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Intelligent eye health analysis methods based on multimodal data fusion
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ABSTRACT In recent years, the issue of people’s vision has become increasingly important and has emerged as a social issue that has
attracted widespread attention. Multiple survey reports indicate that while the widespread use of modern digital devices, such as
computers, smartphones, and televisions, has greatly enhanced the quality of people’s lives and work, it has also caused unprecedented
strain and damage to their eyes. With the development of artificial intelligence, numerous intelligent devices have emerged on the
market, many of which are designed to protect vision. However, existing vision protection devices often encounter problems, such as
limited data analysis and inaccurate assessments of the visual environment in which they are used. For instance, some smart glasses
designed for vision protection can only analyze a single light source, such as blue light, and are unable to simultaneously analyze
multiple diverse light sources. To address these challenges, this study proposes an intelligent eye health analysis method based on
muitimodal data fusion designs a portable pair of smart glasses at the hardware level, and designs a multimodal data fusion analysis
method based on fuzzy logic reasoning at the software level. The glasses are designed with a variety of high-precision sensors, which can
comprehensively collect ambient light data from various sources. These sensors include three types: visible light spectrum sensor, flicker
detection sensor, and glare sensor. The visible light spectrum sensor allows the glasses to perform a precise spectral analysis of ambient

light, decompose visible light into different wavelengths, and capture spectral information across the color spectrum. This is especially
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important for detecting harmful low-frequency blue light. The flicker detection sensor is based on the light-emitting diode flicker
measurement method provided by the Solid-State Lighting Systems and Technology Consortium to monitor flicker frequency. The glare
sensor is equipped to measure the uniform glare rating, which is used to evaluate the overall glare effect produced by light distribution
and luminance. The raw data from the three types of sensors are processed to obtain blue light radiation, the intensity of the flicker
frequency, uniform glare rating, and other data. These data are blurred in this study. Blue light is represented by two fuzzy variables,
flicker by three fuzzy variables, and uniform glare rating by five fuzzy variables. Fuzzy logic is used to process this data according to
fuzzy rules to judge the degree of harm the current environment causes to the eyes. This study designs three sets of fuzzy rules, which are
conservative, moderate, and aggressive. In addition, this study conducts comparative experiments using self-built datasets. A group of
college students was recruited as experimental participants to simulate various eye use scenarios. The participants wore smart glasses
prototypes and engaged in activities such as reading, playing games, using electronic devices in a dark room, watching videos, and
performing office work, while experimental data were collected. Experimental results show that compared with similar methods, the
proposed method achieves a 14.53%, 26.13%, and 17.72% improvement in accuracy, recall, and F'; value, respectively. The experimental

results validate the effectiveness and efficiency of the proposed method.

KEY WORDS eye health; smart glasses; multimodal data; fuzzy logic; fuzzy rules
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Table 2 Comparison of UGR values

UGR value

range Standard description Level
UGR<10 No obvious glare Excellent
UGR<16 Slightly glare Good
UGR<22 Medium glare level but still acceptable Medium
UGR=28 High glare level and feel obviously Harmful
I

s v

0.8

0.6

04r
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Fig.5 Trigonometric membership function graph of UGR
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Table 3 Fuzzy rule set

Number Blue light Flicker UGR Conservative Moderate Aggressive

1 RN FN UN PN PN PN
2 RN FN us PN PN PN

3 RN FN UM PN PM PM
4 RN FN UH PN PM PH

5 RN FN UV PM PH PH

6 RN FM UN PN PN PN

7 RN FM  US PN PN PN

8 RN FM UM PN PM PM
9 RN FM UH PN PH PH
10 RN FM UV PM PH PH
11 RN FH UN PN PM PM
12 RN FH US PN PM PM
13 RN FH UM PN PM PH
14 RN FH UH PM PH PH
15 RN FH UV PM PH PH
16 RH FN UN PN PN PM
17 RH FN us PN PM PH
18 RH FN UM PN PH PH
19 RH FN UH PM PH PH
20 RH FN UV PM PH PH
21 RH FM UN PN PM PM
22 RH FM  US PN PM PH
23 RH FM UM PM PH PH
24 RH FM UH PM PH PH
25 RH FM UV PM PH PH
26 RH FH UN PN PM PH
27 RH FH US PM PH PH
28 RH FH UM PM PH PH
29 RH FH UH PM PH PH
30 RH FH UV PH PH PH
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Table 4 Dataset overview

Class name Format Sampling duration Percentage
PN Float 3110s 13.6%
PM Float 12990 s 56.8%
PH Float 6770 s 29.5%
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Table 5 Comparison of different fuzzy rules and comparative method

results

Scenarios  Metrics Conservative Moderate Aggressive Comparative
Precision 0.61 0.77 0.43 0.63
Paper work

17% Recall 0.48 0.31 0.19 0.78

F 0.54 0.44 0.26 0.69

Precision 0.53 0.54 0.53 0.19

Video games  peca) 0,63 0.44 0.84 0.10
27%

F 0.58 0.49 0.65 0.13

Precision 0.40 0.61 0.70 0.61

Lightsout  pecal  0.54 0.18 0.57 0.49
20%

F 0.46 0.28 0.63 0.55

Precision 0.62 0.63 0.32 0.52

Movies & TV pecayl 0.37 0.54 0.56 033
15%

F 0.47 0.58 0.41 0.40

Precision 0.49 0.59 0.65 0.54

Office work  pecal  0.32 034 067 0.14
21%

F 0.39 0.43 0.66 0.22
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Fig.7 Comparison of experimental results
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