§33% 190 e M TR Vol.33 No. 19
2025 4£ 10 Optics and Precision Engineering Oct. 2025

TEHE  1004-924X(2025)19-3150-12
ETHEEMENERERTFEINXIAL

(BREIVAF UBEMFSIRER,EAT % /KE 15000

FEE Oy 74w AR R A R I RO S ) [ B Ak, B TR AL, S TR ) R A B T — b A S 4R
BERAM BRI AR o LUER H AR R 09 42 BEAR 1 2 00 G R I GE R G2, 43 A # A0 DXBURRAIE o % AR 1 7 8 43 B
EG R Z 7 LU AR R 1], 35 LM 7 0 40 B0 B AR BT v o BRUG T A 45 SR A I OC B REAE A, B 2 2D-3D AR
i3 L-M S S8 i B A 1T . IR 7R SE 5 AUBO-10 HLARE X067 F &5 B JF & H st 07 5256, 3830 B 32 55 9% 19 A 4%
PEo SCHES AR 7E LI S R A LI 5T AR A A A 0 R IORS B mAPEEIR B 9550 DL L, M4 43 FDR B mIoU
fH 4355 3 98. 15% 1 93. 89 % , # L JFEAE 1Y SegFormer-BO 2l # 7 1. 24 96 Fl 1. 64 % , BRI 35 N [# 24 23. 2% ; #E A
HUIE B AR REAR M 2 m A AR OO 0 2 A 8 M E R 22 /N T 1.0 mm, 7E X, Y, Z 344l b B Sl %67 19 X 67 1 % 4 % 13
Z/NF 5.0 mm, B4 xt iR 22 /T 0. 57 G5 AR, A ST $& 5 00RS B2 m 5 W 2 B A 14 A B i R .

* 8 R:EANEERMA; AL BARRA AR LA

& 42K S TH247;TP29 X#kFRIRED A

doi: 10. 37188/0OPE. 20253319. 3150 CSTR:32169. 14. OPE. 20253319. 3150

Automatic alignment of container corner

based on monocular vision

ZHANG Yonglei, HU Tao , SHEN Liqun

(School of Instrumentation Science and Engineering, Harbin Institute of Technology,
Harbin 150001, China)

* Corresponding author, E-mail: hutao@hit. edu. cn

Abstract: To enhance the efficiency of container loading and unloading and realize automated operations,
this study investigates monocular-vision-based automatic alignment between spreader and container, inte-
grating deep learning and image-processing techniques. Monocular images of container hoisting conditions
were analyzed with emphasis on the regional characteristics of corner components. To address the low pix-
el proportion of corner regions in high-resolution images, a two-stage "coarse positioning-fine segmenta-
tion" strategy was proposed. Based on the segmentation results, key feature points were detected, 2D-3D
point correspondences were established, and pose estimation was performed using the Levenberg-Mar-
quardt algorithm. Validation was conducted on an AUBO-110 manipulator alignment platform in laborato-
ry settings. Experimental results demonstrate that the mean average precision (mAP) for detection of con-

tainer corner components exceeds 95% in both laboratory and real-scene environments. Mean intersection-
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over-union (mloU) for corner segmentation reached 98. 15% and 93. 89% , respectively-improvements of

1.24% and 1.64% over the baseline SegFormer-B0O-while model computational cost was reduced by ap-

proximately 23.2%. At a camera-to-corner distance of about 2 m, the aiming error of the alignment posi-

tion was below 1.0 mm. Absolute translation errors on the X, Y, and Z axes were all below 5.0 mm,

and absolute rotation error was below 0. 5°. These results indicate that the proposed method achieves reli-

able accuracy and satisfies the requirements for automatic alignment of single-angle components.

Key words: monocular vision; containers; automatic alignment; target recognition; pose estimation
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Fig.1 Flow chart of container corner recognition algorithm
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Fig.5 Flow chart of corner pose estimation algorithm
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SenFormer(Swin T) 97.45/94.96 59.02 179.02
SegFormer-BO 96.91/92.25 3.72 13.70
SegFormer-B4 97.83/95.85171.33 64.01

Original ~ Unet Pnet

(a) SLEFFR
(a) Experimental environment

" —
‘
\

Original ~ Unet Pnet

(b) E%%a
(b) Real scene
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Fig.8 Visualization results of corner segmentation
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Tab.3 Ablation experiment evaluation results

Model mlIOU Param FLOPs

SegFormer-B0 96.91 3.72 13.70
SegFormer-BO+CBAM 97.32 3.77 13.79
SegFormer-BO+RFB 97.79 5.01 27.78
SegFormer-BO+CBAM-+RFB 98.18 5.05 27.80
CR-SegFormer-B0O 98.15 3.79 10.52
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Tab.4 Comparison of corner pose estimation algorithm results

RE/pix AE/mm
PR /mm

E-PNP IPPE SQPnP L-M E-PNP IPPE SQPnP L-M

855 10. 113 1.530 1.515 1.513 3.744 0. 566 0.561 0. 560
875 6.598 1. 406 1.378 1.372 2.450 0.533 0.522 0.520
1120 5.121 1. 338 1. 304 1.295 2.483 0. 649 0.632 0.628
1175 3.325 1. 281 1.242 1.235 1.692 0.652 0.632 0.628
2075 2.088 0.847 0.648 0. 647 1.876 0.761 0.582 0.581
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Fig.9 Monocular visual alignment experimental platform
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Fig. 10 Overall process of automatic alignment
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Tab.5 Corner calculation pose of monocular vision system
S5 2 1] X/m Y/m Z/m R./(%) R/(*) R./(*)
1 —705.18 86.42 —212.67 179.45 0.43 79.12
2 —669.12 134.88 —215.13 179.57 —0.37 82.40
3 —735.90 190. 48 —104.81 179.63 —0.33 90.19
4 —747.12 164. 60 —107. 22 179. 65 0.31 91.22
5 —646. 52 75.10 —215.71 179. 50 0.45 101. 21
6 —728.03 —74.49 —212.12 179. 48 0.39 87.52
7 —721.78 79.81 —279.40 176.93 2.65 60. 04
8 —694.02 —39.01 —283.07 176.87 2.59 78.59
9 —619.83 —239.27 —311.02 174.56 4.54 83.75
10 —624.81 —251.57 —313.93 173.79 4.61 96. 80
®6 RAUHGMNERME
Tab.6 Real pose of corner piece

S 4 26 ) X/m Y/m Z/m R./(*) R,/(%) R./(%)
1 —702.12 84.88 —216.51 180. 00 0.00 79.44
2 —666. 90 131.12 —219.48 180. 00 0.00 81.99
3 —731.53 193. 22 —107.87 180. 00 0.00 90. 45
4 —750.19 167.32 —105.01 180. 00 0.00 90. 83
5 —642.83 72.02 —217.86 180. 00 0.00 100. 94
6 —724.22 —70.87 —218.01 180. 00 0.00 87.36
7 —725.60 76.22 —277.02 177.32 2.97 60. 30
8 —690. 11 —36.52 —279.48 177.32 2.97 78.28
9 —615.41 —236.68 —314.92 174.15 4.89 83.40
10 —622.13 —256.02 —309.18 174.15 4.89 96. 34
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Tab.7 Pose error information
® X/m Y/m Z/m R,/ (%) R,/(%) R./(%)
S Hh o ok i 2 3.21 3.17 3.23 0.43 0.36 0.32
PR 2E 3.98 4.02 4.05 0.44 0.37 0.33
*8 BIXMLEHER EE R,
Tab.8 Experimental results of automatic alignment
SRR ERRE X LRI R R/ % 4 % &

1 20 20 100
2 20 20 100
3 20 19 95
4 20 20 100
5 20 20 100
6 20 19 95
7 20 20 100
8 20 20 100
9 20 20 100
10 20 19 95

T DRAE AR X 6 D) R TELE SRR
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