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Abstract : In this paper, we implemented the urine analysis system capable of measuring a qualitative and semi-quantitative and assay
using strip. The analysis algorithm of urine analysis was adopted a fuzzy logic-based classifier that was robust to external error factors
such as temperature and electric power noises. The spectroscopic properties of 9 pads in a strip were studied to developing the urine
analysis system was designed for robustnesss and stability. The urine analysis system was consisted of hardware and software. The hard-
ware of the urine analysis system was based on one-chip microprocessor, and its peripherals which composed of optic module, tray con-
trol, preamplifier, communication with PC, thermal printer and operating status indicator. The software of the urine analysis system was
composed of system program and classification program. The system program did duty for system control, data acquisition and data anal-
ysis. The classification program was composed of fuzzy inference engine and membership function generator. The membership function
generator made triangular membership functions by statical method for quality control. Resulted data was transferred through serial cable
to PC. The transferred data was arranged and saved by data acquisition program coded by C+ + language. The precision of urine analy-
sis system and the stability of fuzzy classifier were evaluated by testing the standard urine samples. Experimental results showed a good
stability states and a exact classification.
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Table 1. Test items and reaction time of the strip
Degree 0
R 1 2 3 4 5 6
Tests and reaction time Neg.
! Urobilinogen 0.1 1
2 4 8 12
} 30sec.(mg/dl) Normal
! Glucose
. Neg. +100 +250 ++500 +++1000
; 30~60sec.(mg/dl)
Ketones
Neg. + + ++ +++
30~60sec.
Bilirubin
Normal + ++ +++
30~ 60sec.
Protein
g Neg. Trace +30 ++100 ++4+300 |[++++1000
' 30sec.(mg/dl)
Nitrite ) Any degree of pink color is
Neg. Posit ) B
30sec. considered positive
H
N 5 6 6.5 7 8 9
: immediate
i Blood ++ + ++
Neg. + - +++ -
30~60sec. Hemolysis Non Hemolysis
Specific Gravity
1.000 1.005 1.010 1.015 1.020 1.025 1.030
10~ 30sec.
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Fig. 1. Functional diagram of the urine analysis system
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. Blockdiagram of fuzzy classifier
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Fig. 5. Spectroscopic characteristic of the blood, (a)35 second reading time, (b)45 second reading time
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Fig. 8. Measured and preprocessing result of glucose item, (a)measured result, (b)preprocessing result

“+-. Fuzzy Clagsitier Result

Theasnold Result

“l

|
L S P S
o i 2 a 50 ) i)

E) o
1nput Item Number

8l 9. Blood?| HX|EF Az
Fig. 9. Result of fuzzy dlassifier in blood item

2
H
B
oxl
)
ujrt
lo
2L
w
krl
N
)
of
i
o
o
et
o
fit
i
hul
E=
2
=

o)
S

Ir
g
al
o
r&
2
2

N,

7:3]_' = 1

o] stFHoldet. ey 1Y 89 glucose =& 7+ Bl o)A
H2 ol o] TRFEEN ATl FPANo2E BE BF
77t Erbestd

LEHE 229 44 ¥ WARY HARAL 7] 95

T4€ HAEF7]= MATLAB Fuzzy Logic ToolsE Al&3
of WEF(pentium) AFENM FHGY THE HAR
A

7ol Q- gFuss BN FS 440 Baw toje:
g aRANzed A o AFEE Bdse] AgE ABAe
olgadth. WAL 44 Z2ade SRR 2
SAAES o, HHY ¢ DTS AL AP
2 S HARFIY 9
£3d Qain, 4 gz 2RANE RIS YT,
HARF719) ANYS Setvle s )

B dgor WA BYe 4490z A4en 52
2o U2 AYL A 4 359 532 AARRIY 2
%o bloodsh glucoses] 317 ¥-57] A3g 2% 99} 19 10

o] 388 %] : 4194, A535, 1998

annen 2par

L I . Fuzzy Classifier Remm

Tiveshold Resutt

' ! PU—
[ 2 r L 0 156 120
1nout Itere Number

1% 10. Glucosed] HX|2E Ao}
Fig. 10. Result of fuzzy classifier in glucose item

of VeIt 27 99} 18 10014 Ad A= Jehy
AR ER719 EE@e WMoz FASGen, FHH B
571 %’43}04 &8 (threshold) & o] 48 ER5FL %
Aats ddoz etk Blood #EdXE HA8
ot EHAE o] 43 A} A dA s dgHoz
#7F HAou, glucose FEAME HA BRI 2HL
A e Eo R Qe FFHd ARE YT, 28

‘]
3

4> 4

S
N

oifl
ezl T e
M o2l Mr my ok mo rir

2 AFdME AN HANEFIE Dt 9’]3}‘4 HA,
Az Aol wetM FAAE 44 Jddeld 258 A
Fuzzy Iojal, d4Hgo = ﬂ@g}‘f‘ ANEA 9 Xﬁialhwbd 5

3t ERWH uetd Max—Mi “o“é 25 W, 38 H““J
vRET) HARFIY AHE F 39 QE}LHS\’,{E} Max-Min
THE REARY AT SANEY YA Jaxg 257
qe A-stddoez dAsie EFsE yolw, 2S5 Wy
SWHE BEA R e FHX A2 w2Ax9} A3 ¥
FHAE Hid dste -3 gdos dAsld REsle
el

E 394 Max-Min ¥7F7]& blood, pH, specific gravity,
ketons®] 57} 53} 259} 3S £F7]+= blood, pHe| 23%, 1



AERS o] 43 eBAA A My A F2d dF AAED Hrld #F AT 485
£ 3. Max-Min, 25, 35 & HX|2R7| £52D
Table 3. The classified result in fuzzy classifier, Max-Min, 25, 3S
I 5 (422%) 25E (EE%)
&3 N " : =3 *
Item Max | Fuzzy = Fuzzy Item Max | Fuzzy | Fuzzy
| 39l - | as | 38 9] - | s
| Min i Min L a
. | 0 100 64 0 100 100
0 100 100 100 100 100
+ 100 100 92 100 100
‘ BLOOD + 100 100 100 100 100 KETONS
‘ + 100 92 , 4 100 100
‘ ++ 100 100 100 100 100 '
‘L ++ 100 100 72 100 100
5 100 100 100 100 100 neg. 100 100 100 100 100
‘ 6 100 100 100 100 100 trace 100 100 80 100 100
! 6.5 100 100 100 100 100 +30 100 100 100 100 100
PH PROTEIN
‘ 7 100 100 100 100 100 ++100 76 76 48 84 100
} 8 100 100 100 100 100 +++300 84 92 76 84 100
} 9 100 100 100 100 100 ++ 4+ +1000] 100 68 0 100 100
‘T 1.000 100 100 100 100 100
. [ 0.1 100 100 100 100 100
1.005 100 100 100 100 100 j
1 28 | 4 o | 92 | 100 i
1.010 100 100 100 100 100 ‘
 SPECIFIC URO- 2 0 0 0 96 100
| 1.015 100 100 100 100 100 l
‘ GRAVITY BILINOGEN 4 0 0 0 100 100
1.020 100 92 80 100 ‘ 88 !
8 0 4 0 100 100
1.025 100 92 24 . 100 100 :
‘ 12 24 24 20 100 100
1.030 100 100 100 ’ 100 100 !
neg. 64 20 0 100 100
normal 100 100 100 100 100
+100 24 0 0 100 100
+ 96 64 0 100 100
BILIRUBIN GLUCOSE +250 0 8 0 80 100
i + + 72 36 0 100 100
i ‘ + 4500 28 48 0 80 100
+++ 44 60 28 | 100 100
! ‘ +++1000 | 100 100 88 100 100
21 fuzzy 1 ¥57]% blood, pH, specific gravity, bilirubin, AAetdon, 44 208 BEsA BEHY & o= ¢d
ketons®] 67] @2o|A 100% EF7F =L, fuzzy I #F7) 58 Agtagdh
= specific gFaVltya A9t 7 g2 100% EFF HA QRNL ~EYY B39 B4 AEs] Astd FR
t}. Fuzzy I #7718 93 veiz] EF7]i= urobilinogen} e FAIAT, 249 FPe Agoz WEse FEE
glucosed} %Oﬂ/ﬁ NE 234 B2/ 52 ¥ 585 U dde) Fufz WstE ANEE7E2 P 28 Al
o, fuzzy 1l BH7Ie ZE 5394 100% —v—vﬂ HAh ~dlo] 143 2 2SS Ssle] WYY rlo|aARZIA2E
ez AREEIAA 2428 44 JYstle A B0 & ol gatd AN2ElS AAEYI, HAAAE ﬁx“}“aﬂi =
422 dAdgdor Waste Axy e JHFRFI A day Lo 7 AFHE d4sle AR 2 A=ded A
Hol REANE 2L AT F UAdeH, TAEHA & 23 4 JuE . £ AgE ANEFI AT ZEA
oyt HAEF77 dERAE & F AU 2o g AeaY A YHE ol &3l 44T WY
g48 AYEEE 39y, dA=gde tdE L2 (MISO)
A4 = o] #¥E=2 F&sle Mandani7t A8 min@d4 FE2WES
Geagd. EEARY 233208 9% ARHAA s
B A NE QA @2 A8A) 74F dde AAE A4 A48 Z2HHE Matlab HALTE AHgste] F4E
g MaHor Algsts 28 A 9 vz JdAHR T dE A BRI E 459
= gRMA2Ee ALadd. ol s 8AAE 2EHY B A o 7R QB2 E AFEH7] A5 a8
B233idel BE4S BAsen, BAE AAXES FEdl Mg gzAad 24, 281 789 iRV BRddEs
@l el ZAoAsty R or AFY § Ue N2EE sl wim HES A3 &3 22 FEE 28 F A

J. of KOSOMBE : Vol. 19, No. 5, 1998



486 AAE o] -2y E-
L ga¥4A 28 F3HQ SN e LRLo 2 AHEH
LEDY #3dog2 53 AFH0IL, #3dog ALE XE
EdA2HY HE 7 HFEE FNGFAA . a2
AAFEZG ALEE A{-Foe HE PP oF Ao 9
& 7H gl °}°‘°f4 94%_}01] ‘%f& 54& Yt
[e]

5 73

BRAI} AL
2ol Max-Min, 2S, BS
23000, specific gravity

A ofstar Yz g g

A 100%9] FHAHU e it

AfoA TEE QEMA RS @ FFelstn A F

4 F Atk FF 2 AT AtE g R AEl

HAEF/E ol&dt] g dGEPE Fo=A AugY

AR H Aol FHE et JAHY ofd] #F ATE AE

Ao g 7YY AFolrt

L 2@, ddwels, 13 d, pp. 1-30, 1994

2. Kanai lzmi, 9444 7H 8, 124}, pp. 35-159, 1984

3. 0144, dBAAAY, dAddiga ZWAL pp. 3-40,
1991

4, D. Hernandez, G. Olalde, E. Milcent, and A. Beck,
“Characterization of an optical fiber reflectometer for
in-situ measurement applications”’, APPLIED OPTICS,
Vol. 34, No. 34, pp. 7952-7958, 1995

29, “ARE ol &8 gad ddsEEAsA

(o)
5. Tr%_;va

o283z : A194, A53, 1998

10.

11.

12.

13.

#7479 49Y

W ol 28slx], 164, 23, pp. 139-147, 1995

. A. H. Free, Free H. M., “Urinanlysis Clinical Discipline

of Clinical Science”, CRC Crit. Rev. Clin. Lab. Sci.,, Vol
3, No. 4, pp. 481-531, 1972

. Lotfi A. Zadeh, Janusz Kacprzyk, Fuzzy logic for the

management of uncertainty, Wiley interscience, 1992

. E. Sanchez, Medical diagnosis and composite fuzzy rela-

tions . in Advances in fuzzy set theroy and applications,
Gupta, M., Ragade, R. K., Yager R. R.(eds), North-
Holland, pp. 437-444, 1979

. Adlassing, K. P., Kolarz, G., CADIAG-2 . Computer-as-

sisted medical diagnosis using fuzzy subsets, In Approxi-
mate reasoning in decision analysis, M.M. Gupta, E.
Sanchez(eds.), North-Holland, pp. 219-247, 1982

E. Tazaki,
mensional Fuzzy Reasoning”,
Conf. on SMC, 1988

E. T
IEEE Trans. on Systems, Man and Cybernetics, Vol. 5,
No. 11, pp. 629-632, 1972

Az, WEy], 8§, “DEAG 2ERE AT
ofstsx), 139, 43, pp.

“Medical Diagnosis using Simplified Multi-Di-
to appear proc. IEEE Int

lee, “Sharpe-oriented chromosome classification”,

[e] P
Tr%'T_,

SREEERE E IR
299-305, 1992

John G. Webster, Medical Instrumentation : Design and
Application, Houghton Mifflin Co., 1978

. NCCLS. Protection of Laboratory Workers from infec-

tious Disease Transmitted by Blood and Tissue., NCCLS
Doc. M29-P79, May, pp. 342-347, 1985



