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Additive manufacturing, a key enabler of Industry 4.0, is revolutionizing the automatic landscape in manufacturing. The primary
challenge in manufacturing innovation centers on the implementation of smart factories characterized by unmanned production
facilities and automated management systems. To overcome this challenge, the adoption of 3D printing technologies, which
offer significant advantages in standardizing production processes, is crucial. However, a major obstacle in complete
automation of additive manufacturing is an inadequate placement of support structures at critical locations, which remains the
leading cause of print failures. This study proposed a novel algorithm for accurate detection of island regions known to be
critical areas requiring support structures. The algorithm can compare loops on two consecutive layers derived from STL files.
In contrast to conventional GPU-based image comparison methods, our proposed CPU-based algorithm enables high-precision
detection independent of image resolution. Experimental results demonstrated the algorithm's efficacy in enhancing the
reliability of 3D printing processes and optimizing automated workflows. This research contributes to the advancement of smart
manufacturing by addressing a critical challenge in the automation of additive manufacturing processes.
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NOMENCLATURE L,ss = All Merged Loops on Plane S,

Lrsi = Total Cross-sectional Shape Loop on Plane S|

o - over.hang Angle ) Lrs; = Total Cross-sectional Shape Loop on Plane S,

S = Sectional Plane at #** Height Lrss = Total Cross-sectional Shape Loop on Plane S;

Lssi = A-exclusive Cross-sectional Shape Loop on Plane S RL = Residual Loop

Lps, = P-exclusive Cross-sectional Shape Loop on Plane S, NR = Null Residual

Lyss = A-exclusive Cross-sectional Shape Loop on Plane S, SR = Sustained Residual

Lgs, = B-exclusive Cross-sectional Shape Loop on Plane S,

Lps, = P-exclusive Cross-sectional Shape Loop on Plane S,

Lys; = A-exclusive Cross-sectional Shape Loop on Plane S;

Lgss = B-exclusive Cross-sectional Shape Loop on Plane S; 1. ME

Lcss = C-exclusive Cross-sectional Shape Loop on Plane S;

Lpsy; = P-exclusive Cross-sectional Shape Loop on Plane S; 3D TR 42} AdE g o] A 7|e2 A ARl FAs £
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Fig. 1 The angle 6 shown in the figure is 45°. Overhang part is
where the angle 6 exceeds a threshold angle. Self -supported
area where the angle is under 45° usually can stand without
supporters
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{b) Vertex based loops

Fig. 2 Sliced layer images. (a)GPU-based method. The boundary is
ambiguous due to gray pixels and (b) CPU-based method.
The boundary is well-defined
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Fig. 3 A simplified model for island formation. A, B, C (square
frustrum) and P(rectangular prism) represent part of a
continuous landmass with three emergent island peaks

Fig. 4 §, layer exhibits the emergence of island loop(Lgs»).S,
layer features merged shape(L,,s4), incorporating shape P
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Fig. 5 Algorithm for detection of island

Fig. 6 Example to explain that cross section of the shape A is not an
island at plane S,

Fig. 7 Example to explain that cross section of the shape B is an
island at plane S,

(b) With supports for two
island areas.

(a) Without any support

Fig. 8 Visualization of unsupported regions

Fig. 9 Example to explain that cross section of the merged shape
(Ly.s4) 1s not an island anymore since plane Sy
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(a) Armadillof 37 84mm) lefi arm = lefSMART) / right(Chitu)

(b) Armadillo{37.84mm) chin

left{SMART) / right{ Chitu)

Fig. 11 Comparison between CPU and GPU methods in island
detection
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