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1. Introduction 

 
In the event of a release of radioactive materials from 

domestic or neighboring nuclear facilities, a timely 

response is crucial. Particularly when the exact release 

amounts and behaviors are uncertain due to incidents in 

neighboring countries, responses based on real-time 

monitoring data become essential. This necessitates 

strategies that can immediately detect and respond to 

subtle changes in routine environmental radiation dose 

rate monitoring systems [1]. 

In the Republic of Korea, environmental radiation 

dose rate measurements are primarily conducted using 

monitoring systems installed at a height of 1 m above 

the ground. These systems are installed nationwide as 

part of the national radiological emergency 

preparedness system, with data being collected and 

managed in real time. However, only information 

measured at a single altitude is currently collected and 

managed, which fails to account for variations in dose 

rates according to altitude [2]. 

Meteorologically, wind direction and speed vary 

significantly with altitude. When radioactive materials 

are released into the atmosphere, radioactive plumes 

may move at altitudes different from ground level due 

to wind and weather conditions. Therefore, situations 

may arise in which radioactive materials reach the 

location of a monitoring system but go undetected due 

to altitude differences. To minimize such scenarios, it is 

necessary to collect and manage radiation data not only 

at the surface but also at various altitudes [3]. 

One method for measuring data at different altitudes 

is the use of drones. Drones can periodically measure 

designated altitudes above radiation monitoring systems 

to collect data. The collected data can then be managed 

statistically to promptly detect and respond to 

anomalies when subtle changes occur under routine 

conditions. 

As part of this research, we developed an algorithm 

to efficiently manage and visualize environmental 

radiation dose rate data measured at various altitudes. 

Through the developed algorithm, altitude-specific 

environmental radiation dose rate data can be visualized 

on maps, allowing information to be presented 

intuitively and promptly. This will help decision-

makers accurately assess the spread of radiation in the 

event of an accident and carry out swift and appropriate 

protective measures. 

 

 

2. Methods and Results 

 

In this study, we developed an algorithm to visualize 

the terrain boundaries of the entire Republic of Korea in 

three dimensions and to generate altitude-specific maps 

(at 1 m, 25 m, and 50 m) for the spatial representation of 

environmental radiation dose rate data. For this purpose, 

administrative boundary data were extracted from 

shapefiles (SHP files) provided by the National Base 

Map, using provincial-level boundary information as a 

reference. The measurement locations were based on 

the sites of environmental radiation monitoring stations 

installed throughout the country and their corresponding 

altitudes. 

 

2.1 Data generation and processing 

 

For visualization purposes, virtual data were 

generated based on the locations of 244 environmental 

radiation monitoring stations across the country. The 

data were saved in CSV format and included latitude, 

longitude, altitude, and radiation dose rate values. 

Measurements were simulated at three altitudes—1 m, 

25 m, and 50 m—at each monitoring location. The 

dataset was then restructured into a data frame to enable 

effective analysis of radiation dose rate variations by 

altitude. Fig. 1 shows the example of the dataset. 

 

 
Fig. 1. Example of the dataset. 
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2.2 Algorithm development 

 

The primary Python libraries used in the algorithm 

include Geopandas, Matplotlib, and NumPy. Geopandas 

was used to load the SHP files and perform coordinate 

system transformations (EPSG:4326). Matplotlib was 

employed to visualize the administrative boundaries in 

3D and to display map layers at different altitudes. 

NumPy was used to perform fundamental operations for 

data processing. The detailed procedures of the 

algorithm are shown in fig. 2. 

 

 
Fig. 2. Algorithm process for 3D radiation dose rates 

visualization. 

 

2.3 3D visualization results 

 

 
Fig. 3. 3D visualization result. 

 

Figure 3 shows 3D visualization result by using the 

developed algorithm. Altitude-specific (1 m, 25 m, and 

50 m) environmental radiation dose rate data from 244 

monitoring stations across the Republic of Korea were 

visualized on a three-dimensional map. The results of 

the visualization are as follows: 

First, the 3D map visualized administrative 

boundaries as separate layers corresponding to each 

altitude level, enabling users to intuitively observe the 

spatial distribution of radiation dose rates at specific 

altitudes. This clearly demonstrated that radiation dose 

rates can vary by altitude even at the same geographic 

location. 

Second, radiation dose rate data at different altitudes 

were represented using markers, with a color gradient 

applied such that marker color intensity increased with 

higher radiation levels. This approach enabled a rapid 

and intuitive understanding of the vertical dispersion 

patterns and concentration changes of radioactive 

materials. 

Third, the developed visualization system allows 

users to freely adjust the perspective and zoom level of 

the 3D map, facilitating multi-angle analysis of spatial 

characteristics and altitude-dependent radiation 

variations. 

 

3. Conclusions 

 

In this study, we developed an algorithm to manage 

and visualize radiation dose rate data at various 

altitudes, aiming to overcome the limitations of 

conventional environmental radiation monitoring 

systems. By utilizing altitude-based measurement 

methods with drones, it became possible to rapidly 

detect the three-dimensional dispersion patterns of 

radioactive materials. The developed algorithm is 

expected to support prompt and accurate responses in 

the event of a radiological incident. In the future, field 

data collection using drones will be conducted to 

validate the accuracy and reliability of the algorithm. 
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