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Non-invasive Blood Glucose Measurement by
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Abstract — The purpose of this study is to develop a non-invasive blood glucose measurement method by a portable near
infrared (NIR) system which was newly integrated by our lab. The portable NIR system includes a tungsten halogen lamp,
a specialized reflectance fiber optic probe and a photo diode array type InGaAs detector, which was developed by a microchip
technology based on the lithography. Reflectance NIR spectra of different parts of human body (finger tip, earlobe, and inner
lip) were recorded by using a fiber optic probe. The spectra were collected over the spectral range 1100 ~1740 nm. Partial
least squares regression (PLSR) was applied for the calibration and validation for the determination of blood glucose. The cal-
ibration model from earlobe spectra presented better results, showing good correlation with a glucose oxidase method which
is a mostly used standard method. This model predicted the glucose concentration for validation set with a SEP of 33 mg/
dL. This study indicated the feasibility for non-invasive monitoring of blood glucose by a portable near infrared system.
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Table I - Experiment subjects

Gender Age Height (cm) Weight (kg)
F 60 152.6 71.0
F 53 155.5 73.9
F 61 151.2 56.0
F 62 155.2 71.0
F 44 165.8 51.0
F 20 166.6 69.0
F 67 153.1 63.0
F 60 150.0 51.0
F 46 158.3 59.0
F 72 1532 67.0
F 44 167.0 75.0
F 65 152.4 57.0
F 66 159.0 61.0
F 19 170.5 41.0
F 45 158.0 50.0
M 54 1745 69.0
M 66 164.4 64.0
M 60 161.3 61.5
M 60 166.2 67.0
M 49 169.7 67.8
M 23 172.7 59.0
M 57 162.3 64.5
M 58 180.7 75.0

Mean 53 161.7 62.8
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Fig. 1 - Schematic diagram of Near[RSTA HN1100.
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=4 A}&3}9it}. Calibration set®] 2.xb= SEC(Standard
Error of Calibration)%, validation set?] 2x}= SEP(Standard
Error of Prediction)s WERAIAL 1 & ofelie}t 7} BE
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SEP =
p
n : number of calibration set
k : number of PLS factor
P : number of validation set

Cpred;  Predicted concentration of ith sample
Crfi : reference concentration of ith sample

Table IT - Comparison of reference blood glucose concentration
value and measurement results using Semi-invasive

method (‘F’)
No Reference F No Reference F
) (mg/dl) (mg/dL) (mg/dL) (mg/dL)
1 117 135 27 140 137
2 131 156 28 228 246
3 94 126 29 123 121
4 98 145 30 205 203
5 146 183 31 106 115
6 178 218 32 195 203
7 90 159 33 172 181
8 143 178 34 181 171
9 215 241 35 131 128
10 150 189 36 89 160
11 147 152 37 175 193
12 123 145 38 137 157
13 95 92 39 108 165
14 201 213 40 104 134
15 138 154 41 119 119
16 165 229 42 106 123
17 112 133 43 86 115
18 250 283 44 181 191
19 243 316 45 147 155
20 235 304 46 167 176
21 158 171 47 148 160
22 176 174 48 107 103
23 140 162 49 225 140
24 167 175 50 204 226
25 113 162 51 159 236
26 135 173
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Fig. 2 — Scatter plot showing correlation between reference values
by glucose oxidase method and the values from semi-
invasive glucometer (‘F’).
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Fig. 3 —In vivo reflection spectra of different positions of human
body.
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Fig. 4 — Scatter plot showing correlation between reference values
by glucose oxidase method and NIR predicted values.
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Table III - Calibration models for non-invasive blood glucose measurement

Calibration Validation
Section Wavelength Range ((livILean) Pretreatment Factor
(nm) (mg/dL) SEC (mg/dL) SEP (mg/dL)
Earlobe 1100-1740 86-250 (150) First derivative 4 30 33
Inner lip 1100-1740 86-250 (150) MSC 8 34 40
Finger tip 1100-1740 86-250 (150) Second derivatives 6 42 42
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