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Abstract

Modern radar systems are hierarchical information-reduction architectures optimized to pre-
serve operationally useful targets while suppressing clutter, ambiguity, and statistically incon-
sistent returns. Under conventional target behavior, these processing assumptions are highly
effective. However, sufficiently nonstationary target dynamics may interact with matched fil-
tering, coherent integration, Doppler processing, clutter rejection, and persistence logic in ways
that reduce operational observability even when reflected signal energy remains physically de-
tectable.

This paper presents a systems-level observability framework examining how coupled degra-
dation across the radar-processing hierarchy may influence detection stability, coherent gain,
clutter separability, and track persistence. Reported UAP observations involving intermittent
radar persistence, unstable tracking, or ambiguous Doppler behavior provide one operational
motivation for examining such observability limits.

The analysis does not invoke new radar physics or unconventional sensor phenomena. In-
stead, it organizes several well-known radar-processing mechanisms into a unified operational
framework emphasizing how observability emerges from the interaction between target dynamics
and the assumptions embedded throughout modern radar-processing architectures.

Nomenclature
Symbol Meaning Symbol Meaning

Pt Transmit power Gt, Gr Transmit and receive antenna gain
λ Radar wavelength σ Radar cross section
R Target range F One-way propagation factor, loss rel-

ative to free space loss
Ls System losses Ts System noise temperature
Pn Receiver thermal-noise contribution Pj Interference or jammer contribution
Pc Clutter contribution Gpc Pulse-compression gain
Gsp Coherent or noncoherent processing

gain
Ic Clutter improvement factor

TCPI Coherent processing interval fD Doppler frequency
∆fD Doppler spread Ṙ Radial velocity
R̈ Radial acceleration j Jerk
C Clutter related terms W Waveform characteristics

1



1 Introduction

The radar equation is the foundation of radar detectability analysis. It determines whether suffi-
cient reflected signal energy should exist at the receiver for a target to be observed above receiver
noise and environmental interference. Operational radar systems, however, do not merely measure
reflected signal power. Modern radar architectures progressively transform, filter, compress, clas-
sify, and reject information through multiple stages of signal processing optimized around expected
target behavior.

This distinction is important because radar systems are not intended to preserve every physically
possible return. They are specifically optimized to preserve operationally meaningful targets while
suppressing clutter, weather, multipath, sidelobes, biological returns, interference, and dynamically
inconsistent signals.

Consequently, a target may satisfy the classical radar equation while still being operationally re-
jected by the radar-processing chain itself.

By the time an operational radar system declares and maintains a stable track, substantial portions
of the original signal environment may already have been suppressed, filtered, decorrelated, or
discarded through successive stages of waveform processing, Doppler filtering, clutter rejection,
persistence evaluation, and track-confirmation logic.

Reported UAP observations provide one operational context motivating examination of how modern
radar-processing architectures may interact with sufficiently unconventional or nonstationary target
behavior. In several publicly discussed cases, airborne radar returns were described as intermittent,
difficult to maintain in track, weakly persistent, or dynamically inconsistent with conventional
target expectations. The present work does not attempt to validate such observations. Instead, it
examines how known radar-processing mechanisms may influence operational observability under
sufficiently nontraditional target dynamics. It identifies stages at which non traditional target
dynamics may cause targets to not be consistently detected even though they appear to satisfy the
criteria of the standard radar range equation.

The principal contribution of this work is the organization of several well-known radar-processing
mechanisms into a unified operational observability framework emphasizing coupled degradation
across matched filtering, coherent integration, clutter rejection, and track persistence.

2 The Radar Equation as a Processing Baseline

The monostatic radar equation may be written as

SNR =
PtGtGrλ

2σGpcGspF
2

(4π)3R4Ls(Pn + Pj + Pc)
.

This form of the radar range equation recognizes detection limits considering internal electronic
noise (Pn), clutter returns (Pc), and even jammer noise (Pj). To offset these terms in the de-
nominator, the radar builds upon the transmitter and receiver power and gain characteristics (Pt,
Gt, and Gr) with signal processing gains that result from waveform design and the application of
signal processing algorithms to match filter each pulse (Gpc) and optimize gain from pulse to pulse
through various forms of clutter rejection and coherent and non-coherent integration (Gsp).
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Several terms within the radar equation are already implicitly dependent upon target behav-
ior. Pulse-compression gain depends upon waveform matching and Doppler stability. Coherent-
processing gain depends upon stable phase evolution during the coherent processing interval. Clut-
ter contribution depends upon separability between target returns and environmental clutter.

Classical radar theory already incorporates certain forms of target variability through fluctuating-
target models such as the Swerling classes, which account for statistical variations in radar cross
section across pulses or scans. However, Swerling-type models primarily address amplitude fluctu-
ation and do not generally capture degradation mechanisms associated with non-traditional pro-
gression of Doppler and phase within one pulse and across multiple pulses, nor does it address
challenges with unusual target dynamics that make transition-to-track more difficult.

3 Radar Processing as a Hierarchical Information-Reduction Sys-
tem

Modern radar systems progressively reduce information through multiple processing stages. At each
stage, assumptions are introduced regarding expected target behavior. Information inconsistent
with those assumptions is increasingly suppressed.

At the shortest time scales (microseconds), individual pulses are processed using matched filtering
and waveform-specific assumptions to maximize signal-to-noise ratio and range resolution. At
intermediate time scales (milliseconds), multiple pulses are coherently integrated within a dwell to
estimate Doppler structure and suppress clutter. At longer time scales (on the order of a second),
detections across multiple dwells are associated into tracks through persistence logic and state-
estimation filters.

Each processing stage reduces uncertainty while simultaneously discarding information deemed
statistically inconsistent with expected target behavior. This is an important point to recognize,
that there is an expected behavior for which any radar is optimized to detect.

The difficulty arises when target behavior violates one or more of these assumptions. Under such
conditions, degradation may propagate through multiple processing stages simultaneously.

Raw I/Q Samples
and Pulse Returns

Single-Pulse
Matched Filtering

Dwell Processing
Coherent Integration

Clutter Rejection
Doppler Filtering

Multi-Dwell
Track Formation

Waveform mismatch
reduces Gpc

Doppler discontinuities
reduce Gsp

Unusual dynamics
prevent track declaration

Microseconds Milliseconds Seconds

Figure 1: Hierarchical radar processing as progressive information reduction across time scales.
Each stage improves operational usability by suppressing clutter, noise, and inconsistent returns,
but each stage also introduces assumptions that may be violated by nontraditional target dynamics.
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4 Single-Pulse Processing and Pulse-Compression Assumptions

Single-pulse processing forms the first major stage of operational radar information extraction.
Radar systems transmit coded or uncoded waveforms and apply matched filters to maximize signal-
to-noise ratio and improve range resolution.

Matched filtering assumes that the received signal remains approximately a delayed replica of
the transmitted waveform. Under conventional target behavior, this assumption is generally well
satisfied and the matched filter concentrates signal energy into a narrow pulse-compression peak.

For a nominal received signal,

sr(t) ≈ st(t− τ),

the matched filter produces maximum coherent gain because the received waveform remains highly
correlated with the reference waveform.

However, sufficiently nonstationary target motion may violate this assumption. Rapidly varying
radial velocity, acceleration, micro-motion, or evolving target geometry may introduce nonlinear
phase evolution and time-varying Doppler shifts across the pulse interval itself. In this case, the
received signal becomes more accurately represented as

sr(t) = st(t− τ(t))ejϕ(t),

where both delay and phase evolve dynamically during the pulse.

Under these conditions, different portions of the pulse no longer combine coherently within the
matched filter. Instead of concentrating energy into a compact compression peak, the target re-
turn may exhibit broadened response structure, elevated sidelobes, reduced peak amplitude, and
redistribution of energy across range-Doppler space.

This effect may be interpreted as displacement away from the nominal ambiguity-function peak as-
sumed by the matched filter. The resulting mismatch reduces effective pulse-compression efficiency,

ηpc =
Gpc,eff

Gpc,ideal
< 1,

where Gpc,ideal represents the nominal matched-filter compression gain and Gpc,eff represents the
realized gain under waveform mismatch and nonstationary target dynamics. Importantly, the
total reflected signal energy may remain approximately unchanged even while coherent energy
concentration within the matched filter is degraded.

The effect becomes especially important for wideband pulse-compression waveforms, phase-coded
waveforms, and chirped systems in which matched-filter performance depends strongly upon stable
Doppler evolution and coherent phase structure.

Degradation introduced during matched filtering and pulse compression may propagate directly
into later Doppler-processing stages because broadened or distorted matched-filter outputs alter
the stability of subsequent phase estimation and Doppler concentration. Consequently, pulse-
compression mismatch and coherent-integration degradation should not necessarily be treated as
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independent phenomena. Instability introduced during early waveform processing may propagate
forward through the radar-processing hierarchy and influence clutter rejection, persistence evalua-
tion, and eventual track stability.

The example waveform shown here is a useful example of the type of phase coding that could be
used in an operational radar system. A pseudorandom sequence is used and continuously phase
coded to create a waveform that offers good jammer resistance and gain vs. noise. To consider the
impact of strong, non-traditional target dynamics, a non-corrected Doppler shift associated with
a speed of Mach 3 is applied, and a phase discontinuity is inserted into the received target. The
uncorrected Doppler shift reflects the presence of a high speed target for which the Doppler shift
has either been partially corrected or not corrected, and the phase discontinuity represents unusual
target dynamics that might occur within one pulse width that result in an apparent small step-shift
in position.

The phase code progression of the ideal transmitted pulse is shown, where a shift upward or
downward in time represents the encoding of a 1 or 0 for each ’chip’ interval. The apparently random
sequence of progressions upward and downward across the pulse encode the pseudorandom sequence
of 1’s and 0’s. For the distorted pulse, the phase will deviate somewhat from this progression as
the phase distortion effects discussed are applied.

Figure 2: Representative phase evolution of an MSK PN-coded waveform used in the matched-
filter simulations. Continuous-phase modulation preserves nominal coherence under ideal condi-
tions; however, sufficiently rapid phase discontinuities, nonlinear Doppler evolution, or acceleration-
induced phase instability may degrade coherent pulse compression and matched-filter performance.

Next the ideal response (solid blue) of the encoded waveform is compared to the response of the
distorted pulse (dashed red). The peak in the center represents the target response, and the
time sidelobes are artifacts of the phase coded pulse that is used. The peak of the distorted
response is lower than the ideal response, while the sidelobe structure remains similar. The shift
in power between the ideal and distorted response in this case is approximately 6 dB, representing
a significant degradation in the total detected power. Also, the relative amplitude of sidelobes
in the distorted case are larger relative to the main echo when compared to the ideal case. This
represents significant degradation that could result in the processing gain if a target were to behave
in a way that represents high Doppler and location/speed discontinuities that are not expected
with traditional targets. For search modes for traditional targets, Doppler compensation can be
applied at a cost of processing, or Doppler tolerant modulation schemes can be applied (which are
often less jam resistant). If there remains uncorrected Doppler, or if other phase discontinuities
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occur because of near-instantaneous changes in the target, then significant degradation can occur
in detectability at those moments where these conditions are encountered.

Figure 3: Ideal versus distorted matched-filter response for a 10 MHz MSK PN-coded waveform
with time-bandwidth product 256. The distorted case includes a 20◦ phase discontinuity and
uncorrected Mach 3 Doppler shift at 3 GHz. Nonstationary phase evolution redistributes coherent
energy away from the nominal ambiguity-function peak, broadens the matched-filter response, and
reduces effective pulse-compression gain by 6 dB despite preservation of reflected signal energy.

5 Dwell Processing, Doppler Stability, and Coherent Integration

Following single-pulse processing, modern radar systems coherently process multiple pulses within
a dwell. The dwell represents one of the most important operational units of radar signal processing
because it establishes the basis for Doppler estimation, clutter rejection, coherent gain, and target
persistence.

Within a coherent dwell, radar systems estimate:

• target Doppler frequency,

• clutter structure.

Conventional coherent processing assumes that target phase evolves approximately linearly across
the coherent processing interval (CPI). Under this assumption, pulse-to-pulse phase progression
remains sufficiently stable that signal energy coherently accumulates within a compact Doppler
region. This coherent accumulation increases effective signal-processing gain and enables strong
discrimination between moving targets and environmental clutter.

For a target with approximately constant radial velocity, the received phase evolution across suc-
cessive pulses may be represented as

ϕn ≈ 2πfDnTr,
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where fD is Doppler frequency and Tr is the pulse repetition interval. Under these conditions,
the target return remains highly concentrated within a narrow Doppler filter bin and coherent
integration achieves near-optimal gain.

However, sufficiently nonstationary target dynamics may violate this assumption. Rapid accel-
eration, jerk, micro-motion, evolving geometry, or nonlinear radial-velocity evolution may cause
Doppler frequency itself to vary significantly during the CPI. In this regime, the received phase
progression no longer remains approximately linear across successive pulses.

Instead, the target phase may evolve more generally as

ϕn = 2π

∫ nTr

0
fD(t) dt,

where Doppler frequency becomes time dependent during the coherent integration interval.

Under these conditions, pulse-to-pulse phase alignment becomes increasingly unstable. Rather
than coherently accumulating within a compact Doppler region, target energy may spread across
multiple Doppler bins within the filter bank. This produces several important effects:

• reduced coherent peak response,

• Doppler spreading,

• and reduced clutter separability.

Importantly, this does not necessarily imply that total reflected signal energy disappears physically.
Instead, coherent energy concentration degrades because portions of the return no longer combine
constructively within the Doppler-processing architecture.

The resulting degradation may be represented conceptually through an effective coherent-processing
efficiency,

ηsp =
Gsp,eff

Gsp,ideal
< 1,

where Gsp,ideal represents nominal coherent integration gain and Gsp,eff represents the realized gain
under dynamically unstable phase evolution.

This distinction is operationally important because radar detection thresholds are generally applied
locally within Doppler filter outputs rather than to the total integrated signal energy distributed
across the entire filter bank. Consequently, a target may retain substantial total reflected energy
while simultaneously failing to exceed threshold within any individual Doppler cell.

The effect becomes especially important for long coherent processing intervals, high-resolution
Doppler processing, narrow filter banks, and systems relying heavily upon stable Doppler discrim-
ination for clutter suppression. Targets exhibiting rapidly varying radial velocity or intermittent
phase stability may therefore experience simultaneous degradation in coherent integration, clutter
rejection, and persistence behavior.

Importantly, these mechanisms are not independent. Once coherent energy concentration begins
to degrade, clutter separability weakens, Doppler estimation becomes less stable, and subsequent
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transition-to-track logic may become increasingly vulnerable to intermittent or statistically incon-
sistent target behavior. Coherent-integration degradation should therefore be viewed not as an
isolated signal-processing artifact, but as a mechanism capable of propagating instability through-
out multiple stages of the operational radar-processing hierarchy.

An example is shown where an S-band (3 GHz) radar return is simulated. In this case, a 32 pulse
coherent dwell with a 0.2 mS pulse spacing or pulse repetition interval (PRI) is used where the
return includes low velocity precipitation signal and a higher radial velocity target. Because of
Nyquist sampling limits, this dwell can only unambiguously, within one dwell, identify correctly
velocities up to 125 m/s. This still allows for the separation of clutter and target returns, but
multiple dwells with staggered PRIs would be required to accurately resolve the target velocity.
The weather return is accurately simulated as a fluctuating spectrum of Gaussian shape, and the
target is considered to be non-fluctuating (an ideal target) over the dwell period. The clutter
and target returns are of equal power, separated in Doppler frequency. Both have a power level
that is 30 dB above the noise floor. The signals are combined and processed using a Fast Fourier
Transform (FFT) structure with a Chebyshev window. The signals are presented separately for
discussion, with the clutter shown as a solid blue line and the target shown as dashed red. In
the upper subplot, no distortion occurs in the target, and the phase shift from the target across
the dwell is consistently that of a 125 m/s inbound object. In the second subplot, the velocity
of the target is shifted in step amounts, with near instantaneous accelerations and a slight phase
discontinuity, every 8 mS. It progresses from 125 m/s to 100 m/s, then to 75 m/s, and eventually to
50 m/s, all within one dwell. The signal content is heavily distorted, and the phase discontinuities
add effective noise to the target spectrum. The upper suplot shows the clear separability of the
clutter and target. The ability to visually observed the target signal at a Doppler frequency that
is different from the clutter allows for a clean detection of the target, even when the target and
clutter powers are similar or when the clutter power is much larger. Simple Doppler filtering rules,
using either an actual filter, or selection of a subset of filter bank outputs for the target, or even
MTI or MTD processing, would allow for detection of the target from clutter, simply because the
two are displaced in Doppler frequency. For the lower subplot, however, this would be much more
complex. The target signature is not as clear, and detection may be inconsistent as the signal
processor struggles to identify what is a target and what is clutter return. A missed detection or
inconsistent detections might be expected, simply because the target followed a velocity profile that
is unexpected for known, traditional propulsion modes.

6 Clutter Rejection as a Statistical Discrimination Problem

Conventional radar clutter rejection operates fundamentally as a statistical discrimination prob-
lem. Radar-processing chains are designed around the assumption that targets and clutter occupy
distinguishable regions of Doppler space, phase space, persistence space, and spectral space.

The central argument developed here is that certain forms of nonstationary target dynamics may
partially overlap clutter statistics and therefore degrade clutter separability itself. Under such
conditions, clutter-rejection filters may unintentionally suppress portions of the target return.

This effect may be represented conceptually as

Ic = Ic(Ṙ, R̈, j,∆fD, TCPI, C,W ).
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Figure 4: Conceptual illustration of Doppler-filter-bank response degradation under nonstation-
ary target behavior. The upper panel shows an idealized coherent Doppler response in which
target energy remains concentrated within a stable Doppler region distinct from surrounding clut-
ter structure. The lower panel illustrates representative degradation resulting from pulse-to-pulse
decorrelation, nonlinear Doppler evolution, acceleration-induced phase instability, or dynamically
varying target motion. Under such conditions, reflected energy may spread across adjacent Doppler
bins, overlap clutter-rejection regions, and reduce coherent integration efficiency even when reflected
signal power remains physically present within the receiver.
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Table 1: Representative mechanisms by which nonstationary target dynamics may degrade clutter
separability and clutter improvement factor.

Target Behavior Radar-Processing Ef-
fect

Why Clutter Rejection
Degrades

Potential Opera-
tional Consequence

Rapidly varying
radial velocity

Doppler spreading and
phase instability

Target energy broadens
across Doppler bins and
begins resembling clutter
leakage or incoherent envi-
ronmental returns

Reduced clutter sepa-
rability and loss of co-
herent gain

Near-zero radial
velocity or hover-
ing

Overlap with clutter
notch and low-Doppler
suppression regions

Many clutter filters in-
tentionally suppress low-
Doppler returns associ-
ated with stationary clut-
ter

Partial or complete
suppression of target
return

Intermittent
visibility or fluctu-
ating amplitude

Loss of persistence and
unstable temporal be-
havior

Target begins resembling
scintillation, multipath,
sea clutter, or weather
decorrelation

Track instability and
reduced association
confidence

Abrupt accelera-
tion or maneuver-
ing

Rapid Doppler migration
and phase decorrelation

Target no longer occupies
a compact moving-target
region in Doppler space

Degraded coherent in-
tegration and clutter
rejection

Operational discussions associated with F/A-18 Super Hornet operations following the introduction
of electronically scanned AESA radar systems provide a useful illustrative example of how radar-
processing architecture may influence operational observability. Publicly described observations
indicated that some airborne returns appeared intermittently observable, difficult to maintain in
track, or exhibited degraded measurement stability as apparent radial velocity decreased and the
objects became nearly stationary relative to the surrounding air mass [5, 6]. Such behavior is
qualitatively consistent with classical Doppler-clutter limitations in pulse-Doppler radar systems
[4, 1].

Importantly, a target does not need to be physically stationary to overlap clutter suppression
regions. It need only exhibit sufficiently small radial velocity relative to the radar,

Ṙ ≈ 0.

Under such conditions, target returns may partially overlap Doppler regions intentionally sup-
pressed by moving-target-indicator (MTI) and clutter-rejection filters, since these regions are typi-
cally dominated by terrain, sea clutter, weather returns, and environmental reflections. As a result,
low-radial-velocity or intermittently observable targets may experience degraded clutter separa-
bility, unstable persistence behavior, or inconsistent track retention even when sufficient reflected
signal energy remains physically present.

The transition from mechanically scanned radar architectures to electronically steered AESA sys-
tems is particularly important in this context. Mechanically scanned systems are fundamentally
constrained by antenna inertia, fixed revisit geometry, and limited adaptive dwell control. Elec-
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tronically steered AESA systems, by contrast, permit substantially faster revisit flexibility, adaptive
beam scheduling, improved multi-target persistence, enhanced Doppler discrimination, and more
sophisticated multi-dwell track correlation.

Consequently, changes in radar-processing architecture may materially alter the operational observ-
ability boundary for ambiguous or dynamically inconsistent returns. Returns previously discarded
as clutter-like, low-confidence, intermittent, or dynamically inconsistent may remain operationally
retainable for longer periods within the processing chain even when no new radar physics is involved.

The present discussion is intended only as an illustrative operational example of how processing
architecture may influence observability boundaries and should not be interpreted as quantitative
validation of the mechanisms proposed here.

The discussion is intended only to illustrate how changes in radar-processing architecture may alter
operational observability boundaries and should not be interpreted as direct evidence regarding the
physical nature of reported objects.

7 Detection Versus Operational Observability

Operational radar systems progressively reduce information and increase statistical confidence be-
fore declaring a valid target. A return exceeding threshold during a single dwell may still fail later
stages of persistence logic, association, or track confirmation.

Operational observability may therefore be represented conceptually as

Pobserve = PdetectPassociatePpersistPtrack.

This decomposition highlights an important distinction. A target may remain physically detectable
while simultaneously becoming operationally invisible because the processing chain redistributes,
suppresses, decorrelates, or rejects portions of the return before track formation occurs. Current
approaches typically focus on rejecting those signal elements that are not expected and do not
represent a traditional target as ’clutter’. Continuity or persistence is typically evaluated through
techniques based on Kalman filter techniques, where target dynamics form the basis for considering
whether different measurements are related to a common target track. In this way, measured
dynamics (acceleration, velocity) typically form the baseline from which continuity and persistence
is measured. And this is often done after all other ’non-target’ signals are discarded. The result
is that if a target exhibits non-traditional dynamic behavior, with apparent step movement or
significant acceleration beyond what is deemed probable, then by definition this possible target is
discarded as multiple elements of clutter or noise.

The examples shown in Fig. 5 [1,3,7] demonstrate that radar systems routinely exploit complex
feature-space behavior when characterizing clutter structure, rotating scatterers, and dynamically
evolving returns. Operational radar processing therefore already extends well beyond simple point-
target energy detection. Sea clutter produces dense low-Doppler spectral morphology with strong
temporal fluctuation, while helicopter rotor modulation generates characteristic micro-Doppler side-
bands and rapidly evolving coherent structure. These examples illustrate that operational observ-
ability may depend strongly upon preserving broader spectral and temporal morphology rather than
aggressively filtering statistically unusual returns at early processing stages. There is more infor-
mation that can be extracted from these figures that leads to a conclusion about what phenomena
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(a) Sea clutter exhibiting dense low-Doppler spec-
tral structure and temporal fluctuation.

(b) Helicopter rotor returns generating character-
istic micro-Doppler modulation and time-varying
spectral sidebands.

Figure 5: Representative examples of operational radar feature-space morphology. Modern radar
systems already exploit extended spectral and temporal morphology rather than relying solely upon
isolated point-target detections. Sea clutter produces dense low-Doppler spectral structure with
strong temporal fluctuation, while helicopter rotor modulation generates distributed micro-Doppler
behavior and rapidly evolving coherent structure. These examples illustrate that sufficiently non-
stationary target behavior may likewise produce distributed feature-space structure that interacts
nontrivially with coherent integration, clutter rejection, and persistence logic.

are being observed than just the presence or absence of power above some velocity threshold.

The opportunity exists to refrain from aggressive filtering and reduction of data to instead leveraging
more complex features, beyond those limited to target dynamics, and evaluating continuity and
persistence in a more complete manner. If one were to relax target dynamic constraints, the main
tool for evaluating continuity and persistence would be removed from most radars. Replacing this
with a more complete set of continuity metrics across a broader set of features, such as those that
could be extracted from these time-Doppler maps of sea surface returns and blade flashes, would
allow for evaluating of targets that do not follow the well behaved dynamics of traditional target
types.
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8 Conclusions

Operational radar observability depends not only upon reflected signal energy predicted by the
classical radar equation, but also upon the assumptions embedded throughout the radar-processing
hierarchy itself. Modern radar systems are fundamentally hierarchical information-reduction ar-
chitectures. At each stage of processing, radar systems progressively suppress uncertainty, clutter,
ambiguity, and statistically inconsistent returns in order to preserve operationally useful targets
while maintaining manageable false-alarm rates and computational tractability.

Under conventional target behavior, these assumptions are highly effective and represent the foun-
dation of modern radar operation. However, sufficiently nonstationary target dynamics may inter-
act with multiple processing stages simultaneously in ways that reduce operational observability
even when reflected signal energy remains physically detectable. The central argument of this
work is therefore not that existing radar systems are improperly designed, nor that the underlying
degradation mechanisms are individually unknown within radar engineering, but rather that these
mechanisms may couple across the processing hierarchy in operationally important ways.

Particular emphasis has been placed on the interaction between target dynamics and pulse-compression
stability, coherent integration, Doppler filtering, clutter separability, persistence evaluation, and
transition-to-track logic. Rapidly evolving target motion, nonlinear phase evolution, intermittent
observability, low radial velocity, or dynamically inconsistent kinematics may produce conditions
under which reflected energy is redistributed across range-Doppler space, coherent gain is reduced,
clutter discrimination becomes unstable, or track persistence logic fails to maintain operational
continuity.

Importantly, many of these effects arise not because signal energy disappears physically, but be-
cause modern radar architectures are intentionally optimized around expected target statistics and
conventional operational trajectories. In this sense, operational observability becomes a probabilis-
tic systems property emerging from the interaction between target behavior and the assumptions
embedded within the processing chain.

The discussion surrounding transitions from mechanically scanned radar systems to electronically
steered AESA architectures provides a useful operational illustration of this principle. Improve-
ments in revisit flexibility, adaptive dwell allocation, clutter suppression, coherent processing, and
persistence logic may materially alter the operational observability boundary for ambiguous or dy-
namically inconsistent returns without requiring invocation of new radar physics. Such observations
reinforce the broader conclusion that observability is not solely determined by target reflectivity or
signal power, but also by the structure and behavior of the radar-processing architecture itself.

The present work should therefore be viewed primarily as a systems-level conceptual framework
intended to organize several well-known radar-processing phenomena into a unified observability
perspective.

The present analysis does not require invocation of new radar physics, exotic propagation mecha-
nisms, or unconventional sensor phenomena. The degradation mechanisms discussed here arise from
known properties of coherent radar-processing architectures operating under assumptions optimized
for conventional target behavior. The paper does not claim discovery of new radar physics, nor
does it attempt to provide a complete quantitative model for anomalous target behavior. Instead,
it identifies coupled processing mechanisms that may warrant more rigorous future investigation
through simulation, controlled waveform analysis, ambiguity-function studies, clutter modeling,
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and experimentally validated track-persistence analysis.

Understanding such observability limits may become increasingly important as modern radar sys-
tems encounter more crowded electromagnetic environments, autonomous platforms, low-observable
systems, distributed clutter environments, and operational reports involving dynamically inconsis-
tent radar returns.

Future work may therefore focus on quantifying the conditions under which nonstationary tar-
get dynamics materially degrade coherent integration, clutter separability, or persistence behavior
across modern radar architectures. Particularly important areas include waveform mismatch sen-
sitivity, low-Doppler clutter overlap, adaptive CPI stability, ambiguity-function deformation under
nonlinear motion, and probabilistic track-survival modeling under dynamically inconsistent target
trajectories. The replacement of assumptions of target dynamics to provide continuity between de-
tections may be replaced with a more feature rich methodology which aims to not suppress signals
at each step of the processing, but instead maintain all elements and look for continuity in the
latest stages of processing using these features.

Ultimately, the principal contribution of this paper is the observation that radar observability is
not solely a question of whether energy is reflected back to the sensor, but whether the reflected
energy survives long enough, coherently enough, and consistently enough to propagate through
the operational radar-processing hierarchy and emerge as a retained, persistent, and operationally
actionable track.
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