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     Abstract--We created a new mobile application that 

translates pictures of restaurant menu items in Chinese 

into photos of the entrées.  The system takes an image 

captured with an Android mobile device camera as the 

input, processes it and looks up the corresponding entrée 

image before sending the image back over a network 

server. The matching photo then displays on the mobile 

device screen. This server based image processing 

consists of two components. The first component 

involves preprocessing the original scanned menu to 

form a SIFT feature database of menu items. The second 

component is a run-time process which performs 

segmentation and feature matching on the camera input 

image with the preprocessed menu database. The feature 

matching algorithm contains a histogram based 

vocabulary tree matching step, as well as a pairwise 

matching step with SIFT features and RANSAC method. 

The experimental results show that our method is robust 

and fast; it is able to find a matching entrée picture 

within 5 to 6 seconds and has a success rate of around 

91% for clear and focused camera inputs. 

I. INTRODUCTION  

     People often have the desire to see images of the food 

items available at a restaurant before they make the decision 

to order. This is especially true for people who visit ethnic 

restaurants or travelers in a foreign country. In these cases, 

restaurant menus are written in a foreign language, and the 

menu item names have no standard translation to English. 

When there is a lack of entrée pictures on the menu itself, it 

becomes very difficult to determine a desirable dish to eat. 

Sometimes, even when there are translations, the translated 

names are obscure and do little to help identify the 

ingredients of the dish. With this project, we designed and 

created an Android mobile application that allows users to 

see an image of a Chinese dish they want to eat by taking a 

picture of the name of that dish in Chinese using their 

mobile device. This report first describes the 

implementation of our application with its client and server 

based approach, followed by the photo matching algorithm 

of our MATLAB image processing code on the menu name, 

and lastly the report discusses some experimental results we 

acquired by testing the application. 

     Many existing Chinese text recognition algorithms use an 

Optical Character Recognition (OCR) approach where the 

input image is analyzed using a connected components, 

outline approximation [1]. These methods work fairly well 

and can achieve a high success rate for English and other 

alphabet based languages. However, with East Asian 

languages such as Chinese, where the words are character 

based, the results from OCR methods are much worse. From 

experimental results done for this project, the Tesseract 

Chinese character OCR algorithm was only able to, at best, 

recognize 80% of the characters. Clear scanned menu 

images with black text on white backgrounds yielded the 

best results. With a much less ideal input from a phone’s 

camera where the words are sometimes rotated and skewed 

with lighting gradients as well as additional noise, the yield 

for correct results decreases drastically, and recognition 

dropped below 60%. This approach would give poor results 

for menu item look up, as some item names only differ from 

others by one character but are actually completely 

different. 

     In this report, we propose a SIFT based Chinese entrée 

word detection scheme that is robust and fast. The menu we 

used was a 50 item, grayscale image. Our project is 

implemented as part of the mobile client-server application 

which we created to translate Chinese restaurant menu items 

to their corresponding pictures. In our application, the client 

runs on an Android mobile device to capture an input image. 

The captured picture is sent to a server to extract the menu 

item’s name and go through the two-step SIFT based 

matching process. After a matching menu item picture is 

found, it is sent back to the mobile device, and the image is 

displayed by the client application. 

II. IMPLEMENTATION 

 



 
 

Fig 1. Image Processing Pipeline 

 

     The implementation is two-fold as shown in Fig. 1. First, 

the original menu is preprocessed to create a database 

containing each separate menu item to be used for later 

comparison. Second, there is real time processing with the 

photo taken by an Android phone. 

     In the preprocessing phase, each item of the original 

menu is cropped out and separated into its own image to be 

stored into a database. This cropping completely excludes 

all other menu item words from each photo. The sift 

keypoints and descriptors as well as the vocabulary tree 

histogram for each item is stored in a database for real time 

processing matching usage. Additionally, the database has 

contains the relevant photos for each dish on the menu. In 

real time, the Android phone takes a photo of a section of 

the menu that includes the desired menu item, sends that 

photo to a server which then invokes MATLAB processing 

before sending the image of the best matched food item 

photo back to the phone. The processing generally takes 5 to 

6 seconds to complete per photo. 

     During the MATLAB processing phase, the original 

photo is first resized down to 0.2 times its original size for 

faster processing purposes without trading off for accuracy. 

The resized photo is then binarized using Otsu’s method. 

Next, the binarized photo is median filtered with a 3x3 

window to reduce image noise without changing the words 

in the menu item.  

     After median filtering, the phone image is then rotated 

for proper alignment through the Hough transform. 

Although SIFT is rotationally invariant, proper orientation 

on the photo is necessary to crop out extraneous menu 

items. With the phone and menu that we are using, a typical 

photo taken can contain 4 or 5 additional items in addition 

to the actual item desired. We assume two things in this 

portion: 1) The photo is relatively properly oriented and 2) 

The user desired menu item is in the center of the photo. 

With these two assumptions, the Hough transform rotational 

angle to is limited to a set number of degrees either way for 

processing speed and accuracy purposes. Then, we crop the 

photo so that only the menu item we want remains. 

     The cropping can be done simply by taking a central 

horizontal sliver of the aligned image that includes a fixed 

portion of the original image. However, since the menu we 

used contains horizontal lines separating each menu item, 

the aligned image is eroded with a horizontal line, the image 

center is selected, and the horizontal lines are used to 

indicate the edges of our desired section.  

     Finally, a vocabulary tree and SIFT with RANSAC is 

performed on the aligned, sectioned off image, and the best 

matching photo, along with the matching item words from 

the original database, is sent back to the server. The photo is 

then sent back to the Android phone. 

 

III. ALGORITHM 

     The two primary goals of the image processing algorithm 

are accuracy of detection, and speed of detection. The 

accuracy of detection performance can be measured by the 

percentage of entrées items on the menu correctly matched 

to the corresponding database entry. The speed of detection 

can be measured directly with the amount of time used by 

the image processing algorithm. Additionally, the time used 

to upload the input image from the client to the server, as 

well as the time used to download the resulting image from 

the server to the client, also affect user experience, but it is 

not in the scope of this report, as this is unaffected by 

algorithm optimizations. 

A. Scale Invariant Feature Transform on Chinese 

Characters 

The Scale Invariance Feature Transform (SIFT) [10] is 
well suited to the application of matching an image of 
Chinese characters with a limited subset of known images of 
Chinese characters. In particular, SIFT’s scale and rotational 
invariant properties relaxes the constraints placed on the 
input image from the mobile client. In addition, Chinese 
characters generate a comparatively large number of SIFT 
descriptors due to the prevalence of sharp edges and 
geometric spacing. On the test menu, there were a total of 50 
entrée items, each consisting of between 2 and 5 Chinese 
characters. After running SIFT on a closely cropped image of 
each entrée item, the following statistics were obtained: 

TABLE I.  SIFT DESCRIPTOR STATISTICS 

Statistic Type Count 

Maximum 227 

Minimum 82 

Average 148.26 

Standard Deviation 30.68 

Total 7413 

B. RANSAC for SIFT Match 

Once SIFT has been applied to both the input image and the 

menu images, RANSAC is used to calculate which dish 

image from the database most closely matches the input 

menu item name, similar to what is used for poster matching 

as done in class [8]. While RANSAC can be used to obtain 



highly accurate results, it is also well known that the 

algorithm can also result in long processing times due to the 

large number of iterations that it must cycle through. The 

general equation to calculate the number of iterations is the 

following: 

 

 Slog(1 – P) / log(1 – q
 k
) 

Here, P is the probability of producing a useful result, q 
represents the number of inliers versus number of points in 
the data, and k is the number of points from which the 
model parameters are estimated. Setting P = .99, q = .5, and 
k = 3, we obtain S = 35 iterations, which is quite expensive 
in computation time. 

C. RANSAC Cut off 

     One way to speed up RANSAC is to terminate the 

iterative algorithm once the number of matches from 

RANSAC exceeds a certain threshold. Used naively with 

RANSAC, we can expect a 50% decrease in the average 

SIFT match computational time if the threshold is set 

properly. 

 

D. Vocabulary Tree for SIFT Match 

     Another way to speed up RANSAC is the use of a 

vocabulary tree algorithm as a first pass to sort the 50 items 

in the menu in order of most closely matched to input image 

to least closely matched to input image. The key features 

while designing a vocabulary tree are the branching factor, 

number of leaf nodes, and the training data. For our case, the 

branching factor is set to 10, and the training data is from 

hw7_training_descriptors.mat. To set the number of leaf 

nodes, we need to take into account the total number of 

SIFT Descriptors. Table 1 shows that the total number of 

SIFT descriptors for all 50 items in the sample menu we 

used is 7413, so the total number of leaf nodes should be 

less than that number. 

     One use of the sorted menu items is to apply pairwise 

RANSAC SIFT matching between the input image and a 

subset of top ranked menu items. This has the advantage of 

reducing the computation time by a fixed amount. 

     Another use of the sorted menu items is to apply 

RANSAC SIFT matching between the input image and all 

menu items with the cutoff as described in Part C of the 

algorithm section. This has the advantage of reducing the 

computation time by an order of magnitude if both the 

vocabulary tree and the cutoff are accurate. 

     However, the vocabulary tree is not advised to be used 

independent of the RANSAC SIFT Match because the 

vocabulary tree does not take into account the position of 

the SIFT descriptors, which yields valuable information and 

increases the probability of a match. 

 

E. Binarization 

Since the sample menu was in grayscale with dark text 

and white background, the binarization coefficient was set 

to a constant value in our algorithm. With other types and 

color-scales of menus, binarization methods would have to 

adapt to the specific type of image, and additional 

binarization methods include locally adaptive thresholding. 

F. Hough Transform 

The sample menu has repeating vertical and horizontal 

lines, so the Hough Transform was used to find the angle of 

rotation. The primary purpose of the Hough Transform is to 

aid in text detection and segmenting portions of the image 

taken that do not need to be used for comparison purposes. 

G. Text Detection 

It is assumed that the input image will contain multiple 

entrée items, and the dish of interest is in the middle of the 

image. Detection of vertical and horizontal lines is done by 

eroding with horizontal and vertical lines. The result is used 

to compute the central text region, which is surrounded by 

grid lines. By cutting down the input image, the time used 

for SIFT and SIFT Match will decrease. 

IV. RESULT 

A. SIFT Speed 

SIFT needs to be extracted from all input images. For 

input images cropped to roughly half a megabyte, the 

following shows the speed of the SIFT, and the speed of the 

SIFT Match per pair of images: 

 

TABLE II.  VL_FEAT SIFT SPEED 

Statistic Type SIFT Time in Seconds 
SIFT Match Time in 

Seconds 

Maximum 0.9138 0.2098 

Minimum 0.7706 0.0888 

Average 0.8689 0.1423 

Standard Deviation 0.0276 0.0278 

 

B. Vocabulary Tree Speed 

For each input image, the amount of computation required is 

equivalent to generating the histogram from the SIFT 

descriptors, and calculating the overlapping histogram 

region with every other menu item histogram, which is pre-

computed). In Table III, second column is the time to 

generate the histogram, and the third column is the time to 

compare the input histogram to all histograms in the menu. 

TABLE III.   VOCABULARY TREE SPEED 

Statistic Type 

Histogram Generation 

Leaves = 100000 

Time in Seconds 

Histogram Match Time 

in Seconds 

Maximum 0.8483 0.2098 



Statistic Type 

Histogram Generation 

Leaves = 100000 

Time in Seconds 

Histogram Match Time 

in Seconds 

Minimum 0.1065 0.0888 

Average 0.7327 0.1423 

Standard Deviation 0.0276 0.0278 

 

 

C. Vocabulary Tree Accuracy 

The accuracy of the vocabulary tree is determined by the 

ranking of the correct menu image to the input image. When 

the number of leaves is set to 100,000, we see that only half 

of the correct images are ranked in the top half. This is just 

as bad a guessing (Fig. 2).  

 

Fig. 2: Vocabulary Tree Accuracy with Leaves = 100000 

 
By reducing the number of leaves, we see an improvement, 

as shown with 10,000 leaves in Fig. 3. 

 

Fig. 3: Vocabulary Tree Accuracy with Leaves = 10000 

 
 

Reducing the number of leaves further from 10000 to 1000 

(Fig. 4) does not result in any measurable improvement 

because the centroids are spaced too far apart. On the other 

hand, there are more descriptors than leaf nodes, which is 

preferable. 

 

Fig. 4: Vocabulary Tree Accuracy with Leaves = 1000 

 

D. Hough Transfrom 

The Hough Transform worked fine for perspectives 

where the horizontal and vertical grid lines are way longer 

than the size of any single character. For macro images 

where the grid lines are marginally longer than a character, 

the Hough Transform may rotate the input image in 

unexpected angles. Consequently, the maximum rotation 

angle was restricted to +/- 5 degrees. 

E. Imperfect Text Detection 

Due to the graininess of the both the scanned menu and 

input image, it was difficult to precisely demarcate the 

rectangular box. If part of the text was cut off, but at least 

two of the characters remained, there would enough SIFT 

descriptors for a correct SIFT Match. On the other hand, if 

there are too much information on the image such as 

adjacent menu items, SIFT would be slower and the 

detection could be an item that is not in the center of the 

image. Furthermore, we found that items with more 

characters and characters with more complexity had better 

accuracy results since they contained more features for 

matching. 

F. Overall Speed 

In the final configuration with the vocab tree set to top 

25 out of 50 menu items total, the amount of time for the 

entire image processing was between 4.5 seconds and 6.5 

seconds. 

G. Overall Accuracy 

The overall accuracy depended several factors such as the 

the number of characters in the image, and the quality of the 

camera. Using an IPhone, the accuracy was as high as 

91.67%. Using the Android phone given for the class 

project, we found the autofocus to be a source of significant 

error. If the image was in focus and had at least 3 characters, 



empirically we found the accuracy to be at least 75%. On 

the other hand, out of focus images typically resulted in 

incorrect detection. 
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APPENDIX 
CONTRIBUTION DISTRIBUTION 
 

Item Michelle Jin Ling Xiao Wang Boyang Zhang 

Hough Transform 1 
  

Menu Preprocessing 1/2 
 

1/2 

Text Detection 1/3 1/3 1/3 

RANSAC 1 
  

Vocabulary Tree 
  

1 

Android Client 1/3 1/3 1/3 

Server 1/3 
 

2/3 

Tesseract Experiment 
  

1 

Menu/Entree Photo Collection 1/4 1/2 1/4 

Poster 1/3 1/3 1/3 

Report 1/3 1/3 1/3 

 


