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management control
Using DEMO_IMR_BMSCTRL_V1
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Scope and purpose

This document describes thBEMO_IMR_BMSCTRLB@ard along with its hardware and software
=1 GJI H?HNMnp &OLNB?LGI L?H NB? a410C=E MN; LN AOC>?4A& M
battery management module for the Infineon Mobile Robot.

Intended audience

This document is intended for design engineers, technicians, and developers of electronic systems.

Infineon components featured

1 OptiMO$BSD235N small-signal transistors

7 IRLML640%ingle Rchannelpower MOSFET

1 PSOCW CY8C6245A5BD72 32bit dual-CPU microcontroller with Arm® Cortek®F and MO+
1 CY15B256@XA256Kb automotive serial (SPl) FRAM

Target application
1 Mobile robots (AGV, AMR)
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Important notice
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This evaluation board, demonstration board, reference boatdL ECN ; H> ; HS L?F; N?2> >1 =0G?!
CM MIF> I L JLIPC>?> ;H> >?FCP?L?> <S ) H@CH?BobdsarepaBéfl FI| AC
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This Evaluation Board is delivered to customer "AS IS", without any warranty (whether express or implied) or liability of
Infineon of any kind, including but without limitation any warranty of merchantability, fithess for a particular purpose or
non-infringement. These limitations and exclusions shall not apply in case of Infineon's willful misconduct or in any other
case where liability is mandatory at law.

This Evaluation Board shall only be used by customer for test purposes and not for series production. However, the
Evaluation Board shall not to be used for reliability testing. The Evaluation Board is exclusively intended for technically
qualified and skiled customer representatives. The Evaluation Board shall not be used in any way where a failure of the
Evaluation Board, or any consequences of the use thereof, can reasonably be expected to result in personal injury.

Evaluation Boards may not comply with CE or similar standards (including without limitation the EMC Directive
2004/EC/108 and the EMC Act) and may not fulfill other requirements of the country in which they are operated by the
customer. The customer shaéinsure that each Evaluation Board will be handled in a way which is compliant with all
relevant requirements and standards in the country in which it is operated. Software and associated documentation and
materials included or referenced in the Evaluatiénl ; L > ©a31 @NQ; L?&AZe CM | QH?> <S ) H@(
subject to worldwide patent protection, worldwide copyright laws, and international treaty provisions. Therefore, you may
use this Software only as provided in the license agreement accompagyhe software package from which you obtained
this Software. If no license agreement applies, then any use, reproduction, modification, translation, or compilation of this
Software is prohibited without the express written permission of Infineon. Unlegiserwise expressly agreed with

Infineon, this Software is provided to customer "AS IS", without any warranty (whether express or implied) or liability of
Infineon of any kind, including but without limitation any warranty of merchantability, fitness foparticular purpose or
non-infringement. These limitations and exclusions shall not apply in case of Infineon's willful misconduct or in any other
case where liability is mandatory at law

Infineon reserves the right to make changes to the Software without notice. You are responsible for properly designing,
programming, and testing the functionality and safety of your intended application of the Software, as well as complying

with any legalrequirements related to its use. Infineon does not guarantee that the Software will be free from intrusion,

>; N; NB?@N I L FIMMH I L I NB?L <L?;=B?M ©4a43?=0LCNS "L?; =B~
Breaches. The Softwarghall not be used in any way where a failure of the Evaluation Board, or any consequences of the

use thereof, can reasonably be expected to result in personal injury.

Safety & Operating Instructions:

Customer shall check the Evaluation Board for any physical damage which may have occurred during transport. If
customer detects any damages or defects in the Evaluation Board, customer shall not connect the Evaluation Board to a
power source. Customer shiatontact Infineon for further support. If customer observes unusual operating behavior
during the evaluation process, customer shall immediately shut off the power supply to the Evaluation Board and consult
Infineon for support.

Customer shall not touch the Evaluation Board during operation and keep a safe distance.

Customer shall not touch the Evaluation Board after disconnecting the power supply, several components may still store
electrical voltage and can discharge through physical contact. Several parts, like heat sinks and transformers, may still be
very hot. Alow the components to cool before touching or servicing.

The electrical installation must be completed in accordance with the appropriate safety requirements.
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Safety precautions

3@?NS JL?=; ONCI HM
Note: Pleasenotethe followingwarningsregardingthe hazards associated with developmesytstems.

Table 1 Safety precautions

Warning: The DC link potential of this board is up to 1000 VDC. When measuring
voltage waveforms by oscilloscope, higbltage differential probes must be used.
Failure to do so may result in personal injury or death.

Warning: The evaluation or reference board contains DC bus capacitors, which tal
time to discharge after removal of the main supply. Before working on the drive sy:
wait 5 minutes for capacitors to discharge to safe voltage levels. Failure to do so n
resut in personal injury or death. Darkened display LEDs are not an indication that
capacitors have discharged to safe voltage levels.

Warning: The evaluation or reference board is connected to the grid input during
testing. Hence, higholtage differential probes must be used when measuring volta
waveformsby an oscilloscope. Failure to g0 may result in personal injury or death.
Darkened display LEDs aret an indication that capacitors have discharged to safe
voltage levels.

Warning: Remove or disconnect power from the drive before you disconnect or
reconnect wires, or perform maintenance work. Wait five minutes after rempoevingr
to discharge the bus capacitors. Do not attempt to servicetive until the bus
capacitors have discharged to zero. Failure to dmag result in personal injury or
death.

Caution: The heat sink and device surfaces of the evaluation or reference board m
become hot during testing. Hence, necessary precautions are required while hand
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with the drive, power electronics and associated
machinery should plan, install, commission and subsequently service the system.
Failure to comply may result in personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitiv
electrostatic discharge (ESD). Electrostatic control precautionsegpgred when
installing, testing, servicing or repairing the assemiBlgmponent damage may result
if ESD control procedures are fatowed. If you are not familiar with electrostatic
control procedureg,efer to the applicable ESD protection handbooks and guideline

Caution: A drive that is incorrectly applied or installed can lead to compod@miage
or reduction in product lifetime. Wiring or application errsush as undersizing the
motor, supplying an incorrect or inadequad& supply, or excessive ambient
temperatures may result in systemmalfunction.

Caution: The evaluation or reference board is shipped with packing materials that
need tobe removed prior to installation. Failure to remove all packing matetis
are unnecessary for system installation may result in overheating or abnormal
operating conditions.

>R B B BB
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Introduction
1 ) HNLI >0=NCI H
1.1 -1 <CF? LI <IN A?H?L; F >?2M=LCJNCI H

Mobile robots are now common in applications from logistics and warehouse centers and production sites to
hospitals, restaurants, and schools, and as lasile package delivery vehicles. Essentially, mobile robots are of
two main types:

1 Automated guided vehicles (AGV)Aa & CR? > A& P?BC=F?M NB; N @ FFI Q JL?>7?
radio waves, vision sensors, or magnetic tape for navigation

1 Autonomous mobile robots (AMR).. | N a @CR?>4A&4H ; H> >1 HI N H??> ?RN?L
autonomous mapping, localization, navigation, and obstacle avoidance by using sensors

Usually, robots are batterypowered where the voltage level depends on the size and weight characteristics.

1.2 ) H@CH?1 H -1 <CF? 21 <IN ©)-26p

The board described in this document is primarily targeted to be used in combination with the Infineon Mobile
Robot (IMR). The IMR is a comprehensive robaotic platform for use with a wide variety of boards such as sensors,
motor controls, wireless communicon, and battery management.

Figure 1 Isometric view of IMR
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Introduction

The IMR is intended to provide a demonstration platform for autonomous service robot functionalities by using
Infineon components. This document describes how to use the DEMO_IMR_BMSCTRL_V1 board as the
processing unit for all battery management system (Bltasks and interface the BMS power board including
the following:

1 Battery monitoring

1 Battery balancing

71 Estimation of state of charge (SoC)
1 Estimation of state of health (SoH)

Figure2 showsthe system diagram of IMR.
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Figure 2 IMR overview

Note: DEMO_IMR_BMSCTRLba&rd highlighted in red. Two BMS modules are installed in the IMR to

facilitate hot swap.
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Introduction

Figure3 comprises the Power section (DEMO_IMR_BMSPWR_V1) and the Control section
(DEMO_IMR_BMSCTRL_V1) of the BMS.
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Figure 3 BMS overview
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The DEMO_IMR_BMSCTRL_V1 Demo Board is a modular battery management solution, specifically designed to
work with the battery-driven power board for the IMR. The board featureB8DCHS series Arn®Cortex®

M4/M0+ MCU performing all necessary tasks including measurements and calculations. It estimates the

<; NN?LSAM MN; N? I @ =B; LA? ©31#e ; H> MN; N? |1 @ B?; FN|
calculated values on the providedRaper display.

After combining the board with an appropriate IMR battery power board (thaDEMO_IMR_BMSPWR), \tie
=l GJF? N? MSMN?G CM CHMN; FF?> P?LNC=; FFS CHNI | H? |
necessary communication is handled via the CAN/CAN FD interface.
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Figure 4 (a) Top view; (b) Bottom view (80mm x 80mm)

1.4 # HH? =NI L M

The DEMO_IMR_BMSCTRL_V1 board provides connectors to support several peripherals, communication
protocols, and connections to control the IMR battery power boabEMO_IMR_BMSPWR).\This includes

analog, digital, and communication lines for the following:

Two external BMS buttons
Four external status LEDs

UART debugging interface

= =4 4 4 A -8 -

SPI serial interface and chipelect lines for two peripherals
CAN communication lines for an external CAN transceiver

UART interface for the TLE9012 cell balancing IC
Additional digital/analog lines for further functionality

In addition to the onboard ePaper display, an additional connector featuring both SPI and 12C interface is
available for other displays (for example, SSD13F6yure5 shows the four main communication connectors

and the debug communication header.
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DEBUG UART TX 1 { o
DEBUG UART RX 2 | &
°
Fl
X1 X2
: ; svd ; ; B5V
= - V_MCU< = - &V _MCU
2 3 vid 2 3 B3V
9 10 BMS BUTTONI GND| 9 10 1GND BMS BUTTONI
11 12 BMS_BUTTON2 11 12 BMS BUTTON2
13 14 BMS LED A 13 14 BMS LED A
15 16 BMS LED B 15 16 BMS LED B
17 18 BMS LED C 17 15 BMS LED C
19 20 BMS LED D 19 20 BMS LED D
1 61302021121 1 1302021121
GND GND
X3 X4
SP1 MOSI 1 2 SPI MOSI TLES012 UART HS 1 2 TLE9012 UART HS
SPI MISO 3 SPI MISD TLE%012 UART LS 3 4 TLE9012 UART LS
SPlI SCLK 5 SPI SCLK TLE2012 ERR 5 TLE9012 ERR
SPI CS 2ED4820 7 SPI CS 2ED4820 SD N MCU 7 SD N MCU
SPI_ CS_16B_ADC 9 10 SPI CS_16B_ADC TLE497] OCD1 9 10 TLE497] OCDI
Gl 1 2 IGND TLE4971 OCD2 1 2 TLE4971 OCD2
Coding Res . 3 4 . Coding Res 2ED4820 SAFESTATEN 3 4 2ED4820 SAFESTATEN
CAN TXD 5 [ CAN TXD 2ED4820 ENABLE 5 [ 2ED4R20 ENABLE
CAN RXD 7 8 CAN RXD 2ED4820 INTERRUPT 7 8 2ED4820 INTERRUFPFT
CAN _STB 19 20 CAN _STB 2ED4820_CS0 19 20 2ED4820_CS0
61302021121 61302021121
Figure 5 COM_CommunicationPort.SchDoc Schematic overview of peripheral connectors

Table 2shows the connection between connector P1 and the corresponding PBO®ICU pins (UART
transmit/receive lines) for the UART debugging interfaGee theQuick start guidesection for details on how to
use this connector.

Table 2 Connection between connector P1 and PSOB6 MCU for UART debugging interface
Name PSOGL6 MCU pin Function Description

DEBUG_UART_TX PO0.3 Serial debug output UART transmit line
DEBUG_UART_RX PO.2 Serial debug input UART receive line

Table 3shows the common GND connector (X1) closest to theo##DFPC alisplay connector; therefore, it is
chosen without any additional communication lines.

Table 3 Connector X1kCommon GND connection
Name PSOGL6 MCU pin Function Description
GND X Signal ground X

Table 4shows the connection between connector X2 and the corresponding PEO®ICU pins for LEDs and
button control. Additionally, both 5V and 3.3 V are placed on the connector to supply any microcontrollers. The
V_MCU line is used to set the digital supply voltage for peripherals on externally connected boards (the BMS
power board in this case). The selected voltage for the PEO®ICU is 3.3 V; V_MCU is also routed to that
voltage level and the ¥ supply is unused.

User guide 10 V2.
202512-09



o _.
Infineon Mobile Robot (IMR) battery management control < |nf|neon ,
Using DEMO_IMR_BMSCTRL_V1

Introduction

Table 4 Connection between connector X2 and PSOB6 MCU for BMS control/indicator and power
connection

Name PSOCH6 MCU pin Function Description

5V X Signal power input 5V DC power input

V_MCU X Signal power output Peripheral power

selector (selected: 3V3)

3V3 X Signal power input 3.3V DC power input

GND X Signal ground X

BMS BUTTONL1 pP7.1 Digital input/ERU Digital ERU button input

BMS BUTTON2 P7.0 Digital input/ERU Digital ERU button input

BMS LED A P10.5 Digital output Digital status LED output

BMS LED B pP7.7 Digital output Digital status LED output

BMS LED C P7.6 Digital output Digital status LED output

BMS LED D P7.5 Digital output Digital status LED output

Table 5shows the connection between connector X3 and the corresponding PBS®ICU pins for SPI and CAN
serial interface lines. Additionally, this connector has an analog input that lets the system detect the hardware
that the BMS is currently inserted in. The SPI interface has two Chip Select (CS) lines, which are currently used
communication with the following:

1 2EDA4820 higiside gate driver
1 16-bit ADC for current and load voltage measurements

Table 5 Connection between connector X3 and PSOB6 MCU for the serial communication

Name PSOGL6 MCU pin Function Description

SPI_MOSI P11.0 SPI MOSI SPI master out; slave in
SPI_MISO P11.1 SPI MISO SPI master in; slave out
SPI_SCLK P11.2 SPI SCLK SPI clock

SPI_ CS_2ED4820 P11.4 SPI Chip Select SPI 2ED4820 Chip Selec
SPI_CS_16B_ADC P11.3 SPI Chip Select SPI MCP3465 Chip Selec
GND X Signal ground X

Coding_Res P10.7 Analog input Analog slot detection
CAN_TXD P5.1 CAN output CAN transmit line
CAN_RXD P5.0 CAN input CAN receive line
CAN_STB P5.6 Digital output Optional CAN standby

Table 6shows the connection between connector X4 and the corresponding PEO®ICU pins for serial
communication lines to the following external components on the IMR battery power board:

1 Main UART communication interface for tHe.E901Dattery balancing IC

1 Auxiliary digital and analog inputs/outputs for th&LE497 Turrent sensor ankED482high-side gate
driver
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Table 6 Connection between connector X4 and PSOB6 MCU for the serial communication and
auxiliary inputs/outputs

Name PSOGL6 MCU pin | Function Description

TLE9012 _UART_HS P6.0 UART HS UART TLE9012 HS line

TLE9012 _UART_LS P6.1 UART LS UART TLE9012 LS line

TLE9012 ERR P6.5 Digital input | TLE9012 error output

SD _N_MCU P8.3 Digital output | Power Stayon output

TLE4971 OCD1 P8.0 Digital input | TLE4971 overcurrent detection output 1

TLE4971_OCD2 P8.1 Digital input | TLE4971 overcurrent detection output 2

2ED4820_SAFESTATEN P7.2 Digital output | 2ED4820 safe state enable output

2ED4820_ENABLE P7.4 Digital output | 2ED4820 enabkeoutput

2ED4820 INTERRUPT | P7.3 Digital input 2ED4820 error flag output

2ED4820 _CSO P10.6 Analog input | 2ED4820 current analog output

In addition to the ePaper display on the board, an additional optional connector (J2) supports an external 12C
or SPI TFT display (for example, SSD1306). The connector is supplied via the 3V3 voltage supplied input as
shown inFigure6 and Table 7

Optional TFT Connector

GND
3IV3It————F

9] e

SPI EPD MOSI
SPI EPD MISO
EPD RST L
EPD VCC EN
SPI EPD CS

w

00000&)6

| |un |

—
[}

Figure 6 COM_CommunicationPort.SchDockOptional TFT connector

Table 7 Connection between connector J2 and PSOEW6 MCUkOptional TFT connector for 12C
display (for example, SSD1306)

Function PSOGL6 MCU pin | Function Description

GND X Signal ground X

3v3 X Signal power Regulated 3.3 V DC supply

SPI_EPD_MOSI | P9.0 SPI MOSI SPI MOSI/12C SCL

SPI_EPD_MISO | P9.1 SPI MISO SPI MISO/12C SDA

EPD _RST_ L P10.4 Digital output OLED Reset (RST)

EPD_VCC_EN |P12.0 Digital output OLED Data Comm. (DC)

SPI_EPD_CS P9.3 SPICS OLED Chip Select (CS)
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2 (;L>Q; L? 1 P?2LPC?Q

This section describes the functional parts of the board hardware. An overview of the hardware components
and their connection is shown ifrigure7 and Figure8. See theAppendixfor the schematics.

Safety Switch
Analog Driver:
Frontend: UART sp1 | Precharge Path
System voltage <> Main Controller: «———  p14in Path
CCﬁILwI)Itage — Error Safe State Pin
sxe.ren’]apae?;:ﬂ?e Interrupt g 105%:\7 F?ZI\//TO/OC“I\/;I 3; Interrupt Ext. Diagnostic
Cell Diagnostic 512KB Flash
Ext. Diagnostic 256KB SRAM SPI1 F-RAM Memory:
256 kBit
External ADC: sPI
System Current — LN 000
Load Voltage Transceiver
T ? SPI2/
GPIO
Current User Interface: Sgsasbﬁaete
Sensor E-Ink Dlsplay Emergency OFF
3 x Button
4 x Status LED —>» ... Communication
Interface
. GPIO
Figure 7 Block diagram of the system and connections
Analog Current Safety Load
Frontend Sensor Switch
|
Balancing
Circuit E
;
I o—{preomee | L]
Léad
Connector
Voltage
Figure 8 Overview of the connections between the components
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The battery, composed of multiple battery cells connected in series, is connected to the analog frontend,
current sensor, safety switch and to the load. Thiock diagram illustrates the devices used, the key
specifications and the logical connections between them.

The main processor (R3CH6 CYBC6245AZI) is atdRdual-core system housed in a 18in package. For this
application, two SPI interfaces, a UART, a CAN interface as well as muBRI©®s for interrupt signals, LEDs and
buttons are utilized.

Note that the external ADC, safety switch driver and memory share the same SPI bus,igdmniahaged inthe
software. Additionally, for the UART of the analog frontend (TLE9012) the TX and RXrémesinected to each
other to enable halfduplex communication.

2.1 03#HWK - #5

The P®CHS6 family is built on an ultrdow-power architecture and the MCUSs feature lgvower design
techniques that are ideal for batterpowered applications. The duatore Arm® Cortex@4 and Corte®MO0+
architecture lets designers optimize power and performance simultaneously. Using its dual cores combined
with configurable memory and peripheral protection units, the PEHS MCU delivers the highest level of
protection defined by the Platform Security Architecture (PSA) frorm®&

TheCY8C6245A83D7device in a 106pin TQFP100 package supports both a 150 Midztex@M4Fand a
100MHz Cortex@0+ and has 512 KB application flash and 256 KB of SRAM. This device provides
programmable power control inside the largest available package with the most I/O pins available for this
device family.

T T T T T T T T T T T T T v

P10.0
Veer

Vopa
Vss

P9.3
P9.2
P9.1
P9.0
P8.3
P8.2
P8.1
P8.0
P7.7
P7.6
P7.5
P7.4
P7.3
P7.2
P7.1
P7.0
Vss
Vooioa

P0.3
P0.4
P0.5
Vss
XRES
Vss

Voo_ns

TQFP 63

Vinos

Vss

Vss

Voouss

P14.1 /USBDM
P14.0 /USBDP
P2.0

P2.1

P2.2

Vooio1

mhwmo‘—wmgmmhwmo Vonio1
R I I T T T e e T T o

Figure 9 CY8C6245A283D72P30CHL TQFP 106pin configuration (top view) [2]
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2.2 0OC?TI ?F?=NLC= <OTT?L =CL=0OCN

To provide audio feedback, a piezoelectric sounder is provided, along with the necessary auxiliary components.
Audio feedback is provided for the following events:

1 End of charging

1 Low-voltage warning

1 Overcurrent warning

1 Overtemperature warning

The speaker can be controlled using one of the PSOK - # 5AM >CACN; F | ONJONMn

U3A
3v3 3 fvee GND |2 GND
Speaker NEG 1 6 R12
Pl 1A ' 1Y [ L 1 LSl
Speaker PWM  RIL 3 4 10R/100mW 1
; : & 2A b—2Y |oF—
ISORIIODle 2
SN74LVC2G14DCKR
C39 e PKMCS0909E4000-R1
Issm—‘;sov Speaker NEG L
| I
10R/100mW
GND
Figure 10 Piezoelectric buzzer circuit including auxiliary components
2.3 3?27LC; F &2! - G?GlI LS =CL=0OCN

TheCY15B256Q56 Kb nonvolatile memory is based on an advanced ferroelectric process and performs reads
and writes similar to a RAM. It provides reliable data retention for 121 years while eliminating the complexities,
overhead, and systenrtevel reliability problems @ serial flash, EEPROM, and other nonvolatilemories

Unlike serial flash and EEPROM, CY15B256Q performs write operations at bus speed without write delays. Data
is written to the memory array immediately after each byte is successfully transferred to the d¢tjce

In this application, theCY15B256@evice is used to store the measured individual cell voltages and overall
current values for further calculation of SoC and estimation of SoH. The chip provides an SPI interface, which is
directly connected to one of the PS®GK - # 5AM J?LCJB?L; F 30) <FI=EMn )H
communication, additional pins are provided:

1 Write Protect (WP) pin: An input that prevents write operations; can be used to prevent unwanted changes
to the Status Register

1 HOLD pin:An Input that allows the host CPU temporarily to determine if it must interrupt a memory
operation to perform another task

User guide 15 V2.
202512-09


https://www.infineon.com/assets/row/public/documents/10/49/infineon-cy15b256q-256-kbit-32k-x-8-automotive-e-serial-spi-f-ram-datasheet-en-09018a90808bc6bf.pdf?fileId=8ac78c8c7e7124d1017f1bf9a5ff15a4

Infineon Mobile Robot (IMR) battery management control

Using DEMO_IMR_BMSCTRL_V1

Infineon

Hardware overview

GND

| 1
—Cl18 C19

TluFfsoleoOnESGV w2
VCC s . g1 vop vss 2 {GND
MEMWP——D(‘]; J WP N
_MEM SPI CS  —— CS N
MEM HOLD —————( HOLD N
MEM _SPI CLK p———==5p SCK
["MEN §PI MOST ———=25 sI SO pte— ["NEM SPI MiSO ]

CY15B256Q-SXA

Figure 11 CY15B256Gutomotive serial F-RAM circuit (256 Kb) interfaced via SPI

2.4 ?20;J3J?L >CMJF; S =CL=0OCNLS

The board has an ePaper display to display all necessary information and BMS status, including the last BMS
state even when the system is powered off. The display is powered up directly from the microcontroller via
IRLML640P-channel MOSFET. Necessary discharge lines are driven via$i® 35ual-package switch. The
connector is a 4fpin FPC connected to various auxiliary components. As a referencet=tiné Display Shield
Board (CY8CKIU28-EPD)s used for auxiliary components and communication lines.
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2.5 SHCKO? C>?HNC@C=; NCIH =CL=0OCN

To identify each board interfaced uniquela DIP switch is implemented. Each pin is pulled up via &£28

resistor. This provides an inverted logic that must be considered when reading the pin via the REMTU.

This can be used to identify multiple boards. For the CAN bus, the identification is achieved by a coding resistor
on the BMS motherboard (R1), s€ection 3.1.10Slot detection

3V3
FAY
L
<t on o] — <t on ol —
RAA RSA
OO0 e (L0 L)L) [T e
wy o e~ [+ o] w (o] — [+ o]
S1
21 _— }g . CAN IDI
3 — 14 CAN ID2
4 e 13 . CAN ID3
3 | B ® CAN ID4
6 [ I & CAN ID5
7 - 10 CAN ID6
3 - 5 L CAN 1D7
- L CAN ID8
416131160808
GND

Figure 13 CAN node identification circuit including 8 -pin DIP switch

Table 8shows each DIP switch pin and the corresponding®sl6 MCU pin for reference, as well as the
decimal value assigned to the pin. When pulled up to 3.3 V, the pins follow an inverted logic: the OFF state on
the DIP switch represents a logic HIGH on théO@86 MCU pin andonversely

Table 8 DIP switch SDXCAN node identifier logic and pin assignment

ID bit ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

DIP switch Ping8 |7 6 5 4 3 2 Pin 1
(MSB) (LSB)

PSOEWB MCU pin  |P3.1  |P3.0 P2.7 P2.6 P2.1 P2.0 P0.5 P0.4

In the IMR implementation, which allows up to two BMS modules, thar8DIP switch is currently not utilized,
and the slotspecific CAN ID ranges of the BMS control in IMR have been assigned for each slot.
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3 31 @GNQ; L ?

This sectioncovers an introductiorto the environment ofPSOCHmicrocontrollers, and the software interfaces
used for communicating with the BMS system. For more information on software source code, see the
InfineonIMR_PSoC6_BMS GitHub repository

3.1 31 @NQ; L? ; L=BCN?=NOL?

3.1.1 31 @NQ; L? MNLO=NOL? ; H> M?NNCHAM
The project is dividednto two sub-projects for the main (proj_cm4) and secondary (proj_cm0) cores.

In the main project (CM4), the files namgtbbal _management.@and global_management.incorporate all

central objects and functions that may be used by mibdules. HereNB? MNL O=NOL? | <D?=N 2
access all statugelated valuessuch asvoltage, current, bitmaps; H> MN; N? Mn 4B? MNLO=NO
used for initial settings and compason values which could be changed during runtime. The structure object

a < ; NN ?4s &8di stk all intermediate vales fothe battery state algorithm, as well ahe state of
charge(SoC)state of health (SoH) and the remaining runtime value.

In global_management.hall settings and harecoded values used anywhere in the main project are condensed
(around 100 values). For every value, its unit and an extensive explanation, including possible limitations and
implications, aregiven inside thesoftware code.

The actual logic of the BMS is implemented in the main file. The main loop itself is abstracted into many
modules to keep it short and clear (see flowchartkigurel5).

Alongside these files, software modules sucha@s ; F ;AHgS QIHN® L Sit MN; N? AH ,amdC; AHI MN
AaM; @? NBi MRENEBJ F ? G? H NByadvahtemen of h&prdiect Hie@ded. Usually there are

only two functions, one for initialization and one for a repeated call during the main loop. These functions are
allowed to access the earliementioned objects and structures directly. Details@described in the files.

In the secondary project (CMOP), most of the display logic and data synchronization are implemented in the
main file (see flowchart ifrigure29). The display menu design itself is definedtihe
PSC6_BMS_EPD_ScreenConfigdPSC6 _BMS_EPD_ScreenConfitek. This core is not used for any higher
priority functions of the BMS.

3.1.2 -; CH >?MCAH

The core functions and main loop implementation of this project (on CM4) adheres to three design principles:

1 Non-blocking software design: The main loop of the battery management system (BMS) is designed to
operate without blocking or waiting for specific actions to be completed. All actions utilize state machines
that run code at full speed until they reach a point where they need to waitthis juncture the state
machine switches states and ends the action. In subsequent lgabs new state continuously checks if the
waiting condition is met (for example, peripherals are ready). After the condition is satisfihe code
executes and transitions to the next state. This design ensures that critical actions run with high cycle times

1 Event-driven execution: Non-critical actions are triggered by specific intervals or other actions, allowing
processes that do not need constant execution (such as user interface updates, communication, and
balancing algorithms) to run only when necessary. Many actions dependata from other processes (for
example, measurement data) and it is inefficient to continue calculations with outdated data. In these
scenarios, a special flag is set by the triggering function and is cleared by the receiving fangtiis
method enables rapid system responses to changing conditions and minimizes unnecessary code execution
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1 Timeout protection: To guarantee the reliability and safety of the BMS, critical steps in the main loop are
protected by timeouts. If a critical task exceeds the expected completion time the system will time out and
take corrective measures. For instance, if a read commaodite analog frontend takes longer than
anticipated the request will time out, revert to the previous state and reattempt the data request

Figurel4illustrates these principles through state diagrams of two actions executed sequentially in the main
FI'lJn )H &a!'=NCIH rA NB? MSMN?G L?G; CHM CH NB? &a7; C
completion, the data read over the peripheraldL CAA? L?>H NL; HMCNCI HCHA @L I G
2?2;>nA 4B? MSMN?G NB?H Q; CNM OHNCF NBendIG.Aferreading, L ? ;
the raw data is converted into readable decimal values and the state changeé¥\ait Trigger." The action

remains in this state until a predefined interval elapses allowing for consistent sampling time. At this point a

@F; A CM M?N NI NLCAA?L 4&a! =NCI Hbadedbyt dépehdsdE the irdervalfNC | H
4! =NCIH rAn 4BCM ; J-inelwhile 8lowhdliMiDidual bictians t@dPekede attiRis dwr

speed. The interval execution is structured so that the actual execution time does not extend the interval, with

the only inaccuracy being theycle time itself Figurel4 showsthe design principles through the depiction of

three states fordAction 14and &ction 24

Wait Finish Wait Read Wait Trigger
R Coed G
g Trigger next
=] |s measurement Convert and Is measurement measurement
? . -
© finished? M I$ data read? > Filter result interval time and set Action 1
< yes yes exceeded? ¥ Flag
no no no
END END END
Keep State Keep State Keep State
Wait Trigger Wait Finish Wait Read
— G ComD
&
"3 E ':‘.dmn 1;?'39 —>» Trigger Action 2 Is Action 2 finished? ~—» Read result Is result read? —>» ?:l.jnnvert anlf
& riggered? yes ves ves ilter resu
no no no

END
Keep State

END
Keep State

END
Keep State

———>» Execution Path
State Transition

Figure 14 Depiction of three states for &ction 1Aand Action 2A

Note: The green dashed arrows indicate state transitions, while the black solid arrows represent the
execution flow within a state.

The actual main loop sequence is depictedkigurel5. In essence, the system performs measurements,
conducts diagnostics based on these measurements, determines the system state, controls the switch, and
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executes multiple housekeeping tasks. Detailed descriptions of the most critical components are provided on

the following pages.
Watchdog
Interrupt

Detect System
Faults and Kill
INITIALIZATION System
process Update measured system values from analog frontend IC
Measurement and ADCs
manage Determine in which slot the system is inserted
SlotState
manage Determine if and which cells need to be balanced
Balancing
doSystem Refresh errors and warnings from safety switch,
Diagnostic analog frontend and rest of system

manageSystem Determine main state of the BMS and set safety
AndSwitchState switch accordingly, including Hotswap

manageExternal Manage data from and to the BMS (CAN, debug, etc).
Communication Resets related latched bitmaps

manage Manage the queuing and interpreter system of the
AnalogFrontend | analog frontend

manage Manage the calculation of SoC/SoH battery
BatteryState monitoring
manage Detect shutdown conditions and control shutdown
Shutdown sequence if needed

updatePublic Update the data that is stored in public RAM. Used to
DisplayData show them on the display by the second core

manageMemory Check if status or RT data recording must be updated

refreshSystem Send a signal to the system watchdog that the

Watchdogs main loop is still running
Figure 15 The main loop sequencein linear and abstracted design
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Note: The nonblocking architecture ensures that all safatsitical measurements and their associated
actions are processed periodically and in rapid succession.

3.1.1 ) HCNC,; FCT; NCI H

The goal of the initialization phase is to start up all peripherals and subsystems. To ensure that the main loop
runs correctly, all system variables must be set during this phase; otherwise, the main loop may use NULL data
for initial checks. The followig are the actions taken during this phase, with details explained in the dedicated
following sections:

1. The dualcore PSOBS6 processor starts with the secondary (CMO+) core. This core enables the user
interface peripherals (for example, Display SPI, Button), initializes the public RAM used for communication
with the main core (CM4), and subsequently enables the main core.prbeessor then waits for CM4 to
start before entering the main loop (sdéigure29)

2. The main core begins by initializing the software and hardware watchdogs. This step is crucial to ensure
that the system does not lock in to an estate and remains capable of being shut down. As an additional
precaution, the secondary CMO+ core monitorgetshutdown button while the main core is initializing.
Subsequently, the remaining peripherals, including CAN, SPI2, internal ADC, and interrupts are initialized

3. With the internal ADC running, the system performs the first detection of the slot in which it is inserted. Four
MN; N?M =; H <? >C@@?L?HNC; N?>y &a. 1 H?AZ4H &a3SMN?G 1 AH
output of a voltage divider consistig of a fixed resistor on the BMS hardware and a variable resistor based
on the slot that the BMS is inserted in. The measured voltage determines the slot. This slot detection is
repeatedly run during the main loop

4. It can be ensured that the system can keep running even after the start button is released. Therefore, the
green LED is turned on and the VCC_HOLD pin is enabled, keeping the logic power supply and system active
until it shuts down

5. The safety switch driver is initialized. The hardware starts up with the enable pin, that all registers are read
and initial errors are reset. Default settings, such as internal overcurrent thresholds and configuratizas
written to the registers

6. To determine the last state of the system and facilitate later réiahe data recording, the memory is
initialized. The last SoC and SoH are read from memory and will be used during battery state initialization. If
the system starts in one of the systenoss, the realtime data recording is reset. Otherwise, it is not reset,
as data reading is expected

7. For accurate current and load voltage measurement, the external ADC is configured by setting the
appropriate configuration registers. The current is then read and averaged multiple times to determine the
system's idle current, which helps establish an acate current offset

8. The analog frontend TLE9012is initialized by setting all configuration registers to the values defined in the
settings. This includes configurations for cell setup, system/error/balancing behavior, and thresholds for
temperature, balancing current, opethoop voltage, and cell volige

9. The SoC and SoH are retrieved from memory or determined to provide a starting point for battery state
estimation. SoH is always read from memory as it cannot be directly estimated at startup using the
Coulomb Counting method. The SoC is determined from tlodtage in the linear regions of thetored open
circuit voltage (OCV) curve, which describes the SoC of the battery at a given voltage if no load is alpplied
non-linear regions, the last stored SoC is used

10.At this point, the role of the BMS for hstvap operations is determined (for details, s&ection3.1.4.2Hot-
swap). The system sends out CAN messages on the bus to identify another potential BMS. If none is found,
NB? MSMN?G MN; LNM ; M NB? @CLMN -onwihpf&harge. If afibtherl F ? e
BMSCM @ OH>H NB? | H? CHM?LN?> CH MSMN?G MFIN  <?=
waiting for the main BMS to initiate a handover
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11.All counters and data for CAN messaging are reset to achieve a defined starting state

3.1.2 -?;, MOL?G?HN

A main loop cycle always begins with the measurement phdsigirel5). During this phase, the system reads
voltages using the analog frontend (TLE9012), current/load voltage through the external ADC, and the coding
resistor for slot detection via the internal ADC. This process is depicted in the "Trigger Next" staigure16.

The analog frontend measurement occurs at a set interval, and the current measurement trigger is
synchronized with the analog frontend trigger.

3.1.2.1 'H; FI A @LI HN?H> G?,; MOL?G?HN

After the analog frontend measurement is triggered, the state changes to "Wait Result"Higggel6). In this
state, the system repeatedly reads the measurement control registers [MEAS_CTRL] until a marker, indicating
the measurement is ongoing, disappears. Once it disappears, two actions are initiated for the analog frontend.

1. The balancing bitmap, determinedbM B ? & G; H; A? " ; Fis Writed kb A4 fro@héite éhfdiced
balancing. This is done immediately because any voltage measurement halts the balancing for accurate
reasons. By performing this action promptly, balancing can resume as quickly as possible after it has been
stopped

2. The multiread process is triggered, causing the analog frontend to send the result registers of all set values.
Note that the field addressed by the multead feature is configured during initialization of the analog
frontend

Wait Result Read Result Trigger Next
Read Measurement
Results
Write Balancing
Biftmap Is M t Tri xt
s Measuremen rigger ne:
o e Measuiemerl —» Gonvert Result interval time —»  Measurement
g Tyes esult data read yes exceeded? yes (Voltage & Current)
=
o no no
w Is Measurement Is Measurement
3 Control data read? yes finished flag set?
©
E no l no
Read Measurement
Control again
Y Y
END END END
Keep State Keep State Keep State
—>» Execution Path
State Transition
Figure 16 Analog frontend measurement flow chart

3. The state changes to "Read Result". Here, the system waits until the aneiid is complete
The results are converted to usable values and stored in the system objects

5. The state changes back to "Trigger Next," where the system waits for the remaining interval time before
starting the cycle anew. If the external ADC measurement is still ongoing when the next analog frontend
measurement is triggered, a debug message istten to UART

B
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3.1.2.2 '$# G?,; MOL?G?HN

The external ADC measurement state machine, showRigurel7, is always executed after the analog

@LlI HN?H>n )H NB? &a4a7; CN 4LCAA?LA MN; N?H NB? MSMN?G
achieve synchronization. After this synchronization, the current measurement is triggered, changing the sta

NI a7; CN #OLL?HN 2?; >SAZn )H NBCM -iMady rhgistgr oiNHe ADOMIBLIMN ? G
the data is ready for use.

4B? G?; MOL?> P; FO? CM NB?H =1 HP?LN?> ; H> @CFN?L?>
The same procedure is used to read the load voltage. During system initialization, the current offset is
calculated (see Sectio.1.1Initialization).

The processor's internal ADC is used to detect the system slot (see Setlohinitialization). The detection
measurement is performed every cycle.

Wait Trigger Wait Current Ready Wait Load Voltage Ready
Convert and Filter
result
no
Is 5 Is Current Is Offset Is Load Voltage
Analog Frontend —>»> Tr;:gg:r rcel:r::;i Measurement —> Calibration Measurement C;:n:renr;:r;td
Trigger set? yes u ready? yes ongoing ready? yes ! u

no ¢yes

Calculate
Current Offset

no no

External ADC Statemachine

END
Keep State

————>» Execution Path
State Transition

END END
Keep State Keep State

Figure 17 External ADCmeasurement flow chart

3.1.3 $C; AHI MNC= MSMN?G

The diagnostic system is designed to detect and store all errors and warnings, indicate them, and subsequently
determine the appropriate state for the system and switch. This is achieved through a continuous loop of
requesting, processing, and resetting ¢hdebug registers for all peripheral ICs, implemented using state
machines. All internal and peripheral errors/warnings are aggregated into an error/warning bitmap for efficient
communication and utilization.

Figurel8shows an overview of the diagnostic actions. The following are three distinct error/warning sources:

1 Registers of the safety switch driver
1 Registers of the analog frontend
1 Internal checks

During each cycle, these resources are refreshed to obtain the current error/warning status. For each source, all
related errors are cleared from the error bitmap, current errors are detected, and the error bitmap is updated
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accordingly. Whenever possible, actual errors on the ICs are automatically reset. A detailed concept for all three
sources is illustrated ifFigure19.

After refreshing the error/warning bitmap, the errors are latched to ensure they accumulate and are not lost

(for example, for subsequent external communication via CAN, display, and so on). If any errors are present, the
"-3 MN; NOM CM MwWiNsubsequenthdisable2thEgafety Bw@ch in the next step. Note that any
fault interrupts from peripheral IC error pins will immediately set the system to a safe state and deactivate the
output (safe state pin of the intelligent gate driver). If norers are made, the safe state is clear.

Finally, the behavior of the red LED is controlled. When errors exist, the LED remains on until the errors are
resolved. If no errors are detected, the LED turns off. If the state of charge (SoC) falls below a certain threshold
limit, the LED blinks. TheHD directly indicates current errors, while the display shows all errors that have
occurred, including those that have been resolved, until they are manually reset (latched bitmap).

Clear Error Bits Read Error Set Errors Bits Reset Error
(latched) Registers Registers 1

Safety Switch Diagnostic
Analog Frontend Diagnostic l
Internal Diagnostic [

Latch Errors for
Display &

Communication

Error Bitmap: 0 1 0 1 Jv

Under  Over Over Over
Voltage Voltage Temp Current
Errors Bitmap 0 . Set BMS Status:

and Interrupt Pins ERROR
inactive? no
b !
Clear
Status ERROR if Enable red LED —
not already cleared
——>» Execution Path
_ ‘ NoEmorsbut * 5. Disable red LED —
Write to Object red LED still on? .
¢ no
Is Battery Low? —>» Blinkred LED —
yes
no

Analog Frontend
Error Interrupt @

Safety Switch . Emergency OFF
Error Interrupt " (safe State Pin High)
Figure 18 Diagnostic system overview
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Are Errors
Safety Switch Clear Safety Switch GetlSS‘z?tS:fety present or Error Reset Error
Diagnostic Error/Warning Bits Error/Warning Bits Interrupt s Register
9 received? ¥
no |
4
END
Is
Analog - " Diagnostic yes | Latched Clear of
Frontend I.s 13|agno§t|c a? —> E IIS ?tatg’ 2 —> register received —» Analog Frontend
Diagnostic Lo LN yes LIRS yes without Error? Error/Warning Bits
no no no ¢
Set Analog
Frontend
Error/Warning Bits
Reset Analog
Frontend Error
Register
A4 ¢
Is State Read and Trigger read of Set State
Measurement result received or ~— . . .
interrupt detected? yes Diagnostic registers Read
| no
Y
END
Internal Clear Internal Detlenrtr:Ii-::,l’Set - END
Diagnostic Error/Warning Bits ErrorWarning Bits d
Figure 19 Detailed flowchart of three diagnostic sources

3.1.31 IH; FI' A @LI HN?H> >C; AHI MNC=

The diagnostic process for the analog frontend adheres to the quéuterpreter concept (see SectioB.1.1]),

dividing it into two states Figure19, middle branch). This state machine continuously reads the diagnostic
register as quickly as possible. As long as a read is triggered but not yet received, no code is executed. When
data is ready and the state is "EvaluationClegitie system clears the analog fronterspecific bits from the

error map, sets them again as read, resets the error on the IC, and transitions to the "Read" state. The
diagnostic register of the analog frontend is only updated with each Round Robin (RR) ¢see manual of the
TLE901%, which can result in receiving an errtess diagnostic register even if errors are present. This situation
occurs specifically when the error register is reset and read shortly before the RR cycle completes. Therefore, a
latched error clear concept isriplemented, requiring an error to be absent for a specified period before the

error bit is reset. All cell, balancing, temperature, and communication errors are defined and listédlote 9
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3.1.3.2 3; @?NS MQCN=B >C; AHI MNC=

The safety switch diagnostic follows the established principles of clearing, setting, and resetting errors (refer to
Figurel9, top branch). This diagnostic is crucial for communication and display purposes, as the IC will
deactivate the switch upon detecting any errors. The safety switch driver recognizes errors when its voltage
and current limits are exceeded. These limits arenfigured to be wider than the system's specified maximum
and minimum ratings, triggering only in extreme conditions, such as short circuits or transients. All detectable
errors are listed in the correspondingable 9

3.1.3.3 ) HN? LH; F >C; AHI MNC=

System specification limits and logical errors are detected internally. These errors are checked directly within
the main loop and do not necessitate any peripheral IC reset. Different overcurrent thresholds for charging and
discharging, as well as the mamum and minimum battery voltage ratings, are applied. Additionally, general
communication errors with the analog frontend and external ADC are indicated. All errors are detailed in the
corresponding table.

3.1.3.4 LA &£?7 M

If any errors occur, the error diagnostic subsystem sets error bits inside the dedicated bitmap. For each error, a
= >2 CM MBI QH I H NB? >CMJF; SH OJ NI ; G; RCGOG | @ a:
bitmap is shown on the displato allow the user to extract all set errors by manual check of the bit position.

Table 9explains the meaning of each error and its bit position:

Table 9 List of errors detected with their code and bit position in the bitmap

Bit Code | Name Description

1 Sl SSW_INTERRUPT Errorinterrupt from safety switch

2 SUV SSW_VBAT_UNDERVOLTAGE Safetyswitch Batteryundervoltage

3 SOV SSW_VBAT_OVERVOLTAGE Safetyswitch battery overvoltage

4 SvD SSW_VDD_UNDERVOLTAGE Safetyswitch supply undervoltage

5 SOT SSW_CHIP_OVERTEMPERATURE | Safetyswitch overtemperature

6 SAO SSW_VDS_OVERVOLTAGE_A Safetyswitch MOSFET évervoltage

7 SAU SSW_VGS_UNDERVOLTAGE_A Safetyswitch MOSFET date undervoltage
8 SBO SSW_VDS_OVERVOLTAGE_B Safetyswitch MOSFET 8vervoltage

9 SBU SSW_VGS_UNDERVOLTAGE_B Safetyswitch MOSFET &ate undervoltage
10 SOC SSW_OVERCURRENT Safetyswitch overcurrent

11 SCU SSW_CHARGEPUMP_UNDERVOLT] Safetyswitch chargepump undervoltage
12 SSS SSW_SAVESTATE_ENABLED Safetyswitch emergency off enabled

13 Fl CAF_TLE9012_INTERRUPT Errorinterrupt from analogfrontend

14 COoL CAF_OL_ERR Analogfrontend cell open-loop (missing)
15 FIC CAF_INT_IC_ERR Analogfrontend internal error

16 FCE CAF_REG_CRC_ERR Analogfrontend internal error

17 COoT CAF_EXT_T ERR Analog frontend external overtemperature
18 FOT CAF_INT_OT Analogfrontend internal overtemperature
19 Cuv CAF_CELL_uvV Analog frontend cell undervoltage
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Bit Code | Name Description

20 cov CAF_CELL_oVv Analogfrontend cell overvoltage

21 BUC CAF_BAL_UC Analogfrontend balancingundercurrent
22 BOC CAF_BAL OC Analogfrontend balancingovercurrent
23 FPS CAF_PS_SLEEP Analogfrontend power supply fault

24 FAD CAF_ADC_ERR Analogfrontend ADCerror

25 IQF INT_TLE9012 QUEUE_FAILED Internal queueerror for analogfrontend
26 I0C INT_OVERCURRENT Internal overcurrent threshold exceeded
27 ISV INT_SWITCH_ON_VETO_RECEIVEL Another BMS sdrswitch-on prevention
28 IAT INT_ADC_COM_TIMEOUT External ADC communication error
29 [0}V INT_VBAT_OV Battery overvoltage

30 UV INT_VBAT_UV Battery undervoltage

31 ICE INT_TLE9012 COM_ERROR Analogfrontend communication error
3.1.4 3; OROCN==BINL | ¥N; NB>CMCI| H

Based on the diagnostic results, the system determines its state and controls the safety switch accordingly. A
simplified scheme of this process is shownkigure20. The primary decision point is whether the diagnostic

M?N NB? "-3 MN; N? NI &a%22/24A17 )@ MIH NB? MQECN=B CM
JL?M?HNH NB? " -3 MN; N? CM M?N NI &a$) umtioh. 3ubgequendy, | L .
the system evaluates whether any conditions necessitate a-gBatap to another system. This is the stage where

a shutdown is executed if the hegawap has failed or completed. The BMS Role state machine is then executed,

definingthet MEM @I L NB? =OLL?HN "-3H QB?NB?L CN CM NB? J
ahotMQ; J ©4a' )6 %2 "-34A& ; H> 44! +%2 " -3/& LI F?en
User guide 27 V2.

202512-09



o _.
Infineon Mobile Robot (IMR) battery management control < |nf|neon ,
Using DEMO_IMR_BMSCTRL_V1

Software
Set BMS State
Disable «— Is BMS State 5 DISCHARGING or
Safety Switch ERROR? CHARGING based
yes no
on Slot State
Check HotSwap
Set Switch State State and manage
IDLE Give-Over
Shutdown
BMS Role Statemachine
t BMS 1
GIVER BMS TAKER BMS
|
Orange LED
Control
Figure 20 Overview of the state and switch control

3.14.1 $SH,; GC& B; L ARQCNB

4B? @CLMN "-3 NI MN; LN CM ; MMCA H-@8rrandlypi®chargevih gstade L |1 F ? |
machine (sed-igure2le n 4B? JLI =? MM <? ACHM CH NB? &a4)$%$, %& MN; N?
pre-charge if all conditions are met, including switches being off, low load voltage, and retry attempts within

limits. If these conditions are satisfied, the pigharge switch path is activated, transitioning the state to

a02%# (! 2" %AEN

YH NB? 402%#(! 2" %& MN; N?2H NB? MSMN?G G| H€hdrgelisM NB? |
complete. Aftera minimum time has elapsed and either the maximum time is exceeded or the rate stabilizes
below a threshold, indicating sufficient charge, the main switch path is activated, and the state returns to

a) $, A En
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4B? 4a4)$%$, E MN; N? L?G; CHM =1 HMN; HN QBCF? NB? | ONJON
turned off. This behavior persists even after a awap.

Switch ON Statemachine

v

IDLE

switch is OFF AND
retry time exceeded AND
load voltage correct

done
Turn Turn
Full ON Precharge ON

min time exceeded AND done

max time exceeded OR

voltage change rate < target

PRECHARGE

Figure 21 Pre-charge state machine
3142 (| 841Q; J
As depicted irFigure20d NB? " -3 LI F? MN; N? G; =BCH? CH=FO>?M NBI
@CLMN " -3 NI MN; LN OJ ; FQ; SM ; MMOG?M NB? é&a-!"). & LI |

remainsinactive until a giveover handshake is initiated.

The detailed interaction of these roles is shown in thegure22. The MAIN BMS manages the soft switch
with pre-charge. Upon detecting a heswap givel P? L =1 H>CNCI HYH NB? LI F? =B; HA
CAN<; M?> =] GGOHC=; NCIH M=B?G? NI NL; HM@?L NB? MOJJF

4B? &' )6%2AZ MN; LNM NB? JLI =?MM <S M?H>CHA ,; B; H>MB
L?MJI HMCP?H?MMn 5JIH L?=?CPCHA ; L?MJI HM?H NB? a')
level to prevent hardware damage.

. ?RNH NB? &' )6%2A&Z M?H>M ; MQ;J =1 GG; Hshaigé¢ patN&@ a4 ! +
acknowledge the command. Using the pigharge path helps limit the compensation current between the

empty and full batteries, preventing safety featurdom triggering or system damage due to the high current
capabilities of the batteries.
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A timeout check is performed at every step of the scheme. If a timeout occurs, both BMS units will shut down.

MAIN BMS GIVER BMS TAKER BMS
Q
(72}
©
=
o
Send Handshake Handshake END @
Command received? no Keep State -é
@
yes o
| I :
. ©
Is Give-Over END Handshake Send Handshake I
Condition set? Keep State received? Command
yes no
lno yes
Switch ON Statemachine
b "
4
Send Reduce
IDLE Power Command to —» SCend Swadp Sv»_.rapd’? KeeE N;ate i
System omman received? no p o
" Switch ON o
Switched es |
wg;\l ®%  Conditions ¢ y ¥ Ug')
met
END Swap 4 Send Swap Turn Precharge
PRECHARGE Keep State received? Command Path ON
yes
»
Turn Precharge and > Send Finish . Finish END Ev
Main Path OFF Command received? no Keep State o
| I 3
yes L
v E
. Send Enable Power
END END Turn Main
Shutdown —» Command to
Keep State Path ON Systern
——>» Execution Path
State Transition
> CAN Communication

Figure 22 Detailed flow chart of the roles, switch on,
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3.1.5 " F; H=CHA

A simple threshold algorithm is used for cell balancing. If the voltage imbalance among cells is within an
acceptable range, no balancing is necessary. However, if the imbalance exceeds this range, cells with voltages
higher than the highest voltage minuan offset are balanced. This process involves sorting the cells by voltage
and determining the imbalance by subtracting the lowest voltage from the highest voltage.

For system implementation, synchronization with the analog frontend communication is required, as all
necessary values are read from it and the balancing is controlled by it. As showigime23, the balancing
calculation is executed only when new results are received, and a specific interval has elapsed. In such cases, a
selection sort algorithm ranks the cells by voltage. After ranking, the imbalance value is calculated and filtered.

If the system is in charging mode and the imbalance exceeds the threshold, the highest cell voltage is stored as
a reference. In all other cases, balancing is halted. Any cell voltage within the range of the reference voltage
minus the balancing goal is mged in a bitmap. If the bitmap is empty for any reason, balancing is deactivated.
Conversely, if the bitmap is not empty, the value is stored internally and sent to the analog frontend after each
measurement cycle (seBigurel6). This step is essential because any voltage measurement disables the
balancing. Reactivating balancing as soon as possible after measurement maximizes active balancing time and
enhances balancing performance.

Is

Analog Frontend = Balangmg Selection Sort Cell
Result read thi —> interval time Volta
seul lenc e yes exceeded? yes C8d8s
cycle?
no no ¢

Calculate and Filter
Imbalance V

Is
BMS State CHARGING and
(Deactivated) Imbalance V > Threshold Voltage

Set Balancing V
to Max D

Set Balancing V
—>»  tolowest Cell
no ? yes

v

Is Balancing Register .y Is Balancing V > Cell
already queued? no Under V Limit? no

l yes yes

. Check for each Cell
Is last Write em Vi
Written Balancing Map not empty —> Balanlcing Mpat; to Elif Y L jaborle
or Balancing active? yes | Analog Frontend Ba|:r?cri‘r?gn%ffs;at
o v
Create Balancing
Bitmap
|
Figure 23 Detailed flowchart of the balancing
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3.1.6 #? FF GI HCNI LCHA ; H> MN; N?

The battery state estimation utilizes a simple implementation of the coulomb counting method. At
initialization, the SoC and SoH are retrieved from memory or determined to establish a baseline for battery
state estimation. Note that this feature is abstrged to battery state.candbattery state.h To implement
another algorithm, check the header of the file for instructions on how to do this.

3.1.6.1 3N; N? |1 @ =B; LA? ©31 #6e

To determine the SoC, initially the remaining charge in the battery is estimated. If the voltage is in the linear
regions of the stored open circuit voltage (OCV) curve, the initial state is based on it. The OCV curve describes
the SoC of the battery at given voltage when no load is applied. In the rdinear regions, the last stored SoC

is used.

Subsequently, during the main loop, the current is integrated over time at each measurement to track changes
in the battery's charge. This method directly monitors the charge level. The SoC is then obtained by comparing
the current charge state to the maxium charge state.

3.1.6.2 3N; N? 1 @ B?; FNB ©31 (e

At startup the SoH is always read from memory because it cannot immediately be estimated using the
implemented coulomb counting method. For the estimation, a full charge cycle is typically monitored. If the
amount of charge passing into the battery diffefiiom that of a new battery, the SoH is adjusted accordingly.

To improve applicability, SoH is estimated only during charging because integration errors due to load
fluctuations are minimal. Additionally, only a specific region of the charge cycle is monitored, as the battery is
rarely charged from 0%. This provid@srough estimation of SoH, though it may not be perfectly accurate.

3.1.6.3 SM; <F? L?G; CHCHA NCG?

The calculation of usable remaining runtime differs for charging and discharging scenarios. During discharging,
this value indicates how long the battery will last under the current load until a certain SoC threshold is
reached.Equation1 shows this calculation, where the difference between the currently available capacity

© , estimated by the SoC algorithm) and the rated capacily ( ) compensated by the missing SoH and
the minimal usable SoC is calculated. Dividing this result by the system current at a given time yields the
momentary remaining time.

v

Equation1  Dischargetime calculation

During charging, the remaining time until the battery is fully charged, assuming the current remains constant,
is estimated, as shown iEquation2. The remaining charge required to fully charge the battery is calculated
and divided by the current. Note that the current must be negated since the current sensor detects charging
currents as negative.
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Equation 2  Charge time calculation

3.1.7 -?2GI LS

The FRAM memory is divided into two parts ($@gure24). The first part stores system status data, such as the
last state of charge (SoC) andtate of health (SoH) of the BMS. This data is only updated if the current value
differs from the stored value.

The second part stores redime (RT) data while the system output is enabled. It is designed to capture full
operational cyclegdischargeor charge) and captures all values presented rable 10 Note that the value of
the current can later be calculated through division of the charge and time difference.

Is '
Is Balancing ;
.;nalolg Frogtir_ld > i > Sele(;t'lcin Sort Cell
esult read this yes exceeded? yes 'oltages
cycle?
no no ¢
Calculate and Filter
Imbalance V
|
v
. Is .
Set Balancing V Set Balancing V
to Max - [l S EENE ) —>» tolowest Cell
(Deactivated) na Imbalance \."'7> Threshold yes Voltage
v
Is Balancing Register .y Is Balancing V > Cell
already queued? no Under V Limit? no
| yes yes
s last Write empty Chei;:l\tlfic;r :;;:\t\eCell
Written Balancing Map not empty —> Balancing Map to -
or Balancing active? ves | Analog Frontend Balancing V -
Balancing Offset
no ¢
Create Balancing
Bitmap
|
Figure 24 Detailed flow chart of the memory functions for status retention and real -time data
recording

For optimal compactness and usability, values are storedZ#byte little -endian format using fixeepoint
representation. This involves multiplying values by a power of 10 to fit all desired decimal places withirbé 16
integer.
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To achieve precise time resolution with minimal storage demand, the time difference between consecutive
points is stored rather than the absolute time from the start. During data evaluation, these time differences can
be summed up to obtain the absolute®@? n 4BCM @C?F> ; FMI G; LEM MSMN?G L

The value of the current is not stored directly; instead, it is calculated by dividing the charge difference by the
time difference. The state of charge (Coulomb Counting) is refreshed at the same rate as the current
measurement. However, values for timad charge differences are updated at a higher rate, providing a more
accurate average current between lines while reducing outliers and noise. To prevent charge loss when
converting from floatingpoint to fixed point, a compensation mechanism is implementeAfter each

calculation, the integer value is summed up and used next time to subtract from the current flogpioigt

state to get the charge difference. This ensures the system tracks which charge has been accounted for. When
lost decimals accumulatelt &rf Ay NB?S ; L? =1HMC>?L?> CH NB? H?RN
highest precision per line, it maintains overall accuracy when integrating lines over time. The value is stored in
ampere-seconds with four decimal places moved to a fixpdint (seeTable 10).

For the temperature field, the system uses the average temperaturtheftwo nsors located near the cells.
The block voltage and imbalance values are stored directly. This results in a total of 10 bytes per line.

During RT data recording, it is advantageous to record a full battery cycle before the battery is fully charged.
However, the optimal sampling rate depends heavily on load conditions. With a high current draw, the battery
depletes faster, allowing for shoer sampling times. Conversely, low load currents may necessitate longer
times to drain the battery. To account for this, a dynamic sampling time estimation is implemented. The
system divides the usable remaining runtiméy( ) by the number of remaining lines ( ) to
determine the sampling time. This adaptive sampling time ensures the recording of a full charge or discharge
cycle.

“y

Equation 3  Estimating the sampling time

If a higher data resolution is preferred over completeness, a static record rate can be set in the settings, and the
recording can be reset via CAN messages. At the default set maximum specified curi@# thfe highest

possible capacity difference value of 32.767 ampeseconds is reached after 5.4 seconds (dividing charge by
current). This must be considered when choosing the record rate. If the value still does not fit, the maximum
value will be used, anthe mechanism to compensate for lost decimals will distribute the actual current to

later values where it fits. This is easily detected during evaluation, as some points will reach the int16 maximum
value of 32767.

Table 10 List of fields that are stored per record line
Name Type Unit Min Max

Time difference uint1l6 ms 0 65535
Capacity difference int16 As -32.767 32.767
Batteryvoltage uintl6 mV 0.0 65.535
Cellimbalance uint1l6 mV 0.0 65.535
Temperature int16 °C -327.67 327.67
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3.1.8 3BON>I QH ; H> MN; LN

The 5V and 3.3 V supply required for all components is managed by an intermediatedounsierter connected

directly to the battery voltage. The enable pin of this converter is pulled low by default and can be set high by
pressing the start buttonorvieB? a6##i(/ , $&£ JCH I H NB? JLI=?MMILnA 4
MN; LN?> G; HO; FFS OMCHA NB? <ONNIH ;H> E?JN 1J?L; NC|

4B? =1 HNLIFF?L >CL?=NFS G; H; A2M NB? FI AC=;F JIl Q?L |
Therefore, there must be always a mechanism to shut down the system, even if code execution fails. However,

a controlled (soft) shutdown proceduresipreferable to ensure the system ends in a defined state and to

prevent interruption of the last display refresh. This is especially critical with thilmEdisplay used, as

refreshing can take more than a second, and an incomplete refresh will resulhittesirable behavior. For a
JLIJ?L MBON>I QHH NB? MQCN=B CM >CM; <F?>H NB? >CMJF:
set low, stopping the logical power supply.

The shutdown process can be triggered by the shutdown button, deep discharge protection, or certain logic

MN; N?Mnp )@ ; "-3 CH NB? &4-!). &£ LIF? CM MBON >1 QH P
Section3.1.4.2. If any part of the heoMQ; J @; CFMH NB? MSMN?G J?L@ LGM ; N
"-3/A& QCFF ?R?=0N? ; MI @N MBON>I QH C@ NB? FI ;> PIFN

In any scenario, the watchdog will enforce the shutdown after a specified time following the shutdown button
press. Additionally, continuously pressing the shutdown button for a set duration will result in a hard
shutdown. This is monitored by both procees cores.

3.1.9 7; N=B>1 A

Two watchdogs are implementeda software watchdog on a short interval and a hardware watchdog on a long
interval. Both watchdogs must be kicked faster than their trigger intervals to keep the system running.

The software watchdog attempts a controlled shutdown if the hstvap takes too long or if the shutdown
button is pressed continuously. It can also perform a hard shutdown if the main loop cycle count does not
increase.

The hardware watchdog, integrated into the microcontroller hardware, triggers a system reset if a specific
function is not executed within a defined timeframe. This hardware watchdog will act even if the processor
cores are in an error state and no codebising executed.

3.1.10 SFIN >?N?=NCI H

Slot detection within the BMS is achieved through a voltage divider circuit, which incorporates a fixed resistor
located on the BMS hardware and a variable ‘coding' resistor found on the slots. The internal ADC measures the
output voltage from this voltagedivider to determine the specific slot in which the BMS is inserted.

The detection process is executed on every main loop. The measured voltage is compared against predefined
thresholds corresponding to each slot state: None, System 1, System 2, and Charger. This arrangement allows
the system to accurately identify the aate slot and respond accordingly to maintain operational integrity and
prevent conflicts during hotswapping scenarios.

Table 11lists the detectable slots, their detection ranges, and the typical coding resistor used on the BMS
mainboard.
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Table 11 List of detectable slots

Slot Voltage range for detection Resistancevalue
aNone/ >2.578V Infinite (open)
&System 2E 1.800%2.578 V rfnl EA
8System ¥E 0.705%1.800 V xnp EA
&ChargerE <0.705V rnl EA
3.1.11 l'H; FI' A @LI HN?H> FC<L; LS

The analog frontend connects to the battery main terminals and all tabs between the series cells. A balancing
circuit between the analog frontend and the battery incorporates feedback circuitry and balancing load
resistors. The internal switches of the alog frontend perform the balancing over these resistors, setting the
current to approximately 100 mA as recommended in thi@tasheet Feedback is also used for cell and system
voltage measurements with a 1bit resolution. Additionally, five external NTC sensors and internal
temperatures can be read with a it resolution.

This device incorporates numerous features designed to enhance performance and ensure system safety and
?RJ; H>; <CFCNSn &l L CHMN; H=?H CHN?L@; =CHA CM J?L @l L
to be daisy chained. Communication is Haluplex, meaning sending and receiving cannot occur

simultaneously. General diagnostics are conducted using a Round Robin (RR) scheme, performing diagnostic
measurements, plausibility checks, and safety functions cyclically at a typical rate of 50 merriztly triggered
measurements have higher priority and can postpone RR cycles multiple times before they are enforced. Error
detection and error interrupt pin settings can be specifically adapted. Communication with the device uses
different frame layoutsdepending on the action and is always CRétected to detect transmission errors.
Optimization functions, such as mukliead, are implemented for the most needed registers. The device

includes over 180 fields for measurement, diagnostic, balancing, aletiical settings.

The complex, halduplex communication with the analog frontend IC requires a special interface to allow-non
blocking operation according to the main design principles. For details check the files and their header text in
NB? > CBMS=TNEOOAS CGGHMC>? NB? #-BH MO<JILI D?=Nn

31111 ) HN? L@; =? FC<L; LS >7?MCAH

The interface library design specifies three command processing components Esgare25):
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2.

Register State Bitmaps

[ 1 10]

Error I

Receive Buffer

On RX Interrupt:
- Store bytes in FIFO ring buffer

Interpreter Pos

i Interpreter:

- If not queued already, store
as new queue item
- Set register queued
Information Request:
- Return register data

(interpreter received result)
— R epeat for next Q item ...

Interpret buffer data until
RX Pos is reached

- Store data based on content
- Set register ready and

set error if any occurred

Analog Frontend Library Main Loop
Queue Interface
IiSrn Nlcll:c)!e RW RIEQ Data | State Commands: <«——— Request registers and process data:
- RAW Command: - Any register that needs to be read or
1. | 1 | R | 1 |OxFFFF | TX - Determine command result written is queued. Once result is ready

it can be processed and queued again.
- Example:
- If register is not queued (bit is 0)
- If register has no error (bit is 0)
- Process result
- Request next register read/write

Reg1 Reg0
Queue: €-----1 Execute Queue Management:
11 |0 . g .
Queued | J | - Transmlt Q ltem (TX) bytes - Must run every loop and controls the
- Set register not ready queue system and data transmit (TX)
Ready | | 10]1] - Wait till register ready to the IC.

Execute Interpreter Management:
- Must run every loop and processes
the data received from the IC

(TX) bytes

\ 4

half-duplex UART (L]

Figure 25 Interface library design

Note: Any request from the main program generates queue items and marks the corresponding registers
as queued. A dedicated queue handler detects new queue items, transmits their content to the IC,

marks the registers as not ready, and waits for the result. Tagpneter handler processes new

data in the receive buffer, performs fault checks, and marks the registers as not queued and ready.

The seteady bit informs the queue handler that the channel is free to send the next queue item.

Commands can be called multiple times and anywhere during execution. These commands do not directly
communicate with the analog frontend system but compose the action details and store them as queue items.
These items are processed by a queue system tleatds the current item's data over the bus and waits for the
result before sending the next item. This ensures data is never sent and received over thdumddix bus
simultaneously. A special interpreter monitors the bus, records any data, and procesé@aekages once they
are complete.

These three components work independently and communicate through special register state bitmaps. These
bitmaps indicate if a register is currently queued, if there was an error in communication, and if the register is
ready and not processed currently.

Any command will determine the register data that needs to be sent, whether a register is read or written, and
which register ID must be addressed. After adding the queue item, the queued bit for the specific register is set
to true. The state field of thgqueue item tells the queue handler if the item must be sent or if it must wait for

the result. Once the queue handler finishes processing the last item, it sends the new one and marks the

User guide 37 V2.
202512-09



o _.
Infineon Mobile Robot (IMR) battery management control < |nf|neon ,
Using DEMO_IMR_BMSCTRL_V1

Software

register as not ready. Meanwhile, an interrupt handler triggered by incoming communication adds data bytes
automatically to a ring buffer. Every time the interpreter handler executes, it checks if a complete data package
is in the buffer and tries to intgret it. If the package's CRC is valid, its data is stored in the shadow register
(buffer for all register values). Finally, the interpreter marks the register as not queued and ready. If there were
any errors, the error bit is set to true; otherwise, strieset to false.

The interpreter does not interact with the queue items directly. It only interprets whatever arrives on the bus. If
a package does not arrive or is invalid, the interpreter ignores it. Every part of this scheme is tinpeotgcted
and will eventually sethe error bit and discard the queue item.

3.1.112 #1 GG; H>M ; H> >: N; T ==? MM

There are many commands for all important functions of the analog frontend. Most end up using a function to
read or write a register. This function checks whether the register is ready and not already queued, returning an
error if this is not the case. Thiensureghat the system can react directly to the register state and prevents
multiple requests for the same register. Commands can perform blocking operations with timeout protection,
which is useful during initialization when actions depend on previosteps.

Once commands are finished, the data is written to a shadow register representing those in the analog
frontend. Special conversion functions can then extract and convert the data into usable values. All this data is
stored in objects representing eachdais B; CH HI > NFOM? U st@diein? ¥
BMS_TLE9012/tle9012_registessid" - 394, %3 Ff U} NFR3F UUsL?ACMN?L MZB ¢

31113 10?70? MSMN?G

The queuing system focuses on preventing simultaneous transmission and reception over the bus. The basic
principle is shown irFigure26. It assumes that no incoming traffic occurs without a prior request. A queue item
L?KO? MN MExeduttli¥E GIH; NBYHY &OB?L? CN CM M?HN | P?L NB? <O
4B? MN; N? N BMVaHorRxBwheteAtire uedelwaita for the result or a timeout. Based on the

outcome, the register bitmaps are updated. If another item is in the queue, the index changes to it. If not, the
state changest@ 7 ; CN & | Lj, whdRa\ihe Ny3t@n stays until a new item is queued. Transmission for the

next item (if available) is performed in the same cycle.

For safety, the analog frontend IC enters the sleep mode if a kaly@ command is not sent within a certain
period, which in the current implementation has been set to 1300 ms. Commands can only be sent safely in the
8ExecuteTk state, which may delay transmissions by one cycle. If sleep mode is entereidjtralization

occurs at the queue handler start.

When adding a new queue item, a queue overflow check is performed. If the queue is full, the request is
rejected, and an error code is returned to the caller.
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Reinitialize Analog
Frontend if entered
sleep mode
Is current . :
Quislic il stats: e s Is register g Mark registeras |
WaitForRx yes marked ready? ves not queued
no ¢ no .y Isanotheriteminthe . __
queue? no
Mark register as
Is timeout exceeded? ~—>»  not queued, — Y=
yes | ready and error
| no
Y
Y
Is current - Set Queue item
Queue item state: _ 3 Isanewqueueitem .3 Move queue index < state:
WaitForNextltem yes received? yes to next item WaitForNextltem
| no no
Is current . .
Queue item state: - Must the keep alive Send request to Mark register as
ExecuteTx yes command be send e Analog Frontend not ready
no ¢ yes l
Change queue item
Send keep alive state to:
WaitForRx
[ |
Y
END
Figure 26 Overview of the command queueing system implemented by the library

3.1.114 )HN?LJIJL?N?L >7?MCAH

The interpreter design addresses multiple challenges. Each communication package consists of multiple

frames and does not have a fixed size. The size varies between read and write packages and can be dynamic for
special functions. The expected package sineist be determined from the information of the frame bytes. To
ensure validity, the last byte always contains a cyclic redundancy check (CRC). All packages start with a SYNC
byte and an ID byte that specifies the nhode and whether it is for read or whiteADDRESS byte defines the

register. After this, packages differ based on type.
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Write packages include two additional bytes for the DATA and the CRC byte, tHeranalog frontend also
sends a REPLY byte with the result and-ait3CRC. The result provides detailed information on the success of
the write operation and any general errors.

Read packages are followed directly by the CRC byte. The IC returns an ID byte, 2 bytes for the DATA, and
another CRC byte for its read return package. The mrdad feature allows the read command to receive
multiple read return packages, one for eachgeested register. This feature must be configured at startup to
specify which registers to expect; otherwise, the interpreter cannot determine the package length and will fail.

An overview of the interpreter concept handling these conditions is providedrigure27. The logic is
surrounded by a while loop that tries to process all complete packages in the receive buffer until insufficient
bytes are left to form a package. This allows the interpreter to process all available replies in one cycle.

Inside the loop, there are three stages to identify and process the data. The first stage checks if the first byte
matches the SYNC frame. If so, the execution path splits depending on whether the package is marked for read
or write. Both cases verify ihe buffer has sufficient data for the package type and if the CRC is valid. On
MO==? MMH NB? CHN PdrséRe2dR&UAEIMN; 1 NN? PCNF CM? NQLNCIN?a J; =E; A? M
directly interpreted. If the CRC fails, the interpreter stald i M ?RdrseRdiledB

The second stage checks read return packages if the interpreter state is set accordingly. If multiple return
packages exist, the loop interprets them until the next SYNC frame is found.

4B? F; MN MN; A? >CM=; L>M @; OFNS < SN PdvseFailkdEHJ CNECAR MK
RX buffer bytes until the next SYNC frame is found. This typically occurs during systeraupakef CRC errors
occur.
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in RX buffer? i
§ e E
Set interpreter state:|
yes Does second yes Is at least the yes D h yes '
@ first byt - oes the CRC ParseReadRet :
e SYNG frames > byteindicate aread - minimal read package > match for the assumed >
package? <=l F;X buffer package? Discard package :
no no J_no no ‘
Set interpreter state:| | I
ParseFailed
Interpret data :
. Is at least the yes Does the CRC yes ‘
A - . ly fi '
s::z::;\:te —>»<_minimal write package »<_ match for the assumed > and reply frame i
ize i ? ) i
size in li)( buffer package? Discard package :
J_no no :
Set interpreter state:| |
ParseFailed '
\ 4
Is at least th Interpret data '
Is interpreter state: . Y%° A e yes Does the CRC . Yes package !
ParseReadReturn? ¥ min. read return package <" match for the assumed 3 :
< B,X Bufice RS Discard package | | :
no J_no no :
Set interpreter state:| |
ParseFailed '
Is interpreter state: yes Discard first byte in I
ParseFailed? RX buffer ‘
" no E
T
——>» Execution Path
——— Direct Path to End
-  While Loop Path
Figure 27 Overview of the communication interpreter system implemented by the library
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3.1.12 5M?L CHN?L@, =? I H M?=1H>; LS =1I117?

The logic and flowchart of the secondary CMO+ core is depictdeigare29. During the main loop, the CM0+
core continuously monitors conditions that may necessitate a display refresh, while adhering to the minimal
refresh interval. Additionally, the otime and public RAM are refreshed at set intervals.

A signal from the primary CM4 core can trigger a final display update during the shutdown process, after which
the CMO+ core will stop. If the display needs to be refreshed due to a significant change in the state, the main
menu page is shown (seeigure28).

Pressing the display button will navigate to the next menu page, such as the battery detail pagé-iges28

[d]).

Bm= Monitoring PAGE 104 Bh= Monitoring PAGE 114

00:00:20 — OFF -
SOC: 35% SOH:100% S0C: 35% SOH:100%
Voltage: 41.27 V Voltage: 36.31V

Current: -1.77 A [ ] Error: EUY,CUV,COL... N
Slot: Charger a_ slot: Charger -

[a] Main screen without errors [b] When errors are active
Bl Monitaring Battery Page 3 PAGE 414

-

J.45¥  3.42¥Y  0.00¥  3.35Y

OFF

S0C: 32% SO0H:100%

Voltage: 3623V

Error: 0x20843000 L]

Slot: Charger a
[c] When errors are active [d] Batterydetail page

Figure 28 BMS monitoring

Note: Figure28[b] shows the detailed error code where all errors can be identified externally
(seeTable Yor the list of the errors), whikigure28[c] shows the combined error hex code for
external undervoltage, cell undervoltage, and cell open loop.
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refreshed? yes
no i
Is
display page
button pressed but not 3 Markthatbutton
pressed already yes was pressed
?
no ¢
Is
regular display _Mark that regular
refresh interval ——»display update must
exceeded? yes be done
no i
ol Is . Mark that state
isplay refres change display
due to state change L update must be
necessary? yes done
no |
v
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min display refresh time Prevent multiple
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?
o v ) v
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main if a state  —> d'?fp'ag pttage IIalcE: Reset marks
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? yes
no i
Check for hard
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Figure 29 Flowchart of the secondary core logic
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The system can be interfaced using CAN messages to exchange status information, requests, and commands.
The central function for all outgoing CAN communications is showifrigure30.

Is
minimal CAN 5 Is the CAN
message time —> < Is BMS Role MAIN? ~—>» |t§ Sy d":‘;’ 3 IsaCANrequest .y - data refresh interval >——
exceeded? yes yes e Exceelee S o received? 6 time exceeded? -~ |,

no yes yes yes
no ¢

Send switch on
veto message

Reset current RT
data line number to €«—— Rfes e:;IeZita
0 yes ¢ :
¢ no
Send requested RT T
data line in 2 parts €—— Gert RTed?;z;'l;ne
as CAN message yes equestad:
¢ no
Send latest stored Get RT data stored

line number CAN <€«——
message yes

lines requested?

¢l’l0

Send highest

possible line Get max RT data
number CAN os line requested?
message Y

|no

Send SoC, Voltage
and Current CAN <€

message
\ 4
Turn on/off blue led
if communication
successful
Figure 30 Detailed flow chart of the communication
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To prevent the peripheral from blocking messages due to bus errorgnialization is triggered by specific
errors. All communication is formatted in bigndian, where bytes are sent from the highest value byte to the
lowest.

As a prerequisite for any outgoing traffic, a minimum interval between messages must be maintained to ensure
that the bus usage remains within safe limits. Status information and requests are processed only by the
MOJJFSCHA " - MAINBMM C ABH AR guikEB) 2Bdditiohally, CAN messages are sent during-hot
MQ; J 1 J?L; NCI| HMVE&C HAKERE® nL I F? M | @ a

If the necessary conditions are met and messages can be sent, three types of messages are processed in order
of priority. The highest priority is given to th8witchOnVet& ? MM; A MAINEB B'?- 38 M? H>M NBCM
short intervals when the output is active to signal other BMS units that they are not allowed to switch on, which
is part of the hotswap initialization. If this message does not need to be sent in a cycle, the system checks the
next type. Here, responses to previously registered requestspmeessed. Finally, if no other message type

needs to be processed, system status data is sent.

Requests that result in returning data typically send the information using the samessageD and do not
require any parameters. An exception to this rule is tR&_Data_GetLine®mmand, which requires specifying
the parameters [Startindex] and [Offset] &bytes each. After performing plausibility checks, the system sends
the number of lines specified in the [Offset] starting from the [Startindex]. Since the data size of default CAN
messages is limited, each line is sent in two parts.

For a full list of available CAdbmmands seeTable 12 For every physical signal contained in the data portion,
the decoding description is given in italics:

71 U/S: Unsigned/Signed

1 Factor: Factor with which the value in the CAN data must be multiplied to arrive at the physical value

1 Unit: The unit of the signal

For example,
6l FN; A? MCAH; F I @ NB? " -3WG@LAEY»Y G? MM; A? ©" SN?M T ;
This means that the 1®it value is an unsigned integer, and needs to be multiplied by 0.001 to convert the
signal to V. All signals use Big Endiannésad - | NI L1 F; £ =1 HP?HNCI He @l L NB?CL
Table 12 BMS CAN messages
Byte #
Message D |0 1 |2[3 |45 |6 |7 |Description Rate
BMS_state 0x100 | SoC | Voltage | Current | SoH | Uptime BMS state 3.33 Hz
(slo_1]|2) |0x101 |y, 1, |U, S, U, Ul s information
% 0.001, |0.001, |1,
Y A %
Reduce_PowEr_| 0x180 Command from BMS| On
For_ HS to main controller to | demand
reduce power for during
how-swap (1 s delay | hotswap
before hotswap
initiated)
Enable_Power_ | 0x181 Information from On
For HS BMS to main demand
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Byte #

Message ID 0 1 2 |3 4 |5 6 7 Description Rate
controller that hot- during
swap is finished, and | hotswap
default power can be
drawn again

(slot 1|]2) HS_ | 0x182 Initial handshake 100 Hz

Handshake |0x192 command during during
hot-swap hotswap

(slot1|2) HS_ | 0x183 Supply swap 100 Hz

Swap |0x193 command during during
hot-swap hotswap

(slot1|2) HS_ | 0x184 Finish command 100 Hz

Finish |0x194 during hot-swap during

hotswap

(slot 1|2) 0x185 | VETO_state Message between 10 Hz

Switch_on_Veto| |0x195 | 0xC801 for the two BMS to normal

active; prevent the other operation,

0x[SoC], 00 one from switching | 100 Hz

for inactive on. during
hotswap

RT Data_ 0x199 Command to the On

Restart BMS to restart real | demand
time data recording
which sets current
stored line number
to0

RT_Data_ 0x19A | Start_index | Offset Request to the BMS | On

Get_Lines to send out realtime | demand
data recording lines.

RT Data_ 0x19B |w O w0 W @ Answer to On

Get_Line_Part U, 1, ms S, 1, S,1,mV|S, 1, mv |RT_Data GetLines |demand

or mAS request. The

"y message is first sent
with byte 0, 1

S, 100, C containingaQthen
Y issentina
new message

RT Data_ 0x19C | Number of Request to the BMS | On

Get_Stored Lines to send out how demand

Line Number (Empty for many reattime data

- RX) lines are currently
recorded

RT_Data_ 0x19D | Max Request to the BMS | On

Get_Max_ Number of to send out how demand

Line_Number Lines many reattime data
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Byte #
Message ID 0 ‘ 1 4 Description Rate
(Empty for lines are possibly
RX) recorded
RT_Data_Set_ | Ox19E | Sampling Command to the On
Sampling_Time Time BMS to set realime | demand
U, 1, ms data sampling rate to
a specific value in
milliseconds.By
default, if DAs ser,
the sampling time is
changed
dynamically.
Therefore,the full
charge or discharge
cycle is
automatically
recorded
RT Data Get | Ox19F | Sampling Reply from BMSto |On
Sampling_Time Time send out the current | demand
U, 1, ms sampling time used
for reattime data
recording
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4 10C=E MN; LN AOC>?

This section helps to get started with using the board as a battery management module for the Infineon Mobile
Robot. Later chapters describe how to program and debug the hardware and set up the hardware for CAN
communication. These sections also describeetrelevant buttons, LEDs, and interfaces.

4.1 31 @NQ; L? >?2H3%F1 <S@GALRAMNH A

Thesoftware controlling this demo boards developed usingModusToolboXxSoftware, a collection of easyto-
use libraries and tools enabling rapid development with Infineon MCBsogramming and debuggingre

carried out via theMiniProg4 Program and Debug Kit (CY8C805). ThODEMO_IMRBMSCTRL_Vhoard is
connected to the debug probe using the smaller 1.2m pitch ribbon cable and the 1pin box header P2.
Larger connector pins are used only if additional UART is necessary. The debug probe can be used as both
isolated (default) and norsolated when using an appropriate software such as CYPRES®grammer.

Mode Select

-

wese G5 CYPRESS

Error ~

o oo s N

MiniProg4

Programmer / Debugger

Status

- -,
N ©

Custom App

Figure 31 MiniProg4 Programmer and Debugger Kit (CY8CKIT005)

This projectis created withinModusToolboXUDE containing the device definition, settingand source files
required tocompile and build the executable code, which can be downloaded into the Flash program memory
of the PSOE6 micracontroller. To debug and apply the software to the board, the newest version of the
ModusToolboXxUDEis necessary and can be downloaded directly from timéineon website

1. Go toFile >Import >General> Existing Projects into Workspaceinto ModusToolbo¥project, and select
the project folder, which is cloned from the Infineon GitHub repository

E Import (m] X
Select
i
Select an import wizard:
x

> = General
> = C/C++
> = Git
> = Install
& ModusToolbox™
ks Import Existing Application In-Place

> = Run/Debug
> = Team

@ < Back Finish Cancel

Figure 32 Eclipse IDE forModusToolboxHimport window
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Note: After importing the project into thBlodusToolbok IDEg CNM =1 HN? HNM =; H <?
%RJIFI L?Lj N: < ; M MBI QH <?FI1 Q€ %; =B | @ NB? GC
inside the IDE with separateain.cfiles containing the main body of the source code. Only if these
sub-projects(that is proj_cmOp and proj_cm4) happen to be not recognized correctly, (see
Figure33andFigure34ec¢ L CABN =FC=E | IshpoN&Projéci IZD? =NM ; H>

v = IMR_SW_PSDCG_Batter_',rl\-“lanag”ement "
5 (= bsps
» [= proj_cm0Op
» = proj_cméd|
5 [= shared Mew ¥
» = template Go Into
common
commeon Open in New Window
o Ebrary-m Show In Alt+Shift+ W >
:;EE:;F; Show in Local Terminal >
README. [ Copy Ctrl+C
¥ Delete Delete
Source >
EQ"' ()= V.. Move...
Rename... F2
Eclipse | & Import as Project =
Figure 33 Importing subprojects when the sub -projects are not yet correctly imported (recognized
as folders only)
v k5 > IMR_SW_PSoC6_BatteryManagement [IMR_SW_PSoC6_BatteryManagement master 117]
> 4 Binaries
> [y bsps
> = build
> [y shared
> 2% templates
> g > IMR_SW_PSoC6_BatteryManagement.proj_cm0Op (in proj_cm0p) [IMR_SW_PS
> & = IMR_SW_PSoC6_BatteryManagement.proj_cm4 (in proj_cm4) [IMR_SW_PSoCt
& common_app.mk
@& commaon.mk
=| library-manager.log
= LICENSE
@ Makefile
[% READMEmd
Figure 34 IMR_SW_PSOfs_BatteryManagement XxModusToolboxHyproject structure
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|4 Quick Panel - Variables < Expressions °e Breakpoints

Eclipse IDE for

ModusToolbox™

~ Start

& New Application

& Import Existing Application In-Place

& Search Online for Code Examples

& Search Online for Libraries and BSPs

& Training Materia

| Refresh Quick Pane

~ IMR_SW_PSoC6_BatteryManagement.proj_cmOp (CYBC6245AZI-53D72)
A Build Application

# Clean Application

~ Launches

4 IMR_SW_PSoC6_BatteryManagement.proj_cm0p Debug (KitProg3_MiniProg4)
0o IMR_SW_PSoC6_BatteryManagement Program Application (KitProg3_MiniProg4)
A Generate Launches for IMR_SW_PSo(C6_BatteryManagement.proj_cmOp

~ Tools

&8 BSP Assistant 1.10

& Device Firmware Update Host Tool 2.0

=% brary Manager 2.10

~ BSP Configurators (CY8C6245AZI-53D72)

& CAPSENSE™ Configurator 6.10 (new configuration)
& Device Configurator 4.10

&2 Qspi Configurator 4.10 (new configuration)

= Segment LCD Configurator 1.51 (new configuration)
& smart 170 Confi igurator 4.10

& usB coni gurator 2.51 (new configuration)

Figure 35 ModusToolboxHUDE main commands

2. EHMOL? NB; N NB? LII N I @ NB? JLI DModusT@MoxNDEFy8u—cah? > 5 !
adjust the projectsOM? > FC<L; LC?M ; H> JCH =1 H@QCAOL; NCI HM OMC
#1 H@QCAOL; NI LAy 4B?M? G?HOM QCFF AOC>? SI O NBLI OAB
corresponding pins to these peripherals. Ate CGJI| LNCHAH MN; LN NB? Upda€<L ; L
button. This loads all needed libraries to the shared library folder. If any error occurs duringsthjs, try to
?R?=0ON? &a#F?; H ' JJFC=; NCI HA CH NB? 10C=E O0; H?F ; H

3. The software can be compiled by selectiyild Application. To flash the imported software to the board,

NB? &, ; OH=B?MA @ L a$ ? < ONcHusTddlboxUD& will theh sta@ e flashing OM? >

4.2 $?<OAACHA OMCHA | H<Il;L> 5124 =1 GGOF}

Additional debugging can be performed using the designated debugging header (P1) on the board. The header
provides both RX and TX lines for standalone UART communication. The header can easily be interfaced using
the MiniProg4 already used for flashing theard. The debugger provides all necessary pins (pins 6 and 8) to
connect with the debugging header.

Figure 36 UART debugging connector P1 interfaced using MiniProg4
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Use a suitable serial terminal to read the received debugging messages. Several programs are openly available

(for example, Putty, hterm) and can be used. Additionally, ledusToolboXUDE also has a buiih serial
terminal in Window > Show View>/ N B ?*Tgrminal > Terminal. Here, the COM port of the debugger.

= m] X

4B Terminal 2 =

Figure 37 UART debugging connector P1 interfaced using MiniProg4

4.3 3?NNCHA NB? C>?HNC@C=; NCI H

After flashing the board with theoftwareH NB? <1 ; L>AM @ahOG&seuzingChe 8pih DI @C = ;

switch S1. See thelardwaresection.Note that in the current implementation, the behavior of the board
regarding CAN communication is not affected.

Figure 38 DIP switch to seta unique ID for the board

V2.
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4.4 "-3 =1l HNLI F <ONNIHM ; H> | %$M

The board provides the following onboard buttons and LEDs (on the top of the system to be easily visible and
reachable) to interface BMS functions without using onboard CAN communication.

{1 Start: Long-press thisbutton until the MCU Ready LEjlows. This pwersthe systemand enables all
functions

Note: The BMS expects to be the only active participant on the CAN bus during its startup. If this is the
case, its first CAN messages are NOT acknowledged. If messages are acknowledged before powe
is supplied to the rest of the system, the BMS shuts downadstg measure. Ensure that any CAN
probes or adapters connected to the system for debugging are not acknowledging these
messages.

1 Shutdown: Press this button to make the system disengage the output power supply and turn off the
system completely when readyshort pressriggers controlled system shutdown, whilkong presdor 6
seconds triggers forced power off

1 Display: Displays the next available page on the ePaper display

(c D! ~ B ( 3
w, () o @,
o Z c
= S s _ e
o o 5 £ W ) ‘8
D > 2 £ 2 = = =
O 3 & B8 o iy
= = 0 = o a 0 » | g
& w— YOy N £y I &
L L) O \ ) L (_ J
| e
@ m—
A O) O N
S _—
\, \J)

Figure 39 Top view of IMR BMS controls and indicators

The following LEDs indicates the current system status:

1 MCU Readylndicates whether the system is currently powered. Press 8tart to display the current
status:

1 LED ONSystem powered on
T LED blinkingShutdown sequence active
T LED OFBystem powered off

1 Output ON: Shows the status of the controlledystemoutput. Indicateswhetherthe systemcanturn on the
output successfully:

T LED ONDutput active
T LED blinkingPre-charge sequence active
i LED OFRutput not active
1 Warning: Indicates whether a system error is detected, such as-pharge failure:
T LED ONsystem error detected
T LED blinkingNot applicable
T LED OFNo system error
{1 Status: Indicates communication with the target system:

V2.
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i LED ONCommunication active
T LED blinkingNot applicable
i LED OFEommunication not active

4.5 $CMIF; S G?HO
4.5.1 -; CH J; A?
Press theStart button to initialize the system and displays its status on the main screen.

Bh= Monitoring

00:00:20

S0C: 35% SOH:100%
Voltage: 4127V
Current: -1.77 A
Slot: Charger

Figure 40 Main screen with runtime, battery state, voltage, current, and inserted slot

When the BMS is actively supplying power to the system, the ON duration is shown under BMS Monitoring. If the
system is idle, then display shows as OFRe hst line indicates the detected sldh which the system is
inserted.

If any errors occurthe line where the current is displayed is changed to show active error abbreviatidfisen
the hexadecimal error map is showif more thanthree latching errorsare displayed, the system cycles
through them at every third refresh of the display. This code can be converted to a binary stvifich reveals
the activeerrors(see SectiorB.1.3.4for the error codes interpretation).

B Monitoring A, Bh= Monitoring
OFF OFF
SOC: 35% SOH:100% S0C: 32% SOH:100%
Voltage: 3631V Voltage: 36.23 VY
Error: EUY,CUY,COL... Error: 0x20843000
Slot: Charger Slot: Charger
Figure 41 Main screen when errors are active. On the left, it shows the error abbreviations for

external undervoltage, cell undervoltage, and cell open loop. On the right, it shows the
detailed error code where all errors can be identified externally

4.5.2 " NN?LS J; A? M

Press theDisplay button, the system switches through the three battery pages, where four cells are shown on
each page. Here, it displays the voltage of the cell and error of the specific cell. Whenever the button is pressed,
a blue LED below the display is turned on tile refresh is done for visual feedback during the refresh. Note

that the system automatically switches back to the main page if any system states change.

Battery Page 3

L

3.43¥  3.42¥  3.25¥  0.00¥
Figure 42 Battery page with the voltage of each cell and errors. Cell 12 shows an open loop error
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4.6 #B;, LACHA ; H> >CM=B; LACHA OMCHA NB?

This section describes how to charge and discharge the BMS system (BMS power board and BMS controller
board). To interface the system, the BMS motherboard (DEMO_IMR_SET_BMS_MB_V1) with the corresponding

onboard resistor settings must be set.

® (infineon ®'e (infi °

 Cniineon el T R
8 ‘xx‘ N e : =

off B 4

-, =g

Vol
: =
{_cwo}
can g

o
o

Figure 43 DEMO_IMRSET BMS_ MBV1 boards in IMR consisting of 2 PCBs for Slot 1 and Slot 2

To use the system as a standalone power supply solution for an application, the BMS motherboard must be
configured with the resistoR1 =7.5E ASlot 1) or 1E ASlot 2) This allows the system to detect if the inserted
slot is designed to charge or discharge the BMS-iljure44, both interface cards can be seen in the IMR in the
discharging configuration. After inserting the system into the slot, it can be powered on usingthg button;
after a successful initialization, the IMR is powered up.

*
« (infineon &7 @ineon
—

Figure 44 Using the BMS as the IMR power supply (discharging)

To charge the BMS, an external charging unit is to be used in combination with the BMS motherboard (in this
case with the resistoR ' . It luste ensured that the charging voltage and current are set according to
the limits specified for L-ion batteries used.

Do the following to charge the batteries:

1. Insert the system into the slot
2. Press theStart button to power on

V2.
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Wait for successful initialization. Charging starts as shown in the BNPajer display with the current value
being negative, which means the current is flowing into the BMS from the charger.

"SopIAJiEq WNIYIT pue
POy peaT 4o} 3|qeNnS

Suibseud  poy o |

pul 01
VZ == A9§ Andino

—-— 5
\H D @ % ZH09/0S VS'L OVAOPZ-001 :indul

$33)%

Figure 45 Recharging onboard batteries in the external charging unit (charging)
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5 "CFF | @ G; N?LC; FM ©" 1/ -8

Table 13 Bill of materials

Designator Manufacturer Part Number Quantity | Value/Rating

C1,C13 Wirth Elektronik | 885012106031 2 10uF/25V/0603/20%

C2, C3, C4,C18, |Wurth Elektronik |885012206076 6 1 puF/25V/0603/10%

C20, C31

C5, C6, C7, C8, C9,| Wurth Elektronik | 885012206071 10 100nH25 V/0603/10%

C14, C17, C19, C33

C38

C10 Wairth Elektronik | 885012107018 1 4.7uF/25V/0805/10%

C11, C12 Wirth Elektronik | 885012006093 2 8.2pF/100Vv/0603/10%

C15, C16 Wirth Elektronik | 885012006050 2 6.8pF/50V/0603/10%

C21, C22, C27, C28 Waurth Elektronik | 885012106029 7 2.2uF/16V/0603/10%

C29, C30, C32

C23, C24, C25, C2q Wurth Elektronik | 885012207079 8 2.2uF/25V/0805/10%

C34, C35, C36, C37

C39 Wirth Elektronik | 885012206092 1 33nF/50Vv/0603/10%

D1 Wirth Elektronik | 150060BS75000 1 Blue/470nm

D2 Wirth Elektronik | 15006@S75000 1 Green/525nm

D3 Wairth Elektronik | 15006@RS75000 1 Red/625nm

D4 Nexperia PMEG3020ER 1 Low VF Schottky 30/2A

J1 Wirth Elektronik | 687140183722 1 WRFPC SMT Z#op

Horizontal low profile

J2 Wairth Elektronik | 61300711821 DNP WRPHD7p 2.54mm

L1, L2 Wirth Elektronik | 742792663 2 1k@100MHz 100 mA

LS1 Murata 416131160808 1 Piezo Buzzer kHz

P1 Wirth Elektronik | 61300211121 1 WRPHD2p 2.54mm

P2 Wairth Elektronik | 62701021621 1 WRBHD 10p 1.2im

Q1 Infineon BSD235N 1 OptiMO$Dual N
Technologies Channelsmall-signal

MOSFET

Q2 Infineon IRLML6401 1 HEXFERP-Channel
Technologies power MOSFET

R1, R2, R3 Vishay CRCWO06031K00FK 3 1k/100mW0603/1%

R4, R5 Bourns CAT16AR002F4LF 2 20k/63mW/1206/1%

R6, R7, R14, R15 | Vishay CRCWO060310KOFKEA |4 10k/100mW/0603/1%

R8 Vishay CRCWO06032K10FK 1 2k1/100mW/0603/1%

R9, R10 Yageo RCO603FR74K7L 2 4k7/100mW/0603/1%

R11 Vishay CRCWO0603150RFK 1 150R/100mW/0603/1%

R12, R13 Vishay CRCWO060310ROFKEA |2 10R/100mW/0603/1%

S1 Warth Elektronik | 416131160808 1 WSDISV 8p DIP Switch
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Designator Manufacturer Part Number Quantity | Value/Rating
S2 Waurth Elektronik | 434121025816 1 WSTASV Tact Switch
S3 Warth Elektronik | 430481031816 1 WSTAS\SMTSwitch
Ul Infineon CY8C6245A83D72 1 32-bit PSOCHL Arm®
Technologies Cortex@®v4/MO+
U2 Infineon CY15B256@ XA 1 256-Kbit (32K x 8)
Technologies Automotive Serial FRAM
U3 Texas Instruments | SN74LVC2G14DCKR |1 DualSchmitt-Trigger
Inverter
X1, X2, X3, X4 Wirth Elektronik | 61302021121 4 WRPHDDual Row 2p
2.54mm
Y1 Warth Elektronik | 830108207309 24MHz/8pF/10ppm
Y2 Warth Elektronik | 830105946101 32.768kHz/7pF/20ppm
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Figure46 ~ DEMO_IMR_BMSCTRL_kdard top view
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Figure 47 DEMO_IMR_BMSCTRL_V1 board first inner layer
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Figure 48 DEMO_IMR_BMSCTRL_W®dard second inner layer

Figure 49 DEMO_IMR_BMSCTRL_Wbaard bottom side
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