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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 Swerling™’ 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 Barton's" 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 Shnidman® 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 Walker®, 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,
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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 (8 ) K-1 "2
— Zz ewz, 2) = ®T \Z (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

e (1-2)

N
i
s

1w(z,Z) = 7

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

2
w(z,z) = 2 e 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 : Swerlingcase IV

Same basic target distribution as for K = 2 but with target amplitude independent

over N integrated samples,

* Nathanson’ provides a good discussion cf these target models,
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K == : Nonfluctuating target or case 0

z2=12

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.



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, *

vil TIX
fv) = N e (2-1)

(1+X)" (N-1j !

where X is the average SNR of each sample, The piobability of detection is then given by

co VvN-1 -
P2 = [ tr HX4 (2-2)

g WX) (1-1)!

This may be integrated by parts to give

N-1 Y
m —  ——

P2 = > —XI (2-3)
moo m! (1+X)

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

N-1

PF = > Yo eY (2-4)

m=0

* Eqn, 111, 10 of Swerling or Eqn, (39) for fev IX) of Mitchell and Walker on page 675 noting

that our X = Z/N corresponds to their X/N,



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 Ly

P=. wT © (2-5)

m=0

with: 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 = Spel

nn

. - = In (B/PIN)
37 IP)

We find by differentiating Equation (2-5) that

-1rl oy
P= -

- last term of P series,

In the algorithmic expressions, the nm 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

En 2AY = gr In op (2-6)
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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-~N+23VL NL+VN-1)

L -log PIN (2-7)i

Using this start only three or four iterations are needed 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 P1Y, is translated to mean that the quantity; 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 1076, 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 . nuts

may help in its understanding. First of all, the writer has often recordea 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 shorter, faster running programs,
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L « - log PIN

YO«N-V/VN+23/T(/T+/WN-1)

Y «YO
{

> yee |
YMS « YM

M <0
Mem]=

YM «YM x Y/M D

YMS « YMS + YM    —3 Pp «VMS J J

AY « (P/YM) Tn (P/PIN)
Y «¥ + ay

<
LL— 107%: avy

L 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 statement 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-algorithm programmed 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 eY 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 Shnidman? 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

oY(Z+1)
Pl = for N=1,

or

yo \N-1
Pl = P(N-1, Y) + (%1) 0 Y(Z+1) [x - p(N-1, 2] 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, modified 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

- 2X
P3 =e Z+2 Bd for N=1

(Z+2)

or
N-2 -Y

2 Jpeg + 2h -P3 = {HT 25 + P(N-1, Y)

N-2 - 21 .
Zi2 242 _2N-2) 2 | 1q_ p(N-1, SZ+ 7 ) e [1 zt 2| E P(N-1, x| 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 WM 2N-1 M M-N K N-
pa = VoeVe Yo eV 1- N! (5) (&)

! ! 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 doubly recursive approach which is best illustrated in algorithmic

form on Figure 2-2,
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M0
zk « [2/(x+2)]"
V « 2v/(x+2)

«eV
YMS « YM
Moe Mb] te

|
<
— N:M |

|

YM « YM V/M

YMS ~ YMS + YM

Ls SUM « YMS

ZKS « IK

 
YM «YM VM poo

SUM « SUM + YM (1 - ZKS)

ZK « ZK + X/2 - (2N = M)/(M - N+})

ZKS « ZKS + ZK

M « M+]

<
pmme 2N 2 M  L

 po P4 « SUM ———— EXIT

Figure 2-2, Algorithmic Program for P4
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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 V/M!) eV 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 follows.

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

N-1

2 -

( z ) e (V2) I.NZ)Wfx (viz)

XO -3 P Jbl e (v+z)

= BT (NeB-1) | (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 = / ig tv iz) dv

Y

= ,b 2 N+b-1 yy
= > Bi e nT e (2-12)

b=0 m=0



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>Ylz)dz (2-13)

0

Using w(z, Z) for the generalized chi-squared distribution of Equation (1-1), this yields

the generalized PD,

0 N+b-1 m

PG = > So (5) (2) Teh (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 3

PG > YM + >. YM > x)

m=0 M=N b=0

where

M
Y -Y

YM = 7°
and (2-15)

_ {Ktb-1)! b —/
XB b1(R-1)! (1-ve Vv, V Riz

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

XB— (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

eM = (- > ow) (s - 0) (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 1078, 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 19°

(entered with only two keystrobes as EEX 6), Larger values for K give difficulties for

some values 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.
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YM oe)
YMS « YM

M+

N:M «——r

YM « YM-Y/M

YMS « YMS + YM A

M « M+]  

SUM « YMS

V « Z/(K+Z)

¥8 « (1-v)K
K1 + K

XBS + XB

YM « YM Y/M

YMS « YMS + YM

SUM « SUM + YM (1-38) |
M « M+]

XB « XB-V-ZK1/(M-N)

ZK1 « ZK1+]

A

¢ : (1-vMS) (1-XBS)

P+ SUM —~——————a EXIT

Figure 2-3, Algorithmic Program for PG
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SECTION III

FIXED THRESHOLD DETECTION ~- BARTON ALGORITHM

Barton’ and Cann® were interested in a somewhat universal set of curves which could

be used simply to find radar detection performance over various target and radar parameters.

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

accuracyfor normal values of PD, PF, and N, and for the target distributiois we have been

considering, Barton's algorithms have also been programmed for the HP-65 and HP-67 and

are inciuded here, These programs 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

 

| x ow]

 

“2
- -~1

x = | LPF) +Q ep)|

© tf
1 2QU) = J e at (3-1)

oNT 3

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

The inverse Q function is calculated by the approximation.” For

-1 a + a,t
0 1

P=5,Q (P) =t-

D
O
= (3-2)2

1 +b,t +hyt
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a, = 2.31,

ay = 0.271,

by = 0,992,

b, = 0.0448,

Yin 1/0 ’

and for P > 1/2, Rt) = Qu -P).

t §

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 2 + Lf, (3-3)
S

where Lf, the fluctuation loss, is given by

Li(dB) = 10 lo D- SNR1 (3-4)

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
Dig =Twpp 1 (3-5)

3-2



For the one dominant plus Rayleigh fluctuation model of Swerling's Cases III and IV, D,4 is

given implicitly byt’

2
2D,,InPF\ 2D

pp = (1-—3— Jp (3-6)
(2+Dbgy)

The writer found that the solution to this equation is well approximated by

Dg, = (0.361 - log PD) (ZL ~1,29-0,96 NI-PD ) -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% and within 1 dB for PD equal 30%, 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 D,, to be negative and flashing zeros will indicate this error when running the
34

program,

Finally, the programs calculate the diversity gain as

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

and the range ratio, re Swerling

SNRF/40
R/R = 10

3-3/3-4





SECTION IV

CFAR DETECTION - RECURSIVE SOLUTION

1, SWERLING CASE Ii

As with the fixed threshold, the Case JI 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

N-1 (5) SX
© X+1 X+1

P(v>y) = 2 nT e (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

Wry
pu = ®T © (4-2)

Then the overall probability of v exceeding y is given by

0

P = J p(w) 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
p = ) Pp = 3 (R+m-1) ! (T2) (4-4)

m m! (R-1)! R+m
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 process is best done by using Newton's method on In (P/PIN) as before so that

AT = Elnp/p)FIN (4-5)
aT

and we find from Equation (4-4) that

dP _ R _EE DIED DEER (4)

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

_ In(P/PINAT = QTE 4
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 EL)1ra (1-B)N+B( N-NN (NL +VN-1TO omy/R | 2.3L TT

(1-3)
R-1

B = Riv 922° L = -log PIN

The value of TO from Equation (4-8) was found to provide a sufficiently good start for itera-

tive convergence over the range of 10710 <P<1land1< R < 1000,

Unfortunately, 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 TO calculation is includeu in the HP-67 P2C

program,

4-2



2, GENERALIZED TARGET MODEL

The relationship of the CFAR process to be fixed threshold 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

c= xm 3 om
b=0 m=0

or N

N-1 © m-N

PGC = ) PM) PM 1-3 XB

m=0 m=N b=0

where ) (4-9)

_ (k+b-1)! _nKyP __Z
XB = pr®-yr EVV. Veg

and

_ (R+M-1)! Rm 1 J
PM = mr@®e1)r UAV AS, A= Fg

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

case

b
Z -Z

XB — BT e
H
iSimilarly, the fixed threshold case it approached byletting R — « so that y = T —-==Y

so that

A TIR

and

Y
PM —- == ¢

4-3



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 running PGC(2)

as noted on the CFAR Detection instruction sheet, For the HP-67, the entire 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 Walker” 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 2correction 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,



PM « (1-A)R

PMS < PM

M<]

A

N:l *-—

PM « py. Rell, p

PMS « PMS + PM

 M « M+]

 +» V « Z/(K+Z)

XB « (1-v)K

XBS « XB

SUM « PMS

— Mp KML, ]

PMS « PMS + SIM

 

M« MH

SIM « SUM + PM (1-XBS)

K+M-N-1 ’
XB « XB WN a"

XBS « XBS + XB

<

 €: (1-XBS)(1-PMS) 
P+« SMM —————» EXIT

Figure 4-1. Algorithmic Program for PGC
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SECTION V

HP-65 PROGRAMS

1, FIXED-THRESHOLD, RECURSIVE SOLUTIONS

These HP-65 programs calculate the probability 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 tacgei models, The PG program does this for the

generalized chi-squared target model. 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 probability of detection,

Specific user instructions are as follows:

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         
 

 

STEP INSTRUCTICNS DATANTS neys DATAUNITS
1 Enter program Y-P2 N [STO|[1 |

PF 1A |] | ¥
Go to step 2, 3, 4 or 6 oH]

2 For P2 (Repeat or go to step 3 as desired) X B | [ p2

3 For X given P2 P2 a J] Y2
R/s 11 _ | X

Repeat or go to step 2, 4, or 6 as desired [J]
4 For PO, P1, P3, or P4 enter that program I
5 X B |] D

Repeat or go to step 4 or enter Y-P2 and go to | I'l ]

step 2 as desired mi
6 For general target model enter program PG 11]
7 K Loi]

X B 1. P
Repeat or go to step 4 or enter Y-P2 and go to LH
step 2 as desired J —_

K : Chi-squared distribuiion parameter Case 0 : K=10° (~ 3 place ace)
N : Signal and/or noise samples integrated Case : K=1
Ne : Target diversiiy within N samples Case Il : K=N
PF : Probability of false alarm l___/ (Genl Rayleigh target : K=Ne)
Pp : 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 .arget : K=Ne)
X : Avg sample power S/N wirnin N samples Weinstock : 0 <K <1
Y : Fixed detection threshold
Y2 : Y/(14X)
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HP-65 Program Form
HP-65 Y-P2 Program Listing
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2, 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, Ne’ defined as the number

of independent target values within the N samples noncoherently integrated, It is always

recessary to run SNRN, the calculation for a nonfluctuating target, after entering N, PF,

and PD and before running SNRF, the calculation for any fluctuating target.

Speciric user instructions folinw:

 

 

 

  

  

 
 

  

  

  

 
 

  

 
 

  

 
 

  

 
 

 
 

          

STEP INSTRUCTIONS DATALNITS KEYS DATAITS
1 Enter program SNRN [IL] Nn

2 (Repeat as desired) N sto]1 |]
PD=0.3| [STO|[2 |

pr= 0.5] [sToll3_]
B |LAT1[] |SNRNGdB
| If desired _t=] |cidB

To include collapsing loss or tgt fluct go to step|3 C1]

3 Enter program SNRF } [0]

Samples containing signal 1<N;-N| [8TO]|[6_]
Order of target diversity 1=Ne=ilg| [STO}[7]

Go to step 4, 5, or 6 Lod
4 For nonfluctuating target [A_J{1 [SNRCdB
5 For Rayleigh const tgt (Inc Cases III & IV) B1] {SNRF dB
6 For Rayleigh & const tgt (Inc Cases III & IV) [CJ] |SNRFdB

If desired R/S][1idB
[R/8][____i |GddB

(Steps 4,5, and 6 may be repeated 1n any order) [EFJ1 |R/Re

Gd : Diversity gain (dB)
Gi : Integration gain (dB)
Lf : Fluctuation loss (dB)
N : Signal and/or noise samrles integrated

For Cases I and III : 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 : SNK 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)
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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 is set proportional to the

noncoherent integration of R noise samples, These programs require initial calculation of

the threshold proportionality constant, 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 partition-

ing is such that the first program calculates TO, a starting value of 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 DATAUNITS { KEYS Deters

1 Enter program TO SR I

R FJ]
Pr LAJ[_] TO

Go to step 2 or 6 _ C0]

2 Enter program P2C [R/S] T
Go to step 3 or 4 CJ]

3 For p2 | sNmraB] [BI P2
Repeat for new SNR or go to step 4 or 6 as desjred 10] o

4 For SNR, given 22, enter program TO P2 [Tl] T20

5 Enter program P2C (R/Si{__] |SNRdB
Repeat steps 4 & 5 for new P2 or to to step 3 of 6 as desired[|

6 For general target model enter program PGC(}) R/S] A
7 SNRdB [t1]

K CA] 1
8 Enter program PGC(2) R/S [__ P

For new SNR or K enter PGC(1) and go to step|7 [ 7]
 

A ¢ 1/(T+1)
K : Chi-squared distribution parameter
N : Signal and/or noise samples integrated
PF : Probability of false alarm
Pp : Probability of detection for chi-squared target
Po : Probability of detection for nonfluctuating target
P1-P4 . Probability of detection for Swerling Cases I-IV
R : Noise samples integrated to set threshold
SNR : 10log X
T : Threshold setting divisor
TO : Iterative solution start value for T
T20 : Iterative soluiton start value for T2=T/(1+X)
X : Average sample S/N within N samples

be

 
Case 0

Casel : K=1

Case lI : K=N

: K-10° ( 3 place ace)

{Genl Rayleigh target : K=Ne)
Case ITI : K=2

Case IV : K=2N
{Genl Kayleigh + equal constant target : K=2Ne)
Weinstock : 0 <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.

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,

INDEX REGISTER

The HP-65 uses register R8 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 program steps, The HP-67 has 224,

DATA STORAGE

The HP-65 has 9 storage registers including register 9 which is not fully
available because it is used for internal subroutines, The HP-67 has 26 data
storage registers including the "I'' register, All are fully available.

LABELS

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, Program 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 DATAUNITS KEYS NA
1, Enter PO, P1-P2, P3, P4 or PG program N [0]

PF [A]] PF (calc)

Go to step 2, 3, 4 or 5 as appropriate LL [

2. For PO, P2, P3 or P4 do either: SNRdB [B10] P

or: X (FJb] [P
Repeat as desired l ;|
For P2 go to step 3 if desired [|] L J

3. For SNR or X given P2 (P2 prgm) P2 [C|]_] SNRaB

IRCY|A] X
Repeat or go to step 2 as desired LoJL

4, For P1 do either: SNR dB 'DJ] P1
or: X [1_1[(_d] Pl

Repeat as desired 1
5. For P6 do either: SNRéB [B 1[__] K

or: X [fp] K
6. Enter desired K if different from display K [C11] P

Repeat or go to step 5 as desired [10

After steps 2, 3,4 or 6 do any of [L
the following if desired: [RCL][0] PF(calc)

RCL] 1] N
(May be done after step 1) RCL|[ 27] Y

RCL] [9] P

BCL [A] [X
RCL][__B] |SNRdJB

(PG program only) RCLI[_E] K
K : Chi-squared distribution pa: aineter Case 0 : K=10° (~ 3 place acc)
N : Signal and/or noise samples integrated Casel : K=l
Ne : Target diversity within N san ples Case [I : K=N
PF : Probability of false alarm (Genl Rayleigh target : K=Ne)
Pp : 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 : 10log X Weinstock : 0 <K <1
X : Average sample power S/N within N
Y : Fixed detection threshold
Y2 : Y/(14X)

 



HP-67 PO Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTlY KEY CODE

+
COMMENTS        



HP-67 PO Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS       

Vv 170

PF— TAN SUB

P0

6-4



HP-67 P1-P2 Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS        

31250
31221

6-5



HP-67 P1-P2 Program Listing (Cont)

STP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

 
dB—

Cc
X—~P2

'y LOOP |?
CH [BRANCH 



HP-67 P3 Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY
+

KEY CODE COMMENTS   
         

 



JP-67 P3 Program Listing (Cont)

STEP KEY ENTRY KEY CGDE COMMENTS STEP KEY ENTRY KEY CORE

01
COMMENTS           

 

170 +

9
-d

 

__SGETSTA
Ni} PF dB— LOOP

IF

Y SUB FLAGS TRGa b

© of oes o3 1 2 . Or GRAD OJP3 LOOP

|'

Y LOOP _ P3 SUB
al mao Oo

1
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HP-67 P4 Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE
1 +

COMMENTS         

=

RTN

6-9



HP-67 P4 Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS        

170



 

  

   

STEP

HP-67 PG Program Listing

 

 

         

KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
+

ST
10 312500

= 3

REGISTERS +

‘PF [| N | ¥ PEP sum Pum [Tym Pyms Pop
SO S1 §2 S4 S5 S6 S7 S8 S9

Ax SNRdB Z ° [x
     

6-11



I-67 PG Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
     

170 +

t

PF— d

SUB X—

Air oor] vy LOO

a

6-12



2, FIXED-THRESHOLD, BARTON ALGORITHM

The program, HP-67 SNR, calculates the required average 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 power constant compoaent (i.e., Swerling Case II) and by its diversity order, Ne,

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

integrated.

Specific user instructions follow:

 

 

 
 

  

 
 

  

 
 

 
 

 
 

  

 

  

 
 

 
 

 
 

          

STEP INSTRUCTIONS DATAONS KEYS DAINUNITS

1 Enter SNR program LL [0

(Repeat as desired) N LIL] |
_ pp>0,3| [tL] |]

|PF=o0.5] [LnlL_| |SNRNdB
For integration gain if desired: Reilo ] (GidB

3 To include collapsing loss or target fluctuation] 1==Ng=N 1] . J
1=NesNg| |£.ild]

Go to step 4, 50r6 oI
4 For nonfluctuating 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}) | Cii | |SNRFdB

(Steps 4, 5 and 6 may be repeated in any desirdd order) | Ho]

After runningeach, if desired: _ (R/s]{__] |LsdB

®/s)|” | [das
| E || | |R/R,

Ga : Diversity gain (dB)
Gi : Integration gain (dB)
Li : Fluctuation loss (dB)
N : Signal and/or noise samples integrated
Ne : Target diversity within Ns samples

For Cases I and III : Ne=l1
For Cases II and IV ; Ne=Ns

Ns : Samples within N containing signal
PD : Probability of detection
PF : Probability of false alarm
R/Ro : Ratio of detected range to that for which SNRF = 0 dB
SNRC : SNR sample for nonfluctuating target w/collapsing loss (dB)
SNRF : Average SNR per sample for fluctuating target (dB)
SNRN : SNR per sample for nonfluctuating target (dB)



STEP

1

6-14

HP-67 SNR Program Listing

KEY ENTRY KEY COPE COMMENTS STEP KEY ENTRY KEY CODE

 

COMMENTS

dB



HP-67 SNR Program Listing (Cont)
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE

1 01
COMMENTS          

 

170

SET STA

FLAGS TRIG
SNRCAB[~-SNRf dB [~~SNRFdB!N, PD,PF+4"—~R/Ro

a Cc

Ne (°sub
0 3' Branch |? Branch

7 Branch





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 propcrtional 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:
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

      
 

 

 

 

 

 

 

    

STEP INSTRUCTIONS OATAUNTS KEve DATAUNITS
1 Enter P2C or PGC program N [00]

R Lar
PF LAJl1 |PF (calc)

For P2C go to step 2 or 3. For PGC go to stepl4, [J|
2 For P2 do either: ssedB_ [BJ | |p2

or: X [£)[b |] |P2
Repeat for new SNR or X or go to step 3 as dedired. Co]

3 For SNR or X given P2 p2 (cll. |] |sNRdB
RCL] [A | IX

Repeat or go to step 2 as desired C0
4 For PG SNR dB [B][| {K

“Enter desired K if different from display K R/S)~ 1] |P

Repeat 4 as desired. jr

After step 2, 3 or 4 do any of the following desjred: RCL]0 | |PF(cale)

RCL|[1 | [N
RCL]{2 | [R
RCL|[8 | |T

HB _ Pzconly | (RCLI[9 ] (P|
RCL [A ] |X
[RCL] [(B | |SNR (dB)

Note: PGC does not store P, X, or SNR 4 BCLI[3 | (A
to completion, They may be recalculated pGConly!| Rcrlla 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 Casel : K=1
PF : Probability of false alarm Case Il : K=N
Pp : 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 for Swerling Cases I-IV
R + Noise samples integrated to set threshold
SNR : 10logX
T : Threshold setting divisor
TO : Iterative solution start value ior T
T20 : Iterative solution start value for T2=T/(1+X)
X s+ Average sample S/N within N samples

Case IV : K=2N
(Genl Rayleigh + equal constant target : K=2Ne¥)

{Weinstock :0<K< 1

*Ne: Target diversity within N samples

6-17



HP-67 P2C Program Lasiiug

STEP KE &NTRY KEY cont COMMENTS STEP KEY ENTRY KFY CODE CCMMENTS

TEMP |P2

19 
6-18



HP-67 P2C Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE     COMMENTS       

 

   
    

170

SET STA

FLAGS TRIG DISP

OO bec a |Fix
OC] GrapO |sc O
ool rao Co ENG.O
oo n_8—— es

6-19



HP-67 PGC Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS       

 T,A F,Zz |

(PFC/PF)

6-20



HP-67 PGC Program Listing (Cont)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

Vv
170 Vv

 

Vv

0222
322511

SET STA

FLAGS TRIG Disp

a a DEG OJ FIX O
GRAD OO sci Od
RAD O ENG O

Me

6- -
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SECTION Vil

ILLUSTRATIVE EXAMPLES

HP-65 FIXED-THRESHOLD, RECURSIVE

Program

Y-P2

Step

1
b
o

Input

X=N10

X=N10

X=N10

X=N10

K=10°
X=N10

K=1

X=N10

K=10

X=~10

X=N10

K=20

X=n10

Key

>
o
o
»

—
=/8

Hg
-

©
-

©
—
-

@
W
-
—
-

WW
©

©
©

t
h
—

Output

Y=32.710341

P2=0, 733987

V2=6, 221305

X=4, 257794

P0=0, 853317

P1=0.485543

P3=0, 569375

P4=0, 781789

P0~0, 853297

P1=0,485543

P2=0,733987

P3=0, 569375

P4=0,781789

Time(m:s)

0:28

0:08

0:45

0:01

2:23

0:18

0:20

0:33

2:19

2:35

2:31

2:34

2:27

7-1



2,

3.

*0:14 if step 2 has been run

7-2

HP-65 FIXED~-THRESHOLD, BARTON

Program

SNRN

Step

2

Input
N=10

PD=0. 75
PF=10"%

Ng=10

N,=10

HP-65 CFAR DETECTION

Program

To

P2C

3 S
i [

€] a

GHo CQ J
b

~
oo

PGC(2)

PGC(1)

PGC(2)

Step

4

W
w

N
o

<
)

8

Input

N=10

R=16

pr=1070

SNR=19

P2=0,9

SNR=10

K=10

SNR=10

Key

Sroil

STO 2

STO3

A

STO6

STG?

Qutput

SNRN=4, 34

G;=7. 89

SNRC=4, 34

SNRF=4, 79

SNRF=4,57

Lg=0. 22

Eq2 05

R/R,=0. 769

Output

T0=0, 224789

T=0, 234428

P2=0, 867652

T20=2, 207242

SNR=10. 539693

A=0, 810092

1

P2=(, 367652

1

P1=(, 564214

Time (m:8)

0:09

0:01

0:03

0:04

0:01

0:01

0:01

Time {1n:8)

0:04

0:41

0:13

0:04

1:10

0:41%

0:01

9:57

0:01

10:42



4,

5,

EP-67 FIXED-THRESHOLD, RECURSIVE

Program

Any below

P1-P2

Iz
12

I=
|2

Step

1

S
S
M
a

O
u

Input

=10

pr=10"%

SNR=5

P2=0,9

SNR=5

SNR=5

SNR=5

SNR=5

SHHR=5

K~10°

K=1

K=10

K=2

K=29

5
o
n

a
0
0
0
w
W

Mw
WE

8
OU

a
w
o
»

HP~67 FIXED-THRESHOLD, 2ARTON

Program

SNR

Step

2

Input
N=10

PD=0, 75

pF=10"5

N;=10

N_=10

Key
t

t
D

—
_
—

R/S

R/S

Qutput

P¥=0, 000001

P2=0, 733987

SNR=6, 29.1847

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

Le=0. 22

Gq=2. 05

R/R<0. 769

Time (m:8)

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

-6
PF=10

P2C 2 SNR=10

3 P2=0.9

PGC 4 SNR=10

K=10

4 SNR=10

K=1

3
wm

a
ww

»
R/S

R/S

Output

PF=0, 000001

P2=0,867652

SNR=10, 339693

P2=0,867552

P1=0, 564214

Time (m: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 R7TOEMHS:

Pp.

p.

p.

p.

P.

p.

p.

p.

p.

p.

P.

Pp.

2-5

3-1

3-1

5-1

5-1

Change reference number for Shnidman from 2 to 4,
9

Equation (3-1) center should read X - = [en - ¢en| .

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 "1",

Step 25, Comment should read; 2.3~'L. NL +WVN -1), N-WN

Step 3, change "3302" to "3303".

Step 4, change "3408" to "3402",

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

On programline 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 & II)

Line 21 comment should read [aem) - or) ; Comment columa

line 17, remove minus sigh.

In nomenclature table: Case 0: kh 10°

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

Add to step 1, 1st block , insert !

On programline 089, change "X" to "+",

Change last item unde: Program from PA 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.
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