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Abstract 
We present GoonQuad, an emotive quadruped capable 
of expressing emotional behaviours as a response to 
human touch. GoonQuad comprises five prerecorded 
states: angry, cheerful, sleepy, confused and a baseline 
breathing state. Each state is triggered by human touch 
in areas specified by the eyebrows and a tattoo, 
painted with conductive ink. Moreover, GoonQuad is 
capable of recording and replaying movements via 
direct user manipulation. To enable the robot to record 
and replay new motions, analog feedback servos were 
embedded in the 3D printed structure. Our aim was to 
develop a system where users can interact with a robot 
naturally and the robot can adapt to this natural 
interaction.  
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Figure 1. GoonQuad Emotive Quadruped 
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Introduction 
Touch is an important form of communication or 
interaction between robots and humans [3]. 
Expressing, recognizing, and understanding emotions is 
essential in human interaction. Emotions can influence 
both motivational and conversational content [1]. One 
can expect the same to be true for human-robot 
interaction as social expressions produced by robots are 
processed in a similar manner as signals produced by 
humans. Artificial emotions enable robots to react to 
their surroundings in a believable and natural manner 
[2]. Furthermore, artificial emotions can be leveraged 
as control mechanisms [3] as well as provide feedback 
regarding the robots’ internal states or goals. 

Socially interactive robots are used for various 
purposes, i.e. as toys, as educational tools, or as 
research platforms [4]. This purpose has a strong 
influence on how the emotion display is designed, i.e., 
when a robot acts as a playing partner for a memory 
game its emotional reactions have an impact on the 
human players. This requires more complex processing 
than solely react to what is perceived [5]. Some robots 
are quite limited in displaying emotion, e.g., using 
actuated lips or flashing LEDs [6,7]. Others have many 
degrees of freedom and can provide richer movement 
[3,8]. Our goal was to create a robot aimed at 
exploring the trade-off between complexity and 
playfulness, providing users with an engaging robotic 
exploration capable of expressing emotions in response 
to human interaction. Our aim was to develop a system 
where users can interact with a robot naturally and the 
robot can adapt to this natural interaction.  

Related Work 
Our design was inspired by prior explorations of 
emotive robots, and their use of technology to create 
natural and believable life-like movements. Researchers 
have commonly used facial expressions [12], body 
movements [10], color [9] and posture [11] as a way 
to express robotic emotions. The discreteness and 
continuity of transitions between movements, posture 
or orientation are powerful agents to convey affective 
states. We borrowed from the aforementioned 
explorations in the development of GoonQuad: a 
quadruped robot capable of detecting and responding 
to human touch. 

Implementation 
The main structure of our robot was 3D printed in 
various segments that we have released as open source 
(Figure 2) [13]. The underlying technology of our robot, 
comprises 8x Analog Feedback Servos (Figure 3), an 
Arduino microcontroller and capacitive touch sensors 
that enable our robot to detect human touch. We used 

 
Figure 2. Goon Quad 3D Parts Design 



 

2 servos in each of the robot’s legs: one at the base 
and one at the joint. Using conductive ink we created 
capacitive sensors on the eyebrows and the tattoo of 
the robot. RGB LEDs were placed inside the robots 
dome. Our software solution encompasses a myriad of 
prerecord motions, ability to detect user input and well 
as recording and replaying direct user manipulation. 

Apparatus 
GoonQuad is a quadruped robot designed to resemble a 
spider. It feels smooth to touch and is capable of 
responding to user interaction both by moving its limbs 
as well as displaying distinct appearances, based on its 
current emotional state. Users can interact with it in 
two different manners: either by touching the 
capacitive sensors placed around its dome or through 
direct deformation of the robots legs. The robot is able 
to record these movements and replay them at any 
time. When the robot is not being interacted with, it will 

assume its baseline breathing behaviour. In addition to 
the embedded hardware, painted eyebrows and a 
tattoo serve as reference points as to where the touch 
sensors are placed. Touching these sensors, either 
individually or touching multiple regions 
simultaneously, will trigger distinct emotional 
responses. Examples include: 

 Poking: will cause the robot to feel agitated 
and defensively curl up. 

 Covering both eyes: will cause the robot to fall 
asleep. 

 Stroking: will cause the robot to feel overjoyed 
and express these feelings through dance. 

 Simultaneous regions: will cause the robot to 
display a confused behavior. 

Each of these emotional reactions are associated with 
different lighting appearances. Poking is associated with 
a red appearance of the robots dome; Covering both 
eyes will result in absence of illumination, associated 
with sleep; Stroking will display a bright blue color; 
Simultaneous regions will cycle through the RGB color 
spectrum, displaying confusion. Moreover, GoonQuad 
limbs can record direct user manipulation and replay 
those motions back, simulating mimicry. Previous 
explorations often did not feature human touch 
detection nor support for recording direct user 
manipulation. Our aim is to fill that gap by leveraging 
interaction techniques one would observe while 
interacting with physical objects (i.e. a child interacting 
with a plush toy).  

 
Figure 3. GoonQuad Servo Connection 

 
Figure 4. Early Design Concepts 

 
Figure 5. GoonQuad in sleeping state. 



 

Discussion 
People were excited about our experiment and our 
hypothesis that a friendly looking quadruped would 
facilitate human-robot interaction was verified. User 
comments suggested this was possible due to the 
support for human touch as opposed to pressing 
buttons or voice commands, as seen in previous 
explorations [[8],[11].  It is believed that there was an 
increased in levels of engagement and interaction with 
users due to the natural behaviour of our robot as well 
as its ability to replay users’ manipulation, providing 
them with a sense of control and familiarity. 

Conclusion 
The GoonQuad is an interactive robot capable 
responding to human touch and expressing emotional 
behaviour. Our aim was to develop a system where 
users can interact with a robot naturally and the robot 
can adapt to this natural interaction. By enabling the 
record to record direct user manipulation, we were able 
to create a platform for expressing human-robot 
interaction. Our observations suggest that building 
robots capable of expressing an emotional congruence 
between semantic content and expressive movement is 
key for facilitating human-robot interaction. 
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