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METHOD FOR MONITORING DENTITION

TECHNICAL FIELD

[0001] The present invention relates to a method for
monitoring the positioning and/or the shape and/or the
appearance of teeth of a patient and a computer program for
implementing this method.

STATE OF THE ART

[0002] Tt is desirable for each person to have his or her
dentition checked regularly, particularly in order to check
that the position and/or the shape and/or the appearance of
his or her teeth is not changing for the worse.

[0003] During orthodontic treatment, this change for the
worse can notably lead to a change of treatment. After an
orthodontic treatment, this change for the worse, called
“recurrence”, can lead to a resumption of a treatment.
Finally, more generally and independently of any treatment,
each person may want to track any movement and/or the
changing shape and/or appearance of his or her teeth.
[0004] Conventionally, the checks are performed by an
orthodontist or a dentist who alone have appropriate appa-
ratus. These checks are therefore costly. Furthermore, the
visits are restrictive.

[0005] US 2009/0291417 describes a method making it
possible to create, then modify, three-dimensional models,
notably for the production of orthodontic appliances.
[0006] One aim of the present invention is to address, at
least partially, the abovementioned problems.

SUMMARY OF THE INVENTION

[0007] The invention provides a method for monitoring
the positioning and/or the shape of the teeth of a patient, said
method comprising the following steps:

[0008] a) production of a three-dimensional digital ref-
erence model of at least part of an arch, preferably of
at least one arch of the patient, or “initial reference
model” and, preferably, for each tooth, definition, from
the initial reference model, of a three-dimensional
digital reference model of said tooth, or “tooth model”;

[0009] b) acquisition of at least one two-dimensional
image of the arches of the patient, called “updated
image”, in actual acquisition conditions;

[0010] c) analysis of each updated image and produc-
tion, for each updated image, of an updated map
relating to a discriminating piece of information;

[0011] d) optionally, determination, for each updated
image, of rough virtual acquisition conditions approxi-
mating said actual acquisition conditions;

[0012] e) searching, for each updated image, for a final
reference model corresponding to the positioning and/
or the shape of the teeth during the acquisition of the
updated image, the search being preferably performed
by means of a metaheuristic method, preferably evo-
lutionist, preferably by simulated annealing, and

[0013] f) for each tooth model, comparison of the
positionings of said tooth model in the initial reference
model and in the reference model obtained at the end of
the preceding steps, called “final reference model”, in
order to determine the movement of the teeth between
the steps a) and b), and/or
[0014] comparison of the shapes of the initial refer-

ence model and of the reference model obtained at
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the end of the preceding steps, called “final reference
model”, in order to determine the deformation and/or
the movement of the teeth between the steps a) and
b).
[0015] As will be seen in more detail hereinbelow in the
description, a method for monitoring the positioning and/or
the shape of teeth according to the invention makes it
possible, from a simple image of the teeth, taken without
precise prepositioning of the teeth relative to the image
acquisition apparatus, for example from a photograph taken
by the patient, to assess accurately the movement and/or the
deformation of the teeth from the production of the initial
reference model. This assessment can also be performed by
a simple computer, a server or a mobile phone.
[0016] Preferably, the step e) comprises:

[0017] a first optimization operation making it possible
to search for the virtual acquisition conditions best
corresponding to the actual acquisition conditions in a
reference model to be tested determined from the initial
reference model, and

[0018] a second optimization operation making it pos-
sible to search for, by testing a plurality of said refer-
ence models to be tested, the reference model best
corresponding to the positioning and/or the shape of the
teeth of the patient during the acquisition of the updated
image in the step b).

[0019] Preferably, a first optimization operation is per-
formed for each test of a reference model to be tested during
the second optimization operation.

[0020] Preferably, the first optimization operation and/or
the second optimization operation, preferably the first opti-
mization operation and the second optimization operation,
implement a metaheuristic method, preferably evolutionist,
preferably a simulated annealing.

[0021] Preferably, the step e) comprises the following
steps:

[0022] el) definition of a reference model to be tested as
being the initial reference model then,

[0023] e2) according to the following steps, testing of
the virtual acquisition conditions with the reference
model to be tested in order to finely approximate said
actual acquisition conditions;

[0024] e21) determination of virtual acquisition con-
ditions to be tested;

[0025] e22) production of a two-dimensional refer-
ence image of the reference model to be tested in said
virtual acquisition conditions to be tested,

[0026] e23) processing of the reference image to
produce at least one reference map representing, at
least partially, said discriminating piece of informa-
tion;

[0027] e24) comparison of the updated and reference
maps so as to determine a value for a first assessment
function, said value for the first assessment function
depending on the differences between said updated
and reference maps and corresponding to a decision
to continue or to stop the search for virtual acquisi-
tion conditions approximating said actual acquisition
conditions with greater accuracy than said virtual
acquisition conditions to be tested determined on the
last occurrence of the step e21);

[0028] e25) if said value for the first assessment
function corresponds to a decision to continue said
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search, modification of the virtual acquisition con-
ditions to be tested, then return to the step e22);
[0029] e3) determination of a value for a second assess-
ment function, said value for the second assessment
function depending on the differences between the
updated and reference maps in the virtual acquisition
conditions best approximating said actual acquisition
conditions and resulting from the last occurrence of the
step e2), said value for the second assessment function
corresponding to a decision to continue or to stop the
search for a reference model approximating the shape
and/or the positioning of the teeth during the acquisi-
tion of the updated image with greater accuracy than
said reference model to be tested used on the last
occurrence of the step e2), and if said value for the
second assessment function corresponds to a decision
to continue said search, modification of the reference
model to be tested by deformation of the reference
model to be tested and/or by movement and/or defor-
mation of one or more tooth models, then return to the
step €2).
[0030] A method for monitoring the positioning and/or the
shape of teeth according to the invention can also comprise
one or more of the following optional features:
[0031] in the step a), an occlusal plane is determined
according to the following operations:

[0032] 1. determination of the points of the initial
reference model which belong to an arch and which
are at a distance from the other arch which is less
than a predetermined distance, preferably at a dis-
tance less than 3 mm from the other arch, called
“points of contact”;

[0033] II. optionally, filtering of some of the points of
contact, preferably such that the number of points of
contact belonging to the upper arch is identical to the
number of points of contact belonging to the lower
arch, preferably by eliminating the points of an arch
that are furthest away from the other arch;

[0034] TII. linear regression, preferably by the least
squares method, over all the points of contact
remaining so as to determine the occlusal plane;

[0035] in the step a), the following operations are per-
formed:

[0036] i. projection, in an occlusal plane, of the
points of contact between the teeth of the upper and
lower arches of the patient, the points of contact
and/or the occlusal plane being preferably deter-
mined, according to steps Ito III;

[0037] ii. determination of the barycenter of the pro-
jections of said points of contact and creation of a
reference frame, in the occlusal plane, centered on
said barycenter;

[0038] 1iii. determination, in said reference frame, of
the parabolic function exhibiting the greatest coef-
ficient of correlation with all the projections of the
points of contact;

[0039] iv. rotation of all the projections of the points
of contact about the barycenter, and repeating of the
preceding operation iii until all the projections of the
points of contact have covered a determined sector,
preferably greater than 90°, greater than 180°, even
approximately 360°;

[0040] v. identification of the highest coeflicient of
correlation for all the angular positions of all the
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projections of the points of contact about the
barycenter, and of the axis of the corresponding
parabolic function;

[0041] vi. determination of a median longitudinal
plane of the initial reference model, said plane pass-
ing through said axis and being at right angles to the
occlusal plane;

[0042] in the step a), a tooth model is at least partially
delimited according to the following operations:
[0043] 1. determination, at least partially, of interior

and exterior gingival edges of the arch of the tooth
concerned, preferably by analysis of the variations of
the orientation of the surface of the initial reference
model;

[0044] 1ii'. projection, in the occlusal plane, of the
interior and exterior gingival edges;

[0045] iii". identification of the deformations of the
projections of the interior and exterior gingival edges
corresponding to interdental regions, the tops of
these deformations being called “point of conver-
gence” (in an interdental region, the two projections
each have a point, the two points pointing substan-
tially toward one another, the end of one point being
a point of convergence);

[0046] 1v'. determination of the shortest path, on the
surface of the initial reference model, between two
points of convergence of interior and exterior gingi-
val edges, respectively, of an interdental region,
preferably by a metaheuristic method, preferably
evolutionist, preferably by simulated annealing, said
shortest path at least partially delimiting a tooth
model;

[0047] an updated image is acquired less than seven
days after the step a), then the steps ¢) to f) are
implemented from this updated image;

[0048] the time interval between the steps a) and b) or
between the steps A and B can be greater than one
week, than two weeks, than one month, than two
months or than six months;

[0049] in the step b), a hand-held acquisition apparatus
is used (and in particular one which is not immobilized,
for example by means of a support resting on the
ground) and/or the head of the patient is not immobi-
lized;

[0050] an individual apparatus is used that is chosen
from the group formed by a connected camera, a smart
watch, a digital tablet, a portable 3D scanner and a
computer coupled to an image acquisition systeni, such
as a webcam or a digital camera, to implement the step
b) and, preferably at least one of the steps, preferably
all of the steps c) to f);

[0051] inthe step b), a separator is used comprising one,
preferably more than two register marks, preferably
non-aligned, and, preferably, the representation of the
register marks on the updated image is used to
[0052] in the step c), recut the image and/or,

[0053] in the step d), roughly assess the actual acqui-
sition conditions;

[0054] in the step ¢), the discriminating piece of infor-
mation is chosen form the group consisting of a piece
of outline information, a piece of color information, a
piece of density information, a piece of distance infor-
mation, a piece of brightness information, a piece of
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saturation information, a piece of information on glare
and combinations of the above pieces of information;

[0055] in the step ¢), the discriminating piece of infor-
mation is an optimum piece of discriminating informa-
tion obtained by means of an optimization method
according to the invention, described hereinbelow;

[0056] in the step d), data supplied by the acquisition
apparatus and, preferably, concerning its orientation,
are used;

[0057] in the step e2), the virtual acquisition conditions
sought comprise calibration parameters of the acquisi-
tion apparatus implemented in the step b);

[0058] an optimization is implemented by a metaheuris-
tic method, preferably evolutionist, preferably by simu-
lated annealing to:

[0059] in the step a), at least partially determine a
gingival edge delimiting a tooth model, and/or

[0060] in the step e2), search for the virtual acquisi-
tion conditions corresponding to the actual acquisi-
tion conditions, and/or

[0061] in the step e), search for a reference model
corresponding to the updated image;

[0062] said metaheuristic method is chosen from the
group formed by
[0063] the evolutionist algorithms, preferably chosen

from: evolution strategies, genetic algorithms, dif-
ferential evolution algorithms, distribution estima-
tion algorithms, artificial immunity systermns,
Shuffled Complex Evolution path recomposition,
simulated annealing, ant colony algorithms, particle
swarm optimization algorithms, taboo search, and
the GRASP method;

[0064] the kangaroo algorithm,

[0065] the Fletcher and Powell method,

[0066] the noise method,

[0067] stochastic tunneling,

[0068] hill climbing with random restarts,

[0069] the cross entropy method, and

[0070] hybrids of the metaheuristic methods

described above;

[0071] from the comparison in the step f), a mapping is
produced showing the changes of shape of the initial
reference model and/or the movement of one or more
tooth models;

[0072] the discriminating information used for the
updated map and/or for the reference map is, prior to
this use, optimized by means of an optimization
method according to the invention described hereinbe-
low, comprising steps C1 to C3, the image acquired
being the updated image or the reference image, respec-
tively, and the reference model being the initial refer-
ence model or the reference model to be tested, respec-
tively.

[0073] The invention also relates to the use of a method for
monitoring the positioning of teeth according to the inven-
tion for

[0074] detecting a recurrence, and/or

[0075] determining a rate of evolution of a change of
positioning of the teeth, and/or

[0076] optimizing the date on which an appointment is
made with an orthodontist or a dentist, and/or

[0077] assessing the effectiveness of an orthodontic
treatment, and/or

Nov. 16, 2017

[0078] assessing the evolution of the positioning of
teeth toward a theoretical model corresponding to a
determined positioning of the teeth, in particular an
enhanced positioning of the teeth, and/or

[0079] dentistry.

[0080] The method can notably be implemented during an
orthodontic treatment, notably to monitor the progress
thereof, the step a) being implemented less than three
months, less than two months, less one month, less than one
week, less than two days after the start of the treatment, that
is to say after the fitting of an appliance intended to correct
the positioning of the teeth of the patient, called “active
retaining appliance”.

[0081] The method can also be implemented after an
orthodontic treatment, to check that the positioning of the
teeth does not evolve unfavorably (“recurrence”). The step
a) is then preferably implemented less than three months,
less than two months, less than one month, less than one
week, less than two days after the end of the treatment, that
is to say after the fitting of an appliance intended to hold the
teeth in position, called “passive retaining appliance”.
[0082] In one embodiment, to monitor exclusively the
movement of the teeth, it is considered that tooth models are
non-deformable during the step e). In particular, in the step
¢3), the reference model to be tested can be modified only
by movement of one or more tooth models.

[0083] The invention relates also to the use of a method for
monitoring the shape of teeth according to the invention for:

[0084] displaying and/or measuring and/or detecting
dental plaque, and/or a start of caries, and/or a micro-
cracking, and/or wear, for example resulting from brux-
ism or from the implementation of an orthodontic
appliance, active or passive, notably in case of break-
age or of detachment of an orthodontic arc;

[0085] displaying and/or measuring and/or detecting a
change of volume, in particular during the growth of
the teeth or following an intervention of a dentist or of
an orthodontist, for example a deposit of glue on the
surface of the teeth;

[0086] assessing advisability of an interceptive treat-
ment, before any orthodontic treatment, notably to
assess the benefit of an orthodontic treatment.

[0087] In one embodiment, to monitor exclusively the
deformation of the teeth, it is considered, during the step e),
that the tooth models are fixed, that is to say have not moved
between the steps a) and b). In particular, in the step e3), the
reference model to be tested can be modified only by
deformation of one or more tooth models.

[0088] The comparison of the shapes of the initial refer-
ence model and of the final reference model in order to
determine the deformation of teeth between the steps a) and
b) can in particular result from a comparison of the shape of
one or more tooth models in the initial reference model and
in the final reference model.

[0089] The invention relates also to a method for moni-
toring a property of appearance of teeth of a patient, said
method comprising the following successive steps:

[0090] A. acquisition, by means of a first acquisition
apparatus, of at least one first two-dimensional image
of said teeth and of a first reference gauge, called
“initial image”;

[0091] B. acquisition, by means of a second acquisition
apparatus, of at least one second two-dimensional
image of said teeth and of a second reference gauge
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exhibiting a same appearance as the first reference
gauge, called “updated image”;

[0092] C. normalization of the initial and updated
images so that the representations of the first and
second reference gauges on the normalized initial and
updated images exhibit a same appearance;

[0093] D. before or after the step C., identification of a
same region of the teeth on the initial and updated
images;

[0094] E. comparison of the appearance of said region
on the normalized initial and updated images.

[0095] A method for monitoring a tooth appearance prop-
erty according to the invention preferably comprises one or
more of the following optional features:

[0096] the time interval between the steps A. and B. is
greater than one week;

[0097] the first acquisition apparatus and/or the second
acquisition apparatus are cameras and/or mobile
phones;

[0098] the acquisitions in the steps A. and/or B. are
performed under flash lighting;

[0099] the reference gauges used for each of the steps A.
and B. exhibit a same appearance;

[0100] the reference gauges used for each of the steps A.
and B. are set on a dental separator;

[0101] the acquisitions in the steps A. and/or B. are
performed by means of an acquisition kit according to
the invention, described hereinbelow;

[0102] thereference gauges used for each of the steps A.
and B. are register marks;

[0103] the first acquisition apparatus and/or the second
acquisition apparatus comprises a computer program
comprising program code instructions for identifying,
in real time, the register mark or marks on the separator,
analyzing its or their positions and/or dimensions, in
particular the relative positons of several register marks
and, accordingly, supplying a piece of information,
preferably light-based or sound-based, so as to inform
the user of said acquisition apparatus;

[0104] in the step D., the identification comprises a
comparison of discriminating pieces of information
common to both the initial and the updated image, then
an identification of the position of said region relative
to said common discriminating pieces of information;

[0105] in the step D., the identification of the region on
the initial and/or updated images comprises a search for
virtual acquisition conditions in which the first and/or
second acquisition apparatuses, respectively, would
have acquired said initial and/or updated image, respec-
tively, by observing a three-dimensional digital refer-
ence model of the arches of the patient.

[0106] in the step D., the identification of the region on
the initial and/or updated images comprises the imple-
mentation of a method for assessing the actual acqui-
sition conditions according to the invention, described
hereinbelow.

[0107] The invention also relates to an acquisition Kkit,
notably for implementing a step b), A. or B., said acquisition
kit comprising:
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[0108] a dental separator intended to be placed in the
mouth of a patient and comprising a register mark;
[0109] an image acquisition apparatus comprising;

[0110] a display screen,

[0111] a computer memory containing information
on target acquisition conditions,

[0112] acomputer program comprising program code
instructions for simultaneously displaying, on said
screen, a preview image and a reference, said refer-
ence being in a position such that, when the register
mark matches the reference on the screen, the acqui-
sition apparatus meets the target acquisition condi-
tions.

[0113] An acquisition kit according to the invention can
notably be implemented in the step b) of a method for
monitoring the positioning and/or the shape of the teeth
according to the invention, or in the steps A. and/or B. of a
method for monitoring a tooth appearance property, and
more generally, for any method comprising an assessment of
the acquisition conditions of an image.

[0114] As will be seen in more detail hereinbelow in the
description, an acquisition kit according to the invention
makes it possible in particular to position the acquisition
apparatus in a position which corresponds substantially to a
predetermined position, for example considered as optimal
for the desired monitoring. An acquisition kit according to
the invention therefore makes it possible to considerably
improve the information processing speed for the imple-
mentation of the monitoring methods according to the
invention.

[0115] An acquisition kit according to the invention pref-
erably has one or more of the following optional features:

[0116] the acquisition apparatus is a mobile phone;
[0117] the reference is chosen from the group consisting
of

[0118] a point,

[0119] a geometrical shape, preferably a circle, a
square, a rectangle or a line,

[0120] a colored zone of the same color as said
register mark,

[0121] a shape identical to the shape of said register
mark,

[0122] a shape complementing the shape of said
register mark, in particular to form a shape having a
direction, like a geometrical shape, a letter or a text,
a drawing, or a pattern, and

[0123] their combinations;

[0124] the separator comprises several non-aligned reg-
ister marks, and preferably coplanar;

[0125] the register mark is arranged so that, when it
matches said reference on the screen, it is less than 1 cm
from an edge of the screen.

[0126] The invention relates also to a method for acquiring
a two-dimensional image of a part of a dental arch, or of a
dental arch or of the two dental arches of a patient by means
of an acquisition kit according to the invention, notably for
the implementation of a step b), A. and/or B. This method is
noteworthy in that it comprises the following successive
steps:

[0127] (a) determination of target acquisition condi-
tions, for example according to a treatment to be
applied, in particular an orthodontic treatment, and
determination of conditions of match suitable for a
matching of a register mark of the separator with a
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reference displayed on the screen of the acquisition
apparatus to result in the application of the target
acquisition conditions;

[0128] (b) programming of the acquisition apparatus so
as to display the reference in a position such that said
matching results in the application of the target acqui-
sition conditions;

[0129] (c) placement of the separator in the mouth of
the patient;
[0130] (d) positioning of the acquisition apparatus so as

to match the register mark and the reference and thus
apply the target acquisition conditions;

[0131] (e) acquisition of the preview image in the
positioning of the acquisition apparatus adopted in the
preceding step.

[0132] The target acquisition conditions are conditions
allowing a suitable positioning of the acquisition apparatus,
preferably an optimum positioning of the acquisition appa-
ratus for acquiring the image. Preferably, the target acqui-
sition conditions are therefore determined according to the
teeth to be observed.

[0133] Preferably, an acquisition method according to the
invention is implemented for the steps of the monitoring
methods according to the invention requiring the acquisition
of a two-dimensional image of a part of an arch or of a dental
arch or of both dental arches of a patient, and in particular
for the steps b).

[0134] Preferably, the cycle of the steps (a) to (e) is
repeated several times, preferably more than two times, even
more than three times, with different target acquisition
conditions.

[0135] For example, to measure the movement of a tooth,
first target acquisition conditions will be able to correspond
to a positioning at 40 cm from the separator, facing and at
the same height as the separator. Second and third target
acquisition conditions will be able to correspond to a posi-
tioning at 40 cm from the separator, at the same height as the
separator, at 45° to the right and to the left of the saggital
plane, respectively.

[0136] Preferably, the steps (¢), (d) and (e) are executed by
a person without any university training in orthodontics
and/or outside of any medical, dentistry or orthodontics
practice, and/or without recourse to a device for mechani-
cally stabilizing the acquisition apparatus and/or without
recourse to appliances other than a mobile phone and/or
without recourse to a standard calibration gauge.

[0137] The invention relates also to a method for optimiz-
ing a discriminating piece of information extracted from a
two-dimensional image of the dental arches of a patient,
called “acquired image”, by means of a three-dimensional
digital reference model of at least a part of an arch of the
patient, or of an arch or of the two arches of the patient, said
method comprising the following steps:

[0138] CIl. assessment of the quality of the discriminat-
ing piece of information and of a quality threshold,
filtering so as to retain only the discriminating piece of
information exhibiting a quality above the quality
threshold, and definition of the “discriminating piece of
information to be tested” as being the discriminating
piece of information retained;

[0139] C2. testing of a match between the discriminat-
ing piece of information to be tested and said reference
model;
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[0140] C3. assessment of the result of the test, and,
based on said assessment:

[0141] addition of discriminating information not
retained to the discriminating piece of information to
be tested and/or elimination of discriminating infor-
mation from the discriminating piece of information
to be tested, then return to the step C2., or,

[0142] definition of the optimum discriminating
piece of information as being the discriminating
piece of information to be tested.

[0143] Preferably, an optimization method according to
the invention also comprises one or more of the following
optional features:

[0144] the discriminating information is chosen from
the group consisting of a piece of outline information,
a piece of color information, a piece of density infor-
mation, a piece of distance information, a piece of
brightness information, a piece of saturation informa-
tion, a piece of information on glare, and combinations
of these pieces of information;

[0145] the step C2. comprises the following steps:
[0146] search for virtual acquisition conditions

approximating, preferably optimally, actual acquisi-
tion conditions in which said acquired image was
acquired and observation of the reference model in
said virtual acquisition conditions so as to obtain a
reference image;

[0147] processing of the acquired image and of the
reference image to produce at least one acquired map
and one reference map, respectively, said acquired
and reference maps representing said discriminating
information;

[0148] comparison of the acquired and reference
maps to determine a degree of match, the result of
the test of the step C2. depending on, preferably
being equal to, said degree of match;

[0149] the search for virtual acquisition conditions
approximating the actual acquisition conditions com-
prises the following steps:

[0150] 01) optionally, determination of rough virtual
acquisition conditions approximating said actual
acquisition conditions, preferably by analysis of the
representation, on the acquired image, of a separator
used during the acquisition of the acquired image;

[0151] 02) determination of virtual acquisition con-
ditions to be tested;

[0152] 03) production of a two-dimensional refer-
ence image of the reference model observed in the
virtual acquisition conditions to be tested,

[0153] 04) processing of the reference image to pro-
duce at least one reference map representing said
discriminating information;

[0154] 05) comparison of the acquired and reference
maps so as to determine a value for an assessment
function, said value for the assessment function
depending on the differences between said acquired
and reference maps and corresponding to a decision
to continue or to stop the search for virtual acquisi-
tion conditions approximating the actual acquisition
conditions with greater accuracy than said virtual
acquisition conditions to be tested;

[0155] if said value for the assessment function cor-
responds to a decision to continue said search, modi-
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fication of said virtual acquisition conditions to be
tested, then return to the step 03);

[0156] otherwise, assessment of the actual acquisi-
tion conditions by said virtual acquisition conditions
to be tested,;

[0157] the determination of the discriminating informa-
tion to be added and/or to be added in the step C3.
results from the implementation of a metaheuristic
method, preferably evolutionist.

[0158] Theinvention relates also to a method for assessing
actual acquisition conditions of a two-dimensional image of
the teeth of a patient, called “acquired image”, said method
comprising the following steps:

[0159] 001) production of a three-dimensional digital
reference model of at least a part of an arch, preferably
of an arch, preferably of the two arches of the patient;

[0160] 002) analysis of the acquired image and produc-
tion of a map relating to a discriminating piece of
information, called “acquired map”;

[0161] 003) search for the virtual acquisition conditions
approximating said actual acquisition conditions, pref-
erably according to the steps 01) to 05).

[0162] One or more of the features, possibly optional, of
the step a) are applicable to the step 001). In particular, the
reference model can be prepared, by a scan, from measure-
ments performed on the teeth of the patient or on a physical
model of his or her teeth, for example a plaster model.
[0163] One or more of the features, possibly optional, of
the step c) are applicable to the step 002).

[0164] The invention also relates to:

[0165] a computer program, and in particular an appli-
cation specifically for mobile phones, comprising pro-
gram code instructions for the execution of one or
more, preferably all, of the steps b) to f) or A. to E., or
C1 to C3, when said program is run by a computer,

[0166] a computer medium on which is stored such a
program, for example a memory or a CD-ROM, and

[0167] a personal appliance, in particular a mobile
phone or a tablet, in which such a program is loaded.

[0168] The invention relates also to a system comprising

[0169] a three-dimensional scanner capable of imple-
menting the step a) of a method for monitoring the
positioning and/or the shape of teeth according to the
invention, or a step 001).

[0170] apersonal appliance, preferably a mobile phone,
loaded with a program according to the invention.

Definitions

[0171] A “patient” should be understood to mean any
person for whom a method is implemented in order to
monitor the teeth thereof, whether this person is sick or not,
or whether this person is currently being treated or not.
[0172] A “dental health professional” should be under-
stood to mean a dentist, an orthodontist or an orthodontic
laboratory.

[0173] A “dentist” should be understood to be a dentist or
a dental assistant working under the responsibility of a
dentist.

[0174] “Dentition” should be understood to mean the two
dental arches of the patient.

[0175] An image of an arch is of course a partial repre-
sentation of this arch.

[0176] A “mobile phone” is an appliance weighing less
than 500 g, provided with a sensor enabling it to capture
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images, capable of exchanging data with another appliance
more than 500 km away from the mobile phone, and capable
of displaying said data, and notably said images.

[0177] For a method for monitoring the positioning of the
teeth, the “acquisition conditions” specify the position and
the orientation in space of an image acquisition apparatus in
relation to the teeth of the patient or to a tooth model of the
patient, and preferably the calibration of this image acqui-
sition apparatus.

[0178] The “calibration” of an acquisition apparatus is
made up of all the values of the calibration parameters. A
calibration parameter is a parameter intrinsic to the acqui-
sition apparatus (unlike its position and its orientation), the
value of which influences the image acquired. For example,
the diaphragm aperture is a calibration parameter which
modifies the depth of field. The exposure time is a calibra-
tion parameter which modifies the brightness (or “expo-
sure”) of the image. The focal distance is a calibration
parameter which modifies the viewing angle, that is to say
the degree of “zoom”. The “sensitivity” is a calibration
parameter which modifies the response of the sensor of a
digital acquisition apparatus to the incident light.

[0179] Preferably, the calibration parameters are chosen
from the group formed by the diaphragm aperture, the
exposure time, the focal distance and the sensitivity.
[0180] The “occlusal plane” is the plane which provides
the best linear correlation with all the points of contact
between the teeth of the upper arch on the one hand and the
teeth of the lower arch on the other hand.

[0181] The “median longitudinal plane” is the plane sub-
stantially vertical when the patient holds the head straight,
which substantially symmetrically separates left and right
parts of each arch.

[0182] A “tablet” is a portable computer with touchscreen.
[0183] A 3D scanner is an apparatus making it possible to
obtain a three-dimensional representation of an object.
[0184] An “image” is understood to be a two-dimensional
image, like a photograph. An image is formed by pixels.
[0185] A *“preview” image is the image that the acquisition
apparatus can record at a given instant. For a camera or a
telephone, it is the image which appears on screen when the
photo or video acquisition application is running.

[0186] A “discriminating piece of information” is a char-
acteristic information which can be extracted from an image
(“image feature”), conventionally by a computer processing
of this image.

[0187] A discriminating piece of information can have a
variable number of values. For example, an outline infor-
mation can be equal to one or zero depending on whether a
pixel belongs or does not belong to an outline. A brightness
information can take a large number of values.

[0188] The processing of the image makes it possible to
extract and quantify the discriminating information.

[0189] Acquisition conditions are called “virtual” when
they correspond to a simulation in which the acquisition
apparatus would be in said acquisition conditions (theoreti-
cal positioning and preferably calibration of the acquisition
apparatus).

[0190] “Comprising a” or “including a” or “having a”,
should be understood to mean “including at least one”,
unless indicated otherwise.

[0191] In the different methods described, the references
of the steps are identical if these steps are similar or
identical.
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BRIEF DESCRIPTION OF THE FIGURES

[0192] Other features and advantages of the invention will
become more apparent on reading the following detailed
description and on studying the attached drawing in which:
[0193] FIG. 1 represents a flow diagram illustrating the
implementation of a method for monitoring the positioning
and/or the shape of teeth according to the invention,
[0194] FIG. 2 represents an example of an initial reference
model,

[0195] FIG. 3 illustrates the processing performed to
determine the occlusal plane,

[0196] FIG. 4 (4a-4d) illustrates the step necessary for
determining the tooth models in a reference model,

[0197] FIG. 5 (5a-5d) illustrates the acquisition of updated
images, and the trimming operation,

[0198] FIG. 6 (6a-6b) illustrates the processing of an
updated image making it possible to determine the outline of
the teeth,

[0199] FIG. 7 schematically illustrates the relative posi-
tion of register marks 12 on updated images 14, and 14, of
a separator 10, depending on the direction of observation
(broken line),

[0200] FIG. 8 represents a mapping resulting from the
implementation of a method for monitoring the shape of
teeth of a patient according to the invention,

[0201] FIG. 9 represents a flow diagram illustrating the
implementation of a method for monitoring the appearance
of teeth according to the invention,

[0202] FIG. 10 represents a flow diagram illustrating the
implementation of a method for optimizing a piece of
discriminating information according to the invention, and
[0203] FIG. 11 represents, on an acquired image, a refer-
ence map established for a glare information, and

[0204] FIGS. 12a and 125 illustrate two views of a three-
dimensional model with two different focal distances.

DETAILED DESCRIPTION OF A METHOD FOR
MONITORING THE POSITIONING OF THE
TEETH

[0205] A method for monitoring the positioning of the
teeth according to the invention comprises the steps men-
tioned above.

[0206] In the step a), an initial reference model of the
arches, or of a part of the arches of the patient is created (see
FIG. 2).

[0207] The initial reference model is a digital model in
three dimensions of the arches of the patient, for example of
stl or .Obj, .DXF 3D, IGES, STEP, VDA, or point cloud
type. Advantageously, such a model, called “3D” can be
observed from any angle.

[0208] For the tracking of an orthodontic treatment, the
initial reference model is preferably prepared at the start of
the treatment. The initial reference model can correspond to
a positioning of the teeth of the patient before the treatment
or to a positioning of the teeth of the patient that the
treatment sets out to achieve. In this case, the initial refer-
ence model is conventionally computed from a first three-
dimensional model corresponding to the positioning of the
teeth of the patient before the treatment.

[0209] To monitor for recurrence, the initial reference
model is preferably prepared less than six months, prefer-
ably less than three months, even more preferably less than
amonth after the end of the orthodontic treatment, generally
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immediately after the end of the treatment. It thus corre-
sponds to a substantially optimum positioning of the teeth.

[0210] The initial reference model can also be prepared
independently of any treatment, for example because the
patient wants to monitor the movements of his or her teeth.

[0211] The initial reference model can be prepared from
measurements performed on the teeth of the patient or on a
physical model of his or her teeth, for example a plaster
model.

[0212] The initial reference model is preferably created by
means of a professional apparatus, for example by means of
a 3D scanner, preferably implemented by a health profes-
sional, for example by an orthodontist or an orthodontic
laboratory. In an orthodontic practice, the patient or the
physical model of his or her teeth can advantageously be
arranged in a precise position and the professional apparatus
can be refined. The result thereof is a very accurate initial
reference model. The initial reference model preferably
provides a piece of information on the positioning of the
teeth with an error of less than %10 mm, preferably less than
%0 mm, preferably less than Y40 mm.

Orientation of the Initial Reference Model:

[0213] Preferably, the orientation of the initial reference
model in space, and in particular, preferably, the occlusal
plane and the median longitudinal plane, are determined.

[0214] The occlusal plane and the median longitudinal
plane can be determined manually, approximately. The
inventors have however discovered methods that make it
possible to determine these planes by computer processing.

[0215] Preferably, the reference model is a model of the
arches with mouth closed, that is to say in a position in
which teeth of the upper arch are in contact with teeth of the
lower arch.

[0216] Conventionally, the initial reference model sup-
plied by a three-dimensional scanner makes it possible to
distinguish the upper arch from the lower arch. Generally,
the model is supplied in the form of two files corresponding
respectively to these arches, and comprising data making it
possible to position the models of these arches relative to
one another in the occlusal position.

[0217] Preferably, to estimate the points of contact
between the teeth of the upper and lower arches, the set of
the points of the model of the upper arch and of the lower
arch which are at a distance less than a predetermined limit
is determined, this limit preferably being less than 3 mm,
preferably approximately 2 mm. All the other points of these
models are then disregarded, which results in the represen-
tation of FIG. 3. A linear regression then makes it possible
to determine the occlusal plane (“plane 17 in FIG. 3c¢).

[0218] The initial reference model can thus be oriented
according to the occlusal plane (FIG. 34).

[0219] If the initial reference model does not comprise
data making it possible to position the upper and lower
arches relative to one another, a check-bite is preferably
used, revealing the points of contact between the upper teeth
and the lower teeth, then the models of the upper and lower
arches are repositioned in relation to this check-bite.
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[0220] The median longitudinal plane is at right angles to
the occlusal plane, but its orientation is unknown.

[0221] Preferably, the following procedure is applied to
determine the orientation of the median longitudinal plane:
[0222] Axes [Ox) and [Oy) are considered in the occlusal
plane, the point O being the barycenter of the normal
projections of the points of contact on the occlusal plane.

[0223] In this reference frame (xOy), the curve, prefer-
ably parabolic, is sought which exhibits the greatest
coeflicient of correlation with the set of said projec-
tions.

[0224] The set of the projections of the points of contact
1s then moved in the occlusal plane, by rotation about
the point O, and the preceding step is recommenced
from this new angular position of the projections of the
points of contact.

[0225] The cycle of the above operations is continued,
preferably until the set of the points of contact has been
rotated by 360° about the barycenter O. The coefficients of
correlation corresponding to the different orientations of the
set of the points of contact are then compared. The axis of
the curve which leads to the highest coeflicient of correlation
is then considered as included in the median longitudinal
plane, which makes it possible to precisely define the
orientation thereof.

[0226] The orientation in space of the initial reference
model is thus perfectly determined, rapidly.

Creation of the Tooth Models

[0227] In the initial reference model, a part which corre-
sponds to a tooth, or “tooth model”, is delimited by a
gingival edge which can be broken down into an interior
gingival edge (on the side of the interior of the mouth
relative to the tooth), an exterior gingival edge (oriented
toward the exterior of the mouth relative to the tooth) and
two lateral gingival edges. The gingival edges correspond to
regions in which the orientation of the surface defined by the
initial reference model undergoes modifications of high
amplitudes. These variations of orientation can be identified
according to known techniques, for example by identifying
the changes of direction of the normal to the surface mod-
elled. FIG. 4a represents a view of the initial reference
model processed to show these changes of direction. FIG. 46
shows the interior gingival edge which can be extracted by
analysis of the image of FIG. 4a.

[0228] Several views of the initial reference model are
thus analyzed, which makes it possible to determine the
interior and exterior gingival edges in three dimensions, as
represented in FIG. 4c.

[0229] Moreover, in projection in the occlusal plane, the
interior and exterior gingival outlines of an arch approach
one another on either side of a tooth. To determine a lateral
gingival edge of a tooth, the shortest path is sought, on the
surface of the initial reference model, between the two
points of the interior and exterior gingival edges thus
brought closer together and which substantially face one
another. The search for the shortest path between two points
on a three-dimensional model involves optimization tech-
niques that are well known. Preferably, this search results
from a metaheuristic method, preferably evolutionist, pref-
erably from a simulated annealing.

[0230] Two adjacent lateral gingival edges and the parts of
the interior and exterior gingival edges which connect these
lateral gingival edges thus make it possible to delimit a tooth
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at the gingival level. By taking account of the fact that a
tooth extends from the gingival outline to the occlusal plane,
it is thus possible to determine the parts of the initial
reference model which correspond to the different teeth
(“tooth models”). FIG. 4d represents the set of the tooth
models of an arch.

[0231] The initial reference model can be stored in a
centralized database, comprising the initial reference models
of a plurality of patients. This database can be physically
installed in a specialist establishment. It can also be installed
in a laboratory or an orthodontic practice, which limits the
transfers of confidential information.

[0232] In one embodiment, the initial reference model is
handed to the patient. Preferably, a computer file corre-
sponding to the initial reference model is stored on a
removable medium, for example on a USB key or on an
electronic card, preferably on a mobile phone, a tablet or a
portable computer of the patient, and in particular on the
personal appliance which will preferably be used in the steps
b) and subsequent steps. Preferably, the patient or a dental
health professional loads the initial reference model in said
individual appliance or makes it available for loading in said
individual appliance. The patient preferably loads the initial
reference model from the Internet.

[0233] In a preferred embodiment, the reference model is
not handed to the patient. Preferably, the reference model is
only made available to a specialist establishment for imple-
menting the steps ¢) to f). It can remain stored in the
establishment in which it was produced in the step a) and
where, preferably, the steps c) to f) are implemented.

[0234] In the step b), an updated image is taken of a part
of an arch, of an arch or of the arches by means of an image
acquisition apparatus. The step b) is preferably performed by
the patient or one of his or her close relatives, but can be
performed by a dentist.

Moment of Acquisition

[0235] Preferably, the updated image is taken after a time
interval At after the step a). The time interval At can be
predetermined. It can be constant, regardless of the occur-
rence of the method, that is to say that this interval relates
to the first execution of the method or a subsequent execu-
tion. It can be variable, and depend for example on the
results obtained following an earlier execution of the
method. In particular, to monitor recurrence, the time inter-
val At can be even shorter when this execution has made it
possible to detect a significant drift.

[0236] In a preferred embodiment, the time interval At is
determined by the orthodontist, according to a monitoring
schedule. Based on the evolution of the position of the teeth,
the orthodontist can modify this schedule and accordingly
modify the time interval At. In one embodiment, the method
for monitoring the position of the teeth according to the
invention is executed several times, the time intervals
between each execution being able to be identical or differ-
ent. The time intervals between two successive executions
can all be determined before the first execution to corre-
spond to a monitoring schedule drawn up by the orthodon-
tist.

[0237] The time interval At can also be indeterminate and
depend for example on decisions of the patient. For
example, the creation of an updated image can be performed
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on the occasion of an appointment with the dentist or at any
moment when the patient so wishes, even independently of
any orthodontic treatment.

[0238] The time interval At is preferably determined to
correspond to a potentially significant evolution of the
positioning of the teeth.

[0239] For example, to monitor recurrence, the time inter-
val At is preferably less than three months in the first year
after the treatment. After this first year, the time interval At
is preferably greater than one month, even greater than six
months or greater than twelve months. In particular, to detect
a drift in the teeth, a time interval of between six months and
eighteen months is suitable.

[0240] Preferably, at least one reminder informing the
patient of the need to create an updated image is addressed
to the patient. This reminder can be in paper form or,
preferably, in electronic form, for example in the form of an
email, an automatic alert from the specialist mobile appli-
cation or an SMS. Such a reminder can be sent by the
practice or the orthodontic laboratory or by the dentist or by
the specialist mobile application of the patient, for example.
[0241] In a preferred embodiment, an updated image is
acquired before the teeth have been able to move signifi-
cantly, substantially at the same time as the creation of the
initial reference model, preferably less than 7 days, less than
3 days, less than one day after the step a), that is to say
before the teeth have been able to move significantly. The
implementation of the method with this updated image
advantageously makes it possible to check that the method
does not lead to the detection of any difference between the
mitial and final reference models, and therefore that it is
working correctly.

[0242] In one embodiment, the updated image can be
acquired before the creation of the initial reference model.
For example, the steps a) and b) can be performed at the end
and at the start of an orthodontic treatment, respectively. It
is thus notably possible to assess the effectiveness of the
treatment in the absence of a 3D model at the start of
treatment. The time interval At separating the steps a) and
b) in this embodiment can notably take the values described
above for At.

Image Acquisition Apparatus

[0243] Preferably, the image acquisition apparatus is a
personal appliance commonly available in the market, for
example a mobile phone, a so-called “connected” camera, a
so-called “smart” watch, or a tablet or a personal computer,
fixed or portable, comprising an image acquisition system,
like a webcam or a camera, preferably a digital camera. Even
though the updated image can in particular be created by a
dentist, it is preferably created by the patient him or herself
or by one of his or her near relatives.

[0244] In particular, the updated image can be crated by a
person who has no particular knowledge of orthodontics,
and in particular who has no degree in orthodontics or
dentistry.

[0245] Preferably, the same acquisition apparatus is used
1o take all the updated images.

[0246] The image acquisition apparatus preferably weighs
less than 3 kg, less than 2 kg, less than 1 kg, less than 500
g, preferably less than 300 g.

[0247] The step b) can therefore advantageously be per-
formed at a distance from the step a), that is to say in a
location different from that in which the step a) is performed,
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in particular at more than 50 m, more than 100 m, more than
1 km from the place where the step a) is performed, in
particular outside of an orthodontic practice. In one embodi-
ment, the step b) is not performed in a dental practice, an
orthodontic practice or in an orthodontic laboratory, except,
possibly, in a session intended to train the patient.

[0248] Preferably, the updated image is a photograph, in
particular a panoramic photograph. In one embodiment, the
updated image is extracted from a film.

[0249] In a preferred embodiment, the method uses sev-
eral updated images to have at least one representation of
each tooth, preferably at least three updated images corre-
sponding to a front view, a right side view and a left side
view of the teeth of the patient.

[0250] Preferably, in the step b), at least one updated
image is taken in mouth closed position and at least one
updated image is taken in mouth open position. The mouth
closed image advantageously makes it possible to identify
the relative movements between the two arches. The mouth
open updated image advantageously makes it possible to
clearly identify the outlines of the teeth, without the teeth of
the upper arch concealing the teeth of the lower arch or vice
versa.

[0251] The updated images can be taken either for the
upper arch, or for the lower arch, or, preferably, for the two
arches, all or part thereof.

[0252] Several similar images (representing substantially
the same teeth) can also be useful in order to search for the
best score. According to the acquisition conditions, a dis-
criminating piece of information will in particular be able to
lead to different results depending on the updated image
used.

[0253] Preferably, a dental separator is used during the
step b), as represented in FIGS. 5a and 5¢. The first function
of the separator is to separate the lips in order to improve the
visibility of the teeth. Preferably, a separator is handed to the
patient, for example at an appointment with his or her
orthodontist or his or her dentist.

[0254] The image acquisition apparatus preferably sup-
plies color images, and/or infrared images of the mouth of
the patient, even of the face of the patient. The color images
preferably represent the mouth of the patient with the actual
colors of this mouth. The infrared images advantageously
make it possible to show the teeth with an excellent contrast.

[0255] Preferably, the image acquisition apparatus com-
prises a specialist application making it possible to imple-
ment the step b), but also, preferably, the subsequent steps,
preferably all the subsequent steps. Even more preferably,
this application manages the reminders and informs the
patient of the need to create an updated image.

[0256] Preferably, the specialist application is loaded into
the image acquisition apparatus from a physical medium
such as a USB key or a CD-ROM, or is downloaded over the
Internet or wirelessly. In one embodiment, the specialist
application is supplied to the patient by the practice and/or
the orthodontic laboratory. It can in particular take the form
of an application of the type of those commonly downloaded
to iPhones of the Apple® brand or the appliances of all
brands implementing the Android® operating systems or
any other operating system.

[0257] The image acquisition apparatus preferably com-
prises a camera or a video or infrared camera, that the user,
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for example the patient or one of his or her close relatives,
positions by means of a viewfinder or a screen, before
actuating it.

Polarizing Means and Acquisition Kit

[0258] A method for monitoring the positioning of teeth
according to the invention does not require an accurate
positioning of the image acquisition apparatus relative to the
teeth.

[0259] 1In one embodiment, no positioning constraint to
ensure an arrangement of the image acquisition apparatus at
less than 30 cm, less than 20 cm, less than 10 cm or less than
5 e¢m from a determined position is imposed.

[0260] Preferably, the image acquisition apparatus does
however comprise polarizing means facilitating the approxi-
mate positioning thereof relative to the patient before the
acquisition of the updated image.

[0261] The user can be guided by written and/or voice
messages for the acquisition. For example, the personal
appliance may announce “take a photo from the front”, emit
a signal to inform the user that the photo is acceptable or
that, on the contrary, he or she must take another photo,
announce “take a photo from the right”, preferably by
displaying an arrow to orient the user, etc. The end of the
acquisition process can also be announced by the apparatus.
The apparatus can also assist in the positioning, for example
by visual messages (for example by displaying arrows),
and/or audible messages (like a succession of beeps whose
frequency increases as the positioning of the apparatus
improves), and/or written and/or voice messages (“higher”,
“lower”, etc.).

[0262] The polarizing means can in particular comprise
references which appear on the viewfinder or the screen. The
references can for example comprise a line intended to be
aligned with the general direction of the join between the
upper teeth and the lower teeth when the teeth are clamped
by the patient, and/or a vertical line intended to be aligned
with the join between the two upper incisors. The references
can also refer to other parts of the patient. For example, they
can consist of marks corresponding to the position of the
eyes or take the form of an outline in which the mouth or the
face of the patient must be positioned.

[0263] The reference or references are preferably “immo-
bile” on the screen, that is to say that they do not move on
the screen when the acquisition apparatus is moving.
[0264] In a preferred embodiment, the reference or refer-
ences each correspond to a register mark borne by a refer-
ence frame added to the patient, that is to say that the patient
did not have before the implementation of the method,
preferably borne by a dental separator. A reference frame can
also be a piece bitten on by the patient.

[0265] The register mark can have a surface area greater
than 0.5 mm?, preferably greater than 1 mm?, preferably
greater than 2 mm?®, preferably greater than 5 mm® prefer-
ably greater than 10 mm?, even greater than 20 mm?, even
greater than 30 mm?, and/or less than 50 mm?®.

[0266] Large dimensions conferred on a register mark or
a proliferation of register marks advantageously make it
possible to improve the accuracy of the positioning of the
acquisition apparatus.

[0267] The register marks can be identical or different.
[0268] The register marks can notably be different accord-
ing to their position, for example according to whether they
are in the upper part or the lower part of the reference frame,
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and in particular of the separator, or to the right or to the left
of the reference frame, and in particular the separator.
[0269] The register mark can be identical or different from
the corresponding reference. It is preferably of geometrical
shape, for example a dot, one or more lines, for example
parallel, a star, a circle, an oval, a regular polygon, notably
a square, a rectangle or a rhombus.

[0270] The register mark can also be an image, a letter, a
digit or a sequence of letters and/or of digits.

[0271] The register mark is preferably of a different color
from the surface of the separator which surrounds it, pref-
erably so as to offer a high contrast.

[0272] A register mark can be visible or invisible to the
naked eye, provided that it appears on the screen of the
acquisition apparatus.

[0273] To improve the accuracy, the register marks are
preferably separated from one another so that, when they
correspond to their respective references on the screen, at
least first and second register marks are less than 3 cm,
preferably less than 2 cm, preferably less than 1 em, pref-
erably less than 0.5 c¢m, from first and second edges,
respectively, of the screen. The first and second edges are
preferably opposite edges of the screen.

[0274] The register mark can have one or more dimen-
sions and/or a shape and/or a color that is/are identical or
different from those of the corresponding reference.

[0275] The “correspondence” of a reference and of a
register mark is a predefined arrangement relative to one
another. It indicates a particular positioning of the acquisi-
tion apparatus relative to the register mark. The correspon-
dence depends on the nature of the reference and on the
register mark. The predefined situation, which corresponds
to target acquisition conditions, can notably be a superim-
position total or partial, a juxtaposition, or an alignment of
the reference and of the register mark.

[0276] The exact superimposition of the reference and of
the register mark makes it possible not only to determine the
direction toward which the lens of the acquisition apparatus
must point and/or the distance between the acquisition
apparatus and the separator, but also, if the reference and/or
the register mark are asymmetrical, the orientation of the
acquisition apparatus around this direction.

[0277] The dimensions and/or the surface areas of a reg-
ister mark and of the corresponding reference and/or the
distance between several register marks and between the
corresponding references can be used to set the distance
between the acquisition apparatus and the arches.

[0278] The reference can for example be:

[0279] a fixed line, on which the user must for example
align register marks,

[0280] a shape, preferably asymmetrical, corresponding
to the shape of a register mark to be superimposed, for
example a dot that the user must for example super-
impose on the register mark, or a circle in which the
user must for example place the register mark,

[0281] a colored shape corresponding to the color of a
register mark to be superimposed,

[0282] a shape complementing the shape of a register
mark, preferably so that the matching of the register
mark and of the reference leads to a form having a
direction, like a geometrical form, a letter or a text, a
drawing, or a pattern, for example.

[0283] In a preferred embodiment, the references are
defined, at least partially, from information supplied by the
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initial reference model. For example, according to the prin-
ciples of “augmented reality”, the reference can be a view of
the initial reference model, for example a front view or a
right side or a left side view of the initial reference model,
made visible, transparent, on the screen of the image acqui-
sition apparatus during the acquisition. It is thus very easy
for the patient to approximately superimpose such a view
with the teeth that he or she has to photograph.

[0284] In a preferred embodiment, the acquisition is per-
formed by means of an acquisition kit according to the
invention comprising;

[0285] a dental separator, preferably made of a biocom-
patible material, comprising a register mark;

[0286] an image acquisition apparatus, preferably of the
type described above, comprising a screen for display-
ing a preview image, and a computer program com-
prising program code instructions for displaying at least
one reference on said screen, said reference being
preferably immobile on the screen, and arranged in a
position called “position of match” in which, when the
register mark matches the reference on the screen, the
preview image represents the separator from a prede-
termined viewing angle and/or a predetermined dis-
tance.

[0287] A kit according to the invention advantageously
allows for an acquisition of images without having recourse
1o a specialist person, notably an orthodontist. The acquisi-
tion of images can in particular be performed by the patient
him or herself or by one of his or her close relatives, with a
simple mobile phone, anywhere, and in particular outside of
a medical, dental or orthodontic practice.

[0288] Furthermore, the image acquisition apparatus does
not need to be mechanically stabilized, for example by
means of a tripod or by incorporation in an apparatus placed
on the ground.

[0289] Obviously, an acquisition kit does not allow a very
accurate positioning of the acquisition apparatus relative to
the teeth.

[0290] In particular, the accuracy of the positioning of the
separator relative to the teeth is limited. The person who
creates the images also positions the image acquisition
apparatus approximately, despite the matching of the regis-
ter mark relative to the reference on the screen. As will be
seen in more detail hereinbelow in the description, the
processing of the images does not however require a great
accuracy of the positioning of the acquisition apparatus at
the moment when the images are acquired.

[0291] Unlike the prior art, for example described in
W02006/065955, it is notably not necessary, at the moment
of the acquisition of images, to use register marks whose
positioning is perfectly defined relative to the teeth, particu-
larly because they have been fixed on the teeth themselves
or because they result from a local modification, at a precise
point, of a tooth, for example by laser. The possibility of
acquiring the images with a limited accuracy constitutes a
considerable advantage, since it allows this acquisition at
any location and by any person. The patient in particular no
longer has a need to go to the orthodontist.

[0292] Preferably, no measurement of the teeth is per-
formed to have the acquisition apparatus in the matching
position.

[0293] Preferably, no register mark corresponding to a
reference appearing on the screen is set directly on the teeth
or on the gingiva or on a dental arch of the patient.
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[0294] The acquisition apparatus can in particular be a
mobile phone and the program can be a specialist applica-
tion for mobile phones.

[0295] The separator can have the features of the separa-
tors used hitherto. It conventionally comprises a support
provided with a rim extending around an aperture and
arranged such that the lips of the patient can rest thereon
leaving the teeth of the patient showing through said aper-
ture (FIG. 5a and FIG. 5¢).

[0296] The support, for example made of plastic, prefer-
ably has a substantially planar shape and a weight less than
500 g, preferably less than 300 g. The aperture is preferably
formed substantially at the center of the support. The surface
of the aperture is preferably greater than 15 cm?, greater than
30 cm?, greater than 40 cm?, greater than 50 cm?, and/or less
than 100 cm?, less than 80 cm?, less than 60 cm?.

[0297] Preferably, as represented in FIG. Sa, the separator
comprises several register marks, preferably not aligned,
preferably coplanar.

[0298] Preferably, the separator comprises at least three
register marks and the computer program makes it possible
to display on the screen of the acquisition apparatus one or
more corresponding references.

[0299] In one embodiment, the positioning of the image
acquisition apparatus results simply from the matching of
references appearing on the screen of said acquisition appa-
ratus with corresponding register marks, preferably with
register marks of a dental separator.

[0300] In one embodiment, the reference or references
which appear on the screen are determined according to the
patient and/or the therapeutic treatment. In other words, the
computer program is parameterized according to the patient
in order for the images acquired to correspond specifically to
the needs of the patient. Advantageously, at the moment of
the acquisition of the images, the acquisition apparatus is
therefore positioned in a substantially optimal position with
respect to the particular features of the patient and/or the
therapeutic treatment applied.

[0301] As will be seen in more detail hereinbelow in the
description, the register marks of the separator preferably
have a number of functions. First of all, they make it
possible to guide the positioning of the image acquisition
apparatus at the moment of the acquisition of the images, by
means of corresponding references appearing on the screen
of the acquisition apparatus. They also allow, in the step ¢),
for a recropping of the updated images. Finally, the register
marks of the separator, which appear on the images, make it
possible, in the step d), to roughly determine virtual acqui-
sition conditions approximating the actual acquisition con-
ditions, which makes it possible to speed up the computer
processing.

[0302] The steps ¢) and subsequent steps are preferably
performed either on a personal appliance of the patient,
preferably with the appliance used in the step b), or with an
appliance of a dental health professional, or with a dedicated
third party server.

[0303] Inthe step c¢), each updated image is analyzed so as
to produce, for each updated image, an updated map relating
to at least one discriminating piece of information.

Recropping

[0304] The analysis of the image can comprise a recrop-
ping of the updated image in order to isolate the relevant
part, in particular to eliminate, at least partially, from the
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updated image, the elements which have not been the subject
of the initial reference model, like the nose or the eyes of the
patient or the separator. This recropping or “cropping”, is
facilitated by the representation of register marks on the
updated image.

[0305] In particular, preferably, as represented in FIGS. 5a
and 5S¢, the separator 10 bears at least three non-aligned
register marks 12. If the separator is in several parts, for
example conventionally in two parts, each part preferably
bears at least three non-aligned register marks.

[0306] The shape of a register mark, for example an
asymmetrical shape, can be also used to register the position
of the separator on the updated image.

[0307] Preferably, the register marks have shapes and/or
colors facilitating the identification thereof on a updated
image. For example, they can be of black color while the rest
of the separator is white.

[0308] In one embodiment, the register marks have shapes
and/or colors making it possible to identify them individu-
ally. For example, they can each be of different color.
[0309] The identification of the register marks on the
updated image makes it possible to identify the zone of the
updated image containing the elements that have been the
subject of the initial reference model, that is to say the teeth
and the gingiva. The updated image can then be trimmed
accordingly. The comparison of FIGS. 5a and 56, or 5¢ and
5d, illustrates the effect of the recropping on an updated
image.

Updated Map

[0310] An updated map represents a discriminating piece
of information in the reference frame of the updated image.
For example, FIG. 60 is an updated map relating to the
outline of the teeth obtained from the updated image of FIG.
6a.
[0311] The discriminating information is preferably cho-
sen from the group consisting of a piece of outline infor-
mation, a piece of color information, a piece of density
information, a piece of distance information, a piece of
brightness information, a piece of saturation information, a
piece of information on the glare and combinations of such
pieces of information.
[0312] A person skilled in the art knows how to process an
updated image to show the discriminating information. This
processing comprises, for example, the application of masks
or filters that are well known, supplied with the image
processing software. Such processing operations make it
possible, for example, to detect the regions of strong contrast
to determine outlines.
[0313] These processing operations notably comprise one
or more of the following known and preferred methods,
namely:
[0314] by application of a Canny filter, notably to
search for the outlines by using the Canny algorithm;
[0315] by application of a Sobel filter, notably to com-
pute drifts by means of the extended Sobel operator;
[0316] by application of a Laplace filter, to compute the
laplacien of an image;
[0317] by spot detection on an image (“Blobdetector™);
[0318] by application of a threshold (“Threshold”) to
apply a set threshold to each element of a vector,
[0319] by resizing, by using relationships between the
areas of pixels (“Resize(Area)”) or bi-cubic interpola-
tions on the environment of the pixels;
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[0320] by erosion of the image by means of a specific
structuring element;

[0321] by expansion of the image by means of a specific
structuring element;

[0322] by touching up, in particular by using regions in
the vicinity of the restored zone;

[0323] by application of a bilateral filter;

[0324] by application of a Gaussian blur;

[0325] by application of an Otsu filter, to search for the
threshold which minimizes the intraclass variants;

[0326] Dby application of an A* filter, to search for a path
between points;

[0327] by application of an adaptive threshold (“Adap-
tive Threshold”) to apply an adaptive threshold to a
vector;

[0328] by application of an equalization filter of a
histogram of an image in shades of grey in particular;

[0329] by blur detection (“BlurDetection™), to compute
the entropy of an image by using its laplacien;

[0330] by detection of outlines (“FindContour”) of a
binary image;

[0331] by color filling (“FloodFill”), notably to fill a
connected element with a determined color.

[0332] The following nonlimiting methods, although they
are not preferred, can also be implemented:

[0333] by application of a “MeanShift” filter, so as to
find an object on a projection of the image;

[0334] by application of a “CLAHE” filter, which
stands for “Contrast Limited Adaptive Histogram
Equalization”;

[0335] by application of a “Kmeans” filter, to determine
the center of clusters and of groups of samples around
clusters;

[0336] by application of a DFT filter, so as to perform
a discrete Fourier transformation, direct or inverse, of
a vector;

[0337] by computation of moments;

[0338] by application of a “HuMoments” filter, for
computing invariants of Hu invariants;

[0339] by computation of the integral of an image,

[0340] by application of a Scharr filter, making it pos-
sible to compute a drift of the image by implementing
a Scharr operator;

[0341] by searching for the point convex envelope
(“ConvexHull”);

[0342] by searching for points of convexity of an out-
line (“ConvexityDefects™);

[0343] by shape comparison (“MatchShapes”™);

[0344] Dby verification of whether points are within an
outline (“PointPolygonTest™); by detection of Harris
outlines (“CornerHarris™);

[0345] by searching for minimum eigenvalues of gra-
dient matrices, to detect corners (“CornerMinFigen-
Val”),

[0346] by application of a Hough transform to find
circles in an image in shades of grey (“HoughCircles™);

[0347] by “Active contour modeling” (plotting the out-
line of an object from a potentially “noisy” 2D image);

[0348] by computation of a force field, called GVF
(“gradient vector flow”), in a part of the image;

[0349] by cascade classification (“CascadeClassifica-
tion”);

[0350] by “Deepleraning”.
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[0351] Preferably, the discriminating information is opti-
mized by means of an optimization method according to the
invention comprising steps C1 to C3.

[0352] In the optional step d), actual acquisition condi-
tions during the step b) are roughly determined. In other
words, at least the relative position of the image acquisition
apparatus at the moment when the updated image was taken
(position of the acquisition apparatus in space and orienta-
tion of this apparatus) is determined. The step d) advanta-
geously makes it possible to limit the number of tests on
virtual acquisition conditions during the step e), and there-
fore makes it possible to considerably speed up the step e).
[0353] One or more heuristic rules are preferably used. For
example, preferably, there are excluded, from the virtual
acquisition conditions likely to be tested in the step e), the
conditions which correspond to a position of the image
acquisition apparatus behind the teeth or at a distance from
the teeth greater than 1 m.

[0354] 1In a preferred embodiment, as illustrated in FIG. 7,
register marks are used that are represented on the updated
image, and in particular register marks 12 of the separator,
to determine a substantially conical region of space delim-
iting the virtual acquisition conditions likely to be tested in
the step e), or “test cone”.

[0355] Specifically, there are preferably at least three
non-aligned register marks 12 on the separator 10, for
example, and their relative positions are measured accu-
rately on the separator.

[0356] The register marks are then identified on the
updated image, as described previously. Simple trigono-
metrical computations make it possible to approximately
determine the direction from which the updated image has
been taken. A cone oriented in this direction, the vertex of
which is at the level of the separator and the half angle of
which at the vertex is preferably less than 10°, preferably
less than 5°, for example 3°, can then be defined as “test
cone”. The half-angle at the vertex corresponds to a degree
of uncertainty. The smaller the half-angle at the vertex, the
greater the probability that the virtual acquisition conditions
corresponding to the actual acquisition conditions are out-
side of the test cone.

[0357] For example, when the updated image is taken at
right angles to the plane of the three register marks on the
separator, it can be deduced therefrom that the acquisition
apparatus was substantially within a test cone whose axis is
substantially at right angles to this plane during the taking of
the updated image. If the relative positions of the three
register marks on the updated image are different from those
that the register marks occupy on the separator, the axis of
the test cone within which the search for the positioning of
the acquisition apparatus during the acquisition of the
updated image is limited is inclined relative to the plane of
the register marks, as represented in FIG. 7.

[0358] In a particular embodiment, as illustrated in FIGS.
5a and 5¢, the separator comprises independent left and right
parts, which each comprise at least three register marks,
preferably at least four register marks. A left test cone can
thus be determined by means of the register marks of the
left-hand part and a right test cone can be determined by
means of the register marks of the right-hand part of the
separator. The virtual acquisition conditions likely to be
tested can then be limited to positions of the acquisition
apparatus in space belonging to these two test cones. It is
also possible to consider that the best assessment of the
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position of the acquisition apparatus corresponds to the
mean position between the best position in the left test cone
and the best position in the right search cone.

[0359] The position of the register marks on the updated
image also makes it possible to assess the trim of the
acquisition apparatus during the capture of the updated
image. For example, if it is known that two register marks
are substantially aligned in a horizontal direction during the
acquisition of the updated image, the direction of the straight
line containing these two points on the updated image
provides an indication on the orientation of the acquisition
apparatus in the actual acquisition conditions.

[0360] Finally, the size and the surface area of the register
marks on the updated image or their spacing can make it
possible to assess the distance between the image acquisition
apparatus and the teeth during the acquisition of the updated
image, and therefore to reduce the test cone to a truncated
cone.

[0361] Inthe optional step d), it is also possible to use data
supplied by the acquisition apparatus and concerning its
orientation, for example gyroscopic data.

[0362] Preferably, in the step d), the calibration of the
actual acquisition apparatus during the step b) is roughly
determined.

[0363] The way in which each calibration parameter acts
on the acquired image is well known. In particular, the
operation of an acquisition apparatus can be conventionally
modelled so as to be able to test a particular calibration on
the acquired image. The inventors have inverted such a
model, within no particular technical difficulty, in order,
through the analysis of the representation of the separator,
for it to be possible to roughly assess the calibration of the
acquisition apparatus during the step b).

[0364] For example, the ratio between the surface area of
the register marks on the updated image and the surface area
of the updated image makes it possible to assess the focal
distance of the acquisition apparatus during the step b). The
representation of a register mark whose optical characteris-
tics are known make it possible to assess the exposure time
and the sensitivity.

[0365] In a preferred embodiment, a register mark is a
relief which does not extend exclusively in the general plane
of the separator, corresponding to a plane parallel to the
frontal (or coronal) plane. Preferably, a register mark is a
relief which extends in a plane substantially at right angles
to the general plane of the separator. The relief can in
particular take the form of a tongue which, when the
separator is in its service position, extends toward the
bottom of the mouth.

[0366] The analysis of the representation of this relief
advantageously makes it possible to assess the depth of field.
Alternatively, two register marks which are not in a same
frontal plane can be used for this purpose.

[0367] The step d) allows only a rough assessment of the
actual acquisition conditions. The step d) does however
make it possible to determine a restricted set of virtual
acquisition conditions likely to correspond to the actual
acquisition conditions, and, in this set, virtual acquisition
conditions constituting the best point of departure for the
step el) described hereinbelow.

[0368] The step d) also makes it possible to detect updated
images unsuitable for continuing the method, for example an
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updated image which does not show the register marks.
Preferably, the method is then restarted at the step ¢) with a
new updated image.

[0369] Obviously, the different methods that can be imple-
mented in the step d) can be combined.

[0370] The objective of the step ¢) is to modify the initial
reference model to obtain a final reference model which
corresponds to the updated image. Ideally, the final reference
model is therefore a three-dimensional digital reference
model from which the updated image could have been taken
if this model had been real.

[0371] A succession of reference models “to be tested” is
therefore tested, the choice of a reference model to be tested
being preferably dependent on the level of match of the
reference models “to be tested” previously tested with the
updated image. This choice is preferably made according to
a known optimization method, in particular chosen from the
metaheuristic optimization methods, preferably evolutionist,
in particular the simulated annealing methods.

[0372] In the step el), it is determined that the reference
model to be tested is the initial reference model during the
first execution of the step e2).

[0373] In the step €2), the first step is to determine virtual
acquisition conditions to be tested, that is to say a virtual
position and a virtual orientation likely to match the actual
position and orientation of the acquisition apparatus during
the capture of the updated image, but also, preferably, a
virtual calibration likely to match the actual calibration of
the acquisition apparatus during the capture of the updated
image.

[0374] The first virtual acquisition conditions to be tested
can be random. Preferably, they are chosen from the limited
set determined in the step d), and even more preferably,
correspond to virtual acquisition conditions corresponding,
according to the step d), to the most promising virtual
acquisition conditions, that is to say those constituting the
best springboard for approximating, as rapidly as possible,
the actual acquisition conditions (step e21)).

[0375] The image acquisition apparatus is then virtually
configured in the virtual acquisition conditions to be tested
in order to acquire a reference image of the reference model
in these virtual acquisition conditions to be tested. The
reference image therefore corresponds to the image that the
image acquisition apparatus would have taken if it had been
placed, relative to the reference model to be tested, and
optionally calibrated in the virtual acquisition conditions to
be tested (step €22)).

[0376] Ifthe updated image was taken at the same moment
that the reference model was produced, and if the virtual
acquisition conditions are exactly the actual acquisition
conditions, the reference image can therefore be exactly
superimposed on the updated image. The differences
between the updated image and the reference image result
from errors in the assessment of the virtual acquisition
conditions (if they do not correspond exactly to the actual
acquisition conditions) and from movements of the teeth
between the step b) and the reference model to be tested.
[0377] To compare the updated and reference images, the
discriminating information is compared on these two
images. More specifically, from the reference image, a
reference map is produced representing the discriminating
information (step €23)).

[0378] The updated and reference maps, the two of them
relating to the same discriminating information, are then
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compared and the difference between these two maps is
assessed by means of a score. For example, if the discrimi-
nating information is the outline of the teeth, it is possible to
compare the mean distance between the points of the outline
of the teeth which appears on the reference image and the
points of the corresponding outline which appears on the
updated image, the score being all the higher as this distance
shortens.

[0379] Preferably, the virtual acquisition conditions com-
prise the calibration parameters of the acquisition apparatus.
The score is all the higher as the values of the calibration
parameters tested come closer to the values of the calibration
parameters of the acquisition apparatus used in the step b).
For example, if the diaphragm aperture tested is far from that
of the acquisition apparatus used in the step b), the reference
image exhibits blurred regions and sharp regions which do
not correspond to the blurred regions and to the sharp
regions of the updated image. If the discriminating infor-
mation is the outline of the teeth, the updated and reference
maps do not therefore represent the same outlines and the
score will be low.

[0380] The score can for example be a coeflicient of
correlation.

[0381] The score is then assessed by means of a first
assessment function. The first assessment function makes it
possible to decide whether the cycling on the step e2) must
be continued or stopped. The first assessment function can
for example be equal to O if the cycling must be stopped or
be equal to 1 if the cycling must continue.

[0382] The value of the first assessment function can
depend on the score reached. For example, it may be decided
to continue the cycling on the step e2) if the score does not
exceed a first threshold. For example, if an exact match
between the updated and reference images leads to a score
of 100%, the first threshold can be, for example, 95%.
Obviously, the higher the first threshold, the better the
accuracy of the assessment of the virtual acquisition condi-
tions if the score comes to exceed this first threshold.
[0383] The value of the first assessment function can also
depend on scores obtained with virtual acquisition condi-
tions tested previously.

[0384] The value of the first assessment function can also
depend on random parameters and/or on the number of
cycles of the step e2) already performed.

[0385] In particular, it is possible, despite the repetition of
the cycles, not to manage to find virtual acquisition condi-
tions which are sufficiently close to the actual acquisition
conditions for the score to reach said first threshold. The first
assessment function may then lead to the decision to quit the
cycling although the best score obtained has not reached said
first threshold. This decision may result, for example, from
a number of cycles greater than a predetermined maximum
tumber.

[0386] A random parameter in the first assessment func-
tion can also authorize the continuation of tests of new
virtual acquisition conditions, although the score appears
satisfactory.

[0387] The assessment functions conventionally used in
the metaheuristic, preferably evolutionist, optimization
methods, particularly in the simulated annealing methods,
can be used for the second assessment function.

[0388] If the value of the first assessment function indi-
cates that it is decided to continue the cycling in the step e2),
the virtual acquisition conditions tested (step e25)) are
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modified and a cycle (step e2)) is recommenced consisting
in producing a reference image and a reference map, then in
comparing this reference map with the updated map to
determine a score.

[0389] The modification of the virtual acquisition condi-
tions corresponds to a virtual movement in space and/or to
a modification of the orientation and/or, preferably, to a
modification of the calibration of the acquisition apparatus.
This modification can be random, provided however that the
new virtual acquisition conditions to be tested still belong to
the set determined in the step d). The modification is
preferably guided by heuristic rules, for example by favoring
the modifications which, according to an analysis of the
preceding scores obtained, appear the most favorable to
increase the score.

[0390] FIGS. 12a and 125 illustrate for example the effect
of a modification of the virtual acquisition conditions, in this
case of a modification of the focal distance, on the reference
image.

[0391] The cycling on e2) is continued until the value of
the first assessment function indicates that it is decided to
exit from this cycling and to continue to the step €3), for
example if the score reaches or exceeds said first threshold.
[0392] The optimization of the virtnal acquisition condi-
tions in the step e2) is preferably performed by using a
metaheuristic method, preferably evolutionist, preferably a
simulated annealing algorithm. Such an algorithm is well
known for nonlinear optimization.

[0393] If the cycling was left on the step e2), without a
satisfactory score having been able to be obtained, for
example without the score having been able to reach said
first threshold, the method can be stopped (failure situation)
or restarted at the step ¢) with a new discriminating piece of
information and/or with a new updated image. The method
can also be continued with the virtual acquisition conditions
corresponding to the best score reached. A warning can be
emitted in order to inform the user of the error on the result.
[0394] If the cycling was left on the step e2) although a
satisfactory score was able to be obtained, for example
because the score reached, even exceeded, said first thresh-
old, the virtual acquisition conditions correspond substan-
tially to the actual acquisition conditions.

[0395] Preferably, the virtual acquisition conditions com-
prise the calibration parameters of the acquisition apparatus.
The method conducted thus makes it possible to assess the
values of these parameters without it being necessary to
know the nature of the acquisition apparatus or its setting.
The step b) can therefore be performed with no particular
precautions, for example by the patient him or herself by
means of his or her mobile phone.

[0396] Furthermore, the search for the actual calibration is
performed by comparing an updated image with views of an
initial reference model in virtual acquisition conditions that
are tested. Advantageously, it does not require the updated
image to show a standard calibration gauge, that is to say a
gauge whose features are precisely known making it pos-
sible to determine the calibration of the acquisition appara-
tus.

[0397] WO2006/065955, incorporated for reference,
describes the use of images to build three-dimensional
models in the field of orthodontic treatments. However, this
document does not describe the method that makes it
possible to use simple photographs, conventionally present-
ing partial images of the teeth, blurred image portions and
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variable glares, taken generally nonsimultaneously, without
needing to select noteworthy points on the images, and with
an acquisition apparatus whose calibration is unknown.
[0398] Ina method for monitoring the positioning of teeth
according to the invention, the updated images are not used
to create a totally new updated three-dimensional model, but
only to modify the initial, very accurate, reference model. A
totally new updated three-dimensional model created from
simple photographs taken with no particular precautions
would in particular be too inaccurate for a comparison with
the initial reference model to be able to lead to conclusions
on the movement of the teeth.

[0399] Differences may remain between the virtual acqui-
sition conditions determined and the actual acquisition con-
ditions, particularly if teeth have moved between the steps a)
and b). The correlation between the updated and reference
images can then be further enhanced by repeating the step
€2), the reference model to be tested then being modified by
movement of one or more tooth models (step €3)).

[0400] The search for the reference model best approxi-
mating the positioning of the teeth during the acquisition of
the updated image can be performed like the search for the
virtual acquisition conditions best approximating the actual
acquisition conditions (step €2)).

[0401] In particular, the score is assessed by means of a
second assessment function. The second assessment func-
tion makes it possible to decide whether the cycling on the
steps e2) and e3) must be continued or stopped. The second
assessment function can for example be equal to 0 if the
cycling must be stopped or be equal to 1 if the cycling must
continue.

[0402] The value of the second assessment function
depends preferably on the best score obtained with the
reference model to be tested. that is to say on the differences
between the updated and reference maps, in the virtual
acquisition conditions best approximating said actual acqui-
sition conditions.

[0403] The value of the second assessment function can
also depend on the best score obtained with one or more
reference models tested previously.

[0404] For example, it may be decided to continue the
cycling if the score does not exceed a second minimum
threshold. The value of the second assessment function can
also depend on random parameters and/or on the number of
cycles of the steps €2) and e3) already performed.

[0405] The assessment functions conventionally used in
the metaheuristic optimization methods, preferably evolu-
tionist, particularly in the simulated annealing methods, can
be used for the second assessment function.

[0406] If the value of the second assessment function
indicates that it is decided to continue the cycling on the
steps €2) and e3), the reference model to be tested is
modified and a cycle (steps €2) and e3)) is recommenced
with the new reference model to be tested.

[0407] The modification of the reference model to be
tested corresponds to a movement of one or more tooth
models. This modification can be random. The modification
is preferably guided by heuristic rules, for example by
favoring the modifications which, according to an analysis
of the preceding scores obtained, appear most favorable for
increasing the score.

[0408] Preferably, the movement of a tooth model is
sought which has the greatest impact on the score, the
reference model to be tested is modified by moving this
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tooth model, then the cycling is continued on the steps e2)
and €3) so as to optimize the score. It is then possible to
search, among the other tooth models, for the one which has
the greatest impact on the improvement of the score, and
once again search for the optimum movement of this other
tooth model on the score. This approach can thus be con-
tinued with each tooth model.

[0409] Next, it is possible to repeat a cycle over the set of
the tooth models and to continue thus until a score is
obtained that is above the second threshold. Obviously, other
strategies can be used to move one or more tooth models in
the reference model to be tested and search for the maximum
score.

[0410] The cycling on the steps e2) and e3) is continued
until the value of the second assessment function indicates
that it is decided to exit from this cycling and to continue at
the step f), for example if the score reaches or exceeds said
second threshold.

[0411] The search for a reference model with a cycling on
the steps €2) and e3) to search for the positions of the tooth
models which optimize the score is preferably performed by
using a metaheuristic method, preferably evolutionist, pref-
erably a simulated annealing algorithm. Such an algorithm
is well known for nonlinear optimization.

[0412] 1If the cycling on the steps e2) and e3) was left
without a satisfactory score having been able to be obtained,
for example without the score having been able to reach said
second threshold, the method can be stopped (failure situ-
ation) or restarted at the step ¢) with a new discriminating
piece of information and/or with a new updated image.

[0413] If it is decided to restart the method at the step c)
from another discriminating piece of information and/or
another updated image because the first threshold or the
second threshold has not been reached, the choice of the new
discriminating information and/or of the new updated image
can depend on the scores obtained previously, in order to
favor the discriminating information and/or the updated
image which, in light of these scores, appear the most
promising.

[0414] A new discriminating piece of information,
obtained for example by the combination of other discrimi-
nating pieces of information already tested, can be used. If
necessary, there may also be prompting to acquire one or
more new updated images. Preferably, indications are pro-
vided that make it possible to guide the positioning of the
acquisition apparatus for the capture of this new updated
image. For example, it is possible to indicate to the patient
that he or she should take a photo from the right part of his
or her lower arch.

[0415] If the cycling on the steps e2) and e3) was left
without a satisfactory score having been able to be obtained,
the method can also be continued with the reference model
and the virtual acquisition conditions corresponding to the
best score reached. A warning can be emitted in order to
inform the user of the error on the result.

[0416] Ifthe cycling on the steps €2) and e3) was left when
the satisfactory score was able to obtained, for example
because the score reached, even exceeded, said second
threshold, the virtual acquisition conditions correspond sub-
stantially to the actual acquisition conditions and the tooth
models in the reference model obtained (called “final refer-
ence model”) are substantially in the position of the teeth of
the patient at the moment of the step b).
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[0417] The cycling on the steps e2) and e3) advanta-
geously makes it possible to improve the assessment of the
calibration parameters of the acquisition apparatus in the
step b).

[0418] In the step f), the final reference model, resulting
from the optimization by movement of the tooth models, is
compared with the initial reference model. The final refer-
ence model corresponds substantially to the updated image.
The comparison of the step f) therefore makes it possible to
observe the differences between the positioning of the teeth
in the step a) (initial reference model) and during the
acquisition of the updated image (step b)). The method thus
makes it possible to determine accurately, for each of the
teeth, the movements between these two steps.

[0419] By repeating the steps b) and subsequent steps, it is
also possible to assess the rate of change of the position of
the teeth, and thus to measure, for example, the effectiveness
of an orthodontic treatment. A method for monitoring the
positioning of teeth according to the invention can for
example be used to remotely track the evolution of an
orthodontic treatment, and thus to minimize the appoint-
ments of the patients with their orthodontists.

[0420] Ina preferred embodiment, the monitoring method
according to the invention is implemented several times for
a same patient, preferably successively with several dis-
criminating pieces of information, preferably more than 2,
more than 3, more than 5 discriminating pieces of informa-
tion for each updated image and/or with several updated
images, preferably more than 2, more than 3, more than 5
updated images. The assessment of the movement of a tooth
can thus be refined by taking account of the different scores
obtained. The comparison of these scores also makes it
possible, if appropriate, to discard the unsatisfactory dis-
criminating pieces of information and/or updated images.
[0421] Based on the movement measured, a practical
information can be generated. If the movement is small, this
practical information can be that no action is to be under-
taken. On the other hand, if one or more teeth have moved
substantially, the information can be to schedule a visit to the
dentist or the orthodontist. Preferably, the practical infor-
mation depends on the degree of movement of the teeth. In
one embodiment, an appointment can be automatically taken
with the dentist or the orthodontist, according to the ampli-
tude and/or the nature of the movements detected.

[0422] In one embodiment, the practical information is
used to modify the time interval after which the patient will
have to be alerted that a new updated image must be created.
[0423] In one embodiment, the individual apparatus
makes it possible to display images, even a sequence of
images, showing the positioning of the teeth on different
dates. These images can be presented in the form of an
animation, for example in the form of a slide show or of a
film.

[0424] Preferably, the image acquisition apparatus is a
telephone which makes it possible to transmit the results
obtained by the implementation of the method, preferably
securely.

[0425] The communication can for example be made, at
least partly, wirelessly, preferably according to at least one
protocol chosen from the edge, 3G, 4G, udmsa, hpdmsa,
Bluetooth and Wi-Fi protocols, or by any other protocol,
suited to mobile or roaming equipment items, by wired
synchronisation with the personal computer, or by optical
transmission.

Dental Monitoring Ex. 2008

Page 24 of 32



US 2017/0325689 Al

[0426] As now emerges, a method for monitoring the
positioning of the teeth according to the invention allows for
an accurate and effective monitoring of the positioning of the
teeth of the patient, substantially without stress for the
patient. In particular, simple photographs taken with no
particular precaution, for example with a mobile phone, are
sufficient. The patient can therefore easily implement this
method.

Detailed Description of a Method for Monitoring the Shape
of the Teeth

[0427] The invention relates also to a method for moni-
toring the shape of teeth of a patient. In the step a), the
definition of the tooth models is not however essential for
this monitoring. Preferably, in the step €), for each updated
image, a final reference model is sought that corresponds to
the shape of the teeth during the acquisition of the updated
image, the search being preferably performed by means of
a metaheuristic method, preferably evolutionist, preferably
by simulated annealing, in particular by means of one of the
metaheuristic methods described previously.

[0428] Preferably, as described for the step e), this search
comprises two interleaved optimization loops.

[0429] During the first optimization operation, in a refer-
ence model to be tested which is initially the initial reference
model, virtual acquisition conditions which best correspond
to the actual acquisition conditions are first of all optimized.
In particular, the virtual position of the acquisition apparatus
relative to the reference model to be tested which offers the
view of this reference model to be tested, that is to say the
reference image, which is closest to the updated image, is
sought.

[0430] Preferably, as described previously, a virtual cali-
bration is also sought that is likely to correspond to the
actual calibration of the acquisition apparatus during the
capture of the updated image.

[0431] During the second optimization operation, the ref-
erence model to be tested is then modified, the first optimi-
zation operation is repeated, then these two operations are
recommenced until the reference model to be tested and the
virtual position of the acquisition apparatus which make it
possible to obtain the reference image which is closest to the
updated image is found.

[0432] These operations are similar to those described for
the method for monitoring the positioning of the teeth and
the optional features of the latter monitoring are optionally
applicable.

[0433] However, according to the method for monitoring
the positioning of the teeth described previously, the modi-
fication of the reference model results from a movement of
one or more tooth models. No deformation of the tooth
models or of the initial reference model is necessary.
[0434] To monitor the shape of the teeth, the modification
of the reference model results from a modification of the
shape of the reference model to be tested, in particular of one
or more tooth models. No movement of the tooth models is
necessary.

[0435] Obviously, it is preferable to perform both types of
modifications of the reference model to be tested in order to
determine a final reference model which takes account both
of the movement of the teeth and of their deformation.
[0436] For example, a third optimization operation can be
implemented relating to the movement of the teeth and
bracketing the two first optimization operations, the second
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optimization relating to the shape of the tooth models or of
the reference model to be tested. It is also possible to
implement only the two first optimization operations, by
modifying, possibly simultaneously, the shape and the posi-
tion of the tooth models during the second optimization
operation.

[0437] Itis also possible to implement a third optimization
operation relating to the shape of the tooth models or of the
reference model to be tested and bracketing the two first
optimization operations, the second optimization operation
relating to the movement of the tooth models. For example,
a final reference model “to be tested” is first of all sought that
best takes account of movement of the tooth models, the
final reference model to be tested corresponding to the final
reference model of a step e) of a method for monitoring the
positioning of the teeth described previously, then there is a
search to see if a deformation of the final reference model to
be tested can lead to a better match with the updated image.
For this search, the final reference model to be tested is
deformed, the first two optimization operations are recom-
menced, then, based on the match obtained, the search is
stopped or it is continued by performing a new deformation
of the final reference model to be tested and by repeating an
execution of the first two optimization operations.

[0438] Preferably, the first optimization operation and/or
the second optimization operation and/or the third optimi-
zation operation, preferably the first optimization operation
and the second optimization operation and the third optimi-
zation operation implement a metaheuristic method, prefer-
ably evolutionist, preferably a simulated annealing, in par-
ticular one of the metaheuristic methods cited previously.

[0439] Preferably, to monitor the deformation of the teeth,
the step ) comprises

[0440] a first optimization operation making it possible
to search for the virtual acquisition conditions that best
correspond to the actual acquisition conditions in a
reference model to be tested determined from the initial
reference model, and

[0441] a second optimization operation making it pos-
sible to search, by testing a plurality of said reference
models to be tested, for the reference model that best
corresponds to the shape of the teeth of the patient
during the acquisition of the updated image in the step
b), preferably that best corresponds to the shape and to
the positioning of the teeth of the patient during the
acquisition of the updated image in the step b).

[0442] Preferably, a first optimization operation is per-
formed for each test of a reference model to be tested during
the second optimization operation.

[0443] The step e) can notably comprise the following
steps:
[0444] ¢'1) definition of the reference model to be tested
as being the initial reference model then,

[0445] ¢'2) according to the following steps, testing of
virtual acquisition conditions with the reference model
to be tested in order to finely approximate said actual
acquisition conditions;

[0446] e21) determination of virtual acquisition con-
ditions to be tested;

[0447] €22) production of a two-dimensional refer-
ence image of the reference model to be tested in said
virtual acquisition conditions to be tested;
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[0448] €23) processing of the reference image to
produce at least one reference map representing said
discriminating piece of information;

[0449] €24) comparison of the updated and reference
maps so as to determine a value for a first assessment
function, said value for the first assessment function
depending on the differences between said updated
and reference maps and corresponding to a decision
to continue or to stop the search for virtual acquisi-
tion conditions approximating said actual acquisition
conditions with greater accuracy than said virtual
acquisition conditions to be tested determined on the
last occurrence of the step ¢'21);

[0450] e25) if said value for the first assessment
function corresponds to a decision to continue said
search, return to the step ¢'21) by modifying the
virtual acquisition conditions to be tested,

[0451] e'3) otherwise, determination of a value for a
second assessment function, said value for the second
assessment function depending on the differences
between the updated and reference maps in the virtual
acquisition conditions best approximating said actual
acquisition conditions and resulting from the last occur-
rence of the step e'2), said value for the second assess-
ment function corresponding to a decision to continue
or to stop the search for a reference model approxi-
mating the shape, and possibly the positioning, of the
teeth during the acquisition of the updated image with
greater accuracy than said reference model to be tested
used on the last occurrence of the step €'2), and

[0452] if said value for the second assessment func-
tion corresponds to a decision to continue said
search, modification of the reference model to be
tested by deformation of one or more tooth models,
or of the reference model to be tested, and possibly
by movement of one or more tooth models, then
return to the step e'2).

[0453] The completion of this method culminates in a
reference model to be tested, called “final reference model”,
which corresponds to the deformed initial reference model
to best correspond to the updated image.

[0454] The comparison of the initial and updated reference
models comprises the comparison of the spatial coordinates
of the points of the surfaces defined by these two reference
models. It is thus possible to deduce therefrom any modi-
fications of shape between the step a) and the step b).

[0455] Preferably, a mapping of the tooth is produced
showing the changes of shape. Preferably, as represented in
FIG. 8, the color of a zone of the mapping 1s a function of
the scale of change of shape of this zone. The mapping of
FIG. 8 shows in particular a zone 16 indicating a break of a
tooth.

[0456] Obviously, the method for monitoring the shape of
teeth of a patient can be used to detect an addition or a
subtraction of material, but also a deformation with constant
volume. This method also makes it possible to detect move-
ments of teeth, even without a tooth model. However, in the
absence of a tooth model, it does not make it possible to
distinguish the deformations of the teeth on the one hand and
the movements of the teeth on the other hand.
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Detailed Description of a Method for Monitoring the
Appearance of the Teeth

[0457] The monitoring of the changing of color of teeth
from photographs taken in positions of the camera or in
different light environments shows that this comparison does
not make it possible to assess a change in the appearance of
these teeth.

[0458] Such monitoring of the color of the teeth therefore
requires particular precautions, notably to accurately define
the position of the camera and its light environment.
[0459] There is therefore a need for a method that makes
it possible to monitor the color, and more generally a
property of appearance, of the teeth that is simpler, and
notably by avoiding these particular precautions.

[0460] One aim of the invention is to address this need.
[0461] The invention provides a method for monitoring a
property of appearance of teeth of a patient, said method
comprising the steps A. to E. described above, represented
in FIG. 9.

[0462] As will be seen in more detail in the description
hereinbelow, this method makes it possible to assess whether
the appearance, in particular the color, of one or more of the
teeth has been modified, even when the acquisition condi-
tions of the photographs of teeth of a patient are not
predefined, for example because the photographs have been
taken in a light environment or in any position of the
acquisition apparatus, in particular by the patient.

[0463] A “property of appearance” should be understood
to be a property relating to the appearance. The property of
appearance can in particular be chosen from the group
consisting of the color, the opalescence, the fluorescence, the
gloss, the transparency, and the combinations of these prop-
erties.

[0464] “Appearance” should be understood to be a value
or a set of values making it possible to quantify a property
of appearance. Unless indicated otherwise, the “appear-
ances” mentioned in the present description relate to the
property of appearance that the method makes it possible to
monitor.

Steps A. and B.

[0465] The steps A. and B. can be performed like the step
b) described above.

[0466] The steps A. and B. are preferably performed by
the patient or a near relative of the patient, but can be
performed by a dentist.

[0467] The time interval between these steps can be that
described above between the steps a) and b), for example
greater than one week, than two weeks, than one month or
than three months.

[0468] The first acquisition apparatus can be identical to or
different from the second acquisition apparatus. It can be an
acquisition apparatus chosen from those that can be used for
the step b), notably a camera or a mobile phone.

[0469] Preferably, the acquisitions in the steps A. and/or B.
are performed with the use of a flash. The results thereof are
improved. Preferably, the initial and/or updated image is
overexposed.

[0470] The reference gauges used for each of the steps A.
and B. show a same appearance. Preferably, during each of
the steps, they are arranged in the same position relative to
the teeth of the patient.
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[0471] Preferably, dental separators are used for each of
the steps A. and B. These separators can be identical or
different. Preferably, the reference gauge is borne by a
separator for at least one of the steps A. and B., preferably
for each of the steps A. and B. Preferably, even if the
separators used for each of the steps A. and B. are different,
the reference gauges are arranged on the separators in the
same position relative to the aperture 14 of the separator
which reveals the teeth of the patient (FIG. 5a).

[0472] Preferably, the reference gauge is arranged on the
separator so as to be in proximity to the teeth whose property
of appearance has to be monitored. Preferably, the reference
gauge is arranged at less than 3 cm, preferably less than 2
cm, preferably less than 1 cm from the part of the separator
intended to be introduced into the mouth of the patient.

[0473] Preferably, each separator comprises several refer-
ence gauges, identical or different. Preferably, several dif-
ferent reference gauges of one and the same separator
present different appearances. The conclusions drawn from
the comparison of the normalized images can advanta-
geously be more comprehensive.

[0474] A reference gauge can for example be an identifi-
able point on the separator whose appearance is known, for
example whose color parameters [*, and/or a* and/or b*,
measured according to the standard NF ISO 7724, are
known. The reference gauge can notably be a register mark
of a separator as described above.

[0475] The acquisition conditions specify the position in
space and/or the orientation of the acquisition apparatus
relative to the separator.

[0476] To improve the accuracy of the appearance moni-
toring, it is preferable for the acquisition conditions to be
substantially the same in the steps A. and B. For example, it
is preferable for the two images to be taken substantially
from the front. Preferably, the image acquisition apparatus
used for at least one, preferably for each of the steps A. and
B. comprises polarizing means facilitating the positioning
thereof relative to the patient before the acquisition of the
image.

[0477] The polarizing means preferably interact with reg-
ister marks arranged on the separator. Preferably, the acqui-
sition apparatus is programmed so as to, in real time, identify
the register marks on the separator, analyze their relative
positions or their dimensions and, consequently, inform the
user of the acquisition apparatus in order for him or her to
modify accordingly the position of the acquisition apparatus
relative to the teeth of the patient.

[0478] These polarizing means can have one or more of
the features of the polarizing means described above for the
step b).

[0479] Preferably, for at least one, preferably for each of
the steps A. and B., an acquisition kit according to the
invention and, preferably, an acquisition method comprising
steps (a) to (e) are used. Preferably, the target acquisition
conditions are the same in the memory of the first and
second acquisition apparatuses such that the acquisition
apparatus guides its user for the initial and updated images
to be taken in substantially identical acquisition conditions.

[0480] Preferably, the target acquisition conditions are
determined according to the teeth whose property of appear-
ance is to be monitored. For example, the target acquisition
conditions preferably correspond to a shot taken facing the
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patient for a monitoring relating to an incisor and they
preferably correspond to a side shot for a monitoring relating
to a molar.

Step C.

[0481] The step C. consists in normalizing, that is to say
“correcting”, the initial image and/or the updated image so
that, after correction, the representations of the reference
gauge on these images present a same appearance. With the
reference gauge not having changed appearance between the
steps A. and B., any differences in appearance presented by
the representations of the teeth on the normalized initial and
updated images therefore correspond to actual differences of
appearance on said teeth.

[0482] The reference gauge is first of all sought on the
initial image and on the updated image. A simple image
analysis is sufficient for this.

[0483] The normalization can be performed on the initial
image only in order to modify the representation of the
reference gauge for its appearance to be identical to that of
the representation of said reference gauge on the updated
image. The normalization can alternatively be performed on
the updated image only in order to modify the representation
of the reference gauge for its appearance to be identical to
that of the representation of said reference gauge on the
initial image. Finally, the normalization can be performed on
the updated image and on the initial image in order to
modify the representations of the reference gauges for their
appearances to be identical to that of a standard gauge.
[0484] The normalization of an image is a technique well
known in the field of image processing. White balance is an
example of image normalization.

Step D.

[0485] Before or after the step C., it is best to identify, on
each of the initial and updated images, a region of the teeth
for which there is a desire to assess the change of appear-
ance.

[0486] The use of register marks or reference gauges is
possible, but remains inaccurate. Preferably, the initial and
updated images are analyzed in order to represent a dis-
criminating piece of information, of the type of those
described above, for example the outline of the teeth.
[0487] The analysis of the initial and updated images can
comprise one or more features of the step c), notably relating
to the nature of the discriminating piece of information and
to the processing to determine the discriminating piece of
information. The discriminating piece of information is
preferably optimized by means of an optimization method
comprising steps C1 to C3.

[0488] Discriminating pieces of information common to
both the initial and the updated image are then sought.
[0489] The discriminating pieces of information common
to both the initial and the updated image can then be used as
a reference frame to locate said region on these two images.
For example, the outline of the gingiva can exhibit a
succession of “points” between the teeth. This outline
depends on the teeth concerned and can therefore be used as
a reference frame.

[0490] In a refined embodiment, the initial and updated
images are registered in relation to a reference model,
preferably produced in accordance with the step a) (initial
reference model) or resulting from the implementation of a
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method for monitoring the shape and/or the positioning of
the teeth according to the invention (final reference model).
[0491] This registering can be performed as described
above to register the updated image in the context of the
methods for monitoring the shape and/or the positioning of
the teeth. Unlike these methods, the modification of the
initial reference model to arrive at the final reference model
is however optional.

[0492] To register an image in relation to the reference
model, it is sufficient to search for the virtual acquisition
conditions in which the acquisition apparatus would have
acquired said image by observing said reference model. This
search is preferably performed by means of a metaheuristic
method, such as those described above,

[0493] For this search, a method for assessing actual
acquisition conditions according to the invention, described
hereinbelow, is preferably used. This method is preferably
implemented for each of the initial and updated images by
means of the reference model. It makes it possible to
“project” these images onto the reference model and there-
fore register a point of these images on the reference model.
[0494] A region of the teeth for which there is a desire to
assess the change of appearance can thus be identified with
great accuracy on each of the initial and updated images.

Step E.

[0495] 1t is then possible to measure the appearances of
said region on each of the initial and updated images and
compare them in order to detect and assess differences in the
property of appearance.

[0496] A method for monitoring the appearance of the
teeth according to the invention can be used for therapeutic
or non-therapeutic purposes. It can in particular be used to:

[0497] detect and/or measure a change of color of the
teeth or the appearance and/or the evolution of spots on
the teeth, or detect and/or measure a scaling of the
teeth;

[0498] check the effects on the appearance of the teeth
of an eating habit or of food hygiene or of a treatment,
for example, of a whitening treatment, or of a product,
notably of a toothpaste, in particular for whitening the
teeth or for fighting against scaling or the appearance of
spots.

[0499] For example, a method for monitoring the appear-
ance of the teeth according to the invention can be used to
check the effects on the appearance of the teeth of the
chewing of a chewing gum or of the ingestion of coffee or
of tea, or of the consumption of tobacco or of drugs, or of
brushing of the teeth.

[0500] In a preferred embodiment, it is sufficient for the
patient to regularly take photographs with his or her mobile
phone to constitute updated images. Preferably, using an
application loaded in this telephone, he or she can then
compare the appearances of the teeth on these photographs.
[0501] In one embodiment, the application normalizes the
photographs in order to make them comparable, then pro-
poses a dynamic display of the corrected photographs, for
example in the form of a slide show or of a film.

Detailed Description of a Method for Assessing Actual
Acquisition Conditions

[0502] Particularly for the implementation of a method for
monitoring the shape, the positioning and/or the appearance
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of teeth according to the invention or for optimizing the
quality of a discriminating piece of information, the inven-
tion provides a method for assessing, from a two-dimen-
sional image of the dental arches of a patient, called
“acquired image”, the actual acquisition conditions (position
of the acquisition apparatus in space, orientation of this
apparatus, and, preferably, calibration of the acquisition
apparatus) of said acquired image, said method comprising
the following steps:

[0503] 001) production of a three-dimensional digital
reference model of at least a part of an arch of the
patient, preferably of an arch, preferably of two arches
of the patient,

[0504] 002) analysis of the acquired image and produc-
tion of a map relating to a discriminating piece of
information, called “acquired map”;

[0505] 003) search for the virtual acquisition conditions
approximating, optimally, said actual acquisition con-
ditions, according to the following steps 01) to 05):
[0506] 01) optionally, determination of rough virtual

acquisition conditions approximating said actual

acquisition conditions, preferably by analysis of the
representation, on the acquired image, of a separator
used during the acquisition of the acquired image;

[0507] 02) determination of virtual acquisition con-
ditions to be tested;

[0508] 03) production of a two-dimensional refer-
ence image of the reference model observed in the
virtual acquisition conditions to be tested,

[0509] 04) processing of the reference image to pro-
duce at least one reference map representing said
discriminating piece of information;

[0510] 05) comparison of the acquired and reference
maps so as to determine a value for an assessment
function, said value for the assessment function
depending on the differences between said acquired
and reference maps and corresponding to a decision
to continue or to stop the search for virtual acquisi-
tion conditions approximating the actual acquisition
conditions with greater accuracy than said virtual
acquisition conditions to be tested;

[0511] 06) if said value for the assessment function
corresponds to a decision to continue said search,
modification of said virtual acquisition conditions to
be tested, then return to the step 03);

[0512] otherwise, assessment of the actual acqui-
sition conditions by said virtual acquisition con-
ditions to be tested.

[0513] Preferably, the actual acquisition conditions to be
assessed comprise one or more of the following calibration
parameters: diaphragm aperture, exposure time, exposure
time, focal distance and sensitivity.

[0514] In the assessment method, the modification made
to the virtual acquisition conditions to be tested in the step
06) is preferably performed by means of a metaheuristic
method, preferably evolutionist, preferably by simulated
annealing, preferably by means of one of the metaheuristic
methods cited previously.

[0515] An assessment method according to the invention
is preferably used each time it is necessary to assess the
actual acquisition conditions of an image. This image, which
can in particular be an updated image acquired during a step
b) or B. or an initial image acquired during a step A., is
called “acquired image”.
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[0516] The production of the reference model in the step
001) can comprise one or more of the features, even
optional, of the step a).

[0517] The acquisition of the acquired image can comprise
one or more of the features, even optional, of the step b).
Preferably, it implements an acquisition kit according to the
invention, and preferably an acquisition method according
to the invention.

[0518] The step 01) of determination of the rough virtual
acquisition conditions can comprise one or more of the
features, even optional, of the step c).

[0519] The steps 02) to 06) can comprise one or more of
the features, even optional, of the steps e21) to e25),
respectively.

Detailed Description of a Method for Optimizing a Dis-
criminating Piece of information

[0520] A method of optimizing or “selecting” a discrimi-
nating piece of information according to the invention is
intended to improve the reliability of an initial discriminat-
ing piece of information extracted from a two-dimensional
image of the dental arches of a patient, or “acquired image”,
notably from an initial image obtained from a step A. or from
an updated image obtained from a step B. or b), acquired in
actual acquisition conditions. “The optimization” of the
discriminating piece of information is therefore a selection
of discriminating pieces of information, according to an
iterative approach, so as to select from the image the
discriminating piece of information most relevant for best
monitoring the positioning and/or the shape of the teeth of
the patient.

[0521] This method relies on a three-dimensional digital
reference model of at least a part of an arch of the patient,
in particular of an initial reference model from a step a).
[0522] Asillustrated in FIG. 10, it comprises the following
steps:

[0523] CIl. assessment of the quality of the initial dis-
criminating piece of information and of a quality
threshold, filtering so as to retain only the initial
discriminating piece of information, preferably all the
initial discriminating pieces of information exhibiting a
quality above the quality threshold, and definition of
the “discriminating piece of information to be tested”
as being the discriminating piece of information
retained,;

[0524] C2. testing of the matching between the dis-
criminating piece of information to be tested and the
reference model;

[0525] C3. based on the result and on a function of
assessment of the result of the test:

[0526] addition of discriminating information not
retained to the discriminating piece of information to
be tested and/or elimination of discriminating infor-
mation from the discriminating piece of information
to be tested, then return to the step C2. or,

[0527] definition of the optimum discriminating
piece of information as being the discriminating
piece of information to be tested.

[0528] The discriminating piece of information can nota-
bly be any one of the discriminating pieces of information
described previously. As an example, the discriminating
piece of information can be an outline information.

[0529] The initial discriminating piece of information
results conventionally from the analysis of the acquired
image, as described for the step c).
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[0530] The methods according to the invention which use
such an initial discriminating piece of information imple-
ment optimizations which provide better results if the dis-
criminating piece of information is both abundant and of
good quality. One aim of the optimization method is there-
fore to improve the quality of the initial discriminating piece
of information.

[0531] In the step Cl1., the quality of the initial discrimi-
nating piece of information is assessed. In the example of an
outline, the analysis of the contrast provides, for example,
more or less reliable information: a zone of strong contrast
can be likened to a zone corresponding to an outline with a
high probability and the quality of the points of this zone
will therefore be high. On the other hand, a zone of weak
contrast, for example a blurred zone, can be likened to a
zone corresponding to an outline with a low probability and
the quality of the points of this zone will therefore be low.
In this example, the probability for a point of the acquired
image belonging to the outline can be chosen as indicator of
the “quality” of the discriminating piece of information.
[0532] A quality threshold is used to filter the initial
discriminating piece of information. If the quality threshold
is high, the discriminating piece of information retained
following the filtering will be of small quantity, but very
reliable. If the quality threshold is low, the discriminating
piece of information retained will be abundant, but unreli-
able. In the example of outline information, the analysis of
the image will then lead to the retention of the “false” outline
points, that is to say, of the points which, because of the
analysis, will be considered in error as belonging to the
outline of the teeth and of the gingiva.

[0533] Ina preferred embodiment, the quality threshold is
high in order to retain only the very reliable discriminating
piece of information to be tested.

[0534] In the step C2., the match is tested, that is to say a
degree of match is determined, between the discriminating
piece of information to be tested and the reference model.
[0535] Preferably, an “acquired” map of the discriminat-
ing piece of information to be tested resulting from the
processing of the acquired image is produced.

[0536] Preferably, the method then continues according to
the steps 01) to 06), and in particular the following steps:

[0537] 02) determination of virtual acquisition condi-
tions to be tested;

[0538] 03) production of a two-dimensional reference
image of the reference model observed in the virtual
acquisition conditions to be tested;

[0539] 04) processing of the reference image to produce
at least one reference map representing discriminating
information;

[0540] 05) comparison of the acquired and reference
maps so as to determine a value for an assessment
function, said value for the assessment function
depending on the differences between said acquired and
reference maps and corresponding to a decision to
continue or to stop the search for virtual acquisition
conditions approximating the actual acquisition condi-
tions with greater accuracy than said virtual acquisition
conditions to be tested;

[0541] 06) if said value for the assessment function
corresponds to a decision to continue said search,
modification of said virtual acquisition conditions to be
tested, then return to the step 03); otherwise, assess-
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ment of the actual acquisition conditions by said virtual

acquisition conditions to be tested.
[0542] In the step 04), the processing of the reference
image makes it possible to produce a reference map repre-
senting said discriminating piece of information. The criteria
for selecting the discriminating piece of information repre-
sented on the reference map can be identical or different
from those used to select the discriminating piece of infor-
mation to be tested.
[0543] Preferably, the discriminating piece of information
represented on the reference map is selected with the same
criteria as the discriminating piece of information to be
tested. In the example of an outline, the processing of the
reference image can consist in retaining the points of the
reference image corresponding to an outline with a high
probability.
[0544] The probability for a point of the reference image
belonging to the outline can be determined as for the
processing of the acquired image and also serve as indicator
of the quality of the discriminating piece of information. The
quality threshold can also be identical to the one used for the
processing of the acquired image. The outline represented on
the reference map is then similar to that represented on the
acquired map, and in particular exhibits a substantially
identical length.
[0545] The steps 01) to 06) make it possible to determine,
with the reference model, virtual acquisition conditions
approximating the actual acquisition conditions of the
acquired image.
[0546] The observation of the reference model in these
virtual acquisition conditions therefore provides a view
which best corresponds to the acquired image. The search
for the virtual acquisition conditions is however based on the
discriminating piece of information to be tested. The degree
of correspondence therefore depends on the discriminating
piece of information to be tested. The higher the quality and
quantity of the discriminating piece of information to be
tested, the better the degree of correspondence between the
view of the reference model in the virtual acquisition
conditions and the acquired image, and the higher the degree
of match between the discriminating piece of information to
be tested and the reference model.
[0547] The degree of match can for example be measured
by the inverse of the deviation between

[0548] the reference map relating to the image of the

reference model observed in the virtual acquisition

conditions best approximating the actual acquisition

conditions following the execution of the steps 01) to

06), and

[0549] the “acquired” map representing the discriminat-

ing piece of information to be tested corresponding to

the acquired image weighted by the quantity of dis-

criminating information to be tested.
[0550] For an outline for example, the degree of match can
be the ratio of the number of points which belong to both the
outline of the reference map and the outline of the acquired
map, to the total number of points of the outline of the
acquired map, or the product of the inverse of the mean
distance between the outlines represented on said acquired
and reference maps, and the length of the outline represented
on the acquired map.
[0551] The “best” approximation of the actual acquisition
conditions from a discriminating piece of information to be
tested can be assessed by a result or “score”, for example by
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the degree of match. The aim of the cycle of the steps C2.
and C3. is to optimize this result by acting on the discrimi-
nating piece of information to be tested.

[0552] This optimization is similar to that implemented for
the methods for monitoring the positioning and/or the shape
of the teeth. These methods however act on the initial
reference model, by movement of the tooth models and/or
by deformation of the reference model, whereas the method
for optimizing the discriminating piece of information acts
on the discriminating piece of information used to establish
the acquired map.

[0553] The operation performed in the step C3. is deter-
mined by a function of assessment of the result of the test of
the step C2. Preferably, the assessment function takes into
account results obtained during preceding C2.-C3. cycles.
[0554] In particular, the method can be stopped if the
assessment function indicates that the continuation of C2.-
C3. cycles does not make it possible to improve the result,
for example because one or more C2.-C3. cycles have not
made it possible to improve it or have not made it possible
to improve it significantly. The discriminating piece of
information tested during the C2.-C3. cycle having led to the
best result is then considered as optimal.

[0555] Otherwise, a new C2.-C3. cycle can be launched,
after modification of the discriminating piece of information
to be tested. The modification to be made to the discrimi-
nating piece of information which has just been tested can
consist in an addition or a elimination of discriminating
information. An addition of discriminating information can
for example be decided if the last result is the best obtained
hitherto and if, according to the assessment function, the
result can be further improved. Preferably, the discriminat-
ing piece of information added is that which, out of the
discriminating piece of information not retained in the step
C1. and which has not yet been tested, exhibits the best
quality. For example, when the discriminating piece of
information is outline information, the addition of discrimi-
nating information can consist in adding points of the image
not retained initially, never yet added and whose quality, as
assessed in the step Cl1., is the highest, that is to say whose
addition is the most likely to improve the result of the test
of the step C2.

[0556] An elimination of discriminating information can
for example be decided if the last result is worse that the
preceding one. In particular, the discriminating piece of
information added during the preceding cycle can be deleted
and an addition of another discriminating piece of informa-
tion can be performed, as described previously.

[0557] The determination of the discriminating piece of
information to be added and/or deleted can be random.
However, preferably, it results from the implementation of a
metaheuristic method, preferably evolutionist, preferably by
simulated annealing, preferably of the type of those
described above.

EXAMPLE

[0558] As an example, FIG. 11 represents, superimposed
on the acquired image, a reference map relating to a glare
information (discriminating information). The acquired
image, preferably acquired by an acquisition kit according to
the invention, is a photograph taken in a particular position
and orientation of the camera. This position and this orien-
tation constitute the actual acquisition conditions of the
acquired image.
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[0559] A person skilled in the art knows that, on the
acquired image, the higher the brightness of a point, the
higher the probability that this point belongs to a glare zone.
The brightness can therefore be used as indicator of the
“quality” of the glare information.

[0560] The filtering in the step C1. can consist in retaining
only the zones of the acquired image which exhibit a
brightness above a quality threshold, for example of 70%.

[0561] The acquired map represents these zones, which
constitute the discriminating piece of information to be
tested.

[0562] In the step C2., a test as to whether the zones
retained match with the observation of the reference model
is performed, preferably according to the steps 01) to 06).

[0563] In the step 01), the acquired image is analyzed to
roughly assess the actual acquisition conditions by virtual
acquisition conditions. This assessment results preferably
from an analysis of the position and/or of the shape of the
representation, on the acquired image, of register marks of
a separator used during the acquisition.

[0564] The roughly assessed virtual acquisition conditions
can constitute the “virtual acquisition conditions to be
tested” in the step 02).

[0565] In the step 03), by observing the reference model
from virtual acquisition conditions to be tested, a reference
image is obtained.

[0566] In the step 04), as represented in FIG. 11, it is
possible to project, onto the reference image, vectors (black
lines 20), all of the same length, at right angles to the faces
of the reference model. The circles 22 represent these
vectors when they are observed according to their length.
The reference map is thus made up of these black lines 20
and circles 22.

[0567] A person skilled in the art knows that these circles
22 normally correspond to zones of the image corresponding
to glare. On the reference map, the discriminating piece of
information, namely the glare information, is therefore rep-
resented by the black lines 20 and by the circles 22, the
inverse of the length of the black lines being able to be used
as indicator of the “quality” of the glare information on the
reference map, a circle corresponding to a zero length, and
therefore to a maximum quality.

[0568] In the step 05), a comparison of the acquired and
reference maps can for example consist in checking whether
the lines 20 and the circles 22 are within zones of the
acquired map (which correspond initially to a brightness
greater than 70%). The assessment function can for example
be the ratio R between

[0569] the difference between the number of circles 22
and the number of lines which are inside zones of the
acquired image and

[0570]

[0571] The decision can be to continue the search by
modifying the virtual acquisition conditions to be tested
until a maximum is reached for the acquisition function.

[0572] In the step 06), if this maximum is considered to be
reached, the loop of the steps 03) to 06) is exited. Otherwise,
a modification to be made to the virtual acquisition condi-
tions to be tested is determined, preferably by means of a
metaheuristic method, preferably evolutionist, and there is a
return to the step 03).

the total number of circles 22.
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[0573] On exiting the steps 03) to 06), the ratio R is
therefore maximal, for this acquired image, for example
95%. This ratio R then represents the result of the match test
performed in the step C2.

[0574] In the step C3, this result is assessed by means of
an assessment function. This assessment function preferably
determines whether the result is optimal or not. If the result
is considered optimal, for example because no better result
can now be obtained after several cycles of the steps
C2.-C3., it is considered that the zones of the corresponding
acquired map constitute optimal discriminating information.
[0575] Otherwise, the acquired map is modified, for
example by adding points of the acquired image, for
example by adding points which exhibit a brightness greater
than 71%. This addition leads to the addition of circles in the
zones of the acquired map, which improves the ratio R, but
also to the addition of black lines, which degrades the ratio
R. On the other hand, it is possible to extract the points
which exhibit a brightness greater than 69%. This elimina-
tion leads to the elimination of circles in the zones of the
acquired map, which degrades the ratio R, but also leads to
the elimination of black lines, which improves the ratio R.
[0576] The modification to be made is preferably guided
by a metaheuristic method, preferably evolutionist.

[0577] From the new acquired map, which defines the
discriminating piece of information to be tested, there is a
return to the step C2.

[0578] The cycling of the steps C2. and C3. can be
continued until an optimal result is determined. The dis-
criminating piece of information to be tested is then con-
sidered optimal.

[0579] As now clearly emerges, a method for optimizing
a discriminating piece of information according to the
invention makes it possible to construct a discriminating
piece of information that is of good quality and abundant. In
particular, it makes it possible, from a partial initial outline,
but of good quality, to gradually construct an outline that is
more complete but still of good quality.

[0580] Obviously, the invention is not limited to the
embodiments described above and represented.

[0581] In particular, unless indicated otherwise, the
optional features described in the context of a step of a first
method according to the invention are applicable in the
context of a similar step or one bearing the same reference
of a second method according to the invention.

[0582] The method for monitoring the positioning and/or
the shape of the teeth can be implemented successively for
each of the two arches or simultaneously for the two arches.
Furthermore, for these methods, several different appara-
tuses can be implemented. For example, the acquisition can
be performed with a mobile phone and the subsequent steps
with a fixed computer.

[0583] Finally, the patient is not limited to a human being.
In particular, a method for monitoring the positioning of
teeth according to the invention can be used for another
animal.

1. A method for monitoring a property of appearance of
teeth of a patient, said method comprising the following
successive steps:

A. acquisition, by means of a first acquisition apparatus,
of at least one first two-dimensional image of said teeth
and of a first reference gauge, called “initial image”;

B. acquisition, by means of a second acquisition appara-
tus, of at least one second two-dimensional image of
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said teeth and of a second reference gauge exhibiting a
same appearance as the first reference gauge, called
“updated image”;

C. normalization of the initial and updated images so that
the representations of the first and second reference
gauges on the normalized initial and updated images
exhibit a same appearance;

D. before or after the step C., identification of a same
region of the teeth on the initial and updated images;

E. comparison of the appearance of said region on the
normalized initial and updated images.

2. The method as claimed in claim 1, in which the time
interval between the steps A. and B. is greater than one
week.

3. The method as claimed in claim 1, in which the first
acquisition apparatus and/or the second acquisition appara-
tus are cameras and/or mobile phones, the acquisitions in the
steps A. and/or B. being performed under flash lighting.

4. The method as claimed in claim 1, in which the
acquisitions in the steps A. and/or B. are performed by
means of an acquisition kit comprising:

a dental separator intended to be placed in the mouth of

a patient and comprising a register mark;

an image acquisition apparatus comprising:

a display screen,

a computer memory containing information on target
acquisition conditions,

a computer program comprising program code instruc-
tions for simultaneously displaying, on said screen, a
preview image and a reference, said reference being
in a position such that, when the register mark
matches the reference on the screen, the acquisition
apparatus meets the target acquisition conditions.

5. The method as claimed in claim 4, in which the target
acquisition conditions are determined according to the teeth
whose property of appearance is to be monitored.

6. The method as claimed in claim 4, in which the
acquisitions in the steps A. and B. are performed by means
of acquisition kits in which the target acquisition conditions
are identical.

7. The method as claimed in claim 3, in which the first
and/or the second acquisition apparatus comprises a com-
puter program comprising program code instructions for
identifying, in real time, the register mark or marks on the
separator, analyzing its or their positions or dimensions and,
accordingly, supplying a piece of information.

8. The method as claimed in claim 1, in which, in the step
D., the identification comprises a compatison of discrimi-
nating pieces of information common to both the initial and
the updated image, then an identification of said region
relative to said common discriminating pieces of informa-
tion.
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9. The method as claimed in claim 1, in which, in the step
D., the identification of said region on the initial and/or
updated images comprises a search for virtual acquisition
conditions in which the first acquisition apparatus and/or the
second acquisition apparatus, respectively, would have
acquired said initial and/or updated image by observing a
three-dimensional digital reference model of at least a part
of an arch of the patient.

10. The method as claimed in ¢laim 1, in which, in the
step D., the identification of the region on the initial and/or
updated image, called “acquired image”, comprises the
implementation of a method for assessing the actual acqui-
sition conditions of the acquired image, said method com-
prising the following steps:

001) production of a three-dimensional digital reference

model of at least a part of an arch of the patient;

002) analysis of the acquired image and production of a
map relating to a discriminating piece of information,
called “acquired map”;

003) search for the virtual acquisition conditions approxi-
mating, optimally, said actual acquisition conditions,
according to the following steps 01) to 05):

01) optionally, determination of rough virtual acquisi-
tion conditions approximating said actual acquisition
conditions, on the acquired image, of a separator
used during the acquisition of the acquired image;

02) determination of virtual acquisition conditions to be
tested;

03) production of a two-dimensional reference image
of the reference model observed in the virtual acqui-
sition conditions to be tested;

04) processing of the reference image to produce at
least one reference map representing said discrimi-
nating piece of information;

05) comparison of the acquired and reference maps so
as to determine a value for an assessment function,
said value for the assessment function depending on
the differences between said acquired and reference
maps and corresponding to a decision to continue or
to stop the search for virtual acquisition conditions
approximating the actual acquisition conditions with
greater accuracy than said virtual acquisition condi-
tions to be tested;

06) if said value for the assessment function corre-
sponds to a decision to continue said search, modi-
fication of said virtual acquisition conditions to be
tested, then return to the step 03); otherwise, assess-
ment of the actual acquisition conditions by said
virtual acquisition conditions to be tested.
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