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Abstract—3D reconstruction of objects is with interest nowadays, mainly in
production industry. The main challenge of them is accuracy and processing time,
especially for small and detailed objects. The field of photogrammetry realizes the
3D reconstruction of objects through 2D photos. Different software, free or non-
free exists, providing different quality and performance. Accurate 3D reconstruc-
tion is important in cloning objects, especially in the industry of spare parts or in
the production of prostheses in medicine, etc. Determining accurately the sizes
of the object, especially those with complex geometric shapes is very important
in the 3D printing process. The purpose of this paper is the analysis of the per-
formance of 3D reconstruction in terms of accuracy for objects of different sizes
regarding the number of its photos and the time evaluation of this process. The
3D reconstruction will be performed by free software Meshroom, measurement
will be done in MeshLab and non-free software Agisoft. Experimental results
show that quality and performance of 3D reconstruction depends on the number
of photos of the object, concluding in finding the optimal balance between these
parameters. By comparing obtained results from MeshRoom and Meshlag ver-
sus Agisoft, it is claimed that Agisoft performs better than MeshRoom. It offers
more optimization techniques, reduces processing time, more visual quality in
the reconstructed 3D object as well as more accuracy in measurement.

Keywords—photogrammetry, 3D reconstruction, Agisoft, Meshroom,
MeshLab, measurement accuracy, time analysis

1 Introduction

Reconstruction allows us to gain insight into qualitative features of the object which
cannot be deduced from a single plane of sight, such as volume and the object relative
position to others in the scene. 3D reconstruction is used in different fields of industry
as well as in medical imaging equipment [1]. Input data is used to create a 3D recon-
struction of the original object or objects of the scene. A scan of a person’s body, for
example, can be used to create a 3D model of that person in a computer system. The
aim of the paper consists in the analysis of the performance of software that provides
3D reconstruction from images taken with usual camera, a mobile phone camera or a
professional one. 3D imaging is a technique which develops or creates the impression of
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depth within an image by deploying 2D data into 3-dimensional format. To aid in qual-
ity regulating processes for industrial purposes, 3D imaging has become an extremely
valuable factor. The software used in the paper for 3D reconstruction based on photo-
grammetry are Meshroom [2] combined with MeshLab and Agisoft. Meshroom is free,
open-source 3D Reconstruction Software based on the Alice Vision framework. Alice
Vision is a photogrammetric computer vision framework which provides 3D recon-
struction and camera tracking algorithms. Meshroom is designed as a nodal engine
[3], [4], the parameters can be changed easily. The 3D point cloud is then exported to
MeshLab to measure different sizes of the reconstructed object. It is open source and
offers various tools for editing or clearing the message as well as the option to specify
the size of the message [5], [6].

Agisoft Metashape is a stand-alone software product that performs photogrammet-
ric processing of digital images and generates 3D spatial data to be used in GIS appli-
cations, cultural heritage documentation, and visual effects production as well as for
indirect measurements of objects of various scales [20]. The whole Agisoft system is
designed to deliver industry-specific results relying on machine learning techniques for
post-processing and analysis tasks. The software allows to process images from RGB
or multispectral cameras, including multi-camera systems, into the high-value spatial
information in the form of dense point clouds, textured polygonal models, georefer-
enced true orthomosaics. Further, post-processing enables to eliminate shadows and
texture artifacts from the models, calculate vegetation indices and extract information
for farming equipment action maps, automatically classify dense point clouds, etc. [21].

A set of photos of an object is used as input in the Meshroom and Agisoft. The
quality and processing time for the reconstructed object is analyzed. The object recon-
structed in Meshroom will be exported to Meshlab to measure the dimensions. Mesh-
Lab is used for processing and editing messages.

The same set of photos will be used for 3D reconstruction in Agisoft. The visual
quality, accuracy and time processing will be compared with the results obtained from
Meshroom and MeshLab. Agisoft offers more optimization parameters and camera cal-
ibration then Meshroom as well as the calculation of object volume.

Section two describes the methodology used in the paper, section three describes the
3D reconstruction process, section four describes the experimental part and its analysis
of results, concluding with the conclusions of the paper.

2 Methodology

2.1 Photogrammetry

Photogrammetry is a technique that enables the creation of 3D models from photos
taken from real objects in different positions, possibly keeping the object static [7], [8]. It
works by extracting 2D data and superimposing them. Since objects are of different sizes,
photogrammetry is used in various fields and applications such as topographic maps or
points clouds [9]. The process of obtaining 3D models would be much more complex
if we did not use modern software today. But the accuracy and visual quality remain an
important problem in this field which continue to have the attention of the researchers.

Software considered here are Meshroom combined with MeshLab and Agisoft.
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2.2 Meshroom software

The photo inputs are placed below the left-top part, the right-top part serves to dis-
play the output of the photo processing, it serves to display the final output, the 3D
object created but here can also be displayed the result of special nodes when executed.
The bottom part is the most important part, the graph editor shows the nodes that par-
ticipate in the execution workflow. The nodal environment makes Meshroom software
flexible, each node is performed individually and easily configured. The photos used in
Meshroom may be taken through usual cameras. The individual tasks are represented
by nodes combined into directed acyclic dependency graphs as pipelines [10]. Interface
is shown in Figure 1.

Fig. 1. Interface of Meshroom

Nodes considered in the pipeline are: camera initialization, feature extraction, image
matching, feature matching, structure from motion, depth map, depth map filter, mesh-
ing, mesh filtering and texturing.

Cameralnit loads image metadata, sensor information and generates viewpoints.
Feature extraction extracts features from the images as well as descriptors for those
features [8]. Image matching is a processing step which figures out which images
make sense to match each other. Feature matching finds the correspondences between
the images using feature descriptors. Structure from meotion will reconstruct 3D
points cloud from the input images. Depth map retrieves the depth value of each pixel
for all cameras that have been resolved by SFM (structure from motion). Certain depth
maps will claim to see areas that are occluded by other depth maps. The Depth map
filter step isolates these areas and forces depth consistency. Meshing generates mesh
from sfm point cloud or depth map. Mesh filtering filter out unwanted elements of the
mesh. Texturing projects the texture change quality and size/file type of texture [11].
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2.3 Meshlab software

Meshlab is an open-source systems for 3D image processing and prepares models
for 3D printing. It works based on point clouds or in meshes. A set of tools are pro-
vided from Meshlab software such as rendering, meshes, texturing, measurement of
distances, cleaning, healing etc. [12], [13], [14].

2.4  Agisoft software

Agisoft Metashape is a tool for a photogrammetry pipeline. Its main steps are:
Align Photos, Build Dense Cloud points, Build Mesh, Build Texture. Align photos is
based on a computer vision concept called Structure from Motion. Dense Cloud points
are a useful starting point for 3D modeling and can be helpful in positioning 3D objects
into a scene. Mesh is the process of turning irregular shapes into more recognizable
volumes called element. The texture option serves to create a texture based on an anal-
ysis of uploaded photos. The software can run on different platforms.

3 3D reconstruction process

In the paper a set of photos of a real object will be considered, the 3D object recon-
struction is performed as well as the dimensions of the object will be measured and the
accuracy is evaluated.

3D reconstruction of object will be realized in Meshroom and Agisoft. Its recon-
struction is very sensitive from the input images, usually a considerable overlap
between images is suggested to have a better reconstruction. The reconstructed object
is obtained as a scaled version of the real one. To obtain the real dimensions, a known
size element is needed. Rescaling the reconstructed object using the known dimension,
enables the acquisition of the object in real size enabling the measurement of its other
dimensions [15], [16], [17], [18], [19].

3.1 Size measurements

Photogrammetry system needs camera calibration, which is very important in size
measurements. Usually, it is done through a well-known object or using a known size of
the target object to scale the 3D reconstruction. Markers are defined and scale between
them is set. To obtain optimal results, markers are defined in the three axes.

4 Experimental analysis

In [22] the number of photos is analyzed to obtain optimal 3D reconstruction in terms
of'accuracy and time processing in Meshroom. Five sets of photos are used, 20,40, 60,
80 and 100 photos, experimental results show that optimal performance is obtained for
60 photos. The same set will also be used in Agisoft, to enable the comparison of the
results obtained from the two software. The comparison will be made for accuracy and
time processing.

1JOE — Vol. 19, No. 05, 2023 25


https://en.wikipedia.org/wiki/Photogrammetry

4.1 3D object reconstruction based on default pipeline in Meshroom

Based on experimental results as illustrated in Figure 2, the quality for the target
object is at a high level, but the processing time of the nodes for this set and of course
the total time of the object generation process is quite high, specifically the total mea-
sured time was around 100 minutes. Details of the time processing are given in the
summary Table 1. Dimensions in MeshLab: The actual dimensions of the object are
width =27.5 cm, length = 48.5 cm and height = 39.5 cm. To find the dimensions of the
reconstructed 3D object the MeshLab software will be used.

Fig. 2. 3D reconstruction based on default pipline

Meshing generated by Meshroom software is exported to MeshLab as illustrated in
Figure 3.

Fig. 3. Measuring the box dimensions

Regarding the measurements illustrated in Figure 6 the dimensions obtained by
Meshlab are: width = 27.08 cm (x axis), length = 48.68 cm (y axis) and height =
39.726 cm (z axis). By results yields that an accurate precision is achieved, the errors
are: for the width an error of only 0.08 cm, for length an error of only 0.18 cm, and for
the height is 0.226 cm.
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4.2 3D object reconstruction based on default pipeline in Agisoft

In 3D reconstruction in Meshroom the optimal performance is obtained for the set
with 60 photos. the same set that will be used in Agisoft for experimental analysis.

The added photos are from the single scene and all the image metadata are loaded in
the system. 3D object reconstruction in Agisoft is performed based on four steps: Align
photos, Dense Cloud points, Mesh and Texture.

Align photos (camera alignment). Parameters tuned here are Detecting points,
Matching points, and Estimating camera locations.

Tie points limit is the maximum number of points that Agisoft will match between
photos, default is 4000. Increasing this number leads to a high accuracy but needs hours
of processing. Key points are points of interest i.e. high contrast or interesting texture
on the images that can be easily recognized. The number of key points depends on the
size of the images, the visual content.

The Workflow begins with Align phetos, an illustration is shown in Figure 4.

[ MR Nl |

Accurcy (m)

Fig. 4. The result of align photos

Statistical details of the process are shown on the console. It consists in three
parameters:

Detecting photos (points detected). For the key points limits = 40000, and for the
set with 60 photos, the processing time is 13.78 seconds. Matching points, results show
764192 match points for the execution time 61.5 seconds. Continuing with matching
combine and the filtering process, the measured time is 3.4 seconds.

Estimating camera locations, processing time is 33.24 seconds which includes
25.52 seconds for sfm and the optimization time 7.72 seconds.

The total processing time for Align photos is 111.93 seconds.

The obtained object so far has many erroneous points (noisy points), so it is very
important to filter these points before moving to Dense cloud.

1JOE — Vol. 19, No. 05, 2023 27



Tie points Filtering is performed to have a clear object before dense cloud, meshing
and texture process.

Filtering process is performed by: Reprojection error, Reconstruction uncertainty,
Image count and Projection accuracy.

On every step, camera calibration is performed to increase the accuracy of the object.

Build mesh process. Performing build mesh, the default parameters need to be
tuned, to increase visual quality of the object. Based on experimental results, values
88-90 reconstruction uncertainty have the optimal visual quality as shown in Figure 5.

Model | Ortho

Perspective 30° Snap: A, 3D

Gradual Selection X
Criterion:  Reconstructon uncertainty

level: 88,2119

73,998 points, 4,506 selected

Fig. 5. Selection of the optimal value

By removing the unnecessary points, the results is shown in Figure 6.

Model | Ortho

Perspective 30° Srap: Axis, 3D

69,492 poits

Fig. 6. The result obtained

Optimize Camera Calibration at references is performed again to reobtain parame-
ters. Execution time of this step lasts for 2 seconds.

In the Reprojection Error the two columns show the relations between projections
and error (pixel) for every photo, in our case 60 rows since the set has 60 photos as
shown in Figure 7.
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Fig. 7. The corresponding relation between projections and error (pixel) for each photo

We noticed that by default we have a value selected around 0.94. But we aim to opti-
mize it, so at least we should try to have the number 0.5 (so half a pixel). We choose to
continue with the value 0.49 and the result after execution is given as in the Figure 8.

Perspective 30° Snap: s, 3D

62,248 points

Fig. 8. Output for the selected value of reprojection error

The results show that the errors are decreased. Camera calibration is performed
again. Processing time for this step is 2 seconds.

Next, the projection accuracy option is performed. Based on experimental results,
the optimal parameters are obtained for 8—10% of points, as shown in Figure 9.
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Model | Orth

Perspective 30° Snap: s, 3D

Gradual Selection X

Criterion: _ Projection accuracy

Level 7.46235

1037 00

7\

62,248 points, 6,275 selected

Fig. 9. The view before execution for the selected value of projection accuracy

About 6275 points are selected or around 10% of total points. Camera calibration is
performed and the errors are decreased as in the Figure 10.

5,973 ponts

Fig. 10. The output for the selected value of projection accuracy

If we compare the useless points around our object in focus in Agisoft with those
given to us by Meshroom Software for the same case, those erroneous have been sig-
nificantly reduced, but again starting from the last results as in the Figure 11 that Agisoft
gave us after the optimizations done, it is noticed that there are unwanted points around
our object. But since that was the optimal performance for this case that Agisoft gave
us, then for these points the software offers the possibility of manual deletion.

And at the end of this manual deletion process, the result is given as in the Figure 11.
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Model ~ Ortho

Perspective 30°

45,443 points
Fig. 11. The result in Agisoft after manual deletion

By comparing the number of points at this moment with the number of points before
manual deletion, it is noticed that there is a reduction of about 10,000 points, this
shows that the need for optimization is still high. At this moment a final optimization
of camera calibration is made.

Building the dense point cloud. Based on the estimated camera positions and pic-
tures themselves a dense point cloud is built by software. Build dense cloud is per-
formed in the workflow and the Parameter Quality is set to Hight, but Depth filtering
is set to moderate.
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The total processing time was 18 minutes and 20 seconds (1099.56 sec), while the
output after activating the dense point cloud is shown in Figure 12.

Model = Ortho

Perspective 30°

points: 23,325,721

Fig. 12. Output after activating dense point cloud

It is seen some unwanted parts around the object, a deep filtering process is needed
using Filter Dense Cloud with the option “filter by confidence”.
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Based on experimental results, points in the interval [0—5] will be deleted. The result
is shown in Figure 13.

Model ~ Ortho

Perspective 30°

points: 9,222,415
Fig. 13. The result obtained after deleting points using filters

As noticed, the number of useless points has decreased significantly, but again there
is a relatively low percentage of them around the object in focus. The interval for good
quality points can be increased from [5-255] to [6—255] or [7-255] and so on, but
in this way the quality of the reconstructed object would start to decrease, therefore
[5—255] is precisely the interval which gave us the most optimal result.
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A manual cleaning is needed to remove the unwanted points, the result is shown in
Figure 14.

.| Model ~Ortho

Perspective 30°

points: 8,181,723

Fig. 14. The result obtained after deleting the remaining points manually
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Build mesh. Default parameters will be used. The output is shown in Figure 15.

Model  Ortho

Perspective 30°

faces: 1,636,343

Fig. 15. Result after execution

‘We notice that the object is visually very clear, while the processing time was 5 min-
utes and 34 seconds (334.107 sec).

At this moment, we have an object with clear contours, but often there are objects
with irregular shapes, which often after this state (at the end of the Mesh), may look
visually unclear.

Texture Mesh is needed.

Texture mesh. Default parameters will be used.
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Perspective 30°

faces: 1,636,343 vertices: 819,348

Fig. 16. The generated output

The execution time was 141.27 sec. It is the final output, it is visually very clear, and
from the comparison with the Meshroom analysis, a higher level of quality is possible
by Agisoft, both from the side of the contours of the reconstructed object as well as
from the content part as shown in Figure 16.

The total execution time was about 1686.867 seconds. Comparing with the time
of Meshroom reconstruction, which was for this dataset 5861.8 seconds, it yields that
there is a reduction of about 4174.93 seconds or 69.6 minutes.

An object with much better quality in a much shorter time is obtained using Agisoft.
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4.3  Measurements in Agisoft

Four markers are defined as shown in Figure 17 and their specification are shown in
Figure 18.

Fig. 17. Placement of markers in specific x,y,z positions

Markers Longitude Latitude Altitude (m) Accuracy (m)
F point 1 19.821961 41.316127 0.076437 0.005000

v P point2 19.821961 41.316127 -0.007842 0.005000
P point 3 19.821961 41316126 =-0.021370 0.005000

Vv F point4 19.821960 41.316127 0.029559 0.005000

Fig. 18. Specifications for each marker

Points1 and 2 on the y-axis, points2 and 3 on the x-axis and points 2 and 4 on the
Z-axis.
Then we group points1 and points?2 as in the Figure 19.

\/ P p-:..s 1 10 071NCA 41 712477
+ Add Marker .

- Create Scale Bar E

F p . Enable Markers -

Fig. 19. Way of grouping markers
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The value that will be obtained from the measurement of the real object between these
specified points needs to scale the reconstructed object. In our case, distance = 39.5 m
servesfor the first scale.

We grouped points 2 and 3 according to the same logic and as a distance between
them we will set the value that will be obtained from the measurement of the real object
between these two specified points. In our case, distance = 48.5 m. This is the second
scale.

We grouped points 2 and 4 according to the same logic and as the distance between
them we will set the value that will be obtained from the measurement of the real object
between these two specified points. In our case, distance = 27.5 m. This is the third
scale.

It is important to highlight that the distances marked in the software are in meters,
but the calibration is actually measuring them in centimeters.

At this moment, the object is scaled, so we can perform measurements.

After calibrating the system, the three sizes of the target object are measured.
Figure 20 show the results.

Fig. 20. Measuring the box dimensions

The height is 39.5 cm converted to the real dimensions of the object. That was also
the real length of the object, so the error in this case is 0.

The width is 27.4 cm converted to the real dimensions of the object. While the real
length of the object turned out to be 27.5 c¢m, therefore the error in this case is only
0.1 cm (I mm).

The length is 48.6 cm converted to the real dimensions of the object. While the real
length of the object turned out to be 48.5 c¢m, therefore the error in this case is only
0.1 cm (I mm).
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5 Performance comparison

The results of the measurements from Meshroom are shown in Table 1 and from
Agisoft in Table 2.

Table 1. Measurement results in Meshroom

Measured
Real Dimensions Dimensions Difference Time
60 Photos
width 27.5 27.08 0.08
5861.8s
length 48.5 48.68 0.18 (97.7 min)
height 39.5 39.726 0.226
Table 2. Measurement results in Agisoft
Measured
Real Dimensions Dimensions Difference Time
60 Photos
width 27.5 27.4 0.1
1686.867 s
length 48.5 48.6 0.1 (28.1 min)
height 39.5 39.5 0

Also, the third element of the comparison between the reconstructed object in
Meshroom and Agisoft is the quality of the reconstructed object. Agisoft is the software
that gave the best visual result in this case study.

Analyzing the experimental results, it is concluded that measurements in agisoft are
more accurate than Meshroom, and execution time offered by Agisoft are better com-
pared to Meshroom software.

In conclusion we say that Agisoft compared to Meshroom

— Offers more optimization techniques

Provides reduced processing time

Offers much higher quality in the reconstructed 3D object
— Offers the highest accuracy in measurement

6 Conclusions

In this article it is studied the reconstructed a 3D object from different sets of photo.

For set of 60 photos of a real object rebuilds the 3D object and respectively examins
the processing time, quality and precision of the object dimensions in Meshroom and
Agisoft.

The reconstructed object with a set of 60 photos resulted in a satisfactory recog-
nizable, complemented by content and clear contours in Meshroom. Having a known
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size element of the object, the reconstructed object is scaled. The dimensions of the
reconstructed object from Meshroom are measured in MeshLab software. Results
show that dimensions of the object are obtained with high accuracy in a range of errors
between 0.08 cm to 0.226 cm in MeshLab.

From the experiment in this article it is seen that a very accurate precision has been
achieved in Agisoft for the height, for the length an error of only 0.1 cm and for the
height an error of only 0.1 cm.

In conclusion, the results provided by Agisoft which are better than results provided
by Meshroom have an average error less than 0.1 cm and sufficiently recognizable in
terms of quality.
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