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Figure 1: A fight animation generated with SMACC. Left: input sketches, with trajectory, circumfixing and impact lines. Right: the resulting
animation.

Abstract
We introduce SMACC, a sketch-based system for animating short sequences of 3D articulated characters inspired by 2D comic
motion line annotations. SMACC relies on classical rules of motion depiction used in comic books, allowing the depiction of dy-
namism in static images while being universally understood. Building on this, SMACC introduces an algorithmic interpretation
of these principles in the context of a 3D character animation, guided by three fundamental types of motion lines: trajectory,
circumfixing and impact. The adaptation to rigged 3D characters relies on the automatic computation of how these motion cues
spatially influence the character’s skeleton, achieved through a global analysis of sketch annotations relative to the character’s
pose. The resulting animation is generated by encoding the kinematic clues and constraints into joint angular velocities. Finally,
the proof-of-concept demonstrated by SMACC is validated through a user study, which evaluates the effectiveness and accuracy
of this sketch-based approach applied to 3D character animation.

CCS Concepts
• Human-centered computing → Interactive systems and tools; • Computing methodologies → Animation;

1. Introduction

Comic books rely on long-
employed techniques, such as
motion lines, to very effectively
convey the notion of dynam-
ics on top of statically depicted
shapes using only a few sparse
visual clues. These are typically
depicted in the form of sketched
curves and lines and have be-

come an integral part of comic storytelling, enhancing the reader’s
perception and interpretation of action sequences and dynamic
events within the narrative. By strategically placing these motion
lines, artists can communicate the trajectory, speed, and intensity
of movement, thereby enriching the overall storytelling experience.
The inset figure (Courtesy, the cover image of CACM 1993, from
Hsu et al. [HLW93]) illustrates such an example where a dynamic
scene is represented as a static illustration.

In recent years, research on expressive 3D animations has been
developing various techniques, including sketch-based approaches
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[GRGC15b,DSC∗20,ABB∗24], to provide an intuitive way to cre-
ate and edit arbitrary animated virtual shapes. These animation
models typically consider that the controllers of the models are fol-
lowing the sketched space-time trajectory, thus requiring several
sketch inputs when the number of degrees of freedom increases.
Interestingly, the use of sparse inputs following the 2D comic book
rules to control a complete animated character has not yet been
fully studied. Indeed, generating a coherent motion of a full 3D
rigged character using only sparse 2D-like sketch inputs is diffi-
cult, as the degree of freedom of the character is much larger than
the number of inputs.

The main goal of this paper is to explore and study the effective-
ness of using comic-inspired sketching techniques via motion lines
to animate a complete 3D rigged character. We typically aim at ani-
mating a short sequence of the character for a time window equiva-
lent to a comic frame, using only a few sparse sketched curves. The
sketches are then able to depict the character’s motion in a static
pose while being able to guide the generation of a full 3D animated
sequence.

To this end, the three following sub-objectives have to be tack-
led. First, the 2D motion lines should be accurately interpreted to
understand the desired motion and its associated kinematic param-
eters. Second, the motion lines should establish appropriate spatial
correspondence between motion lines and parts of the rigged char-
acter. Finally, while using 2D motion in a complete 3D space, visual
coherence across arbitrary viewpoints should be maintained.

The key idea of our approach is to couple a global analysis of the
user-sketched motion lines with the character rig projected in the
view space, to interpret the motion lines as a set of motion prim-
itives inspired by common practices in comic drawing based on
perceptual studies [CM15]. In particular, we first propose to clus-
ter the user-sketched motion lines into groups of lines acting as a
single motion primitive to the same body part. Second, we com-
pute the influence of each motion primitive on the character rig,
with spatially limited influence depending on the character’s skele-
ton and the distribution of other motion primitives. The actual ani-
mation is concretely defined by encoding angular velocity profiles
at the joint level across the timeline with parameterised dynamics
defining temporal properties such as duration and acceleration. Ad-
ditionally, our system supports both local and global motion defini-
tions, allowing users to specify movement at different levels of the
character structure. A timing hierarchy further refines the animation
by defining the order and dependencies among multiple motions.

In summary, we make the following contributions:

• Algorithmic interpretation of motion lines: A method to algorith-
mically interpret user sketches to extract kinematic parameters,
facilitating the conversion of visual cues to motion dynamics

• Encoding motion primitives into joint animations: Motion prim-
itives are translated to joint animations by encoding angular ve-
locity profiles across the timeline with parameterised dynamics
defining temporal properties

• Framework for animation from expressive inputs: A simple-to-
use framework that facilitates the creation of animations using
2D comic-like expressive motion lines

Our approach preserves the expressive power of 2D motion lines

while helping extend its capabilities to 3D-rigged character anima-
tion. We evaluate the effectiveness of our methodology through a
user study, which shows that the generated animation aligns with
viewer-perceived motion and demands minimal technical expertise.
Furthermore, we expand the framework to support sketching 2D
motion lines from multiple 3D views, allowing interested users to
create a variety of synchronised complex animations. These results
demonstrate that 2D comic sketch rules can be used to animate
short sequences of 3D rigged character models while preserving
simple inputs accessible to novice users without prior expertise.

2. Related Work

We describe in the following the related research works developing
sketch-based interfaces for animations.

Sketch-based 2D animation: Sketch-based 2D animation has
evolved over time, transitioning from a traditional paper-based pro-
duction pipeline to digital tools. Early research in this area primar-
ily focused on using sketches as a direct medium for creating ani-
mations and transitioning them to digital media [HLW93,FBC∗95],
allowing the artists to manipulate sketches digitally and paving the
way for modern digital animation. However, as digital tools became
more popular, subsequent works shifted their focus to developing
tools to simplify and enhance the animation creation process. The
main goal of many of these works was to make animation more
accessible and effortless by automating many repetitive tasks. The
works in this direction can be classified into two categories: meth-
ods that are used to directly manipulate the animation strokes and
those where the sketches serve as hints to guide the animation of
2D imagery.

Stroke manipulation techniques: This category of methods focuses
on directly manipulating animation strokes to simplify the anima-
tion process. This includes automatic computation of in-between
frames where the user sketches only a few keyframes, and the
correspondences between the keyframe strokes are computed au-
tomatically using stroke analysis [Kor02], user-assisted matching
[WNS∗10], or prior knowledge [MGW24]. One of the primary
challenges in this process is handling occlusions to ensure accu-
rate and seamless animations. To address this, many studies pro-
posed automatic completion of occluded contours by detecting oc-
cluded regions/strokes [CMB17, JSL22] and applying stroke com-
pletion techniques [EPB∗19]. Another line of work keeps track of
the visibility of strokes [DRVDP15] during the motion by defining
region contours [ZLWH16] or enabling interactive occlusion han-
dling [EBB24]. Complementary work focuses on directly deform-
ing the strokes or shapes to create the desired animations [MJ96].
ARAP [IMH05], and its variants [SMW06, JBPS11] became foun-
dational for such deformations as they preserve local geometric
features during the process. Recent methods in this direction in-
tegrate learned priors to create animations by taking hints from
physics [XZJJ25], videos [ZCXP24], texts [GVA∗24] and interac-
tion [RKW∗24].

Sketch-guided animation: Here, the sketches act as guiding inputs
to influence the animation of 2D imagery. In such motion sketch-
ing systems, the primary goal is to help users create interactive
illustrations by specifying the desired motion behaviour. For in-
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stance, K-Sketch [DCL08] allows users to sketch the global mo-
tion path that defines the trajectory an object must follow. Simi-
larly, works like Guay et al. [GCR13] focus on local pose manipu-
lation of the character. Instead of working directly on the character
itself, as an additional layer, motion control over sketched simi-
lar objects is used in Draco [KCG∗14]. This work is then further
improved by adding functional relationships between the group of
animations [KCGF14] and by relying on physics-inspired flow par-
ticles [XKG∗16]. Additionally, some sketch-based systems aim to
replicate traditional animation principles to create expressive 2D
animations [KGUF16].

However, unlike the existing sketch-based animation approaches
that primarily focus on refining and interpolating strokes in 2D
space, we focus on utilising the 2D motion lines as a direct input
for generating 3D animation. By treating motion lines as spatiotem-
poral movement cues (motion trajectories), we extend beyond the
traditional 2D sketch-based animation and enable the conversion of
hand-drawn motion cues to plausible 3D motion.

Sketch-based 3D animation: The works in this direction can be
primarily classified into methods aimed at designing poses or ani-
mation.

3D character posing: Considering that common techniques involv-
ing the direct manipulation of joint angles or positions are tedious,
existing techniques explored different ways of intuitively manip-
ulating the character poses. Early works in this direction use 2D
sketches to automatically pose stick figures, providing a simple in-
terface for character posing [DAC∗06]. This approach is then ex-
tended to generic rigged 3D characters where the rigging param-
eters that align the character’s pose with user-defined strokes are
computed [HMC∗15]. Techniques inspired by the line of actions
[GCR13] further improved the expressiveness of these methods,
facilitating intuitive control over 3D poses. Beyond skeletal repre-
sentations and manipulations, researchers also explored the possi-
bility of using silhouettes [KSVDP09], vector sketches [BVS16],
and bitmaps [BB22] for inferring poses. While 3D posing focuses
on intuitively manipulating poses, it mainly deals with static con-
figurations of articulated characters. In contrast, we aim to extract
and use motion cues from stylistic and expressive comic-style 2D
motion lines to three-dimensional space and time.

Motion editing: Instead of explicitly defining styles, sketch-based
motion editing techniques aim at providing intuitive tools that
are capable of creating expressive animations. Early works in
this direction used direct tools to manipulate the motion proper-
ties [NF03] and encode coordinated timing among movement fea-
tures to enable motion editing through splines and displacement
maps [CBSG08]. Another work worth noting is Dynamic Comics
[CNKI13] that summarizes and structures 3D animation data in a
comic style. To enhance expressiveness, the concept of line of ac-
tion is extended by adding dynamics to it [GRGC15a] and is fur-
ther improved by spacetime sketching [GRGC15b] that bridges the
gap between pose and time editing of a character motion from a
single user sketch. This approach is then extended to articulated
characters by leveraging projective geometry to compute motion
parameters from sketches treated as constraints [CiRL∗16]. This
sketching of motion paths is further made easy by associating it
with capture devices [CGNS17]. Recent advancements have incor-

Figure 2: Examples of Motion Cues

porated prior knowledge to create more natural and realistic mo-
tions [ABB∗24] and advanced systems that use a multi-conditional
motion generator using 2D keypose, 2D trajectory and an action
word [ZGX∗25]. Additionally, VR [GRC19, ZLFA24] and AR-
based [YKSF20] techniques allow characters to perform predefined
movements while following hand controllers or mobile devices, re-
spectively.

3. User inputs

Our system starts with the user sketching a set of motion lines over
a 2D view of a rigged articulated character composed of a hierar-
chical set of joints.

Following the standard cartoon motion depiction, we assume the
posed character depicting the desired action is viewed from an an-
gle where the view plane captures most of the motion. Based on the
user-given motion cues, the character transitions to the given pose,
from which subsequent movements emerge and unfold.

The proposed system considers three main sub-types of motion
lines that we call motion cues, defined as follows:

• Trajectory lines: Strokes that are used to depict motion by draw-
ing lines trailing behind an object to denote its movement. In
other words, these lines visually encode the memory of the lo-
cation of an object in the direction of its implied motion (See
Fig. 2-a).

• Circumfixing lines: Strokes that are used to indicate small lo-
calised movements around a specific area. Interestingly, these
lines can indicate two types of animation effects. Firstly, to indi-
cate a local movement of a body part, typically corresponding to
a local shaking effect as illustrated in Fig. 2-b, where they depict
shivering shoulders. Secondly, they can emphasise the effect of
a primary movement associated with trajectory lines acting on a
different body part. For instance, in Fig. 2-c, the strokes suggest
that the motion of the upper body is influenced by the sword, but
it does not follow the same trajectory.

• Impact stars: Strokes that are used to amplify the effect of motion
rather than explicitly depicting it. When placed at the endpoints
of a trajectory, impact stars represent a sudden and forceful im-
pact, reinforcing the sense of acceleration.

The type of motion cues associated with sketched lines is explic-
itly and manually selected by the user during the drawing session.

While additional types of motion cues can be found in cartoons
- like future lines, backfixing lines, partial polymorphism or sup-
pletion lines - they are either not commonly used for expressive
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storytelling or can also be depicted as the same as trajectory lines,
as indicated by Cohn and Maher [CM15].

4. Global Strokes Analysis

Interpreting sketched motion lines in relation to an articulated char-
acter presents several challenges. First, the system must accurately
associate 2D strokes with correct 3D joints while maintaining spa-
tial consistency. Then, strokes describing similar motions should
be grouped into clusters, ensuring a coherent propagation of move-
ment. Finally, the conflicts between the overlapping motions must
be resolved to preserve the naturalness.

Once the user sketches the desired motion cues on a 2D view of
the model, these sketch strokes are analysed with respect to both
the articulated character and the sketched view. Initially, our sys-
tem performs a global analysis to cluster strokes and infer their as-
sociated articulated joints and kinematic parameters. Subsequently,
the system computes the corresponding motion and identifies the
joints involved along with their timings, all while satisfying the
constraints imposed by other motion lines.

4.1. Sketched Lines to Joint Association

Associating a sketched line with a joint presents the challenge of re-
solving 2D-to-3D ambiguity while maintaining spatial consistency.
To achieve this, we first identify the closest joint in screen space by
projecting all joint positions and computing the Euclidean distance
between each projection and the sketch. The depth of this closest
joint in the view space is then used to define a 3D plane, orthogonal
to the view direction and passing by this point, where the sketched
line is lifted, therefore setting its 3D embedding.

To be precise, we follow the observation that “The visual repre-
sentation of routes in motion events is more important than their
start or endpoint, while the results also correspond with the idea
that the starting point of paths is less important than the end-
point” [DvE23], and compute the distances from each joint to the
endpoint (for trajectory lines) or midpoint (for circumfixing lines
and impact stars) of the strokes.

While most of the motion lines have a local influence on the body
parts of the character, we also consider the special case of motion
lines associated with global motion. This special case is explicitly
set by the user and leads to a motion trajectory directly attached to
the root joint. The motion line is then either interpreted as a contin-
uous translation along the direction indicated by the sketch or as a
spinning motion when the line forms a closed loop.

4.2. Clustering Sketched Lines into coherent Motion Cues

As illustrated in Fig. 2, several sketched lines can actually be re-
lated to the same motion cue; as repeating lines is a common way
to reinforce movement. Treating each sketched line individually
would lead to sub-optimal results where some nearby lines could
be associated with different joints and have possibly counter-acting
actions. To avoid this, we propose a global analysis of the sketched
lines to cluster them into coherent groups representing the same
motion cue acting on the same character’s articulated structure.

To this end, we consider a set of lines to belong to the same clus-
ter if they are of the same type and either share the same associated
joint or have associated joints such that one is an ancestor of the
other (up to the root) in the joint hierarchy.

Then, each cluster, defined by the sketch strokes it contains, is
associated with the following parameters:

• A type (Trajectory or Circumfixing),
• A StartJoint and EndJoint, marking the start and the end, respec-

tively, of a kinematic chain of joints which is influenced by this
cluster.

Since an impact represents a deformation of a trajectory motion,
such as a sudden stop, it is always linked to a trajectory cluster.
Thus, any impact placed after a trajectory cluster, meaning its as-
sociated joint is a descendant of the joint in the trajectory cluster,
will be connected to that cluster.

4.3. Finding the Kinematic Chain

Defining the region of influence for a motion in an articulated char-
acter is challenging because it requires maximising movement for
expressive exaggeration while avoiding conflicts between overlap-
ping motions.

By default, as stated in THE ANIMATOR’S SURVIVAL KIT: "In
most big actions of the body, the start of the action is in the hips"
[Ric02], we consider the hip as the root for the humanoid-like char-
acter used throughout this paper. For that, we assume that the clus-
ter’s kinematic chain begins at the direct child of the root joint that
lies on the path to the associated joint and extends to it, and is con-
sidered as the EndJoint. This ensures that the motion propagates
effectively along the hierarchy, preventing inconsistent inputs and
enhancing expressiveness. However, when multiple motion lines
associated with different clusters are applied, propagating all their
influences up to the root joint may lead to conflicting motions.

To avoid this, we ensure that no joint belongs to more than one
kinematic chain, by choosing an appropriate StartJoint that main-
tains consistency across all motions. The process of adjusting the
StartJoint to an unambiguous one is outlined in Algorithm 1, where
clusters is the set of trajectory and circumfixing clusters, Nclusters is
the size of clusters, and IsJointAncestor( j1, j2,skeleton) checks if
j2 is an ancestor of j1 in the skeleton hierarchy. An example of the
result is shown in Fig. 3, where applying a motion line to a single
hand causes a global bending of the character extending up to the
root hips, whereas applying motion lines to both the right and left
hands results in a more localised influence.

Additionally, since a circumfixing line can act as a constraint
for trajectory-based motions, as it helps to amplify key movements
while preserving coherence (as discussed in Section 3), it can be
used to refine the region of influence. We perform this check as
a first step before adjusting the StartJoints. To integrate this con-
straint, we first check if a circumfixing cluster’s EndJoint belongs
to the kinematic chain of a trajectory cluster. If so, we set the
StartJoint of the trajectory cluster to be equal to the EndJoint of
the circumfixing cluster. This ensures that circumfixing lines natu-
rally influence the motion, reinforcing important movements while
preventing conflicts.

© 2025 The Author(s).
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Figure 3: Regions of influence on an articulated character. The
kinematic chains are represented, with their StartJoint (red dot) and
EndJoint (blue dot). Top: The character tries to reach the line as
far as possible with its whole top body. The kinematic chain of the
cluster is highlighted in yellow. Bottom: to make the two motions
possible, only the arms are reaching their lines. Two different kine-
matic chains, in yellow and green, start from the shoulders.

Algorithm 1 Adjusting StartJoint

1: for i from 0 to Nclusters−1 do
2: for j from 0 to Nclusters−1 do
3: if i ̸= j then
4: c1← clusters[i]
5: c2← clusters[ j]
6: while c2.StartJoint < c2.EndJoint and

[IsJointAncestor(c1.EndJoint, c2.StartJoint, skeleton) or
not IsJointAncestor(c2.EndJoint, c2.StartJoint, skeleton)] do

7: c2.StartJoint← c2.StartJoint+1

5. Inferring Motion

Another challenge is to infer the motion from the user’s sketch
while ensuring the movement remains natural and coherent with
the character’s articulated structure. Once the motion types and af-
fected body parts have been identified, we must compute the 3D
key-frame positions for the joints to animate the character.

Our approach goes beyond simply interpolating between key po-
sitions; it adapts motion generation based on the type of sketch
input and the current state of the character. This requires a com-
bination of Inverse Kinematics (IK) and Forward Kinematics (FK),
as well as motion profiles that account for acceleration and impact
effects.

To determine the motion’s speed, we rely on visual cues provided
by the sketch lines. Indeed, in his studies, Neil Cohn concluded that
"the number and length of lines used in a representation may influ-
ence the perceived speed that they convey: more lines and longer
lines lead to participants interpreting faster movement" [CM15].
Based on this principle, we propose to set the motion speed v to be
proportional to the length of the sketched lines and their number :

v =
N

∑
i=1

clamp(ksLi,vmin,vmax) (1)

where Li is the length of the ith motion line, N is the total number of
lines corresponding to the same motion, ks is a scaling coefficient

Figure 4: Effect of circumfixing lines on motion propagation. Left:
Without circumfixing lines, the arm motion propagates to the en-
tire upper body. Middle: Circumfixing lines over the shoulders con-
strain the motion, limiting it to the arm only. Right: With only cir-
cumfixing lines and no trajectory lines, the upper body exhibits a
"shaking" motion.

(0.8 in our case), and vmin and vmax are user-defined minimum and
maximum speed values for a single line. An example illustrating
the influence of the number of lines on speed is shown in Fig. 5.

Figure 5: The number of lines controls the speed of a motion. The
arm rises faster on the left than on the right, as three lines are
drawn on the left compared to only one on the right.

To ensure a natural motion, each joint follows a trajectory with
built-in smooth-in/out timing computed as follows. The base speed
v is weighted using a time-dependent factor f (r), where r ∈ [0,1]
represents the normalised progress of the motion. The modulation
is defined as a piecewise sigmoid-based function:

f (r) =


σ

(
kt

(
r
ra
−0.5

))
if r < ra

1 if ra ≤ r ≤ rd

1−σ

(
kt

(
r−rd
1−rd
−0.5

))
if r > rd

(2)

where σ(x) = 1
1+e−x is the sigmoid function, kt controls the steep-

ness of the transition, and ra, rd denote the thresholds for the accel-
eration and deceleration phases, respectively (in our case, we fixed
kt = 2.5, ra = 0.1 and rd = 0.9 as they gave perceptually smooth
transitions). The final speed s is then obtained as s = v f (r).

For impacts, to add expressiveness by emphasising the sudden
burst of force before stabilisation, we apply an exponential increase
to the base speed once the covered distance exceeds a threshold.
The speed is then defined by:

s =

{
v if r ≤ 0.25
v+a er if r > 0.25

(3)

where a controls the amplitude of the exponential acceleration (in
our experiments, we used a = 0.9 for local motion and a = 1.5 for
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global motion). Please refer to the supplementary video to see how
modifying these parameters affects the outcome.

Next, we detail how we tailor the different sketch-based inter-
actions to create plausible animations from minimal expressive in-
puts.

• Following a line: Directly constraining a joint’s motion to match
a sketched trajectory.

• Continuing a trajectory: Extending motion beyond the sketch by
propagating previous joint velocities.

• Follow-through on impact: Enhancing expressivity by allowing
certain joints to overshoot their motion while keeping others con-
strained.

5.1. Following the Line

When a sketched line explicitly dictates motion, we must seam-
lessly integrate it into the articulated structure.

For each case, we extract key positions from the relevant stroke
of the cluster (the one that is the closest to the EndJoint) and apply
Inverse Kinematics (IK) to propagate motion along the kinematic
chain. We use FABRIK [AL11], which is both computationally ef-
ficient compared to alternative methods and straightforward to im-
plement [ALCS18].

A key aspect of this process is ensuring consistency across local
and global coordinate spaces since joints are represented as 4× 4
transformation matrices encoding both translation and rotation. Af-
ter computing the new positions and rotations of the joints, we up-
date the skeleton in two steps by applying transformations in lo-
cal space to maintain hierarchical dependencies and converting all
transformations to global space, ensuring coherence across the en-
tire structure.

5.2. Continuing a Trajectory

Once a motion has been defined, the next problem is in maintaining
the natural continuation of joints without having an explicitly de-
fined path. This is especially important, as the user-drawn sketches
do not always show the entire path but the intended motion. To ad-
dress this, we extend the motion using Forward Kinematics (FK).

We propose to extrapolate the motion while preserving the aver-
aged angular velocity for each joint moving. We consider NL as the
number of key positions that have been extracted from the sketch,
∆t as the time step, and ai ∈ R3 and θi ∈ R as the respective unit
axis and angle of the rotation acting on the current joint at step i.
The averaged angular velocity ω̂ is then computed as:

ω̂ =
1

NL

NL

∑
i=0

2θi ai

∆t
(4)

The extrapolated orientation of the joint can then be computed
via its quaternion q, considering that

qi+1 = normalize(qi +
1
2

qiω̂
∗,∆t) , (5)

where ω̂
∗ is the pure quaternion associated to the averaged angular

velocity ω̂
∗ = (ω̂,0).

5.3. Follow-Through Effect on Impact Motion

Impact motions require careful handling to maintain realism. In tra-
ditional animation, follow-through effects help convey momentum:
affected parts continue moving slightly before settling, while others
remain constrained.

In our case, when a trajectory in-
volves an impact, the affected joint
(e.g., a foot hitting the ground as
shown in the inset) must stop, while
other joints (e.g., the knee) continue
their motion briefly before stabilis-
ing.

To implement this, we invert the IK problem:

• ImpactJoint (the blocked joint) becomes the start.
• EndJoint (the free-moving joint) becomes the end effector.
• The target is EndJointBasePose, its original position as if there

were no impact.

For each key position after the input pose, we perform the fol-
lowing steps:

1. Initialise the skeleton: Place all joints in their previously com-
puted positions using Inverse Kinematics instead of Forward
Kinematics, as described in Section 5.1.

2. Store EndJoint’s position: Save the current position of EndJoint
before modification, called EndJointBasePose.

3. Translate the kinematic chain: Shift all joints in the kinematic
chain such that ImpactJoint returns to its original position, i.e.
the position it had when the user initially sketched the impact.

4. Solve the IK problem:

• If the target (EndJointBasePose) is reachable, compute and
apply the new joint positions in the kinematic chain using
the newly defined IK setup.

• If the target is not reachable, stop the motion at the last suc-
cessfully computed joint position. Then, add the most recent
joint positions in reverse order. Therefore, the character will
follow a slight backward motion before settling.

To prevent excessive continuation, we impose a maximum num-
ber of forward steps, ensuring a controlled decay of motion.

This method successfully balances momentum conservation
with physical constraints, making impacts appear natural and re-
sponsive.

6. Results & Discussion

Our interactive interface is implemented in C++ using OpenGL and
is run on a DELL Precision 5490. The interface allows us to load
any articulated character as input, draw sketches and visualise the
resulting animation within the application window. Fig. 6 shows
various sample animations created using the SMACC interface (the
code will be made public upon acceptance). As can be seen, we
could create short animations with just a few sketch strokes, re-
quiring a maximum of two minutes to create. Note that during the
design phase, our method does not enforce strict geometric con-
straints at the joint level. This aligns with the observation that in
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Figure 6: Animations drawn in a single 2D view, generated with
SMACC. Top: the arm of the robot gives a punch, accelerates and
is suddenly stopped by the impact. Middle: a trajectory motion has
been drawn, causing the hand to follow the sketched path. Bottom:
two motion clusters have been set - on the leg and the arm. Circum-
fixing lines are blocking the knee.

cartoon animation, unrealistic joint angles are common: for exam-
ple, the technique of "breaking joints to give flexibility" [Ric02].

As illustrated in Fig. 7, it is also worth noting that our method
is not restricted to humanoid characters and can be applied to any
arbitrary skeletal structures, assuming a clear tree-like hierarchy.

Figure 7: Example of a cow model animated using SMACC.

6.1. User Interface

As shown in Fig. 8, the SMACC interface provides two modes:
sketch mode and view mode. In sketch mode, the users can sketch
the desired motion lines (trajectory, circumfixing or impact) by se-
lecting one of these three options, followed by a mouse click and
drag. They can also delete a sketch by selecting the delete option
and clicking on the desired stroke to be removed. In view mode, the
resulting animation is shown based on the sketch strokes. In addi-
tion to viewing the animation, users can also select motion clusters
and edit their parameters, such as start time (when the cluster’s an-
imation begins), motion amplitude (extent of the cluster’s motion),
and toggle between local and global motion.

6.2. User Study

To evaluate our methodology and framework, we conducted two
user studies: one assessing whether users perceive the generated an-
imation as consistent with typical cartoon expectations, and another
measuring the efficiency of our interface for creating animation. To
our knowledge, no prior work tackles animation generation from

Figure 8: Sketch and view modes of our interface.

comic annotations. As such, we compare our results to a default
baseline rather than a dedicated interface.

6.2.1. User Evaluation 1: Accessing Perceptual Alignment of
SMACC Animations with Comic Motion Lines

Our first objective was to assess whether the animations generated
by SMACC align with what people naturally imagine from a comic
strip panel.

To investigate this, we conducted a study with 24 anonymous
participants of different ages, nationalities and familiarity with
comics. More precisely, participants were between 22 to 30 years
old, with a median of 24.5. The participants were from a range of
nationalities: French, Indian, Italian, Chinese, Lebanese, Guinean,
Chilean, Greek and German. And regarding the comic-reading fre-
quency, 17% of them read comics daily, 33% weekly, 8% monthly,
21% yearly and 21% never.

Each participant first observed a comic strip panel alongside its
reproduction in the SMACC interface (a few examples are shown
in Fig. 9) and tried to imagine how the character might move.
They then watched the animation generated by SMACC and rated
how well this animation matched their expectations on a scale of
1 ("completely different from what I imagined") to 4 ("almost ex-
actly as I imagined"). We chose a four-point scale to avoid neutral
answers. A rating of 4 indicates a close, but not perfect, match with
what the user might imagine – acknowledging that an exact match
is unrealistic in our context.

Additionally, to evaluate the influence of our algorithmic choices
and to have a more objective comparison, comic strips were pre-
sented with two animation variants: one generated using the full
SMACC framework and another with one deliberately missing a
key feature. This allowed us to evaluate how different animation
properties influenced perception, including versions that:

• relied only on global character motion,
• relied only on inverse kinematics (IK),
• or lacked the "Impact Motion effect".

Figure 9: Examples of comic strip panels reproductions in SMACC.

On average, the 10 SMACC-generated animations, incorporat-
ing various comic cues, received a mean rating of 3.141 out of 4.
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This shows that the animation generally aligned with what the users
imagined, irrespective of their nationality or background. The mean
rating for SMACC (3.40) was much higher than for global motion
alone (1.52), highlighting the importance of animating articulated
characters with joint-based motion.

Additionally, as seen in Fig. 10, SMACC demonstrates an advan-
tage over animations lacking impact effects or using only Inverse
Kinematics (IK) for motion continuation, though the difference was
smaller. This is likely because these variations introduce more sub-
tle differences that are harder to perceive. However, continuing the
motion with Forward Kinematics (FK) offers an advantage by al-
lowing for easier enforcement of rotational constraints on joints,
which is more challenging with IK alone.

Figure 10: Results of Perceptual Alignment Validation. The mean
is represented by a cross, the median by a black line and the in-
terquartile range by a colored area. The dots represent the out-
liers. Animations missing key features are compared with their cor-
responding full SMACC animations only, which is why the four
"SMACC full" plots differ.

6.2.2. User Evaluation 2: Reproducing animations using
SMACC Interface

In addition to the perceptual study, we conducted a second user
evaluation to assess whether novice users could create desired an-
imations using comic cue annotations with our SMACC interface.
We recruited 20 participants from diverse backgrounds, including
those with no animation experience. The evaluation is divided into
four consecutive phases without any interruptions:

1. Demonstration Phase (approx. 3 minutes): Groups of 1 to 4
participants observed a demonstration of the SMACC interface.
This included explanations on the different types of lines, how to
draw and delete them, and how to control their amplitude.

2. Training Phase (approx. 5 minutes): Each participant individu-
ally tested the interface using a swimming pose. They were encour-
aged to explore freely, and this training phase ended only when the
participant explicitly stated they were ready to proceed.

3. Test Phase: The participant was shown an animation. When
they indicated they were ready, the recording began. They then
drew and adjusted motion lines in an attempt to reproduce the an-
imation without providing any guidance or predefined solutions.
They were allowed to rewatch the animation as many times as
needed. To simplify the evaluation, users were limited to adjust-
ing joints locally and working with a single provided view, allow-
ing them to focus on fine-tuning their animation. Once satisfied

with their result, they informed the experimenter, and the recording
stopped. The average angular error between their result and the ref-
erence animation was then computed and saved. This process was
repeated four times for the following animation types:

• One simple, custom-made animation
• One complex, custom-made animation
• One simple animation created by professional animators
• One complex animation created by professional animators

As shown in Fig. 11, users drew different motion lines based on
their own perception and could still create the desired animation
using our interface, showing the flexibility given to the users to
express their thoughts in their own way.

4. Final Phase: After completing the test phase, participants were
asked to fill out a questionnaire to evaluate various aspects of the
system.

Tables 1 and 2 summarise the results. Participants completed
each animation in a matter of minutes, even without prior expe-
rience in creating animations. While task complexity affected the
timing, all participants succeeded in producing animations resem-
bling the references. The overall mean angular error was 0.0174,
indicating that sketches yielded accurate motion representations.
As expected, perfect reproduction was not achieved, but minor dif-
ferences in stroke placement and scale did not impede the inter-
pretability of the animation.

Table 1: Animation Completion Times in SMACC

Anim 1 Anim 2 Anim 3 Anim 4
Mean 1min44s 4min08s 2min36s 4min19s
Min 33s 1min22s 23s 1min41s
Max 3min40s 9min16s 6min53s 8min28s

Table 2: Mean Angular Error in SMACC

Anim 1 Anim 2 Anim 3 Anim 4
Mean 0.00514 0.02811 0.01207 0.02356
Min 0.00107 0.01019 0.00919 0.01966
Max 0.02174 0.04988 0.01818 0.03834

For the animations originally created in SMACC, some partici-
pants misinterpreted specific cues, for example, confusing the use
of impact strokes with amplitude control. For animations created
by professional animators, certain fine details were difficult to re-
produce, but participants still succeeded in creating the animation
that satisfied their perception, as reflected by an average rating of
3.7 out of 5. These outcomes suggest that users were capable of
capturing essential motion dynamics using only the comic cue vo-
cabulary, even for unfamiliar or complex movements.

Participants rated the clarity of the interface and sketching pro-
cess positively (3.9/5), and most reported that the concept of using
comic cues was easy to grasp (3.95/5). Even among participants
without prior experience in digital content creation (40% of the
group), they were able to complete all tasks, confirming the ac-
cessibility of the method.

Several participants commented on the expressiveness of the cue
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system, citing their ability to convey specific effects like the "possi-
bility to introduce complex movements like shaking" or "the twist-
ing of limbs on impacts". Suggestions for improvement included
allowing users to modify the initial pose within the system by of-
fering "more steps" and providing better control over post-sketch
motion adjustments. A notable limitation raised by participants was
the fixed joint hierarchy, making it impossible to move the charac-
ter’s root independently of the external joints.

Figure 11: A few sample sketches the participants used to represent
similar motion.

6.3. Inconsistent inputs

Despite the simple interface, results obtained with SMACC can be
affected by inconsistent inputs. The first such scenario is the con-
tradicting strokes - where the user draws two sketches on a single
joint, each instructing the joint to move in opposite directions as
shown in Fig. 12(a). To handle such cases, we prioritise the strokes
based on the distance to the joint and ties broken based on the draw-
ing order (result shown in Fig. 12(b)). If the computed motion is
unsatisfactory, further iterations can be applied by deleting the con-
tradictory strokes using the interface as in Fig. 12(c). Another sce-
nario is when the user sketches the stroke in the wrong direction,
resulting in the selection of the incorrect joint, as SMACC selects
the joint that is closest to the last drawn point of the stroke. For
example, Fig. 12(e) shows a stroke drawn in the wrong direction,
leading to choosing the knee instead of the intended ankle. In such
cases, the user has to delete and redraw the stroke.

6.4. Complex Animations using SMACC

While the user study demonstrates that novices can create desired
animations using the SMACC interface, it is also possible to gen-
erate complex animations with comic-cue annotations through ad-
vanced features. These include the ability to adjust the global mo-
tion, fine-tune the start time of individual motion clusters, or sketch
from different viewpoints. A few sample complex animations using
these advanced features are illustrated in Figures 13a, 13b and 13c
(see supplementary video to see the animations).

Figure 14: Unexpected result due to obscured views.

6.5. Limitations

While the user study demonstrated that users could create the de-
sired animation irrespective of their expertise, we found a few areas
for improvement:

• Users found it difficult to animate inner joints independently of
the outer ones. This limitation could be alleviated by allowing
users to specify external joints to act as constraints and to de-
velop a possibility for the root joint to infer the motion. In ad-
dition, although faithful to comic conventions, users expressed a
desire to adjust initial poses.

• Since sketches are drawn from a particular view, they can some-
times get attached to unintended joints as the intended joints
might be obscured. For instance, in the example shown in Fig.
14, the user intends to move the character’s hand upwards and
stop it with an impact. However, the trajectory line finds the clos-
est joint to be a finger, while the impact line finds another finger.
As these two joints are not part of the same chain, the impact
is not linked to the trajectory line, causing the hand to continue
moving upwards. This requires users to delete and carefully re-
draw strokes from the best view.

• Our primary focus is on motion
lines representing the character’s
large movements. Incorporating
fine details would require zoom-
ing in or out on the relevant parts,
as illustrated in the inset example. However, expressive motions
such as facial expressions fall outside the scope of our work.

7. Conclusion

We introduced a sketch-based system, SMACC, for the quick
creation of short animations. Taking inspiration from traditional
comic books, SMACC allows users to sketch motion lines, inter-
pret them, and use them to infer kinematic parameters. The user-
drawn sketches are first analysed and clustered, and they are then
associated with joints and a region of influence is defined to pro-
mote expressive exaggeration. These joints are then made to follow
sketched trajectories while ensuring expected natural motion. With
two user studies, we demonstrated that users were able to express
the motion in their minds using our interface and could create the
desired animation without the need for animation expertise.

Future Work: In the future, we want to animate comic panels di-
rectly by reconstructing 3D characters from 2D drawings, which
respond directly to the motion lines. In addition to simple anima-
tions, we also want to improve our interface to handle shape defor-
mations, artistic animations, and secondary motion. Additionally,
the SMACC interface could be incorporated with well-established

© 2025 The Author(s).
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Figure 12: Inconsistent inputs: (a) Two contradicting strokes on a joint, (b) Resulting animation by prioritising the stroke order, (c) User
deleting one stroke (in red), (d) Resulting animation, (e) Stroke drawn in opposite direction, (f) Resulting animation.

(a) A complex dance animation. Left: input sketches drawn on three separate planes (arm, foot, and body). Right: the resulting animation, with the dancer
spinning while moving the arm and leg.

(b) A complex falling animation. Sketch lines are applied to the entire body, causing the character to fall and come to a stop through foot impacts.

(c) A complex swimming animation. The timing hierarchy is adjusted so that the legs initiate the motion before the arms, while the entire character moves
forward.

Figure 13: Complex animations generated using advanced features in SMACC.

animation software like Blender, to mix it with traditional key-
frame animations. Another extension would be to enable additional
functionalities like sequential motions (i.e. allowing a single joint
to perform multiple movements over time). Finally, the interface
could be refined to integrate more HCI concepts and animator feed-
back.
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