












Figure 7. Comparison between sensing strategies. Our approach is more robust to ambient light than line scanning and full frame
sensors; notice how our adaptive approach degrades less than line scanning and full frame from low ambient lighting (700 lux) to high
ambient lighting (4000 lux). We keep sensor settings constant for each low ambient-high ambient pair. The total number of dots in the
adaptive method (ours), line scanning and full frame is around 150, 108 × 150 and 1502, respectively. Zoom in to see the red dots in the
camera images.

ces, which can be implemented efficiently on a GPU.
We implement our hologram generator in CUDA and
render the resulting hologram phase from the frame-
buffer to the SLM using OpenGL-CUDA interoperabil-
ity. On a NVIDIA Jetson Nano, an embedded system-
on-module with a Tegra X1 Maxwell 256-core GPU and
limited computing resources, we are able to generate
1080p holograms with around 100 points or less at 30
fps. Our implementation and simulator can be found at
https://github.com/btilmon/holoCu.

4.2. Implementation 2: MEMS + DOE

Our second implementation is to adjust the beam in-
cident angle of a diffractive optical element (DOE) with
a MEMS mirror, as shown in Fig. 4(b). DOE offers a
cheap, energy-efficient solution for random dot projection
in single-shot structured light (Kinect V1) or active stereo
(RealSense). While those systems use a DOE that covers
the entire scene, we use a small FOV (≈ 5◦) that only cor-
responds to a small ROI. By rotating the MEMS mirror, the
deflected laser beam hits the DOE at different angles, thus
generating a dot pattern at different ROIs of the scene.

Comparison with phase SLM. The MEMS + DOE im-
plementation is less flexible than the SLM implementa-
tion since the hologram shape is fixed (determined by the
DOE phase pattern). This is schematically shown in Fig. 4:
While SLM can illuminate ROIs of various shapes (P1-

P3), MEMS + DOE can only create the same shape shifted
across the scene. Moreover, while the SLM can redistribute
the optical power over two disjoint ROIs during the same
camera exposure (P4), different ROIs are scanned and im-
aged sequentially by the MEMS mirror, which slightly de-
creases the SNR (see Sec. 3.2 for detailed analysis). Nev-
ertheless, the MEMS + DOE approach benefits from low
cost, simple optics and small form factor, which are impor-
tant factors for mobile and wearable devices.

Figure 8. Outdoor active depth sensing under 50 kilolux direct
sunlight with Phase SLM. Our sensor works outdoors under di-
rect sunlight. We show results up to 2 meters but believe this range
could be extended with further SLM optical engineering. Zoom in
to see the red dots in the camera images.
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