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LESSONS LEARNED: INTEGRATING UAS OPERATIONS
. . ]

Our department, like many other geo departments, is keenly interested in the potential of Unmanned Aerial Systems (UAS) for collect- Hardware | G PS elevat|0n d nd UAS elevat|0n data

. . L . . . . . Stuff we already had

ing data for research purposes. Spatial accuracy is critical for many projects such as those involving mapping and change detection. I NTO A N U N D E RG RA D UATE G EO SC I E N C ES P ROG RAM
This accuracy must be repeatable over multiple student projects and multiple flights occurring across hours to years. We have learned a - DJI Phantom 3 standard — -Trimble Geo7X GPS Processing UAS collected imagery with Agisoft PhotoScan is a straight forward, menu driven set of steps to go from a Previous section examined X, Y position data associated with UAS collected imagery and the result-

FAA registered

number of lessons over the past two years as we have explored what can be achieved with our reasonably priced UAS, an unmodified - DJI Phantom 4 Pro _Trimble Tornado antenna and collection of individual images to a 3D point cloud, digital surface model (DSM), and an orthoimage. Because almost ing products produced by SfM software. Now we need to look at the Z position data associated with
Phantom 4 Pro. ) : all of the calculations to derive these products occurs with little to no user input it is difficult to know exactly how the - - : s : . . .
Go Professional Cases custom fitted for each DJIUAS  range pole data is being processed. UAS imagery and how UAS elevation and flying height s determined. Dave Tewksbury - Geosciences - Hamilton College - Clinton, NY - USA
. | . - Firehouse Technology 4X LED strobe lights - Trimble R1 bluetooth antenna . . . .
Lesson 1: Understand what GPS data are collected by your UAS, what your processing software does with that data to generate the end - Hoodman 5 foot foldina landing bad , It appears that depending on the size of the area and/or the number of images processed, the software will gener- - GPS elevation data accuracy is poor and only survey grade GPS units and RTK or PPK pro- a / ‘ _ o
products that you need, and the limits of spatial accuracy that can be achieved using the UAS alone. Our testing shows that a stock , 9 , gp ) Tr!mble GNS5 app ate results have different spatial alignment. These data were also processed across a couple of different versions of cessing of data results in reliable/accurate Z values. ’ ' - | »
Phantom 4 Pro is capable of repeatable automated flights over the same area with X,Y offsets of 0.5 to 6* m between flights, depending -lcom IC-A14 air bar)’d rac{llo . - Trimble Pathfinder Office software the software as it is updated on a fairly reqular basis. G d t | f b th X Y d 7 ti f d I d d t
on GPS satellite configuration at flight time. Z values, however, vary dramatically from flight to flight due to the fact that the Phantom 4 - FLT Geosystems 48" x 48" aerial targets - ArcGIS - GPS elevation data is a calculation based on the location & height of the GPS receiver relative rouna controi 1or oo , 1 .dN correction or modeie dald
;I‘O (IZa|Cu:$tef |n.|[-.t!la(:|) elefvath)n based on ba[SrTe'l;;|CtprefSU;?tst takeOff. Bec;u::e batror?etrlclpreISSl.JrexvarIjS; tbh|i CaICL.]tIatlLorécantreSll.;lt |? - MICFOAerIal Safety VeStS - GIObaI Mapper ) to an e”ipsoid, Commonly the WGS84 e“ipsoid’ and the Corresponding |Ocation Of the receiver on a geoid. ) Ground Control points W|th Surveyed Va|ueS are the Only Way to Spatla”y correct generated SfM prOdUCtS. Some UAS have integrated
d.¥fa ue ’(c) lse St(.) > OTMELEr amOhg MUILIPIE datasels OTINE saME area. Liata sets aligh closely in A an ut are stacked vertically - PC desktop and laptop computers A Flights over approximately the RTK GPS that will produce accurate GPS data that SfM software can use, although Z values still tend to have some issues.
ifferent elevations. Softv[\;jlreG . - Epson large format printer o 125 25 &9 sarr;f area,czla yeatr. alpamlrt, showt f The HAE value is the height of the GPS receiver above the ellipsoid (WGS84 assumed) at Tr]ese systems tend to be onsexienrs]ivelﬁj o,ogo +) systems or are costly addl—lons to exis’;ilng teclzhhnology.hDJll jus’;annoufncecrzl‘ the i
- O4a - ' re ood spatial alignment o T - - : Phantom 4 RTK i A [ [ tepi ti ti te data, alt the list [ t A
Lesson 2: Use ground control points (GCPs) to improve spatial accuracy of derived products, and understand the method you use for _Mao Pilot EE)O iPad and iPhone Erthg[p%otos \I;.iewed ir?ArcMap the calculated X, Y position of the receiver. The elevation of the GPS receiver (AMSL) or angr;uoggort basrzifa?clizg ILi N ;’;’]e'gs \(/)V(;O diléllart:gre\ seep In generating spatially accurate data, although the listed price tor the U
determining X, Y, and Z coordinates of GCPs. We use 4’ X 4’ black and white aerial targets evenly distributed across the flight area. We P F1Io app | . - usual field gear processed orthophotos created. orthometric helgh.t, is a Falculatlon ofthg ellipsoid height minus the ge0|.d he|ght..ln , ge.
collect coordinates with a Trimble Geo7X receiver with H-Star and correct through Trimble Pathfinder Office software, which queries - Agisoft Photoscan Pro ($549 educational pricing) from imagery using only the UAS orderfora GPS unit to display elevation, it must reference a geoid stored in the unit. The For now, placement of GCPs and measuring their location is the method | use on all flights needing spatially accurate alignment
local CORS stations. Once the imagery is loaded into SfM software, corrected GCP positions are tagged to corresponding target GCPs - Quick Terrain Modeler Icly HIng oy accuracy of the X, Y position, to derive a HAE, and the quality of the geoid used in the P vrnng d 9 >patially J '

collected GPS coordinates associ-
ated with the imagery and no
ground control point (GCP) data, From the USGS website on GPS (https://water.usgs.gov/osw/gps/)

viewed in GCS WGS84.

that appear in multiple images. Although placing GCPs and collecting position data can add 2 hours or more to a mission profile, we calculation will impact the accuracy of the elevation value.

have found that decimeter-level accuracy in X, Y, and Z can be achieved, and generated DEMs and orthophotos align well with NYS or-

thoimagery. It is critical, however, to know whether Z values collected by your device are reported in height above mean sea level or Review. COI IeCti ng ma pp| ng imagery Wlth UAS

height above the ellipsoid and, if the former, what geoid is being used*.
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9/16/18

... it must be noted that all GNSS derived elevations, though proven through
time to be fairly accurate, are only modeled results. Orthometric heights (or
elevation) are simply calculated as the ellipsoid height minus the geoid height
(both modeled values based on location).
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* blue text is modified from pUbllShEd abstract rea: 1.16 hect Connected  Range: --%H ——"foﬁ“ 03 N |

We use Map Pilot Pro app to
create flight plans to collect
aerial imagery for mapping
with UAS. Orange dots and
yellow lines define boundary
of map area. Purple dot indi-
cates launch/landing site.
Green dot marks start of
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Increasing the transparency of the upper
layer (9/23/17) the offset between the two

processed orthophotos can be seen and
measured. These two datasets consist of
150 and 250 images respectively. Getting a
“good fit” model for a small number of

Barometric pressure is substituted for GPS to calculate Z for UAS elevation/altitude data. Prior to takeoff the UAS measures the barometric
pressure at the takeoff location and using standard sea level pressure (29.92 inHg) calculates the altitude of the takeoff point. This value is
then set to zero and flight altitude is calculated by the change in pressure between the pressure measured at takeoff and the pressure at a
given flying height. The flight app displays this difference as altitude in meters or feet.

Collecting data for your research is considered a commercial operation and requires an

FAA certified Pilot in Command to be operating the UAS or supervising a designated operator.

A GCP can be something that is easily recognized in the imagery, a painted mark, or a commercially available aerial target.

mapping flight and red dot photos over a relatively small area seems to Although more accurate, and consistent over the short flying time of a given UAS mission, there is a repeatability problem with this system.
What dOES CF R Pa rt 1 07 enta II 9 marks end of mapping flight. result in. not too much o!istortion in the Because the barometric pressure at the time of takeoff is used to calculate the elevation of the takeoff point, that same point may be as-
. White lines indicate flight processing of the two different data sets. signed very different elevations at different times due to changes in the atmospheric barometric pressure.
14 CFR Part 107 certification Some Part 107 operational rules altimeter_app_calibrated sea_level pressure Phantom_3_photo_ EXIF_altitude (meters)
_ UAV must weigh less than 55 Ibs (25 kg) Imagery into Agisoft PhotoScan Structure from Motion (S5fM) (inHg) 600
Remote pilot Part 107 certification consists of: - maintain visual line of sight (VLOS) of UAV either by Pilot in zzz 500
Command (PIC) or Visual Observer (VO) without binoculars | | |
- 16 years of age or older UAV ‘ ‘ ¢ directl fici 302 400
_ passing a 60 question multiple choice FAA - may not operate over any persons not directly partici- 20
exam at an authorized testing center, pating in the operation, who are not under a covered Combining generated orthophotos of 29.8 0
$150.00 test fee structure, or who are not inside a covered, stationary vehicle a small area with that of a much larger 29.6 200
- passing a TSA security background check - daylight operations only, 30 minutes before sunrise and 30 y area in ArcMap still shows reasonable 29.4
. . . . . 100
- if your have a Rart 61 pilot Fertlﬁcgte (other minutes after sunset (local time) allowed with anti-collision spatial alignment between the tyvo 59 5
than student pilot) and a flight review L datasets. The larger area was built | - 0
s lighting on UAV o
within the past 24 months, you can apply , from 522 individual UAS photos. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 3 4 5 8 9 10 11 12 13 14 15 16 17 18 19
for Part 107 certification online - yield right-of-way to manned aircraft . . _ Again, imagery constructed using | |
- maximum ground speed 100 mph (87 knots) N GPSdataincluded in each image EXIF file is used by Agisoft PhotoScan Structure from Motion software (S5fM) only the UAS GPS data associated I Onrandom dates between mid-September and mid-October barometric pressure was measured at a fixed point and, with the UAS sitting
_there is not a “flight test” associated with - maximum altitude 400 feet above ground level (AGL) jco roughly.posi’Fion the cameras and ther.1 !ouild a sparse cloud f:c.)nsistin% of tie—poin’:cs between overlapping | with the imagery, no GCP data, on th.e ground, a photo was taken at the same timg. Barometric pressure and the felevation data tagged to the UA§ photo were pI.otted.
certification _ _ images. Using tie-points and camera positions, the camera positions are “fine tuned” and a dense cloud consist- viewed in GCS WGS84 Red lines show standard sea-level pressure (29.92 inHg) on the graph of barometric pressures and surveyed elevation of the location (404
- can fly up to 400 feet above highest point of structure ing of millions of corresponding points is constructed N | | ters AMSL). Notice that when th db tri higher than standard sea-level th ding takeoff
L feet of the structure, up to floor of Class E air | g p gp : | meters . Notice that when the measured barometric pressure was higher than standard sea-level pressure the corresponding takeo s 1 ol et
. , within 400 fee , i i i i i |
- FAA exam focuses mainly on reading frllevatlc.)rl.was I::VEr t::fanI messur?d and IWhenflzgrgome:ccrlc r:resshgrehw?zlgc)g/ver,;che cf:orrespc?dnd’:rr:g takeolff eli\/at|on was higher. Also note Football field makes a great reference test with its defined shape and markings. Orthophoto created from 42 images collected from
sectional charts, reading aviation weather sr?af:e . _ . © Varation or takeoTr elevation from a lowo MELErS o aigh © MELErS TOT exactly the same Jocation. UAS flying 60 meters AGL. Image on left is orthophoto created without using GCP values. Note that the field is slightly longer than it
reports, airspace classification, a bit of flight - minimum visibility 3 miles from control station | A decrease of 1 inch of Hg is equal to a change of 1000 feet in elevation. So a change of 0.1 inHg is equal to a 100 foot change in elevation should be. Image on right is orthophoto created using GCP points at the 4 corners of the field. Notice the field length is now accurate.
physics and the Part 107 rules - must fly 500 feet below clouds ! (roughly 30.5 meters). Line 4 on the barometric chart is 29.96 inHg and is associated with an elevation of 424.695 meters. Line 10 on the The point at the center of the “H” (point 5) is used as a check point.
- no flights in controlled airspace without FAA waiver | barometric chart has a value of 29.86 inHg and is associated with an elevation of 395.17 meters.
- multiple study guides are available online ai : : : : | :
: - flight distance from airports depends on airport airspace \ . . . LSt Al | PhotoScan estimated
both from the FAA and commercial vendors 29.96 inHg - 29.86 inHg = 0.1 inH 424.695 meters - 395.17 meters = 29.525 meters — = :
classification. ‘J 9 9 9 T —— W Iocatlon. c?f GFZP 1. Note.
_ Drone Pilot Ground School - remote Pilot in Command or Visual Observer cannot act for more than l |  The measured barometric pressure is associated with an elevation of zero at takeoff and changes in barometric pressure are used to calcu- ERETITTTE. L(’Y pot§|t|c|>|n ISf;Z|fOS€, Zis
(www.dronepilotgroundschool.com/) one UAV at a time b’\ gl late the flying height above ground level (AGL). Because the takeoff barometric pressure is associated with zero elevation at takeoff, chang- rim? cally o q rgg;
: : | , : : : : . L=y actual measure
online course was excellent and covered, in great _ operation from moving vehicle only allowed over sparsely r Increasing the transparency of the upper ing barqmetrlc pressure as the UAS ascends accurajcel}/ reflects the ﬂ}/mg hglght (AGL) even though the calcylated elevation of the takeoff W coordinates of the GCP |
detail, all material needed to pass the exam ated I layer (9/16/18) the offset between the two point might be wildly different from the takeoff point’s actual elevation. This is why multiple autonomous flights from the same takeoff
populated area / processed orthophotos can be seen and point over the course of days, weeks or months, may show varying takeoff elevations in the image EXIF data, but the flying height is consis-
e e — Agisoft PhotoScan, StM f measured. These two datasets consist of tent between flights.
dense point cloud (upper a,, 250 and 522 images respectively. Getting a
i N left), orthophoto (upper | “qood fit” model for the | dataset . . .
Hamilton College UAS Polic . good fit”mode for the large area datase Varying takeoff elevations are the issue
9 y right) and DSM (lower left) ‘ required more distortion of the model than ying

constructed from 24 images.

that used for the smaller area dataset. N Although datasets collected of the same area over the course of days, weeks or months have reasonable alignment X,Y, the varying

Resulting in a larger offset of fixed features calculated takeoff elevations generate differing Z values for the processed dataset products.
between the two datasets.

When Geosciences first acquired our UASs we put in place a policy for UAS operations within the department. Approximately 2 years * with GCP
later Hamilton College, in response to students bringing UASs to campus and the acquisition of UASs by the library for use by the |

campus community, developed a College wide UAS Policy.

LAS files generated from dense cloud data viewed in
Quick Terrain Modeler (QTM) for the same area flown

https://www.hamilton.edu/offices/safety/unmanned-aerial-systems-uas-policy about a year apart.

raw UAS
elevation data

- UAS operators must comply with all federal, state and local rules concerning operation of UAS.

- UAS may only be used on College Property for educational or research purposes. N - -

- UAS used for educational or research purposes must be registered and marked with FAA registration number before being used on HOW GIObaI NaVIQatIOn Satel I ite SyStem (GNSS) WOrkS
College Property.

- Recreational or hobby use of UAS over College Property is prohibited.

- UAS operator must not impose upon another’s reasonable expectation of privacy in accordance with the law and social norms.

- Before flying on College Property, the UAS operator must notify Hamilton's Campus Safety and provide a copy of the Remote Pilot
Airman Certificate and the FAA’s certificate of registration of the UAS.

X, Y alignment looks pretty good, but Z is poor. Neither
dataset was processed with GCP data so elevation posi-
tions are based on the elevations associated with the
UAS imagery from each flight. Red point on upper sur-

Image above shows a 3D view of the point clouds of the two
face has an elevation of 229 meters, red point on lower processed datasets in QuickTerrain Modeler. The lower surface
surface has an elevation of 201 meters, an almost 30 is located based on the elevation calculated by the UAS at
meter vertical offset between datasets. '; takeoff. The upper surface is located at the correct elevation

t: based on the surveyed values of the GCPs.

Multiple autonomous flights of the same area do
not guarantee the SfM software will build the same

GNSS consists of multiple satellite constellations, the ,
model each time.

United States GPS, the Russian GLONASS, the European
Union Galileo, the Chinese BeiDou, India’s NavIC and Ja-
pan’s QZSS. Most GPS receivers currently available in the
United States only receive signals from either just the

Data from three autonomous flights using the
same flight plan, results in three slightly differently

An Unmanned Aerial Systems Permission Form must be filed with Campus Safety prior to operating a UAS on Hamilton College Elevation at the “check point” near the cross bar of the “H"is

Property or for research/educational use off-campus. United States GPS constellation or both the United States T G S | processed orthophotos. ! 199.796 meters on the lower surface and 271.535 meters on To update campus imagery for our Facilities Management group, UAS
L Tl S T — GPS constellation and the Russian GLONASS constellation. | | ;9% A. | | just in from Agisoft support team, “DJI is writing two altitude values to the image r; the upper surface. A difference of 71.739 meters. Imagery was collectgd of the new baseball and SOftb?” field complex
. . | meta data (XMP header of the image) - AbsoluteAltitude that seems to be a barometric ‘ . o and added to a base image from the 2017 NY5 Orthoimagery Pro-
FI Ig ht testl ng ared | height and RelativeAltitude that is the height above the take off point. To the image A | Surveyed elevation for the “check-point”is 271.638 meters, a gram. NYS flies updated imagery of our area every 5 years so even
. . . . . . . \‘\ AU Gr6P o oannt B EXIF the AbsoluteAltitude value is written. So it seems that this height is incorrect - Calculated takeoff and in flight eleva- ‘\ difference of 0.103 meters between the model surface and the before the imagery is accessible on the web it is out of date for many
A construction staging area on the west side of campus is our primary flight testing area. | i

PhotoScan just reads EXIF and populates the corresponding cells in the Reference tions for a flight 60 m AGL. Actual mea- ’ﬂ “real-world” surface. The Geo7X with H-Star and PPK correction features. Multiple GCPs were used to attain good spatial accuracy.

pane without any additional transformation of the coordinates.” sured takeoff elevation 292 meters. has a specified accuracy of 0.1 meter.

: L . , , o . - distance from one satellite to receiver defines a sphere around the satellite
We chose the S|te. becagse it is wide open, away from campus aFt|V|t|es and because, of ongoing construction on campus, the site is _ distance from receiver to second satellite defines a circle of intersection
constantly changing, with excavated soil being trucked to the site and bulldozers regularly moving and smoothing the piles. mr between the two spheres
. . , , , , , , i 1 - third satellite sphere defines 2 points on the circle, one of which is the
This is a perfect test site, as parts of the site are changing on an almost daily basis, but there are also fixed objects that are not moving ' iver | -
- . . . . | recelver location
and can be used t.o compare repeatélz.)lllty of flights over the course of multlple weeks. These fixed objects have.been tagged with _ a fourth satellite sphere defines the correct point that is the receiver location
orange survey paint marks, and positions surveyed with PPK GPS coordinates to use them as ground control points (GCPs) to

- “ ——
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- ArcMap used to align
fixed objects between

No GCP data used when processing
these data, only the GPS data associated
with the UAS imagery.

accurately georeference collected imagery and generated products. ! tputgnssbermow_toriatphp =
_ . ) ) o i - with receiver on the Earth’s surface, Earth blocks satellites below user’s horizon
This accessible, yet "remote” from campus activities, 'r - receiver only sees satellites in the sky above the receiver
site has allowed us to have standing permission from - ideally three satellites define two points of intersection with one point close to X'
sz\mpus Safgty to fly UAS missions at our discretion ‘)\) the Earth’s surface and the other above the Earth’surface (‘M
without having to file permission forms as long as we - mathematically the Earth'’s surface acts as the fourth sphere
comply with standing FAA regulations. i' ;1'
A good relation with Campus Safety and an under- (a“ Hitpilgnssie/how tutoralphp |
standing of, and compliance with, flight rules along | _ . _ . o Differences in time of day, vegetationand
with our use of high visibility safety vests, hard hats | In general, the four.spheres will not mtersggt at a single point due jco atmospheric inter- other features in the scene probably result- ot e Mg
and eye protection on | ference, .bc.>unced S|gqals from nearby bwldmgs and/or poor §ateII|te geometry. To over- ed in slightly different tie points and e _,mhﬁ_'g“ e
all crew members has | come tf%l:tfssufe, thle dIIS;tagie t; iS many :ra]\tellltei Iask pIOSSIbI'i‘IS mii;ured, apd ableas(’;I camera calibration values, resulting in | :
square fitting is calculated to determine the most likely position of the receiver based on : : :
a”OWifj for smooth tﬂe propaga?ion o from all observed satellites yP 5“3”:\')’ dlffe(rjent dense pr?mt cloud mOd?S Image at far left is screen shot in ArcMap showing two datasets of approximately the same area that were flown about a year apart. Using the large concrete dividers and a
operations on campus + (pdlonsbelontuoraleny which carried over into the generation o

couple of other fixed items visible in both images, alignment was achieved that allowed comparison of rock piles and how they have changed over the course of a year.
Clearly the resolution of the UAS imagery is high enough to easily resolve objects 25 cm and even smaller. [ 12inches ]

30.5cm

and within the local | ,
community. The receiver’s calculated position is the X, Y, Z position of the receiver relative to the WGS84 X

spheroid/ellipsoid. The Z position is the Height above Ellipsoid (HAE) and is recognized as having !
errors of between -100 m and +70 m with respect to the geoid (altitude above mean sea level AMSL),

DSM and orthophoto. Data also spans mul-
tiple versions of the software.

©2018 Gosgle -"."-‘ Google Earthq

) 4 .
7 lat 43.[|E:i314'= lon -75.4087892 elev 904 ft leyealt 9874ft O Frame grab from UAS Vldeo l

recorded while testing depending where you are on the planet.
Active Track settings in
DJI Go 4 control app.

This kind of visual change detection does not require precise spatial accuracy and can be easily accomplished simply with
the location data collected by the UAS during flight, without the need for GCPs or precise surveying of GCP positions.

|dentifiable fixed objects can be used to georeference
different datasets for X, Y alignment.






