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How to import STMems_Standard_C_drivers
iIn an STM32CubelDE project

M. Galizzi
Main components
STM32CubelDE 1.3.0+ Integrated Development Environment for STM32
SensorTile.box Wireless multi-sensor development kit (STEVAL-MKSBOX1V1)
STMems_Standard_C_drivers | Platform-independent driver source code for MEMS

Purpose and benefits

This design tip explains how to import and use the platform-independent driver source code
for STMicroelectronics MEMS motion and environmental sensors, freely available on
STMicroelectronics GitHub.

e The drivers are written in standard C and can run on any microcontroller.

e The implementation shown uses a limited code abstraction in order to maintain the
code easy to understand, read and debug.

Description

In this example a set of drivers will be included in a new project for the STEVAL-MKSBOX1V1
platform to show how these drivers can be easily added. In our case both I2C and SPI buses
will be exploited.

On the STEVAL-MKSBOX1V1 I2C1 bus, the following sensors are connected:

1. HTS221 humidity and temperature sensor (hts221 STdC driver)

2. LPS22HH pressure and temperature sensor (Ips22hh_STdC driver)

On the I12C3 bus, one sensor is connected:

1. STTS751 temperature sensor (stts751 STdC driver)

On the SPI1 bus, these sensors are connected:

1. LSM6DSOX INEMO inertial module (Ism6dsox STdC driver)

2. 1IS3DHHC 3-axis industrial digital inclinometer (iis3dhhc_STdC driver)

3. LIS2DW12 3-axis MEMS accelerometer (lis2dw12 STdC driver)
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https://github.com/STMicroelectronics/STMems_Standard_C_drivers
https://github.com/STMicroelectronics/STMems_Standard_C_drivers/tree/master/hts221_STdC/driver
https://github.com/STMicroelectronics/STMems_Standard_C_drivers/tree/master/lps22hh_STdC/driver
https://github.com/STMicroelectronics/STMems_Standard_C_drivers/tree/master/stts751_STdC/driver
https://github.com/STMicroelectronics/STMems_Standard_C_drivers/tree/master/lsm6dsox_STdC/driver
https://github.com/STMicroelectronics/STMems_Standard_C_drivers/tree/master/iis3dhhc_STdC/driver
https://github.com/STMicroelectronics/STMems_Standard_C_drivers/tree/master/lis2dw12_STdC/driver

Step 0: Network configuration

The STM32CubelDE will always try to access the network connection to check for updates.
If the network settings are not configured, or if they are configured but the network is not
operative, a pop-up dialog will appear, asking to configure the network settings. You can
cancel and postpone the configuration until the IDE needs to create the code for the project;
that is when you insert the name of the project, press finish, and accept the default
configuration for all peripherals; at this point the IDE really needs the correct software
package (STM32Cubel4 in our case) to be able to generate the code. Either the package is
already installed, or it must be downloaded from the network. In the latter case you need to
configure the network settings.

Network settings can be configured at any time: click on Window > Preferences to open a
window as in Figure 1. In the left panel, click on General to expand the tree, then Network
Connections. The default mode is “Native” which means the STM32CubelDE will use the
same settings as the default browser in the system. This is usually fine. If you use a VPN,
behind a proxy, you may need to select “Manual”, and configure all three protocols: HTTP,
HTTPS, and SOCKS. Select the protocol to be configured, click Edit, insert the IP address
of the proxy and the port (usually 80). If needed, select the checkbox for “required
authentication” and insert the user name and password. When everything is configured, click
Apply and Close.

Figure 1. Configure network connections
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Step 1: Installing the latest Cube library

The first step after setting up the network connection consists of installing or
updating the library of the microcontroller used in this project. The
microcontroller of the STEVAL-MKSBOX1V1 is an STM32L4R9, so
STM32Cubel4 libraries are necessary.

In STM32CubelDE, click on Help > Manage embedded software package and
a window should appear as in Figure 2. In the STM32Cube MCU Packages tab,
expand STM32L4 and check to select the latest STM32Cube MCU Package
for STM32L4 Series, then click on Install Now.

Figure 2. Install the latest STM32CubelL4 libraries

m Embedded Software Packages Manager *

i E STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than one hour ago.

STM32Cube MCU Packages

- p Installed Version | Available Version

» STM32L1

v STM32L4

STM32Cube MCU Package for STM32L4 Series (Size - 890.0 MB) 1.15.1 l
O  STM32Cube MCU Package for STM32L4 Series (Size : 750 MB) 1.15.0

O  STM32Cube MCU Package for STM32L4 Series (Size : 712 MB) 1.14.0

Details

Release

STM32Cubel 4 Firmware Package V1.15.0 / 09-December-2019
Main Changes

@ Official release of HAL and Low Layer drivers to add support of STM32L4P5:¢/STM32L4Q5xx devices

@ Deliver new USB Host, USB Device. FreeRTOS, FatFS and Touch Sensing tags

@ Deliver full set of examples, applications and demonstrations |AR, KEIL and STM32CubelDE projects developped on
NUCLEQ-L4P576G and 321 4P5GDISCOVERY boards.

Let the STM32CubelDE download the necessary libraries and when it is
completed, close the Embedded Software Packages Manager.
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Step 2: Generate an empty project for STEVAL-MKSBOX1V1

Let’s begin creating a new empty project for the desired platform. In STM32CubelDE select
File > New > STM32 Project and in the Board Selector tab search for the part number
STEVAL-MKSBOX1V1. Click on the image showing the board and then click on Next > as

depicted in Figure 3.

Figure 3. Create a new project for STEVAL-MKSBOX1V1 platform

[ 5TM32 Project O
Target Selection
Select STM32 target
Board Selector
Board Filter
Features Large Picture Docs & Resources
@ E o —featwms ’
Part Number Search v 4¢ - STEVAL-MKSBOX1V1
Q, [STEVAL-MKSBOX1V1 - STMicroelectronics SensorTile.box wireless multi l
sensor development kit with user friendly app for
loT and wearable sensor applications
Vendor >
Unit Price (USS) : NA
Type > Naon applicable
Please contact your sales
MCUMPU Series > representative ifinterested by Mounted device: STM32L 4R9ZLIX
Other ~
Boards List: 1item 1 Export
Price =0.0
[ 2
Oscillator Freq. =0 (MHz) H
. |
x4 STEVAL-MKSBOX1V1 Evaluation Board NA NA
Peripheral ™
Accelerometer 0
® < Back Next > Finish Cancel

March 2021 DT0141 Rev 1 4/19
‘,l WWW.St.com



At this point a window will open to set up the new project name. Assign any name and then
click on the Finish button, as depicted in Figure 4.

Figure 4. New project name for STEVAL-MKSBOX1V1

=
7le | [ sTM32 Project o x ) )
i} R LR R NP N i |
= @Eme
Setup STM32 project
F=Y: | =0 =&
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C:/Users/michael galizzil/STM32CubelDE/workspace_1 | [Browse
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@®C OC++
Tergeted Binary Type
(® Executable () Static Library
Tergeted Project Type
@ 5TM32Cube O Empty
@ <Back Next > Cancel
= c = O [Build.. 8 = Stat g =0
LS EM R R - | i
CDT Build Console [Box-BLE2]
Memary Regions  Memory Details
Region Startaddress  Endaddress  Size
< >
0 items selected
Figure 5. Confirm default initialization
[} Board Project Options: X
Yes No

After confirming the default peripherals initialization as depicted in Figure 5, the

STM32CubelDE will show the pinout of the microcontroller with all the needed peripherals
already configured, as shown in Figure 6.
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Figure 6. Pinout of the STEVAL-MKSBOX1V1 microcontroller
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Nothing else needs to be done to configure the microcontroller for the purpose of this design
tip; all the peripherals will work out-of-the-box with the default initialization.

Switch to the C/C++ editor perspective, by clicking the B button situated on the top right of
the STM32CubelDE.

In the Project Explorer tab, double click on the “main.c” file located in the folder Core/Src, as
shown in Figure 7.

Figure 7. Open main.c file from Project Explorer tab
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N 23 #include "fatfs.h"
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« A armam - 27 /* USER CODE BEGIN Includes */
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Step 3: Importing the driver files in the project

Create a new folder to put all the source files by right clicking on the Drivers folder and
select New > Folder.
As shown in Figure 8, name the folder as “STMems_drivers” and click on Finish.

Figure 8. Drivers folder creation

Cancel

A CRER AR N N |
[scicces ) o | 4
=0 '5

A o=

lemory Details

rt address End address Size

File Edit Source Refactor Mavigste Search Project Run Window Help
m | ® - & - & B New Folder
Folder
5 project Explo... 52| T O B Create a new folder resaurce.
Bg v ;
~ [ Box.C Drivers 5| Enter or select the parent folder:
) Includes
v 8 Care 2| [ BowC_Drivers/Drivers
&= Inc 2 =
2
T 3| | v B BexC brivers
8 main.c -
2 (&= .settings
€] stm32Mxc_hal msp. o Core
[2 stm32Mio it.c 2 n
" 3 (= Drivers
&) syscalls.c : o pars
6] sysmem.c 3 (= Middlewares
[€] system_stm32idoc.c E &, USB_ DEVICE
= Startup 5| | 3 RemoteSystemsTempFiles
~ [ Drivers
= CMSis 3
(= STM32L4ic HAL Drive 3
(5 FATFS 3
(22 Middlewares 3
(2 USB_DEVICE 3
[ Box_C_Drivers.ioc 3| Folder name: | STMems_drivers
T STM32LAROZIIX_FLASH.Id
% STM32LAROZIIX_ RAM.Id | | Advanced >>
CoTE
s
@
< >

(2 fBox_C_Drivers/Drivers

All

the source and header files of the sensors need to be downloaded from

STMicroelectronics GitHub, and all those sources need to be copied in the driver folder

previously created:

GitHub raw files of the HTS221 sensor are “hts221 reg.c” and “hts221 reqg.h”

GitHub raw files of the LPS22HH sensor are “Ips22hh _reg.c” and “lps22hh _reg.h”

GitHub raw files of the STTS751 sensor are “stts751 reqg.c” and “stts751 reg.h”

GitHub raw files of the LSM6DSOX sensor are “Ism6dsox_reg.c” and “lsm6dsox_reg.h”

GitHub raw files of the ISSDHHC sensor are “iis3dhhc_reg.c” and “iis3dhhc_reg.h”

GitHub raw files of the LIS2DW12 sensor are “lis2dwl12 reg.c” and “lis2dw12 reg.h”

Update the driver folder by clicking on File > Refresh. The project directory structure should
look like the one shown in Figure 9.
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https://github.com/STMicroelectronics/STMems_Standard_C_drivers/tree/master/lis2dw12_STdC/driver
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/hts221_STdC/driver/hts221_reg.c
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/hts221_STdC/driver/hts221_reg.h
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/lps22hh_STdC/driver/lps22hh_reg.c
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/lps22hh_STdC/driver/lps22hh_reg.h
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/stts751_STdC/driver/stts751_reg.c
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/stts751_STdC/driver/stts751_reg.h
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/lsm6dsox_STdC/driver/lsm6dsox_reg.c
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/lsm6dsox_STdC/driver/lsm6dsox_reg.h
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/iis3dhhc_STdC/driver/iis3dhhc_reg.c
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/iis3dhhc_STdC/driver/iis3dhhc_reg.h
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/lis2dw12_STdC/driver/lis2dw12_reg.c
https://raw.githubusercontent.com/STMicroelectronics/STMems_Standard_C_drivers/master/lis2dw12_STdC/driver/lis2dw12_reg.h

Figure 9. Folders containing GitHub ST Mems source drivers
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The next step is to add the “STMems_drivers” folder in the included path; click on
Project > Properties and a window as in Figure 10 should pop up.

Figure 10. Add driver folder in included path
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In the “C/C++ General > Path and Symbols” tab, click on the “Add...” button and insert the
directory path “Drivers/STMems_drivers”. Click “Ok” and “Apply and Close”, as shown in
Figure 11.
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Figure 11. Add directory path
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Step 4: Configuring the sensors

At this point it is possible to include the drivers in the project source code and use them. For
simplicity, all the snippets of code will be added in the “main.c” file.
IMPORTANT: While editing the “main.c” source file, make sure to edit it only in between the
/* USER CODE BEGIN .. */ and /* USER CODE END .. */ comments in order to preserve the
capability of the STM32CubelDE to regenerate the code without deleting the portions of code
manually added.

main.c : Adding included files

#include
#include
#include
#include
#include
#include

/* USER CODE BEGIN Includes */
"hts221_reg.h"
"iis3dhhc_reg.h"
"lis2dwl2_reg.h"
"lps22hh_reg.h"
"lsmédsox_reg.h"
"stts751_reg.h"

/* USER CODE END Includes */

main.c : Adding private macros

} lin_t;

/* USER CODE BEGIN PM */
typedef struct {

float linear_interpolation(lin_t *1in, intl6_t x) {

¥
/* USER CODE END PM */

float x0;
float yo;
float x1;
float y1;

return ((lin-»>yl - lin->y@) * x + ((lin->x1 * 1in->y@) - (lin->x@ * lin->y1))) / (lin->x1 - 1lin->x0);
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main.c : Adding driver private variables

/* USER CODE BEGIN PV */
static uint8_t whoamI, rst;
lin_t lin_hum;

lin_t lin_temp;

stmdev_ctx_t hts221Driver;
stmdev_ctx_t 1lps22hhDriver;
stmdev_ctx_t stts751Driver;
stmdev_ctx_t 1lsmédsoxDriver;
stmdev_ctx_t iis3dhhcDriver;
stmdev_ctx_t lis2dwl2Driver;
/* USER CODE END PV */

main.c : Adding private function prototype of read and write sensors

/* USER CODE BEGIN PFP */

HAL_StatusTypeDef Init_HTS221(void);

HAL_StatusTypeDef Init_LPS22HH(void);

HAL_StatusTypeDef Init_STTS751(void);

HAL_StatusTypeDef Init_LSM6DSOX(void);

HAL_StatusTypeDef Init_IIS3DHHC(void);

HAL_StatusTypeDef Init_LIS2DW12(void);

static int32_t hts221_read(void *handle, uint8_t reg, uint8_ t *bufp, uintl6_t len);
static int32_t hts221_write(void *handle, uint8_ t reg, uint8_t *bufp, uintl6_t len);
static int32_t 1ps22hh_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len);
static int32_t 1ps22hh_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len);
static int32_t stts751_read(void *handle, uint8_ t reg, uint8_t *bufp, uintl6_t len);
static int32_t stts751_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len);
static int32_t 1smédsox_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len);
static int32_t lsmédsox_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len);
static int32_t iis3dhhc_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len);
static int32_t iis3dhhc_write(void *handle, uint8_t reg, uint8_t *bufp, uintlée_t len);
static int32_t lis2dwl2_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len);
static int32_t lis2dwl2_write(void *handle, uint8_t reg, uint8_t *bufp, uintlée_t len);
/* USER CODE END PFP */

main.c : Initializing the driver variables and adding call to initialize functions

/* USER CODE BEGIN 2 */
hts221Driver.handle = &hi2c1;
hts221Driver.read_reg = hts221_read;
hts221Driver.write_reg = hts221_write;

1ps22hhDriver.handle = &hi2c1;
1ps22hhDriver.read_reg = 1lps22hh_read;
1ps22hhDriver.write_reg = 1ps22hh_write;

stts751Driver.handle = &hi2c3;
stts751Driver.read_reg = stts751_read;
stts751Driver.write_reg = stts751_write;

1smédsoxDriver.handle = &hspil;
1smédsoxDriver.read_reg = lsmédsox_read;
1smédsoxDriver.write_reg = lsmédsox_write;

iis3dhhcDriver.handle = &hspil;
iis3dhhcDriver.read_reg = iis3dhhc_read;
iis3dhhcDriver.write_reg = iis3dhhc_write;

lis2dwl2Driver.handle = &hspil;
lis2dwl2Driver.read_reg = lis2dwl2_read;
lis2dwl2Driver.write_reg = lis2dwl2_write;

Init_HTS221();
Init_LPS22HH();
Init_STTS751();
Init_LSM6DSOX() ;
Init_IIS3DHHC();
Init_LIS2DW12();

/* USER CODE END 2 */
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main.c : Implementing the initialization function for each sensor 1/4

/* USER CODE BEGIN 4 */
/* Initialize Humidity sensor */
HAL_StatusTypeDef Init_HTS221(void) {
/* Check device ID for Humidity sensor */
whoamI = 0;
hts221_device_id_get(&hts221Driver, &whoamI);
/* Configure Humidity sensor */
if (whoamI == HTS221_ID) {
/* Enable Block Data Update */
hts221_block_data_update_set(&hts221Driver, PROPERTY_ENABLE);
/* Set Output Data Rate */
hts221_data_rate_set(&hts221Driver, HTS221_ODR_12Hz5);
hts221_humidity_avg_set(&hts221Driver, HTS221_H_AVG_4);
hts221_temperature_avg_set(&hts221Driver, HTS221_T_AVG_2);
/* Device Power On */
hts221_power_on_set (&hts221Driver, PROPERTY_ENABLE);
/* Read humidity calibration coefficient */
hts221_hum_adc_point_0_get(&hts221Driver, &lin_hum.x®0);
hts221_hum_rh_point_0_get(&hts221Driver, &lin_hum.y@);
hts221_hum_adc_point_1_get(&hts221Driver, &lin_hum.x1);
hts221_hum_rh_point_1_get(&hts221Driver, &lin_hum.y1);
/* Read temperature calibration coefficient */
hts221_temp_adc_point_0_get(&hts221Driver, &lin_temp.x0);
hts221_temp_deg_point_0_get(&hts221Driver, &lin_temp.y®);
hts221_temp_adc_point_1_get(&hts221Driver, &lin_temp.x1);
hts221_temp_deg_point_1_get(&hts221Driver, &lin_temp.y1);
return HAL_OK;
} else {

}

return HAL_ERROR;

}

/* Initialize Pressure sensor */
HAL_StatusTypeDef Init_LPS22HH(void) {
/* Check device ID for Pressure sensor */
whoamI = @;
1ps22hh_device_id_get(&lps22hhDriver, &whoamI);
/* Configure Pressure sensor */
if (whoamI == LPS22HH_ID) {
/* Restore default configuration */
1ps22hh_reset_set(&1lps22hhDriver, PROPERTY_ENABLE);
do {
1ps22hh_reset_get(&1lps22hhDriver, &rst);
} while (rst);
/* Enable Block Data Update */
1ps22hh_block_data_update_set(&lps22hhDriver, PROPERTY_ENABLE);
/* Set Output Data Rate */
1ps22hh_data_rate_set(&lps22hhDriver, LPS22HH 200 Hz);
return HAL_OK;
} else {
return HAL_ERROR;

}

/* Initialize Temperature sensor*/
HAL_StatusTypeDef Init_STTS751(void) {
/* Check device ID for Temperature sensor */
static stts751_id_t whoamItemp;
stts751_device_id_get(&stts751Driver, &whoamItemp);
/* Configure Temperature sensor */
if (!((whoamItemp.product_id != STTS751_ID_Oxxxx) || (whoamItemp.manufacturer_id != STTS751_ID_MAN))) {
/* Set Output Data Rate */
stts751_temp_data_rate_set(&stts751Driver, STTS751_TEMP_ODR_16Hz);
/* Set Resolution */
stts751_resolution_set(&stts751Driver, STTS751_11bit);
return HAL_OK;

} else {
return HAL_ERROR;
}
}
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main.c : Implementing the initialization function for each sensor 2/4

/* Initialize Accelerometer and Gyroscope*/
HAL_StatusTypeDef Init_LSM6DSOX(void) {

/* Check device ID for LSM6DSOX accelerometer */

whoamI = 0;

1smédsox_device_id_get(&lsm6édsoxDriver, &whoamI);

/* Configure LSM6DSOX accelerometer */

if (whoamI == LSM6DSOX_ID) {
/* Restore default configuration */
1smédsox_reset_set(&lsmédsoxDriver, PROPERTY_ENABLE);
do {

1smédsox_reset_get(&lsmédsoxDriver, &rst);

} while (rst);
/* Disable I3C interface */
1smedsox_i3c_disable_set(&lsmédsoxDriver, LSM6DSOX_I3C_DISABLE);
/* Enable Block Data Update */
1smédsox_block_data_update_set(&lsmédsoxDriver, PROPERTY_ENABLE);
/* Set Output Data Rate */
1smedsox_x1_data_rate_set(&lsmédsoxDriver, LSM6DSOX _XL_ODR_6667Hz);
1smédsox_gy_data_rate_set(&lsmédsoxDriver, LSM6DSOX_GY_ODR_6667Hz);
/* Set full scale */
1smedsox_x1_full_scale_set(&lsmédsoxDriver, LSM6DSOX_2g);
1smédsox_gy_full_scale_set(&lsmédsoxDriver, LSM6DSOX_2000dps);
/* Configure filtering chain */
1smedsox_x1_hp_path_on_out_set(&lsmédsoxDriver, LSM6DSOX_LP_ODR_DIV_1600);
1smedsox_x1_filter_1p2_set(&lsmédsoxDriver, PROPERTY_ENABLE);
return HAL_OK;

} else {
return HAL_ERROR;

}

/* Initialize Accelerometer */
HAL_StatusTypeDef Init_IIS3DHHC(void) {
/* Check device ID for IIS3DHHC accelerometer */
whoamI = @;
iis3dhhc_device_id_get(&iis3dhhcDriver, &whoamI);
/* Configure IIS3DHHC accelerometer */
if (whoamI == IIS3DHHC_ID) {
/* Restore default configuration */
iis3dhhc_reset_set(&iis3dhhcDriver, PROPERTY_ENABLE);
do {
iis3dhhc_reset_get(&iis3dhhcDriver, &rst);
} while (rst);
/* Enable Block Data Update */
iis3dhhc_block_data_update_set(&iis3dhhcDriver, PROPERTY_ENABLE);
/* Set Output Data Rate */
iis3dhhc_data_rate_set(&iis3dhhcDriver, IIS3DHHC_1kHz1);
/* Enable temperature compensation */
iis3dhhc_offset_temp_comp_set(&iis3dhhcDriver, PROPERTY_ENABLE);
return HAL_OK;

} else {
return HAL_ERROR;
}
}
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main.c : Implementing the initialization function for each sensor 3/4

/* Initialize Accelerometer */
HAL_StatusTypeDef Init_LIS2DW12(void) {

/* Check device ID for LIS2DW12 accelerometer */

whoamI = 0;

1lis2dwl2_device_id_get(&lis2dwl2Driver, &whoamI);

/* Configure LIS2DW12 accelerometer */

if (whoamI == LIS2DW12_ID) {
/* Restore default configuration */
lis2dwl2_reset_set(&lis2dwl2Driver, PROPERTY_ENABLE);
do {

lis2dwl2_reset_get(&lis2dwl2Driver, &rst);

} while (rst);
/* Enable Block Data Update */
lis2dwl2_block_data_update_set(&lis2dwl2Driver, PROPERTY_ENABLE);
/* Set full scale */
lis2dwl2_full_scale_set(&lis2dwl2Driver, LIS2DW12 2g);
/* Configure filtering chain */
lis2dwl2_filter_path_set(&lis2dwl2Driver, LIS2DW12_LPF_ON_OUT);
lis2dwl2_filter_bandwidth_set(&lis2dwl2Driver, LIS2DW12 ODR_DIV 4);
/* Configure power mode */
1lis2dwl2_power_mode_set(&lis2dwl2Driver, LIS2DW12 HIGH_PERFORMANCE);
/* Set Output Data Rate */
lis2dwl2_data_rate_set(&lis2dwl2Driver, LIS2DW12_XL_ODR_1R6Hz);
return HAL_OK;

} else {
return HAL_ERROR;
}
}
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main.c : Implementing the read and write function for each sensor 4/4

static int32_t hts221_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {

if (len > 1) reg |= 0x80;

return HAL_I2C_Mem_ Read(handle, HTS221_I2C_ADDRESS, reg, I2C_MEMADD_SIZE_8BIT, bufp, len, 1000);
}

static int32_t hts221_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {

if (len > 1) reg |= 0x80;

return HAL_I2C_Mem_Write(handle, HTS221_I2C_ADDRESS, reg, I2C_MEMADD_SIZE_8BIT, bufp, len, 1000);
}

static int32_t 1ps22hh_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
return HAL_I2C_Mem_Read(handle, LPS22HH_I2C_ADD_H, reg, I2C_MEMADD_SIZE_8BIT, bufp, len, 1000);
}

static int32_t 1ps22hh_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
return HAL_I2C_Mem_Write(handle, LPS22HH_I2C_ADD_H, reg, I2C_MEMADD_SIZE_8BIT, bufp, len, 1000);
}

static int32_t stts751_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
return HAL_I2C_Mem_Read(handle, STTS751_0xxxx_ADD_20K, reg, I2C_MEMADD_SIZE_8BIT, bufp, len, 1000);
}

static int32_t stts751_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
return HAL_I2C_Mem_Write(handle, STTS751_@xxxx_ADD_20K, reg, I2C_MEMADD_SIZE_8BIT, bufp, len, 1000);
}

static int32_t 1lsmédsox_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
int32_t retval = 0;
uint8_t regval = (reg | 0x80);
HAL_GPIO_WritePin(CS_LSM6DSOX_GPIO_Port, CS_LSM6DSOX_Pin, GPIO PIN_RESET);
HAL_SPI_Transmit(handle, &regVal, 1, 1000);
retVal = HAL_SPI_Receive(handle, bufp, len, 1000);
HAL_GPIO_WritePin(CS_LSM6DSOX_GPIO_Port, CS_LSM6DSOX_Pin, GPIO PIN_SET);
return retval;

}

static int32_t lsmédsox_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
int32_t retval = 0;
HAL_GPIO_WritePin(CS_LSM6DSOX_GPIO_Port, CS_LSM6DSOX_Pin, GPIO PIN RESET);
HAL_SPI_Transmit(handle, &reg, 1, 1000);
retVal = HAL_SPI_Transmit(handle, bufp, len, 1000);
HAL_GPIO_WritePin(CS_LSM6DSOX_GPIO_Port, CS_LSM6DSOX_Pin, GPIO PIN_SET);
return retval;

}

static int32_t iis3dhhc_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
int32_t retval = 0;
uint8_t regVal = (reg | 0x80);
HAL_GPIO_WritePin(CS_IIS3DHHC_GPIO_Port, CS_IIS3DHHC_Pin, GPIO PIN_RESET);
HAL_SPI_Transmit(handle, &regVal, 1, 1000);
retVal = HAL_SPI_Receive(handle, bufp, len, 1000);
HAL_GPIO_WritePin(CS_IIS3DHHC_GPIO_Port, CS_IIS3DHHC_Pin, GPIO_PIN_SET);
return retval;

}

static int32_t iis3dhhc_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
int32_t retval = 0;
HAL_GPIO_WritePin(CS_IIS3DHHC_GPIO_Port, CS_IIS3DHHC_Pin, GPIO PIN RESET);
HAL_SPI_Transmit(handle, &reg, 1, 1000);
retVal = HAL_SPI_Transmit(handle, bufp, len, 1000);
HAL_GPIO_WritePin(CS_IIS3DHHC_GPIO_Port, CS_IIS3DHHC_Pin, GPIO PIN SET);
return retval;

}

static int32_t lis2dwl2_read(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
int32_t retval = 0;
uint8_t regVal = (reg | ox80);
HAL_GPIO_WritePin(CS_LIS2DW12_GPIO_Port, CS_LIS2DW12_Pin, GPIO PIN RESET);
HAL_SPI_Transmit(handle, &regVal, 1, 1000);
retVal = HAL_SPI_Receive(handle, bufp, len, 1000);
HAL_GPIO_WritePin(CS_LIS2DW12_GPIO_Port, CS_LIS2DW12_Pin, GPIO_PIN_SET);
return retval;

}

static int32_t lis2dwl2_write(void *handle, uint8_t reg, uint8_t *bufp, uintl6_t len) {
int32_t retval = 0;
HAL_GPIO_WritePin(CS_LIS2DW12_GPIO_Port, CS_LIS2DW12_Pin, GPIO PIN_RESET);
HAL_SPI_Transmit(handle, &reg, 1, 1000);
retVal = HAL_SPI_Transmit(handle, bufp, len, 1000);
HAL_GPIO_WritePin(CS_LIS2DW12_GPIO_Port, CS_LIS2DW12_Pin, GPIO PIN_SET);
return retval;

}
/* USER CODE END 4 */
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To verify that all the steps have been implemented correctly, press the
the compilation.

%

button to start

If the compilation succeeds, the build should finish with O errors and 0 warnings, as

depicted in Figure 12.

Figure 12. Compilation succeeds
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Step 5: Reading data from the sensors

The next snippets of code can be added to test the data reading from the sensors whose
drivers have been imported. For simplicity, polling mode will be used in the main while loop
with a 100 ms delay between consecutive reads.

main.c : Implementing the definition of 1D and 3D axis

/* USER CODE BEGIN PTD */
typedef union {
intl6_t il6bit;
uint8_t u8bit[2];
} axislbitil6e_t;

typedef union {
int32_t i32bit;
uint8_t u8bit[4];
} axis1lbit32_t;

typedef union {
intl6_t i16bit[3];
uint8_t u8bit[6];
} axis3bitil6_t;
/* USER CODE END PTD */

main.c : Defining data variables for each sensor

/* USER CODE BEGIN 1 */
hts221_reg_t reg HTS221;

static axislbit16_t data_raw_humidity HTS221; static float humidity_perc_HTS221;
static axislbitl6_t data_raw_temperature_HTS221; static float temperature_degC_HTS221;
1ps22hh_reg_t reg_LPS22HH;

static axislbit32_t data_raw_pressure_LPS22HH; static float pressure_hPa_LPS22HH;
static axislbitl6_t data_raw_temperature_LPS22HH; static float temperature_degC_LPS22HH;

uint8_t reg_STTS751;
static axislbitl6_t data_raw_temperature_STTS751; static float temperature_degC_STTS751;

uint8_t reg_LSM6DSOX;
static axis3bitl6_t data_raw_acceleration_LSM6DSOX; static float acceleration_mg_LSM6DSOX[3];
static axis3bit16_t data_raw_angular_rate_LSM6DSOX; static float angular_rate_mdps_LSM6DSOX[3];

iis3dhhc_reg_t reg_IIS3DHHC;
static axis3bitl6_t data_raw_acceleration_IIS3DHHC; static float acceleration_mg IIS3DHHC[3];

uint8_t reg_LIS2DW12;
static axis3bitl6_t data_raw_acceleration_LIS2DW12; static float acceleration_mg LIS2DW12[3];
/* USER CODE END 1 */
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main.c : Reading data from sensors when available and converting to physical unit

/* USER CODE BEGIN 3 */

/* Humidity from HTS221 */

hts221_status_get(&hts221Driver, &reg HTS221.status_reg);

if (reg_HTS221.status_reg.h_da) {
memset(data_raw_humidity_HTS221.u8bit, 0x@0, sizeof(intl6_t));
hts221_humidity_raw_get(&hts221Driver, data_raw_humidity_HTS221.u8bit);
humidity_perc_HTS221 = linear_interpolation(&lin_hum, data_raw_humidity HTS221.il6bit);
if (humidity_perc_HTS221 < @) humidity_perc_HTS221 = 0;
if (humidity_perc_HTS221 > 100) humidity_perc_HTS221 = 100;

}

/* Temperature from HTS221 */

if (reg_HTS221.status_reg.t_da) {
memset(data_raw_temperature_HTS221.u8bit, 0x00, sizeof(intl6_t));
hts221_temperature_raw_get(&hts221Driver, data_raw_temperature_HTS221.u8bit);
temperature_degC_HTS221 = linear_interpolation(&lin_temp, data_raw_temperature_HTS221.i16bit);

}

/* Pressure from LPS22HH */

1ps22hh_read_reg(&lps22hhDriver, LPS22HH_STATUS, (uint8_t *)&reg_LPS22HH, 1);

if (reg_LPS22HH.status.p_da) {
memset(data_raw_pressure_LPS22HH.u8bit, ©x00, sizeof(int32_t));
1ps22hh_pressure_raw_get(&lps22hhDriver, data_raw_pressure_LPS22HH.u8bit);
pressure_hPa_LPS22HH = 1ps22hh_from_lsb_to_hpa(data_raw_pressure_LPS22HH.i32bit);

/* Temperature from LPS22HH */

if (reg_LPS22HH.status.t_da) {
memset(data_raw_temperature_LPS22HH.u8bit, 0x00, sizeof(intl6_t));
1ps22hh_temperature_raw_get(&lps22hhDriver, data_raw_temperature_LPS22HH.u8bit);
temperature_degC_LPS22HH = 1ps22hh_from_lsb_to_celsius(data_raw_temperature_LPS22HH.il6bit);

/* Temperature from STTS751 */

stts751_flag_busy_get(&stts751Driver, &reg_STTS751);

if (reg_STTS751) {
memset(data_raw_temperature_STTS751.u8bit, @, sizeof(intl6_t));
stts751_temperature_raw_get(&stts751Driver, &data_raw_temperature_STTS751.il6bit);
temperature_degC_STTS751 = stts751_from_lsb_to_celsius(data_raw_temperature_STTS751.i16bit);

}

/* Acceleration from LSM6DSOX */

1smédsox_x1_flag_data_ready_get(&lsmédsoxDriver, &reg_LSM6DSOX);

if (reg_LSM6DSOX) {
memset(data_raw_acceleration_LSM6DSOX.u8bit, ©x00, 3 * sizeof(intl6_t));
1smédsox_acceleration_raw_get(&lsm6dsoxDriver, data_raw_acceleration_LSM6DSOX.u8bit);
acceleration_mg_LSM6DSOX[@] = lsmédsox_from_fs2_to_mg(data_raw_acceleration_LSM6DSOX.i16bit[0]);
acceleration_mg_LSM6DSOX[1] = lsmédsox_from_fs2_to_mg(data_raw_acceleration_LSM6DSOX.il6bit[1]);
acceleration_mg_LSM6DSOX[2] = lsmédsox_from_fs2_to_mg(data_raw_acceleration_LSM6DSOX.il6bit[2]);

}

/* Angular Rate from LSM6DSOX */

1smédsox_gy_flag_data_ready_get(&lsmédsoxDriver, &reg_LSM6DSOX);

if (reg_LSM6DSOX) {
memset(data_raw_angular_rate_LSM6DSOX.u8bit, 0x00, 3 * sizeof(intl6_t));
1smedsox_angular_rate_raw_get(&1lsmédsoxDriver, data_raw_angular_rate_LSM6DSOX.u8bit);
angular_rate_mdps_LSM6DSOX[0] = lsmédsox_from_fs2000_to_mdps(data_raw_angular_rate_LSM6DSOX.il6bit[0]);
angular_rate_mdps_LSM6DSOX[1] = 1lsmédsox_from_fs2000_to_mdps(data_raw_angular_rate_LSM6DSOX.il6bit[1]);
angular_rate_mdps_LSM6DSOX[2] = 1lsmédsox_from_fs2000_to_mdps(data_raw_angular_rate_LSM6DSOX.il6bit[2]);

/* Acceleration from IIS3DHHC */

iis3dhhc_status_get(&iis3dhhcDriver, &reg_IIS3DHHC.status);

if (reg_IIS3DHHC.status.zyxda) {
memset(data_raw_acceleration_IIS3DHHC.u8bit, ©x@0, 3 * sizeof(intl6_t));
iis3dhhc_acceleration_raw_get(&iis3dhhcDriver, data_raw_acceleration_IIS3DHHC.u8bit);
acceleration_mg_IIS3DHHC[@] = iis3dhhc_from_lsb_to_mg(data_raw_acceleration_IIS3DHHC.i16bit[0]);
acceleration_mg_IIS3DHHC[1] = iis3dhhc_from_lsb_to_mg(data_raw_acceleration_IIS3DHHC.il6bit[1]);
acceleration_mg_IIS3DHHC[2] = iis3dhhc_from_lsb_to_mg(data_raw_acceleration_IIS3DHHC.il6bit[2]);

/* Acceleration from LIS2DW12 */

lis2dwl2_flag_data_ready_get(&lis2dwl2Driver, &reg_LIS2DW12);

if (reg_LIS2DW12) {
memset(data_raw_acceleration_LIS2DW12.u8bit, 0x00, 3 * sizeof(intl6_t));
lis2dwl2_acceleration_raw_get(&lis2dwl2Driver, data_raw_acceleration_LIS2DW12.u8bit);
acceleration_mg_LIS2DW12[@] = lis2dwl2_from_fs2_to_mg(data_raw_acceleration_LIS2DW12.il6bit[@]);
acceleration_mg_LIS2DW12[1] = lis2dwl2_from_fs2_to_mg(data_raw_acceleration_LIS2DW12.i16bit[1]);
acceleration_mg_LIS2DW12[2] = lis2dwl2_from_fs2_to_mg(data_raw_acceleration_LIS2DW12.i16bit[2]);

¥
HAL_Delay(100);
HAL_GPIO_TogglePin(CPU_LED_GPIO_Port, CPU_LED_Pin);

}
/* USER CODE END 3 */
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Again, to verify that all the steps have been implemented correctly, press the % button to
start the compilation.

If the compilation succeeds, the build should finish with O errors and 0 warnings, as
depicted in Figure 12.
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