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Fig. 3 Holograms and reproduced phase distributions of each sub-aperture. (a)—(d) Holograms of each sub-aperture;

(e)—(h) reproduced phase distributions of each sub-aperture
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phase diagram; (c)(d) Harris corner detection in overlapping region; (e)(f) Harris corner filtering
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Fig. 6 Registration of feature points of longitudinal splicing. (a) Feature point registration map of NCC algorithm;

(b) result chart of mismatch point pair elimination; (c¢) best match point pair
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Fig. 7 Comparison of the results of each phase stitching algorithms. (a)(f) Harris; (b)(g) SIFT; (c)(h) Susan;
(d) (1) FS; (e)(j) proposed algorithm
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Table 1 Comparison of structural similarity between each algorithm and image map

Algorithm Harris SIFT Susan FS Proposed algorithm
Cosine similarity 0. 245 0. 838 0.725 0. 740 0.914
Euclidean distance 9.318 5. 250 5. 850 4. 806 3.615
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Table 2 Data comparison of each phase splicing algorithm

Algorithm Harris SIFT Susan FS Proposed algorithm
Matching success rate /% 40. 00 38.00 48. 00 28.00 80. 00
Matching time /s 1.636 59.916 15.321 2. 830 1. 689
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Table 3 Matching time of each phase stitching algorithm for hierarchical splicing

unit: s

Algorithm Harris SIFT Susan FS Proposed algorithm
Horizontal splicing 0.509 18. 031 3.920 0. 687 0.539
Longitudinal splicing 0.618 23. 854 7.481 1. 456 0.623
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Phase Splicing Method Based on Multi-Algorithm Fusion in Holography

Xie Zhongsi, Guo Tiantai, Liu Wei", Kong Ming, Wang Daodang, Hao Ling
College of Metrology and Measurement Engineering, China Jiliang University, Hangzhow, Zhejiang 310018, China

Abstract

Objective In digital holography, CCD or CMOS photodetectors are used to record holograms instead of the
traditional recording plate in optical holography. The holograms are reproduced through digital simulation. However,
array size and the total number of pixels of CCD or CMOS photodetectors restrict the imaging field of view and quality
of reconstructed images, limiting the widespread application of digital holography. The main methods to obtain a
large field of view images include hologram splicing and phase splicing. The hologram-splicing method is affected by
the clarity and noise of the hologram. However, phase stitching provides a method to increase the size of the
detection field and improve the quality of three-dimensional (3D) images without increasing the difficulty of the
experimental optical system for digital holography. In the field of digital holographic phase stitching, the conventional
block-matching algorithm has the disadvantage that the splicing efficiency of block matching is significantly reduced
with the increase in the size of the subaperture phase map after the phase image is stitched many times. Block
matching is prone to mismatching in similar regions of the phase map. The conventional corner-detection algorithm
extracts corners from the entire image with unnecessary corner detection and extraction, leading to excessive
registration time consumption and affecting registration accuracy. To solve the problem of efficiency and accuracy of
phase stitching of subaperture phase diagram in digital holography, a phase-stitching method based on multi-algorithm
fusion optimization is proposed to realize two-way phase stitching in digital holography.

Methods In phase stitching, the phase correlation method is used to determine the overlapping area to limit the
detection and extraction range of feature points, thus improving the feature point detection speed and the proportion
of effective feature point detection. Harris corner detection is conducted for the overlapping area, and the
pseudocorners caused by flat area, noise point, and edges are eliminated according to the phase information of the
corner neighborhood. Then, the normalized cross-correlation function is applied for corner matching. Guided
complementary matching and voting filtering methods are used to simultaneously eliminate mismatched corner-
matching point pairs, and the corresponding best matching point pair is obtained. The search range of the small block
matching algorithm is reduced according to the best corner-matching point pair. Finally, the full matching search
algorithm is used to accurately match the best corner-matching point pair, and weighted fusion is adopted to realize
the reconstruction and phase splicing of 3D topography.

The sub-aperture holograms of four parts of the letter “a” of glass sample plate are collected using the reflection
off-axis digital holography experiment system; at least 50% overlapping area should be reserved in the adjacent
holograms. Next, the diffraction of a light wave is simulated using a computer. The reconstructed image phase is
analyzed using the Fresnel integral formula. The reconstructed image phase distribution is obtained using the least
square phase unwrapping. Finally, Harris algorithm, scale-invariant feature transform (SIFT) algorithm, Susan
algorithm, full search method, and the proposed algorithm are used to splice the phase map of each subaperture of
the letter “a” of the glass template to obtain the intensity map and phase distribution map of the letter “a” of the
glass template. The splicing experiment is conducted hierarchically, i.e., the transverse adjacent subaperture phase
map (85 pixel X 85 pixel) is horizontally spliced, and then the resultant image (115 pixel X 85 pixel) is longitudinally
spliced. Finally, the overall splicing phase distribution map (115 pixel X 125 pixel) is obtained.

Results and Discussions The experimental results showed that there are obvious errors in the phase stitching
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based on the Harris algorithm; moreover, the phase splicing results based on Susan algorithm are greatly misplaced.
However, the results of SIFT algorithm, full search method, and proposed algorithm are better (Fig. 7). To
compare the splicing accuracy of each algorithm in Fig. 7, the phase distribution map of each algorithm is selected for
contour comparison and analysis with the image measured using the image measuring instrument. The matching
accuracy of the proposed algorithm is the highest (Table 1). The experimental matching results showed that the
efficiency of phase stitching based on SIFT algorithm and Susan algorithm is low; Harris algorithm has high
antirobustness and high matching efficiency, but it is easily affected by noise, resulting in false corners and corner
clusters, and there are certain errors in matching. SIFT algorithm has high matching accuracy; however, its
matching efficiency is low, and the hierarchical splicing introduces new errors. This further reduces the matching
success rate of SIFT algorithm. Susan algorithm cannot guarantee the matching success rate for hierarchical splicing
because of the need to manually adjust the threshold. The full search method algorithm has the lowest matching
success rate due to the mismatch problem of similar regions, and the block matching selection is full of uncertainty.
The proposed algorithm has the matching success rate, matching time, and robustness. It can improve the matching
efficiency and ensure matching accuracy (Table 2). In addition, the algorithm reduces the influence of the size of the
subaperture phase map on its matching efficiency (Table 3).

Conclusions Phase stitching is an effective method to enlarge the field of view in digital holography. The phase-
matching stitching technique of the Harris corner detection algorithm for each subaperture is simple. However, the
splicing result has a certain error due to error accumulation. The full search method has the advantages of simple
operation and high search accuracy, but it has a large calculation quantity and is prone to mismatching in similar
regions. In this study, the phase splicing method based on multi-algorithm fusion optimization in digital holography is
proposed by combining the Harris algorithm and full search method points, which can improve the matching efficiency
and accuracy. Moreover, it provides full play to the high robustness of the Harris algorithm and does not require
objects to have strong edges. It has a wide application prospect in high-resolution mosaic measurement.

Key words holography; phase splicing; phase correlation method; Harris corner detection algorithm; block
matching
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