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Abstract—A  simple fiber optic displacement sensor is
employed to detect the concentration of cholesterol. Mechanism
of He-Ne laser beam through an optical fiber bundle and the
absorption of laser light on the cholesterol solution, and reflected
back by the concave mirror and then reflected beam is guided
through an optical fiber bundle that is detected by a silicon
detector in the form of the voltage. The principle of propagation
of the laser beam is throuhg optical fiber bundel as intensity-
based profile through the medium of the cholesterol solution with
varying  concentrations. The variation of  cholesterol
concentration is from 0 ppm to 300 ppm. The findings show that
increasing cholesterol concentration, decreasing the peak voltage
detection linearly with the linearity value of more than 97% and
higher sensitivity of 0.08 mV/ppm. The simplicity of design, low
cost and high sensitivity promote a well developed sensors to
provide useful parameters detecting concentration of cholesterol.

Keywords—fiber optic semsors; concave mirror; cholesterol
solution;

I. INTRODUCTION

Cholesterol is a compound that has a core of four
cvelopentano - fenantren rings. In the blood plasma 30% binds
to lipoproteins that can increase the solubility in the blood and
another 70% of blood it is in the form of cholesterol ester [1].
The cholesterol in the circulating blood is not in a state free.
but is in the particles of lipoproteins. Lipoprotein is a complex
compound between fat and protein. In serum blood lipoprotein
consists of 4 types, namely kilomikron, verv low density
lipoprotein (VLDL). low density lipoprotein (LDL). and high
density lipoprotein  (HDL). Kilomikron contains 96%
triglycerides, 1.7% protein, 1.75% cholesterol. and 0.6%
phospholipids. Kilomikron acts as a carrier of fat from the
intestine to places where it i1s needed. VLDL contains 60%
triglycerides, 15% cholesterol, 10% protein, and 15%
phospholipids. The VLDL serves as a carrier of endogenous
triglvcerides from its formation sites to where it is needed
LDL contains 10% of triglycerides: 45% cholesterol. 25%
protemn, and 20% phospholipids. LDL serves to transport
cholesterol from one cell to another where it is necessary for
the formation of steroids and steroids. HDL contains 3%
triglyvcerides. 18% cholesterol. 50% protein. and 30%
phospholipids [1]. Cholesterol includes a steroidal compound
with the formula Ca7HasOH.

The previous research showed that cholesterol could be
measured by gold nanoparticles with positive charge which is
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implemented in sensor, sensitive cholesterol detector [2]. It
could be also detected using electrocatalyst principle with
cobalt (II) chloride in aprotic medium [3]. In bovine serum,
researchers advance the use of other sensors, sensilive
electrochemical sensors and selectively using modified silver
nanoparticle carbon glass electrodes, for the determination of
cholesterol [4]. Also. there was a sensor combining both
carbon nanotube lavers and nanoparticles based bioenzyme [5].
The use of electrochemical sensors based on molecular film
molding on carbon nanoparticles modified electrodes for the
detection of cholesterol [6]. However. those sensors are not
performed maximally in terms of sensitivity, linear range and
detection limits.
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Fig. 1. The compound cholesterol

Another method to count the cholesterol concentration is
using the principle of laser beam characters against the material
through the fiber optic sensor [7]. [8]. The use of optical fiber
shifl sensors to determine the concentration of many
compounds 1s done such as salt compounds and also
temperature measurement[9], [10]. The use of optical fiber
sensor is simpler and cheap to use detection the concentration
of a material. The optical fiber sensor to determin the salinity
of a material is a simple design, low price, and accurate
sensitivity measurement results [11]-[13]. The description of
research that has been done will be developed a sensor
mstrument to determine the concentration of cholesterol using
fiber optic bundles to guide the laser beam and reflected
through a concave mirror.

II. EXPERIMENT SETUP
The detecion method for counting cholesterol
concentration is based on the principle of the laser beam's
character toward the solution through an optical fiber sensor by
using intensity modulation. The light beam that penetrated the
optical fiber of the receiver and processed by the optical
detector into the electrical signal was displayed on Lock-in




amplifier. it was obtained relationship between the maximum
voltage of sensor output as a function of cholesterol
concentration variation and was measured paramater and
performance involving linearity, sensitivity, and linear range.

Tools used for the detection of cholesterol concentrations
using He-Ne lasers, Fiber optical bundles, silicon detectors,
chopper, chopper drivers, Lock-in amplifiers SR510, concave
mirror, micrometer and other supporting devices. The
experiment begun with characterizing the shift sensor to find
out the shift of the fiber bundle sensing channel to the concave
mirror, then cholesterol concentration can be detected by
setting up the experimental mstrument as shown n Fig. 2.
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Fig. 2. Experimental setup for optical fiber displacement sensor using
concave mirror

Detection of cholesterol concentrations using a concave
mirror begun when an optical fiber bundle had been placed
squeezing with a mirror at tight distance. The optical fiber
bundle was set on a micrometer shifted every 50 pm. The
output voltage of the detector was measured when the shift
position was changed, so that the obtained data was the output
voltage of the detector as a function of the optical fiber bundle
shift. Cholesterol concentration detection was performed on
various concentrations including 0 ppm to 300 ppm.

III. RESULTS AND DISCUSSIONS

Fig. 3. presents that the output of voltage from detector
functions as a displacement measurement on seven cholesterol
samples with concentrations ranging from 0 ppm to 300 ppm.
It describes different output voltage for each cholesterol
concentration. The lower the voltage output is measured, the
higher the cholesterol concentration is available. In other
words, changes in the concentration give increasement to the
differences in voltage output.

Fig. 3 shows the displacements curves exhibit a two peaks
voltages and a minimum voltages. The advance of concave
mirror is to provide more than one of peak signal and the
analysis of results in more easier.

The measurement of the output voltage is measured when
the He-Ne laser is reflected and guided by the detector
receiving fiber. The optical fiber bundle is placed on a 50 pm
displacement micrometer. At each position the output voltage
shift of the detector is measured and the data obtained is the
voltage of the detector as a function of the optical fiber shift
bundle, thus obtaining the maximum and minimum output
voltage from each variation of cholesterol concentration. As for

the output voltage value of cholesterol concentration variation
there are two maximum peaks and a minimum voltage as in
l'able I.
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Fig. 3. Vanation of output voltage againts the displacement for various
concenlration

TABLE I DaTA OF MAXIMUM AND MINIMUM OUTPUT VOLTAGE FROM
VARIATION OF CHOLESTEROL CONCENTRATION

Cholesterol First maximum Output Selfom.l
Concentration peak voltage minimum na n‘mum
(ppm) (mV) voltage (mV) Fed t{n:'\J.l)m ge

0 216.1 2126 220.1

50 2157 2124 2163
100 2083 205.0 208.5
150 2042 203.0 2053
200 2008 200.0 202.2
250 1972 1974 198.7
300 1948 193.5 195.5

Fig. 4. presents that the intensity of reflected light is a
voltage versus displacement of the reflecting concave mirror
from the fiber optic probe at various concentrations in this
research. Fig. 4. also shows that the first maximum output
voltage has 0.0774 mV/ppm sensitivity and 97.34% linearity.
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Fig.4. Voltage (mV) as function concentration of cholesterol (ppm) for
displacements using concave mirror [irst maximum peak voltage

Fig. 5. presents that the minimum output voltage with a
sensitivity of 0.0659 mV/ppm and a linearity of 96.92%. The
concentration of cholesterol was varied from 0 ppm to 300




ppm and the voltage reduces linearly with concave mirror
from 212.6 mV to 193.5 mV for the displacements.
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Minimum voltage (mV) as function concentration of cholesterol for
displacements

Fig. 6 shows the peak voltages and their positions,
respectively, against the concentration of cholesterol for both
displacement measurement using The
concentration of cholesterol was varied sample from 0 ppm to
300 ppm and the voltage reduces linearly with concave mirror
from 220.1 mV to 1955 mV for displacements. Fig. 6. shows
that the second maximum output volfflze shows a linear
decrease in the concentration solution with a sensitivity of
0.0824 mV/ppm and a linearity of 97.57%.

concave mirror.
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Fig. 6. Voltage (mV) as function concentration of cholesterol (ppm) for
displacements using concave mirror second maximum peak voltage

TABLE II. PERFORMANCE OF CHOLESTEROL SENSOR USING CONCAVE

MIRROR
First Second
Parameter B A
maximum voltage maximum
peak voltage peak voltage |
Sensitivity 0.08 0.06 0.08
(mV/ppm)
Linearity (%o) > 97 =96 =97
Linear range 0-300 0-300 0-300
(ppm)
Resolution (ppm) 1.759862 343880 2.94575
Standard 0.140789 0.206328 023566
Deviation (mV)
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The results of data analysis determine the concentration of
cholesterol using this concave mirror is in accordance with the
results obtained by theoretical analysis by Samian ef al [14]
and Rahman ef al [15].

IV. CONCLUSION

A simple intensity modulated sensor is demonstrated as a
instrument to measure cholesterol solutions with concentration
variying from 0 to 300 ppm by using optical fiber bundle
displacement sensors is presented. The findings show that
increasing cholesterol concentration, decreasing the peak
voltage detection linearly with the higher a sensitivity of of
0.08 mV/ppm and a linearity value of more than 97% and
showed high performance sensitivity parameters and accurate.
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