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ABSTRACT: Tower Defense is a game genre that uses a pathfinding algorithm. Pathfinding is a way to find a path from one point
to another; pathfinding itself has many variants with different scenarios. One of these algorithms is the A-Star algorithm, a well-
known and commonly used method for game pathfinding. Another algorithm is the Flow Field algorithm, which is an algorithm
that is not widely known and has become the topic in this following research. This research will be carried out by comparing the
time required by both algorithms to reach the target point from starting point, and time comparison will be carried out in 3
different scenarios. The result of the research is that the Flow Field algorithm reaches the target faster than A-Star Pathfinding in
every scenario carried out in the simulation. This research concludes that the Flow Field algorithm can compete with the A-Star
algorithm to find paths in the Tower Defense game.
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I. INTRODUCTION

Real-time Strategic (RTS) Tower Defense (TD) is a strategy game with building and managing resources in a game that is moving
in real-time [1]. RTS TD aims to protect a zone and eliminate the enemy or enemy zone. One of the challenges in a Tower
Defense game is how to move the enemy units. To overcome the challenge, we can use pathfinding. Pathfinding is putting
Artificial Intelligence into NPC (Non-Player Character) to find a way to move to the target. A-Star algorithm is one of the most
popular pathfinding used [2], [3]. A-Star algorithm is also often used for comparison between algorithms in pathfinding because
of its popularity and flexibility. Every Algorithm has its downsides. If a lot of units are involved in the game that runs the
Algorithm, if the map is too small, or if the game environment is too dynamic, A-Star Algorithm would not be the best Algorithm
to solve pathfinding problems [4], [5].

There are many alternative pathfinding algorithms, one of which is Flow Field pathfinding. Flow Field and A-Star are similar
algorithms to each other, and both of them use informed search. According to Emerson [6], Flow Field Algorithm is worth
studying because of its capability to solve paths for hundreds of units, detect obstacles, and it's heuristic properties [7]. The
capacity to create a path from hundreds of units came from the grid-based Algorithm [8]. The downside of Flow Field
Pathfinding is a high amount of resource usage if the map is too big [9].

This research compares the Flow Field algorithm with the A-Star algorithm in a Tower Defense game. This comparison aims to
know if Flow Field Pathfinding algorithm could compete against the A-Star Pathfinding algorithm in an RTS TD game. Time to
reach the target would be the comparison between the two Algorithms. This research is expected to add to the general insight
into the Flow Field Pathfinding algorithm and add interest in making Tower Defense games using algorithms Flow Field
Pathfinding.

Il. LITERATURE STUDY
Tower Defense is a strategy game where the player stops or slows the enemy with an obstacle in-game environment. Tower
Defense is a RTS game focused on managing resources and placing unit/tower to prevent the enemy from reaching a certain
zone [10], [11]. From the two definition above, can be concluded that the tower defense game is a game where the player
prevents the enemy units from reaching a certain zone with every means possible. The player creativity and skill would be tested
on how to prevent the enemy from going into the zone.

Flow Field is derived from the concept of fluid dynamics, namely the study of the movement of water surfaces. Before the
Flow Field algorithm was used for video games, this Algorithm is used for water surfaces, this concept can also be identified as
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vector fields. Flow Field Algorithm works in a vector plane, where each vector points to the neighboring Node closest to the
destination. When a unit passes through a cell, it will know the vectors belonging to that one, so as the name implies, the
vectors in the flow field will look like water flows [12]. The Flow Field Pathfinding algorithm has a time complexity of O(n2)
notation; this notation is formed because the code checks all nodes on the grid in a nested if. A-Star algorithm uses
mathematical equations and uses the lowest value overall as a pathway from the starting point to the endpoint [13]. The
calculation of the lowest value is done using the heuristic formula [14] :

f(n) =h(n) + g(n).

Where the g(n) is a total value from starting point to point n, h(n) is an estimated value from point n to the endpoint, and f(n)
is the total value of combined g(n) and h(n). The lowest value of f(n) would be the shortest path from the starting point to the
endpoint. The A-Star Pathfinding algorithm has a time complexity of O(bd) or O(E). This is happen because, traveling to all nodes
is a possibility for the Algorithm to reach the destination point from the starting point.

lll. METHODOLOGY

Comparison between the Flow Field algorithm and A-Star algorithm is made by testing both Algorithms in 3 different scenarios.
Each scenario would be tested ten times, and calculate the average time taken for the pathfinding algorithm to reach the
endpoint. In this study, the Flow Field Pathfinding algorithm and the A-Star Pathfinding algorithm are the base code. For the A-
Star Pathfinding algorithm, the base code is used by Seb Lague [15], while for the Flow Field Pathfinding algorithm, the base
code from Turbo Makes Games is used which is then developed to meet the testing criteria to be carried out. System design is
done by making flowcharts and map designs.
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Figure 1 shows the flow for Flow Field Pathfinding algorithm. The first step in this Algorithm is to initialize several things, there
are integer initialization costField and bestCost, then Queue cellsToCheck initialization, and Node initialization curCell and
targetPosition. After that the costField value of each Node in the grid will be set, the value is 1 if the Node can be used as a path,
whereas if the Node cannot be passed, then the value will be 255. The targetPosition node will also be set
targetPosition.bestCost = 0 and targetPosition.cost= 0, this value serves to distinguish the Node value between the destination
and the path and the initial stage is to find the shortest path to reach the goal. Then add targetPosition to Queue cellsToCheck
and fill the value curCell.bestCost = 0 so that the destination node will be processed first by the Algorithm.

Next, initialize the curNeighbors List and fill in the curNeighbors.bestCost value with a very high value (65535) so that when
compared to other bestCost (paths) which have lower values, that path will be used. The next thing is to fill in the Node values
one by one starting from curCell, then check to find the lowest curNeighbor.cost value to reach the target, by comparing the
value of curNeighbor.cost plus curCell.bestCost with the value of curNeighbor.bestCost. If the value is smaller, it will be
continued by determining the Node value curNeighbor.bestCost with the value curNeighbor.cost + curCell.bestCost and adding
the Node into the Queue which will then loop back to read the Nodes contained in the Queue. If the value is greater, it will
check whether there are still Queues left from cellsToCheck, if so, the code will loop when the Algorithm reads cellsToCheck, if
the cellsToCheck Queue is empty, this means that all Nodes have been read and have values. At this stage the Flow Field
algorithm has been successfully created and the closest path made between the starting point and the end point is through the
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Figure 2 shows the flow of the A* pathfinding algorithm. The A* algorithm works by creating a list named open list and closed
list, open list are nodes that would, but not yet calculated. Meanwhile closed list are nodes that has been calculated. After the
two list are created, the Algorithm would calculate the f cost with equation of f(n) = g(n) + h(n), where f(n) is the f cost, g(n)
would represent as the value from starting position to Node n, and h(n) is the heuristic value, the estimated value needed to
reach end Node from Node n. The A* algorithm would search for the lowest value of f(n), then to find out whether n is the
target Node, if it is not the target position the Algorithm would keep running to search for n that are not in the closed list, add n
to the open list then the Algorithm would calculate the value of f(n) then add it to the closed list, and check the next n. If n is the
target Node, then the Algorithm has been run successfully and the path would be created by following the closed list from the
starting point to the end point.
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Figure 3 is the flow for the main module. When the ‘Play’ button is clicked, 10 entities will spawn from starting point, and the
timer will start. The entity would start to move to the end point based from the path the Algorithm creates. If the process is in
scenario 3, after 7 seconds, an obstacle would appear on the map causing the Algorithm to recalculate a new path to avoid the

obstacle.
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Figure 4 is the flowchart for time modul. Count variable is initialized to detect and calculate unit. When a unit reached the
destination, the amount of unit would be checked, if it is the first unit that reaches the destination, the first timer will stop.
When the last unit reached the destination, the last timer would stop, recording the time needed to get to the destination from
the start.

IV. RESULT

A comparison of the flow field algorithm and the A-Star algorithm in pathfinding is carried out with three mapping scenarios. At
the same time, the effectiveness is calculated by measuring the speed of each NPC in achieving the goal. In the first scenario, a
simple map looks like in Figure 4, where the path is made simple with a few obstacles.

target

Fig 5. Mapping Path in Scenario 1

Figure 5 is the implementation result of scenario 1. In this scenario, the display will remain the same in the Flow Field
Pathfinding algorithm and the A* Pathfinding algorithm. Beside Figure 6 is the implementation result of scenario 2. In this
scenario, the display will remain the same in the Flow Field Pathfinding algorithm and the A* Pathfinding algorithm.

Fig 6. Mapping Path in Scenario 2

In the second scenario, the path to reach the target is more complicated than the first scenario to see the effectiveness of the
speed of the A-Star algorithm and the flow field algorithm in the path search. However, in this scenario, the path from where the
NPC appears to the target destination on the map does not change.

L ,|:| obetaiio| I,:’
] ]

target target

(a) (b)
Fig 7. Mapping Path in Scenario 3
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In the third scenario shown in Figure 7a, the path on the map is made more complicated, and obstacles can suddenly appear
to hinder the path search. The appearance of obstacles can be seen in Figure 7b, where obstacles can suddenly appear to hinder
the path search. Still, in this comparative test, the appearance of obstacles in each test will be made simultaneously.

Test results were obtained and calculated by using the timerform Unity. Application testing is done ten times for each

Algorithm and scenario to get the average time taken. The following tables are the results of the trial that has been carried out.

Table 1. Result of Scenario 1 Flow Field Pathfinding

Test First Timer Last Timer Average
number

1 3.0099 3.4152 3.2126
2 2.8994 3.3857 3.1426
3 2.9305 3.3216 3.1261
4 2.9462 3.3203 3.1332
5 2.9462 3.3643 3.1553
6 2.9271 3.4018 3.1645
7 2.9572 3.3730 3.1651
8 2.9189 3.675 3.1432
9 3.0095 3.3397 3.1746
10 2.8974 3.3223 3.1099

Table 1 is the result of testing using Flow Field Pathfinding to find the shortest time required to reach the target. The average
result of all trials conducted was (3.2126 + 3.1426 + 3.1261 + 3.1332 + 3.1553 + 3.1645 + 3.1651 + 3.1432 + 3.1746 + 3.1099) / 10

=3.1527.

Table 2. Result of Scenario 1 A* Pathfinding

Test First Timer Last Timer Average
number

1 3.5307 3.8710 3.7009
2 3.4046 3.9029 3.6538
3 3.4858 3.9975 3.7417
4 3.4465 3.9424 3.6945
5 3.4361 4.0604 3.7483
6 3.5163 4.0054 3.7609
7 3.4501 4.1039 3.7770
8 3.5495 4.1754 3.8625
9 3.5221 4.0333 3.7777
10 3.4616 4.0996 3.7806

Table 2 shows the result of the testing using A* Pathfinding to find the shortest amount of time required to reach the target.
The average result of all trials conducted was (3.7009 + 3.6538 + 3.7417 + 3.6945 + 3.7483 + 3.7609 + 3.7770 + 3.8625 + 3.7777 +
3.7806) / 10 = 3.7498. The result of the comparison average of Table 1 with Table 2 for scenario 1 shows that the average time

of the Flow Field (3,1527) is faster than A* (3,7498) and has a difference of 0.5971 seconds.

Table 3. Result of Scenario 2 Flow Field Pathfinding

Test First Timer Last Timer Average
number
3.3368 3.8011 3.5690
2 3.3598 3.7603 3.5601
3 3.3923 3.8280 3.6102
4 3.3980 3.8258 3.6119
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5 3.3250 3.8013 3.5767
6 3.3903 3.7070 3.5487
7 3.3313 3.7858 3.5586
8 3.3652 3.7724 3.5688
9 3.3620 3.7855 3.5738
10 3.4944 3.7956 3.6450

Table 3 shows the result of testing using Flow Field Pathfinding to find the shortest time required to reach the target. The
average result of all trials conducted was (3.5690 + 3.5601 + 3.6102 + 3.6119 + 3.5767 + 3.5487 + 3.5586 + 3.5688 + 3.5738 +
3.6450) / 10 = 3.5822.

Table 4. Result of Scenario 2 A* Pathfinding

Test First Timer Last Timer Average
number

1 3.3368 3.8011 3.5690
2 3.3598 3.7603 3.5601
3 3.3923 3.8280 3.6102
4 3.3980 3.8258 3.6119
5 3.3250 3.8013 3.5767
6 3.3903 3.7070 3.5487
7 3.3313 3.7858 3.5586
8 3.3652 3.7724 3.5688
9 3.3620 3.7855 3.5738
10 3.4944 3.7956 3.6450

Table 4 shows the result of testing using A* Pathfinding to find the shortest amount of time required to reach the target. The
average result of all trials conducted was (4.4292 + 4.4347 + 4.3888 + 4.4840 + 4.3405 + 4.3667 + 4.4258 + 4.4445 + 4.4041 +
4.4225) / 10 = 4.4140. When the result compared to the average results of Table 3 with Table 4 for scenario 2, it can be seen
that the average Flow Field time (3,5822) is faster than A* (4,4140) and has a difference of 0.8318 seconds.

Table 5. Results of Scenario 3 Flow Field Pathfinding

Test First Timer Last Timer Average
number

1 13.5495 14.1580 13.8538
2 13.5022 15.0643 14.2833
3 13.5506 14.0927 13.8217
4 13.5424 14.7615 14.1520
5 13.5153 14.1116 13.8135
6 13.5989 17.1915 15.3952
7 13.5591 17.3906 15.4749
8 13.6293 15.0069 14.3181
9 13.7016 14.4805 14.0911
10 13.6289 17.3056 15.4673

Table 5 shows the result of testing using Flow Field Pathfinding to find the shortest time required to reach the target. The
average result of all trials conducted is (13.8538 + 14.2833 + 13.8217 + 14.1520 + 13.8135 + 15.3952 + 15.4749 + 14.3181 +
14.0911 + 15.4673) / 10 = 14.4671.
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Table 6. Result of Scenario 3 A* Pathfinding

Test First Timer Last Timer Average
number

1 14.7301 15.3122 15.0212
2 14.7364 15.3767 15.0566
3 14.7859 15.1677 14.9768
4 14.6179 15.3490 14.9835
5 14.8016 15.1858 14.9937
6 14.7462 15.2847 15.0155
7 14.8541 15.1946 15.0244
8 14.8757 15.3147 15.0952
9 14.7276 15.2667 14.9972
10 14.8954 15.2926 15.0940

Table 6 shows the result of testing using A* Pathfinding to find the shortest amount of time required to reach the target. The
average result of all trials conducted is (15.0212 + 15.0566 + 14.9768 + 14.9835 + 14.9937 + 15.0155 + 15.0244 + 15.0952 +
14.9972 + 15.0940) / 10 = 15.0258. When compared to the average results of Table 5 with Table 6 for scenario 3, it can be seen
that the average time of Flow Field (14,4671) is faster than A* (15.0258) and has a difference of 0.5587 seconds

V. CONCLUSION

Based on the research that has been done, the following conclusions are obtained, that has successfully implemented the Flow
Field Pathfinding algorithm and the A* Pathfinding algorithm into the Tower Defense game simulation. Flow Field Pathfinding
can be used and has faster results than A* Pathfinding for finding paths in Tower Defense games. This is evident from the
scenarios that have been simulated. From the simulation results carried out in scenario one, the average time required by the
Flow Field Pathfinding algorithm is 0.5971 seconds faster. In scenario two simulation, the average time required by the Flow
Field Pathfinding algorithm is 0.8318 seconds faster. And for scenario three simulation, the average time required by the Flow
Field Pathfinding algorithm is 0.5587 seconds.
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