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Abstract: We present an efficient approach to reconstruct images of small objects and Foreign Object Debris (FODs) from 
scattered field synthetic data and measurements in W-band (75-110 GHz), taking advantages of spatial and polarization 
diversities, and processed with either qualitative or quantitative inverse methods. The target application is FOD detection 
for airport runways. Most existing systems are monostatic but rapid advances in millimeter-wave technologies make it 
realistic to imagine the deployment of multistatic radars on either side of airport runways. In the following, we investigate 
the contribution of multistatic measurements, on the reconstruction of typical debris, courtesy of DGAC (French Civil 
Aviation).  
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1. INTRODUCTION  
 
Millimeter-wave radar systems in W-band (75-110 GHz) 
are booming, due to advances in integrated circuits, and 
fabrication of low-cost and high-resolution compact 
systems, thanks to the short wavelength. Application 
domains are various: automotive sector, pilot assistance 
for helicopters, etc. We aim to design a W-Band radar 
system for imaging Foreign Object Debris (FODs) on 
runways [1]. Detecting objects is important but assessing 
if the object is harmful to air navigation is fundamental 
and crucial in order to take the decision to stop or not the 
traffic on the runway. Most of mm-wave radar systems are 
already monostatic. Some also include multiview 
configurations obtained either by using 
electronic/mechanical scanning or SAR processing. 
Multistatic scenarios offer significant advantages for 
identification and detection purposes [2]. First, multistatic 
measurements appear to be an attractive solution for 
enhancing the detection, especially for non-metallic 
objects. The reflectivity of non-metallic objects is weak 
whereas the transmitted wave through dielectric objects 
brings significant information that a multistatic system can 
process. Second, millimeter-wave images are good 
candidates for identification. But building high-resolution 
3D images also require measurements including 
multistatic configurations. In addition, polarization 
diversity also contributes to a best knowledge of targets 
and it will be investigated as well. FODs cost a 
considerable amount of money to companies and airport 
operators. A FOD is defined as an unwanted object, 
animate or inanimate, located in an inappropriate place in 
the aerodrome environment (runways, taxiways, etc.) that 

are hazardous to the airport and for personal security and 
integrity of an aircraft. Neither detection nor identification 
is easy to proceed because even small objects such as nuts, 
screws, debris of runway lights or tires, thin metallic parts 
of airplanes (like the one that caused the crash of the 
Concorde), are sources of severe not to say fatal damages. 
All existing radar systems are based on monostatic 
configurations. Despite of their performance, identification 
and detection are not 100% guaranteed. For that purpose, a 
quantitative reconstruction image will provide information 
not only on the shape but also on the properties of the 
material. The radar sensors are supposed to be located 
along the runway [3]. In order to estimate the investigation 
domain, a qualitative imaging is used by means of a back 
propagation algorithm. A simplified assumption for fast 
reconstructions is to use algorithms based on two-
dimensional approaches (2D-TM and 2D-TE 
polarizations) of the electromagnetic imaging problem. 
Using 2D assumption and the polarization used for the 
incident field (horizontal or vertical), one can reconstruct 
different cross-sections of 3D objects. Recently, some 
results of quantitative imaging were presented 
reconstructions from both 2D-TM and 2D-TE synthetic 
data with additive noise [4]. We present results obtained 
from both synthetic and experimental 3D data for some 
typical objects or FODs that can be found on runways.  
 

2. DIRECT PROBLEM 
 
Considering two-dimensional inhomogeneities in free-
space, we use for 2D-TE and 2D-TM cases, the following 
integral representation for the total field 
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where χ (r) = εr (r)−1  is the dielectric contrast and 

εr (r) the relative complex permittivity of the 
inhomogeneities. The Green's function expression is 

 G(r,r ') = − j
4

H0
(2) k0 r − r '( )    (2) 

For objects lying on runways, the Green's function has to 
be changed to take into account the presence of the ground. 
 

3. INVERSE SCATTERING PROBLEM 
 
3.1 Backpropagation 
 

 
Figure 1. Example case for backpropagation 

 
An example case for applying backpropagation is shown 
in Figure 1. Using Green's object-receiver matrix RG , the 
scattered fields are back propagated to obtain the 
distribution ( , )S x y  proportional to the induced currents 
of the target 

 S(x, y) =GR*ES =GR*GRχE  (3) 

The relation (3) is approximated with the following 
coherent summation over M receivers, L transmitters and 
F frequencies 

S(x, y) = 1
F
1
M
1
L

dmE
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With the phase shift ,( , , , )m mx y x y fΦ  linking the cell to the 
receiver position. Indices F and L are, respectively, the 
number of frequencies and incidences used. The 
backpropagation scheme can allow at same time to locate 
targets and estimate the investigation domain for the 
quantitative algorithm. But it can also be used as an initial 
guess for the quantitative imaging algorithm and 
reconstruct a qualitative image. 
 

3.2 Quantitative inverse algorithm 
We assume that two-dimensional objects are embedded 

in the investigation domain D and illuminated successively 
by L different known incident fields. For each excitation l 
(l=1…L), the scattered far field is measured on receivers 
located on a circle of radius R. From the integral 
representation of the scattered field on the measurement 
points, and using moment method, yields the following 
nonlinear matrix system 

 El
s =GRχ I −GOχ( )

−1
El
inc  (5) 

Where χ is the diagonal matrix of contrast, i
lE  the 

incident field vector and s
lE  the scattered field vector, RG  

and OG are the matrices of the integrated Green's 
functions.  

For reconstructing separately real and imaginary parts 
of the contrast χ, we use a bi-conjugate gradient method 
[5]. The inverse problem solution is obtained by 
minimizing a cost functional ( , )rJ ε σ  representing the 
discrepancy between the measured scattered field and the 
simulated one for a given contrast ( , )rχ ε σ . We consider 
the real and imaginary part of the contrast χ  as 
independent variables. 

 2

, ,
1 1

( , ) ( )
F L

r f l r
f l

J ε σ ρ ε σ
= =

=∑∑  (6) 

where 
, , .( ) s S
f l r meas compE Eρ ε σ = −  

 

4. SIMULATIONS and MEASUREMENTS 
 
We have conducted numerical simulations to obtain 
synthetic data as well some experiments on typical FODs, 
courtesy of DGAC (French Civil Aviation). They are glass 
debris coming from a runway light and a metallic piece of 
airplane brake pad. In addition, we have also studied a 
plastic and metallic tubes. They were placed on the border 
of the runway. 

 
Figure 2. Qualitative reconstruction using backpropagation of a 8mm-
diameter metallic cylinder from synthetic data at 95 GHz. 
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Figure 3. Quantitative reconstructions (conductivity profile) of a 8mm-
diameter metallic cylinder from synthetic data at 95 GHz. 

 

 
Figure 4: Typical debris (courtesy of DGAC). 

 

 
Figure 5: Configuration of the brake pad debris for numerical modeling. 

 

 
Figure 6. Quantitative reconstruction of the brake pad cross-section 
(conductivity profile) debris for numerical modeling from synthetic data 
at 95 GHz. 

 

 
Figure 7. Qualitative 3D reconstruction using backpropagation of the 
glass debris from multistatic HH and VV measurements at 90 GHz. 

 

5. CONCLUSION 
In this paper, we have investigated qualitative 
reconstructions and quantitative reconstructions, based 
backpropagation and inverse method, respectively, in W-
band, of foreign objects debris (FODs) for runway 
surveillance application. Typical dielectric and metallic 
objects found on runways are studied from synthetic data 
and measurements in order to show the performance of 
such algorithms for imaging FODs. 
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