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Abstract— Indonesia has a lot of typical food which is rich in
flavor. However, compared with countries such as China, Thailand
or India, Indonesian food is not widely known by the international
community. One of the factors that cause Indonesian food is less
popular is that the food information cannot be accessed easily by
foreign travelers during a visit to Indonesia. Food name is written
on the restaurant menu can be read, but not really showing the
information about the food, such as ingredients, how the food is
prepared or a picture of the food itself. Hence, it is required to
facilitate foreign travelers who want to find out information about
Indonesian food based on restaurant menus. An Android-based
application has been developed to show food information. The
application captures a text on the restaurant menus, process and
recognize the text using convolution neural network (CNN). The
recognized text is then matched with predetermined database to
show the information about the food. The application was able to
recognize 100% of the menus when the menus use Sans Serif Font.
However, the accuracy dropped into 56% when the menus use
Times New Roman.

Keywords— menu recognition; optical character recognition;
convolution neural network

1. INTRODUCTION

Indonesia has a lot of typical food which is rich in flavor.
However, compared with countries like China, Thailand, India,
and Korea, Indonesian food is not widely known by the
international community. The number of restaurants that serve
Indonesian food in America for example, less than 20 outlets,
while a restaurant serving Chinese food in the United States more
than 30,000 outlets.

One of the factors that cause Indonesian food is less popular
is that the food information cannot be accessed easily by foreign
travelers during a visit to Indonesia. Food name 1s written on the
menu can be read, but not really showing the information about
the food, such as ingredients, how the food is prepared or a
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picture about the food itself. Hence, it is required to facilitate
foreign travelers who want to find out information about
Indonesian food based on restaurant menus. Smartphones
equipped with a camera can be used as a tool to provide
information about Indonesian food. An Android-based
application will be developed to show food information. The
application captures a text on the restaurant menus and processes
it. Using the results of the image processing, character
recognition technology or Optical Character Recognition (OCR)
can be used to recognize text from an image of a restaurant menu.
The text that successfully recognized by OCR is matched to a
database and send back to the user to show detail information
about the food.

In this study, we developed a smartphone application to
recognize Indonesian restaurant menus. We choose Android as
the platform since it is the most widely used worldwide mobile
operating system. The number of Android smartphone users
reached 87 million in 2016 and still continues to grow. For image
recognition, we used Convolution Neural Network (CNN).

II.

In this study, we use raw image captured from a smartphone
camera as an input. The image is then processed using
grayscaling, noise removal dan image binarization to produce
noiseless binary image. The binary image is used as an input for
character recognition to obtain a word or text query for database.
Before we implement our method, we design the system using
use case diagram, activity diagram, and design user interface.
Finally, we test and validate our application using black box
method. Figure 1 shows the diagram of our research
methodology.

METHODS
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Fig. 1. Research methodology

There are three main processes to recognize the text from the
restaurant menu, namely: 1mage preprocessing, 1mage
recognition and database matching.

A. Image Preprocessing

Input image for the system is a raw RGB image. It is required
to be preprocessed before fed into character recognition. The
preprocessing steps are: (1) Grayscaling, (2) Noise removal and
(3) Image binarization. Grayscaling is the initial step after an
image captured by the smartphone camera. Converting a color
image into a gray image with decolorize algorithm method is
quite effective in maintaining the contrast of the image [1].
Decolorize method algorithm receives input RGB image (Ri, Gi,
Bi) € [0, 1] 3 and change into Ti € [0, 1]. The value of R, G
and B of each pixel is converted into color values (Y. P, Q) by
using (1):

Y 0.2989 0.5870 0.11407[R;
P;| =10.5000 0.5000 -—1.000]|G; (D
Q 1.000 —1.000 0.000 IL5

YPQ color channels produces a grayscale image Yi € (ymin,
ymax) = [0, 1]. After grayscaling, next operation is noise removal
using smoothing. By using a smoothing operation, a grayscale
image will be blurred to remove detail and noise. The method
used in this smoothing process is Gaussian blur that has a
smoothing kernel as shown in [2]. In 2D plane. Gaussian
distribution has the formula as shown in 2.

1 x2ay?
Gl y) =5—e 2o 2)

Where x and y are are the horizontal and vertical distance
from the point of origin and o is the standard deviation of the
Gaussian distribution. The value of the Gaussian distribution is
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used as a convolution matrix that is applied to the image.
Estimated discrete convolution for a 3x3 matrix with ¢ = 1 are:
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Final step of image preprocessing is image binarization. The
purpose of image binarization is to convert grayscale image into
binary image (black and white 1mage). In this study., we use
adaptive threshold method to convert grayscale image from
previous step into binary image. Unlike global threshold.
adaptive threshold uses value T as a threshold value that depends
on the neighbor pixels.

B. Image recognition

To recognize the preprocessed image. we use CNN. CNN is
known to have better accuracy compared to artificial neural
network (ANN) (3, 4, 5). Figure 2 shows the architecture of CNN
to be applied for image recognition process.
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Fig. 2. CNN architecture for the application

In Figure 2, the initial part of the CNN architecture is the
input layer which is a preprocessed image data with the size of
29x29. The next process 1s a convolution layer that convolves
input data using 20 filters of 5x3. The convolution process yields
20 feature maps with size 26x26. Each features map will be
subsampled with filter 2x2 and stride 2. This step will reduce the
dimensionality of each feature map into 13x13. As shown in
Figure 2, the results of subsampled feature maps forwarded into
2nd convolution layer using 40 filters with size 5x5 to produces
a total of 40 feature maps. Max pooling operation (subsampling)
is also performed on each feature maps to produces 20




subsampled feature maps with size 3x3. Each subsampled feature
maps act as an input for fully connected layer which is similar as
multilayer perceptron in artificial neural network. Next layer after
fully connected layer is the output layer. In this case, the output
laver consists of 26 node that represents probability of alphabet A
to Z.

The training process is a necessary process to obtain correct
weight matrices in the CNN. The steps of training process consist
of forward propagation (from input image to output layer) and
back-propagation process as follows:

1. Initialization step: define filter size and initialize weights
with random values.

2. Forward propagation: take image as input, move forward
to Ist convolution, 1st subsampling, 2nd convolution, 2nd
subsampling, fully connected layer, output layer.

3. Calculate the total error of output layer compared to
desired output.

4. Use backpropagation to adjust the weights.
Repeat step 2-4 until stopping criteria is met.

C. Database Matching

SQLite is database management system library provided by
Android Operating System. The application uses SQLite to store
offline data and information about the food. The information
provided in the database are:

1. Name

2. The origin

3. Ingredients

4. Meals information
5. Picture

The name of the food in the database will the main search
query after the image successfully translated into a text.

D. Flow of the Application
Figure 3 shows use case diagram of the application.
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Fig. 3. Use case diagram of the application

There are 3 main menus on the application: Take picture,
Insert keyword and Reset. Take Picture will launch the
smartphone camera activity to let user take picture of restaurant
menu. The obtained picture is manually cropped to focus on a
word that user wants to get information about. Once it is cropped.
the application will convert into text and match with the database
to display information. The user is also able to insert keyword
manually to get information. This is the case when the system
failed to recognize text obtained from camera.

Figure 4 shows the flow diagram of the application.
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Fig. 4. Diagram flow of application

The application starts by showing a list of menu and a button
to take image from camera. User is required to select region of
interest by cropping the image. The cropped image is sent to
server to perform pre-processing and image recognition using
CNN. The result of image recognition is sent back to user in the
form of text. The text will be matched with local database to
show information about the food.

III. EXPERIMENTAL RESULTS

The user interface of the application consists of 3 main
functions as shown in the figure 4. The first function 1s search
function. Search function is used to search food information by
entering food name manually (Figure 4a). The second function is
to capture image from restaurant menu and manually crop it to
obtain region of interest (Figure 4b) and the last function is to
show food information based on the manual search or image
recognition (Figure 4¢).
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Fig. 5. Interface of the application: (a) manual food search; (b) capture and crop
the image: (¢) food information

In this application, all image processing and text recognition
were done on the server. Figure 5a shows an example of cropped
image that sent to the server and preprocesses it using MatLab
2016b which is running continuously on the server. Figure 4b
shows the results of preprocessing which consists of grayscaling,
noise removal and adaptive threshold. The result of preprocessing
is then segmented to obtain the characters. Each character is
normalized to matrix with size 29x29 and forwarded to CNN
engine to recognize or convert into a text.

(2)

GadOoOmGado

(b)

Fig. 6. (a) Cropped image that received by server: (b) Results of preprocessing

The converted text is sent back to the client’s smartphone and
matched with local database stored in application. Since the
matrix size of character is quite small (29x29), in many cases.
characters were misconverted and consequently, the result of
final text also mismatch compared to the real name of the food.
For example, the word “Gado-Gado™ was misconverted into
“gadobgado”, “Ayam goreng” was misconverted into
“ayamgofehs”, etc. Therefore, Levensthein distance method [6] is
used to measure the similarity between converted text and
keyword on the database. The minimum value of Levensthein
distance is 0 and the maximum value is 1 which means the
converted text has exact same characters and its order with the
original food name. In this study, we only show the food
information if it has minimum 0.5 similarity value of database
matching.

We tested the application using 2 different restaurant menus
which consist of more than 20 different food names. The first
menu uses Sans Serif font and the second menu uses Times New
Roman. All of the food names and information were stored in the
SQLite database. Figure 6 shows the restaurant menus we used to
test the application.

MAKANAN

1. Ayam Goreng Rp.

2. Ayam Kalasan Rp.

3. Nasi Uduk Rp. 7.

4. Masi Putih Rp. 5.

5. Rempela /Ati Rp. 5.

6. Sate Usus Rp. 5.

7. Empal Sapi Rp. 15.

8. Babat Rp. 10.

9. Paru Rp. 15.

10. Tahu / Tempe Rp. 3.000,-

11, Sayur Asem Rp. 7.000,-

12. Lalapan Rp.

13. Pete Rp.

14, Semur Jengkol Rp. 10.000,-

15. Lele Goreng Rp. 12.000,-

16. Gado - Gado  Rp. 25.000

17. Karedok Rp. 25.000

18. Ketoprak Rp. 25.000

19. Rujak Buah  Rp. 25.000

20. Tahu Gejrot  Rp. 12.000,
(a)

Fig. 7. Restaurant menus to test the application




To measure the accuracy, we used Samsung Galaxy Note 4
with 16 MP camera. The camera has autofocus feature and yields
an optimal image.

We evaluate 3 kinds of angle to capture the menu, 0°, 30° and
60°. Two lighting conditions, natural light and light bulb were
also considered in the experiments. Figure 7 shows an example of
I1st menu image taken with 0° angle. The image was cropped (1st
row of Figure 7), preprocessed and segmented in several
characters (2nd row of Figure 6). The segmented characters will
be the input for CNN. The recognition results are shown in the
3rd row of Figure 7. The word “Ketoprak™ was recognized as
“ketopfdk™. Since the word “ketopfdk™ is 75% similar as
“ketoprak™ in the database, the system will show information
about “ketoprak™.
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Fig. 8. The word “ketoprak™ reco,
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Figure 8 shows an example of cropped image from 2nd menu
with its recognition accuracy. The font in the second menu is
Times New Roman. In this case, the word “Sate Ayam” was
recognized as “satenyam” which has 75% similarity with “sate
ayam” in the database.
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Fig. 9. The word “Sate Ayam” recognized as “satcnyam”.

Table 1 shows the accuracy of both restaurant menu with
different angles.

TABLE L
TABLEII, RECOGNITION ACCURACY UNDER DIFFERENT ANGLE
AND LIGHT SOURCE
5 Accuracy Accuracy
Angle Light sources
g 8 (1st menu) (2nd menu)
0° Natural light | 100% 56%

Light bulb 85% 56%

Natural light | 80% 44%
30° _

Light bulb 85% 18%
- Natural light | 100% 56%

Light bulb 100% 50%
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As shown in table 1, the best accuracy for first menu (sans
serif font) is obtained for camera angle of 0° under natural light
and 60° camera angel. When using camera angle of 30°, the
accuracy dropped to 80% for natural light and 85% for light bulb.
In the second menu (times new roman font), the application can
only show food information less than 60% of all condition. It
seems that times new roman font is the main factor of less
accuracy compared to sans-serif font.

IV. CONCLUSION

We have developed an Android-based application for
recognition of Indonesian restaurant menus using convolution
neural network. The obtain the best accuracy, the menus should
take under the natural light condition with camera angle 0° or 60°.
Manual cropping also affects the accuracy. Therefore, it is
suggested to perform automatic cropping to get consistent and
better accuracy.

Although CNN is known to have better accuracy compared to
ANN, it is useful to conduct accuracy comparison between CNN
and ANN for this application in the future.
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