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Representation of HDR-to-SDR Tone Mapping
from a Headroom Adaptive Gain Curve in a v4
A2B0 Tag

Abstract

The Headroom Adaptive Gain Curve (HAGC) encodes SMPTE ST 2094-50 dynamic
metadata that enables an HDR-aware renderer to adapt a single PQ, HLG, or extended-
linear-RGB HDR image dynamically to displays with varying headroom capabilities by
tone mapping.

The vast majority of deployed ICC-aware imaging pipelines, however, predate HDR
entirely. Those pipelines have no concept of headroom or of tone mapping at all. Handed
an HDR profile, such a renderer cannot produce a meaningful image. This white paper
describes a procedure for representing the HAGC, evaluated for an SDR rendering
display (target headroom = 1.0, i.e. zero stops above reference white), as a lutAToBType
(mAB) A2B0 tag embedded in the PQ, HLG or linear RGB profile. A pre-HDR CMM that
follows the standard ICC v4 A2BO0-to-PCS path will then produce a perceptually
reasonable SDR reproduction of the HDR source, without needing any knowledge of
HDR or HAGC.

Motivation

The audience for the A2B0 tag described in this paper is the large installed base of ICC-
conformant renderers and CMMs that predate HDR. Such renderers know how to follow
a lutAToBType tag from device space to PCS, but they have no concept of:

e a transfer function beyond piecewise-linear, sRGB, or a parametric power
gamma;

¢ a signal whose linear value can exceed the reference-white luminance of the
display;

e dynamic metadata like HAGC,;

¢ tone mapping, headroom, or peak-brightness adaptation.

Handed an ICC profile carrying HAGC metadata, such a renderer has, at best, no way
to produce a meaningful image and, at worst, will misinterpret the HDR transfer function
as if it described an SDR signal — clipping or wrapping bright detail and producing a
visibly broken result. There is no realistic prospect of retrofitting HDR awareness into
every legacy print, document, or image-processing pipeline that consumes ICC profiles,
yet HDR sources are increasingly being delivered to those pipelines.

The procedure described here lets the profile author embed, alongside the HDR-native
machinery, a static lutAToBType A2B0 tag that captures the result of evaluating the
HAGC at target headroom = 1.0. To a pre-HDR CMM the tag is indistinguishable from
any other A2B0: three A-curves, a 3-D CLUT, and a 3 x 4 matrix to PCS XYZ. Following
it produces a perceptually reasonable SDR reproduction of the HDR source — the same



SDR rendering the HAGC author intended, but reached without the renderer having to
understand any of the underlying HDR concepts.

For an HDR-aware CMM, the procedure is purely additive. The original HAGC metadata
tag is preserved in the profile, so a renderer that does understand the HAGC tag may
continue to evaluate the curve dynamically for the actual target display headroom. The
static A2B0 serves strictly as a fallback path for the legacy reader that cannot do anything
else.

Scope and constraints

The procedure applies only to HDR ICC profiles, i.e. profiles containing a CICP tag
whose transfer characteristic is one of:

e PQ (SMPTE ST 2084 EOTF),
e HLG (Rec. ITU-RBT.2100, ARIB STD-B67).

Background: the relevant ICC structure

The IutAToBType (“mAB”) tag is the ICC v4 element used here. Its full grammar admits
up to five sequential stages between the input and the PCS:

input -> A-curves -> CLUT -> M-curves —-> Matrix -> B-curves —-> PCS

Stages whose offset field is zero are omitted. The procedure described below in Table 1
uses only three of the five stages:

TABLE 1: STAGES IN A2B0 TAG USED IN HDR TO SDR TONE MAPPING

Stage Channels Role

A-curves 3x1-D Linearize the encoded HDR signal

CLUT 3-D Apply the HAGC tone-map for target headroom = 1.0 (SDR)

Matrix 3x4 Convert linear RGB to PCS XYZ via the source profile’s
primaries

M-curves and B-curves are absent (their offsets are zero).

Pipeline construction
The author conceptually constructs the following evaluation pipeline:
1. Decode the encoded source signal to a normalized linear representation:

e for PQ, the SMPTE ST 2084 EOTF, normalized so that the reference-white
luminance equals 1.0;

o for HLG, the EOTF is defined by Rec. ITU-R BT.2100 (with the system gamma
included), normalized to reference white = 1.0;

e for Linear, the identity.

2. Apply the HAGC for target headroom = 1.0, in the linear normalized domain. The
HAGC produces an RGB-in / RGB-out mapping (see the HAGC tag specification for
details) that returns a triplet still in normalized linear units, but compressed so that no
channel exceeds 1.0.

3. Convert to PCS XYZ using the matrix derived from the source profile’s primaries.

The author then samples this pipeline to populate the three stages of the lutAToBType
tag, as described below.



The reference white used in step 1 is the value carried by the HAGC metadata (default
203 cd/m?; otherwise the value of the optional custom reference white field from SMPTE
ST 2094-50).

Populating the A2B0 stages
A-curves

Each of the three A-curves is a 1-D LUT of N entries (typically 1024 ) stored as curveType
with 16-bit unsigned samples. Each curve maps a normalized input grid value u € [0,1]
to the linearized signal of the chosen transfer function.

A complication that arises here is twofold: the linearized signal of an HDR transfer
function exceeds 1.0, and a typical HDR EOTF is too steep to be represented with
sufficient precision as a 16-bit fixed-point value. For example, in a PQ profile normalized
to reference white, peak white at 10 000 cd/m? corresponds to = 49.26; in HLG, peak
white at 1000 cd/m? corresponds to = 4.93. The unsigned 16-bit curveType cannot
represent values outside [0,1]. To address these two issues and to preserve precision
while staying inside the legal range of the tag, the curve values are stored as their fifth
root:

A(u) = L(u)”~(1/5)

where L(-) is the linearization function selected (PQ EOTF, HLG EOTF, or a linearly
scaled identity for the Linear case). The fifth power is chosen for PQ and HLG because
it both (a) maps the working range of HDR linear values comfortably into [0,1] and (b)
concentrates resolution in the dark portion of the curve, where banding is most visible.
Any CMM consuming the tag must therefore apply the inverse, x » x®, between the A-
curve output and the CLUT lookup; equivalently, the CLUT must be sampled in the same
fifth-root domain.

CLUT

The CLUT is a uniform 3-D grid with n points per axis (in practice, values such as 17 give
an acceptable accuracy/size trade-off but 33 or higher give better results), 16-bit
unsigned samples, three input components, three output components.

The entry is computed by:

1. raising each coordinate to the fifth power to undo the A-curve compression and
recover the normalized linear value;

2. evaluating the HAGC tone-map on (R®, G®, B®) for target headroom = 1.0;

3. clamping each output channel to [0, 1]; and

4. quantizing each channel to 16-bit unsigned.

Because the target headroom is 1.0, the HAGC output already lies within the same [0,
1] range as the CLUT sample format. No further compression of the CLUT output is
necessary, and the matrix stage receives values in straight linear units.

Matrix

The 3 x 4 s15Fixed16Number matrix carries the conversion from linear RGB (in the
profile’s primaries, with reference white = 1.0) to PCS XYZ. It is identical to the matrix of
the source profile. In the reference implementation, the matrix is obtained directly from
the source profile’s pipeline at the stage where it converts linear RGB to XYZ; no
additional construction is required.

Tag assembly and profile patching

The serialised tag has the structure required by ICC.1:2010 ( lutAToBType ):

All multi-byte fields are written big-endian per the ICC specification. The B-curve and M-
curve offsets are zero, indicating omission.



The tag is inserted into a copy of the source profile under the signature A2B0 , replacing
any existing A2B0 tag. The profile header version is set to 4.4 (or 4.5 after acceptance
of the HAGC tag into the ICC specification).

The original HAGC metadata tag remains intact, so HDR-aware renderers can continue
to evaluate the curve dynamically for non-SDR display headrooms.

Choice of parameters
The procedure has two parameters under the author’s control:

e A-curve table size. 1024 has been found to be a reasonable compromise
between profile size and reconstruction error for both PQ and HLG sources.

e CLUT grid size. 33 grid points per axis is the de facto default; 45 points reduces
reconstruction error noticeably for steeply curved gains at the cost of roughly 2.5x
more storage in the CLUT.

The reference white used during pipeline construction is the value carried by the HAGC
metadata, not a parameter of this procedure. The target headroom is fixed at 1.0 and is
therefore not a parameter.

Summary

A [utAToBType A2BO0 tag built as described above provides a standards-conformant,
statically-evaluable SDR rendering of an HDR source carrying HAGC metadata. The
procedure is:

1. construct a notional pipeline of EOTF — HAGC tone-map (target headroom =
1.0) — primaries-to-XYZ matrix;

2. sample the EOTF into three A-curves, encoded in a fifth-root domain to fit HDR
values into 16-bit unsigned;

3. sample the SDR HAGC tone-map into a 3-D CLUT, with input coordinates
interpreted in the same fifth-root domain;

4. carry across the linear-RGB-to-XYZ matrix from the source profile;

5. assemble these into an mAB tag and substitute it for any existing A2B0.

The resulting profile is consumable by any ICC v4 conformant CMM and produces the
SDR rendering that an HAGC-aware renderer would produce at evaluation time, without
requiring the CMM to implement any part of SMPTE ST 2094-50.
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