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Figure 1: A usage example with notational animating: starting from a static drawing (left), the animator sketches high-level
notations such as arrows, strokes, and text labels. The system interprets these notations and then generates the next keyframe.
By iterating this loop (add notations and generate), the artist progressively authors and edits a sequence of keyframes (1-3).

Abstract

We introduce the concept of notational animating, an interaction
paradigm for animation authoring where users sketch high-level
notations over static drawings to indicate intended motions, which
are then interpreted by automatic methods (e.g., GenAl models)
to generate animation keyframes. Sketched notations have long
served as cognitive instruments for animators, capturing forces,
poses, dynamics, paths, and other animation features. However,
such notations are often contextual, ambiguous, and combinational
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based on our analysis of 135 real-world sketches. To facilitate in-
terpretation, we first formalize these notations into a structured
animation representation (i.e., source, path, and target). We then
built an animation authoring system that translates high-level no-
tations into the formalized intended animation, provides dynamic
UI widgets for fine-grained parameter control, and establishes a
closed feedback loop to resolve ambiguity. Finally, through a pre-
liminary study with animators, we assess the usability of notational
animating, reflect its affordance, and identify its contexts of use.
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1 Introduction

Expressive animation, distinct from physics-based simulation and
live action films, aims to depict imagined worlds that are not nec-
essarily realistic yet believable and compelling [47]. The craft of
expressive animation has evolved from classical flipbook-style hand
drawings to computer-aided direct manipulations, and now towards
generative Al-assisted authoring based on natural language inputs.
However, the tacit knowledge of how to give a performance with
movement, weight, timing, and emotion is long internalized and
conveyed through visual language by artists [54]; natural language
alone is too ambiguous to capture such nuanced intent.

Drawing on animators’ traditional practice, we envision a fu-
ture of animation authoring where sketched notations serve as the
reified user intention [5, 37] to create and edit keyframes that can
be subsequently used by automatic methods (e.g., recent frame in-
terpolation models [16, 29, 36, 51]) to generate in-between frames,
a concept we term as notational animating. Sketched notations
have historically been rooted in animators’ practice where arrows,
lines, brief labels, and other informal notations are leveraged to
externalize their thoughts, feel the dynamics in movements, and
communicate with others [2, 18, 47, 52, 54]. These fast, intuitive,
and expressive notations afford rich meanings such as forces, pose
dynamics, paths, timing, and stylistic choices.

Sketch-based interfaces have been widely explored for animation
support within and outside the HCI community for both anima-
tion authoring and modeling. In the HCI community, interactive
tools such as Draco [26], Kitty [25], Energy Brush [56], Motion
Doodle [48] map sketched notations to specific animation effects,
facilitating the creation of kinetic textures, multi-subject causal
illustrations, elemental dynamics, and character motions. However,
these tools rely on system-defined visual abstractions, where the
appearance and semantics of notations are strictly pre-determined.
This enforces a fixed vocabulary that users must memorize, limiting
the tools’ generalizability to broader, improvisational animation
scenarios. Computer graphics and vision communities explored
modeling approaches [46, 60] to treat sketched strokes as explicit
and exact constraints that deterministically drive trajectories or
subject movements. However, in practice, animator’s notations are
often ambiguous and contextual: a line can signal arriving near
a position, emphasize timing or weight, or invite a humorous de-
tour rather than prescribe a pixel-level accurate path. Moreover,
both lines of research usually handle one notation type at a time,
overlooking how animators combine notations to specify multiple
aspects of animation effects.

In notational animating, we define sketched notations as user-
defined visual abstractions which are contextual, ambiguous, and
combinational guides for animation rather than pre-defined, strict,
and isolated constraints. By aligning more closely with artists’ natu-
ral use of marks and symbols, we shrink the gulf of envisioning [44],
the gap between a creator’s mental image and its externalization.
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However, the inherent ambiguity in notations shifts the burden
to the system to interpret the intent, stretching the gulf of exe-
cution [21]; and it can also widen the gulf of evaluation, as users
must understand how the system interpreted their notations to
iteratively refine the output. Thus, beyond supporting user-defined
notation, a notational animating system should also (i) provide a
formalized interpretation layer to narrow the gulf of execution, and
(ii) establish a tight feedback loop to narrow the gulf of evaluation.
As the initial step towards notational animating, we first ana-
lyzed 135 real-world animator-produced sketches, in consultation
with two professional animators (with over 25 and 15 years in-
dustry experience in animation respectively), and we categorized
the meanings encoded in animators’ notational marks. From these
observations, we propose a structured animation representation
that formalizes the often informal notations for systematic inter-
pretation. We then built a system probe with a two-level feedback
mechanism to communicate the interpretation to users for quick
confirmation and correction. Additionally, the system also exposes
the lower-level parameterized control for motion range and tim-
ing through dynamically generated UI widgets to complement the
high-level notations. To test notational animating, we conducted a
preliminary user study with 7 professional animators to evaluate
its usability, understand its affordance, and examine how it shapes
animators’ thinking and design workflows. Our findings reveal that
notational animating enables a more holistic approach to keyframe
authoring, shifting mental models from doing one thing at a time
towards thinking and composing multiple elements together. We also
identified practical constraints, most notably Al latency and perfor-
mance, that raised model training considerations for the broader Al
community. Finally, we offer design implications for exploring alter-
native animation representations across different abstraction levels,
informing future research on Al-supported animation authoring.
In summary, we articulate the vision of notational animating in
this paper, along with the following contributions as the initial step
towards realizing this vision:
e The characterization of animators’ notational practices;
o A formal animation intention representation maps the informal
notations into system-executable actions;
o A notational animating prototype featured a two-level feedback
mechanism and dynamic UI widgets for fine-grained control;
o The insights from a preliminary expert study detailing how pro-
fessionals perceive and use notational animating.

2 Related Work

2.1 Interactive Tools for Animation Authoring

2.1.1 Sketch-based Tools. In HCI literature, there is a rich history
of easy-to-use animation tools using sketching and direct manipu-
lation that aims to make animation accessible to broader audiences.
However, these tools predominantly rely on a system-defined
approach: they pre-determine the mapping between visual abstrac-
tions and their semantics, requiring users to learn precisely what
they can sketch and how to sketch within a rigid and procedural
workflow which often complemented with UI widgets for param-
eter specifications. Prior work has primarily explored two types
of abstractions: those addressing space-time interactions and those
defining specific animation effects.
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Space-time abstractions. One line of work addresses space-
time interactions by mapping temporal relationships onto trajectory-
based abstractions. K-Sketch [14] allows users to sketch object
paths but relies on disparate UI widgets to specify transformations.
Similarly, DirectPaint [38] adopts trajectory sketching for video
annotation, using the path to propagate temporal changes. Some re-
search [20, 48] extends this space-time abstraction into 3D character
animations. These systems operate on a rigid keyframe-based logic
where the stroke serves a single, fixed function (defining the path),
while other properties, such as shape deformation, are managed
via explicit parametric controls or algorithmic optimizations.

Animation effect abstractions. Other systems represent spe-
cific animation effects as distinct visual or gestural abstractions.
Early work by Igarashi et al. [22] mapped multi-touch gestures
directly to shape deformation. Later, Motion Amplifiers [27] rei-
fied animation principles (e.g., stretch and squash) as individual
first-class visual objects which can be applied to drawings for exag-
gerated animation effects; and Energy Brush [56] utilized sketched
arrow as the abstraction to depict secondary dynamics like fluid
flow of smoke, fire, water and other particles. Such rigid mapping
is also evident in Draco [26] and Kitty [25]. Draco mapped kinetic
texture effects to strokes, requiring users to explicitly classify their
input stroke as either emitting or oscillating. This taxonomy con-
fines the output to the system’s predefined execution logic for
translating strokes into animation. Kitty abstracts these entities
into a graph view, enabling users to further specify the functional re-
lationships through sketching and direct manipulations. Particular
to character postures, prior work [19] adopted the line abstraction
to quickly block out the shape of postures [19]. The recent work
Squidgets [28] is perhaps the closest to our work, expanding stroke
abstractions to support versatile effects like shape deformation,
character rigging, and motion poses. However, this expansion in-
troduces significant ambiguity. To manage this, Squidgets requires
explicit mode-switching: users must pre-select a category (e.g., ab-
straction curves vs. rig curves) before drawing. This approach con-
strains users to the system’s functional affordances and inhibits the
combination of effects. Furthermore, ambiguity still persists even
within categories (e.g., a shape stroke could imply scaling, moving,
or deforming), yet the system offers only the best guess without a
feedback mechanism to resolve it.

While we draw inspiration from these prior works, they remain
limited by system-defined abstractions that tailored to specific an-
imation effects with pre-determined meanings that users must mem-
orize. In contrast, we aim to provide an expressive user-defined
abstraction system that leverages generative technologies to in-
fer meaning from generalizable animation contexts, rather than
enforcing rigid mappings, and to design a transparent feedback
mechanism to resolve ambiguity dynamically.

2.1.2 Generative Tools. The emergence of generative models has
led to new approaches in animation. Consumer tools such as Run-
wayML, Google Veo, and Adobe Firefly are capable of generating
videos and animations from static images (functioning as keyframes)
and/or video prompts. Although these methods are powerful and
can produce high-quality results, they offer limited fine-grained
control for stylized and expressive animations.
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To facilitate control, conditional motion synthesis techniques [55,
60] generate detailed 3D character animations from 2D sketches.
Alternatively, some reserch [43] offers limited control by providing
a library of pre-made animation templates, which users can select
to automatically retarget motion onto their static drawings. Genera-
tive video in-betweening frameworks [16, 36, 46, 51] offer versatile
controls that encompass keyframes, trajectories, and masks to guide
the generated frames. However, their outputs are pixel-level rep-
resentations, which present challenges for editing and iteration.
Moreover, the input trajectories function as rigid constraints, in
contrast to our proposed notational animation inputs that accommo-
date greater abstraction, flexibility, and ambiguity. Although these
methods show potential for creating detailed in-between frames,
our work prioritizes the generation and manipulation of keyframes,
which then serve as the foundation for these techniques.

In the field of HCI, researchers have explored the application of
Large Language Models (LLMs) for generation and verification [31]
of animations from user prompts. This is achieved by generating
animation code, rather than pixels, which allows for subsequent
manipulation through code editing [49], keyframe editing [59], or
dynamically synthesized UI widgets [30]. More recently, Narrative
Motion Blocks [6] demonstrates how direct manipulation input
can be augmented with textual prompts to effectively create and
edit animations. These recent works have shown the promising
opportunity offered by generative models to shift from low-level
parameter tuning to high-level intent specification. Yet, text is of-
ten ill-suited for capturing precise animation nuances. Although
hybrid approaches like Narrative Motion Blocks [6] combine text
with direct manipulation, it is still an open question to determine
the most effective interaction modality to communicate with gen-
erative models. We argue that sketch-based input, with its well-
established benefits in HCI, offers an intuitive and effective commu-
nication channel. However, a critical barrier, lies in shifting from
the rigid, system-defined mappings of prior tools to a paradigm of
user-defined abstraction that supports generic animation rather than
specific effects. Our work addresses this gap by introducing a nota-
tional animation framework where users express intent primarily
through sketched notations, supplemented by direct manipulation
when precise parametric control is required.

2.2 Expressing Intent beyond Natural Language

Natural language alone is often insufficient to effectively convey
intentions to Al [7, 42, 45, 53]; Subramonyam et al. terms this the
gulf of envisioning [44]. This reflects an instruction gap: generative
models are highly sensitive to phrasing, while people routinely use
varied expressions to convey the same meaning.

A large body of recent work replaces or complements textual
prompts with sketches, marks, and gestures to clarify intention.
TaleBrush [9] uses sketch lines to indicate narrative transitions,
PromptPaint [8] provides a paint-like interface for semantic prompt
interpolation, and Block-and-Detail [39] guides image generation
with sparse strokes. In animation production, Kaur et al. [24] intro-
duces a technique to overdraw on shots to communicate detailed
hair and cloth motion for consistency across artists. Gesture-based
systems express edit intent with masks for inpainting [4], colored
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strokes for recoloring $8, and point dragging to adjust pose or fa-
cial expressions3y. In programming, sketch-based interfaces have
proven promising: Code Shapin®T] supports the sketch-based
expression of program intent, while Notational Programming] [
bridges handwritten and typewritten notations.

Another growing line of work augments natural language with
direct manipulation by reifying user intent as manipulable GUI ele-
ments: DirectGPT32 lets users drag visual elements into prompts,
DynaVis [B( integrates NLIs with dynamically generated widgets
for visualization authoring. Design tools like Brickify4d and Al
Instruments B7] reify intent into manipulable tokens or instru-
ments for image composition and editing, extending Instrumental
Interaction to Al contexts §]. Piet [41] enables direct manipulation
for color authoring in motion graphic videos.

In this work, we aim to support intent expression in animation
authoring by using high-level sketched notations as the primary
modality, complemented by dynamically generated Ul widgets to
balance simplicity and ne-grained control. Unlike prior work, we
introduce an intermediate intent layer that formalizes user intent
without constraining how notations are used.

3 Background and Design Study

In notational animatingwe aim to leverage sketched notations as
user-de ned abstractionesmpowering users to employ their own
visual vocabulary for animation keyframing withotgystem-de ned
constraints. In this section, we rst provide necessary background
knowledge and de ne the scope of this work. Then, we detail our
methodology, covering both the content analysis and the expert
interviews. After that, we present the key observations and ndings
from the design study. Finally, we distill the insights that inform
our design ofnotational animating

3.1 Scope and Terminology

Although sketched notations appear in both storyboards and comics
which have been extensively studied,[11 13 15 33 34, anima-
tion keyframing is fundamentally di erent from storyboarding and
making comics. Following the de nition in established animation
book [54], we clarify the scope of our work by distinguishing anima-
tion keyframingfrom storyboarding and comiand then explaining
the terminologykeyframesandin-between# animation practices.

Keyframing vs. Storyboarding. Storyboarding belongs to the
planningstage of animation. It operates at the scene or semantic
level, de ning narrative ow, staging, and camera choices. Each
storyboard panel represents a discrete story beat (élge,character
enters the roon). The space between panels implgsgmantigumps
that must be mentally lled by the viewer, for example, changes in
action, position, or perspective. Keyframing, by contrast, belongs to
the productiorstage and operates at the motion or parameter level.
A keyframe speci es the movement property of an object (e.g., po-
sition, rotation, pose) at a precise time. The gap between keyframes
is not a narrative leap but a continuous, computable interpolation
of movement. Keyframing begins onlgfter the storyboard has
established the story and major poses.

Keyframing vs. Making Comics. Comics are a distinct visual
medium that aligns more closely with storyboards than with anima-
tion. Comic artists primarily convewhat happenéi.e., narrative
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beats), rather thamow motion unfolds=or example, depicting a
character running in a comic requires only a single image; the
full cycle of weight shifts and stride variations is unnecessary. In
animation, however, such nuances are essential: the cadence of a
run is important to shape the character's personality such as the
iconic gait ofDonald DuckThese ne-grained motion details in
keyframing are typically omitted in comics.

In summary, storyboards and comics share many similarities and
aim to establish narrative structure, whereas keyframing focuses
on designing the precise mechanics and style of motion. Conse-
quently, prior studies {, 11 13 15 33 34 on notations in story-
boards and comics cannot be directly generalized to keyframing
practices, which we will discuss in Section 3.3.

Keyframes vs. In-betweens. Grounded in professional prac-
tice [54), keyframegefers to key poses that make an animation
believable, which could be classi ed into three types:Kéys the
essential storytelling poses required for the action to read; i}
tremesthe turning points (e.g., contacts, anticipations) that de ne
the limits of the movement; and (iipreakdownsntermediate poses
that determinehowthe action travels (e.g., arcs, spacing) to ensure
believability. The typically work ow is iterative: animators typi-
cally drawkeys rst, then iteratively add extremeso structure the
transition andbreakdowns$o shape the motion's feel. In this work,
we collectively refer to all three categories (i.e., keys, extremes,
breakdowns) ageyframes , which require artistic decisions from
animators. In contrastin-betweens refer to all remaining transi-
tional frames to make the motion uid, which can be automated
by computational interpolation methods. Inotational animating
users draw thekeysas base drawings and iteratively add notations
onto them to generatextremesndbreakdownsThe resulting set
of keyframess then interpolated by computational methods (e.g., a
video model) to synthesize tha-between$or the nal animation.

3.2 Design Study Methodology

Our design is informed by domain insights obtained from three
sources: (i) established practices illustrated in the in uential book in
animationThe Animator's Survival Kit54; (ii) a content analysis

of animation notations across 135 real-world sketches; and (jii)
interviews with two professional animators with 25 and 15 years
of industry experience respectively (noted as E1 and E2) to validate
and contextualize our observations.

3.2.1 Data CollectioWVe collected a corpus of notation-embedded
animation sketches (135 in total) from the online platfoffinterest
where animators share work and foundational bookis7[54. We
searched using the key terms includingnimation sketch, motion
sketch, animation notation, animation notes, pose notation
animation action sketchingWe selected the sketches that contain

at least one graphical notation (e.g., arrows, lines) and excluded
examples containing only textual descriptions. To capture diversity
across contexts, we balanced entities such as human characters,
animals, cartoon characters, objects, and particle systems (i.e., water,
re, cloud, etc.). To reduce redundancy, we removed near-duplicates;
for instance, among many sketches depicting walking in similar
notating ways, we only keep the most representative one. The
resultant corpus of the 135 examples can be found in the Appendix C.
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Figure 2: Three roles for animation notations emerged from the content analysis: geometric guides, spatial guides, and motion
ampli ers. All visuals are redrawn by the authors to preserve IP while faithfully re ecting the originals.
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Due to copyright constraints, we provide external links for all C1: The semantics of notation are highyntextual . Across the
examples rather than displaying the images directly. four categories (i.e., force, path, pose, and style), animators most
often use arrows, lines, and curves, and occasionally other shapes
(e.g., circles, rectangles, triangles). Yet these marks have no xed
form meaningmapping: the same mark (e.g., an arrow) can repre-
sent di erent concepts across categories. Text, numbers, or color
are sometimes added to clarify motion or timing, but these cues are
often omitted and interpreted contextually (e.g., numbers may indi-
cate sequence or a region of interest). In summary, unlike linguistic
systems constructed by rigid syntax and grammar, animators' no-
tations are exible and derive meaning from context.

C2: The usage of notations is oftmmbinational . First, mul-
tiple notations conveying thesamecategory of meaning (e.g., all
related to force) can appear in a single drawing to depict individual
motions for di erent parts. For example, Figure 3.a shows how the
body stretches and squashes at the same time. Second, notations
representingdi erent categories of meaning (e.g., force vs. pose)
can be combined to depict multiple aspects of an animation such as
Figure 3.b. Third, multiple notations can be used in combination to
servehierarchicalroles, such as the primary motion in combined
with secondary motions, as shown in Figure 3.c.

3.2.2 CodingPrior to coding, we reviewed the boolbf] telling

the tacit knowledge in animation to ground our domain under-
standing and the nuances animators consider. Informed by this,
the rst author conducted inductive open coding of each example,
annotating all notations and their intended meanings. Then, we
employed an iterative procedure until no new codes emerged. After
each round, the co-authors reviewed code meanings and groupings
together; the codebook was re ned through discussion. Following
the iterations, the rst author applied the codebook in a deductive
recoding of the full corpus to ensure consistency. After that, we
interviewed two professional animators (E1, E2) to examine the
corpus, code de nitions, and groupings, suggest clari cations, and
con rm that no obvious notation types were missing. We incor-
porated their feedback and completed a nal re-coding pass. We
include the detailed codebook in Appendix B and the full coding
results in Appendix C. The outcome of this analysis de nes a broad
framework and categories of animation notations.

3.3 Observed Notation Types and Meanings

Within the de ned scope of animation keyframing process, we now
consider the notational marks that often leveraged in keyframe
drawings. In practice, animators augment drawings with quick
annotations to externalize ideas and communicate with collabora-
tors. As E2 noted| love to use it to quickly capture my thoughts
... this way is intuitive and fast, letting me plan the whole and min-
gle decisions across partdowever, these notations are diverse

and context-dependent. E1 emphasized thiis kind of language  Figure 3: Combinational usage of notations: (a) combining
(notation) varies across studios; conventions could di er. notations all related to  force; (b) combining notations of pose

To examine these practices, we conducted a content analysis of 514 force: (c) combining notations for primary motion and
135 animator-produced keyframe sketches (Section 3.2) and dis‘secondary motion.

tilled recurring patterns in how motion and intent are marked. In
speci ¢, we categorized them into three groupgeometric guides
spatial guidesandmotion ampli ers It should be noted that we do
not intend to propose formal de nitions or de nitive categories
here. Our aim is to depict the scope and highlight identi ed re-
curring patterns (Figure 2) to support a shared understanding for
animation notations. We describe the three identi ed categories
below; detailed descriptions of each sub-category are embedded
in Figure 2 alongside representative examples from our corpus. To
avoid intellectual property concerns, all visuals were redrawn by
the authors, with notations that faithfully reproduce the originals.
The full corpus with the coding results can be found in Appendix C.

C3: The meanings of notations are inhereatiybiguous. This
ambiguity manifests in three primary aspects. First, regarding
scope, notations are often placed near a speci c body part to in-
dicate where the animation applies without explicitly specifying
the target object. Thus, the a ected area can only be inferred from
context: it could refer to the entire character, a local limb, or even
multiple connected parts. Second, regardiatial precision , no-
tations are expressive in describing high-level intent about what the
motion is and how it feels, but rarely specifyixel-levelhccuracy. For
example, an upward arrow indicating a jump with its rough inten-
sity but does not necessarily mean the exact height which instead
3.3.1 Geometric Guidgseometric guides are notations that spec-  could be iteractively tuned to nd the right one (magnitud&?2
ify how an object's shape should deform or a subject's kinematics Lastly, ambiguity arises itiming . Numerical annotations can indi-
should change to realize an animation. This is the most common cate action order, but animation timing is more complex, requiring
type of notation we found in our corpus (with 102 instances). We  coordination of durations and overlaps. Such temporal ambiguity
categorize these guides into four main purposes: force, path, pose, likely because static spatial marks are short in conveying duration
and style (the most representative examples for each category are or speed. As noted by E1, these details remain abstrémty are
shown in Figure 2). For each category, we further code them into acting in my head but | won't write it down.
detailed meanings, the detailed coding scheme can be found in
Appendix B. These notations are planning aids for animators and
will be removed before the nal render; audiences never see them.
We summarized the following key characteristics (noted as C1-4).

3.3.2 Spatial Guidebnlike geometric guides that mostly anno-
tate a single frame, spatial guides often span multiple frames. They
map how positions and scales should change over time and align
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arcs, paths, and sizes across frames with lines or curves. Like geo-

metric guides, they are temporary construction aids and are re-
moved before the nal animation. There are two primary categories
in spatial guides: proportion alignments and perspective guides. We
explain them in details with representative examples in Figure 2.

3.3.3 Motion AmplifiersAs this category overlaps signi cantly
with prior studies in comics 1, 11 13 15 33 34, we adopt their
established taxonomy and show the examples for the six di erent
kinds of ampli ers in Figure 2 but omit a detailed review here. The
key di erence distinguishing motion ampli ers from geometric and
spatial guides is their function: ampli ers help thaudiencdeel the
motion e ect in a static medium, rather than assisting tleeeator

in thinking about the motion. Thus, notations for geometric and
spatial guides are never visible to the audience, whereas motion
ampli ers are deliberately created for audience.

3.3.4 Focusing on Geometric Guidieghis paper, we narrow
down our focus to supporggeometric guide§Ve excludemotion
ampli ers because of two reasons. First, they function primarily
asaudience-facingerceptual cues, helping viewers perceive mo-
tion in static media like comics, rather than aseator-facingools
for thinking and planning motion dynamics. This distinction was
con rmed by experts E1 and E2. Second, evemdtion ampli ers
could be re-purposed for authoring, integrating them will result
in a system-de ned notational systemihere users have to learn
and select from a xed library of symbols. It is because they are
well-established visual conventions in comics with deterministic
meanings for each. This con icts with our goal in this work to
enableuser-de ned notationthat users can exibly de ne their
own notations in free-form. We thus limit our focus to notations
that stay informal and externalize animator's intent directly.
Additionally, while geometri@and spatial guidegssist in motion
planning, they serve distinct rolegeometric guidesperatelocally
to de ne the internal structure of individual keyframes, whereas
spatial guidesperategloballyto de ne composition across multiple
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DG1: Support freeform notation without rigid syntax. ~ To
accommodate the freeform nature of sketching, the system should
allow users to notate exibly C1: contextual semantjasithout
enforcing a xed vocabulary or grammar. That is, how to notate
should be decided by user themselves instead of the system.

DG2: Accommodate combinational usage for multifaceted
intentions. As animation design decisions are inherently inter-
twined, users often express multiple intentions within a single
drawing. The system must support arbitrary combinations of nota-
tions (C2: combination usagenabling it to recognize and process
multiple constraints (e.g., force and pose) simultaneously.

DG3: Provide structured interpretation and transparent
feedback. Given the contextual dependency and inherent ambi-
guity of notations, using them to instruct an automated system
requires transparency. Thus, the system must establish a closed
feedback loop that communicates the Al's interpretation to users,
including what the notations mear{C2: contextual semanties)d
howthey apply to the animated subjec{€3: ambiguous scop&he
feedback should minimize cognitive load for at-a-glance veri ca-
tion, with intuitive mechanisms for quick error correction.

DG4: Facilitate iterative tuning through complementary
interaction modalities. Since notations fall short in conveying
speci ¢ spatial magnitudes and temporal durationS3: ambiguous
spatial/temporal precisidrthe system should provide interaction
modalities beyond notation sketching to allow users to iteratively
adjust motion range and timing.

4 Notational Animating

Informed by the characteristics of animators' notations (C1-3) iden-
ti ed in our design study and the distilled design goals (DG1-4),
we de ne the concept ohotational animatingand articulate its
principles. We then introduce formalized animation representation
for systematically interpreting notations and describe key features
in a notational animatingsystem.

keyframes. We argue these processes are functionally decoupled4.1 De nition

and present di erent interaction needs. Spatial alignment can be
intuitively handled via direct manipulation (e.g., move, scale, and
rotate existing keyframes). In contrast, crafting the geometric de-
formations of animated subjects, such as designing their poses
requires much creative e orts. While Al could theoretically assist
in spatial alignment as well, the current bottleneck for animators
remains in thegeneratiorof these individual frames, not theplace-
ments Therefore, to avoid over-complicating the problem space,
we prioritize the most critical problem of generating individual
keyframes that align with the animator's intent expressed through
geometric guide¥Ve reserve the integration cdpatial guidesor
future iterations, with an envisioned direct manipulation-based
interaction approach similar to StickyLines [10].

3.4 Design Goals

Based on above observations from animators' sketches, with a
focus on thegeometric guideand our discussion with professional
animators, we distilled the following design goals to guide the
design of anotational animatingsystem.

We proposenotational animatingan interaction paradigm for ani-
mation keyframing, in which users sketchigh-level notationsver
static drawings to indicate intended animations. With the reason-

' ing capability, a Vision-Language Model (VLM) interprets these

notations into structured intent, which is used by a generative
model (e.g., an image generation model) to synthesize animation
keyframesThe resultingkeyframesan then drive computational
interpolation approaches, such as recent video models, to produce
in-betweerirames for the nal animation. In the following, we in-
troduce thescopeof notational animatingtherole of notations,

and theinteraction modalities in a notational animatingsystem.

Scope: a generalizable interaction paradigm. We intend to
designnotational animatingor broad and general animation au-
thoring instead of speci ¢ animation e ects, including character
animation, particle system animation, logo animation, etc. Thus,
when interpreting the notations, any domain-speci ¢ assump-
tions should not be made. For example, it should not assume a
set of possible animations and select the most closed one for a
notation, but all meanings should be inferred from the context.
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