1 Method for conputing a path between a starting point and an end
point on a map representative of a terrain The present
invention relates to a nethod for conputing a path between a starting
5poi nt and an end point on a map representative of a terrain.

In general, the invention is situated in the domain of navigation
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navi gation assi stance systens are known, in particular designed to
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dependlng on whether the underlying elementary units are crossable. The path is then

optimized taking only the predefined passage points into account, which makes it possible

to lighten the associated memory and computation burdens. However, this algorithm is

only applicable with a situation in which the elementary terrain units are either “crossable”
30  or"not crossable.”

However, for certain applications, it is useful to take into account the cost of off-
road travel rather than its possibility, when the agent in motion is suited for such off-road
travel. This is for example the case for all-terrain vehicles, in particular military or
agricultural vehicles, robots, cr hikers and video game agents.



5 elenentary terrain unit by an agent may depend on the type of
agent (all-terrain vehicle type, for exanple) for which the systemis
i nt ended. Searching for an optimal path under these conditions
qui ckly becones unmanageabl e due to the cost in terns of nmenory and
conputation tinme. The problem nmust be sinplified. 10The nethods for
sinplifying the path search al gorithm Rnown fromthe state of the art
are not suited for the scenario where the elenentary terrain units
have a vari abl & HESD¥I R ACRH fgelementary| uRits srpresepigivapAle g iPim
ment i oned cake¥® ak$ nONbgeAdARHIE dorb&fab’r A% SAR &oSdabROt biBIRSEa Bssociated
el ementary unjts, V\/ni,c%,armunts Gs‘lo associ.a in%, arﬂ?’i na({Té cr ssi@g ?ost
wi t h each CEISERE M ArRFIGMITY SetlafuP 698 Wricale P5NgrAPIe [ ER70E BLE PR
| ocal 15 wheanie (dr@in Rxasay, @r sectepts of Agiver fonlegamplehTe essd e srdshiag an

specificities (watch.locations, roads ). There i n

o pr oBos &S RIS P B03ser IR it tusvps oL A0k FolBrdn YR
el enent ar ytyae_eiorajcannpjeiifo:swhi@hﬂbeaystanﬁjoieadgu non-bi nary crossing cost
and the map i scbakhifig 7080t BRlndiMat! Dok RAE! ABhdHABOGARIR, BB
for conputing a path”between a sta ?I ng point and an end 'pol ht on a
map repr esemeaagepblegiuegotthe cegtin tesmb @f mepane rnd) cemputatidnntingd el Negirallen
a digital p\zpgesipRfequp of a matrix of elenmentary units, each

el ementary unit having an associ ated crossing cost value. The nethod
‘ncl udBs the T 6P BRTNGS S SpRRIvIS. hepatdeAl SICHI Giova o th obhe
bl ocks of awtadi¥ind® shitstefor A6 Sfchai® whereathdr Slenertit) tefrhih Qnktd hatks BeRGiaNIg

on the crossing cost .val ues of th Lenmentary unit el onqi to gne
O o b1 oo peacitb GBI Bl HEA A s eepienbEue Spp SekSed
obt ai ni ng ceospatild dpaioveessshliie ednagritarpqunis] whicandndune endsqooiatiig ansidsry

cr ossing Gerra e iaagt SEReRRHRE H:u 47Bhs BLAE TR Bater 1 e,

segment coQ ciigya first point of a first block and a second point of
a second block a')zlj acent to the first block, the second point of the
second bl ock béheig isaneed drareseradingigod dorLomipyting Bath spitest fogases where

relative 0 &iBBedibfySbrrdRiLAks RivetdhCaskbdigibd BbRSlhary Bossing cost and the map is
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si npl i fyi i9¢he map by breaking it into blocks of varying sizes,

whi chogekes it Tpassidale tHeONkREon plpBtdd & adthétLicicompating & ipapl hdtwede
map only i%rtt he_areas that are hom)%gnous V\A%_E%i n the, meani ng of ch.e
br eakdown SEFBRIE AT SNTRED! OF Ke™EP JRPPPYUHIVE fli%hld8iny At map being
pr eser vedshavn ththesfonmtof tehdighal dmage headet e of yshetnataf @lesnemry funits teash

nmet hods t I i | ze . t t t.
Advant ageg I&gr]%aﬁrf Hgﬁ i& %’E’ ﬁ& a%:nc égsg’f:%lbe%t %r8%%,i'd" ?’ﬂée‘z&t‘hﬁeo ﬁ'fhlesmgtﬂ ?}'ﬁ thIUdeS the
(dynani cal Foflowinetebsnear segments naking up the path being formed

dynanbgal 1Y 0V eliviiindRaRGAQnMeiRo Biotke bARE G bikdL4dBMing W WedRIB R
it possible to avord introducing significant” errors 1 ntothe conputed
pat h, desgiitedon gepepding #p|tee grosEngeost Nalugs ictke elmentasy UG keglanging to one
said block,
- associating a crossing cost value with each block,
- obtaining a path between the starting point and the end point, made up of at least
30 two linear segments, optimizing an overall crossing cost equal to a sum of the local
crossing costs, each linear segment having an associated local crossing cost, wherein
one linear segment connects a first point of a first block and a second point of a second
block adjacent {o the first block, the second peoint of the second block being selected

according to a distance criterion relative to the first point of the first block.



10The net hod according to the invention can have one or nore of the
features bel ow, independently or in conbination: - the second
point of the second block is the point of the second bl ock closest to
the first point of the first block according to a predeterm ned

di stance; - the local crossing cost associated with a |inear segnent
is a function of the I ength 150f said I3 near segment and the crossing
cost value associated with the first bl ock; - the nethod
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- the method includes, before the step for obtaining a path, a step for extracting a
graph showing, for each block of the division, a set of blocks adjacent to said block of the
division according to a predetermined.neighborhood;

- the method also includes, after the step for obtaining a path, a step for refining

20 the obtained path to obtain a refined path, including the following sub-steps:
- selecting elementary units that are part of the blocks of varying size
crossed by the obtained path,
- computing a refined path between the starting point and the end point,
( optimizing an overall crossing cost, said refined path being made up of refined linear
25  segments, one refined linear segment connecting a first point of a first elementary unit and
a second point of a second elementary unit adjacent to said first elementary unit, among
said selected elementary units;

- the method includes, before the step for dividing into blocks of varying sizes, a
step for simplifying said digital image representative of said map consisting of associating

30 each elementary unit with a category from a predetermined set of categories, according to
the crossing cost value associated with said elementary unit;

- said simplification step implements computing a histogram of said digital image,
and partitioning the histogram into a predetermined number of categories;



- said step for dividing into bl ocks of varying sizes consists of
recursively dividing each block of said digital image, starting from
a block equal to the digital imge, into four bl ocks of equal size,
until a stop-division criterion has been verified; - said recursive
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figure 8 is e per rmance € 1 nvention
relative §H31péif'6ﬁb'ﬂl¢ddpcb$ ot vasyirg giged; of the art. 30Figure 1
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obtained using the method for computing a path according to the invention;
20 - figure 4 is a flowchart of one embodiment of a method for computing a path
according to the invention;
- figure 5 is an example of a histogram divided into four categories according to a
logarithmic scale;
( - figure 6 is an example of a division into blocks of varying sizes according to one
25 embodiment of the invention;
- figure 7 is an example of blocks considered to be blocks adjacent to a current
block in one embodiment of the invention, and
- figure 8 is a table illustrating the performance of the invention relative to a
method of the state of the art.
30 Figure 1 diagrammatically illustrates the operational blocks of a device for
implementing a method for computing a path according to the invention.
The device 1 is for example an onboard computer in a specific portable housing or
an onboard vehicle computer that has all-terrain travel capacities.
Such a device has viewing means 2, for example such as a screen, capahble of
35 displaying data, for example terrain maps, of the path segments. The device 1 also
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i nvention. The device 1 is for exanple an onboard conputer in a
speci fic portabl e housing or an onboard vehicle conputer that has
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of the map 10 to a block with a size equal to the elementary unit. As illustrated in figure 2,

25 each block 16 has an associated cost value, which is shown graphically by cross-
hatching, and which is for example equal to the cost value of the majority of the
elementary units 12 making up the block 16.

Figure 3 diagrammatically illustrates a path 20 between a starting point 22 and an
end point 24, obtained by applying a computation method according to the invention from

30 the simplified terrain map 14 and using the crossing cost vaiues associated with the
blocks 16 of the map 14.

In order o better explain the particularity of the invention, figure 3 also illustrates a
graph 25 connecting the centers of the adjacent blocks. The graph 25 is the graph that
would be used by the traditiohal path computation methods known in the state of the art,

35  According to the known state of the art, any computable “optimized” path will necessarily
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Of course, other similar representations, in particular with a higher number of bytes
25  per pixel, can be considered.

The first step 40 implemented is a step for simplifying the representation of the
map Co by using a predetermined number of categories Nc. The number of categories is
a parameter of the algorithm, which can be predetermined, chosen by an operator or
computed dynamically by an analysis of the digital image of the map Co to be processed,

30  as will be briefly explained hereafter.

In fact, it is clear that for example, if the crossing cost value of an elementary unit
depends on the slope of the terrain corresponding to the elementary unit, several spatially
close elementary units can have similar, but not necessarily identical, associated crossing
cost values.



The first step 40 inplemented is a step for sinplifying the
representation of the map Co by using a predeterm ned nunber of
categories Nc. The nunber of categories is a paraneter of the

al gorithm which can be predeterm ned, chosen by an operator or
conput ed dynam cally by an anal ysis of the digital image of the map
Co to be processed, 30as will be brief 17y expl ai ned hereafter.
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an el enent ary Qﬂetp%@B'@rfﬂ%th%fot’Wétaﬁ]‘%@eo?mfﬁ'ﬁ‘éattoér”ﬂtalan”ldfﬁt?qrégﬁé’ﬁ‘?&?ﬁ'ﬁ
to the el Q\I‘tﬁ@ttﬁé Mlswgratm nfeeoar aénsfsﬂﬁ’d bﬁbdrﬁp@h@%&uﬁb@%rﬁf%é’mhki’yet@oCeﬁiﬂl

C:Yﬁezl ™ l'}ﬁg” dWlCL’l Ing Eh?eh %&@:’gg@n 8,?&%5%%195?3 Socbrqlch%oa er 88 Mt Di? |n
sinplificdyuers.into a number of cat egorl es Nc is the hi stogram

met hodg consi Sl'Fl A Qfdlgq?%%tal\%aﬂ%%m@“ ggéx% e oII %lstngﬁgr% I-(I:Of pté’é"‘”

di vi di ﬁg the hi $t ogrami nto dccor a ng ogari i ¢
scal e, as indddirgt thatpeskible coédt yatues Bn ﬂ‘BEFX-gKIS e:@pdsa;gbawm { eatl Mnaxkh2a@in

an exanpl ‘?h%bo%@&é%ﬁl@ré’r{&thb%ra;ﬂ%unal%le%nbd l%%ls@ﬁ’m%@&ho%@% Ql-.%

val ues on the x-axi s e et ween In t OVE
exanpl e, &8 INHAIS prABRIE, o h@ﬂf@rﬁ@m%tﬁlyld@mmt%foas@amwgs onadegayiiinie scae

the y-axi §5 gl Roddlii® \Aﬁ%ﬁ”@%e\;aldegeco%%dﬁgrt@rﬁ lotv Eto¥distpdodt @ thékefore 1o a
categories on a logarithmc scale. I'n a nodel in which |ow val ues

corr eéBonde'?WeB{ ?W PS5 W@"%B@th%‘hda?ﬂ%%ﬂf%ﬁp@”q & a rﬂ@" Crogging P%I%Pd
easy cr 05$H1&ﬁ@‘ore\MfU lze nb&ty Irhpbiasiviel 6@8sifr the SRRNEf a0 IcgalithGit @éam@SHaagthe
(cost and t foref t@ a nearl %Possﬁi e cro { %6 t he use ”

| ogari t hm'a A% %ha ""E%aj%ﬁ%hf %998 't |96%“ﬁ?ﬁ Ya'0hdlig gfeas a °W'“9 easy
r epr esent atdseing grrasyblbefi thy elbmenﬁaheuraiseﬁsmglahmom@t&awsmg)&st hetween 0
Thus, all n n|t h i at. ssin y
petween 0 e HESHR RLI Ry By BLpLlsr Yo BERAG, MiEthahe < ftefRlh,
uni t s 1havicragsiag castdetiean el am@ Vs ereom;asrhlgd docatedost (e @nd 94 feritd Invienarad all
classifi e%f Ik & H‘%g&rry uggs hg\ﬁﬁjg 2R e(s%gé g‘ted ld?os%%e&ﬁl( ’beﬁ\}e|eno\f/,1 a}ﬁﬁ Vi arg

el ementary units having an associ ated crossing cost between V1.1 ‘an
V, are cl &&ssifiectig cptsgeitCegory Q A sinplified cost value is

associated with %@meelce&%w.g aé%a.at@&m Qa'aBig eTeﬁleHé‘?y Gt §%Q:Fdfn§ R the

which it belolg or each categ ag% Q@ OSSI to choose any
val ue of 5@tegemdo waicadyLglongg Far eagh ca QP"Vrﬁ'n'b I?Pé‘S'EEt%ij?‘gﬁe@”VfV@F“e of
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p IS Slnp Ifled 1nto a nunber
of predet B?“?lﬂ ?18fcfh%5'§eé\j%rv&g?v'§o'§y p 42 is applied for dividing the

map i nto bl oc k@noé theansp Og issimplifieddstoa Aumizr iod predbtetrhieed edtegwies e5 sigp

| > bl .
D vt ou! Yo BRI ATLA i el FEeEbaE, SRR, 15 A S
Kguad t r ee cdlegdrigisdhpreviously datainginéds a recursi ve division in which each

I ockoks subdi ﬂi@dprb@Per e‘?rlrbrodm‘le‘ﬂ? KRe Qlfiws%ﬂpﬁ;l ca?hezoeoﬁsuén@gn aRyoftthm for

criterion for stopping the division s not . In"the first step,
the root Bivising ipte qyﬁ‘i’rﬁﬂtél @rféadérgeawiswg equal to the conpl ete image

itself. 30EachTgibVd airBsurdNO8iision it dhicReshch¥bidckSs siiFdidiatniolBuPBISérsi @N
in the conplete im
rrBual size as Igng as a criterion for stopping the division is not met. In the first step, the
root block is initialized as being equal to the complete image itself.
30 Each division block is defined by its size and the position in the complete image
Co, for example in the upper left corner of said complete image.
A result of a quad-tree division is illustrated in figure 6. The complete initial image
denoted Qp is processed as the initial block.
This block Qg is divided into four blocks or quadrants Q, to Qq. For the division of

35  this example, the stop criterion is verified on the blocks Q,, Q3 and Q.



Co, for exanple in the upper |left corner of said conplete inmage.

A result of a quad-tree division is illustrated in figure 6. The
conplete initial inmge denoted 00 is processed as the initial block.
This block 00 is divided into four blocks or quadrants Q to 04. For
the division of 35this exanple, the stop criterion is verified on the
bl ocks 01, 03 and 04. 8 The block 02 i& again divided into four

bl ocks or quadrants 0 0 0 0 -211 -222 -23, -24. Once agai n,

t he quadrant Q@Peibipck (i againedivider intedodrdliackspigyadtasts @ndQedRddieh, up

to a mni num sigiRe af§ih€ht BBadtht.Pfs sUPGVIBEENBRE RI¥wiHG blep ahd sb RRENES 0
The stop criterion I's typical !OXQ%@?QO”D eneity criterion of the
i

processed HNHERUM 6@ NS (e 5iZp Y énibés egchedlat it is not
useful to divi dgeatdpodiRgRAGH BypREMEK homBgdrit@y Rfifie bEfe prdredidiENbak, the

this stop criterion js based on the c ari.son of the entropy of the
consi d&r ed"BPHIE Fff@%%ﬁé@éﬁ@ﬁ% H&&S?ﬁpﬁﬁ"ﬁ%ﬁ komogenous d n a
current bl ock Bethegrgfeoedssbolitbat thissstomciterign i@ baged@i the Xo@parison of the
el enentary ' e ' f th r is the foll ow ng:
1f (. 13,) = eﬁﬁp‘k%?% t%%qntesﬁg{e@%wg@% hgeragfr%{rp'gﬁtgthg% ﬁ@%c{orrpri sed between O
and 1 and H( G Whes & ourpant elbcla Scfidpioosgsed gt Glinad&Ep ol @Xattit b gAneutpry
The hi gheryob g, Yol difnelatign B REKnid)% BERALEIgE e disparity is betueen

t he categories ementary units contalinéd in the bl ock.
Oonverﬁely, MéhBrthE;?féhtropy is low, the block Bc corresponds to a

honogéflous terrain ‘&rea.
(‘ Where H(Bc) is the entropy of Bc comprised between 0 and 1 and H{Ci) is compuied as

follows:

H(C)y=- Zp(uﬁ.l('j) xIn( p(n,[C,)
XA

The higher the value of a block, the greater the disparity is between the categories
15  of elementary units contained in the block. Conversely, when the entropy is low, the block
Bec corresponds to a homogenous terrain area.

The threshold value is chosen for example to be comprised between 0.3 and 0.7,
making it possible both to simplify the map and preserve the important details.

Alternatively, it is possible to consider varying the threshold according to the

20 number of categories shown in a block to be processed or the distance between the
categories present. Thus, it is considered to increase the threshold when elementary units
belonging to different categories that have disparate associated cost values are present in

(‘ a block.

According to another alternative, other stop criteria based on the cost values

25  associated with the elementary units are considered.

The step for dividing into blocks of varying sizes 42 is followed by a step 44 for
extracting a graph G representative of the simplified map.

To build this graph, in this embodiment, for each block of the division, stored as a
node of the graph, links are built toward the blocks positioned in the bottom right, as

30 diagrammatically shown in figure 7.

As illustrated in figure 7, each block Bc of the division is linked to a variable
number of adjacent biocks Bv according to a predetermined vicinity, which touch Bc either
by a side or by a corner. In the example of figure 7, the current block Bc has eight
adjacent blocks.



The threshold value is chosen for exanple to be conprised between 0.3
and 0.7, making it possible both to sinplify the map and preserve the
inportant details. Alternatively, it is possible to consider varying
the threshold according to the 20 nunmber of categories shown in a

bl ock to be processed or the distance between the categories present.
Thus, it is considered to increase theS hreshold when el enentary
units belonging to different categories that have di sparate
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can then use npute a path tween a starting polnt
A and an thdiepbéﬂchi’e amqe@t@tt%cusant blockthe starting and end points are

typically pr 0Vfrﬁ|@ﬁlnt#a}’st§mH§ 6inQ§ R ﬁb%ﬁ’PﬁR,th[@rﬁ?s'sﬁlﬁ‘ated i atnhn%n&?rb%fc%f ﬁ@
enbodi ment, as briefly explalned above in reference to r%ure

path is cSWtﬂﬂ”eﬁoro%?‘ﬁﬁﬁ’iecéqt‘W'”gi%WeSa‘ﬂ‘ﬂ iniéal BgEB RSING S AL 8R0f the block

segnepbs, 3gach segnment connecting a first point P1 of a current block
LS e e 0 P RO PR 2 b BB bR W
previously extracted, are considered, and for each adjacent block Bv, the point P2(Bv)
that is the point belonging to the adjacent block Bv and closest to the point P1 of the
( current block is determined, and the length of the segment S=[P1, P2(Bv}], denoted I(S),
25  is computed.

In practice, the point P2(Bv) is situated on the border of Bv closest to the current
block Bc. The determination of such a point P2(Bv) is done by a known algorithm for
minimizing the Euclidian distance. In a known manner, the shortest path from a point to a
straight line follows the straight line that is perpendicular to the straight line and passes

30  through that point.

In the preferred embodiment, each segment thus determined is associated with a
local crossing cost Ceea(S) that is a function of the length of the segment S and the
crossing cost V(Bc}) associated with the current block Be.

For example, a proportional computation is used:

35 Clocai (S) =i(S)XV(Bc)



The initial starting point is the point Pl=-A which is situated in
an initial block of the division. For exanple, returning to figure 3,
the initial starting point is point 22 of the block 20 34. Al
of the adjacent blocks By of the current block Bc, as shown in the
graph G previously extracted, are considered, and for each adjacent

bl ock By, the point P2(Bv) that is thel®oint belonging to the

adj acent block By and closest to the point Pl of the current block is
det erm ned, andlierRatiyeligter Binclians feregpmmntingsthppacal eropsing Fost gesnsiadien the
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sinplification o I nt ocks o varla Sl ze 1I's reducCe
The step PblaingBraihni ng a path 48 is followed by an optional reflnlng

step 50 for refdfistBhdcdfnPRtiRd Fb%ﬁm&%ﬁbmts of reloading, in the memory 5 of a device

1 implementing the invention, a set of elementary units E made up of the set of

20 elementary units forming the blocks of the division crossed by the path Path(A,B)

previously computed while adding blocks situated on each side of the diagonal lines, so

as to allow the refining to find alternative refined segments to the segment passing

through a corner connecting two diagonal blocks. Then, an algorithm to search for an

( optimal path is applied on that set E of elementary units to obtain a refined path
25  Path.(A,B).

A refined path made up of refined linear segments is then computed between the
starting point A and the end point B, optimizing an overail crossing cost. A refined linear
segment connects a first point of a first elementary unit and a second point of a second
elementary unit adjacent to said first elementary unit, among said elementary units of the

30 set E of selected elementary units. The granularity is finer for such a refined path, since
each refined linear segment connects two elementary units.

For example, a traditional algerithm searching for an optimal path is applied, like
the A* algorithm, given that the number of elementary units loaded in the memory to be
processed is reduced, and the computation time is also low in light of the reduced number

35  of possibilities to be tested.



In fact, the path Path(A B) obtained in step 48 fromthe sinplified
graph is obtained quickly, but depending on the |evel of
sinplification of the map, this path may not be 15precise, in
particul ar over the portions approxi mated by the | arge bl ocks.

In one optimzed enbodinment, it is therefore possible to consider
refining the obtained path. In flhis enbodi nent, the refining

consists of reloading, in the nennry 5 of a device 1 |nplenent|ng t he
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(elenentary un a traditional algorithm

sear chi ng qufm%lﬂfct?mqupggpn B@Fﬁ"ég‘ngw EFON§IfeLePle-ne A* al gorithm
given that the nunber of elenentary units |oaded in the nenory to be
processed is reduced, and the conputation tine is also lowin |ight
of the reduced nunber 35of possibilities to be tested. 11

Advant ageously, practical tests have shown the effectiveness of the
met hod proposed by the invention. Thus, the table of figure 8
illustrates the performance of the nmethod proposed by the invention
inthe "sinplified" colum relative to the perfornmance of a search
for an optimal path in a conplete graph of type A* ("conplete”
colum), for a 5map of 900x700 el enentary units. One can thus
see that the nunber of nodes to be stored in nenory to depict the
graph is decreased by a factor of 7, and the nunber of links is
decreased by a factor of 8. The tine to |load the graph in nenory is
0. 735 seconds for the method according to the invention versus nore
than 5 seconds for the nmethod of the state of the art. The 10
conputation tine is decreased by a factor of 8. Thus, one can see
that the path obtained by the nethod according to the invention is
(25@6amay fromthe optiml path, but the gains in terns of conputation
tinme and nenory are consi derabl e.



12 CLAI M5 1.- A method for computing a path between a starting
point (A) and an end point (B) on a map representative of a terrain,
said map being shown in the formof a digital 5imge nade up of a
matrix of elenmentary units, each elementary unit having an associ ated
crossing cost value, characterized in that it includes the follow ng
st eps: - dividing (42) said digifal inmage into blocks of
varyi ng sizes according to a breakdown criterion depending on the
crossing cost values of the elenentaﬁ#émﬁits bel ongi ng to one said

bl ock, 10- associating (42) a crossing cost value with each block
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accor di ng HeRngingidrb sdid@bact eri zed in that the second point of the
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obt ai ﬁﬁng sacqmmwnt@f gt@por(mm;vckf ) estieecnt te te fistdieosHBelndwi segond peint of
each bl Olehe(%a)n@EloElbﬁ\g'bgfn 's@@ctea Edrafd té)«la cé%}’i)en@rqge?é:tﬁlgtto tR first

said block o di vi si on accor ng t0 a predeterm ne
nei ghbor h@et of the first blogk (Be)The met hod according to any one of the
preceding clains, characterized in that it also includes, after the
step (48) for ob |n|n a path, a 50 for refining the obtained
path to obtai n®a 31"?96’%5’ ifgf’rﬂ'”gltﬂéaﬁﬂh n erjzgl F%\Wﬁh@egﬁﬁj@tp@ﬁg"f thes
20  second block (Bv) is the point of the second b[ock (Bv) closest to the first point of the first
block (Be) according to a predetermined distance.

3.- The method according to any one of claims 1 or 2, wherein the local crossing
( cost (Ciecal{S)) associated with a linear segment (S) is a function of the length of said linear

25  segment and the crossing cost value associated with the first block {Bc).

4.- The method according to any one of the preceding claims, characterized in that
it includes, before the step (48) for obtaining a path, a step (44) for extracting a graph
showing, for each block (Bc) of the division, a set of blocks (Bv) adjacent to said block of

30 the division according to a predetermined neighborhood.

5.- The method according to any one of the preceding claims, characterized in that
it also includes, after the step (48) for obtaining a path, a step (50) for refining the
obtained path to obtain a refined path, including the following sub-steps:



- selecting elenentary units that are part of the bl ocks of varying
si ze crossed by the obtained path, - conputing a refined path
between the starting point and the end point, optimzing an overall
crossing cost, said refined path being made up of refined |inear
segnents, one 5 refined linear segment connecting a first point of a
first elementary unit and a second poi m® of a second el enentary unit
adj acent to said first elenmentary unit, anong said sel ected

el enentary uni t $elegling efpraeHay nHHS ﬁ@ééfecﬁ%‘)fttge BlRgksofferapling gige crossed by
precedi ng tké ahtabed pixAr acteri zed in that 10 it incl udes before the
step (42) for dividin | ocks of yarying sizes, ste for
sinplifying saf 80'8%4”85 re]L’FF’éP E?;Y"@%'b é{ﬁ"\'}% RNt 2ad H‘erﬁi’ﬂ pg’S'&rsﬂp TS
of SSSOCI ﬁnldggraﬂmfsmbewném yefided baWHgfmganamt@gmrrMmfeﬂmﬁéai segments, one
pr edet e S or 1 I 0SsSi ng Ccost a
associ §t edef\ek]efjﬁﬁé%[ Sﬁg'é?étr?gﬁ ﬁ@g ﬁﬁf po"i %f'“‘gﬁg oa\'sc?cﬂﬁ %n
claim6, charsecomdt pleeentary tiitddja@nttessaipfiist eleaentary mnepmonplsenlmamted
comput i ng e?enl;gn%rggﬁpsm of said digital imge, and partitioning the

hi stograminto a pr 'Sdet er mi ned nunber of cat egories. 8.- The nethod
according to one of clainms 6 or 7, characterized in that said step 20

(42) for divi dgngphkMdndy é&%&%m%fto YR bfﬁen& tﬁé Ereeé cﬁrﬁ]aélﬁgsor%f'aotenzed in that

recursively dividin fg each sai d g I'mage, starting from
a bl odR eduBfluiss Pﬁé’fed'ihelaf@ @hﬁljéj“"q"ﬂﬂ 6"“? 'GFka‘Pfd@BQ”Qﬁ'Z@q@a‘-’fte%K@é for

until a stsmm:rnq;mg §al@algﬂéu inagé @ébré@%tdﬁ@@@f y@alnﬁape@bns@tmg dhsseBibfiRdeach

(accor di ng I aracterjzed in that said tJ'ecurS| ve division

is 25 sté %P”'&‘”&h %ﬁfea%rcfw%@ﬁe%eﬁef@me#ésyo \FRIQPEIPS aGeqreie 4o the
pr edet er mcreding Bostvhiok dsstalate] witedail €aneotpy unltl ue bei ng conputed as a
function of categories associated with the elenentary units making up
said given block. 10.- The nethod according to any one of clains 6 to
9, chdbacteri z&d Tha niéiled adeerdd@ foadado @i, aharacteriedadn dhabszd ngnptiteation atepe

with each uhé[@r%gntg%ﬁ'fgﬂﬁ‘% Q%E?dg\éérﬁ'o?galh%%taph%lésaﬁj At (}Hu{bgthﬁ'lﬁﬁé ram

conpri ses termnin naj or [ty category o
t he el enemt@ﬁPrQﬂﬁ*Iecr@'nﬁﬁI@PfﬁQemiCéfﬁg@r'e@l ven bl ock, and the association
with said given block of a mean crossing cost val ue conputed for said

majority categor)ﬁ_. , _ o .
8.-"The method according to one of claims 6 or 7, characterized in that said step
20  (42) for dividing into blocks of varying sizes consists of recursively dividing each block of
said digital image, starting from a block equal to the digital image, into four blocks of equal

size, until a stop-division criterion has been verified.

(' 9.- The method according to claim 8, characterized in that said recursive division is
25 stopped for a given block when an entropy value is below a predetermined threshold
value, said entropy value being computed as a function of categories associated with the

elementary units making up said given block.

10.- The method according to any one of claims 6 to 9, characterized in that the
30 association of a crossing cost value with each block obtained by dividing into blocks of
varying sizes comprises, for a given block, determining the majority category of the
elementary units making up said given block, and the association with said given block of

a mean crossing cost value computed for said majority category.



