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Abstract Non player character is an important part of a game that can make gameplay more interesting and challenging. That
reason also makes it important to study, especially for non player characters that are clustered in large numbers where programming
of such non player characters is relatively difficult to do. Quite a lot of games with non player characters in the form of birds that
are clustered but on average the game does not apply good movement so that the motion of birds is relatively slow, monotonous
and unrealistic. In this research, we will try to modify the Flocking Algorithm, as one of the popular algorithms for non player
character groups, so that birds can fly scattered in terrain while maintaining flocking. In its implementation, the new algorithm was
successfully designed and inserted in flocking, which was then applied to a 3D game. The test results are quite satisfactory with
only 6.6% collisions on 100 agents with a maximum frame rate of 10 fps. Non player characters succeeded well toward 3 targets
in less than 2 minutes and the results of beta testing were an average of 81% of respondents "VERY AGREE" The implementation
of the Flocking Algorithm and its modification worked well and resulted in a realistic movement of non player characters.

Index Terms— Artificial Inteligence , Flocking , Game, Non Player Character.

I. INTRODUCTION

Various types of games have grown and developed in
Indonesia. Some things that become the attraction of a
game and can make players enjoy playing the game is the
quality of the game in terms of graphics and gameplay.
Gameplay is an important part of a game because it is the
core of the game itself. The part that cannot be separated and
very closely related to gameplay is the movement of non
player characters in the game, especially for the first person
shooter genre game and real time strategy.

Non Player Character (NPC) is a character in a game that
moves and behaves without control from the player and only
moves according to the program given to him. NPC is a very
important component for modern computer games that will
determine whether the game is interesting or not [1]. NPC
programming can be done by embedding simple movements
and selection programs if there is only one NPC, but if there
are NPCs grouped in one game in the same scene and time,
then programming on the NPC will not be efficient and will
be difficult to do manually so it requires artificial
intelligence.
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One of the popular artificial intelligence to be applied to
grouped NPCs is the Flocking Algorithm. This algorithm is
also called the Boids Algorithm. Flocking have been tested
on a group of bird objects that have successfully moved in
groups in a realistic behavior [2]. However, flocking have a
weakness, which is only providing regular movements
without having a purpose. This algorithm cannot find which
path to pass so it has a tendency to get stuck in complex fields
[3].

In this research, what will be done is to make the NPC
group move towards the specified target by first recording all
targets, but still maintaining the group process. Therefore an
experiment will be carried out to modify the flocking and be
implemented in 3D games in the hope that the NPC will be
able to go to certain places and remain in the flocking
condition.

II. LITERATURE REVIEW

A. Non Player Character

Non player character or often called NPC, is a type of
autonomous agent intended for the use of computer
animation and interactive media such as games and virtual



reality [4]. In games, NPCs cannot be controlled by players
[2] [5]. The movement of the NPC came from the program
that was applied to it. The program can be a simple program
or a complex program (Artificial Intelligence). The game
will look more realistic if artificial intelligence is applied to
the character, especially on the NPC [6]. Non Player
Character can be applied as an enemy character or a friend's
character in a game [7].

B. Flocking Algorithm

The Flocking Algorithm is often called the Shooting Bird
or the Reynolds Algorithm, because the first to introduce it
was Craig Reynold in 1986. This algorithm was created
based on the movement of flocks of birds, herd of land, or
fish herds [2]. This algorithm functions to give movement to
a clustered object so that its movement resembles a crowd of
real animals [2], and reacts only to flockmates in their own
environment [8]. Flocking means a crowd, while one object
that is in a crowd is called a boid. Each boid in the crowd
must know the position and speed of the boids in the vicinity
(neighbor) [9]. Every time the crowd moves, the position of
a boid will change constantly so that each boids must update
neighbor information during the game [9]. Reynold mentions
three rules that must exist to create a group movement [2],
namely:

1) Collision Avoidance: avoid collisions with the
closest flockmates / neighbors

2) Velocity Matching: try to match it with the closest
flockmates

3) Flock Centering: an effort to stay close to the
closest flockmates

These three rules are better known as separation /
avoidance, allignment, and cohesion.
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Fig. 1. Separation

Figure 1 explains the separation rule which means the
ability to control behavior in maintaining or maintaining the
distance between adjacent boids so as not to collide or
density [10]. The separation rules can be calculated using the
following equation:
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Fig. 2. Allignment
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Figure 2 explains the alignment rules, namely the ability
to control behavior to align with the surrounding agents,
aiming to go in the same direction and match the speed of
each agent in the herd [10]. The alignment rules can be
calculated using the following equation:
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Fig. 3. Cohesion
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Figure 3 explains the cohesion rule that is the ability to
control behavior to move toward the average position of the
closest herd [10]. Cohesion rules can be calculated using the
following equation:

d(Px,Pb) < d1 nd(Px,Pb) = d2 — Pavg = 2"7 3)

I1l. METHODOLOGY

A. Data Collection

The data collection process will be carried out in two
ways, namely a literature study that collects information
about several matters relating to research and observation to
find out similar games related to research.

B. Development

This stage will be made game design and construction
which will be the object of research. Game development will
refer to Luther's version of multimedia development
methodology [11].

C. Testing Algorithm Implementation

This test will be seen from 4 criteria, namely the number
of collisions, frame rates, validation of objects that reach the
target and feedback from end users.

IV. RESULT

A. Data Collection

1. Literature Study

Craig Reynold, in 1986, became the first person to
introduce his algorithm to make clustered objects mimic the
movements of bird flocks. Reynold argues that traditional
computer animation that regulates the location and
movement of objects is considered inefficient to be applied
to a large number of clustered objects [2]. Meanwhile
flocking research applied to games was conducted by [12]
who applied flocking to NPC movements in 2D games with
endless run genre. According to him, the existence of varied
obstacles in the game is very important to make the game not
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monotonous. In a study conducted by [10], flocking was
applied so that several birds did not collide while flying,
when one bird was successfully shot by a player who was
stationary in one place. The test is done by observing the
coordinates of 7 birds that are applied to the Flocking
Algorithm. The result was that not a single bird collided.
2. Observation

Observations were made by examining several FPS
games that have bird NPCs. There are 5 games studied,
namely Birds Hunting, Birds Shooting, Pheasant Shooter,
Dessert Bird Sniper and Duck Hunting 2019. The five games
have almost the same concept. Players in the game cannot
move and can only shoot and aim shots. NPC birds in the
game are relatively few in number and fly at relatively slow
speeds. Of the five games, only the Pheasant Shooter whose
NPC bird has the ability to adjust the distance and direction
of flight. But it still has a weakness, namely after a few
minutes the NPC will pile up. Below is a picture of the game
Pheasant Shooter whose NPCs are piled up:

Fig. 4. NPC Game from Pheasant Shooter is Piling Up

B. Development

1. Concept
The concept of the game that will be made in this study
is in table 1 below:

TABLE |
THE SHOOTING BIRD GAME CONCEPT

Title Shooting Bird

Audience The particular person chosen to be a tester

Duration Limited until the system declares win or game over

Audio Backsound (* .mp3)

Image Background menus, buttons, icons (* _jpg)

Text Text on buttons, instructions, captions in the game and test
captions

Animation 3D character animation

Interactivity Button and analog controller

Theme Shoot the bird the number ordered by the system

Character Consisting of 1 character and many NPCs

Application This game was created to test the Flocking Algorithm and its

Description modifications to be applied to NPC collections. The rules of
the game are that the playver must shoot the number of birds
ordered by the system. Gameplay is made simple because it
focuses on NPC movements and interactions between players
and NPCs

2. Design
a. Gameplay

In short the Shooting Bird game will have the following
gameplay:
1) The player determines the number of bird NPCs
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2) After entering the main game, the player must
control the character and shoot the bird a number of
commands in the game

3) If the shot is missed by the NPC then the bird will
attack the player. Bird attacks can be avoided by
hiding under trees

4) There is no time limit, the game ends when the
number of birds shot is as per the command or the
player's life has run out

b. Design of Flocking Algorithm and its Modifications

Based on the basic rules of the Flocking Algorithm
namely cohesion, alignment and avoidance, the overall
Flocking Algorithm applied in the Shooting Bird game is
illustrated in the flowchart in Figure 5:

Input the number of
birds

I

For (1 1 to the number of birds){
Create agent;
Enter in List agent;}

Are there
neighbors?

cohesion = vector3.zero;
avoidance = vector3.zero;
aligment = current agent direction;

Foreach (all agents in the list){
Check whether there is a

neighbor or not, Foreach (number of neighbors){
cohesion += neighbor position;
alignment += neighbor's direction
If (neighbor position — agent position) <
—*  neighbor radius value){

close neighbor += 1;
avoidance += neighbor position;}

I

cohesion /= number of neighbors;

aligment /= number of neighbors

If (close neighbor = 0){
avoidance /= close neighbor;}

!

Obtained Vector3 value
for the agent.

Fig. 5. Flocking Algorithm Flowchart

Subsequently modifications were made to the flocking so
that the boids could be spread to 3 specific places while
maintaining the flocking condition of the herd. Modifications
are made by creating a new algorithm that is inserted into the
flocking, and serves to create three leaders from all the flock
to find a place and become a leader towards that place. In
terms of finding a place, the algorithm used is similar to an
existing search algorithm, the djikstra algorithm. The
similarity is that both will check all the paths connected to
the starting place to choose the shortest path. But after further
investigation, the algorithm is purely to find a path to get to
one goal, as explained in the study [13] which states that the
Djikstra algorithm aims to find the shortest path based on the
smallest weight from one point to another. This is different
from that applied in this study, where the algorithm will
choose the shortest distance from 3 places, then go to that
place. If it has been visited, the place will not be checked
again and the search will be carried out in the remaining two
places, and so on until all places have been successfully
visited. When finished, the place visited will be reset and the
search will be repeated from the beginning by the new leader.
This explanation proves the difference between the Djikstra



algorithm and the flocking modification algorithm in this
study. Therefore, to facilitate discussion, this new algorithm
will be named the Aster Algorithm. Next is the Aster
Algorithm flowchart in figure 6:

Input the number of
birds for flocking

For (int i = 1; from i to the number of
ERandom number 1 to the number

locations that haven't been visited){
of birds to get 3 numbers 0—@ If (i ==1){

Location =1;
' Distance = distance location i;}
Sort 3 numbers obtained from Else{

smallest to largest Temp = distance location i;}

¥

For (from int i = 1; up to the number of birds){

If (Temp < Distance){
Distance = Temp;

If (i is equal to the value of random results){ Location =1}
i-agent = leader;}}
: |
When the agent appears, check the Nearest location found
leader or not l
| The agent flies to the nearest location
Yes l

The agent flies for 30 seconds

Check locations that
have not vet been visited

| The agent runs the flocking algerithm

3. Collecting Content Material

At this stage the process of finding or making materials
needed in the game is carried out, such as pictures, music and
animation. image editing process using Corel Draw X7.
4. Assembly

At this stage a combination of all material and concepts
that have been made in the previous stage is made so that it
becomes a whole game. Below are some Shooting Bird game
interface in figure 8-10:

The agent rests at the nearest location
for 20 seconds

Check whether all
three places have
been visited?

Fig. 6. Aster Algorithm Flowchart

Fig. 7. Game Initial Display

Masukan jumlah burumg antara
100 - 300 ;

150

T

Fig. 8. Game Preparation Page

Fig. 10. Two Flying Birds Hovering Above the Target Tree

The game engine used is Unity and the process of making
program code using the C3 programming language in Visual
Studio Code 2019.

5. Testing

Tests that will be carried out at this stage are testing from
the developer side or alpha test which is made to see the
possibility of errors in the system development and algorithm
implementation. The method used is blackbox testing which
functions to see whether the game is running according to
design or not. From all test scenarios, the application
response shows that it has met the expected results.

6. Distribution

Shooting Bird game that has been completed and has
passed the alpha test will be distributed by uploading it to
Google Drive, the goal is that selected tester candidates
whose position is far from the researcher can download the
Shooting Bird game by themselves for testing.

C. Testing the Algorithm Implementation

This test was carried out on smartphone devices using
Android version 7.0 NRD90M, and hardware with a 2.0 GHz
Snapdragon 625 octa-core 2.0 processor, 3.00 GB RAM, and
GPU Adreno 506.

The testing procedure is:
Run the game that has been installed on the device
Inputed 100 birds for NPC
The game is left running for more than 3 minutes
The results that appear in the test info are recorded
The game is stopped, return to the main menu and
input 200 birds for the NPC
Points ¢, d and e are repeated by inputting 300 NPCs
After it is finished, the game is stopped, RAM is
cleared and the 2nd experiment starts in the order of
points a through f

h. After the 2nd experiment is finished, proceed with

the 3rd trial

The test results are in table 2:

o0 T

«Q
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TABLE 2
TEST RESULTS OF ALGORITHM IMPLEMENTATION

Trial | Number | Minute | Average Number of .
to- | of Agents to- frame rate | Collisions Time to All Targets
1 9 3 K K
100 2 10 B 1 minute 51 seconds
3 10 0
1 200 ; ; 189 1 minute 43 seconds
3 9 4
300 ; z 2137111 1 minute 55 seconds
3 7 39
1 9 4
100 2 10 3 40 seconds
3 10 1
2 200 ; ; ié 1 minute 44 seconds
3 8 5
1 4 3509 .
300 2 6 60 1 minute 58 seconds
3 6 49
1 9 4
100 2 10 B 46 seconds
3 10 1
1 7 14
3 200 2 9 9 45 seconds
3 9 3
1 3 3264
300 2 6 72 1 minute 52 seconds
3 6 51

The results of collision testing showed that from 3 times
the average collision test on 100 agents was 6.6% or only
happened 6 to 7 collisions for 3 minutes. This result can be
said to be very good when compared to the flocking
implementation research conducted by [12] which only
applied and tested the Flocking Algorithm at a maximum of
8 NPC 2D birds and [10] which only on 7 3D birds. For
frame rate testing, the results obtained are less than the
maximum because the highest frame rate is only up to 10 fps,
while the ideal FPS game is at 30 fps. This also causes a lot
of collisions to occur in tests with a total of 200 and 300
NPCs. For testing NPCs towards the target, the NPC
managed to get to the 3 targets in less than 2 minutes, which
indicates that the algorithm implemented went smoothly.

D. Beta Testing

Beta testing is done with the aim to validate the usability,
functionality, compatibility and reliability testing of the
games made [14]. This test was conducted with a purposive
sampling technique with a total of 12 questions packaged in
a Likert scale questionnaire [15]. The results show that from
an algorithm side an average of 81% of respondents "VERY
AGREE" The implementation of the Flocking Algorithm and
its modification worked well and resulted in a realistic and
average NPC movement overall, 79% of respondents
"AGREE" The Shooting Bird Game went well.

V. CONCLUSION

After identifying the problem, the design and
implementation of the system obtained some conclusions as
follows:

1. The design and construction of 3D Shooting Bird
Games for Android has been successfully carried
out according to the concept with relatively many
bird NPCs and players who can explore the game
arena or terrain, both of which have never been
included in previous studies.

2. The application of Flocking Algorithm was
successful and a new algorithm was created to add
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features to the flocking, the Aster Algorithm which
functions to make the NPC able to reach the target
that has been determined so that the NPC can be
spread.

3. The test results are quite satisfactory with only
6.6% collisions on 100 agents with a maximum
frame rate of 10 fps. The NPC succeeded well
towards 3 targets in less than 2 minutes and the
results of beta testing were an average of 81% of
respondents "VERY AGREE" The implementation
of the Flocking Algorithm and its modification
worked well and resulted in a realistic NPC
movement.
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