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Fig. 1 Schematic diagram of projection CCD moiré imaging:

(a) measurement light path diagram; (b) principle diagram of CCD moiré
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Fig. 2

Initial CCD moiré image and its initial phase field
(a)

(b)

(c)
K3 AFRTESHT CCD maER: () FRTEM; (b) LMTEH; (o LR
Fig.3 CCD moiré images with different morphologies:

(a) isometric morphologies; (b) linear morphologies; (c¢) nonlinear morphologies
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Fig. 4 Phase changes of CCD moiré caused by three morphologies
(a) isometric morphologies; (b) linear morphology; (c¢) nonlinear morphology
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Tab.1 Root mean square error of topography calculation results by projection CCD moiré method
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Fig.5 Comparison between theoretical morphology and simulated morphology

2.2 HEXEWEIE

AR5 38 3 R AT AR A S0 B UE Y CCD = 80k B IE i it 23 Bk 3 (5 805% = S0 B S i
BERXIO . RS AL T4 CCD = SR P Al B 52 50 2R 48 (A1 6 Ca) BT 7 ) AL T #5280y F
R i S 45 R 8 CANIET 6 (b) BT 7 ) o S DRTUIE S 5 45 SR 14 T 0 o RS S 38 8 48 1Y - 78 65 R ] 2 A )
(15 : Newport GTS150, AL : 1. Opm) B I RSF J 60em X 40em #Y b5 1Al CF- B 2301 i &
5mm.10mm.15mm.20mm.25mm.30mm) .

TEF R CCD o SR AR S0 i S8 vp o A ALEOC RT B/ AU 4. 8pm) » W IE 52 CCD
73 B0t A i B AR AR £ L TR I i P R 0 R B A (Optoma HEF9237, 73 #F R 0 3840pixel X
2160pixeD . [Alf . % JEE T CCD 2 SR ARBLER B F AR 0L (W BEZY 4. 5m) . 5 51 A3l A
R R ABILR AR 22 WSO 35 0K B2 DAV /N AL I P L O R 07 A 15 26 T B O R LT BR R &



%56 B ET R CCD = 800 KW & 7 B 350 2 Ty v 789

gioksisk o L P
(a) (b)
K6 JESIN RS FERIT LR () # CCD a8l R4 (b) HEHARSK

Fig. 6 Comparison experiment of topography measurementresolution:
(a) projection CCD moiré system; (b) projection moiré system
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Fig.7 (a) projection CCD moiré image; (b) projection moiré images with high frequency grid lines
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Tab. 2 Root mean square error of off-plane displacement measured by projection

CCD moiré method and projection moiré method (unit: mm)
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Fig. 8 Reconstruction results of flat surface topography at different positions:
(a)projection CCD moiré method; (b) projection moiré method
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Fig. 9 Variation diagram of out-of-plane displacement measurement error under different grid line periods
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Tab. 3 Root mean square error of measurement results of off-plane displacement under different grid periods

£ JE) 3/ pixel 72 60 48 36 24 18 16 14

7 MSE/mm 0. 899 0.767 0.585 0. 305 0.278 0.217 0. 200 0.1843

HIFE S 391/ pixel 12 11 10 9 8 7 6 5

Y7 MSE/mm 0. 202 0. 254 0.263 0.295 NAN 0.061 0.065 0.124

SR A AR W] H MR 14 pixel ~ 72pixel i B2 J 09 80 /0N (B 26 % B8 0O o BRI 423k 1)
AL 73 B AR R 5 2 Ak A HE — 25 [ IR (1 2pixel ~ 9pixel) « A LR 42 9 ] 15 rp Bl 26 5 o2k 38 ¥ e 1K .
FOH £ 1 G AR S g B 7™ A AR S 1R 22 A5 5 M 4 ik 0 4 0 9 R IR R R AE MR 5 10 8pixel B L
IR TC 1 A A RS 0 T D) 5 4 £ ) B R IR 2 5 AR AL CCD B & T RF ARG I L 3545 1T B 1E 5X0658 43
A B4 CCD = 80, I & 73 B SO T, B4 CCD = S0 Al 23 B R A0 T 502 2k G TR] A
) s i a AR R I HE— 2B BEAR VN T SpixeD) s 805 CCD 2 G0 IE 5X P 55 o I ek Bk 3 A i 2
fik.




55 6 X i HETHGY CCD = 80 R i 20 B0 S0 4t 05 i 791

HISE B S5 R AT AL A R T 80 CCD = 800 I & 3 H 30000 T $5 52 M 2 02t mT DAL L A ] 45 23
W T B CCD = UL MWL K T U2 M2k Bl CCD = 80k vl SE R T /Y = 7
BEIE S

3 KMEESPHRENELERIE

AT 43 30 1o BRIE W R T 55 00 £ 52 56 ok o — 25 R EHE R CCD = 80 A R, LR TE R T &
SYPRE SN G BE Jr . ELOR M, B 5 R TR 6pixel M LR 2 R — W0 35 B B BRE WK CELAR 4 R
117. 4mm#Fl 40. 0omm) ; #EH Y CCD 2 S0 B A M2 1% B L 43 1) R 4 5 9 B 1 3k 1k 6145
(R R A 4 1 MQO13CG-ON Ximea #HL) s HTE L CCD =80, #5% CCD = 80k it HTAHAILBE BR K
254 4. 5m, T 48 S 8 Computar M0814-MP2 25mm & £ 55 Sk WL #3574 1. 10m X 0. 88m) ; Jy g%
T8 20 ¥ 6pixel JEIUIME 2R L 305 v r AR AILEE BRIK 294 3. om ., BT 853k A HF7518V-2 75mm & £&
BE Sk GRIAL 3 R 0. 25m X< 0. 20m) . $5 CCD = 8055 5 7 4t A% 5 i 4k 52 36 3 e 1048 1) BRI 1R 4
SN 10Ca) L (b) (o) BF7s . H &1 10 AT, 5252 M 2 vk S 43 B 25 Al £ 7 00 P 00 0 48 3 , = 35T 1 (] Bt
DR /NERIRTE S s 45 CCD 2e S0 38 2ok ikt oA %% M 24 £ 45 R[] 45 5 A 2 25 B2 1 T LA J] B i 5 L /s
BRAKIEAN

(a) (b) (c)

B 10 () #3#% CCD = 8UE AL (b) BOEM LT RERIEG ; (o B i i/ ek EI1R
Fig. 10 (a) image shooting by projection CCD moiré method; (b) large sphere image shooting

by projection grid method; (c¢) small sphere image shooting by projection grid method
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Fig. 11 Spherical measurement result of projection CCD moiré method
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Tab. 4 Measurement of spherical diameter fitting results

77k ¥ CCD =80k EVS 2 E2 RS
KERPLA H AR/ mm 117. 680 117. 840
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Fig. 12 Spherical measurement results of projection grid method: (a) large sphere; (b) small sphere
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Large field of view high resolution topography measurement
method based on projection CCD moiré

LUO Keyan', ZHOU Shichao', CHEN Jubing', MA Qinwei’, MA Shaopeng'

(1. School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China;
2. School of Astronautics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The optical profile measurement system based on projection triangulation has a contradiction
between the measurement resolution and the observation field of view, which limits its application of
high resolution profile measurement in large field of view. In response to this problem, this paper
introduced CCD moiré into the projection profile measurement, that is, the periodic structure of the
CCD target surface was used as a reference grid, and the ultra-dense grid line projected on the surface
of the specimen was “enlarged” into thick stripes, and then collected and analyzed. Based on this, a
projection CCD moiré method suitable for large field of view and high-resolution topography
measurement was developed. The measurement results of the projection CCD moiré method and the
traditional projection moiré method were compared with the standard flat panel measurement
experiment. The results show that the measurement resolution of the projection CCD moiré method is
equivalent to that of the projection moiré method, but the experimental arrangement is simpler. The
measurement results of the projection CCD moiré method and the projection grid method were
compared with standard flat plate and spherical object shape measurement experiments. The results
show that the projection CCD moiré method has a larger observation field when the measurement
resolution is similar. Compared with the projection grid method, the projection CCD moiré method
can greatly improve the resolution of the dense grid line without adding or changing the experimental
hardware, so it can realize the large field of view and high-resolution topography measurement.

Keywords: projection grid measurement; CCD moiré; large field of view; topography measurement;

high resolution



