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Modeling and evaluation of infrared seeker in high

temperature window

Chai Guobei, Zhao Xiaoning, Liu Wei, Bao Wenzhuo, Xie Xiaoyang, Li Qiang

(China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: The high temperature window of a hypersonic vehicle can have a severe impact on the
imaging performance of the infrared seeker. In order to quantitatively analyze the high temperature
window effect, the imaging and quantitative characterization model of the infrared seeker in high
temperature window was established through the coupling of the signal response characteristics of the
infrared seeker and the high temperature thermal radiation characteristics. The quantiative charateriation
model was verified by high temperature window experiment of typical infrared seeker system. Based on
the quantitative characterization model, combined with the ship radiation data obtained from the external
field test, the imaging results of the infrared seeker under various temperature windows were calculated,
and the imaging performance of the infrared seeker under the high-temperature window was evaluated.
The analysis results indicate that when the window temperature exceeds 250 C, the naked eye can hardly
distinguish the ship through the image; when the window temperature exceeds 300 C, the target
resolution and tracking cannot be achieved by the seeker recognition algorithm.
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Tab.1 Measured characteristics data of sapphire

flat window
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Fig.2 Transmittance(a) and thermal radiation(b) characteristics of

sapphire material
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Fig.3 Curve of system response function in high temperature

window
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Fig.5 MWIR imager used in the field experiment
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Tab.2 Parameters of MWIR imager

Parameter Value

Wavelength/m 3.7-4.8

Refrigeration mode Stirling cryocooler

Field of view/(°) 13.75x11
Pixel 320x256
Pixel size/pm? 30%30
Focal length/mm 170
Gain 9 000
F# 2
Bits per pixel/bits 8
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Fig.6 Normalized spectral responsivity
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Tab.3 Parameters of meteorological enviroment

Parameter Value

Date July 21

Time 5pm

Weather Sunny
Environment temperature/C 29
Wind speed/m-s™ 7.5
Humidity 70%
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Fig.8 Experimental data
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Tab.4 Automatic gain coefficient corresponding to

automatic gain grades

Gain grades Gain coefficient

G, 9 000
G, 8000
G; 7000
G, 6 000
G; 5000
G 4000
G; 3000
Gy 2 000
Gy 1 000
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Fig.9 Infrared imaging results at different window temperatures
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Fig.10 Grayscale contrast between ship and sea at different window

temperatures
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