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Intelligent Positioning System of Sugarcane Harvester Tip Cutter
Based on Bimodal and Fuzzy Adaptive PID Control
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Abstract; Aiming to address the challenge faced by sugarcane harvester operators who rely solely on
visual judgment and experience to determine cane tops’ positions, making it difficult to adjust cutting
height accurately and in real-time, an intelligent positioning system for sugarcane harvester top cutters
was proposed based on dual-modal and fuzzy adaptive PID control. Additionally, a cluster-based knife
adjustment strategy was developed based on sugarcane cluster feature recognition. The system firstly
utilized the YOLO v8 instance segmentation model to detect cane tops, with a depth camera capturing
depth data of sugarcane tops in real time and converting pixel coordinates into camera coordinates for
height measurement. To validate the depth camera’s field performance, multiple field experiments were
conducted. Results showed that within a range of 50 ~ 100 cm from the sugarcane, the average relative
error of the depth camera ranged from 0. 189% to 0.949% . Subsequently, fuzzy rules were designed,
and a microcontroller integrated with a fuzzy adaptive PID algorithm was used to control the servo motor’s
operating speed. The maximum rising response speed was approximately 289.36 mm/s, and the
descending response speed was about 273. 16 mm, with a measurement error within = 1 mm. PID
comparison experiments showed that fuzzy PID control, compared with traditional PID control, reduced
the response time by 0. 12 s, bringing it down to 1. 24 s. The overshoot was decreased from 12. 80 mm to
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4. 63 mm, the number of overshoots dropped to one, and the steady-state error stabilized within +2 mm.

Finally, dynamic tests demonstrated that the system’ s average recognition time was 0. 08 s, showcasing

excellent real-time performance.

Key words: sugarcane harvester; tip cutter; intelligent positioning system; fuzzy adaptive PID control;

dual-modal
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Fig.3 Normal distribution of cane tip height



F12H

i A BT XU AR 1A I 0 PID 4 i ) HRECRBL DDA &8 R E (L RGERT A 369

RS IHERS ) X — ikt YOLACT $, %F5F5
BEAEH REMOIR ML 3B AR SCHE R T B /N A A
YOLO v8n — Seg T JEAH B
2.2 ETRERSHEMSEM/IT

AR BB A O Gemind 2 IR EAHHLE iR
15 5 A B BB A 4%, Gemini 2 i FH XU H 25 #9564
A SERF RO L5 B, il i B I E R 5 %
R TUCHED , AR R E A a5 A g B 5 2
AT AL AR R

{#i ] OrbbecViewer AV #L%} Gemini 2 ¥R A
PLEEATHRAE . WS 46 R EE £, 690. 98 18K | f,
9 690.91 {8 F | E AR ¢, N 638.98 1R (¢, N
357.83 4%,

ASCRIRR B RS JE (An & 4) |, Al ARIBGR
S0 3] (8 FRER A 1) SR AR MR R AR AR (w0, ) o TRSEE
FHLIRBUZAG R SRR Z, R
FANLE] BARPI AR RS . BAR TR ABHR (u, v, ) Fe i
NHINLAEAR R =B bR (X, , - Y,,Z,) , HAKL
XK

Y=y D
(v} -c,)Z,
Y, = 7 (2)

FARR )

4 FEAHIERD N EAL SR A
Fig.4 Illustration of the lowest point of sugarcane top mask

AHBLAR AR ZR GRS AL 5 B s, DURHAILAY £ A
R VOGN Z i sr =4 B A AR R X R
Y 5 1) S MR AR AR R« Ay BT WA, 3R
WHBR (X, Y., Z,) X JERR T AP 7K i 75
T, AR X O IR WZ S AEARBLR AT, dn 2R X
TR, W2 S AEARBLE 220 5 Y, 2R AR T AR AL
(EE B IR A% i, AR Y, O TR, W AE A ALY T
T3 R Y R RO SR ALAY L7, Z, 3R
FEESHNLAYIZ Tt TAHPLARAR R 19 Y Sl e 1
6], DL e AR S5 B ey 8 IO B 500
FCSC A, BY (X, - Y,,Z,) . i B AR AT =

FEH - Y, XTI N - Y N AL R
FALARFR

(AR

(X,Y.Z)
E5 ARZEAFRR M AHHLAL bR R 55

Fig.5 Conversion from pixel coordinates to camera

coordinates
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system for a fuzzy PID tip cutter
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Fig. 13  Maximum stroke response curve of tip cutter
FER R, g R A 14 15 Fow, R EE A PLTE
B TR 50 cm AMAYZAEXF 1R 22/ 0 ~ 1 cm, 75 cm Ak
AILESTIRZE N 1 ~3 cm, 100 em AbAYLEXTIRZE Hy 2 ~
4 em, -3 A R 22 00 90 0 0. 189% 0. 675% Al
0.949% ., BfAEFHDL S FERS IR 3 A3 I ) & 12 22 18
Wi, 1 GX R G B R 2 Gemini 2 TR
JERRLR AT H S5 FGEOR | S g g s | B
BERE S YRR B K , R BORE PR TR,
TR ¥ I R 2, 130 2 B, RH LA B g AT
100 em 8l A #7287 RH X0 2 22 36 2 HE E Wk AL 1Y)

/LA 5 (100 em)
A S P 95 J(100 em)

39 0 RS 25 (75 )
<2 230 BERSEPREIEE(TS cm)
Mzoo N [= R AT R [ e )
12 138 B 12 (50 om)
50 HERYSTBRESHE(50 om)
0 5 10 15 20 25 30
R

P14 A[RIRHHLS REARIE 25 i I 15 22 3D 8 A <]
Fig. 14 Measurement error 3D waterfall chart of

distance to cane tip for different camera distances
5.5 #hASRANELIRLE
S AU E AR 5 78 I R 55 P &
FRINBIAEIBERE T . KL R 16 ok, AT F
PEH R N 2= BB RS UN (R AR A #



374 ol AL o ¥ Ik 20254
345 - — HEAHSEPRE S0 om 600 R
1300 - U 2 FE A S0 em ;Zj;
£ s g iR 500 —IERE
{ﬁ( ‘\\ III
i 22(5) F \/\/ \/ \/\/\-\/\/\/\f"/\[ 400
r £
I I I I I ] g
770 5 10 15 20 25 30 i 300
TR i
345 - — EESEEEETS cm 200 -
¢ Bor - M EEHEETS em
#i( 315k R 100 -
"H@ 300 | L | L | |
2851 0 s 10 15 20 25 30
270 5 10 15 20 25 30 Fif P fmm
TEAHEL TRl B R IR o )
17 FEMEE R Y ] N 32
" i 00 T RS SRR T
o 30F e B AR B 100 em Fig. 17  Line chart of cane tip height variation and
2 315 ERE ; hani
_@( whS O AA/N ANV topplng mechanism response
s r N
2850 N / *3 AEHEBEER RSN E
270 | | | |
0 5 10 20 25 30 Tab.3 System response time at different cane

15
FUIS  AS[RIFEBILS REA B S A i iR 22 Pr 2k &
Fig. 15  Error bar chart for measuring distance to

cane tip for different camera distances

B AAROLE . TREEARALSE T BRI REAR ) g B2 AR Ak
FHAC AN S 18], BR BILIC s 11 2 A% I DT A
AT OLRS D SRR ARDL S L, O LI 4
ORI S PR AEAN v25 5 , TR B AR AL S I BR B HRE A Y
e BEARAL . 1% ZR G AR MR R PR 1] A DA 2R e I 38
T s B2 Ak (TR BE AR ML ) B UIAH 4% 58 B
Z B B TH]

w : A
P16 THAR e AL A R TR A8 e e e
Fig. 16  Cane tip height variation and topping

mechanism response process diagram

REGZERNIE 16 .17 K3 3 PR, FEFER LA
[F] (1493 B (140. 07 ~ 349.43 mm/s) b F#3h &1
N, FHmAR A 0. 387 s, FHIRBIEEI A 0. 08 s

6 it

(1) Ay figp ke RS 25 B 7% (SR A AT R 22

moving speeds

T HEBAE,  HERAEE  REHRNT
7 mm (mm-s") s

1 386.74 140.07 0.455
2 454.63 158.63 0.342
3 343.32 166.18 0.392
4 417.83 171.38 0.379
5 378.81 210. 68 0.376
6 389.83 226. 65 0.415
7 423.40 247.02 0.424
8 375.29 349.43 0.310

6 S DR TR 7 B L S S A 9 o 70 5 g R £ T
AR T PR ROM A & N PID F5E AR R A
LA A VIR A RE e 0 R G, MR AL, &
YOLO v8 S5 HIA A | 22 55 RE % S st 4G 0 1A 432
B OBHRE AAREE 5 0 ML AR AR, AR IBOREAY &
IRIGZE A F I R AL/ B 2 AN 5075100 em 4b
(1) - Xk R 2% 22 43 5l S 0.189% | 0. 675% Fi
0. 949% , etk ik /& H 18] H RERLAR IS 3R B 45 B 75 5K
LA 5 i RS v

(2) MHLLAZ S8 PID il &5, B S B PID #5
Il 7 R A e S R AR R 22 T T R AR
RIS G A PID 2 ] 4 45 V) RS 2588 04 12 P
f£45 PID 15 12. 80 mm Ji/>> % 4. 63 mm , #4 PID i
M 4% T 0.12 s, 1 1.24 s, Fa iR 2 Bl 7E
+2 mm AN, B R0 8h A58 b S5 AR e v

& % x #t

(1] b, Rgnm, #GHE, 45 SRR T IR R FIINREE ], T AR, 2023, 44(12) ¢ 113 - 118.
SHEN Zhonghua, XIA Aiqiang, DONG Zhikang, et al. Research on sugarcane top image segmentation method in complex
environments| J]. Journal of Chinese Agricultural Mechanization,2023, 44(12): 113 - 118. (in Chinese)

(2] Bl TP HBEHLBLBOR R IR & R R R PSR [ D], BT ) PO, 2023.

LU Pan. Investigation on the development status and influencing factors of mechanized sugarcane harvesting in Guangxi[ D].

Nanning : Guangxi University, 2023. (in Chinese)



ERVR i A BT XU AR 1A I 0 PID 4 i ) HRECRBL DDA &8 R E (L RGERT A 375

(3]

(4]

(5]
(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

XUPBE , B8% 0, 55, HBEAUMALSORBR S s W R 2RIk [ 1] RV HUAR 4, 2024, 55(12) : 1 -21.
LIU Qingting, HUANG Yao, JIANG Jiaoli, et al. Review on mechanized sugarcane harvesting technology and equipment[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(12): 1 —21. (in Chinese)
B, TR, BOE, A5 TS YOLO vss B9 A 35 T RER 20 SUMIR B S E AL [T ], AL, 2023,
54(11) . 247 -258.
LI Shangping, BIAN Junxi, LI Kaihua, et al. Identification and localization of sugarcane top bifurcation points in complex
environments based on improved YOLO v5s [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023,
54(11): 247 —-258. (in Chinese)
WEN C, HOU B, LI J, et al. Height estimation of sugarcane tip cutting position based on multimodal alignment and depth
image fusion[ J]. Biosystems Engineering, 2024, 243 93 - 105.
FROF =, M, #, A5 /NELHRESGRLUIAS S B RGBT Rl B[ )] RAUEAFSE, 2017, 39(4) : 55 -61.
MA Fanglan, LIN Yazhou, DONG Chao, et al. Design and experiment of the hydraulic system for the top-cutting device of a
small sugarcane harvester[ J]. Journal of Agricultural Mechanization Research, 2017, 39(4) : 55 —61. (in Chinese)
B, BN, (e, A5 HERIGRPLE GRS R RO SR T]. ARHURAR, 2023, 54(2) : 119 -128,138.
GONG Yuanjuan, JIN Zhongbo, BAI Xiaoping, et al. Design and experiment of the header-following control system of a
sugarcane harvester[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(2). 119 - 128,138. (in
Chinese )
ZHOU B, MA S, LI W, et al. Design and experiment of monitoring system for feed rate on sugarcane chopper harvester[ J].
Computers and Electronics in Agriculture, 2025, 228, 109695.
THEsE, G0k, AW, % H B IR R R GEHITE ] AU, 2023, 54(HF12) : 1-13.
DING Zhengliang, MA Shaochun, HUO Peng, et al. Research on underground cutting control system of sugarcane harvester
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023,54 (Supp.2): 1 —13. (in Chinese)
INET, BERKE, Har, % ET QBP - PID A AL ML A m SRR [ 1], Al MUk, 2023, 54(12) .
397 -406.
SUN Zeyu, XIA Changgao, JIANG Yu, et al. Omnidirectional leveling control of a crawler-type operation machine based on
QBP —PID[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(12) : 397 —406. (in Chinese)
HU Q, FAN Z, ZHANG X, et al. Robust localization and tracking control of high-clearance robot system servicing high-
throughput wheat phenotyping[ J]. Computers and Electronics in Agriculture, 2025, 229, 109793.
JOCHER G, QIU J, CHAURASIA A. Uliralytics YOLO [ CP/OL]. [2025 — 01 — 02]. https: // github. com/ultralytics/
ultralytics.
BOLYA D, ZHOU C, XIAO F, et al. YOLACT; real-time instance segmentation [ C ] // 2019 IEEE/CVF International
Conference on Computer Vision (ICCV) ,2019; 9156 —9165.
Wh—if, e le, FIEWE, 45, MBSO S L DG AR IEBUE LA 1], 45N S3H0E TR, 2022, 51(12) ; 33 -38.
CHEN Yilu, FENG Yanni, YAN Zhihui, et al. Optimization of optical resonator locking based on fuzzy algorithm[J]. Infrared
and Laser Engineering, 2022, 51(12) : 33 —38. (in Chinese)
Pk, 7%, A, S SREIRANORILE SR RGBTSR ] AU, 2020, S1GETI 1) : 298 -306.
SUN Yongjia, ZHOU Jun, LI Xuegiang, et al. Design and experiment of leveling system for potato combine harvester chassis
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51 (Supp. 1) : 298 —=306. (in Chinese)
OB, BREEPE, aUB, AF. SETRDE PID A KR R IL ARSI a O T S s ()], R TR, 2022,
38(6): 12 -21.
YAO Yingfei, CHEN Xuegeng, JI Chao, et al. Design and experiment of a monomer driver of a precision maize planter based
on fuzzy PID control[ J]. Transactions of the CSAE, 2022, 38(6) : 12 —21. (in Chinese)
RPEE, BODU, R, A5 KIE— MU e 5 3 AR A PID #3 8 SRt [ )] A ML~ 412, 2022, 53 (1) .
186 - 191.
ZHU Delan, RUAN Hancheng, WU Pute, et al. Remote fuzzy PID control strategy for nutrient solution conductivity in
fertigation machine [ J |. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53 (1) 186 — 191. (in
Chinese)
BEUK, SRR, ARRE, AE. RET AGENBUHT PID A9/ SRR REMETE[T]. R, 2023, 54 (3T 1) .
93 -102.
XUE Bing, ZHOU Liming, NIU Kang, et al. Research on wheat sowing depth control system based on adaptive fuzzy PID[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 (Supp. 1) : 93 —102. (in Chinese)





