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ABSTRACT

The world of geomatics today provides new tools, smart and low cost, for archaeolsgieal from geographical positioning to
detaileddrawing and graphic documentatiasf past evidence. These instruments, light and not bulky, interface directly with tabl
iPads or smartphones via intuitive applications and speed up the data collection in the field: archaeological data c#kerisonot to

be a big issue today and 3D survey appears to be accessible even to less experienced archaeologistse¥ttaecTrimble Catalyst
DA2 smart system for centimetric georeferencing at @wiae Veteresn Rome (lItaly), at the Sun Temple of Niuserra, in Abu Ghu
(Egypt) and inside the ancient site of Eridu in Iraq: it was a good opportunity to check the accuracy of this tool yespeciassociated
to detailed andcloserangesurvey activities, related to landscape archaeology and stratigraphic excavations. As we will see,
instrument cannot replace more precise measuremeools still today (such & total station or laser scanner), in the field ¢
georeferencing can be alternative to more expensive and complex GNSS systems, and it proved to be quite effective iicsy
archaeological survey of large areas, especially in association with dagii@l photogrammetrynadeby UAVUAS
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1. INTRODUCTION trigonometric reference points set up on the ground by national
Th Id of . d digital technol id a encies, the availability of a remote service of fixed reference
e world of geomatics and digital technology provides togadnnas he possibility of receiving the signal from different

new, smart, low cost and esysetools for archaeological -ngteliations ofatellites, thevailability of online correction
research in the field, from geographical positioning to detaé ices for measurements taken with different devices.

survey of past evideridg Another problem, leaving aside cases of disturbing elements,

The_se instruments, light an(_j not b_u_Iky, mte_rfa(_:e directly Withhcerns the data conversion into different cartographic systems:
tabletsiPads or smartphones via intuitive applications and s ite the use of identification codes and automatic calculation
up the data collection in the field, making the spatial ided by various software, heavy discrepancies often remain
typologlc_:al integration of .archeologlcal re_cord increasingly fastehetimes tens of centimeters of error) espemalgrning
g_nd _ea5|eSoaarcha((aon§[g)lcal data coIIectlonblseems hot tlo & orthometric heights: only the use of local grids that allow the

g Issue today an _suw/egemaccessible even 1o 1esgqqiglled observation of the detachment constants between one
exper_lenced archaeologists. I_-|owever, _beyond_thelr_appggg?ém and another allows a high degree of measurements
effectiveness, atleese toolprecise and reliaBland in which reliability
framr?wg_r#_sjol t_heyworkht_)ett_er or\r/]\(ofd ¢ L The question of precision, however, must be brought back

The difficu t|efs In ?}C |e|vmg al flg egree o .preC|S|o|r|1. in\fAin the scales of analysis adopted in archaeological research
measurement o arcl:l Eeo ogica eatyrfE:r,m, uilng sar:e |Ite contexts: territorial, architectural, stratigraphic and typological,
instruments are well known (some inherent the technologieahing to an increasingly detailed study path which requires,

structure itself), and there have been numerous solutions psed \arious degrees, increasingly smalier measurements and
during decades of experience to obtain increasingly appre & preciselt is within them that we tried to verify the
accuracy: the use of double antennas with upeors of
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technological point of view were the béstving also the
support of welknown starting data and reliable measurements
collected durinthe past years researahsection 3 we will give
a brief description afur work in Egypt, where our activity was
strongly linked to ancient landscape reconstruction, and survey

e was conditioned by difficult access ta#iephoneetwork and
" to the Trimble seree; in thdourth section we will concentrate

on the survey activity in Eridu, Irag, where starting conditions

wherevery bagdhaving almost no access to web and no previous
data to refer to. Despiteidghunfavourable logistic situation, it
was precisely in Irag that we managed to determine the great
effectiveness of th&rimble DA2 system, especially in the
preliminary systematic survey of large areas, as we wilitreport
the end of this contribution

- = TRIMBLE MOBILE
" MANAGER

L e
Height (HAE)

MAPIT SPATIAL B&& Lk

= Mapit Q ¢
A Active Layer Sample line layet

2. WORKING AT THEURIAE VETERBBLATINE, ROME

TheCuriae Veteege located between the northeast slopes of
the Palatine hill and the Colosseum valiese a long
archaeological research activity has been carrigdrolit986
to 2017bytheSapienza University of Refa}-[5]. During more
than 30 years of excavations and survey activities many ancient
buildings have been discovered, bringing to light a topographical
and urban continuum of architectural complexes, distributed
over time, from Iron Age to the end of the antiquftgse
] . ) important finds make this sector one of the most important of
effectiveness of these new smart tools associated with otfgdSancient Rom®}9]. The excavations are finished and now
such as total stations, drones and SFM digital photogrammefy .area is included in a new restoration and exposition project,

In the last 2 years, using the Trin@tagalyst DA8ystem for carried out by thParco Archeologico del COlsskthe first
centimetric georeferencing in various ancient sites of the wg@gvity to do was a new general suofdlge aredo plan the
facing different logistic and environmental situations &Qre restoration activities: this new survey, of course, had to be
following distinct purposes and targets, was a good chance tg{RgH to all previous archaeological documentation and at the
the efficiency and accuracy of this tool; in alsdaseas same time georeferenced in the new topographical network set
necessary to set different procedures in order to find a gefgrah2o by théarco Archeologico del Quéibsebe Roman
good methodology, considering also the shape of collectedgigm and the Palatine, using GNSS technology and the
and the type of disposable information. ETRF2000 geographic sysi@igure2).

The main orfield configuration was made bpa2 GNSS This was an excellent opportunity to test the Catalyst DA2
receiver mounted on a pole and connected via Bluetooth x@quse the 2020 topographic network has integrated some

smartphone to get th€atalyscentimetric service by thegjready existing IGM95 benchmarks previously used o geo
applicationTrimble Mobile Manager

using Mapit Spatialan easyo-use S _ .
softwarefor mapping datavorking with /- =5, /A A vl B/ b \\@&H
OGC geopackagad EPSG codes for /* L I Vag SR AN =T M Wi ' )
coordinate systems and projection
(Figurel). :

The places where this configuratiol = -~
has been testedethe Curiae Veteias iﬁz-;é‘-\" {
Rome (ltaly), the Sun Temple ofﬁ:ﬁ 3]
Niuserra, in Abu GhurabSgéqgara, /™ .
Egypt) and the ancient site of Eridu
Irag. Itworth sayinghat the use of this *.x
new geepositioning system was alway’,
associatedith detailed and closange /=
survey activities, related to landscap' -4
archaeology investigations an
stratigraphic excavationsvorking in 7
these archaeological contexts it hi /
always been possible to check the GNY,/
measurements with neor precise 0%
instruments, such as the total station, '
verify the results.

In sectior? we will discuss aboorir
experience athe Palatine, in Rome, £ 7 ; >
where survey conditien from a  Figure2. TheParco Archeologico del Colossgulated topographic network

Figurel. The system configuration and the collecting data applications
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A CATALYST :X 31.12 YA41l.61 Z226.24
ANTW-PARCO: X 31.13 Y41.61 Z26.25
B CATALY5T :X 14,18 YS93.94 Z31.65
B NTW-PARCO: X 14.18 Y 93.94 Z31.67
C CATALYST : X 2648 Y 11.89 Z4/.19
CNTW-PARCO: X 26.49 Y 11.90 Z 47.19

D CATALYST : X 98.72 Y68.96 Z38.81

Figure3. An IGM95 and ETRF2000 Palatine benchmark, \Fdgune2 and ( D NTW-PARCO: X 98.72 YGBRO97 Z3RER1
in Figure4 andFigure5.

f theuri Vet tior(Fi 3): it Figure4. Comparisontable between the expected values and surve
reterence uriae vetemscava 'Or( Igure )’ MOrEOVer, It yaasures on the Palatine by Catalyst Oddly last 2 integer coordinat

was possible to user ben_Chmarkssetover the year® our  numbers are reported while decimal values are rounded to two digits)
research areas control points.

hl't rr]nust %e addec:llthadt theimble Mobile Managéware, optimal conditions. The results were very satisfactory, with
which provides satellite data correction, is essentiabaseh e iations contained within 2 centimeters for the topographic

S0 it is necessary to connect to the online service to have A8Rmarks and with discrepancies o6 between theew
to the centimetric precision system; we have also detecte? Bgrammetric survey and previous digital -iose
with a continuous connection, the data coomedsi faster and rawings, which are physiological in consideration of the

safer: in Rome the mobile line is excellent, so we Workeaiﬁ%rent analysis scales adopféglite4 andFigures).

® RILIEVI-GNSS2022
® RETE-PARCO-COLOSSEO
® RETE-PNE

0 10 20 40 60 80 100

Figure5. Comparison in the map between the expected values and surveyed measures on the Palatine by Catalyst DA2
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Figure6. The Niuserra Sun Temple and its surrounding .area

Having verified the reliability of the tool in optimal conditiomsea, including the necropolis of Abusir and Saqqara; later, we
we decided to continue the experimentation in difffeult embraced almost entirely the Memphite necropolis, up to Giza,
conditions. to the north, and Dahshur, to the sojith}

The first research task was to give a topographical support to

3. WORKING AT ABU GHURAB, SAQQARA, EGYPT the graphic documentation of the excavation and to build a
multiscalar GIS to manage both irgtite and extrsite data,

_ The archaeological investigation in Abu Ghurab, localgfinecting the stratigraphic information to the ancient
inside the Memphite necropolis area, between the pyramid§ffscapeFor this purpose, it was initially set up a traverse
Abu Sir and those of Giza, has been carried out since 2010 By Athd the temple by total station, expanding it during the years

international research team, today composed by the Orieglale|qcq topographic network including a wider external area
University of Naples, the University of Turin, the Poli higure6) [12} [13]

Academy of Sciences, and the Uninettuno University plus oth@jnfortunately, georeferencing has been for long a concern:
very good prassionals coming from differemuntries: the national geographic benchmarks are not visible in the
research work is in close collaboration with Egyptian A“tho”gﬁﬁoundings while the use of conventional D&REGNSS

and Scientific Instntn_nns. The investigations are focused on thgices normally is not permitted in Egypt for security reasons.
Sun Temple of Niuserra, King of the V dynasty, alreqgi| 2022 we georeferenced our data using as spatial references
excavated by Ludwig Borchardt in 189801{10} notable features of the area, visible on maps and gatietiite,

Our conftrlbutlo_n, together with topographlgal_ support, Wasq carrying oua manual rottranslation with a befitting
developed in the field bandscape Archealsggcialized branchy, ocedure; concerning elevations, it was not possible to assign
of antiquity study dedicated to sp@aoe contextualization of gpso|yte selave values and we had to use our conventional
the archaeological record inside a given territory WhQsg es
landscape is the result of interaction between human activitie§,, g|s is an advanced update of Rigk Map for North
and environmental featurBgaling with landscape, the accura@yggara Site Pragémtied in the 2000 and accomplishedliei 20
varies according to the type of analysis level and to the qualify ¢he Supreme Council of Antiquities of Egypt and the Italian
avall_able data. This is why we adopted a multlsce}le appr%ﬁﬁ;try of Foreigner Affair§s4} The GIS covers as much as
starting from a smaller area and moving toward a wider CO”Eﬁ3§sible the entire Memphite zone and itsrhapds composed

We started with a focus 0§ né dhéets dfithbufveyDof Egydt TEpddidpHiclidetesS U N

and its surroundings; then, we applied our analysis to a bropgigf scale 1:5000), different aerial photos and several satellite
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Figure7. The Abu Sir and Abu Ghurab areas in our GIS

images (multispectral, panchromatic, S.A.R.); also, all histon@aliments, published during previous archaeological research
and general archaeological maps of the area have bhaesbeen georeferenced into the {Rigpre7).

georeferenced and vectorized in layers. Finally, to reach the m&st2022 we used the Trimi@atalyst DA2entimetric GNSS
detailed definition, several architectural drawings of the sitiglewas essential to gedference all our data in a correct way
(Figure8).

Since its centimeter accuracy in
Africa is not fully guaranteed,
considering also that the noonstant
mobile line on the site decreases the real
time correction of Trimble wdiased
software, we have repeatedly measured
all the benchmarks of our topodrap
network, taking the same measures every
day for many times, and then evaluating
the mean squared deviation geographical
systemwe took measurements using the
WGS84UTMS36N (as it is requested by
local authorities), takingrthometric
heights reference the EGM96, in
order to beable to connect these
elevations values with  previous
cartography heights.

Apart from gross errors, we were able
to obtain multiple measurements varying
of two centimeters on X, Y and Z axes.

For a complete datantrol t was
decided to compare the new
benchmarks coordinates measuring

Figure8. Using the Catalyst DA2 at Niussera Sun Temple
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BMA-CAT:X 67.32 Y.02 23.13 BMA-STAZ: X 67.32 Y61.02 235.13
BMB-CAT:X 91.13 Y30.61 Z36.21 BMB-STAZ: X 91.13 Y 30.61 236.21
5 BMC-CAT:X 18.01 Y84.03 Z236.99 BMC-STAZ: X 18.02 Y 84.03 Z37.00
BMD-CAT:X 78.55Y87.58 236.69 BMD-STAZ:X 78.55 Y 87.58 Z36.70

" BME-CAT:X 84.59 Y63.46 235.58 BME-STAZ:X 84.59 Y63.45 Z35.59
. BMF-CAT:X 50.48 Y40.23 Z34.43 BMF-STAZ:X 50.48 Y 40.23 Z34.44

A TOTAL STATION i ?

@ onss g
0 5 0

10 20 30 40 Meters

1

Figure9. Comparison between surveyed measures by Catalyst DA2 and Total Station (only last 2 integer coordinates numbers are/mépattsiime
values are rounded to twdigits)

— = ,‘/ “-/

ancient royal buildings ; supposed accesses io the necropolis from the river By private tombs of the Memphite necropolis

‘!E ancient floodplain ==== supposed ancient pathways == 4th-middle Sth dynasty west river's bank
’ - €Nd Of 5th- 6th dynasty west river's bank
(presumably the same for the middle kingdom)

roads highlighted in 1936 by Reisner

Figurel0. Spatial analysis on the reconstructed ancient landscdtke Memphite necropolis

them again by total statidfiqure9). Having detected a similar4. WORKING AT ERIDU, TELL SBAHRAINRAQ
error range and same good accuracy, we were finally sure to place N '
the excavation and our spatial data in a precise geograpff&dy (Tell Abu Shahrain) is one of the first urban

context, with sekevelreferred elevations exactly linking Wit%lgegslg:)noi;?gic;n f:c?rggdbrbm?sﬁjn ;iggﬁléiﬁtﬁéegt;,n rlr?i\?llgr:nium
those reported in thgeneral map, deriving from the 197 ' .
P ¢ P g CE, about 19 km southwest of Bigure11).

French survey. ; . , . .
Once we got the chance to use exact coordinates, we startgge life of the urbqn site, which e:nteredf_meld Heritage List
to build DSM;, DTMs and CEMs of all the areato try In 16.5' begun during the _prptohlstdﬂlnaldcqlture (at the
z;;-.EFanlng of the Chalcolithic in Mesopotamia) and lasted for
mill

reconstructing the ancient landscape and its main features ennia, in a vast area of hundreds of hectares characterized by
erform somepatial analyses, typical of landsaagimeology, ' - : .
b P 4 yp gy presence of distintetlsvhere structural evidence of different

like site location analysis, movement and transport modelf ) X
visibility analysigigure10) [15} periods asfound Figurel2) [16]
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Figurel2. View of the site from south: the ziggurat in the background

Uninettuno directs the survey activities, together with data
: collection and digitization: our target is to acquireliGal
documentation of all the archaeological evidence and to manage
Figurell. Location of Eridu in Iraq all data in a single welS for the site.

One of the first operation we have implemented was the
%a]gtion of a new topographical network, embracing all the

The site was partially excavated by an Iragi mission, led
Safar in the mid900417] but in 2019 new systematic resear
started again, carried out by a team made up &aflienza
University of Rortiee Uninettuno Universibe University of
Strasbouandthe Costa RitdniversifiL8]

cient settlement: to make this task we have used the Trimble

atalysDA2 (Figureld. Here wealsoadopted a geographic
system used by local authorities, the IGR3138N, collecting
orthometric elevations with the EGM96 model.

The research, in agreement with Iragi Authorities and t?(fnce the mobile line in Eridu is practically inactive, the use

UNESCO, is focused on stratigraphical excavations and anci E'mble system was morfe difficult and g:ontrol operations h‘?‘d
Eb‘f repeated many times; we have decided then to use a bipod
e

landscape investigation; furthermore, according to the project,
develop?nent pla% of enhancement of the garea hgs lbt X the antenna pole to the ground and to take repeated

scheduled.

measurgin the best precise way.

0 02505 1 1,5 2
I s Kilometers

Figurel3. The new topographical network in Eridu set by Catalyst. DA2
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Figurel4. The benchmarks around the Ubaid Cemetery excavation &igst inFigurel3.

One of the main activities of the project is a new investigatiolarger central hall and service rooms at the flanks, equipped
of theUbaidcemetery (already excavated for a big part by Safdh ceramic ovens for cooking and containers to collect water
who discovered hundreds of brickwork graves) in order to bedteat food.
understand burial practices and their social implications duringext to this residential area, toward SE direction, it has been
the first urbanization of Eridu: in fact we know thatltheid necessary to carry out a wider exploration to understand the
society had already reached a high degree of complexity Bwirig and productive context of the primaeval occupation,
the grave assemblages we find an unexpected level of eqetilking from the very strong presence of pottery sherds,
with only a big distinction between depositions inside nakd brconcentratedrothe surface of this zone and mainly belonging
coffins and burials dug directly into the ground. to theUbaidperiod.

The graphic documentation of this new excavation waduring 2 weeks of work, carried out almost exclusively by a
planned to bearried ouby digital photogrammetry, aerial andingle person, an area of 888bas been investigated using the
from the ground, focused on recording all archaeological featQegalyst in association with a drbdé Mavic Air :Zlying with
with the support of a total statidror this purposeve have a constant height above ground level aof,5making high
thickened the presence of reference points around the excavadéfinition photos to produce a new photogrammetric detailed
area: these benchmarks were supposed to be used as topoguigrhiof this sector, surveying distinct areas and taking
base for detailed archaeologicelumentation and therefore aneasurements of reference targets used as topographic
precise determination of their position in absolute coordinatferences for point clouds alignment, scaling and georeferencing
had to be teen very carefully: also in this case, measurements
were taken by Catalyst many times, using a bipod for the antenna.
and again, the benchmarks positions were surveyed also by BM8-CAT: X 39.61 Y 93.81 Z210.38 (BMS-STAZ: X 39.61 ¥ S3.81 Z10.38)
station to check their accuraeig(rel4). BMS9-CAT: X 73.67 Y 77.29 Z11.81 BMS9-STAZ: X 73.68 Y 77.29 Z11.77

The results were satisfactory also here, having deviatiol
2-3 cm(Figurel5), and we could proceed to make the detall
graphic documentation Of Stratigraphic evidence using t[BMll-C}'—\T:K 64.15 Y 25.44 Z 11.25 BM11-5TAZ: X 64.14 Y 25.43 Z11.26
benchmarks as reference and alignment points for total statemis-car: x 09.51 ¥74.92 2 13.38 BM13-5TAZ: X 09.52 Y 74.92 Z13.36

Few metergpart fromthe cemetery, an unknown residential , ,
area has been found during the excavations, conopbsedes Figurel5. Comparison between surveyed measures at Eridu by Cataly:

. ._and Total Statiofonly last 2 integer coordinates numbers are reported v
madeof mud brick walls and mud slabs pavements, organlzetgg&pnal values are rounded to two digits).

BM10-CAT: X 11.78 Y44.74 Z12.12 BM10-5TAZ: X 11.79 Y 44.74 Z12.10
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Figurel6. The new investigated area SE of the Ubaid Necrapolis

in a GIS environmerfFigurel6andFigurel?) [19] [20]

After this analysis the area appe€archaracterized by
production activities: the presence of a homogeneous pil
ceramicslag Figurel8) in its west sector, covering an area '
about 300m?, is probably the clue of a buried kiln, as it
already noticed several decadef2ago :

In the south quadrant of thégctor, about 75 m east of th
slag concentration, a rectangsktape buried structure, neve
noticed before and having an area of aboutn#30was
highlighted by very clear suoirks: it is divided into little an
similar squarmoms, each with a surface of aboum?1land
arranged in chefBSigurel9). The shape and the internal layo
suggest the presence, under the superficial sand, of a stora
building a similar architecture of the same chronology, in fadl’
has been found in Iraq, near L§223[24]

Figurel8. Large pile of slag, probably an indicator of an ancient kiln

ACTA IMEKO | www.imeko.org September2024| Volumel3| Number3| 9
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Figure19. Underneath ancient building divided in squared rooms having similar dimengiaizsbly a warehouse

This ancient architectural evidence, distinguishedlgpts particular countries), the very low cost, the ease of use and the
fitsvery well inside the ancient production character abtigs accuracy, which can be centimetric even in unfavourable
and appears much clearer when viewed from above than frontets.
the ground: this fact could suggest the existence of a®@ur experience has highlighted that this tool, used together
undisturbed archaeological context, precious for its informatwié lowaltitude aerial photogrammetry, via drone, in the
potential about Eridu and fisst history. systematic and neystematic superficial survey of areas of

It is therefore our intention to carry out soon, in tharchaeological interest, where a millimetric precision is not
forthcoming research campaigns, an intensive and systematissary ceiglering the analysis level, is extremely effective and
survey of all thisrea divided into inspection squares, withllows even quite large zones to be investigated, quickly and in a
topographititsrecord, erratic material collection and studyreliminary manner, by a single archaeologist who knows how to

together with detailed clesange archaeological survey. use the instrumentation carefully, referring it to adefailed
arctaeological and geographical framework.
5. CONCLUSIONS For the future we plan to carry out some systematic and

. . . . intensive surveys of each areas found during our exploration in

During these various experiences, the use of the Tringigy, \ith the study of surface archaeological materials
Catalyst DAZ wastisfactory: it is necessary anyway to highligftribution divided by clustersspatial and  typological,
some not negligible aspects during field work. _ positioning them with the Catalyst and making a-reinge

First, it is preferable to operate in areas where the mOb'ledHlﬁogrammetry supported by total station before their
is efficient otherwise it is necessary to connect to the Trindlfaction: in this way, by comparing the results, we could
web servie before entering zamwithout line service: in this yetermine the reliability of the detailed measurera&ats by
second case it is advisable to use a support for the pole o5i8s also in this more-diepth resarch context that can be
antenna and take as many repeated measurements as possijdffered a transition between surface analysis and stratigraphic

each point. _ excavation which instead requires more reliable measurement
Secondlywe shoulgay attention to gross errors and repegjg|s.

the same measurements for few days. In other words, the system,

to date, do_es not allow m|_II|metr|c precision and cannot rep!&'é?(NOWLEDGEMENT

a total station for measuring depaihts. However, there are

more positive aspectise system agility, simplicity and lightness For the support inthe realization of thipaperl wantto
(which also can avoid permits and customs passages probleatrenik Clementina Panella (former Full Professbad@apienza
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Universita di Roamalscientificdirectorof Meta SudaasdNE -
Palatine SlopesavationslfF r a n c o

9]
D6 Agostino

La Sapienza Universita di Rodacientific director dridu
excavations)Massimiliano Nuzzol@Researcheof Universita
degli Studi di Toandco-director ofAbu Gurabxcavationgsand
Rossanna PireProfessor athe Orientale University of Naqoles [10]
co-director ofAbu Gurakexcavations
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