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Abstract—We introduce a structured light system that enables full-frame 3D scanning at speeds of 1000 fps, four times faster than the
previous fastest systems. Our key innovation is the use of a custom acousto-optic light scanning device capable of projecting two million
light planes per second. Coupling this device with an event camera allows our system to overcome the key bottleneck preventing previous
structured light systems based on event cameras from achieving higher scanning speeds—the limited rate of illumination steering. Unlike
these previous systems, ours uses the event camera’s full-frame bandwidth, shifting the speed bottleneck from the illumination side to the
imaging side. To mitigate this new bottleneck and further increase scanning speed, we introduce adaptive scanning strategies that

leverage the event camera’s asynchronous operation by selectively illuminating regions of interest, thereby achieving effective scanning

speeds an order of magnitude beyond the camera’s theoretical limit.

Index Terms—3D scanning, structured light, acousto-optics, event cameras

1 INTRODUCTION

D scanning systems acquire the detailed geometry of

real-world objects, using methods such as time of flight,
structured light, or photogrammetry. Though such systems
are already commonplace for static scenes, nowadays there
is an increasing demand for 3D scanning systems that
can operate on dynamic scenes and provide real-time 3D
information for accurate analysis of moving objects. For
instance, such systems can enhance navigation and safety
in autonomous driving and robotics, enable interactive
experiences in virtual and augmented reality, or allow for
inspection of fast-moving objects in industrial manufacturing.
These applications require fast 3D scanning that minimizes
motion blur and other motion-induced artifacts.

Fast 3D scanning necessitates hardware for both high-
speed illumination (e.g., using Galvo mirror systems or
MEMS mirror projectors), and high-speed imaging (e.g.,
using single-photon avalanche diodes or event sensors).
It also requires efficient algorithms to process and filter
data rapidly, handling tasks such as noise reduction, data
fusion, and reconstruction. In scanning systems that utilize
multiple sensors, synchronization also plays a crucial role in
ensuring coherent data capture and integration from different
sources. Unfortunately, fast 3D scanning methods are limited
to rates below 1000 fps, primarily due to constraints imposed
by the scanning speeds of existing light scanning systems:
Though fast imaging sensors such as event cameras exist,
light scanning systems are limited to scan rates of a few kHz,
falling well short of fully exploiting the fast sensor readout.

In this work, we push the envelope of achievable 3D scan-
ning speeds, by designing an ultra-fast structured light (SL)
system that combines an acousto-optic (AO) light scanning
device and an event camera. The AO device comprises a
pulsed laser and an ultrasonic transducer. The transducer
generates an ultrasonic wave that sculpts traveling virtual
cylindrical lenses in a water medium. These lenses focus the
laser light onto a line. By steering these cylindrical lenses at
MHz rates, we can scan the line over a 3D scene imaged by

the event camera, enabling structured light scanning. The AO
device uses a design that results in an order-of-magnitude
cost reduction relative to prior such devices [1].

Our AO device achieves light scanning rates that are more
than three orders of magnitude higher than the frame rate
of the event camera. Thus, when used for structured light,
our device shifts the bottleneck for achieving higher frame
rates from the speed of light scanning system to the readout
bandwidth of imaging sensors. To further improve speed
beyond this bottleneck, we demonstrate an adaptive scanning
method inspired by Muglikar et al. [2] that illuminates
only regions of interest. Doing so allows capture 10x faster
than the theoretical full-frame limit of the event sensor. We
demonstrate these capabilities experimentally by building a
benchtop prototype, and using it to scan a variety of static
and dynamic scenes.’

2 PRIOR WORK

Light scanning. Light scanning is a core component of active
imaging technologies, including lidar [3], structured light
[4-7], light-transport probing [8-10], motion contrast 3D [11],
light curtains [12, 13], slope-disparity gating [14-16], and
non-line-of-sight imaging [17-21]. We can broadly classify the
light scanning methods in these technologies into mechanical
and non-mechanical. Mechanical methods require moving
parts such as rotating prisms [22, 23] or mirrors [24, 25],
and micro-electromechanical systems (MEMS) [26, 27]. These
methods are slow due to mechanical inertia. Non-mechanical
methods require no moving parts, and include acousto-optic
(AO) [28, 29] and electro-optic (EO) [30] devices, liquid
crystal devices (LCDs) [31, 32], and optical phased arrays
(OPAs) [33, 34]. LCDs are the slowest of these methods due
to long settling times. OPAs are the fastest and can scan light
at even GHz rates, but have low angular resolutions, and
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Fig. 1. We present a structured light technology that combines acousto-optic light steering with an event camera for high-
speed full-frame scanning. Left: Schematic of our setup. We use an ultrasonic transducer to sculpt virtual gradient-index
(GRIN) cylindrical lenses in water (the inset shows the refractive index pro le focusing light). Coupling this setup with pulsed

illumination, we can scan the imaged scene with a light plane at speeds three orders of magnitude faster than those of
previous light scanning methods, allowing structured light operation at the camera’s full-frame bandwidth. Top-right: RGB
images, captured at 240 fps of a scene comprising a fan that rotates at 1800 rpm The images correspond to the approximate
positions of the depth scans below. Bottom-right: Reconstructed depth frames of the rotating fan, scanned at 1000 fps

TABLE 1. Scan speed comparison against recent works.

Work Static Dynamic
Muglikar et al. [35] 60 fps 60 fps
Matsuda et al. [11] 60 fps 60 fps
Dashpute et al. [36] 250fps 30fps
Ours 1kfps 1 kfps

thus are unsuitable for structured light. AO and EO devices
provide a good middle ground, as we discuss next.

Light scanning with AO and EO devices. Commercially
available AO and EO devices include tunable lters [ 37],
modulators [ 3g], frequency shifters [39], and de ectors [ 40].
AO de ectors can serve as light scanning devices, but are
limited to kHz scanning rates due to their reliance on Bragg's
diffraction [ 41]. EO de ectors [ 42, 43] operate on a similar
principle, and thus are similarly slow. Alternative AO light
scanning devices are tunable acoustic gradient-index (TAG)
lenses (44, 45] and ultrasonically-sculpted virtual optical
waveguides [1, 46, 47]—our technology is an instance of the
latter. TAG lenses can change the focus depth of an incident
beam at kHz rates, but cannot scan it transversely.

Most closely related to our work, Pediredla et al. [1]
demonstrated transverse scanning at MHz rates using
ultrasonically-sculpted virtual optical waveguides, motivat-
ing our work. Compared to their scanning system, which
phase-modulates the ultrasound for scanning, our system
modulates the laser pulse. This adjustment allows us to use
a narrowbandampli er, which is widely available and cost-
effective (USD 250instead of USD 23 000for the broadband
ampli er in Pediredla et al. [1]), reducing the system cost.

Lastly, Hullin et al. [48] used perturbation of surface
waves to dynamically display BRDFs. However, their tech-
nique is limited to kHz range as high frequency waves
experience signi cant damping.

Event cameras and 3D sensing. Event cameras perform

sparse readouts of relative intensity changes exceeding a
preset threshold, and thus can achieve much larger frame
rates than conventional cameras that always perform full-
frame readouts. This high speed has made event cameras
increasingly popular in computer vision [ 49-52]. Though
extensive research exists for 2D imaging applications of
event cameras, such as full-frame reconstruction [53-58] and
deblurring [ 59-64], 3D imaging applications are still nascent.
Brandli et al. [65] combined an event camera with a laser line
scanner for structured-light 3D scanning, leveraging the fact
that swept-plane structured light requires very sparse sensor
readouts—only a column per projected light plane. More
recent works perform structured light by combining event
cameras with laser point projectors [ 2, 11, 35, 66] or digital
light processing projectors [ 67, 68]. In all these works, light
scanning is slower than the frame rate of the event camera,
and thus the bottleneck preventing faster 3D scanning. We
remove this bottleneck by using a laser-line scanning system
that combines acousto-optic lens sculpting with a pulsed
laser, to achieve megahertz-rate light scanning—three orders
of magnitude faster than the theoretical frame-rate limit of
an event camera, thus turning the camera into the bottleneck
towards faster structured light.

3 METHOD

Structured light (SL) methods triangulate depth by es-
tablishing stereo correspondences between an active light
projector and a camera. In its simplest form, SL uses the
projector to raster scan individual points [ 11, 35]. Using
the epipolar geometry allows accelerating structured light
while maintaining robust correspondences, by projecting
a line (light plane in 3D) orthogonal to the epipolar lines.
Methods using optical codes such as binary [69)], Gray [ 7(],
sinusoidal [ 71], or XOR [4] reduce the number of projected
light patterns, but are detrimental for the event camera case—
approximately half the sensor pixels will be lit for each
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