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Abstract

Camera calibration is a crucial component in the realm
of sports analytics, as it serves as the foundation to extract
3D information out of the broadcast images. Despite the
significance of camera calibration research in sports ana-
lytics, progress is impeded by outdated benchmarking cri-
teria. Indeed, the annotation data and evaluation metrics
provided by most currently available benchmarks strongly
favor and incite the development of sports field registra-
tion methods, i.e. methods estimating homographies that
map the sports field plane to the image plane. However,
such homography-based methods are doomed to overlook
the broader capabilities of camera calibration in bridging
the 3D world to the image. In particular, real-world non-
planar sports field elements (such as goals, corner flags,
baskets, ...) and image distortion caused by broadcast cam-
era lenses are out of the scope of sports field registration
methods. To overcome these limitations, we designed a new
benchmarking protocol, named ProCC, based on two prin-
ciples: (1) the protocol should be agnostic to the camera
model chosen for a camera calibration method, and (2) the
protocol should fairly evaluate camera calibration methods
using the reprojection of arbitrary yet accurately known 3D
objects. Indirectly, we also provide insights into the metric
used in SoccerNet-calibration, which solely relies on image
annotation data of viewed 3D objects as ground truth, thus
implementing our protocol. With experiments on the World
Cup 2014, CARWC, and SoccerNet datasets, we show that
our benchmarking protocol provides fairer evaluations of
camera calibration methods. By defining our requirements
for proper benchmarking, we hope to pave the way for a
new stage in camera calibration for sports applications with
high accuracy standards.

1. Introduction

Camera calibration, also known as camera resection-
ing, is a necessity in many computer vision tasks. It in-
volves estimating the parameters of a camera model, usu-
ally the pinhole camera model, that approximates the phys-
ical camera that produces a given image. Applications that

Figure 1. Illustration of a successful camera calibration. Lines
superimposed in blue are obtained by projecting the markings of
a soccer field. A perfect alignment is mandatory to enable high-
precision applications such as offside position assessment (in red,
a parallel to the goal line to decide on an offside situation). This
paper proposes a new protocol, named ProCC, that has two ad-
vantages: (1) it is applicable to any sport, and (2) its evaluation is
based on a new metric which is agnostic to the chosen camera type
and model.

require accurate calibration are varied and include virtual
reality [33], underwater measurement [34, 43], traffic anal-
ysis and surveillance [29, 37, 47], vehicle localization [56]
or speed estimation [39], person re-identification [54], 3D
reconstruction [28], etc. In this paper however, we focus on
calibration of cameras used in sports event broadcasting as
shown in Figure 1, and present a new protocol for the evalu-
ation of the camera calibration quality that is usable for any
camera type (static/moving, PTZ, fish-eye, wide angle) and
model (pinhole, with/without radial distortion, etc.).

Camera calibration for sports. In the context of sport,
computer vision systems are used for multiple purposes,
such as augmented reality graphics [38], 3D ball trajectory
reconstruction [3] or tracking [53], refereeing [19,20,30], or
the computation of statistics regarding position, speed, and
acceleration of balls, players, bats, sticks, pucks, etc. [27,
35, 50, 52]. The expectations in terms of precision and ro-
bustness of these systems is constantly rising. Both the fact
that it is considered as a valid alternative to GPS trackers for
player tracking systems and the fact that the FIFA supported
the use of the SAOT (Semi-Automated Offside Technol-
ogy) for the 2022 Football World Cup are good indicators



of the trust put in computer vision systems. Sports analysis
is an active subject of research, with several recent datasets
gathering broadcast images with a wide range of annota-
tions serving for game analysis, such as DeepSportRadar
dataset for Basketball [51], or the SoccerNet datasets for
soccer [8,12,17,31]. The SoccerNet dataset which was ini-
tially created for action spotting tasks [2, 17] covers a wide
range of tasks for soccer analysis. In particular, the game
state recognition task, one of the latest challenges proposed
by the SoccerNet team, heavily relies on the ability to cali-
brate the camera to produce a strategic minimap of the play-
ers’ localization [45]. This challenge paves the way to a
3D reconstruction that will require to be able to calibrate
any camera along the field, including close-up cameras in a
multi-view setup.

Camera calibration in the context of sports benefits from
the presence of the sports field whose dimensions are speci-
fied by the rules of the game (see for example [23, page 32]
for soccer, [14] for basketball, [16] for volleyball, and [24]
for ice hockey). Their well-known shape and their pres-
ence in most sports images make them convenient calibra-
tion patterns. Using the field model as a calibration pattern,
camera calibration techniques can thus express the parame-
ters by a projection matrix, and sports field registration tech-
niques express the mapping between the field plane and the
image by a perspective transform, better known as a homog-
raphy [46]. Note, however, that the rules of games allow
some tolerance on field dimensions, so calibration systems
have to cope with some dimension uncertainties. In this re-
gard, goal posts are supposed to be perfectly sized, which
makes them adequate to serve as calibration landmarks.

As the terms of “camera” calibration and “sports field”
registration can be sometimes used interchangeably in the
literature, we deem important to emphasize the difference
between them. A sports field registration technique aims to
estimate a homography, i.e. the transformation between the
3D sports field plane and the image. This mapping is not
defined outside these two planes, which is insufficient for
all 3D applications that involve elements outside the field
plane. This is a blind spot in all papers that mention 3D
applications such as player and ball tracking, tactics anal-
ysis, augmented reality, etc. On the other hand, a cam-
era calibration technique provides a mapping between the
3D world (not only the field plane) and the image, which
makes it suited for the aforementioned applications. Sports
field registration is an approximate attempt or a first step
towards camera calibration, and this is why, in this paper,
we consider the homography as a camera model, despite its
practical limitations. However, we show that our protocol
is applicable to any model, broadening the possibilities in
terms of camera models.

Outline. The rest of the paper is organized as follows. We
present the related work on camera calibration for sports, in-

cluding a review of existing datasets, in Section 2. Section 3
describes the key elements of our benchmarking protocol,
named ProCC, the new metric JaC1 that we introduced in
SoccerNet-calibration, as well as a more relevant ground-
truth type, to express the camera calibration quality. Our
benchmarking protocol, including the annotation procedure
and its metric, are the main contributions of this paper. Sec-
tion 4 applies our protocol to the evaluation of camera cal-
ibration for sports broadcast events. This section also in-
cludes an experimental analysis of the protocol for different
camera models, illustrating the universality of our protocol
and showing that previous protocols have limitations that
our new protocol can overcome. Section 5 discusses the
results and explains why current calibration techniques de-
veloped in the literature overlook the broader capabilities of
camera calibration in bridging the 3D world to the image.
Finally, Section 6 presents a brief conclusion.

2. Related work
In the current state of the art, most of the evaluation pro-

cedures are based on homography annotations (to the best
of our knowledge, basketball [22, 25] and athletics [1] are
the only exceptions) which restricts the evaluation to the
sports field plane, even if some techniques compute cam-
era parameters. Indeed, all the following camera calibration
techniques in the literature [4, 10, 40, 48] use the pinhole
model, whose camera parameters can be converted to the
homography that maps the image to the sports field plane.

2.1. Datasets to benchmark camera calibration

The latest techniques in camera calibration for sports all
leverage the presence of a sports field to understand the
mapping between the image and the world.

By browsing the scientific literature, we found a dozen
datasets on which researchers evaluated their methods. Ta-
ble 1 shows that most datasets are only relevant for sports
field registration, as their annotations consist of homogra-
phies. For some datasets, it seems that the ground truth has
not been annotated once and for all, such that several re-
searchers have created their own annotations, which does
not ensure the comparability of their results [42].

The nature of the annotations, the relatively small sizes
of the datasets for some sports, as well as the difficulty of
getting access to the data, make the creation of reliable cam-
era calibration algorithms difficult.

2.2. Evaluation of camera calibration in sports

Today, most authors evaluate their performance using
an intersection over union metric, more specifically the

1We have renamed the metric from AC, used in SoccerNet-calibration,
to JaC to avoid any confusion with the notion of accuracy as used in binary
classification.
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