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Figure 1: Our algorithm the input of rooms’ connectivity, areas, and boundary shapes (left) and generates floor plans from (right).

Abstract
Designing floor plans is difficult because various constraints must be satisfied by the layouts of the internal walls. This paper
presents a novel shape representation and optimization method for designing floor plans based on the Voronoi diagrams.
Our Voronoi diagram implicitly specifies the shape of the room using the distance from the Voronoi sites, thus facilitating the
topological changes in the wall layout by moving these sites. Since the differentiation of the explicit wall representation is readily
available, our method can incorporate various constraints, such as room areas and room connectivity, into the optimization.
We demonstrate that our method can generate various floor plans while allowing users to interactively change the constraints.

CCS Concepts
• Computing methodologies → Shape modeling; • Human-centered computing → Interaction design;

1. Introduction

Planning floor layouts is essential in architectural design. In prac-
tice, architects prepare various layout plans, such as site plans, sec-
tion plans, floor plans, and elevation plans, prior to real-world con-
struction. In addition to serving as blueprints for construction, these
two-dimensional layouts allow architects to visually examine and
convey their unique design concepts. However, manual creation of
the floor layout often requires significant time and skills from the

architect due to the diversity in the shape of the available space
and the constraints that individual rooms must satisfy, such as their
sizes and connectivity. These constraints discourage architects from
casually exploring their innovative design ideas.

To address this difficulty, researchers have proposed various
computational algorithms for generating floor layouts. Previous
methods typically represent rooms as rectangular polygons that
are optimized to meet the room requirements [MSK10]. However,
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the explicit polygon representations either require intensive mesh
surgery procedures to introduce changes in room connectivity or
unsuitable for causing large movement due to room collisions,
which limits the flexibility of the algorithm to explore diverse room
configurations. Recent data-driven methods [HHT∗20, NCC∗20,
NHC∗21, SWL∗22, SHF23] have employed deep learning to cre-
ate floor plans. However, these learning-based methods often fail
to support unconventional room shapes and new constraints that are
not assumed in a specific training dataset. Unfortunately, the exist-
ing methods are not suitable for “free design of the ground plans,”
as advocated by a notable modern architect Le Corbusier [Cor24].

In this paper, we present a differentiable room representation
for the flexible generation of floor plans, while considering var-
ious constraints on the shape and connectivity of the room. Our
representation uses the Voronoi diagram to partition the floor into
multiple rooms. Specifically, one room is defined using multiple
Voronoi cells that are implicitly defined based on the distance to the
Voronoi sites and support topology changes, which facilitates flex-
ible exploration of room connectivity during optimization. Further-
more, the Voronoi diagram also provides an explicit representation
of the walls (i.e., partition boundaries), allowing us to handle differ-
ent geometric constraints, such as wall simplicity and room areas,
which are difficult to formulate directly from the Voronoi sites. The
explicit wall representations readily provide the gradients with re-
spect to the Voronoi sites, which allows us to optimize the room
shapes without using complicated mesh-surgery procedures.

Although the Voronoi diagram represents rooms with changing
topologies, the unconstrained Voronoi diagram is excessively flex-
ible to produce plausible floor plans. For instance, a room may be
separated into multiple islands or may have unnecessarily compli-
cated wall shapes. To overcome these issues, we develop tailored
loss functions that encourage rooms to have connected shapes with
simple wall shapes. These additional loss functions are combined
with those that promote the user-specified requirements and mini-
mized to generate realistic and useful floor plans.

Our method is efficient enough to provide an interactive user in-
terface for exploring possible floor plans. Our interface allows the
user to specify the desired room constraints interactively and in-
stantly preview the optimization results. In addition, by perform-
ing the optimization multiple times with different random initial-
izations, the user can efficiently obtain various design options to
explore the space of possible floor plans for a given floor outline
and room constraints.

In summary, our contributions are:

• A differentiable representation of floor plan using the Voronoi
diagram.

• Identification of loss function to make the partition look like a
floor plan.

• An interactive user interface to allow the user to easily explore
possible floor plans.

2. Related Work

This section reviews related studies in the computer graphics and
vision literature to clarify the focus of our work.

Automatic layout generation Previous methods have generated
the layouts of various geometric elements in different applica-
tion domains, such as virtual scene creation [CKP∗24, FRS∗12],
urban planning [FYY∗16, YWVW13], building interior estima-
tion [JFRM17], furniture arrangement [MSL∗11, YYT∗11], and
game design [MVLS14, SLY22, HMVDVI13]. Each domain has a
unique set of constraints that must be considered in the layout, such
as the adjacency and order of the elements. In this paper, we fo-
cus on the generation of architectural floor plans, where the rooms
must satisfy varying connectivity and size constraints specified by
the architect, as well as other geometric requirements, such as the
simplicity of a wall.

Floor plan generation The methods most closely related to ours
generated architectural floor plans. One line of this work aims
to generate the layout and connectivity of rectangular or cubic
rooms using different computational approaches, such as evolution-
ary computation [RG13a, RG13b, GL17], mixed integer quadratic
programming [WFLW18], stochastic optimization [MSK10], and
physically-inspired mass-spring models [ESMR20, ZYX23]. In
contrast to these approaches, our method can generate free-form
room shapes beyond rectangular ones and allows the user to spec-
ify a more arbitrary curved outline of the interior space.

Several existing approaches enable more flexible element shapes
by using irregular [SLY22] tile shapes to fill the space. To han-
dle more general boundary shapes, other methods have flexibly
deformed the templates to better fit the rooms to the interior
space [PYW14] or to split a given urban site map into meaningful
sections [YWVW13]. However, the flexibility of these template-
based methods is still significantly restricted by the shape of the
templates and their initial configurations, which limits the output
diversity. By contrast, we allow the rooms and their constituent
Voronoi cells to move freely in space to effectively produce diverse
configurations and room shapes from an unstructured initialization.

Another common approach for floor-plan generation lever-
ages data from existing layouts using neural networks [WFT∗19,
HHW22, SWL∗22]. To produce high-quality outputs, recent
learning-based methods have used various advanced tech-
niques, such as generative adversarial networks [WZC∗23,
NCC∗20, NHC∗21], transformers [SZZW23], and diffusion mod-
els [SHF23]. These methods also consider the room constraints. For
example, Graph2Plan [HHT∗20] uses a room-connectivity graph
and a boundary shape to output a layout that conforms to the in-
put specification. However, these learning-based methods require a
large dataset for training, and their output heavily reflects the bias
in the training dataset. This limits the shape of the floor bound-
ary specifications and generated rooms, which hinders the general-
ization of these methods beyond simple room shapes with straight
and axis-aligned walls. In contrast, our method can represent var-
ious free-form wall and boundary shapes using the differentiable
Voronoi diagram, whose shapes can be fluidly optimized through
gradient-based optimization.

Voronoi diagram in graphics and vision The Voronoi diagram
and its weighted version have been used in a wide array of ap-
plications, including fluid simulation [dGWH∗15], foam simula-
tion [BDWR12], function approximation [WPLN∗20], 3D surface
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processing [RAM∗21, RGA∗21], structural design [ZFD∗17], and
topology optimization [FXL∗23], to name a few. Several recent
studies [FXL∗23, NLCT24] have proposed methods for differen-
tiating the Voronoi diagrams to address inverse problems involving
cellular mechanics. Feng et al. [FXL∗23] presented a method for
smoothing the boundaries of the Voronoi cells to achieve differ-
entiable transition of data across the cells. However, their method
assumes a background grid to compute the differentiation and
does not directly provide an explicit representation of the bound-
ary, which our method requires to enforce constraints. Numerov
et al. [NLCT24] computed the Voronoi vertices explicitly and dif-
ferentiated the cell boundary with respect to the Voronoi site posi-
tions. Our method also uses an explicit boundary representation and
its differentiation. In contrast to this method, we represent a single
room using multiple Voronoi cells to generate significantly more
complex shapes than when using individual cells. Furthermore, we
propose tailored loss functions for the Voronoi vertices to produce
partitions that are plausible as architectural floor plans, which we
demonstrate in our ablation study.

Hybrid explicit-implicit representations In computer graphics
and vision, a hybrid method using both explicit topology and
implicit or point-based representations has been applied in sev-
eral other applications, ranging from surface tension simula-
tion [XRW∗22,BBB10] to surface reconstruction [MCR22]. These
hybrid representations allow the algorithms to handle constraints
on the explicit boundary geometry better while enabling a flexible
topology change. In this work, we present a hybrid representation
based on the Voronoi diagram for optimizing the partitioning of a
floor into multiple rooms. The implicit aspect allows for flexible
transition of the room layout, whereas the explicit wall represen-
tation facilitates formulation of useful losses in the rooms, such as
the area and the alignment of the walls inspired by the 3D surface
stylization method [LJ19].

3. Method

3.1. Floor plan representation

The user provides a 2D region Ω, which is the outline of the avail-
able space viewed from above. Given the region, a connected and
bounded shape in the 2D space R2, we intend to compute a partition
of Ω into multiple rooms that satisfy the specified room constraints.

Voronoi diagram To achieve topological flexibility in the connec-
tivity between rooms, we use the Voronoi diagram to represent the
partition. A Voronoi diagram is generated from a set of points,
called sites S = {s1 . . .sN}. Each site si is associated with a re-
gion Ci called cell, which comprises the points whose nearest site
is the cell’s site, i.e.,

Ci = {x ∈ Ω | ||x− si|| ≤ ||x− s j|| for all i ̸= j }. (1)

Voronoi vertex The cells take polygonal shapes, whose corner
vertices are called Voronoi vertices. We denote the set of all the
Voronoi vertices in the diagram as V = {v1 . . .vM}. The Voronoi
vertex is either inside the region Ω or on the boundary of Ω.

The Voronoi diagram has aspects of both implicit and explicit

ROOM2

ROOM1

(a) (b)

(c)

Sites Voronoi 
vertex 

Input region Rooms

Figure 2: The Voronoi diagram shows the partition of the input
region Ω by a set of points called sites S. The corners of the Voronoi
cells are Voronoi vertices V . The Voronoi vertex is either a vertex of
Ω (c), on the boundary edge (b), or inside Ω (a). The combination
of multiple cells represents a room.

representations. Whereas a Voronoi cell is defined implicitly by its
distance from the sites, the boundary of the cells can be defined
explicitly by connecting the Voronoi vertices. The implicit aspect
contributes to topological flexibility – the topology of the cells can
change through the continuous motion of the site positions. This
eliminates the necessity of mesh surgery – a painstaking procedure
for editing the topology of explicit shape representations. However,
the explicit representation of the boundary of the cells allows us to
define constraints that are directly specified in the boundary geom-
etry (e.g., the length of the boundary).

To compute the deformation of the room boundary from the site
motion, classifying the Voronoi vertices into the following three
types is convenient (see Figure 2 center-right): (a) the intersection
of the three bisectors, (b) the intersection of one bisector and the
boundary Ω, and (c) the vertex forming the corner of Ω. Unlike (a)
and (b), the position of (c) does not depend on the Voronoi sites and
is constant during our optimization. When we compute the Voronoi
diagram, we store the symbolic information on each Voronoi ver-
tex, which indicates the type of the Voronoi vertex, the indices of
the bisector sites, and the edge or vertex index of Ω. This symbolic
information is used in the subsequent differentiation of the Voronoi
diagram and the graph search for adjacent cells.

Room representation A single cell in the Voronoi diagram has
a simple polygonal shape and cannot represent a complex room
shape. Specifically, the shape of each Voronoi cell is limited to a
convex polygon intersecting region Ω. In other words, a typical
floor plan is complex and thus its room cannot be represented by
a single Voronoi cell. To increase the representation capability, we
combine multiple cells to represent one room (see Figure 2 right-
most). This is concretely achieved by associating each site with one
of the rooms, which is determined at the initialization and then re-
mains constant.

Initialization At the time of initialization, we randomly generate
a user-specified number of sites in the input region Ω. To ensure
that no two sites are excessively close to each other, we use the
Poisson disk sampling with the dart-throwing algorithm. Rooms
are randomly assigned to each site. The number of sites associated
with each room is set such that it is approximately proportional to
the user-specified target room area. This number adjustment is in-
tended to make the density of the sites uniform and to ensure each
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room to have roughly equal degree of freedom (i.e., the Voronoi
sites) per area. Note that the areas of individual sites are not con-
strained during the optimization, and the room area of the output
plan is governed by the area loss explained later.

3.2. Floor plan optimization

We optimize the shape and connectivity of the rooms by moving
the positions of the sites. Each site is associated with a fixed room
during optimization. Specifically, the sites are moved to minimize
the scalar loss function L that formulates the desirable properties of
the rooms. Since the optimization variables are continuous values
of 2D coordinates, they can be easily incorporated into the opti-
mization framework using the gradients of L. During the optimiza-
tion, we do not strictly constrain the site to be inside the region
Ω. Instead, by allowing the sites to move freely outside Ω, we can
handle a concave input region Ω.

Differentible Voronoi diagram Several components of our loss
function are defined in terms of the Voronoi vertices V(S), which
are determined by the site positions. We differentiate these com-
ponents with respect to the site positions S using the chain rule
by computing the gradients ∂V/∂S. When computing ∂V/∂S, we
assume that no degeneracy is present and that every Voronoi ver-
tex belongs to at most three cells. In this case, the positions of
the Voronoi vertices change linearly with the infinitesimal move-
ment of the sites. Note that the number of the Voronoi vertices may
change when the sites move. However, this change does not affect
the loss or gradient computation, which is performed independently
for each iteration. For the detailed computation of the derivative of
the Voronoi vertex with respect to the site position, please refer
to [NLCT24].

Loss function We update the coordinates of the sites S to mini-
mize the loss L. Specifically, our loss L is defined as the weighted
sum of the different losses as

S∗ = argmin
S

L(S,V(S)) (2)

L = Lwall +Larea +Lfix +Ltopo +LLloyd. (3)

The Lwall,Larea,Lfix,Ltopo,LLloyd are the loss functions guiding
the movement of the sites S. We use gradient-based optimization to
minimize the loss function L in (2). Each time the sites are moved
by the optimization, the Voronoi diagram is updated.

We use Lfix to fix some of the sites. For instance, the entrance
to the house in Figure 1 is specified by the user by fixing the sites
related to the entrance there. The Lfix is defined as the squared
sum of the difference between the site and the specified position
weighted by wfix ∈ R+. In the following, we explain each term of
the loss function, and Section 4.2 demonstrates the effect of each.

Wall loss As the unconstrained Voronoi diagram typically produce
undesirable fluctuations in the wall orientations, we design a tai-
lored loss function to regularize the wall complexity. Inspired by
the Cubic Stylization [LJ19], we regularize the L1 norm of the wall
length as

Lwall = wwall ∑
(vi,v j)∈E

||vi −v j||L1, (4)

Wall loss Lloyd lossArea loss

0

centroid

site

Figure 3: Computation of loss functions. (Left) to make the walls
simple and aligned, we use the L1 norm for the wall. (Center) the
area is computed for each cell by adding up the signed area of the
triangle made by connecting the edge and the origin of the coordi-
nate. (Right) the density of the site is regulated by moving the site
toward the centroid of the cell.

where E denotes the set of edges of the Voronoi cells between two
adjacent rooms and the vi and v j denote the Voronoi vertices be-
longing to the edge (see Figure 3-left). Note that, whereas the orig-
inal Cubic Stylization [LJ19] uses the L1 norm of the surface nor-
mal to align the face orientations to cubic faces, we compute the L1
norm of the tangent edge vector, which is equivalent to the L1 norm
of the 2D normal direction. Minimizing this loss has the following
two effects: simplifying the wall between two adjacent rooms by
penalizing its length, and aligning the boundary to the coordinate
axis by making the coordinates of the tangent vector sparse in 2D.

Area loss The area of each room is specified by the user. We min-
imize the quadratic difference between the current room areas and
the user-specified targets.

Larea = warea

#Room

∑
r=1

||Ar(V)− Ār||2, (5)

where Ār denotes the target area for the room r (see Figure 3-
center).

Lloyd loss To regulate the site density, we design a loss function
inspired by the Lloyd’s algorithm [LWL∗09].

LLloyd = wLloyd

N

∑
i=1

||si − ci||2, (6)

where ci denotes the centroid of the i-th Voronoi cell (see Figure 3-
right).

The site may lie outside the user-specified boundary Ω. If the
cell of such a site still has a non-empty intersection with Ω, we
use the centroid of that intersection to compute the Lloyd loss for
this site. This is useful for attracting these exterior sites inside Ω.
However, if the site is far away from the Ω, the site does not have
a cell intersection. We set the centroid position ci for such a site to
the position si of the site itself, which makes the gradient of LLloyd
zero for the site.

Topology loss We design the topology loss such that each room is
a single connected region, and the specified connections between
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Figure 4: The positions of target sites for topology loss. (Left) if
a room is split into unconnected groups, we select one group and
find the nearest sites in that group for all the sites in other groups.
(Right) if we find a pair of sites in the rooms with unsatisfactory
connections, the target positions of sites are set to each other’s po-
sition.

rooms are achieved. We move the site to satisfy the desired topol-
ogy by setting the goal position ti for each site si as

Ltopo = wtopo

N

∑
i=1

||si − ti||2. (7)

The goal position ti can be automatically computed as the nearest
site to the site from the same group (see Figure 4-left). For the sites
that do not need to move (i.e., the sites whose topology constraints
are already satisfied), the goal position is set to the site position to
make the gradient zero. Note that, although the goal positions ti
can depend on the site positions, we treat them as constants in the
gradient computation to simplify the effect of the topology loss.

Our optimization begins with the random room assignments to
each site. Therefore, in the initial configuration, a room tends to be
split into several unconnected groups of sites. For each room, we
first group the sites belonging to that room into groups of adjacent
sites. If multiple groups are present, that is, a room is split into
separated regions, we set the target position of the site ti as the
nearest site to that group (see Figure 4-left).

If a room is connected in one piece, we examine the connectivity
between two different rooms specified by the user. If two rooms
that are specified as “connected” in the input are not adjacent, we
compute the nearest pair of sites from each room and then set the
positions as the target positions for each other.

4. Result

4.1. Implementation detail

Construction of Voronoi diagram For the simplicity of imple-
mentation, we construct the Voronoi diagram in a concave region
based on the Euclidean distance (i.e., the clipped Voronoi diagram)
instead of based on the geodesic distance. Efficient methods to
compute the restricted Voronoi diagram exist, such as [YWLL13],
which is based on the Delaunay triangulation. For the simplicity
of implementation, we computed each Voronoi cell independently.
For the construction of the cell Ci, we start from only one site pi,
which produces a cell identical to Ω. Then, we sequentially add the
other sites one by one, and for each addition, we cut the cell by the
bisector of the new site and pi and throw away the parts that are far

Figure 5: Examples of the floor plan generation. The top-left cor-
ner of each example shows the input region and the bubble diagram
(i.e., connectivity between the rooms and the target areas).

from p. When the cell is cut by a bisector, we record the symbolic
relationship of the newly created Voronoi vertex. This symbolic re-
lationship is used to unify the Voronoi vertices computed indepen-
dently for each cell and is also used for the differentiation of vertex
positions with respect to the site positions.

Optimization detail We used the Adam [KB15] optimizer with a
learning rate of 1.0e-3. Although we could possibly use the Vec-
torAdam [LSJ22] to further improve the convergence, it is left for
future work. The entire program is written using the Rust program-
ming language. We use the framework called candle [Fac23] for au-
tomatic differentiation, and the differentiable Voronoi tessellations
are implemented by ourselves as a custom differentiable layer. In
this study, we set the weights to wwall = 0.015,warea = 1,wtopo = 1,
wfix = 100 and wLloyd = 0.1. Since the physical dimensions of our
losses are not equal (e.g., area and length), the effects of these
losses are different when the scale is different. The sizes of the
models are normalized such that the longest size of the axis-aligned
bounding box is one. The code is available at the project website †.

Optimization As shown in Figures 1 and 5, our optimization
framework produces reasonable floor plans for various concave and
curved boundary shapes. These results are automatically computed
from 300 optimization iterations without interactive editing. This
iteration number was sufficient even for the highly concave shape,

† https://github.com/nobuyuki83/floor_plan
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(a) Initial (d) Only(b) Only (c) Only (e) Only 

(j) All but(f) All (h) All but(g) All but (i) All but
areas: [0.43, 0.20, 0.18, 0.19]

areas: [0.40, 0.20, 0.20, 0.20] areas: [1.00, 0.00, 0.00, 0.00] areas: [0.39, 0.26, 0.19, 0.18] areas: [0.20, 0.37, 0.06, 0.36]

areas: [0.17, 0.67, 0.06, 0.09] areas: [0.39, 0.21, 0.21, 0.20] areas: [0.44, 0.22, 0.16, 0.17] areas: [0.42, 0.22, 0.18, 0.17]

Room A

Room D Room BRoom C

Figure 6: Ablation study. (f) four rooms are involved (rooms A, B, C, and D). Room A has to be connected to the other three rooms. The
target areas for rooms A, B C, and D are 0.4, 0.2, 0.2, and 0.2 respectively. Starting from the initial tessellation (a), top row shows the results
when we optimized for just one loss: (b) area loss Larea, (c) the wall loss Lwal, (d) the Lloyd loss LLloyd, and (e) the topology loss Ltopo.
Compared to the result with all the loss combined (f), the bottom row shows the result when just one loss is removed; (g) area loss Larea, (h)
the wall loss Lwal, (i) the Lloyd loss LLloyd, and (j) the topology loss Ltopo. We report the list of resulting rooms’ areas for rooms A, B, C,
and D at the bottom of each optimization result.

such as the one shown in Figure 7. We use 40 to 50 sites for the op-
timization. Whereas the number of sites controls the complexity of
the room shape, we observe that the overall room configuration was
not sensitive to this number if sufficiently many sites are present.
In our current naive implementation, the speed of the optimization
is quadratic in the number of sites as we compute the shape of the
cells independently from the other cells. However, the computation
was sufficiently light to perform the optimization during the inter-
action. For example, in Figure 6, where 49 sites are present, each
iteration of the optimization takes 2.0 milliseconds on average mea-
sured on a MacBook Pro 2019 model with 2.6GHz Intel Core i7.

Convergence Figure 7 shows the tessellation of the room during
the optimization and convergence of each loss. Note that, in con-
trast to other losses, the wall loss Lwall does not converge toward
zero, this is because this loss is designed to be non-zero if walls
exist. For the concave region, some sites must travel outside the
given region Ω to satisfy the topology constraints as the topology
of the initial condition is given randomly. Typically, the topology
loss rapidly converges to zero when the topology constraints are
satisfied.

4.2. Ablation study

We optimize the sum of the loss functions (e.g., Larea, Lwall, LLloyd,
Ltopo). To demonstrate the effect of each loss function, we com-
pute the optimization using each loss function alone. In addition,
we also compute the optimization results that excludes each loss
function from the summation (see Figure 6). We confirmed that
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10-2

0.1

1

10
Loss

100 200

IterationInput Iteration 0

Iteration 3 Iteration 10

Iteration 100 Iteration 300

Figure 7: Convergence of the optimization. (Left) During the op-
timization, the sites travel outside the given region to satisfy the
topology constraints. (Right) The convergence of the losses.

only the summation of all the loss functions resulted in a reason-
able optimization result. For example, when we optimize only for
the wall loss Lwall, most of the sites escape outside the input region
such that no walls are present inside the region. If we optimize only
for the Loyd loss LLloyd, the diagram ends up with the centroidal
Voronoi tessellation. Figure 6 demonstrates that all the loss func-
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tions have the intended effects. For example, without the area loss
Larea, the area is not regulated and without the wall loss Lwall, the
walls are not straight and are cluttered.

Figure 8: Screenshot of our design interface. (Left) The conver-
gence of the floor plan is animated. (Right) The user can specify
the number of rooms, their connections, and their areas.

4.3. Interactive design interface

Our optimization is sufficiently fast to allow the user to edit the area
constraints interactively during the optimization. Hence, we design
a simple user interface for the floor plan design (see Figure 8). The
user inputs the boundary geometry as a polygon, and then specifies
the number of rooms and their connectivity.

When the user presses the “initialize” button, the Voronoi di-
agram with random site locations is generated. Then, the anima-
tion visualizes the convergence of the design into a valid floor plan.
When a room is selected, the user can interactively change its area.
Please refer to the accompanying video for the animation.

5. Conclusion

Our floor plan representation using the Voronoi diagram facilitates
topological changes in the room topology, yet enables the specifica-
tion of the functionality based on the explicit boundary representa-
tion. However, this study has a few limitations we need to mention.

Limitation As shown in Section 4.2, simultaneously minimizing
all the losses (e.g., wall length loss Lwall, the area loss Larea, and
the Lloyd loss LLloyd) by minimizing the sum of these losses is not
always possible. Hence, the optimized floor plan sometimes con-
tains small defects – the room areas deviate slightly from the target
areas, the walls of the rooms are not always straight, and they do
not always intersect at the right angle. Although a small deviation
from the target area is not usually critical in practice and our in-
teractive user interface allows the user to adjust the room size dur-
ing optimization, developing new loss functions that automatically
generate better optimization results remains a topic for future work.

This is infrequent, but there is a case in which the topology loss
Ltopo does not converge to zero. As shown in Figure 10, we iden-
tified a failure mode in which the four vertices oscillate to satisfy
the two locally contradictory topology constraints. When two sites
approach to connect the separated rooms, the connection between

Garage

Bedroom

Bedroom

Bedroom

Laundary

Bath
Main
 bedroom

Great
 room

Sun room 
  & den

Figure 9: Complex example. From the boundary of the floor plan
of an actual architecture (Top), we optimize the floor plan with 9
rooms with the topological constraint that the “Great room" is con-
nected to all the other rooms (Middle). We manually straighten the
walls to produce realistic floor plan (Bottom). Top image credit:
Dave South via Monolithic Dome Institute (CC BY-SA 4.0 license)

the other rooms breaks, and vice versa. Note that this oscillation is
usually naturally resolved as the balance between the sites changes.

The combination of the wall and area losses Lwall and Larea typ-
ically produce rooms with small aspect ratios. However, our opti-
mization sometimes produces narrow regions surrounded by walls
(see Figure 6-center). Furthermore, our topology loss only consid-
ers the topological connection between rooms, and thus sometimes
two rooms are connected by an extremely narrow wall (see Fig-
ure 6-right). Although it was rare for our optimization to produce
unnatural results, designing new losses to penalize these poor floor
plans is a topic for future work. For instance, we plan to add an-
other loss that penalizes the short shared wall length between adja-
cent rooms. As shown in Figure 9, we currently need to manually
adjust the wall configuration to produce practical floor plan.

Future work Currently, our method does not generate doors be-
tween the connected rooms. We would like to optimize the position
of the door by incorporating new loss functions that account for the
usability of the floor plan using motion planning techniques. Sim-
ilarly, we would like to consider various more complicated func-
tionalities such as natural lighting and natural air ventilation.

It would also be interesting to extend the room connectivity con-
straints to rooms that must not be adjacent. Although the current
topology loss is intended to pull separated islands, we plan to de-
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Figure 10: Failure cases. (Left) Oscillation occurs when optimizing
two locally contradicting connections (i.e., green and blue rooms,
and yellow and red rooms) simultaneously at the shared corner of
four rooms. Sometimes the optimization produces rooms with a nar-
row region (center) and excessively small boundaries between two
connected rooms (right).

sign a loss that repels partitions to achieve this effect. A similar
effect could also be achieved by regularizing the length of the wall
that partitions two rooms that must not be adjacent.

Our room-shape representation is based on the Voronoi diagram,
hence the walls are flat. We would like to achieve smoothly curved
interior walls by considering a distance measure in addition to the
Euclidean distance or by considering the weighted Voronoi dia-
gram.

The design of a multilayer floor plan is a promising avenue for
future studies. To generate a floor plan for a multi-floor building,
we can combine multiple 2D floor plans while the locations of the
inter-floor connections (e.g., stairs or elevators) are constraints. We
are also interested in a more flexible design, including (maisonettes
and lofts) using the 3D Voronoi diagram with various 3D con-
straints.
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