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Design and development of the optical system for the

high resolution visual puncture needle
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Abstract: In order to realize accurate positioning during the puncture surgery, a high-resolution optical sys-
tem with a 90° field of view and 0.67 mm focal length is designed and developed for the visual puncture
needle. A 45° viewing angle is chosen to make the optical axis perpendicular to the inclined edge surface by
using a reflection prism. The retrofocus structure is used and the formulas for the initial structure parameters
calculation are derived. The imaging performance of the optimized system is nearly diffraction-limited and

the maximum size of the optical component is less than 1.5 mm. The optical system is developed, and it is as-
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sembled in a 4 mm diameter puncture needle with a miniature CMOS image sensor. The assembled visual

puncture needle is evaluated with the Modulation Transfer Function (MTF) measurement and the imaging ex-

periment. The measurement results show that the imaging quality of the optical system is good and its object-

space resolution reaches 18.03 Ip/mm, thus it can realize the requirement for high-resolution imaging.

Key words: visual puncture needle; retrofocus system; viewing angle; modulation transfer function
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Fig. 1 The appearance of the visual puncture needle
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Fig. 2 The structure of the optical system
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Fig. 3 The optical layout of the designed optical system
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Tab.1 Optical parameters of designed optical system

Parameters Value
Wavelength/um 0.45~0.75
Focal length/mm 0.67
Field of view/(°) 90
F/# 4.6
Back focal length/mm 0.92
Working distance/mm 10
Magnification 0.0764
Image size/mm 0.7x0.7
MTE =0.2@?246 lp/mm
Maximum component size/mm <15
1.0
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Fig. 4 The spot diagrams of the designed optical system
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Fig. 5 The MTF curves of the designed optical system
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Fig. 8 The cross section of the visual puncture needle
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Fig. 11  Visual puncture needle measurement scene
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