2T % 10 Jese K TR Vol. 27 No. 10
2019 4E 10 A Optics and Precision Engineering Oct. 2019

NXERE 1004-924X(2019)10-2272-08

R = EKXARERHEIBEZRIE

EOBLSHECEER. K B LABRLKRAR
(1LL7FERZKR #ROIRPELLEE, £ 200083;
2. PEABFRAF, L 100049)

WE A2 R D428 ERAR AL FH RGP AR AR R 32 0 B bR g IR E R MU E ERE N E, TR
25 0] AR 38 R AR AL = K B2 A s R, A4 T W A8 28 T80 | 2 o 32 B b 0 1% 2 B BRI % T IR O e O X A5 A A R Y
WEFRFZ AT 20, x5 DL E (A8 A SO %28 R G0 MW A RV BEAT 1 IS 48 10 17— Fh B0 A K 10 2838 B AR L I
AT R . B9, FE G o o AR DB A 13 SR e AR /D AR AR BUL S R AR A F IR RS R EE TR
F AR R AR 25 350 TR U BRI AL B AR AR 5 B o R A B TR A B R U i Al A AR T AR AR TR L S Y B A
MEIE . SCG8E SRR %7 W A IE RS B AR IR LT AN B L T 0. 32 pixel, 7250 I L1 A0 U BR AR T 0. 28 pixel, HAH X & 58
WA AR A AR AL A3 4 25 T 44, 6 %6 50. 9% . O L TT S R T AR R AR ML A ST TR R SR E SR AR I 25 5 %

X # WKk o REFAAN TR E R AR

FE 4SS TP394. 1; TH691. 9 Xk tRIZAD : A doi: 10. 3788/OPE. 20192710. 2272

Improved distortion correction method for
spacial large aperture tracking cameras

CAI Ping"?, LI Xiao-yan'?, TANG Yu-jun'?, ZHANG Yong',
HU Ting-liang' , CHEN Fan-sheng'”

(1. Key Laboratory of Intelligent Infrared Perception,
Chinese Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

* Corresponding author, E-mail;: c¢fs@mail. sitp. ac. cn

Abstract: In the context of applications of spatial large aperture tracking cameras, calibration errors of
the principal point and distance and associated distortions are considered to be important issues in the
problem of on-obit geometric positioning. To meet the high-precision calibration demands on spatial
large-aperture tracking cameras, factors of the distortion types, calibration errors of the principal
point and distance, as well as rotation and inclination of the detector array, must all be addressed. To
solve these problems, this paper analyzes distortion characteristics of systems of this type and
proposes an improved distortion correction method for large aperture tracking cameras. First, the
optical principal point and distance are ascertained using 13 points on the small central area of the focal

plane via the least square method. Following that, the theoretical coordinates of the 25 test points
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distributed uniformly on the focal plane are calculated with the help of the recently acquired principal

point and distance. Finally, the parameters of the distortion model are estimated using the theoretical

coordinates and the measured coordinates of the test points, and the distortions of the camera are

corrected. Experimental results showed that even distortion errors of less than 0. 32 pixels and 0. 28

pixels were corrected by the proposed method in a near-infrared image and a short-wavelength infrared

image, respectively. Thus, the distortion correction is 44. 6% and 50. 9% better than that of

conventional distortion models. Thus, the proposed method provides a beneficial reference in the

research concerning the obliquity of the focal plane of large aperture tracking cameras.

Key words: large aperture tracking cameras; distortion correction; distortion models
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Fig.1 Schematic of experimental apparatus
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Fig.2 Diagram of imaging system
3 W EKRIET R

3.1 FREEHE

SR A FR G A5 T I AR I 2 3 A 0BG i
B A3 vt /N DX P AR AN A
A5 PR AE R ot /N K N S SE BRO 2 R G
LI L BRSO R . 1B 3 % TR s AR 1R
TET 1 43 A 7 7 FE R T L ) e 7 ) » 2 e e 41
L IR L 3 = YE 55 & 7E 3 rh o KO
13 AN B A, 43 8 SR BE — A B S L B AR AR
Cainy) s Gi=1,2,+++,13) FIAH R [ e EAL B 7
A Cazivel) s (Gi=1,2,,13), H4EKZ
JUAT BRI 20 (4) o B S5/ 3 07 v AT g S AR L 32
MOEBRMATHEDT .

P n > (xtan(az®)) — D tan(az®) D) x;
nz tan® Caz®) — (Emn(azfq))2

T = %(2 xi— f’E tan(az®) ) i

R tanCel?)

Y= [2 fz cos(aNR)]

(n=1331=1,2,++,13)

(5
Horb £z Ay S50 AIHLE F0E F FTE LT 2,
yo KRG THEL



5510 1] 23

P25 PR Y 23 )R R38R ML A A OE 2275

3.2 MR ARER

[, an &l 3 frows , i 8 = 4k S e AL
H e 25 ANE R 2000 SR AR AL AR
BRCaw y) s Gi=1,2, 0+, 25) FAR L 1 ELAX A9 75
Pl A Cazisel) s (i=1,2,-+,25) , HRAEFT
R A AR THE b A ME BT LA AR A
THEAR IR SR BIE A AR E AT R .

J Zroi= 2o+ ftanCaz®)

< A _tan(el® (i=1,2,++,25), (6)

[yu'n:yo*f m
Horr s Capors yuod) AR R MK AT Cao s v B9 BE A2
IR

oy =P P Lagee
SR
Wiz e ° ] ]
L4 L] [ ] ® ®
L

° ° ° ° (Sl

3 A 20 A 7R T A

Fig. 3 Distribution schematic of test points

3.3 EEER
P b RGP AR — D W 2 it T RE 6% 58
G LB ERGE R ASEA B DCx, y)
TR 5 i W AR AR A (7D T
x=x0:t+ D, (x,y)
yi=yoi t D, (xs y) '
A Cas yi) B Caosos s yoos) A5 T RE A5 % 0 1 A8
PRATFLIE AR L D, (s ) F1 D, Cay y) Sy 3HAR Wi 725
BERAE Ay J7 8] B9 0 6
& &t Wy 7% #E Al ( Conventional Distortion
Model, CDM) ¥ H K 4 i 7 ¥ 3 B AL AR 1
P4 W 2 R e R S 2 AR ) W 7 o W 28 B i
e 58 B 28 T 3 B P AR A LA oz 2
JDIZI(kl 4k ks )+

(7

[p (P2 +2pxy] s (24+ V)
w%ﬂbﬁ+bﬂ+hﬁH

(o (PF2y)+2paylt+ (2 + )

(8)

b

Hir, = V,erryZ: (x—x)*F (y— )" B R
P, WIEE FE A (s y) B EE B, ks ks s ks
T 3 THA [6] WAL ZR B pys po N IS Al O R
A FRH 51 s AT P IR B R A

2 AR T AR BRI B R L AR R R
A PRAE , JE BT BURE RT O A R GE AR T M A
PRl BER: TE O E R G b R T 4R o
B,y WBERE o TP AR BEE H IS Y AL bR 430 A
oo A"y ORF I < BT 18] 52 00D WA

x cos B 0 —sin

y/:l = { 0 1 0

2 sinf8 0 cosf

1 0 0 x
0 cosa sin a} . [3} )
0 —sin a cosa 0

{I, xcos B+ ysin asin f3

CIEGE
/ ; 9
y = ycos «

Forb o, B3 531 g 25 D0 45 1 TRTARDAS 2 Bl 75 1] Ay B
75 1m] Y B A

R AR E IR 22 AR IT RUE A2 b B R
005 Y TR R AP AUl o % TR W A8 ) S5 T 3 S SR
S 4 RS L W A A R S I A 11 A S AR HIL B 1R
T B AR

D=~ at aCh i e k) +
[pr (A 2a)+2p 2]+

azt zeos ft ysin asin 8 :
D=y b stk A s D+
[ps (P 4250)+2py 2]+ bayeos

1o,

Hrbia.y M fANRFREWNERLER. AL A
FHE R, r A (o ) BB 05 Cao s yo) Y
PRI BE RS ky o ke s ks AT 3 THAR [6] W 22 R HR py s
Do A9 T Qi o W AE R an b sy T IR EY R
JER F s s B 43 0 2 75 TR DU 45 1 T AH X o Bl 77 1)
F oy 5 1o 0 B AR A

HPE Levenberg-Marquardt & ¥, 1% Wy 4% #5
B A BT h D RA

mmi{r‘]m}rxway,un

N T Vi — Vi D,(xsy)

Horpr N Sy mi AR ) S 8OEE .



2276 b

K % TR

5% 27 &

3.4 BERIE
AR A BT SR Wy A2 AL AR AT B — 8 (2 ) Y
Wj 742 158 22 W] JE ok 40 R J7 AT AL OE
T — x— D, (x, y), (12>
Neor = y— Dy (xs )
oA Cxcor s yoor ) F B AR TE S5 AR 85 Caos v) 1Y 2
PRE .
HRE LA b 5387 8 SCIZ W AR A IE R AE « Fl
7 Ta] ) 48 X R IE R 22K
Error,= xco — 210

, (13)

Errory: Ycor T MLO
Hor s a0 M yo B E(6) Bk BLE AR BRAE , Error,
A Error, A x 1y J7 [ B 48 X5 AL IE 3R 25

4 FBERL5 M

Ohy S A ST 7 1 8 BUKRE Y  u b LI
R AR B B A AL AT 21 A0 R0 21 40 0 0 3 0 ik
Ay W 22 A IE S

A o R B A S A LA
DI 13 AR A T SR B — i A O B B AR
FIRHISE [ E ELASCEY J7 4 A AREAT . AR 45 20 (5)
JIt 3R T SR U AR AL B 2 R AR AN 1
JIER

®1 EREEMESER

Tab. 1 Calculation results of principle point and distance
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Tab. 2 Coefficients of conventional distortion model
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Tab. 3 Coefficients of proposed distortion model

Af ky ke ks n P2 51 5 a b « B

LS 9857417 3.88E-04 —4,61E-06 2. 52E-08 1.43E-05 8.70E-06 1.05E-04 1,91E-03 —0.9926 —1.006 1 —0.8754 1.5733

B LAN 998.1628 2. 20E-04 —6.03E-07 4. 06E-09 9.21E-06 —2.27E-06 1. 26E-04 1.79E-03 —0.998 1 —0.993 6 —0.323 9 —3.4690

% 4 iR, oh Bk i £ 5 vk 0 A 0 AR IERETI Y SR T 44, 6 %0 F1 50. 9% . HiZ ¥k
TR it B A0 00 5 3 L D BB R B 8 A 6 IE A L R W A8 5 T A B 78 30T 21 A1 0 0k 210 4k ke B ¥ A
ARSCHTHR T LM AR RS IR 45 R S G AR R R I TSGR IE ik, Hoh, i3 4 n A, 2T
SRR UEAT T X H . R 4 AT AR ST R O vA 2T A1 R0 % LT A e BE L o T T ) W AR A TE 15 24 1
WA A5 A IE RS B 7R I 20 AR B AR T 0. 32 pixel, 78 KT y 7 1) B0 B AS RS OF 1% 2%, HOTT RE 5 A 7 T
S 2T A BEAR T 0. 28 pixel , #H X% G5 W A8 % AR O



2278 e K% TR %27 %
x4 MXBENBETRELRLL
Tab.4 Comparison of distortion correction results of experimental camera

ik Wit R 1 2 3 4 5 6 7 8 BRIRFE /pixel
GgEBRY: a4 Eror, 0.0347 —0.2654 —0,3237 0.5633 0.1597 0.3250 —0.3578 —0.3179 0,563 3
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