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TRANSMITTER SPREAD SPECTRUM CHANNEL RECEIVER
SYNCHRONIZED
cLock ADD NOISE CLOCK
D) + INTERFERENCE j(t)
T |2
DURATION POWER | SIGNAL ) SYNCHRONIZED
bt n{t)+j(t)
v
DATA
BPF <\ BPF DATA
MODULATOR s
e ’ AMP _)® 7 \Z_:/ 7\ 7\ AMP 7\ DEMOD
d(t) s(t)d(t) s(t)d(t) s¥(tyd(t) d(t)+ ‘L
~n(t)+j(t) +n(Ds() FILTERED DATA
POWER 2, POWER 2, +is NOISE o
+ERROS
SIGNAL RECEIVED SPECTRUM AFTER
DATA SPECTRUM SPECTRUM SPECTRUM DESPREADING
P SIGNAL
\ d(t)

SIGNAL SPREAD

INTERFERENCE
~

A9 2" dF%5E FA7] U 313141 (Conventional) biphase
cHle St Als A4, welz=el 2k s A, Fal7] Wl WY

=
b Ao AP FAelnh Y Ak AsE vtEs A HA g o



d DD = £ FHFIF ;& Py A719
o =
=

dt) = D(t)\/QPdcoswot (2.1)

HdZ Bdel guY AZE o7
s(O(st) = Dol oJaid thFFo] b= doly HE BYES
A zIFst= FYFIHF B £ > f) @9 dolg
(random data), 32+ ==, dlolg D(t), 3 98 s(t)= 23 2-29

5}
2ol g A e 39 ~FHEY 7 E(power spectral density)=

Al# 9 (pseudorandom) Al 5

_Hlf

>~

[(smwf/fd)/ (rfq)]? (2.2)

[(Smwf/f ) (=f/f))? (2.3)

Hu

dlolEl st 22 o) &(transition) A4l 5715 Hojgl7] W] o
S48 skl #HA DOsOE s ~dEds FA 2aEy
7AAe o) ol Hle sabE AEE thes 2

to 12

so(t) = s(t)d(t) = s(t)D(t) /2P, cos wyt (2.4)

9 A9 B2 AE s ohgH 2o

sit)=Y, Splt—nT) (2.5)



p()= ol (o, 7, =1/f)% @9 TFEEzolu S WY
(random) T+ A} A9 (pseudorandom) < (sequence)o] i1 +1&
zZk=oh, dubd o2 p(h)E 2HE 225 1ds,

a9 2-204 ¢} o] DSSS AlE = channels EF33HH A Nyol 3¢
~HEd U (power spectral density)E ZE+ additive white noise
nt)<t Pl AI71E 7= =58 & Al (tone interference) A%

(07 F7hEe] RATle] FAHE e e 2

o] Az 7F FAle FAE T T Fejola FEEHA Al 7o)
S50 BAlg g AT s()E YT F A ]

‘& (correlation)st™  HolHE 5T w a3 A3 dt)sit)e
ds*(t)7F =m %) = 1e]7] W&ol dt)7t |k &, o

AeE A dolgy Mxd A A2 WSAA Foh o
o] Fe ~AFET Wi(noise spectral density)® Nyolw &t
A Az j)= FA7IAA g AE d7F Sakss A 2
WA o w Y F BiE 7HAE s 2ol gitEo] st o] wAvlE
Ax wWMEs 2~ HE(bandpass filter)E %43 A9 2% d)e

gojpgow 9FHA 2ot gLt AW A= Weds A

(bandpass filter)ol 2J&] #<S3 A Al Al7]o] AFE NBot
P;(By/By)®F & 2sk A H )
AT M717F 28 BA E(clock rates) f/fi0 o8] Fo]E7] uwji-ol

g A7l B AT e o8 desS AAdEn oadd A
A4 & (pseudorandom chip rate) fc o] dlo]¥ HIE A A& (data bit
rate) fde] Bl(f/f)E Y A Al="e] g4l o] S (processing
gain)olgtil st M=~ e E THst= AW s AVE

! 12 X &



Asts Ta% Aot [1]18]
122 GPS A5 +%

GPS Az= g 7he] Faa wEuto] WIZHEQl C/A =9 JeAo]
gFdd P m=E W Fr <
olel GPS 9149 Ao e Fa tgS ARS8t Stk GPSe=
s e Fog wE e S (in-phase)® 2 1l (Quadrature)E
P =5 WMxsH e GPS 914 omiH
NEE FE37] 918t Zhze] GPS 914 A& ds A (cross
correlation) §4& ©]&3 F=iF tFHE(CDMA, Code Division
Multiple Access)S AF-&3kt},
GPS 2l3z&= FAFTI47F 157542 MHzS! Li(Link 1)¥ 1227.6
MHz$l Ly(Link 2) F 7/R= FA45o Aok L L, 2159 T4 F
= 1023 MHzS 28 (clock)el &7138t5 o] dow vhg3 e
HAE 72

L, = 1575.42 MHz = 154 x 10.23 MHz (2.7)

Ly, = 1227.6 MHz = 120 X 10.23 MH> (2.8)

L, L, 3+ 34782 MHz W &8 5o oA Ly, L, FI+E
Aol o] w Az2]5 A d(onospheric delay)ol thdt g3at F74o]
7} 3l %I ok,

GPS Alz=dlo| A= Ul & F(relativistic effects)E FAI3H#] o
o] HAstY] fldte] E¥ F3Ql 1023 MHz Htp ofh v
29 Fugrt dAET. o] weo &Y Fue 10,229,999.995453
Hz ola A&7k GPS YA =RE AT =23 o oA &3

12 S



wol Fukarh ozt SUkskAl HW 2 Fukrh 1023 MHz
Al ey GPS 913 A17] Abole] ARl &5 &bl
olste] =E ¢ (Doppler) & ¥7F HAstY =& Gybo wel 7214
TFa7F £5 KHz 89 ol A Wi

L, A%+ 1023 MHz9] SEF34R MEHE P :
MHzZ ¥HxHE C/A Z=7F vk Ly, L9 Als ~FdEege tei
&,

~» — 2.046 MHz

(sin xV t

| x J P C/A Code

SPECTRUM :

z : M P Code
A’ i ] “.. "l :: o T
: 1227.6 MHz : : 1575.42 MHz : e
I | | |
le— 2046 MHz —! le— 20.46 MHz —+!
a9 2-3. GPS A& 919 ~dEY %
L, C/A F=29] peak 3¢ 2~ EY WX (power spectral density)s

P 2= ¥t 3dB A& £ 1/10 3 AHE} HgFe= o 13
dB A= Ev GPSe F3k W39 524H(in phase) F-ol WIZHE-
C/A =& WxsH 5 (in-phase)S 90° 3] 3g # ul(quadrature)

£ Wzt C/A Z=e P =9 AV|7F gEdets

L A3E 3 593 A7 ¢ E%ﬁ(envelope)a 7FA W g o] E]

HMz= C/A ZES P 2= o S5ydo=z F3H) L, ﬁisﬂ
%2H(in- phase) ¥ # 3 (quadrature) ¥ 3} phasor tho]o] 1
o3 2o



C/ACODE

1.023 Mbps 1 0
—_
n C/ASIGNAL
1
i
t -
10 P CHIPS FOR
90° PHASE SHIFT BETWEEN CARRIERS | EACH C/A CODE
PN CODE ,
CHIP 1.51?';'3'6'7'8.9‘10 ‘!2;
1 )
— L . M S N | \ L '
P-CODE : ' ’ T
10.23 Mbps : ' ' ' P SIGNAL
]
. " . H
i y k7Y
t -
i
P
i 154 L1 CARRIER CYCLES
PER P-CODE CHIP
a9 2-4. GPS L1 A3 99
P

1 f-=10.23 MBPS = CLOCK RATE
f, = 50 BPS = DATA RATE

‘\90°
» C/A

fc = 1.023 MBPS = CLOCKRATE
L = 1023 CHIP GOLD CODE = PERIOD
f, = 50 BPS = DATA RATE

P SIGNAL =LONG CODEWITH 50 BPS DATA=P
C/ASIGNAL = 1023 CHIP GOLD CODE WITH 50 BPS DATA=C

a9 2-5. GPS L1 41%& 9] phasor t}o]o]1#

0 O 3



FA71e dEEE AEE a9 2-59 gow
PN
T

2Py, C,(t)D,(t)cos(wit + @) + /2P, P, (¢) D, (t)sin(wt + ¢) (2.9)

A AHdA w e L FaFoH, o= A2 9 #FE3 2317
(oscillator) drift &S EAST Pt Ppie C/A ZE9F P FE9
A71E YeRdth P 329 P(t)& 1023 Mbpse] &8 2A&S 7AW
+1¢] o)A} A Y (psudorandom) sgeuence® 157U 9 F7|E zhe=t}
C/A #=9] Cit)= 1,023 bit 719 13 Gold Coded 7HA
1.023 Mbpsé] 29 EAES 7AW 188z 78 2t &
tlol¥ Di(t)x= 50 bps® X %o] =1 ol 17§¢] subframes &3}
fetel 6x7F 285 ™ 1719 frames AFst7] 95t 3027 &
¥ h[1][18]

oot
2 K

N

ol

123 GPS 4% 34

0 dBIC QFHIYS] AFEAF F217]0l 4 GPS 9149 47te] 5° o4
o o £AE GPS 259 Ha AYE thee meb 2l

Ling | TR GPS Alme A2 A7 g e e
P C/A P C/A

Ly -163 dBW -160 dBW -155 dBW -153 dBW

Lo -166 dBW - -158 dBW -

i 2-1. RHCP 0dBIC QtE|vtoll 4=21% GPS Alse] HA Al7]

LR

]

oA FA71e] Eae

rlo

Az e ~HEY W (spectral



density) & Z¥stH, A5 A ER 74 7] (spectrum analyzer)ol A
woZ & 7 flvh AEHA [(singf/r)/xf/f.]*S) spectrum= THA =
)AL & (pseudonoise) 4l o] Hol 3¢l Z¥HEF W E(power
spectral density)= p,/f o1t Wb Ps7k 160 dBW & o, Hdj
9] WE+= -160 dBW - 60.1 dBWol= =2 -220.1 dBW/Hz7} # T},
ARE2E QEEIUZE §14dell tisto]l vhkdk A3 WEko] lomz Al
71l 91489 A7l B 231 7IFo® HYT F Utk

%= 4

0 3 dBICY °o|5& 7H& A3 At 2] telvalA 54

o AFAT el g A7) £42 184.4 dB

o t71E T o A7 &4 2 dB

o AT BYXof og &4 3.4 dB

o FAHE Az A7l 20 MHz F3k UldlA 54

o GPS $14<] AAlel <3t A= 0.5°

o GPS _,4/\394 017_'.8_ 5° o]/\L

x 2-2. 17104 F=alEl GPS 2159 Al7] do =1

o] =0Y w nwel tig FAlE Ase Ha A= 19 2-67
2t} FAE 25 Al7]9] peake 47to]l 407 A wolw L C/A =9

1=3
4% -160 dBW Et} 2 dB 4= $1<¢! -158 dBW o] th.[1][5]

L 2 et stn



-157 ¢

C/A-L1
-160

-163

Received Power At 3 dB,
Linearly Polarized Antenna (dBW)

-166 \L—P;:z o
C/A-L2

0 5 20 40 50 80 90 100

User Elevation Angle(deg)

a9 2-6. GPS 914 ofzbell wel 4lEl GPS 2139 A7)
.24 4171 &g Al7] @ =(Noise Power Density)
F217] QHHLe A o AsE a9 2-73 o] 47 (transmission

line)?} bandpass filter(ths ZE)E AHA AR SZ7](ow

noise amplifier)ol] =&3c},

TRANSMISSION .~ INA
e I LINE & C- T Ns
BANDPASS
FILTER

a8 2-7. A ZZ7)(LNA) ¥l



o] A P QHEHIVlA 4l A58 A7), Lo| SHH Lo
7] Abole] &4 w) L 1 By} FAoksty Ci Py/LEM TE7]0)
HE A3 A7I7E g Nove S3%7]d d8He Js 2k,
Tae SHHIY 2%, Tre FA7] #E 2=ov. AxE S37
(LNA)= Fxd9] Aol olgk &4 wjiol <telvtel 7HHA A x|k
e ZH(bandpass filter)ell o3k &4Ho] Hojgh Aojof st A
Ade] S HAskstooF gt

FA1719] S W= (one-sided) = U3 2t}

—_

o

N, = kT, (2.10)
o] AHolA TE S7FHe =% (equivalent noise temperature)z}

Shal thest ol Ehd 4

T,,= T4/ L+ (L—1)T)/L+ Tp°K (2.11)
Tp= Ty(F—1) (2.12)

o171 Fi= 471 #5 A4, Toe 9 22224 290" K, 2=
2EE K& Uiy Bx=9 44 ki 2286 dBW/ K-Hzo|th
dg Eol, AT FEHVI(NA) e FA7 1 dB 4 ®, Fi
1.2597F 5™ Tpe (F-1)%290° Kol =& 751° K7F €} mgh £ 3
o) FEo] o)d &alo] 1.10la ¢t &% T,7F 130° K & w

S7F #8259 7S ¥Wi(noise density): US3F 2t

.

ol

T =130°K71.1 + (0.1/1.1)290°K + 75.1°K = 219.6 or 23.42dB° K (2.13)

eq

N, = kT,, = —205.2dBW/Hz (2.14)

f’q

18 S



S A RE Tw SHHIY &E Taol o8] aA g2 o
Mz A717F 160 dBW, = F3k7F 1.023%10° Hz 9 o C/A
F= Az ol 99 Wk (power density)E -220.1 dBW/Hz7} ¥t}
el ot A C/A ZES ANEE Fg UX(-2052 dBW/Hz)
Hth 149 dB A= of#fjel glew P :3=9 A$ C/A Z= HU}
ggF 13 dB A worn=z 279 dB AX ofdeo] Qloja AHEF

41 7] (spectrum analyzer)oll oA ¢k=t}[1]

25 wE3 o & D=1 (C/Ny)

FA719l C/Np= 4171 Bes 2Asks A4 adov 17100 A
Ll C/A Z=9 HAx wF3 A7 Pee -160 dBWeolth A2 % <l

Bsge]l A71E tEUY $A4 Fol oF &4 odA -160
dBW Hrt}l o] ZopAu}, &48 glvka 7Hgskdls W wkEa A7l
-160 dBW eoltt. 99| dxd & A7l 25 2052 dBW/Hzz}
g mw, C/NOE -160 dBW - (2052 dBW/Hz)7} o] 452 dB-Hz
7b " e d4d o= wrEs A7)7F -158 dBW7E H o
C/NO¥= 47.2 dB-Hz& ol th[1]

}_,

o (2 A=



. GPS n& 4l

folr

GPS gt As= GPSO AsS #AaA7IE FIag 5ol =
A ¥l9 =% uF(unintentional interference) 413, A4 (jamming)
A%, 7]9H(spoofing) A& 2 UE = Auh vH=Fd ud AlsE
MSS(Mobile  Satellite  Services), DME(Distance = Measuring
Equipment) & GPS A& 9] Fit djde] QF & upgd Fo EX)
stal A (jamming) AMEE JEFd wE pzeolw, 7|k
(spoofing) AlZ+= GPS Az 9} FAFSEALY Hd3 A= XA 5]

Zolth 2 =olA e 7] WH(spoofing) AEE A2 H
oE=AQl wet Aot gEARl wd A%l A (jamming)ol st
o] BF3ta & <tHY 441717F GPS Al% 9] Tracking LockS
8 A A7l diste] AAbstE S §r[5][19][20]

L1 GPS AY ANz F7

GPS A" A& oAl wedh AszEzN HE GPS A5o] ey
o osle] B A (Broadband Jamming), @S A
(Narrowband Jamming)o.&® /& 4 don, Wz w2 uz}
F3/A &S ¥ Z(Frequency/Amplitude Modulation)A] 7] &= FM/AM
AR N5 AEI FHS WESE pulsed AHeol vk AT
N3 tdZo] GPS Az fhAaZzre 2 A9 FQg A, F

= AL

0 kAT

‘.'.'.I'-JI



flo

2% @o9 Ageld s GPS AEel o
274 A} [5119][20]

|

o duHow

I1.1.1 Y AY(Narrowband Jamming)

rlr
o

AT Az= dA

& A e 342 CW(continuous wave)E 7}
A= &% tone Aol CW AT F347F GPS A5 F3t
o Adxg u] coherent MHolg} 3 GPS 41359 spectrum 4l
of UAstA] 22 w non-coherent Aol I} EHO=E J/S
(Jammer to Signal Ratio)e] ¢Fst - 2 A|7]1¢F SNR(Signal to
Noise Ratio)o] whu]&letA 9t J/S7t 2 d 45 SNRI a#77F
glojAlH GPS 914 Fabgrel dig 2 a3 4kl AM HE
ol 7bsatal 54 914l gste] A7 AA FIEEH CW AT
Az ek GPS Az el 2 EdL v 19y 2o [18]119][20]

cw
SPECTRUM \ N
— NOISE LEVEL

N G N N

— GPS SIGNAL

fa
19 3-1. CW AW 21359 GPS 2159 ~9EHY

.12 33y A" Broadband Jamming)

Foje] A7 A

;
fol
s
12
oL
dlo
i
U
o
D

PS L1 <<l 1563 MHzY- ¥
1587 MHzE X &sl= T4 Ao Z2A HHI 9 ~dAEedy

f 84

1 %= (flat power spectral density)E zte=th ol el st o A7 Al

: 2 et stn



3= AWGN(Additive White Gaussian Noise)olg} 3t} ER o=
J/Sell wldgsle] SNRo|] #AstH GPS A& el 8o &E7}3)
of HAZEo] oy} FUY A AEe GPS Az ~dHEH

o 193 2H18]019]1120]

rlo
o

NOISE LEVEL
sp':\cyriﬁm \/_\/\/\/\/\/\/ <

GPS SIGNAL
—

~
-

% 3-2. Fd A AEek GPS Alme] AHEF

.1.3 B2 A7 (Pulsed jamming)

1)

92 g

rlo

GPS Az ol e oA 4G Az stk A9
237 EAStE Ageld, AW AE7F EAEE AP pulse
duty cycleol] 93] AA =, AWGNoelY CW Aol th3}e] pulse
jamming &2 WX 7ledtm HA3t HA] @& AlSo] H|ste] JIF

o] ofaht}[19]20]

2 o A2 8w



FM & AM ~
SPECTRUM N
3 — NOISE LEVEL
Tf‘ ,— GPS SIGNAL
fn
a9 3-3. FM & AM AW 2159} GPS 4159 ~HEH
.2 Heox=3 A5 FH
GPS 21710l mloj =2 ma 259 g]lo] ¥ AL w¢ v
stk 271 Ak 5o 8 A%

= 7 Utk W &% VHF &4 &

15 93 & 25 KHzY AMEE FAEHe o VHF MEs

_1

12 x 131.25 MHz = 1575 MHz7} o] GPS L1 MﬂEEu Ao
frh =g, VHF A9 W 121.15 MHz, 121.175 MHz, 121.200 MHz
o 13WA 123k A GPS W] ol EAstA drh.

g e
= [ A=
a-,.:,-?fl R



H w4 wg Alse thE geow HA folf A3, B2 4ds)
ZHHEE TV 4%, RF A8A9 2420 A5 dF 5o ATt
PS Fal7lel Wa ve A we AEsh HE 2L ok T
21 [19]
elEd we 29l "EEE ERIEE
Mobile Satellite Services(MSS) In-band Non-Aircraft
(1610~1620 MHz) Out-of-band
VHF Comm Harmonics & In-band Same Aircraft
Passive Intermod. Products a Nearby Aircraft
Satellite Communications
(SATCOM) In-band Same Aircraft
Aeronautical Mobile Satellite Out-of-band Nearby Aircraft
Service(AMSS)
Aircraft Addressing and Same Aircraft
Reporting System (ACARS) In-band Nearby Aircraft
Harmonics Non-Aircraft
Flight Telephone Services Out-of-band Same Aircraft
(1626.5 ~ 1660.5 MHz) Nearby Aircraft
. . . Same Aircraft
Distance Me?gi\l/[rlgg Bquipment Out-of-band Nearby Aircraft
Non-Aircraft
HF harmonics In-band Same Aircraft
In-band Same Ailfcraft
Mode-S Nearby Aircraft
Out-of-band Non-Aircraft
Amatuer Radio In-band Non-Aircraft
FM Harmonics anq Passive In-band Non Aircraft
Intermodulation
UHF TV Harmonics In-Band '
(787.21 ~ 788.24 MHz) Non Aircraft
(524.80 ~ 525.448 MHz) (2nd & 3rd)
VHEF/UHF Land Mobile Harmonics
394, 315, 262.5 MHz In-band Non Aircraft
197.175, 143.2, 131.3, 121.1 MHz
VHF OmniRange(VOR) Harmonics In-band Non Aircraft
Personal Electronic Devices(PED) In-band Same Aircraft
I 3-1. GPS FA17]ol gk vlo] =4 wak 8]l
24 i A 8-



1.3 GPS 413 9] Tracking Lockg L+ A A7)

AV

11/

ke 1}9] GPS 4721717} Tracking 5<% L1 C/A Z= A3 &
7d9-+= SNR(Signal to Noise Ratio)e] 3 dB ©olst= HojA| &=
olth, kAR, QtElUR FA1¥ = Az digk SNRS 23 7l
FA7I A2l C/No9t 437] o129 Integration
o]-&3te] Tracking Locks

s

r->‘:z Oﬁ &ulg

o
e ook S
'
o
!
i

N

=

=

o] -

5 - XH‘:Q /1\_]:5—%

v
Z
=
o,

A

r

K
=

ol
2
2

] )
1 1
! = |
1 1 -
! Carrier Code 1 | Integration Tracking
i RF/IF & A/D Wipe off Wipe off i t1ms Loops
i T
Code
NCO
Carrier
NCO

a3 3-4. @d <kelY GPS 4417]19] Block Diagram

919 2L ©d <teL} GPS 4417]12] block diagrame]t}. $]9]

a9 Tracking Locke &+ A A7IE F3t7] 5t w3t

A F2o GPS AlE A7lek AT Az Al7IE dofof g

)

25 1o o

2719 ERge 200 dBW/Hz ol¥, wkEyle] A7iE -160
dBW= 7}g st A4kst .
FEd AY AE A7) dE FE N, FA7] €8+S N, AW
A7) BEE Nigb & o o33 22 o] A-gth

Ny=N,+ N, (W/Hz) 3.1

J

9 A9 NoE GPS wrE3te] A7) C 2 vrd v A3 2

25 T 2
{ f_:r;li 'j\:l =



Ny _ N, N c\l_ (et (et 3.2
B o [ ) ] e e
A 7]e] GPS Azwt =stn A A7 EAsHA] i
AT A7l B Nj= 0] HE2 g3d 22 Aoz yepd 4 9l

(1/Hz) (3.3)

Fe 9% A7l N7k 200 dBW/Hz, W43 A7l C7b -160
dBW ¢ o C/Ny & th&3 2tk

%), 2
C dB C dB
<

%L,

GPS %4177} Tracking Locke #Aa7] $lafe] A7) sl
Integration 2] SNRo| 3dB ©o]4to]o]of gt} o] %
?lete] C/NO9H SNRO| #AAE o] &8 + dom, #AYL v
I 2

(—200 dBW/ Hz
—160dBW

): — 40 (dB/Hz) (3.4)

I

(Vc) =40 (dB— H?) (3.5
t/dB

A
o
=
hins
ofs
ol
N

c
(F) = (SNR)dB_ 1010g1()(T"integratimz> (36)
0/aB

Qo] #A Ao SNRe] 3 dB, integration times ImsZ W3 &
H, C/NoE vh&3% 2ol 7+ 5 Ut

(FC) = 3 — 10log,(10™°) = 33 (4B~ Hz) (87
0/ap
2 25 A=t



GPS A As7t AT W A C/Neot Al A57F gls o
AR C/NE Hz @912 A 8ek 5 A4 (32)0 thiiste] dB @92
thA] Wgksbd, C/Nj = 34 dB-Hz7F Y4tk A A3 % GPS A&
o} o] 1.023 MHz W% o= DSSS(Direct Sequence Spread
Spectrum) WxE A7IW o534 22 Aol AHs JSRE v
7} 7o) 26 dB7F A4t T

(ch)w N (JJ/CBj )dB = 34 (dB— Hz) (3.8)
(%)w N %) = 10logy(B;) = 34 = 26 (dB) (3.9)

AelA 77 @s5e @ el GPS Fa17)e ALdE e
EEERS

D > ©
!l i - Carrier Code | [Tntegration i J| Tracking
! Wipe off ] Wipe off _? t1ms ! Loops
Code
NCO
Carrier
NCO
C, =—220(dBW / Hz) C, =—160 (dBW) (SNR) , =33+ 10log,,(Ims)=3  (dB)
=—2 P ) .
N, =—200 (dBW / Hz) N, =—200 (dBW) H <) ~(am), _mlogm(Tm)}
N, =-194(dBW / Hz) N, =194 (dBW) NoJs

a8 3-5. & etHY GPS A7) U AlE A7)

Sl Y w@el DY H-EolM = vyl A7) ol oF 400481 (26dB)
ol A7IE Zte tE AEvt #4E w GPS F417]17F GPS 2l
o A#7]9}b integratione FTIHE@WH FE)TE Al T ol A

fols
e
g

C ¥ A1 -
U E R .---|... L) e

27 5 A&
= 1=

?J“‘#
|



GPS 215 A717F &2 A Al71e] R 28)(3dB) o]tz ¥
oA wl GPS F41717F GPS 2138 9& 2S¢ F

219l Al4ke]l 7 integration times Ims= 7F3t=d GPS 4
21717} tracking locks 82+ A™8 2] Al7] = integration time©l wef
g2 A1 integration time®] 1ms¢t 20ms & @] JSR¥} A2 A
7= o] ek 2rh[18][19][22]

T & 1ms 20ms
JSR 26 dB 40 dB
A el A7l -194 dBW/Hz -180 dBW/Hz

¥ 3-2. integration time®°] W& GPS A3 E Q= JSRI AW A7)



IV. B g ¢tey dagF

X

3 AHgE A MEH(sampling) °l&S AR
g WS 3+ AlE Y (spatial sampling) o2 4
d SHHUE AFESte] dojzl ofd R AEE Al-F 1
of A& wid <HHY dugFoE s AHgstH Al
o dig g3t F4o] 7tsetH, 3 ARE & F AT
Wi QteHUE o] &3 A5 Agle W A (beamforming), 7 3}o]
=@ W3 FAH(DOA Estimation), sonar, radar, %13} G5 T}g
okl &8 Ao W dAdLe FHHd A s

H SNR& Sdlr717] 4
af AHEET. date] = e FAS W G4 7IHY A el
E5s 71 Asds FHe oo AEEY 2 FdAes W 34
(beamforming) 713 Ay wf #3S FAH(DOA Estimation)

sh= dare]Fol wiste] v an[23]

f
o

-

= Sstel Mol g SHHYUE A" w4
FEIU7E &3l EAeH Lajel HHIHGPS A 3)7F f ol T3
T2 JAtetH Fd3 AAZEe] A7E AlA A HlE] FE 6]
Aol WojA glth(far-field assumption)il 7}7g sFA},

29 S



N
Trer, - / -
ro=|r, S 7 1emy GPS A
g,
ES C,’_HEﬂL}V N sin(g,) s1n(6)cos(¢)
cos(6,)cos(g) 6, T
mER =
X oLt " | "
»
m

a3 4-1. 4ARBHE GPS 23 mEd Ad=

Aol 1"k WA GPS Als7t 7] FE(reference) QPEILVFSE mB A

Srelvtel datets B8 adoz dedidit. o= 7% ShEY

of A, ¢ & miA Y] fAolH, o2 IHA GPS 2135 9]

ghar gheh 71F eteElyel] YAatetE GPS AEE 4 ()E

shal 7] QbeElvkel mA A QbEIVEe] Aol ©F GPS 4w Ad

AR A A AA p(m)olet & ol mAA wjE Felvhel] Y]
a2

AAT} AT 4,0 HeI 2ok

o] HoA = GA AT FAE ) MA GPS A5
2t (envelope)ol ™ ARl AIZE AA L ()& T ol T
@ 5 k.

. Rl



ni(m) = e (r, — 1./ C (4.2)

e, = [cosf,cos¢; sinb,cosd, sing] (4.3)

of7lel A C= "o HZolw o2 I™MA GPS Aze ez
(Azimuth) , 4= 1A GPS A13.9] i17}(Elevation)©] t}.
HE QtelUE F3stE et Alsel xEhd c(t)7f WA &&=

N5 oY A5 S ded 2 Ao Hya

rlo

a{t—n(m)} = ¢(t) (4.4)

GPS A=7F dig Azt & w 99 Aol osi mHA <HH
of F4l¥E GPS 2lse vhe 2k

() = e = 40, ¢))e (D)™ (45)

de] Ag olgatd 7E tHUel AAEE A5 L()E MAe
M erEubel $AlEE AE SR EAsE e 2

¢
E(t) _ $2:(t) — Ay (07¢) C(t)ejwnt _ 6(9, ¢)C(t)€jw“t (46)

olo
. A

ol AolA G, 4= Eddts Alsol thk s <tE| Lo
AS el = HEHERN BE St Yo A Xd AHE Tx
SR ot v} %3k W E(Steering vector)gbal 3o}, AA

o
GPS A™ #7 stallA AW Azt GPS A&7t oA YAstE H

AN

Jm

=

=

s

31 n A2



a, (t) a, (0, ¢) a1 (0, ¢)
O I LAY PAr e L A0 ()
z,(t) GM(.@’ ¢) aM(éy )
a, (0, ¢ a, (0, ¢)
n 02(9:,¢>) i)+ -+ az(9:,¢) i)
aM(‘G, ¢) an{(é, ¢)

el el iid(independent identically distributed)?! 5 7(1)E
welste] b A Hod thew gl

2(t) = Agpg(0,8) (1) + Apner (0,8)5 (1) +1(t) = A(0,0)s(t) +n(t)  (4.8)

‘?494 7;}0]]/\1 E(t)’ E(t)’ g(t)’ AGPS(G’QS)’ Ajamme‘r(07¢)’ A(67¢)% T;]_
23 2o T+ transpose AZFz}o]t}

it w1 T
c(t) = e, ()™ ey (t)e™ - ¢ (£)e™ ]

- . jwet . Jwt . jwt T
30 =[5, o ()" - ()™ ]

s(t) = [sl t)e’" sy (t)e’"" - 3L+1(t)ejw°t] r
= [01 (t)ejw(.i e (t)ejw(.t 7 (t)ej'wot . j,(t)e‘jz""t] T
n(t) = [y (8) ny(t) - ny (1))



a11<91’ ¢1) a12(92v ¢2) : alL(oLa ¢L)
a21(9.1, ¢1) a22(9.27 ¢2) : a2L(9La ¢L)

ayn (éla ¢1) anp (ém ¢2) aML(eL’ ¢L)

0’11(01’ ¢1) a12(02, ¢2) (111(917 ¢1)
a21(9.17 ¢1) 022(9.27 ¢2) (121(917 ¢1)

ayn (éla ¢1) aMQ(éQa (o3 aMI(GI ¢J>

).
“11(9174’1) alL(0L7 ¢L) a1L+1(9L+1 ¢L+1) a1L+I(0L+17 ¢L+1)
A(8,0) = 021(9.1%1’1) au(e.y ¢L) a2L+1(9L+1 ¢L+1) a2L+1(0L'+I7 ¢L+1)

AGPS(97 QS) =

Aja,mmer (07 (;b) =

am(ew ¢2) azuz(az\zv ¢J\'L) azuz+1(9L+1‘ ¢L+1) : ‘1ML+1(9L+17 ¢’L+I)

o,
Moo B WFARTE 2dE] itk G(g,¢)= st ARzl
oA LA AAHL M= vE ZE dAel diske 49, ¢,)
9k a0, ¢,)% M= = H(independent)o] v L] GPS 21z 9} T7]2]
AT ANz 7F AR S W A (rank)= TR 2

rank{A@,¢)} = L+ 1T (4.9)

ZH3s dugFolA manifold A = w9 a3 gt
nE A daeFe] A Fas d%e il

S oLl A FAlE AT E KA A7F 39 AZo o]
2(48)5 et e o] vEhd & drh

X=[2(t) zty) - zty)] (4.10)

= A(0,0)[5(t,)5(ty) - s(t)] + [n(t) nlty) - nlty)]

=A40,6)S+ N=X,+ N

. o AL et
Fipge~.  SECHIL MATICHMAL | BNERSITY



dutd oz FS2 full rank®E 7SI ER IS XS 54 Al
S 9] AF(rank) 9 F&o A (rank)= tha3 2ol wiE <tH L]
M4l Me] €t

rank{ X} = rank{N} = M (4.11)

Uz Aa SHoA A 215 E = sl
3] ¥ E(incoherent) & T2 & 9t} IS HE 259 AL Fa
=

7 EQsD A A BAL AW @77 o

S A AE A7k A YA AEe Arnn Hon
ged 2o BAE 2

rank{X,} = rank{S} < L+ 1= rank{A(0,¢)} (4.12)

rank{X,} = rank{A(0, ¢)} = rank{S} = L+1 (4.13)

IV2 g ey 2dg

Wl E <Qhe|ue] A uwel vfd otH ol YJAsEE AE ] 4
b} 235 %3 WE(steering vector)e] EA4o] AAEW,
9 Wkl ®34(ambiguity)o] FH$ETh B =T AR

& F437] SAstel 504 A WD StHLE A



=

=

QFe| L}

[e=]
=

-
it

A3 uj

e

7 T T o T RO
G F o T T R
i o 0
T Koo TR0 U
~ = V\_ OL
N o ' I T
o=
bo \Am T N o
Cl 5 F 9 9 Ao
T z M T 2 =z T X
o- o) JI :.L 1r_w,_ M T wA'
< _ 0 e LS
B o ol BN M g
= g v £ o B
W iy £ -5 x S M EI
— A =
I Ew = T R
FE 2 27, £ T T
N s — S8 _
oo T ST o v
T £ - o T N ~ W)
—_ <O o~ |
N6 B = T o < I
M E-2 o j_. il = < wﬂr "
Zo o Ny w P E e R
N ~ T " TR
jang
m T bjo I gl
m o O T = B
C U T Lo
= y NF = =
@.A W N _I_
< | N J_ﬂ_l . 17rw_
o © oN oL
oo W go X0 o Gy
CC o8 o M o

(4.14)

d(m—1)cos @
35
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9 AelA de <FHIY wiE HFolal C= 9o SRoln A
A AIZE A AL o] &5ty 7|F HUZFE mAA <tElve 94
%

3F W ¥ (steering vector)

a(p) = [1 o dkdeost . e*jkd(]lflfl)cosﬁ]T (4.15)

$l AelA Ae Az 34, kE 27/ 42 I (wave number)©] T},
S744 A8 vig SHUE= 10 ol 4] 180° 7HA] A o] 7hsstuk[23][241[25]




ol adolA v <tElLte] A AL xFowmEH WHAIA W
Fo = 272/MRtE 3H& Aotk mAA
olg} & w , & 2xm/Me] i 91X WE = oo A¥) 2

Y = (Rcos#,,, Rsin~y,,,0) (4.16)

S5 k7t 27/4, AEe] A wFe] o & W, LAY mAA %
Hu 2ol glaAe oew 2

¢, = —ke=y,, = —kRcos ¢cos(0—r,,) (4.17)

0+ Wztoly 0+ 172ts YEeRdT YAE o] 8351

=2rA 48 g <rE|ve] %3 W E (steering vector)E UERH
s A3 2o, (= kReosgClth

5(97 ¢) — [1 ejCCoS(H—"/l) . ejCcoS(H—’YA/—1)] T (418)

527 98 WG FEgE wezte] A5 10 oA 360" 74A FA ol
ek mzkel A% 10 oA 90 74A FA o] 7hs et [231241125)



S A WA (beamforming) 7|H¥Y HFF7HS o]&3k 7|Ho R U

5 4 vk WEA 7]HeE conventional WEA, MVDR

(Linear Prediction Method)o] i F-&7+S o]&3t 7|Hd =
Eigen-based LP 7|¥, Eigen-based MV 7]¥H, MUSIC(Multiple
Signal Classification) o] . I&vy F4  7]Hd =
ML(Maximum  Likelihood), = ESPRIT(Estimation of  Signal
Parameter via Rotational Invariance Technique) %] St} ¥ &
M= AW Aso = WEks FAsHA GPS 4w = W
ol thete] W F AL = conventional WEHAI T MVDR 7]¥ el

o ske] A g sk [23]
V.31 19384 719 718

HEA 7M1 d2 54 HEeR AbE e AR &9




= g otE|ve] 7FEX] (weighting) 7} ©th. vl ¢tE|L ] &
Ste|L}e] SA X ol 7hFxe] Ay x| oste] A&

y() = Ywa,(t) = w"z(t) (4.19)

o] wje] wjd <telY & o] Al7] 22 EH (output power spectrum)

o ggel Aoz e & Ak

Sests AEY YA FAH] Astel mE ggel A )

e
<
=,
T
il
oot
z
(@}

@]

=,
=]

Q
>,
Y
o
]
f
JE
N
il
it
ofy
)
[
18,
|m
faits)
ftlo

FowendB, Steered Redponas)

i L i i s . L i
a 20 & 60 a0 100 120 140 160 180
Anruth(Deg)

a9 45 WP A e A7l 2HEY

1o

39 L"::; ”t‘:l _%'EH .



W Qrelbe] o5 (Gain)e AR Ak AEel Wl 7t
FAE T A ggel 2A WG FHUE AFAAL W A

E AFAE WAS Aol bl g 2o

Gain(Beam Pattem) by Barlett Method

ol
T
L

WYd daglsS g telve] 715X WY wi 274
o] w2} conventional ¥&4, MV(Minimum Variance) 7]%

EREE teA ¥WEH we ASe] YA #Ed 23 9

b g

oln
o
!

Hi)

(steering vector) g(p, )%t &3t “&¥(spatial correlation) & g
o g4z Fol 23]

IV.3.2 Conventional Y134 7] (Bartlett Method)

Conventional % 374 (Beamforming) 7]¥-& Bartlett 7|3 olgtal%

S 7] o7 3+ spectral analysis® &7H4 g
o2 g3t Aolt}, Yst= WA E0lo= Az A s
A& Fo SNRe F4A71aL &9 e A= g} o

Hupe] 5 7heA wE wellA AW A dHde & A

40



I 22 5AE e 7 dve Ao A o

Ao gk wd <Y FAHAE o5

Conventional W&A 7IM2 54 WFez Jitste= Az
sl MFALS dto] =8 72 AU st= dugZolth
w2z (white noise) 22 7F43FA conventional WA 7

geo Aoz ey 4 9l
max P(w)=max E{w x(t)x (£)w} (4.22)
—max w E{x()x (£)}w
= max {E[5(¢)] ’»7” (o, ¢)‘ o[}

9e] Aolx Z# el H7l(output power)7t Ho7h = 74EA o
277} 1ol 2% o] we] JHEA WEE e 2.

o) = ——20)___ (4.23)

75 A WMEE g StElUE A (steering)dh=dl AHEE T 54
NEe FAH o2 G (match) ¥ 33 HEZ &
_]

H
C 5, Ael mld SHHlYel EAEkE A AR RS T

ok

o%

o

fru
9‘ _l
>

>

i
e

4 Stk &, 47
A WMERE BAstel E99] AZlE AdE v FHY AVE
Fohs A (422 7HEA WEE qgsE gge e 7R
A th.[23]
¢ (25 A=
Flaaer. SECHIL



P(9) = a(0)R,,a(0) (4.24)

IV.3.3 MVDR 719

MVDR(Minimum Variance Distortionless Responses) 7|2 54
Sk HFgkol A QA= 2159 o] 58 AAHI A FAFHA e 4l
s FFdde AdHow A 75X (nulling) & Fol =99 A7)
& FHAastg o= SNRS =21t

i Qe Yol A o] F4X]E conventional WEAF 7| FAHA

Zoar & o) MVDR 71He] 7k WEE 8h7] 913 HA 35t &

N

o

A W stedel 29 A7lE A4FHAUA zFuE o5
12 §A8he Aow thee] Aoz yed 4 9
—H _ — . —H (4.25)

minw R_w subjectto a (O)w=1

w

o)
rr
o
o)
u)
*
Lo
>
o
-
Q
0Q
=
jab)
=
0
o
3
=)
=3
=2
)
o]
i
ru[o
>
>
o

o) = —Tee 00 (4.26)

9e] A Wg gtevel Ee] 7B T
o] A7)e the 2rh[23]

Q‘L
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1>
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=
inss
o
g
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A GPS $42 v GPS As7F =A%, stue] GPS Al

@ o o QrEL A

=4
sAM A Ame = BEdE FAL 7 e

(4.27)

1712 HEAS

o

o] we] FAl7]

Tracking
Loops

&

: Sum) NCO
RF/IF & A/D Carrier

v -RF/IF i Array i Integration
Processing —> Qarruer > (;ode > . —>
RF/IF & A/D Wipe off Wipe off s ims
(Weighting

NCO

I 4-7. 77} 1709 GPS/AW Als 28] 93 =417] Block Diagram

919l "ol A Array Processingol @t WM @A <arelgo] 3o
QtElL =2
7)ol A% 109 GPS AEo] k] WEA o] e, 27) o4
o] GPS #lzel diste] WEPgo] Erbssirt. AA GPS 374 slol
A g otelg A7l WA duEES AHEsty] skl A

GPS Azl tisto] RPAE sk Aolvh o wi<d

(3

W2 Acquisition?} Trackingg dt& GPSY EA4S
th F, wld ¢telUE B3] dAsE GPS A5
&

it

o8 F 9l
Ad Wz

e A7 AR Azl did d"e AAFE du g5

D

PS Al

ri‘l

43 g

AA AW AZF EAG 9 WG ore

TA171¢]



Block Diagram-> U3 2t}h.[14][26]

Antenna #1

annel

RF/FF & A/D Channel #2
Channel #1
Antenna #2
Channel #L
Channel #2
Channel #1
Beamforming/
. Nulling
Antenna #N P (Weight
&
lmlq L Sum)
RFAF &A/D I -
Channel #1
Carrier Code Integration Tracking
Wipe off Wipe off :1ms Loops
Code
NCO
Carrier

NCO

% 4-8. AA GPS AW A Als 28] 93 42417] Block Diagram

44



V. AlgdolAd A3}

V.l A Egdelad &4

V.1.1 $417] Block Diagram

=1 O <= o] =) = TS 2=
Algdlold s Fdsty] flste] AR RPA 7ol E£3tE FA17]
: o o
o] Block Diagram< U3 Zt},
Antenna #1 CAlEolE 7E
V‘ Channel #L
RF/F & A/D Channel #2
Ch | #1
Antenna %2
Channel #L | [ Channel #L
RE/F & A/D Channel #2 [ Channel #2
Channel #1
Channel #1
Beamforming/
. Nulling
Antenna#N P (Weight
&
m Sum)
RF/IF & A/D
Z et | @
]
i
1 -
@ Carrier | | Code —Ié ntegration Tracking
Wipe off Wipe off ! :1ms Loops
T
Ll
Code
NCO
Carrier
NCO

13 5-1. $417] Block Diagram W Al Ed# oA +3

A EYolAL ¢9 Block Diagram & dbgt

Tz

GPS L1 C/A Code Al5+=

45

AAo® BAE FiEs
Code Wz glo] HhE3}



(Carrier wave)9HS o] 83131 A" AlS

j
RS ol getsleon @O, @W FE AVl v Eok 2k

T Carrier Al7] Noise Jamming Al7]
otelv} & (@) | -220 dBW/Hz | -200 dBW/Hz | -194 dBW/Hz
7] () -160 dBW -200 dBW -194 dBW

% 5-1. 5417] QrE} @l AR F Rl 74 asel A7)

7ol GPS 441717} Tracking LockS 2+ A
8o Al7IE 7] F9] Integration Timeell whel ekt 9]¢
¥+ Integration Time®] 1msQ d$-olH T2 Ao vHo= A&

A3} %= Integration Time©] 1ms®l 7% Wste] A3 23t

V.12 A EdolAd A7

ANEYolA & uw 714 Ao g wjd <teElY GPS

FEell A GPS L1 C/A Code 215.¢ CW A A5 E A8 GPS
2710 mEslE Az e wek gu (g7 E;L)% ola1 9l AbE)
oA A AFo] PrzbS FAEY . LI A GPS FEE B
Atalz] 918l GPS L1 C/A Code A& 47Hi sdgon AW Az
= e Aewk =ggoa pgEan. AT Alse] Wl 4
(2D)A] 470 GPS Az9] =& Wae doz AAsUn AY A%
of Wejza 1zkE FAHEGBDA = GPS & ARE AlEHClA
gto] Aozl 47 GPS 17 ¢l We1zhah nzhs ARgekith w g <t
BlLho] o GPS 45t AT Alse] whgy Fas 4E F 5 U
A A AL ofef o] ok 2

-

i o 2] ST &



1575.42 MHz(LL1 F3}57)
4.309 MHz
5 MHz
5,000
10

34.8109cm(0.5x57F
w7zt 3

7(3 :
=4

1

917, 17

# 5-2. AlEdIA =

V.2 Beamforming/Nulling A E&#o|A 43}

st meat: AW 4
Wk o] 7}

o

Beamforming/Nulling 7] < ©o]&
of WA 4% + 9= 2D(Dimension) <}
T FAske 3DE Yol AEdHeldS s
zhet C/NOE vig oz uld <tHuE o] 83k GPS

FAQ 23 2 A5 o,

=
=]

[e]
=

V.2.1 Conventional W &4 7] (Bartlett Method) 2}

=
-

o 010

RIS

0%
do
N
N

I
(2

A= 2DNA 4702 GPS AT 8ol ufj 2}
7} GPS 2l5¢} A4 EA18 wjo] tfste] conventional W3
gatlen Ay v 2.

fol

2

of

S|

oX,
g
o
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Stesred Responte by Barlett Method
182 - v - T v -

Powandd, Stearsd Regponss)

a X0 & 1] a0 00 120 180 w0 180
Azirrnah(Deg)

1% 5-2. Bartlett Method %€ A3 (A4 f12)

Stesred Retponte by Barlett Method

FowendB, Steered Responis)

X2 : N i i s N L i
a 20 &0 B0 a0 100 120 140 160 150

Anreanh(Deg)

19 5-3. Bartlett Method A& A3 =)

]

19 5-29F 1% 5-30014 GPS 1A Az = RS2 307,
80" , 110" , 160° ol A7 2l Eaf a2 50° o]

a9y 5-2% AW AS7F 1S W conventional HEA 7]HES %83
Aol FH&2 200 dBW/HzE A8t e GPS 2z fst

48 Ir--er 'A:I Eq:l 'ﬁl—l

SECRIL WATHCE AL

v
T

L=



o WPAAE % EF38taL GPS 21&7F Holx] & ol GPS
ANz A717F 220 dABW/Hz2 SHElU Gainthg WS dAdstole
sHT 2] oot

.

9 5-3& A Az A W conventional HEA 7IHS 483
ARz A Ao = WA 8o AVIZF HulgkE 7=

S ST F vt AR, AlE#H o] AA A Alse] M7IE -194
dBW/Hz= st o}, Aol A ¢F 184 dBW/Hz®| ko]l w2 o]fr&=
conventional W34 719 54 wi°]t}. conventional MEA 71H
& YAFekE Alse] kel diste] WS FAste] =99 AVIE A
spA71= Aol7] wiEel <bElY o] S(gain)?l 10log,, (StEIV4) REE
A71E F7FA 20t conventional WEA 719 o]5(gain)S TS

casy

Gain(Beam Pattern) by Barlett Method

1% 5-4. Bartlett Method 2-8A] L} o] S(GPS 1% @ 30°)

49 n A2



Gain(Beam Pattem) by Bartlett Method

1% 5-5. Bartlett Method 2-8A] L} o] S(GPS 21% @ 80°)

Gain(Bearn Pattern) by Bartlett Method

1%] 5-6. Bartlett Method #1-8A] QFElL} o] S(GPS Al @ 110°)

Gam{Beam Pattern) by Barllett Meathod

19 5-7. Bartlett Method 2-8A] QL o]S(GPS A& @ 160°)

§ 25 A=t sh

ﬁ_‘_\.r;“- SECRIL WamCsAaL |INMVERSTY



19 5-4%¥ 19 57744 470 GPS 94 25 sl Wl
3t Ayjoltl, GPS 2139 T were a8 5-4%E zEg R 30°
80° , 110° , 160° °]® RE GPS 2% wakol] tjste] oteL} o] 52l 10
dBic W A7)1E Z7MA 7= AL Belst 4 ) shx|uk AT

of Wate] AT ol5o] opd Aol A7]s ¥

ifl

73

oz

Al

fot

o] W 50° 7 o=
of IHES & 7+ A
Steered Response by Bartlett Method Steered Response by Bartlett Method
184 184
.y :2: 186 185
65 I 1838 188 183
& 1% 190 190
§~|95~ 192 192
-200 « 194 194
fO[g 195 1%
198 198
200 200
Elevation(Deg) 00 Azimuth(Deg)
19 5-8. Bartlett Method& %83 &2 <] A7](3D)
19 5-8& conventional WHAA 7IWHE WA 17S FAlA F
Ak 3D #7o AEsATh (0, 0)oNA 0% W7, 02 w7bolel
sk, GPS Al o] =& wheke (87 , 18 ), (110° , 46° ), (207° , 40° ),
3177, 22° )7F =™ AT Alse] e BEkS (2407 |, 507 )oltk. 54

W9l Znt FA43= 2D o wiol HSeek AeS HYS sk 4 9l
1 conventional M&HA 7|HL =

5% 24 sbss,

o

=
_0|L
rr
2
od
2,
fol
o
On:
do
N
I
fd
N
o



NN e =

g A5 o] = Hc}"%}% (240° , 50" )oltt. Wz 7S F43sk= 3D
oA <otHlL} o]59] EA Al 2D E5AY {AEE AEgS Ho|u,
conventional ¥ A& GPS A5 Wdko] thdle] HEHAS sbx| v A

V.22 MVDR 7§ A%

MVDR(Minimum Variance Distortionless Responses) 7|¥%
conventional Y&A 7]H3I} vpzrR 2 W7t EA5t= 2DAA 4
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Stesced Redponse by MVDR
154 - ~ T T ~ v

-0

M-

206 -

Powenidd, Steened Responis)

i 4

M0 e - I i S o p

1 ' 1 i 1 1 i
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QFe L ] 5(Gain)
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MVDR(3D) | 0 dB(87°, 18°) | -22.91 dB (210°, 50°) | 49.44 dB-Hz
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