
 

Essay on Depth Perception Triangulation by Eye 

 

OKD/Consciousness/Sense/Vision/Physiology/Depth Perception/triangulation by eye 

Two eyes can measure relative distance to scene point, using geometric triangulation. See 

Figure 1. 

comparison 

Comparing triangulations from two different distances does not give more information. See 

Figure 2. 

movement 

Moving eye sideways while tracking scene point can calculate distance from eye to point, 

using triangulation. See Figure 3. 

Moving eye sideways while tracking scene points calibrates distances, because other scene 

points travel across retina. See Figure 4. 

Moving eye from looking at object edge to looking at object middle can determine scene-point 

distance. See Figure 5. 

Moving eye from looking at object edge to looking at object other edge at same distance can 

determine scene-point distance. See Figure 6. 



 

Figure 1 

Two eyes can measure relative distance to a point by triangulation. 

 

Two eyes have a distance between them (XY = OB + BP = 2 * OB). 

eye radius = OX = OA = PY = PC 

Point E is EB from the line between the eyes and OE (= PE) from the center of each eye and AE 

(= CE) from the retina of each eye. 

When the eyes look at a point on the line between the eyes (E), both eyes have the same angle of 

convergence (angle EOW = angle EPZ). 

angle EOW = angle OEB = angle AOX (= angle EPZ = angle PEB = angle CPY) 

angle AOX = AX/OX = YC/PY = angle CPY 

tan(angle OEB) = OB/EB = PB/EB = tan(angle PEB) 

sin(angle OEB) = OB/OE = PB/PE = sin(angle PEB) 

The kinesthetic system can find the convergence angles by measuring eye muscle tension and so 

can calculate the distance relative to eye separation distance. 

Using two eyes makes a triangle (EOP and EAC), and the length of a side can be found using its 

opposite angle and another side and its opposite angle (law of sines): (sin(pi/2 - angle OEB))/OE 

= (sin(2*angle OEB))/XY 



 

OE/XY = (sin(pi/2 - angle OEB))/(sin(2*angle OEB)) 

The length of a side can also be found from two other sides and the angle between them (law of 

cosines): 

OE^2 = OE^2 + XY^2 - 2*OE*XY*cos(pi/2 - angle OEB)  

2*OE*XY*cos(pi/2 - angle OEB) = XY^2 

OE/XY = 1/(2*cos(pi/2 - angle OEB)) 

From the angle of convergence, one can calculate distance relative to eye separation distance.  



 

Figure 2 

Comparing triangulations from two different distances does not give more information. 

 

Two eyes keep the same distance between them (XY = OB + BP = 2 * OB). 

At the nearer distance, the angle of convergence is more: 

angle EOW < angle DOW 

Two triangulations make two equations: 

OE = XY/2*cos(pi/2 - angle PEB) 

OD = XY/2*cos(pi/2 - angle PDB) 

However, the new equation has a new variable, so one cannot calculate absolute distance XY. 

Using two eyes, one can calculate only relative distances. 

Note: Moving the eye off the plane made by the line between the two points adds a new variable, 

the distance above the plane, so one still cannot calculate the absolute distance. Using two eyes, 

one can calculate only relative distances. 



 

Figure 3 

An eye moving sideways while tracking a point in space can calculate the distance from the eye 

to the point, using triangulation. 

 

If an eye moves a distance XY from position 1 to position 2 while looking at a point (E) in space, 

the point E in space always projects to the fovea on the retina (point A in position 1 and point C 

in position 2). 

The angle to the straight-ahead direction changes from angle WOE to angle ZPE and angle WOE 

= angle ZPE. 

The spatial situation is the same as in Figure 4, so: 

OE = XY/2*cos(pi/2 - angle PEB) 

The distance moved XY is findable because the organism moved through space and the 

kinesthetic system finds the distance between the eyes. The kinesthetic system finds the eye 

angles by measuring eye muscle or head muscle tension. 

Movement of one eye can find the distance of a point. 

Closer objects require the eye to turn through more angle, helping to calibrate the angle. 



 

Figure 4 

An eye moving sideways while tracking a point in space calibrates distances because any other 

point in space travels across the retina. 

 

If an eye moves a distance XY from position 1 to position 2, while looking at a point (E) in 

space, the point D in space first projects to point F to the left of point A at the fovea on the retina, 

then projects to point G to the right of point C at the fovea on the retina. 

The projection of point D travels across the retina through the fovea. The retina knows the 

distances AF = CG. The kinesthetic system knows the angle WOE = angle ZPE. 

The roles of point E and D can reverse by tracking D instead of E. The projection of point E then 

travels across the retina through the fovea. The retina knows the distances AF = CG. The 

kinesthetic system knows the angle WOD = angle ZPD. 

The distances AF and CG define the angle between points D and E and the center of the eye 

(angle EOD = angle EPD). The distance is proportional to the difference of position or angle. 

The spatial situation is the same as in Figure 4, so: 

OE = XY/2*cos(pi/2 - angle PEB) 

OD = XY/2*cos(pi/2 - angle PDB) 

Now brain knows the distance moved XY, and the angles PEB and PDB, and both can 

corroborate the other.  

So the distances of points can be calibrate by movement of one eye.  



 

Figure 5 

If an eye looks at an object rather than just a point, moving the eye from looking straight at the 

edge to looking straight at the middle can determine the distance of a point in space. 

 



 

The eye (dashed circle) at position 1 is looking at point Y, which projects to point B at the fovea 

on the retina. Point X in space projects to point A to the left of point B on the retina. 

The same eye (solid circle) at position 2 has moved sideways to the right a distance of BC (= 

XY/2) and turned to the left to look at point Y, which projects to point G at the fovea on the 

retina. Point X in space projects to point F to the left of point G on the retina. 

At position 2, the distance YX looks maximum (FG). FG = AB because XY = ZX/2 and AD = 2 

* FG. 

YX = distance between points in space 

BC = YX/2 = distance between eye positions 

FX = GY = distance from retina to points in space 

PY = PX = distance from center of eye to points in space 

radius of eye = OA = OB = PF = PG = PC 

AB = FG 

angle of turning = (angle FPG)/2 = (FG/FP)/2 

BY^2 + (BC + FG/2)^2 = GY^2 

BY/sin(pi/2 - (FG/FP)/2) = (BC + FG/2)/((FG/FP)/2) 

The visual system knows the distance between retinal points. The kinesthetic system knows the 

sideways distance and the turning angle.  One then can calculate eye radius.  

Sideways eye movement can maximize the length seen for an object in space by moving to the 

point of view that looks straight at the middle of the object. Sideways eye movement can find the 

point of view that looks straight at the left side of the object and the point of view that looks 

straight at the right side of the object, because the two points make equal but opposite angles 

around the projection from the middle of the object. 

Sideways eye movement can determine the distance of a line segment in space from the eye by 

comparing the point of view that looks at the side of an object and the point of view that looks 

straight at the middle of the object. 

Sideways eye movement can determine the orientation of a line in space.  

Note: The eye can move along the length of the object or across the length of the object. 

Note: As an eye rotates in a direction, it also slides in the other direction, because the muscles 

thicken on the rotated-toward side and lengthen on the rotated-away-from side. 



 

Figure 6 

If an eye looks at an object rather than just a point, moving the eye from looking straight at one 

edge to looking straight at the other edge (assumed to be at the same distance) can determine 

distance of a point. 

 



 

Line segment WZ is halfway to line segment YX. WZ = (2/3) * XY. 

At position 1, W projects to B and Z projects to A with A to the left of B. 

At position 2, W projects to D and Z projects to C with C to the left of D. 

radius of eye = OA = OB = PF = PG 

In position 1, eye looks straight ahead at W. 

In position 2, eye looks straight ahead at Z. 

The two situations are the same. 

AB = CD 

BC = AZ 

The visual system knows the distance between retinal points. The kinesthetic system knows the 

sideways distance (turning angle is zero). One then can calculate eye radius.  

Sideways eye movement can find the point of view that looks straight at the left side of the 

object and the point of view that looks straight at the right side of the object, because the two 

points make equal but opposite angles around the fovea on the retina. 

Sideways eye movement can determine the distance of a line segment in space from the eye by 

comparing the point of view that looks at the right side of an object and the point of view that 

looks straight at the left side of the object. 

Sideways eye movement can determine the orientation of a line in space.  

Note: The eye can move along the length of the object or across the length of the object. 
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