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Study about distortion measurement of NFOV lens based on star point method

XU Wei-xing'” , QIAO Wei-dong' , YANG Jian-feng' , GE Wei' , XUE Bin', MA Li-hua’
(1. Spectral Imaging Technique Lahoratory, Xi’ an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences,
Xi’an 710119, China;2. Graduate University, Chinese Academy of Sciences, Beijing 100039, China;3. Telecommunication En-
gineering Institute, Air Force Engineering University, Xi’ an 710051, China)

Abstract: In order to measure the distortion of the narrow field of view (NFOV) lens by means of star point method, both
star point center orientation and star size, affecting the accuracy of the distortion measurement, were studied. First of all, in
order to improve the star positioning accuracy, Otsu algorithm and the barycenter calculation were comhined to calculate the
location of star point. At the same time, the calculated results were compared with the traditional centroid algorithm. Then, the
effect of the star size on the stability of the star point positioning was analyzed in the experiments. Finally, the absolute and
relative distortion of the lens was measured for the star points whose mean square error of coordinates is 1/71 pixel. The results
show that the distortion of the NFOV lens can be measured with high precision and this method can meet space application.

Key words: image processing; narrow field of view; distortion measurement; gravity calculation; Otsu algorithm; star

September,2011

choice

51 &

BEE ML R BRI KR, X 23 CCD MIHLEY
T B A SRR R 7, R R X T AN R Sk W A
R BB T S 20K . BT RIS Sk Al &
BARMERELET A" /MUGE LA &
R BE 1) 8 i R AT AM TS ) BE e A, P i e 2
BIGEEEARENRE MELE", BElK
TR B 1 BB E AR AR A TR R, 4R S5 A AT B

HEWH : HR QAR FEE4 W BT H (60808028)

EERA PR (1984-) , &, W+, FENBHNRER
oL E BB W MBFST

E-mail ; xuweixing2008 @ 126. com

Weks A #:2010-11-17 ; W B 5 0k kg H #:2011-01-06

AL KO B A AR, i P B B
MR ARG R ISR, B AR B S B SR O
R ELHE I R 49 K S o 0 A b, P AL
ARG Bk R . 4R BIE ML
WFOLTF M2 K 0 O BT AR 1 8 1
S| T AR B R, SRR B AR
M. B, BFFE AT 5 2 P O M T T/
WA A T L

P SR SR SR R R BN -
ML T BT T 00, BN E TR A
P RS THEL, SAE T AR T TR O B 1
OB B, BT A B A SIS 5 O RN
55 25 LR RS IR FE i B, I 4007 T S
L BRI SR A P B W, B e 5 B S
AR, B T RN T B RO B



594 - D R S N

2011 4£9 H

1 BEMNEFEEM

WA B el LA JLES A 2 A R R
£ AR AR BB 3 S B OT AR R B HE(E X F
TS K64 (light emitting diode, LED) J&IR %
B RSAR, GHE T FTR o B SRR A TR K R/ B

L data
acquisitionf -
cards [ Processing

system
—®—~collimalor—-< CCD )———ﬁ\‘
LED I )
two-dimension
high-precision photoelectric
turntable autocollimator
unit

Fig. 1 Schematic diagram of measurement
ER % EAE AT AT b, 6 F LED J6Ui B P47
S T b B B AR TG 7IE A B AR o SRS Wik
R RS 6 L A RS 17, VA
B IRLE, B A B AL T 00 M4, Bt B A5 4 B
FHEAEAR S o B & AT HERE , R B B X R
R S B S RIS 0. 5° . T IR B 0. 17 B AL
AR B M AT S £ O SRR B A FE o B FE R
REE8Z G P R R0 1R 7, 98 T 453 1 BT f
SECIAR . AE PR Ak B B WA (9 1 AR R o R
SRR E R SR, RF B IR 55
1905, 25 I A2 S A5 o R WS S 248 5 A8 TR LA
SR E R E A . SR R R SR R
30 B F R BB P00 A 5 BE MR AP O AR AR O 5 18
FSIR R AR T
[ = fxtan @ (1)
KL AR S NS A, 0 NI TR AR
BUEEE A, £ R BN e i e e, it
B ) R SRR R 1 L AR A

2 EgRBdOFE

FE SR AR A R v, SO B e A B R R B T
AR B AR EUE B D A BME A B VIR R, W
M, WAL B I R 42 B B mU AR BT B s AR AR
AR HER PR

TEFNBEH AR RN , S8 0 R 50 500 v B L
IAGEY o X BT B A TR SR P D I AR
P K BT 3, 52 B s AR S I 1) B B 4 A
B PEMEIRER . KL, 4 5 th e i B ok 2K e
Jr RN B BT AR, R O R A

B AR O AR BRE, KRB T K BE 43 A1 1 50 4 %o
FIEERE
H bR B0 4% IR — s 1 B % B R A 7 AL 3
LA - B ) AR R 5o X MR T 23 B0 a] ISR
AT WAL, & 48Xt F Hbp LA SRS U B HE 5
Bk, HK T RIS H bR b & SUE 3, By (kB T BARE
BRI K BE A 5152 W L EL R B, BRIK
TE BN R B R — R R 2 T HAa iR 7,
BB R AR 4k B AR e bR i 5, A B BB
BAr B AT iR
.. 0,( f(i,j) <)
ﬂw)—hmﬂw)zw (2)
A, 90 A A KRNy Z 0B 21 B 36
{8.(3,)) R o AR
R ZSIR) Ty 25 1 1 D 22 i R PR P R B e Mol
ER 43 B R E AR IR 43, 75 50R0 H AR 2 6] R 36 R]
J7 ZEREK, TUIAE) 13 AR PR v 38 ) 2 R K, BB 40 EL AR
B4 8 R E A O HArER s R B AR 1Y
25N/ BRI, B S TR0 Jr 22 38 B B K 43 3 B R A Ot
HHEAS AR B/, BT U LR Bk N HRS
5043 #) BE , B AR SUBCRE SR BT i R L
1535020 we 1w, , FoV- 40K BEAE 43 508 wo 1wy, W
BT A B B R B XK S u, RS M
NI BEAR BN B KK BEARLE i ¢ -
u o= wy XUy +w, Xu, (3)
MR g (HRF K, B A 15 30 B B :

g = wy x (uy—u)” +w, x(u, —u)’® (4)
ZERFAESEE, B RN R R EEE N0, TR
FHE O RACHE 2 A R YR iR 1 o, A i 1 5
AR PR E R S EER PR, ITEARD
AN

Y, =

3, (6)

1 N

&=WZ& (5
1
N

TG %, y ) MAR{E, N 7 BRI

TED R A8 i A2 b, R #E4T B3R HAs o
HIFE LR EME S RH Ik AR R B0 BN
X EE S W TR BB S PR S R SR BT 4,
] — L BAEA I 2R B B s bR 2
PN 2SR RIS 6] 3 R A5 B A oo AR AR B0 2R B
—, T e o R R AR S, R R P IR Y
WA B LR, Eelg R —KFER LR
R4 ML ERER KGR, B OLERE 10 b,



358 HSHY

PR TR AN/ L WA I BT 595

RPN EE TR R AP0 B o A AR, BE AL B
ZRMF PR, WK TFHMERITLUEH, L
EGE BLL R, BT AR PR ) — A2 B A 10 WA

ML ARAR 4 o R ENE &, UISR RS T
BOE LSRR T 0 A RS R, TSR R T
AR (KR HERE

Table 1  Comparison results of different algorithm

x-axis image position 1

image position 2

image position 3 image position 4

frames number

new algorithm centroid algorithm new algorithm centroid algorithm new algorithm centroid algorithm new algorithm

centroid algorithm

1 677.4623 677.9182 727.2007 727.3956 776.943 776.2355 826. 7051 826.5138

2 677.4701 677.4744 727.2209 727.3046 776.9306 776. 6637 826.7097 826.4046

3 677.4623 677.5542 727.229 727.753 776.9463 776.626 826.6766 826. 4661

4 677.4868 677.0858 727.2291 727.9006 776.953 776.413 826.6436 826.3279

5 677.4701 677.5622 727.26 727. 4906 776.9377 776. 5962 826. 6569 826.445

6 677.4701 677.6136 727.2626 727.9783 776.9198 776. 6306 826. 6904 826. 1446
7 677.4768 677.3357 727.2552 727.7351 776.9378 776.6377 826. 6756 826.9583

8 677.4585 677. 6059 727.2428 727. 5408 776.9426 776.4301 826. 6865 826.2995
9 677.4768 677.1389 727.24717 727.596 776.9399 776.6393 826. 6675 826. 1247
10 677.4683 677.363 727.2476 727.3731 776. 9296 776. 661 826. 6889 826. 5031
mean 677.4702 677. 4652 727.2396 727. 6068 776.938 776.5533 826.6801 826.4188
standard deviation 0.008354 0.245428 0.019476 0.228693 0.00943 0. 144241 0.020514 0.234386
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Table 2  Calculated results of y-coordinate errors
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Table 3 Calculated results of lens distortion

30-pixel
star point

70-pixel

star point

150-pixel

star point type .
star point

y-coordinate root mean square error 0.0139 pixel 0.0161 pixel 0.014 pixel

y-coordinate maximum error 0.04 pixel 0.046 pixel 0.032 pixel
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biew of image absolute relative theoretic relative
field/(°) point/mm  distortion/pm distortion/%  distortion/%
0.5 0.3533 -0.0826 -0.0234 0.0010
1.0 0.7056 0.1471 0.0210 0.0180
1.5 1.0592 0.2055 0.0194 0.0190
2.0 1.4124 0.3261 0.0231 0.0200
2.5 1.7653 0. 3407 0.0193 0.0220
3.0 2.1193 0.4249 0. 0201 0.0230
3.5 2.4733 0.6035 0.0244 0.0240
4.0 2.8268 0.7717 0.0273 0. 0280
4.5 3.1818 0.9221 0.0290 0. 0290
5.0 3.5370 1.1318 0.0321 0.0300
5.5 3.8927 1. 4000 0. 0360 0.0320
6.0 4.2488 1. 4000 0.0330 0.0330
6.5 4.6052 2.1000 0.0456 0.0350
7.0 4.9637 1.8000 0.0363 0. 0360
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