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Abstract
The paper presents a summary of the 2020 Sclera Seg-

mentation Benchmarking Competition (SSBC), the 7th in
the series of group benchmarking efforts centred around
the problem of sclera segmentation. Different from previ-
ous editions, the goal of SSBC 2020 was to evaluate the
performance of sclera-segmentation models on images cap-
tured with mobile devices. The competition was used as a
platform to assess the sensitivity of existing models to i) dif-
ferences in mobile devices used for image capture and ii)
changes in the ambient acquisition conditions. 26 research
groups registered for SSBC 2020, out of which 13 took part
in the final round and submitted a total of 16 segmentation
models for scoring. These included a wide variety of deep-
learning solutions as well as one approach based on stan-
dard image processing techniques. Experiments were con-
ducted with three recent datasets. Most of the segmentation
models achieved relatively consistent performance across
images captured with different mobile devices (with slight
differences across devices), but struggled most with low-
quality images captured in challenging ambient conditions,
i.e., in an indoor environment and with poor lighting.

1. Introduction

Ocular biometrics represent a branch of biometric recog-
nition technology that exploits various eye characteristics
for identity inference. Recognition techniques based on
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Figure 1: The quality of ocular images captured by mobile
devices depends heavily on the imaging sensor used and the
ambient acquisition conditions present during the capturing
process - as illustrated by the sample images above. The
goal of SSBC 2020 is to evaluate the performance of dif-
ferent sclera segmentation models across different captur-
ing devices and acquisition conditions in the largest group
benchmarking effort in this problem domain so far.

ocular traits are particularly important for authentication
schemes on mobile devices, where reliable (and convenient)
mechanisms for ascertaining the identity of users are of
paramount importance. While the field has long been domi-
nated by iris recognition techniques, recent research is in-
creasingly looking at alternative traits that can either be
used as stand-alone modalities or, alternatively, in combi-
nation with the iris. Among the different ocular traits avail-
able, the sclera region is particularly appealing due to desir-



able characteristics [1], such as high discriminability, per-
manence and robustness to presentation attacks [2, 3].

An increasing amount of research directed towards ex-
ploring sclera as a biometric trait has been presented in the
literature in the last few years. This includes techniques
for recognition [4, 5, 6, 7, 8, 3], segmentation [2, 9, 10],
presentation attacks detection [2, 3, 6], adaptability of the
trait [11, 12], information fusion with the iris [13, 14] and
synthetic sclera generation [15]. However, despite this re-
search effort, comprehensive studies investigating the char-
acteristics of sclera biometrics in mobile scenarios are still
limited in the literature. As illustrated in Figure 1, the qual-
ity of images captured in such scenarios very much depends
on the specific device (and consequently imaging sensors)
used and the external conditions present during the acquisi-
tion step. It is important to understand how these sources of
variability affect various components of sclera-based recog-
nition techniques and what kind of performance degradation
can be expected due to changes in the mobile device used
and ambient conditions present during image capture.

To explore these issues, the 2020 Sclera Segmentation
Benchmarking Competition (SSBC) was organised as part
of the International Joint Conference on Biometrics (IJCB
2020). The competition focused on the task of sclera seg-
mentation, which is a key component and typically the first
step in sclera biometric pipeline. Improper segmentation
affects the performance of all downstream tasks, includ-
ing image normalisation, feature extraction and recogni-
tion. Consequently, the competition was organised around
a novel dataset the Mobile Ocular Biometrics in Uncon-
strained Settings (MOBIUS), that features challenging oc-
ular/sclera images captured in unconstrained settings with
three mobile devices and in three acquisition conditions.
The dataset allowed to explore a number of research ques-
tions within SSBC 2020, such as: How do contemporary
segmentation models perform with challenging images cap-
tured with mobile devices? What impact do changes in
imaging sensors have on segmentation performance? How
does the external imaging conditions affect segmentation
accuracy? To answer these questions 16 segmentation mod-
els were contributed to the competition from 13 different
research groups and analysed for their performance.

The joint effort of all participating groups resulted in the
following contributions that are presented in this paper:

� A rigorous evaluation of several contemporary (sclera)
segmentation models using images captured in chal-
lenging mobile scenarios.

� A comprehensive sensitivity analysis of the segmen-
tation models to variations in acquisition device and
external capturing conditions.

� A novel dataset of ocular images designed for research
into segmentation models for ocular biometrics in mo-
bile scenarios.

2. Related Work
SSBC 2020 represents the 7th edition of the annual

sclera segmentation competition started initially in 2015 as
part of the BTAS 2015. The series of competitions had a
considerable impact on the state of technology in sclera seg-
mentation and over the years provided popular benchmarks
for the community.

The 1st and 3rd iteration of SSBC introduced a novel
dataset for sclera segmentation [16]. The 2nd iteration (SS-
RBC 2016) also studied sclera recognition techniques in
addition to segmentation models [17]. The 4th iteration,
SSERBC 2017, focused on sclera segmentation and eye
recognition with different gaze directions [18]. The 5th,
SSBC 2018, explored the impact of cross senor image cap-
ture on sclera segmentation, and the 6th iteration, SSBC
2019, investigated the performance of segmentation mod-
els in cross-resolution settings [19, 20].

The current edition of SSBC aims to continue the series
of competitions with a new segmentation problem relevant
in the context of mobile biometrics. By introducing a novel
dataset for this task, it also makes an important contribution
to the community.

3. Benchmarking methodology
This section presents the benchmarking methodology

used for SSBC 2020. It first describes the datasets used
in the challenge and then elaborates on the logistics of the
competition and performance metrics utilised for the final
comparative evaluation.

3.1. SSBC 2020 datasets

Three datasets were used for SSBC 2020: i) the Multi-
Angle Sclera Dataset (MASD) [21], ii) the Sclera Mobile
Dataset (SMD) [22] and iii) the Mobile Ocular Biomet-
rics in Unconstrained Settings (MOBIUS) dataset. MASD
and SMD were made available to the participants together
with the ground truth segmentation masks at the start of
challenge and served as the main training data for the chal-
lange. However, using additional (external) dataset for the
training process was also allowed. A small sample of 36
images from the MOBIUS dataset was also released. The
MOBIUS dataset acted as the testing data for the compe-
tition. This dataset was sequestered and made available
(without the ground truth masks) three weeks before the
result-submission deadline. A few sample images from the
datasets are shown in Figure 2 and a summary of the main
characteristics of the datasets is provided in Table 1. A de-
tailed description of the competition data is provided below.

MASD. The first dataset used in SSBC 2020 contains
high-quality ocular images acquired with a DSLR camera,
i.e., a NIKON D 800 with 28-300mm lenses. The dataset
features 2624 RGB images taken from 82 subjects. The




