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Research and application of multi sensor data fusion technology
in the electronic tongue
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Abstract ; Multi-sensor data fusion technology based electronic tongue system was designed in this paper to avoid
the disadvantages in traditional detection methods such as complex operation, long operating time and too many

man-made factors.The system consists of potentiometric sensors and voltammetric sensors.The eigenvalue of the
response curve detected by sensor array was calculated to analyze the freshness of pork. First, potentiometric
sensor and voltammetric sensor feature fusion technology was applied to extract the eigenvector of pork.Then the
extracted eigenvector was optimized by stepwise discriminant method.In the end,bayes discriminant method was
used to analyze the freshness changes of pork.According to the results, the distinctions of pork of 5 groups with
detect time interval of 12 hours was identified precisely, which proved that electronic tongue system provided an

effective way to pork freshness intelligent detection.
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Fig.1 The chart of Electronic Tongue System
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Fig2 Amplifier circuit of Conditioning circuit
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Fig.3 The Information fusion process of Electronic Tongue
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Table 1  Results of feature optimization
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Table 2 Classification function coefficients
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Table 3 Cross—validation and classification results

\ THI 2H 1 52

i 12h 24h  36h 48h  60h

12h 10 0 0 0 0

24h 0 10 0 0 0

36h 0 0 10 0 0

48h 0 0 0 10 0

_— 60h 0 0 0 0 10
Il RABEA(12h) 3 0 0 0 0
KAEEA (24h) 0 3 0 0 0
RABEA(36h) 0 0 3 0 0
HRINFEAR (48h) 0 0 0 3 0
KAEEA(60h) 0 0 0 0 3

12h 10 0 0 0 0

- 24h 1 9 0 0 0
-~ 36h o 0 9 1 o0
St 48h 0 0 1 9 0
60h 0 0 0 0 10

5 it

K PR BT 0 R B A A S R TRD %) A0 A T B B 221 221
KA AR ST A /N B ofe B2 H 5% DA 10 53T
BE o SR a R UE W] U 2 AL B PR Rl S R g S
Bayes JI I3k nT AR 4F 19 DX 73t S5 ZHARBR B [E] 2 12h
B RGBT RE 0 25 55 o T LA HIF 58 AT LA SR 5 R e R
B ARG 0 B (AT 1 T BT AT 5 T %

314 So1ammoam)

[L]3R32R, W3, R 8,5 B AN EGFREN T %
[J]. R btk 52 4R ,2006,37(8) :78-81.
[2]Tahara Y, Toko K.Electronic Tongues— A Review[ J].Sensors
Journal , IEEE ;2013 ,13(8) :3001-3011.
(3155, 3038 R , R, 5 5 A7 8F AR M o i % R 0 Uik
g [J]F B AR AR FR,2009,11(z1) :72-74.
(4] 24,9084, TH, 5 2T R 5T EARRAN T
BB R[] ARk TA2 54k ,2004,20(2) :292-295.
[Slwm# AmE, 24,5 . 8 FERRKEAS B A
P A [J] A T kA3 ,2013,34(7) :397-400.
[6] k&l &, MR, MET , 5 AT LT EM0 A FHHRAM
B M) F BA 55 4R,2008,8(3) :125-132.
[T]@wed, 246, BLEK, 5 F R4 E ST 5 i hn ik
[J]. Rk T4 54,2013 (20) :255-262.
[8]XKiz, M4y, XA, ¥ S HRERERGELM S, £
ARoeob ey m A ()] w)l K5 R DA SR, 2013, S1:
100-105.
[91&M2, % AH, 24,5 &7 525 524015 60
SRA R AAMGBFL[T] R T 42 FR,2012,28 (1) ;
153-160.
[10] AR, ®@)F—, Rk, 5 . & FEhMmH PREE
ZB[J]. R TA254R,2011,27(4) :361-365.
[ 11 ] Peris M, Escuder— Gilabert L.On - line monitoring of food
fermentation processes using electronic noses and electronic
tongues : A review|[ J |.Analytica chimica acta,2013,804 :29-36.
[12] Gil L, Barat J M, Garcia— Breijo E, et al. Fish freshness
analysis using metallic potentiometric electrodes[ J].Sensors and
Actuators B:Chemical ,2008 ,131(2) :362-370.
[13]Gil L, Barat J] M, Baigts D, et al. Monitoring of physical -
chemical and microbiological changes in fresh pork meat under
cold storage by means of a potentiometric electronic tongue[ J].
Food chemistry,2011,126(3) :1261-1268.
[14]F %% e A U FHERBREZERFZRGHR
[J]. Az #4,2007,28(9) :95,123.
[ 15] Rodriguez— Méndez M L, Gay M, Apetrei C, et al. Biogenic
amines and fish freshness assessment using a multisensor system
based on voltammetric electrodes. Comparison between CPE and
screen — printed electrodes [ J ] . Electrochimica Acta, 2009, 54
(27) :7033-7041.

(T #5328 71)



I@é:ﬂ%&

o k8

Science and Technology of Food Industry

(9] %, 7 6 38, HHUR 5 N 8 BKIE K AK = 5 1% 550
9 I [J]. 4 A 4R ,2008,29(5) :58-62.

[10 ] Dasg E, Giirakan G C, Bayindirh A. Effect of controlled
atmosphere storage , modified atmosphere packaging and gaseous
ozone treatment on the survival of Salmonella Enteritidis on cherry
tomatoes| J].Food Microbiology,2006,23(5) :430-438.

[ 11]Feng Lifang, Jiang Tianjia, Wang Yanbo, et al.Effects of tea
polyphenol coating combined with ozone water washing on the
storage quality of black sea bream ( Sparus macrocephalus) [ J].
Food Chemistry,2012,135(4) :2915-2921.

[12]3A =0 B &, AR, 5 . 8 R 22 53 4 2 & O 3K &
Frea#ea [ )] Rk TA2 54K ,2012,28(16) :259-263.
[13]SC/T 3103-2010, &% A %8 & [S].

(4]B 52, #0%, HRF,F 2R %I R4 E ST &
S R EALH e )]s T kA3 ,2013,34(20) :360-364.
[15]4E K 3 B EAME RN PR E S BLey B H) 2 [J].
A& AE,1991,(3) :9-11.

[16]1GB/T 5750.11-2006 , % 7&E4k JA K AR A B o o 38 A 71 45
#r[S].

[17]GB 4789.2-2010 , & & %A B £ A7 R S 2 M F 4 T
BE B [S].

[ 18] Uriarte — Montoya M H, Villalba—- Villalba A G, Pacheco—
Aguilar R, et al.Changes in quality parameters of Monterey sardine
( Sardinops sagax caerulea) muscle during the canning process
[J]. Food Chemistry,2010,122(3,1) :482-487.

[19]GB/T 5009.179-2003 , X K& ¥ = ¥ iz f e 2 [ S].

[20] Nowzari F,Shabanpour B, Ojagh S M.Comparison of chitosan
— gelatin composite and bilayer coating and film effect on the
quality of refrigerated rainbow trout[ J ].Food Chemistry, 2013,
141(3,1) :1667-1672.

(21 ] K, i, & & 3, 5F . R ROKIR BTG kB e AR &
%8 & S 09 R S R[] Rk TA2 54k ,2013,29(6) :274-279.
SUPSISSIPSIS SIS SIS IDSID DS SIS SIS SISSIS SIS DSTDSID DI
(_L42% 314 77)

[16 ] Winquist F, Olsson J, Eriksson M. Multicomponent analysis
of drinking water by a voltammetric electronic tongue [ J] .
Analytica chimica acta,2011,683(2) :192-197.

[17]F A RER B FEQGFE AR AR SR 69 5
[DJALM 7z X 4 ,2011.

[ 18 ]Soto J,Campos I, Martinez—Maiiez R.Monitoring Wastewater
Treatment Using Voltammetric Electronic Tongues [ M ] . Springer
Berlin Heidelberg,2013:65-103.

[19] Campos I, Bataller R, Armero R, et al. Monitoring grape
ripeness using a voltammetric electronic tongue| J |.Food Research
International ,2013,54(2) ;1369-1375.

[ 20 ] Winquist F.Voltammetric electronic tongues—basic principles
and applications[ J ].Microchimica Acta,2008,163(1-2) :3-10.
[21 ] Campos I, Alcaiiiz M, Masot R, et al.A method of pulse array
design for voltammetric electronic tongues [ J ] . Sensors and
Actuators B;Chemical ,2012,161(1) :556-563.

[22] % , HE P —FFREeL pH e [J].ithXF¥

328 orazmoam)

(22] 20w A, R 2, R, F . L RAKT o & AR AR
# R[] A S5 ,2010,31(24) :465-468.

[23 ] Lin Ting, Wang Jingjing, Li Jibing, et al. Use of acidic
electrolyzed water ice for preserving the quality of shrimp[J].

Journal of Agricultural and Food Chemistry, 2013, 61 (36):
8695-8702.

[24]Campos C A,Rodriguez 6,Losada Vet al.Effects of storage
in ozonised slurry ice on the sensory and microbial quality of
sardine( Sardina pilchardus) [ J ] . International Journal of Food
Microbiology ,2005,103(2) :121-130.

[25] fe-E-A0 K= SR EFAEIE BRI [ M) LT AL F T ok
#aAE,2007 ,53-59.

[26 ] Pastoriza L, Bernardez M, Sampedro G, et al. The use of
water and ice with bactericide to prevent onboard and onshore
spoilage of refrigerated megrim ( Lepidorhombus whiffiagonis )
[J]. Food Chemistry,2008,110(1) :31-38.

[27]Kim W T,Lim Y S,Shin I S,et al.Use of electrolyzed water
ice for preserving freshness of pacific saury( Cololabis saira) [ J].

Journal of food protection,2006,69(9) :2199-2204.

[28] Manju S, Srinivasa Gopal T K, Jose L, et al. Nucleotide
degradation of sodium acetate and potassium sorbate dip treated
and vacuum packed Black Pomfret ( Parastromateus niger) and
Pearlspot ( Etroplus suratensis ) during chill storage [ J ] . Food
Chemistry,2007,102(3) :699-706.

(29 )4 A, BE K3, 10 KA, & . K &k 1A ATP X 3%
AT ENR LG EFMN[T] R L T2 53R ,2007,23(6) :
217-222.

[30] Wang Jingjing, Lin Ting, Li Jibing, et al. Effect of acidic
electrolyzed water ice on quality of shrimp in dark condition[ J].

Food Control ,2014,35(1) :207-212.

[31)F B, 2k, 247, % BAKRETIESL B IR P
oy AR R[] A A5 ,2007,28(8) :501-504.

1411111114111

I B ARAFRR,2012,02:173-177.

(23] 36,302, 25,5 SR &MEH R A ¥t
A g kAR [T b R A S 2011,12:2536-2540.
(4] EZMd, WA SERERLROAEL L AER[T] A%
#) 15 5 % ,2001(5) :518-522.

[25] &riads, AR M, k3, F 8 F & 3 R R 4% 0 25 % iR
A e RF 5[ )] 4 Hp4E 8 ,2010,13:192-193-188.

[26] 2340 AT % IAFm A0 3 W8 B o de ol 7 3k
[T].3F EAuts £,2012(9) :224-227.

[27 ] BIesk, #R T 4K, R b, 5 & F & 35 R B A44% Bt 14 46 4
e M AT [ ] AR 5 M F %,2012(9) :67-70.

[28 1 E 4, FAM . S A%t HA [ M]. = P B %t ik
#,1999 :128-149.

[29 4Bt . 5 ALt AT MR 7 BARK F Bk,
2004 :105-133.

[30]4% %48 .SPSS W H) 51 447 7 sk d E A4 A [J]. 423 55
%.,2006(3) :157.





