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Abstract  This paper proposes a tomographic short-time integral imaging method. In terms of terahertz
tomography, the experimental results show that the data quality and imaging effect of the proposed short-time
integral imaging method are better than those of the traditional method. In the wavelet denoising theory, a 8¢
evaluation rule is proposed based on the characteristics of the terahertz signal, and the optimal wavelet denoising
combination (e.g., the sym7 wavelet with a decomposition scale of 5) is selected using the evaluation rule. Based
on this, the short-time integral imaging experiment of nondestructive detection tomography of phenolic plastic
samples is set up, and different wavelet denoising combinations are compared. The effect of wavelet denoising is
compared from two subjective evaluation indexes of defect number and defect recognition rate and the objective
evaluation index of Weber contrast. Results prove that the sym7 wavelet (with the decomposition scale of 5, soft-
threshold processing) is effective in wavelet denoising of nondestructive detection signals of phenolic wedge defects.
The background noise in the nondestructive detection image of the sample after signal preprocessing is effectively
suppressed. The contrast effect between prefabricated defects and the background area is more obvious, and the
internal structural changes in the sample can be detected easily and accurately.
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Fig. 1 Photograph and schematic of terahertz time-domain spectroscopy system. (a) Photograph; (b) working principle

T8 R 58 2% T A5UAS: I 4 552 B A o T AR 4l A
MR A EEFERBR S

(D) 2B g

JE T AR I VAR RE 15 TR SR 1 94 B 0 T % i
EAE AR 2K, 8% AT T OB R A Y

YIi {5 8., HERIA R

S (xsy) =S e (T sy st0) sty € (£y42,), (1)
eSS Ko WRIKBZEESE, HRNR 2 Xy;
S cmpte HFEF I KM 2215 58, H R/ R 2 Xy X
(to—ty) sty <ty A3 AR REAE R 3RTE B S A K bk

0114001-2



th i

i ot

22455 BN IR AR & B I 1) 5 ¢ B HUE 55 AR 95 52 B
Ao 5 SR AR R o 7E B2 SR 2RI 32 AR T v R
= 8 b S NTTR B SN O E: 8 N TS 7 (1
R RLR B R Ir 9% o, B d. W
DR 25 0 2T HE
c(ty — 1) =2nd, 2
Kfree AOGE, W o SRR 4, 1
IV
dy tyo—1,
i P (3)
KHee ot od B EE, I BEE ¢, B 20 /9 Kk
2 I B0 TV i s A8 1R BE 08 S IR FE Ry ) IS A
B YA S .
JE AT AR 12 v B B ) ) B e S8R 25 B 2 B
AN E LR B T e 1T 5 | A e 25 o R O A SCHE )2 BT B
B ny HE Al E AR TR 0T R AR A B
(2) 2 a By 5
JZ T B R A3 R 3 B 2 B ST AR/ DS B ] X
SR - 5 B AR A S UR S8 sl 2 Pl HR

i =

:Otsfample(x,y,t)dz,to € (11 512)

4
K .Se K e, WZIRTIE A 5 B2 1 K55 2% 5 5
LLHKNH o Xyt RRBHZE CATHE ] Ar HAK
A T AR S PR A I 75 SR AH N PR 8 . T2 M
A AR g3 BUAR 1 LR 2 8802 R TH 2241 I TR] SR 1 4%
P b B0 o P e RS ke U KR e o e T AT AR AR
BTG Z BT AR . #E RO =R L )2 B
St BB 43 LA 1 [ A B 615 S B A R AN () % BB Ak 1 D)
TAE 2. DT 2 7 21 65k g T 7 1) EL AR A7

upper surface reflection signal

lower surface reflection signal

Intensity

I
|
|
|
|
|
|
|
|
|
|
1

V \/\r\w
2 JE 8T e R A% 2 R B

Fig. 2 Schematic of tomographic short-time

integral imaging
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Fig. 3 Photograph of phenolic plastic plate and comparison of defect detection images of two tomographic methods.
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(a) Photograph of phenolic plastic plate; (b) defect size design; (c) detection result of tomographic imaging

method; (d) detection result of tomographic short-time integral imaging method
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Fig. 4 Implementation process of wavelet threshold denoising
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Fig. 6 Photograph and defect size design of phenolic plastic samples. (a) Photograph; (b) defect size design
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Fig. 7 Pseudo-color maps of power spectral imaging. (a) Before preprocessing; (b) sym7, three layers, soft-threshold
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preprocessing; (c¢) sym?7, five layers, hard-threshold preprocessing; (d) sym?7, five layers, soft-threshold preprocessing
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Evaluation results of nondestructive detection images of different prefabricated defects in phenolic plastic samples

Phenolic plastic sample

Subjective evaluation

Objective evaluation

Identify number of defects

Defect recognition rate /%

Weber contrast

Before pretreatment 4 66 0.292
Soft threshold, 3 layers 5 83 0.321
Hard threshold, 5 layers 6 100 0.388
Soft threshold, 5 layers 6 100 0.415
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