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Abstract. Amblyopia or “lazy eye” occurs when during early childhood visual 
information from one eye is absent or poorly transmitted to the brain. This  
visual deprivation causes poor vision and the eye gradually becomes weaker 
(amblyope) relative to the other eye which becomes stronger. The visual imbal-
ance is caused by the brain’s preference for the strong eye. To restore vision, 
conventional treatments use occlusion and vision penalization of the strong eye 
to force the brain to use the amblyope eye. Conventional treatments are  
regarded as effective in young children but impractical in older subjects and pa-
tient compliance remains the main cause of treatment failure. This presentation 
describes our preliminary efforts to develop a convenient and viable binocular 
head mounted display (HMD) interface. The goal is to rebalance the vision by 
using a simultaneous enhancing/attenuation image adjustment. The image pre-
sented to the normal eye will be attenuated while the image presented to the 
amblyope eye will be enhanced. During this operation the user will be engage 
in recreational activities such as watching movies, using internet or playing 
video games. 

Keywords: Binocular HMD, amblyopia, vision restoration, enhancement/ 
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1   Introduction 

Amblyopia or “lazy eye” is a visual imbalance that occurs in early childhood by either 
absence or poor image transmission from one eye to the brain and affects approxi-
mately 2% of the population (Figure 1). The treatment of amblyopia has two main 
objectives: 1) to restore and attain a normal level of vision in the amblyope eye, and 
2) to maintain the visual gains and avoid regression. 

The oldest treatment method for ambyopia is occlusion of the good eye. Occlusion 
was introduced in the 18th century [1] and is still the most common form of treatment 
today. Based on the subject’s age and degree of amblyopia there are various forms 
and regimens tailored to fit the individual patient’s needs. 

Complete occlusion results in the most rapid visual improvement but has disadvan-
tages such as poor compliance [2,3], risks of reversing the amblyopia, and disruption 
of an existing binocularity [4]. Partial occlusion, a modified form of treatment,  
promotes the use of the weak eye by using adhesive filters to attenuate the vision of  
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Fig. 1. Simulation of an image seen by a normal eye (a) and image seen by an amblyopic eye (b) 

 

Fig. 2. Simulation of a penalization of the good eye (a) using pharmaceutically induced blur to 
force the brain to use the amblyope eye (b) 

the good eye [5]. Another variation of the occlusion method is penalization, [6] where 
intentional visual blurring and distorting is used to reduce the vision of the good eye 
(Figure 2). The blurring is obtained optically using an over corrective lens or pharma-
ceutically by using atropine. Even after successful treatment visual regression is not 
uncommon. Approximately 25% of successfully treated cases lose some of their  
visual gain [8]. To prevent visual regression and preserve visual improvement eye 
care practitioners recommend continued part-time occlusion, optical overcorrection 
and pharmaceutical blur.  

The conventional methods are regarded as effective in treating amblyopia before 
the age of 7, but their success is limited in older subjects. The high rate of failure in 
older subjects results from their lack of compliance and a reluctance to wear an eye 
patch due to cosmetic concerns. More importantly, it is inconvenient and onerous to 
rely solely on the amblyope eye for daily activities [9].  

We propose to address the compliance issue and the risk of disrupting an existing 
binocular vision by using a combination of binocular head mounted display (HMD) 
and a monocular image alteration technique that could be used daily during recrea-
tional activities such as watching movies, using the internet, or playing video games.  

2   Method and Implementation 

The goal of our first phase is to develop a fully functional prototype which provides a 
flexible and convenient way to promote the vision of the amblyope eye without the 
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unpleasant effect of impairing the good eye. The proposed system consists of a com-
mercial binocular HMD, the Solo model from Myvu Corporation, a monocular image 
adjustment control and an Ipod video for providing the images. The HMD resolution 
of 320x240 was not ideal for our application; however, its modest weight of 90 grams 
and the possibility of adding optical correction by using a clip-on connector made it 
the best choice. Solo is compatible with the IPod video and DVD player and has two 
transmissive LCD micro displays. Having a separate image control for each eye is key 
to our application. We modified the commercial version by adding a separate image 
adjustment control to each LCD. The new configuration could host a second source of 
image for binocularity and anti suppression control.  

For our experiment we displayed a series of five different video clips, a Power 
Point presentation, and two trivia games preloaded on the IPod video for a total of 25 
minutes of viewing content. We randomly preset the contrast of the image presented 
to the left eye to a low level and the contrast of the image presented to the right eye to 
a high level (Figure 3).  

 

Fig. 3. The system configuration shows a separate image adjustment control for each LCD 

 

Fig. 4. Simulation of images perceived by each eye the low contrast image (a) and the high 
contrast image  merged into one image 
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3   Results 

Our subjective results show that the two images can reconcile into one perceived  
image. A similar device with a higher level of image enhancement/attenuation capa-
bility coffers a unique opportunity to treat moderate amblyopia by offering monocular 
image adjustment in a controlled binocular environment.  

4   Discussion 

Active stimulation techniques such as viewing high contrast targets as a supplement 
to conventional occlusion treatment have been proposed since late 1970s [10]. For 
example, the CAM vision simulator used rotating black and white strips to enhance 
the vision of the amblyope eye. While some studies reported some success [11],  
others found no significant difference compared to older forms of treatment [12].   

However, recent studies on neuronal processes at the visual cortex [13,14] have  
enhanced our understanding of vision recovery and the maintenance mechanisms of 
some visual function. 

Visual improvement demonstrated by perceptual learning in adults [15-18] con-
firms the possibility of restoring important visual function thought untreatable after 
age of 7. Extensive studies have shown the benefit of real time contrast enhancement 
[19,20] and its effect on improving vision [21,22].  
Other studies have emphasized the role of the binocular interaction [23] in the vision 
recovery process [24]. 

Despite the encouraging results of these discoveries, the main obstacle to a  
successful vision recovery in amblyopia remains the compliance. Since compliance is 
a key issue, treatment methods that enable the subject to have enjoyment and recrea-
tion while simultaneously improving vision have the greatest chance for success. By 
combining the latest findings in neuroscience with technological advances in image 
processing, graphics technology, and the newest generation of HMD, we envision the  
development of a viable, convenient system that is effective for patients of any age.  

The goal of our first phase was to evaluate the convenience of using a binocular 
HMD with enhanced/attenuated system to view video images. We are working on 
improved image adjustment control for our next phase.  

5   Conclusion 

We propose to use a binocular HMD with a monocular image enhancement/ attenua-
tion control to rebalance the vision in mild amblyopia and recurring cases with  
binocularity.  

In our anticipated second phase which includes a prospective clinical trial, we will 
use an improved HMD implementation with a higher resolution and higher level of 
image adjustment. 
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