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Development of GBSAR system and deformation monitoring application

LI Junhui, WANG Hong, WANG Xuegang, YAN Yang
(School of Electronic Engineering, University of Electronic Science and Technology of China, Chengdu Sichuan 611731, China)

Abstract: The main Ground Based Synthetic Aperture Radar(GBSAR) system is described in detail.
Its development process is summarized. The characteristics of the GBSAR system and its key parameters
are generalized. The advantages and limiting conditions are analyzed while applying the GBSAR system to
the deformation monitoring. The status quo and aspects for improvement of GBSAR system are concluded
aiming to the three main kinds of deformation monitoring application.

Key words: Ground Based Synthetic Aperture Radar(GBSAR); deformation monitoring; GBSAR system

H 5L A AL A% TR I8 (GBSAR)FI AL B AR 1Y 2 T 318 sh B LA AL AR, N AS0RT I 32 0 £ 5 0 s 38, ol 00 i
AL . L EZEN FHRIE AW, 5848 SAR —FF, BT ZLF T W B AR M S I 4 DX B0 % A8 Fn R 5 B .
GBSAR MG REIEE FE M SHIE s, &5 T E# SAR BUEA M b 54 511 . GBSAR R4 & 2 A X 48,
AT RN, LA ], A ok By, UL R — AR LA B T S BN R X e ) R R e
TSR . BT RGARBUN, AT H Ar XA 0 18 R A A0 S 5 R R R AR I R oK, B, AE DN A
FHRAREEALHE . R, GBSAR RGN /INE AR M & BEHUR M, 115 GBSAR R4t 5 HAMIE AR I i £¢ R T 4b .

1 GBSARZ%ZARE

GBSAR ZRZE %t KU R W, /R T GBSAR R A [ T4 L)% F ¥ 1™, 2003 4F, Ellegi-LiSALab
2 T 3945 KM BE B 25 4 8F 28 0 (Joint Research Centre of the European Commission, JRC)F /] LiSA(Linear SAR)
HFEARWVERT, B IFRMSE LARGEMRN LISA &4, Jak AR R LiSALab &% .

ZJa R W e AR R 5 T GBSAR MYRRE M . A T RE 0 AGE JHME . fEX S AB R b, R E R AR B
WF5% JT (Institute of Electronics, Chinese Academy of Sciences, IECAS)M ik M4 [ 5 4% 5 5 524 %8 (The National
Key Laboratory of Microwave Imaging Technology, MITL)#fiil T~ ASTRO(Advanced Scannable Two-dimensional
Rail Observation) & 4t , % % 4i 5% FH 46 1 41 3% £ )% (Stepped Frequency Continuous Wave, SFCW)& ], i B A £ Fh
TAEREA . B KF| Ingegneria Dei Sistemi(1DS)/A ml#24LfY 1BIS(Image By Interferometry Survey)-S/L/M, 1% H
SFCW il & ik, I JEm RN, J& B Fi5 sz Xl /Y i FH 9 GBSAR &8s . A7 HAlh—2k GBSAR R4,
w, SEEPFIERER VIR GBSAR R4L, HARIL K U A Jaiith it GBSAR R&L, XL RS #f il it 2k
Pk KA S LA, W E A BB 2F AT 7 IR 5T T (Korea Institute of Geoscience and Mineral
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Resources, KIGAM)WF%T Y Hb 3L ArcSAR(Arc-Scanning SAR) % 4 5% 0 2 M 34 .

BT 10 4E N, SFCW {5 54 5wk vy i =R 1 45 1 8 49 1% 22 9% (Stepped Frequency Modulated Continuous Wave,
SFMCW) {5 S B R FF B . 5 Z A GBSAR X Ht, SFMCW SAR 14 8 %% A% 0 b i 31485, 477 4 ik 18] 9 /0> — A %
o AKX TR R B0 B I, D T H A AE A B OSBRI W AR 47 19 2K I . MetaSensing
2y AR 1Y) FastGBSAR #E &, w2 FIJH SFMCW SAR f& ks, KRl S fli it a1 42 5 4 s, 153 1 08 &5 TRy
H4# 53 GBSAR i 7k A Bt T #F (Permanent Scatters Interferometry, PS4 A K I H 17 £ F% 4 M Rk 0 38 ok 3% .
WAt RiskSAR fLERARHL R X FE—A-5E41, M 2004 4F, VEHEZF Nz % JE B T K2 (Universitat Polit & cnicade
Catalunya, UPC)HY & &% 52 5 %5 (Remote Sensing Laboratory, RSLab)glh A K & 4 1k RiskSAR 14845 .

I JUAE, P T H MK GBSAR R4 . Fit Gamma Remote Sensing 2 &l 2 i LA 52 £L4% 75 75 (Real Aperture

Radar, RAR) 4 %7l /) GPRI(Gamma Portable Radar # 1 EEM GBSAR RE MBI HUAGFIBFIT B

Interferometer) 24, ELA 5 SAR A [5] /9 W I P BE Tablel Research institutes and research stages of the main GBSAR systems
o % %} 2% B (the National Academy of i)gt:r; researchjgéutuuons ressssr::r:]age

Sciences of Ukraine, NASU) it 5 ¥ 3 /1, 7 #F 5% f LiSAR Lab Ellegi srl product

KRR T LI E K AR N E A GBNWSAR ASTRO IECAS MITL research

i N IBIS-S/L/IM IDS product

(GI’OUﬂd Based Noise Waveform SAR)'P?@E‘%% ° 3{% - the University of Sheffield research

] GBSAR RS MM FT LI FIWFSE I Be L3 1, GBPBSAR the University of Tohoku research

ArcSAR KIGAM research

1.1 XM VNA I EMBREZE Fast GBSAR meta sensing product

RiskSAR UPC RSLab research

1.1.1 LiSA R4 Ml LiSALab &4t GPRI GAMMA Remote Sensing product

LiSA 2 5512 FH 2k ok o070 135 5 f o1, % S5 A A research

WK S il L I 4 T 6 2% L, TE DT LI B LR A B B A MEALAR . TR IR BEAE C U BCRT Ku B, &)
25 dBm, AT A VV,HH, VH R HV., I 450 %8 5 [ 16.70 GHz~16.78 GHz, Al R AL S HCH 1 601 A1,
BR A VEE R 50 kHz, & ALK EE N 2.8 m, AHXT R 1 RAE SO 401, BF 5 IX 8k (4 F 24 BE 25 72 1 000 m, Jlif X
I8 A B B R A7 T PR AR 2 800 m, AR A B AT A BE R 1.9 m Al 3.2 m, K4k 3 dB I EE AN 200, K
LR IR GTAE 1 000 m &b 73w A 350 m. 4K AT R4S 40 I8 % (20 30 min/4F g %), s v il 0 2 78 20 i 1 2
0.02 mm~4 mm. % B R — A B FE BRI SEAT TR, 38R T RE R S M

LiSALab &%:, JaFrA Ellegi srl, % &%t & LiSA R4 HR#L . TAERE Ku BB, ¥ 12 min 7] LL3RAS
1R EM%R, B ¥ s 0.5 m, A4 #E e 1 km Zb RT3k 3 m, bR v AY T AR WIS 6 )% o 0.01 mm~3.2 mm.,
Xt 78 ) R AT B — AW S AT W B, AR 2 m KR S BRI, RS YE Sk 200 MHz 1) SFCW %
B, BB 17.1 GHz, BEURRELE 17 GHz~17.2 GHz, " HBUSMFEE¥ 2 0.75 m, #HIMEEE M 100 m &=
400 m, 7£ 100 m ARG 5 (L5 FE S & 0.44 m, FE 400 m ARG i HE I 175 me TP IX ARG A I, AN
REEH P, W TIZRG RIS S 0 A A7 sk .

1.1.2 ASTRO &4

o R 27 B H T 22 B ST O A% R 5 4 R S SE B S WL T 2D B9 GBSAR [ ASTRO A&, i A% %)
SFCW {54, i MIMO. Z#fb TAEBIX (R bl & &bt HH,VV,HV,VH), Al#1T 254 SAR JZHT . —
e . ZAEARA K@D ). =4 SAR BURAFEEE . TARETE Ka BB, & I8 2845 i B2 7 22 K 9] .

1.1.3 IBIS-S/LIM & 4%;

IBIS-S/L/M Z 45V & KA 1DS 2 Wl R B ASBE K FBEA T &, T KRB M R AS WM . RS
FH SFCW {Z5 1k, H THEM R K 16.6 GHz~16.9 GHz(Ku 3% Bt), /KFEHL FHE 2 m, VV ik iy X0,
2N 200 m~4 km. FEES W 48128 0.5 m, Fiml sy #1461 km &bk 4.5 m, RAEEMGREEE R 5 min, JE
725 I A A R ]k 22 K 2%(0.1 mm) .

1.1.4 % H K- # GBSAR R4t

Y [ IE R R E WSS GBSAR R4, TEAE X B C B, WUEFHEENLAT FH R SAR L& A5 10 m
MR, i 4 m KM SH, HCE— N emib R, AfrXik 2000 m?, FIHZREHTHINLK, TR
WPERR S5, XN W REGHEAT T 3 em~6 em (19 43 il & .

HAZRIL KD H GBPBSAR RSB, xif i il $k i # b SAR JERE WS BEAT T 809E . R4 TAEM R
400 MHz~6 GHz, A LA¥" J&3u [l 50 MHz~20GHz(S,C,X # Bt), ARG FLARTE KI5 101 20 m, 7636 7 WA 1.5 m.
TERRUER R GHIRSEER N, R T RGN EERE Ty . MAZ RS, XMAIE T AR R g AT &, JE LT 3-D
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(AL . R GERT ARG 3 AR R, AR 4 A B AL B4R A M 0015 B

wHE Y KIGAM BF5E 1 HiE ArcSAR R48, 28R4 L, BT 219 m (K 3] 4.19 m. £ 45 i 7k
-5 JEl 32 s i fLAR . ArcSAR REEA 2 MR FEI RSB . B spot X M6l scan B0, J5 H M T ) L[
B%, T 9 k. — SRy X % B (9.65 GHZ)#Y ArcSAR, #7954 0.3 GHz, FEE43#E /1 0.5 m, K
LILEKENR 015 m, RAB X T EMLE S 180°, H A/ HEf1)E 0.07°, HIEAFHJE 14 min; HHELT A9 E1Z
55 3500, JrfiorHEJioE 1.07°, MM EHR AR RGN 11.84° T 4y HE Ty, GBI 27 min,

1.2 LA SFMCW A ER A & &%

1.2.1 FastGBSAR % %;

MetaSensing 2> /&l WF & i FastGBSAR R4t , HA MBI . BBEMWMLRE, KL, TERMEN TIERSE
WAl AEAE, FORMEMIEAS . A BRTR (B . S XIF R 1L M A SR . KL, 3. H)E
. RGUITHEAE Ku BB, R SFMCW I F2 38 ik 4, Al e ik XIE 2 . BERENT 5 s, ik
T LR E RGBS, BT Y i ) KR AR S BORACR AT B S as EaHE , FEREE 1N
0.5m % 0.75m, FEJfiln N 4.5 mrad, ¥ EHA W ZKMIEAR N B R 05, BIAEFEJLT KA, R 75 2 #
YEB . RS0 HTE SAR Fl RAR B, 14828 230 .

1.2.2 RiskSAR & 4;

PO HESF 2 % 8 B TR 2 IF & (B Ak RiskSAR R 48 MAT LIk s 94, AFEI/NT 3 min, i Al LSFMCW {5
5, ERE R AR BAR K R, W R AR Rl N2 M A TR B, HHF POISAR . R GRS TAELE
CX Ml Ku W B, &AL KSR 2 m. TAEAE C U BN, 20K 5.3 GHz, SRAEF K 49.06 MHz, 47 % 4 50 MHz,
BEES A HE S 3 m, KT 33 dBm, 3 dB K R TEE N 32°, HRALERNET A 1 min, A4l Ak 45 4 B 1]
2.5 miny TAETE X BBEE, 2k 9.65 GHz, RFEF Ny 81 MHz, 47 %ih 120 MHz, B/ HE /18 1.25 m,
KD K 30 dBm, 3 dB KL A Wi K 27°, AR LA BN 1 min, ALY 2.5 ming TAELE
Ku 3 BERt, 2 000 17.5 GHz, RFEEHR N 81 MHz, #F 96 4 200 MHz, RAEHR N 0.75 m, 3 dB KL P H 5 )%y 25°,
HR AL REET R R 2 min, WAL EHREE A 5 ming TAEFE X B BAZ RGN N2 % JE W bR 28 3 1L Bkadk 17
W, J5 L5y FE I W RS A 0.75 m B Fr ik BE 2 1 600 m (19 6 m, JE AR S AE A% & A 1.6 mm,

1.3 FEWERS

1.3.1 GPRI &%

2005 4, %+ GAMMA Remote Sensing 2 /] JF & T 3 F L L2 H R (RAR)AY SFMCW s T #WiX %5 : GPRI
Z 5028 ke R AR AU TR Mg, TUESIER 17.2 GHz(Ku B BE), SREER ] : 70°H/NF 20 min, #{EEE K
0.1 km~4 km, KZfL#EN 0.4x60°, 77 % 200 MHz, BEE /3 HF S 0.75 m, i/ ¥ 14E 1 km &k 6.9 m, 7£ 2 km
A 13.9 m, JEARMERS B E/NT 2 mm, &AM E LEA S REM 2 fR R4, 2 TR R T LU B T 3
2R, A a2 ok R R v R R AR A7 i 4 A A
1.3.2 GB NW-SAR %4

155 2% [ 2R B B Y Ka P B GB NW-SAR 8 4t MV di F 16 2% M 7 7 2k - R M gk 45 S 1 34 30 1) 45
FLAE KL H K (Synthetic Aperture Antenna, SAA). 2 THHE A, M KBYIKK/NEA, XA RG] Hk
PRI AR MEVE AL . R G I A B B R B AR A R R — N R s AR R, O
SAA, WLk BRIl ] SAA HEAT &5, RMEEE MMM . RGN E P4 0.3 m, i Cw g
S-S WA SAA T LTS B i A 00 RS B L Ka I BE 4 M R P AR BRI /E 500 MHz #5555 1 150 mW
T, AE 3 h NFH 13 IR G, TS I B0ORS B2 T3k 0.1 mm. 4% 22 45 4 5 R G A S B0H 9 A4 2k 2 TR .

2 GBSAR ZGR T VAN AR F0R & &4

21GBSAR RZ MMM ANEEMRSE

GBSAR RS TE A Wi i B9 FEZARF TG N T 5 55 .

1) [N GBSAR B ARG ATEA WM N HFRRE . @A, WiNEEAERBEERKMERE, TN 14EH
JLE K F 1 m/hP,

2) TEARAR A (RS 80 N Z oK B LK, 5 HARB R R Sl , R 0 B i dr) . A S 3 H AR R E 5 |
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ZH PSR RA L. R NG BARE L, HERE Lmm LT,

3) MIE B E Al A LTk, R T HAR I & 07 50, W = 4EH0e A . B Bl

4) GBSAR [EZ SR (1 ] B 3 1 km®~2 km?(IEAR), 7 36 (02 B MG X B, AR 40" WA, i GPs, 4
AN, AT UL 3 5 i % A T

5) BEAMIEAR WE IS R T B A Sk . A U O AR B R B R, BA T DL A H AR X A1 T

7 2 T GBSAR R HIEHBHL
Table2 Key parameters of the main GBSAR system

system band polar mode scanning rail length acquisition time range resolution aZ|mu_th deformathn_measuremem
mode /m (min/each image) /m resolution precision/mm
LiSAR C,Ku VV,HH,HV,VH linear 28 30 1.9 32m 0.02-4
. Ku .
LiSAR Lab 17.1 GHz vV linear 2 12 0.5 3m 0.01-3.2
ASTRO Ka single. curve 26 - - - millimeter
VV,HH,VH,HV
IBIS-S/L/M Ku vV linear 2 5 0.5 4m 0.1
(UK) CX VV,HH,VH,HV linear 4 - - - -
GBPBSAR SCX VV,HH,VH linear \'jlzg - - - _
X 14 min(spot) 0.07°/180°
ArcSAR angular 2 0.5 -
9.65 GHz VVHH,VHHV J 27 min(scan) 1.07°/350°
FastGBSAR Ku - linear 25 5s 0.5-0.75 4.5 mrad sub millimeter
C C: 3
5.3 GHz 1,25
X single X 1.25
RiskSAR 9.65GHz  VV,HH,HV,VH linear 2 1,25 4m 16
Ku Ku: 0.75
17.5 GHz 25
Ku f o
GPRI 172 GHz \AY% angular - 20 min/70 0.75 6.9m 2
GB NW-SAR Ka - angular - 14 0.3 0.1

2.2GBSAR RGN A EERE

GBSAR Z Gt JE A8 Wi i 1 FH 19 2 ZEBR ) 5 A rTIH 90 M LA 4 45

1) GBSAR T ¥ FH T4 OB AE 1) B4l 0 250 5 A AH T4 o Y0 DS R A7 AN 3 252 W 3% s s, AH T 1 2 7 3 B
FEFESEREBLR A TR B0 B = 0] LUTE G N TR S A8 ok v AR

2) TVAROLABIN, AT RE oA IR B AR MG T, A4 i) 2 78 I8 46 38 A2 25 R R 1B A8 X 3

3) HAEI & GBSAR f£REEF ML (Line Of Sight, LOS)Jy Al AE, ANEEM & E T LOS FaE AR, i
HAb A, flan4asi{ . GPS 4%, nl IR ML =4k p J A il i .

4) AR R B 4 52 KA LA T m TS, TE B AR L T IR AR X 4 LA AR R E X R, 7
PISE 1 AH T X382 AN B L B Ak R A7 19 o

3 GBSAR ZZHIFZT MMM FH

% GBSAR Z 45 it 35 B2 1% JF 4% W ) 157 P AR R BT 25 (0 0K 000 RN 2 T gk A7 40 2 R0 g, L% 3.
3.1 #iF

GBSAR £ ¢ 5 JWL 1 W FH 2 X bk A Wil . 2003 4F, Leva %5 Ad ] LiSA 48 % B8 1 F) A 7 0 3 3ok ik 47 e
W 9B I AR A T S A ERE A R G R — B, KW T GBSAR A 6 I I W I 4 A Ak BE . 2000 4F
Herrera 2 A X 3 b AT T 5810, P H TS S M R (A3 A . 254 GPS)MI GBSAR Wil A, #2H T Y
AL . 2011 4F, Del Ventisette fF 5% GBSAR Wi il i 31, Hipy S 2 F b &2k, (RIEm B A %4, B2,
GBSAR 1 3 Wi #1107 FH 75 e T JLAF HL A AFF 92 2 20 AR B2, R T X 30 AR A W AN TR 16 T2 R A i 3 A ] R

ARk Wy P e X R K R R W . 2014 AR, R HEE— FR A RN 5 4 Il & R GBSAR R4 HEAT
TS L RDYEIEAR WM, BT A ] P 8 1 8 i bR O B AR, B E T AR SR b BT i R R . X
b TR AR A AR B IS AR 45 S, GBSAR 45 EAA T i i W kS AR BE RN A SOME

F52 b, GBSAR AR EE KM 1 M WLE 7 T 2 58 MBI Ak B S (58 20 2 g, L AR S R s T B0
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RN R VE WS, HE R L WU GBSAR 32 WU A8 RAS AR £ Sk LA ST A M R R e

L JHAEAS ) B M, BT 5 BOR 5 A 2% o BRAE rTJH B GBSAR R4 K> TAEME Ku I Bt 1EAH IR Y4 5+
T, RGEMTAEMRKB, W0 X,C,S MBS, et TPk B It AR CHA EAr e R, Ok Ku B BE
R GRS F 0 /N AR BURR, AR A ARIREE AR E R 5 1R A AR T 0 R s Y #—bFTﬁ%, AR Rk 2
SLEIRES. ReR, AT fék?mﬁi/g%ﬂl’]xii_é?" GBSAR Wiill . J3 b — D ZA MR, fEAESEMERAT,
i R AR T I AR M R Y R R T RV A AR 2 SRR H TKIEJEI@??%,Xﬂ‘?ﬁﬂﬂ’ﬁﬁmﬂﬁﬁiﬂﬁmﬂ’]% M
T A AR A5 1 fige ey 2 B

7 3 GBSAR RSB 7R W I iz BT TR 5L
Table3 Research status of deformation monitoring application of GBSAR system
current
application class research advantage need improvement
status
high spatigl_ and tempor_al s_ampling rate inhomogeneous atmospheric effect,
landslide mature |s|tance monitoring coherency loss
early warning system phase unwrapping error
weatherproof
slope high spatial and temporal sampling rate
slope of the early warning system inhomogeneous atmospheric effect
open pit coal mature y g sy 9 p
- weatherproof coherency loss
mine o
profile image
| N high spatial ?”d temporal sampling rate inhomogeneous atmospheric effect
volcano researc early warning system coherency loss
weatherproof
buildi high spatial and temporal sampling rate precise geometry ddlagram
lé' _dlngs mature highly sensitive for small deformation equipment placed h z_reu_;e code |
ridge outside the building other distribution signal
structure high cost
high spatial and temporal sampling rate TP
dam mature highly sensitive for small deformation equipment placed other d's}”ﬁ%g;n signal
outside the dam Y
; : ; hase unwrapping error
. high spatial and temporal sampling rate . p .
glacier research distance monitoring inhomogeneous atrr_lo_spherlc effect
natural low precision
phenomenon early stage of under certain conditions use phase to estimate the snow water;
slope of snow research detect avalanche need other relevant data
snow depth
R ARV

GBSAR Z G119 59 A — A T B A TR A8 W I 07 D o R 0 58 g A 6y WA, 3 B s S5 ) 02OV ok s -1
GBSAR & 45 % K U 45 g 44 W ) iy 32 2 R B 02 3 G () BRI B8 T L R B A SR R BE T R /NI AR 1 R R R
Tapete, Leva ZFBX A 5T T GBSAR Al TLS £ & fifi F Sk 145 3D¥%%ﬁﬁﬁ,%ﬁ%m%ﬁuwMonL
SR BRI A8 S0 BRGRUE B T 3R 7 ik A aE R, T SRR, T Al T AN ZRE s X i s e . Pieraccini
£ 2006 AEPOM SR B Tk 2 P R SEAT IS, 4> FFiE4T GBSAR A1 TLS WaMUTE B, XF 2 Fhks A (0 H 4 SR R AT 45

A, Gt hbEk A3 5] 3-D LB AE &

PRI WM, 1999 4F, Tarchi Z5{fi ] LiSA R4 ™M, §F 52 1 HAE 52 B W i K A 25 ¥ i T A8 /T AT, 3
RO RS B, T EL AT AR S A R AR K, SR 2 Bk R a5 s 4k . 2008 4F, Alba fii ]

IBIS Z 45 % X IE K HUHEAT W5 I 0, 006 ) JB 728 448 SR 15 2 2 A DR300 v s g A A 0 AL 0 30 45 SR A AT 5 A )
%&ﬁ*ﬁtb GBSAR RG A m B RER, REANUBRE R, BEHME, i3 GBSAR 1% 4 Wl ik

A AL TEHE MM RF5E 0 Luzi 2578 2010 4F, fii F 2 Rl 3655 3545 K , RAR #1 SAR, XA IHEAT 7 W R 5 46 11
SAR Hi AR K 2-D BUGF ¥ 5 R T 45 2 W 2 K R T A8 R B R, B el A9 2 U X s A S AR ;1 RAR
ST DL B A IS S0 — S R . N 2 MBI RS E A MR I T A, 2013 4, &
T 2 1 100 22 3th T {5 8, 52 6 55 % B 30T 2 /K BB, 3l R FH IBIS-L R 48 % /K o i 30045 H AR 2R 4T TS WA, WL i iiE

B 1300 mZ&ES, TEULINE I, RIIEEAARIE AR R 1.5 mm, F545 5 B /N DX A X I 3H: At X JE A8
A=, BAEANBET 2mm, £ GBSAR F 4t Al 4k =R i B i R L% i AR AR 5 B .

3.3 kJIFE

BT JLAE, @ GBSAR R X vk I #E47 M BF 78, S5 — SE SOk T LU HE 33X 336 T00 B¢ AR X6 vk J11 28 Ak B Wl i
#2122 GBSAR RS MEIEBEE ML, AEXF vk R AT 3 22 Wo ), 2R 45 B SR 48 IR 8] % T vk 1 A 72 Ak o 2 R X
B, REUL, R4 SRR H T ok B Wi n & R i £ AR =, B2, XPukI AR E S Al A E|

UK e BE R AR Ak, A ) SR 42 365 2l Al A 8K+ i B2 A5 Y (Digital Elevation Model, DEM)].
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WA — Z 00N 5 BT A S RN e, HE P K R RS 4TS Ak A 0 9T BE S B B . Morrison®7E
2007 4 ] GBSAR Z St X B8 iy 1] B R B 17 1y ik 1% vk 25 48 fb 2E 470 £ . Martinez-Vazquez #£ 2005 4F %1 2008 4 1
] LiISA RGE, X vk T A 5 XU BE A7 Wi, % 3845 00 PR PR AT AL BE L A5 M T A A5 4R B B 05 A 1X IR
PRRAEXT S B AT 4325, BRI i 2Bk, il i 5 Mk b 1) 5 XU TR A 4Rt T 2%

4 £t

ASCHEANE4ES T H AT E 2R GBSAR RS MAE s HICHESH. 2 Hr T GBSAR F S8 (I A48 i A1t 5 Fn BR il 2%
. GBSAR Z Gt I AL Wil i I 7 =R, B U 2 X RH A 0, 2 SR B . B8R REHT A0 Ll i 13 T
B T AR T 45K TRl T, GBSAR Gt Ay TE A8 i I B AR AE 3K 75 TRV 5 B2 i o ) 45 /g A %) W0 o A R s,
YA . GBSAR F 48 I HUAE 45 F4 1A 5 ST AT W, (HL 5 32 LA 2 A5 5 5 A2, SR8 - GBSAR
FAGEXE A SR BLGH B uR AN A I i A TS B B, DU R S A A ) R AL TR I S B B, TR
S, AT —E R M. SRR L, GBSAR FR 42— A &k py e 8 i T 5
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