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Abstract: Terahertz computed tomography makes use of the penetrability of terahertz radiation and
obtains three-dimensional(3-D) object projection data. In this paper, continuous-wave terahertz computed
tomography using a pyroelectric array detector is presented. Compared with scanning terahertz computed
tomography, a pyroelectric array detector can obtain a large quantity of projection data in a short time. To
obtain a high precision two-dimensional(2-D) projection data, the two-dimensional projection data is
propagated by angular spectrum algorithm; then the diffraction effects are suppressed on external sample.
Two-dimensional cross-sectional images and three-dimensional images of the internal structure of the
object are obtained by the filtered back projection algorithm. Further, the feasibility of terahertz computed
tomography is explored in non-destructive testing and security testing.
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pyroelectric array detector
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Fig.3 Setup of continuous-wave terahertz tomography with pyroelectric array detector
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(b) projection on the reconstruction plane

Fig.4 2-D projection of the sample
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Fig.5 2-D cross-sectional images of the straw

Vel 5 AR — Ak AR At R A ]

FEXPEe, Sy i Bl R BRI ER W T EERIRE R, SEORRES BT AT RS H,  s(fid i
AT ATT SRS A% 406 I A R AT PR (SR B 1 WG BE A B RY CRRBE” B, T DL S RO I N R A A 1



24 AMZBMFERFRERER %15 %

L B S(H)I A E 0 RE R A 22 80 MR R, R LI
R R R ST 80 um, HHE M WAE W ERA 6.4 mm, 5ILERM
EIWE R 2N 6%,

[T = gt R S B v B B S T e
M, 1€y 7 EBEBCT R #8 70~150 17 E# 17 BR &
a4k 81 4T, AT 80 um, AT E N 6.48 mm.
N5 BEA A1 B AR AT ALY B E AT A 305407 S5 A% 15 R 300 3kl KBk 2% I 72 4
RSN AT SR, AL S i 4 IE 5K KR FBP Bk iF
ATRE R A E A, ZRAS 81 17 Ay 2 % 48 1 1A P A A T R
B, BT LA R WA A RS R

0---256 a.u.
3 g Fig.6 3-D image of the straw

6 AT = HENIRES A E ]

AR SCRE T — 7 3 T TR R R 25 14 38 5 DR 2% I = A 15 R o T R 4 A R 4R O XA & T Al A
Bl R R, R T B AR IR R AR A AR T AT AR T 0 AR B MR AT AL B, R T ROk
ZZWAE RSN IR A AT ST RO, TR SR R B i . ) FBP 55k H A A A A AR R = N R A
Pl o S 5 SR Ay T I AR % DA 2% J2 M S AB  AR AE TE A AS: I 45s %y o H 4R 4 T ERE , SE MR B TR BOR A R
A AN 2 A A DN B N RS . 5 AR R R, FATROSE IR 2 RANRAF A — SR, #E— R e B il
Ja S5 2 08 R 2 U A 0 A A BT R R E AT R 9, M) T 1 A% 47 B A O 0 L R o Y R R T ]

S & Uk

[1] HUBB,NUSS M C. Imaging with terahertz waves[J]. Optics Letters, 1995,20(16):1716-1718.

[2] WUQHEWITT T D,ZHANG X. Two-dimensional electro-optic imaging of THz beams[J]. Applied Physics Letters, 1996,
69(8):1026-1028.

[3] JIANG Z,ZHANG X C. Single-shot spatio-temporal terahertz field imaging[J]. Optics Letters, 1998,23(14):1114-1116.

[4] MCCLATCHEY K,REITEN M T,CHEVILLE R A. Time resolved synthetic aperture terahertz impulse imaging[J]. Applied
Physics Letters, 2001,79(27):4485-4487.

[5] HAN P Y,CHO G C,ZHANG X C. Time-domain transillumination of biological tissues with terahertz pulses[J]. Optics
Letters, 2000,25(4):242-244.

[6] FUKUNAGA K,PICOLLO M. Terahertz spectroscopy applied to the analysis of artists’ materials[J]. Applied Physics A,
2010,100(3):591-597.

[7]1 GBUR G,WOLF E. Relation between computed tomography and diffraction tomography[J]. Journal of the Optical Society
of America A Optics Image Science & Vision, 2001,18(9):2132-2138.

[8] TOMOGRAPHY T. T-ray tomography[J]. Optics Letters, 1997,22(12):904-906.

[9] SUNAGUCHI N,SASAKI Y,MAIKUSA N,et al. Depth-resolving THz imaging with tomosynthesis[J]. Optics Express, 2009,
17(12):9558-9570.

[10] JIN K H,KIM Y,YEE D S,et al. Compressed sensing pulse-echo mode terahertz reflectance tomography[J]. Optics Letters,
2009,34(24):3863-3865.

[11] CHO S H,LEE S H.NAMGUNG C,et al. Fast terahertz reflection tomography using block-based compressed sensing[J].
Optics Express, 2011,19(17):16401-16409.

[12] ABRAHAM E,OHGI Y,MINAMI M,et al. Real-time line projection for fast terahertz spectral computed tomography[J].
Optics Letters, 2011,36(11):2119-2121.

[13] JEWARIYA M,ABRAHAM E,KITAGUCHI T,et al. Fast three-dimensional terahertz computed tomography using real-time
line projection of intense terahertz pulse[J]. Optics Express, 2013,21(2):2423-2433.

[14] NGUYEN K L,JOHNS M L,GLADDEN L F,et al. Three-dimensional imaging with a terahertz quantum cascade laser[J].
Optics Express, 2006,14(6):2123-2129.

[15] FERGUSON B,WANG S,GRAY D,et al. T-ray computed tomography[J]. Optics Letters, 2002,27(15):1312-1314.

[16] LI Q,LI Y D,DING S H,et al. Terahertz computed tomography using a continuous-wave gas laser[J]. Journal of Infrared,
Millimeter, and Terahertz Waves, 2012,33(5):548-558.



%1 F ®E: ETHEEXRUN[EEXNHEZE=ZLERHK 25

[17] CAUMES J P,PRADERe C,MAIRE P. Three-dimensional terahertz computed tomography of human bones[J]. Applied
Optics, 2012,51(28):6738-6744.

[18] KATO E,NISHINA S,IRISAWA A,et al. 3-D spectroscopic computed tomography imaging using terahertz waves[C]// 35th
International Conference on Infrared Millimeter and Terahertz Waves. [S.].]:IEEE, 2010:1-2.

[19] RECUR B,YOUNUS A,SALORT S.et al. Investigation on reconstruction methods applied to 3-D terahertz computed
tomography[J]. Optics Express, 2011,19(6):5105-5117.

[20] GOODMAN J W. Introduction to Fourier Optics[M]. 3rd ed. New York:Roberts and Company Publishers, 2005.

[21] KAK A C,SLANEY M,WANG G. Principles of computerized tomographic imaging[J]. Medical Physics, 2001,29(1):22

EEE T

& ®(1990-), F, b, TEEE L EFXE1968-), B, ZHE WA, H
WA, TR I 10) o K 5% J2 A R K b 25 51 +, #E, EEWR G N OLEE B B
F4x B .email:201306019@emails.bjut.edu.cn. 4 BUFR B 2% AR 55

A #1968-), F, WHTH A, WL, B
L, FEGET AN KB 2E A . R 2% WA
N AR

X OB&(1984-), B, WAL A, 1
+, BIEBE, FEMR TR Kk
FAG A AT 5 US55

(EH5E 6 )

[14] KALLFASS I[,LBOES F,MESSINGER T,et al. 64 Gbit/s transmission over 850 m fixed wireless link at 240 GHz carrier
frequency[J]. Journal of Infrared, Millimeter and Terahertz Waves, 2015(36):221-233.

[15] LIN Changxing,LU Bin,WANG Cheng,et al. A 2x40 Gbps wireless communication system using 0.14 THz band ortho-
mode transducer[C]// 40th International Conference on Infrared, Millimeter, and Terahertz Waves. DOI:10.1109/
IRMMW-THz.2015.7327713.

[16] VDI-WR6.5R7ZBD 1-06,1-28User Guide[Z]. Virginia Diodes Inc, 2013.

EEE .

HwEREQ1986-), B, EERWA, #Ht, @Al BE W (1985-), B, KW A, BIBEAFR
WEEE B, FBEHE o KK AR . B, BB KRB EEE RS Z KK
=R R R ) FPGA SCILE RWFSY . &5 k%% i HRL R T

L E AL B R G A ARG
email:starlincx@gmail.com. REF(1986-), B, M A VA X k4

BAGEEN, BB L, RS TS 6 D KA
i . A SER AR,

= -

dh

PEEH(1973-), B, WELET A, bf
SOy, EEWMR OB EIE . FEEAR
MU BA WEFIBERGEH A, K#fZEE RS
AR 5T .



