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Introduction
Among all the quantities referred to as “reflectance” in the
nomenclature defined by Nicodemus et al. [1], the
bidirectional reflectance factor (BRF) is the most
relevant measure to access the state of a surface and
extract information, typically, of vegetation or soil. The
BRF:

provides information in a 4-dimensional space
⇒ contains lots of information;
is intrinsic to the surface it describes
⇒ characterizes the surface.

Unfortunately, accessing the BRF of a natural surface in
open-air conditions remains a challenge: only the
hemispherical-conical reflectance factor (HCRF) is
accessible with field measurements. The HCRF factors in
sky illumination, i.e. atmospheric effects: it is not intrinsic
to the surface and is not quite as relevant as the BRF to
characterize the surface. However, the retrieval of the BRF
can be extracted from measurements that contain
atmospheric effects is quite common (e.g. atmospheric
correction) and there are many methods to do so.

From the HCRF to the BRF
What we can measure: the HCRF (blue sky) What we can want: the BRF (black sky)
We can only collect aggregated contributions of all
illumination directions (surface + atmosphere)

In the field: requires removing the atmosphere⇒
impossible without a retrieval algorithm

Savanna pre-fire scene [2] under a clear sky, rendered with the Eradiate radiative transfer model [3].
In such conditions, the sensor records light that interacts with both the surface and atmosphere.

Savanna pre-fire scene [2] without an atmosphere. In such ideal conditions, the sensor records
light that interacts only with the surface. Note the sharper shadows compared to the clear-sky
view, due to the absence of atmospheric scattering.

How to achieve it: Open-air BRF retrieval from UAV HCRF
measurements The CISAR algorithm [4, 5] now implements
surface BRF retrieval from in situ HCRF data. From the
illumination- and atmosphere-dependent HCRF, we retrieve
the BRF, which characterizes the surface only.

Validation?

Validation method
No direct reference BRF measurement can be acquired,
but we can simulate that reference, similar to what is
done for vicarious calibration of satellites.
For that purpose, we employ an artificial target which we
can characterize accurately dimensionally and optically.
We simulate its BRF with the Eradiate radiative transfer
model, proven suitable to simulate the reflectance of an
artificial target with an accuracy of 2 % [6].

The retrieval method (left branch) yields the surface BRF
the atmospheric effects removed by the CISAR algorithm.
The simulated reference (right branch) is created with the
Eradiate radiative transfer model.

Implementation
This validation protocol and the initial target design were cre-
ated as part of ESA’s QA4EO-2 project. The current phase,
carried out as part of ESA’s FRM4VEG-2 project and to be
kicked-off in July 2025, is prototyping the implementation of
the protocol, including

target manufacturing;
target characterization (dimensional and optical);
target BRF simulation (incl. uncertainty);
UAV field campaign (multi-angular HCRF data);
target BRF retrieval from acquired HCRF (incl. uncer-
tainty).

The consortium includes
Rayference: Target design and characterization, BRF
simulation and retrieval
Aeriane: Target manufacturing
National Physics Laboratory: UAV field campaign
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Artificial target design

The artificial target is designed to produce a
reflective signature similar to that of a natural
surface. It features a pronounced
retro-reflective hot spot and can be fitted with
the RPV BRDF [7], as shown in the figure below.
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The design, initially prepared assuming a
Lambertian material, is updated to account for
the optical properties of the actual material that
will be used, as well as manufacturing and
handling constraints.

Optical characterization
In this prototyping phase, optical properties are
acquired with broad angular and spectral
coverage using a spectrogoniophotometer
operated by the Realistic Graphics Laboratory
(EPFL, Lausanne, Switzerland). This facility can
acquire spectral measurements with an
optimized protocol.

Left: An example of measured material BRF of
one of the candidate materials. Right: A render
of a “material ball” using these data, created
with Eradiate’s radiometric engine, the
Mitsuba 3 renderer.
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