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Abstract: Traditional zoom system widely use mechanically compensated zoom structures, which suffer
from excessive total track length and bulky structures. These limitations make it difficult for them to meet
the strict constraints on volume and weight imposed by miniaturized devices. To address the aforemen-
tioned issues, this study discusses the principle of stable imaging in multiple moving groups zoom systems

and proposes a compact zoom optical system model based on multiple moving groups sharing travel path.
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Taking a five-group zoom system as a design case, the complete design process from the formulation
of design specifications to Gaussian structure analysis and then to optimization solutions is elaborated
in detail. The effectiveness of the design results is verified through performance evaluation. The de-
sign results show that the system employs three glass lenses and seven plastic lenses, achieving a 3X
continuous zoom from 23 mm to 69 mm with a total track length of 69 mm. The system has an F-num-
ber range of 2. 4~4.5, an image height of 8. 49 mm, and a working spectrum covering 435~650 nm,
and the system mass is controlled below 30 g, while maintaining excellent imaging quality across the
entire field of view and zoom range. The zoom curves exhibit smooth transitions without inflection
points. The proposed compact zoom optical system model based on multiple moving groups sharing
travel path effectively expands the effective motion range of individual moving groups under limited
mechanical travel. While reducing the axial length of the zoom system, it ensures imaging quality sta-
bility during continuous zooming, providing an effective approach to achieve the goals of compactness

design in zoom optical systems. Additionally, by adopting a glass-plastic hybrid configuration for the

lens material, the lightweight target of the system is achieved.
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Schematic diagram of multiple moving groups

Fig. 1

zoom optical system
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Tab.1 Design index of the zoom optical system

Parameters Value
F-number 2.4—4.5
Image height 8.49 mm
Working spectrum 435—650 nm
Zoom ratio 3
Effective focal length 23—69 mm
Total track length < 69 mm
Mass <30¢g
Back focal length = 1 mm
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Fig.2 Schematic diagram of Gaussian structure for zoom

system
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Tab.2 Focal lengths of groups in Gaussian structure

Group Focal length/mm
G, —49.69
G, 16. 37
G, 264. 34
G, —10.09
G, 35.97

R3 BHEMEHETER

Tab.3 Component spacing in Gaussian structure(mm)

Component spacing  dy, dys dyy  dy dy,

Long focal length  4.75 10.72 2.29 19.82 30.41
Middle focal length 18.67 7.03 4.73 14.78 22.79

Short focal length  38.79 5.94 6.41 5.09 11.77
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Tab.4 Tolerance limits of proposed zoom optical system

Tolerance type Tolerance range
Radius of lens surface/fringe +3
Thickness of lens/mm +0.02
Surface decenter/mm +0.01
Surface tilt/ (") +60
Element decenter/mm +0.02
Element tilt/(") +60
Irregularity of lens surface/fringe +0.3
Refractive index +0.001
Abbe number/ % +0.5
5 4 ®
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