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ABSTRACT:

Over the past decade, laser terrestrial Mobile NMapBystems (MMS) have been developing for thetidigg of outdoor

environments. While the applications of MMS areiamas (urban security, road control, virtual worihtertainment, etc.), one may
imagine that for each application the system desigpuld be different. Hence, a comparative analykidifferent designs may be
useful to find the best solution adapted to eagiliegtion. We present in this paper a methodologgela on the use of a simulator,

to compare several designs of MMS and to improeeditsign. We illustrate it in the case of urbamisecture digitizing.

1. INTRODUCTION

Laser mapping systems have been developing foditiigzing
of outdoor environments. For the 3D Geographic rimftion
System (3D GIS), point cloud data from laser systésnvery
useful because they provide directly 3D coordindegs. so that
is more efficient compared to other systems. Theedwo types
of laser systems according to the dynamism of quliatf static
mapping systems and mobile mapping systems (MMS).

We can compare static and mobile mapping systertestims of
time. We compared with real systems, total statidhTrimble
[TRI web] as static mapping system and LARA-3D (ptybe
vehicle of MINES ParisTech) as mobile mapping systa the
street of Paris [YOO 09]. As the result of thisttege confirm
that the mobile mapping system can save lots af tomparing
static mapping system (total acquisition time i®w@h6 hours
with static system and about 40 minutes with mogytetem for
the test zone of 140m x 30m). And it is one ofiie@n reasons
to develop these dynamic systems.

However, even if the acquisition time can be savédhe

quality of the data is low, then we can not consM#IS as the
useful mapping system. Hence, the design of MM&iessary
to improve the quality of the data. The notion e$igin involves
characteristics, number and spatial configuratigosition and
orientation) of sensors on the mobile platform. Designs of
MMS could be different while the applications ararigus

(urban security, road control, virtual world, eméémment, etc.).
For example, VLMS from Tokyo University embeds 3da
scanners on the back of the vehicle [MAN 00], DAV Erom

GIOVE uses two different types of laser scanner {ABI7] and

StreetMapper from 3D Laser System has several mesig

varying the number of scanners [HUN 06, 3DLM welhese
all the MMS has different spatial configurationsdadifferent
types of laser scanner according to the application

We present in this paper a methodology based omgheof a
simulator, to compare several designs of MMS anuinforove
design and illustrate it in case of urban architexdigitizing.

The use of a simulator to evaluate the differensigies is
motivated by several reasons. First, we can gaie td test the
different designs in simulation, in comparisonhe tests in real
environment. Secondly, we can optimize the findigle before
a real test. And also, we can separate the isalat®d to the
perception system from those of the localizatiosteay.

2. METHODOLOGY OF COMPARATIVE ANALYSIS

For the comparative analysis, we need severalrierignd the
score of each design candidate for each criterfs.each
application has different level of importance ortetia, we
need also the coefficient of each criterion forreapplication.

In this section, we define several criteria for thality of point
cloud data and the method to give a score. We stmogkample
of coefficient for each criterion for couple of givapplications.

2.1 Quality criteria of laser mappings

To compare the data quality, we need several @itich as
precision, resolution, completeness, etc. Theseer@i are
available for both static and mobile mapping system

211 Precision: All the point cloud data needs high level of
precision. In this domain, it is necessary to sajgathe notion
of precision in to two: absolute precision and treéaprecision.
The absolute precision is the difference betweea itkal
distance to object and the mean of calculated mis® The
relative precision is the standard deviation (@juFe 1).
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Figure 1: Accuracy and precision



Figure 2 shows the example of the notion of prenisAs the
absolute position of the data from the scanner dame

difference () compared to the real position, the (a) and the (b

are in low level of absolute precision. The (a) #mel (c) are in
low level of relative precision because their palotuds do not
represent the object correctly. The (d) is in higiel of both
absolute and relative precisions.
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Figure 2: Example for notion of precision

For the MMS, the precision is directly linked teetlocalization
system (especially to absolute precision). If werd know
exactly where we are (i.e. the information from dlixation
system is not accuracy), the precision could ndtigb.

We propose to give a score with the equation (lirkvimakes

also to classify the precision in several leveds lilassO: around
1m, classl: around 1dm, class2: around lcm, claasfind

1mm, etc.

N abs — lOg 10 re%bs

ref
rel

@
N rel = IOg 10

Where Naps = score for the absolute precision
Ne = score for the relative precision

ref = reference value (which equals to 1 m)

abs = difference between reference value and

mean of real values (m)
rel = standard deviation (m)
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users or application domains. For example, theireaquent can
be < 1dm for all objects. This criterion depends on vkéicle
state (speed, orientation) and also the charatitsrief laser
scanner used (pulse repetition rate, scanning rate)

Density: We can explain resolution by the notion of dgndi
this domain, we define the density as the numbemnedjhbor
points which are the distance4slm from the each reference
point. This definition deducts the unit of density “points/m”
but we permit “points/m?” by assuming that all theighbor
points are projected to the surface circle as leigur

In the case of Figure 3, there are 8 points (poivithin the
distance r = 1 and including the reference pomt)hie surface
of 4amtm2, hence, the density value of the referencetpsif.63
points/mz.

Resolution: The resolution is defined by demands of

= Reference point

L/

= Neighbor point (within distance <)

= Non neighbor point (within distance >r)

The value of general density is the mean of alhpdensities
and it is calculated with equation (2).
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Where D; = density value of the point{points/m?)
n = number of neighbor points

D¢ = general density value (points/m?2)

ny = number of total points of the data

We propose to give a score of density with the gqoa(3)

which makes also to classify the density in seveladses like

class0: 1 to 10 points/m2, classl: 10 to 100 pbn#sclass?2:

100 to 1000 points/m?, class3 1000 to 10000 paonfsgtc.
Ndensily = lOg 10 DG

3)
Where Ngensiy= Score for the general density
Dg = general density value (points/m2)

Variation of homogeneity: The quality of the data could be
also changed according to the homogeneity. We sepioe
data is homogeneous if the point densities of tedl data are
same (i.e., if the standard deviation is 0).

But as the distance between system and objectan wétriable,
the density can not be constant (over-densitysifagice is short,
under-density if distance is long). Also, for mebgystems, if
the vehicle turns on left, left side of platformute be over-
density and right side could be under-density.

The under-density causes a problem of lack of mé&dion on
the scene and the over-density may induce a probfehe data
storage. For the static mapping system, there tisclhnology
which resolves this problem (Surescan technologyGat
advanced from Trimble) [HOOK 07].

We propose to give a score of homogeneity withvérétion of
density (Figure 4).
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Figure 4: Variation of density

The vertical axe represents the percentage of nupfhgoints
with given density (%) and horizontal axe represehe value
of point density (number of points/m?). In thisiclg, we
assume the value of homogeneity is the value frgnagon (4).



-1-0
X=1-94 (4)
X = value of homogeneity
o= value of standard deviation (points/mz)

D¢ = value of general density (points/mz)

Where

The standard deviation can vary between 0 BadX varies
between 0 and 1). If the standard deviation tead} the value
of homogeneity tends to 1. It means the data isdyamy.

213 Completeness: The objective of completeness criterion
is to minimize occluded zones in the scene. Théuded zones
mean the zones which are necessary to scan bobaseanned
during the acquisition.

We propose to give a score for this criterion lj@rcentage,
from ‘0’ to ‘100’. ‘0’ means there are nothing scaa, ‘100’
means the scene is completely scanned (there aoeatoded
zones). In this article, we give the score for eyge of object
such as building, bridge, road, etc.

For the mobile mapping systems, we can define tpes of
occluded zones according to the cause of occlusion:visible
zone and shadow zone. These zones are created tfrem
direction of vehicle.

i
¥ g?

B

Fig 5: Point cloud with occluded zones [ABU 05]
Figure 5 is the real point cloud from the data dsitjan with
LARA-3D, MMS prototype of MINES ParisTech. It presen
the point cloud data of the facade of “MINES Pagisii” which
contains several occluded zones.

Non visible zone: This zone means the zone which is not
scanned by MMS even if there is no obstacle. Acaresee in
Figure 5 with red circle, LARA-3D can not scan trezdde
whose normal is parallel to the direction of vedicThis non
visible zone could be a critical problem for certapplications
such as 3D building modeling which needs the infdfom of
all facades.

The non visible zone can be modified if we modH tspatial
configuration of scanner. Or if we use several Beas in
different spatial configuration, the non visible neo with a
scanner can be covered by other scanner(s).

Shadow zone: This zone means the zone which is occluded byV

objects. For example, if we scan the urban enviemtnthere

are several parking cars, pedestrians, trees, betchin front

of buildings make shadow zone on the building fasad\s we

can see in Figure 5 with blue circle, the parkiag ltas created
a shadow zone on the building facade. This shadme zould

cause a critical problem for certain applications.

This zone will not be disappeared if we use onlg sonanner
but could be moved with some modification of sgatia
configuration of scanner. We need to use seveealrsrs with
different spatial configuration to cover the shadmmes which
is created by one scanner with other scanners.

2.2 Constraints

There are also several constraints to compare las@ping
systems such as cost, complexity, size, etc. hdtticle, we do
not mention these constraints.

2.3 Normalization of score

After giving the score for each criterion, we néedhormalize it
because each criterion has different interval sdéoe example,
the score of precision is maximum 4 but the scofe o
completeness is 100. We give new score which isabiar
between 0 and 10, by the equation (5).

N:X‘% _ 10

Where

()

N = final score

x = value of design candidate

m = minimum value possible (generafty= 0)
M = maximum value possible (or ideal value)

We presented several criteria to compare the datdity of
laser mapping systems. We use these criteria tpamrseveral
designs of MMS.

2.4 Coefficient proposed for applications

It is necessary to define the application domairttie mapping
systems to give the coefficient for each criteribor example,
the application domain can be the architectur@mtourism or
the road survey, etc.

For each application domain, the coefficients afferént. The
coefficient is variable between 0 and 10.

Criterion Sub criteria Archltectu_re Road
for 3D tourism | survey

.- Absolute 4 4
Precision Relative 4 4

General 4 5

Resolution density

Homogeneity 5 3

buildings 4 1

Completeness bridge 3 0
road 3 3

Table 1: Coefficient of criteria for application dain

Table 1 shows an example of coefficient for eadteron for
couple of given applications. We propose high doieffit of the
precision criterion (4 for absolute, 4 for relatipeecision) for
both application domains because it is very impdrtaiterion
hatever the application domain is. We propose edfit
coefficient of the resolution criterion for eachpépation. And
we also propose different coefficient of the cortgbess
criterion. For the application “Architecture for 3burism”, we
need to scan all the buildings, bridges, road adegeas
possible. Contrariwise, for the application “Roadvsyt, we
need to scan road perfectly but the others (buislirbridges)
are not quite necessary.



The coefficient could be different according to tneers even
for the same application domain. In this article, propose one
of the several possibilities.

Noting designs for each of these criteria and usivgfficients,
we end up with a global score for each design efesy. The
global score is calculated by multiplying the scondth
coefficient.

3. ILLUSTRATION OF COMPARATIVE ANALYSIS
BASED ON SIMULATION

We illustrate our methodology on various designsved from
the existing LARA-3D platform, by changing the numm
laser scanners and their spatial configurationsifjpas and
orientations (pitch and yaw)) on the platform.

Figure 7 shows the generation of point cloud datand the
simulation. Two windows in down side of figure af®m
SiVIC (left: command window, right: visualization mdow).
Two windows in upper side and the background aofirfigare
from RTMaps (left: point cloud visualization windowight
command window, background: RTMaps diagrams).

We suppose that the localization system offers egperfiata
during all the time (using perfect IMU in simulatio

3.2 Application domain

For this illustration, we choose as application domthe
“Architecture for 3D tourism”. For this applicatipwe have the
coefficient for each criterion as mentioned in &etP.4.

LARA-3D is the prototype which has been designed and.3 Designs

developed by our laboratory. It is composed of teub-
systems: localization system (GPS, INS, etc.) aactgption
system (laser scanners, cameras, etc.) [GOU 06RA-BD
allows us to do prospective studies and to helpinushe
development of novel designs relative to mobile piag
technologies. This system has been used as a ¢ebttd
compare several possible options, using our metbggo

Figure 6: LARA-3D
Figure 6 shows LARA-3D, with one laser scanner anttdp of
the vehicle with about 2.5m of height. The scars@ns the
profile perpendicular to the direction of vehicle.

3.1 Simulator

For the implementation, we have used two softwamee

As mentioned, we can imagine several propositidndesigns

by changing some configuration of sensors for thmeikation by

changing the number of laser scanners, their posiand

orientation on the platform, the type of sensoc. éh this

article, we compare three different designs usirgsame laser
scanner. Table 2 shows the characteristics of Ilssanner in
simulation.

Scanning rate 60 Hz
Angular resolution 0.5°
Field of view 360°
Range 100m (for albedo 20%

Table 2: Characteristics of laser scanner in sinarat

3.3.1 Design #1: For this design, we put the scanner on the
top of vehicle with 2,5m of height without inclinat like
actual LARA-3D. Table 3 shows the spatial configiamratof
design #1. The values are local value on the veHKobsition

(0, 0, 0) is the center of two backside wheels) Pbsition is
composed by (direction of the vehicle, lateral,ghéi. The
orientation is composed by (angle of raw, pitch pat).

Position -1,0,1(m)
Orientation 0,0,0(°
Table 3: Configuration for design #1

3.3.2 Design #2: For this design, we put the scanner at the
same position of the design #1 but with inclinatRf of pitch

dedicated to simulation: SiVIC (Simulator of vehicle (Taple 4).

infrastructure and sensors) developed by LIVIC (INBET

LCPC), adapted to our needs [YOO 09], and RTMaps (Real

Time, Multi-sensor, Advanced and Prototyping Sofeya
developed by Intempora [INT web].

il

il

Figure 7: SiVIC and RTMaps

Position -1,0, 2.5 (m)
Orientation 0, 20,0 (°)
Table 4: Configuration for design #2

3.3.3 Design #3: For this design, we use two laser scanners
on the corners of platform with some inclinatioralle 5). This
design is used with several MMS [MAN 00, 3DLM web].

Scanner 1 Scanner 2
Position -1,-1,1.8(m -1,1,1.8 (m
Orientation 0, 20, 45 (°) 0, -20, 45 (°

Table 5: Configuration for design #3

3.4 Scene

To compare these different designs in simulatioa, need to
define the virtual scene. As shown in Figure 8, Hoene



involves several buildings, bridges, parking catsees, points/m2. Using the equation (4), we obtain therescof
pedestrians, etc. We choose the mobile platforti¢le) speed homogeneity which is 0.14.
at 50km/h (13,89m/s) for all the designs of MMS.eTh To obtain the normalized score, we define the marinvalue

movement of vehicle is from right to left. of homogeneity equals to 1 and minimum value equals
25 T T
General .
xul]  Density =66.58 Design #1.
Value

0=,57.13 |

Percentage of number of points (%)

Figure 8: Virtual scene

1 1 L 1
a 50 100 180 200 260 300 380 400

Fuoint density (Mumber of points/m®)
3.5 Comparativeanalysis
25 T T T T T T T
Using our methodology proposed above, we do a cmatipa General Design #2
analysis of different designs of MMS. Table 6 shdhes result . Density = 69.50 i
of this analysis based on simulation (The valuevbeh the 15 Value _

parentheses is the score before normalization).

Percentage of number of points (%)

L - Design | Design | Design B
Criterion Coefficient #1 42 #3
Absolute 1] 51 10 1s0 200 B0 30 @0 4l
Precision 4 N/A N/A N/A Point density (Murmber of points/m®)
Relative 4 NA | NA | NIA 8 A
Precision z ]
General 4 6 6.13 | 75 £x General 000 DSINH
Density (1.82) | (1.84) | (2.25) s, Vale,

. 1.4 11 1.9 & _ i
Homogeneity 5 ©0.14) | 0.11) | (0.19) é 0 =145.53
Completeness 4 3 5 45 )

(buildings) (30) (50) (45) 5
Completeness 3 2 45 ’ E 1] 50 100 150 200 260 300 380 400
(brldge) (20) (45) (70) Fuoint density (Mumber of points/m®)
Completeness 9.5 9.5 9.5 . . .
(road) 3 (95) (95) (95) Figure 9: histogram for homogeneity
Total score - 775 92.02 107

As shown in Figure 10 which is an example of véoratof
homogeneity of part of point cloud with Design #& have too
many points (high density, presented by blue cdlothe road
zone and not enough points (low density, preseteded
color) in the top part of building facades.

Table 6: Comparative analysis table

35.1 Precision: As the simulation gives perfect data (both
localization and perception systems), we can ng gcores for
precision criterion in this time.

3.5.2 Resolution: For the criterion of resolution, we have
two sub-criteria: general density value and homeggrvalue.
As the scene is too big (4.5¥1points for design #1, 4.0x10
points for design #2 and 9.7X1points for design #3), we take
a part of scene (0.6x1points for design #1 for example).

ny \\ -
We calculate the value of general density by theagqgn (2). If ‘ \\ NN R \\\\\\\\
we take the example of design #1, the value of géuaensity is \
66.58 points /m2. Using the equation (3), we obta@score of \ \ \\\\\
general density which is 1.82. ) o .
To obtain the normalized score, we suppose thatted value Figure 10: Variation of homogeneity
of general density equals to 3 which means 10006tgon? and
minimum value equals to O. 3.5.3 Completeness: For the criterion of completeness, we

have lots of difference between designs. FigureFidure 12
As we can see in Figure 9 which represents thedramms of ~and Figure 13 show the point cloud data of desirdésign #2
distribution of points according to their value mdint density ~and design #3 for the virtual scene presented s feolors
(above for design #1, centre for design #2 andvbédo design ~ (luminance-albedo). In this article, we give scoresth
#3), standard deviations (mentionedasare grand, hence, the a@pproximately as we do not have tools to calcutatgctly the
value of homogeneity is not high. For the exangflelesign ~ completeness yet. This tool will be ready in nednree.
#1. we calculate the standard deviation which is137 To obtain the normalized score, we define the marinvalue

of completeness equals to 100 and minimum valualeda O.



Figure 13: Point cloud of design #3

For buildings, design #1 completes poorly becauseran

visible zones (blue circle in Figure 11). And evewe use two
laser scanners for design #3, we can not covehalbuilding

facades because of shadow zones. For example,oas sh

blue circle of Figure 13, buildings which are faorh the

trajectory of MMS after the buildings which are nesre not
completely scanned because of the shadow zones loyathe

near buildings. These missing building facadessaemned by
design #2 which has only one laser scanner (blugdecin

Figure 12). But even this design can not cover adaose of
non visible zones (another side of buildings).

We give 30 as the score of design #1 for this moitebecause
the only the front facades are scanned. We givileis8esign #2
which scanned the one side facades and also theffcades.
We give 45 for design #3 which scanned the ottae fcades
and the front facades but less than design #2.

For bridges, design #1 and #2 complete poorly bezad too
many non visible zones (red rectangles in Figurardd Figure
12) which make difficult to do modeling with thisatz.
Contrariwise, data from design #3 provides enough tado
modeling (red rectangle in Figure 13).

As there is no occlusion on the road and the tgtalfi road is
visible by all the three designs, enough datadsiged.

3.6 Result of analysis

As shown in Table 6, we can conclude that the de#8)is the
best solution among them for the application ofcHitecture
for 3D tourism” with our example of coefficient. Biltis design

is with two laser scanners and it causes some reamist which
are not considered for this time (cost, size, etc.)

We can also confirm with the total score of desigh and
design #2 that the modification of spatial confajion of laser
scanner can improve the data quality.

4. CONCLUSION AND PERSPECTIVE

We have presented a methodology for the comparatiedysis
of various designs of mobile mapping systems fogigen
application. Also, we illustrated the comparativealgsis of
different designs of MMS using the simulation.

This methodology could be developed and made meeise,
adding new criteria (and constraints). The choiceoefficients
is important and needs to be adapted to each afiplic The
methodology presented can be used to design aithteahew
designs of mobile mapping systems.
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