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( 1. Motivation ) ( 2. Proposed Model J
Current color perception models divide people into color Ellipse plot for color blind
normal or color blind. | Referencepoint | o Referencepomts
Need PERSONALIZED color perception diagnosis.

Our contribution / z RN 4
* A unified model on both color blind and color normal Confusion lines Bl S
* An algorithm for statistical estimation with Confusion région (ellnse) |
theoretical guarantees %2 by 2 PSD matrix Pas
: (z-2z)5(z-2) =1 copunctal point w* OO o o 7S s o
 Experimental results from user study

(3. PAQ mechanism | | 5. Three-step Algorithm |
* Human perception quantified along a continuous path  Step 1 [Estimate ellipse]: Given user responses
* Metric learning (i.e., estimate the PSD matrix X) {»yj}é.‘il , estimate the metric X; at the reference
Ul to collect PAQ responses point z;. Vi, %, := Least Squares(Z; Y1, ) V)

' Step 2 [Compute major axis]: e
> Given the metric estimate X; C.(a)
- - Slide , :
Reference color Test color 7 at Zl, ComPUte(ll)tS Second - \
eigenvector U, “and construct 0 \
an error cone C; («;). u

( 4. Goal ) , L , :

. Step 3 [Find copunctal point]: :
Given | N Use Linear Program to estimate &?
N as #reference pomts.{Zz i=1 Iy the copunctal point by a : @
e M as #PAQ responses at each pomt.{’)’]}jzl random point inside N-cone @w
Goal: Estimate the user’s copunctal point W intersection.

6. Theoretical Guarantees
8. User Study

Theorem 1 (Copunctal point estimation error bound)

IF 1132, — i lop < 75 foreachi € [N] ,then Copunctal point estimation
. Al < s T; T; from user PAQ responses:
|W —w*|, $ min ||lz; — 2| - max § ————, ———— ¢. |
Z]E[N] (Z) . (7/) (]) L (]) Ellipse plot for color normal A
Theorem 2 (Estimation via PAQ) . Reference points

— 4 Ellipses with major axes

Suppose the number of PAQ measurements M for each reference point

satisfies M > log® M .

CIEy

Then with high probability,
T Tj
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[ 7. Numerical Simulations J . Ellipse p:tfforcolor_n:rmals
° ererence points

— 4 Ellipses with major axes

Copunctal point estimation error vs.
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Rank-3 (noiseless) PAQ (high noise)
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