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Fig. 1 Principle of mechanical zoom optical system

P Ot 2 R T RSB BRIT . D&
R — R A% , L R AV R Bl 2 e A AL 5 2) S fi
AR FEAMEE T B, DT AR A5 O A5 T 02 B AR E A4 R A
AR5 3) 3 1o 7 B A 2R AR AR AR AL, P EEAT S
I A PAF LA B U B, BT RGN, AR
SCORE A 13X 6 it 0] ke S5 R o 114 A RSO

3 et SRR

3.1 ZItEX
5% HE E AN R G IE W I BR W R 5 R e

A AR, B H A Artray 2 B ) ARTCAM-
407UV-WOM B 5 SR 5000 25 o 3% 3800 28 09 7 B 3
1360 pixel X 1024 pixel, 4 6 K/N A 4. 65 pm, B A &
TR NI MR AR 5 SR A B A LR R R 7 s T R A
RO R=1/(2p)=11 lp/mm,p N EM LRGN, fiE
R PR RGN R R R E . ¥ RGH
BT bR 2 1 FTR o

AT UL B 2T A0 B R 5 E b R
AR AT BE RS, X T 562k R G0, A 18 A R R 2
AN D o S5 2 e R I AR AR B ) A D E T
B AT R 2SR I A R 3 A 5 7 RO 22 bR
X TR AL A 2 1 BE A R S R R
REIE [, T Ak 5 7E 25 b 25 5 W il R I R B
B 5F — B8 e b R 20 A s A
3.2 k=it

S 2E B Sk T BRI 4R 25 40 L 1% 45 4 1 AR £

Rl EIMVEEOLFERGEITER
Table 1 Design index of ultraviolet optical system
Parameter Value
Working waveband /pm 2.4-2.7
Field of view /(%) 3.8-9.4
Effective focal length (EFL) /mm 40-100
F-number 4
MTF@]11 Ip/mm =>0.7
Distortion /% <0.1
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Fig. 2 Two-dimensional diagrams of optical system under different focal lengths. (a) f/'=40 mm; (b) f'=70 mm; (c) f'=100 mm
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Fig. 3 MTF of optical system under different focal lengths. (a) /'=40 mm; (b) /'=70 mm; (c) /'=100 mm
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Fig. 5 Two-dimensional diagrams of ultraviolet optical system under different focal lengths. (a) f'=40 mm; (b) f/'=70 mm; (c) f'=
100 mm
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Fig. 4 Seidel diagrams of optical system under different focal lengths. (a) f'=40 mm; (b) /'=70 mm; (c) /'=100 mm
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Table 2 Structure parameters of optical system
No. Item Surface type Radius /mm Thickness /mm Material
0 Object Standard Infinity Infinity —
1 Aper Standard 51.487 2.000 F_SILICA
2 Aper Standard 64.952 46.919 —
3 Aper Standard —335.201 1.498 CAF2
4 Aper Standard 66. 237 1. 157 —
5 Aper Standard 73.289 1.473 F _SILICA
6 Aper Even asphere 86.075 0.998 —
7 Aper Even asphere 23.528 7.024 CAF2
8 Aper Standard —100. 994 66. 985 —
9 Stop Standard Infinity 1. 005 F_SILICA
10 Aper Q... asphere 77.086 2.258 —
11 Aper Binary?2 Infinity 58. 684 —
12 Image Standard —
RN 34T 2
Table 3 Parameters of aspherical surface
Surface No. Conic 2" orderterm 4" orderterm 6" orderterm 8" orderterm
6 —1.707 0.012 1.894x10° 1.097x10 7 —9.658x10 "
7 —1.047 —2.627X107° 1.757X10°° 1.082X10°7 1.035x107’
x4 TS

Table 4 Parameters of diffractive surface

Surface No. Diffraction order

Norm radius

Coefficient on p* Coefficient on p*

11 1 100 —3.318X10° 5.510%X10°°
(a) 100.0 ® 0 100
S
>
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Fig. 7 Diffraction efficiency and phase distribution of designed diffractive optical element. (a) Diffraction efficiency; (b) phase

#5 QBRI 24K

Table 5 Parameters of Q,,, asphere
Surface Ceon a, a, a, a,
10 —0.748 —7.942x10°7 3.449%107" —1.044x10" 1.750x10 "
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Fig. 9 MTTF of ultraviolet optical system under different focal lengths. (a) f'=40 mm; (b) f'=70 mm; (¢) f/'=100 mm
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Table 6 Tolerance data of system

Tolerance type Value
Refractive index 0. 0008
Surface irregularity /fringes 0.25
Thickness /mm +0.025
Abbe number /% 0.08
Element decenter /mm +0.01
Element tilt /(%) 0.02
Test wavelength /nm 255
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Table 7

Tolerance analysis results

Yield rate /%

MTF of short focal length

MTF of middle focal length

MTF of long focal length

98 0.761 0.775 0.774
90 0. 805 0.817 0.812
80 0. 830 0. 835 0. 835
50 0. 870 0. 868 0.873
20 0.893 0. 895 0.897
10 0.902 0.903 0.905
2 0.912 0.913 0.914
(a) 3.3 (b) 3.3 (c) 3.3
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Design of a Solar Blind Ultraviolet Refractive-Diffractive Hybrid Zoom
Optical System

Song Yichen, Tang Yufeng, Lai Tao, Yuan Peiqi, Ding Xiaowei, Mao Shan’, Zhao Jianlin
Key Laboratory of Light-Field Manipulation and Information Acquisition, Ministry of Industry and Information
Technology, Shaanxi Key Laboratory of Photonics Technology for Information, School of Physical Science and
Technology, Northwestern Polytechnical University, Xi'an 710129, Shaanxi, China

Abstract

Objective  The ozone layer in the sky efficiently blocks ultraviolet light with a wavelength range of 0.24-0.28 pm,
preventing this spectrum of solar radiation from reaching the ground. This creates the "solar blind ultraviolet" band, which
has numerous advantages in civilian, military, and police applications. Especially, it plays a valuable role in criminal
investigation science, particularly in retrieving physical evidence without destroying the scene. It can access and search
scenes quickly while extracting high-quality images of fingerprint marks, bloodstains, semen spots, fire and explosive
residues, and other physical evidence. Nevertheless, the unique application of solar blind ultraviolet (UV) bands and
optical materials poses challenges that traditional optical design cannot meet. The development of aspherical and diffractive
surfaces offers an effective new solution to this problem. The rapid advancement of ultra-precision machining and testing
technology has made it possible to machine and test diverse aspherical surfaces with high precision. The advantages of Q-
type aspherical surfaces, such as efficient optimization of optical systems and simplified processing of aspherical surfaces,
are even more highly valued by the industry. Therefore, it is essential to introduce the benefits of Q-type aspheres and
diffractive optical elements into the design of day-blind UV optical systems. We hope that our design results can facilitate

the development and application of UV refractive-diffractive hybrid imaging optical systems.

Methods Based on the requirements of the actual application environment, the detector selection is conducted for the day-
blind UV optical system, which includes the need for stable zoom. To meet these needs, we comprehensively consider
two optical materials—fused silica and calcium fluoride due to their cost and performance in the UV range. We optimize
the initial structure with Zemax OpticStudio software and set Q-type aspherical and diffractive surfaces on a lens substrate.
Then, we reduce the number of system lenses to five and improve image quality. Finally, we design a day-blind UV zoom
hybrid optical system for criminal investigation. The image quality of the system is evaluated, and the machinability

analysis of the relevant surface types and the imaging simulation for criminal detection are improved.

Results and Discussions After the initial structure is optimized by Zemax OpticStudio software, we design a day-blind
UV optical system with a configuration of five lenses. The 1st, 3rd, and 5th lenses are made of fused silica, while the 2nd
and 4th lenses are made of calcium fluoride. Notably, the last lens features a Q-type asphere on the front surface and a
diffractive surface on the back surface (Fig. 5 and Table 2). Machinability analysis is conducted for the parity aspheres,
diffractive surfaces, and Q-type aspheres (Figs. 6-8). The evaluation of system image quality yields the following results.
The modulation transfer function (MTF) exceeds 0. 7 at all three focal lengths (Fig. 9). The field curvature remains below
0.3 mm across all wavebands, and distortion is less than 0.06% (Fig. 10). The cam curve of the lens exhibits a smooth
trend without inflection points (Fig. 11). Tolerance analysis indicates that the system is highly feasible (Tables 6 and 7).

Finally, imaging simulations are performed, which yield the desired results (Fig. 12).

Conclusions Based on the ARTCAM-407UV-WOM UV detector, we design an optical system for day-blind UV zoom
using a combination of Q-type aspherical surfaces and single-layer diffractive elements in the UV band. The optimized
system consists of five lenses with only two materials, calcium fluoride and fused silica, and the Q-type aspherical and
diffractive surfaces are set on a convex flat lens, which is easy to process and use. The MTF values at Nyquist spatial
frequency of 11 Ip/mm are all higher than 0.7, and the full-field-of-view distortion is less than 0.06% in the working
waveband. The optical system has a simple and compact structure and has high imaging clarity and resolution, which has

certain advantages in criminal investigation detection, especially in the extraction of potential traces and physical evidence.

Key words optical design; hybrid optical system; Q-type aspherical surface; solar blind ultraviolet; zoom optical system

0422003-10



	1　引        言
	2　基本原理
	2.1　Q型非球面
	2.2　衍射元件特性和设计
	2.3　变焦光学系统设计要求

	3　光学设计与像质评价
	3.1　设计要求
	3.2　光学设计
	3.3　像质评价
	3.4　凸轮曲线
	3.5　光学系统公差分析
	3.6　成像仿真

	4　结        论

