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Abstract

Two-dimensional phase unwrapping is considered as one of the most
important procedures in the data processing and analysis of synthetic
aperture radar interferometry (InSAR). Phase unwrapping is
indispensable for the purpose of either creating digital elevation model
(DEM) or extracting surface deformation information with the InSAR
approach, The achieved accuracy level of DEM or deformation
measurements is highly dependent on the accuracy in the unwrapped
phases.

At present, the existing phase-unwrapping algorithms can be grouped
into two categories. The first category reconstructs the continuous
phase surface by a path-based integrating operation, and its typical
representatives are the branch-cut, mast-cut and Flynn algorithm. The
second category determines the absolute phases using least squares
solution, and its typical representatives are the DCT/FFT and PCG
algorithm, The first category of algorithms accomplish phase
unwrapping by integrating phase gradients between neighboring pixels
in an interferogram, while the second category of algorithms conduct
phase unwrapping by minimizing the sum of the square of gradient
difference between the unwrapped and wrapped phase field.

This thesis will first review the principles of several typical
phase-unwrapping algorithms. These different algorithms are then
evaluated by comparing their estimation accuracy and computation
efficiency. By integrating the branch-cut and DCT/FFT algorithm, a
new algorithm is finally extended and validated by experimental
analysis.

The experiments carried out in this thesis are divided into two parts,



BB AP R ERARI B

As the first part of the experiments, Chapter 5 treats comparisons and
analyses for different phase-unwrapping algorithms on the
computation time efficiency and the achievable accuracy by using the
simulated phase data. As second part of the experiments, Chapter 6
will involve in the integration of two types of algorithms, i.c.,
branch-cut and least squares algorithms, Both the simulated phase data
and the real phase data around Shangliai area are used for the
validation of the integrated algorithm.

Key words: Synthetic aperture radar interferometry(InSAR);
Phase unwrapping; Branch-cut algorithm; Leas squares algorithm
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X T Goldstein L LAV AENBELLTY:

© RUZRE A

@ 4L

@ ZAETKHITRY
EARENT. HESHURGRITHHE, IRATA, HARIRE A
B, B— 1 3x3MENREEZREA L, EEOAIRAMHRE A,
HIRIFHREAN, BEABIBEAEERER, MRREANREMH
B, MRAALTEEEVRTATRE AN “BEUEFHE". DERBAN
BHEER, BXPMRBEARSHTREAHEE, WHEBEMAREA
EEMNREAEY, TUHBHAMAKBE SET@WIN: BEECHRE
MEREE 2, BEINFHNRESNHEESEETOPLAMBHEH
B, #A+1, HEEIMNXITBRESEXEHCREAHERE, WEHEY
MABRE AENREY, BARBEAEORUEHETY+3, WBEHEE S
EESHANBREAEET, BAKBEUSTFTHAHRBE AEEREPE,




FRAERFH LTS R Bul

REAEHNEEDAI2)REHRFOBAFNRALL, 58K, HY
BEBRBEANEHT “BUTEH”. UREFNREALEEREN, &
FRRAEILRBEANEE “BHETE” HREA, UEFORAE

S5x57xTHEAREXRER. MRERIYAN, UEREAELRME.

ERBMSE, BoHSRT LOESMERITHEAA, BUR LNH
BEASS5RRIEE. EABOKXANWSROTEEAR, B 3-1 RBREAZ
BEEBEVLOEE, B 3-2 & Goldstein HYENELBELE, B
IBREFE=ZABREANEA TUAEEREE RO ATE: .

ERFHEET, ARITPRERXE, S RLABRTORIFHR
HRl EREBEAEGEHENRBANE, BHZRHASTOS
CHBRERWE: B_RYEREOIZERNIFE, WHRFLASH

+ +

(a) b)

(c)
31 RE A2 RESS TR 0R RS

(a) ERBLLEGRESE (b)) BRSNS
(o) BUIETEEELFRT

FAE, UIHIERS®ER,



PR K F B A Felkie 3 Eol

HF-ARERE, REARGEAMRTENY, —BEELE LANRST
EXNBEA EEREDFAAEELARNZIMRE.

(a) (b

(c)
B 3-2 Goldstein £ F1 0% A 4ef B20Y

(a) ERBRAERAREA (b) 3x3NERE
(c) MBWT KH5x5

B33 a B33 b



TR KBS B i 3 Bal

B33 ¢

B33 EFSZESNREANRRTEERERMSER

3.2 Mask-Cut ¥

Mask-Cut $ #:'71§ Goldstein B M ERIBEHBBBREELE A
TER XAEENZELATEHR FTHEARKERBRTIER Mask).
B— Mask STEENBEARNE “H%” 5 oEAHAKBNIERY A
MABRE KR Mask EXEKZERED AR, £ b4 K" B F mask-cut”
THRLEFAREAEEKNELE, il Mask-Cut”— I HEH, HHAREE
AEENEGWL, REFHT BOATEX "Mask-Cut” A BB THITHE.
MRS -

WA EEBEMLGELRRER)
SR1: RAREA
B 2: 4 H Mask-Cut
S8 3. 1L Mask-Cut
H B 4 %5 mask-cut BIEERER S
XMEEL Goldstein ) ERLL, TRINZRE A, FAKMEHREAE

 BEX, 5 Goldstein HUETANE, EHAMMARBESHIZNR

B, AB—RERRENERREFNBRMEEMAM. —FRE, X7
EEESRBESNECHEREEZNRESREAHR. RELZENE. &



BHZOE A F LA ek 100 BaR

BREARNNAAEEREACENERLT, mask-cot HEEFHBHEFH
REBREBEEEEER T, EXHEHT, BUEEIFR.

3.4 Flynn & 5:

Flynn EEVUETHERENALREEE. REE-IMETEY
ERBN Ny, BEHE e, MBS SHEHUNEL FIXE

¢-.~ -'pmm"'zmml
Hepe, HEMEYR, KD “A587. $F—HLHERT, MEESH

MABLERSNERXT, BIAIBHBZH—4 “R%" (discontinuity). HF
ERLORES2MRPEHMAMEREE, WRINK k HXHRTH

“BHEKH” (jump count). Bk, WBEFEAKTHAE, BIRESTHEY
B X

¢m,n _¢u+l,n
Ve Iaut(——?Jr )

¢m,n —¢n,n+l
Zn = Iut(T)

Int()VAREHRE. HTF—EHEESR, KBKENEERTRAFEREN
E'Elvul"'zlz-ﬁ‘
BEREEERYREREN, EERC, WL RKEy, R, 8

m, MBSy, Mz, B B2, BEMOEL LI RESENEL,

B3-7NE3-BRHTEERMBFEZ BAHXR. B 3-70%k 7L ¢
FH” BEROFEMNESHACEEEARERREE, 1], “0” ERHA
Hh0, “1”" KRB h2or), BEARERT, HFREMHLE BER
™ “TDEER” (fringe line)IM B, AR IEZRHEEXFIHEE,

CERET —A “HAAE”. BAXSKIETRETEE, 5 LUK SN
ERENE, B3 T0)HREAEHLERT AN O HBEKYE, HLE0HE
RrBLERHME. SHAERBEXNEASHEHABER



il pa b Ea sk XA Ar e Bul

07 jor 05 01 o7 - .y
67 {61 01 01 [o7 o 5
07 107 07 07 | ot

e Do
~1

1 1
- *

................

@ ®)

B 3.7 A ST ERE. ()& TSN REinG . BAREET, L

@ﬂ$§$m, BRERTIEELT 7 GRTWLT: )3 (@PIEE
T

B RAGLIRRKY, BFErRREE, FEKETLSIRESEN 0

WREE 3 7@)F REECENQTNELLHE M, WHELES 01505
SHER 11 LS, BAE-70)PRKBEEHESE- 140, BiBk$E
1EWAR0, SEBHBREKEE 0. SRHARBBET, ERETEHS
BREF “HW” (discontinuities) T .

Flynn EEESRM LEPHEERT o087, REXDRAGHAL
M2 BEE, REPBEAIE, YRR E WD, BN K

ST, FRRZEITREMANEN.
Flyon Hi:EN &M FEFRTNOSERBENOASAR, REMIR
P 000 482 7C 640 4 £ 38 i 27 i) 6 £ 350 B SRR D AR A BB BR 2K, A IR D M

MEXBERHER, ATERABUHME. Flynn BEACREDS S 3 5:
(1) HHEE AL P B
QPERAESMART, XHAGHRAMANLE 2 HBEEY, FRKEK
WA
(3) WIEHEER SR RSN,

3.5 hEs

AENATETHREBENHUBREREEYH 3 BEE B,
Mask-cut 8 &M Flynn Wik, HEEMEERY S, B84 BRT T



FRCE R F WL PR Bal

T 380 X R AT M AL AR 4 Mask-cut HIE R R 5B EERM,
FANREAHEERATRENEE—REAP RERHY“MRE,
Hit, XHEEFDTREBRENEER, BREANEERLZARERR
A EHRPEY. Flynn 55858 Mask-cut LERE, B XABKE
Smssz ARXRRBITAUEE, O THRE “BY” HIT#, Bx
BEESAGENTH ITENNEZNSHTRERE.



PO KT F I A Helkig 3 HsR

BNE EFBN_FPHMEEE S
4.1 B

BAREBTRIACHENTES, HFRABEEPI KRR, X

p=2 B, BRABHZRERD N, EARARBETHHRIEURSE
., BNZRMEMBELS AR EREORAD ZREHARENTRNENRA
TREMUMEF KL, FERNRD REHMCBE 2 HETEES
RENR D _RALBRA. LT FFT MBS - RBE BB KT DCT
Ml RMABEIRETREFEOR /D R EE 5.

FREFAHHRNBPI-REBINGTETELERENB S _RY
. ETFFTRRDREE, BT DCTHBRDA_REZRETRES
BHBAZREENH: EHNGBD REBINBT Picard HE&P
1 Peg HEPIHBHEE.

4.1 AR BB D - RH

4.1.1 EFERHE

REEREH I, B—HR o-Jacobi L1, &5 R Gauss - Seidel
B, B=#E sor#EY, RBERAX4UWMT

(1) - Jacobi 35

4’:}1 -(l-w)+ w(¢{tl,j +¢lk-1.j +¢:}-1 +¢i'fj-1 - p.',j)/4 (4-1)
Ebososl, k AERKE, p, AAXG-SHTH. G/ TEHEREE
2AM xNY&K TR 6(MxN)RMWEH .

(2) Gauss - Seidel 3583
¢:;l - (¢it],j + l'*-l,j + ¢.k;:1 +¢ifj+:l _pt,})/4 (4_2)

kK ABRKY, o, HARE-5)HE. SITEHNIABEMN) K A



(s P iR apiA S (20 BxW

4MxN)KINHEESH .
(3) SOR ¥

bf' = A=y + iy + 0 + b+ - ,) 4 (4-3)
HF0swsl, k ABRRKY, p, mARG-5HH. EEIMRBERD,

SORMIHHERBYE w©-Jacobi B Gauss ~Seidel B EH K. MBELBEREL
BRETF, ZHEOBSER Y - Jacobi %544 Gauss — Seidel i 218
—4 R,

4.1.2 &F FFT MR Hh Rk

X EGEHARBE Ny, (=012, ,M,j=012,,N), EXBEHLH
B¢, (=012 M,j=012N), BEHUBHROEL R [-7,7), FH
W 2 & AT exp(jyp)=exp(j) . WERy, E-RFEALHNERi=-M M
J=NTERBRERE 14), BAEBEXWT:

Ai
M e T 3
I 1
] i
] 1
Mot 1
I
! i
1 -
N 2N

14 GelxisRaptE



TR A F R ST IR 3 Bal

Vi 0sisM;0sjsN
F, - Vaui, M<i<2M0<j<N

Yian-; O<sisM;N<j<2N

Won-ion-; M <i <2M;N < j<2N

x 77 FA y 7 [ AR AL 2 5 X T
Ky =W, -0,
K, =W, T}
Hhw{ | RAgRE.

MR RS R LRSI RE, BETNT RENS, . 1
ERUBTENR D - RBNY.
Grass =2y + b))+ By = 2805+ 050) = By (4-4)
e
By= (8, -8, )+ (&, -4, 4-5)
5, AAPEY, HE-ORERETH TSR, B3

P

mn

b =
" 2cos{mn/M)+ 2sin(mm/M) -4

4o, NP, H5RE, M5, 0 BETHERO, REEL THER

0. Mo, #ITRBIHELBRG,, ¢, B0HEI <012, M;j =012 N
HEN G, .

=%/ %9, ¢, 5
@ i‘f’ﬁﬂsisM,OsjsN_l:B*Jp,._jﬁ

® % p,, WX R, B



AR BERFR LB E SR BuW

~ Py O0sj=N
Y 1P N<js2N

% 5, #ATHSIM &S, BE P,
® itgo,,
@ N0, BAREINERBIRERN S,

413 £F DCT B/ RPN E
MNEMAN,, BTBRARERR, BHER,, H:

M-1

- x T
- ——m(2 +1 —n(2j+1
Pon z;.;%'jms[mm( +)]cos[2Nn( J+)] OsmsM-10snsN-1

MEBBERC,, HIT_RKERETR, BIALRe,H:

1 M-1N-1

¢, = TN Z a(m,n)C,,, cus[%m(?j + 1)] oos[-z—’;v—n(z j+ 1)]

Kb, wlmn) =oy(may(n) > o0m)F w,(n) X0 F
aa,(m)--;-, m=0; om)=l, l<msM-1
w,(m)-%. n=0; @,m=1, lsnsN-1

W4 H 6189 DCT %% 4,5 p, ) DCT &8 p, M%XF A,

B
2cos(xi /M) + 2c0s(ai /N) - 4

¥

fHé,fER DCT X%, MWEBBMEHE. BXNILREEHR.

Boj =P,
Puj =P, j=012,,N-1



P B 30 K LA A Bk i8S BouR

¢.‘.o = ¢i,-1
On = Pna i=012,--- .M -1

H K K20 B A
O REFEQ-ORXIHHp, , 0=i<M-10sjsN-1
@ WH p,, i DCT ¥ p,
@ s,
@ *f 4,347 R DCT &, #tH g,

414 BETREFENSD -RE

BAZREHACBENEVNREFASRENBERREU S SR
FREBEEMERTREXBE . BETLFHIREFR:

V, =3y fidx-d¢/dx
V, =0y [dy-0¢/ady

HErhy hESBEMEY, s AREHEEY, RESHEENMItEY
%, UEBATER:
Vx- =P - ¢i,j - AT‘,; (3-6)

iy

Ai,j =wi+3,j ¥, (3-7)
Vy,.,,- =@ =0, A);,j

¥
Ai.j =y i j+l -y i



VR R Al K AR AT AR Bl X X

A%,
8oa
AJ:)Jv-l
A.I
- foo : 1,0
b, L=l
. o Ay 2w
A
¢0,H-1 0.0
D= A
o . 10
¢N-1,N-2 AyN"’N -3
_¢N-1,N-1 I _Ay‘”-w -2 j2N(N-1)
TH#(3-6). B-NABN:
VeAbd-L (3-8)

HP ARKPHRNN-)NN) PR SERE.

f-1 0 ¢ -~ 0 1 0 0 - 0 0 0
o -0 0 0 1 0 - 0 0 0
o 0 0 - 0 -1 0 0 0 1 0
o ¢ 0 - 0 -1 0 0 0 1
-1 1 0 - 0 0 0 O ¢ 0 0
6 -11 - 0 0 0 O 0 0 0
6 o 0 .-~ 020 0 0O - -1 1 0
¢ 06 00 0 0 0 - 0 -t 0]

HE-8)A 2NN -DAMEH SR, REED_RER, HREFEG-)R
HEETER:

ATPAD-A"PL =0



AR R FR T A SRS Bal

Heb, P HESHAMNRERIHONE., ETHHMTEEREN, AAER
KINERSE, PAI-ENESR. YTTHEEAEMNTELFUE, THRIHE
FENERHEBEEATHSEETYPRENSE, f2 —WHEP. BIEHE,
B AT 18 2 4% 28 A8 G0 I B /D (G 1 -
® = (A7 PA)' ATPL
ok, BAITTLAREEMELL, ELBR/D _RMGEE, BRREHAL. T
RETENBEPZREMABAENREETHE KO EEAR, BIHEN
ARG, RAELEEHBEBREANER.

4.2 IR B /s = T b AR fir 4 2

4.2.1 BUEHR

AHRMBDZREERERER, BEhTRENFL THMLHFA—R
K, TUEHERBERNRE, XMRBATVELSIANERFH. —

MR, BERE wi'j'WEK{EﬁE%[O,IJ,ﬁE H 4 A7 J5 B I B At S R 4
WETHE. MANENRDZROERKBET K

min{zui,j(¢i+].j -¢,; ""ri,j)2 + EV:, (¢1,j+1 -9, “A{,j)z}
7 )

(3-9)
HYBREREU, AV, g XWTF:
U, = min(@’ia,w’%;) ¥, =min(w],;,o})
XA R R D el g 8 XK
U@y =0.)-Uis; 0, -0)+Ve (0, 8., - (3-10)

I/i.j—l(¢i,j _¢.‘.j-1) -Ci,j
Hep, ¢ RmBUaf B e,
C.; =U-‘.;'Axi.; —Ul—l.jA:—l,j +Vvi.jAJi’,j _Kut.jA:,j—l

-1y ETREE.



P BB A B K B ST A el 8 S BnR

Ui,,-‘ﬁm,,' + Ui—l,j¢i~1.j + Vz‘,j¢i,j+1 + Vi,i-l¢i.i-1 "C-'-J'
Uiy ¥ Uiy +V; 4V, (3-11)

¢i,j -

B (3-1)#ATERER, TRBg .
HAHBAR D —RRTAEEER:
Ax=b (3-12)
B/ ZRMERIER F
AT Ax = A"D
M. x BERENMNORERCAE, b BKEH NM-D+MN-)
ML A = m &,
ML e RN -
WA$ = Wb
T B A ZREIE R -
AW WAY = ATW Wb
LQ=AW'WA, b=WWb, c=A"bWE

Q¢ =c (3-13)
G-13)R BB Z R
4.2.2 Picard A%
BEB)AFTHW ORI PRERED, #
Q=P+D
RAG-1HAE
(P+D)=c
¥IESRAB
P=c-D¢ (3-14)
FH % KE R k#8771 (3-14)



i B DN 2 T 7 e Y '8 Fal

P, =c-D¢, =p,
kAEMRXRE, EdBEP A
D¢, ’=(Q‘P)¢’x

KPP QA WHWART MM ZQG-HBITRENBEREER TS T,

P=A AR AL ERITREMNERGETF. p A-4¥4E%
AUWTE:
Pi;=C,; _[U:',j (¢i+1,j _¢i,j)-Ui—l,j (¢1,j "¢—1,j)

+ V” (¢i,j+1 - ¢i,j) - Vi.j—1(¢z,j - ¢|‘,j~1)]

SRR ROT
O MAMEHRERENESELETERE c;

@ BEBKXERKE L.,

@ WENHELE, k=04, =0;
® W8 p, =c-Dg,:

® FIF DCT K #f Pg,,, = p, s

® MRBk<k,,  #E BFUNHIABRKLERy,,

@ BFHEAT R, k=k+1;
L2 EOVR
Picard S EMER, BEKAGERBE, FHHIAEH.

4.2,3 Peg &4 3

Picard EUAMB AR RKSCEER, FESELHNBHFER, ©
BAKMERETIET Peg A . Peg B S Picard X MREFE R AW,
E L AL B Rk, SR R LB B /b T e x4 4 A AL AT R
B, MK RN ERERE, KRB Pog %X H 6L 84T K
B R 2



FARR AR RA iR BauE

4.3 /Ng

ETRDZROMARES LS AFREO B D ZREEDMAFHHN
BANZRHEME. P HUNBEN - REBZIBENETETEAERKNE
MR BIE, BT FFTREBEPREE. £T DCTNEADA_REFEME
TREFRORD ZREE 48 HRMBE D - REEFENAT Picard
EREIERN Peg BAFEMM . WHHB D —REESHERFHALE—
MRAKE, BETRBAFHMELEREBERGNER, FHtAWKE
ER#E, FREOBRN _FRAUBEEENBRERERTAIERNE N5
EHIRERE.



VO R C Il A SRR P A He b T EasH

BhE EEUEE LR ERELERTR

5.1 iR

EEAMUBAEEMLLEARR, B —RIHLR, LBETHE %
FAAL 42 2 VLD I EE D13 . Mask-cut Bk, Flynn BiEME KB H
HT DCT/FFTRIB /D —RE L Pog HEEMARENBENRE LHNER.

RERELRMTEN. BAERM - “E#E” dim, ERASELE
BT E AR B R TRE, R)E3 EE T &R T AR A R AT
WoRE, ERERAXRLRMOELAM. EIBEAR S BREMmE
WREHEFMRREB A, REFFNHBIE. Mask-cut 5. Flynn
B ET DCT/FFT B/ ZRE B Peg M AR IN T & A
WOEMHM, HREMELEBRESERENER,

AMULERHHEEREERERNREZIEARDS, —MrERRE
A, ARLERTIR AR, HMMENEERR, BAENAEK, HENRE
BEMBE: A—THEERARE, ERAKENBEREAPAHERESRT,
~ TR IR A R AR B A A 5 B 0 R I i 4 R P N B R
frzERyE, WESD, RFEEABERERR, WEEX, X73HK
MREREEE, H-FrEEHFES RSB ERN RS m)HMLL
ERw, WEBD, RrMESRENR, DEENBEREER, RZ,
WRFHENBERFERR. SRIBTHIHETEFERIBEMEREX
BRENBETHNREREESK.

FRERHBOTRRE LA BEEEPHIEDE. Mask-cut B
¥ Flynn HiEFM B KA MAEFEPHET DCT/FFT MR D —RE k.
Peg Bit. ARERMENEEEFI S ITRREEMUMRENFANER.
FRAHMBEEFELRLRIBMFAFRXABENESABFROET
DCT/FFT #i /D Z R E LA . HUIVES Peg BER LR . Mask-cut &
FSHNAET DCT/FFT HiEM L E . Mask-cut ik 5 Peg HiEMLE .
Flynn 5 5% F DCT/FFT HiER L8 . Flynn B Y Peg HEMLEE.
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5.2 ERFERM AN

AR B R RBE . B H BB - E T, St
T b & 4% T % B 4 B0k R o R AR AR, [ 5-1 D LB ol T A 4
FPHETR, AREME, NUBAIFREBEMMNEZHHN, HH0E
W KE 27, M52 AEBRAMNBEANEENNNERAMCESR, BT

AR E A TR E[0, 27), HLER 5-2 BEARN HEA T X F (-7,
nl. B 5-3 GRS TR LRM T R SR 5 5 5 A a2 A 8

Bl 5-1 EYER T ARG M 52 EIHEBIRIMSEAE Y

%, RRBFXELTERMALT,
BRI R FR ER X GRS
K.

53 BUIEEATRBET

DCT/FFT 1B /D R LB
BUERANMNET R ARy M .
AR 0§ BB (G 4B R AT T Y
B 131 5% T LA 5 A A R 1,




IR 3EE R F MBS ek i 3 Wa R

CHEFXEBMRESRIHSR TN ESHASHHALEE. FEBUNE
F DCT/FFTHIB/P _RERARBEPE TR D ZRMOAMBERE, IHHE
BUAFERBERSI SR TS RAHMBARE, EHEESTHREHE
- T A AR 8 7 2 T6) 1 AH 47 B B 5 98 5% 40 47 F [ AH 4818 7T 2 AT I AR AL B
ZEMFEHE A

BLEMBAHBRT - TRXAMECREHEZRERBHES, RERMN
HHEBEEIRHEEERELR ENER. BB 5-4 MER 5-5 2008
PEMA TG ET DCT/FFT M/ “REEREE K 5-3 T BHEHA
MBESR. NEEERLE, HHEENBELSRENTKR, ATHR

e

iu
v

ra
h—

sS4 HEUIREARNE 53 FTT AL B 5-5 FHE T DCT/FFT M=
RITERAB 53 FrmAatrfys R

¥ 5-6 & 5-4 L s-1 BERtly e & B 5- 7 Bl 5-5 518 5-1 FrtBfr 2 &



LB e ] i i o 22788 88 I

%, BEMNSNERBAERMAEMACE 5-1 fin)kE, B
5-6 5B S-7 AR AES-4 RS E S iRz ZME 5-5 58 5-1

PRt Z 2.

ATHEANHAER 5-6 EGs-7MMHLER, THNER S-6 A
% 57 MM A XAFER S XA E S A B, B&Rs-8 E®K -9 2
BlAEG 5-6 MER 57T ERFEXMMMEI WA REE, BALIKFHD
MALER AN, ABIEAETFEEAMENR TS EITRERNETHD
rtb. XHCE 5-8 A 5-9, AWIEEMERAD, XEHETIEMNA M

0 35 [ ) 18 2 25 3 35

5-8 B 5-6 MK ME NG 59 E®s7THERKEX DL

¥ % & ¥ 8 3 @n s B
¥ 8 & B B 4 B B §

=]
-3

o

— L

L L L
T Gooa % Tom T Tz %5 o 05 ) 5

B 5-10 BHR 56 FERAKMAADAHGHE B 511 BB S-7 M AR A /DS v

o)

BT DCT/FFTHI B/ D - BB RSB LR EHRA.
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DEHBFRTXRREENSARBAANEENEERYRE, T
EHEHREE RN RSN SRS B® 5-10 A
P8 5-11 4 B0 0 B 48 5-6 FIEHE 5-7 AEJE M A5 K I MG (IO o TR
EEB® 5-10 L, 100%MHAEA 0, Z£EBK 5-11 £, Bit o8%mE AT
X iE[0.1,03] L, ¥iE 1%0EAEN 0. ZFL 190 MEENS TR
[0.3,1.7) b, X 45 T B8 5t BH B U7 3 0 15 BE bL AR AL (0 AR RS LS
BHET DCT/FFT MB /D —REEN X EHANBEEES .

BEU LN ATURBEBANER: B—, FHNMET DCT/FFT
B B8t /> — A B vk X R B R B A AL B AR S B S R ) ik e I S R L Y AR
WREEAAR: B2, HUENERILEHACHREREES TATRME
T DCT/FFT B /D Z R E L X A N B .

RESAHBLHEMET DCT/FFT MBRD - REZHRELERS
BB ERREREBEFATEXBREEARENEER, TR
HREFEREENRBE R THERRE, RELBARENMALSER
MG ST RERBEFRXENHERENREE L.

B s- 128851333 ES-4ME -5 HITHAESENE R B S5-14
ME5-15 55 AHE S- 1208 513 MAMSE S22 HHARZENGEE. %

Bs12 Bs4BERENER i 5-13 W 5-5 S R

THRNAAES-14AES-1SMEH, TE2HAE S5-14 F0H 5-15 Firf



[ Bl 2 i o 2 470 TR

AT S, B 5-16 A0 5-17 4 BB 5-14 F1E 5-15 B AR A B 4 o
H, HbhBAeERAAMEN KD, AURRFETHELEITREMMER
BT EBEEEECHESE. MHERS-16 FER 5-17, EER 5-16

F | 4
Bls514 Es-12E@52H2% Bs5-15 E513 585 212%

BE ® &5 8w B 34 B & 8

' . ,
4 k] -4 -3 2 -1

B 5-16 & 5-14 PIE R K N Fa Gt M 517 B 5-15 PN ST E

. B 99%BMAHAL L K 0; W 517, KIE 20%MME A K 0, BiE
SO%HIMEAE K EI[1, 2 L, X345 R BT, FI A1k A 40 1) 4% 40 48 13 T &5
BEERE BRI BRE, MABE R, BnMER 5-3 FrEss
MR HRER TR NET DCI/FFT B /b J64H 1 4 45 5 5 48 X ot
AL E .



A R AT K AR R ST AR Helb iR 3 Bal

PLEBTHRHR THNEMET DCT/FFT MEDZREEBENK
BEREE, FTEARARAXFAREEMBERE. K 5-1 AIETHANEMH
T, XEMERAEENE . E xR, BT A AR 4 e B A A
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