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Abstract: Terahertz spectral imaging technology can obtain the geometric information of the detected ob-
ject in three-dimensional image space and spectral information in the terahertz band as well, so it has
shown huge application potential in many fields. But terahertz spectroscopy equipment has a complex
structure and high cost, moreover, due to the long terahertz wavelength, its imaging spatial resolution is
low and edge details are blurry, how to improve the resolution of terahertz imaging based on existing e-
quipment has become a key issue that urgently needs to be solved. To address these problems, this paper,
taking the STC89C51 microcontroller as the detection object, used terahertz time-domain spectral data and
combined with deep learning to achieve super-resolution reconstruction of terahertz spectral imaging. In
the experiment a terahertz time domain spectral detection system was used to scan the samples point by
point and 0. 738 THz was set for frequency domain imaging. The point spread function was established to
enhance the terahertz image by deconvolution, and the deconvolution terahertz image with beam penetra-
tion depth ¥ =2 mm was determined to be the reference image. Considering that the actual acquisition
process of terahertz images can be affected by various complex noises, this paper simulated degraded tera-
hertz images by four different down-sampling methods including bicubic interpolation downsampling (BD) ,
Gaussian fuzzy downsampling (BD), bicubic interpolation downsampling + Gaussian white noise (BN),
and Gaussian fuzzy downsampling + Gaussian white noise (DN). Five deep learning methods such as SR-
ResNet, EDSR, SRGAN, ESRGAN, and Real-ESRGAN were used to perform super-resolution recon-
struction of degraded images, and compare and analyze the reconstruction results. The reconstruction re-
sults were evaluated based on three indicators: peak signal-to-noise ratio, structural similarity, and aver-
age subjective score. According to the experiment, the super-resolution reconstruction effect of the de-
graded images generated by BI, BD, BN and DN outperformed other algorithms in the performance of each
index when running on the Real-ESRGAN. This approach enhances the chip feature information and im-
proves the accuracy of image imaging, providing a new optimization perspective for terahertz image super-
resolution reconstruction technology.

Key words: terahertz spectroscopy; point spread function; image processing; deep learning; super-resolu-
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o NEREE; C, M C, R 2 MNEKFE. SSIM BUEE
Floh 0~1. &5 BLBRzr 1, 009 5k &1 A bkl 4.
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MOS {24 0. 643 6. WML HBAGEE R . FIEEIUR 5 PR3 225 X140, R R SRIEEH 0. 25 mm, G JE 19 EHR
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(BD . = WSO R SR AE (BD) L X WA (BT SR AE + 5 i RS (BND L B B0H T SR A+ & 307 A (DND
4 P IR AE Matlab #0040 14225 BT U 7 2 — 46 /N e 15 8045 A LR B% . FRidad 5 Fp SR 5 & 5 ik %
LR EMRIEAT 4 f5H0KR, 25 R aE 11 7R, WLER A5 b 26 5 0 S /s 15 00 o 4SS A8 T S [) 2 3 1) T4 A 5
Real-ESRGAN £ 4475 3] Ay FEUGRR X T JH At 235 0 76 0 G 0 O B2 LA T4 . BROARAE 5 | D 62 & ST 9% A7 7
FERE (AR A T — 8 A RRAIK , FLOP 0 M s SR T i, B 0 R A L T R B B s b, A
R JE I 30 S B 2 7 [ER.
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FeHAth 4 B SR B AE MR FEAL PR Z J5 (9 THz EIR SR A 45 R, Rea- ESRGAN J5 ¥ f§ PSNR, SSIM,
MOS 3 MEAREIE THAVE . 2F 2% QR E N SR T, BERFEERETIRES WA, Real
ESRGAN 7EH B2 T 1988 Mt A 1 Hofth 0 45 25 44, PSNR (B A A6 X AE 0. 8 dB A 47, HoAth A A A5 4k
L 7E 1.2 dB Z2 47, SSIM {HAS LTS FALAE 0. 02 2247, HABBE RIS (LT 3 46 0. 13 244, [R50
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BI PR BD [ R BN F#RH DN &R
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SRGAN 23.035 0.760 6 0.490 6 22.606 0.7480 0.470 2  23.031 0.7603 0.4940 21.439 0.578 7 0.520 7
SRResNet 23.346  0.776 4 0.4203  22.851 0.7638 0.4302 23.331 0.776 1 0.4192  22.077 0.637 7 0.450 7
ESRGAN 23.308 0.7740 0.4668 22.862 0.7640 0.4543  23.181 0.7655 0.4639  21.266 0.560 3 0.491 0
EDSR 23.382 0.7775 0.4256  22.909 0.7655 0.4308  23.368 0.7772 0.426 9  22.079 0.635 8 0.466 9

Real-lESRGAN 24,815 0.8152 0.6099  24.007 0.8039 0.6216 24.778 0.8148 0.6065 24.092 0.7927 0.553 6
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WHIRAE ST FEIL T AR R AR AU A RO o BE R THz R, W B E o U5 X e, 454 PSNR,
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