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Active retinal projection augmented reality display via pixel-to-pixel
collimation
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Abstract: As the next-generation human–computer interface, augmented reality display technology has been gradu-
ally  popular,  depending  on  advances  in  system  architectures.  However,  existing  waveguide  and  passive  retinal
projection  display  solutions  are  unable  to  combine  their  respective  advantages  to  address  increasingly  demanding
performance requirements. Herein, we propose an active retinal projection display (A-RPD) concept based on colli-
mated active-matrix  microdisplay  panels.  By  deriving  and validating  the collimation-dependent  depth of  focus,  the
optimization direction of this architecture is emphasized. Through the direct integration of pixel-to-pixel collimators
on the microdisplay panels, an A-RPD prototype featuring a balanced design and performance has been successfully
constructed. It enables clear retinal imaging from 40 cm to 160 cm, which significantly surpasses that of the uncolli-
mated microdisplay. The proposed active retinal projection architecture retains the advantages of retinal projection
while simplifying the architecture. This work highlights its importance and superiority and provides foundations for
its further expansion in practical applications.
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 1    Introduction
Visual perception is a critical pathway for humans to expand
their cognition of the surroundings,  driving the continuous
advancement  of  display  technologies  from  flat-panel
displays  to  near-eye  displays1−3.  Augmented  reality  (AR)
display stands out as one of the most typical representatives
in this evolution, serving as an interface to bridge the virtual
and the real  worlds4,5.  In the pursuit  of  next-generation AR
displays,  the  human-centered  philosophy  encourages
continuous  efforts  toward  immersive,  comfortable,  and
portable morphology6−9. In recent years, substantial progress
has  been  achieved  in  lightweight  devices  and  the  signifi-
cantly  mitigated  "screen-door  effect"10−13.  However,  the
current  solutions  are  mainly  occupied  by  the  virtual  image
projection,  making  the  vergence-accommodation  conflict
(VAC) an unavoidable issue1,14,15.

Based on the principle of the Maxwellian view, projecting

images directly onto the retina through a light beam passing
through  the  pupil  center  could  be  a  promising  solution  to
relieve the VAC16,17.  The AR devices based on this principle
are  called  retinal  projection  display  (RPD)18,19.  Traditional
RPDs  typically  involve  easily  collimated  point  light  sources
and spatial  light  modulators  (SLMs),  such as  liquid crystals
on silicon (LCoS)20,21.  Alternatively,  highly collimated lasers
were  employed  for  image  projection  through  rapid  scan-
ning  and  deflection  enabled  by  micro-electro-mechanical
systems  (MEMS)22,23.  These  RPDs  requiring  a  collimated
light  source  to  pass  through  image  sources,  similar  to  the
principle  of  liquid  crystal  displays  (LCDs),  are  defined  as
passive  RPDs  (P-RPDs).  P-RPD  represents  a  compromise
for  the  traditional  active-matrix  (AM)  surface  light  sources
due to their difficulties in light collimation.

As  the  size  of  light-emitting  diodes  (LEDs)  continues  to
downscale,  display  panels  are  usually  regarded  as
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well-arranged  point  light  source  arrays24−27.  The  microscale
display panels with downscaled LEDs offer opportunities for
the integration of emerging micro-nano structures, enabling
direct  output  of  images  with  collimated  light  beams28−30.
Utilizing integrated light sources for direct image projection
on the retina instead of additional image sources is proposed
here as active RPD (A-RPD). Unlike P-RPDs, A-RPDs hold
the  potential  to  achieve  smaller  volumes,  greater  comfort,
and  laser-free  damage.  However,  the  A-RPD  reinvigorated
by  microdisplay  panels  is  still  in  its  preliminary  stage  with
unclear architecture and inadequate understanding of  colli-
mation-influenced depth of focus (DOF). Lacking standard-
ization and theoretical frameworks for the A-RPD architec-
ture will severely hinder its future development.

Here,  we  propose  the  concept  of  A-RPD  with  whose
performance  is  highly  impacted  by  the  collimation  of  inte-
grated  light  sources.  This  concept  with  simplified  architec-
ture  is  enabled  by  emerging  AM  microdisplay  panels  for
their potential in the integration of image sources and colli-
mated  light  sources.  Based  on  this,  we  further  derive  the
relationship between DOF and the exit pupil size influenced
by  the  collimation  of  microdisplay  panels.  We  then  vali-
dated  the  derivation  by  simulating  and  demonstrating  the
A-RPD  prototype  with  a  balanced  design  and  performance
based  on  AM  microdisplay  panels  collimated  at  the  pixel
level.  The  constructed  A-RPD  prototype  enables  clear  reti-
nal  imaging  wherever  the  human  eye  focuses  on  objects
within  the  range  from  40  cm  to  160  cm.  This  work  high-
lights  the  importance  and  superiority  of  A-RPDs  achieved
by collimated AM microdisplay panels and provides founda-
tions for their further expansion in practical applications.

 2    Main
 2.1  Concept of passive and active RPDs

Passive  displays,  typically  featuring  the  architecture  with  a
separated  image  source  and  light  source,  have  matured  as
commercial  solutions in various display applications due to
their  ability  to  alleviate  the  burden  on  the  light  source31.
However, the introduced image sources typically come at the
expense of some crucial performance, including system effi-
ciency,  overall  volume,  response  speed,  and  contrast
ratio32−34.  Passive  displays  are  gradually  losing  ground  in
emerging  display  applications  since  the  trade-offs  between
performance and form-factor requirements become increas-
ingly severe. Currently, the emerging active displays present
the  potential  to  replace  the  traditional  choices  for  higher
performance  and  small  volume.  The  achievement  of  light-
emitting  diodes  (LEDs)  with  active-matrix  drivers  has
enabled  the  better  integration  of  image  sources  and  light
sources,  thereby  accelerating  related  advances35−37.  This
trend is especially obvious in flat-panel displays and projec-
tion displays during their evolution towards miniaturization.
Similarly, active display solutions will probably bring signifi-

cant advantages to next-generation AR displays, yet still lack
comprehensive discussions and emphasis in RPDs.

In  AR  displays,  the  RPD  architecture  is  commonly
employed  to  mitigate  the  VAC  problem38.  The  traditional
architecture involves separated image sources, such as LCoS
and  digital  micromirror  device  (DMD)22,39.  This  configura-
tion  arises  from  the  realization  of  RPDs  requiring  colli-
mated light beams to pass through the pupil center, and the
additional  image  source  allows  the  employment  of  colli-
mated point light sources. This RPD architecture, analogous
to traditional LCDs, is herein defined as P-RPD (Fig. 1(a)).

Unlike  P-RPD,  A-RPD,  firstly  defined  here,  involves
direct  integration of  pixelated light  sources  and collimators
to  provide  patterned  and  collimated  light  emission  (Fig.
1(b)).  The  downscaled  LEDs  on  microscale  display  panels
offer opportunities for the in-situ integration of micro-nano
structure  for  light  collimation.  This  means  that  device
performance  will  be  free  of  the  limitations  of  the  image
source  but  directly  correlated  with  the  integrated  display
panel, while freeing up sufficient physical space to achieve a
compact  and  flexible  form  factor.  Therefore,  the  A-RPD
exhibits  great  potential  in  exceeding traditional  P-RPD and
serves  as  an  essential  solution  for  AR  devices.  To  date,
several studies have demonstrated prototypes of the A-RPD
as  defined  herein.  However,  the  impact  of  the  collimation
characteristics  on  the  practical  performance  of  the  inte-
grated  display  panel-driven  prototype  has  never  been  thor-
oughly  discussed,  which  is  fundamental  to  the  principle  of
the A-RPD.

 2.2  Theoretical derivation of the collimation-influenced
DOF

DOF, conjugate to the depth of field, is a parameter used to
evaluate  the  depth-dependent  clarity  of  retinal  imaging.
Compared with other  AR architectures,  the  expanded DOF
stands  as  the  most  critical  performance  metric  in  RPD
system design. A-RPD, as an architecture based on the same
principle, also requires the minimized width of the projected
beam  onto  the  pupil,  which  is  primarily  governed  by  the
collimation of pixelated light emission.

An  ideal  A-RPD  theoretical  model  is  illustrated  in Fig.
2(a),  comprising  an  integrated  microscale  display  panel,  a
projection system, a 4-f system, and an eye model treated as
an imaging system. In practical RPD devices, a beam splitter
is  typically  employed  to  enable  the  overlapping  of  the
projected  image  and  real-world  scenes,  which  is  omitted
here for clarity in fundamental optical path analysis. In this
ideal  configuration,  the  integrated  microdisplay  emits
perfectly  collimated  light  beams  that  sequentially  pass
through  the  pupil  center  and  form  an  image  on  the  retina
modulated  by  the  projection  system  and  4-f  system.  The
practical model shows a similar optical path, but will create a
broadening  of  the  projected  beams  at  the  pupil  from  the
light  intensity  distribution  of  the  integrated  microscale
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display panel and optical path in the system (Supplementary
Section 1  and Eq.  (1)).  Therefore,  the  width of  the  beam at
the pupil (d) can be primarily defined as 

d ∝ B · Δθ , (1)
where B represents  the  optical  path  in  the  RPD  system,
which  is  extracted  from  the  light  propagation  matrix
(Supplementary  Section  1);  Δθ represents  the  divergence
angle  of  the  integrated  microscale  display  panel,  which  is
determined by the collimation of each pixel. It is noted that
d is  mainly  determined  by  Δθ and  leads  to  the  undesirable
DOF  in  this  model.  Thus, d is  treated  as  a  key  parameter
representing  the  light  from  RPD  in  the  later  derivation  of
DOF.

For further understanding and derivation of collimation-
influenced  DOF,  we  construct  a  fundamental  model  of  the
human  eye  and  different  projection  models  in  the  human
eye (Fig. 2(b–d)). Figure 2(b) demonstrates the key parame-
ters affecting DOF, including the minimum acceptable blur
of  the  retina  (δ), d,  and d-influenced  parameters:  distance
between  the  pupil  and  the  retina  (E)  and  the  distance

between the pupil and the point of the extended incident ray
on the optical axis (K). When imperfectly collimated beams
are  projected  onto  the  human  eye,  light  rays  influenced  by
the  pupil  converge  either  in  front  of  or  behind  the  retina.
This  results  in  different  parameter  values  for  defining  the
boundary conditions of the DOF (the focal length is denoted
as f in derived equation), with the two corresponding models
shown  in Fig. 2(c) and Fig. 2(d).  The  cross-section  of  light
rays transmitted by the RPD system in front of  the pupil  is
selected  as  the  object  for  the  human  eye  system,  with  a
certain object distance (l) and object height (y). Based on the
geometric  relationships  and  object-image  relationships,  the
following can be derived: 

y =
(
1− l

K

)
· d , (2)

 

l′ = f · l
f+ l

, (3)
 

y' = f · y
f+ l

, (4)
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Fig. 1 | Definition of passive and active retinal projection display. The fundamental architecture of P-RPD (a) and A-RPD (b).
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where l' represents image distance and y' is the image height.
The blur degree of these two models (∆f for Fig. 2(c) and ∆d
for Fig. 2(d))  can  be  further  derived  based  on  geometric
optics principles:
 

Δf =
E · (y′ − d)

l′
+ d , (5)

 

Δd =
E · (d− y′)

l′
− d . (6)

This  blur  degree  must  fall  within  the  range  of  the  mini-
mum acceptable blur of the retina (i.e., ∆f and ∆d both < δ),
thereby  enabling  the  derivation  of  the  lower  and  upper
limits at a determined d:
 

E

1− E
K

− E

1− E
K

· δ(
1− E

K

)
· d+ δ

< f

<
E

1− E
K

+
E

1− E
K

· δ(
1− E

K

)
· d− δ

. (7)

Further collation was performed to obtain the determina-
tion  formula  for  the  DOF,  where  retinal  imaging  remains
clear:
 

DOF =
2Eδ(

1− E
K

)2

· d− δ2

d

. (8)

In  this  equation, K is  a  parameter  related  to d as
mentioned  above;  specifically,  the  larger d is,  the  less  the
ratio of K to E approaches 1. This indicates that the DOF can
be  completely  determined  by d,  which  is  influenced  by  the
collimation  of  the  A-RPD  system.  According  to Eq.  (8),
while E and δ are still  parameters  that  affect  the DOF, they
are fixed for an identical  observer.  Thus,  this  equation may
serve as one of the most crucial guides for high-performance
A-RPDs.

 2.3  The verification of the collimation-influenced DOF

To  validate  the  accuracy  of  the  derived  DOF  equations,  an
eye  model  was  constructed  behind  the  A-RPD  for  optical
simulation (Supplementary Table S1).  The beam width d at
the  pupil  was  simulated  by  adjusting  the  aperture  radius,
indicating  the  influence  of  the  integrated  microdisplay
panels  with  different  collimation  performance.  The  crite-
rion for maintaining clear retinal imaging was set such that
the  root-mean-square  (RMS)  radius  of  the  spot  diagram  is
less  than  2  μm  (Supplementary Fig.  S1 and  Supplementary
Table S2), considering the physical size of two adjacent cone
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Fig. 2 | The model for theoretical derivation. (a) An ideal A-RPD imaging model based on the principle of the Maxwellian view display. (b) The key parame-
ters influencing DOF in the eye model. (c, d) The derivation model of DOF with light rays converged either behind (c) or in front of the retina (d).
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cells  (4–6  μm).  By  continuously  varying  the  beam  width d,
the  corresponding  variation  values  of  the  DOF  upper  and
lower  limits  can  be  directly  obtained  from  the  simulation
results.  Considering  the  typical  human  pupil  diameter
ranges  from  2  to  3  mm  (Supplementary Table  S3),  the  set
variation range of d (0.2–1.2 mm) is sufficient to reflect the
DOF changes regulated by d.

It is observed that as d gradually increases, the lower limit
values of DOF rise while the upper limit values decline (Fig.
3(a) and 3(b)).  This indicates that the DOF for clear retinal
imaging  shrinks  as d increases,  which  aligns  well  with  the
preceding analysis (Fig. 3(c)). The theoretical fitting exhibits
a high degree of alignment with the simulated values, follow-
ing  the  derived  inverse  proportional  function  profile  with
R2 >  0.999.  The  above  comparative  results  demonstrate  the
accuracy  of  the  derivation  and  analysis,  and  emphasize  the
importance of the collimation-affected d for the final retinal
imaging from a data perspective.

 2.4  The design of the microlens-based microscale
display panels

In  traditional  methods,  bulky  lenses  are  typically  used  to
collimate  light  sources,  which  is  effective  for  point  light
sources with negligible size but unfavorable for display panel
collimation.  In  miniaturized  systems,  the  display  panel  size
comparable  to  the  collimator  cannot  be  ignored,  leading
to  attenuation  of  collimation  performance  at  the  edges.
However,  a  single-pixel  collimation  scheme  enables  supe-
rior  and  uniform  collimation  performance  through  precise
phase  modulation  at  the  pixel  level,  facilitating  the  realiza-
tion of A-RPD architectures while enabling a broader DOF.
Here,  microlenses  are  chosen  as  candidates  for  integrated
pixel-to-pixel  collimation  due  to  their  simple  fabrication
process  and excellent  compatibility  with microdisplay tech-
nologies.

A  typical  microlens-based  micro-OLED  model  is  shown
in Fig. 4(a).  Monochromatic  micro-OLED  display  panels
exhibit  inconsistent  pixel  structures  compared  with  full-
color ones. The monochromatic micro-OLED display panels
employ  a  single-color  emission  layer,  while  the  full-color

micro-OLED  display  panels  are  achieved  through  a  white-
light  emission  and  trichromatic  color  filters.  For  design
convenience, the independently driven sub-pixels are collec-
tively  treated  as  individual  micro-OLEDs  according  to Fig.
4(a),  thus  simplifying  the  model.  The  individual  micro-
OLED  model  was  configured  with  a  Lambertian  distribu-
tion  and  assumed  in  an  ideal  environment.  All  settings
adhered  to  optical  design  requirements  and  will  not  affect
the  modulation  of  the  light  distribution  emitted  from  the
micro-OLED by the microlenses (Supplementary Table S4).

Here,  we first  define the angular  range (θ50)  correspond-
ing  to  the  light  intensity  dropping  to  50%  as  an  index  for
quantitatively  evaluating  collimation  performance.  For  an
area  light  source  that  can  be  described  by  the  Lambertian
distribution  formula, θ50 =  120°.  Microlenses  achieve  colli-
mation  by  converging  light,  resulting  in  increased  bright-
ness  and  reduced  beam  divergence.  Considering  the  direc-
tion  of  light  propagation,  the  microlenses  are  designed  to
have  the  same  width  as  the  top  surface  of  the  pixels.  The
optical collimation is regulated by adjusting the conic coeffi-
cient  to  modify  the  longitudinal  profile  of  the  microlenses.
After  optimization,  the  maximum  height  of  the  final
microlens surface is determined at 2 μm. The simulated light
distribution shows that, compared with micro-OLEDs with-
out microlenses, those integrated with microlenses exhibit a
significantly  narrowed  light  distribution  (Fig. 4(b) and
Supplementary Fig. S2). The θ50 is significantly decreased to
50°.

Encouraged  by  the  simulation  results,  we  then  obtained
the  micro-OLED  display  panels  integrated  with  microlens
arrays  (MLAs).  Microscopic  images  reveal  that  the
microlens  arrays  exhibit  a  regular  arrangement,  while  the
white  light  interferometers  characterize  the  MLAs  with  a
maximum height of 2 μm and a period of 4 μm (Fig. 4(c, d)).
Subsequently, we performed practical measurements on the
light distribution of the micro-OLED display panels to verify
the collimation effect of the MLAs.

Here, we selected two representative cross-sections (cross-
sections a and b) of one sample to evaluate the overall light
distribution  of  the  micro-OLED  display  panels.  Cross-
sections  a  and  b  are  perpendicular  to  each  other,  as
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illustrated  in Fig. 4(f).  As  clearly  shown  in Fig. 4(g),  the
micro-OLED  display  panels  with  MLAs  (noted  as  W/M
sample)  exhibit  a  significantly  narrower  light  distribution
than the micro-OLED display panels  without  MLAs (noted
as  W/O  sample)  due  to  the  light  convergence  by
microlenses. The average θ50 is significantly decreased from
90°  to  43°.  Meanwhile,  the  profiles  of  cross-section  a  and
cross-section  b  are  highly  consistent,  demonstrating  the
excellent  height  uniformity  of  the  MLA  distribution  (Fig.
4(g) and  Supplementary Table  S5).  Furthermore,  a  more
concentrated light intensity is achieved, which will be bene-
ficial to enhancing the practical imaging performance under
ambient light conditions (Fig. 4(h)).

 2.5  The microlens-based A-RPDs

Benefiting from the collimated micro-OLED display panel at
the  pixel  level,  the  A-RPD  architecture  can  be  successfully
constructed (Fig. 5(a)). We first performed systematic simu-
lation design  for  the  A-RPD system,  including  a  projection
system,  a  4-f  system,  and  an  eye  model  mentioned  above

(Supplementary Fig. S3(a)). After optimization, the obtained
RPD system exhibits  favorable  imaging  performance  under
the specified configuration.  The final  structure for  practical
construction is shown in the inset of Fig. 5(a), which is simi-
lar to the ideal structure described earlier but supplemented
with the beam splitter.

The simulation results show that MTF of the designed A-
RPD  architecture  exceeds  0.70  across  all  fields  of  view
(FOV)  at  the  spatial  frequency  of  30  lp  mm−1 (Supplemen-
tary Fig. S3(b)). It should be emphasized that the MTF here
is subject to multiple influences from the human eye model
within the simulation model, resulting in final results signifi-
cantly  lower  than  those  obtained  without  the  eye  model.
Nevertheless, the results are sufficiently adequate to meet the
requirements of retinal imaging (Supplementary Fig. S4 and
Supplementary Table S6).

Based on the simulated results, we practically constructed
the A-RPD prototype on the optical bench as shown in Fig.
5(a).  The  functional  systems  were  placed  according  to  the
simulation model. A camera was positioned behind a beam-
splitter  to  simulate  the  human  eye,  demonstrating  the
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imaging performance of the A-RPD prototype.  Enlightened
by the Chinese classical vision, we set some objects related to
the classical garden in Suzhou. The specific location of each
is shown in Supplementary Fig. S5.

For  practical  application,  we  proceeded  to  demonstrate
the  prototype  with  the  MLA-integrated  full-color  micro-
OLED display panel (Fig. 5(b)). The slight edge distortion in
Fig. 5(b) can be further suppressed through algorithm opti-
mization  in  practical  applications.  The  A-RPD  prototype
maintains  the  high  imaging  performance  with  bright  emis-
sion  and  clear  boundary  from  40  cm  to  160  cm  (Fig. 5(c)
and Supplementary video). Meanwhile, this structure allows
the preservation of high resolution with the original PPI and
PPD of microscale display panels. The suitable design of the
entire  system  enables  the  broadband  white  emission  with
negligible chromatic dispersion. As its excellent advantages,
we emphasize  that  the  A-RPD will  be  a  promising  solution
in next-generation AR displays.

Additionally,  we  also  offer  the  monochromatic  demon-
stration to validate the retinal imaging based on the W/O or
W/M  samples.  In  Supplementary Fig.  S6,  the  images
projected by the W/O sample gradually become blurred with
the  focused  objects  varying  from  40  cm  to  160  cm.  In

contrast,  the  W/M  sample  enables  the  clear  image  projec-
tion  under  the  same  variation  range  (Supplementary Fig.
S7).  Additionally,  the  improved  brightness  can  be  easily
observed in the A-RPD prototype, which may be attributed
to the MLA-enhanced central intensity in Fig. 4(g).

 3    Discussion
The A-RPD prototype, weighing < 280 g and measuring < 30
cm in  length,  provides  an  alternative  for  future  AR devices
(Supplementary Table  S7).  The  optical  elements  in  proto-
type can be further downscaled to back up the ultra-minia-
turized devices. We emphasize that the A-RPD architecture
holds  great  potential  in  display-on-chip  systems  and  will
facilitate the development of emerging display morphology’s
evolution,  such  as  contact  lens  displays  and  transparent
near-eye displays.  Therefore,  a  thorough discussion of their
future development is required.

Firstly, the collimated microscale display panel in A-RPDs
serves to provide patterned and collimated light emission. In
this  work,  by  deriving  the  collimation-influenced  DOF,  we
emphasize the necessity of integrated pixel-to-pixel collima-
tors for future miniaturized devices. Although the separated
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collimator  arrays  also  hold  the  potential  to  realize  A-RPDs
like  the  fiber  bundles,  it  should  be  noted  that  in-situ  inte-
grated  collimators  feature  fewer  light  diffusion  paths  and  a
more compact volume, which will be advantageous in ultra-
miniaturized AR devices28,40.

The  projection  systems' further  optimization  and  minia-
turization have been carried out in mature waveguide-based
AR systems. Its combination with the subsequent 4-f system
serves to relay the expanded image to pass through the pupil
center  in  this  system.  Herein,  the  4-f  system,  as  an  impor-
tant  component,  realizes  off-axis  beam extension and pupil
relaying. Such multifunctional optical components are well-
suited  to  be  replaced  by  diffractive  optical  elements,  which
can  significantly  reduce  the  required  volume  of  the
system31,41,42.  With  the  reduction  of  optical  paths  and
achievements  in  microscale  and  nanoscale  display  panels,
non-off-axis  structures  will  further  reduce  the  dependence
on these two systems.

The  inherent  limitations  of  the  Maxwellian-view  princi-
ple  make  A-RPDs  still  face  the  challenge  of  a  restricted
eyebox.  Two  mainstream  approaches  previously  developed
for  P-RPD  architectures  can  be  directly  adapted  to  address
this issue: eye-tracking and viewpoint replication. Eye-track-
ing  relies  on  detecting  the  pupil  center  to  ensure  that  light
passes  through  it,  whereas  viewpoint  replication  employs
optical  elements  to  realize  an  expanded  eyebox.  Eye-track-
ing will enable A-RPD systems to adapt the commercializa-
tion  requirements,  while  the  rapid  advances  of  diffractive
optical elements endow viewpoint replication with substan-
tial potential for ultra-compact devices18,19,23.

 4    Conclusion
In  summary,  we  first  propose  the  concept  of  the  A-RPD.
Through  theoretical  derivation  and  optical  simulation,  we
clarify  the  collimation-influenced  DOF  of  the  A-RPD.  As
the  collimation  of  pixelated  microscale  display  panels
improves, the DOF will gradually increase, thereby enabling
clear retinal  imaging within a certain zoom range.  Leverag-
ing increasingly mature pixel-to-pixel microlens collimators,
we  achieve  a  collimated  micro-OLED  display  panel  at  the
pixel level. Based on this display panel, a prototype of the A-
RPD  is  successfully  constructed.  This  prototype  can  realize
clear  retinal  imaging  from  40  cm  to  160  cm.  As  near-eye
displays  evolve  toward  being  compact,  lightweight,  and
highly  efficient,  the  proposal  and  standardization  of  the  A-
RPD are  highly  expected to  become an important  architec-
ture for next-generation AR displays.
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