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Abstract
Food 3D printing is getting the spotlight by offering the 
opportunity to customize food appearances, textures, 
and flavors that are troublesome to make by hand. Ad-
ditive manufacturing machines extrude ingredients into 
a certain shape, however, they cannot be applied to all 
types of food, such as mandu (Korean dumpling). In this 
pictorial, we extend the research on digital gastronomy 
by using digital fabrication to create custom tools that 
assist the process of cooking. We present the iterative 
process of designing the “Ori-mandu” system, and how 
Ori-mandu enables users to fabricate dumplings in what-
ever shape they want.
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Introduction
The integration of computation and digital fabrication 
with cooking allows cooks to individually address the 
users’ needs and desires [7]. 3D Food printers open up 
the possibility of manufacturing food with customization 
in shape, color, flavor and even textures that are hard to 
make by hand. Additionally, digital gastronomy makes 
the cooking experience exciting and easy, even for inex-
perienced cooks or children.     

Ori-mandu: Korean Dumpling into 
Whatever Shape You Want
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Recently, several projects have introduced digital fabrica-
tion in the kitchen. The most common type is extruding a 
paste into an arbitrary shape [2,8,10,11], like Foodini [8], 
which uses fresh food paste as its ingredient, or Pancake-
Bot [10], which extrudes the dough directly onto a cook-
ing plate located at the bottom. Also, existing fabrication 
machines are used for foods. For example, laser cutting 
machines are used to selectively cook the fat of bacon[4].

However, these techniques are not applicable for the types 
of food that require multiple steps with different ingredi-
ents. Korean dumpling, or mandu, is an example that has 
such a complicated cooking process. The cook needs to 
cut the dough into a certain shape, insert the filling, fold it 
into a delicate form, and finally seal the edges. 

In this pictorial, we propose a novel and hybrid process in 
which we fabricate custom tools that assist the process of 
cooking [9]. To assist in the mandu-making process, we 
present a stamp and jig system. Computer-aided design 
(CAD) software generates these tools based on the user’s 
parameters, then the user cuts the dough with the stamp 
and folds the dumpling using the jig. The user can make 
mandu into various geometric shapes quickly without any 
special skills. In the following pages, we documented our 
process of designing Ori-mandu.

Cutting.
Prepare the dough into shape. 

Filling.
Place the filling on the dough. 

Folding.
Fold the dough 

Sealing.
Seal and decorate with a fork.

Cooking.
Fry or steam prepared dumplings.

Additive manufacturing 
techniques, used in tradi-
tional 3D printers, can also 
be applied to food, espe-
cially for sugar, jelly, gum, 
pancakes, or chocolate. 
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Being the machine
How do we cut the dough?

Our first intent was to under-
stand the materials and to 
explore the proper techniques for 
making mandu. We were inspired 
by the method used in Being 
the Machine [3], which invites 
people to act as the fabrication 
machine, and identified the role 
of the machine in hybrid cook-
ing [9]. 

The main ingredient of mandu, 
the flour dough, has a unique set 
of material qualities (soft, high 
viscosity, sticky). Therefore, we 
needed to try different tech-
niques for cutting the dough into 
the proper shape, and decided 
to explore the operation of CNC 
machines as a viable method. As 
the dough for the dumpling can 
be easily obtained from the mar-
ket frozen, we skipped the dough 
making process.

Here, we tried two different cut-
ting types: being a moving knife 
and being a rolling knife.

Being a Moving Knife Being a Rolling Knife

Firstly, we became a knife that moves in the X and Y coor-
dinates. We attached the edge of the dough to the cutting 
board, as the dough was not sticky enough to stay fixed in 
position. However, the dough started moving again half way 
through the cutting process. The traditional operation of CNC 
machines seems inappropriate for cutting dough.

In the second iteration, we became a knife that rolls along the 
cutting board, in order to press the dough while cutting. We 
modified an aluminum can into a rolling knife by cutting out 
the middle of the can into a blade. The results were satisfac-
tory but the process was inefficient in terms of the time it took 
to cut a the dough. 

   After testing out each technique, we realized that building a machine for cutting the dough would be inefficient as it requires a 
large amount of time and effort compared to the outcome it achieves. In order to cut the dough quickly and accurately, we de-
cided to fabricate a stamp-like tool that cuts the dough into custom shapes. Inspired by the blueprints used in origami, the stamp 
imprints both the folding line and cutting line onto the dough as guides.
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Low-fi Prototyping
How do we fold & seal the dough?

The next difficulty lies in folding 
the mandu into a pre-configured 
shape. Traditionally, assembling 
the dough into a nice shape 
required special skills or know-
how. As a result, there has been 
a high barrier for making mandu 
at home. 

To address this issue, we pur-
sued the idea of fabricating a jig 
that can be used as a guide while 
folding the mandu. There needed 
to be a tool that keeps the shape 
of the mandu while folding, and 
helps seal the edges easily. 

We explored possible shapes 
or designs with cardboard, 
and tried making mandu with 
our prototypes. This helped us 
understand the crucial aspects 
of the jig: the importance of 
extra space (wings) on the edges 
for sealing and the ability to 
apply pressure evenly on the 
wings. Also it showed us what to 
consider for the digital design: 
1) how to fabricate hinges with 
a 3D printer, 2) how to set the 
angles necessary for assembly, 
and 3) how it corresponds with 
the stamp design.   

Wings
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The first step is to customize the 

Ori-mandu tools into the shape you 

want. We made a parametric design 

(tetrahedron and cube) that automat-

ically generates the model based on 

the parameter inputs. 

1. Customize the Tools

2. 3D Print the Tools

3. Make mandu with Tools

When the users are satisfied with 

their custom design, they can fabri-

cate the stamp and jig with any type 

of 3D printer.

When all the ingredients are ready, 

they can start cutting the dough with 

the stamp, and fold and seal it by us-

ing the jig as a guide.

Whilst originally we thought of 
a machine that cuts dough, we 
switched to the ‘fabrication of 
tools that fabricate mandu.’ This 
makes the process easier and 
lowers the barrier for cook-
ing. The entire journey consists 
of three steps: designing the 
tools, 3D printing the tools, and 
making the mandu by using the 
tools.

Journey of Cooking
with Ori-mandu

stamp stampjig jig
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The design of the stamp was 
inspired by the process of fold-
ing origami combined with the 
blueprint for regular polyhe-
drons: the tetrahedron and cube. 
However, the detailed 3D shapes 
were iteratively explored and 
revised by experimentation. 

To aid in the assembly process, 
the folding line was designed as 
a dotted line and the cutting line 
as a continuous line. We added 
wings on each edge to ensure a 
nice seal to prevent the leakage 
of the filling while folding. 

At first, we constructed the 
cube out of one piece, however 
that resulted in a less appealing 
shape because of the asymme-
try in folded and sealed edges. 
Therefore, we composed the 
stamp for the cube in two parts 
to generate symmetrical edges 
when fabricated. 

All the models are designed 
parametrically with several pa-
rameters, like the length of the 
edge (for size), the thickness of 
the dough (for accurate cutting), 
and the size of the inner circle 
(for easily detaching the dough 
after stamping).

Ori-mandu Stamp

Continuous Line
(for cutting)

Dotted Line
(for folding)

1.5 hours for a 25mm tetrahedron
4 hours for a 25mm cube

(with an Ultimaker 2+)
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The jig was designed in conjunc-
tion with the stamp, and shares 
the same custom parameters. 
The role of the jig is not only to 
hold the dough while inserting 
the filling or to guide the users 
on folding the dough, but also 
to seal the edges at the same 
time. Therefore, the hinges were 
designed to enable the former, 
and the sealing edge angles were 
carefully designed for the latter.

Although the previous version of 
the jig required metal bolts for 
the hinges, the final structure 
was designed to be fabricated at 
once on a 3D printer. Again, we 
constructed the cube out of one 
piece, but then changed it into 
two pieces to match the stamp.

The angle of the sealing edges 
was carefully calculated to 
fit perfectly when assembled 
together. This way, the jig seals 
the edge of the mandu when 
being closed while also keeping 
its shape.

It took 4 hours to print a jig for 
a 25mm edge tetrahedron, and 
6 hours to print one for a 25mm 
edge cube with Ultimaker 2+. 

Ori-mandu Jig

previous version previous version

4 hours for a 25mm tetrahedron
6 hours for a 25mm cube

(with an Ultimaker 2+)
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Place the Stamp 

Place on the Jig Place the filling Close the Jig Press the Jig

Place the Stamp 

Close the Jig

Press the Stamp 

Rip the Dough

Place the filling

Rip the Dough 

Rip the Dough 

Place the dough

Remove the Dough 

Place the Dough 

Press the Jig

The user cuts the dough with the 
stamp, and places it on the jig. After 
placing the filling, the user closes and 
presses the jig firmly. It takes about 
30 seconds to make one tetrahedron 
mandu with our Ori-mandu tool. 

Unlike the tetrahedron mandu, the 
user needs to cut two pieces of 
dough. The user first places the 
cross-shaped dough on the cor-
responding jig, and closes it. Then, 
he /she puts the filling inside, places 
the other piece of dough and jig on 
top, and presses it. It takes less 
than a minute to make one cube 
mandu with our Ori-mandu tool. 

Tetrahedron Mandu 

Cube  Mandu

We shared the guide and models 
with step by step instructions. 
This enabled people to use 
Ori-mandu easily, quickly, and 
repeatedly.

Using Ori-mandu
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The dumplings can be 
steamed or fried. We tried 
both methods to test our 
approach, and the results 
show that our Ori-mandu 
kept the dumpling in shape. 
The edge sealed by the 
pressure from the jig was 
strong enough to keep the 
shape even when moving 
around in the oil. Our tool 
enables people to make 
mandu quickly, easily, beau-
tifully, and also joyfully.

steamed

fried

Cooking
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As our Ori-mandu system forms and clos-
es the mandu by providing pressure with 
the jig, we thought of adding patterns on 
the jig to create textures on the mandu 
surface quickly and easily. We tried out 
several patterns on the jig: straight lines, 
diagonal lines, round patterns, triangular 
patterns, and texts. Patterns were tested 
with different thicknesses. The optimal 
extrusion was more than 0.3 × dough 
thickness to make the textures clear, and 
less than 0.7 × dough thickness to pre-
vent ripping. Most of the textures were 
retained after being fried or steamed.

Additionally, decorating the edges of 
the mandu was possible by modifying 
the stamp design. Here, we modified 
the outline of the stamp from linear to 
decorative (wavy or angled). The small 
details on the jig or stamp itself decorates 
the mandu, so the user does not need to 
spend extra time or effort on decorations. 

By adding natural powders (pumpkin, 
mugwort, beetroot, and purple potato) 
into the flour, we were able to make 
colored dough. Also, we created gradients 
by mixing different colored doughs and 
pressing them together with a pasta mak-
er. For our current iteration, we mixed 
random colored doughs, but there is an 
opportunity to create DIY color guides 
for custom dumplings. Additionally, the 
color powders we used seem to affect the 
flavor. However, we didn’t take taste into 
account while mixing different colors. As 
our future work, we need to consider both 
aspects together while making. 

Decorating Mandu

Traditionally, mandu is sealed 
with a fork or toothpick, and 
this provides patterns on the 
sealed edges. We experimented 
with our Ori-mandu system with 
textures, both as patterns on the 
edges as well as on the faces. 
Also, we explored adding colors 
to the mandu dough.

Textures on the Mandu Face Decorating the Mandu Edge Adding Colors in the Dough
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The stamp and jig system we 
proposed works for polyhedrons: 
a tetrahedron and a cube. But 
since the flour dough is soft and 
flexible, we explored making 
mandu with curved surfaces.

For organic shapes, we com-
bined the stamp and jig into a 
two-piece, reusable mold. The 
user places and presses the 
flour dough onto the inside of 
the mold carefully. Then, he or 
she inserts the stuffing in and 
presses the two halves together 
to secure the seams. The user 
then simply cuts out the excess 
dough that is sticking out from 
the mold. Finally, the mandu is 
carefully removed from the mold.

By using the molds, the mandu 
can be formed into almost any 
shape, but still there are some 
limitations. In our experience, 
the thickness of the dough 
should be more than 0.4mm, 
otherwise it will tear. Also, the 
depth of the organic mold should 
be less than 25mm, or else it is 
hard to eject the mandu out of 
the mold.

Curve-Shaped 
Mandu
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want. They do not need to struggle with shaping the thin 
dough and simply fabricate the tools, then the tools will 
create the mandu into their ideal shape instead of the 
users. It seems that tool-based hybrid cooking provides 
the potential for the integration of digital procedures into 
the food planning stage. However, there seems to be a 
need for feedback on the manufacturability with the dough 
while designing the digital model. From our iterative pro-
cess, we found that some stamps and jigs were unfea-
sible. For instance, the intended patterns were too dense 
to leave an imprint on the dough clearly. In the future, we 
can prevent these issues by guiding the users in advance.

4. User-centric interface for customizing tools.
Currently, we made parametric digital models with Au-
todesk Fusion 360 and the user could customize their own 
mandu tools by personalizing the parameters. However, a 
dedicated application is required to let users customize all 
aspects, from shape to decoration, for instance, generat-
ing jigs and stamps for arbitrary 3D models or using draw-
ings as input for textures and edges. 

5. Food safety issues 
Like many other digital cooking developments, Ori-mandu 
also has food safety issues. The possibility of food being 
contaminating might be lower than food injection devices 
[1,6,8], as the food itself does not pass through the ma-
chine. However, the tools that are fabricated from the 3D 
printers are not hygienic. We can overcome this issue by 
wrapping our tools in plastic wrap. 

As our future work, we can conduct in-wild user studies 
with Ori-mandu instructions and sample CAD models that 
are available on Instructables [5]. From these studies, we 
wish to have active discussions and get feedback on the 
process of making and the future of digital gastronomy. 

Discussion
Cooking is usually a complicated and nonlinear process, 
and hard to complete with a food printing machine. In this 
pictorial, we have presented a hybrid and novel way of 
cooking by fabricating customized tools that assist in the 
entire cooking process. Here, we share our reflections on 
our process, and suggestions for future works.

1. ‘Being the Machine’ offers new insights on fabrication.
Inspired by the method of ‘Being the Machine,’ [3] we 
acted as a robot arm, similar to experience prototyping 
[1]. For developing fabrication devices, this method plays 
a very strong role as it enabled us to quickly try out di-
verse approaches and to explore the design space before 
building a machine. This was especially helpful for mandu-
fabrication, as the material was uncommon (high viscosity 
& soft) and the process of cooking was not simple (extru-
sion is impossible). 

2. Tools as guides for the entire cooking process.
Mandu making is quite a complicated process, starting 
from dough cutting, stuffing filling, folding, and sealing. 
As a result, most people buy pre-made mandu. However, 
we found that our Ori-mandu tools can act as a guide dur-
ing the entire cooking process and let them make mandu 
without any experience. The stamp indicates which part of 
the dough is for folding and sealing by controlling the type 
of cut it makes. Also, people can fold and seal the mandu 
by using the jig for assembly. We prepared a guidebook 
on how to use Ori-mandu for cooking with step-by-step 
illustrations, and it enabled expert amateurs [6] to use 
fabricated tools easily during the hybrid cooking process.

3. Tools as a means to customize shapes. 
Ori-mandu tools do not only guide the users but also en-
able them to customize the shape into whatever they



Pictorials DIS 2017: BRIDGING KNOWLEDGE, CONNECTING PEOPLE. Edinburgh, UK

References
1.	 Marion Buchenau and Jane Fulton Suri. 2000. Ex-

perience prototyping. In Proceedings of the 3rd 
conference on Designing interactive systems: 
processes, practices, methods, and techniques 
(DIS ‘00), Daniel Boyarski and Wendy A. Kel-
logg (Eds.). ACM, New York, NY, USA, 424-433.                                      
DOI=http://dx.doi.org/10.1145/347642.347802

2.	 CandyFab. 2015. Retrieved January 12, 2017. http://
candyfab.org/

3.	 Laura Devendorf and Kimiko Ryokai. 2015. Being the 
Machine: Reconfiguring Agency and Control in Hybrid 
Fabrication. In Proceedings of the 33rd Annual ACM 
Conference on Human Factors in Computing Systems 
(CHI ‘15). ACM, New York, NY, USA, 2477-2486.    
DOI: http://dx.doi.org/10.1145/2702123.2702547

4.	 Kentaro Fukuchi, Kazuhiro Jo, Akifumi Tomiyama, and 
Shunsuke Takao. 2012. Laser cooking: a novel culi-
nary technique for dry heating using a laser cutter and 
vision technology. In Proceedings of the ACM multime-
dia 2012 workshop on Multimedia for cooking and eat-
ing activities (CEA ‘12). ACM, New York, NY, USA, 55-
58. DOI: https://doi.org/10.1145/2390776.2390788

5.	 Instructables. 2015. Retrieved January 15, 2017.
http://www.instructables.com/

6.	 Stacey Kuznetsov and Eric Paulos. 2010. Rise of the 
expert amateur: DIY projects, communities, and 
cultures. In Proceedings of the 6th Nordic Conference 
on Human-Computer Interaction: Extending Boundar-
ies (NordiCHI ‘10). ACM, New York, NY, USA, 295-304. 
DOI=http://dx.doi.org/10.1145/1868914.1868950

7.	 Lipson, H., & Kurman, M. (2013). Fabricated: The new 
world of 3D printing. John Wiley & Sons.

8.	 Natural Machines. 2016. Retrieved January 15, 2017. 
https://www.naturalmachines.com/

9.	 Moran Mizrahi, Amos Golan, Ariel Bezaleli Mizrahi, 
Rotem Gruber, Alexander Zoonder Lachnise, and Amit 
Zoran. 2016. Digital Gastronomy: Methods & Recipes 
for Hybrid Cooking. In Proceedings of the 29th Annual 
Symposium on User Interface Software and Technol-
ogy (UIST ‘16). ACM, New York, NY, USA, 541-552.   
DOI: https://doi.org/10.1145/2984511.2984528

10.	PancakeBot. 2015. By StoreBound. Retrieved January 
12, 2017. http://www.pancakebot.com/

11.	The Ripple Effect. 2016. Retrieved January 12, 2017. 
http://www.coffeeripples.com/


