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Facial micro-expression is important and prevalent as it reveals the actual emotion of humans. Especially,
the automated micro-expression analysis substituted for humans begins to gain the attention recently.
However, largely unsolved problems of detecting micro-expressions for subsequent analysis need to be
addressed sequentially, such as subtle head movements and unconstrained lighting conditions. To face
these challenges, we propose a probabilistic framework to detect spontaneous micro-expression clips
temporally from a video sequence (micro-expression spotting) in this paper. In the probabilistic frame-
work, a random walk model is presented to calculate the probability of individual frames having micro-
expressions. The Adaboost model is utilized to estimate the initial probability for each frame and the cor-
relation between frames would be considered into the random walk model. The active shape model and
Procrustes analysis, which are robust to the head movement and lighting variation, are used to describe
the geometric shape of human face. Then the geometric deformation would be modeled and used for
Adaboost training. Through performing the experiments on two spontaneous micro-expression datasets,
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we verify the effectiveness of our proposed micro-expression spotting approach.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Emotion exists in humans’ life, which can be revealed by exter-
nal behaviors, such as vocal expression, facial expression, and sign
expression. Among these behaviors, the facial expression plays a
vital role in analyzing human emotions [1]. Therefore, the facial ex-
pression has attracted much attention in psychological studies [2].
Besides, with the development of computer science, the facial ex-
pression analysis and recognition become popular in fields of com-
puter vision and pattern recognition [3]. Various machine learning
techniques have been employed to automatically analyze and rec-
ognize facial expression from visual images or videos, such as lo-
cal binary pattern (LBP) [4] and hidden Markov model (HMM) [5].
Most of these works are devoted to the macro-expression while
the micro-expression manifests more affective information [6].

In contrast to macro-expression, the micro-expression is a brief,
involuntary facial expression shown on the face of humans, which
usually sustains from 1/25 to 1/5 s and has a period of onset,
apex, and offset [7]. The psychological studies have shown the
importance of micro-expression revealing the suppressed affect
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of humans, which helps to understand humans’ deceitful behav-
iors. Consequently, there are large amounts of areas to apply the
micro-expression analysis and recognition, such as lie detection,
police case diagnosis, business negotiation, psychoanalyzing, and
so on. Due to the short duration and involuntariness of micro-
expressions, it is very difficult for untrained people to detect and
analyze micro-expressions. Even trained by professional tools, such
as the micro expression training tool (METT) [8], numerous works
might be accomplished manually by professionals to detect and
analyze micro-expressions from videos. Therefore, the automated
detection and analysis of micro-expressions would be very valu-
able and help people promote the performance of analyzing large
amounts of video sequences.

The automated micro-expression detection from temporal video
sequences attracts few attentions while some works have been
devoted to the micro-expression recognition based on well-
segmented video sequences containing the micro-expressions. Al-
though the micro-expression detection is more fundamental to
subsequent micro-expression analysis and recognition, however,
few works have been presented to detect micro-expressions [9,10].
To apply the detection in real-life scenarios, several problems of
micro-expression context would be addressed. The very small head
movements and heterogeneous ambient lighting conditions in-
duce the context complexity. So the head movements and lighting
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variation have potentially significant effects on subtle changes of
micro-expressions. To face these challenges, we present a frame-
work to detect consecutive frame clips having micro-expressions
from video sequences, which would be robust for small head
movement and lighting variation. In addition, the deliberate micro-
expressions differ greatly from the spontaneous ones as they are
controlled by different motor pathways [11]. Since spontaneous
micro-expressions can be observed frequently in real life and re-
veal more affective information of humans, we focus on the prob-
lem of detecting spontaneous micro-expression frame clips tempo-
rally from video sequences, which is called as spontaneous micro-
expression spotting in this context.

To be dedicated to the problem of micro-expression spotting,
we propose a random walk framework to detect frame clips having
micro-expressions in video sequences. In the probabilistic model,
the main contributions of our proposed approach are summarized
as follows

e The random walk (RM) model is applied to compute the proba-
bility of frames having micro-expressions. The model can lever-
age the deformation correlation between frames and spot the
consecutive frame clips with micro-expressions.

The Adaboost algorithm is utilized to compute the initial prob-
ability of individual frames having micro-expressions in the RW
procedure. The thresholding weak classifiers have been trained
for obtaining the best geometric features for micro-expression
spotting.

In order to prevent influences of the head movement and light-
ing variation, a revised active shape model (ASM) is used to
locate the landmarks and then the Procrustes analysis is pre-
sented to align these landmarks. The geometric deformations
of landmarks are modeled as the features of classifier training
and used to compute the transition probability in RW model.

The rest of this paper is organized as follows. Section 2 reviews
the related work briefly and our proposed probabilistic frame-
work for micro-expression spotting is presented in Section 3. Then
we discuss the experimental results for algorithm evaluation in
Section 4. Finally, Section 5 describes our conclusions.

2. Related work

In this section, the research on micro-expression is summa-
rized in psychology and computer science. The psychology studies
are presented briefly to demonstrate the characteristics of micro-
expressions. The techniques for micro-expression analysis in com-
puter science are described to indicate the shifted focus of re-
search.

In psychology, micro-expression has been studied for many
decades since it was first discovered in motion picture films of
psychotherapy hours [12]. The micro-expression was used to in-
dicate the non-verbal communication between patient and ther-
apist. As a pioneer work, Ekman et al. developed the facial ac-
tion coding system (FACS) to describe human facial movements
for facial expressions by facial action units [13]. Then the micro-
expression was treated as complex combinations of facial action
units. Through the thorough studies by Gottman [14] and Ekman
[15], micro-expressions can be observed in psychological experi-
ments and training programs for learning them have been pre-
sented. According to studies of psychology, the humans are not
good at detecting and recognizing micro-expressions. The experi-
ments of micro-expression testing performed by Frank et al. [16]
have shown that participants cannot achieve good detection accu-
racy even if these participants were US undergraduates. The diffi-
culties of human analysis lead to the promising research in com-
puter science.

In computer science, some primary studies have been done
for micro-expression analysis, which contains micro-expression
spotting and recognizing. In the beginning, the scholars in com-
puter vision constructed few datasets for detecting and recog-
nizing acted micro-expressions. Polikovsky et al. [17] proposed a
recognition algorithm with the gradient orientation histograms de-
scriptors, which collected data by simulating micro-expressions of
undergraduates on high-speed cameras (Polikovsky’s dataset). In
[18], the authors presented the strain patterns for detecting the
macro-expressions and micro-expressions through gathering acted
data from some subjects (USF-HD dataset). However, the acted
micro-expressions are greatly different from the natural facial ex-
pressions [19]. Therefore, several works have been done on the
natural facial micro-expressions (spontaneous micro-expressions),
which are induced by watching specific videos. Li et al. [20] con-
structed a Spontaneous micro-expression corpus (SMIC) dataset
with 16 subjects and 164 spontaneous micro-expressions. Based
on the SMIC dataset, Pfister et al. presented a recognition algo-
rithm using the LBP-TOP feature and SVM, multiple kernel clas-
sifiers or random forests classifiers to recognize negative or pos-
itive micro-expressions [21]. In [10], the feature difference based
on LBP is used to spot the frames containing spontaneous micro-
expressions. The Chinese Academy of Sciences Micro-Expression
database (CASME) has been reported by Yan et al. [22] contain-
ing 19 subjects and more than 190 micro-expressions. And an im-
proved version of CASME has been published with more classes
of micro-expressions [23]. Wang et al. extended the LBP-TOP fea-
ture into the tensor independent color space and then recognized
micro-expressions in the tensor subspace [24]. In [25], feature
points have been tracked and used to recognize the specific micro-
expressions, such as happiness and disgust.

In tasks of recognizing micro-expressions, so far, it is un-
clear how many micro-expressions can be recognized. Aforemen-
tioned algorithms were proposed to aim at different tasks, such
as positive/negative micro-expressions, happiness/disgust micro-
expressions. This needs to be further studied in both psychology
and computer science. Moreover, these recognition algorithms are
appearance-based methods and use the representations based on
LBP and its variants.

The task of detecting micro-expressions is prior to micro-
expression recognition as the recognition depends on the detec-
tion. For detecting the micro-expressions, two types of detection
tasks have been defined. The detection task in [21,24,25] is de-
fined to classify videos containing micro-expressions among videos
while the other detection task is to find temporal frames having
micro-expressions from a video sequence in [9,10]. To distinguish
these two types of detection tasks, we call the latter detection
task as micro-expression spotting, which is focused on the problem
of detecting the temporal locations with micro-expressions. Com-
pared to the spotting task in [9,10], we further spot the consec-
utive frame clips having micro-expressions from video sequences,
more than discrete frames. The research of micro-expression spot-
ting is in an initial stage and has not fully considered the problem
of head movements and lighting variation. In this paper, we pro-
pose a novel framework modeling geometric deformation to allevi-
ate them.

3. The proposed approach

Given N frames in a video sequence F, these frames are denoted
as fi,..., fi,..., fn. The spotting task is to split the frame clip F,
with micro-expressions, assuming fi, ..., fip (il > 1,i2 < N), from
the sequence F. The index range [i1, i2] is a consecutive interval.

Fig. 1 presents the procedure of our proposed approach for
spotting micro-expression frame clips, in which an RW model
is constructed to compute the probability of frames having
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