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Abstract We propose a method for video sequence boundary labeling
which maintains the temporal coherence. The method is based on two
ideas. We limit the movement of the label boxes only to the horizontal
direction, and reserve free space for the movement of the label boxes in
the label layout. The proposed method is able to position label boxes in
video sequence on a lower number of rows than existing methods, while at
the same time, it minimizes the movement of label boxes. We conducted
an extensive user experiment where the proposed method was ranked the
best for panorama video sequences labeling compared to three existing
methods.
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1 Introduction

Labels and short textual annotations, are used to communicate the position of
objects together with additional information about them (e.g., names of the
objects) in a single image. The position of the labels in relation to the labeled
objects (i.e., the label layout) is crucial for functional labeling. In this work, we
focus on boundary labeling, where the labeled objects are approximated with
points denoted as anchors. The labels are enclosed in label boxes positioned on
the top side of the scene so that no pair of label boxes overlaps. The labels are
associated with the labeled objects by vertical leader lines that interconnect the
label boxes with the anchors.

We specifically focus on boundary labeling of panorama video sequences.
Imagine a footage from a drone flying through the mountain terrain (or a city
full of skyscrapers). The labels and corresponding positions of mountain summits
can be obtained from geo-referred terrain models using camera pose estimation
techniques [2]. For various panorama boundary labeling examples see Fig.
Creating label layouts for such video sequences introduce the problem of temporal
coherence of the resulting label layouts. In other words, the labels should not
jump abruptly from one position to another, but should keep their positions or
move in a predictable manner.
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In this work, we present three main contributions: (1) A novel algorithm
designed both for video sequences and images. The algorithm is capable of pos-
itioning the labels on a lower number of rows than existing algorithms, making
the label layout more compact in vertical direction. (2) For video sequences the
algorithm minimizes movement of the labels during playback of the sequences.
If the labels move during the playback, they move in a predictable manner. (3)
We present the results of a user study designed to evaluate label layouts of pan-
orama video sequences. In the study we have evaluated our algorithm against
three existing boundary labeling methods. The results of the study show that
the proposed method is preferred over the other three methods with statistical
significance.

2 Related work

In this section, we divide the boundary labeling methods into two groups based
on the flexibility of the label boxes. Finally, we discuss methods that provide
temporally coherent movement of the label boxes.

The methods working with fized labels take as the input a set of anchors
and a set of label boxes positioned on top of the scene. The task is to assign one
label box to each label and connect each label box with the corresponding anchor
with a leader line. Bekos et al. 3] introduced a method for boundary labeling
where a set of anchor points is connected with a set of predefined label boxes
positioned in one or up to three rows with rectilinear leader lines. The method
finds the leader lines whose combined length is minimal. Benkert et al. [5] later
showed that better label layouts can be produced if we consider criteria such as
the number of bends of the leader lines and distance between the leader lines, in
addition to the length of the leader lines criterion.

The methods that work with flexible labels take as the input a set of anchor
points only. The task is to determine positions of the label boxes and connect
each label box with the corresponding anchor with a leader line. Maass and
Déllner [15] presented two methods that produce panorama label layouts. In
both methods the labels are processed according to the distance of the labeled
objects from the camera and the label box is centered with respect to the vertical
leader line. Gemsa et al. [10] presented an optimization method that for a set of
anchor points positions the label boxes on the lowest possible number of rows
using dynamic programming. Each label box is connected with a corresponding
anchor point with vertical leader line and no leader line intersects any label box.

The methods that are addressing the temporally coherent movement of label
boxes strive to determine such label boxes that do not change their positions
abruptly and move in a predictable manner. Gétzelmann et al. [11] focus on the
labeling of animated 3D objects such as engines with moving pistons. Cmolik and
Bittner [7] proposed real-time external labeling technique for 3D objects where
the label boxes are moving coherently during slow interaction (e.g., rotation)
with the scene. Vaaraniemi et al. [22] first determine positions of label boxes in
a 3D space and during interaction with the scene use a force based approach to
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resolve overlaps of the labels. Maass and Doéllner [15] and Tanzgern et al. [20]
proposed similar hysteresis approaches to make the movement of label boxes
temporally coherent. Koufil et al. [13] proposed another hysteresis approach
adapted for internal label boxes.

Unfortunately, none of the approaches is applicable to the panorama video
sequence labeling problem, where a small movement of one label box can decrease
the free space available for another label box which in turn can lead to an abrupt
change in the position of the label box. Consequently, the change in position can
again limit free space available for another label box.

3 Problem definition

In this section we define the video sequence boundary labeling problem. The
input is a video sequence S with jSj frames and a set of label boxes L. Each
frame f;;i 2 1:::jSj has the same width wg and height hg. Each label box
I, 2 L is visible at least in one frame in the video sequence and has defined
width w;,_, height h;, , and text t;,_. The height h;, is constant for all label boxes
in L.

Each frame f; has a set of anchors A where each anchor a; has its position
(Xa;:Ya;): J 2 1:::jAj and a set of label boxes L L where each label box | is
associated with the anchor a;. The task is to find a position of each label box
I 2 L associated with each anchor a 2 A of each frame f 2 S so that the label
boxes fulfill the following requirements for the video sequence boundary labeling
problem:

1. The label boxes are aligned to rows 5. The label boxes are connected with

starting from the defined line hlg,
e.g., the horizon.

The label boxes do not overlap with
each other.

[Optional] The positions of label
boxes should correspond to dis-
tances of the labeled objects from
the camera. The closest label boxes
should be in the lowest row.

The label boxes should be posi-
tioned on the lowest number of
rows possible.

the corresponding anchors with
vertical leader lines.

. The leader line is connected to the

label box as close to the center of
the label box as possible.

. The movement of the label boxes

through the video sequence is tem-
porally coherent. In other words,
vertical and horizontal movement
of the label boxes is minimized
across all the frames in the se-
quence S.

4 Temporally coherent labeling method

Our approach is based on two fundamental ideas: (1) we restrict the movement
of the label boxes only in a horizontal direction and (2) we reserve space for
the horizontal movement of the label boxes in the label layout. This way the
movement of one label box cannot influence the movement of any other label
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box, thus requirement [7] is fulfilled. To reserve the space for movement of the
label boxes in the label layout, we propose to:

{ Create an anchor interval ; = [min,,; max,,] and calculate an average
camera-to-anchor distance d,, for each label box I; 2 L where min,, and
Max,; are the minimal and maximal x-coordinates of anchors that are as-
sociated with the label box I; through all the frames of the sequence S (see
Fig.[L(a)). Similarly, the distance d,, is the average distance of the anchors
that are associated with the label box I; through all the frames of sequence
S.

{ Create a label box interval ; = [miny;; maxy,;] for each label box I; 2 L
where the width of the label box interval wy, = max(maX,, Ming,;w;,).
The label box interval ; is associated with the anchor interval ;, thus

d)\i = dai(see Fig. E@]’

In order to determine a temporally coherent labeling of the given sequence S,
we need to solve the following two subproblems.

1. Label box interval to row assignment: Determine the row r and left bound
miny, of the label box interval ; (then max,, = miny, +Ww,,) for each label
box I; 2 L so that the label box intervals fulfill the requirements [TH5] from
Sec. |3| Please note that this subproblem is solved only once for the given
sequence S. See Fig. for an example of a label box to row assignment.

2. Within row label box placement: Determine the offset 0; between the x-
coordinate of anchor X,, and the x-origin min;, of the label box I; (origin
refers to lower left corner) for any given frame f 2 S. This reflects the re-
quirements [2] and [5}[6] from Sec. [3] Please note that this subproblem is solved
for each frame of the given sequence S. See Fig. for an example of label
box placement in each row.

4.1 Label box interval to row assignment

We formulate the problem as a mixed-integer nonlinear programming (MINLP),
which combines combinatorial optimization over binary variables with nonlinear
optimization over continuous variables [4].

The instance of MINLP is formulated as the minimization of the object-
ive function F; with respect to decision variables I, and miny; (the latter is
considered in constraints). The objective function is defined as

K .
Fi= P15 (A f); (1)

=1 r=1

where 13, 2 f0;1g is a binary variable that indicates if the label box interval

i is placed in row r and enforces the requirement [Il We consider at the most
R = jLj rows. The hat modifier in the above given variable (e.g., d A ) denotes
the unity-based normalized value of that variable. The product in the first term
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