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Abstract The algorithm eliminate the phase ambiguity in
projection method of measurements of the surface pmgraphy.
The method involves the projection of the object amys with
different period. The full difference of stroke are determined
on the basis of the analysis of the trajectory ofne measured
signals.
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|. INTRODUCTION

In a number of practical tasks along with the tiadal
contact methods of measurement of the surface shape
widely used optical methods. Especially relevantths
application of these methods in such areas, whene tis a

solution of this problem Guzhov V.I. and SolodkinUY

(1991) approach was proposed, in which the absotaliee

of the phase is calculated directly. The approadtased on
the Chinese Reminder Theorem [®]ymHocts moaxoma

COCTOUT B TOM, YTO USMCPCHHBIC 3HAUCHUS JIOKAJIbHBIX (1)213

NnepeBOAAT B  JIOKAJIbHBIE Pa3sHOCTU  XOHa, KOTOPLIC

BbIpaXKAalOT B BHJAC ILCJIbIX 3HAYCHUH C H606XOL[I/IMBIM

YHUCJIOM 3HAKOB, COOTBETCTBYHOLINX H€O6XOI[I/IMOI7I

TOYHOCTH H3MCPCHUA. TTomHbre Pa3HOCTH XOJda - HaXOIAT

IIyTEM PELIECHUE LEI0YUCIEHHOW CUCTEMBI CPABHEHUM:

The essence of the approach lies in the fact that t

measured values of local phas(@sare transferred to a local
differential of the patlé, which is expressed in the form of

need for non-invasive method of measurements of thiteger values with the necessary number of digits,

surface shape, and in most cases the measuredesigfaot
fixed on the measuring device.

The main method, which is used in the optical syste
for measuring the surface form a three-dimensiobgcts,
is the method of the projection of the bands [1-3].

Field brightnes§ (x.y) is of the form
L(x,y) = A(x )+ B(% ycose (x y)) )

_ AXY) s the average brightnes(*Y)

amplitude strips,q)(X’ y) . complete phase.
(X, y) = @x W)+ 2TN(X ) @)

where NY) is the number of whole period®T laid in

full optical phase difference (full phasef’(* ), AX.Y) _
local phase corresponding to the fractional parthef full

phase®(*Y)

Instead of the phase difference of interfering veae it
is convenient to introduce into consideration
proportional her value of the difference of the icgt

(optical path difference) A\ . Complete the difference of the
connected with the complete phase as follows:

rn=2Lo=2 @+2nN) =0+ AN
G

21T 2_71(

where

corresponding to the required accuracy of the nreasent.

The full difference pathA find the way of solution of the
integral system of comparisons:

{/\ = 9, modm,
A\ =0, modm, _ 4)
The maximum length of the trajectorlyﬂax =mxm,-1

sets the dynamic range of an unambiguous definiflan

In order to find solutions of the system compars{)
is used approach based on the application of thended
Euclidean algorithm [6].

Note the shortcomings of this approach. To find the
solutions required to fulfill a large number of omons,
which, considering the large number of pixels inissage
10°-10" and more, leads to unreasonably long time in the
calculations. You need to introduce the results thé
measurements to an integral mind, which imposetaioer
restrictions on the dynamic range of measuremeints.

the@ddition, the algorithm is sensitive to errors efetmination

of the local phase.

Il. PROPOSED METHODS AND SOLUTIONS

The authors proposed a simple algorithm of de@initf
the full differential phase that does not have ¢hes
shortcomings. Let us imagine the solution of thstey of

local phase¢.

it ; ; h h h i (51'52) ill | h
The definition of a number of periods is called thechange the phase poin will move along the

elimination of the phase ambiguity [4]. This prables
difficult in the presence of noise. For the firshe for the

diagonals of the trajectory (s€gure 1).
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Figure 1. The trajectory of motion of the point (A) withange
of phase

JIl
Ml

Figure 5. Projection |mage c perloa 17,

(a) -without the shift, (b) - with the grid shift fohé
period T/3, c¢) - with the grid shift for the period
2T/3

Figure 4. Correction of the position of the point, whichadut (b)
of the diagonal
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(b)
Figure 7. Local differential of path ((a) - perioa =17, (
b) - period T =23)
Figure 8 shows the trajectory of local differences.
P’ T

' ' ,' Figure 8. The trajectory of local differences

Figure 6. Projection |mage c penoﬁ 23 Complete the difference of the calculated according
(a) -without the shift, (b) - with the grid shiforf the period e formula

N, =N\_+0,
T/3 .y . . . /3 X n 4 )
» ) - with the grid shift for the penoaT ' if point is located on the bottom diagonal and adicw to
the formula

if point is located at the top of the diagonal.
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Figure 9. The difference of the path

1. EXPEREMENTS

For practical verification of the proposed technology
was used projection system, consisting of the projector
(800x600 pixels) and the camera (1600x1200 pixels). The
size of the projection image was 2x2 meters. The grating
grooves were perpendicular conquers to the plane, which
passed through optical axes of illumination system and
recording optical system. The optical axes of recording and
illumination systems intersected in one point in the object’s
area. The angle between axes of recording and illumination
systems was 10°. The distance between the object’s plane
and the target’ s plane was 3 m. The arrangement fastened to
unmovable platform. The figures of 5.6 shows the
projection of the image, obtained with various shifts

projection grid for the (0, T/ 3, 2T/ 3), where T - the
period of the grid T =17 ( Figure 5) and T = 23(Figure 6).
Figure 7 shows the local difference of course, the
corresponding periods of the projection grids T =17 (Figure
7a) and T =23 (Figure 76).

Figure 9 shows the result of calculating the difference of
the progress on the proposed algorithm.

IV. CONCLUSION

We presented a simple algorithm elimination phase
ambiguity, which does not require the submission of the
initial data in the general form. The algorithm requires a
small amount of computation and resistant to measurement
errorsloca phases.
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