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Figure 1: We introduce a framework for synthesizing plausible scenes over interactively edited floor plans. Given an initial
scene, a user can select an edge (wall) of it (a). The user can then expand (or shrink) the room shape, and our framework
automatically adds (or removes) objects and continuously arranges objects (b). Users can add breakpoints (Red Box) to edit
diverse floor plans (c). If a room is sufficiently large, our framework splits the room, adds new objects and arranges the existing
objects (c, d, and e). Through a few operations, a floor plan that matches the user preference and contains plausible object
arrangements is synthesized (f). Please see the supplementary video for interactive demos.
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Abstract

Scene synthesis has gained significant attention recently, and in-
teractive scene synthesis focuses on yielding scenes according to

user preferences. Existing literature either generates floor plans or
scenes according to the floor plans. The system proposed in this
paper generates scenes over floor plans in real-time. Given an initial
scene, the only interaction a user needs is changing the room shapes.
Our framework splits/merges rooms and adds/rearranges/removes
objects for each transient moment during interactions. A systematic
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pipeline achieves our framework by compressing objects’ arrange-
ments over modified room shapes in a transient moment, thus
enabling real-time performances. We also propose elastic boxes
that indicate how objects should be arranged according to their
continuously changed contexts, such as room shapes and other
objects. Through a few interactions, a floor plan filled with object
layouts is generated concerning user preferences on floor plans
and object layouts according to floor plans. Experiments show that
our framework is efficient at user interactions and plausible for

synthesizing 3D scenes!.
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1 Introduction

Research has emphasized the importance of synthesizing 3D scenes
[18]. The plausibility of generating 3D scenes has significantly
improved in the past decades [19]. Scene synthesis usually selects a
set of objects and plausibly arranges them in a given floor plan [26].
The object arrangements should match the learned spatial relation
priors and the strict constraints of the floor plan [5, 27, 29], e.g., the
number of objects should fit the floor plan’s capacity.

To synthesize scenes with user preferences, another branch of
scene synthesis emphasizes interactively crafting scenes, i.e., con-
trolling the process of scene synthesis. Through cursors [28] (e.g.,
using a mouse), texts [23], panels [25], etc., users can specify selec-
tions/translations/rotations for a few objects, and the frameworks
arrange involved objects subsequently in each interactive session.
For example, Clutterpalette [24] requires a user to select a position
in the 3D scene for each interactive session. An object appears
concerning existing objects and supports in the selected position.

However, existing literature mainly interprets user preferences
as “selections and transformations” of objects, which is practical
for users already satisfied with the provided floor plan. On the
contrary, if users have not decided on a specific floor plan, they
may repeatedly choose/modify a floor plan, interactively synthesize
an object layout and decide to change the floor plan again, even if
they only want to make minor tweaks to the floor plan. On the other
hand, users may not know if the floor plan is ideal until they see how
the objects can be arranged accordingly. To interactively synthesize
a single floor plan with object layouts, a user has to conduct the
synthesis process time after time for different floor plans. Interior
designers typically face considerable floor plans. Therefore, the

IPlease refer to a supplementary video for an overview of our framework.
The source code is publicly available at
https://github.com/Shao-Kui/3DScenePlatform#sceneexpander.
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challenge is to concurrently control floor plans and objects during
the synthesis process, i.e., in the early stages of interior design, both
the floor plan and objects’ layouts can be provided simultaneously.

This paper introduces an interactive scene synthesis framework,
where the interactive units are no longer objects but “room shapes”
(floor plans). As shown in Figure 1, a user edits the floor plan
for each interactive session, resulting in an expanded/cropped
floor plan. Our framework judges the new floor plan and infers
(a) rearrangement of objects, (b) splitting/merging rooms and (c)
adding/removing objects. This entire inference process runs in real-
time. Objects and rooms are dynamically and gradually changed by
continuously adjusting the floor plan. Objects are continuously ar-
ranged along with changing floor plans at every transient moment,
as shown in Figure 2. Users can stop when they are satisfied with
the synthesized object layouts.

Our framework is executed iteratively for every transient mo-
ment. An algorithm pipeline is proposed to catch the changes in
floor plans and decide if we should divide rooms, how we should
divide rooms, how we should rearrange objects, and what objects
should be added/removed (Section 3). The pipeline includes gen-
erating division plans, which help divide existing rooms so the
floor plan is gradually enriched with more rooms. Our framework
proposes multiple division plans for each transient moment, so it
subsequently evaluates them and chooses the best or none of them
(Section 4). If a room is enlarged, shrunk or divided, the pipeline
may add more objects, remove objects that no longer fit the room, or
arrange existing objects. We propose “Elastic Boxes” representing
groups of objects for layout adjustment, as shown in Figure 2, to
address the above operations (Section 5).

To our knowledge, we are the first to investigate interactively
synthesizing scenes over editing floor plans. Our work makes the
following contributions:

e We present an interactive scene synthesis framework that
adds/rearranges/removes objects and splits/merges rooms
over continuous changes of floor plans.

e We propose a system pipeline that detects room shape changes,
executes room divisions, dispatches object groups and ar-
ranges objects in a transient moment of editing floor plans.

e We propose elastic boxes, which help spatially fit object
groups to the continuous floor plan changes, thus plausibly
arranging objects at any moment.

Note that our framework still arranges objects similar to typi-
cal synthesis frameworks, e.g., [24, 28]. Our framework does not
generate floor plans [3, 6, 8, 13, 21] (Section 2.3). Instead, the floor
plans are input from users and are interactively controllable.

2 Related Work

2.1 Interactive Scene Synthesis

Scene synthesis has been developed significantly in recent decades
[26]. Researchers first investigate automatic scene synthesis, i.e.,
automatic selection and arrangement of objects in a room [5, 16,
20, 22, 27]. However, it is hard for this technique to generate scenes
according to user preferences, e.g., a bedroom containing a double
bed adjacent to the window. Therefore, interactive scene synthesis
aims to control the scene synthesis process [28].
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Figure 2: This paper introduces elastic boxes, which allow
continuous arrangement of objects according to the floor
plan changes at any transient moment.

Yu et al. [24] introduce a framework for placing small objects
into scenes concerning supports, co-occurrence, etc. Zhang et al.
[25] also place small objects but are concerned with the up/ down/
left/ right/ front/ back between objects. Merrell et al. [12] introduce
a framework where users can specify constraints. The framework
will generate several suggestions to be chosen. Zhang et al. [28]
introduce a real-time framework for inserting objects into scenes.
An object pops up appropriately for each transient moment while
moving the cursor (e.g., with a mouse). Zhang et al. [30] allow
editing a group of objects simultaneously, following the cursor.
Additional attributes control objects in the same group.

Besides, literature introduces editing scenes passively, i.e., mak-
ing users unaware of arranging objects. Liang et al. [10] rearrange
objects in a workspace so the new layout can consume less com-
muting time. Zhang et al. [31] expand this to multi-users. They
also calculate the optimal workspace layout and work allocation
plan based on the individual work ability of employees, which can
generate a more comprehensive scheduling plan. Facing virtual
reality, Dong et al. [4] rearrange objects when users wear a Head
Mounted Display to ensure they do not collide with obstacles. Liu
et al. [11] propose a framework for arranging desktop items by
studying user behaviors on the desktop, considering constraints
such as object stacking and compactness.

The literature above allows editing objects with fixed floor plans.
If a user is unsatisfied with the floor plan, e.g., needing spaces for
more objects or new rooms, the user has to rearrange objects in
the next floor plan from scratch. In our framework, an interactive
unit is no longer an object or a group of objects. Users edit floor
plans to indirectly manipulate objects, where the object layouts are
synthesized according to the user-specified floor plans.

2.2 Fabrication

Existing methods also consider editing patterns inside 3D objects,
e.g., rungs in the monkey bars. Funkhouser et al. [7] enable the
creation of new 3D objects using existing objects. Schulz et al. [17]
assemble components into a new object. Their method calculates
the connections and alignments. Bokeloh et al. [1, 2] deform shapes
while preserving object structures. They first search for discrete
variations, such as component repetitions in an object. Then, the
discrete variations are added or deleted when editing the objects. In
contrast, Ovsjanikov et al. [14] explore 3D objects by continuously
editing their components. A template model is extracted, deforming
its components. Different objects are retrieved accordingly.

The above literature inspires us. We create new scenes using
existing objects, where the components are groups of objects. How-
ever, indoor scenes usually do not need repeated patterns. Objects
are inserted according to their functions.

2.3 Floor Plan Generation

Scene synthesis often assumes a floor plan is given, where objects
are arranged. In contrast, other literature generates floor plans
for scene synthesis [6]. Wu et al. [21] formulate neural networks
to locate rooms, allocate areas for rooms, and assign room types.
Nauata et al. [13] generate floor plans with a room graph, where
each vertex indicates a room type. Hu et al. [8] generate floor plans
with user constraints. They first generate graphs representing the
relations of rooms. Then, the graph is decoded and aligned to yield
floor plans. Deitke et al. [3] combine scene synthesis and floor plan
generation into an automatic end-to-end framework.

The above methods can generate plausible floor plans, but they
are end-to-end approaches, where a complete floor plan is generated
given an input such as a graph. In contrast, our framework does
not generate complete floor plans but explores continuous room
divisions, i.e., a division is calculated for each transient moment.
Hence, our framework seeks for controllable room division over
editing floor plans. In other words, a floor plan is not “generated”
but “adjusted” to adhere to user input.

3 Framework Pipeline

Figure 3 shows how our framework is executed for every transient
moment, a minimal period detected by the computer. For example,
hundreds of transient movements occur when a user moves a room
shape’s edge. The only input is a modified room shape. Our frame-
work generates several division plans according to the changed
room shape. A division plan indicates how to divide the room, and
a room shape has multiple plans. Two evaluations subsequently de-
cide whether the framework should divide the room by evaluating
the current whole floor plan and the existing elastic boxes. Section
4 discusses generating and evaluating division plans. Whether a
room should be divided has two branches. Each transient move-
ment executes one of the branches and waits for the next transient
moment, i.e., the next user interaction.

If the framework does not divide the room, the room shape is
changed according to the interaction. Our framework then detects
the elastic boxes that should be adjusted due to the modified room
shape. For example, if an elastic box leans against a modified wall,
the elastic box will be adjusted, i.e., translated according to the wall.
Its adjacent elastic boxes are also involved in adjustments. This
detection is recurred until no adjacent elastic boxes exist. “Shrink-
ing” the room shape may remove one or more elastic boxes. After
adjusting the elastic boxes, their objects are translated or rotated
following their layout strategies, which suggest (1) object-object
transformations, e.g., transforming a sofa concerning a coffee table,
and (2) object-edge transformations, e.g., shrinking a living room
may cause a sofa and a TV cabinet getting close to their coffee table.
The object-object and object-edge transformations are maintained
in a database. When all existing objects have been adjusted for this
transient movement, our framework further attempts to add new
elastic boxes by trying to find a free space. A new elastic box is
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Figure 3: At every transient moment, a room shape is modified, and we generate several division plans. A division plan indicates
how a room should be divided according to the modified room shape. Two evaluations assess the division plans and decide if
we should divide: (No): The modified room only changes its shape and the objects involved. We detect the elastic boxes that
must be adjusted according to the new room shape. The objects inside elastic boxes are arranged according to their layout
strategies (Section 5), which are stored in a database. (Yes): The modified room is split. The elastic boxes involved have been
reassigned to the two new rooms. Then, the elastic boxes and their objects are adjusted and arranged.

added and rotated according to a dependent wall if a free space
exists.

If the framework should divide the room, a division plan is picked,
and a new room is derived from the original room. Our framework
examines each elastic box and reassigns it to one room, referring
to room types and the ease of spatially moving the elastic box to

another room. Every room has a type, e.g., bedroom, bathroom, etc.

The two evaluations above also score the division plans, and the
framework adopts the one with the highest score. A division plan
contains the type for the new room indicating the initial elastic box,
such as a “coffee table set” for living rooms. Since the room shapes
are modified, the elastic boxes are adjusted, and their objects are
arranged. Section 5 discusses the elastic boxes’ mechanism and how
we arrange elastic boxes’ objects in detail.

Our framework supports merging two rooms into one if a room
is shrunk. The merging logic aligns with the “Divide” branch in
Figure 3. If, during the evaluation process, the framework decides
that the room should be merged with another one, our framework
will check each elastic box in the rooms to be merged, using the
same evaluations above. The objects’ arrangements follow how
we utilize the elastic boxes above. We illustrate our framework to
make our technical details self-contained, focusing on enlarging
and dividing. Note that we allow users to choose their favoured

room types, which can easily be added by giving tags to each room.

4 Room Divisions

Our framework splits the room by evaluating several division plans
and choosing the best one. A division plan consists of two room
shapes, r; and ry, with room types #; and t3. r1 and ry are divided

from the original room. In each transient moment, only one room
directly adjacent to the moving edge can be divided.

We generate division plans using a sampling method, as shown
in Figure 4a, where an “inner edge” divides a room into two, and
our method proposes a series of inner edges. Each inner edge differs
from the previous division plan with a constant distance. The room
adjacent to the moving edge is a new room that will be assigned a
new room type, and the other room will keep the original type.

To evaluate a division plan, we define an evaluation function
¢(r, t) to measure how a room shape r and a room type ¢ are suit-
able, as shown in Equation 1, where f(r) represents the number
of the room r’s edges. a(r) is the ratio of r’s area to the area of
its rectangular bounding box. The sum of () and a(-) evaluates
the regularity of room shape r. A high value of it indicates a reg-
ular room, such as a rectangle in Figure 4b. The exponential and
logarithmic are applied, so the values’ differences are significant.

¢(r,t) = - Crexp(f(r)) + C2 In(a(r))
(r) (1)

+ C3Py (1, t) + C4min(1, —=)

e(t)

P, (r,t) is the room area distribution function extracted from the
RPLAN dataset[21]. For each room type ¢, the distribution varies.
d(r) is the minimal edge length of the room’s bounding box, while

€(t) is a constant representing the desired minimal length of a room
8(r)
e(t)
accommodate the functionality of its type.

We also define another evaluation function, ¥/(c), to control the

number of each type of room, as shown in Equation 2. Each entry

type t. Pr(-) and min(1,

) ensure the room has proper space to
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Figure 4: (a): Generating Division Plan. Each of the sub-
figures is a division plan. The green line represents the outer
edge being moved, and the red lines represent the inner edges
dividing the original room into two. (b): Two different rooms
in the same area. The upper room has fewer edges and is
closer to the bounding box; thus, it will have a higher value
in the first two components of Equation 1.

A) L-Shaped Sofa [1"]

3

Figure 5: LEFT: an elastic box and the involved objects’ lay-
out strategies. Our framework has two strategies. A yellow
transparent arrow indicates another strategy, where the ob-
ject is bound with another object, e.g., the teapoy is arranged
concerning the relative transformations to the sofa. A red
transparent arrow indicates a strategy where the object is
bound with an edge (wall), i.e., the object is arranged con-
cerning the relative transformations to the edge (wall). A
solid blue arrow records an object’s identifier, semantics and
the edge/object to which it is bound. RIGHT: four examples
of how the objects to the LEFT are arranged given different
boundaries.

of c is the number of a room type in the current editing floor plan,
and n is the number of room types, i.e., ¢ is an n-dimensional vector.

_ O [ Proxexp(& —cx) ¢k < &
V() (e,vz)‘és (U x l; { Q X exp(ck — &) o > & @

S = {(¢&0)} is the distribution of room types extracted from
RPLAN [21]. ¢ is a vector of room types similar to c. v is the fre-
quency of ¢ in the dataset. P and Q are two positive constant vectors
that measure if a new room should be added with a specific room
type. Room types such as “living rooms” that are necessary but
should not be many have large Py and Q. Necessary room types,
such as “bedrooms”, can be many and have a large Py but a small
Qp- Room types such as “storage” are unnecessary and have small

Py and Q. Then for each division plan {(r1, t1), (r2, £2) }, its overall
evaluation o(ry, t1, 12, t2) is shown in Equation 3.

o(r1, t1, 12, 12) =min(¢(ry, t1), P(r2, £2))
- Ct X l//(é) - Cd X 5(1‘1,1‘2)

where ¢ is the new room type count vector after new rooms are
introduced, i.e., an entry of ¢ increases. §(r, r2) is the number of
elastic boxes removed, which will be explained in section 5. If a
division plan eliminates too many elastic boxes, §(-) will be large.
C; and Cy are the trade-offs between the two evaluations.

We also evaluate the original room, i.e., #(r, t) —C; X /(c), which
is compared with the evaluations yielded by various division plans.
Suppose any of the division plans have a higher evaluation. In that
case, the division plan with the highest evaluation is accepted, and
the original room is divided, i.e., the “Yes” branch in Figure 3 and
Section 3. Otherwise, the room is not divided, i.e., the "No” branch.

If a room is shrunk, we will determine the connectivity of the
room r with the room from which it was divided. If they are con-
nected and the evaluation of the merged room is higher than the
evaluation of the two individual rooms, the two rooms are merged.

©)

5 Elastic Boxes

An elastic box contains several objects, as shown in Figure 5. We
use each object’s “layout strategy” to calculate its transformation
at every transient moment. A “layout strategy” is (1) an object’s
relative transformations concerning another object in the same
elastic box (e.g., the yellow arrows in Figure 5) or (2) an object’s
relationship to a specific boundary of the elastic box (e.g., the red
arrows in Figure 5). Each elastic box contains four boundaries.
Each boundary may be adjacent to a room’s edge (wall). Whenever
the four boundaries are determined, the elastic box’s objects are
arranged according to our layout strategies, e.g., Figures 5(a-d).

An elastic box’s semantics consist of its objects’ semantics, indi-
cating its function in an indoor scene. We utilize the Spatial And-Or
Graph of Qi et al. [16] to infer elastic boxes given room types. Qi
et al. [16] build a hierarchy to infer objects (children) from room
types (parent). Our framework adds elastic boxes in between.

As shown in Figure 3, our framework contains three operations
on elastic boxes. The first operation, “Evaluation Based on Elastic
Boxes,” evaluates division plans given existing elastic boxes. We
attempt to assign elastic boxes from the original room to one of
the new rooms. If the room’s semantics fit the elastic box, we will
pull the elastic box into the new room, where we first test the
intersection of elastic boxes and rooms. If an elastic box and a
room disjoint, the elastic box should not be moved into the room.
Otherwise, we will check the intersection between the room’s edges
and the box’s boundaries. The elastic box should be moved along
the normal direction of the boundaries outside the room. Figure 6
illustrates more details. If the distance to move the elastic box is
large, it should not be moved into the new room. The elastic box
is removed if an elastic box should not be moved into both new
rooms. Each elastic box from the original room is assigned to a new
room or removed through this process.

The second operation is “Adjusting Elastic Boxes,” which changes
existing elastic boxes’ boundaries and removes the elastic boxes that
are too small after room shape modified. If an edge (wall) is moved,
we enumerate each boundary adjacent to it, where the boundaries
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Figure 6: Evaluation Based on Elastic Boxes. LEFT: A division
plan yields two new rooms (Green and Red). An elastic box
(Black) intersects with the inner edge. RIGHT: The elastic
box’s four boundaries and two room edges are annotated
with their indices (b; and ¢;) and normal directions (Bracket).
When we try to assign the elastic box to the new room (Red),
we should pull the box along the normal direction of the
boundaries (Blue Arrows). We check the intersections be-
tween the elastic box’s boundaries and room edges, and edges
e1 and ey intersect with the box’s boundaries. For example, we
achieve the boundary b; facing the same direction as e, and
calculate the distance between e; and b;. The box is moved
along the normal direction of b; for the distance.

are added to a pending set. For each boundary, we also check its
opposite boundary’s adjacencies, added to the set, as shown in
Figure 7. If an edge is adjacent to a boundary, the boundary will
not be moved, i.e., keeping leaning against the edge. If a boundary
is adjacent to nothing, it will follow the edge (wall) dragged by the
user. Then, all the boundaries in the set are adjusted according to
their lengths and the distance caused by the user (Ad in Figure 7).
The third operation is “Adding New Elastic Boxes,” which detects
free spaces that may hold a new elastic box, adds a new elastic box,
and rotates it concerning a wall. The elastic box database initially
proposes an elastic box whose semantics fit the current room. Our
framework places the newly added elastic box next to each room
corner and checks if it conflicts with other objects. If no conflict
occurs at a corner, the box is added. Figure 8 shows an example.

6 Experiments

6.1 Implementation

We developed a web-based platform to hold the proposed frame-
work, as shown in Figure 9. The platform supports editing or split-
ting room shapes. Users can freely move an edge or add breakpoints
to it. At every transient moment, our platform detects a modified
room shape, and our framework is executed so that objects are ar-
ranged. Our framework and platform are developed using Three.js.

The platform supports editing individual objects or objects of
elastic boxes, such as typical industrial solutions or other interactive
scene synthesis frameworks (see Section 6.2). Users can add, delete,
move, rotate or scale individual objects. Therefore, we can com-
bine our framework with other interactive frameworks, enabling
interactive convenience and customization flexibility.

We utilize 3D-Front to extract the elastic boxes. Since 3D-Front
mainly contains bedrooms and living rooms, we invite interior
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Figure 7: Adjusting Elastic Boxes. The right wall (Green) is
dragged with distance Ad, a tiny value for every transient
moment. This wall is adjacent to the right boundary of two
elastic boxes (Blue and Yellow). The bottom elastic box’s left
boundary (Blue) has no adjacency, so it will be moved for
Ad following the right wall. The up-right elastic box’s left
boundary (Yellow) is adjacent to another elastic box (Orange),
whose left boundary is adjacent to the left wall. This left
boundary should not be moved, i.e. keep leaning against the
left wall. The boundaries between the two elastic boxes (Blue
and Yellow) should be moved according to their lengths, i.e.
L; and Ly, so their moving distance is LILTZLZAd.

i

Figure 8: An example of “Adding New Elastic Boxes”. For the
current room (Blue) with two elastic boxes (Orange and Yel-
low), an elastic box (Black) is proposed. Then, our framework
places it at each room corner until no conflict occurs, e.g.,
the box is placed at the lower right corner (Ticked).

designers to create objects and their arrangements for other room
types, such as bathrooms. The elastic boxes are structurally stored in
our database. We can tune the strategies, e.g., changing the relative
positions required between objects/walls.

6.2 Usability and Efficiency

This experiment verifies our framework’s usability and efficiency
by comparisons. To our knowledge of interactive scene synthesis,
there is no existing framework with exactly the same “interactive
sessions” [30]. Our interactive session involves adding breakpoints
and pulling edges (walls), indirectly arranging objects. Thus, we
compare our framework with four baselines that interactively syn-
thesize 3D scenes with their unique interactive sessions. We ensure
the five frameworks (four baselines and ours) have the same input
and output. The four baselines are:
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Table 1: Time Consumption. Each row refers to a framework. Each column refers to times consumed by a particular operation.
Each cell contains an average time recorded and its standard deviation in brackets.

Framework Navigate  Add Remove Translate Rotate Scale Methods Others Total
Clutterpalette  35.4(33.0) 167 (80.5) 1.8(2.6) 29.2(222) 17.7(135) 1.1(35) 157.5(85.1) 105.2(110.1) 366.4 (206.9)
MageAdd 27.7(227) 03(15)  1.6(37) 7.0(11.6) 44(55)  0.0(0.0) 167.6(98.5) 43.1(38.8)  251.6(117.1)
SceneDirector ~ 20.1(14.6) 38.7(98.0) 2.8(23) 6.9(8.0) 37(56)  15(35) 56.1(332) 105.5(123.8) 235.4 (94.1)
Industrial 65.6 (53.3) 56.6(21.1) 1.6(2.2) 18.9(127) 16.6(12.3) 1.6(4.8) 0.0 (0.0) 250.3 (98.5)  411.2 (175.7)
SceneExpander 17.2(12.3) 0.0(0.0)  04(1.2) 1.7(31)  1.0(27)  0.0(0.0) 53.9(78.7) 454(58.6)  119.6(61.9)

(a) Selecting an Edge.

g ==

(c) Adding a Breakpoint. (d) Adding two Breakpoints.
Figure 9: The web-based platform for editing floor plans.
Users can edit room shapes by selecting a wall (a) and pulling
it (b). Users can add one (c) or two (d) breakpoints (Red Boxes)
to split a wall, thus modifying walls’ fragments.

Clutterpalette [24]: Clutterpalette synthesizes a 3D scene by
iteratively clicking positions, as shown in Figure 10a. A user clicks
a position in each interactive session, and a set of objects appears
on a Ul based on the position’s context. Selecting an object refines
the recommended objects on the UL When finding one, the user
adds an object and continues another interactive session.

MageAdd [28]: MageAdd synthesizes a 3D scene by exploring
potential objects that may appear in the scene, as shown in Fig-
ure 10b. In each interactive session, a user freely moves the cursor,
and various objects may appear at the position pointed by the cur-
sor. If the user finds a suitable object, the user can add the object,
and the scene’s contexts will change for more potential objects.

SceneDirector [30]: SceneDirector synthesizes a 3D scene by
simultaneously editing multiple objects, as shown in Figure 10c.
In each interactive session, a user selects an object, referred to as
a dominant object according to [30]. Subsequently, a set of subor-
dinate objects appears around the dominant one. When the user
moves the dominant object, other objects follow it.

Industrial Solution: This denotes no “intelligent methods” in-
volved, as shown in Figure 10d. Users follow typical industrial
software such as Kujiale [9] and Planner 5D [15]. A user searches
objects, adds objects, transforms existing objects or removes objects.
Other “intelligent methods” sometimes suggest implausible layouts,
so we enable industrial operations for all frameworks.

(b) MageAdd [28]

(c) SceneDirector [30] (d) Industrial Software.
Figure 10: The four baselines in addition to our framework.
(a): Clutterpalette [24] adds objects (Red Boxes) according
to their surrounding contexts. (b): MageAdd [28] explores
potential objects that can be added, e.g., the translucent object
in the scene. (c): SceneDirector [30] edits multiple objects
concurrently (Green Box). (d): Typical industrial solutions
are integrated into our platform.

We invite 30 participants. Each participant uses the 5 frameworks
to generate 5 floor plans with object layouts. Since our framework
arranges objects over editing floor plans, to ensure the 5 floor plans
yielded from the same participant have the same room shapes, a
participant first uses our framework to edit an initial floor plan
(with objects arranged by our framework). Then, she/he uses each
baseline to synthesize a 3D scene using the same initial floor plan.
All frameworks are implemented on the same 3D scene platform,
as shown in Figure 9. The participants include professional interior
designers, university students, freelancers, office workers, etc. All
the participants were taught how to use our platform. A teach-
ing video and a guide manual are available. They can freely try
different frameworks until they are familiar with them. Each partic-
ipant requires up to 1 hour to get familiar with the frameworks and
approximately 1 hour to finish 5 floor plans. A technical staff mem-
ber is nearby to answer technical questions and provide in-person
instructions.

The participants include 16 males and 14 females, with an aver-
age age of 24.73 years old, with the youngest age 18 and the oldest
36. The participants have a variety of professional backgrounds. 16
of them are from architecture and interior design.



Table 2: Interaction and Results. Each row refers to a frame-
work. Each column refers to a rate in Section 6.3. Each cell
contains an average rate recorded and its standard deviation.

Framework Interaction First-Person Third-Party
Clutterpalette  2.84(0.99)  2.68 (0.96)  2.89 (1.04)
MageAdd 3.16 (1.67)  2.68(1.06)  2.89 (1.07)
SceneDirector ~ 3.58 (1.21)  3.61(1.31) 3.28 (1.19)
Industrial 274 (1.41)  3.42(131)  2.85(1.17)
SceneExpander 3.59 (1.10)  3.62 (0.89) 3.31 (1.33)

The participants were asked to interactively generate a floor
plan until satisfied. For each generation, a participant can use only
one of the above frameworks, while the “industrial Solution” has
no intelligent method involved. We recorded the times consumed
for the interactive synthetic processes. The time spent editing floor
plans was not counted for the baselines. Because our framework was
first executed, participants were more familiar with the baselines
than ours, i.e., they will be more skilled in using the subsequent
ones. Therefore, the time consumption was more advantageous to
the baselines than ours. For different participants, the orders for
using the four baselines were random.

Table 1 shows the average time spent on different user interac-
tions, including (1) navigating the scene where users adjust views to
interact with scenes from different perspectives. (2) adding objects
where users drag searched results into scenes or duplicate objects.
(3) removing objects. (4) translating objects. (5) rotating objects. (6)
rescaling objects. (7) the frameworks’ interactive sessions, such as
simultaneously editing multiple objects [30]. (8) other time con-
sumption, including elaborations, considerations, misoperations,
etc, which are not trackable by our system. We add timers to every
unit operation to ensure each consumed time is correctly recorded,
so the systematic errors are negligible. Note that we still allow par-
ticipants to use operations from “industrial solutions” to give them
further preferences, and counting on this time, our framework still
shows significant interactive time savings.

Each cell in Table 1 contains an average time and a standard
deviation in brackets. Time is recorded in seconds. According to
Table 1, our framework significantly reduces the time required
to craft a 3D scene. A Kruskal-Wallis H-Test shows significant
statistical differences between our framework’s total time and the
baselines’ total time, with the p-value close to 0.

This experiment can also be treated as a usability study of re-
cent interactive scene synthesis frameworks. For example, though
SceneDirector [30] helps quickly arrange a set of objects concur-
rently, it does not arrange other objects irrelevant to the set. Thus,
users need to add other objects manually. In contrast, though
MageAdd [28] can be slow, it saves time in adding objects. Fur-
ther discussions of the above frameworks are beyond the scope of
this paper. See a supplementary video for a qualitative comparison.

6.3 Plausibility and Satisfication

This experiment verifies our framework’s plausibility and satis-
faction. We invited the same participants in Section 6.2 to rate
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our framework and the baselines based on “interaction” and “first-
person score”. The interaction refers to how participants feel a
sense of smoothness, fluency and ease while interacting with the
frameworks, with 0 being “poor feeling” and 5 being “excellent
experience”. The first-person score refers to how participants feel a
sense of plausibility, aesthetics, and preferences in the scene they
crafted, with 0 being “terrible” and 5 being “fine art”.

Another 13 participants are invited to rate a third-party score
on the results generated from Section 6.2. The newly invited partic-
ipants do not intersect with those in Section 6.2. Each participant
is presented with 50 random questions. Each question contains a
3D scene generated by one of the five frameworks. The third-party
scores refer to how newly recruited participants feel a sense of
plausibility and aesthetics in the scene presented. The new partic-
ipants include professional interior designers and university stu-
dents knowledgeable about arts or interior design. The participants
do not know the frameworks. The participants include 6 male and
7 female participants. Their average age is 24.46 years old, ranging
from 20 to 35. 5 are from architecture and interior design.

Table 2 shows the results. The “interaction” indicates that our
framework maintains interactive smoothness, fluency and ease
but significantly improves the interactive efficiency (Section 6.2).
The “first-person score” indicates that our framework can generate
results meeting user preferences since interactive scene synthesis
aims to synthesize scenes incorporating user preferences [28]. The
“third-party score” indicates that our framework can generate a
plausible and aesthetic scene as a synthetic framework. Thus, the
objects’ arrangements from their elastic boxes are reasonable.

7 Conclusion

This paper introduces an interactive framework for scene synthe-
sis. Users can continuously edit room shapes in each interactive
session, so objects are arranged accordingly. Nevertheless, several
drawbacks remain for future improvements.

First, as a graphical system works, our framework suffers from
loading many objects concurrently. Our current optimization is
caching and multi-threading, which keeps the framework smoothly
operating when loading geometries and textures. However, our
framework can not “foresee” elastic boxes to appear. If the frame-
work keeps loading a few elastic boxes (e.g., loading complex models
or encountering bad network traffic), nothing shall appear, even
though our framework decides to add more objects. We should
calculate elastic boxes’ occupations and objects’ arrangements to
improve our framework upon adding new elastic boxes. In con-
trast, our framework must load all the 3D resources before the
occupations and arrangements.

Second, hard decorations still need to be addressed. Similar to
other interactive synthetic frameworks [24, 28, 30], our focus is
still on objects and floor plans are not interactively synthesized. A
complete “home decoration” still needs connections between rooms,
which may conversely affect how we arrange objects, e.g., objects
should not block a door between two rooms. Pipes and wiring are
also currently not addressed in typical interactive/automatic scene
synthesis frameworks.



SceneExpander: Real-Time Scene Synthesis for Interactive Floor Plan Editing

Acknowledgments

This work was supported by the National Key Research and De-
velopment Program of China (No. 2023YFF0905104), the National
Natural Science Foundation of China (No. 62132012, 62361146854)
and Tsinghua-Tencent Joint Laboratory for Internet Innovation
Technology.

Shao-Kui Zhang is funded by Shuimu Tsinghua Scholar Pro-
gram (No. 2023SM061), China Postdoctoral Science Foundation
(No. 2024M751696), Postdoctoral Fellowship Program of CPSF (No.
GZB20230353), Tsinghua University Student Research Training (No.
2421T0278, 2421T0277, 2411T0372, 2411T0371) and Young Elite
Scientists Sponsorship Program by BAST (No. BYESS2024242).

References

[1] Martin Bokeloh, Michael Wand, Vladlen Koltun, and Hans-Peter Seidel. 2011.
Pattern-aware shape deformation using sliding dockers. In Proceedings of the
2011 SIGGRAPH Asia Conference. 1-10.

Martin Bokeloh, Michael Wand, Hans-Peter Seidel, and Vladlen Koltun. 2012. An

algebraic model for parameterized shape editing. ACM Trans. Graph. 31, 4 (2012),

78-1.

[3] Matt Deitke, Eli VanderBilt, Alvaro Herrasti, Luca Weihs, Kiana Ehsani, Jordi
Salvador, Winson Han, Eric Kolve, Aniruddha Kembhavi, and Roozbeh Mot-
taghi. 2022. ProcTHOR: Large-Scale Embodied Al Using Procedural Generation.
Advances in Neural Information Processing Systems 35 (2022), 5982-5994.

[4] Zhi-Chao Dong, Wenming Wu, Zenghao Xu, Qi Sun, Guanjie Yuan, Ligang Liu,
and Xiao-Ming Fu. 2021. Tailored reality: Perception-aware scene restructuring
for adaptive vr navigation. ACM Transactions on Graphics 40, 5 (2021), 1-15.

[5] Qiang Fu, Xiaowu Chen, Xiaotian Wang, Sijia Wen, Bin Zhou, and Hongbo Fu.
2017. Adaptive synthesis of indoor scenes via activity-associated object relation
graphs. ACM Transactions on Graphics 36, 6 (2017), 1-13.

[6] Qiang Fu, Shuhan He, Xueming Li, and Hongbo Fu. 2024. PlanNet: A Generative
Model for Component-Based Plan Synthesis. IEEE Transactions on Visualization
and Computer Graphics 30, 8 (2024), 4739-4751. https://doi.org/10.1109/TVCG.
2023.3275200

[7] Thomas Funkhouser, Michael Kazhdan, Philip Shilane, Patrick Min, William

Kiefer, Ayellet Tal, Szymon Rusinkiewicz, and David Dobkin. 2004. Modeling by

example. ACM transactions on graphics (TOG) 23, 3 (2004), 652-663.

Ruizhen Hu, Zeyu Huang, Yuhan Tang, Oliver Van Kaick, Hao Zhang, and Hui

Huang. 2020. Graph2plan: Learning floorplan generation from layout graphs.

ACM Transactions on Graphics (TOG) 39, 4 (2020), 118-1.

[9] kujiale.com. 2020. Kujiale. Retrieved Dec 8, 2020 from https://www.kujiale.com/

[10] Wei Liang, Jingjing Liu, Yining Lang, Bing Ning, and Lap-Fai Yu. 2019. Func-
tional workspace optimization via learning personal preferences from virtual
experiences. IEEE transactions on visualization and computer graphics 25, 5 (2019),
1836-1845.

[11] Jingjing Liu, Wei Liane, Bing Ning, and Ting Mao. 2021. Work Surface Arrange-

ment Optimization Driven by Human Activity. In 2021 IEEE Virtual Reality and

3D User Interfaces (VR). IEEE, 270-278.

Paul Merrell, Eric Schkufza, Zeyang Li, Maneesh Agrawala, and Vladlen Koltun.

2011. Interactive furniture layout using interior design guidelines. ACM Transac-

tions on Graphics 30, 4 (2011), 87.

[13] Nelson Nauata, Kai-Hung Chang, Chin-Yi Cheng, Greg Mori, and Yasutaka Fu-
rukawa. 2020. House-gan: Relational generative adversarial networks for graph-
constrained house layout generation. In European Conference on Computer Vision.
Springer, 162-177.

[2

=

8

=

[12

Maks Ovsjanikov, Wilmot Li, Leonidas Guibas, and Niloy J Mitra. 2011. Explo-
ration of continuous variability in collections of 3d shapes. ACM Transactions on
Graphics (TOG) 30, 4 (2011), 1-10.

planner5d.com. 2020. Planner5d. Retrieved Dec 8, 2020 from https://planner5d.
com/

Siyuan Qi, Yixin Zhu, Siyuan Huang, Chenfanfu Jiang, and Song-Chun Zhu. 2018.
Human-centric indoor scene synthesis using stochastic grammar. In Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. IEEE,
USA, 5899-5908.

Adriana Schulz, Ariel Shamir, David IW Levin, Pitchaya Sitthi-Amorn, and Woj-
ciech Matusik. 2014. Design and fabrication by example. ACM Transactions on
Graphics (TOG) 33, 4 (2014), 1-11.

Zifan Shi, Sida Peng, Yinghao Xu, Andreas Geiger, Yiyi Liao, and Yujun Shen.
2022. Deep generative models on 3d representations: A survey. arXiv preprint
arXiv:2210.15663 (2022).

Jia-Mu Sun, Jie Yang, Kaichun Mo, Yu-Kun Lai, Leonidas Guibas, and Lin Gao.

[n. d.]. Haisor: Human-Aware Indoor Scene Optimization via Deep Reinforcement
Learning. ACM Transactions on Graphics ([n. d.]).

Kai Wang, Yu-An Lin, Ben Weissmann, Manolis Savva, Angel X Chang, and
Daniel Ritchie. 2019. Planit: Planning and instantiating indoor scenes with
relation graph and spatial prior networks. ACM Transactions on Graphics 38, 4
(2019), 132.

Wenming Wu, Xiao-Ming Fu, Rui Tang, Yuhan Wang, Yu-Hao Qi, and Ligang
Liu. 2019. Data-driven interior plan generation for residential buildings. ACM
Transactions on Graphics (TOG) 38, 6 (2019), 1-12.

Zhenyu Wu, Ziwei Wang, Shengyu Liu, Hao Luo, Jiwen Lu, and Haibin Yan.
2024. FairScene: Learning unbiased object interactions for indoor scene synthesis.
Pattern Recognition 156 (2024), 110737. https://doi.org/10.1016/j.patcog.2024.
110737

Xinyan Yang, Fei Hu, and Long Ye. 2021. Text to Scene: A System of Config-
urable 3D Indoor Scene Synthesis. In Proceedings of the 29th ACM International
Conference on Multimedia. 2819-2821.

Lap-Fai Yu, Sai-Kit Yeung, and Demetri Terzopoulos. 2015. The clutterpalette:
An interactive tool for detailing indoor scenes. IEEE transactions on visualization
and computer graphics 22, 2 (2015), 1138-1148.

Suiyun Zhang, Zhizhong Han, Yu-Kun Lai, Matthias Zwicker, and Hui Zhang.
2019. Active arrangement of small objects in 3D indoor scenes. IEEE transactions
on visualization and computer graphics 27, 4 (2019), 2250-2264.

Song-Hai Zhang, Shao-Kui Zhang, Yuan Liang, and Peter Hall. 2019. A Survey of
3D Indoor Scene Synthesis. Journal of Computer Science and Technology 34, 3,
Article 594 (2019), 14 pages. https://doi.org/10.1007/s11390-019-1929-5
Song-Hai Zhang, Shao-Kui Zhang, Wei-Yu Xie, Cheng-Yang Luo, Yong-Liang
Yang, and Hongbo Fu. 2022. Fast 3D Indoor Scene Synthesis by Learning Spatial
Relation Priors of Objects. IEEE Transactions on Visualization and Computer
Graphics 28, 9 (2022), 3082-3092. https://doi.org/10.1109/TVCG.2021.3050143
Shao-Kui Zhang, Yi-Xiao Li, Yu He, Yong-Liang Yang, and Song-Hai Zhang. 2021.
MageAdd: Real-Time Interaction Simulation for Scene Synthesis. In Proceedings
of the 29th ACM International Conference on Multimedia (Virtual Event, China)
(MM °21). Association for Computing Machinery, New York, NY, USA, 965-973.
https://doi.org/10.1145/3474085.3475194

Shao-Kui Zhang, Jia-Hong Liu, Yike Li, Tianyi Xiong, Ke-Xin Ren, Hongbo Fu,
and Song-Hai Zhang. 2023. Automatic Generation of Commercial Scenes. In
Proceedings of the 31st ACM International Conference on Multimedia (Ottawa ON,
Canada) (MM °23). Association for Computing Machinery, New York, NY, USA,
1137-1147. https://doi.org/10.1145/3581783.3613456

Shao-Kui Zhang, Hou Tam, Yike Li, Ke-Xin Ren, Hongbo Fu, and Song-Hai Zhang.
2024. SceneDirector: Interactive Scene Synthesis by Simultaneously Editing
Multiple Objects in Real-Time. IEEE Transactions on Visualization and Computer
Graphics 30, 8 (2024), 4558-4569. https://doi.org/10.1109/TVCG.2023.3268115
Yonggqi Zhang, Haikun Huang, Erion Plaku, and Lap-Fai Yu. 2021. Joint computa-
tional design of workspaces and workplans. ACM Transactions on Graphics 40, 6
(2021), 1-16.


https://doi.org/10.1109/TVCG.2023.3275200
https://doi.org/10.1109/TVCG.2023.3275200
https://www.kujiale.com/
https://planner5d.com/
https://planner5d.com/
https://doi.org/10.1016/j.patcog.2024.110737
https://doi.org/10.1016/j.patcog.2024.110737
https://doi.org/10.1007/s11390-019-1929-5
https://doi.org/10.1109/TVCG.2021.3050143
https://doi.org/10.1145/3474085.3475194
https://doi.org/10.1145/3581783.3613456
https://doi.org/10.1109/TVCG.2023.3268115

	Abstract
	1 Introduction
	2 Related Work
	2.1 Interactive Scene Synthesis
	2.2 Fabrication
	2.3 Floor Plan Generation

	3 Framework Pipeline
	4 Room Divisions
	5 Elastic Boxes
	6 Experiments
	6.1 Implementation
	6.2 Usability and Efficiency
	6.3 Plausibility and Satisfication

	7 Conclusion
	Acknowledgments
	References

