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Facial activity can convey valid information about the experience of pain in a horse. The scoring of facial activity is costly
and depending on correct observation and interpretation by trained humans. Automatisation would greatly enhance the
possibility to detect pain in horses. In humans, emotional states are detected in real time video using automated computer
algorithms. However, the application of such methods to horses has proven difficult. Major barriers are the lack of
sufficiently large, annotated databases for horses and difficulties in obtaining correct classifications of pain

Keywords: pain ; facial expressions ; objective methods ; horse ; computer vision ; machine learning ; deep recurrent two-
stream network ; convolutional networks ; facial keypoint detection ; facial action units

| 1. Background and Aim

Public concern about equine welfare has increased significantly in recent years, following many reports of wastage and
breakdowns in equestrian sport 2. Research across equestrian disciplines has demonstrated that repetitive use injury is
the likely precursor to these events Bl so early diagnosis is important. The issue of welfare is pertinent for all
stakeholders, from horse owners to horse professionals and veterinarians.

Despite its importance, there is little consensus among veterinarians and laypersons on the quantitative and qualitative
aspects of pain in horses. Clinicians often disagree on the intensity of pain in clinical cases, on whether an affective state
of a horse is due to pain. As an example of this lack of consensus, practicing veterinarians can score assumed pain in
horses associated with a particular condition on a range from “non-painful” to “very painful” &, For standard surgeries,
such as castration, this variation is unlikely to be attributable solely to variations in the display of pain, but rather to lack of
consensus regarding pain recognition. Pain is without a doubt developed as a survival parameter & and some
veterinarians still believe that “suffering promotes survival’—pain is “good” because it serves a protective function. In a
Finnish questionnaire study from 2003, 31% of the veterinarians answered that they somewhat agree that a certain level
of pain is useful as it prevents excessive movement after surgery while 86% agreed that animals benefit from pain
alleviation . A number of contextual factors can influence both the recognition of pain and pain estimates. No horse
studies exist, but in dogs and cattle, veterinarians rating of animal pain is influenced by a number of contextual factors
including attitudes to animal pain, gender, age and empathy [EI&IOLL Both pain recognition and pain intensity
estimation is reduced in human health care providers after repeated exposure to pain in others 12, This may be a relevant
issue for veterinarians witnessing severe animal pain and suffering, as for example lameness in cows, where
veterinarians generally scored pain lower than the farmers 23],

The lack of consensus is troubling since veterinary decision-making regarding pain recognition is critical for the care of
animals in terms of prescribing pain-alleviating treatments and in animal welfare assessments. Freedom from pain, injury
and disease is directly specified as one of the five “freedoms” that constitute the minimal standards of animal welfare in
European legislation 4. Veterinarians are subject to a Code of Conduct drawn up by the licensing authority in their
country stating that veterinarians should attempt to relieve animal’s pain and suffering as described for example in the
European Veterinary Code of Conduct 12, Animal pain assessment tools that are objective and feasible are therefore
wanted for many reasons.

Some structured tools for pain assessment in horses have been developed in recent decades, mostly for pain diagnosis in
specific clinical situations [LEIL7ILEIL9 A pain scale is a formal, structured approach to the assessment of pain. Modern
horse pain scales are multi-item scales, based on behavioral and physiological parameters, with the behavioral
parameters shown to be more specific to pain than physiological measures LEIL7A20[211[22][23] ' physijological parameters,
such as heart rate and cortisol blood concentration are correlated significantly with the presence of pain in some studies,
but not in others [23. Physiological parameters may be valid as pain indicators in very controlled settings, but most of them
are invasive and require stressful blood sampling or restraint of the animal. Scales comprising the non-invasive
observation of body posture, head carriage, location in box and pain behavior, including facial expressions of pain, have



been shown to recognize pain in hospital settings 21241251 and are therefore interesting targets for automated recognition
of pain.

Human research over the past 20 years has shown consistently that facial expressions can be used as tools for
recognizing pain in non-verbal humans 28, Humans seem to be highly specialized for processing facial cues to recognize
emotions, including pain, in con-specifics 24281 This has proven useful as a tool in pain assessment in non-verbal
humans such as infants 2. Even facial expressions of durations less than 0.5 s may be interpreted 2%, Social ungulates,
such as sheep and horses, also use facial visual cues for recognition of identity and emotional state of conspecifics 21,
How humans interpret animal facial cues and vice versa is less researched but interesting from the perspective of the
possible automation of the facial expression. No studies have been performed on horses but have been on other species.
In an eye-tracking study, Correia-Caeiro et al. 22 investigated how humans and dogs perceived each other’s facial
expressions of emotions. While humans modulated their gaze depending on the area of interest, emotion and species
observed, dogs modulated their gaze only on the area of interest. The authors suggested that the differences observed
could be driven by automatic brain processes adapted for decoding of faces of conspecifics. For humans to recognize the
emotional repertoire in another species, it is therefore necessary to employ learning processes that can overrule these
apparently automatic brain processes. While the facial musculature is highly conserved across many non-human species,
their meaning, and thus the facial expressions of emotions, including the affective components of pain, may likely be
species-specific 22, In the context of this review, their study underlines the need for objective descriptions of facial activity
and interpretations not driven by intuition or expectations.

The Facial Action Coding System (FACS) 3l is the current gold standard for the objective measurement of facial
movements. FACS is a manual, systematic method for identifying and recording facial expressions, based entirely on the
movement of underlying facial muscles. FACS exhaustively describes all observable facial behavior in terms of the
muscular actions that comprise it, using elements called action units (AUs), and visibility codes are used when parts of the
face are not visible 231, Each AU, designated by an arbitrary numerical code, denotes the movements of an underlying,
anatomically defined, facial muscle. The muscular basis of the facial movements described in FACS has been verified by
intramuscular stimulation experiments in humans 4. FACS coders rely on video observation of facial muscle movements
and changes in facial morphology to determine which AU(s) occur. The criteria for coding are described in an anatomical,
precise language, which increases the agreement between raters. The inter-observer agreement is good to excellent for
spontaneously generated facial behavior in 90% of the AUs in humans B3l Because facial musculature is conserved
across mammal species, with some exceptions regarding nose/muzzle and ears, FACS comparisons can be made across
species without interpretation biases or other labels.

FACS has been adapted to several animal species, initially for primates (chimpanzee 28, rhesus macaque BZ: orangutan
(28] parbary macaque B4, wild crested macaque B2, Japanese macaque 9, gibbon 1) and the domestic species such
as dogs 42, cats 43 and horses “4l. The development of these modified FACS systems was informed by extensive

anatomical work, either through dissection 4443l and/or intramuscular stimulation of facial muscles in living individuals 24
[46]

The FACS standard has been widely adopted by the human research community owing to the exhaustive nature of FACS
descriptions 7484950 and to the fact that FACS can code all possible movements of the face and not only
predetermined expressions. The FACS standard for horses, EQuIFACS, was developed in 2015 4 but has only recently
been used for the investigation of affective states such as pain 2 and emotional stress 22l in horses. Manual FACS is not
suitable as a clinical tool because it requires frame-by-frame coding of video sequences by a trained and certified FACS
reader, and is thus extremely resource-demanding, with coding time requirements at least in the range of 1:100 for the
average video, one second of video requiring 100 secs of annotation time.

For animals, including horses, “grimace scales” have been developed to standardize the evaluation of facial expressions
during pain assessment. These scales require fewer inputs than the FACS-based systems and focus on certain described
movements and appearance of ears, eye, side of the chin, nostrils and muzzle/nose/snout. The scales are intended for
clinical purposes and can be scored directly or via images. The grimace scales thus lack the dynamic component, which
may be essential to determine whether a “grimace” is activated or not, which makes the scoring of grimace scales difficult
under dynamic conditions, see, for example, B3, Generally, rater agreement is much influenced by the quality of the
description of the feature rated, with a fuzzy or broad description containing subjective elements giving greater variability.
Many grimace scales have good performance parameters, and labels are simple, but their feasibility has not yet been
validated, which is delaying the full utilization of these scales as pain assessment tools B4, One drawback of simplifying
labels and/or observation time is that rare or dynamic signs of pain may not be included. A certain feature that appears



variably during pain experience will not perform well in assessment tools and may therefore be omitted, despite its
possible value as a marker of pain and for the internal validity of the scale.

The development of the many grimace scales clearly shows the need for fast and simple measures of pain. This is also
the case for use of facial expressions during complex interactions between animals and humans, such as studies of facial
expressions of the horse when moving or being ridden B2I58] |nspection and annotation of selected images and videos is
essential in this type of research, and the selection of horses and footage may be highly prone to different types of bias
regarding which footage to select and expectation bias during the subsequent annotation B2,

An objective tool that could recognize pain or facial expressions reliably, rapidly and inexpensively, would therefore greatly
enhance research into pain, validation of scales, quality of surveillance and observation of rapidly changing or subtle facial
activities, to mention a few advantages.

Computer vision (CV) is an approach for the intelligent processing of images and video. The vast majority of modern CV
methods use machine learning (ML) to learn their functions and mappings from data examples. CV/ML is part of the wider
field of artificial intelligence (Al) and has now advanced to the point where automatic recognition of human facial
expressions B8IBABABL can pe used in behavioral research and in clinical settings B263164] Fylly automated systems
have been developed for recognition of the neutral state and six basic human emotions (anger, disgust, fear, joy, sadness
and surprise) in video streams of human faces. For example, Littlewort et al. B achieved 88% accuracy in the
classification of faked or genuine pain and were also able to code videos and images with action unit activations and pain
intensities in real-time.

The major obstruction to the direct application of successful human methods in similar approaches for assessing horse
pain is the poor availability of training data. For humans, there are multiple large datasets with image- and video-level
expression and action unit annotations (49651661 \yhile there are no large publicly available datasets with similar
annotations for horses. Good availability of training data would allow modern end-to-end CV/ML techniques, such as
those available for humans, to be developed for horses H9SI66] The current lack of training data creates a stronger need
for hand-engineered algorithms and human labeling and interaction.

Another important obstacle is the lack of a “gold standard” for pain assessment in animals, which, unlike humans, do not
have the ability to self-report. Uncertain or incorrect labeling of pain confuses learning algorithms, ultimately hampering
detection of pain. Although modern deep neural network approaches are more robust to labeling noise than conventional
learning algorithms €4, algorithms, in general, require vastly more training data if the labeling is inaccurate. The
performance of automated systems is therefore heavily influenced by the reliability of the annotations [©8],

| 2. Biological Challenges and Opportunities in Pain Assessment

Without entering a discussion of definitions and of how pain is “felt” by animals, the difficulties in the correct classification
of pain in horses is a core dilemma, not only for the welfare of horses and the success of veterinary practitioners but also
for the development of CV/ML approaches for this task. One concrete example of the latter is that ground truth on pain
tends to be reduced to binary labels of whether the horse is in pain or not, even when a range of pain intensities can be
obtained. This simplification is necessary to obtain a sufficient number of samples per class, despite data scarcity.

The nature of pain is biologically quite complex to address but controversy about the conscious experience of the
emotional component of pain in animals is fading 24979 with mounting evidence of an emotional component of pain in
all vertebrates /4. The lack of a gold standard for evaluating the affective states of pain in non-verbal mammals has led to
the exploration of bodily behavior or physiological markers to convey information about internal states 72,

The International Association for the Study of Pain IASP defines human pain as “an unpleasant sensory and emotional
experience associated with, or resembling that associated with, actual or potential tissue damage” 3. Because the basic
biology and neural apparatus of horses is similar to that of humans, this has led to the use of this definition also for non-
human animals such as horses. A review by Sneddon extended this general definition to include that the animal should
learn to avoid the noxious stimulus and demonstrate sustained changes in behavior that have a protective function to
reduce further injury and pain 62, While this is perfectly in line with the current understanding of pain-related behavior 4],
these criteria are less helpful in the concrete classification of clinical pain. Further, it is generally accepted that no single
physiological or biochemical parameter is pathognomonic for pain in horses (2423 that animals cannot verbalize their
pain and that evolutionary heritage may induce prey animals to hide their pain from conspecifics and potential enemies (28]
8], Equids, being prey animals, display pain behaviors that are less obvious to humans 87l especially in the presence
of unknown or threatening human observers, such as veterinarians. A recent extension to the prey animal narrative is the



finding that discomfort behaviors after surgery are expressed less obviously also when a caretaker communicates with the
horse, again leading to under-estimation of discomfort [Z8],

These circumstances can influence both the pain behaviors and the validity of human classification of pain or no pain and
may therefore lead to questions about the validity of footage recorded for subsequent CV analysis. This is particularly
important if the classification is intended as a label to guide the training of an ML model.

| 3. Requirements on Video Recordings for Use in Computer Vision

In the following section, we list a number of practical issues we have encountered in our interdisciplinary collaboration.
Video recordings of horses in the proximity of, or even communicating with, humans should always be labeled
accordingly, if used for CV/ML purposes. Before more details emerge about how the presence of humans influences facial
expressions, it seems most advisable to use video segments of pain behavior recorded with minimal external influence.
Multicamera settings are ideal, especially if both sides of the face should be coded, for example, in laterality studies, or to
avoid invisibility. Some of the most widely used horse pain scales involve social interaction between the observer and the
horse, that is, touching, feeding the horse or palpating the sore area 18!, A recent study 2 showed that these types of
scales generally perform well, but if the pain is evaluated using one of these scales by direct observation, video
recordings for CV/ML purposes should be made immediately before the direct pain scoring. It is also important to test the
system in another population of horses, to prevent reliance on spurious correlations. Ideally, each horse should be filmed
during different levels of pain, to enable a split between model training and test data according to individual subjects.
These preliminary criteria are similar to those recommended for pain scale development in general 24, Post-recording
processing requires blinding and randomization before selecting images or videos for annotation, in order to avoid
different types of bias, such as selection bias and expectation bias 4.

The demand for video or image quality in CV, in terms of the level of resolution and light conditions, is surprisingly modest.
According to CV studies Y and our experience, 224 x 224 pixels and 25 fps are sufficient for processing images and
video in modern CV systems (typically artificial neural networks).

| 4. Will a Pain Scale Deliver Ground Truth?

To determine whether a pain scale can deliver ground truth, it is necessary to know the performance parameters of the
pain scale used for the actual population tested during the actual conditions. Surprisingly, few pain scales are adequately
validated in this regard B4l since sensitivity and specificity can only be measured against ground truth. In horses, a
number of pain assessment scales based on facial expressions have been presented recently. In 2014, two independent
research groups published novel investigations of facial expressions of pain in horses B182 showing that horses exhibit a
range of facial expressions when experiencing episodes of acute pain. In one of these studies [, pain was induced in
otherwise healthy horses using known pain induction models, whereas the horses in the other study 2 were clinical
cases of hospitalized horses with post-operative pain resulting from castration. Both studies identified changes in the
same areas of the face, corresponding to moveable facial muscles related to the ears, eyes, nostrils, lips and chin. While
the horses in the castration study had undergone anesthesia six hours before the scoring, the horses in the experimental
study were unmedicated but trained to stand in front of the camera. Interestingly, the features described still corresponded
rather well to the more formal EquiFACS ontology described by #4! with minor differences, for example, whether the
horses in the castration study displayed orbital tightening more often than the experimental horses, which could be a sign
of tiredness or sickness. The horse grimace scale has since been used successfully for other painful conditions, such as
laminitis B3], The Equine Utrecht University Scale for Facial Assessment of Pain (EQUUS-FAP) was developed using a
number of facial activities, including ear and eyelid position, nostril size and muscle tone of the head and the lip in
combination with head movement and specific gross pain behaviors 14, EQUUS-FAP has since been used to assess pain
in horses with colic and head pain 4],

In animals, a correlation between the intensity of facial expression and pain has been reported in mice B2, Two currently
used face-based scales for horses, the Horse Grimace Scale (HGS) 84 and EQUUS-FAP 188l yse levels of intensity for
each individual facial score. For example, the levels in HGS are expressed as “not present, O points”, “moderately
present, 1 point” or “obviously present 2 points”, where “obviously present” adds double the weight of “moderately
present” to the total pain score. In the case of the ears, the different levels represent three different action units, and
therefore inferences about correlations between the intensity of an action unit and pain intensity are not justifiable in terms
of FACS, but only in terms of grimaces. The Equine Pain Face described by Gleerup et al. BY does not include the
summing of individual facial features, but an observer determines, based on direct observation or from reviewing video
recording, whether a pain face is present or not, a process not free of bias. High scores on a pain scale shown to perform



well under relevant conditions can be taken to indicate a high likelihood that the horse is in pain. Unfortunately, very few
pain scales define cut-off values between “pain” and “no pain”, which is needed for the high usability of a pain scale. For
that reason, it is difficult to determine that a horse is not in pain. In some studies, for example [16][291[20] this has led to the
inclusion of a subjective assessment of the global pain, which occurs as a category in addition to the otherwise well-
defined categories of horse behaviors. For comparison, other pain assessment tools may be added 4. Subjective
assessments, including those provided by expert raters, may be of limited value as ground truth (see e.g., 7). However,
to avoid the logical fallacy of a circular argument, it is of importance to include pain assessments that are not relying on
the same categories as investigated in a CV/ML study. If facial action units are to be detected, the pain assessment
should then rely on, for example, bodily behaviors.

Thorough training of the pain rater is important for the reliability of a pain scale. A recent study found that raters of the
Horse Grimace Scale showed surprisingly low inter-rater agreement, with a 30-min training session being insufficient for
inexperienced raters to obtain satisfactory inter-rater agreement (€8l In a pilot study investigating whether 25 individuals
from different backgrounds could assess clinical pain in 18 videos of horses following a 20-min training session on facial
expressions of pain, Gleerup et al. B4 found that the participants scored the horses correctly in 61-94% (mean 82%) of
the cases. However, the median pairwise Cohen’s Kappa value was 0.48 and the pairwise Spearman correlation of the
intensity of the pain face was 0.51, which indicates only modest inter-rater agreement. Movement, stress, coat color and
nervous behavior of the horse hampered correct interpretation 2. Sensitivity and specificity could not be calculated, due
to the pilot nature of the study and lack of knowledge of the true pain status of the horses.

In contrast to experimental individuals, clinical cases are often very diverse in respect to age, gender, breed and coat
color, all of which can influence pain assessment 2921 They are also diverse in terms of temperament 22, earlier
experiences and learnings about pain, hospitals, emotional states, transportation and other pain-influencing factors [2394],
A clinical approach for convergence towards “ground truth” is to record the presence of the (rather few) behaviors reported
to be specifically associated with pain, for example, lameness. However, it is debatable whether the intensity of pain is
correlated with the degree of lameness if the pain diminishes during unloading of the limb. Objective measurements of
perceived sound horses have revealed that 73% show movement asymmetries which might qualify the horse for a full
veterinary lameness examination, if referred 221, It is therefore important to note that not all movement resembling mild
lameness is associated with pain, even when measured objectively. In some rare instances, animal experiments may be
considered in order to obtain reliable pain labels in cases where clinical data alone cannot provide the information
necessary to inform a network. This carries ethical concerns, strict respect for the animal and ethical control. Many
management and treatment procedures are indeed quite painful in humans as in horses, and filming of clinical procedures
may yield information about facial expressions, which, however, may be blended with other affects. Fully reversible short-
term pain induction treatments in horses include a sole pressure model 28, an inflammatory joint model Z227[%8] 3 non-
invasive ischemic pain model Bl and a capsaicin skin sensitization model B, An experimental setup allows recording of
proper baseline behaviors, while the short-term pain model predicts the time points for pain and subsequent relief of pain.
The equine repertoire of facial activities during pain has been shown to be relatively similar for clinical pain £2 and
experimental pain B, When using experimental pain for the determination of facial activities, validation of the results in
clinical pain patients is important 2. In summary, pain will remain a subjective experience, and there will probably never
be a general “gold standard” or biomarker for pain in horses or other animals for that sake. Computer vision and ML
methods, therefore, need to circumvent this.

| 5. Analysis of EQuiFACS Data

An alternative to the human interpretation of grimaces for assessing pain is the systematic, objective scoring of the visible
movement of individual facial muscles over time. This allows the facial repertoire to be fully described and not limited by
the categories of the pain assessment tool at stake. The resulting dataset can then be analyzed by data-driven methods
for pain or other interpretation after the coding. This means that FACS is not concerned with any theory and the coder
need not be familiar with horses or their behavior, which may be an advantage for the blinding procedures which should
always be performed. Learning EquiFACS coding is systematized, and learners have to pass a certification exam 44, |n
contrast to this, methodologies for analyzing the final FACS dataset are sparse for horses. For humans, Kunz et al. 68
describe the current approaches for the identification of AUs associated with pain. A common method is to apply two
criteria: the AU must comprise more than 5% of total pain AU occurrences for coding at a certain frequency and the AU
must occur more frequently during pain than during baseline 2. This method, which is based on an empirical cut-off
value of 5%, seems to work well also in horses Bl as it defines AUs and action descriptors (ADs) (facial movements
where the muscular basis either cannot be identified or is the result of a different muscle set, e.g., deep muscles). The
final ratings are generally in agreement with those obtained using HGS and the pain face category in the Equine Pain



Scale 8182 However, the method does not take into consideration the temporal aspects of the onset and offset of the
various action units. The method also does not define AUs or ADs that might be rare, but important, for pain detection in
the horse. We, therefore, developed graph-based statistical methods that describe the co-occurrence of AUs and methods
for detecting AUs that co-occur (conjoined AUs) over varying periods of time B2 A more complex picture emerged
when this co-occurrence method was applied. Chewing (AD81) was found to be important, despite low frequency. Eye
white increase (AD1) and inner brow raiser (AU101) were selected across all observation time lengths. When we used the
co-occurrence graph to determine the conjoined pain AUs, we saw that more AUs of the lower face were identified as
indicative of pain, including the chin raiser (AU17), nostril dilator (AD38) and chewing action (AD81) identified previously
and also the lip pucker (AU18) and upper lip raiser (AU10). On applying the same statistical methods to sound horses
subjected to stressful interventions 2, we observed increased frequencies of eye white increase (AD1), nostril dilator
(AD38), upper eyelid raiser (AU5), inner brow raiser (AU101) and tongue show (AD19), along with an increase in “ear
flicker” and “blink frequency”. These results show that ML can be successfully applied on FACS data for horses to reveal
more distinct interpretations of the affective states of pain and stress. A limitation of these two very small datasets is that
there seems to be some overlap between the facial activities of pain and the facial activities of stress, affecting, for
example, the specificity of the findings related to the eye and nostril. This is not surprising, since pain is regarded as an
internal stressor and can activate the hypothalamo-pituitary-adrenal axis 229, but it may impair the specificity of face-
based pain scales, since high levels of stress may be present during pain evaluations. Furthermore, affective states such
as fatigue or residual effects from pharmacological sedatives or anesthetics in the clinical setting may affect how the horse
displays pain (1941,

Interpretation of the dynamics of facial expressions is an important road forward. Wathan et al. ¥4 claim that certain facial
movements can only be distinguished accurately from sequences. Our FACS-based results seem to corroborate this, an
example is the identification of increased frequency of the half blink (AU47) as a new indicator for horses in pain in B, but
further research is needed on interpretation of facial dynamics during mixed affective states. The importance of the loss of
temporal information in still images of humans is discussed by Kunz et al. 192, who showed that not all core features of a
pain face are present at the same time in all individuals. The frequencies of occurrence of the prototypical pain
expressions ranged from 10% to 60%, leading the authors to conclude that the likelihood that all four key facial activities
occurred simultaneously might be very low. Similarly, we found that only a very small proportion (6.1%) of frames in the
pain videos contained three or more pain AUs B4, This impedes accurate pain assessment on the basis of randomly
selected frames, as the chances of accurately assessing a frame as a horse in pain would be only 6.1%, making this
method very insensitive for recognition of pain. Longer observation times are therefore necessary. Automated detection of
facial activities may solve some of these issues relating to large differences between the scoring of frames versus direct
scoring from video, as already addressed by 231,

| 6. Automated Extraction of Facial Features from Images

Automated pain detection based on EquiFACS in horses requires preliminary efforts to detect and locate a horse face in
an image or video clip and to detect individual (EquiFACS) action units. Existing standard methods within CV/ML for object
detection can be fine-tuned to recognize specific object classes. In the “Horse Face Finder” 2231 we fine-tuned an object
detection neural network to detect frames when a horse shows its face to the camera, which further distinguished
between different angles of the face (side-view or a 45-degree view relative to the camera), from videos of horses
standing in a box. This is an important aid for the otherwise time-consuming selection of sequences from videos that are
usable for annotation of equine facial expressions. Importantly, this tool can help reduce selection bias when studying
facial expressions in horses using video recordings.

Importantly, the Horse Face Finder enables facial expression analysis of videos of unrestrained horses in arbitrary
positions relative to the camera. As a result, human supervision of the horse before or during filming becomes
unnecessary. In fact, human expression datasets such as [2[6311104] that show human faces in full frontal view of the
camera are not only difficult to collect but have limited generalization to natural settings where a face is likely to move in
and out of the camera view. As a result, face detection and alignment—via facial keypoint detection—are standard

preprocessing steps to expression analysis, for example as in 203,

References

1. Egenvall, A.; Penell, J.C.; Bonnett, B.N.; Olson, P.; Pringle, J. Mortality of Swedish horses with complete life insurance
between 1997 and 2000: Variations with sex, age, breed and diagnosis. Vet. Rec. 2006, 158, 397-406.



10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.

27.

28.

. Stover, S.M. The epidemiology of Thoroughbred racehorse injuries. Clin. Tech. Equine Pract. 2003, 2, 312-322.
. Logan, A.A.; Nielsen, B.D. Training Young Horses: The Science behind the Benefits. Animals 2021, 11, 13.

. Price, J.; Marques, J.M.; Welsh, E.M.; Waran, N.K. Pilot epidemiological study of attitudes towards pain in horses. Vet.

Rec. 2002, 151, 570-575.

. Waran, N.; Williams, V.M.; Clarke, N.; Bridge, I.S. Recognition of pain and use of analgesia in horses by veterinarians

in New Zealand. N. Z. Vet. J. 2010, 58, 274-280.

. Bateson, P. Assessment of pain in animals. Anim. Behav. 1991, 42, 827-839.

. Raekallio, M.; Heinonen, K.M.; Kuussaari, J.; Vainio, O. Pain Alleviation in Animals: Attitudes and Practices of Finnish

Veterinarians. Vet. J. 2003, 165, 131-135.

. Capner, C.A,; Lascelles, B.D.; Waterman-Pearson, A.E. Current British veterinary attitudes to perioperative analgesia

for dogs. Vet. Rec. 1999, 145, 95-99.

. Huxley, J.N.; Whay, H.R. Current attitudes of cattle practitioners to pain and the use of analgesics in cattle. Vet. Rec.

2006, 159, 662—668.

Fajt, V.R.; Wagner, S.A.; Norby, B. Analgesic drug administration and attitudes about analgesia in cattle among bovine
practitioners in the United States. J. Am. Vet. Med. Assoc. 2011, 238, 755-767.

Norring, M.; Wikman, |.; Hokkanen, A.-H.; Kujala, M.V.; Hanninen, L. Empathic veterinarians score cattle pain higher.
Vet. J. 2014, 200, 186-190.

Grégoire, M.; Coll, M.P.; Tremblay, M.P.B.; Prkachin, K.M.; Jackson, P.L. Repeated exposure to others’ pain reduces
vicarious pain intensity estimation. Eur. J. Pain 2016, 20, 1644—-1652.

Thomsen, P.T.; Anneberg, |.; Herskin, M.S. Differences in attitudes of farmers and veterinarians towards pain in dairy
cows. Vet. J. 2012, 194, 94-97.

EU. Animal Welfare. Available online: (accessed on 23 April 2021).
FVE. European Veterinary Code of Conduct. 2019. Available online: (accessed on 23 April 2021).

Graubner, C.; Gerber, V.; Doherr, M.; Spadavecchia, C. Clinical application and reliability of a post abdominal surgery
pain assessment scale (PASPAS) in horses. Vet. J. 2011, 188, 178-183.

van Loon, J.; Van Dierendonck, M.C. Monitoring acute equine visceral pain with the Equine Utrecht University Scale for
Composite Pain Assessment (EQUUS-COMPASS) and the Equine Utrecht University Scale for Facial Assessment of
Pain (EQUUS-FAP): A scale-construction study. Vet. J. 2015, 206, 356—364.

Bussieres, G.; Jacques, C.; Lainay, O.; Beauchamp, G.; Leblond, A.; Cadore, J.L.; Desmaizieres, L.M.; Cuvelliez, S.G.;
Troncy, E. Development of a composite orthopaedic pain scale in horses. Res. Vet. Sci. 2008, 85, 294-306.

Lindegaard, C.; Gleerup, K.B.; Thomsen, M.H.; Martinussen, T.; Jacobsen, S.; Andersen, P.H. Anti-inflammatory effects
of intra-articular administration of morphine in horses with experimentally induced synovitis. Am. J. Vet. Res. 2010, 71,
69-75.

Raekallio, M.; Taylor, P.M.; Bloomfield, M. A comparison of methods for evaluation of pain and distress after
orthopaedic surgery in horses. J. Vet. Anaesth. 1997, 24, 17-20.

Price, J.; Catriona, S.; Welsh, E.M.; Waran, N.K. Preliminary evaluation of a behaviour-based system for assessment of
post-operative pain in horses following arthroscopic surgery. Vet. Anaesth. Analg. 2003, 30, 124-137.

Sellon, D.C.; Roberts, M.C.; Blikslager, A.T.; Ulibarri, C.; Papich, M.G. Effects of Continuous Rate Intravenous Infusion
of Butorphanol on Physiologic and Outcome Variables in Horses after Celiotomy. J. Vet. Intern. Med. 2004, 18.

Gleerup, K.B.; Lindegaard, C. Recognition and quantification of pain in horses: A tutorial review. Equine Vet. Educ.
2016, 28, 47-57.

Love, E.J. Assessment and management of pain in horses. Equine Vet. Educ. 2009, 21, 46-48.
de Grauw, J.C.; van Loon, J. Systematic pain assessment in horses. Vet. J. 2016, 209, 14-22.
Williams, A.C.D.C. Facial expression of pain: An evolutionary account. Behav. Brain Sci. 2002, 25.

Kadosh, K.C.; Johnson, M.H. Developing a cortex specialized for face perception. Trends Cogn. Sci. 2007, 11, 367—
369.

Deyo, K.S.; Prkachin, K.M.; Mercer, S.R. Development of sensitivity to facial expression of pain. Pain 2004, 107, 16—
21.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Poole, G.D.; Craig, K.D. Judgments of genuine, suppressed, and faked facial expressions of pain. J. Personal. Soc.
Psychol. 1992, 63, 797-805.

Matsumoto, D.; Hwang, H.S. Evidence for training the ability to read microexpressions of emotion. Motiv. Emot. 2011,
35, 181-191.

Tate, A.J.; Fischer, H.; Leigh, A.E.; Kendrick, K.M. Behavioural and neurophysiological evidence for face identity and
face emotion processing in animals. Philos. Trans. R. Soc. B Biol. Sci. 2006, 361, 2155-2172.

Correia-Caeiro, C.; Guo, K.; Mills, D.S. Perception of dynamic facial expressions of emotion between dogs and
humans. Anim. Cogn. 2020, 23, 465-476.

Ekman, P.; Friesen, W.; Hagar, J. Facial Action Coding System; Research Nexus: Salt Lake City, UT, USA, 2002.

Waller, B.M.; Vick, S.-J.; Parr, L.A.; Bard, K.A.; Pasqualini, M.C.S.; Gothard, K.M.; Fuglevand, A.J. Intramuscular
electrical stimulation of facial muscles in humans and chimpanzees: Duchenne revisited and extended. Emotion 2006,
6, 367-382.

Sayette, M.A.; Cohn, J.F.; Wertz, J.M.; Perrott, M.A.; Parrott, D.J. A psychometric evaluation of the facial action coding
system for assessing spontaneous expression. J. Nonverbal Behav. 2001, 25, 167-185.

Vick, S.-J.; Waller, B.M.; Parr, L.A.; Pasqualini, M.C.S.; Bard, K.A. A cross-species comparison of facial morphology
and movement in humans and chimpanzees using the Facial Action Coding System (FACS). J. Nonverbal Behav.
2007, 31, 1-20.

Julle-Daniere, E.; Micheletta, J.; Whitehouse, J.; Joly, M.; Gass, C.; Burrows, A.M.; Waller, B.M. MaqFACS (Macaque
Facial Action Coding System) can be used to document facial movements in Barbary macaques (Macaca sylvanus).
PeerJd 2015, 3.

Caeiro, C.C.; Waller, B.M.; Zimmermann, E.; Burrows, A.M.; Davila-Ross, M. OrangFACS: A Muscle-Based Facial
Movement Coding System for Orangutans (Pongo spp.). Int. J. Primatol. 2013, 34, 115-129.

Clark, P.R.; Waller, B.M.; Burrows, A.M.; Julle-Daniere, E.; Agil, M.; Engelhardt, A.; Micheletta, J. Morphological variants
of silent bared-teeth displays have different social interaction outcomes in crested macaques (Macaca nigra). Am. J.
Phys. Anthropol. 2020, 173, 411-422.

Correia-Caeiro, C.; Holmes, K.; Miyabe-Nishiwaki, T. Extending the MaqFACS to measure facial movement in
Japanese macaques (Macaca fuscata) reveals a wide repertoire potential. PLoS ONE 2021, 16, e0245117.

Waller, B.M.; Lembeck, M.; Kuchenbuch, P.; Burrows, A.M.; Liebal, K. GibbonFACS: A Muscle-Based Facial Movement
Coding System for Hylobatids. Int. J. Primatol. 2012, 33, 809-821.

Waller, B.M.; Peirce, K.; Caeiro, C.C.; Scheider, L.; Burrows, A.M.; McCune, S.; Kaminski, J. Paedomorphic Facial
Expressions Give Dogs a Selective Advantage. PLoS ONE 2013, 8, €82686.

Caeiro, C.C.; Burrows, A.M.; Waller, B.M. Development and application of CatFACS: Are human cat adopters
influenced by cat facial expressions? Appl. Anim. Behav. Sci. 2017, 189, 66—78.

Wathan, J.; Burrows, A.M.; Waller, B.M.; McComb, K. EqQuiFACS: The Equine Facial Action Coding System. PLoS ONE
2015, 10, e0131738.

Burrows, A.; Diogo, R.; Waller, B.; Kaminski, J. Variation of Facial Musculature between Wolves and Domestic Dogs:
Evolutionary Divergence in Facial Movement. Faseb J. 2017, 31, 577.3.

Waller, B.M.; Parr, L.A.; Gothard, K.M.; Burrows, A.M.; Fuglevand, A.J. Mapping the contribution of single muscles to
facial movements in the rhesus macaque. Physiol. Behav. 2008, 95, 93—-100.

Prkachin, K.M.; Craig, K.D. Expressing pain: The communication and interpretation of facial pain signals. J. Nonverbal
Behav. 1995, 19, 191-205.

Hill, M.L.; Craig, K.D. Detecting deception in facial expressions of pain—Accuracy and training. Clin. J. Pain 2004, 20,
415-422.

Lucey, P.; Cohn, J.F,; Prkachin, K.M.; Solomon, P.E.; Matthews, I. Painful data: The UNBC-McMaster shoulder pain
expression archive database. In Proceedings of the 2011 IEEE International Conference on Automatic Face & Gesture
Recognition (FG), Santa Barbera, CA, USA, 21-25 March 2011; pp. 57-64.

Rosenberg, E.L.; Zanesco, A.P.; King, B.G.; Aichele, S.R.; Jacobs, T.L.; Bridwell, D.A.; MacLean, K.A.; Shaver, P.R.;
Ferrer, E.; Sahdra, B.K.; et al. Intensive Meditation Training Influences Emotional Responses to Suffering. Emotion
2015, 15, 775-790.

Rashid, M.; Silventoinen, A.; Gleerup, K.B.; Andersen, P.H. Equine Facial Action Coding System for determination of
pain-related facial responses in videos of horses. PLoS ONE 2020, 15, e0231608.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Lundblad, J.; Rashid, M.; Rhodin, M.; Andersen, P.H. Effect of transportation and social isolation on facial expressions
of healthy horses. PLoS ONE 2021.

Miller, A.L.; Leach, M.C. The Mouse Grimace Scale: A Clinically Useful Tool? PLoS ONE 2015, 10, e0136000.

McLennan, K.M.; Miller, A.L.; Dalla Costa, E.; Stucke, D.; Corke, M.J.; Broom, D.M.; Leach, M.C. Conceptual and
methodological issues relating to pain assessment in mammals: The development and utilisation of pain facial
expression scales. Appl. Anim. Behav. Sci. 2019, 217, 1-15.

Dyson, S.; Pollard, D. Application of a Ridden Horse Pain Ethogram and Its Relationship with Gait in a Convenience
Sample of 60 Riding Horses. Animals 2020, 10, 1044.

Dyson, S.; Berger, J.M.; Ellis, A.D.; Mullard, J. Can the presence of musculoskeletal pain be determined from the facial
expressions of ridden horses (FEReq)? J. Vet. Behav. Clin. Appl. Res. 2017, 19, 78-89.

Tuyttens, F.A.M.; Stadig, L.; Heerkens, J.L.T.; Van laer, E.; Buijs, S.; Ampe, B. Opinion of applied ethologists on
expectation bias, blinding observers and other debiasing techniques. Appl. Anim. Behav. Sci. 2016, 181, 27-33.

Bartlett, M.S.; Littlewort, G.C.; Frank, M.G.; Lee, K. Automatic Decoding of Facial Movements Reveals Deceptive Pain
Expressions. Curr. Biol. 2014, 24, 738-743.

Littlewort, G.C.; Bartlett, M.S.; Lee, K. Faces of Pain: Automated Measurement of Spontaneous Facial Expressions of
Genuine and Posed Pain. In Proceedings of the ICMI'07, 9th International Conference on Multimodal Interfaces,
Nagoya, Japan, 12—-15 November 2007; pp. 15-21.

Bartlett, M.S.; Littlewort, G.; Frank, M.; Lainscsek, C.; Fasel, I.; Movellan, J.; Soc, I.C. Fully automatic facial action
recognition in spontaneous behavior. In Proceedings of the Seventh International Conference on Automatic Face and
Gesture Recognition, Southampton, UK, 10-12 April 2006; pp. 223-228.

Bartlett, M.S.; Littlewort, G.; Frank, M.; Lainscsek, C.; Fasel, |.; Movellan, J. Recognizing facial expression: Machine
learning and application to spontaneous behavior. In Proceedings of the 2005 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, San Diego, CA, USA, 20-25 June 2005; Volume 2, pp. 568-573.

Huang, J.; Craig, K.; Diaz, D.; Sikka, K.; Ahmed, A.; Terrones, L.; Littlewort, G.; Goodwin, M.; Bartlett, M. Automated
facial expression analysis can detect clinical pain in youth in the post-operative setting. J. Pain 2014, 15, S3.

Srinivasan, R.; Golomb, J.D.; Martinez, A.M. A Neural Basis of Facial Action Recognition in Humans. J. Neurosci. 2016,
36, 4434-4442,

Sikka, K.; Ahmed, A.A.; Diaz, D.; Goodwin, M.S.; Craig, K.D.; Bartlett, M.S.; Huang, J.S. Automated Assessment of
Children’s Postoperative Pain Using Computer Vision. Pediatrics 2015, 136, e124-e131.

Zhang, X.; Yin, L.; Cohn, J.; Canavan, S.; Reale, M.; Horowitz, A.; Liu, P.; Girard, J. BP4D-Spontaneous: A High-
Resolution Spontaneous 3D Dynamic Facial Expression Database. Image Vis. Comput. 2014, 32, 692—706.

Mavadati, S.M.; Mahoor, M.H.; Bartlett, K.; Trinh, P.; Cohn, J.F. DISFA: A Spontaneous Facial Action Intensity
Database. IEEE Trans. Affect. Comput. 2013, 4, 151-160.

Rolnick, D.; Veit, A.; Belongie, S.; Shavit, N. Deep Learning is Robust to Massive Label Noise. arXiv 2018,
arXiv:1705.10694.

Erin Browne, M.; Hadjistavropoulos, T.; Prkachin, K.; Ashraf, A.; Taati, B. Pain Expressions in Dementia: Validity of
Observers’ Pain Judgments as a Function of Angle of Observation. J. Nonverbal. Behav. 2019, 43, 309-327.

Sneddon, L.U.; Elwood, R.W.; Adamo, S.A.; Leach, M.C. Defining and assessing animal pain. Anim. Behav. 2014, 97,
201-212.

Seminowicz, D.A.; Laferriere, A.L.; Millecamps, M.; Yu, J.S.; Coderre, T.J.; Bushnell, M.C. MRI structural brain changes
associated with sensory and emotional function in a rat model of long-term neuropathic pain. Neuroimage 2009, 47,
1007-1014.

Vila Pouca, C.; Brown, C. Contemporary topics in fish cognition and behaviour. Curr. Opin. Behav. Sci. 2017, 16, 46—
52.

Descovich, K.A.; Wathan, J.; Leach, M.C.; Buchanan-Smith, H.M.; Flecknell, P.; Farningham, D.; Vick, S.J. Facial
Expression: An Under-Utilized Tool for the Assessment of Welfare in Mammals. ALTEX Altern. Anim. Exp. 2017, 34,
409-429.

Raja, S.N.; Carr, D.B.; Cohen, M.; Finnerup, N.B.; Flor, H.; Gibson, S.; Keefe, F.J.; Mogil, J.S.; Ringkamp, M.; Sluka,
K.A.; et al. The revised International Association for the Study of Pain definition of pain: Concepts, challenges, and
compromises. Pain 2020, 161, 1976-1982.

Craig, K.D. Social communication model of pain. Pain 2015, 156, 1198-1199.



75.
76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Rutherford, K.M.D. Assessing pain in animals. Anim. Welf. 2002, 11, 31-53.

Ashley, F.H.; Waterman-Pearson, A.E.; Whay, H.R. Behavioural assessment of pain in horses and donkeys: Application
to clinical practice and future studies. Equine Vet. J. 2005, 37, 565-575.

Coles, B.; Birgitsdottir, L.; Andersen, P.H. Out of Sight but Not out of Clinician’s Mind: Using Remote Video Surveillance
to Disclose Concealed Pain Behavior in Hospitalized Horses. In Proceedings of the International Association for the
Study of Pain 17th World Congress, Boston, MA, USA, 15-18 September 2018; p. 471121.

Torcivia, C.; McDonnell, S. In-Person Caretaker Visits Disrupt Ongoing Discomfort Behavior in Hospitalized Equine
Orthopedic Surgical Patients. Animals 2020, 10, 210.

Ask, K.; Rhodin, M.; Tamminen, L.M.; Hernlund, E.; Haubro Andersen, P. Identification of Body Behaviors and Facial
Expressions Associated with Induced Orthopedic Pain in Four Equine Pain Scales. Animals 2020, 10, 2155.

Korshunov, P.; Ooi, W.T. Video quality for face detection, recognition, and tracking. ACM Trans. Multimed. Comput.
Commun. Appl. 2011, 7, 14.

Gleerup, K.B.; Forkman, B.; Lindegaard, C.; Andersen, P.H. An equine pain face. Vet. Anaesth. Analg. 2015, 42, 103—
114.

Dalla Costa, E.; Minero, M.; Lebelt, D.; Stucke, D.; Canali, E.; Leach, M.C. Development of the Horse Grimace Scale
(HGS) as a Pain Assessment Tool in Horses Undergoing Routine Castration. PLoS ONE 2014, 9.

Dalla Costa, E.; Stucke, D.; Dai, F.; Minero, M.; Leach, M.C.; Lebelt, D. Using the Horse Grimace Scale (HGS) to
Assess Pain Associated with Acute Laminitis in Horses (Equus caballus). Animals 2016, 6, 47.

van Loon, J.; Van Dierendonck, M.C. Monitoring equine head-related pain with the Equine Utrecht University scale for
facial assessment of pain (EQUUS-FAP). Vet. J. 2017, 220, 88—-90.

Langford, D.J.; Bailey, A.L.; Chanda, M.L.; Clarke, S.E.; Drummond, T.E.; Echols, S.; Glick, S.; Ingrao, J.; Klassen-
Ross, T.; LaCroix-Fralish, M.L.; et al. Coding of facial expressions of pain in the laboratory mouse. Nat. Methods 2010,
7, 447-449.

Vandierendonck, M.C.; Van Loon, J.P.A.M. Monitoring acute equine visceral pain with the Equine Utrecht University
Scale for Composite Pain Assessment (EQUUS-COMPASS) and the Equine Utrecht University Scale for Facial
Assessment of Pain (EQUUS-FAP): A validation study. Vet. J. 2016, 216, 175-177.

Weary, D.M.; Niel, L.; Flower, F.C.; Fraser, D. Identifying and preventing pain in animals. Appl. Anim. Behav. Sci. 2006,
100, 64-76.

Dai, F.; Leach, M.; MacRae, A.M.; Minero, M.; Costa, E.D. Does Thirty-Minute Standardised Training Improve the Inter-
Observer Reliability of the Horse Grimace Scale (HGS)? A Case Study. Animals 2020, 10, 781.

Gleerup, K.B.; Forkman, B.; Lindegaard, C.; Andersen, P.H. Facial expressions as a tool for pain recognition in horses.
In Proceedings of the 10th International Equitation Science Conference, Bredsten, Denmark, 7-9 August 2014.

Guesgen, M.J.; Beausoleil, N.J.; Minot, E.O.; Stewart, M.; Jones, G.; Stafford, K.J. The effects of age and sex on pain
sensitivity in young lambs. Appl. Anim. Behav. Sci. 2011, 135, 51-56.

Reijgwart, M.L.; Schoemaker, N.J.; Pascuzzo, R.; Leach, M.C.; Stodel, M.; de Nies, L.; Hendriksen, C.F.M.; van der
Meer, M.; Vinke, C.M.; van Zeeland, Y.R.A. The composition and initial evaluation of a grimace scale in ferrets after
surgical implantation of a telemetry probe. PLoS ONE 2017, 12, e0187986.

ljichi, C.; Collins, L.M.; Elwood, R.W. Pain expression is linked to personality in horses. Appl. Anim. Behav. Sci. 2014,
152, 38-43.

Guesgen, M.J.; Beausoleil, N.J.; Stewart, M. Effects of early human handling on the pain sensitivity of young lambs.
Vet. Anaesth. Analg. 2013, 40, 55-62.

Clark, C.; Murrell, J.; Fernyhough, M.; O'Rourke, T.; Mendl, M. Long-term and trans-generational effects of neonatal
experience on sheep behaviour. Biol. Lett. 2014, 10.

Rhodin, M.; Egenvall, A.; Andersen, P.H.; Pfau, T. Head and pelvic movement asymmetries at trot in riding horses in
training and perceived as free from lameness by the owner. PLoS ONE 2017, 12.

Rhodin, M.; Persson-Sjodin, E.; Egenvall, A.; Serra Braganc¢a, F.M.; Pfau, T.; Roepstorff, L.; Weishaupt, M.A;
Thomsen, M.H.; van Weeren, P.R.; Hernlund, E. Vertical movement symmetry of the withers in horses with induced
forelimb and hindlimb lameness at trot. Equine Vet. J. 2018, 50, 818-824.

Van de Water, E.; Oosterlinck, M.; Korthagen, N.M.; Duchateau, L.; Dumoulin, M.; van Weeren, P.R.; Olijve, J.; van
Doorn, D.A,; Pille, F. The lipopolysaccharide model for the experimental induction of transient lameness and synovitis
in Standardbred horses. Vet. J. 2021, 270, 105626.



98

99

100.

101.

102.

103.

104.

105.

. Lindegaard, C.; Frost, A.B.; Thomsen, M.H.; Larsen, C.; Hansen, S.H.; Andersen, P.H. Pharmacokinetics of intra-
articular morphine in horses with lipopolysaccharide-induced synovitis. Vet. Anaesth. Analg. 2010, 37, 186-195.

. Kunz, M.; Meixner, D.; Lautenbacher, S. Facial muscle movements encoding pain—A systematic review. Pain 2019,
160, 535-549.

Wagner, A.E. Effects of Stress on Pain in Horses and Incorporating Pain Scales for Equine Practice. Vet. Clin. N. Am.
Equine Pract. 2010, 26, 481-492.

Trindade, P.H.E.; Hartmann, E.; Keeling, L.J.; Andersen, P.H.; Ferraz, G.d.C.; Paranhos da Costa, M.J.R. Effect of work
on body language of ranch horses in Brazil. PLoS ONE 2020, 15, e0228130.

Kunz, M.; Lautenbacher, S. The faces of pain: A cluster analysis of individual differences in facial activity patterns of
pain. Eur. J. Pain 2014, 18, 813-823.

Rashid, M.; Broomé, S.; Andersen, P.H.; Gleerup, K.B.; Lee, Y.J. What should | annotate? An automatic tool for finding
video segments for EQUIFACS annotation In Measuring Behaviour 2018 Conference Proceedings; Grant, R.A., Allen,
T., Spink, A., Sullivan, M., Eds.; Manchester Metropolitan University: Manchester, UK, 2018; pp. 164-165.

Lucey, P.; Cohn, J.F,; Kanade, T.; Saragih, J.; Ambadar, Z.; Matthews, |. The Extended Cohn-Kanade Dataset (CK+): A
complete dataset for action unit and emotion-specified expression. In Proceedings of the 2010 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition—Workshops, San Francisco, CA, USA, 13-18 June 2010;
pp. 94-101.

Littlewort, G.; Whitehill, J.; Wu, T.; Fasel, |.; Frank, M.; Movellan, J.; Bartlett, M. The computer expression recognition
toolbox (CERT). Face Gesture 2011.

Retrieved from https://encyclopedia.pub/entry/history/show/28674



