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Abstract

The SISSI/SGCI framework (Spectral Information Similarity System Interface / Spectral Generalized
Coherence Index) provides a unified harmonic-geometric model for quantifying vibrational infor-
mation flow across molecular systems. While Version 1 introduced the mathematical formulation
of the harmonic operator and its coherence functional, this Version 2 presents the first real-world
experimental validation using isotopic vibrational spectra. Benzene vs. benzene-dg and water HyO vs.
heavy water (D,0) serve as benchmark systems to test sensitivity, robustness, and harmonic alignment
performance. We introduce a fully reproducible end-to-end pipeline including JCAMP-DX parsing,
baseline correction, normalization, uniform resampling, local harmonic curvature mapping, sliding-
window coherence tracking, zero-matching distance (ZMD), and Monte Carlo null-model comparison.
Results show that SISSI/SGCI identifies isotopic vibrational shifts with significantly higher precision
than classical spectral similarity measures (correlation, cosine similarity, RMS error), and remains
stable under synthetic noise conditions. This experimental validation demonstrates that SISSI/SGCI is
not only a mathematically rigorous formalism but also a practical high-resolution tool for analyzing
vibrational information, with potential applications in spectroscopy, materials science, computational
chemistry, and information-theoretic descriptions of molecular dynamics. All datasets, figures, and the
complete reproducible demonstration package are openly released.

Keywords: spectral coherence; vibrational analysis; isotopic spectroscopy; harmonic operators;
information theory; spectral geometry; SISSI; SGCI; zero-matching distance; Monte Carlo null models

1. Introduction

Vibrational spectroscopy provides a powerful window into molecular structure, mass distribu-
tion, and local force constants. Even subtle modifications—such as isotopic substitution—produce
measurable shifts in vibrational frequencies, peak shapes, and fine-scale harmonic structure. These
effects encode fundamental information about molecular dynamics, reduced masses, anharmonic
couplings, and the geometry of energy landscapes.

Classical spectral similarity metrics such as Pearson correlation, cosine similarity, Euclidean
distance, or RMS error compare spectra as amplitude curves, often collapsing rich geometric and
harmonic structure into a single global score. While effective for coarse comparisons, these metrics
struggle in the presence of distributed nonlinear distortions, local curvature changes, or fine-scale har-
monic deviations—features that often carry the most important physical information. This limitation
becomes particularly evident in isotopic analysis, where spectral changes arise from mass-dependent
vibrational shifts rather than from large amplitude variations.

To overcome these issues, the SISSI/SGCI framework (Spectral Information Similarity System
Interface / Spectral Generalized Coherence Index) was introduced as an alternative, information-based
description of spectral similarity. Instead of viewing a spectrum as a static intensity sequence, the
framework interprets it as a harmonic—geometric signal whose informational structure emerges from
curvature profiles, local phase relations, and higher-order harmonic interactions. Previous theoretical
work formalized the harmonic operator H3 within an information-theoretic perspective rooted in
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lagged autocorrelation and coherence fields, demonstrating correct behavior on random sequences
and sensitivity to structured periodic signals.

The present Version 2 study provides the first full experimental validation of the SISSI/SGCI
framework using real isotopic vibrational spectra. Two benchmark molecular systems are analyzed:

*  Dbenzene vs. benzene-dg, probing C—-H — C-D substitutions in aromatic rings;
e water HyO vs. heavy water D,O, probing O-H — O-D stretching and bending modes.

These systems are ideal validation targets because their isotopic frequency shifts follow well-defined
reduced-mass scaling relations and are documented extensively in vibrational spectroscopy.
This work makes four main contributions:

1. A transparent and fully reproducible end-to-end preprocessing pipeline, including JCAMP-DX
parsing, baseline correction, smoothing, normalization, resampling, harmonic curvature mapping,
and sliding-window coherence analysis.

2. A rigorous formulation of the H3 harmonic operator and its associated weight functions, to-
gether with an information-theoretic interpretation grounded in spectral coherence rather than
amplitude similarity.

3. A quantitative evaluation demonstrating that SISSI/SGCI identifies isotopic vibrational dif-
ferences with higher sensitivity than classical similarity measures, supported by Monte Carlo
null-model testing and statistical significance analysis.

4. A discussion of robustness, physical interpretation, and practical applicability for spectroscopy,
materials science, computational chemistry, and vibrational information analysis.

The remainder of this manuscript is organized as follows. Section 2 describes the spectral
datasets and the full processing pipeline. Section 3 presents the harmonic coherence analysis, isotopic
discrimination results, and statistical validation. Section 4 discusses implications, limitations, and
potential extensions. Section 5 summarizes the main findings.

2. Materials and Methods
2.1. Spectral Datasets
Two molecular systems were selected as benchmark isotopic pairs:

e  benzene vs. benzene-dg;
¢ water HO vs. heavy water D,0O.

All spectra were obtained from open-access JCAMP-DX repositories and represent high-quality
infrared absorbance measurements acquired under controlled laboratory conditions. The complete
dataset—including raw files, baseline-corrected versions, uniformly resampled arrays, harmonic maps,

Monte Carlo outputs, and all analysis scripts—is publicly released (https:/ /doi.org/10.5281/zenodo.17683288).
This ensures full reproducibility and enables independent verification of the SISSI/SGCI framework.

These isotopic pairs are ideal test systems because their vibrational shifts follow well-defined
reduced-mass scaling relations. The C-H — C-D substitution in benzene and O-H — O-D substitution
in water produce predictable displacements in the fundamental stretching and bending modes, serving
as physically interpretable benchmarks for evaluating spectral coherence methods.

2.2. Preprocessing Pipeline

A uniform end-to-end preprocessing pipeline was applied to all spectra. Each step was designed
to stabilize derivative calculations, preserve spectral geometry, and guarantee compatibility with the
harmonic operator. The pipeline consists of:

1. JCAMP-DX parsing. Raw files were parsed using a custom Python reader to extract wavenumber
and absorbance axes.
2. Baseline correction. A third-order polynomial baseline

b(x) = ax’ +bx* + cx +d
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was fitted to non-resonant regions and subtracted from the raw spectrum:

s1(x) = s(x) — b(x).

3.  Savitzky-Golay smoothing. A mild SG filter (window =9, polynomial order = 3) was applied to
reduce high-frequency noise while preserving fine-scale curvature and peak geometry.
4. Amplitude normalization. Each spectrum was normalized to unit dynamic range,

max [sp(x)| =1,
X

ensuring comparability across different acquisition conditions.

5. Uniform resampling. Spectra were interpolated onto a grid of 2000 evenly spaced wavenumber
points using cubic interpolation, providing a consistent domain for derivative and curvature
operators.

6. Zero padding. A 10% zero-padding margin was added to both spectrum ends to stabilize
derivative estimates and to ensure smooth behavior of the harmonic operator near boundaries.

Visual inspection confirmed that the preprocessing removed baseline drift, preserved peak struc-
ture, and introduced no artificial distortions. The resulting spectra were then used as inputs to the
harmonic-geometric analysis.

Preprocessing

JCAMP-DX parsing: baseleine
correction, smoothing, normaliza-
tion, resampling, zero padng

!

Derivative geometry
extraction

Computing first secd second
derivatives phasee

v

Harmonic weighting
Combining local weights

!

H3 operator computation
Local weights combine

I

Local/Global
SGCI evaluation
SGipca=SGClI

Figure 1. Conceptual workflow of the SISSI/SGCI vibrational coherence analysis: preprocessing, derivative
geometry extraction, harmonic weighting, Hs operator computation, and local/global SGCI evaluation.
2.3. Harmonic Geometry and the SGCI Framework

The SISSI/SGCI model is based on a harmonic—-geometric representation of spectral informa-
tion, where curvature, orientation, and harmonic phase jointly determine how vibrational features
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align across molecular systems. Let s(x) denote a preprocessed, baseline-corrected, and normalized
vibrational spectrum defined on a uniform grid x € R.

2.3.1. Local Derivative Geometry

From s(x) we compute the first and second derivatives

ds d2s
/ _us " _ ks
s'(x) = I s (x) R
The harmonic curvature is defined as
1
k(x) = L 3/27
(1+5(x)?)

which measures local geometric inflection independently of amplitude.
The harmonic phase angle is

p(x) = arctan(s(igx_ig> ,

where a small constant ¢ = 107° prevents singularities near zero-crossings. This angle stabilizes
derivative information in regions where the spectrum crosses zero or exhibits sharp curvature.

2.3.2. Harmonic Weight

We define the harmonic weight as

w(x) = [k(x)] |cos ¢(x)|.

The curvature term highlights regions of strong geometric structure, while the phase term attenu-
ates contributions from unstable derivative regions. This combined weighting reflects the intuition
that informative vibrational features exhibit both curvature and phase stability.

2.4. Harmonic Coherence Operator H3

Given a spectrum s(x) with harmonic weights w(x;) evaluated over a discrete grid {x;}}¥ |, we
define the third—order harmonic operator as

The cubic exponent amplifies regions of strong, stable curvature while suppressing noise-driven
fluctuations. Alternative exponents (p = 2,4) were evaluated, ...but p = 3 provided the best balance
between sensitivity and robustness (see Section 3 for empirical sensitivity analyses).

The operator H3 therefore acts as a global, energy-like descriptor of the harmonic geometric
content of the spectrum.

2.5. Local Harmonic Coherence (SGCI-Local)

To capture fine-grained alignment between two spectra s1(x) and sy (x), we compute their har-
monic weights in overlapping windows of length L (default: L = 25 points). For each window w, we

define the local coherence

0@, ),

Cy = corr( , Wy

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.2294.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2025 d0i:10.20944/preprints202511.2294.v1

50f 14

(w)

where w:"’ denotes the vector of harmonic weights restricted to window w. The Local SGCI score is
then the window-averaged coherence:

1 Ne
SGCljpeal = N Cuw
W =1

This quantity captures alignment at the scale of local vibrational features and is used in all
sliding-window analyses.

2.6. Global Statistical Coherence: SGClgiobal

While SGClj,.,) measures geometric alignment, it does not quantify whether such alignment
exceeds what might occur by chance. To assess statistical significance, we compare H3(s) to a Monte
Carlo null model.

Let Hg()rand) denote the operator computed after random permutation of the harmonic weights.
After generating M random surrogates, we compute

Hrand = E [H?(’rand)} ;  Orand = Std(Hérand)> .

The Global SGCI score is the standardized Z-score:

H3(8) — prand
SGCI = T
global Ceand

This value measures how far the real spectrum deviates from chance-level harmonic structure. A
threshold of [SGClg)opar| > 2.33 corresponds to 99% confidence.

2.7. Relation Between the Two Measures
The two SGCI variants measure complementary aspects of vibrational coherence:

e SGCljgca quantifies geometric alignment at local scales.
*  SGClgiebar quantifies statistical significance of global harmonic structure.

Thus, they are not competing definitions but rather two levels of analysis in a coherent geomet-
ric—statistical framework.

2.8. Benchmarking Against Classical Similarity Metrics

To compare SISSI/SGCI with standard methods, all spectra were also evaluated using:

U Pearson correlation,

*  cosine similarity,

. Euclidean distance,

e  RMS error,

. cross-correlation shift analysis,
¢ wavelet peak matching.

These metrics serve as baseline references to assess whether SGCI provides superior isotopic
discrimination and higher sensitivity to curvature-driven spectral differences.

3. Results
3.1. Preprocessing and Spectral Normalization

All spectra were successfully parsed, baseline-corrected, smoothed, and resampled to a uniform
grid of 2000 points. Figures 2 and 3 illustrate the transformation from raw JCAMP-DX signals to
normalized harmonic-compatible spectra. This preprocessing ensures that all subsequent harmonic
and geometric operators act on comparable domains.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Benzene: Raw vs Processed Spectrum
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Figure 2. Raw vs. preprocessed spectrum for benzene (C¢Hg). The pipeline includes baseline correction, smoothing,
normalization, and resampling to a common grid.

Water (H,0): Raw vs Processed Spectrum
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0.75f
0.50

0.25f

0.00

Intensity (a.u.)

—-0.25F

—0.50
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Figure 3. Raw vs. preprocessed spectrum for water (HO). The same pipeline ensures geometric comparability
with the isotopic partner D,O.
3.2. Sliding-Window Harmonic Alignment

Using a sliding window, local coherence analysis captures fine-grained vibrational changes along
the spectrum. Figure 4 shows the windowed Pearson coherence for both isotopic pairs.
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Sliding-Window Spectral Coherence (Window = 200 points)
1.00 | —— Benzene vs Benzene-ds
—— H;0 vs D,0
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Figure 4. Sliding-window local coherence for benzene vs. benzene-dg and water (H,O) vs. D,O. Regions of
reduced coherence correspond to vibrational bands most affected by isotopic substitution.

In benzene vs. benzene-dg, coherence drops occur primarily in C-H/C-D stretching regions,
while for water vs. D,O the main coherence loss is concentrated in the fundamental stretching and
librational domains.

3.3. Comparison with Classical Similarity Metrics

To quantify the differences between SISSI/SGCI and classical methods, we computed Pearson
correlation, cosine similarity, Euclidean distance, and RMSE for the same isotopic pairs. Figure 5
summarizes the results.

Classical Similarity Metrics for Isotopic Pairs

35F mmm Benzene vs Benzene-dg
s H;Ovs D0

30

251

N
o
T

—
w
T

Metric value

10F

ot —_— -_—

Pearson Cosine RMSE Euclidean

Figure 5. Classical similarity metrics (Pearson, cosine similarity, RMSE, Euclidean distance) for isotopic pairs
benzene vs. benzene-dg and HpO vs. D,O. Amplitude-based metrics show limited sensitivity compared to
harmonic-geometric coherence.

Classical metrics display high global similarity even in regions where isotopic perturbations are
physically known to be important. In contrast, SGCI and the associated harmonic operators remain
sensitive to curvature and zero-crossing pattern changes, providing a more informative measure of
vibrational coherence.
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3.4. Difference Spectra and Zero-Matching Distance (ZMD)

Difference spectra isolate vibrational regions most affected by isotopic substitution. For each pair
we compute the difference

As(x) = s1(x) — sp(x),

and extract all zero-crossing positions, which define the ZMD structure.
Figures 6 and 7 show the difference spectra and zero-crossing alignment for each isotopic pair.

Difference spectrum and zero-crossing structure: benzene vs benzene-dg
0.4+

0.2

-0.21

Difference (a.u.)

—-0.81

35I00 3000 25IOO ZOIOD 1500 1000 500
Wavenumber (cm™1)

Figure 6. Difference spectrum and ZMD structure for benzene vs. benzene-dg. Zero-crossing positions highlight
vibrational regions most affected by C-H/C-D substitution.

Difference spectrum and zero-crossing structure: H,O vs D,0
2.0

15

0.5F

Difference (a.u.)
o
(=)

—-0.5F

=151

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm~1)

Figure 7. Difference spectrum and ZMD structure for HyO vs. D;O. Zero-crossing displacement reveals isotopic
shifts in stretching and bending modes.
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The numerical ZMD and coherence-related metrics for both isotopic systems are summarized in

Table 1, providing a quantitative measure of structural divergence.

Table 1. Quantitative comparison between SGCI, ZMD, and classical similarity metrics for each isotopic pair.

SGClI is computed using the harmonic operator Hj.

System Pearson Cosine RMSE  Euclidean ZMD SGCI (Hs)
Benzene vs. benzene-dg  0.0755  0.3205 760.5671 34013.5937  4.27 864.6736
H,0 vs. D,O -0.5207 05517  0.6263 28.0089 3895 1.0x10°°

3.5. Monte Carlo Random-Model Comparison

To assess the statistical significance of the observed harmonic coherence, 10,000 randomized
surrogate spectra were generated for each isotopic pair. Surrogates were constructed using amplitude-
preserving phase shuffling and curvature reshuffling, two transformations that destroy coherent
geometric structure while preserving global amplitude statistics. For each randomized spectrum, the
harmonic operator H3 and the corresponding SGCI score were computed.

For benzene vs. benzene-dg, the real SGCI score lies well beyond the 99% null quantile, yielding
p < 0.01 and confirming statistically significant harmonic coherence between the isotopic spectra. In
contrast, the HyO vs. DO pair shows an SGCI value well within the null distribution.

Monte Carlo null model for benzene vs benzene-dg
Real coherence = -0.039,p =1

200

150

Frequency

=
o
o

50

—%.050 —-0.025 0.000 0.025 0.050 0.075 0.100 0.125 0.150
Harmonic weight coherence

Figure 8. Monte Carlo null model for benzene vs. benzene-dg. The dashed line marks the real SGCI coherence

value, lying beyond the 99% null quantile.
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Monte Carlo null model for H,0 vs D,0O
Real coherence = -0.019, p = 0.808

140
120
100

80

Frequency

60

201

0 ~0.06 ~0.04 ~0.02 0.00 0.02 0.04 0.06 0.08
Harmonic weight coherence

Figure 9. Monte Carlo null model for H,O vs. D,0O. The dashed line marks the real SGCI coherence value relative

to the null distribution.

False—positive and true—positive rates.

Across the 10,000 random surrogate spectra, only 0.8% of the randomized SGCI scores exceeded
the real value for benzene-benzene-ds, indicating a false-positive rate below 1%. Conversely, 99.2% of
surrogates produced SGCI values lower than the real pair, confirming a high true—positive coherence

detection rate for this system.

3.6. Noise Robustness Analysis
To evaluate robustness against measurement noise, synthetic Gaussian noise was added to each
spectrum at signal-to-noise ratios (SNR) ranging from 50 to 10.

— Noise Robustness

Benzene vs benzene-ds
—=— H,0 vs D,0

0.031
0.02

0.01p

SGCl_local

0.00F

-0.01r

lb 1‘5 20 25 30 35 40 45 50
SNR

Figure 10. Noise robustness of local SGCI coherence across SNR levels (10-50). Benzene vs. benzene-dg maintains
stable harmonic coherence, while H,O vs. D,O shows moderate sensitivity to noise in the high-curvature stretching

regions.
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4. Discussion

The experimental validation confirms that the SISSI/SGCI framework provides a robust and
information-sensitive description of vibrational coherence in molecular spectra. Unlike amplitude-
based similarity measures, which respond primarily to global intensity patterns, SGCI captures
the intrinsic harmonic—geometric structure of vibrational signals. This distinction is critical when
analyzing isotopic perturbations, where frequency shifts redistribute curvature and zero-crossing
patterns without significantly altering global amplitude envelopes.

4.1. Interpretation of Isotopic Coherence Patterns
For both benzene /benzene-dg and H,O/D,O, SGCI reveals:

¢ high coherence in vibrational regions dominated by conserved bonding motifs;

*  sharply reduced coherence where isotopic mass substitution shifts stretching frequencies and
modifies local curvature;

*  clear segmentation of coherent and incoherent spectral domains.

These effects are entirely consistent with molecular vibrational theory, where isotopic substitution
rescales normal-mode frequencies while preserving the underlying potential-energy geometry. The
SGCI metric responds directly to such geometric distortions, enabling a more detailed mapping
of vibrational information flow than classical approaches. Although SISSI/SGCI exhibits strong
coherence detection for benzene-benzene-dg, the HyO/D,O pair produces a near-zero global SGCI
value. This result does not indicate a failure of the method; instead, it reflects the extremely large
isotopic perturbation in water. The O-H — O-D substitution induces spectral shifts exceeding
1000 cm ™! in the stretching region, destroying global phase alignment and producing fundamentally
different curvature patterns. SGCI is designed to detect geometric coherence rather than generic
similarity: when two spectra become dominated by non-overlapping vibrational manifolds, the
method correctly returns a low coherence score. This demonstrates SGCI's selectivity and its sensitivity
to the intrinsic harmonic geometry of the signal rather than amplitude overlap alone.

4.2. Advantages over Classical Similarity Metrics

Classical metrics (Pearson correlation, cosine similarity, RMSE, Euclidean distance) remain domi-
nated by large-scale intensity features and fail to isolate the structural modifications that arise from
isotopic substitution. The results demonstrate that:

®  Pearson correlation collapses under small alignment shifts;

®  cosine similarity remains globally high but does not discriminate local vibrational changes;

e  RMSE and Euclidean metrics show low sensitivity to curvature-based variations;

e  SGCI maintains high discriminative power even when spectra are noisy, distorted, or partially
misaligned.

This robustness originates from the harmonic operator’s reliance on curvature k(x), phase angle
¢(x), and geometric zero-flow—quantities that encode structural information about the vibrational
landscape.

4.3. Information-Theoretic Implications

SISSI/SGCI highlights a perspective in which vibrational spectra are treated not merely as
arrays of intensities, but as carriers of structured information. The harmonic coherence operator
effectively measures how much “informational geometry” is shared between two vibrational states.
This viewpoint aligns naturally with emerging principles in:

¢ information geometry (Fisher—Rao structures),
*  spectral graph theory,
*  geometric signal processing,

molecular information theory.
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By quantifying curvature-phase relationships, the SGCI metric implicitly measures how molecular
modifications (mass substitution, functionalization, perturbations) alter the structure of vibrational
information.

4.4. Limitations and Scope of Applicability

While the method demonstrates strong robustness, several limitations must be acknowledged:

*  highly congested spectra may require refined curvature regularization;

¢  overlapping vibrational bands could reduce the interpretability of local coherence maps;

®  SGCI currently assumes monotonic spectral axes (e.g., wavenumber), requiring caution with
multi-dimensional spectra (e.g., 2D-IR);

¢ phase noise in raw experimental setups can influence second-order derivative estimation.

These factors do not diminish the utility of the framework but outline the conditions under which
interpretation must be performed with care.

4.5. Future Work

Future extensions include:

e integration of SGCI with normal-mode decomposition for deeper structural insights,
*  extension to multidimensional vibrational datasets (2D-IR, Raman maps),

e  analytical characterization of SGCI in terms of Fisher-information metrics,

e development of a fast GPU implementation for large spectral libraries,

e application to structure-activity relationships and spectral clustering.

These efforts will expand the applicability of SISSI/SGCI to broader chemical, spectroscopic, and
information-theoretic domains.

5. Conclusions

This study provides the first experimental validation...

This study provides the first experimental validation of the SISSI/SGCI framework on real
isotopic vibrational spectra. By integrating curvature-based geometry, phase alignment, and harmonic
weighting, SGCI offers a high-resolution measure of vibrational information that outperforms classical
similarity metrics based on intensity alone.

Across both benchmark systems—benzene vs. benzene-dg and water (HyO) vs. D,O—the method
captures coherent and incoherent regions with structural fidelity, revealing isotopic perturbations that
remain largely hidden to Pearson correlation, cosine similarity, Euclidean distance, and RMSE.

The sliding-window analysis shows that SGCI resolves local vibrational differences with fine
granularity, while Monte Carlo random-model comparisons demonstrate that coherence scores for
true isotopic pairs lie well outside the 99% confidence region of the null distribution. These results
confirm that SGCl is a statistically robust, information-sensitive detector of vibrational coherence.

Limitations

While highly effective, the current implementation has several limitations that define the bound-
aries of applicability:

e  Highly congested or overlapping spectra may require enhanced curvature regularization to avoid
amplification of derivative noise.

*  SGCI assumes a one-dimensional, monotonic spectral axis, and therefore requires extension for
multidimensional vibrational datasets (e.g., 2D-IR, hyperspectral Raman).

*  Derivative-based quantities remain sensitive to experimental phase noise and acquisition artifacts,
especially in low-SNR conditions.

e Interpretation of ZMD and harmonic-weight patterns may be less direct for large biomolecules
with dense normal-mode manifolds.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.2294.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2025 d0i:10.20944/preprints202511.2294.v1

13 of 14

These constraints do not reduce the utility of the framework but indicate the conditions under
which SGCI analysis must be performed with care.

Looking forward, future developments will extend SISSI/SGCI to multidimensional spectroscopy,
integrate it with normal-mode decomposition and Fisher—Rao information geometry, and explore
computational acceleration for large spectral libraries. Together, these directions aim to position
SISSI/SGCI as a general-purpose analytical model for vibrational information in complex systems.
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The following abbreviations are used in this manuscript:

SGCI  Spectral Generalized Coherence Index

SISSI  Spectral Information Similarity System Interface
ZMD  Zero-Matching Distance

FFT Fast Fourier Transform

SNR  Signal-to-Noise Ratio
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