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Multipolarization Image Evaluation for Passive Terahertz
Imaging Detection

Cheng Yayun, Tian Xun, Wang Nannan , Qi Jiaran, Qiu Jinghui
School of Electronics and Information Engineering, Harbin Institute of Technology, Harbin 150001,

Heilongjiang, China

Abstract Passive terahertz imaging has been utilized in strategic locations for personnel security screening owing to its
safety concealment and clothing penetration. Multipolarization imaging can increase the information dimension and
enhance the system’s performance. In this study, we comprehensively evaluate multipolarization image quality for passive
terahertz imaging detection considering the challenges in selecting the polarization mode and the unclear characteristics of
multipolarization images. First, a terahertz radiation brightness temperature model of the human body and hidden objects
with arbitrary polarization was examined. Then, four linear polarization images were obtained using the polarization
adjustable imaging system, and six polarization parameter images were computed and analyzed. Furthermore,
multipolarization images were compared using the traditional global no-reference evaluation indexes. Finally, the receiver
operating characteristic (ROC) curve and differential signal-to-noise ratio (DSNR) were employed to quantitatively estimate
the local image quality used for detection. Observer subjective evaluation statistical tests were also conducted to confirm
the reasonability of some global and local indexes. The results show the importance of reasonable polarization selection and
multpolarization fusion in improving imaging detection performance.
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Fig. 1 Emissivity and brightness temperature properties of typical materials, H and V represent horizontal polarization and vertical

polarization, respectively. (a) Emissivity; (b) brightness temperature
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Fig. 2 Four linear polarization and six polarization parameter images from imaging experiment. (a) 0°; (b) 45%; (c) 90% (d) —45°; (e) T};
(f) Ty; (g) Ty; (h) Ty; (i) DOLP; (j) AOP
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Table 1 Parameter setting of passive terahertz imaging simulation for hidden objects carried by human body

Parameter Value Parameter Value
Center frequency /GHz 94 Skin physical temperature /K 307
Polarization mode /(°) 0, 45,90, —45 Object physical temperature /K 302

3 dB beamwidth /(°) 0.4 Ambient physical temperature /K 298
Thermal sensitivity /K 0.5 Skin permittivity 7.1-3.6
Observation distance /m 3 Ceramic permittivity 5. 67-50. 0085
Pixel size 240130 Clothing attenuation /dB 0.4
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Fig. 3 Four linear polarization and six polarization parameter images from imaging simulation. (a) 0*; (b) 45%; (¢) 90°; (d) —45°; (e) T};
(f) Tq; (g) Ty; (h) Tyi; (i) DOLP; (j) AOP
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Table 2 Calculation results of traditional global no-reference evaluation indexes for experimental data

Parameter Ty Tys T oo Ty s T, T, Ty Ty DOLP AOP
Entropy 6. 887 6. 855 6.783 6.808 6. 589 6.265 6.186 6.374 6. 006 7.992
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Table 3 Calculation results of traditional global no-reference evaluation indexes for simulation data

Parameter Ty Trss Ty Ty s T, T, T, Ty DOLP AOP
Entropy 6.441 6.460 6. 440 6.477 6. 140 6.469 6.440 5.831 6.530 7.993
MG 0.050 0.051 0.050 0.052 0.041 0.079 0.083 0.032 0.089 0. 317
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PIQE 58.754 57.491 57.274 59. 863 53.744 70. 283 72.086 49.964 70. 957 80.152
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Table 4 Assessment results of DSNR of four hidden objects from imaging experiment

Hidden object Ty Tos Taor Ty .- T, T, T, T, DOLP AOP
Metal knife 2.907  3.585  3.216  3.002  3.627 —4.234 —2.373  4.136 —1.036  —16.407

Paper money ~ 5.278  5.168  4.213  5.439  5.747 —2.341 —8.753  6.319 —5.187  —11.024
Wheat flour 3.815  3.503  1.942  3.003  3.278  —3.379 —5.857  3.640 —6.620  —7.590
Metal gun 3.680  3.323  2.414  3.226  3.975 —5.121 —7.222 4.411 —12.528  —10.507
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Table 5 Observer subjective local evaluation results of
experimental data
Object T Tass Taor Taus T, Ty
Metal knife  2.54 3.39 3.31 2.43 3.85 4.28
Paper money 3.85 2.80 2.63 3.39 3.78 4.02
Wheat flour 3.33 2.41 3.22 3.15 3.72 4.33
Metal gun 2.91 2.67 2.39 3.69 3.46 4.09

F6 O BB A LG LR R T A 2

Table 6 Observer subjective local evaluation results of
simulation data
Object Tw Taus Twe Taow T, Ty
Ceramic rod 2.17 3.89 2.8 3.02 3.15 4.44
Wood knife 2.83 2.80 2.37 3.26 4.17 4.28
Stone knife 3.20 2.81 2.09 3.24 3.94 4.35
Ceramic gun 3.41 3.41 2.7 3.57 4.06 4.37
Cigarette lighter  3.26 2.37 2.87 2.91 4.26 4.22
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