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ABSTRACT

Clinical colour vision tests use plates whose figure and ground separate for a normal trichromat and con-
verge for a dichromat. The classical plates were developed empirically with pigments available a century
ago, and their construction is not parameterisable: a practitioner cannot request a plate targeting a specific
deficiency type and severity. We compute such stimuli directly. Given a target observer model, we search re-
flectance space for a pair maximising separation for normal vision subject to a confusion ceiling under the
target, using the same evolution strategy employed elsewhere in this series. For full deuteranopia we obtain
a pair separated by 0.6273 AEqk for a normal trichromat and 0.01996 for the target observer, a ratio of

31.4. We state plainly that this is stimulus design, not a validated diagnostic, and that clinical use would re-
quire psychophysical validation this work does not attempt.
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1. Introduction

Pseudoisochromatic plates exploit a structural fact:
dichromacy is a dimensional reduction, so pairs of colors
that are distinct in three dimensions can be identical in
two. A plate whose figure and ground form such a pair is
visible to one observer and not another.

The classical plates are fixed artifacts. They were de-
signed empirically, with the pigments and printing of
their era, and they target the deficiencies their designers
had in mind. A researcher who wants a stimulus tuned to
a particular type and severity — or one built from re-
flectances that a specific printing process can achieve —
has no principled route to it.

Because the underlying relationship is colorimetric, the
stimulus is computable.

2. Method

Let D be the target observer model — a Machado matrix at
a given type and severity. We search for a pair of re-
flectances (ri, r.) maximising AEyg under normal vi-

sion subject to AEgg under D remaining below a confu-
sion ceiling.

The search runs over the same low-order polynomial
basis used in TR-10, keeping solutions smooth and physi-
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cally plausible, and uses the same (1+1) evolution strat-
egy: the objective is again a constrained extremum whose
active constraint changes during the search.

Searching reflectance space rather than colour space
matters here for a specific reason. A pair specified as col-
ors is only confusable under the illuminant assumed
when the colors were chosen; a pair specified as re-
flectances can be evaluated, and constrained, under what-
ever illuminant the test will actually be viewed in.

3. Evaluation

Inputs are synthetic and no human subjects were
involved. The evaluation measures the designed stimu-
lus against the observer model used to design it, which
establishes that the optimisation achieved its objective —
not that the stimulus functions as a test for real
observers.

Table 1. Designed reflectance pair targeting full deuteranopia.
Separation is AE_OK under each observer model; the ratio is the
design objective.

quantity value
separation, normal trichromat 0.6273
separation, deutan (severity 1.0) 0.01996
separation ratio 31.4




The designed pair is well separated for a normal trichro-
mat and close to confusable under the target model, with
a ratio of 31.4. As an optimisation result this is unam-
biguous: the search found reflectances with the requested
observer-dependent behaviour.

The gap between that statement and a clinical claim is
wide, and we want it visible rather than implied. A stimu-
lus that separates under a model separates under a
model. Whether a person with deuteranomaly cannot re-
solve this pair on a printed card under clinic lighting is a
psychophysical question, and answering it requires sub-
jects, a protocol, and ethical review. The instrument pro-
duces candidate stimuli for such a study; it does not sub-
stitute for one.

Reproducing these numbers

Clone github.com/JeetuSK0808/maryslab and run
node papers/build/experiments.mjs. Every figure in
this report is written by that script into
papers/build/results.json; the instrument itself is
exercised by design discrimination test.The engines
carry a 4o1-vector conformance suite shared by a
TypeScript reference implementation, a C++20 core, and
a WebAssembly build, so a reported number is a property
of the specification rather than of one implementation.

4. Limitations

This section states what the result does not establish. It is
written to be read before the abstract is quoted.

» There is no measured-data section in this re-
port, and no dataset would supply one. Other re-
ports in this series were re-run against snapshot usgs-
splib07a-1, which closed the gap between a synthetic
demonstration and a measured result. That move is
unavailable here: the quantity this instrument asserts
is what a person can distinguish, and no library of re-
flectance measurements — however large or however
real — contains a human judgement. The gap in this re-
port is closed by a psychophysical study with consent-
ing participants, or it is not closed. It remains open.

» This is not a diagnostic and must not be used as
one. No psychophysical validation has been per-
formed. Clinical colour vision assessment requires vali-
dated instruments and qualified administration.

» Confusability is asserted under a model. The
Machado model parameterises dichromacy; real colour
vision deficiency varies between individuals, and
anomalous trichromacy in particular is a spectrum that
a single severity parameter represents only coarsely.
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* Designed reflectances are targets. Whether a
printing process can achieve the designed curves, un-
der the paper and inks used, is a separate question. A
plate printed with pigments that approximate the de-
sign only loosely may not preserve the property.

e Viewing conditions are part of the stimulus.
The pair is designed under a declared illuminant; view-
ing it under another changes both separations.

* A seeded result is not an optimum. The reported
pair is the best found within the search budget.

e Prior art was surveyed informally.
Pseudoisochromatic plate design and CVD simulation
are both established; a search found no tool computing
stimulus pairs in reflectance space against a parame-

terised observer model.
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Source, engines, and the script that produced every number in this report: github.com/JeetuSk0808/maryslab. Results regenerate with node
papers/build/experiments.mjs. All inputs are synthetic; see §Limitations. Prepared with Al assistance (see Acknowledgements).
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