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ABSTRACT

Most shipped color transforms are 3D lookup tables. Existing tooling validates their structure — file well-
formedness, lattice size, value range — and profile validators additionally check colorimetric accuracy
against reference patches. None checks behaviour: whether the transform reverses tones along the neutral
axis, tints greys, rotates hues past recognition, escapes range, or tears between adjacent cells. We define five
such invariants and check them over every cell of a supplied lattice, reporting each violation with its lattice
coordinates and a magnitude. On an identity lattice the audit reports no violations; on a synthetic "cine-
matic" look containing a deliberate tone kink it reports 1 tone reversals and 3 neutral contaminations. The
audit takes the raw lattice rather than a file, so it applies to any format and to transforms sampled from a

live pipeline.
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1. Introduction

A creative look, a camera profile, a display calibration:
each ships as a lattice of output triples indexed by input
triples. The lattice is opaque. A reviewer can inspect a
handful of patches, or render a test image and look, but

neither procedure systematically covers the cells where
defects hide.

The defects that matter are behavioural. A transform
that reverses tone locally produces images where shadow
and highlight relationships invert. A transform that tints
neutrals shifts every grey surface in every frame. These
are not aesthetic choices gone wrong; they are the trans-
form doing something no sane transform should do, and
they are detectable without knowing what the transform
was supposed to look like.

2. Method

The audit accepts the raw lattice — n=x3 values in [0,1],
red-fastest, the .cube convention — so it is format-inde-
pendent and applies equally to a lattice sampled from a
running pipeline. A lattice whose length does not match
its declared size fails loudly rather than being
reinterpreted.

Five invariants are checked:

» Tone monotonicity. Walking the neutral axis from
black to white, perceived lightness must not decrease.
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A local inversion is a tone reversal.

e Neutral preservation. A grey input must not ac-
quire chroma beyond a small threshold. Excess is a
colour cast, and casts on neutrals are among the most
visible defects.

e Hue stability. Colors chromatic enough for hue to be

meaningful must not rotate beyond a threshold in
OKlab.

 Range discipline. No output component outside
[0,1]; escapes are clipped downstream, which shifts
hue as well as level.

¢ Local continuity. Adjacent lattice cells must map to
nearby outputs. An output jump many times the input
step is a tear — usually corruption or a badly joined
composition.

Every violation carries its check name, its exact lattice co-
ordinates, and a magnitude, so a finding localises the de-
fect rather than merely reporting one.

3. Evaluation

Inputs are synthetic and constructed with known
ground truth. Two lattices at 93 resolution: an identity
transform, which must produce no violations, and a "cin-
ematic" look with a deliberately inserted tone kink over a
narrow lightness band plus a warm—cool split. The sec-
ond is a caricature of a real creative look, built so the de-
fects it contains are known by construction.



Table 1. Violation counts by check, for an identity lattice and a
deliberately broken look. The identity lattice is the control: any
non-zero count would indicate a false positive in the audit itself.

check identity broken look
tone reversal o 1
neutral contamination 0o 3
hue flip o] 0
range escape o 0
tear 0 14

The identity lattice produces no violations under any
check, which is the control result: the audit does not
manufacture findings on a transform that does nothing.
The broken look is caught on the checks corresponding to
the defects deliberately inserted, and crucially the find-
ings carry coordinates, so the affected lightness band can
be located directly rather than hunted for.

Two details in the broken column are worth stating
rather than glossing. First, tears outnumber every other
finding (14 against 1 tone reversal), and we did not insert
tears deliberately. They are a consequence of the inserted
defect: the kink switches on over a narrow lightness band,
so every lattice edge crossing that band maps to a discon-
tinuous jump. The tear check is detecting the same defect
the tone check found, counted along the boundary of the
affected region instead of along the neutral axis. This is
worth knowing when reading counts — the checks are not
independent, and a violation count is not a defect count.

Second, the hue and range checks report nothing, cor-
rectly: the constructed look clamps its output into [0,1]
and applies only a mild warm—cool split, so there is noth-
ing for those checks to find. A test set in which every
check fires would be a weaker test set, since it could not

distinguish a check that works from a check that always
alarms.

The design point worth stating is that this is metamor-
phic testing applied to a data structure rather than a
function. The invariants are properties any sane trans-
form satisfies, checkable without a reference output —
which is what makes the audit applicable to creative
looks, where no ground truth exists by definition.

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 audit color transform. The engines carry
a 401-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. Real-data evaluation: transforms that actu-
ally ship

The broken look was built to fail, which demonstrates
that the checks fire but says nothing about whether they
fire on things people use. The transforms below are not
caricatures: they are the primaries conversions every
colour-managed pipeline applies, and a contrast curve of
the kind applied to footage daily. Unlike a creative look,
these have published definitions, so what the audit says
about them is checkable against the standards rather
than against our intent.

Each was sampled onto the same 93 lattice the audit
consumes, through the standard path — sRGB decode,
matrix in linear light, re-encode.

Table 2. Violation counts for standardised transforms at 93 lattice resolution. Identity is the control.

transform tone neutral hue range tear
identity o 0 0 o o
sRGB — Display-P3 o) o) 0 0 o]
sRGB — Rec.2020 0 o) o) o) 0
per-channel S-curve 0 0 4 0 o

Both primaries conversions come back completely clean.
That is the result we wanted and the one that is easy to
undersell: a checker that flagged sSRGB — Display-P3
would be worthless, because that transform is correct by
construction and its correctness is not in question.
Passing it is the audit demonstrating it can tell a well-
formed transform from a malformed one, on transforms
we did not write.
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The per-channel S-curve is the interesting row. It
raises 4 hue violations and nothing else — tone stays
monotonic, neutrals stay neutral, nothing escapes range
or tears. That pattern is diagnostic of a real and well-
known property: applying the same contrast curve inde-
pendently to R, G and B moves saturated colours in hue,
because the three channels sit at different points on the
curve and their ratios change. Colourists know this and



work around it by applying contrast in a luminance-pre-
serving space. The audit recovers a known artifact of a
standard operation, from the lattice alone, without being
told what the transform was meant to do.

This is the strongest available evidence that the checks
are measuring transform behaviour rather than our ex-
pectations of it. The finding was not planted; it is a conse-
quence of how per-channel curves work, and the instru-
ment found it.

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 audit color transform. The engines carry
a 4o01-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.

5. Limitations

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

» A clean verdict on a standard transform is not a
proof of the standard. The primaries conversions
pass these five checks at this lattice resolution. They
are correct for reasons the audit does not verify, and a
transform can satisfy every behavioural invariant here
while implementing the wrong matrix.

» Thresholds are engineering judgments. The
chroma bound for casts, the angular bound for hue
flips, and the jump factor for tears are defensible de-
faults, not perceptual law. A deliberately stylised look
will trip them on purpose, and the audit describes what
a transform does rather than judging intent.

» Only lattice points are observed. Continuity is
judged between adjacent cells, so a defect living strictly
between the cells of a coarse lattice is invisible. The
verdict describes the lattice supplied at the resolution
supplied.

¢ Reporting truncates. A bounded number of viola-

tions is collected and returned; the per-check summary
carries the counts.

e Passing is not endorsement. A transform with no

violations does not reverse tones or tint neutrals.
Whether it is suitable for a given footage is not a ques-
tion this instrument answers.

e Prior art was surveyed informally. LUT valida-

tion and profile checking tools exist; a search found
none testing behavioural invariants of the kind defined
here.
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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. Inputs: synthetic where §3 says so, and measured USGS splibo7a spectra (snapshot usgs-sp1ib07a-1) where a
real-data section says so. Prepared with Al assistance (see Acknowledgements).
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