TR K 2224 2018, 39(5): 101-109 http://xuebao.scau.edu.cn
Journal of South China Agricultural University doi: 10.7671/j.1ssn.1001-411X.2018.05.015

B A, FNT, B, % 2L ATz RGNS IRIG[I]. FER AR R 24244, 2018, 39(5): 101-109.

FEZAHLEE AXHTHEZA R G RE T 5i i

B A, EANRY, & &', Zt', Morice O. ODHIAMBO'
(1 BFREKRE THR,ILH &7 210031; 2R EFRMRLELS T SRR F, LK % 210031)

FEE: [H & — MR EAEWAT R E £ SHMEZ PN, SRBSPLEAERER BT EH LS.
U0 ¥ YIS S U A A 1 32 e 2R AR AH R AV K 1 i f, 7 Klimect SRAZMLIR IR (G Ao B 1 HIS 28], FE%
K-means BIE 158 00 R EL H AR BGEAT T 04K, Bl S R A S0 ) K-means H25 506 RS BIECH H.
S EBG A H], AT REKRE R, R Candy H TR I10 2 & SUH ) Hough 46 77 & S 4E. KA
RSO 28 11 75 V208 I S ] Y R R R ), 0 BEARAT A A AT R IE o [, il R AN RLRAE R 26 75 5K, 7EmE 24
RGBT E R B PID R SE . (459 1% R G0 ] A R0E RLAS R HE S, SEIUE AT Hh O 28 P SRR I
12.36 ms, FHifiZ AL 5 cm, kM IETE b $. FEERES N 63.26% 50.89% 1 75.82%, HALHIH
(1 em®) ZMECTF5 55,42 F1 78 Ao (4510 1A RG0nT LA R iR =R s HLas N 325 2 076 9 U 7K

X BEIR: LOWALER N W2 s FEHEIEZS; H 3 S 00; K-means 5035 B 23 ) YA A
FE S AS: S229 RAFRASRD: A XEHRS: 1001-411X(2018)05-0101-09

Design and experiment of row-following pesticide spraying
system by robot
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(1 College of Engineering, Nanjing Agricultural University, Nanjing 210031, China; 2 Jiangsu Province Engineering
Laboratory for Modern Facilities Agricultural Technology and Equipment, Nanjing 210031, China)

Abstract: [Objective] To realize the automatic walk and uniform application of mobile robot in the
greenhouse, a kind of spraying robot capable of navigating autonomously between crop lines was designed.

[Method] Aiming at the problem that the recognition of navigation path was greatly affected by light changes,
HIS space was selected from the color images acquired by Kinect camera. The clustering center and number
were optimized for K-means algorithm. Using the improved K-means algorithm, the components of A and S
were segmented and the complete road information was obtained. The method of Candy operator was used to
detect the edge, and the method of improved Hough change was used to fit the navigation path. The method of
fuzzy control was used to correct robot walking offset by adjusting the rotating angle and turn in real time. A
self-tuning fuzzy PID control algorithm was selected for this spraying system to meet application requirements
of different crops. [Result] The system could effectively adapt to different light conditions. On average, it took
12.36 ms to extract the center line of crop. The navigation deviation does not exceed 5 cm. The coverage rate of

plant leaves on upper, middle and lower layers was 63.26%, 50.89% and 75.82% respectively, and the droplet
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number per square centimeter was 55, 42 and 78 respectively. [Conclusion] This system can meet the need of

pesticide application of mobile robot to prevent pests and diseases in greenhouse.

Key words: agricultural robot; greenhouse; precise pesticide application; autonomous navigation; K-means

algorithm; color space; sedimentary distribution
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Fig.1 The structure diagram of navigation system for
greenhouse spraying
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Fig.2 The working schematic diagram of navigation system for greenhouse pesticide spraying
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Fig. 3 The tomato greenhouse picture and renderings of H and S components before and after filtering
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Fig. 4 The histograms of H and S components before and after smoothing
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Fig. 8 The schematic diagram of spray system
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Table1 Comparisons of the error rates of different
algorithms

KR xy X /MG R o/%
kix 5K JREL JrE2 U3 5VEL 2 5E3
1~3 330 342 361 358 1.88 4.84 4.44
342 361 321 361 297 3.28 2.97
337 321 295 320 2.50  6.56 2.66
358 376 407 373 2.81 7.66 2.34
326 330 338 285 0.63 1.88 9.22
328 314 342 378 2.19 2.19 7.81
306 296 258 294 1.56 7.50 1.88
341 329 310 353 1.88 4.84 1.88
299 308 279 345 1.41  3.13 7.19
286 299 330 314 2.03 6.88 4.34
20~40 311 324 324 361 2.03  2.03 7.81
327 334 365 276 1.09 593 7.97
345 340 355 375 0.78 1.56 4.69
320 310 360 385 1.56 6.25 10.16
311 315 318 366 0.63 1.09 8.59
378 366 335 328 1.72  6.72 7.81
298 304 323 258 093 391 6.25
305 302 333 367 0.47 438 9.69
300 299 319 334 0.16 2.97 5.31
282 284 251 235 0.31 4.84 7.34
80~100 317 339 349 351 343  5.00 5.31
325 335 345 387 2.03 313 9.69
336 304 292 386 5.00 6.88 7.81
332 372 342 281 6.25 1.56 7.97
318 348 372 351 469 8.44 5.16
309 325 322 376 2.50 2.03 1047
297 283 348 326 1.56 7.97 5.16
354 371 324 425 2.19 4.69 11.09
322 301 356 368 3.28 5.31 7.19
310 283 276 256 422 531 8.44
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Table 2 Comparisons of the results of different algorithms
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klx ms (@)%
VRES| 1~3 11.87 1.98
20~40 12.64 0.97
80~100 12.58 3.52
FHIME 12.36 2.16
Jiik2 1~3 80.74 487
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80~100 89.78 5.03
FHME 87.13 4.62
FiE3 1~3 100.61 4.47
20~40 128.54 7.56
80~100 133.87 7.83
FEMH 121.00 6.62
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Fig. 10 The path following performance of the system with different initial speed
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Table 3 The table of factor and level

" W% & 1/ % 25 At 12/ A7 Bd
(MPa) (mL-min™") (m's™)
1 0.2 397 0.5
2 0.4 512 1.0
3 0.6 608 1.5
4 0.8 776 2.0
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Fig. 11 The coverage rates of droplet distributions of tomato leaves on different layers under different spraying pressures

and driving speeds
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