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Abstract 

This document contains the technical specification of the battery management system (BMS) which is 

being developed within the BATMAX project. The BMS requirements are defined for the BMS hardware 

on BMS-Master and BMS-Slave level as well as for the accompanying software features and additional 

battery related sensors. These requirements are derived based on the needs of the laboratory proto-

type, the communication interfaces with other stakeholders (e.g., higher-level control units), and the 

integration of the sensors that are developed within the project. This includes the fundamental per-

formance parameters of the battery management system, as well as specifications regarding its hard-

ware and software interfaces. The specifications of the novel, integrated sensors, and the measure-

ment data they are gathering are explained. Furthermore, this deliverable deals with requirements for 

the data quality for battery data that is measured in laboratory setup by the BMS and its sensors. The 

data quality requirements are aligned between the capabilities of battery management system its sen-

sors and the data consumers, i.e., battery modelling and algorithms. 

Publishable Summary 

This document describes first the technical specification of the battery management system (BMS) 

which is being developed within the BATMAX project and secondly the requirements for the data this 

BMS is going to produce. 

In a first step, the basic requirements of the demonstrator application developed within this project 

are defined. This demonstrator application is one use-case through which the BATMAX project demon-

strates its improvements and novel features on BMS and modelling level. In the second step the im-

provements and novel features of the BMS, the battery system, and battery cell sensorisation are de-

scribed, that enable the BATMAX objectives (enhanced performance, safety, reliability, service life, 

lifetime cost of the battery system). Some of the objectives are directly related to BMS hardware or 

software and the accompanying sensorisation, while others rely on the data generated by the BMS to 

improved performance (e.g., battery modelling tasks). Therefore, two coherent sets of requirements 

are collected and shown, namely the “Battery Management System Requirements”, and the “Battery 

Measurement Data Quality Requirements”. 

Figure 1 shows the BATMAX system demonstrator as well as the overall system architecture, including 

the BMS-Master, BMS-Slaves, the novel EIS- and mechanical property sensors. The requirements for 

all shown subcomponents (BMS-Master, BMS-Slave, the Advanced Sensing Module, and the EIS sensor) 

are defined in this deliverable. The requirements include important parameters, such as power con-

sumption, mechanical properties and mountings, data rates and measurement accuracy. 



                     

                                                                                                                                                               

Page 4 of 40 

 

Figure 1: The BATMAX system demonstrator application includes a battery module, a BMS derived from 

the open source BMS solution “foxBMS” and novel battery sensors for electrochemical impedance spec-

troscopy and measurement of e.g., the swell force, acoustic impedance, and detailed temperature dis-

tribution. 

Furthermore, this deliverable specifies the requirements for the data quality for battery data that is 

measured in laboratory setup, e.g., voltage and current measurement frequency and accuracy. The 

data quality requirements are aligned between the two stakeholders (1), capabilities of BMS and its 

sensors, and (2) the data consumers (i.e., battery modelling and algorithms). 
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1 Introduction 

This document describes the requirements of the battery management system (BMS) for the BATMAX 

project. Figure 2 shows a general overview of the application and its architecture. The goal of the de-

monstrator is to show the benefits that are achieved on, e.g., run- and lifetime level 

- when the battery system’s operation is continuously optimized by the suggestions provided 

by the models and 

- using the algorithms for superior efficiency are used on the edge and embedded part of the 

BMS. 

 

Figure 2: Overall application architecture 

The focus of the demonstrator is therefore the integration of the models and algorithms, the new 

features developed on BMS-Master level (hard- and software) as well as on the BMS-Slave (also hard- 

and software).  

Additionally, the holistic approach of battery management in BATMAX also includes cloud digital twin, 

the architecture of which has been described in D4.1. 

1.1 Scope 
The scope of this document is to provide the requirements for the battery management system (BMS) 

for the BATMAX project. The actual design of the battery pack is outside of the document’s scope. 

However, this document addresses the topic of battery system configuration as this has a major impact 

on the BMS architecture and design. Where necessary, suitable components of the battery system that 

are related to the BMS are proposed. 

The design of the BMS for the BATMAX project is based on the open-source BMS platform foxBMS 21, 

developed by the Battery System Group of Fraunhofer IISB2. The development of a BMS is time-inten-

sive and requires specific knowledge. foxBMS supports the development of custom BMS solutions by 

making a rich base to build upon available to researchers and industries worldwide with a very permis-

sive license: 

 
1 https://foxbms.org 
2 https://www.iisb.fraunhofer.de/ 

https://foxbms.org/
https://www.iisb.fraunhofer.de/
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- for the hardware (layout, schematics) and documentation: Creative Commons Attribution 4.0 

International License 3(SPDX short identifier: CC-BY-4.04) 

- For the software: BSD 3-Clause License5 (SPDX short identifier: BSD-3-Clause6) 

Furthermore, this document describes which data is assembled in the BATMAX project. The guidelines 

on how this measurement data shall be gathered and further downstream stored, managed and an-

notated is also defined. 

1.2 Terminology 
The terminology described in this section is used throughout this document. 

1.2.1 Requirements Specific Terminology 
The key words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD 

NOT”, “RECOMMENDED”, “NOT RECOMMENDED”, “MAY”, and “OPTIONAL” in this document are to 

be interpreted as described in the RFC 2119 and RFC 8174 documents of the Internet Engineering Task 

Force (IETF) when, and only when, they appear in all capitals and bold, as shown in this sentence. The 

definitions according to RFC 2119 are: 

1. MUST: This word, or the terms "REQUIRED" or "SHALL", mean that the definition is an absolute 
requirement of the specification. 

2. MUST NOT: This phrase, or the phrase "SHALL NOT", mean that the definition is an absolute 
prohibition of the specification. 

3. SHOULD: This word, or the adjective "RECOMMENDED", mean that there may exist valid rea-
sons in particular circumstances to ignore a particular item, but the full implications must be 
understood and carefully weighed before choosing a different course. 

4. SHOULD NOT: This phrase, or the phrase "NOT RECOMMENDED" mean that there may exist 
valid reasons in particular circumstances when the particular behaviour is acceptable or even 
useful, but the full implications should be understood and the case carefully weighed before 
implementing any behaviour described with this label. 

5. MAY: This word, or the adjective "OPTIONAL", mean that an item is truly optional. One vendor 
may choose to include the item because a particular marketplace requires it or because the 
vendor feels that it enhances the product while another vendor may omit the same item. An 
implementation which does not include a particular option MUST be prepared to interoperate 
with another implementation which does include the option, though perhaps with reduced 
functionality. In the same vein an implementation which does include a particular option 
MUST be prepared to interoperate with another implementation which does not include the 
option (except, of course, for the feature the option provides.) 

1.2.2 Battery Specific Terminology 
Battery systems consist of several single battery cells that are connected electrically both in parallel 

and in series. To avoid ambiguity the terminology described in Figure 3 is used throughout this docu-

ment. 

 
3 https://creativecommons.org/licenses/by/4.0/ 
4 https://spdx.org/licenses/CC-BY-4.0.html 
5 https://opensource.org/license/BSD-3-clause/ 
6 https://spdx.org/licenses/BSD-3-Clause.html 

https://creativecommons.org/licenses/by/4.0/
https://spdx.org/licenses/CC-BY-4.0.html
https://opensource.org/license/BSD-3-clause/
https://spdx.org/licenses/BSD-3-Clause.html
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Figure 3: Naming conventions for battery system elements (as defined by the foxBMS project 7 

The basic unit of a battery system is a battery cell, as it is typically supplied by the cell manufacturer. 

If several cells are combined through a parallel connection, the resulting unit is called a (cell) block. 

Several cell blocks, typically from two to 24 blocks, can be connected in series to form a battery module. 

The series connection of several battery modules is called string, which is the smallest unit that can 

supply the full battery system voltage. If, for reasons of redundancy, flexibility, or current capacity 

several strings are connected in parallel, the resulting unit is called a pack. Together with the other 

required battery system components such as contactors or fuses, summarized in the Battery Junction 

Box (BJB) it forms the battery system. 

The hardware that monitors the battery cells (individual cell voltage and cell temperature) is called 

BMS-Slave. One or multiple BMS-Slaves are daisy chained and connected to a central BMS processing 

unit, the BMS-Master (see Figure 4). 

 

Figure 4 : Naming convention for BMS-Master and BMS-Slave 

Figure 5 shows a battery system with n battery modules in a single string configuration. The Insulation 

Measurement Device (IMD) measures the insulation resistance of the battery system. The Manual 

 
7 https://docs.foxbms.org/introduction/naming-conventions.html 

https://docs.foxbms.org/introduction/naming-conventions.html
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Service Disconnect (MSD) allows to disconnect the battery system from the application independently 

from the contactors to allow a safe servicing state. Table 1 shows the different measurement points 

for voltage and current in the battery system that are required during usage. 

 

Figure 5: Single string battery system and a single power path8 

Table 1 shows the different measurement points for voltage and current in the battery system that are 

required during usage. 

Table 1: Names for different measurement points for voltage and current in a single string battery 

system9 

Symbol Description 

VP Pack voltage 

VFP voltage after main fuse 

VSV System voltage 

VSV2 System voltage: second power path 

IP Pack current 

 
8 Adapted from https://docs.foxbms.org 
9 https://docs.foxbms.org 

https://docs.foxbms.org/
https://docs.foxbms.org/
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1.2.3 Abbreviations 
The following abbreviations are used within the document: 

BMS Battery Management System 

BJB Battery Junction Box 

EIS Electrochemical Impedance Spectroscopy 

SEU Single event upset 

SiC Silicon carbide 

SoC State of Charge 

SoE State of Energy 

SoF State of Function 

SoH State of Health 

SoT State of Temperature 

LFP Lithium iron phosphate 

RH Relative humidity 

WDC Wireless Data Concentrator 

1.3 Requirement Table Template 
The requirements in this document are listed in tabular format. The template for this requirements 

table with an exhaustive list of the specification details is shown in Table 2. Optional comments can be 

added as free text after the requirement table as shown below using “Note” as indication for the com-

ment. 

Table 2: Template used for specifying the requirements in the BATMAX project. 

Identifier BMS-MECH-x or BMS-MECH-x.x 

BMS-ELEC-x or BMS-ELEC-x.x 

BMS-FEAT-x or BMS-FEAT-x.x 

BMS-AFEIS-x 

BMS-AFTMP-x 

DATA-VOLT-x 

DATA-TEMP-x 

DATA-CURR-x 

DATA-EIS-x 

DATA-TDIS-x 

DATA-EDIS-x 

DATA-RH-x 

DATA-SWEL-x 

DATA-AIMP-x 

Title This is the title of the requirement 

Requirement This is the atomic requirement. 

Motivation This is the explanation of why the requirement was specified 

Note: A requirements table can be followed by an optional comment, like this one. 

The meanings of the abbreviations used in the identifier row are: 
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BMS-MECH-x  Mechanics 

BMS-ELEC-x  Electronic 

BMS-FEAT-x  Feature 

BMS-AFEIS-x  Advanced Feature Electrochemical Impedance Spectroscopy 

BMS-AFTMP-x  Advanced Feature Temperature and Mechanical Properties 

DATA-VOLT-x  Voltage 

DATA-CURR-x  Current 

DATA-EIS-x  Electrochemical Impedance Spectroscopy 

DATA-TEMP-x  Basic Temperature Measurement 

DATA-RH-x  Relative Humidity Measurement 

DATA-TDIS-x  Temperature Distribution 

DATA-EDIS-x  Electrical Distribution 

DATA-CDEF-x  Cell Deformation 

DATA-SWEL-x  Swelling Force 

DATA-AIMP-x  Acoustic Impedance 

1.4 Reference Document 
This document is based on the following best current practice (BCP) documents: 

Best Current Practices 

ID Short name Description/Details 

[B1] RFC 2119 Bradner, S., "Key words for use in RFCs to Indicate Requirement Levels", BCP 14, 

RFC 2119, Technical Report, Internet Engineering Task Force (IETF), March 1997, 

<https://www.rfc-editor.org/info/rfc2119>. URL: 

https://tools.ietf.org/html/rfc2119 ; DOI: 10.17487/rfc2119 

[B2] RFC 8174 Leiba, B., "Ambiguity of Uppercase vs Lowercase in RFC 2119 Key Words", BCP 

14, RFC 8174, Technical Report, Internet Engineering Task Force (IETF), May 2017, 

<https://www.rfc-editor.org/info/rfc8174>. URL: 

https://tools.ietf.org/html/rfc8174 ; DOI: 10.17487/rfc8174. 

 

  

https://www.rfc-editor.org/info/rfc2119
https://tools.ietf.org/html/rfc2119
https://doi.org/10.17487/rfc2119
https://www.rfc-editor.org/info/rfc8174
https://tools.ietf.org/html/rfc8174
https://doi.org/10.17487/rfc8174
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2 Application’s Requirements 

This section describes first the application system architecture and requirements from the applica-

tion’s perspective towards the energy system, i.e., the battery system. Based on these, the consequen-

tial architecture, partitioning and functional requirements of the BMS are derived in the next section. 

Some of these requirements require initial design decisions about the battery system already known, 

e.g., whether the power paths for charring and discarding are separated or not. 

2.1 General Application Requirements 

The application requires the following mechanical, electrical, control and communication, environ-

mental as well as miscellaneous properties from the battery system so that it can operate in all differ-

ent usage scenarios. These parameters for the application system of the BATMAX are defined in the 

following tables, electrical properties (Table 3), mechanical properties (Table 4), the control interfaces 

to interact with the battery system (over the BMS) and the general communication with the BMS (Ta-

ble 5), environmental properties (Table 6), and miscellaneous properties (Table 7). 

Table 3: Electrical properties 

Parameter Value Description 

Minimum system voltage 33 V Soft requirement10 

Nominal system voltage 48 V Soft requirement10 

Maximum system voltage 55.5 V Soft requirement10 

Maximum charge current 60 A Soft requirement10 

Maximum discharge current 60 A Soft requirement10 

Minimum energy content 1440 Wh Soft requirement10 

Table 4: Mechanical properties 

Parameter Value Description 

Maximum volume 20 mm x 200 mm x 230 mm Soft requirement10 

Maximum volume 9.2 l Soft requirement10 

Maximum weight 9 kg Soft requirement10 

Ingress Protection (IP) code IP20 Soft requirement10 

Table 5: Control and communication 

Parameter Value Description 

Control interface CAN 

TCP/IP 

CAN is the default option 

 
10 Soft requirement as the module design is not in the scope of the project as it is only needed for the model, 

algorithm and BMS verification. 
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TCP/IP is the enhanced control in-

terface developed in the BATMAX 

project 

Current measurement frequency 30 Hz - 

Cell voltage measurement frequency 30 Hz - 

String voltage measurement frequency 30 Hz - 

Pack voltage measurement frequency 30 Hz - 

State of Charge 5 Hz - 

State of Energy 5 Hz - 

State of Power 5 Hz - 

State of Health ~ 0.0002 Hz 

(once per Hour) 

SOH update ca. once per hour is 

reasonable enough due to the slow 

change of this property 

Table 6: Environmental properties 

Parameter Value Description 

Operating range -20 °C to + 50 °C Soft requirement10 

Transport and storage range -20 °C to + 50 °C Soft requirement10 

Table 7: Miscellaneous properties 

Parameter Value Description 

Number of power paths 1 One combined power path for 

charging and discharging 

Number of contactors in power path 1 3 One contactor per lead and an addi-

tional one for precharging 

The block diagram in Figure 6 shows the setup of the demonstrator application. 
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Figure 6: Demonstrator application, battery system architecture, BMS and sensor partitioning 

2.2 BMS-Slave 
The application shall use BMS-Slaves (derived from an foxBMS BMS-Slave) to measure 

- up to 18 individual cell voltages and 

- up to 8 temperatures inside or on the module. 

The BMS-Slave will provide the basic information the application needs to ensure a safe operation of 

the battery powered application. The enhancements during runtime will be achieved by the additional 

sensors that will be added to the battery system (EIS-sensor and Advanced Sensor Array). 

2.3 EIS Sensor 
The objective of the EIS boards is to perform EIS measurements on request as illustrated in Figure 7. 

The communication between the EIS boards and the BMS is provided in Figure 8. For practical reasons 

the EIS boards are not directly connected to the BMS. The EIS boards are wirelessly connected to the 

Wireless Data Concentrator (WDC) that is connected to the BMS. The WDC is connected to the BMS 

master though a “RS485 MODBUS to CAN” converter that will be provided by FHG. The EIS-sensor 

related requirements are found in Section.3.3.2.1 (EIS Measurement). 
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Figure 7: Data exchange summary between cloud, BMS and EIS boards 

 

 

Figure 8: EIS board and BMS communication overview 

2.4 Advanced Sensor Array 
The objective is to sense parameters related to the state of health and other state-parameters of the 

battery cells by means of printed and advanced sensor arrays and to provide that data to the BMS, i.e., 

for models for enhanced runtime. 

The measurement system consists of two parts: 

• An array of sensors including a communication channel (Figure 9). 
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• A data concentrator which receives the sensor data, pre-processes the received sensor data 

and provides a data-bucket with time stamped and annotated information (sensor value, lo-

cation of sensor in array, timestamp) to the BMS (Figure 10). 

 

Figure 9 : Advanced Sensor Array organization and communication with foxBMS. The sensor provides 

the temperature distribution (T), the mechanical stress, i.e., the swelling force (P), and the acoustic 

impedance (P). 

 

 

Figure 10: Sensor data collection principle and communication with BMS 

2.5 Battery Cell 
The selected battery cell is one of the main influencers of the battery system design and therefore also 

the BMS (i.e., for architecture considerations). The properties of the selected cell are listed in Table 8. 

A technical drawing of the battery cell is shown in Figure 11. 
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Table 8: Battery cell properties 

Parameter Value Description 

Generation 3b 3b generation battery cells com-

bine an anode with a high silicon 

content (≥10 %) with a high-ca-

pacity or high-voltage cathode 

Cell type Pouch - 

Cathode material LFP Lithium iron phosphate  

Anode material Si/C Silicon graphite composite 

Electrolyte Liquid - 

Rated Capacity 30 Ah - 

Maximum charging voltage 3.6 V - 

Nominal voltage 3.2 V  

Discharging Cut-off voltage 2.2 V Safety limit: 2.0 V, however it is 

recommended to stay above 

2.2 V 

Internal resistance 1.8 mΩ Measured at 1 kHz 

Continuous maximum charging current  30 A Standard charge current 1 C 

Continuous maximum discharging current 60 A Standard discharge current 1 C 

Allowable temperature range charge 0°C – 45 °C - 

Allowable temperature range discharge -20°C – 50 °C - 

Volume 0.4 l - 

Volume 9.3 mm x 170 mm x 240 mm - 

Weight 0.350 kg - 
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Figure 11: Technical drawing of the battery cell (all dimensions in mm) 

3 Battery Management System Requirements 

3.1 BMS Mechanical Requirements 
This section lists requirements that are specially related to the mechanical implementation domain of 

the BMS. 

3.1.1 BMS Volume 

Identifier BMS-MECH-1 

Title BMS Volume Requirement 

Requirement The BMS volume SHALL not exceed the dimensional limitations 0.150 m x 0.200 m x 

0.030 m. 

Motivation The BMS hardware shall add as less as possible overhead to the battery system. 

3.1.2 BMS Weight 

Identifier BMS-MECH-2 

Title BMS Weight Requirement 

Requirement The BMS (including the BMS Master and all BMS Slaves) weight SHALL not exceed 

the weight limitations of 0.750 kg. 

Motivation The BMS hardware shall add as less as possible overhead to the battery system. 

3.1.3 BMS-Master Ingress Protection 

Identifier BMS-MECH-3 
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Title BMS Ingress Protection Requirement 

Requirement The BMS-Master SHALL adhere to IP20. 

Motivation The BMS-Master shall be protected against accidental touching of voltage carrying 

parts and components. 

Note: The BMS-Slaves shall not need to be ingress protected, as these are mounted on the modules 

and the task of ingress protection is delegated to the module design. 

3.1.4 BMS-Master and BMS-Slave Storage Environment 

Identifier BMS-MECH-4 

Title BMS-Master and BMS-Slave Storage Environment Requirement 

Requirement The BMS-Master and BMS-Slave SHALL be able to be stored in an environment con-

sisting of an ambient temperature range from -65 °C to +125 °C, an altitude range 

from 0 m to 7000 m, and an ambient relative humidity range from 10 % to 90 %. 

Motivation The environmental conditions in which the BMS electronics will be stored and oper-

ated shall be explicitly defined, to ensure that no hazardous event can occur because 

of excessive environmental conditions (i.e., temperature, altitude with air pressure 

and cosmic radiation, relative humidity). 

3.1.5 BMS-Master and BMS-Slave Operational Environment 

Identifier BMS-MECH-5 

Title BMS-Master and BMS-Slave Operational Environment Requirement 

Requirement The BMS-Master and BMS-Slave SHALL be able to be operated in an environment 

consisting of an ambient temperature range from -65 °C to +125 °C, an altitude 

range from 0 m to 7000 m, and an ambient relative humidity range from 10 % to 

90 %. 

Motivation This requirement can be implemented by carefully selecting electronics components 

and connectors qualified to support and perform safely and reliably in the specified 

environmental conditions. 

3.2 BMS Electrical Requirements 
This section lists requirements that are specially related to the electrical implementation domain of 

the BMS. 

3.2.1 BMS-Master and BMS-Slave Storage Environment 

Identifier BMS-ELEC-1 

Title BMS-Master and BMS-Slave Storage Environment Requirement 

Requirement The BMS-Master and BMS-Slave SHALL be able to be stored in an environment con-

sisting of an ambient temperature range from -65 °C to +125 °C, an altitude range 

from 0 m to 7000 m, and an ambient relative humidity range from 10 % to 90 %. 

Motivation The environmental conditions in which the BMS electronics will be stored and oper-

ated shall be explicitly defined, to ensure that no hazardous event can occur because 

of excessive environmental conditions (i.e., temperature, altitude with air pressure 

and cosmic radiation, relative humidity). 
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3.2.2 BMS-Master and BMS-Slave Operational Environment 

Identifier BMS-ELEC-2 

Title BMS-Master and BMS-Slave Operational Environment Requirement 

Requirement The BMS-Master and BMS-Slave SHALL be able to be operated in an environment 

consisting of an ambient temperature range from -65 °C to +125 °C, an altitude 

range from 0 m to 7000 m, and an ambient relative humidity range from 10 % to 

90 %. 

Motivation The environmental conditions in which the BMS electronics will be stored and oper-

ated shall be explicitly defined, to ensure that no hazardous event can occur because 

of excessive environmental conditions (i.e., temperature, altitude with air pressure 

and cosmic radiation, relative humidity). 

3.2.3 BMS-Master Power Supply 

Identifier BMS-ELEC-3 

Title BMS-Master Power Supply Requirement 

Requirement The BMS-Master SHALL be powered by an input voltage range from 9 V to 60 V. 

Motivation The BMS-Master shall be operatable with a wide voltage input range, so that it can 

work in multiple domains (e.g., automotive, transport, aviation). 

3.2.4 BMS-Master Power Supply Isolation 

Identifier BMS-ELEC-4 

Title BMS-Master Power Supply Isolation Requirement 

Requirement The BMS-Master power supply SHALL be isolated from HV power input & output 

channel, CAN, and independent discrete outputs. 

Motivation The BMS-Master shall be protected from voltage level-shifting and ground loops and 

similar problems. 

3.2.5 BMS-Master Power Supply Quality 

Identifier BMS-ELEC-5 

Title BMS-Master Power Supply Isolation Requirement 

Requirement The BMS-Master power supply SHALL be compatible with MIL-STD-704F. 

Motivation The BMS-Master shall be able to operate in a wide range of target applications. 

3.2.6 BMS-Slave Power Supply 

Identifier BMS-ELEC-6 

Title BMS-Slave Power Supply Requirement 

Requirement The BMS-Slave SHALL be powered by the battery cells it is monitoring and supported 

to being externally powered by an input voltage range from 10 V to 90 V. 

Motivation The BMS-Slave shall be operatable with a wide voltage input range, so that it can 

work in multiple domains (e.g., automotive, transport, aviation). 

3.2.7 BMS-Slave Power Supply Isolation 

Identifier BMS-ELEC-7 
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Title BMS-Slave Power Supply Isolation Requirement 

Requirement The BMS-Slave power supply SHALL be isolated from HV power input & output chan-

nel, CAN, and independent discrete outputs. 

Motivation The BMS-Slave shall be protected from voltage level-shifting and ground loops and 

similar problems. 

3.2.8 BMS HV and LV Isolation 

Identifier BMS-ELEC-8 

Title BMS HV and LV Isolation Requirement 

Requirement The BMS elements in contact with the HV network SHALL be isolated from the LV 

elements by a dielectric barrier of at least 1500 Vdc. 

Motivation  

3.2.9 BMS Electromagnetic Compatibility 

Identifier BMS-ELEC-9 

Title BMS Electromagnetic Compatibility Requirement 

Requirement The BMS elements in contact with the HV network SHALL be isolated from the LV 

elements by a dielectric barrier of at least 1500 Vdc. 

Motivation  

3.3 BMS Feature Requirements 
This section lists requirements that are related to features the BMS shall implement and can be from 

any domain (mechanical, electrical, software) or a combination of them. 

3.3.1 Basic Measurements 

3.3.1.1 Cell/Cellblock Voltage Measurement 

Identifier BMS-FEAT-1.1 

Title Cell/Cellblock Voltage Measurement Requirement 

Requirement The BMS SHALL measure all cell/cell block voltages periodically with at least 30 Hz. 

Motivation In almost every lithium-ion battery cell chemistry, upper and lower battery cell volt-

age limits shall never be exceeded during the whole lifetime of the battery system. 

This requires a voltage measurement function to monitor that the battery cell volt-

ages remain within the specified boundaries. 

These upper and lower limits are defined in the cell datasheet and provide the op-

erating range in which a battery cell can be operated safely. Out of bound voltages 

can lead to hazardous events. 

3.3.1.2 Cell/Cellblock Temperature Measurement 

Identifier BMS-FEAT-1.2 

Title Cell/Cellblock Temperature Measurement Requirement 

Requirement The BMS SHALL measure all cell/cell block temperatures periodically with at least 

30 Hz. 
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Motivation In almost every lithium-ion battery cell chemistry, strict temperature limits (maxi-

mum and minimum) must carefully be ensured during the whole lifetime of the bat-

tery system, thus requiring a temperature measurement function to detect if the 

temperature leaves the Safe Operating Area. 

These upper and lower limits are defined in the cell datasheet and provide the safe 

operating area in which a cell can be operated safely. Out of bound cell temperatures 

can lead to hazardous events. 

3.3.1.3 String Current Measurement 

Identifier BMS-FEAT-1.3 

Title String Current Measurement Requirement 

Requirement The BMS SHALL measure all individual string currents periodically with at least 30 Hz. 

Motivation The current per battery cell/cell block is one of the dominant safety factors of the 

battery system. The battery current per string is an important measure to calculate 

the battery current per cell. 

3.3.1.4 Pack Current Measurement 

Identifier BMS-FEAT-1.4 

Title Pack Current Measurement Requirement 

Requirement The BMS SHALL measure the pack current periodically with at least 30 Hz. 

Motivation The current per battery cell/cell block is one of the dominant safety factors of the 

battery system. The battery current per pack is an important measure to calculate. 

3.3.1.5 String Voltages Measurement 

Identifier BMS-FEAT-1.5 

Title String Voltages Measurement Requirement 

Requirement The BMS SHALL measure the individual string voltages and fused string voltages ac-

cordingly to Figure 5 periodically with at least 30 Hz. 

Motivation The string voltage needs to be measured to control the connection of the strings of 

the battery system to the application. The string voltage can be used to validate the 

cell/cell block measurement. 

3.3.1.6 Pack Voltage Measurement 

Identifier BMS-FEAT-1.6 

Title Pack Voltage Measurements Requirement 

Requirement The BMS SHALL measure the pack voltage and fused pack voltages accordingly to 

Figure 5 periodically with at least 30 Hz. 

Motivation The pack voltage needs to be measured to control the connection of the battery 

pack to the application. 

3.3.2 Advanced Measurement Functionalities 

3.3.2.1 EIS Measurement 

3.3.2.1.1 EIS Board Mechanical Mounting 

Identifier BMS-AFEIS-1  
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Title EIS Board Mechanical Mounting Requirement 

Requirement The EIS board SHALL be mounted directly to the cell tabs. 

Motivation For an optimal EIS quality as well as for integration purposes it is required that the 

EIS board is directly mounted on the cell. 

3.3.2.1.2 EIS Board Power Supply 

Identifier BMS-AFEIS-2  

Title EIS Board Power Supply Requirement 

Requirement The EIS Board SHALL be directly supplied by the cell. An external power supply MAY 

be implemented. 

Motivation The EIS boards are self-powered (i.e., no additional wiring for the power supply). 

Note: the EIS boards are designed for minimal power usage, they will however con-

sume some power that will cause additional ageing. 

An alternative is to externally power the EIS boards. 

The expected maximum current consumption in continuous operation mode is 

100mA at ~5V. 

3.3.2.1.3 EIS Board Communication Interface 

Identifier BMS-AFEIS-3  

Title EIS Board Communication Interface Requirement 

Requirement The EIS board SHALL communicate via Modbus over RS485. The EIS board MAY use 

additional interfaces in the communication path achieve Modbus over RS485 com-

munication. 

Motivation The EIS measurement data shall be transmitted via a well standardized interface. In 

this project the best option for all stakeholders is Modbus over RS485. The EIS board 

does not natively support Modbus over RS485, but the Wireless Data Concentrator 

(WDC) developed by CSEM does. Therefore, the communication with the BMS-Mas-

ter via Modbus over RS485 will be implemented via the WDC as gateway. 

3.3.2.1.4 EIS Board Communication Interface Power Supply 

Identifier BMS-AFEIS-4  

Title EIS Board Communication Interface Power Supply Power Supply 

Requirement The EIS Board Communication Interface SHALL be powered externally by 4-36 V. 

Motivation An external communication interface (e.g., the WDC) shall have the possibility to be 

externally powered. The typical current consumption is 1200 mA at 3.3 V. 

Note: The theoretical current peak at 3.3 V is 1170 mA. In practical usage 300 mA are not exceeded. 

3.3.2.1.5 Amplitude and Phase Computation 

Identifier BMS-AFEIS-5  

Title Amplitude and Phase Computation Requirement 

Requirement The EIS board SHALL compute the amplitude and phase based on the data of the EIS 

measurement. 

Motivation The EIS board does only send the EIS result and not the raw EIS data. 
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3.3.2.1.6 Transmission of EIS Data 

Identifier BMS-AFEIS-6  

Title Transmission of EIS Data Requirement 

Requirement The EIS board SHALL transmit the calculated amplitude and phase information on 

the communication interface. 

Motivation The EIS board shall not only transmit the raw EIS data but also the amplitude and 

phase information to ease the integration in the higher-level control units. 

3.3.2.1.7 SoC and SoT Computation 

Identifier BMS-AFEIS-7  

Title SoC and SoT Computation Requirement 

Requirement The EIS board SHALL compute the SoC and SoT and send it to the BMS 

Motivation The EIS board does only send the EIS result and not the raw EIS data. 

3.3.2.1.8 Transmission of SoC and SoT Data 

Identifier BMS-AFEIS-8  

Title Transmission of SoC and SoT Data Requirement 

Requirement The EIS board SHALL transmit the calculated SoC and SoT information on the com-

munication interface. 

Motivation The EIS board shall directly transmit the SoC and SoT information to ease the inte-

gration in the higher-level control units. 

3.3.2.1.9 EIS Measurement Initiation 

Identifier BMS-AFEIS-9  

Title EIS Measurement Initiation Requirement 

Requirement The EIS board SHALL initiate the EIS measurement of a given cell upon request of the 

BMS. 

Motivation The EIS measurement is only carried out at specific moments (i.e., not continuously). 

These are to be initiated by the BMS, e.g., the BMS might receive the command from 

the digital twin framework for instance. 

3.3.2.1.10 EIS Measurement Frequency Range 

Identifier BMS-AFEIS-10  

Title EIS Measurement Frequency Range Requirement 

Requirement The EIS SHALL be carried out from 10 mHz to 1 kHz with 5 points per decade. 

Motivation For modeling purposes, the proposed range above is known to work well. 

3.3.2.1.11 EIS Measurement Type 

Identifier BMS-AFEIS-11  

Title EIS Measurement Type Requirement 

Requirement Galvanostatic EIS SHALL be performed. 

Motivation This is the design choice put in place by CSEM. 
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3.3.2.1.12 EIS Measurement Excitation Current 

Identifier BMS-AFEIS-12  

Title EIS Measurement Excitation Current Requirement 

Requirement The EIS SHALL operate at ~C/20. 

Motivation To reach the desired signal quality, C/20 provides good results. 

3.3.2.1.13 ECM Parameter Update 

Identifier BMS-AFEIS-13  

Title ECM Parameter Update Requirement 

Requirement The BMS-Master SHALL send the updated ECM parameters to the EIS board. 

Motivation The EIS board does not have enough processing power to carry out the ECM param-

eter identification. This step will be carried out in the cloud (digital twin). When a 

new set of ECM parameter is available. The new value will be pushed by the cloud 

do the BMS then to the EIS board. 

Amount of data: ~4 pairs of R/C values (float), 1x / day at most 

3.3.2.2 Advanced Temperature and Mechanical Properties Measurement 

3.3.2.2.1 Advanced Sensor Array Board Mechanical Mounting 

Identifier BMS-AFTMP-1 

Title Advanced Sensor Array Board Mechanical Mounting 

Requirement The Advanced Sensor Array board SHALL be connected to the cell-packaging using 

an adhesive fixture. 

Motivation The sensor-array is implemented as an adhesive flexible PCB which needs to be fixed 

directly on the cell packaging for a correct measurement of temperature distribu-

tion, RH, and swell forces across the cell. 

3.3.2.2.2 Advanced Sensor Array Power Supply 

Identifier BMS-AFTMP-2 

Title Advanced Sensor Array Power Supply 

Requirement The Advanced Sensor Array MAY be powered directly from the tabs and MAY be 

powered by an external power source. The maximum voltage to be supplied SHALL 

be 30 V. The maximum current drawn from the system SHALL be 100 mA. 

Motivation The sensor array will provide connection tabs which can be connected to the battery 

tabs. No external power will be needed. This however also means that under the 

condition that the battery is empty no information can be retrieved about the bat-

tery. 

If it is important to be able to measure the battery parameters also under such cir-

cumstances, an external powering should be provided. 

Note: The current drawn by the sensor array is highly dependent on the number of sensors in the 

sensor array. 

3.3.2.2.3 Advanced Sensor Array Communication Interface Power Supply 

Identifier BMS-AFTMP-3 
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Title Advanced Sensor Array Communication Interface Power Supply 

Requirement The Advanced Sensor Array Communication Interface SHALL be powered externally 

by 3-36 V. 

Motivation The powering is flexible, preferably it will be powered by the BMS- Slave or BMS-

Master. 

Note: The theoretical current peak is at 3.3 V is 500 mA. 

3.3.2.2.4 Advanced Sensor Array Communication Interface 

Identifier BMS-AFTMP-4 

Title Advanced Sensor Array Communication Interface Requirement 

Requirement The Advanced Sensor Array SHALL communicate with the BMS via CAN. 

Motivation A simple, well defined and industry standard communication interface is required to 

support an easy integration of the Advanced Sensor Array into the demonstrator 

application. 

Note: The Advanced Sensor Array may communicate (via a protocol freely chosen) with additional 

hardware that gathers the information from several Advanced Sensor Arrays and this hardware then 

transmits the aggregated data via CAN. 

3.3.2.2.5 Advanced Sensor Array Advanced Temperature Sensors 

Identifier BMS-AFTMP-4 

Title Advanced Sensor Array Advanced Temperature Sensors 

Requirement The Advanced Sensor Array SHALL have minimally 2 temperature sensors. The num-

ber MAY be increased up to 6 temperature sensors. 

Motivation The number of sensors must be chosen in line with the model requirements. The 

minimum number of sensors is 2 and can be increased up to 6. 

3.3.2.2.6 Advanced Sensor Array Swell Force/Deformation Sensors 

Identifier BMS-AFTMP-4 

Title Advanced Sensor Array Swell Force/Deformation Sensors 

Requirement The Advanced Sensor Array SHALL have minimally 2 swell force/deformation sen-

sors. The number MAY be increased 6 swell force/deformation sensors.  

Motivation The number of sensors must be chosen in line with the model requirements. The 

minimum number of sensors is 2 and can be increased up to 6. 

3.3.3 Communication 

3.3.3.1 CAN Communication Interface 

Identifier BMS-FEAT-2.1 

Title CAN Communication Interface Requirement 

Requirement The BMS SHALL have a CAN interface to communicate with a higher-level control 

unit. 
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Motivation CAN is a common, simple, and well standardized communication protocol for differ-

ent kind of applications and the choice of the higher-level control unit shall be un-

necessarily restricted. 

3.3.3.2 CAN Communication Interface – Baud rate 

Identifier BMS-FEAT-2.2 

Title CAN Communication Interface – Baud rate Requirement 

Requirement The baud rate of the BMS CAN interface SHALL be configurable. 

Motivation The BMS shall communicate with different higher-level control units and the choice 

of the higher-level control unit shall be unnecessarily restricted. 

3.3.3.3 Firmware Updates via CAN Bus 

Identifier BMS-FEAT-2.3 

Title Firmware Updates via CAN Bus Requirement 

Requirement The firmware of the BMS SHOULD be updateable via CAN. 

Motivation In order to simply update the BMS in the installation place, the BMS should be able 

to receive updates of the firmware via CAN. 

3.3.3.4 Ethernet Communication Interface 

Identifier BMS-FEAT-2.4 

Title Ethernet Communication Interface Requirement 

Requirement The BMS SHALL have an Ethernet interface to communicate with a higher-level con-

trol unit via TCP/IP. 

Motivation Ethernet and TCP/IP allow higher data rates and enables the BMS to communicate 

more measurement data to higher-level control units and other data processing 

units. 

3.3.3.5 Version Identification 

Identifier BMS-FEAT-2.5 

Title Version Identification Requirement 

Requirement The BMS SHALL be able to report its version via the communication interfaces. 

Motivation The BMS shall be able to communicate its version information in order to allow an 

operator or control unit to determine the supported features and capabilities (that 

are coupled on its version) of the BMS. 

3.3.4 Control 

3.3.4.1 Contactor Control 

Identifier BMS-FEAT-3.1 

Title Contactor Control Requirement 

Requirement The BMS SHALL have the ability to drive and control up to 3 individual contactors. 

Motivation The battery needs to be connected and disconnected from the application during 

operation. This feature is typically implemented by some kind of contactor or semi-

conductor switch. 
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3.3.4.2 Balancing Control 

Identifier BMS-FEAT-3.3 

Title Balancing Control Requirement 

Requirement The BMS SHALL have the ability to balance the individual cells/cells blocks in the 

battery with up to 100 mA. 

Motivation The battery needs to be connected and disconnected from the application during 

operation. This feature is typically implemented by some kind of contactor or semi-

conductor switch. 

3.3.5 (Battery) Protection 

3.3.5.1 Insulation Monitoring 

Identifier BMS-FEAT-4.1 

Title Requirement 

Requirement The BMS SHALL have the ability to measure the insulation status between HV posi-

tive and chassis as well as between HV negative and chassis. 

Motivation Insulation errors can lead to potential hazardous battery events and continues mon-

itoring of the insulation can help to early detected these and warn early about the 

coming hazardous event. 

The BMS shall ensure that insulation error is signalized to the higher-level control 

unit. 

3.3.5.2 Overcharge and Overvoltage Protection 

Identifier BMS-FEAT-4.2 

Title Requirement 

Requirement The BMS SHALL have the ability to detect potential overcharge and overvoltage 

events and take actions to prevent them. 

Motivation Lithium-ion batteries are sensitive to overvoltage events. If the maximum allowed 

voltage is exceeded, hazardous chemical reactions may occur, and by that damaging 

the battery cell. 

The BMS shall ensure that an overcharge or overvoltage event 

- are prevented (i.e., by switching off contactors at the specific limits or if 

possible limit the discharging current), and/or 

are signalized to the higher-level control unit. 

3.3.5.3 Overdischarge and Undervoltage Protection 

Identifier BMS-FEAT-4.3 

Title Requirement 

Requirement The BMS SHALL have the ability to detect potential overdischarge and undervoltage 

events and take actions to prevent them. 
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Motivation Lithium-ion batteries are sensitive to undervoltage events. If the minimum allowed 

voltage is undercut, hazardous chemical reactions may occur, and by that damaging 

the battery cell. 

The BMS shall ensure that an overdischarge or undervoltage event 

- are prevented (i.e., by switching off contactors at the specific limits or if 

possible limit the discharging current), and/or 

- are signalized to the higher-level control unit. 

3.3.5.4 Overcurrent Protection 

Identifier BMS-FEAT-4.4 

Title Requirement 

Requirement The BMS SHALL have the ability to detect potential overcurrent events and take ac-

tions to prevent them. 

Motivation Drawing currents from batteries with a current higher than the maximum allowed 

discharging current may 

- create hazardous chemical reactions, and/or 

- bring the conductors to a higher temperature than allowed and damaging 

their electrical isolation layer, the tabs or terminals, or the sealing, 

and by that damaging the battery cell. 

The BMS shall ensure that an overcurrent 

- is prevented (i.e., by switching off contactors at the specific limits or if pos-

sible limit the discharging current), and/or 

is signalized to the higher-level control unit. 

3.3.5.5 Overtemperature Discharge Protection 

Identifier BMS-FEAT-4.5 

Title Requirement 

Requirement The BMS SHALL have the ability to detect potential overtemperature events during 

discharge and take actions to prevent them. 

Motivation An overtemperature event during discharging can have several causes (failure in the 

battery itself, cooling system failures, too hot operating environments, too high 

power). Overtemperature leads to unwanted chemical reactions in the battery, and 

by that damaging battery. 

The BMS shall ensure that an overtemperature during discharge 

- is prevented (i.e., by switching off contactors at the specific limits or if pos-

sible limit the discharging current), and/or 

- is signalized to the higher-level control unit. 

3.3.5.6 Overtemperature Charge Protection 

Identifier BMS-FEAT-4.6 

Title Over-temperature Charge Protection Requirement 

Requirement The BMS SHALL have the ability to detect potential overtemperature events during 

charge and take actions to prevent them. 
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Motivation An overtemperature event during charging can have several causes (failure in the 

battery itself, cooling system failures, too hot operating environments, too high 

power). Overtemperature leads to unwanted chemical reactions in the battery, and 

by that damaging battery. 

The BMS shall ensure that an overtemperature during charge 

- is prevented (i.e., by switching off contactors at the specific limits or if pos-

sible limit the charging current), and/or 

- is signalized to the higher-level control unit. 

3.3.5.7 Undertemperature Discharge Protection 

Identifier BMS-FEAT-4.7 

Title Under-temperature Discharge Protection Requirement 

Requirement The BMS SHALL have the ability to detect potential undertemperature events during 

discharge and take actions to prevent them. 

Motivation An undertemperature event during discharging can have several causes (failure in 

the battery itself, cooling system failures, too hot operating environments, too high 

power). Overtemperature leads to unwanted chemical reactions in the battery, and 

by that damaging battery. 

The BMS shall ensure that an undertemperature during discharge 

- is prevented (i.e., by switching off contactors at the specific limits or if pos-

sible limit the discharging current), and/or 

- is signalized to the higher-level control unit. 

3.3.5.8 Undertemperature Charge Protection 

Identifier BMS-FEAT-4.8 

Title Under-temperature Charge Protection Requirement 

Requirement The BMS SHALL have the ability to detect potential undertemperature events during 

charge and take actions to prevent them. 

Motivation An undertemperature event during charging can have several causes (failure in the 

battery itself, cooling system failures, too hot operating environments, too high 

power). Overtemperature leads to unwanted chemical reactions in the battery, and 

by that damaging battery. 

The BMS shall ensure that an undertemperature during charge 

- is prevented (i.e., by switching off contactors at the specific limits or if pos-

sible limit the charging current), and/or 

- is signalized to the higher-level control unit. 

3.3.6 Battery State Estimators & Performance 

3.3.6.1 State of Charge Estimation 

Identifier BMS-FEAT-5.1 

Title State of Charge Estimation Requirement 
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Requirement The BMS SHALL estimate the SOC of battery subsystem. 

The estimated SOC SHALL be communicated on the defined interface. 

The estimated SOC SHALL be adjusted for changes in the battery internal tempera-

ture, rate of charge or discharge, and battery health. 

The communicated minimum and respectively maximum SOC value SHALL NOT un-

dercut 0 % and not exceed 100 %. 

Motivation The application operator (itself or through a higher-level control unit) must know an 

estimation of the remaining runtime of the application to plan the further action of 

work. The state of charge is one measure to support this planning. 

3.3.6.2 State of Health Estimation 

Identifier BMS-FEAT-5.2 

Title State of Health Estimation Requirement 

Requirement The BMS SHALL estimate the SOH of battery subsystem. 

The estimated SOH SHALL be communicated on the defined interface. 

The communicated minimum and respectively maximum SOC value SHALL NOT un-

dercut 0 % and not exceed 100 %. 

Motivation The application operator (itself or through a higher-level control unit) must know an 

estimation of the remaining lifetime of the application to plan e.g., maintenance. 

The state of health is one measure to support this planning. 

3.3.6.3 State of Energy Estimation 

Identifier BMS-FEAT-5.3 

Title State of Energy Estimation Requirement 

Requirement The BMS SHALL estimate the SOE of battery subsystem. 

The estimated SOE SHALL be communicated on the defined interface. 

The estimated SOE SHALL be adjusted for changes in the battery internal tempera-

ture, rate of charge or discharge, and battery health. 

The communicated minimum and respectively maximum SOE value SHALL NOT un-

dercut 0 % and not exceed 100 %. 

Motivation The application operator (itself or through a higher-level control unit) must know an 

estimation of the remaining runtime of the application to plan the further action of 

work. The state of energy is one measure to support this planning. 

3.3.6.4 Remaining Time at Current Discharge Rate 

Identifier BMS-FEAT-5.4 

Title Requirement 

Requirement The BMS SHALL estimate the remaining time the battery system can deliver the pre-

sent current at the present discharge rate. 

The estimated remaining time SHALL be communicated on the defined interface. 

The communicated estimated remaining time SHALL NOT undercut 0 s. 
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Motivation The application operator (itself or through a higher-level control unit) must know an 

estimation of the remaining runtime of the application to plan the further action of 

work. The remaining time at which the battery can be operated with the current 

discharge rate is one measure to support this planning. 

3.3.6.5 Maximum Charge Current Estimation 

Identifier BMS-FEAT-5.5 

Title  Maximum Charge Current Estimation Requirement 

Requirement The BMS SHALL calculate maximum permitted charge current. 

The BMS SHALL communicate the maximum charge current on the communication 

interface. 

Motivation The BMS shall be able to provide the maximum charge current estimation to other 

control units in the system to e.g., estimate optimal power scheduling in the larger 

system. 

3.3.6.6 Power Capability Estimation 

Identifier BMS-FEAT-5.6 

Title Power Capability Estimation Requirement 

Requirement The BMS SHALL estimate maximum discharge power (in Watt) that the battery can 

sustain for the next 5, 10, 15, and 30 seconds. 

The BMS SHALL communicate these power capability estimations on the defined 

communication interface. 

Motivation The application operator (itself or through a higher-level control unit) must know an 

estimation of the remaining runtime of the application to plan the further action of 

work. The current power at which the battery is operated and the estimated time it 

can be operated with the same power is one measure to support this planning. 

3.3.7 Error Mitigation and Handling 

3.3.7.1 Single Event Upset (SEU) Recovery 

Identifier BMS-FEAT-6.1 

Title Power Reduction Request for Duration Improvements Requirement 

Requirement The BMS SHALL isolate and recover from Single Event Upsets (SEUs) 

Motivation Single event upsets (SEU) are events where a charged particle charges a structure in 

an embedded device in such a way that for example a memory cell changes its state. 

These bit-flips are dangerous as they can go unrecognized and change the outcome 

of crucial computations. The BMS shall be able to detect such events and correct the 

flipped bits. 
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4 Battery Measurement Data Quality Requirements 

The models and algorithms that are developed within the BATMAX project in WP2 (Multi-scale physics-

based modelling framework, parametrization), WP3 (Data, surrogate models and AI), and WP4 (Digital 

twins and framework validation) that use the data gathered by the BMS through its sensors as well as 

the testing of the entire value chain in WP 6 (Experimental test matrix and laboratory-scale prototyping) 

that generates the measurement data, need to have data in the required quality and rate, and respec-

tively need to generate the data in the required quality and rate. This section lists the requirements 

that the data must fulfil, i.e., how much, and what data and how is it stored. 

4.1 Data Requirements Voltage Measurement 

4.1.1 Voltage Measurement Frequency 

Identifier DATA-VOLT-1 

Title Voltage Measurement Frequency Requirement 

Requirement The voltage for each individual battery cell SHALL be measured with 30 Hz. 

Motivation 30 Hz voltage measurement frequency is practically achievable in real world appli-

cations with many BMS-Slaves while still maintaining a good measurement quality 

for battery modelling models and algorithms. 

4.1.2 Voltage Measurement Accuracy 

Identifier DATA-VOLT-2 

Title Voltage Measurement Accuracy Requirement 

Requirement The voltage for each individual battery cell SHALL be measured with an accuracy of 

±2 mV. 

Motivation A voltage measurement accuracy of ± 2 mV is practically achievable in real world 

applications with many BMS-Slaves while still maintaining a good measurement 

quality for battery modelling models and algorithms. 

4.2 Data Requirements Basic Temperature Measurement 

4.2.1 Basic Temperature Measurement Frequency 

Identifier DATA-TEMP-1 

Title Basic Temperature Measurement Frequency Requirement 

Requirement The basic temperature for each individual battery cell SHALL be measured with 5 Hz. 

Motivation 5 Hz temperature measurement frequency is sufficient due to slow warming/cooling 

process of the battery. Accompanying temperature sensors in the battery system 

provide more detailed information. 

4.2.2 Basic Temperature Measurement Accuracy 

Identifier DATA-TEMP-2 

Title Basic Temperature Measurement Accuracy Requirement 

Requirement The basic temperature measurement for each individual battery cell SHALL be meas-

ured with an accuracy of ± 1.0°C. 
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Motivation A basic temperature measurement accuracy of ± 1.0°C is sufficient due to nature of 

this basic temperature measurement. Accompanying temperature sensors in the 

battery system provide more detailed information. 

4.3 Data Requirements Current Measurement 

4.3.1 Current Measurement Frequency 

Identifier DATA-CURR-1 

Title Current Measurement Frequency Requirement 

Requirement The current measurement for each individual battery cell SHALL be measured with 

40 Hz. 

Motivation 40 Hz current measurement range is practically achievable in real world applications 

with state-of-the-art current sensors while still maintaining a good measurement 

quality for battery modelling models and algorithms. 

4.3.2 Current Measurement Accuracy 

Identifier DATA-CURR-2 

Title Current Measurement Accuracy Requirement 

Requirement The Current measurement for each individual battery cell SHALL be measured with 

an accuracy of ±20 mA within a current range of ±200 A. 

Motivation A current measurement accuracy of ±20 mA is practically achievable in real world 

applications with state-of-the-art current sensors while still maintaining a good 

measurement quality for battery modelling models and algorithms. 

4.4 Data Requirements Electrochemical Impedance Spectroscopy 

4.4.1 EIS Measurement Data Frequency 

Identifier DATA-EIS-1 

Title EIS Measurement Data Frequency Requirement 

Requirement The EIS data SHALL be sent to the BMS on request. Such requests are initiated in 

general at most once per day. 

As defined in Section 3.3.2.1.10 the EIS matrix containing the frequency, real and 

imaginary parts from 10 mHz to 1 kHz with 5 points per decade will be sent to the 

BMS on request.  

Motivation The EIS data is in general used to update battery model parameters. As the battery 

parameters do not change drastically over short periods. There is in general no need 

to send the EIS data more than once per day (even once per week). 

4.5 Data Requirements Basic Relative Humidity Measurement 

4.5.1 Relative Humidity Measurement Frequency 

Identifier DATA-RH-1 

Title Basic Relative Humidity Measurement Frequency Requirement 

Requirement The basic temperature for each individual battery cell SHALL be measured with 1 Hz. 

Motivation 1 Hz temperature measurement frequency is sufficient due to slow change of hu-

midity changes in the ambient environment. 
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4.5.2 Relative Humidity Measurement Frequency 

Identifier DATA-RH-2 

Title Basic Relative Humidity Measurement Frequency Requirement 

Requirement The relative humidity for each individual battery cell SHALL be measured at 1 Hz. 

Motivation The change of the relative humidity is a slow process and therefore a measurement 

frequency of 1 Hz is sufficient. 

4.5.3 Relative Humidity Measurement Accuracy 

Identifier DATA-RH-3 

Title Basic Relative Humidity Measurement Accuracy Requirement 

Requirement The relative humidity for each individual battery cell SHALL be measured with an 

accuracy of ± 5% when sampled at 1 Hz. 

Motivation A relative humidity measurement accuracy of ±5 % is in line with current state of the 

art RH sensors that sample at 1 Hz. 

4.6 Data Requirements Temperature Distribution 

4.6.1 Temperature Sensor Array Reference Point 

Identifier DATA-TDIS-1 

Title Temperature Sensor Array Reference Point Requirement 

Requirement The measurement data SHALL contain the coordinates of the distributed sensors 

with an accuracy of 1 mm. 

Motivation The provided accuracy will allow an accurate modelling of the temperature distribu-

tion. 

4.6.2 Temperature Sensor Array Measurement Frequency 

Identifier DATA-TDIS-2 

Title Temperature Sensor Array Frequency Requirement 

Requirement The temperature sensors in the sensor array SHALL measure the temperature at a 

measurement rate of 5 Hz. 

Motivation 5 Hz temperature measurement frequency is sufficient due to slow warming/cooling 

process of the battery. 

4.6.3 Temperature Sensor Array Measurement Accuracy 

Identifier DATA-TDIS-3 

Title Temperature Sensor Array Accuracy Requirement 

Requirement The temperature sensors in the sensor array SHALL provide a temperature accuracy 

of minimally ±0.5°C and a measurement rate of 5 Hz. 

Motivation In order to measure the temperature gradients in the cell, temperature changes 

smaller ≤0.5°C should be measurable. 

4.6.4 Temperature Sensor Array Data Details 

Identifier DATA-TDIS-4 
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Title Temperature Sensor Array Data Details Requirement 

Requirement The measurement data SHALL be presented as a triplet (X, Y, T), containing the po-

sition (X, Y) of the sensor and the measured Temperature T for that position (X, Y). 

Motivation The described tripled contains all temperature relevant information. 

4.7 Data Requirements Cell Deformation 

4.7.1 Cell Deformation Measurement Frequency 

Identifier DATA-CDEF-1 

Title Cell Deformation Frequency Requirement 

Requirement The cell deformation SHALL be measured with a frequency of 0.5 Hz. 

Motivation The cell deformation is measured as a relative change of the curvature of the cell-

package. 

4.7.2 Cell Deformation Measurement Accuracy 

Identifier DATA-CDEF-2 

Title Cell Deformation Accuracy Requirement 

Requirement The cell deformation SHALL be measured with an accuracy of ±2 %. 

Motivation The cell deformation is measured as a relative change of the curvature of the cell-

package. 

4.8 Data Requirement Swelling Force 

4.8.1 Swelling Force Measurement Frequency 

Identifier DATA-SWEL-1 

Title Swelling Force Measurement Frequency Requirement 

Requirement The swelling force SHALL be measured with a frequency of 0.5 Hz. 

Motivation The swelling force is measured as a 12-bit relative pressure/force measurement and 

is expressed as a relative increase in measured pressure/force represented as per-

centage. 

4.8.2 Swelling Force Measurement Accuracy 

Identifier DATA-SWEL-2 

Title Swelling Force Measurement Accuracy Requirement 

Requirement The swelling force SHALL be measured with an accuracy of ±2 %. 

Motivation The swelling force is measured as a 12-bit relative pressure/force measurement and 

is expressed as a relative increase in measured pressure/force represented as per-

centage. 

4.8.3 Swelling Force Measurement Data 

Identifier DATA-SWEL-3 

Title Swelling Force Measurement Data Requirement 
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Requirement The swelling force SHALL be measured as a 12-bit relative pressure/force measure-

ment and SHALL be expressed as an increase in percentage in measured pres-

sure/force.  

The data of the swelling force SHALL be represented as a quadruple containing four 

16-bit integer values (Sensor Location X, Sensor Location Y, Relative Swelling Force, 

Resistive change of Gauge Strain). 

Motivation The information requires maximally 12 bits, a representation using 16 bits provides 

room for future improvement of data accuracy. 

4.9 Data Requirements for Acoustic Impedance Change 

4.9.1 Acoustic Impedance Measurement Frequency 

Identifier DATA-AIMP-1 

Title Acoustic Impedance Measurement Frequency Requirement 

Requirement The acoustic properties of the cell SHALL be measured at 10 Hz. 

Motivation The acoustic properties of a battery cell will allow us to understand the status of a 

battery cell. It is a good indicator for the state of charge and further allows for early 

detection of gas formation in the cell. 

4.9.2 Acoustic Impedance Measurement Data Frequency Range 

Identifier DATA-AIMP-2 

Title Acoustic Impedance Measurement Data Frequency Range Requirement 

Requirement The acoustic properties measurement data SHALL be available in the frequency 

range of 10 Hz to 40kHz. 

Motivation The acoustic properties of a battery cell will allow us to understand the status of a 

battery cell. It is a good indicator for the state of charge and further allows for early 

detection of gas formation in the cell. 

Note: Based on the cell properties the effectively used frequency band will be determined. 
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5 Conclusions 

This document describes the requirements that are related to 

- the BMS on hard- and software level, 

- the novel sensors, and 

- the data produced by the battery system. 

These requirements have been derived from the needs of the BATMAX project’s objectives to show in 

the demonstrator application that the improvements developed in the project on BMS, sensors, and 

models and algorithms (that e.g., will work on the demonstrator data) level will improve the battery 

system value by enhancing 

1. performance, 

2. safety, 

3. reliability, 

4. service life, 

5. lifetime cost 

and therefore, enhancing the stakeholders value when using the battery system in an application. 


