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Abstract
Today’s communication methods allow us to experience a very limited sense of ubiquity. From almost anywhere in the developed world we can see and talk to others located almost anywhere else on Earth, and we can passively view remote locations live through web-cams.  However transparent telepresence offers the possibility of being able to fully experience and interact with the remote environment and its inhabitants as though we were actually there. This paper considers the social, business, educational, and medical advantages and disadvantages of such systems, considers the technical problems still to be overcome, and indicates the state of the art in both commercially available products and current research activity. Using all of this as a basis it suggests an answer to the question – could transparent telepresence replace real presence?
Introduction
This paper presents a snapshot of the state of what I call “Transparent Telepresence” in relation to its capability of replacing ‘real’ presence, as it stands in the first quarter of 2013. Telepresence today is the focus of speculation, research, and now commercial application and exploitation.
An example of focused speculation was seen in May 2012 when NASA held an “Exploration Telerobotics Symposium” [1] to investigate “Space Exploration Enabled by Telepresence”.  NASA is particularly interested in the ability remove astronauts from the danger of working on the surface of a planet, such as Mars, and also remove as much as possible of the time delay that is involved in using telerobotic systems controlled from Earth such as the Curiosity rover [2]. The solution is to have telepresence robots on the Martian surface controlled by astronauts in orbit around the planet. This is reminiscent of the science fiction story ‘Bridge’ by James Blish published over sixty years ago in 1952 in which a vehicle in the atmosphere of Jupiter is controlled by an operator on one of the planet’s moons using what we would call today ‘telepresence’ [3]. The concept is also almost identical to an even earlier 1942 story by Robert Heinlein called ‘Waldo’ in which the eponymous Waldo operates manipulators on Earth from a space station in geosynchronous orbit [4].
With regard to current research this is evident on a global scale, for example the European Union has a number of international projects including BEAMING (Being in Augmented Multi-Modal Naturally-Networked Gatherings) [5] a four year FP7 EU collaborative project which started on Jan 1st 2010, and VERE (Virtual Embodiment and Robotic Re-Embodiment) [6] another EU project started in 2010 expected to run until 2015. Some aspects of these projects include the use of telepresence through anthropomorphic robots. Fictional forerunners to this concept include a short story “The Robot and the Lady” written by M. W.  Wellman and published in 1938. Here the protagonist uses what we would today call a telepresence robot which he has created as a surrogate to go on a date for him with a girl he has never met before [7]. 
In the commercial arena, at the time of writing this paper, companies such as Polycom [8], Cisco [9], Teliris [10], DVE Digital Video Enterprises [11], and others are selling what are called ‘telepresence’ suites that allow highly advanced teleconferencing with the aim of making business meetings across different cities and countries seem as though all participants were in the same room. Conceptual forerunners to this include the ‘Telephonoscope’ featured as speculation in the ‘Punch’ magazine of 1878. This included an imaginative sketch in which a mother and father converse live with their daughter thousands of miles away using what would appear to us to be a widescreen television and audio system more advanced than today’s telepresence systems  [12].
With regard to commercial telepresence robots, these are predominantly mobile robots composed of a base containing the motion unit and a column supporting a screen, camera, loudspeaker, and microphones. Increasing interest is being shown in this field where the user of such a system can move freely around the remote site and interact with those located there. There are numerous opportunities for the use of such systems and a particularly useful application has been shown to be in medicine where an expert specialist can interact with patients in a hospital which may be hundreds of miles away.   Some companies involved today are VGo [13], AnyBots [14], iRobot [15] and InTouch Health [16].
A useful source of information on commercial telepresence systems and telepresence robots is the Telepresence Options magazine, this can be found at [17] it is a publication of the USA based Human Productivity Lab [18]. Other types of mobile robots, not normally classed as telepresence robots, are the Unmanned Vehicles such as UAVs, UUVs, USVs, etc. These are the remotely operated vehicles used by the military, security, and emergency services for bomb disposal and surveillance etc. the military remotely operated vehicle used for bomb disposal and surveillance. Such devices carry various sensors including visual and therefore do provide a sense of presence for the driver at the remote site. A good source of continuously updated information on these vehicles is available in the Unmanned Vehicles magazine published by Shephard and it can be found at [19]. 
Transparent Telepresence
From the above it can be seen that today ‘telepresence’ can take various forms, in the examples noted it can be applied to the remote operation of robots on the surface of another planet controlled from an orbiting spaceship, it can apply to enhanced teleconferencing suites, and it can be applied to mobile terrestrial telepresence robots that carry a live image of the remote driver. In order to make it clear what type of telepresence I am concerned with I constructed the term ‘Transparent Telepresence’ many years ago and I defined it as the experience of being fully present interactively at a live real world location remote from one’s own physical location [20]. I suggest that this now needs to be expanded to cope with the advent and proliferation of ‘telepresence robots’ where not only the remote operator wishes to feel present at the robot location but also, for example, a hospital patient patient feels that they are actually in the presence of the remote physician who is vicariously present through the robot. I suggest the new definition be:
The experience of being fully present interactively at a live real world location remote from your own physical location and the ability to experience a remote presence such as a person as though they were physically present interactively with you.
This is broader than the commercial use of the term ‘telepresence’ when it is applied more commonly today to large scale high fidelity videoconferencing. Transparent telepresence includes the possibility of physically interacting with the remote environment by controlling a robot thus providing mobility and the possibility of manipulating and influencing directly the remote environment. It also implies a full sense of immersion in the remote environment and a full sense of a remote person being fully physically present in one’s own local environment.
Application Examples
An earlier paper by this author over 15 years ago [21] considered potential applications for transparent telepresence.  Among these were  space operations, medical diagnosis and telesurgery, museums, education, real estate sales, the nuclear industry, and enhanced teleconferencing. It is interesting to note that today many of these are now practicalities and a few examples are given below in relation to telepresence robots.
Medical Diagnosis and Healthcare. This type of telepresence robot is now increasingly used in a variety of applications such as healthcare, see [22] for an investigation of ‘telerounding’. In this type of application a team of physicians can be gathered in a conference room and converse with a patient in a hospital bed through the robot. The use of large displays in the room can allow the physicians to not only see the patient but also view relevant charts and x-rays, etc. They can also have free discussions without other patients overhearing and for very sensitive comments they can cut the sound link completely if required. The use of general robots in healthcare is expanding, for example in the USA about 80% of prostatectomies are now carried out using robots indicating that the combination of robotics and telepresence has high potential. Most telepresence robotics companies are very focused on healthcare as this is currently seen as the most attractive application providing hospitals and health services have sufficient funding.
Museums. A recent example of this can be seen in Australia where CSIRO (Commonwealth Scientific and Industrial Research Organisation)  with support from the Australian Department of Broadband, Communications and Digital Economy  are creating a mobile tele-presence robot application that will allow schoolchildren, the infirm, or those living in remote areas to vicariously visit the National Museum of Australia. The article on the CSIRO web page [23] states “This technology will eventually allow all Australians with an NBN (National Broadband Network) connection especially those in rural and regional areas to experience and access a range of our national treasures whether in a museum or under the sea at the Great Barrier Reef, despite the tyranny of distance.” The system has a 360 degree six lens camera mounted on top of the robot, this allows a high resolution omni-directional image to be constructed and streamed across the NBN communication link. Thus each individual remote user can then independently ‘look around’ the gallery using a panoramic viewer installed within their browser. 
Education.  A good example of a telepresence robot being able to help a young pupil is that of a 7 year boy in the USA with a severe allergy preventing him attending school. He is now able to attend classes by being telepresent through a VGo robot [24]. This robot is relatively light being about 8Kg and has a small footprint of around 50mm x 60mm this means that it can be easily located in a normal classroom layout and, where ramps or elevators are not available, be easily lifted up a short flight of stairs. This is a great benefit to the pupil allowing him to feel part of the normal school day and converse freely with his friends and teachers. 
Social, Ethical, Legal
The above examples again highlight the possibility of how people living in remote and diverse geographical areas can use telepresence to enjoy participation in various social and entertainment events outside their own home. It is also a clear indicator of how people of restricted mobility or living in remote areas can now have previously impossible earning potential so that as well as improving their own quality and standard of life they will also be aiding the economy. With the average age  of the population of the developed world increasing  steadily telepresence can be used to extend the working lives of individuals and their sense of usefulness. This will also apply to those with physical disabilities thus promoting a more inclusive society and assisting the physically and sensory impaired.
Social aspects that have to be considered are the ethics and legal implications of transparent telepresence operation. Some of the concerns have already been addressed in the past due to the advent of telehealth where traditional information technology has been used. For example for communication between a health worker and a patient in a remote location through the use of a video link such as Skype, McCarty and Clancy [25] discuss the general implications of telehealth for social work practice and also include specific comments on policy issues. They are concerned with the transmission of client data across national boundaries and how questions of licensing, liability, and privacy etc. need to be addressed. Since they were concerned specifically with social work they note that this was always regulated at state level in the USA and was not designed for telehealth where conventional boundaries are transcended, and ask the question – do the laws of the state in which the healthcare worker is operating apply, or the laws in the state where the patient is located? Ethics and legal issues are even more significant now that we have the ability to teleoperate not only cameras and other passive sensors from a distance, but also manipulators for surgery, telepresence robots for a variety of applications, and military or police drones with possibly lethal armaments. In a textbook by Beauchamp and Childress concerning biomechanical ethics [26] they give three main guidelines: “Care should be taken to avoid harming others”, “Effort should be made to contribute to people’s welfare”, and “Benefits, risks, and costs should be distributed within society in a fair, equitable, and appropriate manner”. These can be applied to transparent telepresence and can serve as a guide for research, development, commercialisation, and application.  A major difference between autonomous robots and telepresence robots is that the responsibility of actions by the latter can be attributed to the remote human operator, although there is always the possibility of malfunction of the robot resulting in rogue actions and this would cause legal complications. Again, just as in the earlier telehealth situation, the legal jurisdiction needs to be determined for an action carried out by the robot. Much of this has been addressed in relatively recent EC research projects and very comprehensive reports published in 2010 and 2011 can be found in publicly available deliverables from the previously mentioned EU BEAMING project [27, 28]. 
Business Implications
Telepresence robots are already in service in applications around the world, they are a subset of the service robot category. In 2010 the International Federation of Robotics Study indicated that service robots were already a $13.2 billion dollar industry and a further indication of the significance of this field was shown when in the USA President Obama launched a ‘National Robotics Initiative’ in June 2011.
One report states that by “the global deployment of telepresence, US and UK businesses with annual revenues over $1 billion can achieve economy-wide financial benefits of almost $19 billion by 2020” [29]. The report also claims that the same companies could cut nearly 5.5 million tonnes of CO2 emissions over the same period. Thus the reduction in the carbon footprint of a company is an attractive advantage of telepresence from a public relations perspective as well as a practical benefit.
Some business advantages claimed and experienced include primarily a reduction in air travel expenses. Time available with family and friends will be increased due to there being fewer reasons to travel. Removing travel time particularly for long haul flights will also improve physical and mental health. However there will always be a need for some personal face to face contact in business to ensure business partners can feel comfortably secure that they know the other person. Other aspects include: increased productivity of executives and other workers, improving employees’ quality of life, speeding up decision making, and strengthening working relationships with widely distributed company colleagues, customers, and suppliers. The ability to enhance collaborative research and development internationally has also been claimed as an advantage. 
 Ergonomic and Technical Factors
It is important to identify the human factors that need to be satisfied in order to produce a convincing transparent telepresence experience, this will then allow us to specify the system technology requirements. It is significant  that a sense of presence in a remote, or virtual, environment is subjective and that technological factors alone do not provide a sense of presence. Nevertheless if the technology could be made absolutely transparent in a technologically mediated system then of course a real sense of presence will be created that is just as real as would be experienced directly, i.e. mediated only by human senses. However since such a technological capability is many decades away the sense of presence of a participant in a technologically mediated experience, such as telepresence conferencing and meetings will be created by a mix of psychological and technical factors.
Although the features below are applicable to teleconferencing telepresence where the ideal is that participants forget that they are not all in the same room, the situation is also analogous to the ideal experience of conversing with a telepresence robot and forgetting that the remote operator is not actually the robot.
Field of View. A wide field of view can help provide a sense of immersion in a remote environment. This is evidenced by the experience of attending an IMax movie or a curved screen Virtual Reality simulation. 
Stereoscopy. Stereoscopy adds realism and a number of recent films have been released in this form and stereoscopic televisions and monitors are widely available. However stereoscopy is still not widely used in commercial telepresence systems.
Eye contact. Direct eye contact is only obtainable if the cameras, or virtual cameras, at each location can be mounted exactly in line with the eyes of the participants. This means that when you are looking at the remote participant’s eyes you are also looking directly into the camera. Thus the remote participant at their site will see you looking directly at them. No existing teleconferencing type systems have perfect eye contact and indeed it is only likely to be achieved with today’s technology in one-to-one situations where the camera can be mounted directly behind the eye level and location on the display, or a beam splitter can be used to mount the camera behind a virtual image of the remote participant. Eye contact is very important, particularly in meetings, since many social cues are gained from it, for example how trustworthy someone is, if they are being evasive or are embarrassed, and if they are enthusiastic about what is happening.
Lip synchronisation. This refers to the synchronisation of lip movements to match the sound of the words being spoken. There is a tolerance level at which lack of synchronicity becomes annoying. The sound advance over vision should be less than 20ms, and the sound lag should be less than 40ms. This may still be detectable but it should not be annoying, obviously the closer to zero the better.
Low latency. This should be less than 250ms. Latency occurs due to the signal compression and decompression times, the distance travelled by the signal, and the number of different locations involved in the link.
Screen size and ability to provide life size images. This is simply necessary in order to create a high fidelity representation of the remote site and participants. It is not possible with large numbers of people at the remote site, or when the number of remote sites increases to the point where the screen displays have to be split to provide multiple images.
Quality of image. This includes the dynamic range, number of colours, frame rate, lack of jitter. This again relates to being able to create an image that is of sufficient realism as to allow ‘suspension of disbelief’ as the participants become more involved as, for example, a meeting progresses.
Frame rate. This needs to be at least 30 frames per second for comfortable viewing.

The comments below refer specifically to the teleconferencing type of telepresence:
Room acoustics, sound quality and directionality of sound. This significantly increases the sense of presence. If the sound experience is not compatible with that which would be expected in a physical face to face meeting, then the technological mediation can be very obvious. For example the manner in which the sound reflects off the surfaces of the room and the realism of the speaker sound quality are easily noticeable.
Full duplex sound. The ability to interrupt, talk over someone else, or have multiple conversations, as can happen in the real world situation, adds realism.
Room design and comfort. A comfortable environment provides a relaxed experience, this in turn leads to a greater willingness to suspend disbelief and enter into the telepresence experience.
Similarity of remote site room design. This provides simple continuity and if the colour balance of the screens is adjusted properly then this also encourages acceptance of physical proximity of the remote site.

A more detailed analysis of the technological requirements can be found in [30] where a range of human senses including the technology required in the associated telepresence system visual, aural, haptic, olfactory, and vestibular sensors and displays are discussed.
Other Human Factors
The psychological aspects of transparent telepresence can be intriguing. For example in my own experience in our laboratory a number of years ago we had a telepresence robotic head. It was anthropomorphic and anthropometric and mimicked the head movements of a remote operator about 600 km away. Below the robot head we had a monitor showing the remote operator who was wearing a head mounted display. A newspaper reporter was present carrying out an interview with the remote operator asking him about the experience of using the telepresence system. Within just a few seconds it was very apparent that it was much more comfortable to talk to the robot head than look at the monitor. Eye contact with the remote operator was possible by looking into the stereoscopic cameras on the robot head. Because it copied the nods and head inclinations of the operator it was very natural to talk to the head rather than look at the screen.
This highlights that an aspect to be considered with telepresence robots is how humans at the remote site experience the robot. Do they feel that they are talking to a robot or to the human that is controlling the robot? The latter situation would be transparent telepresence at the remote site, i.e. how can we make the robot seem so ‘transparent’ to the observer that they believe that they are in the presence of the robot driver? Is it more comfortable for the person in the presence of the telepresence robot to feel they are communicating with a robot, a visual avatar exhibiting the emotions and mannerisms of the remote expert shown on a screen, or a live image of the remote expert on the screen? Considerations of the ‘uncanny valley’ can be explored here.
Ultimately we may be able to really feel as though we are in another physical location and experience that location vicariously through virtual reality, telepresence, or telepresence robots. Already research is challenging our preconceived ideas of body awareness [31] and [32]. Much of this work began with the ‘rubber hand illusion’ [33] which is apparent in an experiment where the brain can be fooled into believing that when a rubber hand is brushed then it feels as though one’s own hand is being touched.
More recently at the  IEEE International Conference on Biomedical Robotics and Biomechatronics Held in Rome, Italy on June 24-27, 2012, work has been reported that involved a student in Israel controlling a small robot 2,000km away in France by using his mind alone. He was able to do this through using fMRI i.e. functional magnetic resonance imaging. fMRI works by looking at the changes in blood flow in the brain in relation to neural activity, through examination of this the blood flow patterns can be related to body movements [34]. This shows the possibility, admittedly distant, of using the brain directly to control a fully anthropomorphic telepresence robot. Coupling this concept with the even more difficult ability to directly sense a remote environment through bypassing our own body’s physical sensors and feeding all sensory information directly to our brain – would allow fully transparent telepresence.
Conclusion
Considering the question “Could Transparent Telepresence Replace Real Presence” the paper has shown that none of the commercially available telepresence systems described above can be classed as ‘transparent telepresence’ although as already noted some of the research work is attempting to approach this and has been for many years. Nevertheless telepresence systems even at their current state of development have been shown to be providing advantages over ‘real’ presence in a number of applications. Social benefits are potentially great, however ethical and legal issues regarding aspects such as personal privacy and professional accountability and liability need to be carefully considered. Full transparent telepresence has many technical issues still remaining and this situation will continue for many decades to come. For the foreseeable future achieving true transparent telepresence appears to be similar to Zeno’s paradox of Achilles and the tortoise, we may come increasingly close to our perfect goal but never actually completely achieve it. 
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