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Abstract The traditional linear CCD measurement method is only suitable for static image acquisition or
displacement measurement at low speed. On the basis of the CCD dynamic error analysis in the process of dynamic
measurement, a drive timing delay method which is synchronous measured by multiple CCD is proposed. This
method uses multiple linear CCD arranged from beginning to end in a space and straggles with each other in time
to realize multiple displacement values measurement, so as to improve the dynamic measurement range of linear
CCD. To verify the validity of the scheme, a timing delay angular sensor is designed by a circular array which is
constituted by five linear CCD sensors of the same tape, and the construction of the corresponding experimental
system is completed. By measuring compare with high precision circular grating in the different rotational speeds,
with the increase of speed, the timing delay measurement method of dynamic characteristics is obviously superior
to the traditional measuring method. The results indicate that the level of dynamic error of the timing delay method
in 30 r/min is equal to the traditional method in 10 r/min. It concludes that the feasibility of linear CCD dynamic
characteristics improvement is verified with the timing delay measurement method.
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Table 1 Comparison of results

Speed /(r/min) 5 10 20 30
Positive error offset /(") 3.1 10.6 15.2 25.1
Traditional measurment method
Error range /(") 14.03 28.05 359 42.3
Positive error offset /(") 1.7 6.2 11 13.5
Timing delay measurement method
Error range /(") 11 22.04 26.2 30.2

M 1A LUE i, CCD 8l 28515 22 19 1E 13 2 fii B Mt BIL 1R 22 42 [ 3y 3 132 498 R T 8 K, 2R FH I 4 S 2k
1) 3h 25 158 25 2L B S /N 45 e Ar B I 8 )5 3, b 30 o/min B 1) 2 25 0% 25 545 58 )7 75 10 v/min B 14 3 248 5% 227K
A . I, Bk T oG TR CCD 3l 25 1 22 70 A LA b 28038 O 15 i IR 1

5 4% i

PEAN 7 B 1 2R CCD gl 25 I I, 51 3y 28500 d 158 25 B W > 32 2 DN 3R 2 gl 25O B 0 A il £k b c 32 B0y
Ji B % 2 AR T K BE W P 5 RS B BE ML IR 22, JF 7 1 P 1508 Bl B 2 ) Y AR A R R — i I A

0212003-8



I - R !

HE 1) B 2557 B W 3k 7 3% K A — A 1R S ARG CCD () 250 3t 1) ff A0 RS A% B 25 4 , 52 B0 (] — B Y B ] )y 24
PR R AE WY B bR, S50 T8 51— CCD G [ 9 20 T 4/5, T3 = CCD 14 s 245 R 2 5 3 1 5 4 B TR e
WHFEAS [R) 32 203 B T E A7 Sl 285 0 a5 25 A6 A, X HU AR SCHE H ) BsF P 4 0B 00 4 Ty vk 45 4% 6 I oy Tk 1) B S R
ZRRIE VIUE T & T CCD B 2315 25 28 A0 AL 20 B B9 E B , ) s, 36 TE 17 B 3 3 88 300 v X 42 55 CCD 3 A5 4
PR AT M o 25 W, s B R 5 AE 30 o/min B 5 4% 58 05 5 10 o/min (1 3 AR 22K A2, BEB Ay
BT LAAE AN D CCD U ) (B R AT HE T, A3 2008 R L sl A i o

DL ERFFE S5 1848 /R T COD B (7 B M it (1 152 22 M | 56 0F T s 3 3 i ) 5t 07 32 3 4 R 2R B D 3h &5 4
PERY AT AT B R B 1 B 5 T 2R CCD 1Y 2l 245 I 4 5 11, S 2R B C.CD I 1 5 0 20 245 0 B it $ 4fk 1 —
AT 35 1) it e O 6

£ Z X
1 Gao Lina, Hu Xiaodong. High precision edge detecting algorithm and realization of linear CCD based on FPGA[]]. Advances in Information
Sciences and Service Sciences, 2012, 4(20): 318-325.
2 He Fujun, Zhang Ruijie, Lan Shuang, et al.. Measurements of non—contact external tapered thread based on linear array CCDI[J]. Journal
of Harbin Institute of Technology, 2008, 40(7): 1169-1172.
e, sk B, 22 3, A PR SMR S ZEBE COD JEE2 Ml i 77 ¥4 (7], W K Tolk K224z, 2008, 40(7): 1169-1172.
3 Miao Jianyu, Zhang Liping, Tian Tieyin, et al.. Realizable technology of light—machine structure for three-line array CCD tridimensional
mapping camera[J]. Chinese Journal of Scientific Instrument, 2011, 32(10): 2183-2189.
T, Jk T, FBRED, 45 . =2k FF CCD 7 Al 2 A ATL 45 18 52 BLE R[] A 284X 2% 9, 2011, 32(10): 2183-2189.
4 Li Yapeng, He Bin. Improving image quality by using CCD subpixel imaging [J]. Acta Optica Sinica, 2015, 35(2):0211001.
AL, et SR CCD B A7 LR R $8 R BT L)), 65541, 2015, 35(2): 0211001
5 Chen Ji, Wang Xin, Cao Jiuda, et al.. Development of high—speed CCD laser displacement sensor[]]. Optics and Precision Engineering,
2008, 16(4): 611-616.
Wi BT 2R WK, SRR CCDBOL MR L AR )] Dt KG 4 TR, 2008, 16(4): 611-616.
6 Fang Ping , Ding Fan, Li Qipeng. Research on a novel micro—displacement sensor based on linear CCD[J]. Chinese Journal of Sensors
and Actuators, 2006, 19(1): 74-717.
I T L AL BT L CCD R TS A% RS R A IR (], A% IR R 24, 2006, 19(1): 74-77.
7 Sun Dongming, Dong Wei, Guo Wenbin, et al.. A testing method for a MOEMS optical switch using CCD[J]. Acta Optica Sinica, 2005,
25(3): 346-350.
PVAREA, B, FROCHE, 45 R CCD R [ RDE L - R G006 M7 i [J]. 6242241, 2005, 25(3): 346-350.
8 Zhang Yu. Two improving methods of object orientation precision by CCDs[J]. Journal of Optoelectronics - Laser, 2003, 14(10): 1118-
1120.
k. R CCD 7S )R A RS BE 09 B A O ik [J]. O HL T - 0O, 2003, 14(10): 1118-1120.
9 Ao Lei, Tan Jiubin, Cui Jiwen, et al.. Fast and precise center location for circle target of CCD laser autocollimator[J]. Acta Optica Sinica,
2007, 27(2): 253-258.
e L AN, BTSSR P SO O CCD A HE BRI BR 0 1 R[] DGR iR, 2007, 27(2): 253-258.
10 Qian Yixian, Hong Xueting, Jin Weimin. Motion measurement of dual-CCD imaging system based on optical correlator [J]. Chinese J
Lasers, 2013, 40(7): 0708002.
B S, W, A I O A SE I A CCD LR FR 4t B1H5GE 2 B 0 it [0, T O, 2013, 40(7): 0708002.
11 Guo Jingjing, Zhao Xuwen, Li Min, et al.. A novel rotational velocity transducer based on linear CCD[J]. Journal of Optoelectronics « Laser,
2012, 23(8): 1478-1481.
S Ah, BAE S0, B B AR R TR IR COD BT B 5% R B AR (D], D T - 0k, 2012, 23(8): 1478-1481.
12 Zheng Lina, Zhang Tao, Kuang Haipeng, et al.. Image motion velocity measurement technique based on spatial filtering effect of line CCD
for aerial cameralJ]. Acta Optica Sinica, 2012, 32(11): 1112002.
ST, 5k V5, EEEEING, 45 . BT 2B CCD 23 ) 8 A0 A A 2 MTBILARRS e 1 0 i D 3 (7). St 74k, 2012, 32(11): 1112002.
13 Li Changgui, Liu Jinghai, Lin Youna, et al.. Study on using linear CCD array in real- time dynamic measurement|J]. Optical Technology,
1999, (2): 4-7.

0212003-9



DI S R ¢
2R T, XVEGE, ARG, % . R FE CCD T 52 sl 240 & R T 5E]. LR, 1999, (2): 4-7.
14 Wang Qingyou. Photoelectric Sensor Application Technology [M]. Beijing: China Machine Press, 2014.
FRA . OGHAL IR N R AR M. s AU Tl Hh A, 2014,
15 Chen Tingzheng, Lii Haibao. CCD subdivision method and application[J]. Acta Optica Sinica, 2002, 22(11): 1396-1399.
WAEEL, BT . CCD 41505 AR Jy v i 58 K v (D). 2% 2% 4k, 2002, 22(11): 1396-1399.
16 Yang Yong, Wang Yanlei, Li Ming, e al.. Research of high—accuracy digital image correlation measurement system[J]. Acta Optica Sinica,
2006, 26(2): 197-201.
o B, BIRTE, 4 B, AR RO O RGO OGN B AR A S A RS (1], Dl 2R R, 2006, 26(2): 197-201.
17 Wang Zhiyong, Wang Lei, Guo Wei, et al.. Optimal size of speckle spot in digital image correlation method[J]. Journal of Tianjin University,
2010, 43(8): 674-678.
FHE, B8 85 BUT RS S B R L BBE R T[], REEK 22412, 2010, 43(8): 674-678.

18 Wang Zhiyong, Li Honggqi, Tong Jingwei, et al.. Statistical analysis of the effect of intensity pattern noise on the displacement measurement

precision of digital image correlation using self—correlated images[J]. Exp Mech, 2007, 47(5): 701-707.
19 Wang Wenting. Research of High—Speed CCD Data Acquisition System and Image Spots Location[D]. Wuhan: Wuhan University of
Technology, 2009.

TESChs | Wy 2R COD U R AL R G 58 2 AL WFFE (D] i3« i BUHE TR 2%, 2009.
EBHE: T4

0212003-10



