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Abstract: With the advancement of consumer electronics, there is an increasing demand for high-perfor-
mance, miniaturized zoom lenses. In zoom lenses, the distribution of optical power among components

and their zoom cam curve-collectively known as first-order configurations-significantly influence imaging
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performance. However, selecting optimal first-order configurations is challenging through simple analyti-
cal methods, thereby complicating the design of lightweight zoom lenses. To globally assess the potential
performance of first-order configurations in zoom lenses and explore design methodologies for lightweight
zoom lenses, this study employed a Monte Carlo search algorithm to identify optimal first-order configura-
tions. Initially, focal lengths for each component were generated based on the Monte Carlo method, and
configurations satisfying the zoom constraint equations were filtered. Subsequently, lens design files were
created for the valid configurations, followed by ray tracing and rapid optimization to evaluate perfor-
mance, ultimately selecting configurations with superior optical power distributions. Finally, taking a
smartphone zoom lens as an example, a compact zoom lens was designed using the high-performance con-
figuration as the initial structure. This lens maintained a constant F-number of 2. 9, achieved an equivalent
focal length range of 61-183 mm, and had a total track length of 90 mm. It featured smooth zoom cam
curve, modulation transfer function (MTF) values exceeding 0. 45 at 80 Ip/mm and 0. 15 at 160 Ip/mm
across all fields of view and focal lengths, distortion below 4%, and relative illumination above 20%.
Compared to conventional zoom lenses, it offered significant advantages in terms of weight reduction. The
design results demonstrate the effectiveness of the proposed method, which combines Monte Carlo-gener-
ated first-order configurations with ray tracing evaluations, providing a novel approach for designing com-
pact zoom lenses.
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Fig.1 First-order configuration of mechanically compen-

sated zoom system with four components
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Fig.2 Motion diagram of two first-order configurations in PNPP solution space
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Tab.1 A promising design starting parameters (mm)

Surface Number Radius Thickness  Material
1 19.48 6.43 BK7
2 616.45 D1 2R
3 —22.45 0.10 BK7
4 10. 91 D2 =
5 30. 77 2.48 BK7
6 —25.63 D3 it
7 —73.24 0.78 BK7
8 —26.79 37.08 tal
Tab.2 Zoom parameters (mm)
Spacing Focal length/ Focal length/
23.73 mm 68. 15 mm
D1 1.69 12.33
D2 20. 50 2.18
D3 0.50 8. 18
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Tab.3 Design parameters of zoom lenses

Parameter Value
Half image height/mm 8.19
Effective focal length/mm 23.10~69. 27
Equivalent focal length/mm 61.01~182.94
F-number 2.9
Total optical length/mm <90
Back focal length/mm =1
Reference wavelength range/nm 470~650
Distortion <4%
Relative illumination =>20%
MTF evaluation frequency/lpsmm™' 80 and 160

WX BEF R T Z R, HREK
FIG BUE BR 19 R G MRS ZOR A i Z R —
SEAR TR X2 TR SRR N BEAL S B F)
JE A o U A 2y £ BV LS R BOR , RE AR
RGBT A )M [ IR 23 YR 9% 5 B R A
AI7EBA W B —BicE b

T4 EHEFRER—MEEARNARDR , EEXLHS
Tab.4 Constrained of the first-order configuration with

Monte Carlo, and the focal length is unsigned

Parameter Value/mm
Focal length range per component 5~100
Total length <70
Back focal length >3
Minimum inter-component spacing 2
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Tab.5 Number of valid configurations with Monte Carlo
First-order configu- Number of first-order ~ Ray-trace-
ration type configurations able count
PNPN (changeroot) 9098 149
PNPP 5494 85
PNPP(changeroot) 299
PNPN 26 0
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