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Aims and Scope
The purpose of this journal is to provide an open forum to publish high quality research papers in the areas of
informatics and related fields to promote the exchange of research ideas, experiences and results.
Informatics is the systematic study of Information and the application of research methods to study Information
systems and services. It deals primarily with human aspects of info rmation, such as its qu ality and value as a
resource. Informatics also referred to as Information science, studies t he structure, algorithms, behavior, and
interactions of natural and a rtificial systems that store, process, access and communicate information. It also
develops its own conceptual and theoretical foundations and utilizes foundations developed in other fields. The
advent of computers, its ubiquity and ease to use has led to th e study of info rmatics that has computational,
cognitive and social aspects, including study of the social impact of information technologies.
The characteristic of informatics' context is amalgamation of technologies. For creating an informatics product,
it is necessary to integrate many technologies, such as mathematics, linguistics, engineering and other emerging
new fields.
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Abstract - Recently, many people use online recipe sites
when they cook. As recipe sites are rapidly increasing in number, even recipe sites that have over 1 million appear. When
the number of recipes is large, it is difficult for users to find
the recipe that meets their requirements. To solve this problem, several web sites provide useful search interfaces, and
several academic studies present methods to use the database
effectively. We can classify these studies into two approaches,
i.e., search for, and create recipes. In the studies to search
for recipes, although these methods recommend recipes to
users considering various aspect of users’ requirements, users
have no choice but to compromise because the recipe database
would not include the one that perfectly satisfy the users’ requirements. On the other hand, the study to create recipes
only begins recently. Currently, many of them propose to recommend foodstuffs to add to, or delete from a base recipe.
So, users who are beginners in cooking cannot cook the recommended foodstuffs because they have no idea how to cook
them. In this study, we propose a method and a system to
help users create their own original recipes. Specifically, the
system first provides users with information that helps them
to add or delete foodstuffs with a base recipes to determine
the set of foodstuffs used in their original recipes. Next, it
provides reference recipes, which is the selected recipes retrieved from the database, to help users get useful ideas on
how to cook the set of foodstuffs determined in the previous
step. We evaluated the system through a test experiment, and
confirmed the effectiveness of the proposed system in creating users’ own original recipes.
Keywords: Cooking, Recipes, Recommending Foodstuffs,
Reference Recipes

1 INTRODUCTION
Recently, as reference materials for cooking, many recipe
sites (see Table 1) have provided various recipes in the Internet, and are populated instead of the traditionally used materials such as books, magazines, and TV programs on cooking.
Having grown rapidly, these recipe sites include a significant
number of cooking recipes. For example, Cookpad [1], one
of the most famous Japanese recipe sites, includes more than
1 million cooking recipes. However, among these tremendous number of recipes, it is difficult to find recipes for people
that meet their requirements. To solve the difficulty, not only
the recipe sites prepare keyword or categorical search in their
sites, but also many academic studies have been performed
that tries to enrich users’ experiments to satisfy users’ requirements [6]. These studies are classified to two approaches: one

Table 1: Recipe Databases
Site name
Cookpad [1]
CDkitchen [2]
RecipeSource [3]
All recipes [4]
E-recipe [5]

# of recipes
140 million
120 thousands
70 thousands
50 thousands
20 thousands

URL
http://cookpad.com/
http://www.cdkitchen.com/
http://www.recipesource.com/
http://allrecipes.com/
http://erecipe.woman.excite.co.jp/

is to “search” recipes, and the other is to “create” recipes.
The approach that “search” recipes typically computes the
similarities between recipes from various aspects to find or
recommend recipes that is likely to meet users’ requirements.
This approach enables us to retrieve recipes according to a
common characteristics between recipes that reflect requirements or testes of users. However, these methods only search
for recipes from a limited set of recipes in a database so that
users will possibly find recipes that nearly meets their requirements, but cannot do the perfect one that completely satisfies
their requirements.
On the other hand, the approach that “create” recipes is
potentially able to retrieve the perfect recipes that meets the
requirements, although they needs higher level techniques.
Towards this goal, several proposals are presented that help
users create their own recipes by modifying existing cooking recipes. For example, there is a study that recommends
foodstuffs that are likely to be added/deleted in a recipe easily
[10]. However, because they do not support to design the operational steps to cook dishes using the modified set of foodstuffs, it is difficult for many beginners to complete the original recipes, i.e., they do not know how to cook the modified
foodstuffs. We have to help constructing the operational steps
of cooking in their original recipes.
In this paper, we present a method and a system that not
only recommend foodstuffs that can be added/deleted in a
recipe, but also present information to help users constructing the operatinal steps of their own original recipes. Specifically, in recommending foodstuffs, we display several sorts
of supporting information that indicates the foodstuffs likely
to be added/deleted in the base recipe from several aspects. In
helping operational-steps design, we present reference recipes
that includes the operation steps to cook the added foodstuffs
in combination with the other foodstuffs in the base recipe.
With these two functions, we help users create their own original recipes.
The remainder of this paper is organized as follows: In Section 2, we present the related work. In Section 3, we present
the design of our system to help users create their own original
recipes, and in Section 4 we give the algorithms and formula
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that underlie in our system. We evaluated the effectiveness of
our study in Section 5, and finally we conclude the work in
Section 6.

2 RELATED WORK
2.1 The Current State on Recipe Sites
In the last decade, people have become to use recipe sites
as materials to refer cooking recipes, in addition to books,
magazines, and TV programs. These web sites are strongly
supported not only by young people but also by middle-aged
people, mainly because (1) they are free to access, (2) they include significant number of recipes, and (3) they are available
at all time.
In Febrary 2009, iShare Coorporation surveyed the media
to refer when people cook in Japan [7]. 274 people answered
for it, in which 53.3% is men and 46.7% is women, including 11.6% of twenties, 46.3% of thirties, 31.6% of fourties,
and 10.5% of others. The result shows that people use recipe
web sites the most when they cook. Specifically, 58.8% of
men and more than half of the twenties and fourties (men and
women) answered to use web sites the most among other media.
The most outstanding reason that people refer to these recipe
sites is the number of recipes available in these site, which
is far larger than those of books or magazines. In general,
users has various and sensitive requirements for recipes such
as likes and dislikes of foodstuffs, allergies, foodstuffs stored
in refrigerater (so they want use them), etc. To find recipes
that satisfy these sensitive requirements, recipe sites where a
vast number of recipes are stored are convenient.
In the recipe sites, almost all sites provide keyword-search
function, with which users try to search for recipes that meet
their sensitive requirements. Keyword search alone, however,
hardly enables users to find the best recipe that meets users’
requirements, since the number of search results is also large
in proportion to the total number of recipes. For example,
if we search for recipes with two keywords “potatoes” and
“gratin” in a major recipe site “cookpad,” in which 1.4 million recipes are stored in it, we will have about 4,000 recipes
retrieved from the database. Consider that an user checks the
results one by one to find recipes that satisfy his/her own requirements the most. It is hard and laborious to find suitable
recipes with keyword search alone.
Many sites provide further functions to help users to find
suitable recipes effectively. Specifically, many sites provides
a function that narrow the search space using several properties such as objective (e.g., for health, for beauty, for body
building), categories (e.g., main course, soup), cooking time,
and cooking methods. Each sites provides various original
filters to help searching. As shown above, user interfaces to
support efficient recipe searching have been developed with
significant care.
It is, however, still hard to find recipes that completely satisfies users’ sensitive requirements, as long as we tries searching for recipes from a limited set of recipes. Customising
recipes is essential to achieve higher level recipe searvices on
the web.
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2.2 Related Work
Studies that target recipe data are roughly classified into
two categories: studies that search for recipes, and those create recipes. In this section, we describe the state of the art of
these two categories of studies.
Among the studies that search for recipes, we introduce
several searching methods based on foodstuffs, as the related
work with this paper. Ueda et al. [8] proposed a method to
recommend recipes that considers likes and dislikes of users.
Their method recommends recipes based on the frequency of
foodstuffs appearing in an user’s cooking history. Iwagami
et al. [9] proposed a method to recommend recipes that also
considers likes and dislikes of users. Their method first acquires foodstuffs that the user likes to use from the history of
recipes users refer in the system, and second computes scores
of recipes according to the acquired information of each foodstuff. These two proposals to recommend recipes help efficient searching for recipes that considers users’ tastes, by
utilizing additional data that include the history of recipes referred in the system.
On the other hand, the approach that creates recipes is still
in the stage of beginning. We can only introduce several studies that treat addition and deletion of foodstuffs in a recipe.
Shidochi et al. [10] proposed a method that suggests foodstuffs to add to the base recipe. Their method is based on a
typical pattern of cooking steps in each sort of dishes; they
suggest an alternative foodstuff that can be used in each operational step of cooking, under the assumption that the sort of
dishes and so the typical pattern in cooking is given. Tsukuda
et al. [11] also proposed a method to suggest foodstuffs to add
to, or delete from the input recipe, based on the conbination
of foodstuffs included in the set of recipes in the database.
They compute the stability of a combinations of foodstuffs
from the frequency of combinations that appear in the recipes
in the database. Based on this stability scores, their method
suggest a foodstuff to add that increases the stability of the
set of foodstuffs. Although these studies suggest foodstuffs
to add to, or delete from the input recipe, they do not consider
the operational steps of cooking in the newly created original recipes. Thus, unless the users are accustomed to cook, it
would be difficult to complete the recipe with the new set of
foodstuffs by determining the operational steps to complete
their original recipes.

3 SYSTEM DESIGN
3.1 Requirements
As users of the proposed system, we suppose people who
are not so accustomed to cooking that they cannot modify
recipes by themselves, although they can cook by pursuing a
recipe that includes full description of operational steps. In
fact, this kind of people frequently refers recipe sites when
they try cooking. However, as mentioned in the previous section, it is laborious for them to search for suitable recipes that
meets their sensitive requirements.
In this case, many people will come to the idea to modify
the existing recipes to meet their own requirements. We de-
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signed our system to be useful in this case. In the case, users
first try to select a base recipe, and try to change foodstuffs to
meet the requirements they have. Users then find a problem
that they do not know which foodstuff is suitable to add/delete
in combination with other foodstuffs in the base recipe. To
help users on this point is the first task for us to perform.
When a set of foodstuffs is determined, users next try to decide how to cook them. However, because the cooking operations are different among foodstuffs (i.e., imagine that some
foodstuffs such as fish require special handling or preliminary
operations, or even for basic foodstuffs, cutting size may be
different for each foodstuff), it is hard to find the appropreate
operation steps for the modified set of foodstuffs. To help
users on this point is the second task for us to perform.
In this paper, we design an information system that helps
users on these two points, so that users can create their original recipes by modifying the base recipe to meet their sensitive requirements, using helpful informations suggested by
the system.

3.2 Functional Design
We designed a system that provides valuable information
for users to help them in the two troublesome situations in
creating recipes, i.e., (i) the first is the situation where users
select foodstuffs to add/delete, and (ii) the second is the one
where users decide cooking operations over the selected set
of foodstuffs. In this section, we describe a basic design of
the functions in our system for these two target situations.
We first describe the functions to support users selecting
foodstuffs to add/delete. When people cook, they easily think
of several requirements such as: “I want to eat omuraisu,”
“I want to eat salmon in today’s dinner,” or “I want to use
spinach left in my refregirator.” These examples imply that
users can easily think of dishes (e.g., omuraisu) they want to
have, and also of the foodstuffs they want to use; they can
easily select the sort of dishes and foodstuffs to use. It is difficult, however, for users to judge whether a set of foodstuffs
goes well in cooking. Note that there are combinations of
foodstuffs that are easy or difficult to cook well together. So,
it is valuable that our system provides information that helps
users to be aware of good and bad combinations, for each soft
of dishes.
In our design, we implement a function that provides three
sorts of information that helps users select foodstuffs to add/delete,
as follows:
(a) Frequency of foodstuffs used in each sort of dishes.
(b) The degree of compatibility between a newly added
foodstuff and the other foodstuffs.
(c) Foodstuffs that have good compatibility with a current
set of foodstuffs.
First, (a) provides information that indicates which foodstuffs are used frequently in the sort of dishes chosen by users.
For each sort of dishes (e.g., omuraisu), the foodstuffs used
frequently are considered compatible, and are suitable to use
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in cooking it. This information is considered useful to know
the generally used foodstuffs for each sort of dishes.
Second, (b) provides information that indicates the degree
of compatibility between a newly added foodstuff and the
other foodstuffs included in the editting recipe. When a user
add a new foodstuff in our system, we display the compatibility between the new foodstuff and the other foodstuffs listed
in the screen. This function is useful for users to know which
foodstuff is suitable for the current set of foodstuffs through
trial and error of repeated addition and deletion of foodstuffs.
Also, it is useful to decide foodstuffs to delete, instead of the
newly added foodstuffs.
Third, (c) provides information that indicates the foodstuff
that have good compatibility with a current set of foodstuffs.
This function recommends foodstuffs to users to add into the
current set of foodstuffs.
These three sorts of information are displayed in the user
interface of our system with small icons beside the name of
foodstuffs. Because users see these icons easily, our system
enables users to operate it intuitively. The detail of the user
interface is shown in Section 3.3.
As the functions that help users to decide cooking operations over the selected set of foodstuffs, we display recipes retrieved from the database that in high probability includes the
cooking operations over the added foodstuff. Hereafter, we
call such recipes as reference recipes. The reference recipes
that the system displays should involve a similar set of foodstuffs, and simultaneously should have similar pattern of cooking operations with the base recipe.
The reference recipes are displayed for users in the order of
the similarity between the set of foodstuffs selected by users
and the set of foodstuffs in each reference recipe. By displaying several reference recipes, users can refer variety of
cooking operations for the newly added foodstuffs, to which
we expect users to refer for ideas how to cook them in their
original recipes. Also, we can expect an effect that the system
suggests users not only conventional cooking operations, but
also rare and surprising operations, which give users a precious hint for their own original dishes.

3.3 User Interfaces
Based on the functional design described in the previous
section, we designed the user interface of our system. In this
section, we will show how users use our system by introducing our interface design.
The overview of the usage of our system is shown in Fig. 1.
Users use the system with the following three steps. First,
users select a sort of dishes to cook among several candidate
1
sorts of dishes provided by the system (⃝).
Hereafter, we
call the typical recipe of the selected sort of dishes a base
recipe. Second, users determine a set of foodstuffs to use in
their original recipes by adding (or deleting) foodstuffs to (or
2
from) the base recipe (⃝).
Third, users decide how to cook
2 with the help of refthe set of foodstuffs determined in step ⃝
3
erence recipes provided by the system (⃝).
In the following,
2 and ⃝.
3
we explain the detail of steps ⃝
2 users determine a set of foodstuffs by modifying
In step ⃝,
1 The user interface of this
the base recipe selected in step ⃝.
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Figure 4: Layout of a Reference Recipe Displayed in the field
C of Fig.2
⃝

Figure 2: User Interface of the System
A the base recipe selected in step
step is shown in Fig. 2. In ⃝,
1 is displayed. In ⃝,
B users add or delete foodstuffs for their
⃝
B many candidate foodstuffs to
original recipe. In this field ⃝,
add or delete are listed, which includes all the foodstuffs in
the base recipe.
Because the number of all existing foodstuffs is tremendous, we have to create a subset of them to be displayed in
this field. We limited the number of foodstuffs to display according to the criterion (a), the frequency of each foodstuff
used in all the recipes that belong to the sort of dishes se1 The criterion (a) is introduced in Section
lected in step ⃝.
3.2, and is described specifically in Section 4. Also, to have
users select foodstuffs to add/delete easily, we classified foodstuffs into several categories according to “the standard tables
of food composition” [12]. In the user interface of our system, each category of foodstuffs (e.g., vegetables, meat, fish,
mushrooms, etc.) forms an “island” with its own color, as
shown in Fig. 2.
B users add or delete foodstuffs repeatedly by
In this field ⃝,
clicking icons placed at the rightside of the text. (The zoomed
B is shown in Fig. 3.) For each operation of
image of Field ⃝
users, the system reacts with the three types of information
(a), (b) and (c) recalculated and displayed at the rightside of
the foodstuff texts.

The first type of information, i.e., (a) the frequency of each
foodstuff used in the sort of dishes, is expressed by the text
size of each foodstuff. Figure 3 is the zoomed snapshot of
B Frequently used foodstuffs are shown with bigger
field ⃝.
fonts, whereas rarely used foodstuffs are shown with smaller
fonts. Here, the numbers at rightside of foodstuff texts in
brackets are the number of recipes that includes the foodstuff.
The second type of information, i.e., (b) the degree of compatibility between a newly added foodstuff and the other foodstuffs, is expressed by icons. The icons are displayed at the
rightside of foodstuff texts when a user newly adds a foodstuff, where the different icons are displayed according to the
level of compatibility between them, as shown in Fig. 3. If
a foodstuff is very compatible with the new one, a star icon
appears. If a foodstuff is moderately compatible, a red arrow
with upper direction appears. If a foodstuff is not compatible at all, no icon appears. And, if a foodstuff and the new
one are in bad combination, a blue arrow with lower direction
appears.
The third type of imformation, i.e., (c) foodstuffs that have
good compatibility with a current set of foodstuffs, is expressed with “heart” icons, displayed in the rightside of the
foodstuff texts. The arithmetic formula to compute the degree of three criteria (a), (b) and (c) is presented in Section
4.
3 users decide how to cook the set of
Next, in the step ⃝,
2 with the reference recipes
foodstuffs determined in step ⃝
provided by the system. When users add a foodstuff, the system searches the database for the recipes that can be used for
reference in deciding the cooking operations, and the found
C As the refreference recipes are displayed in the field ⃝.
erence recipes, the system selects the ones that include the
added foodstuffs, and simultaneously that the similarity of
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Table 2: Example of Reference Recipes Listed in the System
Chinese Yum
Chicken gratin
Chinese yum and shrimp gratin
Seafood and chinese yum gratin Japanese style
Chinese yum gratin
Chinese yum gratin Japanese style

White Leek
Cod gratin
Chinese yum gratin
Oysters and trout gratin
Chinese yum gratin Japanese style
Chinese yum gratin Japanese style

2 is high. Figthe set of foodstuffs to those selected in step ⃝
ure 4 shows the example of the layout of reference recipes
C In the field, there are several items
displayed in the field ⃝.
of useful information such as the similarity value, the additional foodstuffs (i.e., the foodstuffs used in the reference
recipe only), and the unused foodstuffs (i.e., those used in the
original recipe only). When users click the field, users can
refer full information of the recipe in another window.
Table 2 shows the examples of the listed reference recipes
for each of added foodstuffs “chinese yum,” “white leeks,”
and “soybean milk,” in the case where the base recipe is “gratin.”

Soybean Milk
Shrinps and macaroni gratin
Potatoes and shrimp gratin
boiled eggs and soybean milk gratin
Seafood and chinese yum gratin Japanese style
Mushroom gratin
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4 UNDERLYING ALGORITHMS
4.1 An Algorithm to Recommend Foodstuffs
In this section, we introduce an arithmetic criteria to pro2
vide information to help users in step ⃝.
We first present
the criterion (a), the frequency of each foodstuff used in all
recipes that belong to a sort of dishes. We define the set of
recipes R in the database as
R = (r1 , r2 , . . . , rn ),

(1)

where rk (1 ≤ k ≤ n) is a recipe and n is the number of
recipes in the database. We also define a set of foodstuffs M .
If a foodstuff m ∈ M is included in a recipe ri , we write
m ∈ ri . Let C denote a sort of dishes selected in the step
1 Then, the frequency Fc (m) of a foodstuff m in a sort of
⃝.
dishes C is represented as follows:
FC (m) =

|{r|r ∈ C and m ∈ r}|
.
|{r|r ∈ C}|

(2)

In our system, we use four sorts of fonts according to this
value FC (m).
Next, as for the criterion (b), the degree of compatibility
between a newly added foodstuff and the other foodstuffs, we
let the degree of compatibility among two foodstuffs mi and
mj be CompC (mi , mj ), as follows:
|{r|r ∈ C and mi ∈ r and mj ∈ r}|
.
|{r|r ∈ C and (mi ∈ r or mj ∈ r)}|
(3)
In our system, we classify the combinations of foodstuffs mi
and mj with the value CompC (mi , mj ) into four classes, and
display icons accordingly.
Finally, we present the criterion (c), foodstuffs that have
good compatibility with a current set of foodstuffs. We let
r0 be the original recipe created by a user, and S(r0 , ri ) be
CompC (mi , mj ) =

*D6E#%*
*1:2$*F*G#99#%*
*H6$&#)*
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Figure 5: Computing Foodstuffs Compatible with The Original Recipe (Criterion (c))
the similarity between these two recipes. Then, S(r0 , ri ) is
computed according to the ratio of commonly used foodstuffs,
as follows:
S(r0 , ri ) =

|{m|m ∈ r0 and m ∈ ri }|
.
|{m|m ∈ r0 or m ∈ ri }|

(4)

In our system, we retrieve a set of recipes from the database
with all recipes ri that satisfies S(r0 , ri ) > 0.7, and display
the icon to the foodstuffs included in the retrieved recipe set,
except for the foodstuffs included in r0 (Fig. 5).
Note that the computational complexity for each criterion
(a), (b) and (c) is O(|R|), where |R| is the number of recipes
in the database.

4.2 An Algorithm to Select Reference Recipes
A list of reference recipes are displayed when users add
a foodstuff when they are creating their recipes. Thus, the
reference recipes are computed from the added foodstuff, the
sort of dishes, and the current set of foodstuffs in the original recipe. Specifically, the system first retrieves all recipes
that belong to the sort of dishes, and that include the added
foodstuff. The system then sorts the retrieved recipes by the
similarity between each of them (ri ) and the original recipe
(r0 ) presented as formula (4). Top 5 of the recipes are displayed as the reference recipes.
The time complexity for searching reference recipes is the
same as the algorithms presented in the previous section. That
is, we can compute all the criteria (i.e., (a), (b) and (c)) and
the reference recipes within a single scan for each recipe.
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Table 3: Foodstuffs Specified to Use in the Experiment for
each sort of dishes
Gratin
Chinese yum
White miso
Mincemeat

Omuraisu
White radish sprout
White leek
Ginger

5 EVALUATION
5.1 Methods
To evaluate the effectiveness of the proposed system in creating original recipes, we conducted an experiment. In the experiment, we asked users to create their own original recipes,
i.e., to write down them, using the proposed system with the
following two conditions, and compared the results.
Condition 1: Using the proposed system with all functions.
Condition 2: Using the proposed system with all functions,
except for reference recipes.
Because what is new in this system in the literature is the
function to provide reference recipes, we confirm the effectiveness of the reference recipes in creating original recipes
by comparing the systems with and without reference recipes.
Note that, to conduct fair comparison, when users use the
system without reference recipes (i.e., the case of Condition
2), we allow users to search recipes using the web site Erecipe [5] to decide their cooking steps in their own original
recipes. The sorts of dishes we asked users to create recipes
were “gratin” and “omuraisu.”
In our system, we imported the recipes from the web site
E-recipe [5]. We select the site E-recipe because the recipes
in this site relatively includes low fluctuation of words and the
name of foodstuffs. Although the fluctuation is relatively low,
we integrated names of foodstuffs according to the reference
[12]. (E.g., if both “potato” and “danshaku” are used in the
recipes, we integrate them into a word “potato.”)
The experiment is done as follows: We form two groups
of users A and B. For users in group A, we first ask them to
create their own original recipes with the base recipe “gratin”
in Condition 1, and next asked them to do the same operation
with the base recipe “omuraisu” in Condition 2. For users in
group B, we asked them to do the same with the exchanged
base recipes, i.e., they first create recipes of “omuraisu” in
Condition 1, and next “gratin” in Condition 2. We also asked
them to write down the operational steps of their own original
recipes concisely and to answer the questionaire when they
finished creating each of their original recipes.
In the experiment, we specified foodstuffs that users must
use in their own original recipes, as a “requirements” in their
modification of recipes. Namely, for each of two sort of dishes,
we specified three foodstuffs to use, while other foodstuffs
are free to use. The three foodstuffs specified are shown in
Table 3. We selected these three foodstuffs because they are
not frequently used in the given sort of dishes, and also because they have more than one ways in cooking. By specifying foodstuffs that have several ways to cook, we intend

to have users being not easily able to decide the operational
steps to cook their original recipes.
In the questionaire, we have questions on how the three
2 is useful in selecting the
sorts of information for steps ⃝
foodstuffs in their recipes. Also, we have questions on how
3 are useful in deciding operathe reference recipes for steps ⃝
tional steps in cooking. For each questions, users answer with
a 5-grade rating, where 5 means “very useful” or “strongly
agree,” and 1 means “not useful at all” or “strongly disagree.”
Furthermore, we checked that the written operational steps in
their original recipes are proper or not, and compared them
between the cases with and without reference recipes.

5.2 Results
In Table 4, we show the results on usefulness of the three
sorts of information for adding/deleting foodstuffs. In the results of questions (i), (ii), and (iii), all medians and modes
are equal to or more than 4, meaning that users answered that
these three sorts of information were useful in selecting foodstuffs to add/delete. However, for the question (iv), users answered that they did not feel like sufficiently easy to select
foodstuffs to add/delete with this system. One of the possiblity that the results indicate is that, to select foodstuffs to
add/delete in creating recipes, users may require not only the
information on compatibility among foodstuffs, but also the
information that recall the idea of creating recipes.
In Table 5, we show the results on usefulness of reference
recipes. In the results of questions (v)-(ix), all medians and
modes are equal to or more than 4 with reference recipes,
whereas they are equal to or lower than 3 without referene
recipes. There were big difference between the cases with
and without reference recipes. The difference was confirmed
by checking p-values in t-test of the two cases. The results are
shown in Table 6, where the statistical significance was confirmed in all the questions (v)-(ix). We also had a result that
most users answered that the reference recipes are better to
be recommended automatically. Consequently, we concluded
that the reference recipes are useful in deciding how to cook
foodstuffs in their own original recipes.
On the other hand, as a result of checking the recipes written by users, we found that the recipes created with reference
recipes are all proper, i.e., it does not include wrong operations, whereas those without reference recipes includes several faults. For example, in cooking gratin, some original
recipes cut raw chinese yum and throw directly into white
source. Note that chinese yum are usually lightly fried before mixed with white source. As another example, an original recipe first bakes the gratin in an oven, and after that,
puts the fried ingredients on it. The ingredients are usually
mixed with white source before the gratin with white source
is baked. The reason why users made such mistakes would
be that they referred the recipes that belong to other sorts of
dishes. Consequently, they only understood how to cook it,
but not understood the timing and the sequence of operations
in gratin. This also indicates that the reference recipes recommended from the same sort of dishes work effectively to decide operational steps in cooking in their own original recipes.
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Table 4: Results: usefulness of three sorts of information for adding/deleting foodstuffs
(i)
(ii)
(iii)
(iv)

Questions
The information “frequency in the sort of dishes” was useful.
The information “the degree of compatibility between a newly added foodstuff
and the other foodstuffs” was useful.
The information “foodstuffs that have good compatibility with a current set of
foodstuffs” was useful.
Selecting foodstuffs to add/delete was easily done.

5
7

Evaluation
4
3 2
5
4 4

1
0

Median
4

Mode
5

5

13

1

1

0

4

4

4
2

14
7

1
5

0
6

1
2

4
3

4
4

Table 5: Results: usefulness of reference recipes
With
reference
recipes
Without
reference
recipes

(v)
(vi)
(vii)
(viii)
(v)
(vi)
(vii)
(viii)
(ix)

Questions
I am satisfied with my original recipe.
Deciding how to cook the selected foodstuffs was easily done.
This system is useful to get an idea in creating recipes.
I would like to use this system again.
I am satisfied with my original recipe.
Deciding how to cook the selected foodstuffs was easily done.
This system is useful to get an idea in creating recipes.
I would like to use this system again.
It is better that the reference recipes are automatically recommended.

5
6
8
10
4
0
0
1
0
18

Evaluation
4
3
2
8
5
1
8
4
0
9
1
0
15
1
0
6
7
6
3
4
9
5
6
7
3
6 10
2
0
0

1
0
0
0
0
1
4
1
1
0

Median
4
4
4.5
4
3
2
3
2
5

Mode
4
5
5
4
3
2
2
2
5

Table 6: Results: usefulness of reference recipes (p-values)

(v)
(vi)
(vii)
(viii)

Questions
I am satisfied with my original recipe.
Deciding how to cook the selected foodstuffs was easily done.
This system is useful to get an idea in creating recipes.
I would like to use this system again.

With
reference recipes
Average Stddev
3.95
0.89
4.20
0.77
4.45
0.92
4.15
0.60

6 CONCLUSION
In this paper, we proposed a method and a system to help
users to create original recipes. The proposed system provides
users with the information that helps users to select foodstuffs
to add to, or delete from their own original recipes, and also
with reference recipes that helps users to decide operational
steps in cooking in their original recipes. With this system,
users are able to create their original recipes that meet their
own requirements with the helpful computational aids.
We evaluated the system how effectively it helps users to
create their own original recipes. Through the experiment to
create original recipes, we confirmed that the proposed system is useful in creating their own recipes, and this proves the
effectiveness of the system.
One of the challenges for the future is to recommend reference recipes for various objectives of users, e.g., reference
recipes for basic cooking methods, or those for stimulative
idea in cooking, etc. Other customizations and characterizations to fit the system to users’ various requirements would
also be a possible task for the future.
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Abstract - When a large disaster happens, health care workers need to determine the priority of medical treatment and
perform triage. In order to carry out emergency lifesaving
activities at an actual disaster site quickly and accurately, frequent training is very important. However, current training
has issues such as cost, many time and effort to prepare, as
well as not being able to consider changes of patient’s vital
signs. In addition, they cannot use any hands while writing
paper tags or using PDAs, so it is difficult to perform necessary medical treatment in parallel. In this study, we propose
triage training system where health care workers get patient
information through a monocular HMD (Head Mount Display) and perform triage via voice input, so their hands are
free to conduct necessary treatment even while doing triage.
Moreover our system can reproduce the situation through the
HMD by superimpose dynamic information about patients
onto real space, and allow sharing the training status. The
evaluation shows that our system enables to perform triage
quickly and accurately with health care workers’ hands free
and make disaster-relief trainings more meaningful.
Keywords: Triage, Disaster-Relief Training, Monocular
HMD, Voice Input, Augmented Reality

1 INTRODUCTION
When a large-scale disaster occurs, a large number of people are injured at the same time, so medical workers first need
to do triage in order to decide the priority for treatment depending on their severity of injury and the urgency of treatment. The purpose of triage is to save more lives through
efficient use of a limited medical resource.
Currently, paper triage tags are often used to indicate the
condition of patients and to record information of their injuries. However, in a confused situation, it may be difficult to
record information due to loss of paper tags attached to the patients and it may be impossible to respond and adjust quickly
to fast changing conditions. In addition, writing something
on paper tags is also one of the factors that disturb diagnostic
actions from busy health care worker’s hands.
Therefore, in recent years, electronic triage systems have
been researched in order to support lifesaving emergency activities. We have been developing an electronic triage system
where patients information is sensed by electronic tags and
is presented to PDA (Personal Digital Assistance) terminals
which health care workers hold [1].
Frequent training is very important for health care workers to be accustomed with real disaster situations and to master the method of triage by performing tasks such as decision of tag color and transportation of patients, however, current training has issues such as cost and human resource for
preparing and conducting the training. In addition, while pa-

Figure 1: START method
tients’ vital sign in training is static and does not change because a healthy person plays the patient. Furthermore, writing
on triage tags or using PDAs requires use of the hands, hampering immediate medical treatment.
In this study, we propose triage training system where health
care workers can get information such as patient’s vital signs
through a monocular HMD and can perform triage via voice
input. Our system can reproduce realistic situations through
monocular HMDs, change patients’ biological information
such as vital signs dynamically and allow sharing the training status among participants.
In Section 2, we provide outline and discuss issues. In Section 3, we show our proposal of solving the issues. Section 4
explains the implementation of our system. Section 5 discusses the assessment of our system and Section 6 discusses
future work of our system. Finally, Section 7 presents our
conclusion.

2 LIFE SAVING ACTIVITIES AT
DISASTER SITE
2.1 Medical Services Based on Triage
In Japan, health care workers perform the triage based on
START (Simple Triage and Rapid Treatment) method shown
in Fig. 1 at a triage post [2]. The purpose of the triage is to
classify patients according to their vital signs such as respiratory rate and pulse rate, so health care workers only perform eastriction’ and eairway control’ as immediate medical
treatment. patients are categorized for their treatment priority into the following four: Red (immediate) → Yellow (delayed) → Green (minor) → Black (dead). After each triage, a
health care worker writes necessary information, such as person’s name, age, blood type, transportation, organization and
the name of the health care worker in charge, on a paper tag
shown in Fig. 2, removes unnecessary colors, and attaches it
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Figure 2: Paper triage tag
to the patient [3].
After the triage, patients are taken to each tag color’s post
and health care workers perform the second-triage in order
to determine priority with transportation to hospitals. In this
paper, we focus only on the triage.

2.2 Current State of Disaster-Relief Training
After the Hanshin-Awaji Great Earthquake in 1995, residents of the surrounding area have had more opportunities to
participate in disaster training with health care workers. Furthermore, since JR Fukuchiyama Line derailment accident,
the concept of triage in lifesaving emergency activities has
been widely recognized, and triage training has become essential in order to perform actual triage quickly and accurately
in a real situation [4]. Triage training process and its procedure may differ by medical centers, but the basic procedure is
as follows. People who play patient role have a piece of paper
describing their imitating symptoms and biological information. They need to pretend the written symptoms to health
care workers. Then, health care workers determine the priority for treatment by observing the behavior of a patient role
and information on the paper. After that, health care workers writes necessary information on a paper tag and makes an
order to transport patient role to the corresponding tent.
For example, Fuji city has conducted a training of doing
triage, conducting treatment, recording information and transporting patients depending on the result of triage [5]. Yamanashi School of Medicine has also conducted an experiment of an electronic triage system, TRACY, where FeliCa
IC cards are used [6]. The system aims to share widespread
disaster information. In addition, the Emergo Train System,
which is a disaster training system with desktop simulation,
has also been employed in recent years [7]. Using this training
system, health care workers can study proper arrangement of
personnel by moving magnets instead of patients and health
care workers on a whiteboard which represents a disaster site
and hospitals.

2.3 Related Work and Issues
In recent years, systems based on RFID (Radio Frequency
Identification) tags and sensors have been researched to be
used for emergency lifesaving in disasters [8]. In the CodeBlue Project [9], vital signs obtained from sensors are collected through an ad hoc wireless network. MEDiSN [10] is

a sensor network platform for automating physiological monitoring of patients in hospitals and in mass disasters. Furthermore, studies that collect patient’s vital signs using mobile
information terminals, such as PDA (Personal Digital Assistance), have been conducted [11], [12].
However, in order to check information and to enter information, health care workers have to hold the PDA on their
hand. Therefore, they cannot use any hands prohibiting them
from performing necessary immediate medical treatment in
parallel. In addition, there are other problems in current training systems. In the case of current training systems, biological information of patients does not change as an actual
disaster situation, because health care workers make diagnosis based on written paper. Moreover, health care workers
perform treatment action and transportation action according to the given manual. An additional problem is that frequent training is impractical, because it requires participation
of many health care workers and people acting patients, and
also requires considerable time and effort to create a scenario
of the training and setting up the equipment. The Emergo
Train System allows for frequent training because it does not
need any actors to play patients, but it does not reproduce a
real disaster site or gives a sense of reality. Moreover, the existing training systems cannot utilize triage records or action
histories.

3 DISASTER-RELIEF TRAINING SYSTEM
USING AUGMENTED REALITY AND
VOICE INPUT TRIAGE
Disaster-relief trainings need to be done frequently in order
to make effective use of the developed system in real disaster
situations and carry out emergency lifesaving activities at an
actual disaster site quickly and accurately. However in the
current training patient’s vital signs does not change actually
so it is less of a reality. Moreover reproducing a real disaster
site is difficult and sharing the status of training is insufficient.
Also writing paper tags or using PDA hinders the necessary
immediate medical treatment that they must conduct in parallel, and slows down the speed of triage.
Therefore we need to develop disaster-relief training system where health care workers can perform triage with their
hands free and conduct training in consideration of biological
information without imposing time and effort.

3.1 Reproducing Disaster Situation
In triage based on the START method (Fig. 1), vital signs
such as respiratory rate, pulse rate and SpO2 (oxygen density
in blood) become the key element to determine the priority.
Therefore, it is necessary to prepare those patient information
upon conducting a training. However, it is difficult to ask persons who are actually injured to participate in a training. Although vital signs can be gathered from healthy participants,
their values are normal and cannot be used for the training to
detect any abnormality. In a current training, abnormal values
of vital signs are written on a piece of paper and triage is performed by referring to those static information. However, actual vital signs changes constantly. It is sometimes necessary
that some play a role of indicating a sudden change to symptoms. Therefore, training system is desirable which can reproduce dynamic patient information that constantly changes.
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Figure 3: Monocular HMD and Wi-Fi camera
In addition, it is important in a real diagnosis to see the
positional relationship between a patient and a health care
worker. A health care worker approaches a patient, touches
the body directly and checks the detail of injury. In order
to make a diagnosis correctly, a health care worker needs to
see the body closely. Therefore, we need to reproduce the
state changes associated with the positional relationship in the
training system. In our system, the distance between a health
care worker and a patient and the direction are used to change
how much patient information is shown.

3.2 The Voice Input in the Triage
It is desirable to conduct triage in less than one minute per
patient. However, in a chaotic situation, there is a possibility
that health care workers may make a mistake to determine the
priority, or may forget the detail of the START method. Furthermore, they cannot use any hands while writing paper tags
or using PDA, and cannot fully perform treatment actions allowed for the triage, such as ‘astriction’ and ‘airway control’.
As a result, the triage may take more time.
We have designed voice input function with which health
care workers can perform triage quickly and accurately while
keeping their hands free. In addition, we use Vuzix’s TacEyeLT
as our monocular HMD, Ai-Ball’s Trek as our Wi-Fi camera to recognize AR (Augmented Reality) markers attached
to patients, and Apple’s iPhone4S as our terminal for screen
output to the HMD (Fig. 3). Health care workers operate
our system by answering questions displayed on the HMD
screen. The questions are also offered as sounds through the
earphone so that they can operate without relying wholly on
the screen. Answers to the questions are either two choices
such as ‘Yes’ or ‘No’ or simple choices which they can answer
easily. Moreover, the questions are customized according to
each patient’s vital signs such as respiratory rate and pulse
rate. These functionalities reduce the burden of the thinking
of the health care workers and their mistakes of triage.

3.3 Sharing of Training Result
One of the important things in training is to repeat basic
trainings [13]. Especially, it is important that health care
workers can find their weak points by themselves after each
training is done. However reviewing the result of training is
really hard because current training systems use a whiteboard
to share training logs such as progress of triage, patients’ biological information, health care workers’ actions, and so on.

Figure 4: Configuration of the system
Only those who wrote texts on the whiteboard may understand them. The training is more effective when it is carried
out with a group of people. After the training, it is important
to review the training logs as well as to understand the situation of other participants. Reviewing the action history after
the training enables to analyze mistakes of triage.

4 IMPLEMENTATION
4.1 System Configuration
Figure 4 shows the overall configuration of the system. A
health care worker and an instructor use the system as a pair.
The health care worker who performs triage is equipped with
an iPhone and a monocular HMD to which an earphone-mike
and a Wi-Fi camera are attached. Sight of user’s one eye is
not always be completely blocked, and users can see the HMD
screen by looking at the upper part of the glasses. The instructor evaluates health care worker’s training using an iPad.
First, in the training site the instructor places AR markers which are used instead of patients. When the health care
worker looks at an AR marker via the Wi-Fi camera, the scenario of the patient corresponding to its ID number can be
read. Beforehand, the instructor sets up each patient’s biological information such as vital signs and the tag color, as that
person’s scenario. During the training, the vital signs simulating a real patient is generated depending on the tag color, and
the information management server keeps updating the information at regular intervals. When viewing the AR marker, the
health care worker can carry out triage with voice input by referring patient’s information in the monocular HMD. After
the triage result is stored, health care workers can check the
tag color by looking at the AR marker again. Via the network, the database stores scenario information created by the
instructor, the voice inputs from the health care worker, the
result of triage, the result of marker detection and the result
of monocular HMD output. This database enables output of
the training result in real time.

4.2 Training System by Reproducing Disaster
Situation Through the Monocular HMD
In our training system, patients are represented by AR markers in a training space. Therefore, the preparation is easy:
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Figure 7: Interface of the triage input during training

Figure 5: Different scenario depending on ID numbers

Figure 8: Triage input flow
from markers. For example, triage can be done only when the
distance is less than one meter. According to the distance, the
displayed patient’s information changes as follows:
• One marker within one meter:
Can perform triage and can see all the patient’s information.
• More than one marker or one marker beyond one meter:
Cannot perform triage and can see only some information of patients. The scene is displayed from afar and a
diagnosis cannot be made.

Figure 6: Difference by distance and orientation from markers
placing AR markers in the training space. When a marker is
recognized by a Wi-Fi camera, the patient’s scenario can be
read according to its ID number (Fig. 5). The reasons why we
use AR markers are: anyone can create them easily, and they
prevent from misreading ID numbers. We use AR markers
looking like alphabets.
The presentation of patient’s information changes according to distance and direction of markers. When performing
triage, a health care worker should face the patient. Therefore,
we reproduced the difference of face-to-face state and side
state by the orientation of markers (Fig. 6). The left images
are displayed on the health care workers’ monocular HMD
and the right images represent the direction and the distance
of AR markers.
Also Figure 6 shows the states depending on the distance

• Marker outside of view:
Cannot triage and cannot see patient information.
If the health care worker says “start” in the bottom screen
of Fig. 6, interface of the triage input is displayed at the right
side of the screen (Fig. 7).

4.3 Input Interface of the Triage
Figure 8 shows the input interface flow of the triage. The
bar on the top of the screen shows the best timing of voice
input. Underneath the bar, health care workers can see respiratory rate, pulse rate and SpO2 . The questions for determining the medical treatment priority based on the START
method are displayed in the middle of the screen, and health
care workers can answer the questions using voice input. We
have designed each item so that it can be recognizable on a
small display of monocular HMD.
If the camera recognizes an AR marker, it will move to the
state where triage can be started. If the health care worker
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Table 1: Vital sign parameters
Triage
color

Red
Yellow
Green
Black

Consciousness
Yes or No
(Pattern I)
Yes or No
(Pattern II)
No
(Pattern III)
Yes
Yes
No

Respiratory
under 10 or
over 30

Parameter
Pulse

SpO2
90–99%

1–50

50–180
under 50 or
over 120

1–50
10–30
10–30
0

20–180
50–120
50–120
0

90–99%
90–99%
90–99%
0%

90–99%

says “start”, it changes the screen as is shown in (a), and the
health care worker can answer questions one by one. The
system judges automatically the value of vital signs acquired
from the patient, and the next question is selected as is shown
in (b) and (C). After selecting the priority as is shown in
(d), the triage result is sent to the database. If the health
care worker makes a mistake, he/she can say “back” and the
triage can be redone from the beginning. Thus, the health
care worker can conduct triage without using any hands, and
necessary immediate medical treatments can be performed in
parallel.

Figure 9: Interface of training result

4.4 Generation of Simulated Vital Signs
Our system generates simulated vital signs such as respiratory rate, pulse rate, and SpO2 dynamically as Table 1 according to each tag color. The values have been determined from
the discussion with emergency medical specialists at Juntendo
University School of Medicine.
The vital signs are generated at random by our system. We
set the upper limit of respiratory rate to 50 breaths per minute
and pulse rate to 180 beats per minute. We also set the delta
per unit time. Breathing rate’s delta is less than 10 breaths per
minute, pulse rate’s delta is less than 20 beats per minute and
SpO2 ’s delta is less than 1 percent per minute. This is to eliminate the impractical values and changes in a real situation.
We have three patterns which generate vital signs depending
on patients’ condition in a case that the triage color is red.
Pattern I is when the breathing rate is abnormal and pattern II
is when the pulse rate is abnormal. Pattern III is when patients
are unconscious. This provides health care workers with criteria by means of biological information to decide who need
to be given priority for treatment and transportation among
multiple numbers of casualties with red tag. In our system,
when patient’s condition changes from green or yellow tag to
red tag, it is defined as ‘sudden change’. If there is sudden
change to somebody, health care workers can recognize it via
the monocular HMD.

Figure 10: Example of a patient
health care worker is performing. The top left of Fig. 9 shows
the monocular HMD display as seen by a health care worker.
The top right shows buttons to change scenario during training. By using these buttons, the instructor can add other patients or delete current patients and make sudden change to
arbitrary patients.

5 EVALUATION
5.1 Evaluation of the Triage Input Interface
5.1.1 Procedure

4.5 Interface of Training Result
After a training, reflecting on one’s own actions is very important. Figure 9 shows the display of the training history as
seen on the iPad by the instructor. The instructor can see information such as patient’s image according to its ID, when
each patient was carried, when each patient was transported,
when each patient got sudden change, when triage started,
when it finished, how long it took, and how many mistakes
were made. The instructor can look back on the flow of triage
and the cause of mistakes based on this information. In addition, since the information will be updated in real time during
the training, the instructor can continuously monitor how each

In the first evaluation, we compare our triage input system by voice and the current system of using paper based
tags. Each examinee performs ten times of the triage based
on the example of the patients shown in Fig. 10. In the experiment, person type sleeping-bags are used instead of patients.
An examinee performs ‘airway control’ by raising the patient’s head, and ‘astriction’ by connecting bleeding part with
a string, and ‘check of consciousness’ by talking to the patient. A sheet of paper on which injury is written (i.e. Fig. 10)
and an AR marker are attached to each patient (i.e. a sleeping bag). In the case of paper tag system, we asked to write
the patient number, the start time, examinee’s name, the tag
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Table 2: Result of the triage input
Paper Tag Our System
Required Time (sec) 67.7 ± 17.4 32.7 ± 12.8
Correctness (%)
86 ± 35
97 ± 17
Table 3: Questionnaire result of the triage input
Question
Score
Was the triage input easy?
4.5
Were you able to perform medical treatment
4.0
in parallel?
Was the screen on the monocular
3.7
HMD easy to understand?
Did you feel tired?
3.8
Figure 11: Evaluation of simulation disaster-relief training
color, and the diagnostic flow on the paper tag. In the case
of using our system, the system records these items automatically. We selected ten students as examinees. Five of them
started off with the paper tag system and then used our system, and the other five did in the reverse order. Because we
wanted to compare the paper tag system with our system by
the first evaluation, we did not consider the distance and the
direction with the AR marker. We wanted evaluate whether
examinees were able to perform triage using the monocular
HMD with voice input.
5.1.2 Result
Table 2 shows the results. In the T-test, there are significant
difference of 5 % levels of significance both in Required time
and Correctness. Firstly, we focused on the ‘required time’
for input the triage. When our proposed system was used, the
required time for triage per person was shortened for 35.0 seconds compared with the paper tag. In addition, it is desirable
to conduct triage in less than one minute per patient. With our
system the examinee was able to perform triage in 32.7 seconds. In the case of using paper tags, it was hard to carefully
choose selection conditions of the START method and it also
took time to record many things on paper tags. In the case of
our system, examinees only needed to answer to given questions, and could perform the triage easily. In addition, they
were able to perform medical treatment in parallel.
Secondly, if we focus on the ‘percentage of correct answers’, our system is 11 point better than the system using
paper tags. The main reason of the improvement is that our
system supports examinees to determine the priority by only
judging patient’s vital signs so that they may not need to remember the START method fully.
Furthermore, Table 3 shows the result of the questionnaire
about usability. In the evaluation, five is best, one is worst
in each item. The questionnaire result shows the triage input
was easy and hands free was realized. For those reasons, we
have confirmed the usefulness of our input interface for the
triage.

5.2 Evaluation of Simulation Disaster-Relief
Training
5.2.1 Procedure
We examined whether examinees were able to easily construct training environment and perform simulation training

while wearing the monocular HMD. Examinees were put into
pairs consisting of a health care worker and an instructor, and
carried out preparing a training environment, responding to
sudden patient’s condition changes, transporting patients, and
performing triage. The disaster scenario used in the evaluation was a traffic accident involving two automobiles, and
seven people were injured. There were two persons with red
tag (Patient B and E), three persons with yellow tag (Patient
A, C and F), two persons with green tag (Patient D and G),
and none with black tag. These data are taken from a report
of the triage training conducted at the Urayasu Hospital of
Juntendo University School of Medicine.
Before training, the instructor prepares the training environment by placing AR markers according to Fig. 11 for the
scenario prepared in advance (instructor’s event 1). Once
the training started, the health care worker perform voice input triage while looking at patients and their information displayed on the screen through AR marker recognition by the
Wi-Fi camera attached the HMD (health care worker’s event
1). At this time, the health care worker conducted triage in
turn from Patient A to G along the blue arrow in Fig. 11. Also,
the instructor produced/added the following events according
to the scenario while confirming the triage officer’s performance. As the notification of the added events were displayed
on the triage officer’s monocular HMD, he/she needs to stop
conducting triage and respond to the events. For instance,
if the instructor adds Patient H as the event, the notice “Patient H was newly added” is displayed on the triage officer’s
monocular HMD.
• At 3 min: The instructor adds Patient H with red tag
and Patient I with yellow tag (instructor’s event 2). The
instructor place AR markers corresponding to the patients. The health care worker confirms new patients
and accepts the event (health care worker’s event 2).
• At 6 min: The instructor generates a sudden change to
patient B’s condition (instructor’s event 3). The health
care worker goes to the patient and handles accordingly
(health care worker’s event 3).
• At 9 min: patient can be transported out from the scene
(instructor’s event 4). The health care worker decides
that two patients assigned red tags should be transported
(health care worker’s event 4).
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Table 4: Average time required for instructors
(event 1) Time required to place AR markers
(event 2) Time required to place AR markers for additional scenario
(event 3) Time required to create scenario when sudden change occurs
(event 4) Time required to create additional scenario
of removing patients from scene

75.2 s
18.4 s
7.6 s
9.3 s

Table 5: Average time required for health care workers
(event 1) Triage time per person
32.6 s
(event 2) Time required to respond to notice new pa- 8.4 s
tients
(event 3) Time required to take action in response to 47.1 s
noticing sudden changes
(event 4) Time required to decide on which patients 73.3 s
to transport from scene
Table 6: Results of training questionnaire
Question
Was it easy to understand the
presentation of patients information?
Was it easy to see patient
Health information on the HMD?
care
Did voice recognition work satisfactorily?
worker Was it easy to notice events?
Did you see improvement in results?
Did you work without feeling fatigue?
Was it easy to understand the
implementation status of triage?
Was it easy to change the scenario?
Did you feel like an active participant
Instructor in training?
Was it easy to find areas of improvement
for the health care worker?
Was it easy to implement training
using this system?
Did you work without feeling fatigue?

Score
4.3
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ing environment around one minute, and to modify scenario
less than 20 seconds during training. On the other hand, the
required time of health care workers needed to determine tag
colors was an average of 32.6 seconds per patient. Because
triage is ideally performed in one minute per patient or less,
we can say this is a useful result. Moreover, the results were
similar to the experiment 1 and the trainees could make efforts in training without disturbing becoming skilled in triage
even if the patients were virtualized. Health care worker’s
event 2, 3 and 4 show that health care workers completed
correct actions in a short time when instructors added those
events. These results show that health care workers responded
quickly to various situations that occurred in triage. In addition, Table 6 shows the questionnaire results about the training. In the evaluation, five is best, one is worst in each item.
The questionnaire results show high score for all items pertaining to both health care workers and instructors. Thus we
have confirmed the usability of the training using our system.
However, according to the network crossing and the light
quantity in the training environment, our system was hard to
detect of AR markers. Furthermore, the pronunciation that
was hard to be performed voice recognition depending on a
user was found. The improvement of the system which is not
influenced by the personality of user and training environment
will be necessary.

3.7
3.1
4.6
4.1
3.5
4.3
4.5
4.0
4.2
4.1

6 FUTURE WORK
The problem of introducing this proposed system is how
to recognize the patients and obtain biological information.
The research and development of the electronic triage system
are now carried out flourishingly and the small electronic tags
that incorporated a biological sensor in the radio sensor network device equipped with a small CPU were developed as
the substitute of the paper triage tags [14]. We consider that it
is possible to use this proposed triage system in the real spot
by sticking the AR markers on the electronic tags and attaching them to the patients. We would like to inspect whether
our system can be introduced into the real spot with combining the electronic triage tags and the AR markers.

4.6

After the training, the instructor informs the health care
worker of the elapsed time and the accuracy rate, and they
exchange some comments. The examinees in this experiment
were 10 pairs of students.
5.2.2 Result
Table 4 shows the average time required by the instructor
for each event, and Table 5 shows the average time required
by the health care worker for each event. The health care
worker’s event 1 represents the ten health care workers’ average time required for conducting triage per one patient. The
other event was only once occurred in each training and the
average time of ten people, the instructors and the health care
workers each, was calculated. The experimenter measured
the time in a stopwatch. In the health care worker’s event 2,
the experimenter measured the time between when the notice
of the added event was displayed and when he/she accepted.
For instructors, the results show that the required time for
each event was very short. It was possible to construct a train-

7 CONCLUSION
When a large number of people are injured at the same
time, health care workers first need to perform triage in order
to decide the priority for treatment depending on their severity
of injury and the urgency of treatment. Nowadays, electronic
triage systems that use PDA have been studied intensively.
However, the operation of the devices may slow down the
triage and become an obstacle for conducting necessary treatment in parallel. In addition, disaster-relief training is very
important for health care workers to be accustomed with real
disaster situations and to know how the electronic triage system works before it is actually used. In the case of current
training systems, biological information of patients does not
change as an actual disaster situation, and frequent training is
impractical. Furthermore, there are many other problems in
current training system.
In this study, we have developed disaster-relief training system with monocular HMD and AR markers and can control
the system via voice input. In our training system, patients
are represented by AR markers, so the preparation is easy,
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and enables to reduce cost and human resources. The presentation of patient’s information changes according to distance
and direction of markers and their vital signs are generated at
random by the system. In addition, the training result can be
shared after the training. We also enables to health care workers perform triage with their hands free to conduct necessary
immediate medical treatment even while doing triage.
After conducting the experiments of triage input interface
and simulation disaster-relief training, we have confirmed that
it is possible to determine the priority faster and more accurately with voice input than the current paper tag system, and
make disaster-relief trainings more meaningful.
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Abstract - In-vehicle information devices such as car navigation systems and smartphones are now widely used and
they provide drivers with a lot of information, such as traffic
jam information, weather forecast, etc., by a communication
function such as cellular networks. These services gather a
lot of information from cars or traffic sensors on the road,
which results in many small pieces of data being transmitted
over cellular networks. We propose a method that, by predicting car behavior, reduces the amount of such data. We
observe the amount of traffic data, simulate vehicle behavior,
and evaluate our models. Our conclusions show good results.
Keywords: Telematics service, ITS, Smartphone, Probe
data, Car navigation System

1 INTRODUCTION

Figure 1: Telematics service

Recent years have witnessed the emergence of many telematics services. For example, vehicle information devices can
assess traffic conditions and display the fastest route to a destination. Such services provide information obtained from
traffic sensors, historical traffic data, and in-vehicle information devices or smartphones, which are in widespread use [1][4].
Nevertheless, vehicle information devices for these services
have to connect the cellular networks, and drivers have to
pay additional costs for telematics services. If drivers use
smartphones, then they do not have to pay these additional
costs; however, the display sizes on these devices are too
small. A new device called gDisplay Audioh [5] can display
the same image with a smartphone connected by wireless or
wired communication functions.
Therefore, smartphones can become popular telematics terminals that have several sensors and wireless communication
functions [6]. Each smartphone frequently transmits a small
amount of probe data. Therefore, a large amount of probe
data can be transferred from vehicles to telematics service
providers (TSPs). However, such increasing volumes of data
traffic need to be regulated because of the high communication costs for both users and TSPs.
In a previous study [7], we proposed data compression methods for probe data by considering only the data itself, but we
were unable to reduce the amount of communication of control information that is a task that requires peak cutting meth-

ods. Therefore, in this paper, we propose a new method for
reducing probe data on the basis of vehicle behavior prediction.

2 TELEMATICS SERVICE
2.1 What are Telematics Services
Telematics services are services that provide useful information to the driver. These services have to gather a lot of
information from each in-vehicle device (See Fig. 1). There
are four types of telematics services:
1. A TSP gathers a large amount of information from invehicle information devices through the cellular network for each service; such information includes traffic
jam information, weather information, route guidance,
etc. The TSP then analyzes the data and delivers useful
information to each in-vehicle information device.
2. If an accident takes place, the in-vehicle information
device calls an emergency center, providing, automatically or manually, location information synchronized
with the airbag information.
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3. Entertainment services such as SNS, messaging, Internet, etc.
Cellular Network

4. Vehicle relationship management (VRM), which gather
a large amount of different types of information from
the controller area network (CAN) for monitoring the
vehicle status, etc.

TSP: Server

ProbeData

Current in-vehicle information devices communicate with
the TSP’s server through a cellular network. Therefore, most
of those services are able to run on the smartphones. Many
drivers have smartphones and can use the cellular network at
fixed costs and without having to pay additional money.
However, smartphones’ displays are too small to show drivers
a map or other information, which they cannot use when they
are driving. In the near future, it is expected that displayaudio devices, which show the smartphones display image on
the in-vehicle devices, will be used widely.

Smartphones
In-Vehicle
Information
Devices

Service

Service

Figure 2: Probe data

Probe data are gathered from many vehicles to the TSP’s
servers, as shown in Fig. 2. There are three types of probe
data:
1. Probe data that are gathered from various vehicles at
short fixed intervals (e.g., 1 min and 5 min). This data
includes average speed, travelling time, location information, and wiper information. The data are analyzed
for traffic information, weather forecast, etc.
2. Probe data that are transported to the TSP or other services as soon as possible; these include airbag information and broken information for making emergency
calls.

Totall Size of Probe Data

2.2 What are Probe Data

Number of vehicles

Figure 3: Number of vehicles and total size of probe data

3. Probe data that should be stored and gathered to the
manufactures for VRM; these include error logs in various Electronic Control units (ECUs), etc.

2.3 Amount of Probe Data
In this paper, we focus on the first type probe data. The size
of each data is very small, but the number of communications
is very large. Therefore, we have to solve the following three
problems for minimizing the total packet count of them:
• Minimizing the probe data
• Minimizing the control information for each communication
• Minimizing the number of communications
In our previous research, we proposed a compression method
for minimizing the probe data. In this paper, we propose a
new method for reducing the number of communications in
telematics services.

Let x be the number of vehicles in a fixed area, which are
able to communicate with the same base station through a
cellular network. 0 ≤ x ≤ ”miximum number of vehicles in
the fixed area” Let s be the size of probe data transmitted in a
single communication. Let t be a period of sending the probe
data. Let t be a period of sending the probe data. In this case,
the total size T of the probe data is given by the following
equation:
∑
T = st
xi .
(1)
In our previous research [7], we proposed a data compression method. The data size depended on the number of vehicles. When the number of vehicles is small, the data are
not compressed effectively; but when the number is large, the
data can be compressed effectively. The relation between the
number of vehicles and the total size of probe data is shown
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in Fig. 3. If all in-vehicle information devices transmit probe
data, the total size of probe data increases monotonically.
Cellular Network

3 RELATED WORKS
There are many studies on the reduction of probe data in a
cellular network. These studies may be categorized into three
types:
1. Reducing the number of vehicle information devices
that communicate to TSPs through a cellular network.
In [9], inter-vehicle communication technologies (V2V)
were used, and good results were obtained. However,
few vehicles have the equipment required for V2V communications, which accounts for a significant problem.
In [10], roadside communication (V2R) technology was
used, but the covered area was very small.

Communication
Unit
Communication
Unit
Telematics agent

Communication
Unit
Telematics agent

Probe Unit

Probe Unit

Server side
Telematics
agents
Telematics
services

TSP: Server

Figure 4: Proposed Architecture

3. Controlling the number of vehicles driving in a fixed
area.
In [9], the TSP sent a message to a vehicle and guided it
along its route. In this case, control of the vehicle was
limited.
We thus propose a new space and time model for reducing
the size of probe data without requiring V2V or V2R technologies.

4 METHOD OF REDUCING PROBE DATA
SIZE

Number of selcted vehicles

2. Reducing the data size.
Our previous method [7] showed good results, but it
could not be used for peak cutting.

Threshold1
Threshold2
Number of vehicles

4.1 Proposed Architecture
Figure 4 shows the architecture of a telematics service system based on a telematics agent model that we propose. In
this model, there are two types of agents: one runs on smartphones, whereas the other runs on the servers in a TSP.
The TSP agent monitors vehicular traffic in certain areas divided into zones. If the number of vehicles in a zone exceeds
a certain threshold, the TSP agent selects smartphones according to the space-and-time strategy and instructs the smartphone agents to cease probe data transfer.
The basis of this idea is that the amount of probe data that
is needed to provide a large amount of information is not very
large. Therefore, we can select some appropriate vehicles.
The number of selected vehicles is defined by two threshold
values as follows (Fig. 5).
1. If the number of smartphones is less than the threshold1, all vehicles are selected.
2. If the number of smartphones is less than the threshold2 and greater than the threshold1, a fixed number of
vehicles are selected.
3. If the number of smartphones is greater than the threshold2, a fixed numbers of vehicles are selected.

Figure 5: Number of vehicles and number of selected vehicles

The number of selected vehicles is limited and fixed. Therefore, communication traffic through the cellular network is
limited.

4.2 Space and Time Strategy
The algorithm for selecting smartphones that should not
transmit probe data is based on the following conditions.
1. In a particular area, a fixed number of smartphones are
allowed to transmit probe data.
2. A smartphone transmits probe data only when its behavior cannot be predicted.
Thus, the volume of communication is limited. Actually, if
there is less traffic in an area, then the number of smartphones
will be relatively small. Hence, all the smartphones in the area
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Figure 6: Atsugi City (near the Kanagawa Institute of Technology)

can connect to the TSP. Conversely, if an area has heavy traffic, it will have a large number of smartphones. Therefore,
only a fixed number of smartphones will be allowed to transmit probe data.

4.3 How is the Behavior of a Vehicle Predicted

Figure 7: Atsugi City (near the Kanagawa Institute of Technology (zooming))

Table 1: Average Speed in that area
Sparse case
Nomarl case
Crowded case

8.3 m/s
7.5 m/s
5.3 m/s

The prediction algorithm for the behavior of a vehicle is as
follows:
• If a smartphone uses a route guidance application, the
TSP can predict the route. Therefore, the smartphone
can communicate with the TSP only illegally.
• If the smartphone does not use the route guidance application, it is difficult to predict the route. However, in
many cases, the vehicle may be on a long street. Therefore, the smartphone can communicate with the TSP
either illegally or drive on any route except the main
route.
• In a fixed size area, the number of smartphones that
communicate with the TSP is limited. Therefore, the
TSP provides communication ratio as it decides.

5 EVALUATION
We evaluated our algorithm by carrying out a traffic simulation [11]. In a previous study [7], simulations were conducted using real traffic data and maps. We adopted the same
approach in the present study to obtain accurate results.

Table 2: Average travelling time
Sparse case
Nomarl case
Crowded case

196s
216s
328s

On a weekday morning, the number of vehicles in an hour
is 1,729, which is normal in that area and is not considered as
crowding. The number of signal turns is 52.
In addition to these numbers, for the simulation, 2,593 (150%)
vehicles constitute a crowded case, and 864 (50%) vehicles
constitute a sparse case.
We then changed the number of vehicles and obtained the
probe data from each vehicle. Figure 8 travelling time in that
area, and Figure 9 shows the average speed of each vehicle in
that area.

5.1 Base Experiment

5.2 Reducing the Probe Data Based on the
Space Model

Table 1 and 2 show the avarage speed and the avarage travelling time, respsctively.
We observed the amount of traffic near the Kanagawa Institute of Technology. we shows them in the Figures 6 and
7.

We obtained the probe data from selected vehicles by space
model. Selected ratio in that area is from 3% to 100%. Table
3,4, and 5 show the average speed and average travelling time
from each simuralation.
This result means we have to select the smartphone at least
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Figure 8: Travelling time in Atsugi City

20% in the crowded case.

5.3 Reducing the Probe Data Based on Time
Model
We obtained probe data from the selected vehicles using the
time model. The selection ratio for each vehicle varied from
20% to 100%. Tables 6, 7, and 8 show the average speed and
average travelling time from each simulation.
The results indicate that we can reduce the number of selected smartphones in at least 80% of the normal cases in the
time model. In other words, each smartphone should communicate with a TSP 20% of the time.

5.4 Discussion
From these results, we can reduce the traffic at most 80 by
the space model. Because, we have to select the smartphones
which communicate with the TSP is at least 20. Also, we can
reduce the traffic by the Time model. Therefore, we should
combine these two models. However, the result is obtained by
the simulation. Therefore, we are planning the experiment by
real vehicle and smartphones before the evaluation of combined model.

6 CONCLUSION
We proposed a new method for reducing the amount of
probe data in telematics services. In addition, we confirmed
the effectiveness of the proposed method by conducting simulations using real traffic data and maps.
In future work, the time and space models will be combined, and we will perform simulations on larger areas.
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Table 3: Average speed and travelling time on space model
(sparse)

Selecting ratio
100%
50%
20%
10%
5%
3%

Average speed
8.3m/s
8.3m/s
8.2m/s
8.4m/s
8.5m/s
8.7m/s

Average Travelling Time
195.8s
196.4s
197.4s
196.7s
194.1s
194.9s

Table 4: Average speed and travelling time on space model
(normal)
Selecting ratio
100%
50%
20%
10%
5%
3%

Average speed
7.5m/s
7.5m/s
7.4m/s
7.5m/s
7.6m/s
7.1m/s

Average Travelling Time
216.5s
216.2s
220.3s
216.0s
216.8s
232.3s

Table 6: Average speed and travelling time for each selecting
ratio on time model (space)
100%
50%
33%
20%

8.3m/s
8.3m/s
8.3m/s
8.3m/s

195.8s
194.8s
194.0s
192.0s

Table 7: Average speed and travelling time for each selecting
ratio on time model (normal)
100%
50%
33%
20%

7.5m/s
7.5m/s
7.5m/s
7.5m/s

216.5s
215.5s
214.5s
212.4s

Table 8: Average speed and travelling time for each selecting
ratio on time model (crowded)
100%
50%
33%
20%

5.3m/s
5.3m/s
5.3m/s
5.3m/s

328.2s
327.2s
326.2s
324.0s

Table 5: Average speed and travelling time on space model
(crowded)
Selecting ratio
100%
50%
20%
10%
5%
3%

Average speed
5.3m/s
5.3m/s
5.4m/s
5.5m/s
5.6m/s
5.7m/s

Average Travelling Time
328.2s
326.2s
322.6s
318.1s
311.9s
315.1s
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