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A Resolution Enhancement Method Based on Interpolation and

Extrapolation in Digital Holography
Xia Haoguang Zhang Jiachen Ji Xiaoli Yan Feng Cao Xun

(School of Electronic Science and Engineering, Nanjing University, Nanjing, Jiangsu 210093, China)

Abstract In order to improve the resolution of reconstruction image in digital holography, the traditional resolution
enhancement methods are studied. Here, a resolution improvement method based on extrapolation add with
interpolation is proposed. The recorded hologram is interpolated and extra-padded using image algorithm. An iterative
process is applied by diffracting the wave-field between hologram plane and object plane. The interpolated and
extrapolated hologram can be retrieved by this method. The interpolation process can increase the special sample
frequency while the extrapolation can enlarge the numerical aperture. Simultaneously, limiting factors of
interpolation and extrapolation are also discussed. We have compared the new method with interpolation or
extrapolartion, respectively. The simulation and experimental results show that the resolution of reconstructed image
is improved significantly by using this proposed method.
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Fig. 1 Flow chart of resolution enhancement method

based on interpolation and extrapolation
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Fig. 2 Reconstruction of the simulated object. (a) Simulated object, 640 pmX640 pm part is shown; (b) hologram of the
object; (¢) 40 pixel X 40 pixel marked in (b); (d) reconstruction of (¢) after 100 iterations; (e) reconstruction based
on extrapolation only; (f) reconstruction based on interpolation only; (g) reconstruction based on extrapolation and
interpolation; (h) hologram retrieved after 100 iterations based on interpolation and extrapolation; (i) 160 pixel X

160 pixel marked in (h); (j) intensity curves along the arrows in (g)
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Fig. 3 Inline digital holography setup
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Fig. 4 Reconstruction of the experimental object. (a) Microscope image of the object; (b) normalized hologram of the

object; (c) its reconstruction after 100 iterations; (d) reconstruction based on extrapolation only; (e) reconstruction

based on interpolation only ; (f) reconstruction based on extrapolation and interpolation; (g) hologram retrieved after

100 iterations based on interpolation and extrapolation; (h) intensity curves along the arrows in (¢) and ()
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Fig. 5 Reconstruction of the resolution chart. (a) Hologram; (b) reconstruction after 10 iterations;

(c) reconstruction after 10 iterations based on interpolation
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