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History

1.0 11 August 2015 Initial
1.1 13 October 2015 API 3.2.0 update : errorStatus 17 removed
1.2 6 July 2018 API 3.2.1 update : two default setting values changed
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VL6180X API Description Integration

A
Set of documented C functions

To enable development of end-user applications through simple
& high level functions : Init, Prepare, Range, Als, etc...

|| sTsw-IMGo03

. .. . > | _] config
Structured in a way it is easily portable > [ com
Through a well isolated platform layer (mainly for low level i2C Ry
=2 ;J example
access). > £ platerm

% ReleaseNotes.txt

Validated on Nucleo pack
NUCLEO STM32F401RE & LO53R8 with X-NUCLEO-6180XA1l
Expansion Board

ALS, Ranging, and multi-satellites examples

Two examples : RangingAndAls & RangingWithSatellites
example codes with pre-compiled binaries and Keil & IAR
projects

Lys
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API| Benefits

« Getting ranging from an 12C-based device looks simple
but Time-Of-Flight technology is complex

* APl Is there to :

» Keep your application simple

e Ensure best performances of VL6180X device whatever the
conditions

» Ease VL6180X device integration into your platform

* APl Is a mandatory SW layer that implements extra
features which may be key for your applications (see
the “Tune for your application section”)

* Ranging scaling
* Wrap-around filter
e Dmax estimation

fe mented -
life.augme



Discover

*Unzip VL6180X_API x.x.x_Mass_ Market.zip

APl Documentation

* Read API documentation in docs directory
*chm
* html

 Focus your attention on following pages in this
order VL6180(X) API s

ay Related Pages ‘ Modules. ‘ Data Structures Files Examples.
.
* Main Page pocuments e
Introduction
® I Xal I I |‘ 5 he central n pr
i i plication notes AN4545 ai r Ambient light sensing
www_st.com/vIG180x/
® M O d | e S Some of the API functions are platform-dependent (specially 12C access) so need to be adapted to tt
l l platform

used by the customer.

API Architecture



Discover

API| Functions

« API functions are grouped In different modules
o API Low level functions
» API High level functions
e Configuration
o Platform

* Only 3 API functions are enough to get a ranging measure
from the device
e VL6180x_InitData()
* VL6180x_Prepare()
* VL6180x_RangePolIMeasurement()

» Always read errorStatus returned by range
measurement functions to know if the returned measu re
IS valid or not (see the “Tune for your application ”
section)



API Static Configuration

» API static configuration is gathered in a single vi6180x_cfg.h that
customer should not modify (ST guarantees the device
performances only with the static configuration provided in this file)

Definition Proximity Ranging+ALS
(VL6180X)

VL6180x_UPSCALE_SUPPORT -1

VL6180x_ALS SUPPORT
VL6180x_HAVE_DMAX_RANGING
VL6180x_WRAP_AROUND_FILTER_SUPPORT

(= I e N

VL6180x_EXTENDED_RANGE

» See next slide for more details on each parameter...

Lys
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Discover

Proximity+ALS configuration

* Proximity+ALS configuration

 #define VL6180x_UPSCALE_SUPPORT -1

» Default scaling is x1 to enable ranging up to 200 mm

* The minus (-1) means it is also possible to _chan%e the scaling (to x2 or x3) through the
VL6180x_UpscaleSetScaling() = API function call to extend ranging capabilities. Note that
ranging performances (max distance, accuracy) with scaling x2 or X3 are not guaranteed by
ST with VL6180X device (only with VL6180 device)

#define VL6180x_ALS_SUPPORT 1

» ALS feature is enabled so all ALS-related functions of the API are compiled and can be used
in the application.

#define VL6180x_HAVE_DMAX_RANGING 1

» Enable Dmax calculation for ranging applications. Even if this macro is set to 1, it is possible
to disable this feature with the VL6180x_DMaxSetState() API function in case application
does not need Dmax (to avoid useless calculation in the API). Setting this macro to 0 could
also help to reduce the code size if it is a concern.

#define VL6180x_WRAP_AROUND_FILTER_SUPPORT 1

* Wrap-around filter (WAF) is enabled to filter potential wrong distances that may be reported
(if WAF is off) with high reflective targets (like mirror) placed between 60 cm and 1.2 m from
the device. If scaling Tactor is maintained at x1 éproxmlt ranF()glng application), WAF should
Probably be disabled using the VL6180x_Filter etStateeg API function. For higher scaling
actors,”WAF should probably be maintained enabled.

#define VL6180x_EXTENDED RANGE 1
» Set the device in a configuration which allows to increase scaling factor from x1 to x2 or x3

Lys
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Discover

APl code samples

» Have a look at the various examples from the APl documentation
» Click on the file to open source code
e Source code is located in example/code_samples directory

VL6180(X) API 301
Main Page | Related Pages | Modules | Data Structures | Files m—

Examples

Here is a list of all examples:

- vI6180x_freeruning_ranging.c
- vI6180x_offset calibration.c
« vI6180x_range_als_alt_poll.c
» vI6180x_range_interrupt.c

- vI6180x_simple_als.c

- vI6180x_simple_ranging.c

+ vI6180x_xtalk_comp.c

Generated on Mon Jun 15 2015 14:50:44 for VLET20(X) AP by ﬁ!@ﬂ“g Q) 184
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Discover

Simple ranging

* Simple Ranging : this is the code that will run in
customer application !

#include "vlelB0x api.h"
#include "v16180x sample plat.h" /* contain all device/platform specific code */

vold Sample SimpleRanging(void) |
VLE1BOxDev t myDew;
VLelEOx RangeData t Range;

MyDev Init (myDev): FF vour code init dewvice wvariable
MyDev SetChipEnable (myDev): FF your code assert chip enable
MyDev uSleep (1000) 7 FSF7 vour code sleep at least 1 msSec

VL618Dx InitData(myDev) ;
VLE1BOx Prepare (myDev):

do {
VLE61l80x RangePollMeasurement (myDev, &Range):;
if {Range.errorStatus =— 0 }
MyDev ShowRange (myDev, Range.range mm,0); F/ vyour code display range in mm
else

MyDev ShowErr (myDev, Range.errcrStatus):; Ff wvour code display error code
} while (!MyDev UserSayStop (myDev)): Jf wour code to stop looping

Lys
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Nucleo examples

* API package contains several “applications” examples which can
be compiled and executed on a Nucleo F401 board equipped with
X-NUCLEO-6180XA1 expansion board (P-NUCLEO-6180X1 pack)

e See in example\Nucleo\Projects\Multi\Examples\VL6180X

 RangingAndALS
* Simple demo displaying on the 4-digit display the distance (in mm) from a target
(Rarrljging) or the FI)_u>></ Iegvel (ALS) 0 ey ( ) ?
e CodeSamples

* This is a single demo gathering all sample codes execution. Pressing the blue
button allows to go from one sample code to the next one

« RangingWithSatellites

. t[))emo showing how to get ranging from up to 4 devices (satellites) on the same 12C
us
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RangingAndALS Nucleo example

* Documentation is in the docs directory

 P-NUCLEO-6180X1*.pdf
* Focus on VL6180X Nucleo pack software installation  chapter

* The demo is already pre-compiled so you simply need to connect Nucleo
board to your PC through USB and drag&drop the demo binary
e From example\Nucleo\Projects\Multi\Examples\VL6180X\RangingAndALS\Bin
e To Nucleo image
e« Demo will start !

» Read documentation to get more details about the various modes of the

demo
e Ranging with various scaling factors : x1, x2, x3, Automatic

e Ranging with alarm mode
e ALS

Lys
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CodeSamples Nucleo example

 All sample codes are gathered in a single
demo/project

e example\Nucleo\Projects\MultN\Examples\VL6180X\
CodeSamples

* Following slides describe in detalls how to
e Compile this project
e Flash Nucleo board
e Execute and debug (breakpoint) each sample code



CodeSamples : Install Kell

* Install latest version (5.x) of Keil uVision IDE
from ARM (www.keil.com)
e Download MDK-ARM

e The free Lite Edition is enough (code and data size
limited to 32 KB)

* Once installed, double-click on this file to open
the project in Kell

e example\Nucleo\Projects\MultN\Examples\VL6180X\
CodeSamples\MDK-ARM\STM32F401RE-
Nucleo\STM32F401Nucleo-Sample.uvprojx



CodeSamples : Open Project

* The project is already configured and is ready
to be compiled

2 B o 0| $8] sTvs2rsoinudeosampll~] 4N | b B & 2 @y
Project 1 1 welaDxcfah ] mainc
=T Project: STM32ZF401Nucleo-Sample 285 SysTick Config(HAL RCC_GetHCLKFreq() / 1000):
El 3 STM32F401Nucleo-sample 286
=% Application/User 287 [ wnile (1) 4
IJ - 238
T 2839 Sample SimpleRanging(};
# L] stm32fdechal_msp.c 240
IE3| J strm32fdiocit.c 2591 Sample FreeRunningRanging(}:
-3 Drivers/CMSIS 2
2583 v le SimpleRl :
@ 3 Application/MDK-ARM . ARE S RS AL
- Drivers/STM32Fdie HAL_ Driver a95 Sample AlternateRangells();
-3 Y0LE180xAP] 208
=53 BSP/ExpansionBoard 297 offszet = Sample CffsetCalibrate(};
- 258
bl VIB1EGSamples 299 Sample XTalkCalibrate (offset);
300
301 Sample Interrupt():
302 ¥
303 ;% TUSER CODE EHD 3 #/
4| | ] 304
EP‘mject @E-:--:n'-:- 13} Functi.. [].,Tenu:-l.. 4l

Lys
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Play

CodeSamples : See Project config

* Project configuration can be seen as follows
1. Right-click on the project
2. Options for Target ‘xxx’...
3. See project configuration window

1 2

Project 1 ] vI6180x_cfg.h main.c
=% Project: SHB2F401 Nucleo-Sample | 285 Sysfick_Config(H Device | Target | Output | Listng | User  C/C+ | Asm | Linker | Debug | Ukities |
H45 STM3ZFA01Nuclec-samole 286
=0 Applic:'af\' Options for Target 'STM32F401 Nuclea-sample., Alt+F7 | [ Atk
ij ma Define: IUSE_HAL_DHIVEH,STME’QF-W‘IXE
Add Group... =28 U .
ndefine: I
U ste _
ﬁ Manage Project Items...
ij ctr ek ~ Language / Code Generation :
El Drivers Open Build Log I™ Execute-orly Code [~ Stict ANSIC Wamings:
E3 Applic: [ Rebuild all target files ol Optimization: [Level 0(00) ] I™ Erum Container atways int A Wamings <]
) i Build t t 7 [~ Optimize for Time I Plain Charis Signed [~ Thumb Mode
T3 Drivers L&l Build targe er _ ] y
[ Split Load and Store Muttiple [~ Read-Only Position Independent [~ No Auto Includes
E WLE1E0 | o | Show Include File Dependencies \ i Ermrmem e [~ Read-Write Position Independent [ C99 Mode
E Bspfapmmnwuru %
2498 | Include P - - - .
M.FT VBl 80eSarmnles 3 s I..\..\Ir‘lc...\..\..\..\..\..\..\Dnvers\STMSZF-hx_HAL_Dnver\lnc...\..\..\..\..\..\..\Dﬂvers\CMSlS\lndle B
Misc I_Cga
Controls
Compiler  |-¢ —cpu Cottex-M4fp -D__EVAL -D__MICROLIB -g -00 —apcs=interwork —split_sections -/ % \inc -l «
cortrol % 588 ADivers\STM32Fdoc_HAL_Driveridne -5 A5 0 0 A ADiivers\CM SIS Include - M.
string
QK I Cancel Defaults

r Help
life .augmented -
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CodeSamples : Complle

« Compile the project by clicking on one of the

Build buttons
Build

S
Project
El“ﬁ Project: 5TM32FH401Mucleo-5ample
Ffd STM32F401Nuclen-sample
=5 Application/User
[E2] J main.c
= .j strn32fdie_hal_msp.c
m] stm32fded it.c
@3 Drivers/CMSIS
[#-{ 3 Application/MDK-ARM

- Drivers/STM32Fdae HAL Driver

-3 VLE180xAPT
#-J BSP/ExpansionBoard
F-d VL6180xSamples

< |

| 8| stvzzrsoinuceosampi[=] 4K | b B @ 2

Rebuild (clean and build)

i
i J ﬁﬁlﬂﬂl(_tf'g.h j_ﬂ
285 5ysTick Config (HAL RCC GetHCLEFreq(} / 1000}:
288
287 H while (1} {
288
289 Sample SimpleRanging():
290
291 Sample FreeRunningRanging():
282
243 Sample Simplells();:
284
285 Sample AlternateRangells();
298
287 offset = Sample OffsetCalibrate():
248
2849 Sample XTalkCalibrate (offset);
300
301 Sample Interrupt():
302 }
303 f* USEHE CODE END 3 */
] 304

El project | € Books | £} Functi..| Dy Templ., 4| M |

Lys
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CodeSamples : Flash the board

» Connect Nucleo board to PC through USB cable

 Flash the board with the compiled code by clicking
on the Download button

Download

S B | T eroinudeosampl[x] K| B @ 2 @
Project 2 ] véls0x.cgh ] mainc
=T Project: STM32F401Nucleo-Sample 285 SysTick Config(HAL RCC GetHCLKFreg() / 1000):
=43 STM32F401Nucleo-sample 288
B2 Application/User 287 [H wnile (1) {
BB W 288
o el 289 Sample SimpleRanging();:
-] strn32fdo_hal_msp.c 240
w1 stm32fdi it.c 291 Sample FreeRunningRanging|():
@[3 Drivers/CMSIS e
293 Sample SimpleRls():
@53 Application/MDK-ARM i ample Simpleils ()
i [ Drivers/STM32Fhoc HAL Driver 295 Sample AlternateRangeRls():
@3 VIE180xAPT 296
=5 BSP/ExpansionBoard 257 offset = Sample OffsetCalibrate();
o 298
i VIBlEoamples 299 Sample XTalkCalibrate (offset);
300
301 Sample Interrupt():
302 ¥
303 /* USER CODE END 3 */
r < | 304
” =l project |@FBooks | {3 Functi.| O, Templ. e T ]
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CodeSamples : Start the demo

*Once code is downloaded, press the reset
black button to start the demo

Build Cutput

Build target 'STM32F401Nuclec—-sample’

"ETM3Z2F401Nuclen-VLE180¥ Configuration\STM32F401Nucleo—VLE180X Configuration.axf"™ - 0 Erroris), 0 Warning(s)

Load "STM3Z2F401Nucleo-VLA180¥X Configuration‘\\STM32F401MNucleo-VLE180X Configuration.axf"
Erase Done.

Programming Done.
Verify OK.

* Read CodeSamples demo User Manual to get more details on
various modes

Lys
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CodeSamples : Debug the demo

« Alternatively, run the demo with the debugger

Press Start/Stop debug button
Double click on any code lines to set a breakpoint
. 1
Run the demo by pressing the run button
Demo will stop at the breakpoint and you can step into/over functions

1 = ﬂ| S e Lfa| - | dan | oo | = E JE J.rJ.r:| (% VL&lSﬂx_AIsPcIIMeasureE = || o OG
Mo vee o s | DEEDL- a8 3-8 %
Praoject 2 Disassembly n
= % Project: STM32ZFADLNuchSample . 2e&: HAL Initi(): -
=45 STM32F401Nucleo-samp e L4
iy T - 268: /* Configure the system clock */
M Application/lser 50x08005334 F7FBFE00 BL.W HAL Init (0x08000
& J main.c 4 : 269: SystemClock Canfig():
@[] stm32fhe_hal_mep.c 270:
@ d strv32eliod ftic ZT1: /% Byatem .'l..'.'ltE:FIL'il-:lt 1r:1t*f‘_ _
e e e i /* Sets the priority grouping field %/ w
L3 Drivers/CMSIS < [ b
@ [ Application/MDK-ARM = :
Rz i _ ; " =
B3 Drivers/STM32Foc HAL Driver _] mainc | ] startup stm32i40ixes | =
m C VLE180xAPI 2 284 /% SBysTick end of count event each 111:j i
- : 285 Sy=sTick Config{HAL RCC GetHCLEF q
{1 BSP/ExpansicnBoard s8¢ ¥liek Confidy - == red
[ VLE180xSamples 287 & while (1} {
288
2819 Sample SimpleRanging/(): S
230 |
281 Sample FreeRunningRanging(}:
282
2583 Sample Simplefls(): -
[l Projedt | 2 Reaisters [ E




CodeSamples : Analyze the code

« Using Kell (or any other IDE) is great to analyze
the code and jump from functions to functions
1. Select a function with the mouse
2. Right-Click and select Go To Definition Of...
3. This will open the function implementation

284
283

1 Y 286

288
i =2=9
290
291
29z
293
294
295
296
297
298
299
300
301
302
303

J

\ Sample SimpleR-—-~ e

f/* BysTick end of count event sach lms */
SysTick Config(HAL RCC GetHCLEFregq() / 1000);

while (1) {

Sanple FreeRun
Sample Simplel

Sample Alterna @

{3 Enable/Disable Breakpoint

offzet = Sampl
Sample XTalkCa
Sample Tnterru ,F

H
/% USER CCDE END 2

Split Window horizontally

Insert ‘#include file' 3

V4

zo To Definition OFf 'Sample_SimpleRanging’

Go to Headerfile

Insert/Remowe Breakpoint

Go To Reference To "Sample_SimpleRanging’
Insert/Remove Bookmark Ctrl+F2
Undo Ctrl+Z
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Port Single

Device

Port API

* Following slides describe step-by-step the procedure to port the APl code onto customer
platform

* Pre-requisites/Assumptions
e Customer CPU supports standard C code compiling (C99)
e Porting is done by a SW engineer familiar with targeted CPU, compiler and toolchain
» |12C low-level C driver (read/write) is already available and validated for the targeted paltform

e A dummﬁ ran in% project is already created by customer and is able to do simple 12C read/write
access through the 12C low-level driver

* Purpose is to upgrade the customer ranging project so that it can run a basic ranging
operation (SimpleRaning sample code) with a single VL6180X device connected on 12C
bus of the CPU

vold Sample SimpleRanging(void) {
VLE120xDev_t myDev;
VL&120x RangeData t Range;

MyDev_Init (myDev); // your code init device variable
MyDev_SetChipEnable (myDev); // your code assert chip enable
MyDev_uSleep(1000); // your code sleep at least 1 maec

VL6180x_InitData (myDev);
VL6180x_Prepare (myDev);
do {
VL6180x RangePollMeasurement (myDev, &Range);
if (Range.errorStatus == 0}
MyDev ShowRange (myDev, Range.range mm,0); [/ your code display range in mm
elze
MyDev ShowErr (myDev, Range.error3tatus); [/ your code display error code

r } while (!MyDev UserSayStop(myDev)): // your code to stop looping
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Port Single

Device

Port APl : Step 1

* Unzip VL6180X_API_x.x.x_Mass_Market.zip

» Copy following files into the customer ranging project (most probably in some Include
and Src directories)

e API core (must never be modified by customer)

» core/inc/vl6180x_api.h
e corelinc/vl6180x_def.h
* API static configuration (should not be modified by customer)

» config/extended_range/vl6180x_cfg.h
* API platform-dependent files (must be modified by customer)

» platform/template/vi6180x_platform.h
» platform/template/vi6180x_types.h
o platform/cci-i2c/vl6180x_i2c.h and platform/cci-i2c/vl6180x_i2c.c

« Modify the customer ranging project so that new files are compiled when project is built

« Add this line in main.c file to include API definitions
* #include “vI6180x_api.h”

« Compile the customer ranging project
* There will be some compiling errors
e This is expected and fixing these errors is part of the API porting flow
* See next slides...

Lys
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Port Single
Device
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Port API : Step 2

 vI6180x_platform.h

Some includes like <unistd.h> or <pthread.h> could not be found in the targeted
platform. If this is the case, remove them (needed only for advance usage of the API)

Ey default, APl is configured/optimized to handle a single VL6180X device on the
us
« #define VL6180x_SINGLE_DEVICE_DRIVER 1

VL6180xDev t is a generic device type which does the link between API and _
platform abstraction [ayer. All API functions take as input a variable of this type which
Is passed from functions to functions down to customer I12C low-level driver

» By default, VL6180xDev_t is defined as uint8_t and is meant to host the device 12C address

API polling functions (such as VL6180x_RangePollIMeasurement()) rely on the
VL6180x_PollDelay() function defined in vi6180x platform.h. Depending on
customer platform constraints (multi-thread, RTOS, ...), this function/macro can be
adapted by customer. The user must implement this function accordingly, 1 ms delay
Is the recommended value.

» By default, VL6180x_PollDelay() is dummy

Most of the API functions have a basic Io%ﬁ_in? mechanism that can be enabled for
debug%mg purpose (function entry/exit). This lTogging mechanism is implemented
through several macros that should be defined in'vi6180x_platform.h

» By default VL6180X_LOG_ENABLE macro is set to 0, meaning logging is disabled so no
néed to concentrate on the logging macros now
New in API 3.1.0] Two macros called VL6180x HAVE MULTI_READ and
L6180x CACHED_ REG are defined and set to 1 by default. This allows to improve
speed performance of post-processing operations made in the API by using multi
read I12C transfers



Port APl : Step 3

* vI6180x_types.h
» This file holds basic type definitions that may require modifications

» By default it relies on

» <stdint.h> for signed and unsigned 8/16/32 bits types
o <stddeh.h> for NULL definition

* |f the 2 above files are provided by the compiler, it is enough to include
them, otherwise, customer must define the types for his platform

» #include <linux/types.h> for instance for Linux

* At this stage, all compiling errors should be fixed. Let’s focus now
on remaining linking errors

» Undefined symbol VL6180x_I2CRead (referred from vi6180x_i2c.0)
» Undefined symbol VL6180x_[2CWrite (referred from vi6180x_i2c.0).
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Port API : Step 4

» All API functions rely on a set of 8 read/write functions (CCl-like interface)
e VL6180x_WrByte()
e VL6180x_WrWord()
e V0L6180x_WrDWord()
e VL6180x_UpdateByte()
e V0L6180x_RdByte()
« VL6180x_RdWord()
» VL6180x_RdDWord()
e VL6180x_RdMulti() only if VL6180x_HAVE_MULTI_READ is setto 1 in vI6180x_platform.h

* In case customer 12C driver is CCl compliant, customer can simply call its CCI functions from the 7
functions above

* In case customer 12C driver exposes low level/raw [2C commands, a CCI to 12C translation layer is
proposed by ST in the vI6180x_i2c.c file. This implementation relies on two 12C raw access functions
that must be implemented by customer (to make the link with customer 12C driver)

¢ V0L6180x_I2CRead(VL6180xDev_t dev, uint8_t* buff, uint8_t len)
e VL6180x_[2CWrite(VL6180xDev _t dev, uint8_t* buff, uint8_t len)

 If the proposed implementation of the 8 above functions is not adapted to customer 12C driver,
customer can adapt them

» At this stage, all compiling and linking errors should be fixed : API is ported !
« Time to start using it (see next slide)



Port Single

Device

Port APl : Step 5

* Insert this code (from example/code_samples/vi6180x_simple_ranging.c) in the project
and call the Sample_SimpleRanging() function from main.c file

void Sample SimpleRanging(void) {
VL6180xDev_t myDev;
VL6180x RangeData t Range;

MyDev Init(myDev);: [/ your code init device wvariable
MyDev SetChipEnable (myDev); // your code assert chip enable
MyDev uSleep(1000); [/ your code sleep at least 1 msec

VL.61280x_TInitData (myDev);
VL6180x Prepare (myDev);
do {
VLe180x RangePollMeasurement (myDev, &Range);
if (Range.errorStatus == 0 )
MyDev ShowRange (myDev, Range.range mm,0); // your code display range in mm
glse
MyDev ShowErr(myDev, Range.errordtatus); /{ your code display error code
} while (!MyDev UserSayStop(myDev)): // your code to stop looping

* Implement following functions (see examples for Nucleo)

e MyDev_Init() ¢ fdefine MyDev Init(dev) (dev=0x52)

 MyDev_SetChipEnable()
° MyDev_uSIeep() static inline wvoid MyDev SetChipEnable (VL&180xDev t dev) {
XNUCLEO6180XA1 Reset (0);
* MyDev_ShowRangy() XNUCLEOE180XA1 WaitMilliSee(S):
° MyDev_ShowErr() XNUCLECE1E80XA]l Reset(l);
XNUCLECE180XA1 WaitMilliSec(5);
¥

Lys

fdefine MyDev uSleep(x) XNUCLEOG180XAl WaitMilliSec((x+299)/1000)
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Port

Multiple
Devices

How to control several devices ?

» Assumptions

. Q\PI ha)s already been ported following the 5 steps described above (single
evice

e Several devices are connected to the same 12C bus of host CPU
 Each VL6180X device can be put out of reset separately by the CPU

» The procedure consists in initializing each device one by one and

for each to change its 12C address so that it can be accessed by
the CPU with a dedicated address

- Before applying this procedure, API platform Iayer must be sllghtly
adapted for multi-device support

e See next slides..

L
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Port

Multiple
Devices

¢ In vi6180x_platform.h API file

e Set VL6180x_SINGLE_ DEVICE DRIVER macro to 0 so that API
|mpltemtentat|on will be automatically adapted to a multi-device
contex

» #define VL6180x_SINGLE_DEVICE_DRIVER O

e Define VL6180xDev _t type as a structure pointer holding any data
required for multi-device management. A mandatory field is an
Instance of VL6180xDevData containing ST API private data

* Here is an example

struct MyVL61E80Dev t {
struct VL6180xDevData t Data; // Mandatory (API private data)

uint& t IZ2chAddr: S/ Recommended : IZ2C address
uint8 t DevID; S/ Optiomnal : Device ID
uint8 t DevPresent; ff Optional : is device present ?

}:
typedef struct MyVLelZ80Dev t *VLelZ0xDev t;

life.augmentsd
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Port
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Devices

Multi device Init sequence

» Pseudo-code shown here is extracted from
RangingWithSatellites Nucleo main.c file

* First, reset of devices:

#define MAX DEV 4
/* Cne instance of MyVL6180Dev t per device */
struct MyVL6180Dev_t BoardDevs|[4]]; <

int status:
int i:

VLel80x RangeData t Range [MAX DEV]; JS* One instance of RangeData structure per device #/

fS* Put all devices under reset =/
for (1 = 0; 1 < MARX DEV; i++) {
S* put all under reset =/
MyDev Reset (&BoardDevs[i]): h
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Port

b Multi device Init sequence

/* Detect presence and initialize devices iZc address  #/
f* Bet dewvice iZc address for dev[i] = OxS2Z+(i+1)*2 *=/
for (i=0;i<n dew;i++) {

int FinallZchAddr;

uintg& t id;

fS* Unreset device that wake up at default iZc addres 0x52 */

é MyDev UnReset (&éBoardDev=[i]):
MyDev uSleep(2000); /% at least 400usec before accessing the device */
BoardDevs[1i] .I2chddr = 0x52;

/% To detect device presence try to read its dev id */
status = VL6180x RdByte (éBoardDevs[i], IDENTIFICATION MODEL TID, &id):
if (=tatus) {

/% This device i= not present =»> skip init #/

BoardDevs[1i] .Present = 0;

continue;

} Optional

f* device present only */
BoardDewvs[i] .Present = 1;

f* Imit device before changing its I2C address */f
E’ status = VLE1E20x InitcData (&BoardDevs[i]):

f* Change IZC address */
FinallZclhddr = 0x32 + ((i+1) = 2);
if (FinallZchddr '= 0x52) {
status = VLE180x SetliCRddress (&BoardDevs[i], Finalllclddr):
if( =status }{
HandleError ("VL6180x SetcI2CRddress fail"™):

H
BoardDev=[i] .I2chddr = FinallZchddr; /% Lssign new address to the device structure #/
}
f#% Call any API function now for the selecting device #*/
‘,’ éstatus= VL6180x Prepare (&BoardDewvs[i]):
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Select
operating
mode

elect best VL6180X operating mode

* VL6180X device can operate in 2 different modes

» Single shot measurement

* RangeReady known from register polling
e Continuous measurement

* RangeReady known from interrupt generated by the device
« Warning : WAF not functional in this mode !

» Based on these 2 modes, VL6180X API exposes 3 different operating
modes

* Polling
e Interrupt
» Asynchronous

Lys
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VL6180X operating modes

Polling

Interrupt

Asynchronous /
FreeRunning

Host call a
blocking API
function that
requests single
shot
measurements
and waits for the
result

Host programs
the device in
continuous mode
and ranging
results are
retrieved from
interrupts

Host requests a
single shot
measurement
and regularly
check if result is
ready or not

VL6180x_RangePollMeasurement Single Shot

VL6180x_RangeSetinterMeasPeriod Continuous
VL6180x_SetupGPIO1

VL6180x_RangeConfiginterrupt
VL6180x_RangeStartContinuousMode
VL6180x_RangeGetMeasurement

VL6180x_ClearAllinterrupt

VL6180x_RangeStartSingleShot
VL6180x_RangeGetMeasurementlfReady

Single Shot

Recommended for
first API porting or
debug : simple but
CPU is blocked during
ranging

Recommended for
User Detection
applications where
CPU is interrupted by
VL6180X so can be
asleep when no
target is detected
(power saving)

Recommended for
AF-Assist
applications,

Android OS-based
system where CPU is
synchronized by
EOF/SOF from
camera or by a timer
so that top application
controls measurement
periods



Select

operating
mode

Polling mode

CPU VL6180X

/ InitData(), Prepare() \

© Easytouse

RangePollMeasurement() ® CPU busy

Ranging

J

Display in Slide Show mode

life.augmentsd -
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Select

operating
mode

Interrupt mode

CPU VL6180X

/ InitData(), Prepare() \

RangeStartContinuousMode()  puai -

© CPU free during ranging
® Interrupt to be managed

Idle or other tasks Ranging

(and wait for VL6180X interrupt)

GPIOL I

<€

RangeGetMeasurement()

lle,gd Display in Slide Show mode
40




Select

oo Asynchronous mode

CPU VL6180X

/ InitData(), Prepare() \

RangeStartSingleShot()

EXT interrupt Idle or other tasks
(every x ms) (and wait for interrupt)

€] CPU free during ranging
€] Asynchronous behaviour

Ranging

RangeGetMeas
urementlfReady

0

= J

mmzm!gd Display in Slide Show mode
41
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Tune for

your
application

Make use of API error codes

« List of API Ranging measurement functions returning errorStatus in the Range structure (pRangeData):
« VL6180x_RangePollMeasurement (VL6180xDev t dev, VL6180x_RangeData_t *pRangeData)
« VL6180x_RangeGetMeasurementlfReady (VL6180xDev_t dev, VL6180x_RangeData_t *pRangeData)
« VL6180x_RangeGetMeasurement (VL6180xDev_t dev, VL6180x_RangeData t *pRangeData)

* When calling one of the 3 “Ranging measurment” API functions, application must check the Range.errorStatus before
using the returned distance

« If Range.errorStatus is null, returned distance is valid

« Otherwise, application can use the Range.errorStatus value to known the reason for not getting a valid distance and try to
“guess” where the target could be

* Itis strongly recommended that application calls the VL6180x_RangeGetMeasurementifReady() API function to get
ranging data as this is the function which is able to return all supported errorStatus...

/* kick off the first measurement */
VL6180x RangeStartSingleShot (myDev);
do {

/f TODOD add your code anything in a loop way

VLE180x PollDelay(dev); Sf 2imply run default API poll delay that handle display in demo
//{ check for range measure availability

é status= V'[.GlBOx_Ra.ngeGetHeasurementIfReadytmyDev, &Range) ;

if{ status == 0 ){

// Application must check Range.errorStatus before accessing the other data
iy If Range.errorStatus is DataNotReady, application knows that it has to wait a bit before getting a new data
i If Range.errorS3tatus is 0, application knows it iz a wvalid distance
Iy If Range.errorStatus is not 0, application knows that reported distance is invalid so may take some decisions depending on the errorStatus
if (Range.error3tatus == DatalotReady)

é continue;
if (Range.errorStatus == 0)

é MyDev_ShowRange (myDev, Range.range mm,0); J/ wyour code display range in mm

elze

MyDev_ShowErr (myDev, Range.error3tatus); // your code display error code
/* re—arm next measurement */
VL6180x_RangeStartSingleShot (myDev) :
}
else{
S/ it iz an ecritical error

HandleError("critical error on VL&180x RangeCheckhindGetMeasurement");
}

‘ " } while (!MyDev_UserSayStop (myDev)): /{ your code to stop looping
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Tune for

your
API errorStatus codes
Enumerator
Valid distance > | NoError 0 0b0DOO NoError
VCSEL Continuity_Test 1 060001 VCSEL Continuity _Test
VCEEL Watchdog Test 2 0b0010 VCSEL_Watchdog_Test
Shall not occur during ranging, can happen VCSFEL Walchdog 3 0b0011 VCSEL_Watchdog
only after boot-up if device is defective HEl i 4060100 PLL1_ Lock
L e Qi Pl ok

Happens only if ECE check is enable, meaning

that device detected that no target is present = Fany Convergence Estimate | 6 0b0110 Early_Convergence_Estimate
(ECE is off by default in extended-range)

Max_Convergence 7 0b0111 Max_Convergence
] _ MNo_Target ignore 8 0b1000 Mo_Target_Ignore
Not valid target detected after maximum
Convergence t|me %5%5235 _____ éfi&ﬁ?‘i?@ 9 OB1009 Mot _used
Mot used 10 10 0b1010 Not_used

. . Max_Signal_To_Noise_Ratio 11 0b1011 Max_Signal_To_Noise_Ratio
Too much ambient light detected ——>

Raw_Ranging_Algo Underflow | 12 0b1100 Raw_Ranging_Algo _Underflow

Raw_Ranging_Algo Overflow | 13 0b1101 Raw_Ranging_Algo Overflow
Distance filtered by WAF

Ranging_Algo_Underflow 14 0b1110 Ranging_Algo_Underflow
. - . Ranging_Algo_Overflow 15 0b1111 Ranging_Algo_Overflow
[Added in API 3.1.0] WAF decision on-going gng_Age- ging._Age
[Removed in API 3.2.0] RangingFiltered 16 0b10000 filtered by post processing
_ . RangingFilteringOnGoing 17 0b10001 ranging filter on going (need few measurements)
n API 3.1.0] Ranging data not ready AN
’ ’ DatalotReady 18 0b10011 Mew data sample not ready
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Tune for

your
application

Ranging API error status codes
(detalls)

* Error 8 : No Target Ignore

* Error 12 or 14 : Ranging underflow

This could happen if target is very close (0 to 10 mm) and offset is not correctly
set-up, leading to a small negative value (user putting finger on device)

This might also happens when a bright target is very far (between 1.2m and 1.5
m) but this will most probably be filtered by WAF => error 16

Di{ferentiation between the 2 cases can be done by checking the return signal
rate

* Error 13 or 15 : Ranging overflow

Lys
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Theoreticall?fl,_ this error happens when the target is detected by the device but is
placed at a high distance resulting in internal variables/registers overflow

This means the target in at > 55cm distance

As a side effect, this error can also happen in case of high compensated xTalk
and when no target is detected : because of high xTalk, signal rate could be
higher than 0.175 Mcps and lower than xTalk : this shall néver happen because
signaRate=xTalk+targetSlgnalRate, but due to noise introduced by xTalk
compensation, this could happen and this error could be generated

ONo Error
1VCSEL Continuity Test
2VCSEL Watching Test
3VCSEL Watchdog
4PLL1 Lock
SPLL2 Lock
6 ECE
7 Max Convergence
8No Target Ignore
11 Max Signal To Noise Ratio
Raw Ranging Algo
Underflow
13Raw Ranging Algo Overflow
14 Ranging Algo Underflow
15Ranging Algo Overflow
16 Measure filtered (WAF)
18 Range Data Not Ready



Tune for

e Ranging API error codes
(detalils)

ONo Error
* Error 16 : Filtered by post-processing (WAF) 1VCSEL Continuity Test
. . 2VCSEL Watching Test
e This error happens when WAF detects a target in a wrap-around

condition so Instead of returning a wrong (largely under-estimated) = MESERaleled
distance, this error code is returned 4PLL1 Lock
5PLL2 Lock

 When this error is returned, application knows that a bright target is

between 60 cm and 120 cm 6ECE
7 Max Convergence

8No Target Ignore
11 Max Signal To Noise Ratio
Raw Ranging Algo
Underflow

» Error 18 : ranging data not ready [New in API 3.1.0] 13Raw Ranging Algo Overflow
« This error is returned by the VL6180x_RangeGetMeasurementlfReady() 14Ranging Algo Underflow
API function when new ranging sample data is not ready 15Ranging Algo Overflow
. Eglication must simlelly wait a bit and call again Lebilzaae HlErad (G
VL6180x_RangeGetMeasurementlfReady() 18 Range Data Not Ready
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Tune for

your

application S Cal I n g faCtO r

* VL6180X default scaling factor is x1 (defined in API static
configuration) which allows max ranging capabilities to up to
~200 (100 mm being guaranteed by specification)

» Scaling factor could be increased to x2 or even x3 to extend
ranging capabilities of the device (but not guaranteed by ST)

e A single API function allows to change the scaling factor of the
device : VL6180x_UpscaleSetScaling()

» Offset and xTalk calibration procedures depend on the used
scaling factor so API calibration functions are also provided
to manage this dependency transparently for the application

» VL6180x_SetOffsetCalibrationData()
* VL6180x_SetXTalkCompensationRate()



Tune for

your

Wrap-Around Filter (WAF)

» This is an effect linked to the ratio between the VCSEL pulse period and
the photon return pulse

 High reflective targets (like mirrors) placed at far distance (>60cm) from
VL6180X could still produce enough return signal for VL6180X to declare
a valid target and meat the wrap-around condition resulting in a wrong
(under-estimated) returned distance

- WAF implemented in API is able to automatically detect that a target is in
the WA conditions and is able to filter it by returning an invalid distance
(error status 16) instead of a wrong under-estimated one

* A dedicated error code is returned by the API
e 16 : Measure filtered by WAF

VCSEL Pulse
Associated return
hoton
Return Photons \p\
Lys
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Tune for
your

application

« Atarget placed in front of VL6180X may not be detected because it is too
far for the given ambient light conditions (too high)

* When ambient light level increases, max detection range (Dmax) decreases

* When no target is detected (no valid distance), VL6180X APl is able to
estimate Dmax being defined as

e The maximum distance U|o to which a 17% target would have been detected with the
current ambient light leve

* When no target is detected by VL6180X, the application can interpret the
Dmax value as follows

* No target is detected and there is no 17% (or above) target between 0 and Dmax
mm

» This could be used by Hybrid AF algorithm to start a standard full search
from Dmax (to infinity) to reduce the focus time when target is too far from
VL6180X

 Dmax calculation constraints & limitations

» A correction factor is applied to slightly under-estimate the returned Dmax value:
since it can be important to ensure Dmax is never over-estimated.

 Dmax is estimated for a 17% reflectance target. This means that if the real target has
a lower reflectance (black target for instance), Dmax calculated by the API could be
‘ﬁ overestimated.
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From API 3.0.2 to API 3.1.0
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Porting Guide

« Adapt application code to the new behavior of the
VL6180x_RangeGetMeasurementlfReady() API function
e In API 3.0.2, “Data not Ready” was returned in the function status
* In API 3.1.0, “Data not Ready” is returned in the Range.errorStatus as 18 code
e See APl sample code : vI6180x_freeruning_ranging.c

» Optionally, add following macros in vi6180x_platform.h file to benefit from
the new “Cached Register” feature based on 12C multi read (to speed-up
ranging thanks to 12C multi read operations)

» #define VL6180x_HAVE_MULTI_READ 1
« #define VL6180x_CACHED REG 1

« Adapt application to take benefit from new error status returned by the
VL6180x RangeGetMeasurementlfReady() function
e 17 : WAF decision on-going

» Application should not take drastic decision
e 18 : Data not read

Lys
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From API 3.1.0 to API 3.2.0
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Porting Guide

» Adapt application in case errorStatus 17 Is
used

e This errorStatus code Is not produced anymore by
API 3.2.0 so application can not rely on it anymore



