Integrating Mercury C APl on BareMetal

Platform

1 Introduction

This document describes steps to use C APl on BareMetal platforms. All the described steps are not IDE
specific. Please go through examples for better understanding.

2 Change Log

Rev Author Date Changes

1.3 | Titiksha Tyagi 5/2/2024  |Added new section for Arduino Nano ESP32

1.2 Satya 10/20/2023 Added Supported baud rates.

1.1 Krishna 8/18/2023 [Reorganized a few sections, fixed formatting, and wording.
1.0 Anijali 2/20/2023 |Updated Pictures and Description in some sections.
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3 Introduction to Mercury APl SDK

Mercury API SDK contains APl support in three languages, C, C#, and JAVA. We use C API to perform RFID
operations on BareMetal platform.

ThisPC » Downloads * mercuryapi-1.37.0.79
~ Name ' Date modified Type Size
4 04-04-2023 08:15 PM File folder
s 04-04-2023 0&:11 PM File folder
java 04-04-2023 08:15 PM File folder
| | README.LICENSE 04-04-2023 03:01 PM LICEMSE File KB
3.1 CAPI Directory Structure
Mame Date modified Type Size
baremetal_proj 8/ File folder
doc 8/ File folder
proj 8/ File folder
projV52019 8/ File folder
src 8/ File folder
| | README.PORTING 312/ PORTING File 4 KB
| | README.WIN32 312720, WIN3Z File 3 KE

Note: baremetal_proj folder contains BareMetal demo projects for Arduino and STM32 platforms.

The src directory contains API source files. As shown in below image, api and samples are main directories.
The api directory contains all .c and .h source files, and samples contains example codelets to demonstrate
different RFID operations.

This PC » Downloads » mercuryapi-1.37.0.79 » ¢ » src
" MNarme Date modified Type
api 04-04-2023 08:15 PM File folder
arch 04-04-2023 03:15 PM File folder
jni 04-04-2023 08:15 PM File folder
pthreads-win32 04-04-2023 03:15 PM File folder
| samples 04-04-2023 02:15 PM File folder

4 Primary Steps to Create a Project

Note: The following steps are not specific to an IDE. It can be used to create BareMetal project on any
development platform (like, Keil, Atmel, IAR, etc).

4.1 Prerequisites
1. Mercury C API



2.
3.

IDE to create the project.
This section shows the steps to integrate API source files in BareMetal project. The user will have to
create UART driver functions to send and receive the data for serial command transmission.

4.2 Create Project

1.
2.

10.

Unzip the mercury API SDK.
Create new project in IDE with required low-level drivers based on the processor selected, required
clock frequency, UART baud rate, etc.
The demo project will be generated. Rename the project based on the requirement.
Add all API files, file path and sample code as described below.
Source files:
Pull all the ‘.c’ files (listed below) from the <mercuryAPI>\c\src\api directory to the source directory
of the project.
a. hex_bytes.c
serial_reader.c
serial_reader_13.c
tm_reader.c
tm_reader_async.c
tmr_param.c
tmr_strerror.c
tmr_utils.c
In <mercuryAPI>\c\src\api folder, we have provided ‘serial_transport.c’ and ‘osdep.c’ files for
samD21j18a, arduinomega2560, stm32F103RB, and stm32L476VG controllers. But if user is using
different controller, then he needs to create these files for that specific controller.

S®m 0 o0 T

‘Serial_transport.c’ contains UART driver functions to communicate with the RFID module, and
‘osdep.c; contains time functions.

Main.c:

The user needs to ensure that we have one single main() function in their project.

Please refer ‘read.c’ sample codelet from the <mercuryAPI>\c\src\samples folder which is used to
perform sync read. Note that it already has a main() function.
Additional directory path:
Go to Additional directory setting in project properties and add below mentioned path.
a. Path of <mercuryAPI>\c\src\api folder
Pre-processor Macros:
Go to pre-processor settings and define BARE_METAL macro.
Build the project. If the build is successful, the binary generated by the IDE can be flashed on the
processor.

5 Hardware Connections
To initiate UART communication, we need to connect TX, RX, Vcc and GND pins.

ThingMagic devkit pins are shown in the figure. User will have to figure out UART TX and RX pins of the
controller and connect them.
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6 Types Of Reads

Basically, there are two types of read supported to read the tag EPC. Apart from this, there are lot of other
operations that can be performed, like, standalone tag operation, embedded tag operation, filter, reader
stats, etc. But this section describes read types.

6.1 Synchronous Read

Sync read is the timed based read. In this type of read, host will have to provide the read time to the
module, and once module receives the command, it will start buffering the tag reports. Till then host will
stay in idle state. Once read time expires, module will push all the tag reports to the host.

Use ‘read.c’ codelet (¢/src/samples).



6.2 Asynchronous Read

In this type of read, module starts reading the tag as soon as it receives start read command. Here, module
does not buffer the tag reports, instead it sends each report to the host. To stop the read, host must send
stop read.

In Mercury API, Async Read (Continuous Read) uses multiple threads to read the tags. Async Read won’t
work on Bare Metal, since it does not provide multiple threads. A work around to achieve continuous read is
to call read synchronously over a loop but this might miss out on reading some tags. To overcome this
limitation of calling read synchronously multiple times, it is required to implement the read async behavior
on Bare metal platform without any threads using ‘readasync.c’ codelet (¢/src/samples)

Readasync.c
This codelet demonstrates the async read functionality.

TMR_startReading(rp), starts the read. Once read is started, parseSingleThreadedResponse(rp, READ_TIME)
function will check if the report is present, then parse and report it.

parseSingleThreadedResponse(rp, READ_TIME)

Here, the second argument READ_TIME specifies the total read time. This can be changed as per the
requirement.



Overview of Async Read without Threads

rp-=continuousReading
= true;

TMR_Read():

Include 0x400 error
- False

Fatal Error?

TMR_getNextTag()

False ¢

TMR_getNextTag() ‘

True
Stop Reading?

True

A

Stop W‘

7 Examples

7.1 Arduino Mega 2560 using Arduino IDE
This document describes how to configure, compile C API, and run sample application for Arduino Mega
2560.

7.1.1 Prerequisites
e Download the Arduino IDE from
o Linux: https://www.arduino.cc/en/Guide/Linux
o Windows: https://www.arduino.cc/en/Guide/Windows
e Download Mercury API SDK from the Jadak website.

7.1.2 Hardware Connection

Serial 0 of the Arduino board should be configured for host communication and Serial 1 should be configured
for RFID module communication.

Please note that Serial 0 is by default configured on USB port of the board. Connect the seriall to RFID
module as shown below.

1. TX of Micro Devkit <-> Arduino RX1 (Pin-19)

2. RXof Micro Devkit <-> Arduino TX1 (Pin-18)

3. GND <-> Arduino GND


https://www.arduino.cc/en/Guide/Linux
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7.1.3

Project Creation

Download latest (mercuryapi-BILBO-1.37.1.xx) file. And unzip it.

Create a new folder and rename it to mercuryapi_src.

To add dependency files in Arduino project, copy below files from the folder <mercuryAPI>\c\src\api
to the newly created folder mercuryapi_src.

Hex_bytes.c, Osdep.h, Osdep_arduino.c, Serial_reader.c, Serial_reader_imp.h, Serial_reader_I3.c,
Serial_transport_arduino.c, tm_config.h, tm_reader.c, tm_reader.h, tm_reader_async.c,
tmr_filter.h, tmr_gen2.h, tmr_gpio.h, tmr_ipx.h, tmr_iso14443a.h, tmr_iso14443b.h,
tmr_is015693.h, tmr_is0180006b.h, tmr_If125khz.h, tmr_If134khz.h, tmr_param.c, tmr_params.h,
tmr_read_plan.h, tmr_region.h, tmr_serial_reader.h, tmr_serial_transport.h, tmr_status.h,
tmr_strerror.c, tmr_tag_auth.h, tmr_tag_data.h, tmr_tag_lock_action.h, tmr_tagop.h,
tmr_tag_protocol.h, tmr_types.h, tmr_utils.h, tmr_utils.c.

Open the tm_config.h file (from mercuryapi_src). Uncomment below line of code and define
BARE_METAL macro.

/** To build API for baremetal platform. */
//#define BARE_METAL

Rename Serial_transport_arduino.c (from mercuryapi_src) to Serial_transport_arduino.cpp.
Zip the folder mercuryapi_src -> mercuryapi_src.zip

Open the Arduino IDE and copy the Read.ino sample code from the
path<mercuryAPI>\\c\baremetal proj\arduino_proj\Arduino_Mega2560\Read.

Select board in tools->Board->Arduino AVR Boards->Arduino Mega or Mega 2560.

Select comport in Tools->Port.

File Edit Sketch Tools Help

Archive Sketch

Raad.ino Manage Libraries.., Ctrl+Shift+
241 senal Monitor Cirl+5hift+ M
43 Senal Plotter
243
244 WAFTOT / WiFiIMIMNA Firrvavare Updater H
445 Upload 551 Root Certificates
246
247 Board: "Arduino Mega or Mega 2560" J
248 Port "COMTT Py A
249 S -
Get Board Info vdel
258
251 Processor: "ATneqals6d (Mega 25600 -
253 Prograrmrmer *
25 Bur Bootloader
::: L = "n_ Falraimaes o II'Ir\._"‘-‘r‘.hl'l_'\:«.‘li‘."”_]:
256 checkerr(rp, ret, 1, "setting region™);

Give path of mercuryapi_src.zip file in Sketch->Include Library-> Add .ZIP Library.


bookmark://_coryc27kzfku/
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ead | Arduine IDE 2.0.4
Edit Sketch Tools Help
Upload Ctrl +
R Configure and Upload
Upload Lsing Programmer Ctrl+Shift+ L 2ating reader™);
Export Compiled Binary Alt+Cirl+5

Optirnize for Debugaing X "
wnecting reader”™);

Show Sketch Folder A+ Crrl +k
| Include Library bl Manage Libraries.. Cirl+Shifi+
Add File..
| 2dd zp by |
240 checkerr{rp, ret, 1, "Ge
258 Brduina libraries

e Build and run.
o ENABLE_CONTINUOUS_READ macro is used to select either CONTINUOUS READ or TIMED
READ. This is set to 1 by default. The CONTINUOUS READ is performed for 500 milliseconds.
o If ENABLE_CONTINUOUS_READ macro is set to 0, then the module performs TIMED READ for
500 milliseconds.
e Tag reports can be seen in Serial Monitor as shown below.

Cutput  Serial Monitar

11 Perform timed read !

TAGEEAD EPC:1122334455667 73899 AABEEE PROTOCOL: S ANT:
TAGEEAD EPC:1122334455667 78899 AABECC PROTOCOL: S ANT:
TAGEEAD EPC:30313261628258 PROTOCOL:S ANT:1 READCOUNT:
TAGEEAD EPC:ABADOOOOABADOOOOABALOSE? PROTOCOL:S AMT:
TAGREAD EPC:5678 PROTOCOL:S ANT:1 READCOUNT:E

READCOUNT: &
READCOUNT: &

READCOUNT: 6

TAGREAD EPC:EZE01120A5020060161E0CE7 PROTOCOL:S AMNT:1 READCOUNT:E
TAGREAD EPC:EZE0112045020060161E2267 PROTOCOL:S5 ANT:1 READCOUNT: &
TAGREAD EPC:DELDEEEFDEADEEEFDEADEEEF PROTOCOL:S ANT:1 READCOUNT:E
TAGREAD EPC:EZE0119045020060161471D7 PROTOCOL:S ANT:1 READCOUNT:E
TAGREAD EPC:EZ2501190A5020060161EB0CF7 PROTOCOL:S ANT:1 READCOUNT:S
"1 Perform continucous read !

TAGREAD EPC:1122334455667758899AABEEE PROTOCOL: S ANT:1 READCOUNT:1
TAGREAD EPC:303132616228 PROTOCOL:S ANT:1 READCOUNT:1

TAGREAD EPC:112233445566778899ALABECC PROTOCOL: S AMNT:1 READCOUNT:1
TAGREAD EPC:EZE01120A5020060161E0CE7 PROTOCOL:S AMNT:1 READCOUNT:1
TAGREAD EPC:DEALDEEEFDEADEEEFDEADEEEF PROTOCOL:S AMNT:1 READCOUNT:1
TAGREAD EPC:ABALDOOOOABADOOOOABADOS3? PROTOCOL:S AMNT:1 READCOUNT:1
TAGREAD EPC:5678 PROTOCOL:S ANT:1 READCOUNT:1

TAGEEAD EPC:EZ501190A50Z20060161A71D7 PROTOCOL:S ANT:1 READCOUNT:1
TAGREAD EPC:EZ501190A50Z20060161E2267 PROTOCOL:S ANT:1 READCOUNT:1
TAGEEAD EPC:EZ501190A50Z20060161E0CF7 PROTOCOL:S ANT:1 READCOUNT:1
TAGREAD EPC:EZE01120A5020060161A71D07 PROTOCOL:S AMNT:1 READCOUNT:1
TAGREAD EPC:ABALDOOOOABADOOOOABADOSE? PROTOCOL:S AMT:1 READCOUNT:1
TAGREAD EPC:112233445566778899LABEEE PROTOCOL: S AMNT:1 READCOUNT:1

7.1.4 Arduino Mega 2560 Supported baud rates

Arduino Mega 2560, The supported baud rates are 9600, 19200, 38400, 57600 and 115200.
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7.2  SAMD?21 Xplained Pro using Microchip Studio (formerly known as Atmel Studio)

This section explains how Read Async works with Bare Metal. ATMEL SAMD21 Xplained Pro has been used as
a Bare metal device and connected to ThingMagic Reader (Nano). Microchip Studio 7 is used for creating the
solution.

7.2.1 Hardware Connection
Connection of SAMD21 Xplained Pro and Nano Reader

Connect the Nano reader with SAMD21 Xplained Pro as shown below .and run the application. Following
connection needs to be done as shown below picture:
a. Txof Nano Dev Kit < - > SAMD21 Rx (PB09)
1. Rx of Nano Dev Kit < - >SAMD21 Tx (PB08)
Connect 5v and ground appropriately.

Tmmnn

A4 533%

7.2.2 Project Creation

1. Open Atmel Studio
2. Create a new project with the below steps.



a. Navigate to File > New > Project.

Start Page - AtmelStudio

File | Edit  View VAssistX ASF  Project  Deb Tools  Window  Hel

New PR Project.. Ctrl+ Shift+N
Upen PR Filen Ctrl+N
Close Atmel Start Configurator

Close Solution ) Example Project... Ctrls Shifts E

Impont » u

b. Select GCC C ASF Board Project and Click on OK.

¥ Recent Setby: Defackt - mis

Assembler b GCC € Executable Project /s
AtmelStudio Solution o
i GCC C Static Libeary Project C/Coe

GCC Co e Executable Project  C/Cos

Select GCC C ASF Board Project
and provide project nameJocation)
according to you.

GCC Co s Static Uibeary Project C/Co s

6CC Py | o -
. C ASF Board Project CCosn ype: C/C
C/Ces

(60) Creste peoject from Arduing 5..C/Ce e o

Search Initalied Templates (Ciste p-

Creates an project for Atmel o User
boards using ASF

(Name Semdll_bare_metal_api
Lecaton: DAC_api_svi\c\samd2]_peoj\
Sobution name: Samd2l_bare_metsl_apy

(i Create directory for solution
e

_ Brome_|

o ][ coa
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¢. Under Board Selection, select “SAMD21” as Device Family and select ATSAMD21J18A board.
It will take few moments to create basic project for samd21.

e
=
@ Select By Device | Select By Board 5 IMMJ ASF(3.30.1) ]
Jame App./Boot Memary (Kbytes)Data Memory ibytes)EEPROM (bytes)
ATSAMD21118A 25_6 32768 [N

Eelect ATSAMDZ1J18A as shown above

AM D21 Xplained Pro-ATSAMD2IZ1J1IS8A and press ol

then select

L

User Board template - ATSAMDZ1I8A
SARM D21 Xplained Pro - ATSAMDZLIA8A

3. In Solution explorer you will get the project distribution.
4. Right click on src folder>>>click to add>>>click on New Folder and give name to that folder (let name

it src_api).

Soluticn [nplorer = @
S om B @GR A -

e Folution “famdll_bare_ metsl spic (1 project)

stsans Explares (Lol r-r

| Samd2]_bare_metsl_spi

 Dependenzies
W Output Faer
3
& Opsn Folde £ 1
da  Copy Full Path b G coniig
[3] Colapse u aelh
| - r 0 HewBem.. Crl= Shift= A
Soope ta This st e |
B New Sohution Explorer View % Hew Folder
h Cum Ctrla X Add Mew Class
-

5. Right click on src_api folder>>>click to add>>>click on Existing Item and now add all required

bare_metal_api files as shown below.

Add source files from <mercuryAPI>\c\src\api location and readasync.c from



<mercuryAPI>\c\src\samples location.

EJ ssmd21_baremetal_api - Microchip Studio AdvancedMode | Wi Quick Launch (Cirl+Q) P - @ x
File Edit View VAssistX ASF  Project Build Debug Tools Window Help
©-0| @ - -2 m| [9-c-|EX| b M debug - Debug Browser = | & baud B-PXY Tl -En B

bl | be | He | @~ E M. | o o7 seaTsamD2i1sA § Nomeon o

tm_reader.h samd21_baremetal_api = % [REAPEE] ~ | Solution Explorer

Build @D o-am|L=|Mm
Configuration: | Active (Debug) ~ | Platform: | Active (ARM) v ki
Bkl e Search Selution Explorer (Ctrl+;) P~
N — (8] Solution 'samd21_baremetal_api' (1 project)
oo e 4 | samd21_baremetal_api
ZEnCE e b gl Dependencies
Tool o 5 Qutput Files * |[ARM/GNU C Compiler = symbols b = Output Files
4 [Z] ARM/GNU C Compiler S b Libraries
Packs = General ‘Deﬁnad symbols (-D) EEEEE ‘B
Advanced [ Preprocessor b g ASF
[ Symbols DEEUG =
[ Directories BOARD=SAMD21_XPLAINED_PRO b [ config
[ Optimization _SAMD21J18A_ 4 & sreapi
j{Dehuggmg ARM_MATH_CMOPLUS=true @ ”E:f“m“w "
< X
j.xﬂv"m'”gs USART_CALLBACK_MODE=true o osdepsamBLlBac
iscellaneous @ readasync.c
4 [E] ARM/GNU Linker BAREMETAR @ serial_reader.c
General T [ @ serial_reader 13.c
Undefined symbals (-U) E = IS ) serial_reader I3,
A Libraries CEELEIgES(ED) . ) ey 5 serial transport_samD21j18a.c
[ Optimization 3 4
& Memory Settings ) tm_resderc
5 Miscellaneaus % tm_reader_async.c
4 [Z] ARM/GNU Assembler @ tmi_param.c
[ General & tmi_strerror.c
[ Debugging ) tmr_utils.c
a @A}R{M/GNU Preprocescing Assen ) asfh
General
[ symbols
Debugging
4 2] ARM/GNU Archiver Properties
< >

6. Delete main.c file from solution explorer since main function is available in readasync.c
7. Now right click on project and select ASF Wizard.

e |

Project: | SamdZl_bare_metal api ,] Brevice: ATSAMDILIEA

Extensions Versicn
Available Modules.
Edtensions: | Atmel ASF.201) = | Shows Al - usart

I SERCOM USART - Serisl Communications (dirver) | cxllback =
[ USART - Serial interface Gervice) | -Q:F*‘“‘ this and press Add]

After adding this “Selected Modules” block in ASF Wizard Page will look like this.

Selected Modules

B Generic board support (driver)
PORT - GPIO Pin Control (driver)

r

Vi *li- rstem D ¢

B USART - Serial interface (service)

'

8. Press Apply and then ok button.
9. Right click on the project and select properties. Make changes to the property as shown below:

Toolchain > ARM/GNU C Compiler > Symbols : Add BARE_METAL.
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Toolchain > ARM/GNU C Compiler > Directories : Provide the api folder path(\c\src\api).
Toolchain > ARM/GNU C Compiler > Optimization : Optimize for size(-Os)

10. Now save the changes and build the project. After building the project successfully download code
to the flash (Ctrl+Alt+F5) and run the api.

7.3 Embedded Pi using Keil
This example describes how to configure, compile C API, and run sample application for STM32F103RB.

7.3.1 Hardware Connection
EMBEDDED Pl and M6e Reader Setup:

1. To download the binary file to the board, we need to use some debugger since we don’t have on
board debugger in this Embedded Pi board.

2. Forour development, we used STM32vl Discovery on board debugger to download the binary files
to the embedded pi flash.

3. Connection of stm32vl Discovery and embedded pi are as shown below:




4. Connect both stm32vl Discovery and embedded board with their SWD section as shown.

5. Now stm32vl discovery is connected to embedded pi. So, we can download flash of embedded pi
using stm32vl Discovery board.
6. Now connect the M6e reader with embedded pi as shown below and run the application.

7.3.2 Project Creation
I.  OpenKeil MDK(ARM) Tool

15


http://www.keil.com/arm/mdk.asp

1. Create project.

[(Project ) Fiash Debug Peripherals Tools SVCS  Window Help

| New pVision Project...

U L) &

e Open Project...
Project

Close Project

Export »
Manage »

Select Device for Target ...

1. Now select device “STM32F103RB”.

Device:  STM32F103R8

Search: 321030

= ¢ STMicroelectroni 5
© %% STM32F1 Series
© 4 sTM32F103

[} STM32F103R8 Yook,

Typical inchuds drives and on control, F
imedical and handheld equipment, industrial applications, PLCs, 3
inveders, printers, and scanners, alam systems, video intercom, HVAC
land home audio equipment.

- LCD parallel interface, 8080/6800 modes.
-5Vident 10s R :
< | _'_] - Tiemer with nput

' STM 32F'Imdmmmlhcovmm -

IV.  Add startup and CMSIS core files of stm32F103RB only. (As shown in screenshot below)

%5 Progect tryepe
& Tegal Sel Vonat Veruen
- MCBSTIRE (o280
=3
@ Devce @ cont 30
J KU Devce (Rawtug) v o 148
) atp A et s (Stamep) u & RI0S LR 19
& @ M Oover
& @ O Driver Valdnen 120
O CUSE RIS Vakdaten s
AFM Corrpder “oftame [aenccns
Wt Satem leha
2 DMV dewer uned By KT Dwvers for STMIY] Senen
12 GRHO dwves e by RTE Debvers foe STMIIF] Seres
A LSS A RIS TS SULRI CE L S T —
480 e Acoms o0 vancus Botege deacey
300 iaactacaia so st ALl desien
$810 UGB Communiatun wah vacea Sorde iiics
3} |
ﬂm[Q: ses | () Sumcscon | D Tempiaty
Bkt O

V. Now add the below files (which are bare minimum files required for api) to the project: -
= hex_bytes.c
=  Osdep_dummy.c
= Serial_reader.c
= Serial_reader_I3.c
= serial_transport_stm32F103RB.c
= tm_reader.c
= tmr_param.c
= tmr_sterror.c
= tmr_utils.c
= Read.c
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Get these files from source>>source files folder in “bare_min_final_stm32.rar” project (folder is

attached with mail).

Presec T ) sertal bampor sm3n0N8e ) resdc
. Progect try_aps_bare 101
T 1 i1 * Copyright (g) 2010 ThingMagic, Inc.
< Source Group 1 Akl _—
& o A Optson for Group Source Growp 1'.. Anery faftes,
s
# @ Device Add New Rem 1o Group ‘Source Group 1.
AGd Lusting Fees 20 Growp Sowrce Group L . -
e T T

L ReSodd all target files
o Buid Tapet

ﬁ Manage Project Rema.
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Note: If you are using Nano module, please change the region to ‘TMR_REGION_NAZ2’ in
bare_min_final_stm32\Source\Source file\read.c file.

VI. Need to change some settings and include some paths as a reference to the project as shown
below:

Poject s

ay
8%

Project: try_ap:
Y —

= 2 Source Group1

Devica Tomet | Outent | Listng | User | C/Coe | Asm | Linker | Debg | Ltites |

) osdep_dummy.c STMicroslectronics STMIZF 103R8
B) resdc A =5 Code Ganaration
ot o (M) ARM Compler:  [Use oot compier verson ]
) senial_reader B.c Operatng system: | None -
2) tme utitsc System Viewer Fle [V Use Cross-Modue Optemization
) senial transport_stm32F103RB.c [z o _J ¥ Usa McollB r
& cmss I™ Use Custom Fle
2@ Device

Read/Only Mamaory Areas Raad/Wrte Memory Avons
) RTE_Device (Startup)
o defokt offchip St See Rtup  defak ofichp Stat Sze Noit
L) stactup_stm32f10x_md.s (Startup)

) system_stm32M10c< (Startup) [ | e llr omme[ [ r
pous [ [ e ||iT e[ r
L I [ [ r

row, [ [{ET— @ oo, [ pE -
wowz [ [ © L I B

o ] Ocats |

Navigate to C/C++ tab in options of target project and do below changes: -
=>» Change “Include Paths” reference of your headers files (reference to source>>include
files folder in project folder ).
<mercuryapi>\c\src\api
=>» Define pre-processor macro — BARE_METAL
=» Under Language/Code Generation, change “Optimization” to “Level 3 (-03)”
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VIl.  Save the changes and build the project. (Shortcut key is F7)

s oBloc|ev|rRAR

EEE R |

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

[ & &fe o] §8] roes BRI R )
| Project @ ) serial transport stm32F103RB.c ]
= % Project: try_api_bare ‘ 10 [/~ ==
= %% Targetl 11 * Copyright (c) 2010
= (& Source Group 1 2 | -
\J h i3 * Permission is here
by 14 * of this software a
\—] osdep_dummy.c 15 * in the Software wi
d read.c 16 * to use, copy, modi
\_] serial reader.c 17 * copies of the Soft
Ny 18 | * furnished to do =o
L] serial_reader_I3.c e | .
] serial_transport_stm32F103RE 20 | * The above copyrigh
VIII. Now download flash to the STM32F103RB board. (Shortcut key is F8)
File Edit View Project Flash Debug Peripherals Tools SVCS  Window  Help

MEd@| s @]9 o @ | ®d 8RN EEE~L &
(82 A & e L] 38 ] rargeta EEIN =R v
Project 1B _] serial_transport_stm32F103RB.c | ] reac
=% Project: try_api_bare 10 9/ *
EI@ Target1 11 * Copyright (c) 2010 Th
=155 Source Group 1 12 =
D hex b 13 *# Permission is hereby
e bytes.c 14 * of this software and |
|:| osdep_dummy.c 15 * in the Software witho
|:| read.c 1éa * Lo use, copy, modify,
|11 serial_reader.c 17 * copies of the Softwan
. 18 * furnished to do sa, =
|:| senial_reader_|3.c
! 19 | #
- senial_transport_stm32F103RE 20 # The above copyright mu
|:| tm_reader.c 21 * all copiesz or substam
D tmr_param.c 22 "
D ¢ o 23 * THE SOFTWARE IS PRCOVI!
"'"n mr_strerrar.c 24 | * IMPLIED, INCLUDING EBU
Frmr kile - —~ s e s i e —

7.4  STM32 (Olimax) using Keil
This section describes how to install, connect, build, compile C APl and run sample application for STM32-

P103. Embedded Pi board is being used as an example of working with STM32-P103 processor.
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7.4.1 Prerequisites
= |Install Keil IDE

= |Install Keil: STM32F1xx_DFP Pack installer appropriate to the board you are using. Here we are using
STM32F103RBT6 microcontroller.

7.4.2 Hardware Connection
1. Use ST-Link or JTAG debugger to download the code to the board as there is no onboard debugger

in STM32.
2. Connect the M6e Reader with STM32 board and run the application. Following are the connection

details as depicted in the picture below:
1. TX of M6e Devkit <-> STM32 RX (Pin 4)
2. RX of M6e Devkit <-> STM32 TX (Pin 3)
3. GND<->STM32 GND (Pin 2)
4, VCC<->STM32 VCC

7.4.3 Project Creation
1. Right click on the target project stm32_bare_metal_api in Keil IDE >> Options for Target

‘stm32_bare_metal_api’.
2. Navigate to Debug>>Settings>>Flash Download and select the check boxes and programming

algorithm shown below:

(PO ——N L) read.c
= 2 Project: stm32_bare_mi| 1/

5 2 ] * Sample program tha

ou have to select your code

gger either ST-Link or pera

JTAG in this below shown drop-
menu

-
KA Options for Target ‘stm32_bare_metal_api’

€ Use Simul: with % Setting | = Use: §ST-Link Debugger
I Umit Speed to Real-Time
¥ Load Application at Startup ¥ Run to mainQ ¥ Load Application at Startup ¥ Runto

Cortex-M Target Driver
“ Debug | Trace
Download Fuastion RAM for

LOAD Erase Full Chip ¥ Program
‘; * Erase Sectors [V Verfy Start: [2x20000000 Size: [3<1000
2 Do not Erase |
Programming Algorithm
| Description |_Device Sze | Device Type | Address
|STM32F 10¢ Med-denstty Flash 128 On-chip Aash 02000000H - 0801FFFFH
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Navigate to Utilities tab of the target project and deselect “Use Debug Driver” option and select the
code debugger as shown below:

Project
= i3 Project: stm32_bare_metal_api
- #2 stm32_bare_metal_api

.
kA Options for Target 'stm32_bare_metal_api’

Device | Target | Output | Usting | User | C/C++ | Asm | Linker | Debug ities |
Configure Flash Menu Command
¥ Use Target Driver for Flash Programming ™ Use Debug Driver
—
v LbdmoTarge( Debugging

Untick ""Use Debug
Driver''

" Use Edemal BSelect your code
debugger either
command |l or STAG —
Avguments I— in the above drop
I~ jdown menu

Save the above changes to the project and build the project using shortcut key F7.
Download flash to the STM32F103RB board using shortcut key F8.

7.5 STM32L476VG using Keil
This section describes how to compile C APl and run sample applications on STM32L476VG.

7.5.1

7.5.2

Prerequisites

Install Keil IDE

Install Keil:STM32L4xx_DFP Pack installer appropriate to the board you are using. Here we are using
an STM32L476VG microcontroller.

Hardware Connection
We are not using any ST-Link or JTAG debugger to download the code to the board as there
is an Onboard ST-LINK debugger in STM32.
Connect the Micro module with STM32 board and run the application. Following are the connection
details as depicted in the picture below:
1. TX of Micro Devkit <-> STM32 RX (PB7)
2. RXof Micro Devkit <-> STM32 TX (PB6)
3. GND<->STM32 GND
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Frzg

Frz2p,

7.5.3 Project Creation
1. Download the MercuryAPI SDK and navigate to c\stm32_proj\STM32L476VG.
2. Open stm321476_bare_metal_api.uvprojx file using Keil IDE.
3. Right click on the target project stm321476_bare_metal_api in Keil IDE >> Options for Target
‘stm321476_bare_metal_api’.
4. Navigate to Debug>>Settings>>Flash Download and select the check boxes and programming
algorithm shown below:

Project o ] read.c
1% Project: stm32_bare_mu A/~ [You have to select your code
2 | * Sample program thafdebugger either ST-Link or f pera
| JTAG in this below shown drop- e
K3 Options for Target 'stm32_bare_metal_api’ idown menu =
Device | Target | Output | Listing | User | C/Ces | Asm | Linker JDobug li Lrities | 0
" Use Simulstor with restrictions Settings & Use: §ST-Unk Debugger - Settings
I Umit Speed to Real-Time
¥ Load Application at Startup ¥ Runto main0 ¥ Load Application at Startup ¥ Runto
i Intiskzation File: Initiakzation File:
Cortex-M Target Driver Setup — !
Debug | Trace [ Fash Download
Download Fi RAM for Algorithm
LOAD [ Ease RMlChip ¥ Program
K+ Erase Sectors [ Venfy Start: [2x20000000 Size: [0<1000
~ Do not Erase I~

Programming Algorithm
Description | Device Size | De_\pg:_g_)’_xp_g___] Address Range ]_4

STM32F 10x Med-densty Flash 128k On-<hip Flash 08000000H - 0S01FFFFH
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Navigate to Utilities tab of the target project and deselect “Use Debug Driver” option and select the
code debugger as shown below:

Project o ] read.c
= “i2 Project: stm32_bare_metal_api 15/~
= 4o stm32_bare_metal_api 2 * Sample progra

- 2 T . = s —_— ~
G oo oo e IR

Configure FAlash Menu Command
(% Use Target Driver for lash Programming ll_ Use Debug Driver

IV Update Target
El;tick "Use Debug I
river''
" Use Exdemal ESelect your code
debugger either
ST-Link or JTAG —
Aguments:|  Riy the above drop
I~ §jdown menu

Save the above changes to the project and build the project using shortcut key F7.
Download flash to the STML476VG board using shortcut key F8.

STM32L476VG Supported baud rates.

STM32L476VG, the supported baud rates are 9600, 19200, 38400, 57600 ,230400 and 115200.

7.6 Arduino Nano ESP32 using Arduino IDE
This document describes how to configure, compile C API, and run sample application for Arduino Nano

ESP32.
7.6.1 Prerequisites
e Download the Arduino IDE from
o Linux: https://www.arduino.cc/en/Guide/Linux
o Windows: https://www.arduino.cc/en/Guide/Windows
e Download Mercury API SDK from the Jadak website.
7.6.2 Hardware Connection
Arduino DevKit
TX1 RS232_RX
RXO RS232_TX
GND GND



https://www.arduino.cc/en/Guide/Linux
https://www.arduino.cc/en/Guide/Windows
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Project Creation

Download latest (mercuryapi-BILBO-1.37.1.xx) file. And unzip it.

Create a new folder and rename it to mercuryapi_src.

To add dependency files in Arduino project, copy below files from the folder <mercuryAPI>\c\src\api
to the newly created folder mercuryapi_src.

Hex_bytes.c, Osdep.h, Osdep_arduino.c, Serial_reader.c, Serial_reader_imp.h, Serial_reader_I3.c,
Serial_transport_arduinoNanoESP32.c, tm_config.h, tm_reader.c, tm_reader.h,
tm_reader_async.c, tmr_filter.h, tmr_gen2.h, tmr_gpio.h, tmr_ipx.h, tmr_iso14443a.h,
tmr_is014443b.h, tmr_is015693.h, tmr_is0180006b.h, tmr_If125khz.h, tmr_If134khz.h,
tmr_param.c, tmr_params.h, tmr_read_plan.h, tmr_region.h, tmr_serial_reader.h,
tmr_serial_transport.h, tmr_status.h, tmr_strerror.c, tmr_tag_auth.h, tmr_tag data.h,
tmr_tag_lock_action.h, tmr_tagop.h, tmr_tag protocol.h, tmr_types.h, tmr_utils.h, tmr_utils.c.

Open the tm_config.h file (from mercuryapi_src). Uncomment below line of code and define
BARE_METAL macro.
/** To build API for baremetal platform. */

//#define BARE_METAL

Rename Serial_transport_arduinoNanoESP32.c (from mercuryapi_src) to
Serial_transport_arduinoNanoESP32.cpp.

Zip the folder mercuryapi_src -> mercuryapi_src.zip

Open the Arduino IDE and copy the Read.ino sample code from the
path<mercuryAPI>\\c\baremetal _proj\arduino_proj\Arduino_Mega2560\Read.

Note- Read.ino sample code is compatible with Arduino_Mega2560 by default. To make it
compatible with ArduinoNano ESP32, need to make few changes in Read.ino sample code.

o TAG_SEARCH_TIME is 500 ms by default. Need to run longer (ex- 5000ms) for ArduinoNano
ESP32 because 500ms is too short to actually receive any tag reads on your host, because
the ESP32's USB-CDC port takes a second or two to come up after boot.

#define TAG_SEARCH_TIME 5000

o Use ‘console’ type as “USBCDC” instead of “HardwareSerial”.

static HardwareSerial *console = &Serial;


bookmark://_coryc27kzfku/
bookmark://_coryc27kzfku/
bookmark://_coryc27kzfku/
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o IninitializeReader() function, use device ‘Serial0’ in TMR_create()

ret = TMR _create(rp, "tmr:///Seriale");

e Select board in tools->Board->Arduino ESP32 Boards->Arduino Nano ESP32. If Arduino Nano ESP32
is not visible in Board, first install libraries required for Arduino Nano ESP32.
e Select comport in Tools->Port.

&) Read | Arduino IDE 2.1.0
File Edit Sketch Toels Help
Auto Format Ctrl+T
- Archive Sketch
Read.ino Manage Libraries.. Ctrl+Shift=|
Serial Maonitor Ctrl+Shift+M
Serial Plotter

WIFi101 / WiFININA Firmware Updater
Upload 551 Root Certificates

Board: "Arduinc Mano ESP32" Boards Manager.. Ctrl+Shift+B
Port: "COM5"

L R B o N o B T

Arduino AVR Boards

1@ Get Board Info

11

12 Partition Scheme: "With FAT partition (default)” 3
13 Pin Numbering: "By Arduine pin (default)" 4
1: USB Mode: "Normal moade (TinyUSB)" 3
16 Programmer 4
L Burn Bootload

18 urn Bootloader

e  Give path of mercuryapi_src.zip file in Sketch->Include Library-> Add .ZIP Library.

ead | Arduina IDE 2.0.4
Edit Sketch Tools Help
Upload w il

©

nfigure and Upload
Upload Using Progranrner Ctrl + Shifts yting reader™):
Export Comgpaled Binary i+ Ckrl +

Optimize for Debugging . "
wnecting reader™);

o Shetch Folder Pl vt w b
|_include Library ol Manage Libraries.,  Culsnifts
Bdd File...
I Add .IIP Librany... I
249 checkerr{rp, ret, i, "Ge
258 Arduino librane

e Build and run.
o ENABLE_CONTINUOUS_READ macro is used to select either CONTINUOUS READ or TIMED
READ. This is set to 1 by default. The CONTINUOUS READ is performed for specified time.
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o If ENABLE_CONTINUOUS_READ macro is set to 0, then the module performs TIMED READ for
specified time.

e If you are not able to see the tag reports on Arduino Serial Monitor, then use ‘Tera Term’ to see the
tag reports because it has automatic reconnect. The Arduino's USB virtual COM port goes away and
comes back when the Arduino is reset, and you'll lose messages if you don't reconnect promptly.

o Open Tera Term on the Arduino's USB COM port.
o You should see tag read output on the USB COM port a few seconds after resetting the
Arduino (either through the Arduino IDE or by clicking the reset button).

T COMY - Tera Term VT JL — O >

File Edit Setup Control Window Help
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o If you try to run again (continuous read or timed read) and observe this error “ERROR
connecting reader: 0x1000001” then make sure first reset module using DevKit RESET
button and then reset Arduino (either through the Arduino IDE or by clicking the reset
button).

8 How to Fix the Code Size of the Image

8.1 InKeil
1. Model Selection

By default, C API contains both UHF and HF/LF code. Based on the use case, user can disable either
UHF or HF code to reduce the code size.

If HF/LF module is used, enable HF/LF and disable UHF:
Define preprocessor macro "TMR_ENABLE_HF_LF” in options->C/C++.

If UHF module is used, enable enable UHF and disable HF/LF:
Define preprocessor macro "TMR_ENABLE_UHF” in options->C/C++.
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Options for Target 'stm321476_bare_metal_api' x

Device | Target | Output | Listing | User  C/Ce+ (ACE) |A5m | Linker | Debug | Utifties |

— Preprocessor Symbaols

Define: I (IS YW= IMBARE_METAL, USE_FULL_LL_DRIVER,HSE_VALUE=8000000,HSE_STARTUP_ ¢
Undefine: I

— Language / Code Generation

[~ Execute-only Code Wamings: IAC5-Iike Wamings vl Language C: IC‘JB vl
Optimization: I-Oz image size vl ™ Tum Wamings into Emors Language C++ Iﬁu{ﬂv

[~ Link-Time Optimization ™ Plain Charis Signed ¥ Short enums/wchar
[~ Split Load and Store Muttiple ™ Read-Only Position Independent [” use RTTI
¥ One ELF Section per Function [~ Read-Write Position Independent [ No Auto Includes
|”g:1ﬂe I.\Inc:.\Dﬁvers\STM&EL-tn_HAL_Dﬁver\lnc:.\Dﬁvers\CMSIS\Device\ST\STMﬂL—tn\Indude:.\Dri' J
s
Misc I |
Controls

Compiler ¢ std=c9% —target=arm-am-none-eabi -mopu=cortex-m4 -mfpu=fpv4-sp-d16 -mfloat-abi=hard <
C;m"‘" fno-tti funsigned-char fshort-enums fshort-wechar
Ting

OK I Cancel Defaults Help

ARM compiler Selection
Select latest ARM compiler version.

kA Options for Target 'stm321476_bare_metal_api’ X
Device Tanget |Output I Listing I User I C/C++ {}\C'E]I Asm I Linker | Debug I Litilities |
STMicroelectronics STM32L476VG T ‘T;;’EE”E'TT“’” — =
ompiler: 2 &
#tal (MHz): Icundeﬁned}- Use default compiler version &
Missing: Compiler Version 5§
Operating system: | None ;I v Use MicroLIB
System Viewer File: Floating Point Hardware: ISingIe Precision ;I
[sTM32Lax6 sve J
[™ Use Custom File
— Read/Only Memory Areas — Read/Write Memory Areas
default  offchip Start Size Startup default offchip Start Size Nolnit
™ ROMI: | | s ™ RaMI: | | r
I~ Romz | | C ™ RAuZ | | r
™ ROM3 | | C I~ RAM3: | | r
on-chip on-chip
¥ IROMI: |maummu |m1oumu « ¥ IRAMI: |mzummm |m1aum r
I IRom2: | | s ™ IRAM2: [210000000  |(x8000 r

ok |  Cancedl | Defauts | Help

Optimization Option
Select optimization for size option.




E Opticns for Target 'stm321476_bare_metal_api’

Devicel Targe°t| Outputl Listingl User C/C+=(ACE) |A3rn | Linkerl Debugl UtiI'rtiesI

— Preprocessor Symbols

Define: ITMH_ENAELE_U HF BARE_METAL USE_FULL_LL_DRIVER,HSE_VALUE=8000000,HSE_STARTUP_
Undefine: I

— Language / Code Generation

[~ Execute-only Code Wamings: I.&C&-Iike Wamings vl Language C: IC‘JB VI

Optimization: |0z image size 'I [~ Tum Wamings into Emors Language C++ lﬁﬂ-ﬂﬂv
[~ Link-Time _%:Igfaulh ™ Plain Charis Signed [V Short enums./wchar
[~ Split Load {01 ™ Read-Only Position Independent [ use RTTI
¥ Ore ELF Sgi [~ Read-Write Position Independent [~ No Auto Includes
Ofast
Include |._Os balanced _HAL_Driver\Inc; \Drivers\CMS|5 '\ Device\S T\S TM32L 4xx\Include; \Dri J
Paths
Misc I
Controls

Compiler  [xc -std=c99 -target=am-am-none-eabi -mcpu=cortex-m4 mfpu=fpv4-sp-d16 mfloat-abi=hard

C‘;t"?ml fro-iti funsigned-char fshort-enums fshort-wehar
ring

QK I Cancel Defaults Help




