























material changes the optimal parameters. Experiment results indicate that concrete and steel had different point
cloud density peaks in relation to the variables tested. Therefore, the optimal camera and light settings will vary
depending on material surface reflection. However, some parameters also displayed similar trends for both steel
and concrete models, indicating there will be variability in Agisoft performance and modeling techniques.

The greatest difference between surface reflection modeling is displayed in resolution testing. Steel models
indicated a clear preference for DX resolution formatting while concrete point densities improved using the more
focused 1.3x resolution formatting. As made evident in the first subplot of Figure 3, the largest resolution quality
within the DX formatting, DX (6000x4000), created the highest model point density for the steel figure. Switching
from small to medium resolution qualities had little impact on the model. Furthermore, the medium resolution
quality of 1.3x(3600x2400) significantly improved Agisoft Photoscan performance for concrete modeling.

During the investigation, it was observed that there were key variables relating to the cameras light balance
parameters of ISO, f-stop, and shutter speed. However, the most influential of these three variables changed
depending on the material. The shutter speed impacted the concrete picture quality most noticeably. Examination
of how the exposure time impacts the point cloud density displays an almost linear negative correlation between the
shutter speed and the number of points in the concrete models. According to the data, slower shutter speeds result
in improved Agisoft Photoscan performance. Meanwhile, the ISO had the greatest effect on the steel modeling
quality. However, no correlation was found between the light sensitivity of the camera and the software performance.
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Figure 3: Concrete Model Points vs. Parameter Setting Changed

Concrete and steel models demonstrated similar trends for Agisoft Photoscan performance corresponding with
the lighting types and number of photographs captured. Both materials displayed greater model qualities from
pictures taken in an outdoor environment, rather than being surrounded by either professional lighting or household
lighting as the primary light source. As seen in subplot three of Figure 2 and Figure 3, outdoor lighting at midday
had a significant impact on the point cloud densities. Notice two different values were recorded for outdoor lighting
in each scenario. The peak values in both graphs can be attributed to shutter speed. For each material, one trial
was conducted utilizing a shutter speed of 1/100 seconds while the other trial used a shutter speed of 1/640 seconds.
The impact of shutter speed was greatly emphasized by the comparison of these two trials. Another objective for
the experiment was to determine a change in modeling behavior when different quantities of photographs were
incorporated into modeling. The fourth subplots presented in Figure 2 and Figure 3 demonstrate a clear positive
correlation between the number of pictures taken and the point cloud densities. With no significant changes made
to the standard parameters of the trials, both materials showed overwhelming evidence of Agisoft Photoscans
improved modeling performance based on the picture quantity. Interestingly, the trend also identifies that the
relationship is nonlinear, so performance cannot be solely based on the utilized number of pictures.

Having discussed the influence of individual parameters on the point cloud density, it is important to understand
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Figure 4: Steel Model Points vs. Parameter Setting Changed

the overall model statistics relating the number of points recognized by the software. Over half of the models
returned between 24,000 and 44,000 points from the captured photographs to be used for modeling. However, the
impact of the outdoor lighting environment heavily skewed the data average, as the point cloud density for outdoor
lighting tripled the density for the professional LED lighting. The entire range of point densities used to create a
3D model was about 14,300 to 132,700 points.

The point density distribution associated with both concrete and steel models are displayed in Figure 5. The
graphs relate the independent variable and its subset to the number of points recognized to create the 3D model.
The number of points utilized for the model generation is portrayed on the y-axis, and the independent variable
for each trial is identified by the colors as displayed in the graph legends. In addition, the subset identifier within
each variable is indicated by the marker size. For example, two colors on the graphs describe image size: magenta
represents DX resolution formatting, and black designates 1.3x resolution formatting. Resolution quality of the
image is demonstrated by the size of the point on the graph. The 1.3x(4800x3200), or the resolution for that image
size, is described by the largest marker size shown in black. The number of pictures, shutter speed, light sensitivity,
and resolutions all are marked intuitively relative to their respective number values for each trial. Lighting, as it
is not as intuitive, can be found in marker sizes from smallest to largest in the following order: household lighting,
Professional LED Yellow, Professional LED White and Yellow Balance, Professional LED White, and Outdoors.

During early stages of the project, it was predicted that Agisoft Photoscan would not be able to align every
photo for each picture set into the 3D reconstruction. Therefore, results were intended to include an analysis of
software performance additionally based on the number of pictures used to create each model. After completing
data collection, only one of the 4,840 pictures was not aligned correctly by the software. This one error was later
determined to have been caused by poor photograph quality. An operator error, movement during photograph
capture, likely instigated the misalignment and does not reflect on the performance of Agisoft Photoscan. Using
photograph alignment as a parameter, Agisoft Photoscan has a high performance level and can obtain points from
all photographs of good quality.

The final performance indicator for Agisoft Photoscan evaluated in this project is the distribution of the number
of points used to create each model. The average number of points used to generate each model was about 51,400
points. The distribution of the number of points recognized for each trial is displayed in Figure 6. The graph
demonstrates the number of points in each trial in the form of a histograph with a binomial distribution and a
right data skew. Figure 6 indicates that a median of 30,000 points were used to create each 3D model. In addition,
Agisoft Photoscan recognized over 40,000 points for 24 of the 42 trials. The parameters utilized for each trial are
listed in Table 1. By the defined metrics, this is an acceptable performance level.
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Figure 5: Point Cloud Density Distributions Relating Number of Points, Trial Independent Variable, and Variable
Subset

4.2 Analyzing Dimensional Errors

Dimensional errors discovered during the experiment are a quantitative measure between a real object and its
Agisoft Photoscan models. These models included both a dense point cloud and mesh cloud reconstruction of
the standard parameters and settings for the concrete and steel objects. The concrete sample used during the
investigation had a smooth, finished surface on one side and a rough surface on the opposite side of the piece.
The incorporation of rough and smooth surfaces enhanced understanding of the software capabilities for different
surface textures. The steel sample was C-shaped, which generated more shadows in the photographs, allowing for
future study on the impact of shadows in 3D modeling.

Expanding on the dimensional errors with the software on concrete, the smooth and rough textures differed
in software error results. As previously mentioned, the dimensional error for concrete materials was based on the
difference in measured void distances. The model distances were measured on MeshLab software. The dense point
cloud model for finished concrete returned void distances habitually higher than the distances recorded from the
actual object. The average percentage of error between the dense point cloud and actual measured void distances
was less than one percent, with an average standard deviation of 0.016 inches. On rough surface textures of
concrete, the average percentage of error and average standard deviation are slightly higher at 2.47 percent and
0.024 inches, respectively. However, the rough texture model presented void distances generally smaller than the
actual measured values. The reason for this difference between the surface texture modeling accuracies most likely
results from the angles in the material that cannot be determined from the computer model. The points within
the cloud model were not dense enough to accurately measure the dimensions from the effects of the rough surface
texture. The results indicate that the dense point cloud is an accurate model for the original sample when dealing
with smooth and rough surface textures of low surface reflection.

As previously mentioned, the steel and concrete materials provide an interesting comparison for the effect of
surface reflection on 3D modeling. The dense point cloud model for steel resulted in greater percentages of error and
standard deviations than those of the concrete dense point cloud. Average error was 7.11 percent, while standard
deviation averaged 0.038 inches. In addition, the distances between the voids as measured in the dense point cloud
model on MeshLab returned smaller values than the void distance measurements of the actual model. The mesh
cloud dimensional error compared with the actual objects measurements were also analyzed. A majority of the
distances between voids measured on the smooth side of the concrete were smaller than the actual measurements
of the void distances. Similarly, all measurements for the rough surface texture of concrete in the mesh cloud were
smaller than the actual void distances measured on the concrete sample. For both the dense point cloud and mesh
cloud models, only one actual steel sample dimension was smaller than the computer generated model dimensions.
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Figure 6: Concrete Point Cloud Density Determined by Parameters

In other words, the dimensions measured based on the Agisoft Photoscan software models were smaller than the
actual sample dimensions. When comparing the dense point cloud and mesh cloud measurements to each other,
it was determined that the dense point cloud measurements for concrete were all greater than those for the mesh
cloud. However, steel demonstrated an opposite trend the polygon mesh cloud dimension values were greater than
those gathered from the dense point cloud. This was most likely due to approximations within the model because
of the number of faces used to create the polygon mesh model.

In effort to demonstrate precision within the experiment, the average coefficient of variation for the finished
and rough concrete dense point clouds were 1.18 percent and 1.74 percent, respectively. After outlier eliminations
for the steel dimension measurements, the coefficient of variation for the dense point cloud averaged 2.37 percent.
Notice that the coefficient of variation values are only representative of a single operator. Variations between
operators was not measured. Equation 1 represents quantitative data percentages of error strictly for the Agisoft
Photoscan software.

E(Agisoft) = E(calculated) — E(operator) (1)

Where E(Agisoft) is the error attributed only to the Agisoft Photoscan software. E(calculated) indicates the
percentage of error identified between the actual object measurements and either the dense point cloud model
measurements or mesh cloud measurements. Meanwhile, E(operator) defines the precision of the measurements
and is a reflection on the operator techniques. The operator error will vary between individuals. Based on this
equation, the error which can be attributed to the Agisoft Photoscan software is displayed in Equation 1.

As seen in Figure 7, the steel models generally had smaller point densities than the concrete models. This
development is likely a result of the surface reflection properties and object coloring. The steel was naturally darker
in color and included shadowing due to its shape. Therefore, the material requires enhanced lighting settings, even
more so than the concrete requires. Evidence for this conclusion is displayed by the peak outdoor steel point
density, which is greater than the concrete peak point density determined in the outdoor lighting environment.
The smooth texture of the steel causes less unique features to identified and built into the model.
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Figure 7: Point Cloud Density Distribution

Table 2. Agisoft Error

Model Information Average E(calculated) | Average E(operator) | Average E(Agisoft)
Dense Point Cloud Concrete, Smooth 0.59 1.18 0.59
Dense Point Cloud Concrete, Rough 2.47 1.74 0.73
Dense Point Cloud Steel 7.11 2.37 4.74
Dense Point Cloud Average 2.02
Mesh Cloud Concrete, Smooth 1.22 0.48 0.74
Mesh Cloud Concrete, Rough 6.28 0.62 5.66
Mesh Cloud Steel 6.15 2.37 3.78
Mesh Cloud Average 3.39
Total Average 2.71

5 Conclusion

Multiple conclusions were identified during the experiment which may prove helpful in future 3D modeling. Con-
sidering the presented evidence on Agisoft Photoscan performance, it can be concluded that the software can
effectively create 3D plus time reconstructions for materials of varying surface properties. For concrete materials,
utilizing the dense point cloud modeling method is more accurate than and almost as precise as the mesh cloud
method. The mesh cloud models are more precise, but are not as accurate as the dense point cloud figures. For
steel materials, the mesh cloud model was more accurate. However, both dense point clouds and mesh clouds are
within acceptable ranges of accuracy and precision. After considering all of the error data, it is concluded that the
Agisoft Photoscan generated models will result in about 2.71 percent error, after accounting for operator error.

Interestingly, the decreased point densities in the steel models appeared evident when determining final Agisoft
Photoscan dimensional error in Table 1. The decreased number of data points collected from the image set created
a less accurate sample depiction. This resulted in greater percentages of error and higher standard deviations than
those calculated for the concrete sample models.

As mentioned in the results, one outlier in the steel measurements data was removed from consideration. For
reasons unknown, the c-shaped thickness dimension distorted the averages by about five percent. It is speculated
that the measured value is so small that it could not be accurately determined using the scale associated with
the computer measured value, especially when combined with operator errors. The error incurred relates to the
accuracy of the MeshLab software, which was only determined to be skewed for this particular dimension. The
dimensional error of Agisoft Photoscan is not represented in this outlying figure. Therefore, values determined for
the c-shaped thickness dimension were not included with the reported statistics.
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Key observations were discovered during the process of the investigation which will also be essential for modeling
quality. As suggested by the parameter name and definition, the depth of field, or F-stop, should be higher when
photographing larger objects. In contrast, smaller objects should have a lower depth of field. Using a high depth
of field can increase the noise within the modeling image. If modeling one particular object, keep that object a
specified distance from its surrounding objects, as this may also increase image noise. There must be a balance
between the noise and quality, which is impacted by changing lighting parameters. Additionally, decreasing the
shutter speed will increase the possibility for human error in the experiment. The camera will more easily detect
movement in the frame, even while the camera is held still, and it will produce a blurry image. Another factor to
consider during photogrammetry is that the shutter speed has a much greater impact on the light balance than
either the depth of field or light sensitivity parameters. To maintain the balance of light between the parameters,
multiple parameters often had to change correspondingly.

Based on the number of points recognized by the Agisoft Photoscan software, suggestion for setting optimal
modeling parameters can be determined. For concrete, a resolution of 1.3x(3600x2400) should be used in outdoor
natural sunlight during midday. Use a shutter speed around 1/100 seconds and no less than 1/20 seconds to
minimize human error. Photograph quality also generally increases with a greater depth of field. Change the light
sensitivity accordingly to receive a zero reading on the light balance bar. It is recommended that between 120 and
175 images are captured to receive sufficient data for modeling but prevent excessive noise. For steel, the optimal
camera parameters will include natural sunlight outdoors during midday at a resolution of DX (6000x4000). In-
crease the depth of field, use a shutter speed around 1/100 seconds and no less than 1/20 seconds, and adjust the
light sensitivity once again until the light balance bar reads zero.
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