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References to the main paper are in blue. Sec. 1 shows more comparisons with
other potential methods for projecting depth-varying content. Sec. 2 discusses
the limits of depth variation with our proposed setup. Sec. 3 visualizes the effects
of using a static element for étendue expansion in the projection of depth-varying
content. Sec. 4 provides a proof for the equivalent stereo resolution from Sec. 4.2.
Sec. 5 provides more details on the multilayer model we used to represent the
lens array. Sec. 6 discusses the slight amount of light redistribution with depth
when projecting depth-dependent content. Sec. 7, Sec. 8 and Sec. 9 describe the
details of our implementation, including our calibration processes.

Technology Programmability HW complexity Time-mult. Light eff.
LCD/DLP

[2, 23,32]
Low
(blur)

Low
(1 SLM) No Low

Laser scanning
[22, 29,30]

Low
(minimal blur)

Low
(scanning mirror) No High

Focus-tunable lens
[31]

Moderate
(crosstalk)

Moderate
(SLM+tun. lens) Yes Depends

Coded aperture
[12, 15,16]

Moderate
(conv. with aper.)

Low
(SLM+static ap.) No Low

Time-mult. coded ap.
[13, 18] High High

(2 SLMs) Yes Low

Holographic
[3, 6–8,19,20,27,28]

Moderate
(limited étendue)

Low
(SLM+laser) No High

Holo. + lens array
(ours, [4, 21] in NEDs) High Low

(Holo.+lens arr.) No High

Table 1: High-level comparison of different potential depth-varying projection systems.
A holographic approach with a lens array étendue-expander allows for depth-dependent
content to be programmed on a single SLM, without needing time multiplexing or light
loss. Thus, our work uses such a system to engineer a depth-varying projector.

⋆ Work partially completed while D. Chan was a Snap Research intern. Sample code
shared online.
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1 More comparisons of depth-varying projectors

More simulated comparisons between a holographic system and traditional ap-
proaches that could create a depth-varying projector are shown in Fig. 1. A holo-
graphic system with étendue expanded with a lens array outperforms a coded
aperture projector, a high-speed projector focused at two depths with a focus-
tunable lens, a naive holographic projector rescaled to the same field-of-view,
and a similar holographic system with a random phase étendue expander.

In Fig. 2, we show more sophisticated projection systems. In Fig. 2(a), we
show a modified version of a focus-tunable lens and high-speed projector system,
where the patterns projected for each focal length are jointly optimized to match
the target images. This slightly improves the projection quality, but performance
still does not match the case of a holographic system with étendue expanded by
a lens array. In Fig. 2(b), (c), and (d), we explore time-multiplexed versions of
coded aperture projectors [18] and holographic systems. Time-multiplexing sig-
nificantly improves the performance of a coded aperture approach as illustrated
in Fig. 2(b). The improvement is less pronounced for holographic systems as
shown in Fig. 2(c) and (d) — we attribute this to limited étendue even after ex-
pansion. While time multiplexing is a useful tool, as discussed in Sec. 1, it can be
impractical in real applications thanks to increased bandwidth requirements and
decreased framerates. Furthermore, a time-multiplexed coded aperture requires
an additional SLM, increasing form factor and cost. Like standard coded aper-
ture, projected patterns will also be much darker than a holographic approach
thanks to the requisite blocking of light.

These various systems are summarized in Tab. 1. Our system does not require
time-multiplexing or complex hardware, but is able to project depth-dependent
content with a high level of programmability. It also inherits the light efficiency
of holographic projectors [6–8,28].
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