Chapter 3
CW & Pulse Radar
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Continuous Wave and Pulsed Radars

Outline :

m| CW Radar

=] Frequency Modulation
| Pulsed Radar

m| Multiple Frequency CW Radar

m| Range and Doppler Ambiguities

m| Resolving Ambiguities
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CW Radar

m| CW waveforms

(1) CW waveforms cos2 zf,t
(2) Stationary target and clutters — f,
(3) Moving target — shifted by f, (Doppler frequency), f,=2v./1

m| Extracts target radial velocity v,

m| Range measurement is possible with some modification to
the radar operations and waveforms
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CW Radar
Q‘-G trar?s\r'rvlitter.

mixer -+ STALO

e IF
'Q > mixer ™ amplifier detector
(00 i md (Dd :t OJ”_- J

J

Wy
Y Y Y
N N N
B B B
F F F
¥ Y T
det. det. det.
C indicator )

<CW radar block diagram>
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CW Radar

| Two antennas are used.

m| NBF(Narrow Band Filters) — as narrow as possible.

m| BW of the CW radars are that of gated CW waveform.

m| NBF(Doppler filter bank)
(1) FFT of size Nget
(2) Effective radar Doppler BW is N Af/2

m| To measure target range, timing mark is necessary.

- Linear Frequency Modulation(LFM)
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CW Radar Equation

m| NBF bank is implemented by FFT
— dwell time(dwell interval) T, determines frequency resolution
or the BW of individual NBFS

BW of NBF A =11Tp

- Maximum resolvable frequency B

2B =N Af =N_. /T

Dwell

TDweII - NFFT /2B
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CW Radar Equation

SNR = —2- =
(47)° R*KT,FL

m| CW Radar Equation

P TG*1o

av 'l

T, : time on target

T, : effective noise temperature

—> |SNR=

I:)CW TDweII Gt G r /120-

 (47)°R*KTFLL,,

L, - l0Ss associated with the type of

window(weighting) in FFT
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Frequency Modulation

m] FM waveform with sinusoidal modulating signal cos2 zf,t
S(t) = Acos(Zﬂfot +k, [ cos27f,u du)

(1) = 27kt + 270 [ COS 27y =27t + Bsin 24t 1, @ = dv

peak

dt
ki =27Af Af .. = peak frequency deviation
FM modulation index ﬁ:%
s, (t) = A cos(27f, (t — At) + Bsin 24f_(t—At)) At< 2R

s, (1) s o(t) = Kicosci"m
detector

<Extracting range from an FM signal return K, is a constant>
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Frequency Modulation

m FM waveform
s(t) = Acos (2f,t + Bsin 2af t)

s(t) = ARe{ pi2r it gifsin2z iyt }

Since exp(jgsin2#f.t) is periodic with period T=1/f_,

o0
jpsin2z ft jn2zx .t
e =>C.e

N=—o0

C

n

1 ez oo .
_ 2_-" ejﬁsm27z ft e jn2z f,t dt
72' T

1 7 _ipsinunu
since  Jn(8) ZEL el M dy

ejﬂsin27z ot _ Z‘O:J (ﬂ)ejn27rfmt
:D n

N=—o0

= P=ZAYIL A=A
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Frequency Modulation

m FM waveform

s(t) = ARe{ejz” PN J(B) e fmt}

s(t) =AY 3, (B)cos(2 £, +n2z )t

J.(p)=J_,(p)for nodd
J.(p)=-3_,(p)forneven

s(t) = A{J,(B)cos2rx ft+

J,(B)[cos(2x f,+2x f )t—cos(2x f,—2x f )t]
+J,(p)[cos(2r f,+4r f )t+cos(2x f,—4x f )]
+J,(B)[cos(2x f,+6x f )t—cos(2x f,—6x f )t]
+J,(B)[cos(2rx f,+8x f_)t+cos(2x f, -8z f )t]+...}
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Frequency Modulation

] I ' | I 1 1 I I l I I 1

fo ﬂfmr fo »f,,,\‘
=1

= B=2

Carson’srule:  |B=2(B+1)f_ (range resolving capability)

For small f3,

J,(B) ~1 (A =Zh

s(t) = A{cos 2 ft+ % plcos(2x f,+2x f )t—cos(2x f,—2x fm)t]}
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Linear FM(LFM) CW Radar

m| Measures both range and Doppler information.

®| Triangular LFM waveform

(L
frequency A 2’[0
fo+ Af SN g ’\\ g AL Af =2f, Af
//. - \\ / \ P to (1/2fm)
I |57 7 Ny VR NV R
o o f, = At == &
' 1% £ C
beat ' ' !
requenc A *E : :: o———— — — -
e « ¥ ok 3 | solid: transmitted s‘.ignalI fgC: L f
SRR ST g, 2R
£, -\ N i - 4R f_Af
time C
< Transmitted and received triangular LFM signals R— C f
- b
and beat frequency for stationary target > 4 1 Af
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Linear FM(LFM) CW Radar

frequency A

fo

beat
frequency

f
Fou

m| Moving target

fo+BF /X 1\ N
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< Transmitted and received triangular LFM signals

and beat frequency for moving target >
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Multiple Frequency CW Radar

m| Multiple frequency scheme provides range measurement
without frequency modulation.

m| CW radar(single frequency)

s(t) = Asin 27 ft

_ P 2R
Received signal s, (t) = A sin(2x Tt — o), P =cr 1y Y
: Co A
M R — =
easuring o, int, ar ",

Maximum unambiguous range, ¢ =27

R=—>=— (single frequency CW radar)
2f, 2
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Multiple Frequency CW Radar

m Two CW signal

s, (t)=Assin2rx fit
S,(t)=A,sin2x ft

Received signal

i 47 f.R

= ' 47 f,R
S, (t)=A,sin(2z f,t—@,), 0, = . 2
0, — 47R A7R cAp A
2mAhe C (.= 1) C Af, Ar ANf  Ar v
Maximum unambiguous range, ~ A@ =27
R=2, (>> - ) two f CW rad
I AF 2f (two frequency radar)
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Pulsed Radar

®| Train of modulated pulses

m| Range : two-way time delay between transmitted and the

received pulse

m| Doppler measurement

AR
(1) From accurate measurement of range, Vi = R m
(2) Doppler filter bank

m| Pulsed radar waveform

(1) Carrier Frequency
(2) Pulse Width - bandwidth, range resolution
(3) Modulation

(4) Pulse Repetition Frequency(PRF) — Doppler and range ambiguities,
maximizing average transmitted power
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Pulsed Radar

| PRF Schemes

(1) Low PRF — accurate, long, unambiguous range, Doppler ambiguity
(2) Medium PRF — adequate average transmitted power

(3) High PRF — superior average transmitted power, excellent clutter
rejection, ambiguous range — Pulsed Doppler Radar(PDR)

PRF Range Ambiguous | Doppler Ambiguous
Low PRF No ; Yes
Medium PRF Yes | Yes
High PRF Yes No

m| Agile PRF

(1) Avoid blind speed (MTI) — PRF staggering
(2) Avoid range and Doppler ambiguities — PRF jitter
(3) Prevent jammers — PRF jitter
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Pulsed Radar

pulse train
generator
RF source mixer m &
(O1) ‘ .

j I o (1) Range Gate — range resolution
. mixer -moimn‘. Y
e 7 mp | (2) NBF bank - FFT
-
> f !
range sy range
gale gale
Y
NBF NBF

'

detectors I detectors
( threshold detection '

< Pulsed radar block diagram >
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Range and Doppler Ambiguity

m| Range Ambiguity

(1) Second pulse is transmitted prior to the return of the first pulse
(2) Long range surveillance radars — low PRF

m| Doppler Ambiguity

\’ (1) PRF, f,
1 T - f —2f 2Vrmax

dmax ~—
A

~i= e sl (2) To avoid Doppler ambiguities,
[T T4 T T, Jowwierssa " T T,T T 1 high PRF or multiple PRF
scheme is used.

2

(a) (b)

<Spectra of transmitted and received
waveforms, and Doppler bank>
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Range and Doppler Ambiguity

m| Spectrum for train of radar pulse
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Figure 3,5 Infinite pulse (1) wain signal of PRE £ and frequency § [1].
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Resolving Range Ambiguities

(1) Two PRFs, ., and f,,
- Corresponding unambiguous range, R, and R, (small)
(2) Desired unambiguous range R, (>> R, R, ) and desired PRF f,(=1/T)

I
mﬂ_n_r\_n_n_n_n_n_m_n trmnsinitied
s I pulses, PRF?2
:2' N = _ B :“ B W F M reccived pulses
=l -- I from PRF2
L leley '
tranam itted
_!‘I__r! U Ny Ey r1.r1 B Wit
X !
A B_=m m\_W p B M received pulsss
. i from FRF I
I : : ,
e ', !_‘ : " desiced PRF
(. | |
L
1
| r- : - _-- brec Largel location
I_‘ F| :
f I, !
i |
. -
: TJ = lff..d .

< Resolving range ambiguity>
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Resolving Range Ambiguities

f.o=Nf,, f,=(N+Df,

M,, M, — Number of PRF intervals between transmit
and receipt of pulse

ﬂ[":> (1) M=M,=M(t; <t)
(2) or Mi+1 =M, (t; > 1))
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Resolving Range Ambiguities

(1) Caset; <t, (M;=M, =M)

M
t1+M=t2+—
fr1 1:r2

t, -1

M: 2 1

:> T1_T2

(t,+T,M =t,+T,M)

(T,=1/f,, T,=1/1,)
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Resolving Range Ambiguities

(2) Caset, >t, (M;+1=M,)

M M+1
tL+—=0+
fr1 fr2
= M =(t2_t1)+T2
Tl_TZ
—) t,=MT +t,
= R=ct, /2
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Resolving Range Ambiguities

(3) If t, = t, , target is in the first ambiguity.

—) R=ct,/2

m| Blind Range — Pulse cannot be received while
the following pulse is transmitted.

- Resolved by using third PRF

- We may choose
fr1:|\|(|\| +1)frd1 frZZN(N+2) 1:rd
1:r?, — (N +1)(N +2) frd
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Resolving Doppler Ambiguities

m| Doppler Ambiguity can be resolved with the same methodology.

m f,, and f, instead of t; and t..

B f, = o and f = fo .
N N+1

(1) Case fy, <fy, (M;=M,=M)

fo, +Mf = f,, + Mf, True Doppler
fo_f fd — Mfr1+ fdl
M — d2 di
= f,—f., fy =Mf, + 1,

KEES Radar Society 2004 National Radar Workshop & Tutorial



Resolving Doppler Ambiguities

(2) Case fy, > 1y, (M;+1=M,)

fp + Mt =T, +(M+D) T,

— M= (fdzf_ fdl?_'_ T — fg =Mf + 1,
rit 'r2

(3) If f,, =Ty, thenf,=f, =f,

(4) Blind Dopplers can be resolved using a third PRF.
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Resolving Doppler Ambiguities

Example : Two PRFs, f; and f.,, and corresponding unambiguous range,
R, and R,,. Desired unambiguous range R, = 100 Km. N = 59.

Compute ., o, Ry Ryp-

8
f,=C = P9 sy ( desired PRF )
2R 200x10
C 3x10°
f . = Nf , = (59)(1500) = 88.5KHz 0T 3 2xEB5XIT
C 3x10°®
f=(N+1)f, =(59+1)(1500) = 90KHz R,,= =1.667Km

21, " 2x90x10°
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Resolving Doppler Ambiguities

Example : Three PRFs, f., =15 KHz, f, =18 KHz, f; = 21 KHz. f, = 9GHz.
(a) For the target with v =550 m/s, frequency of each PRF ?

vf,  2x550%x9x10°

- 3 10° = 33KHz

f, =2

n; fri + fdi = fd’ fri 2 fdi

nf,+ f,=15n + f, =33
n,f.,+f,,=18n,+ f,, =33

n,f,+ f,, =2In,+ f,, =33

f,, =3KHz, f,, =15KHz, f,, =12KHz

KHz

35 10 15 20 25 30 35

fﬂ frz
KHz
s o 15 1820 25 30 35
fa3 s
‘ KHz
s J0J2 IS 20 25 30 35
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Resolving Doppler Ambiguities

(b) For the target with frequency position of 8 KHz, 2KHz, 17KHz, f; = ?

nf,+f,=15n+8=f, n 0 1 2 3 4
f, fromf, 8 23° 38 53 68
n, fr2 + fd2 :18”2 +2= fd T Tom s s — 8 pos
n3 fr3 + fd3 = 21n3 +17 = fd f, from f, 17 38 39
n=2n=2 n=1
f, =38KHz
v =, % = 38000x 22333 _ 632 7(m /)
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Range and Doppler Ambiguity

m| Spectrum for single pulse

s . _TMEDOMAN
ETWO TIME SCALES,
T, i) —‘{ T ]—l—'
' NANAN
U U U U TIME
| | =1/ fo
_FREQUENLTY DOMAIN

Figure 3.4 Single-puise {7 signal of frequency f [1].
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Range and Doppler Ambiguity

m| Spectrum for train of radar pulse
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Figure 3,5 Infinite pulse (1) wain signal of PRE £ and frequency § [1].
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Range and Doppler Ambiguity

m| Spectrum for finite pulse train (T)
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Figure 3.6 Finiie {T) pulse (7} train signal of FEF f and Frequency f {1].
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