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Abstract

The 3D reconstruciton of #n archueniogical site is o Jifficids wask, wking inio geeount the @vaitable dotwesntation,
Cur toam, supported by the TGE Adonis, is speciatized in 30 reconstruciion and conservation of 3D data. We
already use numerous seurces, like excevation documerntation, uncient exi3, any kind of represeniation, land
surveys, in-sine pictures, laser or time of fight sconnographe, and experiments of srohdeotopists, anthropologisis
and architects. Since the 80's, each model we produce ave scientificully checked by specinlists. and regularty
updated to follow new knowledges and investigarions.

i this paper, we present the use of photogrammetry v reconstracia 30 model of aw archaeclogical sive, ax g new
source of data, lesy expensive and more aceessible thon scanners. We present concrete cases: g chapel {12 cenmry
r.C., Moissac, France), rawcombs of St Pieree ef Marcellin (250 p.C., Rome, faly} and o roman coin {5 a. (.,
Lorm, Crwatia). The guestion of svale aad texture mapping is explored through the software like photomuodeler
and PMVS.

Finaby, we discuss the aecuraey of pRologrammersy i Comparison to scanners, the accessibiity of this Yechnigue

Sanet and Prafect Fepers

ta archasologists, and the interest for frogile aricfacts in musewns.

1. Jatroduction

The PPTID (PlacFarme Technologimue 3D) is & team of
Ausonius, a scarch onit frorn CNRS and Bordeaux 3 Uni-
wersity, We experienced from the BO's new technologies fog
archaeoiogics] 31 recansinuctions, statting from PDMS. 2
software for making offshore oif platform or nocicar power
plant, 1o phetogrmammelry, thwugh modelisation and fager
wanaer. Teday, we use Autsdesk 38SMax for modelisa-
Lion, jaser scannesr. time of flight scanner, and phetogram-
wetry for the acquisision. Each project is associnted with s
research greup composed of specialists where the 3D medel
15 & common way of conrnoaication between them, They
bring knowiedge and seurces Jike excavation documesla-
dona, ancient exls, any Xind of epresemation, fand surveys,
and ir-sit pictures. All input and produced data are saved
in & national ) conservatory for archacological projects:
Archeegrid. This alerage is supporied by the TGE Adenis,

Photogrammelry heging to be very popular and i is useless
to prave ils interests, I this paper, we present low and why
we chowsse this echinigue o heip in reconstructing 3B med-
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els #f schacsiogical sifes or nbjecis. Beyond simpie tests. we
present feed hack about the use of different scfiwares, and
iroubies on waling and mappieg texture. The first iscation
is a chapel from the 12 centusy p.C. in Moissac (France),
The inside andd particolary the painted vault are studied. The
second are the catacombs of Saint Pierre et Marcellin in
Renw {250 pC) The interest is the wncommon shape of
sach room, 1the exiguity, and the vuinerghility of the ground
fuii of skeleroas. The iast example is an ancient romzn coin
from 8§ all. The sty of mre object using a virfual model
is much difficult when the obiect is smail. tn fact, the 3D
model, geometry znd texiures, must be very accwaie o be
conrgctly examined.

Those projects afe procesied using PMVS (#PH) and for
some ol them, phoiomwisker [Eas 10], Bach soltwwre has s
advantages and inconveniescs, but beth regoire 2 lot of com-
putation power.

Finaly, we discuss the accuracy of photograrmeiny in cem-
parison (o taser or tioe of fight scanners. The vantage of
photogrammelry s ot obvious for all cases.
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2. The complete task of a 3D reconstruction

The reconstruction needs severa] sources, and specialists to
read and interprete them. The first step is o build a team
in wich each specialist can supply help and decumentation.
Here. photogrammetry already raises the problem of who is
the specialist. A Photograph knows how (o take a picture, an
archaeclogist knows what is important to reconstruct, and a
computer scientist specialised in photogrammetry is the only
one who really knows how pictures must be taken for a 3D
reconstruction. Ideally. the archaeologist shows to the com-
puter scientist what is important, and the computer scientists
explains 1o the photograph how Lo rotate around the object,
how many picture he needs, and what are the best settings
for the camera.

The first model is established from a set of in-situ state-
ments including pictures for photogrammetry. The model
can evolve with the emergence of new technologies, or new
photogrammetry software. So. it is crucial to save original
pictures to allow a new reconstruction of a model,

Atfter, other sources are incorporated into the virnual model
to complete the representation of in-situ vestiges. and op-
tionnaly. the model is embeded by hypothesis of reconstruc-
tions.

3. Concrete cases
3.1. Chapel, Moissae, France (12 century p.C.)

e S8 pictures: figure |

= | 000 ®0® points

e computation time: PMVS 16 hours at half resolution: fig-
ures 2 and 3

e interest: architecture and paintings

o choice of photogrammetry: the lexture mapping is as im-
portant as geomelry, and techniques of mapping pictures
on 312 point cloud from laser scanner are not enough effi-
cient and sterling.

& device: nikon D700 12 Mpx, optic 24-70 F/2.8

Figure 1: Moissac chapel.

3.2. Catacombs, Rome, [taly (250 p.C.)

» 17 pictures each room: figure 4

Figure 3: Moissac chapel: part of the textured mesh.

S00 800 points each room

computation time: PMVS 5 hours each room: fig-
urcs 5 and 6

interest: understand how humans were slacked and buried
choice of photogrammetry: exiguity and access of each
room and bones lying on the ground allows only introdu-
tion of small devices.

device: nikon D700 12 Mpx, oplic 12-24 sigma

Figure 4: St Pierre et Marcellin catacombs.

© The Eurgigraphivs Assovialion 2016
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Figure §: Catacombs: part of the mesh withour texture.

Figure 8: Rowran coin: part of the mesh without texture.

4. Suftware used: Photomodeler and PMVS
4.1. Specitications

Photomodeler runs on windows opertaing system. The first
step is Lo generale a calibration file of the camera by (aking
a picture of special test card. Photomodeler uses couples of
pictures with a small displacement of the camera (0 compute
Figure 6: Catacombs: part of the textured mesh. the point cloud. 2 types of reconstruction iare possible:

33. A roman edin, (5 2.C.)

® S pictures: figure 7

= 400 000 paints

s computation time: 2 hours: figures 8 and ¢

# intercst: manipulate a vinual copy of a fragile anefact for
studies,

» choice of phologrammeiry: precision of texture mapping,
and (ests of macro optic. Figure 9: Roman coin: purt of the textured niesh with edge

» device: nikon D700 12 Mpx, optic micro nikkor 60mm enhancement.

(E) The wmgraphics Association 2010,
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« manual: the operator have to pick reference points on each
couple of pictures. and photomodeler will check when the
teconstruction is pessible;

e automatic: the operator have to place tests cards around
the objet or on the site. Phetomodeler reconize tests cards,
computes the camera position and scale the model 10 re-
ality;

Photomodeler is also able to compuie a texture for a classi-
cal mapping on a mesh.

PMVS [FP10] is supposed to run on windows operating sys-
temn, but batch script is provided only for linux, or eventually,
for cygwin. For each picture, it uses a text file containing a
matrix for 3D computations. Thoses malrices can be com-
puted by bundler {Sna |0, NS6.NS07] and it seems to be the
only way. Bundler uses sift [Low04] algorithm that runs only
on a 32 bits system. So, matrices computations arc made on
linux 32 bits, and PMVS computations on a linux 64 bits.
PMVS don’t use tests cards, so the final scaling is up to the
operator. Thats why we recommend to make some measure-
ments on the site or the abject to get the 3D model correctly
scaled. Pictures must be (aken from differents point of view
without any kind of constraint.

4.2, Troubles

The manual option for photomodeler is time consuming, but
gives good results, uniike automatic option is faster but tests
cards are very binding. Texture generation gives hazardous
results with bad projections and long computation lime.

For PMVS, the sifi program included in bundler have limita-
tions and throws cxceptions on 100 heavy pictures. We were
obliged to resize picture to 75% or 50%.

Texturing is color per vertex. The definition of pictures is
lost because there are less vertices than texels.

The use of 2 different operating systems for PMVS is bind-
ing but nccessary because it uses a very big memocy amount.
PMYVS have an option to reduce pictures that barely reduce
computation time and memory needs.

5. Discussion
5.1. Comparison to laser or time of Right scanners

On small objects. with macro optics, the resolution is greater
and noise is smatler with photogrammetry than with Jaser
scanner. The precision is difficult to evaluate because laser
scanners are references in those cases. but we measure a
meaning of differences between two meshes inferior 10 0.1
mm.

Acquisition is more rpid taking into account the same setup
time. But the sofiware used does not allow a real time 3D vi-
sualization of acquired pans unlike faser scanner. Some new
scanners based on photogrammetry and pattern projection
are able to reconstruct 3D meshes in real time. but they use
special devices and not classical cameras.

5.2. Texture mapping

The photogrammetry uses pictures to generate a mesh, that’s
why each texture is necessarily well located. Thatis also the
case for picture laken by some classical scanner, but those
texture are always of poor quality and replaced by camera-
laken pictures, mapped hy some obscur algorithms.
Actually, none of photomodeler or PMVS gives a comect
texture extracied from pictures, and mapped on a mesh, but
it is obvious that it will come soon.

53. Accessibitity and cest

The acquisition protocol is software dependent. Photomod-
eler works with couples of picture, while PMVS works with
single but numerous pictures. Conditions of lightning and
background, and the quality of the optic and the picture are
imporiant to ohtain the best results. Nevertheless, pictures
are taken from reflex camenra, and archaeologists are able to
take pictures for photogrammetcy purposes themselves.

The cost is determined by the camera, and eventually a sofi-
ware. In fact, despite its weaknesses for textures and the dif-
ficulty to make it runs, PMVS is free and gives very good
results.

54. Custom develepements

Numerous algorithms are free and it is up to any one to con-
tribute to the improvement of cxisting softwares. Thanks to
tbe support of TGE Adonis, the PET3D has accessto a com-
puting cluster, and plan to develop, in collaboration with
the LaBRI (Laboratoire Bordelais de Recherche en Informa-
tique), a distributed sofiware for photogrammetry computa-
tion. Once developed. the solware will be free and available
on Intemnet for the archaeological community.
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