
This paper has been accepted for publication at the
IEEE Computer Vision and Pattern Recognition Workshop (CVPRW), Nashville, 2025. ©IEEE

Reading in the Dark with Foveated Event Vision

Carl Brander Giovanni Cioffi Nico Messikommer Davide Scaramuzza
Robotics and Perception Group, University of Zurich, Switzerland

Abstract

Current smart glasses equipped with RGB cameras strug-
gle to perceive the environment in low-light and high-speed
motion scenarios due to motion blur and the limited dy-
namic range of frame cameras. Additionally, capturing
dense images with a frame camera requires large band-
width and power consumption, consequently draining the
battery faster. These challenges are especially relevant for
developing algorithms that can read text from images. In
this work, we propose a novel event-based Optical Char-
acter Recognition (OCR) approach for smart glasses. By
using the eye gaze of the user, we foveate the event stream
to significantly reduce bandwidth by around 98% while ex-
ploiting the benefits of event cameras in high-dynamic and
fast scenes. Our proposed method performs deep binary re-
construction trained on synthetic data and leverages multi-
modal LLMs for OCR, outperforming traditional OCR solu-
tions. Our results demonstrate the ability to read text in low
light environments where RGB cameras struggle while us-
ing up to 2’400 times less bandwidth than a wearable RGB
camera.

1. Introduction

The increase in popularity of wearable smart glasses fea-
turing egocentric cameras has been fueled by the reduction
in the size, weight, and power consumption of the required
electronics [10, 14]. On the forefront of this increase in
egocentric computer vision are commercial and research-
focused smart glasses, as well as AR/XR devices [24].
Since smart glass devices have become more widely avail-
able, various applications are emerging in the research com-
munity. Areas such as egocentric Optical Character Recog-
nition (OCR) to aid visually impaired people, as well as
pipelines utilizing eye-gaze tracking to increase the effi-
ciency of on-device algorithms, have been explored [17]
[25].

Recent research has shown remarkable results in these
areas [13]. However, challenges such as high battery con-
sumption and low accuracy in low-light conditions hinder

Figure 1. We use an event camera integrated on the Meta Aria
glasses to perform object character recognition (OCR). Our event-
based algorithm uses only the foveated events to perform binary
image reconstruction and, then, OCR via large language models.

the deployment of these algorithms in consumer products.
These issues are mainly due to the use of RGB cameras.

One main shortcoming of RGB cameras is their prone-
ness to motion blur, low contrast and high image noise in
low-light scenes [2]. Another factor contributing to mo-
tion blur is the abrupt movement of the human head. The
resulting blurry frames represent a difficult challenge for
OCR. In recent years, key advances leveraging event cam-
eras paradigm with higher resolutions and advanced com-
puter vision models have explored new use cases such as
egocentric motion capture or always-on human machine in-
terfaces [16] [1] [2]. Event cameras have great potential
to increase power efficiency while mitigating motion blur
and drastically improving the dynamic range [8] for egocen-
tric vision tasks. This makes them excellent extensions or
even substitutions to the existing RGB cameras for egocen-
tric vision tasks such as OCR. In this work, we investigate
the benefits of egocentric event cameras to perform power-
efficient and robust OCR for smart glasses. Our method is
based on a multi-step process as depicted in Figure 2 that
uses eye-tracking and a binary image reconstruction neu-
ral network. Our approach achieves up to 2’400 times re-



duction in bandwidth of the data to be transferred from the
smart glasses to a cloud-based OCR engine or LLM when
compared to a traditional RGB approach. Furthermore, it
enables OCR on smart glasses even in low-light conditions
where RGB cameras struggle.

2. Related Work
Wearable smart glasses have seen a rapid increase in pop-
ularity in the last few years. Especially through the pro-
liferation of customer-ready smart glasses through compa-
nies such as Meta, these devices have gained the interest
of the broad population. Their market share is expected to
grow rapidly in size within the next years, thanks to the
increasing number of applications catered to by the smart
glasses [27]. This rise of smart wearable egocentric vision
systems requires more and better egocentric, intelligent al-
gorithms and machine learning models which have seen ma-
jor improvements over the last years already [12]. Chen and
Duan show the use of egocentrically mounted RGB cameras
to recognize MIDI music nodes [3] While Wang et al. en-
ables the segmentation of objects including the wearables
eye-gaze to direct the model into a specific region of inter-
est [25]. Specific applications for egocentric OCR include
Shenoy’s et al. research titled LUMOS enabling wearable
vision system OCR with a cloud-connected Large Language
Model to reason on the text seen in the image [23]. Sim-
ilarly, Mucha et al. demonstrate the ability to read menu
cards using the Meta Aria glasses’ RGB camera to increase
the independence of visually impaired people in their daily
lives [17].
Egocentric event cameras designated to be used on smart
glasses have not seen this level of progress. Yet, there
is increased interest in using event cameras on smart
glasses for eye tracking as Feng et al. show in their re-
search [6]. Or using event-based cameras as Human-
Machine-Interfaces (HMI) for all-day online gesture recog-
nition as Bhattacharyya et al. show [1]. Using event cam-
eras as substitutes to the prominent RGB cameras for scene
understanding on smart glasses is also becoming more fea-
sible through the increase in available datasets such as
E2(GO)MOT ION from Plizzari et al. presenting a large
event-based action recognition dataset based on egocentric
event camera data [19]. And Millerdurai et al. propos-
ing methods to capture human motion with egocentrically
mounted event cameras in EventEgo3D [16]. Finally, Wang
et al. recently presented a fully event-based OCR pipeline
using transformers including a novel event-based scene text
recognition dataset called EventSTR [26]. In comparison,
while Wang et al. also substitutes RGB cameras for event-
based cameras and performs OCR using LLMs, our ap-
proach additionally implements both foveation and binary
reconstruction to address the high bandwidth required by
RGB cameras while still being able to use off-the-shelf

Figure 2. Example Process flow of a user query about a certain
text in the scene. The query is answered by a cloud-based LLM
system. On the left, is an existing RGB-based approach transmit-
ting the full RGB image from the smart glasses to the cloud, and
on the right, is our event-based pipeline performing reconstruction
on the event stream and eye-gaze, then sending the reconstructed
text to the cloud for OCR.

image-based OCR software. This can be seen in Table 1.
It shows a comparison of covered topics in existing litera-
ture compared to our findings.

Table 1. Covered topics of selected related works.

Covered Topics /
Selected Related Works [3] [25] [23]

[17]

[6]
[1]

[19]
[16]

[26] ours

Egocentric OCR with RGB Cameras ✓ ✓ ✓

Egocentric Event-Based Cameras ✓ ✓

Event-Based OCR ✓ ✓

Foveation using Eye-Gaze Tracking ✓ ✓

3. Methods
3.1. Overview
Figure 3 visualizes the key steps required in data acquisi-
tion and processing. Section 3.2 details the blue part of
Figure 3 such as recording and spatiotemporally aligning
data streams in real life. Section 3.3 analyzes the synthetic
data generation in the red part of Figure 3 including aug-
mentation and video-to-event transformation. Furthermore,



Figure 3. Event-Based pipeline structure split into the �ve main elements by color. All are computed of�ine after real-life data capture.

Section 3.4 lais out how real-life event-stream recordings
are annotated with digital ground truth data in an automated
fashion as seen in Figure 3 in green.
Section 3.5 explains how the binary reconstruction model,
used in the yellow part of Figure 3, was trained. Finally,
Section 3.6 details how the reconstructed time series of im-
ages are stitched together and OCR is performed as seen in
the purple part of Figure 3.

3.2. Data Acquisition

Due to the unavailability of wearable devices with inte-
grated event cameras and eye-tracking capabilities, it was
required to mount the Metavision IMX636 event-based sen-
sor onto the Meta Aria glasses. While the human fovea has
an high 60 pixel/degree angular resolution, the Meta Aria
glasses' RGB camera angular resolution in high-resolution
mode producing 2880x2880 pixel images at a 110° FoV
only manages� 26 pixel/degree [5] [4]. To match the RGB
camera's angular resolution, the IMX636 event-based sen-
sor's FoV was tuned using the adjustable lens to be 50° in
HFOV and 28° in VFOV resulting in an angular resolution
of � 26 pixel/degree with it's HD resolution of 1280x720
pixel. This allowed for an unbiased comparison of OCR
performance at various distances without one of the sensors
having an advantage in angular resolution.

Furthermore, the two data streams needed to be both

spatially and temporally aligned within reasonable accura-
cies for eye-gaze foveation. This would not be required if
commercial smart glasses with an integrated event camera
were available, as this would solve both spatial and tempo-
ral alignment between eye-gaze and event stream without
the following tedious method.
Temporal alignment within� 8ms was achieved using a
series of �ashing Aruco markers on a computer screen at
the start of each recording session [7]. They were detected
by both the Meta Aria glasses' RGB camera and the event
camera recording simultaneously. The appearance of each
Aruco Marker in each data stream was timed. The event
stream could then be temporally aligned with the Meta Aria
glasses' internal timestamps enabling synchronization be-
tween the eye-gaze tracking and the event stream.
As for the spatial alignment, multiple static Aruco markers
were placed randomly around the text to be read. This en-
abled the Meta Aria glasses' RGB camera and the event
camera to detect all markers simultaneously, using the
Event to Grayscale reconstruction model E2VID for the
event-camera [21]. Therefore, allowing the computation of
a homography transformation assuming the text object to
be a plane in 3D space, and the subsequent translation of
the RGB and eye-gaze data into the coordinate frame of the
event camera.
The inbuilt eye-gaze calibration routine of the Meta Aria
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