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Abstract

In human relations, emotional awareness and subsequent adjustment is as fundamental a part of communication as
the actual information shared. Without it, communication falters and misunderstandings proliferate. Increasingly,
emotion recognition is also a foundational component of affective human-machine and human-robot interaction:
the emotional state detected in a human partner can trigger a change of task, a switch of interaction strategy,
or an adaptation of the working paradigm of a robotic system. The EU AI Act considers emotion inference as
a potentially concerning practice and, under Article 5, prohibits its use in workplace and education settings,
and defines it as high risk in most other settings. This paper analyzes the relevant provisions of the AI Act and
its Recitals , reviews the state of the art of emotion recognition methods used in HRI, and discusses trade-offs
between privacy, bias and autonomy versus personalization, trust, and task performance.

As the relevant provisions of the EU Al Act are coming into force following the delay introduced in the Al
Omnibus, lack of clarity about the limits and definitions of emotion recognition is becoming a real problem for
developers. Therefore, in this paper, we aim to clarify the legal landscape and provide a more detailed framework to
effectively distinguish between harmful and beneficial applications of emotion recognition technology, preventing
abuse while preserving the benefits of emotion aware models. To support developers and researchers working
on affect-aware HRI systems, we propose a compliance-oriented evaluation framework that connects technical
performance, ethical risks, and Al Act requirements into a common assessment methodology.
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1. Introduction

Emotions are a central channel in human communication, and their absence from an interactive system
is quickly perceived by human users as a lack of responsiveness or social competence. In human-robot
interaction (HRI), the ability to perceive — even approximately — the emotional state of the user is
often what separates a merely functional agent from one perceived as socially intelligent, trustworthy,
and cooperative [1, 2]. An emotionally aware robot can modulate the pace, tone, and content of an
interaction: it can allow more time for voice input, ask a user if they want to switch languages, warn a
sleepy driver to take a break, encourage a frustrated user during a rehabilitation exercise, simplify a task
for a confused learner, or back off when a person shows discomfort. This adaptivity is not a cosmetic
feature; several studies in HRI and cognitive-robotics research have linked affect-aware behaviour to
measurable improvements in task engagement, perceived trust, and long-term acceptance of assistive
and collaborative robots [1, 2, 3].

At the same time, emotion recognition is one of the technologies most exposed to misuse: unlike
task-oriented perception (e.g., object recognition), it infers a state that is fleeting, internal, and socially
sensitive. Emotions are quite possibly the most private data that exists, protected under the right to
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privacy and data protection under Article 8 of the European Convention on Human Rights and Articles
7 and 8 of the EU Charter. Emotions are fleeting, they can change rapidly, are only one of many factors
that influence individual behaviour. Moreover, emotions are tricky to identify even for human beings,
both for persons trying to understand another’s emotions [4], and even, on occasion recognize their
own [5]. As a result, in European jurisdictions, persons are generally sanctioned for their actions, and,
not for their emotions, although a few notable exceptions exist. [6].This double problem, that emotions
are fleeting and private, and that they are difficult to ascertain with certainty, has historically left most
European jurisdictions with an uneasy relationship with polygraphs or lie detectors, relying on clues
such as perspiration rate and blood pressure — factors that human beings are not capable of picking up
by sight — for determining emotions. There is an active academic debate on the accuracy of polygraphs
as well as on whether reliance on them in high stakes situations such as courts, psychological treatment,
and employment is ethical. Some jurisdictions outright outlaw its use by law enforcement as a violation
of the right to a fair trial including the right to be silent and not to incriminate oneself, while others
have attached little or no evidentiary force to results obtained by polygraph [6].

The perspective of wide proliferation of Al-based emotions and lie detection (potentially but not
necessarily more accurate), towards a wide range of private and public applications is therefore not
trivial: jurisdictions’ experiences with polygraphs might provide an indicator to how constitutional
courts and fundamental rights agencies are likely to view the technology.

This contestation, where emotion detection can be both a genuine enabler of better interactions and a
potential vector of privacy intrusion, has motivated the regulatory attention that the EU Al Act pays to
emotion detection, as well as the present analysis. Existing research on emotion recognition has mainly
investigated three complementary research directions, namely technical performance, ethical implications,
and regulatory compliance. These perspectives have generally evolved independently, although the
design and deployment of emotion-aware Human-Robot Interaction (HRI) systems inherently involve
strong interdependencies among them. Indeed, architectural and algorithmic design choices directly
influence both the ethical properties of the resulting systems and their compliance with the regulatory
obligations introduced by the EU AI Act. Inspired by this motivation, this paper proposes a compliance-
oriented evaluation framework that systematically integrates these complementary dimensions by
establishing a methodological relationship between the technical characteristics of emotion recognition
systems, the ethical principles underlying trustworthy HRI, and the legal requirements defined by the
EU AI Act. The resulting framework provides a unified evaluation perspective for the analysis, design,
and assessment of compliant emotion-aware HRI systems that may guide compliant development before
legal requirements have been tested in courts.

The EU AI Act explicitly aims to bridge the gap between regulation and innovation, prohibiting
very few Al applications, and regulates what it defines as high-risk applications with requirements of
comprehensive documentation, logging activity, risk management architectures, accuracy and human
oversight mechanisms. In principle, this should allow development to go forward, but in practice all of
these come with substantial costs to providers and employers. In some fields - including individual
human-robot interaction — applications are typically developed for a limited number of users and
under significant budget constraint, making compliance with high-risk requirements prohibitively
expensive. In response to this, the EU AI Digital Omnibus which entered into force on July 27, 2026, has
amended the EU Al Act, delaying the coming into force of high risk requirements to December 2027, and
expanding measures to aid innovation from Small-to-Medium enterprises (SMEs); but also including
Small Mid-Cap Entities (SMCs) and start-ups both with regard to prioritised access to regulatory
sandboxes and opportunities to provide technical documentation for high risk applications as required
in Annex IV of the Act in a simplified manner [7]. Nonetheless, the Omnibus does not change the
foundational categorisation of Al systems and it categorises: (a) emotion detection in employment
and education as unacceptable risk and prohibited under Article 5(f), and (b) emotion recognition
technology based on biometric information in other fields as high risk under Article 1(c) of Annex
III [7] The definition “emotion recognition systems” in Article 3(39) and Recital 18 has also remained
unchanged. These provisions will form the basis for our analysis in section 2.



1.1. State of the Art in Human Robot Interaction

A first grouping of emotion recognition methods can be performed through the sensing modality they
rely on. Table 1 summarizes the main families of approaches, their typical sensors, representative
techniques, and their principal strengths and limitations for interactive use. For example, less invasive
sensors are preferable when user comfort and natural behaviour must be preserved; large or intrusive
devices could restrict movement or cause users to behave unnaturally. On the other hand, advanced
sensing hardware becomes appropriate when measurement accuracy is the primary requirement and
the resulting increase in device complexity is an acceptable cost. For example, traditional polygraphs
would be a bulky and intrusive device, but that is accepted for most current uses.

Facial expression recognition is still the most widely adopted modality of recognition because it
requires no physical contact with the user and it can exploit the cameras that are already available
on many robotic platforms. Existing approaches combine facial geometry, texture-based descriptors,
and convolutional neural networks. The detection reliability, however, decreases when the face is
viewed from non-frontal angles, when it is partially occluded, or characterized by weak, ambiguous, or
intentionally hidden expressions [8, 1, 9].

Speech emotion recognition is a natural complement in conversational robots, since it requires no
additional sensor beyond a microphone, and has moved from hand-crafted acoustic features and classical
classifiers toward deep architectures, at the cost of strong sensitivity to language, dialect, and ambient
noise [10, 11]. Physiological and EEG-based recognition (Electrodermal Activity, Electrocardiography,
Heart Rate Variability, Flectroencephalography, eye-tracking) are generally considered less susceptible
to voluntary masking and therefore more “objective” proxies of internal affective state, but they are
intrusive, require wearable instrumentation, and pose non-trivial signal-quality challenges outside
laboratory conditions [12, 13, 14]. Text-based recognition is applicable whenever the interaction includes
a linguistic channel (dialogue systems, chatbots) but is constrained by dataset language coverage
and captures expressed rather than embodied affect [10]. Moreover, as evidenced by the emergence
of emoticons in human communication, conveying emotions accurately through text is not always
easy, doubly so for ascertaining potentially hidden emotions. Finally, multimodal fusion approaches,
combining two or more of the above channels through early, late, or hybrid fusion (increasingly
with transformer-based representations), are consistently reported as more robust than any single

Figure 1: SoftBank Pepper Robot equipped with colored leds into its eyes, ears and shoulders can enhance the
verbal communication by displaying colors that represent the emotional content associated with language.



Table 1
Comparison of major emotion recognition methods used in human-machine interaction.

Modality Typical Common Strengths for HRI  Main limitations Ref
sensors techniques
Facial expression ~RGB/thermal Landmark geom- Contactless; com- Sensitive to pose, [1][9][8]

cameras, Kinect etry, HOG/LBP, patible with exist- occlusion, masking
CNNs, AU dynam- ing robot sensors

ics
Speech emotion  Microphones Acoustic features, Natural for con- Language/dialect  [10][11]
SVM, CNN, LSTM  versational robots; dependent; noise-
camera-free sensitive
EEG-based BCI headsets SVM, kNN, RF, Objective, less Intrusive; hard to [12][13]
CNN, RNN/LSTM  prone to social acquire outside lab
masking
Peripheral physi- EDA/GSR, ECG, PCA/LDA, logistic Captures  inter- Sensor placement [14][21]
ological EMG, PPG, eye- regression, HMM, nal response; and signal quality
tracking RF, fusion wearables allow challenges
mobility
Text-based Dialogue/chat SVM, Naive Bayes, Fits language- Mostly  English- [10]
logs transformers based interaction  centric; expressed
not embodied
affect
Multimodal Combination of Early/late/hybrid ~ Compensates Data scarcity; [15][16]
fusion the above fusion, deep mul- single-modality missing-modality  [18]
timodal learning failure modes; robustness

most robust

modality, because different channels compensate for each other’s failure modes, although they remain
limited by scarce annotated multimodal data and by missing-modality conditions typical of real-world
deployments [15, 16, 17, 18]. Recent surveys in robotics show that obtaining strong benchmark results
does not mean to get strong outcomes in real-world scenarios. As a matter of fact, the reported
performance is often obtained on laboratory datasets containing established expressions and isolated
subjects. Real interactions are less controlled: as an example, several people may be present, faces
can be partially occluded, users and robots can move, and social context influences how emotions are
expressed and interpreted. These factors can substantially reduce recognition reliability [1, 2, 19]. This
limitation is directly relevant to the regulatory analysis in Section 2.

Literature on benchmarks[20] about the problem with ground truth and annotation of emotions,
including in self-reporting [4], gives a picture of an epistemologically unsettled field with foundational
problems in how to measure whether current technology is efficient. This is reflected in the EU Al
Act [7] in Recital 44 that directly states that there are serious concerns about the scientific basis of Al
systems as part of the reasoning for its regulation of emotion recognition technology, including its
full prohibition in employment and education settings. The inclusion of this concern suggests that
regulations could be amended in the future if epistemological concerns were resolved; however, this is
not an absolute guarantee since there are also other concerns related to vulnerability and misuse, as
explored in section 2.

1.2. Motivations and Applications of Emotion Recognition in HRI

The motivation for equipping robots with emotion recognition is largely application-driven. In assistive
and rehabilitation robotics, affect-aware feedback loops have been used to adapt exercise difficulty and
encouragement to the user’s frustration or fatigue level. In child-robot interaction, biophysical and
affective signals support engagement monitoring in therapeutic and educational contexts, where robots
must remain sensitive to signs of distress or disengagement [2]. In socially assistive robotics for older



adults, affect recognition contributes to companionship and to early detection of mood changes relevant
to well-being monitoring. In collaborative manufacturing (cobots), coarse affect or stress indicators have
been proposed as a safety-oriented signal, complementary to physical proximity sensing, to modulate
robot behaviour when a human co-worker shows signs of stress or cognitive overload. Finally, in
conversational and social robots, emotion recognition is often the mechanism through which the system
decides how to act during the interaction.

In these applications the inferred emotional state is seen as an input to the robot’s control process.
Detecting the emotional state allows for adjusting the actions of the robot, its communication style,
or the level of assistance provided to the user. This distinction is central to the regulatory analysis in
Section 2. As a matter of fact, the AI Act mainly addresses cases in which inferred emotions are used to
profile individuals, influence them, or support decisions concerning them. That scope is narrower than
the general use of affective information as an input to adaptive robot control.

1.3. Contribution and Structure of the Paper

The paper’s main contributions are: a) an analysis of the AI Act provisions which are relevant to emotion
recognition in HRI, b) a critical discussion of the associated ethical trade-offs with risk and benefits of
emotion detection systems and c) a set of evaluation criteria that researchers and system integrators
can use to document compliance and report scientifically comparable results. Finally, another reason
for writing this article is the recent publication of the EU Digital Omnibus on Al officially enacted as
Regulation (EU) 2026/1744, which entered into force on July 27, 2026.
Section 1.1 reviews the technical state of the art and its main reliability limits. Section 1.2 examines
the principal application domains and the rationale for adopting emotion-recognition systems in HRI.
Section 2 analyzes the relevant articles and recitals of the AI Act with particular reference to the role
of emotion recognition. Sections 3.1 and 3.2 discuss the main risks, including privacy violations, bias,
and manipulation, together with the potential benefits. Section 4 introduces the proposed evaluation
criteria and testing protocol. Finally, section 5 concludes the paper.

Beyond reviewing the EU Al Act provisions regulation emotion recognition, this paper introduces
a compliance-oriented evaluation framework for Human-Robot Interaction systems equipped with
affective computing capabilities. The framework supports the systematic assessment of emotion-aware
HRI by integrating three complementary dimensions: (i) the technical properties and limitations of
emotion-recognition technologies; (ii) the rules established by the Al Act; and (iii) the evaluation criteria
needed to provide structured evidence relevant to compliance assessment without compromising the
adaptive behaviour expected from intelligent HRI systems. Accordingly, this work provides a structured
methodology for designing emotion-aware HRI systems that satisfy technical, ethical, and regulatory
requirements. The proposed framework supports the systematic documentation of compliance, promotes
transparent assessment procedures, and facilitates the adoption of adaptive HRI solutions that are
aligned with the obligations introduced by the European regulatory framework.

2. The EU Al Act and Emotion Recognition

The EU AI Act famously constructs a risk-based categorization scheme for regulating Al applications
that are put on the European market, differentiating between unacceptable risk, high risk, transparency
risk and minimal risk. With unacceptable risk applications being prohibited outright, while high- and
transparency risk applications are subjected to documentation and risk management requirements.
For the purposes of our framework, emotion recognition technologies are regulated directly in Article
5(1)f which prohibits a limited category of emotion recognition technology uses, and in Article 6(2)
read together with Annex III, which specifies a larger category of uses as high risk. Guidelines for
application and reasoning behind the articles are found in Recitals 18, 44, and 54 with further guidance
provided in soft law documents such as the Commission’s guidelines on prohibited artificial intelligence
practices and forthcoming draft guidelines on high risk classifications.



2.1. Article 5(1)f: Prohibiting emotion recognition systems in a limited number of
scenarios

Article 5(1)f prohibits a narrow category of emotion recognition systems, namely,

[shall be prohibited] ... Al systems to infer emotions of a natural person in the areas of
workplace and education institutions, except where the use of the Al system is intended to
be put in place or into the market for medical or safety reasons;

The provision contains three delimiting elements which we will go through in turn: defining inferring
emotions, defining workplace and education institutions, defining medical or safety reasons.

2.1.1. Inferring emotions

A relevant detail here is the formulation of the functionality as “infer emotions” — which is different
from the terminology “emotion recognition system” which is defined in Article 3(39) of the act as,

“emotion recognition system” means an Al system for the purpose of identifying or inferring
emotions or intentions of natural persons on the basis of their biometric data;

The key difference here is that “emotion recognition system” identifies or infers emotions on the
basis of “biometric data”. The mere description in Article 5 of “inferring emotions” does not necessarily
prescribe that this is done on the basis of biometric data. Given that the AI Act defines biometric data
as “physical, physiological or behavioural characteristics of a natural person, such as facial images
or dactyloscopic data” (EU AI Act Article 3(34)) and the taxonomy described above, this means that
it is unclear whether for example text-based emotion detection is included in the prohibition. If the
prohibition in Article 5(1)f uses the definition in Article 3(39), then text-based emotion recognition or
sentiment analysis is exempted, potentially opening up for a whole range of applications in text-based
parts of hiring procedures or evaluations of university applications, that utilizes emotion recognition
based solely on text input, should there be a market for such. If, on the other hand, “infer emotions” is
to be understood more broadly than in the definition provided in Article 3(39) then text-based emotion
recognition is also covered by the ban and a product relying on it could be subject to a fine of up to 7
percent of its global turnover (Al Act Article 99(3)). This uncertainty may prove highly problematic as
LLMs are increasingly displaying something resembling emotion recognition as emergent abilities and
LLMs are increasingly applied in a range of applications in both workplaces and education.

The EU Commission Guidelines on prohibited artificial intelligence practices has a solution for
this conundrum, reading Article 5(1)f in the light of Article 3(39) and simply stating that “Al systems
inferring emotions and sentiments not on the basis of biometric data” are simply “out of scope”. While
the guidelines are not directly binding, we can expect the European Court of Justice (CJEU) to take
them into account should a dispute emerge on the topic.

Additionally, inferring emotions requires the act of categorising a biometric feature as inferring
a certain emotion. As such, the mere notation of facial movements (frown, smile etc.), gestures, or
voice quality (whisper, raised voice) without using these to identify emotions, is not covered [22](see
§256), [7] (Rec.18). This limitation is interesting as it detaches the outward expression (frown) which is
objectively detectable as muscle contractions, from the inward cause, sadness, anger, stress etc. which
is not objectively detectable[5]. In other words, a frown can mean a lot of different things, and the same
anger or sadness may have different expressions in different instances. This is what Recital 44 refers to
when it states that “expression of emotions vary considerably across cultures and situations, and even
within a single individual”.

In practice the delimitation allows for the use of, for example, automatic sign language interpreters in
workplaces or education facilities which need to be able to read facial expressions as they form integral
parts of sign language signs, but which do not assign emotions of the user on the basis of those facial
expressions.



2.1.2. Workplace and education institutions

The Guidelines determine the scope of “workplace” and “education” broadly, including both hiring and
ongoing workplace situations as well as admission, teaching and exam situations. In both cases, the
intention is to protect two categories of individuals which are expected to be exposed in hierarchical
structures, namely employees and students. Other individuals in those contexts are not protected.
For example, it differentiates in workplace situations between surveilling call center employees for
emotional distress (prohibited) and customers with a view to safeguarding call center employees (not
prohibited)[22] (see §254). The Guidelines also state that systems identifying “suspicious customers” in
supermarkets are not covered by the prohibition, provided it can be ensured that employees are not
being tracked.

2.1.3. Medical and safety reasons

The medical and safety reasons exception from the prohibition of emotion recognition in the workplace
or education institution is to be interpreted narrowly and subject to strict proportionality assessments
[22] (see §§259-260). General stress-monitoring is for example not allowed, but emotion recognition
technologies could be introduced as personal aids for persons with autism, deafness or blindness.
Moreover, general assessment of well-being, boredom or concentration would not be allowed unless
lack of concentration or elevated stress would pose a specific danger, for example in the management
of dangerous machines [22](see §263). Physical feelings like pain or fatigue are entirely exempted from
“emotion detection system” (Recital 18) and therefore also from the prohibition and from categorisation
as high-risk applications.

2.1.4. Vulnerability and epistemic uncertainty behind prohibition

Recital 44 presents two overarching reasons for the prohibition of inferring emotions in workplaces and
education institutions[7]. First, it presents the epistemic uncertainty which we have already touched
upon in the introduction and section 2.1.1. raising “serious concerns about the scientific basis” of emotion
recognition systems as a whole. This is then coupled with a concern about bias and discrimination,

Among the key shortcomings of such systems are the limited reliability, the lack of specificity
and the limited generalisability. Therefore, Al systems identifying or inferring emotions or
intentions of natural persons on the basis of their biometric data may lead to discriminatory
outcomes and can be intrusive to the rights and freedoms of the concerned persons.

This epistemic uncertainty coupled with a particular concern for discriminatory outcomes leads the
Recital to single out workplaces and education institutions specifically, stating that they are contexts
where there is an imbalance of power. This is certainly accurate, but it is not, by far, the only context
in which there is a power imbalance. This is also the case in a myriad of interactions between the
public and state authorities, which are then not covered by the prohibition, including law enforcement,
migration management, and use by the judiciary, all with potentially detrimental consequences to the
individuals surveilled. Such uses — and many more — are instead considered high-risk applications under
Article 6(2) which are subject to documentation, transparency and risk management requirements but
not expressly prohibited.

2.2. Article 6(2) read with Annex Il and Article 50: categorising most other emotion
systems as high risk with special transparency obligations

Article 6(2) read together with Annex III provide a wide range of Al applications which are to be
considered high risk and which are therefore subject to a range of risk management requirements
(Article 9), data quality and governance requirements (Article 10), Technical documentation (Article
11), Transparency (Article 13), Record-keeping and human oversight requirements (Articles 12 and
14), robustness and accuracy requirements (Article 15). Annex III Article 1 categorises all emotion



recognition applications (Annex III, Article 1(c)) in so far as they do not fall under Article 5(1)f or are
otherwise prohibited — as high risk and therefore subject to compliance with the entirety of Chapter
IIT of the Act (Articles 8-49). Additionally, all emotion recognition applications are subject to special
transparency requirements under Article 50(3), including to,

...inform the natural persons exposed thereto of the operation of the system, and shall
process the personal data in accordance with Regulations (EU) 2016/679 and (EU) 2018/1725
and Directive (EU) 2016/680, as applicable.

This too comes with a clawback clause for authorities’ use,

This obligation shall not apply to Al systems used for biometric categorisation and emotion
recognition, which are permitted by law to detect, prevent or investigate criminal offences,
subject to appropriate safeguards for the rights and freedoms of third parties, and in
accordance with Union law.

This exemption is to be understood in line with Recital 132 as applying only in situations where the
deployer is a law enforcement authority, and therefore it does not apply to private deployers of emotion
recognition software as, for example, in surveillance field.

In practice this means that for example the surveillance of supermarket customers described in section
2.1.2 while not outright prohibited, would be protected by the transparency requirement and therefore
have to be informed that they are subject to emotion recognition technology. Moreover, biometric data
as used in emotion recognition technology remains sensitive personal information under GDPR subject
to strict necessity and proportionality requirements including data minimization practices under GDPR
Article 5(1)c.

Moreover, the reliance on the definition of emotion detection system as in line with Article 3(39) for
the high risk Al applications, suggests that text-based sentiment analysis is not covered here either,
criticized as a loophole at the time[23].

According to Article 6(5) of the EU AI Act, the Commission was supposed to publish guidelines
clarifying the exact classification of high risk applications in February 2026, then postponed to August
2026 with the Omnibus (AI Act Article 113), but as of writing in September 2026, only a draft of these
guidelines is available.

The draft, however, repeats the concerns raised under Article 5(1)f, namely that emotion recognition
systems rest on unsettled science of emotion recognition in general, limiting their reliability and
generalizability. Additionally, they are intrusive into the fundamental rights of those subjected to
them[22](see §172). This concern about the intrusiveness should be read together with Article 27 which
requires deployers of high risk Al systems for public services to conduct a fundamental rights impact
assessment which includes proportionality assessments on whether the benefits obtained from the
functionality corresponds to the rights intrusions it represents both for the targets and for unrelated
third parties.

2.3. General concerns about the logic of the Al Act’s treatment of emotion
recognition: implications for developers

There has been significant criticism in the literature of the limited reach of Article 5(1)f and the many
exemptions for law enforcement including migration management, not only from the ban under Article
5(1)f but also from the transparency requirement under Article 50(3)[24]. Considering the logic as
presented by Recital 44, exempting law and border enforcement make little sense. The science is as
unsettled outside workplaces and education institutions as inside, the systems may still risk furthering
biases leading to discrimination, the interference with the right to privacy also remains intensive and
there are clear imbalances of power. In line with this reasoning, the European Parliament adopted
at first reading an amendment to Article 5(1)f expanding the ban to law enforcement and migration
management and amending certain Union legislative acts [25] (see §52). In the marathon trilogues
preceding the final adoption of the Act, the ban was slimmed down to its current form, as part of a



political compromise. Other potential areas with power imbalances that emotion detection technology
could exasperate include healthcare — especially in forced institutionalisations in mental health care
facilities, and in the administration of justice.

Together with the limitations in applicability, critics have raised concerns that the provisions include
a loophole in the form of the classification of “emotion detection” to not include the biometric elements
on which emotion inference is typically based, such as mere facial expressions or voice quality, as
clarified under Recital 18. One could easily imagine that a customer service employer could discipline
workers by counting smiles and frowns, without expressly having inferred emotions on the basis of
such biometric features[26]. In such cases, potential protection for individuals would remain in data
protection regulations (GDPR) and the principles of data minimization, and, ultimately, in human rights
law.

When academic and NGO criticism of the logic of the regulation matter for developers, it is because it
might give an indication of where regulation is heading in the future. At the moment, the AI Omnibus
suggests that regulators are leaning towards easing rather than tightening Al regulations for the benefit
of innovation, in particular for smaller actors, but the tide may well turn again as cases start making
their way through national courts and into the European Court of Human Rights. There can be no
doubt that emotion recognition systems applied for crowd control, crime detection and prevention,
and in many other potential cases, represent interferences with fundamental rights, and if their use is
not necessary and proportional, they will also represent violations of the human right to privacy and
personal data (Articles 7 and 8 of the EU Charter of Fundamental Rights, Article 8 of the European
Convention on Human Rights). The field is still politically charged, making future regulations uncertain.
To that end, there may be an argument for prudence in providers making emotion detection able
chat-bots (currently entirely unregulated) or emotion detection systems based on biometric data that
are currently allowed but fall among high risk applications.

3. Ethical Issues in Emotion Recognition for HRI

Following the general risk classification coming from The EU Al Act, provided in Section 2, this section
describes in detail the risks associated with HRI, goes on to outline the main four potential benefits that
can be achieved and proposes mitigation strategies toward a balanced approach.

3.1. Risks

Before introducing the evaluation framework, we make explicit the risks that justify both the caution
of the Al Act and the compliance-oriented stance of this paper. These risks are heterogeneous. Some,
such as reliability and bias, are mainly technical and can be measured and mitigated through better
data, model design, and validation procedures. Other risks, such as manipulation and function creep,
depend mainly on the deployment context. They emerge from the purposes for which the system is
used, the setting in which it is deployed, and the decisions it supports, even when the underlying model
is technically reliable.

The literature identifies a recurring set of risks that can be associated with emotion recognition
technologies. Several of these risks are among the reasons behind the Al Act provisions:

 Reliability and validity. Emotion models are often trained and validated on predominantly
Western datasets and focused on adults; their generalizability to real-world cases, other cultures,
age groups, or neurodivergent users is therefore limited, and they could generate incorrect
classifications that cause inappropriate robot behavior [1, 19, 4].

« Bias and discrimination. Unbalanced training data can result in significantly worse performance
for underrepresented groups, with the risk of unequal actions and treatment, or otherwise unfair
service delivery for minority groups [13] (see Recital 54).

+ Data privacy and sensitivity. Facial, vocal, and physiological signals used for emotion inference
are biometric- and potentially health-related data. In legal terms, there is no question that it is



personal data under GDPR Article 4(1) but it is unclear whether it also constitutes special category
data under Article 9 of the GDPR subject to additional requirements including the granting of
explicit consent. The GDPR defines biometric data in connection with the purpose of unique
identification, but it is not yet settled law whether that might include biometric data gathered for
emotion detection. [27][28][29].

« Manipulation and power asymmetry. In contexts with structural power imbalance (workplace,
education, healthcare, law enforcement, administration of justice), emotion-aware systems can
be used, intentionally or not, to nudge or pressure individuals, which is precisely the concern
underlying Article 5(1)(f) and Recital 44, which however prohibit its deployment only in workplace
and education contexts.

« Function creep. A system introduced for a legitimate purpose (e.g., safety monitoring in a cobot
cell) can be repurposed for performance evaluation or surveillance without explicit consent or
oversight.

These risks must be considered when evaluating emotion recognition systems. Reliability and bias
can be assessed through performance and fairness metrics. Privacy risks require checks on how personal
data is collected, stored, and used. Manipulation and function creep depend on where and how the
system is used, and for what purpose. These risks are particularly relevant in HRI, where the physical
presence of a robot may make emotion recognition more difficult for users to avoid than in on-screen
interactions. These aspects are addressed by the evaluation criteria proposed in Section 4.

3.2. Benefits

Despite the risks associated with emotion detection systems, human-robot interaction (HRI) may offer
significant advantages when these technologies are implemented responsibly:

« Personalization and adaptability. Adjusting task difficulty and communication style to the
user’s affective state improves performance and perception of support in various contexts, such
as care and education. [2]

« Engagement and trust. Robots capable of detecting emotions are generally rated as more
natural and trustworthy than those without this capability [30, 31].

« Safety. Monitoring a driver’s fatigue, stress, or discomfort could add to overall road safety. In the
current regulatory climate, detection of such physical states is excempted from categorisation as
emotion detection, explicitly to encourage such functionality (Recital 18 of the Al Act).

+ Accessibility. For users with communication limitations, understanding emotions offers an
alternative expressive channel, capable of replacing explicit verbal feedback. [32, 33]

These benefits show why evaluating emotion-aware HRI systems requires more than recognition
accuracy and regulatory compliance. Such systems should also provide measurable improvements
over alternatives that do not use emotion recognition. These improvements may concern engagement,
accessibility, or task performance. However, potential benefits do not justify overlooking privacy risks or
regulatory restrictions. The proposed framework therefore considers HRI outcomes alongside technical,
ethical, and regulatory criteria.

3.3. Toward a Balanced Approach: Mitigation Strategies

Considering one of the central questions of this contribution — whether an accurate norm can dis-
criminate between the negative aspects of this technology and the benefits it can bring — and the
uncertainties still connected with the regulatory landscape, we consider that mitigation will in many
cases be the most appropriate strategy for developers of emotion detection systems. Some successful
mitigation that could be applied to these systems, include: on-device processing of biometric signals,
that is avoiding transmission or storage of raw facial/voice data, data minimization, deriving only the
coarse affect category required by the task, not a full emotional profile, informed consent and opt-out,



mechanisms integrated into the interaction itself that allow the user decide whether to let the system
detect his emotion for an enhanced interaction, purpose limitation that technically prevent repurposing
of the affect signal beyond its declared use, and human oversight over decisions that can have a relevant
effect on the user.

These mitigation strategies address the risks identified in Section 3.1 and help protect fundamental
rights, particularly privacy (ECHR Article 8) and protection against discrimination (ECHR Article 14).
However, adopting these measures does not automatically ensure regulatory compliance or demonstrate
that the system provides real benefits to users. A systematic evaluation must therefore assess both the
effectiveness of these safeguards and the actual outcomes of the interaction. The compliance-oriented
framework introduced in Section 4 addresses this need by combining technical performance, risk
mitigation, regulatory requirements, and HRI outcomes.

4. Evaluation Criteria and Testing Protocol

The previous sections identified the main technical limitations, ethical risks, and regulatory requirements
of emotion recognition systems. Based on this analysis, we propose a compliance-oriented evaluation
framework for emotion-aware HRI systems. The framework brings these aspects together through a set
of evaluation criteria. Its goal is to help researchers and developers assess system performance, identify
potential risks, and document relevant compliance requirements.

To ensure legal compliance, emotion recognition applications, once classified as high risk systems,
are subject to strict obligations before they can be put on the market. The list of the requirements
includes: adequate risk assessment, mitigation systems, high-quality of the datasets feeding the system
to minimise risks of discriminatory outcomes, logging of activity to ensure traceability of results, detailed
documentation providing all information necessary on the system and its purpose for authorities to
assess its compliance, clear and adequate information to the deployer, appropriate human oversight
measures high level of robustness, cybersecurity, and accuracy.

A recurring gap in the emotion-recognition-for-HRI literature, however, is the lack of a commonly
accepted protocol connecting technical evaluation, ethical risk assessment, and regulatory compli-
ance. We propose the following evaluation dimensions, intended to be reported jointly whenever an
emotion-aware HRI system is described in a scientific publication, so that results are both scientifically
comparable and organized to facilitate future compliance reviews or audits. We have identified three
main dimensions that group together the criteria for assessing a high-risk application’s compliance with
the AI Act:(i) Performance and Bias Assessment, (ii) Data Privacy and Governance, and (iii) Results
and Objectives. These operational dimensions translate the three complementary perspectives (i.e.,
technical performance, ethical considerations, and regulatory requirements) introduced in Section 1 into
concrete evaluation criteria. Seven evaluation points are derived from the aforementioned dimensions:

1. Recognition performance. Standard classification metrics (accuracy, macro-F1, unweighted
average recall - the latter preferred over accuracy for imbalanced emotion classes) reported per
demographic subgroup (e.g., age band, gender, skin tone where facial data is used), not only in
aggregate, to expose the bias risks as flagged in Recital 44 and 54 of the EU AI Act.

2. Fairness metrics. Analysis of group-wise performance gaps (e.g., difference in recall or F1 across
subgroups), demographic parity, and equalized-odds-style metrics, computed on held-out data
stratified by subgroup. [34, 35]

3. Robustness and ecological validity. Performance degradation from posed/lab data to sponta-
neous, in-the-wild, or cross-cultural data; performance under occlusion, multi-party scenes, and
sensor noise typical of embodied HRI.

4. Data governance documentation. Data statement covering provenance that specify demo-
graphic composition, and known limitations of the training corpus,such as underrepresented
groups, in line with general high risk systems requirements under Articles 10 and 11.[36]



5. Privacy and data-minimization audit. Verification of on-device vs. cloud processing, retention
period of raw biometric signals, and whether the derived output is limited to the minimum
category needed by the task.

6. Regulatory classification checklist.

a) A first discrimination is carried out considering if the Al system detects emotions or a physical
state.

b) If the emotions are detected with biometric data (Article 3(39) scope check) the setting has
to be ascertained. According to Article 5(1)(f) the emotion detection systems are prohibited in
education institution or workplaces, with the exception of medical or safety reasons.

¢) Outside of the previous cases the systems are allowed falling under Annex III high-risk obliga-
tions or under the limited-risk/transparency tier (Article 50).

7. HRI outcome measures. Task performance, standardized trust and acceptance questionnaires
(e.g., trust-in-automation and robot-acceptance scales commonly used in HRI user studies [30,
31, 37, 38, 39]), and engagement metrics, collected with a comparison condition (affect-aware vs.
affect-blind system) to substantiate claims of scientific advancement rather than relying on face
validity alone.

Figure 2 shows the decision process used to classify emotion recognition systems under the EU Al Act.
The procedure checks whether the system infers emotions. It then identifies possible prohibitions and
the applicable regulatory requirements. This decision tree supports the regulatory assessment included
in our framework. Elements 1-3 address Performance and Bias Evaluation provide quantitative evidence
about system’s fairness across different user groups, but they also address core concerns related to
accuracy, generalisability and bias expressed by regulators in Recital 44 in the EU Al Act as reasoning
for the relatively strict regulations of emotion recognition systems. Elements 4 and 5 address Privacy
and Data Governance in line with GDPR requirements which should always be read together with the
EU AI Act (Recital 63), verifying that training and session data are properly handled. Finally, Elements
6 and 7 focus on Results and Objectives, evaluating the effectiveness of emotion recognition and the
legitimate use of the acquired information. Moreover, element 6 excludes physical states such as pain or
fatigue in line with Recital 18 and differentiates between inference of emotions and the mere detection
of readily apparent expressions, gestures or movements. The application in educational institutions or
workplaces are prohibited, with the only exception of medical or safety reasons. For all the systems that
are not prohibited, the obligations listed in Article 6 and Annex III have to be followed. As additional
case the deployers and the Providers have different guidelines (Article 26). If deployer acts to operates
the Emotion Detection system for law enforcement authorities has no obligation of transparency. In
the other cases, as specified in the Article 50(3) has Transparency obligations (e.g., natural persons
have to be informed that they are interacting with an Al system). For the Providers that develop an Al
system or general-purpose Al model and places it on the market under its own name, the technical
documentation requirements depend whether they qualify as a small or medium enterprise(SME), start
up or Small Mid-Cap (SMC)(Article 16). In these cases, companies may produce simplified technical
documentation. reducing their administrative burden.

The proposed framework can be intended as a structured assessment and reporting methodology.
Its purpose is to make explicit the evidence needed to evaluate emotion-aware HRI systems across
technical, ethical, and regulatory dimensions. In particular, regulatory admissibility must be established
independently of technical performance or demonstrated interaction benefits: a prohibited application
cannot become compliant simply because it achieves high accuracy or provides measurable advantages
to users.

5. Conclusion

The emotions recognition in the EU Act framework opens up interesting possibilities in both the
scientific and strictly legal spheres. The EU AI Act prohibits emotion inference from biometric data
in the workplace and education, grounded in well-documented concerns about reliability, bias, and
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Figure 2: Emotion recognition systems requirements under the EU Al Act: First determine whether your
technology is considered an emotion recognition system under Article 3(39) and 5(1)f. If it does not infer
emotions or if it does so on non-biometric data, it is not considered an emotion recognition system. It may still be
regulated, but not under these provisions. If the emotion recognition system is deployed in education institutions
or workplaces to infer the emotions of students or employees, unless there is a specific medical or safety reason,
is prohibited. The emotion recognition systems that are not prohibited, are assessed as high risk. For high risk
systems, some requirements apply only to some deployers or providers. All deployers except law enforcement
and prosecutors are required to disclose that emotion recognition systems are active. All providers must deliver
technical documentation, but SMEs, Start-ups and SMCs can deliver simplified technical documentation.

power asymmetry. Outside this specific combination of setting and data modality, however, emotion-
aware robotic systems are not banned but fall under the high-risk tiers which impose requirements for
documentation, risk-mitigation, and transparency.

The main contribution of this work consists in the definition of a compliance-oriented evaluation



framework for emotion-aware Human-Robot Interaction (HRI) systems. The proposed framework
supports the systematic assessment of HRI applications by integrating three complementary evaluation
dimensions, namely: (i) technical performance, (ii) ethical considerations, and (iii) the regulatory
requirements introduced by the European Union Al Act. To this end, the framework provides a
structured reference methodology for the design, evaluation, and documentation of emotion-aware HRI
systems with respect to relevant compliance requirements, enabling researchers and practitioners to
assess adaptive HRI applications according to a unified technical and regulatory perspective.

Future work should validate this evaluation protocol on concrete HRI deployments, quantify the
trade-off between recognition accuracy and privacy-preserving on-device processing, and track how the
Commission’s forthcoming guidance and enforcement practice further clarify the boundary between
legitimate affect-aware interaction and prohibited emotion inference.
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