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Abstract. A method is proposed for determining the glucose concentration on the human fingertip by extracting
two optical parameters, namely the optical rotation angle and the depolarization index, using a Mueller optical
coherence tomography technique and a genetic algorithm. The feasibility of the proposed method is demon-
strated by measuring the optical rotation angle and depolarization index of aqueous glucose solutions with
low and high scattering, respectively. It is shown that for both solutions, the optical rotation angle and depolari-
zation index vary approximately linearly with the glucose concentration. As a result, the ability of the proposed
method to obtain the glucose concentration by means of just two optical parameters is confirmed. The practical
applicability of the proposed technique is demonstrated by measuring the optical rotation angle and depolari-
zation index on the human fingertip of healthy volunteers under various glucose conditions. © 2018 Society of Photo-

Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.23.4.047001]
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1 Introduction
With rising obesity levels around the world, diabetes has
emerged as a major medical concern with significant health
and economic implications. If left untreated, diabetes can result
in blindness, kidney failure, loss of limbs, heart attacks, strokes,
and even death.1 Consequently, effective methods for diagnos-
ing and monitoring diabetes are urgently required. Typically,
such methods are based on measuring the glucose concentration
in human blood or tissue. Noninvasive methods for glucose
concentration determination either track an intrinsic molecular
property of the glucose directly or the effects of glucose on
the optical properties of the tissue or blood.2 Methods of the
former type typically track the optical rotation angle, near-infra-
red (NIR)/midinfrared absorption coefficient, Raman shift,
or NIR photoacoustic absorption.3–5 By contrast, methods of
the latter type generally measure parameters such as the light
scattering coefficient of tissue, the refractive index of interstitial
fluid, and the acoustic propagation speed in tissue.6–9 The
optical measurements required for glucose determination are
commonly performed using optical coherence tomography
(OCT).10,11 For noninvasive glucose monitoring based on meas-
urement of coherently scattered light from specific layers of
tissues and slopes of OCT signals, Esenaliev et al.12 showed
that the slope of the OCT signal reduced substantially and
linearly with increases in the blood glucose concentration. Larin
et al.13,14 found that a good correlation exists between the
OCT signal slope and the blood glucose concentration under
normal physiological conditions. Kirillin et al.15 showed that
the addition of glucose to 2% and 5% Intralipid suspension
increased the refractive index and decreased the scattering coef-
ficient, thereby leading to a reduction in the OCT signal slope.
Additionally, various polarization-sensitive (PS) OCT structures

have been developed for measuring the depth-resolved optical
birefringence properties of biological tissues using a Jones cal-
culus formulation.16–18 Yao and Wang19 developed an enhanced
PS-OCT system for measuring the full depth-resolved Mueller
matrix of biological tissue. In a later study,20 the same group
used the PS-OCT system to measure the degree of polarization
and backscattering coefficient of liquid and solid scattering
samples. It was shown that the proposed system made possible
the observation of several tissue structures that could not be
visualized using a standard (nonpolarization) OCT setup. Liao
and Lo21 proposed an OCT system based on a hybrid Mueller
matrix formalism for extracting full-range measurements of the
linear birefringence (LB) and linear dichroism (LD) properties
of anisotropic optical samples. The results revealed that the
proposed method was both more reliable and more accurate
than traditional Mueller matrix decomposition methods.

Stokes–Mueller matrix polarimetry is a well-known tech-
nique for noninvasive diagnosis of cancerous tissue and turbid
tissue-like scattering media.22 Phan and Lo23 recently proposed
a differential Mueller matrix polarimetry technique for perform-
ing noninvasive glucose monitoring on the human fingertip.
In Ref. 23, samples were treated as a black box for simplicity.
The circular birefringence (CB) and depolarization index of
the human fingertip tissue were both found to vary with changes
in the glucose concentration. Accordingly, the present study
proposes a technique for extracting the CB and depolarization
properties of glucose aqueous solutions using a Mueller OCT
system. The feasibility of the proposed technique is demon-
strated by measuring the CB and depolarization properties of
glucose aqueous solutions with low scattering properties
(i.e., 0.02% Lipofundin addition) and high scattering properties
(i.e., 2% Lipofundin addition), respectively. Finally, the practical
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applicability of the proposed method is demonstrated by meas-
uring the optical rotation angle and depolarization index of
the tissue on the fingertip of healthy human volunteers under
various glucose conditions.

2 Mueller Optical Coherence Tomography
System for Extraction of Circular
Birefringence and Depolarization
Properties of Optical Sample

Figure 1 shows the Mueller OCT measurement system used in
the present study to extract the CB and depolarization (Dep)

properties of aqueous glucose solutions with scattering proper-
ties. (Note that full details of the OCT setup are presented in
Ref. 21.) Briefly, however, a low-coherence interferometric sig-
nal is obtained at detectors 1 and 2 as the scanning stage is
driven at a constant velocity. The signal at detector 1 is obtained
by locating the peak of the envelope of the signal for extracting
the thickness and refractive index of the samples, whereas the
signals obtained at detector 2 are employed to determine the
anisotropic properties of the sample by calculating the ampli-
tude of the interferometric signal.

In general, the Mueller matrix of an optical sample has the
form21

EQ-TARGET;temp:intralink-;e001;63;332

M ¼

2
66664

M11 M12 M13 M14

M21 M22 M23 M24

M31 M32 M33 M34

M41 M42 M43 M44

3
77775

¼

2
66664

HH þHV þ VH þ VV HH þHV − VH − VV 2PH þ 2PV −M11 2RH þ 2RV −M11

HH −HV þ VH − VV HH −HV − VH þ VV 2PH − 2PV −M21 2RH − 2RV −M21

2HPþ 2VP −M11 2HP − 2VP −M12 4PP − 2PH − 2PV −M31 4RP − 2RH − 2RV −M31

2HRþ 2VR −M11 2HR − 2VR −M12 4PR − 2PH − 2PV −M41 4RR − 2RH − 2RV −M41

3
77775; (1)

where H, V, P, and R denote horizontal, vertical, 45-deg linear,
and right-hand circular states of polarization, respectively.
Furthermore, the two digits in the polarization state notations
indicate the polarization states of the measurement light
beam and the reference light beam, respectively.

As shown in Fig. 2, the measurement beam passes through
the beam splitter and is then incident on the sample. It is noted
that the samples were stored in a 1-mm thickness quartz cuvette
with an inside width of 40 mm. Following transmission through
the sample, it is reflected from the mirror, transmitted back

Fig. 1 Schematic illustration of proposed Mueller OCT system.21
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Fig. 2 Schematic diagram showing placement of sample with CB/
depolarization properties in OCT system.
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through the sample, and then reflected from the beam
splitter. In this study, the sample with only CB/depolarization
properties is studied for simplicity as associated with the
glucose detection application. The optical arrangement shown
in Fig. 2 can be modeled using the following Mueller matrix
representation:

EQ-TARGET;temp:intralink-;e002;63;686MCB∕Dep;OCT ¼ MR;BSMCB∕DepMMirrorMCB∕DepMT;BS; (2)

whereMMirror,MT;BS, andMR;BS are the Mueller matrixes of the
mirror, the beam splitter in the transmission mode, and the beam
splitter in the reflection mode, respectively. (Note that all three
matrixes are defined in Ref. 21.) Meanwhile, MCB∕Dep is the
Mueller matrices of the sample with CB and depolarization
effects and can be expressed as

EQ-TARGET;temp:intralink-;e003;63;587MCB∕Dep ¼ MCBMΔ; (3)

where

EQ-TARGET;temp:intralink-;e004;326;752MCB ¼

2
664
1 0 0 0

0 cosð2γÞ sinð2γÞ 0

0 − sinð2γÞ cosð2γÞ 0

0 0 0 1

3
775; (4)

in which γ is the optical rotation angle. The differential Mueller
matrix describing the scattering effect in the optical sample has
the form21

EQ-TARGET;temp:intralink-;e005;326;660mΔ ¼

2
664
0 0 0 0

0 −d1 ηv 0

0 ηv −d2 0

0 0 0 −d3

3
775; (5)

where d1−3 are the anisotropic absorption coefficients along the
x–y, 45 deg, and circular axes, respectively, and ηv is the mean
value of the nondepolarizing properties. Applying a process of
inverse differential calculation, the macroscopic Mueller matrix
describing the scattering effect, MΔ, can be obtained as

EQ-TARGET;temp:intralink-;e006;63;532

MΔ¼

8>>>>>>>>>>><
>>>>>>>>>>>:

1 0 0 0

0 e
−
2η2vþd1½d1þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

4η2vþðd1−d2Þ2
p

−d2�
2ηv

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4η2vþðd1−d2Þ2

p
ð1 − e

d1
ηv Þηv e

1
2
ð−ηv−d1−d2Þ

2
4−1 − e

½ηvþ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4η2vþðd1−d2Þ2

p �ðd1þd2Þ

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4η2vþðd1−d2Þ2

p
3
5 0

0 ðe − 1Þe
−
d1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4η2vþðd1−d2Þ2

p
þd2

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4η2vþðd1−d2Þ2

p
ηv ð−1þ eÞe

−
d1þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4η2vþðd1−d2Þ2

p
þd2

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4η2vþðd1−d2Þ2

p
ηv 0

0 0 0 ed3

9>>>>>>>>>>>=
>>>>>>>>>>>;

¼

2
66664

1 0 0 0

0 K22 K23 0

0 K32 K33 0

0 0 0 K44

3
77775:

(6)

The depolarization index can then be calculated as

EQ-TARGET;temp:intralink-;e007;63;374Δ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K2

22 þ K2
33 þ K2

44

3

r
: (7)

Notably, the proposed analytical model of the sample/OCT
system given in Eq. (2) allows the unknown CB and depolari-
zation parameters of the sample to be determined over the full
range, i.e., 0 < γ < 180 deg and 0 < Δ < 1, respectively. In this
proposed method, the sample is treated as a black box; thus, the
physical properties of samples in a complete homogeneity are
assumed. For the sake of simplicity in the signal process, only
optical rotation angle and depolarization index properties of
the samples were extracted. The optical rotation angle represents
the CB property of glucose, whereas the depolarization index
describes the scattering effect caused by scattering particles.

3 Analytical Model for Extraction of
Circular Birefringence and Depolarization
Properties of Turbid Media

The CB and depolarization properties of the sample can be
obtained by simply equating the Mueller matrix in Eq. (1) with
that given in Eq. (2). However, in practice, MCB∕Dep;OCT is
highly complex; hence, obtaining a closed-form analytical
solution is extremely difficult. Accordingly, in the present study,
the CB and depolarization properties of the sample are inversely
derived using a genetic algorithm (GA)24 with the Mueller
matrix given in Eq. (1) as the target function.

The ability of the proposed model to yield full-range
measurements of the sample parameters was investigated by
simulating the measured Mueller matrix using an inverse differ-
ential calculation approach given assumed parameter values for
a hypothetical sample. In particular, the assumed values were
input into the measured Mueller matrix, and the GA method
was then used to obtain the input values inversely using the pro-
posed analytical model.24 The extracted values obtained using
the GA were then compared with the theoretical input values.
In other words, the accuracy of the GA extraction results was
evaluated using the following fitness function:

EQ-TARGET;temp:intralink-;e008;326;264FFitness ¼
Xn

i¼1;j¼1

fabs½ðM2
ij;experiment −M2

ij;theoryÞ�2g; n ¼ 4;

(8)

where Mij;experiment is the Mueller matrix given in Eq. (1) and
Mij;theory is the Mueller matrix of the sample with CB/Dep prop-
erties in Eq. (2). The GA process commenced by generating an
initial random population of candidate solutions for the depo-
larization matrix elements (i.e., d1, d2, d3, and ηv) and optical
rotation angle (γ). If the resulting error between the theoretical
output Mueller matrix and experimental output Mueller matrix
was less than a certain target tolerance value of 10−5 in FFitness,
the GA was terminated and the optimal values of the depolari-
zation matrix elements and optical rotation angle or depolariza-
tion index were recovered from the corresponding candidate
solution. It is noted that the target tolerance value was chosen
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to achieve the highly accurate results and minimizing calcula-
tion time.

In performing the simulations, one of the considered param-
eters (γ or Δ) was varied over the full range, whereas the other
parameters were assigned a constant default value. The simula-
tions commenced by setting the depolarization index equal to
Δ ¼ 0.77 and extracting the values of γ given input values in
the range of γ ¼ 0 deg to 180 deg. It is noted that the value
of Δ was set randomly in the range of 0 to 1 to demonstrate
the extraction of depolarization index. The optical rotation
angle was then set as a constant γ ¼ 35 deg, and the depolari-
zation index was extracted for input values in the range ofΔ ¼ 0
to 1. It is noted that the value of γ was set randomly in the range
of 0 deg to 180 deg for demonstrating the extraction of depo-
larization index. To minimize the fitness function in Eq. (8), run
a loop 100 times and calculate the loop 20 times. The results of
the fitness function should be set under 1 × 10−5. It is noted that
the error function in Eq. (8) is set as 10−2. The extracted values
of the two optical parameters with the input values in every case
are shown in Fig. 3. In general, the results confirm that the CB
and depolarization parameters can both be extracted over the
full range, i.e., 0 < γ < 180 deg and 0 < Δ < 1, respectively.
Moreover, a good agreement is obtained between the extracted
values of the optical parameters and the input values. From
inspection, the standard deviations of the extracted values of
γ and Δ are found to be 8.5 × 10−2 ðdegÞ and 2.18 × 10−3,
respectively. In other words, the validity and accuracy of the
GA-based analytical model are confirmed.

4 Experimental Setup and Results
As shown in Fig. 1, the OCT system consisted of a halogen lamp
(R150-BM1, Techniquip, USA), two photo-detectors (2001,
New Focus Corporation), a scanning stage (SGSP 20-85, Sigma
Koki, Japan), a scanning stage driver (Mark-204MS, Sigma
Koki, Japan), a dispersion compensator consisting of D263T

glass plate and a waveplate (5540, New Focus Corporation),
an oscilloscope (6050, LeCroy Corporation), and two nonideal
beam splitters (BS010, Thorlab) conducting the experiments.
Compensation for the polarization distortion was performed
using a composite polarizer component comprising a quarter-
wave plate, half-wave plate, and second quarter-wave plate
(Q/H/Q). (Note that full details of the compensation process
are provided in Ref. 21.)

4.1 Parameter Extraction for Aqueous Glucose
Samples with Low Scattering Effects

Aqueous glucose samples were prepared comprising deionized
(DI) water mixed with glucose powder in concentrations ranging
from 0 to 4000 mg∕dL (in increments of 1000 mg∕dL) and
0.02% Lipofundin (Lipofundin MCT/LC1 20%, B|Braun,
Germany, particle size: 150 to 230 nm). The tissue phantom
samples were stored in a 1-mm thickness quartz cuvette with
an inside width of 40 mm. Figures 4(a) and 4(b) show the exper-
imental results obtained for the variations of the optical rotation
angle and depolarization index, respectively, with the glucose
concentration. Note that, in compiling the results presented in
Fig. 4, the optical rotation angle and depolarization index values
obtained for an empty container were first subtracted such that
the plotted results correspond to the sample only. The dash
line in Fig. 4(a) shows the variation of the extracted optical
rotation angle of the samples with the glucose concentration
when performing the measurement process using the OCT
system. As shown in Fig. 4(a), the optical rotation angle (γ)
system increases approximately linearly with increases in the
glucose concentration. The correlation coefficient has a value of
R2 ¼ 0.9101, indicating a linearity between two variables.
Furthermore, the standard deviations of the measured values of
γ obtained over four repeated extractions are shown in Table 1,
and the average deviation is found around 0.125 deg. Sun
et al.25 obtained a measurement sensitivity of approximately
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Fig. 3 Extracted values of γ and Δ for hypothetical CB/Dep sample given input values of (a) and
(c) γ ¼ 35 deg and Δ ¼ 0 to 1; and (b) and (d) γ ¼ 0 deg to 180 deg and Δ ¼ 0.77.
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0.25 deg∕ðmg∕dLÞ when measuring the glucose concentra-
tion of polystyrene sphere suspensions. Similarly, Malik and
Coté26 detected glucose concentration with a sensitivity of
0.04 deg∕ðmg∕dLÞ over a concentration range of 0 to
600 mg∕dL. The results presented in Fig. 4(a) indicate that
the proposed OCT system has a measurement sensitivity of
∼0.11 deg∕ðmg∕dLÞ. In other words, the system achieves a
good sensitivity in measuring the glucose concentration. The
dash line in Fig. 4(b) shows the variation of the extracted depo-
larization index with the glucose concentration when perform-
ing the measurement process using the OCT system. The
correlation coefficient has a low value of R2 ¼ 0.5993, and it
still can be seen that the depolarization index slightly reduces
with increases in the glucose concentration. The present results

are thus consistent with those of previous studies,5–7 which
showed that the depolarization index reduces with increases
in the glucose concentration as a result of a corresponding
increase in the refractive index and reduction in the refrac-
tive-index mismatch between the glucose solution and the
Lipofundin powder. Furthermore, the standard deviations of
the measured values of Δ obtained over four repeated extrac-
tions are shown in Table 2, and the average deviation is found
around 0.027.

The red dots shown in Figs. 4(a) and 4(b) indicate the optical
rotation angle and depolarization index, respectively, for a pure
water sample obtained using the OCT system. The two param-
eters have values of 0.546 deg and 0.227, respectively. In theory,
both parameters have a value equal to zero for pure water. Thus,

Table 1 The standard deviations of the measured values of γ obtained on four repeated extractions over the measured concentration range of
aqueous glucose samples with 0.02% Lipofundin using OCT system.

Glucose concentration 0 mg∕dL 1000 mg∕dL 2000 mg∕dL 3000 mg∕dL 4000 mg∕dL Average

γ (deg) 0.661 0.893 0.980 0.947 0.862

0.804 0.842 0.935 1.031 1.295

0.634 0.816 1.219 1.115 1.124

0.546 0.612 0.906 0.973 1.104

Standard deviation (deg) 0.106 0.123 0.142 0.074 0.178 0.125

Table 2 The standard deviations of the measured values of Δ obtained on four repeated extractions over the measured concentration range of
aqueous glucose samples with 0.02% Lipofundin using OCT system.

Glucose concentration 0 mg∕dL 1000 mg∕dL 2000 mg∕dL 3000 mg∕dL 4000 mg∕dL Average

Δ 0.237 0.187 0.223 0.120 0.198

0.241 0.185 0.156 0.227 0.220

0.220 0.198 0.194 0.174 0.173

0.216 0.157 0.172 0.207 0.153

Standard deviation 0.012 0.017 0.128 0.046 0.292 0.027
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Fig. 4 Variation of (a) the optical rotation angle and (b) the depolarization index with glucose concen-
tration for aqueous glucose samples with 0.02% Lipofundin using the OCT system and Stokes–Mueller
polarimetry system.
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it is speculated that the OCT system contains a small degree of
experimental error due to component misalignments and imper-
fections of the optical elements themselves.

The solid-line in Fig. 4 shows the results obtained for
the variation of the optical rotation angle and depolarization
index of the samples with the glucose concentration when per-
forming the measurement process using a transmission-mode
Stokes–Mueller polarimetry system.27 As for the case of the
OCT, the optical rotation angle increases linearly with increases
in the glucose concentration with a correlation coefficient of
R2 ¼ 0.8877, whereas the depolarization index slightly reduces
with increases in the glucose concentration with a correlation of
R2 ¼ 0.3886. The difference between the two sets of results can
be attributed to a difference in the optical path length (OPL) in
the two systems. Specifically, the OPL in the Stokes–Mueller
polarimetry system is much shorter than that in the OCT system.
From an inspection of Fig. 4, the sensitivity of the Stokes–
Mueller polarimetry system is around 0.04 deg∕ðmg∕dLÞ.
By contrast, that of the OCT system is 0.11 deg∕ðmg∕dLÞ.
It is noted that the large deviations and the nonlinearity of the
measured results could be attributed to the misalignment of the
system, the imperfections of the optic components themselves,
and the noise environment.

4.2 Parameter Extraction for Tissue Phantom
Samples with High Scattering Effects

Biotissue phantom samples were prepared by mixing DI water
with 10-ml glucose solutions (100 mg∕ml-Merck Ltd.) with
concentrations 0 to 500 mg∕dL (in 100 mg∕dL increments)
and 2% Lipofundin (Lipofundin MCT/LC1 20%, B|Braun,
Germany, particle size 150 to 230 nm). Note that previous
studies28,29 have shown that 2% of Lipofundin in solution accu-
rately reproduces the scattering effect of human skin and tissue.
Figure 5 shows the experimental results obtained for the varia-
tion of the optical rotation angle and depolarization index with
the glucose concentration. As shown in Fig. 5(a), although the
correlation coefficient has a value of R2 ¼ 0.5133, the optical
rotation angle still slightly increases with increases in the
glucose concentration. The extracted optical rotation angles
for the six samples have standard deviation values of 0.327,
0.268, 0.125, 0.562, 0.344, and 0.203, respectively. Figure 5(b)
shows the variation of the extracted depolarization index with
the glucose concentration. It is found that the depolarization
index decreases approximately linearly with increases in the glu-
cose concentration with a value of R2 ¼ 0.9112. The standard

deviation values for the six samples are 0.081, 0.191, 0.134,
0.102, 0.168, and 0.236, respectively. The results are, therefore,
in good qualitative agreement with those presented in Ref. 19.
The reduction in the depolarization index with increases in the
glucose concentration is to be expected as a higher glucose con-
centration results in a higher refractive index. As a consequence,
the velocity at which light travels through the aqueous sample is
reduced and, hence, the scattering effect is also reduced.

In general, the results shown in Fig. 5 confirm the feasibility
of the proposed OCT system for performing glucose sensing
based on just two optical parameters. The optical rotation
angle represents the CB property of the glucose sample, whereas
the depolarization index represents the scattering effects caused
by particles within the sample. In general, the depolarization
index reduces as a result of the OPL traversed by the light in
passing through the sample. Therefore, both parameters (i.e., the
optical rotation angle and the depolarization index) are required
to obtain reliable estimates of the glucose concentration.

4.3 Glucose Extraction on Human Fingertip

The practical feasibility of the proposed optical system was
evaluated by measuring the optical rotation angle and depolari-
zation index of the tissue on the fingertips of healthy human
volunteers. The experiments commenced by measuring the opti-
cal rotation angle and depolarization index of four volunteers
under two glucose conditions, namely before and after an
enhanced glucose condition induced by drinking 700 mL of
sugared water. Note that in the latter case, glucose detection
was performed 15 min after the drink was consumed to allow

(a) (b)

Fig. 5 Variation of (a) the optical rotation angle and (b) the depolarization index with glucose concen-
tration for aqueous glucose samples with 2% Lipofundin.

Fig. 6 The illustration of human fingertip experiment.
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sufficient time for the sugar to enter the bloodstream. In per-
forming the experiments, the volunteer’s fingertip was pressed
against a 1-mm-thickness glass plate as shown in Fig. 6.

Furthermore, for both glucose conditions for each subject,
four glucose measurements were obtained over a period of
20 min. The experimental results obtained for the four subjects
are shown in Figs. 7–10. For all of the subjects other than subject

#3, the average optical rotation angle increased following inges-
tion of the sugared water. Moreover, the average depolarization
index reduced in every case. In other words, the results are in
good agreement with those presented in Fig. 5(a) for the tissue
phantom samples. It is noted that the strict preparation of
volunteers for glucose testing is extremely necessary due to
the different results obtained for subject #3.
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Fig. 7 Average values of (a) optical rotation angle and (b) depolarization index of fingertip of subject #1
under different glucose conditions.
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Fig. 8 Average values of (a) optical rotation angle and (b) depolarization index of fingertip of subject #2
under different glucose conditions.
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Fig. 9 Average values of (a) optical rotation angle and (b) depolarization index of fingertip of subject #3
under different glucose conditions.
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A second series of experiments was performed in which
the fingertip glucose concentration was measured for three
volunteers at five different times over an 8-h period. The times
were chosen in such a way as to track natural variations in the
glucose concentration due to ingestion of food and drink at
mealtimes, i.e., 9:00 AM (before breakfast), 10:00 AM (after
breakfast), 11:00 AM (before lunch), 13:00 PM (after lunch),
and 17:00 (before dinner). As in the previous experiments,
the measurement process was performed using a 1-mm-thick
glass attached to the fingertip. Four glucose measurements were
obtained over a 20-min period in each case. Figures 11(a) and
11(b) show the extraction results obtained for the optical rota-
tion angle and depolarization index of the three volunteers at
the five different measurement times. As shown in Fig. 11(a),
the optical rotation angle increased following breakfast (except
for the case of volunteer 1) and, following a slight dip at
11:00 AM, increased to a peak value after lunch before decreas-
ing continuously until 17:00 PM. Conversely, Fig. 11(b) shows
that the depolarization index increased before meal times
(indicating a lower glucose concentration) and decreased after
the meal times (indicating a higher glucose concentration). In
other words, the results are again in good qualitative agreement
with those obtained for the tissue phantom sample [Fig. 5(b)].
Moreover, the standard deviations of the γ and Δ measurements
obtained at five different times over an 8-h daytime period are
equal to 0.302 deg and 0.045, respectively.

5 Conclusions
This study has presented a Mueller OCT system for evaluating
the glucose concentration of aqueous samples by means of two
optical parameters (the optical rotation angle and the depolari-
zation index) extracted using a differential Mueller model. The
basic feasibility of the proposed method has been demonstrated
by extracting the optical rotation angle and depolarization index
of aqueous glucose solutions containing glucose with concen-
trations of 0 to 4000 mg∕dL and 0.02% Lipofundin powder.
The results have shown that the optical rotation angle increases,
whereas the depolarization index decreases, with increases in
the glucose concentration. A similar tendency has been found
for tissue phantom samples containing 2% Lipofundin powder.
The practical applicability of the proposed method has been
demonstrated by measuring the optical rotation angle and depo-
larization index of the human tissue on the fingertips of three
healthy volunteers before and after the ingestion of sugared
water, respectively. Moreover, the standard deviations of the
γ and Δ measurements obtained at five different times over
an 8-h daytime period are equal to 0.302 deg and 0.045, respec-
tively. The results obtained for human tissue are in a good
qualitative agreement with those obtained for phantom tissue
samples. Hence, the basic feasibility of the proposed OCT
system for noninvasive glucose monitoring is confirmed. In
the future, Monte Carlo theory will be implemented into the
model to obtain the quantitative predictions of the glucose
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Fig. 10 Average values of (a) optical rotation angle and (b) depolarization index of fingertip of subject #4
under different glucose conditions.
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Fig. 11 Extracted values of (a) optical rotation angle and (b) depolarization index of fingertips of three
volunteers at five different times of the day.
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concentration from the experimentally extracted values of the
optical rotation angle and depolarization index. Thus, the scat-
tering properties of different people with different ages, race,
and skin color will be investigated and studied in more detail
to achieve trustable results for glucose concentration extraction.
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