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Design and Test of Soil Compaction Acquisition System for
Sowing Line Surface Based on ZigBee
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Abstract. At present, acquisition of soil compaction for sowing line surface needs people to get into the
field again after the operation of agricultural machinery, which is labor intensive, time consuming and
belongs to non-real-time measurements. A soil compaction acquisition system for sowing line surface was
designed based on ZigBee technology. A linear displacement transducer was used as measuring sensor to
measure expansion amount of wheel spoke of press wheel in the system, and CC2530 was chosen as main
control chip to realize module control and data wireless transmission. The main control chip CC2530 and
the sensor were connected at child node to collect and store the measurement data of the sensor. The
measured data of the sensor were sent to the main node. The main node received data from the child node
and vehicle speed sensor, and the soil compaction measurement was realized based on mathematical
model. The mathematical model was established based on the relationship between expansion amount of
wheel spoke of press wheel and soil compaction to realize data acquisition of soil compaction. Field test
was conducted to validate the system’ s performance, which showed an average relative error of 6.3%
and maximum relative error of 13.3% . The system can realize real-time acquisition and wireless
transmission of soil compaction information for sowing line surface, which can provide technical support
for real-time adjustment of pressure.
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Fig.1 Structure diagram of profiling elastic press wheel
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Fig.3 Schematic diagram of profiling elastic press wheel
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Fig.4 Contact between press wheel and ground
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Tab.1 Calibration data of suppressed force

5 BUE ) /N HENBERENES/V
1 500 0.98
2 550 1.18
3 600 1.29
4 650 1.42
5 700 1.54
6 750 1.67
7 800 1.81
8 900 1.97
9 950 2.07
10 1 000 2.18
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Fig.5 Fitting curve of calibration data of suppressed force
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Fig.6 Overall frame of soil compaction acquisition system
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Tab.2 Specifications of linear displacement transducer
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Fig.7 Hardware frame of child node function
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Fig.9 Hardware frame of main node function
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main node function
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Fig. 12 Sketch map of soil compaction measurement
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Tab.3 Calibration data
T H 1 2 3 4 5 6 7 8 9 10

A T IR SCEF /kPa 309. 8 337.8 362.0 393.6 414.3 443.7 485.5 491.4 503.0 515.6
Z G5 R 1 /N 513.8 567.3 621.2 692.9 752.5 834.5 952.5 997.0 1056.9 1155.4
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Fitting curve of calibration data
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Tab.5 Field test data

W 1 km/h W E 4 km/h W 7 km/h
N T RGN & AR N T RGN & A% N0 & RGN & AH
IR ST /kPa IR SZRE/kPa PRIE/ % IR ST /kPa MR SZRE/kPa R 22/ % IR STRE/kPa MR SZRE/kPa R/ %
1 467.0 487.3 4.3 383. 4 362. 4 5.5 317.1 329. 1 3.8
2 475.9 448.7 5.7 380.8 398.9 4.8 343.6 362.6 5.5
3 427. 4 370. 4 13.3 401.0 389. 1 4.7 379.2 398. 1 5.0
4 409. 3 383.3 6.4 406.9 426.7 4.9 407.9 380.9 6.6
5 399. 8 378.9 5.2 336.3 379.3 12.8 415. 8 372.8 10.3
6 398.9 439.8 10. 3 346. 5 358.2 3.4 443.2 415.8 6.2
7 390. 7 408.7 4.6 345.4 311.8 9.7 478. 4 497.7 4.0
8 375.5 353.5 5.9 445. 6 393.6 11.7 498. 3 506.7 1.7
9 350.7 332.9 5.1 426.2 443.3 4.0 506. 5 535.5 5.7
10 347.6 328. 1 5.6 480.0 453.4 5.6 522.2 489.2 6.3
11 380. 1 399. 8 5.2 469. 6 489.6 4.3 403.6 457.1 13.3
12 399.0 422.2 5.8 395.8 417.2 5.4 359.9 396. 6 10.2
13 366. 3 384. 4 4.9 407.0 429. 1 5.4 368. 1 339.2 7.9
14 346.2 323.6 6.5 423.3 396.3 6.4 319.3 335.3 5.0
15 344. 1 325.2 5.5 424.7 445.8 5.0 358.7 340. 2 5.2
=6 HEIRNKEEBWHEXESH
Tab.6 Correlation analysis of field test data
HE/(km-h™") A5 ¥I{H /kPa T AR 22/ kPa fe/MHE/kPa R KAH/kPa LEPEY 1 P

AT 391.894 8 40.9825 344. 1 475. 87
1 0.8369 0. 000 1

E35 bR 385.796 7 49. 4435 323.6 487.30

N T 404. 837 2 42.655 4 336.3 480. 05
4 0.8009 0. 000 4

RGN 405. 846 7 44.673 4 311.8 489. 60

PN 408. 1189 67.9422 317. 1 522.25
7 0.909 0 <0.000 1

Z G0 410. 453 3 69.755 8 329. 1 535.50

SHRERGM RS SCO00 HY 4 M g 52 i (Y
SR B 1 R S (18 AH G R B 5 R 0.836 9 .0.800 9
0.909 0, HA W 2 A0 &M (P A 2 7 24 0.000 1,
0.0004 . <0.000 1, /NTF 0.01)7 545 5 %
AR 4R 22 0 DN 4 9 ¢ S 3 1) T O 1 R A, A M
DR BEHR fR At U A T A5 IR S B R ST I b 5 R AR
A RER) . AEAS I EE S5 SC900 B - 4 Ik 5t

(T2 K . FORU IR 1 T4 R 47 28 R A7 1 &
Y T, 07 R 4 3R B T 0 i 8 o PR 8
e A T O 2 R R EUR 5
75 0 4 2 B

5 it

(1) F&TF ZigBee BRI T LRSI JoLk



46 & ol HLOM ¥ R

2015 4

RAERGE, L LA A A% I M 00 48 8 e 2 i, AR
R S R R T A B b S IR S A Rl
PAEBURRE 1A T RUR R R AR 28 4 R, R
FEATUAG 105 T LA 14 2 Bk ok 4 (A 3l , o ok P O
SRR SR B B e M R BEROR SR

(2) J it g e AR ) 5 2 AR IR Y
Fe 26 (v #s i Z 1) 9 56 A%, DA R A S I8 S0 5 R )
Z I P 2R, 7R B B Al b Al A T S AR A 4 R

- 3 e S 2 (R B RRCF B

(3) M) 25 R R, B X HEFh AT R 2 L5
1 S AR X % 25 S I (E S 6. 3% , RN iR 25 B R
B4 13. 3% , 10 52 B I o 5 0 5 {1 19 AH OC R 8007
S 0.836 9.0.800 9.0.909 0, H.A5 & 2 41 2% #:
I, 2R 45 2 40 n 550 3 00 30 b A 36 2 4 IR
SR

& % x Wt

Berti M T, Johnson B L, Henson R A. Seeding depth and soil packing affect pure live seed emergence of cupheal J]. Industrial

Crops and Products,2008,27(3) :272 - 278.

(in

Transactions of the Chinese

2 Pierce F J, Elliott T V. Regional and on-farm wireless sensor networks for agricultural systems in Eastern Washington [ J].
Computers and Electronics in Agriculture, 2010, 61(4): 32 -43.

3 Xiao Kehui, Xiao Deqin, Luo Xiwen. Smart water-saving irrigation system in precision agriculture based on wireless sensor network
[J]. Transactions of the CSAE, 2010, 26(11) :170 - 175.

4 Liu W, Tollenaar M, Stewart G, et al. Response of corn grain yield to spatial and temporal variability in emergence[ J]. Crop
Science, 2004, 44(3) .847 - 854.

5 Ichiro I, Hiroshi M, Takeshi S, et al. Study on improving the emergence of direct sowing sugar beets (part 1) —improving emergence
rate by press roller attached to seeder[ J]. Journal of the Japanese Society of Agricultural Machinery,2006,68(6) ;75 — 82.

6 TEULTE, TOCH R, A 5T S SRR SR 0BG B i S AT IR (] R PR R, 2015,46(6) :20 - 27
Jia Honglei, Wang Wenjun, Zhuang Jian, et al. Design and experiment on reducing soil adhesion and anti slip structure of
profiling elastic press roller[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46 (6) :20 - 27.
Chinese)

7 SKBUARIETE, ERAE, . A 2 A R RN IR L B R AR AN S [ 1], R, 2010, 41(9) .75 -79.
Zhang Shujuan, Qiu Zhengjun, Wang Fenghua, et al. Design and test on the field soil moisture and compaction acquisition
instrument[ J]. Transactions of the Chinese Society for Agricultural Machinery,2010, 41(9):75 —=79. (in Chinese)

8 JBUMEAL, BIULER, $ME LS. WIIFAORES SO SR [T]. RALPUAAH, 2013, 44(2) .38 - 42.

Gu Yaoquan, Jia Honglei, Guo Hui, et al. Design and experiment of sliding knife furrow openner[ J].
Society for Agricultural Machinery, 2013, 44(2) :38 —42. (in Chinese)

9 BTULER, POCHE BRI, . BERE— e T R S5 SRR B [T ] Ol MLA R, 2009, 40(7) 245 - 50.

Jia Honglei, Ji Wenfeng, Han Weifeng, et al. Optimization experiment of structure parameters of rototilling and stubble breaking
universal blade[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(7) :45 —=50. (in Chinese)

10 SRI6Je , INF 5, Dbk, . — Rl RIERIRUK 0 5 R SRR LI B A E [T]. LI R HARBRA R, 2007,28(4) -

280 —283.
Zhu Zhaolong, Sun Yurui, Ma Daokun, et al. An instrument for simultaneous measurement of soil water content and compaction
[J]. Journal of Jiangsu University ; Natural Science Edition, 2007, 28(4) : 280 —283. (in Chinese)

LU A3 MREIHE, Fh T 5. AR M Lk R 5 IS (5 BRERGLT]. RHLHSE, 2007, 29(2) : 83 - 86.

Shao Ling, Lin Jianhui, Sun Yurui. Quick measuring system for soil water content and soil hardness [ J]. Journal of Agricultural
Mechanization Research, 2007, 29(2) : 83 —86. (in Chinese)

12 BEb ey, EOCH A, E. B SUR AR BOT 5 REG[T]. R, 2015 ,46(6) 128 - 34,83,

Jia Honglei, Wang Wenjun, Zhuang Jian, et al. Design and experiment of profiling elastic press roller[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2015,46(6) ;28 —34,83. (in Chinese)
13 5T RAH AL, GF . ROl B B 2 TR AR LR B AR [T]. Al HLAR~% 4 ,2009,40 (4% Fi] ) .244 -247.
Tang Anning, Wu Caicong, Zheng Lihua, et al. Wireless data transmission technology for mobile agriculture terminal [ J].
Transactions of the Chinese Society for Agricultural Machinery,2009,40 ( Supp. ) :244 —247. (in Chinese)

14 BEEME , B, 77 058, 4. 6 T 28 B9 AL 77 38 A0 POl = R H R gt LT ] R LR 4k ,2008,39(3) 191 ~ 194,

15

B OCHE SRR R IR, S O BRI A B TE LR A% s T 2 e T R R T R R [ T]. Al L2424 ,2011,27(14) :326 —
330.
Han Wenting, Wu Pute, Yu Xiaoqing, et al. Research progress in wireless sensor network for agricultural environment monitoring

[J]. Transactions of the CSAE, 2011, 27(14): 326 —330. (in Chinese)
(TEE61}M)


http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20150604&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20100915&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20130208&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20150605&journal_id=jcsam

5 12 3] R LA 5 - T E 50 AR B4 T S B Sk A ek A 3 S A Y 61

12

=

15

16

17

18

19

20

21

22

23

24
25

Li Yongchong, Yan Haijun, Xu Chengbo, et al. Simulation of sprinkler water distribution with droplet dynamics and evaporation
[J]. Transactions of the Chinese Society for Agricultural Machinery,2013,44(7) :127 - 132. (in Chinese)

XA, SEMPR . WK AR AT LT]. K #EEE, 2000(2) - 16 - 19.

Liu Haijun, Gong Shihong. Study on evaporation of sprinkler droplets[ J]. Water Saving Irrigation, 2000 (2): 16 = 19. (in
Chinese)

Sadeghi S H, Peters T R, Amini M Z, et al. Novel approach to evaluate the dynamic variation of wind drift and evaporation losses
under moving irrigation systems[ J]. Biosystems Engineering, 2015, 135; 44 - 53.

BT, T, EEE. AR ORHEOR A XA T R B S ()] Wbl R 22, 2013(4) ¢ 136 — 141,
Zhang Zhiyu, Hou Xiaoyu, Hou Guoen. The uniformity calculation of sprinkler irrigation under wind condition using indoor
experimental data[ J]. Journal of Agricultural University of Hebei, 2013(4) : 136 — 141. (in Chinese)

De Lima J, Torfs P, Singh V P. A mathematical model for evaluating the effect of wind on downward-spraying rainfall simulators
[J]. Catena, 2002, 46(4) . 221 -241.

Seginer I, Nir D, Bernuth R D. Simulation of wind-distorted sprinkler patterns [ J]. Journal of Irrigation and Drainage
Engineering, 1991, 117(2) : 285 -306.

Vories E D, Von Bernuth R D, Mickelson R H. Simulating sprinkler performance in wind[ J]. Journal of Irrigation and Drainage
Engineering, 1987, 113(1): 119 - 130.

Burillo G S, Delirhasannia R, Playan E, et al. Initial drop velocity in a fixed spray plate sprinkler[ J]. Journal of Irrigation &
Drainage Engineering, 2013, 139(7) :521 -531.

Ouazaa S, Burguete J, Paniagua M P, et al. Simulating water distribution patterns for fixed spray plate sprinkler using the
ballistic theory[ J]. Spanish Journal of Agricultural Research, 2014, 12(3) . 850 — 863.

Kincaid D C. Application rates from center pivot irrigation with current sprinkler types[ J]. Applied Engineering in Agriculture,
2005, 21(4) :605 -610.

Sayyadi H, Nazemi A H, Sadraddini A A, et al. Characterising droplets and precipitation profiles of a fixed spray-plate sprinkler
[J]. Biosystems Engineering, 2014, 119.13 -24.

Kruger A, Witold F Krajewski. Tow-dimensional video disdrometer; a description[ J]. Journal of Antmospheric and Oceanic
Technology, 2002, 19(5) . 602 -617.

DI, SRAERE, JRbK, SF. JET 2DVD IR REAL T SO KT AR LA [T ] RO MUAR A=, 2014, 45(8) : 128 ~133.
Gong Xinghui, Zhu Delan, Zhang Lin, et al. Drop size distribution of fixed spray-plate sprinklers with two-dimensional video
disdrometer[ J]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(8) ;128 —133. (in Chinese)

A WO BRSO ELT]. KR, 1987(4) : 21 -23.
Christiansen J E. Irrigation by sprinkling[ R ]. Califormia Agricultural Experiment Station Bulletin No 670, Davis: California
University, 1942.

(L#E% 46 M)

16

20
21
22
23
24
25
26

ARIEIR , 8 3CEE , S 4R, 4. LR IR TO LM T A% A% M 46 5 S AL R AR IR [T ] RO AL = 41,2015, 46(4) :252 -
260,218.
Yu Xiaoqing, Han Wenting, Wu Pute, et al. Experiment of propagation characteristics based on different frequency channels of
wireless underground sensor network in soil[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(4) .
252 -260,218. (in Chinese)
IO FRIEN A W], 55 kT IO AL A M 2% Yl S PR R R BRI R G [ 1], RO ALAR - ,2010, 41(7) 181 - 185.
Guo Wenchuan, Cheng Hanjie, Li Ruiming, et al. Greenhouse monitoring system based on wireless sensor networks [ J].
Transactions of the Chinese Society for Agricultural Machinery,2010, 41(7) :181 —185. (iin Chinese)
LY R B E, TR, 5. T WA ORI AR RGN R E RG] PO ,2009,40(12) ;200 - 204.
Qi Jiangtao, Zhang Shuhui, Yu Yingjie, et al. Development of a ground speed collecting system for the variable rate fertilizer
machine based on bluetooth [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009,40(12) ;200 — 204. (in
Chinese)
TR — R B B ) I S e n U 46 R ,201410177715.4[ P, 2014 - 08 - 06.
2R R A ELM ] db 5t E R R, 2003.
ET L R AU S EBRIM] . db s ALl A, 1988.
HKHEPH. & T ZigBee f S 2 IAG WEE R GEMIATSEL D] TN AR R B L, 2014,
Geer D. Users make a beeline for Zigbee technology[ J]. IEEE Computer Society Press, 2005, 38(12): 16 —19.
B, XU, SR, ZigBee HAR KRLAIL M. JLT: JLFONZE MR A2 TR, 2007,

Bk, JI_N'J 4. 2BH -3 BUFIF M HLECT 58 [ C1 /2012 rhr[E gl HLAR 2% 2 [ 27 R 4 2 i S8 2012.
i%/\ JETULE L EE LS R IRE AL B OO S R HE R SR (T ] Zumfrfﬂw%&,mw ,44(8) .78 - 83.
Zhao Jiale, Jia Honglei, Jiang Xinming, et al. Suction type offset double disc seed metering device of soybean seeder[ J].

Transactions of the Chinese Society for Agricultural Machinery, 2013 ,44(8) :78 —83. (in Chinese)


http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20140821&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20150437&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20100737&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20130814&journal_id=jcsam

