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INTRODUCTION

Neural Network is a
mechanical model of an artificial neural
network (ANN). Calculations are performed
through rotational movements and pulley
systems with movable sliders as weights. The
MNN allows understanding of ANNs as
building blocks of Al without prior computer
knowledge. Additive manufacturing can be
used to both reduce costs and production time
while simultaneously enhancing the efficiency
of the MNN as teaching tool by introducing
colour coded parts, scales, better overall
handling and indexed input neuron and weight
adjustments.

Looking from above at the MNN, you can see
the ropes running into the neurons. In the MNN,
neurons are rotating levers A. The rotation
encodes the activation of the neuron. The
clamps E are the weights for the neurons of the
next layer. They can be shifted on the lever.
They determine how strongly the rotation of
this neuron is passed on to the next neurons.
The summation of the weighted input values of
a neuron is done with a pulley. All input values
run as ropes from above into the pulley. The
result, the weighted and summed input for the
neuron net, is the lower rope F of the pulley.
Neurons have a nonlinear activation function ¢
that is applied to the weighted and summed
input net which is modelled by the stopper D.
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Previous experiments show that the MNN
performs better on objective and subjective
scales compared to a teacher-centered lecture
[1]. Exhibitions at museums and conferences
show that the colored 3D printed version of the
MNN helps in communicating clearly how
information travels from neuron to neuron
through the network. The new manufacturing
process of the MNN makes it feasible to
produce cost efficient assembly sets which
can be put together by the end user while
simultaneously provide better ,
interaction with the model as | | |
well as better communication 5"
about the MNN.
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 The Mechanical Neural
Network is the hands-on tool
to explain artificial neural
networks and Al to non-
programmers.

« Additive Manufacturing of the
MNN has many advantages
Cost effective
Faster and easier to produce

Colour coded neurons for
better communication

Better tolerances for better
fitting parts

Labels are directly included

Indexed weight and neuron
movement

Better Handling
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METHODOLOGY

This latest version of the MNN is produced via
fused filament fabrication (FFF). Parts are
printed with colored filament to indicate which
parts belong to which neuron. Together with
multicolored strings this color coding makes it
easy to discriminate neurons, layers, and
information flow in the network. For example,
the neurons of the hidden layer are colored in
light and dark green, indicating that the green
neurons belong to the hidden layer, the weight
clamps and the deflection pulleys of these
neurons have the same color, meaning that the
weights in the first layer can be easily
attributed to these neurons in the hidden layer.
With additive manufacturing, tolerances are
also tighter and more complex parts can be
manufactured compared to CNC machined
wooden parts, meaning that the neurons and
weights can be operated easier. Moreover, ball
plungers are used to provide index
functionality both for the input neurons as well
as for the weights.

With the MNN various tasks ranging from
simple logical function to classification tasks
can be solved. One example, giving a first
is animal

introduction to Al

classification:

to pupils

Animal |x; Space | x; Size

Fish Water | Small
Wale Water | Large
Dog Land | Small
Elephant| Land | Large
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» Classification problem: Assign observations
(data points) to predefined categories
(classes).

« Task: Classify the animals dog, fish,
elephant, and whale based on features body
size and habitat.

 Each input neuron encodes a feature.

* The rotations of the output neuron indicate
the class.

References

[1] Axel Schaffland und Julius Schoning.
“Mechanical Neural Network: Making Al
Comprehensible for Everyone”. In: 2023 IEEE
German Education Conference (GeCon).
IEEE, 2023.

DOI: 10.1109/gecon58119.2023.10295144

[2] Axel Schaffland, Celina Miiller und Julius
Schoning. “Promoting the Digital
Transformation of STEM Education with the
Mechanical Neural Network, a Physical
Model for Future-Oriented and Student-
Centered Al Education”. In: 2024 |IEEE Global
Engineering Education Conference
(EDUCON). IEEE, 2024. DOI: 10.1109
/educon60312.2024.10578714



	Slide 1: Streamlining the Manufacturing Process of the Mechanical Neural Network: Towards an Efficient Production of the Ki-Learning-Tool  

