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Abstract—Bridge facilities are social indirect assets that 
require constant maintenance. Our AR-based bridge facility 
maintenance system uses QR codes to effectively maintain 
bridge facilities. However, AR devices have limited memory 
and computation speed. Therefore, maintenance data must be 
received through communication with heterogeneous 
internal/external SW. We propose a maintenance method of 
heterogeneous AR data request packets using a metamodel. 
This method can add and modify heterogeneous data request 
packets without modifying the source code of the AR 
application. 
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I. INTRODUCTION 

Bridge facilities support passage in impassable areas 
among construction facilities. It is one of the social indirect 
assets that are constructed at great cost and time. Therefore, 
bridge facilities must be maintained continuously to ensure 
safety and usability [1]. However, existing bridge facilities 
are difficult to maintain because of their high dependence on 
manpower. In addition, existing maintenance systems require 
high time and cost for bridge condition evaluation [2]. 

We research bridge facility maintenance systems based 
on Augmented Reality (AR). A QR code is attached to each 
part of the bridge facility, and the AR device recognizes the 
building information modeling (BIM) information of the 
bridge facility by identifying the QR code. And it manages 
bridge facility maintenance information through recognized 
information. This method augments the visualization and 
realism of bridge facilities through an AR interface and 
provides them to users. In addition, the efficiency of facility 
maintenance is improved, and a digital-based maintenance 
system can be realized through the standardization of input 
information. However, AR devices have low computing 
speed, capacity, and internet connection limitations. 
Therefore, the AR-based bridge facility maintenance system 
requires information linkage between the AR device and the 
server. For example, in order to perform condition evaluation 
of bridge facilities, blueprints and facility condition 
evaluation information must be stored and managed in a 
database. However, AR devices cannot store all of this 
information. If the Internet is connected, the AR device may 

request information from the server and receive a response. 
If the Internet is not connected, information must be 
requested and answered from the database management 
system (DBMS) within the AR device. The AR device must 
support all of the above operation methods according to the 
environment. If the function of the AR application is 
changed in the development stage, packet types for requests 
and responses may be added or changed. In addition, packet 
types may be added after development is completed. 

We propose a method of automatically changing the QR 
code recognized through the camera of the AR device into a 
bridge facility classification code and changing the bridge 
facility classification code into a heterogeneous request code 
using a metamodel transformation method. The metamodel-
based transformation method can easily change a source 
model into heterogeneous target models [3]. This method can 
add or modify heterogeneous request code generation 
algorithms without modifying the AR Application source 
code. In addition, the visibility of the request code structure 
is high because the request code information is expressed and 
changed through the model. 

This paper is organized as follows. Chapter 2 mentions 
related studies. Chapter 3 mentions the method for 
generating heterogeneous request codes from QR codes. 
Chapter 4 mentions application examples. Chapter 5 
mentions conclusions. 

II. RELATED RESEARCH 

A. Metamodel Transformation Method 

A metamodel is a model of a model and contains the 
abstract information of the model [4]. For example, a 
metamodel can store the schema information of a model. 

Fig.1 automatically transforms the source model to the 
target model using the metamodel transformation engine. A 
source model is a model with original data. A source 
metamodel is a model that contains abstract information 
about a source model. The target model is a model to be 
automatically generated through the source model. A target 
metamodel is a model that has abstract information about the 
target model. A transformation rule expresses an algorithm 
for transforming elements of a source metamodel into 



elements of a target metamodel. The source model, source 
metamodel, target model, target metamodel, and 
transformation rule are files in which text information is 
stored. The transformation engine reads source model 
information by referring to source metamodel information 
through transformation rules and automatically transforms 
source model information into target model information by 
referring to target metamodel information. 

 

 

Fig. 1. Metamodel Transformation Engine 

III. GENERATION OF HETEROGENEOUS REQUEST CODES FROM 

QR CODES IN BRIDGE FACILITIES BASED ON METAMODEL 

Fig. 2 is the data request process of the AR application. 
AR Device uses Windows OS. The AR application in 
Windows OS uses the camera to identify the QR Code in the 
bridge and generates a bridge facility classification code 
from the QR Code. If the Internet is connected, the AR 
application changes the classification code to Restful API 
URI and request blueprint information from the server. If the 
Internet is not connected, the classification code is 
transformed into SQL, and the blueprint information is 
requested from the internal DBMS. The DBMS in the AR 
device stores less blueprints information than the DBMS of 
the server. 

 

Fig. 2. Request Process of AR Application 

Fig.3 is the request code generation process from the QR 
code in the AR application. The QR code stores bridge 
classification code information in the form of an image. The 
ZXing library [5] changes QR code images into text-type 
bridge classification code information. This code is 
transformed into a classification mode model. If the Internet 
is connected, the transformation engine refers to the 
classification code metamodel to read the classification code 
model, reads the Restful transformation rules, and refers to 
the Restful API metamodel to generate a Restful API model. 

The Classification Code Transformer uses the generated 
Restful API model to generate a Restful API URI. If the 
Internet is not connected, the transformation engine refers to 
the classification code metamodel to read the classification 
code model, reads the SQL transformation rules, and 
generates the SQL model by referring to the SQL metamodel. 
Classification Code Transformer uses the generated SQL 
model to generate SQL scripts. 

 

Fig. 3. Request Code Generation Process From QR Code in AR 
Application 

Fig.4 is the structure of the Classification Code 
Metamodel. It stores the detailed classification information 
of the classification code. The types of detailed classification 
information are Course, Point, and Material. 

 

Fig. 4. ClassificationCode Metamodel 

Fig.5 is the structure of SQL Metamodel. Stores the 
information of Select, From, Where, which is the basic 
structure of SQL grammar. 

 

Fig. 5. SQL Metamodel 



SQL transformation rules automatically transform model 
information based on Classification code metamodel to 
model information based on SQL metamodel. The type of 
Info is transformed to the tablename of From. The name of 
Info is transformed to the type of Where. The value of Info is 
transformed into the value of Where. If the type of Info is 
Course, the tablename of Where is generated as types. If the 
type of Info is Point, the tablename of Where is generated as 
areas. If the type of Info is Material, the tablename of Where 
is generated as materials. 

IV. CASE STUDY 

We implemented and tested the proposed method. Fig.6 
is a QR code sample. 

 

Fig. 6. QR Code Sample 

Table I is the bridge classification code generated from 
the QR code in Fig.6. The classification code consists 
structure of “[section number] - [branch code] - [branch 
identification number] - [material code] - [material 
identification number]”. 

TABLE I.  BRIDGE CLASSIFICATION CODE 

0001-S-0001-0002-0001 

 

Table II is a classification code model generated from 
bridge classification codes. 

TABLE II.  CLASSIFICATION CODE MODEL 

<ClassificationCodeModel> 

  <Info type="Course" name="0" value="1" /> 

  <Info type="Point" name="S" value="1" /> 

  <Info type="Material" name="2" value="1" /> 

</ClassificationCodeModel> 

 

Table III is the SQL model generated from the 
classification code model. 

TABLE III.  SQL MODEL 

<SQLModel> 

  <Select value="a_name" tablename="areas"/> 

  <Select value="t_name" tablename="types"/> 

  <Select value="m_name" tablename="materials"/> 

  <From tablename="areas"/> 

  <From tablename="types"/> 

  <From tablename="materials"/> 

  <Where type="m_num" value="2" tablename="materials"/> 

  <Where type="a_num" value="S" tablename="areas"/> 

  <Where type="t_num" value="1" tablename="types"/> 

</SQLModel> 

 

Table IV is the SQL script generated from the SQL 
model. Query the section name, branch name, and material 
name of the blueprint in which the section number is 1, the 
branch code is ‘S’, and the material code is 1. 

TABLE IV.  SQL SCRIPT 

SELECT areas.a_name, types.t_name, materials.m_name 
FROM areas, types, materials, WHERE material.m_num=2 
AND areas.a_num=’S’ AND types.t_num=1 

 

V. CONCLUSION 

We propose a method for heterogeneous request code 
generation from QR codes in bridge facilities based on 
metamodel. This method generates heterogeneous request 
packets for requesting response data from heterogeneous 
SWs. This method does not modify the source code of the 
AR application and can add and modify new heterogeneous 
request packets through the addition and modification of 
metamodel and transformation rule files. As a result, the 
functions of the software can be modularized, and the 
maintainability of the software can be improved. 

In future research, we will research the interpretation 
method of heterogeneous response data. And finally, we will 
research methods for improving the quality of AR software. 
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