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Abstract- This paper presents a measurement system and energy management for Guanay Il autonomous
underwater vehicle (AUV). The system performs the measurement, monitoring and control of the state of charge
of the batteries, allowing simultaneous charging of all batteries from outside of the vehicle, and a wireless
connection/disconnection mode. Considering the type of batteries used in the vehicle, it is used the current
integration as methodology for measuring the charge level of the battery. Laboratory and vehicle navigation tests
performed have validated the correct operation of the system and the reliability of the measured data. These data
are sent to the mission control of the vehicle in order to optimize and guarantee its navigation.
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l. Introduction

The AUV Guanay Il [1] is a vehicle developed by SARTI group of Technical University of Catalonia with the
objective of providing a platform for measuring oceanographic variables, such as temperature and salinity of the
water column, with a high simultaneously spatial and temporal resolution. The knowledge of the charge status of
the batteries in an autonomous vehicle is an important factor to ensure security of the vehicle and mission.

This work presents a measurement system and energy management for Guanay Il vehicle. Initially it is analyzed
different solutions for electrically measuring the batteries charge state, and it is chosen the methodology of
current integration [2] due the nature of the batteries used in the Guanay Il. Subsequently, it is presented the
construction of a prototype and the experimental tests performed both in laboratory and field missions in order to
validate the correct operation of the device. Finally, this device is complemented with a design of a battery
charger system, accessible from outside the vehicle, which allows simultaneous charging of all battery packs,
and with a wireless connection-disconnection of the battery.

11. Measurement system for battery state of charge

Several methods of estimating the state of charge (SOC) of a battery have been used. Some are specific to
particular cell chemistries. This work is subject to the use of Ni-Cd batteries that are in Guanay Il. For such
batteries there are different methods of measuring the charge, such as the measurement of voltage, impedance
and the current integration.

Voltage based SOC estimation uses the voltage of the battery cell as the basis for calculating the remaining
capacity. Results can vary widely depending discharge rate and temperature and compensation for these factors
must be provided to achieve a reasonable accuracy. The figure 1 shows the relationship between the voltage and
the capacity at different discharge rate.
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Figure 1. Relationship between the voltage and the capacity at different discharge rate. Source: Saft batteries [7].
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Other problem is the rapid fall in cell voltage at the end of the cycle in low discharge rates. In the other hand, this
fall in voltage could be used as an indication of imminent, complete discharge. For this reason this is not the best
method for estimate the SOC of Ni-Cd batteries, but can be used as an indicator of complete discharge battery,
half-charged battery or full-charged battery [3].

Internal impedance measurements can also be used to determine SOC however these are not widely used due to
difficulties in measuring the impedance while the cells is active as well as difficulties in interpreting the data and
requires very complex calculations [4] and [5].

Current based SOC estimation, known as coulomb counting [2], which is currently selected, calculates the state
of charge by measuring the instantaneous current of the battery and integrating in time, both in the process of
charging and discharging. The reason for using this method is due to the obtaining a good correlation in the
measure and to the fast implementation because the existence of a specific IC. This allow us a rapidly prototype
development that can be used to estimate the battery remaining charge in Guanay Il and to perform some field
tests. In its implementation we have used the bg2013 IC (a Gas Gauge IC for Power-Assist Applications) from
Texas Instruments Company, specifically designed for Ni-Cd batteries. The prototype developed is shown in
Figure 2, where the communication ports with the PC-104 and visual indication LEDs can be seen. This IC
includes a simple single-pin (HDQ plus return) serial data interface with command-based protocol. For this
reason a RS-232 to HDQ interface has been developed to communicate both gas gauge and PC-104 systems[6].

Figure 2. State of charge measuring prototype. A) Top view. B) Bottom view.

Texas Instruments provides the expression (1) to obtain the value of the internal register NAC (Nominal
Available Capacity) of bq2013 IC, which monitors the voltage drop across a resistor connected in series between
the battery and ground. The NAC value depends on the capacity of the battery and determines it’s charging and
discharging, therefore, consumption can be calculated from the expression (2).

NAC (mVh) = Batterycapacity (mAh) = Sense resistor () * Scale Q)

ANAC (mVh) 3600

Consumption (4) = At(s) 640+1000%0.01

)
111. Charging system and battery connection

The energy of Guanay Il comes from 2s3p batteries packs that can provide 24 Vdc and 21 Ah. However, this
configuration of the packs makes a problem when it is the time to charge. Many manufacturers don’t recommend
charge two batteries pack in parallel because can damage it, especially in high charge rates. Until now, a type of
chargers that can only charge a single pack were used, but the vehicle must be opened every time. In order to
maximize the mission time a system was designed for simultaneous parallel charging of all battery packs through
a single external connector. The location of this single point for charging allows avoiding disassembles the
mechanics or electronics of the vehicle to access it and it speeds up the operation. After contact with batteries
manufacturer, has been decided use a low rate constant voltage charge applied to all the 2s3p batteries pack to
prevent damages. Figure 3 shows a schematic model of this system.
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Figure 3. Scheme of charging system and battery connection

In order to have control and easy access to the battery connection/disconnection to electronics and propulsion of
the vehicle, it has been incorporated a wireless device that acts as a switch. By having access to the switch
through radio frequency, operation enables the connection or disconnection of the batteries in the water,
obtaining greater security in vehicle. A HIR6-433 RF AM 433 MHz receiver/decoder from rfsolutions has been
used for this purpose. And a new antenna with epoxy resin has been designed to allocate it and provide the
necessary protection in the water and in the depth. Figure 3 shows a schematic model of this system.

1V. Experimental Results

Initially the both systems, the connection/disconnection the battery and his charging and SOC estimation has
been tested in the laboratory, where was verified the proper functioning of all systems designed. For example,
several processes of simultaneous charging of all the battery packs have been monitored and completed
successfully. Figure 4 shows the current of the three packs of batteries during his charging in parallel mode. In
this picture can observe that after 10 hours of charge the current drops to 0.15A and battery is practically
charged. Also, can be seen the difference of the current charge in one of the packs, this is one reason for is not
recommended the high rate currents charge in order to prevent damages.
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Figure 4. The current of the three packs of batteries during a low rate charge in parallel.

In the other hand, figure 5 shows power consumption of Guanay Il. Blue line represents the current from the
sensor bg2013, red line is the real current measured with ammeter and green line is a filtered estimate current
from bg2013. For this laboratory experiment has been used a bank of five loads in parallel. Each load of 18
ohms introduces a 433mA of consumption current. Results have been compared with manufacturer equations (2)
and can observe the correlation between both.
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Figure 5. Power consumption from Guanay 1. It has been used different loads to estimate the current based
NAC register from SOC IC. Blue: Power consumption from sensor using equation (2). Red: Real power
consumption from ammeter. Green: filtered graphic blue.

Observe that using Nominal Available Charge (NAC) register from I1C bg2013, it is possible to estimate the
power consumption from Guanay Il. Figure 6 shows a real test field.

Afterwards, these systems have been validated in various vehicle navigation tests. Figure 6 shows the
instantaneous battery consumption due to the action of the propulsion engine and two direction motors of the
vehicle during a path on the water. These tests also confirmed that disconnecting the batteries when the vehicle is
still in the water provides security at its landing ground.
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Figure 6. Consumption of the vehicle versus power of the propellers
1V. Conclusions

A system has been designed for measurement and energy management for an underwater vehicle. The system
monitors the state of charge of the batteries and the instantaneous consumption of the thrusters, information that
control mission needs to optimize and facilitate navigation. A single external access connector in the vehicle
allows charging of all batteries and a radio frequency controlled switch makes the connection or disconnection of
the vehicle power, even in the water. The navigation tests performed confirm a proper system operation and
reliability of the measured data.
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