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Introduction:
Conston’s paper, “Automated techniques for characterizing and testing helmet mounted displays,” is a systems engineering look at the various requirements for a test station capable of supporting a Helmet Mounted Display (HMD) production program.  HMD production programs are unique in that the quantities are typically measured in hundreds and require of testing on each unit.  

Conston’s paper is presented from the position of the manufacturer testing a product that was built in house.  The requirement for a test station capable of performing testing as well as characterization stemmed from Kaiser Electronics’ need to delivery two HMD designs, the M-HMD and the B-HMD, for two government contracts.  The goal of the test system outlined in the paper was to serve as characterization tool as well as a testing apparatus capable of supporting both the M-HMD, a CRT based off the visor see-through design, and the B-HMD, a LCD based bi-ocular with a single element combiner for each eye.  The requirements for a system designed specifically for testing the products developed by a specific vendor will focus on those products and will not be as flexible as a system designed for a third party to perform testing on a wide variety of virtual display systems, but the capabilities required for each are very similar. Fellowes and Draper2 developed a system for the purpose of testing and characterizing developmental US Army virtual displays systems, the Near to Eye Display Test Station (NDTS).  The baseline capabilities are the same as for the system developed by Kaiser Electronics, however, the flexibility required for testing a wide variety of virtual displays, not just HMDs, required the ability change the sensor heads.  Fellowes and Draper built their system using kinematic mounting interfaces to allow the changing of sensor heads without affecting the line of sight of the system.  
Paper Synopsis:
Introduction:

The need for accurate detailed automated testing is a necessity due to the optical designer’s requirement in HMD design to trade performance against weight and size, while delivering state of the art equipment for government programs.  Overcoming the tight design rules resulting from the trade-offs requires a tool capable of characterizing the optical performance of the system.
[image: image3.emf]Automated Optical Bench Design:

Figure 1. Optical Bench with Vertical Stand1
An automated test system must have the capability of manipulating the Unit Under Test (UUT) in XYZ space allowing placement of the measurement sensor at the design eye of the system as well as around/inside the eyebox/pupil.  The measurement sensor of the test system must be able to provide the functionality of a theodolite and photometer.  The ability to control focus, gain, and aperture control for the sensor is also highly desirable.
The automated test bench shown in Figure 1 was designed around a product from Spectron Engineering that provided computer controlled positioning stages and a sensor that provided the functionality of a theodolite and photometer.  The sensor was a CCD array camera mounted under a fold mirror that provided a FOV of approximately 1.3º.  The sensor head was designed small enough to fit inside of a helmet such that the HMD can be evaluated attached to the helmet, which is a part of the HMD optical bench.  The fold mirror is capable of adjusting   +25º in elevation and +30º in azimuth.  The Spectron unit also provided X,Y,Z translation for positioning the UUT with travel limits of +1.75in for each axis.  
The automated bench also included hard tooling for mounting each of the two HMD’s that were tested on the system.  General electronics were required to generate video signals for the display unit as well as I/O cards for the computer for controlling the HMD subsystems.  The LabView TM software platform was used develop programs for motion control, control of the sensor head, and mathematical computation.  The software platform allows for quick customization and flexibility in experimenting with advanced mathematical operations for characterization and image processing.
Test Bench Functionality:

In order to function as a theodolite the sensor head must be capable of making angle measurements referenced to the coordinate system of the UUT.  Coordinate system transform is the key to making accurate repeatable measurements.  
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Figure 2. Optical Bench Coordinate System1
Rotation matrices also allow for the UUT coordinate system, which may not be orthogonal to the test bench, to be transferred to measurement sensor.  There are three rotation matrices that describe a rotation as three separate angles (roll-pitch-yaw). 
This transformation is then applied to data as appropriate to make the HMD the reference coordinate system.  This is operation is similar to what the user of the HMD will do as they adjust the helmet on their head until the HMD is a comfortable viewing position wear the eye will accommodate for any residual error in alignment or pointing angle.
[image: image5.emf]
Figure 3. Rotation Matrices1
The second functionality of the sensor head is to act as a photometer.  A factory calibration of the sensor head was performed using a white light source.  The HMD’s in production were both monochrome green displays with the spectral output centered around 540nm.  In order to make accurate photometric measurements, a transfer standard was constructed that matched the spectral output of the HMD.  This transfer standard was measured with using a standard photometer and then measured with the automated test bench senor head.  The two measurements were then used to create a spectral luminance correction factor for the test bench, which is stored in memory.
Another use of HMD’s involves head tracked targeting applications.  This requires alignment of the HMD boresight to the head tracker boresight, which is typically aligned to the aircraft before flight.  However, one of the Kaiser Electronics HMD programs had a requirement for operation without the use of an aircraft boresight reticle.  This required establishing a tool that would set the LOS on the test bench.  In order to accomplish this, a brightline theodolite was aligned to the display unit master tool mount on the optical test bench establishing a “system” LOS.  The display mount was then adjusted using the tool mirrors until alignment was achieved.  The same alignment tool was used to transfer alignment from the optical bench to the tracker alignment bench in order to align the tracker components to the “system” LOS.  
Measurements parameters:

Now that the functions of the optical test bench have been established, the parameters of interest for measurement can be discussed.  The automated test bench must be capable of performing automated spot position measurements in order to quantify the distortion of the HMD.  Without a priori knowledge of the distortion pattern of the HMD the optical test bench must search for a point in the image space.  One method is a spiral search, in which the LOS of the sensor head is moved around in the Field Of View (FOV) of the HMD spiraling outward from a starting position until the spot is located.  After locating the spot another spot can be generated in image space and process continues until sufficient coverage of the FOV is completed to characterize the HMD distortion.  Another search method is a linear approximation, which requires the distortion to be linear within a 1º-2º zone.  This predictive algorithm uses the slope between and distance between two points to predict the location of the next point.  A third method uses input from raytrace software to guide the sensor head according, accounting for the coordinate transformation, to the predicted location of the raytrace analysis.  Another important HMD parameter is the luminance of the image presented to user.  The HMD image is measured with the CCD and the spectral correction factor applied to the data in order to measure the luminance.  Line width measurement is also a key parameter, which describes the resolution of the system, measured with the optical test bench.
HMD measurement process:
The exact processes used by Conston for measurements of characterization as well as testing are shown in Figure 4 and Figure 5.  
[image: image1.emf]
Figure 4. HMD Characterization Process1
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Figure 5. HMD Testing Process1
Conclusions:
Conston developed a system and method that allows for measurements of HMDs that is repeatable and accurate to within 3 mrad rms.  The automation of the testing also significantly reduced the amount of time required to test each HMD.  Table 1 shows a comparison of the test times achieved with the automated test bench versus the previous method.
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Table 1. Comparison of Test Times1
The process and methods presented by Conston provide a great starting point for an automated testing station capable of thoroughly characterizing a virtual display system.  This type of characterization should allow optical designers to further explore the trade space of optical designs for helmet mounted displays as well as facilitate the development of novel designs.  A tool of this type allows the optical designer to understand the performance as well as allowing for comparison to other designs and feedback of the results for future designs. 
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