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technologies to bear in excit

Using small unmanned aircraft systems (SUAS) to ga

sensing with cameras and LIDAR is truly benefiting cultural herltage preservatic
archaeological work.

V4

Photogrammetric products derived from sUAS captured images are providing preci
and detailed data.

LIDAR-equipped sUAS are also making precise and detailed data available for
analysis.

Novobérda fortress in the Republic of Kosovo and Creekside Village, Tulaposa Basin,
New Mexico provide excellent examples of photogrammetric work and’LiDAR derived
analysis products resulting from the use of sUAS-bone sensors.
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o Software
o Pix4Dmapper Pro
Pix4dDcapture
DJI GO
DJI GO4
DJI Ground Station Pro
Blue Marble Global Mapper
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UAS FLIGHT OPS FOR
PHOTOGRAMMETRY




into georeferenced orthc
maps and 3D virtual models.
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0 Photogrammetric softwe
points and then assigns x, y and z value
basis for triangle mesh development and refinement as 3D v
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The basic pre 6
photogrammetry is the art and
science of obtaining useful
information from the environment
by processing imagery and then
applying exacting measures that
can provide 3D characteristics.

Figure 1. Principles of Structure from Motion(SfM) aerial
Imagery to photogrammetric product (Pix4D, 2022b)
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Figure 2. Flight path for aerial photography to provide parallactic perspective far
recognition of key points that tie images (Pix4D, 2022b)

Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Ui Ui

o Sfv
\Y/[e]ife]p)]

O Blue Dots locations
recorded in image EXIF

0 Green Dots locations
calculated by software
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Figure 3. Key points identified in densified point Figure 4. Automated tie points in adensified point
cloud (Pix4D, 2022b) cloud(Pix4D, 2022b)
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UAS FLIGHT OPS FOR LIDAR
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objects, reflections are notec
each individual return the sequencing of retu

Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



referred to as o

WA

0 GNSS base station provides positional data used
cloud more accurate.

o The technique is know as post processing kinematic (PPK).
o0 This process can make each LIDAR point accurate to the centimeter level.
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posi
IS essential
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Figure 4. North Base SmarTK PPK Receiver Figure. M600 with Revolution120 LIDAR
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APPLICATION CASE STUDY

The Republic of Kosovo
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Documente

Partners US Embassy Kosovo
and Cultural heritage
without Borders
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» Develop three di
orthomosaic maps

» Aid with inspecting, documenting and chronicling locations
» Why:
» Assist with cultural heritage preservation in Kosovo
» Bring STEM Education to Kosovo
» Effort funded, in part, by U.S. Embassy Kosovo
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Albanian Kulla Ulpiana — Roman City
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Prishtina Kosovo
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Figure 5. Plan view flight path over map Novobérda (Mapbox, 2022

Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Figure 6 . UAS-borne camera positions Novobérda
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High positional accuracy
achieved with ground
control points and post
processing
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Figure 7. Orthomosaic of Novobérda



Figure 8. Tie Points Novobérda
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derived pao

Figure 9. Densified Point Cloud Novobérda
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Figure 10. Triangle Mesh Novobérda
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APPLICATION CASE STUDY

Tularosa Creekside Village
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0 Photography
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0O 3.69 GB GEO TIFF
O 2.94cm GSD

o RMSE
X 37cm
Y 44 cm
Z 1m
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0o DJlI Ground Station Pro

Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022




Balletti, C.,

Reconstruction of an Archaeolog

* Becker, C., Hani, N., Rosinskaya, E., d’Angelo, E.,
Clouds. Paper presented at the Internatlonal Souety of Photogramme r
- Point Cloud Generation, Lausanne, Switzerland.

®* C(asana,J., Laugier, E. J,, HiII, A. C., Reese, K. M., Ferwerda, C., McCoy, M. D., & Ladefoged, T. (2021). Exploring ar

landscapes using drone-acquired lidar: Case studies from Hawai’i, Colorado, and New Hampshire, USA. Journal of

archaeological science, reports, 39, 103133. doi:10.1016/j.jasrep.2021.103133

Cultural Heritage without Borders Kosovo. (2018). Photogrammetry Site Descriptions. Prishtina, Kosovo.

DJI. (2022a). Ground Station Pro [computer software].

DJI. (2022b). Matrice 600 Pro. Retrieved from https://www.dji.com/matrice600-pro

Dubbini, M., Curzio, L. I., & Campedelli, A. (2016). Digital elevation models from unmanned aerial vehicle surveys for

archaeological interpretation of terrain anomalies: case study of the Roman castrum of Burnum (Croatia). Journal of

Archaeological Science: Reports, 8, 121-135.

* FAA. (2016). FAA Aerospace Forecast Fiscal Years 2016-2035. Washington, DC Retrieved from
https://www.faa.gov/data_research/aviation/aerospace_forecasts/media/FY2016-36_FAA Aerospace_Foreca

®* FAA. (2017). Drone Registration Marks First Anniversary [Press release]. Retrieved from

https://www.faa.gov/news/updates/?newsld=87049

Embry-Riddle Aeronautical University, Tularosa Basin
Conference, Ruidoso, NM- June2-5, 2022



in Physica
Garcia-Gago, J., Gonzalez-Aguilera, D.,

Vision-Based Approach for Automated 3D Architectura
doi:10.3390/rs6065671

Geiver, L. (2016). UAS Numbers of the Future [Review of the report 2016 World Civil Unmanned Aeri
Profile & Forecast, by P. Finnegan, Teal Group]. UAS Magazine. Retrieved from
http://www.uasmagazine.com/articles/1573/uas-numbers-of-the-future

Geographics, B. M. (2021). Global Mapper Pro (Version 23.1) [computer software]. Maine.

Goff, S. (2018, October 22). Quite a Summer for Embry-Riddle UAS Science Students. Inside Unmanned Systems. Retrie

doi:10.1111/phor.12146
Green, D. R., Karachok, A., & Gregory, B. J. (2020). Unmanned aerial remote sensing: uas for environmental ap
London, England: Taylor & Francis Group.
Greenwald, D. H. (2018). Reconsidering the Mesilla phase in the Tularosa Basin In N. J. Hewitt (Ed.), Creekss
(Vol. 1). Tularosa, NM: Jornada Research Institute.
Jensen, J. R. (2009). Remote Sensing of Environment: An Earth Resource Perspective. Upper Saddle Rjver, NJ: Prentice-Hall.

e Village Series

Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Collection: Aerospace Educ
Conference, AIAA SciTech Forum, (AIAA 2020-
Macchiarella, N. D., Robbins, J., & Cashdollar, D. (2019) Rapid Virtu
Obtained wnth SmaII Unmanned Aircraft Systems -Applications for Disaster Assessmen
Proceedings of the AIAA Modeling and Simulation Technologies Conference, AIAA SciTech Forum, (AIAA
doi:10.2514/6.2019-1974

Mapbox. (2022). Maps.

NOAA. (2022a). The NOAA CORS Network (NCN). Retrieved from https://geodesy.noaa.gov/CORS/
NOAA. (2022b). What is lidar? Retrieved from https://oceanservice.noaa.gov/facts/lidar.html

Parrot Sensefly. (2021). eBee Plus Drone User Manual.

Pix4D. (2018). The number of points that are generated during step 2. Point Cloud and Mesh depends on several factors such
as the image size, image... Retrieved from https://support.pix4d.com/hc/en-us/articles/203269885

Pix4D. (2021). Pix4Dcapture (Version 4.8.0) [Software]. Retrieved from https://pix4d.com/product/pix4dcapture/
Pix4D. (2022a). Pix4Dmapper Pro (Version 4.6.4) [computer software]. Lausanne, Switerland.

Pix4D. (2022b). A project from Ato Z. Retrieved from https://support.pix4d.com/hc/en-us/sections/360005616652-A-
from-A-to-Z

Terratec. (2021). TerraPos ver. 2.5.4 [computer software]. Norway.
Vacca, G., Sacco, A., & Dessi, A. (2017). The Use of Nadir and Oblique UAV Images for Building Knowledge. Internatichal Journal
of Geo-Information, 6(12), 393. doi:10.3390/ijgi6120393
Valuates Reports. (March 9, 2020). Drone Logistics and Transportation Market Size to Reach USD 10,990 Milligh by 2026 at
CAGR 10.8%. Retrieved from https://www.prnewswire.com/in/news-releases/drone-logistics-and-transportation-market-size-
to-reach-usd-10-990-million-by-2026-at-cagr-10-8-valuates-reports-857193310.htm

Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



SUPPLEMENTAL

Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022




Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022



Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022




Embry-Riddle Aeronautical University, Tularosa Basin Conference, Ruidoso, NM- June2-5, 2022




