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1 Introduction

1.1 Scope of this Document

This document describes the using and the functions of the Bmbed Embedded Framework with the
help of the evaluation board ST NUCLEO-F042 and the free software binaries

e BmbedChat

e STM32F042 Bootloader

e STM32F042 Application.

1.2 Intended Audience

Customer technical product management, customer technical responsible, development
engineers.
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2 Before you begin

2.1 Free Bmbed Package for NUCLEO-F042

Unzip the downloaded Bmbed_NUCLEO-F042_vvxxyyzz_yyyymmdd.zip file to a location of your
choice on your PC.

EmbedChat
st 32f0d2app
strn32f042def

Figure 1 Free Bmbed NUCLEO-F042 Package

The free Bmbed Package for NUCLEO-F042 contains the following folder and files:

¢ BmbedChat Bmbed Communication Software for Windows
o EXE and DLL files

e Stm32f042app Bmbed application software for STM32F042K6T6
o Intel-hex file to upload with BmbedChat

e Stm32f042def Bmbed bootloader software and Keil project for STM32F042K6T6
o Binary-axf file to upload with Keil pyVision 5
o Project files for Keil pVision 5 IDE

e BmbedNucleoF042_UserManual.pdf Manual to start with Bmbed and NUCLEO-F042
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2.2 Prepare and Running Bmbed Board

2.2.1 Connections
The low-cost ST NUCLEO-F042 evaluation board is ready to use the Bmbed Embedded Framework.

{4
4

TR | e

Figure 2 Free Bmbed NUCLEO-F042 Package

You need 2 cables to connect the board with your PC:

e USB 2.0 FTDI-UART cable (TTL-232R-RPi) for Bmbed communication.

o Connect the Yellow wire to NUCLEO-F042 CN3/D1/Tx (Pin 1)
o Connect the Orange wire to NUCLEO-F042 CN3/D0/Rx (Pin 2)
o Connect the Black wire to NUCLEO-F042 CN3/Gnd (Pin 4)

o Connect USB A to your PC

e USB 2.0 cable AB (Micro) for voltage supply and inbuild JTAG debugger.

o Connect the micro plug to NUCLEO-F042 board
o Connect USB A to your PC
Bmbed NUCLEO-F042 User Manual Page 4
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2.2.2 Bootloader upload

First you can download and install the free (Evaluation version) Keil pVision IDE from the Keil
homepage.

DoubleClick the default Keil project stm32f042def.uvprojx in the package stm32f042 folder.

C:h\Daten\Bmbed_MNUCLEQ-F042_01000000_20190416\stm32f042 def\stm32f042 def uvprojx - pVision — m} *
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
MNMBE@| % D@9 o] e=|®rnn| == s G| @ rorerrs FR® @ o5& |E|-|&|
TS @ ] 98] et DR R e Y@
Project L = |
9% Project: stm32f042def

[#-fad Target 1

= Project] @Bnoks | {} Func.‘.|[l¢Temp‘..

Build Output

ST-Link Debugger

Figure 3 Keil uVision with NUCLOE-F042 default project

Maybe you’re wondering because there is no source code. Sorry, source code is only to buy.

Now we load the Bmbed Bootloader to the virgin NUCLEO-F042 board.
e Be sure the board is connected to the PC with both USB cables.
e Click on the <Load> icon and the bootloader stm32f042def.axf file is downloading to the
board.
e If no, check this:
o USB cables
o Keil Debugger: go to <Flash><Configure Flash Tools...><Debug>
= Use: ST-Link Debugger
= <Settings><Flash Download>: Erase Full Chip

Bmbed NUCLEO-F042 User Manual Page 5
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Euild Cutput

oA

Load "C:\\Daten\\BHbed_NUCLEO—F042_01000000_20l90416\\5tm32f042def\\0bjECtS\\SthZfOQZdEf.axf"
Full Chip Erase Done.

Programming Done.

Verify CE.

Flash Load finished at 15:47:23

5T-Link Debugger

Figure 4 Keil uVision after successful bootloader upload

Now you can reset the board (off-on, reset button). Then the board starts with the Bmbed
Bootloader. This is indicated by the blinking LED (about 1s interval).

Memory Map
0x08008000
Application
24 kByte
0x08002000
FLASH Data 1 kByte
0x08001C00
Bootloader 7 kByte
0x08000000
Figure 5 FLASH Memory Map
The board is now ready to communicate with BmbedChat.
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2.3 Installing and running BmbedChat

BmbedChat software for Windows doesn’t need a special installation.

e Double-click BmbedChat.exe.

. BrmbedChat Menitoring Tool

[l Fimware Upload () LED Biinky
[5|FLASH Data... i, Temperature.

s |
BmbedChat FTDI Device Connection Device Functions

Receiver Sender Command Aux Data  Payload Data (consider byte order)

[wet_nooz_resr mas= «|[pe_mm=p_mass_1000 | [srmmase m=o M o[ | [ Send |
Raw Cument Transmit Message (consider byte order)

| | [ send |

Receve and Tranani Data

Figure 6 Started BmbedChat

Now we connect to the USB-FTDI

. EmbedChat Monitoring Tool

FTDI UART connected.
Serial: FTSZ0OPPS
Baudrate: 115200

FTDI Device Connection

Figure 7 Connect with the USB-FTDI
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And setting the correct receiver address for the NUCLEO-F042 board.

Receiver Sender Command
NET NODE_STM32F0 |\ |[pc_mM=n_mas=_1000 | |FImemvamz_aze v

Hone

HET WODE _F230&5 BARSE
WET WODE F22027 BARSE
WET NODE E&4F BRSE

WET NODE FLO2Z_ BRSE

WET NODE_CC2e50 _BRSE R
WET NODE_CC2€50_BASE B
HNET_ NWODE CC2650_BRSE C
NET NCDE STM32F4

e arder)

Receive and Transmit Data

NET NODE STM32ZF0Q

PC_BMEED BASE_1000
PC_EMEED BASE 2000
DC_EMEED BASE_3000
DC_EMEED BASE 4000

Figure 8 Receiver address.

Click the upper <Send> and request the firmware data.

Receiver Sender Command Aux Data Payload Data {consider byte order)
|N‘EI_NODE_STH32FD v| [ec_mmen asz_1oo0 | ‘FIRHHM-E_REQ v | [ o[ | [#Send |
Raw Current Transmit Message (consider byte order)
|su 00 00 10 00 02 00 00 | = Send
¥ Clear Receive and Transmit Data

07:25:11 NET_NODE_STM32F0O PC_BMBED_BASE_1000 FIRMWARE REQ o

07:25:11 PC_BMBED BASE_ 1000 WET_NODE_STM32F0 FIRMWARE RES ] Boot STM32F 1.0.0.0 Apr 1€ 2015 08:33:45

Figure 9 Firmware request with the response from the bootloader software.
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3 Communication with BmbedChat

3.1 Overview

BmbedChat allows to communicate with the NUCLEO-F042 board. Follow commands, data and
functions are available:

e Events

e Static firmware request

e FLASH data requests and settings

e FLASH parameter requests and settings

e LED request and setting

e Chip temperature request

e Debug buffer request

e Application firmware upload

3.2 Events

Events are one-way messages. Every Bmbed network node can send a message to any node.
There are four kinds of events:
¢ Information

e Warning
e Error
e Alarm

Details are described in the Bmbed High-Level-Protocol documentation.

After a board reset, following information event is transmitted to BmbedChat:

07:33:38 PC_BMBED_BASE_1000 NET_NCLDE_STM32F0 EVENT_INFORMATICN o 43605 EBootloader started, no jump to application

Figure 10 Bootloader information event after board reset

There isn't any application on the board yet. Just the bootloader is running and is responding.

Bmbed NUCLEO-F042 User Manual Page 9
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5l

3.3 Firmware Application Upload

3.3.1 Overview

To use all features of the Bmbed Framework we must upload the embedded application software
(firmware). This contains follow steps (Bootloader running):

e Read application hex file

e Erase application FLASH sectors on the board
e Send the binary data to the board

[ )

3.3.2 Read Application Hex File

End the upload process (board jumps from bootloader to the new application)

Click <Firmware Upload...>. The Firmware upload dialog appears. Click on the open file icon.

“| Open

1. Read Intel Hex Fie for Upload T

New folder

[

| |5l Read

Intel Hex File | Organize v

Size byte] |

&) med A

| crc |

Photos

I This PC
J 3D Objects
[ Desktop
/= Documents
¥ Downloads
B Music
=] Pictures
B videos
“am Windows (C:)

NARE Endave m Y

NET_NODE

STM3i| |PC_BMBED BASE 1000

NET_NODE| |PC_BMBEL

NET_NODE_|

File name: |

<« Bmbed_NUCLEQ-F042_01000000_20130416 »

Name

[ stm32f042app.hex

stm32f042app

Date medified

2019-04-16.08:33

X
~ | | Search stm32f042app o
=~ @ @
Type Size
HEX File 25KB

| [ntel Hex Fle (~hen

Cancel

NET_NODE_|

Close

Figure 11 Read application hex file

Choose the stm32f042app.hex file. Click the <Read> button on the Firmware upload dialog to read

all necessary information from the hex file.

Bmbed NUCLEO-F042
Embedded Software Framework
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3.3.3 Erase Application FLASH Sectors

Firmware Upload x

1. Read Intel Hex File for Upload

Intel Hex File |\lDDDGGGilGIQDQIG\stmﬁlfﬂélapp\s:mlfﬂdlapp,hax‘ | |

Size [byte] |0x00002259 :aaaa)‘ CRC |leqzs | Iﬂﬂeadl

2. Mark Application for Upload and Reset MCU {only when Application is running)

RoTe  [NET_wop=_sus:| [pc_EMBED BaASE 1000 | Magic [acDC || = Send

3. Erase FLASH and Start Upload (only when Bootloader is running)
Rx/ T |NET_HDDE‘ |PC_B!{BE[‘ |nnnnazns | ‘m:m: | ‘1425 ( = Send ’

4. Send Binary Data (only when Bootloader is running)

R/ T |NET_NDDE_STHSZFU | ‘ PC_BMBED_BASE_1000 | =% Send

5. End Upload (only when Bootloader is running)

ReTx  [NET_WoDE_sTmazFa |[pc_mrmzn_sasz_1000 | [ Send

Close

Figure 12 Erase application FLASH sectors

Only the bootloader can erase the application FLASH area. If you want to upload a new application
while the old application is running, then you first must perform step two on the dialog to switch to
the bootloader.

Look to the message field in the BmbedChat main-window. Every step needs a response from the
board.

3.3.4 Send the Binary Data

Firmware Upload X

1. Read Intel Hex File for Upload

Intel Hex File [11000000_20130416\stm32£042app) stm3z£042app -hex| | ‘

Size [byte] ‘DxDGGGZZBB (sssanl CRC |Ux1425 | o] Read

2. Mark Application for Upload and Reset MCU (orly when Application is running)

Rx/Tx ‘N‘ET_NODE_STHGE‘|PC_BHBED_B&SE_.IUDD | Magic |ACDC ‘ =» Send

3. Frase FLASH and Start Upload (only when Bootloader is running)

R/ Tx ‘N‘ET_NODEl ‘pc_mmz[‘ ‘UUUUZZBS | ‘ACDC | |1qzs ‘ = Send

4. Send Binary Data (only when Bootloader is running)

R/ T ‘NETJODE}THGZEU ||PC7ELHBED7EIASE7.IUDD ﬂ | = Send | )
I

5. End Upload {only when Bootloader is running)

R/ Tx ‘N‘ETﬁNODEisTI{SZFD ||pc7mmsnﬁmsﬁimnn ‘ =» Send

Close

Figure 13 Send binary data from the hex file to the board

Bmbed NUCLEO-F042 User Manual Page 11
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3.3.5 End Upload

Firmware Upload x

1. Read Intel Hex File for Upload

Intel Hex File [[L000000_20150416\stm32 £042app) stm32 £042app-hex| | |

Sielyte] [0x00002288 (asss) | CRC [oxldzs | % Read

2. Mark Application for Upload and Reset MCLU {only when Application is running)

R/ Tx [er_ropz_smuzd| [pc_emmep_easz_1o00 | Magic [acoc || = Send

3. Erase FLASH and Start Upload (only when Bootloader is running)

R/ T [w=r_wors| [pc_mem=r|  [oocozzme [[acoc [[14zs || Send

4. Send Binary Data (only when Bootloader is unning)

RoTe  |NET_NoDE_sTM3zFQ | [pc_2rmzn_Bas=_1000 | | Send

5. End Upload {only when Bootloader is running)

g
R/ T ‘NETiHDDEisTHSZFD | |PC7}3H.‘BED7BDSE71DDD n-h Send |)
T ama

Close

Figure 14 End Upload

At the end the bootloader marks the new application on the FLASH and jumps to it.
The new application is starting. You can see it by means of the application event message.

08:01:35 DC_BMBED BASE_1000 WET_NODE_STM3ZFQ BINARY DATA ACK 144
08:01:35 NET_NODE_STM3ZFQ pC_EMEED BASE 1000 BINARY DATA SET ] 00 00 00 01 FF 00 00 00 00 00 @0 00 00 00 00 00 00 00 00 @0 00 00 00 00 00 00
08:01:35 DC_BMBED BASE 1000 WET_NODE_STM3ZFQ BINARY DATA ACK 144

08:04:08 NET_NODE_STM3ZFQ pC_EMEED BASE 1000 END_UPDATE_SET ]

08:04:08 DC_BMBED BASE_1000 WET_NODE_STM3ZFQ END_UPDATE_ACK 2048

08:04:08 DC_BMBED BASE_1000 WET_NODE_STM3ZFQ EVENT_INFORMATION 0 0

< >

Figure 15 New application started after upload

Bmbed NUCLEO-F042 User Manual Page 12
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3.4 FLASH Data

Bmbed supports different persistent data blocks. These data can be requested and mostly changed.

Firmware (Name, Version, Data, Time)
o not changeable (hardcoded in source code)
o bootloader and application
e Hardware (Name, Version, Date, Time)
o changeable by user
o only application
e Company (Name)
o changeable by user
o only application
e Device (Name, Serie Nr.)
o changeable by user
o only application
e Production (Plant, Date, Time)
o changeable by user
o only application

All these data can be handled within the FLASH data dialog.

FLASH Data X

Firmware (Hardcoded)

R/ T [w=T_nopz_smszro | [pc_mMEED BasE 1000 | |=hGet

Name [2pp sTMZ2EFO |

Version |1_0_0_0 |

Date |hpr 1€ 2019 | Time |08:33:22 |

Hardware

R/ T [wET_nooz_stuszro | [pc_mreEn_EasE 1000 || = Get

Name |sm33r-343i<e |

Version |1_-:|_-J.-:| |

Date |2-:|17—1-:|—1-:| |T|me |15:23 | - Set

Company

R/ Tx |NEI_NODE_sm32E0 | |pc:_mmED_ms1:_J.000 | = Get

Name |Eicher Engineering, CH-2732% Rieden | =) Sct

Device

R/ T [w=T_nopz_smuszro | [rc_mrezn EasE 1000 || = Get

Name |N‘UCL30—FD42 Bmbed Framework |

Serie Nr. |'312345€'?85A | =) Set

Production

R/ T [w=T_nopz_smszro | [pc_mmED BasE 1000 | [|=Get |

Plant [rieden sE |

Date |2-318—ll—ll |Time |1z:53 | =) Set
Close

Figure 16 FLASH data dialog
Bmbed NUCLEO-F042 User Manual Page 13
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3.5 FLASH Parameter

Bmbed supports different default persistent data parameter. These parameters can be requested

and can be changed.

e Number

o Parameter block humber 1..4 integer format and 1..4 float format.

e Format

o Integer (0) or float (1)

e Value

o Current value

e Minimum

o Minimum value

e Maximum

o Maximum value

e Unit

o Text field for any unit display

e Result

o Text field for any test description or auxiliary description.

All these data can be handled within the FLASH parameter dialog:

5l

FLASH Parameter

Parameter

R/ Tx

Number
Walue
Minimum
Maximum
Unit
Result

WET_WODE_STM3ZFQ | |pc_mmzo_msz_mon ||-b Get

i
g
3
o

a

[°Cl]

=) |
= ||
o

notPassed = Set

Close

Figure 17 FLASH parameter dialog and values for number 3 and float format.
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3.6 LED Blinky

The LED behaviour can be set

LED X

LED

Ruc/ T |N‘ET_NODE_STH32.FD ||PC_ELHIEI.E D_BASE_1000

Blue Ticks l:l
Red Ticks
Green Ticks =) Set

Close

Figure 18 LED ticks for blinking.

BmbedChat supports different boards. The NUCLEO-F042 contains only one LED. Thereby only the
ticks for the blue LED takes effect.

One tick time is about 20ms. 50 ticks leads to a blinking LED with 1s interval.

Bmbed NUCLEO-F042 User Manual

Page 15
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3.7 Temperature

The microcontroller temperature can be read.

Temperature *
Temperature
R/ T |N‘ET_NODE_S'IH32.FD | |pc_mmED_m5E_mno | = Get
%
Time Ingtart Value  Awverage Val... Min Value Max Yalue
13:00:02 26.955 26.576 19.006 336.753
13:00:03 26.387 26.683 19.006 336.753
13:00:04 26.576 26.600 19.006 336.753
13:00:05 26.955 26.517 19.006 336.753
13:00:06 26.387 26.706 19.006 336.753
13:00:07 26.387 26.600 19.006 336.753
13:00:08 26.955 26.730 19.006 336.753
13:00:09 26.766 26.517 19.006 336.753
13:00:10 26.387 26.659 19.006 336.753
13:00:11 26.387 26.706 19.006 336.753
Close

Figure 19 Microcontroller temperatures.

The STM32F042 has a build-in temperature sensor. Different temperature values can be read:

e Instant value Current value at the request

e Average value Moving average value over a buffer of 8 instant values.
e Minimum value Minimum value since the software was running.

e Maximum value Maximum value since the software was running.

All values in [°C]

Bmbed NUCLEO-F042 User Manual Page 16
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3.8 Debug Buffer

The Bmbed embedded application fills in 20 debug values with two 16 Bit values each.

These values can be read with this dialog.

Debug Buffer ¥
Debug Data
R/ T |NE'I_NODE_S'I}13:| | BC_EMBED BASE_1000 | Mr | fEFE | | Get |
®
Mumber X Value ¥ Value &
0013 012A 0oac
0013 0128 0000
0013 012D FFF&
0013 012E FFEC
0013 0130 FFE3
0013 0131 FFDC
0013 0133 FFD7
0013 0134 FFD4
0013 0135 FFD3
0013 0137 FFD5
0013 0138 FFD9
v
Close

Figure 20 Debug buffer.

You can read one entry according their number (0...0x13) for 20 value pairs.
The entire debug buffer is transmitted if the number in the field is higher than the highest number
(0x13).

Bmbed NUCLEO-F042 User Manual Page 17
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4 Manufacturer Information

Customer support and technical support for BmbedChat

Eicher Engineering
Hardware e Software

Eicher Engineering
Software Development
Frigadenstrasse 23
CH-8739 Rieden SG
Switzerland

www.bmbed.ch
bmbed@eichereng.ch

Bmbed NUCLEO-F042 User Manual Version 1.0
© 2016-2019 by Eicher Engineering

Bmbed NUCLEO-F042 described in this manual is furnished under a license agreement. The
software may be used or copied only under the terms of the license agreement. No part of this
manual may be photocopied or reproduced in any form without prior written consent from Eicher
Engineering.

Disclaimer of Warranty

THE SOFTWARE AND DOCUMENTATION HAS PROVIDED 'AS IS.' TO THE MAXIMUM EXTENT
PERMITTED BY APPLICABLE LAW, EICHER ENGINIEERING DISCLAIMS ALL WARRANTIES,
EITHER EXPRESS OR IMPLIED,

INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY,
NONINFRINGEMENT

AND FITNESS FOR A PARTICULAR PURPOSE. ANY LIABILITY OF EICHER

ENGINEERING WILL BE LIMITED EXCLUSIVELY TO REFUND OF THE PURCHASE PRICE.

Bmbed NUCLEO-F042 User Manual Page 18
Embedded Software Framework



Bmbed NUCLEO-F042 embedded Software Framework

5 Version History

Version Type Date Author Comments
1.0 released 2019-04-17 | ME Initial writing
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