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Figure 1: Example dynamic illustrations created using filtered.ink, with corresponding animated components annotated above.

ABSTRACT

Vector illustrations are object-based, meaning they are composed
of strokes that can be filtered individually through textures or
animations and transformed without loss of quality. These filters
are typically difficult to specify without programming prerequisites.
We propose filtered.ink, a full-featured illustration application to
construct and explore filters via a node graph interface with a live
preview. This turns vector graphics and their filters into a form of
vector hypermedia that can be shared and remixed with new users.
By examining interactions that occur when crafting, remixing, and
using filters for dynamic illustrations through a task-based usability
study, we expose new workflow patterns and avenues of expression.
The observations result in a user model supported by filtered.ink:
see, want, rewant, and remix. In this model, the artist breaks away
from traditional notions of illustration, taking advantage of the
inherent remixability of the strokes and filters in the vector graphics
format.
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1 INTRODUCTION

Still images capture moments in time. When the static backgrounds
in these images are juxtaposed against animated motifs, however,
they are able to capture liminal impressions of time, where time is
suspended in some elements yet flowing in others. This style of
media, described as cinemagraphs [20] or kinetic textures [22, 23],
allows artists to control the propagation of elements over time and
lends to new creative possibilities. For clarity, we will collectively
refer to this media within drawing as “dynamic illustrations”
Traditionally, GIFs and other video formats are used to create
dynamic illustrations. While these raster formats have long dom-
inated the web, they are not scalable to larger screens without
incurring unwanted pixelation, which becomes a growing problem
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with the rapid increase of screen resolutions. Their textures and
animations also cannot be easily modified after export, as produc-
ing the resulting image file is an irreversible one-way conversion.
Small changes to animation speed, lighting, or texture density in
this traditional raster workflow thus become constrained and can-
not be made to the underlying strokes. Conversely, vector-based
media such as scalable vector graphics (SVGs) are pixel-agnostic
and democratize the editing of dynamic illustrations, as the file
format itself separates strokes from their modifying filters, each of
which can be remixed into a new drawing (by remixing the illus-
tration) or aesthetic (by remixing a filter). Unlike in raster, where
edits are made sequentially and reverted from a linear undo stack,
edits in vector can be non-linear by being applied to any past stroke.
This ability aligns with previously expressed artist desires to save
and apply different versions and styles of brushes more freely [25].
Non-linear editing can also facilitate rapid iteration and refinement
of the illustration across different systems. These properties make
vector graphics an ideal candidate for dynamic illustration.

Despite their benefits, vector graphics are not a common out-
put format in illustration'. This paucity can be attributed to their
limited forms of expression compared to those of raster-based il-
lustrations. Although vector-based systems like Adobe Illustrator
[16] and Inkscape [38] abstract away the complexities of vector
programming through common drawing metaphors, they provide
few to no options for creating detailed textures and animations. In
particular, creating fluid animations for vector graphics has already
been shown to be a non-trivial task for the user [3]. As a result,
vector-based artwork is often limited to a minimalist, geometric ap-
pearance, restricting the variety of illustration styles an artist could
express. We focus on this gap of texture and animation creation to
enhance the breadth of vector illustrations.

To enable the authoring of dynamic vector-based illustrations,
we create a web-based system called filtered.ink that abstracts styl-
ization code for SVGs. Its node graph interface allows users to
author animated computational brushes composed of SVG filters,
or raster transformations that operate on existing vector primi-
tives. The illustrations are re-rendered at each display resolution to
empower users to create vector illustrations with the same expres-
siveness as that of raster. The platform provides several ways to
create, manipulate, and remix these filter transformations that can
then be applied onto a canvas. Since this system introduces an un-
familiar medium and new workflows, we then conduct a task-based
usability study using filtered.ink with hobbyist and professional
artists, who are familiar with common vector-based design tools
but not SVG filters, to understand how the system can fit into the
visual artist’s natural workflow and influence dynamic illustration
outcomes. By observing key behavioral patterns, preferences, and
methods of expression unique to the vector format that are shared
amongst the artists when using computational brushes, we identify
a user model supported by filtered.ink and derive further insights
into how vector-based creative tools with potential technical learn-
ing curves can be designed to better support the artist’s natural

! Although the exact numbers are hard to pinpoint, filtering for software that support
vector output on ArtStation reveals vector graphics only occupy 171,500 out of 4.4
million digital 2D illustrations (3.9%). On sites dedicated to vector graphics such as
IconScout, only 220,000 are illustrations or animations while 4.8 million are icons.
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mental model. From our study, we characterize an artist’s workflow
into four categories: see, want, rewant, and remix.

The contributions of this paper are 1) a full-featured system for
dynamic vector illustration that enables users to achieve expressive
raster-like styles through SVG filter authoring and 2) a user model
for vector-based creative systems with learning curves informed
by a task-based user study on workflow patterns and affordances.

2 RELATED WORK

2.1 Vector Creation and Manipulation

Existing systems for vector-based media creation or manipulation
fall into two general categories: human-centered approaches and
automatic generation. One example in the former category is Sketch-
n-Sketch, an SVG editor that demonstrates how direct manipulation
interfaces with general-purpose programs can allow both experts
and non-experts to use programmable systems [10]. This editor al-
lows users to manipulate code to affect the rendered vector graphic
and directly tweak the vector graphic to see the reflected changes
in code, which the authors termed output-directed programming
[11]. Other human-centered systems include commercially avail-
able tools like Adobe Illustrator [16] and Inkscape [38] for drawing,
and Adobe After Effects [15] and SVGator [49] for animation. These
systems support vector illustration and animation by abstracting
away the programming aspects of vectors for physical drawing in-
teractions and timeline-based animation frameworks, respectively.
However, they separate the drawing and animation processes. In
addition, Illustrator and Inkscape are drawing interfaces that do not
provide easy ways to craft textures, SVGator is an animation tool
but does not support the animation of textures, and After Effects
only supports the dynamic masking or translation of static textures
as animation. Similar to these systems, filtered.ink also relies on
human-centered approaches for authoring. However, it extends
existing approaches by providing a way to both directly create and
animate the compositions of the textures as the user draws them.
This synthesis of embedded animation mechanisms within a fa-
miliar drawing interface introduces a fluid end-to-end experience
tailored for dynamic illustrations.

Using automated approaches can also result in rich vector-based
media, albeit at the cost of user control. These examples include
SVG-VAE [33], Im2Vec [40], Cloud2Curve [5], and Stylized Neural
Painting [57], all of which rely on learned models to reconstructs
vectors from an original raster graphic. For messier raster sketches
with small spaces between sketched lines, Delaunay subdivision has
been used for automatically coloring sub-regions [37]. Other meth-
ods operate solely within the vector space. DeepSVG [3] focuses
on animating existing SVGs by producing smooth interpolations
between one SVG and another, while temporal diffusion curves [32]
introduces a new type of vector graphic that captures the evolution
of strokes to achieve a wider variety of styles and effects for vec-
torized painting. These auto-generative approaches either excel in
imitation but not in freedom of expression or suggest new system-
specific file formats. filtered.ink also attempts to achieve raster-like
levels of fidelity but incorporates greater user autonomy into the
brush creation process.
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2.2 Node-based End-user Authoring

Node-based editing of objects hails from historical prototypes such
as Sketchpad by Sutherlandd, where a light pen manipulates the
nodes that de ne vector-based shapes. More recently, it has been
used in texture rendering algorithms to manipulate procedural ma-
terial graphs. Some of these algorithms such as Hu et. al's pipeline
[13 or MATch [44] train neural networks that require searching
through pre-existing procedural node graphs to nd a best match,
while other strategies focus on semi-automatic generation to by-
pass the large data set requiremenit]. The resultant node graphs
can be further ne-tuned by a user to change material properties
such as roughness, color palette, or shininess.

Editing the generated materials and textures via a node graph is
similar to the block-based approach in visual programming, which
has been used in systems such as Scrafidhdgnd Blockly [9] to
help novices understand the semantic connections between pro-
gram state and output. In comparison to standard text-based pro-
gramming, this approach has been demonstrated to incite greater
learning gains and levels of interest in programming4. The vi-
sual metaphor of directly manipulating blocks is also particularly
well suited for visual environments such as drawing and design.
For example, Pardl{ gives the user live manual control of declar-
ative constraints to enable non-linear editing to produce complex
procedural art. Similarly, Demysti ed Dynamic Brushe3( links
state to visual outputs so that users can control program execution
through direct selection and Object-Oriented Drawing decomposes
drawings into Ul objects to be manipulated through direct touch
[59. While our work is similar to these end-user authoring systems
by providing similar controls to produce visual outputs, we aug-
ment them by providing the additional ability to animate program

states. These states are also preserved in the standalone SVG le

that is exported from our system and can be rendered on all modern
browsers and applications that support SMIL animation.

2.3 Dynamic lllustration

Motion within a static image, as opposed to short videos, can con-
vey unique contextualized messages and emotions via dynamic

visuals. To better understand the patterns that elicit these messages,
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relationships between drawn objects, and Dru¥ allows users to
remix a set of motion ampli ers, based on preexisting 2D animation
principles, for rapid iteration. In these systems, however, the user
work ow involves sketching the static elements rst and animat-
ing post-hoc by delineating motion paths or interaction patterns
after. They also export to raster GIFs instead of vector graphics.
Itered.ink is instead built on top of vector graphics and exports to
SVG, thus enjoying the post export edit bene ts of the vector format.
While the resulting dynamic illustrations may be visually similar,
our work ow also di ers by enabling animation as arst-class ob-
ject As dynamic motion can be embedded as a lter transformation
within the brush of the user, we support a work ow experience that
extends traditional drawing methods with animation to provide
minimal disruptions to an artist's natural drawing process.

3 FILTERED.INK

Our system design is informed by strategies for augmenting cre-
ativity through exploration and exemplars2B 46, 47] and uses
themes from existing tools for node-based authoring and dynamic
illustration to empower interactions for artists to craft, manipulate,
animate, and share SVG lters.

3.1 SVG Filters

Figure 2: Left: An SVG of a trump card without any lters
applied. Middle: The SVG with a Iter combining  feTurbu-
lence feDi useLighting , and feComposite primitives applied
to the background generate a paper-like texture. Right: The
SVG with a Iter combining feTurbulence and feDisplacement
primitives applied to the diamonds to generate blur.

previous studies have introduced design spaces for animated narra- An SVG lter, also known as shaders in computer graphics, is a

tives [49 to provide useful guidelines to direct these animations.
Other works have focused on improving ways vector-based an-
imations in drawing are presented. For example, to avoid visual

crowding when animations are scaled to smaller screen sizes, re-

targeting algorithms can preserve spatial detail and appropriately
redistribute elements based on importanet[. To better convey
emotional expressivity, temporal ickering has been suggested.
While ickering may seem like an undesirable artifact to some,
addingcontrollableemporal ickering allows digital animation to
mimic the raw quality of traditional, hand-colored ones [7].

Many authoring tools have also been created to help artists di-
rectly craft these dynamic illustrations. Drac@f demonstrates
the appeal of illustrations with kinetic textures and shows that
continuous animation e ects on standalone elements juxtaposed
with still backgrounds can help designers create non-disruptive
ambient motions. Kitty [22] pushes this further by introducing an
underlying graph model to capture visual, spatial, and temporal

series of graphical transformations that can be applied to return
bit-mapped results. It was rst introduced in 2012 by the World
Wide Web Consortium (W3C) to enable di erent rendering e ects
for SVGs, but can also be applied to any source graphic. The SVG
Iter output di ers from that of traditional raster graphics as it
is dynamically recomputed at each rendering resolution and thus
the image retains high quality and delity. These Iter transforma-
tions are de ned with a<filter> tag, after which sets of elements
calledprimitiveswith tunable parameter values can be sequentially
composited to create di erent visual outputs, including imitating
realistic textures or artistic styles (see Figure 2). With the current
SVG 2 speci cations, there are 17 possible lIter primitivédsBlend
feColorMatrixfeComponentTransféeCompositdeConvolveMa-
trix, feDi useLighting feDisplacementMafeDropShadoyeFlood
feGaussianBlyfelmagefeMergefeMorphologyfeO set feSpecu-
larLighting, feTile andfeTurbulencg3g. Multiple lters containing
di erent permutations of primitives can also be de ned within
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the same SVG le and di erentiated between via IDs. These I-
ters can then be applied to SVG elements by adding an attribute
filter="url(#name-of-filter)" to the SVG element. Currently,
all major browsers support SVG lters and there are several online
editors for SVG lters P, 17). However, these interfaces remain dif-
cult to maneuver, do not apply the Iters in an illustration context,
and do not support animation.

3.2 Design Considerations

Informed by prior work, our vector-based drawing tool aims to
augment the visual expressiveness of vector-based dynamic illus-
trations while preserving their bene ts of in nite scalability, post-
export texture and animation modi cation, and non-linear editing.
Guided by two Shneiderman design principles for general creativ-
ity support tools |46, 1) support exploratory search and 2) enable
collaboration, we explore the following two ideas in our system,
targeting experienced artists but coding novices.

3.2.1 Learning curve via visual metaphors and abstraction

SVG lter authoring in existing vector drawing software involves
either manually typing out the SVG Iter code or tuning lter prim-
itive parameters. To understand the bene ts and challenges of both,
we ran a qualitative pilot study on an earlier iteration of the system
that employed both the manual code entry and parameter tuning
strategies with 3 hobbyist digital artists. These artists were invited
to explore both interfaces through 20 minute think-aloud sessions
and interviewed about their experience afterwards. All three users
preferred parameter tuning, but still felt that the learning curve
was too high and not conducive to the exploration of di erent po-
tential output e ects. One user commented that Iter-editing was
not visual enough and thus was confusing to understand. This
comment aligns with insights from previous work that called for
developing e cient work ows that align with how artists natu-
rally workedvisually [18 31. Our nal system thus incorporates
greater visual abstractions and metaphors to better accommodate
the artist's mental model.

3.2.2 Expressiveness via sharing and remix . Repeated expo-
sure to other examples has been demonstrated to improve the qual-
ity of creative work through inspiration P8 47. Remix, de ned as

the process of taking existing artifacts created by someone else to
combine or manipulate into new cultural blend26, is an exten-
sion of this idea and has also been commonly used to generate new
art. For example, in cases where the user is less familiar with ani-
mation techniques, crowd workers have been motivated to create
re-mixable interactive behaviors and achieve creative evolution
by inheriting, modifying, and adding feature2f]. Previous studies
into this combination of creative input from multiple generations

of contributors have suggested that crowd-based desig§ [s
more e ective than individually created ones. By supporting the
sharing and remix of SVG lters, our system thus encourages users
to interact with a multi-sourced continuous stream of references to
incite greater varieties of output compositions.

As vector hypermedia such as dynamic SVGs are not commonly
used in illustration, artist interactions with SVG-based, and by ex-
tension vector-based, drawing tools with learning curves have yet to
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be thoroughly explored. Understanding the work ow of how users
create, manipulate, or remix these SVG lters using ltered.ink can
reveal important insights into how subsequent similar systems can
be further re ned to accommodate evolving user mental models.
We argue that this is a uniquely vector work ow, as modifying
Iters or illustrations from other artists directly from the output
without any accompanying source les cannot be achieved in raster.
Exploring the potential visual outputs this medium can produce
through these work ows can also reveal potential directions for
future development of additional visual e ects. Thus, we use |-
tered.ink to explore the following two research questions:

Q1. What are the natural work ows that users follow when cre-
ating illustrations with SVG lters?

Q2. How do lters, as part of the structure of vector graphics,
inform users' choices of style in dynamic vector illustration?

3.3 SVG Filter Editor

The SVG lter editor uses visual abstraction to organize di erent
components of SVG code into distinct modules to encourage user
exploration, as demonstrated in Figure 3. In this gure, artists can
manipulate the underlying code, which is hidden unless they inspect
the web DOM, through modules on the editor interface. These
modules are A) the composition of SVG lter primitives, B) the
tunable primitive parameters, and C) the animations that can be
applied to each parameter. On this editor, the user can also see a
live preview of the Iter they are currently designing as they make
changes, as well as delete or upload the lIter to a global database
to share with other creators.

3.3.1 Primitives . For simpli cation, since our tool focuses on
drawing and only uses SVG polylines as the source graphic, we
do not includefelmagesince it maps an input image to an output,
feO set since it only shifts an input, which can be achieved by
drawing in a di erent location on the canvafeMergesince sim-
ilar e ects can be achieved by modifying Iter order, anf&Tile
since it only tiles smaller inputs to an output. We include the re-
maining lter primitives to achieve pattern generation through
Perlin noise feTurbulenck pattern blending feBlendfeComposife
pattern perturbation feMorphologyfeDisplacementMageDrop-
ShadowfeBlur), convolutions feConvolveMatrix color mapping
(feColorMatrixfeComponentTransféeFloodl and lighting e ects
(feDi useLight feSpecularLight For these primitives, we use a node
graph representation to depict the relationships between each Iter
in the composition, as illustrated in A of Figure 3.

Our node graph is a re-interpretation of the original stack-based
structure of the SVG lter primitives. In the original structure,
primitives are added sequentially and parsed in the reversed order
that they were added. Certain primitives such & urbulencand
feFloodhat do not take inputs will override the e ects of previous
primitives. These overridden primitives remain in the Iter code
despite not contributing to visible e ects and may incite confusion
when users are inspecting the Iter. To remedy this confusion, we
visualize the lter stack as a node graph instead where each node
represents a Iter primitive and directed edges from some nodt®
anode indicates that the result of primitive is fed into primitive

asitsinput. The active set of primitives, or the primitives whose
outputs are eventually fed into the last primitive in the stack, are
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Figure 3: The underlying SVG code (left, highlighted in green) is abstracted through the Itered.ink editor interface (right).
The editor interface uses A) a node graph representation to depict the connection between lIter primitive inputs and outputs,
B) visual abstraction to illustrate the operations performed by the Iter, and C) a clock representing animation states for
parameter values. In this example, values in the feColorMatrix Iter are represented as edge weights in a bipartite graph.

Figure 4: Left: The underlying abridged SVG code with the original stack data structure and the node graph data structure
visualized by our interface. Primitive C is highlighted because it does not take an input so its output overwrites previous
primitives. Right: When the user clicks on primitive A, the highlighted active set of primitives switch on the node graph. In

the code, this involves moving primitive A and subsequent primitives associated with its output to the bottom of the stack.

highlighted in black while the overridden inactive setof primitives ~ 3.3.2 Primitive Parameters . After the user clicks on a node, the
are rendered in light gray. The user can add, delete, and move nodes parameters of that primitive are visualized on a panel to the left of
and edges to modify how the lters interact with each other as well  the node graph, as depicted in B of Figure 3. To better complement
as switch to a di erent active set of Iters by clicking on the grayed  the visual work ow of the artist, we abstract away the actual code
out nodes, as demonstrated in Figure 4. This moves the clicked of the Iter in place of visual representations. An example of one
primitive with its subsequent associated primitives to the bottom  such abstraction can be seen in the gure, where the edge weights
of the stack to render their e ects. of a bipartite graph are used to represent matrix values in ttadues
parameter of thefeColorMatrix Iter. The values infeColorMatrix
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