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Radiation measurement of small targets based on PSF
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Abstract: A measurement algorithm based on Point Spread Function (PSF) was proposed to accurately
measure radiation characteristics of infrared small targets which are tiny or quite far away from the IR
imaging system. With the method, the PSF of the optical system was measured by using the slanted
edge method under the premise of given target shapes. Then, the processes of imaging and sampling
of the infrared focal plane arrays were modeled and the simulated image of the target on a detector was
obtained. Furthermore, the radiance, size and center position of the target were estimated accurately
by matching the simulated image and the actual image obtained from the IR imaging system. Finally,
experiments were performed to verify this method. The obtained results show when the temperature
of a circular target is 70 C and the ideal imaging diameter is greater than 4 pixels, the maximum error
of radiance measurement is 2. 35% and that of the target size (area) measurement is 1. 89%. The
experimental results demonstrate that the method is feasible and is suitable for capturing radiation

properties of targets or backgrounds, performance measurement of infrared systems, image
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restoration and small target positioning.

Key words: infrared radiation measurement; small target measurement; infrared focal plane array;

point spread function; slanted edge method; optimal estimation
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(a) Image of cavity blackbody at distance of 2. 64 m
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Fig. 1 Image of circular targets with different sizes
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Fig. 3 Principle of slanted edge method
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Fig. 4 Process of radiation measurement of small targets
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Tab.1 Experimental data of radiance measurement

FALEAR/ mm  HHEKE/DL R HEARKE/DL  WEZE/(Wem * «sr ') SEREIRZE/ M MRERIE/C
0.9 2 801.6 10 950 6.417 4 27. 65 78. 89
1.8 2799.9 10 252 5.9717 18.79 76.22
2 2752.0 9729.0 5.637°6 12.14 74.12
3.6 2 807.7 8 957.7 5.145 3 2.35 70. 83
4 2761.4 8 811.4 5.0518 0.49 70.17
6 2 765.7 8 715.7 4.990 7 —0.73 69. 74
8 2797.3 8797.3 5.042 8 0.31 70.11
10 2762.8 8 762.8 5.020 8 —0.13 69. 95
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Tab. 2 Experimental data of area measurement of small targets

FfLEAE/ mm  BERICE/pixel  MAHEITE/pixel  FUAR AR AN/ pixel” T BN G {E/ pixel®  HIARZE/ 20
0.9 0.98 0.8 0.76 0.50 —34.20
1.8 1.97 1.7 3.05 2.27 —25.60
2 2.19 2.1 3.76 3.46 —7.98
3.6 3.94 3.9 12.17 11. 95 —1.81
4 4.37 4.4 15.03 15.21 1. 20
6 6.56 6.5 33.82 33.18 —1.89
8 8.75 8.7 60. 12 59. 45 —1.11
10 10. 94 10.9 93.93 93.31 —0.66
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