201948 H Z?ikmw'%%?ﬁ 550 4 55 8 W]

doi;10.6041/j. issn. 1000-1298. 2019. 08. 028

SWR + 1535 [ fi /5 38 18 B 45 1 5 AME AT 52

BERT B R BXRE Ok & TaER
(1AMl K2E T2%0E, dbat 1000835 2. MRk 345 A sh ik F R ML R S 5250 % , At 100083 ;
3. B RBLEE F B SR S R DTSR AT, =3 065201 ; 4. FKEBIHE A 25 e W R By A FRA =, Rt 300110)

FEE . FIXFSETFoR I 3 (SWR) S HE Y 4 380 B A4 IR 70 01 T4 Hh 52 38 B R i 1) ) B30, 2 HH 3 —on Il H 4 Ak
)R BEE A MEEASTAR | ) ) e/ N 30 I B A M AL 11 15 28 S8, Mo A SR R A T IR B A o DS {2 e f AR ) D
X SWR S0 B 14 RS O RIEAR P HEA TR 5 o S IR TR S AR IR A S IO A, R IR B IR 5 ~ 45°CYE Rl W 1758
B MR EE SRR W, 70 R B MR A B I it - SR S K SR A B R A IR 223G o - 2. 65% ~2.22% , Hifw kK
AAXHRIE N 29. 76% , T KIITTiRIE N 2. 211 9% , K SWR 90 B £ 2 (B 5 PT100 K38 3 14 o i
PATEE LG 3 TR/ D IR AT TR o0 U S Wik A SR B A MR LA e R 80k 0. 998, BUAS ]
TELPEE T Y S B6 R HEAT AR TR (G BAIE | 25 S ] SWR - S B A IR R A T L B A I | S 445 B 4 R 46 o)
RIETEHH —0.26% ~0.69% , Fe AN IR ZEAR T 5. 23% , ¥ T7 iR 22 AME Z B/ N — DM, B K77 i%
20 0.157% , RURA LI HMEAET AT LA R8N XT SWR 4 3000 BE £ B AR IR, 45 w55 L0 4 25 SR p 0
FERIAT M

EHEIE: SWR HIEIRELIRER; HIIRBIEKER,; BN 3k REAME

FESZES, S24; S152.771 XHERFRIRAD . A ME4HS: 1000-1298(2019)08-0257-07

Temperature Drift Characteristics and Compensation of SWR Soil
Moisture Sensor

ZHAO Yandong'® CHEN Zhuang'” GAO Zhitao> ZHANG Xin' YU Fuman®

(1. School of Technology, Beijing Forestry University, Beijing 100083, China
2. Key Laboratory of State Forestry Administration for Forestry Equipment and Automation, Beijing 100083, China
3. Comprehensive Disaster Mitigation Cenire, Institute of Disaster Prevention, Sanhe 065201, China
4. Tianjin Chuangshi Ecology and Landscape Construction Co. , Lid. , Tianjin 300110, China)

Abstract: In order to solve the problem that soil moisture sensor based on standing-wave ratio (SWR)
principle is affected by temperature in long-term operation, a temperature compensation model based on
binary regression analysis was presented. Based on the least square principle, the parameters of the
compensation model were determined and the sensor was compensated. The temperature drift
characteristics of SWR soil moisture sensor were analyzed from two aspects of hardware circuit and the
measuring principle of soil water content. The experiment using high and low temperature alternating
humid heat test box set temperature in the range of 5°C to 45°C , the test results showed that the absolute
deviation of the sensor to measure soil moisture content volume was between —2.65% and 2.22% , the
maximum relative error was 29. 76% , and the maximum mean square error was 2. 211 9% . By fusing the
SWR soil moisture sensor output value with the PT100 temperature sensor output value, the temperature
compensation model was obtained by binary regression analysis based on the least squares optimization
calculation, and the fitting determination coefficient was 0. 998. The verification of the temperature
compensation model depended on the sensor experimental data at different temperatures. The results
showed that the absolute deviation distribution of the measurement results of SWR soil moisture sensor
after temperature compensation was ranged from —0.26% to 0.69% , and the maximum relative error
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did not exceed 5. 23% . The mean square error was decreased by an order of magnitude and the maximum

was 0. 157% . The temperature compensation model established can effectively reduce the influence of

temperature on SWR soil moisture sensor and improve the accuracy and reliability of its measurement

results.

Key words: SWR soil moisture sensor; soil volumetric water content; least squares method ; temperature

compensation
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Fig.2 SWR soil moisture sensor experimental environment and schematic diagram
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Tab.1 Experimental data of SWR soil moisture sensor at different temperatures AY
R - TIRIRFE KA %
C 7.46 11.51 18.25 20. 86 22.52 26.33 28.34 30. 30
U, 0.138 0.228 0. 390 0.470 0.532 0.587 0. 706 0.769
> U, 1. 140 1. 140 1. 140 1. 140 1. 140 1. 140 1. 140 1. 140
U, 0. 148 0.241 0. 409 0. 485 0. 541 0. 628 0. 705 0.768
10 U, 1.159 1.159 1.159 1.159 1.159 1.159 1.159 1. 159
U, 0.163 0.255 0. 420 0. 495 0.548 0. 635 0.703 0.763
15 U, 1.184 1. 184 1.184 1.184 1. 184 1. 184 1. 184 1.184
U, 0.180 0.271 0.436 0. 505 0.553 0. 641 0.700 0.758
20 U, 1.205 1.205 1. 205 1. 205 1. 205 1. 205 1.205 1.205
U, 0.193 0.283 0.453 0.515 0.558 0. 648 0.700 0.755
3 U, 1.227 1.227 1.227 1.227 1.227 1.227 1.227 1.227
U, 0. 205 0.298 0. 465 0.524 0.563 0. 653 0. 699 0.755
30 U, 1.248 1.248 1.248 1.248 1.248 1.248 1.248 1.248
U, 0.218 0.308 0.478 0.533 0.568 0. 660 0. 695 0. 750
3 U, 1.269 1.269 1.269 1.269 1.269 1.269 1.269 1.269
U, 0.230 0. 321 0. 493 0.539 0.573 0. 665 0. 694 0.750
40 U, 1.291 1.291 1.291 1.291 1.291 1.291 1.291 1.291
Uy 0.242 0.330 0.503 0. 548 0.578 0. 675 0. 693 0.738
4 U, 1.313 1.313 1.313 1.313 1.313 1.313 1.313 1.313
06 DR R 2 FEL UL A 5 FELRRE TR) L 3 P R PR BB TE BT et 26
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K02

B ok
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Fig.3  Error analysis of test value
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