Inferring Individualized Color-Vision Distortions
ICML from fMRI Hue-Representation Geometry
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KEY CLAIM

By reading structured neural distortion of individuals with Color-Vision deficiency (CVD), we invert it into a personalized color-correction filter
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 Participants (N = 10): 7 Healthy Controls (HC) + 3 CVD (two deutans, one protan)

Diagnose each person's hue distortion, fit a cortical model as a deficiency simulator,

* fMRI Experiment: 8 isoluminant hues, 6 runs, ROls V1-hV4 then invert it into a color-correction filter.

* LOCO (leave-one-color-out): can a held-out hue be rebuilt from the other seven?

Model mechanism Parameters Form
* Forward-Encoding model maps hue - 6 channels - neural responses Retinal Cone-Shifts 1 A
* Tests continuous hue structure in neural hue representations Retinal + Cortical compensation 1 56 = (2-g)-66_Machado
 RDM (relative distances): how far apart are hue pairs in the brain representation? Cortical two-component 2 0"=0+B_s cos(9-30°) + B_c cos(0-6_conf)

* Shared Response Model (SRM) projects HC & CVD into a shared low(4)-dim space Loss = behavioral JND (Ly) + V1,Vv2 ARDM (L_RDM) + hV4 LOCO (L_LOCO);

. . : , selected by held-out generalization
* ARDM = CVD - HC = which pairs are relatively merged or split

RESULTS

A. Represent - A structured distortion B. Fit - Deficiency modeling C. Validation (2nd-MRlI, Exploratory)
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* Deutan rises at Optimal but below chance

— Deutan 0.25 (p=.082) / Protan 0.13 (p=.024) Neural loss stabilizes parameters e Protan remains floored.

The distortion localizes to a subject-specific ROI * Deutan: B_c sign stable, no zero-crossing Neural (V1/V2 SRM-RDM):
e Deutan V2 p=0.040, Protan V1 p=0.007 * Protan: decisi ly with I
eutan V2 p , Protan V1 p rotan. decisive only with neura e Deutan shifts away from HC
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 Protan recovers toward HC under both filters
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