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Abstract The micro-optics label receiving system is designed, a large aperture and long focal length lens called
This lens has large effective focal length, long aperture and ultra—thin characteristics in limited thickness and weight.

annular aperture ultra—thin lens which is used as mobile phone lens of system receiving terminal is proposed, a four—

reflection folded annular aperture lens is designed with Zemax. Front and rear surfaces of lens are annual aspheric

mirrors, the outer diameter of lens is 28 mm, the effective focal length is 36 mm and the thickness of lens is 7.6 mm.

Thus, a long distance receiving of micro—optical label with the mobile phone is obtained. Furthermore, a image
=1

distortion correction program is developed on VC 6.0 platform based on the OpenCV computer vision library, the
OCIS Codes 220.3620; 350.3950; 060.4510; 100.2960

radial distortion of receiving image simulation is modified and decoded accurately in order to obtaining the required
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Fig.1 Structure diagram of micro—optics label system
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Fig.2 Structure of annular aperture ultra—thin lens. (a) Schematic diagram of annular aperture obscuration;

(b) structure diagram of four—reflection annular aperture ultra—thin lens
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Table 1 System parameters

Parameter Value Parameter Value

Length of micro 2D barcode b 2 mm Outer diameter of annular aperture lens D 28 mm

Diameter of label lens a 3 mm Effective focal length of receiving lens fp 36 mm

Focal length of label lens f, 10 mm System entrance pupil 3 mm
Design receiving distance L, 124 mm System FOV 12°
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Table 2 Reflective aspheric surface parameters details of lens

Reflective aspheric surface serial number

Aspheric correction coefficient

1 2 3 4
a 2.585%10° -2.129%107* —-1.111x107 6.435x10™"
a> -1.892x107° 1.388%x10™* 4.827%x107 -1.792x10™"
as 2.626x107 -6.527x107 -2.099x107’ 3.575x10°°
as -8.381x107" 1.595%10” -6.761x10”° -8.093x1077
as 5.643x107" 5.753x107" 8.805x107™" 4.224%10°°
as 4.047x107" -1.657x10™" -4.847x107" -1.176x10”
ar -8.548x107" 1.184%x107" 1.056x107" 1.196x10™"
Radius of curvature -27.49 -939.5 -261.9 -36.52
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Fig.3 Recognition of system image simulation. (a) Micro—optical label source bitmap of system; (b) simulated image of system
when receiving distance is 124 mm; (c) information recognized by mobile decoding software;
(d) simulated image of system when receiving distance is 122 mm
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Fig.4 Program interface of image rectification. (a) Rectification of image barrel distortion when offset distance is =2 mm
(b) rectification of image pincushion distortion when offset distance is 2 mm
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Table 3 Image distortion coefficients of different offset distances

Offset distance AL /mm Radial distortion coefficient k, Radial distortion coefficient k,
-8 -0.34 0.13
-6 -0.31 0.11
-4 -0.26 0.05
-2 -0.19 0

0 0 0
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Fig.5 Radial distortion coefficient £, changed with offset distance AL
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