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Abstract:  Some considerations about the influence of the environment and the human behavior in different standing situations on the oculo-motor equilibrium they are presented in this paper. In the first part of the paper are presented the postural factors and their limits that can affect the entire human body stability. In the second part of the paper we present the theoretical analyze on the stability of the human eyes and the way of image forming on the retina in these conditions. In the final part of the paper are presented the results and conclusions about the simulating the movement of the eyes and the experimental setup proposed to study this equilibrium and the evolution of it in the time of investigations.
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1. INTRODUCTION 

In our studies we used for evaluating the clinical postural syndromes, with effects on the human visual system and which are defined by a systematic grouping of the postural hypertonicity (Gagey, 1974 a).  These should find it on all an axial hemimusculature: muscles of vertebral groove and oculomotor muscles of the same side, and on all distal hemimusculature: extensor and abductor muscles of the superior and inferior limbs of a single side. It is very important do not except this systematisation, speaking of postural syndrome because is not safe in our studies.

To postural syndrome is named harmonious if the axial hypertonicity is on the opposite side of the distal hypertonicity, and the syndrome is named disharmonious if the axial and distal hypertonicity are on the same side. These preliminary observations should allow to better understand the limits of clinical posturology and in particular to clearly distinguish it from studies of other disorders - hypertonicities. 
Postural hypertonicity is better noticed clinically when it prevents postural reflexes from going on: oculomotor postural reaction, neck reflexes, then it is on its own ground that one judges some disorder of the tonic postural activity.
For oculomotor imbalance, the eye horizontal movements are those impacts of which on tonic postural activity was studied and the examination was made only to this horizontal component to analyze the relation of the observed oculomotor imbalance with a postural syndrome. In this way, limitation of convergence movement of one eye constitutes a good summary of the investigation or examination.

2. study the human equilibrium Methodology by visual system evaluation
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Figure 1 The position of the human body in equilibrium evaluation
To study the normal postural reflexes, the subject stands in bipedal position, quiet, with legs in big or small base, arms stretched vertically near body of him. The observer puts his head on the same visual line with the subject eye, looks for a rigorous axis of eye center and notes:

· the position and the orientation of the pupillary axis on horizontal direction, 

· the position of subject indexes,
· the position of subject head with regard to fixed marks in front of him.
To study the postural reaction to eyes positions the subject stands upright, quiet, with his feet close together (small base); he looks straight ahead. The observer puts his head on the same visual line with the subject eye, notes the position of the subject’s head with regard to fixed marks, then asks the subject to turn his eyes on his right-hand side for ten or fifteen seconds, then to turn eyes to the left during about fifteen seconds.

 To obtain a quality image on the retinal surface of the eye we must analyze the movement of this optical assembly in tri-orthogonal system  (OXYZ).
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Figure 2. Coordinate systems: fix in the space (X,Y,Z) and  fix on the eyeball(x,y,z)
From other medical analyses on the visual stability behavior, it was showing a concordance between accommodation process of the eye lens and the eyeball movements in the tri-orthogonal system.

Because it is necessary to develop a mathematical procedure and a model of this complex process, it is important to establish the initial and simplifications hypothesis like:  

a) the eyeball is the only one movement system from assembly body-object space;

b) the surface of the retina it is assimilated with a semi-spherical surface having the curvature center in the rotation center of the entire eyeball and it is symmetrically with the optical axis;  

c) the size of the pupil it is smaller relative to the eyeball dimensions; 

d) the answer to the light stimulus on the retina photoreceptor sensors are linear;
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Figure 3 The model of the eyeball with fix rotation point
e) the object space of the eyeball it is constant, uniform and sufficient lightly;

f) during the small displacements of the eyeball, we consider entire eye like a solid body with a fix rotation point; and the small rotations are neglected;

g) the geometrical aberrations and different wave length, possible to use, are also neglected.

Each point with M(X,Y,Z) coordinates from fix system is represented in mobile system by position r(t) given by  following relation: 







(1)

where: r(t) = [x(t)/y(t)/z(t)]; and  B(t) is the orthogonal transformation matrix 3x3 with its elements, functions  







(2)

Null value of the derivate function by time of the r(t) will establish the stability condition of the vision in the coordinate systems. 

From these relations it can be possible to write the equations system that describe the relations between moving coordination’s and the components of the angular speed vector of the mobile system.










(3)

Each point r (S, with coordinates (x,y,z), has a corresponded point through optics system on the retinal surface which is uniquely  define by two angles:  - eccentricity  and  - meridian.
These angles are define by these two relations: 









(4)

where c = curvature radius of the eyeball surface.

The third coordination is  and it is define like distance between pupil and the observation surface (object):









(5)

From these relations we can establish the coordinates object point (x,y,z) in the fix system from eyeball: 










(6)

The coordinates (X, Y, Z) can be obtained from coordonates x,y,z if we know the value of , and the single unknown, hard to be estimated, been distance . So, the two values  and establish by their relations between them of the angular speed of each point projected and and of the angles and . Using the relation (6) to derivate all equations it can obtain an important relation between and  

Then the angular speed expressions will be:







(7)

The retinal position modification of any point from space is evaluated by four unknown quantity - distance and three angular speed components of the eyeball x, y, z – but with only two equations that mean’s the problem of uniquely establishing of the point spatial coordinates X, Y, Z represents an indeterminations situation. 
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Figure 4. The eye retina projection of a object surface (observation surface)

In these state of analyze it is necessary to establish supplementary conditions such are:  

* the angular speed of the all visual field is the same ; 

* only the distance  will change during images formation ;

* c having the fix value can represent a constant factor and it will can establish the level of the system (the retina shape does not modify in time c=const.)

It was choosing, for a complete evaluation, a number of three different points on the retina surface and with the same light quantity. We consider the illumination function E=E(X,Y,Z), stable in time on the observation surface and the it can be possible to establish following illumination function, depending with  ,  and t: L=L(t). 

The photoreceptors elements of the retina transform the radiant energy of the light on the retina surface into an electrical tension: U=U(t).  

The relation establish between L and U is a logarithmic relation, but the modifications of illumination are very small, then, we can neglect the logarithmic variation and it is possible to replace it by a linear relation: U=kL(q,f,t). 

The proportionality constant k represents, in fact, the transformation ratio between measure units of the illumination and the electrical tension. The timing variation of this potential is established like a local variation (at the photoreceptor level) of this function reported at the image points modifications on retina surface like in following equation:

 







 (8)

The null value of the derivate potential depending with time it is possible because was made the hypotheses of the invariability of the illumination E depending with the time. From this relation we can extract then the value of the variation ratio of the U, for a fix point on the retina surface, like:









(9)

In this relation the angular speeds and are represented by the angles  and  partial derivates, depending with time:










(10)

Finally we can obtain the following relations system:






(11)

The left term from each relation represents the spatial derivate of the Ut from  and directions. 

Also, it can consider that the variations of the derivates potential from two directions U/t can be found on the retina surface like modifications, at the same dimensions and we can write from this equation system, the following relation:




(12)

where:  

 and 

 are the illumination spatial function components into optical environment.

The angular speeds (*, (* and the distance ( from these relations were establishing the null value in relation no.12.

From the analyze of this relation, used for minimum three points into object space, it can conclude that, there is an invariability of an image making on the photosensitive retina surface without taking the moving of the eyeball in consideration. Also, other conclusion is about the smaller and limited movements of the eyeball that do not affect the process and the way of image making on the retina surface.

3. results and conclusions  

After this analyze and calculation of the influence of the human bipedal position on the image formation on the retina surface, it can consider that the eyeball movement is limited by the anatomically dimensions of each person and the image of object space is invariable with the speed and direction of its movement. There are not any other mechanical parameters that can have an influence on the way of image formation on the retina surface.

But, in future studies it will be important to take in consideration other optical parameters like quantity of light and the way to propagation of the light beam into the each eye, because the photoreceptors on the retina surface are not equally spread and maybe the movement of the head has an important influence to the perception of the illumination stimulus.
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