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SECTION I

INTRODU'TION

The problem treated here is the classical detection of RF target signals in a Gaussian
noise beckground, This was initially analyzed and presented by Marcum and Swerlingl’ 2
and extended, since that time by a number of writers. Since tabulated lists and curves are
often somewhat awkward to use, the writers were interested in hand-calculator programs
which could give numerical results over a wide variety of detection parameters., In
particular, programs for HP-65 and HP-67 calculators are presented, but the algorithmic
approaches could easil” he programmed on other calculators.

The writer sta. this work by following Barto»n's3 approach, an empirical approxi-
mation which directly provides required signal-to-noise ratio (SNR) for given probability of
detection (PD) for various target models. The accuracy of the approximation is within a
dB for normal parameter values, but the approach does not lend itself to finding probability
of detection, given the SNR, without an iterative approach which is beyond the capability of
the HP-65,

Later, the writer found an excellent report by Shnidman4 who had found finite recur-
sive series solutions for probability of detection for the basic four Swerling target models
for fixed-threshold detection, and who also presented infinite series algorithms for non-
fluctuating and the generalized chi-squared target models, These algorithms were found to
be directly programmable for the HP-65, S, P, Applebaum has translated these programs
for the HP-67 and these are included here, For the special case of a Swerling Case [I

target, these programs can solve for either PD or for SNR,

In spite of the importance of both CFAR detection and noncoherent integration, there
are few papers in the literature which combine the two, One excellent paper, however, is
that of Mitchell and Walkersn This paper treats the background estimation type of CFAR,
and it has provided algorithms used here to cover these cases. For the special case of
Swerling Case II, a finite series solution and programmed iterative inverse can provide
either PD or SNR as with the fixed-threshold case. For other target models, a truncated
infinite series solution provides PD given the SNR,
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The implementations which these analyses treat are illustrated in Figures 1-1 and 1~2,
In Figure 1-1, the noise background is considered to be constant and known, N samples of
signal-plus-noise are summed and compared to a fixed threshold., If the threshold is ex~
ceeded, a target detection is declared, The threshold is set according tc a specified false-
alarm probability in the absence of signal, In the recursive solutions programmed here, the
first step is the calculation of the threshold value given the false-alarm probability.

Figure 1-2 considers the case where the background noise is unlciown or slowly varying
so that a noise estimate must be made in order to establish a detection threshold value. The
noise estimate here considered is the sum of R independent detected noise samples, and

corresponds to the most common type of constant false~alarm rate (CFAR) detector,

B6766
RF SIGNAL
GAUSSIAN SQUARE-LA W SUMMATION THRESHOL INDICATION
) - OF N v D
WOISE—® DETECTOR [ */SIGNAL+NOISEl | DETECTOR [ >
l SAMPLES
' ¢ | FIXED
THRESHOLD
Figure 1-1, Fixed-Threshold Detection
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Figure 1-2, CFAR Detection (Background Normalized,




The target models used here follow that of Swerling and the integrated target SNR

distributions all may be considered special cases of the chi~-squared (or gamma) distribution
given by

Kz
1 (K)K K-1 "2
K\" K1

wz,2) = ®5T \zZ

(1-1)

where z is the integrated target power SNR for any trial and Z =z, K is a distribution
parameter which can have any value greater than zero and certain values of K correspond
to standard target fluctuation cases* as follows:

0 <K< 1: Weinstock case

K =1 : Swerling case I

N

w(z,Z) = -li e (1-2)

Exponential power or Rayleigh voitage distribution, Target constant over N
integrated samples. Results from radar target composed of many separate
scatterers, Often satisfied by aircraft,

K = 2 : Swerling case III

L2

w(z,z) = % e Z

z

Approximate distribution of target with Rayleigh and fixed components of equal

average power, Target constant over N integrated samples,

K = N : Swerling case II

Same basic target distribution as for K = 1 but with target amplitude independent

over N integrated samples, Often satisfied by aircraft targets with pu'se-to-pulse
radar frequency agility.

K = 2N : Swerling case IV

Same basic target distribution as for K = 2 but with target amplitude independent
over N integrated samples,

* Nai:hanson6 provides & good discussion cf these target models,
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1-4

K =« : Nonfluctuating target or case 0

z=2Z

Note that other values of K may be useful for cases with different target fluctuation
rates or with block correlation within the N samples integrated. 7 If the diversity
order within the N samples is Ne then with a Rayleigh target K should be taken
equal to Ne, For a Case TII target distribution K should be taken as 2Ne.
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SECTION II

FIXED THRESHOLD DETECTION - RECURSIVE SOLUTION

1, SWERLING CASE II

Although, as shown later, generalized programs can be written to cover chi-squared
distributions of any K, it is worthwhile to consider some special cases since they can provide
both simpler and faster running calculator programs, We shall start with the simplest of
these cases ~ fixed threshold detection with a Swerling Lase II target model.

The probability density function of v, the integrated signal-plus-noise variate, is

|

§ given by, *

%

: \4

N N'l -~ T

E f(v) = Y e 14X (2-1)

a+x) (N-1; 1
: where X is the average SNR of each sample, The riobability of detection is then given by

) Vv

N-1 -
P2 = f Y e gy (2-2)
g WX (1) !

This may be integrated by parts to give

N-1 Y
m - ———
P2 = Z —X . o ¥ (2-3)
me0 m! (1+X)

Notice that for X = 0 thie reduces to the false alarm probability (PF)
N-1

PF = Z -?n—n-.: e Y (2-4)
m=0

* Eqn, 111, 10 of Swerling or Eqn, (39) for (v |X) of Mitchell and Walker on page 675 noting
that our X = Z/N corresponds to their X/N,
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which provides an implicit solution for Y given PF. Notice also that by substituting
Y = Y/1+X in Equation (2-4), we obtain Equation (2-3) so that one program vcutine can be
used for both, This common equation shall be written as

N-1 Ym -
P = Z e (2-5)
m=0

witl: each definition of Y giving the appropriate corresponding definition of P,

Given a desired PF, the first step in finding either P2 given X or X given P2 must be
to find Y using Equation (2-5) with P = PF. Perhaps one's first thought might be to use

Newton's method to find the root of P - PIN where PIN is the specified value and P is obtained

from the equation for a given Y, However, since P versus Y has an inflection point, con-
vergence is not assured and it is better to use In (P/PIN). This leads to incrementing Y for
successive trials by

AY = __1“_d_13.'__h.‘_ﬂ§. - - g-ln(P/PIN)
E{{-(lnP)

We find by differentiating Equation (2-5) that

-1
1 oy

Pt = - N

- last term of P series,

In the algorithmic expressions, the mth term of this series is used and shall be
designated YM. Each term is determined recursively from the previous term, After com-
pleting the series, we will have in storage the last term, YM, so we can use this for - P',

Therefore, in applying Newton's method, the Y-increment for successive trials is given by

AY = 5= In == (2-6)

2-2




To begin the iteration of Newton's method a starting value for Y is also needed which
shall be designated YO. The writer found empirically that the following expression approxi-
mated Y quite closely for small values of PIN as may customarily be desired for PF, and
was programmable with very few program steps on the HP-65,

YO = N-WNN+2.3VL (WL+NN=-1)

L = -log PIN (2-7)

i

Using this start only three or four iterations are needcd to calculate Y to 10 significant
figures for any value of PIN of interest,

This solution of Equation (2-5) for Y can more completely be specified by using the
algorithmic notation of Iverson (following Shnidman's practice) as given in Figure 2-1.

A brief explanation of this notation is first in order. The arrow notation implies a
specification, that ie, the statement, L < ~ log P1X, is translated to mean that the quantit; L
is specified by ~ log PIN, The normal execution of the statements is line by line starting at
the top, but a branch may be designated by an arrow between two statement lines. A condi-
tional branch is denoted by a colon statement, and the branch is executed if the comparison

condition specified o1. the arrow is sat‘sfied. Otherwise the next statement in the sequence
is executed.

The brackets labeled D and E on Figure 2-1 correspond to subroutines in the HP-65
program which follows and are shown here for convenience. Notice that the iteration is
terminated when |AY/Y| is less than 10-6. Since the stored value of Y has already been
corrected by the indicated AY and the convergence is quite rapid, Y is usually accurate to
9 or 10 significant figures,

Having obtained Y for a given PF using this algorithm, we can calculate P2 directly
from Equation (2-5) [i.e., subroutine E] by the substitution Y = Y/(1+X). Alternatively,
if P2 is given and it is desired to find X, we can substitute PIN = P2, find a corresponding
Y2 using the program of Figure 2-1 an then find X = Y/Y2~1.

These features are all contained in the Program HP-65 Y-P2 given here, Most of the
program comes directly from the algorithmic program of Figure 2-1, but a few co~ . uts
may help in its understanding. First of all, the writer has often recordeu in the . = unt
space on each line of the HP-65 programs the stack contents in the order, x, y, z, t. This
may be useful to understanding since the stack is nften used in these programs for temporary
storage, This practice saves on use of the storage registers which is sometimes necessary
and also often leads to sherter, faster running programs,
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L—

<

Sovremt——————

L « - log PIN
YO« N-/N+23/T(/T+/WN-1)

Y « Y0

{

M «e ‘

YMS « YM
M<«0
M« M+] )

YM « YM x Y/M ’ D
YMS « YMS + YM

P « YNS J )

AY « (P/YM) In (P/PIN)
Y « Y +AY

1078 . |av/y|

—p»  EXIT

Figure 2-1, Algorithmic Program for Y Given P
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Next, the LBLE subroutine incorporates LBLD as a loop to save a program step,
When the D statem~nt is reached on the last step, it jumps to LBLD, When the test N< M
is satisfied, the RTN jumps back to the E-subroutine call, since the HP-65 has only one
program step register, and that holds only the initial subroutine call step number no matter
how many successive subroutines are called before the RTN statement Is executed,

Since for finding X given PF and P2, the Y-aigorithm prograramed here is used twice,
it is preceded by storing the previously calculated Y from R2 in R6, The first time through
nothing exists in R2 anyway, so these steps can be ignored in trying to understand the pro-
gram, After running the second time with PIN «— P2 the program stops with Y2 displayed,
Depressing the R/S key then restores Y in R2 and calculates X from the Y2 and Y previously

found,

Finding P2 given X uses the LBLA function and is straightforward, requiring only that
Y has been previously calculated or otherwise stored in R2.

It is interesting to note that Shnidman was concerned about accuracy of the calculation
and underflow for certain cases such as e—Y for large values of Y, His computer was equi-
valent to about 7 digit words and he went to double-precision arithmetic and logarithmic
99 range of the HP calcula-
tors, together with direct monitoring by the operator, such measures are really unnecessary,

calculation in underflow cases, With the 10 digit words and 10

The programs have been written such that if input parameters which would lead to underflow
are entered, the underflow condition results almost immediately, This is indicated on the
HP-65 by interruption of the program sequence with the display reading zero,

2. SWERLING CASES I, III, IV

In this section, the basic expressions to be programmed will not be derived but will be
taken directly from Shnidman2 to which the reader is referred for more detail,

We shall refer to the function represented by Equation (2-5) as P (N, Y), The
probability of detection of a Swerling Case I target can then be found as

Pl = e—Y/(ZH‘) for N =1,
or
g \N=1
Pl = P(N-1, Y) + (é_;_l) o~ Y(Z+1) [1 - p(N-l, ZX?J'.)] for N> 2 (2-8)

Here the integrated power signal-to-noise ratio, Z = NX was used,




The HP-65 P1 program directly implements this expression, Prior to running this,
the Y-P2 program must be run to store Y in the R2 register, The same basic LBL E-
subroutine is used here as in the prior program, modifi>d slightly to give P (N-1, Y1) where
Y1 is in the X-register prior to calling the subroutine, The coefficient of [1- P] is also
tested so that if too small, the LBLE subroutine is not run a second time,

In a similar way, the PD for a Swerling Case III target can be found as

i

- 2Y
P3 e Z+2 [1+-‘¥-Z—2-} for N=1

(Z+2)
or
N-2 -Y
_Y "e 2y _
P3 = {ET =5+ P(N-1, V)
N-2 - 2L .
Zi2 242 | _2N-2) 2 | |1y p(n-1, YE
+(Z) e [1 Z +Z+2_‘ [l P(N-1, Z+2] for N> 2

(2-9)

The HP-65 P3 program directly implements this expression. It is run following the
Y-P2 program to find Y as was the Pi program,

shnidman shows that the PD for a Swerling Case IV target can be written as

N-1 VM 2N-1 M M-N ' K N
P4 = —-e‘V+ZLe"V 1- N! (x)(z)
! ! K!(N-K)! \X+2 X+2
M=0 M=N K=0 3
(2-10)
where
V = 2Y/(X+2).

Although the first term is clearly equal to P(N, V), the second term is an extended summa-
tion of the same form as the first with a more complex term-by-term multiplier, The pro-

gramming involves a donbly recursive approach which is best illustrated in algorithmic
form on Figure 2-2,

2-6
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M0
zk « [2/(x+2)]"
V < 2v/(x+2)

eV
YMS « YM
Moo M

A

YM <YM V/M
YMS - YMS + YM —-

s SUM « YMS
kS « ZIK

YM <YM V/M <

SUM « SUM + YM (1 - ZKS)

ZK « ZK+ X/2 - (2N - M)/(M - N+])
ZKS « ZKS + ZK

M« M+l

<

e 2N 2 M
|

g P4 « SUM  ————— EXIT

Figure 2-2, Algorithmic Program for P4




For relating Figure 2-2 to Equation (2-10), note that K = M-N so that no separate
index is needed. The nomenclature YM corresponds to (VM/ M!) e-V while ZK corresponds
to each term of the K summation and YMS and ZKS have corresponding relationships to YM
and ZK, respectively.

The order of some of the steps listed here is arbitrary and are written to correspond
to the program HP-65 P4 for consistency. This program is used, as for P1 and P3 after
running Y-P2 to find Y,

3. GENERALIZED AND NONFLUCTUATING TARGET MODEL

For the nonfluctuating target, as well as the general case, the summation of an
infinite series is required, and the nonfluctuating target can be considered a special case
of the general formulation, Mitchell and Walker give a straightforward derivation which in
our nomenclature can be written as iollows.

The distribution of v for a given integrated signal-to-noise ratio, z, is given by

( ==

) 2 o (V+2)
00 -
N zb vN+b-1 e (v+z)

W

N <

£y (vi2) In-p(2 Nvz )

= 2. TBTE)T (2-11)
b=0
as given by Marcum and Swerling,
The probability that v will exceed a fixed threshold, Y, is then
o0
P(v>Ylz = f fN(v iz) dv
Y
= zb ~Z - Yooy
= Z b'—"' e -I;I’T e (2'12)
b=0 m=0

Py
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For a nonfluctuating target, this gives the desired PD by letting z = Z, For a fluctuating
target, we must integrate over the distribution of z as follows

©0
P = f w(z, Z) P(v>Y|z)dz (2-13)
0
Using w(z, Z) for the genera]ized chi-squared distribution of Equation (1-1), this yields
the generalized PD,

0 N+b-1 m

PG = Z gﬂ?{:ll))!! (Kfz) (K+Z) X'T - (2-14)
b=0 m=0

Shnidman changes the order of summation of these expressions so as to get a more
direct measure of error which can be used to truncate the summation to a finite number of

terms. This expression then becomes

N-1 © M-N s
PG Z YM + Z Y™ (1-2 XB)

m=0 M=N b=0
where
M
Y -Y
YM = 37 ©
and (2~15)
o {Ktb-1)! b '/
XB b1 (R-1)! (1- V) v, V A

Note that a nonfluctuating target corresponds to the limit ag K — « for which

b
XB ~ £ o ~Z (2-16)

The error in Equation (2-15) for a truncated summation is shown by Shnidman to be
given by the product,

M M-N
€M = (1~ Z YM) (1 - XB) (2-17)
m-0

\ b=0




The programs for PG given here test this product after each term of the PG summation and
when it becomes less than 10"8, which seems a suitably small number, the summation is

stopped.

An algorithmic program for PG is given in Figure 2-3, the program corresponding
directly to the HP-65 PG program, As with the other programs, it is necessary to run
Y-P2 first to find Y. The initiation of the PG program requires entry cf both X, and the
target distribution parameter, K,

Suitable values of K were discussed in the introduction, but the special case of a non-
fluctuating target provides some difficulty since infinity is not an allowable entry value,
The best large number to substitute for infinity in this case was found to be about 105
(entered with only two keystrobes as EEX &), Larger values for K give difficulties for
some vaiues of Z = NX in calculating the initial value of XB, while smaller values are less
accurate approximations of infinity, This compromise, however, apparently gives ar ac-
curacy for the calculated PO of at least three places for any value of Z. To avoid the
required entry of K in this case, as well as to provide greater accuracy if wanted, a
modified form of the PG program is given here as the P0 program which calculates the
detection probability for a nonfluctuating target. This is based on using Equation (2-~16)
for XB in place of the more general Equation (2-15). This eliminates the computation

difficulty for a large value of K, since it is not used.




Figure 2-3, Algcrithmic Program for PG

YM o)

YMS « YM
M+

N M e———

YM <~ YM-Y/M
YMS « YMS + YM
M« M+l

SUM < YMS
V « Z/(K+Z)
¥8 « (1-v)K

K1 « K

XBS + XB

YM « YM Y/M
YMS « YMS + YM

SUM « SUM + YM (1-:8S)

M« M+]
XB « XB-V-ZK1/(M-N)
ZK1 < ZK1+1

¢ : (1-vMS) (1-XBS)

’
J

P+ SUM —~————————a EXIT
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SECTION III

FIXED THRESHOLD DETECTIOW -~ BARTON ALGORITHM

Barton3 and Cann8 were interested in a somewhat universal set of curves which could
be used simply to find radar detection performance over various target and radar parametere.
They found that an ideal detector curve plus a set of relatively simple ioe= factors, i.e.,
detector loss, integration loss, collapsing loss, and fluctuation loss, gave very reasonable
accuracy for normal values of PD, PF, and N, and for the target distributiois we have been
considering, Barton's aigorithms have aiso been programmed for the HP-65 and HP-67 and
are inciuded here, These nrograms are complementary to the PD programs previously
given in that they calculate a required signal-to-noise ratio for a given PD rather than the
other way around,

For the nonfluctuating target, and no collapsing ratio, the Barton/Cann algorithm can
be written

SNR (dB) = 10 log

o]

2
1 [ -1 -1 2
X = gﬁ[Q (PF) +Q (PD)J
w0 t2
Q) = 25? ! e 2 at (3-1)

(To correlate this with Barton's nomenclature Xo = 2X)

The inverse Q function is calculated by the apprOximm:ion.9 For

a +a,t
1 -1 (1] 1
Ps-z-,Q P) =t~

2
1 +b1t +b2t

(3-2)

3-1




where
8y = 2,31,
a; = 0,271,
by = 0,992,
b, = 0.0448,
t = VYW,

and for P > 1/2, Q‘I(P) = —Q"l(l -P).
Also, integration gain is given by:
Gi = SNRN - SNR1
These are directly programmed in the HP-65 SNRN and HP-67 SNR programs,

For a nonfluctuating target with collapsing loss, or for a fluctuating target, the HP-65
SNRF and HP-67 SNR programs make the following calculation:

SNRF (dB) = SNRN + log -ﬁl‘l +Lf, (3-3)
S

where Lf, the fluctuation loss, is given by

Lip) - 10logD - SNRI 3-4)

s
<

SNRN is the value calculated by program SNRN for N and SNR: is the value calculated
by program SNRN for N =1, D is the single pulse average SNR for fluctuating target detec-

tion and depends on the target model used. For the Rayleigh fluctuation model of Swerling's
Cases 1 and 2 ‘

_ InPF -
12 = pp L (3-5)

D

3~-2




For the one dominant plus Rayleigh fluctuation model of Swerling's Cases LI and IV, D,, is

14 34
given implicitly by
—2
2D,,InPF 2+D
PD = (1 - _._,_3.%___5_) pr O (3-6)
(2+ IJ3 4)
The writer found that the solution to this equation is well approximated by
Dy, = (0.361 - log PD) <—:i'ﬁ7——»1.29-0.96 NT=BD ) -2 (3-7)
N1-PD

and this expression is used in HP-85 SNRF and H™-67 SNR to avoid the need for reiteration,
The greatest error in this approximation occurs for low values of PD but it is accurate to
better than 0.5 dB tor PD equal 50% aund within 1 dB for PD equal 30%, F¥For PD greater than
90%, it is accurate to within 0. 2 dB. An extremely bad choice of PD too low, or PF too large
may cause D3 4 to be negative and flashing zeros will indicate this error when running the

program,
Finally, the programs calculate the diversity gain as

Gd(dB) = (N, -1) Lf

and the range ratio, re Swerling

SNRF/40
R/Ro = 10

3-3/3-4




SECTION IV

CFAR DETECTION - RECURSIVE SOLUTION

1, SWERLING CASE Ii

As with the fixed threshold, the Case JII target model leads to a simple analysis and
finite summation for finding the probability-of-detection, Starting with Equation (2-3), the
constant Y can be replaced by the variable y to have

m
N-1 (_x_) Y
€« <
P>y = ) -)-‘I;:’—,l— e X1 4-1)
m=0

for each specific value of y.

Note on Figure 1-2 that y is derived from u and that u is the sum of R independent
Rayleigh noise samples of unit average power - unity since we also normalized the magnitude
of v to the average noise power. Therefore, u has the distribution

oy
p) = BT © (4-2)

Then the overall probability of v exceeding y is given by

L

P = fp(u) P(v>%) du 4-3)
0

where T is a calibrating factor which must be set to achieve the desired fals: -alaym
probability and is analogous in our further derivation here to Y which determined the false-
alarm probability in the fixed threshold case. Substituting Equations (4-1) and (4-2) into
Equation (4-3), interchanging the order of summation and integration, and integrating,

one gets

N-1 N-1 R
_ _ (R+m-1)! (T2 i
P = Z Pn = Z ml (B-1)1 - Rem (4-4)
m=0 m=0 (T2+1)

where T2 = T(X+1),

4-1




In a similar manner to that for finding Y previously, let X = 0 so that T2 = T and find
the vawue of T for which P equals the false-alarm probability.

This provess is best done by using Newton's method on In (P/PIN) as before so that
AT = E—m—J—L——)dlf PIN (4-5)
dT

and we find from Equation (4-4) that

d? _R -
=EE DIE D DTN 4-5)
m=0 m=1

Denoting the last summation as Q, Equations (4-4), (4-5) and (4-6) yield

_ In(P/PIN
AT = QBT -

Since the terms of Q are closely related to those of P, both sums can be formed at the
same time,

We are left with the problem of the initial value to use for T. Extending the curve
{itting approach of before the writer found a reasonanle initial value to be given by

1/R -
1 1-(PIN N -NN '\/L+'\f1-\f—1)
1 (1-B) N+B +
TO (PIN)17R [ ( 3.3L o ]
(1-3)
B==2Ll_ L - _logPIN

~ R+0,922°

The value of T0 from Equation (4-8) was found to provide a sufficiently good start for itera-
tive convergence over the range of 10-10 <P<1land1< R < 1000,

Unfcrtunately, this takes more than 50 prcgram steps so that a separate program card
is necessary for data entry and calculation of TO with the HP-65. After running this program,
HP-65 P2C can be used to perform the iterative calculation of T for a given false-alarm
probability and PZ for various input values of SNR = 10 log X, If SNR is to be found for a
given P2 program, HP-65 TO must be rerun with P2 input, followed by HP-65 P2C again,
the process being directly analogous to that of the HP-65 Y-P2 program for a fixed threshold,
Since the HP-67 has mcre program storage, the TO0 calculation is includeu in the HP-67 P2C

program,

4-2
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2, GENERALIZED TARGET MODEL

The relationship of the CFAR process to be fixed threshiold process in general ic the
same as it was for Case II. Starting with Equation (2-14), let ¥ = u/T and integratz over the
distribution of u from Equation (4-2) to find the overall PD, By this process, one obtains

© N+b~1
ec=3 x5 3 ru
b=0 m=0
or
N
N-1 o m-N
PGC=Z PM+ZPM 1-2 XB
m=0 m=N b=0
where > (4-9)
_ (kib-1)! b _ 2z
XB = prgei)r V) Ky V=3
and
_ (R+M-1!  R.m _ 1 J
PM = oT@®-yr I-AV A, A =55 .

Note that XB is the same as used for the fixed threshold case azd for the nonfiuctuating
case
Zb A

XB—’-b—'- e

Similarly, the fixed threshold case it approached by letting R — « so that y = =Y

so that

-]l’;U

u_,
T

A =

Y+R

and

Y
PM—'—IﬁTe

Sl




An algorithmic program for PGC is given in Figure 4-1 which follows closely that for
PG. Unfortunately, this could not be fitted into 100 HP-65 program steps so it had to be
programmed on two cards, HP-65 PGC(1) and PGC(2). PGC(l) incorporates the iteration
for T given TO and finds A =1/(T+1)., Therefore, PGC is found by running in sequence
HP-65 TO to find TO, PGC(1) to find A and to enter SNR and K, and finally by runaing PGC(2)
as noted on the CFAR Detection instruction sheet, For the HP-67, the eniire calculation is
included on the single program card, HP-67 PGC.

3. CFAR LOSS

The increase in SNR required with a CFAR detector, as compared to a fixed threshold
detector, has been termed CFAR loss, This concept is a convenient one because the CFAR
loss is essentially independent of the target fluctuation model, at least as far as the five
Marcum and Swerling models are concerned. Although many papers in the literature deal
with CFAR loss for various CFAR detector schemes, the paper by Mitchell and Walker5 is
the only one found by the writer to cover the combination of noncoherent signal integration
with a background normalizer threshold, Using the HP-65 Programs of this paper for
Case II targets, the data of Figures 4~2 through 4-5 were calculated and are presented here
for convenience. The loss values from these curves may be used as 2 correction to fixed
threshold SNRs for the fixed threshold pregrams. This may be handier than running the
CFAR programs for many cases because of the long running time of the generalized CFAR
program, Although the writer has verified in a few sample cases that other target models
and other detection probabilities give essentially the same CFAR loss values, it will be left
as an exercise for the reader to be convinced that this is true for the cases of concern,

P
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N

<

e

N e

PM <« (1—A)R
PMS < PM
M«

N:l *-————

PM « pM. R;M'] . A

PMS « PMS + PM

M « M+

e Vo« 7/(K#2)

XB < (l-v)K

XBS « XB
SUM « PMS

R+M-1
PM « PM ST A ]
PMS ~ PMS + SIM

M« MH

SIM « SUM + PM (1-XBS)

K+M-N-1

XB « XB ~-m

¥
XBS « XBS + XB

€: (1-xBS)(1-PMs)

P « SUM — EXIT

Figure 4-1., Algorithmic Program for PGC




e an N L v AEETNCEL A ¥ e A AR TN b

§°0=ad .N-S = Jdd ‘yedxe] II aseD Buljromg sso] YVAD meT-adenbg ‘g-§ aan3ti

(¥) SATJANVS ANNCYOIO VL A0 °ON
00901 00T 01 I

R — s s T T 0
AN
AN

///

I~

N

)

N

/
=N
\ J/

3",/ |
NN N
/ Y]

////
B
N\
.

(&P) SSO'T ¥YvID

29994




g'0=qad ° g-0T = dd ‘3o8xe], 11 988D Bul[Iomg §80T YVID MrI-aaenbg ‘g-§ san3ig

() STTAINVS ANNOUDIO VL JO ‘ON
0001 00T o1

)
/

T T 1T 31 ﬁ T 1 1T 1 | i T 1T I T
ﬂ/

-
il

///,
//

(gp) SSOT ¥v4dO




¢'0=ad

¢
01

(W) SATAWVYS ANAOYONIVE 40 "ON

0T =dd ‘jodae] II 988D Sulfiom§ $s0T YVJID meT-arenbg ‘3 -3 axnS1f

%a__ﬂﬁ_.L.ﬂ, I B I H
// ////
ANEANRNY
\ /
BN
NARY
A\
A
\ \
- \.

(gp) SSOT ¥YVID

4-8




SECTION V

HP-65 PROGRAMS

FIXED-THRESHOLD, RECURSIVE SOLUTIONS

These HP-65 programs calculate the probabilitv of detection, given the number of

samples noncoherently integrated, the false-alarm probability, and the average sample signal-

to-noise ratio, for the various Swerling tacyei modeis,
generalized chi-squared target model,

The PG program does this for the
The Y-P2 program must be used to calculate the

threshold value, Y, before using any of the other programs, and in addition it can calculate

for a Case II target, either probability of detection given average signal-to-noise ratio or

average signal-to-noise ratio given preobability of detection,

Specific user instructions are as follows:

STEP INSTRUCTICNS DA'TN:,'S,I,TS neys ogf/::}s
1 | Enter program Y-P2 N [STO|[1 |
PF A ] ] Y
Gotostep 2, 3, 4or 6 I
2 | For P2 (Repeat or go to step 3 as desired) X B | 5,_,, | P2
3 | For X given P2 P2 A J0 ] Y2
R/s |l ] X
Repeat or go to step 2, 4, or 6 as desired [ 00
4 | For PO, P1, P3, or P4 enter that program ! o
5 X B | ] D
Repeat or go to step 4 or enter Y-P2 and go to [ Il ]
step 2 as desired | | ___i
6 | For general target model enter program PG R
7 K L]
X B 1. ] P
Repeat or go to step 4 or enter Y-P2 and go to N ﬁ
step 2 as desired ——l | —_—
K : Chi-squared distribuiion parameter (" Case 0 : K=105 (~ 3 place ace)
N : Signal and/or noise samples integrated Case I
Ne : Target diversiiy within N samples Casell :
PF : Probability of false alarm L < (Genl Rayleigh target : K=Ng)
P : Probability of detection for chi-squared target Case III :
PO : Probability of detection for nonfluctuating target Case IV : K=2N
P1-P4 : Probability of detection for Cases I-IV {Genl Rayleizh + equu.l constant (arget : K=Ne)
X : Avg sample power S/N wirnin N samples LWeinstock 0<K«<1
Y : Fixed detection threshold
Y2 : Y/ (14X)
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HP-65 Program Form

Ta _ HP-65 Y-P2 Program Listing ) ) Page ___._of

SWITCH TO W PRGM  PRESS ! fJ PRGM | TO CLEAR MEMORY

KEY | CODE KEY | CODE
ENTRY | SHOWN COMMENTS [—ENTRY SHOWN COMMENTS REGISTERS

STO4 | 3304 | PIN Jir 0i Ri N

'RCL2 | 3402 {|. SAVL YINR6 RCL2 | 3402 |Y

STOS | 3306 ] R/S 84 N

RCI4 | 3404 | PIN RCI6 | 3406 TRESTOREYINR2 (R, ¥
i T T T sTOZ | 3302 ' o

b e r«_.___._.}.. VUSRS U USRS [ — . ——— e e e ede Lo - —— e e e

gx—y| 3507 |Y2,Y

cHS | 42 |L |/ ] 8 I | Y
RCL1 | 3401 | N 1 1

.51 N NN LT T T x f_' U |
LSTX 30 T AN ER I | .
A, o1 S | R T : O N I
- T 7B1 i WN-1, N-WN, L— _ ||RCL2_ 3402 |SAVE YINR6 __ J

-&Rt L35 | L, , ) sTos 3306 T TR ¥
T i gxdy | 8507 |
i 09

— e e - —_— = Tt e — -~ — —4

09 "N I | I TR v R 7/¢ ©> < T |
61 T NL+WN-1, N-WN__|f{sr0z_| 8802 | =~ Ry
'VT_ E 15 | p2 T
- T T |/RCLs | 8406 |RESTOREYNR2 _ Il

2 02 [T ~_qlsroz.  sse2 | T T T TRy YMS
| gR| | 3508 | o o 4

ER D 7C I B - Y | B
X T, m zad‘(didﬁdN—«m' LBL 23 | - 1'Re

S
gLSTX !

3500

S 2 S . L WE B R | B
STO2 | 3302 | Y0 ‘Relz 3402 |Y

iBL 28 7" T 7licms 42 ~ " iasELs
S S [ 1 oo T -2 A el a

=1
_x- _.n—.J
—
[4;]

3 gRt 13509 | YM__ _ _ _ _||sros | 3308 S —~YM | ]
= 8L . p/YM . llo . 00 iM«<0 !l pYM Loop,
F _BSL,S (3408 | P T . \\wBL_| 28, || ¥Y-P |

K=y |RC14 | 3404 PIN D 14 | M, YM _ 0
5 |, _81 . P/PIN,P/YM B ) S SRR | B R
= |f , 81 " P61 [M- -M#1 ] R
S A J{RCLY; w01 (N -

.1 AY—(P/YM) LN(P/PIN) || gx=sy _ 3_5?._2_, N=M = ___ __ ]

33 . "RCLS | 3408 | P—YMS _

SOOI S VR U NGO GO UO (i Pprv ——d T4l —— e e e an - )

2
3
4
Sugni i 5
+ a1 |  RTN 24 6
7
8
9

2 02 I (¥—y:aY)  __ |[RCL2| 3402 |V, N, M, YM _ __

RCL2 | 3402 | Y gRt | 3509 _ YM,Y,N,M

PRSI ———

71 YMYNM-*M

e e e e e b e e ———— e s e R | S . —— —— e B —

rs 35 ___|igrt ' 3509 'M, YM-Y,NNM
ABS | 06 | lay/yl '+ .81 | YM=YM-Y/M___ || Facs

T LT Ty Jureeu P

RO G——

| EEX 43 e {1 8TO_ ' 38 | 1
|CHS | 42 I | 1 A ;
6 06_| -6 |18 _ i _08 |(YMS—-YMS+YM)  ll2_ | 3

ex=y | 3622 | 10=1AY/¥i _ __ IlgR{ | 8509
G6TO | 22 | D | 1a |, M '

5..2 As TO R OPD PROCRAM INSERT MAGNETIC CARD WITH SWITCH SET AT W/PRGM

-
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HP-65 Program Form

Title HP-65 PO Program Listing . Page of

SWITCH TO W/PRGM  PRESS _fjfi__r@y':] TO CLEAR MEMORY

T

ES'TE;Y s%%%u . COMMENTS En%v sﬁ%‘@fN COMMENTS REGISTERS
RCL1 | 3401 [N 1 X I[X 71 R, N
x 71 ~UB I[RCI8 | 3406 R
STO3 | 3302 | Z 1 01
RCL2 | 3402 Bk 61 | B 1R Y
CHS | 42 _ _ "|[STO6 | 3306 |M — M+l T
1 32 _,____,_ lmrew1 | 3s01 | T T
LN 07 I __ R 51 |K~ M-N_ ARs 2 ]
STO7 | 3307 | YM—e Y T E 81 “
STO8 [ 3308 | YMS+—YM “|IsTO4 [ 3304 [XB-—XB: Z/K ] 1
i 01 + 61 |XBS—XBS + XB Rs XB
STO6 | 3306 | M--1 1t 7S |
LBL . 28 | . jess [ 424 - W]
T e b o e R | P
IRCL1 | 3401 ; N, M, YM R 1 10 S S N I L

<y _l3s22 M+ e Ji-%es ||
'GTO 22 | _ _. .y RcLs | 3408 ;YMS o |{Re_ M __
2 _ |02 [JYM<YM-:Y/M__ [CHS | 42 | e N | B
A | 11 \YMS—YMS+YM AR Y W N | B
S A U | T U A QiR _¥M T
[RCIS i 3406 - x | 77177 (1 - YMS)(1 - XBS), XBS—~ T
+ 4 61 _ _ EEX | 43 | o oA
STO6 | 3306 | M- M+l _ _ |iCHS 42 | N e . liRg_YMS |
GTO | 22 I S | LR S | p—
1 01 <y | 3522|109 < (1-YMS)(1-XBS
e R e [P g e
2 | e HE 20 R | R
RCL8 |3408 |  ~~ —° ~  |IRCL5 | 3405 | o
[STQ5 | 33056 ;| SUM — YMS ... l|lB/8 . 8 |PO-—-SUM || LABELS
RCL3 , 3403 | = ... JimBL | 23 [ = _ A YM, YMS
[cHs | 42 A 11 R B
=3 32 T limcur | 07 [YM c____
LN 07 B — J|RCL2 | 3402 |Y ~ o ]
'STO4 [ 3304 | xB—e 2 " 1'kCL2 | 3406 |M,Y,YM,R 1l &
gR{ (3508 | Xps-XB =~ W+ | &, o __ __|
LBL 23 o o 1ix 2 O R | B
3 _03 llsTO7_ 3307 | YM—YM-Y/M,R—_ 12 __ |
IgR! | 3509 | XBS {Y_&-;XMﬂ.» ¥v/M_||sTo 33 e 3
A 11 __{YMS~YMS+YM ||+ 61 . o 4 ]
gR{__| 3508 | XBS e 08 | (YMS—YMS+¥M) 5 |
CHS 43 RN % 6
1 01
L L E SO | IS B 5P
(RCL7 (3407 | . | . 9
X 71 YMAXBS)XBS~  [C ]
STO 33 | ) FLAGS
+ _ﬂ61 B ] _ 1
5 05 | (SUM-—STM+YM(1-XB8))| | — ]
gRt 3509 |XBS = _ | 2
RCI4 | 3404 | XB 7 -
.RCL3 | 3403 A 0p
1420-00 6 ;;-.NE(‘ORD PROGRAM INSERT MAGNETIC CARD WifH SWITCH SET AT ®//PRGM
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LET

FEW

HP-65 Program Form

Tle HP-65 Pl‘lzz_(_)gram Listing . ) Page of

SWITCHTO W PRGM  PRESS |’ PRGM | TO CLEAR MEMORY

KEY | CODE KEY | CODE |
ENTRY | SHOWN COMMENTS ENTRY | SHOWN COMMENTS REGISTERS

RCL1 |3401 | N | X ||LE 15 , Ry N
X L0 . UB_ || STO7 | 3307 |Y1

[STO3 | 3303 | Z o
RCL2 | 3403 | Y

-1 32 | o __ iR ¥ |
LN

x—y | 3507 | 2, Y ] 07 |YM-—e YL "~

1 01 .. ___._._|lSTO8 | 3308 |YMS—YM L

Al 6t yzxa,Y |t _ | 01 M-l o _.._l|R3 2% ]
STO4 |3304 | = LBL 23 | .

A ! 1 | .

CL1l | 3401 'N N |{{Ra  Z+1
£ |32 L 1 01 Z/(Z+1) |

ORI S PO U N S

i o | - _ 51 |N-1 e
(5TO5 3305 | e-Y/(ZH) T " Wlgx=y | 3522 |N-1=M, YM__ ____|[Rs e ¥/WZFL
[RCL1 | 3401 5

2
t
Q
&
w
»
(=4
Qo

fru

._m
z,

]
bl—‘
2|

e
=

S U Y |- I AT A R | R
gx=y 3628 |'I=N " T ][RCLT| 3407 |YL N-1L, M, YM " |/ReP(N-LY)

RCL5 | 3405 |[grt_ 3509 |¥M

g

+
|85 | " D T e B N ]
R .- - . L 4+ - -

R/S J_W84N* 1-—e-Y/(Z+1) TTHx T YM Y1 T ]
'RCL2 %33 Y T " Mlemy [ss09 M T T Ry Y1
LB 15 | P(N-1, Y), N-1 S FL | YM—YM-YI/M )
'sTos 3306 _lsto . 3 . 1 o
'RCL3’ f_3403 z N ey 7 MRy YMS
'RCLA_ 13404 | 2+1, 2, P, N-L_ _|[8 7T 08 [(YMS~YMS+¥M) _ ]
+ p_ 8 v __ |/8Rt ' 35609 |M

'STod 3804 z/(z+eyy |y g on 0 T TR Used
gRt ] 3509 @ N-1 17781 | MM+l N

LABELS

l

!
S L U § DRSS S — . _1| b YM Loop
N D | = | I => 2
gX=y :3522 107 =8 )

R/3 7‘_3_4"’ Pl—P(N-1, ¥) ST
cix_ |~ 4] S 1 A
'RCIA f 3404 _Az+11 I !

RQ_LZ__ 3402 _
X 71 YZ/(Z+1)
E ' 15 ! P{N-1, YZ{(Z+1)1 o
cs a2 T T Tl

SSSUPUIPRURSIEES B WRpUS —g e RGNV ST VU USRS, — o c————

L 4l

+ ] 61 1P

P S ——— e ——————— e —

e e s S — e e e

E 4.41-_P>_Zs‘ I | A

4 N DRSS — | S R —
RCIb 340¢_ | P(N-1, Y} — *‘ - —
.___J_._‘G.!‘.__ —e et e e e ' OO 2 I
t

'ﬁ7.§ 8| P | R R R
LBL 23 |

5_4 - TO RE+ 'RD P OGLHAM INSES T MAGNE TIC CARD WiTH SWITCH SET AT W/PRGM
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HP-65 Program Form
Titie HP-65 P3 Prggram Ligth;l& Page ot
SWITCH TOW PRGM  PRESS | f | Lﬁjg@_—] TO CLEAR MEMORY
[—‘ !
By | omEy B COMMENTS Ny | e COMMENTS —‘ | AEGISTERS
RCLL [ 3401 | N | { X ||RCL5 | 3405 |2Y/(Z+2) Ry_av |
X 71 \ B ||RCL3 | 3403 [Z/2
2 02 WX 1T (Yz/Eey N T T
R [E I8 PN-TL Y2/Z8) (R, ¥
STO3 | 3303 | Z/2 __||.cHS 42 . 1
RCL3 | 3403 [ & 01 T ]
1 01 RE 61 |1-P__ _ llRz_2/2
+ 61 | 1+2/2, Z/2 ~ _||RCL5 | 2404 |C T
= 81 | 2/(Z+2) X 71_|C(1-P) ] ]
RCL2 | 3402 | Y _||:8TO4 3304 Ra_C |
gLSTX | 3500 | 1+Z/2, Y {{RCL2 | 3402 P ] C(1-P) |
- |81 [ 2Y/(z+2), Z/(Z2+2) _|{E __ 15 |P(N-1, YE R
sTos | 3305 . |[eBT 3509 | yM=yN-Z-YjN-2 i |[Hs 2/ 242
RCLI !3401 | N _ _|IRCLs . 305 l2v/(z+2) N
2 0z T R | B Y T _
gx=y 3522 | 2=N qbr |61 [P(Y)+YM. 2Y/(Z+2) ||Re _N-2
GTO | 22 e i _||RCIA | 4M C@-p) W
i ‘;____,_4,, SRR | - U S {
gRY - 3509 e _||B/s_ | 84 P83 Ry _¥3
gRY . 3509 LBL 23 ]
X 1.1 2Y__z_/(z+z)‘f e o8 [ ] L
SRR e ... lfsToryssor {ys 0 l[Re _YMS ]
[+ ?3461 R | NN : T U
[RCL5 | 3405 | 2YLZ+2) T R
cus | e T (N I Telweew TR T T
Pl S} _; , STO8 ' 3308 |YMS—yM —
LN | 07T | -2Y/(Z+2) 3 1, _ 0 (M=1 .
X ] i (e (i+2¥Z/@+)|[LBL | 2 1T N [ LaBELS
7 R | - T S T O S |
“BL 23 |{RCLI | 3401 |N B
1 ] e | 1 o1 - c__
- |51 | N-2 JE— N1 D YM Loop
STO6_ | 3306 __._ J|BX=y | 3522 |N-1=M, YM E_Y—-P |
gR ¢ 2509 |2/(Z+2), N-2,2Y/(Z+2) || RCL8 | 3408 | P~¥YMS, N-1, M, YM o
£ |81 4 JIBRTN | 24 | v ]
LN | 07 | J| BCL7 | 8407 | ¥3, N-1, M, YM 2 ]
X 71 —(N-2)1n[(Z+2)/Z] JlgRY 3500 [YM I3
* 61 _|EXP—2Y/(Z+2)-(N-2)inf ] |[X ' 71 [¥YM.Y3 e
cys | 42 | ____ l|sRt | 3509 M 5 __
£1 32 & 81 | YM—YM- Y3/M 6 |
LN 07 | e~BAY ~ _ ||8TO 33 R
1 o | e i 61 8
RCL6 | 3406 I | - T 08 | (YMS+—YMS+YM) 9
RCL3 | 3403 | Z/2,N-2,1, e EXP gR{ | 3509 | M ]
+ 81 | 2(N-2)/Z 1 01 . | FLACS
- 61 | 1-2(N-2)/7 = 81 | M—M+1 1
RCL5 | 3405 | 2Y/(Z+2) 1IlD 14 . ]
+ 61
X "1 Je—[1-2(N-2)/7+3%/ (Z+2)] “EXP-— - ol — 2 — ——
§TOL | 3304 ) oo
A320-06% TO RECORD PROGRAM INSERT JAAGNE TIC { ARD WITH SWITCH SET AT W/PRGM
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HP-65 Program Form

HP-66 P4 Program Listing

SWITCH TO W/PRGM

PRESS t)| PRGM | TO CLEAR MEMORY

Page

of ..

KEY CODE
ENTRY

SHOWN

COMMENTS

CCMMENTS

REGISTERS

x| 8L
STO3 | 3303

R

M-N+1, 2N-M, ZKS

(2NN, K5
ZK

S,ZK, [ ], ZKS _

|ZK—zK.8]], ZKS |

'RCIL7 3407

1+X/2

| STO7__ 4_&3_01_ 14X/2 Pt 61 [ZKS+ ZKS+ZK

'RCL1 | 3401 ' N LRCIB | 3406

lems [ 42 v o ]
g ,_3 h'* o R b+ 61 L
¥ 05 | “||sTO8_| 3306 M- M+l T
STO4 la.so4 D zK—-[2/x+2)]N _||Rcii | 3400 [N

RCL2 | 3402 | ¥ | I R A - ] ]

LN 07

STO8 3308

_YM—e™V
| YMS—YM

* 8L, , _||mxsy | 3522 [2N=M o]
|STO7 73307 | V—2Y/(X+2) 1I'KCL8 ™ 3408 ) _
‘cEs | 42| _ - __I'r/s [ s ‘pa—suM ]
1 1 ‘a2’ B "gRt 3509 L

Rsg

44

3401
02
71

.
{
I
|
|

N'_Z_KS o I 1 I ]
— [ R e e e et e
— e e e e e e}
| M, 2N, ZKS | . ]
_2N-M I | I R S
S | I N
N I N B
M I

— - +_,___ .

|

E | 15 ' suM-PWN,V) S 1 S ] SUM__
gRy 8508 _j{ltBL_| 28 | |
STO5 7Laaos i YM TE T 15 (M R

RC14 [ 3404 @ ZK RCL6 . 3406 e i ]
gX—y 3593 . YM ZKS—ZK R E U )| o o
| LBL | 2,34‘ o S | S R N 2 T L _ ]} \aseLs
1 . 01 | YM,ZKS _|j8TO8 ['3306 . M-M+1 R
lRCL7 | 3407 RCL1 (3401 | — Tle T
'RCLE | 3406_| M,V, YM, ZKS gx<y | 3522 |N=M_ R
X 7 it ‘|gRI | 3508 |M,YM "o ]
P ¢ Y . lmTN_ |2 . ) £ ¥M Loop
[STO5 | 3305 ' YM—YM-.V/M __ ‘gRl | 308 MYM = llg |
1 o1 | T sy ywm T T Ty T
gRt _ | 3509 — . ___|{RCL7 | 3407 |V __ _ N2
- T TH T’1—zxs YM, ZKS X "7 [yM—YM - V/M s 7
X_ oomn_ . . ... .__l|STO _ .%?LL_ [ | " ]
sTo | 83 | | 61 s T
* 61 NER os](Yms-—YMSJrYM) 6
8 | 08 | (SUM—SUM+YM(1-ZKS))i| E L w T ]

8
9

-

FLAGS

SR

2 ]

TORt-

IRD FROGPAM INSERT

MAGNETIC LARD W FH SWITCH SET AT W/PRGM
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HP-65 Program Form

Ttie  HP-65 PG Program Listing

—— e - - . . Page _.of

SWITCH TO W PRGM  PRESS . { | PRGM | 10 CLEAR MEMORY

KEY | CODE KEY | CODE o
ENTRY | SHOWN COMMENTS ENTRY | SHOWN COMMENTS REGISTERS

RCL1 | 301 ' N, XK [ K |[RCL3 | 3403 |V R1_N
X | m

——t
.
¥
I3
>
o]
|
<
[s+]
|
L

STO3 [ 3303 | 2 11X Jlexe—y) 3807 |ZK1 I |
gR} O8_ | T T YB I o iR XY |
STO4 | 3303 K _ o | STO4 | 3304 |XDB~XB. ZK1 . V/(M-—NL ]
RCL2 (3402 | Y ] gl..LSI}( 3500 |ZK1 | B
CES | 42 | e J|$R{ | 3508 |XB, (1-XBS),(1-XBS), ZK1||R; _4
Y 182 | il ]_5s1 |a-XxBS)~(1-XBS)-XB || _V ]
N | or [0 T . |{gRl__| 3509 [ZK1, (1-XBS) 3l

[STO8 _ 3308 | YMS—YM * 61 |zKI-~ZKIx1 |l XB_
T,

ETN L B VN 8 ]

sT6 (3306 | M~1 _ 'RCLS| 3405 |¥Ms,1,ZKI,(1-XBS) _ |[Rs. SUM
s e e e e e e — ]

r‘l
wl
=
[
) N‘
=
—
i

i

I

t
il
‘;:‘

}

i

i

|

o

b

fg;
o
=

[RCLI | 3401 | N,M X ! 71 |(1-XBS)N1-YMS), ZK1,(1-X]

gx=y | 3522 | N=M EEX | 43 | ! |
|GTO 22 ) CHs ' 42 |

|A . M _{ YMS—YMS + M _(gx>y ! 3424 ( = __ _ —
GTO |, 22 (M=Nnl ﬂncw T405 | Pe-SUM ‘ T
i | o1 » iR/ . 84 . ~___||rg _YMS
13509 o _
' 3509 |ZK1, (1-XBS) ) |
RCLE['3408° | YMS " ' T WGTO | 2 |7 T T 7T IR Tosfe
[STO5 | 3305 @ SUM-—YMS ~ [[3 03! o
i .28
1L 1ZK1, 1-X88) LABELS

5 1 o2 T ;_SiMﬂM- ym . W81 s 1078 (3. TRy _¥MT]
M

S, R S, . _ Pumey !
ECX3 3403 ' 2 A ]
RCL (3403 |z " " ||mon7 ' st jym ] A Recursioy
RCIA | 3404 | X,Z,2,1 T |[RCL2 | 3402 'Y, YM, ZKi, (1-XBS) 5
v l 61 X f M YM- Y ¢ o

1 st T T 7 |[Rcie ] %406 M, YM.Y, ZKL(I=XBS) ! p_ _
sTOX 3308 | V-Z/(K+Z) i+ T w1 E__

- Post [1-v 0 |STO7 | 3317 | YM—YM- Y/M )

RCIA 3404 'k oSt sl T “Used

Used
Used

v* 105 | . K ol _es | (yMs—yYMS+YM)
STOL | 1304 | XB—(1-V)" . ||gRY 1 3509 | (1-XBS), YM, ZK1(1-XBS)

g L 8 | . M+, 6L] )

gLSTx | 3500 | zZh1-K,XB,1~ _  [[X | 71 |YM(1-XBS), "KL, ()~ _ ]
'gR| | 3508 | XBS—XB,1,1,2K1 __ |[STO | 83 T
- | 51 | (1-XBS), 1,ZK1~—~ + 6l

e ai - = ——— — e

ERT | 3500 | zK1,(i-xBS) ||B 05 | (SUM—SUM+YM(1-XBS))

omwmmawm-ﬁo

LBL | 23 | (yM—YMS.Y/M  [gRI [ %01 [KL () . Jlo9__ _
8 | 03 | JYMS—YMS+YM (| BCLS_j 3406 |M ___ ___ §

A | 11 MsuM-sUMsYM{L-EBS)[1 | _0i | LMZKL (1-xB8 || race
RCL1 | 3401 N{M-—M+1 R | . TR 2 I 1
- | s meN T TsTG6 | daoe [N

RCIA | 3404 | XB RIN | % | 2
gx—y | 3507 | m-N,XB,ZK1,1-xB8) || _
% 31| XB/(M-N) o

© 0 Ch TO RECORL PROCKAM INS ZRT MAGNETIC CARD WITH SWITCH SET AT W PRGM 5_7/5_8
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FIXED-THRESHOLD, BARTON ALGORITHM

These HP-65 programs calculate the required average SNR in dB for a given detection
probability and target model. The target model is specified by its probability density function,
i.e., nonfluctuating, Rayleigh (ala Swerling Case I) or Rayleigh plus an constant component
of equal power (ala Swerling Case III), and by its diversity order, N e’ defined as the number
of independeat target values within the N samjles noncoherently integrated, It is always
reresdary to run S'VRN, the calculation for 4 nonfluctuating target, after entering N, PF,
and PD and before running SNRF, the calculation for any fluctuating target.

Speciric user instructions foliow:

STEP INSTRUCTIONS DA'T'X‘,'S;.TS I KEYS ofrtf/z:rrs
1 | Enter program SNRN (L ] |
2 | (Repeat as desired) N [sTO][ 1 ]

PD=0.3 | [STO][ 2 ]
] pF=0.5| [sTO]L3 ]
. | A1 ] [SNRNdB
If desired |t ] |cidB
To include collapsing loss or tgt fluct go to step|3 L 1]
3 | Enter program SNRF [; ~ _J [::__,]
Samples containing signal 1<Ng-=N| [5TO][6 ]
Order of target diversity 1=Ne=ig| [STO|[ 7 ]
Go to step 4, 5, or 6 l,_,_,,__»_‘] L;::]
4 | For nonfluctuating target [A ][] [|SNRCdB
5 | For Rayleigh const tgt (Inc Cases III & IV) B 1] {SNRF dB
6 | For Rayleigh & const tgt (Inc Cases III & IV) (C ][] |SNRFdB
If desired R/S)[ ] (1idB
®/5]_ [cddp
(Steps 4,5, and 6 may be repeated 1n any order) E 10 R/Rqo

Gd : Diversity gain (dB)

Gi : Integration gain (dB)

Lf : Fluctuation loss (dB)

N : Signal and/or noise samrles integrated

For Cases I and JII : Ne=1
For Cases II & IV : Ne=Ns

Ns : Samples within N containing signal

PD : Probability of detection

PF : Prcbability of false alarm

R/Ro : Ratio of detection range to that for whici SNRf = 0 dB

SNRC : SNX per sample fcr nonfluctuating target w/collapsing loss (dB)

SNRF : Avg SNR per sample for fluctuating target (dB)

HNRN : SNR per sample for nonfluctuating target (dB)

5-9
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HP-65 Program Form

Tiie HP-65 SNRN Program Listing

SV.TCH TOW.PRGM  PRESS ][ PRGM | TO CLEAR MEMOPY

Page . of

KEY CODE

ENTRY | SHOWN COMMENTS

KEY CODE

m
!z
3
3
=<

COMMENTS

REGISTERS

0 00

[STC8 | 3308 |
'RCL2 | 3402 | PD

2 02

- e s e e e e s et ———

71 |

1 ~"011 -
CEpmE R R

STOS | 3308

v—t

Rl N —

|
|
|

[
]
|
]

byt

IS - T

[gR} _ | 3508 2PD
RCL2 | 3402 | PD

PRV U AP sul N Sy -—

_ 08 by =0.

0448

EERERIR e vmane ]

] e e e ]

R, PD |

| A -

- _ .8 é{}?p_fpr_PD.i_o-_s
B 12

1-PD for PD > 0.5 ____

1
l

‘4 i"“ x]+img 10! . ’;JI(;]’.;;];T
-3
bt

Rt | 3509

Ra -Q X(PD
_ X1
_.. SNRL_
_||[Ry SNRN_

B

?m!

| STO4! 334 X1

—|
Re

sTos | 3304 ' -Q7I(pp) e L0 jap=o0.2m ]

[RCL3 | 3403 _PF. . __ . 1L T m . T

B, | _12 . QYR __ ) | 02| - liry ]

RCIA | 3404 | 83 | - T
51 7 (@ Ipr)+q~IpDI ‘ ~ 8

‘~l-p(§x+’.- Wi toikd -
(=
w

i
Ly
. | S S

]
et
ol
: g”
-3

L
i
ok

Rs —_S:Nﬁl‘i:

T TRy Ueed

et

~r

[RCL1 | 3401 N _ STO 33 _ )
F L. 8 ' XN_ _ 19 ,g 09 a1 N i t\BELS
E 15 .. RIN | 2 qkp | _1la ]
|8TO5 ' 3305 | SNRN \; LBL 23 _ B @ NPy
STO8 3808 | E 157X R P
41 !
o B S b eNERK
E _j_ 3 B ) _ B _SNRX |
| STO4 | 3304 | SNRL it 41 S | I T
RCIS 3405 ., 9. S 09 0 I L R
R/S | 8 | SNRN [ R 2z 7=
_L_QL } 23‘ P B ] g_ o 02 P R | ~ .
B .12 P — L 4. 6l Xx+0.92 _ilae . .
o4l i X L T X(X+0.92) S - ]
t_'n p2 s T e e T
| 7.
, 8
9.

gt

— b (Z_{F0
i
i
— -
}

i t
I"F!O
Fnt-y
7|
3
|

:>| b
NN
N
2l
W s
i
i
]
H
|

+

[
i+ i
"

i 02, .
—Jdt |__ 81 ¢ ——

§H'-l-,w
i i ¢

=

X

!

!
]
{
i
-

S T S
10, SN SN ¢ S
'RTN | 24 | SNKX

54‘0}"‘

PR

09 | NX(X40,92) _

e s B i ———

R |

10O RECOND PRIX 7 Fro WAGNFTIC CARD Wi H SWITCH SET AT W FRGM
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Title

HP-65 Program Form

HP-65 SNRF Program Listing

SWITCH TO W/PRGM  PRESS | f | | PRGM | TC CLEAR MEMORY

KEY
ENTRY

CODE

SHOWN

COMMENTS

Page

of

“KEY | CODE
ENTRY | SHOWN

COMMENTS

REGISTERS

ol

LBL 23 Ax . lm _ Ri__N
A |1 2 .02 ¢
0 00 . SR | N S 2 ¢ 2 < SO | R
GTO | 22 I AIBL_ 28 .~ ._ _{|R2_PD
1o | Ne _j_e2!d __ __ ______ 1 __ __|
LBL 23 S LS SRS U} T S | R
B____;_12 | . __ _JjLoG | 08 e e ||Ra_PF__]
RCL3 (3403 | PF SN D U ]

.i_ —

—

| — _— e S _ R
IN | o7 ix 75|10 log D Ra _SNRL

[RCL2 | 3402 | PD_ _ J{RCL4 3401 [SNRI e ]
f_ I S Hooooo o 8 S |

IN__ 07 T j|ROL7 3407 TNe T __ T|{Rs _SNBN]
CHRN VWISV 75 - N | I U5 / N [N

i o © limBL._ e8] |
- T8l | iz i PO R U v TNe ]
6To " 22| _ AU+ S S ~
z el T S N |
BL ! s T T (feoin mer N T e inel T
L 8] | 13 RCIS = 3406 N8 | ]
,_..__._ ‘ . »8_3. ~L...,__.- — - - -4 ._+_ - .8! S — e S -_4’._._. - S
3. ilesTT T T Qe T s nT T I 'Re_sNRN

- S 7 Jwoe; Tos T ~
P IR | U T S | B

- 4

s.2INT-PD

N1-PD

- . ., i | (%l-logPF) _  |IRCL§ & 3408 |SNRN -

-2 - 2 S | . SRR - S .

. | 83 _ _|lsTos5 . 3305 |

2 _ . 1._02 . - IR/S  _ 8 |SNRF ___  ___ __ _
7 o[ T T lemd Cmses o D ]
RCIz_ 3402 | D R Tedir U T
cHs | 42 | |IRCLT ' 3407 |Ne L
1 01 T, (1 S W . ]

bl

I
e T

.51, 4(5:27/’\[ 1-PD)

[ SO — S ————

()

-0, 36\1-FD

-4

A

R T S S | I P
9 o290 L —
KUY -} Y FLAGS
1 82 _ | R

R/Ro.

130 Uk R

TO RECORD PRUGRAM INSERT MAGNETIC CARD WITH SWITCH SET AT W/PRGM
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3. CFAR DETECTION, RECURSIVE SOLUTIONS

These HP-65 programs calculate the detection probability, given the average sample
SNR and target model for an adaptive detector threshold which s set proportional to the

noncoherent integration of R noise samples,

These programs require initial calculation of

the threshold proportionality coustant, T, or equivalently A = 1/(T+1), Two cards must be

entered for the P2 case or three cards must be entered for the general case,

The paitition-

ing is such tha! the first program calculates T0, a starting value ci an iterative solution for

T. The HP-65 P2C program does the iteration for T and also calculates P2, By rerunning
HP-65 TO with a given P2, the required average SNR can also be calculated by HP-65 P2C,

The programs, PGC(1l) and PGC(2), are used with TO to calculate detection probability

for the general chi-squared target model,

Specific user instructions follow:

STEP INSTRUCTIONS DA'T'ZSPIITS { KEYS ofrlzszzrs
| 1 Enter program TO0 N Lt 0]
R LI ]
PR LA J[_ ] To
Go to step 2 or 6 : L]
2 | Enter program P2C [R/S1[ ] T
Go to ctep 3 or 4 LI ]
3 | For p2 [ sNraB] (B P2
Regeat for new SNR or go to step 4 or 6 as desjred 10 ] o
I For 8NR, given 22, enter program TO P2 [T ] T20
| 5 | Enter program P2C [R/Si[_ ] |SNRJB
Repeat steps 4 & 5 for new P2 or to to step 3 ok 6 as desi red [ |
6 For general target model enter program PGC(}) [R/S][___ A
7 SNRdB | [t 11 ]
K CA ][ 1
8 Enter program PGC(2) R/S [ P
For new SNR or K enter PGC(1) and go to step|7 [ ]

A ¢ 1/(T+1)

K : Chi-squared distribution parameter

N : Signal and/or noise samples integrated

PF : Probability of false alarm

P : Probability of detection for chi-squared target
PO : Probability of detection for nonfluctuating target
P1-P4 . Probability of detection for Swerling Cases I-[V
R : Noise camples integrated to set threshold

SNRE : 10log X

T : Threshold setting diviscr

TO : Iteratsive solution start value for T

T20 : Iterative soluiton start value for T2=T/(1+X)

X : Average sample S/N within N samples

-

fCase 0
Casel : K=l
Case I : K=N

: K-los ( 3 place acec)

{Genl Rayleigh targei : K=Ne)

Case III : K=2

Case IV : K=2N

{Genl Kayleigh + equal consiant target : K=2Ne)

\Weinatock:0<K< 1

5-13
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HP-65 Program Form

Teie  HP-65 TO0 Program Listing Page

of

SV ITCH TO W/PRGM  PRESS 1] PRGM _ TO CLEAR MEMORY

KEY CODE KEY CODE
ENTRY | SHOWN COMMENTS || gher | Sope COMMENTS

REGISTERS

 LBL | | P2 2

Ry N

\c_ 2 IS I

I ) | B 2. S

2 ) A A BN - TR E
_STQQ._,J__._,~...__P.2__ SO | 50 S S -, G N e
RCL3 | | TF }SAVETF AL O

D ) S |

—_lirq PIN

—
j— ]
1

!

!

|

!

g o i[rc1a T PN _ ]
| : |

— — —_ - ’R - - — — ———— e =

g} f ' ] e

JNVR 1, [

- - SRS —

- N17R2/PINI/RLL_J
' 1/T0

e LT L ]

S VR S
sTo3 | TO

i

|

i !
i
i

- | . NANNL o B T

o ,_ﬂ__ o o
o t[f:ts[ﬁ_-l —

L S AEeweEEEdE T

» |
(XY L o I S SO
L, N-NN 1 _*.- .

!
i
|
1
|
|
!
|
|
|
|

b - ———— e e 4 -2 - R —— -— - —_—t ——— e —

Rs _ |
Re _ |
Ry _ __ |

2 5 _ ] ]
L. . e e c e e —— e e - O - <—-—-—-—~<L-— e e e | —_— —_—
3 ' SRR VO SR I ]
T iN-NN)/2.3L M—n/xfh.._ L T e T
,t e [P ’~ - Py I T re—p BRI o et

| RCL2 TR W T T Tt T T T rses
S R A A U 4PIN--P2
E U P B : 5.2 S | _ ] ]
|RCr2 , I R —— e e A 2. o

RN O —— RV S

5_14 TOREC "D PRCKAM INSERT MAGNETIC CARD WITH SWITCH SET AT W/PRM
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Title

HP-6% Program Form

HP-65 P2C Prceram Listing

SWITCHTO W/PRGM  PRESS ' PRCM | TO CLEAR MEMORY

Page___. __of

KEY
ENTRY

CODE
SHOWN

COMMENTS

SHOWN

CODE

COMMENTS

REGISTERS

RCL3

D

£
LN

R1_N

RCLA | PIN 1 N ]
- 1 P/PIN ] L

— e m—— e 4

T

RCL6 |

T2+ T (1+X)

R: R

o e e e

P2

R; _T

RCL2 R D T Ra PIN_
RO N I S | S A R | R
CERE IR 7 N~V 1i-Y7= v N | U D | R
S e IS | SN O 40 2
_"'_—__._ — _.__.__J.__é.ir R 4 _+-~__- e b e ] — ]
STO ~ e STO7_; . &1 8 ]

I S -4 - . - 4_+ — .L —_— e - e Re _QMS _ |
3T 1 (T-T+AT) Comere ! T T T
RCL3 | 1T = I | P _ . i
] S | .S SN § - " 5 & /7 25 B IRz i
g | 1 I | 15 ' _[PMs—PM__ _

M~0

e m—- 1

TS, iawmi
~ ~ AETURNTOPROMSTART]|

SN St

|R+M,PM, ~M _. . __ ]

. {QMS+—0

P U ——

_MPM_ ]
R

IM,R,PM R

ReM -

-

|TF1 — — e X

/S o J.RCLT T+l )
[gNOP ] o lE M- PM—PM (R+M)/(T+1\ _
£ . JIEi _ i
SFL . SRR SRS I U AU PN S
RCL8 | | T,T2 \RESTORET 6 ____(QMS—QMS+ M- PM)
STO3 | ) INR3 gRY M __ ]

1

2
- ) — 3 [ | B D
i - !MNN S ] MMl S | Y SN
- I U . S JIRCYL ! IN.M M-PM 5
£ e dlex=sy 6
LOG _|{RCLS 7
1 - |IRTN _ P~PMS _ e ]
0 JI18Ré _____IM,M.-PM 9
v L s __imMm B
R/S SNRdB JISTO__ | . _ e | FLAGS
LBL | —_ SR | & 5 —_ e .|| 1 P2+FIN |
B_ SNRdB _ i {(PM3--PMS + PM)
1 | quSTx M, PM 2
0 T GTO

y
5

TO RET ORD PROGRAM INSERT MAGNE 1] C ARD WITH SWITCH SEY AT W/PRGM

' 515




HP-65 Program Form

T4e  HP-65 PGC(1l) Program Listing ) Page of

SWITCH TO W/PRGM  PRES3 ({1 PRGM | TO CLEARMEMORY

KEY | CGDE KEY | CODE
ENTRY | SHOWN COMMENTS ENTRY | SHOWN COMMENTS REGISTERS

 LBL | RCLS P+ PMS Ri_N

_0_ - _-___4.:::_._, Q/P - - —
RCL3 | RCL2 R
RCL3 RCL3

| STO

— — e ——_

T
R/T, Q/P, In P/PIN)

1 1,T,T

e I 4.

+
5TO7 Tri ___ N S | O S

b s e b s e e e e ] ot AR

RCLZ R

+
¥l (T—T+AT) Rsa _PIN |
R

stos | PMS<- PM

. ——— ——— . = ———— 4 ——— b —— e - e e o ———f - — em———
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HP-65 Program Form

HP-65 PGC(2) Program Listing

P.1()G

SWITCH TO W/PAGM  #RESS 1) T PRGM | YO CLEAR MEMORY

ot

REGISTERS

R
O"i
i
o

ENTRY | SHOWN COMMENTS ENTRY | SHOWN COMMENTS
LBL ;. - HgLSTx | — _ .
1 T | _ __ [(K+M-N-1)/(M-N), SUM, K;
RCLL | {N ____ |RCI4 v . o
gx<y | __ | . o MX L —— j
Gro | | —_ . |[mcis x {
2 . hX N o o
A . .. _l|STOs_ . _ __ |XB+XB:V(K+M-N-1)/(M-
GTO . sto | [ ]
1 -

1LBL - TR T j-XBS-(-xBs)-xB) ]
2 L ] . HCIX | - ]
1.___‘ - - _4._]_'..~ _!;. P
EI 7 o JlRcL8_;  _ PMS,1,SUM,K-1 __ _ |
RCI4 ' _ | ) - _!1-PMS R
_R_.gl.-‘s___‘, L Ka Za Z91 1 _.E_E_X. -+ . . i s e -
i+ L ! . 118 -
£ o Ix s

STO4 | V—Z/(K+Z),1—~ g

N . j X v L ]
RCL5 K 1meL |

z | 9 | __ _|1-XBS,1/10°1-PMS), S.UM(LI@ o
N R B ooy | T N
STOS | | XB—[K/K+z)®  |[GTO | _ .
gLSTx | __ . K_. . . 1 R e
1 B ; 8RI L ) —

Ri_N

—_—

Ra_2Z
A

1 M sUMK-1

N 5T S

wis | | sumLxs1 _  |[E/s T _lptsuM . = 7
gR| ! LBL LABENS
gRi | __ | XB,1,SUM,K-1 Al lsumk-l AM_Bgc\u;'g.j
- _JIBCL2 R 8 o
| STO - _59_1_4'6__1 . _,_JVM_’.RJ SUM, K-1_ 4 C ]
9 (1-XBS)~1-XB L+ L T | N »
gRt o _ r 0 L e E __
LBL S - . o L o___ __
3 oy~ ~,SUM K1 __ [[RCL6 | M 1| Initial |
* g ||F | (R+M-1)/M, SUM, K-1 || o{ PMloop

1-XBS, SUM, K-1 _

PV, 1-XBS, SUM, K-1

SUM—SUM+PM(1-XBS) |

 N,M,SUM,K-1 |
M-N

RCL7

X

+

RCL6 _ M

——temm -

K-1

+SUM, K-1

M

Y e i e e e ]

4
4

M-N,K-1 _

STO8

M— M+l

'RTN

-1

M, SUM, K-1
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SECTION VI

HP-67 PROGRAMS

The HP-67 is very similar to its predecessor, the HP-65. As a result, programs
written for the HP-65, such as theprograms of this report, can almost be transcribed one-
to-one for the HP-67. The major difference is the greater memory and programming
capacity of the 67, This was used to combine and store multiple, related, HP-65 programs
on single HP-67 program cards.

The programming differences between the two calculators that prevent exact one-to-
one transcription are noted here for future reference:

® MERGED INSTRUCTIONS

The HP-67 has more merged instructions; e, g., "STO + 8'" on the HP-67
requires 3 program lines on the 65,

e CONDITIONAL BRANCHING

The HP-65 skips over two program steps if the conditional test is false, The
HP-67 only skips one program step when the test is false,

e INDEX REGISTER

The HP-65 uses register B8 as an index register, The index register in the
HP-67 is denoted "I'', It can be used for real number storage as well. The
register R8 in the HP-67 is for data storage only,

® PROGRAM STORAGE
The HP-65 has a capacity of 100 prograra steps, The HP-67 has 224,

® DATA STORAGE

The HP-65 has 9 storage registers including register 9 which is uct fully
available because it is8 used for internal subroutines, The HP-67 has 26 data
storage registers including the "I'' register., All are fully available,

e LABEILS

The HP-65 has 15 labels for program entry points, subroutines, and branch
points, The HP-67 has 20,
The HP-67 detection programs are not as completely annotated as the HP-65 pro~
grams, However, the HP-67 programs can be readily related to the corresponding HP-65
programs, pPrcgranl steps and labels that are different are noted,




1,

FIXED-THRESHCLD, RECURSIVE PROGRAMS

These HP-67 programs calculate the detection probability, given the number of

samples noncoherently integrated, the false-alarm probability, and the average sample
signal-to-noise ratio (SNR) (in dB) for the various target models. Unlike the HP-65 pro-
grams, each program includes the threshold determination, The P1 and P2 calculations

are also included on a single program. In addition, the P1-P2 program can also calculate

by iteration the value of SNR required for a Case II target with a given P2,

Specific user instructions follow:

STEP INSTRUCTIONS DA'T'X’,’S,I.TS KEYS DBTT/S:ITTS
1, Enter PO, P1-P2, P3, P4 or PG program N [0 ]
PF [ A_][ _] | PF(cale)
Go to step 2, 3, 4 or 5 as appropriate [i:] .
2. For PO, P2, P3 or P4 do either: SNRdB (B 1] P
or: X (FJ(Pp] | P
Repeat as desired l_: N ;]
For P2 go to step 3 if desired [__,_Al L __J
3. | For SNR or X given P2 (P2 prgm) P2 [¢ ]I ] | SNRaB
IRCU| A] | X
Repeat or go to step 2 as desired Lo L1
4, | For P1 do either: SNR dB 'D [ P1
or: X (1_1[0_d] Pl
Repeat as desired L1
5. | For P6 do either: SNRéB | [B 1 ] | K
or: X [f ][ b] [K
6. | Enter desired K if different from display K [0 ] P
Repeat or go to step 5 as desired [0
After steps 2, 3, 4 or 6 do any of [—_:._] [_::;]
the following if desired: [RCL][ 0] | PF(calc)
RCL][ 1] | N
(May be done after step 1) RCL][ 2] Y
RCLj[9] | P
RCL|[(A] [X
RCL][__B] |SNRdJB
(PG program only) RCLI[_E] | K
K : Chi-squared distribution pa: aineter Case 0 : K=105 (~ 3 place acc)
N : Signal and/or noise samples integrated Casel : K=l
Ne : Target diversity within N san ples Case Il : K=N
PF : Probability of false alarm (Genl Rayleigh target : K=Ne)
P : Probability of detection for chi-squared target Case III : K=2
PO : Probability of detection for nonfluctuating target Case IV : K=2N
P1-P4 : Probability of detection for Cases I-IV (Genl Rayleigh + equal constant targer ; K=Ne)
SNR : lolog X Weinstock : 0 <K < 1
X : Average sample power S/N within N
Y : Fixed detection threshold
Y2 : Y/(14X)

bt e



: HP-67 PO Program Listing
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTAY  KEY CODE COMMENTS
oor ILBLA 312511 + 61
STO4 3304 RCL1 340]
LOG 3153 I X=Y? 3271
CHS 42 060 RTN 3522
X—Y 3552 RCL2 3402
STO1 3301 RA 3554
] 41 X 71
N 3154 RA 3554
g 51 + 81
010 LSTX 3582 STO+8 | 336108
! 01 RA 3554
- 51 GTO(®) 2224
RA 3554 R/S 84
3154 670 LBLB 312512
+ 61 1 01
LSTX 3582 0 00
X 71 + 81
2 02 10X 3253
. 83 LBLb 322512
020 3 03 STOA 3311
X 71 LOG 3153
+ 61 1 01
STO2 3302 0 00
LBL1 312501 080 X 71
GSBE 312215 STOB 3312
RCL8 3408 RCLA 3411
RA 3554 RCL1 3401
- 81 X 71
RCLS8 3408 STO3 3303
030 RCI14 3404 RCL2 3402
= 81 CHS 42
Ln 3152 eX 3252
X 71 ] STO7 3307
STO+2 336102 0%0 STO8 3308
LSTX 3582 1 01
ABS 3564 STO6 3306
EEX 3 LBLO 312500
CHS 2 RCL1 3401
06 X=Y2? 3271
040 X=Y? 3271 GTO2 2202
GTO1 2201 D 312214
RCIL8 3408 1 01
STOO0 3300 RCILs6 3406
RTN 3522 100 + 61
LBLE 312515 STCo 3306
1 01 GTO0 2200
1 2 02 LBL2 312502
HS 42 _RCLS8 3408
STI 3533 STO5 3305
50 RCI.2 3402 RCL3 3402
CHS 42 | CHS 42
eX 3252 el 3252
STOS8 3308 STO4
0 00 110 Rv 3553
f 41 LBL3 312503
1 01 RA 3554
REGISTERS
0 1 2 4 5 7 8 9
PF( N Y PF/Xg | SUM M YM ] YMS PO
S0 S1 S2 S4 S5 S6 S7 lss Sg
| !
H
g X SNRdB ° )

6-3
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HP-67 PO Program Listing (Cont)
STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
D
Rv % 170
CHS 42
1 01
+ 61
RCL7 3407
X 71
120 STO+5 336105
RA 3554
RCIA4 3404
RCL3 3403
X 71 180
RCI16 3406
1 01
+ 61
STO6 3306 .
RCI1 3401
130 - 51
= 81
STO4 3304
+ 61
t 41 190
CHS 42
t 41
1 01
+ 61
RCLS8 3408
140 CHS 42
1 01
+ 61
X 71
EEX 43 200
CHS 42
9_ 09
X=Y? 3271
GTO3 2203
RCL5 3405
150 STO9 3309
RTN 3522
LBLD 312514
RCL7 3407
RCL2 3402 210
RCI6 3406
* 81
X 71
STQ7 3307
STO+8 336108
160 RTN 3522
220
LABELS “FLAGS SET STATUS
("Nt PF—~ [ SNRaB—{° Prpan SUB FY suB |0 FLAGS __ TRIG DISP
a b c d e 1 ON OFF
oo [ Yo o Tome 100 5| S8 | &
- Loop . Y Loop _ Branch 8PO Loop - - 200! rAD O 1 ENG O
330 n




HP-67 P1-P2 Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 LBLA 312511 eX 3252
STO4 3304 STO8 3308
LOG 3153 0 00
CHS 42 060 f 41
XY 3552 1 01
STO1 3301 n 61
i 7§} RCL1 3401
Ne 3154 X=Y? 3971
M 51 RTN 3522
510 LSTX 3582 RCL2 3402
1 01 RA 3554
- 51 X 71
RA 3554 RA 3554
NS 3154 ¢70 = 81
¥ 61 STO+8 | 336108
LSTX 3582 RA 3554
X 71 GTO(6) 2224
2 02 R/S 84
. . LBLB | 312512
020 3 03 1 01
X 71 0 00
+ 61 + 81
STOZ2 3302 10X 3953
LBL1 312501 580 LBLb | 322512
E 312215 STOA 3311
CL8 3408 LOG 3153
RA 3554 1 01
T 81 0 00
RCLS 0 X 71
030 RCIA 3404 STOB 3312
z 81 RCLA 3411 ]
Ln 3152 1 01
X 71 X 61
STO+2 336102 090 RCL2 3402
LSTX 3582 STO 6 3306
ABS 3564 XY 3552
EEX 43 ¥ 81
CHS 42 STO2 3302
06 E 312215
040 X=Y? 3271 RCI6 3406
GTO1 2201 STO2 3302
RCLS 3408 RCLS 3408
F?2 357102 STO9 3309
GTO0 2200 100 RTN 3522
STO0 3300 LBLC | 312513
RTN 3522 SF2 355102 |
LBLO 312500 RCL2 3402
STO9 3300 STO6 3306
RTN 3522 | RV 3553
050 LBLE 312515 RCL1 3401
1 01 XY 3552
2 02 A 312211
CHS 43 RCL2 3402
STI 3533 110 RCI6 3406
RCL2 3402 STO2 3302
CHS 42 XY 3552
REGISTERS
° PFy [ N 2y PF [ SYTEMP " Y1 [PymMs [°p
S0 St S2 S5 S6 S7 S6 S9
A X B SNRdB D E )4
6-5




HP-67 P1-P2 Program Listing (Cont)

ST:EP KEY ENTRY KEY CODE COMMENTS STEP KE V_EBIRY KEY CODE COMMENTS
STOf 33 y* |
I 81 70 RCL5 3405
1 01 * 81
- 51 ST05 3305
STOA 3311 EIX 43
LOG 3153 7 07
1 01 X=Y? 3271
0 0 00 GT07 2207
X 71 CLX 44
STOB 3312 RCIA 3404
RTN 3522 RCI.2 3402
LBL.) 312514 80 E 312215
1 01 X 71
0 00| GSB3 312208
o 81 CHS 12
T 3253 1 01
LBLd 322514 " 61
730 STOA 3311 RCL5 3405
LOG 3153 + 81
1 01 RCIB 3406
Q 00 + 61
X 71| 790 STO9 3309
STOB_ 3312 ] RTN 3522
1 01_] LBL7 | 312507
4 04_] RCL6 3406
CHS YN RTN 3522
STI 3533 | LBL8 | 312508
%0 | FCLA 3411 | STOT7 3307
I'CL1 3401 CHS 43
X 71 eX 3952
STO3 3307 STOB 3308
RCL2 3402 200 1 01
X—Y 3552 RCLT 3401
1 01 1 0L
+ 61 - ol
STO4 3304 X=Y? 3271
= 81 GTO6 2206
150 HS Y RCL7 3407
eX 3252 . R A 3554
1 3TO5 3305 X 71
3 01 RA 3554
RCLL 3401 210 = 81
X>Y°? 3281 STO+8 | 336108
GTO9 2209 RA 3554
RCL5 3405 1 01
STO9 3309 + 61
RTN 3522 GTO (i) 2224
e 1BLI 312509 LBI6 | 312500
RCL2 3402 RCLS8 3408
GSB8 312208 RTN 3522
STO6 3306 i
__TRCIL3 3403 22
RCILA 3‘2;
STO4 3304
R" 3554 _
i LABELS FLAGS SET STATUS
* NtPF—~ [SNRdB—~T2°P2—~X [3NRdB— [fYysuB |° FLAGS TG DISE
: " x—-pP2__|° ° X~ ° 1 0 Of%‘ OLEF DEG O | Fix g
1 2 3 4 2 v O 0O GRAD O sC!
45 ¥ 1LOOP Z 5 3 2 00| 8D O ENG O
I “BRANCH |'BRANCH |° SUB _ |BRANCH 3 0 0 n




“
HP-67 P3 Program Listing
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 LBLA 312511 ¥ 61
STO4 %%%_ RCL1 340]
LCG X=Y 3271
CHS L 060 BTN 3522
X—Y 3552 RC1.2 3402
STO1 3301 - RA 3554
4 41 X 71
Ne 3154 RA 3554
- 51 T 81 ]
010 T8TX 3582 STO+8 336108
1 01 RA 3554
- 51 GTO(i) 2224
KA 3554 LBLR 312512
NN 3154 070 1 01
+ 61 0 00
LSTX 3582 i T 81
X 71 10X 3253
2 02 LB1b 322512
. 83 STOA 33171
020 3 03 LOA 3153
PN 71 1 01
+ 61 0 00
STO2 3302 X 1
LBL1 312501 080 STOB 3312
GSBE 312215 RCLA LS
BCLS 3408 RCIL1 3401
RA 3354 X 71
+ Q1 2 02
RCLS 3408 <+ 81
030 RCIA4 3404 STO3 3303
- 81 RCL3 3403 |
Ln 315 1 01
X 71 + w1l
STO+2 336102 0%0 - 81
LSTX 3582 RCL2 3402
ABS o564 LSTX 3582
EEX 43 - 81
CHS 42 STO5 3305
(] 06 RCL1 1
040 X= 3271 2 02
GTOl 2201 X=Y2? 3271
RCLS 3408 GTO0 2200
STOO0 3300 RA 5
TN 3522 100 RA 3554
LBLE 312515 . S 71
[ 1 01 | — 1 01
2 02 + 61 1
CHS 42 RCL5 3405
STI1 3533 CHS 42
050 RCL2 3402 | e 3252
S T5ea s o
e S ¥4
STO8 3308 LBL0 3120
10 00 110 - 51 _
4 SZI;QQ 3
1 01 TR 3554
REGISTERS
0o PF + N 2 Y 3 7/2 |4 PF 52X :0’6 N-2 7 Y3 BYMS 9P
<0 S1 52 () Sa S5 S6 S7 S8 )
A B lu D E




PR L —

JP-67 P3 Program Listing (Cont)

STEP KEY ENTRY KEY CCDE COMMENTS STEP KEY ENTRY KEY CORE COMMENTS
LN 3152 1 01
X 7“ 170 L j
4 61 GTCD | 319214
CHS 12 i R/S 84
X 3252
1 01 -
C 3406
20 | RCL3 3405
Z 81
= 531
i RCIL5 3405
+ 61 180
X 71 ]
STO4 3304 .
RCL5 3405 —
130 G582 | 312202 |
RCL8 3408
CHS 42 - ]
1 01 |
- 61 790
RC, 3404
X 71
STO4 3304
RCL2 3402 — -
GSB2 312202 ]
140 RCLS 3408
RA 3554 —
RCL5 3405
X 71
+ 61 20
B RCI4 3404 ]
+ 61
STO9 3309
R/S 84
LBL2 | 312502
150 STO7 3397
| T gy 42
— TeX 3252
STOS 3303
1 01 210 ]
LBLD 312514
B RCL1 3401 _
1 01 _
- 5
X<Y? 3'.‘2_7_}" B 7]
160 RCLS 3408
RIN 3522
RCL7 3107
| {R% 3554 |
X 71 220
RA 3554
= 81 i
STO+8 | 336108
RA 3554 1
LABELS FLAGS __§ET STATUS
A N{PF—~ PSNRdB— [ “p3 LOOP [F Y SUB [I° FLAGS TRG DISP
a b c d e 1 ON CFF
i i 3 3 3 K ""?Elg gggog gg(lg
;Ps LOOP 6YLOOP 7133 SUB i i i 2 0] R O | one O
3 00 n
6-8
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HP-67 P4 Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
501 LBLA 312511 + 61
STD4 33 " RCILI 3401
LOG 3153 VRX=Y? 3271
CHS 42 060 RTN 3522
X-—Y 3552 RCL2 2402
STO1 3301 RA 3554
41 | X 71
3154 RA 3554
_ 51 = 81
10 LSTX 3582 STO+8 | 336108
1 01 | RA 3554
- 51 GTO (i) 2224
R 3554 R/S 84
N 3154 070 LBLB_ | 312512
+ 61 1 01
LSTX 3552 0 00
X 71 En 81
2 02 10X 3253
. 83 ] | _LBLD 322512
020 3 03 STOA 3311
X 71 LOG 3153
+ 61 1 01
STO?2 3302 | 0 00
LBL1 312501 080 X 71
E 312215 STOB 3312
RCLS 3408 RCLA 3411
RA 3554 0 00
+ 81 STO6 3306
RCLS 3408 N RV 3553
030 RCI4 3404 2 02
+ 81 B 81
LN 3152 STO3 3303
X 71 1 01
STO+2 33610% 030 + 61
1STX 3582 8TO7 3307
ABS 3564 RCL1 3401
EEX 43 CHs 42
CHS 42 | YX 3563
i 6 06 STO4 3304
040 X<Y? 3271 RCLZ 3402
GTO1 — 2201 RCL7 3407
RCL38 3408 s 8T
STO0 3300 _ STO7 3307
RTN 3522 100 CHS 42
LBLE 312515 eX 3252
1 01 STO8 3308
2 02 1 GSB2 312202
CES 42 RV 3553
ST 3r23 RV 3553
050 RCT Fagy ] STO5 3305
CHS — 2 RCL4 3404
aX ! 320 | X~— Y 3552
STO8 RRININ LBLI | 312503
0 00 110 RC 340
t 41 RCL6 3406
1 01 y T 8
/ /REGI'%TERS 7
v
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A X ]B SNRdB c D E !




N
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HP-67 P4 Program Listing (Cont)
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
X 71
w100 3305 170
1 01
RA 3554 ]
- 51
X 71
STO+8 336108
120 CIX 44
RCL1 3401
2 02
i P 71
RCL 3406 180
- 51
LSTX 3582 |
RCL1 3401
- 51
1 01
130 + 61
T 81 B
RCI14 3404
RCL3 3403
X 71 190
! X 71
STO4 3304
+ 61
RCI6 3406
1 01
140 + 61
— |STO8 3306
- RCL1 3401
2 02
X 71 200
xX=Y? 3271
GTO4 2204
RA 3554
RCLS5 3405
GTO3 2203
150 LBI14 312504
| |RCLS 3408
STOY9 +309
RTN 3582
LBL3 | 312500 | 270
RCL6 3406
1 01 |
+ 61
STO6 3306
RCL1 3401
160 X=Y? 3271
T 3522
Rv 3553
= 81 |
RCL7 3407 220
X 71
STQ+8 336108
- GTO2 2202
R/S 84
LABELS FLAGS SET STATUS
"Nt PF—~ [SNRdB~P[° o fysuB |° FLAGS TRIG DISP
4a b o . R d e 1 ON OFF ]
X—~P 0o 30| DEG O ang
10 1 2 3 - 2 1 00) GRAD O | scl
i A 7YM Loop8 LOOP ;hRANCH ' 20| apb ) ga D
3 O | JR——
6-10




HP-67 PG Program Listing

STEP KEY ENTRY KEY GODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 LBLA 312511 ¥ 61
STO4 RCLT 3401
LOG 3153 X=Y? 3271
CHS 42 060 RTN 3522
X=Y 3552 RCL2 3402
STO1 3301 RA 3554
| 4 X 71
NE 3154 RA 3554
- 51 + 81
010 LSTX 3582 STO+8] 336108
1 01 RA 3554
- 51 N GTO(i) 5024
RA 3554 R/S 84
N 3154 070 LBLEB 312512
+ 61 1 01
LSTX 3582 0 00
X 71 = 81
2 02 10X 3253
. 83 LBLD | 392512
020 3 03 STOA 3311
X 71 LOG 3153
+ 61 1 01
STO2 3302 0 00
LBL1 312501 560 X 71
E 312215 STOB 3312
RCLS 3498 | N RCLA 3411
RA 3554 RCL1 3401
+ 81 X 71
RCLS8 3408 STC13 3313
030 RCIA4 3404 RCLE 3415
T 81 R/S 84
LN 3152 LBLC | 312513
X 71 E 3315
STO+2 336102 090 RCL2 3402
LSTX_ 3582 CHS 43
N ABS 3564 eX 3252
EEX 43 STO7 3307
i CHS 42 STOS 3308
6 06 01
040 X=Y? 3271 STO6 3306
GTO1 2201 | LBLO 312500
RCLS8 3408 RCLI1 3401
STO0 3300 X=Y? 3271
RTN 3522 100 GTO2 22912
LBLE 312515 GSBa 322211
1 01 {TGIC0 | 2200 ]
2 02 LBLZ 312502
CHS 49 RCLE 3408
' STI 5533 STO5 3305
050 RCIL2 3402 1 01
CHS 42 RC1L13 3413
eX 3252 RCL13 3413
T STO8, 3308 RCLE 3415
0 00 110 ¥ 51
4 —x T
1 01 STOS3 3303
REGISTERS
PR, [ N F v ‘PR lPsum P um [ym PP yms P
SQ S1 S2 S4 S5 S6 S7 S8 S9
Ax SNRdB E [E K L

6-11




ii-67 PG Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
- 51 1 01
RCLE 3415 70 T 51
b2 3563 STO6 3306
STO4 3304 RTN 3522
LSTX 3582 B
RV 3553
- 51

20 RA 3554
I.BL3 312503
GSBa 322211
RCL1 3401
- 51 180
RC14 3404 T
X —Y 3552 R
= 81 —_— ]
RCL3 3403
X 71 _

130 X—Y 3552
X 72
STOL 3304
LSTX 3582
RV 3553 190
- &3
RA 5554
1 01
+ 61

3 01 '

“. _TRCLS 3408
- 51
RA 3554

X 71 ]
N EX 43 200
f‘gns___ 42
'8 58
%X>Y 9 3281
| |GTO4 2204
iR~ 3554
T THA 3554 ]
GTO3 2203
LBIA 312504
RCL5 3405
STO9 3309 210
RTN 3522

— | ILBLa 3225633

RCL7 3407
I RCL2 2402
X 71

T RCIA 3406
+ 81|
STO7 3307
STO+8 33610 |
RA 3554 220
2 3@2135' -

+ v
Rv 55
RCL6 3406 _
LABELS FLAGS SET STATUS
N PF—~ [®NRdz- [FK—P EysuB [° FLAGS TRIG DISP
1a ) c d 1 N OF
- SUB : X " - ¢ 0 OD OSF DEG O | Fix 8
PR EL - 1 0 GRAD O SCi
21" LOOP| Y 10OP SRANCH |° LOOP ?MNCH : 20 0| Mb 0| 6o
3

6-12
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FILAED-TH

The program, HP-67 SNR, caiculates the required aver

AFSHOLD, BARTON ALGORITHM

age SNR in dB for a given

detection probability and target model. The target mocel is specified by its probability
density function, i.e., nonfluctuating, Rayleigh (i.e., Swerling Case I) or Rayleigh plus
an equal pcwer constant compoaent (i.e,, Swerling Case II) and by its diversity order, Ne,

defined as the number of indepenieni target values within the N samples noncoherently

integrated.

Specific user instructions follow:

STEP INSTRUCTIONS DATA ONIS KEYS A
i | Euter SNR program L 10 ]
2 (Repeat as desired) - N Lt |
- pp>0.3| [+ 11 |
|{PF=o0.5] Ln 1L _ | |SNERNdB
For integration gain if desired: Recilo ] (GidB
3 To include collapsing loss or target fluctuation] 1==Ng=N [ 1] [ J
- 1=Ne=Ng| | £ ild ]
Go to step 4, 5 or 6 I O
4 For ronfluctuating target LA_|l _ ] |SNRCGB |
5 For Rayleigh target ¢(inc, Cases I and II) B Il | [SNRFdB |
6 For Rayleigh constant target (inc. ‘Cases III &IV} | Ci{ | |SNRFdB
(Steps 4, 5 and 6 may be repeated in any desirdgd order) | ]
After running each, if desired: o [R/s]{_ ] |LsdB
IR/s][ . ] |GddB
lE Il ] |R/Rq

a
Gi
LI
N
Ne

Ns
PD
PF
R/Ro
SNRC
SNRF
SNRN

: Diversity gain (dB)

: Integration gain (dB)

: Fluctuation loss (dB)

: Signal and/or noise samples integrated
: Target diversity within Ns samples

For CasesI andIII : Ne=l1
For Cases Il and IV ;: Ne=Ns

: Samples within N containing signal

: Probability of detection

: Probability of false alarm

: Ratio of detected range to that for which SNRF = 0 dB

: SNR sample for nonfluctuating target w/collapsing loss (dB)
: Average SNR per sample for fluctuating target (dB)

: SNR per sample for nonfluctuating target (dB)




HP-67 SNR Program Listing

STEP KEY ENTRY KEY COPE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
061 LBLD 315514 0 00
STO3 3303 4 04
RV 3553 4 04
STO2 3302 060 8 08
RV 3553 [ X 71
STOL 3301 . 83
10 00 9 09
STI 3533 9 09
RCL2 3402 2 02
010 2 02 + 61
X 71 X 71
1 01 1 01
_ X=Y? 3271 + 61
GTO9 2209 070 RA 3554
STI 3533 | . 83
Rv 3553 2 02
LBL9 312509 7 07
RCL2 3402 1 01
- 51 X 71
020 b 322212 2 02
DSZ. 3133 . 83
CHS 43 3 03
SPACE 3584 1 01
STO4 3304 080 + 61
RCL3 3403 X+ Y 3552
b 322212 < 81
RCI4 3404 = 51
- 51 RTN 3542 |
f 41 LBLe 329515
030 X 71 4T
2 02 471
K3 81 ¥ 41
STO4 3304 9 09
RCL1 3401 090 . 33
2 81 2 02
fe 322215 4 61
STO5 3305 X 71|
STOS8 3308 NE 3154
I RCI4 3404 ¥ 61
40 fe 322215 2 02
STO4 3304 = 81
RCL5 3405 LOG 3153
B - 51 1 01
STO0 3300 100 0 00
RCL5 3465 X 71
N RTN 3522 RTN 3522
LBLDb 322512 R/S 84
t 41 LBLd | 32751
X 11 STOT7 3307
040 LN 3152 RV 3553
CHS 42 STO6 3306
NE 3154 RTN 3522
4 LBLA | 312511
41 10 0 00
41 GTOI 2201
83 LBLB | 312512
REGISTERS
—0"
giaB || N [ pp | pFr |5k [SNRN [P Ns  ['ne  [SNmnaB[
SO S1 S2 S3 lSA S5 S6 S7 S8 S8
A B c 5) le 1
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HP-67 SNR Program Listing (Cont)

STEP  KEYENTRY  KEY CODE COMMENTS STEP  KEYENTRY  KEY CODE COMMENTS
RCL3 3403 1 01
N 3152 170 0 00
RCL2 3402 X 71
LN 3152 + 61
+ 81 RCLR 34.08
1 01 + 61
- 51 STO5 3305
120 GTO2 2202 R/S 34
LBLC 31251%_ Rv 3553
. 8 R/S 8
3 03 RCL7 3407
6 06 180 1 01
1 01 - 51
RCL3 340 X 71
LOG 3153 R/S 84
- 5 LELE 312515
3 03 RCL5 3405
130 . 83 CHS 42
2 02 4 04
7 07 0 00
RC1.2 3402 + 81
CHS 42 190 T0% 3253
1 0 RTN 3522
+ 61
NE 3154
< 81
LSTX 3582
w0 1. 83 |
9 09 -
6 06
X _ 71
- 51 200
1 01
. B3
2 02
9 09
- 51
150 X 7
2 02
- 51
LBL2 312502
LOG 3153 210
1 01
0 00
X 71
RCI4 3404
- 51
150 RCL7 3407
- 81
LBL1 312501
41
4 41 220
BCI1l 3401
RCIS 3406
o 81
LOG 3153
LABELS FLAGS SET STATUS
[-SNRCAB/>-SNRFdB [--SNRF dB N, PD, PPy ~R/Ro | FLAGS  TRIG DISP
: %ubroutine ) stt Ne |‘Subroutine]' 0 ODN OE]F DEG O | FIX O
Jo 1 2 3 4 2 t OOl egraOf s O
- - Branch 7Bra.nch - - - 2 00O RAD 1 ENG O
Branch 300 L —
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3. CFAR DETECTION, RECURSIVE SOLUTIONS

These HP-67 programs calculate the detection probebility, given the average sample
SNR and target model for an adaptive detector threshold which is set propertional to the non-
coherent integration of R noise samples, They require an initial calculation of the threshold
proportionality constant, T, or equivalently A = 1/(T+1). Each program includes the re-
quired T or A iterative calculation, The HP-67 P2C program can 2lso calculate iteratively
the required average SNR for a Case II target and a given detection probability, The HP-67
PGC program calculates detection probability for the general chi-squared target model,

Specific user instructions follow:

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNIS KEVS DATA/UNITS
1 Enter P2C or PGC program N (Y00 ]
R [ A,j_';f] [ - ]
PF LA}l ] |PF(calc)
For P2C go to step 2 or 3. For PGC go to stepl4, [ _J[ ]
2 | For P2 do either: sNeap | [ Bl | [p2
or: X [ £ JIb | |p2
Repeat for new SNR or X or go to step 3 as dedired. [:4 . | [:__ ]
3 | For SNR or X given P2 P2 (e 1l ] |snrdB
RCL|[ A | IX
Repeat or go to step 2 as desired L0
4 For PG SNRdB [B || | (K
"“Enter desired K if diiferent from diaplay K R/S|| ~ ] [P
Repeat 4 as desired, (]
After step 2, 3 or 4 do any of the following desjred: RCLII0 | |PF(cale)
RCLI[ 1 | [N
| ReLi[z | [R
RCL|(3 | |T
- L P2Conly | [RCLI( 9 | |P ]
ReLl[A ] |X
[RCL| [ B | |SNR(dB)
Note: PGCdoes not store P, X, or SNR 4 RCLI[3 ] [a
to completion, They may be recalculated pPGConly{| Rcrll s 1 [z
after running as X=2/N, SNR=10 log X \ [RCL][E ] K
A : 1/(T+1) 5
K : Chi-squared distribution parameter Case 0 : K-10" ¢ 3 place ace)
N : Signal and/or noise samples integrated l Casel : K=1
PF : Probability of false alarm Case Il : K=N
P : Probability of detection for chi-squared target (Genl Rayleigh target : K=Ne*)
PO : Probability of detection for nonfluctuating target Case III : K=2
P1-P4 : Probability of detection fo1 Swerling Cases I-IV Case IV : K=2N
R « Noise samples integrated to set threshold (Genl Rayleigh + equal constant target : K=2Ne¥)
SNR : 10log X { Wenstock : 0 < K< 1
T : Threshold setting divisor .
120 | liorative colatton start valus for T2-T/(14%) *Ne: Target diversity within N samples
X s Average sample S/N within N samples
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. g ——
HP-67 P2C Program Lasiiug
STEP KE =NTRY  KEY CODE COMMENTS STEP KEYENTRY  KFY CODE COMMENTS
001 LELA 312011 ] X 71
SE2 355102 | 1/X 3002
STO4 3304 STO3 3303
Rv 3553 060 1 01
STO2 3302 9 09
Rv 3553 CHS 42 |
STO1 3301 STI 3533
LBL1 312501 LBLO 312500
RCI4 3404 RCL3 3403
010 LOG 3153 D 312214
CHS 42 RCLS 3405
RCL1 3401 RCI1A4 3404
41 + g1
,\/"’ 3154 070 LN 3152
- 51 STOC 3313
LSTX 3582 RCL6 3406
1 01 RCL5 3405
- 51 + 81
RA 3554 RCL2 3402
020 N 3154 RCL3 3403
+ 61 = 81
LSTX 3582 - 81
=+ 81 = 81
XV 3552 080 STO+3 336103
__ RA 3554 RCLC 3413
- 81 ABS 3564
2 02 __| EEX 43
v 83 CHS 2
3 03 6 06
036 = 81 X=Y? 3271
+ 61 GTOO 2200
RCIL2 3402 RCL5 3405
1 01 TF2 357102
- 51 090 STQO 3300
RCL2 3402 TF3 357103
. 83 STO9 3309
9 09 RTN 3522
2 02 LBLB 312512
2 02 1 01
GO 61 0 00 |
T 81 = 81
X 71 104 3253
1 01 LBLDb 222512
LSTX 3582 150 STOA 3311
R - 51 LOG 3153
RCIL1 3401 1 01
X 71 0 00
+ 61 X 71
1 01 L STOB 3312
050 RCIA 3404 RCLA 3411
3912 3402 1 01
1/X 358% + 61
Y2 ' RCL3 3403 |
- 51 110 X 71
LSTX 3582 D 312214
= 81 RCL5 3405
REGISTERS
0 1 2 4 ”p aT 9
PF N R PIN Pe Q T+1 TEMP P2
S0 51 52 54 S5 S6 S7 <8 S9
Aox SNRAB ° £ T
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l' HP-67 P2C Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
STOS 3309
RT 3522 170
LBLC 312513
SF3 355103
STO4 3304
s RCL3 3403
{ STOS8 3308
- 20 |GSB1 312201
RCL3 3403
RCLS 3408
STO3 3303
- 81 180
i 1 01
- 51
STQA 3311
LOG 3153
1 01
130 0 00
X 71
STOB 3312
RTN 3522 A
LBLD 312514 150
41
I 41
1 01
+ 61
STO7 3307
T 81
RCL2 3402 ]
X 3563
STO5 3305
0 00 200
STO6 3306
RCIL2 3402
: XY 3552
f + 61
i LSTX ___ 3582
‘ 150 Rv
g X 71
: RCL7 3407
| + 81 |
| STQ+§ 336106 210
: RA 3554
I 1 01
i + 61
i RCL1 3401
: X=Y? 3271
3 180 RTN 3522
; RV 3553
‘ = 81
! STO+5 336105
| LSTX 3582 220
GTO (i) 2224
; i LABELS FLAGS SET STATUS
! N,R, PF— [ENRdb—P [P—SNRdBP SuB 0 FLAGS TRIG DISP
| 1a b c d e 1 ON OFF
( X—-P ‘ 0o 00| DEG O | FX X
’ { LooP |' LOOP |2 3 4 2 A 100 GraDO | sCI O
! = = = = 5 5 2 00| RD B ENG, O
i C 3 00 n_6 _
i
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HP-67 PGC Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
% JLBLA | 312511 ST03 3303
STO4 33 TBLO [ 31350
RV 3553 RCL3 3403
STO2 3302 %0 i 41
v 3553 41
STOL 3301 1 01
RCIA 3404 n 61
LOG 3153 STO7 3307
CHS 42 : 81
56 TRCLL 9701 RCIZ 3402
41 Y% 3563
3154 STO0 3300
v 51 0 00
LSTX 570 STOG 3306
1 01 LBL3 | 312503
- 51 RCL2 3402
RA 3554 X —~Y | 3552
NB 3154 + 61
¥ 61 ISTX 3582
@ _ | 1STX 3582 ] Rv 3553
= 81 X 71
X—Y 3552 | RCLT 3407
RA 3554 ] : 81
o 81 %80 STO+6 | 336106
) 02 RA 3554
; 83 1 o1
3 03 5 61
e 81 RCLI 3401
3 61 X=Y7| 307l
™I Rcle 3402 GTOT 2207
1 01 RV 3553
- 51 - 81
RCLz2 3102 STO+0| 336100
: 83 %0 LSTX 3582
9 09 GTO3 2203
2 02 LBL7 | 312507
2 02 RCLO 3400
e 61 RCIA 0
= 81 ki M
WX 71 IN 3152
1 01 STOC 3313
ISTX 3582 RCI5
» 51 RCLO 3400
RCLL 3401 % % 3
X 71 RCI2 3402
n 61 RCL3 3403
1 01 L1+ 81
RC14 3404 - 51
RCL2 3402 : 81
w1 1/X 3562 STO+3 | 336103
YX 3563 R 3413
- 51 ABS | 3564
ESTX 3082 TEX 43
= 81 79 CHS ¥)
X 71 6 06
/% 3562 X=Y?| 371
REGISTERS
brecemg N F R T,A [Pr,z [ x3 |dMs,m ['T+1 [ PMs P1-xBs
SO S1 S2 S4 S5 S6 S7 S8 S9
A ENEFc/PF) v * K I
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HP-67 PGC Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
GTO0 2200 [ RV 3553 |
RCL3 3403 170 BRv | 3553 _|
1 01 a 322711
+ 61 Rv 3553
1/X 3562 RCL9 3409
STO3 3303 RCL7 3407
RCLO 3400 X 1
120 RTN 3522 + 61
BLB 312512 RC 34
1 01 RCL1 3401
0 00 ~ 51
s 81 180 RA 3554
[ 110X 3253 X~ Y 3552
RCL1 3401 + 61
X 71 LSTX 3582
STO4 3304 B 81
RCLE 3415 RCLD 3414
130 R/S 84 X 71
STOE 3315 RCL5 3405
1 01 X 71
RC13 3403 STO5 3305
- 51 90 STO-9 335109
RCL2 3402 CLX 44
yX 3563 1 01
STO7 3307 RCIS8 3408
STOS8 3308 - 51
1 01 EEX 43
140 STO6 3306 8 08
LBL1 312501 X 71
RCL1 3401 1/X 3562
X=Yy 3271 RCL9 3409
TO2 2202 ﬁ’° X>Y? 3281
322211 GTO6 2206
GTO1l 2201 RV 3553
LBI2 312502 RY |
1 01 RTN o522
RCI14 3404 LBLa [ 322511 |
150 RCI14 34 (4 RCL2 31
RCLE 3415 RCL6 3406
+ 61 + 61
= 81 1 01
STOD 3314 210 - 51
= 51 RCI16 3406
RCLE 3415 = 1
YX 3563 RCL3 3403
STO5 3305 X 1
LSTX 3582 RCL7 3407
160 1 01 X 71
- 51 STO7 3307
RCL8 340 STO+8 336108 |
Rv 3553 Rv 3553
Rv 3553 220 RCL6 3406
- 21 1 01
STO9 3309 + 61
RA 3554 STO6 3306
LBI6 312506 RTN 22
LABELS FLAGS SET STATUS
2 Nt R— |SNRAB+K-~ ° suB 0 FLAGS TRIG DISP
9a b [ d 1 ON OFF
e —158 | &2 | B8
0 1 2 3 1
[ s 3 7 5 LOOP LOoP 5 2 00| RAD O eNg O
RANCH LOOP BRANCH 300 | P
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SECTION Vil

ILLUSTRATIVE EXAMPLES

1. HP-65 FIXED-THRESHOLD, RECURSIVE
Program Step Input Key Output Time (m:s)
Y-p2 1 N=10 !
pF=10"% A Y=32. 710341 0:28
2 X=N10 B P2=0, 733987 0:08
3 P2=0.9 A Y26, 221305 0:45
R/S X=4, 257794 0:01
PO 4 X=N10 B P0=0, 853317 2:23
Pl 4 X=N10 B P1=0, 485543 0:18
P3 4 X=N10 B P3=0, 569375 0:20
P4 4 X=N10 B P4=0, 781789 0:33
P6 7 K=10° !
X=N10 B P0~0, 853297 2:19
7 K=1 !
X=N10 B P1=0.485543 2:35
7 K=10 t
x=N10 B P2=0, 733987 2:31
7 K=2 t
X=N10 B P3=0, 569375 2:34
7 K=20 !
X=n10 B P4=0, 781789 2:27
7-1
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2, HP-65 FIXED~-THRESHOLD, BARTON

Program Step Input Key Qutput Time (m:8)
SNRN 2 N=10 STo1
PD=0,75 STO 2
PF=10"% STO3
A SNRN=4, 34 0:09
- G;=T7.89
3 N =10 STO6
= "5 7
N, =10 STG?
4 A SNRC=4, 34 0:01
5 B SNRF=4, 79 0:03
6 C SNRF=4, 57 0:04
! R/S L=0. 22 0:01
R/S G4=2.05 0:01
E R/RO--O. 769 0:01
3. HP-65 CFAR DETECTION
Program Step Input Key Output Time {1n:s)
TO i N=10 !
R=16 !
pr=10% 4 T0=0, 224789 0:04
P2C 2 R/S T=0, 234428 0:41
3 SNR=10 B P2=0, 867652 0:13
TO 4 P2=0,9 C T20=2, 207242 0:04
P2C 5 R/S SNR=10. 539693 1:10
PGC(1) 6 R/S A=0, 810092 0:41%
7 SNR=10 t
K=10 A 1 0:01
PGC(2) 8 R/S P2=C, 367652 9:57
PGC(1) 7 SNR=10 t
K=1 A 1 0:01
PGC(2) 8 R/S P1=(C, 564214 10:42

*0:14 if step 2 has been run
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4, EP-67 FIXED-THRESHOLD, RECURSIVE

Program

Any below

P1-P2

¥ IR |8 e

Step
1

[>T o -« R~ s T = I 3,

Input

=10

pr=10"%

SNR=5
P2=0,9
SNR=5
SNR=5
SNR=5
SNR=5

SHR=5
K-—-lO5
K=1
K=10
K=2

K=29

Key

!

A
B
c
D
B
B
B
B
C
C
C
c
C

5. HP~67 FIXED-THRESHOLD, 2ARTON

Program
SNR

Step Input

2 N=10
PD=0, 75
pr-10"%

3 N S=10
Ne=10

4

5

6

— U—» — E
(4]

fd

es)

R/S
R/S

Qutput

P¥=0, 000001

P2=0, 733987

SNR=6, 291847

P1=0,485543
PG:0, 853317
P3=0. 569375

P4-0, 781789

P0~0, 853298
P1=0.485543
P2=0, 733987
P3=0. 569375
P4=0,781789

Qutpui

SNRN=4, 34

SNRC=4, 34
SNRF=4, 79

SNR¥=4, 57

L=0. 22
G,4=2.05
R/R=0.769

Time(m:s)

0:32
0:11
0:56
0:24
2:46
0:08

0:39

2:40
2:59
2:55
2:58
2:51

Time(m:s

0:13

0:02
0:05

0:06
0:01
0:01
0:01




6.

7-4

HP-67 CFAR DETECTION

Program Step Input
P2C or PGC 1 N=10
R=16
PF=10"
P2C 2 SNR=10
3 P2=0,9
PGC 4 SNR=10
K=10
4 SNR=10
K=1

6

l’g

W o W »

R/S

R/S

Output

PF=0, 000001
P2=0, 867652

SNR=10, 339693

P2=0, 867552

P1=0, 564214

Timegm:S)

1:01
0:14

1:15

10:24

11:11
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ERRATA SHEET
September 12, 1979

Please make the following changes to TIS R7TYEMHS:

p.
p.
p.
p.

P.

2-5
3-1

3-1

. 5-1

5-1

Change reference number for Shnidman from 2 to 4,
2]

Equation (3-1) center should read X - -.élﬁ rl:Q—l(PF) - Q-I(PD)] i
Change reference number for Cann from 8to 7,

Step 5 output: Change "D" to "P",

in instruction table - step 7, first key block after K should contain "!",
Step 25, Comment should read; 2.3~'L. NL +WVN -1), N-N

Step 3, change "3302" to ARE{IRLN

Step 4, change ""3408" to "J402",

Step 19, change "3302'" to "'3402",

On program line 52, change comment f1om "XB + V/B" to "XB « V/(M-N)"\.

Step: 5, change '3303" to "3304",

Instr. step 5 should read: '"For Rayleigh tgt, (Inc Cases 1 & 1)

Line 21 comment should read [Q'I(PF) - Q"I(PD)] ; Comment columa
line 17, remove minus sigh.

In nomenclature table: Case 0: h 105

Step 5, ""P6' should be "PG".

Add to step 1, 1st block , insert ! .

On program line 089, change "X" to "+,
Change last item unde: Program from P4 to PG,
Line 1, step 1, chang= "1 ' to "STO1",

Par. 2, step 8, add SNRF in Program Column,

Step 1 in Key column, add ! in Key Column after N = 1¢ and R = 16,



