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3. Methods

3.1. Fuzzifying Enemy Behaviour

A simplified, sandbox version of Power Down the Zombies was coded in Javascript
for this work (Fig. 2), for rapid prototyping and visualization of the effects of the
fuzzy controller in enemy behaviour. Only the mechanics involved in player and
zombie movement were kept functional, the game camera was set to top view at all
times to be able to track zombies’ trajectories in the whole terrain, and a simple house
was drawn as a basic rectangle to model the home zone.

The “crisp” zombie movement algorithm is as follows: zombies always move in the
direction of whoever is closer, the player or the house. This simple Al is interesting in
the game dynamics, because it keeps the player alert for zombies around the perimeter
of the house and discourages the strategy of keeping distance from everything to win.

This simple behaviour may be, however, somewhat predictable: a player can
“control” a zombie by moving close to it, and then killing it by making it follow him
into a light. This makes zombies feel “dumb” and lowers the immersion level.

A fuzzy controller applied to zombie movement results on a more “natural” response
from the zombies as decision-makers, as they do not fully pursue the player or the
house, rather making a more complex decision: a zombie at a timestep can decide, for
example, to follow the player on 0.8 and target the house at 0.3. A subsequent
calculation finally sets the target point of the movement, which will be an
intermediate point between the player and the house. This determination is made
every delta-time based on the current time positions, shaping a closed-loop controller.

260



XXII Congreso Argentino de Ciencias de la Computacion LaPlata - 9 al 13 de octubre de 2017

Fig. 3. A Javascript 2D simplified Power Down the Zombies was coded to test the fuzzy
movement algorithm.

3.2. Fuzzy Model Design

The Fuzzy Inference System (FIS) was designed using MATLAB Fuzzy Logic
Toolbox. A Graphical User Interface (GUI) was used to easily design FIS variables,
membership functions, rules and visualize the system performance to variations of the
inputs, as shown in Figure 3.

Fig. 4. Fuzzy controller block diagram, designed using MATLAB Fuzzy Logic Toolbox.

3.2.1. Variables

The terrain was set to 640 pixels wide and 400 pixels tall. In the actual Power Down
the Zombies game, the field can be divided in as many cells as needed, so it is
irrelevant which is the actual size of the terrain. The house was modelled as a
rectangle at the center of the field, and actually zombies pointing to the house target
the center pixel, which is (320,200).
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Four input variables were considered: the horizontal (x-axis) and vertical (y-axis)
distance from the zombie to the player (named distPlayerX and distPlayerY), and the
corresponding distances to the house (distHomeX and distHomeY). Distances were
directly considered in pixels. Due to the field size, the distance between the zombie
and the player can vary from 0 to 640 in the x-axis, and reach a maximum of 400 in
the y-axis. However, as the house stands still in the center of the field, the distance
from the zombie to the house can be at most 320 in the x-axis, and 200 in the y-axis
(half the field size).

Three fuzzy sets were defined for each input variable, named “Close”, “Medium” and
“Far”. Trapezoidal membership functions were used in all cases, to lower the
computational cost of the controller computations. The membership functions for the
input variable distPlayerX are shown in Figure 4.

Fig. 5. Membership functions for the input variable distPlayerX.

A single fuzzy output variable was defined as goTo, with fuzzy sets “Player” and
“Home”. The support range was from 0 to 100, as a generic percentage indicator.
Trapezoidal membership functions were used for both sets.

3.2.2. Rule set

The rule set was simple. If the distance between the zombie and the player or the
house was “close” or “medium”, then track that element. If the distance was “far”,
then go to the other. There were a total of 12 rules in the system.

3.2.3. Output

The library was modified to return the fuzzified outputs of each fuzzy set, without
performing the step of defuzzification. After the fuzzified outputs are calculated,
target for the zombie gets updated. The first fuzzy output corresponds to the linguistic
term “go to Player” and the second means “go to House”, so the following equation is
evaluated for coordinates x and y.
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