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Multi-illumination-interfered Neural Holography
with Expanded Eyebox

Xinxing Xia @), Pengfei Mi, Yiging Tao, Xiangyu Meng ), Wenbin Zhou @), Yingjie Yu, and Yifan Peng

Fig. 1: Top-left: Conceptual holographic display. Fiber laser outputs pass through BS, LP, and CL to illuminate the SLM. Top-right:
Eyebox expansion schematic. Multi-angle illumination creates adjacent viewpoints on the eyepiece’s focal plane. Pupil shifts align
viewpoints at center (blue), edge (yellow), or both simultaneously (purple). Bottom: Experimental single vs. dual illumination,
with/without CITL. First row: Pupil centered at (0 mm, 0 mm). Dual illumination achieves clarity even at single-source spectrum edges.
Second row: Single illumination shows limited quality. Dual maintains delity within combined spectral range, expanding eyebox.
(Dual-light con guration simpli ed in experiments.)

Abstract Holography has immense potential for near-eye displays in virtual and augmented reality (VR/AR), providing natural
3D depth cues through wavefront reconstruction. However, balancing the eld of view (FOV) with the eyebox remains challenging,
constrained by the @tendue limitation. Additionally, holographic image quality is often compromised due to differences between actual
wave propagation and simulation models. This study addresses these by expanding the eyebox via multi-angle illumination, and
enhancing image quality with end-to-end pupil-aware hologram optimization. Further, energy ef ciency is improved by incorporating
higher-order diffractions and pupil constraints. We explore a Pupil-HOGD algorithm for multi-angle illumination and validate it with a
dual-angle holographic display prototype. Integrated with camera calibration and tracked eye position, the developed Pupil-HOGD
algorithm improves image quality and expands the eyebox by 50% horizontally. We envision this approach extends the space-bandwidth
product (SBP) of holographic displays, enabling broader applications in immersive, high-quality visual computing.

Index Terms Holographic display, Multi-illumination, Eyebox, Camera-in-the-loop calibration

1 INTRODUCTION

Near-eye display systems designed for virtual reality (VR) and aug-
mented reality (AR) have received signi cant attention [28]. Traditional
binocular parallax displays frequently induce the vergence accommo-
dation con ict (VAC), degrading the visual experience [17]. While
emerging technologies such as retinal projection/Maxwellian-view,
multi-focal, varifocal, light eld, and holographic displays [38] have
been developed to mitigate VAC, achieving natural depth cues within
compact form factors remains an unresolved challenge. Holographic
near-eye displays stand out by offering full 3D capabilities with in-
herent optical aberration correction [8, 22, 34], yet face fundamental
limitations in their space-bandwidth product (SBP) [23, 27].

Current holographic systems face a critical trade-off between eyebox
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size and FOV) due to SBP constraints. Existing eyebox expansion
strategies exhibit inherent limitations: exit-pupil replication degrades
image quality through diffraction artifacts [9, 31], mechanical scanning
introduces system complexity and latency [20,41], while multi-angle
illumination induces image aliasing without pupil-adaptive compensa-
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