For this reason many subjects will be treated
only lightly. More detailed information will be found in
subsequent sections or in the references listed at the end of
this thesis,)

The development of the software for evaluation of the radar range
was very quick. All that was needed was a definition of the
variables to be used, prompbing of the user for the necessary
inputs, evaluating Equation 1 and then displaying the results
obtained. Note that here it was assumed that Syin and T were
easily evaluated or available to the user. Routines were
developad later allowing the user to evaluate Sy;, and % using
techniques descirbed by Blake [1 arnd 2] and Hovanessian [3].

3.2. Integration Package

The development of a numerical integration package was clearly
necessary., Simpson’s rule was to be considered. The
Rectangular, Trapezeidal and Runye-Kutta rules were also
considered so that the wost efficient and wptimum method of
numerical integration could be determined.

In the rules given below, the interval from x = a to x = b is

subdivided into n equal parts by the points a = xpy, xj,
ceu s Rpel, xn = b and we let yg = £{uap),

= £(x1), ¥p = £(x2}, ... , ¥yp = £(Xp), h"(h a)/n.
3.2.1. The Rectangular Formula

a
J £(x) dx = hivg + vy + yg ..o+ wy)
K

[EQUATION 2]
- 11 -




The error in the rectangular rule is of the order h, ie.
E = O(h).

3.2.2, The Yrapezoidal Formula

a

j £(x) dx = h/2(yg + 291 + 2yp + ...+ 2ypoq + ¥p)
b

{EQUATION 3]

The exror in the trapezoidal rule is of the order h®, ie.
E = O(h?).

3.2.3. Simpson’s Formula (Parabolic formula) for m even

a

J £(x) dx = h/3(yg + 4yq + 2y2 + 4yg +
X Zynoy + draeg * vw)

[EQUATION 41

The error in Simpson’'s rule 1s of the order hi, ie
B = 0(h%). This implies that it inmtegrates cubics exactly.

3.2.4. The Runge Kutta Method

This method is actually the four point method, often called the
Runge Kutta method.

It is performed as follows:

ky = hE(xg,¥n)

kg = hE(xyth/2,y,+k /2)
kg = hi(xyth/2,yytkp/2)
kg = hE(xyth, yptks)

4 points

- 12 ~
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J £(x)dx = is approximated and given as follows: :
b 1
1/6(ky +2kp+2kg kg ) LT
Yo+l = ¥n ] Tesg iy .
(EQUAPION 51 =
The local truncation error has order 6 i.e. it behaves like (

0(h®), and the global truncation error behaves Llike O(h%).

Each of the equations for the approximation of definlte integrals {
was implemented and the results obtained were very favourable. juot
¥
I

The Runge Kutta technigue clearly proved the best method. It
allows the step length h to be varied as it is increased .
between the lower and upper limits of the integral to be

evaluated.

It was therefore decided that this technique would be the one
used for the numerical integration of the probability of

detection function.

3.3.

The need to evaluate the Modified Bessel function arose because
the equations for the determination of the probability of *

Bessel Function Evaluation i

detection for a radar used the Bessel function.

The Modified Bessel function of the first kind of oxder p is
expressed as follows:

In(x) =
For n =

Iglx) =

@, we have

1+ x2 4
22

ies.

x4
22,42

4™DJ(ix), which can also be expressed as an infinite
ser,

NS
[EQUATION 6]

IThe evaluation of the infinite series when implemented was taken
to an aceuracy for values up to %46 {(where x ranges from nero

to ten).

However, it was decided to use the integral
rapresentation of the Bessel function (see below) which allows

‘the Bessel funotion to be acecurately calculated at any value of x
and not be limited in the range from zero o ‘ten. 3

e e

- 13 -
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The integral repre=entation is as follows:

2
Ip(x) = (1/2%) K exsing gg

2
[EQUATION 7]

3.4, Probability of detection

A large quantity of experimental and theoretical work has been
carried out by several persons in this particular field. It is
here that most of this report is concentrated on.

The main sources of backaround informaticn obtained was that of
Blake and also Hovanessian. Most of the work done by Blake dates
bueck to the Second World Wax and papers on this topic of research
were finally released in 1863.

An outline of Blake’s equations and methods used to obtain the
graph included as Appendix A is given below, The main aim of
this report was to prove the validity of these curves and %o try
to them to a ble - The method used by

Hovanessian will be discussed later.

3.4.1. Single Pulse Detection

Eguations as derived by Blake

The curve shown in Appendix A was machine computed by Hlake (and
machine plotted), using mathematical results derived by others.

The probability of detection is formally given by the expression

®
Pg = j Pgnlv) dv ,
Vi
[EQUATION 63
where v is the receiver output voltage (afber all predecision
processing, including integration or averaging of successive
pulses in the case of pulse radar, doppler filtering in the case

of CW or pulse doppler radar}. The quantity vy is a fixed
threshold level of voltage that depends on the allowable rate of

- 14 -




’false alarms’ (decision that a signal is present when in faat
there is no signal). The function Pgy is the probability
density of v, which is a random variable because it is the
resultant receiver output when both signal (s) and noise (n) awe
present in the oubput.

The probability of false alarm is

Pig = f Pplv) dv ,

hi !
[EQUATION 9}

where pn(v) is the probability demsity of the detector cutput
voltage when the input is noise, with no signal present. The
function pgy must of course reduce 4« pp when the signal
power has zero value.

The value of Py, equation (8) obviously depends on the value
selected for wg; this value is chosen, as is evident from
equation (9), by first deciding what value of Ppy is desired,
or required, and then sclving equation (9) for the value of vy
that results in this value of Pgy.

Of course, this solution can be obtaimed analytically only if
Pa{v) is an integrable funciion.

The graph included as Appendix A gives values of Pg as a
function of the signal to noise power ratio S§/N, for detection of
a single pulse (no integration), and a linear rectifier detectox
(scmetimes rxeferred to as an envelope detector). The equations
fox pu(v) and pgy(v} for this cage, as has been showm by

Morth [4] and others, are

v /20*
Pu(v) = (v/o*) e
[(EQUATION 193

~(v® /26%45)
Peplv) = (v/o®) e Tpl{v/o)sart(28)}
[EQUATION 113

where o® is the noise power at the debtector input, and § is .the
signal to noise power ratio at the same point. These equations
assume a Gaussian distribution for the amplitude of the RF noise

- 15 -
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voltage. This assumption is valid for the noise sources
ordinarily present. .

Ip denotes the Modified Besssl Function of the order zero,
which is related to the ordinary zero-order Bessal function Jg
by: Ip(x) = Jg(ix); i=sqrt(-1). Equation (18) is the
Probability density function of a Raleigh distribution, and that
of equation (11) is sometimes referred to as the Rician
distribution (after 8.0. Rice), who described its properties in
de;ail, although it had been described previously by North and
others.

The function of equation (14) is integrable. Therefore equstion
{9) can be solved for vg. (The integration is included as
Appendix B). The result is

—v* /20°
Praz e

[EQUATION 123
Therefore,
(v /o) = sart{-2lo{Ps,)}

[EQUATION 131

The ratio vy/0 is the ratio of the threshold voltage to the
predetection rms noise voltage.

It is more practical to express vy in relation to the average
noise voltage at the detector output (since this guantity is
sasily measured; it is the de oubput voltage of the detector).

Since, (see Appendix C for the derivation)

@
Vay =J vy (v) dv = 0 sqru(x/2)
]
[EQUATION 14]
it follows that

w, ® (vp/vgy) = sart{-4 In(Ppm)/x}
* it T (HQUATION 151

Robertson has normalized the threshold voliage differently; the

~ 1§ -




rel. sionship of his threshold voltage, uy to the one used here, P
gy is 1
t

up = {(ug-1) sert(M)}/sqrt(4/x-1)
[EQUATION 161

i‘v}ixzﬁ-e M is the number of pulses integrated (M = 1 for eguation
).

B E
Results for uy, and also up, obtained by Blake by digital
computer solutions of equations (15} and (16} are listed in Table
1 below. P
|
Pra 4t 3 . ]
171 1.7122 1.3025
192 2.4215 2.7183 |
1978 2.9657 3.76@5 !
1674 3.4245 4.8381 '
128 3.8287 5.4114
1576 4.1941 6.1.05
18"7T  4.53@1 6.7534
1078 4.8429 7.3517 ;
1579 5.1367 7.9137
17729 5.4146 8.4453
15711 5 788 8.9509 )
12712 5.9313 9.4340
19713 6.1735 9.8973
19714 6.4066 18.3431
m—ig §.6315 14.7733 '
19~ . . : !
§.8489 11,1893 !
Table 1 Valuea of Single-Pulse Normalized Threshold Voltage Y

for a set of Falss Alarm Probabilities

Blake then used these values of uy for computing the curves
given in ‘the graph inc.uded as Appendix A, by numerical
integration of eauation (11) with v replaced by u = v/vgy: that
is

o
~[(ma® /4)+8]
Pa(8) = J (x/2) u e Igle sgrt(n8)] du
ug
[EQUATION 173
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The derivation of equation (17) is included in Appendix I.

Hote that this is where the discrepancy with Blake's equations
and those derived occurs. The lower limit derived does not
correspond.

Blake’s equation for a single pulse was the first to be
considered. When implemented, the algebraic derivation was not
checked, and thus the results obtained were incorrect. The
equations given by Hovanessian [3] were thus conzidered.

Equations.derived by Hovanessian

In this section the expressions relating the single look
prohbability of detection ps, as a function of signal-to-noise
ratio S/N with false alarm probability p, as a parameter will
be derived.

'The single lock probability of detection refers to detection

probability attained by a single continuous illumination of the
target as opposed to scan—to-scan iliumination.

The effect of integratiov. of several pulses on the probability of
detection wlll be discussed later in this report.

Note that the false alarm probability py refers to the
condition where noise exceeds th threshold setting resulting in a
false detection.

Consider a sinusoidal signal augmented by Gaussian noise, v(u),
to constitute the input of the IF filter of figure 2 below.

i Post Threshold
— Detection

Filter Integration,| Bias
w(t) v'{t) NETECTION <
Figure 4 Signal processing circultry

The output v*(t) will be modified by filter characteristics which
can be expressed using Fourier analysis. Assuming v’ (%) tu be
given by:

v () = x(bleos2ufet + y(b)sin2afat
[EQUATION 183
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where f, is the IF carrier frequency and x(t) and y(t) are
orthogonal amplitudes of sigual and noise components, the
detector output can be expressed as a funchion of x{t) and y(t)
as follows:

v = sqrt{ x(t)* + y(t)*}
[EQUATTON 18]

for a linear detector and v® for a square law detector.

The probability density and the cumulative probability for the
envelope v are determined in a classic paper by 8.0, Rice [17 and o
18] and nre expressed as follows: .

{z g + }
2
p(v) = v e Ig{v sqrt(2 S/} dv
[EQUATIOR 28]
and .
v v {= = (2 8/} v
3 ;
p{v)dv = j v e Igiv sart(2 S/M)} av
2 2 ,
[EQUATION 211 '
whare
v = envelope of signal plus noise
8/N -« signal-to-noise power ratio (the multiplier 2 is
used to convert rms signal power to peak sigmnal
power)
Ip = hyperbolic Bessel function of zero order
p(v) = probebility density of v
v s

J p(v)dv =  cumulative probability distribution of v

To develop a direct relationship between py, Py, and 8/N,

- 19 -




consider the to]lawwss. From equation (21), it is seen that the
pxnbabllmty of v lyiwy Wetween @ and a fix-d threshold By is
given by:

By By (:_V‘;_LZEME.D
J p{v)dy = I ve Ig{v sart(2 S/N)T dv
] 2

[EQUATION 22]

so that the probability of detection pg of a voltage consisting
of a signal plus noise exceeding E¢ is:

Ey

Py =1 - Ip(v)dv
[EQUATION 23]

Ey {.‘Vz_;_(}_sdﬂl
pg = 1 - J ve Ig{v sart(2 8/R)} dv

[EQUATION 241

For the special case of when no signal is present, equation {22)
vlelds the probability py, of a noise only voltage exceeding
Ey4, that is:

(EQUATION 25

[RQUATION 28]

- 20 -
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Defining a new variable, u such that E |
v !
2
uz e , v = sart{-2 In(u)}
{ {EQUATION 27] -
g . E
It is seen that ®
o .
2 [
du = -ve dv , and By = pp [
’ [EQUATION 251

EI so that equation (24) yields i

R ' :
ik Pa s ‘
Py = 1+ e Ig{sqrt(~4 S/N 1n(u)} du .

1
{EQUATION 281

or equivalently

-5/N
pg = 1-e Ig{sart(~4 8/N In(u)} du
BN p{n) oy
.o [EQUATION 38] :
i ‘
S i
“ Note from equations (29) and (38) that pg is no longer !
Y explicitly dependent upon threshold function Ey. The effect of
TR ‘the threshold upon pgy is completely described by the Vo
4 probability of false alarm, p,. FEauation (38) can be put in an )
. Hw infinite series form and evaluated as a function of S/N with py Y
‘h as a parameter. N
l Equation (26) can thus Le used to cvaluate By given a value of S '
« F the probability of false alarm.
1.
! Having this value, equation (24) cath then be used to caleoulate i
H the probabllity of detection pg of a radar for a single pulse. | .

:EM - 21 - ‘
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3.4.2. Detectica with Many Fulses Integrated
ations as B,

The equations described by Blake [1 and 2] for the detection of
two pulses cannot practically be applied, (for even three
pulses), and certainly nmot for many puises.

certain mations can be made for the functions pp
and pgp of Equations (8) and (9) in the many-pulse case which
become very good if the number of pulses is sufficiently large.

These approximations are described by North {4]. They make use
of the central limit theorem of probability theory, which states
that the distribution of the sum 0f w independent random
variables tends to a Gaussian (or normal) form as n tends %o
infinity, no matter what the distributions are for the individual
variables, subject to some fairly mild conditions that are well
satisfied in the present situation. .

The variance and average values of these sum distributions are
found by applying the following two well-knewn theorems:

i. the standard deviation oy for the sum of M independent
random variables is given by

{EQUATION 31}

where ¢4 1s the standard deviation of the ith
variable. No’. that here '’ is the ’'SUM’ which must
not be confused with the RCS (radar cross-section).

ii. ‘the average sum, xj, is given by

- M-
x = Z X
Tt

[EQUATION 327

where x4 is the average value of the ith variable.

- 22 -




The desired Gaussian density functions for the detector output
voltage v are therefore

Bv) = 1 (o - V)R /20
e

=art(ecg [EQUATION 33]

where og and vy are found by apelying eguations (31) and
(32). Since a stsady signal and constant noise powor ars
pssumed, all the vj’s and 04's in these equations are egual;
hence for M pulses integrated the results are

v, =My
& CEQUATION 241

and

= 4M oy,
H * [(EQUATION 35]

The guantity og ir egquation (33) is the standard deviation of
the output detector voltage, which is not the same as that of the
input voltage, denoted ¢ in eguations (10) and (1l1).

The relationships of vi and gy to the detector-input quantity
o for the noise-only case are

vip = o sqrt(x/2)
[EQUATION 36]

Oip ¥ O sark (2-n/2) = vip serb(4/m - 1)
(EQUATION 373

For the signal-asnd-noise case the relationships are

vign ® b o sart(x/2) , and
[EQUATION 38]

- 23 -

i
i
|
i




Oisn = Vip sart{(4/x}{1 + 8) - ¥} ,
[2QUATION 381

where

-8/2 [(1+8) Ig(8/2) + 8 11(S/2)
= e

LEQUATION 48]
(Note thet for S = @, b = 1, since Ig(d) = 1 and 13(0) = @)

The false-alarm probability is then given by

; S ) 20
Psal8) = 1/<:zxa,,_n)! ol [%CHa

dv
Vi,
[EQUATION 411
and the probability of detection is
@ -
i ~{v-v) )2 /20, .
P4(8) = 1/(4Znoygy) I o | (Henl/TMan .

Ve
[EQUATION 42]

where v 15 the selected threshold voltage.

Integrals of the type shown can be written in terms of the error
function,

u "
exf(u) = 2/4'7(} ° as
2
{RQUATION 431

which is & tabulated function. For computer programs, standaxd
subroutines for erf(u) are available; alternatively direct

- B4 -
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numerical integration can be employed.

In terms of this function, and with quantitles in the arguments
of the error function normalised to the average noise output (for
M added samples), and with the normalised threshold voltage
written as u(ty, the equation for false-alarm probability and
probability of detection become

ug ~ 1
Pyg = 1/2 - 172 exf [: . B :]
sart{2(4/x-1)/M}
TEQUATION 44]

This equation can be solved for uy by iteration, or by
interpolation using a table of the error function. For some
standard values of Pp, the iteration can be done 'in general’
‘to find a constant kprp such that

foo

ag = 1+ Eppa sart{2(4/x-1)/M}
[EQUATION 451

The formula foxr kpra is "

fa = erf™l (1-2 Ppa)
teta fa [EQUATION 461

where the notation erf™l denotes the ’lnverse error function’.

Some useful values of kpfa, which were obtained by Blake [1 and
2] by interpolation using a 15-place table of the error fumction
are given in the tuble below:

Pra Epra
1874 2.630 i
18-6  3.361
18°8  3.968
15712 4,498
12712 4.974
I
Table 2 Values of Inverse Drror Funetlon, kpp, for Some
Standard Value of False Alarm Prahagility




The corresponding equation for Py is “

[EQUATION 471

Again, a constant can be found for a specified value of Py:

Kpg = ert~l (1 - 2 Bg)
[EQUATION 48]

The formula for X;4 is - ,V“

sari{ 2[4(1+48)/x - b*I/M } e
[EQUATION 48] o

I+ must be noted that this eguation cannot be solved explicitly
for B, because b (equation (48)) is a func’ m of 5. If the
explicit expression for b is used, it becomes evident that an
algebraic solution is not possible.

Consequently iteration 1s required for numerical soluticn of
B equation (4§) for §, just as it would be if equation (47) were
1 used directly,

Never le: the dure of finding kpq and writing equation
(49) is advantageous when solutions for Several or many values of
N are desired for the same value of Pg, because the iterative
solution of equation (49) does not involve numerical integration,
as does that of eguation (47).

Values of kpg for some standard valuss of Pgq are given in
Table 4 overieaf. These were obtained by Blake [1 and 2] by
V iteration and an error funchion subroutine.

It is noteworthy that

" fod (Fa) = ke (17 Fay [EQUATION 503

so that one iteration procedure gives values of kpq for two

- ]" values of Pq. Also for Pg = 8.5, kpq = & exactly.
|
i
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Epa

g1 1.6449768
25 1.1630870
16 ©.906194@ )
25  ©.4769363

90000000
75 -.4769363
36 -B.9061940 J
95 ~1.1630870
99 -1.8449780

ssomsssss
[+
=

Table 3 Values of Inverse Error Function, k,3, for Some
Standard Values of Probability of Detection, Py

As the number of pulses M is increased on would expect the
results to become more accurate - because the assumption of
Gaussian density curves for py and pgp (eavations (14) and
{11} is more nearly correct as the number of pulses integrated
increases (in accordance with the central limit theorem). i

It is probably a good rule of thumb that the method is wirtually
exact for numbers of pulses in the thousands, very good for
numbers in the hundreds {error of order @.1 dB), and in exror by
roughly 9.5 dB at about ten pulses integrated.

3.5, Target Fluctuation Effects

The previous discussions have considered a steady target signal
in a noise background. Yet, most real radar targets are not
steady, but rather fluctuating signals, introducing a further
statistical unvertainty in the detection process.

In general, the effect of fluctuation is {0 require higher
signal~to-noise ratios for high probability of detection, and
lower values for low probability of detection, than those
required with noulluctuatling signals.

[
(k Swerling has considered four cases, which differ in the assumed
l rate of £l on and the d statistical distribution of

£1 the c¢ross section. .

EK The two assumed rates are:

\3' 1. a relatively slow fluctuation, such that the values of S ]
.3 for successive scans of the radar bean past the target §

are statistically independent but ¥ remains constant
from cme pulse to the next

-7 -
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a relatively fast fluctuation, such that the values of T
are independent from pulse to pulse within one beamwidth
of the scan (i.e., during the integration time).

The first of the two assumed distributions for the
received-signal is the Rayleigh form, which means that the target
cross section £ has a probability-density function given by

1 -
B(E) = e

{EQUATION 511

where Spy is the average cross—section. (This is called a
negative-exponential density function, but a target having this
distribution is called a Raleigh target.)

The second assumed cross~section density fumction is

[EQUATION 521
(Note that the Raleigh density Function for a voltage v is

2y ~v*/r*
ply) = -~ e (v2@)
*

[EQUATION 531
where r is the rms value of v; f.e., r®=vyy).

The first distribution is observed when the target consists of
many iudependent scattering elements, of which no single one (or
Just a few) predominate. nany aucta;ﬂ have upproximately this
char tic at mic: ies, and large complicated
targets are usually of this natute {This result is predicted by
the central limit theorem of probability theory.)

The second distribublon corresponds to that of a target having
one main scattering element that predominates, together with many
smaller independent scattering elements.

- 28 -
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In summary, the cases gousidered by Bwerling (information
obtained from references [11] and [151) are as follows:

Case 1: Equation (51), slow fluctuation
Case 2: Equation (51), fast fluctuation
Case 1: Equation (52), slow fluctuabion
Case 1: Equation (52), fast fluctuation
Swerling’s case 1 is the most oflen assumed when range prediction
is to be made for a nomspecific fluctuating target.
Cases 2 and 4 are of lesser interest because they are less
ly encol and b for more than about 1% pulses

integrated the results are very nearly the same as those for the
steady-signal case.

3.8. Coverage Diagram

The factors Fy and F, in the range equation account for the
facts that the target may not be in the antenna pattern maximum
and that the wave propagation between antennas and target and may
not be free-space propagabion.

Thus ¥y and Fy (F = Fy or Fy, since a monostatic radar

uses the same antenna for both transmitting and receiving)
contain antenna pattern factors and also account for
reflection~interference (multipath) effects, diffraction and
shauowing, absorption losses, and abnormal refraction effects.

The ultimate goal of pattern-propagation-factor calculations is
waually a plot of the radar maximum range (Rpzx} as a funchtion
<(>f either the target elevation (theta|) or the target height
hy).

For distant targets; F can be computed as a function of theta by
using the flat earth formulas. Here h must be less than 1008
feet and the following inequality tan (thetay) > hy x 1873

must be satisfied, where hi is the height of the antenna.

However, when the inequality is satisfied the earth’s curvature
must be taken into account.

The range-height-angle relationship, for ranges very much smaller
than the earth’s radius a,
hy = Ryax cos® (thetay)
————————————————— + Byay sin(thetaj) + hy
[EQUATION 541
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In summary, the cases consldered by Swerling (information
obtained from references {[11] and [151) are as follows:

Case 1: Equation (51), slow fluctuation
Case 2: Equation (51), fast fluctuation
Case 1: Rgquation (52), slow fluctuatlon
Case 1: Equation (52), fast fluctuation

Swerling’s case 1 is the most often assumed when range prediction
is to be made for a nonspecific fluctuabting target.

Cases 2 and 4 are of lesser interest because they are less
frequently encountered and because for more than about 1% pulses
integrated the results are very nearly the same as those for the
steady-signal case.

3.6, Coverage Diagrem

The factors Iy and Fy in the range eaquation account for the
facts that the target may not be in the antenna pattern maximum
and that the wave propagation between antennas and target and may
not be free-space propagation.

Thus Fy, and Fy (F = Fy or ¥y, since a monostatic radar

uses the same antenna for both transmitiing and receiving)
contain antenna pattern factors and alsoc account fox
reflection-interference (multipath) effects, diffraction and
shadowing, absorption losses, and abnormal refraction effects.

The ultimate gosl of pattern-propagation-factor calculations is
unaually a plot of the radar maximum range (Rpes) as a function
of either the target elevation (thetay) or the target height
(hg).

For distant targets, F can b computed as a function of theta by
using the flat earth formulas. Here h must be less than 1668
feet and the following ineguality tan (theta) > hy x 1873

must be satisfied, where hi is the height of the antenna.

However, when the inequality is sabtizfied the earth's curvature
must be taken into account.

The range-height-angle relationship, for ranges very much smaller
than the earth’s radius a, is
hg = Ryax cos® (thetap)
----------------- + Byax sin(thetag) + hy
(EQUATION 541
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A range height chart can be constructed on the basis of equation
(54), in which the rays are stralght lines and (if the range
height scales are in the same units) the constant-range lines are
circles with the origin as centre.

(If the units are not the same, the constant-range lines will be
ellipses.) The constant-height contours on this chart curve
dovnward, with a curvature that is eaugl to the fictitious earth
of radius ag = k(a + hy).

Plots of radar range a¥ a function of the elevation angle can be
wade on such charts; such plots are oalled coverage diagrama.

A typical coverage diagram using a cosecant-squared shaped beam
is shown in appendix H.
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4. SOLUTION OF THE PROBLEM

4.1, Software Vevelopment

The software package which was developed is structured as shown
in the flow chart included as Appendix J. It should be pointed
out that in the development of the software package an emphasis
wasg placed on a ’user friendly’ and menu driven type package.

Help menu’s are included whenever a user s reguired te input
information, thus aiding the radar designer.

The software was written in Turbo PASCAL (Borland). The use of
procedures allows changes t¢ the overall system to he made. If
at a later stage further procedures need to be incorporated the
modular structure of the program caters for this adeguately.

4.1,1. Flow Chart Description

Refering to the flow chart included as Appendix J, the user is
presented with the Main Menu. The various options which are
presented to the user are as follows:

1} Caleulation of the Radar Range.

2) Pfa (probability of false-alarm), Pd (probability of
detection) curves for Single Pulse.

3) Pfa (probability of false-alarm), Fd (probability of
detection) curves for Multiple Pulse.

4) Plotting of Curves

5) Help (Y/N)

8) QuIT ?

Bich of the above mentioned options will now bs discussed in
greater detail.

4.1.1.1, Calculation of the Radar Range

On selection of thia option the user is prompted on whether he
nseds help or further information on the selection just made

~- 3l -




In order to calculate the radar range, the user is prompted for

the following information, namely:-

1
2)
3)
4}

5)

8)

n
8)

)

Py (the transmitted power in watts).
Gy (the transmitting antemna gain in dB).
Gy (the receiving antenna gain in dB).

2 (the radar targe’ cross section in m*). If the
target cross section is fluctuating it is calculated
according to cases, 1 to 4 as specified by Swerling
{refer to by Skolnik [15]). The user is prompted for
the average radar cross-section which is then used to
caleculate the probability density function for the
cross-section.

(Refer to equations 51 and 52).

Fy (the patters propagation factor for the
transmitting antemma-to-target path).

Fr (the pattern propagation factor for the §
target—to-receiving antenna path).

B, (the receiver bandwidth in Bertz).

L (the generalised system losses im dB). This
includes:

plumbing loss (a loss experlenced in the transmission
lines which connect the outpyt of the transmitier to the
radar),

beam-shape loss (this is a loss brought into account as
the maximum gain iz employed in the radar equation
rather than a gain that changes pulse to pulse).

g3 (loss caused by limiting in the radar

Limitine los
receiver thus lowering the probability of detectlon).

collappdng loss (1f the radar integrates additional
noise samples along with the wanted slgnal-to-noise
pulses, the added noise results in a further
degradation).

other losses due to non-ideal equipment, operator loss,
and field degradation.

Lambda {ihe wavelength in metres).
(Refer to equation 1 for calculating the radar ramge).
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(S/N) (the signal-to-noisé ratioc). If (S/N) needs to
be calculated depending on the type of integration to be
performed, ‘the user is prompted for:

a. S,

Single Eulse Intesration
The probabillity of detection and the probability of
false alarm.

(Rafer to egquation & to 30).

b. Multiple Pulse Integrab:
The number of pulses to be integrated, the
probability of detection and the probability of
false alarm.

{Befer to equatiors 31 to 58).

4.1.1.2. Pq,Pgy Curves for Single Pulse Integration

The user is prompted on whether he needs help or further
information on the selection just made.

. " ﬂ In order to generate the probability of detection versus
Rl q signal-to-noise ratio curves fur a given probability of false
N {‘rn alarm for single pulse (non-coherent) integration, the user is s
1 prompted for the following information, namely:-—

1) Toble Namwe under which the calculated data can be
stored. (Several checks are made to see whether the
file exists and if the user wants to create a new ane). . )

2). SAB(Lower), SdB(Upper) the lower and upper values of ‘
the signal-to-noise ratio range to be plotted must be \
entered. |

1
5 3). Pgy, Pg for a given probability of false alarm the |

corresponding probability of detection is calculated and
written to the specified uable name.

{Refer to equations 13,18 and 24,26).

Note:~  Turbo PASCAL saves its files in a hexadecimal (HEX)
format, ond when the TYPE command is used under DOS the
equivalent graphics characters are seen. A utility was
written to save the caleulated values in ASCII format
allowing the user to TYPE the file and see the values
tabulated.

- 35 -

s e




(8/0) (the signal-to-nolse ratio). If (S/N) needs to
be calculated depending on the type of lntegration to be
performed, the user is prompted for:

a.  Single Pulse Intesration
The probability of debection and the probability of
false alarm.

(Refer to eguation 8§ to 39).

b. Multiple Pulse Iptesgration
The number of pulses to be ilntegrated, the
probability of detection and the probability of
false alarm.

{Refer to eguations 31 to 52).
4.1.1.2, Pg,Pgy Curves for Single Pulse Integration

The user is prompted on whether he needs help or further
information on the aslection just made.

In order to generxate the probability of detection versus
signal-to-noise ratio curves for a given probability of false
alarm for single pulse (non-coherent) integration, the user is
prompted for the following information, namely:-

1) Table Name undex which the calcvlated data can be
stored. (Several checks are made to see whether the
file exists and if the user wanbts to create a new one).

23). SdB(Lower), SdB(Upper) the lower and upper values of
the signal-to-noise ratio range to he plotted must be
entered.

3). Pga, Pq for a given probability of false alarm the

corresponding probability of detection is caleulated and
written to the specified table name.

(Refer ©o equations 13,18 and 24,26).

Note:-  Turbo PASCAL sives its files in a hexadecimal (HEX)
format, and when the TYPE command is used under DOS the
equivalent graphlcs characters are seen. A ubllity was
written bo save the calcnlated values in ASCII format
allowing the user to TYPE the file and see the values
tabulated.
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4.1.1.3. P4, Pgpa Curves for Moltiple Pulse Integration

Once again the user is prompted on whether 1} needs help or
further information on the selection just made.

In order to generate the probability of detection versus

signal-to-noise ratio curves for a given probability of false H

alarm, for multiple pulss (non-coherent) integration the user is | X
|
i

prompted for the following information, namely:-

1. Table name under which the calculated daba can be
stored. (Several checks are made to see whether the
file exists and if the user wants to greate a new one).

2. SdB(lower), SdB(upper) values of ‘the signal-to-noise
ratio range to be plotted must be entered.

3. Y the number of pulses to be integrated.

4. Peas Pg ror a given probability of false alarm the
cor ng ion for multiple
pulse integration is calculated and written to the
specified table name.

The only eguations which could be obtained for the
integration of multiple pulses are taken from Blake (1
and 2}. The equations which Blake has given could not
be derived.

(Refer to equations 31 to 50).

4.1.1.4. Curve Plot Procedure for Tables Generxated

The user is prompted on whether he needs help or further
information on the selection just made.

In order to plote the probability of detectlon versus
signai~to-noise ratio curves for a given probab L5 f false

f
b
Notesi~ At present this option is not working satisfactorily. } .
{
i
|
I
|
i
i
i

alarm, for both single and multiple pulse (nonm erent r
integration the user is prompted for the following imformation, ¢
namely: - . {
1. Table pame under which the calculated data was stored. !
A oheck is made Lo see whether the file exlsbs and isf it f
does it is plotted. w‘
2. Printout The user is given the option %o obtain a i
printout of the gipsh appearing on the console. The :
printer must be able bo print graphic characters. I
|
|
- 34 - i
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4.1.1.5. Coverage Diagram
Tae usex is prompted for the for the angle at which the maximum
antenna-pattern gain occurs.

The transmitting and receiving antemnna gain at the varying angles
muet then be entered.

The values are « .od in a file. The file is then read and using
eaquation (1) with . Ll the necessary parameters the radar range
‘or varying augle af elevation and height is calculated using
equation (54).

This option has nut yet been complebted in the software package
presently available ;

(Refer to equation (b54))
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5. TROBLEMS KNCOUNTERED AND THEIR SOLUTIORS

The development of the software: package went quite guickly at
first

[}

This involved developing code té evaluate the radar range

equation. g

The user would be prompted for the dlfferent parameters and the
radar range calculated.

—g

1) Firstly Blake dees not da; ‘:\’-r hu units which hﬂ ase8 ?‘or: ‘the
various variables in his ¢

e B
- At this point in time the values of the signal-to-nolsé ratio and ju
! the fluctuationg targets had not been copsinered. u
. ¥With the given equations, a de.ision: was mwic $0 uplement the «
b system using TURBO Pascal » defrelopwrwt. lagvitnge and;the '
H TORBO Graphics utilities - graphice fumoblins. u
The integral technique whick sus nied was the 4k otder Runge i
Rutta, giving good wesults for mo. ¥ {unctices integrated.
. i : | .
N i The equations that Blake ferived wuv. iuplenented fjrs,. Blake’s: °
N equation for determining Lha;poba 21208 of detegt: Yor a
N > single pulse is given as eauptlon (i7). I )|
o i =
Many problems were encounberag. | : 3 . -
[

atlﬂn'x» -

2) Typically the signal- %o-nmi-xe rtﬁﬂ is this iw dediben
(dB), a voltage ratio, a "»cp:-r ‘ra‘bio, or is ibo oA mtgreleal | v
ratio. HEA E o

! 3) The value for the predetectiﬁn rms noise voli'n“i) g

given, ] !

4) The evaluation of the Bessel fiunction was evaluated. using b,
i infinite series taking 26 terms, and giwind sceurate answels
— i for x ranging @ to 18. If x was greator tham AP a Eloatinf
| point overflow error would be given, implying that the }
particulsr version of Pascal could uoi handle Mumbess grea{‘er
than 189

§5) It was decided to verify B'ike's eguations by dexiving eacl
one carefully, as given in appendides 2 to 4.
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In Appendix D a discrepancy with Blake's eguations and those
derived occurs. The lower limit for the evaluation of the
probability of detection Pg. equation (17) does not correspond
with that derived. Following the derivation one sees that the
lower limit is:

uy 0 sqrb(n/2)
and not just uy as given im equation (17).

This error in Blake’s equation led to many of the problems
encountered whilst trying to obtain the curves for the
probability of detection, given the probability of detection and
slgnal-to-noise ratio.

It was therefore decided to try and obtain another reference to
develop the software package to evaluate the probability of
detection for single pulse integration.

The eguation as derived by Hovanessian [3] was the one used. The
eguation which was used to obtain the probability of detection
for a single pulse is equation (24).

It appears at first that the integral for pg is easy to
evaluate, but on closer examination it is not so.

The Bessel function Ig(x) alsa contains an integral and
therefore a double integral must be evaluated.

It must also be noted that as the interval in equation (24) is
incremented from @ to By so the Bessel function must be
evaluated for each value im a change in the variable u, that is
du. o

The function to be integrated is defined undex the procedure
derivative. As the Bessel Function must also be evakuated, a
second function namely derivativelo is also defined, (See
Appendix E, the program called ’PLOTPD.COM’.)

The B the upper and lower limits of the

signal~ tc-noise ratio, and the probability of false alarm for
single pulse integration. It then calculates the value of Ey
(threshold voltage), the upper lLimit of the integral. Note thet
the S/N ratio is converted from Ascibels (dB) to a numeriecal
ratio, assumimg it to be a voltage ratio.

The Bessel function is evaluated first, and then the probability
of detection (pg=Pg). This is done in a loop w.til the value

of steps is reacheg whereupon the loop tersinator and an answer
obtained, The valuz for the signal to-nolse * is increased
if » curve is to be plotted and the values are vritien to a file,
and can be plotted al a later stage.

- 87 -
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It must be noted that as a personal computer is used, the
evaluation of the double integral is rather slow.

When the program was run at first, the answers which were
returned were far from those previously determined by Blake and
Hovanessian.

On closer examinabion of the of the numerical integration
process, the value of the truncation exror was monitored, noting
that it grew as the program progressed.

To overcome this problem, the step length was decreased (Dorn and
McCracken [16].

Eventually a so-called 7 to 8 point method is used.
The step length h used to evaluate the Modified Bessel function

imately &.5, that for the py (probability of
deteetn.on) integral is typically in the range 2.919 to 9.004.

The step length varies because as the value of the probability of
false alarm varies so does Ey and thus the upper limit of the
integral. It therefore iufluences the step length.

The software development for evaluatlon of the probability of
detection and signal-to-noise for a givem probability of false
alarm and number of pulses to be integrated caused many

problems. The equations that were implemented are those derived
by Blake. Several atbempts were made to try and derive these
equations, namely equations 31 to 5@ and all attempbs were
unsucc~ssful. The implemeniation of the eguations were performed
and ve. .onable results obtained for a single pulse (M=1). Values
for pulses greater than 1 to be integrated led to run-time
errors. The error that occurred was an overflow error, caused by
a division by a very small number (tending to zero). This was
due to the constant 'b’ in equation 4@. As 'S’ (the signal %o
noise ratio, a voltage ratlo) is increased, so 'b’ tends to zerxo.
This problem could not be overcome.
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8. RESULTS

The graphs as obtained by Blake and Hovanessian for single pulse
integration are inciuded in appendices A and i respectively.

Although the package developed returns the probability of
detection for a given probahility of false alarm and a given
signal-to-noise ratio il was extended to so that the full curves
for a particular pp could be plobted.

Running the program PLOTPD.COM will prompt the user for a range
of signal-to-noise ratio that must be calculated for a givenm
probability of false alarm (p,). The results are writtem to an
ASCII file which can then be read using the package called
SYMPHONY and plotted. Examples are included in Appendix G and
compare favourably with those obtained by Blake and Hovanessian.

Using the plot option in the radar program allows the users to
plot a single curve, using the HardCopy facility available in the
Turbe Graphics package.

Running the program MULTIPLE.COM will prompt the user for the
probability of false alaxrm and number of pulses to be
integrated. The user can watch the program executing and see
that the threshold voltage is calculated correctly. This value
is then used as the upper limit to the integral to calculate the
probability of detection for muitiple pulse integration. This
facility is not giving the correct results. The equations could
not be verified, thus the implementation proved to be
unsuccessful,

-~ 39 -
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1. CORCLUSION

Developing a software package for determining the probability of
detection of a radar for a single pulse had been tackled
previously, by Blake [1 and 2], Hovannesian [3] and Robertson,
but not on a personal computer,

The det nation of the bability of detection using multiple
pulse integration will only be possible if the equations as
dexived by Blake [1 and 2] can be verified. Derivations of these
equations could nob be found or successfully determined. It
appears that the equations presented by Blake could be incorrect,
a similar occurrence when developing the package for the single
pulse integration.

The personal computer, although a very useful tool clearly has
its limitations when so galled *numbexr crunching’ must be
performed.

But as PC's are available to most designers of radar systems,
once the curves have been plotted using the integration package,
the results obtained are accurate and anmpare favourably with
those obtained in {1,2 and 37.

The problem appeared to be easy at first but the experience
gained and showing that the work done previcusly was correct
proved to be a worthwhile learning experience.
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APFERDIX A

A graph (taken from Blake{2]) showing the required signal to ! 5

noise ratio at the input terminals of a linear rectifier detector P
as a function of probability of detection for a single pulse, i
with the false alarm probability (Psa) as a parameter,

calculated for a non~-fluctuating signal. a
” g o -
. il
B  filhiLs
" |t o =3
0 gk
i s I =
e g 2 3
. L £
20 [ g | {1 +1 .
H I | -
¥ L '
3 . -
H P i
¥ .
H - 4
H e
2, ) i -
g / R
§ O 4 ) -
3o -
5 .
I t
T o
-t d
o i
[ Lo
e
" 5
2] 5 b
PROGABLITY OF OETECTION
Flg, 4 - Required signel-to-noise ratlo (vialbillty factor) at the Mput terminals of a Unesr~
Tesiller dalactor ag n funation of probability of dmeum. tor 4 blngls pulso, with the falae~
arm o y (1) calc: g signal, (Nota: This
[1gure 4lso appesrs (5 an appeodit At the and of the l‘upar‘t)
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APPENDIX B

Substitution of equation (19) into eguation (9) ylelds the
following:

@
Ppg = I (v/o?) e

Ve

vt

©
= /20*
e
vt

. —o “vt3/20% ¢
= ~e - (-e 3

v /207
e
“vg? /0m

Thergfore Ppy = e
equation (12).

which yields the resuli given as

- 42 -
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APPENDIX C

gubstitution of equation (10) to obtain the value for vay. we
ave

@

Vay = j ¥ pp(v) dv

@
@
~2 /207
=I (v¢/o®) e dv
@
= (1/o*) x

I (3/2)
2'x (1/20%)372

s (1/0%) ® (0/23/02 x (172)3/2 x (1/0%13/2

;ﬁ_ﬁm
o= L 1
16 4oB

= in 48 g8
4a®

o sqré(n/2) as given by equation (14).

"
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APPENDIX C (GONTINUED)

¥rom reference b the equation for the ’gamma’ function was
obtained.

—ax®
& dx = L [(;?41 }95
J‘ e 2aim

]

and also T (wmtl/2) = 1,8.5. .. (2n-1)

om

When substituting m = 2, and a = 1/2¢*, which yields ['(3/2) = dx
2

- 44 -
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APPENDIX D

Replacing v with u = v/vgy and substituting the formula into
equation (11) yields the following caleculations:

. —(v2 /20% + §) L ]
Pg(8) = I (v/a*) e lglv/o sqrt(28)} dv ® i

v .

replacing v by vy = vy/Vay

where vay = 0 sqrb(x/2) '
r
!

i.e. wp = (vp/o) sarb(2/x)

= vy = uwpo sart(n/2)
= dvy = ¢ sqri(x/2) dug
@ ~(u2g2 g /2+8) . b
20® .
Py = Juosqri{n/2)e Igi(uosart(n/2)/0) sart(28)losqrt(n/2) du

uo sqrt(n/2)

~(u?n/4+8)
= « {n/2) e Ig{n sart(nS)du
upo sart(n/2) '
This is not up only, as given by Blake [1 and 3] [{!1 o

- 45 =
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APPENDIX B Source listing of pascal program

The following programs and procedures have been included in this
appendix. They are listed in alphabetical order.

1. BESSEL.PAS

2. DISPVAL.PAS
3. GAINTHET.PAS
4. GETSELEC.PAS
g . GRAPLOT.PAS
7

8

9

1

MAINHELP.PAS
MULTIPLE.PAS
PDERF.PAS

. FDI1 PAS

2. PDRRINTG.PAS

16. RADAR.PAS
17. RANGE.PAS
18. TABLESEL.PAS
19. VARIABLE.PAS

The first comment specifies briefly what the program/procedure is used
for. Commenst are interspersed to allow for easier understanding of
how the program was developed.

- A8 -
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Progran Hase: $1\HOVABEBSEL.PAS faget t
Date Sunday, dugnst 23, 1987 «
Tlse! w7

t r
This procedure 1s used tu evatuate the Besszl function o using the # L @
integral function for the Bessel Function, The user is prompted for 4 :»d
the value to be calculated and the result is ohtained. The 1 .

procedure 5 used extansively in detecaining the probability of §
false alars and peobabitity of detertion for both single and i
aultigle pulse integration. The 4th arder Runge-Kutta techeinue t
is used for the intagration. The aosner is returned os the value o
INTBR. The function s specifiad in the procedura Derivative B t
1
1
1

dritten By : Cyril Hararl

H

rocedure Bessel Integraly

BEBIN
Clrser o

0 1 gatoryid,bhy

218§ witeln’Bessel fonctian evaluatios In using integral function’ly

28 1 gotoxyld, 7l;

BB} writeln ]

2B 1 resulteed;

BB L gisp; v

28 1 gotoxyld, fdh) N

278§ write’Enter value for x 1 'y o

88 1 readinlol;

%8 4 stisdy

9 1 st 3

310 1 NusSteps:=25;

328 1 delta 1= (F =~ st} 7 HunStopsy °

B L odatgr 12

39 fE; -

WA #

35 B 8 Procedure Derivative 8;

38 1 8egin

ME ENER ] H

B L dertv o expladsingl)y f 4
48 1 i A
408 1 Eady B

PR )

43 B 8 Procedure R X Loop 8

“e e

45 B 9§ { Innar 4th order Runga-Kutta loop. The nusber of tises this routine } P

438 B¢ 1is called degends on the varlable *HuaBteps’s } ‘

78 8 e

40 1 Begln i

498 1 For rke2 = [ Tad Do 1}

W8 2 Begin el P
513 2 Derivative B
528 3 Caserke2 Bf

538 4 1t Regln N

e 4 Kk = Intgry

584 1 5= derly b delbsy -

.
¥

R T T T



Progras Names Ce\HOV\BESSEL.PAS Page: z
Dates funday, Augast 23, 1967
3
e T B T S R O
o

S8 4 intgrs= %4+ k{7 Y
7B 4 stts st +delta 7 3 I
B4 Endj 1
58 4 2t Begln i
KB 4 X2 1= deriv b delta; .
68 4 inter 1=K $ K21 5 '
629 4 End;
B4 3 Segln i
B 4 3 52 doriv ¥ delta; -
@B 4 inty —
e 4 st
878 4 £ndj
23K} 4 Begln .
499 4 Uintgr += 24 % (kD + K29 2753 8 2 + deriv # deltal / &y u -
0 4 End;
Y3 B . N
728 2 End; ;
B 1 End;
RN
R
75 8 @ Procedure Runga_Kutta; -
ne 8 P
798 1 Begin
798 1 For rkel t= 1 To NuaSteps Do #._
85 L RXLoop By &
8L 8 §fndy
B2A 8
83 9 9 Procedyre Bessel_Integral Resulisy
BB B
858 | Begin
BB 1 gotaxyid, 5 “
BT D 1 writeln’RESULY');
880 1 qotoryiflél; a
893 1§ writela’se: i
98 8 | gotosyid,28); 3
918 1 intgersinter/(2phht : . i
928 1 erite’fo’,tordely’) = ) inkyreed);
938 1 getory25,25); f
9B 1 srite’Bit any key to continue...’}) i
958 2 repeat until keypressed; i
9B 1 EKD;
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Prograa Hase! C:\ROV\DISPVAL.PAS
\)he sunday, August 23, 1987

ey ==}

{

3 t
¢ This procedure s used to display the transaitter and recaiver 1
4 gain values with varying angie of elevation which were stored usieg ¢
1 the file GAINTHET.PAS :
1

1 1
H 1
1 1
1 1
1 1
t firittes By 1 Cyril farart 1
¢ 1

atl} H

Procedure Display_Values;
pegin
{ First open the table file. 3

Assign(TabFile, FileNaze);
ResetTabFllel;

§
B
[)
[)
[)
)
L]
?
L)
13
1]
13
L)
B
L]
8
1
1
1
1
i
1
1
1
i
13
i

gotory18, 3]

Hnl!’ﬁAlH THETR Table for ' FileHose, * file.’ty
gtoryld, b1y

yeiteln 1
writeln

gotoxyts, 181;
Write’Bain Receiver fain Transuitter Theta'ty
writeln

White not eofTabFile} do

Begin
ReadTabFile,Henlech;
Writala' *ilb,Kenflec.GaloRed, ! "+13, KenRee BaioTed,” 2110, MewRec.thetaidly

end;

qotaxy2d, 250}

#rite’it any key to conkinue...’)y

regeat until keyprosseds

Clase{TabFilel}

andf

e e e
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Pragran Nase: Co\HOWSAINTHET,PaS
Datas Sunday, August 75, 1987
Tiset My

3=

. B

Page: S

[]
L]
@ ¥ This profedure i used to rite the transaitter and receiver
8 1 gain values with varying sngle of elevation into 3 file. The user
B. 4 is prmtzd for the nusher of values to be entered, The gain is
&t entersd in 0B an theangle In degress, The recm‘d is then writtes
8 % toafile specified by the filenane weorec.
[
9t
LI}
91
¥ o6 Sritten By ¢ Cyril Harar
LI : :
a e f
154 8 : :
16 8 B Procedure Safa_Theta Input;
79 8 !
188 4 .
9yl
RIS
A1
28t Cirser
[ 1 gutoxyld, by
248 1 write(’How many values of gain and elevation are to be entered 7 ');
I8 1 readiovaluel;
28 1 Shlie ivaluedeount) do
W8 2 begls
8 2 Hlhets 1=
Ny 2 HBaiak 1= 8,9¢
309 2 tGalel = 0.8
e 2 LlrSer
s 2 G Soxy1e, 815
B2 firite’Enter Theta value in degrees i ')}
By o2 Readla(fThetal;
ne 2 gotoxyln, 12)y
e 2 Write'Enter Receiver Bain in 4B 1 *);
e 2 Readla (N8atnR);
We 2 qataylyl2;
WE 2 Write’Entar Tradsaitter 63in in dB ) ')§
e 2 Readln (MBainT)y
$1E 2 comtrecountsl;
428 2 with fearec do
38 3 begin
“e 3 Theta 1= ATheta;
i5e 3 fairR 1= MBalnfy
4B 3 Gainl 1= HBalnTy
ne 3 endy
e 2 HriteTabFile,Neakecty
48 2 endy
S88 f ClrSer
818 1 CloseiTabFliely
B 1 endy
‘
. D00 ool P B,
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Prograc Haue: (:\HOY\BETSELEC, PAG
ate: Sunday, dugust 25, (987
Tine: w4

!

La R
A E 3 4
38 0 1 This pracedure is the provedure which displays the sain aent an ]
m 4 A 8 1 the screen The user is prospted for his choiceand mmce aade it is ¢
’1 S8 8 % execoted, This procedure is executed Within a repeat dntil lom 3
LA g &8 8 % sothat ance a key is pressed thak optioen s exmm. ]
! | TAD )
o I’ aa 0 1 '
- ' The i
d mA & ¢ 1
. E fia g 1 1
] 128 8 1t Britten 8y 3 yeil Warari i
[y BAE ]
m uae
5a e
@ r %8 0
. Y 178 1 .
N @ BB 8
- A 198§ BEBIN
N T W clrsery
. @ N L gutaryll,3 g
B 2e t writeln(’ ’lZI"ﬂABAR SINULATION SYSTRY' h
N N wE L #ritelnt’ 326,
“~ LE W8 i gotoxyll,b);
%81 writelat® ’:5,’!) aleulation of the Range {Coaplex forautal’) 3
. %9 1 Hritetay
r 281 writele(’ "15,°2) Gain - Theta table definition’);
. E By 1 ritela)
7y writeto’ *15,'3) Non-coherent integration far & SINGLE pulse’) {
. e 1 writely
E R writelnd’ *i5,°4) Non-coherent integration for MULTIPLE pulsas’};
N 2y 1 ariteln
N BB 1 weiteln(* 215,°5) Calculatien of the Recelver Power’);
N m SB[ writeln
N Wl writeln(’ ':5,'4) Bessel Function using integrati=a ')y
- E 38 4 writeln
N ye !l writein

®e 1 writeln

e writelol’ “15,°8) KELP *)j
we 1 writeln)
4t writelsd’ 115,'H Duit'i §
1
1
1

- -

28 gatoxy28, 2613
write' Eater cholte ¢ 705

MEOLERD; { get_selection }

.
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Prograa Names C:\HOVVSRAPLAT.PAS
fates Sunday, Rugust 23, 1987
Tiner Wid

s progran {s used to plat the values genarated by the progran
PLOTRD,CO It generates & graph using the Yurbo Graphics ubitity
POLYBLN.HEH and the procedurs SPLINE.HGH §s alsa wsed s that a
snouth curve batneen the given polnts.can be plotted, Note that
the Turho Pascal standard file format with extension *.dat’” sust
be enterad sa that the file can be plotted, Note that certain
Lsys and t.hgh, nawely Turbg Sraphics utilities sust by inchuded
for the prograe to run, The HardCopy protedure I& bsvs to genprate
& printovt of the oraphics screen. The value of false, ¥ in this
procedure isplies that the active screen {s pistied in EPSON
Sraphies aade | (940 gaint per Line},

Written By ¢ Cyelt Harari

prograa Interpolate;

{8} ct\toolboxtypedef.sys} (these files ust hed
9 {$1 ct\toolbax\graphiy.sys} {included in this order)
B {41 c1\tootbox\kernet, syst

9 {41 cs\toaibox Windas, sys)

® {51 ci\toatbex\findyrld. hoht

B {81 citaalhoxtanis. hoht

8 {81 cx\tootboxSpolygen. hgh}

@ {81 ci\toolbox\spline, hgh}

B 13 {81 ce\toolbor\dueay.inc) 3)

8 {$} variable,gas)

B

9 procedure Splinees;
L] .
var ¥, Lenpireai|
dx,dy,i,8,0, 1ioes, scaletinteger)
$1,11,X2, ¥2rinteger;
byaiPlatnrray)
begin

DefineKindonil, 8,8, XHasBlb, YHaxBlod ¢ (define both windows ag whelg screen}
Detinebindon(2, 8,8, XHaxbib, Mabih)y

DefineRord(1,0,1800, 080,814 {give a worid to the screen)
etineteader {2,6raglnane) } {windaw wheee curves will go
SetHeaderling
=
hlle not eaftabiile2} do G111 polygon array}
#gln
fimisly

readtabélte2,eearec2s
al{, {3¢=acarec?, sdby
all;2t=avareciprab;

[
[)
[)
13
?
i
1
1
i
i
1
i
1
1
2
2
3
13
2
z
1

#ndy
tloselTabfile2})
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Progran Nase: CHAHOV\RAFLGT.PAS
IS Gundey, fuqust 23, (967
2

nixiy

a3+50; {generate spiine with 59 points)
splinets,n,a(2, Lyale-t, b el

Fingiar1d(2,d,a,1,1,08; taake world 2 the right siza}
Mth ng)rld[!] 4 fitp the found world verticaily}

yhtsey
2usteap;

and;
Selacthindoni2); Tselect it and draw border}
DranBorder;

Cdrax axis {nset frow window edge?

linesi=B;

scales=f;

SetlineStylell)y {dran initial curve as dotted dine}
Beaufxistdn, by, X1, 14,32, 12, Hoes,seale, falsedy

DrayPatygonia,2,n-1,7,2,814 tdon*t draw the endpoints}
SetlineStyleltly {draw Interpolated curve a5 selid Mine}
Drakhis 88,11, 7,12, 12,8,8, falsed;

OranPelygon(d, 1, -a,8,8,8)1 {spiine is not good on endpaints}
Selectior4{1); {select autside window)

Select¥iadonlidy

DranTextH(730,408, 1,792 The data’); {print legend)
BrauTeytR{739,508,)," . The Initlal dita values’ly
DrawTestH(730,608,1," The interpolated values’);

endy

BEBM

TextColor {151
TextRackgroundti}y
Clrer

gotoxyld, 15);

weite{/Enter table same to be platles 1 )7

reatinfilenansly

Fllenane ts Fllenaast? dat’;

graphnage 1= 'Plot of graph "+ filenane + ', Pd (0} va 8N (0B:

AusigniTabbileZ, £ilenanely
1-}

Reset{TabFilenl;

Brists 1= (I0Revult= B)§
gotaryld, 171

Paget
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Pragrae Neae: C\HIV\GARPLOT, P48 Pager 3
Dates Sunday, August 23, 1987
Tiae 2
Jrmarm, o e
ULA 1 & nat Exists then
24 i uritel'File does not axist. Check the filenane to be plotted’) N
UIR 1 elee i
U442 Bagin : - 3
154 2 Inithraphic ) (injtialize the grashics syrten)
ftih 2 Splinsben; {do the' deso} . il
A 2 Selectherldtil; o
uea 2 Selecthlndonitly 0
058 OrawtertN(r20, 090,130 [B1°); s = -
128 472 DrauTexthi(1¢,200, l,’Pd'l' ¥ #
a2 ORauTexty (18, 258, 1, (13"
1224 .2 nmtextu(*xu 760, 1 ‘Prmtout [T .
134 3 repmat b .
144 3 Readkbd,ansuer)y . k
258 3 untll answer I 0,700ty ~
124 2 IF Buseer Iy £¥*,'y'1 i
1276 2+ THEN HardCopyifalae )
1288 2 ELBE LeaveSraghic {leave the araphics -ystea } =
9% 2 tody
138 8 1 END.
[}
]
1389
B
s R
B
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Progran Naset Gx\HIVAALKHELP.PAS
Otes Sunday, August 23, 1967
T 2

t
This procedure is used give the user a HELP facility Ln the main 1
fent, 1t gives the user background to the soffware package and 1
telis hin of the various Features of the systes. The screes is ]
displayed unti} any key is pressed and the user 1s then returned to ¢
rena. . §

) t

)

i 4

!
t
1

Hrittan By ¢ Cyril Harari

PRBDEDUI\E Hiln e, &!lp K

BEBIH

oy

elrsery

qotaxy it 3 ¢

writedn{’ *118;" The "RADAR SIHULATION SYSTEN' allaws the user {o calcutate ')]
writeln(’ ‘¢16,"the radar cange. The rande equation iacludes the

writelal’ 118, *signai-to-noige which is deterained by specifying the ’)1
weitelat® 4319, probabiilty of detection (Pd) and false alace (Pa) for a ')
writelnl? 118, ‘given radar,’);

writeln

witeln

witeln(’ "118,'Pd and Pfa are calculated using the aethod described by ')
writelal’ *419,'Hovanessian for a single pulse, add Blakes techalque 5 ')y
writelnl’ 119, used to calculate Pd and Pfa for non-coherent aultiple Iy
writelal’ 'oifl,'pulse integration. N

qatoxy28, 251
write’ Hit any key to continue ..o ')y
REPEAT UNTIL keypressed

TN T
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Progran Neser CxVOVAHELTIPLE.PAS
Dates Gunday, August 25, 1987
Tnet 1S

"

{

t
This progras is used to evaluate the provabilty of detection for ]
auttiple palse integration, The user is geompted for the required
Pta {probability of false alara}, nusber of pulses to be integrated, ¢
and the Pd {probability of detectiont. The besssl function fo and ¢
11 are aiso used here. At each value of 5/N the valuz of Pd is 1]
caleulated until the specitied value of Pd is ohtained whereupon the ¢
results are displayed, This peograa 15 nat functluning correctly. 1
1t appears the Blake's {1 and 21 equations for sultipte pulse t
integration are iavorrect. 4

)

+

]

Nritten By 1 Cyril Harari

grogras Prob_Bet_Haitipley

var deltaErk, derivird, intarfrf, enderd, fEr, stirh, 1, KiErf) kac,
W3Ert, WAErE, Pla, Phagea, Pralalc, PACals, PiReq, kpéa, deltall, ut,
derivil, Totgril 11, £14, stlf, kiU, K2, W31, WAL, deltald, derivh,
fntgr1d, 19, 16, stif, k(18 K28, G318, K418, sdb, s, bgd, b,
Palaley, N, endErfold, PraCalclld, sdvval 1 resl;
WusstepsEre, ekeiErd, rhe2érd, Nubtepsld rkeill, riczif,
NusBtepsif, rhetlf, rkc2it 1+ dntegers

procedure Initialize;

Beat
TextColor {15
TextBackgraund(t)y
Clrser

gotoryle, 113
writeln’Talculation of Kfa and Pd «  dtiple Pulse Integration 1y
gotasylh 2

witeln g

em =

Plalalcsoty

PfaReqt=d;

gotaxyle, 43

write'Enter Required Pfa s 5

readlnPiaRecty

gatonyid, 5}

write’Enter nunber of pulses ta be added ¢ 13
reaglsf;

qotaxyl, b))

write'ihat is the probubllity of detection ? '1y
readinPiReq?}

adErét=d;

1 Pafleq (= la-B4 then endErti=2.00;

14 Pfafieq 4= 1e-85 then endErie=3.86)

tf PeaReq <= le-@h then endErfr:” -55(

4 BfaReq (= 1u-80 thed endErf:=3.85)

1 PiaReg <= le~iB then endbrft=4.49;

2.

S
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Progran Hase; Cr\ROYAHULTIPLE,PAS
Bates Sunday, fugust 23, 1987
T 28e15

- f

)
® Procedure Derivative Erf;
[)

1 Begin

1 ¥ o= stérefy

L derivErd o= {2sqriplHdexp-xdx)y
1 Endy

[} I
9 Procedure R_K Loop Erfy i

38

1 Bagin |

! }'ar rkelck 1= L To b fo ;

2 Begin

ferivative frt;
‘Case rke2Erf Of

3

4

4

4

4

4

4

4 s
4 KZErf 1= derivirf ¥ delbafrf;

4 intgrErt i® kdEcf + X2ErE / 2

4 End;

4 3t Bagin

4 KIEr 1= dorivErt 3 deltakriy

4 intgrkrt 1= WhErf + k3Eri;

L] StErf 1o stEef + deltafef / 2;

4 Edy

4« 1 Begln

4 IntgrEre o= RAECE + (KIErE + X2EcE 4 2+ K36 4 2 # derivEet 3 deltabrit £ &
4 End!

3

o Procedure Funga, Kuttadrd;

Begln

For rkelErf t= [ To KunStepsErf by
R_K Loop Erty

End

)

1

L

1

1

]

B Procadure Derdvakive I

1 Begin

1wkl

{ ﬁ:r{v[ﬂ 1o 1/ (2tpt  explatsinetly
1 End

#
B
)
1

Procedere R 1 Loop_[8)

ey
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Prograa Hawe: CaVHOVAMILTIPLE.PAS
2:(». Sunday, August 23, 1987
ant

be

T, e e

For réc2ld = L fo 4 o
Tegin
Rarivative 10}
Case rkc2id 6f .
13 Begln .
410 3= {ntqrid;
KLID 1= derlele § deltally
intorid 1= M+ K180/ 3y
st10 1o stid ¢ deitalt / Y
Endy
2 Begln
K21 1= derivid 4 deltaity
intgrid 1= k40 4 k210 ) 2
Endj
3t Bugln
KS[8 1= derlvd £ deltaln;
intorId 1= k41O + k318;
stIB t= stIB + deitald / 23
£y
4 Bagln
abqri® s= LA16 + (k118 ¢+ (216 ¢ 2 + K31R § 2 4 derivIl & deltal®) / &
End;

Pprocedurs Runga_Kuttal®y

begin
For rkctI? t= { 7o NuaStepsi® Do
8K Lasp_10;

Endy
Pcmdura Derivative 11}
Bagl

u 12 stlfy
derivid o= [1GHg1 istned tekptdsing iy
Eads

Procedura R X baop_ i1}

Fw rke2il 3= 1 To 4 Yo
Begin
Derivative 11y
Case Fko2Il B
1% Begin
KAl s dntgrlty
1111 5= derivil 4 geltally
il\tgrll e B4 KEEE T 2y
shlf o2 sbUL & delbatl / 2y
End;
2t Bagle
K21y t= derivil ¢ deftall;

- TSGR TR
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Progras Rame: G UIVANULTIPLE.PAS
Batas Sunday, Auqust 23, 1987
Tiset i

u\tqul = Wl k2L S 2
End;

gin
3t1 t= derfvll ¢ deltalt;
intgrll = RALL 4 K31y
sl i3 sti) ¢ deltal] / 25
End;
£ Begla
intoril 1= ¥A10 & (k3L « K210 9 2 ¢ KSID 8 2+ derivIl 3 deltall) / 64
Endr

Endy
£nd;
Snds

Procedure Runga_Kuttefl;
Begin

9
For rketll 3= l Te NuaStepsli Do
R_K_Loop_I1.

B omm S

Ends
{ HATN PROBRAN }

=OPS 3

Begin
1mmuze-

fEr r=endEr {3
HuaStepsrfi=38;
deltabre 1= (fEr¥ - stErf) / HuaStepstre)
intaskri 1= g
Runga_Kuttabrf)
PraaleDlds=Pfalale;
PhaCsle;d 5B StintgrErt
endEr {0 dt=enderfy
endErt 3= endEed + §,085)
qntory 18,8l
wrlteln endErt = *yendErfidilly
gotaryt, 9}
yrite’ Pm‘.alr 7 PraCalcllds )y
wuntil PraRegd=Pfatale;
gotarydie, 1)}
yrite'Pfa R!qu!red wag = *)PfaReqsdly
aotory (18, 1005
write’Péa Laleulaked is # *,Pfagaledidi®hy
qotoxyl1a, 12}
kphl—endErfﬂldl
write'kpfa = * endEriDlgids3ly
ute Mphlsqﬂlﬂ/piﬂ)lh?)
qotaryid; L
writeln’ u(\) = Nutih3

B2 oFm =3

4
L]
L]
4
4
4
4
4
4
]
5
2
1
[)
3
3
1
t
1
1
1
3
[)
13
!
1
13
f 2
2
2
2
z
1
2
2
2
2
2
2
2
2
2
H
1
1
1
l
i
!
H
1
l

HtR
A4 1 { HUST BE 1K 4 L0V TO GALCBLATE pd FOR YRRYING sdf )
WA
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WA
224 4
WA
WA
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mA
WA
234 A&
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Progras Hases C:\HOVAMULTIPLE.PAS

fute: Sundsy, August 23, 1997

T 255
i

sd81=-15;

bi=ie-3by
repeat
. steexpsdbbintd} 20);
gotoxyl8, 15);
write’Simumber} = 1, stnilly

[ AT { Prucedure to calculate copstants 10 )
shIfi=g;
Her=2tpls
Nuatepsibr=:
deitalll
intgriB 3
Runga_} Kn!hlﬂ,

qotoxyld, 14);

aritet I 1043, = 7 dabgr il Bid);

d
{F18 - st18} / HuaStepslg;

Ts=sf; € Pracadure to calculate constants 1 ¥
stiliel;

(11 ~ st11) 1 Hunstegs1ty
intgril 1= 9
Runga_Kuttall;
gotosy 18, i7)}
write’ 140, Tade3,*) = 7y intariiSid);

{ pracedure to talculate Pd with sany polses integrated }

3§ wd=te-37 then b 1= expll-s/204{((f4stbintgrid) ¢{sdintgrIlit
slse b 128
gotoxdly 17}
writele’h = ' bl}
kpd = {ut- b]lsqrﬂl((ll(hs“o” bt 1 1)y .
gabaxpld, 18
writelked = kps 97}
stErfesty

;
(4Ect - etir) / NusdbepsEeds
intgrert 1=
fAunga_Kattatrf;
PaCalet=d. 5-B,5HntgrErf|
b 1= sdB + )
§otosyid; 19);
writeln’sds = 'ysdBedsd);
gotoryld, 215
erteln‘PdCslc *,PdCalcehs?hy
gotoxylb, 21y
writes = * W3y

ki) PdCale Y=PiReg;

qotouyt18,22))
sritelnPd = ' Pitaleis);

LSS

Faget §




R P}

[ G o - 2

oo Qg -]

/=

=8 =

==

a6 a
q74
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68 A
28
024

ran Haser Lo\ROVAKELTIPLEPAS

writeln'sdB = 7 sgbval /2424

write'it any key to continue.,,’ty
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Prograa Nage: C3\HOV\POERF.PAS
fater Sunday, fugest 23, 1967
Tia wWa

t ]
1 This prograa was written to evaluzte the error function whic is used 1

t i the progras for calcelating the aultipie pulse Integration, The 1

+ result s returned 3s intgrErf, Again the Ath order Runge-futta  #
1 integration technigue is used.

Weitkan By 1 Uyrd) Harart

grogras Prob_Det_Nultipie;

yar deltabré, derivErf, {ntorfrf, endéed, fErf, stérf, x, KlErf, K2Erf,
k3Eef, kAErd, Pfa, rasult 3 real;
NouStepsErf, rkeler, cke2Erf @ Integary

procedare Inftiafize;
BEBIN
TaxtEolor (15);

TextBackgrouadtl);
trser

gotoeyl, &1
writeln’ ‘118, /Erior functior, evaluation'}}
witela' *518, 'y
resuit sl

gotoxyle, 10}

¥rite’Enter valoe for 3 1 1y
readlnendrft;

stEri=g;

fErfsendErfy

HunbtepsSréi=leg;

deltakrf 1= (et - siEef) / NuoStapsErsy
intgrert 12 B

End;

Procedurs Derivative Erfj
Bagin
% ¢ stlrfy
derivEet 1= (2/sgriplifegp-xinly
End;
Pracadure R K Luop Erdy

{ lner 4tk arder Runga-Kutts lonp. The nusher of tlses this rostipe }
{ is calied depends on the variable 'NusStepsErs’. ¥

{

|
L
ln
I
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Pragran Haaai §;\AOV\PIERF,PAS
Tatar aﬂl’ldi‘{, fAugust 23, 1987
237

1B

1 Fur rhedErt = {Tad o

2 Begin

2 Denvnkivejrf;

3 Cass rkcofes of

4 15 Bugln

4 kAErd 5= Intyrerts

4 KIEef 1= derivEre § deltacri;

L] iateeErf 1= KAERE + kIECE 7 2;
4 sterf 1= strf + goltabrt ¢ 25
4 End;

4 2 Begin

4 K2Erf 1= deriveef ¥ deltabréy

3 intarkef = KAErf + K2ERE 1 23
4 Endy

4 3 Begln

4 k3Er¢ 1= geriveri $ deltakrf)
1 Intgrert 1= MEF + K3EcE;

4 stErd 1= stErf + deltatré 1 25
4 End;

4 41 Begin T

4 intgrEet 1= RAEre + (RERE + K2Erf ¢ 2 + K36 ¥ 2 4 derivere # delhafcil / & X
4 Endy :
3 iy

2

1

]

]

[]

]

H

!

1

i

1

¥

2

Pracedure Runga Suttafrf;

Begin
For rkcl€rf t= | To NuaStepsErf Bo
RX Losp Erf;

End;

)

1 Bagln
1 Initiatize}
i

1 Runga_Kuttakrfy
1 ClrSer

gotoxy3a, L}y
writeln'RESILT'H
gotoxy3e, 2}y

writglp!emazsat)

gotaxys, 1815

Ptas=.5-8. 38lntgrEriy
sritelnterf ' andErfidi3,0) = 1 intgrErfeSildy
gotoxy{s,12)3

writeln’Pia = ! Peaadly

gotoxy2S, 281}

writa’f{€ any Rey to continue,..'?f

repeat tntil keypressed;

ND

5

-




Proqran Haaes C3VHOVAPDIL.PAS fager 1
Jate: Sunday, fugust 23, 1967
Ting ut]
[ X
B 1
9 & This prograa was used to evaluate the Bessel function If using the 4
& & integeai function far, the Dessel Functive. The user 1s prospted for ¥
¥ 3 the value to be caloulated and the result §s obtained, The ¢ [
9 % procesure is used extensively in determining the probability of ) -
@ & faloe alarn and probsbility of detectiun for both single and ] { N
8t aultiple pulse integration. The Ath order Runge-Kuita technigue  § .
& & s used for the integration. The ansier is returned os the value 4 =
€ 3 INIBRIf, The function is specifimd in the procedure Derivative It. ¢ =
LN 1 .
[N Hiritten By 1 Gyril Harari ¢
[ IR 1
[] 3
2 .
B frograe Bessel 14} <
48 <
® var deltall, derivll, intgrld, ensll, £1, stly, x, KAIE, K241,
[] k311, kI, Péa, result ¢ roaly L
] anst 11, rkedlly rke2lt + {notegers i
2
9 Const gf = 3. (415926335;
; 3a 8
@ B 8 grocadure Inttiatize; .
s %Y e o
7{ B 1 BEBIN s
i RN
. ‘_E WER 1 TextColorll8); i
B2 #8 1 TettBackgraundi!);
P E W3 1 ClrSer
Lo
i 3Bt gotaxyl, b
- 328§ weiteln’ 'ii8,"Evaluation n( the 11(xY Bessel Functioa’}; A
§K B 1 writeln’ 118, ssms i
L 3L resultssdy
, i 358 1 el
. ] 360 ¢ gotanylg, iBh
g‘/ 3B 1 write’Enter value for x 3 )}
96 | readlnendlll
R
| @ e i
i LI I 0
4238 1 414 - st} 7 HusStepslly
B ﬁ 430 1 nterll =
4B 1 e
| e
%896 Prn:mn Derivative [}
ﬂ LERES |
Wyl x 1o stl I
" 499 1 derivit |' UH2ipl 8 Lsinkd dexpend Udsing}) ) I
L & ETE
. 51D 1)
! 40 .
i &7 558 6 Procedure &K Loop 1l i
i Hy o8 '
558 A { loner 4th vrdor Rodga-Kutts foop. The nusber of times this routine } N




Prograa Nase: §:\HIVAPDI1.PAS Pages 210
Dates Sunday, August 23, 1987 i
Hany 23
e
56 B 8 is called deponds on the varisble *HusStepsit’, )
576 @
8 1 Begin
598 1 For kel ee £ Yo 4 Do
WE 2 Begln -
6B 2 Derfvativell
TE 628 3 Case rectl O
v 84 1: Begin
- ; HE 4 Y4ED 5= dntgrly
68 4 KTL 3= derfyil § deltall =
B BB 4 intrlt = I ¢ KU/ 3 4
=4 e StIf 1= stll + deltall / 7 [
. HE o+ End; =
! We 4 2 Begin .
“ ‘\E e 4 K21 1= derivil § deltally " °
t nE intpril 1= KIL+ KA1
“r 728 4 Endy . H
[ LER] 3 Begln '
. s "B 4 K11 = derivl § deltall
N » e 4 tntgrlt 1= WAI1 + k3T
P E we o+ st} g= skl +dellalt 1
R ] Ty 4 Endy t
s Y 4 : Begin
oy ne A Snbgril 1= RAIL 4 (KSTY & K211 R 24 4310 € 2 ¢ derivll § Geltall) / & [
. L @a 4 End; &
: 9183 g
i 825 2 kg
E 4 & 1 End} N
i [N
: 65a 8
. E B 8 Procedure Runga Kuttali;
L 8
g B8 B I Begin -
898 1 For rketlt i= | To NusStepsli bo i 1
E WE 1 RKLogp Il ,
9B 1
928 | End '
E Bh D !
: WA B
P 9S4 Begin
'IE %A 1 Initialize
; Wt
r n WA 1 fungaubtally .
“{"gg 94 1 Clrser
! o
i 182 A | gotexy3, 1)y 1
: WA 1 witelaRESILD Y [
. i E 1824 1 gotagyde, 2
1038 1 Nritela'ss==ss') |
I 1034 1 gotoys, 0y
4 54 1 weiteln 110 endlidid)) = *gintgrilssihly
¢ 126 A 3 gotoxy?s,25) .
i 107 A | ereite’Mit any key to continte.ui'hy .
) 188 A 2 repeat untdl keyprasased; Fa
j& 109 4 1 .
. b

E
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Progran Hane: C:\HOV\PORRINTE.#A5
Date: tonday, August 24, 1987
e (3

{

This progran {s used to valyulate the probability of detection Pd
for a single pulse, The program reguires that the probadility of
#alse alare and the singal to noise ratia be imput, The equations
o5 defined by Hovanessian (3] are used, The {th order Runge-Kutta
technique i3 used for the integration. The progran takes sose tise
to return a resalt, It sust evaluste the Bessel function fo each
tine the prebability of detection is calculated hotween the faterval
a to b of the intergsl {lower to upper Lizit}. The value of b, the
steplength 15 critical here. 1f It is too large the trupration
'rror toaks into play and incoreset snsusrs are obtafned, b {the
variable delta) aust be in the range 0,819 to 8,804, the variable
steps beirg iaportant,

Hritten By ; Cyri) Marari

PRUERAN Prob_Setection_fategral Functionj

L Lk LT T,

8 Yar

¢ inkgr, deriv, kL, K2, ¥3, kb, intgrie, derivie, kilo, k2la, Kila, Wdln,
& ¥, endx, delta, sdb, s, Bessel, Pfs, E, st, f, deltalo : Real;

O stens, rcl, rec, stepslay rkclo, rkczlo @ Integers

L]
9 Const pi » 3. 1415924585
2

# Procedure Initializey
& Begia

£ TextColor (18}

1 TexiBackground1i};
1 CirSer

writeln® *(28, *Deterainition of the Pd functian'})
Writaln’ "i,’= 2sase —H
gotory!, 80

Write {'Hhat is the signal-to-noise ratio d8) ? ')
ReadLn {sdbl§

st-oxpudbelnid) /1l

writeln

rite {*$hat is the probability of false alars (PRal 7 ')}
ResglatPial)

st LX)
¥ =
endy o 5grie2 | 1nPably
{ 121 ply

steps 12 508y

stepslo 1= LB}

deltalo = {f - sth / stepalog
teita t= {eady - %) / stepsy
Intgrlo 4= &

intgr =8

13 =8

k2 1= @

3 (]

Page:
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Progra Hase: C:\BOV\PORKINTE.PAS

Tatet Honday, August 24, 1987
Tiner 0:6
Jomny e fannn
i =
fndy

[ .
40 B B frovedure Perivativels;

1
1
LR
1]

1)
¥
[}
1 h
i
2
2
3
4
4
L]
3
4
4
4
4
4
4
4
A
87D 4
4
4
4
4
4
3
2
!
13
#
)
1
i
2
12
?
1
[)
[)
{
i
1

derivio 1= apsqri2 1 st 4 2§ sinbh)}
ndy

€ lner 4th order Rupga-kutta leops The mushier of tises this rovtine }
{ is called depends on the variabie 'steps’. }
Fur rke2ta 1= 1 To 4 Do
Begin
Derivativeloy
Case rkc2lo 9f
{1 Regln
Kblo = intarle;
kllo i= derivlo 4 deltalo;
iotgrin t= kilo + kilo 7 2
419 f 4 deltale ! 3y
#ady
21 Begln
%215 1= derivio ¢ deltaloj
intarle 1= talo + K2lo / 25
Endy
B Begin
K3lo = derivlo ¥ deltale)
intgrin 15 kifo ¥ kdlog
e f tdeltalo ! 2
Endy
41 By
Endy
Endy
End}
End;
Procedure Rung_Kutka_lof
Begin
For rkeiln 1= 1 Ta siepsle Do
Begin
R_K_Loop, 1o}
End;
Endj

Procedure R K Loop_lo;
]

Procedure Derivative;
Ba:

gin
Dariv < g § Bessel toexplivx ¥ 4} - 2sH0)

End;

9in .
istgrie s= jdlo + (klta + k200 4 2 + K310 ¥ 2 + derivio € deltale} / 6)
1}
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B Procedare R K Lemny
4

Bate: tonday, August 26, 1967
Tiaes 80
[,

Pragras Hanes CoOVIIVVPORKINTG, PAY Pager 3
|
|

P

{ Inner 4th order Renga-Kuita levp. The nueher of tises this rostine } &
{15 called depands an the variahle ’steps’. 4 ‘

Begin
Far rke2 12 1 To 4 lo
Begln .
Derivative; Ly
Casy rke2 0f
1r Begln <
K e Intgr; L
ki 1= deriv § deltay 3
intgr 12 kb4 k17 2 s
Kzt deltay o Iy
End; '
2t Brgin i
¥2 3= deriy § deltay )
inkgrs=ti+ k27 %
£0dy
31 Begin
3 1= derfv # deltay
intgr 1= k8 & K3y
fimxdteltal L
Endy
4 Begin
intgr i= kA4 (kL4 K2 8 24 k3 82 ¢ deriv ¥ delta) / &)

End;

Begln
Initializey
Far kel 1= | to steps do

¥la =@y
Wl tr
iatgelo s= 95
oy
Runga_Kotta loj
Bessel = Intgrle / {2 § pih}
RX Loop;
Gotary3s, 15y
Hr{te'Busy, .. ‘g rketly
enty
gatoryl, B}
Slrger

qotaxy3t, 1)}
Writeln’ RESULTS' 1§
gotary3, 20

Writalp'sexeaztly
qotonyS, 181}

[
!
.
|
|
I
|




E

—

L,
&

Pragras Naset Cx\HOV\PORKINTS, A
Batet Noday, August 24, 1987
Tire

weitelnCFor 8/ =, sdbidal,’ 9B,
gatoxys, 121}

writeln{’For Pfa = *\Pasd,’
qotaxys; 14k

Stratiel = *ym3il)y

B = entiti2, alts')g

britela'®d = 7,01 - intgr) § 10852, * %Y

gataxy25, 254

write’Hit any key to continue,..');
rapaat until keypressad;

Ent

Pager

A

;
j
[
;
]
|
|
|
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Progran Hase) Cr\HOY\POSALE.PAS Pages
Uates Honday, hugust 24, 1987

i [¥H

i
This procecore fs used to open and read a fide specitied by the t
variable FileNews, The values of the signal to wise ratio, the - &
probability of false alarm and the probability of detection are thes 4
displayed in Cadular format on the screen, The flle is than closed, ¢
thus saving the §13e, Note that 1f the file doee not exist an ervar 4
condition will occur.

Hritten By ¢ Gyril Barari

Prmdure Pd_Table Values

( Fll‘" onén the tabte file }

BssigniTabFile? £1)eNase) s

ResetTabFile2);

gatoryld, i)}

Hrite'SiNoRin - Pd Table for Pfa = ! Fileluse, ' file'};
yotaryle, 20

weiteln i
writels

otaryS; 4}y
Hrite' Siottin 1dB) 8(Ratia) P £ (Voltst  pd (')}
writeln

While nob eofTabFite2! do

agin
ReadTatF{le2, Yeakec2)}
Hriteln' 18 Meakec2,sdhid, " *316, HeaRec2 14, /15, HenRecZ pfatdy’ 15, Kenec, Engke 32, *¢ 7, KeakorZ.Frabdt 2i;
endg
aotony2s, 251
write’RiL any key to continve..,'ly
repeat untll keypresseds
Closeitabfilalt)

398 {end)

P a de . Bady, B 3%

Ly

e |
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Progras Name: ©3\BBV\PFAFILE,PAS
ater Honday, August 24, 1987
Tines 8
ey ameef
LN
[ t
@ 4 The file for storing the values of probability of false alara, 1
9 & probabidity of detection and signai-to~polse rativ is creatcd here, §
8 3 The user is prospted for 2 table pame. i b opes pob wylst Ibis 1
@ ¢ created, alse the wser is vequested for anather file nase, Hote i
8 ) that an ASCII file is also created to allok the user to type the %
8 1 file to see what it contains using the DO cosmand TYPE £ilenamesext §
[ i
Bt 1
8t )
1 Fritten By + Uiri} Rarari ]
[} ]
[) )
2
16 B B Procedure PfaFile)
78 8 N
188 1 Begin
198 2 Repeat { until the file nase exists )
288 2 Clrier
209 2 gotoryld,In);
e 2 Hrite’ €nter tabie name : ')y
230 2 feadloFilensnely
A8 2 Filenage? := Filslane + '.asc’;
xg 2 Filenane i= Filsllzae ¥ *,dat’;
%8 2 gotonyle, 20y { extension, )
R writat’File in use is ¢ *,Filelase);
W8 2 DelaylSeel;
298 2 AssigniTabFilel FileNsma;
W8 2 AssigniTabFiled,%ileNanedl;
e 2 ReweiteTabFiledty
3282 {81~} { Now we theck that the )
Be 2 ReSetTabfilell} { flie exists, t
#p 2 1$14) 1 1t does not exist, )
382 Exists = (I0rssult= 81y { the user can create ik, )
%9 2
379 2 I not exlsts then
We 3 gl
we 3 Cleser
Wws 3 aotoryie, 201}
ip 3 ¥rite'File doms not exist. Would you like to create {b 7 (YA )5
2783 Readkld,ch)s
4303 1# UpLaselch) =¥ then
#e 4 begin
45p 4 Refief tetabFilelly
e 4 Exlats e= Treef
418 4 Endj
893 andj
aap e
560 2 Until Existeg
SlB i end)

My

T Wb A% ey Dl

Pager |

EATTEN

I
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Seogran Naget Cr\HOVAPLOTPD,PAS

vata: Honday, August 24, 1987

1 2]

{
& '
+ This progras is used to qenerate the values of the probatitity of  *
1 detection for 3 single pulse given the signal to noise ratio and the ¥
b probability of false alars. A range of S/N is requested and the +
+ values are stored o 4 {ile created by the praocedere {n the file 1]
¥ PFAFILE.PAS. IR saves both ASCIT and turbo pascal hiles each with
® C.asct and ‘e’ extension respectively. The progran GRAPLOT.EON ¥
+ tan then be used to plot the data values in the ¢ile filenase.dat, *
B +
' :
N Yritten By s Oyrid Hararl .
] +

}

PROSRAN Prob_Dstection furve Plot;

2 G varisble.pas?

8 {1 PfaFile,pas

8 {4 PdTadle.pash

8

© Procedure Berivativeloy
]

Begin
darivio 1= explsqrt(2 ¢ 5) ¥ x € sinldd)y
End;

Procedure R K_Laop_loy

{ Inner 4t order Runga-Kutta loop. The susber of Liees this routise }
{ is called depends on the variable “steps’. }

'
i

1

]

13

)

L)

)

?

1 Bagin

) For ris2ig 3= 1 To 4 Do

2 Begls

2 derivativeln;

3 Case rke2lo OF

4 1+ Begiy

4 k4ie 3= intgrio;

] kiie 1= derivle ¢ deltala;
4 Intgrio 1= k4lo + KT8 / 2
4 £ref+ delbalo / 2
4

4

4

4

4

1

4

L}

4

]

4

4

4

privio + dettalog
= ko § REfo £ 2y

310 t= derivie ¢ deltalo;
intgrlo 1= kdla + (3l
faef +deltalot 2y
Eadj
41 Begin
intgrio 1= k4l + {kilo ¢ k2o ¥ 2 4 4310 ¢ 2 + derivio + deltale} 7 &
Ends

e e Lt .. Bk . WA g
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140t

268 ¢

3A B % This progran is used to qenerate the values of the probability of

44 9 detection for a single puise given the signal to noise ratio and the ¢
54 B & prohability of false slars, A range of S/N Is reguested and the + .
b 8 & values are stored to a flle created by the procedure in the Fle
78 B ¢ PRAFILE.PAS. It saves both ASCIY and turln pascal fles esch with #
BA D & ‘asc’ and *.dat’ extension respectively, The progras GRAPLOT.CON ¢
Th * cin then be ased to plat the data values in the file filanans.dat. #
JUEC I I %
a8 ¢ +
128 8 & Written By s Cyri} Harari ¢
549 v B ¥
Hag }
542

15 A B PROGRAN Prob_Detection Lurve Ploty

748

188 11 varisble.gs) ’

198 B {31 PraFile, past

28 4 0 {31 PoTabile.pas}

248

22 B 9 Procedure Derivativaly
N0 '
268 1 Degin

B L derivie s= explsqrt(2 ¥ 8] 1 x % sinffly
28 1 Endy

b3

28 8 B Procedure R K Lovp_fnf
298 9

3¢ B B { laner 4th order Runga-Kutta loop. The nusber of times this rowtine }
318 0 {is called depends on the viriable 'steps’s ¥

328 %

338 1 Segin i

348 | Forrkcflg t= 1 To 4 Do

358 2 Begln

338 2 Derivativeloj
378 5 Case rke2lo O

®R 4

We 4

@08 4

et Tatgrip 1% k410 + KUI9 { 2

e fis 4 ¢ deltalo / Y

464 End;

e 4 2: Bugln
4564 k2o 1= derivio £ deltalo;

@e 4 intgrlo = Klo ¢ K2 { 2

78 4 End;

48 4 3t Begin

e 4 300 = derivle # deltalo)
588 4 {ntgrio 1= ¥ilo + §3ley
518 4 $asf ¥ dedtalo / 2
§28 4 Endy

38 4 4 Begla

8 inegrln s= kdla + tkils + k2io # 2+ K3aa ¢ 2 4 derivio ¢ deltalo) / §)
§5B8 4 Endg

Progras Nase: Lr\HOV\PLDYPD.PAS fager
te: Handay, August 24, 1987
)
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Progran Hase: L:\IOVAPLOTD.PAS
Bt Nonday, dugust 24, 1987
124

Procedure R K _Loop;

¢ Toner 4th order Rungs-Kutte toop. The nusber of bises this rowtine }
€1 called depends on the varizble ‘steps’s )

L
For rkeZ 1= $Ta 4 Do

gin
Derfvatives
Case rke2 0Of

]
[

]

[

]

'

1

2

2

3

4

4

4 derly ¢ delta;
4 =hrell Y
4 Hamx ddelta f 2
4 Endy

4 2 Begln

4 Y2 1= derly ¢ deltay
4 intgr 2 K3 4021 2
4

4

4

4

4

4

4

4

4

3

2

1

]

]

]

i

!

1

Ends
3t Degin
k¥ = deriy € deltag
intgr = ki 4 £
x 1=y +delta /2
End;
4 Begin
fatgr t= R4+ (K1 + K2 ¥ 2443 1 2+ derdy ¢ deltal / ¢
Endy
End}
Ends
End}

{ Progran KAIN Body 1

29in
TextCotarilsy
TextBackground{l)s

Paget
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Progean Naset Ci\BQVAPLOTPD,PAS Page:
Dates Honday, August 24, 1987

Taes 1524

gotory{{8,15);

PiaFile;

Blesers

gotoxy((d, 15}

drite \"Mhat is the probability of false alare (P2} 71}
Readls (Pfaly

Cirsery

gotoxyilB, 150

Hrite (“Bhat is the lower signal to noise ratin Halt (do} 2');
Readin tsdslonert;

Clesery

Jotaxy (40, (3

Heite (‘Hhat 15 the upper signal to noise ratlo Hsit (db) . 13
Readla {sdbupper)y

Cirscry

for sdb 1= sdhloser ta sdoupper do

begin
sizexp (sdbala U101 11015
d

st
X =8
Bl 1s sprbie2 ¥ DnPrally
i
staps
stepsle 1= 16;
deltalo 3= b - st} / stepsiog
dsita end - 11 / stepss
intgrla
intor
l
£2
3
k4
for rcl
begin
kifo
2o
k3fa
kilo
iatgrla ¢
Runga Kutta_leg
Bessal := Intgrlo / (2 ¢ pily
R_E_Loop)
qotory 1,21y
RetteC'8/0 o "ysdby” Count ous “grkely
Prob t= (4 ~ intgr) & lud}
wndy

H5iNo 1= sdby
HSRatio 12 5}
WPk 1= Py
HEE 1 eridy}
Nerob 1= Frob;




Progras Hase: G HOVAPLOTPD.PAS Pager 4
Date; Handay, Adgast 2, 1967 ;
Tiser 2

e

) T

nlth HesRec? da

Hi itelTabFilel MeaRec2)} { write the record to the file.} °
ith aerrec do -
begin
ste (adbsd, subhscy
strlsidyshscly
ahschy '
Endrhsc);

2, PeobAsc ;
aritedq(Tabiiled, sdbasc,’ *| sasc,’ *) pfaasc,” ', endvasc,’ ', probast,’ ‘13
end;

end}
Slose (TabFiled)y
Llase (Tab. 1led); !
LirSery
#d_Table_Values
End.




Frograa Hases Ci\HOV\PRIBMET. PAg
Ditay Monday, August 24, 1987
Tiaes 14

flles, extension “asc’s

Written By t Cyril Harari

This procedure is used to generate the values of the probability uf *
detection ‘or a single pulse given the signal to noise ratio and the ¢
probabitity of fatse alarm, The S/N is requestad and the values are ¢
displayad an the screen. This procedure is envoked to calculate
ane value of Pd for a given Pfa and B/W retia, It {s up to the user #
to theck the given data files to see whether the calculation that
has been requested has not been perforeed praviously, The user

aust refer to the graphs which have been plotted or ook at the data *

l

*
+

H
*
3

Procedure lnitialize;

Begin
TextColor (151}

Clrsery

writelal’ 120, Jeternination of the P4 function’);
xeiteln(® *128,"= emmsnezzana’)y
gotoxyil by

Heite ("What is the signal-to-nolse ratio (4B} 7 ')y
Readle (sdbvall;

sizexpisdovalslntl8l 18}

writely,

&l
frite ('Hhat is the probability of faise alare (Pfa) 2 ')}

feadln (PEa)y
st i 0y

;
sqrtt=2 ¥ Intphah)y
t =2l

steps 4% 5B

stepslo &= 103

deltalo 3= {f = st / stepeto
detta 1= {end2 ~ x) / stepsy

Procedure Derivativeloy

]
?
[
?
B
2
L}
3
L)
1]
[)
]
]
)
L
)
[]
B
i
i
1 TeytBackgromdill;
i
{
1
1
1
1
1
i
1
1
i
1
§
1
1
i
1
i
1
i
1
1
i
1
1
3
)
?
1
! derivio 1= explsqri{2 ¥ o) # ¢ # sinlfi)}
1

]
0 Procedure Rk Lowp, {0}
8

3

B

Pages 1

e A R S . Gt . 970




Progras Nase: C:\HOV\PROBDET.PAS Paget 2
Doty Honday, August 24, 1987 i
HE 3
8 laner 4th order Runga-Kuttz ioop. The numder of tines this routive )
8 { is called depends an the varlatle 'steps’
] i
1 Bag
1 Fnr rke2lg i= { 1o 4 fo " -
2 Begin
z Berivativelu; ,
3 Case rkc2io OF . )
4 1: Begin
4 %41o 1= {ntgrloy I
4 kilo := derivie ¢ deltaln; :
4 intorlo ¢= kdlo + kilo / 2} ;
4 fa=trdaltalo I .
4 End; ‘
4 2 Begin
4 k2lo = derivia ¢ deltalo;
4 intgrln 1= klo + k2lo / 24
4 €ady
4 3 Begin
Ll k370 1= derivla # deltalo;
4 intgrlo 1= kilo + K3y
4 fasit mmuz, .
4 nd;
4 4 Begin
4 intgrio = kdlo + (kilo + k2Io # 2 + K305 ¢ 2 + gerivlo + deltala} /7 &
1 End;
3 Endj
2 Endy o
1 End; '
L)
8 Procedure Runga Kutta_lo;
L)
1 Bagin .
1 Fnr rkefla 12 | To stepslo o
z Bagln
2 R_K_Loop_fo;
2 By v
i Ead)
LN i
959 B Procedure Derivative Y
%66 1 5 ‘
910 1 Deriv 4= x # Bessal ¥ exp({il~x ¥ x) - 28}/2hy i
B 1 Ends ' i
A0
180 8 0 Procedure R Loog;
iole e
1828 0 { Innar Ath order Runga-Xutta loop. The nusber of tipes this routine )
1838 8 (i3 called depends on the varlasle ‘stegse’s
481
185 B 1 Begi
188 1 Fnr rkez 13 4 To 4 Do
78 2 Bagle
1988 2 Berivative;
3098 3 Case rke2 Of -
[ Y 11 Begln .

k™ B . PR Badn e Wbe e B Sl L Lowe . 9T



Prngru Names Cr\NOVAPROBIET.PAS Page: H
Dater Monday, August 24, §987

Tine: 02

¥ e e

4 k& 3= inkgr;

4 kL t= deriv # deltay

4 intgr 1= KA+ ki ¢ 2

4 ximy+delta /2

4 Endy

4 2 Begin

4 X2 t= derly ¢ deltay

4 intgr 3= kb ¢ K24 2

A Endy

4 3 Begla

4 K3 1= derly € delta;

4 intgr 1= ki + 43

4 Xieytdettaly

[l Endy

4 4 Bagin

4 mtqr v kd 4 kD ¢ K2R 2463 6 24 deriv 4 dedta) { by
4
3

n Procadure Prob_Betection;

Begin
Initialize;
for rkcl = £ to steps do

l

i

1

2

2

3

2

2

H intgrls 12 8
2 i =
2 funga_Kutta_ioj

7 Blssel 2= Intgrlo / 42 & piiy

2 £0;

7 eoeoxy(zs 15)

2 BriteC'Busy oo J00irkel/stepss3iZ,’ ¥ complete’h;
2 end;

b qotoxyll, 18y

1 Clrsery

1 gotexy (38,11

1 aritels('RESULTS'))

1 gotexy(3s,2i;

§ writelal’s=ez=’}y

1 gotonyis, Loy

!
i
i
1
1
1
1
3
H

writedy {*For /0 = 'ysdbval,’ 90'," Blratio) = *yuideth) .
qotoxy 8,12}y v
weiteln ['For Pfa = '\Plats,’ £t = yendehi2,’ Velts'ly
gotary (5,141}
Kritelnt'Pd = "o 0 ~ intyr} & (00502, * 4 1,
gatoxyi25,28h
write('Hit any key to contlnue... ')y
repeat untll keypressed;

End}

—ar [N N & [ T WAL A % B Cue
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Prograe Hases Ci\HIV\PROBDET.PAS
y Jates Honday, August 24, 1967
‘ faer 124
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Page: 4
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Progran Haret C:\HIVARABAR, PAS
Tator Honday, August 24, 1987
Ti 1:25

B
* This prograa Is the asfn procadurs, It eavokes the varlous optisns
+ as raquested by the user, These include caltulation vf the radar
¥ risgny generating the Pdy Pfa cerves for single and nultiple pulse
+ integration, angd aiso platting these <urves.

Hritten By : Cyrf) Harari

PROGRAR radar;

431 Variable.pes }
41 etselec,pas)
{51 Rainlelpujas)

[§

 The procedures included bolow are used for input of the Yheta-Bain Table Y

3t Range. past
41 Paer, gas)

41 GainThet,pas}

1
{81 DispYat.pas}
¢

($1 TableSel.pas)

qgiven & required probavility af false alars and alsc ta deteralne the
prodability of detection for & single pulse, Hovanessian wethod.

{31 Probibet.pas}

The procedure incladed beiew {5 used bo deternine the Bessel integral
using the function approxiexticn:

{31 Bessel.pas)

{ main progras }

BEGIN

REPEAT
TextColar{l))
TextBatkgroundiif)
qet_selection §

read (kid,op

USTLL op IN optinns|

IF top {3 191

THEN

BBIN
CABE op OF
"1 BEBIN
Rangey

The procedure included below is used to raleulate the threshold voltage }

}
1

1
)

Pages I

S Wi Bt e Gt o

%




Progras Hases C:\HOVARADAR.PAS . Page: 2 |y
Dater Honday, August 24, 1987

Taa 125

>

tlrsery

Table Selacy -
Bain,fheta_luput;

Bisplay_Values;
0

§
5,
5
3
5
¥
k3
§
5
3
5
5
5
§ Ponerj
5
3
3
5
5
H
3
)
H
4
3
2
1
i

'3 o
Prok_Uetection;

END; -

Bassel_Iptagraly ‘

Rungé_Kutts)

Bessel_Integral_Results; i
€MDy .
BEBIN

Haln_Hemu Heipy
EliDg

ENO;
END; o
UNTIE op IH £'9°Y; ‘

R e s i e |

Pty

clrsery
EHD.

——r o . & Mede e M gsd e T



]

=5
-

IS R

o

B T S g

Pragran Naae: Vs \ROVARANGE. PAS Pages o
Datay Honday, August 24, 1987
12

Tiger

This procedure is used to chtais the pecessary vaiues so that the
range equation can be evaluated, The help file is alse inciuded
yiving the user further inforsation sbout the selected aption.

Written By o Cyrid Harart

PROCFFLAE Ranyes

{4 Tr. procedure that follows is used to obtaip the celevant inputs
so that the radar range(sieple foraulal cap be avalvated,

Detinition of varisblest-

Pr = raceived sigaal power (at antenna terainale)

Pt = transnitied siganl power (at antenea terainals)

6t = transaitting antenna power gain (NOTE:- isotropic antenna 6 = 1)

Br = receiving astanna poker gain

& = radar cross section

Lagbdy = waveleagth

Fi = psttern-propagation factor for the transaitting-antenna~to-target path.

Ft = gattern-propagation factor for taryet-to-receiving-anteana path.

R = radar-to-tarqet distance (range)

dBa = the voltage correspondiag to 1 oM fnto 60 ohas load{d.78 volts ras).
output pover

[ P = 1@ log {18EEKP) H
input pover B
autput porer (4B} tn ta) L
dk = 28 tag ~ 1oy 4 ® eeee 1
input poner (6B i JUNH Y

Tk = temperature (K} = 290K g
-3

% = Boltzaann's constant (138 % 10 J/deqd

By = nefsa bandwidth

Fn = naise figure of & recelver

Typical Values to b fnput 1 PLeifokn
Freqatagtz
Gl=br=3048
Fiefre=|
Ba=lhz
L=0db
Sifotitn=12d40
eatnl )

& . . - e B 0 % el L.
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Progras Nanet O\HOVRANGE. Pas [
Date: Honday, August 24, 1587
Tiee: 1:25
> ) T

, el

Sigaatst;

818 | Lasbdased;

[+5]

838

648

[5R]

48

o7 B

88

8

e .

e TextColor{l5l;

788 1 TextBackground(1ly

n clesery

T 1 gotaxyls,2y

=8 write(" "110, ‘PARANETER INPUT FOR CALCULATION OF THE RADAR RANGE');

%3 getary(fy3l)

78 Writel® 1B, '=sazzes =

1t getaryll, 5

" write('De you want sose helg ? {¥/M) ')y

B 1 readiibdichly

818 1 gotoryll,Sh;

928 { clriol;

82 it ch I8 0y Y2

B E then begin

a1 gotoxy (1,7)

8B argteln {* ‘118, 'The range equaticn can be evaluzter herd, Typical inputs  '1y
Y] wrltaln 1 t1d,'qain, tarqed cross setion, patlers propagation fackor \PPFY'Y;
123 weiten ' 348, for the transeitilng-antenna-to-target path, PPF for the ‘)3

1
1
t
1
1
1
1
1
1
H
1
4
1
1
1
1
1
1
1
1
1
1
H
1
1
1
2
2
2
e 2 seitedn ' "ri0,'isclude transaltted power, transaitring and receiving poser ‘ij
2
2
H
2
T
%
2
2
3
2
1
2
z
z
2
i
1
1
}
1
1

98 ariteln {' *108, targeb-ta-receiving-antenna path, yoise bandwidth of the ')y
948 writeln { B, ’receiver gredetection filter, the generaiized loss factors, 1}
28 weiteln {118, "signal-to-nvice ratio, and the frequency or wavelength, ‘i
% witel
" gotoxyi28, 250}
%3 Aritel’ Hit any key to contlate v '}
9% 8 REPEAT UNTIL keypressed
976 2 eady .
98B 1 for count 1= 7 fo. " do
98 ggin
198 ¢ gotoxy {1 countly
clrkle
W28 2 ends
13 8 gotoryll By
194 B wrile( Transaltbed signal gowar (PL) (Matts) 7 '}y
1058 readiniPt)
196 B write{*Transeitting anteana pewer gain (Gt} (48} 7 'l
78 readla (0L4BTL
IBB B Bht=exp{6LABRIR 1121 /10)5

98t weital'Retelving antenna galn (6r) db} 7 ')}
1Iﬂ B4 readintEridli
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Progran Hases Ci\HOYARANGE.PRS
Date: Nondzy, August 24, 1987
Tise: 1425

e o

3 e el b
1 Erzeexp(Brddeln (181/18);

1 writed’Radar target cross section {el a)) 7 ‘b

1 readiatsigual;

1 writel’PRF for the transaitting-antenna-to-target path (Ft) 2 )y
1 readleiFt);

1 writel"PPF for the target-to-receiving-antenna path (Fr) 7 ');
1 readlatFrly

1 write{"Noise handuidth of the receivar predetection idter (8a} {Rertz) 7 '%;
1 readia(bnl;

1 write{'Value for the generalized ioss facters (L (B) 7 )5
i readla(idbl;

§ Le=exp{LaBeln (101/10);

1 writel’Signal-to-neise ratio (S/N0ain (dD) 2 '}

1 readin(giNoNindBly

1 SiNoMin:=exp (5iNoRindBeio 181 /28);

1 aritei'lo you have the frequency or the wavelength (F or W) 7 '}y
1 readln(Froq_navel;

1 Freg_vas fsase (Freg_wavel}

1 1f Freq_wave = 'F" then

2 begin

2 #ritel‘What is the frequescy of transaission WFreq! (Hertz) 7 ')y
3 rexdlaiFrent;

2 Lashdar=3E08/Freq;

2 wnd

b oalee

2 begin

2 writel'Enter the vavelength (Lasbda) (metresi % ')}
2

2

13

!

H

I

H

1

1

i

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

4

i

1

¥

e

readip(Laabdals
ritelny

and;
Ressqrt sqrd ({PLGLGr 481 guatsqr (Lantdal tsqr (Ft)esqr (Fr 31/ 64epispd spL eBi NoinekeThaBnsl 1))
R_ketsR/ 1288;
clrsm
qutexy’l
wrlte. r(' 'xSB REBULW I
write’ 130,
qotoxy{id 4}y
writelel'For 1=')y
gatoxytn,diy
writel'Pt = " PLbit, watts')y
gatury (49,813
aritet'st = *,BtdBi5ell;
gotaxy (16,915
writel'sr = *\Brabifietty
gotory (48,73
witel's = * Biguarhel,’ al'lg
gotoxy (8,101
weitel'Lasbda = “\Lanbdatdi!,’ vetres’);
qotoxy (48,181
weited'Ft = gl
qotory{id, iy
writet'fr = ' Fradslly
gotoxyt4d, iy
Neited'siNoin = ¢ BilioNindBe5il, " d'}y
gatoeylig, 2ty

ey N " o o W BN S




13y
e

%8

1
1
1
1
i
1
1
1
4
2
i

Progran Hauer C:\ROVARANGE. PAS
Datet Honday, Augqust 24, 1987
125

witel’L = | LaDS,* @B'Y;
gotoxytdf, 12}y

writeUBy = ) ma," He'ly
gstoxy(10,13);
urite{'Frequancy = ‘,Freqil,’ He'};
gotoxy(B, 283

write('fhe radar range iR} is 'R
gotoxy (2,281

Nrite(’Hit any key ta continue.. 'ty
repeat until keypressed;

It

B




Prograa Hames Ci\BOVATABLESEL.PAS

Jrmnm e,

Nonday, August 24, 1987
12

Procadure Table Select;

gin
Repeat Luntil the tile nase exists }

gotoxy{i8,10);

kritet” El\ter table nase ¢ “);

Readlo {Filenane);

Filansez 1= Filenase + '.dat'; { tahle fites have & +.dat J
gotoxyilp,2ad; { exteasion,

write {'File In use is 5 °FileNanel;

Belay{1580);

Assign (TabFile,FileNane);

1= { Hat we check that the )
mmmme), { file exists, }
{ If it does aot exist, }

Exists 15 Ulreselt = &) { the user cin create 1, }

If not exists then

Clrsery
qotoxy(16,26);
Hrite(’File does not exist. $ould you like to create it 2 (974} )
Read(Rod,chi;
14 Uptase fcht = 'Y then
begin
Relirite(TabFiie};
Exists 1= Treey

2 ntil Exists;

Y . P .Y
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Prngru Haaes C3\RDVAVARIABLE,PAS Paget 1
Hunday‘ August 28, 1987

I

Jrmney

'
+ This file is has all the global varlables wiich are used in all the
+ procedures. [t fecludes TYPE, String, varizhle, constant and label
+ definitions,

B

Vritten By s Cyrit Harari

E
et = texty

Rectfa = RECORD
st 1 Tnteger;
sy P2, ends Prob @ Realy
END:

Rec = RECORD . f
Theta 1 Integer;
GainR, BaiaT @ Realy H

END3

strifa = string (1@ .
RecPafse = RECORD 5
sdbhec, shsc, Pradsc, endefisc, Prabfoc ¢ strPls § :

ENDy

VAR 9, %y Pry Pt, Gry R, igma, 8t Ac, Lasbda, Pr_db, Pr_dba, Fren,

Ft, Fry Proby Pfa, 8, 8, Ly R sax, R ka, In, teop, (a3 Ot Mrasy yy

resalt, res, stt, fin, sten, Silohin, 6tdD, Brdd, 3iNokindd, Ldg, 82,

intgrioy derivio, klley k2lay k310, tAlay lnter, deriv, ki, &2, &3, M,

sty f, della, 52, Et, endx, Bessel, end sty MGais, MGadnT, Balnk,

Sain, deltsla, SMusber, MSRatic, NEt, APfa, Merob, sdbval t real)

chy opy Freq uave, apl, opl) per, ansker 1 char §

eand, odd, periodic, lieits suep, Exists « boalewn §

{arnigte Heb) .

rule_string ¢ string (580 ¢

TabFile # File of Rees

HeaRec ¢ Rec;

TabFileZ t File of RecPfa}

Henfec2 ¢ RecPta;

TabFiled ¢ Fle of RecPfafsc)

Tabifled 3 txt} i

HewRerd ¢ RecPfafsc; §

KTheta, Theta, (b,) steps, rkely rke2y stapslo, rkcllo; rkeZloy NuaSteps, b

count, valke, Wi, sdblower, stuppar,%dB ¢ Inteqery i §

H
i
{

Filenase, FileName2 1 strisgli4];
Graphiase + string [80);
¥k, 85t array (1 o130 of real}

e R R e L L L L L Y
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HE

i

EE C=E X

Pragras Nage: Ca\HOVAVARIADLE.PAS Page: 2
Dater Honday, Aegust 24, 1987
Tieer 1%

Y,

364 8 FuncKey ¢ Bonlean;

S7A 8 tabel loopl, lwp.2y

LN

594 8 CONGT Tk=206; ‘ i x
WAl optitms ¥ et of char = U'1%,°2', 3", 4", /5, 4", T, '8 T ¢ ¢

HA D eaxalloved - 1E-0 H

a0 ke{.38e-23; [

Ban =3 14159265353 i




APPEWDIX ¥

i
Probability of detectlon versus signal to noise i
ratlo (Hovanessian [31) i
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APPENDIX H A typical coverage diagram showing the radar vertical
coverage using a cosecanb~sguared beam .

i

|

! |

Coveraga 4
10 40° j

Range (noulicof miies)
Figura 85 AN/UI

%)
15y = 80%, tgq= 2m?)
PS-1 with extended vartieal eoversy .
cdnt-squared beam, i o Using cose:
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APPENDIX 1 Example of a graph Blake [1 and 2] of the required
signal-to noise ratio for a linear detector as a
function of numbe:r of pulses integrated, for 4.1

ey

HUMBER OF PULSES

Fig. 5 ~ Required signai«to-noide ratio (vislbiltty facto

toctor #a & function"of pismber of pulss ( nﬁd.”u'%'{’lxuﬁhiffz
dotoction, onleulated fos & nmnucm.qn» signal for five valuow of Ui~
alsr prosability {#,), (Note: This figure al

e sty o g o o Tt gute alzo appears in & [arger dize

probability of detection, calculated for a
nopfluctuating sigsal for five values of false-alarm
probability (Peg) §
| |
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Flow Chart of the software package
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