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Abstract

Event-based structured light (SL) systems have attracted increasing attention for
their potential in high-performance 3D measurement. Despite the inherent HDR
capability of event cameras, reflective and absorptive surfaces still cause event
clutter and absence, which produce overexposed and underexposed regions that
degrade the reconstruction quality. In this work, we present the first HDR 3D
measurement framework specifically designed for event-based SL systems. First,
we introduce a multi-contrast HDR coding strategy that facilitates imaging of areas
with different reflectance. Second, to alleviate inter-frame interference caused by
overexposed and underexposed areas, we propose a universal confidence-driven
stereo matching strategy. Specifically, we estimate a confidence map as the fusion
weight for features via an energy-guided confidence estimation. Further, we
propose the confidence propagation volume, an innovative cost volume that offers
both effective suppression of inter-frame interference and strong representation
capability. Third, we contribute an event-based SL simulator and propose the
first event-based HDR SL dataset. We also collect a real-world benchmarking
dataset with ground truth. We validate the effectiveness of our method with the
proposed confidence-driven strategy on both synthetic and real-world datasets.
Experimental results demonstrate that our proposed HDR framework enables
accurate 3D measurement even under extreme conditions. The code and data are
available athttps://github. com/Quma233/Event-based-HDR-SL.

1 Introduction

Structured light (SL) systems perform high-quality depth estimation by projecting predefined patterns
onto a scene and analyzing their deformation upon interaction with object surfaces. Their high
precision and dense reconstruction capabilities make them well-suited for applications in both
consumer electronics and industrial applications [} [2, 13]. However, reconstructing scenes under
high dynamic range (HDR) conditions remains a significant challenge, as conventional cameras only
capture the brightness levels with limited range. The target surfaces, such as rust, glossy paint, or
carbon fiber, always lead to overexposure or underexposure of the projected patterns in captured
images [4} |3]], resulting in degraded or failed reconstruction. Existing solutions typically adopt
multi-exposure fusion and multi-projection fusion techniques, but these approaches require extensive
manual tuning of exposure settings and projection intensity to achieve satisfactory results [[1].

Recently, event cameras [6], high-speed neuromorphic sensors with HDR capability, have been
integrated into SL systems, demonstrating advantages in capturing high-speed dynamic scenes and
maintaining imaging quality under complex illumination conditions. Previous work has shown that
event-based SL systems offer improved HDR scene reconstruction compared to frame-based cameras,
however, they still suffer from limitations of low reconstruction quality and insufficient robustness,
especially in overexposed and underexposed areas [7, 8| 9l]. Practical tests further indicate that,
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Figure 1: Despite the inherent HDR capabilities of event cameras, they remain inadequate to handle
HDR scenes with high reflectance variations (a), which cause event clutter and absence in the captured
event frame (b). (c) shows the disparity estimated from (b) using SGBM, indicating the compromised
performance of common event-based structured light systems in HDR environments. To address this,
our HDR 3D measurement framework introduces a multi-contrast HDR coding strategy that employs
range-partitioned sensing to image regions with different reflectance. As shown in (d), combined with
our confidence-driven stereo matching strategy, our method demonstrates the ability to reconstruct
high-reflectance surfaces (lamp), low-reflectance surfaces (black tripod), and regions affected by
multipath interference (bowl), achieving superior reconstruction results even under extreme HDR
conditions.

despite the inherent dynamic range advantages of event cameras, existing event-based SL systems
remain inadequate for real-world HDR scene reconstruction, as illustrated in Fig. [T}

In this work, we pioneer the first HDR 3D measurement framework for event-based SL. First, we
propose a multi-contrast HDR coding strategy that uses three pairs of predefined speckle patterns
with different contrast and content for event triggering and depth encoding. Leveraging the HDR
capability of event cameras, different contrast enables imaging across different reflection regions
without tedious projection parameter tuning, while content-wise different speckles provide coding
and imaging gains, maximizing the depth information encoded in three frames.

Second, to alleviate inter-frame interference caused by overexposed and underexposed regions in
individual frames, we propose a universal confidence-driven stereo matching strategy. Specifically,
it includes an energy-guided confidence estimation (ECE) module, which leverages the energy
distribution of binary speckle patterns as a prior to estimate a confidence map for each of the three
input frames as the fusion weight. Building upon this, we innovate the confidence propagation
volume (CPV) — a confidence-driven cost volume construction method. During volume construction,
confidence maps are propagated along the channel and disparity dimensions, and subsequently used to
weight the left and right features. This enables accurate extraction of valid coding information across
the three frames, leading to a cost volume with suppressed inter-frame interference and enhanced
representation capability.

Third, for model training, we contribute a SL simulator based on Blender [10] and propose the first
event-based HDR SL dataset. We also build a real-world benchmarking dataset with ground truth
(GT) based on our built event-based SL system and a high-precision HDR SL scanner.

We integrate the confidence-driven stereo matching strategy into IGEV, a competing stereo network
[L1], to form our HDR 3D reconstruction method. Experiments on synthetic and real-world datasets
demonstrate the superior performance of our method, which achieves robust 3D reconstruction even
under extreme HDR conditions (Fig. m)(d). Besides, we also demonstrate the universality of our
confidence-driven strategy, which significantly enhances the accuracy of networks across diverse
paradigms.

2 Related Work

2.1 Event-based Structured Light

Existing event-based SL studies primarily focus on exploring event-triggering mechanisms and
corresponding algorithms to improve acquisition speed and reconstruction accuracy [7, (8} 9} [12, [13|
14,115]. Leveraging the inherent HDR capability of event cameras, existing event-based methods offer
certain advantages in HDR scene perception compared to frame-based cameras, yet they still struggle
to handle complex HDR scenes. Matsuda et al. explored a line-scanning-based reconstruction method



Figure 2: Visualization of event frames derived by multi-contrast HDR coding and corresponding
estimated con dence maps.

and tested it on a shiny steel spherg [However, the reconstruction quality was limited by the
constraints of early-generation event sensors. Mughital. managed to reconstruct a plaster of
David under varying lighting condition®], however, the target surface was diffuse and did not
represent a typical HDR scenario, which limited the persuasiveness of the resi]s thie proposed
sinusoidal fringe-based encoding demonstrated ability in handling high-re ectance and high-contrast
scenes, but it still suffered from insuf cient robustness, limited resolution and unsatisfactory detail
recovery. To address these challenges, we propose the rst HDR 3D measurement framework tailored
for event-based SL systems, enabling accurate and robust reconstruction even in extreme scenarios.

2.2 Cost Volume-based Stereo Matching

Current cost volume—based deep stereo methods fall into two categories. One is cost- ltering
approaches, which build a dense 4D cost volume and aggregate matching costs via 3DEZNIN [
18,[19]. These methods proposed various cost-volume paradigms: GC-Net introduces a simple yet
effective concatenation volume with strong representational pd@grG&wcNet presents a group-

wise correlation volume that combines the bene ts of concatenation and correlation vdl8me [
Recent attention-based variants ACVNet and FastACY ¢§mploy attention-weighted concatenation
volumes to suppress redundancy while preserving discriminative matching cues. The other category
is iterative-optimization approache®(] [21]. This category is exempli ed by RAFT-Stere@d],

which introduces a deep iterative architecture using a GRU-based updater to re ne disparity by
sampling cost values from an all-pairs correlation volume. More recently, IGEV-StEtodmbines

these two paradigms and achieves impressive results. However, when naively applied in our HDR
setting, existing approaches would suffer from inter-frame interference that undermines cost-volume
expressiveness and degrades the reconstruction quality.

3 Event-based HDR Structured Light

3.1 Multi-Contrast HDR Coding

To perceive HDR scenes using sensors with limited dynamic range, it is necessary to adopt a range-
partitioned sensing strategy. Considering that event cameras only respond to changes in illuminance,
we propose a multi-contrast encoding strategy to enable the imaging of surfaces with different
re ectance.

Speci cally, we employN pairs of binary speckle patterri3] fto trigger events, where each pair
consists of two sequentially projected frames with distinct contrast and content. We de ne the white
foreground speckles to constitute the foreground area and the rest to be the background area. In each
pair, the rst frameF; assigns a uniform intensity, to the background area and 0 to the foreground,
while the second framg, assignd to the foreground and O to the background. Lét; y; t t)
andl (x;y;t) denote the observed intensities at pigely) when projecting=1 andF,, respectively,
wheret t andt are the timestamps corresponding to the two projections. An event is triggered
when the intensity change between two projections exceeds triggering thresholds:
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whereC; andC; are triggering thresholds for positive and negative events, respectively.

This con guration ensures that the foreground speckle area exhibits a signi cant positive intensity
change, thereby triggering events. In contrast, non-speckle background regions undergo a negative



Figure 3: Pipeline of the Con dence-Driven Stereo Matching strategy.

change. This design aims to suppress positive intensity changes in non-speckle regions, thereby
reducing unwanted event triggers that may arise from high re ectance. Note that, for bandwidth

ef ciency, we do not use negative events in our setting, which also ensures that no interfering negative
events will be triggered. By adjusting andl; in each pair, we construct multiple contrast levels to
enable imaging across regions with varying re ectance as shown in Fig. 2(a). Compared to frame-
based methods that require extensive per-scene adjustment of projection settings, a key advantage
of our strategy is that, leveraging the inherent HDR capability of event cameras, it can cover the
dynamic range of most complex scenes using only three pigsét]. This signi cantly simpli es

the cost of system deployment.

As for the content, we adod mutually independent speckle frames in each pair. As shown in
[22], this strategy offers greater coding distinguishability than using one single pattern, which in
turn improves reconstruction accuracy. Besides, projecting several mutually independent random-
speckle frames is equivalent to taking multiple independent samples of the surface micro-facet normal
distribution, which reduces the likelihood that all frames at a given pixel suffer from event clutter or
absence. In practice, it is found that selectig 3 strikes an optimal balance between accuracy
and ef ciency (see the full supporting experiments in the supplement). This setting is used in all
subsequent method designs and experiments.

3.2 Con dence-Driven Stereo Matching

Our proposed con dencdriven stereo matching strategy is illustrated in Fig. 3. The inputs of
the network are three recti ed stereo pairs: the left frames are three event frames produced by
the multicontrast coding, and the right frames are corresponding projected reference frames. The
EnergyGuided Con dence Estimation (ECE) processes each left image together with its energy map
to predict a pefframe con dence map. These con dence maps, combined with the features from both
views, are subsequently fused to construct the Con dence Propagation Volume (CPV) that underpins
the nal disparity-estimation stage.

3.2.1 Energy-Guided Con dence Estimation

Our design of the Energy-Guided Con dence Estimation (ECE) module is motivated by two key
observations. On the one hand, as shown in Fig. 2(a), overexposed and underexposed areas carry
no reliable coding information. When the three pairs are directly used to compute the cost as in
[22], overexposed and underexposed regions not only fail to provide valid matching cues, but also
contaminate the correct cost computed from well-exposed regions during multi-frame cost fusion,
ultimately leading to reconstruction failure. We refer to this phenomenon as inter-frame interference.
To alleviate this, low-quality areas should contribute less to cost fusion or to the construction of
the matching feature, which calls for a frame-wise con dence estimation mechanism. On the other
hand, low- and high-re ectance regions tend to exhibit event absence and event clutter, respectively,
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