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Advancements in Photogrammetric Modelling: Boundary Marking for Improved Accuracy 
 

Hasan Kemal SURMEN  

 
Abstract: Photogrammetric modelling, a widely used technique for reconstructing 3D models from photographic data, relies on achieving high geometric accuracy to minimize 
post-processing efforts. This study proposes an enhancement to the photogrammetric reconstruction workflow through the introduction of the Boundary Marking Technique. 
By visibly marking the edges surrounding object surfaces, this method aims to improve edge definition and overall reconstruction quality. The technique was applied to both 
metal and plastic objects of identical geometry. 3D models were generated using close-range photogrammetry for both marked and unmarked versions, and deviation 
analyses were conducted against their CAD references. A total of 16 analyses comprising one 3D and three 2D per object were performed using computer-aided comparison 
tools. Results indicate that the Boundary Marking Technique significantly enhances geometric accuracy, particularly along edges and adjacent surfaces, ultimately improving 
model topology and dimensional fidelity across the entire reconstruction. 
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1 INTRODUCTION 
  

Today, 3D reconstruction methods are widely used to 
create 3D models of objects or scenes for various 
applications, including reverse engineering [1], metrology 
analysis [2], 3D printing [3, 4], and computer-aided 
engineering (CAE) simulations [5-7]. One of these 
techniques is photogrammetry, an image-based modelling 
method [8]. Photogrammetry is utilized in diverse fields, 
including archaeology [9], architecture [10], historical and 
cultural heritage [11], biomedical [12], medical [13], 
forensic [14], augmented reality/virtual reality (AR/VR) 
[15], gaming [16], and engineering applications [17, 18]. 

Close-range photogrammetry is a technique employed 
to generate 3D models of objects. In this method, digital 
3D geometric data of an object is acquired by capturing 
multiple overlapping photographs from various angles. 
This data is then processed using specialized software to 
create the 3D model. While photogrammetry offers 
advantages such as low cost, portability, wide scanning 
range, and photorealistic texture, it has certain limitations 
in terms of geometric accuracy, especially when compared 
to advanced 3D scanning technologies, as it relies solely on 
photographic data [19]. As a result, enhancing geometric 
accuracy and developing new methodologies are crucial in 
the field of photogrammetry [20, 21]. 

Several factors during the photography stage can 
negatively impact photogrammetric modelling. These 
factors can be attributed to the operator, the environment, 
and the object itself. The geometry, material, and texture of 
the object's surface and edges are critical factors affecting 
reconstruction quality. For instance, glossy materials, 
rough surfaces, and polished finishes can reduce geometric 
accuracy and introduce defects in the 3D models. 
Additionally, shadows on the object can negatively 
influence photogrammetry. Shadows may result from the 
environment or specific object features, such as ribs. Blank 
textures can obscure transitions between different surfaces, 
and rounded concave edges may cause visual blurring. In 
photogrammetry, the RGB (red, green, blue) colour data of 
the object is captured from photographs. Segmentation is a 
fundamental process for processing point cloud data and 
reconstructing scanned objects [22]. Photogrammetry 
software, such as Autodesk-ReCap Photo, Agisoft-

Metashape, and AliceVisionMeshroom [23-25], can assign 
RGB values from captured images to the points and 
polygons of the 3D model. However, the challenge arises 
when different object features share similar colours, which 
can prevent effective colour segmentation and hinder 
reconstruction accuracy. These factors contribute to the 
limitations of photogrammetry, especially regarding 
geometric precision. 

Post-processing mesh repair operations are commonly 
used to correct geometric defects in the 3D model after 
digitization. The success of these repair operations varies 
depending on the effort and expertise involved. In some 
cases, surface defects may be beyond repair. Various 
techniques, such as marking [1, 26], coating [27-29], and 
masking [30], are employed to enhance the geometric 
accuracy of 3D models. These methods may require 
significant time and skilled personnel, both before and after 
scanning. 

This study introduces the boundary marking technique 
(BMT) as a pre-photogrammetry preparation step to 
improve the quality of 3D reconstructions by making the 
surface boundaries of objects more distinguishable during 
photogrammetric digitization. The technique has been 
thoroughly investigated, and its impact on geometric 
accuracy has been demonstrated through 3D and 2D 
deviation analysis. Notably, the BMT requires no 
additional resources and facilitates efficient object 
preparation for 3D scanning within a short time frame. 

The effectiveness of this innovative technique in 
enhancing geometric accuracy was investigated using a 
machine part with ribs and concave edges. To observe the 
effects of the technique more clearly, the object was CNC-
machined from a single-coloured, uniform, and smooth-
textured metal and plastic material, ensuring consistent 
dimensions. Close-range photogrammetry was employed 
as the 3D digitization method. No auxiliary systems, such 
as laser or projection, or methods like coating or masking 
were used that could influence the modelling process. The 
photography phase was performed under the same 
conditions for each model. After obtaining the 3D models 
of metal and plastic sample objects using photogrammetry, 
the models were reconstructed again after marking the 
edges. A CAD model, created based on the physical 
object's dimensions, was used as a reference for comparing 
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the 3D models generated from the marked and unmarked 
objects. Geometric accuracy was analysed using both 3D 
and 2D comparison methods, utilizing 3D Systems 
Geomagic Control X software. The improvement in 
geometric accuracy through the application of the 
boundary marking technique is detailed through both 3D 
body and various 2D section analyses of the metal and 
plastic objects. The results from four objects were 
compared with the reference CAD model, and these 
findings were then cross-analysed. 
 
2 METHOD 
 

There are two main types of photogrammetry: 
terrestrial and aerial. Terrestrial photogrammetry, also 
referred to as close-range photogrammetry, is typically 
used for distances up to 200 meters [31]. The close-range 
photogrammetry method employed in this study is 
specifically designed for digitizing small-scale 3D objects, 
rather than for generating topographic maps. This 
technique is also known as 3D photogrammetry [32] or 
image-based 3D modelling [33] when used to produce 
three-dimensional reconstruction of objects. 

The fundamental principle of photogrammetry is 
triangulation, which enables the calculation of 3D point 
coordinates. A point's spatial position is determined by 
mathematically intersecting lines of sight from multiple 

camera angles. In practice, at least two photographs taken 
from different perspectives are used to establish lines of 
sight from the camera to the target point. The intersection 
of these lines yields the X, Y, and Z coordinates of the point, 
based on the known camera positions and orientations. 
Once the 3D point data are obtained, a point cloud model 
of the object can be generated using specialized software. 
This point cloud can then be transformed into a polygonal 
mesh model [34]. 

Photogrammetry offers the advantage of producing 3D 
models with photorealistic textures, as it captures both 
geometric and texture information - unlike other 3D 
scanning methods such as laser scanning or CT scanning. 
It is also portable and cost-effective, requiring no electrical 
connections, and supports a wide range of scales, from 
small objects to large structures. For these reasons, 
photogrammetry is widely adopted across various 
disciplines. However, despite its advantages, 
photogrammetry can be limited in terms of geometric 
accuracy. To address this, the present study employs 
photogrammetry as the 3D digitization method and 
introduces the boundary marking technique to enhance 
geometric precision.  

The workflow of this research is illustrated in Fig.1, 
which includes object preparation, image acquisition, 3D 
reconstruction, geometric accuracy evaluation, and 
comparative analysis of the results. 

 

 
Figure 1 Workflow stages of the study 

 
2.1 Preparation of Sample Objects and Generation of 3D 

Models by Photogrammetry  
 
The sample objects were manufactured in the same 

dimensions from metal and plastic materials by the CNC 
method. The marked objects were obtained by drawing the 
boundaries of plastic and metal objects with an erasable 
marker pen and prepared for photogrammetric modelling 
(Fig. 2). Manual marking was implemented due to the 
complex and varying geometries of the objects, which limit 
the feasibility of automated methods. To ensure 
consistency, all markings were performed by the same 
operator using a marker with a line width generally 
between 0.5 mm and 2 mm. This range was found to be 
optima - thin enough to preserve geometric detail, yet thick 
enough to ensure reliable detection in the images. In certain 
cases, especially under along concave edges, slightly 
thicker lines were used to enhance visibility. 

3D models of marked and unmarked objects were 
created by photogrammetry using cloud-based Autodesk-
ReCap Photo software. 24 photographs of each object were 
taken at 15-degree intervals. The camera was fixed at a 

vertical angle of 37 degrees during photography. There is 
an 80-90% overlap between images. Canon EOS 50D 
camera and 18-135 mm lens were used for photography.  

 

 
Figure 2 Unmarked and marked metal and plastic objects used for 

photogrammetric modelling 
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Photography was performed in an indoor environment. 
A rotating platform was used to avoid operator error and to 
achieve the same photo overlap rate (Fig.3). A blank fabric 
that does not reflect light was used for the floor and 
background. The same workflow was implemented for the 
photogrammetric modelling of all objects. After the 3D 
models were generated, the ground part outside the object 
model was removed in the ReCap Photo software. No 
editing was done on the 3D models. The objects generated 
with the RCM (Reality Capture Mesh) format were 
exported in OBJ (WaveFrontOBJect) format for 3D and 2D 
deviation analyses. 

 

 
Figure 3 Setup for photography 

  
2.1 Comparison of Reconstructed Models   

 
Computer-aided engineering software specialized in 

the field of 3D scanning is used to analyse the accuracy of 
scanned data and for measurement and alignment 
applications [35].  
 

 
Figure 4 Workflow for comparing of each model generated from marked and 

unmarked metal and plastic objects 
 

To see the effects of the boundary marking technique 
on 3D reconstruction in detail, marked and unmarked 3D 
models of plastic and metal objects were compared for 
geometric accuracy using Geomagic Control X software. 
A reference CAD model was used for these comparisons. 
The CAD model was drawn using CAD software according 
to the dimensions of the CNC machined parts. The 

bounding box dimensions of the model are 60  50  40 
mm. The four reconstructed 3D models and the CAD 
model were separately compared for geometric accuracy 
and analysed between the reference and scanned data. 3D 
and 2D comparison methods were used for the analyses. 
The workflow shown in Fig. 4 was followed for the 
comparison of each generated model. 

In the 3D comparison analysis, the 3D geometric data 
of the reconstructed models were compared with the 
reference data derived from the CAD model and the 
deviations were measured. As for the 2D comparisons, 
three different 2D sections were determined. These section 
planes were created especially considering the edges and 
corners of the object, which are critical for scanning. In the 
2D comparison analyses, the reconstructed models and the 
CAD model were compared with reference to these section 
planes. The tolerance value for all comparisons was set to 
0.5 mm. A total of 16 comparison analyses were 
performed, one 3D and three 2D analyses for four scanned 
model. 

The total number of points is called n in the 3D 
compare and each measured vertex is defined by a 
Measured Position (Pm) and a Reference Position (Pr). 

 
 m m m m, ,P x y z  (1) 

 
 r r r r, ,P x y z  (2) 

 
A Gap Vector (GV) is calculated for each measured 

point. GV goes from the Pr to Pm.  
 

 m r m r m r, , GV x x y y z z     (3) 

 
GV is converted to a scalar magnitude and it is called 

the Gap Distance (D). D is the deviation value at any given 
point. If the measured point is on the negative side of the 
reference data D is given a negative value. Deviation can 
be used instead of Gap Distance. 
 

2 2 2
x y zD GV GV GV       (4) 

 
The explanation of the statistics obtained as a result of 

the analyses is given below: Max: It is the largest positive 
deviation. Min: It is the largest negative deviation. 
Average (A): The arithmetic mean of all the deviations. 
 

1

1 n

i
i

A D
n 

      (5) 

 
RMS: RMS (Root Mean Square) is a measure of the 

magnitude of all deviation values. 
 

2

1

1 n

i
i

RMS D
n 

      (6) 

 
Std. Dev.: It is the standard deviation of all the gap 

distance values. 
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Var.: It is the variance of the deviations. 

 
2Var      (8) 

 
+Avg: It is the mean of all the positive deviations. 

−Avg: It is the mean of all the negative deviations. 
In Tol. (%): It is the percentage of points within the defined 
tolerance. Out  Tol. (%): It is the percentage of points 
outside  of the defined tolerance. Over Tol. (%): It is the 
percentage of points that are greater than the upper 
tolerance limit. Under Tol. (%): It is the percentage of 
points that are less than the upper tolerance limit. 
 
3 RESULTS 
 

The 3D models were generated using the close-range 
photogrammetry method. Solid, mesh, and textured views 
of the 3D models, both for the unmarked and marked metal 
and plastic objects, are presented in Figs. 5 and 6. 

 

 
Figure 5 Solid, mesh and textured models generated from the metal object 

before (first row) and after (second row) the application of BMT 
 

 
Figure 6 Solid, mesh and textured models generated from the plastic object 

before (first row) and after (second row) the application of BMT 
 

The edges of the model generated from the marked 
object were reconstructed with greater accuracy and 
sharpness. The geometric defects along the concave edges 
on both sides of the rib, which were apparent in the 
unmarked models, were significantly reduced through the 
application of the boundary marking technique. 
Furthermore, the hole defect observed in the unmarked 
plastic model was completely eliminated after marking. 
Improvements were also observed in the accuracy of the 
outer edges. These enhancements in edge clarity 
contributed positively to the overall geometric accuracy of 
the model surfaces. 

 
3.1 Results of 3D Deviation Analyses   

 
The deviation between the measured and reference 

data was analysed by projecting all paired points onto the 
reference data using the "3D Compare" tool in Geomagic 
Control X software. The deviation is displayed with a 
colour map that helps analyse positive and negative 
deviation plots through the entire part. 

 

 
Figure 7 Colour map results of the 3D comparison analysis of the models 
generated from the metal object before and after the application of BMT 

  

 
Figure 8 Colour map results of the 3D deviation analysis of the models 

generated from the plastic object before and after the application of BMT 
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3D models (measured data) generated from unmarked 
and marked metal and plastic objects were compared to a 
CAD model (reference data) drawn according to the actual 
dimensions of the object to better observe the usefulness of 
the boundary marking technique. The colour map and 
histogram results are shown in Figs. 7 to 10 and the 
statistical results are shown in Tabs. 1 and 2 for the results 
of the deviation (comparison) analyses. 

The 3D deviation analysis colour map results obtained 
by comparing the photogrammetric models with the CAD 
model are shown in Fig. 7 (for the metal object) and Fig. 8 
(for the plastic object). The green colour shows the regions 
within the tolerance range of ±0.5mm in the colour map. 
As the deviation increases in a negative direction, the 
colour changes to dark blue; as the deviation increases in a 
positive direction, it changes to red. Blue is seen on the 
concave edges and yellow and orange on the outer edges of 
the unmarked metal model. It is seen that the green area in 
the colour map of the marked model increases compared to 
the unmarked model and the size of the deviations 
decreases. Also, the green areas increased and the high 
deviation values decreased compared to the unmarked 
model on the marked plastic model. Similar improvements 
were observed in geometric accuracy with the boundary 
marking technique in both comparisons. 

The statistical data obtained as a result of the 3D 
deviation analyses are shown in detail in Tab. 1 for the 
models generated from the metal object and in Tab. 2 for 
the models generated from the plastic object before and 
after the application of BTM. These values were compared 
for the marked and unmarked objects, and the 
improvements in geometric accuracy obtained are shown 
as percentages in Tab. 3.   

 

 

 
Figure 9 Histogram results of the 3D comparison analysis of the models 

generated from the metal object: (a) before, (b) after the application of BMT 

 

 
Figure 10 Histogram results of the 3D comparison analysis of the models 

generated from the plastic object: (a) before, (b) after the application of BMT 
 

Table 1 Statistical results of the 3D comparison analysis of the models 
generated from the metal object before and after the application of BMT 

Statistical 
Parameters 

Models generated from the metal object 
Before BMT After BMT 

Min. −4,4102 −2,1807 
Max. 1,8797 1,077 
Avg. −0,1554 −0,056 
RMS 1,1876 0,3986 

Std. Dev. 1.1774 0,3946 
Var. 1,3862 0,1557 

+Avg. 0,4675 0,2313 
−Avg. −1,0664 −0,3192 

In Tol. (%) 62.5598 85,4019 
Out Tol. (%) 37.4402 14,5981 

Over Tol. (%) 20,9928 2,2459 
Under Tol. (%) 16,4474 12,3522 

 
Table 2 Statistical results of the 3D comparison analysis of the models 

generated from the plastic object before and after the application of BMT. 
Statistical 

Parameters 
Models generated from the plastic object 

Before BMT After BMT 
Min. −4,4322 −1,4287 
Max. 4,3223 0,9209 
Avg. 0,001 −0,0446 
RMS 1,0785 0,4046 

Std. Dev. 1,0785 0,4021 
Var. 1,1633 0,1617 

+Avg. 0,5096 0,2758 
−Avg. −0,8918 −0,346 

In Tol. (%) 64,0073 79,6099 
Out Tol. (%) 35,9927 20,3901 

Over Tol. (%) 21,1937 7,2695 
Under Tol. (%) 14,799 13,1206 

 
BMT reduced the minimum deviation for the metal 

model by 51% and the maximum deviation by 43%. The 
standard deviation decreased by 66%. The region within 
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tolerance increased by 37%. The region out of tolerance 
decreased by 61%. 

The hole defect observed in the unmarked plastic 
model was completely eliminated following the 
application of the marking technique. As a result of this 
improvement, the minimum deviation decreased by 68%, 
the maximum deviation by 79%, and the standard deviation 
by 63%. The area within the acceptable tolerance range 
increased by 24%, while the area outside the tolerance 
range decreased by 43%. 
 

Table 3 Improvement of the geometric accuracy by means of the boundary 
marking technique on the basis of the 3D comparison analyses. 

Statistic 
Parameters 

Improvement in metal 
model / % 

Improvement in plastic 
model / % 

Min. 51 68 
Max. 43 79 
RMS 66 62 

Std. Dev. 66 63 
Var. 89 86 

+Avg. 51 46 
−Avg. 70 61 

In Tol. (%) 37 24 
Out Tol. (%) 61 43 
Over Tol. (%) 89 66 
Under Tol. (%) 25 11 

 
3.2 Results of 2D Deviation Analyses 

 
To better observe the improvements in surface quality 

and edge accuracy, 2D deviation analyses were conducted 
for both metal and plastic models, using the CAD model as 
a reference. The "2D Compare" tool evaluates the 
deviation between the measured data and the reference 
model on specific section planes, providing a 2D sectional 
view of the analysed region. The reconstructed models 
were compared with the CAD model across three sectional 
planes, defined based on their offset distances from the 
base plane of the 3D models. The locations of these section 
planes and the corresponding 2D analysis results are 
illustrated on the 3D models in Fig. 11.  

 

 

 
Figure 11 Demonstration of 2D comparison results obtained according to three 
different section planes on the 3D models: (a) the models generated from the 

metal object before and after the application of BMT, (b) the models generated 
from the plastic object before and after the application of BMT 

Detailed colour map results before and after the 
application of the Boundary Marking Technique (BMT) 
are presented in Fig. 12 for the metal object and in Fig. 13 
for the plastic object. Statistical analysis results before and 
after BMT application are summarized in Tab. 4 for the 
metal object and in Tab. 5 for the plastic object. 

The boundary marking technique enhanced the 
geometric accuracy across all 2D section planes 
reconstructed from both plastic and metal objects. As 
shown in Figs. 12 and 13, the regions falling within the 
tolerance range of ±0.5 mm have increased, indicating 
improved cross-sectional geometries. Geometric 
deviations for both unmarked and marked models in each 
section plane are illustrated using a whisker plot. The 
colour scheme in the whisker representation corresponds to 
that of the colour map. It is evident that the green regions - 
representing areas within the acceptable deviation range - 
are more prominent in all section planes of the model 
derived from the marked object, while the magnitude of 
deviations has decreased overall. 

 

 
Figure 12 Results of the 2D comparison analysis of the models generated from 

the metal object before and after the application of BMT with respect to three 
section planes 

 

 
Figure 13 Results of the 2D comparison analysis of the models generated from 
the plastic object before and after the application of BMT with respect to three 

section planes 
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The statistical results obtained before and after the 
application of the Boundary Marking Technique (BMT) 
also provide numerical evidence that the technique 
enhances photogrammetric modelling. For the metal object 
(Tab. 4), a 69% improvement was observed in Section 1, 
with the standard deviation decreasing from 0.54 to 0.17. 
The region within the tolerance range increased from 70% 
to 100%, corresponding to a 43% improvement compared 
to the unmarked model. In Section 2, a 30% improvement 
was achieved by reducing the standard deviation from 0.65 
to 0.45, while the region within tolerance increased from 
68% to 76%, reflecting an 11% improvement. In Section 3, 
the standard deviation decreased from 0.47 to 0.20, 
indicating a 57% improvement. The region within 
tolerance increased from 67% to 97%, corresponding to a 
44% improvement over the unmarked model.  

For the plastic object (Tab. 5), the application of the 
Boundary marking technique also led to significant 
improvements. In Section 1, a 21% improvement was 
achieved by reducing the standard deviation from 0.33 to 
0.26. The region within the tolerance range increased from 
73% to 94%, corresponding to a 29% improvement 
compared to the unmarked model. In Section 2, the 
standard deviation decreased from 0.80 to 0.37, indicating 
a 54% improvement. The region within tolerance increased 
from 62% to 81%, showing a 31% improvement. In 
Section 3, the standard deviation was reduced from 0.37 to 
0.29, representing a 20% improvement. The region within 
tolerance increased from 78% to 91%, which corresponds 
to a 16% improvement compared to the unmarked model. 

 

 
Table 4 Statistical results of the 2D comparison analysis of the models generated from the metal object before and after the application of BMT with respect to three 

section planes 

Statistic Parameters 
Section 1 Section 2 Section 3 

Before BMT After BMT Before BMT After BMT Before BMT After BMT 
Min. −0,2077 −0,3587 −2,0376 −1,0787 −1,675 −0,1789 
Max. 1,9719 0,3139 1,1952 0,4724 0,8093 0,5773 
Avg. 0,3888 −0,0984 0,1344 −0,0781 0,066 0,1652 
RMS 0,6636 0,1939 0,6631 0,4588 0,4759 0,2611 

Std. Dev. 0,5377 0,167 0,6493 0,4521 0,4713 0,2022 
Var. 0,2892 0,0279 0,4216 0,2044 0,2221 0,0409 

+Avg. 0,5687 0,0955 0,4356 0,2304 0,409 0,2689 
−Avg. −0,0942 −0,1933 −0,5775 −0,5205 −0,404 −0,1458 

In Tol.(%) 69,7674 100 68,4685 75,969 67,1875 96,875 
Out Tol.(%) 30,2326 0 31,5315 24,031 32,8125 3,125 
Over Tol.(%) 30,2326 0 21,6216 0 18,75 3,125 
Under Tol.(%) 0 0 9,9099 24,031 14,0625 0 

 
Table 5 Statistical results of the 2D comparison analysis of the models generated from the plastic object before and after the application of BMT with respect to three 

section planes 

Statistic Parameters 
Section 1 Section 2 Section 3 

Before BMT After BMT Before BMT After BMT Before BMT After BMT 
Min. −0,433 −0,5536 −1,5731 −0,9867 −0,9843 −0,9366 
Max. 1,2458 0,6859 2,103 0,8184 1,1239 0,3915 
Avg. 0,3638 −0,0223 −0,0602 −0,1475 0,1799 −0,0268 
RMS 0,4931 0,2627 0,7998 0,3983 0,409 0,2959 

Std. Dev. 0,3329 0,2618 0,7975 0,3699 0,3674 0,2947 
Var. 0,1108 0,0685 0,6361 0,1369 0,135 0,0868 

+Avg. 0,4049 0,1927 0,5499 0,2278 0,3485 0,176 
−Avg. −0,2996 −0,2163 −0,6819 −0,3914 −0,2962 −0,3431 

In Tol. (%) 72,9927 94,1606 61,6822 81,0606 78,4615 90,625 
Out Tol. (%) 27,0073 5,8394 38,3178 18,9394 21,5385 9,375 

Over Tol. (%) 27,0073 2,9197 12,1495 3,7879 13,8462 0 
Under Tol. (%) 0 2,9197 26,1682 15,1515 7,6923 9,375 

4 DISCUSSION 
  

Photogrammetry is an image-based modelling 
technique that offers advantages such as low cost, 
photorealistic texture, and portability. However, its 
reliance solely on photographic data limits its ability to 
accurately reconstruct objects with smooth surfaces or 
monochromatic, textureless regions, often resulting in 
lower geometric accuracy. Enhancing geometric accuracy 
is therefore critical in photogrammetric modelling, and 
many studies have explored this issue by comparing 
photogrammetric models with those obtained using 
alternative 3D scanning technologies [23, 36-40]. Beyond 
software-based improvements, surface coating techniques 
have also been investigated to enhance accuracy [41, 42]. 

This study introduced and evaluated the boundary 
marking technique, which aims to improve surface 

segmentation and, consequently, model accuracy. For the 
first time, the technique was assessed using detailed 
quantitative data by comparing photogrammetric 
reconstructions of both marked and unmarked plastic and 
metal objects with a CAD reference model. This model, 
created based on precise real-world dimensions, enabled an 
accurate evaluation of photogrammetric reconstructions 
using engineering software. 

The results demonstrated a significant improvement in 
geometric accuracy when the technique was applied. The 
boundary marking technique positively affected 
dimensional accuracy, improved surface topology, and 
reduced geometric defects. This is particularly important 
for objects with complex features - such as the test object 
used in this study, which included surfaces in 11 directions, 
channels, ribs, concave corners, and smooth, 
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monochromatic textures in both plastic and metal 
materials. 

Previous research has shown that photogrammetric 
reconstructions often struggle to segment featureless or 
low-contrast surfaces, resulting in blurred or merged 
boundaries [43, 44]. This study addresses this limitation by 
proposing a non-invasive and easily applicable method for 
enhancing boundary definition. 

In image-based modelling, similar or textureless 
surfaces often lead to errors in surface segmentation and 
reconstruction. As noted in image processing literature, 
segmentation is a major challenge [45]. Drawing along 
object boundaries with a marker helps distinguish adjacent 
surfaces, making the segmentation process more reliable. 

Quantitative results from 3D comparison analyses 
showed that for metal objects, the boundary marking 
technique led to a 43% improvement in maximum 
deviation and a 51% improvement in minimum deviation 
within ±0.5 mm tolerance. For plastic objects, 
improvements were even more notable: 79% (max.) and 
68% (min.) respectively. The proportion of surface area 
within tolerance increased by 37% in the metal object and 
24% in the plastic one. Moreover, structural features such 
as bone-like elements and holes that were lost in the 
unmarked models were accurately reconstructed when the 
technique was used. 

In contrast to coating or speckle pattern application 
methods - which can be time-consuming, expensive, or 
leave residues - the boundary marking technique offers a 
reversible, low-cost solution. Comparable approaches, 
such as the use of projected patterns (e.g., structured light 
or coded targets), have shown improvements in accuracy 
[46], but these require additional hardware. In this context, 
the proposed method achieves similar gains without extra 
instrumentation, offering practicality for field applications 
or rapid digitization scenarios. 

The 2D comparison analysis further supported the 3D 
findings. Three planar sections were defined and evaluated 
in both marked and unmarked models. After applying the 
technique, the regions within ±0.5 mm tolerance increased 
substantially: 43%, 11%, and 44% for the metal object 
across the three planes; and 29%, 32%, and 16% for the 
plastic object, respectively. 

These findings reinforce the practical value of the 
boundary marking technique, particularly in application 
areas such as reverse engineering, where reconstruction 
accuracy is critical. 

Compared to previous surface enhancement methods 
in photogrammetry - such as speckle pattern application, 
surface coating, or active projection systems - the proposed 
boundary marking technique stands out due to its 
simplicity, reversibility, and minimal resource 
requirements. 

While methods like structured light scanning or 
powder spraying have shown high accuracy [43, 46], they 
may not be suitable for delicate or real-world field objects. 
In contrast, the boundary marking technique requires no 
permanent surface alteration or additional equipment, 
offering a practical and adaptable solution. This distinction 
underlines the novel contribution of this study and opens 
up new opportunities for low-cost, accurate digitization 
workflows. 

 

5 CONCLUSION 
  

The boundary marking technique proposed to improve 
geometric accuracy in 3D reconstruction applications was 
investigated in this study. In this method, the boundaries of 
an object are marked prior to the photographing stage, 
enabling the separation of surfaces in monochrome and 
low-texture objects. The effectiveness of the technique was 
demonstrated by comparing 3D models generated from 
both marked and unmarked objects against a CAD model 
based on actual object dimensions. Both 3D and 2D 
comparison analyses were conducted on plastic and metal 
objects. 

The quantitative results revealed that the geometric 
accuracy of edges and corners improved significantly 
along the marked boundaries. Surfaces adjacent to these 
boundaries were also reconstructed with higher accuracy 
for both material types. Based on the analysis, it can be 
concluded that the boundary marking technique notably 
enhances the overall geometric accuracy of 3D models. 

This technique presents a practical alternative to 
existing methods such as coating, masking, and other 
marking approaches commonly used in photogrammetric 
3D reconstruction. It is cost-effective, easy to implement, 
and non-destructive, as the marks are temporary and can be 
removed without damaging the object. Future studies could 
explore the applicability of the proposed technique to a 
wider variety of object shapes with different geometric 
complexities and assess its effectiveness using alternative 
3D scanning technologies. Additionally, the impact of 
variables such as marker color and contrast levels could be 
investigated to further evaluate the robustness and 
generalizability of the method in diverse real-world 
scenarios. 
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