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A Multi-Plane Augmented Reality Head-Up Display
System Based on Volume Holographic Optical

Elements With Large Area
Zhenlv Lv , Juan Liu, and Liangfa Xu

Abstract—The traditional head-up display (HUD) system has
the disadvantages of a small area and a single display plane, here
we propose and design an augmented reality (AR) HUD system
with multi-plane, large area, high diffraction efficiency and a single
picture generation unit (PGU) based on holographic optical ele-
ments (HOEs). Since volume HOEs have excellent angle selectivity
and wavelength selectivity, HOEs of different wavelengths can be
designed to display images in different planes. Experimental and
simulated results verify the feasibility of this method. Experimental
results show that the diffraction efficiencies of the red, green and
blue HOEs are 75.2%, 73.1% and 67.5%. And the size of HOEs is
20 cm × 15 cm. Moreover, the three HOEs of red, green and blue
display images at different depths of 150 cm, 500 cm and 1000 cm,
respectively. In addition, the field of view (FOV) and eye-box (EB)
of the system are 12° × 10° and 9.5 cm × 11.2 cm. Furthermore,
the light transmittance of the system has reached 60%. It is be-
lieved that this technique can be applied to the augmented reality
navigation display of vehicles and aviation.

Index Terms—Holography, diffractive imaging, imaging
systems.

I. INTRODUCTION

THE vehicle head-up display (HUD) system can display
driving information such as vehicle speed, fuel consump-

tion, warning signals and navigation arrows to the driver through
the windshield or combiner [1]–[4]. With HUD, the driver al-
ways looks straight ahead on the road without frequently moving
the sight to see the dashboard, thus improving driving safety [5].

The traditional HUD provides vehicle information on a certain
depth plane through a small area combiner, without fusion and
interaction with the external real environment. However, an aug-
mented reality (AR) HUD can provide richer information to the
driver at different depth planes, such as navigation information
at a long distance, warning signals at a medium distance, and
basic information at a short distance. Compared with traditional
HUD, AR HUD can greatly improve the driving experience and
safety by providing interactive information, which is expected
to have a huge automotive and aviation application market.
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The research objective of AR HUD is to provide multiple
virtual images with different projection distances for the driver.
The technical solutions to realize multi-plane display mainly
include geometric optics [6]–[8], dynamic varifocal components
[9]–[12], digital holography [13]–[17] and volume holography
[18]. A HUD with multiple picture generation units (PGUs)
and multiple combiners using geometric optics is expensive and
bulky, and it is difficult to integrate in the limited space below
the dashboard [13], [14]. The structure of the HUD with one
PGU and one combiner is relatively compact, but the use of
free-form surface mirror increases the difficulty of system de-
sign and processing [15]. Using dynamic varifocal components,
such as liquid lenses [9], Pancharatnam–Berry lenses [10], and
multilayer polymer switchable liquid crystals [11], is another
potential solution for AR HUD, which has been discussed a lot in
AR near-eye display [12]. However, compared with the near-eye
display, due to the need for a larger eye-box (EB), the size of
the optical components in the HUD is much larger. Therefore,
high quality, large size and high varifocal speed are the main
limiting factors for the application of dynamic components to
HUD. Digital holography can realize multi-plane display by cal-
culating and loading holograms of different depths, but it has the
problems of low resolution, slow calculation speed and difficulty
in color display [17]. In addition, volume holography can also
be used for multi-depth plane display. The volume holographic
optical elements (HOEs) have great wavelength selectivity and
angle selectivity [19], which can avoid the crosstalk between
the reflected image and the diffracted image. A dual-focal-plane
volume holographic HUD that combines a wavelength multi-
plexing HOE with two PGUs is proposed [18]. The prototype
is relatively bulky due to the use of two PGUs. Moreover, the
display image is difficult to distinguish in sunlight because of
low diffraction efficiency, and there are problems with image
distortion and color shift.

In this paper, we propose an AR HUD system with multi-
plane, large area, high diffraction efficiency, and a single PGU
based on the wavelength selectivity, angle selectivity and imag-
ing function of volume HOEs.

II. BASIC IDEA AND PRINCIPLE

The basic structure diagram of the multi-plane AR HUD
system is shown in Fig. 1. The system is mainly composed of
three parts: laser projection module, diffuser and holographic
combiner. With the characteristics of miniaturization, high
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Fig. 1. Schematic diagram of the proposed multi-plane holographic head-up
display system.

Fig. 2. Diagram of the relationship between object and virtual image.

brightness and clear imaging at any distance, the laser projection
module including Micro-Electro-Mechanical System (MEMS)
mirror, optical engine and controller is used to generate the target
image. The diffuser receives the image sent by the projection
module and is used as the object plane for HOE imaging. The
holographic combiner composed of a glass substrate and HOEs
with three different wavelengths of red, green and blue is used as
the imaging element. HOEs of different wavelengths correspond
to different imaging depths to realize multi-plane display.

III. PARAMETER DESIGN AND NUMERICAL SIMULATION

A. Parameter Design

It is necessary to analyze the relationship between objects and
images when the HUD system proposed in this paper is used as
an imaging system. When analyzing the imaging characteristics
of HOEs, the diffuser screen is equivalent to the object plane.
The object-image relationship of the system is shown in Fig. 2.

The image displayed by the HUD system is an enlarged virtual
image, so there is the following relationship between the object
and the image:

1

p
− 1

q
=

1

f
(1)

Fig. 3. The relationship between virtual image, HOEs and human eye.

Where the p, q and f are the object distance, image distance
and focal length of the system, respectively.

The magnification M between the virtual image and the real
image is as follows:

M = q/p (2)

So the virtual image size x2 is:

x2 = M × x1 (3)

Where x1 is the size of the image projected on the diffuser.
When used as an imaging element, the reflective volume

HOEs can achieve a transmissive display of different planes
through the combination of the virtual image imaging function
and the reflective function. The virtual image distance during
actual observation is the distance between the human eye and the
HOEs plus the virtual image distance of the system. Therefore,
the field of view (FOV) of the system is as follows:

FOV = 2arctan

[
x2

2 (q + d)

]
(4)

Where d is the distance between the human eye and the HOEs.
EB is one of the key indicators of the HUD system. HUD

requires a larger eye movement range than HMD. According to
the relationship between virtual image, HOEs and human eye,
as shown in Fig. 3, the EB of the system can be expressed as:

EB = a− (x2 − a)× d/q (5)

The EB and the FOV have the following relationships:

EB = a− 2 tan (FOV/2)× d (6)

It can be seen from the above formula that when the size of
HOEs is constant, there is a negative correlation between FOV
and EB. Therefore, the way to ensure that the system has proper
FOV and EB at the same time is to increase the size of HOEs,
but it will increase the difficulty of design and production.

The recording and reconstruction principles of the multi-plane
AR HUD system are shown in Fig. 4. The OR, OG and OB are the
convergence points of the object light waves corresponding to
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Fig. 4. (a) The recording principle of the system proposed in this paper. (b)
The reconstruction principle of the system proposed in this paper.

TABLE I
THE DESIGN PARAMETERS OF HOER, HOEG AND HOEB

three different wavelengths modulated by spatial light modulator
(SLM). f1, f2 and f3 are the equivalent focal lengths of the HOEs
corresponding to the three wavelengths of red, green and blue.
q1, q2 and q3 are the virtual image distances of the red, green
and blue HOEs at the same object distance.

During recording, the three-wavelength object light waves
modulated by the SLM are equivalent to spherical light waves
with different degrees of convergence, as shown by the dotted
line in the Fig. 4(a). The reference light waves are all parallel
light waves. Therefore, the red, green, and blue HOEs as imaging
elements have different diopters. During reconstruction, the
distances between the target points on the diffuser and the HOEs
are constant as shown in the Fig. 4(b), that is, the object distances
of the three-wavelength HOEs are the same. For the entire
system, the HOEs of the three wavelengths have the same object
distances and different focal lengths, thus multi-plane displays
with different image distances can be realized.

The design parameters of HOER, HOEG and HOEB are
shown in Table I. The distance between the diffuser and the
HOEs is constant at 30 cm. The focal lengths of HOER, HOEG

and HOEB are 37.5 cm, 31.91 cm and 30.93 cm respectively. The
virtual image distances of HOER, HOEG and HOEB are 150 cm,
500 cm and 1000 cm respectively. The sizes of the three HOEs
are all 20 cm × 15 cm. The distance between the human eye and
the HOEs is 50 cm. In addition, the size of the diffuser is 10 cm
× 10 cm. The angle between the reference light and the normal
direction of the holographic recording plane is 45°.

B. Numerical Simulation

Based on the designed parameters, we carry out numerical
simulation to verify the method proposed in this paper. The
simulation process consists of three steps: The first step is the
diffraction in the free space between the diffuser and the HOEs.
The second step is to superimpose the phase factor of the HOEs.

Fig. 5. (a) Input image. (b) Focus on the letter R at 150 cm. (c) Focus on the
letter G at 500 cm. (d) Focus on the letter B at 1000 cm.

The third step is the diffraction of the free space between the
HOEs and the virtual image plane.

The calculation of diffraction in free space is based on Kirch-
hoff’s diffraction integral formula, as shown below:

E (x, y) = K ∫ ∫ A (ξ, η)
exp (jkr)

r
dξdη (7)

Where ξ and η are the coordinates of the diffractive aperture
plane, K is the complex constant, k is the wave vector, and r is
the distance from the target point to the center of the spherical
wave.

In addition, since the reference light is incident obliquely, the
phase factor of the HOEs is as follows:

φ = −k
√
x2 + y2 + r02 + kx sin θ (8)

Where x and y are the coordinates of the HOE plane, r0 is the
distance from the convergence point of the spherical wave to the
HOE, and θ is the angle of the reference beam deviating from
the axis.

The numerical simulation results are shown in Fig. 5. The
input image is the three colored letters containing R, G and B
loaded on the diffuser. When the observation plane is 150 cm
away from HOEs, the letter R is clear and the letters G and B
are blurred. When the observation plane is 500 cm away from
HOEs, the letter G is clear and the letters R and B are blurred.
When the observation plane is 1000 cm away from HOEs, the
letter B is clear and the letters R and G are blurred.

Therefore, the simulation results prove the feasibility of the
method in this paper. However, it can be seen from the simulation
results that the displayed image is extended in the vertical
direction and the image quality is degraded compared to the
input image. The asymmetrically recorded planar HOEs have
vertical astigmatism, horizontal coma aberration, and defocus
aberration. And the aberrations increase as the incident angle
deviates from the Bragg matching angle. Therefore, the HOEs
should meet the Bragg matching condition during reconstruction
to improve the imaging quality of the HUD system. However,
the consistency of the incident angle and the Bragg angle cannot
completely eliminate the aberrations caused by the off-axis
recording.
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The formula for the primary aberration W of HOEs is as
follows:

W = −
(
x2 + y2

)2
8

S +
x2 + y2

2
(Cxx+ Cyy)

+
1

2

(
Axx

2 − 2Axyxy +Ayy
2
)

(9)

Where the first term is spherical aberration, the second term
is coma, and the third term is astigmatism. The expressions of
the coefficients in the above formula are as follows:
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Where x and y are the coordinates of the object point and the
image point in the x-y plane. l is the distance from the object point
or image point to the origin of the coordinate. The subscripts O
and R indicate the object light wave and reference light wave
during recording. The subscripts C and I indicate the object light
wave and image light wave during reconstruction.

It can be seen from the above formulas that the longer the
distance between the object point and the origin of the coordi-
nates will result in serious aberrations. For the multi-plane HUD
system in this paper, the adjustment of the field of view angle is
achieved by changing the size of the object, under the premise
that the recording parameters of the HOEs are fixed. Therefore,
the reduction of FOV or object size can reduce aberrations
of the system. In addition, feasible methods to further correct
astigmatism include adding a cylindrical mirror to the recording
optical path and fabricating HOEs on a curved glass substrate
[20], [21].

IV. EXPERIMENTAL VERIFICATION

Based on the theoretically designed parameters, we record
the HOEs corresponding to the three depth planes by the
holographic interference exposure method. HOER, HOEG and
HOEB are exposed independently and stacked on a same glass
substrate in layers to achieve higher diffraction efficiency. The
principle diagram of the recording optical path is shown in Fig. 6.

The green laser is a Genesis CX SLM with a power of 5w
from Coherent. The red and blue lasers are single longitudinal
mode lasers with a power of 400mw from Changchun New
Industry Co., Ltd. And the holographic recording material is
Bayfol HX200. HWP1 is used to adjust the splitting ratio of the
system. HWP2 is used to make the polarization of the reference
light and the object light the same. L2 is used to generate a
large-area parallel beam with a diameter of 30 cm. In the 4f
system, L3 is an achromatic doublet lens with a focal length of

Fig. 6. The principle diagram of the recording optical path.

Fig. 7. The spectra and display effects of the LED projector and the laser
projector. (a) and (b) are the display effects with and without filter when the
LED projector is used as the image source. (c) is the display effect when the
laser projector is used as the image source.

75 mm and a diameter of 2 inches, and L4 is a freeform lens with
a focal length of 30 mm and a diameter of 50 mm. Due to the
lower power of the red and blue lasers, the exposure time is about
six minutes. To ensure the stability during the exposure process,
we use the Newport’s vibration control experimental platform
and a large-size frame for fixing the recording material.

The aberrations are mainly introduced by the light source
of the HUD system. So we test the display effects of LED
projector and laser projector as the light source of HUD system
respectively. The spectra of the LED projector and laser projector
are shown in the Fig. 7. Due to the large spectral width of the
LED projector, there are obvious chromatic aberrations in the
reconstructed images, as shown in Fig. 7(a). We reduce the
chromatic aberration by introducing filters, but it will lead to
a decline in light energy utilization, as shown in Fig. 7(b).

Because of the narrow spectral width of the laser projector,
there is no obvious chromatic aberration in the experiment.
In addition, laser projector has higher brightness than LED
projector, as shown in the Fig. 7(c). Therefore, we choose to
use a laser projector as the image source of the system. The
main factor that affects the image quality of the HUD system
with the laser projector as the light source is laser speckle.

The prototype of the multi-plane AR HUD system consists of
three parts: a laser projector, a diffuser and three-layer HOEs,
as shown in Fig. 8(a). The light source is a miniature laser
projector manufactured by Ultimems, with a resolution of 1280
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Fig. 8. (a) The prototype of the multi-depth holographic HUD system. (b) the
fabricated three-layer HOEs with a size of 20 cm × 15 cm.

Fig. 9. (a), (b) and (c) are the display effects when the camera focuses on the
three letters R, G and B at different distances.

× 760, a brightness of 30 lm, and a horizontal divergence angle
of 43.15°. The diffuser is DG100 × 100-1500 from Thorlabs.
Three layers of monochromatic holographic films are stacked
on the same glass substrate with a thickness of 2 mm using a
vacuum bonding method to achieve the effect of lightness and
high light transmission. The actual fabricated three-layer HOEs
with a size of 20 cm × 15 cm are shown in Fig. 8(b), and the
strip pattern is the diffraction image under the LED fluorescent
tube.

The multi-plane display effect of the prototype has been
verified by experiments. Three letters of the same size including
R, G, and B are the original input image. The display effects
observed by the camera 50 cm away from the HOEs are shown
in Fig. 9. When the camera focuses on the letter R at 1.5m,
the other two letters G and B are blurred. When the camera
focuses on the letter G at 5m, the other two letters R and B
are blurred. When the camera focuses on the letter B at 10m,
the other two letters R and G are blurred. In addition, the mag-
nifications of the three letters are different due to the different
imaging distances. The letter R and the letter B correspond to the
minimum and maximum magnification respectively. Free-form
lenses and achromatic doublet lenses are used in the optical
path on the side of the signal light to reduce the modulation
error of different wavelengths in the exposure. However, due to
the shrinkage characteristics of the recording material and the
contingency of the post-processing process, there is still a little
deviation between the experimental value and the theoretical
value of the focal length. When the deviation is reflected in the
actual display of the HUD, the imaging planes corresponding
to the different wavelengths will be in an interval value instead
of a definite value. Although the depth of the imaging plane of
each wavelength is not a certain value, the imaging planes of

Fig. 10. The AR display effect of the multi-plane holographic HUD system.

three different wavelengths are still not at the same depth, so the
actual driving experience of the driver is not affected.

The AR display effect of the HUD system in car navigation
is shown in Fig. 10. The near field of vision displays basic
information such as vehicle speed and time through the green
HOE. The far field of vision displays the navigation information
of road fusion through the blue HOE. In addition, auxiliary
information such as warning signs can also be displayed through
the red HOE. It can be seen from Fig. 8 that the resolution
of the generated image is not very high. The reason for this
phenomenon is that the diffuser in the projection module of the
system serves as the object plane for HOE imaging. We test the
imaging quality of the diffuser with different grit of 120, 220,
600 and 1500, and the results show that the imaging resolution
of the diffuser with 1500 grit was relatively the highest. In the
experiment, we use a diffuser with 1500 grit as the object surface
for imaging.

Equation (6) shows that there is a negative correlation between
FOV and EB. Therefore, we reduce the FOV and increase the EB
at the same time by reducing the size of the object plane. The final
FOV and EB of the system are 12° × 10° and 9.5 cm × 11.2 cm,
respectively. In addition, the EB can be further expanded by
producing a larger size HOE. It is worth mentioning that the
aberration can be further reduced by increasing the size of the
HOEs. Because increasing the size of the HOEs is equivalent to
increasing the aperture of the imaging lens of the system.

V. ANALYSIS OF RESULTS

A. Diffraction Efficiency

For the AR HUD display, too dark navigation signals will be
inconvenient for the driver to observe, and too bright signals
will affect the driver’s judgment of the actual road conditions.
Therefore, we analyze the diffraction efficiencies of different
gratings. The processing methods used for multi-plane HOEs in-
clude three-layer stacking and single-layer multiplexing. Com-
pared with three-layer stacking, it is difficult for the single-layer
multiplexed HOEs to adjust the diffraction efficiencies of HOEs
with three different wavelengths. Moreover, due to the large size
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TABLE II
RECORDING WAVELENGTH AND RECONSTRUCTION WAVELENGTH

OF HOER, HOEG AND HOEB

of the HOEs, holographic multiplexing will cause the uniformity
of the grating to decrease. Therefore, we choose the three-layer
stacking method to record HOEs. The three wavelengths of
the laser used to record the HOEs are 639 nm, 532 nm and
457 nm. The three peak wavelengths of the laser projector
used for display measured by the spectrometer are 636 nm,
528 nm and 449 nm. The data are shown in Table II. Since
the recording wavelength and the reconstruction wavelength are
not the same, the Bragg mismatch will cause the diffraction
efficiency to decrease. Moreover, the greater the wavelength
shift, the greater the loss of diffraction efficiency. Therefore, the
diffraction efficiency of the three-wavelength HOEs decreases
in order of red, green and blue.

A solution to this problem is to use angular offset to com-
pensate for wavelength offset to ensure that Bragg matching
conditions are still met when the reconstructed wavelength
is inconsistent with the recorded wavelength [22], [23]. The
relationship between the Bragg mismatch parameter δ and the
angular offset Δθ and the wavelength offset Δλ is as follows:

δ = Δθk sin (ϕ− θ0)−Δλk2/4πn0 (13)

Where k is the wave vector, θ0 is the incident angle of the
reference light during recording, ϕ is the tilt angle of grating
vector, n0 is the bulk index of refraction of the material.

It can be seen from the above formula that the Bragg mismatch
parameter can be guaranteed to be zero by simultaneously chang-
ing the values of the wavelength offset and the angle offset. In
addition, when the diffraction efficiency of the grating is fixed,
the intensity of the signal light can be changed by adjusting the
brightness of the laser projector.

Limited by the stability of the recording platform, the charac-
teristics of the material, the accuracy of the optical components,
etc., compared with the small-sized HOEs, the large-sized HOEs
have the problem of uneven diffraction efficiency distribution.
We redefine the diffraction efficiency of the HOEs to better
reflect the uniformity and diffraction efficiency of the large-size
HOEs recorded in the experiment. We divide the display image
into 24 areas, 8 in the horizontal direction and 3 in the vertical
direction, as shown in Fig. 11. First calculate the diffraction
efficiency of the i-th area ηi, ηi is the average of the diffraction
efficiencies of ten random positions in each region. Then the
actual diffraction efficiency η is the average of the diffraction
efficiencies of N areas.

η=

∑N
i=1 ηi
N

=

∑N
i=1

(∑10
k=1 IDki

I0

)
N

(14)

Fig. 11. (a)-(c) Loaded image of red, green and blue HOEs. (d)-(f) Displayed
image of red, green and blue HOEs.

TABLE III
EXPERIMENTAL DATA OF LIGHT TRANSMITTANCE UNDER

DIFFERENT CONDITIONS

Where N is the number of areas, and ηi is the diffraction
efficiency of the i-th area, I0 is the input light intensity, and IDki

is the diffracted light intensity of the k-th point in the i-th area.
The average diffraction efficiencies of the red, green and blue

HOEs measured in the experiment are 75.2%, 73.1% and 67.5%.

B. Transmittance

We also analyze the transmittance of the system, because the
transmittance of the HUD is a key parameter in the field of nav-
igation display. With the increase of exposure, the holographic
material gradually changes from dark purple to lighter color.
Since the exposure dosage during the recording of the HOEs
does not reach the maximum recording dosage of the holo-
graphic material, the transmittance of the HOEs after record-
ing will increase under sunlight. Limited by the characteristics
of the material, the transmittance of the holographic material
does not increase indefinitely but gradually tends to a certain
value. The light transmittance data under different conditions
are shown in Table III. The transmittance of the glass substrate
and the recorded single-layer holographic film are 90% and 88%
measured by a light transmittance meter. Experiments show that
the transmittance of the HUD system has increased from 56%
to 60% after being placed in the sun for a month.

C. Color Display

The monochromatic multi-plane display can satisfy the AR
requirements in the vehicle display field. However, considering
the driver’s actual viewing comfort [24], it is better to display
color images in each depth plane. Therefore, we propose two
possible solutions to achieve multi-plane color display of differ-
ent information.

Solution 1 is to divide the image source and HOEs into
different areas. HOE1 and HOE2 are recorded in different ar-
eas of the holographic material. At the same time, the image
source also needs to be divided into different areas in the same
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Fig. 12. (a) The imaging diagram when HOEs are not divided into multiple
areas. The two depth planes display the same color information, and there is
crosstalk between HOEs. (b) The imaging diagram when HOEs are divided into
multiple areas. The two depth planes display different color information, and
there is no crosstalk between HOEs.

Fig. 13. A color multi-plane AR head-up display system based on polarization
holographic optics.

form. Different color information will be diffracted by different
HOEs and imaged on different depth planes. Fig. 12 shows the
comparison of imaging diagrams before and after dividing HOEs
into multiple areas.

Solution 2 is to use polarized volume grating (PVG) as
the imaging element. Unlike VHG, as a kind of HOEs, PVG
has a larger response bandwidth and has Pacharatnam-Berry
(PB) phase polarization response characteristics [25]–[27]. The
schematic diagram of this solution is shown in Fig. 13. First,
a rotatable polarizer is added between the image source and
the PVGs. The color signal light waves corresponding to the
different polarization directions P1, P2, and P3 of the different

depth planes D1, D2, and D3 can be obtained through the syn-
chronization control and real-time refresh of the image source
and the polarizer. Then, the color image of each depth plane
is diffracted into the human eye by the color PVGs with corre-
sponding polarization selectivity. And the holographic recording
materials are required to have excellent polarization selection
characteristics. In this system, the imaging optical elements are
composed of three groups of HOEs with different polarization
selectivity. And each group of PVGs is composed of red, green
and blue gratings with the same polarization selectivity.

D. From C-Type HUD to W-Type HUD

Unlike the combiner-type (c-type) HUD, the windshield-type
(w-type) holographic HUD requires a curved HOE because the
windshield has curvature. The principle of the traditional w-type
HUD is a transflective windshield based on geometric optics.
Continental Corp. has proposed a HUD system that directly uses
the windshield as a curved half mirror. However, the transflective
HUD has the problems of low energy utilization, low design
freedom, and large volume. The HUD based on HOEs can
reduce the system volume, so it has huge potential application
value. Wayray Corp. has demonstrated a HUD system using a
curved HOE on the windshield, effectively reducing the size
of the projection module. South Korea’s Byoungho Lee et
al. have proposed an analysis and design method for curved
holographic optical elements, mainly analyzing the aberrations
of two different recording methods: curved surface HOE and
bendable surface HOE [21]. This method can effectively solve
the aberration problem of the curved HOE. The Facebook re-
ality laboratory research has proposed a design and fabrication
method for freeform holographic optical elements [28]. This
method has better design freedom, and can use optimization
algorithms to correct the aberration of the curved HOE based
on holographic printing. Therefore, we can further expand the
w-type holographic HUD based on the large amount of work of
the above-mentioned research teams in the future.

VI. CONCLUSION

We propose an AR HUD system with multi-plane, large area,
high diffraction efficiency and a single PGU. Based on the
angular selectivity and wavelength selectivity of the volume
HOEs, HOEs of different wavelengths display images of dif-
ferent depths. We analyze and design the entire system theo-
retically, and perform numerical simulation and experimental
verification. The integrated prototype is composed of a miniature
laser projector, a scattering screen and three-layer HOEs. The
red, green and blue HOEs are stacked on the same glass substrate
with a thickness of 2 mm by vacuum bonding. Therefore, the
diffraction efficiency of the system is maximized while ensuring
lightness and thinness. The diffraction efficiencies of the red,
green and blue HOEs measured in the experiment are 75.2%,
73.1% and 67.5%. The HOEs of red, green and blue respectively
display images with depths of 150 cm, 500 cm and 1000 cm.
The FOV and EB of the system are 12° × 10° and 9.5 cm ×
11.2 cm. And the size of HOEs is 20 cm × 15 cm. In addition,
the transmittance of the system has reached 60%. It is expected
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that the proposed method will be widely used in augmented
reality navigation display, such as vehicles, aviation, etc.
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