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FIG. 1

(57) Abstract: A System and Method for Extraction and Recreation of Geometry Information from Interior and/or Exterior Drawings
of a Building A system for extraction and recreation of geometry information from interior and/or exterior drawings of a building
comprises an extraction module (1), adapted to receive drawings through user input data module (2) about interior / exterior of a building
is provided to extract data about walls, floor, and object and supply the same to a database (3) provided to store information/data An
interpretation module (4), adapted to be connected with the extraction module (1) and user input data module (2) is provided to receive
information from the extraction module (1) and interpret the same into different classes, and send the same to the said database (3).
A generation module (5), adapted to be connected to the interpretation module is provided to generate a 3 dimensional (3D) building
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information model (BIM) and store the same in the said database (3). A display unit is provided to display the 3-dimensional (3D)
building information model (BIM).
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TITLE
A System and Method for Extraction and Recreation of Geometry

Information from Interior and/or Exterior Drawings of a Building

FIELD OF THE INVENTION

This invention relates to a system and method for the extraction and
recreation of geometry information from interior and/or exterior drawings of
a building. In particular, this invention relates to a system and method for
extracting 2-Dimensional images such as images of floor plans, tables,
chairs, doors, etc., and converting them into 3-Dimensional models and

also, recreating the images.

BACKGROUND OF THE INVENTION

2-dimensional images such as a floor plan is a basic layout showing the
dimensions of a different room in an architectural plan and the position of a
different object such as tables, chairs, doors, etc. to be placed in a floor
plan. Building Information Modelling (BIM) is used to make 2-Dimensional
floor plans more realistic. Building Information Modelling (BIM) converts
these 2-Dimensional floor plans into a 3-Dimensional model of a building
and also acts as a centralized database that is shared throughout the
engineering process. However, building this 3-Dimensional model manually
requires a specialized skill-set and a tedious process that limits the fast
completion of construction projects.

US Patent Application No. US9025861B2, discloses a computer-
implemented method for generating a three-dimensional model of a
building, the method comprising estimating, by one or more computing
systems, a floor height and a ceiling height of the building, identifying, by
one or more computing systems, a core region of a two-dimensional graph,
the core region corresponding to an interior of the building, determining, by
one or more computing systems, a solution path that circumnavigates the

core region and minimizes a cost formula, the cost formula providing an
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edge cost for each of a plurality of edges, wherein each edge cost includes
a fixed constant that biases the solution path towards fewer edges overall,
and generating, by one or more computing systems, a three-dimensional
model of the interior of the building based on the floor height, the ceiling
height, and the solution path.

Spanish Patent Application No. ES2906990T3, discloses an information
processing apparatus (1) comprising a first input unit (100A) receiving an
input of a floor plan image of a real estate property; a second input unit
(100B) that receives a property information input including real estate
property area information; a floor plan identification unit (200) that generates
floor plan information based on the floor plan image; a model generation
unit (300) that generates a three-dimensional model of the real estate using
the floor plan information; and an output unit (400) that produces the
generated three-dimensional model, wherein the floor plan identification unit
(200) includes: a line segment detection unit (220) that performs an erosion
process and then a line segment detection process on an image resulting
from a binarization process performed on the floor plan image, and performs
clustering on detected line segments, thereby detecting a line segment
corresponding to a wall in a floor plan; a segmentation processing unit (230)
that performs a morphological opening operation, which is a combination of
adilation process and an erosion process, and then a segmentation process
on the floor plan image, thereby identifying a room region corresponding to
a room in the floor plan; a character recognition unit (240) that recognizes
a character string included in the floor plan image; a fixture detecting unit
(250) that detects a fixture sign included in the floor plan image; Y an
integration unit (260) that identifies a room type of the room region based
on the identified room region, as a result of recognizing the character string
and as a result of detecting the accessory sign, and complements a room
structure based on the room region and the detection result by the line

segment detection unit (220), and the model generation unit (300) includes:
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an estimation unit (320) that estimates a floor plan scale based on the
identified floor plan from the floor plan information and the area information
included in the property information; Y a generation unit (360) that
generates a three-dimensional model of the real estate property based on
the identified floor plan from the floor plan information, the scale, and an
estimated ceiling height.

US Patent Application No. US20070285424, discloses a method for
generating an annotation graphic in two-dimensional (2D) form to model a
three-dimensional (3D) element, comprising automatically generating an
annotation graphic of an element in 2D form based on a 3D model of the
element and a position of a 2D view plane with respect to the element, the
annotation graphic indicating whether the element is below the 2D view
plane or rises above the 2D view plane.

There are disadvantages associated with the system and method known in
the prior art. One of the disadvantages is that the known system and method
is time-consuming as it requires to build an entire 3-dimensional model from

a 2-dimensional image manually thereby delaying the construction project.

Another disadvantage associated with the known system and method is that

the system and method need to operate by a specialized skill set.

Yet another disadvantage associated with the known system and method is
that is not effective as it misses other details like objects in the room and

windows.

Still, another disadvantage associated with the known system and method
is that they do not have end-to-end commercial solutions so far (doors +

internal furniture items) because of accuracy issues.

Further, disadvantage associated with the known system and method is that

the existing solutions are not capable of rotating the detected objects.
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Another disadvantage associated with the known system and method is that
are not capable to generalize for different symbols/representations of
classes to be detected.

OBJECTS OF THE INVENTION

Therefore, an object of the present invention is to provide a system and
method for extraction and recreation of geometry information from interior
and/or exterior drawings of a building that obviates the disadvantages
associated with the known devices.

Another object of the present invention is to provide a system and method
for extraction and recreation of geometry information from interior and/or
exterior drawings of a building which reduces the time required to build an

entire 3-dimensional model from a 2-dimensional image.

Yet another object of the present invention is to provide a system and
method for extraction and recreation of geometry information from interior
and/or exterior drawings of a building which can be operated by a person

having normal skills.

Still another object of the present invention is to provide a system and
method for extraction and recreation of geometry information from interior
and/or exterior drawings of a building which is capable to generate better

visualization of a floor plan.

A further object of the present invention is to provide a system and method
for extraction and recreation of geometry information from interior and/or
exterior drawings of a building which provides better assistance to
construction firms for the rapid completion of projects.

Another object of the present invention is to provide a system and method
for extraction and recreation of geometry information from interior and/or

exterior drawings of a building which drastically reduces the time required
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to build an entire 3D floor plan from scratch and tedious tasks like placement
of individual components (street lamps, trees, etc) can be automated.

Yet another object of the present invention is to provide a system and
method for extraction and recreation of geometry information from interior
and/or exterior drawings of a building which is capable to generate buildings
automatically by sequencing floorplans and stacking the individually

generated floors cohesively.

Still, another object of the present invention is to provide a system and
method for extraction and recreation of geometry information from interior
and/or exterior drawings of a building which allows export in neutral
computer-aided design (CAD) and 3D formats like IFC, GLB, and FBX for
easy integration to preferred BIM/Modelling.

A further object of the present invention is to provide a system and method
for the extraction and recreation of geometry information from interior and/or
exterior drawings of a building which is capable to provide understanding of
the position and rotation of the furniture items present inside a floorplan,
allowing for accurate placement of detected objects.

Another object of the present invention is to provide a system and method
for extraction and recreation of geometry information from interior and/or
exterior drawings of a building which provides spatial relationship/ hierarchy
of the constituting elements in the form of a graph.

Yet another object of the present invention is to provide a system and
method for extraction and recreation of geometry information from interior
and/or exterior drawings of a building that aims to have a user interaction

approach allowing for more guided generation.

SUMMARY OF THE INVENTION

According to the present invention, there is provided a system for extraction
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and recreation of geometry information from interior and/or exterior drawing
of a building comprising an extraction module adapted to receive drawings
provided by a user input data module about interior / exterior of a building
is provided to extract data about walls, floor, and object and supply the same
to a database provided to store information/data. An interpretation module,
adapted to be connected with the extraction module and the user input data
module is provided to receive information from the extraction module and
interpret the same into different classes and send the same to the said
database. A generation module, adapted to be connected to the
interpretation module is provided to generate a 3-dimensional (3D) building
information model (BIM) and store the same in the said database. A display
unit connected to the database is provided to display the 3-dimensional (3D)
building information model (BIM) generated by the generation module.

Further, according to the present invention, the extraction module
comprises a wall extractor, adapted to receive information from user input
data module, being provided to identify exterior and/or interior walls. An
element extractor, adapted to receive information from user input data
module, is provided to identify location of various elements, for example,
furniture, windows, ledges, etc. A room exiractor adapted to receive
information from user input data module is provided to identify different
rooms. A text extractor adapted to receive information from user input data
module, is provided to extract plurality textual data within the drawing such
that to obtain information about scale of objects, for example, dishwasher,
washing machine, refrigerator, etc. A vectorization unit adapted to receive
data from wall extractor, element extractor, room extractor and a text
extractor, is provided to vectorize raster image elements for accurate and
precise representation. A relationship extractor adapted to receive data
from the wall extractor, element extractor, room extractor and text extractor
is provided to maintain graph-based spatial structural relationships between
various elements, for example, room connectivity and pathways etc., and

exterior structural relationships, for example, multiple floors, windows,
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Still, according to the present invention, the interpretation module comprises
a room classifier to identify different rooms. A user constraint manager to
override or set constraints from the user input data module or through a
document. A hierarchy manager to represent a hierarchy of all constituting
elements within a scene depending on the number and type of drawings
fed.

Yet, according to the present invention, the generation module comprises a
wall generator to extrude walls so as to generate an empty shell of the
detected drawing. An element initiator to place interior and exterior
elements at their detected locations. An exterior generator to generate
facades and roof of a building/plan. A floor manager to maintain hierarchy
between the different floors, in case of multiple floors ensuring correct
connections between the same and generate stairs, floors, etc. to connect
individually generated floorplans. A file exporter to export the
interior/exterior or both in the formats supported.

BRIEF DESCRIPTION OF THE INVENTION

A system and method for extraction and recreation of geometry information
from interior and/or exterior drawings of a building in a preferred
embodiment is herein described and illustrated in the accompanying
drawings wherein;

FIG. 1, illustrates the block diagram of the system for extraction and
recreation of geometry information from interior and/or exterior images of a
building.

FIG. 2, illustrates the flowchart of the method for extraction and recreation

of geometry information from interior and/or exterior drawings of a building.

DESCRIPTION OF THE INVENTION
A system and method for extraction and recreation of geometry information

from interior and/or exterior images of a building is herein described and



WO 2024/105702 PCT/IN2023/051068

10

15

20

25

30

illustrated with numerous specific details so as to provide a complete
understanding of the invention. However, these specific details are
exemplary details and should not be treated as a limitation to the scope of
the invention. The invention may be performed with slight modifications.
Throughout this specification, the word “comprise” or variations such as
‘comprises or comprising”, will be understood to imply the inclusions of a
stated element, integer or step, or group of elements, integers, or steps, but
not the exclusions of any other element, integer or step or group of
elements, integers or steps. Same or similar reference numerals are used

in the drawings and the description to refer to the same or like parts or steps.

Referring to the drawings, particularly Fig. 1, a block diagram in a preferred
embodiment of a system for extraction and recreation of geometry
information from interior and/or exterior images of a building is shown. The
system for extraction and recreation of geometry information from interior
and/or exterior images of a building comprises an extraction module (1)
adapted to receive drawings of interior / exterior of a building through a user
input data module (2). The said extraction module (1) is provided to extract
data, for example, data of walls, floors, and other related objects, etc. and
supply the same extracted to a database (3) connected herewith. The said
database is provided to store information/data and supply data as required.
An interpretation module (4) adapted to be connected with the extraction
module (1) and user input data module (2) is provided to receive
information/data from the extraction module (1) and to interpret the received
information/data into different classes. Further, the interpretation module (4)
sends the interpreted data to the said database (3) connected therewith. In
one embodiment, an input unit connected with the interpretation module (4)
is provided to feed the user command to the interpretation module (4)
directly. A generation module (5) is adapted to be connected to the
interpretation module and the database to receive the data, for example,

interpreted data and data of asset library, etc. The mask for the walls along
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with objects detected along with their transforms are sent to the generation
module which then generates the walls and stairs based on the information
inferred from the image and user constraints for wall height, stair spacing
etc. The furniture items are loaded from the asset library and placed
according to their transforms and the entire hierarchy is saved and sent as
a single file. The said generation module (5) is provided to generate a - 3-
dimensional (3D) building information model (BIM) based on received data
and after generation, send the generated - 3-dimensional (3D) building
information model (BIM) to the said database to store the generated model.
A display unit (not shown in Fig.) connected to the database is provided to
display the 3-dimensional (3D) building information model (BIM) generated
by the generation module (5).

In an embodiment of the present invention, a generative adversarial network
(GAN) module is connected to extraction module (1) through the the user
input data module (2) to check the resolution of the drawings/images
received from the user input data module (2).

The extraction module (1) comprises a wall extractor (6) adapted to connect
the user input unit to receive information/data from the user input data
module (2). The wall extractor is provided to identify exterior and/or interior
walls from data. The said wall extractor (6) uses morphological operations
on a mask obtained from a wall detection machine learning (ML) model. An
element extractor (7) is adapted to connect the user input data module (2)
to receive information/data from the user. The said element extractor (7) is
provided to identify the location of various elements, for example, furniture,
windows, ledges, stairs, etc. The element extractor detects various symbols
and representations that stand for objects of interest in the
floorplan/elevation plan and classifies them accordingly. A room extractor
(8), adapted to connect the user input data module (2) to receive
information/data from the user. The said room extractor (8) is provided to

identify different rooms from received information/data. A text extractor (9)
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is adapted to connect the user input data module (2) to receive
information/data from the user. The said text extractor (9) is provided to
extract plurality textual data within the drawing such that to obtain
information about the scale of objects, for example, dishwasher, washing
machine, refrigerator, etc. The text extractor (9) also obtains dimensions of
various elements in exterior elevation plans. A vectorization unit (10) is
adapted to connect with the wall extractor (6), the element extractor (7), the
room extractor (8), and the text extractor (9) to receive the required data
therefrom. The vectorization unit (10) is provided to process the received
information/data to vectorize raster image elements for accurate and
precise representation along with any text information extracted for
manipulation and generation. A relationship extractor (11) is adapted to
connect with the wall extractor (6), the element extractor (7), the room
extractor (8), and the text extractor (9) to receive the required data
therefrom. The said relationship extractor (11) is provided to maintain graph-
based spatial structural relationships between various elements, for
example, room connectivity and pathways, etc., and exterior structural

relationships, for example, multiple floors, windows, windowsill, etc.

The wall extractor (6) comprises a U-Net segmentation unit provided
therewith to extract segment masks of walls from the interior and/or exterior
drawings of a building. The U-Net unit is trained using a combination of
datasets, which contains annotated floor plan images specifically for wall
segmentation to identify and extract segment masks corresponding to the
walls within the floor plan image accurately, and to enable further analysis
and processing of the floor plan layout. Also, an OpenCV is provided with
wall extractor for morphological iterative actions to obtain boundaries and

wall masks for wall generation.

The element extractor (7) comprises a mask region-based convolutional
neural network (R-CNN) unit provided therewith to extract polygonal

coordinates of structural elements from the interior floorplan images and

10
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elevation drawing images. This unit is trained using the existing datasets,
which contains annotated floor plan images with various structural elements
such as doors, windows, sofas, dining tables, and more. Mask R-CNN is a
powerful deep-learning model that excels in object detection and instance
segmentation tasks. By leveraging the trained Mask R-CNN model, the
system can accurately detect and segment different structural elements in
the floor plan image, providing precise masks for each element. This
enables further analysis and processing of the individual structural
components within the floor plan layout. A Keypoint model is provided to
obtain both position within the image and a front and back keypoint. These
keypoints offer us additional information from each detected structure apart
from the box coordinates. For an object like a chair or sofa, we obtain two
additional keypoints front and back which allow us to know the direction in
which the object is facing, for objects like doors, we obtain the hinge end
and swinging and allowing us to understand which side the hinge for the

door generated should be placed.

The text extractor (9) comprises an optical character recognition (OCR) unit
to extract text and numbers from the interior and/or exterior drawing of a
building. The OCR unit extracts values of height and width from the text on
the exterior/interior images/ drawings of a building and in case no text is
found on the exterior/interior images/ drawings of a building, default values

are assigned.

In an embodiment of the present invention the wall extractor (6), the
element extractor (7), the room extractor (8), and the text extractor (9) are
interconnected with each other. Similarly in another embodiment of the
present invention, the vectorization unit (10) and the relationship extractor

(11) are interconnected with each other.

The interpretation module (4) comprises a room classifier (12) connected

with the extraction module (1) to receive information/data to identify different

11
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rooms based on the objects found within the room used for décor item
generation. A user constraint manager (13) is connected with the user input
data module (2) to take commands from the user to override or set
constraints from the user or through a document, for example, the wall
height can be an additional input from the user. A hierarchy manager (14)
connected with the room classifier (12) and the user constraint manager
(13) to receive classified data and override commands to represent a
hierarchy of all constituting elements within a scene depending on the
number and type of drawings. In the hierarchy manager (14) main source of
management of all objects and is constantly updated to ensure the integrity
of constituting elements and their relationships with each other. Further, the
hierarchy manager (14) is connected with the database (3) to send the
obtained hierarchy data to store in the database.

In an embodiment of the present invention, the room classifier (12) and the

user constraint manager (13) are connected with each other.

The generation module (5) comprises a wall generator (15) connected with
the output of the interpretation module (4) to receive interpreted
information/data to extrude walls that have been detected on a floor plan so
as to generate an empty shell of the detected image. An element initiator
(16) is connected with the output of the interpretation module (4) to place
interior and exterior elements at their detected locations. An exterior
generator (17) connected with the output of the interpretation module (4) to
receive interpreted information/data to generate facades and roof of a
building/plan. A floor manager (18) connected with the output of the wall
generator and element initiator to receive wall information/data and object
information/data is provided to maintain hierarchy between the different
floors, in case of multiple floors ensuring correct connections between the
same and generate stairs, floors, etc. to connect individually generated
floorplans. A file exporter (19) connected with the output of the exterior

generator (17) and the floor manager (18) is provided to export the

12
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interior/exterior or both of the drawings in the formats supported.

In an embodiment of the present invention, the wall generator (15), the
element initiator (16), the exterior generator (17), the floor manager (18),
and the file exporter (19) are interconnected with each other.

Referring to the drawing, particularly Fig. 2, a flow diagram of a process for
extraction and recreation of geometry information from interior and/or
exterior images of a building in a preferred embodiment is shown. A process
recreation of geometry information from interior and/or exterior drawing of a
building comprising in the following steps: drawings/images of the interior /
exterior of a building are fed by a user through the input unit for example,
user fed the interior floorplan drawing/images or elevation drawing/images.
After that, the resolution of the drawings/images are determined by the
extraction module to check whether the images are of standard resolution
or low resolution. In the case of standard resolution images, send it to the
different extractors, for example, wall extractor (6), element extractor (7),
room extractor (8), and text extractor (9), directly for preprocessing the
drawing/image and in case of low-resolution, send it to a generative
adversarial network (GAN) to enhance the resolution of the
drawings/images and then send it to the said extractors for example the wall
extractor (6), the element extractor (7), the room extractor (8), and the text
extractor (9), for preprocessing the drawings/images. After that, the
preprocessed drawings/images are checked by the user to obtain whether
the drawings/images are related to the interior floorplan or elevation drawing
images. In the case of the interior floorplan drawings/images, sent
preprocessed drawings/images to each extractor, for example, wall
extractor (6), element extractor (7), room extractor (8), and text extractor
(9), for extracting the textual information like room names and
measurements and detecting furniture, walls, rooms, etc. to generate a
graph representation hierarchy and sent the generated graph

representation hierarchy to vectorization (10) for vectorizing the hierarchy.

13
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In case of elevation drawings/images sent preprocessed drawings/images
to the wall extractor (6), element extractor (7) room extractor (8), and text
extractor (9), for extracting the textual information like heights and widths of
different elements and detecting facade, windows, doors, balconies, walls,
etc. to generate a graph representation hierarchy and send the generated
graph representation hierarchy to vectorization (10) for vectorizing the
hierarchy. The vectorized drawings/images are represented in a graphical
user interface (GUI) to the user to allow editing vector components of the
drawings/images. After that, take a user confirmation by vectorization (10)
through a display (web app/desktop app GUI) to finalize the detected
elements to generate a 3D model of the building and display the same on a

display module.

In one embodiment, in the case of invalidating print input found at the
process step of checking the drawing/images, a message about invalidation
input is sent by the GAN module to the user input data module (2) to inform
the user.

The working of the system and method for extraction and recreation of
geometry information from interior and/or exterior drawings of a building is
explained in the following. The user feeds the scanned drawings/images of
the interior / exterior of a building through the input unit for example the user
feeds interior and/or exterior drawings of a 2 — BHK flat. After that, the
resolution of the drawings/images is determined to see whether the images
are of standard resolution or low resolution. In the case of standard
resolution images, send it to directly for pre-processing and in case of low-
resolution, to enhance the resolution of the drawings/images and then send
it for pre-processing. After that, the pre-processed drawings/images are
checked to obtain that whether the drawings/images are related to interior
floorplan or elevation drawing images. In the case of the interior floorplan
drawings/images, detecting of furniture, walls, rooms, etc. is done to

generate a graph representation hierarchy and sent the generated graph

14
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representation hierarchy for vectorizing the hierarchy. In case of elevation
drawings/images detecting facade, elements, etc. is done to generate a
graph representation hierarchy and sent the generated graph
representation hierarchy for vectorizing the hierarchy. The furniture items,
walls, rooms, facade, elements, etc. are loaded from the asset library and
placed according to their transforms and the entire hierarchy is saved and
sent as a single file. The vectorized drawings/images are represented in a
graphical user interface (GUI) to the user to allow editing of vector
components of the drawings/images. The mask for the walls along with
objects detected along with their transforms are sent to the generation
module which then generates the walls and stairs based on the information
inferred from the image and user constraints for wall height, stair spacing,
etc. After that, take a user confirmation to finalize the detected elements to
generate a 3D model of the building and display the same on a display

module.

In the initial phase of floor plan processing, the system takes an input image
of the exterior/interior drawings. The system then uses computer vision
techniques to perform wall segmentation and detection to identify and
outline the walls. The system then extracts room boundaries by analyzing
the segmented walls. It also identifies and extracts structural elements such
as doors, windows, stairs, and columns. Additionally, optical character
recognition (OCR) techniques are applied to extract text and numbers from
the floor plan image. These steps enable the system to extract vital
information including wall segmentation, room boundaries, structural
elements, and text/numbers, forming the basis for further processing and

analysis.
Wall Detection (U-Net/OpenCV)

To extract segment masks of walls from the floor plan image, a U-Net

segmentation unit was employed. This unit was trained using a combination
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of datasets, which contains annotated floor plan images specifically for wall
segmentation. The U-Net architecture is well-known for its effectiveness in
image segmentation tasks, particularly in scenarios where precise boundary
delineation is required. By leveraging the trained U-Net model, the system
can accurately identify and extract segment masks corresponding to the
walls within the floor plan image, enabling further analysis and processing
of the floor plan layout. Also, OpenCV was used for morphological iterative
actions to obtain boundaries and wall masks for wall generation.
Structural Elements Recognition (Mask RCNN/Yolov7/Keypoint)

To extract polygonal coordinates of structural elements in the floor plan
image, the Mask R-CNN model was utilized. This model was trained using
the existing datasets, which contains annotated floor plan images with
various structural elements such as doors, windows, sofas, dining tables,
and more. Mask R-CNN is a powerful deep learning model that excels in
object detection and instance segmentation tasks. By leveraging the trained
Mask R-CNN model, the system can accurately detect and segment
different structural elements in the floor plan image, providing precise masks
for each element. This enables further analysis and processing of the
individual structural components within the floor plan layout.

Keypoint models are also being explored to obtain both position within the
image and a front and back keypoint. These keypoints offer us additional
information from each detected structure apart from the box coordinates.
For an object like a chair or sofa, we obtain two additional keypoints front
and back which allow us to know the direction in which the object is facing,
For objects like doors, we obtain the hinge end and swinging end allowing
us to understand which side the hinge for the door generated should be
placed.

Room Separation / Detection

To extract vertices and edges of walls, contour detection and polygon
approximation techniques are applied to the segmented mask of walls. The

contours of the segmented walls are identified, and then a polygon

16



WO 2024/105702 PCT/IN2023/051068

10

15

20

25

approximation algorithm is used to approximate the contours detected to

account for curved walls.

Additionally, the bounding box coordinates of the doors from Structural
Elements Recognition are utilized to connect the walls and doors. By
incorporating the door coordinates into the segmented mask of walls, the
gaps between different rooms can be bridged, ensuring a complete

representation of the floor plan layout.

To separate the individual rooms, a pixel inversion process is performed on
the bridged segmented mask. By inverting the pixels, the rooms are
extracted separately from the bridged mask which represents combined
walls and doors. Finally, connected component analysis is employed to
extract n+1 components, where n represents the number of rooms, and 1
represents the bridged wall-door component. This analysis helps identify
and isolate each room as an individual component within the floor plan,

allowing for further analysis and processing on a per-room basis.

By utilizing the wall coordinates and room coordinates, the system can
associate each wall with its corresponding room. With this association, the
system accurately determines the boundaries of each room, enabling later
processes such as texture assignment and object localization based on
individual rooms. In later processes, this capability allows for the
customization and differentiation of room aesthetics by assigning unique
textures to individual rooms or groups of rooms, as well as facilitating

precise object localization within specific room contexts.

Text Recognition (EasyOCR)

To extract measurements of different entities in the floor plan, text
recognition techniques are applied to the floor plan images. Numeric text is
specifically targeted to capture dimensions and other relevant
measurements. This extracted information plays a crucial role during the 3D

conversion process, as it provides valuable scaling data. One commonly
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used model is the Tesseract OCR (Optical Character Recognition) engine,
which is known for its accuracy and versatility in recognizing text from

various sources,

By incorporating the extracted measurements, the system ensures accurate
scaling of the 3D model, aligning it with the real-world dimensions
represented in the floor plan. This enables a more realistic and precise
representation of the spatial relationships and proportions within the 3D
model.

Walls - 2D to 3D Conversion

a. Extrusion: The first step is to extend the refined 2D wall segments
vertically to provide depth or thickness, thereby transforming them into a 3D
representation of the walls. The extrusion height and width can be extracted
from text recognition if available; otherwise, default values are assigned.

b. Mapping Wall Segments to 3D Space: In this step, the wall segments
are mapped to a 3D Cartesian coordinate system (X, Y, Z). A reference
plane is set, and the X and Y values from the 2D representation are
preserved. The wall segments are expanded horizontally by adjusting their
X and Y coordinates based on the desired thickness. Additionally, the
extrusion height is added to the existing Z-coordinate values to extend the

wall segments vertically.

c. Creating 3D Wall Geometry: To form the 3D representation of the walls,
the following sub-steps are performed for face generation:

i.Front and Back Faces: The front and back faces of each wall segment
are parallel and located at the minimum and maximum depths (Z-coordinate
values) of the segment. The appropriate vertices of the wall segment are
connected in a counter clockwise or clockwise order to generate rectangular

faces for the front and back surfaces.

ii. Side Faces: The side faces of the wall segment are parallel to each other

and perpendicular to the front and back faces. The corresponding vertices
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of adjacent segments or within the same segment are connected to create
these side faces.

iii. Top and Bottom Faces: The top and bottom faces of the wall segment
are parallel and positioned at the maximum and minimum heights (Z-
coordinate values) of the segment. Connecting the relevant vertices in a
counter clockwise or clockwise order generates rectangular faces for the

top and bottom surfaces.
Structural Elements - 2D to 3D

After obtaining the coordinates of the structural elements using Mask R-
CNN, it is important to note that the representation of these elements in the
floor plan might not be realistic or suitable for direct extrusion, as is the case
with walls. To accurately represent the structural elements in a 3D

environment, two approaches can be followed:

a. Placing Existing 3D Objects:

One approach is to utilize pre-existing 3D models of the required structural
elements and position them in the corresponding detected locations. These
3D models can be obtained from libraries or databases that contain a wide
range of ready-made objects. By accurately aligning the existing 3D objects
with the detected coordinates, a realistic representation of the structural
elements can be achieved.

b. Generating New 3D Objects:

Alternatively, new 3D objects can be generated specifically for each
structural element to be placed in the appropriate location. By employing
generative Al technology, custom 3D objects can be created by employing
text prompting to incorporate specific styles or variations into 3D objects.

Texture Assignment

After constructing the 3D representation of the floor plan from 2D floor plan,
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the next step involves the assignment of textures. This process offers the
opportunity to enhance the visual appeal and realism of the 3D model.

There are different approaches to texture assignment.

a. Default Textures: By default, generic textures can be applied to the
surfaces of the walls and objects within the 3D representation. These default
textures provide a basic appearance that can be modified later if desired.
b. Room-based Texture Generation: To add more customization and
uniqueness to each room, textures can be generated specifically for
individual rooms. Generative models like dream fusion can be employed to
achieve this task.

Certain features of the invention have been described with reference to the
example embodiments. However, the description is not intended to be
construed in a limiting sense. Various modifications of the example
embodiments and other embodiments of the invention, which are apparent
to the persons skilled in the art to which the invention pertains, are deemed
to lie within the spirit and scope of the invention.
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We Claim:

1.

A system for extraction and recreation of geometry information from
interior and/or exterior drawings of a building comprising an
extraction module (1), adapted to receive drawings through user
input data module (2) about interior / exterior of a building, being
provided to extract data about walls, floor, and object and supply the
same to a database (3) provided to store information/data; an
interpretation module (4), adapted to be connected with the
extraction module (1) and user input data module (2), being provided
to receive information from the extraction module (1) and interpret
the same into different classes and send the same to the said
database (3); a generation module (5), adapted to be connected to
the interpretation module, being provided to generate a 3
dimensional (3D) building information model (BIM) and storing the
same in the said database (3); and a display unit being provided to
display the 3 dimensional (3D) building information model (BIM).

The system for extraction and recreation of geometry information
from interior and / or exterior drawings of a building as claimed in
claim 1, wherein the extraction module comprises a wall extractor (6),
adapted to be receive information from user input data module (2),
being provided to identify exterior and/or interior walls; an element
extractor (7), adapted to be receive information from user input data
module (2), being provided to identify location of various elements,
for example, furniture, windows, ledges, etc.; a room extractor (8),
adapted to be receive information from the user input data module
(2), being provided to identify different rooms, a text extractor (9),
adapted to be receive information from the user input data module
(2), being provided to extract plurality textual data within the drawing
such that to obtain information about scale of objects, for example,

furniture, room, walls dishwasher, washing machine, refrigerator etc.;
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vectorization unit (10), adapted to receive data from wall extractor,
element extractor, room extractor and text extractor, being provided
to vectorize raster image elements for accurate and precise
representation; a relationship extractor (11), adapted to receive data
from wall extractor, element extractor, room extractor and a text
extractor, being provided to maintain graph based spatial structural
relationships between various elements, for example, room
connectivity and pathways etc., and exterior structural relationships,

for example, multiple floors, windows, windowsill, etc.

. The system for extraction and recreation of geometry information

from interior and/or exterior drawings of a building as claimed in claim
2, wherein the wall extractor comprises a U-Net segmentation unit to
extract segment masks of walls from the interior and/or exterior

drawings of a building.

. The system for extraction and recreation of geometry information

from interior and/or exterior drawings of a building as claimed in claim
2, the element extractor comprises mask region-based convolutional
neural network (R-CNN) unit to extract polygonal coordinates of
structural elements from the interior floorplan images and elevation

drawing images.

. The system for extraction and recreation of geometry information

from interior and/or exterior drawings of a building as claimed in claim
2, wherein the text extractor comprises an optical character
recognition (OCR) unit to extract text and numbers from the interior
and/or exterior drawing of a building.

. The system for extraction and recreation of geometry information

from interior and/or exterior drawings of a building as claimed in claim
5, wherein the OCR unit extracts values of height and width from the

text on the exterior/interior images/ drawings of a building and in case
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no text is found on the exterior/interior images/ drawings of a building,
default values are assigned.

. The system for extraction and recreation of geometry information

from interior and/or exterior drawings of a building as claimed in claim
1, wherein the interpretation module comprises a room classifier (12)
to identify different rooms; a user constraint manager (13) to override
or set constraints from the user input data module (2) or through a
document; and a hierarchy manager (14) to represent a hierarchy of
all constituting elements within a scene depending on the number

and type of drawings fed.

. The system for extraction and recreation of geometry information

from interior and/or exterior drawings of a building as claimed in claim
1, wherein the generation module comprises a wall generator (15) to
extrude walls so as to generate an empty shell of the detected
drawing; an element initiator (16) to place interior and exterior
elements at their detected locations; an exterior generator (17) to
generate facades and roof of a building/plan; a floor manager (18) to
maintain hierarchy between the different floors, in case of multiple
floors ensuring correct connections between the same and generate
stairs, floors, etc. to connect individually generated floorplans, and a
file exporter (19) to export the interior/exterior or both in the formats
supported.

A process for extraction and recreation of geometry information from
interior and/or exterior drawings of a building comprising in the
following steps:
i. Feeding drawings/images of the interior / exterior of a building
by a user,
ii. Determining resolution of the drawings/images and sending

the same for preprocessing in case of high-resolution,
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Checking preprocessed images to see whether the images

relate to interior floorplan or elevation drawing images,

iv. Extracting textual information from the drawings/images and
detecting the presence of furniture, walls, rooms, etc. in case
5 of interior floorplan images and generating a graph
representation hierarchy and vectorizing the same,
v. Extracting textual information from the drawings/images and
detecting the presence of windows, doors, balconies, walls,
etc. in case of elevation drawing images and generating a
10 graph representation hierarchy and vectorizing the same,
vi. Representing vectorized images as editable vector
components in a graphical user interface (GUI),
vii. Accepting user confirmation about the detected elements and
generating a 3D model and displaying the same in a display
15 module, and
viii. Invalidating print input in case elevation drawing not detected.
10. The process for extraction and recreation of geometry information
from interior and/or exterior drawings of a building as claimed in claim
9, wherein the resolution of the drawing/image being upscaled, in
20 case of low-resolution, using a generative adversarial network

(GAN).
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