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Figure 1: System overview of VisLoiter. (a) Processing flow of loitering analysis in multiple videos that are captured by real-time surveillance
cameras or from historical archives. (b) Visualization of loiterer candidates based on appearance patterns (upper zone), and frequency
ranking of faces (lower zone). (c) Lightweight playback of video clips where the loiterer frequently appeared.
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1 Introduction
This paper presents a system for visualizing the results of loitering
discovery in surveillance videos. Since loitering is a suspicious be-
haviour that often leads to abnormal situations, such as pickpocket-
ing, its analysis attracts attention from researchers [Bird et al. 2005;
Ke et al. 2013; A. et al. 2015]. Most of them mainly focus on how
to detect or identify loitering individuals by human tracking tech-
niques. A robust approach in [Nam 2015] is one of the state-of-the-
art methods for detecting loitering persons in crowded scenes using
pedestrian tracking based on spatio-temporal changes. However,
such tracking-based methods are quite time-consuming. Therefore,
it is hard to apply loitering detection across multiple cameras for
a long time, or take into account the visualization of loiterers at a
glance. To solve this problem, we propose a system, named VisLoi-
ter (Figure 1), which enables efficient loitering discovery based on
face features extracted from longtime videos across multiple cam-
eras, instead of the tracking-based manner. By taking the advan-
tage of efficiency, the VisLoiter realizes the visualization of loiter-
ers at a glance. The visualization consists of three display com-
ponents for (1) the appearance patterns of loitering individuals, (2)
the frequency ranking of faces of loiterers, and (3) the lightweight
playback of video clips where the discovered loiterer frequently ap-
peared (see Figure 1 (b) and (c)).

2 Our approach
In this section, we introduce our approach in detail, including the
loitering analysis, visualizations, implementations, sample results,
and system demonstration.

Loitering analysis. As mentioned above, human tracking-based
methods for loitering analysis are not appropriate for longtime
videos across multiple cameras due to their technical limits. In this
paper, we abandon the tracking method, instead, utilize face fea-
tures extracted from videos to discover loiterers based on their fre-
quent appearance patterns. According to the common knowledge,
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the loitering behaviour is usually considered as a pattern of repeated
frequent appearance. Thus we adopt face features to identify two
individuals who are the same person when the similarity of their
features is over than a given threshold δ (e.g., δ=0.8). It means the
two individuals are similar over 80%. Subsequently, we can count
the appearance frequency of the same person after all face features
are divided into different groups. We can find out top loiterer can-
didates according to their frequencies in descending order.

For this purpose, a naive approach can be easily considered, i.e.,
performing pairwise matching of facial features to identify the same
person. As we know, this naive method is not practical due to its
high computational complexity of O(N2), where N is the number
of facial features in the database. Instead, we adopt a new index,
Luigi [Liu et al. 2016], which enables efficient face grouping of the
same person in O(N log(N)) complexity. As shown in Figure 1

(a), we employ a commercial product NeoFace R©1 for face extrac-
tion and matching. Table 1 shows the experimental performance
for comparing our method with the naive method in three data sets
containing different numbers of facial features.

Table 1: Comparison on efficiency of loitering analysis.

N (# of facial features) Our method Naive method

10K 0.369 (sec) 37 (sec)
135K 5 (sec) ≈ 60,750 (sec)
1M 10 (sec) ≈ 46 (days)

Visualizations. As shown in Table 1, by taking the advantage of
efficiency of our method for loitering analysis, the visualization of
loiterers can be realized in two ways: (1) at-a-glance view, and (2)
detailed playback.

Regarding at-a-glance view, the visualization of loiterer candidates
is designed in two views: one is the simple Frequency Ranking,
the other is the fancy Appearance Patterns, as shown in lower and
upper part of Figure 1 (b), respectively.

In the view of frequency ranking, loiterer candidates are displayed
according to their appearance frequencies in descending order. The
list of faces are selected by random sampling on different scenes, in
order to enhance the variety of faces that are extracted from separate
scenes. This design will lead to high visibility of the places (scenes)
where the same loiterer frequently appeared. Therefore, the view of
frequency ranking makes users easily understand at a glance how
frequently the loiterer candidates appear.

In the view of appearance patterns, loiterer candidates are displayed
in descending order of their appearance frequencies, the same as the
view of frequency ranking. Instead of displaying a list of faces, a

1NeoFace R© is the world’s best face recognition technology [NIST MBE

2010], which can provide No.1 precision and No.1 speed for facial feature

extraction and feature matching, respectively.
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Figure 2: Visualization of loiterer candidates based on appearance
patterns, and the lightweight playback of video clips where the loi-
terer frequently appeared. Notice: the same loiterers in Rank 1 and
2 are separated due to the threshold for face matching was too high;
the threshold can be changed manually to adjust the results.

curve represented in continuous step lines are utilized to display
the appearance patterns of a loiterer intuitively. As shown in Fig-
ure 1 (b), the x-axis of the curve represents the timestamp when the
corresponding loiterer appeared, and the y-axis of the curve repre-
sents the frequency of appearance during a certain time duration.
For example shown in Figure 1 (c), the current loiterer bounded in
green rectangle keeps appearing 30 times starting from the times-
tamp 10/29/2015 01:12:19. It is worth noting that, a curve in the
view of appearance patterns probably represents a continuous long-
time duration of merging multiple cameras where the same person
appeared. This merging process is based on the assumption that a
person is impossibly appearing in two cameras concurrently, except
the two cameras installed for monitoring the same area.

By taking the advantage of this fancy view of appearance patterns,
we can easily and quickly understand at a glance how the appearing
behaviour of a loiterer is. For example in Figure 1 (b), the female
in Rank 2 looks like that she appeared several times from the times-
tamp 10/28/2015 22:17:54, disappeared then, appeared again for
several times, disappeared again, and then kept appearing for many
times (about 70 times) from the timestamp 10/29/2015 00:56:17. In
this sense, the appearance pattern of a loiterer is intuitively repre-
sented in this view, thus easy for understanding.

Regarding detailed playback, the visualization will be prompted in
a popup window where a lightweight video clip will be replayed
from the selected and clicked timestamp on the curve, such as an ex-
ample shown in Figure 1 (c). As we know, the playback of original
raw video clips would be not practical due to very heavy network
traffic for video data transmission. Therefore, we propose to replay
only continuous frames where face features are extracted. This vi-
sualization design makes users possibly confirm the corresponding
video clips instantly where the loiterer appeared.

Figure 3: Discovery results of loiterer candidates; The person sim-
ulating as a pickpocket keeps loitering in multiple surveillance cam-
eras is discovered and ranked at No.1.

Implementations. The implementations of VisLoiter involves two
main developments: one is the backend at server side, the other is
the frontend at client side. The backend, including components of
face extraction, face matching, database storing, and loitering anal-
ysis, is implemented in C++ language on Linux OS. The frontend is
a web-based GUI for visualization. The modern development way
is adopted to implement a lightweight web-based GUI. The GUI is

implemented in javascript language using the well-known visual-
ization libraries D3.js [Myatt and Johnson 2011] and C3.js [Tanaka
2013] for drawing the curve of appearance patterns.

Sample results. As shown in Figure 2, the loiterer candidates
are visualized based on their appearance patterns depicted in con-
nected step lines. The playback of video clips are implemented
in a lightweight showing of continuous key frames extracted from
raw videos. Figure 3 shows the discovery results of loiterer candi-
dates in descending order of frequency ranking, which implicates
our proposed VisLoiter system can identify the most appropriate
candidate ranked at No.1.

System demonstration. Figure 4 demonstrates the system by com-
paring the naive method (left) and our method (right) for loitering
discovery. It is worth noting that our proposed method outperforms
the naive method around 100 times in terms of runtime.

Figure 4: System demonstration: the comparison between naive
method (left) and our method (right) for loitering discovery.

3 Conclusion and future work
We proposed a method for interactively visualizing the results of
loitering discovery, and implemented a system, named VisLoiter,
to provide the functionalities of analysis and visualization for loi-
tering behaviour in surveillance videos. In future, we aim to in-
tegrate the visualization of appearance patterns with a map to plot
the trajectory of a loiterer. It will be helpful to confirm the path of
move. We also plan to adapt machine learning to improve the per-
formance, and use temporal information to differentiate potential
loiterers from normal people who just happen to appear frequently.
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