5550 B 11 M T % IR Vol.50 No.11
2021 4F 11 H ACTA PHOTONICA SINICA November 2021

5] H#% 20 : WEI Chen, WANG Hongjun, WANG Dasen, et al. Large Dynamic Range Scatter Signal Acquisition Based on
Multi-exposure Image Fusion[ J]. Acta Photonica Sinica, 2021, 50(11):1112006
R, ELLE, ERAR, S T 2000 BRGS0 R 3l 2453 B O 5 R LT )6 7244, 2021,50(11) : 1112006

BT 2 B EIMR Rl & 1 R Sh I8 HURME 5
AR

MR, ITuaR I XRAWER NAF L AR L ANEZE]
(1 75 % Tolb K2 BV W4 AR 506 # R 8 S 50 g =2, P4 710021)
(2 W E = 28R BE T U5 43 Be , Wi 7% 310022)

B EHSAEARBEFPHRHAETODIALANYmb AR OERENEHEGFRA, REHEA
BBEHARAE A RDECABRMNETHRR T, A, RELFAMHE —12 F 4R F L6 #%
HBEGE KRG SFERFDPETR, >MENRA ST RABRPESTREBERN SMsERA Ei’x#%
MERUWASTRE B PRELTBHZIRSGEART ARG RS, RE, FRBRO XD I CERIES
ATRERIN A R B EL, ERAN . BREBHORAETS ﬁaéfé%ﬂaé\éﬁﬁ%ﬁ%#mt,aﬁs@
BT 3INKFTER BREENRAET ARG LFAHAABAREAS LTI RGN ZTER
—HIEY T A F AT T X3 &K B KM 5 R B Ak F A 6 R Rk 2

FRE LA R MIHE T S BROE R B RS AR A AR DR TR S AR
FESES:0436.2 EKFRIRAD : A doi:10.3788/gzxb20215011.1112006

Large Dynamic Range Scatter Signal Acquisition Based on
Multi—exposure Image Fusion

WEI Chen', WANG Hongjun', WANG Dasen®, TIAN Ailing', LIU Bingcai', ZHU Xueliang',
LIU Weiguo'
(1 Shaanxi Province Key Laboratory of Membrane Technology and Optical Test, Xi'an Technological University,
Xi'an 710021, China)
(2 The Ningbo Branch of Ordnance Science Institute of China, Ningbo, Zhejiang 310022, China)

Abstract: In the light scattering method, the small dynamic range of the scattering signal will directly affect
the measurement accuracy of optical element surface roughness. To solve the problem, the image fusion is
applied to acquire large dynamic range scattering signal. First, the scattering images of different exposure
times at the same position are collected. Then, it is transformed with wavelet transform, the decomposed
low—frequency components are fused using the principle of strongest scattering signal, meanwhile high—
frequency components are fused using the principle of regional characteristic measurement. The multi—
exposure scattering image fusion is completed by inverse wavelet transform. Finally, the large dynamic
range scattering signal is processed to obtain the surface roughness value of the component. The results
show that the dynamic range of the fused scattering signal is increased by 3 orders of magnitude compared
with the unfused scattering signal. The surface roughness of optical elements calculated from the fused
scattering signal is consistent with the measurement result of the white light interferometry, which proves
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the proposed fusion method can be used for large dynamic range scatter signal acquisition and surface
roughness measurement of optical components.

Key words: Light scattering method; Scattering signal; Multi—exposure scattering image fusion; Optical
element; Surface roughness; Wavelet transform; Dynamic range
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Fig. 1 Schematic diagram of optical element surface scattering image acquisition device
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Fig. 2 Scattering distribution diagram of the same position of the optical element under different exposure times
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Fig. 4 Flow chart of fusion of low—frequency components with the strongest principle of scattered signal
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Fig. 5 Scattering distribution map with large dynamic range
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Fig. 7 Distribution of relative scattered light power at different exposure times
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Fig. 8 Fusion results of different fusion methods
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Table 1 Evaluation results of original scattering images with different exposure time

Different exposure time

Evaluation index

100 ps 800 ps 6 449 ps 51 980 ps 419 000 ps
EN 0.083 5 0.082 2 0.040 1 0.001 9 0.000 1
AG 0.847 9 4.8425 18.904 6 22.018 5 19.918 9
VAR 142.073 8 540.330 4 2181.358 1 2743.789 4 1935.880 1
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Table 2 Evaluation results of scattering images fused by different methods

Different fusion methods

Evaluation index

Weighted average Laplace transform Proposed method
EN 0.692 4 0.572 2 0.698 1
AG 11.775 4 12.5131 25.504 1
VAR 948.042 0 1393.028 6 2639.147 4
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Table 3 The surface roughness calculation results of each exposure scattering image

Exposure time 100 ps 800 ps 6449 s 51980 ps 419 000 ps White light interferometry
Surface roughness/nm 6.41 4.18 3.87 2.11 1.73 2.85
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Table 4 Surface roughness calculation results of different fusion algorithms

) ) Proposed method of White light
Fusion methods Weighted average Laplace transform ) )
this paper interferometry
Surface roughness/nm 6.39 7.79 3.15 2.85
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