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Abstract
This paper presents research (work-in-progress) on animal-computer-human interactions. We explore how a
computer system can actively mediate between animals (dogs and cats) and humans, aiming for enabling animals
to collaborate (interact) with an artificial presence system, as well as with humans through the system. A concept
of the system consisting of multi-sensory and active agent functions is discussed. We describe research plans to
investigate how animals behave interacting with virtual reality systems and robot agents. An interactive video
interface is used to investigate how the closed visual feedback loop (with partial depth cue perceptions) affects
animals’ behaviors. For interaction with robots, we investigate if we can establish emotional attachment between
dogs and robots.

Introduction
Animals (dogs and cats) watch TV and sometimes seem interested in the displayed content [1-3]. A variety of
visual media have been used as artificial visual stimuli in animal behavioral research. Some of them
demonstrated that animals are able to treat images as real stimuli [4,5]. Other studies have shown that we can use
life-size video images successfully for examining dogs’ social communicative abilities [6-10]. Zeil [11]
discussed that depth cues may be important factors in visual artificial stimuli so that animals respond to video
images in the similar way as they do to real stimuli.
A robot agent is another interesting artificial presence that affects animals’ behaviors. Animal-like or human-like
robots will offer new possibilities in animal computer interactions. For example, in experiments testing if dogs
recognize robots as social partners, it was found that dogs responded significantly better to dog-like furry robots
than to remotely controlled cars [12]. Another research demonstrated that dogs appeared to develop social links
with robot agents (showed sociality), which did not resemble a human, after having observed social interaction
between the robot and a human [13].
The above previous animal research on the effects of artificial stimuli suggests that artificial presences could be
used as part of animal-human digital interfaces in general. However, we do not know what essential factors are
really effective and how much they contribute for a particular kind of animals. There seems to be no systematic
research challenging this topic.
This paper describes our research (work-in-progress) to explore how artificial presences (focusing on virtual
reality and robot) can actively mediate between animals and humans, aiming for enabling animals (focusing on
dogs and cats) to collaborate with humans through the digital interface. Our final goal is to develop a system
through which animals and humans conduct a collaborative task consisting of multiple interactions with the
interface. The collaborative task is defined as work such as rescue or playful experiences such as new type
sports. We introduce our concept, methods and some experimental procedures.

Concept
If a digital interface can induce animals to keep up their interest in artificial stimuli and to pro-actively behave
against the stimuli, then we could go a step forward towards the goal to induce animals to collaborate with the

Proceedings of Measuring Behavior 2016, (Dublin, Ireland, 25-27 May 2016).
Editors: A.J. Spink et al. www.measuringbehavior.org

system and with humans, directly or indirectly through the interface. To design such a system, there are many
related functions to be considered including animals’ multi-modal cognitions.
One of the issues is that animals only keep up their interest in the artificial presence for a short period of time,
even if the stimuli are realistic images of the animal’s owner, or even if the stimuli are mouse-sized fake-fur
covered toys [14]. So it might be difficult for animals to carry out collaborative tasks which may consist of a
series of multiple interactions with an artificial presence. As an example, animals are interested in a Skype
communication only for a short period of time even if they initially pay close attention to it. This is presumedly
due to the lack of multi-modal presences such as olfactory or tactile sense, and appropriate active interaction
schemes for animals [15]. In case of PetChatz [16], which is a commercial product, pets pay attention to and stay
interested in the system because it has a remote feeding function. This implies that the system should work
actively, not just communicating through multi-sensory information channels, but also through changing
artificial stimuli interactively to keep the animal’s interest up, and finally to induce animals to interact
continuously.
We assume a general system model which would consist of multi-sensory communicative functions and active
agent functions to affect animals' social behaviors.

Method
We plan to investigate which factors of artificial presences are effective for catching animals’ attentions, to keep
up their interest, and to induce them to interact consecutively focusing on characteristics of 1) virtual reality
systems and 2) robot agent systems. We describe two research areas below.
•

Animal’s Behavior and Virtual Reality (VR)

Our long-term research will encompass a wide field of VR systems. We will explore how each sensory
impression (visual, auditory, olfactory, tactile, and taste) and their combinations affect animals’ cognition and
behaviors.
Currently, we are focusing on vision in VR, espcially interested in the effect of the closed visual feedback loop
as part of a depth perception. Depth perception is an important factor in vision for animals’ behavior but usually
limited in 2D video images. As Zeil discussed [11], the lack of depth cues and the closed visual feedback loop
are potential limitations of video stimuli.
We use an interactive video interface to investigate how the closed visual feedback loop (with partial depth cue
perceptions) affects animals’ behaviors expecting that the visual feedback would contribute to get animals’
attentions and keep their interest up in 2D images. The interface is inspired by our observation that animals are
sometimes watching outside through a glass window. From a conceptual point of view, the interface is a subset
of “Fish Tank VR” which provides an interactive stereoscopic 3D workspace in front of the display with headcoupled perspective rendering [17]. However, in our study the system’s purpose is different from that of Fish
Tank VR. We design the interface to provide visual stimuli to animals with head-coupled perspective changes so
that they perceive the displayed images as if they see outside through a glass window.
We plan to compare animals’ reactions to a video content displayed on a normal 2D display with those to the
same content displayed using the interactive video interface. We actually designed the interface considering the
following conditions for animals: 1) to provide a smooth feedback that would work at a higher frame-rate
(aiming at 60 frames per second), 2) to allow animals move freely without wearing any uncomfortable devices
for visualization or sensing.
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For the system implementation, we used a game engine, Unity [18]. We controlled a virtual camera in Unity to
change the perspective according to the viewer’s head position measured by a depth sensing mechanism such as
Kinect [19]. As far as video quality is concerned, we considered factors such as spatial and temporal resolutions
given in [20]. In our case, we need more display resolution, as the animal usually gets close to the display during
experiments. So we use higher quality displays such as 4K (3840 x 2160 pixels) resolution with a frame rate of
60 Hz. While the animal is in front of the display within a certain region, the system detects its head position
(horizontal, vertical and depth information), and then it can change the image perspectives interactively with the
animal’s movement. This could be achieved without using HMDs (head-mount displays) if we do not stick in a
stereoscopic 3D visualization.
For the video content, we shoot an HD and/or 4K video with an appropriate view angle which is calculated by
the viewer’s position and the display size. We assume that the distance of subjects in the video is relatively
further compared with the distance between the viewer and the display. In that case, steropsis in the video is not
so important as a depth cue [11]. We decided not to use stereopsis as a depth cue in visualization of the interface.
This specification finally helped to keep a high frame rate of images given to animals’ eyes.
•

Animal’s Behavior and Robot Agent

The recent study by Lakatos et al. suggests that dogs understand social ‘cues’ even if it is given by robots, under
certain conditions [13]. Such investigation has to be considered in order to understand emotional and/or social
relationships between robots and animals. We consider this aspect as very important, since it is expected that our
society will utilize autonomous agents such as robots and drones in the very near future. For instance, Softbank,
a Japanese telecom company, already began selling their social robot, Pepper, commercially in 2015 [21]. In
2016, the MIT developed robot for home-use JIBO is planned to be shipped [22] and Amazon expects to utilize
drones for delivery by 2017 [23]. An investigation of how animals can and will socially react to such
autonomous agents physically integrated in our society can be one of the key factors for both human and animal
welfare. It may also contribute to help guide dogs and rescue dogs with collaborating and interacting with such
autonomous agents. Currently, we are particularly interested in the establishment of emotional attachment
between dogs and robots, and investigating in what conditions dogs are inclined to help robots in danger.

Conclusion
We presented a research plan (work-in-progress) on animal-computer-human interaction aiming at enabling
animals to interact with artificial presence systems such as VR systems or robots. For VR, we explore key
factors to keep animals’ interest up in artificial visual stimuli focusing on the effect of the closed visual feedback
loop as part of a depth perception. We also investigate if we can establish emotional attachment between dogs
and robots. We are still developing this research and looking for any collaboration with people who are
interested in the related topics.
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