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ABSTRACT

We design and 3D print conductive lines and EMG electrodes
on eyeglasses temples. We evaluate the electrical property
and the EMG signal quality of the printed components and
report line resistance, electrode surface resistance, and EMG
signal quality. We found that the signal quality is comparable
to non-printed lines and electrodes. Our work shows that 3D
printing of conductive lines and electrodes on custom-shaped
eyeglasses frames is feasible for chewing monitoring.
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INTRODUCTION

Smart, regular-look eyeglasses with integrated sensors and
actuators could serve in many assistive applications, ranging
from patient monitoring to interactive lifestyle functions [1].
An essential wearer acceptance criteria for smart eyeglasses
is that they are not stigmatising, i.e. sensing, interaction, and
processing functions must remain invisible to bystanders. Earlier work has shown that personalised eyeglasses fitting to
match sensor positions with head landmarks is a prerequisite to retrieve accurate physiological measurements [2]. 3D
modelling and printing procedures were used to initially fit
the eyeglasses frame to an individual head model, e.g. derived from a 3D scan, and then manufacture the frame and
add sensors or electrodes. So far, electrodes were made from
conductive textiles [3], which is difficult to clean, and from
stainless steel [4], which is hard to interconnect with wires.
Generally, the integration of wires and electrodes is challenging since the personalised frames are uneven, fitted to the head
skin with the intention of creating appropriate wearing comfort
and sensor attachment.
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In this work, we investigate 3D printing of conductive paste
to create lines and electrodes on custom-shaped eyeglasses
temples:
1. We present the electrode placement and line routing applied on temples 3D-printed with two different electrode
dimensions.
2. We evaluate the prototypes by analysing resistivity of lines
and electrodes. Furthermore, we analyse the resulting EMG
signals. We demonstrate that our approach can be applied
to realise lines and electrodes on 3D-printed wearable accessories.
PROTOTYPE DESIGN

Our eyeglasses temple design intends to capture the Temporalis muscle activity using skin electrodes for monopolar
Electromyography (EMG) following the study in [4]. We 3Dprinted eyeglasses temples using conductive thick paste (composition: silver, epoxy resin binder, 10∼20% 2-Butoxyethanol
solvent, and 75% solids content) and HP High Reusability PA12 with a melting point at 180 °C. Two EMG electrodes (peak thickness ∼ 25 µm) with identical dimension and
two lines (trace width: 300 µm) were printed on the inner
side of the eyeglasses temple. The electrodes were printed
in two sizes for comparison: 20 × 3 mm (Prototype A) and
20 × 4.5 mm (Prototype B). The lines and electrodes were
printed using a 5-axis 3D printer (5 Axis CNC Motion Platform, NeoTech, Germany) with one layer of silver paste, which
were later cured at 140 °C. Prototypes A and B are shown in
Fig. 1.

Figure 1: Eyeglasses temples with printed conductive lines and electrodes. Prototype A has two electrodes of 20 × 3 mm, and Prototype
B has larger electrodes of 20 × 4.5 mm. Each electrode connects to a line
of 300 µm width. We evaluated resistivity of Electrodes 1, 2 and Lines 1,
2 for both Prototypes and tested the EMG measurement.
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Figure 2: Evaluation setup to analyse EMG signals. Left: EMG recorder
attachment. Right: Participant wearing the setup.
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Resistance [Ω]
Temple 1 Temple 2 Temple 3 Temple 4
3.772
3.977
5.750
3.733
3.700
3.979
5.106
3.740
3.801
4.062
5.333
4.297
2.250
∞
4.372
2.723
2.392
∞
4.306
2.641
2.318
∞
3.906
2.692
0.117
0.115
0.120
0.061
0.100
0.116
0.106
0.068

Avg. Std. dev.
4.308 0.967
4.131 0.661
4.373 0.671
3.115 1.113
3.113 1.040
2.972 0.830
0.103 0.028
0.097 0.019

Table 1: Line and surface resistances of prototypes. Symbol ∞ represents
a broken line.

Figure 3: Printed conductive line under microscope. Possible line rupture (circled) occurred mostly at ∼ 90◦ bends.

EVALUATION
Electrical performance

We analysed the resistance of each printed line by measuring
the voltage between the line ends for a DC with I = 5 mA,
50 mA, 250 mA. Further, we measured the surface resistance
of the electrodes using the four-terminal method. We repeated
the measurement for each Prototype (2×2): Prototype A (Temples 1 and 2), Prototype B (Temples 3 and 4). We examined the
conductive lines under microscope (NexiusZoom, Euromex,
Netherlands) and captured microscopic photos using ImageFocus software.
EMG signal quality

In order to test the EMG signal quality. We made a recording with one participant (28 years, male, BMI: 26.1). We
connected an EMG recorder (Actiwave EMG, Actiwave, England) to the lines of eyeglasses temple using isolation tape.
The prototype eyeglasses temple was worn on the ear and gently pressed to the head to simulate a natural state of wearing
eyeglasses. The setup is shown in Fig. 2. The participant
chewed one, two, and three pieces of candy beans (Skittles) sequentially during the recordings. The procedure was repeated
for both prototypes. The EMG signals were processed with
a 50 Hz notch filter to remove power-line interference. We
manually labelled chewing cycles and allocated the resting,
i.e. jaw relaxed, no Temporalis contraction to baseline. Then
we computed the signal-to-noise ratio (SNR) for the chewing
EMG signals using: SNR = 10 log10 PPNS . PS was the signal
power of chewing cycles, and PN was the noise power of EMG
baseline. Power of a N-sample time series X[n] was calculated
as: PX = N1 ∑Nn=1 X 2 [n].
RESULTS

The resistance of the conductive lines and surface resistance of
the electrodes are shown in Tab. 1. Out of the 8 printed lines,
seven had resistance in the range of 2.2 to 5.7 Ω under different
DC currents. One line (Line 2 of Temple 2) was broken. A
microscopic photo of the lines is shown in Fig. 3. Notchfiltered EMG signals during chewing are shown in Fig. 4.
Chewing cycles are clearly visible. The SNR is 14.1 dB for
Prototype A, and 12.2 dB for Prototype B.

Figure 4: Example EMG recording using Prototypes A (upper plot) and
B (lower plot) during three bites (eating Skittles candies). The bites and
individual chewing cycles are clearly visible.

CONCLUSION

We have designed, printed and evaluated conductive lines and
EMG electrodes on eyeglasses temples. From the evaluation
we conclude that the printed eyeglasses temples can be used
to measure Temporalis EMG signals.
The prototypes were printed with only one layer of silver
paste. Our analysis revealed that ruptures may occur and
that the resistance varied across lines and electrodes with the
same dimensions. Adding additional ink layers may reduce
the resistance variations and avoid ruptures. In addition, we
plan to investigate refined curing processes to optimise the
conductivity. The 3D printing of conductive lines and EMG
electrodes is highly promising to realise personalised wearable
accessories.
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