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Task Description:

	● Laboratory studies will be conducted to evaluate a newly proposed technique to allow users to control a computer screen cursor in the presence of large rotational sensorimotor rearrangements. We call this technique “kinesthetic cueing.” Such rearrangements commonly occur when users teleoperate manipulators while remote cameras provide views of the worksite which are rotated with respect to the direction of command action. If the direction and position of the camera were sensed, consistent display and control actions can be achieved computationally. This remapping is, however, not always possible and users of teleoperations systems often must train to work in rotated coordinate systems. 

Development of portable, body-worn information appliances such as head-mounted see-through and partially occlusive displays have introduced a new environment in which rotated coordinate sys-tem can interfere with system usability. These portable systems often have Graphical User Interfaces for which the user inputs spatially continuous information with a cursor control device. Since these appliances are portable, the cursor control device must be hand-held or body mounted. Our main question is whether kinesthetic information from holding or body mounting the cursor control device assists users who operate under conditions of rotational sensorimotor rearrangement. 

Kinesthetic cueing will be provided to our experimental users by having them contact the cursor control device with the hand not controlling the cursor. This hand, usually the nondominant left hand, will be rotated to copy the rotation, i.e., misalignment angle, with which the operator must deal. Preserving its rotated position, it is then placed in con-tact with the cursor control device. 

Informal observations suggest that the proposed technique works. Experiment 1 is intended to formally test the idea and determine whether the cueing hand needs to be the nondominant hand. If this technique can be successfully developed, it will solve two problems associated with training users to deal with sensorimotor rearrangements. First, it could reduce or eliminate the need for adaptation training. Secondly, it could remove concern about the perceptual aftereffects of adaptation. To examine this second possibility, Experiment 2 is specifically intended to measure the size of possible perceptual aftereffects experienced by users whose training to operate under conditions of sensorimotor rearrangement has been assisted by kinesthetic cueing. Finally, Experiment 3 will investigate the benefits of kinesthetic cueing with a variety of cursor input devices besides the graphics tablet used in Experiment 1. These will include trackpads, isometric joysticks, mice and tablet devices. 

Early results of these three experiments will be provided to the developers of the Wireless Augmented Reality Prototype (WARP) Phase III, a head-mounted, wireless display system being designed at JPL. The design of WARP’s cursor controller will be advanced by appropriate kinesthetic cueing. Benefits are also expected in the design of human interfaces for teleoperations. 


	● Task Progress:
Three experiments have been completed demonstrating the usefulness of a kinesthetic cue for assisting teleoperators when manipulating a controlled element under conditions of rotary sensorimotor rearrangements. Two experiments demonstrate the usefulness using both within and between subject designs. Both experiments also show that the left and right hands appear equally helpful as cueing hands for strongly right-handed subjects. A third experiment also demonstrates the benefits of the kinesthetic cueing and shows that it does not appear to effect sensorimotor aftereffects. 

Data analysis tools developed in Matlab enable concurrent visualization of target response trajectories’ temporal and two-dimensional planar spatial characteristics. Performance measures obtained by this analysis included total response times, trajectory length, and peak and average movement speeds for acquisition of each individual target. Additionally, the total response time could be broken down into a “wait time” prior to exceeding an initial minimum threshold that is then followed by the “move time”, during which the target was reached. 


	● Research impact on American/Earth Benefits:
The improved human interfaces for telerobotics being developed for Shuttle and Space Station applications are directly applicable to telesurgery, laparoscopic and endoscopic surgery as well as all other forms of remote control. 
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	● Task Abstract/Description:
Laboratory studies will be conducted to evaluate a newly proposed technique to allow users to control a computer screen cursor in the presence of large rotational sensorimotor rearrangements. We call this technique “kinesthetic cueing.” Such rearrangements commonly occur when users teleoperate manipulators while remote cameras provide views of the worksite which are rotated with respect to the direction of command action. If the direction and position of the camera were sensed, consistent display and control actions can be achieved computationally. This remapping is, however, not always possible and users of teleoperations systems often must train to work in rotated coordinate systems. 

Development of portable, body-worn information appliances such as head-mounted see-through and partially occlusive displays have introduced a new environment in which rotated coordinate sys-tem can interfere with system usability. These portable systems often have Graphical User Interfaces for which the user inputs spatially continuous information with a cursor control device. Since these appliances are portable, the cursor control device must be hand-held or body mounted. Our main question is whether kinesthetic information from holding or body mounting the cursor control device assists users who operate under conditions of rotational sensorimotor rearrangement. 

Kinesthetic cueing will be provided to our experimental users by having them contact the cursor control device with the hand not controlling the cursor. This hand, usually the nondominant left hand, will be rotated to copy the rotation, i.e., misalignment angle, with which the operator must deal. Preserving its rotated position, it is then placed in con-tact with the cursor control device. 

Informal observations suggest that the proposed technique works. Experiment 1 is intended to formally test the idea and determine whether the cueing hand needs to be the nondominant hand. If this technique can be successfully developed, it will solve two problems associated with training users to deal with sensorimotor rearrangements. First, it could reduce or eliminate the need for adaptation training. Secondly, it could remove concern about the perceptual aftereffects of adaptation. To examine this second possibility, Experiment 2 is specifically intended to measure the size of possible perceptual aftereffects experienced by users whose training to operate under conditions of sensorimotor rearrangement has been assisted by kinesthetic cueing. Finally, Experiment 3 will investigate the benefits of kinesthetic cueing with a variety of cursor input devices besides the graphics tablet used in Experiment 1. These will include trackpads, isometric joysticks, mice and tablet devices. 

Early results of these three experiments will be provided to the developers of the Wireless Augmented Reality Prototype (WARP) Phase III, a head-mounted, wireless display system being designed at JPL. The design of WARP’s cursor controller will be advanced by appropriate kinesthetic cueing. Benefits are also expected in the design of human interfaces for teleoperations. 


	● Task Progress:
We have completed three experiments using the two dimensional version of the kinesthetic cue used to compensate for rotational misalignment, which was reported at the Human Factors meeting. We have also just completed a study of the kinesthetic cue with popular hand-held input devices such as trackballs and track pads. These data are currently just being analyzed 

Significantly, we have completed development on the 3 dimensional version of the cue which was originally anticipated and have begun to use it to study two and three axis rotational misalignments with a flexible virtual environment based experimental program. Preliminary results show that that cue can help, but that the disturbance to motor control caused by multiaxis misalignments is sometimes orders of magnitude greater than the single axis misalignments previously studied 


	● Earth Benefits:
The improved human interfaces for telerobotics being developed for Shuttle and Space Station applications are directly applicable to telesurgery, laparoscopic and endoscopic surgery as well as all other forms of remote control. 
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