55 41 3565 3 ) AND/ SR Q3= o 1 Vol. 41, No. 3
2022 4F 6 A J. Infrared Millim. Waves June,2022

X E4HS:1001-9014(2022)03-0589-08 DOI:10. 11972/j. issn. 1001-9014. 2022. 03. 010

E T/ /RAAFF A Th RiIE A 1T TR 0 2 B K HF
2R gl

I ¥, B!, BEM, REM, FRE' Bz, K B"
(1. PR AR 50 TREER bR KA 130061
2. tPETRAE I 5 (0 8 A RTTSEBE T K 400714)

FE 3R N R e o R A 4 A R T AL AP KR RS PR AT R B
T A 2 B O T R, e T A AR R E S B, LI B X BB A4 B R AR N A B [A RE ALE AR b
RGN, LHERXN . UL ERT X AT AR S E IS REET LA, BRI ELEEH0.08
mm 5 /4 £ T % @ R Ao, RO o By iR 2 3E 2N 0.5 ps, B B E B R R = A5 T 0. 03 mm.

X 8B W AMZEEOLE; BEAN; HARGETE; HEEEIT; HEAEEER

hE 43S . TH744 ZERERIRAD: A

Terahertz detection of thin defects thickness based on Hilbert
transform and power spectrum estimation

WANG Jie", TAN Bing-Chong', TAO Xing-Zhu', XU Cheng-Cheng', CHANG Tian-Ying',
CUI Hong-Liang"*, ZHANG Jin"
(1. Jilin University, College of Instrumentation & Electrical Engineering, Changchun 130061, China;

2. Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqging 400714,
China)

Abstract: A spectral analysis algorithm based on the combination of Hilbert transform (HT) and power spectrum esti-
mation has been proposed, and the terahertz reflection time domain waveform was processed. At the same time, the al-
gorithm was applied to terahertz time domain spectroscopy imaging, defect thickness was correlated with image gray
level, and the thickness, position and shape of defects in glass fiber laminate can be detected by imaging simultaneous-
ly. The experimental results show that when the multi-signal classification (MUSIC) spectrum estimation and auto re-
gressive (AR) spectrum estimation are combined with Hilbert transform, the reflected pulses between upper and lower
surfaces of defect with thickness of 0. 08 mm can be successfully distinguished, the time resolution of reflected pulses is
higher than 0. 5 ps, and the detection error of defect thickness is no more than 0. 03 mm.

Key words: terahertz time domain spectroscopy, thickness estimation, Hilbert transform, power spectrum estimation,

glass fiber laminate

1o AT SR U P A A R R FE A R A

B 5 LT 2k O 5T A bR R 1 B B 2T 2k K% HL 25 AAALIE AT T R Tl SR B
S AE R a SR A RE A B BEVE N AR A R, 280t — I AH IS A8 A 52 5 MR I 2 R0 A
E NS T 200 R R B A S A RE B AUAGR B AR b A o T A R T B o Y A U B

51

il

Wi B H#E . 2021- 04- 17,122 H#A:2021- 06- 15 Received date:2021- 04- 17, Revised date:2021- 06- 15
EEWE : URE A AREA LT H (ZR2020KF007)

Foundation items: Supported by the Natural Science Foundation of Shandong Province (ZR2020KF007)

{EE B A (Biography) : T3 (1994-) , Lo, F MR AU AL 2 5 AU LA A B, 11, BN IOBR 22 5B & AP RIS ST U 5 T A PR A . Email :
wangjie16831@163. com

" 1B i{EH (Corresponding author) : E-mail: zhangjin0109@jlu. edu. cn



590 AN NS 0 N ok 41 %

BELT e A AR A e A B B R R
TG B AN AT o i By e

K25 H AR BA B vk e A PE R4 fl v 25
s, O 4 H g5 BUh —FhoBr 2L A Jo ke il B
R 2 B 3R % A AR S KR 2% B AR (Y LRI 3R, O
i [ 43 3 5 1T 3k Rl B0 4, 3 A T R A B R I
T2 ZEERIBE" o FERF R %E B O g B AR K
25 A A [ JRE 3 5 DU R 2 s B ) B 308 2F 4 22
MBS, E A DX 5335 168 2 A )2 P Al P 3 e A () 5 T
SN2 T L e s = (L W RPN B E s 5 L B U 1
B 1 3 IS S o R )L R (R A3 B SR
A 2 22 A A B SRR 2 X R o v A,
T R A R bk 2y e A R, TC ik AR E A M
ARAT I AE 22 e T BB B DRk, 5 DA
BCORL b v I [] 0 B, S 3K YR e e P T K
BAG I o (ELJE: , DARE 2 b 88 v B () 43 9 56 Bl AR 5
o SR 12, A T e R 1 4%, 3 o i b B
SRV B B[] A3 R — R IR AR L R R T
Bro BIL, A 0 BOR BUA T8 B R X KR 2% S 539 ol 3k
WU AT A0 B, $i2 v X B S ik v 1 3 BEfE g, DA
YA AR AT A B 2 0 103 Bl A TR 3R AU e o T2 2 1Y)
R 2%

H A, AR R FRGS G DR A v 5 4
1o K 2% S 5 ok b a3 BERE D 0 T R R
R AR VR T 1 B S S % (5 T R AR R G
55 Z A AR S I o R T SR T b 3R
WS EES KT EEAAE " WA, BT
S| AR S | EORBRRE S B Y ™
) R S 85 A DR T k]
DAAT 2500 ) 22 e 7 /N Ik v G B, 4 o5 B [ 43
PR M R A AR (HT) 7k
AT BRI S H (5 S R T G R
PRI, AR SCOFI T HT J5 35 45 4 D 5 Al T 7 i ok Ab
PR 2% S S SR |, B8 %o B b 3 o R B
Jik i o BERE T

TSI /NI TV R R R 2% S S e S8 O
T3 LT HT J5 35 X 20 Bl 1R 20 A9 S 5
fikih o AT E— A0 4R X i L 2 S S Bk b
()5 ERE 1, 43 0 R R R B B T R i A 11 () A Il
HiEAG T (AR) F1 2 (55 20 L3841 H (MUSIC) 4%
DR A T 7 VR B 4 R A B AR ¥, U 25 R SR
W], 3 2 BA5 5 40 KA A A IR R R R a5
(MUSIC-HT) . H [1H 3% Ak 71 F s /R A R AR e 25 G

(AR-HT) P F J7 32 kb B S , BE 0 2h IX 2 JEE
0. 08 mm R _F T 2 17 55k v, 52 5 Ik e 6 Bk 1]
ST HER/NT 0.5 ps, GREGJE B BRI R 22 8 & T
0.03 mm. IAh, 7 SCF MUSIC-HT ,AR-HT i Ffi 4%
B 07 1 0 T AR 28 s SO 3 A% L ) TG K B
(B A B o3 JEE B, ST [ s 396 338 2F 248 )22 R AR PN
S T BRI o JE A T R A AN

1 ZWRERBEARNTA

LS H ] Zomega 23 7 Az 77 1) K 2% B 380
1% % £ 48 FICO REV 2. 0, H i 58 35 [ 2 0~110
ps, I A] 23 38 0. 05 ps, A B 3% A 56 36 Bl 4
0. 1~2 THz, Sl 43 BF% R 11 GHz, xRS A W Fh
AR« 37 S A R S S s = AR R0 H iy T
VEBEF P ol R AR, PRS2 A5 5 0 7 A R D
JRIEEEAR 3, A SCH R SR A T I, W] R
HUREAR A A () 53 18 79 2 33 Jok b, I 539 2 ¢ it L ]
WE PR, ZARGEFEH CRROLE K %% &
SRR AR 25 4 LA B b () S AR A ) R G AL .
PR 1560 nm (1) CRMEOGES A Ok np 2855
— A AU T R, — SRS AR R A, &
Ik Bof ) A2 SR g ) AR G A 2R A L AR
R ZZ K, I %% Ik v 28385 B 1 1L A% i 2 A D A
AL B REAS U IS 0 R 2% Dk i & 5 4255 = A~
o1 RBEAL S I A% 5 O — AR S AR S IO
FH T 43800 K b 2 ik e o) 15 1) PR S 4R R o 3 ek 4
TR 2 ok e R 55 194 A X i) S 3R W A A5 3
A %% Jk b R S5 B o i () 22 AR A DT L B R 6 2%
ST BRI IE o Hor, 2 RO 1R i A A e B
B R £T AN i B 1 37 4ok 2 0 A A o vk R o
B 5 4 SRR 2 02 R G DR 2% 1 B A e 3 1ok S g B
e AR B, 38 o A G TR AR A T L
BEHT R SC ARG b o Ay ik e K 28 IR,
A RGN T i T SR B IR

TSI T FH B B 3 £ 4 J2 HE A PR 0 R TR B 5
BB T AR ST 2 100 mm () %100 mm
(F8)x3 mm (), FEAEAR N AR B AR A 8T 1.5
mm A 4 A U AN [] JEE 1) 2R DU 96 £ A T B, R A
L5 W e e R B o SR DU SR £ M T B JEE B 4 il Ry
0.47 mm.0.22 mm.0. 12 mm 1 0. 08 mm, X} )i/ [&] 2
(a) YR (0 R0 21 RIS M A, 40 e SOR Bk
BE 1 e 2 B 3 RN FE 4. B 2(b) AT LUE i,
R VUG LA IR EE A 1E L BTEAR, EAR R 20 mm,
B 36" E2(c) WAL BIREA SN 42 |, 58 4>



31 O AR T ARSI D AR A A B b PR L AR 2% G 591

Mirror
________ |
\ E
I Beam Splitter 2
]
Femtosecond .
Laser § >
Beam Splitter 1 . 2
L Delay Line Emitter
Lens Sample
N
Detector
Computer
Control Signal Signal Detection
—

BT R 2% S S O 22 49 It B A

Fig. 1 The schematic diagram of terahertz reflection time domain spectral system
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FHZET HT AL S35 Ak AR 25 A 00 61 BT Ak
BRI 2% B S IS SR I | 2 e 5 S Ik v %) 1] 43 9
SR, o PR ARG T 2R I RS K o e B SE
25, TR pa R . SC 25 3R ], MUSIC-HT
A AR-HT P54 J5 15 B8 A D) X 43 2 B2 24 0. 08 mm Gk
B 1 b T S S Bk o, S S Ik e B ] A3 3N
F 0.5 ps, GBI R 3R 25 A8 = T 0. 03 mm,
A, UOE MUSIC-HT # AR-HT J5 #548 1 T Kk
28 B 306 AR, AN AT DL B B 4 B A
AR B BRPE VAR S 48 s R TP A AR
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