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Abstract

The day and night confocal zoom optical system is often used in security and other fields, but due to
the change of optical materials in different ambient temperatures, the position of each focal length
changes, which affects the imaging quality, and brings great difficulties to the design of the ather-
malized zoom system. At the same time, the day and night confocal is optimized, and it is difficult to
meet the practical use of visible and near-infrared defocus ranges at different focal lengths and tem-
peratures. In order to solve the above problems, starting from the design conditions of the zoom
system, combined with the achromatic and athermic equations, a visible near-infrared 20x zoom
ratio passive athermalized continuous zoom optical system was designed, with a constant F-number
of the system, a focal length range of 6~120 mm, a maximum field of view of 64.69°~3.62°, and a
wavelength range of 0.48~0.85 um, which is suitable for detectors with 1080P pixels of 3.45 um. The
total number of lenses in the system is 18 domestic spherical mirrors, which are compensated by
four elements and have a total length of 225 mm. This design adopts a global lens with low cost, day
and night confocal in zoom and no filter switching, small axial chromatic aberration, and color focus
shift to meet the depth of focus range. The system is designed to be passive and heatless, and the
zoom process and its imaging quality from -40°C to 60°C meet the requirements. The optical system
maintains good imaging performance in the zoom process, and its tolerance design is in line with
the current processing technology requirements. The system architecture is optimized and has the
characteristics of simple assembly and easy debugging, which is suitable for various application
scenarios such as security monitoring.
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Figure 1. The image exchange diagram and the mechanical four groups of element positive group compensation
diagramsss
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Table 1. Optical system spherical lens performance table

=1 AFRFEREERIERE

Material Refractive Index Relative Partial Dispersions Thermal Expansion

Coefficient

Boggan — Mossn Mo Mogsun Fer Fie Fe, T/x107K
H-K6 1.517 1.511 1.509 1.504 0.543 0.304 0.545 85
H-LAKSA 1.729 1.720 1.716 1.708 0.551 0.303 0.532 53
H-FK95N 1.441 1.438 1.436 1.434 0.534 0.307 0.550 144
H-LAKS53A 1.765 1.755 1.751 1.743 0.548 0.303 0.533 61
H-ZBAF50 1.668 1.658 1.655 1.648 0.558 0.300 0.518 75
H-LAK4 1.647 1.640 1.637 1.631 0.537 0.307 0.559 60
H-LAF53 1.754 1.743 1.739 1.731 0.553 0.302 0.525 55
H-ZF52AGT 1.872 1.847 1.836 1.820 0.620 0.286 0.458 84
H-ZK50GT 1.615 1.607 1.604 1.598 0.548 0.303 0.528 68
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H-ZK50 1.615 1.607 1.604 1.598 0.548 0.303 0.528 68
H-ZK2 1.590 1.583 1.580 1.575 0.543 0.305 0.541 61
ZFTL 1.828 1.805 1.796 1.782 0.610 0.287 0.458 79
H-BAF3 1.587 1.579 1.576 1.571 0.553 0.302 0.524 67
H-LAK10 1.659 1.651 1.648 1.641 0.548 0.303 0.530 71
H-LAKS53 1.765 1.755 1.751 1.743 0.548 0.303 0.534 57
H-ZLAF55D 1.849 1.835 1.830 1.819 0.564 0.298 0.507 64
H-ZPK2A 1.609 1.603 1.600 1.595 0.541 0.305 0.545 93

3. it

AVt H 486 nm~656 nm A1 850 nm, £ICECA 19201080, 7R ~F N 3.45 um, X MALLKE 3.8
mm ] CMOS [HFEERMES, BARB BRI R % 2 Frx.

Table 2. Design index
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Figure 2. Optimization results of 0.48~0.85 um day and night confocal continuous zoom optical system (a) focal length 6 mm

(b) focal length 60 mm (c) focal length 120 mm

2.0.48~0.85 um HEEEEZETEAFREMUERE(2) £ 6 mm (b) £EE 60 mm (c) £IE 120 mm

f=6mm

f=60mm

=120mm

08
06
o a =l
o 4 ~ £ g
20°C £ .. S t £
0.2 m
0
o 15 mo B5 o 75 wo mis oo D05 0 0 w5 w0 B5 o 75 w0 s o 105 1450 o s mo B o 75 wo mis 1o 1o o
BN : B/ mm IR : B/ mm IR R /mm
o B e B T B W B W v e e G B T B AR B G v G B GO B 7 7% o G AR B T
T I N B v I T o TR e B BB S BRI ®a Bl B e B rew Bas B A B RE IR SRR REIN %
sE SERET T
T Zom
2025/5/6 Zenax oot icSRutto 19.4 2025756 20257576 Zenan oS

58 04361 51 0.5500 .
m: %m

T

oTFE

-40°C

50,4861 51 0.5500 .
®: wE

BRI

T

Jookzmx
26

/¢
888 0.4561 2/ 0.8500 pn.
@ @

Sook.zm
BTN st

oTFiEE

0 105 200 4.5 5.0 725 8.0 1005 1160 105 1450
R A /m

Bow a7 B o Rr Brw 07T Bov e @ B @
B T i B 50 T e B St e B > Bt (o

sEsEET

T
s e ottt 19,4
BB e 0 0.8500 .

e Lok zmx
[r—— i

OTFHE

60°C

0 15 2.0 45 580 725
e : A/

oo T B o BT
5 0o G0 5k B 5 ome > 72 B

5.0 1005 160 1305 1450

20087576
S 0.4861 5 0.8500 .
o oE

ERETHE

OTFHE

Zemax
Zenax opticstudio 19.¢

Took 2w

e

0 1.5 200 435 8.0 725 .0 1oL5 1160 105 5.0
A A/

T T e e o B
o )k B atie 0 72 B

s

Zonax
2025756 Zerax Optiestudio 19.4
85 04501 51 0.5500 yn.
o ook zmx
BT R S

oTFiaE

0 145 200 .5 8.0 725 E.0 1005 160 105 145.0
R R/

G5 se0 725

§7.0 1005 160 1305 145.0
<ElBE B/

0 145 200 435 8.0 725 8.0 1005 160 1305 1450
S IR /.

[@o0 t-re Boow @ @ v G g @ (@0 G55 B ow G B 7 B e G AR B 5
B T BN R L B S Bl BAEII BNE O BUE LI RWEIN 82
e T EEng
Zemx Zom Zeax
20257576 Zemax opticstuio 19.4 200575/ Zemax apticseudio 19.4 20257576 zemax Opticstuio 19.4
S5 0.4361 5 0.8500 . 650 4e61 51 0.5500 m. e 0.4861 2 0.8500 .
@ & am @: 6a
Lok 2 e | TEO T e,

EpmnT St [——— T msaT s

Figure 3. MTF of the optical system of the security lens at 20°C, —40°C, 60°C and different focal lengths of 0.48 um~0.85 um

spectral line range
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Figure 4. The axial color difference of the security lens optical system at 20°C and —40°C and 60°C with different focal lengths
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Figure 5. Field curvature and distortion maps of the security lens optical system at 20°C and —40°C and 60°C with different
focal lengths
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Table 3. Standard deviation of MTF at the short focal end
= 3. IBEIRN MTF fRERE
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Table 4. Standard deviation of MTF at the long focal end
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