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EXECUTIVE SUMMARY 

The increasing use of small uncrewed aircraft systems (sUAS), also known as drones, in 

transportation infrastructure monitoring has validated the critical importance of this technology 

in modern engineering practice. sUAS technology offers significant benefits, including cost 

efficiency, enhanced safety, and improved productivity. While these advantages align with the 

goals of the Iowa Department of Transportation (Iowa DOT), the integration of sUAS into 

routine engineering practices carried out by the Iowa DOT is yet to be fully explored. 

During a Technical Advisory Committee (TAC) meeting held on April 8, 2025, the TAC 

expressed its interest in exploring the benefits of sUAS technology for monitoring erosion and 

sediment control devices (ESCDs). Based on this interest, the research team conducted this third 

pilot project, whose primary aim was to evaluate the effectiveness of sUAS in the remote 

assessment of ESCDs, which can enable informed, rapid intervention to ensure compliance with 

U.S. Environmental Protection Agency guidelines and Iowa DOT requirements. 

We collected high-quality aerial images using three different sUAS platforms: (1) a FreeFly 

Astro equipped with a Sony ILX-LR1 61 MP red/green/blue (RGB, or natural color) camera, (2) 

a DJI Mavic 3 Multispectral (M3M) equipped with a 20 MP RGB camera and built-in 5 MP 

1/2.8-inch complementary metal-oxide semiconductor (CMOS) cameras having green, red, red 

edge, and near-infrared (NIR) narrow spectral bands, and (3) a DJI Mavic 2 Enterprise Advanced 

(M2EA) equipped with a built-in 48 MP quad-Bayer camera and a 640 X 512 stereo thermal 

sensor. Based on TAC recommendations, we collected sUAS data from two major construction 

grading projects in Iowa:  

1. Two grading project sites located in Mediapolis, Iowa: Site 1 (41.037680, -91.169391) and 

Site 2 (41.012754, -91.174138) 

2. A grading project site located in Oskaloosa, Iowa (41.315838, -92.699494) 

We conducted preliminary inspections of the sites before full drone deployment. During these 

preliminary inspections, we assessed the sites’ conditions, noting traffic volume, overhead power 

cables, undulating terrain, and the types and locations of installed ESCDs. This information 

helped us determine the altitudes of drone flights and the regions of interest at the sites. 

The TAC briefed us that traditional field inspection of these ESCDs is typically conducted 

weekly to evaluate them for compliance with erosion control needs. Given that sUAS-collected 

images are a snapshot of the condition of a site at a given time, we aimed to develop a seamless 

and rapid prototype data processing pipeline that proceeds from from data collection through 

data visualization, enabling inspection personnel to adequately inspect the ESCDs in a timely 

manner using a method similar to that used for field inspections. Further, prototype analysis 

frameworks were developed to evaluate the feasibility of monitoring ESCDs using processed 

sUAS data. 

The recommendations, key findings, and lessons learned from this overall study are as follows: 
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• There are critical factors that must be adequately considered for a seamless and rapid 

transition from data collection to visualization. These factors broadly include the 

optimization of ground control points (GCP), sensor requirements, the need for weather 

monitoring, authorization requirements, and approval from related authorities 

• High-resolution RGB imagery, multispectral imagery, and digital elevation models (DEMs) 

derived from the sUAS imagery using close-range photogrammetry are essential data for 

remote assessment of ESCDs. 

• Normalized Difference Vegetation Index (NDVI) and Modified Soil Adjusted Vegetation 

Index (MSAVI) values derived from multispectral data proved to be effective in assessing 

vegetation coverage. These indexes could be easily adopted by the Iowa DOT for large-scale 

vegetation quantification with high accuracy. 

• The use of DEM data showed promising performance in condition monitoring for rock check 

dams, silt fences, and wattle. However, the data tested for this evaluation were limited, and 

further work with data collected from different surfaces and under different weather and 

environmental conditions is warranted. 

• 3D views of the sUAS imagery-derived RGB orthophotos could provide additional insight 

into the overall condition of ESCDs. 

This work demonstrated the effectiveness of sUAS technology for monitoring ESCDs on a small 

scale. Of the 16 ESCDs listed by the Iowa DOT as commonly adopted devices on construction 

sites, only 5 had been installed at the sites we visited. Therefore, we conclude that additional data 

from additional sites need to be collected.  
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INTRODUCTION 

Background and Problem Statement 

The extensive use of small uncrewed aircraft systems (sUAS), commonly known as drones, in 

the transportation industry for remote sensing and infrastructure monitoring has validated the 

critical importance of this technology in modern engineering practice (Watts et al. 2012). This 

technology has been adopted by both government agencies and private entities responsible for 

highways, bridges, transportation infrastructure, and airports (Banić et al. 2019, Brooks et al. 

2022, Fischer et al. 2020, Flammini et al. 2016, Mitra et al. 2025, Nooralishahi et al. 2021, 

Oguntoye et al. 2025, Pietersen et al. 2022, Sourav et al. 2024, Tan and Li 2019). For example, a 

wide variety of studies have been conducted on airfield pavement damage detection and rating 

and on the long-term use of sUAS to complement traditional infrastructure inspection processes 

(Oguntoye et al. 2023, 2025; Pietersen et al. 2022; Sourav et al. 2022, 2023a, 2023b, 2023c, 

2024; Vidyadharan et al. 2017). These studies have also provided guidelines for adoption and 

have explored future potential applications (Sourav et al. 2024). 

An application for which remote assessment technology may be well suited is the inspection of 

erosion and sediment control devices (ESCDs). Current monitoring practices rely on traditional 

inspection methods, in which inspectors conduct close-up field inspections and thoroughly 

profile each visited device. While this approach is adequate for smaller construction sites with a 

few spatially close devices, it becomes a bottleneck when larger sites with sparsely located 

devices must be inspected. Time constraints, the labor-intensive nature of inspection tasks, 

device accessibility constraints, and possible exposure to harmful contaminants in runoff are 

critical barriers to manual field inspections.  

sUAS data collection offers numerous opportunities for ESCD inspection, especially when field 

visits are unsafe and manual inspection is economically prohibitive. While the majority of 

literature studies on ESCD inspection have focused on monitoring the effectiveness of control 

measures through the inspection of site terrain (Carabassa et al. 2021, Olivetti et al. 2020, Young 

et al. 2021) and on developing installation guides for different ESCDs (Cooke et al. 2015, 

Kastridis et al. 2022), few studies have investigated the use of automatic ESCD feature 

extraction to assess the overall condition of these devices. For example, Kazaz et al. (2021) 

trained the Single-Shot Multibox Detector model, a deep learning model capable of object 

detection and other vision-related tasks, for the detection of different ESCDs in orthophotos 

processed from sUAS images.  

However, detection alone is insufficient for effective ESCD monitoring. Subsequent and more 

critical steps are required that involve detailed evaluation of device condition and performance. 

In this study, we developed a seamless and rapid prototype data processing pipeline that 

proceeds from data collection through data visualization, enabling inspection personnel to 

adequately inspect ESCDs in a timely manner using a method similar to that used for field 

inspections. We thus view device detection as an initial step in the monitoring workflow; 

detection may be performed as demonstrated by Kazaz et al. (2021) or manually through visual 

inspection of processed orthophotos.  
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Since replicating the traditional manual inspection process using remote assessment tools also 

requires an expedited transformation from the data collection and processing stage to final 

visualization, we developed a framework for the practical adoption of sUAS for monitoring 

ESCDs. Framework development involved the following tasks: 

• Development of a prototype workflow for sUAS data collection and processing  

• Sharing and presentation of processed red/green/blue (RGB) images and multispectral 

orthophotos through a low-latency data-viewing application 

• Remote monitoring of devices through an advanced feature extraction workflow and 

multiview assessment 

• Automatic extraction of features such as vegetation growth, rock coverage, side profiles, and 

upstream and downstream elevations from processed sUAS data using prototype tools 

Goals and Objectives  

The overall objective of this pilot study was to evaluate the application/adoption of sUAS 

technology for monitoring ESCDs. To achieve this objective, the following goals were 

established: 

• Develop a prototype workflow for rapid sUAS data collection and data visualization  

• Develop prototype feature extraction frameworks for the assessment of ESCD condition 
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STUDY AREA 

The research team contacted Iowa Department of Transportation (Iowa DOT) staff on June 27, 

2025, to obtain recommendations for construction sites featuring ESCDs. The Iowa DOT 

recommended two active grading project sites (Site 1: 41.065467, -91.176714; Site 2: 

41.012754, -91.174138) along Highway 61 near eastern Mediapolis in Des Moines County, 

Iowa. The research team first visited the grading project sites in Mediapolis (hereafter called the 

Mediapolis sites) on July 11, 2025, for a preliminary study. As is typical during preliminary site 

visits, we noted several site variables, including construction traffic volume, the presence of 

overhead electrical cables, and the presence of ESCDs. The Iowa State University (ISU) and 

Michigan Tech Research Institute (MTRI) research team visited the sites on July 16, 2025, to 

collect comprehensive data using our sUAS platforms. As shown in Figure 1, members of the 

Technical Advisory Committee (TAC), including Melissa Serio and Wes Musgrove, among 

others, also joined us on the sites to explain in detail the ESCDs’ performance and current 

inspection techniques, along with expectations for the sUAS survey. 

 

 

Figure 1. Iowa DOT representative with the ISU and MTRI research team 
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The research team visited the Mediapolis sites again on August 27, 2025, with the primary goal 

of collecting new data and comparing the current condition of the ESCDs with their condition as 

recorded in the previous month’s data. However, a significant amount of construction work, 

including the removal and replacement of the ESCDs, had already been completed. For example, 

most silt fences had been completely removed, and some rock check dams had been replaced 

with wattles. Therefore, no data were collected during the second visit. 

We notified the TAC members about the new development on August 29, 2025, and received a 

new site recommendation on September 2, 2025. The second recommended site was a grading 

project site (41.315838, -92.699494) connecting 235th Street to Highway 63 in Oskaloosa, 

Mahaska County, Iowa (hereafter called the Oskaloosa site). As had been done at the Mediapolis 

sites, the team conducted a preliminary visit to the Oskaloosa site on September 10, 2025, before 

the final data collection effort by the MTRI team on September 23, 2025. 

Overviews of the site locations and maps of both the Mediapolis and Oskaloosa sites are 

provided in Figure 2 and Figure 3, respectively. Figure 4 and Figure 5 show close-up views of 

some of the devices at Mediapolis Sites 1 and 2, respectively, while Figure 6 shows close-up 

views of some of the devices at the Oskaloosa site. 

 

Figure 2. Grading project site in Mediapolis, Iowa 
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Figure 3. Grading project site in Oskaloosa, Iowa 

 

Figure 4. Erosion and sediment control devices at Mediapolis Site 1, including silt fences 

and a check dam 
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Figure 5. Erosion and sediment control devices at Mediapolis Site 2, including wattles, a 

reseeded slope, and a check dam 

 

Figure 6. Erosion and sediment control devices at the Oskaloosa site, including wattles 
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DATA COLLECTION, PROCESSING, AND VISUALIZATION 

sUAS data collection and processing entail meticulous procedures that must be strictly adhered 

to for seamless operation and the delivery of desired results. Given that the Iowa DOT conducts 

weekly field inspections of ESCDs, it was imperative to produce not only a seamless data 

processing pipeline but also an expedited workflow that would deliver processed data within 24 

to 48 hours. We therefore sought to identify the critical features that would support expedited 

and seamless sUAS operations, enabling the delivery of processed data at the right time for 

remote assessment and device condition monitoring. Figure 7 illustrates the prototype workflow 

for transitioning data from collection to visualization, and the subsequent sections in this chapter 

discuss the aspects of this workflow in detail. 

 

Figure 7. Data pipeline from collection to visualization 

sUAS Data Collection 

Data collection planning began with a discussion of requirements with TAC members. As 

mentioned earlier, the research team collected sUAS data from the Mediapolis sites on July 11, 

2025, and from the Oskaloosa site on September 23, 2025. The sUAS data were collected from 

the Mediapolis and Oskaloosa sites using three different sUAS platforms: a Freefly Astro 

equipped with a Sony LR1 61 MP camera, a DJI Mavic 2 Enterprise Advanced (M2EA) 

equipped with 48 MP quad-bayer RGB camera and a 640x512 thermal camera, and a DJI Mavic 

3 Multispectral (M3M) equipped with 5 MP multispectral cameras. Flight details are provided in 

Table 1. 
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Table 1. Summary of visited sites and deployed sUAS platforms 

Target Area Platform Payload 

Flight 

AGL 

(m) 

No. of 

Images 

Output Resolution 

(mm) 

RGB/DEM Other 

Mediapolis 

Site 1 

Freefly Astro Sony LR1 61 MP 61.0 2672 6.8/13.5  

M3M 
20 MP RGB and 5 MP 

MS 
30.5 2480 8.3/16.6 14.5 (MS) 

M2EA 640x512 thermal 91.4 1082  127 (TH) 

Mediapolis 

Site 2 

M3M 
20 MP RGB and 5 MP 

MS 
30.5 132 10.5/31.8  

M2EA 640x512 thermal 15.2 459 28  

Oskaloosa 

Freefly Astro Sony LR1 61 MP 42.7 2676 6.7/26.8  

M3M 
20 MP RGB and 5 MP 

MS 
45.7 2122 15.8/63.2 20.3 (MS) 

M2EA 640x512 thermal 91.4 1584  120 (TH) 

MP = megapixels, MS = multispectral, TH = thermal, AGL = above ground level, DEM = digital elevation model 

The research team followed standard safety and operating protocols to ensure safe and efficient 

data collection. Notable measures included, but were not limited to, the use of highly accurate 

ground control points (GCPs) such as Propeller Aeropoints, a dedicated visual spotter, flight 

paths that did not fly over people who were not part of the research team (including traffic), 

flights only during favorable operating conditions, and so on. As shown in Table 1, the research 

team took about 38 minutes to collect very high-resolution RGB data from the Mediapolis 1 site 

using the Freely Astro at 61 m above ground level (AGL). Additional data were collected using 

the M3M at 30.5 m AGL. Thermal data were collected at 91.4 m AGL using the M2EA system’s 

thermal camera. At the Mediapolis 2 site, data were collected using the M2EA at 15.2 m AGL 

and the M3M at 30.4 m AGL. At the Oskaloosa site, the research team focused on collecting data 

using the Freefly Astro at 42.7 m AGL. Additional data were collected using the M3M at 45.7 m 

AGL and the M2EA at 91.4 m AGL. 

Critical factors that must be adequately addressed during sUAS data collection include the 

following: 

• Ground control points/real-time kinematics (RTK) module: For sites with a large surface 

area, the placement and retrieval of GCPs may be challenging. While positional accuracy is 

crucial, especially when creating digital repositories that will be used for comparing data 

collected on different dates, selecting an optimal number of GCPs is essential to achieve 

consistent spatial accuracy and expedite sUAS data collection workflows. A practical 

approach is to place the GCPs at the corners of the site while ensuring that they are pliable 

for easy placement and retrieval. Drones with an onboard GPS RTK module also receive 

geopositional corrections from satellites, thereby reducing the number of GCPs required for 

data collection. Our workflow solely depended on the use of high-resolution GCP, and RTK 

technology was not used. 
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• High-resolution sensor: The achievable ground sampling distance depends on the resolution 

of the sensor on board the sUAS. A high-resolution camera enables a higher flight altitude, in 

turn resulting in a shorter required flight time. A 150 to 200 ft flight altitude (46 to 76 m) 

over a large area may yield high- to medium-resolution imagery, provided that a high-

resolution sensor, such as a Sony LR1 61MP camera, is on board the sUAS. 

• Spare resources: Proper planning to ensure that the resources required for flight operations 

are on hand is crucial to achieving a seamless sUAS data collection workflow. For example, 

because most sUAS batteries typically last only 20 to 30 minutes, supplies such as AC 

generators or DC batteries should be readily available for charging sUAS batteries 

immediately after depletion in order to reduce downtime during flight operations. 

• Weather monitoring: Monitoring weather data is crucial because sUAS flight operations are 

best conducted in precipitation-free conditions with low to no wind gusts. Abrupt changes in 

weather conditions are not uncommon, and if weather conditions turn unfavorable, flight 

operations must be suspended for safety. Continuous tracking of weather conditions is 

advised, particularly in the early hours of the data collection date, because doing so typically 

reveals the most likely weather events of the day. 

• Airspace approval and other authorizations: Any sUAS flight conducted within controlled 

airspace requires prior authorization from the Federal Aviation Administration (FAA). 

Operators must account for potential processing delays because approval timelines may be 

affected by operational constraints or unforeseen circumstances. Consequently, flight 

planning should begin well in advance of the anticipated mission date. Operators must be 

fully familiar with the project site, land traffic conditions, and the corresponding airspace 

classification to determine whether authorization is required. Obtaining airspace permission 

requires using the FAA-approved Low Altitude Authorization and Notification Capability 

(LAANC) website or mobile app. Because the operations conducted for this study did not fall 

under the recreational category, at least one Remote Pilot in Command was required to hold a 

valid Part 107 certification issued by the FAA, and this person was to be held responsible for 

the safe conduct of the flight operation. The use of visual observers is also strongly 

recommended to maintain a continuous visual line of sight with the aircraft, monitor the 

surrounding airspace for potential conflicts with manned aircraft, and ensure separation from 

obstacles and other hazards throughout the flight. 

sUAS Data Processing 

The data collected from the Mediapolis and Oskaloosa sites were processed using Agisoft 

Metashape, a widely used close-range photogrammetry software package that includes 

distributed processing capabilities. Three computers equipped with Intel Xeon processors, 128 to 

192 GB of ECC RAM, and NVIDIA QUADRO RTX graphics cards were used for this 

processing. Each dataset was imported into Agisoft Metashape, where image alignment was 

performed. High-resolution GCP data were collected and processed using the Propeller 

AeroPoint platform, then imported into Agisoft Metashape to correct the positions of the 

captured images. The research team used 22 GCPs at the Mediapolis sites and 14 at the 
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Oskaloosa site. The RGB data from the Freefly Astro and M3M systems were used to generate 

RGB orthomosaics and digital elevation models (DEMs) using Agisoft Metashape. The DEMs 

were later processed to create hillshade models. Additionally, multispectral data from the M3M 

and stereo thermal data from the M2EA were used to generate four-band multispectral 

orthomosaics and thermal orthomosaics, respectively. The resolution of each dataset is provided 

in Table 1. 

sUAS Data Visualization 

Rapid access to sUAS data is essential for ESCD monitoring and performance evaluation, 

particularly following precipitation events. To demonstrate the feasibility of timely data delivery, 

the research team developed a prototype online data sharing platform that hosts processed RGB 

orthophotos and DEM files. The web portal was built using the Leaflet application framework, 

which enables dynamic data retrieval from a public server. To improve performance and loading 

efficiency, the orthophotos were divided into smaller image tiles and hosted on a Cloudflare 

server, allowing the portal to seamlessly fetch and display the data. Members of the MTRI 

research team uploaded similar datasets to MTRI’s existing server infrastructure, and all related 

drone data were also made available for viewing and access through the platform. Figure 8 and 

Figure 9 are screenshots from https://prosperiastate.github.io/ and 

https://apps2.mtri.org/iowa_dot_viewer/home, respectively. 

 

Figure 8. Web-based data viewing platform (Iowa State University version) 

https://prosperiastate.github.io/
https://apps2.mtri.org/iowa_dot_viewer/home
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Figure 9. Web-based data viewing platform (MTRI version) 
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DEVICE MONITORING 

Vegetation 

Vegetation, used as an erosion and sediment control mechanism, is a biological product that 

mitigates the impact of sediment dislodgement and erosion on construction sites (Mahmud 2021, 

Osterkamp et al. 2012). While some vegetation functions as a canopy, shielding exposed soil 

surfaces from the direct impact of runoff that mobilizes sediment (Puigdefábregas 2005, Zuazo 

and Pleguezuelo 2009), other vegetation types contribute to soil stabilization by reinforcing the 

topsoil through interconnected root systems (Masi et al. 2021, Zhang et al. 2024). Consequently, 

since vegetative measures often serve as the primary ESCD when deployed, monitoring 

vegetation growth is critical. 

While manual visual inspection is subjective, often inaccurate, and difficult to perform in hard-

to-reach and sparsely vegetated areas, drone sensing offers very accurate and quantitative 

measurements and can inspect areas far beyond the reach of a human inspector. Previous studies 

have developed objective metrics to estimate vegetation greenness (Bannari et al. 1995). 

According to Xue and Su (2017). However, the complexities of different light-spectra 

combinations, instrumentation platforms, and image bands and resolutions have precluded a 

unified mathematical expression that defines all vegetative indices, so an objective metric is 

dependent on the collected data.  

The M3M sUAS deployed for our data collection captures reflectance in the green, red, red edge, 

and near-infrared (NIR) bands. The system’s multispectral camera collects data at narrower 

spectral bandwidths in the green and red bands than normal RGB cameras. The wavelength 

centers and bandwidth sizes captured by the camera are as follows: green: 560 nm ± 16 nm; red: 

650 nm ± 16 nm; red edge: 730 nm ± 16 nm; and near-infrared: 860 nm ± 26 nm. These bands 

allow the use of objective metrics that require information on any of the four available bands, but 

it is essential to note that accurate interpretation of the metrics, along with awareness of the 

metrics’ shortcomings, is critical when adopting them for qualitative and quantitative assessment 

of vegetation growth. For example, the Normalized Difference Vegetation Index (NDVI) is an 

effective metric for expressing vegetation status and attributes as reflected in spectral imagery 

(Huang et al. 2021). With NDVI values ranging from -1 to 1, negative values are typically 

associated with water bodies; values close to 0 are associated with with rocks, sand, and concrete 

surfaces; and positive values are associated with the presence of living vegetation. Another 

popular index is the Soil-Adjusted Vegetation Index (SAVI). The SAVI was established to 

improve the NDVI’s sensitivity to the soil background, where L in its formula represents the soil 

conditioning index, which helps tune this sensitivity (Xue and Su 2017). The L value ranges 

from 0 to 1, with the selected L value determined by environmental conditions. For example, 

values close to 1 signify that the soil background does not affect the extraction of the vegetation 

information. The SAVI approaches the NDVI as L approaches 0. Another metric—the Modified 

Soil-Adjusted Vegetation Index (MSAVI)—does not rely on the soil line principle and has a 

simpler algorithm. Similar to the NDVI, higher positive values in the SAVI and MSAVI also 

indicate vegetation growth. Equations (1) through (3) provide mathematical expressions of the 

NDVI, SAVI and MSAVI, respectively. 
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𝑁𝐷𝑉𝐼 =  
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷
 (1) 

𝑆𝐴𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷+𝐿
 (1 + 𝐿) (2) 

𝑀𝑆𝐴𝑉𝐼 =
2𝑁𝐼𝑅+1−√(2𝑁𝐼𝑅+1)2−8(𝑁𝐼𝑅−𝑅𝐸𝐷)

2
 (3) 

We developed a proof-of-concept toolbox in ArcGIS Pro capable of extracting the required 

image bands from the raster files for the calculation of each pixel’s vegetation index, with users 

expected to know what each band number represents. A screenshot of the toolbox is shown in 

Figure 10, with bands 2 and 4 representing the red and near-infrared bands, respectively. Since 

the end product of analysis is to binarize each pixel value as either vegetation or non-vegetation, 

users are expected to provide a class threshold boundary (in the screenshot, a value of 0.3 has 

been provided), above which index pixels are classified as vegetation and below which pixels are 

classified as not vegetation. We also integrated the NDVI, SAVI, and MSAVI formulae into the 

code, allowing users to select one of the three expressions per analysis run.  

 

Figure 10. ArcGIS Pro proof-of-concept toolbox for automatic vegetation index estimations 

Since Mediapolis Site 1 had vegetation installed on the slopes for erosion and sediment control, 

we tested the automatic analysis workflow using processed multispectral ortho-imagery from 

that site. Figure 11, Figure 12, Figure 13, and Figure 14 show the results of the data analysis for 

the multispectral image shown in the middle of each figure, with the left image showing the 

MSAVI results ranging from -1 to +1 and the right image showing the pixels classified as 

vegetation or non-vegetation based on the chosen threshold. It should be noted that users should 

carefully choose vegetation thresholds to obtain accurate vegetation cover calculations, as 
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several factors such as grass health, season of data collection, sun angle, soil moisture content, 

soil background, and atmospheric conditions can influence the appropriate threshold value. 

 

Figure 11. Mediapolis Site 1 MSAVI results for demarcated area 1 

 

Figure 12. Mediapolis Site 1 MSAVI results for demarcated area 2 
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Figure 13. Mediapolis Site 1 MSAVI results for demarcated area 3 

 

Figure 14. Mediapolis Site 1 MSAVI results for demarcated area 4 

Rock Check Dams 

Rock check dams are ESCD structures installed mainly to impede the flow energy of sediment-

carrying runoff water. Check dams were installed in ditches leading to free-flowing streams at 

both the Oskaloosa and Mediapolis sites. While remote visual sensing of these check dams 
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provides information on rock conditions and an assessment of upstream/downstream conditions, 

one may be interested in a quantitative and qualitative assessment that maps image features to 

the overall condition of the rock check dams. As evidenced in published literature, the majority 

of studies related to rock check dams have focused on investigating the efficacy of such devices 

in controlling erosion and sediment under different conditions (Castillo et al. 2007, Margiorou et 

al. 2022, Theofanidis et al. 2025). In this study, we focused on how to assess the current 

conditions of the check dams at the study sites and develop innovative approaches to inform 

maintenance and asset management decisions. 

Analysis of check dam conditions from processed sUAS data involves two tasks: (1) assessment 

of upstream and downstream conditions with respect to the check dam and (2) assessment of 

rock concentrations within the bounded check dam area. While the former assessment leverages 

DEM data, the latter uses the automatic workflow of an unsupervised machine learning 

algorithm to filter out rock pixels in the image and leverages other algorithms to count the 

detected rock pixels and evaluate the overall area covered by rock and non-rock materials.  

The relative upstream and downstream elevations across a check dam area provide a practical 

indication of the available headroom for accommodating future sediment accumulation. A larger 

elevation difference generally suggests greater remaining storage capacity, while a smaller 

difference may indicate that the structure is approaching sediment saturation. To automate this 

assessment, the project team developed a proof-of-concept programmatic workflow in ArcGIS 

Pro using a custom toolbox. In this workflow, users first identify the location of a check dam by 

drawing a polygon feature in ArcGIS Pro over the dam to serve as an input parameter to the 

toolbox. Based on the geometry of this feature, the longer side is mathematically identified and 

assumed to represent the dam alignment. Using this orientation, a new polygon is generated that 

preserves the angular orientation of the original but extends outward on both sides of the longer 

edge. These extensions are designed to capture the upstream and downstream portions of the 

channel adjacent to the check dam. An important simplifying assumption is introduced at this 

stage. The stream flow direction on either side of the dam is assumed to be perfectly orthogonal 

to the longer side of the quadrilateral feature. While this assumption may not hold in all natural 

settings, it provides a consistent geometric basis for automating the analysis and is reasonable for 

relatively straight channel segments near check dams. After polygon generation, a series of 

profile-guiding lines is created across the extended feature. These lines are used to sample 

elevation values from a DEM raster file input by the user. The sampled elevation points are then 

spatially grouped into three distinct sections: upstream reach, check dam location, and 

downstream reach. Finally, elevation profiles from these three sections are extracted and plotted 

against one another to provide a visual and quantitative representation of the channel condition 

and sediment accumulation pattern relative to the check dam, enabling a rapid assessment of its 

current performance and remaining sediment storage potential. 

Using the prototype toolbox shown in Figure 15, users provide raster files for the DEM, 

orthophoto, and multispectral imagery. Under the hood, the program first captures the input 

polygon, extends its longer edges, and adds lines across each section to ensure accurate elevation 

sampling, as shown in Figure 16. The clipped rasters are used for image processing to detect rock 

coverage, while the sampled elevations from upstream, check dam, and downstream sections are 

used to profile the cross-elevation of the device.  
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Figure 15. Screenshot of ArcGIS Pro proof-of-concept toolbox for raster clipping and 

elevation analysis of a rock check dam  

 

Figure 16. Flowchart showing line development for elevation sampling  

For the check dam at Mediapolis Site 1, shown in Figure 16, we processed the elevation plot and 

generated front and side elevations using the developed toolbox, as shown in Figure 17 and 

Figure 18, respectively. While the profile of a well-performing check dam would typically be 

above both the upstream and downstream sections, as shown in the bounded region of Figure 17, 

the check dam profile line in this case, represented in green, is below the upstream section and 

almost at the same level as the downstream section. Intuitively, this analysis provides a 

quantitative overview of sediment and vegetation overflows within the check dam region.  
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Figure 17. Front elevation of a check dam, upstream and downstream 

 

Figure 18. Side elevation of a check dam, upstream and downstream 

From these elevation plots, which show both mean and standard deviation, one can quantify the 

condition of the check dam and make informed decisions about maintenance and the dam’s 

reliability for mitigating future runoff events. We selected other check dams at both the 

Oskaloosa and Mediapolis sites and added their profile results (Figure 19 and Figure 20). 
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Figure 19. Front and side elevations of a check dam at Mediapolis Site 1, upstream and 

downstream 

 

Figure 20. Front and side elevations of a check dam at the Oskaloosa site, upstream and 

downstream 

Estimating rock coverage within the demarcated area of the rock check dam adds an extra layer 

of information that can be used to assess the overall condition of the dam. Leveraging all 

available bands from the orthophoto and multispectral imagery, we automatically segmented the 
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cropped image into its components and selected a filter that extracts only rock features. We 

adopted this automated rock analysis approach because it is challenging to manually select a 

binary threshold for segmenting rocks in images. Since varying light intensities, coupled with 

sediment and water overflows, make manual segmentation difficult, we passed the already 

cropped raster files from the initial DEM analysis toolbox to a K-means clustering algorithm, a 

machine learning algorithm that automatically groups data points with similar attributes (in most 

cases, points at a close spatial distance). Thus, pixels with numerical attribute values for each 

color band that indicated similar features in the image were grouped. Using this approach, one 

can segment rocky, wet sediment, dry sediment, grass, and other non-rock features in an image. 

As illustrated in Figure 21, the entire rock check dam section was segmented into three 

categories: rock, non-rock, and background. In this analysis, cluster 1 corresponds to the rock 

features that were later passed to the OpenCV contour algorithm for further analysis. The 

resulting contour is shown in the bottom image in the figure. Using this method, one can estimate 

the percentages of rock and non-rock coverage in a processed sUAS image. 

 

Figure 21. Automatic segmentation of rock check dam images using K-means clustering 

Silt Fences 

Silt fence devices, typically installed in ditches and along cut slopes, are commonly used for 

erosion control. In our study, we sought to determine how processed sUAS data can enable 

remote assessment of the condition of these devices. Similar to the devices discussed above, the 

majority of literature on silt fences has focused on material selection (Bugg et al. 2017, Risse et 
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al. 2008), installation techniques (Liu et al. 2021, Yeri et al. 2012), and their efficiency in 

controlling sediment. To assess the overall condition of silt fence installations, we developed 

three frameworks that can be used jointly to provide a comprehensive, accurate assessment: (1) 

elevation profiling, (2) sediment accumulation assessment using a vegetation index, and (3) 3D 

viewing. We discuss each framework in detail in this section. 

The elevation profiling method described here for silt fences is similar to that used for check 

dams, in that DEM data are sampled for each pixel and later used to develop an elevation profile 

of the identified section. However, unlike check dams, which typically are relatively short, silt 

fences are typically long and can run across the full length of a site. We simplified the profile 

analysis here to focus only on the points of interest relevant to silt fences. This profile analysis 

indicates how a silt fence device behaves with respect to its upstream and downstream areas and 

reveals a consistent pattern in good-performing silt fences and sediment-overloaded silt fences. 

While the former typically have enough headroom both upstream and downstream to retain 

sediment, the latter mostly have a flat profile, with the sediment on the upstream side almost at 

the same elevation as, if not above, the top of the silt fence. A drastic drop in elevation 

downstream of the fence further indicates that the fence is under significant upstream sediment 

pressure and could break without quick intervention. A broken silt fence would create a jagged 

profile with no clear elevation pattern either upstream or downstream.  

We developed an automated profiling toolbox prototype in ArcGIS Pro that requires users to 

provide a line feature (an orthogonal line crossing the silt fence) and a DEM raster file to sample 

and plot elevation points along the line feature. Figure 22 shows a screenshot of the toolbox. 

 

Figure 22. Screenshot of ArcGIS Pro proof-of-concept toolbox for profile plotting of silt 

fence areas 
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We performed profile analyses on selected silt fences, with the results shown in Figure 23, 

Figure 24, and Figure 25.  

 

Figure 23. Plotted profile of a silt fence with accumulated sediment in the upstream section 
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Figure 24. Plotted profile of a silt fence with no visible sediment in the upstream section 

 

Figure 25. Plotted profile of a damaged silt fence 
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As stated earlier, the drastic drop shown in Figure 23 is indicative of sediment pressure on the 

silt fence, while the continuous slope profile shown in Figure 24 reflects a consistent profile with 

no visible concentrated sediment. The jagged profile in Figure 25 suggests possible 

abnormalities in or damage to the silt fence.  

The second framework quantitatively analyzes the sedimented area on the upstream and 

downstream sides of a silt fence. We leveraged the proof-of-concept toolbox developed for the 

vegetation coverage analysis to quantify the percentage of vegetated and non-vegetated regions 

within a bounded area. For this task, however, we are more interested in how much non-

vegetation is present, since that is indicative of sediment, water, and other non-vegetative 

features. Figure 26 illustrates the distribution of the greenness of vegetation and the redness of 

non-vegetation features around a silt fence. A close examination of the silt fence shows that the 

north end is experiencing greater sediment pressure. While the RGB orthophoto already visually 

shows the sediment accumulation, our toolbox is able to provide a quantitative assessment for 

better condition rating. 

 

Figure 26. Vegetation index analysis of sediment accumulated near a silt fence 
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The third framework provides an additional layer of information through 3D viewing. While the 

orthophotos generated by sUAS are 2D, as shown in previous figures, ArcGIS Pro provides a 

feature that converts a 2D scene into a local or global scene, offering a 3D-like view for users to 

pan and zoom for further assessment. Figure 27 shows an overview of the global scenes from the 

Mediapolis and Oskaloosa sites, while Figure 28 provides a close-up of a silt fence at Mediapolis 

Site 1 from the global scene view.  

It is crucial to note that because these scenes are not created based on the z-elevation from the 

processed DEM but rather from the natural terrain according to the default topography data in 

ArcGIS Pro, neither the elevation nor the terrain profile reflects the site’s actual condition. The 

function of the 3D scenes is instead to allow for a multiview assessment of the ESCDs, which is 

essential for making a well-informed assessment of the overall condition of the devices.  

 

Figure 27. Overview of the global scenes from Mediapolis Site 1 and the Oskaloosa site 
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Figure 28. Close-up view of a silt fence at Mediapolis Site 1 from the global scene view 

Combining the quantitative profile and sediment analyses with 3D viewing provides a 

comprehensive remote assessment technique for silt fence monitoring. 

Wattles 

A wattle is a linear, tube-like ESCD, typically stuffed with various materials such as excelsior 

fiber, wheat straw, wood chips, synthetic fiber, or other fillers (Whitman et al. 2021). Wattles are 

mostly installed on grading slopes and ditches to control runoff and impede the continuous 

transport of sediment. Assessing the condition of a wattle, as with other devices, is typically 

reserved for traditional inspection practices that check how it performs between the upstream and 

downstream sections. We therefore we investigated how collected and processed sUAS data can 

be used to monitor wattle condition. Similar to the proposed processes for silt fence condition 

assessment, wattle condition can be assessed based on (1) profile analysis and (2) 3D viewing.  

Profile analysis quantifies the available headroom on the upstream side of a wattle and compares 

the top-level elevations of the downstream and upstream sections, from which one can determine 

whether sediment is overwhelming the wattle device. The proof-of-concept toolbox for 

conducting profile analyses of silt fences is applicable for wattles as well. Figure 29 illustrates 

how a wattle’s profile can be plotted using the developed toolbox. Quantifying the level of 

sediment on the upstream and downstream sides of the wattle can help inform maintenance 

actions. For example, a profile plot showing upstream/downstream top elevations flush with that 

of the wattle would imply that the wattle needs to be replaced or that sediment needs to be 

excavated to accommodate more sediment from future precipitation runoff.  
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Figure 29. Wattle profile plot generated using ArcGIS Pro proof-of-concept toolbox 

The second assessment method involves 3D viewing, a technique described in the previous 

section in relation to silt fences. A 3D global scene can similarly be a valuable tool for the 

remote examination of wattles. Panning and zooming close to a wattle, as shown in Figure 30, 

can indicate how much sediment has accumulated, the cleanliness of the wattle, and possibly the 

extent to which the wattle has been soaked in sediment over time. 

 

Figure 30. 3D view showing a close-up examination of a wattle 



28 

Profile analysis together with 3D viewing is sufficient for monitoring and assessing the current 

condition of wattle devices. 

Stormwater Basins 

Stormwater basins are excavated areas designed to collect runoff and release it at a controlled 

rate, allowing suspended sediment to settle when sufficient detention time is provided. While 

monitoring the coloration, flooding, and fill level of small basins is achievable through manual 

foot-on-ground inspection, applying similar inspection techniques to wider basins is challenging. 

However, adequate data for assessing basins can be obtained from 2D orthophotos, which can 

indicate flooding conditions and other critical features required for an overall assessment of a 

basin’s conditions. Mediapolis Site 1 featured a few stormwater basins; 2D orthophotos of these 

devices are provided in Figure 31. 

 

Figure 31. 2D orthophotos showing stormwater basins from Mediapolis Site 1 

Additionally, the coverage area of a basin can be extracted from ArcGIS Pro by tracing the 

perimeter of the basin, as shown in Figure 32. The area feature reflects the basin’s expansion and 

potential water loss over time.  
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Figure 32. Measurement of the area of a stormwater basin 
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SUMMARY AND LIMITATIONS 

Erosion and sediment control practices are essential for ensuring compliance with U.S. 

Environmental Protection Agency guidelines and Iowa DOT requirements for construction sites. 

In this study, we investigated the adoption of sUAS platforms to remotely monitor and assess the 

condition of ESCDs, with the goal of making the resulting data rapidly available for use by Iowa 

DOT personnel. We visited two sites in Mediapolis, Iowa, and another site in Oskaloosa, Iowa, 

to collect data using three different sUAS platforms. The DEM, orthophoto, and multispectral 

imagery obtained from these site visits provided numerous data sources for assessing ESCD 

conditions. We learned that traditional field inspections of ESCDs are typically conducted 

weekly. Therefore, we proposed a prototype workflow and identified key underlying factors for 

achieving a seamless transition from data collection to data visualization. 

We also discovered that sUAS data can serve as digital repository capturing the progression of 

the entire construction site. Through this database, users such as Iowa DOT construction site 

monitoring staff can track construction progress and conduct a comprehensive hydrologic 

analysis to determine the best positions to install ESCDs, detect potential problematic areas, and 

promptly address issues by installing additional devices before a significant failure occurs. 

The major outcomes of this study include the following: 

• Developed practical sUAS data collection strategies and a workflow for sUAS data collection 

and processing to monitor the condition of ESCDs at active construction sites 

• Identified critical factors for achieving a rapid and seamless workflow from sUAS data 

collection to data visualization 

• Developed proof-of-concept toolboxes capable of feature extraction for the remote 

monitoring and assessment of the ESCDs from processed sUAS data 

• Proposed suitable analysis methods for the ESCDs identified in this study 

• Discussed other potential applications for routine sUAS data collection, including the 

creation of a rich timestamped digital database capturing the progression of the entire 

construction site  

While this study has demonstrated early successes in remote monitoring and condition 

assessment, this study's limitations can help shape the direction of future research. These 

limitations are as follows: 

• sUAS technology can be affected by sudden changes in weather conditions during data 

collection. Although routine weather monitoring before flight operations is recommended, 

the need to wait for favorable weather conditions limits sUAS deployment to periods of 

suitable weather 

• Compared to the significant number of ESCDs typically installed by the Iowa DOT on 

construction sites, only five types were present at the sites we visited, limiting the research 

focus to these devices. Future investigations should include additional ESCD types to 
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evaluate feature extraction methods suitable for these devices and better understand the 

potential of sUAS for comprehensive ESCD monitoring. 

• Processing sUAS image data from large construction sites requires substantial computational 

resources to enable timely digital data delivery. Without adequate computing capability, the 

transition from raw imagery to final analysis may become slow and inefficient. 

• The sites visited for data collection featured little to no active construction. More complex 

scenarios, such as fast-moving construction sites, may create additional challenges for drone 

teams in setting up an operational base, placing GCPs, and managing non-data-collection 

workflows, such as image matching and processing during data analysis. 

• While this study demonstrates early success in exploring the use of sUAS for ESCD 

monitoring, further work is required. Future research should include visits to multiple sites 

with varying terrain and site conditions, testing of the digital delivery workflow, and 

evaluation of the feature extraction toolboxes across different ESCD types. 

 



32 

FUTURE RESEARCH DIRECTIONS 

sUAS data collected from the Mediapolis and Oskaloosa sites were processed and analyzed for 

condition monitoring and ESCD assessment. Although a seamless transition from data collection 

to visualization is anticipated if adequate attention is given to the critical factors identified in the 

Data Collection, Processing, and Visualization chapter, further research is required to 

comprehensively evaluate the adoption of repetitive high-altitude flights for continuous ESCD 

assessment.  

Similar to traditional field inspections, sUAS platforms should be routinely deployed in future 

studies for periodic data collection across different sites that feature additional devices beyond 

those covered in this pilot study.  

Different data collection variables should also be explored in future research, including 

variations in the number of GCPs and the adoption of RTK modules when few or no GCPs are 

available to deploy or when the use of GCPs is impractical. While GCPs are valuable for 

maintaining geospatial accuracy, their placement and retrieval during data collection across large 

construction sites can increase the overall time and effort required to collect sUAS data. 

Therefore, visiting additional construction sites throughout the year and collecting diverse 

datasets, including color, thermal, and multispectral imagery, will be critical in determining the 

optimal number of GCPs required per square foot for effective ESCD monitoring. The Positional 

Accuracy Standards for Digital Geospatial Data, developed by the American Society for 

Photogrammetry and Remote Sensing (ASPRS, 

https://asprs.org/Main/Main/Standards/Positional-Accuracy-Standards.aspx), are likely to 

provide insight into the number of GCPs to deploy for different sUAS data collection efforts. 

Another factor that could potentially expedite the data collection workflow is to set the image 

overlap (forward and setting) to a lower level while still meeting accuracy needs for orthophotos 

and DEMs. Future research should investigate the optimal overlap required to achieve the 

desired image resolution for adequate ESCD assessment, balancing data quality with processing 

efficiency. 

Another popular complement or alternative to sUAS data collection is the use of satellite 

imagery for remote sensing. High-resolution multispectral satellite imagery from various public 

and private platforms should be acquired, potentially along with satellite-derived DEMs, and the 

workflow from data acquisition to final delivery for ESCD assessment should be compared with 

that developed in this study for sUAS. The ability of satellite imagery to support the assessment 

of construction site progress and enable near-real-time evaluation of ESCD conditions should be 

extensively investigated. The advantages and limitations associated with the use of satellite 

imagery, along with opportunities for the complementary adoption of both sUAS and satellite 

technologies, should be systematically assessed in future studies. Such investigations can help 

establish a practical, rapid, and cost-effective pathway for the broader adoption of remote 

sensing technologies in ESCD monitoring. 

Finally, the automated analyses developed for the five devices covered in this pilot project 

should be packaged as a software suite, with users logging in for a holistic analysis of the ESCDs 

https://asprs.org/Main/Main/Standards/Positional-Accuracy-Standards.aspx
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at a given site. In future studies, additional work is needed to develop automated solutions for 

other devices such as mulch, reinforcement mats, and other ESCDs not found at the three sites 

visited for this pilot study.  

Beyond ESCD monitoring, construction activities would also benefit from periodic aerial data 

collection for tasks such as earth volume monitoring and the tracking of completed work. 

Therefore, it is proposed that overall construction activity monitoring be incorporated into future 

research studies for further investigation and the development of practical guidelines. 

In summary, subsequent future research should focus on the following: 

• Development of a practical workflow for the large-scale detection and quantification of 

ESCD features using shorter flight times for sUAS data collection efforts 

• Evaluation of the use of satellite imagery for ESCD monitoring 

• Development of a software suite with different automatic feature extraction logics for the 

quantitative assessment of ESCDs 
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