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Task Description:

	● Ambitious space missions will present new challenges for space human factors as crews interact with and maintain complex equipment and automation. This demands that procedures for task design, rehearsal, and procedure refreshing be based on on-ground validated procedure instructions. We wish to investigate requirements for formulating, interpreting, and validating procedure instructions. Crew instructions should express clearly and unambiguously complex actions and their expected results. As NASA moves toward a “what to do” rather than a “how-to-do” approach, it is essential that textual instructions convey what is meant and correlate with equipment function and construction. Natural language instructions must coordinate with graphical simulations to provide both textual and visual guidance and context-sensitivity for procedures, especially when the equipment functions and features are accessible to the simulation. Current manuals and procedures need all alternatives to be made explicit, leading to clumsy documentation that must be laboriously prepared in advance. Any documentation for a complex procedure should “understand” the equipment and the human factors of the crew. One important aspect of “what-to-do” procedure documentation is that purposes and termination conditions of continuous processes are very frequently cited. These need to be generated from or interpreted by simulated actions. Although our focus in this project will be on ground-based procedure execution and validation, we envision future applications to spaceflight crews who will use natural language to communicate with each other, the on-board automation, and to training and refresher simulations. Our research proposal is to use high level user interfaces -- such as natural language instructions -- to control virtual crewmembers so that they may use used for procedure formulation, validation, in-flight training, crew task allocation, and unusual procedure simulation. 

	● Task Progress:
The Parameterized Action Representation (PAR) is conceptualized to bridge the gap between natural language and animation. Natural language generally describes actions at a high level, leaving out many of the details that have to be specified for animation. A PAR gives a description of an action that can ultimately be animated. The PAR has to specify the agent of the action as well as any relevant objects and information about path, location, manner, and purpose for an action. There are linguistic constraints on how this information can be conveyed by the language; agents and objects tend to be verb arguments, path is often a prepositional phrase, and manner and purpose might be in additional clauses. A parser and translator map the components of an instruction into the parameters or variables of the PAR, which is then linked directly to motion controllers. 

In this NASA project we have been working toward integrating the PAR system in a NASA domain for evaluating and validating maintenance instructions. We have obtained maintenance manuals for the International Space Station (ISS) from Johnson Space Center (JSC) and have looked through them for instructions that will best demonstrate the abilities of our PAR system and challenge those abilities to expose necessary avenues for research. JSC has also provided us with geometry for portions of ISS that we can use in our simulations. We have successfully converted this geometry into a file format compatible with our system. 

Additionally, we have begun work on spatial and aggregate recognizers. Our spatial recognizer will work with geometric primitives such as bounding boxes to resolve spatial predicates such as “on” and “in”. Currently, we are able to compute bounding volumes for all entities in an environment and store those volumes as a parameter of the object in the PAR object hierarchy. Our system can then be queried for all objects “on” another object, i.e. “all objects on the table.” More refined queries are also possible, i.e. “all buttons on handles.” The veracity of predicates can also be determined, i.e. “on(Button_1, Handle_3).” 

One of the key components in translating natural language to crewmember actions is performing constrained reaches with arm and body for IVA and possibly in a spacesuit for EVA activities. Two efforts address this component. The first effort is looking at fast spatial search methods to perform reaches: if a reach is “easy”‘ a solution should be found quickly, but it a reach is awkward or difficult we can afford to wait for more computation to find a path if one exists. While there has been much robotics research of this subject, our restriction to a human arm, shoulder, and torso provides a constraint as well as an opportunity to optimize such a difficulty-based approach. 

The second effort addressing reachability is focused on the effective reach space of a deformable arm model. People tolerate a certain level of tissue deformation when compressed against a solid obstruction. We have created a deformable arm model. In order to populate the model with reasonable tissue properties we have built a simple but effective measuring device to sample tissue displacement depth as a function of applied force (pressure). Numerous sample points are measured and the resulting force/displacement curves are assigned to the arm surface points. Given an obstacle, our goal is to determine the increase in reachable space for a given level of tolerable surface contact force. We expect to try this model on an arm constrained with the EVA suit to see if significant variations in reachability (over a rigid arm model) are obtained. 

	● Research impact on American/Earth Benefits:
This effort is attempting to improve the analysis of human task performance in space-related (ISS) maintenance activities. Our approach is novel in that it uses a natural language interface to help a task analyzer prototype a situation quickly and test for typical ergonomics conditions such as reachability. The language interface will also allow validation and evaluation of written instructions. Our expectation is that by using language the analyst will be able to do more task analyses without requiring specialized computer graphics animator assistance. In order to perform task analyses automatically, we are developing a fast human arm constrained reach algorithm. This arm control algorithm would also ease the analyst’s role in determining human strategies for achieving constrained reaches. In addition, the deformable arm model with human tissue biomechanical properties we are developing will give more accurate assessments of reach space and task comfort than any rigid model currently provides. 


Year:

2002

		● Task Abstract/Description:
Ambitious space missions will present new challenges for space human factors as crews interact with and maintain complex equipment and automation. This demands that procedures for task design, rehearsal, and procedure refreshing be based on on-ground validated procedure instructions. We wish to investigate requirements for formulating, interpreting, and validating procedure instructions. Crew instructions should express clearly and unambiguously complex actions and their expected results. As NASA moves toward a “what to do” rather than a “how-to-do” approach, it is essential that textual instructions convey what is meant and correlate with equipment function and construction. Natural language instructions must coordinate with graphical simulations to provide both textual and visual guidance and context-sensitivity for procedures, especially when the equipment functions and features are accessible to the simulation. Current manuals and procedures need all alternatives to be made explicit, leading to clumsy documentation that must be laboriously prepared in advance. Any documentation for a complex procedure should “understand” the equipment and the human factors of the crew. One important aspect of “what-to-do” procedure documentation is that purposes and termination conditions of continuous processes are very frequently cited. These need to be generated from or interpreted by simulated actions. Although our focus in this project will be on ground-based procedure execution and validation, we envision future applications to spaceflight crews who will use natural language to communicate with each other, the on-board automation, and to training and refresher simulations. Our research proposal is to use high level user interfaces -- such as natural language instructions -- to control virtual crewmembers so that they may use used for procedure formulation, validation, in-flight training, crew task allocation, and unusual procedure simulation. 


	● Task Progress:
Our work this year has broadened to address three problems in realizing crew procedure task validations. The first problem is creating effective algorithms for arm reach tasks in constrained environments, so that more automated task validations of difficult cases can be performed than presently possible. The second problem is modeling human body deformability in order to assess its effect on reachability and comfort, for example, when using a spacesuit or working in a glovebox. The third task explicitly recognizes that human psychological state may be a critical determiner of task success, and so we are creating a personality and emotional state model that could predict possible actions and thus may eventually serve to trigger psychological countermeasures to enhance mission success. 

In maintenance task simulation and validation scenarios, access is an essential prerequisite to any other maintenance operations. Effective automated computational tools for evaluating confined space accessibility across a range of typical maintainer body sizes is critical for automated task validation. In order to perform task analyses automatically, we are developing a fast human arm constrained reach algorithm. This arm control algorithm would also ease the analyst’s role in determining human strategies for achieving constrained reaches. While there has been much robotics research of this subject, our restriction to a human arm, shoulder, and torso provides a constraint as well as an opportunity to optimize such a difficulty-based approach. 

In this work, we address the motion-planning problem in computer graphics while explicitly avoiding the costly computation of configuration space. It is well known that the worst-case time bound for any complete motion-planning algorithm is exponential in the dimensionality of the configuration space. This inherent difficulty makes many complete planning methods infeasible in practice. Our focus is on inventing techniques aimed at making motion planning practical for real time interactive animation of human arm reaching tasks in constrained workspaces by trading completeness for efficiency: Instead of a complete algorithm, we are looking for fast spatial search methods to perform reaches: if a reach is “easy” a solution should be found quickly; but if a reach is awkward or difficult, we can afford to indulge in more computation to find a path if one exists. 

Two efforts have been made toward implementing such a constrained reach planner. The first method involves three modules: spatial search, inverse kinematics, and collision detection. The search module runs a direct search in the discretized 3D workspace. The inverse kinematics module attempts to select natural posture configurations for the arm along the path found in the workspace. During the search, candidate configurations will be checked for collisions taking advantage of a special (but common) graphics hardware -- the depth buffer. The algorithm is fast and easy to implement, but suffers from the incompleteness and lack of control over the outputs from inverse kinematics module (only one output configuration is provided corresponding to one input position in 3D workspace). 

In our recent approach, instead of trying to find a path connecting the start and goal configurations in configuration space, we look at our problem as ways to find paths in 3D workspace for wrist, elbow and shoulder, respectively, which leads to our new sequential planning algorithm. In this algorithm, the discretizations of the workspace play an important role in the planning. Different strategies and resolutions are required by the wrist, elbow and shoulder. To deal with collision detections, we still take advantage of the graphics hardware depth buffer to help achieve real time performance. The algorithm is still under implementation and its computational complexity is expected to be exponential in the number of links (in our case, 3), instead of the number of degrees of freedom (7). 

We are continuing our research into human tissue deformation models. We were given 3D geometries of an astronaut and a spacesuit from NASA, but we needed the mechanical properties of human tissue for body deformation simulation from external contact forces. For this purpose, we made an indentation test on various sites on human arm from a male volunteer to get the force/displacement relation. First we have built a deformable arm model from a simplified 3D arm geometry made by 2D pictures and now we are building a more accurate arm model from the MRI 3D scanned data of the same subject. We are developing a simulation program showing an arm deformation from various external contact forces, which will be applied to the estimation of reachability within the spacesuit model as well as a glovebox. The glovebox application should also unify the reach algorithm described above with this deformable model. 

Long-term space flights will require the flight crew to remain in a very confined space with each other for long periods of time. During this time, interpersonal conflicts may arise. Such conflicts may be detrimental to the mission. In the past year, we have been exploring possible results of interpersonal interaction through the creation of computer models of psychological traits, such as emotions and personality, and plot or story generation. We plan to create computer simulations of the mappings between personality traits and emotional responses with their association to action choices as they correspond to plot variations. For example, say that person A rips person B’s favorite shirt. If person B has a neurotic, disagreeable personality, he or she is more likely to seek vengeance than to feel grief and loss as a neurotic, but introverted person might. Both vengeance and grief and loss are basic plot lines. Naturally, there are other complications involved in the outcome of this scenario: what was the context in which the shirt got ripped? How well does person B like person A? What was the emotional state of the player prior to the incident? How much did person B like the shirt? and many more. 

Ortony, Clore, and Collins have proposed a theory explaining how emotions are generated, which they call “The Cognitive Structure of Emotions.” This theory has been implemented and used widely in computer simulations of humans. The model is based on peoples’ degree of reaction to the consequences of events, actions of agents, and aspects of objects. It provides a structure for modeling many of the complications of the scenario discussed above. We plan to expand this model by incorporating a personality model, such as the Big Five model, and action choice based on plot or story generation. Our goal is to model when and where interpersonal conflicts will arise so that timely countermeasures can take place. 


	● Earth Benefits:
Our research seeks to improve the analysis of human task performance in space-related (ISS) activities. In order to perform task analyses automatically, we are developing a fast human arm constrained reach algorithm. This arm control algorithm would also ease the analyst’s role in determining human strategies for achieving constrained reaches. By speeding up the analysis process the human factor engineer can examine more situations, improving efficiency and expanding the coverage of analyzed tasks. In addition, the deformable arm model with human tissue biomechanical properties we are developing will give more accurate assessments of reach space and task comfort than any rigid model currently provides. Finally, by beginning to look into psychological and personality factors in task performance we are addressing what might be the most important subjective issue for long duration flights: actually having crew do what they need to do and not do what they should not do. This would support more successful missions and could be applicable to earth as well as space applications. 
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