Highlights
 Physics-guided pseudo-well generation reduces the impact of sparse well control.
 Soft-sand rock physics and Gassmann substitution yield realistic elastic trends.
 Six seismic attributes are mapped directly to acoustic impedance via ML inversion.
 MLFN outperforms RBFN, achieving higher accuracy and spatial continuity.
 Workflow produces reliable 3D impedance models in offshore clastic reservoirs.

