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Review on high resolution and large field of view digital holography
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Abstract: As an interference imaging method, digital holography (DH) can accurately record the phase
information of objects, and has the advantages of fast, non—destructive and three—dimensional imaging. It
is widely used in the field of biological imaging and materials science. Like other optical imaging
methods, DH also faces the problem that the resolution and the field of view (FOV) are mutually
constrained, resulting in limited space —bandwidth product (SBP). To solve this problem, researchers
proposed methods such as computational illumination, computational modulation, and computational
probing to extend SBP by sacrificing other degrees of freedom (such as time and polarization) of the
imaging system. This paper firstly reviews the theoretical analysis of information capacity of an optical
system. On this basis, we systematically summarize the high —resolution and large —FOV digital
holographic imaging technology in recent years, introduce the principle and implementation of oblique
illumination, structured illumination, random modulation illumination, multi —position synthetic aperture

and pixel super—resolution method for resolution enhancement, and angle multiplexing method for FOV
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extension, and make a comparative study. The potential ways to improve resolution and expand FOV are

also prospected.

Key words: digital holography;
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Fig.1 (a) NA of the lens—based system is limited by the NA
of the objective lens; (b) NA of the lensless system is
limited by the ratio of the detector size to the distance
between the detector and the object S/L; (c) resolution
is limited by NA when the object is far from the
detector; (d) resolution is limited by the pixel size

when the object is close to the detector
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Fig.2 SBP representation in Wigner space. (a) SBP distribution
of an object image; (b) SBP distribution of the Fourier
transform of the object; (c) SBP distribution after free—
space Fresnel propagation; (d) SBP distribution after
transmission through a lens ©7; SBP distribution of
free—space Fresnel hologram with (e) in—line geometry
where 0 order and =1 order are overlapped and (f) off—

axis geometry where 0 order and +1 order are separated®”
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Fig.3 Compressive sensing is used to eliminate the twin
image and zero—order effects in the in—line hologram

to fully utilize the SBP of the detector
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Fig.4 (a) Oblique illumination for spatial spectrum synthesis,

different illumination angles carry different frequency
components of the object into the passband of the system
(green circle indicates the system passband, the orange
circle indicates the spatial spectrum of the object). Then
the spatial spectrum is synthesized for a higher effective
NA effect of phase matching between apertures on
super—resolution reconstruction (b) synthesized spectrum;
(c) low -resolution reconstruction using only the
central spectra;(d) high—resolution reconstruction using
synthesized spectra but without phase matching; (e)
high -resolution

reconstruction using synthesized

spectra with phase matching!®”
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along the modulation direction of fringe (leftside fringe
in (a)) is shifted to the system passband and detected(the
middle solid circle). f,, is the frequency of the modulated
fringe. Structured light illumination digital holographic
microscopic system and its super—resolution results
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Fig.5 Principle of structured light illumination for resolution

enhancement
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Fig.6 Random modulation illumination digital holography
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and its super—resolution result. (a) system diagram, H
represents the holographic scattering diffuser, realizing
random modulation illumination, and RM 1is the
rotating mirror to change the illumination angle onto
the holographic scattering diffuser; (b) Lateral point
spread functions with plane illumination and random
modulation illumination; imaging result of 200 nm
diameter particle under(c) plane wave illumination and
C (d) random modulation illumination, the scale bar is

500 nm "7 Object —-wave random modulation digital

holography and its super—resolution results (e) system
(d) diagram; (f)—(g) amplitude and phase reconstruction

without random modulation; (h)—(i) amplitude and phase
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Fig.7 Multi—position synthetic aperture system and its super—
resolution result. (a—f) Detector shifting mode: (a-b)
transmission and reflection system diagram; (c) spatial
spectrum of the detected object wave with only the
central detector position; (d) spatial spectrum of the
detected object wave with five detector positions
(central, up, down, left and right); (e) reconstruction

(f) reconstruction

(g =k) Object

using the spatial spectrum in (c);
using the spatial spectrum in (d) P'.
shifting mode; (g) system diagram; (h) captured
hologram corresponding to one object position; (i)
reconstruction from (h); (j) synthetic hologram with 4
sub —holograms captured with 4 object positions; (k)

reconstruction from (j)©*
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Fig.8 On-chip holography system and its super—resolution
results (a) system diagram z,>>z,; (b) principle of pixel
super —resolution, physical pixels are marked by the
bold border, i, and v, are the shifting distances of the
k —th frame relative to the reference frame in the
horizontal and vertical directions; (c) microscope

image of a grating captured with a 40 X objective lens

(NA=0.65); (d) amplitude reconstruction of the grating

using a single low—resolution hologram; (e) amplitude

and (f) phase reconstruction using 36 low-resolution

holograms with the pixel super—resolution method"®
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