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— A
1.2.2 KiPOs. KNOsARIR B IRA IR R R B B

K3POy JEU I i FE A 32 A 4 000 mg/L, KNO; J&
IR TR TR BE A 5 Ol 800 mg/Lo A4 T il e 1) J5L 0 2 il 454
AL L FEA S, R0 EARas.
1.2.3 0~20 mg/L # K:PO. 5 0~4 mg/L 44 KNOAKIRE 8
BB IR AR A B )

K3PO, fE 0~20 mg/L 2 [A)ZEAIBEIEE 11 Bl sk
J%, KNO; 7 0~4 mg/L Z [A)55 A FRiL L 11 Pk i,
SRIGHE 2 AN IRIHR B2 R v 2 A5 T Tl A (IR B TR A
WREAR . Rk, BREATERT 11 47F 11 ZIEERE (L
D, FERBECH 121 A R ENREA A
KNO; il KsPO, % M, B2 BT i B SR . Tk
A28 T KPO, I FTE K EN 2 mg/L, KNO; [ T &
2.8 mg/L. WFHEIMAN K;PO, JEHAR N 0.5 mL,
KNO; JR i ) 44F 3.5 mL.
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Table 1 Matrix of solution samples prepared from two high concentration sylvite solutions
K (mg L) 0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 32 3.6 4.0
KNO;
JIT % R /mL 0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0
JREIRIE/(mg L") BT R E/mL FEAFESIS
0 0 11 12 13 14 15 16 17 18 19 110 111
2 0.5 21 22 23 24 25 26 27 28 29 210 211
4 1.0 31 32 33 34 35 36 37 38 39 310 311
6 1.5 41 4 43 44 45 46 47 48 49 410 411
8 2.0 51 52 53 54 55 56 57 58 59 510 511
K3PO,
10 2.5 61 62 63 64 65 66 67 68 69 610 611
12 3.0 71 72 73 74 75 76 77 78 79 710 711
14 35 81 82 83 84 85 86 87 88 89 810 811
16 4.0 91 92 93 94 95 96 97 98 99 910 911
18 45 101 102 103 104 105 106 107 108 109 1010 1011
20 5.0 111 112 113 114 115 116 117 118 119 1110 1111
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Fig.1 Schematic diagram of detection system and sensor
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Fig.2 Structure of sensor probe
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Fig.3 Frequency-response patterns of deionized water and three
kinds of salt solutions
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Table 2  Prediction results for ions and cation in three kinds of salt
solutions with high concentrations

T 13 AR 3925 FURIL
JHEE T RMSEL 2 RMSE/ 2 RMSE
B (mg'Lh) (mg'Lh) (mg'L™")
K 0.9801  639.5 09850 5549 09802 6389
cr 09532  1108.6 09681 9154 09582  1047.4
NO;' 09649 12375 0.8374 26641 08345 26877
PO 08323 30783 08807 25965  0.8312  3088.1

EF AR

20 20 40 60 80 100 120
#i1#/MHz
B4 4FBFHAGFH 1 AEZRPCL)
Fig.4 First principal component (PC1) of gain for potassium
cation detection

RS 1 41 121 AR BEVR £ B AR [ 55 i [ 4
WATEIR LR, 56 2 41 121 MNREEBFEAR IR AR i
N ECHEBEAT AR, FES7 PLS B, FRINARIR BEIR AV
TR IR, TNES SRR 3 PR, ATHISIRE R
U H OIS 1~ 9 25 K 30 ANRFIEARR B AR, Yt
MR LR BV P BN B IR, S Z5 Rk 4 fos.

®3 RKRERSARPEEFIRE PLS HE R FINLR
Table 3 Performance of PLS models for concentration prediction
of potassium cation in mixing solutions

)fﬁfgﬁ)f W25 AHAL L Ey b LA

ke ) RMSE/ > RMSE/ ) RMSE/
o 51 B R B R B
BT (mgL") (mgL") (mg'L")
PRI 098865 037598 098781 038961 0.98849  0.37854
IAERIE 098651 041031 098803 042983 098776  0.43647

F4 EMA 30 MFHEMETMRRE RS BRPHE FIRER
RIIEEES
Table 4 Prediction results of potassium in low concentration
mixing solutions using 30 characteristic frequencies

BRI R RMSE/(mg-L™")
e 0.97082 0.60287
LAt xit) 0.96447 0.679
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R AR 3 5 AN 7] ol 288 1) B S 0 R F A3 i AR 1 A
HX (200 Hz~1 MHz) fFEHEZE S, XKW, HER

P FEFFEAE TS, TAZHE; 751 kHz~10 MHz
IR Rl P, AP A5 L A A 3 e A
SFTIRIN, SR TAEAMT I ER T, AR R A
WAAT Ry, AR TR (327 P52
JEAERIHVE N R A AS DL T I 5 1 IR A 7
B BB FAE o SR AR, I R A 2 AN IR,
TWH A PR TR RIS KT IR T AR
BB A A . EARS HI T, WAk AR
i a e A RRE . BT, VAR I R S B S
TR 2 i) AT AR = R A DG

SR FH A F R T RO 3 g 87 3 S ST AR R SR T Rk
JEE TIN5 SR o X IR B VR B v, E SL A P 4 2 K
I, B0 R PLS R YIZRAEA ) R? ik 0.98865, #H
MR MR 22 4 0.37598 mg/L (& 5) 5 e EAR 2 )
R*i% 0.98861, AN (M35 77 M2 %0 0.41031 mg/L. Hi%E
HEATI T AR SRR BRI 30 ANAFAE AT T (1 25
1, Bl Kb, Wi TR ), RN REAE
SN 3 TR 15 s KAy, TR IR AT e e R TR
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Fig.5 Prediction result of concentration of potassium cation using
training gain data
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Detection of sylvine concentration in water based on permittivity

Xi Xinming®, Naigian Zhang?, He Dongjian'*
(1. College of Mechanical and Electronics Engineering, Northwest Agriculture and Forestry University, Yang Ling 712100, China,
2. Department of Biological and Agricultural Engineering, Kansas State University, Manhattan Kansas 66506, US)

Abstract: In order to find out a fast detection method for pollutants in water, through analysis on the relationship
between concentration of different ion or cation in sylvine solutions and dielectric properties, the rapid and accurate
detection method for sylvine concentration in water based on permittivity was studied. Using the new permittivity
detection sensor designed for liquid dielectric materials, frequency-response data of sylvine solutions with different
concentrations over a wide frequency range were measured by experiments. With PLS regression, the concentration
prediction model for various ions or cation in sylvine solutions was established. By principal component analysis, the
characteristic frequencies of potassium cation have been identified. With the characteristic frequencies, the new
prediction model for concentration of potassium cation was established. The results showed that each ion or cation
solution has its unique frequency-response pattern; frequency-response properties of different kinds of sylvine solution
are significant difference at the low frequency region. For mixing solutions of low concentration, the coefficient of
determination (R*) was high up to 0.98865 while RMSE was 0.37598 mg/L for training PLS regression model of
potassium cation concentration when only using gain data. For validation of PLS regression model, R* was high up to
0.98861 while RMSE was 0.41031 mg/L. Principal component analysis and identification of the characteristic
frequencies can reduce the amount of data significantly, and also have a high accuracy.

Key words: permittivity, water, sensors, potassium salt, concentration detecting



