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ABSTRACT

This paper presents a damage identification method for components using intelligent techniques and tools. In
this method, the damaged area on the point cloud of the affected component is first determined using
photogrammetry, followed by clustering. The damage volume is calculated by fitting a plane to the damage
boundary, enclosing the volume between the internal damaged surface and the fitted plane.

The point cloud clustering is performed using the K-means method, while plane fitting and point cloud
alignment are achieved using features from the segmented image of the component, including the damage center
and the upper edge line of the model. Image segmentation is carried out using Mask R-CNN to isolate different
objects.

After completing the above steps, the toolpath for deposition is generated within the resulting volume and fed
into a simulated robotic arm mechanism to guide the laser deposition system. This method is particularly useful

for small-scale damage, especially in cases where an undamaged reference sample of the component is unavailable.
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1. Introduction

Automatic control of the direct metal laser deposition
process is necessary and essential due to the importance
and application of this process in the manufacturing and
repair of valuable parts, as well as its specific
characteristics aimed at improving part quality and
optimizing production.

Accordingly, the use of imaging data has been
introduced as a solution for monitoring and controlling
the direct metal laser deposition process [3]. Pan et al.
proposed a real-time visual reconstruction method for
profiling wire arc additive manufacturing beads, which
provides effective in-situ monitoring with high geometric
accuracy (an intersection-over-union ratio of 0.911 and a
symmetric surface mean distance of 0.355 mm) [5].
Colosimo et al. developed an in-situ inspection method
for lattice structures in the Laser Powder Bed Fusion (L-
PBF) process, which enables identification of geometric
deviations during manufacturing by weighted modeling
of layer profiles based on imaging data [6]. Mishra et al.
presented a novel and reproducible approach for
extracting the true 3D geometry of additive
manufacturing products from G-CODE files. This
geometry is suitable for finite element analysis and has
been validated using simple samples and qualitative
analysis [7].

2. Methodology

In this study, for damage detection from other classes,
which include designed holes and the background, the
Segment Anything Model (SAM) was used for
segmentation, as shown in Figure 1.

Figure 1: Segmentation of different components in the
image using the Segment Anything Model (SAM).
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Figure 2: Image transformation steps. a) Image of the

part, b) Point cloud generated in Blender, c) Points
obtained in the Python environment.

To obtain the coordinates of the surface of the
damaged part, the part underwent 3D scanning. The 3D
scanning results, processed using Meshroom software,
are shown in Figure 2. To identify the damaged area on
the resulting spatial points, the k-means clustering
algorithm was applied.

Since there was no healthy (undamaged) part
available in this specific case, a five-step process was
designed to estimate the volume of the damaged region.
Generally, this process includes fitting a plane to the 3D
points corresponding to the edges of the damage (which
were identified by applying a segmentation algorithm on
the part’s image) and measuring the distance from the
damaged wall to the fitted plane. The enclosed volume
between them can then be calculated and integrated.
These steps are illustrated in Figure 3.

After completing the designed steps, the volume of
the damaged region was represented as voxels in Figure
4. The additive manufacturing toolpath generation
algorithm then designed and defined the laser direct
deposition tool head path to cover the damaged volume,
as shown in Figure 4b.
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shown in Figure 5, the resulting models were completely
different from the actual samples and exhibited concave

surfaces in various regions.

(b)

(b)

(d) ©
Figure 5: Photogrammetry of transparent and steel
parts. a) Transparent part, b) Mesh model of the

transparent part, c) Steel part, d) Mesh model of the steel
part.

In parts with curvature larger than the damage, the
©) problem of failing to detect the damaged section in the
Segment Anything Model (SAM) may occur, as

Figure 3: Image alignment with 3D points. a) Plane illustrated in Fi 6
fitted using the top 10% height of the point cloud to create lustrated in Figure b.
a constraint for the image plane, b) Alignment of the
damage boundary points with the image plane and
creation of the enclosed volume between the 3D points and
the plane, ¢) Co-alignment and orientation of the image
plane with the 3D points by matching the edge line in the
image with the plane.

(b) (@)

Figure 6: Results of the Segment Anything Model
(SAM) for a part with curvature smaller than the damage.
a) Part with curvature,

b) Result of the Segment Anything Model (SAM).

Finally, a PID controller with proportional,
derivative, and integral gains was applied to the robot
model’s joints with final angles of w4, w6, and w8, and
its motion along the generated path was performed, as

shown in Figure 7.
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Figure 4: a) Final volume represented as voxels, b)
Toolpath generation
Figure 7: Final actuator position of the robot model at the
target location.

3. Results and Discussion

The photogrammetry method was examined on two other
samples, including a transparent part and a steel part. As
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Figure 8: Final actuator position of the robot model at the
target location.

In Figure 8, all three arm joints converge to their
target positions using the PID controller, and the
responses exhibit smooth and controlled behavior,
indicating proper tuning of the PID gains (with sufficient
damping).

4. Conclusions

In this study, photogrammetry was utilized to capture the
geometry of the damaged region. Subsequently, the
damage image was segmented using the Segment
Anything Model (SAM). This enabled extraction of the
three-dimensional damage volume through spatial
integration between the point cloud and the segmented
image surface, followed by generation of the additive
manufacturing toolpath. The robotic arm control was
then implemented via closed-loop PID control, which
initially achieved a settling time of approximately eight
seconds and, after parameter tuning, was reduced to less
than two seconds.

This research builds upon prior work by Colosimo et
al. by integrating photogrammetry with advanced deep

learning segmentation models. Compared to Mishra et
al., this study offers precise 3D geometric reconstruction
of damaged areas using Al-driven image correspondence
techniques.
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! Open loop control

2 Direct metal deposition (DMD)
" Fe-Ti-C

¥ Laser metal deposition (LMD)
® Charge-Coupled Device (CCD)

* Proportional Integration (PI)
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! Morphology
" Compelimentari Metal Oxide Semiconductor (CMOS)

3 in situ monitoring (IM) and adaptive control (IMAC)
4 epipolar

> Average symmetric surface distance (ASD)

* In-situ

¥ Laser Powder Bed Fusion (LPBF)

*G-CODE

° Detection
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! Short wavelength infrared (SWIR)
2 Mid wavelength infrared (MWIR)
3 Near infrared (NIR)

4 Melt pool depth (MPD)

® Direct Energy deposition (DED)

* Artificial Neural Network (ANN)
¥ Melt Pool Depth (MPD)



Cile (6 S OL sy g, -Y

sru)Ua) ujd.: 6).5.)[) ‘\ad_wu)UaJ Lg)..fol; AJHGA Lsd...u:\.a...]o oj)fd_wc\aygm u.._..uLo 6).5.)[) LSLQQ'“"ﬁ)
ol odalye iled a0V S 50 uiile 6,50k 0 ,Shae o565l 0,9z b ¥ gds (5 .50l

———— o elasaly Juda
L Syl (g3l FReE o
gl g s St £
el | -
5 slal
| e @yl Gy g el
sk S
Sl slacly o ooty o
. - i s pFel . .
O s a3 Egoia (51 jguain

> NN . C
(z &lyemw b bl ‘59§” ooy A8Lal (@ (silxo ‘_gl.m?é 30 g2 g0 lakad u.a.w‘i Goold (Al .00l dcgozxo ud g ..ml,s ¥ s
J)J ) tb}w was 99 6‘)‘3 o..\.&..»],; Sewlo (8 co0ld Alg0d GL‘“ ‘_gl.m_iwl.o

ormile (6750l 6l gy i ooliias! b coml (ansis ¥

oz slasSl 5 o (Shis 65050k 4,006 a5 3l o)Ll Grae rae sloaSed jlosliial & T Geos 6250k
08 ooy ey la ShoaY e aS cul Y pais el Yjw Gl (mat (§ASD i rools
Y9y 3| S aipej 5 0 b lagl s Jold a5 e WIS SR8 Sl el i sl Tl e Gl (!
ol caslin LB o oaiadss ools dcgazme a5 el o3 oSl ol 5l eolazl (gl o eslaul @l ol s )l Slo
ol Jles!l azes o oolaiwl sl b 4 (cagidel 5l canlio I a5 00ls degaze Joas (sl 0gd oolel vy 65!
Sl VS Billae gl S s alol

! Supervised learning

2 Unsupervised learning
3 Reinforced learning

“ Deep Learning (DL)

5 Mask-R-cnn
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' Segment Anything model (SAM)
" Convolotional Neoral Network (CNN)
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Geometrical Identification of Defect in Parts Using
Imaging and Photogrammetry Using Intelligent Methods
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ABSTRACT
This paper presents a damage identification method for components using intelligent techniques and tools. In

this method, the damaged area on the point cloud of the affected component is first determined using
photogrammetry, followed by clustering. The damage volume is calculated by fitting a plane to the damage
boundary, enclosing the volume between the internal damaged surface and the fitted plane.

The point cloud clustering is performed using the K-means method, while plane fitting and point cloud
alignment are achieved using features from the segmented image of the component, including the damage center
and the upper edge line of the model. Image segmentation is carried out using Mask R-CNN to isolate different
objects.

After completing the above steps, the toolpath for deposition is generated within the resulting volume and fed
into a simulated robotic arm mechanism to guide the laser deposition system. This method is particularly useful
for small-scale damage, especially in cases where an undamaged reference sample of the component is
unavailable.

KEYWORDS
Laser Direct Deposition, Identifying the geometry of damages parts, 4dDOF robot, geometry of
damages, photogrammetry
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