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Abstract: In this paper, the preprocessing method for the visibility functions in synthetic aperture radiometer is
proposed, including the correction on the AD bias, the inversion of the analog correlation from the raw 3-level
digitized correlation, the correction of the quadrature error, and the compensation of the fringe washing effects.
The adjustment of the analog correlation from the raw 3-level digitized correlation is particularly introduced,
which is the first time that the method is applied to the calibration of the earth observation domain. The
Monte-Carlo simulation in time domain on the preprocessing method for the visibility functions is performed. The
correctness of the preprocessing algorithm is tested and verified by the Geostationary Interferometric Microwave
Sounder system. The bias of the result after adjusted is better than 0.1% of the true value, which could proof that
the preprocessing algorithm can be used in the calibration of the Geostationary Interferometric Microwave Sounder
for spaceborne system. And the result can easily be used in the inversion of the brightness temperature imaging.

Key words: Synthetic aperture radiometer; Visibility function; Preprocessing algorithm

5= I H N ARFEREAT £ SLARSR S v 7T W e B ik
HEERIBI

T XA A UARBAR SR 1 B 1ok

Vol.34No.10
Oct. 2012

KA A LA e e, P s e [
Geo STARM. BR7¥ A i) GASP . i SCHFR R AL
WS EEPuE R DR RS, HIEREER
X )RR 5 IR T T 0« Hb IR 1A
SRR BRI (35 H B B AL

2012-02-02 W £, 2012-07-06 2|7l

HE & ASRELF IS T — B T A LA LR AL 20
FRAR TR RS T P

MEMEEE: 2EH lihuilingd87@126.com

SR LRSS T s A B R R P
J6 PR DR A 10 S i HH A B ) L e B, AR
P e AT L E B BBk il oA o AR SO O A
TEEXSER 125, R =Fr A AR 2 1 st
i L A B A TR PR S 1 T AL R

=B BB AR AR L RTAE S LR S AT
R F AR OO A A, = B AR AR
RERBIEFEZ E RN o FHIZRE AR5
RPN EVSRIIPS - Mt bt e Seri K



2476 R 5 34 %
AR, ERAROER, gerasens [T e IR OREL S L
3 S e . PSRN ) il HEE RZERE] | RS
AN o H AT by L 2i 5 fLARkR S vk R gk 2 R H] -
= M 12 Y =R
1 bit RS M (W1 SMOS & GeoSTAR il
SIERFALOT), RISAORIPEBO A OIS ey -
T 1 b e — == TR i AL 1 g ey
BRgSiE. 7EAHFRORERE N =B Bt B AT kg [T 5

(OR35S S A SO AT AR
SRR AL R AT T s AL AT
WHETFBRE, mTsailemil 245
SRPERD,  ERTLR A LSRR 7 2O A 7 A
e SR 2 TRV A (1) 6 LI 6 2R 1 R 0 2
11 SMOS I RGe i LUK AF SEPS 255, SRkl
AR HEAT ) 52 B UG 75 0 T, 3300 0 2047 R PR
I TR A R AT O 20, A AR R
HORE . RS R B SRR AR AT AT o XS AL
S AR PR TG T T AT I 4 1 S
BB, TR R G AT IR ST
AR SR A 4y T T LR R BT A 0 2 I 5
v, BUGFIF MATLAB #5727 —AN% =76 T
UEAT IR LT &, BRI % G B
FT I AR SR, IFRE T W WL B
B FR R E . BRI T “ ik
IR 25 BT SR B LRI R 5 1) S 5 B
REF, JES I RAT AR, BoE T R v
Witk
2 ZAEESITRIREER
LA FLRERIT VT S A T R T, 47
L ALARAR I I 1 2 B R S A 2RI 5
A A BRI T4, A — T WL
BB SRR A o PSR St Hh A 80 T D B M
%WMZJ?EJ]%@ME@mﬁ@m,
s \/1 &

ij
2
-n

: [——“5 s ”"] e Pt ey (1)
o

HeHt (u,0) = (D, / 2, D, [ X)) APIREICLLE AN
AR ), D O REN T P REL F(En) N
H—Ab R T7 B, (6,n) = (sinf cos ¢,
sin @ sin @) A NSRS T 7 R5%, Ty(€,m) A
W) K H bR RS 52, 7 o0 fringe-washing PR%L
T SEBR R BOhL5 AH 5G4 AN BRATU I B0
S A S A OCPEAR THAAS S5 A SeMEAT B
M, N TR IE R, o] W s B B R
HEEI ANl 1 iR

AR IESRE A A/D WMERIE, =

P 1 AT L E R B A B R

W25 HE R R SR ORI, TQ AR PRARAF AL
I, fringe-washing PRIEURS I« 12 1E 5 73 2 O BLUAH
REBOT T8 SO
2.1 AD RERIE

AD & B AD HirH P A R ngs
HE], BOESE R, Hoh o o dySCRRA
KRRk Ty s Ty NERAAHOCES s Aa,Ab,Ac,
Ad Ky AD fhi B
r =1, + E(Ad® + Ab?)
ryl =7, + E(AC* 4+ Ad?)
r, =1, + E(AaAc+ AbAd) + JE(AbAc — AaAd)

(2)

2.2 =M EFHEXEEEXENRE

SN BUF A S I B A G EE 5 Tk
W, I HA 1 bit ECTARICE AL, AEAR IR
NI D, TR AR S, =
AR AERZ IR, FrEAEAR S N
= USRS . = E A B (3) k. AL

Hitit e = —a BIIHEOL .

-1, z<a
dz)=10, a<z<c (3)
L z>c¢

S H R AR S BB A VIR, T
MR RTGEAEE. h TRIEZRZE, FRECFH
REBAUAHRZ AR &R, SCHR[10) 48 HE H G R AR
WX (4) Fron o

~1/2
_1 [P /

=

(1-a%)

exp
0

%
o*(1+ z)
2

+exp [ Y% ]] dz (4)

o*(1—1x)
Forbrn, WECPHIERREL p ABIRR R KL v, A
BACBIME, o AEAE SRR 2y, /0 =0.6120
I A AR B 1A > SO AERAUAR G R B
FIR 0T TR =B B AR DG . E SEBR N T, A
SR I B A SRR S SRBUAT SC 4 A o SCHR[11) 45
TN A G BB AH ¢ 2 TA) 1 5% 2R 1 Al o 5




% 10 34 BRI SRGFUARRR ST T L pR B B S SR BT AT 2477

PEM, SCRR (11K AR 7 28 SCHEAT 2R BB TT, T
PHIAG BRZ AL TSR . AR R 2 U 228 T
WO T B0, R AT S e R T

1 C3 3 aoc s
A A “
Hrp
2 1
c=—exp|—=(a’+c*)
s 2
. 1 1,5 2 2 2
cg=—cexp|—=(a"+c)|(a” =1)(c" —1)
3m 2
1 1
cs=——exp|——(a"+¢”)|(3 —6a°+a*)(3 — 6" + c*)
607 2

2.3 1Q FEFBAEHFHARIE

S AL — AR B S, #AR 1Q
H A IE A o AH T TQ XU T A7 T AH A -1 5
YIS AN ERARE, PR IEAS R 2. RITIQ B
ARG IE Ty i WG IR R 2 o [A]—TBIE Y TQ A%
FH g K (6) e

<b . .,b >

fia = e — —sin(AG,
" \/< b1777n’b7;7m >< bq,m’bqim > ( qm)
(6)
HHREIEAR A
ideal
r

mnr

ideal

mni

1+ cos(Ad,, —Af,,)  —sin(AG,, —AF,)
=2

sin(A6,,,) —sin(Af,,) cos(Af,,,) + cos(Ad,,)

Tonni

A AG,, A6, 735K m, n WIERAFIEA R .
T s Tt N SEBRSAA RIS BRI AR, e, o
ohy LR DG P SIS R R S
2.4 fringe-washing & #{#:1E

M5 T RE I K IR EL W T I K2 515 5 1 AH
KIS TE (Bt 1/B)RA W HYER, fringe-washing
BRIHIONS 45 B RS o A BOOH LA i 13 4 RE Y bR
5, I Hpr AU N — 8, W fringe-
washing BRIEUA: r;(7) = sinc(Br) « SRIMSERx L4
WCHL I A 26 0 B, AN T B 84— 35, A E BRAR Y A
R E, XEWHE fringe-washing BAEIAN I sinc BRI
B, % fringe-washing 2R %N H Three-delay 7€ bx
3k Phosine BEGL AL fringe-washing AR L,
H B Z 0Okl fringe-washing  pRE ALY,
HA XX (8) hr.

1.(T) & Asine(B(T — C))e—.i(a72+b‘r+c) (8)

i

2.5 AL RERYA—1L

FESE I AL BRI, K A 1R A 2R
LSRRG, MRS R AT W] L
JE R4 o SCRR[16]45 T ] DL eR 00— A 1

AR
VIsysuTsysy M 9)
Tun

Hodr My, BRI,y & fringe-washing
BRI, Tyyey Toysy AIBIE M, N RGEHLE

N TR AL, A MATLAB Wit —4
PiEEG, BRLEEAARMETH—A oo Tk
g, WU TR AT LR R AT A BRI SR . X HLERATT
FEHRE R R R 545 R
3 ZrTHMNmInERR

KGR RIETTE, S — NG I HA
AT o ARz Iy BB A T, BRI A
[F] Mg, JF2% RE O IAS 5 S0 7 . BNl TE
PFEWAL LR G AT (W) B8 1 B 25 R 5 %
PUEP A I ER ORI R A o VE NI 5 R
RO 5 S I g e s, S g AR vE s,
17 1IQ WM. WRAEIFE TN I, Q Zf55, X
S5 AT BAHSGE AR B G tH . s AU
D7 FRB AR AE B A& 2 Fror.

FWHL(LPF)

Viw =

Qe

FWHL(LPF)

2 I TR R A R

W AUTEEG WA BE 5 A BEHS A 0 J
WG S IALE, X2 W TR S0 T IR e
BHZ TAEL . DUR R 2% 18 T —AN S M B ) 0t
TV, CASGUE A FL R SR W 1A

Al ABE N PR R EC 100 K, 2
OS50 75 23 51k 400 K AN 625 K (i e A 4
SE AT TR ), SRFFAIE N 500 MHz, U S40h
10SAN S ORI AR 23 I 18] 4 2 ms) A W5 B B2 ST ML T
PEIY AR SE AR, ol ERRIR SR R
AR A 160 MHzo. B 100 AN UM F AR 56
B 25 AT EE, ARl U A5 Rk 1
e Horp, LR AR A AR MR A U
PNPESINERE IRy B= Bug o AR T



2478 BT 516G 8 %R

34 %

F1 THIER

LITSELE S b= Wig 2 AH I
FR G 500.0235 724.9592 99.9730
YIE(K)

F G M R 0.8433 1.2636 0.7438
7 %(K)
g 0.8852 1.2836 0.7537
R (K)

4 A DLFE R E AL IR BT B 3R
4.1 =M EWRKEEZMBXRE R WA
SR g ]S B BEA B VIR RR,
BT LIS 53T =B By, 2% 8 B A )
VEPEI S, Rk AT BR 51 i 220
SRR Y, A5 BEAE SRR O R B T 1)
KEW, TSRS R 2. ettt
BIE N, AR A T BT BIBA O REUTHE S
HAHZ MK AZWE 3 Frac. HBRUH K R
p <050, BEILBEKEN 0.61+10%, MNEFAH
IR BIRERUAR IC IR Ak T 45 TR 1 4% 22 I R R 24 02
107 Zidi e XA THRE S R R ZAE AT ThT
2 E A
4.2 (FEEE PN AEENER
T B0 E T UL R AL AL BT, AECLR )
AR R ESEC R ARSI 100 K,

R EREEVREPS

ZHURHIR 2 (x 1074
<

01 03 05 07 09
PRGNS VYD

Bl 3 Seth i B T S b AL T (AR D2 IR R 56 R

0.178 —
) ——  FAMX R
0-176 e A F S
0174 :
0172
0170
= 0.168
0.166 frrtsmbezmger
0.164
0 04 08 12 16 20
2T
()@ 5

PRUSCHLESRe 75 43 990 400 K F1 625 K, B4 (]
2 ms, BERUSECH 104N . HRET AD (i & 1)
My, R A S g5 s, 1Q dEIE
AEIFEI, 23 () AR . 1, SRR
KIEFL e 5, B mEsa s —
i, HATIIE.

()AD f BERIEMSLK S5 0 &N E )
AD & A B A G S 0 BRI, £33
THIAEMKEE G, XHERR AD W& TR L,
AT DA B EEAR AR DG R 25 SR, S5 R 4 PR
WUES, Bzt AD MERITE, B 7 HEN
M, T RHT R SR

(2)1.5 bit BALKIETRE R {6 ik AD {5
FEARIILRN b, BN Sk HH AT 40/ A OC R 2L
MFCIE, P 5 T AR AR AT e 2R BRI A
A3 B A 5 2 B )i BEANARAL I LA o A%
IEAF 3 85 B S mAR s 30 R4, Xt AT 3
W17 Bk AD (B R IE S R IGIE AT .

(3)IQ AEIEAALIELE R Bl dLat b, &
IQ AFIEAT R 25 A0 IME A 0° ~5° 2 Ta]o St (1A
LG WIATREIE, 1933 BRAR A 53 AH DG 45 5 DL M S B
BAEAF B A OGS R 1Q P I B M HaR 2=
B 6 frme MWEFRATIL, IERERIRZENT 0.1%.

(4)Fringe-washing PREUIAZ IEZE R FER 3L
filh by B PO A i B 43 S BN L O

0.5420 e —
’ —e— I TR IE A —— JEIE IR IE ST
0.5415 (-e- WEALIERT — -o- WAL IES
iﬁ 0.5410 R
T 0.5405 [mY e
= 0.5400 E R
qm LR
0.5395
—
0.5390
0.5385 b
1 3 5 7 9
PRI
Kl 4 AD B2 1E
60.3 —
| — FRUICRH A
o TGRS
60.1 :
& 59.9
4\:_‘
=
59.7
59.5
0 0.4 0.8 1.2 1.6 2.0
BT
(b)AIAr

Kl 5 A IEJ5 AT 6 R AL



3510 34 PRI EROFUAR BRI U AT ULSE B B P B i K R ARl IO 2479

16.4
= 1o ERU S (TS . . o
w 16.2 ; ’ ; ‘."f‘
# ! : : '
= 160 fee-eee- emeeas I LLIeE e
2 H H H '
|5é T T ., ¥ 4 T
o3 +
o 156
15.4 156 158 16 162 164
FIHUBURLA G R
(a) TERIQUIEIEASEEIE S S
0.06
0.04
002
:1-:
T 0
= by o
= —0.02
H LH H H »
B R e R
—0.06 = . i i
0 20 10 60 50 100
B i o

(c) TR IE A A B ALY 2 22

28.0

P e
ﬁ 27.8 ...E........;.....‘;.:Q...
K ; WP
= TG frmmmmmebmmmen- bemnan ’* ....... CEEETETE
= P
| 974 lececectonnn.. ..'J' ...... R S
e . !
=272 :
27.0 27.2 274 276 278 280
FiAUBEAH G R 8
(b) QERIQIEIFAE B IE &5
0.04

YR 2

20 40 (14] B0 100
Bl o
() QB 52 T AR Ao BE AL it 72

6 1Q FEIEATAZ IESE R

B CURAR TG JE I s, BRI 2 160 MHz.
X EHLEA T AE I HLAH DR, I SE N -20~20 ns.
FIH three-delay /774l fringe-washing FR%L, 14
B IEZ R B 7 Pros. WE AL, R three-
delay /7%, fringe-washing PREAG 2 T B UF FIFREIE
S50 PIERRONLZ TR] R ZE IS AH DG AT AR ALy
sinc BREUINE AR« AH O HH R R RAR A7 AN ER AL )
i DRT A A WA L0 2 i 57 (14 % 2 R 37 (1) AN B AR
PE, DL FE FIAALAR BA Bk

1.0 7 X

= — RIELR
S 06 4 \\ o JGilkEE
L. 4 X
o 0.2 Y \Taag
—20 —10 0 10 20
I 4E (ns)
(a) M
200
& 100 A A o] T e
= oL | | ]
= o0 DALV ]
%4 v Ui
—200
=20 —10 0 10 20
I 4E (ns)
(b)AH A7

7 FIF three-delay J7i:#% IE fringe-washing £

(5) P LR R B AL PR B 2 45 R K Ed— &R
SRR AT SR G, SRR S 20— 83 AD
B R R SRR, BB ) etk
B, TQ ARIEATIRZED 1°, HBCHLIKIA w7

4 160 MHz # B4R ) T 7S B EARR IR TR g
WeAR), FREAMRIES RWE 8 P, R4 T
XPEGIZ AR, £33 T ROV AR i 3 1) 0 T 12
FRR WG DR 2 I A G S5 R e NP rT L, 2
PRSBSOS, B AT R AU A O¢ 2R 2K
THMIURZ IE J5 AH R R B I4 0 0166 4PN
BLAT 2 00 N AN — S0, 2 AR P R A0LAH O¢ R BB R
0.166(FHHp, FARMIBAAC R BB A HIE fringe-
washing B&EUHIFEM), KEIE o AH 0 2R B IR
0.154, X PEI Ay 0 T (18 A9 2 i 2 AN — SR AR DG 45 )
FEAE T A fringe-washing BRI A A T o

5 MEAAKE X EIERLIE

W ST DL JEE R B T AL BRI AT T I
RIS, ASSCRIH] Bk [R5 Ul 22 K PR T
BN AL R S 8 T A SE%e,  LASRIE
UL BR S ) FIUA B o JLRA I S0 6 A E19
F7s o

FEZSER B, A RO 1 AT A1 0
NFLWEFEENBIPIRIETE, FBHL6. B8 T
AT AN IE B (R TE M A o 1 3 T )
ik, PEBIAOCRE AR . FEMRAREE |-, 3 igfak
TR O AR TR v B B 1) 45 A A
AR R p s W18 bit HAHRAL T K R 2
P s AL AR Y AR 28 1 T A O AR B BB 5%
ABIBIERBIMER p o Horp DDA B
M 75 T S T A T H RO RSEULA S AR 0T AAE O — A



2480 oA Rl 5 34 4
202 | . r = 0.2 ——e .
B e E 0 it |
% 0.1 b . HEOL OB R A ;"_; 0.1 s ._‘. : 3 4
bW i 7 amota \ i ; L i 2
Y AR T ¢ i e W D
% () betiingiiton ] o TP Ny o 2 PP S SN o2 W, m’&‘m.m o
=20 =10 0 10 20 =20 =10 1] 10 20
I i ns) I 4E ( ns)
(& )G 1 (b )b HE
l:? 200 [ E\;
=100 b =
= =
Wi W
® =
I fiE( ns) : Ef‘.::::';h: 14 4E ( =)
(ag)HIfT f‘lill_!_?JTLu (PR

(o) B~ FeiC BB S B

() PR ML g A — B

P8 A LJEE R B T B A 4 45 R

B8 bit A2 1.5 bitE{L
k)‘ O
QIS bithIk >

1.5 bit#fk

I
.
.
ADKTQ |
1
. ;

9 SEIHE AL BIHE

BN EEN S 25 o 49 32 dX 3P VA S AR A 5
ABAE 10578 . WAL, AR SR SO A
SUANRI BB AT B3P EE R — Bk R af. thuknl 1,
2 AT L R B AL PR I IR AR

0,45
040 F 7

G356

- I
% 0.30
£ 0.25
% 0.20 |-
015 e
0.10 |
0.05 :
1 2 3 4 5
AR B R
10 3 P72 AR C R 2L
6 LHERiIE

T LG AR T A SR M 3R 100 0 T
RAIRM L Z AT R R T o A ST TAE /24
S EAECT A OCHS 0 SR s i AR B ] T
PR A% S 35 (4 R DL R K, BRI DAL R B FAL B
AR SCE S T R LR MR BRI AR B A I B AR
JaFIH MATLAB #3. 7 —/Mii- P&, =it
WA T IS SRR R P B, B0AE T ] L R4

FRAL B IE IR HERPE o S5 Jr R A E AR BTk
I T MR [ A0 B 2 R R BE RIS
HAEHLIR AR S5, BE— DI TSk 3k,
AN SCAE IR SO0 5 0 B AL 7 (1000 e R A T 7
o, wfDOY = A R AR, ok, W BAIE
AT AR R vt R Pk RE R AR K 52 1
W PR T B

& % x M
[1] Tanner A B, et al. Initial results of the geostationary
synthetic ~ thinned  array  radiometer  (GeoSTAR)
demonstrator instrument[J]. IEEE  Transactions on

Geoscience and Remote Sensing, 2007, 45(7): 1947-1957.

[2]  The GAS team of ESA. Prototype mm-wave sensor to offer
new view of Europe’s weather[OL]. http://www.esa.int/
esaMI/Technology /SEMGS25NLIG _ 2.html. 2011, 9.

[8] Liu H, Wu J, Zhang S, et al. The geostationary

interferometric microwave sounder (GIMS): instrument

overview and recent progress[C]. Proceedings of IEEE

International on  Geoscience and Remote Sensing

Society’2011, Vancouver, Canada, 2011: F 24-29.
[4]  LiuH, Wu J, Zhang S, et al.. Development of a three-element
interferometer at  50~56 ~GHz for  Geostationary
Interferometric Microwave Sounder (GIMS)[C]. Proceeding

of IEEE International on Geoscience and Remote Sensing



10 #

PRI EROFUAR BRI U AT ULSE B B P B i K R ARl IO

2481

[5]

(6]

(7]

(8]

(9]

[10]

(11]

Society’ 2010, Hawaii, USA, 2010: F 25-30.

Liu H, Wu J, Zhang S, et al. Conceptual design and
breadboarding activities of Geostationary Interferometric
(GIMS)[C]. of IEEE
International on Geoscience and Remote Sensing Society’

2009, Cape Town, South Africa, 2009: F 12-17.

Microwave Sounder Proceedings

Piles M, Camps A, Vall-llossera M, et al.. Downscaling
SMOS-derived soil moisture using MODIS visible/infrared
data[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2011, 49(9): 3156-3166.

Hk. T AL S0 AR R v RS (D). [+
W], T E R G R A 5 N HIRFF L, 2011,

Liu Hao. System study on the interferometric synthetic
aperture radiometers with polarimetric and spectral
observation capabilities[D]. [Ph.D. dissertation], Institute of
Center for Space Science and Applied Research Chinese
Academy of Sciences, 2011.

Camps A, Corbella I, Vall-llossera M, et al.. The SMOS
end-to-end performance simulator: description and scientific
applications[C]. Proceedings of IEEE International on
Geoscience and Remote Sensing Society’03,Toulouse, France,
2003, 1: 13-15.

Corbella I, Torres F, Duffo N,

radiometry measurement concept: the visibility equation[C].

et al.. Interferometric

Proceedings of IEEE International on Geoscience and
Remote Sensing Symposium’2011, Barcelona, Spain, 2011:
3491-3494.

Hagen J B, Farley D T, et al.. digital-correlation techniques
in radio science[J]. Radio Science, 1973, 8(9): 775-784.
KulKarni S R, Heiles C, et al.. How to obtain the true

correlation from a 3-level digital correlator[J]. The

(12]

(13]

[14]

(15]

[16]

Koy SLE

X

[=
ES

Astronomical Journal, 1980, 85(10): 1413-1420.

Piepmeier J R, GasiewsKi A J, et al. Digital correlation
microwave polarimetry analysis and demonstration[J]. IEEE
Transactions on Geosciences and Remote Sensing, 2001,
39(11): 2392-2410

B, HIRN, e, S USRS LR AR ST T R L
PRI A IE AL [C. 2009 4F 4 B s 2 R 23 1,
PH42, 2009: 1630-1635

Zhao Feng, Miao Jun-gang, Wan Guo-long, et al.. Error
model and calibration method of 2D synthetic aperture
microwave radiometer’s receivers[C]. 2009  National
Conference on Microwave and Millimeter Wave, Xi’an, 2009:
1630-1635.

Torres F, Camps A, Bara J, et al.. On-board phase and
modulus calibration of large aperture synthesis radiometers:
study applied to MIRAS[J].

Geosciences and Remote Sensing, 1996, 34(4): 1000-1009.

IEEE  Transactions on

Butora R, et al. Fringe-washing function calibration in
aperture synthesis microwave radiometry[J]. Radio Science,
2003, 38(2): 1032-1046.

Torres F, et al.. Denormalization of visibilities for in-orbit
calibration of interferometric = radiometers[J]. IEEE
Transactions on Geosciences and Remote Sensing, 2006,

44(10): 2679-2686

2, 19874, WlE, WESUUT o R A LR
SEFVET DAL o B A
Wi 53, 19784, RIBFSIN,

BRI RGNS S AL B
Z: Y, 19584FAR, WHFTLY, NI IR DL K AR TR R
D7 KT

WHFTT ) o T\ A AL



