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This dissertation investigates how human foot gestures performed in a water medium can be
detected using a computer. The feet play a significant role in the human gait cycle. Foot
operated pedals are ubiquitous in vehicles and found in musical devices. As an interaction
body part, it has received minimal attention in the study of gesture recognition. This is
probably because foot movements are considered less accurate when compared to the hand.
In the sphere of computing, gesture recognition has recently been a topic of interest
to many researchers, with many detection devices in the market. In the absolute majority of
research and devices, the interaction takes place within the air medium. Further, there has
been a recent trend to investigate interaction in public locations and natural mediums. Water
is one of the closely associated mediums with day to day human life. The sensation provided
by water has a relaxing effect on the human body. Consequently, it is opportune to investigate
foot gestures in a natural liquid such as water. The scope of the research limits to detecting
static gestures, where the gesture performed at a single instance of time is analyzed. Static

gestures can also be referred to as poses when considering the human body.



The research initially attempted to review the literature and existing technologies
to get a firm understanding of existing techniques and technologies for object detection, and
to study the practicality with relation to water. One observation from existing research was
that most gesture movements focused on the hand, finger, and full body movement and less
significance was on the feet. Another was that only a few researchers have investigated
immersive interaction within a three-dimensional volume of water. Further study of previous
research examined the software process for gesture detection, which included the protocols,
toolkits, and machine learning algorithms.

On the completion of the literature survey, experiments with existing gesture
recognition devices revealed their detection abilities deteriorated during water
interaction. This deterioration was due to the low-intensity energy used, as well as using
dispersive beams. Using vision-based configurations contribute to increasing in system setup
space. Experiments which used laser technology in water were promising and required less
space. Similarly, phototransistors suited the requirement to detect laser beams. An acrylic
tank mounted on top of a display was used as the primary interaction space that contained
water. 78 laser-phototransistor pairs are used and connected to an Arduino Uno
Microcontroller via a multiplexer. The temperature of the tank is read using a thermistor. A
heating element is connected to increase the temperature of the tank when necessary. A
water faucet connects to the tank using a water pump for demonstration purposes. Using a
touch frame above the water surface improves object detection. The hardware framework
developed as part of this research is called SensorTank and is one of a kind in its detection
approach. It constitutes a significant contribution of this research. Its functionality and
robustness were tested under different test conditions including murky water, temperature,
light level, as well as examining the effect of ripples and air bubbles. This framework is a
principal contribution of this research. The literature survey did not find a device that was
capable of detecting locations of immersed object in limited spaces such as a foot interaction
tank.

The software framework was developed using Processing language. This program
interfaces with applications in MaxMSP, Adobe Flash, to provide audio and visual output.

Open Sound Control and Tangible User Interface Objects protocols are used to communicate



with applications and hardware. Point cloud data about the object is filtered to detect foot
sized objects using the Connected Component Labelling Algorithm. An experiment conducted
revealed seven gestures that are suitable for feet movement in the water. Finally, a gesture
recognition analysis was performed using 11,036 samples to evaluate the machine learning
algorithm that recognized the gestures with a high level of precision. Overall recognition
rates over 90% were achieved, with the best recognition suitable for real-time usage provided
by the Adaboost algorithm at 96.64%. The gesture analysis uses the open sourced Gesture
Recognition Toolkit. Identification of the gestures is significant as it permits application
developers the opportunity to develop applications based on the identified gestures.

The prototype applications built as part of this research focus on foot bath
(Ashiyu) environments, home relaxation, and automation. This research study contributes
not only to the sphere of human-computer interaction; its applications extend to

rehabilitative medicine as well as entertainment in public spaces.
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