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Abstract O H l  

Three optical, noncontact, automated experimental techniques 

for determining the topography of object surfaces were assessed. 

The main objective was to test the limitations of three 

experimental techniques: projection moire, stereo imaging, and 

phase-measuring profilometry. Phase-measuring profilometry is the 

most promising of the three techniques for mapping rock fracture 

surfaces automatically, accurately, quickly, and with high 

resolution. The experimental set-ups used to assess these 

different techniques are similar, and they require essentially the 

same equipment. It is relatively easy and inexpensive to go from 

one experimental set-up to another. Also, the experience gained in 

implementing one experimental technique is often applicable in 

another, although the basic principles of each experimental 

technique are sometimes very dissimilar. 

The first technique, projection moire, is an optical 

experimental technique that is useful for displaying and measuring 
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experimental moire data is tedious and time consuming; therefore, 

. calibration of the experimental set-up, determination of the fringe 

number, phase measurement at a point, and distinction of concavity 

and convexity of a surface were automated in these studies. A l s o ,  

estimates of the error for simply shaped objects were obtained. 

For the second technique, two stereo-imaging experimental set-ups 

that are useful in measuring the three-dimensional geometry of 

objects were studied: a parallel optical-axis model and a 

converging optical-axis model. Digital image correlation was used 

to find the disparities between corresponding points in a pair of 

images for each of these models with subpixel accuracy. To show 

the application of the developed algorithms and the stereo-imaging 

experimental set-ups, four different object surfaces were studied. 

For some of the objects, a higher measuring accuracy was obtained 

from a converging optical-axis experimental set-up. For the third 

technique, a new, fast, phase-measuring profilometer for full-field 

three-dimensional shape measurement was developed. Compared to 

other optical methods for three-dimensional shape measurement, this 

technique is faster and more accurate. The technique is based on 

the principle of phase measurement of a projected grating image on 

the object surface that conforms to the shape of the object. This 

deformed grating pattern carries the three-dimensional shape 

information of the surface to be measured. Six different kinds of 

surface shapes were measured with this experimental technique. The 

measurement error was less than 0.15 percent. For the objects 

used, the resolution reached 50 microns. 
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