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Abstract

Cameras, especially cameraphones, are using a large diver-
sity of technologies, such as multi-frame stacking and local tone
mapping to capture and render scenes with high dynamic range.
ISO defined charts for OECF estimation and visual noise mea-
surement are not really designed for these specific use cases, espe-
cially when no manual control of the camera is available. More-
over, these charts are limited to few measurements. We developed
a versatile laboratory setup to evaluate image quality attributes,
such as exposure, dynamic range, details preservation and noise,
as well as autofocus performance. It is tested in various light-
ing conditions, with several dynamic ranges up to 7EV difference
within the scene, under different illuminants. Latest visual noise
measurements proposed by IEEE P1858 or ISO-15739 are not
giving fully satisfactory results on our laboratory scene, due to
differences in the chart, framing and lighting conditions used. We
performed subjective visual experiments to build a quality ruler
of noisy gray patches, and use it as a dataset to develop and val-
idate an improved version of a visual noise measurement. In the
experiments we also studied the impact of different environment
conditions of the grey patches to assess their relevance to our al-
gorithm. Our new visual noise measurement uses a luminance
sensitivity function multiplied by the square root of the weighted
sum of the variances of the Lab coordinates of the patches. A
non-linear JND scaling is applied afterwards to get a visual noise
measurement in units of JND of noisiness.

Introduction

Smartphones are nowadays one of the most popular ways
to take photos, at least among non professionals. Being able to
objectively test and compare smartphone cameras carries a lot of
value to advise customers in their choice of smartphone. But these
tests must be relevant to the customer’s use cases. At DXOMARK
Image Labs, we design repeatable laboratory setups to fairly test
smartphone cameras in a wide range of conditions. Since in digi-
tal photography many quality attributes are interdependent, versa-
tile laboratory setups are necessary to measure several quality at-
tributes on the same scene and evaluate the compromise between
them. For noise evaluation, existing ISO standard charts, like the
ISO-14524 [1] 12-patch test chart for OECF estimation and visual
noise measurement (ISO-15739 [2]), are not relevant in our case
as they are limited in terms of number of measurement1. Adding
to that, the existing visual noise measurements proposed by IEEE

1The ISO 19093 standard proposes a chart intended for multiple mea-
surements, however it does not always trigger HDR pipelines in all auto-
matic cameras such as smartphones.

P1858 (CPIQ) [3] or ISO-15739 standards do not give entirely
satisfactory results when used with a different framing, different
chart or in more challenging HDR conditions. Moreover, these
standards generally apply for images with perfect white balance,
which is not always the case on real images taken with smart-
phones.

Existing setups and their limitations

To test imaging systems, some versatile setups are available
to measure their capacity to render details, control noise and so
on.

Deadleaves setup
In 2012, DXOMARK introduced the Deadleaves chart in

its testing protocol. This chart is described in the IEEE P1858
standard [3]. The presence of the Deadleaves pattern and the 12
grey patches allows to measure acutance as well as target expo-
sure and noise on this chart. In 2017, DXOMARK developped
the Deadleaves setup around this chart to add measurements on
autofocus performances and to complexify the content of the test
scene. The Deadleaves setup can be shot in two holding condi-
tions: tripod and handheld. The tripod case is static, to simulate
a perfect conditions photography use case. The handheld case
uses a moving platform to simulate the small hand shake occur-
ring when a person is taking a picture. Movement is also added in
the scene with a small test chart (similar to the Dead leaves chart),
which is moving up and down in a controlled constant velocity.

The shooting procedure of the Deadleaves setup is auto-
mated thanks to a small defocus chart mounted on an automated
moving object (AMO) placed in front of the camera and linked
to a triggering system. This movement is detected by lasers and
triggers the capture of an image by the smartphone.

The Deadleaves setup is shot in a laboratory with a controlled
lighting system, featuring several standard illuminants: Daylight
D65, Fluorescent (TL84), Tungsten (A) and Horizon (H). The in-
tensity of the illumination can be configured according to different
lux levels: 1000 lux, 300 lux, 100 lux, 20 lux, 5 lux and 1 lux.

Thirty-five pictures are taken for each shooting condition,
being the combination of a holder (tripod or handheld), an illu-
minant and a lux level. This allows to evaluate the capacity of
the device to deliver a consistent image quality over consecutive
shots.

Limitations
One of the main limitations of the Deadleaves setup is that

the dynamic range is rather low in the scene. There are no particu-
larly bright parts, nor dark areas. However, a lot of photographed
scenes in real life have content with higher dynamic range, be it




