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¥+ 9

SAW, B A%71el A% 7 Adel F@slel s wik WEE 8] shmslo] Algare] Wrhs wiol
ek, QuHoR w7k lgol 4uQl MIF UHE FAY FSolE BY Aok DA A/ (B o, 64 A
o oolsh | f A 0%

AY $H GHE ASHA% 04 92 AR JRA A5 Y £ 2 @
A

B W 5719 g AAARE WAl o folxl F&E dolEol el a2 (quadrature demodulation) ¥}
AE AZ olFo uAH IdE HelE zte HAHold HEE Faeth. oA AW upel Zo] 233 Al~E
o UE Zololl wE wAHold BlEe] Wskel o whE A F3 dE e Ae "y Aot A

S, g dols] BEE AAGozA, deslo] Al Pu), w3
st Brbsse @AE o 9

B (phase rotator)& AM&3ste], m AR A A 7REEe] YAFEAS Z3)
= gdutAEel ¢Aars A H] "<& BEro|t),

iyl
:0
2
_|>i
O
H‘.
PN
=
i
ol
ox
i
o,
Y FE

=4, 9% 34 W HE
&

A w AR A

ok
o mf
flo
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ox
o ot
[ 2

A W gl ADCA mEstE A dHelHE A HxE T V1A U9 Az w4
A =

X
(inphase)’d¥# A& 9} 2 nl(quadrature)

JiE AT g e =
Aol FE2Exs XA AsE M 313 TR 3H(down sampling) S F2385te] HiA Mol A dolHz &%
o}.
A dol e dolHE ¢abdoz duge HAHA Hi, 9] EHE oA ADC T2 T3] 1/MH)
W] XAAIZ LS 2 ZA AAS BT oy ZA Ad E*J glolgloll Al A Adz T4 A

o] A A7k eaks AlAS] fe A48 FdRlME BT HudRs o &sto] RS

webd 7 Adelde] e sRRe] HAARE Faw K wAA FAEe] gF A4 WS HeEE T &

o]
AR

Qs W WAE71e) A ugk W gEslel wal Ao 1L e BAERselA BAs, uE oA
deu e e WE 5 e -l o,

A 7t Aol EetaolA el uAAAuAbe] o Fojxx| 7] wWiel, oA Wl P& AT} M
rAurEe] Tepd oRsk MAE, Bl We NEE AL, dAvold ulE No| ZhESE o3

E3 st=do] HA ARERS Be ul, A Huw Hx7] 27, 2709 A F3 F¥, o o] s
F7F Agstel W J&E7|o] nla] 2uje] Apdo] ARgHE T Tl k. AvrE 943 s W HE71e] A
- ZF Agol An WZ(quadrature demodulation)ZAS A o]Fo] m4gw HE ZolZ zte dHA|w oA
4 & Fdgct

wpeba] EAvlo]ld FE A SHelA B3 W HEV|Eg stedo] 7 o] AR A sh=so] A
GHl, B st=do] A el mE 94 2o At ¥ Astde @48 AL ol

o] AA dE5S pAMoR MWEER ath, ouk sy Aw W Hn
7 Ee el oigk A Awe ekt e, w=W
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_10_



10-2019-0064070

k)
w

ol
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24
Fof oF
F4:71(1/Q beamformer)

o

o
ul
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)

R

2 e 3l

= 6ol Z=A

[0052]
[0053]

@.

o]

hln'lberr (”) I

il

T84 13} Zo] A9 F3 4 h(n)E Hu 5=

=x74

[0054]

~

e
e

Mpsivere 1) = Mpipeare 1CD + iy 0 (17)

[0055]

3} 2ol ek,

Kol
=

o Azt o

i

17

[0056]

Mstbere.o(11) = B(m) sin(won )

h(n)cos(apny)

Mhsibere.r (1)

[0057]

gl o] ¥

2l

&
™

)
B

s}

Al i A ADCel| A 9]

S

3} 5l

[0058]

54

4o A ADC

~

e
-

U

3]

Lk
71 9

A A g,
7 o]y of

L

51’,k 1_

1% )cos ((’)o (nTy — 8,47, ))

7

—O

n<—n+i; i =a (”‘7?3“

k)
w

1.

(n'T; /L)

o

o

=

(nTy) = ;4 (1 T)
H BPF
K

€
Xk

i

O,

g 7141 x; p(nTy) = a(nTS — Z'I;J(.)cos((go(”]_*S~ _Tz:.k))

A w

[0059]
[0060]

~

e
-

(n'Is /L)

H BPF
ik

"

LT/ L)exp(an(n'=6,,L)T; /L)

ik

IR T, /D) +jQ
a((n -0

(n'T; /L)

_H.BPF
=ik

[0063]



[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

S S35 10-2019-0064070
oful ety el B W Lu) A ERsel 9 944 59 Lol AR,
734 5

Ppsipers D) = Mpipere 1D + Fpsiere 0 (17)

9714, FAAR Ay

o e en g

A

Iyitbers. 1 (1) = Ni(m) cos(% nly) ]Jh,—,beﬂ_g (17) = I (m) sin(% nly)

B T ol

El
=
2
i,
o
il
ol
1)
PL
2
T
)
e
oft
ox
>,
fol

IEEPE (0T, | Dy=a((n'= 8, DT | L)cos(ay(n'=8,, DT/ I)

O (' T I Dy=a((n'- S, D)Ts / L)sin(w@y(n'— S,z L)Ts / L)

_HBPF
(”T/l)gn}/\] 2 thg 58h4 73 2t

o] AL A (analytic) A& ~
s M T /Ly =L (' T, 1 L) + O (n' T, / L)

=a((n'- 6, )T, / L)exp(wy(n'- 8, L)T; / L)

O x L-&;;
Weba At gol = A W dolEalAe mAAAg & ngk HolgelA o wo] 1w
SR

2 ' T, 1 L) = 2P (n'T, /L)‘ —a(O)

_."4 "
s MI D) o 2gge gopy

S W S mEEE she] Sok4 83t ol

4
L

5
IS4

&

Ziane(n " MT, [ L) = {sz(n'l:g /L) }J,M =z (n"MT, I E)
Ao e wE AN Fdste] Habw, kK AR GdRdel dis) 1610 ool A9l ARE mAe] o] Foizl
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[0090]
[0091]
[0093]
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[0094] L= 11914 M fold polyphase T+ZollAe] 95 F2ow Aelatd 842 99 Tt}
T84 9
M-1J-1
v(n)= > > h(GM +m)-x; ((n—j)M —m)
[0095] et
[0096] ofup w4 " o gxg o, A wBsE £ 109 2ol AT 5 Ak,
7914 10
J-1M-1
y(m)=>D"D> h(GM +m)-x, ((n—j)M —m)
[0097] Lo
[0098] °]& M fold polyphase :rlzoﬂ*i HEA7IHE E 129F 3ol tiAle] Whaks TpEubakel A M EReFo R wWsiAlZ
T AT FE2A 108 = 120048 Zo] MR 49 VFeRE dH AT 99s WY EY X (natrix) & 2
= g4on oy ot 113 g,

7284 11
J-1 J-1 M-1
v(n)= ZH(}) X, (n—j)= ZZII(}M+;)J‘) \L((n _])M—m)
[0099] e,
p00] A 1e A% 2x HD g qaag N o san 109 g0 g9 = 9y
7844 12
H()=[h(M) h(M+D) -+ h(jM+M -1)]
[0101] X, () =[x, (nM) x (nM —1) -+ x (nM — (M -D)I
[0102] ojuf whof wlAlwlo]d H]go] M=m+Ll AU W 84 118 4342 133 o] A 4= vk
T34 13
J=1 m—-1
y(n) = ZH'(J) X(n—7)=33 h(jM+m'L+F)-x((n—j)m-m")
[0103] 7=0m'=0
[0104] 714 e AF 1FS 98 2152 582 149 o] A H).
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[0105]

[0106]

[0107]
[0108]

[0109]

[0110]
[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

SIHE3 10-2019-0064070
T84 14
H'()H)=[h(jM+F) h(GJM + L+ F)...h(jFM +(m—1)- L)+ F]

X(n)=[x(n-m) x(n-m-1) --- x(n-m—(m-1))]"

o2 Fxol W = 133} Lol Lu] 4% HE/7E AAR T2 A o714 Y AFE e £
WS oAz o] sjgulal oz 39},

hpir.; = Pesrs jpa,,

o] %34 12004 BE 1§ 94 FE nWAl YHIETIE Auste] Lg A RS 2 £ doly

o) A A wape] FhsE,
o714 Fi= 43HA 159} o] Lu) A% mRs #gdA A7 4 e BRolw, Lul nte Fale] A%

LG o quan.

& AME £A dolEst £AHon Aol
Yom NItk Wolel HolEE el Bk,

olul = 139 EAE Fxel juA Ao 94 1F T2 gese e 15% 2
#3415

W.(n)=[x(n;) x(n; —=1) ... x(n; —m+1)]

3714, ”.J'(”) o

2ol 4T 5 Ak,

T 130 mAlE xR Al delA] T E F2 A F & olmE | 482 153}

S84 16

o =1

n(n)=A,, . (LTJJ')-mﬁLmod(N_l

,m)

A
o714, Do imA Aol A A G dig =m0 A Fags 9wshd,

J -1 N -1
—j)-m+ i \
({ J J)-m+mod( Y3 1)

2

< 28 Ase e =, 93 9174 (zero phase)l

i, mm 9] B ﬂ

'
N
[N
2
:IO{:
o
ol
rir
jine
J8
=
o
fo
N
>
A
N
do
o
K
[>
>
r
N
[
fo
ox
=
o
o
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[0117]

[0118]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

ZIHS3d 10-2019-0064070

Yy 71F0R 9 LGS, F34 173 = 148} 2o,

784 17
,\‘(n):JZ_l:P ZH "W, (n) = igh(;‘u’jLF +L-m"-x(n;(n)—m")

(4) 2 29 44 o we ¥ydd 533 931E 7=
T 173 = 140 =X s L AR 2281E fl7] g, Albe dAxbsre] A ESlaL, A= )

=9 F doh. aAnt o[ Ao g BE I\VImafoq]

e ool A ool AoR MR BE Polg FA s A Fu 173 =
o] AR Txo] MC TEE 48TOoRM, Hudel AU Pulst Sudle] AANHoR A% F A A
S8 e & oo BeHA TEE AT

15+ MAC

= 158 Fxshd, & 2w A do] mE wgd 539 7 AS AA10)9] FY =HA(100)= FZE @
A 2B (shift register, 110), F&¢ A4A(12005 Eedsto] FAEH, B3 AA(1200= 471121,
SAN71(122), @A =E(123) B dAHolE (124) & E§ete] T4 d

A7 ® 16& = 159 jHA Do MAC TEZ TASY ZExolth, mE AX @ EZS optimized
polyphase FIR YT xR Mmax gy o peo) mx Zusa Zgwch, 7|4 NAC T2 S un
W oS3 2o,

WA AEE AAZE0NAE 12 2Fel wA A odel gk ke BE A% 1§S Hedr
]HH C)’:I]Ej Z—Eioﬂ/ﬁ P e ma A FA g dgEts
Ei 74]‘1‘7}' % Qoi *“5]- @47}' Eﬂx]i ] ;q/‘((j]—o] E]J—l, %i}'&igi - E]—

)

[

o 7 & e 28 A5 3o
A A} ool AFE A2 gt A Fehis WAtk olu F¥ An 9t 189 2o
314 18

P = H'(J)IV(H)—ZI'I(]MJrF +L-m")-x(n;(n)—m")

m'=0

7214 19
J=1
Y€ (n) = ZPJ = y(n)
Jj=0

J Ak Admelth, $41 dlo|
ol watdow AgHch, olu ws: BE dowe] 9 IF
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mep oy

5

=

=

H

0
=)

H]E-(m) ©

o ¢

1
H

EREDE

3}

FEZE #HA 2B 1 9 12

3, nAA} nr1dAA e ;A =l zpol7b 1!

Bl Zojo] Huk N-1/2¢]

=

inm

Hqerl 9
)

A

B

=

ZF vl &)vith 2= (load)

o

YA 2 (input register)

M/L, L

el

H

o]%F HZ(2-port) WEHZHEH
o

Mell Bv2 mH A (i

Read address point

olul Zkzke] MAC

84 20

KeN
=
o]

=

[0131]
[0132]
[0133]
[0134]

e ER of X o W T W w o
— W — a BloE =B
o ° o ﬂFiﬂu\Aﬂ 0
X R® R G WHEOE S H o
< eTe Po_pwz oz
gyl °E N o oom o T A o
3 ]‘A|,D| Ello]ﬂﬁ_suﬁa s o
0 o T o - o
U R = o o o
e o ok T I —
CEES IR - RN
T "X =PEInAw i
iy =N DG NJQ.L B X
=3 —~ LMo U W N
i S FrE ognE e @
o T SR E IR T O Y
& S MR- N S )
&) - < Ty Ll TaE 4w
_ JW,J ~ % o A o mu =o 70 T i __&H W
hy o 0 JJT W OOF L ogm _oHoy
b — N> =5 W%M%?% %%mr
B < = LT ey Fylat wep
n nd —~ FrlE o gET®EEST RFE
T : S P weETge  °oma
z SIS S B S 4  E
— o {0 —~ oy =
i TINT S s Bdme Ey Pho
= =z TR g
= - + .o%wﬂ zﬂﬁﬁmfﬁm B ooy
mﬂﬂr IZ_._. = Gl ﬁ,_aﬁr T T K — o B F o
= I N o o @%ﬂoﬂho%ﬂug_.ﬂﬂu
¥ N HEZT T liT pob
) = o ~ = )
2 _ + R o Mg L BT
,ul ~ pl o Jl‘w-_._ =
o — o (o o B e QMOLEWZJ TR
S~ - €in = o o N o Ny W
= L o Y TR L T 3o
Py IZ___ ~— o T A oo TR oo X A
SN ~ = L WO LT TR
= o3 - = . =
e Il I mw OMOAT% S ¢ B N = R d.iﬁme
o = ~ E 3 ~ BT ~o = — @ ’
M ogn S 5 . X ﬂﬂﬂA]ﬂﬂﬂ < N
m) = - = ol AT W o X
Mo ~ _Z__ 5 (S R <0 g
= = ~NS Bas ReFOC M, oo
B u 3 - B % ) ~EREL L LB
5 NI TEE maiREcT Eed
do -~ 1 2 L. X m TN
cE 5 | ST T MEET Yoo
i N — w] ) EQHT ol _ N 75 orm_/umﬂ
Bo PR s B S O
~& e ~— aﬂﬂ? = N ) R ——
SR ~ =y 2 NI LT
E A~ TEWT BB T TR N o
= ) = %
(ag} o o on
S S S S

dlo] &7} ADC(Analog Digital

3f
“F(inphase)’d& A& 9 A ul(quadrature)’d i

%.
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3|

sheof wxLeel] &Apz

X
s

A

ar

FZA A
o R o]F H(2-port) WEHYRE A},

e

]

Converter)ol A
Al

Eegoad,

[0139]



[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]
[0147]

[0148]

[0149]

[0150]

ZIHSd 10-2019-0064070

o2, A7 vMEYZFE Eees AAdA FZ& AdE volEHE JPAEE uAWolA BlEd] wet ¢E
o2 AAerh(S820). oW, A7] JPHEE "y Zo|whgel 4] 48 1is A olFH WIEYEYEH
E527] 98, niAS} nt1AY Z2XA ztol7t 19 Wiw nHA FgH gt ZAAATFAE Al et ZE
Zole] Myl N-1/29] el A3k ulolE & RYRFE B ¢ F4AE Read address

point=Ai,nm + N-1/282 AAsc}, 183,
Gajo A deEl 9xo] AZE A 2Eo AAsrt. ZHzhe] A7) MACY] o
Hel 1o 12 A4" FxA A7) dAHolAd 1§

o]l E ZZ(load)3dt}.

gSoz, HAZE AN A7) d8 259 uA XA e dFEts YAte e AF aF
tH(S830).

i
o
>
)
o

teoz Aeg Ay FAE A 283 A 98 28-S MAC(Multiplier Accumulation)©o 2 FAE F R
AXA o] FFFo RN, mA AA AZFS BASITH(S840). o] Y8, Av] d4¥ aFolM P Fe mA A
A T ghel ddele 98 #@d A9E v gY AS 254 HE H Fo EE AgUr E8Eo] we 4
HE GA2Hel AFsta, £AeR 1ot 4@ FE At 3 AAE ojdel ARH ] @A

—%9] E 1% —]il__ =g~ | e} o . H=H [e] H I=] [e] T =
Qo) e ol
[ 1]
Beamforming method Interpolation "2 PRBF Hilbert ¥
type Conventional g(‘;’:‘l’:}:zaz‘: Conventlonal | Polyphase g:ﬁ:’,:zz: MAC
Input rate Fs Fs Fs Fs Fs Fs
QOperatlon rate LFs Fs Fs Fs/m Fs/m Fs
Qutput rate LFs Fs Fs/m Fs/m Fs/m Fs/m
# of Multiplier Nicsecs+ Clu Nintecs/ L+ Ol 2N 2N 2N/L 2J
# of Adder Nintorp* Ola Nintsrn/L~1+0la 2(N-1) 2(N-1) 2(N/L-1) 2(2J-1)
Additional register 0 0 0 0 0 2N/L
1 =1
Multipl to (Mpax—1) 0 0 0 0 2
110 Myax 1 1 0 2 2 0
Lto 1 0 Nirmars/ L 0 0 2N/L 2J
Demulliplexer
2to 1 0 0 0 0 0 2{Mmax- 1
Notes:
1) Nintero = 64
2) oy = N/I., as = (N-1)/1 :1= # of Channel
3) N=JM=JmL
WA B WS 4%, 4% BRS WS L2 Agstu, oue A9 B BE AolE 6=
LRI, EH BE WA% el Aol BE Yol wAHel Hlgo] 49 w BE o]} 647}
HEs Agagon, dAWold H&ael W N=New WE Polst Wae] @ shmdo] AHEF @ ws)
A7 shEdel AgRe Mwagith AT B WS PHe A9, de T wds s g2 uy

Kol )
S5 doleE dAveld e S Fdqsty] ol Alxge] Ado] sojdE AE
3]

3 St=slo] g ZolsA B

Ziztell W A7)0 mlad o2 ARgE BE R vhet 2ok B3 W P49 Aeels 2 F2EE o
HEA Q1 FIR 29, Polyphase 7%= W7 JE& AAsta dialvo]d HE|E polyphase 725 AANS o
& Ak, o 3 W HE71e] A5 dAlreld dEE dwH el FIR BE %9 Polyphase ¥ 3
2 AA%E wE vkl

e
v

% 19E dAMlA 1EaE 1 d
W A%7e) A9 Nelgie] |3, BEE 0 4719 A9 Nelen(J=4, L=0)7} H=S AAYS Aol 7 W A%

8714 WEAA, Z dAvold Be Aol7k w3k W PE7Ish A
i N 8 z
W GE TaEE A8 LT 3E ek agzelt,
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