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MART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-S| T. McCormick 95-01 6/27/95

)]

MODEL AND VERSION:
RADGUNSvV.1.9

DESCRIPTION OF ANOMALY:

The S/I value passed to subroutine PDET is the maximum for the scan. PDET should use the
average S/l for the number of pulsesintegrated (not the number of pulsesin a scan).

POSSIBLE IMPACTS:
Passing a maximum S/I value instead of an average S/l value will lead to earlier detections

SUGGESTED CORRECTIVE ACTION:

Examine the current interface between SIN, NPI, and the PDET model. Either update the current
PDET model using Meyer and Mayer's Radar Target Detection Handbook, or replace the detection
model completely with previously verified code (i.e.,, ALARM).

ESTIMATED COST TO CORRECT:
2 weeks

RADGUNSV.2.0 G-2 Update: 11/17/97
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SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-S| T. McCormick 95-02 6/27/95

MODEL AND VERSION:
RADGUNSvV.1.9

DESCRIPTION OF ANOMALY:

The Methodology and Design Manual does not contain a description of the probability of
detection model.

POSSIBLE IMPACTS:
The user cannot quantify detection results with this model option.

SUGGESTED CORRECTIVE ACTION:

Revise ASP-Il Threshold section and insert it in the Methodology and Design Manual under
Section 3.3.

ESTIMATED COST TO CORRECT:
None.

Update: 11/17/97 G-3 RADGUNSV.2.0
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SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-SI T. McCormick 95-03 6/27/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

The clutter patch surface area calculation is wrong for both the pulse-length limited and beamwidth-
limited cases. Variables PHIB and ELBW areincorrectly divided by two.

POSSIBLE IMPACTS:

The clutter patch area (and thus the power returned from this area) is approximately half of its
correct value for the pulse-limited case, and one-fourth of its correct value for the beamwidth-limited
case.

SUGGESTED CORRECTIVE ACTION:

Where variable AREA is calculated in function CLUTG, change PHIB/2.0 to PHIB, and ELBW/2.0
to ELBW.

ESTIMATED COST TO CORRECT:
None.

RADGUNSV.2.0 G4 Update: 11/17/97
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SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-SI T. McCormick 95-04 6/27/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

The "numerical” clutter model does not include the beamwidth-limited case. The half-power
azimuth beamwidth should be multiplied by 0.75 to yield the three-fourths conventional 3-dB
one-way beamwidth cited by Blake.

POSSIBLE IMPACTS:
Incorrect returns from clutter patches at large grazing angles.

SUGGESTED CORRECTIVE ACTION:

The clutter models (numerical and descriptive) should differ only in their determination of the back-
scatter coefficient. Calculate syfirst, based on clutter model, then cal culate clutter area and power

returned for either model using the existing code under the descriptive model.

ESTIMATED COST TO CORRECT:
None.

Update: 11/17/97 G5 RADGUNSV.2.0
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SMART
Credible Models for Credible

Analysis...

MODEL DEFICIENCY REPORT

REPORTING ACTIVITY:
ASI-S| T. McCormick

MDR NUMBER:
95-05

DATE:
6/27/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

isCLEL.

Variable CLUTG is specified as the elevation angle of the ground clutter patch under Item 9 of the
function CLUTG description in the Methodology and Design Manual. The correct variable name

POSSIBLE IMPACTS:
User confusion.

Change CLUTG to CLEL in description.

SUGGESTED CORRECTIVE ACTION:

ESTIMATED COST TO CORRECT:
None.

RADGUNSV.2.0
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SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-SI T. McCormick 95-06 6/27/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

No reference to modeling glint as a sinusoidal process can be found. The effects of modeling glint
asasinusoidal rather than arandom process should be examined and documented.

POSSIBLE IMPACTS:
An unredistic glint model will result in unrealistic tracking and shooting performance

SUGGESTED CORRECTIVE ACTION:

Action should be based on the results of the testing described above. If the tracking and shooting
performance of the system is significantly affected by modeling glint as sinusoidal rather than
random, a machine-independent random number generator should be implemented.

ESTIMATED COST TO CORRECT:
Will depend on results of testing (~0 to 2 weeks)

Update: 11/17/97 G-7 RADGUNSV.2.0
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SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-SI V. Ross 95-07 8/8/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

Due to changes made to the integration function, perfect cuing (PERC) does not yield the longest
detection range when using the probability of detection (PDET) option for type of target detection.
During sensitivity analysis, it was discovered that sector (SECT) achieved consistently earlier
detection than PERC for given Py, P, and Swerling case. However, when using threshold

(THRS), PERC achieved the earliest detections.

POSSIBLE IMPACTS:
When using PDET, PERC does not yield the earliest detection.

SUGGESTED CORRECTIVE ACTION:
According to the developers, anominal code change can provide full PERC capability when using
PDET.

ESTIMATED COST TO CORRECT:

G-8 Update: 11/17/97
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SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-SI J. Garcia 95-08 8/17/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:
RADGUNSproduces aradar antenna pattern for RAD1 with the first null at 1.6 degrees off-
boresight, and the second null at 2.9 degrees off-boresight. These angles do not match the datain
the IDIP (pp. M-5 through M-8), which exhibit nulls between 2.2 and 2.4 degrees and between 3.6
and 3.8 degrees, depending on the conical scanner's position and earth axis measurement cut.

POSSIBLE IMPACTS:
This anomaly causes the half-power beamwidth in RADGUNS to be 18.6 percent narrower than that
shown in ASP-11, Section 3.20, when main lobe width is decreased, the magnitude of the tracking
errorsisreduced, and tracking error frequency isincreased. From this, better shooting performance

and a higher number of expected target hits will result.

SUGGESTED CORRECTIVE ACTION:

Function ANTTRK should be modified to mathematically produce an antenna pattern which more
closely resembles the antenna pattern plots shown in the IDIP, or the IDIP data could be used to
generate tables of antenna gain as a function of scanner position. A table lookup algorithm could

then be incorporated to determine antenna gain.

ESTIMATED COST TO CORRECT:
The table lookup method suggested above has been implemented in RADGUNSVv.2.0.

G-9 RADGUNSV.2.0
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SMART
Credible Models for Credible Analysis...

MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-SI T. McCormick 95-09 9/13/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

The attached pages from the US Standard Atmospheric Table (1976) give velocity of sound asa
function of altitude. RADGUNS models velocity of sound in function BALIST with the following
equation which is an empirical fit to atmospheric data.

Vg=Veky [1]
where the velocity of sound at standard temperature and pressure, Vg is equal to 340.34 m/s, and the

empirically derived constant k is equal to 0.000009867 m—L. The attached figure show velocity of
sound as afunction of atitude. The curve labeled US Std Atm is data plotted from the 1976 US
Standard Atmospheric Table. The velocity obtained with Equation 1 above and implemented in
RADGUNSV.1.9 is shown by the curve labeled RADGUNS. The velocity of sound obtained in the
model diverges with increasing altitude from that shown in the table.

POSSIBLE IMPACTS:

A value for the velocity of sound that istoo high will cause a Mach number value that is too low,
which will in turn affect the drag coefficient that goes into the computation of projectile
acceleration. The drag coefficient is usually only highly sensitive to Mach number as a projectile
passes through Mach one. Ballistic trajectories produced with RADGUNS, however, closely

matched those obtained through live fire; therefore, the impact of the higher velocity of sound value
in the model is not significant.

SUGGESTED CORRECTIVE ACTION:
The value of Vgshould be changed to 340.29 m/s, and the value of k should be changed to

0.0000125 nmrL. These values produce the curve labeled RADGUNS MDR shown on the attached
plot.

ESTIMATED COST TO CORRECT:
None

RADGUNSV.2.0 G-10 Update: 11/17/97
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U.S. STANDARD ATMOSPHERE (1976)

From, '*U.S. Standard Atmosphere, 1976"", National Oceanic and Atmospheric Administration, National Aeronautics and Space Adminis-
tration and the United States Air Force, 1976. The above referenced book is available from the Superintendent of Documents, U.S. Government
Printing Office, Washingion, D.C. 20402. The book contains considerably more extensive tables than those presented below plus the develop-
ment of the equations used in the calculations of the 1ables as well as a discussion of the bases for selection of constants used in the equations.

The U.S. Standard Atmosphere, 1976 is an idealized, steady-state representation of the earth’s atmosphere from the surface to 1000 km, ag
it is assumed to exist in a period of moderate solar activity. The air is assumed to be dry, and at heights sufficiently below 86 km, the atmosphere
is assumed (0 be homogeneously mixed with a relative-volume composition leading (o a mean molecular weight M. The molecular weights and
assumed fractional-volume composition of sea-level dry air were

Molecular weight Fractional volume

M, Y
Gas species (kg/kmol) (dimensionless)

N, 280134 0.78084
(o 31.9988 0.209476
Ar 39.948 0.00934
Co, 44.00995 0.000314
Ne 20.183 0.00001818
He 4.0026 0.00000524
Kr 83.80 0.00000114
Xe 131.30 0.000000087
CH., 16.04303 0.000002
H, 2.01594 0.0000005

SYMBOLS, ABBREVIATIONS, AND UNITS RELATING TO FOLLOWING TABLE

Speed of sound expressed as meters per second.

Acceleration due 10 gravity expressed as meters per second.

Geopotential altitude expressed in meters. The unit of measurement of geopotential is the standard geopotential meter (m’) which repre-
sents the work done by lifting a unit mass | geometric meter, through a region in hich the acceleration of gravity is uniformly 9.80665
m/s’. The geopotential at any point with respect 1o sea level (assumed zero potential), expressed in geopotential meters, is called geopo-
tential altitude.

H,  Pressure scale height. The quantity, H,RT/(g m), which has the dimensions of length. is the quantity commonly associated with the
concept of scale height, and is the defining form of pressure scale height used in this mode!.

Kelvin, the thermodynamic temperature.

Mean free path. This is the mean value of the disiances traveled by each of the neutral particles in a selected volume between successive
collisions with other particies in the volume.

Meter, the unit of length.

Molecular weight expressed as kg/kmol or Ib/lbmol.

The number of neutral atmospheric gas particles per cubic meter of the atmosphere at the geometric height Z or the geopotential height
H.

Newton, a force having the units kg -m/s?.

Pressure, expressed as millibars (100N/m’?).

The gas constant, R = 8.31432 % 10' N-m‘(kmol-K).

Seconds, time

Temperature, degrees Kelvin.

Mean air particle speed, expressed as meters per second. is the arithmetic average of the speeds of all air particles in the volume element
being considered.

Geometric altitude expressed in kilometers.

Kinematic viscosity in the units m?/s.

Thermal conductivity in the units }/m s K.

Dynamic viscosity in the units N-s/m*.

Mean collision frequency. Average speed of air particles within a selected volume divided by the mean free path of the particles in that
volume. Thusv = V/L.

Q Density expressed as kg/m’.

r Mecan radius of earth at equator, 6,370,949 m.

I® N

za - x

E]

<=~ xTZ

<X A3 N

Some equalions useful for computing certain values of the Standard Atmosphere are:

~1.524 €« H< 11,000 m
T = 28815~ 0.006500 H

P = 1013 25(2RR 15, T) s 13ne77

H = 44,331.514 - 11,8R0 516 po roaxss
11,000 € H < 20,000 m

T =216.650

P = 22632 000014 68813.4 - 41 000 001

H = 45383967 - 6,341.6237 In P
20,000 € H < 32,000 m

T =216.650 + 0.00100(H — 19,999.997)

P = 54.74R7 (216.650/T) wiv

H = -196,650.0 + 243,580 85/P° 03171
1,524 £ H < 32,000 m

o = 0.3483677(P/T)

H =rZ/+2)

Z =rH/(r-H)

F-150

Update: 11/17/97 G-11 RADGUNSV.2.0

DRAFT



DRAFT

Appendix G « RADGUNSModel Deficiency Reports

ASP-1 for RADGUNS

(5-)I9t0T
(§-)80207
(5156107
(-)znoc
($-)6T00°T
(5$-)5p6n'|
(§-)7986°1
(§-)gecel
(5-)5696t
(5-)1196'1
(§ YtEset
(§-reeso't
(s-regsa’l
($-)ees6°1
(s-)Eese'l
(§-)EEs6'L
(§-)EEs6'1
(S -eess'l
(§-rexse'l
(s Veese'l
(§ - heeso'l
(S-)EESEH1
(§-)€e86°1
(§-)EPSE')
(5-19186'1
(§-) RBOO'T
(§-1o880°7
{s-10ER0°T
(5 -1 6680'7
f-rRolLe
(S-r9EpIT
(§-)¢001T
(s-roee1e
(§-)9¢22T
(s-ro0sz'7
(6-)69(T°T
(§-)8T0E°T
(§- 106287
[§-1785¢°7
(5 deIvee
(§-reeorz
(§-)EEerT
(§-) 16507
(s-)6v8P'T
i§-)9016°T
(§-)19zts 2
(§-1819$°C
(§ rzeas?
($-192197
s YoRt9'7
(v ) 2HE99°T
(51 pyee 7
(§-pILT
(s yp8ie T
{§-ImoLT
(§ )T8ALT

{N-5-w/f)

Apandapuo>
(LT

(r-)etios
(v-)Lav8'9
(r-rs0r8's
(r-rsOR6 't
r-YotvZ'y
tr-)s€19t
P-Yepeo't
(P 150197
[CES B {11444
(r-rewRs(
tr-) 68681
(r-Y0L9e’1
(7-) 989171
{$-)1066'6
($-) L6ES'8
1§~ 5667t
1S-)sypL'y
(§-)16£2°9
1$-)0892°s
§-)5zEe's
{§-) L6767
§-)pissy
=1Ly
(5-) 8868 ¢
(5-) 090L '€
() 18T8°¢
(§-)EssEt
(§-}Lsale
{§-) LSPO'E
1§ -1 06T
(§-)priee
(5-119v9'2
(§-)8L78'T
(-9
(-1 Lote'
(- LITe
G-
(515220
(S -)oTve'l
(5 )8ToM’
) RORL'|
(s-dewil’l
(5-) {991
$-)elgst
) 561871
(€S- Lo9w’l
(5-) gpov'|
(§-291s¢7)
(5 -} 600t 1
(- ¥$Z8T'1
(5159071
(§-)$T91°1
(5390111
(5 -} 9080°1
-1 {zr0'l
5 -) 85001

(s/.w)
u

K11s0rs1A
WUy

ts-resew
($-) 669y
($-)9por
(- yzosy
(S} gesy
(§-rpupe’
($-) 0evy
(§-39c8p
(§-)zzey
(€-) L9ty
§-) 91Ty

$-)917p

(§-)91zZp°

(€-)91zY

§-)91Z8
-)91TY
(s-) 917y’

oy
S-rorze
s-)orzy

$-)91ze

5-)91TF
($-)91zy

() ETTY

{S-) 00
§-)eesy
s-)zsie
{§-) 9z6r

($-) 6608
§-)1ets
[ L4 1%
€-)219¢

(§-)18Ls

(S-) 6v6s”

S-)ot19

(s ) 7879
(5} 8ev9°
-)7199
§-)5LL9
(S -) 869"
(§--) 660L
$-r097L
(5-)0ZPL”

& -)6Lse
t$-) Ll

(§-) vesL’
(§-) 0s08°
($-) 9078
(§-) 1918

15-)51¢8

($-) 399y
(5 ) 0738

(5-) 708

(s-) (716’

(5-) (L6

($-)1Tve”

(/5. N)
L

Apsodmia
Nureukq

ot
010t
6t 7008
L6627
90°667
68867
L6t
sUL6T
BE 967
LO'$67
LO'S6C
LO'S6T
L0562
Ly set
LO'S6T
LO'S6T
LO'S6T
Lto's6z
L0567
LO°56T
LG86T
LO'S6T
LG'S6T
$1°667
SLTL6T
£5°667
oL 10y
LTI
8660t
I1°80¢
1zorg
1£°TIe
6L PIE
$Pole
0s'81E
$£°02¢
[ASr &4y
L9 44
6592t
8$ 8T
960t
[39x4y)
6P prL
{P'9re
LE'Bet
67°0%t
17°Tve
Tvee
009y
LL A 43
9L6%Y
{918t
sy
Tr'sst
91°Lst
66’85t

(s/wy)

paads
punog

T-)os'1
{T-)Berr'z
Z-)9cost
({T-)BEZ6'T
{T-) syt
- p800'¢
T-)HEBY P
(T-19008
T-)o18r'9
T-)snst
(T-)0168'8
A -)oorot
(1-Y$91Z7°1
(-)oezw'1
(1-)Lv99'1
a-)yorve't
(1199012
(1-) 9817
(1-) 9p9¥°T
(1-) 09997
(1-)3E88°7
{-)v6l
(=) fpLee
(1-)08v9'¢
(1-) Ls88'E
(a-risery
(1-) 9961t
(1) 909y
(-)9L56'
(I-)e6Lsz's
u-jeress
(1-) T006's
(1-) €999
{a-)rroe9
(1-) LFL6™9
U-)tr9e L
O-)voLL'e
{-r5ee6ls
(1) 0vi9°y
(1-) 62606
(-1 569576
(0 +) 99001
(0+) 18507
W+ermn
W)yt
(0 4)0sIT'1
(0+)6p87°t
(©+)ouey)
o+) vty
08yl
(O 4 it

!

t

1

|

1

o

0 )oxly
0 +)otey
(0 +) 169
(0 ) tory
0+ 1116

A9 5} ]

Ansuaq

(1 +)oLer
(1 +)rooe |
@ +)1919'1
{1 +Y66L81
(1 +)e8sle
(U +)zerst
G +)Liee
(1 +)899r ¢
(L+)sLvo'y
() eaTL'y
€1 +)E678°S
(1 +)pLov9
{1 +)Is96L
(1+)6v88
@501
(Z+)iey
(Z+)000¢!
(@+)oLivy
(T +)LTNs’)
(T+)6L$91
(Z+)rcoct
(7 4) 661671
(Z+)v860T
(2+4)6697°T
(T+)orse'T
(T+)6619T
(T+)r8s877
(T +)0080°¢
{@+)esiee
(2 +)1595°€
(T+)6678¢
(Z+)soit'y
(T+)sLovy
(YR NI 4
(T +)6E50°S
(T+)8p0r's
(Teresee’s
(T+)0991°9
(Z+)08L8°9
@)z
(Z4)169%L
(T +)1086°L
(Z+)655P8
(Z+)9186'8
(T+) 199576
(€ +)52¢10°1
g 401
(£ 4668171
(6 4) 6900
) RLLT
(g +) 0TSt
v L6ty
(g +) 6018
(£ 426568
{£ +)uryy
(€ 4o

(quig

anssasg

608971
81$°6T7
LTS T
9T
L4 4 X181
897172
09%°0Z¢7
L95°617
VLSBT
186°L67
059912
089917
089917
0597912
089°91¢
069912
059°97
059917
0897917
0897917
0897917
059917
0597912
PLLOIT
£10°07T
ST LT
[ 744
192 T44
PLOTET
$12°9¢7
LSV 6ET
00L°Ip
Ev6 ST
L8169
[114r4%4
99 st
16852
99179t
v $9T
6597892
906" 142
LSt
(40,48 144
1597182
006 v87
0517887
00v" 167
15962
2067167
PS1I0Y
90r POt
659 LOY
fre'ory
991 vl
1ZP LIt
9L9°0Tt

ONL

anwadws |

P96 BE
96 82
9687
P96 87
P96 8T
Y9687
¥96 BT
Y96 '8T
¥96 BT
796 'RT
96" 8T
Y9687
Y9687
9687
¥96°'8T
¥96°8C
9687
¥96°8T
v96°8T
v96°'8T
¥96°3C
¥96 8T
¥96°8T
¥96°8T
96 8T
¥96°8T
9687
¥96°8C
9687
¥96°8T
$96°8T
¥96 8T
v96°87
P96 8T
96" 8T
¥96 8T
P96 8T
Y96 87
¥96 8T
Y96 8T
Y96 8T
9687
¥96 87
¥96'8T
¥96 87
96" 8T
96 8T
P96 8T
Lo .14
PO 8T
P96 8T
96 8T
P96 8T
[o 0 14
Lo’ 8 14
Y9687

(jowy/S) W

wgdam
INNDNOW

9-)LEtv'y
(9-)ZE8L '€
(9-) OPT €
9-)pELL'T
(9-)o2ce T
9-)2L20T
9-) 716l
9-dzeer
9-)9652°1
9-)7€L0°Y
(L-)E6E1°6
(L-)se18'eL
(L-)i6t99
(L-)rz01L’s
(L-)rzi88v
w-rezny
(L-)pLss e
(L-)7995°¢
(L-)696T €
(L-)6Lr0€
(L-)8L18°7
(L-)6¥09'T
(L-)I8ov'T
(-39
(L-)T160°T
(L-)1596'1
(L-)zBve'l
(L-deetL't
(L-)06£9'1
(L-)psys'i
(L-)essyl
(L-dzeeel
(L-)9108'1
(L-)01ET1
(L-)0s91°1
(L=)rgo0l'(
(-resvot
(8-)¢L166
(B-YEIIP6
(8-) 1956’8
(8-)Z16¥'8
(§-)82L0'8
(8-)$6L9°L
(8- S60E'L
8-)1£196'9
(8-)7€89°9
(8-)ropZe'9
(8-) P20 9
(§-)1ese’s
(8-)69v¥'S
8-)518T's
18-) £610°S
(8-)s66L%

(8-)s165 ' {01 + ) Liw0)
(B-rspoEy (01 +) 1960
(8-) 8.0y (01 + 9081

(w)]

yiwd
21y
(-

(8+)I61T°6
(8+)76£0°1
(84)708T°1
B+)sLspl
8+)vo0L"1
(8 +)7$861
(B+)P6I€°7
®+)6l1L2
(8+)eeele
\+)191L°¢
(B+)EVSEY
{8+) 160§
(8+)9L56¢
(8+)1696°9
(8+)8751°8
(8+)08xS'6
6+)elen
(6+)6sti
(6 +)0L0T
(6+)950¢
6+) 2y
6+) LTS
(6+)sT59
(6+) 1B
(6+)eLte
6+ ) 8850
(6+)910C
6+)ssse”
(6+)8Lls’
(6 +) 8889
(6 +) 6898
(6+)vgs0°
6+)LLst
6+) 1LY
6+) 18y
(6+) 0816
6412091
6+ hivty
6+ 12089’
(64 1 8BSH
(64 ) p0ST
(6 + hpsss
(6+)EveR
(6+)5L07
(6+)655¢
6+)6816
(6 +) 0867
{6+ )ri6y
6+ 19501
6+ 1LY
6+ ) PIde
6+ ) 1807
(6+)8IE6

Bl T e Y o S T N N D P . L . L i

(5)4

Aouanbouy
wo1IsHjoD

16°90%
10°90%
Zisoy
€T PO
€67E0P
£9°207
€510y
29°00v
2L66¢
18°86¢
$6°L61
$6°L6¢
$6°L60
$6°L61
$6'L6€
$6°L61
$6° 16T
$6°L61
$6'L6T
$6°L6€
$6'L6E
$6°L6E
$6'L6¢
L0868
€0 10v
L6 tOV
68907
6L 60%
LTIY
€S SIY
LE'BEY
or1zy
00'vZY
6L'9TY
95°62¥
1 2Ey
S0 sEy
9L LEY
LY OVY
[N,
z8'$vP
8y 8¥¥
LISy
PLESY
SL9sr
Po BSY
€5 197
60’ vdY
$9°99%
69 69
1wy
£TeLy
€L9LY
TT oLy
69 18%
$1v8Y

Gs/m) A

pads

apurey

(€T +)8LIRE
(€T +) LSy
(£Z+)BEITS
(€2 +)9160°9
(€Z+)sTT°L
{€Z+) Ivec'g
(€T +)165L°6
(PZT +)Levl’l
(T + ) EIPE|
Wz +)TpLs’!
vz +)98vst
bz 417N T
(T +12628'T
(vZ+)L856°C
rz+)ziov's
(PZ+)E6¥0'Y
(vZ+)6bLE'Y
T +isLecy
rz +)opzis
wz +)0Ews's
(rZT +)8566°S
Wz +)LSBY'Y
(T +)LS10°L
T+ ) ps8sL
(yZ+)06L0'8
(yT+)9L65'8
wr+igivle
wz+lollLe
5T+ )80€0'1
5T+ ) TE60
(5T+) 8811
5T+ 9701
(5T+)0867°|
GZ+)sTLel
(sZ+)zosy'l
ST+ TLEs )

!

]

t

1

(ST +) 9519
s+ )otor
(ST+)T86L
(5T + ) 5068°
(ST + ) L6861
($T+)8260'7
(524100072
(sT+)ENeT
(57+)692¢'7
(sT+)owws't
($T+)S1L9T
(ST+) L0082
(ST +)9vE6'T
(ST+)L101°€
ST+ ILITE
(ST+)099¢ ¢
(ST +)10T$°¢
(ST+)$609°¢
(ST+)Srres
ST+ ISI0Y

(a)u

Ansudp
wquun iy

0'T699
91999
0t99
6'8659
$°L9S9
[433
67059
PLLYY
€T
oL
9 18L9
96Lt9
9LLEY
2758
FELEY
o Le9
9°0LE9
9699
9'89¢Y
9'LItY
9999
9°69¢9
9¥9L9
TL9t9
€199
L4333
$6¥99
°trL9
LLEw9
L1169
85204
B6ITL
8EITL
8'LOtL
s1or
L'sovL
L'685L
9'€89L
$LLLL
P LLBL
£596L
76508
o'tsig
6'9vZ8
LovEs
i 2414
[ 143
17298
6518
96084
v't068
1°L66%
80606
$vile
T8LT6
gILt6

(w)“H

yhay
e

DUNEEILL DO TR INIOTV

LrIL6
8L1c6
80IL'6
BETL'6
697L'6
00EL' 6
OEEL 6
19tL°6
16EL°6
[44 78
[4144
t8YL'6
tEsc’s
PiL'6
SLSL'S
$09L°6
1Z9L°6
99L6
1s9L°6
L99L'6
L6
L69L'6
tiice
8TLL6
tPLL6
65LL6
PLLL'6
68LL'6
$08L°6
0T8L'6
9E8L°6
1$8L°6
998L 6
88L°6
L6SL'6
T16L'6
8Z6L'6
£r6L 6
65606
PL6L'6
686L°6
$008'6
0708’6
9t08°'6
[$08°6
9908°6
7808°6
L6086
tlHige
8218°6
Yig'6
6518°6
SLI86
0618°6
$618°6
1778°6

(s/w)s

Anawd
o1 snp

6586T 0000€
89887 0006Z
LLBLT 0008T
98897 000LT
Po8ST 00097
206¥T 00052
Qle6tT 000rT
L6z 000tT
vI61T 0007T
1607 0001T
LE6OI 00002
£r681 00061
6v6L1 00081
6691 000LT
09651 00091
$96¢1 00081
L9¥¥] 00srl
696¢1 000 [
1Lp€l 00s£1
£Letl 000¢ 1
Sivtl 0051
LL6ll 00071
6Ll 00sI1
18601 ooel I
£€3P01 00501
366 00001
98P6 0086
L8368 0006
63¥8 008
066L 0008
[£3143 00sL
7669 000,
£6r9 0059
P66§ 0009
Y343 005§
266¥ 000%
Lovy 00sy
L6618 000y
1043 008 ¢
6667 000t
66¥T 0057
6661 0007
008 1 00s |
0001 0001
00¢ 00§
[ ]
00§ - 00 -
0001 0001~
00s 1- 00§ 1 -
1007~ 0007~
10$7- 00$T-
100t — 000f—
08— 009t~
00— 000Y—
£0SY— 00sy—
r00% — 0008 -
(my (wyz
wpury

F-151

1117/97

Update

G-12
DRAFT

RADGUNSV.2.0



DRAFT

ASP-I for RADGUNS Appendix G * RADGUNSModel Deficiency Reports

350

340
\

S
— >
- \ -
= ~
2 330 St —
o ~\~\ ~ <
N ~
’g \~\“\ s“s
= .\~\ ~~.
2 320 . _
— D =~ ~ o
.N N\
o S \‘NN
E\\ P =
— ]
g 310 — —
o \
=

300 \

290
] (=] (=] =] =] =] =] =] =] =] [
] ] (= (= (= (= (= (= (= (=
= = =] L= = L= = =] [ [
- [ ] Lor] + [ Tel o - o [=1] E
Altitude (m)
USStdAtm - ---- RADGUNS ~  —-=-=-— RADGUNS MDR
Update: 11/17/97 G-13 RADGUNSV.2.0

DRAFT



DRAFT

Appendix G « RADGUNSModel Deficiency Reports ASP-I for RADGUNS

SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-S| T. McCormick 95-10 9/20/95

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

An engagement between a RAD1 system and a 1 sm target flying along alinear flight path at an
offset of 500 m was simulated. The engagement was repeated with the target carrying a5 sm
passive reflector (the SOJ option was used with a (0, 0, 0) offset). Theincreasein RCS due to the
reflector should not significantly affect tracking and shooting performance if the jammer signal at
the radar receiver is being computed properly and the AGC model is operating as expected. The
increasein RCS at the target location, however, resulted in a significant degradation of system
performance.

POSSIBLE IMPACTS:
The attached table shows the tracking and shooting performance of the two engagements.

SUGGESTED CORRECTIVE ACTION:

The problem was discussed directly with the model developer who later concluded that the
calculation of antenna gain on incoming jammer signals did not include the effects of beam nutation
in aconica scan about the antenna boresight. Subsequent inclusion of beam nutation corrected the
anomaly. (Several changes were made to Subroutine SIGJAM in RAD1.F.)

ESTIMATED COST TO CORRECT:
None

RADGUNSV.2.0 G-14 Update: 11/17/97
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1smtarget w/ 5sm
1sm target reflgector

Avg Azimuth Error (mrad) 122 10.37
Avg Elevation Error (mrad) 0.49 2.94
Avg Range Error (m) 021 0.61

# Breaklocks 0 1

# Rounds Fired 618 498

Avg Miss Distance (m) 4.23 20.60
Cumulative Phit 0.93 0.16

Update: 11/17/97 G-15 RADGUNSV.2.0
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p)

SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

v

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-SI T. McCormick 95-11 10/25/95

MODEL AND VERSION:
RADGUNSvV.1.9

DESCRIPTION OF ANOMALY:

Drag coefficient as afunction of Mach number as generated by function KD in GUN57.F does not
match the data shown on page 27 of BRL Report No. 2626, Exterior Ballistic Data for Foreign
23mm and 57mm Antiaircraft Systems—HITVAL I.

POSSIBLE IMPACTS:

The difference in KD values significantly affects the projectile's trgjectory. The attached table
shows the difference in downrange and atitude values when fired at an elevation angle of 33.75 deg
for five times-of-flight.

SUGGESTED CORRECTIVE ACTION:

Modify function KD so that it produces a curve similar to the one shown in the reference, if no
other source is available.

ESTIMATED COST TO CORRECT:
8 hours

RADGUNSV.2.0 G-16 Update: 11/17/97
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TOF D Downrange (m) D Altitude (m)
2 21.77 14.25
4 66.60 43.07
6 118.43 75.72
8 168.94 106.98
10 209.78 132.85
G-17 RADGUNSV.2.0
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SMART
Credible Models for Credible Analysis...
MODEL DEFICIENCY REPORT

REPORTING ACTIVITY: MDR NUMBER: DATE:
ASI-S| Dianne Rindt 96-01 4/3/96

MODEL AND VERSION:
RADGUNSv.1.9

DESCRIPTION OF ANOMALY:

In updating the position and velocity of an expendable jammer in subroutine MOV JAM, the
horizontal deceleration is used to update both the x and y components of jammer velocity.

POSSIBLE IMPACTS:

Incorrect trajectory for expendable jammer. Since the horizontal projection of the trajectory is
defined using a single deceleration value, the trgjectory should continue in the same direction as the
expendableislaunched. The current coding will cause the trgjectory to curve at some launch

angles.

SUGGESTED CORRECTIVE ACTION:

The horizontal deceleration should be decomposed into x and y components, using the direction of
the current horizontal velocity vector, and these components should be applied to the current x and y

velocity values, respectively.

ESTIMATED COST TO CORRECT:
Minimal

a.  Compute the magnitude of the current velocity vector:

M= v§+v§

G-18 Update: 11/17/97
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b. If M £ dhDt, set vx(new) = vy(new) = 0.

c. If M > dhDt, compute the components of the horizontal deceleration:

th
dy = =X
XM

_ Gy
T

d. Update velocity components:

vy (new) = v, —d, Dt
vy(new) = vy, —d Dt

The equations in ¢ can be substituted into the equationsin d to form a single-step:

th Dt tht('j
Vy (new) = vy — I\;I( ==
dnv, Dt d.,Dto
vy(new) = vy, — I\Z = vyaial—hva

This shows that vx and vy are both multiplied by the same quantity, preserving the
horizontal direction of the velocity vector (except for a 180-deg shift). These equations
also show the reason for the test in part b being more restrictive than testing for M = 0.
Ensuring that the multiplier is positive will preserve the sign of each component.

Update: 11/17/97 G-19 RADGUNSV.2.0

DRAFT



DRAFT

Appendix G « RADGUNSModel Deficiency Reports ASP-I for RADGUNS
RADGUNS PROBL EM/SUGGESTION REPORT

9 August 1994
1. Reported by: MAJ Steve Satchwell
Organization: AF/XOFE
Address: Rm 4B879 Pentagon

Washington, DC 20330-5054
2.  Version No: Version 1.9b
3. Function or subroutine affected (if applicable): Subroutine INPJAM

4.  Problem Description: The current support jammer implementation istoo restrictive.
It only allowsfor a“welded” wingman to act as the support jamming platform. It does not
allow for independent support jammer flight paths. It also does not model the support
jammer’s RCS.

5. Suggested Solution

a.  Maodify subroutine INPJAM to accept separate user-identified support jammer
flight paths.

b. Require the user to specify the support jammer platform type so the proper
support jammer RCS file can be referenced.

c. Modify subroutine JAMMER to determine and return the support jammer’s
RCS signal return (as afunction of time) to the weapon system receiver.

6. Comments. Subroutine MOV JAM already has the variable independence to move a
support jammer around. However, it may be better to modify subroutine MOVTAR to give
it similar variable independence (aka, make TARGET a local variable array instead of a
COMMON variable array) to allow the use of existing flight path options.

The support jammer RCS signal return is needed because it provides a“real” signal return
if the weapon system receiver goes into a track-on-jam/home-on-jam mode. Absence of a
“target” return could allow the weapon system to recognize that it isn’t tracking a “real”
target.

Suggest adding two new flight paths: “RACETRACK” and“Figure8”. Thesearecommon
support jammer flight paths. The names aptly describe what each flight path should look
like.

RADGUNSV.2.0 G-20 Update: 11/17/97
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RADGUNS PROBL EM/SUGGESTION REPORT

9 August 1994
1. Reported by: MAJ Steve Satchwell
Organization: AF/XOFE
Address: Rm 4B879 Pentagon

Washington, DC 20330-5054
2.  Version No: Version 1.9b
3. Function or subroutine affected (if applicable): Subroutine INPJAM & RGWO

4.  Problem Description: Subroutine RGWO contains severa false assumptions. First,
it assumes that the minimu jammer pulse delay (AMINDL) is as large or larger than the
simulation time step. Thisisan incorrect assumption as the minimum jammer pulse delay
time may be up to 1-2 orders of magnitude smaller than the simulation step time. Second,
RGWO assumes that the RGWO pulse width is the same size as the simulation step time.
This would alow the victim radar to “leading-edge track” the target and disregard the
RGWO. Third, the maximum jammer pulse delay (AMAXDL) implicitly assumesthat the
user knows that this time is the length of the walk-off region plus the pulse width of the
RGWO pulse. Finally, RGWO assumes that the jammer frequency is the same as the
victim radar’ s frequency.

5. Suggested Solution
a.  Requireanew RGWO input variable: Walk-off pulse width.

b. Adjust AMAXDL to equal the input value of AMAXDL plus walk-off pulse
width (or make this ajammer file “constant”). Also decrease the RGWO *“off”
time by the walk-off pulse width.

c. Allow the user to specify frequency set-on RGWO or to specify the RGWO
center frequency and signal bandwidth. If the user specifies the RGWO
frequency, adjust the victim radar’ s perceived jammer power.

SEE ATTACHED PSEUDO-CODE FOR HIGH-LEVEL REWRITE & EXPANSION OF
ENTIRE RGWO SUBROUTINE

6. Comments. A review of actual USAF EA jammers indicates that they use a fixed
value of RGWO pulse width and walk-off pull period. User-specified parameters for a
basic RGWO (without hook or cover pulse) are program time (or pull-off g-radte), delay
(aka hold or dwell) time, wobbulation option, minimum and maximum wobbulation
frequencies, and wobbulation period. Some jammers also require the user to set the
jammer’s center frequency.

Update: 11/17/97 G-21 RADGUNSV.2.0
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RGWO PSEUDO CODE

Given:

Jammer_Rx_Ant_Gain

RGWO _Interna_Gain

RGPO_Program_Time XOR RGWO_Acceleration_Rate
Pull_Type

Pull_Direction

Max_Pull_Time (jammer system constant)

RGWO_PW (jammer system constant)
RGWO_Minimum_Delay Time (jammer system constant, see assumptions)
RGWO_Dwell_Time

RGWO_Off_Time (jammer system constant)

Wobb_Flag

Wobb_Min_Freq

Wobb_Max_Freq

Wobb_Period

Hook_Flag

Num_Hooks

Hook PW

Hook_Region

Hook_Wobb_Flag

Hook Min Wobb_Freq

Hook Max_Wobb_Freq

Hook Wobb Period

Cover_Pulse Flag

Cover_Pulse_Start_Delay

Cover_Pulse Max_Peg (EA jammer system constant)
Jammer_Technigue_ Number (RGWO_Technique Num = lowest, last Hook Pulse =
RGWO_Technique_Num + Num_Hooks)

SIGENV (100,5) [ Expanded signal environment array]

1. RGWO_Minimum_Delay Timeis 1-2 orders of magnitude smaller than the victim
radar’s PW (simulation step time). We'll include this term for grins, but let it be set
to 0.0 asajammer system constant. Thisallowsthe user to manually simulate acrude
RGWO jammer.

2.  RGWO_Pulse Width isdlightly too much larger than the victim radar’ s pul se width.

3. Cover_Pulse Min_PW = Hook_PW.

4.  Jammer technique effective radiated power will be calculated in a separate subroutine
to properly share jammer transmitter power among all active techniques at every
simulation time step.

If First
Initialize all dynamic variables
If RGPO_Acceleration_Rate [This could be done in subr INPJAM for greater
efficiency]
RGWO _Program_Time = 7.825/SQRT(RGWO_Acceleration_Rate)
Calculate Slope_of RGWO _Pull based on Pull_Type
If Pull_Type==LINEAR
Slope of RGWO _Pull = Max_Pull_Time/RGWO_Program_Time

RADGUNSV.2.0 G-22 Update: 11/17/97
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Elself Pull_Type==PARABOLIC
Slope_of RGWO_Pull = Max_Pull_Time/SQR(RGWO_Program_Time)
Else
Error!
Endif Pull_Type
Calculate Wobbulation adjustment if required
If Wobb_Flag == TRUE
Mod_Adjust = (Wobb_Max_Freq—Wobb_Min_Freq)/Wobb_Period
Calculate Cover Pulse PW_Increment if required
If Cover_Pulse = TRUE
Cover_Pulse PW_Increment = (RGWO_PW * Cover Pulse Max_Peg) —
Hook_PW)/(Max_Pull_Time— Cover_Pulse_Start Delay)
Initialize RGWO_Cycle Times
RGWO_Cycle Start_ Time = Current_Simulation_Time
Pull_Off _Start Time = Current_Simulation_Time + RGWO_Dwell_Time
Pull_Off _Off _Time = Current_Simulation_Time + Max_Pull_Time + RGWO_PW
Next_Pull_Off_Start Time = Current_Simulation_Time + Max_Pull_Time +
RGWO_Off_Time
Establish Hook _Pulses as required
If Hook Flag is set
Determine each Hook Pulse' s position in Hook _Region
Hook Pulse Window = Hook Region/Num_Hooks
Prior_ Hook Start Time=10.0
For K =1, Num_Hooks
Hook_Time(k) = Current_Simulation_Time + Max_Pull_Time +
Prior_Hook_Start Time
Prior_Hook _Start Time = Hook_Time(K)
EndFor
EndIf Hook_Flag
Endif First

Caculate RGWO_Signa_Levelsand Associated Times seen at the victim’s receiver
If Smulation_Time .EQ. Next_Pull_Off Start Time (Timeto start anew cycle)
Reset RGWO_Cycle Start_Time = Current_Simulation_Time
Reset Pull_Off _Start Time = Current_Simulation_Time +
RGWO_Dwell_Time
Reset Pull_Off_End_Time = Current_Simulation_Time + Max_Pull_Time +
RGWO_PW
Reset Next_Pull_Off Start Time = Current_Simulation_Time +
Max_Pull_Time
TDelay = Simulation_Time
Elself Simulation_Time .GT. Pull_Off _Off Time (time for silence)
RGWOSIG = 0.0
Elself Simulation_Time .GT. Pull_Off_Start Time (We'rewalking...)
If Pull_Type==LINEAR
TDelay = (Simulation_Time—RGWO_Cycle Start_Time) *
Slope of RGWO_Pull * RGWO_Min_Delay
Elself Pull_Type=PARABOLIC
TDelay = SQR(Simulation_Time— RGWO_Cycle_Start_Time) *
Slope_of RGWO_Pull * RGWO_Min_Delay

Update: 11/17/97 G-23 RADGUNSV.2.0
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Else
ERROR!

Endif Pull_Type
RGWOSIG = Recelved Radar_Signal * Jammer_Rx_Ant_Gain *
RGWO _Internal_Gain

Elself Simulation_Time .EQ. RGWO_Cycle Start Time (We'rein dwell period)
RGWOSIG = Received_Radar_Signal * Jammer_Rx_Ant_Gain *
RGWO Internal_Gain

Endif Simulation_Time

Adjust RGWOSIG if return is modulated
If Wobb_Flag == TRUE
RGWOSIG = RGWOSIG * (1 +sin(2* Pl * Simulation_Time/Wobb_Adjust))

Determine Cover_Pulse signal return if required
If Cover_Pulse = TRUE
If Simulation_Time .GE. RGWO_Cycle Start Time+ Cover Pulse Start Time
Adjust/limit maximum pulse width of cover pulse
If (Cover_Pulse End/RGWO_PW) .GT. Cover_Pulse Max_PeQ)
Cover_Pulse End = RGWO_PW * Cover_Pulse Max_Peg
Else
Cover_Pulse End = Cover Pulse End + Cover Pulse PW_Increment
Endif (Cover_Pulse End/RGWO_PW)

If SIGENV(0,2) .LE. Cover_Pulse End
If Wobb_Flag == TRUE
Cover_Pulse_Sig = Jammer_Rx_Ant_Gain* RGWO_Internal_Gain *
Received Radar_Signal * sin(Circle(2 * PI * Simulation_Time/
Mod_Adjust))
Else
Cover_Pulse Sig=Jammer_Rx_Gain* RGWO Internal_Gain *
Received Radar_Signal
EndIf Wobb_Flag
Else
Cover_Pulse Sig=0.0
Endif (SIGENV(0,2)

Set cover pulse variablesin SIGENV
SIGENV (Jammer_Technigue_Number * 10, 1) = Cover_Pulse_Sig
SIGENV (Jammer_Technique_Number * 10, 5) = Cover_Pulse End
EndIf Simulation_Time
EndIf Cover_Pulse

Determine Hook _Pulse signal returnsif required
If Hook_Wobb Flag == TRUE
Hook_Pulse_Sig = Jammer_Rx_Ant_Gain * RGWO _Internal_Gain *
Received_Radar_Signal * sin(Circle(2 * PI * Simulation_Time/
Mod_Adjust))
Else
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Cover_Pulse_Sig = Jammer_Rx_Gain* RGWO _Internal_Gain *
Received Radar_Signal
EndIf Hook_Wobb_Flag
Place Hook pulses in appropriate range-time positions
For K = 1, Num_Hooks
SIGENV (Jammer_Technique_Number * 10+K, 1) = Jammer_Rx_Gain *
RGWO _Internal_Gain * Received Radar_Signal
EndFor
EndIf Hook Flag

Update: 11/17/97 G-25 RADGUNSV.2.0
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RADGUNS PROBL EM/SUGGESTION REPORT

9 August 1994
1. Reported by: MAJ Steve Satchwell
Organization: AF/XOFE
Address: 1480 Air Force Pentagon

Washington, DC 20330-1480
2.  VesonNo: Version 1.9b
3. Function or subroutine affected (if applicable): Subroutine INPJAM and RGWO.

4.  Problem Description: The existing RGWO routine requires hook pulse and cover
pulse options. Modern (real-world) EA jammers cannot be accurately simulated without
thisoption. Requiring the user to use a straight-through repeater technique at afixed delay
(with reference to the actual radar pulse) is unacceptable because it is 1) user-unfriendly,
2) inaccurate, and 3) overly simplistic. Real-world jammer implementations also allow for
separate and independent hook pulse modulations and pulse widths (with respect to the
RGWO pulse). Some hook pulse implementations actually consist of multiple hook pulses
that “move’ as a function of time within a“small” time period.

5. Suggested Solution: Expand the array SIGENV to have places to store cover pulse
and hook pulse signal return info. Modify the existing subroutine RGWO to include code
that implements a cover pulse option and a hook pulse option.

See Pseudo Code Attached to Problem Report 68 (RGWO False Assumptions) for
Suggested Pseudo Code | mplementation Approach

6. Comments. Rea-world EA jammers implement cover pulse and hook pulse with
characteristicsthat differ from that of the RGWO pull-off pulse. The cover pulse may have
avariable pulsewidth that is dependent on the status of the pull-off function. Many modern
EA jammers use multiple hook pulses rather than a single hook pulse. These pulses have
ashorter pulse width than the pull-off pulse and may be subject to different AM modulation
rates than the pull-off pulse. Finally, these hook pulses may “move’ within their hook
pulseregion. Failureto allow for multiple hook pulsesleavesRADGUNS opento criticism
asinadequate for acquisition of modern weapon systems because the EA jamming does not
represent real-world EA jammers. | strongly recommend expanding the size of SIGENV
to allow for multiple hook pulses (and a cover pulse). One possible SIGENV subscript
addressing scheme might be:

SIGENV (0,X): True target signal return
SIGENV(1,x) — SIGENV(8,X): Jammer technique signal returns
SIGENV (K*10,x): Cover pulse signal return

SIGENV (K*10+1,x) — SIGENV(K*10+9,x):  RGWO hook pulse signal returns

NOTE: K represents technique number and x represents the pointer to the rest of that
technique’ s characterigtics.
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RADGUNS PROBL EM/SUGGESTION REPORT

9 August 1994
1. Reported by: MAJ Steve Satchwell
Organization: AF/XOFE
Address: Rm 4B879 Pentagon

Washington, DC 20330-5054
2. Version No: Version 1.9b

3. Function or subroutine affected (if applicable): Subroutine JAMMER, RCVRT (all
versions).

4.  Problem Description: The jammer signals are not being attenuated by the one-way
signal loss. The receiver is also not seeing the one-way jammer multipath signal returns.
An additional problem isthat SIGENV needs to accumulate the different signals that occur
at the sametime.

5. Suggested Solution

a.  Call the appropriate multipath and signal propagation loss subroutines to
determine the correct jammer technique signal propagation losses and delays
immediately after calling each jamming technique.

b.  Add necessary code to accumulate multiple signal returns that simultaneously
occur (new subroutine called from receiver?).

6. Comments. Probably haveto modify the existing routines by adding aflag indicating
if one-way or two-way losses/multipath signal values. Note that the jamming multipath
time-of-arrival (TOA) is dependent on the type of jamming. Those jamming techniques
(noise, inverse gain, reflector, cover pulse jamming, etc.) that do not act upon the weapon
system receiver’s range circuitry probably will have the same TOA as the target signal
return. Pulse jamming techniques that act upon the range circuitry will have a different
TOA than the target signal return.
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RADGUNS PROBL EM/SUGGESTION REPORT

9 August 1994
1. Reported by: MAJ Steve Satchwell
Organization: AF/XOFE
Address: Rm 4B879 Pentagon

Washington, DC 20330-5054
2. Version No: Version 1.9b

3. Function or subroutine affected (if applicable): Subroutine JAMMER, all technique
subroutines, JXRTN (new subroutine).

4.  Problem Description: The current jammer technique subroutines do not correctly
distribute and limit total available jammer power among all active jamming techniques.
What power distribution is done is user-hostile and confusing. The probably result is
excessive and unrealistic jamming could be presented to the threat weapon system receiver.

5. Suggested Solution: Delete all power output calculations from each existing
jamming technique subroutine. Instead, return that technique's signal level (prior to
applying jammer transmit power and transmit antenna gain). Add a new subroutine that
distributes and limits the total available jammer power among those active jamming
techniquesit isradiating at each timeinterval.

See Attached Pseudo-code for a High-level Outline of the New Subroutine

6. Comments. Thisisone of those items that cropped up when the code was expanded
to alow simultaneous jamming. SIGENV can be used as a way of passing the jammer
signal levelsto the new subroutine, thus avoiding the need for an additional variable array.
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JAMMER POWER DISTRIBUTION ROUTINE PSEUDO-CODE

Purpose: Distribute and apply jammer transmitter power and jammer transmit antennagain
to each individual jammer technique. Jammer transmitter power is assumed to be divided
equally among all active jammer techniques. Jammer effective radiated power (as seen at
the threat radar receiver) is attenuated to account for one-way signal loss.

Given:
Jammer_Xmit_Ant_Gain (aka JTXAGN) for each jammer type
Jammer_Power (aka JXPWR) for each jammer type
Num_Techniques
SIGENV array
Jammer_L oc (jammer location array, aka JXLOC)
Cover_Pulse Flag
Hook_Pulse Flag
Num_Hooks
Signal_Loss [one-way radar signal propagation loss calculation
function/subroutine]

Assumptions:
1. Thisroutineis called once for each jammer type (SPJ, SOJ, EXP, TOW) per
time step

2. Multipath is handled from within Signal_L oss
3. Num_Techniquesis number of techniques being transmitted by this jammer
4. Temp_ Pwrisalocal temporary variable

Determine the amount of power available for each jammer technique
Ind_Jx_Pwr = Jammer_Power/Num_Techniques

Apply portion of power to each active technique
For | =1, Num_Jammers
Temp_Pwr = SIGENV(1,1) * Ind_Jx_Pwr * Jammer_Xmit_Ant_Gain
Decrease to represent one-way signal propagation loss
Call Signa_Loss(Temp_Pwr, Jammer_L ocation, Prop_L0ss)
Determine final jammer signal as seen at receiver
SIGENV(I,1) = Temp_Pwr * (1 —Prop_L0ss)
If AMTYP(I) == RGW
Check for and adjust returns RGWO cover pulse & hook pulse options are specified
If Cover_Pulse Flag==TRUE
Temp_Pwr = SIGENV(I * 10, 1) * Ind_JX_Pwr *
Jammer_Xmit_Ant_Gain
Decrease to represent one-way signal propagation loss
Call Signal_Loss(Temp_Pwr, Jammer_L ocation, Prop_L 0ss)
Determine final jammer signal as seen at receiver
SIGENV(l * 10, 1) = Temp_Pwr * (1 —Prop_L 0ss)
Endif Cover_Pulse Flag
If Hook_Flag == TRUE
For J=1, Num_Hooks
Temp_Pwr =SIGENV(l * 10+ J, 1) * Ind_Jx_Pwr *
Jammer_Xmit_Ant_Gain
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Decrease to represent one-way signal propagation loss
Cadll Signal_Loss(Temp_Pwr, Jammer_L ocation, Prop_L 0ss)
Determine final jammer signal as seen at receiver
SIGENV(l * 10+ J, 1) = Temp_Pwr * (1 —Prop_L 0ss)
Next J
EndIf Hook_Flag
Endif JAMTYP
Next |
[End of Routing]

RADGUNSV.2.0 G-30 Update: 11/17/97

DRAFT



DRAFT

ASP-I for RADGUNS Appendix G * RADGUNSModel Deficiency Reports
RADGUNS PROBL EM/SUGGESTION REPORT

9 August 1994
1. Reported by: MAJ Steve Satchwell
Organization: AF/XOFE
Address: Rm 4B879 Pentagon

Washington, DC 20330-5054
2. Version No: Version 1.9b

3. Function or subroutine affected (if applicable): Subroutine INPUT, JAMMER,
Individual technique subroutines.

4.  Problem Description: SubroutineINPUT requiresjammer constant datato be entered
in for every technique. Thisis user-unfriendly, increases the likelihood of operator error,
and fails to properly (and dynamically) distribute jammer power to al active jamming
techniques.

5. Suggested Solution: This problem requires a two-step solution. First, change
subroutine INPUT to make jammer power, receive antennagain, and transmit antennagain
a common input prior to individual technique parameter inputs. Second, delete all
application of JTXAGN & JXPWR (or equivalent term) from all individual technique
calculations. Write a new subroutine which divides the total jammer power up among all
(active) jammer techniques. This power level is then applied along with the jammer
transmit antenna gain and the result set in SIGENV(x,1).

See Attached Sheetsfor Typical POD Data Fields by Technique

6. Comments. SIGENV(x,1) can be used for temporary storage to pass the jammer
signal to the new subroutine. Also, jammer pulse width entries seem to never be set, or am
| missing something?
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ASP-1 for RADGUNS

Pod 1

SRM [Can have mul ti pl es]

AM  Duty Cycle (99:

Wobb (Hz):[mn — max]

WobbPeri od (sec):

BN

BW (MHz) :

# Boards: (Not applicable to RADGUNS)
FSO (Y/'N):

Type Noi se:

RGPO

Wal k Period (sec):
Hol d Period (sec):
Type Pul | :

Hooks (Y/'N):

Hook AMDuty Cycle (9%:
Wbb (Hz):[min — nmax]
VWbb Period (sec):
AM Duty Cycle (%:
Wobb (Hz):

Wobb Period (sec):
Backfill (Y/N):

(aka cover pul se)

Pod 2

ESO

Duty Cycle (99:

Modul ation Type:

Modul ation Freq (Hz):

Mod Freq Deviation (x%:
Wbb Rate (sec):

Open Loop Bandwi dth (MHz):
Cl osed Loop Bandw dth (VHz):
[Closed | oop tuning tinme (seconds)]:
fixed time constant

Pod 3

BAR

Freq Lower Limt (MHz):
Noi se Wdth (VHz):

ESM
Initial Repeater Offset (Mz):
Sign of Ofset (+, —, Neither, Both):
SRW Modul ation Desired (Y/N):
I f NO
O fset Deviation (Mz):
FM Sweep Rate (MHz):
FM Sweep Rate Excursion (Hz):
FM Sweep Waveform
Wobbul ati on Waveform
Wbbbul ati on Period (seconds):
ELSE
[same entries as SRW
ENDI F
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N P

Nunmber of pul ses:

For 1 to nunber of pul ses
Time Delay from Start (nanoseconds);
Pul se Wdth (nanoseconds):

Center Frequency (GHz):

SRW Modul ation Desired? (Y/ N):

| F YES
[same entries as SRW

ENDI F

RGPO
Wal k-of f Accel eration Rate (g):
~ Hold Time (seconds):

T L ( Boost Start (specified as % of walk tine):
= et oy Boost Stop (specified as % of walk tine):
T Ll Center Frequency (CHz):

B Hook Movenent? (Y/N):
SRW Modul ation? (Y/ N):
| F YES
[same entries as SRW
ENDI F

- Backfill? (Enable/Disable):

| DRR Freq OFF Duration (nilliseconds):

—r.‘;'.'.'i".l . . .

,F“';_:._ | DRR Freq O\+OFF Duration (milliseconds):
=" DRR Freq OFF Duration (mlliseconds):
APE DRR Freq ON+OFF Duration (mlliseconds):

Nunber of Al D Regi ons:
For 1 to NumAl D
Start %
Stop %
| DRR End Region (specified as % of cycle tine):

SRW

Nunber Sweep Levels (different nodul ation frequencies):
Modul ati on Frequency (Hz):

Excursion (Hz):

Wbb Wavef orm

Wbbb Period (seconds):

SSW

Modul ati on Frequency (Hz):
Excursion (Hz):

Wbb Wavef orm

Wbbb Period (seconds):

Update: 11/17/97 G-33 RADGUNSV.2.0

DRAFT



DRAFT

Appendix G « RADGUNSModel Deficiency Reports ASP-I for RADGUNS
RADGUNS PROBL EM/SUGGESTION REPORT

27 July 1994
1. Reported by: MAJ Steve Satchwell
Organization: AF/XOFE
Address: 1480 Air Force Pentagon

Washington, DC 20330-1480
2.  VesonNo: Version 1.9b
3. Function or subroutine affected (if applicable): Subroutine SWEPTA.

4.  Problem Description: DELTON calculation appears incorrectly implemented. The
conversion from frequency to wavelength (expressed in meters) is missin p. The correct
formulais:

1

t=—
2pf

5.  Suggested Solution: Two lines of code need changing.

Change line RGE18130 from:
DELTON(II) = 1.0/(2.0 * SWEEPK(I1,1)
to:
DELTON(II) =1.0/(2.0* Pl * SWEEPF(I1,1)

Change line RGE18270 from:
DELTON(II) = 1.0/(2.0* (SWEEPF(I1,1) + T-TLAST(lI) * SLOPE(II))
to:
DELTON(II) = 1.0/(2.0 * Pl * (SWEEPF(I1,1) + T-TLAST(I) * SLOPE(I1))

6. Comments: The existing line RGE18270 should undergo a units of measure check
and arithmetic operator precedence check. The suggested fix for RGE18270 includes
additional sets of parentheses to explicitly ensure that it is analyticaly correct. The
constant Pl is already a declared common variable despite not being used in the existing
subroutine.
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FI XES TO RADGUNS FI LES - Version 2.0, Rel eased February 1996.

Note that this listing is cunulative & in chronol ogi cal order.

==FI X #1 3/ 01/ 96
File: RGO FORTRAN, Subroutine VAREAD
Add the 4 lines nmarked” (add)” bel ow

Sone preceding lines are included to aid in locating the appropriate
| ocati on.
202 CONTI NUE
VASUM 1, 2) = VASUM1,2) * PROP2 + VASUM2(1,2) * PROPL
VASUM 1, 3) = VASUM 1, 3) * PROP2 + VASUM2(1,3) * PROPL
VASUM 1, 4) = VASUM 1, 4) * PROP2 + VASUM2(1,4) * PROPL
VASUM 1,5) = VASUM 1,5) * PROP2 + VASUM(1,5) * PROPL
(add) VASUM 2,2) = VASUM 2,2) * PROP2 + VASUMR(2,2) * PROPL
(add) VASUM 2,3) = VASUM 2. 3) * PROP2 + VASUMR(2,3) * PROPL
(add) VASUM 2,4) = VASUM 2, 4) * PROP2 + VASUMR(2,4) * PROPL
(add) VASUM 2,5) = VASUM 2,5) * PROP2 + VASUM2(2,5) * PROPL
==F| X #2 3/ 07/ 96 ==============—=—==—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=====
File: RA NP20. FORTRAN, Subroutine | NPO1

Renmove all references to SCANT in the subroutine.
A preceding line is included to aid in locating the appropriate | ocation.

READ (4, *) PTIME

change PTI ME(1) = PTIME(1l) - SCANT
to: PTI ME(1) = PTI ME(1)
change PTI ME(3) = PTI ME(3) - SCANT
to: PTI ME(3) = PTI ME(3)
==F| X #3 3/ 07/ 96 =================—=—=======—=—=—=—=—=—=—=—=—=—=—=—=—=—====
File: RA NP20. FORTRAN, Subroutine MOVTAR
Change VX to TARCGET(1, 2) as shown bel ow (don’t go beyond colum 72). Sone
preceding and following lines are included to aid in locating the
appropriate | ocation.
ELSE | F (MOVTYP .EQ ‘SINUSO ) THEN
TARGET(2,2) = -TARGET(1,2) * DYDX
TARGET(3,2) = -TARGET(1,2) * DZDX
C
C
change: TARGET(1,3) = VX * SP*(AMY**2 + AMZ**2)*
& (TWOPI/WAVLNG) **3 *
to: TARGET(1,3) = TARGET(1,2) * SP*(AWY**2 + AMZ**2)
& * (TWOPI / WAVLNG) ** 3 *
& COS(TWOPI * XI NC WAVLNG) *
& SIN(TWOPI * XI NG WAVLNG / (1.0 +
& (AMY**2 + AMZ**2) * (TWOPI/
& VWAVLNG) **2 * COS(TWOPI *
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& XI NG/ WVAVLNG) **2) **1. 5
D2YDX = - AMY * (TWOPI / WAVLNG) **2 * SI N( TWOPI *
& XI NC/ WAVLNG)

==FI X #4 3/ 07/ 96 ===========—===—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=—=====

File: RGUTIL. FORTRAN, Program AAASI M

Put variable ENDTYP in COVWON (i.e., COWDON /ENDTYP/ ENDTYP)

Delete 1 line (nmarked “(del)”) and add the 4 lines marked “(add)” bel ow.
Sone preceding and following lines are included to aid in locating the
appropriate | ocation.

DO 110 | = 1, 999
TESTT = |
TESTRG = HYPOT( TARGET(1, 1), TARGET(2, 1),
& TARGET(3, 1))
(del) | F (TESTRG . LE. RGVAX) | NRG = . TRUE.
(add) | F (TESTRG . LE. RGVAX) THEN
(add) INRG = . TRUE.
(add) GOTO 200
(add) ENDI F

==F| X #5 3/ 07/ 96 ================—=—=—=—==—=—==—=—=—=—=—=—======—=—======

File: RGGEUN FORTRAN, Subroutine SHOOT1

Call FDRGEN with T+TI MEA i nstead of T+TP (as shown bel ow). Sone precedi ng
and following lines are included to aid in locating the appropriate
| ocati on.

IF (1 VUON . AND. ((SBURST .OR EBURST) .COR

& (MOD( TOTFI R RNDINC) . EQ 0))) THEN
change: CALL FDRGEN( 21, MESSAG 1), T+TP, TARGL, TOTFI R)
to: CALL FDRGEN( 21, MESSAG 1), T+TI MEA, TARGL, TOTFI R)
change: CALL FDRGEN(6, MESSAG 2), T+TP, SHELL, TOTFI R)
to: CALL FDRGEN( 6, MESSAG 2), T+TI MEA, SHELL, TOTFI R)
ENDI F

==F| X #6 3/ 13/ 96 =================—=—=—===—=—=—=—=—=—=—=—=—=====—=—======
File: RAD2. FORTRAN, Subroutine PLOT

change: RMN = 1. 0E70

t o: RM N = 1. 0E35

Note: M ke Bennett reported a problemin running 2S6 A10A EX2 on a Sparc
10. It reports a NAN error, indicating sonething probably wasn't
initialized. | haven't been able to replicate the error (even on a Sparc
10) .
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