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Abstract

The self-monitoring of user-activity tracking is the most common method of both
individuals and most health-care systems. A growing demand for services that can easily
monitor food and calorie information through the use of food photographs has also
emerged. In this paper, an existing food-recognition and calorie-extraction system is
combined with a context-recognition system that recognizes the meal type. To recognize
the food images, a preceding Tensorflow-based machine-learning process was performed,
and an Expert.js-based semantic network was constructed for the meal-type recognition.
The food-recognition accuracy rate is 55.3 %, and Korean, Chinese, and Italian food
were recognized. As a result, the objective is the combining of the context awareness with
the existing self-monitoring systems to enable the user to implement dietary adjustments.

Keywords: Vision system, Cuisine classification, Calorie extraction, Image recognition,
Machine learning

1. Introduction

Health care is one of the most important social issues, and to improve personal health,
people engage in exercise or dieting. The tracking of user activities through self-
monitoring is the most common practice and is included in most health-care systems [1].
A system that can be easily self-monitored through the use of a vision system also exists
[2, 3]. In this paper, a food-classification procedure is combined with an existing self-
monitoring system using the vision system. By analyzing the food in real time through
photos of the food that the user eats, the calories are extracted and the type of food
(Korean, Chinese, etc.,) that the user has consumed is classified according to a maximum
of three extracted food names. Accordingly, the service can recommend food depending
on the context, thereby helping the dietary control of the user.

2. Design of the System

In this paper, the functions of the food-type extraction in the existing calorie-extraction
system are combined through the food-recognition process. Claus (a classifier that uses
real-time images) recognizes the photos in the vision system in real time, extracts the food
names and the calorie data in real time, classifies the food types in the classification
system using the extracted food-name data, and the user interface (UI) makes its structure
directly visible to the user. As shown in Figure 1, the system consists of a vision system,
a classification system, and the Ul. The overall system is made up of a Web
platform that is easy to access. To construct the whole system, HTML and
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Javascript are used, while real-time client-server data transmissions allow Ajax to
materialize the asynchronous Ul, as shown in Figure 2.
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Figure 1. Structure of the System
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Figure 2. Data Transfer Between the Client and the Server

A MySQL database is used to store the user data. The database consists of the
following two tables: a user table for the storage of the user ID and password, and an
ItemThl table for the recording of the user food name, ID, date, and calories.

] users v ] ftemTol v

o INT(10)
username VARCHAR(20)
password CHAR(60)

PRIMARY
id_UNIQUE
usamame_UNIQUE

UserlD VARCHAR(50)
Foodnama VARCHAR(S0)
Carbs INT(11)

Proten INT(11)

Fat INT(11)

Calories INT(11)

Date INT(11)

Num INT(11)

Figure 3. Components of the Tables
The vision system aims to recognize the names of foods and the corresponding

calorie information through its attainment of the user food images. For this
information, it is necessary to construct a classification model using machine
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learning. To construct the classification model, the training data are needed, and the
food data corresponding to the list of Figure 4 are collected and used.
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Figure 4. Trained Food List

The goal of machine learning is the programming of computers so that example
data or past experience can be used to solve a given problem [4], as shown in Figure
5.
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Figure 5. Process of Machine Learning

Tensorflow, a system that allows machine-learning practitioners and researchers
to experiment with new techniques, was used for the machine learning [5]. By using
Tensorflow, it was possible to develop a machine-learning system that can be
processed in a simpler and faster way, and thus, it is possible and easy to develop
the real-time interactions into a website.
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Figure 6. Structure of the Vision System

As shown in Figure 6, the food is recognized through photographs that are sent to
the Nutritionx APl with the recognized names in an array. The Nutritionx API
returns the nutrient data that consist of the total calories and the essential nutrients
according to the name of the food. The nutrient data is sent directly to the Ul, and
the name of the food is also sent to the Ul and stored in the user-specific database
that is mainly used in the classification system. An example of the data that are
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stored in the database is shown in Figure 7. The food names are stored in one of the
variables that are separated by slashes (/), which are again separated later by the
JavaScript split function. The unit of all of the nutrients except for the calories is

grams (g).
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Figure 7. lllustrative Data of the Database

The classification process uses the names of the foods that are recognized by the vision
system to derive the food types, and it stores the combinations and the types in the
database. To do this, a miniature semantic-network framework called Expert.js is used
[6]. Expert.js is a framework that provides digital-subscriber-line (DSL)-like constructs
for the construction of semantic networks [6]. By using Javascript as the scripting
language, it is easy to develop this framework. In Expert.js, the following two concepts
are used to specify the rules: isa and example, where the isa is the parent label of the
label, and the example is the inverse of the isa. For example, the isa of “cat” and “dog” is
“mammal,” and the examples of “mammal” are “cat” and “dog.” By using the label name
that is learned in the vision system, the upper labels that are included in the label are
designated using the isa relationship and the example, as shown in Figure 8. When the
user uses the vision system, it invokes a top label (isa) with the food name that is received
in real time as a parameter. The process is shown in Figure 9.

Figure 8. Definition of Classify.js using the isa and example
Relationships
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Figure 9. Structure of the Classification System using Expert.js

For a maximum of three food labels per photograph, each food type is derived through
the isa, and the label to which a large number of foods belong is estimated as a meal type.
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This experiment classifies the following three types of meals: Korean food, Chinese food,
and Italian food.

The Ul allows the user to view the data on the nutritional facts and the meal
classification without the need to refresh. Figure 10 is a list of the information that is
displayed on the UL.
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Figure 10. Data that is Displayed on the User Interface (Ul)

3. Implementation

HTML, CSS, Javascript, and Node.js were used to implement the website, MySQL was
used to store the database, and Ajax was used for the asynchronous transmission that
facilitates the communication between the client and the server. The file structure that
constitutes the whole system is shown in Figure 11.
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Figure 11. File Structure of the System

For the implementation of the system, a database construction must be implemented
beforehand. The two tables in the MySQL database were created using the components
that are shown in Figure 3 of Chapter 2, while Figure 12 shows the generated tables.

Figure 12. Generated Tables using MySQL
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Tensorflow was used to train the vision system. Tensorflow machine learning consists
of the following three steps, which are shown in Figure 13: training-image exploration,
bottleneck generation, and step-by-step training. As a result of the machine learning, an
accuracy of 55.3 % was generated, as shown in Figure 14.

Figure 13. Process of the Tensorflow Supervised Learning
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Figure 14. Accuracy of the Tensorflow Supervised Learning

The vision system is the first part of the user website access. The photos that are taken
by the webcam are transmitted to the server in real time through Ajax, as shown in Figure
15. The server classifies the transmitted images using the learned classifier and stores the
results in the database. The Nutritionx Api is contacted simultaneously, and the data that
are stored in the database via the Nutritionx Api are shown in Figure 16. The vision
system recognizes the foods, as shown in Figure 17.
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Figure 15. Execution Screen of the Vision System

s |
UserID: "hi",
Foodname: "jerky/chocolate bar/fortune cookies”,
Carbs: 35,
Protein: 10,
Fat: 18,
Calories: 348,
Date: 20170523,
Num: 2

b

Figure 16. Food and Calorie Data that are Stored in the Database

Figure 17. Recognition Results of Various Foods
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In the classification process, the food names that are recognized by the vision system
are classified and sent to the Ul. The classification rules are declared via Expert.js. In the
ItemThbl table of the database, the Foodname element is stored into a JavaScript array as
“FoodNameArray,” and it is divided into “/” using the split function, as shown in Figure
18. Subsequently, the isa element of each food name with the data of each room in the
FoodNameArray is stored in Classify.js as the parameter, as shown in Figure 19. Figure
20 shows the food-classification results.

Figure 18. Codes for Storing the Foodnames

Figure 19. Codes to Find the isa Element of the FoodNameArrays

Figure 20. Results of the Cuisine Classification

The Ul displays the name, calorie, and type of food in real time without the need to
refresh. To receive this data, the user is encouraged not to refresh through the Spinner.
Figure 21 shows the Ul including the Spinner. The user can take food pictures using the
website webcam screen. The food images that are taken by the user are recognized,
classified, and calorie-extracted, and the food names, nutritional facts, and meal type are
displayed on the UL.
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Figure 21. User Interface

4. Conclusion

In this paper, the function of a food-type classification is combined with a calorie-
extraction monitoring system using food photographs. The system was trained to
recognize food images using machine learning, and the food type was classified with a
semantic-network framework using the “isa-example rule.” This framework allows a
simple photograph-based recognition of the context of the user food type. In the future, an
improvement of the user-diet control for which the context recognition is combined with
the existing self-monitoring systems will be explored so that, for example, the food
context can be recognized and the context-appropriate foods can be recommended.
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