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Abstract—Many researches on mining the Web, especially
CGM (Consumer Generated Media) such as Weblogs, for
knowledge about various phenomena and events in the real
world have been done actively, and Web services with the Web-
mined knowledge have begun to be developed for the public.
However, there is no detailed investigation on how accurately
Web-mined data reflect real-world data. It must be problematic
to idolatrously utilize the Web-mined data in public Web
services without ensuring their accuracy sufficiently. Therefore,
this paper defines the basic Weblog Sensor, the temporal-
shifted Weblog Sensors, and the temporal-propagated Weblog
Sensors, and tries to validate the potential and reliability
of these Weblog Sensors’ spatio-temporal data by measuring
the correlation with weather (precipitation and temperature)
statistics of Japan Meteorological Agency as real-world data.

Keywords-Web mining; Web credibility; Web sensors; knowl-
edge extraction; information credibility; search engine indices;

I. INTRODUCTION

In recent years, how to make physical spaces smarter has
become one of the hottest topics in the research field of
ubiquitous/pervasive computing. Smart Spaces [1] are often
physically isolated environments such as rooms, which are
made smart by various information communication tech-
nologies. They would be much more convenient for infor-
mation access in the future. Meanwhile, information security
has also become very significant in any situation, especially
in public places such as indoor work places, educational
facilities, healthcare centers and so on. The amount of
physical or virtual information resources which should be
protected in the physical world grows exponentially.

Physical environments are becoming smart but not always
secure. When a virtual (computational) information resource
is requested to access by a user via an output device,
conventional access control systems make a decision on
whether the user should be granted or denied to access
the resource based on its access policies and surely en-
force the access decision. However, even if the requester
is authorized by it, it should not be immediately offered
to her via the output device, because there might be its
unauthorized users as well as the authorized requester around
the output device, especially in public places. A user trying
to visit a physical environment might in turn be unexpectedly

exposedto her unwanted information access. For example,
although she does not want to know about the results of
a football game that she had recorded on video to watch
later, she unfortunately encounters it in her train. Meanwhile,
when a user enters a physical environment, the user might
hate its real characteristics (e.g., degrees of dismal and
danger) and/or be forced to access her unwanted information
resources unexpectedly. This paper proposes a method to
extract information for making access or entry decisions in
Secure Spaces from very large text corpora such as the Web,
especially the Weblog, and also improve my Secure Spaces
[1] by adding the concept of the Weblog Sensors, in order
to enable users to specify their access policies by keyword-
based expressions about their unwanted physical spaces.

The former Web world did not have a familiar relationship
with the real world, and it is not too much to say that the
former Web world was isolated and independent of the real
world. But in recent years, the explosively-growing Web
has had more and more familiar relationship with the real
world as the use of the Web, especially CGM (Consumer
Generated Media) such as Weblogs, WOM (Word of Mouth)
sites, SNSs (Social Networking Services), has become more
popular with various people without distinction of age/sex.

Many researches on mining the Web, especially CGM
(Consumer Generated Media) such as Weblogs, for knowl-
edge about various phenomena and events in the real world
have been done very actively. For example, opinion and
reputation extraction [2], [3] of various products and services
provided in the real world, experience mining [4], [5] of
various phenomena and events held in the real world, and
concept hierarchy (semantics) extraction such as is-a/has-a
relationships [6], [7] and appearance (look and feel) extrac-
tion [8], [9] of real objects in the real world. Meanwhile,
Web services with the Web-mined knowledge have begun
to be developed for the public, and more and more ordinary
people actually utilize them as information for choosing
better products, services, and actions in the real world.

However, there is no detailed investigation on how accu-
rately Web-mined data about a phenomenon or event held
in the real world reflect real-world data. It is not difficult
for us to extract some kind of the potential knowledge data
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from the Web by using various text mining techniques, and
it might be not problematic just to enjoy browsing them. But
while choosing better products, services, and actions in the
real world, it must be problematic to idolatrously utilize the
Web-mined data in public Web services without ensuring
their accuracy sufficiently.

This paper defines three kinds of Weblog Sensors [10] to
mine the Web, especially CGM such as Weblog documents
for spatio-temporal data about a target phenomenon (e.g.,
precipitation and temperature) in the physical world:

• the basic Weblog Sensor ws(s, t, kw) based on the
frequency of Weblog documents searched by a keyword
kw (e.g., a Japanese noun “ame” and a Japanese
adjective “atsui”) representing the target phenomenon
and restricted to a space s (e.g., 47 prefectural capitals)
and a time period t (e.g., a day or a month) with a basic
assumption that almost all Weblog documents described
at a time period t are about the present period t,

• the temporal-shifted Weblog Sensors wsd(s, t, kw) with
a temporal shift parameter d (days) to utilize Weblog
documents described at a time period t about not the
present period t but the past or the future period t + d,

• the temporal-propagated Weblog Sensors wsσ(s, t, kw)
with a single temporal propagation parameter σ, and
wsσb,σa(s, t, kw) with double temporal propagation pa-
rameters σb before a time period t and σa after the
time period as a standard deviation of the Normal
Distribution to utilize Weblog documents described
about not only the present but also the past or the future.

And then this paper tries to validate the potential and
reliability of these Weblog Sensors’ spatio-temporal data by
measuring the (average) correlation coefficient with weather
(precipitation and temperature) statistics of JMA (Japan
Meteorological Agency) [11] as real-world data.

II. SECURE SPACES

To build Secure Spaces in the real world by using space
entry control based on their dynamically changing contents
such as their visitors, physical/virtual information resources
via their embedded output devices, each Secure Space re-
quires the following facilities (as shown in Figure 1).

• Space Management: is responsible for managing a Se-
cure Space, i.e., for constantly figuring out its contents
such as its visitors, its embedded physical information
resources and virtual information resources outputted
via its embedded output devices and also for ad-hoc
making an authorization decision on whether an entry
request to enter the Secure Space by a visitor or a
physical/virtual information resource should be granted
or denied, and for notifying the entry decisions to the
Electrically Lockable Doors or enforcing entry control
over virtual information resources according to the
entry decisions by itself.

• User/Object Authentication: is responsible for authen-
ticating what physical entity such as a user or a physical
information resource requests to enter or exit the Secure
Space (e.g., by using Radio Frequency IDentification or
biometrics technologies) and also for notifying it to the
Space Management.

• Electrically Lockable Door: is responsible for elec-
trically locking or unlocking itself, i.e., for assuredly
enforcing entry control over physical entities such as
users and physical information resources, according to
instructions by the Space Management.

• Physically Isolating Opaque Wall: is responsible for
physically isolating inside a Secure Space from outside
there with regard to information access, i.e., for validat-
ing the basic assumption that any user inside a Secure
Space can access any resource inside the Secure Space
while any user outside the Secure Space can never any
resource inside the Secure Space.

To protect us from our unwanted characteristics of physi-
cal spaces as well as our unauthorized contents, the follow-
ing additional facilities are required.

• Real Sensor: is responsible for physically sensing
inside a Secure Space for its real characteristics to
make access decisions in the Secure Space and also
for notifying the sensor data stream to the Space
Management. For example, thermometers, hygrometers,
(security) cameras.

• Weblog Sensor: is responsible for logically sensing
the Weblog for the approximate characteristics of each
Secure Space to make access decisions in the Secure
Space and also for notifying the Web-mined data to the
Space Management. Note that any Secure Space does
not have to equip the extra devices unlike Real Sensors.
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III. METHOD

This section constructs three kinds of Weblog Sensors
to mine the Web, especially Weblog documents for spatio-
temporal data about a target phenomenon in the physical
world (e.g., “precipitation” and “temperature”). First, I de-
fine the basic Weblog Sensor with a geographical space s
(e.g., 47 prefectural capitals in Japan such as “Tokyo” and
“Kyoto”), a time period t (e.g., a day such as “2007/1/1” and
“2009/12/31”), and a keyword kw (e.g., “ame” and “atsui” in
Japanese that mean “rain” and “hot” in English respectively)
for a target phenomenon. Next, I define the temporal-
shifted Weblog Sensors with a temporal shift parameter
d (days). Last, I define the temporal-propagated Weblog
Sensors with a temporal propagation parameter σ or with
temporal propagation parameters σb and σa.

First, the value ws(s, t, kw) indicated by the basic Weblog
Sensor with a geographical space s, a time period t, and a
keyword kw for a target phenomenon is defined as follows:

ws(s, t, kw) := bft([s AND kw]),

where bft([q]) stands for the Frequency of weBlog docu-
ments searched by submitting the query q with the custom
time range t to Google Blog Search [12].

Next, the value wsd(s, t, kw) indicated by the temporal-
shifted Weblog Sensor with a temporal shift parameter d
(days), a geographical space s, a time period t, and a
keyword kw for a target phenomenon is defined as follows:

wsd(s, t, kw) := ws(s, t + d, kw).

Last, the value wsσ(s, t, kw) indicated by the temporal-
propagated Weblog Sensor with a temporal propagation
parameter σ, a geographical space s, a time period t, and a
keyword kw for a target phenomenon is defined as follows:

wsσ(s, t, kw) :=
∑
∀d

wsd(s, t, kw) · pσ(d),

pσ(d) := N(0, σ, d),

N(µ, σ, d) :=
1√
2πσ

exp
(
− (d − µ)2

2σ2

)
,

where N(µ, σ, d) stands for the Normal Distribution with
an average µ and a standard deviation σ. In the below-
mentioned experiment, ∀d is restricted to [−30, 30].

The another value wsσb,σa(s, t, kw) indicated by the
temporal-propagated Weblog Sensor with a temporal propa-
gation parameter σb before a time period t, the other σa after
the time period t, a geographical space s, and a keyword kw
for a target phenomenon is defined as follows:

wsσb,σa(s, t, kw) :=
∑
∀d<0

wsd(s, t, kw) · pσb(d)

+ ws0(s, t, kw) · pσb(0) + pσa(0)
2

+
∑
∀d>0

wsd(s, t, kw) · pσa(d).
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Figure 2. JMA’s Precipitation and Temporal-Shifted Weblog Sensors
wsd(s, t, kw), s=“Tokyo”, kw=“ame” (“rain” in English).

Figure 2 shows the JMA’s precipitation, the basic Weblog
Sensor ws0(s, t, kw) = ws(s, t, kw), the temporal-shifted
Weblog Sensors ws−3(s, t, kw) and ws3(s, t, kw) using a
Japanese noun “ame” (“rain” in English) as a representation
of the target phenomenon “precipitation” in s = “Tokyo” on
t = January 1st to 31st, 2007.

Figure 3 shows examples of the probability pσ(d) with a
temporal propagation parameter σ, or temporal propagation
parameters σb before a time period and σa after the time
period for the temporal-propagated Weblog Sensors.

Figure 4 shows the JMA’s temperature, the basic Weblog
Sensor ws(s, t, kw), the temporal-propagated Weblog Sen-
sors ws1(s, t, kw) = ws1,1(s, t, kw) and ws15,0.5(s, t, kw)
using a Japanese adjective “atsui” (“hot” in English) as a
representation of the target phenomenon “temperature” in a
space s = “Kyoto” on t = December 1st to 31st, 2007.
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IV. EXPERIMENT

This section shows several experimental results to vali-
date the basic Weblog Sensor, the temporal-shifted Weblog
Sensors, and the temporal-propagated Weblog Sensors in the
case of the target phenomenon “precipitation” or “tempera-
ture” in the real world. The whole experiments evaluate the
correlation coefficient between real statistics by JMA (Japan
Meteorological Agency) [11] as a physical sensor and spatio-
temporal data mined by the proposed Weblog Sensors.

Figures 5 to 8 show the average of correlation coefficient
between the JMA’s precipitation and the temporal-shifted
Weblog Sensor wsd(s, t, kw) with a temporal shift parameter
d (days) using a Japanese noun “ame” (“rain” in English)
as a positive correlated keyword to the target phenomenon
“precipitation”, a Japanese noun “hare” (“shine” in English)
as a negative correlated keyword to the target phenomenon
“precipitation”, and Japanese adjectives “samui” and “atsui”
(“chill” and “hot” in English) as noncorrelated keywords to
the target phenomenon “precipitation” for each space s ∈
47 prefectural capitals in Japan and each day t ∈ January
1st, 2007 to December 31st, 2009.

In only Figure 5 from among these four figures, the
temporal-shifted Weblog Sensor with only d = 0 which is
equivalent to the basic Weblog Sensor shows positive corre-
lation with JMA’s precipitation to some extent, the temporal-
shifted Weblog Sensors with d ∈ {−1, 1} show a little
positive correlation, i.e., the temporal shift parameter d is
ineffective to improve the correlation of the Weblog Sensor
at least in the case of the target phenomenon “precipitation”.

Figures 9 to 12 show the average of correlation coefficient
between the JMA’s temperature and the temporal-shifted
Weblog Sensor wsd(s, t, kw) with a temporal shift d (days)
using a Japanese adjective “atsui” (“hot” in English) as
a positive correlated keyword to the target phenomenon
“temperature”, a Japanese adjective “samui” (“chill” in
English) as a negative correlated keyword to the target
phenomenon “temperature”, and “ame” and “hare” (“rain”
and “shine” in English) as noncorrelated keywords to the
target phenomenon “temperature” for each space s ∈ 47
prefectural capitals in Japan and each day t ∈ January 1st,
2007 to December 31st, 2009.

In Figure 9 among these four figures, the temporal-
shifted Weblog Sensor with any d shows much more positive
correlation with JMA’s temperature than in the case of
the target phenomenon “precipitation”, but gives the best
performance when d = 0. Meanwhile, in Figure 10 among
these four figures, the temporal-shifted Weblog Sensor with
any d shows negative correlation with JMA’s temperature to
some extent, and gives the best performance when d = −15.
So, the temporal shift parameter d has a possibility to
improve the correlation of the Weblog Sensor at least in
the case of the target phenomenon “temperature”.
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Figure 5. Average Correlation between JMA’s Precipitation and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“ame” (“rain” in English).

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

-15 -10 -5 0 5 10 15

C
o

r
r
e
la

ti
o

n
 C

o
e
ff

ic
ie

n
t

Time Shift d (days)

MAX

AVG

MIN

Figure 6. Average Correlation between JMA’s Precipitation and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“hare” (“shine” in English).
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Figure 7. Average Correlation between JMA’s Precipitation and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“atsui” (“hot” in English).
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Figure 8. Average Correlation between JMA’s Precipitation and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“samui” (“chill” in English).
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Figure 9. Average Correlation between JMA’s Temperature and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“atsui” (“hot” in English).
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Figure 10. Avg. Correlation between JMA’s Temperature and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“samui” (“chill” in English).
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Figure 11. Avg. Correlation between JMA’s Temperature and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“ame” (“rain” in English).
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Figure 12. Avg. Correlation between JMA’s Temperature and Temporal-
Shifted Weblog Sensor wsd(s, t, kw), kw=“hare” (“shine” in English).

Figure 13 shows the average of correlation coefficient be-
tween the JMA’s precipitation and the temporal-propagated
Weblog Sensor wsσ(s, t, kw) with a temporal propagation
parameter σ using a Japanese noun “ame” (“rain” in English)
as a keyword representing the target phenomenon “precipi-
tation” for each space s ∈ 47 prefectural capitals in Japan
and each day t ∈ January 1st, 2007 to December 31st, 2009.

Figure 14 shows the average of correlation coefficient be-
tween the JMA’s precipitation and the temporal-propagated
Weblog Sensor wsσb,σa(s, t, kw) with temporal propagation
parameters σb before a time period t and σa after the time
period t using a Japanese noun “ame” (“rain” in English) as a
keyword representing the target phenomenon “precipitation”
for each space s ∈ 47 prefectural capitals in Japan and each
day t ∈ January 1st, 2007 to December 31st, 2009.

These figures show that the basic Weblog Sensor
ws(s, t, kw) is superior to any temporal-propagated We-
blog Sensor wsσb,σa(s, t, kw) in the case of the tar-
get phenomenon “precipitation” and that the basic We-
blog Sensor is followed by the temporal-propagated
Weblog Sensor ws0.4,0.5(s, t, kw), ws0.3,0.4(s, t, kw), and
ws0.5,0.6(s, t, kw) (i.e., the performance of the temporal-
propagated Weblog Sensors is not monotonic decreasing
dependent on σ, σa, or σb).
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Figure 13. Average Correlation between JMA’s Precipitation and Spatio-
Temporal Weblog Sensor with Single Temporal Propagation Parameter σ,
wsσ(s, t, kw), kw=“ame” (“rain” in English).
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Figure 15 shows the average of correlation coefficient
between the JMA’s temperature and the temporal-propagated
Weblog Sensor wsσ(s, t, kw) with a temporal propagation
parameter σ using a Japanese adjective “atsui” (“hot” in
English) as a representation of the target phenomenon “tem-
perature” for each space s ∈ 47 prefectural capitals in Japan
and each day t ∈ January 1st, 2007 to December 31st, 2009.

Figure 16 shows the average of correlation coefficient
between the JMA’s temperature and the temporal-propagated
Weblog Sensor wsσb,σa(s, t, kw) with temporal propagation
parameters σb before a time period t and σa after the time
period t using a Japanese adjective “atsui” (“hot” in English)
as a representation of the target phenomenon “temperature”
for each space s ∈ 47 prefectural capitals in Japan and each
day t ∈ January 1st, 2007 to December 31st, 2009.

These figures show that any temporal-propagated Weblog
Sensor wsσb,σa(s, t, kw) is superior to the basic Weblog
Sensor ws(s, t, kw) in the case of the target phenomenon
“temperature” unlike the case of the target phenomenon
“precipitation”, that the temporal-propagated Weblog Sensor
ws20,20(s, t, kw) = ws20(s, t, kw) gives the best perfor-
mance and gains about 25% of the basic Weblog Sensor,
and that the performance of the temporal-propagated Weblog
Sensors is monotonic increasing dependent on σ but not
always monotonic increasing dependent on σa, or σb.
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Figure 15. Average Correlation between JMA’s Temperature and Spatio-
Temporal Weblog Sensor with Single Temporal Propagation Parameter σ,
wsσ(s, t, kw), kw=“atsui” (“hot” in English).
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Figure 16. Average Correlation between JMA’s Temperature and Spatio-
Temporal Weblog Sensor with Temporal Propagation Parameters σb & σa,
WeblogSensorσb,σa

(s, t, kw), kw=“atsui” (“hot” in English).

V. CONCLUSION

This paper has defined three kinds of Weblog Sensors to
mine the Weblog documents as CGM (Consumer Generated
Media) for spatio-temporal data about a target phenomenon
(e.g., precipitation and temperature) in the real world: the
basic Weblog Sensor, the temporal-shifted Weblog Sensors,
and the temporal-propagated Weblog Sensors. And also
this paper has validated some potential and reliability of
these Weblog Sensors’ spatio-temporal data by measuring
the correlation coefficient with weather (precipitation and
temperature) statistics of Japan Meteorological Agency as
real-world data.
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