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ABSTRACT In this paper, we propose a holographic zoom system based on two adjustable lenses. Different
from the traditional holographic system, a digital conical lens and a liquid lens are used as the zoomable
lenses. The liquid lens with large effective image aperture is designed and produced by a 3D printer.
By mechanically controlling the curvature of the liquid-liquid surface, the focal length of the liquid lens can
be changed easily. Compared with the other lenses, the conical lens has a larger focal depth. By encoding the
phase information of the conical lens on the liquid crystal on silicon, the focal length and focal depth of the
conical lens can be adjusted easily. The liquid lens and conical lens cooperate with each other so as to realize
the high quality of holographic zoom projection. With such a system, the size and depth of the reconstructed
image can be changed easily according to the requirement. Experimental results verify the feasibility of the

proposed system.

INDEX TERMS Liquid crystal on silicon, holographic projection, lens.

I. INTRODUCTION

As a portable projection way, micro-projection technology
has received more and more attention [1], [2]. In the tra-
ditional micro-projection system, the size and position of
the projected image can be adjusted only by changing the
distances between different solid lenses. The computer-
generated holographic technology can completely record and
reproduce all information of the object, and the complex
amplitude information of the object can be easily adjusted
by encoding the corresponding grayscale image on the lig-
uid crystal on silicon (LCoS) [3]-[5]. Therefore, micro-
projection technology based on the computer-generated
holography has gradually attracted widespread attention.

In 2013, a lensless zoomable holographic projection was
proposed by calculating different sampling rates [6]. By using
a speckle reduction method in the process of hologram cal-
culation, the speckle noise can be suppressed effectively.
However, the magnification of the projection system is
restricted by the sampling frequency. In 2016, holographic
multi-projection method was proposed based on the pixel sep-
aration algorithm [7]. By using the random phase-free method
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and the iterative method, multiple different images can be
projected on different screens at the same time. In 2018,
a magnified holographic projector was introduced by com-
bining four methods, such as the spatial division and image
splicing methods [8]. The magnification of the reconstructed
image by using the spatial division method or the image splic-
ing method is affected by the spatial bandwidth product of
the LCoS. Besides, other algorithms have also been proposed
to adjust the size of the holographic reproduction [9]-[11].
In order to magnify the projected image optically, various
adaptive lenses have been proposed in recent years [12]-[17].
Some researchers proposed a holographic projection system
with optical zoom [18]. By controlling a liquid crystal lens
and a Fresnel lens simultaneously, the optical zoom function
can be achieved easily. However, the quality of the recon-
structed image is affected by the aberration and dispersion.
Compared with the liquid crystal lens, the liquid lens has
the advantages such as polarization independence, large aper-
ture, and reasonable mechanical stability [19]-[21]. In 2014,
two liquid lenses were produced and used together with a
Fresnel lens, then the holographic projection system with
optical zoom function can be realized [22]. In 2018, an optical
see-through head mounted display was proposed by using a
commercial liquid lens [23]. It can be seen that liquid lens
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has played important roles in holographic technology due to
these unique advantages.

In this paper, we propose a holographic zoom system based
on two adjustable lenses. The key innovation of the proposed
system is the combination of the liquid lens and digital
conical lens to realize the holographic reconstruction with
the zoom function, large focal depth and high quality at the
same time, which can greatly promote the application of the
holography. The liquid lens with special structure is designed
and produced by a 3D printer. By mechanically controlling
the curvature of the liquid-liquid surface, the focal length of
the liquid lens can be changed easily. Then the size and depth
of the reconstructed image can be changed easily by loading
the corresponding phase of the conical lens on the LCoS and
adjusting the focal length of the liquid lens. The proposed
system has the following advantages: 1) In the traditional
holographic projection systems, when the receiving screen
is not in the focal plane of the system, the reconstructed
image usually becomes unclear. But the proposed system has
the large focal depth, so the reconstructed image can still be
seen clearly in the focal depth range even if the position of
the receiving screen changes. 2) A liquid lens based on the
mechanical control is designed, which is produced by the
3D printer and has the reasonable mechanical stability. The
proposed liquid lens has the advantages of larger aperture
compared with the liquid crystal lens. Besides, compared
with the commercial liquid lens, the liquid lens has the lower
cost, which is expected to be mass-produced and applied in
widespread of fields. In Section 4, we verify the advantages
and feasibility when the proposed system is used in the
holographic AR display. 3) By using the proposed system,
holographic zoom projection with large focal depth can be
realized. In other words, the proposed system can not only
achieve the zoom function on the premise of keeping the
position of the receiving screen unchanged, but also keep the
reconstructed image clear even if the position of the receiving
screen changes. The traditional system cannot realize the
two functions at the same time. The proposed system does
not require any mechanical adjustment of the optical path
to achieve the zoom effect, and this feature also has great
advantage in holographic near-eye display application. 4) The
system is very simple and easy to operate. By using the
digital conical lens, the reproduced image can be separated
from the zero-order light caused by the pixel structure of the
LCoS. So, the zero-order diffraction light can be eliminated
easily without any diaphragms or other 4f filters. Moreover,
the proposed system can be used for holographic chromatic
aberration compensation. In Section 4, the structure of the
color holographic system is proposed. We can see that the
chromatic aberration compensation and color zoom function
can be realized easily by using the designed system.

Il. STRUCTURE AND OPTERATING PRINCIPLE

Figure 1 is the schematic diagram of the proposed system.
It consists of a laser, a filter, a solid lens, a beam splitters (BS),
an LCoS, a computer, a liquid lens and a receiving screen.
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FIGURE 1. Schematic diagram of the proposed system.

The laser, filter and the solid lens can generate the collimated
light. By loading the phase information of the conical lens on
the LCoS, the LCoS can be used to realize the function of the
digital conical lens. The BS is used to reflect the collimated
beam onto the LCoS. The computer is used to generate the
hologram and load the hologram onto the LCoS. When the
beam illuminates on the hologram, the diffracted light passes
through the BS and the liquid lens in sequence. In the pro-
posed system, the liquid lens and the digital conical lens are
used as the core components to realize the zoom function.
By adjusting the effective focal length of the system, the
reproduced image can be seen on the receiving screen clearly.

In order to realize the zoom function, a digital conical
lens and a liquid lens are used as two adjustable lenses.
Fig. 2 shows the principle of the conical lens. The conical lens
has the unique advantages such as both long focal depth and
high horizontal resolution, while the traditional optical lens
cannot have the advantages. The phase of the conical lens ¢
is expressed as follows:

- X242

A

ey
where A is the wavelength of the light, x and y are the
coordinate distribution of the conical lens respectively, fy is
the initial focal length, z is the focal depth, ¢ is the radial
coordinate of the conical lens, ¢ = /x2 4+ y2, and r is the
radius of the conical lens. When a conical lens is used in
the system, the image can be seen clearly in a large focal
depth. In the proposed system, the LCoS is used to record the
phase information of the conical lens. According to Eq. (1),
the phase can be calculated and loaded on the LCoS. So,

FIGURE 2. Principle of the conical lens.
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FIGURE 3. Structure and mechanism of the liquid lens. (a) Structure of the liquid lens;
(b) elements of the liquid lens; (c) state-1 of the liquid lens; (d) state-2 of the liquid lens.

we can use the LCoS as a digital conical lens. By changing
the parameters of the conical lens encoded on the LCoS, the
function of an adjustable lens can be realized easily.

In order to realize zoom function, a liquid lens driven
by mechanical mechanism is produced, as shown in Fig. 3.
The cross-section of the liquid lens is shown in Fig. 3(a).
The liquid lens consists two sealed caps, four substrates,
one middle substrate, two elastic film and two window
glasses. There is a hole in the middle substrate for forming
the liquid-liquid interface due to the so-called mechanical-
wetting effect. The elastic film is sandwiched between the
two substrates. Liquid-1 and liquid-2 are filled in the liquid
cavities, respectively. The elements of the liquid lens are also
shown in Fig. 3(b). When the top sealed cap moves towards
the substrate by rotating its own thread, the elastic film will
be actuated due to the pneumatic pressure. Then the shape
of the liquid-liquid interface is changed to form a convexity
shape, as shown in state-1 of Fig. 3(c). In this state, the liquid
lens can be used as a positive lens. In a similar way, when the
bottom sealed cap moves towards the substrate, the shape of
the liquid-liquid interface is changed from the convex shape
to concave shape, as shown in state-2 of Fig. 3(d). In this state,
the liquid lens works as a negative lens. The change of the
liquid-liquid interface depends on the liquid surface tension
and the applied liquid pressure, which can be described by
the following Laplace equation:

2y
P= R 2)
where P is the liquid pressure, y is the liquid-liquid surface
tension, and R is the curvature of the liquid-liquid interface.
From Eq. (2) we can see that the curvature can be adjusted by
changing the hydraulic pressure.

In the liquid lens, the top/bottom cap stays in its original
state when the bottom/top cap moves, and the two caps cannot
move simultaneously. This is due to the special mechanical
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structure of the liquid lens. For details, on each of the sealed
caps, there is a pillar-like microstructure which can squeeze
and deform the elastic film. When the top sealed cap moves,
the elastic film in the bottom cavity can form a concave
surface due to the hydraulic drive, as shown in Fig. 3(c).
If the two sealed caps move at the same time, the liquids
filled in the liquid cavities may be affected by the hydraulic
pressure of the upper and lower chambers, which will not only
damage the device, but also change the shape of the liquid-
liquid interface slightly.

Compared with the electronic controlled liquid lens,
the proposed liquid lens does not require the external drive
systems or instruments. It can be driven just by rotating the
sealed caps by our fingers. That is to say, the liquid lens
requires almost no power. The affective imaging area of the
proposed liquid lens is 5 mm, which is equal to or greater
than that of the commercial liquid lenses. While, the cost of
fabricating the device is very low, requiring only a few dozen
grams of photosensitive resin. Therefore, the holographic sys-
tem based on this kind of liquid lens can realize the low-cost
function and is expected to be popularized commercially.

In the holographic reconstruction, when the collimated
beam is used to illuminate the LCoS, the diffraction at the
distance of / from the SLM can be expressed as the following
formula:

ikl i

e T 5, 5 e
Ui(u,v) = Y CXP[K(M +v9)]
—0Q
2

T+ y)ldidy,  (3)

ik 5
{U(x,y)eXp[z—l(x + ¥y} exp[ o

where Uj(u, v) is the diffraction distribution of the reconstruc-
tion, k = 27 / A, U(x, y) is the distribution of the hologram
and X is the wavelength. When a digital conical lens with
the focal length fy and focal depth z is loaded on the LCoS,
the final phase distribution of the hologram can be expressed
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as follows:

¢'(x,y) = ¢(x, y) + ¢, “

where ¢'(x, y) is the final phase distribution of the hologram,
and ¢(x, y) is the phase distribution of the original object.
Since the phase of the digital conical lens is only added to
that of the original object, the reproduced image can be sepa-
rated from the zero-order light caused by the pixel structure of
the LCoS. Then the diffracted image is modulated by the dig-
ital conical lens. When the diffracted image passes through
the liquid lens, the final reproduced image on the receiving
screen can be seen by adjusting the focal lengths of the liquid
lens and digital conical lens simultaneously. Besides, due to
the size of the liquid lens, the zero-order light and high-order
light can be eliminated so that the reconstructed image can be
displayed with a good quality. The modulation of the liquid
lens can be calculated according to the following formula:

Ly L .1 )
L hL—=lb fi
where [y is the position of the diffracted image reappeared
clearly after passing through the conical lens, /; is the distance
between the LCoS and the liquid lens, /; is the distance
between the liquid lens and the receiving screen, and f is the
focal length of the liquid lens. When z = 0, [y = fo. In this
case, when the focal length of the two zoom lenses is fixed,
the reproduced image can only be seen at the fixed position
of the receiving screen. Then size of the reconstructed image
s can be calculated by the following equation:
o Jorly

p(fo—10)
where p is the pixel size of the LCoS.

When z >0, Iy fo. The diffracted image is modulated by
the digital conical lens and it will first show a clear image
in the depth range. In this case, when the focal length of the
two zoom lenses is fixed, the reproduced image can be seen
clearly even if the position of the receiving screen is moved.
In the holographic projection, by changing the focal length
of the digital conical lens and the liquid lens, the size of the
reproduced image can be changed easily.

(6)

Ill. EXPERIMENTS AND RESULTS

The optical experiment is built in order to verify the effective-
ness of the proposed system. The wavelength of the laser used
in the experiment is 532 nm with the model of MGL-III-532.
The focal length of the solid lens is 250 mm. The transmis-
sion and size of the BS are 80% and 25.4 mmx25.4 mmx
25.4 mm, respectively. The pixel size of the LCoS is 6.4 um
and the resolution is 1920 x 1080. The distance between
the LCoS and the liquid lens is 15 cm. The receiving screen
is placed 25 cm behind the liquid lens in the initial sit-
uation. All the elements of the liquid lens are fabricated
by a 3D printer (type of E3 @ JGAURORA, China). The
elastic film is made from polydimethylsiloxane (PDMS) with
a thickness of 200 um (tensile strength: 5.0 Mpa; elastic-
ity modulus: 2.3 Mpa). The diameters and heights of the
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sealed cap, liquid cavity, substrate, and middle substrate are
18.0 mmx5.0 mm, 10.0 mmx4.0 mm, 16.0 mmx0.5 mm,
and 16.0 mm x 1.0 mm, respectively. The diameter of the hole
in the middle substrate is 5.0 mm. The phenylmethyl silicone
oil (the density is 1.08 g/cm?, the refractive index is 1.48)
is used as liquid 1. The NaCl solution is used as liquid 2
(the density of the solution is 1.08 g/cm?, the refractive index
is 1.36). The densities of the filled liquids in the cavities
are matched. Hence the liquid lens can have a reasonable
mechanical stability.

1) OPTICAL PROPERTIES OF THE LIQUID LENS

In the initial state, the focal length of the liquid lens is
measured to be ~350 mm, as depicted in Fig. 4(a). The
two sealed caps can be moved by rotating the screw thread
inside the caps. The screw pitch is designed to be 0.2 mm.
When the top sealed cap moves a distance of 0.8 mm, and
2.0 mm, the curvature of the liquid-liquid interface is changed
accordingly, then the focal length of the liquid lens will be
changed from ~140 mm to ~60 mm respectively, as shown
in Figs. 4(b)-4(c). When we restore the top sealed cap to its
original position and drive the bottom sealed cap to move
a distance of 0.8 mm and 2.0 mm, the focal length can
be changed from ~—280 mm to ~—70 mm respectively,
as shown in Figs. 4(d)-4(f).

FIGURE 4. Experiment results of the liquid lens. (a) Initial state; (b) state
when the top sealed cap moves 0.8 mm; (c) state when the top sealed
cap moves 2.0 mm; (d) state when the bottom sealed cap moves 0.8 mm;
(e) state when the bottom sealed cap moves 2.0 mm.

We also measured the focal length changes when the top
sealed caps or bottom sealed cap moves, as shown in Fig. 5.
From Fig. 5 we can see that when the top sealed cap moves
a distance from 0 mm to 2.0 mm, the focal length can be
tuned from ~350 mm to ~60 mm. And when the bottom
sealed cap moves a distance from 0 mm to 2.0 mm, the focal
length can be tuned from ~350 mm to +00 and —oo mm
to ~—70 mm. The diameter of the liquid lens is 18.0 mm,

< —=—Top seald cap
< Bottom seald cap|

- 600

Bottom sealed cap

Focal length (mm)
(wrur) y)3udf (w04

t-300

- -600

T T T T T
0.0 0.5 1.0 15 2.0
Moving distance (mm)

FIGURE 5. Focal length changes when the top sealed cap or bottom
sealed cap moves.
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FIGURE 6. MTF properties of the liquid lens. (a) Initial state; (b) fi = 140 mm; (c) fj = 60 mm; (d) fj = —280 mm;

(e) ff=-70 mm.

while the effective imaging area is 5 mm. Thus, when the
images are captured by the CCD camera, there is a vignette
effect obviously. The vignette effect is just the middle sub-
strate. The simulated modulation transfer function (MTF)
properties of the liquid lens at several focusing steps are
shown in Fig. 6. The simulation and experimental results
basically agree.

2) EXPERIMENTS OF THE HOLOGRAPHIC SYSTEM

In the experiment, the hologram of the recorded object is
generated by the iterative Fourier transform algorithm [8].
A ‘duck’ is used as the recorded object and the hologram is
generated. Firstly, to verify the function of the digital conical
lens, only the receiving screen is placed behind the LCoS
and the liquid lens is not used in the system. Then, a digital
lens with the same focal length is used for the experimental
comparison. The focal lengths of the digital conical lens and
digital lens are both 500 mm. The focal depth of the digital
conical lens is set to be 100 mm. The distance between the
LCoS and receiving screen is set to be 500 mm, 550 mm
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and 600 mm, respectively. The multi-diffraction light and
images exists in the reproduced image. Figs. 7(a)-7(c) are
the first-order images by using the digital conical lens and

0]

FIGURE 7. Results of the reconstructed images with different lenses.
(a)-(c) Results by using the digital conical lens when the distance
between the LCoS and receiving screen is set to be 500 mm, 550 mm and
600 mm, respectively; (d)-(f) results by using the digital lens when the
distance between the LCoS and receiving screen is set to be 500 mm,
550 mm and 600 mm, respectively.
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Figs. 7(d)-7(f) are the first-order images by using the digital
lens. It can be seen that when the position of the receiving
screen is moved, the zero-order light keeps unchanged. So,
the reconstructed image can be separated from the zero-order
light easily by using the digital conical lens. From the result
we can see that the reconstructed images are clear when the
receiving screen is placed at the focal plane of the two digital
lenses respectively. When the receiving screen is moved away
from the focal plane, the reconstructed images by using the
digital lens appear to be blurred, while the reconstructed
images by using the digital conical lens appear to be clear.
So, by using the conical lens, the reconstructed image can be
displayed clearly with a large focal depth.

Then the proposed system is conducted for the experiment.
To verify that the proposed system has the advantages of large
focal depth and undesirable light elimination, the focal length
and focal depth of the digital conical lens are set to be 500 mm
and 300 mm, respectively. When the distance between the
liquid lens and receiving screen is 250 mm, the reconstructed
image can be seen clearly by adjusting the focal length of
the liquid lens, as shown in Fig. 8(a). Then the focal length
of the liquid lens is kept unchanged. When the position of
the receiving screen is moved 50 mm and 100 mm away,
the reconstructed image by using the proposed system is still
clear, as shown in Figs. 8(b)-8(c). At the same time, the zero-
order diffraction light is eliminated due to the size of the
liquid lens. Then the quality of the reconstructed image is
improved compared with that of Fig. 7. That is, by using
the proposed system, the digital conical lens can separate
the zero-order light from the diffracted image, and the liquid
lens can act as an aperture to eliminate the zero-order light in
addition to being a zoom lens.

(b)

FIGURE 8. Result of the proposed system when the position of the
receiving screen changes. (a) Result when the distance between the LCoS
and receiving screen is 250 mm; (b) result when the distance between the
LCoS and receiving screen is 300 mm; (c) result when the distance
between the LCoS and receiving screen is 350 mm.

Moreover, the traditional zoom system by using the liquid
lens and the digital lens is used for comparison. The focal
length of the digital lens is set to be 500 mm. The focal lengths
of the digital lens and liquid lens is kept unchanged. As shown
in Fig. 9, it can be seen clearly that the reconstructed image
by using the traditional system becomes blurred when the
position of the receiving screen is moved.

Then the experiment is performed to verify that the pro-
posed system has the advantages of zoom function. When
the positions of the LCoS, liquid lens and receiving screen
keep unchanged, holographic zoom function can be realized
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FIGURE 9. Results of the traditional system when the position of the
receiving screen changes. (a) Results when the distance between the
LCoS and receiving screen is 250 mm; (b) results when the distance
between the LCoS and receiving screen is 300 mm; (c) results when the
distance between the LCoS and receiving screen is 350 mm.

by

(e)

FIGURE 10. Results of the reconstructed image when the position of the
receiving screen is kept unchanged. (a) fo = 300 mm; (b) f, = 400 mm;
(c) fo = 500 mm; (d) fo = 550 mm; (e) fo = 650 mm; (f) fp = 900 mm.

by changing the focal lengths of the liquid lens and dig-
ital conical lens simultaneously. The results are shown in
Fig. 10. According to Egs. (3)-(5), the relationship between
the focal lengths of the liquid lens and digital conical lens can
be calculated easily. Figs. 10(a)-10(f) are the reconstructed
images when the focal lengths of the digital conical lens
ranges from 300 mm to 900 mm. It can be seen clearly that
the size of the reconstructed images can be adjusted easily
by controlling the focal lengths of the two adjustable lenses
simultaneously. However, when the magnification increases
to a certain extent, only part of the reproduced image can
be seen due to the aperture limitation of the liquid lens,
as shown in Fig. 10(a). Since the digital conical lens has
a higher spatial frequency when the focal length decreases,
the minimum value of fj is set to be larger than 250 mm in
the experiment according to the Nyquist sampling theorem.
The magnification of the reconstructed image is recorded
to be 1 when the focal length of the digital conical lens is
set to be 650 mm. The focal depth is set to be 300 mm.
By adjusting the focal lengths of the liquid lens and the digital
conical lens, we record the size of the reproduced image at its
clearest. The relationship between the magnification M and
the focal length of the digital conical lens in the proposed
system is shown in Fig. 11. From the results we can see that
the magnification of the proposed system is increased as the
focal length of the digital conical lens decreases.
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FIGURE 11. Relationship between the magnification and the focal length
of the digital conical lens.

In the proposed system, the green color laser is used for
the experiments. By adjusting the focal lengths of the two
adjustable lenses, holographic zoom reproduction can be real-
ized easily without moving any components. At the same
time, the zero-order diffraction light can be separated and
eliminated completely. So, the holographic zoom projection
with a good quality can be achieved. In addition, the recon-
structed image can be displayed with a large focal depth.
That is, even if the position of the reproduced image changes,
a clear reproduced image can be seen at a certain focal depth.
The holographic images can be projected on any location or
with any size according to the requirement. So, the proposed
system has the unique advantages such as large focal depth,
zoom function and high quality compared with the traditional
systems.

IV. APPLICATIONS
A. AR DISPLAY
Due to the unique advantages of the proposed system, it can
be used in the AR display. To verify the feasibility of the AR
display, a BS prism is added at the end of the reproduction
light path. When the reconstructed image passes through the
BS, it can be reflected. Besides, a ‘beer’ is placed in the
transmission direction of the BS. A ‘cube’ is used for the
holographic reconstruction, and a CCD camera is used to
capture the reconstructed image. In the experiment, by adjust-
ing the focal lengths of the liquid lens and the digital conical
lens, the position of the reproduced image of the ‘cube’ can
be adjusted to the same depth as the ‘bear’, as shown in
Fig. 12(a). In this state, we can see both the real object ‘bear’
and the holographic reproduced image ‘cube’ at the same
time. So, the proposed system can be used in the holographic
AR display. Then the focal lengths of the liquid lens and the
digital conical lens are kept unchanged. Due to the large focal
depth of the digital conical lens, the holographic reproduced
image can also be seen clearly at different depths, as shown
in Fig. 12(b). In this state, the holographic reconstructed
image is clear, while the real object ‘bear’ becomes blurred.
As shown in Fig. 12, the feasibility and the large focal
depth that the proposed system is used in the holographic AR
display are proved. Then another experiment is performed
to verify the zoom function of the holographic AR display.
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FIGURE 12. Results of holographic AR display when (a) the depths of the
reconstructed image and the ‘bear’ are the same, and (b) the depth of the
reconstructed image changes.

In this experiment, in order to realize the zoom function,
the focal lengths of the liquid lens and the digital conical
lens are adjusted at the same time. The results are shown
in Fig. 13, where Fig. 13(a) is the result in the initial state
and Fig. 13(b) is the result when the reconstructed image
is magnified. So, we can see that zoom function can be
also realized easily when the proposed system is used for
holographic AR display.

(@ ®)

FIGURE 13. Zoom results of the holographic AR display (a) in the initial
state and (b) when the reconstructed image is magnified.

Compared with the traditional holographic AR display sys-
tems such as [22], the proposed system can not only achieve
the effect of AR display, but also have the large focal depth
and zoom function. The volume of the system is reduced
significantly. In addition, the proposed liquid lens is driven by
rotating the top/bottom cover of our finger, rather than by the
driving system. The electrowetting-driven liquid lenses and
other mechanically-driven liquid lenses often require AC/DC
regulated power supplies or syringe pumps. Therefore, they
are not suitable be applied in the real holographic display. The
simple structure and ease of driving mechanism are just the
reason why it can be applied in real application. In the future,
it is expected to be further integrated and truly applied to the
holographic near-eye display.

B. COLOR HOLOGRAPHIC ZOOM SYSTEM

In the color holographic reproduction, the size and position
of the reconstructed image are different due to the different
wavelengths of the three color lasers. Therefore, the magni-
fication chromatic aberration and axial chromatic aberration
exist in the reproduced image, as shown in Fig. 14. In the
proposed system, the size and the depth of the reconstructed
image can be adjusted easily. So, the proposed system is
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FIGURE 14. Chromatic aberration in the holographic system.
(a) Magnification chromatic aberration; (b) axial chromatic aberration.

also expected to be applied to the color holographic zoom
display without the color chromatic aberration. Here we give
the scheme of the color holographic zoom system, as shown
in Fig. 15. Each of the three color lasers illuminates one third
area of the LCoS after passing through the mirror and BSs,
respectively. Then the diffraction image passes through the
BS and liquid lens, and the reconstructed image can be seen
on the receiving screen.

Red laser

FIGURE 15. Structure of the color holographic zoom system.

From the above analysis, we know that the reproduced
image can be adjusted by changing the focal lengths of the
adjustable lenses. In the color holographic system, the holo-
grams of three different digital conical lenses are loaded
on those of the three color objects respectively. By setting
the focal depth of the digital conical lens, the three color
reconstructed images can be clearly seen on the receiving
screen. Thus, the axial chromatic aberration of Fig. 14(a) can
be eliminated easily. Besides, the reconstructed image can
also be seen clearly even if the receiving screen is moved,
as shown in Fig. 8. On the other hand, by adjusting the
focal lengths of the two adjustable lenses at the same time,
the sizes of the color reconstructed images can be adjusted
conveniently. For the magnification chromatic aberration, the
color reproduced image sizes of the three colors can be kept
the same by pre-scaling the components of the three colors.
Therefore, the three color images can be reproduced with the
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same size. Thus, the magnification chromatic aberration can
be eliminated easily.

When the proposed system is applied to color holographic
display, it can not only eliminate the color chromatic aber-
ration, but also has the characteristics of zoom function and
large depth. In addition, the undesirable light in the repro-
duced image can also be eliminated. So, the proposed color
system has unique advantages compared with the traditional
color holographic system.

In the experiment, in order to prove the zoom effect of
the proposed system, the distance between the LCoS and the
liquid lens is set as 15 cm for example. The distance can be
set according to the actual requirements. In fact, the proposed
system is more conducive to the implementation of compact
systems. The closer the liquid lens is to the SLM, the more
light passes through the liquid lens and the brighter the recon-
structed image will be.

In the experiment, the calculation speed of the hologram
can not meet the requirement of the real-time display. In the
future, we can try other algorithms, or use a parallel com-
puting platform to achieve the rapid hologram generation.
Compared with the traditional lens, the image energy of the
digital conical lens will be reduced. In the focal depth range,
the power remains unchanged. The smaller the focal depth is,
the higher the energy is. In the proposed system, the digital
conical lens can greatly expand the reconstruction range,
although it will weaken the reconstructed image. Therefore,
we make a balance between the energy and other proper-
ties. By choosing the corresponding parameters, the high
resolution can be obtained and the scope of the holographic
reconstruction can be expanded, instead of restricting the
reconstructed image to the back focal plane of the spherical
lens. In our experiment, we mainly study the zoom effect
and depth reproduction of the proposed system. In the future,
we will further study the energy distribution of the digital con-
ical lens and hope to optimize the corresponding parameters
to achieve the best holographic zoom effect. We believe the
proposed system can bring new ideas to the development of
holographic technology.

V. CONCLUSIONS

In this paper, a holographic zoom system based on two
adjustable lenses is proposed. The adjustable lenses are used
as the core components of the proposed system, where the
liquid lens with special structure is designed and produced
by the 3D printer. By mechanically controlling the curvature
of the liquid-liquid surface, the focal length of the liquid lens
can be changed easily. As another adjustable lens, the digital
conical lens can not only separate the zero-order light, but
also adjust the focus and depth. The experiment results show
that the size and depth of the reconstructed image can be
changed easily. Moreover, the zero-order light can also be
eliminated with such a simple system. The proposed system is
expected to be applied to the systems such as color projection
and multi-layer display.
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