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I. Context of the study
1. The ILEAnet project
The ILEAnet HORIZON 2020 project1, funded by the European Commission and coordinated by the
French Ministry of Interior, is focused on developing a sustainable network of Law Enforcement
Agencies (LEA), researchers, policy makers and solution developers from all over Europe. Its mission is
to stimulate LEA’s capacities to influence, develop and take up research, development and innovation
(RDI) in order to help them tackle their daily challenges.

2. The ILEAnet workcycle:
recommendations

from

the

challenges

&

needs

to

ILEAnet operates as a community of people with a common interest in exchanging and collaborating
on LEA’s challenges and needs as well as LEA-centred RDI. Whilst the organisational ILEAnet Network
is focused – “top-down” – on specific challenges, the ILEAnet Community contributes, with “bottomup” ideas, to generate innovative approaches in facing new challenges. An online community platform
enables professional networking and mutual assistance, especially sharing best practices.
Synthesising top-down approaches and bottom-up ideas, ILEAnet is destined to generate
recommendations for future RDI policies. ILEAnet’s objective is to catalyse innovation between LEAs
on one hand, and between LEAs, academics and industries on the other hand. This will enable LEAs to
influence future RDI efforts, which could be addressed by individuals, groupings of organisations,
countries as well as European research programmes.

3. Emergence of a challenge raised by the practionners’ community
The following Figure shows the articulation between the different ILEAnet Work Packages with regards
to identifying and answering LEAs’ needs and challenges.

1

https://www.ileanet.eu/

ILEAnet Public

© ILEAnet Consortium

8

AGE DETERMINATION – FINAL BRIEF

March 2022

WP2: LEAs challenges and
needs identification

WP3: Solutions and
expertise identification

•Desk reviews
•Surveys
•Inputs from the ILEAnet
community

•Analysis of the results from
WP2
•Search for solutions within
the ILEAnet community

WP6: Scientific
in-depth studies
(subcontracted)

WP4 :
Recommendations
elaboration

If no existing solutions
are identified
In the framework of the Work Package 2, ILEAnet conducted regular desk studies and surveys to
identify challenges and needs faced by LEAs on several themes: Migration, Cybercrime, Terrorism, and
Organised Crime.
The practitioners’ community raised a particular challenge in the Migration area: the need to develop
effective, reliable, affordable, lawful and innovative procedures to determine the minority of
migrants.
Indeed, since a Council Resolution of 1997, unaccompanied asylum seekers or migrants claiming to be
minors must produce evidence of their age, and, if a doubt persists, the EU member State may carry
out an age assessment. International standards require a scientific, safe and respectful age assessment
procedure, with a possibility to combine techniques. The dedicated ILEAnet desk study found a strong
reliance on skeletal, dental and psycho-social approaches to age determination (in the context of
migration) that were largely inaccurate and unreliable (+/- 1 or 2 years) and found a gap concerning
the development of more modern and innovative technologies. Consequently, the variety of
techniques, laws, thresholds and policies in Europe generates a “highly fragmented situation”.
As a result, the ILEAnet partners agreed on the necessity of launching a study on the current and
innovative techniques to assess age, as well as a classification of the best possibilities, depending on
their reliability, facility of use, respect of human rights, portability, rapidity, ethics and cost.

4. Tendering process
The ENSP Research Center (French National Police Academy) is the Scientific Coordinator in the ILEAnet
project. As described in the ILEAnet Grant Agreement, and in collaboration with ILEAnet experts, the
ENSP Research Center prepared the technical and administrative specifications. The call for tenders
(with the ENSP Research Center as contracting authority) was published on 30 November 2020, both
at a European and a national (French) level. In compliance with the applicable French and European
public procurement regulations, and the principle of best value for money, a consortium of three
partners (Upperion, HProjects and AI-Perception) was selected as the Contractor and started working
on the study in June 2021.
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The three members of the consortium, Upperion, AI-Perception and HProjects, are consulting firms
specialized in monitoring innovation and providing operational support with both technical and
economic insights to private companies and public structures.

5. Objectives of the study
The object of the contract was to conduct a study to determine which means of age measurement are
sufficiently accurate; indisputable from a legal point of view; portable; easy to use by a non-specialist
operator; delivering results rapidly/on site; ethically acceptable and deliverable to LEAs at an
acceptable cost.
ILEAnet provided the consortium partners with a desk study realised by WP2 in order to provide a
regulatory context and a first basis of relevant elements to the study.
The consortium of three partners divided their work in the three following phases during the seven
months of the study:
-

A review of the existing techniques of age assessment to establish/verify their margins for
error.

-

A review of new and emerging techniques of age assessment, including technologies that are
not currently used for this application but could be in the future.

-

A classification of the reviewed techniques, with the ‘optimum’ option or combinations of
techniques depending on several characteristics mentioned above.

Recommendations and good practices naturally emerged from this work and are part of the end result
of the study.

6. Daily management of the study
ILEAnet experts from WP4 and WP6 were part of the coordination team in addition to the ENSP
Research Centre. Their role was to give a practitioner point of view and to make sure future
recommendations were in accordance to LEAs needs. The ENSP Research Center managed the logistic
aspects, and ensured a scientific framework was given to the study.

7. Final workshop
A final workshop was organised online on the 18th of February 2022. With more than 40 participants
(including border guards, forensics and Frontex profiles), the goal of the event was to disseminate the
results to an audience interested in the issues raised by age determination in a migratory context. The
contractor presented the main technologies identified, and explained the pros and cons of each one.
The workshop included a live demonstration of a technology based on facial analysis for age
determination. The many questions received at the end of the presentation demonstrated the interest
of the audience on the subject and its importance in the future landscape of research in Security. One
of the participants described the session as “very practical and results-orientated” and said it was “very
interesting”.
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The information and views set out in this study are those of
the author(s) and do not necessarily reflect the official
opinion of ILEAnet nor ENSP. ILEAnet and ENSP do not
guarantee the accuracy of the data included in this study.
Neither the ENSP nor any person acting on ILEAnet’s behalf
may be held responsible for the use which may be made of
the information contained therein. This document reflects
only the author's view and that the Agency and the
Commission are not responsible for any use that may be
made of the information it contains.
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II. Executive summary
According to the European Civil Protection and Humanitarian Aid Operations, “every year, millions of
people are forced to leave their home due to conflict, violence, human rights violations, persecution
and natural hazards. […] At the end of 2020, 82.4 million people were displaced.” [1] “An estimated
13% of the international migrant stock in 2020 were children below 18 years.” [2]

The entry of migrants at the borders demands rigorous guidance from host countries to be able to
differentiate children from adults in order to treat each depending on the rights they have, while
respecting human rights. Host countries have to be able to verify the age of migrants, and official
documents are the primary documents that determine whether a migrant is a minor or an adult.
However, the task becomes more difficult in the absence of such official documents. Some migrants
are unable to submit formal documents establishing their age for various reasons:
-

They may have misplaced legal documents.

-

They may not have any legal documents.

-

They may want to hide their age to benefit from the protection granted to minors, or to avoid
being confronted with an administrative system they are not familiar with.

The age of majority is defined as the number of years after birth, commonly known as "chronological
age." Without a documented date of birth, it is impossible to calculate an exact chronological age.

The current study, conducted between June 2021 and February 2022, reviews approaches for
estimating chronological age other than civil status, in case individuals cannot prove their age or if
law enforcement agencies have significant doubt about their stated age. This study focuses on
estimating the age of migrants in the 13-25 age group.

The study was built on two use cases:
-

“Fast time” use case: The challenge of this use case is to accurately assess the age of young
migrants during a field check, that is to say very quickly.

-

“Slow time” use case: The use case is to assess the age of young migrants in detention centers,
host countries having time to run long age assessment procedures.

The results of the study show that forensic methods, such as medical imaging, are still relevant in
determining the age of an individual, especially in the case of slow time use. Imaging devices have
evolved and it is possible to perform examinations without exposing people to ionising radiation.
However, these techniques suffer from several shortcomings:
-

the lack of up-to-date anatomical databases correlated with the ethnicities present in the
migratory flows,

-

the variability in the interpretation of the examinations,
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-

the long time-to-result of the examinations,

-

the cost of the examinations (as they require investments in equipment and qualified personnel).

These are, however, the examinations that provide the greatest accuracy in age assessment.

The results also point to the emergence of technologies that are complementary or potentially capable
of replacing forensic examinations. The use of Artificial Intelligence in the processing and
interpretation of medical images will probably not only increase confidence in age estimation but also
standardise procedures and decrease variability in the interpretation of age assessment results.

Other medical imaging techniques are emerging, particularly in the analysis of hand veins. Among the
new biological techniques, advances have been identified in the analysis of the genetic make-up of
individuals, particularly DNA methylation.

Among the non-invasive techniques, facial analysis is one of the most promising. However, its use has
to be supported by the creation of learning databases and this requires the approval of ethics
committees. The same applies to technologies linked to voice and expression analysis.

The study has developed a database of emerging techniques, which could improve current age
assessment techniques. An interactive scoring and ranking tool for these technologies has been set
up, so that it is possible to identify the most promising ones according to the chosen use case.

The emerging technologies detected during the study are not yet capable of assessing chronological
age with sufficient accuracy. However, they open up the field of possibilities and deserve to be further
explored.

Seven recommendations have emerged from the conducted study.
Some are directly connected to the improvement of age assessment techniques and processes:
-

Creating reliable reference databases to take into account the ethnicities involved in migration
flows
o

one to train Artificial Intelligence algorithms and

o

one to be used as an imaging atlas when using medical examination for age assessment

-

Standardising European procedures for age assessment (including hardware, software and
personnel),

-

Ensuring the traceability of the results of age assessment processes

and the other recommendations suggest further developments in the Research & Innovation field:
-

Establishing pilots to test mobile/on the field and combined solutions,
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-

Creating open competitions to attract innovative European companies and make them work on
this research strand,

-

Creating a database of companies whose solutions might be relevant for age assessment.
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III. Introduction
As a result of conflicts, persecutions, natural disasters and human rights violations, millions of people
are forced to leave their countries and migrate every year. In its Global Report 2020 [3], the United
Nations High Commissioner for Refugees (UNHCR) reports that approximately 92 million people were
affected worldwide. Of this total population, 20.7 million were refugees and 4.1 million were asylum
seekers.

Host States must be able to determine whether the migrant is a child or not, and age assessment is a
critical step to secure that children can benefit of the specific measures designed to protect their rights.
The definition of a child used in this study is the one enacted by UNICEF in the Article 1 of the Child
Rights Chart [4]: a child is a “human being below the age of eighteen years unless under the law
applicable to the child, majority is attained earlier". Thus, except in special cases, any person under the
age of 18 is considered as a minor and benefits from specific rights. However, minor migrants, whether
they are accompanied or unaccompanied, often do not have identity documents that would confirm
their age and minor status.

The present study reviews techniques for obtaining an approximation of chronological age by means
other than civil status, in order to respond to the case where individuals are unable to prove their age
or when the law enforcement agencies have serious doubts about the declared age.

The team in charge of the study (UPPERION, HPROJECTS, AI-PERCEPTION) has endeavoured to:
-

conduct a critical inventory of existing techniques already used by law enforcement agencies,

-

identify new techniques that can or could contribute to determining the age, and

-

classify these techniques according to several criteria,

so that the law enforcement agencies can have an overview of and evaluate these techniques.
Firstly, this study presents the migration context of age assessment and then the methodology used
to identify existing and emerging techniques. All the results from public research but also from
company developments (products/services) are analysed in detail. Finally, the study proposes
recommendations for improving the process and results of age assessment in the context of migration.
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IV. Important notions
1. The definition of a child
The study uses the definition enacted by UNICEF in the Article 1 of the Child Rights Chart [4]: a child is
a “human being below the age of eighteen years unless under the law applicable to the child, majority
is attained earlier".

2. The current situation regarding minors in migration flows
According to EUROSTAT data [5] in 2020 there were about 13,600 asylum applicants for EU Member
States that were considered to be unaccompanied minors. In the context of overall migration, this
represented 10% of asylum applications for persons under 18 years of age. The age distribution (as far
as the age could be correctly determined) is presented on Figure 1 and shows that 9,100 individuals
(67% of the unaccompanied minors) were aged between 16 and 17.

under 14
years
11%

14-15 years
22%

16-17 years
67%

Figure 1: Estimated age distribution (in %) of unaccompanied minors at the EU borders in 2020 [5]

The data on gender distribution shows that 88% of these applicants were male children.

An analysis of the data over time confirms a decrease in the number of unaccompanied minor asylum
applications. Indeed, in 2019, Eurostat counted 14,100 applications. This represents a decrease of 4%
from 2019 to 2020. However, it is worth remembering that in 2015, the number of applications was at
its peak with 92,000 individuals.
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In the case of unaccompanied minors, the main countries of origin are, in order of contribution:
Afghanistan, Syria, Pakistan, Bangladesh, Morocco, Egypt and Guinea [5].

To make migrants and especially child migrants obtain the necessary assistance and protection to
which they are entitled, host countries must therefore be able to verify their age. While this is normally
easy to do when the person is able to present official civil status documents, it becomes more complex
if the person has no papers.

There are several reasons why migrants may be unable to present official documents proving their age.
-

They may wish to conceal their age in order to gain access to more favourable assistance and
protection or, on the contrary, for fear of being "trapped" in an administrative system that they
do not know and/or do not understand.

-

They may also have lost their papers. This may be the case when a family has been separated, or
had to leave their home in a hurry, or if papers have been stolen.

-

Finally, migrants may never have had any papers to prove their civil status.

Indeed, as the UNICEF report [6] already pointed out in 2013, there are several reasons for this lack of
civil status.
-

The country of origin may have a deficient administration for civil status,

-

The country of origin may ignore some births because they belong to one or more persecuted
minorities in the country,

-

Parents may not know how to register their child due to lack of knowledge despite being in a
country that has civil registration.

As a result, UNICEF estimates, in its report, that one in three children worldwide has no officially
documented existence. Beyond this general statistic, the detailed breakdown shows that countries
such as Somalia registers only 3% of births and that in Afghanistan, 95% of unregistered children under
age 5 are unregistered because their mothers (or caregivers) do not know how to register them.

3. The definition of the use cases
In order to bring this study in line with the reality of the field, two use cases – discussed and agreed
with the ILEAnet team - were explored. These scenarios/use cases are the following:
-

Fast time: The use case is "to be able to evaluate, with the greatest precision and the most quickly
as possible, the age of a child migrant, during a field check". The practical example is the estimation
of age when collecting migrants who have just landed on a European coast in the middle of the
night. In this case Law Enforcement Agencies (LEAs) have to determine the age of an individual
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rapidly and sometimes for an important number of people at the same time (e.g. interventions on
large groups of migrants, even crowds), in unfavourable operating conditions (at night, in places
without stable power).
-

Slow time: The use case is "to be able to assess with certainty the age of a child migrant during his
or her stay in a detention centre". In this case, LEAs have several days or hours to determine the
age of the persons.

4. The multiple definitions of age
Chronological age
The study is about determining the age of individuals, which is based on the number of years since
birth, also known as "chronological age". This is the fundamental criterion that will lead the receiving
country to treat the individual as a minor or as an adult. However, without a proven date of birth, it is
therefore very difficult to calculate an exact and irrefutable chronological age.

In addition to the chronological age, it is commonly accepted in the literature that there are three
other age categories for the same individual:
-

Biological age,

-

Psychological age,

-

Social age.

To be considered relevant and accurate, age indicators should change unidirectionally with age (for
example it must increase or decrease with age without the ability to reverse), correlate with
chronological age, and change consistently across individuals.

Biological age
The definition of biological age is similar to chronological age in the sense that it is a measure of the
time between birth and the moment of observation. In this case, the observed age is based on
biological indicators, like bones growing zones. Due to the nature of the indicators considered, the
biological age varies considerably between two individuals having the same chronological age.
Genetics and living conditions - in particular the diet - can have a strong influence on the biological age
of an individual.

It is important to note that chronological age and biological age are not perfectly correlated because
the aging process is variable between individuals [7]. The spread between chronological and biological
ages increases with time. It is known as the trajectory effect [8]. But in the context of this study, the
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focus is on the age determination of children or young adults, which may diminish the impact of the
trajectory effect.

Social age
Social age is correlated with the place that a society gives to an individual. Thus, as reported by Séguy
et al. [9], the age of adulthood has varied over time and according to gender since ancient times. Today,
around the world, the social age of adulthood varies from 15 to 21 years [9].

Psychological age
Psychological age can be defined in several ways. The most common is to consider the mental age of
a person. The first works to clarify this notion are those of Binet et al. [10] in 1905. They intended to
reconcile an intellectual level with a chronological age, mainly to measure the mental retardation of
some children for the purpose of their care. But psychological age is also defined by the age felt by
individuals, their own perception of their age, as defined by the work of Barak et al [11].

Conclusion
The four definitions of age have been considered in this study as depicted hereafter, and methods to
determine biological and psychological ages have been more specifically explored.

Chronological age
(legal age)

number of years since birth

Biological age

individual’s present
position with respect to his
or her potential life span

Psychological age

mental age. It includes the
use of adaptive capacities

Social age

individual’s roles,
responsibilities and habits
with respect to other
members of the society of
which he or she is a part.

Age

Figure 2: The different categories of ages. The chronological age is the legal age used to determine the frontier between
childhood and adulthood
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5. The “Gold Standard”: X-Rays examinations
In their work (2008), Schmeling et al. [12] present the most recent recommendations of the Study
Group on Forensic Age Diagnostics (a German research group) for age estimations in living individuals
in criminal proceedings, as echoed by the American Academy of Forensic Sciences. The paper [12]
updates the paper published in 2003 [13] by the same author. It confirms the recommendation made
to cumulate several medical examination using X-rays imaging of skeletal body parts. The
accumulation of ages estimated by different methods provides a body of converging evidence of a
probable age and avoids relying on a single method. Below is the recommended list of procedures that
should be performed in order to improve the accuracy of the diagnosis and the identification of
developmental disorders that might impact age assessment:
-

An examination of the physical and mental health of the children,

-

An X-ray examination of the left hand,

-

A dental examination (visual and X-ray) including the determination of dental status.

The clavicles should be radiologically examined when the hand's growth has reached its last stage of
skeletal development.
The Figure 3 below summarises the recommended process to assess age.

Figure 3: Gold standard procedure using X-rays medical imaging [12]

6. Statistical considerations
The Mean Absolute Error (MAE)
In the age assessment context, the accuracy of a methodology to evaluate the age is given in terms of
MAE. The MAE is the measurement of the error between age estimation and the real age. It can be
defined as:

𝑀𝐴𝐸 =

ILEAnet Public

∑𝑛𝑖=1|𝑦𝑖 − 𝑥𝑖 |
𝑛

© ILEAnet Consortium

20

AGE DETERMINATION – FINAL BRIEF

March 2022
Where yi is the predicted age; xi the
true age and n the number of
individuals.

Figure 4: Mean Absolute Error formula

The lower the MAE is, the better the accuracy of the age assessment will be.

The standard deviation (SD)
During the study the team noticed that a vast majority of the existing publications presented the
estimated age along with the standard deviation.

Expressing a mean + 1 Standard Deviation (SD), in the case of a normal distribution, provides a result
that is statistically accurate for only 68% of the observed population. This fact was also pointed out by
the DARLInG team at King’s College London [14] that proposes to use 3 SD instead of 1 SD. Indeed,
using 3 SD allows to cover 99,8% of the population as shown on the following figure.

Figure 5: Normal distribution and % of population covered depending of the number of 𝝈 (or SD) taken in account

In the context of the study, it is necessary to validate a method whose accuracy covers the largest
number. In other words, methods for age assessment that provide results with the mean absolute
error and a single standard deviation will exclude de facto 32% of individuals for whom the method
will not be valid.
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V. Methodology
This section presents the methodology developed by the team to review and classify age
determination techniques, which could be used in a migratory context.

1. Phase 1: Identification of relevant publications in academic journals
Relevant publications were identified using the following process:

Figure 6: Schema of the bibliographic analysis used for this study

The scientific publications were collected from the usual research databases Pubmed and Medline.
These were supplemented by public data from the reports of organisations in charge of observing
migratory flows (UNICEF, UNHCR, EASO and the European Statistical Office - EUROSTATS).

The 7800 publications found were then filtered and analysed by means of a machine learning workflow
set up for this study. At the end of the process, 53 publications were selected as the most significant.

2. Phase 2: Identification of commercially available solutions
Broad exploration
For commercial solutions (existing or emerging), an analysis of patents (applications and granted
patents) was carried out. In addition, an identification of solutions still in incubation was carried out
through global incubator networks. Based on Phase 1 conclusions, commercial solutions have been
sourced through five categories of industries and markets:

-

Medical imaging

-

Facial analysis

-

Behaviour analysis

-

Genetics (DNA)
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Demography, data sciences

At the end of this research, 97 solutions were identified. An overview of those companies is given in
the Figure below.

Medical
Imaging

Facial
analysis

Hand – wrist- knee MRI

Behavior
analysis

Facial & voice analysis

Palm veins analysis

Thruth assesment

Genetics
(DNA)

Demography/
data sciences

DNA methylation
Demographic & data
sciences studies and
exploration

Bladder analysis
Figure 7: Categories of industries and markets

The main observations are:
-

USA, Europe, and China are the leading innovation areas.

-

In correlation with Phase 1 results, main of the companies addressing the objectives of the current
study incorporated recently (between 2011and 2020). A balance can be observed between large
and established companies and new small startups.

-

The majority of the sourced companies belong to medical imaging and facial analysis markets and
technologies.

-

About 25% of the companies offer an age determination solution, and come from the Facial and
Behavior Analysis categories.

-

Solutions provided by the identified companies could mainly address the “slow time” use case.

-

Facial analysis companies are the only ones that could clearly address the “fast time” use case.

Creation of a shortlist of companies
A more detailed analysis was carried out on these 97 solutions to retain only the 24 most relevant to
the context of this study.
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Figure 8: Schema of the commercially available solutions analysis used for this study

The shortlisted companies repartition by industry categories is the following. We can see a major
representation of Medical Imaging and Facial analysis technologies.

Figure 9 : Innovative Solution Category Distribution for the 24 shortlisted companies

The table below summarizes the detailed breakdown.

Table 1: Zoom on industries and markets for the 24 shortlisted companies

Innovative Solution
Category

Number
of
SubCategory
organizations

MRI
Compact / Mobile
Medical Imaging

ILEAnet Public

9

Number
of % within the
organizations category

6

67%

Vascular Pattern Recognition (VPR) 1

11%

Ultrasound

22%
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8

Behavior Analysis

100%
Truth assessment

2

50%

Voice Analysis

2

50%

4

Genetics

2

100%

Demography / Data Science

1

100%

Exploration of shortlisted companies
It was important to get more specific information about the identified new solutions and technologies
mainly in order to:
-

Confirm that they could address ILEAnet use cases, and if yes, in which conditions

-

For the companies already providing a chronological age detection solution, specify the
accuracy/margin of error of the solutions/technologies,

-

Identify companies that could be interested in taking part in hypothetical future studies
(collaborative study, proof of concept projects…).

The Figure 10 presents the workflow used to collect further information about industrial solutions.

Nov 2d

Nov 23d

15 days
1) SMEs initial contact and survey dissemination

By E-mail

By LinkedIn
contact

By online
form survey

2) SMEs interview

By video
meetings

By voice
meetings

Figure 10: Workflow used to collect further information about the shortlisted companies in November 2021

11 out of the 24 shortlisted companies answered the survey, whose results showed:
-

90% (9 out of 11) of them have 8 or 9 TRL and BRL (see definitions of TRL and BRL below)

-

100 % of these 11 companies said they were interested in the topic and confirm their solutions
could address ILEAnet use cases and explained in which conditions.

Those 11 companies are given in the figure below.
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Figure 11: Shortlisted companies which answered the survey, ranked by category

Furthermore, 8 out of 11 companies accepted to participate in individual interviews.

The results from the interviews will be presented in the next section of the report: Identification of
techniques for age assessment.

3. Phase 3: Industrial solutions ranking and scoring
As a reminder, Phases 1 and 2 of the study aimed at identifying age determination solutions. Phase 3,
which is presented in this section, aimed at classifying those previously identified techniques. To do
so, a score was computed for each technique, allowing to rank and differentiate them depending on
the use case (fast vs slow time use cases). Such ranking was performed according to different
parameters of interest for the ILEAnet project:
-

Technological parameters,

-

Commercial parameters,

-

Legal parameter.

For each of the parameters, we proposed to work according to the Maturity Scales methodology,
where the lowest level in the scale expresses an unfavourable impact for the parameter. The different
parameters of interest and their scales are presented below.

Once all the parameters have been described and qualified by means of different scales (which are
presented below), they have been used in a simple mathematical function to compute a score for each
age determination solution. Parameters were weighted, with weights adapted to the different use
cases defined by ILEAnet.
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Definition of scales to attribute a score to the technologies
3.1.1.

Scales of Maturity: Commonly recognized scales

a) Technology Readiness Level
The Technology Readiness Level (TRL) methodology was introduced in 1989 by the National
Aeronautics and Space Administration (NASA) to assess the technology readiness of systems and
subsystems in order to evaluate the risk associated with their integration. This method is proven and
has been widely adopted since 2002 (under the impetus of the American Department of Defense DoD). The scale has 9 maturity levels (from 1 - low - to 9 - high); the higher the level, the more secure
the technology is as a mature product (e.g. a software application) or as a component ready to be
integrated into a system.
Tech. Readiness Level
1 01 - Basic principles
2 02 - Concept and application
3 03 - Proof of concept
4 04 - Lab validation
5 05 - Prototype
6 06 - Industrial Pilot
7 07 - Pre-industrialization
8 08 - Industrializaition
9 09 - Extensive commercialization
Figure 12: Technology Readiness Level (TRL) scale presentation

This method has the advantage of being simple and of qualifying an observation.

b) Business Readiness Level
Various scales have been proposed to qualify the maturity of an innovation depending on multiple
points of view. In an articulated manner, it is crucial to ensure a "market" maturity, symmetrically
denoted BRL (Business Readiness Level) to "de-risk" the market penetration of the innovation. Indeed,
by considering only the TRL scale, the risk is to finalise a technology that does not respond to any
'market' problem, de facto destroying any possible market launch. It is therefore necessary to reconcile
the Technology and Market maturities in order to create the conditions for successful technology
transfer.
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The BRL scale adopts a market perspective on innovation by assessing the project team's ability to
steer the innovation (from idea to product) to the best market fit. Market maturity is measured on
scale of 1 to 9.
Business Readiness Level
1 01 - Market Needs perceived
2 02 - Market Needs formulated
3 03 - Market Needs Validated
4 04 - Closed Beta version product tested
5 05 - Large scale open beta version test
6 06 - Proof of traction (few customers)
7 07 - Proof of satisfaction (customers growth)
8 08 - Stable sales pipeline
9 09 - KPIs surpassed and predictible growth
Figure 13 : Business Readiness Level (BRL) scale presentation

3.1.2.

Scales developed for the study

Following the same methodology, specific scales have been developed with the ILEAnet team to score
the different characteristics of an age determination solution.
a) Non-Invasiveness
The invasiveness of a measurement method on the human body is described in the European
regulatory classification of medical devices (MD) (Directive 93/42/EEC; OJ C 389 of 17/11/2017). In a
simplified way, this classification is based on the risk to the patient either through exposure to a factor
that may be inherently dangerous or whose dangerousness is revealed over time, or through entering
the patient's body either through natural channels or through surgical methods.

MD are thus classified into four categories (I, IIa, IIb and III). The figure below shows a simplified
illustration.
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Figure 14 : Simplified presentation of the medical devices classification [15]

Based on this classification and taking into account that age estimation by law enforcement does not
require an implantable device (class III), we reduced this classification to only 3 levels: "Very invasive"
(equivalent to Class IIb), "Invasive" and "Non-invasive".

To follow the methodology of the Maturity Levels, the lowest level will be the level with the highest
risk and the highest level will be the least risky for the person.

Non-Invasiveness
1 Very invasive: Collection of biological fluids like blood samples
2

Invasive: Collection of samples from the body using natural ways like sweat collection on skin,
saliva, but also medical imaging like X-rays and MRI

3 Non-invasive: Sample collection without penetrating the body, but also face analysis
Figure 15: Non-invasiveness scale presentation

b) Regulation Compliance (RC) Level
It is useful to know whether an emerging solution has no authorization given by the main agencies
overseeing the marketing of medical solutions and/or solutions dealing with personal data, an
authorisation that is only valid in a given region, or whether it has all possible authorisations. Similarly,
given the slow pace at which these approvals are obtained, it is important to know that a solution,
even if it does not yet have approval, has applied for it.

In this way the scale reflects a risk as to the possible use of the solution in the ILEAnet context.
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The scale therefore considers the position of the solution with respect to
1) FDA or CE marking, when it is a medical device
2) GDPR when it is a software product

Regulation compliance
1

None

2

At least one regulation agreement is in progress

2

Medical FDA approval (U.S.A.)

3

Medical CE approval (E.U.)

3

GDPR compliant

4

Medical CE (E.U.) and GDPR compliant
Figure 16: Regulation compliance (RC) scale presentation

c) Child Rights Compliance Level
This study focuses on estimating the age of migrants in the 13-25 age group. The ultimate aim of age
determination is to ensure that the rights of the child are safeguarded and that the child is treated as
his or her status requires. In the context of the study, this is paramount.

In this sense the scale measures the ability of the solution to:
-

Be technically applicable (the technology must allow the examination of the child with the child's
consent, which implies the child's ability to understand how he or she will feel during the
examination. If the child is afraid and refuses the examination, imposing it on him/her would be a
violation of his/her rights and would be potentially traumatic) to a child - a person under the age
of 18

-

Enable action to be taken in the best interests of the child

-

Respect the views of the child (the child can express himself/herself freely about things that affect
him/her. They should therefore understand and agree to a particular review).

The scale also takes into account Guideline A/69/277 on Recommended Principles and Guidelines on
Human Rights at International Borders of the Office of the High Commissioner for Human Rights
(OHCHR) of the United Nations. The following considerations are taken into account:
-

The solution must be applicable to all without discrimination,

-

The solution must be consistent with human rights in general,
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The solution must be consistent with human rights in relation to information, photographs, data
and statements.

The scale therefore goes from the unfavourable case (where the solution may risk infringing the basic
rights of the child in some way) to the favourable case of a solution where the risk is non-existent. As
an example, DNA collecting (from natural ways or blood sampling) may be frightening for a child, who
in this case may refuse the examination. If this type of sampling is compulsory, then the child's ability
to decide whether or not to undergo it will be violated. In this case, the score obtained by the method
will be unfavourable. On the other hand, we considered that a technology based on taking a
photograph would probably be better accepted by the child. It therefore has a better score in this
scale.

Please note that the fact that the solution may have an unfavourable rating does not eliminate it from
the ranking. Indeed, the rating for this criterion influences the overall rating, but as these are emerging
solutions, there is considerable scope for adaptation to make them compatible with use in the
migratory context. As an example, DNA collecting (from natural ways or blood sampling) may be
frightening for a child, but there’s room for improvement.

Child Rights Compliance Level
1

01 - Non compliant

2

02 - Partially Compliant

3

03 - Fully compliant

Figure 17: Child Rights Compliance Level scale presentation

d) Operability Level
Given the two use cases selected (fast and slow time use cases) and the law enforcement context of
the study, we decided to consider the level of technicality and skill required to use the solution. The
identification of solutions to assess age can lead to very technical solutions requiring implementation
by highly qualified personnel. This point may lead to a risk of non-adoption by the various law
enforcement agencies due to the cost of these techniques.

Thus, in this scale, a solution that does not require specialised infrastructure nor qualified personnel
will have a higher score than a solution that requires complex infrastructure and highly qualified
personnel. We have defined three levels.
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Operability Level
1 01 - Need of specific infrastructure and operator
2 02 - No specific infrastructure but need of specialized operator
3 03 - Easily operated anywhere without specialized operator
Figure 18: Operability Level scale presentation

e) Proximity to the gold standard level
This scale was created to qualify the deviation from already existing solutions already used in the
context of age determination by law enforcement. Indeed, a solution that is far from the standard
usually used by law enforcement agencies (e.g. cumulative X-ray imaging) may take more time to be
validated and adopted.

Proximity to the gold standard2
1 01 - Emerging procedure (Research Stage)
2 02 - Emerging procedure (Mono Pilot)
3 03 - Emerging procedure (Multiple pilots)
4

04 - Improvement of existing procedure (at least one part of the technological
solution has never been used in context)

5

05 - Improvement of existing procedure (all bricks used separately in context but
not altogether)

6 06 - Procedure well established and used in the context
Figure 19: Proximity to the gold standard scale presentation

f)

Areas

The use of this scale allows the country of origin of the solution to be noted. In the ILEAnet context,
having a solution that is developed within the European Union would provide a higher strategic
autonomy and probably a higher acceptance rate than solutions developed by organisations outside
the European Union. Thus, in this scale, solutions from the European Union are given the highest score.

2

The gold standard is the cumulation of X-ray imaging examination.
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Areas
1

Non European countries

2

European countries but non EU members

3

EU members

Figure 20: Areas scale presentation. It depicts the importance of the headquarters of the companies offering
a solution

Summary of criteria used for the classification
The 8 scales presented above were used as indicators to characterise a solution. Together with the
MAE (Mean Absolute Error, i.e. the error between the estimated age and the true age), they were the
criteria used to assign a score to each solution. All the criteria are independent but contribute to the
characterisation of the solution as shown on the figure below.

Regulation
Compliance
Level

Non
Invasiveness

Child Rights
Compliance
Level

Business
Readiness
Level

Proximity to
the gold
standard

Tech.
Readiness
Level

MAE

Operability
Level

Solution

score

Areas

Figure 21: Indicators contributing to the solution scoring

Indicator’s normalization and processing
Some indicators scales have 9 levels, some others just 3 levels. The use of the raw levels in the scoring
function could introduce a bias (scales with 9 levels may contribute for 3 times compared to scales
with just 3 levels). To avoid this, all the indicators were normalized on a scale from 0 to 10. In this
normalized scale, 0 means there is no value recorded.
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The MAE was further processed as well. Indeed, the lower the MAE is, the better the accuracy of the
age assessment will be, meaning that a low value is therefore favourable and a high value
unfavourable. This is the opposite of the scales used to characterise the indicators. The MAE is
therefore restated and its complement of ten3 is entered into the score function. The use of the ten's
complement is preferred to the inverse of the MAE. Indeed, the latter could give several tens of times
higher values than the other values and thus bias the calculation by giving more weight to the MAE.

Scoring function
A mathematical method (here, a linear function) was chosen to take into account all those different
indicators in the scoring, weight them differently according to the desired use case, and gives an overall
score that allows to rank the solution in relation to the others. The scoring function is described as the
sum of weighted criteria (e.g. in our case the previously described indicators), as shown hereafter:

SCORE FOR A SPECIFIC SOLUTION = k1 x Criteria1 + k2 x Criteria2 + … + kn x Criterian
or
𝑛

𝑆𝐶𝑂𝑅𝐸 = ∑ 𝑘𝑖 . 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑎𝑖
𝑖=1

where ki denotes the coefficient (weight) applied to the respective term,
adjusted to reflect the importance of that term in relation to the others and
where criteria represent the rating of the relevant scale.

Figure 22: Definition of the linear scoring function

The weights used for the two use cases (fast and slow time use cases) will be presented later in the
document.

Creating an interactive tool to rank the scored solutions and find the Top 5
solutions depending on the desired use case
The database and the different ratings obtained for each age determination solution were assembled
in an Excel file. In order to simplify its use, we created an interactive tool that would provide the user
with a dashboard presenting only the results that interest him/her, taking into account the scenario
that he/she would like to consider (i.e. fast or slow time) and the number of solutions to be displayed.
In this document, we chose to display the top 5 solutions.

3

The complement to 10 (i.e. 10-MAE) was used in the scoring function.
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VI. Identification of techniques for age
assessment (Phases 1 and 2 of the study)
This section presents the review of age determination techniques. The results are classified into 5 main
categories:
-

Medical imaging techniques

-

Genetic methods

-

Facial analysis

-

Behaviour analysis

-

Demographic data science.

1. Medical imaging techniques
The estimation of age of minors can be realized using X-ray imaging through the assessment of
epiphyseal union, long bones growth but also through the degree of dental development. Those
measurements are usually done with medical imaging, the X-ray imaging being the gold standard.

Estimating the age from the skeleton requires a comprehensive understanding of the nature,
sequence, and timing of skeletal changes across the lifespan, and understanding of the relationship
between these processes and chronological age. Skeletal age estimation therefore implies correlating
biological age with chronological age.

Skeletal age estimation using X-ray radiography
The first method to determine the chronological age of an individual is to perform skeletal (hands,
wrists, feet) age estimation with X-ray radiography. The radiography is visually compared, by a human
operator, with a reference library of images from known-age people. Examples of hand images is
given hereafter.
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Figure 23: X-ray imaging of left hand (from Medical Atlas)[16]

According to EASO [17], the reference library is the Greulich & Pyle Atlas [18]. This reference is the
most used in the medical imaging examination. It has been built on the analysis of radiographies of
healthy children from Ohio (USA) in the 1930s and 1940s (hence Caucasian children) and is therefore
not representative of the current migrant population.

In terms of MAE, when considering a population in the range 14 to 19 years old, and when looking
exclusively to the skeletal development (bones), the difference between skeletal and chronological
ages is comprised between -0.52 to 0.47 years [18]. As a result, a child over 17,5 but under 18 may be
categorized as adult or as a child.

Moreover a recent Swedish study shows that, using the X-Rays medical imaging gold standard, a child
has 33% of chance to be classified as Adult and at the opposite, an adult has only 7 % of chance to be
classified as Minor [19].

In 2021, Cummaudo et al. [20] published a paper that points out the lack of relevant skeletal studies
on countries of concern in the migration context as shown on the figure below. Countries in white have
no relevant study, countries in red have very few studies and at the opposite, countries in green have
a representative number of studies.
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Figure 24: World map showing the current situation concerning population data for skeletal methods for age estimation
of living human beings. The symbol “*” on the map indicates the presence of additional data on the
ossification of the medial end of the clavicle [36]

Dental Age Estimation (DAE) using X-ray
During child growth, the evolution of teeth is very noticeable. The examination of this evolution and
especially of the growth of the molars have been well established since centuries. Indeed, the growth
of the third molar was already used in the Roman Empire to check if a person was able to enroll or not
in the Roman legions. It was the sign that the person was no more a child [12].

1.2.1.

Standard: the DGTM

Dental Age Estimation is still in use but has been modernized. It uses the radiography of the teeth and,
in the same manner than for skeletal age estimation, compares the image obtained with an imagery
atlas. In this case the reference is the work of Demirjian et al. [21], so called “Demirjian, Goldstein &
Tanner Method” (DGTM). All the teeth can be seen on the panoramic radiography but the first, second
and third molars are the ones that lead to the age estimation.
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Figure 25: Dental radiography and location of the teeth of interest for age assessment [22]

The DGTM established a correlation between Teeth Development Stages (TDS) and chronological age
[21]. TDS are divided into eight stages based on a French-Canadian group of patients (as shown on
figure below).

Figure 26: Schematic representation for the 8 stages of development of teeth. Only molars are used for age
assessement [14]
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Improvements of the DGTM method

More than 270 publications deal with the use of DGTM to evaluate the chronological age based on the
biological age. However, the division initially imagined by the DGTM method is currently being
questioned by some authors. Indeed, the eighth and last Teeth Development Stage may be more
difficult to evaluate than expected by the inventors of the method.

Thus the work of Roberts et al. [23] clearly shows that the ﬁnal TDS (8th stage or Stage H in Figure 26)
of the third molar is the final stage present till the end of the life of a person. This leads to a statistically
over represented value of Stage H that may induces errors in a statistical age assessment by analysis
of the different stages.

Concerning the other studies, Willems et al. [24] demonstrated, concerning DGTM, an over estimation
of age (0.5 ± 1.0 for boys, and 0.9 ± 1.2 years for girls) and proposed weighted ANOVA analysis that
gives better results: 0.00 ± 0.90 years for boys and 0.20 ± 1.30 years for girls.

To sum up the results observed in the other studies, we reported above the values given by the
authors. Earlier in this report, we drew attention of the reader about the need to use 3 Standard
Deviations instead of just one. Nevertheless, when looking at the value reported by the researchers,
the chronological age seems to be evaluated with ± 1 year using dental age.

1.2.3.

Critical approach of the DGTM method

In their work, the DARLInG study group, at Imperial College, London, conducted a critical analysis of
the DGTM method and propose very interesting recommendations to avoid misclassifications. Among
these we noticed:
-

Demirjian TDS must be ameliorated,

-

Ethnicity and ancestry are important and comparing persons to the wrong database may lead to
misclassifications,

-

The balance between male and female changes over the years and may impact the database,

-

The number of subjects in each age band has to be well balanced and representative of the goal
to reach. In our case, the 13 years to 25 years band does not need data from younger children or
adult people,

-

The development of a new TDS scale has to be considered regarding the evolution of the medical
imaging – e.g., Cone Beam or MRI imaging.

-

A better data interpretation regarding uncertainty (due to imaging device precision) and ethnicity
relevance in correlation with imaging must be done.

-

As the TDS is crucial to evaluate the age, authors propose to assign weights to each TDS.
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To finish with this critical analysis, the authors do not reject the principle of the DGTM but draw
attention to the misuse and misunderstanding of its scientific background by age assessors.
Furthermore, it appears that a good understanding of the Statistics and Mathematics that rule these
methods is crucial.

1.2.4.

Periodontal Ligament Visibility (PLV) using X-rays

In 2017, Lucas et al. [25] (member of the Rogers’ team at Kings College, London) presented some
advances in the analysis of dental panoramic tomograms. In this work, the authors prove the usability
of the visibility of the periodontal ligament (PLV) as a conclusive mandibular maturity marker related
to the lower left third molar at the 18-year threshold. Knowing that the PLV is divided into 4 stages of
growth, the visibility of the periodontal ligament is proportional to the stage of growth:
-

Stage PLV-A: 100% ligament visibility around the third molar,

-

Stage PLV-B: 75 to 50% visibility,

-

Stage PLV-C: 50 to 25% visibility,

-

Stage PLV-D: 0% visibility (100% of the ligament is gone).

The authors map their work on the TDS classification and especially the stage H. Their statistical study
demonstrates that if the PLV is at stages PLV-C or PLV-D then the age is over 18 years with a probability
of 1. In the other cases, age is under 18.

1.2.5.

Cone Beam for teeth

Cone beam or CBCT (Cone Beam Computed Tomography) is a rapidly developing 3D sectional imaging
technique. It allows the exploration of calcified tissues, namely bones and teeth. As with 2D X-ray
imaging, CBCT is based on the emission of X-rays. The emitter rotates around the patient and a 3D
image is reconstructed from the 2D slices. The 3D image allows for a better appreciation of the
volumes. CBCT is becoming the new standard for 3D sectional imaging in odonto-stomatology [26].

In 2020, Różyło-Kalinowska et al. [26] used CBCT to develop an age assessment method based on the
normalized measurement of open apices of developing permanent teeth. This work was conducted
on a sample of children from 5 to 13 years. Even if it is not exactly in the age band of interest for the
study, the method is innovative and needs to be further investigated. Indeed, Różyło-Kalinowska et al.
obtained promising results (for boys 0.73 ± 0.48 years, and for girls 0.77 ± 0.60 years [29].
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Magnetic Resonance Imaging (MRI) of knees
Although MRI imaging is not so recent, its integration in age determination processes started about
ten years ago with the work of Dedouit et al [27]. Its main advantage is that it is a non-ionising
technique, unlike X-ray. In 2011, the authors conducted a study on MRI imaging of the knee to assess
the age. The observed results are MAE 0.67 ± 0.49 years (± 1.47 for 99% population, i.e. when
considering 3 SD) [27].

Since then, the technique has spread and improved. In 2020, Auf der Mauer et al. [28] analysed the
knee MRI volumes of 185 coronal and 404 sagittal scans of a Caucasian sample in the age range 13 21 years. In order to reduce discrepancies due to human judgement, the authors introduced an image
analysis using a CNN (i.e. a convolutional neural network) and tree-base machine learning approach.
They obtained the best results for this technique with a MAE of 0.20 ± 0.42 years (± 1.26 for 99%
population).

Other medical imaging techniques
-

Bladder volume analysis [29] : The relationship between normal bladder capacity and age in
children follows a nonlinear curve. This nonlinear relationship can be approximated. Using
ultrasound echography device to estimate the volume of the bladder, this method provides an
estimation of bladder capacity when applied to patients.

-

Palm Veins Pattern Recognition : [30] is a study from 2020 providing encouraging results and
demonstrating the effectiveness of a new system for gender classification and age estimation:
95.8% for young people (<20 years). This technique is based on the appreciation of the texture of
the veins in the palm of the hand through normal camera imaging (white light). The authors
compare the image of the vein network with a database of images of hand veins of known ages.
Their results correlate with a previous work of the same authors about age estimation and vascular
pattern in which they used a near infrared illumination [31].

Current recommendations on radiative medical imaging (X-ray) for age
assessment in criminal proceedings
In section IV.5, we have already explained what the actual gold standard is and on which technology it
relies. Some prerequisites for X-ray based evaluation is given hereafter [12]:
-

to refer to an adequate sample size, taking into account the age breakdown and population
included in the study,

-

to have an even age distribution,

-

to separate analysis for the two sexes,
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-

to have a clear definition of the characteristics examined,

-

to refer to a detailed description of the methods,

-

to have data on the reference population regarding genetic/geographical origin, socio-economic
status, health status,

-

to have data on sample size, mean value and range of dispersion for each characteristic examined.

It is important to note that this work has been conducted in a criminal context and not necessarily in
a migration context. However, the two topics are connected, since in both cases the issue is whether
or not the person in question is of age of majority.

Despite Schmeling’s recommendations to use better atlas than Greulich & Pyle, a lot of authors still
use the Greulich & Pyle Atlas as a reference for X-ray and also MRI methods.

Interviews with industry
1.6.1.

ESAOTE

Esaote is one of the world’s leading producers of medical diagnostic systems and internationally
acknowledged to be the world leader in dedicated MRI.

Easote O’Scan is a portable MRI that could match with ILEAnet uses cases. It presents a magnetic field
0.2 T (low force field) with a 220V power supply. The O-scan technology integrates a complete MRI
system including RF shielding, in one unique package, minimizing the total space needed for
installation. Due to its low weight and extremely small 5 Gauss footprint4, O-scan can be installed in
virtually any office or practice with ease. It may fit in a 9m2 container that may act as Faraday’s cage
and enhance the image accuracy. It requires a specialized or trained operator onsite. The best parts of
the body that can be analysed are the distal parts (foot, ankle, leg to knee (included), hand, wrist,
forearm, elbow). There is no dental examination possible.
All the certifications are cleared worldwide except certification issue in France. The mains concurrent
are Siemens and Medispace. The price for the device is 150-200 k€ for CAPEX and 12 k€ / year for
OPEX.

4

The 5 Gauss footprint or line is the safety distance where magnetic field is equal to 0.5 mT. Above this distance, cardiac
pacemakers are not at risk of being interfered and ferromagnetic materials are not at risk of becoming projectiles.
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Medispace

Medispace supplies fully equipped mobile and modular MRI and CT units across Europe as a
temporary replacement or as a solution to bring care closer to the patient. The company has 20
available units and plans to add 15 units due to the increasing demand. Typical clients are hospitals
and currently, they have a fleet in Germany, the Netherlands, and the UK. They also provide containers
in some countries like France.

The interviewee mentioned his previous interest for the age assessment topic. He supplied some units
in Italy to American forces to support the Italian LEA to welcome migrants. Medispace also mention its
MRI was involved in a project of virtual autopsy. In this case, the corpse is not open and the MRI is
used to generate a digital twin of the corpse. Then the forensic can conduce all the examinations
virtually and be helped by remote colleagues.

The mobile units are set up with the latest Siemens equipment to perform all types of body imaging,
but they require high power connectors. For the ILEAnet use cases, the following considerations were
discussed. In terms of technical specifications, Medispace mobile units can fit in trucks or containers
but they require high power connectors. They can be used temporarily or permanently depending on
the volume of people and hours of operations.
To address ILEAnet use cases, and be able to treat specific parts of the body as hand, wrist, or knee,
Medispace could use and leverage the new Siemens Free Max MRI which has been designed to expand
the reach of MRI in emerging countries. The imaging quality is about 80% of a full-blown MRI and its
price is much lower.
Regarding the operability, a specialized operator is needed, either on site, or using a new hybrid
process currently tested (with a specialized operator controlling the MRI imaging remotely and
connected with an onsite LEA operator previously trained to position the persons in the machine).

Conclusion on medical imaging techniques
The medical imaging techniques (radiative or non-radiative) have proven their efficiency in the last
decades for age determination. The use of medical imaging is still relevant today, considering that the
error on the estimate age is one of the lowest among all the reviewed techniques. It is also accepted
as a standard examination.

Nevertheless, a good performance of these methods implies to:
-

Have a relevant skeletal or dental images database,

-

Correctly calibrate the instrument,

-

Consider the errors due to the human operator interpretation. Indeed, the operator conduces a
simple visual comparison with the atlas.
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Moreover, bones examination can be perturbated by bones reconstruction. In the case of a bone
injury, the scar tissue will give a different picture to that of a bone without injury and will disturb the
comparison with the medical atlas. The health status and the living conditions of the person may also
affect the growth of the teeth. These parameters may lead to a miscalculation of the biological age.

Furthermore, the use of radiography exposes people to X-rays, which may pose medical problems
especially when there is no available information about the health status and follow-up of the people.
Indeed, during the examination, the law enforcement officers do not know the child's radiation history
and could therefore put the child at risk of overexposure. In the context of this study, it would be
preferable to use non-radiative imaging methods such as MRI.

As shown with the interviews, solutions exist and may fit in a container or a truck and could be used
near the field of operations (essentially if there is a good power supply).

2. Genetic methods
In another area, biochemistry and genetics contribute to the assessment of age.

Telomeres Length Shortening (TLS)
One of the first epigenetic methods studied was based on the telomere shortening. As shown in the
figure below, telomeres are the ends of chromosomes (the stable storage form of DNA in eukaryotes).

Figure 27: Illustration of telomere shortening [32]
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One of the known functions of these "end caps" is to protect the chromosomes and more precisely to
avoid replication of truncated chromosomes. Telomeres are put in place during embryonic life and
their size will decrease as the cell replicates. After about fifty divisions [32], the telomeres have
shortened so much that they act as a "stop" signal and the cell no longer replicates.

In the late 2000s, work suggested an inverse correlation between the size of terminal restriction
fragments, commonly known as telomeres, and the age of the person. In their work, Ren et al. [33]
claim to correlate the average length of telomeres in leukocyte cells with chronological age, with an
accuracy of+/- 10 years.

Although it has been shown [53] that telomere length can shorten more rapidly in the early ex utero
years, Shammas' work [53] has shown that this shortening is not strictly correlated to the
chronological age. Indeed, the evolution of telomere length is very much affected by living conditions,
and in particular by the nutrition of the individuals, and that there are even possibilities of lengthening
under the action of particular factors. More recently Cerveira De Baumont et al. [54] have shown that
TLS is accelerated in adolescents with anxiety disorders. Given the potential traumatic journey of
migrants, the use of the telomere length study in the context of migration may induce a bias that adds
to the error of the measurement (age determined to within 10 years). In this sense, telomere length is
more correlated with biological and living conditions than chronological age. For all the above reasons,
it does not seem to be the most relevant solution for age assessment.

DNA Methylation
DNA methylation serves as an annotation system for the genetic text, indicating how and when to read
and control DNA transcription. As shown in the figure below, the existence of methylations on specific
DNA sequences, called the "promoters" - the sequences that precede the genes to be transcribed results in the repression of the transcription of those genes. Methylation therefore acts as a lock on
gene expression. DNA methylation can be defined as a chemical modification which, in eukaryotic cells,
involves the presence of a methyl group at the 5′ position of a cytosine nucleotide that is followed by
a guanine nucleotide, known as a CpG site.
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Figure 28: Effect of methylation on gene expression [34]

In contrast to sequence information, which is inherited, methylation patterns are formed during
development by a controlled process that maintains stable gene expression profiles. This DNA
methylation paradigm has become a critical component of modern medicine. Certain changes in
methylation are highly correlated with age, indicating biological aging, and these same locations may
possibly play a role in cancer [34]. Total DNA methylation levels decrease with aging, while certain
CpG sites can become either hypermethylated, e.g., those located mainly in CpG islands (CpG
dinucleotide clusters), or hypomethylated, e.g., those usually located outside CpG islands [35], [36].

In this connection, several studies of DNA methylation specifically for forensic age estimation have
reported age prediction models based on different genes, tissues, detection technologies, and
statistical age-predictive analyses, with predictive accuracies lower than 5 years [37]–[39].
Consequently, DNA methylation is currently considered as the most informative age prediction
biomarker [37], [38].

All the recent papers analyzed in this study show that DNA methylation is to be preferred to Telomeres
length shortening (TLS) markers due to its better accuracy (MAE of 5 years for DNA methylation instead
of 10 years for TLS). In cases where TLS and DNA methylation are measured, the conjunction of the
two biomarkers may give a better accuracy than with just one.

The DNA methylation technique appears to be a promising technology. Nevertheless, it is known that
after birth [40], the genome continues to undergo programmed methylation variation in response to
environmental stimuli, acting as a memory device that may influence aging and vulnerability to a
variety of metabolic, immunological, and neurological illnesses. Thus, the DNA methylation level is
tissue-dependent and subject to change (in all senses) in response to nutrition and or general living
conditions. In order to assess migrants’ age, the procedure would need to be improved. Indeed, the
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tissue-dependent factor raises the question of validating and standardizing the tissue from which the
DNA sample would be extracted. There is no evidence that the tissues of interest are the same for
different ethnicities. To validate this technique, it could be required to launch a comparative scientific
study of the DNA methylation of people from countries representative of migration flows, focusing on
the age group of interest (13-25 years), and validating the sampling tissue (quantity of DNA, tissue of
origin, type and means of sampling - blood, saliva, etc.). Such a study would only be possible with the
approval of an ethics committee.

Interviews with industry: BforCure
BforCure was created in 2018. It is a spin-off from Elvesys, which developed the “Fastgene” technology
of ultra-rapid PCR, described hereafter. The company has been collaborating with multiple French
players such as DGA Ministry of the Army, Inserm, Labeo, Dassault, Suez, CEA, Institut Pasteur, ENS,
Secrétariat general pour l’Investissement (General Administration for Investment), and has been
involved in Horizon 2020 projects. The company has been significantly growing since the Covid-19
pandemic principally thanks to its product Chronos which is used for PCR testing in 11-15min in
hospitals, clinics and bio-laboratories. As it is funded by the DGA and the Ministry of the Army, the
company is also working on other types of products for the defense and security markets (e.g. CBRN –
Chemical, Biological, Radiological and Nuclear). All their products require specialized laboratory
operators.

When it comes to aging, the BforCure representative who was interviewed described the epigenetic
clock definition based on the Fastgene methylation technology. After extracting the DNA from the cell
from the mouth and treating it with a chemical product, a PCR test is conducted, to estimate the level
of CpG methylation. The advantage of this technology is its short time to result. Furthermore,
“multiplex PCR” tests can be run to estimate multiple CpG levels.

To avoid any misunderstanding, the BforCure interviewee specified that the company has never
worked on the DNA sample treatment. Indeed, their process needs the use of some buffer that is
prepared in a lab for the moment. The company is working on simplifying the buffer preparation to
have a solution directly operational on field. The company has multiple patents but none of them is
in the area of age detection.

When it comes to data security, there is the possibility to host data in a secured location own by
BforCure or by the government premises.

Conclusion on genetic methods
Epigenetic methods have MAEs of 5 to 10 years. These results are not consistent with the need to have
an age assessment of less than one year. Under these conditions, it seems difficult to use them as they
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are in the context of this study. These poor results can be explained by a certain variability according
to the tissues of collection as well as the living and nutritional conditions of the patients. However, it
should be noted that these methods were initially developed in a purely medical context. Therefore,
it should be borne in mind that experimentation in the migratory context would allow to know more
about the relevance of using these methods.

3. Face image analysis
Interest of the face image analysis approach
3.1.1.

Proven technology for visage identification

In less than a decade, the automatic face recognition domain has made a breakthrough with the rise
of Artificial Intelligence (A.I.) and Deep Learning technology overpassing classic Machine Learning
techniques.

Facial biometry engines are built from a face model obtained by multiple-layer neuron networks which
have been trained on massive face databases. Face key points (up to thousands of points, from eyes,
nose, mouth, etc.) are automatically extracted to build a descriptor (face template).

Thanks to its non-intrusive process, and high reliability, facial biometry is pretty well accepted now
for many services for secured identity from crossing borders, to banking services, and unlocking
devices.

The U.S.A. National Institute of Standards and Technology (NIST) conducts regular and independent
tests (with result report every 6 months) on a wide range of Face Recognition Vendors (FRVT) and
provides reliable foundations for facial biometry industry evaluation. The current best results by NIST
FRVT when comparing two faces (1 face against 1 or [1:1] comparison, authentication) achieved a False
Match Rate (FMR, identity error) of 1 person over 1 million of people while having a 440 False NonMatch (face not identified while it exists in the database) [41]. These results have been obtained by
challenging the face recognition engines on the Border image database which contains more than 1M
face images.

When addressing the age estimation, it is legitimate to wonder if facial recognition techniques can be
applied for age estimation too as it extracts visual features from the face.
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Best fit for fast processing

Face visual features analysis techniques are of most interest for the age estimation as they clearly
constitute a key solution for fast time processing mode.

Fast time processing refers to the use case where age assessment is to be performed within a limited
duration of time, on the field with challenging environments (e.g. migrants arriving on the shore,
rescued off coast, crossing a terrestrial border, during day or night, etc.), resulting in hard conditions
for face image capture with potential limited resources such as internet connection and power supply.

Taking into account these parameters, knowing also the current limitations of face imaging
technologies which depend tightly on the quality of the image acquisition (such as pose and
illumination), we can presume some hypothesis, which will reduce the complexities of the task such as
:
-

Face is captured in frontal pose (or eventually mugshots - frontal, left and right profile – if required
by the solution)

-

Face is uniformly illuminated at best (to avoid shadows casting, spots light sources).

These constraints may be guaranteed at best even in the operational field, by for example setting up
a rapid location (room, tent, etc.) with a camera and an integrated lighting system for the face
acquisition in best condition.

3.1.3.

Aging Visual Features

The predominant face visual features reflecting the aging process are different according to the age
range and are mainly:
-

The craniofacial growth: early growth stage which occurs from birth to adulthood, in which there
are noticeable changes in shapes,

-

The change in texture: adult aging stage is from adult to old age as a result of the texture changes
(skin aging).

While some facial biometry engines use facial keypoints which may not include some aging visual
features, and thus can impact their performances in age estimation, some new approaches include
local aging features such as wrinkles [42].

Facial visual features tend to reflect the biological age, which differs from the chronological age.
Biological age depends on the genetics of the population and the living conditions like health, lifestyle,
climate, working environment, increase or decrease in weight, drug use, smoking, emotional stress,
diet, etc. The biological age impacts directly on the visual aspects of the face and generates errors for
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the chronological age determination. Automatic estimation of the age is a challenging process since
the aging process among humans is non-uniform.

Furthermore, due to the expected stress and hard conditions of their journey (potentially with the
lack of food, sleep, or rest), facial features of the individuals considered in the context of this study can
be altered, thus increasing the age estimation error by the face analysis solutions.

3.1.4.

Face image database challenges

Computationally, an age estimation system usually consists of two modules:
-

image representation (model) and

-

age estimation [43].

There are many existing models which can be used alone (mono model) or combined (multiple
models):
-

the anthropometric model (or geometric model based on distance measurement between facial
points),

-

a wrinkle model,

-

an active shape model (ASM), used for localizing the facial region to extract features only from the
eyes, nose, mouth and static wrinkles regions of the input image,

-

an active appearance model (AAM) for shape and texture,

-

an AGing pattErn Subspace (AGES) where the sequence of a particular individual' s face images are
sorted chronologically in order to build up an aging model,

-

an age manifold learned from raw images,

-

local binary pattern features,

-

parts or patch-based appearance model.

All automatic age estimation solutions, whether using classic machine learning techniques for
classification or using Deep Learning Network (DLN), require face image datasets in order to identify
and extract key features, build one or multiple models for age characterization, train the system, and
tune it.

There are currently a number of face image datasets derived from existing visage databases for the
face recognition task or constituted specifically for the age determination task ([42] to [56]). Some of
them are public (Morph, IMDB Wiki, LAP,…) and some are private (Yamaha).
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Despite the gain of interest since the last decade for the automatic age estimation problem, from the
academics and from the industry mainly aimed at marketing purposes in the beginning (estimation of
a customer age for targeted advertisement), we observed a clear lack of suitable datasets for the
context of this study, which requires precise age estimation for individuals in the target age range of
13-25.

The main issues of existing datasets are:
-

Face image context (constrained, unconstrained, in the wild, mugshots, visa photos, etc.)

-

Quality of the picture (pose, angle, facial expression, resolution, lighting, background, noises…)

-

Existence of adequate and precise annotations (actual age, gender): some datasets are annotated
with the apparent age (an age per face image obtained by a cumulative vote from users) due to
the lack of actual chronological age information on the picture (this is the case for LAP, IMDB Wiki)

-

Size of the dataset: in order to best train a learning algorithm, the larger dataset is the better
(thousands of images per age, per gender, per ethnic, and per skin tone). Small size databases for
training conduct to an “overfitting” problem in Deep Learning process and would require some
transfer learning which contributes to the estimation error

-

Lack of visage samples for the targeted migrant populations (age and ethnic)

-

Lack of face images of actual migrants taken in the field.

Therefore, the need of creating face image datasets targeted for the goal of age evaluation in the
migration framework is paramount. This need will be directly relayed in the Recommendations of this
study (cf. Recommendation #1).

State of the art review
The review of the academic publications identified during Phase 1 over from the past ten years on the
subject of automatic age determination highlights the following:
-

A definite trend in the use of Deep Learning techniques (Deep Neuron Network - DNN or
Convolution Neuron Network - CNN). These A.I. based solutions outperform classic computation
methods for classification (SVM, Adaboost, SURF, HOG, LDA…), see [44].

-

A.I. with CNN is predominant.

-

There is not a single algorithm that works well in every situation: one method for face extraction
and age estimation may achieve top rank on a given dataset, but display lower performances on
other datasets compared to other methods.

-

No algorithm can perform successfully on all age ranges. Some are better on underage and other
on adults.

-

It appears that each algorithm is tightly dependent on the datasets which have been used for
training, thus presenting biases. For example, an algorithm trained on a dataset with only
Caucasian faces would give best results for Caucasian but will perform poorly on Asian faces or
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African faces. In the same way, an algorithm trained with little or no samples of child faces but
mainly with adult faces would be unusable to estimate the age for minors.
-

Having specific datasets for each population profile (age, gender, ethnicity), and therefore specific
models for each class (such as 18.y.o. Caucasian males, 18y.o female from the Middle East,….) ,
will provide more precise age estimation.

The lack of identical reference dataset corpuses and the lack of standardization of the evaluation
process for the age estimation make it challenging to compare different methods and their published
performances. Indeed, the results of the studies are not often evaluated on the same datasets, or with
the same metrics.

Nevertheless, the Mean Absolute Error (MAE) measurement appears to be one of the most common
and accepted metrics to evaluate the age estimation error.

Several datasets, such as MORPH, are commonly used for the studies and this allows to build up some
performance comparison on a common test database with the same MAE metric.

Among the academic articles, two studies are particularly outstanding for their results:
1. Deep Exception model (DEX)- [45]
-

Winner of LAP 2015 challenge

-

Creator of the IMDB5 Wiki database

-

MAE of 2,6 years on MORPH2 dataset

-

Key features: DNN models from large data, robust face alignment, and expected value
formulation for age regression (for example using VGG-16 CNN, a simple and widely used
convolutional neural network)

DEX has become a reference for the majority of the automatic age estimation studies since its
publication.

2. Age Estimation Using Expectation of Label Distribution Learning (DLDL v2)- [46]
-

Lightweight network architecture (as a comparison, VGG-16 CNN has 138.34 million
parameters, taking up more than 500MB storage space)

-

Fast processing (less than one minute) on a Tesla M40 GPU

-

Currently best on MORPH 2, with a MAE of 1,9 years (against 2,6 years for DEX)

5

IMDb is the world's most popular and authoritative source for movie, TV and celebrity content. It contains half a billion of
celebrity images.
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The figure below displays the results collected from the different academic proceedings with their date
of publication, when the MAEs for the automatic age estimation algorithms are available on common
datasets (CHALEARN, MORPH, FG-NET, see [46] to [47]).
Datasets on which the methods were tested
Method names

Date

(algorithms)

ChaLearn15

ChaLearn16

Morph 2

FG-NET

MAE

MAE

MAE

MAE

-

-

4,30

4,50

Human [48]

TPAMI 2015

HOG+LPB+SURF & CNN [49]

PRL Dec2015

OR-CNN [50]

CVPR 2016

-

-

3,27

DEX [45]

IJCV 2016

3,25

-

2,68

Rank-CNN [51], [52]

CVPR 2017

-

-

2,96

LDAE [53], [54]

PR 2017

-

-

2,35

DLDLF [55]

NIPS 2017

-

-

2,24

DRFs [56]

CVPR 2018

-

-

2,17

DLDL-v2 (TinyAgeNet) [46]

JCAI 2018

3,13

3,45

1,97

DLF-FAM+ divide & rule [47]

HMPE
Jun2018

A-LSTM [42]

CVPR2019

3,88

3,09

2,84

3,85

3,48

3,14

3,14

2.36

2,39

Figure 29: Age estimation performance comparison - Theoretical MAEs (in years) on given datasets. Each column deals
with a particular images database. Each row deals with a specific algorithm.

From the review of the academic studies, the current state of the art for an automated age estimation
solution based on face image analysis shows that the MAE varies from 1.97 years at best (only on a
given set of face database), up to 4 years which is far too high in the context of this study to
differentiate between minors and adults.

Moreover, these are experimental results obtained on specific image datasets as opposed to real
conditions on the field with face images captured live from the arriving migrants. Therefore, we can
expect a drop in age estimation accuracy in operational conditions.
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Interviews with industry
3.3.1.

ID3 Technologies

id3 Technologies is a major player in the field of biometric systems and identity management
solutions. The company is recognized worldwide in particular in fingerprint recognition technology
with its match-on-card authentication algorithms. Its large expertise covers image processing applied
to biometrics (fingerprint, face, iris), radio communication technologies, and embedded electronic
systems. With more than 25 years of experience, id3 has an international network of customers and
partners and offers its services worldwide to high-technologies companies. The company is providing
support in the domain of secured identity for the French Ministry of Internal Affairs.

iD3 provides mobile solutions for identity authentication, online and offline. One of their flagship
solution consists in a high density QR code which contains the encrypted facial biometry data of the
user.
iD3 face image analysis engine using deep learning algorithms is listed in the last NIST FRVT report.
More particularly on the iD3 age estimation solution which is based on facial landmarks extraction,
the MAE scores between 2 up to 10 years (2 being for young adults and 10 for elderly people).

3.3.2.

Innovative technology LTD - ICU

Innovative Technology Ltd offers age verification and facial recognition based biometric access
control functions.

The company currently offers one product available as 2 hardware products: ICU Pro device (all in one
standalone solution with no PC required) and ICU Lite (which needs an USB dongle to connect to PC).
ICU lite can be used on a laptop without any additional hardware. The Edge technology makes it
possible to run the algorithms locally on specially designed hardware. The processing is done on the
local hardware and not on a cloud-based platform (benefits are: speed, no internet required and
security).

The ICU age estimation solution focuses on the 15-25 years old range and more particularly on the 18year-old threshold in the UK for alcohol sale.

Innovative Technology Ltd developed and trained their own database. Their accuracy is very good as
specified in this White Paper6 [57]. While the majority of the commercial solutions offer an average
MAE around 5 years, Innovative Technology Ltd. company came out with a promising solution with an

6

ICU Intelligent Identification, White Paper - Age verification: determining age using facial features
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announced MAE of 1,22 years for 18 years target (down to 0,83 year at 17 years): this means that for
individuals with the actual age of 18, the ICU error is +/- 1,22 years. This MAE has been obtained by an
independent party following the Age Check Certification Scheme (ACCS)7 and the tests have been
conducted on images not known by the company. The table below shows more detailed MAEs
depending on the gender, with a dataset of 260 images, 139 of which being Female (53,5%) and 121
Male (46,5%).

Actual Age

MAE

(mean age for 18yo samples)

Mean Predicted Age (whole sample)

18,02

1,22

Mean Predicted Age (Female)

17,71

1,26

Mean Predicted Age (Male)

18,38

1,17

Table 2: MAEs according to gender with ICU on Innovative Technology private database (same results for the two
hardwares)

Despite the promising results, the samples are too small to conclude to any bias of ICU performances
on gender.

Figure 30 : ICU MAE for actual ages from 16 to 23 (evaluation carried out by the company)

The figure above displays the MAE for each age target after tests carried out by the company (and not
in the ACCS framework) where we can see for example that for image samples with actual age of 17
y.o. the MAE reaches 0,83 years, which is even better than for 18 y.o. where the MAE is 1,14 (1,14 is
the internal result obtained by Innovative Technology, while 1,22 is the one obtained via ACCS).

Innovative Technology built up and keep on enriching its face database with following characteristics:
-

Face image samples from different regions (ethnics).

-

Approximately 2K images in the test set with an even distribution of gender and skin tones
(manufacturer data).

7

https://www.accscheme.com/
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-

Gender and skin tone taken into account in the datasets and algorithms.

-

Age estimation engine submitted for independent evaluation with the Age Check Certification
Scheme (ACCS) [57].

The device costs $150 and the algorithm updates are free for one year.

3.3.3.

Visage

Visage Technologies is a world-renowned provider of specialized face tracking, analysis, and
recognition solutions. Visage core business is in face image analysis using Deep Learning algorithms.
The company provides fast and lightweight solutions for face analysis which can work on mobile,
online or offline mode. Visage solutions are applied in many different business sectors worldwide.

FaceAnalysis detects faces in images or videos and then uses face tracking and action units to
accurately provide gender, emotions and age for the faces in roughly frontal position. The real-time
face recognition identifies and verifies people in seconds. It facilitates secure financial transactions,
eliminate waiting queues at events, monitor attendance, control access, and more.

More specifically on age estimation, Visage solution is based on face landmarks and achieves an MAE
of 5 years on APPA-REAL database.

The company is also a member of the PROTECT8 project for biometric border control which combines
contactless biometrics including hand vein, voice and anthropometrics to gather as much biometric
data as possible.

Conclusion on facial analysis techniques
The existing facial image analysis solutions achieve better MAEs than a human (MAE of 4,3 years [48]).
Indeed, humans perform a visual comparison with atlas images and are more subject to visual error
than computers. Existing automated solution for age estimation using facial visual features analysis
achieve currently an MAE close to 2 years and even under 2 in some cases with given database (cf
page 53).

Main challenges for age estimation based on visual features of the face include:

8

PROTECT project ended on 31 August 2019: https://cordis.europa.eu/project/id/700259
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•

The direct impact of biological age on facial visual features. Biological factors (health, lifestyle,
climate, working environment, increase or decrease in weight, drug use, smoking, emotional
stress, diet, etc.) generate errors on the chronological age determination.

•

The poor quality of the picture acquisition. It can be overcome by setting up in the field a proper
photo acquisition device and a recommended process for the operators.

Moreover, the performances of A.I. algorithms can be improved drastically by building and providing
to the industry and the research community a new and large dataset of face images in the age range
dedicated to the context of the study. Anonymous photos, with actual chronological age and not
apparent age, gender information, and ethnic group would be required.

An open challenge for age estimation from face visual features with a dedicated category targeting
migration should be set up along with a standardization of the evaluation procedure.

In such conditions, it is reasonable to believe an MAE of 1 and under can be achieved within a short
time frame (less than 3 years).

The automatic age estimation based on facial appearance stands out definitely as a good solution for
fast time processing, easy to use, without need for experts (simple camera device with dedicated
software). It could be the first evaluation step and would help the border officers to perform a quick
filtering on young migrants when indication on their age is considered not reliable or consistent with
visual appearance.

4. Behaviour analysis
State of the art review
Methods based on voice analysis could give an estimate of age in the same way as facial analysis:
characteristic features of the voice can be correlated with chronological age [58]. However, voice
analysis can also be used as a means of checking whether a person is trying to conceal his or her age
in an interview. These are behavioural methods, based on changes in behaviour (voice changes,
hesitations, eye movements, body postures, etc.). In this case the method does not give an age, sensu
stricto, but rather a clue, useful to the law enforcement officer to know if the person interviewed is
lying.
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Interviews with industry
4.2.1.

Converus

The Converus Science Team, led by Dr. John Kircher, has been researching truth assessment methods
since 2002. They have published 18 articles or reports about the technology underlying EyeDetect®,
which is an ocular-motor deception test (ODT).

The company currently operates in 40 countries and has 2 products:
-

EyeDetect is the original product, which was launched in 2014 and helps find the truth about
an applicant’s background. Military, police, and intelligence agencies worldwide use this
advanced technology to quickly and cost effectively detect deception.

-

EyeDetect+, the newest product of the company launched in May 2021, is an automated
polygraph, and detects deception by monitoring and recording physiological activity — like
polygraph — as well as the same involuntary eye behavior changes from a standard EyeDetect
test. This automated polygraph testing process is impartial, accurate, and less intrusive than
a traditional polygraph.

There are two sets of data required to score an EyeDetect test:
-

Eye movements and pupil diameter measurements - gathered by the eye tracker at 60
measurements per second (60 Hz),

-

Test responses – the examinee’s True/False responses to test questions with timestamps.

Inside the EU, the solution is fully compliant with General Data Protection Regulation (GDPR) in terms
of tests. The EyeDetect tests does not require any type of personally identifiable information (PII). The
minimum amount of information required during EyeDetect test cannot be used as a biometric or to
identify a person.9

For these two products, the company has screening (quick and short test) and diagnostic (longer test)
protocols. In general, the longer the test (15-90min range), the more data is collected and the more
accurate the assessment is. The company can train and certify anyone to write tests in a particular
context using their base protocol. Even if the accuracy is very good (86-91% range), the company still
recommends to use multiple tests approach (repeated test and / or cumulated with other types of
examinations) for decision making.

9

In order to protect the identity of any examinee, during registration prior to taking a test, the Test Proctor should use an
identifying number rather than a person’s name and the Test Proctor should not take a photo of the examinee. If no photo is
taken, the organization will need to find test results for a person based solely on the assigned ID number—after the test is
taken, saved, and scored.
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The optimal environment is a private room to reduce the anxiety and increase the concentration for
the person. The test is delivered via a computer which makes it easier to administer and not prone to
discrimination/bias (consistent decisions from the algorithm). The company recommends having a
person to monitor the test, to avoid any countermeasure from the person tested (not looking, shutting
the eye etc.). The protocols of the company take into account the limited literary abilities of some
people. “Microsoft test to speech” is used for the calibration and analysis, and is currently available in
30 languages.

There are certain medical or mental conditions that preclude someone from being polygraphed
(traumas such as mental disorders or post-traumatic stress disorder, vascular or respiratory diseases,
pregnancy, etc.). However, these conditions do not affect standard EyeDetect test results.

Typical use cases are Pre-employment screening, CBP (U.S. Customs and Border Protection)
verification for suspicious visa holder entering the US, and crimes. The company has experience in
differentiating children from adults thanks to a collaboration with Singapore, using the EyeDetect test.
Tests in local languages were created for the project. Furthermore, adolescents as young as 11 years
old have been successfully tested with EyeDetect about matters such as burglary and sexual abuse.

This technology could be used to assess the age of an individual by asking a question about the date
of birth and checking the reaction at the follow-up confirmation validation.

4.2.2.

Phonexia

Phonexia is a Czech company that develops solution in voice analysis. They have already produced
software tools for voice forensic.

Phonexia plans to develop decision making tools for border management, in order to confirm the age
of migrants. The interviewee confirmed that such age determination would require a high volume of
training data to get a high accuracy. According to him, combining multiple methods like Facial & Voice
methods would help increase the accuracy.

Conclusion on behaviour analysis techniques
As explained, behaviour-based techniques do not directly give an estimate of chronological age
(although this may be possible with voice analysis in the same way as with facial analysis: by comparing
to a known voice/age database of migrants). They provide clues to withholding information from the
police officers. These techniques have the major advantage of being quicker to implement than
medical techniques, as they only require an interview. The issue of language barriers remains a point
on which these techniques will have to be challenged.
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5. Demographic data science
State of the art review
Demographic studies come from anthropology. Precise estimations of age are essential in evolutionary
anthropology, especially to infer population age structures and understand the evolution of human life
history diversity. The study pointed out these demographic techniques in two cases:
-

Accurate age estimation in small-scale societies: a Bayesian approach that accounts for age
uncertainty inherent to fieldwork data [59]. In this Bayesian statistics approach, the probability expresses the degree
of belief of an event (in our case the event is the birth date of a person).

-

A Method of Estimating the Age and Age-Structure of populations by Gilles Pison [60]. In this
method, the age of different people living in the same village is assessed on the basis of the
memory of the village elders. By cross-referencing the information, a relative ranking of births is
made and on the basis of a dated event attested by all, the age pyramid can be dated.

Despite the interest of these two studies, they do not seem to be directly applicable in the context of
the study. Indeed, we cannot be sure that a group of people from the same geographical area crosses
the same border, so these methods are difficult to use as they are.

Interview with industry: Demografy
Demografy technology predicts demographic information from raw names. It can work with first
names only, but if additional letters from the other names are available, they can be included as well.
The advantage of this technology is that is non-invasive in terms of privacy.

Demografy currently provides gender, age group, race, and ethnicity (13 ethnic groups). To do so, the
company leverages a dataset of real people with self-reported age information as well as additional
country information.

The interview with a Demografy representative demonstrated that the company has not worked with
children in the past (all the age groups on which they worked were 18+) and their focus is on Western
names, preferably US, for age detection. The technology would therefore have to be revalidated on
a more representative dataset.

In addition, country origin would be very important for Demografy’s technology to perform.

However, the interviewee was optimistic about the performance of the technology to be used in the
context of this study. Indeed, the company got good age accuracy results when recently working with
14,000,000+ records of US consumers. The technology was able to predict demographics including age
groups with a granularity of 3 years. The client had a test list (with known ages) prior to submitting the
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large 14M+ dataset and scored 74% classification accuracy in determining the person's age group on
this list. Furthermore, according to the interviewee, using fewer age groups (such as two age groups,
i.e. a group with people under 18 and a group with people over 18) would result in higher accuracy.

6. State of the Art General Conclusion
Focus on the literature review
Concerning Morphological (physical development observation, bones and dental test) and
psychological (behaviour based) approaches, we can state that:
-

Psychological tests and assessments seem to be reliable, according to the interviews, despite
the lack of computable MAE.

-

Non-ionising methods should be privileged such as MRI

-

MRI coupled to Artificial Intelligence (A.I.) give excellent results on hand and knee (MAE of 0.20
± 0.42 years thus ± 1.26 when considering 99% of the population) [28].

Face analysis has a higher MAE than MRI technique but could be used more easily on operation field
as a first approach (i.e. in the fast time use case).

Recent or ongoing medical research studies reveal some new techniques to be monitored and that
could be used in chronological age determination as:
-

Bladder volume analysis [29]. The relationship between normal bladder capacity (measured by
ultrasound imaging) and age in children follows a nonlinear curve, which can be estimated.

-

Palm Veins Pattern Recognition [30]. In a study from 2020, palm veins pattern is observed using
usual camera imaging. This method provides encouraging results and demonstrates the
effectiveness of a new system for gender classification and age estimation: 95.8% of the young
people were correctly assessed.

-

DNA methylation [61]. The DNA methylation level is reported as proportional to the biological age.

-

Demographic studies reveal interesting additional areas of investigation to be explored:
o

Accurate age estimation in small-scale societies using a Bayesian approach that accounts for age

In this Bayesian statistics approach, the probability
expresses the degree of belief of an event (in our case the event is the birth date of a
person)
uncertainty inherent to fieldwork [59].

o

A Method of Estimating the Age and Age-Structure of population [60] using a community elder’s memory
estimation.

Independently of the techniques, the main problem is the lack of up-to-date banks of images
specifically addressing the use cases of this study.
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Focus on the interviews with industry
Most of the techniques mentioned above are technically operational and available in a commercial
manner for approximately 80%.

Furthermore, more than 60% of the devices/ software are available within the EU and more than 50%
of the identified technologies are not intrusive.

Approximately the 3/4 of them seem to be legally compliant, and same for the usage in the context
with ¾ of the technologies found being close to the X-Ray based gold standard.

1/3 of the companies, all belonging to the facial and behavior analysis categories, offer a chronological
age detection solution. The 2 other thirds could, through their innovative technologies, serve the
improvement of existing techniques or the validation of ongoing researches.

Nevertheless, some improvements need to be brought due to several aspects:
-

Regulation compliance may differ depending on technology,

-

Specific skills to operate the technology are needed,

-

Specific databases are to be created.

Most of the solutions could be used easily in the two use cases of this study without strong adjustments
or adaptations but they would need to be used in combination, and with additional skills and
technology bricks such as artificial intelligence and data science.
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VII. Review of the results applied to the use
cases of the study
Classification of the commercialized technologies according to the use cases
(Phase 3)
As a reminder, the study developed a set of criteria to score and rank identified age determination
techniques. Those parameters, presented in the subsection 3 of the Methodology, are weighted and
linearly combined in a linear function, to score every age determination technique. Below are
presented the weights chosen for each use case (fast vs slow time use cases) and the results of the
classification.

As not all existing products have been developed for the context of age determination, or
manufacturers do not wish to communicate the MAE of their products, it was decided to report the
operational MAE when it is known for the product or to replace it by the theoretical MAE (i.e. the one
mentioned in the scientific literature) but not necessarily attached to the particular product.

1. Use case n°1: “fast time”
Selection of weights
In the case of the “fast time” scenario, we consider that:
-

The MAE may have a minored influence (as the age assessment is performed to run a first and
quick “triage” before in-depth checks),

-

The BRL influence is kept low,

-

Invasiveness is not accepted due to the condition of the assessment,

-

The operability level has a high importance (the technique should not require qualified people to
be operated),

-

Proximity to gold standard (which estimates the proximity to the usually used X-ray method) is not
important.

Considering those hypotheses, the figure below depicts the weights chosen.
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Figure 31: Profile of the weights chosen for the “fast time” use-case

Results
Using the interactive tool ranking the industrial solutions developed during the framework of the
study, the search for the five best solutions leads to the following ranking:

Table 3: Top 5 emerging solutions for the fast time use case

FAST TIME - Top 5 Emerging Solutions
DESCRIPTION

Company

Innovative
Solution
Category

MAE

Comment

1

Innovative
Technology
Ltd (ITL)

Facial
Analysis

1,22

Operational
MAE

UK

Mature SME

59,50

2

BioSec Group

Medical
Imaging

Theoretical
MAE

Hungary

Mature SME

59,44

#
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3

Yoti

Facial
Analysis

1,9

Theoretical
MAE

UK

Mature SME

59,20

4

sightcorp

Facial
Analysis

5

Operational
MAE

Netherlands

Mature SME

56,60

5

Visage
Technologies

Facial
Analysis

5

Operational
MAE

Sweden

Mature SME

56,60

It can be seen that the tool identifies solutions with low MAEs, but the MAE criterion alone is not
everything, since the tool is able to identify potential solutions whether they have a high MAE or no
MAE - because they come from another context of use. In our example, the BioSec Group develops
biometric solutions. Their primary application is health and the identification of individuals. Age is not
one of their current business objectives. However, their technology, on the basis of bibliographic
studies, could make it possible to assess the age of an individual.

2. Use case n°2: “slow time”
Selection of weights
We considered that:
-

The MAE has to be the lowest (i.e. we want the best accuracy),

-

The BRL influence is kept low,

-

Invasiveness is accepted (as we consider medical methods),

-

Proximity to gold standard is important,

-

The operability level has lower importance (as we consider that medical devices may need to be
operated by qualified people).

The figure below gives a representation of the weights.
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Figure 32: Profile of the weights chosen for the “slow time” use-case

Results
The search for the five best solutions leads to the following ranking:

Table 4: Top 5 Emerging Solutions for the slow time use case

SLOW TIME - Top 5 Emerging Solutions
DESCRIPTION
#
Company

Innovative
Solution
Category

MAE

1

Esaote

Medical
Imaging

2

Medispace
B.V Holding

3

4

SCORE

Comment

Company
HQ

Comment
on company
age

0,2

Theoretical
MAE

Italy

Mature
SME

62,83

Medical
Imaging

0,2

Theoretical
MAE

Netherlands

Mature
SME

62,61

Siemens
Healthineers

Medical
Imaging

0,2

Theoretical
MAE

Germany

Mature
SME

55,33

Hyperfine

Medical
Imaging

0,2

Theoretical
MAE

USA

Mature
SME

54,72
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SLOW TIME - Top 5 Emerging Solutions
5

Luxand

Facial
Analysis

1,9

Theoretical
MAE

USA

Mature
SME

52,38

In this case, the top five emerging solutions are, mainly, medical imaging techniques. Despite this, the
fifth place is occupied by a facial analysis-based technology. This shows that A.I. based technologies,
although still far from the accuracy of forensic methods, may have a good place in the future of age
assessment of migrants. The sixth place (not shown in the table) is occupied by BioSec Group, the same
technology that was already in the top 5 of the "fast time" scenario.
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VIII. Conclusion
In the context of this study, two use cases were defined:
-

In the “fast time” scenario, law enforcement officers do not have time for a long and complicated
medical examination. The techniques to use have to be fast and flexible enough to be used on the
operation field.

-

At the opposite, the “slow time” scenario is a use case where law enforcement officers have time
and the appropriate facilities to lead complete medical examinations, in retention centers for
example.

While the gold standard is X-ray imaging, the current study shows that the best and most accurate
method is MRI medical imaging coupled with A.I. (with a MAE of 0.20 ± 0.42 years, or ± 1.26 when
considering 99% of the population)[28]. MRI techniques, which have the advantage of being nonionizing, are more relevant for the “slow time” scenario. Indeed, a MRI is usually a non-mobile
equipment that stands in a specific room in a clinic or a hospital. To be operated it needs a qualified
technician and a particular power supply (usually high current and high voltage). The MRI-based
techniques show big advantages compared to conventional radiography as they avoid exposure to Xrays, and are not restricted to the calcified tissues allowing to examine soft tissues such as tendons
and ligaments.

The current review shows that the face analysis techniques are less accurate than expected, with a
MAE of 1.9 years on MORPH2 dataset [46], so still greater than 1 year. As algorithms evolve and
integrated circuits become more affordable to embed machine learning and A.I., the “fast time”
scenario becomes a reality.

This study shows that voice, behavior, and genetic-based techniques are less accurate than medical
imaging. But, since these techniques were not developed for age assessment, they may be considered
as promising. Voice and behavior-based techniques might help in the fast time scenario. Genetic-based
techniques could be used in the fast time scenario if they become more operationally viable (by having
all the solutions ready to use on the ground, for example).

The accuracy of an age estimation method is based on the MAE (Mean Absolute Error). However, it is
important to recall that the MAE cannot be assessed without an appropriate standard deviation.
Misunderstanding the statistics could lead to choosing a technique on the basis of an accuracy that
would only concern 68% of the population (when considering 1 standard deviation) instead of 99%
(when considering 3 standard deviations).
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The following table summarize the different MAE obtained for each technique.

Table 5: Overview of the different MAE by techniques
Category

Subcategory

Name of the method

MAE in years

or company

(3 SD is given between parenthesis)

X-ray

X-ray of bones

-0.52 to 0.47 years [18]

X-ray

X-ray of teeth (DGTM)

Boys: 0.5 ± 1.0 years (± 3.00 for 99% population)
Girls: 0.9 ± 1.2 years (± 3.6 for 99% population)

If weighted ANOVA:
Boys: 0.00 ± 0.90 years (± 2.7 for 99%
population)
Girls: 0.20 ± 1.30 years (± 3.90 for 99%
population) [21]

Medical imaging

X-ray

Periodontal
visibility

Ligament

X-ray

Cone beam for teeth

No MAE [25]

Boys: 0.73 ± 0.48 years (± 1.44 for 99%
population)
Girls: 0.77 ± 0.60 years (± 1.80 for 99%
population) [26]

MRI

MRI + A.I.

Echography
Photo imaging

MRI of knees

0.67 ± 0.49 years (± 1.47 for 99% population)
[27]

MRI of knees coupled with
A.I. (CNN and tree-base
machine learning approach)

0.20 ± 0.42 years (± 1.26 for 99% population)
[28]

Bladder volume analysis

No MAE [29]

Palm
Veins
Recognition

No MAE [30]

Pattern

Length of telomeres

+/- 10 years [33]

DNA methylation

+/- 5 years [37]–[39]

Deep Exception model (DEX)

2.6 years on MORPH2 dataset [45]

Expectation
of
Label
Distribution Learning (DLDL
v2)

1.9 years on MORPH2 dataset [46]

ICU

1.22 years for 18 years target (ACCS test)

Genetics

Face image
analysis
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Voice Analysis

Phonexia

About 7 years

Eyes Movements

Converus

No MAE but gives a clue if the migrant lies on
his/her age

Demography

No MAE but gives the probability to be in an age
range

Statistical
analysis

MRI imaging combined with A.I. [28] is the most accurate age assessment method for the "slow time"
scenario, even if the MAE (with 3 SD) is greater than one year. On the other hand, medical imagingbased technologies are cumbersome and constraining, as they require personnel training, specific
equipment, and energy sources that are only compatible with certain installations, hence a major
financial investment. Even if some of medical imaging systems can become "mobile" (like an MRI in a
container or a truck), power supply is still an issue. Furthermore, using a mobile MRI does not reduce
the examination time (20-30 minutes to perform age assessment), so it implies setting up dedicated
facilities and processes to manage the flow of people and carry out age assessment.

If the MAEs of facial analysis technologies are still greater than one year, it should be noted that the
results are based on image banks that are not relevant to this study. The results could be improved if
the algorithms were trained on representative images of migrants.

To date, the study shows that none of the identified techniques can give a true age estimate better
than 0.67 ± 0.49 years (± 1.47 for 99% population) [27]. However, the improvement of techniques and
their combination could bring hope. As an example, MRI coupled to A.I. is 0.20 ± 0.42 years (± 1.26 for
99% population) [28].

In this regard, any technology or combination of technologies that reduces examination time, requires
little training, and can be used in all conditions encountered by field officers is preferred. These
technologies, many of which are based on artificial intelligence, require specific databases to validate
their accuracy and usability in migrant age assessment.

In conclusion, the technologies to modify the age assessment of people in a migration context exist.
Their implementation requires a policy of experimentation and openness to public-private
partnerships.
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IX. Recommendations
Based on the findings presented above, the recommendations for building solutions with optimal
accuracy that could address the chronological age assessment issue in the context of the migration are
the following:
-

Creation of a reliable training database for age assessment by Artificial Intelligence

-

Creation of a reliable database for age assessment for medical imaging

-

Experimentation of combined and mobile solutions for age assessment on field of operations (i.e.
implementation of a collaborative test-pilot and study)

-

Standardisation of European age assessment procedure

-

Enhancement of the traceability after age estimation process

-

Development of crowd innovation process like open international challenges for age estimation
solutions

-

Creation of a database to store and display the companies whose solutions might be relevant for
age assessment.

1. Creating reliable reference databases
An important need identified and mentioned by almost all interviewed companies is the necessity of
creating new dedicated and specific databases, with information from people of the 13 to 25 years old
range.

Table 6: The needs for relevant databases and datasets

Markets
technologies
Categories

and Database creation need for the 13 to 25 years old range

Medical Imaging

Objective: Update old medical atlases to get relevant training datasets
(those datasets would be also used for A.I. assisted medical imaging)
Data needed: Age, country of origin, body parts imaging
Objective: Create relevant training datasets for A.I. applications

Facial analysis

Behaviour
(voice/ eye)

ILEAnet Public

Data needed: Age, country of origin, face

analysis

Objective: Create relevant training datasets in case of A.I. application
Data needed: Age, country of origin, voice sample or eyes movement
analysis
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Objective: Create relevant training dataset in case of A.I. application
Genetics (DNA)

Data needed: Age, country of origin, DNA sample from suitable tissues
(nose for example)
Usage: Create relevant training dataset in case of A.I. application

Demography

Data needed: Age, country of origin, full name

A unique database for the 13 to 25 years old range would therefore need the following information:
-

Age

-

Face

-

Full name

-

Country of origin

-

Voice sample or eye movement

-

Body parts imaging

-

DNA sample

Reliable training database for age assessment by Artificial Intelligence
It appears that one of the first improvements of age assessment through facial recognition lies in better
learning about faces and voices, and the associated age across ethnicities. Indeed, similarly to atlases
which are needed for medical imaging, the A.I. algorithms need a learning library corresponding to the
object needing to be evaluated.

The algorithms available today use public face databases. These may be databases from computer
vision research, or image banks of public figures. Neither of these possibilities is representative of the
13-25 age group, which is the group of interest in the migration context. For face analysis for instance,
it would be necessary to have an image library of children's and young adults' faces in this age group.
This point raises an ethical consideration for which the approval of an ethics committee would be
required. However, the training database would only need few pieces of information: the face (from
different angles), the documented age of the person, and the ethnic origin. This database would not
need to be public or even shared with the field officers, as it would only be used to train the algorithm.
Therefore, even an embedded version of the analysis software would not need to be accompanied by
the database. Once the algorithm has been set, the training database should be kept for the sole
purpose of being made available to a judge in the event of a claim.

Given the evolution of the populations, the database would need to be regularly updated to keep the
algorithm up to date.
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Recommendation #1: Creating a reliable training database for age assessment by Artificial Intelligence

Roadmap: Reliable training database for age assessment
Target: Consortium of LEAs, companies and academics
Topic: Creating a database of faces and voices (for training purpose)
Level of urgency: High / Level of importance: High
Explanation: The estimation of chronological age by Artificial Intelligence algorithms is possible and
demonstrated [42] - [47]. However, the existing results are not satisfactory enough to be used as they
are because these algorithms are trained on databases that are inappropriate for the migration
context. In an age determination context, those algorithms need to be trained on databases that take
into account the 13-25 years age range, with information on ethnicity and gender, face images/voice
samples and a documented date of birth. To date, no such training database exists. An ethical
committee approbation has to be taken in account (it will possibly delay the creation of the database).

Reliable database for age assessment for medical examinations
The work of Schmeling et al. [13, 14] reminds the basis for forensic age diagnostics, which is still
relevant for the context of this study. These medical methods require a good knowledge of the
population to evaluate.

Recommendation #2: Creating a reliable database for age assessment for medical imaging
examinations

Roadmap: Reliable database for age assessment
Target: Consortium of LEAs, medical doctors, companies and academics
Topic: Improving medical imaging databases
Level of urgency: High / Level of importance: High
Explanation: When using medical imaging for age assessment, the imaged body part is compared to
an atlas. However, medical imaging atlases (Greulich & Pyle), if useful, are over 40 years old. They are
not representative of the population involved in migration flows. On the one hand, the ratios between
sexes have evolved, and on the other hand, the ethnic groups found in the migratory flows have only
been the subject of few studies (not all the countries of origin of migrants have been studied), or even
none at all in certain cases. Indeed, these atlases were made on the basis of medical images of
Caucasian individuals. The medical imaging data must be updated to give relevant results in the
evaluation of age. An ethical committee approbation has to be taken in account (it will possibly delay
the creation of the database). The total size of the database will have to be statistically significant
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depending on the ethnicities or countries of origin of the migrants. This may lead to several millions of
data.

2. Developing combined and mobile solutions for age assessment
In this study, combining techniques yielded the best results, MRI and A.I. being a good example of this,
with a MAE of 0.20 ± 0.42 years (±1.26 for 99% of the population) [28], instead of 0.67 ± 0.49 years (or
±1.47 when considering 99% of the population – or 3 SD) for MRI alone [27].

The combination of several techniques would also allow to obtain a body of converging evidence and
reduce assessor interpretation variability (in the case of medical imaging coupled with A.I. for
instance).

The phase 2 of the study also identified industrial technologies at various stages of maturity. Some of
these technologies are related but have never been used in the context of age assessment and thus
even less in the context of assessing the age of migrants.

Thus, combining techniques and testing them appears to be the fastest way to progress. Based on the
study, it seems that:
-

For the “fast time” use case, a combination of facial and behaviour (especially voice) analysis
solutions could be a good option.

-

For the “slow time” use case, a combination of medical imaging innovative devices and processes
(such as a mini portable MRI) and behaviour analysis solutions could to be the optimal option.
Validated DNA methylation and demography solutions may also improve results accuracy.

Such a hypothesis is presented in the figure below.
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Palm Vein
Analysis

Figure 33: Proposed probable combinations of solutions depending on the use case10

This suggested technology mix obviously needs to be validated in the context of migrant age
assessment by experimental pilots and has to take in consideration the ethical issues related to
children and human rights.

Combining several technologies, including already existing industrial solutions, may meet the use case
requirements for low MAE and accurate results but may also help design a “mobile” solution that could
be used close to the field of operation.

Finally, to guarantee a maximal accuracy of results, in the context of the study, the combination of
both “fast time” and “slow time” methods is recommended in the overall age assessment process.

To illustrate this idea, and as inspired from the work of Schumacher et al [62], we propose that the
procedure be completed by combining technologies as shown in the following figure.

10

The combination proposed here need to be validated by experimental pilots.
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Figure 34: Inclusion of fast and slow time solutions in the overall age assessment process (inspired by [62])

Recommendation #3: Experimenting mobile solutions for age assessment

Roadmap: Mobile Solution for age assessment
Target: Consortium of LEAs, companies and academics.
Topic: Creating mobile solution tool for LEAs to assess age on operation field
Level of urgency: High / Level of importance: High
Explanation: The LEAs have to assess the age of migrants in complex contexts such as during controls
on their arrival in the middle of the night on the European coast. In this context, they need tools that
allow them, at best, to assess age with a low degree of uncertainty, and at worst, to quickly identify
persons whose status as a child is uncertain and for whom further investigation is required. In this way,
the risk of depriving a child of their rights will be reduced while limiting the number of detentions for
further examination. This could be achieved through the testing of one or more pilots about mobile
solutions (such as mobile medical devices or smartphone apps using A.I. facial analysis). These pilots
could use one technique or a combination of techniques to assess the age of migrants.
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3. Standardising European age assessment procedures
The result of such pilot (see the previous recommendation) could lead to the standardization of the
EU procedure.

Recommendation #4: Standardising the European age assessment procedure

Roadmap: Process evolution
Target: European Commission, Consortium of LEAs, companies and academics
Topic: Procedure standardisation
Level of urgency: Medium / Level of importance: High
Explanation: Even if medical imaging practices are the recognised techniques, their application may
differ from the X-ray gold standard and remains variable both in terms of the tools to be used (X-rays,
MRI) and the parts of the body to be analysed (knees, wrists, teeth). Moreover, the data provided by
the machine does not give an age in itself but contributes to enlighten the decision of the human
operator. There is therefore an inequity of treatment depending on the country to which the individual
presents himself, as there is no standard procedure (hardware, software, decision) officially shared by
all law enforcement agencies.

4. Ensuring traceability after age estimation process
Once the determination procedure is completed, it is important to ensure the traceability of such a
procedure, especially if European countries use different methods and a standardised procedure is not
agreed upon.

Recommendation #5: Ensuring the traceability after age estimation process

Roadmap: Process evolution
Target: European Commission, LEAs
Topic: Traceability of age assessment
Level of urgency: Medium / Level of importance: High
Explanation: Once the whole process for the age estimation has been conducted with final results and
conclusions, it is key to record all the related information, especially the different steps of the process
(type of tests conducted, results of each step, level of confidence, etc.). An eDocument (encrypted &
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secured) would be generated for the migrant and recorded in a global European migrant database. It
would be used for the follow-up of the administration and could be used in the same manner as the
Covid-19 green pass, just proving the age of the migrant and giving the method used to obtain it.
Similar legal issues to the Covid-19 green pass may arise concerning data retention.

5. Creating an open international challenge for age estimation solutions
A regularly organized hackathon-like event could be set up to identify new techniques for the age
assessment context.

Recommendation #6: Creating an open international challenge for age estimation solutions

Roadmap: Innovation watch
Target: International challenge for companies and academics
Topic: Open challenge
Level of urgency: Medium / Level of importance: High
Explanation: The NIST Face Recognition Vendor Test (FRVT), set up and conducted by the US National
Institute of Standards and Technology (NIST) since 2000, has greatly contributed to the improvement
of face recognition solutions by providing datasets and independent tests for all interested parties. A
global open challenge with reference datasets and independent evaluation would attract a large
number of academics, solution providers, and stakeholders, especially as the automatic age estimation
is a useful, even sometime a must-have, service for many business areas where age regulation exists,
such as gaming (casinos, on-line gambling), retail (liquor, tobacco, weapon), and adult websites. The
age estimation challenge could include different classes of technologies, different databases, and
various test scenarios for different targeted use cases. This international challenge will allow to
associate civil society, associations and LEAs as key stakeholders. A collaborative test pilot involving all
companies and technologies identified could be implemented to further explore the results of the
open challenge. The pilot collaborative project would work on standardizing the new tested and
validated solutions/processes.

6. Creating a database on relevant companies and innovative solutions
This report is only the start of a long-term scientific watch. Feeding the database of public and private
organizations whose technologies may be relevant to the study requires a continuous innovation
scanning strategy and a dedicated tool.
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-

The interactive tool developed in this study, a spreadsheet, needs to become a database, allowing
for better search and use.

-

A scanning strategy should be developed and implemented. The study's timeframe limited the
investigation of other industrial solutions. Companies whose core business was not aligned with
the study's use cases required more attention and effort. The discovery of new technologies
outside the context but useful to it requires a bibliographical study and characterization of the
solutions (through a range of parameters). Open challenges (e.g., data challenges or hackathons)
seem to be the best way to feed the database going forward.

Recommendation #7: Creating a database on relevant companies and innovative solutions

Roadmap: Innovation watch
Target: LEAs, Academics & Innovative Networks
Topic: Database of Innovative solutions
Level of urgency: Medium / Level of importance: High
Explanation: The evolution of techniques is continuous. It is important for the LEAs to keep aware of
the new and emerging techniques. The recommendation #5 gives an entry point to collect solutions
but it could be completed by an up-to-date database to include solutions identified by the open
challenge but also propose a self-assessment questionnaire open to every company that propose or
wish to propose solution in the age assessment context.

7. Prioritization of the recommendations
The different recommendations could be processed in the following order of priority:

ILEAnet Public

© ILEAnet Consortium

79

AGE DETERMINATION – FINAL BRIEF

•

March 2022

Creating a reliable training database for age assessment for
medical imaging
Creating a reliable training database for age assessment by
Artificial Intelligence

Priority 1

•

Priority 2

•
•
•

Experimenting combined and mobile solutions for age assessment
Ensuring the traceability after age estimation process
Standardisating the European age assessment procedure

•
•

Creating an open challenge for age estimation solutions
Creating a database on relevant companies and innovative
solutions

Priority 3

Figure 35: Summary and proposed priority of the different recommendations
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