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Abstract A computer-generated hologram (CGH) can be used to detect an aspheric surface with high accuracy. To
enhance the encoding efficiency of the CGH, this paper proposes an encoding method for the segmented description of
engraved stripes with a circular arc as the primitive, dividing the encoding process into two steps: binary encoding and
curve description. The binary encoding employs the Newtonian iteration method to discretize the phase contour dividing
line. The curve description combines the dichotomy and the minimum root-mean-square criterion of the residual error.
Furthermore, by leveraging the circular arc to encode the discrete points of the engraved stripes, the engraved stripes are
obtained. In this paper, the CGH is designed, encoded, and generated for an off-axis aspheric surface. To obtain an
encoding accuracy higher than 1/1000, the operation time is only 3 h, the encoded file is only 39 MB, and the etching time
is only 40 min. This demonstrates that the proposed method can considerably enhance the encoding efficiency compared
with the traditional encoding method. Error analysis suggests that the wavefront root-sum square (RSS) error of the CGH
is only 0. 002554, demonstrating that the proposed encoding method is efficient and feasible.
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Fig.1 Schematic of fringe classification
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Table 1 Different types of fringes corresponding to the

judgment conditions and index range

Fringe type Judgment condition Index range

Closed curve Lstart = Lend
) . Tsat ™ Tmin ™ Lmax > Lend
Clothoid curve Lytan 7 Lo
Xstart i Zend
Normal curve L = Lnin Lgan > Lend
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Fig. 2 Arc description. (a) Original curve and sampling points; (b) schematic of multi-segment arc depicting discrete points
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Fig. 5 Systematic model for CGH detection of off-axis

aspheric surface
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Table 2 Aspheric parameters and system paremeters

) R /mm D /mm Off-axis distance /mm Material
Aspheric parameter
700 100 —1 150 Zerodur
d | /mm d, /mm Null pattern in diameter /mm Substrate material Thickness of CGH /mm
System paremeter —
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Fig. 6 Design and simulation. (a) Phase distribution; (b) system wavefront
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Table 3 Wavefront errors

) Wavefront error
Source of error

(RMS)
Design residual error 0. 000204
Encoding error 0. 000854
Pattern distortion error 0. 001804

Etching error Duty-cycle error 0

Etching depth error 0. 001564
Amplitude ratio error 0.000234
Sum of error (RSS) 0. 002552
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Fig. 7 CGH. (a) Physical picture; (b) fringe pattern
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