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Artificial Intellegences in video game are important things that can 
challenge game player. One of them is creating character or NPC 
Follower (Non-player character Follower) inside the video game, 
such as real human/animal attitude. Artificial Intelligences have 
some techniques in which pathfinding is one of Artificial Intellegence 
techniques that is more popular in research than other techniques. 
The ability to do dynamic pathfinding is Dynamic Particle Chain 
(DPC) algorithm. This algorithm has the ability of flocking behavior 
called boid to explore the environment. But, the algoritm method 
moves from one boid’s point to another according to the nearest 
radius, then it will be able to increase computation time or needed 
time toward the target. To finish higher computation problem in 
dynamic pathfinding, the researcher suggests an algorithm that is 
able to handle dynamic pathfinding process through attractive 
potential field function of Artificial Potential Field to start pathfinding 
toward the target and flocking behavior technique to avoid the 
obstacle. Based on the test result by simulation of moving 
environment and complex, the computation time of algorithm is 
faster than comparison algorithms, DPC and Astar. It concludes that 
the suggested method can be used to decrease computation level in 
dynamic pathfinding. 
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1. Introduction 

 
Artificial Intellegences (AI) in video game are important things that can challenge player. One of them is 
creating characters of video game, such as real human/animal attitude [1]. The problems raise in AI 
application on game covering learning, planning, natural language processing, and pathfinding. 
Pathfinding is the most interesting technique  to research than other techniques because pathfinding is 
a basic technique that is often required and applied in a video game [2]. The application of pathfinding 
includes map analysis to find the best score in the movement from one point to other points. The best 
track is decided from the number of score and some criterias, such as the shortest track, the fewest track, 
and the most safe track [3]. 
 Many researchs on finding method, especially pathfinding in video game, have been done [2]. 
Algorithm A* [4] or pathfinding A* and development variation of pathfinding A* have already attached 
in AI game. Moreover, those are mostly used in video game [5]. Surely, pathfinding A* and development 
variation are capable enough to solve the pathfinding problem but its environment still stays static. If it 
compares with dynamic environment, there may be moving obstacles while the algorithm is working so 
it will be getting stalled. One of solutions offered by video game developer is using real time pathfinding 



JTI C.I.T p-ISSN 2337-8646    e-ISSN 2721-561X  

Dynamic Pathfinding for Non-Player Character Follower on Game (Paulus Harsadi, at all) 

56 

method. It assumes dynamic environment being static everytime when the environment is moving so 
that it needs high computation time. 
 The approach of Real time pathfinding includes Time-bounded A* (TBA*) [6], Real-time Iterative-
depending Best-first Search (RIBS) [7], and K Nearest Neighbor LRTA* (kNN LRTA*) [8]. For 
information, many researchers develop algorithm using dynamic pathfinding method which doesn’t 
consider dynamic environment as static environment when the environment is changing. For examples, 
its researches are Real-time Pathfinding with Genetic Algorithm (RTA-GA) [9] combining between A* 
and Genetic algorithm and a research using heuristic method or algorithm based on evolutionary 
approaches, such as ACO (Ant Colony Optimization [10][11][12][13] and genetic algorithm (GA) 
[9][14][15][16]. Combine Dynamic Pathfinding (DPA) and A* Algorithm [17], Fuzzy logic and A* 
Algorithm [18] and a research using heuristic method as dynamic particle chain (DPC)[19]. Application 
of heuristic method ensures the discovery of best track, and until now A* is still eing implemented[20].  
 This research tries to find the best solutions to do the pathfindings in dynamic environment with 
low computation. One of these solutions is DPC algorithm. DPC algorithm is created from flocking 
behavior called boid [21] where the movement of agent toward its target is used as point for the track.  
The point result of boid movement will be used by the agent to move with the rule of point election 
selecting boid in nearest radius with its target and unimdpaired track. In addition, this method enables 
to open many tracks than using grid method to represent the environment. However, even though the 
process of finding tracks is fewer, only the area passed by boid, but DPC algorithm only chooses boid in 
radius area and then recomputation is held to choose the next boid or track node. Therefore, the 
computation time to reach the target is not maximal. It is because the rule process of DPC algorithm is 
similar enough with A* pathfinding which is breadth-first search algorithm [22]. This research assumes 
that dynamic pathfinding algorithm applies flocking behavior of boid as a method to avoid the obstacles. 
Meanwhile, to move toward the process, player uses attractive potential field function of Artificial 
Potential Field. 

 
2. The Proposed Method 

 
2.1. Flocking Behavior 
One of the applied methods in this research is boid from flocking behavior to avoid the obstacles so the 
boid will be used by NPC Follower as a leap in order not to make collision with those obstacles. Flocking 
behavior is a flock in which its members having the ability to move and interact each other.  Boid is one 
of flock attitude concepts proposed by Reynolds [20]. Flocking behavior has three main rules and two 
additional rules, that is [23] : Cohesion (Flocking); tendency of boid to stay close in flock local center 
from others. Separation (collision avoidance); tendency of boid to stay away from the other and avoid 
the probability of collision. Alignment (velocity matching); tendency of boid to compare its line and 
speed with others. Obstacle Repulsion or obstacle avoidance; rejection of obstacle where each boid will 
detect the position of an obstacle. Goal Attraction; boid’s interest to the target in which its rule also works 
for the leader. 
2.2. Artificial Potential Field 
In this case, APF is applied by NPC follower to move toward the target by dividing it into some areas or 
radius. Artificial Potential Field (APF) is firstly applied in path planning robotics in 1986 by Khatib. His 
basic idea creates virtual style formulated in robotic area [24]. APF consists of two functions, Attractive 
potential field function and Repulsive potential field [25]. This Fig. 1 below is the model of APF proposed 
by khatib [26]. 
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Fig. 1.  Artificial Potentital Field (APF) Model by Khatib [26] 
 

APF Model by Khatib on Fig. 2 has the farthest effect than repulsive force in obstacle avoidance. Fatt is 
target tensile strength on robot, Frep is repulsive force on robot. F is Vector composition or resultant 
between the tensile strength and repulsive force. 
2.3. Trigonometry 
The detail process of NPC Follower in obstacle avoidance applies cosine-law in selecting process of boid 
as a leap in APF radius. Cosinus law is one of laws applied in triangle or trigonometry, it can be used to 
decide the right score of angle or the side length of a triangle [27]. 
2.4. Research Method 
This section includes research process starting from design making either in environment or character 
and the proposed formula of dynamic pathfinding algorithm. Dynamic pathfinding simulation covering  
dynamic environment will be represent in a map in the video game. Environment of simulation consists 
of two obstacle scenarios having static obstacle and dynamic obstacle. Design of NPC follower and player 
will be using 3d soldier character holding a gun in an avatar form shown in Fig. 2. 

 

 
 

Fig. 2. Soldier Avatar for NPC Follower and player. 

2.5. Dynamic Environtment Algorithm 
This research assumes the flock with a number of boid variable Nb. On the certain process time, that is 
i, boid has Xb (i) position with k∈ INb ≡ { 1 , 2 , . . . , Nb }. Non-player character follower is located on X(i) 
position and target position, PlayerXg. On the selected time, flock i is distributed by R2 (distance to 
target). There is Dm distribution as dynamic obstacle and its position is Xm(i) with m ∈ INm ≡ { 1 , 2 , . . 
. , Nm}. 
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 Domain Do is a static obstacle and Xo is a position of static obstacle. Configuration room (CS) is R2 
area after it is reduced by domain Do and Dm so boid and NPC Follower will be considered as moving 
point in CS. While the process continues, NPC Follower and boid will be considered as moving particles. 
Fig. 3 shows the movement process. 

 

 
Fig. 3. Movement of Flocking Boid 

 
Based on the three basic rules (alignment, separation and cohesion) and two additional rules (obstacle 
avoidance and goal attraction), point of pathfinding comes from movement of each boid to avoid the 
obstacles and get the target. The result of the point can be used by Artificial Potential Field to avoid 
obstacles in order to get the target dynamically. 
2.6. Improved attractive potential field for pathfinding 
APF method applied in this research is attractive potential field function. In this research, attractive 
potential field functions as tensile strength from the target, player to non-player character (NPC) 
follower. This tensile strength will be greater to pull NPC follower when the distance between NPC 
follower and player (target) gets further in the game shown in Fig. 4. 

 
 

Fig. 4. Improved Attractive Potential Field Model 

 
The function of attractive potential field adapted from the robot is defined on the explanation below [26] 
: 

 

𝑈𝑎𝑡𝑡(𝑋)  
1

2
𝑘1𝜌2(𝑋, 𝑋𝑔)………………………………………………………………………………………………….(1) 

 
Wherein : 
X  =   (x,y) is a vector position of NPC follower 
 Xg  =   Player location 
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Uatt  =   Score of Attractive potential field 
ρ (X,Xg)    =   Distance between NPC follower and player 
k1  =  Constant of attractive potential field (positive score)   
 
Attractive Force (Fatt) is negative gradient of Uatt. The formula is defined on the explanation 
below [26] : 
 

𝐹𝑎𝑡𝑡 =  − ∇[𝑈𝑎𝑡𝑡(𝑋)] = 𝑘1𝜌(𝑋, 𝑋𝑔)…………………………………………………………………………. (2) 

 
Wherein  : 
Fatt  =   Attractive Force 
ρ (X,Xg)  =   Distance between NPC follower and player 
k1   =   Constant of attractive potential field (positive score) 
 

2.7. Obstacle Avoidance 
NPC follower doesn’t apply repulsive style of Artificial potential field, but it applies position of boid 

flocking movement while the obstacle avoidance process continues statistically or dynamically. The 

notation in Fig. 3 shows that point B is position of NPC follower, point A is position of boid, and position 

C is player position. Cosinus rules to calculate - corner will be explained below [27] : 

 

𝑐𝑜𝑠 𝛽 
𝑎2+𝑐2−𝑏2

2𝑎𝑐
………………………………………………………………………………………………………………(3) 

 
Cosinus rules are applied to determine the angle β. Boid in the area will calculate the value of angle β 

based on position of NPC follower and player then it will be put in order based on the angle β. Fig. 5 

shows the process of obstacle avoidance to the target.  

 
 

Fig. 5. The Calculation of angle β between Boid, NPC Follower, and Player 

 
If angle β is bigger, boid position gets further with the obstacles so NPC follower can be the tentative 

target to avoid obstacle. Afterward, the attractive style can be applied. 

 

3. Result and Discussion 
 

The implementation used Unity 3D game engine. The dynamic environment was set based on the 

scenario using existing asset and material, such as terrain, obstacle wall, directional light, and camera. 

Size of environment was based on terrain resolution having 40 x 40 size and using a unit value from 

unity 3D game engine. Implementation of boid creates a game object resembling prefab of flat circle. The 
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whole rules and variables in boid will get score so the flocking behavior will be suit as expectation. Table 

1 below shows the variables and rules in this research and its scores. 

 
 
 

 
Table 1.  

Scores of Boid Variable and Rule 

Boid Rule and Variable Score 

Speed  3 
Max Speed  5 
Separation 6 
Alignment 2 
Cohesion 5 
Force Obstacle Avoidance 25 

 
Spread area of boid is restricted by Swarm radius so it will not move out from dynamic environment. Its 

wide and length scores are decided by swarm bounds. In this research, the swarm radius is 15 and the 

swarm bound is 35 x 35. Fig. 6 shows the implementation of flocking behavior by boids. 

 
 

Fig. 6. Implementation of Flocking Behavior. 
 

3.1 Implementation of Dynamic Pathfinding in NPC Follower 
Dynamic pathfinding algorithm implemented in NPC follower doesn’t only need script to calculate 

algorithm score, but it also needs other support variables. As an example, score of potential field radius 

is 30 and range of the area is 5, whereas the variable is implemented to the player. In this research, the 

implementation process of dynamic pathfinding algorithm is, (1) based on radius score and potential 

field range on script potential field that is implemented to the player, so boid and NPC follower will be 

classified by each area which is appropriate to its score range of APF force. (2) On the script Follow 

Behavior PF implemented in NPC follower, attractive potential field is calculated to move. If NPC follower 

finds obstacles while it moves to target (player), NPC follower will apply boid to the area and choose 

boid as track change to avoid the obstacles.  

Based on the result of dynamic environment implementation, characters of proposed NPC follower 

and player, and dynamic pathfinding shows the simulation result of algorithm applied in NPC follower. 

Fig. 7 and 8 below show the implementation result of 2 . 
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Fig. 7. Implementation of environment with moving obstacles 

 

 
 

Fig. 8. Implementation of environment with complex obstacles. 

 
3.2 Testing 
Testing of proposed dynamic pathfinding (boid column PF) compares Dynamic Particle Chain algorithm 

(Boid column DPC) and A-star algorithm (Astar column). To get the accurate result, it needs to test both 

the environment with moving obstacles and the environment with complex obstacles. The testing needs 

to do 100 times to get mean of those three algorithms. The basic of Dynamic Particle Chain algorithm 

and dynamic pathfinding algorithm is flocking behavior of boid. Therefore, this stage includes in the 

testing if there are different numbers of boid, from 70 to 90. These tables below are the mean results of 

testing from 2 environments, moving environment in table 2 and complex environment in table 3 in 

second. 

Table 2.  
Result of Moving Environment Test 

Astar 
70 boid 90 boid 

boid DPC boid PF boid DPC boid PF 

9.906526 7.63544436 6.98441418 7.5867491 6.83753357 

 
Table 3. 

Result of Complex Environment Test 

Astar 
70 boid 90 boid 

boid DPC boid PF boid DPC boid PF 

10.25322 8.7916366 7.43820206 8.0455804 7.13606387 
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4. Conclusion 
 

Based on the research of dynamic pathfinding, it concludes that : (a). The proposed method in this 

research can reduce computation time in problems of dynamic pathfinding. (b). The testing in simulation 

environment shows the faster result in dynamic pathfinding than Astar and DPC algorithms.  (c). For 

next research, the implementation of attractive potential field function and flocking behavior of boid can 

be developed not only for two-dimensional environment but also three-dimensional environment. 

Therefore, it can be useful for not only NPC follower in walking character but also flying character as air 

plane in game. (d). The proposed algorithm can be developed for a flock of NPC followers so there will 

be not only one NPC follower doing the dynamic pathfinding. 
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