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Abstract: Measuring the amount of crosstalk in the UAV is necessary to ensure that the system
and equipment on the onboard UAV can be operated properly without any Electromagnetic
Interference (EMI). This paper was conducted to determine the effect of interference in the UAV
cabling system by measuring EM crosstalk between the cables. Variations in the type of cables and
the distance between the transmitting and receiving cables are carried out to analyze the relationship
between the magnitude of the induced voltage on the receiving cable. The results of the experiments
that have been measured, it is found that the use of coaxial cable is the best in reducing EMI. In
addition, a distance between transmitting and receiver cables of more than 4 cm can suppress EMI

by almost 60%.
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1. Introduction

UAV is currently used widely for both civilian and
military needs. The development of UAV applications will
be increase in line with the complexity of the payload and
the carried electronic systems. When the UAV operates,
electromagnetic field environment influence, either from
the internal induced voltage between the UAV
components or from outside such as electric towers,
lightning, thus will affect the performance of the UAV,
hence it causes not work optimally!». EMI
(Electromagnetic Interference) is defined as pollution of
signal electromagnetic caused by electromagnetic noise
either from natural sources (lightning discharges, solar
radiation, etc.) or from electronic equipment/circuits at the
source frequency by ground segment transmitter for
navigation, communication, radar surveillance which can
reduce the quality/performance of electronic equipment.
While EMC (Electromagnetic Compatibility) is the ability
of an electronic system and materials to perform properly
against EMI radiation*>.

The complexity to achieve a perfect EMC level is
caused by the UAV's structural materials that are made of
composites or even using ABS plastic materials which has
desirable physical properties such as light weight, high
specific modulus and strength®!'®. This makes it more
difficult to find solutions to internal EMC problems on the
UAV. The electrical system and data link on the UAV are
the most vulnerable systems or susceptibility to EMI'"
For this reason, before operating UAV, it is better to
conduct an EMI test on the UAV. Y Wu'? categorizes EMI

testing on UAVs into two steps. First, radiation in the form
of an electromagnetic field, and second is a conduction
test to investigate the flow of current along the cable.
Cable length is the biggest influence on EMI susceptibility
generated either from internal or external From the
statistical research, the majority about 60% of EMI
interference on aircraft is caused by electromagnetic
coupling on the cable UAV

Several studies on the effect of EMI on cables have
been discussed, Gainutdinov [2016] divided several
methods to estimate crosstalk in the coupling path feeder
and interface areas'? . Davis [2020] researched by making
shielding CNTs on coaxial cables and obtained good
results in the frequency measurement range of 300 MHz
to 18 GHz'Y. Balakrishnan [2018] used elevated guard
traces to significantly reduce crosstalk, the higher the wall
of the guard traces the better signal isolation is'®. Ghosh
[2018] used three layer PCB with three traces on the top,
a midle trace and a ground plane to describe the radiation
effect and crosstalk!”. Crosstalk studies on cables have
also been carried out using various types of copper cables
and by varying the distance between cables, then the
results are compared with the simulations. The result is a
50 times reduction in crosstalk in the aluminum shielded
cable'®.

It is critical in the development stage of prototyping
UAV to ensure that the aircraft's electronic system has an
appropriate function as a powers supply, data transmission
and signal transmission between subsystem, and the
electronic performance of wires and cables for the UAV
onboard system'”. By using of such electromagnetic
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simulation tools, or do the EMI chamber test it can be
evaluated the effect of EMI for aircraft components®”.
This study aims to complement the previous studies, by
comparing the induced voltage of different cable types,
and investigate the effect of induced EMI by variated the
distance between transmit cable (source) and receive cable.
We focus on EMI that occurs on the wiring path rather
than on PCB instrumentation in onboard UAV. In addition,
we investigate the effect of using copper shielding tape,
also with varying the distance between each cable pair of
single wire cable. After understanding the effect of
induced voltage on various cable types, we can consider
the space which is needed to provide cable spacing in the
initial design of UAV. As a result, using a coaxial cable
can reduce the induced voltage or EMI received by the
receiver cable three times less than the use of a single wire
cable. Moreover, by varying the distance between transmit
and receive cables above 5 cm, it can reduce by 60% EMI
induces that occurs between cables

2. Methods

The crosstalk measurement experiment on the cable
was obtained by measuring EM induced voltage on the
cable using an oscilloscope. Type of conducting single
wire copper cable 22 AWG with a length of 50 cm is used.
This cable has a conductor diameter of 0.65 mm. The
second cable type is a coaxial cable with a length of 1 m
and the thickness of the copper conductor is 9.4 mm. The
third type of cable is the same as the first cable but
characterized using shielding tape with copper foil 0.07
mm thick. The experimental test was conducted by
analogizing one cable as a data source namely transmit
cable and the other cable being a receive cable or power
cable

[R2

G{H'Er.ﬂu

Mostly in practical, signals from the transmitter are
received by the receiver, then converted into the PWM
(Pulse Width Modulation) to be transmitted to the actuator.
To controlling the attitude of UAV, these signals are
interpreted by the flight control to specific actions
according to the commands. Major electrical components
onboard UAV such as servo, flight controller, and sensor
are PWM signal®!-22,

The test setup was carried out in four models and the
setup configuration can be seen in Fig. 1. EMI induced
experiment on cables is divided into 4 test models:

e The first model, the experiment setup consists of 2

Fig. 1: Experimental Setup

pair single wire AWG 22 cables, the first pair of the
cables is connected to the signal generator with the
other end loaded by resistor R1 of 50 Ohms, this
system acts as an EMI source to the other set of cable.
In the second pair, both ends are terminated by
resistors R2 and R3 of 1 Mohm. The second cable acts
as receiving EMI induced signal, where the signal is
picked up from the R3 port by oscilloscope. The signal
generator is set to a square waveform and at a
frequency of 2 MHz and amplitude of 10 V. The square
wave signal was chosen because it is identical to the
PWM as a data signal. The distance between the cables
is then varied from 1 to 10 cm.

e The second model uses the same cable as the first
model, however, there is a change, which the condition
that both cables are twisted in each pair.

e The third model uses a coaxial cable with an
impedance of 50 ohms, and

o The fourth model uses the same cables as in the second
model, however, each cable is shielded by copper
foil with a 0.07 mm thick, and both cables are located
separately.

The method of injecting signal by the signal generator and
receiving signal by oscilloscope which is performed on
the first model (see Fig.1) is also accomplished throughout
all models discussed. In addition to the first model,
besides varying the distance between the two cable pairs,
we also vary the distance between each cable in a pair
represented by variable It (varied from 1 to 5 cm) as shown
in Fig.1.

3. Experimental Result

In this experiment, GW Instek GFG 8129A is used as a
signal generator to generate a square wave signal at 2
MHz frequency with an amplitude of 10 V. Textronik TDS
2012c oscilloscope is used to detect induced EMI signal
on the receiving cable system as shown in Fig.2. EMI
induced signals on the cable are obtained by measuring
the induced voltage output from the power cable or
receive cable which is observed from the oscilloscope.
The measurement results of each model test are described
as follows.

Fig. 2: Monitoring the induced voltage with an oscilloscope
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3.1 First and Second Model Experiments

The induced voltage measurement is selected based on
the peak-to-peak noise instead of rms. Peak to Peak (Vpp)
induced voltage is measured from the highest voltage
point on the waveform to the lowest voltage point. This
measurement is chiefly important for applications where
noise spikes could deteriorate accurate measurements on
a considered load, such as RF circuitry, while rms does not
show the actual DC power supply noise because if there
are high output noise spikes in the ripple signal for a short
duration it will not be visible and increase the rms
value?®.The result measuring crosstalk by using a single
wire cable untwisted and twisted are shown in Fig. 3. The
first model by using 2 pairs of single wire cables, with one
cable connected to the signal generator and the second
cable connected to the oscilloscope. The presence of the
EM induced voltage is highest when the distance between
the two cables is closest, which in this experiment was
carried out at a distance of 1 cm. As can be seen in Fig. 3a,
the maximum value obtained is 234 mV. Measurements
using the second model have been carried out by using
twisted wire cable pair. The results of the second model
are shown in Fig. 3b with the maximum induced voltage
obtained at D=1 cm is 176 mV.

Tek S M Pos: 0,000s MEASURE
(a)
M 25.0ms
Tek gk Trig'd M Pos: 0.000s AUTOSET
+*
(b)
Undo
Autoset
M 25.0ms

Fig. 3: Monitoring the induced voltage of first model (a) and
second model experiments (b)

The measurement results of the induced voltage by
using single wire cable pair show a higher value than the
induced voltage on the twisted cable pair. Then for the
induced voltage generated by the use of coaxial cable is
discussed in sub-section 3.2.

3.2 Third Model Experiments

The third model is to substitute the single wire cable
pair by using a coaxial cable with an impedance of 50
ohms. By using this cable, the variation of distance D does
not affect the value of the induced voltage generated. Fig.
4 shows the monitoring of the received signal on the
receiving coaxial cable. The maximum induced voltage
obtained is 50 mV

Tek  JL M Pos: 0.000s MEASURE
M S00ns
Fig. 4: Monitoring the induced voltage of the third model
experiment

3.3 Fourth Model Experiments

The fourth model is by using a twisted wire cable with
both the transmit and receive cable are shielded by copper
foil. The maximum induced voltage Vpp measurement for
this cable model obtained is 101 mV at a distance between
cables D = | cm (see Fig. 5). From the measurement
monitoring, it is can be seen that there is a reduction in the
value of the induced voltage Vpp received, but it is not
better than using the third measurement model. From all
experiment models that have been carried out, the use of
coaxial cable shows a very significant reduction in EMI
induced signal

Tek  JL Trig'd M Pos: 0.000s MEASURE
-
M 25.0ms
Fig. 5: Monitoring the induced voltage of the fourth model
experiment

For comparison of measurement results, Table 1
shows the summary comparison for each value of the
induced voltage received at the cable receiver with the
effect of distance variated from 1 to 10 cm on the
experiment of the four models discussed above.
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Table 1. Induced Voltage Measurement Results

Vin (mV)

Model
D (cm)

Type
1 2 3 4 5 6 7 8 9 10

First 234 179 121 108 103 97 95 95 93 93

Second 176 130 116 102 104 100 96 96 92 &9

Third 50 49 49 50 49 49 48 40 49 40

Fourth 101 88 87 84 84 84 84 83 83 85

Table 1 shows that the highest induced voltage by the
first and second model experiments at D =1 cm and D =
10 cm, is 234 mV and 93 mV for single wire cable pair
and 176 mV and 89 mV for twisted cable pair, respectively.
Meanwhile, the lowest induced voltage is obtained in a
coaxial cable with a maximum value is 50 mV and the
lowest is 40 mV. For the experiment using a copper shield
reduce the induced voltage compared with using the first
and second model experiment, however not better than the
use of coaxial type cable in the third experimental model.
Then the experiment of induced voltage was conducted
using single wire cable pair on the first model by varying
the distance between cable pair (It) of transmitting cable
source. The experimental results are discussed in
sub-section D.

3.4 Effect of Distance Variation It

The It variation is given to the transmit cable from a
distance of 1 cm to 5 cm. Fig. 6, shows the graphic of
comparison results of induced voltage on the receiver
cable. It can be seen that for variated the distance It at 1
cm (represented in green line) and at a distance of 5 cm
(represented in dark blue line) there is not much change in
the induced voltage received, while the variation in
distance D has a considerable influence on changes in
induced voltages.

Furthermore, it represented that the greatest reduction
value of induced voltage where the gradient slope starts at
the distance from 1 cm to 5 cm and starts to stagnate at 6
to 10 cm. At the distance 1 cm, the value of the induced
voltage received is 198 mV when the It is given 1 cm, and
206 mV when the It is 5 cm. Meanwhile, increasing the
distance at 10 cm, the induced voltage is 114 mV at It is 1
cmand 118 mV atltis 5 cm.

It Variation

150

100

D{cm)

Fig. 6: Induced voltage of It variation

4. Discussions

From all experiment results, it can be noted that the
induced voltage by the power cable is affected by the
transmit signal through the data cable. When using 2 pair
single wire cables, the induced voltage value is greater
when the distance between the two cables is very close.
However, it is smaller when a greater distance is given.
The 1t distance does not many influences the effect of
reduction EMI induced voltage value by the receiver cable.

The comparison of measurement results can be seen in
Fig 7. The use of twisted cable in the second model
(orange line) significantly reduces the value of the
induced voltage received compared to the first
measurement model, particularly for the distance from 1
to 3 cm. The greater the distance, given the graph,
coincides with the use of a single wire cable pair (blue
line). Twisted cable between the power cable and receiver
cable will reduce the energy of the magnetic field
generated in each cable. In this study, the two pair cables,
each carries a positive charge that causes a positive
magnetic field generated and another carries a negative
charge that generated a negative magnetic field. These
two magnetic field interactions will work to eliminate
each other, therewith reducing interference with the result
that the induced voltage is reduced?*%>.

The use of shielding with copper foil in twisted cables
(grey line) can help to reduce the induced voltage by more
than 50% at a distance of 1 cm compared to unshielded
cable. Moreover, the use of coaxial cable (yellow line) is
the most suppressing the amount of crosstalk in UAV
cable. Compared with a single wire cable, the induced
voltage can be reduced by almost five times by using a
coaxial cable type. In a coaxial cable, the jacket on the
cable is electrically connected with an inner conductor and
reduces the effect of external electromagnetic field
interference, and acts as an external working conductor.
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Comparison Model M
0 \ first
L = second
fourth
L \ third
- \
> 140
._\,__
%0 —————— -
40
0 2 1 6 8 10
D (em)

Fig. 7: Induced voltage comparison of all models experiment

Compared to using a single wire cable with copper foil
shielding, the shield is not electrically connected with
inner conductors and only attenuates the electromagnetic
field. In addition, coaxial cable has double shields that are
galvanized and connected to either one or both of the
cables. This achieves the smallest possible value of the
resulting coupling impedance ZT and thus the best
shielding effect’®?”. Moreover, the magnitude of the
impedance in the coaxial cable is equal to the value of the
load R1 50 ohms, so that the entire signal will be
transmitted to the load and no back wave that causes
electromagnetic leakage in the cable.

It can be seen that the reduction in the value of the
induced voltage due to crosstalk is influenced by the type
of cable and the distance between the cables as discussed
previously. Increasing the distance of more than 4 cm
between the transmit cable pair and the receive cable pair,
can reduce the amount of EMI induced voltage received
by almost 60% by using a single wire pair cable. As initial
research to observed the effects of EMI on UAV cable,
further research using various type of waveforms also
need to be done.

5. Conclusion

Based on the experiment results, it can be concluded
that using the 2 pair single wire cables have the greatest
induced voltage resulting from transmission signal of data
cable about 30% higher than twisting the cable. The use
of shielding copper and coaxial cable was proven to be
effective in reducing the amount of crosstalk in cables.
The use of copper shielding can be reduced by more than
50% at a distance of 1 cm than twisting the cables without
shielding. Furthermore, the use of coaxial cable is the
most suppressing induced voltage almost five times better
than the use of 2 pair single wire cables. Moreover, the
effect of the distance between the data and power cables
greatly affects the amount of crosstalk between cables
especially for the experiment using single wire cable pair.
By increasing the distance by more than 4 cm, the induced
voltage greatly reduced almost 60%.
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