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Method and device for estimating absolute size dimensions of a test object 

FIELD OF THE INVENTION 

The present invention relates to method for estimating absolute size 

dimensions of a test object, in particular a human face or a part of a human face, based on 

image data of the test object. In a further aspect, the present invention relates to a 

5 corresponding device which is configured to carry out said method. In a still further aspect, 

the present invention relates to a computer program comprising program code means for 

causing a computer to carry said method.  

The field of application of the present invention is an estimation of absolute 

facial dimensions based on unsealed image data for the purpose of fitting and/or selecting 

10 patient interfaces, such as masks for positive airway pressure therapy.  

BACKGROUND OF THE INVENTION 

Patient interfaces, such as masks in pressure support systems, are used for 

delivering gas to a user (herein also referred to as "person" or "patient"). Such gases like air, 

15 cleaned air, oxygen, or any modification thereof are submitted to the user via the patient 

interface in a pressurized or unpressurized way.  

For several chronic disorders and diseases, the usage of such a patient 

interface is necessary or at least advisable.  

One non-limiting example of such a disease is obstructive sleep apnea or 

20 obstructive sleep apnea syndrome (OSA). OSA is usually caused by an obstruction of the 

upper airway. It is characterized by repetitive pauses in breathing during sleep and is usually 

associated with a reduction in blood oxygen saturation. These pauses in breathing, called 

apneas, typically last 20 to 40 seconds. The obstruction of the upper airway is usually caused 

by reduced muscle tonus of the body that occurs during sleep. The human airway is 

25 composed of walls of soft tissue which can collapse and thereby obstruct breathing during 

sleep. Tongue tissue moves towards the back of the throat during sleep and thereby blocks 

the air passages. OSA is therefore commonly accompanied with snoring. Different invasive 

and non-invasive treatments for OSA are known. One of the most powerful non-invasive 

treatments in the usage of Continuous Positive Airway Pressure (CPAP) or Bi-Positive
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Airway Pressure (BiPAP) in which a patient interface, e.g. a face mask, is attached to a hose 

and a machine that blows pressurized gas, preferably air, into the patient interface and 

through the airway of the patient in order to keep it open. Positive air pressure is thus 

provided to a patient through a hose connected to a patient interface or respiratory interface, 

5 such as a face mask, that is worn by the patient. The afore-mentioned long-term use of the 

patient interface is the result, since the wearing of the patient interface usually takes place 

during the sleeping time of the patient.  

Examples for patient interfaces are: 

nasal masks, which fit over the nose and deliver gas through the nasal 

10 passages, 

oral masks, which fit over the mouth and deliver gas through the mouth, 

full-face masks, which fit over both, the nose and the mouth, and deliver gas to 

both, 

total-face masks, which cover the full face or substantially the full face, 

15 surrounding the nose, mouth as well as the eyes and delivering gas to the mouth and nose, 

and 

nasal pillows (also referred to as alternative masks), which are regarded as 

masks as well within the scope of the present invention and which consist of small nasal 

inserts that deliver the gas directly to the nasal passages.  

20 In order to guarantee a reliable operation of the device, the patient interface 

(mask) needs to closely fit on the patient's face to provide an air-tight seal at the mask-to-face 

interface. Usually, the patient interface is worn using a head gear with straps that go around 

the back of the patient's head. The patient interface or mask in practice usually comprises a 

soft cushion that is used as mask-to-patient interface, i.e. that contacts the face of the patient 

25 when the mask is worn, as well as it usually comprises a so-called mask shell building a rigid 

or semi-rigid holding structure for holding the cushion in place and for supplying mechanical 

stability to the patient interface (mask).  

The cushion usually comprises one or more pads made of gel or silicone or 

any other soft material in order to increase the patient comfort and guarantee a soft feeling on 

30 the patient's face. The latter-mentioned mask shell usually also comprises a hose interface 

that is adapted for connecting the air supplying hose to the mask. Depending on the type of 

the mask, it may also comprise a mechanism with an additional cushion support on the 

forehead to balance the forces put by the mask around the airway entry features of the human 

face.
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It is evident that a close and correct fit of the patient interface is of utmost 

importance for a reliable operation of the device. An incorrect fit of the patient interface may 

not only lead to unwanted air leaks at the mask-to-face interface, but may also cause 

excessive pressure points on the skin of the patient's face that again may cause unpleasant 

5 and painful red marks in the patient's face. The patient interface, therefore, needs to be 

accurately fitted to the individual face contours of the patient. Various types of patient 

interfaces exist, i.e. not only different sizes and shapes, but also different types of patient 

interfaces. As the anatomical features of faces differ from patient to patient, the best fitting 

patient interface also differs from patient to patient. In other words, an individualized fitting 

10 or selection of a patient interface is required, and it is evident that a good fitting or selection 

of a patient interface relies on a correct measurement or estimation of the absolute facial 

dimensions of the patient.  

A mask fitting system that makes use of a simplified fitting technique is 

known from US 2006/0235877 Al. The mask fitting system and method described therein 

15 determine the dimensions of the patient's head with a template or a ruler. Alternatively, one 

or more images of the patients are captured and then the dimensions of the patient's head are 

manually typed into the system using a questionnaire that has to be filled out by the patient.  

In any case, the absolute facial dimensions need to be either manually measured or inputted 

into the system by the patient filling out the questionnaire. This is, of course, bothersome and 

20 time-consuming for the user. Apart from that, a manual measurement of the facial 

dimensions requires an educated person to conduct the measurements, and it is error prone to 

subjective interpretation of physiological facial landmarks.  

In many practical appliances the facial dimensions cannot be measured 

manually (since there is no time) or no absolute dimensions of the user's face are known in 

25 advance, so that the device and method proposed in US 2006/0235877 Al is not only 

disadvantageous, but can also not be applied in many practical situations.  

Alternatively, it is also possible to use a calibrated optical scanner in order to 

receive the absolute facial dimensions. However, the use of such calibrated optical scanners 

cannot be perceived as a commodity yet. Apart from that, such calibrated optical scanners are 

30 quite expensive in production and, at least so far, they do not seem to be suitable as everyday 

devices in a private or semi-professional surrounding.  

It would therefore be neat if one could reconstruct or estimate the facial 

dimensions from a "regular" photo or video. Modern computer vision technologies allow 

accurate reconstruction of the facial shape using a single (mono) video camera (see e.g. Jeni,
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L.A. et al.: Dense 3D Face Alignment from 2D Videos in Real-Time, the Robotics Institute, 

Carnegie Mellon University, Pittsburgh, PA, USA, zface.org). By using such a technique the 

input to an application for advising, selecting and/or fitting a patient interface could be then a 

single photograph (selfie) or a short video taken with a regular smartphone (mono) camera.  

5 However, it is important to note that the afore-mentioned method only allows an accurate 

reconstruction of the shape of the face of a person but not a reconstruction of the absolute 

dimensions of the face of the person. In other words, a direct measurement of the 

reconstructed facial model is not possible due to the scale ambiguity, as the absolute 

dimensions of the reconstructed object cannot be recovered using a single (mono) camera 

10 setup. The true scale of the facial model may thus not be determined in an automated way 

when using the afore-mentioned method.  

Thus, there is still room for improvement.  

One of the most popular local texture models for face alignment is a model 

known as Active Shape Model (ASM). This model applies in many fields, including the field 

15 of locating facial features in an image, and the field of face synthesis. Le Hoang Thai; Vo 

Nhat Truong et al: "Face Alignment Using Active Shape Model And Support Vector 

Machine", International Journal of Biometric and Bioinformatics, 1 February 2011, pages 

224-234, XP055277739, relates to improving the ASM so as to have increased performance 

of the ASM for face alignment applications of the model. The improvements include using a 

20 Support Vector Machine (SVM) to classify landmarks on a detected face in an image, and 

automatically adjusting a 2-D profile in a multi-level model based on the size of the input 

image. In the process, an alignment (scaling, rotation and translation) of a model on the face 

in the image is performed.  

Xiong Xuehan et al: "Supervised Descent Method and Its Applications to Face 

25 Alignment", IEEE Computer Society Conference on Computer Vision and Pattern 

Recognition. Proceedings, IEEE Computer Society, US, 23 June 2013, pages 532-539, 

XP032492802, relates to a Supervised Descent Method (SDM) for minimizing a Non-linear 

Least Squares (NLS) function. During training, the SDM learns a sequence of descent 

directions that minimizes the mean of NLS functions sampled at different points. In testing, 

30 SDM minimizes the NLS objective using the learned descent direction without computing the 

Jacobian nor the Hessian. In particular, it is shown how SDM achieves state-of-the-art 

performance in the field of facial feature detection.
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an improved method and 

device for estimating absolute size dimensions of a test object, in particular a human face or a 

part of a human face, based on image data of the test object. It is particularly an object to 

5 provide a method and device that allow a reconstruction of a facial model with an estimated 

scale based on unsealed image data used as input.  

In a first aspect of the present invention a method for estimating absolute size 

dimensions of a test object based on image data of the test object is presented, the test object 

being a face or a part of a face of a test person, which method comprises the steps of: 

10 - receiving image data of the test object; 

determining a first model of the test object based on the received image data, 

wherein the first model has an unknown scale; 

aligning and scaling the first model of the test object to a first average model, 

wherein the first average model includes an average of a plurality of first models of reference 

15 objects being faces or parts of faces of reference persons, wherein said first models of the 

reference objects are of a same type as the first model of the test object and have an unknown 

scale; 

determining a shape difference between the test object and an average of the 

reference objects by determining a difference between the aligned and scaled first model of 

20 the test object and the first average model; 

determining a second model of the test object with an estimated scale based on 

(i) the determined shape difference, (ii) a statistical operator that is indicative of a statistical 

correlation between shape and size dimensions of the reference objects, and (iii) a second 

average model, wherein the second average model includes an average of a plurality of 

25 second models of the reference objects, wherein said second models of the reference objects 

are of a same type as the second model of the test object and have a known scale; and 

determining the size dimensions of the test object based on the second model 

of the test object.  

In a further aspect of the present invention a corresponding device for 

30 estimating absolute size dimensions of a test object based on image data of the test object is 

presented, the test object being a face or a part of a face of a test person, the device 

comprising: 

a receiving unit for receiving image data of the test object; and 

a processing unit which is configured to:
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- determine a first model of the test object based on the received image 

data, wherein the first model has an unknown scale; 

- align and scale the first model of the test object to a first average 

model, wherein the first average model includes an average of a plurality of first models of 

5 reference objects being faces or parts of faces of reference persons, wherein said first models 

of the reference objects are of a same type as the first model of the test object and have an 

unknown scale; 

- determine a shape difference between the test object and an average 

of the reference objects by determining a difference between the aligned and scaled first 

10 model of the test object and the first average model; 

- determine a second model of the test object with an estimated scale 

based on (i) the determined shape difference, (ii) a statistical operator that is indicative of a 

statistical correlation between shape and size dimensions of the reference objects, and (ii) a 

second average model, wherein the second average model includes an average of a plurality 

15 of second models of the reference objects, wherein said second models of the reference 

objects are of a same type as the second model of the test object and have a known scale; and 

- determine the size dimensions of the test object based on the second 

model of the test object.  

In a still further aspect of the present invention a computer program is 

20 presented which comprises program code means for causing a computer to carry out the steps 

of the above-mentioned method when said computer program is carried out on a computer.  

Preferred embodiments of the invention are defined in the dependent claims. It 

shall be understood that the claimed device and computer program have similar and/or 

identical preferred embodiments as the claimed method and as defined in the dependent 

25 claims.  

The proposed method is based on the found statistical correlation between the 

shape and the real size of human faces. The presented method so to say exploits the statistical 

difference in scale-free shape between large and small faces.  

Extensive experiments and statistical evaluations of the applicant have shown 

30 that small and large faces generally have different appearances regarding their shapes. In 

other words, a picture of a naturally large face (a face that is in true scale measured to be 

comparatively large) may be differentiated based on the shape of the shown face from a 

picture showing a naturally small face (a face that is in true scale measured to be 

comparatively small). The characteristic shapes corresponding to naturally small and large
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faces remain different even if the picture of such a face is scaled by magnifying or 

demagnifying the picture to a standard size with unknown scale.  

Statistical evaluations of the applicant have shown, for example, that 

comparatively larger faces have noses with more curved down nose tips compared to more 

5 curved up nose tips in comparatively smaller faces. The space between the nose and the 

upper lip is usually also more curved down in larger faces than in comparatively smaller 

faces. The chin usually appears to be more angled in larger faces than in smaller faces. Chins 

of smaller faces have regularly a smoother contour and are usually smaller compared to the 

mouth size (relative size). It shall be noted that these are only some examples of such 

10 statistically proven differences between the shapes of smaller and larger faces.  

The herein presented method starts with receiving image data of the test 

object, e.g. a picture or video of a part of a face or of a complete face of a test person. If such 

an image or video is taken by a "regular" (mono) camera no information exist per se 

regarding the dimensions of the face of the test person shown in the image or video.  

15 The method therefore uses in a next step a facial model which is herein 

denoted as "first model". It shall be noted that the term "first model" is so to say merely a 

name for a model of a certain kind, but does not imply any chronological or hierarchical 

order nor does it imply any specific type of model. The term "first model" is mainly used to 

distinguish it from another type of model that is herein denoted as "second model" and 

20 explained in detail further below.  

The first model of the test object is determined based on the received image 

data. Since the image data, as explained before, are usually provided as pixel data in pixel 

coordinates with an unknown scale, the first model that is fitted to the image data 

consequently also has an unknown scale.  

25 In a further step said first model of the test object is aligned and scaled to a so

called "first average model" which includes an average of a plurality of first models of 

reference objects. The reference objects are of the same kind as the test object. In the above

mentioned main field of application of the present invention the reference objects e.g.  

represent parts of faces or faces of reference persons. The first models of the reference 

30 objects are of the same type as the first model of the test object, meaning that these models 

have the same structure and general constraints. If e.g. the first model of the test object is a 

model comprising 2D facial landmarks, the models of the reference objects are models of the 

same types using the same amount and the same type of identified facial landmarks.
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The first average model may be determined beforehand based on image data of 

the reference objects that are e.g. pre-stored in a database. The first average model may be 

also pre-stored in the database. The first average model may be generated during a learning 

phase. In case the first models of the reference objects are landmark models including a 

5 collection of distinctive object points, the first average model may be a model that is 

determined by determining for each distinctive object point a (linear) average of the 

respective object points in all reference objects. Of course, the first average model may be re

calculated each time image data of a new reference object are added to the database, such that 

this process is repeated several times. Instead of a linear average a weighted average may be 

10 used.  

The above-mentioned alignment of the first model of the test object to the first 

average model preferably comprises a rigid alignment. The scaling of the first model of the 

test object to the first average model is preferably based on a model fitting which includes a 

minimization of a root mean square of a difference between the first model of the test object 

15 and the first average model. However, it shall be noted that after this scaling operation the 

first model of the test object has the same scale as the first average model. The scale of the 

first average model can be considered as known. Thus, after the scaling operation the first 

model of the test object gets a known, yet not correct scale of the average of the first models.  

In the next step the difference between the aligned and scaled first model of 

20 the test object and the first average model is calculated. Since both the first model of the test 

object and the first average model have the same (unknown) scale, this difference does not 

include "size differences" between the test object and the average of the reference objects, but 

mainly or solely includes a shape difference between the test object and the average of the 

reference objects.  

25 Then, a second model of the test object may be calculated, which second 

model has an estimated scale. The scale of the second model of the test object is not known 

beforehand but may be determined/estimated. This second model of the test object is so to 

say the target output model of the test object that needs to be determined in order to being 

able to measure the size of the test object.  

30 The second model of the test object is determined based on (i) the determined 

shape difference, (ii) a statistical operator that is indicative of a statistical correlation between 

shape and size of the reference objects, and (iii) a second average model.  

The second average model includes, similar as the above-mentioned first 

average model, an average of a plurality of second models of the reference objects, wherein
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the second models of the reference objects are of the same type as the second model of the 

test object. However, in contrast to the first models of the reference objects, these second 

models of the reference objects have a known scale. In other words, the dimensions of the 

test objects represented in the second models are known. The second average model could 

5 thus also be denoted as real size average model.  

The second average model and the statistical operator may be, same or similar 

as the above-mentioned first average model, determined beforehand (in advance to evaluating 

the image data of the test object by means of the presented method). The second average 

model and the statistical operator may be found during a statistical "training phase" and pre

10 stored in a database.  

According to an embodiment of the present invention, the statistical operator 

may be determined in the following way: 

receiving for each of the reference objects a first model which is of a same 

type as the first model of the test object; 

15 - receiving for each of the reference objects a second model which is of a same 

type as the second model of the test object and has a known scale; 

aligning and scaling the first model of each reference object to the first 

average model; 

aligning the second model of each reference object to the second average 

20 model; 

determining for each reference object an unsealed shape difference between 

each of the reference objects and the average of the reference objects by determining a 

difference between the aligned and scaled first model of each reference object and the first 

average model; 

25 - determining for each reference object a scaled shape difference between each 

of the reference objects and the average of the reference objects by determining a difference 

between the aligned second model of each reference object and the second average model; 

and 

determining a transformation from the determined unsealed shape differences 

30 to the determined scaled shape differences for all of the reference objects in a common 

mathematical operator which represents said statistical operator.  

Hence, similar operations are carried out for each of the reference objects as 

explained above for the test object. First, a first model, which is of a same type as the first 

model of the test object, is received for each of the reference objects. These first models may
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be e.g. derived from images or videos of each of the reference objects, respectively. Second 

models, which are of the same type as the second model of the test object and have a known 

scale, are also received for each of the reference objects. The first models of reference objects 

are then one after the other aligned and scaled to the first average model. As this is repeated 

5 several times, each time a new first model of a new reference object is aligned and scaled to 

the first average model, the first average model may be updated based on said new first 

model of the new reference object. Since the second models of the reference objects have 

known scales and are so to say provided in true scale, they "only" have to be aligned with the 

second average model, but do not have to be scaled to it.  

10 In the next steps differences between the aligned and scaled first model of 

each reference object and the first average model are calculated (for each reference object 

separately). Similarly, differences are calculated between the aligned second model of each 

reference object and the second average model (for each reference object separately). Due to 

the alignment and scaling of the first models and the alignment of the second models 

15 performed beforehand, these two types of differences again only include information 

regarding shape differences (not size differences). However, the difference between the 

aligned and scaled first models of the reference objects and the first average model result in 

unsealed shape differences (having unknown scales), whereas the differences between the 

second models of the reference objects and the second average model result in scaled shape 

20 differences (having known scales).  

The statistical operator is then determined by determining a transformation 

from the determined unsealed shape differences to the determined scaled shape differences 

for all of the reference objects in a common mathematical operator. This common 

mathematical operator, which can be represented in matrix form, is the so called statistical 

25 operator.  

According to a preferred embodiment, the statistical operator is determined 

based on a least mean square method which minimizes a root mean square residual error 

between the scaled shape differences of all reference objects and a result of an application of 

the statistical operator applied to the determined unsealed shape differences of all reference 

30 objects.  

It is particularly preferred to use a linear approach for the dependency between 

the unsealed shape differences, the statistical operator and the scaled shape differences. This 

could look as follows:
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V - Avg VGT =P * (LGTS - AvgLGT); (1) 

wherein V represents the second models of the reference objects, AvgVGT represents the 

second average model, P represents the statistical operator, LGTS represents the aligned and 

5 scaled first models of the reference objects, and AvgLGT represents the first average. This also 

means that V - AvgVGT represents the above-mentioned scaled shape differences (differences 

between the aligned second models of the reference objects and the second average model); 

and LGTS - AvgLGTrepresents the above-mentioned unsealed shape differences (differences 

between the aligned and scaled first models of the reference objects and the first average 

10 model).  

The statistical operator P may thus be found by solving the above-mentioned 

linear system. After the statistical operator P is found, the second model of the test object 

(target model of the test object with estimated scale) may be found by the same type of linear 

equation in re-arranged form: 

15 

V = AVgVGT + P * (LGTS - AvgLGT); (1 ) 

wherein V represents the second model of the test object, AvgVGT represents the second 

average model, P represents the statistical operator, LGTS represents the aligned and scaled 

20 first model of the test object, and AvgLGT represents the first average. It shall be noted that, in 

contrast to the usage of equation 1 for determining P as explained above, V this time 

represents in equation 1' the second model of the test object (not of the reference objects); 

and LGTS represents the aligned and scaled first model of the test object (not of the reference 

objects).  

25 The method can be refined by selecting beforehand reference objects that are 

similar to the test object. In the most preferable field of application, where the test object 

represents a face of a test person and the reference objects represent faces of reference 

persons, experiments of the applicant have shown that the statistical correlation between the 

shape characteristics and the real size of the human face is particularly true for faces of 

30 persons of the same ethnicity and/or the same gender. The age of the person may also be a 

relevant information factor that could be used to improve the statistical correlation.  

According to an embodiment of the present invention, the method comprises 

the step of selecting the plurality of first models of the reference objects from a collection of 

first models of objects of a same type as the test object, wherein the selected plurality of first
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models of the reference objects is a subset of said collection, and wherein the plurality of first 

models of the reference objects are selected based on: 

(i) a comparison of the first model of the test object with the first models 

contained in said collection; and/or 

5 (ii) answers to a predefined questionnaire.  

In other words, subgroups of the collection of reference objects may be 

determined beforehand in order to identify the reference objects based on which the first 

average model, the second average model and the statistical operator are calculated. These 

particularly relevant reference objects may be identified by means of an automatic analysis of 

10 the first model of the test object, which includes a comparison of said first model of the test 

object with the first models of all objects contained in said collection, and/or based on 

answers to a predefined questionnaire that includes questions regarding the above-mentioned 

factors like ethnicity, gender, age and/or other personal information.  

According to a further embodiment, scaling the first model of the test object to 

15 the first average model is based on a model fitting which includes a minimization of a root 

mean square of a difference between the first model of the test object and the first average 

model. This scaling and aligning of the first model of the test object to the first average 

model may be done e.g. using the weighted N-point alignment algorithm which is, for 

example, described in Kabsch, W.: A solution for the best rotation to relate two sets of 

20 vectors, Acta Cryst A 1976; 32; 9223 as well as in Kabsch W.: A discussion of the solution 

for the best rotation to relate two vectors, Acta Cryst A 1978; 34; 8278.  

Preferably, the first model of the test object, the models of the reference 

objects, the second model of the test object, and the second models of the reference objects 

include a collection of 2D landmarks, a collection of 3D landmarks, or a mesh of 2D 

25 landmarks or a mesh of 3D landmarks. Such models may e.g. be found in Xiong, X. et al.: 

Supervised descent method and its applications to face alignment, the Robotics Institute, 

Carnegie Mellon University, Pittsburgh, PA, 15213 or in Jeni, L.A. et al.: Dense 3D face 

alignment from 2D videos in real time, Robotics Institute, Carnegie Mellon University, 

Pittsburgh, PA, USA.  

30 Even though it is generally possible that the second models are of the same 

type as the first models, it is preferred that the second models are denser models than the first 

models comprising more landmarks or model vertices. It shall be also noted that the 

landmarks/vertices of the first models do not have to be the same as the landmarks/vertices of 

the second models.
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According to a further embodiment, the first model of the test object is 

determined by fitting a predetermined model template to the received image data. The first 

models of the reference objects, the second model of the test object and the second models of 

the reference objects may be determined in the same way, i.e. by fitting a predetermined 

5 parametric model.  

The first and second models of the reference objects may be derived from 3D 

image data received from a 3D scanner, a MRI device, a CT device, an ultrasound device, or 

a x-ray device. The second models of the reference objects are, in contrast to the second 

model of the test object, preferably not estimated in the above-mentioned way using the 

10 knowledge about the statistical correlation between shape and size differences, but are 

preferably directly derived from image data with known scales and dimensions.  

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the invention will be apparent from and elucidated 

15 with reference to the embodiments described hereinafter. In the following drawings 

Fig. 1 shows a block diagram which schematically illustrates a device 

according to an embodiment of the present invention; 

Fig. 2 shows a flow chart which schematically illustrates a method according 

to an embodiment of the present invention; 

20 Figs. 3A and 3B schematically illustrate two exemplary faces that are resealed 

to the same size, wherein the face illustrated in Fig. 3A is in reality larger than the face 

illustrated in Fig. 3B; 

Fig. 4 shows an exemplary embodiment of a facial model that is herein 

denoted as "first model"; 

25 Fig. 5 shows an exemplary embodiment of a facial model that is herein 

denoted as "second model"; 

Figs. 6A and 6B schematically illustrate a mathematical operation and its 

inverse operation; and 

Fig. 7 illustrates four statistical plots for validating results of the method 

30 according to the present invention.  

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

The embodiments explained in the following are to be merely understood as 

exemplary embodiments of the herein presented method and device. These embodiments are
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described for the purpose for illustration based on what is currently considered to be most 

practical and preferred. However, on the contrary, it is intended to cover modifications and 

equivalent arrangements that are within the spirit and scope of the appended claims.  

Fig. 1 schematically illustrates an exemplary embodiment of a device 

5 according to the present invention. The device is therein in its entirety denoted by reference 

numeral 10.  

The device 10 comprises a receiving unit 12 and a processing unit 14. The 

device 10 may furthermore comprise a memory unit 16 and an output unit 18. Still further, 

the device may comprise an input unit (not shown), such as a keyboard, a mouse, a 

10 touchscreen and/or several control buttons.  

The receiving unit 12 is configured to receive image data. These image data 

may comprise 2D or 3D image data. The image data may exemplarily include 2D 

images/photographs, 3D images, 2D or 3D scans, and/or 2D or 3D videos (image sequences).  

Depending on the type of implementation of the device 10, the receiving unit 12 may be 

15 implemented as a data interface, either a hard-wired data interface (e.g. a USB interface or a 

LAN interface) or a wireless data interface (e.g. a Bluetooth@ interface or WLAN interface).  

In another type of implementation of the device 10 the receiving unit 12 may also include a 

device which is able and configured to generate the image data. Such a device may, for 

example, include a 2D photo camera, a 3D photo camera, a 2D or 3D video camera, a 3D 

20 scanner, a MRI device, a CT device, an ultrasound device, or a x-ray device.  

The memory unit 16 may comprise any type of data storage suitable for 

permanently or temporarily retaining digital data. The memory unit 16 may include any type 

of volatile or non-volatile memory and may also refer to an external database (external to the 

device 10) which is accessible over a network, the Internet or cloud computing.  

25 The output unit 18 may comprise any type of device that is able and 

configured to output information in audible, visible and/or tactile form. The output unit 18 

may, for example, comprise a display monitor and/or a loudspeaker.  

The processing unit 14 may be generally imagined as the "brain" of the device 

10. The processing unit 14 may include one or more of a digital processor, an analog 

30 processor, a digital circuit designed to process information, a state machine and/or other 

mechanisms for electronically processing information. The processing unit 14 may be 

realized as a CPU or other kind of computer hardware with software stored thereon which is 

configured to carry out logical processes for controlling and/or steering the device 10. The 

processing unit 14 may be implemented e.g. as a chip or as a stand-alone device that
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interfaces with the receiving unit 12, the memory unit 16, and/or the output unit 18 in case 

those are realized as peripheral devices.  

The processing unit 14 is configured to carry out the method according to the 

present invention. An exemplary embodiment of this method is schematically illustrated in a 

5 flow chart in Fig. 2.  

The embodiment according to the present invention illustrated in Fig. 2 

includes method steps S101-S107, wherein it shall be understood that not all method steps 

S101-S107 are mandatory method steps. For example, method steps S103 and S104 are 

method steps that are considered to be optional.  

10 The herein presented method is generally based on the statistically proven 

hypothesis that there is a statistical correlation between the shape and the real size of human 

faces which leads to the fact that there appears to be differences in scale-free characteristical 

facial shapes between larger and smaller faces. Extensive experiments and statistical 

evaluations of the applicant have shown that small and large faces generally have different 

15 appearances regarding their shapes. These characteristical shape differences are retained even 

if pictures of in reality large faces are scaled to the same size than pictures of in reality 

smaller faces.  

Figs. 3A and 3B schematically illustrate two exemplary faces which are re

scaled to one and the same dimension. The face illustrated in Fig. 3A is a face that is in 

20 reality larger (has a larger size) than the face shown in Fig. 3B.  

The following typical shape differences between naturally larger and naturally 

smaller faces may be observed from a comparison of Figs. 3A and 3B: The nose tips 20 of 

larger faces are usually more curved down compared to more curved up nose tips 20' in 

smaller faces. The space 22 between the nose and the upper lip is usually also more curved 

25 down and more corrugated than in comparatively smaller faces (see region around reference 

numeral 22'). The chins 24 of larger faces usually appear to be more angled than the chins 24' 

in comparatively smaller faces. The chins 24' of smaller faces have regularly a smoother 

contour and are usually relatively smaller compared to the mouth size. Further 

characteristical differences between larger and smaller faces may be usually observed in the 

30 area of the cheeks 26, 26' as well as in the regions around the eyes 28, 28'.  

It shall be noted that the afore-mentioned differences are only those 

differences which are easy to observe at first sight. However, it should be clear that modern 

computer vision technologies allow the determination of such and other differences in a more 

accurate and statistically relevant manner.
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In the following the embodiment of the method schematically illustrated in 

Fig. 2 shall be explained in detail.  

The method begins with step S 101. In this step image data of a test object, 

meaning an object under test, are acquired. This may e.g. include an acquisition of a video or 

5 an image of a test person.  

The next step S102 includes a fitting of a parametric model to the test object.  

This parametric model is herein generally denoted as "first model" and abbreviated by L. The 

first model L is preferably a landmark/vertex model, either 2D or 3D, which comprises 

approximately 40-200 points which represent the contours of the test object.  

10 Fig. 4 shows an example of such a first model L (see reference numeral 30) 

applied to a face 32 of a test person. General examples of such a first model L can be (i) a 

collection of 2D landmarks as schematically illustrated in Fig. 4 or proposed by Xiong, X. et 

al.: Supervised descent method and its applications to face alignment, the Robotics Institute, 

Carnegie Mellon University, Pittsburgh, PA, 15213, (ii) a dense mesh of 3D landmarks as 

15 proposed by Jeni, L.A.: Dense 3D face alignment from 2D videos in real time, Robotics 

Institute, Carnegie Mellon University, Pittsburgh, PA, USA.  

Optionally, the first model L of the test object determined in step S102 may 

then be classified as a member of a certain sub-group of objects in steps S103 and S104. Said 

classification may be made depending on criteria like gender, ethnicity and/or age of the test 

20 object. These criteria may be determined based on answers given to a predetermined 

questionnaire (see step S 103). Alternatively or additionally, the classification can be done by 

means of an automated analysis which compares the first model of the test object with other 

first models of the same type of objects. Such first models of objects of the same type as the 

text object may be contained in a collection of first models that is, for example, stored in the 

25 memory unit 16. It is clear that such a collection of first models, e.g. a collection of facial 

landmark/vertex models L of other persons, has to be created and pre-stored in the memory 

unit 16 in advance. It is also clear that this collection has to contain a large enough number of 

such first models L of other persons in order to be able to perform statistically relevant 

evaluations as needed for the method according to the present invention.  

30 It shall be also noted that all these first models L should be of the same type as 

the first model L of the test person. Since the first models L are usually determined based on 

pictures or videos with unknown scale, the first models L themselves do not have a known 

scale, but are usually represented in unsealed pixel coordinates.
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The result of steps S103 and S104 is the identification of relevant reference 

objects, or more particular the first models L of the reference objects G, as a subset of said 

collection of first models of objects that are stored in the memory unit 16. It shall be noted 

that said subset of first models L of reference objects G should also contain a sufficient 

5 number of first models for a statistically relevant evaluation.  

The first model L of the test object is then rigidly aligned and scaled for the 

best root mean square fit with an average of the plurality of first models of the identified 

reference objects. Said average is herein denoted as first average model AvgLGT. Said rigid 

alignment and scaling of the first model L of the test object to the first average model AvgLGT 

10 results in aligned and scaled first model LGTS of the test object (see step S105). The alignment 

and scaling can be done using the weighted n-point alignment algorithm that is described, for 

example, in Kabsch, W.: A solution for the best rotation to relate two sets of vectors, Acta 

Cryst A 1976; 32; 9223 as well as in Kabsch, W.: A discussion of the solution for the best 

rotation to relate two vectors, Acta Cryst A 1978; 34; 8278.  

15 The following step S106 includes two sub-steps. The first sub-step is the 

determination of a shape difference between the test object and the average of the reference 

objects by determining a difference between the aligned and scaled first model LGTS of the 

test object and the first average model AvgLGT over the reference objects G. The reason why 

this difference is denoted as "shape difference" is that size differences do not appear any 

20 more, since the first model of the test object LGTS has been already aligned and scaled to the 

first average model AvgLGT of the reference objects G. The scale of the first average model 

AvgLGT can be considered as known, since it is possible to calculate this scale during the 

training phase. Thus, after the scaling operation the first model of the test object gets a known 

yet not a correct scale of the average of the first model.  

25 In the next sub-step of step S106 the calculated shape difference LGTS 

AvgLGT is multiplied with a conversion matrix P and the result is added to a second average 

model AvgVGT to compute a second model Vof the test object with an estimated scale based 

on the following formula: 

30 V = AVgVGT + P * (LGTS - AvgLGT); ( 1) 

The conversion matrix P is herein generally denoted as statistical operator.  

This statistical operator is indicative of a statistical correlation between the shape and size of 

the reference objects. The second average model AvgVGT includes an average of a plurality of
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second models of the reference objects G, wherein said second models of the reference 

objects are of the same type as the second model Vof the test object. The main difference 

between said second models and said first models is that the second models, in particular the 

second models of the reference objects, have a known scale. In other words, the real 

5 dimensions of the second models of the reference objects are known. The scale of the first 

average model AvgLGT can be the same as, bigger than, or smaller than the scale of the 

second average model AvgVGT, and/or expressed in different units (e.g. pixel coordinates for 

AvgLGT rather than mm for AvgVGT).  

The final result of step S106 is the determination of the second model V of the 

10 test object which has an estimated scale. An example of such a model V is shown in Fig. 5 

and indicated by reference numeral 34. It shall be noted that the second model V relates to the 

same test object, i.e. to the same face of the test person 32, that is shown in Fig. 4.  

The size difference between Fig. 4 and Fig. 5 shall schematically indicate the 

resealing from the first model L of the test object with unknown scale to the second model V 

15 of the test object with an estimated "true" scale.  

It shall be also noted that the second model 34 is in Fig. 5 illustrated as a 3D 

mesh model. However, this is only one of a plurality of possible examples of such a second 

model V. Different types of embodiments are conceivable for the second model V: (i) in one 

embodiment the representation of V may be considered to be of equal type as the 

20 representation of the first model L; (ii) in another embodiment the representation of V can 

correspond to a detailed 3D model while the representation of L corresponds to a limited set 

of facial landmarks in 2D or 3D coordinates (embodiment illustrated in Figs. 4 and 5). It shall 

be noted that when the representation of V is a detailed 3D model and the representation of L 

is a 2D landmark model, the proposed method results in a 2D to 3D conversion algorithm.  

25 The above-mentioned formula for determining the second model of the test 

object V in step S106 is for mathematical reasons preferably reformulated as follows: 

V=AVgVGT+ Tyz (P *TD (LGTS- AVgLGT)) (1 ") 

30 wherein TD is an operation which makes a single-column vector out of a 

3-column (XYZ) matrix by stacking X, Y, Z coordinate columns on top of each other. This 

mathematical operation is schematically illustrated in Fig. 6A. Tyz is an inverse operation 

which splits a single column vector into X, Y, Z components and makes a 3-column matrix 

(XYZ) out of it. This inverse mathematical operation is schematically illustrated in Fig. 6B.
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In the last step S107 of the herein presented method the size of the test object 

may be determined based on the estimated second model V of the test object. In other words, 

it is then e.g. possible to measure certain dimensions of a face of a test person even though 

originally only a regular (mono) photographic image of the test person was provided. This 

5 size determination may e.g. be used afterwards to select a patient interface for the test person 

that suits him/her best.  

The following text passages include an explanation of how the statistical 

operator P and the second average model A vgVGT is determined. It shall be noted that 

optimally all these determinations are made beforehand before the image data of the test 

10 person are evaluated. The following determinations are thus preferably made during a 

learning phase of the device 10.  

For every reference object G, i.e. selected sub-group of objects of the 

collection stored in the memory unit 16, the following actions are executed, respectively: 

(1) A first model is received which is of a same type as the first model of the 

15 test object.  

(2) A second model is received which is of the same type as the second model 

of the test object and has a known scale. Both the first models L as well as the second models 

V may be generated for each of the reference objects in the same manner as these models are 

generated for the test object. The difference is, however, that the real size dimensions of the 

20 reference objects are known.  

(3) The first model L of each reference object G is aligned and scaled to the 

first average model AvgLGT by means of a best root mean square fit, such that it results in an 

aligned and scaled first model LGTS for each reference object separately. The alignment and 

scaling can be done again by using the weighted N-point alignment algorithm.  

25 (4) The second model V of each reference object G is aligned to the second 

average model AVgVGT. This alignment results in an aligned second model VGT for each 

reference object. A scaling is not necessary, since the second models V of the reference 

objects already have a common and known scale.  

(5) An unsealed shape difference is then determined for each reference object, 

30 wherein said unsealed shape difference includes the shape difference of each of the reference 

objects to the average of the reference objects. This unsealed shape difference may be 

determined by calculating a difference between the aligned and scaled first model LGTS Of 

each reference object and the first average model AVgVGT. The difference vectors LGTS 

AvgLGT may be written as columns in a matrix £.



WO 2017/085075 PCT/EP2016/077764 

20 

(6) A scaled shape difference is determined for each reference object, wherein 

said scaled shape difference is determined by calculating a difference between the aligned 

second model VGT and the second average model AVgVGT. The vectors VGT - AvgVGT are also 

written as columns in a matrix V.  

5 (7) Finally, the statistical operator P may be determined as a common 

mathematical operator that transforms the determined unsealed shape differences written in 

matrix Z to the determined scaled shape differences written in matrix V. In other words, the 

statistical operator P is found by solving the following linear system: 

10 

Optionally (for example, when the number of reference objects G is less than 

the number of elements in the vector LGTS) dimensionality reduction techniques (e.g.  

Principal Component Analysis) are applied to the aligned and scaled first model LGTS as a 

15 linear combination of the first average model AvgLGT and a limited number of the modal 

vectors Mk : 

LGTS ~ AvgLGT +sum {k=1,...N} Ck * Mk 

20 where number of the modal vectors Mk is less or equal to the number of 

reference objects G.  

The above approximation can be written in matrix form as: 

25 

where the coefficients Ck corresponding the first models of the reference 

objects are written as the columns in matrix C, and the elements of the modal vectors Mk are 

written as the columns in matrix .  

The matrix N, for example, can correspond to the first N eigenvectors of the 

30 covariance matrix: 

z z
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The matrix of the coefficients C is found by solving of the over-defined linear 

system: 

5 

Thus, every LGTS can be represented with the vector of coefficients Ck, 

k=1, ... N.  

Then the conversion matrix T is found by solving the well-/over-defined linear 

system 

10 

V=T C 

which allows the estimation: 

15 VGT z AvgVGT + sum {k=1,...N} Ck * Tk 

where Tk are the columns of the transformation matrix T and where the 

coefficients Ck are found by solving the (over-defined) linear system 

20 LGTS - AvgLGT =sum {k=1,...N} Ck * Mk 

In some embodiments matrix C can be represented as a linear combination of 

25 

which directly gives 

30 with conversion matrix (statistical operator P)
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With the determined statistical operator P the second model V may then be 

calculated in the way mentioned above (see formulas (1') or (1")).  

Fig. 7 shows an evaluation of several thousands of faces that have been 

analysed by means of the herein presented method. Each of the four plots visualized in Fig. 7 

5 shows the relation between a facial dimension that has been calculated based on the herein 

presented method and the "real" facial dimension (ground truth). The facial dimensions under 

test were mouth width, nose width, face height, and nose height. As input model L for said 

validation of the method a scale-free 3D reconstruction of the complete face was used.  

As it may be seen from all of these plots, a fairly good correlation between the 

10 estimated facial dimensions and the ground truth may be observed. The herein presented 

method may thus be seen as quite effective.  

While the invention has been illustrated and described in detail in the drawings 

and foregoing description, such illustration and description are to be considered illustrative or 

exemplary and not restrictive; the invention is not limited to the disclosed embodiments.  

15 Other variations to the disclosed embodiments can be understood and effected by those 

skilled in the art in practicing the claimed invention, from a study of the drawings, the 

disclosure, and the appended claims.  

In the claims, the word "comprising" does not exclude other elements or steps, 

and the indefinite article "a" or "an" does not exclude a plurality. A single element or other 

20 unit may fulfill the functions of several items recited in the claims. The mere fact that certain 

measures are recited in mutually different dependent claims does not indicate that a 

combination of these measures cannot be used to advantage.  

A computer program may be stored/distributed on a suitable medium, such as 

an optical storage medium or a solid-state medium supplied together with or as part of other 

25 hardware, but may also be distributed in other forms, such as via the Internet or other wired 

or wireless telecommunication systems.  

Any reference signs in the claims should not be construed as limiting the 

scope.
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CLAIMS: 

1. A method for estimating absolute size dimensions of a test object (32) based 

on image data of the test object (32), the test object (32) being a face or a part of a face of a 

test person, the method comprising the steps of: 

receiving (S101) image data of the test object (32); 

5 - determining (S102) a first model (30) of the test object (32) based on the 

received image data, wherein the first model (30) has an unknown scale; 

aligning and scaling the first model (30) of the test object (32) to a first 

average model, wherein the first average model includes an average of a plurality of first 

models of reference objects being faces or parts of faces of reference persons, wherein said 

10 first models of the reference objects are of a same type as the first model (30) of the test 

object (32) and have an unknown scale; 

determining a shape difference between the test object (32) and an average of 

the reference objects by determining a difference between the aligned and scaled first model 

of the test object (32) and the first average model; 

15 - determining a second model (34) of the test object (32) with an estimated scale 

based on (i) the determined shape difference, (ii) a statistical operator that is indicative of a 

statistical correlation between shape and size dimensions of the reference objects, and (iii) a 

second average model, wherein the second average model includes an average of a plurality 

of second models of the reference objects, wherein said second models of the reference 

20 objects are of a same type as the second model of the test object and have a known scale; and 

determining the size dimensions of the test object (32) based on the second 

model (34) of the test object (32).  

2. The method of claim 1, further including the step of determining the statistical 

25 operator, wherein said step includes: 

receiving for each of the reference objects a first model which is of a same 

type as the first model (30) of the test object (32); 

receiving for each of the reference objects a second model which is of a same 

type as the second model (34) of the test object (32) and has a known scale;
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aligning and scaling the first model of each reference object to the first 

average model; 

aligning the second model of each reference object to the second average 

model; 

5 - determining for each reference object an unsealed shape difference between 

each of the reference objects and the average of the reference objects by determining a 

difference between the aligned and scaled first model of each reference object and the first 

average model; 

determining for each reference object a scaled shape difference between each 

10 of the reference objects and the average of the reference objects by determining a difference 

between the aligned second model of each reference object and the second average model; 

and 

determining a transformation from the determined unsealed shape differences 

to the determined scaled shape differences for all of the reference objects in a common 

15 mathematical operator which represents said statistical operator.  

3. The method of claim 2, wherein the statistical operator is determined based on 

a least mean square method which minimizes a root mean square residual error between the 

scaled shape differences of all reference objects and a result of an application of the statistical 

20 operator applied to the determined unsealed shape differences of all reference objects.  

4. The method of claim 1, wherein the second model (34) of the test object (32) 

is determined based on the following linear equation: 

25 V = AVgVGT + P * (LGTS - AvgLGT); 

wherein V represents the second model (34) of the test object (32), AVgVGT 

represents the second average model, P represents the statistical operator, LGTS represents the 

aligned and scaled first model of the test object (32), and AvgLGT represents the first average.  

30 

5. The method of claim 1, further comprising the step of selecting the plurality of 

first models of the reference objects from a collection of first models of objects of a same 

type as the test object, wherein the selected plurality of first models of the reference objects is
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a subset of said collection, and wherein the plurality of first models of the reference objects 

are selected based on: 

(i) a comparison of the first model (30) of the test object (32) with the first 

models contained in said collection; and/or 

5 (ii) answers to a predefined questionnaire.  

6. The method of claim 1, wherein scaling the first model (30) of the test object 

(32) to the first average model is based on a model fitting which includes a minimization of a 

root mean square of a difference between the first model (30) of the test object (32) and the 

10 first average model.  

7. The method of claim 1, wherein the first model (30) of the test object (32), the 

first models of the reference objects, the second model (34) of the test object (32), and the 

second models of the reference objects include a collection of 2D landmarks, a collection of 

15 3D landmarks, or a mesh of 2D landmarks or a mesh of 3D landmarks.  

8. The method of claim 7, wherein the second model (34) of the test object (32) 

and the second models of the reference objects include a same amount of landmarks or more 

landmarks than the first model (30) of the test object (32) and the first models of the 

20 reference objects, respectively.  

9. The method of claim 1, wherein the first model (30) of the test object (32) is 

determined by fitting a predetermined model template to the received image data.  

25 10. The method of claim 1, wherein the first models of the reference objects are 

derived from a 2D image or a 2D image sequence.  

11. The method of claim 1, wherein the second models of the reference objects are 

derived from 3D image data received from a 3D scanner, a MRI device, a CT device, an 

30 ultrasound device, or a x-ray device.  

12. A method of selecting a patient interface that fits a test person, said patient 

interface is configured to provide a flow of breathable gas to an airway of the test person, 

wherein absolute size dimensions of a face of the test person are determined based on the
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method according to claim 1, wherein the test object (32) is the face of the test person, 

wherein the reference objects are faces of reference persons, and wherein the patient interface 

is selected based on the determined size of the face of the test person.  

5 13. A device for estimating absolute size dimensions of a test object (32) based on 

image data of the test object (32), the test object (32) being a face or a part of a face of a test 

person, the device comprising: 

a receiving unit (12) for receiving image data of the test object (32); and 

a processing unit (14) which is configured to: 

10 - determine a first model (30) of the test object (32) based on the 

received image data, wherein the first model has an unknown scale; 

- align and scale the first model (30) of the test object (32) to a first 

average model, wherein the first average model includes an average of a plurality of first 

models of reference objects being faces or parts of faces of reference persons, wherein said 

15 first models of the reference objects are of a same type as the first model (30) of the test 

object (32) and have an unknown scale; 

- determine a shape difference between the test object (32) and an 

average of the reference objects by determining a difference between the aligned and scaled 

first model of the test object (32) and the first average model; 

20 - determine a second model (34) of the test object (32) with an 

estimated scale based on (i) the determined shape difference, (ii) a statistical operator that is 

indicative of a statistical correlation between shape and size dimensions of the reference 

objects, and (ii) a second average model, wherein the second average model includes an 

average of a plurality of second models of the reference objects, wherein said second models 

25 of the reference objects are of a same type as the second model of the test object and have a 

known scale; and 

- determine the size dimensions of the test object (32) based on the 

second model (34) of the test object (32).  

30 14. A computer program comprising program code means for causing a computer 

to carry out the steps of the method as claimed in claim 1 when said computer program is 

carried out on a computer.
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