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Application of infrared multi-spectral technique in the

diurnal cycle detection

Zhao Huijie, Gu Jianrong, Ji Zheng, Li Na, Li Yansong
(School of Instrumentation Science & Opto-electronics Engineering, Beihang University, Beijing 100191, China)

Abstract: When detecting a target over the diurnal cycle, due to the large temperature variation of targets
and background objects, the infrared image contrast between target and background in a scene would
probably approach to zero, by which the target would be blended into the background in thermal infrared
image, causing the blindness of thermal infrared system, lowering the detection accuracy and even making
the thermal sensor lose the target. Concerning this issue, based on the brief theoretical analysis on how the
thermal crossover over the diurnal cycle influenced a conventional thermal infrared system, a mid-infrared
(3—5 wm) multi-spectral method using different infrared spectral characteristics of different targets to solve
the issue was presented. Furthermore, the prototype design and how multispectral technology was employed
to help solve the thermal crossover detection problem were also described. The experimental results show
that the multi-spectral infrared imaging system can increase the contrast of the detected images by 18%
compared to the MWIR broadband image and effectively solve the failure of the conventional infrared
sensor during the diurnal cycle, which is of great significance for infrared surveillance applications.
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Fig.1 Schematic diagram of receiving radiation of the thermal

infrared detecting system
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in 3.7-4.8 pm region
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Fig.5 Schematic of infrared multi-spectral detecting system
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Fig.6 Prototype of mid—infrared multi-spectral detecting system
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Tab.2 DN value ratio of fusion target and background in the two stage infrared spectrum image

Waveband/nm Galvanised Life-up Steel sheet Life-up Galvanised Life-up Steel sheet Life-up
sheet sheet
3700 1.088 10.0% 1.077 5.9% 1.097 8.5% 1.071 5.0%
3800 1.135 14.8% 1.150 13.1% 1.131 11.9% 1.133 11.1%
4120 1.257 27.1% 1.286 26.4% 1.223 21.0% 1.256 23.1%
4420 1.250 26.4% 1.322 30.0% 1.257 24.3% 1.359 33.2%
4720 1.228 24.2% 1.371 34.8% 1.259 24.5% 1.357 33.0%
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Tab.3 DN value ratio of fusion target and

background of the spectral image

under mild smog conditions

Waveband  Galvanised

/am sheet Life-up Steel sheet Life-up
3700 1.085 8.4% 1.072 2.3%
3800 1.073 7.2% 1.080 3.1%
4120 1.102 10.1% 1.087 3.7%
4420 1.099 9.8% 1.108 5.7%
4720 1.183 18.2% 1.197 14.2%
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