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ACP
ADC
ADT
AFC
AGC
AM
ATC
ATR
BPF
B/W
CA
CFA
CFAR
CFD
COHO
CRO
CRT
Cw
DAC
DSP
FAR
FET
FPF

FTC

olyLais Vi

Azimuth Clock Pulse
Analog-to-Digital Converter
Automatic Detection and Tracking
Automatic Frequency Control
Automatic Gain Control
Amplitude Modulation
Air Traffic Control
Anti Transmit-Receive
Band Pass Filter
Black and White
Civil Aviation
Crossed Field Amplifier
Constant False Alarm Rate
Crossed Field Device
Coherent Oscillator
Cathode Ray Oscilloscope
Cathode Ray Tube
Continuous Wave
Digital-to-Analog Converter
Digital Signal Processing
False Alarm Rate
Field Effect Transistor
False Plot Filter

Fast Time Constant

GEN

GTC

HPF

IAGC

ICAO

ICBM

IFA

IFF

ISLS

LAN

LNA

LO

LPF

LSB

LTA

LVA

MDS

MIX

MF

MOD

MSB

MTD

MTI

MTBF

Generator
Gain Time Control
High Pass Filter
Instantaneous AGC
International Civil Aviation Org
Intercontinental Ballistic Missile
Intermediate Frequency Amplifier
Identification Friend or Foe
Interrogator Side-lobe Suppression
Local Area Network
Low Noise Amplifier
Local Oscillator
Low Pass Filter
Least Significant Bit or Byte
Local Track Averaging
Large Vertical Aperture
Minimum Detectable Signal
Mixer
Matched Filter
Modulator
Most Significant Bit or Byte
Moving Target Detection
Moving Target Indication

Mean Time Between Failures



MTTR Mean Time To Repair

OTH  Over-the-horizon

OOP Object-Oriented Programming
Pfa  Probability of False Alarms
PFN  Pulse Forming Network

PLL  Phase Locked Loop

PPI  Plan Position Indicator

PRF  Pulse Repetition Frequency
PRI  Pulse Repetition Interval
PSD  Phase Sensitive Detector
PSR Primary Surveillance Radar
RAM Random Access Memory
RCM Remote Control & Monitoring
RCP Range Clock Pulse

RCS Radar Cross Section

RDE Radar Data Extractor

RDP  Radar Data Processor

RFA  Radio Frequency Amplifier

ROM Read Only Memory

RPM

RSL

RSP

RSR

RX

SAM

SAR

SAW

SCR

SIF

12

Revolution Per Minute
Reduced Side Lobe

Radar Signal Processor
Reverse-switching Rectifier
Receiver

Surface-to-Air Missile
Synthetic Aperture Radar
Surface Acoustic Wave
Silicon-Controlled Rectifier

Selective Identification Feature

STALO Stable Local Oscillator

STC

SSR

TR

X

TWS

TWT

Short Time Constant
Secondary Surveillance Radar
Transmit-receive

Transmitter

Track-while-scan

Traveling Wave Tube

VAMP Video Amplifier

VCO

Voltage-Controlled Oscillator



13

DC
D.C.
dB
dBm

dBW

H(f)
h(t)

Nk

ool

Antenna Aperture
Amplifier Voltage Gain
Bandwidth

Speed of Light

Direct Current

Duty Cycle

Decibel

Decibel to a Milli-Watt
Decibel to a Watt
Magnetron Hartree Voltage
Transmitted Energy
Frequency

Doppler Frequency Shift
Antenna Gain

Tube Trans-conductance
Transfer Function
Impulse Response
Boltzman's Constant
Klystron Factor
Nautical Mile per Hour
Positive Integer Number
Number of Pulses

Noise Average Power

Noise Figure

R
R(7)
Sinin
SCR
SNR

T

Va

VB

Noise Density
Nautical Mile
Average Power
Power Density
Peak Power
Pulse Per Second
Probability of Detection
Probability of False Alarm
Received Power
Transmitted Power
Transmitter Power
Slant Range
Autocorrelation Function
Minimum Detectable Signal
Signal-to-clutter Ratio
Signal-to-noise Ratio
Pulse Repetition Interval
Time Delay Elapsed
Absolute Temperature
Sampling Period
Velocity
Anode Voltage
Anode Supply Voltage

Blind Speed
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XOR

= ™

o

—

Grid Voltage
Relative Velocity
Exclusive OR
Alpha Constant
Beta Constant
Phase Constant
Range Resolution
Permittivity

Efficiency

Op

14

Antenna Beamwidth
Wavelength
Permeability
p1 Constant
Radar Cross-Section
Pulse Duration
Angular Frequency
Phase Angle

Antenna Angular Speed
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Sensors

Radar
. RAdio Detection And Ranging

c=1/V pe

HbLIl Joe 8,59 1-1

1-1
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¢  Permeability v
.3 x 10° m/s Permittivity
R=cTy4/2 1-2
T4

i gl
A yall 2L Target

Tranzmitted Signal

Ll JL.u"}’I
Reflected Signal

Sl

Radar

1-1

SOund Sonar
Navigation And Ranging
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Elevation Angle

Continuous Wave Radar

Azimuth Angle

. Phase Array

ol ,lshl 241

Pulse Radar

2-1



Pulse Duration

18

W

W

. Pulse Repetition Interval

Duty Cycle
D.C.=1/T 1-3
T T
Pulse Repetition Frequency
PRF=1/T 1-4
Echo Pulse
. Range Ambiguity
Ambiguous Target
1
Ryux=c¢T/2 =c/2PRF 1-5
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3-1
Rmes

1-6

Range Accuracy

R
R = Rmes + Rmax
T
o,=ct/2
Transmitted Fulse
Jaadl Jals calal

Targets in Zone

N

-

Range Resolution

1-7

= I BN [ I |
Mext Transmitted Fulse
/ Jiadl & s calaal

Target out of Zone

Fmau

|
le

. IR

3-1

Sl wlss i 3-1



Frequency Bands

I-1
Microwaves
Freq. Range Frequency Band
30-300 kHz Low Frequency LF
300 — 3000 kHz Medium Frequency MF
3-30 MHz High Frequency HF
30 -300 MHz Very High Frequency VHF
300 — 1000 MHz Ultra High Frequency UHF
1 -2 GHz L Band
2-4GHz S Band
4 -6 GHz C Band
8—-12.4 GHz X Band
12.4 - 18 GHz Ku Band
18 —26.5 GHz K Band
26.5-40 GHz Ka Band

1-1
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. 2-1
A
c f
c=A\f 1-8
Frequency Band Freq. Range Wavelength Wave Band
High Frequency HF 3-30 MHz 10100 Decametric Waves
. 30 -300 MHz 1-10
Very High Frequency VHF Metric Waves
. 300 — 3000MHz 0.1-1 . .
Ultra High Frequency UHF Decimetric Waves
3-30 GH 0.01 -0.1
Super High Freq SHF z Centimetric Waves
. 30—-300 GHz | 0.001-0.01 . .
Extremely Hi Freq EHF Millimetric Waves

2-1

Sl elgsle wlaudas 4-1

Marine Radar
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Airborne Radar

Two-Dimensional 2D

Three-Dimensional 3D

Monostatic
Bistatic
. Active Radar
Passive Radar
Early Warning Radar °
Surveillance Radar °
Secondary Radar .

Height Finder ]
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Tracking Radar °

Guidance Radar ]

Doppler Radar ]

Radio Altimeter °
Meteorological Radar ]
Astronomical Radar °
Laser Radar ]

Synthetic Aperture Radar °
Over-the-horizon Radar °

&o)lsl, anlnV aliol 5-1

Cobra Dane 4-1
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4-1

Cobra Dane
. ICBM

1L117 5-1

1L117 5-1

Utes-T 6-1
Air Traffic Control

7-1
( 3 SAM-D) Patriot
. Scud
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Patriot

Utes-T

6-1

7-1

8-1

Mortar
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. AWACS

9-1

Boeing 707

1

9

AWACS
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10-1

10-1

300 pps 1.6pus

150km 600km

2.7GHz

SAR OTH
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HsLJl adslso

JsLU (sadVI saodl 1-2

Power Density

P;
Pyn= P,/ A = P, / 47R? 2-1

. R

Directive



Directive Gain
Pien = G P, / 4nR?
o)

P,=6 P4, = GP,c /4nR>

P, (4en) = P; /41R* = GPo/(4m)’R"

Pr = Pr (den) Ap = GPt pG/ (47[)2R4

G =4nA, /N

P, = P,G*\o /(4n)’R*

Sensitivity

2-2

2-3

Antenna Aperture

2-5

2-6

2-7

30
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2-7

Ruax = “V(P,G* A6 / (4n)’ Spin )

2-8

Attenuation

2-8

Smin

2-8
sl @sleo wVglao 2-2

2-8
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Bagl) s Isl,Jl glasoll 3-2

. RCS Radar Cross Section

Reflectivity, transparency and

. absorbability
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Stealth Materials

Stealth 1-2 F117

. Tomahawk B2

F117 1-2

( ) Polarization
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. Polarization Diversity

Point
Targets
Distributed Targets
a,lsLJl 8,LaVl caubs 4-2
2-1
. T
Sinusoids
V(t) = a,/2 + X a, cos(2nnt/T) + X b, sin(2nnt/T) 2-9

bn an 1’1:1,2,.,,00
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a, = 2/T [ v (t) cos(2nnt/T) dt

by =2/T [ v (t) sin(2ant/T) dt

V(t) = A cos ( 2mft)

=0

-1/2<t<1/2

/2 <t<1/2

elsewhere

2-10
2-11

. -TR2<t<T/2

a, = At/T {sinc(t(f. — n/T)) + sinc(t(f. + n/T))}

b,=0

A

2-12

fe

2-13
2-14

PRF
A(nPRF) = AtPRF sinc(t (f. — nPRF)) 2-15
ATPRF sinc(t (f. + nPRF)) = 0 2-16
2-2
Amplitude Spectrum
ACnPRF)
1'; 5
Cgeer Loret
L S B N AT
il Hl A HJ/ 1

. sinc(x) = sin(nx) / mx

nPRF
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dausSe &,La| Jsl 5-2

Minimum Detectable Signal

MDS
. Cosmic Noise
Thermal Noise

N=kT,B 2-17
B T, 1.38 x10% J/KK k
(3dB )

B = [[H(f)| *df / [H(fo)] 2-18

Magnitude

2-17 A
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. 2-2
Signal-to-noise Ratio
SNR = P,/N 2-19
Decibel
SNR = 10 logo (P, / N) dB 2-20
Noise Figure
Nr = SNR;/ SNR, 2-21

SMNR; ——— MF —— ShR,

3-2

2-17
2-19
Smin =k TO B SNRmin 2-22

2-8

Ruax = “V(PG*A*6/ (41)* KT,B SNRmin ) 2-23
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alwyoll 8,08) 6-2

4-2

sl ]

Transmizsian Transmizsion

LI 5 388
Energy Storage
* T *
4-2
1-3
0.1% 0.001
Peak Power
Average Power P,
P, = P,,/D.C. 2-24

D.C.
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E, = Pt 2-25
2-23
Riax = ‘“V( EG*A\ o / (41)°kToBt SNR 1ir) 2-26
2-2
B=1/1 2-27
Ruax = “V(EG*\ 6/ (471)° kT SNRmin ) 2-28

2-28
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1-7

. Pulse Compression

. Energy Conversion Loss

n=P/P 2-29

. RF Wattmeter

P,=Pyx-L dB 2-30
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1.2MHz

3GHz

. 2dB

30dB

1%

27 C
5m?
10kW
1000
3GHz
. 90%
100km 0.5m’
300MHz

. 1.38x10% J/K

400km
1%

10kW
0.8m’

1J

. 27°C
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BINUNEWSY
sdg1all hlazoll 1-3
1-3
Juyll ladll ol 4o
Transmmitier Pulse Gen
7 35—l
Duplexer
R Ol
EEecewer Display
1-3

Antenna
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Waveguide

Duplexer

Transmitter

Receiver

. Video Signal ( )

Display
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Transducer

Radiator

Dipole

Waveguide

Horn

Pulse Generator

Zooming
PRF
. 1-5
SIsbJl solga 2-3
Feeder
Directivity



Reflector
Beamwidth
Elevation
Dish
Radome
Directors

46

Azimuth
2D
. Height Finders

Lens

Parasitic



skl Lasyo 3-3

Modulator RF Generator
. 2-3

|

RF Generator | Modulator

2-3

Self-oscillating

Vacuum Tubes °
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Crossed Field Devices o
(Amplitron ) CFA
Linear-Beam Devices °
. Traveling Wave Tube
Solid State Devices °
. Waveform
Thyratron
FET

JIsLJl Jadsouo 4-3

Direct Tuned Receiver
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Super
Regenerative Receivers
z 3Ll
1
LA
DET " '
};-;.;IJJI aa il gt JENE: [PV
(=0 el iyl
3-3
Homodyne
CwW
. Motion Detector
. 3-3 Super-heterodyne
. Intermediate Frequency
RFA

. 4dB LNA



. Local Oscillator
Vo= A;cos2nf, t. Apcos2nfiot
= YaAAro{cos2n(f,-fro)t + cos2n(f:+fro)t}
BPF
Center Frequency
IF
IF= fr- fio
IFA
Selectivity
Radar Signal Processing
Detector

Envelope Detector

4-3 LPF

50

Mixer

3-1
3-2

3-3
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Gaussian

]

7
(]
|
[
an
|
|

4-3

AM

Video Amplifier

JIshJl aso 5-3



Range Indicator

CRO
Horizontal Deflection
Vertical Deflection
sl 5513 . .
Viden Signal > Sereen (el A
ral
Al Lazaad . i
dl : LE w o]
Trigger Pulze w2 o # .
S TOOTH GEN
1 ]\
—r .
.0 25 50 75 100,
5-3

. (5-3 )
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Time Base
1-2
. 5-3
Oscilloscope
Marks
. PPI Plan Position Indicator
Azimuth
. Bearing
Scan Line

CRT



spidll 5 5L
Yidea Signal

Trigger Pulze

. (6-3

54

. Intensity Modulation

Plots

2l

o
SLEL 4 i
SaW TOOTH GEM

Persistence

Sereen all bl

6-3
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. 6-3 180

Inductocyne
2-phase
. 1/2

Synthetic Display

90

Potentiometer



Corridors

S
S
. He95
S~

LI i
10- 57
LITAL

56
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. 600km

40MHz

50cm

300Hz -2

. 20cm

3GHz -5
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a, sl ol LoVl asdleo

doldo 1-4

. Interference

Signal Processing

Clutter

Dynamic Range
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. Signal-to-Clutter Ratio

wbLoYl aways 2-4

Filters

White Noise
BPF

Center

Frequency
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Resonance

Bandwidth

Quality Factor

SAW

Active Filters

Digital Filters
ADC

1-4
Main Lobe

North



SNR=P,/kT,B 4-1
.ir! 1".
i
fc—% !.i'll :l'll_ fc:+1?
e T |
Fo-prf Te Fo+prf
1-4
SNR= P, t/kT, 4-2
2-25
SNR=E,/kT,=E/N, 4-3
Noise Density N,
. W/ Hz

Detectability Factor :

62

88lodl puai il 3-4

S(f) = _.J” s(t) e dt 4-4

s(t)
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H(f)
X(f)= H() S(f) 4-5
x()= L X(f) 27 df =" H(f) S(f) " df 4-6
0<t,<T t= t, x(t)

Sampling

SNR = | x(t,)|*/N 4-7
N

N= _J°(N,/2) H()] df 4-8
N,/2

SNR = | ["H()S(f) e”™“df? INJ2 I HFHP df 49

Schwartz Inequality

LUV dfF < L UHF df S IVHI df 4-10

f V U

Parseval Theorem

E = J°s%t)dt = J” [S(H)I* df 4-11
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V(f) = S(f) &' U(f) = H()

LSTH(A)S(HE )P < LSHPPAf 7S Pdf - 4-12

4-9
SNR < 2/N, |/ S(f) &*¥ % df|? 4-13
SNR < 2 [s(to)|* / N, 4-14
SNRumax = 2 [s(to)]* / N 4-15
4-12
H(f) = S*(f) e 4-16
H(f) = K S*(f) e?*™ " 4-17
K to
. s(t) S*(f)

Matched

Waveform S(f) Filter
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89lgio i ,eS kul)Jl 4-4

s:(t) Convolution

h(t) Impulse Response
x(t) = _.J” s(M) h(t - 1) dA 4-18
. Dummy Variable A

H(f)
h(t) = _J” H(f) ™ 'df 4-19
s(t) 4-16
to S*(f)

h(t) = _J" S*(f) ™9 df =s(t, — 1) 4-20
4-18 .Sty —t) = s¥(t - t,)
x(t) = " s:(V) s(to - t- X) d\ 4-21

Cross Correlation Function

z(H)  y(t)
R(t) = " y(O) z(t + X)) dA 4-22
4-21 : A
x(6) = R(t-t,) 4-23
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Auto Correlation Function

Correlator
2-4
ALl Tzl .! | b cdSl g all 2l

Fx Fulse Cutput Signal to Detector

Wl

Delay
Tx Fulse

2-4
Jolaily csoisrcglll oSl 5-4
Logarithmic

Amplification and Differentiation
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Cutput Waltage, v Sl ¢ sl ses

g

0F

g g

20F

3-4

1
10 20

1
30

40

1
50

1
60 70 aa

Input Waltage, mY ol La Jaall sea

3-4

Short Time Constant STC !

Super-

Fast Time Constant FTC

4-4
Spikes

4-4

HPF

Point Targets

Distributed Targets

Clutter Visible
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Sub-Clutter Visible

DSP

ROM Look-up Table

Sho kg

Damping Diode

4-4

SL szl oSzl 6-4

Automatic Gain Control AGC



69

4
AGC IAGC
Gain 8
Sensitivity Time Control Time Control GTC
2¢4
EJ_‘_JLJ'J]' 'S-J]_j:a:' _I_ :_J :—CJA_" 'E-JLEI‘
Radar Signal Ot Sgnial

t'ﬁ” Lizas ﬂ_ ',tf"“-'lr‘s-":‘ _//] PE‘J‘S'":'JL-ﬁ‘

GTC Control Signal

Trigger Pulze

5-4

5-4



Phasor

70

sl olas JolSs 7-4

Sum

Correlated

Pre-detection Integration

Coherent

Post-detection Integration

Non-coherent
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Revolutions Per Minute

= 6g PRF/6 RPM 4-28

X(to)

7-4
E
AT 4
I L. f
claall el g oAl Ly
Input Pulses — Chatput Pulse

7-4

orobsiodl wla! au, 8-4

2-7
. 5-7

. False Alarms
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Synchronous Pulse Filtering

AND

8-4

Coincidence

8-4

MTI
MTI

ki

Binary %ideo

il g s
F Filter output

8-4

h
_|
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oLVl s 9-4

Detection

. Magic-T

Threshold of Detection

Diodes
. LPF
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Detector Law

Square Law

a5l Wl Y Jase wuwis 10-4

. System Noise

False Alarm Rate FAR

Constant FAR CFAR

10-4
Adaptive 43 CFAR
. Thresholding
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P el piall b fall (5 fal il (5 g
ﬂwerage Moise and Clutter Level Threshald
———r

10-4

. Range Cell

CFAR
DSP

Amplitude Discrimination

. Cell Averaging

. CFAR

Phase Discrimination

Limiting
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Clutter Map

2-6

CFAR -6



10RPM

. 300Hz

78
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&S ,zwiodl BladVl juuns

W (t)= A cos2mft

W (t)=A cos ot

W(t)=Acoso(t+ty)

W(t)=Acos(ot+d)

() =ty

gy 8,0l 1-5
Doppler Effect
® f A
5-1
5-2
ta
5-3
5-4
Phase Angle 1O
5-5
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tg =r/V 5-6

O =or/v=pr 5-7
B 1-8 . Phase Constant B

B=w/v=2m/A 5-8

Relative Motion

wg=dd/dt=p Vv, 5-9

Vi
Doppler Shift

fa=wq/2nm= V. / A 5-10

fa=W:/V) f >-11

- f

fa=2Vv. /A 5-12

knots
( / 1.852 ) nautical mile

fa=1.03Vv, /A 5-13



81

&S ,xioll BladVl juos 2-5

Clutter
MTI Moving Target Indication
Frequency Discriminator
Arcos (wt+P) LFF —— 4ArAL cos &

AL cos ot

1-5

Phase Sensitive Detector
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1-5 LPF
Vy= A;cos(ot+D). AL cos ot 5-14
= Y%A AL {cos(20t+D)+cos D} 5-15
Vo =Y A, AL cos O 5-16
Coherent Oscillator
. ArAL sin @
2-5
Bipolar
Unipolar
. 4-3

ol

Tpphdl (salal sy
Lnipaolarideno

| N

Akl I8 p
Bipolar videno

2-5
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&S ,=ioll BlasVl guie 3-5

. MTI
MTI
Two-pulse Canceller
Delay
3-5 Subtractor
WIS gad 3l + T gl gl 3508
Bipolar Videa Tt " ProcessedVideo
s T
MTI 3-5
)
(
. MTI
MTI
Improvement Factor = SCR, / SCR; 5-17

. Signal-to-Clutter Ratio aa S G s LEY) A «® SCR
MTI
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MTI
Transversal Filters
[1,-1] an
[1,-3,3,-1] [1,-2,1]
4-5
ap=1
—_ T ¥ T ¥ T ¥ T

S gl 3,5l

Bipolar video + il il
| i |
Processed Video plled gl £ 5L3
MTI 4-5
MTI gudoyod auss,ull al=iuwVl 4-5
fa <1/t 5-18
PRF
Vi = ksin (2nfqt+ Do) 5-19
Do

T

Vo= ksin (2nfg (t—T )+ o) 5-20
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MTI
V= V-V, 5-21
= 2ksin(nfqT)cos (2nfg(t—T )+ Do) 5-22
|H(fo)| = 2sin(nfqT ) 5-23
T
nfdl =nmn 5-24
fo=n/T=nPRF 525
5-5 .n=0,=+1, £2,...
MTI
HC)
21
0 ZrrF _PRF 0 PRF =Tl
MTI 5-5

MTI
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sLosll wle,ull 5-5

5-25 MTI
. PRF
Blind Speeds
5-12
5-25 A
Vg =nPRFA/2 5-26
( )
A2
Ar = nA/2 5-27
. 5-8 5-7

Ve=Ar/ T=nPRFA/2 5-28
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T 1 T2 |
6-5
MTI
Staggered
. Sparse
sboll j9bll Llg; 6-5
Blind Phases MTI
MTI
7-3
COHO
.8 -5 /2

Phasor Sum



Inphase

. Quadrature

88

{n/2,31/2} {0,m}
1 1
0&k 08k
06k 06
041 04r
o2t 02t
’ 1 2 f 1
02t 0zt
0.4+ 0.4 F
06} 06}
0at 0af
! Cosine Response s u;;:uuamll ! SineI Responlse =l ulbuml
7-5
awlow| wle,udl 7-5
. 5-12
Y \'
Vi =V cosy 5-29
MTI Tangential Speed

MTI
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. Meteo Channel

. 1 [
" Filter
‘ MTI g
COTIOULE COHO
alles pé ¥ Talles pauf 2 4L3
> N L‘EJ}L 3 : S b yhed
Unprocessed —* '\ S Processed
video Sianal Phasor Sum y _ _
iden Signa /2 - Yidea Signal
MTI g
- o ATl
" a | Filter
8-5
MTI
MTI
MTD Moving Target Detection
300MHz 360 knots -1

MTI -2



MTI
360
270° 250Hz
. [1,-4,6,-4,1]
MATLAB
SIMULINK

MTI

90

-5
150MHz

-10
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Plot

a1 bl asdles

dolso 1-6



Optical

92

Radar Data Processing

Saodlg aygll wld 2-6

Position Sensor

Synchronous Transformer

Encoder
ACP's
North Mark
1-6
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ACPE Cradl Sizagi — Al e Gl Tyl Aliayd
Morth Ifark (JLaBll Laoe — o Counter Azimuth Angle in ACF's
1-6
RCP's
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1 2 3 4 S 6 7 8 9 10 11 12 13
64 32 16 8 4 4 2 1 12 1/4 1/8 P
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Interrogation
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Secondary Surveillance Radar
1030MHz SSR
. 1090MHz

PRF

. 2-9

! Lol
Reply

2-9

Interrogator
Transponder
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Challenge
Mode Interlacing
Altimeters
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Purpose
Mode Interval
1 3 us General Identification
2 5 us Personal Identification
3/A 8 us Military/Civil /
B 17 us Civil Identity
C 21 ps Altitude
D 25 us Undefined

1-9
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Mode 2 Mode 1 Confidential
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Mode D Mode B 1-9
Mark-X (SIF) 10-
Selective Identification Feature
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