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Introduction

In an effort to stimulate collaborative research between faculty and students, the Regent OCtO be r
Scholar program was introduced to universities in Wisconsin through the Research, Economic T Sl s T U——— GCP Name:  (613174.548 4958314.377.238.029
Development, and Innovation (REDI) Committee to help foster the growth of undergraduate M 0S3 | C -y ¥ . gge u’ y e o B Y A g
research. Dr. Joseph Hupy was awarded this grant to continue his research in unmanned aerial QP e B = FORS 2 | AN E g BRI, !
systems (UAS). Industrial sand and aggregate mining operations currently estimate operational
outputs by using imagery products derived from either manned aircraft flyovers or by performing
traditional ground based surveys. These two techniques are costly, labor intensive, and are October GCP
sometimes inaccurate. This research collaboration specifically will involve using UAS to capture g e P
imagery of an undisclosed sand mine located in Western Wisconsin. This imagery will then be [ & g e 1 Elevation (m)
post-processed using Pix4D software to generate high precision, three-dimensional (3D) product P e g S _ | . |
derivatives to facilitate the volumetric analysis of the removed sand material. A unique i 1 N - v o o2 2 fg;’{epfa:SI::eG%CPtSOE:;afliiﬁrt‘;tzntféoyed fg:’)ﬁ;{:gg;ﬂe\;;?eriggginﬁ;uf\),lg::ﬁ’
partnership with Menet Aero, one of the only companies in the state with a commercial UAS pilot V.- = ' L T -. y P | georecitification of the images in Pix4D. flight. Features that didn’t change
license, will provide UAS imagery with highly precise horizontal and vertical coordinates captured i T R < .. - _ et _ ﬁ]itt‘g’aej:;Zeeg‘:;ztﬂffr;ﬁev:’ri;egzzfg
from a UAS. Pix4D will then be used to generate an orthomosaic and digital surface model (DSM) k - W - & T £ » . : ' ; 145, 4 Pix4D.
as well as georectify images taken in March, 2016 without ground control points (GCPs) to images B ' | L ¢ o= ay i e
taken in October, 2015 with GCPs. Root Mean Square Error (RMSE) will be used to quantify the
accuracy of the October images. This study hopes to reduce the time and labor intensive post- 7
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rocessing workflow of images in the lab using Quantum Geographic Information Systems (QGIS).
P S 5 5 Q sfap Y (Q ) Figure 2: Pix4D orthomosaic from the October 10th, 2015 flight with ground control points. Figure 3: DSM and digitized piles from the October 10t, 2015 flight with ground control points.

Image post-processing time will be further reduced through the creation of a custom python |
. . i . . PO A ; g _I_  UAS Platform Parameters

script to streamline the repetitive extraction of sand aggregate pile volume.
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Application of UAS for use in the mining and earthworks surveying industries is prudent M OSAadlC e - e Image Resolution (mp) 24
because of the recent reduction in costs, quick temporal deployment, and accuracy of the o ; St = ik ILCE 6000 EPZ16
captured images (Watts et al. 2012). Current methods of measuring aggregate stockpiles for large P R e : # S i ek f 7 50mmF3.5-
operations involve either costly manned flights with attached light intensity detection and S R R Wi i 5.60SS_16.0_600 Voigtlander
ranging (LIDAR) sensors to generate DSMs or time-intensive ground based surveys using a 4, 4o T ' Elevation (m) | 4 7 2 Y. o4 Camera Name 0x4000 L nleh:
terrestrial laser scanning (TLS) unit such as a Total Station with a real-time kinematic (RTK) GPS i ' i
unit. Smaller scale operations use GPS units and an inaccurate haul ticket system where the
volume of removed gravel is estimated by calculating weight divided by density (Hugenholtz et Lo SR _
al. 2014). Advances in autopilot features on UAS allow for the pre-planning of flights based on ' _ = N ) g Camera Dimensions {mm) 23R deess | A BDR el
craft speed, altitude, photo overlap, and number of photos needed per distance traveled 7 g, T | | -
(Hugenholtz et al. 2014). The study was conducted at two time stamps a mine located to the | Se8L U e | by ¥ el :
southwest of Eau Claire, Wisconsin (Figure 1): one on October 10, 2015 and the second on | a2 Dy Bl Lp® 4 7 TS Computer Processing Specs
March 13th 2016. | | RS < e O | g . it P e (GB RAM)
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Figure 4: Pix4D orthomosaic from the March 13t 2015 flight using GCPs from features that didn’t move. Figure 5: DSM and digitized piles from the March 13t, 2016 fl|ght with arbitrary ground control points.
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@ Data Analysis
After the flights were finished post-processing in Pix4D, OCtOber GCP Error Report

estimation of the resulting RMSE (Figure 8- right) was calculated GCP| X Image Y Errorl Z DsM | z P | 7 Error
for four October GCPs (Table 2- right). The October, 2015 flight

used GCPs and was measured with the highly accurate RTK GPS 102 613051.13 613051.17 -0.04 4958843.4 4958843.4 -0.01 234.98 234.87 O. ::,;/{Z)SAGA

unit, resulting in a horizontal and vertical RMSE error of a few 103 612993.14 612993.16 -0.02 4958814.6 4958814.6 -0.04 234.47 23431 017 Mo A T~ 1>m
centimeters. Comparatively, the March, 2016 flight was : : : 10m 10m
georectified with features that did not move between flights. 105 612968.81 612968.82 -0.02 4958764.1 4958764.1 0.01 234.32 234.53 -0. Pile B 5650.96

Volumetrics on the eight predefined piles were then employed Pile C 5442 93 16WProcessing 72m16s 35m 21s

using the SAGA grid volume algorithm in QGIS. A model was 107 613134.75 613134.78 -0.02 4958817.4 4958817.4 0 236.31 236.22
Figure 1: (From left to right) A map of the continental 50 states, a map of Wisconsin with the Litchfield Mine in red, and the UAS platform. created in QGIS to automate the estimation of the base elevation

The 312 overlapping UAS JPEG images from October, 2015 were imported into Pix4D along plane and was subsequently exported as a python script. This
with the coordinates of four GCPs recorded with an RTK GPS unit (Figure 2-top right). The : script was customized to output files to a specific directory RMSE,, = \/zn GaceiXons RS, = \/zn (Cacti-Yobsd™  ppsE, = Jzn Ederi “Pobsss Pile F 997.99 81WOrthomosaic ~ 49m25s 58m53s
remaining four GCPs will be used to calculate RMSE. The horizontal coordinate system was set to without the need to change each individual input/output path
the World Geodetic System 1984 (WGS84) Universal Transverse Mercator (UTM) Zone 15 to align (Figure 9- below). The workflow is included in Figure 9 (below).
with the onboard UAS GPS and RTK GPS. The vertical coordinate system was set to mean sea "1 Further customization of the script is necessary to save the output
level (MSL) WGS84 and initial processing was run to georectify the images. The next step : console to a text file and iterate over each digitized pile. The entire
included using the GCP/manual tie point manager to further correct the 3D product. The final time was then estimated using the Pix4D report and a phone ciock
two steps generated a point cloud and mesh along with a DSM, orthomosaic, and processing Table 4).
report. The DSM was subsequently added to QGIS and the eight predefined piles of sand were | ) co n CI u S I o n S
digitized (Figure 3-top right). The same workflow was then applied to the orthomosaic imagery

Camera Height (Ft) 200

Pixel Resolution (cm/pixel) 1.66 2.43

Table 1: Comparison of the two platforms used in the October and March flights.

Flight Date |October, 2015 |March, 2016
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Pile D 4800.45 g9Point Cloud 65m18s 57m 01s

Table 2: The horizontal and vertical error for each GCP in the October flight. Pile E 842 .73 _ DSM Generation17m52s 26mO04s

Total RMSE = \/RMSE,% + RMSE2 + RMSE? Pile G 90.24 Volume Model 30m 30m

2749.81 : Total 294m51s 232m19s

Table 3: The volume in cubic meters Table 4: Total start to finish time estimating volume.
of each designated pile.

Figure 9: The RMSE equations used to estimate error.
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el < ez O gy o [restapy « " vlalcay \V/e! | ume M Od el Ste PS By employing UAS to capture images of sand fracking operations in Western Wisconsin, frequent
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tak?n in MarChh, 2916 (FIQI:IFE 4-bottom ”g/;]t)- The (snly dlfferen.ce was er:pIleng arbl-trary C?CCPS  motam . _ | temporal deployment can measure these earthwork operations. Post-processing the georectified
on features that did not change between the two time stamps instead of using coordinates from 2 i iy | e 1. D|(gj|t|ze a polyline around the pile of images without using an RTK GPS unit to measure GCPs can be accomplished using arbitrary GCPs,
H _ ! 1 7 os.chdir('/Users/davidleifer/Desktop/qgis_python_prog/model-builder' 1 . . . . . .
the RTK.GPS 10 GENETELE thg March DSM (Figure 5 Pottom r:ght?. A visual of the GCPs can be LR lse |mter(1)ts cve aGIS. and however the accuracy of the resulting images is depreciated. Although set-up time without GCPs
. Import OS, SYS, core , an R
viewed in examples from Figure 6 (top right) and Figure 7 (top right). Platform parameters can be 11 a_dsn - QosRasterLayer (*a_dsa/fUight2_(12ap_200F¢)vd_dsn.£1f", “Mine DS > P o bvthon librar can be decreased, the reduced accuracy of these 3D products is significant enough to warrant GCPs
: : ; : ‘o Aot 27 ot o den.iselid(): rocessin on libraries . : : .. :
viewed in Tqble 1 (far bOttO”? right). The new piles were then again d.|g|t|zed and volume was i Tapers 6 e g Convent tﬁe Kne ' 3 DolvEon in future studies. The study accomplished the streamlining of the post-processing workflow by
ext.racted.usmg the SAGA Grid Volume algorlt.hm.. '!'he plles'for both tmse stamps wereothen used 5 b_pzleli;ﬂetllg::eﬁsglﬁgt{a)r{ ‘_pileline/pileh.shp", "Digitized Line A") . e o P Vlg creating a customized Python script to automate the volume calculations using SAGA Grid Volume.
as inputs in the System for Automated Geoscientific Analysis (SAGA) grid volume algorithm to g L Cever ke it Toedk b prlstin. et - Ulip the D5M with the polygon Additional work on this script is necessary to completely automate both the digitization of piles and
calculate the amount of material above an estimated plane. 20 sconvert. th digitized polyLine 8 polygen to clp the raster of the ain - Buifer the polyline with .05 cm iteration over each subsequent pile
3?5 ou‘lc;laults QGIISLINESI?P?!:IGTE}W?roce551|ng]runalsf Sg:sﬂlls?estupolvgons b__pllellne c_pile_line2poly/c_f . C||p DSM Wlth buﬂ.‘e re d p O|yg0n .
W orks Cit e d gi outputs SAGAELII:?EEHHHPOLYGGN 2: processing runalg{ saga s}_fpgridﬁfhpolygon a_l dsm outputs_QGISLINEST . RaS ter S ta tS on Cllppe d D SM tO ge t
25 outputs OGISFIXEDDISTANCEBUFFER 1 processing |runa1.g{ qgis fixeddistancebuffer b __pileline 0.05,5.0,Fals h b | t d t ’
.. . . . . . . . LA 26 ip the mine dsm with the poly of ed poly
oo I Vo, PSS B gl o Pl o) g, e e Sy o o e 7 A O T, 1 otpts SHGCIPGUNITIOLYGI processiog. rtlg sageL oy’ 66t GLFIE the mean base elevation (saved to AcC kn owled geme nts Q
Fonstad, M. A., Dietrich, J. T., Courville, B. C., Jensen, J. L., and Carbonneau, P. E. 2013. Earth Surface Processes and Landforms. Topographic structure from motion: A new development in 29 outputs (}GISRASTERLAYERST;\TISTICS1processsngrunang{qgls rlasterlayerstatlstlcs outputs SAGACLIPGRIL teXt f| |e) ;’

photogrammetric measurement. 38 (4): 421-430. 30 e dsm and and mean of the base elevation of the pile into SAGA ]
Hodgson, M. E., and Bresnahan, P. 2004. Photogrammetric Engineering and Remote Sensing. Accuracy of airborne Lidar derived elevation: Empirical assessment and error budget. 70 (3): 331-339. 31 OUtPUtS SAGAGRIDVUHHE 1= processmg runalg( saga: grldvolume outputs SP«GACLIPGRIDNITHPOLYGUN |_2['OUTPUT" . | N p Ut Cl | p ped DS M an d mean ba Se

Hugenholtz, C. H., Walker, J., Brown, 0., and Myshak, S. 2014. Journal of Surveying Engineering. Earthwork Volumetrics with an Unmanned Aerial Vehicle and Softcopy Photogrammetry. 242 (1). 32 print "script is complete” . . . .
Hjovsky - - tori - - - - 33 elevation into SAGA algorithm Grid

Mifijovsky, J., and Langhammer, J. 2015. Remote Sensing- Open Access Journal. Multitemporal Monitoring of the Morphodynamics of a Mid-Mountain Stream Using UAS Photogrammetry. 7 (7): 8586- 34 g P
86009. 35

O'Neal, M. A. 2012. Geoarchaeology- An International Journal. An Objective Approach to Defining Earthwork Geometries Using Subdecimeter Digital Elevation Models. 27 (2): 157-165. 36 VOl ume tOOl k\_

Rathinam, S., Kim, Z. W., and Sengupta, R. 2008. First Journal of Infrastructure Systems. Vision-based monitoring of locally linear structures using an unmanned aerial vehicle. 14 (1): 52—-63.
Siebert, S., and Teizer, J. 2014. Automation in Construction. Mobile 3D mapping for surveying earthwork projects using an Unmanned Aerial Vehicle (UAV) system. 41: 1-14. . . . . . . .
Watts, A. C., Ambrosia, V. G., and Hinkley, E. A. 2012. Remote Sensing. Unmanned aircraft systems in remote sensing and scientific research: Classification and considerations of use. 4 (6): 1671-1692. Flgure 9: The customized python script to calculate plle volume. F’gure 9: Volume model steps in EngIISh' Principal Investigator: Dr. Joseph Hupy; Internship Coordinator: Christina Hupy; Geospatial Technological Facilitator: Martin Goettl; Capstone Instructor: Garry Running
Zhang, C., and Elaksher, A. 2012. Computer-Aided Civil and Infrastructure Engineering. An unmanned aerial vehicle based imaging system for 3D measurement of unpaved road surface distresses. 27 (2):

B Research Assistants: Syler Behrens, Michael Bomber, Nicholas Berg, Scott Nesbit, Peter Sawall, Mattheus de Waard; UW- Eau Claire Geography Department




	Streamlining unmanned aerial systems image post-processing using Pix4D, Quantum Geographic Information System, and the System for Automated Geoscientific Analysis grid volume algorithm�By: David Leifer, Co-presenter: Dr. Joseph Hupy�GeoSpatial Technology Facilitator: Martin Goettl; UAS Pilot: Peter Menet�Department of Geography and Anthropology, University of Wisconsin- Eau Claire

