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Purpose: This study aimed to design a 6X scope for a composite optical aiming device that would allow imaging of the
thermal optical system and the objective lens of the scope to be seen using an eyepiece lens. Methods: By using the existing
commercial thermal optical system and combining it with a 6X scope composed of an eyepiece lens, the optical pass length
(OPL) folding section, imaging surface rotator, and objective lens, we were able to develop a new type of the composite optical
aiming device. Results: The newly designed 6X scope for composite optical aiming devices consisted of an eyepiece lens with a
24.57 mm focal length, a light path folding section with two reflective surfaces, and an objective lens with a 147.43 mm focal
length. Additionally, it was confirmed that this 6X scope had a maximum viewing angle of 3.75° and it was an optical system
with finite ray aberrations of less than +4 minutes. Conclusions: By designing a 6X scope with an OPL folding section and an
imaging surface rotator that can be combined with existing commercial thermal optics, we have developed a composite optical
aiming device that uses a single eyepiece.
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Fig. 1. Sectional dimensions and 3D configuration of the Ophir 680262 model (SuplR 35 mm f/1.5).%)
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Table 2. Optical and mechanical properties of the Ophir 680262
model (SupIR 35 mm f/1.5)

Optical & Mechanical Property Value
Focal Length 35 mm
F/# 1.5
Average Transmission (8-12 pm) 92% (HD)
HFOV 18.5 deg
Back Focal Length 16.6 mm in air
Focus Mechanism Fixed

Depth of Field
Focus Range
Weight

Max. Dimensions

Sm to infinity
0.6 m to infinity
20 gr
026.9 mm x 23.14 mm

Vol. 26, No. 2, June 2021

Fig. 2. 3D configuration of the SCD VOx-imager.'”

Table 3. Optical and mechanical specifications of the SCD

VOx Imager'”
Parameter Value
System Uncooled LWIR Thermal Imager

Detector format VGA, 640 x 480 pixelcount

Detector pitch 17 pm

Detector material VOx Microbolometer

Detector package Ceramic
Spectral range 8-14 um
Size 31 x 31 x 29.7 mm®
Weight 43 g

Fig. 3. Cross-sectional view showing the combined state of
the thermal imaging engine and optical system.
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Table 4. Design data of the optimized eyepiece lens (units: mm)

Surface # Y Radius Thickness  Glass Y Semi-Apert
Object Infinity Infinity
Stop Infinity 30.000 1.850
2 —50.1900 3.500 NLAK9 7.627
3 —26.8080 0.300 8.131
4 91.0125 3.500 NLAKI10 8.297
5 —47.2853 0.300 8.323
6 27.2568 5.500  NSKI16 8.071
7 —23.8925 1.500 NSF4 7.499
8 42.8423 1.916 7.027
9 Infinity 16.000 6.859
10 Infinity 0.000 4.841
Image Infinity 0.000 4.841
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Fig. 4. Ray tracing drawing of the optimized eyepiece lens with a 30 mm eye relief.
TANGENTIAL SAGITTAL % DISTORTION
0.0449 1 li dig | 0.0449 ANGLEDG)
B SRARE
= -0.0449 | -0.0449
0.0449 10.00deg i0,0449 1 833
—T | —
- -0.0449 -0.0449
+ 5.55
0.0449 5.00deg 0.0449
-0.0449 -0.0449 - 278
0.0449 0.00deg 0.0449
——— — = ——J T T 1
100 -0.50 0.0 0.50 1.00
-0.0449 -0.0449
(a) — (b)

48€.1000

1124

Fig. 5. Finite ray aberrations (a) and distortions (b) of the optimized eyepiece lens.
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Fig. 6. Ray tracing drawing of the optimized 6X optical scope.

Table 5. Design data of the optimized 6X optical scope

(units: mm, rad)

Surface # Y Radius Thickness Glass Y Semi-Apert U (CHIEF)
Object Infinity Infinity
Stop 91.8109 5.500 BK7 10.500 0.032735
2 —62.7334 2.000 F2 10.448
3 -218.4671 7.500 10.433
4 Infinity 30.728 BK7 9.000
5 Infinity 0.700 9.000
6 Infinity 51.261 BK7 9.000
7 Infinity 69.081 9.000
8 Infinity 11.000 5.281
9 Infinity 0.700 4.850
10 Infinity 2.000 BK7 4.850
11 Infinity 16.000 4.841
12 Infinity 1.916 6.506
13 —42.84232 1.500 NSF4 6.651
14 23.892541 5.500 NSK16 7.042
15 —27.2568 0.300 7.598
16 47.2853 3.500 NLAK10 7.781
17 -91.01251 0.300 7.736
18 26.80803 3.500 NLAK9 7.575
19 50.190025 30.000 7.069
20 Infinity —2.892 2.409
Image Infinity 0.000 1.844 —0.196365
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Fig. 7. Finite ray aberrations (a) and distortions (b) of the optimized 6X optical scope.
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Fig. 9. Layout plot of the thermal imaging optical system and the folded 6X optical scope for the composite optical aiming device.
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