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Fuzzy Neural Network Classifier for Fast Evaluating the Quality of
Chinese Traditional Medicine Products Using
Near Infrared Spectroscopy

LIU, Xue-Song  CHENG, Yi-Yu*
(Pharmaceutical Informatics Institute, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310027)

Abstract To solve the problem of fast identifying the quality sort of chinese traditional medicine products
with nonlinear and fuzzy edges of the quality sort, a new method combining near infrared spectroscopy
(NIRS) with fuzzy neura network was proposed. The method can differentiate the pattern classification of
NIRS of chinese traditional medicine products with complex chemical components, resulting in fast evalu-
ating product quality. An example of distinguishing the manufacturers of Shenmai injection was used to test
the performance of the proposed method. The results showed that the classification accuracy reached 94.2%,
obviously better than that of classical BP neural network (84.6%). It was verified that the new method could
be used for fast evaluating the quality of chinese traditional medicine products.

Keywords quality evaluation of medicine; analysis of chinese traditional medicine; near infrared spec-
troscopy (NIRS); fuzzy neural network; fuzzy pattern classification

H 24 S AN 2 2 RS AR 24 i o (1 B AR I - 43 TR
M, BATIERZ RGBSR T 7, e T e
SRR AP T AT U — N R XL BT, ey
Az R ) I o A 2 T I A A g, bR
PR T IR T B, WO 9% R Sk T A 2 8
PRI TV R AR S AR N A E. TG
(NIRS) A& —Fh bt . TEA S (K43 41 7 i, W4 C

* E-mail: chengyy@zju.edu.cn

FIN P2 R AT, Bl T T b 2 250 (K
SEY, T RAGL R AT R R BRI 2y
MR RE 2 U ) I2e 5 I H A E 2
oot O PR X D W TS SR, X R 2
BHARIEARA R, S Z IR BRI, A
REMERACIN L AIRE P 247 il 2R

R NIRS & A Fr A E R, HIFAREHAEM

Received April 21, 2005; revised August 21, 2005; accepted September 16, 2005.
[ 5% A SRR 243 4 F R 5 7R 5 4533 H (Noo. 90209005) K #ii L 4 BHE V&I K10 H (No. 021103549) % B 15 H .



No. 24

RN THAE T 24 24 il SR DR RS I PR 20 AT A o 2 6 2 2R 07 ik 2217

T2 TR S0 IR S R SRR A R RS T2y
B E R b, — e AR QA R b
BRI TH AR PR, A Re 3 224 il ot oy R L, XA
FF AR T V225 1A NIRS T 24 Y T B AR S B FIBIF TR
VFZIIRER M, hY ik RA R E AL, H NIRS
AR I AR L E RIS R4, MR A 2 207
P T, M Mg O AR M R A U R
GErp 3R, R TR NIRS Biat 7 i i o%
T, 73 v 2 77 T B 208 31 0 TRk, 8 )
228 o A AN REHE HL X 2 20, S0
A1 NIRSHHEZS W 26 43 24 77 15 F 1D 5 v 24 s )
VA N K . BB i 26 W 4% (fuzzy neural network,
FNIN A fiff e 3 A0 LRS54 1) 5 R PR Al e R =X
SR L T R IE R, ORI ARSI
PR W B0 SR 43 S8 (R A DL P 7 R %
NIRS O] il 28 194 2% 43 24 75 92 BT T4 RE.

P, ASCER S A2 3 G180 B B &, DL
P BENE SV B v Sy B N 81 DS M e B AR A D 7L
BORIAR 2 N 48 93 K07, WA R R, ASOTER 7
MR BT BP MM &2k, I
T 2 S 2 TR

1 NIR JiEEM R M KN KA RIE

1.1 EXREERMNELEN

56 FH 2 T BURHAR IF (multiplicative scatter correction,
M SC)F B s /i PR R AL B 2 50 NIR D%
PETRAL IR, DAV BRGISRIERS, B0t £t vh Ko %
W HER IR IESEL. SR)G, XA B BT K
it NITR OGBS HEAT 2 oy 84, PR T 3R 14 32 o 75
I3 BB UG 349 B n 41, AR 2 A8 IR IF
JE A N ZREE AT 4R, DAHE 57 73 R A & 2H 4K
53 T ZARUEAR 5 1 Ry I 45N

XTI, WS MSC F1 —Fir 34
WEFEJE R Keews Fe TR BEN Toew, WZEFEA R
TTBEN Pog, W Toey T 57 201 R

-1

Thew™ Xnew *Pod (1)

Trew 1% N AXFRAEAL T SLAE LS55 Toaw XA FNN
it
_I: ”:TnaN’ij_Minj
newl Man_Minj (2)

Trew, ij A Trew M5 147 j Z1EHE, Max; F1 Min; 2351 4 Il 54k
TGS B | A A R /M.

BRI PR 28 0 73 FEAR I I 48 2584 DL 1. FNN 23 B —
2 BINZ, WA N T, =1, -, p, XH p AT
B, YT N 1 R G R R A R
2, BUNHEEEY A Ruled, i=1, -, m, XH m g
SF (A BRI K R RO 4 R Y (o, 1],
k=1, -, q, Yk R/NRRIAIE R kK BMFEE, 2 KT
H—VOE BA S, WTRLUCHEZREATE 2B T 0K K
HFMEL. N E RIS R SRR 1, By
RS 5T B R K R IR a, F K
— I AR 22 0 AR

Scores of PCs
1an

\\"4/_
_%@Vé?lﬁﬂﬁﬂl§§§©

Fuzzy reasoning neuron  Degree of class

Sy
A3
(0 PO
—@® ‘& LR,
A
1
—— ~ —~ v—
Input layer Hidden layer Output layer

K1 FNN 4845
Figurel FNN network architecture

X ENN BEE R AT BRI R 1 (T is Ag)
and -+ and (T, is Ay) then (Y;=&;) and -+ and (Yi=au),
Ferb e B R HOR ] R ik e 5L, Ty is Ag IO SKJs BETH5

N
T,—Cp )’
Ha, =eXp{—%[—( pagip) ]} 3

PSR SR Jes L 75

=1 Oni

18 Tn_Cni 2
MR =Hpy *fhny s My :EMP{_EZ#} 4
FNN 1) k U Ja 2 5 VP A 4 oA
Z(ﬂR *aik)

Y= = (5)
Hr

M

1

1.2 HERERUN A B K R 451 25
NERCE AR T AR 2250 U, R A ZRpEA
3 O A3 7 H A B B R HES. Be)m T k 32K



2218 (8

= ik Vol. 63, 2005

S H Iy, SRRV A TSR 513 5 B 8 B 1
Mo N1, N2, -, p LR, S EHH
PRI My yH L 4B, 4T RO B S ENIN H 4K K
F e R T 5 VIR AR LU, T 5
T KM BT B 0. % HEE MU ] 13 i,
PR RN S R R T nd2, B y>ng2.

TR eI R X8 K KIIZRE A2 m A
LA AT RN, SRR | AT
BB TSR AITE,, TS, - T5TT ny
e Ty I 6 A4 0 1 A3 R o 7T 5

S o= (6)
J
H(3), f
k k
K Tnm_Cn'k
o ()
gﬂ%

B B0 EIE k RMFBEN S 1,
HHTAAE R ML E IR N, SERRREAAE B (B
U Y P AL SR T A o A, e S B I D J3E 1) AR VP it

E<uf Tam<1, £€(0.1) ®)
[2&z]
k k k k
K Tam— Cny Tom— Cny
JRlaus, 298
I
Tkm_ k.
% éMax(—n o Y, =0, N (10)
-2lg¢

WIS AT )y T LAREATLE D 4, T € [, 1.
S, AR T K A5 m A sy, 1) A
S5 BEL TR YA 5 ) 9 0 J E  O00 T 3e
Jy Cog FIGE, .
248 2 M 1 1F SR P22 IR A S5, Bz
2 S BT R 4145,

LT AN AT 2% K F ANTARIS {7 A it 21 Ak

St 4% (Thermo Nicolet Corp., USA). B FRCE : &5 K
WA, 1 mL BEFFE SR, JEFE 5 mm. FNN 4522 2] 5
o R B B A5 5790 ] Matlab 3E 74 (Matlab 6.5,
MathWorks Inc.), MSC Fil i FHab #RH TQ Analyst
43 B4 (Thermo Nicolet Corp., USA).

SRS Ok A 5 AMETTT K, 1204
FESR (L, 20K HAEPST A, 244Kk A4 77 B, 24
AKBAA=] C 24K A4 D, He 281k A4E
FEITOE). FESBONGE SR SO AT . R
FRRECA 64, /3 HE% Kl 8 em !, {ilH 10000~4000
em L RANPES I 3 R, BOPIREE. B H KT
PRI ISE, Ay sl B HOu TH SR 52 e, 16$¢ 10000~ 7300,
7000~5400 #1 5200~4000 cm * ik Bt /E A 2
.

3 HR5E

K Fiak 25 A B h ook, FRREAT e b,
B BRI S EE L 2. WK, A TR
ABEE HAL)FEAX 7, JEARA) FEAAH [0 S ACH
B, KON ST S, ARSI 2y, PRt — gAY
(ISR 73 2K ) A

0.02

0.00

PC2

-0.01

-0.02 L L L
-0.1 -0.05 0 0.05 0.1

PC 1

B2 T 10 ERr 2 KRKE
Figure2 Plot of scores of PC1 versus PC2
*—A; +—B; x—C; e—D; —E.

XL, SRH] 4 FAT IR T VLS 5 S U AL 1)
KIEFR. MPrAFEARBIL R 4 AT R XK
FIREAKORA), AL o TS, TR 3 4 8s
VERINZRER, ICMIRECIPIEAT 4 YOS IR IE. B 3
AU UE IS I R R TIA rh 25 T REAS B 23 A1 5 L.

XIS o 19 70 B RRALIR] ) X TR —
ORI RAL I SRR, AEFRANL (2% 0 B IR A
52 SR BE RN, AR AT 2 STREAS [ 32 1 79
oy, MUNGAEARSE % 5 AR 33K, RS I4) 4



No. 24

RN THAE T 24 24 il SR DR RS I PR 20 AT A o 2 6 2 2R 07 ik 2219

90 samples 30 samples 120 samples

Training set  Prediction set Total

A; OB; =C, mD; OFE;

B3 ISR AR A A
Figure3 Dataset distribution in every cross-validation

ZR00, S0 T 20 46 FNN Y SO0, Horp o> A
Ju R FRAE ¢ HCR 0.9.

S 35 9 284 1) g A i N 4 A B (B 3 il A %), X
A I 25 4 Bl FH 81 — 28 S IR VA T F ST ok 72 ~F 7
i

PRESS=Y (YY) a
i=1

LY, A SEBRIAJBEE, Y o NN LS. A 241
ST, MUSE I LA £ A3 21— R 51 PRESSTH,
XTI PRESS B S5 /)N R 199 23 i N1 s 5B Ay dge £ 2 1l oy
K. R e R 2=0.6, /N )IRZEH 0.01,
BRI K2 S KT 1000, B4 dsd: 2 2 Bk
10

Bl 4 5 4 RIS 5 AT HE BRI 28 I 45 1 255,
PRZE T KU Y. 32 B 53 1570 v 01 35 S Jeg B2 o 0 15 1F
O, AT 4b)H Rule 5 (K 14 31590 SRJE K tay,
WG v B AR 0.2026, % 2] JEIHOMEh 0.5048,
e ) Ja o oMEE IE A YIMER) 149%. SEBR b, 460K
ZH W R B SEO RN T pn . F T 5L
PaR W, HASCIT IR R 4 SR s AR 2 3] i
PRAE 2 TR ZE BEAN K. 3 5 B FH SR 2R 4 (B v SR B R 2 3=
853 3K i PR v T 35 R 5 P OMEL R G343 A X 1) SR
i BEAEL I 771, PTAR A M HCH A R 2R A (R Ly
fiE, I8V SEAURE P G S AT A5 (ORI RN, o AR
VU 5P Jegd JBE R WU F 3 AE — AR BN 2 S N .
B KGR RN G, L2 28R, Hiish
BN 2 2 AR AR UE T 48 2 B0 e ) A 1

5 FNN 5 2RPEREME LR, 75 it R R 2 )
IF) A 3R ST R I 22 i 26 0 45 (BP-ANINY), - I 4% &5 )
5 FNN AL, BEHIANE . & EREHE, Mgk

My My,
1.0
a

=
=
o
=
g E
o
E 05} ¢
G
=]
8
o
o

0.0

0.0 0.2 0.4 0.6

Scores of principle components

Hays My,

Degree of membership

00 e L i "
0.0 0.2 0.4 0.6 0.8 1.0

Scores of principle components

B4 SRR BN R IE K]
(a) FERIRI 2 vh sy 2 A0 3 SeJa B BB IE K (b) BRI 5 op 32 Al
7y LA 3 SR m BE R BB R K] RS — R4k
Figure4 Plotsof untrained and trained membership function
(a) Gaussian membership function of PC2 and PC3 in fuzzy rule 2; (b) Gaus-
sian membership function of PC1 and PC3 in fuzzy rule 5; --- Trained, —
Untrained

AR Matlab A A I RE R R R 2. LN
5 FNN (4 N B A R, B 20 SR BOE PR
“tansig”, it JZ A% 8 R B purelin®, Y ZRIN 152 B 45 K
K 1000, YRR/ NiEZE A 0.01. £ — A X EE
T PRESS 153 21 (1 dse FE B 5 215 RUECh 18.

3 R ST 0.9 I, FNN 55 BP-ANN X i fy
FEARM R R RT3 1 B TR X N[0, 1,
VAR N T OFIR T L) U s B 3 A% ORI 1. H
F 1Al UL, PNN SFARZ 25 11 25 10 T 48 B AT B i 4
AW e Ty, B AL T2 81 BP-ANN.

2 2 Jy FNN F1 BP-ANN i 28 51 L 1] 7™ AR 1) B
JHE)] FEAMTH K RN, 5 1 HSK
P G RATLE T W, B 2 >, WA A 20 0 2%
()3 RIER R A B m, 1 NN U7 S i
S50 2 ST RE IR S oy RIEHG R, BbAh, fEXE R
HBIEWT I A T 5 AR FEAR S I, PP 2 0 2% 1)
IR, X R FNN R ALE TSR AR

I3 In) .



2220 % % Vol. 63, 2005
F 1 FNN F1 BP-ANN PYEAS XU et R Lk i
Tablel Comparison of classification results of FNN and BP-ANN with quadruple cross-validation
Manufacturer
Classifier Tota Correction/%
A B C D E
. BP-ANN 60/60 63/72 60/72 63/72 75/84 321/360 89.2
Training set
FNN 60/60 69/72 66/72 66/72 81/84 342/360 95.0
e BP-ANN 20/20 16/24 16/24 18/24 22/28 92/120 76.7
Prediction set
FNN 20/20 20/24 19/24 20/24 25/28 104/120 86.7
# 2 FNN F1 BP-ANN #) K I TEAZ IGF /3 FS s Rt %
Table2 Classification results of FNN and BP-ANN for 2 classes with quadruple cross-validation
Manufacturer
Classifier Total Correction/%
B E
. BP-ANN 66/72 75/84 141/156 90.4
Training set
FNN 7272 81/84 153/156 98.1
o BP-ANN 20/24 24/28 44/52 84.6
Prediction set
FNN 23/24 26/28 49/52 94.2
4 Zig 3 Laesonen, M.; Harmia-Pulkkinen, T.; Simard, C. L. Anal.
Chem. 2002, 74, 2493.
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