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1 Introduction 

In this article I investigate the use of flow fields as an integral part of a pathfinding problem 

related to a number of different agents or boids. 

Using an A* (A star) algorithm for the pathfinding problem I set three case scenarios with 

three different agents, and how this affects their relative paths towards a specific goal. 

 

When you think about water or air currents and how they affect the ability of a 

player to traverse the scene you will notice that is something not included in games very 

often. Over this paper, and the demo it relates to, I will try to tackle this issue and convey 

that is something not so hard to do, once you have a way to discretize your scene in regions, 

the way it’s usually done for pathfinding. 

 

On a very simple scenario, we will assign to each cell of the grid a normalized vector 

value that will represent the direction of the flow in that cell. We can easily extend this 

scene by adding size to the vectors to represent strength along with direction. We could also 

add superimposing layers of fields, that represent other things than obvious liquid or gas 

flow, such as “cognitive alarms” (i.e. a layer could represent the necessity to stay away from 

fire, or a dangerous enemy, and that would be information stored once, in the grid and 

shared among all the boids in the game, saving some processing time). 

 

2 About the work 

An insight to the demo, assumptions, problems and its objectives. 

2.1 The scenario 

 

The demo represents a flow of which we will assume to be water or air. Traversing from left 

to right and being, later on, modified through input. 

 

The first case of boid (which we will call heavy or heavy agent) is an entity that does 

not get affected by the flowing water. Think of a Cargo Ship with a powerful engine 

propelling it. The impact of such entity in a water field would, most probably, be the 

creation of its own flowing field, thus, this entity will modify the flow field as it moves 

around.  

 

The second case of boid (namely regular), can be thought as a recreational boat, 

something propelled just enough to the extent that it has to fight the water currents, and 
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those currents will have a visual impact in the final path. 

 

Finally we have the light boid, which will be represented by an entity that does not 

have mind of its own, therefore it can no compute paths and it’s propelled by the flowing 

field. Think of a leaf in a river or a paper boat, its course is only determined by the external 

entities on the river, such as obstacles or water currents.  

 

Now onto the external modifiers, we find two different options. 

 

The first one is a repulsor, represented on its center by a red tile. It superimposes a 

repelling field around itself, defined by a radius. 

 

The second one is a vortex, represented by a green tile. It creates a rotatory field 

around its center, it is defined by a radius and it is a Rigid Body Type of Vortex. 

 

Discarded modifiers: 

 Atractor: antagonist to the repulsor it did create a local minima in the map, trapping 

any light entity falling in the area of influence.  

 Irrotational Vortices: the absence of size in the field vectors made redundant the 

implementation of vortices whose rotational velocity is (inversely) proportional to the 

distance to the center. 
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2.2 The goal 

 

The main goal of the demo is to illustrate the ease to include a relation with gas or liquid 

areas and our game entities. This can range from a game that takes place in the sea, air or 

water bodies of any kind to having the finger of the player stir particles (paper, wood, etc.) 

in a water body while having a centralized authority that maintains the flow properties 

without adding code redundancies or extremely hard fluid mechanics involved. 

 I propose a scenario in which there is a two dimensional fluid flow from left to right 

in a discreet three dimensional map. The ability to modify that grided map will showcase 

how different agents behave against said flow. 

 

2.3 Limitations 

 

The demo in itself is as simple as it could get, predefined number of agents of each type 

guarantee the correct functioning of the program. Although more boids could be defined and 

a GUI option included, the demo is shipped with 1 heavy agent, 2 medium agents and 6 light 

agents. This ensures a fair balance between entities to see all the possible agent-terrain 

interactions while preserving a good visibility of the terrain and light frame computation 

time. 

 The two dimensionality of the grid favors a surface flow simulation, such as the 

proposed boats in a water body. 

 

3 Definitions and Background 

In this section, I provide a rough definition on the pathfinding problem and describe the 

approach followed in the simulation. 

 

3.1 Pathfinder and navigation mesh integration 

The implementation is fundamentally based on A* Star algorithm, for the agents that can 

define a goal in the environment. 

 Those agents will pre-compute the optimal (lowest cost) path between their position 

and the desired goal, which will be influenced in the case of the regular agent by the 

underlying direction of the flow. An extra cost for traversing against the current is added to 

the node cost based on the dot product of the agents’ direction and the target node’s 

direction. 

 The heavy agent will ignore completely this extra cost and find the optimal path 

between the points. 

 In order to showcase the consequences of directing the fluid flow, the navigation 

field is not free of local minima and this can lead to sinks, places where the free flowing 

agents will get stuck. 

 

 The cost function for traversing the field is defined 𝑓(𝑥) = (𝑐(𝑝) + ℎ(𝑟)) ∗ 𝑔(𝑠) 
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where the cost of a node depends directly on the cost of 

the parent node 𝑐(𝑝) and the relative position of the 

parent and current node, where diagonal movement 

implies a higher cost, multiplied by a function directly 

proportional on the relative motion of the agent to the 

direction of the flow,𝑔(𝑠) = (𝑑 ⋅ 𝑓), d being the 

direction of the agent and f the flow. 

 

On the other hand, the free flowing object will 

respect some boundaries, given by the size of the map 

and the information of the tiles defined in another map 

with information about each discreet tile. 

 

For those agents that require a goal, the path is 

computed only once or until new input is provided. 

 

4 Vector Field 

A vector field is one of the multiple approaches of 

navigation aids, represented as an abstract data structure, used in artificial intelligence 

applications, for agents to compute optimal paths through spaces. 

 

As the name implies it consist on the assignment of a vector to each point in a 

measurable portion of the space. In two dimensions this can be visualized as a collection of 

arrows, given a direction and magnitude, attached to a point in a plane. 

 

4.1 Definition 

Given a subset S in 𝑅𝑛, a vector field is represented by a vector function 𝑉 ∶ 𝑆 →   𝑅𝑛  in 

standard Cartesian coordinates (𝑥1, 𝑥2, … , 𝑥𝑛) If each component of V is continuous, the V is 

a continuous vector field. 

 Another important property of a vector field is that given not only direction but a 

magnitude, the arrow can be integrated along a curve, to determine its line integral. Given a 

particle in a vector field, where each vector represents the force acting on the particle, this 

integral is the work done on the particle that is travelling along a path.  

 

 

8 Conclusion 

In this section, I analyze the results of the simulation for the case scenarios explained above. 

In the demo, I have integrated A* algorithm with vector field and state machines to easily 

simulate the impact of fluids can have on the scene. 

 The user has the option to manipulate the field by defining a goal for the heavy agent 

and also has a number of scenes with predefined layouts that can be cycled through to 
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analyze the decision making capabilities. 

 

 Many other works have tackled the integration of vector fields in pathfinding 

scenarios to simulate crowds and I recommend further reading in the topic to understand 

how this can also be used to avoid choke points in simulations, whether you want to avoid 

congestion in turnstiles or have a degree of control in situations where big numbers of boids 

conglomerate. 

 

 The approach used in this case is a simplistic view that can be further expanded with 

little to no effort given a minimum knowledge in the topics treated along the paper and 

adapted for almost any situation. 

 There are obvious benefits on having a central authority (the vector field) that can 

direct least important agents across a terrain without the need to define pathfinding 

algorithms for each one of those agents. 

 

 The demo is lacking on a minimum free map, because in the real world we rarely see 

this situations and given a water body with a flow, it is inherent to the body to have points 

where flowing objects get trapped, in the case of a three dimensional field and collision 

detection we could simulate how debris accumulate on city alleys, river banks and the 

consequences of this to the flow itself. 
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