PROJECT SUMMARY

Identification and Significance of the Problem.  To address the NASA need for an extravehicular activity (EVA) information display device, Physical Optics Corporation (POC) has developed a new Projection/Reflection Heads-up Display (Pro/Ref-HUD) based on innovative integration of laser projectors and optics. This approach incorporates miniature full-color laser light sources and low-profile narrowband reflective, see-through toroid-shaped optics, which enable the display to meet NASA EVA requirements for displays that are completely decoupled from the user's head and achieve full sunlight readability with automated rapid ambient light response. The Pro/Ref-HUD offers full-color, high-resolution collimated images, with large fields of view, highly suited to the space and weight constraints inside an astronaut’s suit. POC plans to demonstrate the feasibility of the Pro/Ref-HUD system by building and testing a preliminary prototype to TRL-4 by the end of Phase I. The results demonstrated will offer NASA capabilities to perform EVAs with heads-up displays internal to the helmet to improve crew safety and comfort and prevent misalignment of the display.
Technical Objectives and Work Plan.  Phase I objectives were 1) development of a full-color (RGB) Pro/Ref-HUD design by analytical computer modeling and optical ray-tracing, 2) demonstration of an aberration-corrected full-color reflector on curved substrate, 3) demonstration of the integrated Pro/Ref‑HUD system inside a helmet, and 4) exploration of the commercial scenario for the Pro/Ref-HUD optics technology. The Phase I work plan included the following tasks: 1) Develop System-Level Design for the Proposed Pro/Ref-HUD, 2) Design Pro/Ref-HUD Reflector Optics by Computer Modeling, 3) Fabricate Pro/Ref-HUD Reflector Optics on Curved Substrate, 4) Develop the Pro/Ref-HUD Image Projection Subsystem, 5) Evaluate the Pro/Ref-HUD Electronics Subsystem, 6) Demonstrate the Integrated Pro/Ref-HUD Concept, 7) Explore Commercial Potential, and 8) Prepare and Submit Reports.
Technical Accomplishments (Phase I Project Summary).  The Phase I major achievements include 1) Designed the Pro/Ref-HUD phase I system taking into account the desired specifications for the HUD provided by NASA, 2) Completed detailed optical ray-tracing simulations in ZEMAX software, 3) Fabricated and tested concave spherical glass optics coated with notch-filter coatings, 4) Procured, analyzed, and tested COTS pico-projectors, 5) Designed and built a 1:1 scale model of the Mark 3 spacesuit bubble, 6) Tested multiple HUD projection scenarios within the bubble, 7) Fabricated and tested partially see-through spherical glass optics with thin aluminum evaporated coatings, 8) Introduced a new technique for positioning optics inside the bubble using magnets, 9) Explored the commercial potential and product viability of the Pro/Ref-HUD technology, and 10) Demonstrated a working prototype of TRL=4 at NASA Glen Research Center.
NASA Application(s).  The Pro/Ref-HUD technology will provide new capabilities for astronauts during EVA with a see-through display system that allows them to monitor the conditions around them while being provided visual instructions and direction in a hands-free format. This will allow astronauts to be more productive and take on less risk, and eventually translate to boresighted overlays for augmented-reality-based information. Applications include space walks on the International Space Station (ISS) where navigating the structure can be completed with maps, and repairs completed with heads-up manuals.  Harsh-environment training can also be completed with the HUD by providing assistance and navigation for improved safety such as dealing with Martian dust storms and facilitating asteroid landings.
Non-NASA Commercial Application(s). The DoD has a significant need for HUD technology, including Distributed Mission Training, pilot and combat vehicle crew HUDs, thermal weapon sights, Soldier's Integrated Protective Ensemble (SIPE), and logistics and training. HUD technology advances made possible by the successful development of the Pro/Ref-HUD system will lead to cost-effective commercialization. In particular, this new HUD system will find numerous real‑time 3D virtual-reality applications. Medicine, avionics, education, law enforcement, firefighting, bomb disposal, hazmat clean up, and video games represent major markets for compact, low-cost, lightweight HUDs in the private sector.
