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ABSTRACT

The rapid advancement of image manipulation techniques has
significantly increased the prevalence of highly realistic fake
imagery, posing critical challenges for applications relying on
the integrity of remote sensing data. This study investigates
the detection of manipulated Sentinel-2 RGB imagery from
a representation-driven perspective. Challenging the assump-
tion that all forgeries share common patterns, we demonstrate
that GAN-generated images and copy-move forgery (CMF)
exhibit distinct characteristics requiring fundamentally dif-
ferent feature representations. Through systematic analysis
using frequency-domain (FFT), wavelet-based, and subspace
learning methods (Geo-DefakeHop), we show that individual
model performance is strictly dependent on the alignment
between representation and manipulation characteristics. Ex-
perimental results reveal that specialized models, includ-
ing representation-specific ResNet architectures and Geo-
DefakeHop variants, exhibit limited generalization due to
representation mismatches. To address this, a representation-
aware hierarchical ensemble framework is proposed. The
system integrates these specialized models through a condi-
tional decision mechanism that adaptively selects representa-
tions based on input characteristics. The proposed ensemble
achieves a detection accuracy of 0.715, significantly outper-
forming all individual specialized configurations, including
the best standalone Geo-DefakeHop (0.645) and various
ResNet-based models using FFT and wavelet decomposi-
tions (0.513-0.535). By explicitly accounting for representa-
tion compatibility, the framework leverages complementary
strengths without requiring prior knowledge of the forgery
type. Overall, this research establishes that fake image de-
tection is inherently representation-dependent and provides
a principled, adaptive framework for robust and generalized
remote sensing image forensics.
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