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Design and Experiment of Dual Navigation Mode Orchard Transport Robot
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Abstract; To solve the problems of the existing orchard apple post-harvest transportation equipment with
a single autonomous navigation mode and the inability to start or stop at any point, a dual navigation mode
small orchard transportation robot was developed and designed, whose hardware system mainly included
five modules, such as pedestrian led navigation, fixed-point navigation, control, motion and power, and
the software system included three modules, such as command interaction layer, information processing
layer and execution layer. The user selected the navigation mode under the command interaction layer
according to the demand. In the selected navigation mode, the information processing layer processed the
target point pose information provided by the pedestrian led navigation or fixed-point navigation module
and then used OpenPose human pose recognition-based target tracking control or Real time kinematic —
global navigation satellite system ( RTK — GNSS)-based distance — angle control methods to output the
next moment of motion velocity information to the execution layer. And then the motion and power module
realized the pedestrian led navigation and fixed-point navigation in the orchard environment based on the
velocity information. When the transport robot operated in the orchard with a rated load of 200 kg and
speed of 0. 5 m/s, the average value of target tracking error was less than 9 ¢m and the standard deviation
was less than 4 cm in the pedestrian led navigation mode; the relative error of reaching the target point
was less than 13 ¢m and the standard deviation was less than 1.5 c¢m in the fixed-point navigation mode,
and the absolute error was less than 7 cm and the standard deviation was less than 0.5 c¢cm. The test
results showed that the robot can meet the requirements of autonomous transportation and safe obstacle
avoidance in orchards.

Key words: orchard transport robots; autonomous transport; dual navigation mode; pedestrian led

navigation; fixed-point navigation
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Fig. 12 Schematics of transport robot orchard pedestrian led navigation experiment

(1) Z Hrdg5F S 51

S bd 2 H bR 5T U0 000 51 Y 10 50 45 2R
2 Ji 7R, R HOAS [R) PR S 25 0 T 9 L% o Al A B
BEAR L, R AL AR ATE AL 58 0 N 1Y B AR BR R v 1
JEE IR R B BE Gk B 100% , {H IS K ML A H
T SR S BN, o3t B I B 4, S BUS AT Y I ()
B, B R I R B O a5 5RO 5 BOR FE AR
PLBESE MG B 22 , DT A 1] 45 Ak B iy s A2 4, (L7
Z BRI A AL SZ 5 OG5 MR /N R R TE % Ot
LR 5 N, ML NS B b

(2) BLas A H br i i 22

1z AL A AR B AR 5% SR el 4 oMl i 0 R R
WELERMK 3 4 Pram, R 3 A LLAE Ml
ALLO0.5 m/s 3 BEAT RIS, A7 N85 Hlas A H
PRIR IR 22 AR HEZE Y /N TF 9 cm Hl 4 cm,,
M 4 ol LA I HLER AL 0.5 m/s 3 B2 AT B,
A7 A58 B AR B 0 % 22 1 1 2 {8 B bR o 22 24/ T
6 cm Al 3 em, RIREAE 7L 20 4 i LAl |, 5 24T A5
U MUHLAS N2 5 BT 5K o B ) X H 3R 3 4 A [R]
JEE T A T) S 0 2 ek A, O R SR A B R I R
2N o GAIE XS P 3 4 rhoAr ] R T 20 H bR R
e 22 M bR 22, BB R 25 23 Bl IR IR B £
G, X n] g s N A7 Nz shid AR, mi7e H Ax
R B 42 ) P OXT 4 i 4% B A A BE R AT T B, S B

HBURZEH K
3.3 ERESMiAE

E ST T B T A R B Y, 2R
ARFEHL A G E HARrUE R D — A #5741
wr NREMIAM 2 1K 58 %€ Hbnrl o HAEE s A A
FETERR A YIS, MR AR AR AE 3 23k H AR slo %5 2
PRy, SE IR T E AR R R D) RE , I 1
EREINAE . 2% SCHR (32 - 33 ] Xz fi bl A% A E
ST s e P RE B IE Tk g, R SR b 5
Kl 14a o, 1056 20 BROR R AN 14b, B2 Bl ds
NAEE S PR T LL0.5 m/s [ F4750, R 5 R
Pl AR A A B0, BEDL ML 1B % 24> H b i, fEBL A
PN R R 1l A R N S R el SR WA S SN DA
D — A £l 2 ik 45 € H bs i, Hlds A Bk H bs m i
Sela iy i A1 . B1 B2 A2 (A3 B3 .B1.Al, & & i
53 A, ic ki lay A BA 4 E H AR A AL B
=3

I RUERLE N A 3 iz i I ek A 5 17 N SR R4
KA, 2 7% SCHR 31 ] B3 T AL A OB L
5y, B R 56 7 5 A 14e B 56 45 3RO & &
Bl 14d, X5 P HE LA AN A7 B B AR b AERR S mo i
B—AT N R LBy ), L 4 0, Sl as A
N 28] e 05 452 B U 188 T B ) A L8 N K22 1T
GE L H 2 B A H AR s TR R B AR A RT3 4



36

2022 4

B 13 RFEDEL AT 47 A B9l 46 5t

Fig. 13 Pedestrian led navigation test scenarios under different lighting conditions
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Tab.3 Target tracking error in inter-row transportation m
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Fig. 14  Transport robot orchard spot navigation experiment

KB B bR s 09 1) O 22 28 A fe K o il AR
3 AR I0 LA AT B A 5 B AR A R R 1) 1)
P 25 (8 AR iE2E 5 SRR 7 FiR .

WFE T AT LLE B, HLAs A AT 30 % 42 5 AR 47
SH6 A2 TR )R 1) i 22 19 249 {8 L 1 25 43 0/ T 56 em
F10. 54 cm , i 7] f 22 B8 AR HE 22 53 51/ F 8°FI
1.6°, XRMMLE NGRS LA R MR T, R

(c) 72 A

FI D — A 5 0 5 3l o 1) 7 0 22 A M B 3K 45 E H
P AL s i AL As AR B 3 s i ok . A1
X EE 3 A0 A AR [ 452 s A A AR 1) AT 16 fi 22, K
PR f5 i — 2H I B B /0, X AT RE R [N O H A AT Bk o
Y TE B B T, R BIL AR AR D — A i B 3k
SR

1 &

(1) B BUAT 5 el 5% 32 i 6 4 ) BE AL 7 12
FRAY RIS, BEFH T — Bl AT A 514803 L A w5 A0 1Y)
XA /N R 2R el 3 Ay L e N o

(2) KRBT N 51805 ik 5 % W, %0 g L s
NAE SR B AR B B T AT A7 A5 40 T 2 g
W, 7522 N5 T BEIE B PN AT B, B S 573 1)
R 22 BIE KR HEZE /N T 9 em Hl 4 em, 1] LI 2
HLas A TE 2R el BR B AT A\ 32 i R S s e i oK o

(3) S FE s i S LU R W, %02 f L AR
FI D — A 5 Oy i AR 3 5 Bl rp g AT s L B
IBANTR] H AR B 4 % U 25 KR E 22 73 5/ T 7 em
0.5 em, A XF B 25 L AR o 22 23 5 /T 13 em FI
1.5 em, ] DA R AL &5 A 76 R Bl A 3 2 i 2R 52 8 )
PO RUFALI AR



38 & o Bl B ¥ i 20224
x5 ERSMBEIRE
Tab.5 Absolute error of fixed-point navigation m
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Fig. 15 Obstacle avoidance experiment results
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