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Abstract: Haze density is critical for heterogeneous haze visualization in developing environmental domain awareness
for a serious game. This depiction requires a one-of-a-kind technology that ensures the shifting of heterogeneous haze
thicknesses and close to the actual haze. Traditionally the seasoned artists create synthetic haze intuitively. The
heterogeneous haze is generated by adding Perlin noise to a homogeneous haze based on the actual haze image density.
Perlin noise is used as a heterogeneous haze generator. According to this study's findings, the accuracy is 91.671
percent, the precision is 0.887, the maximum recall is 0.943, and the F-measure peak is 0.914. The proposed method
is quick enough to achieve real-time speeds in the range of 10 seconds.
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1. Introduction

Environmental domain awareness is the
knowledge that something is happening surrounding
a person's conditions, affecting a person's growth,
health, and progress. Environmental domain
awareness, mainly outdoor, can be modeled virtually
by surrounding environmental situations like flowing
water, rain, flood, and haze. In general, the awareness
of the ecological domain, in this case, the haze, has
different thicknesses.

In serious games, due to the different thicknesses
of the haze, it requires mastery of haze art and takes
longer time to create. Every artist or game developer
who designs haze has different standards. So it is
challenging to approach natural conditions such as
those in nature. There is a possibility that even in the
same game, the formation of virtual haze has a
different degree if it is created by different artist or
game developer. Each haze-forming particle has a
different density and plays an essential role in
producing various haze thicknesses. In the sense that
if the haze displayed in a serious game is not close to
natural, it will reduce the emotional involvement of
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players. So that players feel they are not in a serious
game environment. Therefore, various methods of
generating virtual haze have been developed to
increase the emotional involvement of players.
Serious games provide a variety of purposes in
addition to amusement, including conveying
knowledge and pedagogical values, operating as a
training tool, imitating physical world cases [1],
inspiring and captivating learners [2]. A serious game,
in other words, serves to enhance a player's
understanding  while also entertaining  [3].
Entertainment, on-screen outline, game-play,
audiovisual, defiance / complexity, clear / intuitional
exhibit, clear intention / target, and game player
interest are essential in serious games [4, 5].
Researchers look into player modelling [6], and
priority-setting challenges affect cognitive functions
[7, 8]. Gaming deportment is distinct [9], as
evidenced by observable assessments of hostility,
demeanor, empathy, and communal skills [10]. The
habit of the youngsters may be influenced [11] by the
design, judgment [12], and simulated 3D
environment game [13]. To increase the quality of
serious games, some experts are leveraging literacy,
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climate change engagement [14], the Internet of
Things [15], and the realm of disaster risk [16].

The quality of serious games is one of the
essential ~ factors  impacting  scholars'  self-
advancement [17]. The screen arrangement
influences the scholar's perceptions. The study of
serious game and player behaviors is a topic of
ongoing research. It is the foundation for developing
a powerful serious game programmed for tuition and
coaching, because its environment is complex.

An excellent serious game combines three
complementary components [18]: the serious
component, the harmony item, and the pleasure unit.
The education material to practice or teach is the first
serious component of the serious game. According to
pedagogic principles, this serious component consists
of cognitive, emotional, and psychomotor aspects.
Depending on pupils' skills, each side has a different
percentage.

Second, there is the balancing aspect, which
involves matching the game to the pupils' ability.
There must be a balance between challenges and
skills [19]. Csikszentmihalyi explains the experience
of happiness when the job complexity and ability
levels are in balance [20]. To avoid boredom, game
designers should ensure that the gameplay is varied.
During games, exhaustion and boredom can be
minimized by shifting tasks and pacing[21, 22].
Furthermore, according to Kwon's finding [23], flow
is determined by the game's material, interaction,
encouragement, and emotion.

The game is the third half of the enjoyment.
While playing, students display much passion.
Furthermore, students believe they are not learning
[24]. The pleasure requirements are divided into two
sections [25], enjoyment and media visualization.
The player's involvement and experience, emotional
connection [23], and the serious game's flow are all
part of the enjoyment side. Meanwhile, in terms of
media visualization, enough sound [26] and
appealing visual graphic appearance [27-29] are
required.

Changes in the gaming environment create
attractive visual graphics [30]. The backdrop[30] and
native weather situations [31] frequently change the
gaming environment. Rain [32, 33], and haze [34] are
examples of meteorological conditions that change
often. A player's emotions can be dramatized by the
dynamic change in a haze [27]. The on-screen outline
must be consistent with realistic rendering, which is
crucial. As a result, haze simulation based on hazy
natural photos is becoming increasingly vital to use.

This research is motivated by the difficulty of
driving a car in hazy conditions [35] because driving
in hazy lowers the driver's visibility [36]. This article
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intends to combine the challenge to complete the
mission in a hazy condition. They are, furthermore,
balancing the game difficulty by adjusting the haze
thickness according to the abilities of these students.
Environmental domain awareness refers to this shift
in the gaming environment. Based on the players'
performance, this study provides environmental
settings in a thick and thin hazy setting. The haze
thickness will increase as the player achieves a high
score. The haze will be thinner if the player's score
has dropped. Players will notice a reduction in
visibility of objects they must acquire as part of a
mission due to the thickness change.

The concept of marine domain awareness
influenced the concept of Maritime Domain
Awareness (MDA). MDA is defined as the use of
technology in the maritime environment that affects
security, safety, economy, and the environment [37].
By combining intelligence, surveillance, and
observation systems, MDA can recognize threats.
MDA distinguishes itself by unifying the worldwide
marine realm, including ships, cargo, and crew [38].
Obtaining and keeping access to ship data, facilities,
infrastructure, and immaterial [39]. A camera or
CCTV can be incorporated as a sensor in this
experiment. The CCTV can recognize the
environmental change. The real environmental
change captured by CCTV is used as game
environment  change. However, the game
environment is static and does not respond to changes
in the game world. This study suggests an
environmental domain awareness design for serious
games based on those mentioned earlier.

1.1 Related work

In digital scenes, however, modeling and
rendering are vital. Simulating the environment, a
fictitious three-dimensional stage, or a simulation
with fictional components based on real-world events,
a real-world scene, or a three-dimensional setting is
the most recent trend. Thanks to the Internet, sensors,
drones, and other technological breakthroughs, it is
now easy for anyone to obtain a photo or video data
from numerous realistic circumstances. For
reproducing real-world situations, 3D modeling and
design are the industry standard. The modeling
component is in charge of acquiring the geometrical
and lighting features of the scene [40]. Manual
modeling with a software geometric modeler,
geometry reconstruction from several pictures
documenting real-world settings utilizing structure-
from-motion, and texture mapping are examples of
traditional modeling methods [38]. The image's
rendering component is in charge of creating the
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image from the current perspective, including
geometric cut, light measurement, and, in particular,
volumetric haze [41].

A volumetric haze method based on a model is
more practical and effective. Model-based methods
create a hazy visual effect that is consistent, objective,
and easy to implement. It is possible to recreate foggy
conditions using the haze's physical mechanism
model. For the light diffusion model of haze in the
atmosphere, [42] started with a single scattering. The
hardware is being used in fast render [43]. Mie
scattering [44], a typical skylight [45], and
heterogeneous hazy pictures based on Perlin noise
[46] bhave all been simulated using real-time
simulations. All of the findings are beneficial. The
small scale of the environment and the surface
features of the objects limit them. These hazy
rendering scenes are usually not photo-realistic
because they have a high computational cost [47].

1.2 Contributions and organization of paper

Visualizing the changing haze is one technique to
generate environmental domain awareness in serious
games. Perlin noise is applied to homogeneous haze
to create heterogeneous haze, allowing for viewing
the hazy environment changes. Based on the players'
performance, this study provides environmental
settings in a thick and thin hazy setting. The haze
thickness will increase as the player achieves a high
score. The haze will be thinner if the player's score
has dropped. Players will notice a reduction in
visibility of objects they must acquire as part of a
mission due to the thickness change.

The following is a summary of the content of this
article. First, it outlines the fundamental ideas and
concepts of the physical model of a hazy image,
including the Dark channel, Transmission map and
density, and Perlin noise. Section 2 outlines the
literature review. Section 3 of this article explains the
research  process. Section 4 discusses the
environmental domain awareness design, hazy image
data, transmission map, and haze density. Section 5
describes the findings and discussion. Finally, in
section 6, there is a summary of this study.

2. Preliminaries
2.1 Physical model of hazy image

The color of the original item passes through a
hazy medium and scatters, which is then caught by
optics, resulting in hazy images. The image's color
fades to gray [45]. The scattered light will attenuate
and go opposite [48]. When light passes through a
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scattering medium, it weakens or attenuates along the
original route before being distributed in the opposite
direction. Eq. (1) shows a mathematical model of the
hazy appearance [49].

I(x) = J ()t (x) + A1 = t(x)) @)

where,
x = image with 2D vectors (x,y)
1(x) = Hazy image in RGB
J(x) = Haze free image in RGB
t(x) = Transmission Map, from 0 (total
haze) to 1 (haze free)
A = Air light estimation

2.2 Dark channel

This section outlines detail about the dark channel.
The dark channel describes how one RGB color
channel in a few pixels of a picture has a low intensity
and even tends to be near to zero. This low intensity
falls below a set of criteria:

Jaark (x) = mince{R,G,B}]c x) 2)

If dark pixels in x pixel coordinates are /4% IN
Eq. (2), then the dark channel in other pixel
coordinates can be expressed as J 4.1 (p) as long as
they match the following requirements:

min ]dark( ) (3)

]dark (p) CE{R.G,B)

wﬂam

If a specific size block window has at least one
dark pixel, the criteria in Eq. (3) are satisfied. The
block window is defined symbolically as Q, then:

n (_min I (p)) =0, (4)

peﬂ(x) CE{R G B}

Since the value of mm ( min
€Q(x) ce{R,G,B}

to zero, it is abandoned The symbol Q(x) in Eq. (4)
represents a window block in the middle of an x
coordinate. It means that the bright image as /, and
the dark channel of image J is:

1. (p)) is close

c@) ©

]dark(x) - peﬂl(r}c)(ce{RGB}

The dark channel is the consequence of two
minimal operators calculated. The first is the
Mincergp- 1Nis operator selects the pixel's most
minor RGB color channel. The second operator is
Minpeq,,- The second operator calculates the size of

each pixel in the block window. The dark channel
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computation technique for objects in the form of
images. The processed image is not required to be
bright, which means it does not contain haze. As a
result, the dark channel operator is implemented on
any image. When the dark channel of a bright picture
can be calculated using Eq. (5), the hazy image of I's
dark channel can be calculated using Eq. (6):

I (p)) (6)

laari(x) = min ( min,

Where I, (x) represents the image of the haze
image's minimal operator computation, p represents
the image coordinates at point p, and €, represents

the x coordinates in the block window centered at
point p. The word " prior " means it was built before
the primary process. If the image in the dark channel
is:

]dark (x) ~ 0 (7)

The symbol " = " in Eq. (7) denotes that the dark
channel intensity of each pixel is near zero. This idea
was referred to as the dark channel prior. According
to research[49], when the sky is used, up to 5,000
dark outdoor imaging channels without a haze reveal
that 75% of dark channel pixels have zero values,
while 90% have intensity levels below 35. On the
other hand, dark haze image channels generate pixels
with values high over null. The lowest value of a local
block channel is increased by global atmospheric
light, which tends to be achromatic with high light
intensity, a blend of air-light, and direct attenuation
(which tries to provide a gray or white color)[50]. It
is concluded that the dark channel's pixel values can
be an important factor in estimating haze thickness.

2.3 Transmission map and density

Estimation of transmission maps is a problem that
could be classified as ill-posed. If the solution to a
problem can be more than one and it grows
continuously, it is considered an ill-posed problem.
Because the inaccuracy of a solution to the problem
has such a high value, the concerns are ill-posed [51].
The degree of image transparency [52] or the portion
of the not scattered light that reaches the camera [48]
is assumed in transmission maps. The transmission
map is represented by t with the value [0.1] in the
atmospheric scattering model. The transmission map
is as light dispersed and passes through the scattering
medium until it reaches the observer. As
demonstrated in Eqg. (8) [34], the estimated
transmission map is a mix of depth correlation d and
scattering coefficient:
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t(x) = e Bd™ (8)
Adjusting B and A producing hazy image

simulations with various haze densities. Because in
Eq. (9) 4 is the density/haze density[53], the
predicted transmission map has a significant impact
on haze density control in the haze simulation
scenario. Eq. (9) shows the estimated transmission
map[34]:

t:(x)’1 = e_(/lﬁ)d(x) (9)
2.4 Perlin noise

Computer  graphics represents natural
constructions and textures. One of the most
prominent approaches for developing these computer
graphic structures [54] is the noise algorithm [50],
[51]. Perlin noise is the algorithm used to create
native landscapes and clouds. It generates
‘characteristics' of variable size (regions of similar
value), serving as a versatile pattern and texture
building block. Traditional Perlin noise selects
vectors from the reduced pile using a hashing
algorithm to avoid producing many random vectors.
Gradient noise is a technique in which the gradient
points are organized pseudo-randomly in space,
resulting in interpolation and refinement processes
between them. Gradient noise is a fray used in
computer graphics that uses a pseudo-random
technique.

Each lattice begins with the randomization of the
pseudo-random vector gradient and the going vector.
At each grid angle, a blue gradient arrow marks the
gradient vector. This level is the foundation for
random Perlin Noise. The dot product of the gradient
vector and the going vector calculated. Eq. (10)
shows the heterogeneous haze density distribution
[55]:

noise;(x) = k X point(x) (10)

The textural distributions of the haze density are
described each by noise;(x) function. The variable k
represents the growth from zero to i, while point(x)
is an input picture variable that has interpolated.

3. Environmental domain awareness

Pixel dimension, image capture length, dark
channeling, transmission map, depth map, density
map, refined transmission map, and Perlin noise
application are all included in the model. This
technique calculates and measures the density map to
determine the thickness of the haze in the original
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Figure. 2 Scenes in various condition. Image is taken every 5 minutes

image. The process starts with a dark channeling and
transmission map analysis and  supporting
components like air-light and object depth for a
simple, accurate prototype design. Fig. 1 shows the
development product.

3.1 Hazy image data

The two-dimensional hazy natural outdoor image
taken from CCTV at Kelud Mountain [56] was used
as a reference. The laboratory conducted the test to
measure domain awareness and the haze's
opaqueness. Based on the actual hazy image acquired
from Kelud mountain, the environmental domain
awareness system applies the dark channel,
transmission map and calculate haze density. Then, at
UNITY 3D, we design a new synthetic haze based on
haze density. The test compares the heterogeneous
synthetic hazy image to the actual hazy image and the
hazy synthetic images created by Sun's, Cao's and
Guo.

The CCTV camera Axis Q1755-E Network
Camera with a resolution of 1280x720 pixels, 10x
optical magnification, and 12x digital magnification,

total zoom-in 120x, was utilized to collect image data.
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From 06.00 AM to 5.00 PM, we acquire hazy
imagery in various weather situations. Image
sampling occurred every 5 minutes, resulting in 12
photos every hour, for a total of 12 hours per day. For
ten days, this investigation used 144 photographs
every day. The total number of photographs used in
this inspection was 1,440. This study employs photos
with an image size of 800x400 pixels for all blurry
natural and manufactured photographs. Fig. 2 shows
a portion of the model. The density A4 is then

Table 1. The average hazy image density at every hour

Time Average Density (A)
06.00 AM 3.5537
07.00 AM 3.3734
08.00 AM 2.4100
09.00 AM 3.4243
10.00 AM 4.1081
11.00 AM 3.2574
12.00 PM 2.7610
01.00 PM 4.2085
02.00 PM 3.0926
03.00 PM 8.1813
04.00 PM 5.1231
05.00 PM 4.1540
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Figure. 4 Render-perlin noise for A =2.41, applied to a haze-free image

Original image

Transmission map

Render Perlin Noise

Figure. 5 Render-perlin noise for A =2.41, applied to a haze-free image

calculated quantitatively using Haze-Aware Density
Estimation [53]. We take an hourly average for ten
days of image acquisition. Table 1 shows the average
for each hour. At 08.00 AM, the lowest density is
2.41, and at 3.00 PM, the most excellent density is
8.1813.

3.2 Depth map and Transmission map

The first step is to create a depth map from the
original hazy image in Fig. 2, based on the value of d
in Eq. (8) and an estimated transmission map in Eq.

9).
3.3 Perlin noise

In this study, we synthesize Perlin noise for a
variety of A. As an example, A = 2.41, shown in Fig.
3.

4. Result and discussion

This stage explains how to use the Perlin noise
method to create composite synthesis images based
on the unequal distribution of haze density. The Sun's,
Cao's, and Guo's experiment [34] results compared in
this experiment. The confusion matrix is used to
contrast synthetic and natural hazes.
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The transmission map in Fig. 3 and Perlin noise,
implemented to the haze-free image, is used in this
study. As a result, we accomplish a render synthetic
hazy image for various A. The thin haze, for example,
represents A = 2.41, as shown in Fig. 4.

4.1 Experimental

In Fig. 5, the Perlin noise implemented to original
haze-free image, based on low density. According to
Fig. 5, the haze density distributes unevenly in the
heterogeneous synthetic hazy image.

In Fig. 6, we compare Guo's experimental results
for the same haze-free image and based on the same
lambda. Our experimental results show a more
natural hazy image. Guo's road appears to have even
thickness, while our results show a natural difference
in hazy thickness.

Our experiment showed a more realistic fog
image than Sun and Guo's study. The images of roads
and distant objects in Sun's research appear dim. In
Guo's research, the image of a road and a distant
object appears to have the same brightness.
Meanwhile, the brightness appears different for roads
and distant objects in our research, as shown in Fig.
7.
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Compared to Cao and Guo's research for outdoor
imagery, our experiment shows a near-realistic haze
image. The image of a distant mountain in Sun's
research looks bright. Therefore the mountain
disappears. In Guo's research, the image of a distant
mountain began to disappear, although the edge of
the distant mountain started to lose the shadow.
While in our research, the image of a distant
mountain is still visible, and the details of the shadow
on the mountain are still clearly visible. These
phenomena are illustrated in Fig. 8.

A confusion matrix reports the comparison
results of the heterogeneous hazy synthetic images,
and the actual data image consists of 12 pictures for
different densities and hours each, displayed in Table
2. This study analyzes the performance of the
heterogeneous synthetic hazy image compared to the
actual hazy image. Each classification image consists
of three haze conditions, such as thin, medium, and
thick. Each classification image consists of three
conditions of haze, such as thin, medium, and thick.

The diagonal portion shows that the actual
positive value for the heterogeneous synthetic hazy
image is 91.67 %. This value indicates that the
heterogeneous synthetic hazy is close to the real haze
value. As displayed in Table 3. The performance
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Figure. 7 The comparation between Sun’s, Guo’s result and our result based on the same A=2.41
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Figure. 8 The comparation between Cao’s, Guo’s result and our result based on the same A=2.41

results in terms of accuracy, precision, recall, and F-
measure for various synthetic hazy conditions. The
accuracy is 91.671 percent, the precision is 0.887, the
maximum recall is 0.943, and the F-measure peak is
0.914. It concludes that the heterogeneous synthetic
image is close to the hazy natural image.

As aresult, Sun's method speed is fast enough to
attain real-time rates. Cao's approach takes much
longer to compute than Sun's method because the
APSF used in Cao's algorithm requires a convolution
operation. Therefore its computing speed is linked to
convolution mask size and input image size, with
relatively high time complexity. Compared to Cao's
and Guo's methods, our proposed method is faster,
and it takes less time to get a comparable rendered
output of the same size in the Matlab. With an image
of 800400 pixels, Table 4 displays the computing
speeds of the four approaches.

Table 2. The matrix confusion of the heterogeneous
synthetic hazy image compare to actual hazy image

Actual hazy image
Heterogeneous thin | medium | thick
synthetic hazy thin 4 0 0
image medium 0 5 1
thick 0 0 2
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Table 3. The performance of the heterogeneous synthetic

hazy image
Accuracy | Precision | Recall F-measure
91.671% 0.887 0.943 0.914

Table 4. shows the rendering times for several rendering
methods for 800x400 pixels

Sun’s Cao’s | Guo’s | Our

0.05s | 130s 18s 10s

Method
Rendering times

Table 5. The synthetic haze comparison

Reference | Perlin noise | heterogeneous | speed
[34] X X 18s
[45] X - 0.05s
[47] X - 130s
Ours X X 10s

4.2 Comparison

Visualizing the shifting haze thickness in a 3D
scene is one technique to develop environmental
domain awareness in serious games. Perlin noise is
used to create heterogeneous haze, which allows for
viewing haze environment changes. This research led
to the creation of a method for visualizing evolving
fog that addresses a variety of heterogeneous haze.
Compared to prior synthetic haze implementations in
research, this study has some distinct characteristics.
These distinctions are stated one by one in Table 5.

Reference [34] utilized an atmospheric scattering
model to construct synthetic homogeneous hazes
with varying concentrations on a haze-free nature
shot. They use Perlin noise to produce realistic visual
effects in computer graphics since natural haze is
varied. However, Guo's experimental results are
closer to the homogeneous haze image because they
are evenly distributed and have better processing time
than Cao's experiment. In reference [45], haze
transmission map is calculated from the scene's depth,
where the attenuation coefficient governs the haze
thickness. Lastly, combining illumination and
transmission produces a haze effect that results in a
blurry image. Sun's experiment reached its highest
speed processing time. This speed eliminates image
details when covered in a more homogeneous haze.
Another group of researchers has proposed a new
high realism hazy image for natural scenes,
mimicking haze in four different weather scenarios
and comparing dehazing approaches. Cao's
experiment takes the most prolonged process
compared to the other [47].

5. Conclusion

The technology that has been developed is useful.
It will enable the serious-game industry to build
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narrative-oriented locations, enhance environmental
awareness, minimize operational costs, and increase
products' value. The heterogeneous hazy image
indicates a 91.671 percent, 0.887, 0.943, and 0.914
accuracies, precision, recall, and F-measure,
respectively. Proposed designs can generate a wide
range of haze rates with the best haze density and
transmission fluctuations. Providing hazy shifting
visualization for environmental domain awareness
during all serious games should be further considered.
Compared to earlier relevant exploration, the
haze changes can be performed accurately and
visualiapplied to a serious game 3D environment.
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