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Abstract: From the view point of the organization system, this paper discusses the research situation,
application and the future development direction of THz radar imaging from the main domestic and
international research institutes in recent years. THz radar technology is flourishing at present. It can
obtain the information that is undetectable in optics and microwave because its wavelength falls in
between them. The development of THz radar imaging technology lays a foundation for high resolution
space remote sensing.
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(a)' weights wall
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Fig.1 3-D image of fishing weights suspended inside a paper bag. In additional to the metallic weights, both the front & backsides
of the bag are visible as well as the wall behind the bag(a); 3-D image of human subject holding a wrench underneath
clothing. A fundamental balanced mixer and improved chirp generation scheme were used to obtain these images(b)
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Fig.2 Radar images captured in a 1-Hz frame rate real-time radar imager. Visibly, there is no evidence of three 1-in PVC
pipes concealed by a jacket(a);the pipes are visible when the subject moves into the radar field of view(b)
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Fig.3 Photograph of JPL’s 675 GHz imaging radar(a);simplified radar block diagram(b)
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Fig.4 Imaging radar results for various concealing garments. Target photos(top row)with radar imagery overlay(second
row) show how well concealed 1inch diameter PVC pipes can be detected on a mannequin wearing no
clothing(a);a T-shirt(b);a heavy wool vest(c);a lambs wool sweater worn over a heavy wool vest(d)
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Fig.5 Conceptual drawing showing the operation of a sub-millimeter
wave imaging system for the detection of concealed explosives or . . o
other weapons Fig.6 Photographs of the experimental prototype imaging system
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Fig.7 Block diagram of the experimental setup
2012 4F, IpA% 22 R AEE R T 340 GHz &4k
2 = A AR T IR PO 20 A SR P 4 9 AR 3 Y A
fil, 459 3.6 GHz, % ik RSk . F2 W 3tk T 2g
U AR T AR BN S OR o %00 H 3G T 2008 4F, IS Bk
rolit, HARESCEE 20 m (Y BE B Ak P A SR (10 i/s) :
y %% Kl 9 5 340 GHz E"Jﬁﬁﬁﬁ‘ﬁéﬁﬁ'ﬁ 72 [ Sy S5y R Fig.9 Photo of a 25 mm diameter sphere mounted on an acrylic

pole at 20 m range
HEAMNN 4 S ARIEE TGS R, AE Lm—17 F 9 BT 20 mAbSBIKAT 27 25 mm B4 @/ INER I IR 45
R I A AR, T —47 R s XA .
22 KAHLE LGS COMNE ™k

K 2% B 3R AR BRI BUR AR TR, 2 R F B s 5
0977 2, i A ad % e A 4 R 4R kb B S, H R R
A SAR A ISAR WUE .
2.2.1JPL 7€ K 2% 75 15 (A i A% T A BF 5% AR

ball bearings
(concealed by shirt on right)

2008 4, K B Cooper % A7E 0.6 THz ik R4 LRI |-, ®0 P
WIHHEE T 0.58 THz =4 e H ik 24P, &% THEP.OFIER éao 30
585 GHz, {jIHRH] LFMCW {55, 94+ %4 12.6 GHz, A4 2 e 4%
JE39] 100 ms. % R4 ISAR JEAGIRTE T W JE R 4y 3 P K 400 200 —30 0
10 2 0.58 THz 5 i X A (A Pl {51 7 2 , 7o Pl 22 0 5 % 76 A (1 fengelem 3507 wjem 30

Wi AE 38R GV R HEAT S, 7 B A S Fig.10 3-D THz radar image reconstruction of a person
igéﬂﬁ%EM@ﬁLﬁm@ A P 2 A% B 7E AR T T 2 B 10 0.58 Thiz Bk A (H S RAT A



%2 REEZEAXBEFTERGEA 193

2.2.2 fEE FGAN HF 53 0 78 AB 24 75 1K J T A F 5% A SR

2008 4F, 18 [ R R AT T (FGAN) R AR P B 5 T Ik H AR L4 %E H Essen. A Wahlen 28 A KT #F il T
COBRA-220 ikl 255, ix E RS TAEMH # K 220 GHz, JE T LFMCW 5 35441 , Ik 5 120 ms, $9 4514 %% 8 GHz,
TH 20 mW, 7E 200 m FEES Bl T 1.8 em EEEE A3 HE ) o &1 11 BaX ERE IR ISAR RS R . A, X E
B FHERHLE RS, IS5 94 GHz WY/ #E it 4T T X EL, R 4 98 J1 43 52 3.5 cm A 1.8 em(InE 12, £
HHAHIHL 94 GHz (TS5 40 A, 47 R 220 GHz f5 0 T 45 5) P28,

Fig.12 Accumulated scattering centre distributions for a tractor at
Fig.11 Photo and accumulated ISAR image of a car at 220 GHz 94 GHz and 220 GHz

& 11 %% 220 GHz 8 H- 1 ISAR Jiif% 12 HiHiHLAE 94 GHz il 220 GHz FY ST & 40 A

2.2.3 35 [ERR B 8 2 K2 75 2 IR o3 0 22 K )k 52 50 % 7F Kb 2% B 1 IR T A A 9 A 2R

2008 4 32 [E bR 5% 1 2 K2 7 2 IR AL W2 oK R SE B T & T 3T 1.56 THz SR R G0, 1l LAXT B 7E A {4
PR S B8 A AT I, SRR RS A 2.5 m, Al RLLAAERD 2 WA B R NT 0.5 m x 0.5 m (3 sk AT nl gk, anfEl 13
iR RRBE T JE K 2 FLAE 2003 4R BE T HA X = 2 B4 1/35 (4 O BEAT T R ISAR AR, I 7E 1 LAl
I, SefE2sil T 325 GHz A1 1.5 THz 9 3 B R iR o Al 40 & 2010 4F 3 2 K i S5 50 % Andriy A, Danylov
S NJH 2.4 THz & T2 BOC R E R & S AL 50 T-80BV 1Y 1/72 BRI 4T T K bk2% 90 & AL B ik idg . 45
FIKF T 0.4 mmx 0.6 mm A543 1B K] 14 & 2.4 THz %F T-80BV $H 3% 1/72 4 WS B i 45 45 1, 1 1K 2
BRI R, T EE 2.4 THz B0 @ B AR, BR 31 0.4 mmx0.6 mm, A o X G2 (T 4 S A .

= - ; ; Fig.14 2.4 THz azimuth/elevation imagery of the scale model
Fig.13 Sample images of a person with cable tie gun hidden tank with pixel resolution of 0.4 mmx0.6 mm

under jacket, color scale is in dB 14 HTTHEAIY) 2.4 THz i B A%, UGSk

2.2.4 i WL [ B F 5% B AF KOBK 2% |SAR B A% 7 1T A4 BIF 53 1 S

2010 4¢, EdL[EBFOFIEE T T 210 GHz T ik R AT AR H: ik =4 ISAR %, ARG RHAAMNGEY, H
BRAY 58S 12.8 GHz, Al LIGAE] 1.2 cm 433 H1 . RGAE 15 iR . Z RSB 3-D %, N UL & nr L
iKF] 14 GB, — i F 4 094 HE ] 2 10 min~20 min, RIS 45 S0 1E 16 TR B,

2.3 FEHHEmRCH)MNE

2010 4F, PR AR K ZF)H CEMEOGAS 2H A A KR 22 A OG i R G % F-16 KMl 4B AR A 1/150 A9 45 HE i
BIBEAT T R BEZ2Z 0% RCS I i o 1 17 2 H 2B 8 R AL Y B AR K 10 em, 32L& 6.7 cm, R AR B R 0.1 THz ~
2 THz, & 18 AR5 fii RCS By 458 . & 19 & AR E 1 RCS &P,



7 NE— = 4L
194 XZ B EEBFREEFER
X_y array2
128 samples in last time
203.6 GHz_216.4 GHz
AF=12.8 GHz waveform
generator
4 N\ P q -
<= Tx —_— x8 {41
N4

25.45 GHz— —\

s 27.05GHz

Rx
assembly

PC/laptop

- - / \
‘_@T‘m@,‘k ". d
> S
MMIC chip

L e
0 MHz-1 MHz

203.6 GHz-216.4 GHz
Fig.15 Block diagram of the 210 GHz system

-20-15-10 5 0 5
x/em

Fig.16 Photograph and ISAR results
[l 16 SAR 3 —A~ s B AR S5

AF=12.8 GHz 10 15 20

[ 15 210 GHz RZHER
(a) generation
generation pulse
. grating
optlcal 1714 mm
| chopper
N Mg:LiNBO; FWHM=73 mm
black -
polyethylene - rEE rotation platform
i
[«
E
o
g
% detection
3 PD1

ZxTe 54 Wollaston PD2
crystals prism

Tfs pulse

Fig.17 Schematic diagram of the THz RCS setup(a);10 cm-long 1:150-scale metal model of aircraft fighter F-16(b)
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Fig.18 Logarithm of the instantaneous amplitude of THz waveforms scattered from the F-16 scale model for
different polar(left) and azimuthal angles of their frequency-averaged RCS(right)
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