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This paper presents a framework for detecting objects in images based on global features and contours. The first step is a shape
matching algorithm that uses the background subtraction process. Object detection is accomplished by an examination of the
oversegmentation of the image, where the space of the potential boundary of the object is examined to identify boundaries that
have a direct resemblance to the prototype of the object type to be detected. Our analysis method removes edges using bilinear
interpolation and reestablishes color sensors as lines and retracts background lines from the previous frame. Object contours
are generated with clustered lines. The objects detected will then be recognized using the extraction technique. Here, we
analyze the color and shape characteristics with which each object is capable of managing occlusion and interference. As an
extension of object detection and recognition, F1 car simulation is experimented with simulation using various layers, such as
layer drops, convolutionary layers, and boundary elimination, avoiding obstacles in different pathways.

1. Introduction

Object detection is the primary functionality needed by most
computer and robot vision systems. The new study in this
field has advanced significantly in many respects. Computer
vision technology has rapidly and effectively developed.
These results have been achieved with computer vision
methods and with the development of new representations
and models for specific computer vision issues. In machine

vision, we have seen great progress. It includes the details
of object detection science. To detect objects, the system
tracks objects in a scene and organises them into categories.
The purpose of an object detector is to detect objects regard-
less of size, location, position, view with respect to the cam-
era, partial occlusion, and illumination conditions.

Object detection is the first task of many computer
vision systems to learn more about the object. Once a face
has been identified, more details can be gathered. This
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includes (i) recognizing the face in a photograph, (ii) track-
ing it as it moves through an image sequence, and (iii) col-
lecting more information on the face (i.e., the gender of
the person). Global features usually are some characteristics
of regions in images such as area (size), perimeter, Fourier
descriptors, and moments. Global features can be obtained
either for a region by considering all points within a region,
or only for those points on the boundary of a region [1].

Contours can be explained simply as a curve joining all
the continuous points (along with the boundary), having
the same color or intensity. The contours are a useful tool
for shape analysis and object detection and recognition.

Object detection has been used in many applications,
including (i) phone call from human computers, (ii) robotic
systems, (iii) smartphones, (iv) protection systems, (v) image
and video analysis and (vi) search engines, (vii) picture man-
agement, and (viii) transportation (search) (e.g., autono-
mous and assisted driving). Each of these applications has
different specifications. This means processing time, robust-
ness of occlusions, rotational invariance and pose shift
detection. A number of applications are not assuming detec-
tion of just one class (for example faces), and some other
applications are not assuming the detection of just one class
from multiple viewpoints (e.g., side and frontal view of vehi-
cles). Most systems can typically detect one object class from
a restricted view set [2].

Finding meaningful regions in images has been a
research topic in computer vision for many years.
Researchers studied patterns at different scales, including
local features like patterns on corners or intersections and
long-range patterns over objects. Regions serve as the funda-
mental building blocks for a variety of vision applications
[3–6]. For example, due to its robustness against image
changes, a local region detector is critical for image matching
and object recognition.

1.1. Local Features. Regions with high local prominence have
made a major contribution to object detection and image
recovery. Their methods provide robustness to image forma-
tion and distortion. If the objects are extracted and/or at sev-
eral scales, the data will be good for recognizing algorithms
[7–9]. Shape are mainly derived from high-profile texture/
strength patterns, but are often fixed as triangles, ellipses,
or rectangles. Eliminating the complexity of identification
reduces the problem. Due to the lack of shape, the extracted
features lose their representative power and generate noisy
features [10]. We would like to identify types of parts and
objects, so that a full-anthropic identification can be made.
Multiple segmentation tries to find new segments using dif-
ferent criteria or by integrating neighbouring areas. Unfortu-
nately, larger populations of voxels often produce noisy
segments, and the current methods lack an accurate model
of the object. Instead, bottom-up methods use past experi-
ences with categories to create their own correct category
by using fragment pieces of knowledge. We usually extract
regions at both object and local level without requiring
category-specific information. New regions are obtained at
the local and object level, then combined in a data-driven
way to make a new image-based region. In order to scale

up exemplary recognition, we use the AWTV process, which
uses the hierarchical structure of regions across different
spatial boundaries.

2. Literature Survey

2.1. Local Region Detection. Local features are important for
detecting and recognizing patterns in local regions. The
extraction function combines a detection step that specifies
the locations of the images to be extracted (positions, scales,
shapes) and a description stage that creates a local descriptor
[11]. Boundary Protection Local Area Detector and those to
be tested with regional detection use various descriptors to
demonstrate their applicability. Therefore, the focus of this
section is type description and correspondence. Local region
identification is a long-term topic of computer vision
research and is important for broad baseline stereo match-
ing. The invariant properties under image variations provide
repeatability of certain instances of objects. On the other
hand, generic object categories are often too sparse to cap-
ture rich visual information. Densely sampled patches pro-
vide a high level of coverage and provide reliable
measurements for far higher costs [12]. Recent research
shows how one sampling technique combines advantages
and balances coverage with repeatability. However, unlike
the various prior methods that do not know the object
boundaries and shapes, our approach does not cross objects
with object and context input. Algorithms that identify
places based on observable characteristics are starting to
use segments as the basic unit of analysis. Segments capture
the structure of the object and provide broader spatial cover-
age. The instability of segmentation algorithms is due to the
fact that they are unstable or sensitive to parameter settings.
Segments can break into texture blots depending on the
lighting, environment, or other background clutter [13].
Current work is focused on how reliable predictors can be
selected using existing data. Many applications are randomly
subsegmented to increase the likely of finding the actual
object. The present work of the paper is to propose a new
method, which uses new features, to solve the segmentation
problem. The proposed method is shown to be effective,
robust, and state-of-the-art. The proposed method supports
local features such as corners, square, ellipse, rectangle, pyr-
amid, and line. Our method does not rely on detecting those
features as required in existing works on the segmentation
problem. Instead, the proposed method is not based on
detecting these local objects, but combines different solu-
tions to achieve a cohesive solution for the segmentation
problem.

2.2. Object Segmentation with Shape Priors. Using low-level
image features such as color and texture, segmentation algo-
rithms are often found to be unsuccessful when objects are
present in similar-looking groups or are of a different color
or have differing texture. Researchers are working on a
top-down approach that uses model formats to segment
the object. Top-down techniques merge the segmentation
models with a bottom-up colors or textures to mark the type
of the object [14]. Form-based objects work by detecting
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objects in cluttered images. Cognitive architectures that use
category-specific, top-down knowledge coupled with
bottom-up evidence. In particular, category-specific priors
make explicit assumptions about the observer’s segmented
point of view, for example, vehicle side views. We think
about it this way: the key insight is that objects share their
features, and this sharing lets one pass the features of a
known class to an unknown class. We propose an exemplary
transfer function for global forms [15]. Our approach
ignores prior knowledge of the objects present in the scene,
focusing instead on a shape descriptor that is able to accu-
rately represent the class that the object is most likely of.
The model-based design also eliminates the concerns of
shapes that are difficult to pose. Mutual visual properties of
groups of objects has been studied in several ways. Multi-
class learning helps to employ the value of traditional item
discrimination features in object detection and transfer
information on newly learned items. From a signal-
processing point of view, properties of the inputs are
expressed in primitives, e.g., in units of symmetry [16].
Recently, efforts are directed at establishing foundational
characteristics of these curves. The process, however, goes
beyond local sharing to consider global style object-level pre-
dictions. Our effective nonparametric approach to sharing in
3D space brings greater flexibility to changes in object
shapes and poses. There are a number of recently developed
methods that work for our approach [17–19]. They also
accept access to a database of segmented images, create
category-independent object segmentation hypotheses and
do the same thing we do. Previous methods focus on local
bottom-up processing [20–22]. Multiple segments of the fig-
ure ground will provide multiple hypotheses for object
regions. To reduce inconsistency, there is some work that
aims to map multiple hypotheses to a single segmentation
that provides a nonconflicting definition of the object. An
ongoing effort is made to combine multiple segmentation
[23]. They integrate an expert knowledge, a large vocabulary,
and create a model from that by selecting pieces of phrases.
Section 3 demonstrates the System Framework. Section 4
discusses the methods and materials. Section 5 presents the
conclusions. Section 6 includes simulations for the F1 car
using the system studied.

3. System Framework

3.1. Image Preprocessing. To further process, the relevant
and usable image data is enhanced and distortions/noise
introduced into the image is reduced in this step from low-
level images. Here, in this work fault detection, feature
extraction, and segmentation, image transformation is used
typically. Intensity change and filtering an image are the
main focus areas here as shown in Figure 1.

3.2. Filtering. As a preprocessing tool, noise reduction in
image segmentation plays an important role.

Various methods are being developed, and almost all of
them rely on the same basic method for doing this: the aver-
age. Noise is theoretically composed of other distinct pixels
that are apparently apparent, and according to this informa-

tion, there are adjacent pixels. Noise can be removed using
the average of the actual image data in similar areas. In fact,
the actual image data can share similarities in these average
areas, but there is no noise in these areas. [24]. As a result,
this filtering method effectively maintains and removes noise
without damaging the actual image data. It is easy to define
the average, but it is not easy to determine which pixel to
average. Averaging multiple pixels can result in loss of image
detail. Conversely, there is no average noise reduction effect
with too few pixels. The media filter replaces each pixel in
the image with the median of the pixels that surround the
image and uses a mask of strange length to sort the pixels
in the window by output intensity.

3.3. Intensity Adjustment. Improvements in images can be
objective (filtered) or subjective [25]. Intensity adjustment
is a technique used to emphasize an image. The goal is to
emphasize the image by adjusting the value of Intensity to
a new area. An important way to transform the grayscale
intensity is to use the g = imadjust (f , low in; high in, low
out, high out, gamma) syntax [26]. This function maps
values in image f to new values in g,for example, map low
in and high in map values to low out and high out values,
low map values to low out, and high map values to highout
[27]. All fully functional inputs are listed from 0 to 1 (double
or 0 to 255 (unit 8), and gamma parameters determine the
shape of the curve that maps the output intensity values
from the inputs; so, gamma is less than 1 The smaller map-
ping is pushed higher (brighter). In the output value, the
mapping is pushed lower (darker), and the map is linear
[28] if the gamma is equal to 1.

3.4. Interpolation. Interpolation is the method of estimating
a continuous sample function. Interpolation Image process-
ing includes image enlargement or reduction, subpixel image
register, spatial distortion correction, and image decompres-
sion. Image data is typically collected at a lower rate to
reduce the noise in the image. Mapping between an
unknown high-resolution image and a low-resolution image
is not invertible; so, reverse mapping is not invertible [29].
The highest quality performance is needed when sampling
with high-resolution cameras.

3.5. Bilinear Interpolation. The grey level in bilinear interpo-
lation is calculated from a weighted average of four pixels
closest to the input coordinate and assigned to the output
coordinate [30]. Two linear interpolations are rendered first
(horizontally); then, another linear interpolation is per-
formed (perpendicular to the first) (in this paper). For
one-dimensional linear interpolation, two grid points are
required. For bilinear interpolation, the number of grid
points required to test the interpolation function is four (lin-
ear interpolation in two dimensions). The interpolation ker-
nel for linear interpolation is uðsÞ = f0jsj > 1 Equation (3)
and 1jsjjsj < 1, where s is the distance of the interpolated
point from the grid point. Interpolation coefficients are as
follows: ck = f ðxkÞ.
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4. Methods and Materials

4.1. Simulation. Various segmentation methods have been
proposed over the past few decades, and some classification
is needed to properly present the method. Two very different
approaches to segmentation may share properties that are
contrary to a particular classification, but the classification
seems impossible. Therefore, the classification described in
this chapter emphasizes an approach rather than a strict
division.

The subsequent categories are used:

(i) Threshold-based segmentation: to segment the
image, histogram thresholding and slicing tech-
niques are used. They can be combined with pre-
and postprocessing techniques that can be applied
directly to images

(ii) Edge0based segmentation: in this method, the edges
detected in the image are used to identify the
boundary of the object

(iii) Region-based segmentation: area-based technology
takes the opposite approach when boundary-based
technology finds the boundaries of an object and
then completes and searches for the object. The
boundary of an object

(iv) Clustering techniques: it is often used as a synonym
for (aggregate) segmentation, but is used here to
refer to techniques used in the primary analysis of
high-order, measurable tendencies of search data.
In this context, clustering techniques try to group
similar patterns in some sense. This is similar to
what you are trying to achieve when segmenting
an image, and in fact, you can use a specific cluster-
ing method to segment your image

(v) Matching: if you know that the object you want to
define (approximately) in the image looks like a
value by a characteristic such as its perimeter length,
you can use this information to find the object in
the image. This splitting method is called matching
datasheet values

4.2. Canny Edge Detection Algorithm. A lot of people know
that the Canny edge detection algorithm is the optimal edge
detector. Canny’s aim was to update the many edge detec-
tors when he started working. He achieved his target with
great success, and his principles and strategies can be found
in his paper, A Computational Approach to Edge Detection.
The first is the lowest error rate. It is important that the
edges of the image are not overlooked, and that the
nonedges are not addressed. The second criterion concerns

Input video sequence Moving object detection

Feature point
classification

Foreground feature
points

Background feature
points

Update scheme Perspective transform

Updated foreground
feature points

Foreground regions
from image difference

Moving object
tracking

Moving object
analysis

Output result

Integration scheme

Moving object regions

Compensation of
object region

Object region
refinement

Figure 1: Object recognition system.
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the direction of the edge points. In other words, the distance
from the detector between the edge pixels and the actual
edge should be at a minimum. The third criterion is that
there should be only one answer to one edge (Table 1).

The Canny edge detector smoothes out the image and
noise based on these parameters. The gradient of the image
is then found to highlight regions with high spatial derivatives.
The algorithm follows these regions and removes any non-
maximum pixels. The gradient array is now further reduced
by hysteresis. Hysteresis has two threshold values and is set
to zero if the magnitude is below the first threshold. If the
magnitude reaches the high threshold, the edge shall be drawn.
And if it is between the two thresholds, it is set to zero unless
the path to a pixel with a gradient above T2 is known.

4.2.1. Step 1. The Canny edge detector requires a number of
steps to implement. It is helpful to remove the noise from
the original image before locating and detecting boundaries.
Which makes it easy to find the Gaussian filter’s ideal fre-
quency. Convolution can be achieved by standard means
when the appropriate mask has been calculated. A mask is
usually much smaller than the real image. It slides over the
image, adding an extra square. The lower the sensitivity,
the larger the Gaussian mask. A misaligned region increases
marginally as the average size increases.

4.2.2. Step 2. The next step is to find the intensity of the edge by
taking the gradient of the image, lightening the image and elim-
inating the noise. The Canny operator performs a 2D spatial
gradient image measurement. The estimated absolute gradient
magnitude (edge force) can then be calculated at each point.
The Sobel operator uses a variety of 3x3 convolution masks,
one estimating the x direction gradient (columns) and the
other estimating the y direction gradient (rows) (Table 2).

The gradient’s magnitude or edge intensity is approxi-
mated by the formulation: ∣G ∣ = ∣Gx ∣ + ∣Gy ∣ .

4.2.3. Step 3. The position of the edge is defined by the gra-
dient x and y. However if the sum X is equal to zero, an error
occurs. There must also be a restriction in the code if this
occurs. Whenever the gradient in the direction of x is 0,
the direction of the edge must be 90° or 0°, depending on
the value of the gradient in the direction of y. If GY has a
zero value, the direction of the edge is 0 degrees. If not, the
direction of the edge is 90 degrees. The formula for finding
the direction of the edge is correct:

Theta = invtan Gy/Gxð Þ: ð1Þ

4.2.4. Step 4. When the direction of the edge is known, the
next step is to link the direction of the edge to the direction
of the image. Thus, the pixels of the 5 × 5 image are aligned
(Table 3).

Now, we can see the pixel “a” when identifying the sur-
rounding pixels, and there are only four possible
directions-0 degrees, 45 degrees, 90 degrees, and 135
degrees. The orientation of the edge in one of the four direc-
tions must therefore be resolved on the basis of the direction
nearest to zero degrees shown in Figure 2.

Any position of the edge within the yellow range is thus set
to 0 degrees (0 to 22.5 and 157.5 to 180 degrees). Any direction
of the edge falling within the green range (22.5 to 67.5°) shall
be set at 45°C. The route at the edge of the blue (67.5 to
112.5°) is set at 90°. At the end, each path on the edge that falls
into the red range (112.5 to 157.5°C) is set at 135°C.

4.2.5. Step 5. No full deletion must now be enforced after the
edge directions have been known. Nonmaximal suppression
is used to map the edge in the direction of the edge and to
delete a pixel value set to 0 that is not called the edge. This
gives a thin line to the output image.

4.2.6. Step 6. Hysteresis is used to clear a streak. In stream-
ing, the edge is caused by an output that fluctuates above
and below the threshold. A threshold will be applied to the
image, and the edge will fall below the threshold due to
noise. It is above the level, so that the rim appears dotted.
Hysteresis uses two thresholds to prevent this from occur-
ring. Any pixel with a value greater than 1 is to be an edge
pixel and be labelled as such. Any pixels whose value is
greater than T2 will also be selected as edge pixels. To follow
a border, you need to start with a T2 gradient, but you will

135°

90°

45°

Figure 2: Edge detection based on angular coloring.

Table 3

x x x x x

x x x x x

x x a x x

x x x x x

x x x x x

Table 1

+1 +2 +1

0 0 0

-1 -2 -1

Gy

Table 2

-1 0 +1

-2 0 +2

-1 0 +1

Gx
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not stop until you hit a T1 gradient.

G functionwithGaussian σ = 1:4: ð2Þ

Hence, the simple Gaussian is considered in a discrete
grid a particular case of the Gðx, yÞ for narrow Gaussians.

4.3. Adjacent Weighted Threshold Variation (AWTV)
Method. The goal is to minimize the error associated with clas-
sifying a background pixel as a front pixel or vice versa, and the
threshold is determined by weight. This is accomplished by
minimizing the area beneath the histogram for a region on
the other side of the threshold. The issue is that each region
lacks an AWTV; only combined regions have a weighted
threshold value [31]. Understand that there is typically no min-
imum overlap (where the distribution’s misclassified areas are
equal) when the valley occurs in the combined pixel (k − 1, k),
for example, when one cluster has a large distribution and the
other a narrow distribution. One way to do this is to consider
the values of both regions as two clusters; they are weightless
or weightless. In other words, the mean of all pixels below the
threshold may be μB (T), and all pixels above the threshold
may be equal to μO (T).Wewant to set the threshold as follows:

∀g < T : g − μB Tð Þ <j jg − μO Tð Þj j,
∀g ≥ T : g − μB Tð Þj j > g − μO Tð Þj j:

ð3Þ

This is a variation of AWTV’s clustering pattern recogni-
tion algorithm. The basic idea is to measure the mean μB ðTÞ
for pixels at four corners (assumed to be the background) and
the other one to measure μO ðTÞ. Set the threshold between μ
B ðTÞ and μO ðTÞ (so that the pixels are split according to the
proximity between μB ðTÞ and μO ðTÞ). Update the μB ðTÞ
and μO ðTÞ estimates by actually measuring the pixel mean at
both of the current thresholds. This method continues until
the algorithm converges.

4.4. Clustering (The AWTV Method). Another approach that
produces comparable results is to minimize duplication by
clustering each cluster as closely as possible. Of course, we
cannot alter the distributions themselves, but we can alter
the distances between them (thresholds). When the thresh-
old is changed in one direction, it enlarges the diffusion on
one side and reduces the diffusion on the other side [32].
The goal is to choose a threshold to minimize the combined
distribution. Internal distribution may be defined as the sum
of the distribution weights for each cluster:

σ2
within Tð Þ = nB Tð Þσ2B Tð Þ + nO Tð Þσ2

O Tð Þ,

nB Tð Þ = 〠
T−1

i=0
p ið Þ,

nO Tð Þ = 〠
N−1

i=0
p ið Þ,

σ2B Tð Þ = The variance of the pixels in the background below thresholdð Þ,
σ2O Tð Þ = The variance of the pixels in the background above thresholdð Þ:

ð4Þ

½0,N − 1� is the range of intensity levels. For both groups,
the difference in this class of potential each threshold
requires a lot of computation, but it is easier to do so. Sub-
tracting the variance within a class from the total variance
of the combined distribution gives us the variance of

σ2Between Tð Þ = σ2 − σ2within Tð Þ = nB Tð Þ μB Tð Þ − μ½ �2 + nO Tð Þ μO Tð Þ − μ½ �2,
ð5Þ

where σ2 is the sum of the variances, and μ is the sum of the
means. Take note that the variance between classes is simply
the weighted variance of the cluster means in relation to the
overall mean. We obtain by substituting μ = nBðTÞμBðTÞ
+ nOðTÞμOðTÞ and simplifying.

σ2Between Tð Þ = nB Tð ÞnO Tð Þ μB Tð Þ − μO Tð Þ½ �2: ð6Þ

So, for every potential threshold T , it is as follows:

(a) Splits the pixels into two AWTVs according to a
weighted threshold

(b) Calculate the mean of each cluster

(c) Square the difference between the means

(d) Multiply the number of pixels in one cluster by the
number of pixels in the other cluster

nB T + 1ð Þ = nB Tð Þ + nT ,

nO T + 1ð Þ = nO Tð Þ − nT ,

μB T + 1ð Þ = μB Tð ÞnB Tð Þ + nTT
nB T + 1ð Þ ,

μO T + 1ð Þ = μO Tð ÞnO Tð Þ − nTT
nO T + 1ð Þ :

ð7Þ

I have noticed that the optimal threshold is to maximize
the variance between classes (or minimize the variance
between classes), but the calculations when switching to
the threshold are not independent. As T increases, the aver-
age μB ðTÞ and μO ðTÞ with nB ðTÞ, nO ðTÞ of each cluster
can be updated as pixels move from one group to another.
I can do it.

4.5. Simulation Results. A variation of the AWTV-based
object recognition in any particular vehicle image is to train
the features with the image, then use it to recognize the par-
ticular vehicle of the image by different structure element.
This should provide more accurate recognition, as it corrects
for different image features that is mean, perimeter, etc.
Figure 3 shows the resulted images that are implemented
using MATLAB. Following Figure 3 is the first image which
is the input to this program that was designed using
MATLAB graphical user interface (GUI) (Table 3).

The following Figure 4 shows background subtraction
module resultant image, Figure 5 shows Canny edge detec-
tion image, and Figure 6 shows binary image conversion;
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Figure 4: Background substraction module resultant image.

Figure 5: Canny edge detection image.

Figure 3: Car designed using MATLAB graphical user interface.

7Wireless Communications and Mobile Computing



then, Figures 7 and 8 represent object recognition result is
shown in message box.

In Figure 9, features are shown in command window.

5. Inferences

We presented a new contour-based model for object detec-
tion. A 3D model is created by using the AWTV Method
and its geometric relations. Objects are found in the test
images using the most suitable object shapes. Partial occlu-
sion is an object detection problem that is not seen in the
data. The model offers geometric information for each pair
of shapes; so, we expect it to handle partial occlusion. At
least some samples are hardly affected by object instances
in the sample dataset. The SHAPE model can handle large
orientation changes, since relative rather than absolute geo-
metric attributes are used. We can test the model with
proper direction adjustments. All internal contour frag-
ments inside the boundary are modeled, and those on the
boundary are modeled as well. We will use unconnected
fragments to identify patterns. Both SHAPE and relationship
parameters are manually set in all experiments. For various
objects, such as apples and swans, their shape and parame-
ters may not fulfill this requirement. Our future goal is to
build a machine that can determine these images automati-
cally. We can also establish richer relationship types between
type and form such as shape orientation.

6. Need for a Racing Simulator

This section deals with developing a software application or
a simulator, that essentially simulates an environment for
the user. The simulator developed here will be a Formula
One Simulator that will enable users to experience a real-
world action-packed racing environment in which the users
will be able to get into a Formula One car and drive around a
track or take part in several races against tough computer
opponents. These races are held in some of the world
renowned race tracks of the world. For example, we have

reconstructed the Autodromo Nazionale Monza Race Track
which is located in the city of Monza, North of Milan, Italy.
In any typical racing scenario, a driver cannot simply jump
into a vehicle and race around. It requires immense amounts
of training and dedication [32]. The same applies for a For-
mula One driver. These drivers belong to an elite class of
world-class drivers competing for the coveted title of “Best
Driver In The World.’” The Formula One drivers are essen-
tially tremendously fit athletes and hard trained to endure
the many forces and stresses applicable to this form of
motorsport [33]. First, reference images of an dimensionally
accurate F1 car are set and arranged as shown in Figure 10:

Then, a primitive rectangular polygon is added superim-
posing the reference images on all of the different views as
shown in Figure 11:

Then, this rectangle mesh is further sculpted by using
modifiers (such as extrude, chamfer) and by moving, rotat-
ing, or scaling the vertices, edges, and faces of the mesh to
bring about a rough outline of the body of the vehicle as
shown in Figures 12 and 13.

Then, this rough outline is further sculpted to bring
about a relatively low polygon model of a F1 car body. Gen-
erally, low polygon models are used in games to meet the
resource constraint of the game [34–36]. The rough edges
of low polygon models are covered by using normal map-
ping, a type of texturing which gives the illusion of depth
as shown in Figure 14.

The other objects in the game are modeled similarly
to Autodesk 3ds Max, formerly a 3D Studio Max, is a
3D graphics computer programme for 3D animations,
models, and photographs. It was developed and produced
by Autodesk Media and Entertainment. It has models, a
modular plugin architecture, and can be used on Micro-
soft’s Windows platform. It is also used by video game
makers, several TV studios, and architectural visualisation
studios. It is also used for film effects and film previews.
The latest version of 3ds also includes shaders (e.g.,
ambient and subsurface dispersal), dynamic simulation,
particle systems, radiosity, normal mapping and

Figure 6: Binary image conversion.
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rendering, global lightset, flexible user interface, and its
own scripting language, along with its modeling and ani-
mation tools. Some of the academy award winning
movies designed in 3ds Max are Avatar, The Curious
Case of Benjamin Button, 2012, Shutter Island, The
Mummy, etc. Some of the highest grossing games
designed in 3ds Max are Mass Effect, Unreal Tourna-
ment, Need For Speed, Call of Duty, etc.

Once these models are sculpted, then they are
imported to the Unity3D game engine. The Unity3D game
engine is a crossplatform with built in IDE. It is used to
develop video games for web plugins, desktop platforms,
consoles, and mobile devices. It was initially used to
design games for the iOS but as of now, it can be used
for multiple platforms. It is a free game engine which
has a variety of powerful tools to effectively build a game.
The levels in Unity are called scenes with each scene hav-
ing multiple objects put together along with shader effects,
lighting, scripts, cameras, activators, etc. The level building
part deals with the placement of different objects with the
help of the transformation, rotational, and scale modifiers.
The development of the Autodromo Nazionale Monza
track is illustrated below. Initially, a new empty scene is
created. Then, the reference image of the Monza circuit
is set as shown in Figure 15.

With the reference image set, the track is then placed
superimposed on the reference image. The track consists of
smaller pieces of roads that are first placed on the scene
and then transformed, rotated ,or scaled to fit the track in
the reference image. The pieces of the track must be exactly
aligned with one another. Otherwise, collision errors might

be seen later when dynamic objects are added to the scene.
The track is progressively built as seen in the next two illus-
trations represented in Figures 16 and 17.

This piece is duplicated, and the duplicated piece is
placed alongside the original. If there is a corner, then the
appropriate piece is used. This continues until the track is
complete. Minor adjustments have to be made at the end
to close of the circuit to get the completed track as shown
in Figure 18.

Once the track is completed, then a terrain is added to
the scene. On the terrain, other props are added (like crowd
stands) to populate the scene as shown in Figure 19.

Once that is done, then the terrain tools are used to gen-
erate a landscape. The terrain tools can be used to increase
or decrease particular areas of the terrain. Then, the terrain
tools are used again to generate vegetation for the terrain
and add the bounds of the scene as represented in Figure 20.

Lastly ,the visual effects are added to the scene. A direc-
tional light is added to light the scene. Then, a skybox is
added to add depth to the scene. Advanced effects like fog,
ambient occlusion, and antialiasing are adjusted to the finest
detail. Then, the scene is finally baked before any of the
dynamic game objects are added. The final scene is illus-
trated below as shown in Figure 21.

The modules related to the F1 car is illustrated below:

6.1. End-User Car Handling. This module basically deals
with controlling of the car by the end-user and also assigns
a trailing viewing camera relative to the position of the car
in the game world (generally behind car model). This
enables the user to switch the camera views from first-
person viewpoint to third-person viewpoint. First-person
viewpoint refers to the graphical perspective that is rendered
from the viewpoint of the player, which is the cockpit of the
vehicle in this case. Third-person viewpoint refers to the
graphical perspective that is rendered from a fixed distance
behind and slightly above the player. This viewpoint allows

Figure 7: Object recognition result.

Figure 8: Object recognition result message box.
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Figure 9: Image features.

Figure 10: Reference images.

Figure 11: Adding rectangular primitive.
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Figure 12: Selected faces are extruded.

Figure 13: Vertices aligned with reference image.

Figure 14: Fine tuning the mesh.
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the user to see a more strongly characterized vehicle. Now,
in order to make the car move, with the input from user,
key mapping of various keys on keyboard is done which
translates the car forward, backward or sideways. For exam-
ple, we bind the forward movement of the car with “up
arrow” key. When the key is pressed, the coordinates of

the car are updated in the game world from say (0,0,0) to
(10,0,0) which translates a forward movement. In this way,
it can be done to manipulate any behavior of the car. We
have added many more parameters to further enhance the
handling of the end-user car to bring about more realism.
For example, it is no longer possible to do cornering at high

Figure 15: Adding reference image.

Figure 16: A piece of the track.

Figure 17: Adding more track pieces.
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Figure 18: Completed track.

Figure 19: After adding terrain and props.

Figure 20: Adding terrain modifiers.
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speeds, and the car will skid. So, this ensures that the driver
that is the end-user drives around the track in a disciplined
manner. Also, collision mechanics have been added to every
car; so, the user cannot simply go around hitting every other
vehicles on track. Some of the parameters used here are the
following:

(a) Inertia-as in example given above, due to inertia, the
car will not take turns at high speed

(b) Gear ratio-the ratio of velocity applied to the car
based on current gear

(c) Antiroll bar-in the unlikely chance of a vehicle flip-
ping over, this parameter will put the vehicle back
on track

(d) Collision-damage mechanics have been added to the
user controlled car. So, whenever a collision occurs,
the vertices of the car gets rearranged to show the
aesthetics of the damage

(e) GUI-enhanced graphical user interface like speed-
ometer and RPM meter is provided to the end user
to better understand the behavior of their vehicle

6.2. AI Car Handling. This module deals with the throttle,
steering, braking, and cornering of the computer or AI
controlled vehicles. We shall essentially examine the
behavior of the AI on a race track represented in
Figure 22. More importantly its behavior with the respect
to the end-user vehicle. The throttle and steering of the
AI-controlled cars are taken care of with the help of
scripting. The implementation language used here is the
C# programming language. The AI Driver Controller
script is being used to take care of the throttle and steer-
ing of the AI-controlled vehicles. For braking and corner-
ing purposes, there are detector lines at various angles
around the bot vehicle (AI controlled). The faster the car

moves, the further are the range of detection lines. When
these lines encounter an obstacle, then the AI will change
its course accordingly. This is basically how the AI detects
an obstacle on its course. As an example in the following
slide, the black rectangle represents the car, the yellow
lines represents the detector lines running at 0° with the
axis of the car, and the brown squares depicts a unit of
an obstacle. In the following example, the detection lines
(colored lines) of AI driver vehicle detects another racer.
When this happens, the AI driver checks the side using
the angled detection lines if there is any obstacle. If one
or both the sides are free of obstacles, it will then change
its steer angle and deviate from its current path to avoid
colliding with the other racer.

(a) Rigid body-this parameter is mostly used in the
translation of the car and to provide mass

(b) Drag-the force acting against the forward motion of
the car

(c) Wheel alignment-this is used to turn the wheels
when the vehicle makes a turn

(d) Waypoints-the waypoints corresponds to specific
coordinates in the map which defines the racing line.
These waypoints are used by the AI vehicles as
described below

(e) Current heading-this is used by the AI vehicles to
keep track of the waypoint it currently crossed. Tar-
get heading-this is used by the AI to move to the
next waypoint

(f) Waypoint container-an array where all the way-
points, installed on the track, are stored

(g) Engine torque-the force that propels the vehicle
towards the next waypoint. Gear ratio-the ratio of
velocity applied to the car based on current gear

Figure 21: Adding visual effects.
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(h) Center of mass-this parameter is used to hold the car
on the road so that it does not flip. Also, it is used to
show the animations of turning. Center of mass is
calculated from the rigid body parameter

(i) Wheel collider-this parameter keeps the car from
falling through the track and also uses for the wheel
alignment parameter for rotation

(j) Steering sharpness-this parameter decides how the
AI vehicles will quickly turn around in a corner

6.3. AI Behavior. This module covers the behavioral aspects
of the bots vehicles like collision, overtaking, slipstreaming,
and aggression. Collision spheres or cubes which defines col-
lision range of that vehicle will be assigned to vehicles to
check for collision with vehicles or objects. In the following
Figure 23, the green rectangles depicts two racing vehicles.

The bots vehicle will check for empty spaces around
another race vehicle using the generated detection lines (yel-
low lines). If the detection lines does not register another
vehicle or object (like a wall), then the bots will generate
temporary overtake paths (red lines) around the vehicle in
front. The bots will then determine the safest overtake path,
increase its speed, temporarily divert from its racing line
(blue line) to the overtake path, and attempt an overtake
(in this case, path B). Alternatively, the bots can slipstream
behind another vehicle and use the extra burst of speed for
an overtake. Aggression will define how likely is an AI con-
trolled bots to overtake or block an overtake attempt. All the
bots will be assigned an aggression factor which will define
the aggression level of a bot. Higher aggression factor means
that the bots are more likely to overtake or block an overtake
attempt.

6.4. Racing Lines. The racing line is the most optimized path
the driver can use to conserve speed during cornering with
as little braking as possible. The entire racing line was con-
structed and placed on the Monza track. This line provides
the AI cars the most optimized guideline so they can finish
the race as quickly as possible. The bots will have a path cov-

ering the length and width of the entire track in which it will
have full freedom of movement (gray area).

Each track will be set up with a racing line (colored line).
The racing line is the route the vehicle must take in order to
minimize the time taken to complete the course. The bots
will follow the racing line unless it encounters a difficulty
such as an obstacle.

The racing line can even provide visual aid to the player
car so as to drive optimally. The opponent cars or AI con-
trolled vehicles will follow the designated racing line and
complete laps till the finish line. Braking zones are added
to the track at necessary or critical points on the track, and
the AI will break the vehicle whenever it encounters a corner
as shown in Figure 24.

6.5. Obstacle Avoidance, Viewpoints, and Waypoints. The
AI-controlled Formula One vehicles are modeled and pro-
grammed with the help of obstacle avoidance, viewpoint,
and waypoint techniques. Obstacle avoidance techniques
are used by the AI-controlled vehicles to steer away from
obstacles in front and to their sides. This is done with the
help of collision detectors placed on the vehicles. This helps
them to avoid collision with other vehicles on track.

Figure 22: Detection lines of AI driver.

Overtake path B

Overtake path A

Figure 23: The AI behavior.

15Wireless Communications and Mobile Computing



Viewpoints are essentially “eyes” for all the AI-controlled
vehicles. This helps the vehicles to move forward and tackle
corners. The dot at the nose of the vehicle in the picture
below is a viewpoint while the colored lines are the collision
detector lines. Waypoints are essentially points on the race
track that are assigned individually to each AI vehicle. The
vehicles may or may not follow these points. The waypoint
system is mainly implemented to help the AI-controlled
vehicles to recover after it has go off the race course. These
techniques are implemented to recreate the actual Formula
One driver behavior as an extension of object detection
and recognition.

7. Implementation

Once all of the sculpting and the World Design is completed,
the AI drivers and the player car must be implemented into
the scene. To achieve this purpose, we again use the Unity3D
game engine.

7.1. Player Car Setup. Initially, the player car in implemented
into the scene. At first, the Formula One model sculpted in
3ds Max is imported into Unity3D. The axis of the F1 model
must be adjusted so that it does not cause any problems in
Unity3D. Also, the textures of the model have to be manu-
ally adjusted. The F1 car model will be constructed of sepa-
rate parts, i.e., 4 individual wheel models and a body model
that will be children of parent F1 car model. Once the model
is completely imported, it is placed in the starting grid of the
scene. First order of business is to assign the various collider
meshes to the body and wheels of the car. Two rectangular
collision meshes are placed on the car as illustrated in
Figure 25. These two meshes make sure that the car does
not fall through the road or go through walls and other cars.
These meshes are also used to register collision between two
cars or collision with the limits of the road.

Then, the wheel colliders are added to each of the indi-
vidual wheels as shown in Figure 26. The wheel colliders
are used to animate the wheels (like rotating). Hence, the
wheel colliders must be precisely aligned to the wheel
meshes otherwise the car will look like its floating during
runtime.

Once all the colliders are in place, then an empty game
object is created and named as center of mass. This is later
used to define the centre of mass of the car. This object is
placed roughly on the middle of the car. Then, the rigid body

modifier is added to the Player Car. This modifier gives mass
to the vehicle which is used by the code to calculate the
acceleration and velocity of the car. Now, the code for the
movement is assigned to the Player Car. During runtime,
the code first checks for the coordinates of the player car’s
initial position. When the key responsible for forward move-
ment is tapped, then the code propels the car in a particular
axis by updating the position of the car. For example if the
car initially is at (0,0,0), after tapping the forward movement
key, the code updates the coordinates of the car to (10,0,0).
Then, between the initial and the final position, the anima-
tion for the wheel rotation is applied to the wheels. Hence,
it gives the impression of a forward movement of a car.
When the key for sideways movement is tapped, then a
parameter called steer angle calculates how long the key is
tapped. Based on the duration, the steer angle parameter
rotates the axis of the car according to the direction. For
example, if the car is aligned at 0 degrees with global x axis
and the turn right key is pressed, then the steer angle param-
eter will rotate the car along with the axis by say 30 degrees.
During that time, the wheels will also be animated to turn by
a 30 degree angle. Thus, the rotation of the car along with
the turning of the wheels give the impression of the turning
of a car. First, the wheels turn, then the car is rotated to pro-
vide a smooth looking turn. This is illustrated in the follow-
ing Figures 27–29.

Finally, the viewing camera needs to be assigned to the
Player Car. To accomplish this, the camera main object is
transposed/rotated/scaled until the view of the camera is
behind the player car or on the cockpit of the car as required.
Then, the camera is inserted into the hierarchy of the Player
Car. In this way, whenever the Player Car moves, so will
its children. Hence, the camera will follow the car. Thus,
the basic setup of the player car is complete. After this,
the handling parameters of the car like max speed, gear
ratios, forward and sideway friction, and braking force
are fine tuned so as to bring the feel of the handling of
a F1 vehicle.

7.1.1. AI Driver Setup. The car models for the AI’s are first
imported from 3ds Max into Unity and placed at their start-
ing grid alongside the player car. These also contain separate
meshes for the body and wheels. Next, the various colliders,
rigid body, and center of mass are assigned to the AI driver
similar to the Player Car. Then, the waypoints are assigned
for each vehicle. The AI car uses these waypoints to roughly
navigate through the track. Also, the AI car respawns at the
last checkpoint it passed through should it go off track or
collide with another vehicle. Hence, the waypoints are a very
important aspect of the AI drivers. The curve drawn by these
waypoints represents the racing line shown in Figure 30.

Next, the viewpoint or just view is assigned to the AI
vehicle as shown in Figure 31. The view contains the detec-
tion lines which detects if an obstacle is in front or side of the
car. It behaves like the eyes of the vehicle. The view must be
assigned to the nose of the vehicle. These lines detect objects
in front of the Player Car. Then, views have to also be placed
on both sides of the car to detect objects on the side. These
are placed near the wheels so as to relay the most accurate

6

3

5 4

2

1

Figure 24: Racing line.
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Figure 25: Rectangular colliders (green boxes).

Figure 26: Wheel colliders(green circle around FR wheel).

Figure 27: Aligned to global x axis.

17Wireless Communications and Mobile Computing



position of objects at the sides and also since the wheels are
used to turn the car.

Then, the code for the movement of the AI car is
assigned. It works similar to the movement of the Player

Car code but in this case, the velocity, acceleration, and turn-
ing of the car depends upon another piece of code. This code
tells the car its speed or turn bounds. The code for the AI
controller is assigned next. This code uses the detection lines

Figure 28: Turning of wheels.

Figure 29: Turning of whole car.

Figure 30: The small blue boxes represent waypoints and the white line represents the racing line.
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of the Viewpoint to steer the AI vehicle around the track.
When the detection lines does not detect any object in its path,
then the velocity of the car is set to its speed limit. Whenever
there is a corner, the AI car detects the boundary, reduces its
velocity by using the brake parameter, and accordingly turns
itself. When it encounters another vehicle or object, it brakes
and deviates from current path to avoid collision.

7.1.2. Collision Damage. After setting up all the cars, the
damagemechanics are added. The code for damage is assigned
to both the Player and the AI cars. When the collider meshes
of two cars come in contact (occupy the same world space),
then it is registered as a collision. The code then effectively
rearranges the vertices of the mesh by a small factor to show
the damage to the car. Even in the case of a collision with a wall
the vertices of the car mesh are deformed a little. However, the
vertices of the wall are not deformed as shown in Figure 32.
This is due to performance reasons. The collision mechanics
uses a lot of system resources. The track has separate modular

meshes that are arranged to form the track. So, adding the
damage code to all of the separate meshes could result in a sig-
nificant drop in FPS during runtime. The damage mechanics
also effects the performance of the Player Car. The more the
damage it takes, the harder it becomes to effectively control
the car. For example, if the front left wheel takes damage, then
the car will turn a little towards the right even when the “turn
right” key is not tapped. This adds some depth to the handling
of the Player Car.

7.1.3. Final Game Build. Once all the game objects are inte-
grated with their respective codes, these are then added all
together to the scene. The scenes exist only inside the
game engine that is Unity. So, the next order of business
is to make it into a stand-alone software application. To
achieve this, we use the inbuilt build feature of the Unity
engine. The build feature takes in all the separate scenes
and along with the visual effects generates an executable
file of .exe format.

Figure 31: Viewpoint/view.

Figure 32: Deformation of mesh due to collision.
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There are two modes available to operate the simulator:
training mode and automatic mode. In training mode, the
user uses virtual control to drive the car using the steering
angle, the throttle, and the brakes. You can do this with a
keyboard or a mouse. During training mode, the simulator
will start saving driving data to a specific spot. Driving data
consists of each image on the left, right, and front sides of
the vehicle and the corresponding steering, throttle, and
brake measurements.

In order to collect training data, the car was driven in
training mode around the virtual track for five full laps using
the centre lane driving behavior, in order to avoid reaching
the road boundaries on both sides. The data was further
improved by numerous selective driving acts around corners
to account for oversteer and understeer, with several obsta-
cles in different directions approaching to hit the vehicle at
different angles. A total of 5,000+ data points were collected
from the training run. After the rise, the total number of data
points was more than 10,000. We used Keras deep learning
library. The control angle was the only measure used as
the output for the model; the convolutionary neural net-
works (CNNs) were used to map raw pixels from the
front-facing camera to the steering controls for the self-
driving car. Training data was 80% and 20% of the data used
for validation. As expected, the mean squared error loss of
both the training and validation sets decreased with the
number of iterations At the end of the training process, the
model was able to steer the vehicle on the track without leav-
ing the route, thus avoiding road obstacles.

8. Conclusion and Future Scope

The final build of the scenes has produced a simulation pro-
gram for Formula One cars. In this simulator, the end user
will be able to take the wheel of one of the F1 cars. The AI
cars will run along with the Player Car and behave like a real
world Formula One car. It will try to overtake the player
whenever it sees an opportunity. It will also avoid collision
with other objects or vehicles. The simulator will contain
with several racing circuits all of them providing various rac-
ing challenges for the budding racer. The circuits contains
various type of corners like hairpin bends and U-turns.
The circuits will also contain visual aids for the player to
drive effectively in the track-like kerbs. To get the actual feel
of the F1 car, there will also be a cockpit camera so that the
users can view the track from the eyes of a racer.

While designing F1 simulator, we should make a note of
behavior of virtual traffic and weather conditions, and the
road layout can be manipulated (offline or in real time) as
a function of the training needs or research aims in the
future. We have to consider “safety” related features in the
future research.
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