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Abstract: A summary of Lincoln Laboratory's forty-plus-year history of inventing and using
radar technology for the long-range detection and tracking of ballistic missiles, satellites,
and planets can be found in this article. The AN/FPS-17 radar in Turkey, the Millstone and
Haystack radars in Massachusetts, as well as the Ballistic Missile Early Warning System
have all been developed and used as part of this endeavor (BMEWS). Deep-space satellite
tracking and space science have benefited greatly from the usage of the Millstone and
Haystack radars. The challenge of using radar readings to track a re-entry ballistic item is
examined in this research. The topic of radar tracking of a ballistic target is quite complex,
especially when the properties of the objects entering the atmosphere of the Earth are
unknown. Since target identification is necessary to achieve good performance, the multiple
model filter is a method often used in real-world applications.
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1. Introduction

The ballistic tracking technology evolved mainly from the need to track and intercept wmd
during the cold war era. The system developed to detect any incoming long-range missiles
such as icbms this gives the advantage of early warning, impact location, countermeasures
such as interception and to counterstrike. The United States needed to confirm the existence
of the Soviet ICBM program and monitor its missile tests, which led to the development of
the AN/FPS 17 radar. Ballistic tracking has different stages of detection and interception
methods. Booster stage, midcourse and terminal phase are the three stages of any ballistic
missile. These missiles are vulnerable towards the mid-course where the missile is burn out
to re-entry earth atmosphere and is largely governed by gravity. To counter the vulnerability
icbms usually employs decoy warheads, these original and decoy splits in midcourse. This
is a serious threat to the any defense system, to detect the splitting targets many sensors are
integrated to ground based and satellite communications for initial threat missile parameter
evaluation and information dissemination. In this research, a brand-new recursive filtering
technique called RD-HCHF is suggested to cope with measurements that are distorted by
glint noise and arbitrarily delayed. The unpredictably delayed system model and the fifth-
degree SRC rule serve as the foundation for the time update. Measurement noise update as
well as state update are the two components of the measurement update. Both components
are developed using the Huber technique to increase the filter's resilience in the glint noise
condition. The GT model is also discussed and used as the state equation. According to the
simulation results, RD-HCHF performs better than HCKF, RD-HCKF, and HCHF at
handling glint noise and unpredictably delayed measurements [1].

The substrate integrated waveguide (SIW) to rectangle waveguide (RWG) transition for a
double-band terahertz slot is presented. A designed sample's frequency bands are from
164.6 GHz to 182.76 GHz and from 238 GHz to 257.9 GHz, respectively, with better than
10 dB return loss (RL) and 1.3 dB insertion loss (IL) shown by full-EM simulation. The
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transition that is being given is appropriate for multilayer MMIC processing, particularly
for substrates with significant loss as well as high dielectric constant. Every type of multi-
metallayer integrated circuit process, but especially lossy substrate processes, can leverage
this transition [2]. The performance of the complete transmission network is tested in this
article by building a material platform. To improve the balance performance of the
baseband receiver, add a proportional channel interferon after testing the operator
displacement evaluation effectiveness of the baseband section of the communication system
in accordance with actual needs. Finally, the effectiveness of the bit baseband bit error rate
is evaluated by the comparison of simulated and measured data, showing that the entire
wireless data transmission connection is capable of meeting the various design criteria for
the emergency video communication system. In order to build the fundamental technology
design machinery, this study analyses the fundamental algorithm of the application of
OFDM technology [3]. Over the past 60 years, there have been multiple rounds of
advancement in high-power planar phased array radar technology, but none as significant
as the first development that gave rise to SAFEGUARD radars. Teams of engineers and
researchers from the government, academic institutions, and business worked together to
develop them during a time of great national need. With a clear understanding of what they
wanted to accomplish, they worked on a wide range of issues, including systems analysis,
antenna theory, hardware development, and testing of experimental arrays. The
effectiveness of the radars they constructed is outstanding even by modern standards.
Several of the MSR and PAR engineers later led the creation of solid-state arrays for missile
tracking and other mission areas [4].

Using a promising deep learning technique called the Long-Short Term Memory (LSTM)
Network, the challenge of calculating the trajectory of a ballistic object, particularly a
ballistic missile, and its launch point based on radar measurements is taken into
consideration in this research. The Kalman Filter is implemented using the traditional
method of trajectory estimation, which simply relies on the dynamic model of a missile
(KF). However, since it would be challenging to distinguish the flight phase of the missile
using only radar observations and since the dynamics of missiles change during different
flight phases (such as the boost, ballistic, and reentry phases), here we propose a model-
free method that makes use of the LSTM for the estimation. By employing the provided
technique, we are able to precisely estimate the trajectories and launch sites of ballistic
missiles while ignoring the dynamics and missile flight system parameters [5]. The article
discusses multipurpose radars and radiolocation equipment designed to find and follow
small, fast-moving ballistic objects. This feature is implemented by using adaptive
algorithms and space search technologies for the identification and tracking of air objects
in addition to the standard search and tracking of items in regulated airspace. This page
provides instances of both types of gadget construction made by foreign businesses and
Polish industry. The approaches for assessing radars with the ability to track small, fast-
moving ballistic projectiles are presented in the parts that follow, along with illustrations of
the observations made of battle ammunition [6]. Maximum Correntropy Sparse Gauss-
Hermite Quadrature Filter (MCSGHQF), a novel robust filter, is suggested. The unique
approach uses the sparse Gauss-Hermite quadrature (SGHQ) rule to numerically compute
Gaussian-weighted integrals that are propagated through a nonlinear state equation, and
then it takes a weighted means and covariance. The measurement update is modified based
on the maximum correntropy criterion rather than the minimal mean square error since the
sensor data are always tainted by non-Gaussian noise, which is often glint noise or mixed
Gaussian-impulsive noise. As a result, the MCSGHQF might show resilience to non-
Gaussian measurement noise, particularly impulsive noise. The paper also suggests using
MCSGHQF to track ballistic missiles during their midcourse phase in order to deal with
non-Gaussian noise. By using Monte-Carlo simulations, the tracking performance is
compared to that of the SGHQ filter (SGHQF), Huber-based filter, and extended Kalman
filter. The simulation findings show that the MCSGHQF performs well in the mixed
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Gaussian-impulsive noise condition and outperforms Huber-based filters in the glint noise
case [7].

2. Types of Radar for Ballistic Tracking System

Millstone Radar- The Millstone Hill Radar uses Thomson backscattering from ionospheric
electrons to derive height- and time-resolved plasma drift velocities, electron and ion
temperatures, electron densities, ion composition, and ion-neutral collision frequencies.
These parameters provide additional information about the neutral gas, neutral
temperatures, and wind and electric fields present in the medium. The incoherent scattering
technique provides observations of many of these parameters over an altitude range from
less than 100 km to a thousand kilometers or more. Methods have been developed that allow
these measurements to be made with a height resolution of hundreds of meters. The full
controllability of the radar allows horizontal gradients and structure to be examined along
with vertical variations.

Haystack Radar- Haystack Ultrawideband Satellite Imaging Radar (HUSIR) is the
primary ground-based radar sensor used by ODPO and provides orbital debris data down
to approximately 5.5 mm in size below 1000 km altitude radar pedestal using the NASA
Size Estimation Model (SEM).

- Tracking Radar

Rotating 2-8 Ghz
Signal Sensor

\ Radar Pedestal

Search Radar

Radar Pedestal

Figure 1. Radar Pedestal

In radar, the antenna array assembly is called a pedestal. It is also called a turntable device
for supporting and positioning the antenna. Monopoles tracking, conical scanning, and lobe
switching are techniques for angle tracking. A reflector antenna has one or more reflecting
surfaces that are paraboloidal, hyperboloidal, spheroidal, etc. and is most commonly used
in communication satellites for its simple design, light weight, and high gain. A primary
antenna is used to track a moving signal source, such as a communications satellite. The
secondary antenna has a larger beam width than the primary antenna and receives the same
tracking signal from the satellite. The primary antenna follows a search pattern that causes
changes in signal amplitude depending on the relative position of the satellite and the
position of the antenna Various methods of scanning space with an antenna pattern for a
complete scanning purpose allow the azimuth and elevation angles of the antenna to be
controlled separately. In the radar base there are the following assemblies, which are
partially duplicated for various reasons:1. a powerful electric motor that rotates the top of
the base via a rotating ring (basically via a gear where the teeth are mounted inside); an
encoder that transmits the current alignment position of the antennas to the radar
electronics.
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The sole purpose of a ballistic missile is to carry an explosive warhead from the point of
launch to the point of impact or target. Both points are on the trajectory and on the Earth's
surface. To detect the launch of one or more ballistic missiles for early warning purposes,
search the Subsystem in Use. A tracking system is used to keep the rocket on the correct
flight path during powered flight. The propulsion system accelerates the missile to the speed
at which it enters ballistic flight, which is a predetermined flight path behind atmosphere.
Tracking a spiraling ballistic target at high speed is a complex state estimation problem due
to the violent spiraling motion caused by the reentry atmosphere. This is mainly due to
aerodynamic resonance between pitch and yaw or pitch and roll [8]. The challenge of hitting
high speed rockets in the exo-atmosphere the environment was overcome using capable
interceptors. Using loose baits from the missile body has the potential to dramatically
reduce the effectiveness of the missile current fighter inventory. Solutions include the
development of a new platform or an upgrade to existing capture sensors and tracking
algorithm [9]. The tracking subsystem consists of a search subsystem, a speed control
system, a receiver and a pedestal control box. The accuracy of the tracking subsystem
depends on the accuracy of the speed control system [10].

3. Parameters for ballistic tracking system

Ballistic Asset tracking systems can include the use of barcodes, contact memory buttons,
radio frequency identification and GPS. The purpose of these systems is to automate,
improve and streamline the inventory process. Tracking radar systems are used to measure
target range, azimuth angle, elevation angle and speed also predict future values. Target
tracking is important for military and civilian purposes such as missile guidance and airfield
traffic control. Target tracking is divided into two parts: Single target & Multiple targets.

Single Target: In this tracking system, wide beam antennas are less accurate than narrow
beam antennas. In tracking processes, the radar used narrower beams. LOS (line of sight)
is called the radar tracking axis. The error signal describes how much the target has deviated
from the main axis of the beam. The radar tries to produce a zero-error signal, which is
azimuth and elevation error.

Sequential lobing — Sequential lobbing is often referred to as lobe switching or sequential
switching. Its accuracy depends on the width of the pencil beam is very simple to
implement. It measures the difference between the voltage levels of the echo signals.

Conical scan- It is an extension of sequential lobbying. The antenna feed rotates around
the antenna axis. An envelope detector is used to extract the amplitude of the return signal.

Monopulse Amplitude Compression- This type is more accurate than sequential and
conical scans. The power supply generates four beams simultaneously with one pulse. The
four beams are in phase but have different amplitudes. Four sources, mainly horns, are used
to create a monopulse antenna pattern.

Monopulse with phase compression- It is the same as the last type, but here the amplitude
is the same for four beams with different phases. Monopulse tracking radars use at least a
two-element antenna for phase comparison.

R=cT,/2

where, c is the speed of sound and Tr is the round-trip time measured sec.
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4. Conclusion

Several significant applications exist for the intriguing technical problem of tracking a
ballistic projectile. In general, a stochastic nonlinear dynamics model is necessary to
understand the motion of a ballistic target. This short note study covers the issue of track
extrapolation of a ballistic target during the re-entry phase. The creation of a target state
estimate system for monitoring a ballistic target is the primary goal of this study.
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