Center for Embedded Systems (CES)
Request for Proposals Template — YEAR 5

DUE: Monday, April 8, 2013, by 5 p.m.

TITLE: Feasibility Study for an RF-Based Proximity Sensor using Embedded Antennas in High Velocity

Projectiles
Pl: C.J. Hatziadoniu EMAIL: hatz@siu.edu TEL: (618) 453-7036
DEPT: Electrical and Computer SCHOOL: Engineering
Engineering
Co-Pl:  Frances Harackiewicz EMAIL: franharackiewicz@gmail.com TEL: (618) 453-
DEPT: Electrical and Computer SCHOOL:  Engineering
Engineering

ABSTRACT: (250 OR FEWER WORDS)

This project proposes to study the feasibility of an embedded RF-based proximity sensor in a high-velocity
projectile. The sensor will incorporate an RF antenna. The study will investigate the design requirements of the
antenna with regards to transmitting and receiving RF signals at significant levels and with sufficient SNR in
order to enable the detection of proximity. Along with the antenna investigation, the project will also investigate
appropriate signal processing algorithms that will enable the quick and reliable detection of proximity based on
the signals received by the antenna. One part of the methods will include numerical simulation of both the
antenna and the signal processing under variable environment. Another part of the methods will include
studying the possibility of using the projectile body as antenna and perform experimental tests in the anechoic
chamber in order to verify the antenna patterns versus frequency relation and its power requirements. The
project deliverables include (a) the data and outcomes from the investigative studies; (b) a preliminary antenna
design; (c) and a suitable signal processing algorithm for fast proximity detection. A fully developed embedded
RF-based proximity sensor will improve significantly the accuracy and efficacy of the projectile. The outcomes of
the proposed work will provide the basis for a later effort to refine, optimize and subsequently develop and test
a prototype RF-based proximity sensor. In this regard, the proposed work will be of benefit to the related
industry. The proposed work is for 1 year and the requested budget is S50k.

PROBLEM:

In certain high-velocity projectile applications, effectiveness of the projectile greatly improves when operation is
achieved at an optimum distance from a target. One method of achieving this is presetting the operation time
based on a speed-distance estimation. This method even though can provide a back-up is not always reliable or
accurate. A more accurate method is to incorporate into the projectile a proximity sensor. This project proposes
to use an RF-based sensor because it offers greater capabilities and flexibilities concerning range control
environment interference and versatility of programming and design.

The problem that this work proposes to investigate includes the following aspects of the sensor: (a) the sensor
RF antenna. The project will investigate what patterns are suitable for the particular application given the
limited size and operating conditions of the sensor. The project will also investigate using the projectile body
(with some minor modifications) as an antenna; (b) the signal processing algorithm which will provide the
proximity detection threshold is the complementary problem that this study will investigate. The primary
challenge here is the necessary accuracy and speed of the detection method in order to produce a reliable and
easily implementable sensor.
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RATIONALE:

The proposed project is necessary in order to lay the ground work for developing a prototype. Given the
importance of the sensor in improving the performance of the projectile, a significant amount of study, including
experimental work, is necessary to guarantee a successful outcome. This project provides the first significant step
in this direction.

APPROACH:

The antenna desigh must meet the criterion for impedance to match with the sensor circuitry and size to fit within
the boundary of the projectile body. In addition, the antenna design will include the frequency of operation,
polarization of signal, and shape of pattern which will give the best return for the specified projectile paths and
terrains. The trajectory, projectile, operation frequency, polarization and location of the designed antenna will
determine if a single element for transmit and receive will suffice or whether two separate elements will be
required. Once all of these design parameters are determined, the antenna types will be chosen and designed
which best match them. RF proximity development goes back to the days of WWII. A general (within security
regulations) summary article of the time [1] describes two classes of antennas that could be used in such devices:
longitudinal or ring-type and transverse or bar-type. The former giving a directivity pattern perpendicular to the
shell and thus more useful for trajectories that are horizontal. The latter giving a directivity pattern tangent to the
line of the shell and thus more useful for vertical trajectories. In [1], the longitudinal antenna is said to employ the
body of the projectile as the antenna. Although detailed specifications including dimensions are not given in [1],
they are likely not the same as in this application. The main challenge will include making the antenna compact
enough to fit in the size requirement and still perform with reliable electromagnetic requirements. One recent
advancement in compacting the size of an antenna in a projectile application, albeit to communicate with 1.6 GHz
GPS satellites, used four inverted-F type elements to fit in a cone with base diameter of 36mm [2]. If the signal
processing determines that the cone is a useable location for the antenna, something similar may be an option in
this case. Whether the antenna will be embedded in the outer surface of the shell or within the cone, it will be
designed using numerical simulation tools. A mock-up of the best design will be constructed and tested for its
circuit performance of impedance versus frequency. In addition, it will be tested in an anechoic chamber for
polarization and pattern shape. The power budget of the antenna will also be computed.

The signal processing algorithm is the critical part of the sensor with the potential to optimize the overall
detection performance. The main challenges include (a) variable environments yielding variable return ratios from
the antenna; (b) interference from asynchronous emissions from other RF sensors operating in proximity; returns
due to multiple paths—reflections from nearby obstacles; other potential malleus interference; (c) the requirement
for quick response under the previous adverse conditions, given the projectile high velocity and the short
proximity of operation required. Approaches that will be investigated to deal with these problems include (a)
budgeting the spectrum and allocating spectrum at random; (b) investigating the signal timing and modulation
properties. Typically, in this type of detection systems a burst signal is send out by the antenna while the receiver
is in silence. Subsequently, the returns are counted by the receiver and detection is achieved when a threshold is
reached [3-6]. Numerical simulation will be used to represent the antenna-environment path assuming varying
path properties (e.g. attenuation and distortion). The simulation studies will provide the sensitivity of the detection
algorithm to environment and operating conditions variations. Under the previous studies it will be possible to
improve the robustness of the detection algorithm in order to further enhance the sensor reliability.

NOVELTY:

There are two potential scientific advancements under this project: (a) the use of the projectile body as antenna
that could be useful in other applications in addition to proximity detection; (b) the characterization of the
environment under the RF signals and the development of the detection algorithm.

POTENTIAL BENEFITS TO INDUSTRY MEMBERS:



An accurate and reliable RF-based proximity sensor can significantly improve the accuracy of the projectile and
its effectiveness. This project will provide the ground work for developing and testing a prototype detector based
on the discoveries in this work.

DELIVERABLES:

The following will be delivered by the end of the project: (a) the data and outcomes from the investigative
studies; (b) a preliminary antenna design along with the power budget requirements; (c) and a suitable signal
processing algorithm for fast proximity detection.

TIMELINE/MILESTONES: (PER QUARTER)

The project duration is for 1 year. The following are the project mile stones.

Task/Milestone 15t Quarter | 2" Quarter | 3" Quarter | 4" Quarter

Investigation of the antenna

Anechoic chamber tests

Preliminary antenna design

Detection algorithm development and fine tuning

TECHNOLOGY TRANSFER:

The Pls will cooperate closely with General Dynamics—OTS for the purpose of receiving data necessary for the
investigations proposed herein and for the purpose of exchanging ideas/receiving guidance to fine tune the
research outcomes to be most practicable and applicable to developing useful technical applications.

BUDGET:

The project is requesting $50,000 for one year to be spend as follows:
Pl Hatziadoniu: $19,120

Co-PI Harackiewicz: $6,740

PhD Student (50%): $20,259

OTS (Travel, eq., etc): $3,880
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Pourboghrat.

e ‘"Faraday's Law Electric Machine Laboratory", Equipment grant (NSF 1991), with G.D. Galanos, V. Feiste
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Bayard

e Supervised 11 Undergraduate Researchers: Jon Okon, Marcy Rugland, Raoul Ouedraogo, Steven Dame,
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Project Title: Feasibility Study for an RF-Based Proximity Sensor using Embedded Antennas in High Velocity Projectiles
Center/Site: |/UCR for Embedded Systems, Southern lllinois University
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Abstract: This project proposes to study the feasibility of an embedded RF-based proximity sensor in a high-
velocity projectile. The sensor will incorporate an RF antenna. The study will investigate the design
requirements of the antenna with regards to transmitting and receiving RF signals at significant levels and
with sufficient SNR in order to enable the detection of proximity. Along with the antenna investigation, the
project will also investigate appropriate signal processing algorithms that will enable the quick and reliable
detection of proximity based on the signals received by the antenna. One part of the methods will include
numerical simulation of both the antenna and the signal processing under variable environment. Another
part of the methods will include studying the possibility of using the projectile body as antenna and perform
experimental tests in the anechoic chamber in order to verify the antenna patterns versus frequency relation
and its power requirements. The project deliverables include (a) the data and outcomes from the
investigative studies; (b) a preliminary antenna design; (c) and a suitable signal processing algorithm for fast
proximity detection. A fully developed embedded RF-based proximity sensor will improve significantly the
accuracy and efficacy of the projectile. The outcomes of the proposed work will provide the basis for a later
effort to refine, optimize and subsequently develop and test a prototype RF-based proximity sensor. In this
regard, the proposed work will be of benefit to the related industry.

Problem: The problem includes the following aspects of the sensor: (a) the sensor RF antenna. The project will
investigate what patterns are suitable for the particular application given the limited size and operating
conditions of the sensor. The project will also investigate using the projectile body (with some minor
modifications) as an antenna; (b) the signal processing algorithm which will provide the proximity detection
threshold.

Rationale / Approach: The proposed project is necessary in order to lay the ground work for developing a
prototype.

Novelty: There are two potential scientific advancements under this project: (a) the use of the projectile body as
antenna; (b) the characterization of the environment under the RF signals and the development of the detection
algorithm.

Potential Member Company Benefits: An accurate and reliable RF-based proximity sensor can significantly
improve the accuracy of the projectile and its effectiveness.

Deliverables for the proposed year: The following will be delivered by the end of the project: (a) the data and
outcomes; (b) a preliminary antenna design along with the power budget requirements; (c) and a suitable
signal processing algorithm for fast proximity detection.

Milestones for the proposed year:
Task/Milestone 1%t Quarter | 2" Quarter | 3" Quarter | 4" Quarter
Investigation of the antenna
Anechoic chamber tests
Preliminary antenna design
Detection algorithm development

Progress to Date: THIS SECTION TO BE UPDATED IN JANUARY

Estimated Start Date: August 15,2013 Estimated Knowledge Transfer Date:



