
I. PREPROCESSING & ALIGNMENT II-A. SPATIAL STREAM: ConvNeXt-Small (49.8M)

II-B. SPECTRAL STREAM: ResSE Tower (2.99M)

III. SNR-ADAPTIVE GATED FUSION IV. FORENSIC DECISION HEADS & TRIAGE

YuNet 5-Point Alignment

Real-Time ONNX Face Detection
LMEDS Similarity Transform (s, , t)
Expansion: sf = 1.50 ×  (Ear-to-Ear)

Hann Edge Tapering

Outer Boundary Windowing
Htaper = 12 pixels Transition Band

Suppresses Cartesian Phase Leakage

Input Face Crop I
3 × 256 × 256

I

I

Stage 1
96 × 642

Stage 2
192 × 322

Stage 3
384 × 162

Stage 4
768 × 82

GAP +
Linear

768  512
LayerNorm

fs

Spatial Vector
512

SRM + Bayar

9 Fixed SRM
1 Learnable Bayar

5 × 5 Kernels
Xnoise 10 × 2562

FP32 2D FFT

Cartesian Shift 
Log-Mag  (10ch)

Phase  (10ch)
Xspec 20 × 2562

ResSE Tower

4 Res-Blocks
Squeeze-Excite

Conv 3 × 3, ReLU
GAP  512-d

ff

Spectral Vector
512

zaux
aux CE

Xnoise Filter Residuals 10 × 2562

Noise Power Monitor Circuit

Pnoise = 1
| | |Xnoise|2 = clip( Pnoise 0.005

0.025 0.005 , 0, 1)

[0, 1]

[fs ff]

Concat
1024

Gate MLP

1024 512
( ) g

geff = g

Complementary Feature Fusion

ffused = [(1 geff) fs geff ff] 1024

et = (1 geff) fs + geff ff
512

ffused

et

[BRANCH A] Single-Frame Classifier
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Platt Scaling: a = 0.2783, b = 0.4089  |  Threshold: * = 0.26
Frame AUC = 0.8656  |  PR AUC = 0.9374  |  Precision = 90.51%

[BRANCH B] Spatiotemporal Video Bi-GRU Head
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Video AUC = 0.8994  |  EER = 18.54%  |  2-Layer Bi-GRU (dh = 256)
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