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Path planning method for robots in the ground-pot areas of
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Abstract: [Objective] To address the path planning challenges for robots in the ground-pot areas of light-flavor Baijiu fermentation
workshops. [Methods] A robotic path planning method, named C-EAFO-YBWC, is proposed. First, gamma correction and unsharp
masking are used to enhance image quality, combined with the adaptive FAST threshold to improve ORB feature point extraction, ensuring
the localization accuracy of the ORB-SLAM2 algorithm under complex lighting. Second, BiFPN and Coordinate Attention (CA)
mechanisms are integrated into YOLOv10n and optimized with WIoU to detect fermentation pots and generate path points. Finally, by
combining robot self-localization and ground-pot detection, the path points are transformed into the robot's coordinate system to guide its
motion. [Results] In the four test sequences selected from the EuRoC dataset, the RMSE is reduced by 2.60%, 43.26%, 12.72%, and
30.10%, respectively. In tests using a ground-pot dataset, mAP@0.5 improves by 1.1 percentage points, while Params and FLOPs are
reduced by 8.33% and 2.32%, respectively. [ Conclusion] The proposed EAF_ORB-SLAM2 and YOLOv10n BWC algorithms effectively
ensure the validity of path planning.
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Figure 1 Ground and ground-pot images from a top-down

perspective
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Figure 2 Robot operation
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Figure 3 C-EAFO-YBWC path planning
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Table 1 Comparison of trajectory evaluation for four algorithms
GRS Rk RMSE PN -1y iR 22 SEUNTE = 1R 2R 2 w2
V101 ORB-SLAM2 0.088 4 0.177 4 0.082 9 0.0116 0.030 6 0.078 9
R4 B 0.086 5 0.1533 0.081 2 0.0162 0.029 8 0.076 1
ERrvE SN FLY 0.086 6 0.161 6 0.0812 0.014 9 0.029 9 0.076 0
RN A RS 0.086 1 0.165 8 0.080 9 0.018 7 0.029 3 0.075 0
V103 ORB-SLAM2 0.107 5 0.293 2 0.099 0 0.016 2 0.041 9 0.092 8
PR {5 1 5 0.077 9 0.149 7 0.073 5 0.013 5 0.025 8 0.068 7
SRV S 1FL 0.078 3 0.167 0 0.0712 0.007 2 0.0325 0.073 4
(R TRERES 0.061 0 0.148 5 0.056 7 0.005 3 0.022 5 0.055 7
MHO01 ORB-SLAM2 0.040 1 0.090 4 0.035 1 0.001 0 0.019 3 0.030 5
ERETH 0.036 5 0.091 6 0.030 5 0.002 5 0.020 1 0.025 7
ERrVESS LY 0.037 1 0.089 7 0.0312 0.000 6 0.020 1 0.026 6
LN GRS 0.035 0 0.085 6 0.029 8 0.000 1 0.018 4 0.023 9
MHO05 ORB-SLAM2 0.058 8 0.176 0 0.049 5 0.005 6 0.0317 0.040 0
PRI {548 5 0.052'5 0.1722 0.048 1 0.008 1 0.021 0 0.044 9
1 38 [ FRAE A 0.053 7 0.1599 0.045 8 0.002 7 0.028 0 0.037 4
R RS 0.041 1 0.120 6 0.034 7 0.002 0 0.021 9 0.0317

TOIRG B2 B 43, BT SR AL 7E BT AT AT RE (Y A (R KR
R

42.1 WIFEAEEMIK % COCO128 A I % i 4 it
7 B R R 8, Hfh COCO ¥ 4 H B HIL ik By 128 5K
RGA N, BA &5 4 AW5s, & AT Bkl

SR MRS 8 R, BB ST AU S e RE . i
Bt A a2 s X AR 2 IR R Tk AR IE B
B K I A B2, COCO128 1) B TiF 45 AN 2 B 533 76 38 1 3%
N BV F7 ST R N AR T A8 A A B A M i 4 A
SEFEATIIE . COCO128 KudifE 45 R LK 2.
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Table 2 Experiments on COCO128 dataset

iR BiFPN WIoU CA mAP@0.5/% mAP@0.5:0.95/% FLOPs/B Params/M
YOLOvI10n X X X 24.4 16.0 8.6 2.76
YOLOv10n B N/ X X 31.1 21.7 8.6 2.78
YOLOv10n W X N/ X 26.6 19.0 8.6 2.76
YOLOv10n_C X X N 30.1 21.2 8.4 2.52
YOLOv10n BWC N N N 35.6 25.0 8.4 2.53

i 2 2 AT A1, 7E COCO128 % 4 4 3 v, ke 9 1%
YOLOv1On B.YOLOv1On W.YOLOv10n C H F5 4 il 45
TR F YOLOVIOn ¥4 847 2B . YOLOv10n_B fifi
JH Y BiFPN W 4% #4 48 B A7 B 0 034 A &8 T 1 4 DS
& ;YOLOv10n_C B8 i T 3E F T 15 i AR ALY CA 1
S HLE , Params I 2> T 8.70% , B A Bl 0 AL AL R .
YOLOv10n_BW C B T B iy 458 7146 el e TR, 48
I F YOLOvV10n, Params Ji /> T 8.33%, FLOPs Ji /> T
2.32%, mAP@0.5 #H ¥} T YOLOvIOn 2 7+ T 11.2 41 & 4
FL,mAP@O0.5:0.95 82T+ T 9.0 B 405, L4 T ¥R A7
BRI B TR AR AR B e Y, E B 65 i R 1L i

B R R T . ZR 1R T YOLOvIOn_ BWC A7
TEARUEAS AL G2 s A i SEmb -, 5 R0k 3 T B AR K RS 1
AR Al 505 B 4 o5 RS B R R R 3k — SR ) A B
a4 A U AE — 25 Ui B

422
BWC B K i) 53575 X6 b 45T 100 46 00 B 31048 52 B 4 5t b
i P A% 4 1 B 4 L 855 Tk IS 41 nk , 28 3o IR Bl %
HSV 38 3 5k | L4855, A 20 R BOHE i, O Ho il
T ot e by BT RN AR ¢ A T i B AR A LR TR o8
AV P4 FE R 17 FBR o, T LA SE 1788 35 48 2  Mosaic 3 i
P80t i 2 b B 8 4 R 81 TR 8 T

Mot B 4R A AR AL O B8 HiE YOLOv10n_
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Figure 8 Ground-pot dataset
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Table 3 Experiments on the ground-pot dataset

Bk mAP@0.5/% mAP@0.5:0.95/% FPS/(ii-s ')
YOLOv10n 98.1 97.6 62.5
YOLOv10n B 98.6 98.3 64.1
YOLOv10n W 98.7 98.4 64.9
YOLOv10n_C 98.0 97.7 88.2
YOLOv10n BWC 99.2 98.8 76.9

B3R 3 AT, 7 K B R L5 T, mAP@O.5 # L T
YOLOVIOn & T 1.1~ 4r &, mAP@0.5:0.95 2 & T
1.2 E 43 A, H Params Fll FLOPs H % 2% 2% #) pe 52, 5 i)l
Rt BT, R T 8.33%,2.32% , A T HLEE ALK
HREB LRI, ok 2EAY YOLOv1On BWC H 46 il 55 754
P& = T b TR ) R R ORRG B R, ORIE TR A Y 5%
k.

5 ik

S 3 A 2 E I A 7 R 0T X 22 B b A 3R
BE AR IR T — A C-EAFO-YBWC [ L 2% A% 42 41
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B M, SR A IR B 5 R 35 B FAST 19 {8 1 /. ORB
FRAE S PR, 32 1 —F EAF_ORB-SLAM?2 B g5 v, S 81
ML A TE S Z4 0 IR i T X3 2R B8 19 B 58 67, DA 28
bl AT 7E B B 0] s 4R 5, 6 F YOLOv10n 5%
2,51 A BiFPN {4k 9 4% 45 4 , 0 F WIoU i 2% pR £ 48
Ak 30 GAE 19 Fe e kS SRAG DUORS B 45 A R E kY CA
W S PLH 2 —F YOLOv10n BWC (1 H AR k6 4 32
FH T BT A 0, 44 5 0 b G v O VR O B AR L R DR AL RS A
“FR IR LY [A) R d S A5 A b R ks B AR AT T L AR
NG — S B A bR RN, S0 B &8 A TE Hh 6T XY 42 4
B . BRRW R Ik AR A AR m AL AR A AE
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