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Sensor measuring soil moisture based on improved PSO algorithm
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Abstract: In order to improve the accuracy of sensor measuring soil moisture, Improved Particle
Swarm Optimization(IPSO) algorithm is proposed. Firstly, Gauss transform is utilized to improve the local
search ability, and Cauchy transform is adopted to attract other particles to better search space area, which
improves the global search ability. Secondly, Chaotic function is adjusted the inertia weight dynamically,
it has larger value in the initial iteration stage and smaller value in the later iteration stage, and the searching
speed is slowed down in the later iteration. The simulation results show that the Mean Square Error(MSE) and
Pearson correlation coefficients of IPSO algorithm are better than that of other algorithms for measuring gravel
dehumidification and moisture absorption data, the MSE of the measured data of dehumidification for IPSO at
the substrate potential of 1 000 cm is 16.62x10°°, which is 75.59%, 66.67%, 63.53%, 53.73% and 57.53%
lower than that for LSM, FOA, HSA, PSO and SAA respectively. For the measured data of moisture
absorption at the substrate potential of 1 000 cm, MSE of IPSO is 10.21x107°, which is 81.42%, 75.29%,
72.00%, 65.57% and 67.69% lower than that of LSM, FOA, HSA, PSO and SAA respectively.
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MR 1 AN, SRt En RS # 1 ARRIJFZH0E Van Genuchten IS4
Fr, aff2Z 94K, {E AR E R c,7,n By Tablel Parameters of Van Genuchten model determined by different methods
T method ¢ /em*em®) 7 /cm*em®)  a/em’ n f

HAT R B EaR R, Hm ik B bx ok 2fH LSM 0363 1 0.054 35 00134 41450 0.140 891
f /T HAL TSR, AR CE RS FOA 0.363 8 0.056 21 0.0128  4.0374 0.074 210
LA RS BORBOY SO HHAERIE b gias  oown  oono dws  oowsm
) EE R REES TR TESR . RES SAA 0.363 0 0.056 54 00131 39825 0.085 011
O F R 2R Sy, R A B s HL T B i IPSO 03583 0.064 63 00132 40026 0.000 675
TARAE R WU R B, B EO ok AT Rt .
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ik 3 from. WK 20 3R 3 ATLUE Y, A SR XA [A) B9 8 B 3, R ADL 808 #2200 S Ak s, Bl i o 3 i
B, HRC RO B S s e sh /), Il LB E .
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Table2 Comparison between simulated € —h data and measured data by different methods for gravel

h/cm

10 50 100 200 400 600 800 1 000 1300

real 6 0.267 3 0.183 1 0.161 0 0.147 2 0.136 8 0.1299 0.1103 0.084 4 0.069 3

LSM 0.2429 0.189 7 0.181 6 0.158 5 0.1489 0.1197 0.103 6 0.061 5 0.090 8

FOA 0.226 8 0.189 0 0.177 7 0.1556 0.1299 0.113 8 0.109 7 0.077 6 0.061 8

dry HSA 02594 01877 0.1832  0.1573 0.1218 0.1197 0.109 0 0.074 1 0.065 8
PSO 0.2575 0.194 5 0.1929 0.154 7 0.1220 0.1170 0.102 96 0.076 0 0.069 5

SAA 0.2599 0.177 3 0.189 8 0.1555 0.144 5 0.110 5 0.120 3 0.077 3 0.076 0

IPSO 0.268 2 0.1855 0.174 3 0.146 2 0.132 6 0.126 8 0.1143 0.0899 0.069 2

real @ 0.2630  0.1802  0.1584  0.1448 0.1346 0.1278 0.108 5 0.0830  0.068 2

LSM 0.2390 0.186 7 0.178 7 0.156 0 0.146 5 0.117 8 0.1019 0.060 5 0.089 3

FOA 0.2232 0.186 0 0.174 9 0.153 1 0.127 8 0.1120 0.1079 0.076 4 0.060 8

wet HSA 0.2552 0.184 7 0.180 3 0.154 8 0.1199 0.117 8 0.107 3 0.0729 0.064 7
PSO 02534  0.1914 0.1898 0.1522  0.1200  0.1151 0.101 3 0.0748  0.068 4

SAA 0.2557 0.174 5 0.186 8 0.1530 0.1422 0.108 7 0.118 4 0.076 1 0.074 8

IPSO 0.2639 0.182 5 0.171 5 0.143 9 0.1305 0.124 8 0.1125 0.088 5 0.068 1

F 3 ANFEIJFEREIREL 6 — h Bl 5 SE g xT 1L

Table3 Comparison between simulated @ —h data and measured data by different methods for silty loam

h/cm

5 30 70 100 200 300 500 1 000 1300

real 6 0.3449 0.3297 0.265 1 0.156 8 0.090 3 0.0770 0.065 6 0.056 1 0.0513
LSM 0.3449 0.3430 0.288 8 0.1995 0.073 2 0.0570 0.0513 0.050 4 0.050 4
PSO 0.3411 0.336 3 0.2556 0.168 2 0.078 9 0.067 5 0.063 7 0.062 7 0.062 7

dry DEPSO 0.340 1 0.3373 0.250 8 0.164 4 0.083 6 0.068 4 0.069 4 0.057 0 0.052 3
SA 0.3411 0.3363 0.2556 0.168 2 0.078 9 0.067 5 0.063 7 0.062 7 0.062 7
GA 0.3411 0.336 3 0.255 6 0.169 1 0.078 9 0.067 5 0.064 6 0.062 7 0.063 7

PCPSO 0.3449 0.3306 0.266 0 0.1530 0.086 5 0.080 8 0.068 4 0.0551 0.052 3
real 6 0.3439 0.3230 0.2556 0.1340 0.0599 0.065 6 0.0580 0.053 2 0.050 4
LSM 0.3439 0.340 1 0.2451 0.148 2 0.062 7 0.054 2 0.0513 0.050 4 0.050 4
PSO 0.334 4 0.3335 0.2527 0.137 8 0.063 7 0.0599 0.0599 0.0599 0.0599
wet DEPSO 0.3354 0.3306 0.2413 0.146 3 0.062 7 0.061 8 0.058 9 0.058 9 0.0599
SA 0.334 4 03325 0.2518 0.137 8 0.063 7 0.0599 0.058 9 0.058 9 0.058 9
GA 0.3335 0.3325 0.250 8 0.136 8 0.064 6 0.060 8 0.058 9 0.058 9 0.0599

PCPSO 0.3449 03221 0.256 5 0.1340 0.061 8 0.064 6 0.0570 0.054 2 0.047 5
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508 KMZMESEFEEFR 518 %

——LSM ——PSO [ ——PSO | ——LSM ——PSO 1.0F——LSM PSO
70 —=—FOA ~“saal MOrRM ——SAA T ——FOA ——SAA =—FOA “saa
——HSA ——[PSO 0. ——HSA —e—PSO 60— HSA —-=—1PSQ 0 9_—‘—HSA —=—[PSQ
60-\’/‘_'/“‘\‘\/ X § X |
¢ S0
ESOW 0.8 24 - a0~8'
= a | D D ——
. e N S S . e, 4+
g 25 0 =
= 30F 20 ]
20 0. 10— 1
1 \ ! I 1 I I L L ] 0 ! ! ! ! L L L 0, L L L L L L L 0. 1 1 L L L 1 1
10 50 100 200 400 600 8001 0001 300 10 50 100 200 400 600 8001 0001 300 10 50 100 200 400 600 8001 0001 300 ~ 10 50 100 200 400 600 8001 0001 300
h/cm h/em h/em h/cm
(a) MSE value of dry gravel (b) P value of dry gravel (a) MSE value of wet gravel (b) P value of wet gravel
Fig.1 MSE, P values comparison results for dry gravel Fig.2 MSE, P values comparison results for wet gravel
&1 BiReeke MSE,P {H LbALE5 R & 2 WRRERA MSE,P {H LbA S5 R

4 Hit

ASCHE S PSO ik, AR VY AR S AR AT R T T REAT 2R . R S, TR ek R Bl A A
BRI RABROME, S A B/NOE . 2507 B AR SCR M TIPSO S flifb H Ar s B i/ T LSM,FOA,HSA,
PSO,SAA FE¥E MM i 45 2R 5 BN . WRIROR A 19 MSE,P (BLAH bb H A 30 Bty Sl it 33K A S 8 1R 7 i .

B % 3k
[1] ZEE 24 BmRT. —MT e LGRS MAEN]. K2R %50 715 8 2%, 2018,16(2):272-276. (JIANG

Qiangian,WANG Lei,ZHEN Guiping. An energy-saving wireless sensor networks[J]. Journal of Terahertz Science and
Electronic Information Technology, 2018,16(2):272-276.)

[2] EF . W I Ty 2 X £ K o R AE i 2 2 1], 19K HEME, 2018(8):5-8. (WANG Lei,YANG Song.
Influence of soil suction test method on soil water characteristic curve[J]. Water Saving Irrigation, 2018(8):5-8.)

[3] FHEMH A EER. LHOKRSFIEM&N 4 AREAXBETRD]. ikl R 22, 2018,46(2):256-259. (XIN
Lin,HAO Xinsheng,CUI Qingliang. Fitting of four empirical formulas of soil water characteristic curve[J]. Shanxi Agricultural
Science, 2018,46(2):256-259.)

[47] FEHL. JUFP SR+ 5K o FrAE i ZE BB 43 B (0] ARl 54K, 2017,37(3):34-35. (TANG Kai. Analysis of several
typical soil water characteristic curve models[J]. Agriculture and Technology, 2017,37(3):34-35.)

[5] OMAR A E,ELWAN A A,BORHAM TAHA I. Integrating WOFOST and Noah LSM for modeling maize production and soil
moisture with sensitivity analysis, in the east of the Netherlands[J]. Field Crops Research, 2017,210(15):147-161.

[61 3o, XAk, ol St iw Kk B3R % Van Genuchten FFES S]] H 5 HLEN2%, 2013,40(11A):131-
135,139. (MO Yuanbin,LIU Fuyong,MA Yanzhui. Parameters of Van Genuchten equation solved based on improved firefly
optimization algorithm[J]. Computer Science, 2013,40(11A):131-135,139.)

[771 TR ACHe A k. F) ok A AR 48 R 0K fi# Van Genuchten 7 B ER([J]. THEHLN H, 2012,32(8):2159-2164.
(XING Changming,DAI Yan,YANG Lin. Solving parameters of Van Genuchten equation by using improved harmonic search
algorithm [J]. Computer Application, 2012,32(8):2159-2164.)

[8] #WEHE. SVEKLTREILIA L] KBRS T8 B4R, 2016,14(2):276-281. (DU Qingfu. Cooperative particle
swarm optimization algorithm[J]. Journal of Terahertz Science and Electronic Information Technology, 2016,14(2):276-281.)

[9] TIAN Z C,KOOL D,REN T S,et al. Approaches for estimating unsaturated soil hydraulic conductivities at various bulk
densities with the extended Mualem—Van Genuchten model[J]. Journal of Hydrology, 2019(572):719-731.

[10] CHAUDHURI A,FRANSSEN H J H,SEKHAR M. lterative filter based estimation of fully 3D heterogeneous fields of
permeability and Mualem-Van Genuchten parameters[J]. Advances in Water Resources, 2018,122(11):340-354.

[11] RAIMUNDAS V. Transformations of some Gauss hypergeometric functions[]J]. Journal of Computational and Applied
Mathematics, 2005,178(1):473-487.

[12] HUANG C S,LIU C Y,SU W C. Application of Cauchy wavelet transformation to identify time-variant modal parameters of
structures[J]. Mechanical Systems and Signal Processing, 2016,80(1):302-323.

[13] CHEN K,ZHOU F Y,LIU A L. Chaotic dynamic weight particle swarm optimization for numerical function optimization[]J].
Knowledge-Based Systems, 2018,139(1):23-40.

[14] WALLOR E,ROSSKOPF N,ZEITZ J. Hydraulic properties of drained and cultivated fen soils part I — horizon-based
evaluation of Van Genuchten parameters considering the state of moorsh—forming process[J]. Geoderma, 2018(313):69-81.

[15] ONOJA M U, SEYED M M A, ADRIAN M S W. Characterizing the role of parametric functions in the Van Genuchten
empirical model on CO; storage performance[]]. International Journal of Greenhouse Gas Control, 2019,88(9):233-250.



