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ABSTRACT 
Biocular/binocular near-eye/helmet mounted displays (HMDs) typically exhibit registration errors 
between left and right eye images due to distortions and misalignment of the individual left/right optics, 
or poor HMD fit.  Biocular registration errors have been known to cause eye strain, fatigue, and 
performance loss, particularly for precision-critical applications, in both 2D and 3D applications.  
While various metrology toolsets have been used to precisely quantify angular registration errors, there 
is widespread disagreement in the literature regarding the subjective degree of human tolerance for 
misalignment.  In this work, we investigate the just noticeable difference (JND) for various binocular 
registration errors, including convergence, divergence, and dipvergence conditions, in a simulated 
operational task.   Observer performance was evaluated by estimating the JND threshold for typical 
Heads-Up Display (HUD) symbology under varying degrees of biocular registration error.  JND 
thresholds were found to be statistically correlated with measurements of the each subject’s stereo 
acuity and fusion range, allowing such tests to be predictive of sensitivity to binocular misalignment. 
The Psi algorithm was used to estimate psychometric thresholds using a 4 alternative forced choice 
scenario to detect symbol misalignment for more than 30 subjects.   These psychometric thresholds 
were then mapped onto objective registration error maps to illustrate those regions of HMD field of 
view over which errors will be perceptible to the typical observer.  These data and methods can be used 
to guide binocular HMD design for virtual or augmented reality applications to minimize perceptual 
misalignment while avoiding over-specification of the display optics. 
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