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Purpose: Dermatoscopy is a widely utilized technique for the early diagnosis of skin cancer and pigmented lesions,
and the geometric accuracy of images is crucial for digital image-based analysis. However, conventional compact

dermatoscopes often introduce optical distortion due to their miniaturized optical design, which can adversely affect

quantitative measurements of lesion area and morphology. This study aimed to design and evaluate an imaging optical
system for a portable digital dermatoscope that minimizes distortion. Methods: The distortion characteristics of a
commercial dermatoscope were initially assessed by photographing a grid target using a Galaxy A50 smartphone camera.
Utilizing Seidel aberration theory, a three-element optical system consisting of a singlet and a doublet was designed by
considering the distribution of chief ray height and lens power. The initial design and optimization were performed using
Code V optical design software under the following design constraints: distortion <1.0%, field angle >32°, eye relief
>14 mm, and target size of 22 mm +1%. Results: The optimized optical system demonstrated distortion levels below
0.25% within an effective field angle of 2x17.8°, successfully meeting the design target of less than 1.0%. Additionally,
the system achieved a magnification of 6.41x and maintained an eye relief of 14 mm. Experimental imaging with the
Galaxy AS50 smartphone confirmed a significant reduction in distortion compared to conventional dermatoscopes.

Conclusions: The proposed imaging optical system effectively reduces distortion compared to existing dermatoscopes,

thereby enhancing geometric accuracy in digital dermatoscopic imaging. This advancement is expected to improve the

reliability of quantitative lesion analysis in future artificial intelligence—based diagnostic systems for skin diseases.
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Table 1. User-defined design specifications

Field of View 232 deg
Eye Relief 214.0 mm
Axial Length from 1% lens to Target <36.0 mm
Distortion <1.0%
Magnification >5X
Wavelength range Visible range
Target_size 22 mm+1%
Camera to be used for digitalization Galaxy AS0

(magnification to use: 1x)

Fig. 1. Distortion measurement setup for a commercial

dematoscope and the corresponding captured image.
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Table 2. Optimized design parameters of the proposed dermatoscopic imaging optical system (unit: mm)

Surface # Surface Type Radius Thickness Glass Semi-Aperture
Objective Sphere
Stop Sphere 14 1.825
2 Sphere 5 ELAF2_HIKARI 6.218
3 Sphere —23.588 0.3 6.907
4 Sphere 23.588 9 NFK5_SCHOTT 7.095
5 Sphere -16.318 1.5 EF1_HOYA 6.761
6 Sphere 19.162 19.278 6.729
Image Sphere 0 11.085
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Table 3. 1st optical characteristics of the proposed dermmato-
scopic imaging optical system
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Distortion analysis of the proposed dermatoscopic imaging optical system: (a) percentage distortion plot; (b)

simulated distortion within a +17.8° field angle (black circle).
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Fig. 5. Assembly diagram of the proposed dermatoscopic
imaging optical system.
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Fig. 6. Front (a) and rear (b) views of the assembled optical
tube.

Fig. 7. Distortion evaluation using captured images: (a) with
illumination on; (b) with illumination off.
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