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Design of Automatic Multi-channel Wireless Agricultural Sand Sampler

Liu Haiyang Chang Jiali Chen Zhi Xuan Chuanzhong Si Zhimin Song Tao
(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China)

Abstract; Currently, the automation level of sand samplers used for farmland soil wind erosion is very
low. In addition, they can’ t record the sediment data real-timely and have no functions of wireless
transmission and networking. So it brings many difficulties and other issues to the study on motion
characteristics of the soil wind erosion particles at different stages in the transport process. To solve these
problems, a new type of automatic multi-channel wireless sand sampler based on wireless sensor network
technology and the reverse hedge sand separator was designed. It was dedicated to study agricultural soil
wind erosion and realize these functions of automatic acquisition of quantity of soil wind erosion, wireless
transmission and real-time data processing. The results showed that the system can circularly scan up to
six testing points, the eight channels of each testing point and automatically collect wind erosion data,
and the maximum response time was no more than 2 s. The rotating start-up wind speed of the sand
sampler was 3.4 m/s, and the maximum weighing range was 0 ~ 180 g; the precision of weighing sensors
was up to 0.01 g and 10 hours continuous measurement error was within =+ 0.04 g with sampling
efficiency more than 85% . The length of data packet was 32 bytes and the effective transmission distance
can reach 1 000 m under the conditions of 1 kb/s transfer rate and maximum transmitting power.
Communication setup time was less than 5 s. The system had advantages of low power consumption, easy
to use, simple operation and automatic data acquisition, it can meet the needs of research on farmland
soil wind erosion.

Key words: sand sampler; automatic acquisition; wireless transmission; real-time data processing
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Fig.1 Overall structure of system
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Fig.4  Principle schematic of multi-channel wireless

data acquisition unit
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Tab.1 Calibration data of weighing sensor 1

TR T/ g A/D {H LA i/ g A/D fH
0 39 643 10. 00 94763
0.02 39 750 15. 00 122 653
0.04 39767 20. 00 150 537
0.09 39915 25.00 178 371
0.10 39924 30. 00 206 337
0.15 40126 40. 00 262 088
0.20 40358 50. 00 320 836
0.25 40 622 60. 00 373592
0. 30 40 830 70. 00 429 335
0. 40 41360 80. 00 485071
0.50 41933 90. 00 540 822
0.70 43032 100. 00 596 573
1. 00 44 680 110. 00 652 378
1.50 47 421 120. 00 708 239
2.00 50 183 130. 00 763 962
3.00 55744 140. 00 819 717
4.00 61310 150. 00 875431
6.00 72 451 160. 00 931222
8.00 83 605 170. 00 986 936
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Tab.2 Output values of weighing sensor under different

heights and wind velocities at inlet g
5/ AR/ (m-s™")

mm 2 4 8 10 12 14

15 0 0 0.01 0.03 0.04 0. 06
20 0 0 0 0.03 0.04 0.05
25 0 0 0 0.02 0.03 0.03
30 0 0 0 0.02 0.02 0.03
35 0 0 0 0.01 0.01 0.02
40 0 0 0 0 0 0.01
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Fig. 10 Experiment of sampling efficiency
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Tab.3 Sediment yield at eight heights of sand sampler

at different wind velocities g
1 om M/ (mes™")

6 9 12 15 18
2 10. 54 22.04 20. 47 19. 19 17.32
8 1.57 2.06 2.12 2.17 2. 15
19 0.17 0.57 0. 65 0.71 0.77
32 0.01 0.31 0.37 0.52 0.48
36 0 0.04 0.12 0. 14 0.16
49 0 0.01 0. 04 0. 04 0.05
53 0 0 0.01 0.01 0.01
66 0 0 0 0 0

VPR RV B B AR
VDSV S SRR R T L AL
Sy B SR IEVD T AR 5 1 O 10 mm, AR 45 R 5% 56 B
B 1200 mm {5 0. 833% , %t 35 4 KR4 B it
A 220 T AR A LT R
VDA I A A R eR B A

=az’ (1)
Af —E - REMEWEDE ¢
ab—WRH T REME, cm
FRR D g B0, iI43 1 ~ 66 em 5 B LA

66
BR 0= [ qdz(MISME R Ik 4 .

<

x4 AERNETEEAEEHEN@EDE
Tab.4 Sediment discharge in vertical direction at

different wind speeds

A e/ B . e
(mes™") a b Wit/g
6 10. 56 -1.072 0.9953 38.19
9 22.05 -1.197 0.999 4 62.99
12 20. 48 -1.145 0.999 4 64. 30
15 19.20 -1.104 0.999 1 65.21
18 17.33 -1.059 0.998 9 64. 25

M T IZE VAR AV O FERE N 7.5 mm, #7E
I B ELE b 75 g (M SRR ) .

LR AR LW AV AR B MGE 6 m/s {19 F ]
L ERHCRAUN 50.91% 5 F KT 9 m/s i, £
YR R 4y Bk 83.99% | 85.73% | 86.95% H
85.67% , - EEVL R N 85.59%

22 UV E LS TE SURNQIVE S0 &y T H (i
M X R 22 S 9 R AR 22, 0 HE VD A AN 2 2
P FE VDA Al 5 PR XU 552 36 Be AU I 0 B
PR T 025 PR 3R 3 il 52 P 4 0 4 LU BE AL fEL D /N 25 5
PELON 4 o R N TR EREOE SU% 5 &SI N R

5 it

(1) RGEAE S RPN, 32 5 35 1 4l £
el iR 7E 1000 m Ze 47, 3 45 i S i W) 0, TAE AR
E 5 R R AR A 5 20 AL B A O ik, SR T X 22
S B8 JE E AR VD B SN Y JC AL

(2) FLUOEEE R S X 3. 4 m/s B RV
SR FRREE 9 180 g3 AR ARG RA R AP A&k
JEE W 17 I [ e EL AR E VR, RS K 0. 01 g, ) 4 £
RIRZEAE £0.04 g LN,

(3) 73 Fg i 1A o XU L 339 £ 95% DL L, 1R
XA A 9 T A PR IR T R A SR v
PEAN AT SE R, P S VD RRAE 85. 5% VL Lo

2 £ x W

U R WRE R, 55 20 i oof i R VAR BT R MERE ISR [T ] AR FLBE 2 4R ,2015,46(9) <173 177,197
SONG Tao, CHEN Zhi, MA Qian,et al. Design and performance experiment of shunt-hedging sand sampler[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2015, 46(9) ;173 —=177,197. (in Chinese)

2 Ea B A BT BUR 5 B [T]. RPLEHTSE,2008(5) 216 - 218.


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150925&journal_id=jcsam

60 & A Bl B ¥ i 2016 4

10

11

13

14

15

17
18

19

20

21

22

23

24

WANG Jinlian, ZHAO Manquan. Sand sampler research analysis and reflection [ J]. Journal of Agricultural Mechanization
Research ,2008(5) :216 —218. (in Chinese)
EIP. 4 A 8@k AR U O B SR IR R 58 [ D] 5 & RS Bl K2 ,2014.
XTA Kaiwei. Study on the field test of fully automated high-precision dust collector[ D]. Urumgqi: Xinjiang University,2014. (in
Chinese )
BAGNOLD R A. The physics of blown sand and desert dunes[ M]. London: Methuen & Co. ,1941.265.
WILSON S J, COOKE R U. Wind erosion [ M] // Mkirk M J, Morgan R P C. Soil Erosion. Chichester; Wiley,1980: 217 —252.
GREELEY R, LEACH R N, WILLIAMS S H, et al. Rate of wind abrasion on Mars[ J]. Journal of Geophysical Research,1991,
87(B12) : 10009 - 10024.
MERVA G E, PETERSON G. Wind erosion sampling in the north central region[ C]. ASAE Paper 83 —2133, 1983.
FRYREAR D W. A field dust sampler [ J] . Journal of Soil and Water Conservation, 1986, 41(2): 117 - 120.
FRVGEOLR, AT P HRED AR [T]. P E Y5, 1987,7(3) : 49 -56.
LI Changzhi, DONG Guangrong, SHI Mengyi. Design of flat mouth type sand collector [ J]. Journal of Desert Research, 1987,
7(3):49 -56. (in Chinese)
SHAO Y, MCTAINSH G H, LEYS J F, et al. Efficiency of sediment sampler for wind erosion measurement [ J]. Australian
Journal of Soil Research,1993,31(4) :519 -532.
IR T, IVE L, E E. WITSEG & V030 KR £ B AL [T ] s E iR ,2003,23(6) :714 - 720.
DONG Zhibao, SUN Hongyi, ZHAO Aiguo. WITSEG sampler: a segmented sand sampler for wind tunnel test[ J]. Journal of
Desert Research, 2003,23(6) :714 —=720. (in Chinese)
BRI AT, X B T B A R AR D AR VD R [T ] P BT ,2003,1(2) 24 - 32.
LI Zhenshan, NI Jinren, LIU Xianwan. Sampling efficiency of vertical array sand traps[ J]. Journal of Sediment Research,2003,
1(2) :24 -32. (in Chinese)
oz, B 4 e Koy e s VBT 5K Ee AT 5 [T ] R HLIL W5 ,2007 (10) 102 - 105.
FU Lihong, ZHAO Manquan. Study on sand sampler of gas cyclones and swirl [ J]. Journal of Agricultural Mechanization
Research, 2007(10) :102 - 105. (in Chinese)
JBUIE B , S8 206, 5k PG R BT A 2 3 2 A YRR [T ] P 4 3238 R 2444 41,2006, 40(9) ;1088 — 1091.
GU Zhengmeng, GUO Liejin, ZHANG Ximin. Development of a new type of active vertical sand trap [ J]. Journal of Xian
Jiaotong University, 2006, 40(9) :1088 - 1091. (in Chinese)
NG, VLHE, BIHEAR. JET zighee UL W45 B LS IE M R G LT]. Rl THR~#4R ,2007,27(4) : 230 - 234.
HU Peijin, JIANG Ting, ZHAO Yandong. Monitoring system of soil water content based on zigbee wireless sensor network[ J].
Transactions of the CASE,2007,27(4) : 230 —234. (in Chinese)
XU, w0, XS, 55 ST AR BOR By L 1 R M U M 28 AF 58 [T ] AR AL 74 , 2015 ,46(11) 1316 —322.
LIU Weiping, GAO Zhitao, LIU Shengbo, et al. Remote monitoring network for soil moisture based on iridium communication
technology[ J]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(11) :316 —322. (in Chinese)
JRAS A, R 3 XUt 3 5 2 ) BOR [ M. bt B2 e Al ,2010.
E W, 5kA TR bR, 5E. BT ZigBee Fl LabVIEW 1% 4 SR 0% B2 W W R e et (1] &R MLALBIESE ,2015(8) 1194 - 197.
WANG Li, ZHANG Hua, ZHANG Jinglin, et al. Design of soil temperature and humidity detection system based on ZigBee and
LabVIEW [ J]. Journal of Agricultural Mechanization Research, 2015(8) :194 —197. (in Chinese)
RN, FRIEN B A W], 55 kT JO AL A 26 iR = PR AR AR B I R s [ 1] ROl WUk 2% 41 ,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. (in Chinese)
INFEEE, ETR, HR, 5. 5T T4 AL s M 2 00 A A B SE i R R ST LT ] A AU =41 ,2014,45(9) 241 - 246.
SUN Baoxia, WANG Weixing, LEI Gang, et al. Real-time monitoring system for paddy environmental information based on
wireless sensor network [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014,45(9).:241 - 246. (in
Chinese)
AT A, AT, B A B K3 2 AR VU XUIR N AR D RICR R BR AT ST LT ] . vh [ b ,2009,29(6) 11009 — 1014
ZHAO Manquan, FU Lihong, WANG Jinlian, et al. Experimental study on sampler efficiency of whirl type separation sand
sampler in wind tunnel[ J]. Journal of Desert Research, 2009,29(6) :1009 —1014. (in Chinese)
KM, A ISR e B NV RIS BT ()] AR WL T ,2012(6) : 139 - 140,222.
DONG Mei, ZHAO Shijie, FAN Guisheng, et al. Experimental study on the performance of the whirling separation sand sampler
[J]. Journal of Agricultural Mechanization Research, 2012(6) :139 - 140,222. (in Chinese)
PR, £R, WA 2T GPRS B BN LA 7 ARG [T]. R AL ,2015,46(4) :238 - 245,
CHEN Xinwei, WANG Jun, SHEN Ruigian. Wireless electronic nose based on GPRS and its application on Mangos [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2015,46(4) :238 —245. (in Chinese)
E¥, ARNEL, XUEEE, 5. BT RFID 5 ZigBee M5 HE B E MRS [T]. LU= ,2014 ,45(9) 1247 - 253.
WANG Ling, ZOU Xiaoyu, LIU Siyao, et al. Development of handheld terminal for sheep breeding information management based
on RFID and ZigBee[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(9) :247 —253. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20151143&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20100737&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20140939&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150435&journal_id=jcsam
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20140940&journal_id=jcsam

