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Abstract: this paper synopsis summarized a technique to achieve precision centering by 

viewing simultaneously through the upper lens surface of the centers of curvature of each 

element as it is assembled in a lens barrel and the barrel is rotated about its axis. Other papers 

that cover similar topics are briefly discussed. 

 

1. Introduction 

The paper first states the importance of lens centering in the manufacture of rotationally 

symmetric optical system. Then it discusses the definition of centering and uses an example to 

show how to locate both centers of curvature of one lens from the same side of the element. 

And the point source microscope (PSM) is used to demonstrate the centering procedure. 

Finally it discusses how sensitive the PSM is. 

 

Other papers that cover similar topics are briefly discussed and the comparison of the PSM 

with other optical alignment tooling is shown. 

 

2. Locating the centers of curvature of the lens surface 

Definition of centering 

The optical axis of a lens is the line between the centers of curvature (CC.) of the two surfaces. 

It is completely independent of the mechanical features of the lens such as the periphery or 

seat, and the definition is incomplete without considering both lens surfaces because a single 

sphere has no intrinsic axis. 

 

A lens system example 

 



It is clear from Fig. 2 that all optical sensing of the CC. of the elements no need to be done 

from the bottom of the lens system. 

 

Fig. 2 Example lens in its cell sitting atop an air bearing rotary table 

The CC. of the upper sides of the lenses lay a distance equal to the radius of the upper surface 

below the lens element. The apparent location of the CC. of the rear surface of each lens 

element is the distance looking through the upper surface. 

 

How to locate the centers of curvature 

Take the bottom lens for example: the radius of the upper surface (26.17266 mm) is used 

directly to locate the CC. of the upper sides of the lens.  

Then use lens design program such as Zemax to find the apparent location of the CC. of the 

rear surface. Since light will focus at the CC. if it is strike that surface at normal incidence, 

the focus of light need to be fixed at the CC. of the rear surface first. Then add a paraxial 

surface of 100mm efl, and set its distance from the front surface to variable. Use the design 

optimizer to find out that distance to be 48.627mm. Therefore, the apparent location of the CC. 

of the rear surface is the distance that the paraxial lens focal length minus 48.627mm, that is 

51.373 mm from the front surface and 46.737mm from the rear surface. 

Same method can be use to find the location of both CC. of other lenses. 

 

Fig. 3 Location of the CC. for the front and rear surfaces of the bottom lens 

and the locations of the apparent CC. after refraction in the front surface 

 



3. Viewing both center of curvature simultaneously using PSM 

Introduction of PSM 

A point source of light makes the PSM into an autostigmatic microscope, and it is this feature 

that is used to view the centers of curvature of lens elements during centering. 

The PSM has a point source of illumination produced by the end of a single mode fiber 

pigtailed to a laser diode that is conjugate to the microscope object plane. The PSM is also a 

video metallographic, or reflected light, microscope using Köhler illumination to provide 

uniform intensity over the field of view.  

  
Fig. 4 Layout of the PSM in the point source mode, and the photo of PSM 

The PSM produces a retro-reflected spot when focused on a surface. When the PSM objective 

focus is at the center of curvature of a concave sphere, light will be reflected from the sphere 

at normal incidence and produce a focused spot at the PSM objective focus. The same is true 

for a convex sphere whose radius of curvature is limited by the working distance of the 

objective. The PSM then relays this spot back to the CCD detector as shown in Fig. 5. The 

difference between this point image and the retro-reflected spot is that the spot image from 

the center of curvature is sensitive to the lateral alignment of the PSM to the center of 

curvature as well as to focus. 

  

Fig. 5 A well centered and focused spot on the detector (left) and poorly focused and centered (right) 

 

Scheme for simultaneous viewing 

For practical condition, instead of using a 100 mm efl lens at infinite conjugates a 50 mm efl 

lens at 1:1 finite conjugates is used to relay the front surface CC. to the right side of the 50 

mm lens. In addition, this same lens can be used to relay the rear surface apparent CC. with an 

object conjugate of 125.20 mm to the right side with an image conjugate of 83.254 mm 

accomplishing to image both centers of curvature simultaneously.  

Similar setups work for the other two lens elements even though the rear surface CC. appears 

above the front surface. However, it is no restrict to find a conjugate, which can be flexible 

for different elements. 



Modification for viewing with two PSMs 

Separate the centers of curvature so they can 

each be viewed without having to move a 

PSM. Then two PSMs send out cones of 

light, and the relay lens with a beam splitter 

change it into converging beams of light to 

both the CC. of the front surface and to the 

CC. of the rear surface after the light has 

been refracted in the front surface. The light 

reflects off the front and rear surfaces of the 

lens and retraces itself back into the two 

microscope objectives. Both reflected light 

beams enter both objectives. But the beams 

from the incorrect conjugates are so far out 

of focus that very little light reaches the 

detector and is inconsequential. Only light 

from the correct conjugate is well focused 

and bright on the detector of that PSM. 

Fig. 8 the entire setup for centering lens using two PSMs 

 

4. Sensitivity of centering 

Decenter 

When the lens is rotated 180º with the rotary table the lens is decentered in the opposite 

direction so the total spot motion is 4 μm for a 1 μm decenter from the rotary table axis of 

rotation. The detector has 4.65 μm pixels and can centroid to 0.1 pixels. Working backwards 

gives us a theoretical sensitivity to front surface decenter of about 47 nm. 

Tilt 

Working backwards from the above example we find the sensitivity to tilt about 10 

seconds of arc per mm of radius. Thus if a concave surface had a radius of 10 mm the PSM 

would be sensitive to a 1 second tilt of the surface and to a 0.1 second tilt if the radius of the 

surface were 100 mm. 

 

5. Conculsion 

Conculsion of the paper 

The paper showed how to implement such a method to assure the centering as lenses are 

assembled using a precise rotary table and a modern version of the classical autostigmatic 

microscope. The method can sense the CC. of both surfaces of an element so that any errors 

in tilt and decenter can be corrected during assembly to the sub-micron and sub-second level. 

 

Compare PSM with other optical alignment tooling (from other papers) 

The PSM is a flexible compliment to, rather than replacement for, traditional autocollimators 

and alignment telescopes. A combination of the PSM’s accuracy and its use aligning the 

optically significant features of an opto-mechanical system make it possible to achieve higher 

alignment accuracy than attempting alignment via strictly mechanical features. This leads to 



systems with better optical performance than can presently be achieved at a reasonable cost. 

 

 

In another paper, a binary phase grating is used as a beam splitter. Laser beam after 

passing through the grating only ±1 orders are kept unstop, reflected back by lens surface, 

recombined by the same grating, and very good contrast interference fringes can be attained. 

If the lens rotates around an axis of asymmetry, the fringes will move. And the centering 

accuracy from experiment is about 0.6m 
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