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Low-Cost, Fused Millimeter-Wave and 3D Point Cloud Imaging 
for Concealed Threat Detection

The	  growing	  need	  to	  detect	  non-‐
metallic,	   concealed	   threats	   at	  
venues	   ranging	   from	   airports	   to	  
sports	   arenas	   has	   created	   a	  
demand	   for	   low-‐cost,	   close-‐
range	   whole-‐body	   imaging	  
systems.	   The	  adaptaIon	  of	   low-‐
cost	   wireless	   communicaIon	  
hardware	   for	   millimeter-‐wave	  
imaging	   has	   made	   possible	   to	  
design	   a	   system	   that	   saIsfies	  
this	   demand.	   The	   integraIon	   of	  
3D	  point	   cloud	  data	  has	  created	  
a	  mulI-‐modal,	  fused	  system	  that	  
l e v e r a g e s	   b o t h	   i m a g i n g	  
technologies.	  

Abstract

IntroducIon

The	   millimeter-‐wave	   imaging	  
system	   is	   designed	   to	   provide	  
imaging	   performance	   greater	  
than	  the	  current	  state-‐of-‐the-‐art	  
whole-‐body	   imaging	   systems	  
using	   lower	   cost	   hardware.	   The	  
addiIon	   of	   3D	   point	   cloud	  
imaging	  provides	  data	  to	  reduce	  
millimeter-‐wave	  imaging	  Ime	  as	  
well	   as	   advanced	   opportuniIes	  
for	  concealed	  threat	  detecIon.
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OpportuniIes	  for	  TransiIon	  to	  Customer

Millimeter-‐Wave	  Radar	  System	  ConfiguraIon
The	   millimeter-‐wave	   imaging	   system	   uses	   a	  
parabolic	   ellipsoid	   reflector	   that	   focuses	   the	  
transmijed	  energy	   to	   a	   thin	   strip	   along	   the	   body.	  
The	   reflected	   signal	   is	   sampled	   by	   an	   array	   of	  
receivers	   along	   an	   arc	   above	   and	   below	   the	  
reflector.	   This	   allows	   for	   2D	   images	   that	   are	   then	  
stacked	  to	  produce	  a	  3D	  reconstrucIon.

Millimeter-‐Wave	  Radar	  System	  ImplementaIon
The	   first	   implementaIon	   of	   the	   millimeter-‐wave	  
radar	   uses	   a	   single	   receiver	   that	   is	   rotated	   to	  
simulate	  the	  arc	  of	  receivers.	  The	  verIcal	  moIon	  is	  
applied	  to	  imaging	  target	  for	  mechanical	  simplicity.

Fig.	  1	  -‐	  Proposed	  mm-‐wave	  system	  configuraIon

The	  reflector	  and	  receiver	  arcs	  are	  verIcally	  actuated	  
to	   generate	   a	   2D	   image	   every	   1	   cm	   because	   the	  
reflector	   creates	   a	   1	   cm	   wide	   illuminaIon	   on	   the	  
surface	  of	  the	  body.
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Fig.	  2	  -‐	  mm-‐wave	  system	  implementaIon

The	  system	  was	  tested	  using	  a	  metal	  plate	  with	  a	  1”	  
by	   1”	   square	   cylinder	   secIon	   placed	   in	   the	   center	  
shown	   in	   Fig.	   3a.	   The	   reconstructed	   image	   clearly	  
shows	  the	  locaIon	  and	  size	  of	  the	  object	  on	  the	  plate.	  

Fig	  3a	  -‐	  Imaging	  target Fig	  3b	  -‐	  mm-‐wave	  image

3D	  Point	  Cloud	  IntegraIon
The	  point	  cloud	  data	  was	  collected	  using	  an	  off-‐the-‐
shelf	  Microson	  Kinect.	  It	  was	  posiIoned	  just	  above	  
the	  reflector	  to	  have	  the	  same	  imaging	  perspecIve	  
as	  the	  millimeter-‐wave	   images.	  The	   imaging	  target	  
from	  Fig.	  3a	  was	  covered	  with	  a	  shirt,	  as	  shown	   in	  
Fig.	   4,	   and	   the	   test	   was	   repeated	   using	   the	  
millimeter-‐wave	  and	  the	  point	  cloud	  imaging.

Fig	  4	  -‐	  Imaging	  target	  covered	  with	  a	  shirt

The	   point	   cloud	   image	   is	   shown	   in	   Fig.	   5	   and	   the	  
combined	   image	   is	   shown	   in	   Fig.	   6.	   The	   point	   cloud	  
data	   provides	   addiIonal	   informaIon	   about	   the	  
imaging	  region	  and	  the	  relaIonship	  between	  the	  body	  
and	  clothing	  that	  can	  be	  used	  for	  threat	  detecIon.

Fig	  5	  -‐	  Point	  cloud	  image Fig	  6	  -‐	  Point	  cloud	  and	  
mm-‐wave	  image

The	   proposed	   architecture	   demonstrated	   the	  
capabiliIes	   of	   combining	   two	   low-‐cost	   sensors	   to	  
produce	  a	   fused	   imaging	  system	  that	  provides	  more	  
informaIon	   about	   the	   target	   than	   anything	  
commercially	   available.	   This	   will	   allow	   for	   bejer	  
threat	   detecIon	   through	   more	   advanced	   threat	  
recogniIon	  algorithms.	  

The	   proposed	   imaging	   system	   was	   designed	   from	  
iniIal	  concept	  to	  solve	  a	  real	  problem	  with	  a	  customer	  
friendly	  soluIon.	  AcIons	  were	  taken	  in	  all	  design	  areas	  
to	   solve	  customer	  needs	  such	  as	  cost,	   imaging	   speed,	  
footprint	   size,	   and	   most	   importantly	   image	   quality.	  
This	  system	  is	  designed	  for	  easy	  transiIon	  to	  the	  field.
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