ME A BERFEAREBRBFEFRNHA
— LA = R e (X 5K SROZ 78 3 9 Bl
ME.H ELEHEHE.F £ o8 TFIL

(1. PEEEBFERESYIERZE SO, Jb5g 100083; 2. dr[E BB E K S r BRI 7, Jbad 100101)

FEE: MURMOEEH X (LiDAR) H ARG ZRA TN A 25— 50 5 M B IR B 2 125 S5 R0 J000m 4ch B0 52 A o ] B S A 94
Ed S5ENMER RS (position orientation system, POS) 8%, HLEIWOETE X i = B3 vl P A= ks 4050 7 i Fe ik AU

(digital elevationmodel, DEMD o DEM & ¥ 38 25 55 i Y00 () — b Atk Pl A, HORS 240 R 2 T o s Mot 3 T2 28 RO B/ N AR 4K
JEIE DEM R 7E = 2 PR 5E T kA 0 W SRR AE S 80T E B . FIH LiDAR BRXIAL A B3 B sk RIS 47 TR 5 &
R B FORUSEF 0 S AR PO S 2 T RS U = A % D o 2 ke 3R A LB s SO AT R R S R A FE, A
fei kG BE DEM BUSR: JAJ5, adid DEM AR SR s 1L B B B R B SRR RS B2 1], s B T i SR e S T RS R
FRON A3 AT 45 SRR VP AL . B 25 R B, ML ERIROG B IR AR I RS BE DEM W] DA TR ) R L I e 08 R 0T P T 3
FAT B BRI .

KHEIR: HUBOMOETE IR B Rl BURP 2 BHGRA BT

HE 57 3S:TP 701 XERFRERD: A YEHS: 1001-070X (20xx) 00-0000-00

05 5

T A D — T 4 BRYE B N 3 3k A7 AR T H AR R A R B Rk LG, 0 AR BE AT BIE AN U — B
Mo A RT3 ) T B R A B A St S A B 2 B, R E AR AR S AR
ML I OB E, BERIER, EHTEREN A BCRIK, MEHEXREZRKEE; PA
TR SR T MBSO A, BetRERIUR R . 2 A B8 R, e R — BB e H N “ 8
FHH PONEARN, ARZHAR AR Z A TE T2 RAIB . HX B 4 78 o6 (W S B I R, TR
Kol A R B R A (digital elevation model, DEM) & AR, Mk DL Z1 i) b 2 /N A8 T 10 RS 40 RRAE

PURBOE & IEAE Ny —Fh Lo A2 R EOR, BER E Al A2 KA, HR BOOL 5 2 RE W 73—
JE JB FE RO SRR AE B, ol SR AR T SO 0 23 32 HOR R U REAE AR R BE _F sl 55 3 72 D7) 1 s K
(IR0, A4 1) DEM 2 EDRE BE ATA 10 om, AT BURS A 204 OB S AR AE P, g 3R TH S8 ¢ R kG
PERI A o JAER, SR T & R S BRHR 2 R S AL 4 T B 1 2 T LMoL B A 742 DEM (1978 3R 3
WEoL, BAR T pdt Rl s R TR DEM HHEE . . MR, B E. o
REAESE s R A LA e /NI A S T R L TR RS 40 S BUREAE R 7 ), DR IR R oA 5 B T A
FERF . LA EBEFEAE 2 BoR 7 HLEHOL T I BORLE I O & R 7T

AL WU PO HIBEARIR T 5 X 5 = $odle, 80 2 Bl S 5 T AR L BB 7 RS
P AbFE, A4 E ARG DORE 40 (1) DEM 7=, R FIX 28 DEM 7= 5o 350 X1 3 A R 47 30051 LA 2 8 3 2 43
B, U T B (R RCR

1 AJE 7T X R 0 AT A3t Y

= PR X — L AR S 3 TRV 3 S5 b 5T 2 T AR R XA B R X o e R i ST e A X SR ) — b
Wi BT EENAR, SEWACE B E TR IHE SR VRSB A — 2, 1) KL B AR I e T
e, 5L EAHEE 1.5 km, B 6 N ARA BT B R SR RT Z @R 2 120 m, 52 =24 290 m,
AAHRL) 29X 10° m*, KRR 555X 10° m’. WX B mAL R, B0 WLTHEL 500 m, #TZR =ik X
KT, A S AT G T AR 2%, W 15~25° , RS e ML BE, i 25~35° , JbMih— )=
e, PMINE G )ZBES . XA B E EZENRY R TUE L= R/RPHERA (T2b) 5. BKE
S WA A R .

Y8 KR VR B 2009 4R BRI EL 7R — B R b 9 % 5 K 2 K T X 1000 km LIDAR 0% H3e 1 it
ESTE: o EH AR IE , e 2 @ AR R AR R ) #13E (T H 43 5 : 121201108000150012-10) 15 =ik P2 X fift 4= 18 g Hh 7 1 7 (DD20179601);
F—EHRN: HE0987— ), B, KM 8BNS BB N AT 7. E-mail: 781943277@qq. com
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FRR, HASLICFE T ZREX AR RITE. 175 m KA E KA 2008 5015 5 FIUAR AL, BAITRE
DX SR A e M b 5T O T R A 2 b o A AR A T A S5 AR R .

2 FIRLE

BT B TR R A R AE S R b R 2% A T ME LR B B, DL A GE T DEM U 1R 0 S VR AR )
W), A SCHR T A M LA O T A M RS 4 DEM th A 1 M R AR AE S RO H R 7, SEEL T
50 B SR AR B S BAR . B TR BRI

1) X B AR DX e AR kR, {8 POS 4l B #00E T 18 R Gont B A DX i it 2 28 Ui R 46

2) X AT IREUIHLEBOE T8 08 2l = B0 e e g AT R RS . IR OR 2 SR S Bl Ab B, 79 B0V PR A A A
KR 4l b % K5 40 DEM;;

3) M DEM "4t $EBCH SRR I L AU E S EL, T BURHIE 2 8O

4) B THENLA B AT H AR XS b R AR T DR AR BT IE S, A BRI
HIRFIE S BOCIE, 1 B U IE S 3L

5) JEECH FR X I 15 A GO MR BT E N BRI GEE, ARG S TR, S4E
158 AR E S AL A o R FH A B8 43 2 S0 T I 25 46 A (A5 0 @ 1k TRV B R AT K B VPAN, SRA A & TR bG
L LIRS EE¢

6) FIH KRB R AN GE LIRS EUEA S, IS JRAL,  Fm & R S g oo M e g )
BARAE, vk EEAE TS FOREEE . ST 35 A e 3 R B AT AR

70 5 FTUE SR ORG B R R BB R R, DU A 12 AR ORI AR AE S B G 1 Ry R T
TEEATAEX, PRGN E T HW A T, 4L Blig i sl

8) SR H R AR T AR, Ik RS 41 DEM B2 HXH T I 4 R R b SRR R P S S L, R SE R

3 Zu
3 H A 5 DEM HI4E

3.1 BIEKRE

2009 “F 4 & 6 H, fHIZ 5-B B KHUE NN IBIKT G, #3K Leica Geosystem 2 & il i 1) ALS50-11
BUEBOG T 1A R, IRICH Ar DXOIE B DR, B HLEBOE R = s . WL GPS %4 . MLk IMU #if
Mt GPS ZHEuliE s . Hd, FLEEOE S B3R G S BOtIEE . WA 2 X ElERESEE R . 3R
U R AR H 48 e AT TR R . RA R ERM R SR AL, 53] 75 ) = 4E A FRAE B 1R B0 S
=HE .

IR ALSS0-TT HLEEOE T X RS RATHX LS L8 1 000m, fiZk s M 8 &N 30%~39%, AT HLE
4 150~180 km/h, MLERBOGZ hHAR M 45° , HECREMAE R E N 45 Hz, HLEEOL T S %8
A 3.2 A m’.

32 REBE

2R GUR Z NIRRT, HLEHOL T IL R SR IR O R = bR R R G 22, #8 il £k
PEATRSH R TR % . HURBOL T I i S BRI — AR R R iy« A A AT A 3 4> 22 B AR A B
%

EAZEMOREITEITN B SRR (0 BETT RN TR AL, 70 M SREUBOR HER ) 3 DB A
RS H: e WA L B0 & A B s T R it — PR AL, REUE RS BB E B . K BRI
KB IngS 2 % B A B A IR IR S5

SR ZBEMRAIS, ML GPS mi B R ZREAT KR, SREGERR A S 8. A _Eadk 22 B A AN
PR AL S H, IR X A H LR O I R S B TR AL, UH BRI XA R R RE. &%
ik, BRI XA A S ICRCBCR B, S 77 AR S Z 0T 10 em, oA BEAHXS Z 0T 25 em, 4551
R E A FE o
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X T AR o R B AMCAR OV R I T B B B R LT R G R 2, AR B T AR AR B Burman
Wiwr ¥ 22 715 T 8%, 18IS TerraSolid f ML E A+ & 51 H 1) TerraMatch #5 B S H

A 5% DEM B, ZeXt HLEGEOE mL = B AT DRI 20 S A B, DAIX 43 Hb 1m0 R b 1 A, PR R b T e
P A2 BT 75 ) R RS B2 DEMe A SO /U 73 2548 2 T MicroStation V8 *1- & ] TerraSolid & 4134, FIH
A b TerraScan 1 TerraModeler 55458 S SEH b ] 5573 36 . Jorhr, TerraScan A4 i [T A0 70 28 (0 R 22
FF Axelsson #2 H AT = £ 4% 9 0 25 ioidk 5910, TerraScan BB 1 H 2573 251 Ground T H. 4y
Ay G 7 1 39 AR B 5L AN B U = £ 4% WX (triangulated irregular network, TIN) & [ 155 4 >k [X 43 b [ #5 .

T Fee a2 AXis B AT 20 S a8 A T ) AE Hh I £, G Max building size S50 W46 A IE S SEES
FH]: 4 Max building size BUE 30 m I, ANAT DR 57 b 25 BRAE AR B3 2 I Ok B8 IO TR KR AE, 170 HLE AT LA
DT LRI TAEE.

WA 2KETEXEE (Bl 1) ATRAE Y, S U 985 1) DEM K4 @ U AR 4 bk B Bl iERR . 2D
B R BT EYERAR gﬁ\ﬁwﬁﬁ/\%ﬁiﬁﬂ‘]ﬁ?ﬁ? LA B3 o

"/

(a) 4% (b) 5%
B 1 42575 DEM EL5 HE

Fig.1 Comparison of DEM shading map before and after cloud-point classification

3.3 DEM #IER ¥EH

S A I ML E 0L 8 & 2R G038 BRI 5 00 T I8 m 2 Bs PO T R H AR X I T = 4 0 i A
(digital terrain model, DTM) K&, FXEMGE R ZHHEHT RGREMU EM GBI 2K, GROERNE
R AR T, BETTERAS H AR XIS RS B DEM. 04 1 R4 DEM 7 fh KRS, FE SR IX A 2 5347 e 30 itk
TETAS: 25 5, JE IS DEM 35 HRUM [0S 8 A5 10 = 2 A1 A RIS 00 3t T AS: 255 A F) = 2 AR B R AT X L G2 5 5 B DEM
(KRG RE RS HT . 45 R (R 1) R, LR DEM e b i 22 3 2 1:1000 LA RO TE N e 2R, w) Rz A
TSR A
% | DEM RRHEEITN

Tab.1 DEM precision evaluation (m)

eS| X 7 Y Ji1Al Z )i
RKRME 0.684 2.943 +0.343
BR/ME -2.437 -1.024 +0.075
FHE -0.464 0.496 +0.180

B0 W 22 1.014 1.245 0.198
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4 T AR 5 0 A

4.1 BREHRERY

TR PEAR S o B RGO LU R o IR — A T M B B AR E 1 B AR R R
T, TS BE S I AR S R AT A T G, N 2 R BT M S B 2 R
M%7 1E 3 5245 I (digital orthophoto map, DOM) , ‘& A2 i s ML 2K H5 34 [F] 25 3R H I A 2 328 J8 s 44 i A 1T B
HE 2 WTRUEH, TR SR — 0 KL BRI ) 1 R, R iR R R, @A
IFE s RBNBAA LSRR, & (LD ARBERE, Z5MRR B, Bfdb. el S Ak b b $ 20 B B IR b ™ o,
BRI EHERERERR.

B2 REERP X BT BN RE
Fig.2 DOM of Zhangjiawan Village landslide area

ARSI B Ab A A0 375 YT A 8 R A p RS A IR AIE P Ay o B AR B 2 R I H AR A AT

WO T A0 AR, 45 A A N RE R AR AL, SR BB SR AR A5 BT AMRIE R 0 = H L R 4 R A

SEHIT AL, JFxH AR S — BB I, WA S BEPEAR, i 38 AR 1 R 5 S PR 1 LI &

4.2 FREZE

AT\ PN S BN 7 T AT T B AL T A S B BE A DEM PR B A A ke T M B A
B, PR TEBORE S WIE AR T A

SE MR R TR AT X S AT X e, I X I DEM HI/E R FAL A R LR EA R . AR B R T
T A B SR YR X DEM Mt 1 1 S A B G S e v BRI . B AN R B R A H B X s T 1) ST
TS, T H I W] DA77 (58 b B HCH T G A S o 38 I A AN R A A A S B, AT AR S A S B I
M DUR IO AR A, TR W R B VERE . T E R EEN W A A EESH, Sal: K
BH 557 £ ~ A I i 5 R 22 TR AR o AS VR 7 25 B8 31 AR (X PN 9 R St 1, DA [0 8 A B 5 5 £ (45D,
F1 180°. 135°F0 90°%% 3 MNANEMI T A0 f, AE BRI, R K AR 38 N 0~255.

SE TR N AR IR B bR X I8 DEM S04 3 BUR A JE b 30 2250, 0 Wi B3 . shaRRRE L 2
T MG RS ERE R b, M IR B2 48 76 45 8 V0 Bl P R R AR 5 HAE/KFJ7 m) B2 1
Bz W, EReEME IR RS IS AR, S S B b R AR AR AL AR T 2 B ) — N R AR . 25 2t HR
T AR RE G T JE L Y R ILTE DEM B4 (8 B AR, e S b 3R P 5T 00 AN [ BE B AR 2 18] 1 AR 4 o 4 L
DEM N 77 ZAR T, 277 22 o B0 mT DA B TR (0 25 (R L AE OGP . TEMIRIRUEE R, o7 280K, 25 (Al
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FEARAGBOR AT AR SR AN AR S iA . 2 IR A 4R 380 5 B AR DU MO SO BL I 5 20 45248 70
MYed, W EERS, AT R RREERE, | R HIB K S A A/ ARk . M AT,
HFR DI O, B 2, shaRBORRE .

4.3 BRRNEERSHT

i3 H b5 X 4k DEM il AN [RIAL AR T (0 (AR B 52 B, DL 35 00 3 B 1 At SRR e 2 1) e s T 38 TR 5
i T S AR T 22 bR O 3 Y SE O K E AT . 1B 3(a )R IR IR A S By A A, 404k
R AL L 2 B 3( b )2 DEM Rt e I, G I H AT UE 2 A mT ORI SO SR S
RFIE -

(a) AR ER A (b) ¥ DEM Z£iEE
B 3 FKIEW RIS S B B I 7 R IR DEM £E K
Fig.3 Landslide field photo and its DEM shading map of Zhangjiawan Village

Bl 4 2k K4 2009 45 LA BT R AL e AR TT LA Y 90, 135940 180°HT KR
Hr = W& E& T %A . AHEE DEM Hdls di % EE %ﬁu%mwm U IR R I SO T K S AR T 25 ﬁﬁﬂﬁﬂ%
ROR R AL 25 2 A I 0 5 A0 1 S RIS 9 W5 AN T3] 7557 1L 42 [ 52 TR A SR BT S50y 8 e 7 e 35
AET T WAFAE W 22 5, Lot 2405 LA 43 o 90° A 180° I, LAk B 52 e e bk e v 45 4 P B ) o
WY SR T 05 A 8 135° IR . BEAh, TR0 30 90° R 180° I, LA [ R B s ik =) A B Ak
AN B R SCE BT AN, T HL P AN RE B . SR bR, T8I HUEREOE RS L DEM Bl 7 i AR B AN R
T A B L AR B R 22 50 1, AT DA b 3t R0 Hh 7K S Vi T 2 AV [N S B o A S 5 L T R %
MR %5 = KE X,

. . Fas = { ~ .
(a) HOLAN 90° (b) Fhifyh 135° u)ﬁuﬁﬁmm
4 skxERsLEkRERIIE

Fig.4 Slide mountain shadow series maps of Zhangjiawan Village
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B 5 2 7K T T S A 30 58 VR A 3t SRR RS PS8 Lo o i 3 P8 P 23 B P R, T S0 5 35 P52 5 7 O 48 52
TR BRERARAL, BRERIE RS ACH A AR B b T B R R I A . W L i AR A R A
L, PIEOREONATE, A LA AT, AT LR SAR X 00T SRS ST
PARTR) 73 b DA B8 SN 2 55 3 J) B M3 A, 3 P8 T 8 O 2 kR o R B /0N, g L HE Bk R R K S5AH I
DAL L B 30 R P th e 0 B S T R = R . A, BT 4L B S TR IR SO 15 I d A R I B
JFRIEM, O RGA R ROV R, B H & R SO UK H R RIE . 45 S LA R AIE, W]
Rl HE i S R R X (B8] 5 R Rt R R PR X 4D

T IR O

(b) AR FE I
B 5 kSRR 0 5 A R R e P
Fig.5 Landslide slope map and Landslide surface roughness map of Zhangjiawan Village

Mt AR R L P PO PR 8 s I S ) 5 3t RO IS 255 00 3t SROHE RS 2 ) 8 2 R ER AR A, BB R PR KB
FRTR], AT A RS J5E P b BB 0 T SR 2k (3 57 s TR S BB ORI 20 A 3 B 5 T A T 11
AR R RE L LA R, RSN, HES B2 A6, 7 LU 1 AR A & 73 DO T AR 3
BE SR T RN 25 5 0 R S AL, e SRR e S ) B R S K B )N, I HL L Bk R R R B ]
DL L T R R M T2 1)t e 0 P 5 K ST T I = KRR

2T 72 R B TS IX 384 BRI 3 5 % (Upper body, UB) . ¥ 3K (Body, B)LLKIE & (Toe, T)=7
7o B 6 I UB. B AT MFT5 22kl B &1, UB. B AT B4 BRI XA, Xy
FORMBE 1A AR IR TEURS . I IR LS T 02 U5 22 BR K 2 20 A AS B A KT O,
R RSN R R TN PN CXC IR SRR SR RS- O NIV 31 L H A I R A PN 67 4 S AP
AR/ Ul T R O3 I A TR I A R /0 o RO AT M I 2 U 22 R B 2k 20 Tt A AR B P KT 4 K
ERMA YRR, WESs g, i,
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Fig.6 Landslide elements semivariogram curve map of Zhangjiawan Village

K GV Y B AR BT DO S Ty R B E, PSR LB 7. WA W HUE S 4R
Bl N 2.31~2.67, 8 —AME A 3.10; 18 Y A& o0 435 B 8 2.34~2.70, F — AME N 3135 18 & 7 46 Bl N 2.48~2.85,
A—MEAN 3360 WG 4EMERK, UGS S AW WKk EHEsD, Wl
AR T AR N o THE A BRI 5 T e A R R 1) — B

3.4 r
3.2
w 3.0 —— iR
F —— HdE %
® 2.8 _f .
i
2.6
24| U Sa g e ..
e S ST =33
2.2
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A /m

B 7 RXERE S TGRSR

Fig.7 Landslide fractal dimension calculation results of Zhangjiawan Village

WU PO & 15 BORAE Jy— Rl (7 2% 18 B 25 5 M0 T B, e ok F R A 5 I DN AU E 3R A B 2
REEMBH . 5TENFAFEML, PEEOLEIERA 2 MR ERE 1, 2 U 8IERT L RO i Ul
BAMRIEWISURAALGE S, 1R 5 UBOR B I R Ut RE RS IR ST ., R & SR TR BRI R
FERIZAE . BRI :  — 2R AR AR AR G AOHFAE, 0478 7T BB B0 5 18 51 = B IR
[ DEM R A ORI M B AN SR AE s RS SN0 T IE s 2 R IRZE RS 40 DEM, B 45 Hh [ RELRES 152 11
B, AT RO SRR, N ERAE A . SRR TR RS .

ARSI T UL T 1K 22 G AR B A 22 28 B K 22 1 S 4 ) DEM, G 1 %) DEM 7™ fh BEAT IR AFZ 3
BEATERE XS L, S5 & H A B BORE, 4l DUE S EFANIRAE, J7 8. MERHIR AU 10T IX R 2% B A
BT R SE R, MR R, RYERAHLERBOL X SR M5 5 AT S S R A E. R
25 7795, JCH T 5 RS R NN R i Rk A R

& E ik (References) :

Ardizzone F, Cardinali M, Galli M, et al. 2007. Identification and mapping of recent rainfall induced landslides using elevation data collected

523



by airborne Lidar. Natural Hazards and Earth System Sciences (7): 637-650.

Axelsson P. 1999. Processing of laser scanner data-algorithms and applications. ISPRS Journal of photogrammetry and remote Sensing.

Zhang X H. Theory and method of airborne Lidar technology. Wuhan University Press.

Li X J. 2012. Complex geological environment landslide recognition based on Lidar technology. China university of geosciences. (2= E.

2012. T LiDAR $3 A B 52 Z4 Hh o B0 5% X 0 30U F 7 o (b 0 K 22, )

Nancy F Glenn, David R Streutker, D John Chadwick, et al. 2006. Analysis of Lidar derived topographic information for characterizing and

differentiating landslide morphology and activity [J]. Geomorphology(73): 131-148.

National administration of surveying, mapping and geoinformation of China. 2011. CH/T 8023-2011, Airborne Laser Radar Data Processing

Technical Specifications. China Standard Press, Beijing. ( B Zill &2 #2145 B R, 2011. CH/T 8023-2011, #LEHF A HdE b+

ARITE. JEmT: o [ bR AL )

Wang Z H. 2005. Digital landslide technology and its application, Geoscience(02). (Eif4E. 2005 4£ 02 ¥, Frr i AR R HNH. AR

HR )

P WBURE HARAED

Application in the field of landslide surveying based on airborne

Lidar technology

DU Lei', CHEN Jie"?2, LI Mingming", LI Jing', GAO Zihong'

1. China Aero Geophysical Survey & Remote Sensing Center for Land and Resources, Beijing 100083, China,
2. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101, China

Abstract: Combined with the positioning and orientation system (POS), the airborne Lidar system
acquires the three dimentional coordinate information of ground objects, and has the capability of fast
making high precision Digital elevation model (DEM). DEM is a basic map for landslide investigation
and monitoring. Its precision can reflect the small ground surface changes directly. The DEM can be
used to quantitatively analyze landslide characteristics accurately. There are several advantages of
airborne Lidar technology: it is affected little by weather, can penetrate the vegetation layer to obtain the
ground surface information and its data processing process is relatively simple. In this paper, the Lidar
technology is applied in Zhangjiawan Village, Zigui County, Hubei Province, China. Results show that:
based on Lidar technology, landslides can be recognized clearly with slide mountain shadow maps made
with high precision DEM. What is more, quantitative analysis can be carried out to measure landslides
characteristics.

Key words: Airborne Lidar technology, digital elevation model, flightline adjustment, landslide

monitoring, quantitative analysis
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SHFRMEE TR AN LA TR R R S R MR AT S X Bk AN E
HIRIAE 0 S P T  HS  FB BO AR P S57  Sbe , 220 B S 40038 55 Y6 M o 1 7 1Ak B 2
{ELL , R B M R AR AR S A BT IT 57 R A B et i — i, 25 % T ok

WimBHA: 2017 -04 —13; {&{THEA: 2017 -07 - 07

EEUH: b E SR H 4 E SRR E B S A LR S B (45 . 1212011140042) 42 [ s R0 718 38 R SR 4 (
5+ 1212011140040 | F LK) 22 055 k) 353 R 9 T TR ISR 3 R A (4 ' - DD20160342) it BB 3% & - (i
L) (il : DD20179376) LR BT 8,

F—1EF: WHRH (1978 - ), J Wt B HE T, E2AG InSAR BOR B AITFE 38 BOARTEH R A 90 H o Email: jhfan2004@ qq.
comg,

BEEE: TMR1990 -) 5, it FRMAF MSAR HRM A, Email; ruyi06@ 163. com,,

525



34 S

S e
P{E=3S )

Mo TR A AN Sz A P F 5 )

- 103 -

VERDE SR B 2, BORBARR ke HE
M PR 1 A SRR e it 18, 7E 254 |
— e VF Z 4 S BOAIERESE 4 A0 R )/ [ A
BB LM HES AL A, 2 S AR AR AL Y il 1T 5 —
TP T8, 9 R B s 19 £ T, BARANIAT 1R R .
BN EHEB O S T — M aE B, A ML
FREE R ROCBUR A, X — R A X
1R EAT - i 0 B e rfE e

A
AW
AL
M
WAL

(a) StMlrERE
Bl girsE
Fig.1 Sketch of lenticular

SR S AR ] B 3L 4 B 15 IR 3

N PTIRFE M & A5 B, SRR 62k
AR T3 1o, R A0 s B8 5 57 B, SEAR AL B
H1 TR AE G AR b 7™ A ) SUIR AW 22 , 820 R ki
AL BRJETT A o JEHt S AR R Z BT RLRE S A LA LA
S LR AR B A i R A A AT AR
WUBEREPE IS AR S TR] IR SCRE AT B2 G MK iy
Pz (K 2) .

(b) FEfHR

1.1

AT
b c a b B & c,}iz . &%, f
b -~ ‘a
Ax, )
7O
i
/ @ ®
© ® IR AR
R AilR — e ———
(a) T - (b) S

B2 SeHtEG RN RE

Fig.2 Principle sketch of stereo feeling of lenticular image

P 2 () Sy 3 - 1 BRI 7= i , BV s BP9 427
T8, T AURWLEE a,b Fl ¢ (R8I LRSS M 0L T
18187 L, NHRZ 0 R SF- 1T R b o A 5 i 3 1
[l — 7K 1T L, B S AR TAER] 2(b) H, o
T ARSI A BB s R T o AR B 3T
SHERTT , NRZEIRFE BIM5 A a, b Al e, A7 HRFE BIAR
JOL AR SE ARG TF] 4 8 a” bR ¢ il T XU I 4L
SNSRI A BRI A PRAEAR Pl BT, B R

526

s CALTF &P 7, B aE 5 B AL 81 il

bR
BN BRI R S Oy e, BRI 2 6 ST 14 15 i) 08
BB LSRG v 2 A [) 24 45 8] A 1258
A IS 2R3 AR A5 eI Pl P T RSy ™
L

y:eiszAx ’ (1
A+ OB RS T -7 R AE

[ SRV

REBEEAN AR 1 B R A2 A RGO R P
FTAT AR, PG & AR XUIR I 28 2 17 A%, 1A
A o P LR I B VR U AR GOEHEIR
Je 1 [R] — S WA [ LA a4 Y PRl e — s ML)
ke AT B EUE, A 2 e 2 LR
RS AR I — 4G AT O R R R
R ZEANIE 3 PR

F1

P2
F3

El

E2 g

E3

Dl
D2 4D

D3

B3 BEgasitikEREREE
Fig.3 Principle sketch of lenticular base
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Fig.4 Flowchart of the production of a lenticular image
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Research and production of a lenticular stereoscopic subsidence map

FAN Jinghui', WANG Ruyi®, ZHAO Hongli', LI Yanming’, LIN Hao*, YAN Yunpeng'
(1. China Aero Geophysical Survey and Remote Sensing Center for Land and Resources, Beijing 100083, China; 2. China
Zhengyuan Geomatics Co. , Lid. , Ji’ nan 250101, China; 3. Beijing Graphics and Image Information Technology Co. ,
Lid. , Beijing 100083, China; 4. Xinyang Normal University, Xinyang 464000, China)

Abstract; Lenticular stereoscopic images have been widely used in the three — dimensional expression of
characters, landscapes and geomorphic features, but they have not yet been found in the visualization of depression
shape of regional subsidence. Based on the research and introduction of the lenticular stereoscopic principle, the
authors produced a lenticular stereoscopic subsidence map. The J50 thematic map of land subsidence at the scale of
1:1 000 000 was used as the data source. After the three — dimensional simulation using the subsidence isoline, the
images series with different viewing angles were generated based on the simulated scene. Then, the images series
were sampled and arranged to compose the base map. Finally, the base map was printed on the lenticular plate and
properly processed. The research shows that the subsidence field can be innovatively and intuitively visualized using
3D GIS, digital image processing and lenticular stereoscopic technology.

Keywords: lenticular stereoscopic map; subsidence; three — dimensional visualization
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Research on mass remote sensing image storage and

rapid browse based on RasterCatalog

SUI Xinxin', WANG Yanzuo',

JIN Peidong' , WEI Yingjuan',

WANG Wenkai®, MA Junhuan®

(1. China Aero Geophysical Survey and Remote Sensing Center for Land and Resources, Bejing 100083, China;
2. Beijing JW Digital Source IT Co. Lid., Beijing 100043, China)

Abstract; Since the GF —1 satellite was launched on April 26, 2013, a large quantity of data have been obtained,

and the data volumes have entered into the multi — terabyte range,

management, retrieval and display of high — resolution remote sensing images,

storage model and faster browsing into consideration.

and even continue to grow. For effective

the authors take the efficient data

The related experiments show that the storage and fast

browsing of mass data can be realized by constructing the image pyramid by method of JPEG compression quality of

50% and method of quadratic interpolation,

storing data with slices of 64 x 64

and creating GDB RasterCatalog

Layer, which satisfies the need of industry — specific applications.

Keywords: GF image data; RasterCatalog; rapid browse
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Fig.4 Flow chart of database construction
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Research and implementation of remote sensing interpretation map database
based on MapGIS and ArcGIS
Sui xinxin, Sui suwen

(China Aero-Geophysical Survey and Remote Sensing Center for Land Resources, Beijing

100083,China)

Abstract: Remote sensing interpretation map has characteristics including complex sources

and various formats, and the traditional image database system cannot simultaneous display

map symbols and manage spatial data, which caused large number of maps after field

confirmation idle. Taking advantage of the MapGIS and ArcGIS platform in management of

the map data and spatial data, considering the needs of users to map service, the method is

put forward integrated storage and management of map data and element layers, and the

remote sensing interpretation map database system is developed. According to the

characteristics of maps, the flexible tool of importing data is designed. This system realizes

the information management of the multiple format maps that are scattered stored, which

greatly improves the service capability and research value of the maps.

Key words: remote sensing interpretation; map; MapGIS; ArcGIS; database
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Research and construction of interpretation result data management
system toward remote sensing application

SUI Xinxin, SUI Suwen, LIU Kun
( China Aero — Geophysical Survey and Remote Sensing Center for Land Resources, Beijing 100083, China)

Abstract: Aimed at tackling the problems of data storage, management and application of remote sensing
interpretation, and considering the needs of geological survey information service system, the authors established
interpretation data system toward remote sensing application. Through the effective organization of map data,
element layers and texts, with ArcGIS 10 and MapGIS K9 as the platform, and by using C# as the development
language, the authors designed and constructed the database management system of remote sensing interpretation
which is based on C/S mode. This system provides the flexible tools of importing data, query display and data
system construction and maintenance. This system realizes the integrated management and service of the multiple
format maps that are in scattered storage which ensures the effective utilization and sustainable development of the
resources of remote sensing interpretation data.

Keywords: remote sensing interpretation; result data; management system; database; integration
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Tab.2 Statistic of typical clay mineral’s standard spectral features ( nm)
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Extraction of hydrocarbon micro — seepage information based
on TG -1 hyperspectral data

YANG Dachangl , CHEN Jie"'?, GAO Zihongl , HAN Yachao'
1. China Aero Geophysical Survey and Remote Sensing Center for Land and Resources, Beijing 100083, China;
g
2. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: The hydrocarbon microseepage detection method with remote sensing technology is a direct way for oil
and gas investigation. According to several anomalous phenomena above oil and gas reservoirs, such as the
enrichment of low — grade iron elements, the abundance of clay minerals and high carbonate content, this paper
proposes an oil and gas alteration information extraction theory with hyperspectral method. Based on the theory, the
authors analyzed the spectral response characteristics of various hydrocarbon alteration materials with hyperspectral
data of the Tiangong — 1( TG - 1) , highlighted targeted mineral feature information and at the same time suppressed
the information of other ground objects, selected the high — absorption and high - reflection bands of the different
interpretation signs, and then used the band ratio method to highlight and extract feature information. With the TG -1
hyperspectral data of Qingyang City, Gansu Province, the authors conducted oil and gas micro — seepage extraction
and the results show that the distribution of the abnormal information of surface alteration is not only in good
consistency with the local geological analysis results but also in good agreement with the actual oil and gas area
data, thus verifying the feasibility of the method proposed in this paper and demonstrates the detection potential of
TG -1 hyperspectral data.

Keywords: hyper — spectrum; hydrocarbon micro — seepage; band ratio; alteration anomaly; TG -1
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Integrated Application of Low Energy Information and High
Energy Information from Airborne Gamma-Ray Spectrometry

ZHANG Hong', ZHOU Xi—hua®", MI Yao—hui*’
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2.China Aero Geophysical and Remote Sensing Center for Land and Resources, Beijmg 100083, China;
3. Key Laboratary of Airhorne Geophysics and Remate Sensing Geology MLR, Beijing 100083, China)

Abstract : By selection and optimum combination of the energy peaks in low energy region of gamma—ray
spectrometry, combined with the three standard energy windows in the high enemgy region, we carry out
the research work of calculating the correction coefficient, data comection and application test of the
airborne gamma—ray spectrometry. The arithmetic mean of uranium content derived from *“Bi peaks in
high—energy region and low energy region is used as the final uranium content, which effectively improves
the accuracy of uranium content measurement by airbamne gamma my spectrometry.
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Evaluation of Geometric Positional Accuracy of PAN/MUX
Image for CBERS- 04 Satellite

WEI Dandan', GAN Fuping] , SHANG Kun', LIANG Shu ’neng1 , HE Jiao®
(1. China Aero Geophysical Survey and Remote Sensing Center for Land and Resources, Beijing 100083, China;
2. School of the Earth Sciences and Resources, China University of Geosciences ( Beijing) , Beijing 100083, China)

Abstract: The satellite CBERS-04 can provide service and support for the land and resources survey, agriculture, forestry and
many other fields.Image positional accuracy is an important indicator of the remote sensing image applications.In this article, from the
view of business application,the CBERS-04 PAN/MUX image is processed using RPC parameters, and then combined with the field
measured 42 points and the Worldview-2 orthographic images coming from those points, which are used as the base map.The deviation of
the reference image and correction image is calculated,and then the X and Y direction mean error are evaluated respectively.This study
can provide the geometric accuracy of different remote sensing images with different terrain features.In this study it’s found that the im—
age range of PAN and MUX are consistent, the bands of MUX matches well with each other, the image position error of PAN and MUX
in the X and Y directions produce a greater effect on the point position errors, respectively.

Key words: CBERS-04; RPC; image registration; geometric accuracy evaluation

0 3= b TH 452 WA B 2 WO IR s 7 e v ST
a 7 BRI 25 R0 S BT AR BRI, (L3 A
UTAE S T8 BB AR R W R AR Rl BT BOROR X T A B ) PR B AT
EIEEGT LR o i pfE B i, s 2P B LT I A S A I R A ) A s S
YRR G AT LA I O E R gl PUBRIEAT T R ORI (e S (N A Y T
Mol SRR 45 P . B TAMEE, Mg VP E—ERIRE X B LR AT
i GESIRA S M RO IR A % R R it e O IEBLBEREE (RS Ay 7 LS P 158 4 £
R L G L R TEEHEIRZ . B RS 4 P R A R
TR o R R (G LT 3 SRS B P i 2017-07-17
Ay JERAT A 1 T B R — S H: [ 4 VRIS 35 KA T AL RHIF G 31( 201511078)

2018 F K& d A2 % 48 K % 5# 401

571



M= iE S SME ML

B SRR 1%, ORI 5T PR 4 5 (SRS 7 RS I 4%
B o AR ST PR P B R S A R UG T
1 of PG LA 52 14 12 TF ST -

PG AN TLART S (SRS B 2 48 TR 1R 7 b B 25 Al
PRE P 7 RS Y g 4 R G AL IE
J55 (9 PRI L (1 e 390 A7 5 R L S b 0087 2 i i 2
SO R A P LA AR TR A 4 K B R S T
AR G A LA 22 0K B2 (9 3 . 45 P 457
T 2 %ok S AR i AR O 1 — Bk
MU

CEBRS-04 2 JEF IR 04 5 fifi st 0L 0 T9 22,
H 3 5 m A fFR PS) 10 m 23 ] 4 Pk
ZIEERAPL P10) .20 m ZGREMIHLRIZI A £ 5%
FABL, SEIAIARAN 5 AT A SCEBAF X S m 4
EAIHLAT 10 m Z5E3EAAL -

1 BBEMBEEN

HRYEAT ML 0 SR, AR SC 2 DL G 8O T
HIVERLAE( GB/T 15968—2008) EF b JE 1€l 2 51 Fl
FAE R ( GB/T 18315—2001) F13L Rl b ¥ (5 B %k
FREE 10 10 00041 ¢ 50 000 ¥ 8 4% /K ( CH/T
1009—2001) f Pk brifE SR N S 7% .

UG LA JUAR o PPN B 45 4 (0 2 i AR X i
VR FEE R PR G T T T Y . Bk
FEEALE: PS5 P10 2275 Bl — 20k . PS A P10
LA I BEVC RS B2 PF# LA & T 9 il A5 (% RPC 4k
PREGSE RO BE TP

MR R S (A% A L R R 3 g e
Tl A A B ( 35 7 PR R DG ) A R L o SR A
2557 BIVER X 5 A Y 5 1) SR 25 F SRR T
1 SR PG AN [R) HUE B 0 28 00 () TUART A B HTE M
P2 IO FE B RN 3 A

FH S m 5% O AT 1Y S R B LA 4
il 5 A K Worldview-2 1EBIAS IEFAAZ M el , 96 BURR
WEIEFLAG RIS ] 1 Y55 114 [) 44 BH (2 AR AE s 40 051
JFER e X 10 m ZIETERAR AT LA IE . A%
1E T BE U A AHMLEZ AR , T il S 320504 L AR i
OB T 38 2 e A

W5 BEVC O G TCAE 1 50 A2 18 XY 518
PR 2E DRI P21 22 A5 A R AN MG (RS
AU =Y

2 WiKIFEM A
ARSCIEIOE S80S 5 5 2 i 2R XA A PR 7R

402 2018 Radio Engineering Vol. 48 No. 5

572

X, e BUZ X 3k CEBRS-04 & 5 m & @M1 10 m £
TR AGEARAE R PE r B L e Ak A SR
AR LA a1 B .05 m 4338 Worldview2 1F 5
G Google earth SZAGERE A% B EICHE -
21 P55 P10 HEEE—E %
VERUHT RS % = B 4: 1| PMS %l , L P5S 5214
RFEUERT P10 SR TRCHEIR B & KA T HE S PS5
5 P10 G WS —8E . £k, P5 5 P10 5212
B B A — B0, A&l 1 7R .

HIERRE PS5 5 P10 KR

(a)

ZEMiXR— P5 5 P10 &5 E

ZEMRXXZ PS5 5 P10 Z&SER

1 WX BEEE

22 P5 FA P10 #245 8)35 B IT L 48 7 E

A X 2GR SR 2 i Eh s 45
Uk B (]G FOOKS BE R H = AN AR BSOS O, i
TG G NS RS .

BRI PS5 P10 $21% 4% I BE 1A Bl i1
Ot X D o B R AT T e X RS
4 8004 (1) P10 Z itk %kl , UL PS5 Bdls Sy Kok, Xt
P5 FI P10 FTHEHE T 11 R S TR AR
PR sl X 5 1) 5% 22 734946 28 0000 623 2T,



4= 1% B 5 S E L

Y J7 105k 25 - ¥I{E N 0003 387 12T, -1 J7 [ 5% 22
FE{E R 0007 707 BT 18R — K 2T A
AT, PS FI P10 £ 45 50 RMS 2y 0.766 816 147G,
R WA, P5 Fil P10 A3 #x 25 RMS
0015 735 485C, P Be VL FCPEAE H 4f o B VLA
J& HAUG A N 2 s

B2 FHEMBZFMXEX P5.PI10 EERTAEERELER

=R X — /Y P10 2565 50 1, DL PS il
P10 g5, %F P5 Fl P10 F T 3E$E T 9 A~k i, 11
AR W] A R AR X 5 ) iR 2T B E
0005 00514JG, Y J7 M 5% 2= °F- ¥4 {E >~ 0000 03 45T,
T [ 8% 25 YA R 0005 4855, PS5 Fil P10 £ #s
13 RMS 2 0378 140t P B VL RC MR w4 D Bt
BeKS B2 H S Q& 3 iR

3 ZEMEXR—P5 5 P10 HERECREEEMER

ZHFIEIX B P10 200358 L LA PS #1
P10 Jyfsi, %f PS5 F1 P10 F T+ 1 8 MG A, 1T
PSR RN A K A 8 X T7 1R B 22 S S AE
0000 244%5C, Y J7 [ 5% 22 V- {H 0004 58 {800, F

573

177 1) 5% 22 F- B {E R 0004 507 %00, PS Al P10 £
£ 50 RMS Oy 0288 {250, 7 BeVE FCPEAR 7 4F - B
DEBCRERE H ARG A anlel 4 s

4 ZEMXEXZP5 5 P10 HRCEEEEUER

BRI B MR X P55 P10 i B UG FORS B A A
FKINE S fros, = WX — P55 P10 i B It i
KR A RIME 6 Fin, apiKIX — P5 55 P10
P BEVE FCRS BE ARG AL R NP 7 iz«

Base X | Base Y | Warp X | Warp Y Predict Xpredict Y| Error X [Error Y| WIS ||
#1+ [2683.25 |1696.25 |1413.50 (8l7.25 |1413 S00(17.2494-0.0000 00005 (0.0006 |
#+ |11857.25 |11655.00 6002.00 S 02. 00025614, T5260. 0002 |0.0028 |0.0028 | [
| #e+ [7933.00 2621.00 |4039. 35. 999€1303. 2541-0.0001 |0.0041 |0.0041
#4+ [35T7.00 [6255.00 |1861.50 |3118.48 |1861.50033118.48740.0003 0.0028 0.0023
#5+ |10822.00 2093.00 |S483.50 |1038.98 |5483.439¢1038.9856-0.0001 0.0013 |0.0013
#+ [5097.00 |11838.00 2620.50 S910.48 2620.50015910.48410.0001 0.0008 0.0003
#7+ [3404.00 [13177.00 4774.50 |6577.98 |4774.S00S6577.96760.0005 -0.0168 |0.0168
#5+ [9370.00 10509.00 [4757.50 |5244.98 47ST.49855245.026(-0.0015 |0.0417 |0.0417
#ot [9315.00 |T707.00 |4730.00 3844.98 4730.00313844.97930.0037 |-0.0048 0.0061
#10+ [12234.00 9088.00 |6190.00 |4532.49 |6189.99934532. 4776-0.0007 |-0.0076 0.0076 |
#11+ |7876.00 |7712.00 4010.50 |3847.98 4010.497€3847.9601-0.0024 |-0.0238 |0.0239
™| »
(o) (i) (st (o) (it )]

5 FHEMRZTMXAX P55 PI0EELEBERER

Warp ¥ Predict XPredict Y| Error X |Error Y | RMS
95

876. 886¢4966. 7281-0.0636 -0.2213 |0.2302

al
172

0.2473
0.4865
0.4960
0.6969 |
0.2485
0.4730
0.4039
0.2891

2464
1-0.4782
-0.2616
1-0.8897

1541.91 2334. 01001541, 22030. 1000
4301.00 |S6T7.138¢4301.097¢0.2284 0.0979
3269.00 |6313. 79913269, 4282-0.2009 0. 4282
5804.00 |2324. 31035804, 25850, 3103 |0.2585
4004.25 1713, 84604004, 4947-0. 1540 0. 2447
1015.13 |3798. 94151015, 5071-0. 0581 |0.37T77
3763. 2813763, 324¢-0.

3099.00 2333.91
8622.00 (5676, 91
12454, 17 (6558.00 6314.00
4475.86 |11628. 00 2324.00
325489 8027.00 |1714.00
T424.56 2047.56 3799.00
5306. 69 [1565.00

443500
11181.08

-0.4356 |0.
0.5048
0.2329
0.4286
0.3704

92813763, 324¢-0. 0813
3424.00 5648, 16003424, 478E0. 1600
856.13 3154, 608€856. 3619 -0. 0214
2628.13 | 1320.34852628. 4533-0. 2315

10,4788
0.2319
0.3233
4782.83 |1662.88114783.25040.0011 |0.3704
6001.13 5202, 40106000, 985¢-0. 4790 |-0.1441 |0.5002
3673.00 |2176.88 |1922.75 |1080.13 |1922.98671080.36750.2362 |0.2379 0.3352
11140.88 2748.00 |S657.25 |1366.00 |5657.24911365. 358¢-0. 0003 | -0.6416 |0.6416 | +

< ' ' »
(o) o) () s (o)

3153.00 |9585.00
10231. 88 |12023. 00 |5202. 88

6 ZEmNIKR— PS5 5 P10 ERLERFERESR

2018 F FZkw TA2 % 48 K % 5H1 403



M= iE S SME ML

) Image to Image GCP List (E=1E= |
e R —

I File Options
Base X | Base 1 | Warp X | Warp { Predict Xpredict I Error X | Error 1| RIS

#1+ [ 5590.67 [3788.83 428867 |3789. 08024288, 97630.2502 |0.3063 |0.3955 | a

I #+ [5371.83 |S607.83 [2771.67 |2197.83 2771.49122797.6626-0.1788 -0.1674 0.2450 [ ]
| #a+ [11842.00S017.83 |B006.83 |2500.67 |6006.98512501.13730.1557 |0.4673 |0.4926
#4+ (9186.17 |7978.50 |4679.17 |3981.83 4678.95313982. 484€-0.2169 |0.6546 06895
#5+ [5745.83 |7866.17 (2959.17 |3926.83 |2958.53073926.9599-0.6383 |0.1299 |0.6524
" #6+ (748683 9306.83 |3828.83 464717 3829.17434647.12450.3449 -0.0455 |0.3479
| #r+ (830000 8307.17 |4235.83 4147.33 4235.80814147.0281-0.0219 -0.3013 0.3021
#6+ (8624.83 5287.83 |4398.17 |2637.00 4398.19962636.905{0.0298 -0.0949 0.0995
" #9+ |7653.83 |5786.83 |3912.83 [2887.00 |3912. 64332886.6815-0. 1867 |-0.3185 |0.3692
#10+ [6898.83 |5823.17 3535.00 |2805.17 |3535.00312905.019€0.0837 |-0.1502 |0.1770
#11+ [4071.83 3920.83 2121.00 |1954.17 |2121.403(1954.326€0.4036 |0.1588 |0.4337
“#12+ [7922.17 |10302.17 [4047.00 (5145.17 4046.89205144.8403-0.1080 -0.3297 |0.3469
#13+ [7387.83 |11938.00 3779.81 5963.16 |3779.60B35963.027C-0.2117 |-0.1330 |0.2500
#14+ [3932.00 |5122.83 |2051.83 |2555.00 |2051.48152555.4456-0.3488 |0.4458 |0.5660
|15+ [6494.83 [3204.83 [3332.83 [1595.50 |3333.04331595.66860.2133 |0.1689 |0.2721
16+ [10641.00 |7121.17 5406.13 |3553.21 |5406.45563553.41020.3256 |0.2002 |0.3822
#17+ |12323.67 3351.17 |6247.83 |1667.17 |6247.80511667. 4001-0.0243 [0.2301 0.2313
| #18+ [13457.573941.50 681S.17 |1962.33 |6814.890¢1962.3963-0.2796 |0.0663 |0.2874
#lo+ (9258.00 |11256.83 4714.83 (S622.17 |4T14.93155622.09040. 1015 |-0.0796 0.1290
#00+ |11119.50 |37ST.17 |5645.67 |1871.17 |S645.659¢1870. T665-0.0101 |-0.4035 |0.4036
#1+ |7180.67 |5512.83 |3676.17 |2750.17 |3676.02B82749.754(-0. 1411 |-0.4160 |0.4393
#2+ [2769.17 |11471.50|1469.50 |5730.17 |1469.973(5730.38720.4738 |0.2172 |0.5212
#03+ [2365.83 |9906.17 |1268.50 |4947.83 |1268.27624947.7031-0.2238 |-0.1263 |0.2570

#04+ [9135.83 3319.83 4654.00 |1653.00 |4654.19571652.52010.1987 |-0.4793 0.5189 |
< D »

7 ZEMKRZP5 5 P10 RBREEBEERER

23  Fi#l s RPC AR B 5 % G 4 iy
2SR FH B 8 A K 50 5 1 X 2 L
RGP IE G /Y 2 90 i P5 A P10 25
T SCAGHE , O LT A 5200 i 42 A>3 i s AR
S o AR R Y Worldview =2 1F S 524% 0 3L Rl
&, #E17 CBERS-04 TLE PS5 £ f P10 %3k
GBI () JUATRS B2 0025 VA o LA I JLART L %
F 1R
x1

BB LRS LMILARE S BERITEE  (s)

pil | PS R EIRAERIE | P10 2R A bR
|
Fogr | s thg sz
1 HMO03 -048 -414 112 158
2 HMO07 -074 -363 -168 150
3 HMO09 -061 -324 148 172
4 HM16 -051 -439 157 179
5 HM17 -038 -438 156 091
6 HM18 -070 -444 155 131

2 WA SCHORE, TEHT 5 IS 2% 1090 7 Y X
FEIPAY (420107 ~ 429207 N.94°45" ~95°00" E) , 25 Jif
1"=308 m, 2 1"=2305 m, 413 1t iy oo 4 45
g m IR XE S, W 2 R

% 1 f13k 2 1] &, CBERS-04 AL [R]4 w5214
AL 55 AN SN AR B AL

404 2018 Radio Engineering Vol. 48 No. 5

574

HBLIRS TR E R LRXTEE (m)

o | PSRRI | P10 2 AR AR
5 ?Lzr;ﬁi% g | e | 20| e | e |
S e =5 1 B B 25 )
1 | HMO3 | 1478 | 9543 | 9657 3450 3642 50.17
2 | HMO7 | 2279 | 8367 | 8672 | 5174 3458 6223
3 | HMO9 | 1879 | 7468 | 7701 4558 3965 6041
4 | HM16 | 1571 | 10119 | 1024 | 4836 4126 6357
5 | HM17 | 1170 | 10096 | 10164 | 4805 2098 5243
6 | HM18 | 2156 | 10234 | 10459 | 4774 3020 5649
7 ;i; 1756 | 9305 | 9482 2813 3385 5755

@ P5 & @A ARALE S B )y 1) b AH 2% 0.038" ~
074" , 24 117~2279 m, F-3925 1756 m; {£ 2 75 1)
FAHZE 324" ~444" 245 7468 ~ 10234 m, 1524 93.
05 m; 57 iR2% 7701 ~ 10459 m, 449482 m, Ul
&l 8 fir7N o

@ P10 ZHAEFARTELE Iy 1] BA2E 112" ~
168", %4 345~5474 m, -2y 2813 m; 1EZE J7 1]
AHZEAE 091" ~ 179", #2098 ~4126 m, F-14# 33.
85 m; IR ZETE 5017 ~6357 m, F3 45755 m,
&l 9 i o

120
100
c 80F
N
?E( 60 - -G E A6
- ZE 7[5
40k —+ SR E
20 W\.
0 1 1 1 1 1 1
1 2 3 4 5 6 7
Fe
B8 P5&taG/LABEITEN
70
60 -
50 |-
£
W40 -
oK
sor BT
—a— ZEAHME
0 mfirigz
10 1 1 1 1 1 1
1 2 3 4 5 6 7

Fs

H9 Pl0 5B GILITHETH



MiZE RS SME M

MIET 8 I 9l LUA Hi, xf PS A gig, Ha
JEETT Ia] L 14 5% 25 68 R AR £ A5 A7 R 25 R WA SE R R
P10 Z5L35 4, 2 B2 D7 1] b 915 22 0 AR Y
PRI REK -

24 HRHM

FEXT CBERS-04 2 5 m 281 10 m ik 5%
BT A RPC KOEZ ), 455 AT P4k
S w0 A A GE R 5 2 ) Worldview-2
IESRAR, AT A (0 201 AR B LA E kS
JEVEH, B LA T 4518 O PS5 5 P10 AR —
He @ WA X B BORE AR PLZ O3S K
AW B DEBOAS BEAR i , AT AR B BN PEBC 0L
TR OGN G AR B RE O T
Pl 5 RPC AR BEZAG AL BR 5 52 I LA B 35 A
PRAT HE R B PS AR 22 8 T 1) b 1405 2 X B A i Ao
WRIEEFGME, P10 AR ER BEJ7 ] b B0 15 22 %) B 1A
R UL IR ZE R MR

3 HRIE

T ARG AE R 22 « b % 5 A 45 1% 5
TGS M TR A2 07 2 B B A B R 2ok . AR SC 4
6 226 AR TC VRS S PRG E EKS T T R T
M W B BEVC AR OCAS 1 8 AR B XY Ty 1)
TR ZE S DI -3 15 25 S5 A i VA G (R
4545, FFE T CBERS-04 /£ 5 m £ {25 10 m
ZCTE S AG VL Bl — B0 R A% 0] % B VT RS 2 A G
S RPC AbBEEMGOE ALK BE e 5 m 2
510 m 25658 500 Fl— B, 10 m 261
R ik B 2 () DS RS B s AE RSO RS L
5 mA AR L 5 ) A 15 2 X6 R A4 o5 A7 158 25 5% )
BK,10 m AR AR ST R 25 FEORE T
iR _E RS o

Bifi 2 12 JER LR vz L 6 TR 8 LT 5 A7
KRR R R AP . X R E AU D EF-5 .
TRATIAS BG4 T R B RN AR MR i T
fe AR T LR 2 W IORS s2 A5 5 o0 5 b T o
N7 B A R b T 2% 1 4

%
52 3k
BRHIRE VEUH , TR DT, 2. - 2 VB IR P R S
7] .%@%?&,2016,20( 5) : 1243-1258.
SN AT , T, A5 T ) X 4 Y - B A A AG: D
TF5E ()] B A 551 ,2014,29( 1) - 106-113.
PR R U K (L 7K TR SR R 2 5 R

575

[M].dbgt: Mg iRt , 2014,
[ 200 8 R R LA 52 5 5 B DR =9 [D]. 1
B R TR 24,2013,

(5] R, RAGH, 25 HLE R SAR EMGE A BE 5T
(] BUR R4 5403 ,2014,29( 4) : 555-561.

(6] HHVE, BRAETT ARG, %5 . 2457 WorldView T3 EI{%
JUA] 52 0 45 BE 48 07 (D). 2 B 2%, 2013, 38 ( 1) :
160 —162

(7] Zesite, TR, 2, 55 o B TR B B AR T
TR AR T E A RN ] WAFER S TR,
2005,30( 4) : 13-16.

(8] FAMe. 7R 43 W 2 T0 2 8 R 15 A S bk 0 42 v A g
PR ] 42 5 T 78,2008 ,28( 2) : 15-18.

(9] BEIEM. hE DMC /N T ETE it H A B 5¢ [D]. b
e P E R e 1 BN TS BT, 2005.

[10] FAHRE @IREG LA IE K& BN pHE ARG 5T [D].
W IR T WA IR Talk K2, 2014.

[11] A AR RS0 R e e B ki se (D] dbs:
JEat B T 2%,2014.

[12] Z=mg, & Mo0s 70 ~A 2, 25 25 B 60 AR BE R AIE G 78 40
PR BRGNS (1] 2005 2Kk 2497, 2012,
31(5) : 469-474.

(131 Jesbh. bt 2o 155 30 A v 38 SR 1R A B vk Y 9T (D]
Pz PR 2%, 2015.

[14] BRIV 2. 18 B EMG R PP 05 Be i o S ki (D]
B : VT K2 ,2017.

[15] @07 . 3 T30 SRR 09 38 J2 P4 50t BRAN JF TR A5
[D].Jb5T:  E R B KA, 2016.

[16] TRk, AL, ko2 1. SPOT #4445 5 AL 3% AT 5T
[J]. 2R ,2000,25( 1) : 19-22.

(171 &7 % , MR AR 18 S TR RS B 4 b (0] 22
sl hh3E B ,2008,31( 3) : 155-156.

(18] R, oy KA, T 45, 45, TLELNRL RS 5 S AR a5 07
MR B vk [T R B TR 2222 R H R B2
J5) ,2015,34( 3) : 370-373

BN

AR L. (1985—) Bl T LAt idE K
2 BEUR R L b B A Rl ( BRSBTS
m) P, E R T ARG, EESE 1) 3 IR AL
o005 FL5 B HIPEAY w8 R i 45

HETE X.(1971—) L bt 1%
5L 1) TE I B o

O L, (1986—) Ik, T AR
B 20/t LB RS i S NGl ERSFEb i prii S IR

Riige H.(1983—) WL, M TR ERHF T m: &
RSB -

% L, (1991—) At FEREFET5 ) g BN -

2018 5 Kk d TA2 % 48 K % 545 405



55 42 %55 3 ) 7/
2018 4F 6 H

5 & #

GEOPHYSICAL & GEOCHEMICAL EXPLORATION

Vol.42,No.3
Jun. 2018

doi: 10.11720/wtyht.2018.1122

FAEE, TR, 2L A T NOSUOR R G 0 A s T 0 B TR 5 T [T S AR, 2018, 42 (3) 1 616 - 623. hitp : //doi. org/ 10.

11720/ wtyht.2018.1122

Jiang Z X ,Zhang H,Qu J H,et al. A quality evaluation methodof airborne gravity survey based on statistics of discrepancies between measurements at inter-

section points| J |.Geophysical and Geochemical Exploration,2018,42(3) :616—623.http://doi.org/10.11720/wtyht.2018.1122

BT A REAFTHESE T M2 5 )
I o DA Ok

ENIE-R S A DA oS A S

(L EEEFFEMZHREL T, AT
L E,E

100083 ;2. E + FIEH s MR E 5 E LT E A
100083;3. b = fE E AR A ¥ K EE ¥, b

100192)

8 E: gl T P IR B PEAG J7 i BE S S 2RI AT BN 2 5 A XA D) AR 58 S AR S )
T 50 W AFHE R 7 26053 B AR/ LR BE A8 b, LASE B 43 A0 B B i dE A7 BEAL PP Al 1 B B, FIRTZOT 120 3
A GT-1/72A iz F 3 X JE e B e 4R UG AT TR MGE T A5 T 40K/ NSRS BEFR PR GE T o0 A B, s B

i R AR TR B RS R,
KB : IS EE T B S R 07 25 s e 4l
FESES . P63l TEKFRIRAD; A

0 5l5

Az E I i TR E e I A B2
A DR I BT A 0 it o A PP
PR DRI 2Ry 2 0 DX R ok g 0 T
VEFE I3, A 5 i [t dak ) ot o g s, ) P+
ZEYCIN S5 B0 5 o TR A T T L3k )
R0 A2 il = i g i i R TR A H R, (S
PR AR i 50 I i 3 2 T e st iy T AR R
AN R B T il S DX B D P B DX A,
O DX P g A A 1 R BRI R SO B 1A

TE GT-1/2A fifi 2 5 i vy, 5 52 24 i S 20
T R R P i A A B A I Y T A
FI—BCE, o m] T 0 A e A 7 B A A {E X
TR MR 5 0 2 4 2 1175 B0, 25 18 3 A S 3
R IR AR M AT E A, X TF— K
ol B 2R DN 2 A i, R AR A RS K
Ay B A GPS Kdle i i A B, 4
B LMEL S I T W, S ARG T 1 s

Wi B, 2017-03-27; 1B HHA. 2017-09-28

X EHS 1000-8918(2018)03-0616-08

U U A 22 43 AT AR £ v g SR e A
R A5 e R , PRI e it i, S B i 2 2
A AP (L py 00 T I 4 R R e ad B
()2 B R BT R AIRITE 5 TE A5 % U By
ZE01 XS T I AR AT o AL S

SHINEK Sander 23 B B2 77 Ffiss
G SRS FETEAR ) SR T T X iR
GEiH e 5 A ML B A T ik, RVSE T —
AR T N S B SR 0) (BT R 10 km =% 5
km ) A LR () D11 1 4258 SC A A W (EAS R 28
T7 2, BRI A 58 SRR 7 22 D9 RO I e A
JE | A2 LS8 SO ANRHER 7 2 i N 2 A
JBE s P AR 2R DD RIZ A S8 SN (ELIA) PS4 (X L8
LG AT AT IR (THBRAN R AR TR I K
FE5E) IR BT TSSO HE I 7 22 580, 53
TR BRI RS RO SR LR B 1R AR . B TT
K T IR AR/ SRS BE TS BRA , 3 3 4~ GT-
1/2A iz 0 N IX JsUR Bl b A7 1Tt mge it 7%
T3 AN DX AU/ IS BE 48 b o A LR, D 4
J RIS By s B R RN S T 2%

EEWB . F5E 00 H i zs 5 OR S TR 5 6 BRI L E Y & RGBT S 188 (2017YFCO601706)
e/ . ZMEF (1981-) ,@ﬁj:,%?é’&I&Uﬂ?,I%M%ﬂﬁ%iﬁf%ff%%&*ﬁ%ﬁﬁ%l?ﬁo



34

FTAEE AR BT A SR AHE G T A 25 F g I o DA 5 7

- 617 -

1 QRS T 5Tk
1.1 FiRilERE

ARG B A AR T 4 5 DD 258 i
SR ANGI AE A, AT LR R AR 9 77
MRS S A BB 2 K DI B X6 I F) 45 ] B
Ty AEN R MRS 358 SR AL 2R 5 1)
LS ) ) S0 R, S %A LSRR
K TR 2E A

1 M N

= a2 (58O

THE AR I R B2 . b5, iz AR j 4TIk
5 i A SRR WS A [ O S OR A, =
1,2, M,i=1,2,- N;M R HE N —5%
L5 U] R 2 58 ST BB, m T4 B rT AR
], 4 4 LR i N (A —EHA TR

ZRUR AR AR D 4 I s 5 R FH A X
[
ZXNE% (2)
L, .6, 5 j 44 15 i A S UIRIZ A X
2RV ) S R, i= 1,2, NN B j A4S
VIS S Y=Y 8
1.2 YIEKKFRARENERE

AFIHRCATHE, AR AT &R
), 0 QAT e B 0 57 S AR 22 5 2 A
EAEAETE KT 22 5221700 FE— AR AT 0 ]
T RATIRES ARSI A — 5, LR IR K - 22 57
BN, A X UIEI B R AR 38 T 2 A BRI SE AR,
HL ARt ] B T BB K, i DL 42 X W) #1 26 5 A
ZRYRI L [6)38 AT K T2 5 . R T e
R T AR AN RN 1 I BB X 4 X )
ENL I T O | BISR A A DRIk b 5%
RN I 2 T 58 S a3 238 ) B 7 5 AR FHIE Y F- 1
{8, VE R D E 26 B KR B, VIR 25 () & 5
HABR KR 3 5 15 2K IR 3 5 V) B A )
SR 25 A 02 B AT R R 1 4
DXEHEIZBARAAZ (1) (Z0(2) 735K 18
Ja R I 2 0 kG B 36 AR DD 2K T I
A AR R

L=+
0'/ +

(3)
P8, 8 j AR UIRIZR B3R i A I Z S s A5 1]
HEAAWAE, i=1,2,+ ,N;N W5 jROIRILS
M2 A SR AL, PIFIZK P IR A

577

’ —_

g =& ~ 9 (4)
R g, Jo j VI EIL RG2S T ) 50,6, ok
(3) MBI | A BLACT ISR o 5
SV I KR S5 125 ) T S

2 BB

FT Windows 2G5 Visual Studio C++%42
FERIREETF & T 2R 00/ 4 ok B E e, i
S DI 2 5 P e B B G v A AR U £ A 4
VIRIL 0 A bR AN (B 15 B o 38 SO SO TR
JFSE A SCAR SO, R B0 £ 7] 28 2k ) 385 AR B
BRI RIE S REAE, Z A RS ITR
JR DA RN PUN | Pz raa N Rl =R A W E vl ¢!
IR AN S R R VA= Wl S S PN ER g = R i S
A ESRIG AR R 28 S A B4 R A 2R
A8 i i, S M A (8 SR A5 2058 S B
(s [ H SR AU
g =8 + (g —g) X (P, —P)/(P, -Py) , (5)
Krbrog, NI FNLAE i AL %5 (8] 5 ) 7
B, P, RN/ VI EN a8 XA & AR, Py P,
2R/ VN EN LR 1 58 S AT A A I A AR R
2o gy AL/ V) FN L 18 A58 i A B A il i
N A5 %) 2 (B 2 ) S AL

R R I R R A - il et L WA B o
ZE0H, RIS 38 S5 2 () 5 ) S8 ANAFE, A
(1) ~ (4) SRR /I 2 I i ks B B 151 27K SF-
REJERERE BT A A R S, BT
WA 1R,

| wamssysigss |

v
| HEA X S E |

=

c'

=]
FE

WA AN B R
SALEH RHR
L 2
| immenr |
v
| vmmiree |
v

| wwmeems
v
| smmsvn |

iRk S

| Gk |
R/ MEBETERE

1



- 618 -

v o® 5 K &

42 %

3 SR

31 3MMREFRITES ST

6T FH T SRR S 1153 0k B R I 2ok B 1T
BERAERT 3 A GT-1/2A fifp 23 5 7 0 X 28 U K ok
TG, 3 AN X g5 A1 A2 A3, Hirr Al
ST X, A2 (A3 A D28 U R A P
T, 3 AN X T AT Hs 35 k 220 km/h, %5 (]
) S AR SR P A B 7 11 100 s (25 (] 43 FE
PR 3 km) B X B R E R SOm'
RIS EZERKT SOm MAEN SAS5ITE, 25%
THZRR B /DAL 2 ALk IR BB s 1 &
I, DU A ]I S A 2R T H AR RSt sl NI & 1]
KVER,

A1 P IXAE ] GT-1A ( SNO9) i 25 7 A kA 73]
H, KITEG 4 CESSNA 208 K i 9 J [# 52 3 &
BIL, I 3 VA T 5 B 400 m - K D) 3 28 4%, R] B

10 km , MR A A 1 km, 26 TRAT 132 ML ALK, 5¢ A%
344 kM 2k, M5 V) FN 258 i e K s 2
36.0 m, 38 XSG S8 S KANFHE R 8.26 mGal , V)
BN AT IR J5 G v 1 28 S5 50 S RO TR R
3.97 mGal, $EALRIATHE SRR G I, A JRK L
SMEEOA DT 15 A4S, SRR E U6 R B e K (E 2. 16
mGal, NI 1.4 mGal ZEREL S HL2R 91.7% 5 K-
PRE S R UCORS BE YN B 5T 0.9 mGal, iz K1 0.82
mGal, SR IT 0.8 mGal FIZRUES EL 2K 99.3% , A
#fit 0.6 mGal ZEUEL A7 FL 2R 87.9% , BRI bR
TR BE S V)R S K TR S G B4R ORS BE X L
Pl 2 s RS BEAE A AR gt an i 3 B

AT X AR AR DN 2R 5 U) B2 238 L BT 5
A LR B AERS B e KA 2.5 mGal, A3 1.4 mGal
LB FLZ0°h 90.1% 5 7K -3 % Ji5 48 10 I 2ok
B KAE 1.42 mGal , AN 0.8 mGal 2%k 5 He 2y
H97.7% ., 344 SN IANE FE B VTR 4 K11 4%
JE SR AN 4 PR RSB A dn &l 5

25
] o BBRFIGHEE
i o JRCFARE SRR °
2.0
= ] °
QO 1.5+ * ®
£ k o’o.o * . ® o ° e ¢ 'S
N 186 ° ° K °
% ol RO LA oo ® . o F0 o %
X 1.0 @ P'S .. ’“ .0. % @ PS 0.. Y 0, ¢% N .. L d
B ] * * s % oo o %% o * -
- ° ® [ ] ° ® L 2 &
| . ® - ¥ % N @ L
L) L L) ® o
0-5'.’0 o ° ° o o %w_o We ® 00, e® o
9% e o® o o 8 -» e e g0 o
1, P .p.o % 0.'. o-. o, ‘e Q.‘S’..O A 7S ...0.0
[ o o o o o o o B B e
0 10 20 30 40 50 60 70 80 90 100 110 120 130
BBIRFFS
2 Al MR ZRFEREE VIEI&KFRAZERREEITLL
70 50
: 63 = ] 44 —
601 X=1.11 ] 41 X=0.45
" 5=0.19 40 7 ) §-0.12
B0 ; , N=132 ] , N=132
i ] :
- ! 30 ; L
ﬁ 40- ! I'I ﬁ 7] I" 'll
K ¥82 [ & ] f 21
B 301 ¥ ) =S ] . 2
30 . 5 20 ]
I [ ?
207 ;. ] '
" 0 0 1 0
© ®w o o % v w o o o ~ | = . - o 2 = =
=3 =3 — — — — — ~ ~ ~ = =} =} < < () () @ i
v i ! ? ! l ) ! . A v & 4 & g NS < R A
=3 =) — — — — — -~ (=} (=} S, S, = = =
BRIAE 51 ES/mGal BRIRAE FE 51 ES/mGal

B3 Al MXRZZRFEWBEE (L) MMREK T RAEERIBE(R) 26

578



34 FTAEE AR BT A SR AHE G T A 25 F g I o DA 5 7 - 619 -

A MEREREE
B RCPIER S M2
A
g
£ “ a
e}
iz A A A, A 2 a
Ad
ﬁ.ﬁz A A A N i.‘ A‘A Amaig A A ‘ ‘AAA
=4 N\ A 7 LT TS a s, AA
shesh el e a4 Lo HCARA
i Ra R L i AL
4 A% S agdl Oy ‘A A
n ] g, & ‘l-‘ L]
A el g A M
h- L] L 5 [
oy -
0 50 100 150 200 250 300 350
MEF5
4 Al MXMLFEBEE WELZKEFAZESEITHBEITLL
140 ~ — 120 —
: 125 X=1.10 106 X=0.47
120 - _ §-0.24 100 1 5-0.15
] 101 ]
100 3 : N=344 ] N=344
] [ X 80 -
7 I
& 80 4 i § #® ]
. : '60 60 4
= 60 ; -
] J 40 1
40 i 8 ]
] 120 L) ]
20 ko g 20
Jo .4 . 1 1 9 1 o ] L oloo 1o
04— T T T T T 1 0 T T T 1 T T 1
+ L8 ® o T Y ® S N T 00 I A T T B SR T B A
S G G A A A A T AP N A M vIT9ST9TITgSTIIIIATIITIIN
T 0 % o QT 9 ® o o % Nt on® o~ a0
S S o =~ A = A = & & « S S oS oSS S A A A
ML E 5% /mGal ML E 5% /mGal

S5 AlMRMEEGEE (LK) MBS KTRARENEBE (H) DG

A2 M X AHH GT-2A (SNO15) s # A T BIF S S W I KAFHE N 5.63 mGal, 581,
iz A, RAT -5 CESSNA 208B AU g LRSS i B0 0 T 29 4, BRI R IR A5 B e KA
KHL, M XN HTE 28, LI KO 3, B E EY 3.0 mGal, A E 2.0 mGal ZEREE 2 92.6%
400~ 600 m, MR B RS AR 7 AT IR WIHIZOKF M 8 05 Ge 3t i ZR UCOKS B2 39 R i 1.0
169 % IEUEE 5km, 7N EW 1], E52 5 T 1214 mGal, i KRAE 0.94 mGal, A3t 0.8 mGal U8
LR RATHRIR, Mk Lt 458 45, 4605 1 km, 267 L2928 98.3% , A2 TN DX B D 4 00 45 B2 4 A7
] A SN [a], fﬁﬁﬂ%ﬂéﬂmlﬁ AN 49.9 R 1 UIEISAKCE RS ARSI o A in gk 2,
m, JUA A8 X 5 e R ANFFE N 8.73 mGal , 7K -1

F1 A2NREREBBEESITSSG

5K A 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

ALt l'] <0.8 I [ I | | [ | | | | [ | >3.2 it
mGa 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2

WA |0 26 36 19 16 8 7 2 1 3 2 0 1 0 121
5 H/ % 0 215 | 298 | 157 | 13.2 6.6 5.8 1.7 0.8 2.5 1.7 0 0.8 0 100

F2 A2NERYBEKFRABERBESRITHH

5K A 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

A JrC 1'] <0.2 I I | | I I | | >1.0 ot
mia 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

YRR 0 5 14 38 30 20 12 1 1 0 121
/% 0 4.1 11.6 31.4 24.8 16.5 9.9 0.8 0.8 0 100

579



- 620 -

v o® 5 K &

42 %

A2 I X A 25 £k 55 1) 5 £k 258 W EBUR DT 9
A2 T UERS E i K AH 3.21 mGal , A3 2.0 mGal
R E 5 Fb 298 91.7% ; V) BN 28 K S8 %% )5 St i1 1)

T2 H5 B e K AH. 1.43 mGal, AT 0.8 mGal 2k %
BN 92.6% , 458 S5 ZR JE bR A FE 45 1o A
3, VBN LR ACE 3 5 50 A I A B 20 A N6 4

F3 A2NRMEFEBBESITSS

0.6 0.8 1.0 1.2 1.4 1.6

2R A 18 | 20 | 22 | 24 | 26 | 28 | 3.0 | 3.2

F”JFFH <0.6 | [ [ | | [ [ | | [ [ | | [ >3.4 | Mit
mGal 0.8 1.0 1.2 1.4 1.6 1.8 | 20 | 22 | 24 | 26 | 28 | 30 | 32 | 34

MAITE | 0 16 95 125 77 44 34 29 12 6 6 7 4 2 1 0 458
/% 35 (207 | 273|168 | 96 | 74 | 63 | 26 | 1.3 1.3 15 | 09 | 04 | 02 0 100

F4 A2NMXBLKFRAZEENEEESITH A

B 0.2 0.3 04 | 05 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

o +|:]|j <0.2 | | [ [ | [ [ | [ [ [ [ | >1.5 | it
mGa 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

pIES B 0 17 77 113 | 113 75 29 23 7 2 1 0 0 1 458
it/ % 0 37 | 16.8 | 247 | 247 | 164 | 6.3 5.0 1.5 0.4 0.2 0 0 0.2 0 100

A3 I DAY 28 GT-2A (SNO13) fifi 25 # )
1, KT CESSNA 208B 7Y [ 2 31 K AL, I X

I 48.7 m, BN AR A XS BN TF 17 A R R
LY B R RANHE N 6.50 mGal , 7K 903 J5 32

P DA S = PE ARy L DX 1 S DX AT L X
SR AN ] 25 B 7 T, S J5 i XS 2 M v B 400 ~
600 m, 111X 55 Hb /55 B 400~ 1 500 m; FI I 24 4%,

WA SR H B RSN 4.69 mGal, BEYR JE A K BE
RME 1.7 mGal, AN #E i 1.4 mGal ZERES L2
94.7% ; K V- JHHE J5 BL YRS B e RAH 0.83 mGal , AN

(1A 10 km , PIEIZ T [0 A 4=V 1) 5 FL5E 08 T 75 A4 3F 0.8 mGal ZER K5 20 98.7% , A3 I X Bk
2 TRATARIR, LT 581 A%<k, £k 18] #E 0.5 km, 1] JFAAE B LT A 2 5, VI EI 2R K S8 8 5 2Rk
g mANEEILM, 2%, AN A EEEMA  KESITEe,

£5 AIMRERFHRBEERITHH

e 0.6 0.8 1.0 1.2 1.4 1.6

it X e VN

it In <0.6 | | | [ [ [ >1.8 it
mGa 0.8 1.0 1.2 1.4 1.6 1.8

BRYR A 0 13 24 17 17 3 1 0 75
di /% 0 17.3 32.0 22.7 22.7 4.0 1.3 0 100

F6 AZMXYBILKFRAEFRREESITSH

e 0.2 0.3 0.4 0.5 0.6 0.7 0.8

HiitIX A R
4% IC 1'7 <0.2 | [ | [ [ | | >0.9 Bt
mi-a 0.3 0.4 0.5 0.6 0.7 0.8 0.9

BV 2 4 11 27 11 14 5 1 0 75
5/ % 2.7 5.3 14.7 36.0 14.7 18.7 6.7 1.3 0 100

A3 X A A A5 2 S VTR 2 UG BUR /DT REEERRORE 1.32 mGal , ANt 0.8 mGal LR %L 5 L
54 IR TR IR RS BE e KO 2.33 mGal WG EEA T 2090 91.2%, 581 MR JF IS Ge it A an g 7,
1.6 mGal MK LT L2 K 93.8% ; KF VAL Gk VIHIZR/K RIS e T I 2R 1 A A dn e 8,
7 A3 WRNEEBREESITH

2R A 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

ﬁlﬂ:ﬂ <04 | | | | | | | | | | s24 | it
mGal 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22 2.4

IIES 5 4 39 115 148 115 78 46 26 6 2 2 0 581
07 b % 0.7 6.7 19.8 25.5 19.8 13.4 7.9 45 1.0 0.3 0.3 0 100

*x8 AZMRMBILKFRAEENEBESITHH

B 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

jﬁlﬂ al <0.2 [ | [ [ | [ [ | | [ | [ >1.4 | Mt
mGal 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

NS g 14 59 115 135 92 64 51 21 10 11 5 3 1 0 581
i b/ % 2.4 102 | 19.8 | 232 | 15.8 | 11.0 8.8 3.6 1.7 1.9 0.9 0.5 0.2 0 100

580



34

FTAEE AR BT A SR AHE G T A 25 F g I o DA 5 7

- 621 -

ZEA ST 3 AN X B A BT s R, A I X
GBS BA T 75 3O, B AR GETT 38 X
BADTF 15 A, A X LA DT 340 5%, H 4
LRG58 KA T 5 453 AN IX Ge it A9 5
UR2E LA A S8 A AN B AT 9.0 mGal, D) HI 2k
I 5 A 3 6.0 mGal ; 5L 04 ZR YOk B A B8 1t
3.0 mGal , V) B £ 7K - 18 48 J5 G0 3 10 42 RS BE S #E
1T 1.0 mGal , IR GR I Z NS BE AR BT 3.5 mGal , VI #I £
TRV J5 G B Zeoks BE A B i 1.5 mGal, 3 4>
DX S8 A SR U /0 42 R s 8 i R A 8 IO

NS B LE IR WA S SNIF Sl ¥ SV
PR RS ST BORS B b S HAT S5 1, AT LA
FFIBBRU ML e B R A S BRI L —

FIRGETHRY 3 AN DX o 1 VR R b ol
A GETHREAS R, GETH 45 R BE S A BRI X 7Y
Jt A TE 00, A B T GT-1/2A i s 1 {XAE
Gilick & S S IPNTTEAS SR & L a2l [hE S
W/ MENG K 3 AIIX B GEHHR BLIC S A% 9
g,

£9 3INNRBERRFEITICE

. . K9 , . .
| ) ey | S0 [ DI ROk | g | ok
o | N P )& N D= o A oy ity
W Wi | W | B wa (B e RO e was s | Fas
% |56 ‘uj—é KETE b WwoE | )| | & b [ B % KAFF P bl BK |EEK| &R | FEKR
B | b il S I £y o % — km =3 R FEEE | KEEE | KEEE il
Ak — e 3 km m MY E
km/h| s Ei'e mGal - mGal | mGal | mGal mGal
mGal
Al (%L‘é;‘) CESSNA208 | SN | 220 | 100 | 132 | 344 | 28 | 10 1 36.0 | 8.26 | 3.97 | 2.16 | 0.82 | 2.50 | 1.42
Fil GT-2A | . ce .
A2 3| (SNors) |CESSNA208B|SN 220 | 100 | 121 | 458 | 69 | 5 1 49.9 | 873 | 5.63 | 3.00 | 0.94 | 3.21 | 1.43
A Ff| GT-2A .
34| (SNor3) |CESSNA208BSN | 220 1100 | 75 | 581 | 24 | 10 05 | 487 | 650 | 469 | 1.70 | 0.83 | 2.33 | 1.32

3.2 IEFRIGIESEH

TEPR L BRI v & 283 o AR 2 e A S
F& I 2, A FH B/ 0 4 5 PN T vk, 4 IR SC
BT BRI/ I ZHG FEFR PR R PR AR K i
P a] A2 B g O, DL A2 T IX e
UAE R EIEARR AR AL AT T 6 ZRINZR i i £
£ GPS Fds I 45 & 28 5 1 B 1 7 =X, 23t H i
5320 ZEAFTERKAB %, KU R i AN S 4%, FEZ
Ja AR PR AT T R, RS T A
FREJEHE R S S 5321, #5321 LBIEFA
5320 LRSI, 2R HT T SCER U/ Sk B 53007

bzl

i T, SRR E AR RS B 1.59 mGal, oK
8L 3.0 mGal A RRAE ; K-8 5 2R U B R 1.0
mGal,i52] T 1.0 mGal BIFRIE ., 5320 L IHHE B
3.09 mGal , A#5 3.5 mGal BISZ36¥5 , HiZIEbr 2
5321 AHFHRHRY 2.2 4%, S 20K S/ N b 1Y) 3
3455320 AT G ST RS N 2.29 mGal, i
T 1.5 mGal ISHH8R, 5320 458 X5 59 i
KAFHEW IS S abr, ZRIRS LG THEhR
710 T4, 53205321 2625 (B & ) S 4 B 38 S,
SR ALHEXT LA 6,

F10 A2NRERXNEBERZXSRERFESIT
| FRU R /mGal K 5 A/ mGal %‘A’Z%gg/‘?jéﬁ ﬁg’;%;?;‘m’ff
g
it i“ﬁ; it %jﬁf et i“ﬁf st | 0 ;f;“

5320 3.09 vV 2.29 x 10.39 x 7.65 x
5321 1.43 Vv 0.66 2 3.25 2 2.35 vV
5470 1.40 vV 0.67 Vv 4.01 VvV 1.66 VvV
5471 1.29 Vv 0.67 Vv 4.01 Vv 2.09 vV
5480 1.18 Vv 0.72 Vv 4.24 Vv 2.30 vV
5500 1.11 VvV 0.65 2 3.66 vV 1.92 Vv
5510 1.54 VvV 0.88 vV 6.49 Vv 3.27 Vv

581



<622 - w® 5 b &’ 0 H
— A~ N
-80.0 I i = e
T,
-85.0 / o
& 000 ”\\ e
T -95.0 = o
g N A
8 1000 e
Eal /_/ .#_,7[’ —— S320&FHEHRE
-105.0 2
/ f_,f'” h\ )} —— SRILFAENRE
-110.0 £ . 1 I
8.0 ) T T
B 5320250 L T X S A FHE
6.0
= @ 5321 5B XA RE
% 4.0
g 2.0 : e
£ -]
I &g e o3 e
® 20 0] @
R &
4.0
6.0
a &
90 100 110 120 130 140 150
PE 25 /km

B 6 5320.5321 &= BAENRERVEZKFABREZXEARERFEITLL

5320 LK V- B Je I 2 A B DR AR A8 S AR
AFFE YB3 5 5 58 S B RRFF(E 3 10
eI T 2% FBREEPR 1 5321 A I 2k 4%
TEARITES PRI N 5 18] 6 5320 Zipa Ml ~F 2k
(#2930 km) 5YIEIZ A S AFHEA 3 i 6.0
mGal , AL 2 26 28 AR FFHE I A 5 5321 24
M YL 5320 LRI L R A A, BB LS
THEPRERR

DA I8 5 00 e B A 2 H T 1 O 2Rtk AT R
WEERAERERAE RN E, AR ERLSEE
(O MR Ab B2 56 | T 28 3 2 1 1 3 T 38 R
FHERZEG TP AL/ LR T VAN Oy ik e 3 T
P E ) BRI gt AP i AR HERR
T A RAN AT REME , B B vl e, mT LA
BRI B3 ST BAR AL ST, BRI
YR H e o, e —Fh FL A n] SE 0 R AN 5 45
il TFBL .

4 25

1) AR IMZAE BE VPN 7 36 % 3 A4 [ 2 37
RATFE KIS CEEE TR GT-1/72A fiias )

582

WX BT T 511 500, St 45 R WoR GT-1/
2A MUz E D AR R R e oRS BE AN 3 3.0 mGal
T B0 28 37 (8 /K 7 8 3% 05 2R ORS B DL SR 1.0
mGal , M 2R JFUEKE B2 W ASHE AT 3.5 mGal, Y1 #] £8 /K -
RIHE S I 2RSS 1.5 mGal | 28 Y S R
FHEN AL 9.0 mGal , V) # 4K - 18 48 J5 28
W AFHER AT 6.0 mGal, 3 M X 152458
THEFREIT , BRI T GT-1/2A fii2s & /1 {XAEH
I I 5t 2% T g IR B ) B e 7K R I 2 i o
VI 23 (R ) 550 AT K R IR e 4R/
DULHE BEHEBR AR T B T AS [ A2 0K ] i 7K P 22
SIS REEASHE L,

2) LR Y GT-1/2A fii2s 3 7 I 22 v/ I
NG ARG A IR I 3 N E R AT
B K E A I X B LAl AR 200, vT LIAE A [H)
RIS 23 T A AR DX A [ i e RUBE 254 R A
23 8 7 B I SRR S B ez —.

3) WA AE A 2 5 D o FH 3E )R ST
J7 AT IS o 4 1), 7 S 0 B s It 1) D) R 2
23 [8) T ) S 0 B, P LAGE XY na D) 2k, WoREL S
km [A]REG)FIZE 4040, 60500 2k 52 s Bt AT 3K
BT A O I R B 5 A



3 34 FTAEE AR BT A SR AHE G T A 25 F g I o DA 5 7 - 623 -

%%j{ﬁk . [10] Sander L, Elieff S.Quality control metrics for airborne gravity data.
[1] BT NSRRI EZE 1] LR 5 T Sander Geophysics, Ottawa, Canada. http : //sgl. com/technicalpa-

F2£,2012,32(1) .63 - 65. pers/Quality% 20Control% 20Metrics% 20for% 20airborne%
(2] SRak%, REMRTT A UE A, 45 s T 0 T A e R O 20gravity%20data. pdf.

ﬁ\ji‘{z_ﬁﬂﬁ[‘]] lﬂf}‘k[m}i%ﬂﬂi’zoosy5] (5) .1538 — 1543. [ 11} ?/Elﬂﬁ%ﬁﬁlﬂﬂﬁ{ﬂﬂ?ﬁ@?%ﬂ@ﬂl@%7':7/%[D]HU‘H : ':F'Iﬂ
(3] Fhebvin, B, 300 27 A0 T 0 0 6k 9 4356 PR E 43 7 A B 7 2 TR, 2002.

[J]. HUERYIBESEERE 2010,25(3) ;795 — 798. [12] ZEMEE SR, S0AE 22 A zs = s AT SRS RE TS i [ T].
(4] FRARAN, FM i ZEAR S0 s 7 Wk 7 I 9 X dk  H PHRSEIR,2010,34(5) :672 - 676.

ﬁ‘ﬁ?'ﬁﬁﬂ‘fﬂl] »U|'||QAAM» & 2015 44(1):1, . [13} Hlﬂg,%ﬂEﬁi,ﬁ?‘?%iﬂﬁﬁﬁﬁ(i[M]jl’,f?’??‘ﬁt#’ajﬁiﬂj
(5] DZ/T0142-2010 iz REMHE A B[ S ] Ik 5 . o 6 47 2 1 Jit#t:,2008.

#t,2010. [14] Green A,Lane R.Estimating noise levels in AEM data[ C]//Ade-
(6] ZEAH, #x ELe. UK 2540 1 A T RS BE RGN v i 18 I [ 0] 085 laide : ASEG 16" Geophysical Conference and Exhibition,2003.
(7] %/J\EPEa ST MR ok R FBSE D JEM A RS IR, 2012,36(5) :851 - 855.

TEAF B TR ,2004. [16] Huang H. Airborne geophysical data leveling based on line-to-line
[8] FNPR, HAF(, A8, 45 i 2s 1 7 U052 B0 i ok ok 15 b B correlations[ J ].Geophysics,2007,73(3) : F83.

[J]. MbERYHE2EE R 2004,19(1) 119 — 124, [17] BEREL, FEROR, 221, 45, 2L F Matlab 191 %5 T 5 28 o518 %
(0]  T#d ., REMET HE S iz & it RGBSR ] . [J]. TR R Py HL2F41, 2011,8(5) 1551 - 555.

Y 5168 ,2009,33(4) :369 —373.

A quality evaluation method of airborne gravity survey based on statistics

of discrepancies between measurements at intersection points

JIANG Zuo-Xi'?, ZHANG Hong’,QU Jin-Hong'*, WANG Zhi-Bo', WANG Xin', WANG Peng'"
(1.China Aero Geophysical Survey and Remote Sensing Center for Land and Resources ,Beijing 100083, China ;2.Key Laboratory of Airborne Geophysics and
Remote Sensing Geology , Ministry of Land and Resources, Beijing 100083, China ; 3. Economy and Management College, Beijing Information Science &
Technology University , Beijing 100192, China)

Abstract: A kind of quality evaluation method in airborne gravity survey is proposed in this paper.The accuracy of the flight and survey
line is quantified by calculating the root mean square of discrepancies between measurements at intersection points of survey line and all
tie lines.Using this method, data of three survey areas measured by GT-1/2A gravimeter were analyzed,and the statistical distribution of
the accuracy of flight and survey lines were obtained.This paper tries to provide a new method and evaluation indexes for quality control
procedures in airborne gravity acquisition projects.

Key words: airborne gravity ;intersection point;discrepancy ;root mean square ; quality control
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Gravity data multi-scale analysis based on two-dimensional
empirical mode decomposition

LI Fang, WANG Lin-Fei, HE Hui
( China Aero Geophysics Survey and Remote Sensing Center for Land and Resources, Beijing 100083, China)

Abstract: Gravity data embody the superimposed effect of all the bodies with uneven densities from the earth surface to the deep sub-
surface. And gravity data with different scales are needed for different tasks. The two-dimensional empirical mode decomposition can be
adapted to nonlinear or non-stationary signals to achieve the multi-scale decomposition. In this study, the authors applied the two-di-
mensional empirical mode decomposition to the multi-scale analysis of gravity data. With this method, the gravity data can be decom-
posed into different intrinsic mode functions and one remaining component. Then, the radial logarithmic power spectrum of various com-
ponents are computed to get the approximate depth of various sources. Theoretical density model data and real data test support the tech-
nical feasibility of the method.

Key words: gravity data;two-dimensional empirical mode decomposition ;multi-scale analysis ;the radial logarithmic power spectrum
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