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Abstract: Because of small volume, high energy density, relatively high single cell voltage, low self-
discharging rate, small resistance, Lead-acid battery has been widely used in hybrid electric vehicle systems, but 
difference between every unit, defects of sensitive to temperature, sensitive to voltage and current has limited its 
use. Intelligent management system of lead-acid battery based on TMS320F2812 was designed to solve these 
problems. Experiment results prove the effectiveness of the design. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

With the development of auto industry, excessive 
energy consumption and serious pollution of the 
environment, forces people to begin to consider the 
development of a new generation of energy-saving 
and environment-friendly vehicles. The development 
of HEV (hybrid electric vehicle) is one of the best 
solutions to solve these problems [1-5]. When the 
vehicle is in low speed area, to improve the 
efficiency of the engine, generally shut down the 
engine, using high performance battery provides 
power to meet the normal running of the vehicle, 
batteries used in HEV system are: lead-acid battery, 
Ni-MH battery, Ni-Cd battery and lithium-ion 
battery. Compared with other battery, voltage of lead-
acid battery is relatively high (2.0 V), slightly lower 
than the lithium-ion battery, but compared with the 
lithium-ion battery, its price is quite low; Lead-acid 
battery can be of various sizes and various shapes 

which can be made from a few Ah to thousands of 
Ah, and its SOC (state of charge) is easy to identify. 
These features make lead-acid battery is widely used 
in hybrid vehicles. 

Although lead-acid battery used in a hybrid 
energy system has a lot of advantages, there are also 
some shortcomings, such as, 

1) Each single cell has its own capacity, even the 
same batch batteries, the capacities are not the same. 

2) In the process of charging and discharging, 
every battery can fail to work, if the phenomenon can 
not be found in time, damage of the energy system 
will be caused. 

3) Battery in this system not only under the 
influence of the outside temperature, but also under 
the influence of temperature caused by changing and 
discharging, which increases the battery inside 
pressure, at last even explode. 

4) In the charging process, increasing the 
charging current to reduce charging period, but the 
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charge current has its limitation, if charging current 
exceeds the set value, damage of battery will be 
aggravated, which directly affects the working cycle 
of the lead-acid battery. 

5) In the discharging process, battery voltage will 
be more and more low, in order to meet a certain 
power requirement, discharging current need to be 
increased, and excessive discharging also increases 
the damage of the cell. 

6) The battery discharging capacity is constrained 
by the battery voltage lower limit, if excessive 
discharging is happened, lead-acid batteries will  
be damaged. 

In this paper, lead-acid battery intelligent 
management system based on TMS320F2812 is 
proposed and designed, in order to realize the lead-
acid battery on-line detection and protect the power 
system itself and every cell of the system. 
 
 

2. Intelligent Management System  
of Lead-acid Battery 

 

Reference to domestic and foreign lead-acid 
protection system [6-11], intelligent management 
system of lead-acid battery based on TMS320F2812 
as shown in Fig. 1. 

 
 

 
 

Fig. 1. Intelligent management system of lead acid battery. 
 
 

The intelligent management system is composed 
of 12 single cell, upper limit voltage of charge system 
is 27.2 V, lower limit voltage of the discharge system 
is 23 V, average voltage of the system is 25 V, the 
maximum discharge current of 30 A, temperature 
protection threshold is 110 °C, equalization circuit 
voltage is 2.22 V, maximum charge current is 15 A. 

The intelligent management system includes 
over-voltage protection function, under- voltage 
protection function, over current protection function, 
short circuit protection function, temperature 
protection function, equalization protection function 
based on the maximum charging voltage, self-locking 
function, displaying function and so on. 
 
 

3. Hardware Design 
 

According to above discussion, the hardware of 
the system mainly includes over-current/short-circuit 
protection circuit, over/under voltage protection 
circuit, temperature protection circuit, equalization 
protection circuit, self-lock protection circuit and 
power display circuit and so on. 
 
 
3.1. Current Measurement and Protection 

Circuit 
 

Current measurement and protection circuit and 
voltage bias circuit is shown in Fig. 2, the intelligent 

system can provide a maximum current of 30 A, so in 
the measurement circuit, the maximum range of Hall 
sensor is 30 A. 
 
 

 
 

Fig. 2. Current measurement and protection circuit. 
 
 

Current goes through Hall sensor detection circuit 
can get an analog voltage, the analog voltage is 
proportional to the current, the amplitude of voltage 
is from -3.3 V to +3.3 V. It is quite obviously that the 
feedback signal is bipolar, but the DSP only accepts 
unipolar input signal, voltage bias circuit is added to 
the system, voltage is converted at a range  
of 0~3.3 V.  

Once the amplitude is not at a predetermined 
range, DSP determines whether the circuit is short or 
over current, then sends a low control signal to 
corresponding charging or discharging MOSFET, to 
shut down the channel. 
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3.2. Over/under Voltage Protection Circuit 
 

Over/under voltage protection circuit as shown in 
Fig. 3: when battery is in charging, voltage sampling 
circuit detects each cell of the energy system, when 
any single voltage exceeds the upper limit voltage 
2.4 V, the DSP controller will send over-voltage 
protection signal to charging MOSFET, quickly pull 
the gate signal low and fast shut down the charging 
channel; when the battery is in discharging, voltage 
sampling circuit begins to work, when any cell’s 
voltage below the lower limit voltage 1.9 V, the DSP 
controller sends under-voltage protection signal to 
the discharging MOSFET, quickly pull the control 
signal low and  fast shut down the discharging 
channel. 
 
 

 
 

Fig. 3. Over/under voltage protection circuit. 
 
 
3.3. Temperature Protection Circuit 
 

When the lead-acid battery discharge with a high 
current, a sharp rise of the surrounding temperature 
will be caused, which has a negative influence on 
MOSFET and lead-acid battery itself. In order to 
protect the discharging circuit and the battery, 
temperature switch is added in the system, the switch 
is put on the surface of MOSFET. When the system 
is over temperature, DSP controller forces 
discharging MOSFET gate signal to low, and quickly 
turn off the discharging channel. 
 
 
3.4. Battery Equalization Circuit 
 

Battery equalization circuit keeps each cell of the 
series battery in the same voltage, which can make 
the system maintain a steady state in a certain period, 
at present mainly judges the degree of equalization 
according to the terminal voltage of battery. Most 
equalization circuit are energy consumption types, 
the basic idea is to consume the excess energy from 
the highest voltage battery by a resistor, which causes 
a great deal waste of energy. To save energy, this 
paper proposes an energy feedback equalization 
circuit based on super capacitor, as shown in Fig. 4. 

Electronic controller is connected to the 
corresponding switch so that the capacitor C can 
charge or be discharged. Because of the difference in 
voltage, and the power is transferred from B1 to the 

B2 or from B2 to B1. In the same way, energy is 
transferred from B1, B2......to Bn. High power cell 
will charge the capacitor C, and low power cell will 
be charged by the capacitor C. Using this method, a 
higher power cell transfer its power to a lower  
power cell. This method only needs a fixed  
switching sequence, to connect or disconnect the 
corresponding switch. 
 
 

 
 

Fig. 4. Energy feedback equalization circuit principle. 
 
 

Energy feedback type equalization circuit just by 
using a large capacitor, the energy consumption of 
the capacitor is very small, just transfers energy from 
one cell to another, which has a good application in 
battery charging process. 
 
 
3.5. Self-lock Circuit 
 

Because all the cells at low voltage can rebound 
its voltage, this phenomenon makes the circuit turn 
off and turn on back and forth which causes many 
energy losses, especially for hard switching circuit, it 
is easy to cause the battery discharge with large 
current, which harms every cell of the system, 
ultimately affect the entire working cycle of the 
system, the low limit voltage self-lock circuit based 
on 9015 is designed as shown in Fig. 5. 

When the voltage detection circuit finds the energy 
system is in low state, the DSP controller sends an 
alarm signal to the low limit self-lock circuit, then the 
discharging channel is closed. 
 
 
3.6. Power Display Circuit Principle 
 

Power display circuit principle based on 
TMS320F2812 is shown in Fig. 6: in this system, 
voltage sampling circuit is connected to 
TMS320F2812, after sampling date is transferred to 
AD conversion circuit and compared with set value, 
then the DSP sets IO port state, the number of light 
emitting diode will be changed. When the power is in 
the highest state, LEDs are all on light; when the 
battery is in low voltage state, LEDs are all 
extinguished, at the same time, request of charging is 
set to DSP, DSP makes the charging channel on, then 
the system can charge the lead-acid battery. 
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Fig. 5. The self-lock circuit principle. 
 
 

 
 

Fig. 6. Power display circuit principle. 
 
 
4. Software 
 

At present, high speed, high performance DSP 
has gradually become one of the main control chip is 
widely used in control system. TMS320F2812 is an 
efficient 32 bit fixed-point DSP chip based on C and 
C++ language, attached math library can achieve 
floating-point operation, which makes PWM 

algorithm involves in this system can have a higher 
accuracy. TMS320F2812 has additional advantages 
compared with other common DSP, it uses high 
performance static CMOS technology, supply voltage 
is reduced from 5 V to 3.3 V, which can reduce 
power consumption. And improve the instruction 
execution speed to 40MIPS, making it possible to 
improve the performance of the system by using the 
advanced control algorithm. Compared with 
TMS320LF2407A, the processing speed of 
TMS320F2812 is 5 times of TMS320LF2407A, the 
AD conversion accuracy is 12 bit (TMS320LF2407 
the 10 bit AD), conversion accuracy can be higher. In 
the control system, using TMS320F2812 as the 
control processor has its main advantages: high 
precision, high reliability, high integration and high 
flexibility, suitable for HEV intelligent management 
system. 

Lead-acid battery intelligent management system 
is designed in this paper, taking TMS320f2812 as the 
core, intelligent system software flow chart is shown 
in Fig. 7. 

 
 

 
 

Fig. 7. Flow chart of intelligent system software. 
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5. Experiment 
 

The experimental platform for the energy system 
as shown in Fig. 8. 
 
 

 
 

Fig. 8. The test platform of lead-acid batteries intelligent 
management system. 

 
 

Fig. 9 shows current waveform of the charging 
circuit in the constant current charging stage. As can 
be seen that output current ripple is very small. 
 
 

 
 

Fig. 9. The charging current waveform. 
 
 

Artificially increase the surface temperature of 
charge MOSFET, the test results is shown in Fig. 10. 
From the result of the experiment can be seen, when 
the temperature exceeds 110, DSP immediately shuts 
down the MOSFET. Then cold air is added to the 
system to decrease the temperature, so MOSFET 
temperature decreased rapidly, even the spot 
temperature is decreased to about 50, the driving 
signal is also at a low level, MOSFET can not be 
opened, which is effective to protect the system. 

Increase the discharging current, waveforms of the 
discharging current and MOSFET drive signal as 
shown in Fig. 11. 

 
 

Fig. 10. Temperature test waveform. 
 
 

 
 

Fig. 11. Over charging experiment. 
 
 

As can be seen from figure 11, when the 
discharging current increases over the limit of 
protection, after a delay of about 100 ms , the 
MOSFET drive signal is changed from high level to 
low level, and the controller quickly turns off the 
discharging channel, which effectively protects the 
battery to avoid depth discharging. 

In the low voltage stage, self-lock circuit is tested, 
results as shown in Fig. 12: when the battery voltage 
drops to a lower voltage, self-lock circuit starts to 
work, immediately turn off the discharging circuit, 
then the voltage of the battery begin to rise, but the 
discharging MOSFET control signal also keeps in 
low level, which effectively solves the problem of 
battery excessive discharging in low voltage. 

After a long time charging or discharging, collects 
relevant data: voltage of every cell of the energy 
system with protection circuit and without protection 
circuit are shown in Fig. 13. 

As can be seen from Fig. 13, the upper limit 
voltages of the batteries with equalization circuit are 
kept in the equilibrium point (about 2.22 V), which is 
effective to protect the consistency of all batteries; 
Voltage of batteries without equalization circuit 
appears to be no rules can use, which harms the 
energy system greatly. 
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Fig. 12. Self-lock  circuit test waveforms. 
 
 

 
 

(a) 
 

 
 

(b) 
 

Fig. 13. Cell voltage of energy system. 
 
 

6. Conclusion 
 

In view of traditional protection circuit defection, 
intelligent management system based on 
TMS320F2812 of lead-acid battery is discussed and 
designed, experiment results show that the intelligent 
management system can effectively monitor and 
protect every cell of the energy system. 
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