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Business and Activity Section

(a) Contract Activity
During this quarter, there were no contract modifications or proposed modifications.  No materials were purchased either. 

(b) Status Update of Past Quarter Activities

During this past quarter, we continued to collect pipeline UAV data from the Arsenal Pipeline project in Harrison County, WV.  Fortunately, the weather cooperated with us and allowed us to capture data on two separate flight missions.  The first as on 11/16/2020 in which we created a digital elevation model and orthophoto.  This data has not been completely processed yet.  We also flew UAV data for the same location on 12/23/2020.  On this date, we collected NDVI data which is the normalized difference vegetation index and is a simple graphical indicator that can be used to analyze remote sensing measurements, assessing whether or not the target being observed contains live green vegetation.  We are excited about this Arsenal data set because it marks the pre-construction condition before the pipeline is to be installed.  Below are graphics and stats from the Arsenal site in Harrison County.
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Other major activities this quarter included continued meetings and research conducted to better understand all regulatory and field site inspection requirements to allow us to compare the utility of using UAV for pipeline monitoring and analysis with the existing approach used by field walking crews of the corridors.  

(c) Cost share activity

The cost share of this quarter included the graduate tuition waiver for Anthony Mesa.  Anthony’s main responsibilities are to help by organizing and assisting in field work and imagery collection. He is taking three classes toward his master’s degree in Energy Environments in the Davis College of Agriculture, Natural Resources and Design, West Virginia University.  He is the primary person in charge of researching the regulatory and permit requirements that inspectors follow in site surveys. He is also conducting the initial processing of the imagery to create the digital surface models.

(d) Task 

As noted in the last quarterly report, we were in the process of acquiring a drone based 6 band camera.  We have purchased the camera and have been collecting data for it in the Arsenal pre-construction pipeline site.  The features and benefits of this camera are the following:
· Full-gimbaled sensor allows for nadir data capture, resulting in more precise imagery
· Live-stream RGB and NDVI video via LiveNDVI™
· Variant allows for simultaneous collection of 12MP NDVI or NDRE and high-resolution RGB data
· Easily swap-in and swap-out sensors with Sentera’s Lock-and-Go technology
· Seamlessly integrates with FieldAgent™ web, mobile, and desktop platforms
· Imagery is compatible with analytics such as stand & emergence, biomass, nutrition, pest, weed, and disease detection

This new camera allows us to integrate it into our DJI Matrice 200 Series drone.  This camera provides exceptional crop health insights. Using plug-and-play and stabilizing gimbal technology, the AGX710 allows us to can easily swap payloads and choose from a variety of sensors to augment your operation. The result enables us to quickly capture vegetation data, developing high-precision spectral index measurements and run deep learning algorithms.  The deep learning algorithm we plan to run is the random forest machine learning approach available in ArcGIS Pro.  The clusters of vegetation will be found for us by evaluating distances between points that we train in the geoprocessing tool – Density based clustering.  Random Forest also helps to perform predictions using artificial intelligence.
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Camera Calibration
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Fig. 2. Image residuals for FC6310 (8.8mm).
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Table 2. Calibration coefficients and correlation matrix.
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Camera Locations

Fig. 3. Camera locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.
Estimated camera locations are marked with  black dot.

X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total error (cm)

36.8658 26.0859 82.4092 45.1615 93.9725

Table 3. Average camera location error.
X - Easting, Y - Northing, Z - Altitude.
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Ground Control Points

Fig. 4. GCP locations and error estimates.
Zerror is represented by ellipse color. X,Y errors are represented by ellipse shape.
Estimated GCP locations are marked with a dot or crossing.

Count | X error (m)

¥ error (m)

2 error (m)

XY error (m)

Total (m)

4 2.66045

1.99466

6.77397

3.32516

7.54608

Table 4. Control points RMSE.
X - Easting, Y - Northing, Z - Altitude.
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Digital Elevation Model
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Fig. 5. Reconstructed digital elevation model.

Resolution: 5.83 am/pix
Point density: 294 points/m?
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Label | X error (m) | Y error (m) | Z error (m) | Total (m) | Image (pix)

1 0117291 |-0.641602 |-6.15475  |6.18921 |309.785 (10)

5.22149  |3.79185 -5.22015  |8.30012 | 383.647 (4)

-0.79202  |-0.743538 |-8.02241  |8.09563 |281.774 (14)

4 0.637985  [0.756284 |-7.35234  [7.41862 |242.861 (14)

Total | 2.66045 |1.99466 |6.77397 |7.54608 |288.085

Table 5. Control points.
X - Easting, Y - Northing, Z - Altitude.
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Fig. 1. Camera locations and image overlap.

Number of images: 231 Camera stations: 229
Fiying altitude: 9%89m Tie points: 232,033
Ground resolution:  2.51 am/pix Projections: 858,116
Coverage area: 0.26 km? Reprojection error: 0.8 pix
Camera Model | Resolution | Focal Length | Pixel Size | Precalibrated
FC63105 (8.8mm) | 5472 x 3648 | 8.8 mm 2.41x2.41pm [ No

Table 1. Cameras.





