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GEORGE PAVLIDIS and SANTIAGO ROYO

Definition

Three-dimensional depth sensing can be defined as the ability or capability to tell
the distances from a reference point, or observer, to all objects in a 3D scene. In
technological terms, it requires a system able to take measurements, or employ
computational methods, or a combination of those, to estimate distances from
the system itself to all objects in its surroundings. In cultural heritage applica-
tions 3D depth sensing is at the heart of most 3D digitization systems (in some
cases termed 3D optical documentation). Several restrictions apply, including the
proper handling of valuable and fragile historic objects.

Description

Technically, 3D depth sensing is the process of acquiring the distances of all points
in a 3D scene from a fixed point of reference, which in most cases is the sens-
h ing device itself. There are a number of different methods and techno.logies‘ for
sensing the depth in 3D space. Usually these methods are categorizec.i mto. light-
dependent and Iight-independent::1 a light-dependent system sen.ses l.lght, in any
in order to assess the three spatial dimensions,.whereas llgf.lt-lilde;;ertlger;t
oy methds not vty sentnt V&8 L UL e
cal : fr\i:'(tzll'tilt'e:ﬂl)r-‘c?:s?itfliz:éion is based on the principle us<.ad ?r the technol-
" v’ re the active and passive methods: active m a.sense that
i - Thesfe a:'nulaltes the conditions of the measurements in order to
n'g sv}:;lt:t:a: l;Jassive methods rely purely on computation applied to
]

nsupervised” measurements.

y to emphasize a distinction among the

| pendent” is being used here onl

in 3D depth sensing.
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Numerons methods can be found i the literature, and here is a list of .
AN ALY \ Ost
aitad et categon

U Lightdependent methods
a Active methods
P Laser trfangulation
i Time-oftight scanning (or LIDAR, LADAR, range scanning)
W Structured-light scanning
v Shape from Photometry
v Shape trom Shading
vio Shape from Shadow
vit Tomography (of any kind)

viil Holography

b Passive methods
i Photogrammetry
it Structure from Motion
il Shape from Stlthouette
iv  Shape from Stereo
v Shape from Texture
vi  Shape from Focus (zooming)
vit Microscopy (of any kind)

2 Lightindependent methods
a ‘Topographic methods
b Bmpirical methods

¢ Contact sensing methods,

3D depth sensing has been the focus of intense research for a number of decades
in various domains, mainly in computer vision and robotics. It has been a key
point fn developing autonomous systems and 3D digitization technologies. In the
context of cultural heritage 3D depth sensing can be considered as the basic process
of a 3D digitization method used to capture the geometric and spectral characteris:
tics of an object. 1t has attracted serious R&D by multidisciplinary research groups
i order to meet specific requirements in this domain. Since the main subjects

of digitization in cultural heritage are precious objects of various sizes, such a8 |
monuments, architecture, arch it is evi-

dent that there s a wide ¢ would
be capable of acen texture

acological sites, and historical urban areas,
spectrum of challenges to be met by systems tha
ately recording the geometry and surface colour and
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2 Morphological complexity
3 Diversity in materials,

e_dimensional space of object characteristics (fig. 11.1) resultsin a rather
Thi?thf;le et of challenges in cultural heritage digitization Projects. As the 3p
z‘:s:;zen sing meth?dS ar;afi?pt:d to sp?ciiisc ;ases, there is no.t a s?ingle 3D depth
onsing method to fit all digitization pr(?]ec = or. example, as indicated in figure
111 the pink blob corresponds to a region in which laser triangulation methods
mnbesuCCGSSf“]' the green blob corresponds to a region in which range scanning
nethods can be used, and the cyan blob depicts a region in which Structure from
votion is expected to be successful. In order to choose the most appropriate 3D
depth sensing method for a project, it is imperative to define the meaning of “suc-
eessful” as stated in the previous sentence; the answer would include technical
aspects (such as accuracy, resolution, precision requirements) and other manage-
rial and usage limitations (such as the available resources including personnel,

equipment, time and budget, possible restrictions in access and requirements of
the end-user).

© George Pavlidis, 2016.

Scanned by CamScanner

197



AGO ROYD
IDIS AND SANTIAGO RU \
VLD A

|98 GEORGE PA

seant increase in the processing powe
Cqienificant inc
cont s18N

T of coy,
With the 1S nethods, like Structure from Motion
1 (3] W

1 ATe becoy;

o in

ive computational igitization projects wit

intensive & ble to tackle large digitization projec S With
so they are able to & - colntiane fi

cause they | processing. In addition, solutions from the
N . a l SNIN <

t of manu

Opu.
ly Sny)

= ﬂ" Il‘ l ' i i (1ustry
) ¢ : . g 0 Y ey bt l ,

arelative
lar be

h()nes‘
Yo T L . .
'< Proiect ']‘;\I\L{O, Intel's RCJ]SL‘JL\Q, and Apl le S Pri 56

Products like GOOQJL‘ st roje A =
1°0¢ A s p

¢ ne 3D dL‘pth \‘Cnsillq tCChI\OlD}.‘\\_' to consumer anblle deviC(‘S. ]n th )
. ‘ .‘11(‘111:‘ O ) N . . > - 3 - g N . N E
svstems the Das & ) . o ¢ .
b,\ bttn . e Ange scanners are bClllg Iepld(,ed by blngle hght pu]s s.
laser beams of typical range ¢ S by sing S
o . n 0 i {\] y V']i ) t 1€ V'“ al

ese technologie e me more widely available, y will tr: Sfor
th S 2 hn lOfl S

and 8aming,
ation projects

1 litional notions of photography, video, navigation, mapping,
the trac g . deo, na
and will open the way for future heritage digitization and document

Significant Applications to Cultural Heritage

* 3D-ICONS Project Guidelines and Case Studies, http://3dicons-project.eu/
eng/Guidelines-Case-Studies, 3D-ICONS Portal, http://3dicons.ceti.gr
* CARARE Project, www.carare.eu

 3D-MURALE -3D Measurement and Virty

al Reconstruction of Ancient Lost
Worlds of Europe,

http://cordis.europa.eu/project/rcn/S2648_en.html
* The Digital Michelangelo Pro

ject, http://graphics.stanford.edu/projects/
mich/

The CultLab3D project, www.cultlab3 d.de/results.htm]

Digital Heritage Toolkit, Www.arc

haeogeomancy.net/Z016/04/1idar-analy-
sis-toolkit-for-

arcgis/#more-92659¢
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