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Figure 1: An example of a GestureBot 

 
Abstract 
In this paper, we describe the GestureBot system, an 
intuitive method of controlling small robots. The paper 
describes the GestureBot system, including 
communication and power, as well as describes the 
gesture recognition techniques used in the GestureBot 
system. The paper then describes applications of the 
GestureBot system and discusses future work that can 
be undertaken with the system. 
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Introduction 
GestureBots is a hardware platform that allows users to 
control small robots (See figure 1 for an example) 
using gestures. Gestures are more intuitive and easier 
to remember than commands on a keyboard, and can 
be more expressive with minimal effort. 

The GestureBot system consists of a gesture 
recognition glove and a series of GestureBots, which 
are small, microcontroller controlled and servo actuated 
robots. The system is standalone, and can be used 
without a computer. Communication between the glove 
and the GestureBots is conducted over a wireless 
connection, which provides flexibility in deployment and 
usage. 

System Description 

 

Figure 2: The GestureBot Controller (left) and an individual 
GestureBot (right) 

The GestureBot system consists of 2 major 
components: The GestureBot Controller and a number 

of GestureBots (see figure 2). A single Controller is 
capable of controlling multiple GestureBots 
simultaneously.  

GestureBot Controller 
The GestureBot Controller is a glove based gesture 
recognition system. The Controller is built around an 
Atmel ATMega328 microcontroller and a Maxim XBee 
wireless module. Sensing capabilities are provided by 5 
flex sensors (variable resistors that change resistance 
according to how much they are bent) and a 3-axis 
accelerometer (to ascertain hand orientation). 

GestureBot 
A single GestureBot is built around an Atmel 
ATMega328 microcontroller and a Maxim XBee wireless 
module. The GestureBot also provides 5 servo output 
ports which can be used for actuation. Each GestureBot 
can be programmed to actuate any of the 5 servos in 
response to certain gestures. 

Communication 

 

Figure 3: GestureBot Controller controlling multiple 
GestureBots 
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The GestureBot Controller and individual GestureBots 
communicate over wireless using XBee modules (See 
figure 3). The GestureBot Controller processes the 
sensor input from the flex sensors and accelerometers 
and computes the corresponding gestures. The gesture 
information is then put into data packets and sent over 
the wireless radio to any listening GestureBots. Sending 
the data in packets allows the GestureBots to receive 
only correct gesture information by rejecting any 
invalid packets. 

Using data packets would also allow GestureBots to 
communicate with each other, which would provide 
more interesting interaction techniques and 
experiences. 

Power 
The GestureBot Controller has on-board power 
regulators which can take power off a 9 volt battery in 
order to power the microcontroller and sensors. 
Similarly, individual GestureBots can be powered off a 9 
volt supply, or can be fed with regulated 5V power. 
Additionally, GestureBots can be fed with an external 
power supply for the servos, which provides more 
current than the microcontroller power circuit can 
provide. A custom designed battery boost circuit allows 
a GestureBot to be powered from a single Lithium 
Polymer battery, and boosts the voltage from 3.7 volts 
to regulated 5 volts. 

Gesture Recognition 
One of the aims of the GestureBot project was to be 
able to perform gesture recognition on a low powered 
microcontroller. This was a fairly hard problem, as most 
gesture recognition engines require some sort of 
machine learning, which in turn requires a large 

amount of memory for the learned data and 
classification algorithms. 

The ATMega328 has 32 Kilobytes of Flash memory 
(program storage space), which is a very small amount 
when compared with modern computers. It also has 1 
Kilobyte of Random Access Memory (RAM) for data 
processing, which makes it hard to do high fidelity 
gesture recognition and machine learning. 

The GestureBot Controller thus uses a slightly more 
simplistic approach to gesture recognition. Rather than 
using machine learning to learn new gestures, the 
GestureBot system specifies a finite list of gestures, 
divided into 2 categories: hand gestures and finger 
gestures. Finger gestures are detected using the flex 
sensors embedded in the glove, while hand gestures 
are detected using the accelerometer attached to the 
GesntureBot Controller. 

Gestures are recognized using a process called 
thresholding, where a gesture is deemed to have 
occurred if it was within a defined set of parameters 
(the thresholds). For example, the HAND_PALM_UP 
gesture would be detected if the accelerometer read z-
axis (the axis going through the palm) values under -
0.7g (where g is acceleration due to gravity), which 
implies that the users palm is facing up. Thresholding 
allows for some leeway in the recognition, as it does 
not require users to do a gesture in a precise manner. 
Instead, the user can get the gesture just-about-right 
and it will still register as a legal gesture. 

Hand gestures can also involve oscillations, as in the 
case of a hand wave. Oscillations are detected by first 
smoothing the acceleration data, and then counting the 
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number of peaks in the resultant data set. The data is 
smoothed using a simple smoothing function, which 
takes the average of the data point before and after the 
current data point. This gives rise to a smooth curve. 
Peaks and then counted by assigning vectors to the 
data points, corresponding to whether or not they are 
increasing or decreasing. When the vectors change 
(e.g. from increasing to decreasing), that would 
constitute a peak, and is added to the peak count for 
that axis. Oscillation is then detected by having more 
than a given number of peaks in the data. 

Finger gestures are thresholded as well, to determine if 
they are straight or bent. A single threshold is set for 
each finger (to offset any differences in readings 
between the flex sensors), and if the sensor reading is 
higher than the threshold, the finger is straight, and 
vice versa.  

The GestureBot system currently defines 6 hand 
gestures and 7 finger gestures, as well as 1 UNKNOWN 
gesture for the hand and fingers. This allows the 
GestureBot system to recognize 55 unique 
combinations of hand and finger gestures. Individual 
GestureBots are then programmed to respond to 
combinations of these gestures in different ways. 

Applications 
The GestureBot system can be used for a variety of 
purposes, including decorative and educational uses. 

Decorative Applications 
Multiple GestureBots can be constructed for decorative 
purposes, and placed in the home. These GestureBots 
can take the form factors of flowers that grow or react 
in response to certain gestures, or decorative 

sculptures that can deform. An early implementation 
application was a small robotic “dog” which would 
shake its “paw” when users waved at it. 

Educational Applications 
The GestureBot system can also be used to teach hand 
gestures to users. Applications of this include teaching 
pet owners hand gestures to control their pets, or 
teaching sign language. Pet owners often send their 
pets for obedience training, and the owners are taught 
certain gestures that their pet would recognize and 
respond to. GestureBots would thus allow pet owners to 
practice these hand gestures at home, and watch the 
reaction of a robotic “pet” to see if they got the gesture 
correct. Similarly, students learning sign language 
could use a GestureBot to determine if they are doing 
the signing correctly. The GestureBot could respond to 
certain sign language gestures, or keep track of a 
sequence of gestures and perform an action after. 

Additionally, GestureBots could serve as an ideal 
platform for teaching children about robotics. A 
potential application would be to set up a software 
environment for elementary or middle school students, 
which would allow them to “program” individual 
GestureBots to respond to certain gestures with 
different actions. This would allow students to learn 
about simple robotics and possibly get them interested 
in learning about robotics in future. 

Future Work 
The GestureBot system is still in its infancy and there 
are many possible directions that it could head into. 
Future work for the GestureBot project includes 
producing a GestureBot circuit board with more servo 
output for increased articulation opportunities. The set 
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of recognized gestures will also need to be finalized, to 
allow for maximal expression with minimal complexity.  

A software environment that would allow easy 
programming of individual GestureBots is also planned. 
This environment would allow users to program actions 
that the GestureBot would perform, and match these 
actions with combinations of gestures. The software 
environment could then be deployed in schools to see 
how much interest they generate in robotics and 
computer science in general. 

Finally, some work is planned on having individual 
GestureBots communicate with each other, which would 
allow richer interactions between the user and the 
GestureBots. Having inter-GestureBot communication 
would allow complex sequences of actions to be 
performed using a single gesture. 

Conclusion 
This paper has described the GestureBot system, 
comprised of a gesture recognizing glove and small, 
servo articulated GestoreBots. The GestureBot system 
has many potential applications ranging from 
decorative to educational, and is meant to provide an 
intuitive means of control for small robots. 

Acknowledgements 
The author would like to thank Prof Mark Gross and the 
rest of the Making Things Interactive class (Fall 2009) 
for their feedback on the GestureBot system. 

References 
[1] Soon to come 

 


