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Fig. 1 Simulation framework of IR staring imaging sensors
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Fig. 2 Signal transfer and conversion flow for IR
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(a) Dynamic range: 4mV:0.5mV  (b) Dynamic range: 1.8mV:0.5mV
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Fig. 6 Results of the simulator with different dynamic

range

(a) Integration time=3ms (b) Integration time=1ms
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Fig. 7 Results of the simulator with different integration

times
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Fig. 8 Results of the simulator with different detectivity
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Fig.9 Test platform for simulation validation
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Fig. 10 MTF comparison for the real and simulated cameras
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Fig. 12 Tllustration of an image obtained from the simulator
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Table 1 Fidelity data calculated from the outputs of the

real and simulated cameras

Metric Original value Normalization

CSIM MTF data list as Fig. 10 0.994 2

Mean Mean 103 96 0.932 0

RMSE RMSE 77.143 75.198 0.974 7

Marginal Entropy 6.871 2 6. 468 2

ENT ) 0.889 6
Joint Entropy 11.867 1

PSNR PSNR 21.072 0.716 0
Luminance 0.997 7

SSIM Contrast 0.999 8 0.933 0
Strucure 0.935 4
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Quantization Simulation and Fidelity Validation of Infrared Staring
Imaging Sensors

ZHANG Fu-di, ZHANG Jian-qi, XU Yin
(School of Technical Physics, Xidian University, Xi’an 710071, China)

Abstract: Aiming at the new generation of infrared staring imaging sensors, primary physical effects
modeling of imaging system elements was accomplished based on thermal infrared radiative transfer and
energy conversion in imaging physical processes. The simulation model, which is different from those
qualitative models available now, quantitatively represents the modulation characteristics of input
information by design parameters of imaging system elements. Through building the signal response
model, spatial transfer model, spatial sampling model, and noise characterization model for infrared
imaging sensors, a perfect simulator could be established and high-fidelity simulation could be realized for
the imaging process. For credibility validation of the simulation model, an experiment platform was
constructed to capture the system performance curve and output image of a real infrared camera.
Subsequently the similarities of performance curves and output images between the simulator and the real
device were calculated and compared, and a quantitive evaluation of the simulation fidelity was made.
Finally, the credibility of the simulation model was validated by the fidelity data.

Key words: Infrared staring array; Quantization simulation model; Fidelity; Validation





