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Refill and Recharge Planning for Rotor UAYV in Multiple Fields with Obstacles
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Abstract. Aiming at the problem of single-machine operation task planning in adjacent multiple fields in
the same area, according to the practical limits such as battery life and load-bearing, a path planning
algorithm for an autonomous agricultural rotary-wings UAV with multi-flight operations in multiple fields
with obstacles was proposed and realized considering the on-demand multiple returning supply of
consumables such as seeds, fertilizer, chemicals, oil and electricity. On the basis of giving the operation
path planning optimization target model, a two-step optimization method of “first path, and then flights”
was proposed. Firstly, the initial coverage working path was planned with the shortest path as the
optimization goal, and then the flights planning was carried out considering the replenishment and sequels
after the returns of the consumables on demand. According to the two kinds of spraying and spreading
modes, including the variable mode and constant mode, two orientation arrangements, route scheduling
principle, replenishment mode and sequel mode were proposed respectively. The initial operation paths
under four different headings and route scheduling strategies was planned and obtained. Then the flights
arrangement solution under four different combinations of replenishment optimization strategies was further
given. The simulation experiments on hypothetical plots and real plots showed that the proposed algorithm
with the four optimization strategies of the initial operation paths run very stable and efficient. The first
stage algorithm took time from 78 ms to 105 161 ms, saving the transfer path from 10.25% to 33.81%
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when compared the better results with the relatively poor results. The time consumption of the second

stage algorithm was increased slightly from 21 170 ms to 106 393 ms, saving the replenishment times from
15 to 10 in a test calculation and the transfer path from 14.00% to 26.27% when compared the better

results with the relatively poor results. In general, the combine replenishment strategy of “all reset” and

“go-on with new order” got better performance than others.

Key words: agricultural rotary-wings UAV; operation path planning; replenishment on-demand;

multiple fields with obstacles
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Fig. 1 Flow chart of path planning algorithm for

autonomous drone in multiple fields
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Tab.3 Test results of 4 different strategies for route orientation and order

TAE AOD x FBF AOD x SBS DDDF x FBF DDDF x SBS R A

i{j W58/ HRCLAEN HBBME R ARLENR HBHRAE BN AN CEN BBEEE SR ANTER REKE HBE M
m BREKE/m SKE/m B/ms BEKE/m SKE/m B/ms BAKE/m SBKE/m B/ms BEKE/m SKE/m B/ms /%

2 474123 939.82 10483  4757.45 646.62° 48204 4740.25 957.29" 94  4740.25  669.73 125 32.45

! 3 318571 885.00* 8456 3159.37 585.79% 23681 3168.28  861.12 93  3168.28  614.26 109 33.81
4 17927.27 2020.97 22558 17955.43 1580.99* 105161 18023.38 1832.88 78  18023.38 2026.38" 187 21.98
S sl 175331 8127 890517 1573.60° 28720 §947.53 174169 37 §947.53 1598.25 78 10. 25
3 495107  782.13 31730 4955.62 745.46° 55162 4956.98  752.41 34524 4956.98 853.00* 34196  12.61
S5 a0618 79251 13135 298042 701460 21856 297337 71201 15647 297337 §32.77% 15772 15.77
3 4405.84  639.28 22043  4416.21 522.15* 61106 4403.24  553.40 30732 4403.24 668.72° 27737  21.92
Y4 3ais4r 9847 13650 331536 SSA31 35412 331308 5301 19485 3313.08  605.93° 19204  12.20
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Tab.4 Screen shots of initial route with optimal and worst combination of orientation and order strategies

Bl AR

)—%% ﬁ/m ﬁ%%%

SR AR

S AR

< 2 ke
B2 9im LGRS

B AR

T
«

1

Q

AODxSBS

il

Ty

d

AODxSBS

AR

AODXFBF

& o 27 ,7////:0
%@%@
1%//’ “ [’%//(}///4 /f
AT
Do
G
'}75727‘)2/7/7/},’
&”/&///%%f ///

L

AODxSBS

[*)

£
) A
A
\\\\§ Ay \§

AODxFBF AODxSBS

Wi \
{{7/%///7 @% W

-
5]‘:)/5/F><FBF

DDDFxSBS

RS EBFEMBA4MARIAEEAESRBE TR (RERE)AUMRER

Tab.5 Test results of final fights and route by four different combinations of refuel-refill and go-on strategies
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Tab.6 Screenshots of final flight route with optimal and worst combination of refuel-refill and go-on strategies
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