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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
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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.

Identifying the Geometry of Dam-
aged Parts

4dDOF Robot

Geometry of Damages
Photogrammetry

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].
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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.

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.

Fig. 1. Segmentation of different components in the im-
age using the Segment Anything Model (SAM).
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Fig. 2. Image transformation steps. a) Image of the part,
b) Point cloud generated in Blender, ¢) Points obtained
in the Python environment.

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.
3- Results and Discussion

The photogrammetry method was examined on two
other samples, including a transparent part and a steel part.
As shown in Figure 5, the resulting models were completely
different from the actual samples and exhibited concave
surfaces in various regions.

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 illustrated
in Figure 6.

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.

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).
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Fig. 3. Image alignment with 3D points. a) Plane fitted
using the top 10% height of the point cloud to create
a constraint for the image plane, b) Alignment of the
damage boundary points with the image plane and cre-
ation 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.

4- Conclusions

In this study, photogrammetry was utilized to capture the
geometry of the damaged region. Subsequently, the damaged
image was segmented using the Segment Anything Model
(SAM). This enabled the extraction of the three-dimensional
damage volume through spatial integration between the
point cloud and the segmented image surface, followed by
the generation of the additive manufacturing toolpath. The
robotic arm control was then implemented via closed-loop
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Fig. 4. a) Final volume represented as voxels, b) Tool-
path generation
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Fig. 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.

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.

(b)

Fig. 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).

Fig. 7. Final actuator position of the robot model at the
target location.
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Fig. 8. Final actuator position of the robot model at the
target location.
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9. epipolar

10. Average symmetric surface distance (ASD)
11. In-situ

12. Laser Powder Bed Fusion (LPBF)

13. G-CODE

14. Detection

15. Short wavelength infrared (SWIR)

16. Mid wavelength infrared (MWIR)

17. Near infrared (NIR)
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. Direct metal deposition (DMD)

. Fe-Ti-C

. Laser metal deposition (LMD)

. Charge-Coupled Device (CCD)

. Proportional Integration (PI)

. Morphology

. Compelimentari Metal Oxide Semiconductor (CMOS)
. in situ monitoring (IM) and adaptive control (IMAC)
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Table 1. Advantage and disadvantage of different sensors.
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1. Melt pool depth (MPD)

2. Direct Energy deposition (DED)
3. Artificial Neural Network (ANN)
4. Melt Pool Depth (MPD)
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Fig. 1. Functional framework of machine learning.

> c

90 39390 ilalad ] (50315 (A1 L0315 dAcgoomo WWoi Wiulyd .Y S
SLSwlo (z gl g b b (o1 (13,5 Lo (o g5l sLASE
WS35 g Elygw WS 93 (515 sl gi Sule (5 031> diged ol

Fig. 2. The process of generating a dataset: a) damage

data of components existing in internet, b) adding a pat-

tern of points or holes, c¢) initial data sample masks, d)
masks generated for two classes: holes and cracks.

dle 653 sl sy, -Y

g e Shindis 03,5 o & Yyano cble (63 (slasds
o)l sl (653 o T gk 550k dondls (6,50
ol ol Gioles 4V IS 3 (il (6,053L 3 Slas b2y 55!

eile (553 Slayig, 3l 3Lkl b ! panseds

2B aS 515 0 )Ll Baes mae sloass jlodlitu] 4T Gues (650
as 48w e Bodls | odomy agsl g o Shy x50k
| 8 et SaSies Y o 48 Csl Y iz Jolb Ygano o0
Lo oM 503 51 ol (e (sl ll )3 Guiod oyl (0 2305 o0 3L
0 )l Swole by Sl At diej g 9 035 >)b Sloglygw ol &5
031> ds gasme &S Cuwl p5Y w6 oyl 5l ookl (gl ws ealal © ) o)
030> acgasme a6l 3945 03lel 5 yoSl ol cawlio LB 4> ol
ol Jlos! domis b oslial (gl 0l & pugiteli Jl quslio I8 &
el ¥ S llao pos Sy 4 4ol

1. Supervised learning
2. Unsupervised learning
3. Reinforced learning

4. Deep Learning (DL)
5. Mask-R-cnn

YA



FXVyS] WO KESEPVP I S (W

Fig. 3. Segmented image.

By g o] (auseid )d sl f S

Fig. 4. Error in detecting damages and holes.

sl 03,8 et Soglit () b 5 ol 1y ladad glaas] <Ll
Slastie (g oo alad o )3 oddcuwl (Bly 18 jasuie |
L)u)l.od 9 0.390.3 M‘J{A ) L;w..\.\.m )f),o sbuo )]a.b)l ‘) w,.:T u_,.,.:m

NN

Gomdw (5,10 posld plxil -#
cov ashd wcawl )y sdabad mhw Slaske by jelaieds
el Sl eslatal b (g5l poals plosl b c8)5 )18 (camans ()15 00l
Ll L &S 05 ol dlai VAV 0 i e YO+ gl (g yzel St

bl ials aue WYY 4 bls sl (63959 0315 T 55l p i o blss

3. Data preprocessing

4

Jol o9, 50 ilwlaz cds b5, -F
sldises ool dgd 0 odaliv (Juols glaodld wyy 50
Ooledd b din ¥ JSS L Gollae ezt ) oldl s oadpdjly
2 A astie oddb0dld asuis S slaal 4 Cuns olidl aseds dlaw
ooy olidl b )38 (Bildy dy0 pawad SVl das WA dgus
Ol o ol Sle g, b oadplonl parseds 83 o inlas 5315 3929

Caol 2o )dOVA dgas 45

sLedl 51 g9 2 silwlae Joo (8 %0 -0

s 3o )dVY i b (LB gy 4 (g5llis 0 o)lil &S job jlon
o a5 Bl g 8 gaiie 4 dagi b cllas (] a5 cunlolyen
ol g s als pslateds cplpl tudl e Coponl Pl sl aslad
b ol 0 IS5 L illae isir e il i) Sl pge e
Ry S )3 Wyl 3)509) So bl jl gy o giluba Sl
Slore Cusl 00l (Sl e 50 slaby) Aluoge &S ol
Se &S Al ras &S i ugal 639y (e Jeld S
M Y50 pguad sla Shg gl sl lp T pdorn (ae 4
9 i g jlodlitl b pgal il (2l SSE Jyie o
Slose B JS 5 Mib o (2l (295 SR g 0392 peb (slagsdy)
VY] 25 0 oanlie Lol jl 55 2 (gilslin oo

Neg 2 silola Jao 0gd e otalie & S5 )0 & j5blon

1. Segment Anything model (SAM)
2. Convolotional Neoral Network (CNN)
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Fig. 5. Model architecture (SAM): Firstly, the input image is transformed into a hidden representation (Embed-

ding Image) by the image encoder. This representation is then merged with encoded instructions including points,

boxes, free text, or initial masks, and sent to the mask decoder. The final output includes a set of valid masks along
with corresponding confidence scores that indicate the accuracy of the prediction for each mask.
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Fig. 6. Separation of different components in the image using the (SAM) model.
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1. Meshroom
2. K-means
3. Elbow method
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Fig. 7. Steps for image conversion: a) the image of the fragment, b) the point cloud obtained in
Blender, c) the points obtained in the Python surface plot.
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Fig. 8. The result of clustering points obtained from photogrammetry using K-means, with the

value of K chosen based on trial and error relative to the extent of damage (the image is scaled
to ten times its original size).
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2. Proportional-Integation-Deviation (PID)
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1. Single Value Decomposition (SVD)
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Fig. 9. Image alignment with three-dimensional points: a) a fitting plane 10% above the height of

the point cloud to create a constraint for the image plane, b) alignment of damage boundary points

with the image plane and creation of a volume enclosed between the three-dimensional points and the

plane, c) alignment and orientation of the image plane with the three-dimensional points by matching
the edge line in the image with the plane.
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Fig. 10. a) Lines connecting points within the damage surface to the image plane, b) identifying
points at regular intervals along the lines, ¢) converting points to Voxel, d) generating an initial
path, e) optimizing the path using the Hilbert algorithm.
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Fig. 11. Photogrammetry of the transparent and steel fragment: a) the transparent fragment, b)

the mesh model of the transparent fragment, c) the three-dimensional model of the transparent

fragment; a) the steel fragment, b) the mesh model of the steel fragment, c¢) the three-dimension-
al model of the steel fragment.
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Fig. 12. The result of the model for identifying any type of objects for a piece with a curvature
smaller than the damage, a (piece with curvature), b (result of the model) SAM).
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Fig. 13. Placement of the robot's end effector at the target position.
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Fig. 14. Placement of the robot's end effector at the target position.
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