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ABSTRACT

Many defense organizations report pressure to replace or augment scarce, expensive and schedule-constrained personnel who are needed to provide responses or to give advice. One method that has demonstrable capability and has found utility is the use of conversational, computer-directed avatars which can respond smoothly to a carefully fashioned list of germane questions. These avatars can be either animated or live (via a large number of video clips). Early research and development has focused on “hand crafting” question lists, paraphrases, recording scripts, utterances, transcriptions, video editing, validation, testing, and updating. The administrative burden of all of this has begun to overshadow the scientific and technical research effort. As this virtual human capability moves into acceptance and common implementation, the skills of system engineering are seen as facilitators for optimizing the production process. This paper addresses early experience with subjecting an on-going project to system engineering analyses in order to make the adoption of these avatars more practical and economical. The authors discuss the use of the V-Model and other system engineering tools in a way that should enable other researchers to understand what can be expected of such an approach to computer-generated virtual humans. These management tools and techniques provide a real opportunity to make manifest in the DoD the early successes demonstrated in research settings. Optimizing just the transcription phase would save significant amounts of implementation time. The paper then lays out both early results and suggests future paths for research and use.
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Introduction

This paper addresses the issues surrounding the use of System Engineering (SE) techniques, tools and approaches to enhance the conduct of simulation research, specifically Virtual Human implementation.  It presents both an overview of SE disciplines and examples of how these have been employed in a program at the Institute for Creative Technologies (ICT) of the University of Southern California which is charged with creating a Virtual Human (VH) mentor series. There are two major objectives: analyzing the utility of SE and providing sufficient direction to enable others to see how to apply similar approaches to their own research projects.  There will be sufficient examples and data presented to show application techniques and indicate results that can be anticipated.

The paper is organized in four parts.  The first will be a background discussion of the advances made in the capabilities of VH technologies over the last few decades.  The second section will cover the Mentor PAL project at ICT, setting forth the project’s goals, implementation plans, early experiences, and current results.  The third section will present a brief survey of System Engineers, focusing on areas where it will intersect with VH and other simulation initiatives. The fourth section will focus on analysis of the efforts to use SE for optimization in this environment and a discussion as to future implementation opportunities and efforts. 

Background

Virtual Humans in the Defense Environment

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 research institute with a specialization in virtual reality programming, the Institute for Creative Technologies (ICT) is the home of myriad simulation projects, and it considers virtual reality to be its primary focus. Researchers at ICT have generated SimCoach, New Dimensions in Testimony (NDT), PAL3, MentorPAL, and other generalized programs under learning sciences, medical VR, mixed reality, narrative storytelling, social stimulation, virtual humans, and vision and graphics. The breadth of knowledge available is significant and the use of these resources has allowed advances in the implementing of virtual humans.  The presentation to the user can take many forms, as shown in Figures 1-3 (All ICT Photos).
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Although a virtual human may seem as simple as remodeling a human using CGI, it turns out that it takes significant study and effort to implement a Virtual Human, and the process can consume considerable 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, 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 significant advances, 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 & Weston, J. (2008). 

Many applications, through interpretation of language, have been quickly advanced by the researchers focusing their studies on the field. At ICT, progress has been made in training and learning environments (Kenny et al., 2007), multi-party dialogues (Traum & Rickel, 2002), ethics and cooperation (Allwood et al., 2000), health applications (Rizzo et al., 2011), and representation and reasoning (Swartout et al., 2006). Although automated speech recognition (ASR) is far from perfect, prime software makes Virtual Humans practicable, “Google achieved 73.3% of exact recognized phrases with a 15.8% (Word Error Rate)” (Kudryavtsev, 2017), 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, 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 et al., 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. 

As it stands now, the primary issues with natural language processing include machine translation, precision, data storage, efficiency, and computation power; meeting these are the foci of this paper. All of these will continue to improve with time, as hardware, software, data storage and ease of access are areas within which new research is emerging and seems directly applicable. Specifically, the speed and application of quantum computing will enable significant advances in NLP and its applications: one of which is the critical area of enhancing virtual humans.

Virtual humans constitute-and should continue to constitute-a major role in virtual learning, virtual storytelling, VR/AR, and constructive simulation. 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 et al., 2016). 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. Many of these tools suffer from the lack of the immediacy and motivational qualities of personal interaction with a human. 

[image: ]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 (Figure 4), 
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)including many compelling narratives of his experiences and thoughts” (Traum et al., 2015) . The project’s mandated mission of preserving the stories of Holocaust survivors can be applied to other important persons and historical sagas of value and interest. Advances in gaming allow for utilization in learning, entertainment, healthcare, and lifelike training for areas like combat, base security, reaction team strategy, medical emergency responses, interfaces with civilian populations, and critical thinking. The SimCoach system was developed to assist Post Traumatic Stress Disorder (PTSD) subjects and to “motivate users to take the first step – to empower themselves to seek advice and information regarding their healthcare” (Rizzo 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 et al., 2011). The successes of these operations thus far encourage research into potential future applications.

The benefits of virtual environments include making the most skilled instructors and resources available and scalable, engaging new learning environments, confidentiality, and global accessibility. Some of the negatives of virtual learning are the difficulties of personalizing learning to fit individual students, handling live question, responding to different learning styles, and similar limits to NLP and other processor and data heavy systems. On the positive side, this approach does allow for using only the best instructors and can avoid the classroom stricture against teaching to the lowest common denominator, having to respond to questions in a generic way. It can be trained to detect and cater to every student’s learning style, and other constraints faced by live teachers. Future fields of focus will include streamlining the creation of such virtual environments and interaction. For example, it is possible to conceive a system which takes in a live recorded interview with a U.S. President, or other prominent or knowledgeable 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 obviates the need for an assistant might provide a radical shift in the way the DoD functions. Such tools are already in existence, and they will only become more prevalent and powerful. However, the need for extensive processing power, efficiency, and data storage and transfer remains a limiting factor for many such developments. The aforementioned applications call for considerable further exploration and research. They may well be amenable to a quantum annealing approach to deep learning enhancement. 
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