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Development of Movable Acquisition System for Soil
Optical-electrical Parameters
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China Agricultural University, Beijing 100083, China)

Abstract; Fast and efficient access to the information of farmland is the basis of precision agriculture.
Soil is an important part of agriculture for crop growth. Soil electrical conductivity is used for measuring
the capability of soil conduct current. In addition to soil texture, soil electrical conductivity is also
capable of reflecting the properties of moisture content, salinity, organic content, etc. Soil spectral data
can be used for analyzing soil moisture, nutrient content, etc. , without sampling or stirring the soil. The
correction of soil electrical conductivity and spectral data can improve the accuracy of the system. Based
on the embedded technology, a soil electrical conductivity and soil spectral reflectance integrated
detection system was developed. Based on the improved  current-voltage four terminal” principle, the
soil electrical conductivity system used subsoiling plow as electrode sensor. It could conduct measurement
and loose soil as well. STS — NIR miniature spectrometers were used for acquiring the real-time spectral
reflectance data. GPS information was acquired and saved synchronously with soil electrical conductivity
data and spectral reflectance data for soil characteristics distribution. The system can handle a variety of
data real-timely, and display, save data synchronously, and it has good application prospects.

Key words: Soil electrical conductivity = Spectral reflectance  Precision agriculture — Global position

system (GPS) ARM

Wk H . 2015-10-28 &R H#. 2015-11-20

B 58 HIRBE A R BB U (61134011 ) FuAolh 8 51 9E [ bR S i 4l k27 BRI R (948 %) By 0T H (2011—G32)
TEER AT EWID A4, E BN F R A0l R G4 B F T, E-mail ; xiaoshuaipei@ 163. com

BIRAEE : R, HE, EENSR AR AT, E-mail : limz@ cau. edu. cn



) eI 4. N RO RS BOR R R GHEIT 91

5l

R AR AR P R P R 3 4 K
G3SE S HRT Oy T (R AT VR R A A5 R AR R SR,
XA AT gk R R S L, Rt
Pk AR b HEAE SN O BRI L 3 4 R T e B
KM FLR SR, XS A T REN LIEY
BRI B AT DAAE— R bR e+ SR 4y
Fr i, DR R TR A 9 A ' v R B B B RS
A A R A b

R LR OB RN Al N .
SN B vk o RS S I R
o AR 2 RE BT KBRS R T ) IE
o B30 o T A A < o R v U i
(TDR) "' 0 g i —HL JE PO 37 (CVFT) ', Hivr,
T L HL TR DU S R AR Il K 2 BARORS 4
Ll RG LR A B IR E SR = e F I T
PAE K L PR RS &
RRFER T E A TEENMRE K. NS
% A B 0 AR R T A A b g S R
HRAGRALE,

TE - S8 B 2 FRAE BF S 05 G, R R AR —
Rl A B SRR S I 7 v, L 2 T R g
AL HE KR EFER, ERRARLHT
3 AT UL I 21 A0 B S B O R A S T T, AR
SV 7 A A 8 5 ) A 7 R I 4
% MATRIX — T B35 [/ ASD 23w 42 77 19 06 A &
51 o H b I A TS g s I, T
HURE X RE S HEFT AL PR . ASD FieldSpec HH2 ] Jf
T FBL I i EAL T A T, Bk
Ao N T SERTRAE H G B , Shibusawa S5
#1722 DB W AE 28 A B o B
35 256 A~ 3 (1) AT WL (400 ~ 900 nm ) 1 128 4~
i AT LL AN (900 ~ 1700 nm) S6i¥% ¥ . [Py, 0%
KA T — 3 A O
TAWEB OGRS AR, H R R RSS2 R
A BB, {51 398 4 R0 A I — A o A
BT UK, TG I AL T ) SO 5 2 HR Y
AFR .

ARSCHTT S — 4 #4508 36 0 T 1 ) i 4
HANME - S R E RS, WG
P& S8 A% ERMEMTHLEF, R
25 B 1% [) I 3R B - 498 v 5 A O % S R R
AT RLSE IR Ge i, DA OGBS R
i (GPS 25 {5 B [ 20 ok & LA H | R AR A7 S
it

il

1 HE5FA®

L1 THESRENFRE

IO MEE R S 2%, 25 B 2 B0 4 BE B, T Ak
F ISR T DT R AR E M.
R R R IR T DU S vk T A A AN A 1 TR LA L
X HL AR (R KO R 2 X4 B AR B (MR N, P A
Q) o FRIRIESZAW A5 5 Wl R E = A £
€52 XL R R AT TR R A IR R 5. IR
AN R LR T - B L WA e )
A/D Fedfe MRS RN T IHA e R

BT R Y R U R T D g v i

Fig. 1 Improved “current-voltage four-terminal

Q

a

method” schematic

M AN P A5 T2 (0 ~40 em) 4
%%Eﬁ%@,ﬁ“%ﬁﬁiﬁ[m—m

=k(a)Vyy (1)

Kb oy ——HHE M FIREF N Z E] /9 o 5
PR E A T 3R, S/m
dyydyydyy cdioy— A T MLJ F N K
A MK F1 N [E B BR
B ,m
I— T8 3 5 A0 L
2 A HHAR R ) A B S, m
Vin— %5 M FIEREE N Z [ Ry, V
[, A FHEREE P AR ST Q Z I AL IR Vi, 7T
LIk T2 (40 ~70 em) HHEHL $3K o,
1.2 TERSEQNEE
UTEL AN G 1% A 55 A ALY BT A S AR A
(O—H,C—H N—H %) H UR B 5 F 5 1 E A
o ITZLANGTE H AL M R AL B OGN 1E S
BEIE 2 RN gl ot S AR RS 2
R DI T A 00 R P9 S ARG TE A ik . X T
e AW A5 [ A URE AR 4 Kubelka — Munk J5 #3153
o B B IO BE 5 1 23 B 8 o0 i BT SRR R A
BN AN

a



92 & o Bl B ¥ iR

2015 4

K _(1-R)*
5= R =f(R) (2)
A K——FEAR R R
S——HUH R E

R——HIXf R
2 IBRA-BRUERKERSETL

2.1 TEBESENERFRITEXLH
2.1.1 R EAREIT

WEFE BT T O R R R G, A B 1
B ME R G0, R G0 32 292 0 4 el 3 5OM L o
eIl R ARG BRI RE . ARG LKL IE 2 B
Ro

SR et
B2 RESAREE

Fig.2  Overall structure of system

RGE BT E 8l 4 AR M R AR S AR Y
AL R G DGR s A g o RBEAY
I = R SR ALAE %, R G0 O I
B ) e RS R . TR A CARML) [R] i)
T B R G AR IO S R T 2 D OE IS A
P S ( ARM2 F1 ARM3) 25 B+ 38 A9 )6 38 52 569 %%
i, 354k CPS RAEMEAE R . LMl & (ARML) 5
JeTE 1% B 2 W Sw ( ARM2 FIARM3) 25 R
Samsung Exynos 4412 (4 #% A9 Z844) ) ARM gE47 T
Ko

RGAE ALY I, AR A B B T A S
SRESHREKAERERLIEFES R ASA T
Pefil 4% CARML) , FR223d A/D B i )m , 76 42 1l 4%
HEATH S ARSNGB RoR . 2 DO AL iR o)
P54 3 ( ARM2 F ARM3) 3 1 P28 5 32 5 76 28
(ARMI ) 3% , 45 2R 4R 18 06 3% S I 38 B3O8 4% i 45 &2
Pl s CARMYL ) o i s 3 2 1l % ol e b s ol 24
A LA ) 2 G808 3l /45 AR OB, PR A7 A 3 g sl
LCITE

WIT T ARG R TTHE, Ry h 12V & @it
L, PR RGN R A M B T AL R THUAR , 222 I X [
PRI AT IEAT TR AL . MG A% RS 2 A AL
AP, >R FH 465 J 48 60 2 1 D6 2F DL D G 5 B 3 1)

Jeik e

SO o GPS K2k 22 8 70 i P AL i T3, 3 T 42 i A
T
2.1.2  fE AR

FEZRGE, F AR I o e B Ok 7 A AR
WA OB A 5 R AT 0 et i B A S O
Vi S Emanmmas " . ERF e A%,
LM324 AN75 BEOK 22 48 Bl 1) H 5, BE A0 2% ) b 42 {1t 7
LRI . W 3 TR A IE 5% 05 5 (LM324
5 3 AN ) B IE 5% 05 5 & AE 4% ICL8038 j /=,

sV U7
1| i z RI7 g
LOUE s ouT3
RIGIM 7 = R18
—{— i
MG svl—;‘ A NI | i

1 +IN2 0UTL 10 100k
+IN4 N3
M4 et S3RSB
L Reb GND hz

B3 3 U o
Fig.3 Constant current source circuit
LM324 24 A 2 s AW iz B K. 5
B YR N T 5 G 0 A U B A B BT R R TR A D
LM324 HIFERCTF R G, Al DL b i 3 41k 25 Fr 55 19
LK, O BME AR TE B . HS e LM324
A S A 2 8 1) e i A2 U R I VR B A i o BEL T
[ T R e SR A & o
&l 3 i 7 F, B ) R o A LA A (R19) 94y
i ) A A F A TR o 38 A IR Y H A A T LSS R AN (]
BHT ) 2514, FL I 1 B8 T 3 SR A
fI% B R AR S . I, RECREIE IR 2 =
KB o
2.2 HENERFIEZITEIZH
DG I A R g 4 S ORGSR IR OGS
TR 2 1 S A o G R RO I 3 A SR SR T TR O
WAL A STS R H1 ) NIR YR, Hol K v
650 ~ 1100 nm , F 43 ][] °] L3 3o 72 7 % i, 00
FlJE 10 ws ~ 10 s, SG3%A% B4Rl 2 micro-USB 4 1
FLE 5 ) USB $2 1AH 3% | 3l 2 342 1] DLk ol
WAL B b, 5 AL S B o
i 1 %A B KA o s
A, =T+Cp+Cp*+Cyp’ (3)
b A, —%Hp MERAMPEK
T—R RS0 MK
C,.C, .C,— ZIhrE M REL
p B 45, TG 2 i
EPE R SOE SR8 I e
M B3 DN AR, PR AR 3 SOFDOB R EE AR B, H =
H AR R B AR AR A 1% R 38 3 3 =
R= s (4)

D Whiteboard




) eI 4. N RO RS BOR R R GHEIT 93

KA Dy FEAR KIS S DN {H
Dy ienons—— EV AR OG5 ST DN E

2.3 REKMHEMRITEXNR

BT IF R T 30 R S HCR R R R 58,
FL 4% T4 E (ARML) 1 4 00 R 5 5 & g 45 il
BAFFDG AL s 12 1 it ( ARM2 Rl ARM3 ) /95 3%
Rl R ST PIE M ELBC G n] DS B4
il RGETAE R AR LGS I O R4 i S
ot (GPS (i '8 5545 B, S B 5Oo6ig th & i 2o,
FRE B3I S I PR AF BRI P o I f Bl 2 £ R DR AT
HE SD R LR S BURCE A4 A k) I R 25 DI RE o
2.3.1 RS R e e

S ER (CARML) (L FF & Android 215, fifi H]
Android Studio J & ¥4, % Java 15 5 H & %€ o
T 1) 2 RE A0 5 42 U 6 1% B B S R EE
GPS %45 55 , I A7 48 i Ab 78, OBf [] — i i) R 4R
BN E s A B IS | i BRI TR] R O U R &
285 J3E 1 WL DR A 30 5408 P v, O ) I 5 5 B B o
kb — B 8], B A b g Bole A sh R A7 i SD R
o BAFRIE IR 2 S OU IS AL AR OGS £, il
2 nl L) S B4 A Th RE .

Ja 3l Android & ¥ J5 , 9146 1k # 11 | socket 45 15
B, & i “Open EC” [“Open Spec” .“Open GPS” Z¢ 4%
HLIS , #7 OF 4h el T 38 i S R 8088 OG5 Bl
GPS 255 B o A )7 # [a] — i) [a] 422 i 31 19 £ 5 4k 28
Ja  He— B WUFHE Y, s ot 1k A A 1 R I IR A7
TPy e E AN 18 4 Fiv s o

~p

o2 Hodh 2

Y

Y
47 2ISDF

i

4 R
Fig.4 Software flow chart
2.3.2 iR A i A i PR BT
T A A 14 72 1 3 ( ARM2 A1 ARM3) 2248 1

Linux 2 48, 0% 3% & 8% &% R £ 5 % Hl 2 1 i
Seabreeze JT il F )7 155 He Fl Shell 2 ¥ 52 e 4 15, vJ
PATE Linux P& & H 3z 17, Hh Seabreeze 27
BEHH TG 1% R 1 R B B 9 R 4. Shell 2
JP R H AT DL ] Seabreeze 2 7 SR 42 1% B4 Kok
AL SRS B B AT AL PR S 3B AT socket PRY
2 B H 48 (ARM1) , 4% Shell 12 )7 % & ST
HLE SHE R PAT R o A, R AT S B0 3% 14 8 48 R
LSRR A ZhiE1T.
2.3.3 RGCRERHE L

el e o i TN & T
GPS %5 {5 B, ¥ HE 3 v iy s 202 A — 4% B8l DR A7 i
BE PEvh o BRI — BOEOHE , 0 2 i ) B R A
HERCE TP B F AL SD R, — SR
A& L0 . 10:00:25; 226.923 45 602.974 3,
40.133 606 16; N; 116. 1767326 E; 10; 0.012 17,
0.013 27, 0.004 18, -~ ; B 45 4% & 43 %5 I Y A48 5 4l
1R

1 HEEAR
Tab.1 Data format
B it B (1 A% ik
10:00:25 SR B B4 11 1 ]
226.923 4 PREF MON Z Ja] 1) H
602.974 3 iR PLQ Z A YR
40.133 606 16 N B
116.176 732 6 E &R
10 AT AR TR R
0.012 17 650 nm i B (10 3% I AT 5%
0.013 27 651 nm I B 1635 I %
0.004 18 652 nm B Y 6T S A

A B S 2

2.4 ZGMNAMK
M 8] 5256 F 2015 4E 4 F 17 HAEJL BT &0 X
B Rl RS ARG AT SRR RO Y
AR H BEATSE G MR ML EE 15 (K2 5 km/h 11
L) ATRE . RGEAE AT B 04 [ s A O S
BHRAT . S2Be v, oRAE T 24 4 HHEREA . REF
14 - AR A A 52 50 = vl i KRR L T R
2.4.1  FdlE sk B
AR AR 7E A RS2 56 = 00 3 ) R R BSOHE , T DA A
S (D) P k(a) ERE 59677, Voo 55 Vi HIFHKE
RO 0.71, RN
Voo = 1. 85V, +238 (5)
TEFA ST, Veg 5 Vi 2 R AR R, /I 58
2RFAER(5), HESHERB RS2 |+ 5
JoT b AN 35 5 A TR T, 3 RS B D E YV,
VA KRN, Vg 5 Vi X R AR B (5) 6



94 & o Bl B ¥ iR

2015 4

PRI, A 52 06 = v s i 8 2K (5) A 800 A O e 3% g
PSR P RO O 0 R PSR, 3% B R RS R W 1Y A
MR A5 (5), B 5 52 WA 5 i i 7 5 n] L
BRI (1.85Vyy +238 = V) /Vigo HEMMHEAT
0. 3 I, TA A IZ RO 52 W P 2 M P L BRI H
2.4.2 HAEsb Ly

B SLH AR R FE A 24 A KA 0] 52 56 5 )
S e 5 3 A I 4 R SR AR E(E
P 1 ) AR AR A 105 R T A T
24 h 5 BCEBRRE I ALAR O 1 mm /Y55 T 5 08
o ML IEIE B9 1 P U 10 g 5 S R TR
HREBORHEL 5 mL/g A5 [ #E B8 AR rb IEC B A KA
R bl - S WO T B AL 24 b, SR 5 DA TR B 8 AR
rh B AP W, A DDB —303 A B 455U H
S AR I ASC (L YA 2R 2 A AT IR R

AR 2. 4. 1 775 % K a0 A7 P AL 2], M B 52 e 7
SR E M S I K R Y RS R RO R Vi 1 RD
HEF PR 0 B Vi Vg 85 7K 3 S 0 32 00
2 A - 48 F 5 AT S A 1) R L (SVMD) AT
L, R 0. 73, 764 BB 37 ) 44k 1 1 48 Wy S R 7E
eI PR A SRR S R .

430
410 ]

o8]
e
[

o0
Opg

v
Q2
S

330 o
310
290
270

250
250 300 350 400

L3 B EA/(uS-om™)
5 SEPr iR SR 4R RN LR

Fig.5 Relationship between actual and predicted soil

LI SR/ (1S em™)

electrical conductivities

FESCH % T WP PE ORI B2 STS — NIR
PG T RUGETE IR . 0 1 R b R I L
S — AR AR 10 Y, 4 VORI 19 H G 2 RS 35 5

0.999 LI I, T3k 5 AR 0 I 5 i £k, &l 6
Fis o

0951
093] _ o
091 s1-3
089] —s1-4
0.87] —s1-5

&fro.ss

% g3
0.81
0.79
0.77

0.7 A
650 700 750 800 850 900 950 100010501100
PFkmm

B 6 ik s B A & E

Fig.6 Spectrometer repeated measurement diagram

3 £

FTFT A REAT & T 2 e - Rtk
SRR R G, 2R TR 1% A% AR R 4R O35 S At
BN R VR Y H T DY i v R R R R
 GPS {5 HEAT SE It R AR A7 o L S S R W
ORI 1 A5 e B A B 9 T A2 5 T ) S e R W
A GAE R E T AR HAAHUAY £ 3 i R B8l A 52
Ko = (A BAF A Rk . EBE5BUT

(1) 2R A ARM 2l | >R R 6 38 14l e
RAOCTE B W2 T/NEME TSR R R
GERRIRCIT T8 RS B, LB oy B e PR, BE
9% T 2 A I 5 2

(2) B AF R FABSH 9 Android £ FEHE AR, ABLAZ
HRUF, B AF TR, S REALSR o Hoa R AE RAF I B
S RE S Rk A TAR i, A7 B 1 TR 3%

(3) Bk 7 e g v R A BT R A A RS
REW it O TARTE AR LM X APRIE R G RGE P . I
AL L IAE TR B 6 28 A RO AR /N o

(4) BA5 W TUAL BET7 35 A Bl T 0l 20 W P X 52 5
25 SRR T J6) 30 ) 3 A0 S 56 4 0 (A A
U AR S, SR AR G RE 6 1 2 2% WY AR 3R 05 P AR,
E TAE

& % x Wt

1  Bai Wei, Kong Lingwei, Guo Aiguo. Effects of physical properties on electrical conductivity of compacted lateritic soil[ J]. Journal
of Rock Mechanics and Geotechnical Engineering, 2013, 5(5): 607 -617.
2 RS R AR OFES TRRHLART ] R TR R, 1999,15(1) 1 - 8.

Wang Maohua. Development of precision agriculture and innovation of engineering technologies[ J]. Transactions of the CSAE,

1999,15(1) :1 —=8. (in Chinese)

3 B0, . Al AR F B R BRI R MBI RLT]. 4Ol TRRAER, 2006,22(1) :167 - 173.
Luo Xiwen, Zang Ying, Zhou Zhiyan. Research progress in farming information acquisition technique for precision agriculture[ J].

Transactions of the CSAE, 2006, 22(1) :167 —173. (in Chinese)

4 far 5, BT KA [ M. BTN - WT TR 2 AR 2010.
5

Mohammad Farzamian, Fernando A Monteiro Santos, Mohamed A Khalil. Application of EM38 and ERT methods in estimation of



) eI 4. N RO RS BOR R R GHEIT 95

10

11

12

13

14

16

17

19

saturated hydraulic conductivity in unsaturated soil[ J]. Journal of Applied Geophysics, 2015,112; 175 - 189.
KRBT, AR, FLAET, S JET B U R DY R R R R T R [T W AR R AR R TR, 2007,
37(2) :484 —488.
Zhang Junning, Li Minzan, Kong Dexiu, et al. Measurement of substrate electrical conductivity in greenhouse based on electrical
current-voltage four-electrode method[ J]. Journal of Jilin University: Engineering and Technology Edition, 2007,37 (2) :484 —
488. (in Chinese)
PREe, R, Bo3. 50 S R A e BT RSB [T]. RAUARATSE ,2009(7) <175 ~ 177.
Chen Ling, Li Minzan, Zhao Yong. Improvement and experiment of the portable soil EC detector[ J]. Journal of Agricultural
Mechanization Research, 2009(7) :175 = 177. (in Chinese)
R, FLEF, KR T, & ST PDA (40 L e SR IO & [T ] T30 K% 2 4. A 2R R 4% Bt , 2008,
29(2) :93 -96.
Li Minzan, Kong Dexiu, Zhang Junning, et al. Development of portable soil EC meter with Bluetooth and PDA[J]. Journal of
Jiangsu University: Natural Science Edition, 2008,29(2) :93 -96. (in Chinese)
Shibusawa S, Hirako S, Otomo A, et al. Real-time underground soil spectrophotometer[ J]. JSAM Journal, 1999,61(3) :131 -
133.
e, R, Mok, & B AR EERTELT]. R, 2012, 43 (34 F]) . 283 -288.
An Xiaofei, Li Minzan, Zheng Lihua, et al. Performance of portable soil TN detector based on NIR spectroscopy [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43 (Supp. ) : 283 —288. (in Chinese)
TR, R, LA, . HEK X AL AP 't 1 52 I A I 3 e AR AT Y LT ] o6k Ak 5o6i% 4 4, 2013,
33(3).:677 - 681.
An Xiaofei, Li Minzan, Zheng Lihua, et al. Effect of soil moisture on prediction of soil total nitrogen using NIR spectroscopy[ J].
Spectroscopy and Spectral Analysis, 2013,33(3) :677 —-681. (in Chinese)
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.
AR, BT, SIS, JET AU UL B L R T S R R G [T]. R AR, 2015, 46(8) : 299 -
307.
Zhao Yandong, Li Ning, Pi Tingting. Soil electrical conductivity online real-time detection system based on four-electrode method
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(8) : 299 —=307. (in Chinese)
Anja Stadler, Sebastian Rudolph, Moritz Kupisch, et al. Quantifying the effects of soil variability on crop growth using apparent
soil electrical conductivity measurements| J]. European Journal of Agronomy, 2015,64:8 —20.
Hiroaki Murata, Masato Futagawa, Tadashi Kumazaki, et al. Millimeter scale sensor array system for measuring the electrical
conductivity distribution in soil[ J]. Computers and Electronics in Agriculture, 2014,102 .43 -50.
NS, A, —Rh R R R R R R S SR BT S [T ] ROl TARAE R, 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)
KICIE, SRk, BES, . LLAME OIS E BB B AT [T]. ek 50635 4 #r, 2008,28(8) 11790 -
1794.
Zhang Wenjuan, Zhang Luda, Li Junhui, et al. Quantity analysis of information decomposition for near-infrared diffuse reflectance
spectra [ J]. Spectroscopy and Spectral Analysis, 2008,28(8) :1790 — 1794. (in Chinese)
I t@, M, B, 5. T 1R ROl Y o - M A SE I E AR ST SRR LT ). ARl TR 4R, 2012,28(7) .78 - 85.
He Dongjian, Yang Chenghai, Yang Qing, et al. Research progress of real-time measurement of soil attributes for precision
agriculture[ J]. Transactions of the CSAE, 2012,28(7) :78 —=85. (in Chinese)
Pei Xiaoshuai, Zheng Lihua, Li Minzan, et al. Development of a vehicular soil electrical conductivity monitoring system based on
ARM[ C] // American Society of Agricultural and Biological Engineers Annual International Meeting, 2014, 3:1747 - 1756.



