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Figure 2 Unit distribution diagram of the mobile platform
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Figure 3 Mechanical design for the supporting steering mechanism and supporting rod
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Figure 4 Diagram of the electronic control system
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Figure 5 Key components of the electrical control system
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Figure 7 Sectional views of the key units of the soil sampler
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Figure 9 Operation process of the soil sampler
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Figure 10 Mobility test of the platform
DKW, B IR AR U0 A 3% AE 2K AT 0 7 370 3 0% i
WRJERE B FEIEWTEZ B MR mATR .
P, # 8l & B8 0% 3 I 1 56 v 328 Ay DO Fh 52 2% A T
Wi . gk WK, B 8 F & BB 9% 8 i Y i K R A
Wy 2 B R 80 mm, B R I 29 0 357, 5 B e



%1

A 45 DRI ECR BAER NG A RGO & 5 i 19

KITHERE M 100 mm.,
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3.3.1 THEEER I H WA
RN B AR URUR R T FR AR R T A
PO B 580 AT 6 - 3 6 b 3 R 4 4 SR A5, 43 B R
PR J1 3 (Bt 100538 J1) BV AT 4 1) B A 20 8 AE A SR A
ST AUBRREERAE  BURE TR BE 118 200 mm, 4R J5 R 34
T R A 2 i B R R [R5 44 N A B BT s B OF:
HEAT HEAE A3 HT o IR0 A7 T Ab 52l B P X/ 1L 5%
R HEAOM A 58 75 0 He bt N, BURE b+ 398 3 ol &+,
BRBETRBELN13. 7%, LT N 1. 83 g/cm’s
TAEEER TT o B RN EEIE A o 2 R BT Y 5

BERI A B EAG bR . UBY 9 B W] SE A 5T A 5T D)L A5
2, SR 5 MRl P B R ) B R ) RN EE R AR
AT ER TT 325 B B A A VAR M A 38 L 43 B % L
B TR SR E LR RER T RN R A B2 R,
Ko 6 B A 2 BT AR R ZE A PR Bl R A B R RCR R B

50 FH BT A Sy e AR T A BR S F AR
23 o7 AR 4 2R YA (PR BT ) o AR Y D) & AR
T A 30 em?®, #5520 mm, 38 & A A% A 42 S EOm I
TR Z BT AR R BT o B L fF T R B
R A 0 o0 BB 4 S AE B 854X B2k 100 kPa
200 kPa.300 kPa,400 kPa J& 5% , 3K 3 54~ + 2 (1 F 1
PUBY R JE AR 3.

R3 FARRELIHERRME THFHMERE
Table 3 The average shear strength of soil samples at different depths under different loads

S4B 5 B /kPa
(Xfﬂégiiﬁ) 100 kPa fin #% 200 kPa fin#k 300 kPa finzk 400 kPa Jinz%
oWl B
EA\WARFS ARG EANDARZS BARG EZWARVS RS EZ\VARFS ARG
—(0~2cm) 73.6 75.2 121.2 125.9 185.4 171.4 224.6 227.5
“(2~4cm) 69.0 72.1 111.9 119.4 163.6 167.8 205.7 209.8
= (4~6 cm) 66.0 78.2 101.2 119.7 155.3 187.0 197.8 230.6
P4(6~8 cm) 75.9 76.0 129.0 116.3 190.1 182.3 232.1 227.5
T (8~10 cm) 79.8 81.3 130.5 130.5 191.6 190.1 245.7 231.2
75(10~12 cm) 76.7 78.2 123.7 125.7 194.8 186.4 215.0 206.6
+£(12~14 cm) 75.3 92.6 136.8 121.2 189.2 187.0 208.7 224.4
JN(14~16 cm) 101.2 87.0 135.2 135.4 163.6 183.8 247.7 233.7
JL(16~18 cm) 98.3 91.5 132.1 139.9 187.1 183.5 239.8 239.9
+(18~20 cm) 89.0 92.0 139.0 132.1 177.6 179.2 225.9 231.7
MR 3 AT AL, [A) — TR B b A Y B 5T 5 BE BE i 2% %:
S5 ) WIS e o (=i ) 1| DO I 2 PR S ém‘
) ) _ 200
g0l Bt 7 TR — TR R Y 4 A S 2 0 Y o R J%lso-
». P N N v }60 i
HEAT L PE LA A i e 1L 12, L U5 AR = 140} A
J 1 | 2
FoH A 4 2 e iy
2601 80 f%#%
B ) Roo—T50 200 250 300 350 00
%200 HY{Un#e/kPa
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g 160 } Figure 12 Shear properties of soil samples collected by the
2 140f proposed new system at different depths
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Figure 11  Shear properties of soil samples collected by cutting
rings at different depths
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Table 4 Fitting functions and accuracies of the shear properties of soil samples collected with two sampling methods
W1k ARG
HORE R B CPURE IR BE )
P W5 A7 i A HE
—(0~2cm) r=otan27.34°+21.90 0.98 r=01an26.67"+24.40 0.99
—(2~4 cm) t=otan24.75°+22.10 0.99 t=0tan24.77°+26.90 0.99
= (4~6cm) r=otan24.18°+17.10 0.99 t=01an27.68"+22.75 0.98
P4 (6~8 cm) r=otan27.91°+24.50 0.99 t=0tan27.50°+20.40 0.98
F.(8~10 cm) t=o0tan29.16"+22.20 0.99 t=01an26.98"+30.95 0.97
75 (10~12 c¢cm) r=0tan25.92°+31.50 0.94 r=otan24.03°+37.75 0.95
+£(12~14 cm) r=o¢tan24.37°+39.35 0.93 r=otan24.76°+41.00 0.96
N (14~16 cm) r=0tan25.03°+44.95 0.90 t=o0tan26.04"+37.85 0.99
JL(16~18 cm) r=o0tan25.73°+44.45 0.98 t=0tan23.93°+41.50 0.99
1(18~20 cm) r=otan24.18"+45.55 0.99 r=0tan24.99°+42.40 0.99

3.3.2  FRJIVEFUHT F G0 I AR N BE AR AR O 22 0 A

2R 4 0] 0, PR Rl Oy BT B R Y N R A
Bl A% 32 1 A8 AN R, AT 5 22 43 B B AT 220 TR BE X
FEBE IR M A2 . R ER 5 AT, 36 ) R £ A
B AR N B A 25 7R 0. OS I B AR K, F=
0.029,/NF Ferit=4. 413, WV Fl B+ 5 =X B B+ #
Y PN R AR A R 2

#*5 BHMIMLAXANEEONERRETEHH

Table 5 Variance analysis for the internal friction angle of soil

samples collected with two sampling methods

2z CFITM Bl Yo7 Pp- )
o F Ferit
p 3 SS Edf  MS value

£H IH] 0.073 1 0.073  0.029  0.866  4.413
AN 45.091 18 2.505
B 45.164 19

3.3.3  MRIJIIEAUHT RGP HC A I BER T 7 2 0B

0~100 mm & T HEEER T /8T 100~200 mm
TRIZ , H 100~200 mm ¥R T+ AEBER ) AR E . H I,
HEAT T REEE IR 100 7 25 4 B B 5 2 SRR FE S
WA 0%k 7 A B 5 20 AE 0~100 mm R B + FEBER T
F1 100~200 mm IREE T AEEER ST T 25507 R 67]
L AEFRILO0~100 mm PR HRET 2R JT 3L AHT 22 48 Bt
FEMEER 107 22 46 0. 05 I B A5 /KF T, F=2. 611,/hF
Ferit="5. 317; /113 70l J0, 723K 100~200 mm %+
i, IR TR AR R G I BRI BESR T )7 22 76 0. 05 I B
KT, F=0. 141 [E#E/NT Ferit=5. 317, BI{EZREL O~
200 mm PREE T AR, BIARER £ 7 T B R R 1
EME2E R BESEUL, TR 0~200 mm PR BE 4

BT UIREPERE BT R AT AR NE e AR IR EE T A

F6 FHMENLANXETEN0~100 mmRE L HMERN
HESH
Table 6 Variance analysis for the cohesion of soil samples at

depth 0—100 mm collected with two sampling methods

Iz CFHM A ¥ P- )
, F Ferit
KR SS Edf MS value

2H [H] 30.976 1 30.976  2.611 0.145  5.317

HN 94.915 18 11.864

BAT 125891 19

x7 WAL AXARN100~200mmRELTHHEREH
KESH
Table 7 Variance analysis for the cohesion of soil samples at
depth 100— 200 mm collected with two sampling methods

Jix PR A #Br P P-

Ferit
3 SS Edf  MS value o
2 [7] 2.809 1 2.809 0.141  0.717  5.317

HN 159.697 18 19.962

SR 162.506 19

4 ik

D) A58 M A% F A 18 4 B AR 40 A7 75 2 DR -
X — ) A, 3l g %k Ak MLy A A% Bl £ A ECE 2
B JEBUR G 0 B, 48 T A HIHL A B AR 52 BLA
JEOIR AR R AR BB TR T S R a1
Si B BT VIR R B AR T R R AR AR S HL AR
ARG AT T Pl A 3hF & PR S
L RGBT LA SRR S S 5 58 T I 2 B A LA
SO R R SR AR S A
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AR MU AR L, RS AE 0. 05 I B A KT,
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3) EAGC AT /NG W H R R L AR AR
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Development and test of a small robotic system for in-
field undisturbed soil sampling

YAN Quantao' # * *, LI Lixia®, QIU Quan', CONG Yue®

(1. College of Intelligent Science and Engineering , Beijing University of Agriculture, Beijing 100096, China; 2.

Faclty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500,

Chinas 3. Research Center of Intelligent Equipment, Beijing Academy of Agriculture and Forestry Sciences, Beijing

100097, Chinas 4. Famsun Co. , Ltd. , Yangzhou 225100, China)

Abstract: Agricultural robot is one of the hottest topics in the field of agricultural machineries. Domestic and foreign research
on robot mobile platforms for greenhouse/farmland/orchard operations (weeding, fertilization, spraying, picking, etc.) has
achieved preliminary results, but mobile robotic system for soil sampling is still seldom found in literatures. Undisturbed soil
sampling is an important basis for analyzing soil mechanical properties. If the original state of the soil sample cannot be
guaranteed, it will be difficult to obtain accurate research results through subsequent laboratory physical and mechanical testing
and analysis. To address this issue, we developed a farmland soil collection robot mobile platform with compact structure,
strong pass ability, good soil extraction quality, and high soil extraction efficiency, put forward the design scheme of the
mechanical system and control system and carried out preliminary field trial research. The main contents of this research are as
follows: First, the design of robotic mobile platform was conducted, by determining differential steering mode, fulfilling
mechanical design, selecting hardware components, and building control software framework. The wheelbase and track width
of the platform were 960 mm and 600 mm, respectively. The power of the in-wheel motor was 1 000 W. The movement of
the platform could be controlled through both speed control knob and remote-control handle. Second, an on-board layer soil
sampling equipment was developed, which worked in a hydraulic screw-in mode. The main structure parameters of the
sampler were determined based on theoretical analysis, which were validated with a finite element analysis software—
ANSYS. Third, field tests were also conducted to test the mobility and soil sampling performances of the robot system. The
maximum obstacle crossing height and climbing slope of the robot were 80 mm and 35°, respectively. Based on the shear
strength testing results of soil samples in depth 0 to 200 mm, we knew that the internal friction angle of the soil samples, which
came from the proposed new system, had no significant differences compared to those coming from cutting ring sampling, with
a P-value of 0. 866 at the confidence level of 0. 05. Similarly, for the soil samples in depth 0 to 100 mm and 100 to 200 mm,
the variances of soil cohesion from our new system also had no significant differences compared to those from cutting ring
sampling, with P-values of 0.145 and 0. 717 at the confidence level of 0. 05, respectively. The soil extraction efficiency
comparison test results showed that the soil extraction device only took 3 to 5 minutes to complete one soil extraction.

Keywords: agricultural robot; mobile platform; in-field; undisturbed soil; soil sampler



