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New method for in-flight calibration of camera’s intersection angle
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Abstract: A new method for the in-flight calibration of camera’s intersection angle was put forward. It is
different from the photogrammetric resection which is widely used at present. Take the three-line-array
CCD surveying and mapping camera as example, through the analysis of its working principle, the
geometric model to calculate the camera’ s intersection angle was established, and the correlative
experiment using the image data of TH satellite was carried out. Result shows that this method is
feasible, and the outcome is very close to the conclusion got by the photogrammetric method. Meanwhile,
the affection of the orbit determination precision and the ground control points’ precision on the camera’s
intersection angle was calculated and analyzed. Compared with the photogrammetric method, it is easier
to understand, and can further be used to calibrate the off-axis angle of the multispectral camera and high
definition camera in-flight. It is of great significance.

Key words: three-line-array CCD camera; camera intersection angle; geometric model; TH satellite

I f5 B #.2014-02-11; &7 B #§:2014-03-20
E£TH.HEKA KP4 (61108066)
fE&E B . X 2L A5(1987-), B, Wi+, F 2 A F 4% 00 & 5 38 207 18 09 0 5% . Email: 459845964 @qq.com



3424 Lo bk A2

% 43 %

05 5

X TG Hby TR 00 2 A R TR RS A —
2 B CCD A HL S 45 oy FEAR B9 B IR AR 121 = 2R %
CCD HH AL P 5 A3 7 26 I 22 4% B8 5% g AR K, i 3
ML S AT E R VAL S AR 2]
Phali kit 5m i@ iR 2 . =4 CCD ML A
D5 It E, A K SR AT LAE b b v G 5 20K K
HEAThRE B R STt R b il TR SR 8N, DL TR A
BUCATIIE TR R AR AR A S 2 T B AL
Wit £ &AL — R4k, LHEMILZESMAI
AR Y, 23 45 I 2 KG A R AR KR m 1A B F O
=2 M CCD AHAL Y 38 25 M A2 b o, 6 T4 i T 22
PR R AAEEE L,

FRiT, B P94 X = 2 B CCD I 22 M HL 32 2= f
M TE B 8 DF S B AR 2D Bk | S 4255 Gl o 1R
LG FL, H53 T D022 A AL FE PR R0 B s ik 50 T 1F A0 4R
PLAN G W AHPLZE B 2E S i A8 £k, S 2 AHPIL G 2%
SER BT R T 58 00 ) SR AL T RO AR B B
O HE S5 N LR A = 4R FE CCD R LA IE B8 AR ML Y B
AAMESRET THILE MR 58 R
H, g R 5 A B Bk T DA R i
£ 4 CCD W 22 AHALAE 23 M AE R I 3R 4,y i &2 A
HLAE 25 A A2 B0 I 2 410 T F R S #8190 (B Al AT TR e A
Fa R A W0 2 A ML 32 43 A TE BB E I R R I
g i Wi 5 r s s ik, BRI R A5 R
Kiwfh  (HRRE e A S, SCh R = &2
AHAL T AR B, 2 T — iR i 3 1 L AAT A ) A
EHW . ORI R G TR & iR R
TIE b 5 25 RS B e, 6 T = 4 R I 4 A HIL S 2
MIFERbR E B B X,

R4 —5 TR E N E WL 58S Rz T
BRI =B A AR | o BER AR 2015
AR SO AR 2R I CCD & ALY TAE R
HESL TR = 2 BE CCD AHALAS 2 1 i JL AT B AL, I
FIH RS —5 TR =L BT TR 56

1 EZEALAER

1.1 =%P CCD ML B TIERIE
=2k CCD 2 A0 HLAY St B 314l 15 356 43 2

1Ot 2 R G0 45 7 1 L = A2 BE CCD 4L, = A4k
M CCD “FA1HEFI 5 DA “iT hmIEE , DA T
Wi, = A2 B CCD LA [R]85 1 4 J5 0 N Xk b T % 232
FHEIEAT AR AR, TERER GRS
HO 8] (9, 7 LR [ CCD A A5 i o5, B4 5% A% X6 1o 451 44 19
Hb W 455 1 22 i s, 2R B CCD Y 0 Ak 52 14 % 1 1
i b A S B P R R PR AR AR TR E R
Jo SR A BEAS T BRI n] ARG g 57 AR s AR 02
=2 CCD W 25 A HL T AR b B /R B B AN 1 s,

Flight direction
Nadir CCD
Forward CCD

2
\‘& Backward CCD

Nadir image

1 =B CCD il 2 A1 ML T 44 i B

Fig.1 Work principle of three-line-array CCD mapping camera
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Fig.2 Geometric model of camera intersection angle
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Tab.1 Calculation results of camera intersection

angle
Fenecion et itterence 1)
. ol o2 Aa=0.44
5 gl B2 AB=1.53

AT RZE R AT LVE H, PIFh ik g5 R AR W
P, 2 EANAE 1709 5 ), 31X 6 W OR A LA A5 A 3 ok
i MALAE ST AT TS R 5
2.3 RESW

A R 53 0o A R0 A T LR,
FR O A8 R A L TR 4 T S AR B RS T 2 5 ) B A BIL
AE RS BE T B8 3 0 A B R RS B E LA 3
(), K 2 22 AR B 77 76 28 B0 25 5 M TR 42 o S B SR R
M1 TR AR R 5 0 B E AT D G, AF A DC T iR
25, FLU, 23 =0 ok 0 ) AR B A A A R 2
X 0 AT DL B A Hb e 4 RS R L ke
U 22 0 1T 4 o SRS BE X2 v A G A R PSS
SRR W AT TR AT
2.3.1 ZHIRE AP A A0 o AT

W R AR Ay B E S o T T B AR AR AE x ALy
5 1 Az 95 18 4 S04 K 0~10 m BF, XA HL3E 45 £
AR W E 3 s, B AR AR R SR B R O 22 4



3426 Lo bk A2

% 43 %

SR A B AR HILAS 23 A1 25 2R L AT A58 280 3 SR A4 3 )
AABLAE 25 Ff 09 25 {60, mT DA ) 422 s et L A 468 70 % i
SR BL A 2 A R R A TS O

10

s x L
Q ~ 8F -#*-y ke
EL | -- z 7
S 6f PR
i g’ -
3 s
= < 4} -
.
=5 2f T T
© 8 y —_“_";—_‘1——-*“‘*’—_*--*
T & Of
Q
X
S —2r
=, R
0 2 4 6 8 10
Orbit determination error/m
10
I x /')r
EC 8 —w-y A
s% 6F "~ % ,/’*
° W Ph
] g -
B S 4f T e
<8 AT T
82 Ll BT SNl
S5 2f ez
3%,
@ L
=2
35 o
“ . . . . ®
0 2 4 6 8 10

Orbit determination error/m

Pl 3 AHAIL 2 25 iy 22 1 Wl 488 o A A 2
Fig.3 Curves of camera intersection angle differences vs camera

station’s coordinates
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