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Abstract
Microblogs have dramatically changed the mechanism of information propagation, It has
been an inevitable issue for governments and enterprises to face the chal hat
microblogs bring to public safety management. Since 2010, a lot of emerg nts were

firstly reported in microblogs, and this trend is even becoming /more and inent. As
microblogs have shown much influence in public sa y&d sen anagement

governments and enterprises have to employ effectlve W nitQr an edlct emergent
events in microblogs; otherwise when emergent eve b 0gs h , they will be in a
passive situation and even the society’s stability wil ffecte on the properties of
microblog information and its diffusion, this paper preSents a survey on the events detection
from microblogs, and recent advances on some%velated % are especially focused and
discussed. Finally, we give a framework for detecti #o microblog platforms and its
key issues are discussed, which are exp@ bri ble references for the researches
in microblog information extraction. n\
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1. Introduction

Microblog has b fthe i tant medla for web users to express their opinions and
spread mterested ion ternet. According to a recent report posted by the
Chinese Netw; %matlon Center, the total number of Chinese microblog users has been
increased to O mikli d the increasing rate is highly over 290% [1]. The opening
and real-time tures roblog bring new challenges in the network information
management. As a r lot of public events have been initialized on the microblog
platforms and final me social hot spots. For example, as reported in the literature [2], in
2010 there are Z@ts originally posted in microblogs, which occupies 16% of the whole
138 events,Another study showed that in 2011 this percentage was extremely increased into
36% [3], %eams 36% of the whole hot events were originally reported on microblog
platfor @ a consequence, microblog has thoroughly changed the traditional information
qu ay. How to suit for the special properties of microblog has been an urgent and

i nt issue for both government and business.

his paper, we give a survey on events detection from microblog data stream. We
emphasize the traditional event detection methods as well as the state-of-the-art approaches in
event finding on microblog platforms. And on the basis of the survey, we finally present some
future research directions towards this area.

The remainder of the paper is structured as follows. Section 2 analyzes the properties of
microblog, as well as the challenges in microblog events detection. In Section 3, we discuss
the traditional methods for event detection from web. Section 4 explores the framework for
events detection from microblog messages, and the conclusions are in Section 6.
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2. Challenges of Events Detections on Microblog Platforms

Microblog is one of the new social network platforms boosted in recent years. Generally,
microblog has the following properties:

(1) There are a great number of microblog users in the Internet. This number, compared
with other types of social communication platforms, is rather a huge one. For
example, Twitter has over 100 million users and so do other microblog platforms
such as Sina Weibo and Tecent Weibo in China. Those users can generate a large
amount of information every day on the microblog platform.

(2) Microblog messages contain rich social network information. This is much different
from other types of information, which only present their content. On the contrast,
microblog users are connected each other on the microblog platforms via follewing,
reviewing, and reposting behaviors.

(3) Microblog messages are usually very fresh as many users will @ icroblog
message at the first time when they see or meet s eCial e . Afiother reason
for the real-time property of microblog is thab adays, sma ones are very

popular for people to post microblogs in ti
;Dportunix\;;ﬁ challenges for event
su

The special characteristics of microblog bring n
detection on the microblog platforms. Those op@nities ca marized as follows:

(1) As microblogs have the real-time pro@, events detefted from microblog messages
are usually more fresh and useful Qa‘f\ ose ffo ditional information sources such

as web pages. Users are enabl st e mation at a very early stage when
the event occurs. This be v@ usually than other media such as news portal
website or newspaper. .

(2) As there are a great.number of s@users on the microblog platform, who may
distribute among Ié’ scope o?ﬁg' raphical area, we are able to detect more useful
events from mj gs. On_tRe contrast, traditional events detection in new portal
websites depe the ent of news workers.

(3) As migrohklog has the=socidl network property, we are able to detect some special
@uch as events in a specific domain, events in a specific group,

events 1 micro
or events In a spec rea.

3. Events Det@ﬂ rom Web

3.1 Emerge ents Detection from Web Pages
Wit pid development of web technologies, web information has shown a dramatic
in on its data volume and data creation speed. How to utilize web information to

urst events has been a hot topic in recent years [9]. It has been validated that people
can ¢et more predictive information from web than from traditional ways. And a lot of real
systems have been designed according to this idea, including GPHIN [10], EMM [11], and
INSTEDD [12].

GPHIN (Global Public Health Intelligence Network) was first initialized by the Canada
Ministry of Hygiene [10]. GPHIN is well-known because of its prediction on the SARS event
in 2003. At that time, GPHIN detected that there were surprisingly increasing of respiratory
disease related queries on the web, and they finally reported this fact to the World Hygiene
Organization (WHO). GPHIN employs many information technologies to detect and track
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events related with hygiene. Those technologies include web search technologies, data mining,
automatic translation, information filtering, and so on. The typical working process of GPHIN
is semi-automatic which consists of an automatic machine processing stage and a manual
evaluating and analyzing stage. Particularly, it first obtains information from the Internet
based on some pre-defined search queries and performs filtering and refinement. After that, it
delivers the filtered information to experts for further evaluation and analysis. At present,
GPHIN is only focused on hygiene-related events.

EMM (Europe Media Monitor) was started by European Union in 2006 [11]. Its working
process is similar to GPHIN, except that it can monitor different types of media information
including terrorist, forest fire, hygiene provenance, and so on. The major technologies used in
EMM are information extraction and exploratory search. In detail, it first extracts information
elements from web pages and clusters them into topics, and then presents them ima news
exploring framework. Its major strong point is that it can support multiple types
such as English, Chinese, and French. Currently, it can support sixteen lang .\Basically,
EMM has not employed complicated algorithms in its implementation. T l@

EMM is the keyword-based textual search, and it maintai &%‘1,60 e S
used to match the crawled web pages during the informati nx‘tr tiop pro re.
INSTEDD (Innovative Support to Emergencies, D ahd Disast as first suggested

which are

by the famous doctor Larry Brilliant in 2008 [12]. It I goal establish an information
sharing and communication platform for early-warning informatiofnfocusing on hygiene and
diseases. INSTEDD was sponsored by Google.o% non-pr. le organization occupied by
Google. Also it got technical support from . The basig,[dea of INSTEDD is to offer a
information communication network f rs ity so as to realize information
interaction and resource sharing amo com fx simple example is as follows. A
doctor in South Asia reported a yer ial hea&se on the platform, and other experts
can quickly see this informatj@ ost thei,eomments and give suggestion for possible
treatment. Similar to GPHIN, In DD j ards hygiene area. As its technical support
is mainly from GPHIN, th lementatj nSTEDD is also similar to GPHIN.

In summary, all the entio g%stems have some limitations regarding the events
detection issue. Fi y all de d on the keyword-based textual search technology.
Second, they all anual iﬁ@ti s. And finally, they offer little support for Chinese
information ing and the deep understanding and modeling for events in Chinese

web pages. t
3.2 Topic DetectioFa@Tracking

Topic detecti d tracking (TDT) is a new research topic originated from 1990s.
TDT is heavidy retated with web information retrieval and web information extraction.
Presently is mainly focused on news webpages and its main task is to
automati recognize the border of news reports, to detect and track news topics, and
to @ multilingual analysis [4]. The tasks of TDT are formulated by several
i@es including DARPA, CMU, and Dragon Systems. The researchers from those
institltes also conducted early studies in this area [13].

Currently, most of TDT algorithms employ the clustering idea and different
clustering methods are used, such as Single-Pass Clustering, KNN, K-Means, and
Layered Clustering [13, 14]. A topic is usually represented as a centroid and organized
using a layered structure. Although there have been a lot of works focusing on TDT, the
effectiveness of TDT is still far to the requirements of real applications. For instance,
the Layered Clustering based TDT algorithm has been demonstrated to have the best
performance among the proposed algorithms, but previous studies showed that its
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precision cannot satisfy the needs in real applications [15]. One practical system using
the TDT technologies is Google News, in which the non-layered approaches for TDT
are used. However, the error rate of Google News when detecting topics is over 50%
[16].

Traditional TDT techniques cannot be applied directly for microblog messages. The
major reason is due to the length limitation of microblog messages, i.e., a microblog
message cannot exceed 140 characters. Traditional TDT methods are generally based on
some machine learning model which needs training on a corpus consisting long texts.
However, the short messages on the microblog platform will result in a poor model.

3.3 Event Detections from Microblogs

Recently, with the popularity of microblog service, there are also som Vc’h
works focusing on extracting events from microblog messages. Those WO%& be
classified into three types, namely specific events detection, specific e related

on [5, 6],
m to search
related events

events detection, and general events detection. For the spegific even
researchers used some special keywords such as e
microblog messages to find interested events. For

detection [7, 17], previous studies were similar pecifig events detection, i.e., it
issued special person names to detect person r even% the general events
detection, in the literature [8] the research roposed 4o find the hot keywords in
microblogs and then to further detect e@ln [19 % the TDT methods were
introduced to microblog event detecti oweve 0%e methods all used textual
words to represent events, and lacke ﬁm e description of events.

There are also some researches tratin |cr0blog opinions extraction [20-

23]. In general, it consists of ps to ec opinions from microblogs [20]. The
first step is to detect topic a cognlze ned sentences, and the second step is to
classify opinions into different polari ﬁ positive or negative. At the first step, we
need to detect the specif pic |n logs and associate the topic with opinioned
sentences. In the «p t, esearch used machine learning methods or statistical

approaches to ana e se |nformat|on hiding in web information [21, 22],
while on the _n g platfo traditional machine learning methods are often
with a Iow‘ on i |ment analysis. In addition, previous studies used hot
keywords to dentify and topics [23], which could introduce inconsistence
between events and ned sentences. For example, if we only use the keyword
“Olympic Games ntify events, we may associate the following sentences with the

event, but those entences reported different topics.
S1: Beij 008 Olympic Games was successful! (positive)
S2: Bona Olympic Games was awful. (negative)

ary, there are some problems existing in current microblog events detection,
w an be summarized as follows:

(1) A formal description of events on microblog platforms is lacked. Therefore, it is
difficult to detect different types of events from microblogs through a general
framework.

(2) Previous works focusing on specific events detection can reach a high precision,
while no effective ways were proposed for general events detection. As
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microblog messages are very short, traditional machine learning based methods
usually fail to extract useful textual properties from microblog messages.

(3) Existing microblog opinions extraction only used hot words to identify events,
which will introduce the inconsistence between events and opinioned sentences.
Some works only considered the textual contents in microblog messages and
neglected the social properties of microblog platforms. Generally, the reviewing
and reposting behaviors of users also have rich sentimental information.

4. A Framework for Events Detections from Microblogs

’NL fht ny‘

. result .

conﬂguratlon \ \
User Int@acé \< _/

Voo '

Ca
Microblogs Microblqg yler \'e'n’t Prediction

!

[\ 4
\% mlcroblog Event Detection

Flg@ The @Nork for events detection from microblogs

Based on the anzﬂaﬁ' on the related work, we propose a framework for events
detection and se analysis from microblog messages, as shown in Figure 1. The
framework mai onsists of three modules, namely microblog crawler and filtering,
microblog nts detection, and event prediction.

4.1 Mi g Crawler and Filtering

logs can be crawled by the search API provided by microblog platforms. For
e, Twitter as well Sina Weibo provides such APIs for users to get microblogs
freely.

For the filtering of microblogs, we can employ a measuring algorithm to evaluate the
quality of microblogs. Microblog quality evaluation can be done in terms of user aspect
and content aspect. According to the user-oriented microblog quality evaluation, the
user behaviors are used to tell whether a user is a spamming robot. According to the
content-oriented viewpoint, the microblog messages are used in the evaluation process,
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and different metrics can be applied for this purpose. Table 1 lists some basic metrics
for the quality evaluation of microblog content.

Table 1. Metrics used to evaluate the quality of microblog messages

No. Metric Description
1 Posting Date Microblog emphasizes on freshness, and outdated
microblogs usually contain duplicated contents.
2 Part of Speech Many microblogs contain only some modal words,
which are useless for events detection.
3 Originality Reposted microblogs are usually duplicate ‘
4 Text Length Long text may contain more informatigme
v

5 Hashtag If a microblog message gontains hashtags,
we usually cannot um&nd its ning.

4.2 Modeling Evolutional Events Q
Evolutional events consist of two kinds of ation, W\h are event information

and evolutional information. For this reason @ondue ject-oriented approach in
this paper to establish the representatl lutional € ts An evolutional event is
modeled as a triple: E = {EID, AD, the identifier of the event, AD
(Attribute Descriptor) describes the pro the event, i.e., those properties
that are not changing with t evelop escriptor) represents the dynamic
evolutional properties of the&
\r\\
An Evolutional Event X
To ‘0‘ MetaFvent [ " wesees T*| MetaEvent —

AL W T
FE e here why how who what whaere whp how who what where why how
Attribute

V
Descriptor (4D} ®

@;ure 2. The model for evolutional events

Ac@h this representation, the dynamic properties of an evolutional event can

be re as the temporal changes of the event. On the other hand, most evolutional

e related with locations. So we can model an evolutional event as a
sp emporal object, and construct a spatiotemporal model to represent the dynamic
evolutional properties of the evolutional events.

The spatial dimension in evolutional events usually refers to a location in a large
scale, e.g., Beijing or Shanghai. Besides, the spatiotemporal changes in the evolutional
event model are also different from those in traditional spatiotemporal data model. That
is, traditional spatiotemporal changes generally refer to the split, merge, or shape
change of a geographical object, while the evolution of event usually refers to the
beginning, development, end, and influence of an event.
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In this paper, we use an event-based spatiotemporal model to describe the evolutional
properties of public emergencies. An event-based spatiotemporal model looks each
spatiotemporal change as an event and constructs a series of events according to the
time dimension to represent the whole spatiotemporal changing history of the object. In
this paper, we define each evolutional event, which is detected from Web pages, as a
Meta Event, and build the Meta Event List to represent the evolutional process of the
event (as shown in Figure 2). Each meat event represents a specific state of the event.
The spatial attribute is defined in the meta event using a where element. We also
maintain the temporal relationship between a meta event with its previous and succeed
state.

4.3 Microblog Events Detection .

As described in Figure 2, we have to solve two key issues for events deteWm
microblog messages: meta event detection and evolution model formulatign

*
Microblo? i
Database Time and Loc
Extractio “--*‘\ e
Word

Segmentation Who
Vhat
How
Why

\\ng\-@xtractmg meta events

Figure 3 ‘ he pro of extracting meta events. As microblogs are very short,
we directly e PO of Speech) tagging and grammar analysis to extract the
description of WHO/ OW/WHAT. For time and location extraction, we can use
previous works and location extraction to obtain the information about
WHEN/WHERE@?].

After extracting the meta events, we first cluster the meta events according to topic
words, an&#\er organize them into the evolutional model shown in Figure 2. The

critical i is how to cluster the meta events. We propose a topic gene based
algori or this purpose. The algorithm is shown in Figure 4. A topic gene refers to
t O/WHAT/WHERE/WHEN elements in meta events. We found that
W HAT is more important in describing the topics of events. Moreover, the

WHO/WHAT words are usually nouns, verbs, adjectives, time words, and numbers.
Therefore, we represent the meta events in terms of topic genes, and then compute the
cosine similarity among meta events to get the final clusters.
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Algorithm: EventDetection
Input: the set of meta events, M

Output: a set of clustered events, E = [E1, E2, ..., En], in which Ei = <P, Mi>. P is the
topic of the cluster, Mi is the set of clustered meta events.

Procedure:
For each Mi in M do
1. Determine the topic genes of Mi, i.e., WHO/WHAT/WHEN/WHERE
2. POS tagging for the topic genes \/
3. Merge topic genes and form the topic strings ?“
4. Compute the weights of topic strings 0
5. Normalize the weights and output the topic s or MI
End For
Compute the cosine similarity between the meQents ba\Q the topic strings
Classify meta events into E = {E1, E2 the vents are ordered in Ei
Ei.P = The WHO and WHAT words lth hi %e

Return E \% s\\

End Event Detection

rm frequency

Figure 4. Evénts W based meta events

4.3 Microblog Even;s

Event predlct to decision support for real applications. It has to
solve two ke S: event selection and prediction model.

For even* classify all the events into three types, namely macro
economical e S, m|c nomical events, and social events. The macro economical
events refer to those nfluencing macroeconomics, such as consumers’ confidence

and industry dev trend. The micro economical events are those related with
specific busines&mzatlons such as sales of cars, prices of merchants, and so on.
The socialyeyents*are those involving social community, such as educational events,
touring, z&ﬂ

For ediction models, the regression model can be used to predict the future
e% is is mainly because the prediction model has to be widely evaluated in real

a tions. Therefore, in real world we usually use some classical models in statistics.

5. Conclusions

Microblogging service has been a hot topic in recent years. In this paper, we
analyzed the challenges of microblog events detection, and gave a survey on the recent
advances on microblog events detection, based on which a framework for microblog
events detection was proposed. The detailed architecture as well as the key modules
was discussed in the paper.
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In the future works, we will concentrate on the implementation of the proposed
system, especially on the realization and performance evaluation of the key algorithms.
Another work is to apply the system into some real business area to demonstrate its use
in real applications.
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