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a. Schematic diagram of harvest collaborative unloading operation
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b. Geometry relationship of harvest collaborative unloading operation
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c. The geometric model of harvesting collaborative unloading
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Note: Pj is the satellite positioning point of harvester; (x;, yx) is P, point
coordinate, m; P, is the satellite positioning point of grain truck; (x, ;) is the
coordinate of P, point, m; P, is the grain unloading port of harvester; P is the
target point of grain unloading; P is the stranding point of grain truck; vj is the
traveling speed of harvester, m's™; v, is the velocity of grain truck, m's™; d, is the
relative transverse distance of projection of P, and P, on v, direction, m; /, is the
distance from the projection point of unloading port P, on vj to the positioning
center point of harvester, m; /, is the distance from the unloading port P, to the
velocity v;, m; [ is the distance from P, to P, m; [; is the distance from the
positioning point P; to the hinge point Pg, m; /. is the distance from the positioning
point P, to P, m; « is the angle between the speed direction of harvester and the
speed direction of grain truck, rad; f is the angle between the center line of the
tractor and the center line of the truck, rad; y is the angle between the line
connecting the locating center of the two vehicles and the v; velocity of the grain
transport vehicle, rad; € is the heading angle of grain truck, rad.
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Fig.1 Cooperative principle of longitudinal relative position of
harvester and grain truck

ST R LR L C R (B 1b) , B
HELON I ISR AL R ISR AT M EE, d, N H
FREVK S Py HEVIR O P, AEIEMELE F R, LA
A (1) fios:

d,=1,+1 cos f—FFcosy—I,cosa+l,sina
2
BE = (v -)

y=arctan { Y1 J 0

X, —X,

il P _E RIS TR 3 MR 2R AN S R
AR RS, 2SI AR, &Y ShRERIRE, R
Pawr I uae, XOHLAE B AR BSR40
RN R EZ /N T 0.06°, HARKA AR A, T
LIS o A1 5 BN 0. ekl DR _EIRASR AL (33 40 DA 14T B 7]
B, i 1 e (BUE SR BRER FAT AR, i)
faE H5 AARE LM, t-Fth SR TR — B2k

BB RS PR R R R, RIS FE e ]
fesEtE, HERRMLR B SR M T . TR
R AR AR R, BT AT BOR AT Py
TR, [EHCTAS L ERES, 1S L=l 19 PR P,
e, Wi Py BT d,, HEITREN

+(x,—xh)2 (D

d,=1,—FFcosy
y:arctan[y’_y”j—ﬁ @)
X =X

F,F, =\/(yt _J’h)z +(xt _'xh)2
2 AR XS EE B ElE S HE LS

WORHL S E HRZE 3 L RIAT B 12, RLP A E br
PRARAT, BT H bR B8 A% 8] PR R 1 R PR 254 1) A 0T
PEES, T AR BRI RSN 2.5 em™, FF
DAXUATL B [ A ) A S BE BG4 RS BE AR IA R 5 eme AL E
BRI TN ) AR A7 BB O 2 A ) Vs, O oA IS R 4 T
FTR/ANEAT AT

YA A7 B i HIAELL an i 2 o, BGRALA L,
BARHE RN MM X6 T HURT LA B A 347 2
45, IRAS = MNLRIFHT AL B R, N B ALHER A1
AR 15 B R S LEE I . s B IE T CAN BB HA
BRI 71428 (Electronic Control Unit, ECU) ,
AT 5038 ML AT, S 1) A o7 L 7

ML 3
Iﬂﬁﬁﬁ%% '
pome || kel
P g e T g AL
i ki
%Ic proy
I +)|.L_)x i Zf. |

DL A
B2 ghéAaxis B R a HIAE R

Fig.2 Longitudinal relative position collaborative control
framework
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Note: ¢4 is the longitudinal relative position deviation between harvester and
grain truck, the vector direction is from the projection point of harvester to the
projection point of grain truck, which is positive in the opposite direction of
driving, the value is the same as d, in formula (2), m; e, is the speed difference
between the harvester and the grain truck, vector size is the speed of grain carrier
minus the speed of harvester, and it is positive as the driving direction, m's™; 1,4
is the output of PD controller, r~s‘1; Upang-bang 1S the output of bang-bang controller,
rs”; u, is the output of the position-velocity coupling controller, r-s™; b,q is the
output weight of PD controller, which is set as 1 in this paper; bpang-pang i the
output weight of bang-bang controller, which is optimized by simulation.
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Fig.3 Position-velocity coupling control block diagram
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decision diagram
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1.0 0.2 3 0.8
1.5 0.2 3 0.7

F T SEBR B A F2 AT BEAF TR T30 5 B0 i,
R ERWGRYLAT T, AR E R Z 7. REIE
B 2 BUTE ) 06 i 22 D B A I 16 42 o) 20 SR 8 1 58 TE 3
5%, P EBAYE FSC, WG ZE A8 m, 3 AiREE FHLE
FE RPN 050 1.0 F1 1.5 m/s. MR 280 9 ffraw .
73 ke A e 2 4 B 43 Al 8 0.027 5. —0.0689 A
0.056 0 m; F2A& 5 #EZE 7 5~ 0.034 9. 0.026 9 Fl
0.026 3 m; _EFFAFAI AN 14.7, 12.7 F112.7 s; VIS
2508 16.7, 14.9 Al 14.9 s. R56 45 B2 B s i 732
70114 U s 22 10 28
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Iy F2 (IERZPDIEHSE L 0k, BTG
b Table 2 Position deviation PD control parameters &, ;and ky 4
ol WL | optimization results

. b Velocity of ?1_@1_1'\8355ter/(m~s ) W Velocity v (m-s'l) h 4 [

IS 4 o 05 0.75 425
S/ 15 1.0 0.5 3.75
74 ' 1.5 0.35 4.5
Y/

-8 4

510 15 20 25 30 35

I} W) Time /s

B9 wndbimE£ A QA Edxdl A abXib 2 R
Fig.9 Simulation control performance test results with negative
initial deviation

NI AEPE REFE bR A E 1) AR AL XA J5 A 2 H A
R, B T — 4 R, SR M AR R AR R
b, FERHERSE, I i TS e S5
5, SIRUR.

1) BWEHEN 1.5 nv/s, HIaHmZERN 8 m, R4l 1
FRLE by N 15, WRIGZL 2 FALE by BN 25,
H—ANECE,  HATAS R U S BRI

2) KRH ERATT IR 2 ABILSE ks ks
Bbang-bang ST AN 0.2+ 3. 0.8 A 0.1, 3. 0.7

3) KM Bk 2 ASHAT O HIRE, WM mEN
8m, FAHLEEZBEN 1.5 m/s.

B 45 R 10 fras, 85 1 HAREGE 2 4 B TR
k> 0.07 s, PTG 0.02 s, B2 w22 5N
0.007 9 m. Hig b AR $5 bR AL E REWE OB BRI 2 #L
PE g R A bR, AT DARRE R E RIS 8. B
SIS 25 R, BT R 2 B A w8 it TSP 2%
IX 26 2RI i S A %% TR RE TR AR AR AR AH AT, SCBRAE
AR ZE.

5 15 20 25 30 35

10
I} 5] Time #/s

B 10 TREIMEEEIRATFIE by 4cfF T A KT R
Fig.10 Simulation test results under different performance index
weights bj,

4.5 fEHMEREX tin B

N T T FUAL SR B N 1) AR A7 4% 1 vk S AR 4t
PD J7iEPI 2 5, it T W PD Y\ A HE w45 i 2%
Fe 1R 7% PD ISR B i 22 PD S B AH In 3R A5-4%
B o

XL E W2 PD 42 5 92 Bz H_E SO R 9
WITiEAT S HAL, SR EK 2. SEMAEE REW,
B2 PD 1ZH1J7E S ENUE L RAHSCE LU AR &
e T7 V5

T EXERIG e vh: 3 X LIS, FHEERE N
0.5+ 1.0 F1 1.5 mv/s, Pl FR GG ZE ks ka BT Dpang-pang
SrAEN 0.2 3 F1 0.8, XUPD EHIEBRSE kv ko ky 4
kg o P AIEE N 0.2, 3, 0.5 F13.75, MHR$EHIVEM
TG R, VEREFRARELEE LRI IR] L R B TR R
o IS RINEK 3 R, RIS REH:

1D FHLEE R 0.5 m/s I, SECT AT AT
XPD ik, EFFEFEER/S 3.8, YATTEFAIR N 10.2 85

2) EHLEEE N 1.0 m/s i, BRSECR AT IEM
XPD Jiik, EFFEFIRINEIN 4.7 s, VEATET G AN 5.7 s;

3) ENEEEA 1.5 m/s B, ARICTTERIRFRE, T
PD J7iEHIL 135%RIHE, HISUEE. RIS A
SCOFEABON PD Jiik, ETFEAIE N 1.0's, 7T HS R 98
INA2T s, FEIEERCD 135 B0 R

Fz3 EHMEREAE X

Table 3 Simulation and contrast test of control performance

R Jiik b [ I (] R
Velocity v/(m's") Methods Rise-time/s  Steady-time/s  Overshoot/%
05 R7E 152 17.1 0
X PD 19 27.3 0
10 RN TT i 17.6 19.6 0
] X PD 12.9 13.9 0
15 KxUpE 231 25.1 0
XL PD 22.1 67.8 135

ERpHRM, RHMES PD J5ikRES IS RAF1E
e, ERSEBOEEENIERZE. T SEhREAL Bx A
AN MG FE ENLERE, ML T A T 2R E .

5 WHLHEMN MBS AR

51 REHRZ

T IR FUASE A A A e R X A7 s ) D 2 R O
FREEE, e 7AW FHIFEVGRRE RS, RFGHIK
SHRIZ R AL, WPl (FIKE T GES0S-H) Hiz
W CHIRET M1104) HE&EERE, Ripsiiiin
RS RAPEERES, TESHNE 4. RH
RTK-GNSS @ (Rl AR K728) , sEffE B IREUN
%K 10 Hz, KRR (10+Dx10°) mm; ZEHRHE M
FE AR K F BEI-9902120CW, ARLEEE N+2%, A/D K
FEREE N 12 £ B AT LN ) & 0% A Al 1
HT801053; WHLIERFKH 2 41 2.4 GHz SiZid (5
(EBYTE A% ff] E34-DTU(2G4D20)) , #hibk 545 i & i
I RS-232 3 T #5124 4 AGCS- 1 531l 25 A fish 4% {2
R, LR CAN B 5 ML ER BT
(Electronic Control Unit) B H; A7 3 FE & A m) A X7 B 4%
LB E T AGCS-1 EHIZ8 W .. W42 KRH
Metrowerks Code Warrior for ARM Developer Suite v1.2
Ko RGEEMARE- 6K 11 5K 12 fior.
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Table 4 Main structural parameters of harvester and grain truck

T H Ttems ¥ Parameters HUH Values
AME RSF/(mmxmmxmm) 6 8002 960x3 400
EF/mm 2560
rﬂ&;?é £I;: BT kg 5400
g}égds-ﬁ L3 J1kW 175
WA AER/m 22
VRN 2E 72 2R /(hm™h ™) 0.6~1.3
N HME R ~H/(mmxmmxmm) 4590x2 050x2 990
éfjtﬁgl WL F/kg 5100
o AL 311 /kW 110
R S/ (kmeh ™) 2.38~33.16
FEH A AID
gnRs232 [ PRl | | jemenmn
RTK-GNSS
— i R s
BB R 232 ez
E34-DTU |e——pf $EHIA | FA7 1 Pl R DD L
(2G4D20)
| 2.4G 4 BB {2 BB IR DR
- H :
BEHH | g Canii
E34-DTU [~ Sl e Sl 47 ot 3 A R B
(2G4D20)
S R
P | | et
i [1RS-232
R A/D

7E: RS-232 Jy#h @R, RTK-GNSS Jysimf shds A BkE L R 58 DTU JyH
P e e 2 A o

Note: RS-232 is serial communication; RTK-GNSS is a real-time dynamic
global positioning system; DTU is used for serial data conversion and wireless
transmission.

B 11 BRI ERF VR RIAE i 4] A Gt A
Fig.11

Cooperative working control system of harvester and grain
truck

LRTK-GNNS Ef R4 2.03kHL 3. SMfEh 4 4805 s mEk
R

1.RTK-GNNS positioning system 2.Harvester 3.Navigation control terminal
4.Grain truck  5.Angle sensor

B 12 MRS EARE Y RIE Lk )
Fig.12 Cooperative operation test scenario of harvester and
grain truck

5.2 REAHE

B 17 2 G 56 7 T K BT 8 37 8 2 A b o Y i
17, X MRG o BRI B br B2 EE 12, K TR A5
fida ) TR P R A 22, SR A ST i AL A
A YR R B ) 7T A I 2 ], RS
Bk ko F1 Bpang-pang 7T E N 021 3 F1 0.8, WAL (F
B AT B 3ol 5 4 BR S PR E I T SR BN 1 s, J8 R (MK
B BEATERBE, ESREFIIRINRE T —8, @i
R BN R EAT AR YR E], FTATEEAE 0.7~1.6 m/s Z
o W& 3 NACFRIILEIA AR B e 22 AT 1 M R
WL, AN 3. 710 m, AR, TPEEAHCER IR
BRI, MAVIUGEE BT 3 IREE R, LU 10 Hz #iR
T T AT 57 5 A 22 R [ A XS S8 i 2 R AT 5%

PLT R S m A B i 22 e, AR S G ) AR AL
BImZRIFRUEZ o, AXPLHENFRE P [FPR S I B A%
i) B B P RS P FE AR, DAT R A5 N i) AH ) 3 A 2
SO AR R Z RRUEE o, N HLEE N E P H]
PRSI P 2 ) R X T8 3 42 RS B i b s LAOBUWL Wb 1R 1
R B A HI ARSI 18] ¢ B FHARR] o RO R = M, BBt
s ) 7 VA BRI AR R e SO R . @ BA AR AR BT
P A
5.3 ZER54MH

WHE 3. 7 A1 10 m YIGEA AN AL B w22 11 3 4
SR RWE 5 Fron. W ARFFRLE S R ] 5 e
Pt A G iR AR AL S EU & NP L, R4 T
HEEM R 2R T KRR S O\ A X AL B e 2 4
SHEN 0.091 8 m, FaASHh AL Bl 22 1 bR i 22 4
0.117 3 m, kG B 2 R SRR VB ML 75 5k, % FoAhAE
M FIRE AT . SEEIEERN 1.7%, Fkas
W22 0.012 3 m/s, W [EE R AS, 76 R 38 BV
P SEER T 1 P R

SCHR[25]H HH (R B [ ES A EHLE B 0.83 mys B,
TRIG 25 R R B YL A AL B TP IIWZEN 0.13 m, H%E
N 0.15 mo SCHR[23TFE G B R G s F I AR AR 5 1] 7 12:9%
#l 2 ARV FAITALE, 15 EIRIR LS B R T4
#0106 mo 5 FIRBFCILER, A SCEIHEREATH R
G S R AT I RS R fIE sh 2 A, BT T R G
BRI G S 50k, s i R 3 1 BT vk 7 v
VAT 7 B 1 350 22 43 ) BRAEG 29.2% 1 13.2%.

x5 TRMERE THEBEXN A EZEFIKEER

Table 5 Longitudinal relative position control test results with different initial deviations

WA 22 e 5 AT B i) LT h i 1] I AER 1) £ B s 22 T A 2 -1
InDe/m Test No. Steady-time/s Rise-time/s Overshoot/% LRPD/m STD of LRPD /m VD/(m's™) STD of VD/(m's”)

1 7.9 6.5 0 0.087 8 0.118 1 0.0197 0.082 6

3 2 7.3 6.4 0 0.074 6 0.1372 0.023 4 0.101 7

3 8.0 7.1 0 0.113 1 0.106 9 0.0252 0.088 5

RE2] 7.73 6.67 0 0.091 8 0.120 7 0.022 8 0.090 9

1 13.0 12.1 0 0.024 5 0.105 8 0.016 6 0.078 7

- 2 16.8 153 0 0.144 5 0.103 3 0.028 5 0.082 0

3 21.8 16.9 4.8 0.142 4 0.069 4 -0.016 5 0.061 8

1 17.2 14.8 1.6 0.103 8 0.092 8 0.009 5 0.074 2

1 233 253 3.8 0.178 9 0.156 9 0.0317 0.098 3

10 2 17.8 16.4 0 0.0873 0.128 5 0.0214 0.086 6

3 28.7 21.6 7.0 0.027 2 0.1302 —0.0393 0.092 0

RE2 23.2 21.1 3.6 0.079 7 0.1385 0.004 6 0.092 3

473 Overall average 1.7 0.091 8 0.1173 0.0123 0.0858

Note: InDe is initial deviation; LRPD is longitudinal relative position deviation; SD is standard deviation; VD is velocity deviation.



8 Ll THE2AH (http:/www.tcsae.org)

2021 4E

6 HIE{EIIRIE
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Fig.13 Two-machine collaborative harvesting operation diagram
WHE RSN R U BUOR pE 12 BRI A2
WP X 35 5, ISCSRALER A% 1) BT 3 7 1) 22 P #% 4.5 m

WHENSRETHERE, ER—NK U BBRIRE T I
SR U BUERARAMI . PRAUFRR G T )G EOR UL T ISR 4
HHER BRI o AR N BORE AE R, R
1 m/s, IBMREIRFEEAR. RIEELUCGRRE RER, #
1 3% 25 A R EOR IS B EAR . AR P IE iR E S
WOERMU SR FEHERR 48 . RPN ENL, SR ML,
WOERMLEAE N, SRR RS BGRYLE S 35 5 F R 3.
BRREATHAESME, TR TUWERNL, N T 2Bl
L 7B AT 45 T, BT LA RIS R E R G A R A B
WZERNIE. YIiamEIENNEE, B FEEERTE R
RIGFRFR 5735

AN RAREE XL Rz i ] 14a B, ik R
T RKZE 2 B rildms o 1 AL 20 Ghm A AL B e 22
AN FE 2= W B 14b B 14e fin, SR S8 b8 a0
£ 6 Fim. FYIFaAS Y A X AL B w22 4 E A
0.077 8 m, A&\ [AI AT B i 22 I FRIEZE N 0.091 3 m.
P [0 R FE BE A% 3 2 WSO B [ SRR (1 75 22

40¢ 53 Gk ,
Dividing Qle e II’{{I"‘JIEW?
304 ol 15 B[] 4% 2P
[T S AR
200 e \ S i e 25 Nol 1 1 TUNgy
- HERAL_N No.1 | No2 1 collaborative 1 ! collaborative '
= ol Harvester 51! collaborative ! collaborative | ~ 05 path ! path :
22y _\E path ! path : 12 | |
oF  gte - o : g 0 : !
No.2 o ! |
-10 -5 -0.5
=== 71 7r4¢Dividing line —== 71712 Dividing line
w"ﬁfm > 54k Dividing li > 52k Dividing li
-2 _ N N N L N . _ " N . N . N
530 20 100 10 20 %20 40 60 s 100 120 % 20 40 60 8 100 120
X/m [ i) Time #/s I i) Time #/s

a. ALY R YR T Bl 75 14
a. Two-machine coordinated

harvesting of driving trajectory map deviation curve

b. AT AV B g 222 11 2
b. Longitudinal relative position

. GAIATIRS 3 5 1 7 T 2
c. Longitudinal relative velocity
error curve

B 14 SR AR R K 45 R

Fig.14 Results of the two-machine cooperative wheat harvest experiment

R 6 WHLIHEYIRM R L EIT X IE LR

Table 6 Two-machine coordinated harvesting longitudinal relative position control test result

InDe/m lfs?l\?; ‘ St‘e’jiﬂjr]i " Rtis ?ﬂl‘ss OVE;EO% % LRPD/m STD of LRPD /m  VD/(m's') STD of VD/(m's™)
1 152 7.0 26 0.073 8 0.0913 -0.030 7 0.089 4
6 2 17.6 16.1 0 0.081 7 0.0912 0.019 4 0.075 8
R8s 13 0.077 8 0.0913 0.005 7 0.082 6
7 %= # PR IS AR ZE R G, Be e it — 0 IR N HIF 76 45 1) 77 v 1)

BEXE E 2 T ISR B IR SRR O 2 Hh G 1 A S o7 B %
il 75 3R DA K4 22 0K B R Ge Al Ze Ve P 3 v ) Il i, AR SCH
BT RIACPAT U R, it T A O\ 1R A X o
P, A HARREEEEH T, SEIL T AR P
FEVRAEE, FEER T

) N T B ik s bR e RE . 34T T AHE
I 4E 9\ ) P 22 1 B TR XML B [0 R 56 o 2 ML oA
1 m/s, IR ZESD 5N 3. 7 F 10 m B,
VAT E 2> B 7,730 17.2 1 23.2 s, H AR 56 T 15
S mELXEN 0.091 8m, HEEFHEEREN
0.0123 m/s. B TIBMRZE RS H A& T IE A s V) ¥k
RS Ar, 383 B L TR 5 A 0 R A B, T AR
HEAT AN [F) 38 R =E ML 3&E 1 9, B R B Bh D) e

TH O L

2) ARSI ES S B S EAR AL . SR TR
EIRECT W T T3 AR e pR 2, 5 T A% 14 bR
BB THHE R B R i 05 EAR A . s AR B SR T 4%
HIBLA SR, AT A SO 544 PD ik Rxd HEk
5%, WIah R, ENUEEN 1.5 m/s B, A%
A4 PD Jiik, BFRETIEIEN 1.0 s, AT TGN
42.7 s, IR 135%. ARCTTENR 71448 PD J7i%
23R 3 I 2 1) ) R

3) SEBRWREIVOGRIEREE, FHREE 1 m/s B,
NIRRT R kil L) ORI PSP = e N 1P ED S K VA=K =
0.077 8 m, FRASY W FHXTAL B AW 2 FIFRHEZE N 0.091 3.
REAE I B SEBR AL T, v [RDRS B2 REA8 i A2 W3R B[] 2
TR,
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Position-velocity coupling control method and experiments for
longitudinal relative position of harvester and grain truck

Zhang Wenyu, Zhang Zhigang™, Luo Xiwen, He Jie, Hu Lian, Yue Binbin
(Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, South China
Agricultural University, Guangzhou 510642, China)

Abstract: Intelligent robot system has become an essential development direction for managing a farm in the whole-process,
all-day, and unmanned environment in smart agriculture. Therefore, it is necessary to cooperate with the harvester and grain
truck to realize the autonomous operation in the harvest link. In this study, a longitudinal relative position cooperative control
system was designed in the process of master-slave navigation harvesting and co-unloading grain, suitable for the trailer drive
system with high nonlinearity. A parallel cooperative model of two machines was established to calculate the deviation of
longitudinal relative position, where the relative position of harvester and grain truck was geometrically represented. A linear
tracking was also utilized to control the transverse distance deviation, due to the fact that the harvester and grain truck
separately planned the operation path. In longitudinal distance error, the throttle of the grain truck was used to adjust the
longitudinal relative distance and further control the forward speed. A position-velocity coupling controller was designed to
calculate the desired throttle, including a speed feedback Proportional Derivative(PD) controller and a position-velocity
integrated decision bang-bang controller. The switch function of the bang-bang controller was derived from the dynamic
features with good robustness. An open-loop second-order transfer function of throttle speed was generated from area
identification to optimize the parameters of the controller. A simulated model of longitudinal relative position control was
constructed to optimize the parameters of position-velocity coupling controller, according to the transfer function. A field
experiment was conducted to verify the reliability of the model. Additionally, a comparison was also performed on the
designed control system and traditional PD control. The simulation results showed that the designed control was fully adapted
to the change of host speeds in practical operation, indicating better adaptability than the traditional PD. A two-machine
cooperative navigation test was set to determine the adaptability and accuracy of longitudinal relative position control of
position-velocity coupling in field operation. Both the harvester (Lovol Heavy Industry GE80S-H) and grain truck (Lovol
Heavy Industry M1104) were installed on an electrically controlled chassis, to realize electronic steering and speed control of
engines. Real-time kinematic and global navigation satellite systems (RTK-GNSS, K728 of Si Nan Company) were used to
locate modules, with the location acquisition frequency of 10 Hz, and the accuracy of horizontal positioning + (10+Dx10°)
mm, where D is the distance between the base station and the mobile station, km. A wheel corner sensor (BEI-9902120CW)
was used with the nonlinearity of +2%, and A/D sampling accuracy of 12 bits. The switch actuator was Rexroth HT801053.
Two sets of communication modules with 2.4 GHz frequency were used for the dual-machine communication (EBYTE
company E34-DTU (2G4D20)), where module and control terminal were communicated via RS-232, and the control terminals
were AGCS-I controllers with touch screens. The CAN bus was adopted to connect the control terminal with the chassis
electronic control unit of the dual machine. This position-velocity coupling longitudinal relative position control was
transplanted into the AGCS-I controller. Metrowerks CodeWarrior was adopted for ARM Developer Suite v1.2 development.
Collaborative system experiments were conducted in a pilot field at the Lovol Arbos Intelligent Agriculture Demonstration
Base. The experiment result showed that the longitudinal relative position deviation converged rapidly under the initial
longitudinal deviation of 3, 7, and 10 m when the speed of the main engine was 1 m/s. The average adjustment time of system
response was 7.73, 17.2, and 23.2 s, respectively. The average steady-state longitudinal relative position deviation was
0.091 8 m, and the standard deviation of steady-state longitudinal relative position deviation was 0 m, while the control
accuracy of 1 173 suitable for the requirement of co-unloading grain, indicating excellent initial deviation adaptability. In
addition, a wheat harvest test of the dual-machine cooperative system was carried out in Jinchang, Gansu Province of China.
The performance of longitudinal relative position control with position-velocity coupling was obtained in the actual harvest
operation. The field experimental results showed that the average steady-state longitudinal relative position deviation was
0.077 8 m, and the standard deviation of steady-state longitudinal relative position deviation was 0.091 3 m, indicating high
cooperative accuracy in the need of harvest cooperative grain unloading. The finding can provide sound support for the
high-precision independent system of harvest operation in smart farming.

Keywords: agricultural machinery; automatic navigation; control; unmanned farm; cooperative operation; cooperative control;
position-velocity coupling



