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ABSTRACT. This paper attempts to reconstruct the 3D model of buildings based on the 

information of building components and internal space in the floor plan. For this purpose, a 

pre-processing algorithm was designed to eliminate the redundancy lines in the floor plan. 

Then, the window and door extraction methods were put forward to obtain the parameters of 

building components and restore the wall integrity. After that, the internal subspace was 

detected through the closed-loop self-check algorithm. Finally, the proposed reconstruction 

method was verified through a case study on a hotel floor plan. The results show that our 

method can effectively reconstruct 3D models of buildings in smart cities. 

RÉSUMÉ. Cet article tente de reconstruire le modèle 3D de bâtiments basé sur les 

informations des composants du bâtiment et de l’espace interne dans le dessin d’architecture. 

À cette fin, un algorithme de prétraitement a été conçu pour éliminer les lignes de redondance 

dans le dessin d’architecture Ensuite, les méthodes d'extraction des fenêtres et des portes ont 

été proposées pour obtenir les paramètres des composants du bâtiment et restaurer l'intégrité 

du mur. Après cela, le sous-espace interne a été détecté via l'algorithme d'autocontrôle en 

boucle fermée. Enfin, la méthode de reconstruction proposée a été vérifiée à travers une étude 

de cas sur le dessin d’architecture d’hôtel. Les résultats montrent que notre méthode permet 

de reconstruire efficacement des modèles 3D de bâtiments dans des villes intelligentes. 
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1. Introduction 

With the development of smart cities, there is an increasing demand for the 
production of 3D building models (Batty et al., 2012; Caragliu et al., 2012). 3D 

building models are applicable to many scenarios, such as indoor map making 

(Philipp et al., 2014), emergency response (Hosna et al., 2015) and ventilation 

analysis. Compared to 2D maps, 3D building models are intuitive and visual, and 
contain topology and semantic information. Therefore, 3D building model library is 

essential to the construction of smart cities (Goodchild, 2009). 

The existing 3D model building methods roughly rely on three things: 3D range 

sensor (Chhatkuli et al., 2015), multiple images (Kolev et al., 2012), and floor plans. 
The first two kinds of methods are mainly used to establish a simple model for 

building envelope, which contains no structure or information of the indoor space 

and falls short of the precision required for indoor space analysis. Hence,  these two 

methods are not suitable for automatic building of large-scale 3D indoor models. As 
its name suggests, the floor plan-based method identifies and extracts the building 

components from the floor plan, and realizes the 3D reconstruction of the target 

building. This method boasts richer data sources, better accuracy and lower cost than 

the other two methods. 

Much research has been done on the modeling of buildings. For example, S. 

Horna proposed a formal representation of consistency constraints dedicated to 

building interiors and associated with a topology model, and applied the model to 

identify building artificiality (Horna et al., 2009). Ah-Soon & Tombre, (2001) put 
forward a network for component detection and recognition in scanned architectural 

drawings. Zhang & Liu, (2007) proposes a descriptor based on symbolic signatures 

for symbol filtering and recognition, which analyses the line-arc relationship and 

uses vector signature to simplify the identification process. With the introduction of 
Shape-opening graphs, Zhu et al. (2014) recognized structural components, depicted 

the relationship between components and openings (i.e. the interspace between 

components), and generated 3D models by extruding loops to the wall height and 

cutting openings from the walls. Gimenez et al. (2016) extracted indoor space 
information through the expansion of the bounding box surrounding the text element, 

and recognized the text content. Domínguez et al. (2012) introduces the wall 

adjacency graph (WAG) to detect walls from sets of planar segments contained in 

architectural floor plans and presents algorithms for the detection of joint points and 
wall intersection points. This method can detect the topology of building floors 

semi- automatically. 

To sum up, the above studies have extracted and analyzed 2D building 

information in varying degrees, laying the basis for 3D building reconstruction. Due 
to the data complexity of CAD drawings, however, it is difficult to apply the 

existing data extraction and analysis methods to all floor plans. The existing 2D 

image information extraction methods are concentrated on the identification of 2D 

images and the establishment of topological relations. There are only a very few 
reports on the comprehensive method involving data pre-processing, information 

extraction, data storage and data expression. To make up for the gap and perfect the 
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3D modeling technology for actual production, this paper designs a 3D building 

modeling method based on CAD floor plans. The method covers the whole process 

from raw data extraction to 3D scene construction. 

This paper is organized in 8 sections. Main process of the method is summarized 

in Section 2. Section 3 introduces the requirements of data preprocessing and 

overlapping wall line elimination algorithm. In Section 4, we describe window and 
door extraction method to get the parameters of building components. Then, in 

Section 5, we restore the wall integrity by using the parameters extracted previously. 

After that, closed loops consisting of wall lines were identified to subdivide floor 

space in Section 6. Experimental results are shown in Section 7. Finally, we 

conclude the paper in Section 8. 

2. Method and workflow 
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Figure 1. The flowchart of the 3D building modeling method based on CAD floor 

plans 
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Fig.1 is the flowchart of the 3D building modeling method based on CAD floor 

plans. This method has four main modules, including the data extraction module, the 
indoor map data generation module, the data conversion module and the 3D 

reconstruction and roaming module. The modeling is achieved in the following steps.  

(1) Enter the data extraction module, and extract the building information from 

CAD floor plans. Preprocess the information so that it could be handled in the 
component identification and extraction algorithm. The main steps that need to be 

executed are storing different components in hierarchies, topology check and 

eliminate the overlapping wall lines. 

(2) Import the pre-processed data into the algorithms. Through the component 
recognition algorithms, the building components are extracted from the CAD floor 

plans; through the wall integrity restoration algorithm, holes in the wall caused by 

doors and windows are restored. On this basis, the sub-space information can be 

extracted. 

(3) Generate the topological relations based on the sub-space information and 

component information. Then, produce 3D indoor maps and connected paths in the 

indoor map generation module. 

(4) Save these data and information as XML files, and it can be converted 
into .shp format, the most common format in Geographic Information System (GIS) 

in the data conversion module. The .shp files can be imported to GeoDataBase and 

further spatial analysis can be carried out. By mapping relations, the data in the 

XML file can also be converted to CityGML format, a general data model for 3D 

City templates presented by Open Geospatial Consortium (OGC). 

(5) Enter the 3D reconstruction and roaming module, the floor frame and 

building components can be reconstructed by using the extracted building 

information. Through the combination of them, a 3D model of the building can be 
generated. Using this automatically generated model, 3D roaming and 3D analysis 

can be applied. 

3. Data pre-processing 

3.1. The necessity of data Pre-processing 

With countless symbols, annotations and fillers, a CAD floor plan is definitely 

not an easy target of data identification and extraction. What is worse, many 

drawings fail to meet cartographic specifications. In many cases, different building 

components are incorrectly placed in the same layer or randomly attributed to 

various layers. 

Therefore, to meet the requirements, the data on CAD floor plans must be pre-

processed prior to data analysis and extraction. The different components should be 

stored in hierarchies, the topology in errors should be corrected, and the entities 

should be checked against the specifications.  
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3.2. Classification of building components 

The method designed in this paper takes the cad building plan in dxf format as  
the raw data, and the data needs to meet the following two requirements: first, 

different types of elements need to be drawn in layers according to cad drawing 

design specifications; second, the elements of doors and windows should be 

presented in block form. Therefore, the first pretreatment task is to classify of 
building components and establish the mapping relationship manually between layer 

names and different types of elements (wall, door, window, annotation, etc.). 

3.3. Elimination of overlapping wall lines 

Topology errors are commonplace in most CAD drawings, because it is 
inevitable for cartographers to make mistakes. As shown in Fig.2(b) and 2(c), Line 1 

and Line 2 are partially or entirely overlapped. 

Line1

Line2

Line1

Line2

(a) Single line (b) Partial overlapping lines (c) Complete overlapping lines  

Figure 2. Partial or complete overlapping wall lines 

Algorithm 1: Overlapping wall line elimination algorithm 

 

Algorithm: Overlapping wall line elimination algorithm  

Input: Building plans files in DXF format 

Output: Building plans files without overlapping wall lines  

1. begin 

2. generated Lines ←∅;    // Define an empty set to store the merged result 

3. wallLines ← lines(DXF);  // Wall line collection extracted from DXF files 

4. list_wall Lines ←cluster(wall Lines);  /*Clusters all the segments in the 

WallLines collection by slope */;  

5. for each group_lines in list_walllines 
6.  if group_lines contains more than 1 line segment then 

7.   for each line1 in group_lines 

8.    if line1 not marked then 

9.     Mark line1 as checked; 
10.     for each line2 in group_lines 

11.      if line2 not marked then 

12.                         In both ends of the line1, set the point farther from 

13.                         the midpoint of line2 as point p; 
14.                         In both ends of the line2, set the point farther from 

15.                         the point p as point q; 
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16.                         Set the line segment formed by the connection  

17.                         point p and q as line3; 
18.                         if line3 // line1 && the length of line3 <= the sum 

19.                         of the lengths of line1 and line2 then 

20.                             Mark line1 and line2 as removed; 

21.                             Add line3 to collection generatedLines; 
22.                         end if 

23.                     end if 

24.                  end for 

25.             end if 
26.         end for 

27.      end if 

28. end for 

29. Remove all the line segments in the wall lines marked as removed; 
30. Add the line segments in the generatedLines to wallLines; 

31. Return 

32. end 

 

The overlapping wall lines must be corrected, or they will render building 
components and walls unrecognizable. Hence, the author designed an algorithm to 

eliminate overlapping wall lines 

4. Extraction of building components 

4.1. Window extraction 

There are many kinds of windows in floor plans, ranging from fixed window, 

rotating window to sliding window. As shown in Fig.3(a), these windows are often 

expressed as four or five parallel lines in floor plans. Here, the location and length of 

each window are determined by extracting the four boundary points of the window 
blocks. The basic geometric information of a window was derived based on the 

coordinates of the window length (Fig.3(b)). Besides, the author extracted the vector 

containing the window length and orientation information from points P1~P4, and 

called it the direction line (Fig.3(c)). The direction line represents the parameter 

information of the window in 3D building model. 

P2 P1

P3 P4

dirL

(a) Drawings in the plan (b) Four boundary points (c) Direction line  

Figure 3. Window components extraction 
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4.2. Door extraction 

Unlike windows, different types of doors are illustrated very differently in floor 
plans (Fig.4). The type of door can be determined by counting the number of arcs 

and circles in each door block.  

P1 P1P2 P2

(a) Single hinged door (b) Double hinged door (c) Sliding door

(d) Rotating doorⅠ (e) Rotating doorⅡ  

Figure 4. Different types of doors in building plan 

(1) If a block contains an arc but no circle, it is a single hinged door. As shown 

in Fig.4(a), the circular point of the arc segment was extracted as point P1 and the 

end of the arc that is not connected to point P1 was extracted as point P2. 

(2) If a block contains two arcs but no circle, it is a double hinged door. As 

shown in Fig.4(b), the coordinates of the center point of the two arcs were extracted 

and denoted as point P1 and point P2, respectively. If a block contains no arc or 
circle, it is a sliding door. For this type of door, the extraction method is similar to 

that for window. The four boundary points were extracted to determine the door 

information.  

(3) If a block contains one circle or more than two arcs, it is a revolving door. 
For this type of door, the arc or circle center was taken as point P1, the wall line 

closet to the center was selected, and vertical line was drawn from the center. Then, 

the pedal point was set as point P2. The vector from P1 to P2 was defined as the 

direction line of this block. The direction line represents the parameter information 

of the door in the 3D building model. 

Because the extraction methods of sliding doors and windows are similar, this 

paper designs an algorithm to identify the two components simultaneously. The 

flowchart is shown in Fig.5. 
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Figure 5. The flowchart of window and door extraction algorithm 

5. Restoration of wall integrity 

After the extraction of building components, each room in floor plans is 

represented as a non-closing polygon consisting of discrete wall lines. Such a 

polygon is not suitable for the detection of room or the generation of topological 
relationship between rooms. This calls for the restoration of wall integrity. In other 

words, the wall lines cut off by doors and windows should be extracted and restored, 

such that each room becomes a closed, independent polygon. This is a prerequisite 
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for 3D reconstruction of the wall. The process of wall restoration is specified in 

Fig.6. 

5.1. Restoration of window and door openings 

No matter it is cut off by a door or a window, the wall line is always cut into a 

pair of parallel ends. In light of this, the window and door openings on the wall were 

handled by the same algorithm. In previous sections, both the windows and doors 
are extracted by the vector direction line containing the length and orientation 

information. Therefore, the wall lines on the left and right of the vector direction line 

were identified to restore the integrity of the wall. 

(a) drawings in the plan (b) direction line (c) result of restore  

Figure 6. End-to-end opening 

(a) drawings in the plan (b) direction line (c) result of restore  

Figure 7. End-to-wall opening 

(a) drawings in the plan (b) direction line (c) result of restore
 

Figure 8. Wall-to-wall opening 

Except for revolving doors, the openings of doors and windows were divided 
into three categories: end-to-end opening (Fig.6(b)), end-to-wall opening (Fig.7(b)), 

and wall-to-wall opening (Fig.8(b)). In the end-to-end opening, the length of left 

wall line and that of the right wall line are the same as wall thickness; in the end-to-
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wall opening, the length of left wall line still equals wall thickness, but the length of 

right wall line is far greater than wall thickness; in the wall-to-wall opening, the 

length of both left and right wall lines are much greater than wall thickness. 

After determining the specific type of door and window opening, the author 

introduced the wall thickness threshold T to help restore the wall line. For end-to-

end openings, the wall lines on the two sides were extended and merged directly; for 
the end-to-wall openings, the wall lines on the end side were extended and intersect 

the wall on the other side; for the wall-to-wall opening, the wall line was restored 

based on the door/window width or wall thickness. The wall restorations of the three 

kinds of openings are separately shown in Fig.6(c), 7(c) and 8(c). 

5.2. Restoration of revolving door opening 

Unlike windows and the other types of doors, revolving doors are represented by 

arcs and line segments in CAD floor plans. Therefore, a separate algorithm was 

designed for restoring the opening of revolving doors. The revolving door opening 
was regarded as an end-to-end opening, for neither side of the door completely fits 

in with the wall in the actual design. 

As shown in Fig.9(a), the revolving door may be designed between unparalleled 

wall lines. Hence, the parallel and unparalleled situations were treated differently. If 
the two wall ends are parallel to each other, a pair of parallel segments should be 

created at the opening to link up the wall lines on both sides. If the two wall ends are 

not parallel to each other (Fig.9(a)), both sides of each wall end should be extended 

until the two pairs of extension lines meet each other (Fig.9(b) and 9(c)). 

(a) drawings in the plan (b) direction line (c) result of restore  

Figure 9. Revolving door opening with unparalleled wall ends 

6. Floor space subdivision 

After restoring wall integrity, the walls of a room can be expressed as a 

collection of segments connected end to end. These closed loops, which represent 

the wall lines, separate each room into an independent polygon. Coupled with the 
location information of windows and doors, these polygons help to subdivide the 

floor space and identify the topological relationships between different rooms. 

Before generating the topology, the author designed a closed loop self-check 

algorithm to inspect the extraction results. In the algorithm, the number of closed 
polygons, non-closing polygons and isolated wall lines is respectively denoted as a, 
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b and c. There are two evaluation indices: the number of errors and the number of 

warnings. The self-check was implemented as follows: 

Table 1. The evaluation index of closed LOOPS self-check algorithm 

Full 
polygons (a) 

Non-closing 
polygons (b) 

Isolated wall 
lines (c) 

Evaluation index 
Program flow 

Error Warning 

0 0 \ 1 c Forced checking 

\ >0 \ b c Forced checking 

>0 0 >0 b c Recommended 
checking 

>0 0 0 b c No need to check 

 

(1) Set a as the number of full polygons; Set b as the number of non-closing 

polygons; Set the c as the number of isolated wall lines. 

(2) If a=b=0, set the number of error to 1, the user must perform a self-check 

(3) If b>0, the user must perform a self-check, and correct all errors before 

entering the next process; 

(4) if c>0, the user can either perform a self-check or ignore the prompt. 

(5) if a>0 and b=c=0, the user can move directly to the next process. 

The room space structure was created after space subdivision. Fig.10(a) and 10(b) 

are the drawings on room space structure before and after the subdivision. 

              

(a) Original drawing                                      (b)Post-subdivision drawing 

Figure 10. Drawings on room space structure before and after the subdivision 

7. Case study 

The CAD floor plan of a hotel was selected to verify the effect of our method 

(Fig.11). The wall thickness threshold T was set to 240mm. Fig.12~Fig.14 display 
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the results of structure extraction and 3D reconstruction. In total, the drawing 

contains 50 windows, 37 doors. All these components can be identified clearly in the 
drawing. After restoration of wall integrity, the entire floor space was divided into 

individual polygons by wall lines (Fig.12). As shown in Fig.13, the rooms are 

detected as closed polygons after space subdivision, and the semantic information 

can be extracted by annotation. Overall, it took a very short time to establish the 
indoor 3D model based on the extracted components and subdivided space. It can be 

seen from Fig.14 that the indoor 3D scene was preliminarily restored. 

 

Figure 11. CAD floor plan of a hotel 

 

Figure 12. Results of wall integrity restoration 

 

Figure 13. Results of space subdivision 
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Figure 14. Results of 3D building reconstruction 

8. Conclusions 

Taking the floor plan as the data source, this paper presents a method to extract 

information on building components and indoor space from CAD floor plans. First, 

a pre-processing algorithm was design to eliminate the overlapping lines in the floor 

plans. Then, the common components like windows and doors were identified and 
extracted one by one. Next, the window and door openings were filled up to restore 

wall integrity. After that, a closed loop self-check algorithm was put forward for 

space subdivision generation. Finally, the proposed method was validated through a 

case study on the CAD floor plan of a hotel. The results show that our method can 

successfully generate 3D models from 2D floor plans. 

Despite the initial success, our method still faces some problems. For example, 

the robustness is yet to be improved; the method cannot process the data on discrete 

components or nonstandard floor plans. In future research, the proposed method will 
be further expanded to cover more types of building components, and a 3D topology 

data model will be developed for identifying the 3D relations between different 

floors. 
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