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Geo-positioning line-array CCD images with dual quaternion

Sheng Qinghong, Ji Ting, Liu Weiwei, Wang Huinan
College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China

Abstract: In this paper, we propose a new method that uses dual quaternion as the mathematical tool for geo-positioning
remote sensing images of linear-array CCD. Dual quaternion is used to establish an universal imaging model of remote sen-
sors and to define the position and attitude of the light beam. In order to overcome the strong correlation between the ima-
ging geomelry parameters (exterior orientation) , we scan the spiral movement of the sensor light and achieve the transfor-
mation between image points and ground points. According to the theory of linear skinning blending of the rigid body trans-
formation, we decompose the rigid body transformation matrix into two parts: translation and rotation. In order to calculate
the exterior orientation elements of the remote sensing images of linear-array CCD, we use linear interpolation to the trans-
lation part and spherical interpolation to the rotation part. According to the established imaging model, geo-positioning ex-
periments are made with Geoeye-1 remote sensing images. The results show that the new algorithm can obtain better geo-po-
sitioning accuracy than traditional algorithms, and succeeds in solving the correlation problem between the positioning pa-
rameters.

Key words: geo-positioning; dual quaternion; line-array CCD images; imaging model; space resection

A O 18 BB S5 I o B b B R Y
U, G R AR T S A SRR AR LA R Y ]

BRI AL AR 28 5 i BR AR AR 2R 2 T B R K R
LM CCD (A ICMr) BB R = AE  DUEEAT AR5 8 0 JUAT & DU A B B &2 &

0 3

T

U #s HEA:2011-10-20; f& 8] H HA . 2012-03-22

EE£WA . BRERFFRAT H (41101441 ,60974107 ) 3 5 5L ALES A R KA FLAR BN L 55 28 L 5 R I5 H (1011-56XZA11048)

E—EHEE N BIRL(1978— ), 2, P, 2008 4FF RIS AR RS I it 5 3 8%l B - 28 067, 2 BEAIF 5 T 11 A O K48 52 000 1 32 Jo
AR U E L, E-mail ; ghsheng@ nuaa. edu. cn

© i H K% KB AR AT A



1320 FIEEZREEM www. cjig. cn

17 %

ST LRBE CCD AR R IR r R T
A FRAT 9 S0 T 37 o0 2K Bl ]2 4k, i H s O
HOAEFIHE 7 o/, AT B 2k 7 R G 12 A58 fir
SR AR AR 58 B AR G , (45 0 22 J7 i A 8K
W 2Z 18] A7 78 ARk 1R 2 P 5 &%, BI [m] 03 9 #r o e
IS ILLRE? S i T RN A T T4y
REITCER 1900 U6 5 F A o i) MOV, P 1 52 3k
LNERIAEAE . (AT /N ZIRIE M T R EOR, A
PR T IR AN 5 i s 8 LA 2 4 1]
PR B A OGP 2 ST R B CCD 3 B B2 ™ 2 AR
JUATARE 2 e 32 S A 0 A

NMEE A SN2 B AR T 2 R0 R T 5, A
IR 2E T3 & I SR S T A 1) 2 8 2T
FMAITR SR ED A BB (3 T 4
TS ICER AR RORG BE , (B R MRS L fif e A2 e =5
) )5 77 52 2 FL 2R J7 R AR LA 7 A9 AH O 1 AL 285 T
AR T A A AR DR A TR R M SRR Y T 3
TR COD SRS 8] 5 77 2 2 i B
I B TKONOS 2R 2647 T $ilk, S 90 45 SRR W]
BT IR RGN 0E 0 Al FORT L A T e e/
ZIRANT AR SO A VIR A
FHER LM ARG 7 2 A i 5B A2 CCD 2 AR S1
JINETCER , SR W A1 J7 37 0 2R Y i SRS B 3 A5 2
TR AR S T I AR A IR 4
SHTCECR R, R R AL RAR L (X, Y., Z)
IR SeP L, 18 AL TR A B 07 B A S 25 Bl
A ] 2 A AR AR Ak, FLp i iR 22 B Ak BT 2 SR
FINFE SR BORR G 1R 22 , K e sl A 78 1 52
— G IR AT AR S LT RS, ST BE RS $i v 2 15
P E IR L

A4 Charles 5 381 AT A — A4~ Bl Uk (1) — it iz
SR AT LIE A S8 A Bl 64 e s A 12 ) S A% S
B X P CEAT LU KAz 3h 1 5% 3 FF R 4
—% 8, I HRCr R ANE W] T TS pL
BT 40U, Rooney '™ A g 76 45 1) 28 725 4 i X {1
PO TR AT R, X T e B 0 e e 4 SR T SR
By BERE. MR TR, EEM S ANz
POREYUtBIvE S @ af e A T 1N O NER =¥/ DO K ANE A K
Ge— AT A SO FE 4 D S B LA R A 3
X R CCD 18 AR AEAT RE L, 7] 25 18 e 5 722
AR AL 4, T 5 IR ZE B CCD 524881 J5 i o0
ENIRIiPS e

1 & T 3318 Moo #ey /= 2 R &R LT
=E

1.1 XEETHSZE CCDERZERERNIL
X RS

L CCD A BUR L IR AR B AT Ly 7 20
RIL 2 A2 A%, 8 SUBRIHG T AR PR R o-xy AR AL
bR S-xyz. B 3B AL A% 2R S-XYZ FI Hb Bk 2k b7 &
O-XYZ , PR bR R Z B X R WNE 1 frs, Horr,
o-xy U L RAEMEL L E S o MIES LIRS
DT R « il T E T y (A
BATH ) 3S-nyz JREAE 2L S, vy .z 1435
R 3 A F Bl S-XYZ 1Y I 7E TR B0
S, Z Bl ) o S, YO AR TR B T AR )
BRI ZN T ), X lde B TR A 5 0-XYZ H§ik
HER 0 BARE AL, S BBk T O, Z s ) R
BRAUAR , TEARTH TP il — 4R 4R 1, LR, S-xyz . S-
XYZ F1 O-XYZ 31 1) 25 1 77 fL e = 28 e 2 A%
B0, =60, + ed, LI TCHE KK S-XYZ
M O-XYZ iR 2K ¢,

BT B LAY p A AR 28 22 18] () U oT Bicfi i
Fig. 1  Describe the coordinates of imaging

geometrymodel use in dual quaternions

1.2 EFxEBEMTHNERE CCD EREZRTE
R AR JL (45 5y

P58 AR LA A R R T 7 S-xyz Il O-XYZ
AB AR FR Z ) ) LA A8 5 0C &R, B T A iz g B AR
O VS 25 JIT ST ) PR R A 4 A RS R R
Al 5 H T STE O-XYZ R (R A bR 6 R 2, T2k
[ CCD #4728 10 2L 38 J8% 52 14 1Y) 19 Bsf 7™ 2% 1%L
fy 465 750 g 1)

© I B R BT AR ST A



55 10 3

TRPREL, A6 o (8 TU T AR W 38 B AR LA S iz 1321

a, (X =X,) +b,(Y=Y,) +c,(Z-2Z,)
ay (X = X;) +b,(Y=Y,) +¢;,(Z-2)
ay(X =X;) +b,(Y -Y,) +e(Z-2Z)
W0 XX A b (YY) v e (Z - 2,)
(1)
A,y MR RTE o-xy T RYARER, XY Z D4 LT
SAE O-XYZ N BYARAR, X, Y, Z 5 L AT I 2R
T ot R (RGN 20 TR O TE 0-XYZ Hhitfi'E) ,

a; by e, 7S | AT T GoT R (EFEHERE R, h

x, =-f

Q. Ay Ay ! q(z)i +‘Iii _992/1' —q_i-
R, =|b,; by by | = z(qyiqxi-l-qoiqzi)

Cii Gy Cy

2(q.q, - 909y )

X,

Z,

2 EFEETHHZKE CCD &14&
TEREAXES

2.1 SMANTENEERERAEER

23 [ A 48t T ARl 0 25 im0 AR 4 (F- 3% )
IR AR i e R 1) M9 REREOR s . kT
IR S A NI A e, 75 B AT M ) 3Rk s LA
SEBUE I TR, fe 20T I B A R W
AR o B, R R D7 vk o S R B TR
AU RS AR A R R R IR
g —Bh AT , ORI SO 1 AR R TR 45 v 7 A A 358 I
[FIRR, PRA5 T R WA Z Bl A rp P 72 ) e
Yo TEEATERNETR A I FUHE R 20 b 758 FE % 19
AHRIY R EANT B BEATHRAE . X B 2R 2tk
AR, @A SR BRI 28 4 476 {8 ( SLERP) 1 1y iy
15, DAt B 1 R P2 PR TR 4511 A A 058 o ) A
MRE TRz s 2, FIA] SLERP SR &1 1T
WIS ICER q, (BEFEHR I3 ) , (L AR VAR
SN IT LR 1 PR ) o K — R CCD
AR — 3 AT AR Jm — A T B S A5 U e Ry
VRSN I 4 25 B AR VR, WA T — AT IO R
AR FHE AR fER A, B

ro=(1-t)r +tr, (3)
(8 — T TRIf T E N
g, = C,(1) g, +C (1) q, (4)

MR ) o B TR AL B0 X 70 T B A
in = [q()i’qxi’qyi’qzi]T + Sl:roi’rxi’ryi’rzi]T =4q; +
et , B DU TR 26 4 CCD S BIL C &
SYBTRIAL, £ 700 02 A G PO TR SRR
25 AL TCER T LA DU T80 S AR TR i 78 S ]
FR, = (2) FroR .l X e AR I R, FF-F8 4E
BET, =[X,,Y,,Z, ] (X8 o g — R i, GE%
(7] Fof 2% i@ R0 7%, DT Reg AT [0 R Ak 3 ) 52 % B
W/ N7 N TG R Z ] Y s AH G
2(4.4qyi = q0:9-) 2049 * 909,

Qo = Qo + 00 — 0 2(4,0s = Goid.)

2(qziq}'i +q0iq.) qgi - Qii + Qii + qi—

(2)

2qo1 =297 + 2q)’irz[ - 2qziry£
2q0iryi -2q,r, - Zq)irOi + zanxl

2qyr,; + 2qn‘ryi - quirxi =2q,1;

S F g AT ST RS TR, 7y oy
g4, F g, WG — A RS — BT 10

PUICEL, €, (1) L C, (1) K q, Fl g, W% C, (1) =

sin (1 —1)60 _ sin t0
sin 0 27 sing °
A

0 = arccos(él . qz) =
arccos( 0y + GG, + 41,9, + q1.9.)

3 (3) AR JEIT

To; (1L =t)ry +try,
Tyi (1 _t)r.tl +ir,
= 5
T (L=t)r, +tr, (5)
r; (1 _t)rzl +ir,
o (4) I A
9o C (1) gy +C, (1) qp
i C, a t6, 2
T | _ (1)q. +C,(1)q 6)
qyi Cl(t)qy] +Cz(t)‘]y2
q. C (t)g, +C,(t)q,
WESE R
L:L(O<t<1) (7)
n

A i AFHRATAT S n B IR AT

22 ETHURREGRENLELEZHRTREL
=14

TEFET X DU TR PR IR A R A 1R 25 07 125X

© I B R BT AR ST A



1322

P E LA www. cjig. on 9§17 %

o RIS 7o) 1 “MsTa s T NTo T Ta 5 Gor G ~
d1~41~902~9.2~92~92 » M2t iR 22 TN

v

v

A{rf

x

¢;sdqy + ciedg,; + cl7dqyi +cdg, -1

y

= ¢ dry; + cpdr, + cppdry; + ¢ dr; +

x

(8)

= ¢y dry; + cpdr,; + 023drﬂ. + ey dr,; +

crsdqy + cydq,; + 027dqyi +eydg, = 1,

_~t
=2 7( — a9y — bliqyi - Cq) +
2 x(l( b )
—( —a,q. — byqg. — c:q.
Z 39 3lq)t 39
= zi(aliq()i +buq, - cliqyi) +
VA
x(l
2 j(asi‘]m + bsi‘]u‘ - C3i(]35)
VA
=2 %( —a;q,; +byqy +c5q,) +

x(lr
2 7( - ayq,; *+ by qy + CBiq;\i)

2 %(aliq}'i = biq.; *cuqe) +

x(l
2 7(“3#@ = byq. + c3q0:)

_2%(‘105()(4 —ty) —q. (Y, —t,) +

qyi(ZA - tz) —a,ry; — bliryi - Clirzi) -
x(l

27(_‘131'()(}1 —t) +q. (Y, —t,) +

qoi(Zy = 1,) —ayr, - b3iryi = cyly)

=_2%(‘]ﬂ'(XA _to) +qyi(YA _tl) +

q.(Zy —ty) +ayry +byr, - Cliryi) -
x(l

27(%‘()(,4 —1y) +qu (Y, —t,) -

qxi,(ZA —-1,) + ayry + byr, — C3iryi)

= _2%(_%»,'(XA —ty) +q. (Y, —1) +

qu(ZA - tz) —ayr; +byry + clirxi) -
x(l

27(“]&'()(,1 —1y) +q. (Y, —1,) -

qyi(Z4 = 1y) —ayry +byry +cyry)

:_2%(_(1111(XA _to) _qu(YA —t) +

.(Z, =) +ayr yi byr, +cyry) —

10" xi
x(l
27(qxi(XA " to) + q}i(YA - tl) +
qzi(ZA - tz) +ayr, - byt + cy71y;)

cy =2 %( - ayq,; — byq, - €2i4:)

L,

) 7 (ayqo + byq. - Cziqu')
Cyy =2 %( ayqs + byqo + ¢29,:)
Cy = %(azlqw = byq, + cZqui)

Cas =_2%(qzi(XA — 1) +

oYy =1,) —q.,(Z, - 1,) -

G’ZL xi b Ty CZ[rz[)

20" yi
Ca =_2%((]ﬁ(XA _to) -

q.(Y, —t,) _QOL'(ZA -1,) +

ayry + byt Czi"yi)

2i" zi

Cy =_2%(qxi(XA 1) +

qyi(YA -1) +q.(Z, - 1) -

ayr, + byry + cZir.ri)
Cy =—2 %((IOL'(XA - to) -

q.(Y, —t) +qyi(ZA -1,) +
ayry; = byt + cyry;)
ty = 2r.qo; — 2109, + 21,9, —2r,q,
L = 2ryiq0i = 2r,q, - 2r0iqvi +2r,q.

tZ = 2rziq0i + 2r}’iqxt erzq)t 2r01qz

’ ! X

[, =x—x',0' =-f=
VA

’ ! ?

L, =0-y"y =—f7

=a,(X-1t,) +b,(Y-1,) +¢,(Z-1,))

= ay (X =ty) +b,,(Y—1,) +¢,(Z -1,)

=ay, (X —t,) +b;,(Y—1,) +¢5,(Z -1,)
AR (S) (6) KTy, B R rorysryinras

Goi s Qi s Gyi > 0ot BOIE Tor s Tt s Tyt 5 Tt s Toa s Tz s Ty s Tz s Gor s

9159015915902 ,9:2 592 ,qzzﬂ/:l @ Al

N ~| |

© i H K% KB AR AT A



9510 JRIREL 55 R PU TR W 1 BRI RE 37 1323
0q 0q i 0q i
dqml _ qmldqol + qmldq“ q i dq),l + (")0 - _ 9
990, 99, 99, 99, st N2
5 /1 -(4,4,)
qmid aqmid aqmid +
3, 1T agy 12 T 9, 12 80 G
dq ..
Ja . F 2 / 2
qml, dqy2 qm ldqzz(m — O,x,y Z) (9) 1 - (ql q2)
aq'y 2 aqzz
a a a (’)0 _ qu
r. ro. B
. mi mi mi aq ’ ﬁ
dr,, = ar., —=dr, + o, dr, + ar)ldr),, + ” 1-(q,4,)>
or,.; or or,.; !
rml er] + rml,dro2 + rml drﬂ + 80 - _ q_yl
ar, gy 2 99, 1 NG}
o o /1 -(q,4,)
9 yzdr)z + arzzdrzz(m = Oaxvyyz) (10) 670 _ L
: : Wy aq. -
2(9) (10) 19 32 MRS Bk - @ ey

ary; ary; ary; ary;

ory ar, o, Car, 171
r r r. r.
01 xl yl 1 (]1 )
Oroi _ 0 _ Oroi _ O _
ar02 Cor,  dr,  dry,
99y (80 (1) aC, (1) )
P ( ( +C (t)
9901 991 To + L Qo2 :
90 _ (GC (t) , 960 )
aq%l aqxl 60 q02
o0y _ (acm LAUHY
9, g, a0 1"
94oi =L0(601(t) , 960 )
aqzl aqzl 60 qm (:)0 qoz
99, a6 (acl(t) 9C, (1) )
— = +C,(t)
99y » 0G0, 00 o 00 2 :
o | 00160, G0, )
99,2 99,0 a0 or *
%zai(aCl(t) aC(t) )
aqu aq}‘z 60 qm
9o _ Lﬁ(acl(w aC (t) )
g, 0.\ ag 107
\ (12)
A
aC, (t
é;) = ((1 =t)cos (1 —1t)@sin O -
sin (1 = ¢)@cos §)/sin’
dC, (1) tcos t@sin @ — sin tfcos 6
a0 sin’6
00 __ 9o
dq .
" /1 -(q¢,)°
d0 do1

040, .
” /1-(q,¢,)°

00 __  4a

e
(1) (12) A RZE TR (9) (10) , 742

BT M52 IR B R 1 1R 22 U5 7

v, = cydry +chpdry, +elydr, +cfydr, +
cisdroy + clgdr, + clpdr, + clpdr, +
clodgey + ¢lpdg,, + c’mdqy1 + c¢hpdg, +
¢i3dg + ciudg, +cisdg, +cledg, =1

v, = chydry +chdr, +chydr, +chdr, +

xl

chsdry, + chedr, + chydr, + chedr, +

! ! ! !
chodgy + chedg, + Czud‘]yl + chpdg, +

! ! ! !
chi3dge, + chydg, + cysdg, + chedg, =1

(13)
Arp
! — ! — ! - ! —
Cip = $1611C1p = $1CpCi3 = $1C;3C 1 = $1Cyy
! —_ ! — ! — ! —_
Cis = $2€11C16 = $2C1pC17 = $,€013C 18 = 5,014
r r ' _ '
Co1 = S1€C1Cop = S§1CpCo3 = 81Cp3C = $1Cxy
! — ! — . ! — ! —
Cos = 83€51Cn6 = $3CCo7 = $3Cp3C8 = S50y
s =1 -t,s, =1
;o 99, 99, 99, 94
Cil9 = Cy5 3 + ¢ P) + ¢y P) 18y
qo1 qo1 o1
o 99, 99, 99, 99
Cii0 = Ci5 P + Ci6 P + ¢y P + Cyg P
qxl qxl qxl qxl
o= ¢ 99, +e 99, +e 99, +e 9q..
1 = Cis 16 17 18
aqyl aq}‘l ¥l aqyl
, 99, 9q.; a9, a9,
Cia = Cys + C6 + ¢y +Cg
6qzl aqzl 6qzl aqzl
) 990; 99, 99, 94.
Ciz = Cgs + Ci6 + ¢y + Cg
090, 902 990 990
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cl = c aqu +e aqxi fe aqyi re aqzi c, — ¢ aq()i e (")qu- % c (:)q),i aqzi
e . 0q., 0 04 v 09, a 09, 2 2 0G0, % 0G0, 2 G0, * 0G0,
c' - aqu e aqxi e al]ﬂ- te aqﬂ- c, - aqol- te 3qxi e aqﬂ- e aqﬂ-
115 15 34,2 16 34,1 17 04,5 18 94,2 214 25 99, 26 99, 27 9., 28 99
' aqu aqxi aqw*i aqzi ’ aqol 8qx[ aqvi 8‘]1[
c =c +c +c =+ Cig T Crs = C +c c — +c
G0 9q. aq,; aq.; , 99 99, 99,i 9q..
Chy = Cps o + €y 9si + ¢y 9i + Cog 9 Coi6 = Cos P + Cy P + ¢y 5 e 9
g, G0, G0, G0, 42 42 q q:
o= e 9q,; i e 9., e aqﬁ e aq.; lx A ly L?it(g) EF‘E‘J*HI’EJO
2o » aq,r(l % aqxl 7 aqxl . aq,r(] 2. 3 $§l+§
N =] 1 Y 7
EvN 9q. EP 04 w2 R (13) I FFIE
C;|12025ﬂ+0%£+627&+028 b V=Cy +1 (14)
aqyl aqyl aqyl aqyl . &= x
aqOL aqxi aqw’i aqzi it [:Fl
0212—0256 +Czaaq +0278(1' +Czsaq V:[UUJle[l l]T
q:1 zl zl zl x Ty ’ x Ty

Gy Gy ¢ Gy G5 G G Gy Gy Gho Ghy G Gi3 Gy G5 Gl
Gl Gy Gy Gy Gs G Gy Gg Gy Gig G Gl Gy Gy Gis Gis
d, = [drm dr,, dryl dr,, dry, dr, dr)‘Z dr, dg, dg, dqy] dg,, dq,, dg, dqyz dqzz]T

C =

FH T FH X DO oo o TR i@ G AR 89 7 Wy =qoTor Tqula TquT, + T qpdry, +
2, 0T LR 22 0y AR s R AR qodr, +qodr, +q,dr, +15,dg, +
qoiTo1 +quTa +qury +q,7, =0 rodq, +1,dg, +1,dg, +w, =0
Wy =Ty +Gala F4oT + 4ol 0G0 dqy +
QoaTor + QT + 4T + oy = 0 2 =4l Tq2T0 Tqnln Tq27 24049
2 222 | q.dq, +q,dg, +q.,dg, +w; =0
q qu T4y Y44 =
R Wy =qoy +qu + @+ —1gpdgy, +
2 +q2 +q2 +q2 -1
Qo 2 72 2 q.dq, +‘]}»2d‘132 +q,dg, +w, =0
XE 4 A4 R T 2 B, T L7 00 =G + gt 0 -1
ferp DU =Py
q()]dr0|+qxldrxl+qyldry]+qz]drz]+r()]dq()l+ B,o,+W=0 (15)
radq,, +ryldqyl +r,dg, +w, =0 B

qo1 G qyl q: O 0 O O Tor T r)l r 0 O O O

zl

0 0 0 0 40 4o 4y 42 0 0 0 0 ryp 1y T'o Ty

B. = 0 0 0 0 0 0 0 0 ¢y ¢, ¢, ¢4 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 qu o 9o 9
W=1[w w w w, ] A [CTQC B!
X n MR, SR ZE TR B, 0 )
V=0, +1 0
{Bx6I+W=0 (e [ ] W, = CQL]
A, VAL 2n x 1 4E56 RS, C J2 2n x 16 4R35 n b TR S BCE 0 = 6 B B/ DA
MR A R RBOWIERAGEME S @, BRI E LA ITTE W a1 (430 k
R IR B FL AL A5 0) , SR 8 7000 8 R0 48 25 110 4 e % B TE 8K, AR
Y =-N"'W, (17)  $w(17) B 2 A H 2 WOE B0 F e 19 R 22
A Hr ik
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TRIRET, 45 0T (H UG 9 18 e 1 LA 7 L 1325

2.4 EHiE#EE

FERERYFRIRARANT -

1) g AJEAS RN , 0455 T 18 RO AR B R A
DA KA IO M T A s 25 A8 42 1l A

2) WhsE SN L TC R IR (0, o FEXTHE DU T L
B X T AN AT R BRI IR (E A R B 2K
9u =492 =4y T 4p = 44 = 4, = O,rq =1 =
Ta =Ty =Ty =Ty =5, =Ty =0,q0 =qp =1, &
JE I ERIEAR,

3)ARIE(S) (6) T84 — A M 1hT 422 ] A5 Y Ah
TIETCER , [ F 58 00 A D e 05 025 1) e 2 R e R
SRR

4) MR 27 R (14) TH S AERE € A A
/N PR o, 1R

SYMAE T FER o, =0l + o, EHIN T ICER
(B, Kt o, BOTER /N T30E B A ﬂﬂ%/lﬂclﬂ
{8 IR 2EAREEH, 0, 52 FTAl A 5 (1 JC 2 1
WS AD YR 3) FEIR4) , HE o, /T iE’JDﬂ{E

SALECE S

S A 1E FH P IR R R IE S H X 1) Geoeye-1
AR B 01 FIAR_02 SRR T — A Sr R BT

3

,}

BIERAF R 8 wm x 8 pum, FAZHLAY FHEH 13.3 m,
AR K /N Hy 26 928 x 31 668, i i #1684 000 m,
SAGE T P b T AT 50 km x 54 km , PRIESZ AR T
E%H&iT 80% . &2 Hili ik T 4 M 5 A% o Hb T
PSR AR S . X T RAR_01 FIEAR_02, 4351
TEHL T 28 ANH457 40 A7 (1) 3 T 45 ) 05, A0 dE 20 N
P H 8 AN L, 1 MIFR 2 BRI T 8
X PR S AR AT 78 L 25 5
fEFR LR 2 |V, VBV, 551G 05 1
K EE W7 - ThORG B AN ARG B . R 1 RNk 2 Y45
RFW X Geoeye-1 IRIBFEAR, ) LAk 11 B0z 1Y
JCECRIGEHH DU T AR RE A% 47 502 407 b B, 1T £ /)N
TIRAGTHE R B SAR SN T T R RS, Hodr, T
SCIA Ak L BRSO T H5ORD X8 DU ST 5507 0 A A A%

WA _02
K2 Geoeye-1 1%
Fig. 2 Geoeye-1 images

#1% 01

£1 ARFESTFRE 01 HEMEE

Table 1 Positional precision of image_01 using different methods

. Pl s ¥ iR 22 ity RN TR 2
ke v,/ 1% v,/ m V./m v,/ Pixel v,/ m V./m
%t e s N
I A 3.78 5.54 9. 64 2.34 6. 44 7.12
P4 ICEL (EFP) 2.55 4.13 3.71 1.42 2.84 2.08
VU ICEL (SLERP) 2.57 4.21 3.61 1.63 4. 65 3.62
X8 PY TeEL 2.26 2.87 3.39 1.38 1.81 1.83
x2 AREFAENTRE 02 HEMBE
Table 2 Positional precision of image_02 using different methods
. P s iR 22 KAy f 07 i 2%
ke v,/ 1% v,/ m V./m v,/ Pixel v,/ m V./m
/N SR AsL Ak
S Af 4.15 5.54 9. 64 2.57 6. 44 7.12
PUITEL ( EFP) 2.96 4.13 3.71 1. 89 2.84 2.08
PUIC %% (SLERP) 3.01 4.21 3.61 1.95 4. 65 3.62
Xof {8 1Y ST EK 2.41 2.87 3.39 1.74 1.81 1.83
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17 %

T VRS RE 7350 0 2. 57 183 (1. 95 R ZE A 1. 74 1%
M Y7 RS 23 5 6. 44 m 4,65 m Al
1.81 m, BG4 5] 7. 12 m 3. 62 m F11. 83 m,
APDL XA DU GG R ST e T SO Aty 3 B
RPUICEOE . A, TR CCD B IBGEAR IR LG
AR BT 2 A A AR 9, Rk —
SETUR , i Z it — 5T

4 £ it

FIXHEB UK SE — FoR T 4HF CCD 1855
I 2009 65 280, IR T 40 CCD B1R 1
PR AR LT, 52T AR LA S8 ] 1 A
et RMLNESE BR300k, RE T I R T AL
S B RIR A IR AL RIS e S
T, {8 DU T 0™ 85 AR LA 5 2 B 5 0 85 1
GHA ) SRR R RN e e U
HCHEIE, ZELRIE CCD JERHR X i JLAol 5 fi
BHAF BT S
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