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ABSTRACT

We often sense the mood around us, for example, in a cozy
restaurant, in a pleasant park, in a tense classroom, and so
on. Such mood can a ect our behavior, thus is important
to build context-aware ubiquitous computing applications .
However, there is no common model to recognize mood in
the real world. In this paper, we propose the metrics to
represent mood, and a system, called MOLMOD, for mood
acquisition. We de ne mood as 'the mass of feelings that
we have in a particular place”. MOLMOD distinguishes the
feelings based on human vital information. The paper shows
our study of the feeling-based mood calculation, and the
initial prototype system that uses wearable vital sensors t o
acquire feelings. It then shows, based on experiments, that
our feeling-based approach can actually represent the mood
in several di erent places.

Categories and Subject Descriptors

H.1 [Models and Principles ]: User/Machine Systems|
Human information processing ; J.4 [Social and Behav-
ioral Sciences ]: Psychology
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1. INTRODUCTION

We often sense mood in places in our daily lives, and it can
be used as one of the factors to extract context of users in
the places. For example, if a computer system can detect the
mood of co ee shops (e.g., relaxed, cozy, noisy, etc) arounda
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user in a city, the system might recommend one based on the
user's desired mood. If the system can detect the mood of
a meeting (e.g., tense, active, etc), the system could recod
the mood as a piece of life log information. If it can sense
the mood of a home (e.g., fun, pleasure, etc), the system
would control home information appliances, such as a music
player, automatically to augment the mood. Such a mood
detection system, thus, is needed to create human-centered
context-aware applications.

There have been several works to this extent. Our previous
work is on a mood modeling and visualization system using
vital information[1]. It classi es user's feelings in four dif-
ferent colors on a map using vital data. "SHOJI" is another
system that visualizes mood[2]. It expresses the mood by
analyzing user's emotion, and visualizes the emotion and en
vironmental data using lights of a terminal. Another study
tries to acquire the mood using voice information in a meet-
ing[3]. ComSlipper measures emotion, presence, and users'
thought, and sends messages to other persons[4]. However,
these researches acquire mood in limited situations. That is
to say, we have not established a system that can acquire
mood in daily situations.

In this study, we focus on availability of moods and try to
construct a new technique for mood acquisition. We de ne
that mood is described by proportions of feelings that peo-
ple have in a certain situation. In this paper, we propose
a system called '"MOLMOD" that models mood of a place
with feelings of humans gathered by vital sensors attached
on humans. We then evaluate correctness of the de nition,
and suitability of the technique to acquire feelings. In the
rest of the paper, we de ne mood in Section 2, and pro-
pose the system in Section 3. We describe the evaluation in
Section 4, and conclude the paper in Section 5.

2. DEFINITION OF MOOD

This section shows the abstraction of mood, and basic algo-
rithm to detect it.

2.1 Abstraction of Mood

There are a number of factors that in uence the mood. For
example, environmental conditions, such as the brightness,
the temperature, and the noisiness, may a ect the mood
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Figure 1: Procedure of Mood Acquirement
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Figure 2: Russell's Model

of the place. Physical existence may do so, too: e.g., events
such that some are ghting one another, certain objects such
as oriental antique furniture, or particular people like ou r su-
pervisor. These factors are, however, make the mood anal-
ysis complex, since observing each of these completely in a
computer system is di cult.

We abstract a mood in a place as the mass of feelings that
people have there, since these factors also in uence the fek
ings strongly. Assuming this, we nd two steps shown in
Fig.1 toward acquiring moods as digital data. The rst is
detecting people's feelings. In this step, a mood acquisition
system detects the feeling of each person. We use vital sen-
sors for this, and detail the system in Section 3. The second
is calculating the mass of the detected feelings. This calcu
lation is done based on the Russel's circumplex model [9].
The result of these steps is a numeric metric that describe
the mood in a place.

2.2 Mood Description by Feelings

There are many theories[5][7][8][9] about classi cation of
feelings. Among them, we use Russell's circumplex model
for our feeling model. Russell explains that each of us mon-
itors the current psychological state of other people in our

face-to-face encounters[9]. We inevitably judge how happy
or unhappy, and how sleepy and agitated others appear.
The model shows how a feeling can be classi ed by these
two dimensions. Based on the Russell's idea, we extract the
following eight feeling as the major dimensions to calculate
moods (feeling model: Fig3): surprise, excitement, happi-

ness, calmness, sleepiness, depression, sadness, and sse
fulness.

Based on the feeling model, we de ne mood as propor-
tions of the eight feelings of all people in a place. The cal-
culation is conducted as follows. First, each dimension of
the feeling model has a discrete scale. Second, a person's
feeling is detected along the pleasure and arousal dimen-
sions. We use skin temperature and heart rate sensors for
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the detections respectively. Section 3 details how we do
this. Let us suppose, for example, a case where a user's
happiness(pleasure dimension) is 6 and surprise(arousal d
mension) is 4. Then, as shown in Fig.4, the distance between
the origin and the point, and those from the nearest two axes
are calculated. We then acquire the feeling proportion; in
this case, the system recognizes user's feeling as 5.34 exer
ment and 1.88 happiness. Finally, mood is calculated as a
proportion of the feeling of all people in the place. After
calculating these feelings proportions, it sum up the datat o
acquire the mood(Tab.1). In this way, the mood is described
by proportions of 8 feelings.

3. MOLMOD SYSTEM

The major issue in this study is detecting feelings of people.
This section describes a system called "MOLMOD: MOod
Labeling and MODelling based on vital information”. It
uses wearable vital sensors, and translates sensor reading
into the value in the feeling model.

3.1 Feeling Distinction using Vital Information
MOLMOD system uses vital information to judge arousal
and pleasure levels. These years, research on emotions has
revealed the relationship between changes in emotion and
vital information. Studies have shown that skin temper-
ature rises when we have a positive feeling, and declines
when we have a negative feeling[6]. A pulse increases on
tensed/excited feeling, and decreases on relaxed/sad feel
ing[7][8]. We thus use skin temperature and pulse to detect
pleasure and arousal levels respectively.

The system maps skin temperature and pulse, respectively,
on the horizontal and vertical axes of the feeling model as
shown in Fig.5. The origin of the graph represents a person's
normal values of skin temperature and pulse. It calculates
the normal value of pulse from the average of a day, and that

Stress: 5%
Excitement: 10%
Happiness: 28%

Surprise: 5%

Table 1: Mood Data

Calmness: 25%

Depression: 2%
Sadness: 5%

Sleepiness: 20%
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Figure 5: Feeling Distinction Model

Figure 6: Sun SPOT Figure 7: RF-ECG

of skin temperature from the average of temperature di er-
ence between skin and the air. The actual value of arousal
and pleasure levels at a certain moment are achieved from
the di erence between the recorded values and the normal
ones. The di erence values are discretized with the unit of
two beats for the pulse, and 0.18 Celsius degrees for the skin
temperature.

3.2 Wearable Vital Sensors
To reduce user's stress, the system distinguishes feelingsis-
ing wearable vital sensors. Recent years, many researchers

have tried to analyze user's feeling using vital informatio n[6][7][8].

Some of them used the change of vital information using
large vital sensors, and other used cameras to analyze facib
expression. However, these technique limits user's actionin
that the users are forced to carry large sensors, or they need
to be in the camera’'s xed angle. Therefore, we use wearable
vital sensors because the system should be able to recognize
feelings in our daily lives.

We chose to use an RF-ECG made by Medical Electronic
Science Institute Co,. Ltd.(Fig.7) for pulse detection. RF -
ECG can measure electrocardiogram, skin temperature, and
accelerate. It sends sensor data to a PC where a software
calculates the average value of a minute and send the data
to our system. We also use SunSPOT made by Sun Mi-
crosystems Inc.(Fig.6) with an additional air temperature
sensor, which is used to calculate the temperature di erence
between skin and the air. SunSPOT inputs the sensor read-
ings and transmit them every 10 seconds to the PC where
our system is running. The system calculates the average of
temperature di erence every minute.

4. EVALUATION
We evaluate the de nition of mood and the technique of
feelings acquisition.

4.1 Relationship between Feeling and Mood
In this paper, we abstracted a mood as mass of feelings
of people in a place. We rst evaluate correctness of this
abstraction.
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4.1.1 Experiment Methodology

We have done the experiment in the following four di erent
places in Japan: at the Miura beach, in a windsur ng school,
in a pastry shop, and at an author's home. During this
experiment, we ask each examinee about his/her current
feeling, and map it on the feeling model. We then calculate
the proportions of eight feelings from the gathered feelings
data. The proportions mean the mood in the corresponding
place. Examinees are nally asked to rate the accuracy of
the calculated mood on a scale of one to ten. We use average
ratings as the metric of correctness. Higher value thus means
our abstraction of mood correctly represents the real world .

4.1.2 Results and Discussion

Figure 8 shows the mood observed at Miura beach. The
beach is closed (swimming is prohibited due to high waves)
at the moment of examination. We observed much happi-
ness, calmness, and excitement, and a little depression and
sadness. Similarly, Figure 9, 10, and 11 shows the mood
observed in other places. Table 2 shows the result of eval-
uation done by the examinee in terms of the correctness of
mood shown above. The number of examinees are shown
in arcs, while the former number is those attended to feel-
ing observation, and the latter is those attended to mood
evaluation. We observed good scores in three cases, Miura
beach, windsur ng school, and pastry shop. However, the
result is unexpectedly low in the home. We consider this
result is caused by the existence of small number of bipo-
lar feelings. Opposite case is the windsur ng school, where
small number of similar feelings resulted a very high rating
(9.67) against the mood there. The method worked well in
the Miura beach where many people exist. Therefore we
can conclude that the proposed abstraction of mood well
represents the real world in most cases.

4.2 Feeling Acquisition
In this section, we evaluate our system in terms of feeling
acquisition using vital sensors. We examine the use of two



| Situation | Average of Results |
Miura Beach 8.50(19, 8)
Windsur ng School 9.67(2, 3)
Pastry Shop 7.83(5, 6)
Home 4.00(2,3)

Table 2: Accuracy of Moods

Figure 12:
by Daily Ave.

Daily Mood Figure 13: Daily Mood

by Music Ave.

di erent normal values and discuss the e ectiveness of the
use of vital sensors.

4.2.1 Experiment Methodology

This experiment involves only one examinee, and collect his
skin temperature and pulse at his laboratory o ce for two
days. The system is examined with the following two types
of calibrated normal values: long-term calibration and sho rt-
term calibration. Long-term (Daily Ave.) is the average of
vital sensor readings in a day, and short term (Music Ave.)
is the average of those while listening to the music for 10
minutes. The former contains values that are resulted by
multiple di erent practical activities of the examinee, wh ile
the latter contains those resulted by asking him to be calm
during the calibration. Throughout the test, the system ac-
quired 5 moods in di erent situations; daily mood, before
the submission of bachelor's thesis, playing the game, slee-
ing, and watching the video. Readers should be noted that
experiments with more examinees is in progress.

4.2.2 Resultand Examination

Figure 12 shows the spread of daily moods using the long-
term (daily) calibration, while Figure 13 shows that using
the short-term calibration. Table 3 shows color mappings.
First, one can see that the amount of observed moods di er
according to the normal value. The average skin tempera-
ture di ers between Daily Ave. and Music Ave., therefore
these methods make di erence to the pleasure dimension.
Also, we can't de ne validity of calculation for normal vita |
information through the test. For example, the system with
the method of Daily Ave. recognizes stress at the situation
of the submission. However, Music Ave. have high validity
in the other situation. In addition, feeling distinction la cks
in validity, because sad feelings were recognized when the
examinee felt happy watching the video. We discuss their
causes as follows.

Acquisition of user's normal data

User's normal skin temperature value di ers between
1st and 2nd method, so normal data in uences the
results of acquisition mood. However, validity of 2

Stress: Black Calm: Green
Excitement: Pink Depression: Gray

Happy: Yellow Sad: Blue

Surprise: Red Sleepy: Water Blue

Table 3: Mood Color

methods are changed by the situation. Further exper-
imentation is required to acquire normal vital value.

Distinct pleasure or displeasure

Experiment was successful in distinguishing the state
of arousal / sleepy based on pulse value. However, skin
temperature couldn't distinguish pleasure/displeasure
accurately. Therefore, we need to experiment more
about the relationship between feeling and the change
of skin temperature, and discuss the use of other vital
information.

5. SUMMARY

We proposed the MOLMOD system as a rst step for mood
acquisition. This system distinguishes user's feeling, and
acquires the mood in proportion of eight feelings. We eval-
uated the accuracy of the de nition that mood is the mass
of feelings. In addition, we discussed the issues of feeling
distinction. We are currently evaluating further on feelin g
acquisition using vital sensors with more examinees. We al
consider the use of other information to acquire feelings such
as heart rate variability, acceleration, and facial expres sion.
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