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Abstract

Electric system design for the underwater OB-
SEA crawler is a final degree project that aims
to design all the circuits and all mechanical
parts necessary for the smooth operation of the
Crawler underwater vehicle. With regard to the
design of the system’s electronics, we have cre-
ated two printed circuit boards where we have
implemented the electronic interface required for
the control of motors that provide movement to
the vehicle. A voltage monitoring and current
consumption of both the entirety of the system
and the supply of the motor controllers and its
lights have been implemented as well. On the
other hand, we have designed and manufactured
the mechanical parts needed to be able to place
the entire electrical circuit within one of the
available Crawler cylinders. After manufactur-
ing and assembling the whole system, we have
checked the operation of each basic function sep-
arately by means of test circuits. We have been
able to confirm that the system works as we ex-
pected, offering precise control of movement, a
control of the voltage and current consumption
of the system and a control of the supply of its
motor controllers and its lights.
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1 Electronic unit

We will divide the electronic circuitry of the Crawler in
two boards. The first one is the power supply unit board
(Figure 1 shows the PCB of this board) and is where all
the 48 V circuitry is placed. This board features a power
consumption control, based on a MAX4080 current-sense

Figure 1: Power supply unit (PSU) board printed circuit
board, top and bottom side.

amplifier, a motor driver, and vehicle light, supply con-
trol implemented with a relay and a 60 W, 12 V DC-
DC converter to generate a 12 V supply for the control
circuitry of the system. On the other hand, the main
control unit of this system is the ODROID C4, a single
board computer used to generate all the digital signals
needed for the control of the movement of the vehicle.
This single board computer is connected to the control
circuitry placed in the second board, the ODROID board
(Figure 2 shows the PCB of this board). It features a
PWM amplifier based on a two-stage BJT amplifier, used
to shift the PWM signal from 3.3 V to 12 V, so it can be
used by the motor drivers to control the speed of the
Crawler motors. Furthermore, the analogue signals pro-
duced by the power consumption control (input voltage
(Vin) and input current (Curr)) need to be attenuated
because the ODROID ADC maximum input voltage is
1.8 V, so a voltage divider is used. Additionally, we have
implemented a clipping circuit based on two low forward
voltage drop diodes to protect the sensitive inputs of the
ADC. The ODROID board is the I2C node between the
ODROID C4 and the CMPS03 compass unit, used to
know the direction of the vehicle.

Figure 2: ODROID board printed circuit board, top and bot-
tom side.

Figure 3: Voltage and current test circuit made by the PSU
PCB, a resistor working as a load, three voltmeter and one
ammeter.
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After designing, manufacturing and assembling, we will
start by testing the power consumption control circuitry
of the power supply unit board. Based on the test circuit
in Fig. 3, first we will adjust the load to vary the current
consumed by the system. By measuring with a voltmeter
the analogue output signal “Curr”, we will check if the
sense circuit works as expected. On the other hand,
to test the voltage sense circuit, we will vary the input
supply from 46 V to 50 V (48 V ± 2 V) and check with a
voltmeter the analogue output signal “Vin”, to see if the
sense circuit is working as we expect. We have repeated
the current sense test three times, the first one without
any load on the 48 V bus so we can measure the standby
current of the system. The second and third test are
done with a 22 Ω and a 11 Ω respectively. In Table 1 we
can see the results of the current sense circuit evaluation.

Table 1: Current sense circuit results obtained from the test
done following the circuit in Fig. 3.

Load
Ammeter

Ideal Curr
Real Curr

∆VCurrmeasurement measurement
(Ω) (A) (V) (V) (V)

No Load 0.036 0.02 0.01 0.01
22 2.180 1.09 1.13 0.04
11 3.053 1.53 1.58 0.05

Once the test is done, we have plotted the data from
Table 1 in Fig. 4, where the linear regression of the mea-
sured output signal can be seen and compared to the
ideal one, created following Eq. (1), where Vout is the
output voltage of the MAX4080 current-sense amplifier
and Icc is the load current. It can be seen that we will
have to calibrate the ADC input by adjusting the slope
of the converted signal so it will behave as the ideal out-
put and thus providing a precise current sense circuit.

Figure 4: MAX4080 output voltage equation based on the
values of Ideal Curr and Real Curr Measurement columns in
Table 1.

Vout =
Icc · 5V
10A

(1)

On the other hand, for the voltage sense circuit we have
plotted the data from Table 2 in Fig. 5, where the linear

regression of the measured output signal can be seen and
compared, as the previous test, to the ideal one, created
following Eq. (2), where Vout is the output voltage of
the voltage sense circuit and Vcc is the supply voltage.
It can be seen that, as the current sense test, we will have
to calibrate the ADC input by adjusting the slope of the
converted signal so it will behave as the ideal output and
thus provide a precise voltage sense circuit.

Vout =
Vcc · 1.41V

48V
(2)

Table 2: Voltage sense circuit test results obtained from the
test done following the circuit in Fig. 3.

Voltmeter
Ideal Vin

Real Vin ∆Vinmeasurement measurement
(V) (V) (V) (V)

46.05 1.44 1.34 0.1
48.01 1.55 1.40 0.15
50.06 1.56 1.50 0.06

Figure 5: Voltage sense circuit output equation based on the
values of Ideal Vin and Real Vin Measurement columns in
Table 2.

Figure 6: ADC protection test circuit made by a function
generator, the ODROID PCB, a capacitor and a digital os-
cilloscope. By placing the capacitor between both channels
we can isolate the signal created from the function generator
(connected to the first one) and the ADC input signal (con-
nected to the second).
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Now we will test the ADC protection circuit and the
PWM amplifier of the ODROID board. To test the first
one, we will follow the circuit in Fig. 6. By adjusting the
amplitude of the sinusoidal input signal, we will check
the ADC input to see if the protection circuit is work-
ing as we expect. This protection circuit starts working
when the input voltage is below -0.450 V or above 2.25 V,
so the first test will be done with an input signal of 1.8 V
of amplitude, which is the normal output voltage of the
analogue signal inside the system.

Figure 7: ADC protection results. On CH1 (yellow) the
input signal with an amplitude of 1.8V and on CH2 (purple)
the output signal. Normal operation of the system.

Figure 7 shows the circuit behaviour with an input signal
of 1.8 V of amplitude, it can be seen that the ADC in-
put signal is the same as the CH1, as it does not present
any clipping. Figure 8 shows the behaviour of the circuit
with an input signal of 2.25 V of amplitude and we can
see that the signal has started clipping at 2.24 V peak to
peak, protecting the sensitive inputs of the ADC. Fur-
thermore, with an input signal of 10 V of amplitude (see
Fig. 9) we can see that the protection circuit is working
as the ADC input is clipping at 2.36 V.

Figure 8: ADC protection results. On CH1 (yellow) the
input signal with an amplitude of 2.25V and on CH2 (purple)
the output signal. It can be seen that the protection circuit
starts working because of the signal clipping on CH2 (purple)
at 2.24V peak to peak.

Figure 9: ADC protection results. On CH1 (yellow) the
input signal with an amplitude of 10V and on CH2 (purple)
the output signal. It can be seen that the protection circuit
is working because of the signal clipping on CH2 (purple) at
2.36V peak to peak.

Figure 10: PWM amplifier test circuit made by an Arduino
Nano, the ODROID PCB and a digital oscilloscope.

Figure 11: PWM amplifier results for the right motor. On
CH1 (yellow) the Arduino signal and on CH2 (purple) the
amplified signal. It can be seen that the signal is correctly
amplified as it shifts from 5 V to 12 V.

Figure 10 shows the test circuit for the PWM amplifier.
By using an Arduino Nano, we will generate two PWM
signals at 5 V that will be connected to the inputs of the
amplifiers. With an oscilloscope, we will connect the first
channel to the input PWM and the second channel to the
output of the amplifier. Figure 11 shows the behaviour
of the first amplifier and it can be seen that its working
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as we expected. The same goes for the second amplifier,
as Figure 12 shows, it is working as we expected.

Figure 12: Same as in Fig. 11 for the left motor. It can be
seen that the signal is correctly amplified as it shifts from 5 V
to 12 V.

2 Mechanical unit
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Figure 13: General assembly of the Crawler system.

Figure 13 shows the main assembly of all the mechanical
pieces and electronic printed circuit boards used in the
Crawler system. We will divide it in four floors:

1st floor: Here we have the power supply board (the
first label at the top in Fig. 13).

2nd floor: This is where we have everything related
to the ODROID. The second label is the ODROID
unit itself, attached to the ODROID support (third
label) and under it we can find the ODROID board
which is the fourth label.

3rd floor: Here we have the motor controllers sup-
port (fifth label) as well as both motor controllers
(sixth label) placed above and under the support.

4th floor: This is where we have placed the CMPS03
compass module and the breakout board. The cir-
cuitry is perpendicular to the rest of the assembly
so the CMPS03 is parallel to the movement of the
Crawler.

Figure 14 shows the system installed and ready to be
placed inside the Crawler.

Figure 14: Crawler system next to the electronic circuitry
cylinder.

3 Conclusions

In this final degree project we have developed all the
necessary electronic circuitry to be able to control the
movement of the Crawler, which is an underwater vehi-
cle connected to the OBSEA observatory placed at the
seabed next to the coast of Vilanova i la Geltrú. In
the electronic unit, we have implemented and tested the
PWM amplifiers to control the speed of the motors by
using its drivers as well as its 48V supply control us-
ing relays controlled by a GPIO. Also, the unit features
a power consumption control so that we can know how
much current is drawing the submarine vehicle and we
can control as well the 12V supply of the vehicle lights.
On the other hand, we have implemented an ADC pro-
tection circuit so we can protect the sensitive 1.8V ADC
of the ODROID board. Summarising, the electronic unit
features that have been previously described have been
tested and we can conclude that the system is working as
expected. On the mechanical unit side, all the mechani-
cal parts fit within each other creating a strong and rigid
structure to hold all the components together.
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