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Recent earth imaging commercial satellites with high resolutions
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Abstract; This paper introduces the developing trends of QuickBird, WorldView-1, WorldView-2 satellites
from DigitaleGlobe Inc( USA) and the IKONOS, GeoEye-1, GeoEye-2 satellites from GeoEye Inc( USA) , and
then analyzes and reviews the specifications and characteristics of these high resolution earth imaging commer-
cial satellites and their space cameras at different launch schedules. It points out that the development of earth
imaging commercial satellites will trend towards small volumes and smart performance. Therefore, the next re-
search should focus on the attitude control of satellites precisely, exploration of TDICCD with small pixel sizes
and high integrated orders, design of optical systems in small related apertures and digital image processing
technology for image enhancement.
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Fig.1 Comparison of shapes and sizes of Quickbird and WoeldView-1 satellites
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Fig.2 Comparison of shapes and sizes of WorldView-1 and WorldView-2 satellites
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B3  QuickBird TIEFE IR TH & H Fig.5 Airport image from WorldView-2 satellite
Fig.3 City image from QuickBird satellite
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Fig.7 City image from IKONOS satellite

/

S L ,../"
i

19 } GeoEye-1 LA (2010-1-14 4241t ) 145
AT 3t L 7% i Y T R o

Z£ [ DigitalGlobe 2\ H] #ll GeoEye 2\ &) B _E ik
5 WU B UG T 73 B 0 EROE T 1 m 3T 14
Jr epal o3k SR A A, T /N 4 s L
B Al 3 BN [ B 5 ) AL, DA 2010 4E 1
12 Hifg G T 1 7 14 H S0 v bk i ]
T DUE B iR S M T I 24T
NS HERAHEE H B — 1 A GeoEye-1 J&
i T 23 B ) e e O R T, 23 B 33 0. 41
m , HAF A 28 9% B BURF R 23 7] 45 A — 2 A 45 BF
il LR RS RIS TRIE 5 /23570, %W H
2004 4£9 %1751 ,2008 49 7 6 H &M I

Kl 8 GeoEye-1 TLRIAREMIALIA K H
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Tab.1 Specifications of recent high resolution commercial satellites

TEA QuickBird WorldView-1 WorldView-2 IKONOS GeoEye-1 GeoEye-2
{5 AR 2001 ~2009 2007 ~ (2016) 2009 ~ (2018) 1999 ~2008 2008 ~ (2017) 2012 ~ (2021)
TR EE/km 450 496 770 681 684 500
W HE ) /m - 0.61 &2 0.45 41, 0.46 411, 0.82 4xfn 0.41 4xtn, 0.25 41,
2.44 ZHtik 1.84 Zti% 3.2 ik 1.65 Zotik 1 2t
Hb T 7 5 e/ km 16.5 17.6 16.4 11.3 15.2 14.2
JUAI Bk FE/m CE 23 CE2 CE2 CE 10 CE2 CE2
td q&%ﬁ}ﬂ/ 750,000 975,000 300,000 700,000 700,000
(km®/d)
HyjHH/d 3.5 2 1~2 3 1~2 1~2
BEFEFE/ kg 1100 2500 2800 726 1955
£ F BAE7A 137 Gbits 2 199 Gbits 2 199 Gbits 64 Gbits 1 000 Ghbits 4 000 Gbits
= B NEHE 320 Mbps 800 Mbps 800 Mbps 320 Mbps 740 Mbps
BB e KRB AR ORBATED S ORBAFZE B0 ORI B ORFHIE S A K R R 2
MFEIHEE/ (°) +30 +45 +45 +30 +60 +60

hTIRE| EiRx s H bR, TR DA E
S AR L RE B AEFRE ) S s T AL
K, il WorldView-2 T, 4hE R ~F B &
2.5 m, KR4 3 m By (BR 7.1 m KRR )
A7, HeH Rl 2 800 ke, TLAE A 42242 ) i 3k 2
Fp1.50/87  HE Py 3. 5°/s R F LT 300 km H T
PO s, TR MR EEH] 5 A1 3 1 D RE il
AT A AR J5 19 W —A B Aw, 487 7K
BLAGRT BWI 5K B, T AT DB o Rk . DR A
A B LA 5 52 K5 BE , mT LAAE S 7 A 2 102 fif
FH BIVE A i A 22— (R fe i TLE R . Xan,
GoeEye-1 TV, DEMIEMAEE R 75" (30) , 4817
(I SR FE A 0. 4" (30r) , BR £ 32 1 1 7 AR
(RMS) <0.007"/s( B % 7E 25 ~2 000 Hz) .
TXCRE () 235 F8 8 BEXT = 43 B 1404 2 AN AT D Y

A, XA TR MO EAR . X AREFE
R R U R R RRE RS GPS R
K REBE SR Sz = A E - 5 R AR UERY

4 AR FH 5 PEE R TR R 19 48
HLEY AR IR AR

2 2 AR 2 HE st B S T 2 s TR AR AL
1 ZEARTE R

A AHLE B R G K F AR AR /I
i R B RS, X RS A BT B
ARG T AR, S DGR TE I TE , %5 18
IAFE PR, — BRI & A B R 48, A
MBSO RS
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Tab.2 Specifications of space cameras on recent high resolution satellites
PEAR QuickBird WorldView-1 WorldView-2 IKONOS GeoEye-1 GeoEye-2
HFRRI 600 600 1 100 700 1 100 1 100
D/mm
FEHE f/mm 8 800 8 800 13 300 10 000 13 300 16 000
MR LIS F 14.7 14.7 12.1 14.3 12.1 14.5
Mz FOV/(°) 2.1 2.1 1.22 0.95 1.27 1.63
WEVEE/nm  42£6,.450 ~900 4:£4,:400 ~900 4xff,.450 ~800 4=ff,.526 ~929 4:f,.450 ~800 44,450 ~ 800
2 2ot 2otk 2 2t
450 ~ 520 MS1 770 ~ 895 445 ~516 450 ~510 450 ~510
520 ~ 600 MS2 630 ~ 690 506 ~595 510 ~580 510 ~580
630 ~ 690 MS3 510 ~ 580 632 ~698 655 ~690 655 ~ 690
760 ~900 M$4 450 ~510 757 ~853 780 ~920 789 ~920
MS5 705 ~745 Fof 4 4>
MS6 585 ~625 B E
MS7 400 ~450
MS8 860 ~ 1 040
CCD 1%?5)%#4”“ %@‘:12 %@:8 ﬁ@:g %@:12 %@,:8 %@:8
2 48 2ot 32 2ot 48 2otk 32 2t :32
TDICCD
BUMIRL( 2 00) 32 64 64 32 64 64
AT/ bits 11 11 11 11 11 11
?féiﬁ%ii 41.7 62.5 62.5 41.7 62.5 62.5
HrRGEE BR=R B = 4 = = A4 = = Rl =52 A4 =5
It/ §; A )9 /9 /97 ity §; A ity §; A
A=A AP A AR A AP
e rEs s frE PrE P&l
It4 f It4 Fu IS5 A IS5 A 35 A 35 A

XF T4 65 T8 1M, WorldView-1 SR ] T
400 ~900 nm P, HAuo K oF 650 nm; World-
View-2 X T 450 ~ 800 nm &, LK H
625 nm, GeoEye ~1 Fl GeoEye ~2 t% T 450
~800 nm P, LKA 625 nm R EE
PR B 3 B R ) o A R T 4t v 4 (i
TERY S HETT, 248K, X I SRR B2 i)y, (HA
BRRIE R R TP, X — R 2 T

WorldView-2 TEFR TR H TkirifE 4 1~2
HCIEW B 21 B R FUE LA Z A8 IR YE I T 4 A
B 22 0T i B« T R BT AR 2L AU I AL
Hbo METEEE EBL(400 ~ 450 nm) T HEH) 73 Hr
FITEUI] | BT 3 32 R K 25 2o 3R 1 ) TR TR R
RAESF PR RN DL B R AR EF AR B 5E
BB (585 ~ 625 nm) AT B AR AE H AR 1 BF

FE, PR AT AN DA IR A0 R M 3RR 1 FLR £
AL TE AR B WFFE . W i 1 B (705 ~ 745
nm) T A AR K B 250, B IR B ih 4 R
MILE o T £ A BE (860 ~ 1 040 nm) 555
BT LLAMB B EL , 52 KA D B SR
Yo B A AE ) B ORISR .

o) A AR B 6 R g — R T
YRG0 B il = B S B T A5 B TMA. 28 252 1 ) gy
RSB R B TMC R, 0 b iR S
H1, QuickBird 1l WorldView-1 R B =X &4,
Hv 4 FpECRA TR =R 2% XML R
GER R o A T REERY /N RGBT
QuickBird FIHLAH £=8. 8 m, # K < 1.6 m;
GeoEye-1 AHHLAERR f=13.3 m, Y5 K <2 m,

MG R G K FE, QuickBird F1 WorldView-1
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58, R EGoT RO —FE , A2 TR BE =
J&, B DA TR 23 B8 0 A7 B 22 0], X PR T R
GeoEye-2 TR - R G ETE IKONOS Y2k 240
AR b A A R DR F), AN T] A 2 4 D0 25 1) 15 0T R
P12 pm KO 8, B2 T HLEIMHE . X
B RGO L RGN A K, 4k
AR . WA — RN, B RZREE R
GEnT AR XL BOR PR AT AR S
TN ATOG R G AL 12 R BRI T 7y
By o M ROC S B S s R GSD
RE, TRMBPUESE b, 6% RER B/,
CCD BITRA o 5 HUTH R AFE ] BE GSD 2 [8] 4 4n
ES ¥
ah
GSD = 7 . (1)
M(1) 2 8] Hl, GeoEye-1 TLE ) a =
0. 008 mm,h =684 km,f =13 300 mm, ff GSD =
0.41 m . Jy IR 314 0. 41 m, AIHLER
TR FIRZRAL, BB L% 1 {5 1 L SNR
TSI T 2% A TR AR () 1) R 1) 1 128 R B MTF
(SO MERESR . AHPLAYE MR L 50622 RGEA X AL
TR J7 BE LY, 3G AR R LA X5 MR b2 A A
(8, AEARRTFLAR IS, AHAIL AR, RO s
B4R, BT LAIAS R IBOX M5 5 o I M L A 4
EREEH N TDICCD MBSk, Ui 64 2% TDI,
MTF (f,) 556% RGN LR A KL f, = 1/2a,
F/IMEIERSE CCD I, i R AL (] g GSD 722/,
B, B, F AR LA R, I,
TEPERE IS A e Ik 1% 2 R EICER 1 B/ DG &R
48 AR AR BT ) S B R) A, B IR T A £
E MTF (f,) {H. LA QuickBird F1 WorldView-1
BRI, 6% R G 10 iR o QuickBird
FIPLG 2 22 48 & A S A PR MTF (f,) = MTF
(41.7 Ip/mm) = 0.5, fli i ARAL S 50 % # 25A% 28
FRZL MTF (41.7 lp/mm) =0. 25, #HHLIE s &%
T PR MTF(41.7 Ip/mm) =0. 125, WorldView-1
LG 2 & 58 & AT S BRMTE (f, ) = MTF

(62.5 Ip/mm) = 0.3, A+ HHI AL 5 5 4 i A5 4% 18
PREL MTF(62. 5 Ip/mm) =0. 15, FHHLIE P S &A%
% PR MTF (62. 5 Ip/mm) =0.075, X447
AP, QuickBird AHHLIASRE 1 1&] Fr A7 AL 45 1 X HE
OrBE S, B2k, T WorldView-1 AHBLIA LAY 1 77
X, BIZR AR LUBEAN I 57 , 7 B2 i P R i Ak
25 UGB AE PR B R X f, B 33 pR AR
REIAEN 0. 12 DL E o IRk  FEA BRI &
GZEIET  RI/MEIT RS CCD I, $2
FHBLA 3 2 BT
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Fig. 10 Optical system of QuickBird
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