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Abstract 
 

Modeling is successful if it can reflect reality, identify and handle differences between reality and computing. To support the realization 

experience in the serious game, the results of the experiment are needed. If the results of the computational process have far-reaching 

differences with the results of the experiment, it can be difficult to achieve the learning function of the serious game and the missing of the 

immersivity, especially in the player's engagement. Experiment in this study can be generated using soil bin tools to determine the effect 

of vertical cutting angle, depth of plowing, and speed on horizontal plowing forces. A result of horizontal forces model on tillage using a 

moldboard plow was created as a basis for immersivity design in the serious game. In the computational process, to produce data close to 

the results of experiments, polynomial functions are used. In addition, the smallest error results in the 4th order. In short, with computational 

data based on the model approaching of the experiment, the engagement of players and serious game immersivity will be increased. 
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1. Introduction 

Towards the engagement player, a part of the immersive in a serious 

game, and the feeling of players which is immersed in the scenario 

that provides more experience; the model based on reality is 

required from experimental. Successful models are able to 

recognize and identify reality and deal with differences between 

theory and data [1]. Like components or features contained in 

objects as part of the model, it can be in the form of interfaces and 

non-interfaces. In the serious game that has a purpose of a medium 

of entertainment and learning, in terms of immersiveness, there 

must be a match between the learning objectives and the side of the 

game. Serious game, which has the main goal besides entertaining, 

is a medium that can be used for learning media because it can be 

used as a means of informing and educating [2]. In addition, 

according to Aldrich when the players use fun games that aim to 

entertain, they will be difficult to identify values of education inside 

[3]. Serious game is also promising for various risk-free active 

exploration for problems in various fields, either intellectual or 

social. With the main goal to solve the problem, serious game can 

simulate events or processes in the real world. Furthermore, serious 

game can be used both as a suitable tool to achieve many goals and 

for efficient and attractive transmission [4]. 

With the aim of computating results on reality and giving deep 

experience for the players, the basis of developing serious game use 

data modelling, While, a data-based approach  has been tilted 

towards the introduction of goals, player behavior, and procedural 

content creation [5]. The most challenge in immersivity design, in 

serious games, is the extent to which the resulting model which is 

then processed on a computer. It produces data that are closed to 

reality and then increase engagement players. Likewise the designs 

of agricultural equipment driving training, some serious game types 

for agricultural machinery research's equipment have been lead. 

The game is design because training traditionally requires high 

training costs, low efficiency and also a high risk of [6]. In addition, 

the research of tracks on the ground from the effects of machine 

farming [7], the shape model's form design of the moldboard plow 

and the comparison between them aim to optimize the plowing form 

[8]. In relation to the purpose, a virtual machine farm model's uses 

3D interactive technology, dynamic web technology and database  

[9]. Also, with the polynomial approach, the design of model 

immersivity serious game for soil porosity is applied [10]. 

The purpose of this study was to determine models for horizontal 

forces by the influence of cutting angle, deep and speed of plowing. 

The researcher used mouldboard plough for the primary subsoil. 

The data-driven approach used soil data which reflect to the real 

condition of Indonesia, by taking the sample of land in Yogyakarta. 

The data were taken from the soil bin experiment on the use of 

moldboard plow in the laboratory of Agricultural Engineering, 

University of Gadjah Mada, Yogyakarta, Indonesia. Moreover, the 

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 
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4. Consequently, these horizontal forces modeling results were used 

as a base for the immersive serious game design. Furthermore, 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.  

For future research, the framework of serious game for plowing 

with moldboard plows with optimization on data, scenario, and 

game play; supports the content of plowing which enhances the 

total immersivity of its game. By developing this serious game, the 

young generation will be interested in getting to know farming 

equipment, likewise for training and promotion of farmers. In short, 

the impact of science can be raised on the idea of how a data-driven 

approach can be used to improve total immersivity, so as to 

influence players' behavior in learning. 

2. Plowing Forces in Soil Tillage and Serious 

Game Immersivity 

Soil processing is engineered and fertilized soil by using a plow 

drawn from various sources of energy. Source of power for tillage 

are such as animal power, human power, and agricultural machin-

ery; are suitable for planting by certain types of plants. Based on 

the activities and treatment of tillage, soil processing activities are 

divided into two categories, i.e. the primary and secondary pro-

cessing. Generally, for depth of soil processing is less than 15 cm, 

so that the intensive soil erupts on the topsoil. The tillage using 

plows consists into three parts;  the intake process, main flow, and 

output. The intake process is a process of separating soil layer from 

the main. Secondly, the main flow process is a process that occurs 

when the plowing is moved and the output process is a change after 

the ground slices apart from the tool. Even though the characteris-

tics of the plow are usually limited by the shape of the plow, they 

have some characteristics. One of them is the horizontal cut point 

perpendicular to its direction of action. 

The share cuts a soil and brings the furrow slice to the moldboard, 

as the plow moves forward. The moldboard will receive a piece of 

soil because of its curvature so that the land will be reversed and 

cracked. Each type of soil in order to obtain a good and fertile soil 

reversal, use different moldboard curvature [12]. The landslides 

serve to withstand the side pressure from the ground slit on the 

moldboard and keep the stability of the plowing. While, the part 

that most tangents to the soil is the back called the heel. To avoid 

wear and tear due to friction with the ground, the manufacture of 

hardened is on the heel. The main parts of a bottom are moldboard, 

share, and landslide, which are tied to the frog part. This unit is 

connected to the frame through the beam rod, Figure.1. 

 
Figure 1: Parts of moldboard plow 

 
There are two types of cutting plows, namely stationary blades and colter 

cutting blades, which functions to cut soil or crop residues and debris on the 

ground. Using a knife, the plant residues on the ground can be reversed 
properly which is part of the share. 

2.1. Plowing forces 

The gravitational, soil reaction, and reaction between the plow unit 

and the drive is the generally plowing forces [13]. Illustration of the 

magnitude of forces occurring in the moldboard plow as in Figure.2. 

 

 

 

 

 

(a) 

 

 

 

(b) 

Figure 2: The force and the resultant on the moldboard plow. 

In Figure. 2. (a), RH is the ground resistance to the plow and share, 

the position RH angle varies with the condition and type of soil. 

The L and S force is substituted by RH. The L and S forces of the 

substitution of RH, making the plane direction won’t be straight, so 

the need for side resistance to be able to make straight plow 

direction like Figure.2 (b). This side resistance causes friction as 

indicated by Q, where Q component is equal to S. The Q with RH 

is PX greater than L because it has to overcome the side barrier 

frictional force. If tillage is angled or the direction is not parallel to 

the side retaining, it will require a large force to overcome the 

friction of the Q or Q side forces should be larger than the S. 

2.2. Serious game. 

Serious game aims to provide experience and learning to the players 

that are obtained while playing [14]. The basic of serious game de-

sign is the domain of fidelity that prioritizes simulation design sim-

ilar to reality, domain play which prioritizes the entertainment and 

education, and pedagogy, which prioritizes the design for learning 

purposes [15].  

The fidelity concept in the serious game refers to the extent to which 

it can emulate the real world [16]. Two levels of fidelity are, phys-

ically fidelity refers to the extent to which the game environment 

looks like a real, sounds and feels as real. Therefore, the physical 

fidelity of the game is determined by the variable physical model of 

player control by factors including a visual display, and audio [17]. 

The second is functionally fidelity defined to what extent the gam-

ing environment acts like the real world in terms of response to the 

player's actions, thus encompassing game narrative elements and 

interactivity [16]. The base for fidelity in a serious game originates 

a dual pedagogical goal that are; (a) attractive and immersive play-

ers, and (b) perform an effective process of learning to experience. 

Moreover, being supported by a realistic 3D visual display, a fidel-

ity driven experience learning perspective is certain that the results 

of it are in line with actual circumstances to evoke the player's ex-

perience as in the real world [18]. 

Player’s behavior, which concern on practice that is closed to the 

reality; is supported by a pattern of repetition that strengthens the 

stimulus-response and changes in habits and behavior [19], so that 

it has educational purposes. Playing a serious game is challenging 

in order to get players to take action to overcome problems in the 

game. In a serious game design, the purpose is not only to entertain, 

but also to provide 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 [20,21]. The basis of game design is that engagement, 

motivation, and flow are rapidly emerging in virtualization related 

to the immersive concept [16,22]. Players often spend hours playing 

RH

PX

S
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and repeating the same game so that spend a lot of time (i.e. en-

gagement). They spend a lot of time and energy in mastering the 

rules of the game and the strategy of the complicated game [23]. 

Pedagogy in a serious game, as an example of instructional design, 

should be supported by a clear basic construct and model of how 

and what learning is [24]. At the base 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 [25]. From the point of view episte-

mological, the ability can be measured from the results of learning 

behavior [26], where knowledge is an abstract concept whose sub-

stance is to play and learn from the experience seen as the process 

of each person when the transfer of information between games and 

players [15]. 

2.3. Immersion. 

One of the most interesting aspects of games is the immersion that 

they presented. Much like movie or books, games can draw people 

into them for extensive periods, occupying the player’s full 

attention in an experience. This is of particular interest from an 

educational standpoint, to ensure the learners pay close, voluntary, 

attention to the educational content being delivered. To describe the 

'optimal' state of immersive experience is called the term "flow" 

which is described as a state of active, exclusive concentration on a 

particularly enjoyable activity, which is meaningful to the person 

undertaking it [27]. When the person kindly ends this flow state, 

they reflect on their experiences, and how they have been affected 

by them. The condition happened when the players are completely 

immersed in the game and forget that it is actually playing [23]. 

There are three levels that relate to the feelings of players while 

playing and affect game immersivity [22], namely: (a). Engagement, 

(b). Engrossment, (c). Total immersion.  

First, engagement involves first getting involved in the game, via 

accessible controls and relevant gameplay. Second, engrossment is 

the point where the player’s emotions become directly affected by 

the game. Finally, third, total immersion is the feeling of the players 

being fully engaged in the game, to the exclusion of all else (a 

phenomenon they call ‘presence’) – a state very similar to flow. 

However, they claim total immersion is a brief experience, in 

contrast to flow, which can last up to the entire length of the activity 

the people is engaged in [22].     

The initial engagement of players with the game is a preference 

with a preference that can easily remove obstacles that hinder the 

interest of playing. For example with an easy control even by just 

dabbling a game button can already run and make players will be 

proficient. When time involves the game, the game will take a lot 

of time and energy; so a barrier that keeps players from wasting 

time playing games needs to be overcome. The player's effort in the 

game to reach the game's target requires great energy in playing. 

Therefore, it needs the reward, which is usually in the form of score 

or bonus game to give satisfaction to the players in play. By 

breaking through obstacles earlier or by having access to 

unfavorable preference, the involved players will be interested in 

the game and want to keep playing. 

Engaging in playing is heavily influenced by the design in making 

games, so players feel drained of energy and power when finished. 

With an exciting and impressive game, players do not feel drained 

of energy while 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 in the game 

are interested based on the scenario of the game story; as well as 

the plot or game plan of interest in the game environment that 

makes the players curious to play. 

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 in total immersive can include empathy 

and game atmosphere. Empathy players are usually tied to character 

and the atmosphere or the environment of the game. In addition, the 

merging of various elements such as graphics, sound, and game 

play (scenarios and stories) is crucial for the formation of the total 

immersion. In short, to make a game with the total immersive; the 

visual, hearing and mental element of the player need to be 

preferred. 

3. Methodology. 

The data in this study used soil bin tools based on vertical speed, 

depth, and cutting angle. The soil used was in the sandy clay texture 

with the plasticity index value of 7.722%, with the moisture content 

of 72%. The first steps in the experiment used soil bin which cali-

brating its equipment so that the data to be generated was valid. The 

calibration used the linear equation with one variable, in equation 

(1), for a data taken according to this study was the stress generated 

from the strain gauge mounted on the moldboard plow beam. The 

resulting data was the weight value in Kg, then converted in the 

form of a force where 1 Kg = 9,8066500286389 N. The research 

flow, as Figure.3.  

 

y=ax+b                 (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Flow of the research 

 

In the soil bin experiment have a tree variable; denotes r is a speed 

of plowing, t is vertical cutting angle and e is a depth of plowing. 

Using the least square approach method to determine the polyno-

mial function F=p(f), F is plowing forces and p(f) is fitting func-

tion, a dependent variable F from a set of independent p variable in 

function p(f) denotes, 

 

{r1… rn,t1…tn,e1…en }           (2) 

 

Forces of plowing equations can be generated by fitting a curve.  In 

the case of a polynomial fit of the order q, these equations take the 

general form of, 

 

r̃=r+∑ cri
n
i=0 rqitq

''ieq
'''i, t̃=t+∑ cti

n
i=0 rqitq

''ieq
'''i , 

ẽ=e+∑ cei
n
i=0 rqitq

''ieq
'''i               (3) 

 

where cri  ,cti and cei  are polynomial coefficients, the value 𝑛 

depends on the order 𝑘  polynomial and equal to the number of 

permutations, where qi
' ,qi

''  and qi
''' are the powers of the 

corresponding terms such that qi
' ,qi

'',qi
''' ∈{0,1,…,q} ,qi

' ,qi
'',qi

''' ≤ k 

for any i=0, ... , n all permutations {q' , q'', q''' }  are unique, (r )̃,(t )̃  

and (e )̃are a corrected values for the indepedent vareable r ,t  and 

e (speed of plowing, cutting angle and depth of plowing). By 

calculating the coefficients value cri  ,cti and cei  are used to build 
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the fitting polynomial for each value of r ,t and e. The equations 

below are given for r ,t and e have the following structure. 

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

 

{
 
 

 
 cr1r1

q1
'

t1
q1
''

e1
q1
'''

+…+crir1
qi
'

t1
qi
''

e1
qi
'''

+…+crnr1
qi
'

t1
qi
''

e1
qi
'''

= r̅-r
…

cr1rj
q1
'

tj
q1
''

ej
q1
'''

+…+crirj
qi
'

tj
qi
''

ej
qi
'''

+…+crnrj
qn
'

tj
qn
''

ej
qn
'''

= rj̅-ri
…

cr1rm
q1
'

tm
q1
''

em
q1
'''

+…+crirm
qi
'

tm
qi
''

em
qi
'''

+…+crnrm
qn
'

tm
qn
''

em
qn
'''

= rm̅̅ ̅-rm

    (4) 

 

The equations are given for t (cutting angle) as, 

 

{
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     (5) 

 

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

 

{
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    (6) 

 

that can be written in the matrix form r=Rw, t=Tu and e=Ev =  as, 

The matrix from r=Rw, as, 

 

R=

[
 
 
 
 
r1,1 ⋯ r1,i ⋯ r1,n
⋮ ⋱ ⋮ ⋱ ⋮
rj,1 ⋯ rj,i ⋯ rj,n
⋮ ⋯ ⋮ ⋯ ⋮
rm,1 ⋯ rm,i ⋯ rm,n]

 
 
 
 

 w=

[
 
 
 
 
l1
…
lj
…
ln]
 
 
 
 

r=

[
 
 
 
 
r1
…
rj
…
rn]
 
 
 
 

                         (7) 

 

The matrix from t=Tu, as, 

 

T=

[
 
 
 
 
t1,1 ⋯ t1,i ⋯ t1,n
⋮ ⋱ ⋮ ⋱ ⋮
tj,1 ⋯ tj,i ⋯ tj,n
⋮ ⋯ ⋮ ⋯ ⋮
tm,1 ⋯ tm,i ⋯ tm,n]

 
 
 
 

u=

[
 
 
 
 
l1
…
lj
…
ln]
 
 
 
 

t=

[
 
 
 
 
t1
…
tj
…
tn]
 
 
 
 

                    (8) 

 

The matrix from 𝒆 = 𝑬𝒗, as, 

E=

[
 
 
 
 
e1,1 ⋯ e1,i ⋯ e1,n
⋮ ⋱ ⋮ ⋱ ⋮
ej,1 ⋯ ej,i ⋯ ej,n
⋮ ⋯ ⋮ ⋯ ⋮

em,1 ⋯ em,i ⋯ em,n]
 
 
 
 

v=

[
 
 
 
 
l1
…
lj
…
ln]
 
 
 
 

e=

[
 
 
 
 
e1
…
ej
…
en]
 
 
 
 

                 (9) 

 

Where (rj,i=rj
qi
'

tj
qi
''

ej
qi
'''

, tj,i=rj
qi
'

tj
qi
''

ej
qi
'''

, ej,i=rj
qi
'

tj
qi
''

ej
qi
'''

 )  

(wi=cw,i,ui=cu,i,vi=cv,i)   and( rj= r̅-r ,  tj= t̅-t,  ej= e̅-de), the 

predicted values of the dependent variable r ̃,  t ̃ , e ̃ are collected in 

vector denoted r,t  and e  and are obtained is: 

 

r=Rw  with w= (RTR)
-1
Rr            (10) 

 

t=Tu  with u= (TTT)
-1
Tt                 (11) 

 

e=Ev  with v= (ETE)
-1
Ee                (12) 

 

The part of the soil bin in Figure .4, 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 inserted 

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, Figure.5.(3). By arranging the cutting angle of the mold-

board plow, Figure.5.(2), the depth of plowing and the speed of the 

motor of Figure.5.(9), a process of ground moldboard plow experi-

ments were conducted. After that, the force that arises from the fric-

tion plows with the soil will be measured by the strain gauge of 

Figure.5.(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. Moreover, to increase the sensitivity and 

generate the output voltage by knowing the resistor resistance of the 

used Wheatstone bridge, Figure.5.(5), the voltage is amplified with 

the Strain amplifier, Figure.5.(6), and the microcontroller Fig-

ure.5.(7). Therefore, the voltage can be directly read by computer. 

 
Figure 4: Part of soil bin tools (Adisusilo et al., 2018). 

 

The speed setting with the motor engine, Figure.4.(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 2, is at 3.5 𝑐𝑚 and 

7 cm. Depth setting based on soil surface on the box against the 

plow, Figure.4.(c), expressed in a variable. The cutting angle is the 

angle of plow cut with three types of plows which have different 

cutting angles, is 700, 650 and 600, as figure.4.(b) expressed in a 

variable. The result of the strain gauge is the change of the voltage 

of the electric, so that the calibration of the load is also load which 

the result is converted into force. 

4. Results and Discussion 

From the data calibration weight on soil bin obtained equation, as 

in: 

 

y = 117,57 x + 499,82                       (13) 

 

Where x denotes the weight result (kg) and y represents the voltage 

value (mV). From the graph in figure.5, it is  also obtained a high 

coefficient of determination that is equal to R2=0.9853, which then 

converted into forces where 1 Kg = 9,807 N. In general, the data of 

the force is a model by assuming that the relationship between data 

has a linear. 
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Figure 5: Graph calibration curve for soil bin 

 

Preparation of soil by way of watering is approximately for 3 weeks. 

With 3 different angles, 2 depths and 3 speeds, it takes 18 soil boxes 

of soil or 18 times running the plowing process using soil bin. The 

result of soil bin experiment showing in Table.1. 

 
Table 1: Experiment Result From Soil Bin 

No Speed (cm/s) Depth (cm) Cutting angle (0)  Force (N) 

1 6,808 3,5 60 105,87 

2 6,808 3,5 65 68,78 

3 6,808 3,5 70 18,04 

4 6,808 7 60 221,88 

5 6,808 7 65 105,24 

6 6,808 7 70 93,08 

7 10,169 3,5 60 118,46 

8 10,169 3,5 65 70,66 

9 10,169 3,5 70 39,01 

10 10,169 7 60 314,04 

11 10,169 7 65 187,01 

12 10,169 7 70 112,74 

13 19,917 3,5 60 173,76 

14 19,917 3,5 65 101 

15 19,917 3,5 70 48,98 

16 19,917 7 60 316,64 

17 19,917 7 65 306,3 

18 19,917 7 70 225,36 

From the data in Table.1. using the general equation of polynomial 

from Equation (3) we can be defined variable r̃  ̃for the speed of 

plowing as, 

 

r̃=r+(cr1r1
q0
'

t1
q0
''

e1
q0
'''

+…+crirj
qi
'

tj
qi
''

ej
qi
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'
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''
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'''

 )        (13) 

 

The equations for two other variables can be built in the same way 

using t̃ and ẽ  following : 
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q0
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e1
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'

tj
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''
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'
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''

em
qn
'''

 )          (15) 

 

The fitting function is searched by comparing the smallest error 

value of a polynomial function from first order to fourth order, by 

definition constants which are alternate from the speed of plowing, 

depth, and cutting angle to create a graph of each analysis. With the 

speed, a value is constant 6.8085cm/s and comparing the value of 

the smallest error, from equation (13),  is generated in the 3rd order 

with an error 6,49030161881115e-06, so the value 

cr,i is constant value , i={0,1,…,n}, n=3 and j={1,2,…,m}, m=64, 

show graphic in Figure.6. 

 

 
Figure 6. Graphic of relationship for depth and angle to horizontal force 

with constant plowing speed in 3rd order. 

 

The value of the smallest error from Equation (14) in the polyno-

mial is 8,18472854311223e-06 in the 4th order. With the value of 

plowing cutting angle is constant 600 can be generated graphics in 

Figure.7.  Where  ct,i  is constant value, 

 

 i={0,1,…,n}, n=3  and j={1,2,…,m} , m=125. 

. 

 
Figure 7: Graphic of relationship depth and speed to horizontal force with 
a constant cutting angle in 4th order. 

 

Graphics in Figure.8. is produced from Equation (15) in order 4 

with a constant depth of 3.5 cm and the result the polynomial error  

is 4,44135084419391e-05.  

 

Where 

𝑐𝑒,𝑖  is constant value, 𝑖 = {0,1,… , 𝑛}, 𝑛 = 3 and 𝑗 =
{1,2,… ,𝑚},𝑚 = 125.  

 
Figure 8: Graphic of relationship for angle and speed to horizontal force 

with a constant depth in 4th order. 
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The result comparison of the smallest error from the polynomial 

function produces the smallest value 4,44135084419391e-05 in the 

4th order, so that the fittings function used is equation (15). From 

the graph, this shows that the deeper and faster the force gets bigger, 

but the bigger the vertically cutting angle the force smaller. The 

force is the power of pulling the plow or the amount of force 

required in processing soil tillage with a moldboard plow, called the 

specific draft of plowing. The specific draft of plowing can be found 

by dividing the forces of plowing with the wide cross-sectional of 

the moldboard. In short, the plowing forces model 𝐹 as follow, 

 

F={r̃,t̃, ẽ}            (16) 

 

The immersive serious game design is based on the model 

polynomial function using HSM (Hierarchical finite state 

machines), where the polynomial function F=p(f) becomes a state, 

in Figure.9. 

 
Figure 9: Design immersive serious game using HSM (Hierarchical finite 
state machines) for soil tillage. 

 

A player starts with turn on the engine motor as an initial state. 

Where there are three gear choices that affect the speed of the plow, 

if the transition is 1 then it has a low speed, the value of 2 transitions 

shows the medium speed and the value of 3 transitions shows the 

high-speed. The motor starts to move; however, the motor stops if 

it is 0. Superstate 𝑝(𝑓)  is a polynomial function influenced by 

transition s for substate speed of the motor, transition a  for substate 

the vertical cutting angle of the plow, and transitiond for substate 

the depth of plow.From these parameters, they relate each other and 

produce the transition value F which is state of the plowing force. 

Reverse transition or feedback transition from state plowing forces 

is a form of effort to create a situation where the player feels like 

the real situation. The Simple calculations are done by assigning 

values to the depth of plowing , vertical cutting angle and the speed 

of plowing, (𝑟, 𝑡, 𝑒). For example, the depth of plowing, vertical 

cutting angle and the speed of plowing (3.5 70 6.8085), using the 

polynomial 4th order formula is generated plowing force 18.0576. 

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 the sub-state speed of the motor e=6.8085 , the 

transition of substate the vertical cutting angle t=3.5  and the 

transition substate the depth of plow r=60. These parameters are 

related to each other and produce the transition value F=18.0576 

which is state of the Plowing force. 

5. Conclusion. 

By using the polynomial approach and looking for the smallest er-

ror is 4,44135084419391e-05,  produced in the 4th order, we define 

the mathematical model for the effect of the verticaly angle of the 

plowing, the depth of plow and the speed of the plow to the hori-

zontal force use equation 13, 14 and 15. From the curve graph, it 

shows that the deeper and faster the speed of the plow, the bigger 

horizontal force. On the other hand,  the bigger the vertically cutting 

angle, the smaller horizontal force. In addition, the specific draft of 

plowing of pulling the plow or the amount of force is required in 

processing soil tillage with a moldboard plow. 

The model can be used as the basis for designing immersive serious 

game, if the data produced in a serious game closer to the actual 

data ,with the aim of immersivity. While, serious games have an 

effect on the engagement of the players with the value of plowing 

forces that approach the results of the experiment. Moreover, it can 

make the implication of the player with the return value to the 

player in the immersive design. In other words, the value is depicted 

in feedback from state plowing force, where the power of the plow 

is the driving force of the player. Consequently, the players will feel 

involved in the field. In short, they will get knowledge in terms of 

learning; with the return value and determine to the next action as 

determining the speed, depth, and angle of vertical cutting when 

plowing. In other words,  a form of knowledge based on experience 

is developed. In the future, we will continue to have research on 

optimalization of the immersivity level of the serious game. 
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