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Quantum Annealing/Deep Learning for Virtual Humans
A virtual human is a virtual reality creation in which an avatar is created, often based on a real person, and attempts to recreate the appearance, voice, feel, and interaction that a live human would produce. With the advancement of several new technologies, including but not limited to natural language processing, virtual reality (VR), computer generated imagery (CGI), machine learning, and virtual learning, the uses, as well as the limits of virtual humans, are becoming evident. As a premier research institute with specialization in virtual affairs, the Institute for Creative Technologies (ICT) provides a home for myriad projects which consider virtual reality to be their primary focus. Researchers at ICT have developed with this purpose in mind and generated SimCoach, New Dimensions in Testimony (NDT), PAL3, and others generalized under learning sciences, medical VR, mixed reality, narrative, social stimulation, virtual humans, and vision and graphics. The field of knowledge available here is immense, and we utilized countless resources in earning expertise in the promising field that comprises virtual humans.
Although a virtual human seems as simple as taking remodeling a human using CGI, it turns out that it takes much more brain power-and computing power-to do so effectively. The essential elements that go into the creation of a virtual human with lifelike abilities include natural language processing, machine learning, VR, CGI, and social stimulation. Natural language processing (NLP), will be the main focus of this discussion, though the same argument concerning the limits of virtual humans can be made with several of the other components. Natural language processing composes “an area of research and application that explores how computers can be used to understand and manipulate natural language text or speech to do useful things” (Chowdhury, G. G. (2003)). Using this definition within the context of virtual environments, NLP tools allow computer technology to recognize voice input, analyze voice tone, provide lifelike conversation, retrieve information, and many other applications in combination with machine learning. Recent developments in NLP have made amazing bounds like “a single convolutional neural network architecture that, given a sentence, outputs a host of language processing predictions: part-of-speech tags, chunks, named entity tags, semantic roles, semantically similar words and the likelihood that the sentence makes sense (grammatically and semantically) using a language model” (Collobert, R., & Weston, J. (2008, July)). The multitude of applications through interpretation of language have been quickly advanced by the many researchers focusing their studies on the field. At ICT alone, progress has been made in training/learning environments (Kenny, P. et al. (2007, November)), multi-party dialogue (Traum, D., & Rickel, J. (2002, July)), ethics and cooperation (Allwood, J., Traum, D., & Jokinen, K. (2000)), health applications (Rizzo, A. et al. (2011)), and representation and reasoning (Swartout, W. R. et al. (2006)). Although automated speech recognition (ASR) is far from perfect, some of the best software, “Google achieved 73.3% of exact recognized phrases with a 15.8% [Word Error Rate]” (Kudryavtsev), and the technology will continue to improve. It is also important to note that many of the errors in ASR are caused by slurred speech, cultural slang, and context, stemming from a “lack of consistent units of speech that are trainable and relatively insensitive to context” (Lee, K. F. (1988)). Although this causes problems when comparing these transcriptions with global data, models can be trained locally to a particular person’s voice or a low resource language using software such as CMU Sphinx from Carnegie Mellon University as applied to languages such as Arabic (Satori, H., Harti, M., & Chenfour, N. (2007)). Although these customizations and build-your-own languages can be more accurate, they take time to implement and often require increased local processing power. The primary issues with natural language processing as it stands now include machine translation, precision, data storage, efficiency, and computation power-the focus of this paper. All of these will continue to improve with time, as hardware, software, and data storage and availability are areas within which research is eminent and directly valuable. Specifically, the speed and application of quantum computing will engender significant advancement in NLP and its applications: one of which is the impactful area of virtual humans.
Virtual humans constitute-and will continue to constitute-a major role in virtual learning, virtual storytelling, VR/AR, and gaming. Within the military context, virtual learning environments provide useful mechanisms for initial training as well as lifelong training. An example of this in implementation can be found in PAL3; “the PAL3 system was designed to accompany a learner throughout their career and mentor them to build and maintain skills” (Swartout, W. R. et al. (2016, March)). Modern learning calls for new methods of information transfer. Online tools like Khan Academy, YouTube, Coursera, Lynda, and other massive open online courses (MOOCs) are growing in popularity, and the trend does not seem to be slowing down. 
Storytelling and gaming are also important facets of the virtual field. The New Dimensions in Testimony project “allows people to have an interactive conversation with a human storyteller (a Holocaust survivor) who has recorded a number of dialogue contributions, including many compelling narratives of his experiences and thoughts” (Traum et al. (2015, November)). The project’s important mission of preserving the stories of Holocaust survivors can be applied to endless amounts of other important persons and tales. Advances in gaming allow for utilization in learning, entertainment, healthcare, and lifelike training for things like combat and critical thinking. The SimCoach system experience aims to “motivate users to take the first step – to empower themselves to seek advice and information regarding their healthcare” (Rizzo, A. et al. (2011)). These virtual systems have been shown to have more success, generating deeper levels of confidence with patients than even live healthcare interactions (Rizzo, A. et al. (2011)). The successes of these operations so far foreshadow abundant uses in the near future.
The benefits of virtual environments include making the most skilled instructors and resources available, exciting and new learning environments, confidentiality, and global accessibility. Some of the negatives of virtual learning are the difficulties of personalizing learning, live question handling, different learning styles, and similar limits to NLP and other processor and data heavy systems. Future fields of focus will come in streamlining the creation of such virtual environments and interaction. For example, imagine a system which takes in a live recorded interview with a president, or other prominent or knowledgable figure, and generates an interactive environment in which a user can experience the interview by asking the questions themselves. Or a true virtual assistant that mitigates the need for a secretary. Such things are already in existence, and they will only become more prominent and powerful. However, the need for extensive processing power, efficiency, and data storage and transfer remains a limiting factor for such developments. We believe that the aforementioned applications call for considerable further exploration and research and propose a quantum annealing approach to deep learning its virtual applications.



