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Real time 3D imaging system based on sparse MIMO array at 340 GHz
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Abstract; A 3-D imaging system based on sparse MIMO ( Multiple Input and Multiple Output) array at
340 GHz is presented. The imager incorporates a linear array containing 4 transmitters and 16 receivers
(4Tx-16Rx) as electronic beam former in horizontal dimension and an elliptic cylinder as focusing re-
flector in elevation to get high cross-range resolution. Each emitter transmits frequency-modulated con-
tinuous-wave (FMCW) waveform with 16 GHz bandwidth and high range resolution is achieved by u-
sing pulse compression technique. Experimental results indicate that the 3-D imaging resolution is 14
mm, 10mm and 12mm in horizontal direction, vertical direction and range dimension at 4-m distance,
respectively. The personal screen experiments also imply that concealed threats such as guns can be de-
tected by this 3-D imager.
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Fig.1 Architecture of 340 GHz standoff 3D imaging
system
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equivalent aperture positions and (c) Array antenna physical
design

MG FiR B e br, REEATAE 4 m WEEES (O
) b LBt 2 m(E) x0.6 m(98) x0.8 m(IK)
AR A DX B Y = 4k AR, B 5 B2 12 mm

(f%) x 14 mm(iﬁs) x9 mm(IK).
2 BERESZRSHERENR

MIMO FHiER G N MBS R E RS, 45
T 2 (] A AR —B0hE 5 2tk i R 2tk e e
T RGEMRGHAE. SR, i T REAALER R T
S CRI=R ERE e 0 S 1 S N ISR e 3 13 TRV 0 | 57
PEABA T X B, BT AT B2 X6 2R 40 4538 3 19— 3K
P S B AR (1 2 M AT A IE. Wk A ) E
LR AR A R A B AR TE ORISR [ 6,14 ], A%
SCTR S I T A — EOrE 4 IE )AL AR A [ A
FIAE OL T % B IR IR | RESIER ANE] 3 fiow , Hrp
7, AR AT S IR B R A T 1 AE R s 7 A fih
RAGF IR B AR 7 1 BIE IR s 7, S KA i
55 BARBUH 22 855 B IE R s H 55
VB fioh 2% B R A foh 22 1 A AE IR s WA AU S
HRREERT R Ar A5 20 5 5 B ADC SRR 1Y 4
R f, RWRIHE S SRR f, N ESHE 51 58
WA T, LO R, 35 RHE S AR5 55
UL 5 AT 2%

RERIEIEHAT TR, 2% HinE FO M
PEE (x,,y,,2,) 40,55 m RGHETE LG n SlGE
T, W RIUR IR 15 5 R R S

A
freq
iy po Tx/ /L0 Rx
BW Tehi
fipee
! s
o At
Tacqt
H »
Tx trig sigistart - Acq trig  sigend time

K3 REMNIESE
Fig.3 System time delay
Som = OAexp (R (fir +kr(t - AT) - %krz +e(t) -

e(t-7-A1))) , (1)
Hrh o HEBF N RE L B HOME  k
WLV R 1 =7, +7, —7,,AT = Ty = (T4 +
7). HOCHN BESHOTES% 5 BAr B 5015
smmj»(t) = exp(R7(fr, + kT t - %kTi)) . (2)

I, AT AHA— AL R AMEAE =

S (1) = = = —exp(RmAe(1)) , (3)

s oo
Ae(t) = fr,., + kr,, — kTAT - %k(ZTdT,H[ +
) +e(t) —e(t-7-Ar) . (4)

/5% R 3 3 S R AR [ H AR e R AR, iR
EAXHF S AT A T E 2 A (0) 0, Horh
Tu-n =Ty — T, *ﬁi’éiﬁﬂig?l‘1%%@ﬁ—§iﬁ, M e
(1) —e(t—7 - Ar) MR IE T BATE 8 A A7 2K L, A
M IE T B T P S 2

KR ey 258 o R GG IE IR, XA
T B AR EEAT I A, R A BP R AT A
bR ARSI 4 A7 B s H AR YT HE 8K 2L ( Point
Spread Function,PSF) &1, -5 #g 45 8 (Kl 4 £) it
A7 T EHoxt, B 5 FEL 6 4351 %t PSE PR e i 52 0 2%
SUEATIE B e Fn 7 6 4 V) 7 ) i L L eR T rpoe]
H, RGBS RN P, =0. 010, W 55 Lt
PSLR 2J24-18 dB, Ji i 4E 53 B2 0 p, =0.010 m,
AR 5290 b PSLR 24°49-20 dB, 7E1% 2% A4 B0 Bl N
SNSRI FHLAS R EEAAH R IESE T R Gk
T TE A AT L A v g i 0 T A — B TR Y



1 FEYRIK 55 :340 GHz R MIMO P51 20 3-D iR R 58

105

AR AE( S AL B R AT A R b
R R Gt -

20
° azimth/em 00

20
range/cm

2Orange/cm

K4 ZRGUAY HOR B B L2 2R

Fig. 4  PSF characteristics of the MIMO array with 16
GHz bandwidth by simulation ( left) and experimental
(right)

20
azimth/cm 00

3dB width=10mm

intensity/dB

7% 25 30 35 40 45 50 55 60
range/cm

5 RGUHE B YESr PRI O BN IE J5 1Y 52 45

X
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results of range resolution after calibration
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