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Abstract

Objective: This paper aims to investigate feasible calibration strategies for the distance measure-
ment function of a mobile vision screening APP based on dynamic gesture recognition and distance
measurement, and to provide evidence for improving screening accuracy and practicality. Methods:
Twenty-one volunteers (aged 7~20 years) participated. Measurements were performed using five
Vivo smartphone models under indoor lighting at six distance intervals (1.0~2.0 m, 0.2 m incre-
ments), with triplicate readings, yielding 1890 valid data points. The calibration coefficient k was
derived from the APP-displayed and true distances. Coefficient of variation (CV), regression through
the origin (R?), and two-way ANOVA were used to assess stability and influencing factors. Mean ab-
solute error (MAE) and root mean square error (RMSE) were calculated, and unified versus individ-
ualized calibration were compared via Bland-Altman analysis. Results: Intra-individual variability
was minimal, with mean CV ranging from 0.51% to 1.65%. A strong linear correlation was found
between APP-displayed and actual distances (mean R? = 0.9936). Two-way ANOVA showed signifi-
cant main effects of smartphone model (F=532.53, p < 0.001) and participant (F=27.51, p <0.001)
on the coefficient. Unified calibration yielded MAE of 8.302 and RMSE of 10.87, whereas individual-
ized calibration reduced these to 1.15 and 1.71, respectively, achieving an 86.1% error reduction.
Bland-Altman analysis confirmed superior consistency for individualized calibration. Conclusion:
The APP’s distance measurement system demonstrates excellent linearity, supporting a single-
point calibration approach without requiring a fixed position. Given the significant effects of device
model and individual facial morphology, a universal coefficient is inappropriate. Individualized sin-
gle-point calibration is recommended as the optimal strategy.
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Figure 1. Schematic diagram
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Table 1. Mean coefficient of variation (CV, %) of different phone models at various distance intervals

# 1. EFNBESEAREESHE THREHITERRERCY, %)
TR 100 cm 120 cm 140 cm 160 cm 180 cm 200 cm ¥
Vivo S17t 0.85 0.62 1.15 0.51 0.72 0.65 0.75
Vivo S18 1.32 1.05 0.86 1.24 0.98 0.85 1.05
Vivo Y50 1.65 1.48 1.35 1.22 1.40 1.15 1.38
Vivo Y100 1.18 0.95 1.02 1.35 1.15 1.28 1.16
Vivo S16 0.92 0.85 0.76 1.15 0.88 0.95 0.92
BIE 1.18 0.99 1.03 1.09 1.03 0.98
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Figure 3. Coefficient of variation of ranging coefficients by phone model
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Table 2. Two-way ANOVA table for ranging coefficients (randomized block design)
F 2. RMERBRERFESTREEIEX AT

7 HI(SS) H D ¥175(MS) F1H pfH
FHIL S 0.3975 4.0000 0.0994 532.5278 0.0000
N WA 0.1027 20.0000 0.0051 27.5066 0.0000
WE T x N#) 0.0149 80.0000 0.0002 nan nan
Bt 0.5151 104.0000 nan nan nan
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Figure 6. Bland-Altman agreement analysis comparing unified coefficient (a) and individualized coefficient (b) calibration
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