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Pr: Received Power
Pt: Transmit Power
Gt: Transmit Gain
Gr: Receive Gain
R: Range

H: Horizon
Re: Earth Radius ~ 6,371 km

Target _ (Target Range -/ 2HRe)*
Height 2Re

H: Horizon
Re: Earth Radius ~ 6,371 km
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RF Propagation RF Propagation Detection & Estimation Probability
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Band f Wavelength - a e a e
VHF 100MHz  3.00m
X-band  S-band
Velocity 300m/s 300 m/s
Wavelength 0.03m 0.1m )
IR R RIS x: Observations
c: Speed Doppler Sh’ﬁ_ ) ZOkHZ ________ 6 kHZ _______ p: Probability distribution function (or joint)
f: Frequency 0: Distribution parameters can be vectors
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Detection & Estimation Probability
BINOMIAL

flk;n, p)=Pr(X =k) = ( n ) pk (1-p)n—k

: Success probability of each trial
k: Number of successes
n: Number of trials

Detection & Estimation Probability
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A: Distance between the reference point and
the center of the bivariate distribution

Joint Density Function

f(xl,xz,...,xn|6):f(x1|6) xf(x2|6) X e xf(xn|0)

Likelihood

L(B;xl, o X )=f(x1, X e xn|6)=f1 f(xi| 0)

Log-Likelihood

InL (G;xl, ...,xn):i In f(xl.| 0)

i=1

Average Log-Likelihood
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x;: Observations
n: Number of Samples
f:Is one, or joint, probability distribution(s)
6: Distribution parameters can be vectors

J/S: Jam to Signal Ratio at Radar Receiver
S: Radar Received Signal Power
P,jm: Jammer Transmit Power
G[jam: Jammer Transmit Gain
R, : Range between Jammer and Radar
R: Range between Radar Target and Radar
\: Jammer Transmit Wavelength

(C Radar Receiver Gain

G’radar

BW,

Radar

Jam®

P Radar Transmit Power
: Radar Transmitter Gain
o: Radar Target Radar Cross Section
: Radar Transmit Bandwidth
BW, : Jammer Transmit Bandwidth
J: Jammer Power
Rmaxjqymeq: Jammed Radar Range
(Burn through Range)
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Jsei: Self Protect Jammer Power L, i Radar Receiver Losses R 02: Max Radar Range

J/N: Jammer to Noise Ratio
N: Total Noise
k: Boltzmann's constant
T;: Receiver Temperature
By: Receiver Noise Bandwidth
SNR: Radar Signal to Noise Ratio
Ny: Receiver Noise Figure (>1)

Band | Frequency
Designation | Range
11(EHF) » HF | 3-30 MHz
VHF | 30-300 MHz
UHF | 300-1,000 MHz
International Standard Bands L 1=2 GHz
S | 2-4 GHz
C | 4-8 GHz
X | 8-12 GHz
K, | 12-18 GHz
K | 18-27 GHz
K, | 27-40 GHz
V | 40-75 GHz
W | 75-110 GHz
Y R
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s(r)=e]2n(fc‘c+2 bt )’_ p

x(t, ) =["s(t)s*( t-t)ei2vt dt

B,=br,
Y (frequency)

S(1): Complex Baseband Pulse
_________________________________ T: Time Delay

/l\ H f: Doppler Shift

determines
resolution

T (time) X

le— 1y >

determines
signal energy

Noise Power in Receiver= kT,ByNy

s(): Transmitted Signal Waveform
f;: Center Frequency
T Range Time (fast time)
T, Pulse Length

kT: =-174dBm
K: Boltzmann’s constant = 1.38*10°% JIK
: B : Noise Bandwidth
b: Chirp Rate. T; System Noise Temperature
B, Pulse Bandwidth T, usually set to T,= 290K
Y: Range Frequency N: Noise figure of receiver
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Fourier Relationships )
PARSEVAL'S RELATION

N [ Speed of Light (approx) Units
fml.X(t)lz dt =2— f |X((D)|2 dw 3x1018 m/sec
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Detection & Estimation Probability Detection & Estimation Probability Detection & Estimation Probability Fourier Relationships Fourier Relationships h
RICIAN NORMAL ERROR FUNCTIONS CONTINUOUS-TIME FOURIER TRANSFORMATION MODULATION PROPERTY
Duality Property
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the center of the bivariate distribution A: Distance between the reference point and A: Distance between the reference point and % No: Noise Power T usually set to T,= 290K
I; Bessel Function of the first kind with order zero the center of the bivariate distribution the center of the bivariate distribution L: Losses N: Noise figure of receiver
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Convolution Property
D )
Antennas Antennas Antennas h( t) * x( t) <_>5 H( (l)) X( (D)
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\: Wavelength 0,4 Half-power beamwidth in one principal plane (degrees) A,: Effective Aperture Area H(w): Frequency Response Soco, range Radar Cross SeCt'l(m (RCS, 0) Tzfl!r"csrlzﬂﬂ;t
d: Antenna Diameter 0,4 Half-power beamwidth in the other principal plane (degrees) \: Wavelength *: Convolution operation Scattering
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