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Design and Experiment of Point Tracking Automatic Sampling
Control System for Farmland Soil Sampling Vehicle

LUO Chengming'? ZHU Xingyu' WANG Ning' XIE Yongjin' ZHONG Jing' XIA Junfang'*
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; To tackle the problems in current farmland soil sampling operation, including high labor
demand, poor sampling accuracy, low automation level etc. , a farmland soil sampling vehicle with its
automatic operation control system was designed based on an electric drive tracked chassis. The structure
components, working principle and control system scheme were elaborated. The control strategy for the
sampling vehicle operation process was designed based on the finite state machine method. To realize the
goal of performing soil sampling at a series of target points in the field automatically, a continuous point
tracking process was designed, and the point tracking model for the sampling vehicle was established.
A point tracking control algorithm was developed based on the method of vector field. From the on-line
performance test results, the point tracking algorithm designed based on vector field method had good
deviation correction ability. When the initial lateral deviation was 2 m and the initial heading deviation
was 0°, the on-line time consumed by the sampling vehicle at 0.3 m/s, 0.6 m/s and 0.9 m/s were
15.7 s, 11.8 s and 11.9 s, respectively, and the on-line distance travelled by the sampling vehicle at
0.3 m/s, 0.6 m/s and 0.9 m/s were 4. 72 m, 7. 10 m and 10. 74 m, respectively. From the continuous
point tracking test results, when the operation speed of the sampling vehicle was set at 0. 3 m/s, 0. 6 m/s
and 0.9 m/s, the maximum absolute lateral deviations with respect to the reference path were 0. 081 m,

0. 107 m and 0. 210 m, respectively, the mean absolute lateral deviations were 0. 018 m, 0.022 m and
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0. 050 m, respectively, the standard deviations were 0. 026 m, 0. 027 m and 0. 064 m, respectively, and

the mean absolute distance errors of the sampling vehicle with respect to the target points were 0. 068 m,

0. 081 m and 0. 141 m, respectively. The performance test of the soil sampling device revealed that its

mechanisms could work smoothly together, the consumed time at different locations for the same sampling

depth was consistent, and the coefficient variation of sample masses was small. The sampling vehicle

could realize accurate continuous point tracking to a series of target points under the control of designed

control process and point tracking algorithm, which permitted that the requirements for automatic

farmland soil sampling could be met.

Key words: soil sampling vehicle; point tracking control; navigation; tracked chassis; vector field
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Tab.1 Main technical parameters of farmland soil

sampling vehicle
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Fig.3 Block diagram of control system hardware structure
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PRER T — B br il S 3 20 3k, KR A
T BT R B S AR BE AR R ORS E
WE 1 2R BESRN SRFE A A XS T H b B AR 1 1] 2
PRER 5 em JUHE N, 8 X FLE B FLRT 5
A7 3 R e B

F10 11 43500 R R RE 4 3 s J3 T A R 1] i 22
AL 5 ER BRI, W] LR AE S 3 o B2 R e S
PLB/INE PR 1) H AR AR IS, X B R L R b
G R IR B EE AT ST T a5 RN gk 3 4
i 3 A, YRR R W28 2 m,
IR AT 1] A 25 o 0° i, DL B 0.3.,0.6.,0.9 m/s

10 15
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Fig. 10  Lateral deviations of on-line processes at different driving speeds
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Tab.3 On-line performance test results

Ao/ (m-s™") 75 | Zmta) /s LR /m
16.2 4.86
16. 1 4.83
0.3 3 14.9 4.47
S E 15.7 4.72
1 14.9 8.94
2 10. 6 6.36
0-6 3 10. 0 6. 00
- 11.8 7.10
1 11.3 10. 70
2 12.8 11.52
0.9 3 11.7 10. 53
T E 11.9 10. 74

x4 LEFHEEARBRER
Tab.4 Straight-line tracking results after

on-line process m
AT B0/ RRCEROE W PO .
5 Pl 2%
(m-s™ 1) EEGES Ii1] i 2
1 0.012 0. 049 0.016
0.3 2 0.017 0. 068 0. 023
3 0.017 0. 054 0. 023
S 0.015 0. 057 0.021
1 0.029 0. 067 0.032
0.6 2 0.031 0. 067 0.033
3 0.031 0.061 0.033
Y {E 0. 030 0. 065 0.033
1 0. 040 0. 067 0. 042
0.9 2 0. 046 0. 068 0. 047
3 0.043 0. 067 0. 044
S {H 0. 043 0. 067 0. 044

AT gt EZmf (] o35 O 15.7 11.8 (11.9 s, 2
By R 4.72.7.10 ,10. 74 m, B 25 B B R A7 3
JER I RS R, B2 #% 0.3.0.6.0.9 m/s T
SR E 7 3 ot X B 1) i 22 23 0 0 0.015,0. 030,
0. 043 m 5 # K 4 X 46 17 f 2 23 93] 0. 057 ,0. 065
0.067 m, IKEZE R KW, TR EGIE BT B RAE
B R R BT R 1 2 O P RE , RE % P
2k H LRI B8 1) i 22 DR H B B AR 00 AR E
BRER

=200
-210

220
225

-235
=240
245
X/m

(a) 0.3 m/s

& 12

3 245
T7-290 -280 -270 -260 -250 -240 -230 -290 -280 -270

(b) 0.6 m/s

2 B L

3.3 EGSRERRE

SURERS I R 2k 68 AT LACRIE R A 42 1R
KL EZHT R A AR IR EE 2N — B
o N T IIE SRR R — R A H bR S BR AL
S LA 9 i 18 A H A s X R AT R AE 4L i S
RUORE R, IR ATE R A E T HAR AL
Ab 0 G 8 1) i 25 55 A0 1) A 25 38 O . AR S A SR
TR FE S AR, R EE HAR AR 6.7 1213 b H
P00 s A ) A 22 KT 60°, 75 56 i 47 18] 4 A
B g B, 2 R B 4 R AR A E 10 SR B FE I
B IR IR 2 4% Hbr mil 5, R DL
2 s R RHER AR EAE L R

12 R FEADL 3 R BE 0.3.0.6.0.9 m/s
EAT M S SRS W L PR s sh Bk . i & 12 Al
3 RPN R AR B AR B AR TR 8 IR R B A5
Hbr 8o BT SRR 476 AT B b 5 o) 155, P 40 A0
J& A AEAE AN TR B2 B 0 1 1 e 1) b X DL
B &, T BOR FE 4 POAT 5t b 5 ) SR A — A R
RAGRE ) 22, BOIR BE N — BAR St R EE
B2, DRI B A B R 2 G B O R R D b A
Tia) B B3 ) B G o, RS T OR R AR Y B AR B% AR
LR T B o X 3 R E R ORFE A I
R 248 % 8 i) A 25 1 12 266 % 1) g 2 LB 1) O 22 B
1 22 DL KRB 22 52 BRAs Ak A B AR X T 4% B AR A8
o %1 B B 22 AT gt A R NER S iR, KRS
AL, YRR DL 0.3 .0.6.0. 9 m/s gE4T % 22
SUBR R I g5 R A X R ) e 22 43 i) D 0.081
0. 107 ,0. 210 m, -5 4 X 4 7] ff 22 53 5 A 0. 018 |
0.022.0.050 m, 45 # 2% 4% % A 0.026,0.027 ,
0.064 m, RFERE A HIRKARNEE SR E
P B 7 B R B 3 KA TR, X 5 AL E B
SRR G AR R B — A AR AT

RV A SCE R (PR RE , B AR SC S5 IR 5 A G R
NG 2 B AR B R SCER &5 R X M, ik 6 o, X
BRL3T ] A X /N A2 vl 3K 7 IS 48 76 A 0 H ) 4R M %
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Fig. 12  Trajectories of continuous point tracking
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Tab.5 Results of continuous point tracking test m
T/ e RAXTRE P 348 % b - 2 4 % iR
, , s {1 e

(m-s™") 151 fis 26 [ i 22 2 i 22
0.3 0.081 0.018 0. 026 0.068
0.6 0.107 0.022 0. 027 0. 081
0.9 0.210 0. 050 0. 064 0. 141

F6 BERRABERI

Tab.6 Comparison of path tracking experimental

results m

o TR L/ o RARHE T4 %) e
(m-s™") i) ff 25 BEEGES

ViNg' 0.6 0. 107 0.022 0.027

CHk[31] 0.6 0.120 0. 036 0. 044
CHik[32] 0.5 0.152 0.058

0.6 m/s I H 26 B 5 (1) B K 4 0T 18 1] g 22 F- 1 48
Xof A8 1) I 22 B E 22 43 ) 4 0. 120,0. 036 ,0. 044 m,
AHEAE A SCHR Y 2 T Ok i 3 T 4 o B vk e 6%
SEHLTE A K AR IR R ORE RE, 3 IR AR 4 i 4
10.83% .38.89% 5 38.64% , SCHk[32] &% /N #l
JEE A 2 S 4 AL R R i T S g PID #
ALHEEE 0.5 m/s 2k B B A R A X R ) e 22
- 187 248 68 A 1] g 2 53 591 24 0. 152 m 5 0. 058 m, A 3¢
BT o Bl HE 1 29.61% 5 62.07% ,

SRREAEAE 3 Fh ik B R R B4 AR 5 A 4 X B
M 22 5F- 4 {H 43 51 47 0. 068 0. 081 0. 141 m, R ji % 17
i A 3 R, SR AE G2 X A H B I R B I 25 B
WrdE R o X T AT R K, SRR G A 1 g 22
AP S BOR , Bl T H AR AR 48 A I A TR A 4
BEEE AT B AR R, R B B H A A R
JERR AR o JE W SE AT L R AR R A AT B
A Ml 2 2 A R ) 3% 457 1k 45 1 O 38 T el 2 o S
PR AE BT AR e 1, i — 2D 4R T SRR L B
I B2 R R A R 3R B AR 5 R T A AR
P ) B30V BE 08 A6 AN [W) Bl B8 A AR i A b R A
FERER — R YRAE B bR AL, 7T LS U HE 0 4 £
BERFEAEL
3.4 tERHEEERIAR

W R PE 4 FshiE = 2% 1 N B AL S, 5 3h
TR B A B o0 U 5 IR SR A
2 v gl As = 2K B HEAT 9 A8 AT 1) DA T A S
HUORETREE IR E R AL ~6 WU E N 10 cm, R
BEA T ~ 12 BUREVR BE R 15 em, SR RE 5 13 ~ 18 B
FERIE N20 em, B 58 1 6 D RUCRFESE B U HLIY
AR 25 0 & B X AR AT R S N FR i . B IK
R AL AR R 5 R Y H B0 SR AR FE BT, SR FE FE

I3 B D AR B HEAT T B4R 4 R B AR R A
ik

g e, RHER AR B A P s TP A2 , BE
i 4z A S R PP 00 B8 AP RS MCR R AR o 45 R B
SRRFERERT SREA TR AR MNER T o, k7T
AR, SRAEAE IS 5 RAE TR IE FE, HLR)— R R R
FEFE T — 2, DL 4 R R e B A% ML BE 6 52 BURY
BRI S HC S . i T IBORERLRG i =5 30 S A UK
By, HTH B B2 [ GE g 13 mm/s, PRI SR B G N £
KRR 20 em B, #1106 s, A1 LR H K
e 9% 8y 1) - S8 R e 2 B AR A A1, i 2 F 9 T
SR TRURE AL AL 1 1K 2l 8 X TSR A 2 1 e AR M 2K
Ao OTE3 FRIREETS, Bl 4R B9 bR B R I 20 B R
6.69 .8.88 13.55 g, brifi 2% 43 %y 0.476.0.991 .
1. 487 g, & WA A [t S 0 2l i 35 SR A A% T2 19 DT 344
R HB AR e RECR B 11.12% , 3R W] 3 R A%
HEMERERE

RT TEXEREUERRBRER
Tab.7 Results of performance test of soil sampling device
REETR REESE CREE FEAR ) PrfE BRR
E/em  FS o RENP/s kg fH/g %/g B/%

1 90 6.10
2 90 7.20
3 90 6. 60

10 6.69 0.476 7.12
4 90 6.40
5 90 6.53
6 90 7.33
7 98 8.50
8 98 9.93
9 98 9. 80

15 8. 88 0.991 11.12
10 98 7. 60
11 98 7.97
12 98 9.47
13 106 12.97
14 106 12.17
15 106 14.37

20 13.55 1.487 10. 97
16 106 12.83
17 106 16. 20
18 106 12.77

4 g

(1) % A BB e 2 2O T R SRR 42 B
SEMUAR TN A E B b 5 R BEAT 55, eI T R B
Hah B Pl R G 75 56, 2 T A RARZES LI 4 i
TE TSR DA ol 3 A 4 ) SR S TR AR A A
BREAAEIY iz F] Ok 4 05 Bt 7 ORAE 4 R IR BR R
il 3

(2) B BRI 3 Bk fg il ge 45 SR R0,
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BT RBERIT R SRR REA R
U (0 ] i BE SR BE 42 BE S DR 1 2R L DL /N 1Y B
I i 22 PR 47 X0 H A B A2 1 B IR B

(3) 2L SR R 00 45 R R W, RAE R AR HE AR
8 FIT 5 T P R R 5 R ) B S B — &R
FIRFE H bR A0 B0 22 B R . YT 3 R
0.3.0.6.0.9 m/s B, SRAE AN T 45 H b B A2 1Y
R 6 %5 A 1] i 22 43 1) 4 0. 081 ,0. 107 ,0. 210 m, “F- 3

o Yo A ) s 22 43 51 47 0. 018 0. 022 0. 050 m , #5 #fE2%
43514 0. 026 0. 027 0. 064 m , K FE 42 BRI & H bR S
(R4 Xf BB D 22 F- ¥ {8 3 ) O 0.068 0. 081,
0.141 m,

(4) THCRME R E RIS R R, LR
PR EBENS L IR E 0 ~20 em H 3R AE H 4 DL
BAT AR R — TR SR AE AR I — B, AR AR B 722 5
REONE 11.12% .
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