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Research on the grain harvester unloading outlet shape and position
detection based on YOLOv10s and circumsphere fusion

XU Guozheng, WEI Wenbo, TIAN Guangzhao® ,XIAO Maohua, GENG Guosheng
(College of Engineering, Nanjing Agricultural University , Nanjing 211800, China)

Abstract ; [ Objectives ] Currently, there is a low accuracy in the unloading port pose detection of grain harvesters during field
operations, leading to low efficiency in the “machine-vehicle" collaborative unloading operations between harvesters and unmanned
grain transport vehicles. This study proposed a grain harvester unloading port pose detection method based on YOLOv10s and the
minimum bounding sphere method. [ Methods ]It utilized the YOLOv10s object detection technology, Canny edge segmentation,and the
minimum bounding sphere method to achieve precise detection of the centroid location and the opening pose of the harvester unloading
port. The performance of this method was compared with direct location algorithms for object detection and the average centroid
method ,and its adaptability in different lighting environments was also studied. [ Results]The proposed algorithm achieved positioning
errors of less than 1.20% and 0.99% within 5 meters in environments with above 3 000 Ix and environments with 100-300 Ix,
respectively. The opening angle errors were less than 8.8° and 7.3°, respectively. Compared to target detection-based positioning
algorithms and centroid positioning methods, the centroid positioning accuracy was improved by 11.20% and 3.51% in strong light
environments,and by 10.92% and 4.06% in weak light environments. The positioning accuracy was significantly improved, with a
relatively low opening direction detection error achieved. [ Conclusions ] The grain harvester unloading port pose detection technology
proposed in this study could accurately detect the pose information of the unloading port, providing fundamental data for accurately
determining the unloading point and subsequent path optimization based on the grain distribution in the transport vehicle’s storage.

Keywords : target detection ;edge segmentation ;unloading port ; centroid localization ;pose detection ; circumspher; YOLOv10s
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CPM 0.107 4 9.17 0.123 1 6.18 0.223 7 11.91 0.260 9 5.24
CM 0.023 6 2.03 0.052 1 2.48 0.107 3 5.05 0.141 9 3.82

1 : Ours 7R CHLP: ; CPM A FRUL @ #E Center positioning method ; CM A -3 0 ¥ Average centroid method. F[fi] The same bellow.
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Ours 0.010 7 1.03 0.023 9 1.08 0.024 5 1.20 0.058 7 1.14
CPM 0.1219 12.07 0.145 2 7.14 0.247 4 12.40 0.292 2 5.78
CM 0.031 4 3.08 0.064 1 3.13 0.112 6 5.47 0.152 1 3.02

X A K Fe Mg T 2 FSRAL(YHT180R FIE Ik GK120) 76 2 m W AR 22554, 100~300 Ix FhEE T CPM
BT ERZEHEM T 0.100 6 m, AHXTIRZEWE KT 5.73% ; CM L4 X228 T 0.055 2 m, AHXTER2ZEH R T
2.57%,3 000 Ix A EIRBEHAT MG . AR IFEAT BB IS O, Ul AR Bk A7 2O B 1 )
MRS ™ A 15 2 (RIS 3 DAk ) S0 ASCHE #1113 300 17 P 40 4 o 15 2 b G N0 S 23 1 34 KT 3 K EL
B ' HE SR 32 A 384 I 38 K e

FP 28 57 1 PN 34 JO 0 6 TG B A5 R T AT 10 D 18045 8, DRIk SR AR ek A G 10 7 25 S0 AR 11
BT Oy AT A AT, A (20) —20(22) TR AR 25, 0k 4, AT ASARE L2 A B IR 25 0E
ZFRIS S5 F F IR LR e B ME , TRV D18 8 20 emx20 em BUREZEUCEINL L, S KA BEIR 2220
0.104 7 rad, BI%4 6.0° , 7EHAR LT 35 emx35 em AY KRB T RICSRHL b e KA R 254 0.153 1 rad ,
RiZy 8.8°, TEBEES 2 m LA W IEIREE T, 2 BUSCRALIF Fvk 1) i i P R B T 4454 0.8, 43 i
BEESIRE] S m B, AL F 5@ REPREE b AR S B 1000 A 32 [ s e AT R 2R 0.6, FRILL, rb e B v e
RIYESS G RREREE R 2 m DAY 00T BE B8 N AT 25 50 o PSS RUADL 5 82 RSB0 IR B R 5 m e A7 BCE B 8 o A 7Y

R4 SMEREERNEROFOH EKNIZEE

Table 4 Detection error of the grain unloading port opening direction using the external spherical algorithm

Lk T 2 27 YH1180R GK120
Light environment Error types lm 2m 2m 5m

BED Wil 6,/rad 0.047 4 0.089 3 0.053 3 0.127 4
Weak light RMSE/m 0.019 7 0.034 6 0.019 9 0.056 3
R? 0.965 9 0.895 2 0.965 0 0.782 1
SRR 6,/rad 0.053 3 0.104 7 0.062 9 0.601 8
Strong light RMSE/m 0.021 0 0.047 3 0.026 5 0.153 1
R? 0.961 4 0.804 1 0.938 3 0.067 4
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UG BRI, X —Z5 R A 5 0 AL DR 22 8 VARG . BUHARPLTE 2 m N RYIEE IR 2258 1%,
RZELEREN 1~2 em, MEFEESHIRE 5 m I M EEIRZEGE— P44 R 2 2% , IRZELERHELRFE 2 5~10 em,
X i 1R 2 BV T 225 0 A R R 22 | DA SR 22 (B 9 8 2l 3 B 25 [m] 2048 o PRS2 S 1Y
XU H AR T IR SR 4 T 4 /MR 22

Xt ECIEES 2 me APPSR 42 £ J3E 15 2 RN pR S 2R K0T A, Xt I - 10 SR B SEIRR 11, T 11 75 1)
ARPRINA 38 B ey X — S5 SR AR AR5 S AR 11 P i B R A WA MLA 3 B R A B S ], AR S B
Az CRBIL S B SRR 1 1A LR SRR 1 3% Sl R 2 R AR O, AR SRR PR AT 3 S BR A 7 h B 2L

4 458

1) B PR BRI FE [ AE b B SRR 1A ARG AR, S BOBGR LS TE NS R ZE “HL- 27 D[R His
RCRAC A SR IR SR (0 )8, 352 T AR B RALERR O AR g6 2 B R B 50, 5 TR

2) F I T YOLOv10s FIAMEEERIE IR B BCGIRAIL DR F1 7 ki 773 . AR 738 T YOLOv10s Hirw
K, 456 Canny $2% 53 BIFAMEZRR YL | SEHDIR B IGRHLEVR BT 3R 7 A7 5L . AT Bt i
BRI AT YRR 22 T 10% 5 AT B ARSI B 07 50 | 2 6 V-S4 A X R 25 08D
M 4%, HABIEAEXT 2 PR/ NS R A CGRHLEURR T EA T I 2 B0 a2 VRS B A VR 1 A
T T BRI e TAG S0 3 A AE X — ),

3) AR IR ST RS AALETR T TF CUEAS BRI, 5 m N3 # B DR 25 7R i G BE A Tl 8.8° LU
PGSR R o 7.3° A, IF ELBEEV O D ARKE R, Sl FHEE B I K, 1R 25 X A DR 25 0 2
“HL-F" PRI EEE VR RS BEZESK S SEIRTE N3z AR 2 70 43 ) DR 6 225 [] 19 B A8 R R $ 48 17 2 A
i, R ITCNHB VR AR TH P At T IR 58 R
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