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Design of a wide-spectrum, large-field, high-resolution and
parfocal arthroscope
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Abstract: To enhance the imaging performance of arthroscopes in clinical surgery and broaden their poten-
tial for clinical applications, a wide-spectrum arthroscopic optical system featuring a large field of view, high
resolution, and parfocal imaging capability in both visible and near-infrared bands was designed. The object-
ive lens use a high optical power negative lens to compress the chief-ray angle and reduce the optical path
difference between off-axis and on-axis rays. Through conjugate aperture imaging, an equivalent virtual stop
is formed inside the turning prism, which allows the system to maintain both high transmission efficiency and
high image quality under a limited aperture. The relay lens adopts a near-symmetric structure, and by distrib-
uting optical power and Abbe numbers appropriately, it effectively suppresses the accumulation of axial chro-

matic aberration across the broad spectral range, thereby achieving parfocal imaging. Tolerance analysis
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shows that the system has good manufacturability and assembly feasibility. Experimental results verify that
the designed wide-spectrum arthroscope achieves parfocal imaging in the visible and near-infrared bands
with a 95° field of view, and angular resolutions of 4.34 C/(°) and 2.74 C/(°), respectively. The optical sys-
tem provides a feasible solution for achieving low-cost, high-performance fluorescence arthroscopy and has

significant application value.
Key words: optical design and fabrication wide-spectrum parfocality turning prism arthroscope
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Fig. 1 Optical system structure of the wide spectrum arthroscope
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Fig. 2 Diagram of the equivalent virtual stop in a prism
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Tab.1 Overall parameters of the wide spectrum arth-
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roscope
Design parameters Requirements
Direction of view 0°/30°
Field of view 95°
Outer diameter/Clear aperture 4 mm/2.6 mm
Entrance pupil diameter(D,) 0.2 mm
Working length 175 mm
Working distance 20 mm
Working wavelength(A) 450-656 nm 800-900 nm
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Fig. 3 Schematic diagram of the overall structure
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Tab.2 Tolerance distribution of the optical system
Parameters Range(+)
Radius (fringes) 2
Thickness (mm) 0.02
Surface decenter (mm) 0.02
Element decenter (mm) 0.02
7 Element tilt (°) 0.02
Fig. 7 Wave aberration of the system Refractive index 0.0005
Abbe number (%) 0.5
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Tab.3 Comparison of key measured metrics 11(a) 11(e) /
the proposed the competing
arthroscope product
Field of view 96° 101°
Direction of view 28° 28° 11(d)
Diameter 4 mm 4 mm 11(b)
Angular resolution in VIS 4.34CI(°) 3.88 C/(°) 11(F
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Fig. 11 Performance of the wide-spectrum arthroscope on

animal tissue. (a)(b) Imaging of the arthroscope
and competing product in white light mode; (c)(d) 95°
Imaging of the arthroscope and competing product
in fluorescence mode; (e)(f) Imaging of the arthro- 4.34 CI(°) 2.74 CI(°)
scope and competing product in fusion mode
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