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1. Introduction 

Besides entertainment, the “serious games” have other purposes such as education and training. This 
is the reason why they are sometimes called “games with a purpose”. In 1987 the Clark Act introduced 
the term of serious games as an effective teaching and training devices for students of all ages in many 
situations. Moreover, students become highly motivated because, serious games, also, offer them a rich 
field for a risk-free active exploration of serious intellectual and social problems [1]. Since the purpose 
of serious games is solving a problem,  it can simulate of real-world events or processes [2]. Moreover, 
it can be used for transmitting contents and values attractively and efficiently [3]. In short, serious games 
have the purpose to increase players knowledge while playing. In this immersive situation, they do not 
realize that they are actually playing [4].  

 A modeling based on real experiments is needed to design immersivity in a serious game. The data-
driven approaches show that there has been tilted towards player behavior, goal recognition, and 
procedural content generation [5]. The use of appropriate data modeling can be recognized as a basis for 
developing a serious game, make players get an in-depth experience. Several serious game  research have 
been conducted, such as serious game designs for agricultural equipment driving training. The game is 
developed because the training traditionally requires high training costs, low efficiency and also high risk 
of accidents  [6]. The research on the effects of farming machine tracks on the ground [4], model the 
shape form of the moldboard plow and comparing it with existing to find the optimal form of the 
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plowing [7]. The model of a virtual machine farm using 3D interactive technology, dynamic web 
technology and database technology [8]. However, those studies have not raised the physical features of 
the land such as porosity as the basis for game design. 

Porosity is the pore space of the soil, which is part of the land occupied by water and air; while the 
total pore space comprises the space among the sand, dust, and clay particles and the space between the 
soil aggregates [9]. The size of the void fraction in the soil material can be called porosity. The void can 
be connected to other parts and the outer part of the soil material is called "open", while "closed" if it is 
not accessible or connected to other parts including the outside of soil material [10]. 

The study was designed to determine mathematical models for soil porosity as an influence by vertical 
cutting angle, deep and speed of plowing. The soil data were taken from the soil bin experiment on the 
use of moldboard plow in the laboratory of Agricultural Engineering, Universitas Gadjah Mada of 
Yogyakarta, Indonesia. Data were analyzed by the polynomial approach using several orders, starting with 
order 1, 2, 3 and 4. With reference to the smallest error, the calculation of the analysis is from order 1 
to order 4. These soil porosity modeling results were used as a base for the immersive serious game 
design. The game's serious design referred to pedagogy, play and fidelity [11], to make players gain 
knowledge based on their playing experience, and the freedom of interacting with the game. The impact 
of science can be raised on the idea of how a data-driven approach can be used to improve immersivity, 
so as to influence players' behavior in learning. 

2. Method 

2.1. Proposed Method 

2.1.1. Soil Porosity 

Soil porosity is the space between particles filled with air or water. In the pores of the soil, there are 
many important processes. The size of porosity, the number, and interconnection of pores are affected 
by the texture and structure of the soil. Because the loose arrangement of particles is larger with each 
other, coarse-textured soils have many pores (macropores) and soils that have smaller pores (micropores) 
are more finely textured soils [11]. The total porosity of fine-textured soil which has micro and macro 
pores is greater than all pores of coarse-textured soil. By making changes to the water and the chemical 
process will affect the change in porosity, while the texture will remain. Total porosity tends to decrease 
in the long run due to SOM reduction (soil organic matter) and large peds [12]. The entry of water into 
the soil will be hampered by hardened and compacted soil surfaces, thereby it reduces porosity and causes 
erosion. Porosity can be increased, whereas soil structure, by increasing SOM, reducing soil damage, 
loosening soil and minimizing erosion [10]. 

The total porosity (𝜙) is defined by the ratio of the volume of voidspace (𝑉𝑉) to the total, or bulk 
volume of the soil material (𝑉_𝑇) : 

𝜙 = 𝑉𝑉/𝑉𝑇            

The percentage of the bulk volume of material is called porosity. Porosity functions as the 
transmission of nutrients from plant residues absorbed by roots as well as water that is in the pore cavity. 
Moreover, porosity are formed as long as plants to develop and support plant life. A low density of plant 
stems is between 110 - 120 kg.m-3 and 70 - 80% porosity (high porosity). In other words, low density, 
pore structure, and pore size complexity are the specific properties of bio aggregate which are able to 
absorb more than their own weight in water; up to four times as they produce materials with low thermal 
conductivity. While, Buffer values with high humidity are produced after dry shiv, so they can passively 
manage internal humidity levels when they are used as building materials [11]. 

2.1.2. Soil Tillage 

Soil processing is a process in which the soil is engineered, to be fertilized by using a plow drawn 
from various sources of energy, making it suitable for planting by certain types of plants. The power for 
tillage sources are such as human power, animal power, and agricultural machinery. Based on the stages 
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of activities, the results of work and treatment of tillage, soil processing activities are divided into two 
kinds, namely the primary and secondary processing. As the depth of soil processing is generally less 
than 15 cm, the intensive soil erupts on the topsoil.    

The process that occurs in the land plowing consists of several parts of the process, i.e. the intake 
process, main flow, and output. The first, the intake process is the process of separating part or soil layer 
from the main part. The second, main flow process is the process that occurs when the soil moves along 
the plow body. The last, output process is an occurred change after the ground slices apart from the 
tool. The characteristics of the plow are usually limited by the shape of the plow. However,they have 
certain characteristics; for example, the plow always has a horizontal cut point perpendicular to its 
direction of action. 

Moldboard plow aims to break up the soil, while many types of soil suitable for the reversal of the 
soil and the closure of plant remains. The part of a plow is very important to produce appropriate 
plowing, which can be done by cutting with plowshare and removing slice groove with side control. The 
success of plowing is influenced by moldboard on the part of the arch, as well as the length of the 
moldboard which determines the degree of friability given to the ground pieces [13]. Part of the 
moldboard plow that cuts and flips the soil is called a bottom. A plow may consist of one bottom or 
more. This main parts of the bottom are moldboard, share, and landslide; which are tied to the frog 
part. This unit is connected to the frame through the beam rod. 

As the plow moves forward, the share cuts the ground and directs the furrow slice to the moldboard. 
The moldboard will receive a piece of land, which because of its curvature the piece of land will be 
reversed and broken. This moldboard curvature is depend on soil conditions, which obtains good soil 
reversals and fertile [13]. The landslides serve to withstand the side pressure from the ground fissure on 
the moldboard and keep the stability of the road of plowing. The part that most tangents to the ground 
are the back called the heel. To avoid wear and tear due to friction with the ground, the manufacture of 
hardened is placed on the heel. 

The mouldboard plow is also equipped with a tool called a cutting knife or called colter, which serves 
to split the soil or plants or debris that is on the ground before the plow knife cut the ground. By using 
the tool, the remains of plants on the ground can be reversed well and so does the work of share. There 
are two types of cutting knife, namely stationary knife and rolling colter knife. 

2.1.3. Immersion 

The game’s purpose is to attract players to the game world in order to be consistently feel inside. It 
means, there is a “Suspension of Disbelief” or a mental state which players achieve during completely 
immersed in the game. In this situation, they do not realize that they are actually playing [14]. There 
are three levels that relate to the feelings of players while playing and affecting game immersive [15], 
namely Engagement, Engrossment, and  Total Immersion.  

Having access to gameplay is the initial engagement of players with the game, which is preferable. 
This preference can help the players easily remove the obstacles that hinder the interest of playing. For 
example, with an easy control even by just dabbling a game button, players will be proficient. Since the 
time, an investment of player involves into the game; the players will spend a lot of energy. It means, 
the player's effort in the game, in order to reach the target, requires great energy in playing. Therefore, 
to overcome the barrier, they need to be rewarded. The reward, in form of score or bonus game, is used 
to give the players satisfaction in playing. By breaking through obstacles earlier or having unfavorable 
preference access, the players will not be annoyed. Meanwhile, when the energy of player is not wasted, 
they will be interested in the game and want to keep playing. 

Engaging in a game is heavily influenced by the design of making games, in order to make players 
feel drained of energy and power when they have finished. With an exciting and impressive game, players 
do not feel drained of energy while they are playing. Some things that are often used for planning this 
game are the details of the visual design of the game. In other words, the impression of luxury, task or 
target and plot or game plan are based on the scenario of the game story which makes the players 
curiously. 



110 International Journal of Advances in Intelligent Informatics   ISSN 2442-6571 

 Vol. 4, No. 2, July 2018, pp. 107-119 

 Adisusilo et.al (Soil Porosity Modelling for Immersive Serious Game based on Vertical Angle, …) 

The total immersive games must be able to build the players into the atmosphere of the game, 
resulting in experience for players in the game. The limitations of total immersive can include empathy 
and game atmosphere. Empathy players are usually tied to character and also the atmosphere, which is 
the environment of the game. The merging of various elements such as graphics, sound, and gameplay 
(scenarios and stories) are crucial for the formation of the total immersion. Therefore, to make a game 
with the total immersive; the visual, hearing and mental element of the player should to be preferred. 

2.1.4. Serious Game 

Games generally aim to please players or just give entertainment. With a fun game the players will 
not get bored; thus, they will have a very good fidelity. In the development, the game’s purpose is not 
only for entertainment but also for more serious needs. Therefore, it is called serious games. A serious 
game is a game that is not only used for your own needs, but also for teaching media, information and 
education goals, by bringing the elements of experience and giving emotional freedom, which requires 
active users in the game.  

Serious games have a purpose that players must gain knowledge from the situations while playing 
[16]. Thus, alike fun games, they will not get bored in serious games. The main design of serious games 
is pedagogy, which prioritizes the design for learning purposes, entertainment, and fidelity that prioritizes 
simulation design similar to reality.  

Pedagogy in a serious game is an example of the instructional design which should be supported by 
a clear basic concept and model of how to learn and what learning is [17]. At the most basic level, it is 
stated that some games, such as casual games allow players to acquire the knowledge and practice skills 
of an interesting game environment based on behaviorist principles [18]. From the epistemological point 
of view, the ability can be measured from the results of learning behavior [19], where knowledge is an 
abstract concept. The substance of it is to play and learn from the experience which is seen as the process 
of each person when the transfer of information between games and players occur [20]. Player’s behavior 
is the emphasis on practice that is closed to the actual conditions, supported by a pattern of repetition 
which strength the stimulus-response then changes in habits and behavior [21]. The challenges are to 
construct for players to feel like they are in the realm of using a data-driven approach in educational 
game modeling. This data‐driven approach was more effective in generating contents closely matching a 
specific player‐performance target than the heuristic‐based approach [5], [22]. In contrast, many casual 
games give players limited choice for repetition and practice in a virtual environment based on modeling 
and provide a feedback for reinforcement [23]. Therefore, the theoretical approach to learn constructively 
rests on the epistemological assumption that the knowledge and skills constructed by learners are 
designed by experience [24].  

The basic principle of constructivism is the importance of creating real conditions in a learning 
environment. From that point of view, many complex digital games such as role-playing games and 
multiplayer games try to create the authenticity, even allowing players to experience situations that may 
not be directly available. So that, through the game, an authentic and exciting environment can provide 
the players with various skills such as problem-solving, decision making, and social skills  [25]–[28]. 
Moreover, it also can give advantage toward the natural motivation player-learners. That motivation can 
be developed in such a way as to promote intrinsic motivation, content learning, transfer of knowledge, 
and naturalization [29]. Function of the complex nature of the constructivism and the importance of 
serious game design is to assist how to learn the need for modeling based on reality. There are three 
things about constructivism that are commonly used to create game-based learning concepts as part of 
serious game design [30]. They are Situated Learning, Problem Based Learning (PBL), and Experiential 
Learning. 

Playing in a serious game is challenging, in order to get players to take action and overcome challenges 
in the game. In a serious game design, the purpose is not only for entertainment, but it also provides an 
element of educational information. Many researchers find various ways to make this happen, as stated 
that the key to the serious effects of games is to balance the side of play and pedagogy [27], [31]. The 
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basis of game design is that engagement, motivation, and flow are rapidly emerging in virtualization 
related to the immersive concept bro [15], [32]. 

Players often spend hours playing and repeating the same game or spend a lot of time (i.e. 
engagement). They spend a lot of time and energy in mastering the rules of the game and the strategy 
of the complicated game [14]. The power of games is to motivate, get players involved and associated 
with effective learning motivation which has encouraged many educators to explore the potential in 
learning [4], [25], [33], [34]. As advanced technologies, how to design user’s involvement and how to 
motivate players are also developed, such as the framework by incorporating narrative, player positioning 
and interactive design are used as strategies in game development [35]. 

The concept of fidelity in the serious game refers to the extent to which the game emulates the real 
world [32]. There are two levels of fidelity, the first of which physically refers to the extent to which the 
game environment looks, sounds and feels like real. Thus, the physical fidelity of the game is determined 
by factors including the visual display, control, audio and variable physical model of player control [36]. 
The second level of fidelity is functionally defined to what extent the gaming environment acts like the 
real world in terms of response to the player's actions, thus encompassing game narrative elements and 
interactivity [32]. The rationale for fidelity in a serious game comes from dual pedagogical goal that is, 
(a) gain the player’s interest and immersion, (b) present an effective process of learning to experience. In 
addition to, being supported by a realistic and 3D visual display, perspective of learning experience from 
fidelity is certain as a result in line with actual circumstances to evoke the player's experience as in the 
real world [30]. 

2.2. Experiments Method 

The research initiates by taking data based on the speed, depth and angle of the experiment using 
the soil bin. The soil used is included in the sandy clay texture with the plasticity index value of 7.722%, 
with the moisture content of about 72%.  The steps in the experiment use soil bin which start by 
calibrating its equipment, so that the to be generated data is valid. The data taken according to this 
research is the porosity of the soil resulting from the plowing process. Fig. 1 presents the research flow. 

. 

Fig. 1.  Flow of the research 

The part of the soil bin in Fig. 2(a), consists of 1) Soil bin tool, 2) Plowshares, 3) Box of soil, 4) 
Strain gauge on the beam, 5) The Wheatstone bridges, 6) Strain amplifier, 7) Microcontroller, 8) 
Computers and 9) Motor. The flow starts as the soil inserts into the box. In order to make soil  
conditions as in the field, it's necessary to have a compaction process by water for about three weeks, 
Fig. 2(3). By arranging the vertical cutting angle of the mouldboard plow, Fig. 2(2), the depth of plowing 
and the speed of the motor of Fig. 2(9), a process of ground mouldboard plow experiments is conducted. 
After that the force that arises from the friction plows with the soil will be measured by the strain gauge 
of Fig. 2(4), which is mounted on the beam. The strain gauge is an electronic component used to 
measure pressure (deformation or strain). Strain gauge sensors work based on changes in pressure that 
lead to resistance changes. In addition, to increase the sensitivity and generate the output voltage by 
knowing the resistor resistance of the used Wheatstone bridge, Fig. 2(5), the voltage is amplified with 
the Strain amplifier, Fig. 2(6), and the microcontroller Fig. 2(7).  Therefore, the voltage can be directly 
read by a computer. 
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Fig. 2.   Part of soil bin tools 

The speed setting with the motor engine, Fig. 2(9), based on the gear is set to 3 parts, is one gear 
with a speed of 6.808 cm/s, two gears with a speed of 10.169 cm/s and a three gear with a speed of 19.917 
cm/s. Meanwhile, the depth of plow are two, is at 3.5 cm and 7 cm. Depth setting based on soil surface 
on the box against the plow, Fig. 2(c), expressed in 𝑑 variable. Moreover, the vertical cutting angle is 
the angle of plow cut with three types of plows which have different vertical cutting angles, is 600, 650 
and 700, as Fig. 2(b) expressed in 𝛼 variable. 

3. Results and Discussion 

Preparation of soil by way of watering is for approximately three weeks. With three different vertical 
cutting angles, two depths, and three speeds; it takes 18 soil boxes of soil or 18 times running the 
plowing process using soil bin. The result of soil bin experiment shows in Table. 1. 

Table 1.  Experiment result from soil bin 

Exp 

Number 

Speed 

(cm/s) 

Depth 

(cm) 

Vertical Cutting 

angle 

(degree) 

Porosity 
Changes in 

porosity Before 

plowing 

After 

plowing 

1 6.808 3.5 60 43 44 1 

2 6.808 3.5 65 35 38 3 

3 6.808 3.5 70 41 45 4 

4 6.808 7 60 38 40 2 
5 6.808 7 65 40 43 3 

6 6.808 7 70 45 49 4 

7 10.169 3.5 60 39 43 4 

8 10.169 3.5 65 38 44 6 

9 10.169 3.5 70 40 47 7 

10 10.169 7 60 45 50 5 
11 10.169 7 65 41 48 7 

12 10.169 7 70 40 48 8 

13 19.917 3.5 60 42 50 8 

14 19.917 3.5 65 42 50 8 

15 19.917 3.5 70 40 50 10 

16 19.917 7 60 45 55 10 
17 19.917 7 65 36 47 11 

18 19.917 7 70 40 52 12 

(b) (c) 

(a) 
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In the Table 1, six experiments have speeds plowing is 6.808 cm/s, with a depth of plowing 3.5 cm 
in experiments one to three and a depth of plowing 7 cm in the experiments of four to six. The vertical 
angle of cutting 600 is on experiment one and experiment four, while vertical angle 650 on experiment 
two and experiment five and vertical angle 700 are on experiment three and experiment six. Furthermore, 
at the constant of speed with different depths, it appears that there is an increase in soil porosity, where 
the average increase in porosity at a depth of 3.5 cm is 0.33 and the average increase in porosity at a 
depth of 7 cm is 0.67. Likewise, the smaller vertical cutting angle produces soil porosity. 

Using the least square approach method to determine the polynomial function 𝑃 = 𝑓(𝑝), 𝑃 is soil 
porosity and 𝑓(𝑝) is fitting function, a dependent variable  𝑃 from a set of independent variable in 
function 𝑓(𝑝) denoted, 

{𝑘1… 𝑘𝑛, 𝑙1… 𝑙𝑛 , 𝑚1…𝑚𝑛}  

where 𝑘 is the speed of plowing, 𝑙 is vertical cutting angle and 𝑚 is the depth of plowing. Soil porosity 
equations can be generated by fitting a curve or a surface to the data points.  In the case of a polynomial 
fit of the order 𝑜, these equations take the general form of, 

𝑘̃ = 𝑘 + ∑ 𝑐𝑘𝑖
𝑛
𝑖=0 𝑘𝑜

′𝑖𝑘𝑜
′′𝑖𝑘𝑜

′′′𝑖  

𝑙 = 𝑙 + ∑ 𝑐𝑙𝑖
𝑛
𝑖=0 𝑘𝑜

′𝑖𝑙𝑜
′′𝑖𝑚𝑜′′′𝑖  

𝑚̃ = 𝑚 + ∑ 𝑐𝑚𝑖
𝑛
𝑖=0 𝑘𝑜

′𝑖𝑙𝑜
′′𝑖𝑚𝑜′′′𝑖  

where 𝑐𝑠𝑖  , 𝑐𝑎𝑖 and 𝑐𝑑𝑖 are polynomial coefficients, the value n depends on the order 𝑟 polynomial and 
equal to the number of permutations, where  𝑜𝑖

′ , 𝑜𝑖
′′ 𝑎𝑛𝑑 𝑜𝑖

′′′ are the powers of the corresponding terms 
such that 𝑜𝑖

′ , 𝑜𝑖
′′, 𝑜𝑖

′′′ ∈ {0,1,… , 𝑟} ,𝑜𝑖
′ , 𝑜𝑖

′′, 𝑜𝑖
′′′ ≤ 𝑟 for any 𝑖=0, ... , n all permutations {𝑜′ , 𝑜′′, 𝑜′′′ } 

are unique, 𝑘̃, 𝑙 𝑎𝑛𝑑 𝑚̃ are a corrected values for the independent variable 𝑘 , 𝑙 𝑎𝑛𝑑 𝑚  (speed of plowing, 
vertical cutting angle and depth of plowing). By calculating the coefficients value, 𝑐𝑘𝑖 , 𝑐𝑙𝑖 𝑎𝑛𝑑 𝑐𝑚𝑖 are 
used to build the fitting polynomial for each value of 𝑘, 𝑙 and 𝑚. The equations below are given for 
𝑘 , 𝑙 𝑎𝑛𝑑 𝑚 have the following structure. 

The equations are given for 𝑘 (speed of plowing) as, 

{
 
 

 
 𝑐𝑘1𝑘1

𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

+⋯+ 𝑐𝑘𝑖𝑘1
𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

+⋯+ 𝑐𝑘𝑛𝑘1
𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

= 𝑘̅ − 𝑘
…

𝑐𝑘1𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

+⋯+ 𝑐𝑘𝑖𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

+⋯+ 𝑐𝑘𝑛𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

= 𝑘̅𝑗 − 𝑘𝑗
…

𝑐𝑘1𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

+⋯+ 𝑐𝑘𝑖𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

+⋯+ 𝑐𝑘𝑛𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

= 𝑘̅𝑞 − 𝑘𝑞

 

The equations are given for 𝑙 (vertical cutting angle) as, 

{
 
 

 
 𝑐𝑙1𝑘1

𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

+⋯+ 𝑐𝑙𝑖𝑘1
𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

+⋯+ 𝑐𝑙𝑛𝑘1
𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

= 𝑙 ̅ − 𝑙
…

𝑐𝑙1𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

+⋯+ 𝑐𝑙𝑖𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

+⋯+ 𝑐𝑙𝑛𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

= 𝑙𝑗̅ − 𝑙𝑗
…

𝑐𝑙1𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

+⋯+ 𝑐𝑙𝑖𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

+⋯+ 𝑐𝑙𝑛𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

= 𝑙𝑞̅ − 𝑙𝑞

 

The equations are given for 𝑚 (depth of plowing) as, 

{
 
 

 
 𝑐𝑚1𝑘1

𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

+⋯+ 𝑐𝑚𝑖𝑘1
𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

+⋯+ 𝑐𝑚𝑛𝑘1
𝑜1
′

𝑙1
𝑜1
′′

𝑚1
𝑜1
′′′

=  𝑚̅ − 𝑚
…

𝑐𝑚1𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

+⋯+ 𝑐𝑚𝑖𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

+⋯+ 𝑐𝑚𝑛𝑘𝑗
𝑜1
′

𝑘𝑗
𝑜1
′′

𝑘𝑗
𝑜1
′′′

=  𝑚̅𝑗 −𝑚
…

𝑐𝑚1𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

+⋯+ 𝑐𝑚𝑖𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

+⋯+ 𝑐𝑚𝑛𝑘𝑞
𝑜1
′

𝑙𝑞
𝑜1
′′

𝑚𝑞
𝑜1
′′′

=  𝑚̅𝑞 −𝑚𝑞

 

that can be written in the matrix for𝒌 = 𝑲𝒕, 𝒍 = 𝑳𝒖 𝑎𝑛𝑑 𝒎 = 𝑴𝒗  as,  

The matrix from 𝒌 = 𝑲𝒕, as, 
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𝑲 =

[
 
 
 
 
𝑘1,1 ⋯ 𝑘1,𝑖 ⋯ 𝑘1,𝑛
⋮ ⋱ ⋮ ⋱ ⋮
𝑘𝑗,1 ⋯ 𝑘𝑗,𝑖 ⋯ 𝑘𝑗,𝑛
⋮ ⋯ ⋮ ⋯ ⋮
𝑘𝑞,1 ⋯ 𝑘𝑞,𝑖 ⋯ 𝑘𝑞,𝑛]

 
 
 
 

𝒕 =

[
 
 
 
 
𝑡1
…
𝑡𝑗
…
𝑡𝑛]
 
 
 
 

𝒌 =

[
 
 
 
 
𝑘1
…
𝑘𝑗
…
𝑘𝑛]
 
 
 
 

  

The matrix from 𝒍 = 𝑳𝒖, as, 

𝑳 =

[
 
 
 
 
𝑙1,1 ⋯ 𝑙1,𝑖 ⋯ 𝑙1,𝑛
⋮ ⋱ ⋮ ⋱ ⋮
𝑙𝑗,1 ⋯ 𝑙𝑗,𝑖 ⋯ 𝑙𝑗,𝑛
⋮ ⋯ ⋮ ⋯ ⋮
𝑙𝑞,1 ⋯ 𝑙𝑞,𝑖 ⋯ 𝑙𝑞,𝑛]

 
 
 
 

𝒖 =

[
 
 
 
 
𝑢1
…
𝑢𝑗
…
𝑢𝑛]
 
 
 
 

𝒍 =

[
 
 
 
 
𝑙1
…
𝑙𝑗
…
𝑙𝑛]
 
 
 
 

  

The matrix from 𝒎 = 𝑴𝒗, as, 

𝑴 =

[
 
 
 
 
𝑚1,1 ⋯ 𝑚1,𝑖 ⋯ 𝑚1,𝑛

⋮ ⋱ ⋮ ⋱ ⋮
𝑚𝑗,1 ⋯ 𝑚𝑗,𝑖 ⋯ 𝑚𝑗,𝑛
⋮ ⋯ ⋮ ⋯ ⋮

𝑚𝑞,1 ⋯ 𝑚𝑞,𝑖 ⋯ 𝑚𝑞,𝑛]
 
 
 
 

𝒗 =

[
 
 
 
 
𝑣1
…
𝑣𝑗
…
𝑣𝑛]
 
 
 
 

𝒎 =

[
 
 
 
 
𝑚1

…
𝑚𝑗
…
𝑚𝑛]
 
 
 
 

  

where (𝑘𝑗,𝑖 = 𝑘𝑗
𝑜𝑖
′

𝑙𝑗
𝑜𝑖
′′

𝑚𝑗
𝑜𝑖
′′′

, 𝑙𝑗,𝑖 = 𝑘𝑗
𝑜𝑖
′

𝑙𝑗
𝑜𝑖
′′

𝑚𝑗
𝑜𝑖
′′′

, 𝑚𝑗,𝑖 = 𝑘𝑗
𝑜𝑖
′

𝑙𝑗
𝑜𝑖
′′

𝑚𝑗
𝑜𝑖
′′′

 ) , (𝑡𝑖 = 𝑐𝑘,𝑖, 𝑢𝑖 = 𝑐𝑙,𝑖, 𝑣𝑖 =

𝑐𝑚,𝑖)   𝑎𝑛𝑑( 𝑘𝑗 =  𝑘̅ − 𝑘 , 𝑙𝑗 = 𝑙 ̅ − 𝑙,𝑚𝑗 = 𝑚̅ − 𝑚 ), the predicted values of the dependent varible 𝑠̃ 

are collected in  vector denoted 𝒌̂, 𝒍̂𝑎𝑛𝑑𝒎̂  and are obtained as: 

𝒌 = 𝑲𝒕with𝒕 =  (𝑲𝑻𝑲)−𝟏𝑲𝒌  

𝒍 = 𝑳𝒖 with𝒖 =  (𝑳𝑻𝑳)−𝟏𝑳𝒍  

𝒎 = 𝑴𝒗 with𝒗 =  (𝑴𝑻𝑴)−𝟏𝑴𝒎  

From the raw data in Table 1, using the general equation of polynomial from Equation (3), we can 
be defined variable 𝑘̃ for the speed of plowing as, 

𝑘̃ = 𝑘 + (𝑐𝑘1𝑘1
𝑜0
′

𝑙1
𝑜0
′′

𝑚1
𝑜0
′′′

+⋯+ 𝑐𝑘𝑖𝑘𝑗
𝑜𝑖
′

𝑙𝑗
𝑜𝑖
′′

𝑚𝑗
𝑜𝑖
′′′

+⋯+ 𝑐𝑘𝑛𝑘𝑞
𝑜𝑛
′

𝑙𝑞
𝑜𝑛
′′

𝑚𝑞
𝑜𝑛
′′′

 ) 

by comparing the value of the smallest error,  is generated in the 3rd order with an error 
2,13528659445375e-08, so the value 𝑐𝑘,𝑖 𝑖𝑠 constant value , 𝑖 = {0,1,… , 𝑛}, 𝑛 = 3 𝑎𝑛𝑑𝑗 =
{1,2,… , 𝑞}, 𝑞 = 64. With the value of speed is constant 6.8085cm/s in order 3 from equation (15), 
graphic in Fig. 3. 

 

Fig. 3.  Graphic of relationship for vertical angle and depth to soil porosity with constant speed of plowing in 3rd  

order 
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The equations for two other variables can be built in the same way using 𝑙and 𝑚̃ as the following:  

𝑙 = 𝑙 + (𝑐𝑙1𝑘1
𝑜0
′

𝑙1
𝑜0
′′

𝑚1
𝑜0
′′′

+⋯+ 𝑐𝑙𝑖𝑘𝑗
𝑜𝑖
′

𝑙𝑗
𝑜𝑖
′′

𝑚𝑗
𝑜𝑖
′′′

+⋯+ 𝑐𝑚𝑛𝑘𝑞
𝑜𝑛
′

𝑙𝑞
𝑜𝑛
′′

𝑚𝑞
𝑜𝑛
′′′

 ) 

𝑚̃ = 𝑚 + (𝑐𝑚1𝑘1
𝑜0
′

𝑙1
𝑜0
′′

𝑚1
𝑜0
′′′

+⋯+ 𝑐𝑚𝑖𝑘𝑗
𝑜𝑖
′

𝑙𝑗
𝑜𝑖
′′

𝑚𝑗
𝑜𝑖
′′′

+⋯+ 𝑐𝑚𝑛𝑘𝑞
𝑜𝑛
′

𝑙𝑞
𝑜𝑛
′′

𝑚𝑞
𝑜𝑛
′′′

 ) 

The value of the smallest error from equation (16) in the polynomial is 2,88166918080732e-07 in 
the 3rd order. With the value of vertical cutting angle is constant 600 can be generated graphics in Fig. 
4. Where 𝑐𝑙,𝑖  is constant value, 𝑖 = {0,1,… , 𝑛}, 𝑛 = 3 and 𝑗 = {1,2,… , 𝑞}, 𝑞 = 64. 

 

Fig. 4.  Graphic of relationship for speed of plowing and depth to soil porosity with constant vertical cutting 

angle of plowing in 3rd order 

Graphics in Fig. 5 is produced from equation (17) in order 3 with a constant depth of  3.5 cm and 
the result the polynomial error is 2.13528659445375e-08. Where 𝑐𝑚,𝑖  is constant value,𝑖 =

{0,1,… , 𝑛}, 𝑛 = 3 and 𝑗 = {1,2,… , 𝑞}, 𝑞 = 64. 

 

Fig. 5.  Graphic of relationship for vertical cutting angle and speed to soil porosity with constant depth of 

plowing in 3rd order 

A small error value indicates that the resulting model is close to the actual data. Furthermore, there 
is a similarity in the 3rd order and the smallest error which is generated. While, from the graphic, it 
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indicates that as the larger the vertical cutting angle, the deeper and the faster porosity changes. In short, 
the porosity model 𝑃 is as follow 

𝑃 = {𝑘̃, 𝑙, 𝑚̃}  

where all variables are  fitted by the 3rd order polynomial. 

The result of soil bin experiment is a set of training and model representation in equations (15), (16) 
and (17) is called learning algorithm which can be used as the hypothesis of porosity value, if hypothesis 
using linear regression ℎ, as shown in Fig. 6. 

 

Fig. 6.  Diagram for hypothesis of porosity 

The graph for experimental comparison with the hypothesis shows that it has similarities, with error 
7.54656310281771e-09 (Fig. 7). It shows the model is close to the actual value.  

 

Fig. 7.  Experimental comparison with the hypothesis. 

The preliminary implementation of the immersive serious game design is based on the soil porosity 
model using HSM (Hierarchical finite state machines), where the polynomial function 𝑃 = 𝑓(𝑝) 
becomes a state, in Fig. 8. 

 

Fig. 8.  Design serious game using HFSM (Hierarchical Finite State Machines) 

Predicted  
(𝑃) 

 

h 

𝑘 
𝑙 
𝑚 
 

Speed motor 

 Depth of plowing 
 Vertical cutting angle 
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Starting with the motor initial state, when there is a transition value of 1, the motor starts to move; 
however, the motor stops if it is 0. Superstate 𝑓(𝑝) is a polynomial function influenced by transition 𝑘 
for substate speed of the motor, transition 𝑙  for substate the vertical cutting angle, and transition 𝑚 for 
substate the depth of plow. From these parameters, they relate each other and produce the transition 
value P which is state of the soil porosity. 

The Simple implementation for calculations is done by assigning values to the speed of plowing, 
vertical cutting angle and the depth of plowing(𝑘, 𝑙,𝑚). For example,the value for the speed of plowing, 
vertical cutting angle and the depth (6,808 3,5 60), using the polynomial  3rd order formula is generated 
soil porosity  43.9650304907293. The value is almost equal to the porosity value in the experiments that 
have been done, showing in Table. 1. The parameters are the transition of substate speed of the motor 
k=6.808, the transition of substate the vertical cutting angle l=3.5 and the transition substate the depth 
of plow m=60.These parameters are relate each other and produce the transition value 𝑃 
=43.9650304907293 which is state of the soil porosity. 

4. Conclusion 

The modeling shows that the greater value of Vertical Angle, Depth, and Speed of Tillage may 
increase the soil porosity. The learning algorithm produce a hypothesis that has similarities with the 
experimental results.  In other words, the model can be used as the basis for designing the serious game. 
Immersive environment caused the simulation closer to the actual data. The best-individualized learning 
may generate intrinsic motivation, can create a better state of immersive serious game. 
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