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ABSTRACT

Artificial Intelligence (AI) smart glasses with integrated cameras are becoming increasingly prevalent, yet their image
quality remains underexplored. This study presents a comprehensive evaluation protocol tailored for such human-facing
wearable devices, using both standardized and proprietary metrics (including Al based metrics). Key metrics include Local
Contrast Gain (LCG), face exposure, texture preservation, visual noise in Just-Noticeable-Difference (JND) units, Video
Exposure Convergence (VEC), and video stabilization across static and walking conditions. Perceptual evaluations were
also conducted to assess HDR performance in high (D65, 1000 lux) and low (2700K, 5 lux) illumination environments.
The Meta Ray-Ban Al smart glasses were benchmarked against an iPhone 16 Pro Max smartphone using the Ultra wide
camera and several other Al-enabled smart glasses—including the Xiaomi Al Glasses, Rayneo V3, and Meta Oakley
HSTN—to evaluate their strengths and limitations in real-world AR/VR use cases. The results revealed highly diverse
performance levels across smart glasses and highlighted the significant image quality gap that still exists between wearable
devices and today’s flagship smartphones. These findings provide valuable insights into the design and optimization of
next-generation camera-based smart glasses.
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1. INTRODUCTION

As smart glasses evolve from niche gadgets to mainstream wearable technology, their integrated cameras play a critical
role in delivering a good user experience from video calls, handsfree photography to content documentation, automatic
translation and augmented reality experiences. Compared to smartphones, designing a camera for smart glasses presents
even greater challenges, particularly regarding the mechanical integration of the camera module within a highly
constrained form factor and the implementation of post-processing algorithms under strict power consumption limitations.
This article explores the key challenges, methodologies, and best practices for testing cameras in smart glasses.

This study focuses on six smart glasses models commercially available in 2025, each offering comparable functionalities
and targeting similar consumer segments. On these products, the physical characteristics of camera modules are largely
dictated by the dimensional constraints of glasses. Consequently, sensors do not exceed the 1/3.6-inch format, and aperture
sizes rarely surpass 1 mm (corresponding to an F-number of approximately 2.2), as shown in Table 1. However, image
aspect ratios and focal lengths exhibit a certain degree of variability. Vertical and horizontal fields of view were measured
in laboratory settings using a dot-pattern chart and are reported in Table 1.

In practice, users have no means of previewing the camera’s perspective. Framing is therefore determined solely by head
orientation, which justifies the adoption of relatively wide viewing angles. For the same reason, all camera control
processes are fully automated and executed within the smart glasses’ processor, including ISP (Image Signal Processing)
for photo and video. Post-processing on a paired smartphone after image transfer may be possible, but there is no evidence
to confirm this assumption



Smart Glasses Price Sensor F-Number Eq. Focal Field of View Platform
Format Length
Euvelle Cyan AL | 54 13.6" F#2.2 29mmm VFOV:49° HFOV:63° DFOV:76° ?
Wayfarer
Oakley Meta ~400$ 1/3.6" F#2.2 19mm VFOV:87° HFOV:70° DFOV:100° Snapdragon ARI
HSTN genl
Ray-ban META ~3008 1/3.6" F#2.2 20mm VFOV:83° HFOV:66° DFOV:96° Snapdragon AR1
(gen.1) genl
Rayneo V3 2453 13.6" Fi2.2 17mm VFOV:92° HFOV:76° DFOV:105° Snapd;iol“ ARI
Solos Airgo V 3008 1/4" F#2.2 28mmm VFOV:66° HFOV:46° DFOV:75° ?
Krypton I
Xiaomi Al glasses | ~275$ 13.6" Fi#2.2 21mm VFOV:82° HFOV:66° DFOV:95° Snapdg‘e%l"ln ARI
Apple iPhone 16
Pro Max Ultra ~1200$ | 1/2.55™ F#2.2 14mm VFOV:85° HFOV:102° DFOV:114° Apple A18 Pro
Wide Camera

Table 1. Summary of camera hardware characteristics for the 6 tested smart glasses. * some values are not publicly available
were extrapolated from measurements and exif data. Field of View are measured in the lab using a dot-pattern chart and
DXOMARK AZ software.

2. METHODOLOGY

For this benchmark, we follow a well-established methodology for camera testing, used by DXOMARK in its smartphone
protocol. Camera performance is assessed exclusively based on the images and videos they produce. Series of images and
video sequences are captured in the lab under controlled lighting conditions to enable objective measurements, while
another series is recorded in real-life scenes under natural lighting for analysis using a perceptual evaluation methodology.

In the laboratory, we employ an all-in-one setup that includes a ColorChecker chart, a uniform gray patches chart with
varying reflectance levels, and a realistic mannequin head. Backlit panels and a collimated light source can be activated to
introduce different dynamic range conditions into the scene and trigger flare as the sun would do. A timer box complete
the setup to measure exposure time. This setup allows for objective measurements of a comprehensive set of image-quality
attributes, namely global and facial target exposure, the accuracy of automatic white balancing, color rendering, noise
levels, and facial detail level. The tested lighting conditions are listed in Table 2. In this table, AEV (in stops) identifies
the dynamic range extent in the laboratory scene and corresponds to the ratio in luminance between the brightest part of
the backlit panel and a 18% gray patch located on the mannequin’s forehead.
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Table 2. List of illuminance, illuminant and dynamic range in the scene for the All-In-One lab setup. AEV (in
stops) identifies the dynamic range extent in the laboratory scene and corresponds to the ratio in luminance
between the brightest part of the backlit panel and a 18% gray patch located on the mannequin’s forehead.



The setup was captured with the smart glasses positioned in their standard orientation, resulting in a vertical image format
for some models and a horizontal format for others. The scene was framed so that the mannequin’s face occupied
approximately one-tenth of the image width within the central area. Framing adjustments were achieved by varying the
distance between the glasses and the setup. This framing choice helps to partially mitigate differences in field of view
when evaluating the performance of the sensor and the ISP. However, products with vertical framing are slightly
disadvantaged in terms of the number of pixels available per face.

The setup illustrated in Figure 1 is used for both photo and video captures.

Figure 1. All-In-One Setup with different lighting conditions (100Lux LED4000K AEV4, 1000Lux D65 AEV0
SourceFlare On, SLux LED2700K AEVO0)

For the captures outside the laboratory, sixteen real-life scenes and five video sequences were carefully selected to cover
a range of use cases and lighting conditions, as summarized in Table 3. Unlike the laboratory setup, framing is determined
solely by the wearer’s head orientation, since the distance to the scene remains fixed—similar to real-world usage where
the only way to frame a subject is by looking at it. Consequently, a wider field of view inherently reduces the spatial
resolution available for the subject when sensor resolution and image processing parameters are held constant.

Perceptual analysis is conducted on calibrated displays at a fixed viewing distance within a controlled environment. The
detailed methodology of perceptual evaluation is not reported here; however, it enables assessment of key attributes such
as subject exposure (facial exposure when present), recovery of highlights and shadows (linked to dynamic range), white
balance casts, color reproduction for memory colors and skin tones, details rendering on the subject and within the field,
the perceptual impact of noise on both subject and within the field, and the presence of artifacts.

Objective measurements of luminance and chromaticity (in CIELAB space) are performed on facial regions and across the
entire scene using our Golden Eye tool suite. This includes also, a proprietary Al-based model employed to estimate the
absolute level of facial detail. These tools collectively allow for a relative, objective comparison of camera performance
on one scene.

Figure 2 — 16 real life scenes and 5 sequences used for perceptual analysis



3. RESULTS

Analysis of the results indicates that among the six cameras tested, a leading trio emerges, with Meta and Xiaomi smart
glasses standing out. In contrast, the remaining smart glasses generally exhibit limited image quality.

Interestingly, 4 products share broadly similar hardware and software specifications yet display markedly different
strengths and weaknesses (Ray-Ban Meta, Oakley Meta HSTN, Xiaomi Al Glasses, and Rayneo V3).

When compared to the ultra-wide camera of the Apple iPhonel6ProMax, smart glasses deliver inferior image quality in
terms of dynamic range, and low-light performance. Camera control also tends to be less reliable on smart glasses, with
more obvious white balance fails.

A concise summary of photo and video performance by attribute is presented below. We start with global attributes such
as exposure and color which typically consider looking at the full image with an angle of view between 10 and 30°, and
then consider local attributes such texture, noise and local artifacts, which are dependent on the amount of zooming in the
picture when viewing them. Please note that Solos Airgo V Krypton I does not provide video recording capability.

Photo Exposure

Under bright lighting in low dynamic range scenes, all smart glasses achieve satisfactory exposure. In high dynamic range
conditions, however, 4 models try to find a compromise between correct target exposure on the subject, and preservation
of highlight, but often have to sacrifice one or the other. The remaining two models exhibit both highlight detail loss and
insufficient subject exposure (figure 3).

High dynamic range capture and fusion strategies used in smartphones are probably still limited on smart glasses.
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Figure 3 —Smart glasses often provide a low face exposure on the face, trying to avoid clipping in backlit scenes.

In low-light environments, all smart glasses deliver lower target exposure compared to the iPhone, indicating a deliberate
trade-off to limit noise resulting from the restricted light-gathering capability of their small optical systems. Figure 4
illustrates the decrease in target exposure on the face in our lab setup.
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Figure 4 — Lightness decrease faster with illuminance compared to the ultra wide camera of the AppliPhone 16 Pro Max.
Smart glasses show different strategies with respect to scenes with very high dynamic range.



Photo Color Attribute

In laboratory conditions, white balance is well controlled under standard illuminants (figure 5). However, in real-life
scenes, failures in white balance estimation are observed in certain indoor and low-light environments. Color saturation
tends to be high overall, which may be perceived as visually pleasing for memory colors such as foliage and skies, but
often results in unnatural rendering of skin tones, even when white balance remains within acceptable limits (figure 6).
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Figure 5 — White balance accuracy displayed as a*b* coordinates of the grey patches of the color checker under D65
illuminants. Green and red ellipses represent acceptance and rejection areas.

Solos Airgo V Kryptonl

Figure 6 — White balance and color rendering observed on real life scenes. Yellow to orange white balance casts are
noticeable on Meta products. Saturation is generally slighly high impacting skin tones rendering.

Photo Details and Noise

Regarding texture and the noise—texture trade-off, our analysis shows that under bright lighting and low dynamic range
conditions, five smart glasses deliver an image quality comparable to a cropped region of the same field of view from the
iPhone 16 Pro Max ultra-wide camera (noting that the smartphone’s ultra-wide lens covers a significantly larger field of
view than any smart glasses). This level of performance is generally acceptable for casual photography and would satisfy
most users when sharing images on social media.

However, smart glasses remain far from achieving the quality attainable with a smartphone’s main camera. This is
illustrated in Figure 7, which presents the evolution of our Face Detail metric, an Al-based indicator designed to quantify
the accuracy and fidelity of texture rendering estimated on our realistic mannequin.

As illuminance decreases, in some indoor conditions for instance, some smart glasses struggle to provide enough details
on faces in backlit conditions, suggesting isp tuning weaknesses.

In lowlight conditions, most smart glasses provide pictures with low texture and visible noise. It is worth noticing that
Xiaomi Smart glasses Detail Noise trade-off compromise is among the best for smart glasses.
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Figure 7 — Face detail rendering measured with our Al based face detail metric, and some crops in a selected light
condition, showing differences and inconsistencies for some products.

Photo Local Artifacts

Several local artifacts are reported during perceptual analysis among which color fringing, hue shift near saturation or
uneven detail rendering within the field.

Let’s focus here on flare artifacts, describing the sensitivity of the camera system to unwanted light reflections within the
optics and resulting veiling glare in the final image. The lab setup we propose includes a collimated source pointing on the
lens and a black chart symmetric with respect to the light source when framing the setup. Figure 8 illustrates pictures
obtained with the setup.

Euvelle Cyan Al Wayfarer Oakley Meta HSTN Ray-ban Meta Rayneo V3 Solos Airgo V Kryptonl Xiaomi Al G

Figure 8 - Intrusive colored flare patterns are observed for Euvelle and Rayneo V3 smart glasses when testing with the
collimated flare source



Among local artifacts, perceptual analysis led to an investigation of differences in loss of sharpness in the field. Using an
O-pattern chart, it is possible to assess the uniformity of detail rendering. For example, the cameras of the two Meta
products exhibit different levels of sharpness degradation across the field, with one of them performing noticeably worse

(Figure 9).
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Figure 9 — Difference of uniformity in sharpness across the field, observed and measured on an O-Chart with two smart
glasses of the same brand.

Video Exposure and color

The conclusions presented for global photo attributes also apply to video. Target exposure drops rapidly in low-light
conditions, with a more pronounced decline for the Xiaomi product compared to the Meta smart glasses. Perceptual
analysis highlights shortcomings in camera control algorithms, particularly instability in white balance under indoor
lighting, most notably with Xiaomi and Meta cameras.

Video Texture and Noise

As with still photography, the level of detail in video decreases rapidly as illumination levels drop. Noise, however, is
considerably more intrusive in video than in photos and can be noticeable even under bright lighting conditions. Some
products exhibit chromatic noise artifacts, while others show pronounced luminance noise with a significant temporal
component.
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Figure 10 — Crops extracted from a video frames of an outdoor real-life scene. Oakley Meta and Euvelle present different
levels of low frequency chromatic noise while Rayneo shows luminance noise with a temporal component. Noise is not
visible on smartphone video shootings in this condition.



Video Stabilization

Capturing video hands-free while walking is particularly well suited to smart glasses. Their typically wide field of view
is advantageous for minimizing the perception of residual head movement. Nevertheless, electronic image stabilization
(EIS) remains essential, as its absence results in highly unpleasant viewing experiences. This is the case for the Euvelle
product, which clearly lacks EIS, significantly degrading perceived quality whenever the wearer moves.

Ray-Ban Meta, Oakley Meta HSTN, Xiaomi AI Glasses, and Rayneo V3 all provide stabilized video. Residual motion is
minimal, and based on perceptual analysis alone (non-simultaneous, as a single person cannot wear multiple devices), it
is difficult to identify performance differences among these four models. Future work involving controlled laboratory
testing would allow for a more detailed investigation of this aspect of video capture.

4. CONCLUSION AND DISCUSSION

In this work, we presented a benchmark of smart glasses cameras. The study introduces a methodology combining
laboratory-based testing with perceptual analysis of images and video captured during field testing across typical use cases.
Our findings reveal a diverse market offering among the six smart glasses tested, both in terms of design and performance.
Three products stand out, delivering image quality that can rival the ultra-wide cameras of leading smartphones under
simple, bright light conditions.

However, in more challenging scenarios—such as high dynamic range scenes or low-light environments—performance
declines rapidly. Camera control algorithms are generally less reliable and represent a key area for improvement. More
critically, the advanced computational photography capabilities that enable smartphones to produce remarkable images
under adverse conditions remain difficult to integrate into smart glasses, given the stringent constraints on form factors
and energy consumption. This represents a long-term challenge for the evolution of these devices.

The tools developed by DXOMARK and employed in this study provide a robust framework for linking objective metrics
with user experience, enabling actionable, technology-driven insights that will further advance the performance of smart
glasses.



