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Abstract: We present the application of QR Codes as carriers for colorimetric dyes, whereby this
refined version of machine-readable patterns applied to colorimetric sensing also allows us to
maintain the data from the QR Code standard in a back-compatible way, which means that the
QR Code is still able to encode digital data (readable with a standard QR Code decoder) alongside
a hundred colorimetric references and the dyes. Also, we discuss in detail the effectiveness of
different color correction methods in attaining color accuracy levels suited for sensing via colorimetry.
Moreover, we illustrate how color correction techniques can be applied to take advantage of having
hundreds of color references, with an exemplary case of a CO2 printed sensor used to monitor the
integrity of modified atmosphere packaging (MAP).
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1. Introduction

In this work, we present a consistent novel approach to embed colorimetric dyes into
QR Codes; this embedding process is the culmination of several partial proposals that we,
and others, have previously developed [1–3]. In 2018, we presented a machine-readable
pattern to allocate an ammonia sensor; this machine-readable pattern presents two spaces
to print a colorimetric sensor and contains no data, only color references (see Figure 1a) [1].
Later, in 2021, we presented a more robust and compact version of this machine-readable
pattern that optimizes the number of color references (up to a hundred references) but still
does not contain any digital data (see Figure 1b) [2]. In 2023, P. Escobedo et al. presented
the QRSens machine-readable pattern (see Figure 1c) which presents colorimetric dyes
alongside digital data blocks but does not optimize the placement of the dyes or the
colorimetric references (it only contains two: black and white) [3]. Here, we introduce the
usage of back-compatible color QR Codes (BCQR) applied to accommodate colorimetric
dyes and color references spread across the data and error correction blocks in a back-
compatible fashion (see Figure 1d). This provides a fully integrated procedure compared to
the QR Code standard [4].
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Figure 1. Evolution over the years of machine-readable patterns which embed colorimetric dyes 
from 2018 to 2023. (a) Our first proposal for such patterns, presented at Eurosensors in 2018 [1]; (b) 
our second attempt to fabricate the patterns [2]; (c) Escobedo et al. proposal [3] to embed sensors in 
pattern with digital data; and (d) our proposal to do a similar concept but maximazing back-com-
patibility [4]. 

2. Materials and Methods 
The BCQR Codes have been created according to the following steps: (i) the QR Code 

embeds 128 color references which represent an excursion in the RGB space, which repre-
sents as the color references, and each reference color measures exactly the same size as a 
black and white block; (ii) the reference colors are spread across the error correction and 
data zones of the QR Code in a back-compatible manner [4]; (iii) a CO2 sensor for MAP [5] 
is screen-printed into the QR Code which occupies a 6-block space above the bottom-left 
finder pattern of the QR Code. The sensor is exposed to different CO2 concentrations—
20%, 30%, 35%, 40% and 50%—and captured in different illumination conditions from 2500 
K to 6500 K in steps of 500 K of an LED light. Gasometric responses from the measured 
colors are derived following an exponential law [2]. 

3. Discussion 
The results indicate that using hundreds of color references for color correcting of the 

measured samples (AFF1–AFF3), instead of using the two-color white balance (AFF0), is 
a key factor for viable machine-readable colorimetric sensors (see Table 1). 

Table 1. Comparison of the sensitivity of the sensor for different color corrections. 

 NONE AFF0 AFF1 AFF2 AFF3 
∆20% 88% 18% 14% 10% 3% 
∆50% 249% 51% 38% 27% 8% 
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Figure 1. Evolution over the years of machine-readable patterns which embed colorimetric dyes from
2018 to 2023. (a) Our first proposal for such patterns, presented at Eurosensors in 2018 [1]; (b) our
second attempt to fabricate the patterns [2]; (c) Escobedo et al. proposal [3] to embed sensors in pattern
with digital data; and (d) our proposal to do a similar concept but maximazing back-compatibility [4].

2. Materials and Methods

The BCQR Codes have been created according to the following steps: (i) the QR
Code embeds 128 color references which represent an excursion in the RGB space, which
represents as the color references, and each reference color measures exactly the same size
as a black and white block; (ii) the reference colors are spread across the error correction and
data zones of the QR Code in a back-compatible manner [4]; (iii) a CO2 sensor for MAP [5]
is screen-printed into the QR Code which occupies a 6-block space above the bottom-left
finder pattern of the QR Code. The sensor is exposed to different CO2 concentrations—20%,
30%, 35%, 40% and 50%—and captured in different illumination conditions from 2500 K to
6500 K in steps of 500 K of an LED light. Gasometric responses from the measured colors
are derived following an exponential law [2].

3. Discussion

The results indicate that using hundreds of color references for color correcting of the
measured samples (AFF1–AFF3), instead of using the two-color white balance (AFF0), is a
key factor for viable machine-readable colorimetric sensors (see Table 1).
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