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Single Point Incremental Metal Forming 
(SPIMF) is a process that allows architectural 
panels to be incrementally formed from sheet 
metal into doubly-curved complex shapes 
using a robotic arm and a stylus-like end effec-
tor. SPIMF leverages industrial robots’ preci-
sion and strength by gradually pushing the end 
effector into vertically supported sheet metal. 
This work was inspired by Anmar Kalo and 
Michael Jake Newsum’s Incremental Sheet 
Metal Forming and CITA’s Stressed Skins proj-
ect. SPIMF examined how different materials, 
forming tools, and tool path generation meth-
ods impact the finished quality of completed 
pieces along with applications for the formed 
metal parts.  Once an understanding of how 
SPIMF worked, focus was put on how to accu-
rately program the robotic arm to produce 
repetitive geometries that correspond with 
a digital model. By creating a feedback loop 
that studies how the sheet metal deforms and 
how accurately the robot performs the form-
ing task, new and more accurate geometry 
can be used to program the arm.

The process of creating routines for the 
robot up until this point was noncyclic, as 
the geometry would be created using a set 
of points and a plan drawing using the plugin 
Kangaroo. From there that geometry was fed 
into another Grasshopper script that would 
produce the robotic routine. Afterwards, a 
panel would be produced on the arm and that 
was the end of it. 

Now, a feedback loop is being utilized that 
has the ability to control the geometry being 
fed into the software. While this locks in the 
overall nature of the input geometry being 
formed it allows the software to gradually 
manipulate a geometry and test how well 
the formed panels match the digital model. 
Tests are conducted by robotically form-
ing a new metal panel and then creating a 
3D scan. Verification for how well the panel 
matches the input geometry is done using a 
Kinect to make a 3D point cloud by 3D scan-
ning the object. The scan is then compared 
to the forming geometry. A comparison done 
in Grasshopper matches up points that have 

the same XY coordinate and compares their 
Z value. From there a heat map is also gen-
erated, so that users of the software can see 
where corrections to the forming geometry 
are needed. With that information the points 
used originally to create the form can be 
moved vertically to allow for a more accurate 
digital model to be fed to the Grasshopper 
script that generates the robot routine. 

Ideally, by running enough panels through 
the system an adjustment factor can be cre-
ated based off of how much the Z value must 
be modified. The adjustment factor would 
replace the need to verify the panels by 3D 
scanning them. This adjustment factor would 
allow a designer the ability to create a series 
of surfaces within the design environment and 
have those be correctly translated into a robot 
routine. The adjustment factor allows for the 
knowledge gained through the experiment 
phase of  this project to be implemented into 
a design tool.
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