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GENERATING REPRESENTATIONS TO a user - selected threshold . Moreover , in some embodiments , 
APPROXIMATE DIGITAL SHAPES USING the disclosed systems generate a representation for a digital 

SAMPLE CIRCLES shape using k - means clustering approach with smallest 
enclosing circles . To illustrate , the disclosed systems can 

BACKGROUND 5 sample a user - specified number of points from the digital 
shape boundary paths , group the remaining points with the 

Recent years have seen significant advancement in hard- nearest sampled point , and compute the smallest enclosing 
ware and software platforms that utilize digital shapes for circle for all points in a group . In this manner , the disclosed 
various applications . For example , many systems utilize systems can flexibly and efficiently generate sample circles 
digital shapes for computer graphics or geometry processing 10 that provide an accurate representation of a digital shape and 
applications . In many instances , conventional systems then use the representation for modeling the digital shape in 
approximate intricate digital shapes using graphics primi- a variety of applications . 
tives in an effort to reduce the complexity of analyzing and Additional features and advantages of one or more 
processing the underlying digital shape . Accordingly , these embodiments of the present disclosure are outlined in the 
conventional systems can incorporate these complex digital 15 following description . 
shapes into a desired application using the corresponding 
approximation . BRIEF DESCRIPTION OF THE DRAWINGS 

Despite these advances , however , conventional shape 
representation systems often suffer from several technologi- This disclosure will describe one or more embodiments of 
cal shortcomings that result in inflexible and inefficient 20 the invention with additional specificity and detail by ref 
operation . For example , conventional shape representation erencing the accompanying figures . The following para 
systems are often inflexible in that they rigidly rely on user graphs briefly describe those figures , in which : 
input to generate approximating representations for digital FIG . 1 illustrates an example environment in which a 
shapes . In particular , such conventional systems often rely shape representation generation system can operate in accor 
on user input to place and connect the graphics primitives 25 dance with one or more embodiments ; 
used in generating the representation for a digital shape . FIG . 2 illustrates a block diagram of the shape represen 
Thus , conventional systems typically fail to flexibly gener- tation generation system generating a sample circle repre 
ate approximating representations . Further , by relying on sentation for a digital shape in accordance with one or more 
user input , conventional systems often fail to flexibly deter- embodiments ; 
mine the optimal placement and connection of graphics 30 FIGS . 3A - 3G illustrate diagrams for generating a sample 
primitives for representing a digital shape . circle representation that includes a plurality of sample 

In addition to flexibility concerns , conventional shape circles enclosed by a digital shape in accordance with one or 
representation systems can also operate inefficiently . For more embodiments ; 
example , as discussed above relying on user input for the FIGS . 4A - 4G illustrate diagrams for generating a sample 
placement and connection of graphics primitives may lead to 35 circle representation that includes a one or more sample 
approximating representations for digital shapes that are circles that encompass a digital shape in accordance with 
sub - optimal or inaccurate . Such sub - optimal representations one or more embodiments ; 
typically require significant amounts of computing resources FIGS . 5A - 5B illustrate diagrams for connecting sample 
( e.g. , memory , processing power , and processing time ) to circles generated for a digital shape in accordance with one 
store and implement the corresponding digital shapes . Some 40 or more embodiments ; 
conventional systems may automatically determine the FIG . 6 illustrates a diagram for generating an enhanced 
placement and connection of graphics primitives for gener- graphical object using a sample circle representation in 
ating an approximating representation ; however , such sys- accordance with one or more embodiments ; 
tems may also utilize a sub - optimal number of graphics FIG . 7 illustrates an example schematic diagram of a 
primitives to generate an approximating representation . Fur- 45 shape representation generation system in accordance with 
ther , such systems often utilize models or algorithms that are one or more embodiments ; 
too complex for practical and efficient implementation . FIG . 8 illustrates a flowchart of a series of acts for 

These , along with additional problems and issues , exist generating a sample circle representation for a digital shape 
with regard to conventional shape representation systems . using a medial axis corresponding to the digital shape in 

50 accordance with one or more embodiments ; 
SUMMARY FIG . 9 illustrates a flowchart of a series of acts for 

generating a sample circle representation for a digital shape 
One or more embodiments described herein provide ben- using one or more enclosing circles in accordance with one 

efits and / or solve one or more of the foregoing or other or more embodiments ; and 
problems in the art with systems , methods , and non - transi- 55 FIG . 10 illustrates a block diagram of an exemplary 
tory computer - readable media that accurately and flexibly computing device in accordance with one or more embodi 
generate efficient approximating representations for digital ments . 
shapes utilizing a tunable number of sample circles . In 
particular , the disclosed systems can approximate a complex DETAILED DESCRIPTION 
digital shape by identifying a set of circles encompassed by 60 
the digital shape and / or by generating a set of enclosing One or more embodiments described herein include a 
circles that surround the shape . For example , in one or more shape representation generation system that accurately and 
embodiments , the disclosed systems generate a representa- flexibly generates sample circle representations that effi 
tion for a digital shape based on touching medial / scale axis ciently approximate digital shapes . Indeed , the shape repre 
polar balls . Indeed , the disclosed systems can sample the 65 sentation generation system can model a complex digital 
medial / scale axis polar balls from the digital shape and shape by identifying sample circles encompassed by the 
select a subset in which any two circles overlap no more than digital shape or by identifying sample circles that enclose a 
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the digital shape . To illustrate , in one or more embodiments , of the one or more enclosing circles . Thus , the shape 
the shape representation generation system generates a representation generation system can generate the sample 
sample circle representation for a digital shape utilizing circle representation for the digital shape utilizing the one or 
medial / scale axis polar balls . Indeed , the disclosed systems more modified enclosing circles . 
can select a subset of medial / scale axis polar balls to In one or more embodiments , the shape representation 
approximate the digital shape by applying a user - selected generation system generates various numbers of enclosing 
overlap threshold . Moreover , in some embodiments , the circles and generates the sample circle representation based 
shape representation generation system utilizes a k - means on the total areas associated with the various numbers of 
clustering approach a with smallest enclosing circle algo- enclosing circles . To illustrate , in one or more embodiments , 
rithm . In particular , the shape representation generation 10 the shape representation generation system iteratively gen 
system can generate sample circles that enclose boundary erates various numbers of enclosing circles that correspond 
points grouped with a nearest sampled boundary point to to various numbers of sampled boundary points . The shape 
generate a sample circle representation for a digital shape . representation generation system can generate a sample 
Upon identifying sample circles , in some embodiments , the circle representation for the digital shape based on the 
shape representation generation system also connects the 15 number of enclosing circles associated with the smallest 
sample circles ( e.g. , the polar balls or enclosing circles ) for total area . 
a deformable sample circle representation of the digital As further mentioned above , in one or more embodi 
shape . In this manner , the shape representation generation ments , the shape representation generation system further 
system can accurately , flexibly , and efficiently generate generates the sample circle representation by connecting the 
sample circle representations of digital shapes and then use 20 sample circles generated for the digital shape . For example , 
the sample circle representations in a variety of applications in some embodiments , the shape representation generation 
to more efficiently model and revise the digital shapes . system connects the sample circles based on a medial axis 
As mentioned above , in one or more embodiments , the for the digital shape . In some instances , the shape represen 

shape representation generation system generates a sample tation generation system connects the sample circles at the 
circle representation for a digital shape utilizing sample 25 centers of the sample circles ( e.g. , connects the center of one 
circles corresponding to medial / scale axis polar balls . In sample circle to the centers of adjacent sample circles ) . 
particular , the shape representation generation system can The shape representation generation can utilize sample 
determine a medial axis for a digital shape that includes a circle representations to model the digital shape in a variety 
plurality of digital medial axis points . The shape represen- of different applications . In one or more embodiments , the 
tation generation system can utilize the plurality of digital 30 shape representation generation system generates an 
medial axis points as center points around which to generate enhanced graphical object by applying one or more digital 
a plurality of sample circles for the digital shape . In par- shapes to a graphical object using the corresponding sample 
tic the shape representation generation system can gen- circle representations . To illustrate , the shape representation 
erate a plurality of sample circles that are enclosed by the generation system can utilize one or more sample circle 
digital shape . 35 representations to fill in a graphical object . The shape 

In one or more embodiments , the shape representation representation generation system can further utilize sample 
generation system selects a subset of the sample circles to circle representations to incorporate digital shapes into vari 
generate the sample circle representation of the digital ous other tasks , such as collision handling in physics simu 
shape . For example , the shape representation generation lations , progressively rendering levels of detail within an 
system can select , for the subset , adjacent sample circles that 40 image , shadow computation for global illumination , or vari 
satisfy an overlap threshold ( e.g. , overlap no more than the ous other element distribution tasks for graphic design . 
overlap threshold ) . In one or more embodiments , the shape The shape representation generation system provides sev 
representation generation system establishes the overlap eral advantages over conventional systems . For example , the 
threshold based on user input or various other factors . shape representation generation system can operate more 

Additionally , as mentioned above , in one or more embodi- 45 flexibly and accurately than conventional systems . In par 
ments , the shape representation generation system generates ticular , the shape representation generation system can flex 
a sample circle representation for a digital shape using ibly generate sample shape representations for digital shapes 
sample circles that enclose groups of points from the digital without reliance on user input of the shape representations , 
object . For example , the shape representation generation as required by many conventional systems . Further , by 
system can generate one or more groups of boundary points 50 selecting sample circles based on an overlap threshold 
corresponding to sampled boundary points . To illustrate , for and / or generating enclosing circles based on sampled 
a given digital boundary point , the shape representation boundary points , the shape representation generation system 
generation system can identify a nearest sample point ( cen- can flexibly determine accurate ( e.g. , near optimal ) place 
ter of a sample ball ) and add the given digital boundary point ment of sample circles , resulting in an accurate and more 
to a group of digital boundary points corresponding to that 55 optimized sample circle representation for a given digital 
sample point . The shape representation generation system shape . 
can further generate one or more sample circles by gener- Additionally , the shape representation generation system 
ating one or more enclosing circles for the one or more can operate more efficiently than conventional systems . In 
groups of digital boundary points . In particular , the shape particular , the shape representation generation system uti 
representation generation system can generate sample 60 lizes stream - lined models for generating sample circle rep 
circles that encompass the digital shape . resentations . Indeed , as outlined below , by utilizing compu 

In some embodiments , the shape representation genera- tationally efficient medial axis algorithms or enclosing circle 
tion system iteratively modifies the one or more enclosing algorithms ( e.g. , smallest enclosing circle algorithms ) , the 
circles to generate one or more modified enclosing circles . shape representation generation system can efficiently gen 
For example , the shape representation generation system can 65 erate sample circle representations for digital shapes with 
iteratively modify the one or more enclosing circles based little computational overhead . Further , by determining an 
on proximities of the digital boundary points to center points optimal ( or near - optimal ) sample circle representation for a 
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given digital shape , the shape representation generation shape itself . Additionally , as used herein , the term “ center 
system can more efficiently store and implement the sample point ” ( or " center ” ) refers to the center of a sample circle . 
circle representation by reducing the amount of required Additionally , as used herein , the term " enclosing circle ” 
computing resources ( e.g. , memory , storage , processing more specifically refers to a sample circle that encloses at 
power , and processing time ) . 5 least a portion of the one or more boundaries of a digital 
As illustrated by the foregoing discussion , the present shape as well as at least a portion of the digital shape itself . 

disclosure utilizes a variety of terms to describe features and An enclosing circle can refer to a sample circle that only 
benefits of the shape representation generation system . encompasses at least a portion of the one or more boundaries 
Additional detail is now provided regarding the meaning of of the digital shape and at least a portion of the digital shape 
these terms . For example , as used herein , the term “ digital 10 itself . But an enclosing circle can also encompass area 
shape ” refers to a digital visual element . In particular , a external to the digital shape . Relatedly , the term “ modified 
digital shape can refer to a digital visual element defined by enclosing circle ” refers to an enclosing circle that has been 
a plurality of pixels or vectors to form a shape . For example , modified . For example , a modified enclosing circle can 
a digital shape can include an outline of a digital visual include an enclosing circle having a change in position 
element . A digital shape can refer to a geometric shape ( e.g. , 15 and / or size . As used herein , the term “ smallest enclosing 
a diamond , a triangle , a snowflake , etc. ) or an organic shape . circle ” refers to an enclosing circle that encompasses a 
A digital shape can also refer to a two - dimensional digital corresponding portion of a digital shape with an optimal or 
visual element or a three - dimensional digital visual element . near - optimal covered area . For example , a smallest enclos 

In some instances , a digital shape includes one or more ing circle can include an enclosing circle that is large enough 
boundaries . As used herein , the term “ boundary ” refers to a 20 to encompass a corresponding portion of a digital shape but 
limit of an area occupied by a digital shape . In particular , a small enough ( or near small enough ) to exclude area exter 
boundary refers to a border that marks an edge of a digital nal to the portion of the digital shape that is unnecessary to 
shape a border past which the digital shape does not include in order to encompass the portion of the digital 
extend . A boundary can include an outer bound of a digital shape . 
shape . A boundary can also include an inner bound of a 25 Further , as used herein , the term “ sample circle represen 
digital shape ( e.g. , a border that runs along an interior hole tation ” refers to an approximation of a digital shape com 
of the digital shape ) . posed of one or more sample circles . For example , a sample 

Relatedly , as used herein , the term " digital boundary circle representation can refer to one or more sample circles 
point ” refers to a discretized component of a boundary . In that represent a digital shape in its entirety . A sample circle 
particular , a digital boundary point refers to a digital point 30 representation can further include connections between the 
( e.g. , one or more pixels ) that defines or otherwise estab- sample circles corresponding to a digital shape . 
lishes a portion of a boundary . Indeed , a digital boundary As used herein , the term " overlap threshold ” refers to a 
point can include a digital point that , along with other digital threshold indicating an overlap between two sample circles . 
boundary points , defines or otherwise establishes a boundary In particular , an overlap threshold can refer to a maximum 
of a digital shape . As used herein , the term " sampled 35 degree to which one sample circle can overlap another 
boundary point ” refers to a digital boundary point that has sample circle ( e.g. , an adjacent sample circle ) . For example , 
been sampled . In one or more embodiments , the shape an overlap threshold can include a threshold for an overlap 
representation generation system identifies a sampled as measured by an area or distance of overlap between two 
boundary point using a random , semi - random , or non- sample circles or a percentage by which at least one of the 
random processes for sampling a digital boundary point . As 40 sample circles is overlapped . 
used herein , the term “ group of digital boundary points ” can Additionally , as used herein , the term “ threshold change ” 
refer to a grouping of one or more digital boundary points . refers to a threshold corresponding to a change to one or 

Additionally , as used herein , the term “ medial axis ” refers more sample circles . In particular , a threshold change can 
to a topological skeleton that corresponds to a digital shape . refer to a degree to which one or more sample circles change 
In particular , a medial axis can refer to a set of points having 45 indicating that the one or more sample circles adequately 
more than one equidistant , nearest point on the boundary ( or represent or approximate a digital shape . For example , a 
boundaries ) of a digital shape . For example , a medial axis threshold change can refer to a threshold corresponding to a 
can include a set of points that are enclosed by a digital change in the position of a sample circle or a change in the 
shape and that each have at least two equidistant , nearest size of a sample circle . 
points on the digital shape boundary ( e.g. , a circle can be 50 Further , as used herein , the term “ graphical object ” refers 
drawn around a point of the medial axis and touch two points to a two - dimensional or three - dimensional digital visual 
on the boundary ) . object . In particular , a graphical object can refer to a 

Relatedly , as used herein , the term " digital medial axis two - dimensional or three - dimensional digital visual object 
point ” refers to a discretized component of a medial axis . In composed of one or more component visual objects . As used 
particular , a digital medial axis point refers to a digital point 55 herein , the term " enhanced graphical object ” refers to a 
that defines or otherwise establishes a discretized portion of graphical object that is at least partially composed of one or 
a medial axis . Indeed , a digital medial axis point can include more digital shapes . 
a digital point that , along with other digital medial axis Additional detail regarding the shape representation gen 
points , defines or otherwise establishes a medial axis of a eration system will now be provided with reference to the 
digital shape . 60 figures . For example , FIG . 1 illustrates a schematic diagram 
As used herein , the term " sample circle ” refers to a of an exemplary system environment ( “ environment ” ) 100 

graphic primitive representing a portion of a digital shape . in which a shape representation generation system 106 can 
For example , a sample circle can include a circle that is be implemented . As illustrated in FIG . 1 , the environment 
enclosed within the one or more boundaries of a digital 100 includes a server ( s ) 102 , a network 108 , and client 
shape . But a sample circle can also include a circle that 65 devices 110a - 110n . 
encompasses at least a portion of the one or more boundaries Although the environment 100 of FIG . 1 is depicted as 
of a digital shape as well as at least a portion of the digital having a particular number of components , the environment 

a 
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100 can have any number of additional or alternative com- the client application 112 ) that can access and / or modify 
ponents ( e.g. , any number of servers , client devices , or other digital shapes and / or graphical objects . For example , the 
components in communication with the shape representation client application 112 includes a software application 
generation system 106 via the network 108 ) . Similarly , installed on the client devices 110a - 110n . Additionally , or 
although FIG . 1 illustrates a particular arrangement of the 5 alternatively , the client application 112 includes a software 
server ( s ) 102 , the network 108 , and the client devices application hosted on the server ( s ) 102 , which may be 110a - 110n , various additional arrangements are possible . accessed by the client devices 110a - 110n through another The server ( s ) 102 , the network 108 , and the client devices application , such as a web browser . 110a - 110n may be communicatively coupled with each The shape representation generation system 106 can be other either directly or indirectly ( e.g. , through the network 10 implemented in whole , or in part , by the individual elements 108 discussed in greater detail below in relation to FIG . 10 ) . of the environment 100. Indeed , although FIG . 1 illustrates Moreover , the server ( s ) 102 and the client devices 110a 
110n may include a variety of computing devices ( including the shape representation generation system 106 imple 

mented with regard to the server ( s ) 102 , different compo one or more computing devices as discussed in greater detail 
with relation to FIG . 10 ) . nents of the shape representation generation system 106 can 
As mentioned above , the environment 100 includes the be implemented by a variety of devices within the environ 

server ( s ) 102. The server ( s ) 102 can generate , store , receive , ment 100. For example , one or more ( or all ) components of 
and / or transmit digital data , including sample circle repre the shape representation generation system 106 can be 
sentations of digital shapes . For example , the server ( s ) 102 implemented by a different computing device ( e.g. , one of 
can receive a digital shape from a client device ( e.g. , one of 20 the client devices 110a - 110n ) or a separate server from the 
the client devices 1100-110n ) and transmit a sample circle server ( s ) 102 hosting the graphic design system 104 . 
representation of the digital shape to another client device . Example components of the shape representation generation 
In one or more embodiments , the server ( s ) 102 comprises a system 106 will be described below with regard to FIG . 7 . 
data server . The server ( s ) 102 can also comprise a commu- As mentioned above , the shape representation generation 
nication server or a web - hosting server . 25 system 106 can generate a sample circle representation for 
As shown in FIG . 1 , the server ( s ) 102 include a graphic a digital shape . FIG . 2 illustrates a block diagram of the 

design system 104. In particular , the graphic design system shape representation generation system 106 generating a 
104 generates , accesses , displays , and / or modifies graphical sample circle representation for a digital shape in accor 
objects . For example , the graphic design system 104 can dance with one or more embodiments . 
generate or otherwise access a two - dimensional graphical 30 As shown in FIG . 2 , the shape representation generation 
object or a three - dimensional graphical object . In one or system 106 identifies a digital shape 202. In one or more 
more embodiments , the graphic design system 104 commu- embodiments , the shape representation generation system 
nicates with a client device ( e.g. , one of the client devices 106 identifies the digital shape 202 by receiving the digital 
110a - 110n ) for displaying and / or modifying a graphical shape 202 from a computing device ( e.g. , a third - party 
object . The graphic design system 104 can employ various 35 server or a client device ) . In some embodiments , however , 
methods to modify a graphical object or provide various the shape representation generation system 106 identifies the 
options by which a user of a client device can modify a digital shape 202 by accessing a database storing digital 
graphical object . shapes . For example , the shape representation generation 

102 includes the shape repre- system 106 can maintain a database and store a plurality of 
sentation generation system 106. In particular , in one or 40 digital shapes therein . In some instances , an external device 
more embodiments , the shape representation generation or system stores digital shapes for access by the shape 
system 106 utilizes the server ( s ) 102 to generate sample representation generation system 106 . 
circle representations for digital shapes . For example , the As illustrated in FIG . 2 , the shape representation genera 
shape representation generation system 106 can utilize the tion system 106 generates a sample circle representation for 
server ( s ) 102 to identify a digital shape and generate a 45 the digital shape 202. In particular , in one or more embodi 
sample circle representation for the digital shape . ments , the shape representation generation system 106 gen 

To illustrate , in one or more embodiments , the shape erates the sample circle representation 204. As shown , the 
representation generation system 106 , via the server ( s ) 102 , sample circle representation 204 includes a plurality of 
determines a medial axis for a digital shape and generates a sample circles enclosed by the digital shape 202. More detail 
sample circle representation using sample circles generated 50 regarding generating a sample circle representation that 
based on the medial axis . In some embodiments , via the includes a plurality of sample circles enclosed by a digital 
server ( s ) 102 , the shape representation generation system shape will be discussed in more detail below with regard to 
106 samples one or more boundary points of a digital shape FIGS . 3A - 3G . In some embodiments , the shape representa 
and generates a sample circle representation by generating tion generation system 106 generates the sample circle 
enclosing circles for digital boundary points grouped based 55 representation 206. As shown , the sample circle represen 
on the one or more sampled boundary points . In some tation 206 includes a plurality sample circles that encompass 
instances , the shape representation generation system 106 , the digital shape 202. More detail regarding generating a 
via the server ( s ) 102 , generates the sample circle represen- sample circle representation that includes one or more 
tation by further connecting the sample circles to generate a sample circles that encompass a digital shape will be dis 
deformable or rigid sample circle representation . 60 cussed in more detail below with regard to FIGS . 4A - 4G . 

In one or more embodiments , the client devices 110a- In one or more embodiments , the shape representation 
110n include computing devices that can access and / or generation system 106 can generate the sample circle rep 
modify digital shapes and / or graphical objects . For example , resentation 204 or the sample circle representation 206 
the client devices 110a - 110n can include smartphones , tab- based on user input . Indeed , the shape representation gen 
lets , desktop computers , laptop computers , head - mounted- 65 eration system 106 can receive a user selection that indicates 
display devices , or other electronic devices . The client a type of sample circle representation desired . Accordingly , 
devices 110a - 110n include one or more applications ( e.g. , the shape representation generation system 106 can generate 

Additionally , the serverre 
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a sample circle representation for a digital shape that cor- generation system 106 can generate a given sample circle 
responds to the user - selected type of sample circle repre- having a radius just large enough so that the given sample 
sentation . circle touches the closest digital boundary points of the 
The shape representation generation system 106 can uti- boundaries 304a - 304b . Thus , the shape representation gen 

lize the sample circle representation 204 or the sample circle 5 eration system 106 can generate the plurality of sample 
representation 206 to perform one or more various tasks . For circles to have various sizes and locations based on the 
example , as shown in FIG . 2 , the shape representation locations of the corresponding digital medial axis points . 
generation system 106 can utilize the sample circle repre- Further , the shape representation generation system 106 can 
sentation 204 to generate the enhanced graphical object 208 generate the plurality of sample circles by generating sample 
or similarly use the sample circle representation 206 to 10 circles enclosed by the boundaries 304a - 304b of the digital 
generate the enhanced graphical object 210. Indeed , the shape 302 ( e.g. , enclosed by the plurality of digital boundary 
shape representation generation system 106 can utilize a points of the digital shape 302 ) . 
sample circle representation to apply a corresponding digital Though FIGS . 3B - 3C illustrate the shape representation 
shape to a graphical object to generate an enhanced graphi- generation system 106 determining the medial axis 306 and 
cal object as will be discussed in more detail below with 15 generating the plurality of sample circles based on the 
reference to FIG . 6. The shape representation generation medial axis 306 , it should be noted that the shape represen 
system 106 can further utilize sample circle representations tation generation system 106 can generate the plurality of 
to incorporate digital shapes into various other tasks , such as sample circles before or at the same time as determining the 
collision handling in physics simulations , progressively ren- medial axis 306. In one or more embodiments , the shape 
dering levels of detail within an image , shadow computation 20 representation generation system 106 determines the medial 
for global illumination , or various other element distribution axis for a digital shape and / or generates the plurality of 
tasks for graphic design . sample circles as described in Nina Amenta et al . , The Power 
As mentioned above , the shape representation generation Crust , in SMA '01 , 249-266 , 2011 , which is incorporated 

system 106 can generate a sample circle representation for herein by reference in its entirety . In some embodiments , the 
a digital shape that includes a plurality of sample circles 25 shape representation generation system 106 determines the 
enclosed by the digital shape . FIGS . 3A - 3G illustrate dia- medial axis for a digital shape and / or generates the plurality 
grams for generating a sample circle representation that of sample circles as described in Floris Steenkamp , Medial 
includes a plurality of sample circles enclosed by a digital ( and Scale ) Axis Transform Library - SVG Focused , 2019 , 
shape in accordance with one or more embodiments . https://github.com/FlorisSteenkamp/MAT , which is incor 
As shown in FIG . 3A , the shape representation generation 30 porated herein by reference in its entirety . 

system 106 identifies the digital shape 302. For example , the As shown in FIG . 3D , the shape representation generation 
shape representation generation system 106 can identify the system 106 determines an ordering of the sample circles 
digital shape 302 as discussed above with reference to FIG . based on size ( as shown by the box 308 ) . Indeed , the shape 
2. As illustrated in FIG . 3A , the digital shape 302 includes representation generation system 106 can determine a size 
the boundaries 304a - 304b ( e.g. , an external boundary 304a 35 ( e.g. , radius , circumference , etc. ) of each sample circle and 
and an internal boundary 304b ) . In one or more embodi- determine an ordering of the sample circles accordingly . For 
ments , the boundaries 304a - 304b are defined by a plurality example , as illustrated , the shape representation generation 
of digital boundary points . system 106 can rank / sort the sample circles from largest to 
As shown in FIG . 3B , the shape representation generation smallest . 

system 106 determines a medial axis 306 for the digital 40 As illustrated in FIG . 3E , the shape representation gen 
shape 302. In one or more embodiments , the shape repre- eration system 106 can select a subset of sample circles from 
sentation generation system 106 determines the medial axis the plurality of sample circles to generate a sample circle 
306 for the digital shape 302 based on the plurality of digital representation of the digital shape 302. In particular , the 
boundary points that define the boundaries 304a - 304b of the shape representation generation system 106 can select the 
digital shape 302. For example , the shape representation 45 subset of sample circles based on the ordering of sample 
generation system 106 can apply the plurality of digital circles . For example , in one or more embodiments , the shape 
boundary points to a medial axis model or medial axis representation generation system 106 begins selecting from 
algorithm that determines the medial axis 306 for the digital the plurality of sample circles by selecting the largest sample 
shape 302. In one or more embodiments , the medial axis 306 circle ( e.g. , the sample circle 310 ) . The shape representation 
is defined by a plurality of digital medial axis points . 50 generation system 106 can progress through the ordering of 
As shown in FIG . 3C , the shape representation generation sample circles , selecting each sample circle in sequence and 

system 106 generates a plurality of sample circles for the determining whether or not to add the sample circle to the 
digital shape 302. In particular , the shape representation subset of sample circles to be used for the sample circle 
generation system 106 can generate the plurality of sample representation for the digital shape 302 . 
circles based on the plurality of digital medial axis points 55 As shown in FIG . 3F , the shape representation generation 
that define the medial axis 306 of the digital shape . For system 106 can determine whether or not to add a sample 
example , the shape representation generation system 106 circle 312 to the subset of sample circles used for the sample 
can generate a sample circle centered around a correspond- circle representation for the digital shape 302 based on an 
ing digital medial axis point . In one or more embodiments , overlap 314 of the sample circle 312 with another sample 
the shape representation generation system 106 generates a 60 circle 316 that was previously added to the subset of sample 
sample circle for each digital medial axis point that contrib- circles . Indeed , the shape representation generation system 
utes to the medial axis 306 of the digital shape . 106 can determine an overlap between the sample circle 312 

In one or more embodiments , the shape representation and the other sample circle 316. In one or more embodi 
generation system 106 generates a given sample circle ments , the shape representation generation system 106 
having a radius large enough so that the given sample circle 65 determines the overlap 314 as a distance ( as indicated in 
touches at least one of the boundaries 304a - 304b of the FIG . 3F ) . For example , the shape representation generation 
digital shape 302. For example , the shape representation system 106 can determine the overlap 314 as the distance at 
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the highest point of overlap between the sample circle 312 representation generation system 106 can select those 
and the other sample circle 316 or as the distance at some sample circles that are most representative of the corre 
other point of overlap . In some embodiments , the shape sponding digital shape ( e.g. , the largest circles that do not 
representation generation system 106 determines the overlap overlap beyond a threshold ) . 
314 as an area covered by an overlapping region associated 5 Thus , as shown in FIG . 3G , the shape representation 
with the sample circle 312 and the other sample circle 316 . generation system 106 generates a sample circle represen 
In some instances , the shape representation generation sys- tation 318 of the digital shape 302. Though FIG . 3G shows 
tem 106 determines the overlap 314 as a percentage by the digital shape 302 as part of the sample circle represen 
which the sample circle 312 and / or the other sample circle tation 318 , it should be noted that this is merely an illustra 
316 are overlapped . In one or more embodiments , the shape 10 tion . Indeed , the shape representation generation system 106 
representation generation system 106 determines an overlap can utilize the selected subset of sample circles as the sample 
between the sample circle 312 and all other sample circles circle representation 318. As illustrated in FIG . 3G , how 
previously added to the subset of sample circles to determine ever , the sample circle representation 318 for the digital 
whether to add the sample circle 312 to the subset of sample shape 302 includes a plurality of sample circles enclosed by 
circles . 15 the digital shape 302 ( i.e. , enclosed by the boundaries 
The shape representation generation system 106 can fur- 304a - 304b of the digital shape 302 ) . 

ther determine whether the sample circle 312 and the other In one or more embodiments , the shape representation 
sample circle 316 satisfy an overlap threshold based on the generation system 106 stores the sample circle representa 
determined overlap ( e.g. , whether the sample circle 312 and tion 318 for later use . In some embodiments , however , the 
the other sample circle 316 overlap no more than the overlap 20 shape representation generation system 106 can apply the 
threshold ) . sample circle representation 318 as needed . 

In one or more embodiments , the shape representation The algorithm presented below is another characterization 
generation system 106 determines the overlap threshold of how the shape representation generation system 106 
based on user input . For example , the shape representation generates a sample circle representation for a digital shape 
generation system 106 can receive user input from a client 25 using a plurality of sample circles enclosed by the digital 
device indicating a desired overlap threshold . In some shape in accordance with one or more embodiments . 
embodiments , the shape representation generation system 
106 determines the overlap threshold using a pre - determined 
value ( e.g. , a default value or fixed value ) . In some Algorithm 1 
instances , the shape representation generation system 106 30 user specified spacing ratio E [ 0 , 0 ) 
determines the overlap threshold based on a number of compute MAT / SAT T of a given element e // [ 1 , 5 ] 
sample circles to be used to represent the corresponding sample set S = 0 
digital shape . To illustrate , the shape representation genera for each polar ball b E T in decreasing radius do 
tion system 106 can determine ( e.g. , based on user input or 
a default or fixed value ) that a high number of sample circles 35 b'center || < ( bradius + b'radius ) then are to be used in representing the digital shape ( e.g. , larger 
than a minimum amount of sample circles necessary to if include then represent the digital shape ) . In such a case , the shape SES + b representation generation system 106 can establish a larger 
overlap threshold to ensure that the correct number of 40 
sample circles are utilized in representing the digital shape . 
Moreover , in some instances , the shape representation gen 
eration system 106 can determine the overlap threshold 
based on a measure of the complexity of digital shape ( e.g. , In Algorithm 1 shown above , the user specified spacing 
establishing a larger overlap threshold for more complex 45 ratio ( represented by $ ) refers to an overlap threshold 
digital shapes such as those with one or more interior determined based on user input . Further , the MAT / SAT T 
holes in order to ensure an adequate representation of the refers to the Medial ( or Scale ) Axis Transform of a digital 
digital shape ) . shape ( represented as the element e ) , referring to the medial 

In one or more embodiments , based on determining that axis corresponding to the digital shape as well as the sample 
the sample circle 312 and the other sample circle 316 satisfy 50 circles associated with the digital medial axis points . A polar 
the overlap threshold , the shape representation generation ball ( represented as b ) refers to a sample circle generated 
system 106 adds the sample circle 312 to the subset of based on a corresponding digital medial axis point . Thus , 
sample circles used for the sample circle representation for bcenter represents the center of a sample circle b ( or a location 
the digital shape 302. Further , based on determining that the of the center within some coordinate scheme ) and b , 
sample circle 312 and the other sample circle 316 fail to 55 represents a radius of the sample circle b . The sample set S 
satisfy the overlap threshold ( i.e. , overlap more than the refers to the subset of sample circles selected for the sample 
overlap threshold ) , the shape representation generation sys- circle representation of the digital shape . 
tem 106 excludes the sample circle 312 from the subset of As mentioned previously , the shape representation gen 
sample circles . Thus , the shape representation generation eration system 106 can operate more flexibly than conven 
system 106 utilizes the overlap threshold to select a subset 60 tional systems . Indeed , by generating a plurality of sample 
of sample circles to use for the sample circle representation . circles based on a medial axis that corresponds to a digital 
The shape representation generation system 106 can itera- shape and selecting a subset of those sample circles for use 
tively progress through the ordering of sample circles , apply in the sample circle representation , the shape representation 
the overlap threshold , and select additional sample circles to generation system 106 can flexibly generate sample circle 
include in the shape representation . By selecting the subset 65 representations without relying on user input . Further , by 
of sample circles beginning with the largest sample circle selecting the subset of sample circles based on an overlap 
and progressing toward the smallest sample circle , the shape threshold , the shape representation generation system 106 

include - trule 
for each b ' ES do 

if || bcenter 
include < false 

end 

end 
end 

end 
return S 
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can flexibly determine an optimal ( or near - optimal ) place- digital shape . For example , the shape representation genera 
ment of the sample circles . Additionally , the shape repre- tion system 106 can determine to utilize a greater number of 
sentation generation system 106 is more practical . Indeed , samples for a larger digital shape than would be used for a 
the shape representation generation system 106 can effi- smaller digital shape . Moreover , in some embodiments , the 
ciently generate sample circle representations that require 5 shape representation generation system 106 determines a 
less memory resources for storage and less processing number of digital boundary points to sample based on the 
resources for implementation . complexity of the digital shape ( e.g. , sampling more digital 
As mentioned above , the shape representation generation boundary points for more complex digital shapes such as 

system 106 can generate a sample circle representation that those with one or more interior holes in order to ensure an 
includes a one or more sample circles that encompass the 10 adequate representation of the digital shape ) . 
digital shape . FIGS . 4A - 4G illustrate diagrams for generat- In one or more embodiments , the shape representation 
ing a sample circle representation that includes a one or generation system 106 generates groups of digital boundary 
more sample circles that encompass a digital shape in points corresponding to the sampled boundary points . In 
accordance with one or more embodiments . particular , the shape representation generation system 106 
As shown in FIG . 4A , the shape representation generation 15 can generate the groups of digital boundary points by 

system 106 identifies the digital shape 402. For example , the associating unsampled digital boundary points with the 
shape representation generation system 106 can identify the nearest sampled boundary point . For example , as shown in 
digital shape 402 as discussed above with reference to FIG . FIG . 4C , for the digital boundary point 408 , the shape 
2. As illustrated in FIG . 4A , the digital shape 402 includes representation generation system 106 can identify the 
the boundaries 404a - 404b ( e.g. , the external boundary 404a 20 sampled boundary point 406d as the nearest sampled bound 
and the internal boundary 404b ) . In one or more embodi- ary point to the digital boundary point 408. Based on 
ments , the boundaries 404a - 404b are defined a plurality of identifying the sampled boundary point 406d as the nearest 
digital boundary points . sampled boundary point to the digital boundary point 408 , 
As shown in FIG . 4B , the shape representation generation the shape representation generation system 106 can add the 

system 106 samples the digital boundary points that define 25 digital boundary point 408 to a group of digital boundary 
the boundaries 404a - 404b of the digital shape 402. In points corresponding to the sampled boundary point 406d 
particular , the shape representation generation system 106 ( as indicated by the dashed line 410 ) . In one or more 
106 samples the digital boundary points to determine the embodiments , the shape representation generation system 
sampled boundary points 406a - 406e . Though FIG . 4B illus- 106 adds each of the remaining unsampled digital boundary 
trates a particular number of sampled boundary points , the 30 points to a group of digital boundary points that corresponds 
shape representation generation system 106 can to a nearest sampled boundary point . 
broadly sample various numbers of digital boundary points . As shown in FIG . 4D , the shape representation generation 
In other the shape representation generation system system 106 generates an enclosing circle 412 for the group 
106 can sample one or more digital boundary points to of digital boundary points corresponding to the sampled 
determine one or more sampled boundary points . Further , 35 boundary point 406d . In particular , as shown in FIG . 4D , the 
though FIG . 4B only illustrates sampled boundary points enclosing circle 412 encompasses the group of digital 
associated with the outer boundary of the digital shape 402 boundary points . Further , as shown in FIG . 4D , the enclos 
( i.e. , the boundary 404a ) , the shape representation genera- ing circle 412 is not centered around the sampled boundary 
tion system 106 can also sample from inner boundaries of point 406d ; rather , the shape representation generation sys 
digital shapes ( e.g. , the internal boundary 404b ) . In other 40 tem 106 generates the enclosing circle 412 having a center 
words , the shape representation generation system 106 can based on the group of digital boundary points encompassed 
sample digital boundary points associated with the interior therein . In particular , the shape representation generation 
hole of the digital shape 402 ( i.e. , the internal boundary system 106 centers the enclosing circle 412 based on a 
404 ) . central point associated with the group of digital boundary 

In some embodiments , the shape representation genera- 45 points . In some embodiments , the shape representation 
tion system 106 samples points from any location falling generation system 106 generates enclosing circles that do 
within an external boundary of a digital shape . For example , center around their corresponding sampled boundary point . 
the shape representation generation system 106 can sample In one or more embodiments , the shape representation 
points from any location within the external boundary 404a . generation system 106 generates the enclosing circle 412 by 
Thus , for example , the shape representation generation 50 generating a smallest enclosing circle . Indeed , the shape 
system 106 can sample points between the external bound- representation generation system 106 generate the enclosing 
ary 404a and the internal boundary 404b or the interior hole circle 412 to cover the smallest area possible while encom 
bounded by the interior boundary 404b . passing the group of digital boundary points corresponding 

In one or more embodiments , the shape representation to the sampled boundary point 406d . In one or more embodi 
generation system 106 determines the number of samples 55 ments , the shape representation generation system 106 gen 
( i.e. , determines the number of digital boundary points to erates a smallest enclosing circle for a group of digital 
sample ) based on user input . For example , the shape repre- boundary points as described by Smallest Enclosing Circle , 
sentation generation system 106 can receive user input from Project Nayuki , 2018 , https://www.nayuki.io/page/smallest 
a client device indicating a desired number of samples . The enclosing - circle , which is incorporated herein by reference 
shape representation generation system 106 can sampled the 60 in its entirety . 
digital boundary points based on the number of samples . In As illustrated in FIG . 4E , the shape representation gen 
some embodiments , the shape representation generation eration system 106 generates a plurality of enclosing circles 
system 106 determines the number of digital boundary 414a - 414e . In particular , the shape representation generation 
points to sample using a pre - determined value ( e.g. , a default system 106 can generate an enclosing circle for each group 
value or fixed value ) . In some instances , the shape repre- 65 of digital boundary points corresponding to a sampled 
sentation generation system 106 can determine the number boundary point . Though FIG . 4E illustrates a particular 
of digital boundary points to sample based on a size of the number of enclosing circles , the shape representation gen 
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eration system 106 can generate more or fewer enclosing In one or more embodiments , the shape representation 
circles based on the number of groups of digital boundary generation system 106 stores the sample circle representa 
points ( i.e. , the number of digital boundary points sampled ) . tion 430 for later use . In some embodiments , however , the 

In one or more embodiments , the shape representation shape representation generation system 106 can apply the 
generation system 106 further modifies the enclosing circles 5 sample circle representation 430 as needed . 
414a - 414e based on proximities of the plurality of digital The algorithm presented below is another characterization boundary points to center points of the enclosing circles of how the shape representation generation system 106 
414a - 414e to generate modified enclosing circles . To illus generates a sample circle representation for a digital shape trate , as shown in FIG . 4F , the shape representation genera using a plurality of enclosing circles that encompass the tion system 106 identifies the digital boundary point 416 10 
associated with the enclosing circle 418. The shape repre digital shape in accordance with one or more embodiments . 
sentation generation system 106 can further determine a 
distance 420 between the digital boundary point 416 and a Algorithm 2 
center point 422 of the enclosing circle 418. The shape 
representation generation system 106 can also determine a 15 – uniform point sets from a given element e 
distance 424 between the digital boundary point 416 and a B = user - specified number of samples for e 

sample set s random B centers from P ( e ) with 0 radii center point 426 of another enclosing circle 428 . while not enough iterations do 
In one or more embodiments , the shape representation l / compute nearest ball center for each point 

generation system 106 determines that the distances 420 is 
greater than the distance 424. Accordingly , the shape rep- 20 P ( b ) 

resentation generation system 106 can add the digital bound for each EP ( e ) do ary point 416 to the group of digital boundary points argminz || p – bcenter | l , Vb ES 
corresponding to the enclosing circle 428. Thus , the shape P ( b ' ) - P ( b ' ) + p 

end representation generation system 106 can modify the groups l / compute smallest enclosing circles of digital boundary points based on how close each digital 25 
boundary point is to the center point of each enclosing circle . Smallest EnclosingCircle ( P ( b ) ) 
The shape representation generation system 106 can further 
modify the enclosing circles 418 , 428 to enclose the modi 
fied groups of digital boundary point , thus generating modi 
fied enclosing circles . In one or more embodiments , by 30 
modifying the enclosing circles 418 , 428 , the shape repre- In Algorithm 2 shown above , the uniform point sets 
sentation generation system 106 can modify the location ( represented by P ( e ) ) refers to the set of digital boundary 
and / or size of the enclosing circles 418 , 428 based on the points of a digital shape ( represented as the element e ) , and 
digital boundary points encompassed therein . p represents a digital boundary point from P ( e ) . Further , the 

In one or more embodiments , the shape representation 35 user - specified number of samples ( represented by B ) refers 
generation system 106 iteratively modifies the enclosing to a number of digital boundary points to be sampled based 
circles generated for a digital shape based on the proximities on some user input . The sample set S refers to a set of digital 
of the digital boundary points to center points of the enclos boundary points sampled from the digital boundary points of 
ing circles . Indeed , with each iteration , the shape represen- the digital shape and b refers to a sampled boundary point 
tation generation system 106 can add one or more digital 40 from the set S. P ( b ) represents a group of digital boundary boundary points to a group of digital boundary points points corresponding to the sampled boundary point b , and corresponding to a different enclosing circle and then b modify the enclosing circles accordingly . In one or more center represents the center ( or center point ) of the sampled 
embodiments , the shape representation generation system boundary point b . Additionally , SmallestEnclosingCircle 
106 determines a maximum number of iterations ( e.g. , based 45 ( P ( b ) ) represents a smallest enclosing circle generated for 
on user input , using a default or fixed value , or based on a the group of digital boundary points P ( b ) . 
size or complexity of the digital shape ) . Accordingly , the In one or more embodiments , the shape representation 
shape representation generation system 106 can iteratively generation system 106 generates the one or more enclosing 
modify the enclosing circles based on the maximum number circles using a modified k - means clustering model . In par 
of iterations ( e.g. , until the maximum number of iterations 50 ticular , the shape representation generation system 106 can 
has been reached ) . In some embodiments , the shape repre modify a k - means clustering model to compute the mean of 
sentation generation system 106 determines a threshold a group of digital boundary points using an enclosing circle 
change applied to the enclosing circles ( e.g. , a threshold in ( e.g. , a smallest enclosing circle ) rather than using the 
a change of radius ) . Accordingly , the shape representation average of all the digital boundary points within the group 
generation system 106 can iteratively modify the enclosing 55 of digital boundary points . 
circles until at least one of the enclosing circles changes less In one or more embodiments , the shape representation 
than the threshold change . generation system 106 generates various numbers of enclos 

Thus , as shown in FIG . 4G , the shape representation ing circles for a digital shape and utilizes one of the numbers 
generation system 106 generates a sample circle represen- of enclosing circles to generate the sample circle represen 
tation 430 of the digital shape 402. Though FIG . 4G shows 60 tation for the digital shape . Indeed , the shape representation 
the digital shape as part of the sample circle representation generation system 106 can sample various numbers of 
430 , it should be noted that this is merely an illustration . digital boundary points of a digital shape and generate 
Indeed , the shape representation generation system 106 can various numbers of enclosing circles for digital boundary 
utilize the enclosing circles as the sample circle represen- groups corresponding to various numbers of sampled bound 
tation 430. As illustrated in FIG . 4G , however , the sample 65 ary points . The shape representation generation system 106 
circle representation 430 includes a plurality of enclosing can further iteratively modify the enclosing circles to gen 
circles that encompass the digital shape 402 . erate various numbers of modified enclosing circles . 
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For example , the shape representation generation system boundary points of a digital shape , the shape representation 
106 can apply Algorithm 2 with five enclosing circles to generation system 106 can flexibly generate sample circle 
generate a first sample circle representation . The shape representations without relying on user input . Further , by 
representation generation system 106 can then apply Algo- iteratively modifying the enclosing circles , the shape repre 
rithm 2 with ten enclosing circles to generate a second 5 sentation generation system 106 can flexibly determine an 
sample circle representation . The representation generation optimal ( or near - optimal ) placement and size of the sample 
system 106 can select between the first sample circle rep- circles . Additionally , the shape representation generation 
resentation and the second sample circle representation . system 106 is more practical . Indeed , the shape representa 
Specifically , the representation generation system 106 can tion generation system 106 can more efficiently generate 
compare the area covered by the five enclosing circles ( from 10 sample circle representations that that require less memory 
the first sample circle representation ) with the area covered resources for storage and less processing resources for 
by the ten enclosing circles ( from the second sample circle implementation . 
representation ) . Indeed , in some embodiments , the sample As mentioned above , the shape representation generation 
circle representation with the smallest cumulative area cov- system 106 can generate a sample circle representation for 
ered by the enclosing circles is chosen as the final sample 15 a digital shape by further connecting the sample circles 
circle representation . generated for the digital shape . FIGS . 5A - 5B illustrate 

In one or more embodiments , the shape representation diagrams for connecting sample circles generated for a 
generation system 106 determines a range of numbers of digital shape in accordance with one or more embodiments . 
enclosing circles to generate for a digital shape ( e.g. , 1 As shown in FIG . 5A , the shape representation generation 
through 10 ) . The shape representation generation system 20 system 106 connects the plurality of sample circles gener 
106 can select a number of enclosing circles from the range ated for the digital shape 502 using a medial axis 504 
to utilize in generating the sample circle representation for determined for the digital shape 502. In one or more 
the digital shape . In one or more embodiments , the shape embodiments , the shape representation generation system 
representation generation system 106 determines a maxi- 106 can flexibly deform the resulting sample circle repre 
mum number of enclosing circles to generate for a digital 25 sentation as will be discussed in more detail below with 
shape . The shape representation generation system 106 can reference to FIG . 6 As shown in FIG . 5B , the shape 
generate numbers of enclosing circles up to the maximum representation generation system 106 connects the sample 
number of enclosing circles ( e.g. , from one enclosing circle circles generated for the digital shape 506 by connecting the 
to the maximum number of enclosing circles ) . In one or centers of the sample circles ( as indicated by the line 508 ) . 
more embodiments , the shape representation generation 30 In one or more embodiments , the shape representation 
system 106 determines the range of numbers of enclosing generation system 106 can apply rigid deformations to the 
circles or the maximum number of enclosing circles based resulting sample circle representation as will be discussed in 
on user input . more detail below with reference to FIG . 6 . 
As mentioned , in one or more embodiments , the shape In one or more embodiments , the shape representation 

representation generation system 106 utilizes the number of 35 generation system 106 utilizes a medial axis to connect 
enclosing circles corresponding to the minimum total area sample circles if those sample circles were determined based 
covered by the enclosing circles . For example , the shape on the medial axis . Further , the shape representation gen 
representation generation system 106 can generate different eration system 106 can connect the centers of the sample 
sample circle representations for different numbers of circles if the sample circles were determined based on 
enclosing circles within the range of numbers of enclosing 40 enclosing circles . However , the shape representation gen 
circles or up to the maximum number of enclosing circles eration system 106 can connect the sample circles based on 
and select the number of enclosing circles that covers the the medial axis or connect the centers of the sample circles 
least amount of total area . regardless of how the sample circles were generated . By 

In some embodiments , the shape representation genera- connecting the sample circles based on the medial axis of the 
tion system 106 generates sample circle representations for 45 digital shape or connecting the center points of the sample 
different numbers of enclosing circles within the range of circles , the shape representation generation system 106 can 
numbers of enclosing circles or progressing up to the flexibly connect the sample circles without user input as 
maximum number of enclosing circles until the shape rep- required by many conventional systems . 
resentation generation system 106 determines an increase in Thus , the shape representation generation system 106 can 
the total area covered by the number of enclosing circles 50 generate a sample circle representation for a digital shape . In 
( e.g. , an increase beyond a threshold ) . For example , consider particular , the shape representation generation system 106 
a circumstance where the shape representation generation can generate one or more sample circles for a digital shape 
system 106 applies Algorithm 2 with seven enclosing circles based on a plurality of digital boundary points of the digital 
to determine a first area , and then applies Algorithm 2 with shape . The shape representation generation system 106 can 
eight enclosing circles to determine a second area . In some 55 further connect the sample circles . The algorithms and acts 
embodiments , if the second area is greater than the first area , described with reference to FIGS . 3A - 3G and FIG . 5A can 
the shape representation generation system 106 can stop comprise the corresponding structure for performing a step 
generating additional sample circle representations ( e.g. , the for generating a sample circle representation for a digital 
shape representation generation system 106 will not prog- shape based on the plurality of digital boundary points . 
ress to apply Algorithm 2 with nine enclosing circles ) . 60 Alternatively , the algorithms and acts described with refer 
Rather , the shape representation generation system 106 can ence to FIGS . 4A - 4G and FIG . 5B can comprise the corre 
utilize the number of enclosing circles before the increase in sponding structure for performing a step for generating a 
total area to generate the sample circle representation for the sample circle representation for a digital shape based on the 
digital shape . plurality of digital boundary points . 

Thus , the shape representation generation system 106 can 65 In one or more embodiments , the shape representation 
operate more flexibly than conventional systems . Indeed , by generation system 106 applies a digital shape to one or more 
generating one or more enclosing circles based on sampled various tasks utilizing the corresponding sample circle rep 
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resentation . For example , the shape representation genera- to graphical objects to generate enhanced graphical objects 
tion system 106 can generate an enhanced graphical object as described in Chen - Yuan Hsu et al . , Autocomplete Element 
using the sample circle representation of a digital shape . Fields , CHI 2020 , https://hal.inria.fr/hal-025362057 , which 
FIG . 6 illustrates a diagram for generating an enhanced is incorporated herein by reference in its entirety . 
graphical object using a sample circle representation in 5 Though FIG . 6 illustrates a particular task , the shape 
accordance with one or more embodiments . representation generation system 106 can utilize sample 
As shown in FIG . 6 , the shape representation generation circle representations to apply the corresponding digital 

system 106 applies a plurality of digital shapes to a graphical shapes to various other tasks as well . For example , as 
object 602 to generate an enhanced graphical object 604 . mentioned above , the shape representation generation sys 
Though FIG . 6 illustrates applying a plurality of digital 10 tem 106 can further utilize sample circle representations to 
shapes to the graphical object 602 , the shape representation incorporate digital shapes into collision handling in physics 
generation system 106 can apply a single digital shape to the simulations . For example , the shape representation genera 
graphical object 602. Further , though FIG . 6 illustrates the tion system can model collisions with the sample circle 
graphical object 602 as a two - dimensional graphical object representations in a more computationally efficient manner 
and the enhanced graphical object 604 as an enhanced 15 in contrast to modeling collisions with a complex digital 
two - dimensional graphical object , the shape representation shape itself . Similarly , the shape representation generation 
generation system 106 can apply one or more digital shapes system can utilize sample circle representations as an initial 
to a three - dimensional graphical object to generate an rendering of a digital image ( and then progressively render 
enhanced three - dimensional graphical object . other levels of detail as bandwidth or resources permit ) . 

In one or more embodiments , the shape representation 20 Similarly , the shape representation system can utilize a 
generation system 106 applies the plurality of digital shapes sample circle representation to determine shadow computa 
to the graphical object 602 using the sample circle repre- tion for global illumination ( rather than the more computa 
sentations corresponding to the digital shapes . For example , tionally taxing computations associated with complex digi 
the shape representation generation system 106 can utilize tal shapes ) . 
the sample circle representations corresponding to the digital 25 Turning now to FIG . 7 , additional detail will be provided 
shapes to fill in the graphical object 602. The shape repre- regarding various components and capabilities of the shape 
sentation generation system 106 can further replace the representation generation system 106. In particular , FIG . 7 
sample circle representations with the corresponding digital illustrates the shape representation generation system 106 
shapes to generate the enhanced graphical object 604 . implemented by the computing device 700 ( e.g. , the 
As shown in FIG . 6 , the shape representation generation 30 server ( s ) 102 and / or one of the client devices 110a - 110n as 

system 106 can modify one or more of the digital shapes discussed above with reference to FIG . 1 ) . Additionally , the 
applied to the graphical object 602 to generate the enhanced shape representation generation system 106 is also part of 
graphical object 604. In one or more embodiments , the the graphic design system 104. As shown , the shape repre 
shape representation generation system 106 modifies the one sentation generation system 106 can include , but is not 
or more digital shapes by modifying their corresponding 35 limited to , a medial axis representation generator 702 ( which 
sample circle representations . For example , the shape rep- includes a medial axis generator 704 , a sample circle gen 
resentation generation system 106 can apply various defor- erator 706 , a sample circle ordering manager 708 , a sample 
mations to the sample circle representations to stretch , circle subset selection manager 710 , and a sample circle 
compress , or otherwise modify the corresponding digital connection manager 712 ) , an enclosing circle representation 
shapes . In one or more embodiments , the shape representa- 40 generator 714 ( which includes a boundary point sampling 
tion generation system 106 can modify a sample circle manager 716 , a boundary point group generator 718 , an 
representation based on the connections between the sample enclosing circle generator 720 , and an enclosing circle 
circles included therein . For example , as discussed above , connection manager 722 ) , a sample circle representation 
the shape representation generation system 106 can apply application manager 724 , and data storage 726 ( which 
various flexible modifications to a sample circle represen- 45 includes digital shapes 728 and sample circle representations 
tation having sample circles connected based on a medial 730 ) . 
axis of the digital shape while the shape representation As just mentioned , and as illustrated in FIG . 7 , the shape 
generation system 106 only be able to apply more rigid representation generation system 106 includes the medial 
modifications to a sample circle representation having the axis representation generator 702. In particular , the medial 
included sample circles connected at their center points . To 50 axis representation generator 702 can generate a sample 
illustrate , the shape representation generation system 106 circle representation for a digital shape based on the medial 
may apply skeletal deformation ( e.g. , rotations around a axis of the digital shape . The medial axis representation 
joint , extension of a portion corresponding to a member of generator 702 includes the medial axis generator 704 , the 
the skeleton , etc. ) in addition to plastic deformations to sample circle generator 706 , the sample circle ordering 
sample circle representation having sample circles con- 55 manager 708 , the sample circle subset selection manager 
nected based on a medial axis . The shape representation 710 , and the sample circle connection manager 712 . 
system may be limited to certain deformations ( e.g. , rigid The medial axis generator 704 can determine the medial 
modeling of plastic deformations , such as twisting , stretch- axis for the digital shape . The sample circle generator 706 
ing , or compressing ) for sample circles connected at their can generate a plurality of sample circles based on the 
center points . In one or more embodiments , because the 60 medial axis . The sample circle ordering manager 708 can 
sample circle representations approximate the correspond- determine an ordering of the plurality of sample circles ( e.g. , 
ing digital shapes , the shape representation generation sys- based on size ) . The sample circle subset selection manager 
tem 106 can replace the sample circle representations with 710 can select a subset of sample circles from the plurality 
the digital shapes without applying further modifications or of sample circles to be used for the sample circle represen 
adjustments to the digital shapes . 65 tation . For example , the sample circle subset selection 

In one or more embodiments , the shape representation manager 710 can add or exclude a given sample circle to the 
generation system 106 applies sample circle representations subset of sample circles based on determining whether the 
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given sample circle and an adjacent sample circle that has Each of the components 702-730 of the shape represen 
already been added to the subset satisfy an overlap thresh- tation generation system 106 can include software , hard 
old . The sample circle connection manager 712 can connect ware , or both . For example , the components 702-730 can 
the subset of sample circles used for the sample circle include one or more instructions stored on a computer 
representation . For example , the sample circle connection 5 readable storage medium and executable by processors of 
manager 712 can connect the subset of sample circles based one or more computing devices , such as a client device or 
on the medial axis for the digital shape . server device . When executed by the one or more proces 

Further , as shown in FIG . 7 , the shape representation sors , the computer - executable instructions of the shape 
generation system 106 includes the enclosing circle repre representation generation system 106 can cause the com 
sentation generator 714. In particular , the enclosing circle 10 puting device ( s ) to perform the methods described herein . 
representation generator 714 generates a sample circle rep Alternatively , the components 702-730 can include hard 

ware , such as a special - purpose processing device to per resentation for a digital shape that includes enclosing circles form a certain function or group of functions . Alternatively , for groups of digital boundary points of the digital shape . the components 702-730 of the shape representation gen The enclosing circle representation generator 714 includes 15 eration system 106 can include a combination of computer the boundary point sampling manager 716 , the boundary executable instructions and hardware . 
point group generator 718 , the enclosing circle generator Furthermore , the components 702-730 of the shape rep 
720 , and the enclosing circle connection manager 722 . resentation generation system 106 may , for example , be 

The boundary point sampling manager 716 can determine implemented as one or more operating systems , as one or 
one or more sampled boundary points by sampling one or 20 more stand - alone applications , as one or more modules of an 
more digital boundary points of the digital shape . For application , as one or more plug - ins , as one or more library 
example , the boundary point sampling manager 716 can functions or functions that may be called by other applica 
sample one or more digital boundary points based on a tions , and / or as a cloud - computing model . Thus , the com 
number of samples indicated by user input or other factors . ponents 702-730 of the shape representation generation 
The boundary point group generator 718 can generate one or 25 system 106 may be implemented as a stand - alone applica 
more groups of digital boundary points corresponding to the tion , such as a desktop or mobile application . Furthermore , 
one or more sampled boundary points . In particular , the the components 702-730 of the shape representation gen 
boundary point group generator 718 can add a given digital eration system 106 may be implemented as one or more 
boundary point to a group of digital boundary points that web - based applications hosted on a remote server . Alterna 
corresponds to a nearest sampled boundary point . The 30 tively , or additionally , the components 702-730 of the shape 
boundary point group generator 718 can further move digital representation generation system 106 may be implemented 
boundary points between groups of digital boundary points in a suite of mobile device applications or " apps . ” For 
corresponding to generated enclosing circles based on the example , in one or more embodiments , the shape represen 
proximities of those digital boundary points to the center tation generation system 106 can comprise or operate in 
points of the enclosing circles . The enclosing circle genera- 35 connection with digital software applications such as 
tor 720 can generate one or more enclosing circles for the ADOBE ILLUSTRATOR® or ADOBE INDESIGN® . 
one or more groups of digital boundary points . Further , the “ ADOBE , ” “ ILLUSTRATOR , ” and “ INDESIGN ” are either 
enclosing circle generator 720 can modify the one or more registered trademarks or trademarks of Adobe Inc. in the 
enclosing circles based on modifications to the groups of United States and / or other countries . 
digital boundary points corresponding to the one or more 40 FIGS . 1-7 , the corresponding text and the examples 
enclosing circles . The enclosing circle connection manager provide a number of different methods , systems , devices , 
722 can connect the enclosing circles used for the sample and non - transitory computer - readable media of the shape 
circle representation of the digital shape . For example , the representation generation system 106. In addition to the 
enclosing circle connection manager 722 can connect the foregoing , one or more embodiments can also be described 
centers of the enclosing circles . 45 in terms of flowcharts comprising acts for accomplishing the 

Additionally , as shown in FIG . 7 , the shape representation particular results , as shown in FIGS . 8-9 . FIGS . 8-9 may be 
generation system 106 includes the sample circle represen- performed with more or fewer acts . Further , the acts may be 
tation application manager 724. In particular , the sample performed in different orders . Additionally , the acts 
circle representation application manager 724 can apply the described herein may be repeated or performed in parallel 
sample circle representation of a digital shape to various 50 with one another or in parallel with different instances of the 
tasks . Specifically , the sample circle representation applica- same or similar acts . 
tion manager 724 can applying a digital shape to various FIG . 8 illustrates a flowchart of a series of acts 800 for 
tasks using the corresponding sample circle representation . generating a sample circle representation for a digital shape 
For example , the sample circle representation application using a medial axis corresponding to the digital shape in 
manager 724 can utilize a sample circle representation to 55 accordance with one or more embodiments . While FIG . 8 
apply a digital shape to a graphical object in order to illustrates acts according to one embodiment , alternative 
generate an enhanced graphical object . embodiments may omit , add to , reorder and / or modify any 
As further shown in FIG . 7 , the shape representation of the acts shown in FIG . 8. The acts of FIG . 8 can be 

generation system 106 includes data storage 726. In particu- performed as part of a method . For example , in some 
lar , data storage 726 includes digital shapes 728 and sample 60 embodiments , the acts of FIG . 8 can be performed , in a 
circle representations 730. Digital shapes 728 can store the digital media environment for generating graphical designs , 
digital shapes used in generating sample circle representa- as part of a computer - implemented method for generating 
tions and applied to various tasks ( e.g. , generating an digital shape approximations . Alternatively , a non - transitory 
enhanced graphical object ) . Sample circle representations computer - readable medium can store instructions thereon 
730 can store the sample circle representations for digital 65 that , when executed by at least one processor , cause a 
shapes generated by the medial axis representation generator computing device to perform the acts of FIG . 8. In some 
702 and / or the enclosing circle representation generator 714 . embodiments , a system can perform the acts of FIG . 8. For 
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example , in one or more embodiments , a system includes comprises a plurality of sample circles that are enclosed by 
one or more memory devices comprising a digital shape the digital shape and connected based on a medial axis of the 
comprising a plurality of digital boundary points . The sys- digital shape . 
tem can further include one or more server devices config- In one or more embodiments , the series of acts 800 further 
ured to cause the system to perform the acts of FIG . 8 . 5 includes acts for applying the digital shape to one or more 

The series of acts 800 includes an act 802 of identifying tasks using the corresponding sample circle representation . 
a digital shape . For example , the act 802 can involve For example , in one or more embodiments , the acts include 
identifying a digital shape comprising a plurality of digital applying , based on the sample circle representation for the 
boundary points . In one or more embodiments , the shape digital shape , the digital shape to a two - dimensional graphi 
representation generation system 106 identifies a digital 10 cal object or a three - dimensional graphical object . In par 
shape comprising one or more boundaries . The shape rep- ticular , the shape representation generation system 106 can 
resentation generation system 106 can further determine a generate an enhanced two - dimensional graphical object or 
plurality of digital boundary points for the one or more an enhanced three - dimensional graphical object by apply 
boundaries of the digital shape . ing , based on the sample circle representation for the digital 

The series of acts 800 also includes an act 804 of 15 shape , the digital shape to a two - dimensional graphical 
determining a medial axis for the digital shape . For example , object or a three - dimensional graphical object . 
the act 804 can involve determining a medial axis for the FIG . 9 illustrates a flowchart of a series of acts 900 for 
digital shape based on the plurality of digital boundary generating a sample circle representation for a digital shape 
points , the medial axis comprising a plurality of digital using one or more enclosing circles in accordance with one 
medial axis points . 20 or more embodiments . While FIG . 9 illustrates acts accord 

The series of acts 800 further includes an act 806 of ing to one embodiment , alternative embodiments may omit , 
generating a plurality of sample circles . For example , the act add to , reorder and / or modify any of the acts shown in FIG . 
806 can involve generating a plurality of sample circles 9. The acts of FIG . 9 can be performed as part of a method . 
based on the plurality of digital medial axis points by For example , in some embodiments , the acts of FIG . 9 can 
generating a given sample circle centered around a corre- 25 be performed , in a digital media environment for generating 
sponding digital medial axis point . In one or more embodi- graphical designs , as part of a computer - implemented 
ments , the shape representation generation system 106 gen- method for generating digital shape approximations . Alter 
erates the plurality of sample circles by generating sample natively , a non - transitory computer - readable medium can 
circles enclosed by the plurality of digital boundary points of store instructions thereon that , when executed by at least one 
the digital shape . 30 processor , cause a computing device to perform the acts of 

Additionally , the series of acts 800 includes an act 808 of FIG . 9. In some embodiments , a system can perform the acts 
generating a sample circle representation for the digital of FIG . 9. For example , in one or more embodiments , a 
shape . For example , the act 808 can involve generating a system includes one or more memory devices comprising a 
sample circle representation for the digital shape by select- digital shape comprising a plurality of digital boundary 
ing , from the plurality of sample circles , a subset of sample 35 points . The system can further include one or more server 
circles that satisfy an overlap threshold . In one or more devices configured to cause the system to perform the acts 
embodiments , the shape representation generation system of FIG . 9 . 
106 determines an ordering of the plurality of sample circles The series of acts 900 includes an act 902 of sampling 
based on size . Accordingly , selecting the subset of sample boundary points of a digital shape . For example , the act 902 
circles can include selecting one or more sample circles 40 can involve sampling one or more digital boundary points 
based on the ordering of the plurality of sample circles . from the plurality of digital boundary points of the digital 

In one or more embodiments , selecting the subset of shape to determine one or more sampled boundary points . In 
sample circles that satisfy the overlap threshold comprises : one or more embodiments , the shape representation genera 
adding a first sample circle from the plurality of sample tion system 106 determines a number of samples based on 
circles to the subset of sample circles ; identifying a second 45 user input and samples the one or more digital boundary 
sample circle from the plurality of sample circles based on points from the plurality of digital boundary points based on 
the ordering of the plurality of sample circles ; determining the number of samples . 
that the second sample circle and the first sample circle The series of acts 900 also includes an act 904 of 
satisfy the overlap threshold ; and adding the second sample generating one or more groups of digital boundary points . 
circle to the subset of sample circles based on determining 50 For example , the act 904 can involve generating one or more 
that the second sample circle and the first sample circle groups of digital boundary points corresponding to the one 
satisfy the overlap threshold . In some embodiments , select- or more sampled boundary points . In particular , the shape 
ing the subset of sample circles that satisfy the overlap representation generation system 106 can generate one or 
threshold comprises : adding a first sample circle from the more groups of digital boundary points corresponding to the 
plurality of sample circles to the subset of sample circles ; 55 one or more sampled boundary points by , for a first digital 
identifying a second sample circle from the plurality of boundary point of the plurality of digital boundary points : 
sample circles ; determining that the second sample circle identifying a first sampled boundary point nearest to the first 
and the first sample circle overlap more than the overlap digital boundary point ; and adding the first digital boundary 
threshold ; and excluding the second sample circle from the point to a first group of digital boundary points correspond 
subset of sample circles based on determining that the 60 ing to the first sampled boundary point nearest to the first 
second sample circle and the first sample circle overlap more digital boundary point . 
than the overlap threshold . Additionally , the series of acts 900 includes an act 906 of 

In one or more embodiments , the shape representation generating one or more enclosing circles . For example , the 
generation system 106 generates the sample circle represen- act 906 can involve generating one or more enclosing circles 
tation by further connecting the subset of sample circles 65 for the one or more groups of digital boundary points . 
based on the medial axis for the digital shape . Indeed , in one Further , the series of acts 900 includes an act 908 of 
or more embodiments , the sample circle representation generating a sample circle representation of the digital 
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shape . For example , the act 908 can involve generating a tation utilizing the first number of enclosing circles or the 
sample circle representation of the digital shape utilizing the second number of enclosing circles comprises : determining 
one or more enclosing circles . that a second total area associated with the second number 

In one or more embodiments , the shape representation of enclosing circles is greater than a first total area associated 
generation system 106 iteratively modifies the one or more 5 with the first number of enclosing circles ; and generating the 
enclosing circles based on proximities of the plurality of sample circle representation utilizing the first number of 
digital boundary points to center points of the one or more enclosing circles based on determining that the second total 
enclosing circles to generate one or more modified enclosing area is greater than the first total area . 
circles . Accordingly , the shape representation generation Embodiments of the present disclosure may comprise or 
system 106 can generate the sample circle representation of 10 utilize a special purpose or general - purpose computer 
the digital shape utilizing the one or more enclosing circles including computer hardware , such as , for example , one or 
by generating the sample circle representation utilizing the more processors and system memory , as discussed in greater 
one or more modified enclosing circles . In one or more detail below . Embodiments within the scope of the present 
embodiments , the shape representation generation system disclosure also include physical and other computer - read 
106 iteratively modifies the one or more enclosing circles 15 able media for carrying or storing computer - executable 
based on the proximities of the plurality of digital boundary instructions and / or data structures . In particular , one or more 
points to the center points of the one or more enclosing of the processes described herein may be implemented at 
circles to generate the one or more modified enclosing least in part as instructions embodied in a non - transitory 
circles by , for a given iteration : identifying a digital bound- computer - readable medium and executable by one or more 
ary point associated with a first enclosing circle ; determining 20 computing devices ( e.g. , any of the media content access 
that a first distance between the digital boundary point and devices described herein ) . In general , a processor ( e.g. , a 
a center point of the first enclosing circle is greater than a microprocessor ) receives instructions , from a non - transitory 
second distance between the digital boundary point and a computer - readable medium , ( e.g. , a memory ) , and executes 
center point of a second enclosing circle ; adding the digital those instructions , thereby performing one or more pro 
boundary point to a group of digital boundary points corre- 25 cesses , including one or more of the processes described 
sponding to the second enclosing circle based on determin- herein . 
ing that the first distance is greater than the second distance ; Computer - readable media can be any available media that 
and generating modified enclosing circles based on adding can be accessed by a general purpose or special purpose 
the digital boundary point to the group of digital boundary computer system . Computer - readable media that store com 
points corresponding to the second enclosing circle . 30 puter - executable instructions are non - transitory computer 

In one or more embodiments , the shape representation readable storage media ( devices ) . Computer - readable media 
generation system 106 iteratively modifies the one or more that carry computer - executable instructions are transmission 
enclosing circles by : determining a threshold change to the media . hus , by way of example , and not limitation , 
one or more enclosing circles between iterations ; and itera- embodiments of the disclosure can comprise at least two 
tively modifying the one or more enclosing circles until the 35 distinctly different kinds of computer - readable media : non 
one or more enclosing circles change less than the threshold transitory computer - readable storage media ( devices ) and 
change . In some embodiments , the shape representation transmission media . 
generation system 106 iteratively modifies the one or more Non - transitory computer - readable storage media ( de 
enclosing circles by : determining a maximum number of vices ) includes RAM , ROM , EEPROM , CD - ROM , solid 
iterations based on user input ; and iteratively modifying the 40 state drives ( “ SSDs ” ) ( e.g. , based on RAM ) , Flash memory , 
one or more enclosing circles based on the maximum phase - change memory ( “ PCM ” ) , other types of memory , 
number of iterations . other optical disk storage , magnetic disk storage or other 

In one or more embodiments , the one or more enclosing magnetic storage devices , or any other medium which can be 
circles comprises a plurality of enclosing circles . The shape used to store desired program code means in the form of 
representation generation system 106 can generate the 45 computer - executable instructions or data structures and 
sample circle representation of the digital shape utilizing the which can be accessed by a general purpose or special 
one or more enclosing circles by connecting center points purpose computer . 
associated with the plurality of enclosing circles . Indeed , in A " network ” is defined as one or more data links that 
one or more embodiments , the sample circle representation enable the transport of electronic data between computer 
comprises a plurality of sample circles that encompass the 50 systems and / or modules and / or other electronic devices . 
digital shape and are connected at centers of the plurality of When information is transferred or provided over a network 
sample circles . or another communications connection ( either hardwired , 

In one or more embodiments , the series of acts 900 further wireless , or a combination of hardwired or wireless ) to a 
includes acts for generating various numbers of enclosing computer , the computer properly views the connection as a 
circles for a digital shape and utilizing one of the numbers 55 transmission medium . Transmissions media can include a 
of enclosing circles for generating the sample circle repre- network and / or data links which can be used to carry desired 
sentation . For example , in one or more embodiments , the program code means in the form of computer - executable 
one or more enclosing circles comprises a first number of instructions or data structures and which can be accessed by 
enclosing circles corresponding to a first number of sampled a general purpose or special purpose computer . Combina 
boundary points . Accordingly , the acts can include generat- 60 tions of the above should also be included within the scope 
ing a second number of enclosing circles corresponding to a of computer - readable media . 
second number of sampled boundary points ; and generating Further , upon reaching various computer system compo 
the sample circle representation of the digital shape utilizing nents , program code means in the form of computer - execut 
the one or more enclosing circles by generating the sample able instructions or data structures can be transferred auto 
circle representation utilizing the first number of enclosing 65 matically from transmission media to non - transitory 
circles or the second number of enclosing circles . In one or computer - readable storage media ( devices ) ( or vice versa ) . 
more embodiments , generating the sample circle represen- For example , computer - executable instructions or data 
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structures received over a network or data link can be or more of the processes described above . One will appre 
buffered in RAM within a network interface module ( e.g. , a ciate that one or more computing devices , such as the 
“ NIC ” ) , and then eventually transferred to computer system computing device 1000 may represent the computing 
RAM and / or to less volatile computer storage media ( de- devices described above ( e.g. , the server ( s ) 102 and / or the 
vices ) at a computer system . Thus , it should be understood 5 client devices 110a - 110n ) . In one or more embodiments , the 
that non - transitory computer - readable storage media ( de- computing device 1000 may be a mobile device ( e.g. , a 
vices ) can be included in computer system components that mobile telephone , a smartphone , a PDA , a tablet , a laptop , 
also ( or even primarily ) utilize transmission media . a camera , a tracker , a watch , a wearable device ) . In some 
Computer - executable instructions comprise , for example , embodiments , the computing device 1000 may be a non 

instructions and data which , when executed by a processor , 10 mobile device ( e.g. , a desktop computer or another type of 
cause a general - purpose computer , special purpose com- client device ) . Further , the computing device 1000 may be 
puter , or special purpose processing device to perform a a server device that includes cloud - based processing and 
certain function or group of functions . In some embodi- storage capabilities . 
ments , computer - executable instructions are executed on a As shown in FIG . 10 , the computing device 1000 can 
general - purpose computer to turn the general - purpose com- 15 include one or more processor ( s ) 1002 , memory 1004 , a 
puter into a special purpose computer implementing ele- storage device 1006 , input / output interfaces 1008 ( or “ I / O 
ments of the disclosure . The computer executable instruc- interfaces 1008 ” ) , and a communication interface 1010 , 
tions may be , for example , binaries , intermediate format which may be communicatively coupled by way of a com 
instructions such as assembly language , or even source code . munication infrastructure ( e.g. , bus 1012 ) . While the com 
Although the subject matter has been described in language 20 puting device 1000 is shown in FIG . 10 , the components 
specific to structural features and / or methodological acts , it illustrated in FIG . 10 are not intended to be limiting . 
is to be understood that the subject matter defined in the Additional or alternative components may be used in other 
appended claims is not necessarily limited to the described embodiments . Furthermore , in certain embodiments , the 
features or acts described above . Rather , the described computing device 1000 includes fewer components than 
features and acts are disclosed as example forms of imple- 25 those shown in FIG . 10. Components of the computing 
menting the claims . device 1000 shown in FIG . 10 will now be described in 

Those skilled in the art will appreciate that the disclosure additional detail . 
may be practiced in network computing environments with In particular embodiments , the processor ( s ) 1002 includes 
many types of computer system configurations , including , hardware for executing instructions , such as those making 
personal computers , desktop computers , laptop computers , 30 up a computer program . As an example , and not by way of 
message processors , hand - held devices , multiprocessor sys- limitation , to execute instructions , the processor ( s ) 1002 
tems , microprocessor - based or programmable consumer may retrieve ( or fetch ) the instructions from an internal 
electronics , network PCs , minicomputers , mainframe com- register , an internal che , memory 1004 , or a storage device 
puters , mobile telephones , PDAs , tablets , pagers , routers , 1006 and decode and execute them . 
switches , and the like . The disclosure may also be practiced 35 The computing device 1000 includes memory 1004 , 
in distributed system environments where local and remote which is coupled to the processor ( s ) 1002. The memory 
computer systems , which are linked ( either by hardwired 1004 may be used for storing data , metadata , and programs 
data links , wireless data links , or by a combination of for execution by the processor ( s ) . The memory 1004 may 
hardwired and wireless data links ) through a network , both include one or more of volatile and non - volatile memories , 
perform tasks . In a distributed system environment , program 40 such as Random - Access Memory ( “ RAM ” ) , Read - Only 
modules may be located in both local and remote memory Memory ( “ ROM " ) , a solid - state disk ( SSD " ) , Flash , Phase 
storage devices . Change Memory ( “ PCM ” ) , or other types of data storage . 

Embodiments of the present disclosure can also be imple- The memory 1004 may be internal or distributed memory . 
mented in cloud computing environments . In this descrip- The computing device 1000 includes a storage device 
tion , “ cloud computing ” is defined as a model for enabling 45 1006 including storage for storing data or instructions . As an 
on - demand network access to a shared pool of configurable example , and not by way of limitation , the storage device 
computing resources . For example , cloud computing can be 1006 can include a non - transitory storage medium described 
employed in the marketplace to offer ubiquitous and con- above . The storage device 1006 may include a hard disk 
venient on - demand access to the shared pool of configurable drive ( HDD ) , flash memory , a Universal Serial Bus ( USB ) 
computing resources . The shared pool of configurable com- 50 drive or a combination these or other storage devices . 
puting resources can be rapidly provisioned via virtualiza- As shown , the computing device 1000 includes one or 
tion and released with low management effort or service more I / O interfaces 1008 , which are provided to allow a user 
provider interaction , and then scaled accordingly . to provide input to ( such as user strokes ) , receive output 
A cloud - computing model can be composed of various from , and otherwise transfer data to and from the computing 

characteristics such as , for example , on - demand self - service , 55 device 1000. These 1/0 interfaces 1008 may include a 
broad network access , resource pooling , rapid elasticity , mouse , keypad or a keyboard , a touch screen , camera , 
measured service , and so forth . A cloud computing model optical scanner , network interface , modem , other known I / O 
can also expose various service models , such as , for devices or a combination of such I / O interfaces 1008. The 
example , Software as a Service ( “ SaaS ” ) , Platform as a touch screen may be activated with a stylus or a finger . 
Service ( “ PaaS ) , and Infrastructure as a Service ( “ IaaS ” ) . A 60 The I / O interfaces 1008 may include one or more devices 
cloud computing model can also be deployed using different for presenting output to a user , including , but not limited to , 
deployment models such as private cloud , community cloud , a graphics engine , a display ( e.g. , a display screen ) , one or 
public cloud , hybrid cloud , and so forth . In this description more output drivers ( e.g. , display drivers ) , one or more 
and in the claims , a “ cloud - computing environment ” is an audio speakers , and one or more audio drivers . In certain 
environment in which cloud computing is employed . 65 embodiments , I / O interfaces 1008 are configured to provide 
FIG . 10 illustrates a block diagram of an example com- graphical data to a display for presentation to a user . The 

puting device 1000 that may be configured to perform one graphical data may be representative of one or more graphi 
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cal user interfaces and / or any other graphical content as may determine an ordering of the plurality of medial axis 
serve a particular implementation . sample circles based on size , 
The computing device 1000 can further include a com- wherein determining the subset of medial axis sample 

munication interface 1010. The communication interface circles from the plurality of medial axis sample circles 
1010 can include hardware , software , or both . The commu- comprises determining the subset of medial axis sample 
nication interface 1010 provides one or more interfaces for circles based on the ordering of the plurality of medial 
communication ( such as , for example , packet - based com axis sample circles . 
munication ) between the computing device and one or more 3. The non - transitory computer - readable medium of claim 
other computing devices or one or more networks . As an 2 , wherein selecting , for inclusion within the subset , the 
example , and not by way of limitation , communication 10 medial axis sample circles that satisfy the overlap threshold 
interface 1010 may include a network interface controller comprises : 
( NIC ) or network adapter for communicating with an Eth- adding a first medial axis sample circle from the ordering 
ernet or other wire - based network or a wireless NIC ( WNIC ) of the plurality of medial axis sample circles to the 
or wireless adapter for communicating with a wireless subset of medial axis sample circles ; 
network , such as a WI - FI . The computing device 1000 can 15 identifying a second medial axis sample circle that fol 
further include a bus 1012. The bus 1012 can include lows the first medial axis sample circle in the ordering 
hardware , software , or both that connects components of of the plurality of medial axis sample circles ; 
computing device 1000 to each other . determining that the second medial axis sample circle and 

In the foregoing specification , the invention has been the first medial axis sample circle satisfy the overlap 
described with reference to specific example embodiments 20 threshold ; and 
thereof . Various embodiments and aspects of the adding the second medial axis sample circle to the subset 
invention ( s ) are described with reference to details discussed of medial axis sample circles based on determining that 
herein , and the accompanying drawings illustrate the various the second medial axis sample circle and the first 
embodiments . The description above and drawings are illus- medial axis sample circle satisfy the overlap threshold . 
trative of the invention and are not to be construed as 25 4. The non - transitory computer - readable medium of claim 
limiting the invention . Numerous specific details are 2 , wherein excluding , from the subset , one or more medial 
described to provide a thorough understanding of various axis sample circles that fail to satisfy the overlap threshold 
embodiments of the present invention . comprises : 

The present invention may be embodied in other specific adding a first medial axis sample circle from the ordering 
forms without departing from its spirit or essential charac- 30 of the plurality of medial axis sample circles to the 
teristics . The described embodiments are to be considered in subset of medial axis sample circles ; 
all respects only as illustrative and not restrictive . For identifying a second medial axis sample circle that fol 
example , the methods described herein may be performed lows the first medial axis sample circle in the ordering 
with less or more steps / acts or the steps / acts may be per of the plurality of medial axis sample circles ; 
formed in differing orders . Additionally , the steps / acts 35 determining that the second medial axis sample circle and 
described herein may be repeated or performed in parallel to the first medial axis sample circle overlap more than the 
one another or in parallel to different instances of the same overlap threshold ; and 
or similar steps / acts . The scope of the invention is , therefore , excluding the second medial axis sample circle from the 
indicated by the appended claims rather than by the fore- subset of medial axis sample circles based on deter 
going description . All changes that come within the meaning 40 mining that the second medial axis sample circle and 
and range of equivalency of the claims are to be embraced the first medial axis sample circle overlap more than the 
within their scope . overlap threshold . 
What is claimed is : 5. The non - transitory computer - readable medium of claim 
1. A non - transitory computer - readable medium storing 1 , further comprising instructions that , when executed by the 

instructions thereon that , when executed by at least one 45 at least one processor , cause the computing device to gen 
processor , cause a computing device to : erate the sample circle representation by connecting the 

identify a digital shape comprising a plurality of digital subset of medial axis sample circles based on the medial axis 
boundary points ; for the digital shape . 

determine a medial axis for the digital shape based on the 6. The non - transitory computer - readable medium of claim 
plurality of digital boundary points , the medial axis 50 1 , further comprising instructions that , when executed by the 
comprising a plurality of digital medial axis points ; at least one processor , cause the computing device to gen 

generate a plurality of medial axis sample circles based on erate an enhanced two - dimensional graphical object or an 
the plurality of digital medial axis points by generating enhanced three - dimensional graphical object by applying , 
each medial axis sample circle include a center point based on the sample circle representation for the digital 
at a corresponding digital medial axis point ; 55 shape , the digital shape to a two - dimensional graphical 

determine a subset of medial axis sample circles from the object or a three - dimensional graphical object . 
plurality of medial axis sample circles by selecting , for 7. The non - transitory computer - readable medium of claim 
inclusion within the subset , medial axis sample circles 1 , further comprising instructions that , when executed by the 
that satisfy an overlap threshold and excluding , from at least one processor , cause the computing device to gen 
the subset , one or more medial axis sample circles that 60 erate the plurality of medial axis sample circles by gener 
fail to satisfy the overlap threshold ; and ating medial axis sample circles enclosed by the plurality of 

generate a sample circle representation for the digital digital boundary points of the digital shape . 
shape using the subset of medial axis circles . 8. A system comprising : 

2. The non - transitory computer - readable medium of claim one or more memory devices comprising a digital shape 
1 , comprising a plurality of digital boundary points ; and 

further comprising instructions that , when executed by the one or more server devices configured to cause the system 
at least one processor , cause the computing device to to : 
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sample one or more digital boundary points from the iteratively modifying the one or more enclosing circles 
plurality of digital boundary points of the digital based on the maximum number of iterations . 
shape to determine one or more sampled boundary 13. The system of claim 8 , wherein : 
points ; the one or more enclosing circles comprises a first number 

generate one or more groups of digital boundary points of enclosing circles corresponding to a first number of 
corresponding to the one or more sampled boundary sampled boundary points ; and 
points by , for a first digital boundary point of the the one or more server devices are further configured to 
plurality of digital boundary points : cause the system to : 
identifying a first sampled boundary point nearest to generate a second number of enclosing circles corre 

the first digital boundary point ; and sponding to a second number of sampled boundary 
adding the first digital boundary point to a first group points ; and 

of digital boundary points corresponding to the generate the sample circle representation of the digital 
first sampled boundary point nearest to the first shape utilizing the one or more enclosing circles by 
digital boundary point ; generating the sample circle representation utilizing 

generate one or more enclosing circles for the one or the first number of enclosing circles or the second 
more groups of digital boundary points , wherein number of enclosing circles . 
each enclosing circle encloses a corresponding group 14. The system of claim 13 , wherein generating the 
of digital boundary points and a portion of the digital sample circle representation utilizing the first number of 
shape , and at least one enclosing circle encompasses 20 enclosing circles or the second number of enclosing circles 
an area external to the digital shape ; and comprises : 

generate a sample circle representation of the digital determining that a second total area associated with the 
shape utilizing the one or more enclosing circles . second number of enclosing circles is greater than a 

9. The system of claim 8 , wherein the one or more server first total area associated with the first number of 
devices are further configured to cause the system to : enclosing circles ; and 

iteratively modify the one or more enclosing circles based generating the sample circle representation utilizing the 
on proximities of the plurality of digital boundary first number of enclosing circles based on determining 
points to center points of the one or more enclosing that the second total area is greater than the first total 
circles to generate one or more modified enclosing 
circles ; and 15. The system of claim 8 , wherein the one or more server 

generate the sample circle representation of the digital devices are further configured to cause the system to : 
shape utilizing the one or more enclosing circles by determine a number of samples based on user input ; and 
generating the sample circle representation utilizing the sample the one or more digital boundary points from the 
one or more modified enclosing circles . plurality of digital boundary points based on the num 

10. The system of claim 9 , wherein the one or more server 35 ber of samples . 
devices are configured to iteratively modify the one or more 16. The system of claim 8 , wherein : 
enclosing circles based on the proximities of the plurality of the one or more enclosing circles comprises a plurality of 
digital boundary points to the center points of the one or enclosing circles ; and 
more enclosing circles to generate the one or more modified the one or more server devices are configured to cause the 
enclosing circles by , for a given iteration : system to generate the sample circle representation of 

identifying a digital boundary point associated with a first the digital shape utilizing the one or more enclosing 
enclosing circle ; circles by connecting center points associated with the 

determining that a first distance between the digital plurality of enclosing circles . 
boundary point and a center point of the first enclosing 17. In a digital media environment for generating graphi 
circle is greater than a second distance between the 45 cal designs , a computer - implemented method for generating 
digital boundary point and a center point of a second digital shape approximations comprising : 
enclosing circle ; sampling one or more digital boundary points from a 

adding the digital boundary point to a group of digital plurality of digital boundary points of a digital shape to 
boundary points corresponding to the second enclosing determine one or more sampled boundary points ; 
circle based on determining that the first distance is 50 generating one or more groups of digital boundary points 
greater than the second distance ; and corresponding to the one or more sampled boundary 

generating modified enclosing circles based on adding the points by , for a first digital boundary point of the 
digital boundary point to the group of digital boundary plurality of digital boundary points : 
points corresponding to the second enclosing circle . identifying a first sampled boundary point nearest to the 

11. The system of claim 9 , wherein the one or more server 55 first digital boundary point ; and 
devices are configured to iteratively modify the one or more adding the first digital boundary point to a first group of 
enclosing circles by : digital boundary points corresponding to the first 

determining a threshold change to the one or more enclos sampled boundary point nearest to the first digital 
ing circles between iterations ; and boundary point ; 

iteratively modifying the one or more enclosing circles 60 generating one or more enclosing circles for the one or 
until the one or more enclosing circles change less than more groups of digital boundary points , wherein each 
the threshold change . enclosing circle encloses a corresponding group of 

12. The system of claim 9 , the one or more server devices digital boundary points and a portion of the digital 
are configured to iteratively modify the one or more enclos- shape , and at least one enclosing circle encompasses an 
ing circles by : area external to the digital shape ; and 

determining a maximum number of iterations based on generating a sample circle representation of the digital 
user input ; and shape utilizing the one or more enclosing circles . 
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18. The computer - implemented method of claim 17 , fur 
ther comprising applying , based on the sample circle rep 
resentation for the digital shape , the digital shape to a 
two - dimensional graphical object or a three - dimensional 
graphical object . 

19. The computer - implemented method of claim 17 , fur 
ther comprising : 

iteratively modifying the one or more enclosing circles 
based on proximities of the plurality of digital bound 
ary points to center points of the one or more enclosing 10 
circles to generate one or more modified enclosing 
circles ; and 

generating the sample circle representation of the digital 
shape utilizing the one or more enclosing circles by 
generating the sample circle representation utilizing the 15 
one or more modified enclosing circles . 

20. The computer - implemented method of claim 17 , 
wherein iteratively modifying the one or more enclosing 
circles comprises : 

determining a threshold change to the one or more enclos- 20 
ing circles between iterations ; and 

iteratively modifying the one or more enclosing circles 
until the one or more enclosing circles change less than 
the threshold change . 
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