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Abstract

This paper addresses the research question: How can the natural herding pattern
of animals be simulated using python? While including analysis of similar studies and
their contributions to this topic.

Our primary objective of this research was to produce a code that showed the pat-
tern of natural herding animals, and analyze other similar studies. For the research we
defined three initial forces, center-seeking, collision avoidance, and velocity matching.
We also predicted the affects of an added force to simulate a predator, which would
then change the herding pattern. This added force would increase the distance between
the animals, cause a change in velocity, and change in acceleration–all dependent on
the distance and direction of the predator. For this research we used Anaconda, and
Spyder to produce a program in Python. Through this, we created a program that
successfully replicated the forces that exist naturally to herding animals.

In addition, we analyzed other studies that have similar research involving her or
flocking theory. Flocking theory, more commonly associated with Boid’s Algorithm, has
been the forefront of studies on clustering and flocking. This theory and it’s parameters
are further discussed alongside other studies to gain a deeper level of understanding.
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1 Introduction

To create an accurate representing of herd
animals and how they operate we needed an
understanding of the way they act and those
causes. We decided to categorize each de-
cision/mentality as a force in order to rep-
resent these decisions precisely using math.
After consulting lot’s of previous research on
flocking, Boid’s Algorithm, and scholarly ar-
ticles on herd animal movements, we created
four main forces. The four forces we decided
would represent the animals behaviour the
best were center seeking, velocity matching,
collision avoidance, and a maximum veloc-
ity limit. To represent these forces, we chose
Python because of it’s ability to function as
a high-level programing language that sup-
ports modules and packages (that were both
needed to create this simulation). Using mod-
ules and packages allowed for extra functions
to be added to create the best working pro-
gram. For this research extra packages were
needed for the math and graphics both in-
volved.

This type of simulation is helpful for the
modeling of herd behavior, but for other
types of analysis as well. The simulating of
multiple individual data points can be use-
ful for much broader contexts, such as traf-
fic, clouds, and other groups of particle-like
points. Being able to simulate herds specifi-
cally is important for the use of herd research
as well as the possibility of adapting the code
to fit other uses.

This report breaks down the theories
needed to understand the code, as well as an
explanation of the forces behind it. Boid’s
Algorithm is discussed in-depth, and com-
pared to the herd research. Boid’s algorithm,
specifically, helped a lot in the creation of this
research as a point of inspiration and direc-
tion. Although it’s not possible to add the full
animation in this report, the image sequences
are displayed giving an accurate representa-

tion of the changes in data.

2 Method

2.1 Selfish Herd Theory

The center seeking force, Force 1, was the
first to be calculated for the data. The force
pulls the data into the center of the group,
by calculating the sum of all the data points
location and averaging it to find the mean
and average center of the herd. This is illus-
trated by the ’flowing’ movement of the data
as each point has their own velocity that is
continuously being calculated to find the new
center. As the group of data (herd) moves
around each animal is at all times trying to
be in the middle of the pack, causing the
herd to mimick a pulse from a distance. This
demonstrates the want for the animal to be
in the center of the pack/herd, which is called
Selfish Herd Theory. Selfish herd theory was
developed to explain this want that animals
posses to be in the middle that seems to be
hardwired into their brain and that ”...there
are spatial benefits to individuals in a large
group, since individuals can alter their spatial
position relative to their group-mates and any
potential predator, thus reducing their preda-
tion risk.” [5]

2.2 Boid’s Algorithm

Craig W. Reynold is the author of ”Flocks,
Herds, and Schools: A Distributed Behav-
ioral Model 1” published in 1987, where he
explains his approach to simulate flocking.
”One area of interest within computer anima-
tion is the description and control of all types
of motion...It is not impossible to script flock
motion, but a better approach is needed...”
[8] Craig explains. This was his inspiration
for the code, as motion was a very difficult
task to perfect. Computer animators were
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having a very hard time trying to simulate
the complex world of flock of birds. Each
bird makes it’s own decision, and no two mo-
tions birds are exactly the same. However,
when in a flock, they’re very synchronized.
To animate the decisions for each bird while
simultaneously having them aligned is not an
easy feat. Reynolds created a way to simu-
late bird flocking as ”...the result of the in-
teraction between the behaviors of individual
birds.”[8] by simulating the behavior of each
bird and from their perception.

Reynolds wasn’t the first to create a sim-
ulation of flocks of birds, the Electronic The-
ater at SIGGRAPH ’85 created a code infor-
mally known as the ’Force Field Animation
System’ which relied on a matrix operator
that transformed from a point in space to an
acceleration vector, that the birds would then
follow linearly. Karl Sims from MIT created
a different animation of moving objects, but
neither group produced something as ”...or-
ganized as flocks.”[8]. The Boid Flock Model
that Reynolds created, he describes as a slight
generalization of particle systems. These par-
ticles systems have modeled other systems
that similarly have individual particles that
make up systems that behave alike–clouds,
ocean spray, fire, etc. Although the Boid Al-
gorithm is slightly different, it’s concept is
very similar and those other projects offered
inspiration. To simulate the flock, the three
behaviors were created: Collision Avoidance,
Velocity Matching, and Flock Centering. Ex-
tra research on geometric flight was also nec-
essary to simulate the use of an X,Y, and Z,
axis, as a bird flying is able to bank turns
and has centrifugal force depending on the
angle of the bank. The figure shown below
describes part of the force considered when
Reynolds researched geometric flight.[8]

This flocking model doesn’t represent real
senses, such as vision and hearing, from an-
imals (or incorporate them into the simula-
tion), but rather approximates the behavior
that would occur. Each of the three behav-
iors acts as an acceleration request of a three-
dimensional vector, which each has it’s own
parameters. When the code is run, all of
the different accelerations and runs through
them, while sometimes potentially conflict-
ing, which then produces the final decision
of the bird. Through most scenarios this
worked, the accelerations would sometimes
’cancel out’ and the product would result
in a slight change of direction. However,
in specific scenarios, like avoiding a collision
with an object, the averaging of acceleration’s
wouldn’t account for this necessary change,
resulting in a collision. To combat this, pri-
oritized acceleration was developed. This or-
ders the behaviors in a list, accommodat-
ing for an emergency situation. In this sit-
uation, instead of all accelerations averaging
out, the most important would take control,
leaving the others less ’strength’ to override
it. These edits helped create one of the first
successful codes for flocking behavior that
was able to maneuver objects successfully and
fluidly, truly representing a group of particle-
like points that moved synchronously enough
to change direction as one.

2.3 Personal Research

For our personal research in this field, we de-
cided to undertake creating a herd theory.
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The goal was to create a number of forces
that all herd animals experience, affecting
their movement and choices when moving in
a herd. Some of these forces overlapped with
the concept of Boid’s algorithm, but not all
of them, as birds behave slightly differently
than herd animals on land.

Force 1 was described earlier, as the cen-
ter seeking force. This was created in mind
of the Selfish Herd Theory. The Selfish Herd
Theory is a consistent action performed by
herd animals, centering themselves in a herd.
Herd animals feel safer in the middle of the
herd, and are always trying to get to that
middle spot. To represent this in the code,
the force calculated the average position for
all the data and found the average center
through this. Then as the data would move it
would not only have it’s regular velocity, but
to seek the average location for the group.
This force is pictured below, with the param-
eters of each force set.

Force 2 accounted for velocity matching.
While every data point had it’s own spa-
tial location and velocity, as a herd mov-
ing together, the velocities needed to be
matched. This is a common force for any an-
imal whether it be flocking, herding, or hunt-
ing. In order to be affective as a group, the
group needs to stay close with similar pa-
rameters. This second force calculates this
as seen below.

Force 3 represents collision avoidance in
this program. Collision avoidance has been
studied to be the ability, and want, to avoid
each other physically. The collision avoid-
ance force numerically changes depending
on the animal. For example, cows know-
ingly bump into each other a lot–never com-
pletely through one another–but are able to
slightly collide, while other animals are less
likely to do this, and have a higher radius of
personal space.[4] This force shows the abil-
ity to synchronously move together, with-
out full overlap of an exact spatial location.

Force 4 sets a maximum velocity limit.
Compared to the previous forces it doesn’t
affect the look of the herd when moving, but
rather prevents chaos from the data going too
fast. Biologically speaking, there is a maxi-
mum velocity any animal can reach. By set-
ting the limit, represented below, it limited
the data from being infinitely fast which we
know to be impossible in the animal kingdom.
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To create the borders of the image se-
quence we also needed to set parameters to
’corral’ the data points in. These were set
to reflect the data points in order to create
an ongoing loop of movement. Without the
reflect order once the data moved out of the
borders set the simulation would end.

There were several complications running
the code once it was developed. Python is
a high-level programming language and was
able to create the code with the right imports,
however it’s not made to run advanced ani-
mation. To combat this problem multiple ap-
proaches were taken. Multiple packages were
downloaded to try and allow ImageSequence-
Clip to compile produced images together.
When running the program, it would run it-
self for a set amount of times, each time pro-
ducing a new image slightly altered from be-
fore. When these images were compiled in a
fast sequence, it produced a short animation,
similar to a flip-book style. Unfortunately,
this ImageSequenceClip function didn’t work
on all forms of MAC OS and was unable to
run multiple times. To combat this we tried
a number of other programs meant to com-
pile images. Eventually, we found an a pro-
gram online that was able to take the images
produced and run them to create the visual’s
shown in this report.

3 Results

The images below were taken at intervals
of 3 seconds apart, with the average image be-
ing 10 images apart from the previous. This

shows the change in animation over time, as
the group imitates pulse-like behavior while
simultaneously moving as a group. Although
it’s difficult to illustrate the motion across the
axis’, it is clear to see the movement inside
the herd.

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.
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Figure 7.

4 Discussion/Analysis

When compiled, the images produced
from this code do a good job of simulating
herd behavior with all four components com-
bined. It is difficult to differentiate between
each data point in the still images, but when
compiled it is easy to see Force 1 taking ef-
fect, as the dots will take turns pushing them-
selves into the middle. In each image 1-7
above, the dots on the outside of the group
are different in each image. Force 2, veloc-
ity matching is shown as the dots continue
to be in a group, as none of them are long
outliers. Velocity matching makes sure the
dots are going the same speed and direction–
because they have different starting positions
they vary slightly in spatial location, but re-
main as one group when they move across
the axis. Collision avoidance, Force 3, is par-
tially acknowledged in these images. Some of
the data points overlap, which would repre-
sent cows or other animals bumping into each
other as their flight distance is minimal. This
force would need to be altered if the animal
represented was more skittish (for example, a
deer) so the overlap wouldn’t happen at all.
Although overlap can be see, there is no one
point that is in the exact same location as an-
other, realistically modeling the boundaries
of an animal. Force 4, the limit of accelera-
tion can’t be demonstrated through the still
images well, but is represented in the com-
pilation of the images to form an animation
as they don’t chaotically bounce around, but
slowly move together, flowing as one.

The understanding of Boid’s Algorithm
helped create this code and a background
understanding of what was happening. Al-
though Boid’s Algorithm is applied to flock-
ing behavior, there exists few differences. The
addition of three-dimensional vectors and an
x,y,z for spatial locations when addressing
birds being one of them, as they have the
ability to cross into all three axis. Herd-
ing animals do not have this ability, how-
ever, they share similar behavioral traits in
two-dimensions. The current code has a very
similar model to the Boid’s Algorithm model.
However, with further work and an addition
of a fifth force, a predator, this could tackle
the idea that Boid’s Algorithm doesn’t repre-
sent vision. With a ’knowledge’ of the preda-
tor force and a reactionary action, this would
elevate the research into representing more
behavioral components and further simulat-
ing herd animals. Similarly, the same new
force could be applied to flocking in a three-
dimensional way to extend the programs rep-
resentation.

5 Conclusion

Overall, the code produced does success-
fully simulate herd behavior and their natu-
ral herding pattern with the forces created.
Center seeking, velocity matching, collision
avoidance, and a maximum velocity parame-
ter were all needed to represent their behav-
iors, and, once coded, did model this. With
the understanding and analysis of Boid’s Al-
gorithm, we were able to use that knowledge
to help build the new code and apply certain
ideas from it. With more research done, this
code can continue to be manipulated and im-
proved.

To improve this code and it’s ability to
simulate herds, in the future we hope to add
a fifth force that represents a predator (Force
5). This Force 5 contains three main com-
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ponents. For additional knowledge, adding
this Force 5 would reinforce the Selfish Herd
Theory. Animals naturally try and center
themselves in the middle of the herd, as it’s
the farthest away from any danger. When
a predator does put the herd in danger, this
theory is just as strong, as the threat of dan-
ger is higher, every animal wants the highest
chance of survival. Since this stays the same,
there is no extra code needed, but an under-
standing of why the herd continues to follow
Force 1.

The first objective, would be the increase
in flight zone distance. The flight zone dis-
tance is the distance between each animal i.e.
their personal space. The more scared the an-
imal is, the more the flight distance increases.
If the predator is a bigger threat, the distance
also increases. To illustrate this through
Python, the collision avoidance would need
to change, depending on the choice of animal
and predator. The collision avoidance force,
Force 2, is responsible for the closeness of the
animals, to avoid collision. When they are
scared, this distance continues to increasing
varying on the degree of anxiety. To represent
a bigger threat, with a separate data point,
the collision avoidance would need to increase
a lot when this point closed in on the herd.
If the predator was less of a threat Force 2
would still increase, but slightly less.

Secondly, to accurately incorporate this
predator we need to change the direction of
the animals depending on the direction of the
predator. This illustrates a reaction between
noticing a predator and going the other way.
Herds react in two types of ways when con-
fronted by a predator. If the predator comes
from behind them or the side, they tend to
go directly opposite, linearly, away. However,
if the predator faces the herd head-on, it is

normal for the herd to split, running away
from where the predator is at a 45 degree an-
gle. This angle is created from the forward
velocity the animals already have, and their
instinct to run directly to the side when con-
fronted, adding the two vectors results in the
45 degree angle that is seen so much in the
wild.

Lastly, we would need to increase the ac-
celeration function to increase dependent on
distance from the predator. The function
would still need a maximum limit, to ensure
the animals can’t fun infinitely fast, but the
predator data point gets closer the acceler-
ation would increase and vice versa. With
these three components, an accurate repre-
sentation of a predator would be added to the
simulation of actions of natural herd, better-
ing this code for all future needs.

Outside of bettering the code to improve
it, modeling individual data points in groups
like this research has lots of possible future
applications as well. Certain scientists work
with herd animals, and having a program
that can simulate these animals and their be-
havior can be greatly beneficial. Outside of
the world of herding animals the basics of this
code can be greatly applicable to a lot of situ-
ations. Modeling individual data points that
act as a group can be rewritten with different
’behaviors’ to represent a plethora of other
situations. Traffic is another situation where
each data point makes it’s own decision, but
as a whole every vehicle tends to follow a cer-
tain set of rules. Although this research is
specifically for herding animals, herd behav-
ior is common throughout the world in every
day situations. Being able to model these ac-
curately can not only help further research
but further the understanding of the way the
world works.
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