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Abstract: Millimeter-wave holographic imaging systems based on phase imaging have been
extensively applied in fields such as security screening and non-destructive testing, due to their special
penetration capabilities and high-resolution advantages. While extending operational frequencies to
higher bands for achieving better resolution, the problems of dense transceiver arrangements and high
system complexity need to be considered. This study presents a W-band short-range high—resolution
millimeter—-wave holographic imaging system utilizing linear array scanning. By implementing a 25-
transmitter and 100-receiver array configuration with integrated electronic circuitry design, the system
achieves high—quality short-range imaging across the 85~105 GHz operational band. Experimental
results demonstrate the system can obtain spatial resolutions superior to 2 mm in the horizontal direction
and 2.5 mm in the vertical direction at an imaging distance of 0.5 m, confirming its enhanced performance in practical
applications.
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Fig.1 Schematic illustration of the short-range high—resolution
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Fig.2 Schematic diagram of the electronic implementation for W—band millimeter—wave transceiver array
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Fig.4 Four configurations of millimeter-wave transceiver array layouts
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Tablel The parameters of four array topologies

Array number of Tx number of Rx D /mm D,/mm offset H /mm
Array [ 25 25 33 44 25
Array 11 25 50 33 22 25
Array 1T 25 100 33 11 25
Array IV 50 50 11 22 25
TEAR % B K2R )y AR LR, X b3k 4 Fb s 41 i1 8 _
AR RO AT R O 1, S5 S TR . B A1 ol WR 1 ==k
I %2 S5 1) 0 e R P T4 A 0 L 7% aofpegl! M1 A
DRI TiT 534 H5C BRI KA 0 S5 RO, T I 9TV 5 R
TEREFIFL AR AN BN, 3 dB I E B B 35 KA L TUR I P
T AL 3 LB R 2 ¢ 9 T~TIT B2 0 91 24 ) =
SR 44, 220 11 mm, T % RS B I A gl L
Y. JUHI 00 TR WEAC RS E A, ELAS BT . sof inE
M, % ) 2 A X D T S b e 0} il
ORI Tk, O R PRSI HE A D7k, B 25 v T o
A KGR ITHN100 NG, FEEPRE P, 22K o
wz LI& 7i M; ﬁ'J /ﬁj K?Té ;f,;'g I‘E_IJ I;% 1}11' = ﬁﬂ 144 MHz, i"ﬂ ﬁjﬁ )ﬁ ﬁ( Fig.5 Point spread functions of the millimeter—wave transceiver arrays

144, R EZUHR, 1R SHIE R I K 3 SR e
WL BT B B
14 BfaER
S e B PR O T RBUDIE 3 1, ARHUAEA T 2 QLRI 0
U (x0yx,ovek) =D (x.3:2)exp( —jkr) /rdxdydz )
H s U (vopionok) o 1Q AT 961069 4 BHCHE (60 6 MR H) . (opion,) 0 S0 X0 1 2 5 408 A0 4
T % T A B 5 £ (ez) IR E B SR AR kKR s S BT T T 2 =0, ro

V=P + =P+ 2 + o=+ (-0 + 2
R T 2 A 10 5 B B K 4 R . AR SCTIFGE () B2 K 4 B 2R 0 10 A K B AR /K T Tl A 25
AhY DAL B 8 Py R T Dl ) R s e T R R . X T ARSI A A T e i P 1«

f(x;vy,'vzi) = szzN‘ZN, Uy v.n,exp (Gky 'y x) (2)

e ryy = Vo =x P+ 0=y +22 + &=+ =) +225 Noo Noo NS SRR A R, K520 e 50 %
R e E . TR R R AT A B, L R R R AR A5 1R M b I T R 2 IR R
B FitE R E K, R E) 2 f 2% 05 20 A E
B E R R AR AT R R R ), R
T B R A A R I TU AR TR ) RO, 3 B A
A FHRRT B R i bR S e L R R T — P R A Ty
%, BETEARBUKER R NN T, Hih R e
H ON®) FEAR 2] O(Nlog N), Hr N B No+F .

2 HBEE%E

BT BRI Wk BT BE B o B 22 K i
2 RBERGE LY WNIE 6 s . — K EMEE, IR
1 8808 B PCIE RS 238 31 AL AL Fig.6 Physical prototype of the W—-band short-range high—resolution
fir (Central Processing Unit, CPU) FITE Y Ak B g . millimeter-wave holographic imaging system
(Graphics Processing Unit, GPU)MEATEGE . R P 6 W I BT B B T A K I 4 AR R G S ]




504 KM Z RIS 58T B2 23 4

B G50 — 5 £ 228 (Compute Unified Device Architecture, CUDA)JFATITE A, Ak THT C++1) GPU I BAEH
A, B EES R EEH R RHE R

TE 22K P4 SO BIE T, J5 L 1 73 B 1 AT i o = A/(4sin ) £t B CHE Ry g JLAT L AR 5K A ROR 228 5K A B9 A
AME, MABER), BB AP RS E, o =c2B(HT e R, B RATTE), @il R RIAR RS S HES
S R A 1) 1.6 mm, BEES (i) 7.5 mm.

HSE, XA Jm LT o B A R AT AR, S AN T(a) s, 4 JE ST 43 B 0 I 1) 3 I A T R B SRR
(FR-4), I IHDRS WA [R) ROSF B 42 J@ 4k, X 96 BE 43 3 R 7~1 mm( LA 1 mm 55 [H] B 45 /), K. B . &
45° =l . XFIHEAT =R RUE , SR WE 7)o (G B AR R ED : R AR 45 [, A4 B2 mm
AT, 1 mmZXS P Wy AP, 3 mmZXTIE AT UL, 2 mm X BRZY AT L, 1 mm 2R 58 AR

R, X 4 o B AR AT R, S E 7o) iR o BB A L 3 HE 1A S R AR, X T K
WSS Mo R 5 S RE . 7R 48 I JE S - %1 8% 2% USAF(United States Air Force) 7> ¥ 1R K %, &l 7(b) e L AE
HELxr o8 DN ERTFKRK 3.5 mm, 3 mm, 2.8 mm. 2.5 mm. 2.2 mm, HAMELXS 03184 mm, @id
W B B2 oK 4 B AR 3R B8 AT 1 2 K B AR AN &L 7(d) B s (T R R dl i ok 1) o Jdad R m UK B, BT
] fe /N A B 7 26 %6F 2.2 mm M AT 0L, TG KSE 5 1) 2.5 mm X TE WA L, 2.2 mmERXFR AR, ZEE RS &R
LN 4398 070 R A5 R A

L IR BURECE T LUK B, AR SO B W B RS e A 2 oK B A BRI R GRS AL L 2 mm = 43
HERiAg , TR FE I By e A3 B O W R T KOy 1) o X T O )38 o AL S B S T AR SRR, K
-5 1) B 5 B ST HE A AH PR KRBT — e W e, B K ) B 32 55 MRS e, DT S R R R
WA R IR B T e, TEE 7(d)h, T BAR RO SRR B s, BUR A LGB AT s thie . s thig e
J 5 43 B AR A I . IR A S R B BRIV, PR ER T ARG AR T, o X ) B
B, 52 K80 18] 23 37 o

1N 11N
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(c~d) millimeter wave images of the hollow—structured line pair resolution test board
Fig.7 Imaging experiments for resolution test board
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