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II. PROJECT DESCRIPTION 

A. Project Overview

As the problem of identifying suicide bombers wearing explosives concealed under clothing becomes in-
creasingly important, it becomes essential to detect suspicious individuals at a distance. Systems which em-
ploy multiple sensors to determine the presence of explosives on people are being developed. Their functions 
include observing and following individuals with intelligent video, identifying explosives residues or heat 
signatures on the outer surface of their clothing, and characterizing explosives using penetrating X-rays [1, 
2], terahertz waves [3-5], neutron analysis [6, 7], or nuclear quadrupole resonance (NQR) [8, 9]. At present, 
radar is the only modality that can both penetrate and sense beneath clothing at a distance of 2 to 50 meters 
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without causing physical harm. 
The objective of this project is the hardware development and evaluation of an inexpensive, high-resolu-
tion radar that can distinguish security threats hidden on individuals at mid-ranges (2-10 meters) using an 
“on-the-move” con iguration, and at standoff-ranges (10-40 meters) using a “van-based” con iguration (see 
Fig. 1).

B. Biennial Review Results and Related Actions to Address 

The reviewers identi ied several strengths for this project. Amongst them are the following: 1) Rapid adap-
tation of the irst generation (Gen-1) of the imaging system and algorithm development for the other gen-
eration systems; and 2) Quantitative performance evaluation of the imaging system for both synthetic and 
experimental data. 
The reviewers identi ied the following weaknesses of this project: 1) The need to identify the sequence of 
tasks that will be followed to reach a successful conclusion; 2) The need to study non-uniform fast Fourier 
transform (FFT); and 3) The need to de ine the transition timelines/plans. In Year 4, we will address the irst 
and second weaknesses as follows: 1) We will work irst on the Alternating Direction Method of Multipliers 
(ADMM)-based compressive imaging for the data collected by the second generation (Gen-2) system; and 2) 
We will study the extension of the FFT to 3D, including the non-uniform FFT. We will also address the third 

Figure 1: General sketch of the inexpensive, high-resolution radar system used for detecting security threats (a) at 

mid-ranges using an “on-the-move” confi guration, and (b) at standoff -ranges using a “van-based” confi guration.
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weakness by scheduling a transition plan with our industry partner HXI and the ALERT Transition Team.

C. State of the Art and Technical Approach

The outcome of this project would be the irst inexpensive, high-resolution radar system with a special ap-
plication to detecting and identifying potential suicide bombers. Its uniqueness is based on the ability to 
work on multistatic con igurations, in which the information from multiple receivers and transmitters are 
coherently combined by using a common local oscillator.  This project has the potential to be the irst radar 
system that is capable of functioning at multiple ranges for both indoor and outdoor scenarios. An analysis of 
the state of the art is incorporated into section II.D.
Table 1 shows the algorithmic development road map, including the steps needed to go from a 3D mechanical 
scanning imaging system (Gen-1 [10]) to a 3D fully electronic scanning imaging system (Generation 3, Gen-3 
[11,12]). An intermediate imaging system (Gen-2), capable of imaging small targets in a fully electronic fash-
ion and large targets in a hybrid electrical/mechanical fashion, will be used for a smooth transition between 
the Gen-1 and Gen-3 imaging systems.

The following activities were developed for this project: 1) Nesterov-based Compressive Imaging using syn-
thetic data and experimental data (Task 2.3); 2) ADMM-based Compressive Imaging using synthetic and ex-
perimental data of the Gen-2 system and a potential Gen-3 system con iguration (Task 2.4 and 3.4); and 3) 
Design of a high-capacity sensing system for Compressive Sensing (CS) imaging applications (Task 3.5). This 
project is intimately related to ALERT project R3-B.1: Hardware design for “Stand-off” and “On-the-Move” 

Table 1: Algorithmic development roadmap towards a fully electronic radar imaging system: from Gen--1 [10] to Gen-3 

[11, 12].
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Detection of Security Threats, because it develops the imaging algorithms for the R3-B.1 hardware system. 
Additionally, many of the technologies and techniques developed for this project are commonly used in near-
ield applications by other ALERT projects, including R3-A.2 and R3-A.3.

D. Major Contributions

A summary of the Year 3 major contributions can be found in Table 2.

E. Milestones

E.1. Accelerated Nesterov-based Compressive Imaging using synthetic and experimental data (Tasks 2.3 and 
3.3)

E.1.a. Using the Nesterov-based CS algorithm to predict the performance of the 3D fully electronic (Mode-E) 
Gen-2 system

This year, we have customized our Nesterov-based CS imaging algorithm in order to predict the performance 
of the Gen-2 system working in the 3D fully electronic mode (Mode-E). An image with this result is presented 
in Figure 4 of the report for project R3-B.1. 

E.2. ADMM-based Compressive Imaging (Tasks 2.4 and 3.4)

E.2.a. ADMM-based Compressive Imaging using experimental data from the Gen-2 system

This year, we have experimentally validated a new CS approach for performing 3D imaging of security threats 
in a distributed fashion. The method is based on ADMM, which is fully parallelizable and enables quasi re-
al-time imaging by solving a consensus of different partial and fast optimizations.
The base line con iguration of the millimeter (mm)-wave radar system is depicted in Figure 2a. The system is 
con igured to use multiple frequencies, a single receiver, and a mechanically-scanned transmitter (Gen-2 sys-
tem in Mode-EM). This mechanical scanning creates a 2D synthetic aperture of area Ax × Az, and the separa-
tion between adjacent measurements is ∆xt in the  direction and ∆xz in the direction. For this con igura-
tion, the ield scattered by the element under test at position  (where s = 1 ... Np) is measured 
by the receiving antenna, located at position rr, when the nth transmitting antenna, which is located at 
position  (where n = 1... Nt), and is radiating with the lth frequency f l (where l = 1 ... Nf).

Table 2: Summary of this year’s major contributions.
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For this con iguration, the unknown complex vector u ∈ Np and the measured complex data g ∈ Nm  are lin-
early related through a sensing matrix ∈ Np×Nm, for which each element is de ined as [13]

where Np is the number of pixels in the target domain, Nm = Nt ∙ Nf  is the total number of measurements, R1 

Figure 2: (a) Overview of the geometry used in the experiment; gold horns represent the full synthetic aperture while 

blue horns represent a down-sampled one. (b) Experimental imaging setup of a composite target made of a plexiglass 

(dielectric) object over a metallic plate. Rx is the location of the static receiver and Tx is the moving transmitter. The 

plane z=0 corresponds to the transmitter being 1.030m from the fl oor. (c) Detail of the plexiglass target over a metallic 

plate.

(a)

(b)

(c)

(1)
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and R2 are the distance between the transmitter position and a pixel in the target domain and the distance 
between a pixel in the target domain and the receiver position, respectively, f is the operational frequency, 
and the wavenumber is given by where c is the speed of light. This relationship between unknown 
measurements and the sensing matrix can be expressed in a matrix form as follows: 

where w ∈ Np represents the noise collected by the receiver for a given frequency and position. 

The ADMM method is a novel algorithm for optimizing convex functions [14]. For our purpose, the ADMM 
takes the form of the norm-one-regularized lasso problem, and it is solved in a distributed fashion called 
consensus:

where Hi are row submatrices of the sensing matrix H, and gi are subvectors of the vector of measurements 
g. The variables ui are copies of the unknown vector u, which is used for solving the problem for each Hi and 
gi. The constraint forces that all partial solutions agree through is the variable v. Figure 3 represents this di-
vision. Equation 3 can be solved by iteratively computing the optimization of the variables in an alternating 
way [15].

A 3D data set was collected with our Gen-2 system working in the Mode-EM. The data was collected by the 
receiver (Rx) that was facing the object-under-test (OUT) region in Figure 2b. The Tx was moved in both hor-
izontal and vertical directions from (xt ,yt ,zt ) = (-0.43, 0, 0.38)m in ∆xt = 2mm and ∆zt = 1.5mm steps, covering 
an aperture size of Ax × Az = 0.86 × 0.3585m, and capturing data in 3,495,120 positions. The OUT is a 4mm 
thick, 50.3 × 48.5mm plexiglass plate in front of a 2mm thick, 169 × 119mm steel box. The OUT is placed at 
(xu ,yu ,zu ) = (-0.0605, -0.145, 0.88)m. The reconstruction region spans 50 pixels in each dimension over the 
range X = [-0.1250 0.3653]m in cross-range,  Y = [-0.6000 1.0903]m in range, and Z = [-0.3525 0.1675]m. For 
each position, 820 frequencies were collected, producing 2.866 ∙ 109 measurements.
The performance of the ADMM method is compared to that of a state-of-the-art Inverse-Fast-Multiple-Meth-
od (IFMM) [16], showing that the ADMM produces a better reconstruction, with less data in a comparable 
amount of time. Figure 4a shows the IFMM reconstruction when the full dataset is used. For the IFMM algo-
rithm, the observation and source points are split into 2 × λc volumes, where λc = , resulting in 87 observa-

(2)

(3)

Figure 3: Division of the sensing matrix H and the vector of measurements g by rows. Each sub-problem is solved inde-

pendently by enforcing the agreement of all the particular solutions during the consensus.
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tion groups and 12,000 source groups.

Figure 4b shows the ADMM reconstruction, which is capable of imaging using a reduced dataset. The reduced 
data used for the ADMM is a down sampled version of the whole data, which corresponds to 355 samples 
from position (xD ,yD ,zD ) = (-0.43, 0, 0.3215)m with ∆xD = 13.5mm and a total ∆zD = 6mm, each containing a lin-
early spaced subset of 52 frequencies for a total of 355∙52 = 18460 measurements. The imaging domain is de-
ined as a 50 × 50 × 50 pixel cube representing a 1cm resolution in each axis. Due to GPU memory limitations, 

the imaging is performed in 10 steps. Five planes, separated by 10cm, are reconstructed in the Z dimension 

Figure 4: Reconstructed targets, where color codes for the range between radar and target: (a) IFMM imaging with all 

data; (b) ADMM norm-1 regularization imaging with reduced data; and (c) IFMM imaging with reduced data.

(a)

(b)

(c)
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in each step. The size of the resulting sensing matrix H for each step is 18,460 × 12,500. The proposed meth-
od divides H and g into N = 71 sub-matrices for the optimization of each ui. Via the matrix inversion lemma, 
only 71 matrices of dimension 260 × 260 need to be inverted in each step instead of a large 18,460 × 18,460 
matrix. The distributive capability of ADMM accelerates the optimization process, and makes it possible to 
obtain a sparse imaging solution. A norm-1 weight of λ = 0.5 and a value of ρ = 175 are used.
When the reduced dataset is used in the imaging process, the consensus-based ADMM algorithm is capable 
of outperforming the IFMM algorithm in terms of image quality. Speci ically, the ADMM image presents an 
enhanced resolution in the range direction, and it does not contain the aliasing lobes present in the IFMM im-
age. ADMM solves the reconstruction in 26.83s via a MATLAB R2014b M code using the Parallel Computing 
Toolbox (PCT) to of load the computations to an NVIDIA GTX Titan Black GPU. A further speedup is expected 
from a compiled CUDA C code that is under development. IFMM solves the problem in 11.94s via a compiled 
CUDA C code executed on the same GPU [17,18], but the image quality is substantially worse given the afore-
mentioned artifacts. Figure 4c shows that the IFMM algorithm fails to reconstruct the target when using the 
reducing dataset.
It is important to mention that the projection of the data into the base, spanned by the singular value decom-
position of the sensing matrix, has not been done yet. However, this will be done, and it is expected that this 
technique will accelerate the imaging algorithm even more.

E.2.b. ADMM-based Compressive Imaging using synthetic data for a Gen-3 system based on a compressive re-
lector and metamaterials

E.2.b.i. ADMM imaging using compressive re lector and metamaterials

A metamaterial absorber (MMA) [19-23], which was originally introduced by Landy et al [21], poses a unique 
behavior that can be exploited for sensing and imaging applications. Speci ically, by using an array of MMA 
in which each element of the array presents near-unity absorption at a speci ied spectral resonance, one can 
produce spatio-temporal codes that are changed with the instantaneous frequency of the radar chirp, as pre-
sented in [24]. As a result, the number of transmitters and receivers needed for a suitable sensing and imag-
ing process can be drastically reduced. Coating the recently developed Compressive Re lector Antenna (CRA) 
[25] with MMAs has the potential to improve even further the ef iciency of the sensing process, in terms of 
enhancing its capacity [25]. However, the utilization of the MMAs in doubly-curved pseudo-randomly distort-
ed Compressive Re lectors for imaging applications requires an accurate characterization of the bulk behav-
ior of the metamaterials for predicting the up-scaling sub-wavelength behavior into the several-wavelengths 
scales, including oblique incidence on the MMAs.
This year, we have developed a semi-analytical formulation, based on a multi-layer Drude-Lorentz model 
[20], capable of characterizing the electric and magnetic response of the electric- ield coupled (ELC)-MMA 
(ELCA). This characterization is performed in terms of the re lection coef icient of the multi-layer structure, 
and it is valid for oblique incidence. The semi-analytical model is derived in three steps: 1) The re lection 
coef icient for the three layered magneto-dielectric media, characterized by the Drude-Lorentz parameters of 
each media, is analytically derived; 2) HFSS simulations are used to compute the re lection coef icient of the 
ELCA; and 3) The Drude-Lorentz parameters of the three layered media are optimized in order to best it the 
re lection coef icient of a simulated ELCA computed by using a full-wave method, resulting in HFSS.  
The electric and magnetic coupling of the MMA can be described in terms of the Drude-Lorentz model of an 
equivalent magneto-dielectric medium given by [20]. Then, by de ining an equivalent three layer magne-
to-dielectric medium, the total re lection coef icient from the surface of the MMA can be easily calculated as 
follows [22]:
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where Γ is the total re lection, Γi j and Τ12 are the re lection and transmission coef icients associated with the 
interface existing between medium i to medium j, respectively, and Φtrans is the phase delay and amplitude 
attenuation that the wave experiences when traveling through the magneto-dielectric medium.
An ELCA metamaterial is designed using the commercially available software HFSS. Then, the Drude-Lorentz 
parameters of the three-layer magneto-dielectric medium are optimized in order to match the re lection co-
ef icient of the model and that obtained from HFSS for a given incident angle. The method is cross-validated 
for other incident angles not used during the optimization step.
Figure 5 shows the geometry and dimensions of the ELCA metamaterial. The ELCA is designed to resonate at 
73.8 GHz by using the following parameters: a = 750um; l = 270um; w = 36um; g = 27um; d = 450um; Rogers 
substrate (RO 4835) with permittivity of 3.66; dielectric loss-tangent of 0.0037; and thickness of 110um. The 
parameters of the Drude-Lorentz model for the middle magneto-dielectric medium are optimized for a TM-
wave obliquely impinging the ELCA with an angle of 450, with respect to the normal of the ELCA plane. Figure 
6 compares the phase and magnitude squared of the re lection coef icient obtained with the HFSS software 
and the semi-analytical model. The performance of the optimized model is evaluated for other incident an-
gles and polarization vectors not used during the optimization step. Our metamaterial fabrication results 
have been included in the R3-B.1 report.
Figures 6, 7, and 8 on next and following pages show the phase and magnitude squared of the re lection co-
ef icient for TM- and TE-mode for 300 and 600 incident angles. These results show that the semi-analytical 
model is capable of accurately modeling the resonance behavior of the ELCA metamaterial for both TE- and 
TM-mode and for different incident angles.

(4)

Figure 5: Schematic of the parameters of the ELC metamaterial absorber: (left) cross section view, and (right) top view.
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Figure 6: HFSS and semi-analytical calculation of the total refl ection coeffi  cient of the ELCA when it is excited with a 

TM-mode and incident angle of 450: (a) magnitude, and (b) phase of the refl ection coeffi  cient.

Figure 7: HFSS and semi-analytical calculation of the total refl ection coeffi  cient of the ELCA when it is excited with a 

TM-mode and incident angle of (a, b)300 and (c, d)600.
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This year, we have investigated the performance of a CRA [25-27] (to create a spatial codi ication in the 
imaging region) coated with MMAs (to create a specially designed spectral codi ication). This con iguration 
enables increasing the overall channel capacity of the system [25], and it enhances the imaging performance 
when compared to that of a non-MMA-based CRA.
The performance of the CRA with and without MMA coating is evaluated in an active imaging system (see Figs. 
9 and 10 on the next page). The system operates with 12 discrete frequencies in the 70-77 GHz bandwidth, 
and it uses ive transceivers feeding a set of horn antennas; the focal and aperture lengths of the parabolic 
re lector are both 50 cm. Figure 10 shows the channel capacity, and Figure 11 on the following page shows 
the image reconstruction for the two con igurations using the ADMM-CS algorithm described previously. The 
MMA-based CRA outperforms the CRA without MMA. Three MMA con igurations (MMA1, MMA2, and MMA3, 
which are resonating at three different frequencies 70 GHz, 73.5 GHz, and 77 GHz) have been designed, and 
their electromagnetic behavior has been modeled by using the aforementioned semi-analytical model. These 
MMAs are randomly coating the surface of the CRA. Figure 9b shows the magnitude squared of the re lection 
coef icient (|Γ|2) and absorption (A(ω) = 1 - |Γ|2) for the MMAs with respect to the frequency. These randomly 
placed metamaterials produce different spectral codi ications in the region of interest and a singular value 
distribution with less dispersion than that of the traditional CRA. These characteristics ultimately provide a 
higher channel capacity.

Figure 8: HFSS and semi-analytical calculation of the total refl ection coeffi  cient of the ELCA when it is excited with a 

TE-mode and incident angle of (a),(b)300 and (c),(d)600.
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Figure 9: (a) 2D cross-section of a metamaterial-based CRA. (b) Absorption (solid line) and magnitude of refl ection 

(dashed line) coeffi  cient for three MMA confi gurations.

Figure 10: Channel capacity as a function of the signal to noise ratio for the two confi gurations.
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E.3. Design of high-capacity sensing system for CS imaging applications (Task 3.5)

E.3.a. Design of a compressive re lector for enhancing the sensing capacity

One of the most critical components of any sensing system is the amount of information it is able to extract 
about an object under test (OUT). The information is typically limited by the total number of measurements, 
and their degree of independence, that the sensing system records. In particular, the amount of information 
obtained by an electromagnetic imaging system is typically limited by practical restrictions such as the num-
ber of transmitting and receiving antennas, their locations relative to the OUT, their operating bandwidths, 
and the overall cost of the system.
From a signal processing perspective, the amount of information obtained by sensing systems can be en-
hanced using novel CS techniques, as we have previously demonstrated for this program. However, these sig-
nal processing techniques are still fundamentally limited by the quality of the measurements obtained by the 
sensing system. In order to take full advantage of CS imaging techniques, one must irst enhance the amount 
of information obtained by the recorded measurements.
In our recent work [25], we introduced the concept of a CRA for use in mm-wave applications. The CRA oper-
ates in a manner similar to that of the coded apertures utilized in optical imaging applications. By introduc-
ing scattering elements to the surface of a traditional re lector antenna, the compressive antenna encodes a 

Figure 11: Reconstructed image of the high sensing capacity for CRA: (top) metamaterial-based CRA, and (bottom), 

using an iterative CS technique (ADMM).
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pseudo-random phase front on the scattered electric ield. Figure 9 displayed an example of a CRA, in which 
metallic scatterers were randomly distributed along the surface of a traditional re lector antenna. We demon-
strated in [25] that CS imaging performance is enhanced when a compressive antenna is used in place of a 
traditional antenna.
In a more recent work [28], we developed a numerical optimization method for designing compressive an-
tennas for electromagnetic imaging applications. In our method, the constitutive parameters μ and ɛ of the 
scattering elements added to a traditional re lector antenna are carefully designed such that the sensing 
capacity of the antenna is maximized. This design technique can be posed as a non-convex optimization pro-
gram of the form:

where x is the vector of constitutive parameters, G(x) is a matrix whose columns contain the ields radiated 
by the antenna in each measurement, and the constraint forces the constitutive parameters to lie within 
speci ied bounds. At its core, the design method enhances the amount of information conveyed by the electric 
ield within the imaging region. If the electric ields radiated by the antenna in two measurements are very 

similar to each other, then little information is gained by using both measurements compared to simply using 
one. This similarity manifests itself as a decrease in the singular values of the matrix G(x), and is severely pe-
nalized by the capacity objective function in the optimization program. On the other hand, if the electric ield 
radiated by the antenna in two measurements is very different from each other then a signi icant amount 
of information is gained by using both measurements. In this case, the singular values of the matrix G(x) in-
crease, a result that is strongly favored by the capacity objective function.
The ability of the numerical design method to enhance the amount of information conveyed by a compressive 
antenna can be demonstrated visually. Figure 12 compares the electric ield radiated by the baseline tradi-
tional re lector antenna to the electric ield radiated by the optimized compressive antenna. In this example, 
the scattering elements were constrained to be purely dielectric in nature, such that μ = μ0. The pseudo-ran-
dom phase front produced by the optimized compressive antenna conveys more information ( latter singular 
values) than the fairly uniform phase front produced by the baseline antenna. 

(5)

Figure 12: Comparison of the fi elds radiated by the baseline antenna design (left) and optimized antenna design 

(right). The introduction of the scattering elements produces a pseudo-random phase front, which conveys an en-

hanced amount of information.
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F. Future Plans

• F.1 - Accelerated Nesterov-based Compressive Imaging using synthetic and experimental data (Tasks 2.3 
and 2.4)- For the next few years, the follow-on tasks and expected outcomes are the following:
o Tasks 2.3 (Year 4) – Test and validate the algorithm in the Gen-2 system. Expected outcome:  a) Accel-

erated CS imaging using Nesterov-based algorithm for coherent mm-wave system working with 400 
channels. 

o Task 3.3 (Year 5 and beyond) - Test and validate the algorithm in the Gen-3 system. Expected out-
comes:  a) Validation of the algorithm in 2D with synthetic and experimental data; b) Validation of the 
algorithm in 3D with synthetic and experimental data.

• F.2 - ADMM-based Compressive Imaging - For the next few years, the follow-on tasks and expected out-
comes are the following:
o Tasks 2.4 (Year 4) – Test and validate the algorithm in the Gen-2 system. Expected outcomes:  a) Val-

idation of the algorithm in 2D with synthetic and experimental data in the fully electronic (Mode-E) 
Gen-2 system; and b) Validation of the algorithm in 3D with synthetic and experimental data in the 
fully electronic (Mode-E) Gen-2 system. 

o Task 3.4 (Year 5 and beyond) - Test and validate the algorithm in the Gen-3 system. Expected out-
comes:  a) Validation of the algorithm in 2D with synthetic and experimental data; and b) validation 
of the algorithm in 3D with synthetic and experimental data. 

• F.3 – Design of a high-capacity sensing system for CS imaging applications. For the next few years, the 
follow-on task and expected outcome are the following.
o Task 3.5 (Years 4, 5, and beyond): Extend the design of the high-capacity sensing compressive re lec-

tor to 3D. Expected outcome:  a) Design and experimental validation of a 3D Gen-3 system presenting 
maximum sensing capacity.  

• F.4 - Accelerating Nesterov-based Compressive Imaging using multistatic FFT (including non-uniform 
FFT) - For the next few years, the follow-on tasks and expected outcomes are the following:
o Task 2.6 (Year 5 and beyond) - Test and validate the algorithm in the Gen-2 system. Expected out-

comes:  a) Validation of the algorithm in 2D with synthetic and experimental data; b) Validation of the 
algorithm in 3D with synthetic and experimental data.

o Task 3.6 (Year 5 and beyond) - Test and validate the algorithm in the Gen-3 system. Expected out-
come:  a) Validation of the algorithm in 3D with experimental data.

III. RELEVANCE AND TRANSITION

A. Relevance of your research to the DHS Enterprise

The following features will be of special relevance to the DHS enterprise:
• Non-invasive, minimally-disruptive on-the-move scanning with quality imaging and high throughput; 

fast data collection in less than 10ms.
• Full body imaging with interrupted forward movement during mm-wave pedestrian surveillance;  in 

multi-view. 
• A small number of non-uniform sparse array of Tx/Rx radar modules will minimize the cost of on-the-

move; ive transmitters + ive receivers + 10 switches.
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B. Potential for Transition

The features of on-the-move have attracted the attention of several industrial and government organizations. 
• Industrial transition partners: HXI, Inc.; L3 Communication; Rapiscan; Smiths Detection.
• Target government customers: Transportation Security Administration (TSA), the U.S. Department of 

Justice (DOJ), Customs and Border Protection (CBP), and the Department of State.

C. Data and/or IP Acquisition Strategy

The hardware and algorithmic design, integration, and validation performed under this project will contin-
ue to generate IP. In the past, several provisional patents have been submitted to Northeastern University’s 
(NEU) IP of ice, and our connection with different transition partners will facilitate its transition into indus-
try. Moreover, the hardware will also be used to create benchmark datasets that may be used by industry 
stakeholders in order to assess the performance of their reconstruction/imaging algorithms.

D. Transition Pathway 

HXI Inc. has been collaborating with our research team in the R3-B.2 project. Together, HXI and ALERT have 
designed, fabricated, integrated, and validated the radar system. We expect that after the assembling the irst 
Gen-3 prototype, HXI will license our IP and transition the technology to the mm-wave imaging market.  Ad-
ditionally, new low-cost miniaturized modules are being developed by HXI for the next generation mm-wave 
system; some of these components will be tested by the R3-B.2 PI.  
The PI has also established a working relationship with Smiths Detection and L3 Communications, which 
bodes well for future collaboration and transition.

E. Customer Connections

Customer Names & Program Of ices:
• HXI – Mr. Earle Stewart
• Smith’s Detection Systems – Dr. Kris Roe 
• L3 Communications– Dr. Simon Pongratz

Frequency of Contact & Level of Involvement in Project: 
• The PI has weekly meetings with HXI for the project.  
• The companies Smiths Detection and L3 Communications had 3 to 4 meetings with the PI last year.       

New proposals related to the topic of this research will be submitted to other federal funding agencies. 

IV. PROJECT ACCOMPLISHMENTS AND DOCUMENTATION

A. Education and Workforce Development Activities

1. Course, Seminar, and/or Workshop Development
a. Prof. Martinez-Lorenzo served as a plenary speaker in the 2015 Airport Security Conference 

with a talk entitled “Increasing ef iciency of passenger screening in light of enhanced require-
ments”. During this talk, several stakeholders learned about the R3-B.1 and B.2 projects.   

b. Prof. Martinez will be chairing a session at the 2016 the Antennas and Propagation Symposium 
on “Compressed Sensing, Sparsity and Frequency-Domain Approaches in Microwave Imaging”, 
in which he will be presenting results generated by the R3-B.1 and B.2 projects.
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2. Student Internship, Job, and/or Research Opportunities
a. Graduate students Ali Molaei, Galia Ghazi, and Luis Tirado play an important role in our research 

project. They assist in developing new hardware design and integration for the mm-wave radar 
system. 

b. Our undergraduate students Shaan Patel, Mohit Bhardwaj, Gregory Allan, Anthony Bisulco, Luigi 
Annese Chenyang Liu, Douglas Triolo, Simisola Famiusi, Darya Malkova, and Evelin D’Elia will 
continue to work in the R3-B.1 and B.2 projects. They will continue to be pillars of this project. 

c. Chenyang Liu and Darya Malkova joined the group as participants in the ALERT and Gordon-Cen-
SSIS Scholars Program. 

d. Moreover, Mohit Bhardwaj, Chenyang Liu, and Anthony Bisulco have been involved in the center 
as REU students during the 2014, 2015, and 2016 summers, respectively.

3. Interactions and Outreach to K-12, Community College, and/or Minority Serving Institution Stu-
dents or Faculty
a. The PI participated in the Building Bridges Program, in which high school students visit NEU’s 

laboratories to have a hands-on research experience in order to engage them in STEM education.
4. Other Outcomes that Relate to Educational Improvement or Workforce Development

a. Populating the research group with undergraduates brings homeland security technologies to 
undergraduate engineering students, and it establishes a pipeline to train and provide a rich 
pool of talented new graduate student researchers.

B. Peer Reviewed Journal Articles 

1. Y. Alvarez, Y. Rodriguez-Vaqueiro, B. Gonzalez- Valdes, C. Rappaport, F. Las-Heras and J. A. Marti-
nez-Lorenzo. “Three-Dimensional Compressed Sensing-Based Millimeter-Wave Imaging.” IEEE 
Transactions on Antennas and Propagation, 63(12), 23 September 2015, pp. 5868–5873. DOI: 
10.1109/TAP.2015.2481487

2. K. Williams, L. Tirado, Z. Chen, B. Gonzalez-Valdes, J. A. Martinez-Lorenzo and C. Rappaport. “Ray 
Tracing for Simulation of Millimeter Wave Whole Body Imaging Systems.” IEEE Transactions on An-
tennas and Propagation, 63(12), 05 October, 2015, pp. 5913–5918. DOI:10.1109/TAP.2015.2486801

3. B. Gonzalez-Valdes, Y. Alvarez, Y. Rodriquez-Vaqueiro, A. Arboleya-Arboleya, A. Garcia-Pino, C. Rap-
paport, F. Las-Heras and J. A. Martinez-Lorenzo. “Millimeter Wave Imaging Architecture for On-The-
Move Whole Body Imaging.” IEEE Transactions on Antennas and Propagation, 64(6), 09 March 2016, 
pp. 2328-2338. DOI: 10.1109/TAP.2016.2539372

Pending-
1. B. Gonzalez-Valdes, Y. Alvarez, S. Mantzavinos, C. Rappaport, F. Las-Heras and J. A. Martinez-Lorenzo. 

“Imaging Effectiveness of Various Multistatic Radar Con igurations for Human Body Imaging.” IEEE 
Transactions on Antennas and Propagation, accepted for publication.

2. Juan Heredia Juesas, Ali Molaei, Luis Tirado, William Blackwell and J. A. Martinez-Lorenzo. “Norm-1 
Regularized Consensus-based ADMM for Imaging with a Compressive Antenna.” IEEE Antennas and 
Wireless Propagation Letters, under review.

3. Luis E. Tirado, Galia Ghazi, Yuri Alvarez, Fernando Las-Heras and J. A. Martinez-Lorenzo. A GPU Im-
plementation of the Inverse Fast Multipole Method for Multi-Bistatic Imaging Applications. Journal 
of Applied Computational Electromagnetics Society, under review.

4. R. Obermeier and J. A. Martinez-Lorenzo. “Model-based Optimization of Compressive Antennas for 
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High-Sensing-Capacity Applications.” IEEE Antennas and Wireless Propagation Letters, under review.

C. Peer Reviewed Conference Proceedings

1. Yolanda Rodriguez Vaqueiro, Yuri Alvarez, Borja Gonzalez-Valdes, Fernando Las-Heras and J. A. 
Martinez-Lorenzo. “Fast Multistatic Fourier-based Forward and Inverse Operators for Compressive 
Sensing Imaging”. AP-S 2015 — IEEE AP-S International Symposium, Vancouver, Canada, 19-24 July 
2015.

2. J. Heredia Juesas, G. Allan, A. Molaei, L. Tirado, W. Blackwell and J. A. Martinez-Lorenzo. “Consen-
sus-based Imaging using ADMM for a Compressive Re lector Antenna.” AP-S 2015 — IEEE AP-S Inter-
national Symposium, Vancouver, Canada, 19-24 July 2015.

3. B. Gonzalez-Valdes, C. Rappaport, J. A. Martinez-Lorenzo, Y. Alvarez, F. Las-Heras. “Imaging Effective-
ness of Multistatic Radar for Human Body Imaging.” AP-S 2015 — IEEE AP-S International Sympo-
sium, Vancouver, Canada, 19-24 July 2015.

D. Other Presentations 

1. Seminars
a. Jose Martinez. “Increasing ef iciency of passenger screening in light of enhanced requirements: 

Screening at Speed using High-Sensing-Capacity Imaging Systems.” Overseas Security Advisory 
Council – Aviation Security Working Group (US Department of State), Northeastern University, 
Boston, MA, 26 May 2016. 

b. Jose Martinez. “Sensing and Imaging for security applications.” Northeastern University meeting 
with a delegation of the Chief Scienti ic Advisor to the President of Turkey, Boston, MA, 25 March 
2016.

c. Jose Martinez. “Increasing ef iciency of passenger screening in light of enhanced requirements.” 
Airport Security Conference, Barcelona, Spain, 21 November 2015.

d. Jose Martinez. “HXI-NEU radar system design, integration and validation.” HXI Inc., 21 March 
2016.

2. Poster Sessions
a. Anthony Bisulco, Luis Tirado, Galia Ghazi, Luigi Annese, Darya Malkova, Douglas Triolo, Simiso-

la Familusi and José Martinez. “Rapid Security Threat Detection via Millimeter Wave Imaging,” 
RISE: 2016, Northeastern University, Boston, MA, 7 April 2016. 

3. Interviews and/or News Articles 
a. WIRED magazine. “The woeful TSA doesn’t need more staff. It needs this tech.” 26 May 2016. 

https://www.wired.com/2016/05/forget-extra-staffers- ix-tsa-technologies/ 
b. Northeastern University News. “Future of Airport Security.”  29 April 2016. http://www.north-

eastern.edu/news/2016/04/creating-the-future-of-airport-security/ 
c. Keysight Technologies Education Corner Faculty Spotlight. “Stay ALERT – Don’t Get Hurt.” 16 

March 2016.
 http://www.keysight.com/main/editorial.jspx?cc=US&lc=eng&ckey=2708671&nid=-34792.0&

id=2708671 
d. Airport Security Conference 2016. “Increasing ef iciency of passenger screening in light of en-

hanced requirements.” http://www.airportsecurityconference.com/speaker/jose-martinez-lo-
renzo/
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