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Vehicle Mounted Soil Conductivity Detection System Based on
Digital Oscilloscope

YANG Wei HAN Yu LI Minzan MENG Chao

(Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education
China Agricultural University, Beijing 100083, China)

Abstract. Generally, there are two methods to detect soil electrical conductivity, which are contact and
non-contact. Among them, the development of contact soil conductivity meter is generally based on the
principle of current — voltage four-terminal method, using constant current source as excitation source and
voltmeter as feedback signal detection equipment. Based on the principle of current voltage four terminal
method, the signal generator instead of constant current source was used as excitation source to provide
sine signal with larger amplitude and higher stability, and the digital oscilloscope was used to replace
voltage source for feedback signal detection, so as to solve the problem of slow frequency of voltage RMS
conversion and AD conversion. A soil conductivity detection system based on digital oscilloscope was
developed. The field vehicular measurement experiment was divided into two parts: stability detection
and fixed-point measurement. Under the stability test, the detection system can read the relevant data
stably. Field fixed-point measurement experiment combined with soil sample collection and laboratory
experiment, the measured value of soil conductivity and the true value of soil conductivity at each fixed
point were obtained. Based on the field experiment data as the ordinate and the laboratory measurement
as the abscissa, the data scatter diagram was drawn, and R* was 0. 753 1. In order to further explore the
problem of poor correlation of experimental data, according to the situation of two kinds of measurement
contact surface between electrode and soil to be measured caused by tractor traction plow disc shaking in
the experiment. After analyzing and eliminating the influence of tractor shaking phenomenon on the data
results, the determination coefficient R> between the measured soil conductivity data and the experimental

data can be increased to 0. 8552 ~0.906 6, which indicated that the equipment can achieve a high level
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of measurement accuracy without the influence of external factors such as measurement methods.

According to the comparison of experimental data, the results showed that the vehicle mounted soil

conductivity meter based on digital oscilloscope can stably measure in farmland, and had good

performance and accuracy.

Key words: soil conductivity; current — voltage four-terminal method; signal generator; digital

oscilloscope

0 35

b AR R ARl A 7 T R R ER B 9 IO A
g BB TP A A 7 i 55— 45, 3 2 50 31
FERFE, LW R LR SRR
[F) it JEE o Sz e+ 8 P g R 00 KAy B HLR R L L
HEF A AL R S S 40 Y X BB RO
PE IR 2R DL R R 20 (1) 72 1 45 S 26 T 8 Wm0
TR BRI, B SRk B SR
SR I 7 ¥ e T A R R S G 4 S RN
D7 iR

S A I - S e TR R BT LR R
A HLURHEAT IR AR W ) A L RS MR L R
W EE AT SR R W R AT R S R IR % i B
B A% 1 B O RS B L (E S 00 3 B AT 4, B
TR FE SN B K T e AR A 7 A
X B SR A BV AR o 207 I P 45 R R TR
S HL R B

TR R S B 9 H G AR 4 Sz B i
ANTA), F2 243 oy 4 Sk SXORN R 2 f P R 2 A, H
A2 i 20— AR P v S D e S B - B
SRR 2 X IR AR AT 7 R
PRy R PiZk . — 28R4 T TDR AT L[] i 52 80 4 452
KAy RIS 5 — BRI T -
P S 0 SRR R i L S R AY
3 AR AL RS 7E AR I B E BL T
et FR A A SR B S R B, X RO SR &
SZ AT AR K () 0 3 B 2% R 5, 9T L B % i L 52
I 0 A 0 A ol A 7 SR, B AR A X
B A B B i R M SR

F BT [ P 026 A T B 0 - 39 vl 5 R T 5
TS TARZ Bk . LYLE %" 16 3 —HL I P
VR BT T N T AR A LR Y e
SR EAL, F R [ T R DO i
FF S 7 A 485 5 4l S 3 S, B T 0 K A
B ZHANG %" JF 1 — 3 T o - FL T I o
VR BNEN 4, RN TN A b g R
SRR, T T R R R TT R T A A
A TCL e G R A, 2B T ek Iy Y
PR R, bR E g A 4 2 R R o

WAS T AN/ e ABTE SR IR AR 5 52 1% [ % Fi s Ay
W7 A P B o, 2 3l T (5 5 R
B PRI ARG o 4 ) 5 | k1 AR A A
A, &K Geonices 23w AR 77 ) K EM38 7Y Hi 3
ARG I o 1 8 S R RO AR TR
el R4 GPS S5{5 & (H 2N A% By 5t BRAERL 24,

AR S T H P FEL R DY i 3% ) ) R —
PO TR B AR 0 13 B R G S KRR
AR T A Sy Dl R, AT D /0 A 5 R A 286 A
G B 1) 5% ) 5 R P 807 s 1 4 R AR T 3R A T e ot
F T AR BT R B AR R A B 5 O B AR R AE
25 SR AR AT VR RN PR 3 T R R Y
AR A TR T A R T 3R S RS P

1 SLBWHBIMATIE

1.1 RR-BEMRERE

2 i 35 D0 9 R AR 45 4 22—k v AL — R s DY i
V5 P 1R HL R — F s D g v A — b i B 6 A
Z G0 AL A5 DA WO S (TR KO R A BBt i (M
N 00 Y38 il A 5 228 e WA 388Dl s O R s G
R A~ B 15 i 8T 1) F- 33 IR i, AT 46 530 H A LA
BHCEHE) iy

I Bt

T v g DY ik 4 R
Fig. 1 Principle of current — voltage four-terminal method
SCHERCTL ] & H 7 % 7 R Ml s il 1 2 10 T £R AR
AN E 1 DR R S R TR A O

1 1 1 1
dn iy an)
7= 2 Vi (1
A o——TIEHE FX,S/m
dyy oy gy oy — PR B
— 35
VM N P 5 i 2
ST L VL FE DU SR F % 1 % 35 L




¥ 2

(ST SR | A & A ETBE = e Ve b R 8 R B ) 397

MR AL 4y 0 0 H U — R E Y o 92 Y
4 DA, —AF LT A 3 FhEs O 5, 40 hd, =
dv =a,dyy, =2a B Wenner {35 ,d,, ( =dy,) fl d,,
WA Z BRI Y Schlumberger 2H 75 Al Polar dipole £H
&, ZMOCRLS ], A2 48 20 A #2 I Wenner 41 254
), S I AR RE 98 3R B B m K . I,
A1) 3% BB R O, 4 A W B AR O R A 4H
Wennerméﬂ?ﬁ,izéﬂ?g_l:ft(1)%1‘&7’?“5716]
1 1
T V. (2)

K(2) P FH AR A BE o, 38 5 35 B0 A 1 R
IfEE U A MON AR Z () F TR 22V, CBISE2 PR 0 )
RS g A
1.2 mEHigit

ARG EAEE A 2 s, FEbBAE
O A H VR DA B R R s A B 3
TR o 55 K AR e v B A R LA T, g
FL R A% i 2 R ) s b o e ARG DU S 5 SRl
] i PR UAE o KT s I A PR O O o A I S A L
T AN AR S 8P PR R b S K
F(2), A ) B B o — L, o 2 R T IR S T AR
SE P 75 T e 41 T 2 50 H U B AR, AT LA X i
KM R I R

s N #F ﬁ Bg [ N] 1%
5% [V mhds 155 A=+

Bhh | A R 55
s N #ai <?:3ﬁ¢%

B2 BT R R A ) e S R A R AE

Fig.2  Soil conductivity meter diagram based on
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Fig.3 Internal structure of soil conductivity meter

based on digital oscilloscope

PR RT3 A AT DL i B AT e . W)

K4 JET RPN LI S R A R R R
Fig.4 Schematic of vehicle connection of soil conductivity
meter based on digital oscilloscope
L. GPS Hfi R4 we 2. f Sk a on RaEd A 3. BoR
4RGEREG S ik 6B R E 7. FHILML

M8 A g 9. AL AR

il [ g v U L BB A T B SF- K 4R i A GPS Kl A B
BEHGE R .
1.2.1 (59 REGHEEK

5T R A — R SR AL A R A T
AL S s o W LR 5 R A AR AR U
A PR 5 — B R T AL 58 0 90 385 LI O 125 1 4%
7R i R OE A R B R Rk (H Bt
T5 AL — E 1 R BRAE

B A 15 S HAR B & R, B 8 E0T 5 R ( Direct
digital synthesize ,DDS) X — 5 & 19 5 K 4 il 2 R 15
PASEBL AR T HAlAE 5 7 A R T 5, BT &
JA A HA AR T8 AT, 91 A e 4G Ik ) S, A
e, BT, A8 T MR 0 A, AT LSS BEAS [
LK VANT SR =8)&

ERE Rtk RN g SN S R N N =
BT B T B RS R, RS2
F Y LG DDS G i AD9850, i o) B 4k 45
PR Jy i A B 25 Bl ADIBSO [y 4 4, 77 AR i 32
AT A5 5[] A LCD 3 & A8 B A D i
e N A A AT 36 TIE A R 45 2R Y OE
e .

A4 | M
LCD VEAH
b o L s fizs
e [ 89652 AD9850 KA fo
D/A TR o JAMBE

e B ki
l

Bl S 55 KA ki
Fig.5 Circuit design of signal generator
55 A L B A G A A A UL PR B A T H
TS5 A EL, AT A A 22 i i K Y B R AR
IBTE o PR IR BB B 6 s, [l 6a il
1L GE S AT 5 7 A W s b & A R B RS T 6b v




398 | 1 R A= 2020 4
=] >, Yy =) =3 it x i x
B R L AR WA S H A S KR R A A wA | semin bk
tpl_’,‘[m : K 1%7“7_' Sertpg AR Ty [ AR
° LCD

() RGEfET = (D fFSRA R
B 6 WA IR G A L

Fig. 6 Waveform comparison of excitation source
1.2.2 i A v

P, g S DO ASE e 3= S oA % 38l 9 Il i 1), g
7 S I ARG I e g R S R A 3 A O AU
A(2) 5 R, ] DU 0 9 BR AR G0 30 IR 0 3
Xt I 25 SR R

FEL AL 0 R B B ] T — 3K 0 B R 0 2 DI RE A
WA, G P 7 B 7 o R G A S R AE - 9,999 9 ~
9.999 9 A, HURAE B Al 3k 1 A, Jl ad o 5 20 I 4 1)
AN B AR R LR o AR G0 R A S 31 AT LUAR 415 5 5K 9
LI FEE AE 0.33 ~ 250 s, % I AL A1 A
B T[T TTL 210  MicroUSB 4 [0 8§ 5. 08 — 3PIN
Ui 1 E

P70 A R Sy [

Fig. 7 Physical diagram of current detection module

1.2.3  BO7 R dn L i

Bor s ias (DSO) M A/D B e R M%7
FEAE AR AR IBORE S PR JE D) Sl 4 412 R 135 5
JHRAE IS o BT R PR TR SR 8
IR B S X AEAUAE 5 25 AT 1 R A LA ARAT AR L Y
RO BRIk A7 48 s TR R A 1) K8 R AE 7R 8
for 1) B b BRSO, SRS A BT AR S b B
BRI R B B 7 5 b A MG b B 5 a8 5
M ARAT T 5 221 45 TS 5 28 A, % IS
HRAEAR B 1915 5 2 Bz 5 5 B0 IR il 15 5
PEAT SIS (RS AT

BOF R P a5 A RE IR AP 9 B, RS
s 0 O L B P T R L B L R OR LB L SR
ALK | T A R B A R B 6 By, LR E
L P B R FH 22 B 2 4 MCPS06 , ELAT I 7 /) 3 ik

i e I i
B8 B i 45 i 1A
Fig. 8 Schematic of digital oscilloscope

AN AL RES T L R G OR . H T R B L R
ADS021 15 2y iz 53 i K # . AD603 1 S & 4% jilt K
i, B PR A R S gl R g e AR R
T R A H IR FH R TR R e 28 ADSO01 52 B X
WU W) R AL T RE , HL AT 54 1 8 L1k e AT & S5 A A5
TRl R H Altera 28 W) I IK LA Cyclone 2 51 (1
EP4CE30F23C8 ik i, Zth i MM L 3% i, O HLAB 1%
T A 58 v PR T T 2R o

n
H
x
i
¥

K9 B s A i AE
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Sample point top view
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Fig. 12 Correlation between soil conductivity measured by

digital oscilloscope and soil conductivity in laboratory

experiments
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Profile of contact surface between plow plate

electrode and farmland soil
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Fig. 14 Scatter plot of upper and lower data in Fig. 12

3 £

(1) 25 R 3 — A s Y ok D BT % 9 880 7R
g L S R A B R U SR, AR AR
R BB A8 AR BRI LR . RS S R A A
WA IR, e RS 7 AR A S, T R R R B MR S



¥ 2

(ST SR | A & A ETBE = e Ve b R 8 R B )

401

RS R AR G A AR 1

() RH G XL T SR AL A S 3
SR B A S A A M A 2 ) SR R e 5k i A 1
BAAAE— B R 25 o 0 I 0 I B a0 iy it — 20 26
Hrrl 0, bads 3 i PR 2R 2 0 B SR A 7 R — S S L
J5 82 925 75 S vt Ay RLSE A R AL kI
DR A 3t 23R e 930 38 A ) 1) 52 360 b B ik — 25 Ay
S T U5

B — AR AR R SR Rl 0.753 1, B4 Al
SRR o E— A5 AR A T B Mo T ) AN TR AR L R
SEHG B oy e, AR T R R AR 2k T 0 R K 56
IR A S PE , RP7E 0. 855 2 ~ 0. 906 6, 1 B 14 4% 76 1
o g A PR R Ak 1 A [ A R T R
SR AT BE B AT

(4) %+ 8 i S AT A% AR, A T8
Wi & 0 3E B2 ok £ 38 S Y EM38 5X topsoil

(3) A TH B 7 512 96 70 52 56 =3 5 36 6 o 77 )

mapper {757 SE R A P OB

5 % % W

[1] LI Minzan, SASAO A,SHIBUSAWA S, et al. Local variability of soil nutrient parameters in Japanese small size field [ J].
Journal of the Japanese Society of Agricultural Machinery,1999 ,61(1) :141 - 147.

(2] ZE¥0 285040 4 F 3K 3 R e A3 38 5 ) A8 S b it o SR AERI 7 ik [T ] b B RO R 272741, 2000,5(5) <59 - 66.

LI Zizhong, GONG yuanshi. Spatial variability of soil moisture and conductivity in farmland and the method to determine the
number of samples [ J]. Journal of China Agricultural University,2000,5(5) :59 —66. (in Chinese)

[3] SUDDUTH K,DRUMMOND S,KITCHEN N. Accuracy issues in electromagnetic induction sensing of soil electrical conductivity
for precision agriculture[ J]. Computers and Electronics in Agriculture,2001,31:239 —264.

(4] ZRE, MREINE, @84, 55 EM38 RIS B 38 )5 B A0 A Y FT AT PRI 58 [T ] ARolk 2244 ,2011,26(12) :319 -323.
CAI Caixia, LIN Jianhui, MENG Fanjia,et al. Estimation of topsoil thickness in reclaimed field using EM38[ J]. Transactions of
the CSAE,2011,26(12) :319 —323. (in Chinese)

[5] DALTON F N,HERKELRATH W N,RAWLINS D S,et al. Time-domain reflectometry : simultaneous measurement of soil water
content and electrical conductivity with a single probe[ J]. Science,1984,224(4652) :989 - 990.

(6] # T, £—ng AR E. BT A0 AL TR BLAY TDR L3l 3 e BF 5T [T]. AL HLAE 2= 41 ,2010,41(11) ;183 - 187.
YANG Weizhong, WANG Yiming, LI Baoguo. Research of soil conductivity measuring technique with TDR based on phase
detecting principle[ J ]. Transactions of the Chinese Society for Agricultural Machinery,2010,41(11) ;183 —187. (in Chinese)

[7] LI Minzan, WANG Maohua, WANG Qi. Development and performance test of a portable soil EC detector [ J]. Applied
Engineering in Agriculture,2006,22(2) 301 —307.

(8] BESCH, W AR ARG, 45 R REE T 28X L2 S50 Jr i mrgE [T ] A AL E 4% ,2010,41(11) ;188 - 192.
SHENG Wenyi, ZENG Qingmeng, LIN Jianhui, et al. On-the-go measuring method of soil parameters in field-scale [ J].
Transactions of the Chinese Society for Agricultural Machinery,2010,41(11) :188 —192. (in Chinese)

[9] BU Chongfeng, WU Shufang, YANG Kaibao. Effects of physical soil crusts on infiltration and splash erosion in three typical
Chinese soils[ J]. International Journal of Sediment Research,2014,29(4) :491 -501.

[10] LYLE M C,JAMES D R,JOSEPH H C. Mechanization of soil salinity assessment for mapping[ J]. ASAE Paper,1993,93 -

1557:1 - 18.
[11]  Ex, 2R A 0L SRR G W H R T]. P E R K% % 4] ,2003,8(4) :20 - 23.
WANG Qi, LT Minzan, WANG Maohua. Development of a portable soil conductivity test system [ J]. Journal of China
Agricultural University,2003,8(4) ;20 —23. (in Chinese)

[12] ZHANG N,FAN G,LEE K H,et al. Simultaneous measurement of soil water content and salinity using a frequency-response
method[ J]. Soil Science Society of America Journal 2004 ,68 (5) :1515 - 1525.

[13] 5. o3 A a0 4R - M v S R 8 8 R iR [T ] AR BOR 5 1% 848 ,2011(8) :37 -39 ,47.

LU Chao. Design of distributed wireless soil conductivity measurement device[ J]. Instrument Technology and Sensor,2011
(8):37 -39,47. (in Chinese)

[14] N3, EARAL. —Fh 1 s S RO 7 SR I B i 5 S w0 ] Rk #2241 ,2001,17(2) :20 - 23.

SUN Yurui, WANG Maohua. A mathematical model and its experimental study for a kind of measurement method of soil
electric conductivity[ J]. Transactions of the CSAE,2001,17(2) :20 —23. (in Chinese)

[15] R, 8 EEAE. —Fb L 3H SR AT AR IR BT [T ] 4Ol T 4% 4% ,2004,20(1) :51 -55.

LI Minzan, WANG Qi, WANG Maohua. Experimental study on a real-time soil conductivity analyzer [ J]. Transactions of the
CSAE,2004,20(1) :51 =55. (in Chinese)
[16]  fodf, ol Vu R, 28 0%, 55 UL 2 S HOE LA MBI [ 1/0L ] ML ALK 2 41 ,2015,46(3) :302 - 309.
XU Kun,ZHANG Xiliang, LI Pingping,et al. Development of portable wireless detector for multi-parameter of soilless substrate
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(3) :302 - 309. http: / www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? file_no = 20150344 &flag = 1&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.
2015.03.044. (in Chinese)

[17] PEI X S,MENG C,LI M Z,et al. Measurement of soil electrical conductivity based on direct digital synthesizer ( DDS) and
digital oscilloscope[ J]. International Journal of Agricultural and Biological Engineering,2019,12(6) :162 - 168.

(18] A E¥. #Fm B R A [T]. 4 H il 5 ,2005(1) :35 - 36.

[19] kit THEmN, K75, 4. JE T @ 03 18 HOR HL R 800 1 AR Y DX 3 b 39 3 Ak M A 20 [0 ] Dlp 1 2 5 00 385 43 47, 2013,
33(6) :1658 — 1664.
YAO Yuan,DING Jianli, ZHANG Fang, et al. Regional soil salinization monitoring model based on hyperspectral index and
electromagnetic induction technology [ J]. Spectroscopy and Spectral Analysis,2013,33(6) :1658 —1664. (in Chinese)

[20] B&ui, BEAEND, HKE 55 bA PUR &0 F iy s i o 2k gh A& 1] TR X HF5,2001,18(1) :53 - 56.

HUANG Qiang, YIN Zhigang, TIAN Changyan, et al. Dynamics of soil solution salinity change under organic fertilizer
application [ J]. Arid Zone Research,2001,18(1) :53 —56. (in Chinese)

[21] KITCHEN N R,SUDDUTH K A,DRUMMOND S T. Soil electrical conductivity as a crop productivity measure for claypan soils

[J]. Journal of Production Agriculture,1999,12(4) .607 - 617.
[22] & ERA LA FRWERGEHLLC]/ PR TR 2 2011 4R R4 2236 304K ,2011.



