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Abstract 

This paper examines the role perception of movements 

has had in the development for biological systems. We 

used a phenomenological investigation into perception 

in nature. This investigation enables us to look at how 

concepts and techniques from film animation can be 

applied to communicate robot behavior. Finally, we dis-

cuss future work and research. 
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Introduction 

Humans are sharing space with robots. How do we 

want robots to move to make interaction with humans 

straightforward? The movements of robots seem to 

stand out from movements in nature. First, let us look 

at the role perception of movements has had in the 

evolution of biological systems. This has given founda-

tion to animacy—the idea that motion makes some-
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thing look alive [2]. How can we apply this to the de-

sign and development of robots? 

Perceiving Animacy in Nature 

The actions of the different organisms take place on 

what Gibson [7] called the ecological scale, thus hu-

mans’ everyday experience take place on a human 

scale. This means that everything we experience in our 

daily lives—and have throughout history—are the 

things we can sense directly by our sensory apparatus. 

Biologists use instruments such as microscopes to dis-

cover life forms that are difficult to place on one or the 

other category, and human, in general, observe how 

animals and plants are different from each other within 

the environment they inhabit. 

The separation between the animate and the inanimate 

is, to the everyday observer, an easy one to make. 

Nevertheless, on a technical level, distinguishing be-

tween these are not the same as distinguishing be-

tween living and non-living. Within the field of biology, 

the divide between what is alive and what is not alive is 

a more complicated affair. Even more so is the catego-

rization of different kinds of life: Plants and fungi are 

alive, but are not considered animate. Sponges belong 

to the animal kingdom, but are as immobile as any 

plant. In other words, the differences as they appear to 

our everyday experiences are more straightforward 

than within biological taxonomy, yet most people will 

agree that there a clear and intuitive separation be-

tween the living and everything else, and between 

those life forms that move in the environment and 

those that do not. 

On the human scale, we are used to think of those 

things that move in specific manners to be other organ-

isms and perceive them as such. While movement can 

be detected by touch and hearing, motion detection 

through these senses alone pale in comparison to de-

tecting movement with vision. The patterns of move-

ments we can recognize through seeing the 

environment are manifold. It is likely vision has a great 

significance for how we categorize things in the envi-

ronment: The evolution of vision has had no small part 

to play in the form and behavior of current life forms, 

especially that of animals [12]. Before eyes, animal 

predation would have been possible only through close 

encounters, and, therefore, a process largely depend-

ent on randomness and perhaps why many animals rely 

on grazing to acquire their nutrition. 

The evolution of eyes laid the foundation for active pre-

dation, furthering the adaption of other animals to be 

altered in a direct response to being seen. One part of 

this adaption is through visual expression, and the oth-

er is behavior. Here, we are most interested in behav-

ioral adaptation. 

Put in a very simple manner, the most important sepa-

ration between animals and plants is that plants use 

photosynthesis to produce their own nutrition, while 

animals depend on eating plants or other animals to 

survive. In the natural environment, only animals pos-

sess the ability to move, and we have all co-evolved to 

relate and co-exist with each other; to eat and not be 

eaten. Animals need to be adapted to not only have a 

specific behavior themselves, but to see and under-

stand the behavior of others and react to this.  

A part of our brains is therefore reserved for perceiving 

motion, as specific patterns of motion represent actions 

and behavior—and in our everyday experience, only 

 



 

 

animals have behaviors. Yet, this part might be over 

eager to see patterns of behavior where there is none. 

Perception of animacy can be described as the inclina-

tion of humans to attribute animacy and agency to non-

living objects, and it is similar to the phenomenon of 

anthropomorphism. Classical studies on the subject, 

such as Heider and Simmel [10], show that humans will 

not only perceive the movements of geometrical shapes 

as a sign of the shape’s agency, but also assign them 

motive along with personality. Though the observers 

know that the shapes are lifeless, it does not stop us 

from seeing them as alive [6]. 

In attempts to find the perceptual mechanisms that 

trigger this perception of animacy and causality, some 

have hypothesized that the trigger comes from observ-

ing the movements alone, while others believe we use 

cues from both movement and nearby environment, 

such as obstacles and other near-by agents, or that the 

agent’s goal or intention must be evident [13]. In a 

review of both classical and contemporary studies on 

the subject, Scholl and Tremoulet [13] argue that even 

if researchers within the fields of neurology and psy-

chology are not yet sure of the neuropsychological 

mechanisms for this phenomenon, there can be no 

doubt about it being a real phenomenon. Blakemore et 

al. [3] found that contingency (i.e., a motion happening 

because of another motion) had an effect on how much 

people perceived animacy in objects. 

Animacy in Robots 

This perception of animacy extends to robots as well. In 

some case, a person watching someone work with ro-

bots will think the robots have more animacy than the 

person working with the robots [5]. Participants have 

worked together with a robot on a task. At the end of 

the task, the participants are then instructed to turn a 

dial to power the robot off and wipe its memory, but 

the robot asks to be kept “alive” [1]. Most participants 

turned off the robot, but used more time to turn the 

dial when the robot was more helpful. In an updated 

version of the study, some participants left the robot on 

when the robot was sociable during the tasks [11]. 

Using Principles from Movie Animation 

Since animating an object is making it appear as if it 

alive, applying animation techniques from movies and 

computer graphics might make us see animacy in a 

robot. One way to practice this craft may be to follow 

the twelve principles of animation (Table 1). These 

were principles that were discovered by animators at 

Walt Disney studios and documented by Thomas and 

Johnston [16]. The animators found that using these 

principles resulted in a more predictable result from the 

animations. Van Breeman used these principles when 

creating the facial expressions for the iCat robot [4] to 

give it a personality. Principle 2 of anticipation have 

been used to make it easier for humans to understand 

what a robot is doing in different situation [8,15]. A 

robot story teller was programmed to use Principle 10 

of exaggeration to help people remember certain parts 

of a story better [9]. 

A robot moving from one position to another at a con-

stant speed will accomplish its task, but it will look me-

chanical, and we will not perceive it as animate since 

animals and people do not move at constant speed. But 

the robot could follow Principle 6 of slow in and slow 

out (Figure 1) where the robot slowly increases speed 

at the beginning and slowly reduces speed at the end of 

its journey.  

# Description 

1 Squash and Stretch 

2 Anticipation 

3 Staging 

4 
Straight Ahead Action 

and Pose to Pose 

5 
Follow Through and 
Overlapping Action 

6 Slow In and Slow Out 

7 Arcs 

8 Secondary Action 

9 Timing 

10 Exaggeration 

11 Solid Drawing 

12 Appeal 

Table 1 The twelve principles of 

animation as documented by 

Thomas & Johnston [16]. 

 



 

 

We can create the principle of slow in and slow out with 

a robot. This is done by starting with the concept of an 

easing curve. The easing curve (Figure 2, top) repre-

sents the percentage of the position that should be 

completed by a percentage of time. We cannot set a 

robot’s position directly, but we can set its speed so 

that it is at a certain position at a certain time. We do 

this by taking the derivative of the easing curve, which 

becomes our velocity curve (Figure 2, bottom). 

We have implemented this algorithm and tested it with 

a simulated and real-world Turtlebot 3. The Turtlebot 

can move forward and turn using the slow in, slow out 

principle. Currently, we are investigating how people 

perceive movement done according to the slow in, slow 

out principle versus how they perceive the robot’s regu-

lar movement. This study is currently being designed 

and we are recruiting individuals. 

Conclusion and Future Work 

By looking at robots through phenomenology and the 

human perception of animacy, we discover that move-

ment itself can be used as a communicational device 

about the robot’s intent or state. By careful thought to 

the design of a robot’s movement, we can also give the 

robots their own unique behavior and style [14]. 

We wish to continue exploring and further elaborate a 

phenomenology of movement and perception rooted in 

evolutionary history. This phenomenology can then be 

the premise for a framework for understanding and 

analyzing human-robot interaction with a foundation in 

movement, which in turn will be applicable to aid the 

design of robots. 

As for using animation techniques with robots, we have 

a formula that works for some robots. Now, we need to 

investigate how well animation works at communicating 

with people. This opens a new area of research in ex-

amining what animation techniques work for different 

kinds of robots and situations to effective interaction 

with people. 
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Figure 2: An easing curve that 

follows the slow in, slow out ani-

mation principle (top) and its 

derivative that gives the speed at 

the during the same time (bot-

tom). 
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