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Intelligent Three-Dimensional Boxing Algorithm Based on

Collaborative Optimization of Sequence and Posture

SUN Xingyan, TIAN Bitao, WANG Tingting, ZHANG Kun
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Abstract; To tackle the challenge of synergistically optimizing space utilization and center-of-gravity stability in
loading highly heterogeneous goods, a novel 3D boxing algorithm is presented combining adaptive clustering and
improved swarm intelligence optimization. It overcomes the limitations of traditional K-means and ant colony
algorithm combinations by innovatively building a “ volume-weight” dynamic clustering mechanism, which
optimizes cluster numbers via silhouette coefficients to enable collaborative goods grouping and initial loading
sequence generation, resolving stacking instability from weight differences in similar goods. Further, an improved
ant colony strategy with center-of-gravity constraints is designed, converting six-direction attitude selection into a
pheromone-guided multi-dimensional optimization. By introducing a center-of-gravity compensation factor and
spatial fitness heuristic function, collaborative optimization of loading attitudes and placement sequences is
achieved. Experimental results show the algorithm effectively breaks the “seesaw effect” between space
utilization and center-of-gravity stability, offering a new technical path for intelligent loading of highly
heterogeneous goods in logistics and a valuable collaborative optimization framework for complex combinatorial
problems.
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wipackl 3 100 wipack5 12 100
wtpack2 5 100 wtpack6 15 100
witpack3 8 100 wtpack? 20 100
wipack4 10 100
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wipackl 67.54 70.16 69.38 81.48 19. 86 15.86 16.31 13.51
wipack2 66.72 70.57 68.52 77.32 14.61 13.61 13.82 18.74
wipack3 57.34 69.42 65.64 74.24 12.15 7.15 11.37 23.75
wipackd 56.77 67.71 67.01 73.17 15.34 10. 34 12.62 17.22
wipack$ 58.12 69.48 69.89 78.95 13.38 11.38 12.76 13.47
wipack6 57.61 69.13 68.53 78.58 12.48 10.48 11.51 17.44
wipack? 59.39 66.78 65.39 79.14 18.97 28.97 20.42 14.20
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