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SUMMARY

The paper presents a comparison of terrestrial RD#d Distancemeter for surveying 3D
spatial data of property units (indoor and outdaamyl producing cadastral representations
(2D and 3D). Two study sites representing apartnbenitlings (co-ownership units) were
surveyed with both instruments and six criteriated to data acquisition steps (survey time,
number of measures, number of operators) and dadieling steps (preprocessing time, time
for modelling the geometry of the objects, compiess) are used to enable the comparison.
To produce 2D maps LIDAR technology ended with geriance in term of survey and
modeling time a little lower compare to DistancesnefTo produce 3D models LIDAR
technology shows better results compare to Distapter. The number of objects to model
and the geometric complexity of these objects m@ortant criteria to take into consideration
to determine the advantages of LIDAR technology parad to traditional instruments. For
instance, LIDAR point cloud offers the possibildy producing more detailed 3D model (i.e.
containing not only cadastral limits).

RESUME

Ce manuscrit présente les résultats de la comparasatre un LIDAR terrestre et un
instrument d’arpentage classique (le distancemén@)r des fins d’acquisition et de
modélisation (2D et 3D) de données servant a reptéslintérieur et I'extérieur d’'une unité
de condominium. Deux sites d’étude correspondagsacondominiums de deux étages ont
servi aux expérimentations. Ces sites ont été éslawvec les deux instruments et comparés
sur la base de six critéeres dont des criteres pacquisition des données (temps de levé
terrain, nombre de mesures, nombre d’opérateurgoet la modélisation (prétraitement,
temps pour construire les représentations spatiatda complétude). Les résultats montrent
gue la technologie LIDAR performe moins bien dunpaie vue des temps d’acquisition et de
modélisation que le Distancemetre. Par contregdarologie LIDAR propose une meilleure
performance pour la production des modéles 3D. Deyportants critéres sont a prendre en
compte pour déterminer les avantages de la techieoldDAR soit le nombre d’objets a
relever et la complexité géométrique de ces obfds.exemple, le nuage de points LIDAR
permet la production de modéles 3D plus détaillés qui ne contiennent pas uniquement les
limites cadastrales).
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1. INTRODUCTION

3D cadastre models are recognized as valuable i@wutto provide enriched spatial
representation for overlapping properties, abowengd and subsurface infrastructures,
mining rights, etc. (Paulsson and Paasch, 2013lid®cet al., 2011; Stoter et al., 2013).
Cadastral plans and 3D models provide help forreetyaof users and tasks depending on the
country (van Oosterom et al., 2011). Mainly, theg ased to support property identification
and registration, and to provide spatial foundatitor the security of real estate transactions.
One prerequisite for producing 3D cadastral modelfiaving access to 3D spatial data
(indoor and outdoor) of the property unit (Jazage¢ml., 2014). For cadastral purposes related
to apartments with co-ownership units, the thinahelsion of spatial data may be expressed
as vertical elevation (orthometric or ellipsoidditade) or Z coordinates of the boundary unit,
height of the building level, or volume of the 1€8® units. Various land survey instruments
are currently used to acquire such 3D spatial datdyding GNSS/GPS, total station, stereo-
photography, distancemeter (laser rangefinder), @ngestrial LIDAR (laser scanner). A
recent questionnaire sent to members of the profesisassociation of land surveyors in the
province of Quebec reveals that the field instrutmenrrently used to survey vertical data for
apartments with co-ownership units are distancemaibbon, total station and GPS.
Photogrammetry and terrestrial LIDAR are less papuhstruments. When the same land
surveyors were asked what they anticipated practitd0 years to be, LIDAR is foreseen as
one of the best instruments to survey vertical sadhinformation of apartments with co-
ownership units.

Based on this input, the issue of identifying tlapabilities of terrestrial LIDAR instruments
to survey 3D lots for apartments with co-ownershipts appears important and relevant.
Terrestrial LIDAR is used for a wide variety of dipptions such as city modelling, robotics,
archaeology, agriculture, or in the mining indus{&han and Toth 2008). However, as far as
we know, no specifications and few experimentsteiis acquiring LIDAR data adapted to
cadastral modeling of indoor and outdoor propentjtsu(Jamali et al., 2013; Hao, 2011,
Souza and Amorim, 2012). This new field of applimatof the LIDAR instrument is a
motivating factor; it may represent a lucrative kedrfor land surveyors and resellers. Is the
requirement the same for cadastral applicationatydbuilding modelling? This study will
try to answer this question by examining the cdfeds in comparing traditional survey
instrument with terrestrial LIDAR for acquiring 3&patial data required for the production of
cadastral representation (2D plans and 3D models).
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2. STUDY CASES AND METHODOLOGY

The methodology consisted of using a terrestriddAR (laser scanner) to survey two
apartment buildings (co-ownership units) and conmggits capabilities with current survey
instruments to produce 2D cadastral plans and 3Detso The features of interest are the
boundaries of the 3D units, which are not visilfilat ©bjects) and consequently deduced from
human opinion, and the presence of physical objects fide); in the case of an apartment
such physical objects may correspond to wallsinggs| floors, stairs, etc. The study cases are
located in the province of Quebec, Canada, ancespond to a simple apartment structure
composed of two levels with two co-owners (privabtel common parts). Table 1 shows some
technical information for the LIDAR used. For theaditional survey, both sites were
measured with a distancemeter instrument (a pertalsker rangefinder with a precision of 5
mm for a distance of 50 m). Callidus and Faro LiDARtruments were selected mainly
because they were available in our laboratory. fblees of the study is not to compare one
LIDAR technology to another, but the fitness foreusf LIDAR acquisition approach
(scanning instruments) compare to traditional syrivestrument. The survey and relative
comparison were performed in a way to limit the awmipof using two distinctive LIDAR
instruments.

Table 1. Characteristics of the LiDAR used during thesurvey

Site A Site B
Instruments Callidus CP3200 FARO Focus 3D
Year ofcommercialisatio 1997 to 200 2010 to nov
Spec Field of view (H:V) 360:140 360:305
Spec Distance range 0.6t0 120 m 0to32m
Spec Precision (distance of 50 m.) 5 mm 2 mm
Survey resolution 2 to 20 cm between eacl? to 20 cm between eac
points points
Number ofsurveypoint clouc 562 54« 24 350 00

Figure 1 presents a picture of the two apartmeitdipgs. Both sites were survey by distance
meter and LIDAR instruments. Figure 2 shows forheaite the 2D plans produced from
LIDAR data (plans of site B were built by Groupe RE, http://www.groupevrsb.com/, a
private firm collaborating with us). For site A, Ifidoor stations and 5 outdoor stations are
scanned by the LIiDAR while for site B 15 indoort&tas and 3 outdoor stations were
required. Objects to be scanned are walls, ceilamgsfloors. In total, site A needs 16 walls to
be recorded while site B require 49 walls. To this, collected and recorded the measure of
the height of the ceilings and the altitude of flumrs. Finally, figure 3 presents the 3D
models produced from the LIDAR points (Trimble R&akks for scan assembling and
Bentley suite for map designing were used).

! FARO Laser Scanner Laser Focus 3D is now traded bybleiomder the name Trimble TX5.
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Figure 2. Examples of 2D maps produced from the LiDARsurvey for the sites A and B (red dots =indoor

stations, green dots=outdoor stations)
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3. COMPARISON

To enable the comparison, a list of criteria wastfestablished, some are related to the
acquisition phase and others to the modelling st&pss list was verified with the land
surveyor firm. 2D plans and 3D cadastral modelsewepduced from traditional spatial data
collected by laser rangefinder (distancemeter) &s#r point cloud (LiDAR). Regular
cartographic production and 3D modelling technigaesl software were used. The 2D
cadastral plans created from the distancemeter wesduced by a land surveyor firm
(Groupe VRSB), and they respect the specificatiohthe Quebec Department of natural
resources which is responsible for maintenanceetadastral system. The graphic tolerance
for the plans is 21 cm at a scale of 1000. Theinesading the 3D models were produced by
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the authors, respecting the same specificationse$&® and 3 present a subset of the results

of the comparison made.

Table 2. Overall comparison between Distancemeter and texstrial LIDAR for cadastral data acquisition

Distancemete LiDAR (Faro; Callidus)
Survey duration 4h 4h ; 5.5h
Number of measures or scans 50 18 ;10
Number of operato 1;z2

Table 3. Overall comparison between Distancemeter and testrial LiIDAR for cadastral data modelling

2D plan production 3D model productior

Distancemeter | Faro; Callidus | Distancemeter| Faro; @llidus
Preprocessing time 1h 1h; 7.5h 1h 1h; 19h
(Scan assemblin
Geometric modelling of 4h 7h; 7h 5h 1.5h; 15h
all objects
Completeness (number 100% 100% (49/49); 125% 150% (76/49) ;
of objects (49/49, 16/16) | 160% (26/16) (20/16) 400% (64/16)
collected/required)

4. DISCUSSION AND CONCLUSION

Some facts may be outlined from the comparison éetwthe distancemeter and LIDAR
survey instruments. The survey duration of the LIDiastrument is slightly longer than the
distancemeter. This result is dependent on scadspiee number of scans and the view angle
per scan. The number of field measures is obviouslich lower for the distancemeter
compared to LIDAR. The number of operators is ailsportant to consider. For the
distancemeter, only one operator was required,emult the Callidus two operators were
necessary and one operator for the Faro. If wetdrgstimate the survey cost, including
depreciation (5 years), the survey duration andntimaber of operators, LiDAR varies from
15% (Faro) to 200% (Callidus) higher compare tdatisemeter. Recent technology like the
Faro instrument obviously shows better results amapo older system like the Callidus. As
well, data acquisition strategy may also be setnpiDAR technology in order to reduce the
survey duration and cost. For instance, not scgntfie entire space but only specific objects
related to the boundary of the 3D units was pesxkilas a valuable approach but not
experiment in the current tests. In overall, theussition phase is quite comparable between
both instruments.

Regarding the modelling phase, the results showednhbonclusions. The production of 2D
plans by distancemeter clearly presents bettettsesampared to LIDAR technology while, it
performs better for the production of 3D models pames to 2D plans. The main issue for
LIDAR data processing is to determine the geometiythe object extracted from the
numerous point clouds, while with distancemetee geometry of the object is already
established in the field (by the operator). Thisation is easily explained by the distinctive
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mode of data acquisition of each instrument. LiD8y&stems scan everything in the space
while with the distancemeter, the operator hasdoid® in the field what objects are to be
surveyed. If the operator forgets to survey sonjeatd, another survey will be required. The
production of the 3D models tooks a longer timehwtite distancemeter than with Faro data
but was faster compared to Callidus data. Thissdn is explained by the fact that no targets
were used on the site for the Callidus survey. Sassembling and the modelling of the
objects were thus more complex and time consumihgmwkeeping the same production
specifications. If we compare the completenessief3D models, it appears that the number
of objects in the final product is higher for theimt cloud compared to distancemeter.
Obviously, this situation is explained by the madelata acquisition of LIDAR technology
that collects all objects in the field of view, natter if they are of interest. This aspect may
be foreseen as an advantage of using LIDAR teclgyolmore specially when multi-usage of
the 3D spatial data are planned (e.g., for urbanrmphg or architectural projects).

Based on our experiment, it is currently difficidtdraw conclusions about the distinctiveness
of these results between surveying and modellirdas@al data compared to other kind of
objects like city buildings. It is clear that fohysical objects like walls and ceilings, the
challenges are quite similar (scan resolution, ssmembling, obstruction, object reflectance).
Determination of the boundary of the 3D unitist( objects) still remains the results of the
opinion of an expert. For traditional surveyingistbpinion is somehow integrated with the
field survey, while for LIDAR technology, this opom may be estimated during data
processing. This situation may have important implepending on who is doing the survey
and the modeling phases. The number of objectsaeirand the geometric complexity of
these objects are certainly some of the main @itertake into consideration to determine the
advantages of LIDAR technology compared to tradalaonstruments. For instance, LIDAR
point cloud offers the possibility of producing reodetailed 3D model (i.e. containing not
only cadastral limits).

In conclusion, we can state that LIDAR technolog§eis interesting performance for
surveying apartments and producing cadastral ddtavever our experiment has many
limitations. For instance, two apartment buildingse not sufficient to generate robust
recommendations about better practices for LiDARadacquisition and modelling. The
selected apartment buildings were structurallyegsimple (two levels) and did not allow us
to fully address the complexity factor (geometienplexity of the object), which is probably
one significant and distinctive criterion betweenttb instruments. One of our future
hypotheses to test would be: Higher is the geometomplexity of the building, better
performs the LIDAR. Regarding the surveying of coomnor private parts, no attention was
paid to this end. We treated them as the sameargted object. Further tests may integrate
those decision elements.
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