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Objective Design of Visible Light/Low-Light and
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Abstract: Most of the published literature relating to parallel optical path fusion focuses on analysis and
research of image fusion algorithms; little literature discusses the optical system for image fusion. This paper
designs and analyzes a fusion optical system of visible light /low-light and a long wave infrared image fusion
and parallel light path layout according to the characteristics of a hand-held fusion observation lens. Firstly, the
advantages and disadvantages of a shared optical path optical layout pattern and parallel optical path optical
layout pattern were introduced. The optical layout pattern of the parallel optical path was selected according to
the characteristics of the handheld fusion observation lens. Secondly, according to the requirements of the
hand-held fused observation lens, the “heat dissipation difference” and fixed-focus optical design of the visible
light /low-light optical objective lens were determined and the internal focusing optical design was performed
for the long-wave infrared objective lens. Thirdly, the image registration accuracy was analyzed from the three
aspects of the optical layout, magnification, and distortion of the parallel light path, according to the design of
the fused optical system. Finally, the fusion image of the actual scene of the handheld fusion observation lens
was analyzed and judged; it was found that the fusion image quality is suitable and the fusion performance of
the handheld fusion observation lens can meet the requirements.

Key words: image fusion, optical path layout, parallel optical path, image fusion objective, visible light/
low-light, infrared, image registration
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Table 1 Optical design parameters of fusion lens

70 mm
Focal length
) 8.88°X6.67°
Field
Infrared 1
L. F/#
objective 8 um~13 um
Band
UFPA  640X480.
Detector
17 um
92.65 mm
L ) Focal length
Visible light Field 8.88°X6.67°
ie
/Low-light B 2.7
objective 0.5 um~0.9 pm
Band
CMOS 800X 600-
Detector
18 um

Registration accuracy 0.017 mm ( one
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Fig.3 Spot diagram and MTF curves of visible / low-light objective at different temperature points and infinity targets
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Table 2 Registration accuracy of parallel optical path layout

under different distance conditions

Registration accuracy, pixel

Distance/m (one pixel : 0.017 mm)
50 4.8
100 2.4
150 1.6
200 1.2
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300 0.8
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Table 3 Visible light /Low- light objective distortion table

0.6w (10.8mm) 08w (144mm) 1l (18mm)
T Relative distortion ~ —0.445% —0.793% —1.237%
{ oo
s aree Absolute distortion  —48.1 um —114.2 um —222.7um
Relative distortion =~ —0.444% —0.792% —1.236%
Target 239 m - -
Absolute distortion —47.9 um —114.0 ym —222.5 um
Taret Relative distortion ~ —0.444% —0.791% —1.234%
arget o
40 & Absolute distortion  —47.9 um —113.9um —222.1 um
Relative distortion ~ —0.443% —0.790% —1.233%
Target 239 m . .
Absolute distortion —47.8 um —113.8 um —221.9 um
Tareet Relative distortion ~ —0.446% —0.794% —1.240%
o aree Absolute distortion  —48.2 um —114.3 pum —2232um
Relative distortion ~ —0.445% —0.793% —1.238%
Target 239 m . .
Absolute distortion —48.1 um —114.2 ym —222.8 um
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x4 IR Table 4 Infrared objective distortion table

0.6 (8.16mm) 08w (10.88 mm) lw (13.6mm)
Tareet Relative distortion  —0.431% —0.758% —1.176%
arget o
20°C & Absolute distortion —35.2 um —82.5um —159.9 um
Relative distortion ~ —0.430% —0.755% —1.171%
Target 239 m ; .
Absolute distortion —35.1 um —82.1 um —159.2 ym
Tareet Relative distortion ~ —0.367% —0.640% —0.981%
arget o
—40C & Absolute distortion —29.9 um —69.6 um —133.4um
Relative distortion ~ —0.365% —0.637% —0.976%
Target 239 m . .
Absolute distortion  —29.8 um —69.3 um —132.7 um
Target Relative distortion ~ —0.475% —0.838% —1.307%
arget o
60°C & Absolute distortion —38.8 um —91.2 um —177.7 pm
Relative distortion ~ —0.473% —0.835% —1.302%
Target 239 m A )
Absolute distortion  —38.6 um —90.8 um —177.1 pym

PAZLAI MG Dy kot G AT MR O e, 0 75 24
AT LG/ B AT S ST AR B 4 T8 46RO
0.7555, 4G v WG/ B AL Ik 5 frs.
K 4. K 5 W0 Wb/t 5 a4 s
0.6 0.8l 1 wAbFE TAEIR ARk . WS 55 AR 10 X6t
W24 WA ) fe K ZE (B, R 6 FiTvR . FHR 6 1T i
7% 5| JESTC Y R FEE 2R TE %) e K1 L IR A . L8R
239 m Hix. FCHEREG 4 MMM EL, KRR HE R
ZER 35.5 umo PAEUG O AR HER AT B ECHE, T
PR BC e 1R 25 i RAB N 17.75 pme WLEEHE W &Rl &
By, 4 AN EA MG H Ve E, W4 A4
£ 40 G FCAE IR 258 17.75 wm Ry a] 32232 B BC VRS B2
x5

FE 4 A LA B DR BCHERS BEAE 1 /MER RN, BRI
P HERS E i o

4 FREMR

Tl & WS BL A LN EENEE R, N o3 H AR
H5H RIS, BRI, A ot/
OtIEEW SN, A6 HAREERAAET A S 727,
TR R, R EE RN, AU
e H AR 51 S PR Ry #aE 7, T ELIE RERE In
WEER, TR R IR FEE . HAREECR
MGG MG RERIIE 4 s,

AT R G/ MO B e A R

52

Table 5 Distortion table of visible light /Low- light objective after zooming

0.6w (8.16mm) 0.8w (10.88mm) 1w (13.6mm)
Relative distortion ~—0.445% —0.793% —1.237%
20C  Target <
Absolute distortion —35.3 um —86.3 um —168.2 um

RO GHUE WO B R S 2L AN B A LR

Table 6 Comparison of infrared objective distortion and visible light /low- light objective distortion after zooming

0.6w 0.8w lo
Absolute Error/um Absolute Error/um Absolute Error/um
distortion / um MM distortion / um KM distortion / pm H
Visible light /Low-light —353 —86.3 —168.2
Target oo ——— 0.1 ——— 3.8 ————83
20°C Infrared —35.2 —82.5 —159.9
Visible light /Low-light —353 —86.3 —168.2
Target 239m —————— 0.2 — 42 — 9
Infrared —35.1 —82.1 —159.2
Visible light /Low-light —353 —86.3 —168.2
Target oo 5.4 16.7 34.8
—40°C Infrared —299 —69.6 —1334
Visible light /Low-light —353 —86.3 —168.2
Target239m ————————— 5.5 — 17 — 355
Infrared —29.8 —69.3 —132.7
Visible light /Low-light —35.3 —86.3 —168.2
Target oo ——— 35 ————49 —————95
60°C Infrared —38.8 —91.2 —177.7
Visible light /Low-light —353 —86.3 —168.2
Target 239m ———————— 3.3 — 45 — 89
Infrared —38.6 —90.8 —177.1
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