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Abstract: Sediment Barriers (SBs) are crucial for effective erosion control, and understanding their
capacities and limitations is essential for environmental protection. This study compares the accuracy
and effectiveness of Terrestrial Laser Scanning (TLS) and Robotic Total Station (RTS) techniques for
quantifying sediment retention in SBs. To achieve this, erosion tests were conducted in a full-scale
testing apparatus with TLS and RTS methods to collect morphological data of sediment retention
surfaces before and after each experiment. The acquired datasets were processed and integrated
into a Building Information Modeling (BIM) platform to create Digital Elevation Models (DEMs).
These were then used to calculate the volume of accumulated sediment upstream of the SB system.
The results indicated that TLS and RTS techniques could effectively measure sediment retention in
a full-scale testing environment. However, TLS proved to be more accurate, exhibiting a standard
deviation of 0.41 ft3 in contrast to 1.94 ft3 for RTS and more efficient, requiring approximately 15% to
50% less time per test than RTS. The main conclusions of this study highlight the benefits of using TLS
over RTS for sediment retention measurement and provide valuable insights for improving erosion
control strategies and sediment barrier design.
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1. Introduction

Erosion is a common problem on construction job sites worldwide [1]. Whether it is the
construction of buildings or roads, there is a need to control sediment runoff from project
sites. When job sites are cleared of natural vegetation, conditions for erosion are enhanced.
Sediment transport increases when erosion rates are accelerated by rainfall landing on
unprotected and unvegetated areas disturbed during earthwork [2]. Sediment eroded
from a construction site can end up on neighboring properties, streets, sewer systems,
creeks, and rivers. The effects of sediment-laden effluent emanating from land-disturbing
activities and the need to implement effective stormwater pollution prevention measures
to protect the waterways were recognized by the Clean Water Act of 1972 and the Water
Quality Act of 1987 of the US [3]. A construction company that does not adhere to the
requirements of the Clean Water Act or other related regulations can incur significant
fines. There are several erosion and sediment control systems commonly employed. These
include diversion swales, erosion control blankets, sediment basins, vegetation barriers, and
sediment barriers (SBs) [2,4]. SBs are the most commonly used option in the construction
industry in the US [4,5].

An SB is a temporary structure typically built around the edge of construction sites or
other locations with bare soil [6]. As erosion occurs, the SB’s primary function is to slow
the water flow and create a temporary dam while allowing water to filter through. In an
optimal scenario, this “pooling” effect upstream of the barrier allows time for most of the
sediment to settle while a minimal amount makes it downstream. Unfortunately, factors
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such as its structural integrity and sediment build-up on the fabric can cause the SB to fail
or break down. Furthermore, the flow-through capacity of the fencing material has the
potential to degrade over time as pores in the material become clogged with sediment [2].
Therefore, testing SB systems and knowing their limitations regarding sediment retention
is an important subject but a relatively new area of research in this field. Calculating
how much sediment is retained by a certain type of sediment barrier is a technique that
benefits the manufacturers of these products, designers of erosion control systems, and
end-users. These calculations can be in the form of volumetric data based on before and
after tests. However, until recently, most SB testing was done through small-scale testing
methodologies that have failed to address realistic stormwater runoff volumes, flow rates,
or sediment loadings that in-field SB installations will most likely intercept throughout
their life cycle [7].

A full-scale SB testing apparatus was recently established at the Auburn University-
Erosion and Sediment Control Testing Facility (AU-ESCTF) in Auburn, Alabama, USA.
This apparatus has allowed for new research and testing as it can replicate a 2-year, 24-hour
storm event in a realistic, controlled setting [8]. Most importantly, with this apparatus,
the effectiveness of different sediment barriers can be more accurately tested [5]. In a
full-scale setting, such as the apparatus at AU-ESCTF, measuring sediment retention had
only been performed with a Total Station (TS) surveying device [5] before this research.
This TS technique has some significant issues, such as lack of precision, human errors, and
disturbance of the sediment surface. Having two people recording hundreds of recordings
manually also makes the TS technique very labor-intensive and subject to discrepancies in
data [9]. This research aims to investigate the implementation of advanced Reality Capture
(RC) techniques, including Terrestrial Laser Scanning (TLS) and Robotic Total Station (RTS)
surveys, to quantify sediment retention and develop a more accurate and effective method
to measure sediment deposits.

2. Literature Review
2.1. Sediment Barriers and Testing

There are three types of SB practices: manufactured silt fence systems, sediment
retention barriers (SRBs), and manufactured sediment barrier products [2]. Manufactured
silt fence systems are the most commonly used on construction sites today because of
several factors, including longevity, durability, portability, and ease of installation and
maintenance [10–12]. They usually consist of wooden or metal posts and fabric ready for
installation. All that must be done on job sites is the trenching to get them set up. An SRB
combines two parallel silt fence instalments with bales of hay put in between [3]. To install
the manufactured sediment barrier products, wooden posts are required to hold the SRB in
place [2].

Most of the published literature on SB has focused on testing geotextile silt fences
on small testing apparatus. Whitman et al. [3] compared flow rates, sediment retention
capabilities, and water quality impacts on geotextile silt fences with woven-type and
nonwoven-type fabrics. The results of the study showed that nonwoven textiles outper-
formed woven. Another study was conducted on a tilting testbed with simulated rainfall
using these two different fabrics, proving that nonwoven textiles outperformed woven
textiles as well [13]. Keener et al. [14] researched flow rates through compost filter socks
versus silt fences with 120 test runs to determine the flow through capacity and filtration
efficiencies. Their findings included ponding occurring more rapidly behind the silt fence,
and silt socks are more stable than silt fences at lower flow rates.

Other research experiments examined different configurations of SBs and their in-
stallation techniques. For example, one study evaluated the performance of 8 alterna-
tive configurations of the Alabama Department of Transportation (ALDOT) standard
wire-backed fence [5], which revealed that (1) most SB structural failure was due to T-
post deflection; (2) no improvement in water quality downstream of the installation was
observed; and (3) the majority of sediment introduced was retained upstream of the in-
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stallation. As a result, various recommendations were presented by the research team to
ALDOT for improving the structural ability of the SBs, including a lower fence, a decrease
in post spacing and heavier T-posts.

Research has also been done on tiebacks with SBs using an intermediate-scale labora-
tory model [15]. A tieback is a short extension at either end of an SB that creates a “j-hook”.
The research showed that a well-designed SB fence with tiebacks could remove up to 90%
of solids transported by runoff water in a highway setting [15].

2.2. Quantifying Sediment Retention of Sediment Barriers

All these experimental studies on SBs mentioned above required the quantification of
sediment retention. However, very limited published literature focused on technology and
techniques for measuring sediment deposits. For example, Zimmie and Kamalzare [16]
proposed a method to determine the quantity and rate of small-scale erosion with adequate
precision. They used a Kinect sensor part of a Microsoft gaming system to look at a model
with different elevations. The elevations for the model were created in a centrifuge and
measured at different intervals. Another study looked at photogrammetry technology to
measure the surface roughness of samples in a small laboratory setting [17]. An apparatus
was created with turbidity sensors on the downstream and upstream ends of the flume.
Samples were put in an apparatus, and photos were taken after each test. The results of this
study showed that the stereophotogrammetry computational program could accurately
measure the surface roughness of the soil samples.

2.3. Methods of Measuring Erosion Rates

Due to the lack of publications exclusively on the quantification of sediment retention
of SBs, the literature review of this study was expanded to the studies of methodology to
evaluate erosion rates and sediment yield.

Multi-temporal high-resolution Digital Elevation Model (DEM) analysis has been
widely used to quantify morphology surfaces [18], such as eroded topo-surface, with
remote sensing techniques such as Terrestrial Laser Scanning (TLS) [19–21]. DEM is a data
file containing the elevation of the terrain in a specified area [9]. TLS uses LiDAR (Light
Detection And Ranging) technology to create high-density point clouds of the area showing
three-dimensional topography by combining laser-based distance measurements with
precise orientation [22]. TLS data acquisition has led to multi-temporal DEMs that archive
the same region as a series of time slices [23,24]. The derived DEMs of this region can then
be analyzed sequentially to obtain DEMs of difference (DoDs), which reveal not only the
horizontal but also the accurate vertical and volumetric pattern of topographic changes.
Such assessments of geomorphic changes based on DoDs provide information on landscape
morphology and evolution. In addition, it enables a detailed study of the spatial and
temporal patterns in surface erosion and deposition [25]. Compared to conventional survey
techniques, TLS paired with DEM was proven more effective in topography mapping and
detecting changes in terrain [26–28]. A primary advantage of TLS is that it can detect the
precise surface position and shape changes with up to one millimeter (mm) resolution [29].
Comparing TLS scans, surface elevation changes could be quantified at an accuracy level
better than 1 mm and a mean level of change detection less than 2.2 mm [30]. Another
advantage of TLS is that it can provide spatial information without disturbing the observed
surface [31]. The few drawbacks of using TLS for monitoring erosion rates include its
limitations to small plots only [19] and high equipment cost [24].

Total Station (TS) survey can also effectively show how the shape of the topographic
surface changes over time from erosion or deposition by accurately measuring the locations
of specific points [9,18,22]. However, a TS can only capture one point on the surface at a
time. Therefore, the TS survey requires a systematic method to record enough points to
cover a particular area. A common TS survey approach is capturing points on a path at a
fixed grid interval, as shown in Figure 1. The smaller the grid intervals, the more detailed
the information will be recorded [9]. Nevertheless, it also means more points to capture,
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and a longer survey time is needed. Therefore, one of the most significant disadvantages
of the TS technique is the long surveying time [9]. Also, TS data can be coarse, and lacks
point density, which is needed to accurately model surface details. Furthermore, unlike the
non-contact TLS technique, TS surveys with a prism rod can disturb the topography [22,23].
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Figure 1. A Total Station (TS) survey approach to capture points of a topographic surface.

3. Materials and Methods

The methodology of this research includes Stage-1 for field tests and data collection
and Stage-2 for data processing and result analysis. During Stage-1, three tests were run in
a full-scale apparatus that simulated an erosion event after rainfall. Then both TLS and RTS
techniques were used to capture the surface information of the sediment retention area. In
Stage-2, the captured surface data was used to create Digital Elevation Models (DEMs) for
calculating the volume of the sediment deposit of each test. Figure 2 illustrates a detailed
workflow and related materials used in the different steps of this research study.
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3.1. Experimental Apparatus and Equipment

Until recently, the standards for testing sediment barriers had been limited to small
experimental settings. However, with the growing experimentation and research on erosion
control devices, more suggestions for different types of testing are being examined. A
response to ALDOT’s (Alabama Department of Transportation) interest in this experimen-
tation has led to a full-scale testing facility being built at the AU-ESCTF [2]. This facility
was designed to replicate field-like conditions. Standards used at this facility for testing
SBs consist of structural integrity, erosion and sediment deposition, ponding and discharge
measurements, and turbidity and total suspended solids [32].

In preparation for the tests for this research study, a full-scale testing apparatus
(Figure 3a) was established at Station D of AU-ESCTF. The significant elements of this
apparatus included a fill slope where erosion was expected to occur, a rainfall simulator, a
silt fence installation zone, and an area to collect erosion sediment (Figure 3b). The rainfall
simulator consisted of a water tank (Figure 3c), a water flow gauge (Figure 3d), and a
mixing trough (Figure 3e). The ground of the collection area was leveled before the initial
test. The silt fence was installed with a tieback at either end (Figure 3b). For the tests of
this research, the field testing method was designed based on Whitman et al. [7], aiming
to simulate the average 30-min peak flow resulting from a 2-year, 24-h rainstorm event
in central Alabama, with water originating from a 1/2 acre (0.20 ha) drainage basin, thus
ensuring the accuracy and relevance of the tests under realistic conditions.
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This study used two pieces of Reality Capture (RC) equipment to capture data for mea-
suring the volume of sediment retention: a FARO Focus S-350 Laser Scanner (FARO S-350)
and a Trimble SPS610 5” Robotic Total Station (Trimble SPS610).

The FARO S-350 is one of the most commonly used TLS scanners in the Architecture,
Engineering and Construction (AEC) industry [33]. This scanner was used to capture the
morphology of the testing surface.

The Trimble SPS610 is a Robotic Total Station (RTS) [34]. An RTS is a TS that allows
remote operation. This means it only requires one operator and can perform more calcu-
lations and inspections in less time than a traditional TS [35]. This RTS captured point
elevations on the testing surface after completing the TLS scanning.

3.2. Experimental Procedure

The first step in preparing the apparatus for testing was to get the soil ready. A
stockpile of soil native to the state of Alabama and classified as loam (46.9% sand, 28.1%
silt, 25.0% clay) according to the USDA was prepared on-site [32]. Thirty buckets were
filled with the soil (each weighing 32 lbs./14.5 kg) and stacked into the bed of a pick-up
truck that was backed to the trough area at the top of the slope, as seen in Figure 3a. Next,
the water supply was set up and calibrated. A gasoline-powered pump was used to pump
water from a holding pond to the water storage tank at the top of the testing unit (Figure 3c).
Once the water in the tank reached a certain level, the water flowed through a discharge
weir into the mixing trough at a calibrated rate. The flow was controlled by valves and
monitored by a gauge mounted to the side of the water tank, as shown in Figure 3d. Water
would then flow from the mixing trough (Figure 3e) onto the test slope via a discharge
channel, which flowed evenly down towards the test area.

All three tests were run during the afternoon on three different days. This consistent
afternoon schedule minimized the impact of external factors, such as daylight and tem-
perature, on the results, enhancing the reliability of the findings. Once everything was
in place and ready to go, the pump started, and water was pumped into the tank. When
the correct water flow was achieved at 0.22 cfs. (6.23 L/s), a stopwatch was started, and
30 buckets (960 lbs./435 kgs) of soil were manually and continually poured into the trough
at one bucket every minute to mix with the water (Figure 4a). The mixture flowed down
the slope at an evenly distributed flow for 30 min (Figure 4b). Figure 4c illustrates the water
and soil mixture accumulated in the testing area. Once the test was complete and the last
bucket of soil was applied, the pump was turned off, and the testing area was left to drain.
The area would be left to sit for at least 24 h for dewatering before measurements were
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taken, ensuring accurate sediment retention quantification. Figure 4d shows the drained
testing area.
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3.3. Data Collection

TLS and RTS techniques were used to capture the topography of the sediment retention
in the testing area before the initial test and then 24 h after each subsequent test.

3.3.1. TLS Scanning

For the TLS scanning, four locations were chosen to set up the FARO S-350 laser
scanner around the perimeter of the testing area to ensure that sufficient morphological
information was collected (Figure 5a). Each of these four scan locations was marked with
a survey-nail wrapped with a piece of red tape (Figure 5b), which ensured that the TLS
scans would take place at the same locations for all the tests. The FARO S-350’s scanning
resolution chosen for this research was 1/4 with a quality setting of 3X. This configuration
allowed the scanner to capture up to 43.7 million points in 6 min with a point cloud density
of 6.1 mm at a 10 m distance. The scanner’s color mode (non-HDR) was also turned on to
record panoramic photos that were later used for colorizing the point clouds. On average,
one TLS scan took about twelve minutes, including scan station setup (6 min) and scanning
and capturing panoramic photos (6 min).
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An initial set of four TLS scans of the testing area was captured before any tests took
place, with the area being level and clean. A set of four scans then took place from the same
locations 24 h after each subsequent test (Figure 5c). The total time spent on TLS for each
test was approximately one hour.

3.3.2. RTS Survey

Using three pre-established control points, the Trimble SPS610 5” RTS was set up
next to the apparatus and had a clear line of site to the testing area (Figure 6a). Setting
up the RTS averaged 25 to 30 min to ensure everything was correct and ready to operate
for each test. To collect data with the RTS unit, a team member held a survey rod with
a prism on a particular point (Figure 6b), made sure of the plumpness of the rod, and
then recorded the point data into a handheld data collector. This was done in a very
meticulous manner to capture as many elevation changes as possible. To collect data
without disturbing the surface, a piece of lumber was used as a bridge for the team member
to get the measurements (Figure 6b).
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Figure 6. Using a RTS to capture elevations of the surface of the sediment retention area:
(a) A Trimble SPS610 5” RTS was set up next to the testing apparatus; (b) A team member used a
survey rod to take measurements of the sediment retention surface from a piece of lumber that served
as a bridge; (c) Locations of the 20 points captured by the RTS before Test#1.

The RTS unit was first used to record the surface of the testing area in the apparatus
before Test#1. With the area being level and clean, it was determined only to capture twenty
points. Of these twenty points (Figure 6c), five were taken across the slope approximately
two feet (0.61 m) up, five were taken laterally across the bottom, and the remaining ten
were taken in the flat test area. This was the base topography on which all the other tests
were built. Then, 24 h after each test was run, the RTS was set up again and used to record
points evenly distributed on the sediment buildup of that test run. The time spent to record
points after each test was between 45–60 min on top of the 25–30 min required to set up the
total station.

4. Results and Discussion
4.1. Data Processing
4.1.1. TLS Scans

The “raw” scans captured by the FARO S-350 were transferred to a PC using a Secure
Digital (SD) memory card before being processed in FARO SCENE software [36]. Each
set of scans was processed individually for colorization, registration, and fusion into one
point cloud. Registration errors occur when combining multiple 3D laser scans to form a
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single point cloud, which is used to quantify the quality of merging multiple scans. They
result from misalignments, inaccurate reference points, or scanner calibration issues. One
common method to calculate the registration error is to use the Root Mean Square Error
(RMSE) (Equation (1)):

RMSE =

√
∑ d2

i
N

(1)

where di is the distance between a pair of corresponding points, and N is the total number
of pairs considered. The registration results of all four sets of TLS scans (shown in Table 1)
are relatively low, indicating good registration quality with sufficient overlap between
scans of each test. Next, each point cloud was exported from FARO SCENE as an unordered
RCP file. Then this RCP file was retrieved in Autodesk ReCap Pro (or ReCap) software [37]
for cleaning and trimming. After this last step in ReCap, a high-density 3D colorized point
cloud representing the spatial information of the surface of the testing area has been created.
Figure 7 illustrates the results of the TLS scan processing, including a comparison of “raw”
and “cleaned” point clouds for each testing area. The “raw” point clouds show initial
TLS data, while the “cleaned” point clouds result from data processing and filtering to
remove noise and irrelevant data points. The comparison highlights the effectiveness of the
processing techniques, yielding a clearer and more accurate representation of the testing
surfaces for sediment retention analysis.

Table 1. TLS scan registration results.

TLS Scan Set Mean Point Error Max. Point Error Min. Overlap

Before Test#1 run 0.9 mm 1.2 mm 71.1%
After Test#1 run 0.8 mm 1.0 mm 73.2%
After Test#2 run 0.7 mm 0.9 mm 74.1%
After Test#3 run 0.8 mm 1.0 mm 73.3%
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4.1.2. RTS Points

The data of the points recorded by RTS surveys were downloaded from the data
collector and then processed and stored in a Microsoft Excel document. This Excel file con-
tained information on each captured point, including its unique label, Easting coordinate,
Northing coordinate, and elevation. Table 2 shows the number of points captured for each
test and their allocation on the surface of the testing area.

4.2. Results

An equation (Equation (2)) was used to calculate the volumetric quantity of the
sediment accumulated in the testing area of each test.

∆Vi = Vi−Vi−1 (2)

where ∆Vi is the volume of the sediment deposit created from a test run, Vi is the volume
of the soil in the testing area measured after this test run, and Vi−1 is the volume of the soil
in the testing area measured after the previous test run and before this test.

The data captured from TLS and RTS surveys were imported to Autodesk Revit to
create Digital Elevation Models (DEMs) to determine volumetric differences in sediment
deposits upstream of the SB system.

4.2.1. Developing DEMs in Revit

All four TLS point clouds in the RCP file format were linked to a model in Revit.
Figure 8 is an elevation view of the four-point clouds stacked on each other, showing
the accumulation of soil sediment in the testing area after each run and conceptualis-
ing the TLS measurements' accuracy. Next, a highly detailed DEM for the testing area
(as shown in Figure 9) was generated from the point cloud data using a specific command
in the FARO As-Built for Autodesk Revit add-on (As-Built for Revit) [38].
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Table 2. Points recorded by the RTS on the surface of the sediment retention of each test.

RTS Capture Stage Number of Points Scatter Chart of Captured Points

Before Test#1 run 20

Geomatics 2023, 3, FOR PEER REVIEW 12 
 

 

After Test#3 run 

 
 

(g) (h) 

Figure 7. Results of the four processed TLS point clouds. (a) Registered point cloud in FARO 
SCENE. (b) Cleaned point cloud in ReCap. (c) Registered point cloud in FARO SCENE. (d) 
Cleaned point cloud in ReCap. (e) Registered point cloud in FARO SCENE. (f) Cleaned point 
cloud in ReCap. (g) Registered point cloud in FARO SCENE. (h) Cleaned point cloud in ReCap. 

4.1.2. RTS Points 
The data of the points recorded by RTS surveys were downloaded from the data 

collector and then processed and stored in a Microsoft Excel document. This Excel file 
contained information on each captured point, including its unique label, Easting 
coordinate, Northing coordinate, and elevation. Table 2 shows the number of points 
captured for each test and their allocation on the surface of the testing area. 

Table 2. Points recorded by the RTS on the surface of the sediment retention of each test. 

RTS Capture Stage Number of Points Scatter Chart of Captured Points 

Before Test#1 run 20 

 

After Test#1 run 271 

 
After Test#2 run 243 2.55 

After Test#1 run 271

Geomatics 2023, 3, FOR PEER REVIEW 12 
 

 

After Test#3 run 

 
 

(g) (h) 

Figure 7. Results of the four processed TLS point clouds. (a) Registered point cloud in FARO 
SCENE. (b) Cleaned point cloud in ReCap. (c) Registered point cloud in FARO SCENE. (d) 
Cleaned point cloud in ReCap. (e) Registered point cloud in FARO SCENE. (f) Cleaned point 
cloud in ReCap. (g) Registered point cloud in FARO SCENE. (h) Cleaned point cloud in ReCap. 

4.1.2. RTS Points 
The data of the points recorded by RTS surveys were downloaded from the data 

collector and then processed and stored in a Microsoft Excel document. This Excel file 
contained information on each captured point, including its unique label, Easting 
coordinate, Northing coordinate, and elevation. Table 2 shows the number of points 
captured for each test and their allocation on the surface of the testing area. 

Table 2. Points recorded by the RTS on the surface of the sediment retention of each test. 

RTS Capture Stage Number of Points Scatter Chart of Captured Points 

Before Test#1 run 20 

 

After Test#1 run 271 

 
After Test#2 run 243 2.55 

After Test#2 run 243

2.55

Geomatics 2023, 3, FOR PEER REVIEW 13 
 

 

 

After Test#3 run 178 

 

4.2. Results 
An equation (Equation (2))Error! Reference source not found. was used to calculate 

the volumetric quantity of the sediment accumulated in the testing area of each test. ∆𝑉௜ = 𝑉௜ − 𝑉௜ିଵ (2)

where ∆𝑉௜ is the volume of the sediment deposit created from a test run, 𝑉௜ is the volume 
of the soil in the testing area measured after this test run, and 𝑉௜ିଵ is the volume of the soil 
in the testing area measured after the previous test run and before this test. 

The data captured from TLS and RTS surveys were imported to Autodesk Revit to 
create Digital Elevation Models (DEMs) to determine volumetric differences in sediment 
deposits upstream of the SB system. 

4.2.1. Developing DEMs in Revit 
All four TLS point clouds in the RCP file format were linked to a model in Revit. 

Figure 8 is an elevation view of the four-point clouds stacked on each other, showing the 
accumulation of soil sediment in the testing area after each run and conceptualising the 
TLS measurementsʹ accuracy. Next, a highly detailed DEM for the testing area (as shown 
in Figure 9) was generated from the point cloud data using a specific command in the 
FARO As-Built for Autodesk Revit add-on (As-Built for Revit) [38]. 

 
Figure 8. An elevation view of all four TLS point clouds stacked together showing the accumulation 
of soil sediment in the testing area after each test run. 

After Test#3 run 178

Geomatics 2023, 3, FOR PEER REVIEW 13 
 

 

 

After Test#3 run 178 

 

4.2. Results 
An equation (Equation (2))Error! Reference source not found. was used to calculate 

the volumetric quantity of the sediment accumulated in the testing area of each test. ∆𝑉௜ = 𝑉௜ − 𝑉௜ିଵ (2)

where ∆𝑉௜ is the volume of the sediment deposit created from a test run, 𝑉௜ is the volume 
of the soil in the testing area measured after this test run, and 𝑉௜ିଵ is the volume of the soil 
in the testing area measured after the previous test run and before this test. 

The data captured from TLS and RTS surveys were imported to Autodesk Revit to 
create Digital Elevation Models (DEMs) to determine volumetric differences in sediment 
deposits upstream of the SB system. 

4.2.1. Developing DEMs in Revit 
All four TLS point clouds in the RCP file format were linked to a model in Revit. 

Figure 8 is an elevation view of the four-point clouds stacked on each other, showing the 
accumulation of soil sediment in the testing area after each run and conceptualising the 
TLS measurementsʹ accuracy. Next, a highly detailed DEM for the testing area (as shown 
in Figure 9) was generated from the point cloud data using a specific command in the 
FARO As-Built for Autodesk Revit add-on (As-Built for Revit) [38]. 

 
Figure 8. An elevation view of all four TLS point clouds stacked together showing the accumulation 
of soil sediment in the testing area after each test run. 



Geomatics 2023, 3 357

Geomatics 2023, 3, FOR PEER REVIEW 13 
 

 

 

After Test#3 run 178 

 

4.2. Results 
An equation (Equation (2))Error! Reference source not found. was used to calculate 

the volumetric quantity of the sediment accumulated in the testing area of each test. ∆𝑉௜ = 𝑉௜ − 𝑉௜ିଵ (2)

where ∆𝑉௜ is the volume of the sediment deposit created from a test run, 𝑉௜ is the volume 
of the soil in the testing area measured after this test run, and 𝑉௜ିଵ is the volume of the soil 
in the testing area measured after the previous test run and before this test. 

The data captured from TLS and RTS surveys were imported to Autodesk Revit to 
create Digital Elevation Models (DEMs) to determine volumetric differences in sediment 
deposits upstream of the SB system. 

4.2.1. Developing DEMs in Revit 
All four TLS point clouds in the RCP file format were linked to a model in Revit. 

Figure 8 is an elevation view of the four-point clouds stacked on each other, showing the 
accumulation of soil sediment in the testing area after each run and conceptualising the 
TLS measurementsʹ accuracy. Next, a highly detailed DEM for the testing area (as shown 
in Figure 9) was generated from the point cloud data using a specific command in the 
FARO As-Built for Autodesk Revit add-on (As-Built for Revit) [38]. 

 
Figure 8. An elevation view of all four TLS point clouds stacked together showing the accumulation 
of soil sediment in the testing area after each test run. 
Figure 8. An elevation view of all four TLS point clouds stacked together showing the accumulation
of soil sediment in the testing area after each test run.

Geomatics 2023, 3, FOR PEER REVIEW 14 
 

 

  
(a) (b) 

Figure 9. The process of creating a DEM of the testing area from a TLS point cloud in Revit: (a) A 
point cloud linked to a Revit model; (b) A DEM of the testing area created in Revit. 

Revit enables the generation of topographical surfaces by importing point data files. 
By utilizing this capability with the RTS point data files, four additional DEMs were 
generated within the software. Figure 10 illustrates an example of a DEM created in Revit 
using the RTS data. 

 
Figure 10. A DEM of the surface of the testing area before Test#1 was created using the RTS survey 
data in Revit. 

4.2.2. Using DEMs to Quantify Sediment Retention 
Revit has a feature to compare two topographies and create “cut-and-fill” values to 

show their volumetric differences. Utilizing this feature, the volume (𝑉∆) of the sediment 
retention (SR) of SD created from a test run is calculated using the initial and final DEMs 
of the test. Figure 11 presents a visual comparison between initial and final sediment 
deposition patterns and volume changes for each test run, utilizing DEMs generated from 
both TLS and RTS datasets. This illustration effectively highlights the differences in 
sediment accumulation and volume shifts observed throughout the experiment. Table 3 
presents the results of the two sets of SR volumes calculated using the cut-and-fill function 
in Revit. 

Figure 9. The process of creating a DEM of the testing area from a TLS point cloud in Revit:
(a) A point cloud linked to a Revit model; (b) A DEM of the testing area created in Revit.

Revit enables the generation of topographical surfaces by importing point data files. By
utilizing this capability with the RTS point data files, four additional DEMs were generated
within the software. Figure 10 illustrates an example of a DEM created in Revit using the
RTS data.
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4.2.2. Using DEMs to Quantify Sediment Retention

Revit has a feature to compare two topographies and create “cut-and-fill” values to
show their volumetric differences. Utilizing this feature, the volume (V∆) of the sediment
retention (SR) of SD created from a test run is calculated using the initial and final DEMs
of the test. Figure 11 presents a visual comparison between initial and final sediment
deposition patterns and volume changes for each test run, utilizing DEMs generated
from both TLS and RTS datasets. This illustration effectively highlights the differences in
sediment accumulation and volume shifts observed throughout the experiment. Table 3
presents the results of the two sets of SR volumes calculated using the cut-and-fill function
in Revit.
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Table 3. The volumes of sediment retention of each test measured using two methods.

SR Vol. Calculated from TLS DEMs SR Vol. Calculated from RTS DEMs

Net Cut/Fill Fill Cut Net Cut/Fill Fill Cut

Test#1 10.16 cf
(0.288 m3)

10.60 cf
(0.300 m3)

0.44 cf
(0.012 m3)

13.61 cf
(0.386 m3)

13.91 cf
(0.394 m3)

0.30 cf
(0.008 m3)

Test#2 9.26 cf
(0.262 m3)

9.32 cf
(0.264 m3)

0.06 cf
(0.002 m3)

8.84 cf
(0.250 m3)

9.48 cf
(0.268 m3)

0.64 cf
(0.018 m3)

Test#3 10.14 cf
(0.287 m3)

10.18 cf
(0.288 m3)

0.04 cf
(0.001 m3)

11.18 cf
(0.317 m3)

11.75 cf
(0.333 m3)

0.57 cf
(0.016 m3)

4.3. Discussion

Using a graph to compare the results between the two measurement methods, as seen
in Figure 12, it appears that the TLS results are more linear than the RTS results indicating
a higher correlation between the TLS results.
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To further analyze the results from the two measurement methods, the variance
formula (Equation (3)) was introduced to identify a variance which helped find the standard
deviation of the data for both TLS and RTS surveys.

σ2 = ∑N
i=1(xi−µ )2/N (3)
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The results are as follows:
TLS σ2 (variance) = 0.17 σ (standard deviation) = 0.41 ft3

RTS σ2 (variance) = 3.77 σ (standard deviation) = 1.94 ft3

Calculating the standard deviation from the variance formula provided a valuable
measure of dispersion in the data, enabling the generation of a normal curve (bell curve)
diagram in conjunction with the mean (µ). A narrow curve indicates the TLS data is more
consistent as it is closer to the mean (µ), whereas a wider curve indicates the RTS data is
farther from the mean (µ) and less consistent (see Figure 13). These statistics indicate that
TLS is more accurate in measuring sediment retention than RTS surveys.
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Figure 13. Bell curves for the measurement results of both TLS and RTS methods.

While conducting the data collection using TLS and RTS, the time and effort to perform
the testing were observed. The TLS method took four scans in approximately one hour for
each test, including scanner set-up and scanning. In addition, TLS was a more automated
process requiring one person to perform scanning and allowing them to be hands-free
while the scanner was running. Also, the high-density colorized 3D point clouds produced
from TLS gave a detailed, accurate, comprehensive, and concise visual representation of
the surface area for each test.

On the other hand, hundreds of points were recorded manually when using the
RTS to survey the surface of the testing area after a test run. This process for each test
took about 70–90 min to complete but failed to provide results as detailed as TLS. The
manual nature of the RTS method introduces variability in point density and distribution
(as shown in Table 2) due to factors such as operator judgment, accessibility, and visibility
of the testing surface. Despite efforts to maintain consistency, some variation in point
density is inevitable with RTS, highlighting its inconsistency compared to the more uniform
point cloud generation provided by TLS. For the RTS to produce results comparable to the
TLS results, every square inch of the testing area would have to be recorded, with the size of
the testing area being 20 ft. × 6 ft. (6.1 m × 1.8 m) would be around 17,000 points to record.
Human factors involved in conducting point recordings, such as holding a survey rod to
just touch the top of the soil surface and maintaining eye level, make it a time-consuming
and challenging task with a significant margin for error, as shown in Figure 14a. Achieving
consistency over thousands of recordings would be next to impossible. Figure 14b illustrates
the challenges and inaccuracies of this method as the rod’s dimples on the soil surface
distort the surface, negatively affecting the final data.
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Figure 14. Challenges of using RTS to capture the surface: (a) A team member was holding the survey
rod plumb; (b) “Dimples” on the soil surface created by the rod.

5. Conclusions and Recommendations for Future Research

Studying sediment barriers (SBs) through experimental testing is an effective way to
understand the limitations and capacity of these barriers. This research investigates the
effectiveness of Terrestrial Laser Scanning (TLS) and Robotic Total Station (RTS) techniques
in quantifying sediment retention during full-scale sediment barrier testing. The compara-
tive analysis of these methods demonstrated that while TLS and RTS can measure sediment
retention, TLS offers greater accuracy and effectiveness than RTS.

One of the primary advantages of TLS is its ability to capture a detailed and compre-
hensive representation of the testing area surface, accounting for all irregularities, textures,
and variations. Additionally, the field operation of TLS is relatively simple and quick,
yielding high-resolution point clouds that allow for more in-depth analysis. However, it is
essential to consider that processing TLS scans requires proficiency in multiple software
programs, which can be challenging for practitioners. Furthermore, the utilization of TLS
demands expensive equipment, several specialty software programs, and highly trained
professionals to perform the task effectively [39]. In contrast, the RTS method must capture
thousands of points to achieve results comparable to those obtained through TLS, render-
ing the process time-consuming, labor-intensive, and susceptible to errors. Although RTS
may suffice when the primary goal is to identify general high and low spots of a surface
without requiring fine detail, TLS remains a superior method for accurate measurement
and comprehensive data analysis.

It is worth noting that TLS data collection is faster in the field compared to RTS.
However, due to the registration process, TLS data processing and Digital Elevation Model
(DEM) creation in Revit takes more time. Nevertheless, analyzing TLS data in a controlled
office environment rather than in the field offers a comfort advantage over RTS, which may
lead to a more accurate and efficient analysis.

Furthermore, human factors introduced during RTS data collection, such as holding
the survey rod plumb and ensuring accurate contact with the soil surface, may result in
a higher error margin than the more automated TLS process. The visual nature of point
recording with RTS may also introduce bias, as operators may unintentionally overlook
certain areas, resulting in incomplete data capture.

In conclusion, this research validates the benefits of TLS for sediment deposit volume
research and suggests its adoption as a potential new standard in sediment barrier testing.
TLS provides more accurate and detailed results and demonstrates greater efficiency and
ease of use than RTS. However, it is crucial to recognize that the findings’ applicability
to natural ground conditions may be affected by factors such as soil type, vegetation,
and topography.
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For future research, it is recommended to explore modifications to testing apparatus
configurations to improve the accuracy and relevance of the results. Conducting further
tests with different sediment barrier types can also provide valuable insights into the
performance of these systems under varying conditions. Implementing changes that
promote a more even sediment distribution in the testing area can enhance consistency and
accuracy in the results, ultimately contributing to a more comprehensive understanding
of sediment barrier performance and informing the development of improved sediment
control strategies.
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