Proposed Requirements for EVA Helmet-Mounted Display 


Following is a table that details the specifications for a Phase 1 prototype lunar EVA-specific helmet-mounted display.  Specifications that depend on the mechanical aspects of the display and helmet were based on the Mark III Prototype Suit.  Optical specifications have been derived from a combination of EVA specific needs, typical industry and DOD performance, and advanced technologies currently known to be in development.

Exploration Technology Development Program (ETDP) EVA HMD Initial Phase  Specifications
	
	Proposed Requirement
	Rationale

	1.
	Shall mount inside of the ILC Dover Mark III technology demonstrator suit.  The Mark III suit uses a 330 mm diameter hemispherical helmet bubble tilted at an angle of 55° The helmet bubble is approximately 6 mm thick.  Available volume TBD.
	The Mark III suit is the closest available analogous suit for testing a head-mounted display.

	2.
	The display system shall be helmet-mounted and decoupled from the user’s head.
	Decoupling the display from the head will eliminate the possibility of the display becoming misaligned from the user’s eye.  Also, crewmembers have expressed a strong desire to keep head-mounted systems to an absolute minimum.

	3.
	Shall be monocular - right eye.
	A monocular helmet-mounted display is lighter, less expensive, and simpler to align than a binocular display.  They are also best suited for an informational display where there is intermittent viewing of the display.

	4.
	Shall be a see-through display with external transmission >80%.
	This will allow the display not to obstruct the view of the user when the display is not in use.

	5.
	Shall be positioned out of direct line of sight, approximately 30-45° below the horizontal line of sight.  The display shall also be able to be positioned 30-45° right of the vertical center of the right eye.
	This will place the display out of the direct sight of the user.

	6.
	Shall have as a minimum a monochrome display with at least 32 levels of grayscale; color is highly desirable.  A minimum of 64 gray levels for color systems.
	HMD should be capable of displaying crew procedures and instructions, caution and warning system display, navigational information, and video display.

	7.
	Shall have either a VGA or DVI input.
(Video Graphics Adapter or Digital Video Interface)
	This will allow the display to be connected to a standard PC for testing.

	8.
	Shall have a cubic eye box 35 mm on each side minimum; 50 mm cube on each side desired.
	This will allow for the display system to be tolerant of head movement and also allow the display image to be easily located.

	9.
	Shall have an apparent Field-of-View (FOV) - 40º diagonal desired, 30º diagonal minimum.
	A large field of view, when combined with the other system specifications, will allow for an easily readable display.

	10.
	Should have an adjustable focus over a range of 1 m to infinity.  If a fixed focus display is used, the display shall have a focused distance of approximately 1.5 m.
	Having an adjustable focus will allow the user to tailor the display for their most comfortable viewing distance.  At a minimum, the display shall be focused slightly beyond arm’s length.

	11.
	The final display optic shall project no more than 15 mm from the inner surface of the helmet bubble.
	Keeping the display optics close to the helmet bubble will prevent the display from impeding upon the suit volume. 

	12.
	Shall have an eye relief of 70 mm minus the amount which final display optic protrudes from the inner helmet surface.
	A large eye relief is needed to allow the display to be mounted on the helmet bubble and viewed with the user’s head at the back edge of the suit.

	13.
	The display system’s electronics and optics that must reside in the helmet bubble shall not protrude any more than 25 mm from the surface of the helmet bubble.  Electronics that must be located in the helmet volume must retain at least 90% of Inferior FOV and 60% of Temporal FOV.
	Keeping the display system close to the helmet bubble will prevent the display from impeding upon the suit volume.

	14.
	Any external associated display support electronics shall be less than 230 cc, and less than 1.5 kg.
	Initial phase prototype may have external support electronics, but must be portable enough for field-testing.

	15.
	Shall have a high contrast ratio of greater than or equal to 10:1.
	A high contrast ratio, when combined with the other system specifications, will allow for an easily readable display.

	16.
	The display shall be able to increase its contrast ratio to a minimum of 100:1 by use of a variable, absorptive filter, or via increased source brightness as specified in Item 21.
	

	17.
	Power < 15W desirable.
	On-suit power is extremely limited, especially during lunar EVAs.

	18.
	Helmet-mounted mass < 200 g. 
	

	19.
	Resolution of 640 by 480 minimum; 1280 by 1024 desired.
	A high-resolution display, when combined with the other system specifications, will allow for an easily-readable display.

	20.
	The apparent brightness of the display shall be adjustable from 50 to 200 fL minimum; 100 to 1800 fL desired.
	A bright display will allow it to be viewed in a variety of lighting conditions.

	21.
	The display shall be cable of short periods of higher apparent brightness at a minimum of 1000 fL.  The display shall be able to operate at this higher brightness level for a minimum of five minutes.
	 Sunlight readability is an important capability for EVA HMD.  In lieu of high constant brightness, a short duration capability will allow more precise determination of readability in real-world conditions.
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