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Fiber optic system to measure adulteration in liquids using an RGB detection
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In this paper, we propose a fiber optic system to measure the changes in the RGB composition of light in liquid solutions using a plastic

optical fiber (POF) as an intrinsic sensor. The measurement system is composed of a 3 W white light-emitting diode as the light source, a 20
cm long U-shaped POF, and an RGB photodiode array that allows us to detect the changes in the RGB composition of the light propagating
through the POF. The U-shaped POF has a length of 5 mm without coating, which remains in contact with the liquid solutions. The tests were
performed with different concentrations of a mixture of tequila and water. The results obtained using the RGB photodiode array showed that
the system has a resolution of 0.39% and a color change sensitivity of 0.1, 0.6, &xd &% for red, green, and blue colors, respectively.

These results can facilitate the design of a low-cost prototype to measure the amount of adulteration in liquids.
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1. Introduction eter (0.5 to 2 mm), the POF can be easily coupled with light
sources, such as light-emitting diodes (LEDs) to develop low-

. : , , ) cost optoelectronic devices [13].
Fiber optic-based sensors are widely used in the optical sens-

ing of physical properties for quantitative estimation. These
devices are lightweight and compact and allow the |mple-Can be configured in several ways, such as in-line, U-shape,

mentation of multiplexing schemes with other fiber optic el- 4 gamma configurations. In the U-shape and gamma con-
ements [1]. Fiber optic cables are unaffected by .eIeCtromaQ'lgurations, the length of the uncoated fiber and the bending
hetic interference while .propa.gatln.g a beam O,f light, unIII(ediameter, with and without coating, are varied. It has been
copper Icabltzs: Ahplastlc ?pucal f|?er (_POlF) IS a lOWR"COStshown that a longer uncoated length and smaller bending di-
material used In the manufacture of optical sensors. Recenfq yield better sensitivity and resolution [14]. Another

advances in polymer technology and its advantages, inclu mportant feature of POF is its low loss of 0.15 to 0.2 dB/m
ing improved material transparency, have made POF a viablﬁ] the visible region [15]

alternative that can replace electronic devices [2, 3]. This
allows POF sensors to measure different types of physical
properties, such as temperature, viscosity, concentration, arg%u
refractive index of a solution. Additionally, other POF sen-
sors have been applied to measure changes in color inte

;ity, ultra-violet radiation, temperature, food and fruit ripen—sensor_ The U-shaped POF together with the RGB photo-
ing [4-10]. diode array allows the detection of changes in the RGB com-
Additionally, POFs are advantageous to the electronic deposition of the light intensity propagating through the optical
vices used in the measurement of physical properties becaufiber. We verified this setup using different concentrations of
they are unaffected by electromagnetic noise, can be operatedmixture of tequila and water. The results showed that our
at high bandwidth, yield low losses, and can be used in highlgystem had a resolution of 0.39 and color change sensi-
acidic environments and extreme temperatures [11, 12]. PO#vity of 0.10, 0.6, and 0.8 — bits/% for red, green, and
has unique features, which make it suitable for application irblue, respectively. These results can be employed to design a
fiber optic sensors as a signal transmitter (extrinsic sensor) dow-cost prototype to measure the amount of adulteration in
head sensor (intrinsic sensor). Owing to its large fiber diamliquids.

Further, for application as an intrinsic sensor, the POF

For this reason, visible LEDs have been used as light
rces with the POF. Therefore, we propose a fiber optic
system to measure the changes in the RGB composition of
néht in liquid solutions while using a POF as an intrinsic


file:julian@ugto.mx�

FIBER OPTIC SYSTEM TO MEASURE ADULTERATION IN LIQUIDS USING AN RGB DETECTION 99

Voltage| |Arduino p N 230 —
source| | UNO S R
i e - -0 -0 - 0- 0= ¢ - Gl
e ! ® 4
Photodiode \ ), ;
RGB ==l =l=]=) 0 150
e e e o o | e
i o o o s =
— =
USB | ) 20
Computer 0-@--0- -0 -0- 0= -0¢-0- - -o- -
-
50 1 1
0 20 40 60
Time (min)
= FIGURE 3. Stability test of a white light source when monitored
0.5 cm with RGB photodiode array.
FIGURE 1. Schematic diagram of the fiber-optic system for mea-
suring the changes in RGB composition. The white LED has a color temperature of 6500 K [16]

with a spectrum of 400 to 700 nm, as shown in Fig. 2.
. This spectrum was measured with an Ocean Optics model
2. Experimental setup USB2000+ optical spectrum analyzer. The color temperature
Figure 1 the schematic of the fiber optic system for measur-em'tted by th? LED makes ita cold white light source. Ther_e-
. ; - fore, a peak is observed at a wavelength of 450 nm, which
ing the changes in the RGB composition. The system com- . -
; corresponds to the blue color region of the visible spectrum.
prises a 5 V voltage source to supply power to the 3 W LED. o . .
The light is transmitted through the U-shaped POF, which ~Next, we tested the optical fiber system. First, a stabil-
has a diameter of 5 mm without coating and large curvally t€st was performed on the fiber optic system to observe
ture (see Fig. 1). This section of the uncoated optical fibefvhether the intensity of the white light source received by the
enables contact with liquid solutions. The POF is made ofXGB photodiodes remains stable during operation for a long
polymethylmethacrylate resin with a core refractive index oftime. Measurements were taken every 5 min during 1 h of op-
1.49 (numerical aperture = 0.5) and has a core of g8  eration. Figure 3 shows the variation of the 8-bit RGB color
coating diameter of 100pm, and an overall fiber diameter Scale during the first 20 min. This variation could be because
of 2000 um. The transmitted light is received by the RGB ©f the temperature of the P-N junction of the power LED.
photodiode array, which is connected to an Arduino UNO mi-However, when using the power LED, a higher applied volt-
crocontroller and a computer via USB. The data is obtained@J€ IS required for operation; thus, more heat is generated.
by performing a measurement sweep. This data is sent to thENe System temperature during stability was @3ambient

computer to display the changes in the RGB composition videémperature). After 20 min, the RGB color scale became sta-
a graph. ble. Thus, we confirmed that the elements used in the fiber

optic system work in optimal conditions.

Four samples of 50 ml each were prepared with different
tequila and water concentrations (Table 1). For each sample
(liquid solution), we conducted a sweep of 50 measurements
of the RGB components. These were taken 20 min after the
light source was turned on to ensure stable measurements.
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0.4t Cold LED TABLE |. Samples of solutions with percentage concentration.
02t Sample Tequila water
Liquid solution ml % ml %
0 A 5 10 45 90
400 450 500 550 600 650 700 B 20 40 15 60
Wavelength (nm) C 35 70 10 30
D 50 100 0 0

FIGURE 2. Spectrum of the LED used as a source of white light.
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FIGURE 4. Samples of solutions with percentage concentration.

The solutions were analyzed using the fiber optic system.
Each sample was measured 50 times to determine the average
RGB color intensity.

3. Operation principle

The operating principle of the U-shaped POF is based on the
attenuated total reflection (ATR) theory. This theory is based
on the attenuation of the transmitted signal due to the losses
suffered by the coupling of the evanescent field. Therefore,
this causes the transmitted signal to continue to be guided by
the optical fiber but is outside of it. The ATR uses the total
internal reflection (TIR) property of light in which a small
area of the uncoated optical waveguide allows light from the
core to couple to the surrounding medium in order to interact
with the sample (absorption) [17, 18]. Figure 4 shows a rep-
resentation of the basic principle of an evanescent wave via
ray tracing in a POF sensor in a U-shaped configuration. In
this U-shaped configuration, due to the curvature, the power
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coupling and penetration depth of the evanescent field are inFIGURE 5. Values of RGB components in the samples A-D.

creased, making it more sensitive to changes in the refractive

index. The light received by the photodiodes is separated ifhis 8-bit scale, each_ qolor channel shows 256 tones (0 + 255)
each RGB color channel on an 8-bit scale (0 to 255). Using @nd a total of 16.7 million colors sent by the RGB photodiode

TABLE Il. Average RGB of the samples.

Sample R G B
No sample 72 106 198
A 66 97 176
B 69 99 181
C 72 105 194
D 75 110 206

array.

4. Results and discussion

Table Il shows the RGB values (which range from 0 to 255)
of the samples described in Table I. As can be observed in Ta-
ble IlI, by increasing the percentage concentration of tequila
and decreasing the percentage concentration of water, the
RGB color values increase from 66 to 75, 97 to 110, and 176
to 206, respectively. The maximum variations in the RGB
color samples from the reference (no sample) are 9, 13, and
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Finally, in Fig. 6, the color scale of the samples analyzed

Calor with the different concentrations of tequila and water is pre-
RGBin8bits  [6697 176] [6999 181] [72 105 194] [75 110 206] sented. Here, we observe the char_lg_e in color level for differ-
Anialyzed smghes A B C D ent samples. A navy-blue color variation can be observed due
to the LED spectrum. The peak at 470 nm affects the average

of the colors in the RGB of the samples analyzed with the

. . different concentrations, yielding a blue color. Besides for
308-bits-resultrespectively. Due to the peak at awavelengtheach RGB component, gradual variation in color is observed

of 470 nm in the _vvh|te light source, the variation in blue is with increasing the concentration of tequila.
greater than that in other colors. Therefore, a greater change
in blue was detected by the RGB photodiode array.
Using the results obtained in Table I, we can plot each
component of the RGB colors of all the samples to observe
the variation between each sample A-D in detail and plot &. Conclusions
curve fit. This curve fitting allows us to establish an equation
for the change in the percentages of concentration of water ) .
and tequila in each sample. Figure 5 shows the graphs corr? this study, a f|ber_op_t|c §ystem_ was deyeloped to measure
sponding to the results obtained in Table Il. It can be observe ?hBI color cI:aTges ”: I|qU|dhsqut|oSgFTh|s systLeIrEanascljJun_t
that a higher concentration of tequila results in a higher valyd/!th low-cost elements, such as a » POWeEr LED, and mi-
of the RGB components. crocontroller. Owing to the different refractive indices of the
Other important parameters of the fiber optic system ar r? F andlzhe E?M'O(??’ Wet(;]OUId obTerve RtG B 'cok:r chfelmgesd.
the resolution and sensitivity of the POF intrinsic sensor. The € results obtained from the samples containing tequiia an

resolution ) is the minimum change for which changes in water in different proportions showed high stability and con-
a signal are noted and is determined by Edisapd @) sistency. We obtained a resolution of 0.39% and color change

sensitivity of 0.1, 0.6, and 0.48-bits/% for red, green, and

FIGURE 6. Color diagram of the analyzed samples A-D.

Ar = i (1)  blue, respectively. The sensitivity can be further improved
2% bits by increasing the length of the uncoated portion of the POF.

R— Ar % 100 % ) Moreover, changing the cold-type LED to a warm-type LED
Ax ’ can intensify the color changes in the RGB photodiode array.

where A, is the measurement range. In this case, it is 5CFinally, the results obtained and analyzed with the tequila and
measurements per sampld.. is the value detected by the water samples would facilitate the design of a low-cost pro-
RGB photodiodes. Because the detected value is a numb#stype for measuring the amount of adulteration in liquids in

between 0 and 255, it is represented by 8 bits. From Eq. (5the future.

R = 0.39 %. Sensitivity ©) is the relationship between the

increase in the output signal with respect to the increase in

the measured variable. It is expressed as

_ OfreB(x)
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