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Background, Context:
Representation learning aims at learning transformations of raw input data into discriminative
and compact representations that can be effectively exploited in machine learning tasks, e.g.,
classification, detection. This is motivated by the fact that real-world data, e.g., images, video
and sensor measurements, is usually complex, noisy, redundant and highly variable. Deep
learning allows computational model that are composed of multiple processing layers to learn
representations of data with multiple levels of abstraction. In recent years, these methods have
dramatically improved the state of the art in a number of fields, including object detection and
recognition. However, the structure of these models is arbitrary and based on a simplistic
modelling of the human brain. Thus, using a bio-inspired approach to deep networks could
allow a better understanding of the model behavior and higher efficiency for high level
semantic concept recognition from raw data. Therefore, we propose to exploit results from the
neural basis of emotion and perceptual mechanisms in humans to enable principled design of
deep models relying on appropriate features, best neural architectures, multi-modal fusion
models between visual and audio features, for a more accurate and realistic concept prediction
from raw data.
Research subject, work plan:
Among the psychological factors that can influence data perception and recognition, memory
and affect are among the most important ones. However, computational models estimating the
emotions elicited by visual data are a special case where the stimulus is a video scene. Thus,
only specific sections of the psychological models could be first investigated in order to
maximize the performance of computational models. First, psychologists suggest that the
evaluation of an emotion is an iterative process. For example, Russell defines the Core Affect
[1] which is a process of recursive and continuous evaluations, also at the core of the appraisal
evaluation postulated by Scherer [14]. Thus, this key aspect of affect has to be considered in
affective and memory sensitive computational models. However, most computational models
do not take into account the recursivity of the emotional episode. This is not the case for
HMM-based [2] and RNN-based [3] affective frameworks. Indeed, HMMs are statistical
models of sequential data, inherently able to take into consideration consecutive emotional
changes through hidden state transitions. However, they are composed of a specific number of
discrete states and thus cannot be used to directly infer dimensional scores. Malandrakis et al.
converted discrete affective curves obtained with HMMs into continuous curves using a
Savitzky-Golay filter [4], but the continuous curves are thus approximations and cannot
recover the precision lost by discretizing the affective space. RNNs-based affective
frameworks are also able to take into account the temporal transitions between consecutive
emotions. Combined with LSTM cells, they can learn efficiently long-term dependencies, as
shown by previous work for video emotion recognition [3,8,9].
Beyond the recursive aspect of the models, their structures themselves can be inspired from
neuroscience and psychological work. Indeed, psychological theories describe affect as
generated through the interaction of bottom-up and top-down processes (but with emphasis on
bottom-up process) [5], which is confirmed by neuroscience work demonstrating that both
types of responses activate the amygdala (bottom-up responses activating the amygdala more
strongly) [6]. Such descriptions of bottom-up and top-down responses can help future movie
content analysis work to create computational models with appropriate structures as in other
fields of studies [7].

Therefore, the aim of this thesis proposal is to leverage recent advances in computer vision
and machine learning, and investigate novel machine learning algorithms in combination with
neuroscience and psychologist models for the analysis of 2D+t data. A favored application of
this investigation will be video analysis.
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