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The surface description and design methods of annularly piecewise surfaces are proposed. A high-
initial surface, and the optimization strategies, constraints and implementation methods for the annularly piecewise

— .

optical design; surface description; piecewise surface; ultra-short projection lens

220.3620; 220.4830; 080.2720

precision transformation method from aspherical surface to annularly piecewise surface is proposed to construct an
S,
=

surface are discussed. This proposed surface is employed to design and optimize an ultra-short projection lens. The

total length is 155 mm and the maximum distortion is 1.36% after optimization. The research results indicate that
this annularly piecewise surface can improve the freedom and flexibility of optical design
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Table 1 Performance parameters of

ultra-short projection lens

Parameter Value
Digital micro-mirror device size (diagonal) 16.51 mm
Screen size (diagonal) 2032 mm
Projection distance /mm 590
Throw ratio 0.29
F number 3
Distortion 2%
Modulation transfer function >30% @66 Ip/mm
Telecentricity /(°) <3
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(b) optical path when overlap of rays is solved
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Fig. 6 System after optimization of aspherical surface.

(a) MTF curve; (b) distortion grid
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Table 2 Egus for three piecewise methods

Segmentation

Uniform Curvature Feedback

method

Erus/mm 1.14X10* 7.23X10°°  3.85X10°°
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Fig. 7 Layout of optical system with

ultra-short projection lens
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Table 3 Polynomial coefficients of each piecewise surface

Number of segments a b c d
1 1.123117X 10" 1.371715X10 2 3.148854 <10 * —6.005532
2 9.837807 X 1077 1.233221X10°* 1.755533X 10 ¢ —6.041083
3 1.825474X 107" 6.737111X10°° 1.059625X 107! —6.449983
4 4.177199X10°° 1.088035X 10 * 8.125299X 10 * —6.538591
S 9.082783X10°° 7.099632X10"* 1.767819 < 10! —7.332781
6 1.945387 X 107" —2.278891X10"* 4.592208 X 10! —10.165570
7 4.156418 10" —2.611475X10* 1.316245 —20.442780
8 8.242289X 107" —7.619679X10* 3.362841 —48.325430
9 1.610584 X 10* —1.809737X 10" 8.017051 —1.172477 X 10"
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