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Abstract
Bézier curve is a useful tool for computer graphic applications. A curved road, a car, a roller coaster are just few examples of
objects that could be described by a Bézier curve. The video game industry already used this kind of curves in their products
around the late 90’, but modern game engines suffer from a lack of integrated plugin capable of manipulating and exploiting
the full potential of a curve. Usually, modern game engines rely on external tools for addressing curves manipulation or they
just solve some specific problems related to curves, such as animation control. In this paper we propose Curve Design Studio, a
novel tool embedded in Unity3D Game Engine for assisting users to solve the main problems related to the use of curves,
that may arise during the making process of a video game or any other application made with that game engine. This tool,
gives the opportunity to create Bézier curves easily and adapt them to many tasks, by avoiding the use of multiple external tools
which solve just one specific problem. Consequently, it guarantees time-saving and lower-complexity in projects development.

CCS Concepts
• Software and its engineering → Software creation and management; • Mathematics of computing→ Solvers; • Computing
methodologies → Graphics systems and interfaces;

1. Introduction

Computer graphics tries to represent reality in a virtual and simu-
lated environment. This led the researchers to propose new algo-
rithms for realistic image synthesis. However, the realism we have
at the present day could not have been achieved without the ex-
ploitation of specific mathematical instruments [Car16, Dob19].

A mathematical concept widely used in computer graphics, espe-
cially in video games industry, is parametric curve [Han11,Raj20].
The use of parametric curves is needed in many aspects of the video
game development process like path definition, car routes, 3D mod-
elling and so on. In the early 1960s, Peter Bézier began researching
a better way to represent curves and surfaces that could have been
useful for automotive engineers. He was familiar with cubic curves
and bicubic surfaces researched by Ferguson and Coons [Sal06].
However, these methods had drawbacks, especially when shapes
alteration and control was required. Bézier Curves were proposed
to face this problem and became part of the UNISURF system, used
by the French automobile manufacturer Renault to design the sur-
faces of many of their products.

Due to its simple geometric construction, Bézier curves are
widely used in many fields, and, with the growth of computer
graphics applications, it was an opportunity to introduce it as a
tool for vector drawing software [Far02]. This allows to realise
high precision drawings with little effort. Nowadays, computer

graphics programs and design systems provides tools for Bézier
Curve manipulation, so that they are used for many practical ap-
plications. They are even employed for designing the shape of
letters in fonts and for many other graphical and practical ap-
plications [Mor99, Sch19]. In the past decades, the video game
industry focused on the use of Bézier curves and their deriva-
tives for the representation of 3D graphical assets in order to
hide defects that emerge from a polygonal realisation [Han11].
They have also been used in animations and time driven events
[Erl02, Kha11]. We have evidence of curves employment in game
engines like Unity3D, but they are usually coded for specific pur-
pose [Ber15, WU,16]; alternatively, curves are used in third-part
software [Haw13, Cha15, DIA18] for creating 3D objects, like
roads and other curve shaped object which are subsequently im-
ported in game engines. It is possible to generate curves in other en-
gines such as Unreal engine but only with coding, without the
possibility of customization already present in other tools. We have
evidence of a conceptual use of Bézier curves for terrain develop-
ment [De 11] and also an application developed on Unity for the
construction of terrains by using curves [de 16]. Other software im-
prove the Unity particle system by exploiting the Bézier
curves [Des16]. Nevertheless, the programmer is usually forced to
program their curve manually. This lack of tools and algorithms for
using curves and exploiting their full potential has motivated our
work.
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In this paper we propose "Curve Design Studio", a novel tool em-
bedded in Unity3D Game Engine for visual representation of
a Bézier curve and for its application in many tasks of video game
development process. The use of a plugin embedded in a game
engine capable of manipulating a curve may save video games
companies financial resources and time. Indeed, they may not be
constrained to use other computer graphic applications for those
precision tasks. The proposed tool implements smart algorithms to
recreate a Bézier curve in the Unity3D virtual environ-
ment without the need to rely on external software. The proposed
tool allows to assign custom parameters to the curve and the related
points and real time changing. To prove the validity of the proposed
work, at the end of the paper we present a custom solution for the
movement of an object along the curve. The rest of the paper is or-
ganised as follows: in Section 2 we state the problem and analyse
previous works. In Section 3 we introduce Curve Design Studio. In
Section 4 we analyse quality and efficiency of the proposed plugin
through the use of a custom script: FollowPath. It uses the proposed
tool for moving a 3D object in the virtual environment. In Section
5 we report the results and our conclusions.

2. Statement of the problem and previous works

Our work is motivated by the lack of Unity3D tools for using
Bézier curve in many aspects of a video game development pro-
cess. This is a well-known problem to the community of game de-
velopers. Over the years, the community has created many auxiliary
tools capable of manipulating a Bézier curve in order to meet these
lacks. Unfortunately, each tool addresses a specific problem. Video
game developers are hence forced to use multiple software thus in-
creasing project complexity and development time. Some tools to
create Bézier curves are hence present within the Unity3D as-
set store. Among them: Bézier Curve Editor, Bézier Master,
Spline Mesh, BG Curve [Ark, Ban, Ale, Ben]. However they all fo-
cus on a limited videogame development aspects and do not offer
a comprehensive overview of what could be done by using curves;
moreover, they have a too slow learning curve and are not recom-
mended for those without programming skills. Bézier Curve Editor
permits an easy creation and modification of Bézier splines. Such
spline can be used as a path for game objects and as animation
curve. The toolkit also has APIs for getting various spline info, but
they are minimal. Bézier Curve Editor has a big limitation: it is not
possible to edit or generate a spline in Game. SplineMesh is a pow-
erful tool with an intuitive editor and excellent performance, great
for creating the following content:

• A Bézier spline. (However, it is not possible to retrieve much
mathematical information);
• 3D Mesh extrusion, bending or cloning through a spline;
• 2D Mesh extrusion along the spline.

SplineMesh does not have the flexibility of Curve Design Studio
from a mathematical point of view but it remains, however, an ex-
cellent tool. BG Curve is one of the most complete curve-related
asset package. First of all, it is possible to generate and modify
a Bézier spline both in real time and in the scene view and a lot
of mathematical information can be obtained from the generated
spline, thanks to several dedicated APIs. BG Curve has many ad-
ditional features: the creation of a mesh, the movement of game

objects, the creation of 3D or 2D colliders, the cursors and so on.
However, given the complexity of the mentioned plugin, Curve De-
sign Studio turns out to be more practical and easier to use.

The proposed tool addresses several problems related to the use
of a curve in a video game development process such as:

• animating an object along a path;
• create paths and terrain along a curve;
• instantiating objects on the points of a curve;
• extrude an object along a curve;
• creating complex behaviours for artificial intelligence agents

(patrolling, car driving, etc).

Moreover, it aims to provide a framework which can be easily ex-
tended.

3. Method

Unity3D engine is an environment which integrates a game
engine provided by Unity Technologies. Unity is typically em-
ployed to produce digital games for different platform, such as
PC’s, consoles, mobile devices and websites. It allows to handle
3D model and other kinds of assets, such as materials, lights, im-
ages, and videos. Unity gives the possibility to encode algorithms
in two different programming languages: C# and JavaScript. Al-
though Unity is often used for digital game development, it could
be employed for generic purpose application related to 3D scenes a
models. The main feature of Unity is the convenient way to man-
age multimedia data, the user-friendly development GUI and the
multi-platform builder [Xie12].

In this work we propose a novel tool called Curve Design Stu-
dio as plugin for Unity3D. Our tool implements the concept of
Bézier curve in a three-dimensional space, giving developers the
chance to use the curve without binding it to a specific problem.
It can be used to address multiple issues which usually occur dur-
ing the development of a visual application. The algorithm allows
the construction of a Bézier curve through its anchor and control
points. An example of a standard linear Bézier curve in the Unity
virtual environment, where all points are aligned, is shown
in Fig. 2. This curve is automatically created in the Unity ed-
itor when the script Bézier Spline is attached inside an empty
gameobject previously inserted in the Unity editor scene, as
it is shown in Fig. 1(a). The user can manipulate the curve through
the control points, represented by the smaller squares. Indeed, se-
lecting these points the Unity visual manipulation system will ap-
pear, represented by the presence of the three Cartesian axes. The
bigger squares represents the anchor points.

Hence, it is possible to manipulate these points in the three-
dimensional space and to assign some custom variables to them.
Moreover, the algorithm extends the visual editor of Unity and
provides useful tools for curve manipulation even in game-mode.
What is permitted in this case is:

• to close the spline with a check box called loop;
• to add other points to the curve;
• to move a selected point;
• to delete a selected point;
• to restore a deleted point.
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(a) (b)

Figure 1: (a) GameObject with Bézier Spline script attached showing customization elements within Unity editor; (b) Custom variables
for anchor points;

Figure 2: Standard linear Bézier curve where anchor and control points lie along the same line.

A more complex curve, realised with the help of the extended
visual editor, is shown in Fig. 3.

Additionally, by moving the points, it is possible to change their
own behaviour with an attribute called Style. Three styles for each
point can be selected:

• Free style. The control points are unbounded. (see Fig. 4(a))
• Mirror style. Control points will form a line with the anchor point

and must be at the same distance from it. (see Fig. 4(b))
• Align style. Control points will form a line with the anchor point

but they can have different distance from it. (see Fig. 4(c))

In addition, as mentioned before, it is possible to assign parame-
ters to any point in the spline. When selecting one of the available
points, the Unity editor will show a control window where
the user can add variables and remove them as shown in Fig. 1(b)
To remarks the advantages of the proposed tool, we show an ex-
ample application creating by using Curve Design Studio: Follow-
path. It shows how a 3D object could be easily moved, in the three-
dimensional environment, along the Bézier curve.

Moreover, it shows how to manipulate its parameters, i.e. the
scale factor and the custom variables assigned to the curve points.

3.1. Preliminary

Here, we provide mathematical notions of a Bézier curve, and how
to reach its graphical representation through the De Casteljau’s al-
gorithm.

3.1.1. Bézier curve representation

Given three points, A, B, C, so that line in AB is tangent to the
curve at A and line BC is tangent to C, the curve begins at A and
ends at C. For any ratio ui, where 0 ≤ ui ≤ 1, the points D and E
are constructed so that

AD
AB

=
BE
BC

= ui (1)

On DE, F is constructed so that

DF
DE

= ui (2)

Hence, the point F belongs to the curve. For other values of ui, a se-
ries of points are produced on a Bézier curve (see Fig. 5) [Mor99].
These points are called control points. The first and last point on
the curve are called anchor points.

3.1.2. De Casteljau’s algorithm

A Bézier curve Be of grade n, with structural points P0...Pn could
be written in Bernstein form as follows:

Be(T ) =
n

∑
i=0

Pibi,n(t) (3)

where 0≤ t ≤ 1 and b is Bernstein polynomial [Lor13]

bi,n(t) =

(
n
i

)
(1− t)n−it i (4)

Nevertheless, it is not recommend directly using the equation (3)
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Figure 3: Composite Bézier curve

(a) (b) (c)

Figure 4: (a) Free style; (b) Mirror style; (c) Align style;

A

B

C

F
D

E

Figure 5: Second-degree Bézier curve

to generate a curve in a digital system, as it is not numerically sta-
ble. This pushes researchers to find a more stable strategy to draw a
Bézier curve in such systems. De Casteljau’s algorithm is an effec-
tive, recursive and stable method to evaluate Bernstein polynomials
or Bézier curve [Pra13]. It is robust methods which gives insight
into Bézier curve behaviour and leads to important operations on
the curves.

According to De Casteljau’s algorithm, one can evaluate a Bézier
curve at t0 with the following recurrence formula

P(0)
i := Pi i = 0, ...,n (5)

P( j)
i := P( j−1)

i (1− t0)+P( j−1)
i+1 t0 i = 0, ...,n j = 1, ...,n (6)

Be(t0) = P(n)
0 (7)

Hence, the recursive definition led the following equation, which
is equal to the Bernstein form:

Be(t) =
n

∑
i=0

(
n
i

)
(1− t)n−it iPi (8)

where P0,P1...Pn are control points [Roc96, Kha18].

Using De Casteljau’s algorithm we represent the Bézier curves
in the proposed plugin. In this work, we implement cubic Bézier
curves, which are uniquely defined by 4 control points.

3.2. Curve Design Studio implementation

Here we provide a technical description of the the proposed tool.

The Cubic Bézier curve is defined into an abstract class called
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Algorithm 1 Bézier
1: procedure GETPOINT

2: Input: P0,P1,P2,P3, t
3: Output: p4
4: t← clamp 0≤ t ≤ 1
5: i← 1-t
6: p4← i3*P0+3*i2*t*P1+3*i*t2*P2+t3*P3

Bézier. The procedure is reported in Algorithm 1. Given four points
P0...P3 and a percentage t, the method outputs the point in the curve
corresponding to that percentage. To store the spatial information
for each point in the curve, three lists of vectors were implemented.
Two of them are used for the control points, since we have two
control points for each anchor point and one list is used for the
anchor points. Each point has an index.

Algorithm 2 GetNextPointIndex
1: Input: i
2: Output: j
3: if loop then
4: i← (i+1)%n_points
5: return i
6: if i == n_points−1 then return −1

return ++ i

Given an index for a point in the curve, the procedure for taking
the next index is reported in Algorithm 2. n_points is the number
of points in the list while loop identifies a closed curve. If a loop
is found, the index gets back to 0 when it gets to the last index in
the list. If not and it found the last index it returns−1. Otherwise it
just returns the next index.

3.3. Point style

A list of int named Style is used to store the value of the style that
can be assigned to each point. In this case, the parameter can get
the following values:

• 0 = Free
• 1 = Mirror
• 2 = Align

Algorithm 3 is used when a control point is moved or you have
to change its style. In the case, given an index i, and a control point
of index i and a f lag, which identifies the first or the second con-
trol point, the algorithm moves the first or the second control point,
specified by the parameter f lag, taking the position of the other
control point as a reference to ensure the correctness of the spec-
ified style. The method MoveToward moves the specified control
point pt from its original position toward the position specified by
the second input parameter control point of the distance specified
by the last input parameter Distance.

3.4. Custom Variables

As it was mentioned before, it is possible to assign one or more
variables to each point in the curve. The same variable, therefore,

Algorithm 3 FixPtStyle
1: Input:i, f lag
2: style← Style[i]
3: if style == 0 then return
4: if f lag == 0 then
5: if style == 1 then
6: P2,i←MoveToward(pti,P1,i,
7: -Distance(pti,P1,i))

8: if style == 2 then
9: P2,i←MoveToward(pti,P1,i,

10: -Distance(pti,P2,i))

11: if f lag == 1 then
12: if style == 1 then
13: P1,i←MoveToward(pti,P2,i,
14: -Distance(pti,P2,i))

15: if style == 2 then
16: P1,i←MoveToward(pti,P2,i,
17: -Distance(pti,P1,i))

can assume different values depending on the anchor point in which
it is located. this peculiarity is very important as, in the proposed
plugin, there is an algorithm that allows to obtain the interpolated
value of this variable in any point of the curve between two anchor
points.

4. Case of study

To test the quality of the analysed tool a custom script for Unity
called FollowPath was realised. It allows to move a three dimen-
sional object along a curve made with Curve Design Studio. More-
over it permits to modify the scale of that object exploiting some
custom parameters. Thanks to Curve Design Studio this script im-
plementation is an easy task. The only thing that is needed is a
primitive three dimensional object. Unity provides lot of built-in
objects making it easy to add a Cube in the virtual environment.
After adding the cube, the script FollowPath must be linked to the
object itself. Unity shows us some properties that we have to cus-
tomize, as it is shown in Fig 6. The first thing we have to do is to
link the Bézier curve to the curve variable. The object, while in play
mode, can move along the linked curve, as can be seen in Fig 7. The
speed variable controls the speed at which the object can move. The
check box forward force the cube to orientate its z axis toward the
curve direction. Last parameter is the follow path style and controls
the type of movement the cube will have. A value of 2 means that
the cube will move in a loop. Adding a scale variable on the points
of the curve will force the cube to change its scale factor according
to the value of that scale parameter.

5. Conclusion

We have presented Curve Design Studio, a plugin embedded in
Unity3D game engine which permits the realisation of Bézier
curves easily. The plugin comes with a complete suit of tools to
manipulate and customise the curve and its points. Unlike the tools
already present in the market, Curve Design Studio does not ad-
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Figure 6: Followpath configuration. To use it properly a spline must be attached in the appropriate field of the interface, assign a speed,
direction and type of movement

Figure 7: Cube moving along the curve. After followpath script configuration, the cube will move along the curve drawn in purple. If
variables have been added to the control points, represented by the purple squares, the cube will assume different behaviors (for example it
will be scaled if there is a scale variable) once the points are reached. The other squares are anchor points; they can be used to manipulate
the shape of the curve. Their colors are the standard Unity colors and indicate the direction of the selected axis
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dress any specific issue but provides the developers with a power-
ful tool which can be personalised and adapted to the needs that
may arise during a video game development process. The versa-
tility and strength of Curve Design Studio have been shown with
FollowPath, a custom script that uses Curve Design Studio and its
features to solve some issues like the movement of a three dimen-
sional object or its scale factor manipulation. Its ease of use and
its versatility make it a good tool to embed in Unity3D game en-
gine replacing actual tools for curve manipulation. As future works
we are organizing tests with selected groups of users with various
expertise, ranging from simple users to experienced developers. In
this way we will have a more accurate overview of the effectiveness
and simplicity of the proposed tool.
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