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Abstract : In this paper, a classifier of urine analysis system was designed using preprocessing and fuzzy algorithm.
Preprocessing were processed by normalizing data of strip using calibration curve composed of achromatic colors value and by
calculating three stimulus. Fuzzy classifier capable of analyzing a qualitative concentration of test items was composed of
fuzzifier by gaussian shaped membership function, inference of MIN method, and defuzzifier of centroid method through
verification by measuring standard solution and by classifying concentration classes. After tuning membership function
according to relating standard solution with urinalysis sample, the possibility to adapt classifier designed for urine analysis
system near a bed was verified as classifying measured urinalysis samples and observing classified result. Of all test items,
experimental results showed a satisfactory agreement with test results of reference system.
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Table 1. Urine test items and concentration
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Tests Class Class 1 Class 2 Class 3 Class 4 Class b Class 6 Class 7
URO (mg/de) 0.1 1 2 4 8 12
GLU(mg/d2) Neg. +100 +250 ++500 +++1000
KET (mg/dt) Neg. 5 +15 ++40 +++80
BIL Neg. + ++ +++
PRO(mg/d?) Neg. Trace +30 ++100 +++500 ++++1000
NIT Neg. Posit.
pH 5 6 6.5 7 8 9
BLD Neg. + A +++ * o
Hemolysis Non Hemolysis
SG 1.000 1.005 1.010 1.015 1.020 1.025 1.030
LEU Neg. Trace + ++ +++
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1. QBN AlAH

oA A ARA Qo EFE 10 7 AR %
238 (urobilinogen, °lst URQ), % (glucose, ©l&t
GLU), #AEA (ketones, ©]3} KET), ¥aF% (bilirubine, ©}
st BIL), ©¥ (protein, ©]&} PRO), oAt (nitrite, ©}3}
NIT), 4= (pH), &8 (occult blood, °l& OBD), H|EF (s~
pecific gravity, °I8t SG), W (leukocytes, °lst LEU)
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Fig. 1. A implemented system for urine analysis (a) photography external form of the urine analysis system, (b) structure

of the optic module
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Fig. 2. A structure diagram of classifier based on fuzzy algorithm
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Table 2. A fuzzy classifier rule
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Table 4. Result of classification rate by various urine analysis system (unit @ %)
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9l&ll CLINITEK 500+ (Bayer Co., ©|% CLINITEK)¥ &<t
Haygoz FAlo 25 A FASIACE 873 *E%S

Test Analyzer A B c D E F G H
URO 93.3 80.0 86.7 90.0 96.7 90.0 90.0 86.7
GLU 88.0 100 100 100 100 100 100 96.0
KET 100 100 100 100 100 100 100 96.0
BIL 100 95.0 95.0 100 100 85 100 100.0
PRO 96.7 93.3 93.3 93.3 90.0 96.7 96.7 93.3
NIT 80.0 90.0 90.0 90.0 100 100 90.0 100.0
pH 100 100 100 100 100 100 100 100
0BD 100 100 100 100 100 100 100 100
SG 94.3 100 88.6 97.1 97.1 94.3 97.1 100.0
LEU 88.0 96.0 92.0 92.0 92.0 100 100.0 88.0
Total 95.0 95.8 94.6 96.5 97.3 96.5 97.7 95.8

J. Biomed. Eng. Res: Vol. 24, No. 3, 2003



198 HAE - 71 - el

E 3. 2RVle 78 W) 2 2RE

R
=
ol
it
Ho
b
p)

Table 3. Classification rate by implementation methods of classifier (unit @ %)

Case I 1] 1 1% v

Membership triangle gaussian trapezoid triangle triangle
Methods inference min min min min product
Defuzzifier centroid centroid centroid max centroid

URO 89.2 89.2 76.2 88.3 85.0

GLU 98.0 98.0 74.0 98.0 97.0

KET 99.5 99.5 81.6 99.5 98.5

BIL 96.9 96.9 98.7 96.9 93.7

PRO 94.2 94.2 81.7 94.2 93.7

Test NIT 925 925 925 92.5 88.7

pH 100 100 100 100 100

0oBD 100 100 100 100 99.0

SG 96.1 96.1 95.4 95.7 95.4

LEU 93.5 93.5 75.0 9256 90.0

Total 96.2 96.2 875 95.9 945

E 5. 7HE 284 AA”9 Clinitek, Setu|dgniel 27 & Bl

Table 5. Classification rate of PUAS compared to Clinitek and visual (unit * %)
Test PUAS Clinitek 500+ Visual
URO 89.2 93.3 86.7
GLU 98.0 92.0 92.0
KET 99.5 100 100
BIL 96.9 95.0 100
PRO 94.2 96.7 90.0
NIT 92,5 100 80.0
pH 100 100 100
0BD 100 90.0 100
SG 96.1 94.3 91.4
LEU 93.5 92.0 88.0
Total 96.2 95.2 93.2
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Fig. 5. A example of graphical interpretation for nitrite data processing by fuzzy classifier
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Fig. 6. Concentration data distribution of pH in standard solution and urinalysis sample when before and after rotation
transformation. {legend: o standard solution, x; urinalysis sample)
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Table 6. Mean and standard deviation of reference data to generate membership function

Data X 100 ( Mean * STD ) Data X100 ( Mean £ STD )
Tests  Concn. Tests Concn.
X Y Z X v Z
0.1 3355051 33.40%0.10 33.04£050 PRO ++50”0 29.73+0.17 37.44£0.05 32.82+0.19
1 34.78+0.38 33.29+0.19 31.91+0.20 5 39.97+0.84 32.63+0.70 27.38+0.38
URO 2 35844022 33.43+0.03 30.72+0.25 6 3868070 33.95£054 27.35+0.31
4 37.40+034 33.20%0.06 29.39+0.33 65 34774197 35921079 29.30+1.24
8  39.18£058 32.70+0.04 28.104055 1 7 30.83+0.73 36.85+0.13 32.30+0.64
12 40.70+0.87 32.39£0.08 26.89+0.79 8 2850132 36.96%0.25 34.53+1.26
Neg.  32.10+0.22 34.02£0.09 33.86%0.28 9 2388+048 36.42%0.19 39.68+0.30
100 34.40%1.19 3485041 3074160 | Neo. 33.28%024 33.46%009 3324%027
Gy  t250 39.38£248 35584024 25.02+2.50 Pos.  36.34t459 3155+3.13 32.10+1.90
++500 47.36%2.35 33.66+1.18 18.97+1.90 Neg.  37.06+0.44 36.09+0.19 26.83%0.30
++g1°° 49.08£2.32 31.7140.99 19.204150 + 35664056 36.69+0.24 27.64+035
Neg. 34584027 33.23+0.16 32.17+0.11 ++ 34594016 37.1640.02 28.24%0.17
+ 36.24+037 32.16£0.22 31.59%0.16 +4+  33.0420.84 37.6240.22 29.33+0.69
KET  + 38234075 30.93+046 30.82+0.29 1000 30.59+171 36.24%037 33.15+1.98
++ 40972019 29.37+0.10 29.65%0.10 1005 33.86+0.99 36.77+0.18 29.36+1.12
+4+  42.65%0.67 28.44+0.42 28.9040.25 1010  34.96+1.17 36.87+0.14 28.16+1.22
Normal 33.82+1.58 33.36+0.22 32.81%179 SG 1015 36.78£091 36.81£0.15 26.40%0.81
ol + 36364020 33.55%0.07 30.08%0.13 1020 38654072 36.55+0.14 24.88+0.64
++ 36934017 32.8540.28 30.21+0.27 1025 39754081 36224023 24.01%0.60
+4++  37.94%058 31.66%0.35 30.3840.23 1030 41567+028 35.98+0.03 22.43+0.27
Neg.  36.10+0.30 36.04:0.08 27.85%0.24 Neg. 33.31+0.15 3347+0.21 33.20%0.05
Trace 3558021 36.28+0.13 28.12+0.13 Trace 33.41:0.11 33.38%0.15 33.19+0.04
PRO  +30 34814048 36.55+0.14 28.63%0.36 LEU +  3379+0.33 33.01+0.35 33.18+0.14
+4100 33.04%0.68 37.09+0.21 29.86+0.49 +4 34461027 32.31£0.26 33.2140.08
+4+300 30.8540.71 37.49%0.14 31.644£057 +4+  36.68%0.19 3014021 33.16+0.06

Abbreviation : Concn. . Concentraton, STD ; Standard Deviation
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Table 7. Rate of coincidence (unit @ %)
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Table 8. Clinically diagnostic utility in various kidney diseases

Test Atlas Midtron Disease Positive chemical reaction
URO 98.9 99.5 Urinary tract disease 30/37(81.1%)
GLU 90.4 89.6 Urolithiasis 29/35(82.8%)
KET 81.6 93.3 Glomerulonephritis 28/32(87.5%)
PRO 86.5 89.6 Renal failure 48/52(92.3%)
BIL 91.6 91.8 Total 135/146(92.5%)
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