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Abstract: Has been developed a modular system for control and monitoring of voltage of cells and temperature of Li-ion 
rechargeable battery (MSB).  It is a micro-controller system for measuring the voltage of cells and their respective temperatures with 
possibility for transmission of data through a serial connection RS485 - galvanically separated. The power supply of modules is 
performed by measured rechargeable battery. Is it possible to identify the damaged cells. The system is approbated  for  monitoring 
of voltage and current charge and discharge of lithium-ion cells with a nominal voltage of 3,2 V and capacity of 100Ah, connected to 
a battery with nominal voltage 120 V and power 1,4 kW. 
This system is a necessary part of developing an original microprocessor (BMS)  controlled charging and discharging, performance 
and condition of Li-ion battery. Have been made conclusions  and have been taken decisions for future development of the battery 
management system  (BMS).. 
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1. Introduction 
 The system for monitoring of battery (MSB) is a device 
for current inspection of key operational parameters during 
charging and discharging, as voltage, electricity and the internal 
temperature of each cell of the battery and the ambient temperature. 
The system sends a signal to security devices that will include an 
alarm or turn off their load or battery charger if each of the control 
parameters reached limit unacceptable value. The system for 
monitoring of battery is a component of a much more complex 
operating system for fast battery management (BMS), which must 
have an interface with other board systems such as engine control, 
air conditioning control, communications and safety systems, 
etc.[1,7,9]. The control system of the car battery (BMS) must have 
an interface with a number of other systems on board and works in 
real time in a rapidly changing conditions of charging and 
discharging, when the vehicle accelerates and stops, and she must 
work hard and uncontrolled environment. Based on work presented 
in this device for monitoring battery (MSB) to develop a system for 
automotive battery management (BMS), the functions of which are 
summarized below. BMS has three main objectives common and 
essential for all systems, battery management [1-7]: 
Protection of cells or battery from failure. 
Extending battery life. 
Keeping the battery in a state that can meet the performance 
requirements of the application for which is fixed. 
 
2. Purpose of work 
  In the present work is designed and tested a device for monitoring 
battery status (MSB), which will be part of an automated control 
battery management system (BMS). This system will be composed 
of several interconnected loops of feedback control of the battery 
and power management of the vehicle and will have the following 
functions: To achieve these objectives the BMS may incorporate 
one or more of the following functions.  
Monitoring of conditions in individual cells which form the battery. 
 Maintenance of all cells within their operational constraints. 
Isolation of the battery in case of emergency. 
Providing information about the state of charge (SOC) battery. This 
feature is often referred to as "fuel gauge" or "Gaz  Gauge" [1,9,10]. 
Provision of information to charging and the fundamental integrity 
(SOH) of the battery. This measurement gives an indication of the 
status of the battery used, compared with a new battery. 
Providing information about the driver displays and alarms. 
Adoption and implementation of control instructions from the 
associated vehicle systems. 
   Using the recording operation of the battery. (Frequency and 
duration of charging, depending on conditions), known as the log 
function. 
  Emergency "mode locking" in case of failure of the cell. 
3.System for multiplexers monitoring Multiplexing 
 
To reduce costs, rather than monitoring each cell in parallel, the 
unit to monitor the battery includes multiplexing modular 

architecture with star topology, which excludes the voltage of each 
cell (in pairs) in turn with an analog or digital output (Figure .1.). 
Cost savings can be realized by reducing the number of analog and 
/ or digital control schemes for making data and thus decreasing the 
components to a minimum [1,2]. The disadvantage is that it can be 
observed at a time pressure and temperature but only for a single 
cell. Is necessary mechanism for switching speed signals to pass 
through the line output for each cell, so that all cells can be 
observed consistently. 

 

fig. 1.  Multiplexing for reducing number of components 
 

The transfer of signals from each cell is used to make decisions for 
all 8 baseline measurements from the ground, ie, S1-S4. These 
voltages are multiplexed to supply A / D converter, processed by a 
local microcontroller and transmitted to the CM galvanically 
separated signal by a serial data bus, such as CAN-2.0b [8]. This 
approach of chain transfer, provides greater accuracy and has 
valuable advantages over previous methods, can be used for almost 
any number of segments of the battery. This is an important 
advantage, since each base unit (S) now can measure a large 
number of segments to reduce their total number. For example, 48-
cell pack 4 base module S measuring every 12 cells can be used in 
place of perhaps 12 base module S measured every 4 cells [1,2]. 
This represents a major cost savings because, as shown in Figures 1 
and 2, each base module S usually contains multiplexer, A / D 
converter, microcontroller and two electrically isolated buffer serial 
bus for data exchange (Fig. 2) which are very expensive and 
complicated .. 
 
3.1. Central module (mainly control unit) and base modules 
(control units) 

The master and slaves, star topology, organises the cells 
into blocks or modules with one slave managing each module. 
Battery cells are organized into segments with a single 
management. Each cell has a temperature sensor, and links for 
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voltage measurement, each of which is related to the board which 
monitors the status of the cell and performs control of the cell. Each 
module measures the number of cells 4 and has a total nominal 
output voltage of 12,8 V / 100Ah. The principal block - diagram of 
a basic module is shown in figure2: 

 
фиг.2. Блок-схема на базовия модул S с микроконтролер 

 
 Names in Figure 2 are: - Rt1-Rt4 Temperature switches 
are mounted directly on each cell, and C1-C4 are the individual 
cells of Li-ion rechargeable battery. Micro-controller system base 
module has the following functions: 
- Measuring voltages of 4 cells; 
- Measurement of their respective temperatures. 
There are protections for normal and emergency modes, and the 
ability to identify damaged rechargeable cell. Each base unit has:  

- Exit to the main controller - through a serial connection RS 
485 - galvanically separated. 

- Galvanically separated signal for stopping the charger in an 
emergency of a cell - output "Error". 
The Master - Multiple slaves can be connected to the master which 
monitors the current and integrates it over time to calculate the net 
Coulomb flow and this is modified using voltage and temperature 
data from the slaves to calculate the battery SOC. Many basic 
modules are connected to the main controller to monitor current and 
over time calculated net flow of Coulomb modified using data on 
pressure and temperature of the modules to calculate the charge 
(SOC) of battery. Main controller processor controlling the main 
contactor to isolate of battery (s) to start protecting of battery in 
response to data from the main current information from the sensors 
for voltage and temperature of the base modules - S. The main 
Controller M has KOMS communication system with other 
elements on board the vehicle. The block diagram of a typical unit - 
basic module S for battery management includes electronic control 
unit - microcontroller (ECU), which monitors real-time battery 
status and EQ (EQU), which balances the levels of charging of 
battery segments [2] .  The block diagram of the new modular 
system with 4 units serving four basic modules of the package 
segment Li-Ion battery with 16 cells is shown in Figure3. 

 

  Fig. 3. Modular ECU / EQU system with 4 base module 

Some components can be redesigned to serve more segments, such 
as 16 or 24. Compared to the previous centralized management 
systems, this modular structure reduces the cost of components 
significantly. It also simplifies installation and wiring work. Each 
base unit S is a combination of local ECU unit (MCU) and the local 
unit EQU, where the ECU controls EQU. All local EQU units and 
central ECU unit on the main controller to communicate directly 
via bus for data transfer CAN-BUS 2.0b vehicle for data 
transferUsed for both internal and external communication, which 
simplifies the system because it offers advantages - speed and 
reliability. When the system is disconnected from the switch S2, 
panel enters a low current in "sleep" mode, so keep your data in the 
SRAM memory and can be measured in hours outside of EV. The 
system can be powered by 12V battery or the vehicle or 32-cell 
battery - a basic package with DC / DC converter shown in Figure 
3. The controlled switch S1 is closed when the central controller 
ECU route charging local units and the system will be powered by a 
DC / DC converter as a 12V (actually 9VDC_16VDC) battery 
remains below 15VDC. This mode is used so that alignment can be 
done in the parking lot without diluting the 12V battery. When the 
system is in standby mode during parking, S1 is open, DC / DC 
converter is turned off; plant powered by battery 12V, as the power 
of local units is excluded from the CPU. During the hours of 
standby, the plant consumes only about 8 mA current, which is 
acceptable for discharge to 12V battery. DC / DC converter is 
turned off during the stay, because even with small loads, such as 
0,8 mA, its power consumption is actually a few mAThis discharge 
would be excessive for a 32-cell battery during a long period of 
time for parking. Construction and installation of control system 
uses battery etc. "Star Topology" [10]. 
 
3.2. Star topology management system battery 
This configuration (Fig. 4) has the advantage that does not require 
printed circuit boards associated with individual cells and 
measurement of high voltage battery can be achieved by adding 
more modules S. Since the main current of the battery does not pass 
through the modules, they can be used to control a high current of 
the battery. The signal processing is shared between the main 
controller M and base  modules, thus simplifying management of 
load  and processing of information. By COMS communication 
system with bus data transfer CAN-BUS 2,0 b, BMS communicates 
with all systems of the electric vehicle. 
 

 

fig. 4. BMS with central controller (M) and base modules (S) (Star 
Topology) 

Disadvantages are that the communications between the sensors and 
the slaves are in analogue form, and thus susceptible to noise, and 
the very large number of sensor wires, four per cell, which are 
required. Disadvantages of this system is that communication 
between sensors and modules are in analog form, and therefore are 
sensitive to external noise and also availability of a large number of 
sensor wires - four to one cell [1]. Between modules and central 
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controller are necessary opto-isolated connections, as voltage of 
modules otherwise it will be gradually strengthened to reach full 
battery voltage because the links are taken higher up from the chain 
of each cell. 
 
4. Experimental results and discussion 

Experiments have been made of the developed system for 
monitoring the battery (MSB) - part of the BMS, which is under 
construction. In Fig. 5 is a graph of the differences in charging 4 
cells as measured with a base unit, with the following requirements.  
For measurements of voltage - as described in [2], each local (base) 
ECU unit used schemes voltage measurement using the following 
techniques:   

1. Calibration coefficients stored in flash memory to reduce 
errors caused by initial tolerance 
2. Operational amplifiers, to reduce errors caused by 
temperature fluctuations. 
3. Sample / retention - schemes to reduce the problem of 
voltage distortion. 

 

 
fig. 5. Measurement of voltage in 4 cells of one base unit 

for charging. 
 
A prototype of modular MSB was tested with 32 cell pack 

Li-Ion battery (120V, 100Ah), to verify its functionality. In Fig. 5 is 
a measurement of the difference voltage Vmax - V 4 cells in one 
basic module S for time 260 minutes. There were a series of tests 
between -20 º C and +50 º C with one of the basic modules 
connected to a 4 cell Li-Ion battery segment. The results show a 
maximum error of 9mV for cells that have an average voltage 
around 3.5V. This corresponds to an error of 0.26%, which is about 
half the size of the maximum estimated error of 0.51. 
Measurements of current (I) and charge (Q) - Although they share 
some elements of the same scheme for measuring the voltage, the 
required accuracy for the I and Q measurements are quite different. 
Electricity is mainly used for protection and does not usually 
require a high degree of accuracy, ie error of 5% may be adequate. 
But Q is obtained by integrating the I measurements over long 
periods of time and the error is cumulative. This means that if the 
measurement period is long enough, the error will eventually 
become unacceptable, no matter what accuracy. This means that the 
SOC must be reset periodically by a precisely known value. In 
lithium-ion batteries can be used to stabilize the voltage coupling 
circuit to determine the SOC, while the battery is stationary. 
Despite the potential need to reset it is still important to strive for 
methods of measurement are as accurate as possibleIt is obvious 
that the higher accuracy is gained Q, a long period before the reset 
is needed. The central controller of the main ECU measured Q 
accumulated in the following way. Resistive shunt is used to 
measure current, voltage and frequency (V / F), using the shunt 
converter voltage. Counter counts the number of pulses in V / F 
output for a given time interval. Q is thus obtained by very accurate 
integration of the measured current and downstream to avoid many 

of the drift errors of analog integrators. As with the voltage 
measurements of the basic modules, the current measurement is 
pre-calibrated and the original factors of tolerance and adjustment 
are stored in different sections of the entire measuring range. To 
evaluate the error over an extended period of time, shunt voltage 
VS, varies over a period of 36 minutes. SOC reset function is 
disabled during these tests to make sure that the counting of the 
Coulomb will continue without interruption throughout the 36 
minute test period. As shown in Figure 5, the system measured 222 
A.sec. at the end of the test, given that the manual measurement of 
current x time was 223,2 A.sec. This corresponds to an error of 
0.54% which was better than expected. 

 
5.Cconclusion 
 
Has been developed and has been tested a modular system for 
control and monitoring of the battery (MSB). It provides important 
advantages in three key areas: - measurement of cell voltage during 
charge and discharge, measurement of the accumulated charge to 
battery temperature measurement. Voltage measurement is 
achieved with a very accurate scheme that can offer up to 16 
measurements of the module to reduce costs. Scheme of 
measurement of charge using an accurate V / F converter connected 
to the counter, to integrating the current waveform. This extends the 
time before needing to restart the measurement. All functions are 
tested and validated on 16 cell Li-Ion battery. Surface mount 
technology is used entirely to reduce volume, mass and cost. 
Weight and volume of the modular system are respectively 70% 
and 87% smaller than some central control systems of power Li-ion 
batteries [3,4]. Based on the results obtained have made the 
necessary conclusions and practical measures taken to further 
development of other components of the entire management system 
BMS battery and its relationship to other systems of the electric 
vehicle. 
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