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Abstract. Pen computing or pen-based technology can be considered one of the
most natural and intuitive computer input interface for humans. The
combination of digital video and pen-based technology can support a new
approach for electronic paper by associating handwritten notes and drawings
with video segments. This paper presents a proposal for pen-based video
annotations and a prototype for Tablet PCs, implementing this concept,
particularly dynamic pen-based video annotations combined with real-time
video tracking.
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1 Introduction

The pen is an old tool, which resulted from the need to communicate and
memorize by writing down information [1]. The pen has changed through time as
well as the substrate used to write [1]. The first attempts in pen computing occurred in
the 1950s and 1960s [1] and the most recent and widely used development of this
technology is the Tablet PC, a laptop computer equipped with pen-based technology
and a touch screen. The size of the displays, almost the same as a regular sheet of
paper, and its computational power, as a regular laptop, make the Tablet PCs an
interesting approach to electronic paper and a precursor to interactions that will be
possible in the future [2].

Annotations are a useful form of writing down information using pen and paper
and can be associated to other media types like text and images, in a process that
combines reading and critical thinking usually called active reading [3]. Nevertheless,
annotations can also be applied to digital platforms and documents [3, 4]. More
recently, digital video became a popular type of digital document and a medium of
communication worldwide. Video can be considered one of the most complete and
complex medium. Besides the pictorial and verbal (written text or speech) attributes,
video includes motion and time characteristics. A process analogous to the active
reading, called active watching, can associate annotations to video content [5].

The combination of digital video and pen-based technology allows association
between handwritten annotations/drawings with video segments. Pen-based video



annotations introduce new notions for the note taking act, such as temporal position
and motion, when compared with regular pen and paper annotations.

2 Related Work

The topic of pen-based video annotations is not new and some systems [6,7,8,9,10]
already explored this idea. Nevertheless, most of them [6,8,9,10] do not totally
explore the dynamic dimension of video content, making the annotations spatially
static, while the content is moving. Although, the Ambulant Annotator [7] explores
this dimension, the annotation spatial path is defined by the user and not by tracking
the video content. A more recent work [11] explores graphical video annotations
combined with motion tracking, but do not consider the particular case of pen-based
annotations and the tracking feature needs a long time of video pre-processing.

3 Pen-based Video Annotations

The input modality of digital annotations can be divided in three types: ink,
keystroke and multimedia [12]. Pen-based annotations generate ink-based
annotations; nevertheless, if a keyboard annotation is a set of characters [12], then a
pen-based annotation can be considered a set of ink strokes. Each ink stroke has its
own attributes, like color or thickness, which can differ from one to another [3].
Therefore, a pen-based annotation can be considered a set of ink strokes with different
attributes. In addition, a temporal dimension can be added to the ink strokes.
Normally, a user makes these ink strokes sequentially [4]. This temporal order
associated to each ink stroke can be crucial to understand the idea transmitted by the
annotation.

Video annotations should include spatial and temporal dimensions also associated
with video content [5]. Together, these dimensions generate the idea of motion,
spatial position that varies with time, which should be also associated to video
annotations. Video annotations should have the ability to follow specific motion
features included in the video content.

The combination of both concepts, pen-based annotations and video annotations,
generate a new kind of annotations, pen-based video annotations, which can be
defined as annotations composed by a set of time dependent ink strokes, each with
specific attributes, and associated with video changeable temporal and spatial
positions.

The attributes of pen-based video annotations can include ink properties (e.g. color,
thickness), private or public definitions, hypertext properties (e.g. spatial anchors on
the video content and links to other media types) and tracking features (e.g. tracking
objects, colors and textures).



4 Prototype

A prototype was developed with the aim to implement pen-based video
annotations. The system was developed for Tablet PCs (Fig. 1a) and includes pen-
based annotations displayed over video content, associated by time to video intervals,
and with some changeable ink attributes, such as color and thickness. In addition, the
system has a frame based timeline making possible to browse the video content, by
selecting a particular frame, and to draw over a set of frames. A scrollbar was also
developed, with the aim to navigate through the frame timeline, with the particular
feature that the marker has fixed dimensions, sufficient to be selected using the pen,
without missing the target, as can happen with regular scrollbars.

The prototype includes annotations motion tracking, which allows annotations to
follow motion changes in the video content, as shown in Fig. 1b.

Fig. 1 a) The prototype running on a Tablet PC b) Annotation Motion Tracking

The motion tracking is based on the difference of frames on the area defined by the
annotation, in real-time. The annotation area, defined by a rectangle embracing the
ink strokes, is equally divided in four smaller rectangles and the rectangle (of these
four) that presents a larger change of pixels, represents the direction that the
annotation should follow. This method does not require a lot of processing power,
enabling its real-time usage. The annotations are drawn for every frame in a
transparent layer over the video window, without the need to change the original
video content. The system also redraws the ink strokes in the same order that they
were made. The annotation lifetime is by default equal to the video time length but
the time interval can be changed using a dual slider. Annotation motion stops when
the object stops or when it is not visible in the video window.



5 Conclusions and Future Work

This paper presents a proposal for pen-based video annotations and the different
notions introduced by this type of annotations. The dynamic property of pen-based
annotations was implemented in a prototype using Tablet PCs, allowing an annotation
to track video content movements, among other features. Additional capabilities, such
as pressure and gesture widgets and tracking other features and multiple objects will
be developed as next steps. Finally, usability tests will be carried out to test the
proposed system.
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