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Millimeter wave three-dimensional imaging algorithm of

nonuniform planar array for nondestructive testing
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( College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: Millimeter wave has great potential in the field of nondestructive testing due to its unique advantages of high resolution, high

penetration and low photon energy. For the application of millimeter wave nondestructive testing, a three-dimensional imaging algorithm for

nonuniform planar array was proposed by combining the idea of the range migration algorithm and the nonuniform fast Fourier transform. The

proposed algorithm uses nonuniform fast Fourier transform to reconstruct the signal spectrum in wavenumber domain, which overcomes the

limitation of nonuniform spatial sampling on traditional imaging algorithms based on Fourier transform. The proposed algorithm is aimed to

eliminate the complicated interpolation operation and improve the imaging efficiency. In order to verify the effectiveness of the proposed

algorithm, the back projection algorithm was used as a comparison, the simulation and experiment was carried out, respectively. Simulation and

experimental results all show that the proposed algorithm can achieve high-efficiency imaging of dielectric targets with high imaging accuracy and

fast speed.
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Fig.1 Imaging geometric model
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Fig.2  Nonuniform planar array topology

2.1 FE&R

T e ) IR UE T S 5k B A A I kA T
IARPERE A PEAL . H AR E N — A4 bR R (0,
0.05,0) m fBAH B2 md . 200 R ] BP 35
LA PR AT R A3 B ES R AN 3 iR

H I 3 AT LB B, P FR B ] LA A T
R AR BB EAT HER LR . Ry T B e A P e
Bk rERE, L apiow b 5 (Impulse Response
Width, IRW ) F1 % {f 3% % [t ( Peak Side Lobe
Ratio, PSLR) Jy g B PEHr 48 A5 i 47 I 1) Sy 3 2
VRO HR B AT B, TEAH RS LIS A7 3R 858 T 15
FIMERINE 1 iR,

'PEE/ dB

0.025 0.050  0.075 0.100
y/m

(a) BP Hik x -y PHHLE
(a) x —y plane projection utilizing BP algorithm
'Paﬁ/ dB

0.050

0.025
—-10

—0.025
—0.050, 15

0.025 0 050 0.075 0.100

(b) Fﬁi‘zz%é& x =y PSR

(b) x -y plane projection utilizing the proposed algorithm

dB
0.050 meE/
0.025
—0.025
—0.050

—0.050 —0.025 0.025 0.050
z/m

(¢) BPHk « -z Tl
(¢) x -z plane projection utilizing BP algorithm
TFNE/ dB

0.050

0.025
—10

—0.025
—0.050 15

—0.050 —0.025 0.025 0.050
z/m

(d) Prifik « -z VB

(d) x -z plane projection utilizing the proposed algorithm




%1 LHRARA , 55 - 22 K AR Y550 - TH B3 JC AR I = 4 B A% A <11
e/ I 1R H T LB B, 76 = A A ARy
[ |- BP B3k 19 TRW 25 W5 /0 T BT 42 5 3 11
0.025 IRW, & AH 22 AN K, Ul BH P AP B 18 20 R LT
= B, A AR bR T T E AR ST 1Y PSLR
£ Fo/NT BP B9 PSLR, 1B $5 55 12 1 25 R
o AR TAE R B, T4k 1 10RE i
~0.025 55 BP B IEAM Y, e IR T , TR
BSEIT T BP Sk, 0 B4 A AGER T T
—0.050 —15

0.025

0.050
y/m

(e) BP R y -z VB

(e) y —z plane projection utilizing BP algorithm

0.075  0.100

dB
0.050 me)E/
0.025

g
-~ 0

—0.025

—0.030, 0.025  0.050  0.075 0.100

y/m

(f) Prigsiak y -z Ve

(f) y —z plane projection utilizing the proposed algorithm

K3 (iR

Ei RISV E S
2.2 LR

E S50 5 5 A 1 22 K i AE 1 4] 1D-SISO-1D-
scanning J{IR ARG, & )& “ A1 R S AR S )R
JESY I 2 em F10. 5 em [ 2R UG LI HUR A1
11 PO SR TS TIPURIORY S R (R STV E | Sofas] 7|
BT o

S3 AR BP B89 R BT 4 B R AT LR, 15
FNMZE RN 4 FrR, 765050 0 = 4 g 45 R
oA E A P A R R AR T I B AT DL, HLAT
DLFE B R U PR B8 e . PIFP ALY
IAG 5T i HEAS A [|], H 2 BP 551545 3 1 iU AR 45
Jerh S5 e TE £, 3 5 i SO 45 B2 R0 4 A
—2,

M 1 vy as A7 s [a] W] 40, s BP B34
IR BRIRATI SR & BRI, 1 T S AR IH B

Fig.3 Simulation imaging results i P 25 ) DY S8 SR o
x1 HRELLE
Tab. 1 Performance comparisons
‘ IRW/m PSLR/dB B THTE]/s
AR —
4l y il 2 4l x il y b 4l U X
BP %k 0.004 232 0.007 663 0.004 227 -12.8236 -14.2036 -12.7221 40 230.35 40242.47
FritE . 0.004 289  0.007 671 0.004 285 -13.7405 -14.2316 -13.5891 22.55 22.91
¢m)§/dB 1 % /dB
0.15 0.15 0
0.10 0.10
0.05 0.05 -5
g g
= 0 = 0
—0.05 —0.05 —10
—0.10 —0.10
015 0.06 0. 015, 0.03 0.06 009 o012
y/m y/m

(a) BP B » -y VIl 52

(a) x —y plane projection utilizing BP algorithm

(b) PrRSE x -y FIHHY

(b) x -y plane projection utilizing the proposed algorithm



12 e AN o 4 44 &

TFEE/ dB

0.15
0.10
0.05 o —5
£,
—0.05 —10
—0.10
—0.15 —15

1
—0.15 —0.10 —0.05 0 0.0 0. 0.15

zm

(c¢) BP L x —z VI

(¢) x —z plane projection utilizing BP algorithm

meE/dB
0.15
0.10
0.0
g
0
—0.05 —10
—0.10
01515 —010 —005 0 005 010 o 15
z/m

(d) Pridiik « -z FHsE

(d) x -z plane projection utilizing the proposed algorithm

'PEE/dB
0.15
0.10
0.05
£
S
—0.05
—0.10
—013, 0.06 0.0
y/m

(e) BPHL y -z Pl

(e) y —z plane projection utilizing BP algorithm

% & / dB
0.15 0
0.10
0.05 =5
g
> 0
—0.05 —10
—0.10
—0.15 0.06 0. —15
y m

(f) Pk y -« Tl

(f) y —z plane projection utilizing the proposed algorithm

K4 SCH R R

Fig.4 Experimental imaging results

3 #Hig

ARSCHR T — b ZE KPR 53 i 1 G4
R =2 Rk, AR 1 A G T B A e
SR FE AN REE T AR S5 5 Mk P
PRAEME LA URT BE 55 8 B8 ey 1R AL, {75 H Ay, ]
HHAR R [ H AR E B0 A 1 P R ARk 8 SR A
REo TR IEAI P 5 2 19 22 K i 2] 1D-SISO-1D-
scanning SR R GEBEAT T T H . SRR, M
T BP B3k, PR SAA REAS S BUAH 5 Y BURAE E ,
[ IR 8 53 BE 7 T AT WAL # . AR SO ]
R AR ZE KA ARBAAE TG I ) 2 e 42
PN o

22 3Lk ( References)

(L] Ubfh, A, BRakdr, &5, AW KBFEEARIT]. P
Blotz . f5B R, 2016, 46(8) : 1086 —1107.

HONG W, YU C, CHEN J X, et al. Millimeter wave and
terahertz technology[ J]. Scientia Sinica Informationis, 2016,
46(8): 1086 —1107. (in Chinese)

[2] ZHANG X X, LIANG J, WANG N, et al. Broadband
millimeter-wave  imaging radar-based 3-D  holographic
reconstruction for nondestructive testing [ J ]. IEEE
Transactions on Microwave Theory and Techniques, 2020,
68(3): 1074 -1085.

[3] WANG Z M, CHANG T Y, CUI H L. Review of active
millimeter wave imaging techniques for personnel security
screening| J]. TEEE Access, 2019, 7. 148336 - 148350.

[4] SHEEN D M, MCMAKIN D L, HALL T E. Three-
dimensional millimeter-wave imaging for concealed weapon
detection[ J]. TEEE Transactions on Microwave Theory and
Techniques, 2001, 49(9) . 1581 - 1592.

[5] GHASR M T, KHARKOVSKY S, BOHNERT R, et al.
30 GHz linear high-resolution and rapid millimeter wave
imaging system for NDE[ J]. IEEE Transactions on Antennas
and Propagation, 2013, 61(9) ; 4733 -4740.

[6] GAOJ K, QIN Y L, DENG B, et al. Novel efficient 3D
short-range imaging algorithms for a scanning 1D-MIMO
array[ J]. IEEE Transactions on Image Processing, 2018,
27(7): 3631 -3643.

[7]  AUSTENG A, HOLM S. Sparse 2-D arrays for 3-D phased
array imaging-design methods [ J ]. IEEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control, 2002,
49(8): 1073 -1086.

[8] CASEJ T, GHASR M T, ZOUGHI R. Nonuniform manual
scanning for rapid microwave nondestructive evaluation
imaging [ J ]. IEEE Transactions on Instrumentation and
Measurement, 2013, 62(5) : 1250 - 1258.

[9] WANG J P, AUBRY P, YAROVOY A. 3-D short-range
imaging with irregular MIMO arrays using NUFFT-based range

migration algorithm [ J ]. IEEE Transactions on Geoscience



o514

IR BH 45 « 2R P AR 2 V- T PR S OB I = ZE B85 1%

<13 -

[10]

[11]

and Remote Sensing, 2020, 58(7) : 4730 —4742.

SONG J Y, LIU Q H, TORRIONE P, et al. Two-dimensional
and three-dimensional NUFFT migration method for landmine
detection using ground-penetrating radar [ J ]. IEEE
Transactions on Geoscience and Remote Sensing, 2006,
44(6) : 1462 - 1469.

LIS Y, SUN H J, ZHU B C, et al

Two-dimensional

[12]

NUFFT-based algorithm for fast near-field imaging[ J]. TEEE
Antennas and Wireless 2010, 9.
814 -817.

WANG S Z, FANG Y, ZHANG ] G, et al. Near-field 3D

imaging approach combining MJSR and FGG-NUFFT [ J].

Propagation Letters,

Journal of Systems Engineering and Electronics, 2019,

30(6): 1096 - 1109.



