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RANGE PERFORMANCE CALCULATIONS USING THE NYEOL—GEORGIA TECH
RESEARCH INSTITUTE 0.1- TO 100-GHz RADAR PERFORMANCE MODEL

I. INTRODUCTION

Under an NVEOL-sponsored contract' the Georgia Institute of Technology Radar and In-
strumentation Laboratory has modified a computer-based radar range performance model? in
order that it may be exercised to analyze and predict the performance of US Army millimeter
wavelength radar systems. The analytically enhanced radar range performance model has
been delivered to NVEOL and has been installed onto the MERADCOM CDC 6600
Computer.” Because of computer word-length differences (hence, luwered computational ac-
curacies), the model has not yet been made operational on the NVEOL IBM 4341 computer.

The cc. puter radar model has a number of options that enables the user t) caleulate perfor-
mance for different types of radars and conditivns, This includes classical wide-heam scanning
radars, raster scanning radars, air and ground scer vio combinations, and moving or sta-

tionary targets and/or radars, Some of the important features are*:

e Performance predictions for classical wide-beam scanner radars or raster-scanning radars
operating in 0.1- to 100-GHz band.

© Moving target indicator (MTI),

e Model for targets haviag distributed scatters.

o Mulii-path propagation for the complex specular component from the ground or sea.
® Doppler processing and post-detection integration.

o Marcum-Swerling target and clutter statistical models.

® Simplistic atmospheric model for 0.1- to 100-GHz bhand.

Outputs provided by the program are probability of detection, signal-to-nvise ratio, and
range to target. Any one of these output parameters may be chosen as the dependent variable.

US Army MERADCOM Contract DAAG 29-78-C-00 11,

(£

B. C. Appling. E. 0. Rausch. and R. D, Haynes, *"MRANGE. A Radar Simulation Program.” Geurgaa Institute of Lechnulogs Enganernng
and Experiment Station. Atla.ta, Georgia, Internal Memorandura, November 1979,

Model stored a~ file named RADAR. under MERADCOM seer 1D NV7 1701, Compnled program i on fite named RA2iARB.

Georgia Tech Research Inititute letter proposed RERAD-1025, 12 December 1979,
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II. PURPOSE

The purpose of this report is to present three worked examples that illustrate how the model
can be set up and used. The examples are:

o A classical wide-beam scanning radar tracking an airborne target.

® A ground raster-scanning radar tracking a target that descends almost vertically to the
ground (representing a helicopter pop-up in reverse).

o An airborne raster-scanning radar tracking a moving ground target.
1. ILLUSTRATIVE EXAMPLES

The examples that will be presented were chosen to illustrate how the radar scenario
parameters are used to define different types of surveillance, detection, and tracking problems.
All the input/output parameters for the radar model are deseribed in Appendix A.* The sym
bolic notation used will follow those defined and used in Appendix A.

Example 1 is a classical, non-coherent MTI radar which emits 100-W pulsed power (PT)® at
a carrier frequency of 95 MHz (FM). The electro-magnetic radiation is horizontally polarized.
The antenna is scanning the 360-degree horizon with a fixed tilt angle of 13.7 degrees (ELt ata
rate of 120 degreesls (SCNRTE). It is 6.0761 ft (AHFT) above the carth. Transmit antenna
gain (GT) is equal to the receive centenna gain of 40 dB (GR). The 3-dB main lobe beamwiddh
is 0.2 degree elevation (BWDE) by 0.2 degree azimuth (BWDA). The antenna is stationary
(VPLT=0).

A 1-m? cross-section target (SIG) will fly along a straight-line descent path starting at a line-
of-sight range of 10.005 nmi (-PL}) from the radar, The relative descent slope of the target is ¢
5-ft drop (DELTAII) for each 20-ft (DELTAR) flown horizontally (the units for slope are not
important ). Closet line-of-sight distance between the radar and the target is 6076 {1 (RO).
Target height at RO is 6.0761 ft (11T).

.

) . - . ~

Y B, Perny. B, C. Appling, et al,, “Merge: An Analytic Radar Performance Model,™ Georgia Institute of Technology Engineering
Eaperiment Station, Atlanta, Georgia, Internal Memorandum, March 1982,

() indicates the symbol in the model avociated with the precediv  samerical information,




The taiget has two scatterers (NPTS) located with respect to the target-cross-section center as
follows:

Locations
Relative Cross-Section X Y Z
(DISTSIG) (SIGX) (SIGY) (SIGZ)
Reflector 1 1 10.0 fi 24,0 ft 0.0 ft
Reflector 2 3 0.0f. 0.05 ft 34.0 ft

The radar constant false alarm probability is 107 (FA). False alarm due to clutter is 10™
(PFAC). There is no rain (GAMMA =0) in the scenario,

Figure 1 shows the example geometry. Table 1 shows the values of the parameters that were
abstracted from the above example and used to run the radar model. The values shown are
those printed out by the model. Some self-explanatory values shown in Table 1 were not men-
tioned in the above text. Table 2 shows one of the pages of outputs from the model.

The fifth column of Table 2 shows atmospheric attenuation as a function of line-of-sight
range. The siath column shows the probability of detection as a function of line-of-sight range.
For examiple, when the target is at -7 nmi, it is inside the main-lobe of the radar heam. The
probability of detection changed from 0.0 to 0.8184 upon fiying into the main-lobe beam.
Computer caleulated Py values corresponding to computer calculated signal-to-noise ratios
agreed closely with Py, values obtained using Meyer plots.?

All the outputs produced by the radar model are given in Appendix B. These are the outpute
normally produced. Table B-1 (Appendix B) is (S/N) at the antenna receiver for the case when
there is no atmospheric alteration, Tables B-2 and B-3 incorporate the effects of a range depen:
dent pattern propagation factor without, and then vith, atmospheric alteration, The last out-
put, Table B-4, is the complete radar performance and thus includes clutter and doppler pro-
ce~-mg. The above sequence of outputs are often used to study the degrading effects that at-
mospherics and processors have on radar performance. Appendix B gives the set of input cards
used to exercise the radar model for this example.

7 N .
D. P. Meyer and Fi. AL Meyer, “Radar Target Detection, Handbook of Theors and Practice.” Academic Prews, 1973
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A simple equation® used to calculate the signal-to-noise ratio for a radiating radar is:

s\ PGGNdicr
\N)™ (@xfRFKTH,

7(2R).
where: P is radiated power.
G,. G, are transient and receive gain of radar antenna,
A is wavelength of electro-magnetic radiation.
O 18 largel cross-section.
R is range to target,
Fis noise figure of merit.
k is Bolizman’s constant,
L4 AN . .
I"is input temperature of receiver.
B, is noise handwidth,
7 is atmospheric transmission.

If the gains are each increased by 2, the resulting (SIN) ratio should inerease by 4 (or 6 dB),
all other conditions remaining the same. For the above deseribed example 1, the antenna
transmit and receive gains were each increased by 2. (The seatterers were deleted for this
calculation in order to remove their signal contributions.) A plot of the (S/N) ratio for each case
is shown in Figure 2. The curves are the same exeept that they are separated by 6 dB.

Example 2 is the case of a target pop-up in reverse, A stationary ground-based, raster-
scanning MTT radar is viewing a section of the sky. The horizonal raster scans g» from 0.36
degree above the horizon (TILTMIN) to 2.77 degrees above the korizon (PILTMAX) in 0.1-
degree increments (ELINC), for a total of 25 raster lines per frame. It takes 0.16666 s to com-
pletely scan the frame (SCNFREQ).

The target has a cross-section of 1 m? (SIG) and has ne distributed scatterers. Its initial line-

I

of-sight range from the radar is 1.001 nmi (-PD). Its clozest range to the radar is 6076.1 ft (RO)
or 0.99933 nmi. Target height at RO is 6.0761 ft (HT).

8

8.\ Hovauessian, “Radar Dieedtion and Tracking Systems” Avtech House, Ine., 1980, pages 1 through 8.
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Figure 2. Graph showing tha effect of increasing transmit and receiving antenna gain by a factor of two {or total
of 6 dB), Data are shown for Example 1 when there are no scatterers and no atmospheric attenuation,
The scatterers and atmospheric attenuation have been removed to simplify the graphic presentation,




Figure 3 shows the geometry for this example. Table 3 gives the data that were used to do
this performance calculation. Table 4 shows the calculated (S/N) levels prior to the processor as
well as probability of detection at different target heights. The probability of detection shown
in column 4 (Table 4) is the highest value calculated for that frame, The actual raster line pro-
ducing this maximum prehability value is not printed out (this change will be made in the
future).

Appendix C gives the set of input cards used to exercise the radar model for this case.

Example 3 represents an airborne cadar surveying the battlefield. The radar platform is sta-
tionary (VPLT = 0) and is at x height of 60.761 ft (AHFT). The horizontal raster scans go
from — 1.72 degrees (TILTMIN) down to — 3.00 degrees (TILTMAX) in 0.1-degree increments
(ELINC). It takes 1.1 s to completely scan the frame (SCNFREQ),

The target has a cross-section of 5.25 m* (SIG) and has no distributed scatterers. Its initial
line-of-sight range from the radar is 1.10 nmi (—PD). The horizontal component of target
velocity towards the radar is 5 knots (VTGTI).

The geometry for this example is shown in Figure 4. Table 5 gives other data that were used
to do this performance calculation, Table 6 shows the calculated (S/N) levels prior to the pro-
cessor as well as probability of detection. Note that the probability of detection at a range of
1.10 nmi is 0. At ranges of 1.09 mi or closer, the probability of detection is 1.00.

Appendix D gives the set of input cards used to exercise the radar model.
IV. CONCLUSION

It is concluded that: The NVEOL—Georgia Tech Research Institute millimeter wavelength
radar performance model has been put up on the MERADCOM CDC 6600 computer. Three ex-
amples that illustrate how the model is to be used have been presented. Each example
represents a different type of radar or a different battlefield scenario.

The model in its present form has not been used to predict the performance of Army Startle
sensors, It is uncertain how to treat the signal processing parts of these radars. This will be ad-
dressed internally in the near term and through a contract to be awarded to Georgia Tech dur-
ing July 1982.

10
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Figure 3. Geometry for Example 2,
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HORIZON

RADAR

/TILTMIN=-1.72°

II\HFT= 60.761 FT
TILTMAX--3.00°

PD=-1.10nmi

TARGET VTGT1=5 kts

NN
VTGT2=0.0 ks

Figure 4, Geometry for Example 3.
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Other future internal and external efforts to improve upon the model include:

e Extend model’s prediction capability to include 100 GHz to 300 GHz band.This re-
quires incorporation of the Atmospheric Science Laboratory’s atmospheric model and
modifizations to the exisiing multi-path scattering part of the model.

o Make model much easier for user to interactively work with by:

(1) Establishing a library of data files for existing or prototyped radars and targets.
(2) Incorporating automated graphics capability,
(3) Enabling user to do malti-runs and automated system sensitivity and analysis,

o Incorporate uniform units of- measure (presently, there is a mix of metric and Englisk:).

The above are expected to be accomplished over the next fiscal year through internal and ex-
ternal programs.

17

<a

e sty e ¥ e T e BT T & TETR P T L



REFERENCES
1. US Army MERADCOM Contract DAAG 29-78-C-{:344.
2. B. C. Appling, E. O. Rausch and R. D. Haynes, “M24ANGE: A Radar Simzlation
Program,” Georgia Institute of Technology Engineering Experiment Station, Atlunta, Georgia,
Internal Memorandum, November 1979,
3. B. Perry, B. C. Appling, et al, “Merge: An Analytic Radar Perfor:nauce Meilel,” Georgia
Institute of Technology Engineering Experiment Station, Atlanta, Georgia, internal Memoran-
dum, March 1982,
4. Georgia Tech Research Institute letter proposed No. RI-RAD-1025, 12 Deceiber 1979,

5. S. A. Hovanessian, “Radar Detection and Tracking Systems,” Artech House, Inc., 3720,
pages 1 through 8.

6. D. P. Meyer and H. A. Meyer, “Radar Target Detection, Handbook of Theory and
Practice,” Academic Press, 1973.

18




APPENDIX A*

DESCRIPTION OF RADAR PERFORMANCE MODEL AND

ITS INPUT/OUTPUT PARAMETERS

THE SURVEILLANCE ROUTINE
1.1 INTRODUCTION

This program is a FORTRAN IV formulation of several integrated component programs.
Since MERGE is an integrated composite of several “stand-alone™ component programs, much
of the documentation for the RANGE portion of MERGE is taken from documents which
deseribe the component programs. This is especially true of NRL Report 7448, 4 FORTRAN
COMPUTER Program to Calculate the Range of a Pulse Radar, by L. V. Blake.

The Surveiiiance routine is primarily intended to determine the detection range p.rformance
of a conventional surveillance radar. The routine can be started in cither of two ways, One
method requires that the uscr specify the range at which he would like the target to start, The
program will then calculate the signal-tosnoise ratio (S/N) and the probability of detection (PD)
due to a maximum allowed false alarm probability (PFA). The second method requires that the
user specify a minimum probability of detection at which he would like the target to start, Now
the program will calculate the §IN and the corresponding range due to a PFA. The target’s
range is then decremented at a rate corresponding to the surveillance scan rate and target
velocity. The SIN is computed for each decremented range and the resulting PD's are com-
puted. The computations are continued until the minimum increment of range is reached. .\
table of PD. and SIN’s versus range is then printed. The contents of this table are then
modified by a pattern propagation factor and prinied in a second table. The contents of the se-
cond table are in turn wodified by medium attenuation and printed in a third table. A fourth
table takes these results and accounts for the effect clutter and various types of Doppler
response functions.

The fundamental underlying philvsuphy of program MERGE is that it must be kept as flexi-
ble as possible. As an example, the user can specify the starting range or he can specify a
minimum probability of detection that he would like the target to start at. Another example of
this flexibi