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Abstract In this paper, we propose a context-aware food recommendation system
for well-being care applications. The proposed system, called u-BabSang, provides
individualized food recommendation lists at the dining table, and is based dietary ad-
vice in the typical Korean medical text. Our proposed system receives a user’s profile,
physiological signals, and environmental information around the dining table in real
time. To operate our system, we present a method for user specified analysis, and
also describe time-division layered context integration which integrates the multiple
contexts obtained from the sensors. Thus, our system recommends appropriate foods
for each individual’s health at the table in real time.

Keywords Context-awareness · Context integration · Personalized food
recommendation · Well-being care applications

1 Introduction

With the increased interest in living a healthy or “well-being” diet and lifestyle, re-
search into applications that assist people to improve their lifestyles have also in-
creased [1–3]. This is particularly true with the development of systems and middle-
ware which provide health care services utilizing various types of sensor information
(e.g., sensing physiological signals). Typically, people who want to change lifestyle
choices for better health and fitness, focus on their diets [4]. As such, further research
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into applications that can inform consumers about appropriate food choices and that
take into account individual physiological status and environmental situations is re-
quired.

However, most previous works on well-being care applications have not consid-
ered user adaptive food recommendation systems that take into account the user’s
current situation. Most systems dedicate a specific sensor to a specific service for
users in general, and do not apply personalized results to recommendations. This
inflexibility makes it difficult to extend these services to make reliable and stable rec-
ommendation to individual users. In addition, previous studies did not permit their
systems to obtain high level inference information. Little attention has been paid to
personalized food recommendations based on sensing and analyzing current situa-
tions in real time. Hence, in order to utilize the information from multiple sensors,
a system is required to understand signals of different formats and to deliver con-
verted contexts to various services in a distributed network environment. Moreover,
for higher level reasoning obtained from low level sensory signals, the real time in-
tegration of multiple contexts is also required. Our research is based on the premise
that individualized context-aware food recommendations are needed to reflect per-
sonal needs in real time.

As a means of resolving this problem, we propose u-BabSang (“u” stands for ubiq-
uitous computing enabled, and “BabSang” is the pronunciation of the Korean word
for a dining table); a context-aware food recommendation system for a Korean-style
dining table. At a Korean-style dining table, people sit around the table on the floor
and share the food. We chose to use Korean food because can have both healthy and
unhealthy characteristics, depending the individual’s physiological status and dietary
needs. In this paper, we present a method for user specified analysis in the proposed
food recommendation system. We also describe the context integration of the pro-
posed system in order to obtain high level inference information. Furthermore, we
present a user adaptive food recommendation method which adaptively recommends
appropriate food for each individual at the dining table in real time.

Our proposed system integrates multiple contexts obtained from user profiles (e.g.,
body figure, gender, clinical history, body constitution [5]), physiological signals
(e.g., heart rate, skin temperature, sweat on palms), and sensed environmental in-
formation (e.g., intensity of illumination, noise level, temperature). By gathering and
analyzing these contexts, the proposed system adapts a time-division layered con-
text integration system that uses multiple layers for context fusion to improve overall
system performance. Its primary characteristic is that it can infer high level informa-
tion, such as behavior, physiological status, and intention. Moreover, the proposed
system can recommend food to each individual by exploiting this context integration
technology in real time.

The advantage of our proposed food recommendation system is that it enables
the management of personalized well-being care in that it collects data from both
personal and situational contexts at run time, and interprets these in a user-centric
way. Also, the proposed system can provide valuable real-time feedback to users who
have specific clinical histories, with additional analysis of daily external conditions
(e.g., location, weather, etc.). This information is presented to users in an intuitive
and convenient real-time display.
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This paper is composed as follows. In Sect. 2, we survey cultural food customs and
related work. In Sect. 3, we explain the proposed food recommendation system. We
then describe the implemented food recommendation system in Sect. 4. In Sect. 5,
we present our experimental results, discussions, and suggestions for future research.

2 Background

2.1 Cultural food customs

While cultural food customs vary widely from region to region, sharing food at the
table is a widespread practice in Asia. This is particularly true in Korean, where
sharing meals both at home and when eating out is the normal practice. Rice and
soup are served for each person, but the main dishes and side dishes are shared among
all persons around the table. Basically, all Korean dishes are placed on a dining table
before eating. Thus, the proper time of food recommendation is after all the foodstuffs
are placed on the table.

A dining table designed to provide the most suitable food for each person has an
advantage over a general dining table. The body constitution is one of the categoriza-
tion methods of human being in terms of physiological and psychological character-
istics of the users [5]. These classification criteria can be extended to general users
in the world. The Korean medical text, “Donguibogam” [6] states that food materials
have certain characteristics suitable to each personal body constitution [7]. The nu-
tritional aspect of food and the body constitution have genomic relationship [8, 9].
Therefore, knowledge of personal information including body constitution and phys-
iological status are useful for selecting good foods. For example, because cucumbers
can cause a cooling effect, users with normally low body temperature rates are ad-
vised to avoid food containing cucumber. In this work, we apply this theory to the
ubiquitous computing environment where we obtain current contextual information
of both the environment and the user. If a system can utilize contextual informa-
tion including body constitution, personalized food recommendations are possible
for each individual. This obviously provides benefits compared to a system where,
for example, nutritionists would provide more general dietary advice in the same sit-
uation. If a system is able to obtain personal information, physiological status, and
the sensed environmental information based on a typical Korean medical approach,
the system could recommend appropriate foods for each individual by analyzing and
inferring that information.

2.2 Related work

In future home-related research, there is increasing interest about wearable and mo-
bile physiological sensors and applications which can both monitor the user‘s current
health status, and prevent the disease [10]. The unconstrained bio-signal instrumen-
tation system which has bio-signal measuring sensors embedded in such common
household items as beds, doorknobs, urinals, and bathtubs has been developed [4].
Also, health care services which use bio-signal sensors attached to mobile devices
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are being developed and sold commercially. The algorithm which analyzes informa-
tion, such as heart rate, blood pressure, skin temperature, and skin conductance is
formed by wearable bio-signal sensors in a wearable platform [11].

A wide range of services are appearing on the market that allows consumers to
manage their health, particularly in disease prevention and weight reduction. For ex-
ample, an obesity management service is commercially available that monitors in-
dividual motion and energy, sensing the user’s health status and movement from a
device in the form of a bracelet [12]. Similarly, a sensor embedded in shoes can de-
tect motion and analyzes data though an MP3 device [13, 14]. Much of this research
is focused on food intake tracking, but they do not mention food recommendation.
For example, as a well-being care application, a dietary monitoring method that can
track a user’s spoon and the weight of remaining dishes has been proposed [15, 16].
Other developments include a diet-aware dining table [15] that supports automated
food tracking by weighing each individual’s dietary intake. There is one system that
offers recommendations: a shopping suggestion system [17] that identifies healthier
food items on a shopping list by tracking the nutritional content of various foods.
However, it is a different approach, and does not recommend the appropriate foods
for each individual user.

3 Context-aware food recommendation system

We present a context-aware food recommendation system that can inform users of
available foods by applying contextual information obtained from sensed profiles,
physiological signals, and environment conditions. The key technologies of the pro-
posed system include three phases. The first phase acquires a user’s sensed bio-signal
information and converts this into a preliminary context. Then a time-division lay-
ered context integration for each user’s behavior, physiological status, and intention
is composed. Finally, the last phase creates a personalized food recommendation list
and visualizes it by exploiting the integrated context. Figure 1 shows the system di-
agram of u-BabSang, which consists of various real sensors, a processing unit (Con-
text Integrator), and a recommendation service. Each box of Fig. 1 is explained in
the related chapter. By gathering various sensing information, the proposed system
recommends appropriate foods to each individual user at runtime as shown in Fig. 1.

3.1 User-centric context generation

In this section, we introduce preliminary context generation. The proposed context
generation is processed as a logical sensor that links with a physical sensor. It converts
raw signals obtained from the sensors into the preliminary context in 5W1H [18]
form. Figure 2 illustrates the steps for preliminary context generation. The steps for
context generation are signal processing, feature extraction, and preliminary context
generation.

The signal processing module supports basic filtering, such as IIR, FIR filter. Ac-
cording to the signal, developers can regulate the parameters, for example, filter size
or window type (e.g., hamming window, rectangular window, Blackman window,
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Fig. 1 u-BabSang system flow diagram

Fig. 2 Steps for preliminary
context generation

Bartlett window). The filtered signal is then sent to the feature extraction step. The
purpose of feature extraction is to extract features of the sampled signals by calculat-
ing their mean and standard deviation. Finally, the extracted features are converted to
the preliminary context, which is an incomplete context form of the 5W1H context
according to the sensor’s ability. The preliminary context is generated by referencing
the sensor profile described in XML format. Each XML field includes the value of
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the 5W1H context, a sensor ID, a sensor communication port, accessibility, a key, a
type, a granularity, and a value [18].

The preliminary context is unified as it is formed in an XML document without
regard to sensor type or sensor specification, obtained as a result of signal filtering
and signal correction in the signal processing step. The data from each sensor has
different ranges due to the use of different sensor types and specifications. Thus, to
understand values and the range of validity in each measurement, data with different
scales and granularity goes through a signal revision process.

For user-centric context generation, we composed the preliminary context by fo-
cusing on the “who” context (e.g., user I.D., profile, etc.) as the main component.
This generation process supports user adaptive analysis for higher level feature ex-
traction with the preknowledge of the “who” context. Using this user-centric context
generation, multiple contexts obtained from the user’s profile, physiological signals,
and the sensed environmental information can be managed based on individual char-
acteristics.

3.2 Time-division layered context integration

Context integration is the process of extracting contextual information that has high
level meaning, achieved by collecting low level contexts from heterogeneous sen-
sors. The integrated context is obtained by aggregating the preliminary contexts from
sensors. The context integration implemented in u-BabSang collects a user’s profile
[e.g., body shape and condition (e.g., pregnant, student, etc.)], gender, clinical his-
tory (e.g., hypertension, glycosuria, etc.), body constitution (e.g., tae-yang, tae-eum,
so-yang, so-eum) [5, 7], physiological signal information (e.g., heart rate, skin tem-
perature, sweat on palms), and sensed environmental information (e.g., intensity of
illumination, noise level, temperature). Then it analyzes the user’s stress level, and
captures the user’s physiological status in its current situation.

Figure 3 shows the context integration procedure which generates an integrated
context in single fusion layer by aggregating preliminary context from a buffer of a

Fig. 3 Context integration procedure in each fusion layer
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Fig. 4 Time-division layered context integration

layer. This architecture classifies inputted contexts according to individual users, and
utilizes them by obtaining context history from a context repository. The 5W1H Con-
text Fusion step classifies the inputted contexts as the characteristics of 5W1H (Who,
What, Where, When, How, and Why), and integrates each component of 5W1H us-
ing each specified fusion method. Especially, the “why” context is reasoned out from
the Context Knowledge base by exploiting JESS [19] or CLIPS [20]. Finally, the
integrated 5W1H context is formalized in the Integrated Context Generator.

We designed time-division layered context integration, an improvement of single-
layer context integration, as a means of evaluating semantic information by efficiently
integrating various contexts from heterogeneous sensors. The proposed method stores
contexts from sensors into the time-division buffer, and then applies the results to sev-
eral context fusion process layers, as shown in Fig. 4. Each layer can be divided by the
integration interval, and an integrated context is generated in the divided time interval.
A typical method for using a time-division layered approach is as follows. First, the
context integrator applies a time buffer to classify the continuous sensing data inputs
at discrete intervals (Fig. 5(a)). Secondly, three processing layers (multiple context
integrators) are created according to the stated integration interval (Fig. 5(b)). We
applied three fusion layers as a prototype of multilayer context integration. Finally,
contexts were integrated by moving the time window about the integration interval
with the lapse of time in each layer. The movement of the time window has the effect
of dynamically fusing the current preliminary context inputs and the past input con-
text history. The integration interval was determined by sensing periods. We assumed
that the minimum sensing period is 50 ms, and applied the other intervals orderly,
such as 1 s and 5 s. The determined interval was for short-term integration of context.
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Fig. 5 Process of time division layer

The integrated contexts generated in each layer were then applied based on weight-
ing factors, according to the type of sensing data. Next, each layer composed the
weighted integrated context and the most reliable context was selected. As shown in
Fig. 4, the preintegrated contexts resulting from each fusion layer were gathered in
the IC Evaluator, and this evaluator determined the integrated context with the highest
weight.

Time-division layered context integration is effective for aggregating heteroge-
neous sensing information, because it integrates multiple contexts by moving time
windows reiteratively according to the time interval of each layer. This approach in-
fers reliable integrated contexts by integrating multiple preliminary contexts at run
time. Also, it is useful for developing a context-aware system because it is adaptable
to changes (e.g., add, delete, replace) in various sensor environments.

3.3 Personalized food recommendation

The purpose of personalized food recommendation is to supply an appropriate food
list that contains a diet that balances healthy and less healthy food items for each
individual by exploiting the proposed context integration technology. Food recom-
mendations for each individual are based on the traditional Korean medical text,
“Donguibogam” [6], which describes ingredients of foods according to individual
characteristics, environmental conditions, and chronic diseases. However, this book
is not a scientific paper, and more detailed examples need to be regulated by a doctor
or a nutritionist. Our goal is to make a framework/system to recommend appropriate
foods for the user’s healthier life by exploiting contexts. Our focus is the way how to
deal with multiple sensory information and contexts, and how the contexts are used
to recommend foods to the users. We expressed the correlation between the change of
sensed data and foods based on the analysis of this book, and implemented the food
database as an XML document. To verify the personalized food recommendations,
we developed u-BabSang. This system processes contexts obtained from various sen-
sors by applying time-division layered context integration, and suggests individual-
izes food lists. This system enables to check the list of healthy and unhealthy foods
simultaneously. Final decision is given by users. If there are no appropriate foods
to take, then a user can choose whether (s)he eats the food or not by adjusting the
amount of food.

The combined information from all sensors generates a preliminary context based
on individual specifications. Then the context integrator integrates those preliminary
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Fig. 6 An example of the food recommendation

contexts, and establishes each individual’s behavior, physiological status, and inten-
tion. By exploiting all this information, u-BabSang can then recommend a person-
alized food list to each individual at the dining table. Then at the table, a food flash
simulator displays common Korean foods; at this point, it is assumed that each food
recognized can be obtained from the simulator. Foods on the table can be detected
by RFID technology or by maker detection technology in cameras. In this case, we
assume that foods on the table are detected by selecting from a menu in the imple-
mented simulator for rapid prototyping. Every user around the table can directly see
recommendation results and available dishes. The u-BabSang knows who is at the
table and who is sitting where, by utilizing 4 direction cushion sensors and a sim-
ulated location sensor. Because the Korean food custom is to place all food on the
table before eating and then sharing this among the diners, the appropriate time to
recommend different food choices is when the user sits at the table. The process
of food recommendation is shown in Fig. 6, which represents an example of the
relation between sensors and the proposed context integration in u-BabSang sys-
tem.

The process of recommending food from multiple preliminary contexts is operated
by weighted sum [21], which calculates the recommended food list by the numerical
integration of rule outputs. The weighted sum expresses the food recommendation
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rule by the following equation:

Rcommendation(X)

=
∑

x1∈X1

W1 · f (x1)w(x1) +
∑

x2∈X2

W2 · f (x2)w(x2) +
∑

x3∈X3

W3 · f (x3)w(x3)

(1)
where X is a discrete set of the preliminary context (p-context), X1 is a set of
p-context for the profile, X2 is a set of p-context for the physiological signal, X3
is a set of p-context for the environmental signal, and W1, W2, W3 are the weight
constants for X1, X2, X3. Here, f (x) is a score function ranging from 1.0(bad) to
3.0(good) used for calculating recommendation rules, and w(x) is a weight function
where x is the subcontext. A set of the preliminary contexts is expressed as follows:

X1 = {x1|xfigure ∪ xgender ∪ xclinical ∪ xconstitution}
X2 = {x2|xheart ∪ xskintemp ∪ xsweat ∪ xstress}
X3 = {x3|xillumination ∪ xnoise ∪ xtemperature ∪ xtemperature}

where all subcontexts x are obtained from heterogeneous sensors.
When all w(x) = 1, all f (x) = 1, and W1 = W2 = W3 = 1, Recommendation(X)

will be the maximum. The best weight parameters are preset-up manually in the XML
file, and the weights assigned to different context are determined by reference to the
traditional Korean medical text, “Donguibogam” [6]. The example in Fig. 6 is done
by (1), and appropriate foods are recommended by the result of Recommendation(X).

4 Implementation

Personalized food recommendation is realized by integrated contexts resulting from
user-centric context integration. Figure 7 presents the implemented u-BabSang sys-
tem overview. The implemented system consists of several heterogeneous sensors,
the context integration architecture, and the food recommendation service. The com-
ponents as shown in Fig. 7 are actually implemented. Figure 8(a) shows the relation
between the context integrator and the knowledge base, and Fig. 8(b) represents a rea-
soning rule for a well-being care index (e.g., stress) implemented by CLIPS [20]. The
integrated context from the context integrator is conveyed to facts in the knowledge
base, and then the inference result from the rule based system is conveyed back to the
context integrator. This inferred result represents lists of harmful foods and healthy
foods. Also, the knowledge base reasons out the well-being care index by using users’
physiological signal sensing devices, such as PPG (PhotoPlethysmoGraphy) sensors,
SKT (Skin Temperature) sensors, GSR (Galvanic Skin Response) sensors, and ex-
ternal factors, such as noise level. The u-BabSang system table consists of a wood
frame, an LCD display, and a laptop computer. The display of this table shows the
food with the recommended content.

The u-BabSang recommends appropriate foods to each individual by integrating
the preliminary contexts. User profiles (e.g., name, gender, body constitution (e.g.,
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Fig. 7 u-BabSang system

tae-yang, tae-eum, so-yang, so-eum), clinical history (e.g., glycosuria, hypertension,
pregnancy, etc.)), users’ physiological signal sensing information (e.g., heart rate,
skin temperature, sweat on palms), and sensed environmental information (e.g., in-
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Fig. 8 Context reasoning process in u-BabSang

tensity of illumination, noise level, temperature) are represented by context and are
utilized for the personalized food recommendation because those information affect
to the user’s body. We implement the food database using XML based on the oriental
medicine analysis given by the traditional Korean medical science text, “Dongui-
bogam” [6] to express the correlation between the change of sensing data and foods.
The sensory information which should be concerned depends on the target user. For
example, we assumed the special use case for the users who need to take care of their
food intake customs, such as a hypertensive or a diabetic, or a pregnant woman. We
monitored heart related factors from the sensor and body temperature for detecting
the basic condition of the users. These kinds of contextual information are related to
the theory in “Donguibogam” which states foods with the description of the effects
on organs and entire body status [6]. Figure 9 shows a part of the implemented XML
code and weighting factors of the food ingredients.
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Fig. 9 Food database

We applied the weights (from 1 to 3) concerning the healthy foods, the unspecified
foods, and the harmful foods. The food database is based on a daily menu which
contains the main ingredients and side ingredients found in a Korean normal diet. We
selected the representative food ingredients in the food database and calculated the
average weight of these ingredients. The u-BabSang has collected foodstuffs by the
integrated context, and creates the personalized food list by the sum of the weight
of ingredients. For instance, for a pregnant consumer, with the body constitution of
“tae-yang,” recommended foods are a broad bellflower and a green onion.

The u-BabSang system was realized by both simulated and real devices for rapid
prototyping. For more diversity, we additionally implemented the smart home simula-
tor which contains many simulated sensors and actuators, as shown in Fig. 10(a). This
simulator has replicas of the actually implemented sensors and actuators, and also has
more simulated sensors (e.g., location sensor) and actuators (e.g., air-conditioner, TV,
audio). Figure 10(b) shows the display of the implemented u-BabSang. By exploit-
ing this simulator, we are able to test the proposed system and add many simulated
sensors.
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Fig. 10 The implemented simulator

The implemented sensors include a profile sensor, a physiological sensor, an en-
vironmental sensor, and a cushion sensor. The name, gender, body constitution, and
clinical history of each user are obtained from the profile sensor. Heart rate, body
temperature, and the amount of sweat on the palms are obtained from the physiolog-
ical sensor. The physiological sensor basically includes three kinds of sub-sensors:
GSR, PPG, and SKT sensors (Fig. 11(a)). Heart rate is computed by inversion of the
peak to peak variation of the pulse signal. We identified the body temperature aver-
age value with 100 sample windowing. From the GSR sensor, we used the amount of
GSR value which is also obtained from the average of GSR intensity. The sensing de-
vice transmits the signal in a wireless manner, in this case, Bluetooth communication.
The sampling rate of this sensor is 100 Hz which meets the Nyquist sampling rate of
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Fig. 11 The developed real sensors
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heart rate variables. The sequence of transmitted signal includes carriage return value
(1 byte), GSR value (2 byte), heart rate value (2 byte) and temperature value (2 byte).
Power is controlled by a tag switch which supplies power only while the users hold
this sensor. The user has to hold the physiological sensor while eating in order to
obtain a real time food recommendation service but in practice, most physiological
conditions do not frequently changed. Therefore, users need only to hold the sen-
sor for a few minutes before eating. Additionally, a cushion sensor detects whether
or not a user is sitting on a cushion in front of the dining table (Fig. 11(b)). This
cushion sensor converts the user’s movement into preliminary context and transmits
the context to the context integrator through Bluetooth communication. An environ-
mental sensor measures light intensity, temperature, and noise level in the ambient
environment (Fig. 11(c)). The environmental sensor is based on a Particle Computer
[22], and it delivers sensing data to home servers or personal devices through RF
communication of the Particle Computer. The user profile sensor manages the user’s
name, gender, body constitution, and a clinical history, and conveys this information
to devices (cushion sensor and bio-signal sensor) or the system (Fig. 11(d)).

5 Experiments

An evaluation of the proposed system was conducted as follows. To evaluate the sug-
gested system, we calculated the accuracy and the reliability of the context integration
and evaluated our system using a menu of common Korean foods for breakfast, lunch,
and dinner. Evaluating the accuracy and the reliability of the context integration is to
verify the proposed food recommendation system. The experimental setup used the
following equipment: a laptop for the context integrator with u-BabSang (Windows
Vista, Intel Core2 Duo 2.4 GHz, 2 GB RAM), 3 UMPCs for 3 users’ profile sensors
(Windows Vista, Intel Core Solo 1.33 GHz, 1 GB RAM), a PC for 3 cushion sen-
sors (Windows Vista, Intel Xeon 2.4 GHz, 2 GB RAM), 2 PCs for 2 environmental
sensors (Windows XP, Intel P4 2.8 GHz, 1 GB RAM) and 3 PCs for 3 physiological
sensors (Windows XP, Intel P4 2.8 GHz, 1 GB RAM). We surveyed each user’s orig-
inal intention to the food recommendation. We chose four intentions closely related
to the food recommendation process and which were dominant because each item of
the intention has a repetitive variation; the selected intentions were expressed as each
component of the 5W1H context [18] for the three users. We calculated how accu-
rately the integrated context was generated by the proposed system by measuring the
correspondence of a user’s original intention and the system’s output (the integrated
context). Figure 12 shows the mapping results of the users’ original intentions and the
system’s integrated contexts. We analyzed the correspondence of each component of
the 5W1H context for 100 trials, meaning that one hundred integrated contexts were
used where each correspondence is expressed based on a 0 to 6 score. In Table 1, type
A and type B express User-1’s original intention; type C is for User-2, and type D is
for User-3. Average of degree of mapping correctness in Fig. 12 is calculated by the
following equation:

Average of degree of mapping correctness(T ) =
∑100

i=1 D(i)

N
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Fig. 12 The results of mapping
of the users’ original intentions
and the system’s integrated
contexts

where D(i) is the degree of mapping correctness per trial, and N is the total trials
(a hundred).

As a result, the total average degree of mapping correctness for the four users’
original intentions was 5.28 (88%) and the minimum average degree of mapping
correctness was 5.19 (86.5%) in single-layer context integration. We evaluated the
stability of the integrated context through the measured standard deviation of +0.340
to +0.448. From the results of a high mapping degree (88%), we can conclude that
our system is reliable, which implies that our system can be reliably recommended.
Only 12% is a failure of the recommendation. This is acceptable because the fail-
ure just represents the wrong order of foodstuffs in the recommended food list. That
means the fundamental foodstuffs are not changed. Also, users can accept this fail-
ure because final decision for food selection is given by the users. Also, our results
demonstrate that our system supports personalization, as based on the results of type
C and type D. Both have a different “who” contexts (e.g., name, gender, body con-
stitution, a clinical history), but simultaneously have all the same additional infor-
mation (e.g., “what,” “where,” “when,” “how,” and “why” contexts). As a result, we
confirmed the personalized recommendation that expressed different foods suitable
for each user.

In order to verify the context-aware food recommendation method, we measured
the required creation time and the CPU usage of the context integration method by
increasing the fusion layer. We also calculated the reliability of the integrated contexts
by measuring the success rate of the context integration. For consistency, we reused
the user’s intention-Type D in Fig. 12. Table 2 shows our results: the creation time is
the time required to generate one hundred integrated contexts. The CPU usage rate is
measured based on the average CPU usage for 60 seconds.

Based on these results, we see that the creation time for the integrated context
did not dramatically increase, even when subsequent fusion layers were added. This
implies that time is not affected by the addition of a fusion layer. In the case of the
CPU usage rate, when two more layers are added, the CPU usage rate increased,
though system performance is still guaranteed. In Fig. 13, we can see that the success
rate of the context integration increased as the number of layers was increased. This
success rate was calculated in the same way as the mapping experiment case, i.e.,
based on percentage.

In the case of the three layers, the success rate was 95.2%, with a small variation
of the standard deviation (+0.287). Hence, we can ignore increases of the CPU usage
rate due to the high performance of the degree of mapping correctness. Thus, based
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Table 1 The context representation for four intentions

5W1H Sub-context Type A intention Type B intention Type C intention Type D intention

WHO Name Yoosoo Yoosoo Ahyoung Kiyoung

Gender male male female male

Peculiarity glycosuria glycosuria pregnancy student

Body tae-yang tae-yang so-eum so-yang

WHAT Positive
contents

seasoned young
pumpkin

seaweed soup broiled walnut
and peanut

seasoned
spinach, baked
mackerel

Negative
contents

adlay tea None None None

WHERE Location ubiHome, dining
table

ubiHome, dining
table

ubiHome, dining
table

ubiHome, dining
table

WHEN Time breakfast dinner lunch lunch

HOW Ambient light normal normal high high

Outdoor noise low low low low

Temperature normal normal normal normal

Heart rate low high normal normal

Sweat no little little little

Skin
temperature

normal high normal normal

Activity Sitting on a
cushion

Sitting on a
cushion

Sitting on a
cushion

Sitting on a
cushion

WHY Stress no significant no no

Intention Wants the food
recommendation

Wants the food
recommendation

Wants the food
recommendation

Wants the food
recommendation

Description User-1 wants to
get the food
recommendation
in ubiHome in a
normal situation

User-1 wants to
get the food
recommendation
in ubiHome after
exercise

User-2 wants to
get the food
recommendation
in ubiHome in a
normal situation

User-3 wants to
get the food
recommendation
in ubiHome in a
normal situation

Table 2 Measurements based
on the addition of subsequent
fusion layers

Evaluation item 1 Layer 2 Layers 3 Layers

Creation time 5 s 4 s 5 s

CPU usage rate 10.67% 24.50% 24.74%

on the verified time-division layered context integration, we can conclude that our
system is efficient. From the above experiments, we can reliably state that our system
can effectively recommend appropriate food for users in real-time. Further evaluation
in the form of a usability test can be performed after confirmation of the operating
system.
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Fig. 13 Results of the
reliability of the integrated
contexts

6 Conclusion

In this paper, we proposed u-BabSang that recommends appropriate foods in real-
time to each individual by utilizing each individual’s profile, physiological signals,
and sensed environmental information. The advantage of the proposed system is that
it enables the management of personalized well-being care by integrating user con-
texts with other contexts during run time, and interpreting these contexts in a user-
centric manner. More specifically, by analyzing their personal situation (e.g., physio-
logical status, eating custom, weather, location, etc.), the proposed system can moni-
tor the health of individuals with specific clinical history.

The proposed system has the potential to be extended to various other fields. For
instance, this system can be extended to menus besides Korean menus. In particu-
lar, it can recommend food types and quantities based on the user’s food preference,
constitution, clinical history, and current climate conditions. Also, if we embed our
system into personal devices (e.g., UMPC, mobile phone, etc.), the proposed sys-
tem can be extended to recommend appropriate food items at point of purchase, e.g.,
supermarkets, restaurants, and other public places. In this way, users are able to pro-
tect personal information while accessing recommended products (e.g., foodstuffs,
groceries, merchandise, etc.). Additionally, the proposed system could be utilized by
athletics or medical services.

For future work, we will evaluate our system in real environments such as homes,
restaurants, and stores. After obtaining the user study, we will hope to improve con-
venience of using sensors and display on the table. Another possible area to explore
is to track and integrate the history of users’ eating habits.
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