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= Aloloe 947 gloy) 27 o
A7 A(EEY )i o

<1 35> g5ol= ENMI

ujy

HE Q| f{&kktol

Samples of moving target

n

Samples of clutter

AFA} Qi 2-3709) Wo] AF o) gate] Sl EHNL B

sk 7lEeltt.

<38 36> 27Hel HAE O[T MTI A[AH

Radar A-Scope
Target Target

Two Pulse Canceller

' 1 b
Input Delar i _\/L\/J\_/\\/\ i
Yy Weight i th pul
> T=1/PRF| 1 —I_, Output th:puise
Sum |—>
. | Weight | : }
i i+1 th pulse
Voupu = Vi - Viqg - . Result of subtracting
two successive pulses

SoE RS Fu ol mY AEY FAS(f,,00 Nl 9

Aol u hehib 4L ol &dte] Bel AT
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<38 37> 271e] EAE 0|28 MTI ZE

é 1.0
% hitt
& 08 IR
g 06 Xy . _WfY\ yir)
£ o ¥
'r:;” - delay, T [
" foar  proqowcy 2l b s s—==x=d
Clutter PSD Two pulse canceller
ém hl(T):S(t)—B(t—T)
g 0.8 ) 3 ;.
E H(w)=1-e
H, (0)f =(1-e)(1-e")
o =2(1-cosaT)

[PRI' Frequency 2 rﬂ‘i
\ =4(sin(wT /2))

MTI filter frequency response
37he]l AAE o] 49 ¢ U2 Hes B

<J8 38> 37iel HAE o|8%H MTI ZH

®
Two pulse canceller e _i..J\’)EJ
g 10 i ey ri dolay, T |—
go.a
g o Three pulse canceller
e h,(t)=8(t)—26(t—T)+8(t—2T)
: % i gy Ehoas H, (OJ) =1-2e7 + e

\Hl(m)“‘ — |H, (o) [ (o)
[H, ()| =16(sin(wT /2))

NI ZHE E33 A3,




71 2012 I AFI}A

<J8 39> MTI 2 sust{ 22 EI7F HAZE 2HE

input to
MTI filter

clutter returns

. Doise level

]
-, f=0 target f frequency

MTI filter |
response |

|
| -
~f, f=20 | T frequency
MTI filter |
output |
|
/ﬂ\/—\
e — |
| P >
—f, f=0 1, frequency

4. FMCW Radar 7|&

FMCW(Frequency modulation continuos waveform) Radar®] &AL 7]
A 7] YA 2eFe] o]ls HEof ARlE HESH7] fgk Aolt).

<8 40> Application of FMCW Radar
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FMCW Radar®] €2]: Fregeuncy W&z WAlS ALgEH HAAT =
Azl g} Fukrb =olAl= Up-chirp® ©A] F3k57F Solx] &=
down-chirp A& =2 FA ¥},

<TE 41> FMCW & - 2 AT

T,

‘........... e - — - S
- /\\ Teansmit //

AN \\ v // fva : down beat frequency
s \\ // \ fpu t up beat frequency
P . N s Tanem T,n : modulation time
retum
7 /s
f Beat frequency

7 A . Stationary target = Conslantvalue
Joa H
f Movingtarget = Dopplereffect
S bu

r

(

EANF = Aol grar xpgFe] RCSo| ulel whalmo] Agle| ulE €l
2bal FAlET, AR o] E Al AL S s shiftrh 2

At FAANG L} AT Fuka xfo] &2 Q1S up beat frequency
s T, AR AY, g

Aepaee] 1ol sbsd.
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<8 42> FMCW A& X2l 225

cus{y{:{—‘f"ﬁ +[%_% ,; H}

S (08,0 =~ %cMKH 5 cosler — )
LPF
1 = e = F=
¥

X s, 0

Rx
SNUJ:sin(y:,ctl]):s{n{llr{ff (r-1)+ ',ri““r)lh I =k
Time delay © " . _4BR 2V, p Determine
. 2R Ju= =51
Stationary target : T - V, R
Moving target : 7 = 2T V= St = J) -
‘ 4/, g = U+ ST
8B
S, (1)—sin{2x[ fi+ & r:H LFMCW
s S LSt Je -
TIN
Ti e Modaulation —

X

5. dlxal H34Y(Beamforming Techniques)

[ = Ll =]

Wz A4 (Beamforming Techniques)®] 742 3} Direction

jm )
of Arrival(DOA)ol| #al] XS 7} Z8tAl 59/ %== output power? %

A% FUE AANY] A sl oY 4B FRE 5 U=
Foh W= Hade) gee @ ggo

= AEo Fales FHAA
2 array’F A &S il JdS W output powerE ZSAHst= W olth.
Hhsko] A X8k w] output power: o7}

.
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yinl= Y wx[n] B g\ ° ,elements
k=0 Xy (7] x,, (D) /

1 & 1 & —~
Pl) = L S 0,2 = - 3200, a0, o = w0
NnZl Nn—l
Hyw "a4de P(w)7t AHE3 %S weighting vector w& Tz

(design)dfjoF 3},  tjxpel  HWFHES Conventional  Beamformer £f

Capon “ s Beamformer®] S7}# HHo] lt}.
7}. Conventional Beamformer

e Uniform Linear Array of M elements

e ald) : 0= A TF3}al Y+ steering vector

N
N
i\
2

Z
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a (0)R _a(h)
P(B)= P. fQl=——— £ & * 7
e Simulation
Z7 @ 6-elements ULA with omnidirectional array elements

270e] =53 powerE 7}X uncorrelated signal(10°, 30 °)

<% 44> Conventional 2power uncorrelated
signal

Conventional beamformer

Magnitude (dB)
dn
1

735100 —8;] —BIU —4(IJ —26 l; 2‘0 46 BIU BIU 100
Angle (degree)

Conventional Beamformer® 32 F&3sl7] Ihslcts Zolo), db
A, 2 Hd A (peak) 7t W E3HA] eFobA] impinging angleo] 7HiTh
H g MR 2T 5 Aot Eg M5 (signal)7t o8] WA Eo]
<

A5 vlg&4ol™ sidelobed] =77} AT},
1}. Capon’s Beamformer

Capon's Beamformeri+= beams look direction®. 2 A3t t& Al
S5 AASH] HeliA g2 W= d(ull)S v WAo=

AR S A7
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- A} A e

B ~ Ra(60)
W=Wcrip = aH (Q)R;l_a(b") min P(W) Subject to WHa(H) =1
* Power
P(0) =Py = 1
CAP aH(G)R:a(B)

e Simulation
Z7 : 6-elements ULA with omnidirectional array elements
2719 %3 power= 74 uncorrelated signal(10°, 30 °)

<1% 45> Capon's 2power uncorrelated
signal

Capon’s beamformer

Magnitude (dB)
3

—45 L L f ! L ' L L L
—-100 -80 -60 -40 -20 0 20 40 60 80 100
Angle (degree)

Capon's Beamformer®] &AL = U] sharperdir G+&9] Il
2 NIZEZHEY side peak ¢ lobe7} 7FAFTIE= Holt). whd o
© 2% large matrix9 9 (inverse(R.))S F3loF 317] ul

o2 @2 AR} Hjgo] et ot
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A5E AEdeH AF

1. AlEE0lM i

A Eo] st HA & 2= Clutter AEEL M filterE E3)

dolt et =& Afo]o] AJofE 7}ER] ¥EE Line of sightE K

FE =S golr 2A

J. AR AA Y 2 A FE A

N

ot AdA71¢ AAA= 55 AF(Pole)olw

X
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& WEATAVZEH ASF frE ddste] Abggth AsE A
o Fol= &4 12m AL E Ho k. #ely AdlX= 4AI(3D)
Aoz (0, 0, 12moZ AAT] AFE AX FH| HAxrt, 4l
SAOlE AF AT wAFR O] 4eF L me] thal] 2Hz; 200mE Ao
HAZ 7Hgsta 2 A2 AFEHEEE =5 30m/s olstE AAgtt,
g a ol alM e AXF7](Scanning Rate)= 103]/20ms 2 A A5
Tk ol & 3xkd wafE uehd ofy 1yld

Az 5o] 12m (0, 0, 12m) Folo] = Az Tl Holg= AA

200m =olz 22 (200m, 0, 0)olA AEx}7F 30m/s¢e] == Al

oy & 20msE2Qt F 103 = scan

<38 46> AX|7| Mx[A| X AFAX

7|5 =

123
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-> Ji ofgo] A8E A 3k x@UtE
teHLFZFE] 1AL A/22 HiA

4d) o] AF=Fo] (5%, 30, 40°%, 60°) AFEo] Urhal 7}
SNRe] 0dB7} ¥]%=% White Gaussian noise#}il 7}4

U AR 29

1) W22 MY £HU2

——

Algeleld A3 aefzel] yehd T Hagow sotrs HAE
Hdom maste] X, YAZEgom MAs) BY 5, 307, 407, 60°°] $1X] 3}
A= AFS ol A= 59,31 39%, 6070 vkl FAHsES] WA=
Aas E=Eeit. U 23x= 57 9k 607 ol AT 2] Hxe> A
et/ FAstaL dom v ] 307, 407 o thE 17 o 2akE Kol
aL glof Wz Qs Al AhS FAskal a = St

<12 48> capon's methodE O| &%t
AraFetsr 282

Capon's Method
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2) QHHIL} FH=~0off HE Xi

o

AAE = qbHYe] Aol iR gAY =4 s v

w3y A

= 8709 tHUE AMEE A5 welle e AstE 307 400 AFF] A
o 18 2
B

S/bssglth, DA o we QheluE ALgshel Aol i S
stlon] AbgEE Qv AFE FHIDSE A g 24 4%

sk, ABdelde 488 et A%E 8, 10, 142 48
sto] A@stRom 1079 TS AFHAS W 507,400 AF T
sstlAn WasAs gt neb Jsrast goe @
whel el Wi AAG ehelt o] Aol aTA,

<8 49> cHE|LL T XEHME Zols 2

S
rﬁl

ML
rlo
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Compar|5|on of effect of elements

15 T T T T T
—1Delements : : ; ;
—8 elements
— 16 elements
1 . -
-?00 -80 -60 -40 -20 0 20 40 60 80 100
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3. AXI7Iet X2 2+ 7E| ¥ HE £
HAZ 9k 2 ko] Aol £xE F435h= AL 2 A2 A
d oi7iaEe] dojet Aol HIEEEE Holgto R dY wabr e
W AT RS wEetal 2R SRS AAskE V) EARR
gg3at7] 9% Aoltt. olx AR AzAle]l Al ok dAF79 At
A 2 QbellA A= Ao EE ASARE 23] Fa% Anvt @
thoobel LRle ofo] tigh ol Al RYE gl Ay 9 £rE
FAE= Ngs Adsta vt
<38 50> Hel ¥ HEFH 8
S am
&f)
\\ |
\ }
\ |
\ |
=
\|
J
—
7h Ade A
71¢F Ao

dolHAA 7 &= G779k vi7IA = 7R o' A

Ak b Al Walzel gl “Line of sight” AElE A8
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of spAIRt 7k= 4 Qlou <=, W, W S e FAAdel =2 WElE
of Fojelle & TS WA Fevhes o] Avk. 2 AFE 9
3 o7t wgEitia e FHE B A Ho] Qe Ao B A}

-
oA Tl del S 4as) gel W Ash Ao Eg v
U ges) S48 UAe] o RE ohrs] 918 Aol
ARe 1071 AYWES 93D QreltE T HIL b
A2 WA, aEa AARALS s, AH§TESE

KR
Fub4o] W= 9 A (Bandwidth)= 300MHz = Wl x| &}<ith.

10719] elements® ULA 917 il <telvt 4
QPEHUREY] 1AL A28 ¥

- Power7} 191 White Gaussian noiseghal 7}4

- Modulation time : Ims

Carrier frequency : 24GHz

+ Bandwidth : 300MHz
o). Ao A3

Algeold At Azl doludi et A=k 3+ AAA et =47
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g = AAAE 200.000m, FAA 200.173n% QA= 0.173w7F LAY &}

dom o]F %w FHFshH of 0.08% e x7b WAste] w9 -

HE WA I AR ARl i £ 2
A<

4
14|45 30.000m/s, FHEE 31.250m/s= 1.250m/s9] A& HYOS
<

—»
rot
N

Up beat frequency @ 5.389x10°Hz

Down beat frequency : 5.299x10°Hz

A A Agl : 200.000m

F4 Agl : 200.173m — 2=k 1 0.173m (2F 0.0865%)
AA &X 1 30.000m/s

A &% 0 31.250m/s  — 2k 0 1.250m/s (SF 4.1667%)

<28 51> Transmitted signal (FMCW) <18 52> Received signal(FMCW)

«1d’ Transmitted signal(FMCW) Received signal(FMCW)
10 T T T T T T s T T T T T T -
ol
ol
If
T 05-
> 6 3 \
c 3 ‘
5 2 ‘
25 3 |
g
2 £
o4 <
ol
3
1 |
i
08t
0 0.1 0.2 03 04 0.5 06 0.7 0.8 0.8 1 0 1 2 3 4 5 6 7 8 9 10
Time x10” Time 10
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<O 53> FHE XAz £&

10 FMCW
T T T T T T T T
25- . g
¥: 5.282+005
¥ 2457e+004 ¥ 53884005
W 2 355e+004
2 [ -
15F B
1k 4
0.5+ B
1 1 1 1 1 1 1 1
4.2 44 486 4.8 5 52 54 56 5.8
Frequency x10°

AL
of\
)
e
i
i
:._l,

HoATolA A HolgAlAY Algdeld Ades A A= A
g 4 e I W& e Ak deluAlAel HARA
(Scanning Rate)< Ims@= A Aslo] A& 4= o). ol alAMd sha}
of AXAZHE AFEs] B 1709 HEE] diste] AW SARZTE
i}ii AR 22 9 57H(A A A, 100m, 200m, 400m, —60m)e] 7 A
E(Detection Point)E A3 wl 57He] HAXIJEE A st
7] 9138k AlZFS bmsecolth. o]lE 7|xZ AWHAHQl 4x|uxlR o] 749 7t
W AE G 2 AEE Yo RE st 2T 579 AAVE A
Ao 3 HaErd 10msec°]“§ 47 A2 40msec o] AR
ety Edolet A2 AHEEE @X]%L T ATk dA FEHA
719} o] HAAZFA ] 20ms 7B 5 4%

o] Yol HAA7] HER 9dh= Ho

/\



diOIHdAME OIZ28 MSHNHS

>

PAIZE B XIMH O

86

signal duration: 1lms

A EAE AF - A G 57

22 =2 2= AR 71 (A4, 100m, 200m,

A HA EAES Agshr] 97k AR

400m, -60m)

: 1.0003ms X 5
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A6H HAAH AE

Aekd 24GHz F3b th(ISM band) o] B AEZAI}= tp&y 2
1=

1. E} ZH[e| ZIY MS HE
A8 E StaUE ol &gt A HAA|] A|xHel & Al AlEe
300MHzS] W9 Z+S ZH= FMCWE AF&3ho).
FMCW A% & AF&3h= An7F glvbd 535 M2 §le 3o=
o/ gect. C(WE AF&she AuldA S48 WS Ajbehe A|2=H
o] FAI%k 79-, correlatione] §lorm= FHdo] WASHA| &=
1=
24GHz ==& #old+= A Ag7F &3 (200m oJu]) FAl Wl
weko] F=3) wheke] st FF A Al2Elo] A58 o]
Ho A4S FAEHA] S 2 goaE

2. |y M HE
otold oz Ak HA| A"l 7]5& AsHAZ]7] A8l AW A&
s $E55 4 s oF sho},
Ak A|2~Ee F7|AH o5 FAREO A covariance matrixs ¢
Ao, $F Ao = B35t 54 A5 FAEHAE A
W AR st A 2l5e] WEkS gtoldl & dlg 54 W
ol il nulling AelgdozA AW Fast & ¢ .
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