42 & 5 11
2017 4F 11 H

WK% M - fFR B %W

Geomatics and Information Science of Wuhan University

Vol. 42 No. 11
Nov. 2017

3

DOI:10. 13203/j. whugis20170318

RSB

A\ OB =
Jai X

XEHE.1671-8860(2017)11-1580-09

R AR E b3R5 e 22

HoOR!

e 5 U4

1 BB I 22 i AR 8 e [ 5 A S e 3 L . 430079
2 Homkes (A £5 BB R BB P e B, 430079

H EAFERDEYRAIINUATEAFAHRYRIATREGLZRY, EEANBTAFLEERIATE
R EWB AR R S TETERGETREBIATER G G ERIUAT AT K, E4LFL 2G5 #
RRWRBHOEFAL AETELIRTHAEBRORM M ALY RE . AT AFRE LTSN E
A EZNATEAT L RS FRET AT S ARRXIAGRRBAEI A ZIUATEATF HMAE,

KER AFERLE; EIIUAT AR UTER Y ; A LA ZA4F

%4 EE . P236 MEAREG A

EZ R SR ERTDEMS T 42m
-3 SRR PN R S e Sy [ Rl =N - iOR )
L 7% A 18] BE Ak A X 08 i SR E R e
X L WL o 2% 2 4k 2 ) 45 5Lk 55 1Y & R T b &
G 2 1) b B 000 132 2 L O 44 1 P A58 RE A (LY
BLAth o T2 18 IR TR AR R e JL AT 2 B K
P o 2 TP AN ] D ) DG B RR T

o TR K S Fs A7 e v s ) R K o
WS R B 52w, 027 18 % TR R R G 52
I E AL S FAFTE R R 22 R kid . fE5L
JUAAT5E b » S 46 F1 O 27 TR A8 B3R B 5245 8
i o 30 3 B W 1 U7 R R AR R GETE BLIE AT i Y
WA T AL e 2R S FEAT RS B bR E R B
JUAA 4k 2 52 AHKS B ) L AT AR 2 50, RDRCN 1 ke
ENF DREBEMKEREREEMHEER., HMN
E s b2 i 0o 2 TR, 6] o 38 B A9 Hh Bk IR
(GeoEye) .7 [H B 3% 3 . (Pleiades) 25, 7F #1817
Ja ¥I5r BIFE e T & S8 W AE UL E bR TAE . JF AL
TEHREA B AT A= A S P 0 23 08 TR A T TE B LA 58 B
PAXS R b 384 iR S HE AT BR R 40 A BRI BR T
BV 6 AN R Gk 25 CANAHBL 2 2% A 78 TR & 5
b AR v 32 4% 6] ) 28 B S R AR X TS 5 A A (R
AT AE | 25 () 2 2 IR B2 1 5 1S 1 4K o] 30 4 28 T
BRZE) ORI PL N BB 28 e i 22 (F2 5L BRI iR 22

Y #E A E:2017-10-10

KW O 2 W A% L HL fof #l A o /F CCD (charge-
coupled device, CCD) A5 ), M 17 £ 31 52 4% 7=
FPIRENE

1 XFERIDEENILMERFR
AR

H B X G 1 B T R AR UL bR, Bl
HMBIFFE R BT 2R FH I J7 125 0K 22 i B8 T b THIE 7 3
14 0 4 B 2 25 A L R IO % TR 7E AR IR
PR A8 G AR DL TC AR Y % B 5 R AL R
VER LR B T B8 =3 (8] J5 J5 58 2% 05 EE 4 il
B E % WUE ARS8

o S B e A B JUART B 5 [ A0 0 44 1 R O3 B
TR 40 3R WL & 48 (systeme probatoire d’
observation de la terre, SPOT) . Bl i #r (IKO-
NOS) .GeoEye, WorldView. X} i Wil T2 (ad-
vanced land observing satellite, ALOS) 5 #R 4 i%
T & B BB AN 7 2R AT E W EUA E B FE UL
bR . BN, % E SPOT TLRFELBRER T 21
ML R, R T W+ RAETFEIR KRS
BUOT 35 I A R L B IR DA R & IKO-
NOS, #5534 T AR L 3% b B | 79 75 52 5%
AR R A1) NIV S5 b, 1 TG A A S T 00 4 6 R A

TUEEE . [HE HRE 224 (91438203,91638301) 5 [H K & A 0F % 11X (2016 YEFB0501402) ,
F—EE . EH L R BN R4 TR R Y 1 e R R B M TG RN E LA P S e IR S5 BRSO I I R G FSE . wangmi

@whu. edu. cn

BIRAEE . HFE, 4, ytian_0228@foxmail. com



A2 B 11 Y

T B . EORRLERERTEEYIUTERBUR SRS 1581

KL 1R s 56 GeoEye-1 TR ) 43 #i
TAER M 24 A K A% 37 ik
fE L 2 s

7 T 6 I i 8 15 0

i T A

B 1 IKONOS T4 i ik K 3
Fig. 1 Test Site for IKONOS

2 GeoEye-1 TLRHu i K 1235
Fig. 2 Test Site for GeoEye-1

FIA L E MANOSQUE € #5% 50 cm 43 B
R K S % s, SCEkL13 ] 43 3 % SPOTS
HRG #HLA HRS A HLHEAT T 76 BLIL AT 58 b 76
WL AR 0] 4 3 R — A 5 Tk 2 300 2 A A
BEJG AL P P I AR R 22 AT IR 0. 1 MR RN
1 1 A 375 e K R 4 o) s Sk [ 14 ~ 15
X IKONOS T A AL £ S 1 o 5 415 T 19 48 1)
LA AR LS B 2 ) 0 e M X HEAT T B E
b o B E B J5 B AR TG HE A DL AR AR 3R T 9 48 )
1 AHAL 5 B RS 22 (8] 1) e AR DA B A s 2
FE 12235 A0 RIS A MR TCOGZRAE 25 ) o iR
S [0 o o AL R AR O 1 S8 AV 114 - T R 1 R A )
BIEKET 4.4 m F1 2.7 m, SCHERL16~17 %] FH
T2 B5 3 4 000 x4~ % A2 45 1) o 3 2ok 2k 1] 05
Jr %t ALOS Prism 5. F L Jg = MAHHLH 1945 R
CCD ¥ #EAT T /™ 4% N & b5 » & b1 J5 A4S CCD
(] PF HE 8 B 718 R GOKE B W D 40 A0 =
SEAARAR S T TR RS B GR R T 2 m A
AT SOk 21 1R A A T S8 R A v 5 A N B T
LB 29 50 km X 50 km [y Lubbock # [fi & ¥7 %
ZH RS OrbView3 #2004 L A 3 315
253 800 A A fa A BEFE I Al X B EARAL A 5 AL
JCR AT THRE - AR A F G A2 MBI iR 30 M4
REmAbr g /It 0.4 MEEK ., £ Pleiades T
R0 R 3R IR B 5 A8 B 1 1 DL T . 3¢

BRC22 ] A0 — 2 B0 19 e KGR b 1o 425 1) s %
Pleiades TLEFFAT T #1258 9 JUAT & 5 i 5, 45 2R
T WL BEAE 1 BRI AT 2 AR YR AR
AW L A2 R T 4 ) R 0 AR T 1T AR A B
B 78 bk BE A BR . SCHR 23 ]t ) T b 10 22 b
2% 3AEX GeoEye-1 T E % 4 #1471 1251
JUAA] 58 i » 7€ B I 52 45 PRV L Ao g 228 75 21\ 25 2
# A, X F IRS-P6 . KOMPSAT-2 48 71, 3¢
FR 24 11 T 3th T80 22 A5 3 % FEEAT T ARS8 I 7EBUL
] 7E 5 o

VTR A B IR = 5 55 [ 77 | e B RO
TR G b E A B T L E bR R B E AR
Y — R a2 DRI E AR . L
TR B JEGE 7 b Ak b [ R R e A B T AR
2100 km >80 ke, H [ 2 Hb 17 B8 A5 37 1351 259 71
A E T e A BT A kg B 4 ) AR 2E R O B AR
41X 132 000 Fffil R0, 2 m 43 9 510 507 IE 5
1% # (digital orthophoto map, DOM) f1 1 m 43
PR ) BF B PR (digital elevation model,
DEM)’%%%@E i (3 Frs .

R L e s
(b) i ET

@HFENEE

K3 eSS R
Fig. 3 Reference Data of Songshan Calibration Site

ZIERGWA T E AN, E S
FL90 km X 30 km, 2L T 42X 1 ¢ 1 000 L fi] R,
0.1 m 43 PR DOM Fl 0.5 m 43 ¥ F ) DEM
SR ME (D PR,

(a) ¥ 15 4%

(b) Er v g

B4 LIRESS 5B
Fig. 4 Reference Data of Anyang Calibration Site



1582 R KE¥H - FER R

2017 11 H

B N bR R R ) S o [ AR
WX 2 TR U AR dE AT T T IZ IR A AT 5T 5
Sk, SCHRL26 ~27 1) H m AL 600 km X 100
kem 19 75 6 5505 b 1T E AR 5 R T S RSOHE I 1R R
AR P =AML R RS — 5 TR R
TE RS BLAR ML Y S50 L 3 A B R PLAS & A
S HiAH AL A 55 S B AT B AR E A R A e Y
18T b 1T A ) - TR e R RS BE A s B T
10.3m M 5.7 m, CHK[28]45 G KL —5 LA
FABILIRE T A5 B 3L TAT 1 AH AL IR A5 455 A0, 1) 3 L
SERR Y S A 3 TR OC S )y 22 9 XA A Xt
Reg—5 TEAPLIEAT T 78 BIUAT 2 b5 5 52 b Kl
FEARET 0.2 MER AHLNES 8 K CCD Z [a] i1 #H
Xt TUAADRS B2 A3 ) & 4R T . X% b R
=M R 22 TR — IR =% T A, SCHk
(30~ 381433 Il FH 2 43 0 5 25 Bt 0 L kAT T4
BULM AR bR BV RIE =5 TR =K%
UL AEAE T HE 7816 . CCD HEZ e 4% 25 51 52 19 48
PEIR 22 . S T AR AR LB SRS g 2 A
S 2B B AR A TR A IE 7 i L N I AR 2
HTETFREWN 2GRS AR & ik B la) U] FC o K
JEWAL T 0. 25 MR R, B X AL L 1%
T 1R 22 25500 B AR O 1 I AL, SOk 41 ~42 142
TP BT BT TR I AR AL N AR 4 2B bR O
W TR R L LA 5 B S 1 8 R B S 25 A v
W —5 02C IR IR =5 TR BIFEAT T 4
(0 TE B LA 2 bR 52 36 IOA R T RAF PO ROR

S TR BUR - O B SE B A2 8 R

tan(¢, (s))
tan(¢, (s)) | = AR,
1

K (X Y ZO) N R B T7 2 AR s (X s
Yoo Zp) N GPS KM H 0 fE WGS84 T 11
A AR E [ By By B2 1" 9 GPS REAA L H L 1Y
i 0 R 5 R,  Rysaso Al R 23 531 g AR AL AL B
B TR AR AR bR AR 9 e e S B L TR AR A A A AR
] 12000 A2 bR Z H 5% H RE B A0 J2000 AR AR R
WGS84 A bR 2 B e i B 54 BE IR 1
BT Y RE bR L M T LKA B
Bl iR AR O LR R R S 2%
DOM #4745 42 DU IE » R BT 07 18] 70 A 807 L 3
BT T ¥ 5 03 A R 1 R B E AR S
B0 LUSEBU AL AR CCD 25 #8 0Ab JL ] iy A2 14
B 42 ) i 2 HE DR A B 07 S 1A 6 Frms

X.e _ Xgps
body J2000 —
RJ;(()(\JIOngs Y}: ngs

TR R T M T ARG 7 (9 AR UL AR RE B B R TS L
LR . XTI LA bR R B R R R G AR
[ FA AR R SR AR BIL P SR 4 L T 1&T 5 s, LA BR
FHATLT A% 4y BRAS Y 1) 1o J3E 2 Ak S 2 i A 5 1)
IR — A Z AR ML CCD L& 00
TERALALBR 28T (94 180 A1 BEAT 406, i HL 4y B
Wy A2 A D Dl TR ARAL Y N € AR L =X (D)
PR .

5 CCD #£7TH8 11 f
Fig.5 Directional Angle Model

<
g
7
:

I

XY oqT — T
[f. G 17" = [tan(y,) tan(gy,) 1]

g () = axr, +axry Xs+... fax, Xs"
=ay, +ay, Xs+... +ay, Xs"
(D
Koy ALY R T &1 B ARAR; £ N
FBE s HIRIC T sax, ay, 730 bR E R EL SR
[F) BN o SR ) — A T A L [ A2 T2 Ah 5 i ot
BRSO A 18 SR TR TE UL AT JE A e AR A5
AL (2 FiR .

By
. E
wgs Z

8

(2)

Ly — L
T RHE T 4R M ) s A DT IEC 19 78 B LA 2 AR 4
R

body

iy

»
L

P64 e AR DL A B 7 5
Fig. 6 Distribution of GCPs

TRLEPETT BN BR T A A BUSBOIR



42 B 11 FOEE PR ER IR T RIEYIL A E AR R 5 R 1583

AT e PRI AT JLAAT RE b » 3 5 1 FH 1 A6 A4
Gyl S SR B AR LA BRI 5 IR RS
RO AL 18 TR IR AR R 58 2 200 =5 R IR BE T 11
KR 3R 22 . 0 Ok DA s A7 A A i A 0 N
807 i B JLA RS BE

2 FFHEETILAERBHIERILMA
RE PR B AR B T Il Y i) 7R

BEXEase TR S8 8 T M T AR 3 19 LA
TR IL G Z AR T R R I . X T AT L
JGER HARAE » 38 H A R A 4 e ROV RT i
T 720 ER AR E U i M) P % 4R DT IE AR LY
KA R B AR AR SR, X B 5 ik
HFAELL R AR,

DGR Z MR 3T LA RE br 3 1 %E b J7 35
SENR S 25 Bt 1 5 0 JUART 73 B 30 ROR JRE 3 5
i TEARR E — B S, O T RIEIE S 4 IE
SR DT L C T R A AL BRORS BE U AL TR R
SR E bR A Bl SR TF 0.3 MRE. U
2015 4F 6 AP [E & M L TR 9 5
Bl A R ARGy BER Ty 0.5 m, N ARG
ZORAET 0. 15 m, 3% 45 i T E b3 3 2 75 Kt 10K
JEE B o B AR AR R T A R 9 R O HX A R
W 52 LA B R AN BT B it H AR 4R . I
Sb Ly 2= AR AR LA B8 T 3R 22 S AR Ot
# TREAR S E AR S 25 500 Z 18] 5245 DT e 1) X
JE B D FE 45 2R 0 o A g o 2 — 2 BRI T € b
ZERIRE

DA I . T TR R AR TE I R
BB TR bn 5 38 B A TR A s B
2 ETTo0. A TR AEBCRAE AL B
SE AL SRR Ty W 1% 58 bR 3 2 2 Kl kAT
il EE /AR

MRk ZE . H T M E bR RO o A A
B b R T (o ] A 4 R L2 Y B AR
TRAEPUBAT 5 HE A 2 A0 B I TR A RE R I
AT RE B 3 R AR B0 = BUE bR 2 BOR UK K
o S S s I RO A 2 L TGk T AR Y R
K.

HIBE AT UL B 6~ TR AR LA o3 Bk R LU
L2 5 b Ak PR 2P SR B A BB 4R e B AT T
T 58 AR 3 B JLART € A 5 ik 2 o SRR T AS R L AR
aod e A B I A P A 22 ) Wi i, G R T 2 Y AT
S TUR AR R NG E A B 5 S i ok .
b Ay A JC T AR S A PR S RS BE AR

PR AR IO 2 TR 52 AR PN E A 2 0O 24 i T
F8) — 30T L AT 5 ) R

3 HEHILAEREBE/LAERT
6 % F&

AR, T AR 0 B U E b5 7 1k i
OB Z 2 E NI EF N EN.

BExE 2R AL ., SCRRC44 48 T —FP 3L+
Y07 5 N — BRI TR 26 RE R AR E bR A
BNFECHETT 5 T IR TE TR R 4T AR
FAGBOZ B Z A 1 [6) 218 505 B 2k TR 240 2k
23 [ AR AE TUAA] 24 R 56 2R 3 X 4% 1% B iU AR 2 148 22 1)
AR G JLART W A8 HEAT T A5 A . R O ik
A TE G 2% TR RIS AT i AR R BUE bR 5% 1%
B B B0 52 B O 1 AR RS B LA T o
DA JE R U 55 7 3R SR T 2 5 AU RE X 45 3 Bt
S AG A A 22 TR) 1 AR X L AT W AR 1547 A o TGk 6
o %k JUAn] B A2 AT R B b 2

TE I S R 0 DA BT B ML Ak R, T
e KA I 1) A% TR 1 R A 1 A G B 2 O vk L AF
R, SCHRCA5 ~46 TS F3F B T F] A
2 1 B RO A L B A DN Ry A4 158 25 1 AT A4 L SOk (47
~A9 T4 R - 1H 25 80 1) 2 AR AT B R R
(7% o AF ER T TR 8 SR AR 1 4R W 4 4 AR
G AU SE B T AR T AR TR HTLA
BUR A Z IR % AR A E LIS Tk 1
BB,

XFF A TR S AR AT SR T A R AR DX 3 PR o 2
T3 1 58N A8 B i ASE TR 2 B0 A B I = 8
I F DX S 22 v, SR 1 22 2 800 () I S 2R
BT AR S B SR A0 . SCRRE52~53 R E
) F IR SPOT-5 K K% —5 DREEGIIITT
R X5l R 22, SCHRC54 xR =5 =2k
ARIAT T AR 2200, SCHRES5 Ixt i ik 2 5
H BRI AR AT T A KT 25, CHk[56 151 A
AN [ W 7 A R X ep B BRI 028 TR K ARl
BT T AR DX IR - 22 0 be S g L 1A R4
TET V2206 R B JLfTRS JiE . (A2, A KR
DX Y 1 2 T 3k s B R e B K A AR
VE R Bl o A SR IR A A OF B AE 2 A
DEC | F- 22 i S R v AR 2 LU B R B i N
B 2 BV S B I 2 B0 R fige 25 SRl 23 52 31— 38
M

MR 2 1 R TR AN 2 AR R N
TS Ty ) & R B B i AL B R Be g R) R



1584 KRR

fz B B2 R 2017 4E 11 A

T 0042 AREAVD s A £ R 3% 0] X b S5 S S 3 [
BSr AR B SR 2 SR DR A R AR
3o M ERE TR [R) P R AR A 22 4 R A%
AR AL A AR OT AR b R 44 i i
B AR R R BLTCE bR 45 4 T A HLA J5 iz
JCR WG AR S 4 T T iR, 75 [ Pleiades
TR A A [R) — BT 0[] — el X3 2o oy e A
142 40 TR RS K T ) i T AH 22 423 907 Y
“BEIULABRT G S AR TN T e A R 2 M A
Hi By AFLX A58 A % fige AR T O R PR 7
W EE A b, SCRRLS8 TR T 22 101 50485 20 X AR AL P 748
W 28 HEAT H 3R L I 5| A BT AR A (digital sur-
face model, DSM) 1E 2y 155 2 24 o2 fiff e A5 %% /N 1 BE
SN EE VP Ce 3§ N P 7ol e Y
AR AR A R T 0.1 MEER HIF R E
A WL 5% 22 % T8 bR R S s . Al DL
THE TR ISR AR A L& AR J7 2 T8 K
BRI RO g TR OR = R A
Je TR H H AT RO B e KR
it it — LT SE 3 .

4 ERBENLAMERKARRE

5B HE T s I 1 U AR AR 7 15 AH B A
FOG 2 3 I T AL A BIL 3l AR BE ) A Bl 3R I 2 5t
CREAR” T [ 44 06 4R 2 1) A B2 9 LA 56 &
B AR S BR B bR RE A DU A R 2
IR 25 g A5 DA A I L A 0 2R 9 RS 5 Bk T
[7] 4 15 5 1R C FE RS JZ - T 45 2 b 3 2 25 B 0 oK
TEALZ 2 A B AR Z& A T 58 A R AR KR — B
7 S I ) 0 PR A 0 [ 9 15, LR 44 1 1
VT FEAS JEE — et &0 T T Ik E 0. 2 MERR LI LA
22 RS2 AG U] 23 B 5 1) B 0 e A1 X — 00 1
WA A 0.1 m 25 R OK & 23 B R O T
BB RA N NEENE L,

HT O AT DL 0l 27 18 U TR AE LA E AR R
K 1) DB P L 8 R UART N E B 08 7 1) K L R
SE T T 2 A B S USSR I E 3L A LA A E
FREEAR . A 5T DX 0 22 26 o) 7 0 B
TCAE M R B0 T 38 5 52 1508 1 A AT (R R
WS SR BETE T H A A) AR 2% A B A [ #6T
SESFABEL R AR T WEARTT i W I A SCHR
22 P A S H U AR T A AR

D RS ORR A E bR . AR T 1%
e A BB S 2 TR R TR P B AR
e BT 1) E B IE A S AR I RE T RIS A A

AR IR A B 523U 1) R A8 261 W AE ] — L3
PN i S BB L 5 Ja AR IBORT [R] — DX IO R 1
PUETIRS P 2 — A R AR AT R
FHPLIL S N 2 T8 R 00 1Y 58 SUIE 45 1F . an &l 7 i
Zip

A —
% DRI 7 1
v
&/
.e//
/“ ‘__/7__:_
/ y A4
i

et d ﬂl_]‘ Tm [Z _t,ﬁ

K7 X g B EIUAE b
Fig. 7 Self-Calibration Based on Cross-Imaging

) FMBCFATHER SRR B e bs . i R
[ 000 422 4 32 4 491 B AG B 22 W AR ) i e ol 1) S
JE o K8 LR TC A8 S 2 56 72 1 iy, AR IO 2 T
] T8 FEAE 55 %0 ~60 0 1Y PR s s AR, S BLAHHLAR
VN ARG TC I 58 LA R Z L W 8 FiR .

A
7 RRGEL

af
w
e

v

/ &/

B8 BT HEH R B E LA E bR
Fig. 8 Self-Calibration Based on Parallel Push Broom
Imaging of the Same Track with Large Overlay

D FEPPATHEI MR A B Eds . Wi AR
A X ] — DX 38 AR I S 5 AR T Y T L ) R A
JEE o F AR T B SUE R A 5 [ AT 22 SUSUR
H EERIAL A& 9 Brs.

7 BRMGET I
/

/
/

R e
& Z A KA
s S S

# H A A
‘ e
DAL il &

N /

H T 35 /

K9 RECEFATHERRG E EER
Fig. 9 Self-Calibration Based on Parallel Push Broom
Imaging with Different Tracks whth Large Overlay



42 B 11 FOEE.

SRR R TR ILAE R R 5 R 1585

B3 1 P X 3t 22 B2 A5 S BRI A TL AR L
Wﬁ&ﬁ?%ﬁiﬂ@%ﬁ%&%*%%ﬂ%?
B LB AR BE 1 1 i — 4R T DA 8 T
%Wﬂ%%ﬁmﬂﬁ“ﬁim%MWJﬁkéﬁ
ST B2 P DU E S5 AR A AR AL K MR AR L3R
WP A2 A A D P 4 S B R R G LTS 5K
(s 0 T AR S A8 JE 7 b TET A A3 4 A
ﬂﬂmﬁﬁ%ﬁmﬁ%%éﬁﬁﬁoﬁﬁ%uﬁ

B AR b T A A S AN AT AR A ALY
%w?rmTUﬁ THNIT R TC R AME S B R B

S SR TR R UL AR 52 4 1 F 1k
5 & i

ARSCA AT 62 TR AU E b J7 75 W B
FEIAR S FFEE R 2 B 78 B LA 22 s B A 1) I 35 1)
B R T AR R KR A A R B RO S
TR B O 1 O B A, T Ml T LA E AR
M TE B LAT 8 b AR T & Jr 2 5 4K i Bl 4 ot 2%
TR TR A3 PR TUARDRS BE A8 AR L 8 B I R 5K
AW = AR T ERIN T IEZ S H R
(293, LA AS AT 3kt f 1) Jmy B P o e i o 27 3 Jak
PRVEHZAEII W BARGE T T 2 ME
BG ARTCEE LA H LR LA B 3 5 7 1 ok
B X T 2% AR B A FE B LA E B 1Y
RIBREH AW KRG 2 0.1 m 95 & 4 HF
R TR S B R kG e B g T LAl xR
K iE R TR 6 R R R TR S
%,

2 % x #

[1] Li Deren. Development Prospect of Photogramme-
try and Remote Sensing[]]. Geomatics and Infor-
mation Science of Wuhan University, 2008, 33
(12):1 211-1 215G, Hp & 5 B B R
L] RIKF¥IR - 5 AR, 2008, 33
(12).1 211-1 215)

[2] LiDeren, Wang Mi., Shen Xin. From Earth Obser-
vation Satellite to Earth Observation Brain[ J]. Geo-
matics and Information Science of Wuhan Univer-
sity 2017, 42(2);143-149 (ZEfl =, F %%, ML JK.
DAt UL T3 A2 ) Skt OB 000 i ()], T K 2 2 R
s BB, 2017, 42(2) :143-149)

[3] Dial G. IKONOS Satellite Mapping Accuracy[]].
Ecotoxicology, 2000(1); 371-378

[4] Fraser C S, Hanley H B, Yamakawa T. High Pre-

cision Geopositioning from lkonos Satellite Imagery

[C]. ACSM-ASPRS, Washington D C, 2002
[5] Fraser C,
IKONOS Imagery for Sub-meter 3D Positioning and

Baltsavias E P, Gruen A. Processing of

Building Extraction[J]. International Journal of
Photogrammetry and Remote Sensing, 2005, 56
(3):177-194

[6] Baltsavias E, Zhang L, Eisenbeiss H. DSM Gene-
reation and Interior Orientation of IKONOS Images
Using a Testfield in Switzerland[J]. Photogramme-
trie. Fernerkundung, Geoinformation, 2006 (1):
41-54

[7] Bouillon A, Bernard M, Gigord P. SPOT5 HRS
Geometric Performances: Using Block Adjustment
as a Key Issue to Improve Quality of DEM Genera-
tion[J]. ISPRS Journal of Photogrammetry &
Remote Sensing , 2006, 60.:134-146

[8] Zhang Li, Zhang Jixian, Chen Xiangyang. Block-
Adjustment with SPOT-5
Based on REM[]J]. Acta Geodaetica et Cartograph-
ica Sinica, 2009, 38(4):24-32(5Kk J, sk 4kt , K
mFH. BT A B L 0 8 B RFM Y # 2 4% 1l
SPOT-5 T2 B M X W 22 [T I 2 % 4t
2009, 38(4):24-32)

[9] Lei Rong. Study on Theory and Algorithm of the

Imagery and Sparse GCPs

In-flight Geometric Calibration of Spaceborne Linear
Array Sensor [ D]. Zhengzhou: Information Engi-
neering University, 2011 (fF%%. &2 M4 RS 1E
UL E bR B9 B 5 BB (D] A5 L
FE R, 201D)

[10] Breton E, Bouillon A, Gachet R. Pre-flight and In-
flight Geometric Calibration of SPOT5 HRG and
HRG Images [ C]. ISPRS Commission I/FIEOS
2002 Conference, Denver, 2002

[11] Dial G, Jacek G. TKONOS Stereo Accuracy With-
out Ground Control[ C]. ASPRS 2003 Conference,
Anchorage, Alaska, 2003

[12] Bresnahan P. Geolocation Accuracy Re-evaluation
of GeoEye-1 and QuickBird-2[ C]. JACIE Work-
shop, New York, 2012

[13] Gachet R. SPOTS5 In-flight Commission: Inner Ori-
entation of HRG and HRS Instruments[]]. Inter-
national Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, 2004,
35(B1) :535-539

[14] Grodecki J, Dial G. IKONOS Geometric Accuracy
Validation[ C]. ISPRS Commission I, Mid-Term
Symposium, New York, 2002, 34

[15] Grodecki J. TKONOS Geometric Calibrations[ C].
The ASPRS 2005 Annual Conference, Baltimore,
2005

[16] Takeo T, Masanobu S, Hiroshi M. Calibration of



1586 DR 4l

ERSRE 2017 4¢ 11

PRISM and AVNIR-2 Onboard ALOS-Daichi[ ] ].
IEEE Trans. Geosci. Remote Sens., 2009, 47.
4 042-4 050

[17] Junichi T, Takeo T. PRISM On-orbit Geometric
Calibration and DSM Performance [ J |]. IEEE
Trans. Geosci. Remote Sens., 2009, 47:.4 060-
4073

[18] Gruen A, Kocaman S, Wolff K. Calibration and
Validation of Early ALOS/PRISM Images [ J].
Journal of the Japan Society of Photogrammetry
and Remote Sensing , 2007, 46.24-38

[19] Kocaman S, Gruen A. Orientation and Self-Calibra-
tion of ALOS PRISM Imagery[]]. Photogramm.
Rec. , 2008, 23:323-340

[20] Radhadevi P V, Mueller R. In-flight Geometric
Calibration and Orientation of ALOS/PRISM Im-
agery with a Generic Sensor Model [ J]. Photo-
gramm. Eng. Remote Sens. , 2011, 77.:531-538

[21] Mulawa D. On-orbit Geometric Calibration of the
Orbview-3 High Resolution Imaging Satellite [ ] ].
International Archives of the Photogrammetry ,
Remote Sensing and Spatial Information Sciences ,
2004, 35:1-6

[22] Delussy F, Greslou D, Dechoz C. Pleiades HR in
Flight Geometrical Calibration; Location and Map-
ping of the Focal Plane[J]. International Archives
of the Photogrammetry, Remote Sensing and Spa-
tial Information Sciences, 2012, 39(B1):519-523

[23] Mattia C, Gabriele C, Laura D. GeoEye-1: Analy-
sis of Radiometric and Geometric Capability [ J .
Lecture Notes of the Institute for Compute Sci-
ences s Social Informatics and Telecommunications
Engineering , 2010, 43(7) :354-369

[24] Radhadevi P V, Solanki S S. In-flight Geometric
Calibration of Different Cameras of IRS-P6 Using a
Physical Sensor Model [J]. Photogramm. Rec. ,
2008, 23:69-89

[25] Zhang Yongsheng. Design and Implenmentation of
Songshan Test Field for High Resolution Remote
Sensing and Mapping [J 1. Journal of Geomatics
Science and Technology, 2012, 29(2) :79-82 (5K 7k
AL o FER R BN 2 L S S B 5 S
FHEVE T 23 T K 1B JESE K B 5 AT R M 0 4k b AL 56
R I] W R E R #2012, 29(2):79-
82)

[26] Wang Jianrong, Wang Renxiang. EFP Multi-func-
tional Bundle Adjustment of Mapping Satellite-1
without Ground Control Points[J]. Journal of Re-
mote Sensing , 2012, 16(S):112-115( E &5, FAT
B RE—57 IR T £ 28 EFP 2 )6y
W2 AR, 2012, 16 (34 T 112-

[27]

[28]

[29]

[30]

115)

Li Jing, Wang Rong, Zhu Leiming. In-flight Geo-
metric Calibration for Mapping Satellite-1 Surveying
and Mapping Cameral J]. Journal of Remote Sens-
ing 2012, 16:35-39(ZEfy, L%, KA, &F. “XK
S RN AHITEY LA EAR LT B I& %
2, 2012, 163 T :35-39)

Meng Weican, Zhu Shulong. High Accuracy On-or-
bit Geometric Calibration of Linea Push-broom
Cameras [ J]. Geomatics and Information Science
of Wuhan University, 2015, 40(10):1 392-1 399
GRARAD, R Je. 2 W #4720 DL R B £ 0L
ERRLT ] BRI - fFBREM . 2015, 40
(10):1 392-1 399)

Meng Weican, Zhu Shulong. Establishment and
Optimization of Rigorous Geometric Model of Push-
Broom Camera Using TDI CCD Arranged in an Al-
ternating Pattern [ J ]. Acta Geodaetica et Carto-
graphica Sinica, 2015, 44(12) ;1 340-1 350 (& fh
Al R JE. TDI CCD S48 P HE 4 AT L™ 4% JLAT
BRI @ S AR IT]. M 2244, 2015, 44 (12):
1 340-1 350)

Jiang Yonghua., Zhang Guo, Tang Xinming, et al.
High Accuracy Geometric Calibration of ZY-3
Three-Line Image[]J]. Acta Geodaetica et Carto-
graphica Sinica, 2013, 42(4) ;523-529 Gk, ik
o EHL A IR =SS TR =K GR N
WL R AL LT, W22 27 4, 2013, 42 (4):523-
529)

[31] Cao Jinshan, Yuan Xiuxiao, Gong Jianya. The

[32]

[33]

[34]

Look-Angle Calibration Method for On-orbit Geo-
metric Calibration of ZY-3 Satellite Imaging Sensors
[J1. Acta Geodaetica et Cartographica Sinica ,
2014, 43(10):1 039-1 045(H 411, FIEF, RiE
. TR =5 TR U TE B LA 2 AR B4R JT 18 [ M
0] M2, 2014, 43(10):1 039-1 045)

Li Deren, Wang Mi. On-orbit Geometric Calibration
and Accuracy Assessment of ZY-3[J]. Spacecraft
Recovery and Remote Sensing » 2012, 33(3):1-6(Z=
WA, B, “WIR =57 DR TP E b SRS B
PEAGLTD. WURIR [l 5B . 2012, 33(3):1-6)
Wang Tao. Study on Theories and Methods of Line-
ar CCD Sensor Geometric Calibration Based on Field
[D]. Zhengzhou: Information Engineering Univer-
sity, 2012(E . ZeFE CCD f& g4k 52 50 ) LA 5E AR
I 57 AR D] M. AF B TR,
2012)

Chen Yifu, Liu Lu, Zhang Chunling. Research on
the On-orbit Geometric Calibration for ZY-3[]J].
Geomatics and Information Science of Wuhan Uni-

versity , 2013, 38(5):557-560Cift— R, X|BE, kFH



A2 B 11

TR PR AR B T R A P E bR BR R

1587

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

¥ ZY-3 DRAAEPUILA AR E L] RILKR%¥%
i« 5 BRE, 2013, 38(5): 557-560)

Chen Y F, Xie Z. Calibration and Validation of ZY-
3 Optical Sensors[]]. IEEE Transactions on Geo-
science and Remote Sensing, 2015, 53(8):4 616-
4626

Zhang G, Jiang Y H. In-orbit Geometric Calibration
and Validation of ZY-3 Linear Array Sensors[]].
The Photogrammetric Record , 2014, 29(145) .68~
88

Cao J S, Yuan X X. In-orbit Geometric Calibration
and Validation of ZY-3 Three-Line Cameras Based
on CCD-Detector Look Angles[J]. The Photogram-
metric Record , 2015, 30(150):211-226

Zhang Y J, Zheng M T, Xiong ] X. On-orbit Geo-
metric Calibration of ZY-3 Three-Line Array Image-
ry with Multistrip Data Sets[J]. IEEE Transac-
tions on Geoscience and Remote Sensing , 2014, 52
(1):224-234

Jiang Y H, Zhang G. Geometric Calibration and
Accuracy Assessment of Ziyuan-3 Multispectral Im-
ages[ J|. 1EEE Transactions on Geoscience and Re-
mote Sensing ,» 2014, 52(7) .4 161-4 172

Pan Hongbo, Zhang Guo, Tang Xinming. The Ge-
ometric Model of Sensor Corrected Products for ZY-
3 Satellite[ J]. Acta Geodaetica et Cartographica
Sinica, 2013, 42(4):516-522 iR £L4% , K1l JEHr
WYL 5. BRR =5 DN 2 TR A% SRR AR O 7 i JL A 46
R[] W24, 2013, 42(4):516-522)

Yang B, Wang M. On-orbit Geometric Calibration
Method of ZY-1 02C Panchromatic Camera [ ] ].
Journal of Remote Sensing, 2013, 17(5).1 175-
1190

Wang M, Yang B. On-orbit Geometric Calibration
Model and its Applications for High-Resolution Op-
tical Satellite Imagery [J]. Remote Sens. ., 2014,
6(5):4 391-4 408

Delevit ] M, Greslou D, Amberg V. Attitude As-
sessment Using Pleiades-HR Capabilities[ ] ]. Inter-
national Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, 2012,
39(B1):525-530

Wang Mi, Yang Bo, Jin Shuying. A Registration
Method Based on Object-Space Positioning Consis-
tency for Satellite Multi-spectral Image[]J]. Geo-
matics and Information Science of Wuhan Univer-
sity s 2013, 38(7).765-769 (£ %, #1#, 4 WL,
— BRI T E AL B 2Ot TR EA AL
RO mCHE L] ]. RBURZE = - 5 BRI
2013, 38(7):765-769)

Faugeras O D, Luong Q T, Maybank S J. Camera

[46]

[47]

[48]

[49]

[5

[5

[5

[5¢

2]

3]

4]

Self-Calibration: Theory and Experiments [ C ].
Computer Vision-ECCV, Ttaly,1992

Maybank S, Streilein A. A Theory of Self-Calibra-
tion of a Moving Cameral J|. International Journal
of Computer Vision, 1992, 8(2):123-151

Malis E. Cipolla R. Multi-view Constraints Be-
tween Collineations: Application to Self-Calibration
from Unknown Planar Structures [ C]. Computer
Vision-ECCV, Dublin, Ireland, 2000

Malis E. Cipolla R. Self-Calibration of Zooming
Cameras Observing an Unknown Planar Structure
[C]. International Conference on Pattern Recogni-
tion, Quebec, Canada, 2002

Malis E, Cipolla R. Camera Self-calibration from
Unknown Planar Structures Enforcing the Multiv-
iew Constraints between Collineations[]J]. IEEE
Transactions on Pattern Analysis and Machine In-
telligence , 2002, 24(9) .1 268-1 272

Fraser C S. Digital Camera Self-calibration[ J]. IS-
PRS Journal
Sensing , 1997, 52(4):149-159

Habib A F, Morgan M, Lee Y R. Bundle Adjust-
ment with Self-Calibration using Straight Lines[ ] ].
Photogrammetric Record , 2002, 17(100) :635-650
Jia Bo, Jiang Ting, Zhang Rui.
Bundle Adjustment of SPOT-5 Remote-Sensing Im-
agery based on Orientation Image Model[ J]. Sci-

of Photogrammetry and Remote

Self-calibration

ence of Surveying and Mapping, 2014, 39(9):3-
LOCBE 1, 2 4E, skBl. LT 5 ] )y BB SPOT-5
B R BRBOER BT 2] WaRE, 2014,
39(9):3-10)

Liu Jianhui, Jiang Ting, Jiang Gangwu. Orientation
Image Model on Self-calibration Bundle Adjustment
for Mapping Satellite-1 Three-Line Imagery [ J].
Journal of Geomatics Science and Technology .
2015, 32(4):390-394 CRIHIE . LHE, YLNIEK. & [
FRTRE—5 TR =4 8 KO R %kF
2] M2 HOR ¥R, 2015, 32(4):390-394)
Wang Tao, Zhang Yan, Zhang Yongsheng, et al.
Self-calibration Block Adjustment for ZY-3 Triple
Linear CCD Imagery[ J]. Journal of Geomatics Sci-
ence and Technology, 2014, 31(1) :44-52( £ %, 5k
i, Kok E RE=9 TR =4 CCD ¥R H
KRG E - 22000, MR AR, 2014, 31
(1) :44-52)

Di K C, Liu Y L, Liu B. A Self-calibration Bundle
Adjustment Method for Photogrammetric Process-
ing of Chang’ E-2 Stereo Lunar Imagery[J]. IEEE
Transactions on Geoscience and Remote Sensing .

2014, 52(9):5 432-5 442

[56] Zheng M T, Zhang Y J, Zhu J F. Self-calibration



1588 R KE¥H - FER R 2017 4£ 11 A

Adjustment of CBERS-02B Long-Strip Imagery[ ] ]. Sensor Aboard the Agile Optical Satellite[J]. IEEE
IEEE Transactions on Geoscience and Remote Sens- Geoscience and Remote Sensing Letters, 2017, 14
ing, 2015, 53(7).: 3 847-3 854 (7):1 176-1 180
[57] Greslou D, Delussy F, Delvit J. PLEIADES-HR [59] Wang M, Cheng Y F, Yang B. On-orbit Calibration
Innovative Techniques for Geometric Image Quality Approach for Star Cameras based on the Iteration
Commissioning[ C]. The 22nd ISPRS Congress In- Method with Variable Weights[J]. Applied Op-
ternational Archives of the Photogrammetry, Re- tics, 2015, 54(21):6 425-6 432
mote Sensing and Spatial Information Sciences, [60] Yang B, Su H, Wang M. On-orbit Calibration Ap-
Melbourne, 2012 proach for Optical Navigation Camera in Deep Space
[58] Pi Y D, Yang B, Wang M. On-Orbit Geometric Exploration[ J]. Optics Express, 2016, 24 (5):
Calibration Using a Cross-Image Pair for the Linear 5536

Development of On-orbit Geometric Calibration for High Resolution
Optical Remote Sensing Satellite

WANG Mi'?  TIAN Yuan' CHENG Yufeng'

1 State Key Laboratory of Information Engineering in Surveying Mapping and Remote Sensing, Wuhan University, Wuhan 430079, China
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Abstract: On-orbit geometric calibration of remote sensing satellites is essential to the geometric quali-
ty of its imagery. This paper reviews the current status and progress in optical satellite on-orbit geo-
metric calibration technology, based on ground calibration site and space resection theory. The con-
struction status of calibration sites and calibration results of SPOT, IKONOS, GeoEye, ZY-3 and
other mainstream high-resolution optical satellites are summarized. problems existing in current cali-
bration methods caused by dependence on reference images of a calibration site are analyzed consider-
ing improvements in the resolution of optical satellite imagery and timeliness requirements of on-orbit
calibration, For the demand of camera calibration without the constraint of ground test site, the exist-
ing work in the field of computer vision and block adjustment are discussed. The merits and faults of
each self-calibration method are compared, and a self-calibration method for optical satellites based on
multiple-angle imaging is introduced, and several self-calibration modes are proposed.
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