
TM 86-1 TP COPYNO

Technical Memoranlum

LLi

DERIVATION OF THE RADAR RANGE EQUATION fl
FOR A PULSE-DOPPLER RADAR WITH
RANGE AND VELOCITY GATING AND ,-.

COHERENT AND NONCOHERENT PULSE INTEGRATION

by
I4L

Q\ Dr. George Masters

U.S. Naval Test Pilot School

27 DTIC
Jn 1 z986 ELECTEI

'U,]

Lai Approved for public release; distribution unlimited. n:.

.' NAVAL AIR TEST CENTER
PATUXENT RIVER, MARYLAND

,~ .T 7-

--.-..,..-. . . . ..... ... o.-.. o% ..... .. ....... .m,i .. . -- - - , .- =- •. .• • . . * . -• • . -* . -. -. , .- • ,, .. %



.. v -~ ', *- * ,,, . . * . .A *, " - '. -- S ". - --- -- .

DEPARTMENT OF THE NAVY
NAVAL AIR TEST CENTER

PATUXENT RIVER, MARYLAND 20670-5304

TM 86-1 TP
27 June 1986

t The application of advanced radar signal processing techniques to the detection of airborne
moving targets is of increasing importance in air warfare. Several test programs at
NAVAIRTESTCEN, both current and planned, are concerned with the evaluation of radar
systems which utilize such advanced techniques. In order to facilitate the analysis of such
systems at NAVAIRTESTCEN, this technical memorandum sets forth the manner in which
factors accounting for the more common techniques may be incorporated into the radar
range equation.
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SUMMARY

The radar range equation is employed in test planning to predict the probability of target
detection for a given set of test conditions (target parameters, range, velocity, aspect angle,
radar parameters, etc.). This technical memorandum documents the detailed development of
the radar range equation including the effects of range gating, velocity gating, and both
predetection and postdetection pulse integration.
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THE BASIC RADAR RANGE EQUATION

The radar range equation may be written in a form expressing the signal-to-noise ratio
expected for a given set of radar and target parameters. In the following development, an
expression is derived for the signal-to-noise ratio to be expected when several modern signal
processing techniques are employed. The development begins with the range equation for a
basic, pulsed radar, and neglects propagation absorption and scattering losses.

The radar equation for a pulsed radar without pulse integration and without range or
velocity gating may be written:

(S/N) 0  PaGa A 2a(S/No = (4,T)3dtLsoNsRt 4

where:

(S/N)o = Signal-to-Noise Ratio at Target Detection Filter (n.d.)
Pa -- Average Power at Transmitter Output (W)

Ga = Transmit/Receive Antenna Gain (n.d.)
Carrier Wavelength (m)

OY = Target Radar Cross Section (m2 )

dt = Transmitter Duty Cycle (n.d.) = T pfr
Transmitted Pulse Width (sec)

fr = Pulse Repetition Frequency (Hz)

Lso = Total System Losses Except for Those Associated with Gating and Pulse
Integration (n.d.)

N s  :Total Internal System Noise (W)

Rt = Range to the Target (m)

The system loss for the basic pulse radar is given by the equation:

Lso = Lc'LdxZLrLda

where:

Lso : System Loss Factor (n.d.)
L c  = One-Way Cable Loss (n.d.)

Ldx = Duplexer Loss (n.d.)
Lr = Receiver Loss (n.d.)
Lda = Detection Algorithm Loss (n.d.)

The system noise, for a system dominated by internal noise, is given by the equation:

N s = kToBifFn

where:

Ns  = System Noise (W)
k = Boltzmann's Constant (W-sec/deg)
To  Standard Reference Temperature = 290 0 K
Bif - Intermediate Frequency Bandwidth (Hz) 1/Tp
Fn Effective Receiver Noise Figure (n.d.)

!I
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PREDETECTION PULSE INTEGRATION

When predetection (coherent) pulse integration is employed, the signal-to-noise ratio is
increased. except for processing losses, by a factor equal to the number of pulses coherently
integrated. Nci Thus:

(S/N) =(S/N)0 (Nci/Lci) = (S/N)o(frTs/Lci)

*(S,,N) Signal-to-Noise Ratio of Basic Pulse Radar (n.d.)
(S/N P) Ga XZa/(41)3dLNRt4

frr Pulse Repetition Frequency (Hz)
T - Coherent (Predetection) Integration Sampling (Integration) Time (sec)

-Losses Associated with Coherent Pulse Integration (n.d.)
Lci LsLq (n.d.)

LS = Sampling Loss (n.d.)
L1  Quantization Loss (n.d.)

INc Number of Pulses Coherently Integrated (n.d.)

I)OSTDETECTION PULSE INTEGRATION

Wh.'n postdotcction (noncoherent) pulse integration is employed, the signal-to-noise ratio is
increased, except for processing losses, (L'nci), by a factor equal to the number of pulses
I MtnpliosPi( neoherent ly integrated. Nnci. times the noncoherent integration efficiency

(S/N) (S/N)o(NnciEnci/L'nci) (S/N)O(fsTnci/Lnci)

(SIN) =(S/N)O(Tnci/TsLnci)

w h r

f = Predetection Sampling Frequency (Hz)
TS = Predetection Sampling Period (sec)

Tnci Noncoherent Integration Time (sec)
Ln(.i Losses Associated with Noncoherent Integration, Including Efficiency Factor

(n. d.)
Lnci Nnci)'2 =(fsTnci)0 2Z (n.d.)

Nni Number of Samples Noncoherently Integrated (n.d.)

Whn hoth prodetection (coherent) and postdetection (noncoherent) pulse integration are
* .* ~ ,mployed. tho radar equation becomes:

(S/N) (S/N)o(frTnci/LciLnci)

L
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RANGE GATING

When range gating is employed, two effects change the signal-to-noise ratio: range gate

eclipsing and range gate noise reduction. The effect of range gate eclipsing is to reduce the

target return signal-to-noise ratio by losing that part of the return signal not within the

range gate. The effect of range gate mismatch is to reduce the target return signal-to-noise
ratio by increasing the noise received when the gate width is excessively large. These

effects can be included in the range equation by defining two effective duty cycles in

addition to the transmitter duty cycle (see Skolnik, Radar Handbook, chapter 19). Thus:

(S/N) = (S/N)o(dr 2 /dg) (n.d.)

where:

dr = Variable Received Gated-Pulse Duty Cycle due to Position of Target with
Pespect to the Range Gate

dr = Tr/Tp (n.d.)
dg = Receiver Duty Cycle due to Range Gating
dg -=tg/Tr (n.d.)
Tr Pulse Repetition Interval (sec)
Tg - Range-Gate Interval (Width) (sec)

p = Pulse Width (sec)
Tr = Received Pulse Width (After Eclipsing) (sec) (This factor is defined in terms

of target range in the following material.)

Employing the foregoing expressions for dr and dg, the signal-to-noise ratio is given by:

(S/N) = (S/N)o(TrZTr/TpZTg) = (S/N)o(Tr/lp)Z(Tr/T g)

or defining a range gate eclipsing gain, Grge , (1) and a range gate noise-reduction gain,

Grgnr( >. 1):

(S/N) = (S/N)o GrgeGrgnr

where:

Grge - (Ir/Tp)Z and Grgnr (Tr/tg)

V.3
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'Ilt- range gate eclipsing gain. G"rg,. is a function of the range of the target missile with
r#,spoct to the range gate. as well as the size of the range gate and the pulse width of the
radar. The range gate eclipsing gain is best represented by the following equations in termns

f the target and range gate times depicted below.

-1 I PULSE WIDTH, Tp

IGATED PULSE WIDTH, T. -4 ------- 0-
I I - I - .

No1 RAG GAT TIM..E WIDTH. Tg
0 T. T, T, + rp T,+rg9 TIME -

ItTimne (of Two-Way Propagation) Corresponding to Range (of TargetMisl

T, ise ( rrsponding to Range of Inner Edge of Range Gate (sec)
Rangje (late Interval (Width) (see)

't 1 ) Trtinsrnitted Plse1 Width Isee-)

Ii t-rnm-s r range. Tt and Tg9 are given by the eq(uations:

Pange, t, Trarget (ml

R anig u) Inner Edge of Range G;ate, m
V'ai ty of Pr Ipagat ion ( i/see)

W. F .0..
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For a matched gate (Tg =Tp), the range gate eclipsing gain is given by the following
expressions.

For Tt <Tg - p:

GrgeO

For T9- Tp!STt 5Tg:

Grge = (1 - T g Tt )

For Tt = Tg:

Grge 1

For Tg ( Tt S Tg + 9

Grge =1Tt Tg) 2

rp

For Tt >Tg + Tg

Grge =0

For a stretched gate (Ig >Tp), the range gate eclipsing gain is given by the following
expressions.

For Tt<Tg :

Grge = 0

For Tg - Ip ISTt <Tg:

rg ( -Tg - Tt )

Grge 1

For g!STt !S Tg + -P

rgge l

For Tt+ Tg

GrgeO
-p..

Fo T T
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,r a coimpressed gate (xg the range gate eclipsing gain is given by the followving

For Tt < Tg

Grge - 0

For T TI, STt <'Fg~ + Tg 'T

T -Tt

I r T~, TT)TtSg

r *r k7 < ' g/

Itrl. >T~,

I~rarigo ga to noise reduction gain is given by the equation:

Grgnr = (Tr/'g) (n. d.)

:I*L ITcY GATIN G

ci t y gatixng Doppler clu tteor filtering) is emploved to redluce ('Nt rnal noi,
lutt -r tht, signal- t (- noise ratio is redulced by the Doppler clutter filter loss tactor. L, ~
i t s

(S/N) - (S/N)(,pl/L(-f)

I IHE (OMPLETrE IRADAPR RANGE EOUATION

V iruok e at ing. velt c)(ity gating. and both coherent and noncoherent pulse intograt itn m-
* i pi 't .thf- ( xIr ,ssion fo r the signal-to-noise ratio be(com es:

S/ N (S/ N) (f rTnu i/L i ,1i L f) (;r go, Grgnr

r (rgeGrgn r
4 itd )t NL, St 4
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REDUCTION TO THE BASIC RADAR RANGE EQUATION

When pulse integration and Doppler filtering are not employed:

frTnci = 1
Lci Lnci=l
Lcf = I

When range gating is not employed:

Tr T

dr dg -l.4.. 
-

Grge 1
Grgnr 1

The signal-to-noise ratio is then given by:

(S/N) = (S/N) o = PaGazXZO/(47T) 3 dtLsoNsRt 4

-ALTERNATE FORMS OF THE RADAR RANGE EQUATION

The pulse integration and clutter filter losses can be incorporated into the total system loss
factor, Ls, to yield the equation:

(/)PaGaz X 2OTnciGrgeGrgnr
(4 7r)3 t pLsNsRt 4

where:

Ls = LsoLciLnciLcf

or:

Lc2Ldx2LrLdaLciLnciLcf

The radar equation can be solved for the maximum range for detection to yield the equation:

R-- .. PaGaZ )Z TnciGrgeGrgnr
" -. ' -RtMax ()(47) 3 1pLsNs(S/N)Min Det

Where:
eq

RtMax Maximum Range for Detection (m)

(S/N)Min Det = Minimum Signal-to-Noise Ratio, at the Detection Filter, Required for
Detection (n.d.)

7
44.4p*, o ~
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