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Article history: RTS Game is one of the popular genre in PC gaming, which has been played
. by various type of players frequently. In RTS game, NPC Defense Building

Received Jul 24, 2018 (Tower) has attacking behavior to the closest enemy without considering

Revised Nov 21, 2018 certain enemy parameters. This causes the NPC Tower to be more predictable
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Thus, this research simulates NPC Tower using Hierarchical Finite State
Machine (HFSM) method compared with Finite State Machine (FSM). In this
Keywords: study, NPC Tower detects enemies by seeing at four parameters namely NPC
. Tower Health, Enemy's Health, Enemy Type, and Tower Distance to enemies.
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Defense behavior Danger’ parameter. Then use the decision-making logic of the rule-based
Finite state machine system. The output of NPC Tower are three type of behaviors namely
Real time strategy Aggressive Attacking, Regular Attacking, and Attack with Special Skill. From
the test results of 3 NPC Tower, Kamandaka NPC Tower with HFSM method
is winning 8.92% compare to Kamandaka Tower with FSM method. For
Gayatri Tower NPC obtained equal results using both HFSM and FSM.
Meanwhile, Adikara NPC with HFSM method is 4.62% superior to Adikara
Tower with FSM method.
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1. INTRODUCTION

Real-Time Strategy (RTS) is a genre game that has a typical war game consisting of building
construction and troop strength. Resource collection is used for building construction, defense and
strengthening combat troops. The RTS game considers aspects of economy, resources possessed, troops’
strength, attacking and defensing strategies. This kind of genre has become extremely popular due to the rising
of famous Age of Empire, Warcraft and Dota. Currently, one famous example of RTS games is Clash of Clans
(CoC), which was developed by Supercell besides other known game, Boom Beach (BB) that played by
thousands of people in mobile phone platform. In CoC games, there are Non-Playable Character (NPC)
Defense Buildings like NPC Cannon, Mortar, Archer Tower and Wizard Tower. Canon and Mortar attack the
enemy on the ground while Archer Tower and Wizard Tower shoot enemies in the ground and water (air) area.
In both CoC and BB, NPC behavior have defensive pattern in which do strike through attack nearest.
Unfortunately, this type of strike is easily penetrated or anticipated by opponent. Moreless, if they are united
by attacking in the group. Therefore, this kind of fixed model for NPC Tower behavior creates the fight or
course in the game become less vary or predictable to the opponent. To overcome this issues, one solution is
through dynamic NPC behavior with more diverse and less predictable attack pattern, which can be achieved
by the adaptive and intelligent nature of the behavior pattern. Therefore, dynamic behavior is a type of pattern
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that takes into account several factors that influence the decision making of NPC. For example NPC combat
defense will not always use strong attacks that require enormous energy if the health conditions are in good
condition or do not always use normal attacks that require less energy if health conditions are weak. In short,
the system should exhibit the whole range of flexibility simply as a result of changes in the NPC attributes for
particular games that might raise certain possibilities.

In general, Finite State Machine (FSM) is common method applied in the game to determine the
behavior because its simplicity to be implemented in various type of games, although at certain point it got
hindered if the agent has multiple approaches in the NPC behavior [1]. It also has negative points due to it has
a large number of states and transitions so that representation and analysis become difficult [2, 9]. In order to
design the dynamic behavior of NPC that has certain characteristic of behavior, it is suggested to use
Hierarchical Finite State Machine (HFSM) method to improve the process to determine the behavioral response
in the fluctuate changes of condition, which used certain kind of rule system. Meanwhile, HFSM as a
developmental method of FSM has the advantage of reducing the complexity of designing agent behavior,
which can simplify the computational process and keep the constraint by minimizing a number of coding bits
and adjusting the codes for the states [2, 3]. A detailed and realistic simulation of dynamic behavior requires a
precise modeling of decision-making process regarding action prioritization and selection, which is capable to
develop goal directed behavioral tendencies and tactical model based on demands and input parameter [4].
Importantly, information is a basic requirement for the development process as a part of the ecosystem [5],
which can be utilized lead to the substantial savings in power consumption [6], differentiate distinctive
attributes of behavior [7], develop collaboration at tactical level [8, 20], etc. In this study, the researcher
developed RTS game entitled DWIPA YUDHA, in which its concept has same type and refers to the RTS
genre like Clash of Clans. It has several components, which are (1) Troops (2) Combat Defense Building and
(3) Resources. Likewise, this research also develop DWIPA YUDHA to have those components, but this
research emphasized more on behavior of NPC Combat Defense Building.

2. RESEARCH METHOD

Importantly, the method stages determine the success of the research to assure its validity and
reliability [16-19, 24-31]. Figure 1 is a flowchart that describe the detail of the steps undertaken to complete
this research, which is include NPC Agent Design, Design of Environment, Design of Enemy, Design of HFSM
for NPC Agent and Design of FSM for Enemies, then continue with various test scenarios.

Figure 1. Effects of selecting different switching under dynamic condition

2.1. Design of NPC Tower Agent

The four NPC Combat Defense are NPC Tower Kamandaka, Gayatri NPC Tower, NPC Gandewa
Tower and NPC Adikara. Each NPC Tower has several parameters that characterize them such as the value of
Damage, Attack Speed, Attack Range, Hitpoint, Attack Type and NPC Behavior. The values of each parameter
of each NPC Tower are described in Table 1.
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Table 1. NPC Tower Statistics

No Parameter NPC Kamandaka Gandewa Tower Gayatri Tower Adikara

1 Damage 10 7 13 18

2 Attack Speed 09s 05s 12s 4s

3 Attack Ranged 10 11 8 15

4 Attack Type Single Attack Single Attack Splash Area Splash Area

5 Hit Point 450 325 570 400

6 NPC Behavior Normal Attack, Normal Attack, Normal Attack, Normal Attack, and Strong
Aggressive Attack, Strong Attack, Strong Attack, and Attack
and Unique Skill and Unique Skill Unique Skill

2.2. Design of NPC Enemy Agent

To create NPC Tower as a Combat Defense Building, this study also designed the Enemy Agent to
test the strength of NPC Tower to survive in specific situation. There are three (3) types of Enemy for NPC
Agents, which are NPC Enemy of Swords that belong to the category of strong enemies, NPC Enemy of Arrows
are categorized as moderate enemies and NPC Enemy of Magic which is a weak type of enemy. Agent NPC
Agent has several parameters such as damage, movement speed (MS), attack range, Hitpoint. Full statistics of
Agent NPC Agent parameter values are attached (See Table 2).

Table 2. NPC Enemy Statistics

No Parameter Enemy of Swords Enemy of Arrows Enemy of Magic
1 Damage 10 7 5

2 Armor 5 2 2

3 Hitpoint 60 40 40

4 Attack speed 1/s 1/s 1/s

5 MS 1 2 4

6 Training time 30s 20s 30s

7 Attack range 1 4 4

2.3. Design of HFSM NPC Tower

This research uses Hierarchical Finite State Machine (HFSM) method to design NPC behavior.
Besides that, it also used Rule Based System as a decision making for NPC when fighting with various types
of enemies who attempt to enter the range of the NPC Tower. In addition, HFSM NPC Tower is symbolized
by a circle as a sign of a state, which the arrow line as a sign of inter-state transfer as shown in Figure 2.

Enemy noﬁseem

Health =0
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Enemy saam

Targetting

Selecting State
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Figure 2. HFSM Agent NPC Tower
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2.4. NPC Tower Behavior Design
The behavior of NPC Combat Defense is designed using rule-based decision-making methods [9-13].

In this case, the rule-based has several parameters that influence the decision making process such as the

distance, the enemy type, the NPC's life and the enemy's life. Meanwhile, the NPC behavior are Strong Attack,

Normal Attack and Throwing Trap. In addition, the NPC Combat Defense Behavior consist of:

1. Strong Attack. It is the attacking behavior of NPC with its full of available power in which NPC Tower
can destroy enemy forces on a large scale or reduce the lives of enemy’s hero in great damages.

2. Normal Attack. It is a NPC attack behavior with moderate strength, which NPC Tower can only destroy
enemies on a small scale or lower damage compare to strong attack.

3. Unique Skill. 1t is the attacking behavior with special skills that only certain NPC has, which this kind of
behavior becomes secret weapon in specific condition and to specific target [14, 15].

4. Silence. It is the NPC's behavior when its condition is in precarious condition or be squeezed that is
unlikely to win. This particular behavior only for NPC Archer Tower and Wizard Tower.

2.5. Design of Rule-based NPC Tower

Attack Controller has a function for controlling the attack behavior of NPC Tower. In this study, it used
rule-based logic [21-23] to determine the NPC Tower behavior, which is embedded in State Controller Attack.
By given the rule-based knowledge, each NPC can respond to the changes in input variables into behaviors
that have been designed to use HFSM. From each building combat defense, the NPC has 4 (four) type
parameters that become rule-based input, which are NPC building health, enemy health, distance and enemy
status. Meanwhile, the output from rule-based of NPC Combat Defense behavior through 3 (three) type of
responses towards the enemy in the form of Aggressive (Strong Attack), Ordinary (Normal Attack) and Special
(Unique skill). Each of those parameters has an interval range of values, which is divided into three parts
namely Weak, Moderate and Strong for the Tower and Enemy Life's life parameters. Meanwhile the distance
parameter has only two parts namely the short and long distance parameters. The parameters of intervals shown
in Table 3, 4 and 5.

Table 3. Parameter Interval Tower Life

Interval Value Notation
0-33 Weak

34 - 66 Moderate
67 — 100 Strong

Table 4. Parameter Interval Enemy Life

Interval Value Notation
0-33 Weak
34-66 Moderate
67— 100 Strong

Table 5. Parameter Interval Enemy Distance

Interval Value Notation
0-50 Near
51-100 Far

3. RESULTS AND ANALYSIS

NPC Combat Defense Buildings that have been designed and described in previous chapter are
implemented in simulations using Unity Game Engine. This test is aimed to evaluate the developed
approach method and analyze the result obtained. Therefore, the experiment was done by comparing FSM
method and HFSM method, which obtained the time results and the number of enemies killed. There are
several test scenarios that have been done ie.

NPC Kamandaka against Weak team, Moderate team and Strong team.
NPC Gandewa Tower against Weak team, Moderate team and Strong team.
NPC Adikara against Weak team, Moderate team and Strong team.

The first scenario by testing 1 (one) NPC Tower against strong troops obtained the average time
of killing 1 enemy troops 3.81s on testing with HFSM and 3.845s with FSM. Meanwhile, by adding 1 (one)
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NPC Tower as a second scenario for testing 2 (two) NPC Tower against strong troops obtained the average
of killing 1 enemy troops 2.78s on HFSM and 3.1145s with FSM. In this test NPC Tower with HFSM
method can Kill a maximum of 10 enemy troops while the NPC Tower with FSM have maximum of 9
enemy troops. Furthermore, in the third scenario, by testing 1 (one) NPC Tower against moderate troops
obtained on average time killing 1 enemy troop 1.005s on HFSM and 1.0075s on FSM test. Then, by
adding 1 (one) NPC Tower as the fourth scenario, with testing 2 (two) NPC Tower against moderate troops
had the average time of killing 1 troop 1.69s on HFSM and 1.95s on FSM testing. In this test NPC Tower
with HFSM method can kill a maximum of 11 enemy troops while the NPC Tower with FSM maximum
of 10 enemy troops.

For the fifth scenario, this study was testing 1 (one) NPC Tower against the weak troops which
resulted the average time to kill 1 enemy 1.6s on HFSM and 1.605 on FSM. On the other hand, by adding
other 1 (one) NPC Tower as the sixth scenario, with testing 2 (two) NPC Tower against the weak troops
gained the average time of killing 1 troop 2.27s on HFSM testing and 2.34s on FSM testing. In this test
NPC Tower with HFSM method have capability to kill a maximum of 13 enemy troops while the NPC
Tower with FSM can reach until 12 enemy troops. On the other hand, in the seventh scenario, testing 1
(one) NPC Gandewa Tower against strong troops have obtained the average time of killing 1 enemy troop
5.63s with HFSM and 5.60s with FSM. Then, increase the number with 1 NPC Tower as the eighth
scenario, then testing 2 (two) NPC Tower against strong troops got an average result of killing 1 enemy
troop 3.93s on HFSM testing and 4.52s on testing with FSM. In this test NPC Tower with HFSM method
can kill a maximum of 8 enemy troops while the NPC Tower with FSM maximum of 8 enemy forces.

In the next scenario, which is ninth, this study was testing 1 (one) NPC Gandewa Tower against
moderate troops resulted the average time of killing 1 (one) enemy troop 4.27s on testing with HFSM and
4.14s with FSM. Moreover, by supplementing 1 (one) NPC Tower as the tenth scenario, then testing 2
(two) NPC Tower against moderate troops gained the average result of killing 1 enemy troop 2.79s on
HFSM testing and 3.23s with FSM. In this test NPC Tower with HFSM method can kill a maximum of 10
enemy troops, which have equal value with NPC Tower with FSM. In the next step, the eleventh scenario
was testing 1 (one) NPC Gandewa Tower against the weak troops gained the average time of killing 1
enemy troop 4.45s on testing with HFSM and 4.45s on testing with FSM. Additing 1 (one) NPC Tower as
the twelfth Scenario, then testing 2 (two) NPC Tower against weak troops obtained the average result of
killing 1 enemy troop 2.92s on HFSM testing and 3.93s with FSM. In this test, NPC Tower with HFSM
method can kill a maximum of 10 enemy troops, so did the NPC Tower with FSM.

In the thirteenth scenario, this study was testing 1 (one) NPC Tower Adikara against strong troops
obtained the average of time to kill 1 (one) enemy troop 0.03s with HFSM and 0.13s with FSM. Adding 1
(one) NPC Tower as the fourteenth scenario, then testing 2 (two) NPC Tower against strong troops
obtained the average result of killing 1 enemy troop 0.2155s on HFSM and 0.498s with FSM. In this test
NPC Tower with HFSM method can kill a maximum of 16 enemy troops while the NPC Tower with FSM
15 troops. Meanwhile, in the fiftenth scenario, again testing 1 (one) NPC Tower Adikara against the
moderate troops gained the average result of killing 1 enemy troop 0.07s with HFSM and 0.107s with FSM.
Once again, by adding 1 (one) NPC Tower as the sixteenth scenario, then testing 2 (two) NPC Tower
against moderate troops obtained the average result of killing 1 enemy troop 0.42s on HFSM test and 0.53
with FSM. In this test NPC Tower with HFSM and FSM method can kill a maximum of 21 enemy troops.

In the seventeenth scenario, the test also use one NPC Tower Adikara against the weak troops,
which obtained the average time of killing 1 enemy troops 0.64s with HFSM and 0.99s with FSM. Adding
1 (one) NPC Tower as the eighteenth scenario, then by testing 2 (two) NPC Tower against the weak troops
obtained the average time of killing 1 enemy troops 0.75s on HFSM testing and 1.14s with FSM. In this
test NPC Tower with HFSM method can kill a maximum of 28 enemy troops while the NPC Tower with
FSM also 27 troops. Furthermore, the result of comparison test between FSM and HFSM method from 18
(eighteenth) scenarios of each 3 NPC Tower against 3 (three) type of troops were presented in graph forms
as shown in the Figure 3, Figure 4 and Figure 5.
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Figure 3. Simulation Results of 2 NPC Kamandaka against 3 Type of Troops

The first test using 1 NPC Tower kamandaka and 3 types of enemy troops that have different attack
powers namely strong troops (sword), moderate troops (arrows) and weak troops (magic). In the combat
defense conditions that only use 1 (one) Tower obtained a balanced result between HFSM and FSM method.
It was found that single NPC Tower was able to withstand 6 (six) strong troop attacks. For moderate troops,
single NPC Tower was able to withstand a moderate attack by maximum 8 (eight) troops. As for the weak
troops, again single NPC Tower was able to survive from 9 (nine) troops. Meanwhile, by adding one NPC
Kamandaka Tower provides better combat defense results in the HFSM method compared to the FSM method.
In the combat defense condition with 2 (two) NPC Tower with HFSM can withstand attack from 10 strong
troops, which is 10% more superior rather than Tower with FSM. On the other hand, Tower with HFSM can
withstand an attack of 11 moderate troops, which is 9.09% more superior compare to Tower with FSM. At last,
Tower with HFSM able to hold 13 weak troops that is 7.69% more superior compared to Tower with FSM.
From these 3 (three) tests, an average score of 8.92% was obtained for HFSM more superior compared to FSM
method.

In the next test, the second one using 1 (one) Gayatri Tower NPC and 3 types of enemy forces that
have different attack power, which are strong (sword), troops (arrows), troops weak (magic). In the combat
defense conditions that only use 1 Tower, it has obtained an equal result between HFSM methods and FSM
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method. Afterwards, it was found that 1 NPC Tower was able to withstand the attack of 3 (three) strong troops.
For the moderate troops, 1 NPC Tower is able to withstand the attacks from 4 (four) troops. As for the weak
troops, 1 NPC Tower able to survive from 5 troops. The addition number of NPC Gayatri Tower provided
balanced defense results between the HFSM compared to the FSM. As a result, Gayatri tower with HFSM
method is superior in terms of the parameter of the rest of life after fighting against the enemy compare to the
Gayatri Tower with FSM method. At last, the third test using 1 NPC Adikara Tower and 3 types of enemy
troops that also have different attack power like previous test. In the combat defense condition that only use 1
Tower Adikara presented HFSM method is more superior to FSM method. It was found that 1 NPC Tower
with HFSM able to withstand strong troop attacks by 8 troops, meant 12.5% more superior than the FSM
Tower. For the moderate troops, 1 NPC Tower is able to withstand 12 troop attacks by 8.33% more superior
than the FSM Tower. Meanwhile, as for the weak troops, 1 NPC Tower with HFSM able to survive from 13
troops, 15.38% more superior compare to the FSM Tower.
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Figure 4. Simulation Results of 2 NPC Gandewa Tower against 3 Type of Troops

Indonesian J Elec Eng & Comp Sci, Vol. 13, No. 2, February 2019 : 634 — 642



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 641

Wakta |

Myawa Tower
I T A T ]
- -]

5
2
1 2 3 4 5 &6 7 B 9% 10 11 12 13 14 15 16 e i R X
1 2 35 4 5 6 7 & % 10 11 12 13 14 15 16
Jumlah Musuh JumiahMLsuh
——HFSM =——FSM —a—HFSl =45\
9 5
an
5 620
5 50 o
T a0 x
T 40 [
T z 10
E )
-
- 5
1
123 4567 8 5011121314151 17181952020 12 3 45 §F 7 8 010171213 415617 1218 20 M1
JumlahMusuh Jurlah rusun
g S| e HES 1 g TS0 g 75
900 3
.
= 600 )]
= o
£ 500 A
o ERL
= Sl £l
i =
= 300 1
200
5
100
123456738 $1011121314151617 18132021 22232425 262718 12534367 &8 01011121514 2201T181920212225242326 4718
Jumlak Musah Jumlzk Musuh
e FSW] g HF SW e PN g 75

Figure 5. Simulation Results of 2 NPC Adikara Tower against 3 Type of Troops

4. CONCLUSION

The increases total number of NPC Kamandaka Tower provided better result of combat defenses
compare to HFSM methods, if using FSM methods. Therefore, with 2 (two) NPC Tower with HFSM can
protect the attack from 17 strong troops with leading score 5.88 % compare to the tower with FSM. Meanwhile,
the tower with HFSM can endure the attack from 22 medium troops with leading score 4.54 % compare to the
tower with FSM. On the other hand, the tower with HFSM can handle 29 weak troops with leading score 3.44
% compare to the tower with FSM. From 3 (three) simulations, the average score of HFSM is 4.62 % more
superior compare to FSM. It can be concluded based on the evidence that HFSM method can make NPC
Combat Defense Tower perform better result in 18 type of scenarios compare to FSM method. In this study the
use of HFSM methods implemented in the NPC Combat Defense Building (Tower) still has the possibility to be
developed further for different categories of components or other variant type of game. For example, by adding
time parameters into RTS game such as in the DoTA game and the number of the NPC bullets. On the other
hand, for the NPC Combat Defense Building (Tower) also can be implemented differently such as the use of
Fuzzy Logic method or the optimilization with Genetic Algorithm (GA), NSGA - 1l method.
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