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Sub-aperture stitching deflectometric testing

technology for optical surfaces

Xiang Chao', Wang Daodang'*’, Dou Jinchao', Kong Ming', Liu Lu', Xu Xinke'

(1. College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310018, China;
2. Wenzhou Research Institute of Zhejiang University, Wenzhou 325006, China)

Abstract: Aiming at the measurement needs of large-aperture optical elements with ultra-large dynamic range, a
sub-aperture stitching testing method based on optical deflectometry was proposed. According to the surface
feature, the sub-apertures were divided and sequentially measured with the proposed fringe-illumination
deflectometric testing system. Based on the slope data measured with actual testing system and ray-tracing result
in the system model, the tested surface in each sub-aperture could be reconstructed with high accuracy and be
stitched for full-field testing. Compared with the interferometric testing method, the optical deflectometry testing
was larger in dynamic range and field of view, which could greatly reduce the number of subapertures required,
thus greatly improving the measurement efficiency. Additionally, a weighted-fusion algorithm based on
overlapped regions was proposed to obtain the smooth stitching result. To demonstrate the feasibility of the

proposed method, both the numerical analysis and experimental verification were carried out. The high accuracy
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and large dynamic range were validated in the reflective lampshade testing. The result shows that the stitched

surface obtained by the proposed method is consistent and smooth, and its surface deviation RMS compared with

the full-aperture measurement result is 0.0957 pm, which is smaller than microns. The proposed method is high in

measurement accuracy, large in dynamic range and also simple in system configuration, providing an effective

and feasible testing method for various optical elements with complex reflective surfaces.

Key words: optical testing;

0 35

R B R R R B AL EDE 2 n e R 4t
H ELA A AR A R D e e O SR, BT
R TG E R . R RN BT AR S Sl 20
FOUPFRA TR R 2% | R R A Re 1, 3 Hoin T
il SR AR T SR A R . H AR AR
2 i ARG I B EZAHE T PEY Sk .
Horp, PR INE ARG T 208 D4 i A i
REMRTIE S o e T AU Dy —Fh AR ek >0 5
¥k, BAT RIS BE s 5 8] 3 B B e AR, (EH3)
S B/NE D Z A 4 JIE LD i
ARG RE e, AR — X — A A I A S B
IR R Ll 22 o R AR i) SRS A3
P P9 e A ARG, (ELZZ 00 B s A i R A2 2% . EL N4
HARA R . UG L0515 B o - 4 & i Ay 48 I
R MATEOR SR . - & AT R E S
5 I3 5 4 7)o S e i RGN, T 32 75 5 R~ AN
LA BRI, L sh 20 BN B R AR . b
G A B AR BAT R IS BE i sl A I R Y R R
A R GE 4 1 g BLAE A0 i, R4 2R BKTAT L A BKTAT L 2
FI DG T R AR 2 T R

N T BB SR OGO A, 1
FLAR PRI B BRIz ik . LR BHE R SEA
UV 2R N T HE Kl 23 22 A AR X /N LA
DX, o7 00 e A5 300 10 25 A 1 FLAR B BEAT PR, T
AR DRI . B AT LA PR W 17 IR BE
B IE S L RS 4 B AR I SEA T30 2010, fER
TER 185 R4 Sl AR DG~ T F HEAT I BE I, [BE 53R
FEAE MR 09 7 FLAR R 3 PR TR RTGTERE | DF
BT

ORI R ORI AR B e AR AR B AR D A S T
PERIRE R OR, SCrP R T R AT BRI 1 fLAR
PR T 05 o ARSI ST B il R AEE AT T AL

T

fringe-illumination deflectometry;

sub-aperture stitching;  large dynamic range

T Gy, IR A AR S G2 R T N R 5
X AR B T, 4 7 fLAR SEBROL BE A 5 B
REDGBE A i 2 FE A AT 2 HE T T 20, 2 i m] 3 451
FLAR MO B 2E AT B4, h BRI A AR R I i 245
Ho mFIEA I B X T E B AR
) 2l 2558 B AL, AT R R B AR BT o 1) 1 FLAR K
i, IR & TR . [ IHE T 5T 1L
B A DX S Y A R 5 5 1, A T PR TTE Y
“PRHEIRIE™ . AL TSIk A4, 24T T E
IR AISERIAIE o X — SO B AT BRI, JfRE
B PR H I 1 45 R 5 A AR i 25 R AT AT L 4
o R T 3k A R A | AR e R
VAR ZR e 4 R g B AR AL, AT R R AR B i ARER B
BIEREDEFA T BRI TR o

1 & IE

1.1 R&EE

BT 2= AT B AR (0 FL AR DI o R 45 D 2
FInIE 1 Frzs, R 8e2H GRoruds LCD $E 5# . CCD
AHAL . BT LR P AL LA . 22 1 BRI

CCDQ LCD screen
camera / (Xmodels Yimoder)
3
Camera’
aperture
Z x
y :
Test surface
f " . = — —
Five-axis -
adjustor

1 BT EM TR (LA PFHE 1 R e B
Fig.1 Schematic diagram of optical deflectometric system for sub-

aperture stitching measurement
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Fig.2 Diagram of two sub-apertures and their overlapped region
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Fig.4 Stitched surfaces and residual errors in simulation. (a) Stitched

surface with weighted-fusion method; (b) Nominal surface;
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stitched surface based on mean calculation method and nominal
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