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Abstract

Indonesia is currently struggling with stunting, wasting, obesity, and micronutrient deficiencies.
Nutritional imbalance, which varies by gender, age, and activity level, contributes to these issues.
This research developed a food detector with an innovative camera sensor to accurately measure food
calories. The study adopted a developmental approach, using a pre-experimental design and “post-
test only” research. The study included various food ingredients with calorie counts. Camera sensors
were used instead of load cell sensors to weigh food and convert it to calories. Camera sensory testing
was done on processed food samples. A number of food image data tests showed high accuracy. With
test results close to real data, the device showed promising accuracy. This model system used camera
resolution to detect calories, helping people measure and manage their diets in quality and quantity.
We hope this technology will continue to improve, making it more accessible and aiding nutritional

management.

Introduction

Food is a fundamental necessity for survival in daily life. It provides the energy required by the
body for activities and metabolism, enabling the maintenance of health and proper bodily function.!
The calorie content of food varies across different types, as does the quantity consumed by
individuals.>? However, in modern times, excessive food consumption has become prevalent,
contributing to the steady rise in global obesity rates.* In 2022, approximately 2.5 billion adults aged
18 and over, were overweight, with around 890 million adults classified as obese. This equates to
43% of adults worldwide being overweight and 16% being obese. Alarmingly, over 1 billion people
globally, including 159 million children and adolescents aged 5-19 years, are currently living with
obesity. The prevalence of obesity among children and adolescents has surged from 2% in 1990 to
8% in 2022. Several factors drive this excessive food consumption, including negative emotions,
exposure to enticing foods, difficulty in controlling food intake, lack of satiety, cravings, and even
food addiction.” To combat this trend, exercising self-control in food consumption is crucial. The
trend of these cases might also lead to a double burden of non-communicable diseases.® One effective
strategy is to measure the calorie content of the food being consumed, enabling individuals to make
informed dietary choices and maintain a healthy balance in their nutrition.

A calorie measuring device is a measuring instrument used to calculate the amount of calories
in each food, with the aim of enabling people to choose healthy food for their bodies. Measuring
calories and nutrition in daily food is a challenging method.”® A system that can measure calories and
nutrition in daily food can help patients and nutritionists measure and manage the amount of food

intake. There are various ways to measure food calories to determine the calorie content of the food,



including manual methods and using digital tools. Manual calorie calculations in food can be done
by using measuring scales and measuring cups to measure the portion size of calories in food and by
using comparisons’. However, manual calculations are still not efficient and effective. Therefore, the
development of digital measuring devices is expected to overcome these problems.

Digital calorie measurement devices that currently exist in the community are still mainly
utilized by certain groups such as nutritionists in hospitals and health laboratories. This is due to the
need for specialized knowledge to operate the device, which limits its usage among the general public.
Furthermore, these devices are still expensive and not affordable for average people. In addition, the
size of the device is still too large as it still uses load cell sensor principles. The amount of calories in
food is needed to calculate energy balance. Excess calories will be stored as fat. Excessive fat
accumulation can increase the risk of hypertension, obesity, heart disease, stroke, and diabetes.
Therefore, calorie intake needs to be controlled to maintain body balance and prevent metabolic
diseases, which are medical conditions related to energy production in human cells, one of the well-
known metabolic diseases with many sufferers is diabetes mellitus.'°

The development of the food detector uses an Arduino Uno, Arduino shield circuit, button
circuit, load cell sensor, LCD, Bluetooth HC-05, Pixy CMUcam5 camera, Android smartphone, and
power supply circuit. Android sends data to Arduino to instruct the Pixy CMUcam5 camera to detect
food and then output the amount of calories and nutrients. Arduino processes the load cell work to
detect food, and the amount of calories and nutrients contained in each food can be determined. The
measurement results data will be sent to the Android smartphone for analysis, and the analysis results
will guide each user to pay attention to their eating patterns. The purpose of the study was the
development of a system that can identify and classify food items using image processing techniques

and advanced camera sensors.

Materials and Methods
Research design

This research employed an experimental study design with a quantitative approach. A camera-
based food detection system will be developed and tested to measure its accuracy under various real-
world conditions. This study used a developmental approach that employed a pre-experimental with
a “post-only design” research type. In this study, camera sensors were used as a substitute for load
cell sensors, and image processing was applied to determine the weight of the food, which was then

converted into calorie values.

Sample



Food images of various types, shapes, and presentations were used as samples in this research.
Sample images were obtained from public datasets and a collection of food images was created
specifically for this research. This study went through several stages. The first stage was the initial
stage in the development of a food detector, which was to detect the number of calories through a

sensor system. Samples of processed food were used and then applied to the camera sensory system.

Data analysis

The stages in this food nutrition detection system are as follows: i) image input using a camera. At
this stage, the camera captures an image of the food. The results of the image capture are then
processed to obtain the required parameters; ii) image segmentation. This process separates the food
object from the background and it's useful for setting boundaries so that area and height calculations
are more accurate; iii) calculation of image area and height. Calculating the area and height is useful
for obtaining the volume value of the food. The area and height calculation is done using the region
props class; iv) calculation of food calories. The calorie calculation utilizes the volume calculation

results from the previous stage.

Method of calculating food calories

To calculate the calories contained in food, the calorie calculation formula is used:

Calories = (energy/100) x food mass

The energy contained in the food has been statically inputted into the program. There are three
different types of food, namely white rice, fried rice, and red rice. Each type of food has a different
calorie value per 100 grams.

The food mass is obtained from the calculation of the height and width of the food image obtained.
Height multiplied by width will obtain the volume. The volume is then multiplied by the mass density

to obtain the mass of the food image.

Results

Based on Table 1, a comparison of the measurement results from the camera sensor with the
Indonesian food composition table (TKPI) can be seen. The results of the evaluation of these food
samples meet the protein adequacy standards set by the TKPI. Testing was carried out using a camera
sensor to measure several important parameters of the food samples, including mass, calories, and
volume. These measurement results are given in a table for each food sample (Samples A, B, and C)

at three different weights: 10 gr, 50 gr, and 100 gr. The results of measuring mass, calories, and volume



approach or exceed the TKPI values, so it can be considered that the food has a protein content that

meets the expected nutritional standards.

Discussion

Currently, the measurement of calorie intake in food relies on conventional methods, which calculate
the calories needed for daily activities and those consumed. However, this study introduces a novel
approach utilizing image processing methods for calorie measurement.!! This method involves
recognizing the object to be measured, determining its volume, and analyzing its contour shape. The
objective of image processing in this study is to enhance the quality of images. During testing, a
webcam with a resolution of 480p was employed to mitigate issues such as low color contrast,
blurriness, and white spots or noise in the images. Initially, adjustments were made to the camera’s
height to optimize the distance between the object and the capturing camera, as this significantly
impacts the accuracy of calorie detection. Once adjusted, the camera was placed 40 cm away from
the object. The calorie detection model was implemented using MATLAB software. MATLAB is a
high-performance software that integrates computation, visualization, and programming for
mathematical notations. This software detects calories in food and operates on a laptop/computer
connected to a webcam.!?

Accuracy testing in a developed system can be defined as the degree of closeness between the
measured values and the true or real values. If there is no actual data or considered correct value in
the accuracy testing of a system, it will not be possible to determine how accurate the measurement
of the system is. Accuracy is defined as the difference value or the closeness value between what is
read by the measuring device and the true value. The accuracy testing of this food detector was carried
out twice using three types of rice, which were then compared with the real nutritional data values in
the TKPI for the year 2017 to obtain more accurate results. After preprocessing the input image,
image segmentation was carried out to separate the object from the background. RGB color
segmentation was used, which would be divided into two clusters (one can choose which cluster
would provide the best separation of an object from the background), then the area and height of the
image were calculated to obtain the volume, which is area x height. Using the object’s volume, the
mass of the object can be determined using the mathematical equation mass = density/specific gravity
x volume. Since the object’s weight taken using a camera is still affected by gravity, the weight of
the object needs to be calculated using the equation weight = mass x gravity. After obtaining the
weight of the object, automatic nutritional value calculation is performed by the MATLAB editor,
and this predicted nutritional value is compared with the national reference value. For example, for

10 grams of white rice, 18.69 calories were obtained based on the calorie detection results, while the



real value for 10 grams of white rice was 18.00 calories. This shows that the calorie detection results
are not significantly different from the real values.

Furthermore, the research conducted bears similarities with this study in that it aims to obtain the
calculation of calories after obtaining the weight of food, which is done by designing a nutrition
counting tool in the form of a scale that can measure the weight of food.” Measuring the weight of
food results in the nutritional content value of a food item. This tool is equipped with two load cells
connected to the HX711 module to measure the weight of the food. Arduino processes the signals
generated by the HX711 module, producing a weight value. The weight value is displayed on the
LCD and sent to an Android application using Bluetooth connectivity. The calculation of food
nutrition is done in the Android application based on the obtained weight value. This tool design
yields an average accuracy rate of 98.441% for load cell-1 and 96.974% for load cell-2. The tool has
a tolerance value of 1.61% for load cell-1 and 2.69% for load cell-2. The precision level of load cell-
1 15 97.93% and the precision level of load cell-2 is 97.83%.

The research conducted differs in terms of classification because it uses convolutional neural network
(CNN) modeling, and the device uses a designed application data set.!* Therefore, when taking a
picture, the device will display the nutritional content based on the data set that has been designed in
the training model and display the name/type of the food. In contrast, the calorie detection in this
study uses a systematic formulation to obtain the calorie content of a food. The advantage of this
study is that there is no need to take a data set, which can be time-consuming as it requires collecting
1000 food data sets of the same type and labeling the images more accurately. Additionally, the
calculation of calories is heavily influenced by the weight of the food, so it should be configured first
with a scale.

The research conducted used the k-nearest neighbor (kNN) method and a load cell sensor to read the
measured weight of the food.!* The system captures the image and reads the measured weight of the
food through a camera module and load cell sensor. The image is then processed to extract the color
value from the mean HSV (hue, saturation, value). The extracted results are then used as features to
identify the type of food and measure its calorie content based on the identification results and load
cell sensor measurements. The results of the system are displayed on a 16x2 LCD screen. The
identification process uses the kNN method based on 75 training data with 5 classes consisting of
white rice, red rice, beef rendang, sautéed water spinach, and fried tempeh. Using a k value of 3 in
the KNN method results in the highest accuracy of 96%. In contrast, our study does not use the kNN
method based on training data in the system, as the food detector is intended to detect the calorie

content of the food rather than classify it.



Food calorie detection system has many benefits and potential applications, but there are several
limitations to consider in this research. While this system can provide accurate estimates of the
number of calories in food, there is still the possibility of errors or uncertainty in the measurements.
The accuracy of this system depends heavily on the quality of the images captured and the algorithms
used to analyze them. Therefore, further validation of the accuracy and consistency of the results is

necessary.

Conclusions

The food calorie detection system holds significant promise for various future applications
across different sectors. Individuals seeking to monitor their calorie intake for weight management or
health reasons could benefit greatly from this system. By simply capturing images of their meals
using a smartphone or dedicated device, users can obtain accurate calorie information in real time.
This can empower individuals to make more informed dietary choices and adhere to their nutritional
goals more effectively. In healthcare settings, the calorie detection system could be integrated into
dietary assessment tools used by nutritionists, dietitians, and healthcare professionals. This would
streamline the process of analyzing patients’ dietary intake, facilitating more personalized nutrition

recommendations and treatment plans.
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Table 1. Sample testing results using a camera sensor.

Testing
Type of Types of units Results TKPI
food Weight 10 gr 50 gr 100 gr 10 gr 50 gr 100 gr
Mass 9.82 51.24 100.91 - - -
Sample A Calories 17.69 | 92.23 181.65 18.00 90.00 180.00
Volume 13.05 | 94.04 | 313.94 - - -
Mass 9.83 49.80 100.57 - - -
Sample B Calories 14.66 | 74.20 149.86 14.90 74.50 149.00
Volume 13.06 | 87.66 | 31243 - - -
Mass 10.09 | 51.47 101.23 - - -
Sample C Calories 2523 | 128.68 | 253.08 | 25.00 | 125.00 250.00
Volume 13.40 | 95.06 | 31532 - - -

TKPI, Indonesian food composition table.



