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Hybrid Cotton Picker Operation Path Planning Based on Energy
Consumption Model and HHO Algorithm

SHEN Yue'? ZHANG Lanke' WEN Haojun’ YANG Feng' LIU Hui'
(1. School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China
2. Key Laboratory for Theory and Technology of Intelligent Agricultural Machinery and Equipment, Jiangsu University,
Zhenjiang 212013, China
3. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 823003, China)

Abstract: In order to solve the problems of difficult on-site planning of the hybrid cotton picker’s
operation paths in the cotton field environment in Xinjiang, optimize the operation energy consumption of
the hybrid cotton picker under different driving angles in each cotton field, as well as the waste of energy
consumption caused by the differentiation of their transfer sequences between cotton fields, a method of
operation path planning based on energy consumption model and Harris hawks optimization algorithm was
investigated. The cotton field model that met the actual operation requirements was constructed and
calibrated by combining the easily accessible high-precision electronic map with the harvesting
requirements of the cotton picker at the boundary of the cotton field. The dynamic characteristics and
machine parameters of the hybrid cotton picker were analyzed, and the quantitative relationship between
the turning mode and energy consumption was considered to construct the operation energy consumption of
the hybrid cotton picker in the cotton field with the operation direction angle as the only optimization
target. The greedy heuristic strategy based on the distance matrix and the nonlinear energy attenuation
factor were introduced to solve the original defects of the Harris hawks optimization algorithm in solving
the transfer sequence, and the energy waste caused by the redundant paths in the transfer sequence was
reasonably eliminated. Experimental results showed that the hybrid cotton picker’s operating energy
consumption was reduced by 42. 80% , the path was reduced by 51. 13% , and the production efficiency
was increased by 44.02% after the energy consumption model was added; the improved HHO algorithm
reduced the path length of the transition sequence by 6.13% , which verified the good effect of the
proposed operation path planning method.

Key words: hybrid cotton picker; path planning; energy consumption model; HHO algorithm
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19—-18—17—16—-14—15—-12—13—11—-10
PSO 3090. 08

—9—4—1-5755-6—53-8-52—-19
19—18—17—16—14—15—1—-2—4—9—11
—12—13—-10-8—-3—6—5—-7—19

GA 3137.06

19—->1-59—-11—-13—>12—15—>14—16—17
HHO 3031.82

—18—4—10—8—3—>2—5—-6—7—19

17-516—-14—15—12—13—-11-59—10—8
IHHO 2 845.86

—3—6—5-2—-4—-1-7—-19—-18—>17
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Fig. 11  Working angle and energy consumption curves
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Tab.3 Working conditions in sub-fields

WONE WokiE BONIE BN RO Bk BN BUNES ROKBE BOREE BONEE BN BOREE Bk

woRA 0 R O mE WA WA GRE Gk BKE K SRE RS SRH S

(y TR BRI e ) Bm BAC) Em A/ W /() WO
1 77 1.9276 x10° 120 4.2522 x10° 168 3370 120 7 465 168 4052 120 8 955 76 15 1 46
2 78 1.3045x10° 125 2.2826 x10° 78 2297 34 4010 78 2752 125 4 808 78 15 1 32
3 74 7.8660 x10%° 27 1.1884x10° 179 1293 27 2102 168 1658 27 251 74 15 15 22
4 79 3.0318x10° 123 9.7640 x 10° 79 5327 34 17 139 79 6 388 123 20 558 79 14 153 78
5 78 3.7596 x10° 33 1.2710x10" 78 6 604 33 22314 78 7921 33 26 768 78 15 166 91
6 76 2.5517 x10° 120 6.4584 x10° 167 4 479 120 11335 76 5378 120 13 600 76 15 1 61
7 169 9.1740 x10% 126 1.4979 x10° 179 1451 126 263 179 1890 126 3156 75 15 126 24
8 70 1.7458 x10° 22 2.3522x10° 179 2817 1 4528 179 3673 1 5112 40 25 100 30
9 73 1.8201 x10° 31 3.6108 x10° 169 3198 31 6351 73 383 31 7612 73 15 1 43
10 148 6.8030 x10® 1 1.1529 x10° 148 1193 1 2319 148 1432 1 2 626 136 10 28 25
11 70 6.0223 x10° 114 1.4807 x10' 70 10 577 114 25985 70 12 686 114 31177 69 23 153 97
12 46 2.8120 x10° 1 5.042 8 x 10° 46 4970 1 9452 46 5944 1 11022 39 19 114 55
13 145 9.1510x10® 1 1.3019 x10° 179 126 1 2 889 179 1 806 1 3146 135 14 18 23
14 86 4.4530x10% 51 6.5130 x10°% 179 51 1 1306 179 766 1 1404 76 8 1 18
15 79 1.4629 x10° 40 2.9075x10° 179 2 547 40 5117 79 3087 40 6132 79 12 1 43
16 80 3.7956 x10° 9 4.437 8 x 10° 80 6 687 1 8 339 80 8010 1 9 686 80 28 1 50
17 91 1.1690x10° 50 1.7560x10° 179 178 50 3095 179 2287 50 3706 91 14 10 31
18 168 7.7150 x 108 27 1.260 8 x 10° 179 929 1 2474 179 1407 27 2 685 163 12 92 24
19 91 2.6096 x10° 32 2.9992 x10° 179 4300 32 5280 179 5308 32 6 326 91 26 2 37
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Fig. 15 Experimental platform
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Tab.4 Parameters of cotton field

D HwAY/m® FRK/mll 1D @AY/ m® FK/ml| 1D wHY/m® HK/m
1 20811 631 8 15309 481 15 9406 558

2 13979 467 9 16794 584 16 23981 719

3 8402 341 10 6524 332 17 8104 450

4 33225 954 11 43518 1495 18 7934 352

5 40096 1086 12 23737 713 19 18344 605

6 27280 778 13 7514 360

7 9708 383 14 3639 258
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Tab.5 Transfer coordinates of sub-field m

D A F A BR HENEELY 7N ID PN SEELY 7 HhH A R

1 (611.21, 469.09) (370.85, 554.52) 11 (761.01, 154. 14) (261.47, 325.68)
2 (803. 82, 476.32) (626.22, 465.33) 12 (388.22, 5.39) (224.67, 261.09)
3 (920.63, 453.85) (816.62, 465.81) 13 (538.17, 112.49) (450.26, 17.65)
4 (718.16, 348.18) (309.67, 475.52) 14 (299.24, 404.45) (196.89, 422.38)
5 (960. 71, 545.72) (468. 50, 608.33) 15 (379. 83, 357.16) (142.28, 374.94)
6 (1000.30, 634.31) (673.05, 708.61) 16 (280.27, 505.48) (5.27, 530.42)
7 (631.81, 745.04) (621.30, 657.32) 17 (282.33, 625.12) (119.50, 567.17)
8 (881.00, 356. 18) (744.90, 394.22) 18 (307. 44, 634.29) (311.41, 505.09)
9 (642. 06, 302.33) (409. 66, 360. 52) 19 (529.74, 729.52) (326.74, 708. 68)
10 (729.23, 303.01) (635.39, 208. 10)

SRARHLAE F e (8] 2647 5 B if , RN AAN % 18
e LA Hots A 5 5 & B A D&, A
Al E AP BPA D RIAE SR I B I AR A E,
FE HAHSRHS B e A F O g5 1, B AT — 4> B
HOFEAT —A T H A D48, 7 bk 4 25k
ST FE A e 3E i e oA B A T R b B R i L
BIFH 7 JA R 3 6 iR, 5 R i [E] R 0.03 h,
ZE A AT E LI R AT A B REAEFR AR 3. 78 x 107,
REAEREMN RN 6. 12% |
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Tab.6 Optimal transfer sequence of sub-field

N
ik e L B e 91
B K wEA k) e T

7—-19—18—17—16—14

HHO 4449.12 0.49  6.174 x10° —15—-9—-10—11—12—13
—8—4—15253-5-6
19—-18—17—16—14—15

THHO 4200.68 0.46  5.796 x10* —12—13—>11-9—10—4

—1—-2—-8-53-55-7—6

5.2.1 At

K MR ML AE 25 FH e N e BB A AR R D 1) A AR
i, )G B 1t 422 B THHO 5503 SR it 1) e HE 6 B 7
GRS RAE SE BRI 0] 40 3% 7 B, A ol i ) Ry
18.36 h, Hor N AL I [H] 2 17. 89 b, HH ] 5% % I
6] 0.47 ho F 05 EC45 S nl 0, SR A HLAE AR P i) B
JEAEAL B[R] 2 17,33 h, S K AR ML BRI 31,50 b, ik
50 38 B A S B RD /N F e K AR iR O B S e
VEME o 8] A5 158 25, B [A] 38 25 28 0. 56 h, 53 Hr 3 3R 25
JE DR SRy R M AL A Al 3 R 0 3 B 1R 25 Rt RABAILAE
HH [] 5% B Bf 6] Ry 0. 47 h 0 TR B i 0. 49 h, 53
R ELZE L (0,46 h) A i 2 B R 2225 0. 01 h,

BB, AT R 25 i R O SR A AL A B B o R )
FEiRZE Bt PR ST 18,36 h j% 4% Bk B
84 505.55 m 5 {j H e K Af |] 31.96 h i K %1%
172 930. 68 m #H b, 4= 7= 4k R 4L T+ % 3k 44. 02% ; %
R BRI 51.13%
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Tab.7 Operating time of cotton picker

EgE| AR B 1] /h FEES/m
\ P Al 17. 89 80 293
M e 0.47 4212.55
P 7R ol 17.33 ~31.50 76 828 ~ 168 730
WE  mws 0.46 4200. 68

5.2.2 fe#E
O R A AILALE 45 7 H B g9 76 L i (], H (8] 5% 58
A 8], 285 A R AR LR L B AR 2 D R 517 E AL TR,
APSRAS SR AR PLAEFE , AN 8 iR o
*8 RBHEERE

Tab.8 Energy consumption of cotton picker

TiH JeR REFE/] By (] /h

) HI AL 3.671 x10"° 17. 89
s HH [ 5% % 5.922 x10° 0.47

N MAMAEL  (3.5561 ~6.4638) x 10" 17.33 ~31.50
LE FH [ 5% B 5.796 x 10° 0.46

T e 9 Al B RE S 3. 671 x 10" T, 5 {j5 EL 3¢
M /NBEFE 3.556 1 x 10" J AH L, iR 2% K 1. 149 x
107 J, 5 201 22 00 J5 A A 4 B LA 5 1 32 47 A9 4t
¥E. TH B 5 BEHE 5.922 x 10° J, 5 5 & ¥ A4
RS RERES. 796 x 10" J AL, 224 1.26 x 107 ], 4y
BT 205 22 R R A7 56 AL B [ A8 AT 40 FE o 5
FrRift i MAEEE 3. 730 22 x 10" | 515 Bk B e
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Fig. 16  Operation and transfer total path of hybrid cotton picker
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