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Abstract
7KLV SDSHU SUHVHQWV WKH PHWKRGRORJ\ DQG UHVXOWV RI D SUHOLPLQDU\ VXUYH\ LQ ZKLFK WKH HI¿FDF\ RI ORZ DOWLWXGH DHULDO
photogrammetric survey using an unmanned aerial vehicle as the camera platform and the Structure from Motion image
SURFHVVLQJ SLSHOLQH DUH WHVWHG IRU IHDWXUH LGHQWL¿FDWLRQ DW D 0LVVLVVLSSLDQ PRXQG VLWH LQ WKH 6RXWKHDVWHUQ 8QLWHG 6WDWHV
Challenges encountered during the survey are addressed along with suggestions for improvement. Despite the challenges, a
digital elevation model (DEM) derived from the photogrammetric data yields an accurate realization of the size and shape of
WKHHDUWKHQPRXQGLQWKHVXUYH\DUHD7KLVSUHYLRXVO\XQNQRZQLQIRUPDWLRQFRXSOHGZLWKPDJQHWLFJUDGLRPHWU\GDWDVXSSRUWV
WKHLQWHUSUHWDWLRQWKDWWKHVKDSHRIWKHPRXQGZDVLQÀXHQFHGE\WKHSUHVHQFHRIDVWUXFWXUH,QDGGLWLRQWKH'(0SURYLGHV
measurements that are potentially useful for applications such as topographic correction of ground-penetrating radar data. The
results demonstrate the utility of low altitude aerial photography. And, as excavations at the site are not permitted, our survey
also highlights the importance of such non-invasive survey methods.
.H\ZRUGV digital elevation model, earthen mound, Mississippian, photogrammetry, Southeastern Archaeology, Structure from
Motion, UAV
Resumen
(O REMHWLYR GH HVWH DUWtFXOR HV SUHVHQWDU OD PHWRGRORJtD \ ORV UHVXOWDGRV SUHOLPLQDUHV GHO HVWXGLR VREUH SURVSHFFLyQ
IRWRJUDPpWULFDDpUHDDEDMDDOWLWXGPHGLDQWHHOXVRGHXQYHKtFXORDpUHRQRWULSXODGR 8$9 \WHFQRORJtDGH6WUXFWXUH)URP
0RWLRQ 6)0 (OiUHDGHLQYHVWLJDFLyQFRUUHVSRQGHDORV\DFLPLHQWRVGHODFXOWXUD0LVLVLSLDQDORFDOL]DGRVHQHOVXGHVWHGH
ORV(VWDGRV8QLGRV/RVDXWRUHVUHVDOWDQODVGL¿FXOWDGHVDSDUHFLGDVGXUDQWHHOHVWXGLR\ODVSURSXHVWDVGHVROXFLyQSDUDpVWDV
'HHVWDPDQHUDDSHVDUGHGLFKRVLQFRQYHQLHQWHVVHKDFRQVHJXLGRHODERUDUXQ0RGHOR'LJLWDOGHO7HUUHQR 0'7 TXHUHÀHMD
FRQSUHFLVLyQHQXQDUHDOLGDGYLUWXDOODPLFURWRSRJUDItDGHORVPRQWtFXORVGHWLHUUDFRQVWUXLGRVSRUODFXOWXUD0LVLVLSLDQD/RV
GDWRVREWHQLGRVSRUHO8$9IXHURQFRPSDUDGRVFRQDOJXQRVUHVXOWDGRVGHXQDSURVSHFFLyQJHRItVLFDDQWHULRUORTXHDXPHQWy
VLJQL¿FDWLYDPHQWHODVSRVLELOLGDGHVGHLQWHUSUHWDFLyQGHGLFKDVFRQVWUXFFLRQHVHQHOWHUUHQR/RVUHVXOWDGRVYDOLGDQODXWLOLGDG
TXHRIUHFHODLQYHVWLJDFLyQPHGLDQWHIRWRJUDPHWUtDDpUHDDEDMDDOWXUDHVSHFLDOPHQWHFRQVLGHUDQGRODLPSRVLELOLGDGGHUHDOL]DU
H[FDYDFLRQHVDUTXHROyJLFDVHQGLFKRV\DFLPLHQWRV
Palabras clave: Modelo Digital del Terreno, montículos de tierra, Misisipiana, fotogrametría, arqueología sudeste, Structure
)URP0RWLRQ8$9
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,1752'8&7,21$1'7+(%$&.*5281'2)7+(&2//,166,7(
The use of non-invasive sensor technology is becoming routine in archaeological investigations.
In some situations, especially when excavation is not permitted, such methods may be the only way
to document the archaeological record. The Collins site, located in the southeastern United States, is
one such example. Excavation is not allowed and the use of geospatial technology is crucial in order
to understand the role of the site in the prehistory of the region.
7KH &ROOLQV VLWH LV VLWXDWHG LQ WKH 2]DUN +LJKODQGV D ODUJH SODWHDX FKDUDFWHUL]HG E\ KLOOV DQG
YDOOH\V IRUPHG E\ ULYHU DQG VWUHDP HURVLRQ 7KH DOOXYLDO YDOOH\V RI WKH 2]DUN +LJKODQGV DUH KRVW
to many archaeological sites including the Collins site, which is located along the White River in
QRUWKZHVWHUQ$UNDQVDV )LJXUH 
The site is heart-shaped and is bounded by the current river channel to the north and east and a
SDOHRFKDQQHODORQJWKHVRXWKDQGZHVW)LYHFRQVWUXFWHGHDUWKHQPRXQGVUDQJLQJLQVL]HIURPWR
51m in diameter and 0.5 to 3m in height border the present and former channels. Mounds A and E are
LQWKHVRXWKHUQVHFWLRQRIWKHVLWHDQG0RXQGV%&DQG'DUHLQWKHQRUWKHUQVHFWLRQ VHH)LJXUH 
,Q WKH ¶V ORRWHUV GXJ LQWR WKH VRXWKHUQ PRXQGV ZLWK D EDFNKRH %XUQHG FOD\ WKDWFK DQG
FKDUFRDOUHPRYHGE\WKHEDFNKRHZHUHVDOYDJHGE\DPHPEHURIWKH$UNDQVDV$UFKHRORJLFDO6XUYH\

Figure 1. /RFDWLRQ RI WKH &ROOLQV VLWH ZLWKLQ WKH 2]DUN +LJKODQGV RI 1RUWKZHVW$UNDQVDV DIWHU 6XOOLYDQ DQG
McKinnon 2013:71).
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)ULW] $VLQJOHVDPSOHRIWKHEXUQHGWKDWFKLQJVHQWIRUUDGLRFDUERQGDWLQJUHWXUQHGDFRQYHQWLRQDO
GDWHRI%3FDOLEUDWHGWRFDO$'DWVLJPD 9RJHO SODFLQJWKHVLWHLQ
WKH(DUO\WR0LGGOH0LVVLVVLSSLDQ3HULRG
A barbed wire fence extending east-west divides the site and demarcates land ownership. Both
the northern section and the southern section are privately owned and due to landowner permission
RUODFNWKHUHRI RQO\WKHQRUWKHUQVHFWLRQRIWKHVLWHLVDYDLODEOHIRUDUFKDHRORJLFDOLQYHVWLJDWLRQ
Although access to the northern section has been granted, excavation on the property is not
permitted by the landowners. The landowners are, however, receptive to the use of non-invasive
survey methods.
Aside from the radiocarbon date obtained in 2005 (Vogel 2005) and the creation of a map of
the layout of the mounds (Kay et. al 1989), formal investigations of the site have only recently
begun. A magnetic gradiometric survey was conducted across the entirety of the northern section
of the site encompassing Mounds B, C, and D and yielded excellent results revealing the footprints
of structures both on and off mound (Sullivan and McKinnon 2013). A comparison of the magnetic
gradiometry data from the Collins site with the results of archaeological excavations conducted at
RWKHUFRQWHPSRUDQHRXVPRXQGVLWHVLQWKHZHVWHUQ2]DUN+LJKODQGVVXJJHVWVWKDWWKH&ROOLQVVLWHZDV
XVHGDVDFHUHPRQLDOFHQWHUZKHUHYDULRXVULWXDOVLQFOXGLQJPRUWXDU\FHUHPRQLHVWRRNSODFH .D\HW
al. 1989, Kay and Sabo 2006, Sullivan and McKinnon 2013).

Figure 2. /D\RXWRIWKH&ROOLQVVLWH LPDJHU\SURYLGHGE\*RRJOH(DUWK LQFOXGLQJORFDWLRQVRIWKH¿YHPRXQGV
Mounds A through E.

128

Stephanie Sullivan, Wojciech Ostrowski, Kasper Hanus

7KHVXFFHVVRIWKHPDJQHWLFJUDGLRPHWULFVXUYH\VSDUNVIXUWKHUVXUYH\VHPSOR\LQJRWKHUPHWKRGV
This article discusses a preliminary UAV-based aerial imaging survey over the northwestern section of
WKH&ROOLQVVLWHLQFOXGLQJ0RXQG'7KHSXUSRVHRIWKHVXUYH\LVWRWHVWWKHHI¿FDF\RIDHULDOLPDJLQJ
for creating a digital elevation model of the Collins site. It is hoped that the digital elevation model
will yield an accurate realization of the shape and size of the mound, provide data with which to
topographically correct the ground-penetrating radar data, and potentially reveal cultural features on
the landscape that are not otherwise evident.

METHODOLOGY
/RZ$OWLWXGH$HULDO3KRWRJUDSK\ /$$3 KDVEHHQXVHGLQDUFKDHRORJ\IRUPRUHWKDQDFHQWXU\
6LQFHWKH¿UVWGRFXPHQWHGDUFKHRORJLFDODSSOLFDWLRQRIDHULDOSKRWRJUDSK\SHUIRUPHGZLWKDNLWH
RYHU WKH )RUXP 5RPDQXP LQ 5RPH &DVWULDQQL   WHFKQRORJLFDO GHYHORSPHQW KDV FKDQJHG
WKHIDFHRIDHULDOSURVSHFWLRQ7KH¿UVWDQGVHFRQGGHFDGHVRIWKHVWFHQWXU\KDYHVHHQ8$9¶V
(unmanned aerial vehicles) gaining popularity among archaeologists as the platform of choice for
REWDLQLQJORZDOWLWXGHLPDJHV 9HUKRHYHQ GXHWRIHDWXUHVVXFKDVUREXVWQHVVODFNRIZHDWKHU
dependence, and high survey accuracy. In the case of the Collins site, the use of a UAV is superior
RYHU ROGHU SODWIRUPV OLNH NLWHV RU KHOLNLWHV LQ WHUPV RI LWV VXLWDELOLW\ IRU 6WUXFWXUH IURP 0RWLRQ
(SfM, discussed below), an imaging technique where rows of overlapping images from an altitude of
PDUHUHTXLUHG.LWHVGRQRWSURYLGHWKHQHFHVVDU\FRQWURORYHUWKHÀLJKWSDWKDVWKHLUSRVLWLRQ
is largely dependent on local wind conditions. In contrast, radio controlled UAV reinforced with
a GNSS (Global Navigation Satellite System) receiver, allows the operator to precisely navigate
DORQJ¿[HGÀLJKWSDWKV
The survey at the Collins site was completed over two consecutive days in May. As the main
REMHFWLYHRIWKHPLVVLRQZDVWRWHVWWKHHI¿FDF\RIWKLVNLQGRIVXUYH\EHIRUHIXUWKHUSURVSHFWLRQLWZDV
decided to survey only the NW quarter of the site, containing Mound D. The survey was conducted
LQODWHPRUQLQJZLWKWZRPLQXWHÀLJKWVRQWKH¿UVWGD\DQGDVLQJOHÀLJKWRQWKHVHFRQGGD\7KH
KDUGZDUHFRQVLVWHGRID'-,3KDQWRPTXDGFRSWHUDUPHGZLWKD&DQQRQ(260FDPHUDZLWKDPP
OHQV7KHFDPHUDZDVSURJUDPPHGXVLQJD0DJLF/DQWHUQVFULSWWRWDNHSLFWXUHVHYHU\WZRVHFRQGV
7KHFDPHUDZDV¿[HGWRD8$9ZLWKRXWDJLPEDODWDDQJOHLQRUGHUWRWDNHDOPRVWYHUWLFDOSKRWRV
RIWKHJURXQG5XEEHUVKRFNDEVRUEHUVZHUH¿WWHGRQWKHFDPHUDPRXQWWRUHGXFHYLEUDWLRQ7KHPDLQ
WHFKQLFDOGLI¿FXOW\UHODWHGWRWKHHTXLSPHQWGXULQJWKLVVXUYH\ZDVWKHODFNRIOLYHSUHYLHZIURPWKH
8$9¶VFDPHUD7KLVUHQGHUHGWKHDFFXUDWHFRQWURORIWKHÀLJKWSDWKDQGSLFWXUHRYHUODSLPSRVVLEOH
'HVSLWHWKLVLVVXHLWZDVSRVVLEOHWRÀ\DORQJERWKWKH16DQGWKH(:D[LVXVLQJYLVXDOFRQWUROIURP
WKHJURXQG$WRWDORISLFWXUHVZHUHWDNHQIURPZKLFKZHUHXVHGIRUIXUWKHUDQDO\VLV
,QRUGHUWRJHRUHIHUHQFHDVZHOODVFKHFNWKHTXDOLW\RIWKHVXUYH\IRXUJURXQGFRQWUROSRLQWV *&3 
ZHUHHVWDEOLVKHGZLWKRQHLQHDFKFRUQHURIWKHVWXG\DUHD7KH*&3ZHUHPHDVXUHGXVLQJDUHDOWLPH
NLQHPDWLF*166VXUYH\ZLWKWKHKHOSRIWZR/HLFD*6*166UHFHLYHUVDQGD&6FRQWUROOHU2QH
UHFHLYHUZDVHVWDEOLVKHGDVWKHEDVHVWDWLRQRYHUD¿[HGFRQWUROSRLQW7KHRWKHUUHFHLYHUZDVXVHGDVD
rover for the collection of positional measurements. During the survey, the base continuously recorded
LWV¿[HGSRVLWLRQIURP*36DQG*/21$66VDWHOOLWHVLJQDOVZKLOHWUDQVPLWWLQJDFRUUHFWLRQVLJQDOWR
the rover. Both the base and the rover data were post-processed and yielded a horizontal accuracy of
FP'XHWRDQHTXLSPHQWPDOIXQFWLRQPHDVXUHPHQWVIRURQO\WKUHHRIWKHIRXU*&3 LQWKH6:6(
and NW corners) were obtained.
The goal of the survey was to create an orthoimage and digital elevation model of the site. An
orthoimage is a geometrically corrected photograph or mosaic of photographs that can be used for
further mapping (Robinson et al. 1995). Usually in aerial archaeology such images are used for
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GHOLQHDWLQJ IHDWXUHV LGHQWL¿HG WKURXJK VRLOPDUNV RU FURSPDUNV 5ąF]NRZVNL   KRZHYHU DW WKH
Collins site, both vegetation and soil conditions were unfavorable for such an application. Therefore, it
ZDVPRUHSXUSRVHIXOWRFUHDWHDGLJLWDOHOHYDWLRQPRGHO '(0 ZKLFKLVDFRPSXWHUEDVHGUHÀHFWLRQ
RIWKHVLWH¶VWRSRJUDSK\ /LHWDO %HFDXVHWKHPRXQGIRRWSULQWVDUHUDLVHGLQWKHWRSRJUDSK\DQ
elevation model should highlight these features.
The Structure from Motion (SfM) pipeline was utilized for the creation of the DEM. SfM is
a technique that enables the creation of 3D models using a series of overlapping photos (Häming
DQG 3HWHUV   7KH ¿UVW VWHS RI WKH SURFHVV LV SRLQW LGHQWL¿FDWLRQ XVLQJ WKH 6FDOHLQYDULDQW
IHDWXUHWUDQVIRUP 6,)7 DOJRULWKP /RZH 7KHVSDWLDOSRVLWLRQRIHYHU\SRLQWLVVXEVHTXHQWO\
compared on all of the images in the dataset in order to evaluate their location. A point cloud is
generated yielding the basis of a 3D model that can be converted into a triangle-based mesh and
draped with texture.
In the case of our survey, 614 photos were used to create a 3D model covering 2.5 ha )LJ 
The model is of subdecimeter accuracy with an average point cloud density of 12,000 points per
VTXDUHPHWHU7KHPRGHOZDVVXSSOHPHQWHGE\DQRUWKRLPDJH )LJ ZLWKDFPJURXQGVDPSOLQJ
distance (GSD).

Figure 3. DEM of survey area.
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Figure 4. 2UWKRSKRWRRIVXUYH\DUHD

RESULTS
The outcome of the prospection was a 3D model and orthoimage of the NW quarter of the Collins
site. As predicted, the orthoimage did not provide any new archaeological information. The digital
elevation model, however, was far more informative. Though the majority of the survey area is
UHODWLYHO\ÀDWWKHPRXQGLQWKH6(FRUQHURIWKHVWXG\DUHDLVHDVLO\YLVLEOH
The mound itself is not a particularly prominent feature in the landscape as it is just 1 meter
high and has very gentle slopes. Therefore from the ground it could be easily omitted during ground
prospection+RZHYHUDFORVHLQYHVWLJDWLRQRIWKH'(0 )LJDQG FOHDUO\reveals an archaeological
feature that has a radius of 30 m and a morphology that is convergent with similar Mississippian
PRXQGVNQRZQIURPWKLVDUHD

DISCUSSION AND CONCLUSIONS
The Collins site is currently used as pasture for grazing cattle. Cow trails can be seen extending
E-W in the DEM in the northern part of the survey area with a second path diverging diagonally and
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Figure 5. '(0RI0RXQG' $%FURVVVHFWLRQLVJUDSKHGLQ)LJXUH 

Figure 6. 7KLUW\PHWHUFURVVVHFWLRQRI'(0RYHU0RXQG' ORFDWLRQRIFURVVVHFWLRQVKRZQLQ)LJXUH 
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slightly to the southwest. In addition to the cow trails, the barbed wire fence extending E-W in the
southernmost part of the survey area is also visible.
0RUH LQWHUHVWLQJ LV ZKDW LV UHYHDOHG WKURXJK WKH '(0 DERXW 0RXQG ' )LJXUH  GLVSOD\V WKH
magnetic gradiometry data collected over Mound D by Sullivan and McKinnon (2013). The magnetic
GDWDZDVFROOHFWHGLQ[PHWHUJULGVVKRZQRXWOLQHGLQEODFNLQ)LJXUH7RDVVLVWLQRULHQWLQJWKH
magnetic data so it can be compared with the DEM, an outline of the location of the barbed wire fence
KDVEHHQLQFOXGHGLQWKH¿JXUH
Note that the apex of the mound is rectilinear in shape and appears to be oriented similarly to the
VWUXFWXUHHYLGHQWLQWKHPDJQHWLFJUDGLRPHWU\GDWD VHH)LJXUH 7KLVVXJJHVWVWKDWWKHPRXQGWRRN
the shape of the structure. It also supports the interpretation that the mound served to bury the structure
DVVRFLDWHGZLWKLWDIWHUZKDWZDVOLNHO\DULWXDOGLVPDQWOLQJRUGHVWUXFWLRQRIWKHVWUXFWXUH .D\DQG
Sabo 2006, Sullivan and McKinnon 2013).
The mound circumference as revealed in the DEM is larger than what is detectable by the eye when
standing on the surface of the site and larger than what has been documented in previous mapping
VXUYH\V .D\HWDO )RUH[DPSOHLQWKH'(0WKHPRXQGDSSHDUVWRH[WHQGVRXWKEH\RQGWKH
barbed wire fence line, where in Kay et. al (1989: 136) it does not. It is not prudent, however, to assert
that the current mound boundary is the same as it was when the site was originally developed as it is
OLNHO\WKDWWKHFXUUHQWSHULSKHUDOVKDSHDQGH[WHQWRIWKHPRXQGKDVFKDQJHGRYHUWLPHGXHWRODWHUDO
spreading of mound sediment during plowing in addition to natural erosion processes.
The measurements inherent in the dataset of the DEM are useful beyond their purely visual aspects.
The dataset provides elevational measurements of the topography which may be used when processing
QHDUVXUIDFHJHRSK\VLFDOGDWD7HFKQRORJLHVOLNHJURXQGSHQHWUDWLQJUDGDU *35 \LHOGDGLPHQVLRQDO
FXEHRIGDWD,WFDQEHGLI¿FXOWWRGHWHUPLQHWKHRULHQWDWLRQRIIHDWXUHVGHWHFWHGZLWK*35ZKHQWKH
data is collected over surfaces with great relief.
$KLJKUHVROXWLRQ'(0OLNHWKHRQHFROOHFWHGLQ
our survey can be used to topographically correct
*35 GDWD HQKDQFLQJ LQWHUSUHWDWLRQ RI WKH GDWD
While Mound D may be of shallow enough relief
QRW WR ZDUUDQW WRSRJUDSKLF FRUUHFWLRQ RI *35
GDWD 0RXQGV % DQG & PD\ EHQH¿W IURP WKLV
SURFHVVLQJRSHUDWLRQDIWHUDIXWXUH*35VXUYH\
The objective of this research exercise was
WRWHVWWKHHI¿FDF\RILPSOHPHQWLQJDORZDOWLWXGH
survey using a UAV and SfM pipeline for the
prospection and mapping of the Mississippian
HDUWKZRUN 7KHUHIRUH LQ WKH RSLQLRQ RI WKH
DXWKRUVWKHUHVXOWVDUHVXI¿FLHQWO\HQFRXUDJLQJWR
FRQWLQXHXVLQJVXFKDPHWKRGLQIXWXUHVFLHQWL¿F
endeavours. However some of the obstacles
discussed above may need to be overcome in
RUGHU WR DFKLHYH HI¿FLHQW GDWD FROOHFWLRQ LQ WKH
¿HOG *HQHUDOO\ VSHDNLQJ D JHQHUDWRU RU FDU
EDWWHU\ $& DGDSWRU ZRXOG PDNH LW SRVVLEOH WR
LQFUHDVHWKHIUHTXHQF\RIWKHÀLJKWVDVWKH8$9
batteries capacity limited the data collection time.
Additionally, live video streaming on the ground
Figure 7. Magnetic gradiometry data over Mound D
ZRXOG LQFUHDVH WKH ÀLJKWSDWKV FRQWURO ZKLFK LQ
turn would translate into improved data accuracy.
(after Sullivan and McKinnon 2013: 77).
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$&.12:/('*0(176
7KLVUHVHDUFKZDVVXSSRUWHGE\WKH&HQWHUIRU$GYDQFHG6SDWLDO7HFKQRORJLHVDQGWKH$UNDQVDV
$UFKHRORJLFDO6XUYH\DWWKH8QLYHUVLW\RI$UNDQVDV$VVLVWDQFHLQWKH¿HOGZDVSURYLGHGE\'DPLHQ
9XUSLOORWDQG7\OHU-RKQVRQ7KH6SDQLVKDEVWUDFWZDVJUDFLRXVO\WUDQVODWHGE\5REHUWR)HUQiQGH]
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