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Abstract— In this study, we analyze the weaknesses of existing construction sites, 

develop pre-monitoring of the seismic performance of structures based on 

construction IT technology through a robot system, and study the construction 

automation method for this to finally develop the optimal robot design and functions 

to be applied to the site. In addition, it analyzes existing related laws and 

regulations, designs individual elements of the robot based on the necessary 

functions based on field research and related research, and optimizes based on the 

experimental database through development and testing for efficiency of painting. 

The nozzle is developed and applied to the robot. 

 

Keywords— Robot, IT Automation Seismic Performance, Construction 

Automation, Dust, Painting 
 

1. INTRODUCTION 

High-rise buildings are expected to continue to increase in the world. In addition, 

residents and owners of existing high-rise buildings require maintenance necessary to 

ensure the performance of sustainable buildings [1,2]. And it is necessary to efficiently 

construct and manage not only the construction of high-rise buildings, but also 

maintenance. At a time when it is becoming difficult to secure skilled workers due to the 

avoidance of young workers, automation of construction to shorten the construction 

period and carry out threatening work is becoming the key to securing competitiveness in 

the construction industry [3]. Nevertheless, most of the various works for construction 

and maintenance of high-rise buildings are currently done using conventional ropes and 

gondola. This is insufficient not only in safety accident risk, but also in performance and 

quality performance. Large construction companies in Japan are pursuing the 

development of construction automation technology through bold R&D investments, but 

in Korea, the investment in research and development on automation using robots at 

construction sites is insufficient [4]. 

Therefore, in this study, we are going to analyze the weaknesses of existing 

construction sites, develop preliminary monitoring of seismic performance of structures 

based on construction IT technology through the robot system, study the construction 

automation plan, and finally derive the optimal robot design and function to be applied to 
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the site. Also, this research analyzes the existing relevant laws and regulations, designs 

individual elements of robots based on necessary functions based on fact-finding surveys 

and related research, develops optimal nozzles and applies them to robots based on the 

experimental database through development and testing for the efficiency of painting. The 

prototype design is carried out through 3D modeling configuration, drawing up drawings, 

and rendering using computer programs. 

 

2. SUBJECT 

When a high-rise building is constructed or external maintenance work is performed 

after completion, if an earthquake is accompanied, a fall of the worker may occur due to 

the vibration and shock of the building. In addition, scattering first caused by painting and 

cleaning of external works is a cause of civil complaints as well as environmental 

pollution. Construction robots should be developed as a solution to solve these 

construction safety accidents and environmental problems. 

 

2.1. CASE OF AN ACCIDENT CAUSED BY A WORKER'S FALL DUE TO A 

BUILDING IMPACT 

Recently, efforts have been made to secure workers' safety, including the "Act on the 

Prevention of Outsourcing of Danger," due to a series of deaths of workers at construction 

sites, but workers' safety is still threatened at painting and re-painting sites that rely on 

ropes. 

 

2.2. DUST-INDUCED PROBLEM CASE 

The tightening of regulations on scattering dust at construction sites is still active. As 

one of the main culprits of fine dust is found to be scattering dust at construction sites, the 

construction industry, which has an absolute majority of outside work, is also in an 

emergency [5]. 

Although it is urgent to come up with alternatives such as protecting workers, it is 

expected that the implementation period of fine dust scattering reduction measures will be 

the longest ever, making it difficult to adjust the air quality, and that the cost will 

inevitably increase accordingly. Although it is urgent to come up with alternatives such as 

controlling the timing of construction and protecting workers as construction sites can 

cause dust in advance, it is a difficult situation because they have to meet the air promised 

in advance with the ordering company. According to Article 44 of the Enforcement 

Decree of the Clean Air Conservation Act, construction work, building and civil 

engineering work, and landscaping work must be carried out in the above picture. 

 

 

Fig. 1   The Appearance of a Dustproof Membrane used at a Construction Site 

However, due to the nature of the construction site, the implementation of the related 

matters is not only frozen, but even if implemented, the poor dustproof barrier will be 

used for reasons such as related costs. The existing exterior wall maintenance method 

involves a person hanging from a rope or a worker riding a gondola. Therefore, there are 
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limitations in terms of stability, constructivity and economics [6,7]. Limits in terms of 

stability include the risk of falls to complain workers due to high-rise wind loads and the 

shortage of workers due to old age or accidents. The limitations in terms of constructivity 

are difficult to secure the precision of work, and there is an increase in surrounding civil 

complaints due to financial loss and dust generation due to air delays due to climate or the 

strengthening of related regulations mentioned above [8]. 

The economic limitations include the total cost of construction at the painting stage, 

i.e., the highest percentage of labor costs among material costs, labor costs and equipment 

costs. However, if automation (robot) is carried out, it can be carried out at high speed 

through robots with anti-dissipation devices, and it can block much of the dust generated 

by painting the outer wall [9,10]. 

 

2.3. MODELING PROGRESS 

 

 

Fig. 2   Primary (left) and Secondary (right) Modeling (right) 

The first modeling is the top, bottom, left and right sliding drive using the roof rail, and 

the second modeling carries out painting work through the vertical bar (horizontal 

movement) and the paintwork (up and down movement). 

 

3. OPTIMAL ROBOT DESIGN OF CONSTRUCTION SITES 
 

3.1. CURRENT STATUS OF THE EXISTING ROBOT SYSTEM 

Existing researched construction robot systems, such as Japan and the United States, 

are structures that move up and down in the form of a gondola or move with curtain wall 

rails in high-rise buildings. The size of the robot is too large, causing many economic 

problems during manufacturing and operation. For this reason, there is still not much use 

of construction robot systems. 
 

3.2. DRAWING PRODUCTION 

Figure 3 shows the design of a robot system suitable for exterior construction of 

buildings that can be used at construction sites. The operation method of the construction 

robot was initially designed in the form of a gondola, and it is possible to fix the wire on 

the roof of the building, move it up and down, and paint and monitor the exterior walls of 

the building. As shown in Figure 4, the body of the robot is designed with a heavy and 

sturdy aluminum frame weighing less than 400 kg. It is designed to be fixed to the ground 

at the bottom of the wire to prevent it from being shaken by sudden earthquakes and 

winds during construction. In particular, the motor that moves the robot frame up and 
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down is designed as a triple safety stopper device to prevent fall during movement. 

This is a method of blocking the source of safety accidents occurring in conventional 

manpower work. In addition, when performing the painting work on the exterior wall of 

the building, the nozzle moves from side to side, and it is possible to secure the quality of 

painting by supplying a constant speed and paint. In particular, an external barrier was 

installed to prevent the coating powder from scattering to cope with environmental 

problems. Construction robots using gondolas will be moved up and down through wires 

installed on the stand above the roof, and frames and tools will be used to paint and clean 

the exterior walls of high-rise buildings. 

 

 

Fig. 3   Conceptual Diagram 

Figure 5 is a motor designed to move the robot tools for painting and cleaning left and 

right. Unlike the base motor, it is designed simply as a lightweight aluminum block chain 

for mobile devices to minimize the overall weight. The reciprocating movement speed of 

the block chain was set to an automatic device at 4 km/h through preliminary experiments 

so that the coating thickness was 3 mm or more, and the cleaning operation was set to 5 

km/h for one round trip. 

   

Fig. 4   Design of Safety Devices and High Strength Frames 
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Fig. 5   Chain Block for Horizontal Reciprocating Movement of Maintenance Frame 

In addition, the construction robot system designed a streamlined anti-vibration 

membrane as the final finishing material to minimize the influence of external wind on 

the speed of up, down, left, and right. 

 

3.3. DEVELOP PAINTING SYSTEM AND PROTOTYPE, CONDUCT TESTING 

(NOZZLE) 

The painting system of the robot tool mounted on the frame should be able to paint in 

various ways as shown in Fig. 6 and have a scattering prevention system that must be 

implemented to prevent environmental pollution. To this end, a method was proposed to 

prevent dust by forming an air curtain using an air nozzle around the spray gun. 

 

 

Fig. 6   Painting System 

4. CONCLUSION 

The design of the robot system derived from this study is an improved technique in 

terms of work efficiency and safety than the existing conventional method. However, 

economic feasibility such as initial investment cost, and various convergence 

technologies required for robot technology production must be precisely examined. The 

problems of vibration caused by robot movement, which are the disadvantages of existing 

construction robot systems, and safety and economic issues according to the size of the 
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robot were reviewed. Through this, the robot system of this study conceived a design that 

minimizes usability problems by reducing the load of a triple safety device and small size. 

In particular, it is necessary to reduce the worker's risk from external impact and to 

compensate for the inefficiency and workability of the existing system in paint work. The 

use of robots for quality control will be an effective alternative in the work of 

construction sites in the future. In addition, buildings with long service life through 

continuous exterior wall maintenance functions. In the future, in-depth analysis of 

problems and improvement plans for the construction robot commercialization for 

maintenance and painting of exterior walls of high-rise buildings will be applied to future 

research and development through Mock Up House experiments. 
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