
  

  

Abstract— This paper describes a fully automated method for 
generating 3D pipe models with wall thickness from 3D point 
cloud data. In decommissioning of Fukushima Daiichi Nuclear 
Power Station, rapid 3D modeling of plant structures is essential 
for dose assessment and remote operation planning. In our 
method, pipe regions are first discriminated, then scanned along 
three orthogonal axes to extract pipe instances, followed by 
geometric fitting with wall thickness for use in shielding 
calculations. Finally, generated models are exported in 
Computer-Aided Design (CAD) and Building Information 
Modeling (BIM) formats for using facility management. Our 
method was validated on a 3D point cloud measured in a mock-
up plant environment. We confirmed a high conversion rate and 
reduced processing time by restricting computation to pipe 
regions. The output models were imported into existing software 
without errors. 

I. INTRODUCTION 

In the decommissioning of the Fukushima Daiichi Nuclear 
Power Station (FDNPS) owned by Tokyo Electric Power 
Company Holdings, Inc., the first trial retrieval of fuel debris 
from the Primary Containment Vessel of Unit 2 was completed 
in 2024 [1]. In the coming years, large-scale fuel debris 
retrieval operations will be conducted for Units 1-3. Such 
operations require activities including the consideration of 
construction methods, planning of remotely robot operations, 
and radiation dose calculations based on structural information. 
These tasks utilize 3D models created from 3D point cloud 
acquired in the work environment using 3D laser scanners. 
However, converting 3D point cloud into 3D models still relies 
heavily on manual operations with dedicated software, which 
is highly time- and labor-intensive. For safe and efficient 
decommissioning, it is essential to carry out operations 
appropriately while promptly incorporating up-to-date site 
conditions to models that change from moment to moment. 

In particular, understanding the radiation condition in the 
work environment is crucial for reducing exposure to workers 
and remotely operated equipment, and radiation dose 
calculations using 3D models of structures are highly valuable 
[2]. Such calculations require not only information on the 
arrangement and geometry of structures but also data on the 
constituent materials and their thicknesses. However, the 
created 3D models (commonly in Computer-Aided Design 
(CAD) format) are often surface models, with no 
representation of the interior. When thickness information is 
absent, the 3D model treats structures as solid masses, which 
can lead to unintended shielding effects or inaccurate 
attenuation calculations [3]. At FDNPS, understanding 
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contamination originating from inside piping is a critical issue, 
highlighting the need for an easy method to create 3D models 
with wall thickness. Representing the interior of shapes such as 
pipes and pumps is far more challenging—and significantly 
more costly—than modeling simple structures like flat walls. 
Material information, on the other hand, directly contributes to 
the accuracy of shielding calculations. Recently, attention has 
also been drawn to the use of Building Information Modeling 
(BIM) models, which can incorporate such material and 
thickness information. 

Against this background, we have been working on the 
development of an automated method for generating 3D 
models from 3D point cloud. In previous works, we have 
developed a method that automatically discriminates structures 
from 3D point cloud into categories and segments them into 
shape regions, and we have confirmed high discrimination 
accuracy for major categories in plant environment datasets [4, 
5]. Although discrimination performance was low for 
categories with insufficient training data, however, the “pipe” 
category achieved more than 90% accuracy. We believe the 
process of segmenting parts in 3D models can be streamlined 
by utilizing predicted shape regions shape regions by category. 
Compared with conventional algorithms that search for target 
models over the entire 3D point cloud [6], our approach is 
expected to improve both accuracy and processing speed. 
Commercial software packages provide semi-automatic tools 
for piping model generation; however, these typically require 
extensive manual editing, particularly when 3D point cloud 
contain occlusions, noise, or incomplete coverage [7].  

In this paper, we demonstrate a fully automated method for 
3D modeling of pipes from 3D point cloud acquired in plant 
environments. By using point cloud discrimination to extract 
target pipes and performing model fitting, our method is 
expected to prevent incorrect modeling of non-pipe structures 
and achieve faster processing. In comparison of traditional 
works, our method offers full automation, explicit wall 
thickness modeling, and direct CAD/BIM-compatible output. 
In the verification, we confirmed that our method operates 
effectively using 3D point cloud data from a mock-up plant 
environment that replicates representative structures at the 
FDNPS, and we also demonstrate that the generated models 
can be successfully imported into existing software. 

II. METHOD 

In this section, we describe an automated method for 
generating 3D models of pipes from 3D point cloud. Figure 1 
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(a) shows a processing flow. The method begins by extracting 
the target pipes to be modeled from the 3D point cloud by our 
previous method [4]. Next, point cloud scanning is performed 
along three orthogonal axes on the pipe segments to extract 
individual pipe instances. When a floor and wall-based 
coordinate system is employed, pipes are typically aligned 
with its principal axes, and slicing is expected to enable 
effective extraction of their continuity. Finally, model fitting 
with wall thickness representation is applied to each pipe 
instance. The following subsections detail the point cloud 
scanning process and the model fitting procedure. 

A.  Point Cloud Scanning 
In the process of point cloud scanning, the extracted pipe 

point cloud 𝑆 = {𝒑𝒊 ∈ ℝ"}#$%&  is scanned along the three 
predefined orthogonal axes {𝒆𝒙, 𝒆𝒚, 𝒆𝒛} to identify individual 
pipe instances and estimate their dimensions. Figure 1 (b) 
shows the relationship between parameters related to scanning. 
Given a scan interval Δ and slice thickness ℎ, the coordinate 
of each point along a scanning axis 𝒖 is computed as 

  𝑡# = 𝒖*𝒑𝒊.  (1) 

The scan positions are discretized as 

 𝑡+ = 𝑡,#- + 𝑘𝛥, (2) 

and a slice slab is defined by 

 Π+ = {𝒙 ∈ ℝ"	|	|𝒖*𝒙	 −	𝑡+| 	≤ 	ℎ/2}. (3) 

The set of points within Π+  is taken as the cross-sectional 
point set: 

 𝐶+ = {𝒑𝒊 ∈ 𝑆	|	|𝑡# − 𝑡+| ≤ ℎ/2}. (4) 

Each cross-section 𝐶+ is projected onto an orthonormal basis 
(𝒗𝟏, 𝒗𝟐) perpendicular to 𝒖, yielding 

  𝑞#
(+) = >𝑥#

(+), 𝑦#
(+)A

2
.  (5) 

The Taubin method is then applied to fit a circle 

 𝒞𝓀 = (𝑐+ , 𝑟+)  (6) 

with radius constraints 𝑟,#- ≤ 𝑟+ ≤ 𝑟,45 uppers outliers [8]. 
The 3D circle center is reconstructed as 

  𝑐̂+ = 𝑝̄+ + 𝒗𝟏𝑐5,+ + 𝒗𝟐𝑐7,+, (7) 

where 𝑝̄+ is the centroid of 𝐶+. 
Continuity along the scan direction is evaluated using the 

center displacement 

  𝛿+ = ‖𝑐̂+ − 𝑐̂+8%‖9  (8) 

and the radius variation 

 Δ𝑟+ = |𝑟+ − 𝑟+8%|, (9) 

with thresholds 𝜏: and 𝜏;, respectively. If either condition is 
violated, the current segment is terminated and its length 
endpoint is determined. For pipes oriented obliquely, the 
scanning axis is updated from the start and end centers 𝑠 =
𝑐̂+<=4;= , 	𝑒 = 𝑐̂+>-? via 

 𝒖M 	= 	 >8<
‖>8<‖!

  (10) 

and the slicing/fitting is re-run along 𝒖M . Finally, instance 
segmentation applies a distance threshold 𝜏split to the sequence 
of centers {𝑐̂+}, the per-instance radius is 

  𝑟̅ = 𝑚𝑒𝑑𝑖𝑎𝑛{𝑟+},  (11) 

and the length is the endpoint distance. 
 

B.  Pipe Model Fitting with Wall Thickness 
In the process of model fitting, each pipe instance ℐ𝓂 

obtained from previous section is fitted with a cylindrical 
model, and a geometric representation is generated for use in 
CAD and BIM environments. From the center sequence 
{𝑐̂+}+∈ℐ𝓂 , Total Least Squares yields the unit axis direction 𝒂𝒎 
and an axis point 𝒐𝒎, defining the axis  

 𝑙,(𝜆) = 𝒐𝒎 + 𝜆𝒂𝒎, 𝜆 ∈ ℝ. (12) 

The radius is aggregated as 

 𝑟, = 𝑚𝑒𝑑𝑖𝑎𝑛{𝑟+	|	𝑘 ∈ ℐ𝓂}, (13) 

and the length as 

 

 

(a) Overview of processing (b) relationship between parameters 
Figure 1. Fully automated pipe 3D modeling method. 
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 𝐿, = Z𝑐̂+<=4;= − 𝑐̂+>-?Z9. (14) 

Given a thickness parameter 𝑡, , we set outer/inner radii 
𝑟,out = 𝑟,, 	 𝑟,in = 𝑟, − 𝑡, and define the parametric cylinder 

 ℳ𝓂=(𝒐𝒎,𝒂𝒎,𝑟,out,𝑟,in,𝐿,). (15) 

This thickness parameter is a predefined parameter uniformly 
applied to the generated pipe model. Therefore, it must be 
modified within the modeling software. 

For CAD model generation, OpenCascade is employed to 
construct the outer and inner cylinders as Brep solids, and a 
Boolean subtraction is applied to form the hollow structure [9]. 
For BIM model generation, IfcOpenShell is used to create a 
profile from 𝑟,out and 𝑟,in, and assign it to an IFC pipe element 
[10]. 

III. VERIFICATION 

In this section, we present the results of verifying the 
performance of the proposed method using 3D point cloud data 
acquired in a mock-up plant environment replicating structures 
at the plant facilities. The evaluation focuses on the conversion 
rate obtained when applying the proposed method to pre-
extracted pipe point cloud, and discusses issues to be addressed 
in future work.   

Figure 2 shows the mock-up plant environment and the 
measured 3D point cloud used in the verification. The mock-
up plant environment covering an area of 10 m × 10 m was 
constructed in the test building of the Naraha Remote 
Technology Development Center of JAEA, [11]. The 
structures installed in the environment simulate representative 

on-site facilities, including piping, stairs, control panels, tanks, 
ducts, cables, slopes, and partition walls. In this verification, 
polyvinyl chloride pipes were selected as the target. The 3D 
point cloud shown in Figure 2(b) was measured from 26 
locations using a FARO Focus S350 and registered using the 
dedicated FARO SCENE software [12]. The total number of 
points was 93,205,791. 

To verify the performance of the proposed method, the 
portion of the point cloud corresponding to pipes was extracted 
as shown in Figure 3(a). The extracted point cloud contained 
7,202,666 points, and the proposed method was applied to this 
dataset. The parameters were set as follows: scan interval Δ = 
10 mm, slice thickness	ℎ = 10 mm, diameter constraint range 
𝑟,#-  = 400, 𝑟,45 = 50 mm, parameters about maximum 
allowable center displacement 𝜏:  = 𝜏;  = 30 mm, and wall 
thickness 𝑡, = 10 mm. 

A 3D model of the mock-up environment had been created 
at the design stage, and the pipe 3D model shown in Figure 3(b) 
was used as the ground-truth data for conversion rate 
calculation. The conversion rate was computed using surface 
mesh vertices uniformly sampled at 1 cm intervals on both the 
generated and ground-truth models (436,837 vertices), and 
calculating point-to-point distances. Completeness was used as 
the conversion rate of evaluation metric, defined as the 
percentage of generated vertices that were within a specified 
distance of any ground-truth vertex. Distances of 30, 50, 70, 
and 100 mm were used as thresholds. In addition, the 
processing time required to apply the method was measured. 
The specifications of the computer used for processing were: 
CPU – Intel Core i9-11900K (3.5 GHz), GPU – NVIDIA 
GeForce RTX 3090 (24 GB), and memory – 64 GB. 

  
(a) Photograph (b) Measured 3D point cloud 

Figure 2. Mock-up plant environment and measured 3D point cloud 
 

  
(a) Pipe point cloud (b) Ground-truth 3D model  

Figure 3. Overview of pipe point cloud 
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Figure 4(a) shows the 3D model generated using the 
proposed method, and Figure 4(b) presents the point-to-point 
distance distribution used for calculating the conversion rate. 
Table 1 summarizes the conversion rates. The verification 
results show that the conversion rate was 90.24% at a distance 
threshold of 10 cm, and 55.59% at a threshold of 3 cm. Figure 
5 provides snapshots comparing the pipe point cloud and the 
generated model from the same viewpoint. Overall, the results 
confirm that pipes were generated in accordance with the point 
cloud. However, in areas where the pipe geometry was only 
partially captured or valve connection, circular fitting failed, 
and no pipe model was generated similar to previous studies. 

The reduction in conversion rate is mainly attributed to such 
missing segments and to deviations caused by noise that 
prevented accurate circular fitting. A more detailed shape 
reproducibility evaluations, such as diameter estimation error 
and center position error are needed in future work. 

   
(a) Generated 3D Model (b) Point-to-point distance distribution 

Figure 4. Overview of the generated pipe 3D model 
 

   

   
Figure 5. Example of a generated pipe 3D model (Top: 3D point cloud, Bottom: Generated 3Dmodel) 

 

   
(a) Generated mesh model (b) Cross-section of mesh model  (c) Generated CAD model 

Figure 6. Thickness of pipe generation results 
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TABLE I.  THE RESULT OF CONVERSION RATE 
Search distance Number of vertices Completeness 

100mm 394,185 90.24% 
70mm 369,345 84.55% 
50mm 331,732 75.93% 
30mm 242.837 55.59% 
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Additionally, since the missing segments were located between 
correctly generated pipe sections, we plan to investigate 
interpolation techniques to address these gaps.  

The processing time was 290.5 seconds for point cloud 
scanning and 9.3 seconds for model fitting. Compared to 
conventional methods that scan the entire point cloud, applying 
our method enables high-speed processing by limiting the scan 
target to only the pipe’s point cloud. The representation of pipe 
wall thickness is illustrated in Figure 6. Figure 6(a) shows 
generated meshed model, and Figure 6(b) presents a cross-
sectional view of Figure 6(a). The generated CAD model is 
shown in Figure 6(c), and its interior can be observed through 
its semi-transparent display. As indicated, the results confirm 
that the generated model preserves internal wall thickness in 
both mesh and parametric representations. Finally, Figure 7 
shows the results of importing the generated models into 
existing software. Figure 7(a) presents the CAD format model 
loaded in Autodesk AutoCAD [13], while Figure 7(b) shows 
the BIM format model loaded in OpenIFCViewer [14]. In both 
cases, the models were imported successfully without any 
errors. 

IV. CONCLUSION 

In this paper, we described a fully automated method for 
generating pipe 3D models with wall thickness to rapidly create 
3D representations of decommissioning work environments. 
The method uses automatically discriminated target regions in 
3D point cloud to fit pipes with wall thickness and exports the 
results in CAD and BIM formats. Experimental verification 
using a mock-up plant environment demonstrated that the 
proposed method can automatically generate pipe models with 
wall thickness from raw point cloud significantly reduce 
processing time by limiting computation to target regions, and 
produce outputs that can be seamlessly integrated into 
CAD/BIM-based workflows.  

Future work will focus on clarifying positional accuracy, 
addressing incomplete point cloud, and extending the method 
to other structure categories such as pump, walls and othor 
equipment. Ultimately, we aim to deploy a prototype system 
for use in actual decommissioning operations. 
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(a) CAD format data (b) BIM format data 

Figure 7. Results of importing CAD/BIM format data generated by dedicated software 
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