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(54) Method and apparatus for radiographic imaging

(57) A radiographic X- �ray apparatus is equipped with
multiple devices for the acquisition of anatomical data,
in particular cameras (10). These devices are used to
facilitate and automate the imaging process, providing:�
- before exposure the automated identification of the spe-
cific anatomical features of the patient (4) and the opti-
mized presetting of the exposure technique factors and
projection geometry, tailored on the actual anatomy of
the patient (4);�

- during exposure the optimized X-�ray dose modulation,
either automatically or selected by the operator, in order
to correctly expose the various regions of interest, and
accordingly impart reduced dose to other body parts, ac-
cording to the actual anatomy of the patient (4) and im-
aging requirements; �
- after exposure the possibility to complement the radio-
graphic image with additional information about the in-
ternal and external anatomy, providing valuable tools for
the medical analysis and diagnosis.
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Description

�[0001] The invention relates to a method for radio-
graphic imaging by means of high energy radiation com-
prising the method steps of:�

- positioning a patient by means of a positioning sys-
tem adapted for positioning a patient with respect to
an imaging system comprising a high energy radia-
tion source and a high energy radiation detector;

- acquiring multiple biometric data about the actual
anatomy of the patient using at least one data ac-
quisition device;

- using the imaging system for acquiring radiographic
images by an imaging process and setting at least
one operational parameter of the imaging process
in dependency of the multiple biometric data.

�[0002] The invention further relates to an apparatus
for implementing the method.
�[0003] Such a method and such an apparatus are
known from US 71 03 141 B2. According to the known
method, a head support is used for determining exposure
values in an X-�ray cephalometric apparatus. The head
support comprises support elements that can be posi-
tioned against the head of a patient, preferably against
the cranial part of the head. The position of the support
elements is determined by mechanical sensors. From
the position of the support elements, the size and the
position of the head of the patient can be derived. In par-
ticular, the distance between the ears of the patient and
the position of the nasion can be determined. According
to the data obtained a modulation of the radiation intensity
or scanning speed of the X-�ray exposure either automat-
ically or according to a predefined profile is performed
during the imaging process.
�[0004] A similar method is disclosed in US 65 10 196
B2. According to the known method various alternative
size measurements of the head of a patient are used to
estimate the bone thickness of the head. According to
the data obtained for the size and position of the head,
appropriate values of the current and voltage applied to
the X-�ray tube as well as appropriate values of the ex-
posure time are proposed to the operator on a display.
The operator may then accept the proposed values or
change the actual settings of these operational parame-
ters.
�[0005] In the known methods, the settings of the op-
erational parameters are chosen based on the aperture
of the head support. This approach is highly affected by
inaccuracy due to the differences in age, sex and height.
Moreover, positioning the patient correctly inside the
head support is a time consuming step, and the comfort
of the patient is not optimized due to the head support
�[0006] US 48 56 038 discloses a method for adjusting
a panoramic X-�ray apparatus. In the known method, the
most appropriate dental arch profile for the actual patient
is identified by a subjective evaluation of the operator

supported by a tablet on which the actual patient dental
arch profile can be drawn by the operator. This will be
used by the system to drive the movements during the
panoramic imaging and hence to adjust the layer in focus
around the selected dental arch profile.
�[0007] According to other known methods the opera-
tional parameters of the X-�ray exposure are automatically
controlled during the imaging process.
�[0008] In the methods according to US 2004/0096035
A1, the radiation dose is increased or decreased by a
constant factor by an automatically exposure control (=
AEC) system, on the basis of the signal measured along
the first acquired columns of a panoramic radiography.
Other refined AEC systems, including closed-�loop oper-
ation, have been proposed for digital mammography in
ELBAKRI, I. et al.: Automatic Exposure control for a slot
scanning full field digital mammography systems, Med.
Phys. 32, p. 2763-2770, 2005.
�[0009] Also panoramic X-�ray equipments of the prior
art, such as the one disclosed in US 54 25 065, typically
adopt a modulation of the X-�ray exposure to compensate
the higher absorption in the region of the spine. Such
modulation can be either predefined or automatically ad-
justed by an automatic exposure control during the ac-
quisition process. The result is often not optimal due to
lack of adjustment on the specific anatomy and position-
ing of the actual patient, or due to inaccuracies of the
automatic exposure control system. This may generally
be corrected by post exposure image processing, aimed
at uniformity of the image density along the various re-
gions, but it does not compensate the lack of signal-�to-
noise ratio due to incorrect exposure, which typically ex-
hibits in vertical bands on the diagnostic image.
�[0010] Some effective software solutions for correcting
a posteriori these defects have been proposed in FRO-
SIO, I.; BORGHESE , N. A.: A New Real Time Filter for
Local Exposure Correction in Panoramic Radiography,
Medical Physics, Vol. 33, No. 9, Sep. 2006, p. 3478-88.
Another method is disclosed in FROSIO, I.; FERRIGNO,
G.; BORGHESE, N. A., Enhancing digital cephalic radi-
ography with mixture models and local gamma correc-
tion, IEEE Trans Med Imaging. Vol. 25 No. 1, Jan 2006,
p. 113-121. However, these algorithms cannot guarantee
that the signal-�to-�noise ratio is constant over the entire
image. Moreover, they locally modify the statistical prop-
erties of the image and this can represent a problem for
further processing algorithms applied to these images.
Best results could be achieved only by optimizing a priori
the X-�ray modulation.
�[0011] US 71 33 496 B2 discloses a method for ce-
phalometric radiography in which an almost correct ex-
posure of both the bone and the soft tissue is obtained
by means of some hardware filter applied to the radio-
graphic apparatus, aimed at the reduction of the dose in
the soft tissue area.
�[0012] Such procedures are usually complemented by
specific image post processing, aiming to apply a differ-
entiated contrast enhancement gamma for the regions
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of soft tissues and the regions of bone tissue, as de-
scribed in EP 1 624 411 A2.
�[0013] Besides these methods for adjusting the oper-
ational parameters of an X-�ray apparatus, methods have
recently been developed for automatic face recognition
systems. An overview can be found in SINHA, P. et al.
in: Face Recognition by Humans: 19 Results All Compu-
ter Vision Researchers Should Know About, Proceed-
ings of the IEEE, Vol. 94, No. 11, November 2006, p.
1948-1962 and in ZHAO, W. et al. Face Recognition: A
Literature Survey, ACM Computing Surveys, 2003, p.
399-458
�[0014] The publications TISSE, C. et al., Person iden-
tification technique using human iris recognition (2002),
IEEE Trans. Patt. Anal. Mach. Intell., 2002 and FOX, N.A.
et al., Robust Biometric Person Identification Using Au-
tomatic Classifier Fusion of Speech, Mouth, and Face
Experts, IEEE Trans. On Multimedia, Vol. 9, Issue 4, June
2007 p. 701 - 714. as well as FOX, N.A.; REILLY, R.B.,
Robust multi-�modal person identification with tolerance
of facial expression, 2004 contain further details on face
identification.
�[0015] SABER, E.; TEKALP, A. M., Frontal-�view face
detection and facial feature extraction using color, shape
and symmetry based cost functions, Pattern Recognition
Letters, Volume 19, Issue 8, June 1998, p. 669-680 de-
scribes a method for detecting human faces based on
color and shape information and for locating the eyes,
nose and mouth by symmetry based cost functions.
�[0016] GOTO, T. et al., Facial feature extraction for
quick 3D face modeling," Signal Processing: Image
Communication, Volume 17, Number 3, March 2002, p.
243-259 �(17) discloses a method for the three-�dimension-
al face modeling.
�[0017] A similar method can be found in BLANZ, V.;
VETTER, T., Face Recognition Based on Fitting a 3D
Morphable Model, IEEE Transactions on Pattern Analy-
sis and Machine Intelligence, vol. 25 no. 9, p. 1063 -
1074, 2003 and also in BLANZ, V.; VETTER, T., A Mor-
phable Model for the Synthesis of 3D Faces, SIGGRAPH
99 Conference Proceedings.
�[0018] Vision systems were already proposed in radi-
otherapy to control the correct alignment of the patient
with respect to the X-�ray machine. According to JOHN-
SON, L.S. et al., Initial clinical experience with a video-
based patient positioning system, International Journal
of Radiation Oncology, Biology, Physics, Volume: 45, Is-
sue: 1, August 1, 1999, p. 205-213 a vision system is
used for positioning a patient with respect to reference
positions; the position of the patient can then be checked
in each moment through a simple image subtraction tech-
nique.
�[0019] A first dental X- �ray system equipped with video
cameras was disclosed in DE 36 32 878 A1, where the
use of video cameras is proposed for the purpose of gen-
erating silhouettes of the head of a patient and adjusting
the silhouette of an actual position with the silhouette of
a desired position of the patient head.

�[0020] Another dental X-�ray system equipped with vid-
eo cameras is disclosed in JP 2001 34 67 96 A, where
the use of a video camera is proposed for verifying or
controlling, either manually or automatically, the position-
ing of a head of a patient.
�[0021] According to US 66 14 875 B1 a cephalographic
X-�ray system is equipped with a video camera. In this
document, the use of a video camera with the same ge-
ometry as the X- �ray field is proposed for obtaining ce-
phalographic pictures and side views of the head that
can be superimposed by means of reference elements
in the head positioning means.
�[0022] A further dental X-�ray system equipped with vid-
eo cameras is disclosed in US 2007/0183567 A1, where
the use of one or more video cameras is suggested for
identifying a misalignment of the head with respect to the
system by automatic processing and analyzing the video
images, and applying a correction of the relevant me-
chanical parameters guided by reference markers or
lines superimposed on the views of the patient.
�[0023] Finally, WHITAKER, R.T, A Level-�Set Ap-
proach to Image Blending, Image Processing, IEEE
Transactions on, Volume 9, Issue 11, Nov. 2000 pp 1849
- 1861 discloses a method for blending images.
�[0024] Proceeding from this related art, the present in-
vention seeks to provide an improved method and appa-
ratus for the automatic acquisition of radiographic imag-
es.
�[0025] This object is achieved by a method and an ap-
paratus having the features of the independent claims.
Advantageous embodiments and refinements are spec-
ified in claims dependent thereon.
�[0026] In the method and in the apparatus, multiple
raw data are acquired using the at least one data acqui-
sition device. These raw data are processed to identify
specific anatomical features of the actual anatomy of the
patient. These specific anatomical features may be the
eyes, nose, lips or similar morphological features whose
position is not know from the beginning. Thus, a search
for the relevant anatomical features is performed. Based
on the identified specific anatomical features multiple bi-
ometric data can be generated. In the context of this ap-
plication the multiple biometric data are to be understood
as a data set of quantities related to identified anatomical
features. In particular, the biometric data may include a
single number associated with a unit, for example a width
of a head measured in centimeters; the biometric data
may also include a multidimensional quantity or a plurality
of such multidimensional quantities, for example the po-
sition of some anatomical features with respect to a given
coordinate system, such as the positions of the center of
the eyes or a position of the tip of the nose, or for example
a profile such as the profile of a true dental arch; the
biometric data may also be a relation of two quantities,
for example the ratio of the temple width to the height of
the face; the multiple biometric data may further include
also other spatial quantities of the identified anatomical
features, such as quantified areas or volumes; finally the
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multiple biometric data may also contain a measurement
of a congruence between an anatomical feature and
some predefined pattern, for example the deviation of an
identified profile, for instance the actual contour of a head,
from a predefined standard contour of the head or similar
data. The biometric data can then be used to set the
operational parameter without any interaction of the op-
erator since the relevant anatomical features are recog-
nized automatically and since the biometric data needed
for the control of the imaging process are also automat-
ically retrieved. Since no time consuming manual inter-
action of an operator is needed for choosing the place
where the biometric data have to be taken a plurality of
biometric data can be acquired so that the operational
parameter can be better adjusted to the actual anatomy
of the patient.
�[0027] In a preferred embodiment a plurality of mor-
phological parameters of the anatomy of the patient are
obtained as biometrical data. The morphological param-
eters are biometric data which refer to features of the
outer appearance of the patient such as the position of
the eyes, the mouth or the nose or the ears. The mor-
phological parameters can advantageously be used for
controlling the imaging process since the position of soft
tissue can be accurately determined.
�[0028] The multiple raw data may also be used to re-
trieve a profile of the anatomy of the body of the patient.
In this context, a profile shall be understood to be a con-
tinuous curve or a plurality of subsequent sites. The pro-
file can then be used to vary the operational parameters
continuously or at least gradually during the acquisition
process in an appropriate way adapted to the specific
profile of the anatomy of the patient. Such profiles can
be the profile of the true dental arch or the profile of the
transition between a hard tissue region and a soft tissue
region. The profile can then be used to vary the opera-
tional parameters continuously or at least gradually by a
plurality of small steps during the acquisition process in
an appropriate way adapted to the specific anatomy of
the patient. Therefore, the method and the apparatus al-
low for a fine tuning of the operational parameters in an
automatic image acquisition process.
�[0029] Preferably, morphological raw data are ac-
quired as multiple raw data in a contactless way. In the
context of this application the morphological raw data are
to be understood as unprocessed raw data relating to
the outer appearance of the patient. Devices that acquire
morphological data in a contactless way are generally
disposed at a distance from the body of the patient. Being
disposed at a distance, these devices are able to meas-
ure extended features of the anatomy of the patient so
that morphological parameters such as the position of
the eyes, the mouth or the nose or the ears can be ad-
vantageously determined automatically from an extend-
ed view of the anatomy of the patient. A further advantage
of the contactless acquisition of the anatomical raw data
is that any discomfort of the patient is avoided.
�[0030] In a preferred embodiment, the morphological

raw data are acquired by an optical camera adapted for
taking views of the actual patient anatomy. Artificial vision
systems and associated pattern analysis techniques can
advantageously replace the human vision due to the de-
velopment of advanced algorithms, the increase in com-
putational power in embedded computers and the tech-
nological improvement of the compact video cameras
which provide good image quality and stability standard
high rate interfaces, such as USB2 or IEEE 1394-
Firewire, high accuracy, repeatability and speed up of
operation procedures versus the corresponding human
operations. These cameras are available at reasonable
costs and allow the determination of profiles of the im-
aged parts of the patient’s body. Besides optical camer-
as, also other devices such as devices adapted for taking
three-�dimensional images, in particular devices which
measure the traveling time of an acoustic or electromag-
netical signal in the radiofrequency or optical frequency
range, or devices arranged for detecting a silhouette of
the patient can be used for the contactless acquisition of
the morphological data.
�[0031] The morphological raw data can also be gen-
erated by means of a mirror arrangement providing an
additional perspective of the patient and can also be com-
plemented by additional biometric data measured by a
data acquisition device that is supplying directly addition-
al biometric data, such as a patient weight, a height of a
biting point, a temple width, a carpus width and similar
anatomical parameter. The morphological raw data re-
trieved by the contactless data acquisition devices can
be calibrated on the basis of these additional points, fea-
tures or patterns, which can be related or not to the ma-
chine geometry. Additional points, features or patterns
can be provided for a routine check of the calibration of
the data acquisition devices.
�[0032] Preferably, statistical pattern matching is used
for processing the anatomical raw data for identifying the
specific anatomical features. By using statistical meth-
ods, the probability of reproducing the actual anatomy of
the patient can be maximized.
�[0033] Typically, the raw data and/or biometric data
are used to automatically set at least one of the opera-
tional parameters according to the anatomy of the patient
actually imaged by the apparatus. The parameter may
be at least one of the parameters contained in the group
of operational parameters including current and voltage
of the radiation source, exposure timing and projection
geometry, scanning speed of the imaging system and
detector sensitivity. Thus, the conditions of the radiation
exposure can continuously be adapted to the actual re-
gion crossed by the radiation beam.
�[0034] For minimizing the dose for the patient, the set-
ting of the at least one operational parameter is per-
formed using optimization criteria. One possible criterion
is the minimization of the dose applied to the patient un-
der the condition that a given signal-�to-�noise ratio is ob-
tained for the detector signal.
�[0035] For adapting the at least one operational pa-
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rameter continuously to the actual alignment of the radi-
ation beam at least one of the automatically set opera-
tional parameters are used as a preset reference for an
automatic exposure control method, wherein at the be-
ginning of the exposure time an adjustment of the at least
one operational parameter is made by a closed loop con-
trol of the operational parameter in dependency of the
average detector signal while allowing a limited range of
variation around a preset reference value of the opera-
tional parameter. By limiting the range of allowable var-
iations, the operational parameter cannot assume values
that endanger the health of the patient.
�[0036] The raw data and/or biometric data can also be
used for providing an automatic identification of the pa-
tient. If the identity of the patient is known further data on
the patient can be retrieved from a database where data
on the patient are stored. Such data may include data
acquired previously such as previous profiles or previous
morphological features relating to the anatomy of the pa-
tient. The identity of the patient can also be used for re-
porting purposes. The radiographic images can further
be concatenated with metadata such as the name or oth-
er personal data of the patient.
�[0037] Furthermore, the raw data and/or biometric da-
ta can also be used for providing an automatic determi-
nation of the patient’s true dental arch. In particular, in
dental tomography or radiography the layer in focus must
be accommodated to the specific morphology of the pa-
tient for optimal results. The true dental arch can be used
to control the movement of the radiation system for ad-
justing the layer in focus around the selected dental arch
profile. Thus the quality of the radiographic images can
be considerably improved over the prior art.
�[0038] Another important issue in dental radiography
is the spine position of the patient. If raw data and/or
biometric data are used for an automatic identification of
the spine position of the patient and if the identified spine
position is used to homogenize the level of exposure of
the detector by automatically modulating the radiation
intensity profile during the imaging process, the quality
of the radiographic images can be improved since the
intensity of the radiation can be adapted to the absorption
of radiation in the spine region.
�[0039] In particular in cephalography the transition
from soft to bony regions should be known for homoge-
nizing the level of exposure. Therefore, the raw data
and/or biometric data are used for providing an automatic
identification of the transition from soft to bony tissue in
the face of the patient for use in lateral radiographic im-
ages of the head of the patient. Furthermore, the identi-
fied transition from soft to bony tissue is used to homog-
enize the level of exposure by automatically modulating
the radiation intensity profile during the acquisition of the
radiographic images of the skull.
�[0040] The raw data and/or biometric data can finally
also be used for providing the actual protrusion of inci-
sors. If the protrusion of the incisors is known the posi-
tioning errors caused by the inclination of the incisors

and the deviation between the labial end of the incisors
determining the position of the incisors in the positioning
system and the root of the incisors which determines the
position of the dental arch profile can be automatically
corrected. Thus, the errors caused by the inclination of
the incisors can be avoided.
�[0041] In a preferred embodiment, the raw data and/or
biometric data can be used to provide a two-�dimensional
or three- �dimensional display of the patient’s anatomy
thus enabling the operator to limit the imaging process
to a region of interest selected by the operator on the
display of the patient’s anatomy. The selected region of
interest can then be used to control the imaging process
automatically, in order to perform either a partial acqui-
sition limited to the region of interest or an acquisition
with a differentiated operational parameter inside or out-
side of the region of interest, according to the preference
of the operator.
�[0042] The raw data and/or biometric data can also be
used for processing the radiographic images after the
acquisition process of the radiographic images has been
terminated. For example, the information on the profile
can be used for adjusting the contrast of the radiographic
images after the acquisition process has been finished
or superimposing parts of the optical image on the radi-
ographic image.
�[0043] The output of the processing of the raw data
and/or biometric data can finally also be used for provid-
ing additional information supporting the medical diag-
nosis.
�[0044] In another particular embodiment, the biometric
data include the body height of the patient and at least
one additional biometric parameter. Thus a basic adjust-
ment of the operational parameters can be performed
replacing the usually manual adjustment of the opera-
tional parameters to the body height of the patient. Since
the size of the body parts to be examined by radiation is
critical, the body height of the patient is an important
measure for adjusting the operational parameters of the
radiation system.
�[0045] The body height of the patient can be preferably
retrieved by the height at which the positioning system
must be adjusted for a particular patient. Thus, the size
of the patient can be simply and reliably determined.
�[0046] The method and the apparatus are preferably
used for dental panoramic radiography, dental tomogra-
phy, cephalography or mammography.
�[0047] Further advantages and properties of the
present invention are disclosed in the following descrip-
tion, in which exemplary embodiments of the present in-
vention are explained in detail based on the drawings:�

Figure 1 shows a perspective view of one embodi-
ment of the present invention, wherein a face
of a patient is surveyed by a frontal video
camera while the patient bites a bite unit;

Figure 2 shows a schematic view from above on a
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modified embodiment;

Figure 3 shows a schematic view from above on an-
other modified embodiment;

Figure 4 shows a schematic view from above on a
further modified embodiment;

Figure 5 shows a flow diagram of the method of op-
eration of the embodiments in the preceding
figures;

Figure 6 illustrates the fitting of the patient’s frontal
profile through a parametric curve, in partic-
ular an hyperellipse together with the identi-
fication of a region of interest; and

Figure 7 demonstrates a typical hyperellipse used to
fit the shape of the patient’s face on a frontal
view.

�[0048] Figure 1 shows a apparatus 1 for panoramic
dental radiography that comprises a X-�ray tube 2 and an
X-�ray detector 3 for detecting the radiation crossing the
body of the patient 4. The detector 3 may be a digital X-
ray detector 3 that comprises a matrix of sensible ele-
ments or so called pixels, often covered by X-�ray detect-
ing scintillator material. Linear shaped area detectors
provide the most economic solution to realize a digital
radiographic apparatus. For instance, they are widely
used to build orthopantomographs aimed to dental radi-
ography. In this case, both the detector 3 and the tube 2
perform a trajectory in the three-�dimensional space fo-
cusing on a specific target surface 5, for instance the
dental arch of the patient 4. For performing the trajectory,
the tube 2 and the detector 3 are attached to a support
structure 6 that can be rotated around a vertical rotation
axis 7 aligned onto a head 8 of the patient 4. For keeping
the head 8 of the patient 4, in particular the dental arch
of the patient 4 as stationary as possible, a fixing unit 9
is provided with the apparatus 1. The fixing unit compris-
es a bite block that the patient 4 can introduce into the
mouth. While the patient 4 bites on the bite block the
dental arch of the patient 4 is kept stationary during the
image acquisition process.
�[0049] Image quality is fundamental to achieve the
best clinical results in digital radiography. To achieve a
satisfying image quality, several acquisition parameters,
for instance the X- �ray exposure profile or the position of
important anatomical structures, have to be set taking in
consideration the actual anatomy of the patient 4. In clin-
ical practice, these parameters are set by the operator
either manually or following some golden rule, which may
not lead to optimized results for the specific patient 4.
�[0050] In dental radiography, the operator has to ac-
complish various critical tasks, which may highly affect
the diagnostic value of any acquired radiography. Among
others, these tasks are the positioning of the patient 4,

the identification of the size of the patient 4, the identifi-
cation of reference anatomical points, the selection of
the anatomical region of interest, the control of the sta-
bility of the patient during X-�ray exposure, as well as the
recognition of the patient’s identity.
�[0051] Based on the subjective evaluation of the size
of the patient 4, for instance, the operator may set oper-
ational parameters of the radiographic apparatus, which
may lead to an inadequate diagnostic image. Estimating
the size of the patient 4 also constitutes a time consuming
procedure.
�[0052] Other acquisition parameters are often fixed by
the producer of the radiographic apparatus, for instance,
the modulation of the X- �ray intensity profile during the
acquisition of a panoramic radiography.
�[0053] The modulation of exposure is a general prob-
lem in radiography, as the dose should be adapted to the
local tissue crossed by the beam, so that the detector
receives enough signal, avoiding at the same time the
delivery of an excessive dose to specific anatomical
structures.
�[0054] For instance, in panoramic radiography the X-
ray dose is generally increased in correspondence to the
spine, to obtain a uniform exposure; the modulation is
performed according to a predefined exposure pattern,
which is not necessarily optimal for any patient 4. More-
over, because of small displacements of the patient 4,
the spine position may be shifted with respect to its ref-
erence position resulting in images of low quality, if the
displacement is not compensated. A typical artifact is rep-
resented by a series of stripes appearing in the image.
�[0055] The apparatus 1 for dental radiography is
equipped with a biometric system, which automates var-
ious procedures which have to be carried out before ra-
diographic acquisition, with the aim of optimizing the im-
age quality. The biometric system may include an artifi-
cial vision system and may additionally comprise several
sensors or three-�dimensional scanners, which provide a
multiplicity of biometrical data including lengths, areas,
volumes, weights and morphological data such as two-
dimensional views and three-�dimensional models which
can be processed for obtaining biometric data, in partic-
ular specific morphological parameters.
�[0056] In Figure 1 only a single video camera 10 is
shown. The artificial vision system, however, can also be
based on a set of one or more two-�dimensional cameras,
fixed or moving around the patient 4. In the latter case
the cameras could be mounted on the common support
structure 6 for the X-�ray tube 2 and the detector 3. Such
an apparatus can provide a set of two-�dimensional im-
ages or reconstruct the three-�dimensional surface of the
head 8 of the patient 4.
�[0057] In addition, the apparatus can be particularly
arranged for determining the body height of the patient
4 by measuring the height of the fixing unit 9 since the
height of the fixing unit 9 above floor depends on the
body height of the patient 4.
�[0058] In Figure 2 another example is depicted. Figure
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2 shows a schematic view from above on an apparatus
11 for narrow- �beam tomography by a narrow X-�ray radi-
ation beam 12. The tube 2 and the detector 3 of apparatus
11 are equipped with cameras 13 and 14 mounted onto
the tube 2 and the detector 3. Both cameras 13 and 14
can be used to locate the position of the spine of the
patient 4 and the position and the profile of the dental
arch. Thus the specific anatomy of the patient 4 can be
taken into account while moving the tube 2 and the de-
tector 3 on a trajectory 15 for taking tomographic images
of the dentition of the patient 4. For the analysis of the
images taken by the cameras 13 and 14, the cameras
13 and 14 are connected to a processing unit 16 which
is also provided with a display unit 17 and input devices
18, such as a keyboard. For controlling the imaging proc-
ess the processing unit 16 is also connected with the
tube 2, the detector 3 and a drive system for moving the
tube 2 and the detector 3 on the trajectory 15.
�[0059] Figure 3 shows another apparatus 19 for ce-
phalometric imaging. In the apparatus 19 the beam 12
has the shape of a fan located in a vertical plan. The
apparatus 19 is further provided with a stationary video
camera 20 that is disposed next to the tube 2. Further-
more, additional mirrors 21 are provided, so that the cam-
era 20 is able to record views of the head 8 from three
sides, namely a front side view, a back side view and a
lateral view. From the views the anatomy of the head 8
of the patient 4 can derived and the operational param-
eters of the imaging process gradually adjusted to the
anatomy of the cranial region actually crossed by the
beam 12 while the detector 3 and the beam 12 are moving
in a direction 22. As achieving a correct exposure of both
bony and soft tissues is critical in cephalography, a good
visualization of both soft and hard tissues is particularly
advantageous.
�[0060] It should be noted that the cameras 10, 13, 14
or 20 can be video cameras or photo cameras.
�[0061] Figure 4 depicts an apparatus 23, which is also
used for cephalometric imaging. In the apparatus 23, the
X-�ray beam 12 generally has the shape of a fan located
in a vertical plan. Associated with the beam 12 is a light
beam 24, which might also have the shape of a fan lo-
cated in a vertical plane. The vertical plane of the light
beam 24, which is inclined with respect to the plane of
the X-�ray beam 12 and advances the X-�ray beam 12 with
respect to the moving direction 22. The light beam 24 is
generated by a light source 25 located next to the tube
2 and detected by a photodetector 26, which preferably
comprises an linear array of detector elements. During
the imaging process the X- �ray beam 12, the light beam
24, the X-�ray detector 3 and the photodetector 26 move
together in the direction 22. At the beginning of the im-
aging process the photodetector 26 is fully illuminated,
but is only partially illuminated when the photodetector
becomes obscured by the head 8 of the patient 4. The
silhouette such acquired can be used for adjusting the
exposure of the soft tissue of the patient 4.
�[0062] In the following the various apparatus 1, 11, 19

and 23 are shortly referred to as the apparatus. Further-
more, by referring to the set of cameras we refer to any
one of the cameras 10, 13, 14 and 20 or the photo de-
tector 26.
�[0063] In the following, the use of the data acquired by
the set of cameras will be explained in more detail refer-
ring to Figure 5. According to Figure 5 a sensor 27 is
used for retrieving morphological raw data relating to the
anatomy of the patient 4. If any camera of the set of cam-
eras is used as sensor 27, the morphological raw data
will be images of the patient 4 taken by the camera. By
a subsequent data processing 28 anatomical features
are identified based on the morphological raw data.
These anatomical features can be the contour of a face
of the patient 4 or other anatomical landmarks such as
the eye, the ears, the nose or the mouth of the patient 4.
Therefore, a search for the anatomical features is per-
formed during the data processing 28. Once the anatom-
ical features are identified, biometric data are derived
from the morphological raw data by further processing
29. The further processing 29 results in biometric data
such as spatial coordinates of the anatomical features.
For example, the processing 29 may result in the position
of a central point of the eyes or the position of the nasion
with respect to the coordinate system or may also result
in absolute biometric data such as the width of the head
8 measured between the ears of the patient. Finally, op-
erational parameters are obtained by processing 30 the
biometric data. The operational parameter are finally
used for an imaging process 31. During the imaging proc-
ess the radiographic images of the patient are taken.
�[0064] The sensor 27 is acquiring the morphological
raw data in a contactless way. It should be noted, how-
ever, that the raw data may also include data which are
acquired in contact with the patient. Accordingly an ad-
ditional sensor 32 may be provided with the apparatus
1, 11, 19 and 23 for the acquisition of additional raw data
in contact with the patient 4. These additional raw data
may particularly be data which relate to the movement
of the patient 4 during the acquisition of the morphological
raw data by the sensor 27. Thus, the sensor 32 can be
a speed sensor or an accelerometer
�[0065] Furthermore it should be noted that biometric
data directly supplied by a sensor 33 can be used for the
processing 28 and the processing 30. These data can
be a length, height or weight measured by suitable sens-
ing devices in contact with the patient 4. These direct
biometric data can be used among other purposes for
calibration purposes or for consistency checks.
�[0066] In the embodiments depicted in the Figures 1
to 4 any camera of the set of cameras can be used to
automatically estimate the size of the patient 4 and con-
sequently the operational parameters which optimize the
acquisition process of the radiographic apparatus. The
set of cameras may further be used to automatically rec-
ognize the identity of a patient 4, to provide color images,
which can be used by the operator to select a particular
region of interest and to estimate the shape and the size
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of the dental arch of the patient 4.
�[0067] It is assumed that an accurate calibration pro-
cedure is carried out so that the acquired morphological
raw data, for instance the two- �dimensional or three- �di-
mensional views acquired by the set of cameras, are re-
ferred to a known reference system stationary with the
apparatus.
�[0068] The data acquisition of the morphological raw
data can be replaced or integrated with other biometrical
data from local anatomical measurements, like for in-
stance, the measurement of the wrist width, patient
height and weight and temple width.
�[0069] Pattern recognition techniques process these
anatomical data to compute the position of several ana-
tomical features of the head 8, which are used to optimize
the process of the radiographic acquisition.
�[0070] The most refined pattern analysis approaches
are based on statistical analysis and a combination of
the previously introduced techniques: for instance, they
permit to reliably recognize a face among a dataset of
face images through the analysis of the facial features.
For recognizing faces, basic pattern analysis approaches
are used to individuate a single feature of the face, for
instance an eye or a mouth. When a set of features is
considered, the basic approaches can be used to indi-
viduate the features; the correct constellation of the fea-
tures is then selected between the candidate constella-
tions, using some statistical criteria. For instance, there
is a null probability for the mouth to lie over the eyes.
Thus, a statistical approach based on constellation, is
more reliable than a simple set of basic approaches for
single feature identification.
�[0071] Depending on the sensors used and on the in-
tended use of the system, various methods can be used
to operate the apparatus.
�[0072] According to a first method, the apparatus uses
biometric data, for instance the structure of anatomical
surfaces or fingerprints, to identify the identity of the pa-
tient 4.
�[0073] The identification of the patient 4 can be based
on biometric data derived from different sensors. Inde-
pendently from the kind of sensors used, the data of the
patient 4 have to be kept stored in a database. Therefore,
a procedure is preferably implemented to record these
data, when the patient 4 approaches the apparatus for
the first time. Security procedures are adopted to ensure
adequate storage and retrieval of patient data to avoid
mix up and confusion. Typical patient data include per-
sonal data as well as radiographic images and intra oral
and extra oral pictures taken with a general purpose or
dental camera.
�[0074] In a preferred embodiment of the first method,
the apparatus is equipped with a set of cameras, which
capture the face of the patient 4. Any known algorithms
can be used to individualize the identity of the patient 4
from the optical images.
�[0075] In a another modified embodiment of the first
method, the apparatus is also equipped with a three-�di-

mensional scanner. In this case, three-�dimensional data
can be used to increase the reliability of the patient rec-
ognition system, as specific morphological measure-
ments are available.
�[0076] In other embodiments, the apparatus may be
equipped with a fingerprint sensor or a voice sensor or
an iris recognition sensor. Each of these sensor provide
sufficient data to identify the patient 4. Other biometric
surveying systems can be used as well.
�[0077] Thus, a particular advantage of the first method
is that it provides the opportunity of an automated verifi-
cation of the patient identity. A second method relates to
the automatic identification of the size of the patient 4
and the computation of the corresponding operational
parameters for the acquisition of an X- �ray image.
�[0078] In the second method, the apparatus uses mul-
tiple anatomical data of the patient 4 to identify the size
of the patient 4 and preferred associated operational pa-
rameters for the X- �ray imaging process. The method us-
es several anatomical parameters, as for instance a facial
contour, a facial area, as well as the height or weight of
the patient 4 to compute and provide as output a classi-
fication of the size and/or bone thickness of the head 8
of the patient 4. These values might be used by the cli-
nician or also automatically used by the system to set up
the operational parameters of the imaging process.
�[0079] A particular advantage of the second method
is that it provides a quantitative evaluation of the size of
the patient 4 and the associated operational parameters
independent of the skills and the actual state of fatigue
of the operator.
�[0080] In a preferred embodiment of the second meth-
od, a panoramic radiography is acquired. In this case,
the patient 4 has to be accurately positioned inside the
apparatus by the clinical operator. The used apparatus
might be similar to the apparatus 1 depicted in Figure 1.
The positioning of the patient 4 may require that the pa-
tient 4 bites on a bite block of the fixing unit 9 or presses
his head against any other head resting constraint. Once
the patient 4 has been positioned, the face of the patient
4 is surveyed by the camera 10 positioned in front of the
face of the patient 4, as shown in Figure 1. Since the
patient 4 is positioned in a standard position, its distance
d from the optical focus of the camera 10 is constant,
independently from the actual patient 4; as a conse-
quence, also the magnification factor of the camera 10
surveying the face of the patient 4 does not depend on
the patient 4.
�[0081] The frontal image of the patient 4 can be proc-
essed by a processing unit similar to the processing unit
depicted in Figure 2 and 3 to estimate the anatomical
parameters of the face of the patient 4, in particular the
size of the face of the patient 4.
�[0082] Background subtraction is one of the possibili-
ties which can be employed to determine the contours
of the face: an image without any patient 4 is taken first.
This image constitutes the background image. Once the
patient 4 has been positioned in place, another image is
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taken and subtracted to the background image. The dif-
ference image contains the outline of the patient 4, which
provides an estimate of its size. However, due to shad-
ows, this image is often irregular. Moreover, certain types
of hair styles, do not allow estimating the true shape of
the forehead and of the head 8. One possibility is there-
fore to consider only the lower part of the face and to
regularize the difference image as in GOTO et al. This
can, for instance, be achieved by fitting a suitable fitting
curve 34, like an ellipse, a spline or a superellipse, to a
contour of the difference image as depicted in Figure 6.
The shape of the face can also be represented, for in-
stance, by a hyperellipse 37 as depicted in Figure 7.
�[0083] An alternative approach uses no difference im-
age, as in such an image a chin region 35 may not be
visible. Instead, the alternative approach operates direct-
ly on the acquired raw image. The gradient of the raw
image is computed to enhance the face outline as in
GOTO et al. and the shape of the face is then fitted
through an adequate curve model. From the parameters
of the fitted curve and the magnification factor, the size
of the face of the patient 4 is then estimated. These pro-
cedures are suitable to real-�time processing on a
processing unit formed by an embedded computer.
�[0084] Another approach for estimating the anatomical
parameters and in particular the size of the head 8 is
based on a three-�dimensional surface image of the face
obtained by three- �dimensional scanners or cameras. Fit-
ting a parametric three-�dimensional model of the face
onto the acquired data allows deriving the size.
�[0085] Other alternative image processing methods for
deriving the face shape can be used as well. It might, for
instance, be useful to take image in the infrared wave-
length range for identifying the outlines of the face by the
temperature difference between the skin and the hair.
�[0086] Moreover, other measurements, which allow to
derive an estimate of the bony tissue thickness for a par-
ticular patient 4, can be integrated in such a system, like
a height and weight measurement to derive the body
mass index or a local bone thickness measurement, de-
rived for instance through the measurement of the wrist
width. These measurements could be obtained automat-
ically with an additional set of sensors integrated into the
apparatus.
�[0087] From these parameters the operation parame-
ters for the imaging process by the radiographic appara-
tus can be derived, following some specific optimization
criteria.
�[0088] These operational parameters can also be used
as a preset reference for an automatic exposure control
(= AEC) system, where at the beginning of the exposure
a closed loop control of the average detector signal and
adjustment of the operational parameters is made, with
a limited range of variation around the preset operational
parameters used as a reference.
�[0089] A third method for using the sensing capabilities
of the apparatus is directed towards a method for utilizing
a multiplicity of two- �dimensional image views or three-

dimensional images or curvilinear surfaces to identify the
profile of the true dental arch of the patient 4.
�[0090] From the measurement of the morphology of
the head 8, taken with one or more two-�dimensional cam-
eras, or with a three-�dimensional camera, the shape of
the dental arch of the patient 4 can be computed. For
these purposes, an adequate statistical model, for in-
stance a morphable model as disclosed in BLANZ and
VETTER, can be adopted to relate the face shape meas-
ured on the image with the shape of the dental arch.
�[0091] It is therefore a particular advantage of the third
method that it provides a quantitative evaluation of the
true shape of the dental arch of the patient 4.
�[0092] The apparatus and the methods also provide a
correct positioning of the patient 4 avoiding the errors
which occur at the operation of panoramic X- �ray equip-
ments, in particular the errors associated with methods
to identify the actual protrusion of the incisors and correct
the positioning of the patient 4 accordingly or associated
with methods for positioning of the theoretic target dental
arch profile, following a subjective evaluation of the op-
erator supported by light indicators or the like. The ap-
paratus and the method allow an automatic correction of
the positioning errors caused by the inclination of the
incisors and the deviation between the labial end of the
incisors determining the position of the incisors in the bite
unit and the root of the incisors which determines the
position of the dental arch profile. Thus there is no need
for the system to adjust the panoramic projection move-
ments and hence the layer in focus according to the im-
parted correction of the operator.
�[0093] According to a fourth method for using the sen-
sor capabilities of the apparatus, two-�dimensional image
views, three- �dimensional image or three- �dimensional
surfaces of the head 8 are used to identify a region of
interest 36 (= ROI) on the images as shown in Figure 6.
As the images and the apparatus are calibrated, the po-
sition of the region of interest 36 with respect to the ap-
paratus can be automatically derived. The apparatus will
be instructed by the clinical operator to modulate the X-
ray exposure inside the region of interest 36, for instance
increasing or decreasing the dose inside the region of
interest 36 with respect to the outside. Hence, a higher
signal-�to-�noise ratio (= SNR) or a lower dose are
achieved in the selected region of interest 36.
�[0094] The region of interest 36 can be identified by
the operator, by various standard means, like, for in-
stance, selecting a rectangular window over the dis-
played image. Since the apparatus is equipped with a
set of cameras, the images taken by the set of cameras
are used to identify a window, the region of interest 36,
corresponding to an area with special properties. The
region of interest 36 can, for instance, correspond to the
local volume required for radiography or tomography or
can be an area which has to be spared from radiation or
an area which requires a higher dose.
�[0095] The region of interest 36 can also be identified
on the rotated image or through the following procedure:
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A morphable face model is created as in BLANZ and
VETTER, which is fitted to the actual face image. This
model is then rotated automatically by software until it
assumes the optimal orientation for setting the region of
interest 36.
�[0096] If a three- �dimensional camera is adopted, the
model can be automatically rotated until it assumes the
optimal orientation to set the region of interest 36.
�[0097] For assisting the operator in setting the region
of interest 36, face features can be automatically super-
imposed on the video image. For instance, these features
can be a schematic representation of the dentition.
�[0098] In consequence, it is a particular advantage of
the fourth method that it provides a simplified method to
select the desired region of interest 36 and automatically
associate optimized modulation of the X-�ray exposure
factors.
�[0099] According to a fifth method, two-�dimensional
image views, three- �dimensional volume images or three-
dimensional curvilinear surface images of the head 8 are
used to obtain a picture of the head 8 to automatically
identify anatomical districts which require different expo-
sures. Examples of such anatomical districts are the tran-
sition region between soft and bony tissue in lateral ce-
phalography and the region of the cervical spine in pan-
oramic radiography or local tomography. In the first case,
this information is used to decrease the dose in the frontal
part of the head 8, where soft tissue is present. Thus the
radiation exposure in the soft tissue regions can be re-
duced or eliminated. In the second case, the position of
the cervical spine vary the X-�ray modulation profile such
that a uniform exposure is achieved on the entire image.
If necessary, the sensitivity of the detector 3 can also be
adjusted to the dose. In general, this kind of information
is used to optimize the modulation of the X- �ray exposure
profile, so that any unnecessary radiation exposure is
avoided in particular for both soft and bony tissue and
also for other anatomical structures that must be pre-
served from high dose irradiation.
�[0100] It should be noted that in radiography and in
particular in cephalography achieving a clear display of
both the bony and the soft tissue is a challenging task.
Setting the ideal exposure parameters for both tissues
with respect to a particular patient 5 is difficult in most
cases because of the large difference between the ab-
sorption coefficients of the two tissues. As a result, un-
derexposure of bone or overexposure of soft-�tissue often
occurs, making the identification of all the structures dif-
ficult.
�[0101] A particular advantage of the apparatus oper-
ated according to the fifth method is that it provides an
automated identification of specific anatomical districts
such as the spine in panoramic radiography or the tran-
sition from soft to bony tissue in cephalography, where
a modulation of the operational parameter of the radiation
exposure is automatically performed, without requiring
intervention or subjective evaluations by the operator.
�[0102] In one embodiment of the fifth method a two-

dimensional or three-�dimensional view of the head 8 is
used to automatically identify the morphology of the pa-
tient 4 and to modulate the intensity of the radiation emit-
ted by the X- �ray tube accordingly.
�[0103] In a preferred embodiment of the fifth method,
a frontal camera is mounted in an apparatus for pano-
ramic radiography. Such an apparatus can be an appa-
ratus similar to the apparatus 11 shown in Figure 2. In
this case, the position and size of the cervical spine can
be identified by analyzing the patient images. The posi-
tion of the spine can be identified by image processing
techniques arranged for identifying the spine pattern di-
rectly and/or in relation with other anatomical structures
like eyes, nose, and chin. The spine position can be used
to modulate the X-�ray exposure profile to compensate
for higher absorption by the spine.
�[0104] Another embodiment of the fifth method relates
to cephalography. In this embodiment, an apparatus as
the apparatus 19 shown in Figure 3 might be used. A
lateral image of the patient 4 is taken by the lateral camera
20. In this image, an adaptive parametric curve can au-
tomatically be fitted to the lateral profile of the patient 4.
This can be carried out, for instance, by searching for a
parametric curve which maximizes the norm of the gra-
dient along the curve itself. From this curve a set of ref-
erence points, like for instance the nasion, can be auto-
matically derived and used to automatically optimize the
X-�ray exposure, modulating the X- �ray intensity during the
acquisition such that both the soft and bony tissue are
correctly exposed.
�[0105] Exposure profiles, in terms of KV or mA for the
voltage and the current of the tube 2 can automatically
be set according to different criteria such as maximization
of the contrast, maximization of SNR or minimization of
the dose applied to the patient 4.
�[0106] The sixth method is directed to a method in
which the processing of the acquired radiographic image
produces as an output a synthesized lateral view of the
skull of the patient 4 with an overlay of the radiographic
images and camera views supporting the identification
of the morphological landmarks of the patient 4 with par-
ticular regard to soft tissues of the head 8. In particular
two-�dimensional image views or two-�dimensional projec-
tions of three-�dimensional surface images are superim-
posed over a two- �dimensional radiographic image, to ob-
tain a single image containing both the radiographic view
and the video image with the visible anatomy in particular
at the surface of the patient 4. The synthesized image is
preferably obtained by utilizing the processing tech-
niques used for image registration in artificial vision.
�[0107] The synthesized image can help the operator
to identify the patient morphological landmarks with par-
ticular regard to the soft tissues of the head 8, for instance
nose, lips, chin. In this case, an accurate registration al-
gorithm is needed to perform a reliable matching between
the radiographic and image data.
�[0108] The sixth method is preferably based on a lat-
eral or frontal image of the head 8, or a combination there-
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of. The method uses the video image and the X-�ray im-
age, registered in space through an adequate and accu-
rate calibration procedure. The method provides a single
output image blending the two images as in WHITAKER.
To increase the diagnostic significance of the images,
the blending coefficient could be set to obtain the maxi-
mum visibility of the anatomical structures through an
adequate algorithm.
�[0109] The blending coefficients can be set automati-
cally to a different value in different regions, according
to local contrast evaluation, obtaining therefore a blend-
ing field. Blending coefficients can be obtained for in-
stance by maximizing the visibility of both soft and bony
tissues in X-�ray images as in WHITAKER or in FROSIO,
FERRIGNO and BORGHESE.
�[0110] Three-�dimensional images can be used alter-
natively to two- �dimensional images. In this case the
three- �dimensional image can be projected over the X-
ray image at an arbitrary orientation.
�[0111] Another embodiment of the present invention
is directed to analyze the effect which has the modifica-
tion of the bone structure, following maxillo-�facial or plas-
tic surgery, on the soft tissue and, in turn, on the face
aspect. In fact, � after registration of the visible image onto
the radiograph image, the mixed image can be locally
stretched coherently with the anatomical modifications
introduced by the surgery to highlight the effect of the
surgery onto the anatomy of the patient 4.
�[0112] A particular advantage of the sixth method is
the possibility to process and combine the information of
the radiographic views and the camera views in order to
obtain a synthesized image that can be used by the op-
erator to identify the morphological landmarks of the pa-
tient 4 with particular regard to the soft tissues of the head
8, in particular nose, lips and chin.
�[0113] The various apparatus described herein and
the various methods of operating these apparatus pro-
vide a number of advantages: �

If the apparatus are equipped with biometric sensor,
an identification of the patient 4 can be performed
on-�line, rapidly and safely. Accordingly the operator
must not manually input the data of the patient 4 in
a computer system as in equipments of the prior art
that are often complemented with computer systems
to register the patient data necessary for patient
identification. Security procedures can be adopted
to ensure adequate storage and retrieval of patient
data to avoid mix up and confusion.

To obtain a maximum image quality, avoiding at the
same time the irradiation of important anatomical tis-
sue, the X-�ray beam can be limited to small areas of
the patient 4, which constitute the volume of interest.
More generally, the intensity of the X-�ray beam can
be modulated to achieve the maximum signal- �to-
noise ratio in the area of interest, and the minimum
dose released in the important tissues. This is for

instance required in local tomography, but it can be
desirable also when partial panoramic or cephalom-
etric imaging is performed.

The apparatus and the methods allow the operator
to choose the region of interest freely. In this respect
the choice is not limited to a given set of trajectories,
for example aimed at imaging a limited area of the
mouth in orthopantomography or intended to take
half panoramic radiographies or radiographies of a
condyle. In all these cases, the clinical operator can
only select a fixed region of interest 36, which is sub-
sequently acquired. With the apparatus described
herein the clinical operator can select any portion of
the mouth as the region of interest 36. Moreover, he
can chose whether the region of interest 36 should
receive a higher dose to increase the signal-�to-�noise
ratio in this area or a lower dose to preserve some
important tissue, for instance the spine. This is typ-
ically achieved by subdividing the image into a pre-
defined set of bands.

The present apparatus is not only equipped with a
set of predefined discrete operational parameters,
for instance a set of voltage and current pairs of the
X-�ray tube, appropriate for the different sizes, for in-
stance "small", "medium", "large", to achieve a good
exposure for patients 4 of different sizes. So there
is no need that the clinical operator chooses one of
the default configurations after a visual inspection of
the patient 4. Furthermore, there is no need that the
operator further manually modifies the exposure pa-
rameters on the basis of his personal evaluation of
the size of the patient 4. Instead the operational pa-
rameters of the radiation exposure are determined
automatically wherein the values of the operational
parameters generally can be determined freely.
Thus the operational parameter can assume any val-
ue within an allowable range and can be continuous-
ly or at least gradually adjusted to the required value
using more than tree steps.

Also the mechanical parameters of the radiation ex-
posure can be determined appropriately even if the
anatomy of the patient 4 differs from predefined
standards which are derived from experimental data.
For example in orthopantomography the shape and
the size of the focused surface should coincide with
the dental arch of the patient 4. The methods and
the apparatus described herein ensures that the fo-
cused surface coincides with the anatomical section
of interest; as a consequence, blurred radiographic
images with poor diagnostic meaning are avoided.
Also the subjective evaluation of the patient dental
arch is avoided. Such a subjective evaluation may
otherwise lead to a selection of a panoramic projec-
tion with a modified path of the layer in focus, not
necessarily adequate for the specific morphology of
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the patient 4.

With the apparatus and the methods described here-
in the resulting accommodation of the layer in focus
to the specific morphology of the patient 4 generally
leads to optimal results. The suggested method rep-
resents a considerable improvement in comparison
to conventional methods in which the dental arch
profile is determined by a subjective evaluation of
the operator supported by input means such as a
preconfigured directory of profiles, or a tablet to draw
the actual patient dental arch profile.

Thus, the methods and apparatus described herein
and equipped with multiple devices for retrieving
morphological data allow to facilitate and automate
the imaging process, providing:�

- before exposure, the automated identification of
the specific anatomical features of the patient 4
and the optimized presetting of the exposure
technique factors and projection geometry, tai-
lored on the actual anatomy of the patient 4;

- during exposure, the optimized X-�ray dose mod-
ulation, either automatically or selected by the
operator, in order to correctly expose the various
regions of interest 36, and accordingly impart
reduced dose to other body parts, according to
the actual anatomy of the patient 4 and imaging
requirements;

- after exposure, the possibility to complement the
radiographic image with additional information
about the internal and external anatomy, provid-
ing valuable tools for the medical analysis and
diagnosis.

Finally it should be noted that throughout the descrip-
tion and claims of this specification, the singular en-
compasses the plural unless the context otherwise
requires. In particular, where the indefinite article is
used, the specification is to be understood as con-
templating plurality as well as singularity, unless the
context requires otherwise.

Features, integers, characteristics, compounds or
groups described in conjunction with a particular as-
pect, embodiment or example of the invention are to
be understood to be applicable to any other aspect,
embodiment or example described herein unless in-
compatible therewith.

Claims

1. A method for radiographic imaging by means of high
energy radiation comprising the method steps of:�

- positioning a patient (4) by means of a posi-

tioning system (9) adapted for positioning a pa-
tient (4) with respect to an imaging system com-
prising a high energy radiation source (2) and a
high energy radiation detector (3);
- acquiring multiple biometric data about the ac-
tual anatomy of the patient (4) using at least one
data acquisition device (10, 13, 14, 20);
- using the imaging system for acquiring radio-
graphic images by an imaging process and set-
ting at least one operational parameter of the
imaging process in dependency of the multiple
biometric data,

characterized in that

- multiple raw data regarding the anatomy of the
patient (4) are acquired by the at least one data
acquisition device (10, 13, 14, 20), that
- specific anatomical features of the actual anat-
omy of the patient (4) are identified by process-
ing the multiple raw data, and that
- the multiple biometric data are determined with
respect to the identified specific anatomical fea-
tures.

2. The method according to Claim 1,
wherein a plurality of morphological parameters of
the anatomy of the patient (4) is obtained as multiple
biometric data.

3. The method according to Claim 1 or 2,
wherein a profile of the anatomy of the patient (4) is
obtained as multiple biometric data.

4. The method according to any one of Claims 1 to 3 ,�
wherein morphological data are acquired as multiple
raw data in a contactless way.

5. The method according to any one of Claims 1 to 4 ,�
wherein the morphological raw data are acquired by
at least one device selected from the group compris-
ing cameras (10, 13, 14, 20) adapted for taking views
of the actual anatomy of the patient (4), devices
adapted for taking three- �dimensional images, devic-
es which measure the traveling time of an acoustic
or an electromagnetical signal in the radiofrequency
or optical frequency range, or devices (26) arranged
for detecting a silhouette of the patient (4).

6. The method according to Claim 5,
wherein the morphological raw data are acquired by
means of a mirror arrangement providing an addi-
tional perspective of the patient (4).

7. The method according to any one of Claims 1 to 6,
wherein the multiple raw data include anatomical raw
data measured in contact with the patient (4).
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8. The method according to Claim 7 , �
wherein the anatomical raw data measured in con-
tact with the patient (4) are generated by devices
selected from the group comprising devices adapted
for measuring a movement or an acceleration of the
patient (4).

9. The method according to any one of Claims 1 to 8,
wherein the at least one operational parameter is set
in dependency of additional biometric data meas-
ured by a data acquisition device (33) acquiring bi-
ometric data.

10. The method according to Claim 9,
wherein a weight or a length is measured by the data
acquisition device (33).

11. The method according to any one of the Claims 1 to
10,
wherein statistical pattern matching is used for
processing the multiple raw data for identifying the
anatomical features.

12. The method according to any one of the Claims 1 to
11,
wherein the biometric data are used to automatically
set at least one of the operational parameters se-
lected from the group of operational parameters in-
cluding current and voltage of the radiation source
(2), exposure timing and projection geometry, scan-
ning speed of the imaging system and sensitivity of
the detector according to the actual anatomy of the
patient (4).

13. The method according to any one of Claims 1 to 12,
wherein the setting of the at least one operational
parameter is performed using at least one optimiza-
tion criterion.

14. The method according to Claim 13,
wherein the minimization of the dose of the patient
(4) under the condition of a given signal-�to-�noise ratio
of the signals of the detector (3) is used as optimi-
zation criterion.

15. The method according to any one of Claims 1 to 14,
wherein at least one of the automatically set opera-
tional parameters are used as a preset reference for
an automatic exposure control method, wherein at
the beginning of the exposure time an adjustment of
the operational parameter is made by a closed loop
control of the operational parameter in dependency
of the average signal of pixels of the detector (3)
while allowing a limited range of variation around a
preset reference value of the operational parameter.

16. The method according to any one of the Claim 1 to
15,

wherein the raw data and/or biometric data are used
for providing an automatic identification of the patient
(4).

17. The method according to any one of the Claims 1 to
16,
wherein the raw data and/or biometric data are used
for providing an automatic identification of the true
dental arch of the patient (4).

18. The method according to any one of the Claims 1 to
17,
wherein the raw data and/or biometric data are used
for an automatic determination of the spine position
of the patient (4) and wherein the identified spine
position is used to homogenize or adjust the level of
exposure of the detector (3) by automatically mod-
ulating the radiation intensity profile during the im-
aging process.

19. The method according to any one of the Claims 1 to
18,
wherein the raw data and/or biometric data are used
for providing an automatic identification of the patient
face transition from soft to bony tissue for use in lat-
eral radiographic images of the head (8) of the patient
(4) and wherein the identified transition from soft to
bony tissue is used to homogenize the level of ex-
posure or to avoid the radiation exposure of the soft
tissue region by automatically modulating the radia-
tion intensity profile or adjusting the detector sensi-
tivity during the acquisition of the radiographic imag-
es of the skull of the patient (4).

20. The method according to any one of the Claims 1 to
19,
wherein the raw data and/or biometric data are used
for providing as an output the actual protrusion of
incisors and
wherein the positioning errors caused by the inclina-
tion of the incisors and the deviation between the
labial end of the incisors determining the position of
the incisors in the positioning system (9) and the root
of the incisors which determines the position of the
dental arch profile are automatically corrected.

21. The method according to any one of Claims 1 to 20,
wherein the raw data and/or biometric data is used
for providing a two- �dimensional or three-�dimensional
display of the anatomy of the patient and wherein
the imaging process is limited to a region of interest
(36) selected by the operator using a display of the
patient anatomy.

22. The method according to Claim 21,
wherein the selected region of interest is used to
automatically control the imaging process, in order
to perform either a partial acquisition limited to the
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region of interest (36) or an acquisition with a differ-
entiated operational parameter inside or outside of
the region of interest (36), according to the prefer-
ence of the operator.

23. The method according to any one of Claims 1 to 22,
wherein the radiographic images are processed by
using the raw data and/or biometric data for improv-
ing the image quality of the radiographic images.

24. The method according to any one of Claims 1 to 23,
wherein the biometric data is used for providing ad-
ditional information supporting the medical diagno-
sis.

25. The method according to Claim 1 to 24,
wherein the processing of the acquired radiographic
image produces as an output a synthesized lateral
view of the skull of the patient (4) with superimposed
radiographic views and details of a camera view sup-
porting the identification of morphological landmarks
of the patient (4).

26. The method according to Claim 1 to 25,
wherein the synthesized image is obtained by using
an image registration process.

27. The method according to any one of the Claims 1 to
26,
wherein the radiographic imaging is dental panoram-
ic radiography, dental tomography, cephalography
or mammography.

28. A method for radiographic imaging by means of high
energy radiation comprising the method steps of:�

- positioning a patient (4) by means of a posi-
tioning system (9) adapted for positioning a pa-
tient (4) with respect to an imaging system com-
prising a high energy radiation source (2) and a
high energy radiation detector (3);
- acquiring multiple biometric data about the ac-
tual anatomy of the patient (4) using at least one
data acquisition device (10, 13, 14, 20);
- using the imaging system for acquiring radio-
graphic images by an imaging process and au-
tomatically setting operational parameters of the
imaging process in dependency of the multiple
biometric data,

characterized in that
the multiple biometric data include the body height
of the patient (4) and at least one additional biometric
parameter of the anatomy of the patient (4).

29. The method according to Claim 28,
wherein the body height of the patient (4) is deter-
mined by the height at which the positioning system

(9) is adjusted for the patient (4).

30. The method according to Claim 28 or 29,
wherein the additional biometric parameter of the pa-
tient (4) is determined by a method according to any
one of Claims 1 to 27.

31. An apparatus for taking radiographic images of a pa-
tient comprising:�

- a imaging system having a high energy radia-
tion source (2) and a high energy radiation de-
tector (3);
- a patient support system (9) to position a pa-
tient (4) in a predefined position with respect to
the imaging system,
- at least one data acquisition device (10, 13,
14, 20) arranged to be used in connection with
the generation of biometric data on the actual
anatomy of the patient; and
- a control unit (15) adapted for controlling an
imaging process in dependency of the biometric
data,

characterized in that
the apparatus is arranged for performing a method
according to any one of Claims 1 to 30.
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