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Detecting groups is becoming of relevant interest as an important step for scene (and especially activity) un-
derstanding. Differently from what is commonly assumed in the computer vision community, different types
of groups do exist, and among these, standing conversational groups (a.k.a. F-formations) play an important
role. An F-formation is a common type of people aggregation occurring when two or more persons sustain a
social interaction, such as a chat at a cocktail party. Indeed, detecting and subsequently classifying such an
interaction in images or videos is of considerable importance in many applicative contexts, like surveillance,
social signal processing, social robotics or activity classification, to name a few. This paper presents a princi-
pled method to approach to this problem grounded upon the socio-psychological concept of an F-formation.
More specifically, a game-theoretic framework is proposed, aimed at modeling the spatial structure charac-
terizing F-formations. In other words, since F-formations are subject to geometrical configurations on how
humans have to be mutually located and oriented, the proposed solution is able to account for these con-
straints while also statistically modeling the uncertainty associated with the position and orientation of the
engaged persons. Moreover, taking advantage of video data, it is also able to integrate temporal information
over multiple frames utilizing the recent notions from multi-payoff evolutionary game theory. The exper-
iments have been performed on several benchmark datasets, consistently showing the superiority of the
proposed approach over the state of the art, and its robustness under severe noise conditions.
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1. Introduction [13], which indicates that many types of groups can be defined. In

particular, we target standing conversational groups, also known as

The visual analysis of groups is becoming more and more
widespread in computer vision, after decades of research on the au-
tomated modeling of individuals (which still remains an open prob-
lem), the goal has moved from encoding simple actions performed
by a single subject to capturing dyads or clusters of social interac-
tions [1-10]. This is of extreme importance in many fields and appli-
cations, also addressing social and life sciences [11,12]. This seems to
be a necessary step, since humans are essentially a social species, as
demonstrated by the fact that in everyday life people continuously
interact with each other to achieve goals or simply to exchange states
of mind. In this paper, we exploit a recent taxonomy presented in
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F-formations [14], that is, groups of people who spontaneously decide
to be in each other’s immediate presence to converse with each and
every member of that group.

Standing conversational groups are of primary importance in
many contexts, such as video surveillance [7], social signal processing
[1,2,4,6], multimedia [3], social robotics [15], and activity recognition
[16], as we will discuss extensively in Section 2.

Many studies have been carried out by social psychologists to
understand how people behave in public. By exploiting the the-
ory behind these findings, we propose novel and more socio-
psychologically principled ways of designing methods for automati-
cally analyzing human behavior. For example, Hall [ 17] proposed that
relationships and levels of interactions could be inferred by consider-
ing different physical distances.

Goffman [18] observed that group interactions can be categorized
into those that are ‘focused’ and those that are ‘unfocused’. Focused
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Fig. 1. Standing conversational groups: (a) in black, graphical depiction of overlapping space within an F-formation: the o-space; (b) a poster session in a conference, where
different groupings are visible; (c) circular F-formation; (d) a typical surveillance setting where camera is located at 2.5-3 m from the floor, for which detecting groups is challenging.
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Fig. 2. F-formations; (a) components of an F-formation: o-space, p-space, r-space; in this case, a face-to-face F-formation is sketched; (b) modeling the frustum of attention by
particles: in the intersection stays the o-space; (c) L-shape F-formation; (d) side-by-side F-formation; (e) circular F-formation.

interactions concern the gathering of people to participate in an
activity where there is a common focus, such as playing and watching
a football match, conversing, or marching in a band. Unfocused en-
counters involves light interactions such as avoiding people on a busy
street, briefly greeting a colleague while passing them in the corridor,
or indicating to let someone pass when boarding a train. This taxon-
omy has been exploited recently in [13] for addressing F-formations.

Within the class of focused encounters, the F-formation is a
specific type of group interaction which requires more attention
from our senses. Specifically, an F-formation arises “whenever two
or more individuals in close proximity orient their bodies in such
a way that each of them has an easy, direct and equal access to
every other participant’s transactional segment, and when they
maintain such an arrangement” [19, p. 243]. Some examples of
F-formations in real-world situations are illustrated in Fig. 1a. There
can be different F-formations as shown in Fig. 2a-e. In the case of
two participants, typical F-formation arrangements are vis-a-vis,
L-shape, and side-by-side.

Three social spaces emerge from an F-formation: the o-space, the
p-space and the r-space. The most important part is the o-space (see
Fig. 2), a convex empty space surrounded by the people involved in
a social interaction, in which every participant looks inward, and no
external people are allowed. The p-space is a narrow strip that sur-
rounds the o-space, and that contains the bodies of the conversing
people, while the r-space is the area outward the p-space.

Our goal in this paper is to develop a robust approach to auto-
matically detect F-formations from images and videos employing a
single monocular camera. As input, the approach requires the po-
sition of the persons in the scene on the ground plane as well as
their body orientation, although in most cases, head orientation is
more readily captured, even under heavy occlusions. These cues are
easily obtainable nowadays, even if they are not estimated very ac-
curately, and many approaches are aimed at extracting such infor-
mation from raw images/videosequences [4,20,21]. Among the few
approaches of F-formation detection, a recent experimental work
of Setti et al. [22] shows that substantial improvement in the per-
formance of F-formation detection algorithms can be achieved by
combining a probabilistic approach (as [7]) and graph-based clus-
tering methods [6]. Motivated by these studies, we develop a new
sociologically-based approach which combines in a natural way the
modeling of the uncertainty in the position and orientation of the

subjects and a game-theoretic clustering approach , allowing one to
extract coherent groups in edge-weighted graphs, digraphs and hy-
pergraphs [23,24]. The game-theoretic setting provides a conceptual
framework which allows us to integrate temporal information in a
principled way, in an attempt to reliably extract groups in video se-
quences under severe noisy conditions. This is done by using a recent
approach to integrate multiple payoff functions in an evolutionary
game-theoretic setting [25].

This work represents a substantial contribution to group detection
in real scenarios. To date in computer vision, grouping behaviors have
been analyzed mainly in dynamic situation via tracking, exploiting
the oriented velocity as a primary cue, for example by associating
individuals’ tracklets [26-34]. In our case, F-formation are manifested
primarily when people are still, so that a finer yet robust analysis is
required. Our approach considers in fact the detection of groups in
both still images and videos.

To test the effectiveness of the proposed approach, we performed
extensive experiments over five different datasets, each one rep-
resenting a particular scenario. In particular, we used a synthetic
dataset [7], the Coffee Break dataset [7], the GDet dataset [7], the
Idiap Poster data dataset [6], the Cocktail Party [5] dataset and two
new dataset, one proposed by Choi et al. [35] and FriendsMeet2 that
we propose in this work. We also carried out systematic noise re-
silience experiments to fully investigate the stability and robustness
of our method. The results consistently show the superior or compa-
rable performances of the proposed approach over the state of the art.

The rest of the paper is organized as follows. A detailed re-
view of the literature on group detection approaches is presented
in Section 2. Our approach is detailed in Section 3. In Section 4 we
describe the game-theoretic clustering approach we use to extract
F-formations and its extension to multiple affinity matrices. Finally,
Section 5 presents the experimental results and Section 6 concludes
the paper.

2. Literature review
2.1. Groups
During multi-party activities, we expect that there is a different

underlying structure that governs the behavior of groups compared
to individuals acting independently. For example, there has been
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