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A Compact Optical System using LED and CMOS Image Sensor
for Liver Function Analysis
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Abstract - This paper presents a portable and compact optical device which can conveniently be used to perform a
functional analysis of human liver function. The proposed system employed red/green LEDs, as a light source, and
CMOS image sensor, which is commonly used in cellular phones. With this system, several blood serum samples have
been evaluated for liver functional analysis by measuring light absorption level through the blood serum samples
depending on aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total bilirubin concentration. The
light absorption through the blood serum samples containing AST, ALT, or total bilirubin can provide their
concentrations. The green light absorption is more sensitive to the concentration of AST or ALT, and the red light
absorption is more sensitive to the total bilirubuin concentration. Additional calibration steps were performed by using a
MATLAB program in order to eliminate the light scattering effects from the extraneous particles existing in each blood
serum sample. From the blind test, three standard light intensity curves through each enzyme have been obtained and
the enzyme concentration values have been compared to those obtained from a commercially available biochemistry
analyzer (Toshiba 200 FR). The average percent difference in the obtained concentrations from two systems for AST,
ALT, and total bilirubin concentration came out to be 7.79%, 7.98%. and 7.56%, respectively, with the adjusted coefficient
of determination (R% higher than 0.98. This system can possibly lead to a low-cost and simple system that can be used
as a point-of-care (POC) system in a condition without advanced equipments.

Key Words : LED, CMOS image sensor, Liver function test, Low cost, AST(Aspartate aminotransferase), ALT (Alanine
aminotransferase), Total bilirubin
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Fig. 1 Relative spectral power distribution of RGB
LED(HT-P318FCHU, Harvatek). (a) Red LED. (b)
Green LED [14].
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Fig. 2 Schematic of experimental set-up for measuring light
absorption of the reagent sample depending on the
liver enzyme concentration.
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Fig. 3 Relative light intensity through various AST
concentrations with blue, green, and red LEDs.
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Fig. 4 Relative light intensity through various AST
concentrations with blue, green, and red LEDs.
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Fig. 5 Relative light intensity through various total bilirubin

concentrations with blue, green, and red LEDs.
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Fig. 6 Imaging averaging effect from the pictures captured
by 5 M pixel (2592 x 1944) images from a green
LED. (a) a single frame (N = 1), (b) averaged from
10 consecutive frames (N = 10), (c) averaged from
100 consecutive frames (N = 100)
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2 EF510 ¢ mFEFM.
Fig. 7 A standard curve obtained from 22 different AST
serum samples using green LED.
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Table 1 Constants of standard curve and R-square
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Y=Ae "t 0 A t C R*
AST 47.98 87.42 41.13 0.98
ALT 60.38 225.55 25.59 0.98
T.b 232.42 19.62 -24.62 0.99
Aspartate Aminotransferase (AST)
300 —
— 250 M
= -
s ) p
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FRZ g2 Z™gtotel vl Jef=, (o WEES
olgle 779 %. ZEAS R® = 0.98453).

Fig. 8 Comparison of the results obtained from of the LED
and CMOS image sensor to the results of the
biochemistry analyzer (Toshiba 200 FR) for 22 AST
samples. (Average percent difference = 7.79%,
adjusted coefficient of determination, R? = 0.98453).
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