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ABSTRACT

The beamformer is one of the most complicated units in an ultrasound
array imaging system. To optimize image quality, dynamic receive
focusing is required. Dynamic focusing involves extensive real-time
computations and thus the system cost and size can not be reduced unless
major redesign of the system is implemented. It is the main purpose of
this thesis to explore new design strategies such that complexity of the
receiver can be reduced without sacrificing image quality. The thesis
consists of three main components:

(I) A new delta-sigma (AX) based beamformer is proposed. The new
system reduces complexity, size, and cost while maintaining a sufficient
signal-to-noise ratio due to the single-bit architecture. A well-known
problem in AZ based beamformers is that the system introduces noises
during dynamic focusing. Several approaches were proposed to solve this
problem at the price of some advantages of A> modulators. The new
method proposed in this thesis is based on the symmetry of focusing
using an array transducer. By proper delay-control and selection of the
inserted samples during dynamic focusing, no additional noise is added to
the beamforming results and the image background level is not increased.
Using real ultrasound data, it is shown that the technique offers image
quality comparable to a conventional system.

(IT) Sound velocity inhomogeneities in the human body produce phase
aberrations and degrade image quality. The A based beamformer can
also be used to correct the aberrations using a correlated-based approach.
Results show that the performance is equivalent to the same approach
implemented in a conventional system with a greatly simplified system

architecture. The different dynamic focusing control schemes discussed
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in part (I) are also studied in the context of phase aberration correction. It
is shown that the AZ based single bit dynamic focusing approach does not
affect the overall performance of phase aberration correction.

(ITT) The third topic is the investigation of dynamic focusing using 2-D
arrays. The dynamic focusing architecture becomes more complicated
when a 2-D array is used for real-time 3-D imaging. Size and cost of the
receiving beamformer becomes enormous if conventional methods are
used. In this thesis, a new technique utilizing the spatial and value
characteristics of the focusing delay pattern is proposed. It is shown that
grouping of delay-change-patterns can reduce the number of delay
controllers, and non-uniform quantization of delay-change-patterns can
simplify the delay control architecture. Simulation results show that
dynamic focusing can be implemented using a simple architecture with a
slight degradation in the near field focusing quality.

It is the conclusion of the thesis that the various beamforming
architectures proposed in this thesis can be used for size and cost
reduction of a digital imaging system, adaptive imaging and real-time 3-
D imaging using 2-D arrays. An ASIC-design of the delay controller is

also included in the appendix.
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EEEHART AN M A B R L B E Y s A
SAEsEE E o BN RIBANABREIZARFE L
B Fodl Lk — AR - 87T A 38 F 69 B i N B A >
EAAIFRBOHBEE RTR © H3ER > BRAREREZHAAERA
BB B ATAF B M AR B AR REAEAFAR HNIRER T oo Zh ey B 38 38
B35 » Bpaf A e B o ey nF Rl A8 B - b2 HEAE 4B Au N B BRAR AR K
NABRME SRR R > RIS AFE o BB F BT A L AR - AR
1§ 7T AFo il KEAF R 6948 ) ©

Bk ST LAGH A 7 B A& X 0 IR ER o AP A — B3R 48 M 5] R BA 3R,
B HBUMRETUEATS !

x/ cos’@ _x,sinf

t.(x,,R,0)= R U (2-3)

AP xAF i BBEEHFRBAPOCEAIERE  (ROOLTESVTE 5
WARJEARRT > c AR - BETUG ALK EAXAERELR
e ATFPHE—BREATRE  E_RAIRKRKRERGTFRES -
H—EAR T RERBHFARLMS  RERNEE A foEBER AR -

ATmATE] > HEMASKM T LB LAK I o BRBRKERRE
t, B3EEE R 5] A& ST AR R=nct/2 » £ ¥ n & 0FPk4s # (clock index) o
AIZEBIEHT AT A ¢

x2cos’@ _ x,sin@

k, = round (-~

). 2-4)

nc’t? ct,
%k, =kl B FTOGERARLIBAR M 0 T A ANABLRE BB IE 6 kW
A -

B a0 TUERGERERT  RBAILIZAAEZIERK
%o ERABGGE n o LA T AR FREB AR
RXBEE A N> RS RBREAHEEE | B N-i+] Mz >
CHAEAMENRER - EXEARTHR ALESLMBIET &
R F o AEAF R R B B B W B RBE R ) o AR AT 3 89 F)
AR BRIE B kA G AR - B AR EMEER
TUARIFEARAE S A - LR AR REBRBEA AL
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x? cos? |x |s1n9

k = roun d(—) * round ((———), 2-9)
nc ts ct,

Hb oy m A hEN el - BARSECH LSS K
o HOLBFE BB A L M PR RN R EE - AR (2-5)
R TUABIFREAIEA PR A IBE B EE A B S a4k o o5&
EE 4B 2-T A% o

Delay 1

—— = = -

& Time
Delay | - — - (b)

____h———\

e it I

_‘_\_\_\_\_

Time
_-x.

I

BERME R BEERLE-x, i EHE  ()AF AKX
B G iF AR s (D) AR A X (2-D) 4 > midE BAR H1LF
P2 EET A

- X

27
7 R

*m

i
i

S Jf ) 36 R G 45 P T U AR AR B — i a0 By R & e
NFRIN Y FEIR o AR B) RIMEfF IR AR R B B A 5 5] 3k 46 vh 18 48
JEuy i@ 0 BPAERMG ALK T > —BhoA+]l > F—ElA-1 T
BB AFIRIEAN F F EAE A > F— E KRB AL o EF
AR AR EAH B EENEEEFRETTMEE  LHAR
$— 8 N@BEIRE > R F N2 BB H BB T o KA LE
% % H#% £ (Symmetric-hold) -

2-5 #£%
HERUIERAEBETROLB T RAEEBRAEYNALRER - A7
FeyEIEL G —18 128 183838 - 3. 5 MHz &4 3848 F£ 5 3% 58 (Acuson
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-10

=20

=30

40

-50

-1l

=70

2-8 A T0dB RGBS T RGN - HEA 0 EOBTY - RER
110mm - w5k B 2 5] $ 8 E ()48 - (DA% (O E% (DML -

RF Repeat
] d
=20 =20
i =40 m =40
&0 S0 (" {
a0 T M Y -80
=20 0 20 =20 | 20
Insert-Lero symmetric-Hald
o 0
=20 20
m -0 oy 40
= =
B0 50 ;
N i |._ | | v -"' I"'
-B0 -B0 )
=20 0 20 =20 0 20
Width {mmj} Width {mm}

2-9 2-8 PHEHMTF 5 titn@mBE - wikE 42 7 H#E 2 (a) 244
B (bER X (OFEE; (DHMEE -
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V328, Mountain View, California, U.S.A.) B 4% o F| F #k 8% 45 % — (B2
BT ARGELEAAR—BEE— A=A IR % - RiEHY
ERARFAF & 13. 8889MHz > &y M4EZ] 111. IMHz(8 4% &4 & 46 Btk
AR MR RE R - HRER BN T 6 RFESL - AT
HO LA AR A 7S R B B4 R AL 60mm R B R A
(f/number) % 2> By F E# A 1.5 AL 70dB e SRR B #ET -
HPmiaiREH  RIEREREHMFBALLKRIGLAE 24
BEGR - TRAEGBREGTESLE -

2-8(a)Ba T oy AR 4 10 B T eh R AT R 83518 5
2-8(bRAI B =AM B EMEAETAEL B 28R AMY
SEBKAMETE ) ABE 2-8(D)AEB= AN S EERA HE
%o EAM ERERINBRCABRSHT M - B 2-8(c)fv
2-8()F R 1% K& A8RE] - wiMfnE 2-8(a)8y £ A 2R B
AT BEEZMSONR s BHF @M LETURERSEH=A
i K% RER £ e BURIE R 4R % SONR #22[15] -

REFZEHERNTU BB AN GRBRE - B 2-9 B 2 d L
FETF F =B R e m 2@ o 7T LR H 48 X 3 (Main-lobe) 69 K E
FRIEFEBAERN  ERARASELRAEAR - R RF A %
&Y 3K L8 7A-70dB > MAE B R HAB AR IFRAF B 69 38R L ALt
60dB & 12 % & B ke sk 4 £-55dB & -

2-10 2348 A B ABH BFRGRE - IR T BT g ELE
% 50dB 2 b > Hekey S84 @ 2-8 A8 E] - HABERIE 2-10(b)
BRR ARG BERLZHNERRRARBR SR AR L E
BERBHOMAN > ERELAFEAERSOEL S TUBRERTH
Wy eBh o EERENBE TR FRT YRR AENECRE T X
FRAFOIRAL B R BAEE B 5k TR BB AR F 2R OIKR 4
& > ERIEAMIFRLH LB AR BIL
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B 2-10 52 50dB $fE e E B R AT R BAE - Bieh 90 BB &
2% 110mm - 3R B 5 3 HEE ()R %4 (D EEFE  (OmE% (D)
Hiik o

2-6 REH®

fARBHXF  RPRET—EEZARIBERT  HAE—f1
UM E R EA BRI - TBAFAE] T I IRA ) HAETE
18 45 W fal 6 T A5 38 18 Y ZE B ST AR 35 0 BRT BAKH 0 BiE&
EREeTH BRARREE (il > WAL T xR K
HEHHE - A LR BAHFETAEL > B BEZITHT AR
AR BEE - sboh o BEFEET AR ke EIEHIIFEA
Koo BhEE ORI EHFRER @AY 55 A+ &-1 ]
Adatk R ARKER ROBBRRAEE AT > Lk AR SO EE R
MR e R A2 B ey mE o #63%30 0 BRNIRBRNEH LT
LAHR Pl Fudh B B B ARl 0 RS TR R AR o
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£3F A BLRavhianis
15 IE

3-1 i1

HRBERBRMGLE  BAHERZEKRORE D E L iR
b ERRELGRRE BERETHE EEENBELZALT
BERBEE RS TMA > SR ERERYEER - BAFTARAE
AT AREREGEI  AERAGESR §RASIHELRE > #
HAERE AR P REARE > MBS EIE S — @8 AT & a8
J& B SACTRE) > i R Ak 0% AT 6942 dh (Distortion) » R ALY &
R4 B L RIFATAEE R AR - SR E B4 B 3-1 Ao - HF
VI~ V2 V3 A& R ak P ey kiR > B RARR] o HLIR R R LA
BB XM A R E LB HIL EFRELETH - SBE
3] 22 R ARAT . AR L AR AT R o 3L BP AR {316 #2 (Phase Aberrations ) 4
FiAE o XBAF S THREF S MEERRALN T H > L a8 H
(correlation) 2 J &k &) 7 7% & 5K & Ak < B R3tay[16-25] -

T

-
Array
Transducer

Body Wall Viscera

B 3-1 A e R E o AEEATH LA > F R AKZ MR RETR 15
AR EAEBEERAR S  BARER T TR -
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LAkE B M Ay SRR 04 Ty Tk RABCGR AR IR A A0 B P 0 S AL RT DA B AR,
— 18 B M IE FA AT 4Y 484 F B (Phase Screen) » B — 1B 3@ 18 0L P 449 338
T LA AR By S e B 2 G AR A 6 1A AT U R B9 SR A AR AL 0 AR
HHABBARE] > RERERNEZHAFE Leymss - Bkt b
EAR S AR IR B e AR A (L3R ) » AR B R 69 ORI » PR
BP T AR ST o MR AU ATR R ARSI B g o] B 932 - o — AR
% A #8 B & 2 (Correlation Function) &9 4 K [16-18] - £ + —1f&4% &
BRRIAE B R E 0y Tk 0 AW BB 4R (RF) IR &9 248 B & 2
(Cross-correlation Function) & & KA AL E[16-17] - Z —EF
T8 ks B w48 248 (Baseband )33k ey B S B AR B R B 0 AR
FFARLRL[18] o R¥ERATRA Ik A EEHAFETRA - EHRAR
KHY IR FIREE A — 4 IRIARY > B E R R T#[19-20] -

ko BT AT » AR A = A # % 88 (AZ modulators ) &9 B A A2 F & 1% &
%o REZBORAZHMA—EEM B4 A SR ARE[12-14] - &
X ) EZ B oY IR AR MM B A K sy R A5 E L 0 48
REZAMRn S6TATHE -

\

R

3-2 KAXBEIE

FAE B E S LR B E AR RE[16-17] - RiE 8 4R@E
15 3] 89338 x[n] & x,,,[n] 89 ZA48 B R B y[k] T LA RGO AR, -

ny+N-1

k] = ZXi[n]xi+l[n+k], for —L<k<L 3-1

E NI RE - QLD RIARM B BB H e 4am 8 - h
B SRSE 2 F] By B Rl 2838 k @445y AR R » A3t H 2480
Z AT Cedm i i bah 2 B E dufk o R R AR e R A B AL 1R £5 3 AR,
B2 E o F R EIRA LA R RBELERERRF IS B
ABHHE BR B R B SR 14 09 28 3 41t dh 4 (Delay Profile) o sk dh &% Bp 4
AR R A B e B £ o B F B NXCLHDE S uey Rk R
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(N-D)*QL+1)18 S 4 ety Aok » BIR L BN E @ N4E AR RHEE -
EHEZRLEE EFA -

ABAL AR 5 7T LA e AR BOR SR ISR 69 248 B R BORAT (18] - AR By
HSA L2 & 4T 3 4& & #4238 (Demodulation ) B AKi# JE & 15 %] -
6] 353, 0 B4R AR B 38 6 BHA IR Bn]l A& B [n] T Row A ¢

B,[n] = LPF{x [n]e”®"™} = A[n]e™"
B, [n]= LPF{x,,[n]le”"} = Aln —1]e' ™", (3-2)

H P A[n] A& 4R IE R 6,45 (Envelope) » ¢{n] & EJA IR e84 > w,

ARFIRER > e RIFH R E > MA T ERAREHER - 3£ B futafa
AT R ZA ek

0 =w,T. (3-3)
& Bnldo B [n|fe A8 ¥ 2E 8 & KO &) Z A8 B R 3L A
C01="Y BB In=e® 5 Ainlain 1), (3-4)

HEPNZEHKE BRALKLT BT I AT ARFS !
6 = tan "' [Im(C[0])/ Re(C[0])]. (3-5)

RIEH RO R AR B EAAHEE ARG /M R - BF
o — 48 A8 0 A AS A S B g A [18] o

3-3 U=ZAMaBARRGT X

AR R AR T IENTUAERA ZUA = AF N 5%
i ZABSBHE—RAHE > RAWTREKRATUEKA
G RE  RAE A REZERNEENARBEEY o &

Ay B Zal 3B TRETA
y= ('xi Dh) O ('xi+l Dh)a (3 _6)

BPx, Bx., B A ER h AR TR TR RZ X
F oM #EE (Convolution) » M 0 KEZ M BHYEE - EF

B R T A E BB AR T AR R,
Y= (xi O xi+l) D(h Dh) = (’xi O xi+1) On'. (3 - 7)
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Hb X TUABEE L EHM I HRALAERE— T EE > [ H
BB BB ERB > BRAGEZERS h AR -

A&
Mult | 0(1) 1
0| 1 0(-1)
1 0(-1) 1
* 3-1

RI AR MMARZNEMER > P “0” THEE =
AfEn s “17 hhEEERTUEE @ HENRIFH
(Exclusive-nor)?] LB X 75 3409 % UL R EEE - Hyb » B —fruey
ZAAM BT UARE 3-2 9 EHE TR - MABABE N TR LS
AEGAEREEREOE— R ABMEFETY  ZHAHMIHMTES
REFFAITHBRR ST HENLERBELB—BAMRBE BRI
MIEBRT AR R B P RAREOME RIF - ERLEEFHG
BURSR R RARGE IR % 5 09 R B AT o &3hofT > ey Correlator 7T
AR ESZE—BEREA T -

Correlator

- Covmt
— S Counter | 7 ——

aun[) H{IITT] LPF [

5 : —
o (511 ST ] | ' :
' . i o

o Covmnter —

3-2 UB—RAZZAMS BB MEARM I ENTE - RIEBEE
BHMIERGFRAERINBUYEHFEZN > MEAK BTG REFHBEM A
BB ERBEHIRBE RG> RAEOM B A B anER -
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Signal of
Ch(l)

/E@)

Cross Delay
Correlation Estim ation

Signal of
Ch{2)

A

i . Removal of
™A ccumulation ™

!

Linear- Component

3-3 AU ABERN BRI ARLTHABRIBREENYRZE -

3-3 REBMERAET @ MR RBIEER T RE o £A7TH 48 4@
Wey R RIF 2 B IRIAEE R ZHERTAEE R
HHEHBREZREL - ATBERLEHERBHRAL B Poglt
IR 5L SRFS R o X B BAE F kA B — 41 70y SAD(Sum of Absolute
Difference )& H B A8 [26] o £ F a9 £ 5] & SAD = Ky 3358 M & /)
0 £ 5] > ML R RF R R4 o

34 %%

BTAREZ AR B AR AT ZE2XENETRLE
HASAEHR > RAR B B AARRREENRE - RAH
MRAR B EHHRBF BB — & RTV 48 ﬁ%ﬁiﬂmﬁ
ARG > B4FSBEARERE AR GIEREMRE - F—F
EMARRE S PEZZEMRSINA IXER 2} KRE - RAY P
SHEF A 3.33MHz > i@iE A 64 18 > BRARSAZR A 17.76MHz - A T
BiEg— B AR SN ASL > ML ENIEE] 142MHz 9 548 - %%
SR EFEREA 60mm > 3T F Z A48 B R BLeY3IASR L IR B 358k 50mm £
T0mm & ° A7 A 8 %1548 & 2L 50dB a4 B fE 5o B 28T -

RS AT QIR 0 F BR o o Al Rk o SRR T AT B — R ey A4 o

o AN A BT E —RE IR A MB A K RE > mAEN
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FEEALR B AATT AN ZAA M B M T > ERET ER
THIFEI AR ER - MEER AR Z LS HBENIEF > MY
kB A oA+l Rl AR AR B IS K kel
F & AR o BRAR ZLAR B R BOE $ &) 1@ AR CE R - TR
LY TS

150
100} ray

S0+

Delay (ns)

=100

=150 RF
--= Insaert-Zero

= E—pnrn-elrm ~Hudd

< 16 32 pr 54
Channel

34 ZHRERFEFENEEREGE  c AP FTRARKG A B EAHES
R RBAMEE BERAHEE AR ACABEIBOMEERGAE
B ER ST E L RABYTE -

HEZERAMNFR LB R EBRZIAER 34 - E¢@ﬁﬁ%
BRBERAHBT ZAEEENER EREATHRZARY B
MEFOER  BREGAAZ AR, BHREBEFRNER - B2
fRuhepae A £ 2 > (2 AR R84 0.98 ;A b - 32 6) 3530 » HAE X
A IE R ey 53w N T AR B R a3 B 0 K& R0 T AR A8 e 4%
BoARfE - BRI Z R X Z R R B RE A/D ey E1L3R5k1EL
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(SQNR) - FH > £ BEREZ AR MM ZE R CLERBE LAR
B)RE] o Bl 3-0 RIAZ Ao BHREMBLPTIFHIRAZ -

-10

3-5  fr B2 50dB ey 8y S5 B B0 A L A 68mm A & & A 42mm -
(DBRARE: (DA IXYKRE: (OF 2% KR E (D) Iy R EfRLBEE S (e)
Oxp k HALEBISIE - (5 EAHILMAELRIINE 32

3-b(a) A A RENHYL B -5 AR 3-5(c)ANFEH
IxB 2xk B ey %1% B 3-5(d) Al 3-5(e) Al Z B 3-5(b) A B 3-5(c)
& HARERFRAES SRR EIEFE R - HIEENBET
TR BB ESREAARGRA - AT S5 mE 7RI
W HAFEEE 3-5(a) F REEEY B 0 s E Ao LB E A
ey - —EAE2#AT e R4 E ey b (Contrast) » A REE
MM TR E L 5 B — 18 £ # & CNR(Contrast-to-Noise Ratio) » &
FAHLRUTRERENREL - BRI R 3-2 - MEKER
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B H LRI ARI® T 6dB © Jbol > 15 ER IXBAR7 R S B4R 89
2XRARRAT

Contrast (dB) and CNR

1x Distortion

2% Distortion

No Distortion| 1x Distortion | 2x Distortion
with Correction | with Correction
Contrast 23.34 15.52 10.19 21.72 17.13
CNR 4.26 3.33 2.14 4.44 3.67
% 3-2

LA 4R 8% 3% $4 5F (Backscatter ) #9358 AR LR FS OIS L » B F B R
BREMEE A AR AR ER[16] - B 3-6 RBEWEE F HE
e ra i AS dh sr el e A BCH IR R BAERE o TR B =Ry

B E R RS R -

0.95]

0.9

Cormelation Coefficient

0.8

0.75!

3-6

6 7

Iteration

R BARMEHER
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3-5 AE&EH

Z_ AT A R B AR A 15 T Afe RAA Lt A a4 - B 3-
T(a)fulE 3-T(b)mAMMBTREG X - B 3-T(QBFT AL LK =A

BrBemb R RBEBU—EE—ruey F kR BLE kA
AL 5 B 3-T(b) R —fr ey LA B — 43 70 Ik ARk B RGE
ORI EE - REATUE S 0 =AM 50 RANE T X PR
B - B BPEARE U HEBRILT AR ERR > 2
BRHRKENEEMEZRBRE  ER O A F R eTRIF L E RS RMm
THRANAIEERDE - Bt RN T AU = A n Bx:
B ARBRIEREA o

(H) L Square Wave
T
Signal of {é} L/Q,
oLl y={aom | 2
L Square Wave Angle of C{0) | —™
S1 1 of l [— 4}‘
T e s

® (oo

Square Wave

s
Signa o
p i Ecl e

L Square Wave Angle of C(0) | —"
Signal of % 1./0
»1gna — — ¥ Ynel

/o syl ={[m |

T HRAKBENERT - (DFE— BE— AL EERBEHAARL
BEE S (D) FR=— AMRBRAAKAER  RAEFREMBREHE - — @
TR R AR BB ARE -
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DABR R A K ey p S Bk A — B IRIEA LT
FEDEREZEBR AL R LR T » — 43K 58 F 3844048
BrAE1E[19-20] - RiBE S ehBEH > HAAFHFEZCREBRASE
TRATOIARMR - U= BRED BXITHIRG 2 — BHR AT A K
RWERSABEHMA LY EI[12-14] - AR R E 2N —IEAE
B3t LR ERTUARBRE —HIRANER -
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£4F —_HFEBHHRERE

4-1 fafr

LA T RBILRE  BREREALHHELL 2,27, 28] - kBB
SR B EIR A BT R o SAIRARAT IR G BEBE TT LAAR B AT A o AR
14 B AR BWOLE B IEH BT AL I RSB R B - 12 H173]
BREOFESET RAHGHERENKA  EHFEHR—EE RSB
F2P o BB IEE RS THM(REF) R - wREFERERL
A REAE—IR R G RIEB I BEH TR BIH AL
B BT RKR o BT 0 LAEE B 128 89— R Aa R 7R B R AT B
A7 45 (Sector-scan) M= » E A 40 B AE PR F 2 192 1@
BRI REH R AL B R BRI IR BER— B R T a4 2048 A ER
ARE o AR E BN BB AN o TREREWATEL
RE > 2HFLCAZBERE G T AWK E REHILERA
[2,27] - BfplM T > BARTENGLBERR GER 22D payiat
BERTOUMGCHET R TREEER B LB TR
2 Fa) a9 SA LR o BP B P3G R AR [27] » R b7y ik £ B84 B AR
ERFE—AR DGR > AR ENGEE MY LR
KRG EmR o B —BF RSB REATE & YR 4 5 B A R 1B
Byt kst B R A ey B St il g ekt o T RRE
—BAEEIEF] S ARBP BB IE AR FAL[2] - Bt BHRRE
PR ARG BBV RAHRNETLZ — « AR RARBEHERE L
Fh RE—HWTHF -

AR 4R FI IR SRR Fﬁ%’ﬁ*iﬁnﬁié o Bufl —HAREAN) A S
LARARRAE > FRITUSFR TR EDE R EEY
=] LABRAF BP B 04 = 4 %51%[19,20,29-31] - {2 & % %éﬁ%i%ﬁﬁ SN Ao
Rig EFf o ERBAABA T3 BERT > 2ANBEBETETEA
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MEZZEEHER B IR e L —ERE - B F > ZHEREY
BREGLA—MERENEAN  EREABLKAO TR AARETR
L RE ) BIRAF A IR R AE BRI — KR35 - BABEM - ZAE
ICEEREMERIES > BReA BRI A KB FE -

AT KRIOVERE BRI R - B EHRF =8 T K
B AR IEBIEHFE T > TUAHIR A SR R AR > S A2 dE
FIAEHE PEREFREE - RAXNEZBORA T F @by
RO RIERZEME o LA MR R R — R AE AR
B R R32] c BB ALBRAR T2 AEBETRLNER -

4-2 HAXBIE
4-2-1 —@FsEEF NN

Yo ATFR A - RN — BB BT RAA X ey %1% - BB B AT LR
Bl Loy B kon A

xsin@ 1 x?cos’@
= F—x

c R 2c

HEdx H@a N FBT B ESR  c Ak vahkik > 041k
BAE MRAGELZFRATINESE - L P L —BHARBE
NEEREIFERIGFHOA  F_ABARER  FRBAREZIERA
R o #7abm s » R7T & FOUBRST R EIESE)EUX © AR EHMNME
—WBEAFE TR RFRE > LR R o Bt 4t
B UAFRIT AL B GRAREERAGEN - LEFBRAR TR
% (Fix Focusing) » A AR EZE X R AEHEF R - KM > BT &
Mg ] o TR L AR E RS R EIIERER - R4
o0 WAL R 1, JLBT R A JERE R 69 Rk 3L > L Bp E) A A & (Dynamic
Focusing) » st B & sbiEH - (B4 H 0o ey 2E B 3 5] B tb 25 4130 &
BT S -

ZERGERENIIE > HVORLIBE Fo BRI ey 2EE - &

(4-1)
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I — BT AEE R R~ FERENEERIARE S o — A
RAEMIAAbeyEE R 0 ROk E IR ey 2L EE 0 T R R AR
S BB NIRRT R[2T] 5 B — B R AR — B B
Rrsbt A e BE[2] - 2 FKU-1) 0 B&

®=x"cos’ 0 4-2)
P RBEAEIEBE L Tk RIFEERE R Mo 4 a2t B $HuER 7T
i b OERE - Rk > TR Anhs2E 8 ~ 3838 B 45 1F A B R

B OME BTkt — B R B R TR AR BB E -
AFTREME X RBEME-x YPEZAEY > NRAELTREH
MAEIER% o R ERE M EREGET UG R —EEBEH B RE
B oo ¥R T DU AL RIS S e BB R — F o

4-2-2 —4R[RLE NN
G =R BN KT URIFA

A (xtana + ytan f3) +lx(x +y*)+(xtan B - ytana)’ (4-3)
" ¢(l+tan’ a +tan’ B)'* R 2¢(1+tan’ a +tan’ )

EvGoy) Hsb@iE ey 2R aBR B A A X TR Y I é Layiei
Ao Bl 4-1 AAXU-DER Y ERE > MEF it TR A R
B AKX T UK AMES S REEAARER - HRHER

Emzs RAREBRAEERGJE - oAl > TR
(x +y*)+(xtan B - ytana)’
1+tan’ o +tan” B

A 2 V8 $44E T AL L PG 3 o FALU > 838 (x, y) #2318 38 (-x,-y) B
FHAERE DA o R —E Nby-Ney =4 5] > 2B R S8 B A
N°/2 o {2 Bpfffh AR EEHBRE  IMARLEZRENIEHE -
BB IE ] 5 mé%uﬁﬁ‘ééﬁu+?%§%@ﬁ&%@ﬁ%%
Bl 4-2 Bp B ub 224t B E > AR CWERERR LS )
%%%%%%%%@#%%k°%ﬁé%a#%ﬁ%ﬁi%%ﬁ&
EERHELE -

(4-4)
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4-1 B TAHA_®FEBEARNEEFAAGERZ -  BIFEBEARKEN XY & Z
BIREHTE > au By AR T Leyiaf AE - #@dE(x,y)mE 0 Ry
AIRIA P BT d A (4-3) 3L o

— Ch(x, v) A/D — Delay [—

I

Controllerte—— Parameters

:

—Ch(-x, -y) > A/D — Delay [

4-2  HBHITHEMH o RIFHMEESMN > B (x,y) RiBE (x, -y) LA 48 8
BN c AL T E2IE > REBE G IEE I A d B — B E
Y] %S B o

4'2 '3 E[i :%\ &(ﬂnumber)

JoATFRIE 0 REMT R AT BRE HIFEILE R NLE - 45
BB RESLE AALARRHREHORMKER - BdiEd
WA LAFRYEERE > TUER S RIEFFLE RN B & - Bk
BG4 A g B R R B b 3R 5E P oo Bh g BE Bk o W%ﬁ%

EERGITH - SR EHZBBILT EARRGE
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4-3 AL F Ik
4-3-1 BERER

HW— BB ARG Z % BEBEARATEE —E AD BIKSE -
ERRABTRYEEREGAE M E ML 9B EE A 48 B 69 2L 8
B HRABTMER — B ReyidE > LT Rem TR -
Rt > BB 62 RL F BB I E I MAT - Af > PER
%%ﬁ%%%ﬁ“m@ﬁwTumﬁ~*ﬁ%oﬁ&%¢ﬁ AL

=0+5 (4-5)

HPOARBAEMFERFZE o AL BEWRIEBETUAARTE ¢
- 4 0 _

S T ke (4=0)

Bt BEREHZPIEE S FoBAA—BRE  HHRGER
BT TR iRl aydhsg o8 4-3 AroT o BIFEEM A » LBRE
BfolEdEAR Rl R WRE G EERER A MR W IR - Btk
WFHH G E CRALUMERIBREENBE

3

-
Range

B 4-3 BREZBREMN - 2OAWM > AR Et AR AEZ M€
HFh—E%E RSB mm T IF -
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4-3-2 @14 A 4a(P-grouping)

P BR 0 AR AR B M AR B AR WA T AR A — 18 3 38
AR 2 A RALREATARZM BB BIRFA L O 5
o TORRBLEEA T CBAE R AENRE - F—F R
AR BI B R EAE T L L o S AR A SR 2 4 0 T
AR AF — B R

An < \/(n —0.5)* +16(n —0.5)e,G x faumber —(n—0.5) 4-7

B n BWERNE F2 g Biafrs £ (GEERE 4G 2T e -
G ARLERS

G=emﬂWiL-D] (4-8)

0
Hbn BIRBA LR T OCRROFE > yARRMANSTE - GFL
HEZRE > Zg/MIBERBIERR  HRRAFZ OR4TH
Woi@iE 0 HHRE O RAEAR B 69 R - AR BLEF0Y3R £ IR AT 2L
RE—FHEAMFETREVERRORERYT - FF L GTUR
fEATRE % n 25 B8 R B -

FREFRENBIGREZE > BIRLETEE A BT AR
A

_ M XxAn
n

¢ (4-9)

By MAIGRFEEMEIGLE - @RBEEARS 0 TUTHKR 4
RIA Loy -2 3 o AHN R — 1B B 3R A B9 38 38 7T LA4E A B] — B DA -
Bl — B 2EE ¥ 1bdhsp o LR B YDA T LR T A LB IR A PE
6Tl - B 4-4 Baos—ERA IRBE s AR - ERE A 0.050 5,
B4 ys 015> MBS R f,, . 252 —{8 64-by-64 a4 FE 58T LA
B 227 Zttm > BB U5 A WAB A HAB W BB > 5 AL
HETFAFb e
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4-4  FIROEREfIFRINRBES AT X - nah XL ELEEIRE P&
A7 BEEEE P AR 0 BIERAK o RIFEMBEME - HBHIRA T RO HEE K
ABAE — AR e h ] —EERISEF -

4-3-3 d1E g1t(P-quantization)

ot — 18 N-by-N ) — 4R350 > %5 R R L& Lehiass A A&
R ARARBIVA B > R BB KOE IV bR 2 L ey BiE T
o NRAOEHHKBRYBEN ER - K> PHEREE LIS
FRKR - AHEEEDEE > FLHEAER B RRAHLE R F o]
By £IE o &g eEE 0 —EPE R IEZ LA R A B
o B 4-5() B TOEEEKE - B ARKGDPE R E R4 IM
BB o TREPBURMIEEEZ 1% 0 MATUEIB R EILBRE ° B
o ABRGPBEE T AR BRR EILMIE - RBHEA T8
#E > sk 4 (Non-uniform) 46 55 a9 LML L T A RKAF A

N
= 4-10
8\/EX“':Z xﬁnumber ( )
Hbe, B EMH] - MATHEOEMYMLESL
D, =8 (8, XAX f),)" X (20" =20 +1), i0[L, L] (4-11)
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HPAkE - 223 A 8424 (Uniform)®E1L%E > 208 7
B4R A #EAT 2] Bl AR 8 3 A R e

& Range
40
=
E
p=gel
>
210
|:| I
A0
3 Table
0 20 40 B0 a0
< (mm*mm)

4-5 LEHEFRFNIESE () E 35mm AT HRGPEESGESLE 0 TUAEEERKX
MEBEABRRRA CEHR - THRAZRLAME B PE.R > 1 E8RRE—
Bt sk PE - APEBR KRB - EHABANEILRE -

sesh > DA AT U Fo DE BB A5 A o 1K BB B 4B1% DAE oY e
Bl TR PEE Paytss RAELRKEREHE LB 4-5(b)
BH—ABRELER ERANABOL &50.1> PSR A AMHz B £,
B2 OEEZ B EWH ALY XERE 44 ahBEm%k > F 2818
DEMKBEREGHEE - N2 RF 2T EOME T -

434 K
G T — BT EDE > BpfE A R E RIREVAFIE 0 TR 6 IEBEAT
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e — BB RE BT UG —BEY TR EERLE - 5
1% B 3L B 7T LA F TR, -

o
t "(R)=t_"(R) -
rx ( ) rx( ) ZROC
=t,.x(R)+i- 0 (4-12)
2Rc  2R,c

HEP R BFH - BHSE > SR A R FfiEl b
Bt ARE - — T REBBRER RV ARAREN ¢ IF !
6 _ 3 ., 8| [R-R

R)= - =
1=k 2R,¢’ 2Re| R,

WEHEE R, T UMEAF g KB ] RAEER RSB - B 4-
6 B FEHTE -

(4-13)

Range

4-6  fRABAHAE o BB R L EERGRE AT > JEERE T ARG o
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4-4 BE\EHEREXR
441 B#K %

7 Rl Ay ey 4 R AR A A 38 3% (Angular Spectrum) 89 7 R [32] » &
REEMEHELFE - £ _BRAH LR DL > FEBE AT
U R B E o H—EEUORERET > BRI ESEE S
1% 7T AR B 7 % %0 B 8 (Sensitivity) » BRE XA T — 18 %
#8364 22 34 % 5 (Transfer Function) -

H(f.,f,.2) = A HUEID (4-14)

Lk LA R XRY Fe Ly EEAE 2 HEREZ AL
W IRUERERE T k & wave number o 3§ sbin 4 B G A = 44 A
¥ # 14 (2-D Fourier Transform)##4%£ 2| % M4A3% > T L @R H > FH
F P = # 3 {8 ) 3 42 35 (2-D Inverse Fourier Transform) #& 5] 22 B 5%, o
HAAAGBEE R ERLELSR > BHAFNEEREIEEA I
BT R R e B BB RSB L T LR 2,
AR 6 B35 P d et B (2)72) » B ERFAEAN L P @
FE2PAANERTE 0 B XY T & 5 Mk RESHEZA BK
BAFRR - RIS AR > MBI ELER HHEH T EORR
B3 ot o B8 ot > B3R AL B TR RIFE - sboh > A
EPF@EE gL d R E(Aliasing) EANBREE ; L@ %L A
B rmey Bl F EEEEE -

4-4-2 HBEFER

BB AL R T OSAFE R AMHz > 64-by-64 &) — 43R 38 - KIRATHR
B RBEAILTEZRAAR > TR BB ERLE - F—#
1R IR G BIEH] 0 RABRAETOEM BB RE 4-4 F7
T PER A R FEAEERAE 4-5(b) AP e A &
1% — A RESREILRIT - AR ENFHAHE S @ £ A ESE 60mm
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it BpXF(4-12)F ey R, & 60mm > A7 A4 368 60mm B85 4%
ERALABRE - \MET @A 40mm FF -

HRAREMBH AR RIS BBRERZIRAAEB 4-TE2E 4-10- R
AERBVOR REG M - B ALK > SIS RBRHR > 7T
Uk R ST sE 0tk o &R TTH A ESE 15mm
BRI & B BT R s ey B o fe R EM LR R AR LG -
Lok R FPOEBF AR R TG E THERERANOEEIL - £IEH
Z 30mm 8 > wAE G AT TR A TR R - BAIRAS A T
AT — 1698 % - B 4-11 Ba 2 B3R £ 6 FIE RARE £ H B8k
By AL R RTHATA QIR R ~ FTA AF R 6938 38 73T ATAF ©
BiE TR AE e %3k 0 £3E8E 60mm R R AR E - HEAK 0 8]
REG3ZE AR BRAAERE 20mm 2 A7  F 2K » sb&E R 7T LUE difE 8
ICRETHEmME—FHE -
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|:| _
— |deal
iy — [Grouping
--- Cluantization
2l Combine

dB

4-7T #BELER -a=0>B=0>R=15mm (A)ERERYEEEH - (B)
R E 4-4 ey PERE 3T - (CEA B 4-5(b)aydE 24435 - (D) &S hAE
B - LATHTRBELEXPY FTmlbaynmehsg -
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|:| —
— ldeal
-10F — [Grouping
--- Cluantization

Combine

B 4-8 #HELE-a=0>B=0>R=30mm-
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— ldeal

—  Grouping

--- Cluantization
Combine

4-9

iR - a=20>B=40>R=15mm -
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— ldeal

— [Grouping

--- Cluantization
Combine

4-10 B#&ER ca=20> f=40> R=30mm °
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Mean of Delay-Error

=

=

=
1

L — Grouping
--- Cluantization

=

=

[N ]
T

—  Combine

Wavelength

=

=

=
T

=

a 20 40 B0 80 100 120

Std of Delay-Error
0025
002t

omsr ¢

Wavelength

0.00s

Range(mm)

B 4-11 2% £ BIERESRB - FHERARE Z B AL EERLITATA R R
% AR R - A AER RS ERTT > TUME4FEHE 60mm 3% 2 A K -
HELETEHBRANRE AR 4 £ 20mm X AT ©

# #R% 5| (Sparse Array) % 48 # 7 % % 2 7] (Fully-sampled Array )
Wy h—EAE(],33]) - BBt P1ER —ME 1/ 6 9y - HEA 674
fB:@iE - R A FoRTHIAR R & R LK - B AR LERTRAIE
FITTVERGy@E B % E > 88 R F 165 EIEH S - 483 > Bk
T A LL B B Ty vk o MR R P Y B BRAE R PN E 4-12 o TR,
B AL BEE 2 15mm #3358 » Wi k2 B L R A 20 BB
WM EERTHMREINT T ERAZT S AT ELER
TE—FRRAKRGFETF -
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— ldeal
— [Grouping

--- Cluantization
Combine

-10

=20

dB

-30
-40]

-50 1 1 1 1 1 1 1 1 1 1
-20 B 12 -3 -4 0 4 d 12 16 20

10 -
20 F

dB

30
40

-A0 1 1 1 1 1 1 1 1 1 1
-20 B 12 -8 -4 0 4 ] 12 16 20

4-12 A —18 1/6 9o i iF e & R > R E 1K 674 B@EE - a=
0°B=0>R=15mm - Bpf A4 sbif 352 R > wWAR F k2 MR A ARG £ 5] o
EFZHMNSEITEZELTHNHBEIFBANR R ERER °

4-5 KRE&3H
BB RAL B4R B ALIBRAEBEL(BPRE)RE
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7 38 35 # (Delay Index) o # 7 LiE B i 4aiEH > 05 R Lol B f B o2
BEVHDBYGFIRRUAL[2] ) ZRABRPEERR » QILAER
A NEEE - #A £ 4 45 (Differential Coding) 894535 > W1E 48
ARERAR AL 2 M e 2 B LT A — B TR AT L A H S
0: Fiunfasry | > Bp AR A B GEYE S Peelis
AR o PN TG R R EE A 6L :E s 5 AR RS o
MG IEBIE R E — U B b4 o — B S dh 4 7T I
A R 32Kb ay3e 18 88 22 P A2 (24 128MHz B ARS8 R A 5 B AR 26
# & 200mm FEdEStH) o AR ARKER oy 27 1B 2L B AL dh 41 T LA
4 — 8 IMb &2 i8R+ - FF L aB b dh 27T 242 J) AL
E—F R o W RBERENSBN AR M T AR
TTIERE c RARFTEBEFH O EHERAR 4-13; EHEAR
S —HBARIER 0 A/DE R (Fl4e @ AY) ;5 PR R S bsh f8 1F
B IEREA 0 MM H S TUEHEN S THRK -
AR — BARSER) A/D v RIBURER YD - RbAr B ey 2/
BUN G LR AR B G BNIEEE UG SR RN R
KoL RRFAHRG [T EARTIER -

Group J l
—
Selections |  Group 2 Transducer

Delay | A T}
Change
Pattern

|! ! =

Initial-D el ay

Muxs

(V,)

Delay Table
(L)

FEYFTFFYW

Group N,

B 4-13 ARaXAriRh e fiE - @ OEHA > LEFHEZHHETUKRME
B @l OEEAL 0 AR WAL R ST SR — AR P 0 AL
BIEFSTAGMEN S T BRNK -
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BEHRBRARRA BB T R T REE mBEE > QAR 5 A R fEIR
%+ Coarse Delay & Fine Delay o F JbieZ4EH] 5 ¥ 2 F ZREY T
% 5 RlEE AR o & Coarse Delay & i RBZEAELEE > M
Fine Delay 8| & & RABGL 3% 4% o =T AF A — 18 i £ 098 88 T A 4L
B -

& A4-1 FI B RS BAER LI R LLE - $ 7 — 18 64-by-64 44
— 4y B E A 4096 1BiEE o 4B A HARAS M R A EHETE Z 2048
BEIEHR B R & RATA QLB GIL . B— AR SA AL R — A%
HEER BRI LR - KB OERME > I BHR
B 7T Bk & 227 ﬁaécu%d%ﬁ XE AHPE ST T A B E
$TRBAX - B 4-14 A% T 5B G bR X R g B4 5 T XA
BHR > HN—ESTEMT 0 REeEARI o B A
R TR EETREE— TR o R BB LR
B EERRERAEEHO B »Z— AT o sbhkvE—aysE
REABAGRGEFE LT ALEMO TS - 27T UBE G -FILH
EFHEMIEE - @B ARE R WG RETUNIMERE 638 o

Comparison of the Two Architectures

Original New
No. of Controllers 2048 227
Control Method Complex Simple
Controller Size Large Small
. Slightly Degradation
Image Quality Excellent i the Near Field
Initial-Delay Table 32 M-words 32 M-words
Parameter Table 16 M-words 1.8 M-words
Delay-Change-Pattern None <1Mb
Table
* 4-1
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Connections between Table and Multiplexers

Table Indexes

D 4] il ED II:|_ III 140 III 180 200 230
Senal-Numbers of Multiplexers

B 4-14 BPe 2 eBRAT ST B a5 Entkedis - RPSTE
AR BEAT RONXEAH T XM - BB ThS TELERAA
b1 38 38 5 AL 32 3 -

8 R BE Ty 7T UL R AL AL 3B AL g4 4] o 12 R K38 18 69 A0 46 B4R
T ® o A 4096 1E:@E & 8192 Bk R M > 8L FE £ 32M-words
B hEIEE o phoh 0 — R AREBIER B FEZ —E O R4 E
Bom— B IREEE—EBERE - MELNTBEREMALE
EEN PR S 893 B R H 4] 3 sty K 2 (Word Length) - BAZAM - #7
REAEE T BEEAES o k& MEBEE AR ER
REETFPT T Gy IR L eh &g -

AT B B — HARSAME DL - BRAR —HIRIAM BE IR
% OEFHEARAR—ETREE  EXCEZLNTA RENHA - &
RAELGEORE > TUMERAE S E/t - AR K ESLBHRAN
f AT o VR E BT B ﬁ"lﬁlff?ﬁﬁ&ﬁkéﬁ RE oA E 4ot &
BRI e RILEZEEHES
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FhE LHEREARBE

ANATEETNER > TURF LT ELEEHBENR TR
RIS - BB = s ZEEHF s 0 JBAATERE 3 AT e B AR,
%5 TREANLAEHOFE > LERESZRBHRENGEE
VBB E A HAAERE Y o TUMEF SRR LIRS B e HB K
FERGMAZRING AR BB e R EE R T B
MENEETR BAHFUTNAREL  HRRENHELETT
UHARABROENEER R EPEHFARPEZ/ILRE S X > BriE
R FAR —IFAERES > REV SR TR T TR °
AFEZ 5T RN T S A %A AR AT R 3% 5 ARt 6 B A AR
% B AR U HASBU R R B 2R A — R ERE - B3t
WA AR TR ML ARAL B B ATAT B R KRB ey R R A
RAETRGHRAETE -

fe AR X R Z AL 0 RA IS W RIAT Rig—H IR

LZABSBMER L T E E R %8 (Band Pass) a4y 32 44
%o -SRI ADEELMIEL c PATRE—FHHNE LR
4o 477 3 31 3% 0% %1% (Harmonic Imaging) 4 A4 % - B LECH A
% A/D ) ERR > T AR Tl LA E R H AL e R B A
Bf A% o BB M 69 4 2R e P A 38 BEK (ASIC) 7 5b 0 B REBRIR R A
AR SR 0 A2 1% 3% 69 Bf B B4 7T LAA A 5 7 # P47 (Serial to
Parallel) &) 77 X4 TSR R T > R FHREBRAAE -

RS R0 R L ot T — 4R IE L o T A AR
REER pIRAHRIL 0 ©F S F SUBRR B fffbey 7 7%[19,20] -
A5 BATATAREIEIE R R A & R FIRE &) £5] o 7T At
o] KB R EIIRE 9B 4% » o0& AHIE -

WA A GIEBIE R BB R L T B R Fm
FHRRZ MBI LG RER B BRI =% B 1460 23 F (Frame
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Rate) » #% A % €& & (Multi-Beam) % 54 B 454475 » BPAt 4 —k > {2
Bln A7 F B d WU B3R R AT AR B R B R AL o T DU
HEGHM » B3R E8 L BTt A R8RS E -

EARBXETH R 0 BLAFIA EAEHMT RIL IR FL 6 &,
B RARH AU RN A% AT THEX 24 E&R
BB A KRN FRETF TR CARIBRARBRBR TR
%o BAFLEBERERGHE BB TABRALBAEEZAN
LRERERE -

60



A-1 4 B N

Rk il (x, ) 2R EB (D, o, fp.) 69 3EEE S D - B hiFE T
FEREZNIEEA R AT HTFTHSFHT R

D" = (. =" +Ufp, =)' + I
R2= 2 2 2

% f‘fz+f‘pz+f‘pz (A_l)

0 fp, = fp, xtana

H

Jp, = Jp.xtan 3

WA
R® = fp? x(1+tan’ a +tan’ B) (4-2)
TR GEEP
P=\/1+tanza+tan23 (4-3)
Al fp. T A E# & TR
_R _
fpz _P (A 4)
m

D* =(fp; =2/p,x+x")+(fp; =2/, y +y") + fb:

:R2+x2+y2—27R(xtana+ytan[3) (A4-5)

A AR BB A ho T4 M
R* >>(x* +y%) (4-6)

RUSEEE D T BAFOT AR

2 + 2
D= R[1+(XR—2y)—%(xtana + ytan B)]"2
GEHyH 1

= R[1+
[ 2R? RP

(xtana + ytan 3)

_Ly

8 R*P’

_ xtana + ytan 8 N (x* +y®)+(xtan B — ytana)’
P 2RP?

(x*tan’a + y” tan’ B+ 2xytana tan B)]

=R

(4=7)
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@i (o, YA IR T L BT UARFA -
trr:D_R:_ xtana + ytan 3 +(x +y)+(xt2anB yztana)2 (4-8)
/ ¢ c\/1+tanza+tan2B 2Rc(1+tan” o +tan” fB)
B 8y A& E W & A& Y 2V GAL ST sAd — 18 4 BUR R
:(x +y?)+(xtan B - ytana)’
(1+tan’ a +tan’ B)

— BB E IR EERE S ¢
R ed = 2rPx-ﬁnumber‘ (A_IO)

open

brABEERBAPTRNER - ZBRERAERAATRE PR
ForBE e A HABER o

(4-9)

o

A2 OE#HENRNEE
TAFRBEAE  EFBrRYPETUERTAS !

D(r)| yepep =7 (4-11)

£ FAE Ty Ly B RAE R F R A R R o R FE LD
By £5] % -
5 = [D(r +Ar) - D(r)]

a=p=0
=(r+0r)’ -r°
= 2r(Ar) - (AF)? (4-12)
1% -
% <oe G (4-13)
2R
RIFT AT 2| F O AR
5S = SFEIAG X ﬁnumber (A - 14)
‘el ¥ EERRE
(&) +2r(Dr) -8re AGX f, <0 (A-15)
N DS A 8rEAGX £ (4-16)
1% -
r =(n—0.5)x pitch (A-17)

62



H
Ar = An X pitch (4-18)

Al rm ey sl kEA -
B < (1 =0.5)> +16(n = 0.5),G% [, —(1=05)  (4=19)
HPRmEMBZGCERSL
G=emﬂWiL—D] (4-20)

0

He rB—RCGANLE  n AR P EEREYER -

MG FT QB BETREZES !
EZMXAn

n

Hy MAG R FERT & ey E thfE o

(4-21)

A-1 RN EBEAE Ty g/ R o

A3 OEEAKER

REO(NBFEANr )@ E T BIGHAFTHROEAOME -
MR

P, (r)=r (4-22)
2 OEREE A1 G ELUELS
o(r) _ _
R - £, (4-23)
HEb JA8kE > cBTATWUREZNEE WAL
o(r)= 4£2Ar X f/wmber (A-24)
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, =7
2L

v, i0[LL]

max 2

b L A BACSE > 1 BHIRFA LR A FIE
po= 2 i pitch
max 2

L

Py () = Y 25(1)

m
i=1

AT RNAT
L
2
rmaXZSEAxfnumerx rz
2 / b ;

L(rn +r)
2
= 482/\1‘ X .f/number X rmax

= 882A X f‘/number X

EALMEEA ¢

7

max

B 4£2A X ﬁnumber
N

8\/5 X 82 X ﬁlzumber

M Ok ¥ B8R4k AT ARIE S ¢
i-1 i-1
@D, =) 20,+0, =4,A2) r, +1) X .
i ; i i 2 ( ; 1 z) f‘/numbm

B34 0 TRRFERTAAS
cDi = 8(82A xf‘/number)2 X(2i2 _21 +1)
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Wik B RA-ZARIBEXIFER

ANMTEREY B &Y Bkt — A BEIEH B 0 BRAN ARG SHEIOR > &
EERGERERTHRLEERL - HBRBNE —_Fdhzt 8B
B B A AT 2 R IE B IC B3 > AP AREHEAIL
BEEL RO - LRERA PO EATITAE B AOZEH -

B-1 #BIEHFERELES

A BT —ERE R o B AL T AR 0 T DRILTR
ok RFRGPA BSEREME &R - FRREIFE
%49 % Engeler, etal.[2] » R RIAB RG> BAKBE=A#H 5 &
%55 o fB3% n, %1818 B 45 P50 BBk 45 B (clock index) » AR £ Bk T
B % 2 % AT RE fimver TP B S 80 % RS TARIF S

— ﬁnumber X4X|xi| XCOSB Xﬁld

n, (B-1)
c
k(n,,) % 38 18 42 05 Bk 35 30 & n,, BF 64 7€ 3 35 3t (delay index)
k(n,) = round(t,/At)
x,sin@  x’cos’8
= d([-— ’ /A
round ([ + ke 1/ At)
: 2 2
= round ([~ 2519 4 % O08 9 \nn (B-2)
c (nm XZS)

Bt B BER 5 ¢ AR A EKRNEIRR A BIERGALREE
n, ARk —FREERIRIEE M A A/DBARAR - ki HF o At

% Fe) B S AR AR S A 2 [F] — 18 {E > Bp
At:tszl/f;ld (B—3)

b £ 5 AIDBRMIAE - diib > TRIGBE b IE B Rk, B
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ky = k(ny)

x,sin6 x’cos’0 _ f:
X

X fur t = =) (B-4)
c n,

= round(—

c
IEEYEHE H k) B )3 A B RAF —EAR 4 (triggen) ik 44+ » H BTk
BreyE B4 8 k(n, )L AR TH—% - ABM A KT - LELHEIL
AR A BRI RIE B BRI AR A A Y o B AR e
AT LR RAF 2 2 B F5 B b nF ey e B 2 £ IE R E — B
BFRPAF & LAB AR - TR B b RoT A ¢
soos'0, . 11

X fon X (==

n, n,+A0Ln

)2 (B-5)

R A—in A | 8BRS TAn % i B 1 R 1 T A B B
BREL - & -

_ x’cos’ 0

M==——xfa (B-6)
c
WETEGA
1 1
M—- >
(no n0+An) /
U LAnzj(no + An) (B-17)
ny
Ve R A IE BB A A R Bp
k(nm) :k(nm—l)_1 (B_8)

EERMBEHEHER A
r _x'cos’0_ f2
= X

¢=—_—2

n, c n,

(B-9)
A= jn, + jAn —@\n (B-10)

T ARAF — B B A R A
A<0 (B-11)
FANARENOG  EBIEBBERETE -
HRTUEET—IEFHBEIEREE L T HRER AT -
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fio= i
Mm=n_ +hHn

A=n,+7

L J

E=A+n+1 Ha Tes |d=B4p<<l
A=At =1+l
n=n+l n=n+l

Burnp!

B-1 & BEHE B %
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k= —x 056, Juu xsm@xf (B-12)
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B PR A 7%
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4 4ﬁ number

BRALSIAZ MM A -
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sample
HAE AN ASKEEM T  LARME -
BERpHE - & -

2 2 2 2
_ X, cos 9(@)2 o Xicos 2] fo < N,N,, (B-33)
c 4ﬁ number xi|cose c 16ﬁ number
AR
0=n=1-¢>-¢ (B—-34)

69



Rl 78 S B ST ARAT B

NchNup
<n<o0
16ﬁ number
REAGHAGKEE A
n<A<n

N, N
_ ch™ "up
1 6 < A N sample
f; number

HHBAHAZBMYER

» PRI H Se B S # A AR TF] o

(B -35)

(B -36)

(B -37)

& B-13h A%t oy 288 > Reb-T3t E B AT R BugsE

&k B-2 o
MaX(| 6‘) f/number N sample N ch N up
45 degree |Bigger than 1 32768 128 32
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DB 151)
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ASR)
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