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Abstract

We develop a novel vectorized image representation
scheme accommodating both shape/geometry and texture
in a decoupled way, particularly tailored for reconstruction
and editing tasks of artistic/design images such as Emojis
and Cliparts. In the heart of this representation is a set
of sparsely and unevenly located 2D control points. On
one hand, these points constitute a collection of paramet-
ric/vectorized geometric primitives (e.g., curves and closed
shapes) describing the shape characteristics of the target
image. On the other hand, local texture codes, in terms
of implicit neural network parameters, are spatially dis-
tributed into each control point, yielding local coordinate-
to-RGB mappings within the anchored region of each con-
trol point. In the meantime, a zero-shot learning algorithm
is developed to decompose an arbitrary raster image into
the above representation, for the sake of high-fidelity im-
age vectorization with convenient editing ability. Extensive
experiments on a series of image vectorization and editing
tasks well demonstrate the high accuracy offered by our
proposed method, with a significantly higher image com-
pression ratio over prior art.

1. Introduction

How to represent images is a fundamental problem in the
field of computer vision. Traditionally, images are rep-
resented by pixels stored on fixed and discrete grids (i.e.,
raster images). One main advantage of such representation
is that, there is virtually no limit to its ability to express im-
age details with enough pixels. Nevertheless, pixel-based
representation is plagued by numerous limitations. On one
hand, it suffers from excessive redundancy due to its stor-
age on fixed grids, which inherently constrains image res-
olution, along with inevitable information loss during im-
age re-scaling. On the other hand, most importantly, pixel-
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Figure 1. Illustration of our motivation. Raster images that
store pixel values on fixed and discrete grids suffer from excessive
parameter redundancy and a high coupling between image geom-
etry and texture, resulting in challenging image editing. Vector
images represent visual concepts with vectorized geometric prim-
itives in a very compact parameter format, endowed with great
editability. However, vector images are not suitable for express-
ing image texture details. This work explores a compact vector-
ized image representation that decouples images in geometric
and texture space, tailored for high-fidelity texture-rich image vec-
torization, facilitating easy image editing.

based representation stores all the information of an image
in the RGB values of the pixels, resulting in a high coupling
between the representation of image geometry and texture.
Hence, it is challenging to edit the shape/geometry and tex-
ture of a raster image separately.

Vector images embody an alternative paradigm for rep-
resenting visual information, which describe images with
a collection of parametric/vectorized geometric primitives
(e.g., curves and closed shapes), defined as control points
in the continuous space. Compared to representing images
with fixed discrete grids, vector images present many ad-
vantages. 1) Resolution-Agnostic: Pixel-based image re-
scaling often introduces unexpected noise/artifact that is
hard to identify and remove. In contrast, modeling im-
ages with continuous parameters enables the storage and
generation of images in arbitrary resolutions without in-
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formation loss. 2) Easy Editing: Vector images have ex-
plicit/explainable parameter format, facilitating convenient
image editing ability by simply modifying shape or color
parameters in a structured way. 3) Lossless Compression:
The shape primitives in vector images are typically defined
by mathematical functions, allowing for the expression of
complex shapes with a minimal number of control points.
Therefore, the number of parameters required to store a vec-
tor image is significantly lower than that of a raster image.

Unfortunately, while vector images possess indisputable
advantages in representing geometric information, they fall
short in effectively capturing the texture details found in
images, which restricts their applications to simple images
(e.g. Emojis, Fonts and Icons). As depicted in Fig. 1, cur-
rent image vectorization representations [7, 15, 17, 25, 26]
suffer from significant loss of fine texture details when con-
fronted with regions containing intricate textures. The un-
derlying reason can be attributed to the fact that traditional
vectorization representations store a single color within
each shape, rather than capturing the distribution of colors.
Consequently, this representation inherently exhibits ineffi-
ciency in conveying rich image textures.

To address both limitations, we propose a memory-
efficient texture-encapsulated shape-vectorized image
representation that decomposes an image into dual-
parameterized geometry and texture space, facilitating
high-fidelity representation of complicated image geometry
and texture as well as decoupled editing ability. Our
novel image representation features the following designs.
In a nutshell, geometry is encoded with closed Bézier
shapes parameterized into the coordinates of control
points, similar to contemporary image vectorization algo-
rithms [7, 15, 17, 26]. In the meantime, to represent texture,
we follow the emerging implicit neural representation
scheme [22, 29], which is parameterized into a lightweight
MLP that takes local latent encodings of coordinate
information as input and predicts local texture (i.e. RGB
values). Drawing inspiration from distributed implicit
representations [23], these local texture codes are spatially
distributed into each control point of our geometric repre-
sentation, namely, each control point stores a latent texture
code which takes charge of the local coordinate-to-RGB
mappings within the surrounding region. To this end, an
image is parameterized to a set of coordinates of control
points assigned with corresponding latent texture codes and
a lightweight MLP shared across the whole image space,
which fully capture image characteristics including color,
texture, and geometry, in a decoupled way. Compared
to current methods that store texture parameters in fixed
grids, our shape control point anchored distributed texture
representation scheme substantially minimizes storage
overhead, while assigning more resources for describing
those more crucial local visual regions (patches).

Leveraging our developed representation, we accom-
plish remarkably high-fidelity image vectorization (i.e. pa-
rameterized reconstruction and editing) with a straight-
forward zero-shot learning algorithm based on self-
supervision. Unlike previous algorithms that rely on dif-
ferentiable rasterization to estimate gradients and optimize
control point coordinates, which often encounters large gra-
dient error, we efficiently constrain the Bézier shapes to
match crucial areas in image space by constructing a ge-
ometric field, thus encouraging accurate parameter fitting
and fast convergence. We extensively experiment the pro-
posed framework for a series of image vectorization tasks
including Emoji [1], Icon [2] and our developed Clipart
benchmarks. It is demonstrated that our method achieves
much better image vectorization quality with a significantly
reduced number of parametric shapes, compared to prior
art. In addition, compared to image reconstruction meth-
ods based on implicit neural representations, our method
achieves better reconstruction results with only 10x fewer
latent codes, which significantly demonstrates the effective-
ness and efficiency of our representation. Moreover, our
method can edit images by simply editing the shape and
texture parameters in a decoupled way.

2. Related Works

Image Vectorization. Image vectorization is an impor-
tant research area in computer graphics. Traditional ap-
proaches [8, 33] typically utilize a two-stage algorithm
that involves an initial step of image segmentation, fol-
lowed by targeted vectorization of the segmented regions.
In the era of deep learning, several neural network-based
methods [7, 26] are proposed inspired by the differentiable
rasterization method DiffVG [15]. Im2Vec [26] uses a
variable-complexity closed Bézier path as the fundamental
graphic primitive. Chen et al. [7] utilize several geometric
primitives like triangle and rectangle to fit the image. Nev-
ertheless, these methods all face challenges when it comes
to vectorizing complex images, as predicting a large num-
ber of control points simultaneously solely based on pixel
loss is very difficult. LIVE [17] is a remarkable work that
generates compact vectorized representations for complex
images with a meticulously designed layer-wise path ini-
tialization technique. Although LIVE can generate decent
vectorization results for complex images in almost any do-
main, it has inherent limitations in representing image tex-
tures due to a lack of exploration of internal color distri-
butions within closed Bézier shapes. As a result, it relies
on stacking local shapes to express texture details. Du et
al. [9] propose to use linear gradients to define the spa-
tially varying color within local image regions, endowed
with the ability to edit images easily in a structured way.
However, the linear gradient layers rely heavily on an in-
tricate layer configuration strategy. In this work, we in-

15878



troduce a texture-encapsulated shape-vectorized represen-
tation to capture complex image textures, achieving high-
fidelity image vectorization with a simplistic framework.
Implicit Neural Representation. Implicit neural repre-
sentation is widely applied in the field of 3D vision [3, 5,
11, 12, 21, 28], which models 3D shapes and appearances
with MLPs that map coordinates to signals. Particularly,
NeRF [22] inspires a series of outstanding works [4, 13,
16, 19, 24, 32]. Recent advances [5, 10, 20, 23] investigate
the utilization of latent representations to balance between
memory usage and computational expenses of heavy MLPs.

While implicit neural representation achieves success in
3D tasks, its applications in 2D domain [6, 14, 29-31] are
relatively unexplored. Deep Image Prior [31] is a pioneer-
ing work to represent images using deep ConvNets with
abundant neural parameters. SIREN [29] parameterizes 2D
images with MLP and novel periodic activation functions.
However, the MLPs of SIREN are highly redundant and in-
efficient, and unacceptable reconstruction errors occur as
the hidden layers are further reduced. This work proposes
an efficient and flexible representation by encapsulating la-
tent codes into crucial shape parameters, which can be op-
timized with a zero-shot learning framework.

3. Methodology
3.1. Overview

The overall framework is illustrated in Fig. 2. Our frame-
work decouples the raster image I € RZ*Wx3 ip geo-
metric space and texture space using a texture-encapsulated
shape-vectorized representation, i.e., a parameterized shape
representation (Sec. 3.2) and a shape-anchored implicit neu-
ral texture representation (Sec. 3.3).

We utilize parameterized closed Bézier shapes (defined
as coordinates of control points, as implemented in [15, 17])
to represent the fundamental geometric information in the
image. We establish a geometric field based on image edge
points to constrain the coordinates of control points of all
Bézier shapes, enabling Bézier shapes to efficiently cover
regions with rich geometric information in the image space.

Then we introduce a shape-anchored implicit neural tex-
ture representation to explore image textures. Specifically,
our framework assigns an optimizable latent code z to each
control point in the shape representation. Then a shape-
aware interpolation function ¢ (no parameters) and a train-
able lightweight MLP fy (with 6 as its parameters) are uti-
lized to represent the texture in an implicit coordinate-to-
RGB way, where the texture information at arbitrary posi-
tion can be spatially interpolated and retrieved.

To conclude, we parameterize the input image as a set of
Bézier shapes attached with trainable texture latents and a
lightweight MLP fy, which can be formulated as:

I~ {S = {317823 '“7371}79}7 (L

where n denotes the shapes needed to represent an image.
And s; takes the form:

Si = {(pila zi1)7 (pi27 zi2)> sy (pima zim)}7 (2)

where p, = (24, y:) € R? denotes the coordinate of con-
trol points and z, € R represents the latent texture code
assigned to the corresponding control point. m denotes the
number of control points for each shape. More details are
elaborated in the following sections.

3.2. Parameterized Shape Representation

We use Bézier shapes defined by control points to repre-
sent image geometry. Common image vectorization meth-
ods tend to optimize the control points with pixel loss by uti-
lizing the gradients approximated by differentiable renderer
(e.g., Diff VG [15]), which suffers from the issue of gradient
sparsity. In contrast, we introduce a geometric field to opti-
mize the coordinates of control points. For the input raster
image, we use the Canny operator to extract the edge points
E = {e;} and generate the corresponding geometric field.
More concretely, we think that the closer a point is to the
edge of an image, the more geometric information it con-
tains. Hence, we define the geometric field as a probability
field, which describes the importance of each query point in
describing the image geometry. The ground-truth geometric
field G, defined by edge points can be formulated as:

2
G.(q) =1 — tanh(min w), 3)
i o
where g = (,7) € R? denotes any query coordinate in the
image space and o is used to control the range of the field.
We utilize the geometric field to optimize the coordinates
of control points of all Bézier shapes. Specifically, we use
control points in S to densely sample a set of Bézier curve

points B = {b;(¢)}:
bz(t) = Bpilpi2"'pim (t)7 (4)

where b;(t) is a curve point of Bézier shape s; conditioned
on t and B is the Bézier function. Then we compute the
predicted geometric field Gp:

llg — bi(1)]13
0-2

Gy(q) =1— tanh(mitn ). Q)

2

We use the binary cross-entropy loss to compare the distri-
butions of GG, and GG

Ly = BOE(Gy(x), Ge(x))- (6)

In addition, we use the chamfer distance loss to encour-
age the Bézier shapes to fit the key edge points in the image:

Lo=) min|b—e[3+) minlle—bl3. (7)
beB ecE
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Figure 2. Overview of our framework. We propose a novel texture-encapsulated shape-vectorized representation to decouple the raster
image in geometric and texture space. We utilize Bézier shapes defined as coordinates of control points to represent image geometry and
a shape-anchored implicit neural representation to explore image texture efficiently by distributing latent texture codes into control points.
With such representation, the texture feature at arbitrary coordinate can be spatially interpolated and fused within Bézier shapes and the

texture information can be retrieved through a very lightweight MLP.
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Figure 3. An example of the comparison between our shape-
anchored latent code distribution and general grid-based latent
code distribution. “n” denotes shape number. Our strategy greatly
reduces storage overhead. Moreover, our shape-aware interpola-
tion restricts the interpolation process to the interior of shapes,
making the interpolation smoother and accelerating convergence
because the texture inside shapes tends to be relatively smooth.

With Eqn.(6&7), we can iteratively optimize the coordi-
nates of control points to constrain Bézier shapes to cover
the crucial areas with rich geometric information.

3.3. Shape-anchored Implicit Neural Texture Rep-
resentation

We use implicit neural representation in the continuous pa-
rameter domain to explore complex image texture. Follow-
ing recent progress in image reconstruction via implicit neu-
ral representation [6], we also distribute some latent codes
in the image spatial positions.

However, we abandon the usual strategy that assigns la-
tent codes to fixed and discrete grid points, which is very in-

efficient and inflexible because it not only leads to storage
redundancy but also makes the training process extremely
complex (as shown in Fig. 3). For our problem, we no-
tice that there are some smooth regions in the image space
that can be fitted with only a small amount of latent codes,
while more latent codes are needed to be allocated for those
regions with sharp gradients/changes (e.g., the edge points),
which significantly aligns with our utilization of geometric
representation in Sec. 3.2 in that texture-rich regions well
correspond to edge regions. Based on the above consid-
erations, we distribute the texture latent codes on the con-
trol points of the Bézier shapes in a distributed manner,
which significantly improves the utilization efficiency of la-
tent codes and reduces storage costs.

Specifically, in our texture representation, the image tex-
ture information is parameterized by a set of latent codes
stored in control points and a lightweight mapping function
(fo : [z, 2] = ¢) which decodes the latent codes to texture
values (RGB), where x and z are the coordinate and the
corresponding latent vector/texture feature at query point in
the continuous image space. z is obtained via a shape-aware
interpolation method, i.e., interpolating the latent codes of
the shape that covers the query point. Assume a query point
g € R? is within a shape s;, the shape-aware interpolation
function ¢ is formulated as:

#(siq ZZJ 1w )Zij, (8

with
1

la = pi;113°
where (p;;, zij) € 8i, as defined in Eqn. 2.

wi(q) = 9)
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For points in the image space, we adopt a divide-and-
conquer strategy to assign them with latent vectors. Specif-
ically, for points covered by Bézier shapes, we can obtain
their latents by interpolating the latent codes of the con-
trol points of the shapes they belong to by utilizing Eqn. 8.
For the points that are not covered by any Bézier shape,
we assign them a default latent vector. Note that a pixel
may be covered by several Bézier shapes, thus we propose
an inverse distance weighting feature fusion method (IDW-
Fusion) to fuse the latent vectors interpolated by all shapes.
We can formulate this process as:

14,if ST = 0, (10) with:
m

;'n:l g *Pij”?

w®(q) = D (1)

where S? C S denotes the set of all shapes that cover point
g, which can be obtained with the Winding Number Algo-
rithm. The RGB value at point g can be predicted as:

e = follq, 27)), (12)

where [-, -] means concatenation.

Compared to previous image vectorization methods that
use only one color within a Bézier shape, our shape-
anchored implicit neural texture representation models the
color distribution inside the Bézier shape efficiently. In ad-
dition, in our texture representation, the number of latent
codes is resolution-agnostic, which achieves a significant
compression of parameters and efficient texture representa-
tional capability with the content-adaptive latent code dis-
tribution.

3.4. Parameterized Representation Optimization

Given an input raster I € R¥*W>3 our task is to recon-
struct it with the above proposed parameterized representa-
tion in a zero-shot learning framework (i.e., single-image
optimization). We have to optimize the parameters in a
self-supervised manner because we only have raster images
for optimization without any image-to-vector or image-to-
parameter labeling. Thus we have to rasterize our param-
eterized representation into a raster image I e RITXWx3,
with the same size as the input image and then measure the
pixel errors. Specifically, for each pixel [¢, j] of the output
image I, we query its color with our parameterized repre-
sentation by viewing it as a point in the image space with
coordinate ;; = [% — 0.5, % — 0.5] as in [18]. Then we
can obtain the corresponding texture feature z*# and use
fo to approximate the RGB value:

I[imj] :f9([wij=zwij])' (13)

Then we can utilize the pixel-wise mean square error loss
to optimize the parameters, which is formulated as:

L, =|I-1|3 (14)

After optimization, the input image is parameterized into
decoupled geometric and texture space, facilitating high-
fidelity reconstruction with easy editing by simply editing
the shape and texture parameters in a decoupled way.
Optimization objectives. The input image is decomposed
into our parameterized representation in a zero-shot learn-
ing algorithm. As shown in Alg. 1, we firstly randomly
initialize all parameters of our representation including the
control points and corresponding latent codes of all shapes
(i.e., S) and the MLP parameters (i.e., §). Then we iter-
atively optimize all the parameters with a combination of
Ly, L. and L, and the optimal problem of our framework
can be expressed as:

i r c- 1
%,b%ﬁ +Ly+L (15)

Algorithm 1: Zero-shot Representation Learning

Input : I,n,m,d,iters;
Random Init: S, 6 ;
Generate: E, G, Q;

for i in range(iters) do
B = sample_curve_points(S);

G = geometric_field(B);

Se =winding_number_parallel(S, Q);

22 = latent_interp(S2, Q);

I=fo(@ 2%

L=L(I,1)+ Ly(Gy,Ge)+ L.(B,E);
update parameters S, 0 ;

end
Output: Parameterized image representation:{S, 6}.

4. Experiments
4.1. Experimental Setups

Datasets. Current image vectorization algorithms are lim-
ited to handling images with simple geometric structures
like Emoji [1] and Icon [2], and there is a lack of explo-
ration for images with complex textures. In this paper, in
addition to comparing our method with existing methods
on commonly used Emojis and Icons, we also introduce a
Clipart Dataset consisting of 200 clipart images with com-
plex shapes, textures, and rich backgrounds, which is very
challenging for image vectorization task.
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n | Dataset DiffVG  LIVE NPA Ours
Emoji 0.0212  0.0019 0.0049  0.0007
Icon 0.0573  0.0026 0.0093  0.0009

10 Emoji 0.0092 0.0016 0.0020 0.0006
Icon 0.0285 0.0024 0.0017  0.0007

Table 1. Image vectorization results on Emoji&Icon datasets.
n means the number of shapes. MSE results are reported. Our
method achieves significantly better results than state-of-the-art.

Implementation Details. By default, we use four segments
for each closed Bézier shape, thus each shape contains 12
control points (i.e., m = 12). The number of shapes n is set
to 5 and 128 for Emoji/Icon dataset and Clipart dataset re-
spectively. Definitely, more shapes lead to better vectorized
results. The control factor o of the geometric field is set
to 0.005. We set the dimension of latent codes as d = 16,
and the MLP fy is implemented as a linear layer with input
dimension 18 and output dimension 3. With the help of a
highly parallel optimization process, we can reduce the time
it takes to optimize an image to the order of minutes.

4.2. Image Vectorization

We evaluate our texture-encapsulated shape representation
on image vectorization task by measuring the differences
between the input raster images and the rasterized vectors.
The comparison with SOTA methods (i.e., DiffVG [15],
LIVE [17] and NPA [7]) are performed both quantitatively
and qualitatively on Emoji, Icon and Clipart dataset.
Emoji&Icon Datasets. The quantitative comparisons on
Emoji and Icon datasets are shown in Tab. 1. Our method
outperforms all previous image vectorization methods on
both benchmarks, especially when fewer Bézier shapes are
utilized. The results fully demonstrate the compactness
of our texture-encapsulated shape representation, especially
in the efficient utilization of shapes. Qualitative compar-
isons are shown in Fig 4. We can see that our representa-
tion achieves high-fidelity image vectorization results even
with a minimal number of shapes. Note that LIVE also
generates very compact representation, but it relies heavily
on the initialization strategy and still struggles to generate
regular shapes when dealing with shape intersections. We
also show some decoupled editing examples in Fig. 5. Our
method can easily transform geometric shapes and replace
the textures within the corresponding shapes with specific
ones like frosted glass texture.

Clipart Dataset. The Clipart dataset contains clipart im-
ages with complex texture information, which is very chal-
lenging for image vectorization task. We use this dataset
primarily to demonstrate the efficiency of our texture-
encapsulated shape representation in expressing complex
textures, especially when the number of shapes is limited.
NPA [7] is limited in its ability to simultaneously opti-
mize a large number of shape parameters only with gra-

Raster n=5 n=10 n=5 n=10 n=5 n=10 n=5 n=10
Input DiffvG NPA LIVE Ours

Figure 4. Qualitative comparison on Emoji&Icon datasets. n
means the number of shapes. Our method can accurately represent
the image geometry even with limited number of shapes.
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Figure 5. We showcase the editability of our parameterized repre-
sentation. We can edit the image geometry and image texture in
a decoupled way simply by editing the corresponding parameters.

In the bottom row, we show the shape decompositions with the “x”
marks indicating the control points.

dients approximated by differentiable rasterization method,
which prevents it from producing acceptable results on this
dataset. Therefore, we only compare our method with
DiffVG [15] and LIVE [17]. The quantitative results are
shown in Tab. 2. Our method performs significantly better
than DiffVG and LIVE when utilizing the same number of
shapes. In addition, despite the layer-wise representation of
LIVE is highly compact, we are still able to achieve compa-
rable reconstruction results by further reducing the number
of shapes by half. The qualitative results are visualized in
Fig. 6. We can observe that our representation models the
texture details much better than other methods, and effec-
tively prevents local texture artifacts caused by the stacking
of redundant shapes.

4.3. Learning Implicit Image Representations

Considering that we utilize implicit neural representation
to parameterize images, we also make comparisons with
general implicit image representations. SIREN [29] is a
classical method to learn implicit representations for im-
ages parameterized by neural networks. In this section,
we compare our method with SIREN on the task of im-
age reconstruction with continuous representation. To com-
pare with methods that store latent codes on fixed grids,
we also utilize the framework of LIIF [6] to perform zero-
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Figure 6. Qualitative comparison on Clipart dataset. n means the number of shapes. We use red boxes to emphasize the differences.
Our representation can express complex image details with a small number of shapes. Please zoom in for more details.

n | Method MSE| LPIPS, SSIMt
DiffVG [15] 0.0089 03741 0.7763
128 | LIVE[I7]  0.0090 03424 0.7916
Ours 0.0009 0.2492  0.8803
DiffVG [15] 0.0035 03271 0.8092
256 | LIVE[17]  0.0028 02894 0.8631
Ours 0.0006 0.2218  0.9014

Table 2. Image vectorization results on Clipart dataset. Pixel
MSE, LPIPS and SSIM are reported. n means the number of
shapes. The LPIPS is computed based on VGG [27]. Our method
achieves significantly better reconstruction results than state-of-
the-arts, especially when limited number of shapes are used.

shot image reconstruction. Specifically, instead of train-
ing a heavy encoder to generate latent codes, we directly
distribute randomly initialized latent codes on fixed grid
points and iteratively fit the implicit parameters (includ-
ing latent codes and an MLP-based decoding function) for
each image. We demonstrate the efficiency of our texture-
encapsulated shape representation by comparing the image
reconstruction errors and the corresponding number of pa-
rameters required for the implicit representation on the Cli-
part dataset. The results are shown in Tab. 3. We can see
that our method achieves better image reconstruction results
with a significantly higher parameter compression ratio than
other methods. When using the same order of magnitude of

parameters, our reconstruction results are obviously better
than other methods. Some visualization results are shown in
Fig. 7. For SIREN, more hidden layers lead to better recon-
struction quality, but it lacks the ability to reconstruct im-
ages with lightweight networks. For methods that store la-
tent codes on fixed grids, a large number of latent codes are
needed to achieve acceptable reconstruction results. In con-
trast, our representation captures rich image textures with
only a small number of latent codes and a very lightweight
MLP because we assign more resources for describing cru-
cial local visual regions by flexibly encapsulating texture
parameters in shape control points. Both quantitative and
qualitative results demonstrate that our method learns effi-
cient continuous representations of images.

4.4. Ablation Study

In this section, we explore the crucial designs and hyper-
parameters of our framework. For simplicity, we only use
MSE as the metric for all quantitative comparisons.

Component Analyses. We first investigate the effective-
ness of each training objective. The MSE results are shown
in Tab. 4. We see that the geometric field (L) effectively
improves the reconstruction results among all datasets, and
the chamfer distance loss (£.) further improves reconstruc-
tion qualities in the complex Clipart dataset. The results
demonstrate that, compared to only using pixel loss, our
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Method MSE| LPIPS| SSIMf Codes| Params.]
SIREN-1  0.0058  0.4424  0.7035 - 17152
SIREN-3  0.0020 0.2642  0.8325 - 49920
Grid-/4 0.0010 0.2602 0.8506 16384 262198
Grid-/16  0.0043  0.4896  0.6724 1024 16438
Ours 0.0009 0.2492  0.8803 1536 27702

Table 3. Comparison with general implicit image represen-
tations. “Codes” denote the number of latent codes utilized.
“Params” denote the number of parameters. “SIREN” does not
distribute latent codes. “SIREN-x" means the SIREN version with
+ hidden layers. In “Grid-/x", the “x” denotes the proportion of the
spatial dimension of the original image to the grids storing latent
variables. Our representation achieves comparable reconstruction
results with a significant parameter compression. When using the
same order of magnitude of parameters, our method achieves ob-
viously higher reconstruction quality.

Input SIREN-1 SIREN-3 Grid-/4 Grid-/16 Ours

QJ:C

‘__\;:—ﬁ_‘_- e

i“'! dH HH !H a“! d“!
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Figure 7. Qualitative comparison with general implicit image
representations. Compared to SIREN and the usual strategy to
store latent codes on grids, our representation achieves clearer and
more faithful reconstruction results with fewer parameters.

Losses Emoji Icon  Clipart
L, 0.0013 0.0018 0.0043
L.+ L, 0.0008 0.0011 0.0013
L.+ Ly+ L, 0.0007 0.0009 0.0009

Table 4. Component Analyses on the training objectives. MSE
results on several datasets are reported.

method makes the shapes more accurately fit key geometric
regions by explicitly constraining the coordinates of control
points utilizing geometric information in the image.

A second experiment is conducted to explore how the
texture feature fusion method affects the image reconstruc-
tion results. More concretely, we compare our inverse dis-
tance weighting feature fusion method (i.e., IDW-Fusion)
with the ablated version of directly adding the features inter-
polated by all shapes together (i.e., Sum-Fusion). We also
investigate the effectiveness of attaching the coordinates of
query points to the features. The results are shown in Tab. 5.
We can observe that the IDW-Fusion method is very effec-

Emoji Icon  Clipart
IDW-Fusion  0.0007 0.0009 0.0009
Sum-Fusion 0.0013 0.0012 0.0016
w/o coords  0.0015 0.0020 0.0042

Table 5. Component Analyses on the feature fusion method.
MSE results on several datasets are reported.

0.014 0.00094
0.012
0.010 0.00092
0.008
0.00090
0,006
0.004 0.00088
0.002

MSE@Clipart

0.000 0.00086
100 200 300 400 500 50 100 150 200 250

Shape Number n Latent Code Dimension d

Figure 8. Parameter Analyses on the shape number and latent
code dimension. MSE results on Clipart dataset are reported.

tive by considering the varying degrees of influence of each
shape on the query point. Notably, concatenating the fea-
tures with coordinates is effective and crucial in our method
because points in the background do not belong to any ex-
plicit shapes and the position information can serve as the
discriminative features for these points.

Parameter Analyses. We explore how shape number n and
latent code dimension d affect the reconstruction results.
The MSE results on Clipart dataset are shown in Fig. 8. We
can see that more shapes lead to better reconstruction results
and our method can achieve competitive results with only
64 shapes in the complex Clipart dataset. In addition, we
can see that higher dimensions only marginally improve the
reconstruction capability. Considering the computational
and storage costs it incurs, d = 16 is an efficient setting.

5. Conclusion

This work presents a novel vectorized image representation
to decompose images into parameterized shape and tex-
ture space. Along with our representation, we introduce
a straightforward zero-shot learning framework in a self-
supervised manner for image vectorization task. Extensive
experimental results on various benchmarks and tasks prove
that our representation achieves high-fidelity image recon-
struction with a significantly high image parameters com-
pression, endowed with convenient image editing by sim-
ply editing corresponding shape and texture parameters in a
decoupled way.
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