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Abstract

Wearing inadequate sunglasses while driving may lead to
dangerous misunderstandings in objects and traffic lights
recognition. Sunglasses standards propose transmittance
requirements that sunglasses should fit to be classified as
suitable  for  driving. Transmittance tests are
time-consuming and laborious. Also, it requires a spec-
trophotometer and a skilled technician to be performed.
The aim of this study was to develop and to build an
easy-to-use, quick and accurate device for luminous and
traffic lights transmittance tests which runs the tests by
itself in a way anyone can operate it without any training.
A microcontrolled prototype was developed and built
using a white LED and a four-channel sensor combina-
tion. This combination generated luminous and traffic
lights weighting functions similar to standard ones. Using
our prototype and a gold standard (VARIAN Cary 5000
spectrophotometer), luminous transmittance and relative
attenuation quotients for traffic lights were measured in
128 sunglasses lenses. Bland-Altman method was used to
assess concordance between both measurement methods.
The bias was insignificant for all measurement and the
limits of agreement were broad for luminous transmit-
tance and for relative attenuation quotient for blue light
detection, and narrow for the others. Thus, within the
predefined tolerance, prototype measurements are equiv-
alent to gold standard ones for relative attenuation
quotients for red, yellow and green light detection.
Despite not all prototype measurements being equivalent
to gold standard ones, results were accurate; only 5 from
128 lenses were defectively classified as to suitability for
driving (2 for luminous transmittance, 1 for red light
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quotient and 2 for blue light quotient). Our prototype
creates means to general public to assess characteristics of
their own sunglasses including whether they are suitable
for driving according brazilian and ISO standards.
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1 Introduction

International standard ISO 12312-1:2013 defines require-
ments that sunglasses lenses must comply with in order to be
suitable for driving [1].

Luminous transmittance, ty, and traffic lights signal
transmittances, Tygnq, are calculated by Eq. (1) where ()
is the lens spectral transmittance and W(4) is a known
weighting function. Traffic lights signal transmittances are
calculated for red, yellow, green and blue signals [1].

e ()W (2)da

= A (1)
o W(2) di

The relative visual attenuation quotients for signal lights
detection, Qyignal, are calculated using Eq. (2) and they are
also calculated for red, yellow, green and blue signals [1].

Tsignal

Qsi nal =
8 Ty

(2)

Sunglasses with dark lenses or that attenuate excessively
traffic light signals are inappropriate for driving as they
could lead to perilous misunderstandings [2, 3]. To be
suitable for driving, sunglasses lenses must have luminous
transmittance greater than 8% (0.08), red signal detection
quotient greater or equal to 0.8 and yellow, green and blue
ones greater or equal to 0.6.
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To certify compliance with the standard it is required a
laborious, time-consuming test performed with a spec-
trophotometer by a skilled technician.

After long solar exposure, sunglasses lens transmittance
may vary spectrally unpredictably [4]. Thus, even lenses
approved in traffic lights tests need to be retested after years
of use to assure that they are still suitable for driving.

The purpose of this study is to develop a portable device
capable to perform transmittance measurements related to
suitability for driving in a fast and automatic way.

2 Materials and Methods

Using a white LED and a four-channel sensor, four
weighting functions were obtained.

These functions were linearly combined to produce
weighting functions similar to standard ones for luminous
transmittance and traffic lights transmittance (red, yellow,
green and blue).

We measured 128 sunglasses lenses with our device and a
gold standard (VARIAN Cary 5000 spectrophotometer). By
Bland-Altman method, we assess concordance between both
measurement methods. For luminous transmittance values, it
was adopted 0.5 and 6% as values above which bias absolute
value is significant and 95% limits of agreement amplitude,
wide, respectively. For traffic lights visual attenuation quo-
tient values, 0.1 and 0.4, respectively.

All calculations were performed using the free software
GNU Octave v.4.0.0 [5].

3 Results and Discussion

The five weighting functions (for luminous, red, yellow,
green and blue light transmittances) we obtained by
sensor-LED combination were plotted overlapped with
respective standard ones and they are shown in Figs. 1, 2, 3,
4 and 5.

From the 128 measured sunglasses lenses, 19 have
luminous transmittance inferior to 8% and for theses, signal
detection quotients were not measured.

3.1 Luminous Transmittance Measurement
Mean-difference Tukey plot for 128 sunglasses luminous
transmittance values obtained using our prototype and a gold
standard is presented in Fig. 6. Two lenses were classified in
wrong categories. The difference between methods tends to
rise with the average. The greatest absolute error, the bias
and the 95% limits of agreement are 12.939%, —0.4994%
and [—7.0984%; 6.0996%], respectively.
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Fig. 1 Our weighting function (continuous line) and the standard one
(empty circles) for luminous transmittance
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Fig. 2 Our weighting function (continuous line) and the standard one
(empty circles) for red signal transmittance (Color figure online)
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Fig. 3 Our weighting function (continuous line) and the standard one
(empty circles) for yellow signal transmittance (Color figure online)

Bias is not significant and 95% limits of agreement
interval is wide. Consequently, within the predefined toler-
ance, our method is not equivalent to gold standard one for
luminous transmittance measurement.
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Fig. 4 Our weighting function (continuous line) and the standard one
(empty circles) for green signal transmittance (Color figure online)
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Fig. 5 Our weighting function (continuous line) and the standard one
(empty circles) for blue signal transmittance (Color figure online)
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Fig. 6 Mean-difference Tukey plot for luminous transmittance mea-
sures in 128 sunglasses lenses
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3.2 Red Signal Detection Quotient
Measurement

Mean-difference Tukey plot for 109 sunglasses red signal
detection quotient values obtained using our prototype and a
gold standard is presented in Fig. 7. One lens was wrongly
classified as to suitability for driving (Qred > 0.8). The
greatest absolute error, the bias and the 95% limits of
agreement are 0.268, 0.0536 and [—0.1415; 0.2487],
respectively.

Bias is not significant and 95% limits of agreement
interval is narrow. Consequently, within the predefined tol-
erance, our method is equivalent to gold standard one for red
signal detection quotient measurement.

3.3 Yellow Signal Detection Quotient
Measurement

Mean-difference Tukey plot for 109 sunglasses yellow signal
detection quotient values obtained using our prototype and a
gold standard is presented in Fig. 8. All lenses were cor-
rectly classified as to suitability for driving (Qyel-
low > 0.6). Prototype measures tend to be inferior to gold
standard ones. The greatest absolute error, the bias and the
95% limits of agreement are 0.256, 0.0909 and [—0.0406;
0.2223], respectively.

Bias is not significant and 95% limits of agreement
interval is narrow. Consequently, within the predefined tol-
erance, our method is equivalent to gold standard one for
yellow signal detection quotient measurement.
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Fig. 7 Mean-difference Tukey plot for red signal detection quotient
measures in 109 sunglasses lenses
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Fig. 8 Mean-difference Tukey plot for yellow signal detection quo-
tient measures in 109 sunglasses lenses

3.4 Green Signal Detection Quotient
Measurement

Mean-difference Tukey plot for 109 sunglasses green signal
detection quotient values obtained using our prototype and a
gold standard is presented in Fig. 9. All lenses were cor-
rectly classified as to suitability for driving (Qgreen > 0.6).
Prototype measures tend to be greater to gold standard ones.
The greatest absolute error, the bias and the 95% limits of
agreement are 0.159, —0.0523 and [—0.1377; 0.0330],
respectively.

Bias is not significant and 95% limits of agreement
interval is narrow. Consequently, within the predefined tol-
erance, our method is equivalent to gold standard one for
green signal detection quotient measurement.
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Fig. 9 Mean-difference Tukey plot for green signal detection quotient
measures in 109 sunglasses lenses
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Fig. 10 Mean-difference Tukey plot for blue signal detection quotient
measures in 109 sunglasses lenses

3.5 Blue Signal Detection Quotient
Measurement

Mean-difference Tukey plot for 109 sunglasses blue signal
detection quotient values obtained using our prototype and a
gold standard is presented in Fig. 10. Two lenses were
wrongly classified as to suitability for driving (Qblue
0.6). The greatest absolute error, the bias and the 95% limits
of agreement are 0.427, 0.0216 and [—0.2512; 0.2944],
respectively.

Bias is not significant and 95% limits of agreement
interval is wide. Consequently, within the predefined toler-
ance, our method is not equivalent to gold standard one for
blue signal detection quotient measurement.

4 Conclusion

The proposed method for luminous and traffic lights mea-
surements in sunglasses lenses uses simple components and
provides accurate results.

Within the predefined tolerance, prototype measurements
are equivalent to gold standard ones for relative attenuation
quotients for red, yellow and green light detection.

From 128 measured lenses, only 5 were incorrectly
classified as to suitability for driving; 2 for luminous trans-
mittance measure errors; 1 for Qred measure error and 2 for
Qblue measure errors.

Our device aims to provide to people a mean to obtain
informations about their own sunglasses and the importance
to use suitable sunglasses while driving.
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