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A Curve Matching Algorithm
A.1 Implementation Details
NPR Outlines: Non-photorealistic rendering (NPR), particularly
toon rendering, employs stylized outlines to emphasize shape fea-
tures and enhance visual clarity. Traditional NPR methods extract
perceptually significant curves such as silhouettes, occluding con-
tours, and suggestive contours from 3D geometry, which are sub-
sequently stylized into expressive strokes, mimicking hand-drawn
illustrations [2, 5]. Silhouettes and suggestive contours are typically
computed using differential geometry to identify regions where
surface orientation undergoes rapid changes, capturing key shape
features. In our system, we use Maya’s toon outline command
pfxToon to extract our abstract curves from scene objects, which
are further post-processed to establish vertex correspondences be-
tween a stroke and a curve.

Corner matching: Methods designed for polylines and smooth
curves primarily analyze local geometric features, notably local
curvature and tangent direction. Techniques that utilize curvature
extrema or changes in tangent direction robustly detect stable cor-
ners along curves. To match detected corners between shapes, local
descriptors such as Shape Contexts [1, 4] are employed, capturing
spatial configurations in descriptor histograms to robustly establish
correspondences.

Neighborhood search: In our context, neighborhood search
methods enhance the matching of user-drawn curves with existing
curves within a scene. Initially, a local search identifies candidate
correspondences based on descriptor similarity as described in Sec-
tion 4.1 of the paper. Subsequently, these matches are refined using
neighborhood consistency checks to ensure geometric coherence.
In our implementation, we naively use our curve descriptor simi-
larity to match a user stroke to squidget curves on screen. This can
be further optimized to match only the 𝑘 closest curves since user
stroke proximity conveys higher correspondence intent.

A.2 Use Cases
As described in Section 4.1 of the paper, a general similarity metric
for curve matching is an ill-posed problem, depending on its use
case and assumptions on the geometric properties of the curves.
For most interactive graphics applications, curve matching is based
on corner, shape, and spatial similarity [4].

Perceptually, we tend to align curves at corresponding sharp
corners with matching smooth curve segments shapes. Depending
on where the matching curves are drawn, spatial transforms may
be needed to better align corresponding shape segments. Our curve
matching algorithm for two curves 𝑃 and 𝑄 in Section 4.1 is a two-
step algorithm: 1) the curves are processed for internal corners,
segmenting them into piecewise smooth curve segments, and a
correspondence between corners of the two curves provides sparse
anchors for curve matching; and 2) a matching energy is computed
for each pair of corresponding curve segments as a rigid alignment
spatial energy, and a distance between (i) the corresponding curve

points shape energy and (ii) the energies for all corresponding curve
segments summed.

The weight parameters for the energies of each matching step
can be defined and aspects of the algorithm simplified based on
various use case scenarios. Below we list a few common curve
interaction scenarios, including those used in our paper:

1-stroke squidget interaction:
Using a single stroke 𝑆 to specify both a curve
selection 𝑃 and its desired manipulated result
𝑆 in general is likely to lead to ambiguities
in curve selection, especially if the collection
of curves being matched 𝒞 contains one or
more curves 𝑄 that better match 𝑆 than the
desired selection 𝑃 . In the presence of this
ambiguity, the onus is thus on the user to use
this technique when the curves in 𝒞 are very different from a
desired manipulation 𝑆 , or to use the technique for small changes
to 𝑃 , but few assumptions can be made a-priori on the relative
importance of corner, spatial, or shape weighting.

2-stroke squidget interaction: The sole purpose of the first
stroke 𝑆𝑠 in 2-stroke interaction (i.e. select→manipulate) is to select
a curve 𝑃 from the curve collection𝒞. The expectation is such that
a user will trace over the desired curve 𝑃 as closely as possible.
For this reason, articulated rigid matching of corners in unneces-
sary and the two strokes 𝑆𝑠 and 𝑃 can simply be treated as smooth
strokes bypassing the corner correspondence algorithm, treating
the closest pair of points on the two curves as the anchors for
curve correspondence. No allowance for spatial alignment is neces-
sary, and the curve segment rigid alignment transformation can be
skipped altogether, or the alignment𝑤𝑎 can be set high. In essence,
curve matching here degenerates to finding a closest pair of points
on the two curves and then computing an average arc-length based
distance between corresponding points on 𝑆𝑠 and 𝑃 . Now given
𝑆𝑠 and 𝑆𝑚 , the corner matching step of the curve matching algo-
rithm can be applied to account for feature correspondence between
the two curves, so that features on 𝑆𝑠 parametrically transform to
corresponding ones on 𝑆𝑚 beyond just the shape of the curve.

Smooth stroke and corner gestures:
Often gestures [6] are designed as a single
smooth stroke for drawing efficiency. In such
case, the corner matching step degenerates to
finding the closest pair of points on the stroke
to a curve being matched as an anchor prior to
curve segment matching. Smooth curve seg-
ments meeting at sharp corners also provide
a perceptually powerful feature for design-
ing gestures. For gestures dominated by corner features, the corner
matching energy can suffice to distinguish the desired corner config-
uration from a collection of curves, making further curve segment
matching unnecessary.



Stroke-based local editing: Stroke-based
shape deformations (Figure 12) are often indi-
cated by localized editing of a curve. In such
cases, the start and end of the edit stroke largely
coincide with the curve being edited. Here, a
weighted sum of curve segment matching en-
ergies can be used, with the end segments of
the stroke have a higher weight than the inte-
rior. Further, rigid alignment for corner or curve
segment matching should not be necessary.

Stroke-based translation or rotation: In a scenario where
stroke-based transformation is constrained, aspects of rigid align-
ment for either or both the corner and curve segment matching
steps can be reweighted (or skipped).

Corner-based selection: Smooth curve segments meeting at
sharp corners provide perceptually powerful features for shape
matching. We observed that users will often draw a stroke with a
single corner, to suggest a similar corresponding corner on a curve
in a collection 𝒞.

B Usability Study: Design
We conducted a within-subject controlled experiment to assess
the usability of different types of squidgets compared to a base-
line, on typical scene manipulation tasks. Twelve (12) participants
were recruited via announcements on our institutional social media
channels and word of mouth.

B.1 Task Design
Our goal with the study was to gather initial understanding of
the usability of the interaction paradigm which squidgets enable,
and the characteristics of the scenes which may influence task
performance and user experience. While the squidgets framework
(and our implementation) support 3D scenes, we created tasks in
a 2D view to remove navigation complexity of 3D environments,
and spatial reasoning in 3D.

Participants were told: "In this study, you are commissioned to
help design a summer drinks poster by moving fruit stickers onto
the poster or changing fruit sticker shapes on the poster. To do so,
you will use different techniques".

One task was to perform a translation of one object to a target
location. Figure 1 shows an overview of the task components.

The object to move included a visual indicator within it, which
participants were asked to align with the target indicator on the
poster. We used a visual indicator as opposed to a "ghost image" of
the target location, to avoid participants sketching over the target
fruit. The visual indicator makes it somewhat hard for participants
to precisely reconstruct where the object outline would be, thus po-
tentially penalizing the squidget techniques in our study, compared
to more realistic scenarios (e.g. sketch in relation to other objects
present in the scene, such that objects align, or share a border, etc...).

Because our sketch tool must disambiguate selection amongst
(possibly) other surrounding objects, we place 3 distractor images
on top the poster in different locations for each task that the tool
could mistakenly select.

Task object

Visual indicator
Distractors

Figure 1: Translate Task Components.
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Figure 2: Translate Task: For each combination of
SpatialDifficulty × ShapeDifficulty, participants com-
pleted two tasks.

The distractors made the task more difficult for squidgets, with
regard to two factors. First, the selection of the object to move is po-
tentially made more difficult, when other distractors are within the
vicinity of the task object and target location. SpatialDifficulty
is how far each distractor image is from the target axis location.
We manipulate this variables according to two levels: Easy spatial
difficulty places all distractors further away from the target location
than the main image and Hard spatial difficulty places all distractors
closer from the target location than the main image. See Figure 2.

The tasks could also be more difficult when the task object has
similar visual features as other surrounding objects, making it po-
tentially challenging for squidgets to disambiguate which object the
user intended to manipulate. ShapeDifficulty sets how visually
similar in shape the distractor image is to the task image. We set
two levels of difficulty: Easy Shape difficulty where all 3 images
are of visually different shape, and Hard Shape difficulty where
all 3 images are of visually similar shape. Visual similarity was
subjectively decided. See Figure 2.

For each shape difficulty we created set A and set B of fruit
images, as showed in Figure 2.

The other task was to perform a deformation of one object
to match a target shape. Figure 3 shows an overview of the task
components.

For this task, we were mostly interested in whether participants
were able to deform the shape by sketching the envisioned result,
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Figure 3: Deform Task Components.

Figure 4: Deform Task: For each pair of {narrow, medium,
wide} deformation type, we generated a task. Tasks where
both deformation were of the same type are considered "easy"
with respect to DeformDifficulty , and the others are consid-
ered "hard".

rather than being interested in disambiguating the selection from
other distractor objects. Hence, we only included a task object,
which participants had to deform using squidgets to match a tar-
get shape. We introduced a reference grid underneath the objects,
because we found in our pilot sessions that matching perfectly
the shape was di�cult (for all techniques) in the absence of such
a reference to guide precise deformations. We chose this task de-
sign over other options such as a ghost target shape which would
be overlaid on top of the task shape, as this would unfairly make
squidget techniques easier, since participants could simply trace
over.

Like the translate tasks, we manipulated task di�culty for the
deform tasks. For squidgets, the di�culty lies in how precisely
participants can draw the intended target shape. We speculate that
the more changes, and the more di�erent the changes, the �ner
motor skills are required. For instance, adding a small spike to a fruit
is less complex to realize than adding two small spikes, which is

also less complex to realize than adding a small spike and squeezing
or stretching the whole fruit too. For the baseline, this also requires
to change the parameters of the deformation tool, i.e. the "Vertex
Fallo� Radius" for the Mesh Deformation tool.

We designed the deform tasks such that the target shape would
be the result of applying to the task fruit two separate deformations.
Each deformation could be either narrow (i.e. 0.5), medium (i.e. 1.5)
or wide (i.e. 2.5). We created the target shape using Maya's vertex
deformation tool, varying the combinations of narrow, medium, and
wide deformations. Figure 4 shows all 6 tasks that we generated.

B.2 Implementation
The study was created in Maya 2024 because the tool was origi-
nally developed in Maya 2024. We recognize that Maya 2024 is an
industry-level software that many users do not have experience
with; however, many people are familiar with simple artistic soft-
ware (Microsoft Paint) or drawing tools (pen tablets). To present
a more familiar graphical layout, we presented a stripped down
layout of Maya were users were shown only the scene window and
basic tools akin to traditional vector graphics software.

B.3 Study Setup
The study ran on a computer laptop plugged to Wacom Cintiq 24HD
screen tablet (touch and pen input); and was implemented with
the Maya software, with most features stripped out from the view
to best approximate a generic, traditional vector graphics editor.
We chose to conduct the study using a pen-interactive display over
mouse or drawing tablet because pen-interactive displays provide
a better feel of direct manipulation and control over other medi-
ums for drawing tasks. While we do recognize that pen-interactive
displays are not particularly accessible, applications with draw-
ing interactions through touch screens or tablet pens is widely
common.

The squidgets framework is general and its application space
vast. The goal of this controlled experiment was to evaluate whether
people understand the concept of squidgets, and the usability of
using sketch input for manipulating scene parameters. We opted for
simple tasks created in a 2D view to remove navigation complexity
of 3D environments. We explore squidgets use in 3D scenes in a
more ecologically-valid context in Section 7.2 of the paper. The
experiment was instrumented to log interaction events, including
study progression (e.g., start, end, phase transitions), device input
(e.g., pen inputs), and squidget-speci�c actions, commands, and met-
rics. Responses to questionnaires were collected via digital forms.
The sessions lasted approximately 45 minutes. Participants were
compensated CAD$30 in appreciation for their time. The study was
approved by the boards of ethics at our institution.

B.4 Experimental Design
Participants were asked to complete two sets of common scene
manipulationTasks:

� translate: Translate a graphical object to a target location.
� deform: Deform a graphical object to match a target.

using di�erent Techniques:



Figure 5: Study interface for translation tasks (a) and deformation tasks (b).

� baseline: Traditional graphical manipulation tools, as found
in vector graphics software.

� 1-stroke: A squidget where both selection and manipulation
are performed using a single input stroke (i.e.( ( = ( " ).

� select! drag: A squidget where one input stroke is used
for selection (i.e.( ( ), upon which the object sticks to the
cursor and can be further dragged around (only used for
the translateTask)

� select! manipulate: An initial stroke is used for selection
(( ( ). Subsequent drawn strokes perform manipulations to
the selected object (( " ).

We provided participants with feedback on how close/far they
were to completing a given task. For the translation task, we used
the Euclidean distance between the axes of the task image and
the target location axes. For the deformation task, we used the
Intersection over Union (IoU) of the two image shapes. Figure 5
shows screenshots of the study interface for both tasks.

For the translation task, each participant completed a total of: 4
Techniques� 2 SpatialDifficulty �
2 ShapeDifficulty � 2 repetitions= 32 trials.

For the deformation task, theselect! drag technique is irrele-
vant and was thus excluded. Participants completed a total of: 3
Techniques� 2 DeformDifficulty � 3 repetitions= 18 trials.

B.5 Data Collection
For each trial, we collected the task completionTime(i.e. the dura-
tion between the �rst and last interaction involving an object), the
Operation count (i.e., click, click+drag, each counted as one opera-
tion), as well as theUndocount. We also administered the NASA
Task Load Index (NASA-TLX) questionnaires after each technique
block, and collected subjective rankings and open comments from
participants in a free-form digital form.

C Usability Study: Results
We report the 95% con�dence intervals (CI) on means to assess
e�ects [3] along with qualitative feedback. All CIs are calculated
using the studentized bootstrapping method.

C.1 Translation Task: Participants' Drawn
Strokes

Figure 6: Move Task: Participants' sketch strokes for 1-stroke,
select! drag, and select! manipulate .

Figure 6 overlays all participants' sketch strokes for all three tech-
niques. Overall, participants drew short arc-shaped strokes to per-
form the tasks. We observed that when distractors were spatially
close to the target, participants tended to draw "incremental" simple
strokes to move the object progressively closer to the target loca-
tion, instead of attempting to �ne-tune the stroke to incorporate
distinguishable features for disambiguation, e.g. drawing a larger
part of the fruit.

C.2 Translation Task: Completion Time
C.2.1 Completion time by Technique.Measurements per cell: 96.

Figure 7: Completion Timefor the translation task, for each
Technique.

� baselineyielded the best completion time performance:
4.18s, CI [3.82, 4.56]. Theselect! dragandselect! manipulate
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