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FlightSense
ST time-of-flight ranging sensors
Smart Presence Detection

STMicroelectronics
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1 About dTOF
* Intro ST TOF

* TOF family
e VL53L7CX demo GUI

2 Smart Presence Detection (SPD)
 Introduction

« SPD package content
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Agenda

SPD Demo

Running SPD GUI for your demo

Running SPD in terminal

SPD in detalils

SPD in details
SPD Programming Guide




Presence
Detection

Time-of-Flight Principle

Emitter

distance

Measured B Photon travel y Speed of
distance - time / 2 light

1cm round-trip takes 67ps

Sensor

Lys
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FlightSense*
... Making Light work

ST proprietary FlightSense technology

True distance measurement

Independent of target size, color & reflectance

Fast and low power

Truly invisible 940nm illumination

O o o ¢

* is a registered and/or unregistered trademark of STMicroelectronics International NV or its affiliates in the EU and/or elsewhere. 3




FlightSense
typical module overview

All-in-One (illumination & sensor) Time of Flight System
= Optimized Size/ Perf/ Cost mix

Advanced optics with

integrated IR filter State-of-art assembly & testing

manufacturing ST line in SHZ

High power VCSEL
Full Class 1 safety

Monolithic ToF SoC, SPAD Array, RAM/ROM
& powerful Classl VCSEL driver

Ky 4
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FlightSense ST time-of-flight ranging

sensors / mass-market roadmap



Smart 1

Presence

Detection

\XX/ XX° FoV
<XX*
\'/ Programmable FoV

Histogram
MultiObject detection

aD |
‘f@ Smudge correction

Perf. Under Ambient
(>100cm)

Autonomous mode

Ultralow Power Mode

»~  Close distance Linearity
+ : High Perf in short distance

g Extended Temperature

FlightSense™ Single-Zone portfolio

Overall

\
performance

New
feature

VL53L4CD

Coming
in Q1’23

VL53LOCX

VL53L4CX

VL53L3CX

range Max. Distance
QM _ _ _ measurement in cm
—// \\— Ambient Light Sensing (in the dark)
' | | | | | | | | N
| I I I | | |
m 100cm 200cm 300cm 400cm 500cm 600cm 700cm 800cm
6
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Smart
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Detection

.

VL6180V1

Proximity sensor with
low power consumption

FlightSense™ Single-Zone portfolio

VL53L4CD

Proximity sensor with
high accuracy

>

VL53LOCX

Ranging sensor

VL53L1CX

Ranging sensor
programmable FoV

VL53L3CX

Ranging ana multi-
target sensor

VL53L4CX

Short to long ranging,
multi-target sensor

VL53L1CB

Long Distance and
multi-target sensor

Max distance measurement 60cm 130 cm 200 cm 400 cm 500 cm 600 cm 800 cm
Field-of-View 25° 18° 25° 27° (SW config) 25° 18° 27° (SW config)
No Lens No Lens No Lens Lens on Rx No Lens No Lens Lens on Rx

Perf. under ambient light ++ ++ e+ T+

(along windows with strong outside light) 10cm 60cm 80cm (135cm) (140cm) (180cm) (160cm)

cl dist i . TFrar AR ++ + ++ A ++
SR EAIEEL >1.0cm >0.1cm >2.5cm >2.5cm >2.5cm >1.0cm >2.5cm

Min. distance detection 0ocm Ocm <1.5cm 1.0cm 1.0cm Ocm 1.0cm

Multi-target detection (Histogram) No No No No Yes Yes Yes

Crosstalk / Smudge immunity

Crosstalk compensation

Crosstalk compensation

Crosstalk compensation

Crosstalk compensation

Immunity >80cm

<80cm: Smudge comp.

Immunity >80cm

<80cm: Smudge comp.

Immunity >80cm
<80cm: Smudge comp.

Typical (act. ranging) 1.7mA 22mA 19mA 16mA 16mA 19mA 16mA
Egr\:\é%r Autonomous mode (1Hz) 170pA 240pA 340pA 395pA - - -
ULP (Ultra Low Power) = 55UA - B65HA 551A = -
Memory footprint ROM 4.5kB ROM 2.7kB ROM 23.4kB ROM 3.3kB ROM 36kB ROM 36kB ROM 47.6kB
RAM 0.44kB RAM >0.1kB RAM 1.2kB RAM 0.03kB RAM 11.2kB RAM 11.2kB RAM 9.8kB
Product variants VL6180X ambient light VL53L4ED extended VL53L4EX extended

Same HW, different features

All-in-one module size

sensing

4.8x2.8x1.0mm

temp. range (-40°/+105°)
4.4x24x1.0mm

4.4x2.4x%x1.0mm

4.9x2.5x1.56 mm

4.4%x2.4x1.0mm

temp. range (-40°/+105°)

4.4%x2.4x1.0mm

4.9x2.5x1.56 mm

Lys
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Detection

XX°® FoV

Number of zones
In sequential mode

Perf. Under Ambient
(>100cm)

Autonomous mode

Ultralow Power Mode

Gesture recognition

Suitable for Al

Common Features

FlightSense™

Overall

N
performance

Multi-Zones

VL53L7CX

New
product

VL53L5CX

portfolio

Max. Distance
measurement in cm

Lys
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‘“‘“"HH Histogram N
2 . VL53L1CB s !
MultiObject detection feature (in the dark)
| | | | | | | | N
| | | | | | | | -
100cm 200cm 300cm 400cm 500cm 600cm 700cm 800cm
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FlightSense™

VL53L1CB

Long Distance and multi-
target sensor

VL53L5CX

Multizone ranging sensor
with wide FoV

Multi-Zone

VL53L7CX

Multizone ranging sensor
with 90° FoV

vv

Max zones Up to 4 zones Up to 64 zones Up to 64 zones
Resolution

Modes - 8x8 & 4x4 8x8 & 4x4
Max distance measurement 250cm 400cm 350cm

Field-of-View

27° (SW config)

45° X 45° (B65°)

60° x 60° (B90°)

Lens on Rx Lens on Rx + Tx Lens on Rx + Tx
Perf. under ambient light tbe +++ +
(along windows with strong outside light) (170cm) (65cm)
Close distance lineari * N o
y >2.5cm >2.0cm >2.0cm
Min. distance detection 1.0cm 1.0cm 1.0cm
Multi-target detection (Histogram) Yes Yes Yes

Crosstalk / Smudge immunity

Immunity >80cm
<80cm: Smudge comp.

Immunity >60cm
<60cm: Crosstalk comp.

Immunity >60cm
<60cm: Crosstalk comp.

Power Typical (act. ranging) 16mA 216mwW 216mw

€onso  Aytonomous mode (1Hz) = 2.8mW / 8mW 2.8mW / 8mW

Memory footbrint ROM 47.6kB ROM 103.372KB ROM 103.372KB
ry footp RAM 9.8KkB RAM 4.096KB RAM 4.096KB

All-in-one module size

4.9x2.5x1.56 mm

6.4x3.0x1.5mm

6.4x3.0x1.6 mm

portfolio
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VL53L7CX at a glance

First Multi-zone (64 zones) Time-of-Flight ranging sensor

Package size : 6.4 x 3.0 x 1.6 mm
Square FoV : 60° x 60° (90° diagonal)

Highlights

Multi-zone (8x8)
. output:
= separate regions of interest
2 £ 60° X 60° ( )
= Upto
. . Max Distance measurement 3.5 meters
. and distance measurement in
each zone Close distance linearity >2cm
m indicating if the target haS moved Performance under ambient
- light (5klux)

. (4x4 zones) frame rate capability
Multi-target detection

" with VL53L5CX Crosstalk / Immunity >60cm
Smudge immunity <60cm: Smudge compensation

95mA (continuous ranging)

"l AOEH ST 1.3mA in Low power mode 10
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VL53L7CX GUI demo

VLS3L7CX

Mini Depth-Map | Cailbration | Data Log | About

Continuous

Display Control

Range Gradient Min{mm) 10 =

-
-

Range Gradient Max(mm) 2000 1
Median Range{mm) v

Peak Signal Rate(kcps/spad) |
Ambient Signal Rate{kcps/spad) |
Target Status [

Zone Number [

11




Smart Presence Detection




Why Presence Detection?

ﬁ Immune to the environment : wall/ Plants / Furniture / Temperature

. Basic detection
54
h 1l "5 -,

» Something Detected » Object Detected
"_ » Presence = True » Presence = False

----------- PD solution

_______
————————

_________
_______
_______
_______

13
life.augmented



Why Presence Detection?

e Filters Passing-By Users : Corridor / Lobby / Kitchen

--------------------- Basic detection

» User entering the FoV » User crossing the FoV
‘_ » Presence = True » Presence = False
> /4

14
life.augmented The FoV becomes a “Field Of Interest”



Why Smart Presence Detection?

e Runs in Low Power Autonomous Mode: System going to sleep mode...

Basic detection --------------------- SPD solution

» Sensor Continuous Scanning » Sensor in Autonomous Mode

‘_ » MCU running » MCU sleeping
Y > Below 1mW 15




Why Presence Detection?

e Tracks users : position and speed

Basic detection ----------- PD solution

» Auser entering the FoV > A user is entering the FoV
‘— at the position X/Y/Z
> /4 and moving at V km/h 16

life.augmented




Why Presence Detection ?
No camera/ No image
1

Immune to the
environment

ldentifies Runs in Low Power
the number of users Autonomous Mode

Tracks users Al
Passing-By Users

s v
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ST.com

<« C M 25 stcom/en/embedded-software/stsw-img035.html w o3 0 &  Ney
st

@ Careers 1T sample & buy Vv (8’ Support & community v B#:E
" Jite.augmented Q = Products Tools & software Applications Solutions STM32 Developer Zone About us

Embedded software > Imaging Software > STSW-IMG035 >

STSW-IMGO035 ACTIVE ! Save to MyS|

SPD is a Turnkey gesture recognition solution based on
of-Flight ranging sensors

\ Get Software B Download databrief

Overview Documentation Tools & Software

Ky 19
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Package content

+ » ThisPC » Downloads SPD iIs a

Name all-in-one package

5 SPD_kit_0.0.9.zip

l Unzip it

» This PC » Downloads » 5PD kit 0.0.9 »

Mame

@ SmartPresenceDetectionEVEK_v0.0.9
. . _ _ 0 Smart Presence Detection Widget I

3 deliveries4 @ SmartPresenceDetectionkit_F401_0.0.9 the all-in-one widget

® = SPD_compiled_libraries_0.0.9 e i B

Distance Threshold M
The: wake distonce and
approach distance can be T SPD stato Machine
H E||:ll_ D rlllll1 rII||I1 D tuned by e siders L The eusrent state is highlghted
L E.
i - -

=| SmartPresenceDetection_UM.pdf > et

aption
in screen
nce fiag s False
» ([ 0im scren when PRESENCE-FALSE
r ‘,I 21
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Detection

Package content

0 SmartPresenceDetection EVK GUI
» This PC » Downloads » SPD_kit 0.0.9 »
Name » Software User Interface for SPD
SmartPresenceletectionEVE_v0.0.9
SmartPresenceDetectionkit_F401_0.0.9 > Sensor data visualization
SPD_compiled_libraries_0.0.9
% README.MD

» SPD algo output monitoring

:ﬂ SmartPresenceDetection_UM. pdf

o . » SPD applicative demo
(xaiﬂm o - o
| . e » Powerful datalogger

< User Manual: “Running in the EVK GU/I”
21
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Package content

SmartPresenceDetection Kit F401

Mame

» This PC » Downloads » SPD_kit_0.0.9 »

SmartPresenceletection E‘u’l'iiﬂ].'l}.ﬁ

..h

SmartPresenceletectionkit_F407_0.0.9

s READMEMD

SPD_compiled_libraries_0.0.9

rﬂ SmartPresenceDetection_UM. pdf

v m SmartPresenceDetectionKit (in STM32F401RE-Nuclec)

> 4% Binaries

> fl Includes

> () Application/SW4STM32

5 2 Application/User

5 (2 Drivers/CMSIS

> 2 Drivers/STM32F4xx_HAL_Driver

> Ef VLS3LMZ_ULD_API

> (£ startup

> [= Release

5 (= Application

5 (= Drivers
SmartPresenceDetectionKit Debug.launch
SmartPresenceDetectionKit Releaselaunch
[T STM32F401RET_FLASH.Id

{5 Project Explorer X G W = O [@manc X

217
218
219
228
221
222
223
224
225
226
227
228
229
238
231
232
233
234
235
236
237
238
239
248
241
242
243
244

/
’~ RANGING Mode =/
/
/* Check if a new VLS3LMZ ranging data is available */

start_profiling();

if (ranging &% get_ranging data()) {
J* time stats */
time_data.prev_tstp = time_data.curr_tstp;
time_data.curr_tstp = GET_TIME_STAMP();
time_data.ranging_period = time_data.curr_tstp - time_data.prev_tstp;
/* Fill-in SPD input RangeData structure from VLS3LMZ ranging data */
SEN_CopyMeasurementData(&SEN_MeasData, &RangingData, time_data.curr_tstp);
stop_profiling("get_ranging_data() + SEN_CopyMeasurementData()");
/* Do not call SPD_run if this is the first interrupt from Autenomous mede (wake-up interrupt) */
if(Params.Interrupthode == 8) {

/* Run SPD */

start_profiling():

SPD_run(&SPD_Data, &SEN_MeasData, &SEN_Info);
stop_profiling("SPD_run()"};

/* Data logging */

print_data();

}

/* Possibly change senser mede */
SPD_ChangeSensortode (45PD_Data) ;

» Complete C project example

» P-NUCLEO-53L7/8A1 - STM32F401RE
» ST ToF MZ generic ULD
» SPD algo integration

» Sensor configuration

< User Manual: “SPD Library: Programming Guide”
22
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Package content

e SPD compiled libraries

* This PC » Downloads * SPD_kit_0.09 »

..h

Name » ARM Cortex-M4
SmartPresenceletectionEVE_v0.0.9
SmartPresenceDetectionkit_F401_0.0.9 > ARM Cortex-M33

——,

SPD_compiled_libraries_0.0.9

» README.MD > ARM Cortex-MO+

rﬂ SmartPresenceDetection_UM. pdf

906008 1 90 compled s 005 arm » ARM Cortex-M7

Eal
Mame

| 1ibSPD_mOplus.a

3 CORTEX-M > ARM Cortex-M3

| libSPD_m7.a
| libSPD_m33.2
H objects.h

H opti_math.h
H ring_fbuffer.h
H ring_ibuffer.h

H spd.h
H spd_platform.h

H spd_types.h 23
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Detection

Where to find the User Manual

UserManual = User Guide

v This PC » Downloads » SPD kit 0.0.9 » » This PC » Downloads » SPD_kit 009 » SmartPresenceDetectionEVE_v0.0.9 »
e Mame
Mame
Fw

SmartPresenceletectionEVE
@ ReleaseMotes.html

SmartPresenceletectionEVE_v0.0.9

\ 4

SmartPresenceletectionkit_F401_0.0.9
e =| SmartPresenceDetection_UM.pdf
SPD_compiled_libraries_0.0.9
» README.MD L SmartPresenceDetectio.. — O X

c =| SmartPresenceDetection_UM.pdf "l g:l:e.:tr;:s:\;‘lge

Version 0.0.1

e % User manual @ Release notes

Com port
€ || COMg - STMicroelectronics STLink Virtual CO

Sensor driver
SmartPresenceDetection VL53L8 ~

Preset
8x8 ~

Start ranging
"[ 24

Load dataset

life.augmented




Running SPD GUI for your demo
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User

Compatible operating system:
*  Windows

Step 1: Hardware setup

Y il W

Connect the board to the PC
via a USB to Micro-USB cable

Board example

Compatible boards:

* P-NUCLEO-53L7A1 Expansion pack
(NUCLEO-F401RE, X-NUCLEO-53L7A1)
P-NUCLEO-53L8A1 Expansion pack
(NUCLEO-F401RE, X-NUCLEO-53L8A1)

Guide: EVK Getting Started
in the EVK GU

Runnin

Step 2: Firmware loading

Open the .\FW folder in the Smart Presence Detection EVK repository to find the firmware
compatible with VL53L5CX, VL53L7CX and VL53L8CX sensors

—_—
SmatPresenceDetctiontVK
@ RelesseNotes hemi
B SrmanressceDetection UMLpdt

I Drag and drop the .bin file to flash the board ]

= This v

MIN = SmantPresenceDetectionkit.bin

<+ Copy to MINI_FA01RE (D)
& Network

Press stop to end the ranging

Record data

Select file format of data to log \

Retract right part of the display

Open a new widget —

& SmarbresenceetectantVK - Sensee control - o

77

% User manual @ Release notes

Main window

distance_mm Basic

Help locate the selected window

7

Save and retrieve widgets
layout configuration

Configure how information are
displayed in the above window.
Details on next page

Display variables
from the algorithm

Smart Presence Detection Widget
the all-in-one widget

System mode

Power On
Presence Flag Power Off (no user detected)
Green = True Sleep (sensor in running autonomous)
Blue = False
;
' MZphus - Smant Presence Detection Widpet - 8=

Thresholds
wake approach

Distance Threshold
The wake distance and
approach distance can be
tuned by the sliders

SPD state Machine
The current state is highlighted

—_ Main User tracking
Live main user position

Working SPD area
> The distance lines are moving
according the sliders

Screen Dimmer option
To dim the main screen
when Presence flag is False

. 0_1500
"% | I Dim screen when PRESENCE=FALSE
Kys




Smart
Presence
Detection

R MZplus - Smart Presence Detection Widget - o X

Thresholds

ke oot [ psaneeetie |

(x=-1777=709)

II Awake distance

Smart System Detection

SPD widget

All in one widget:

- User tracking

- Distance thresholds tuning

Lys
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Open a display window (similar to
the main one), connected to the

Widgets

Zones display data

8 EwokMZ - Zone data display

same sensor.
This is usefull to display other
data types in parallel

Data display ~ Flip /rotate Colorscale Camera
10e0 v
signal_per_spad v Basic
Medium v

FoV alignment

Curves plot

Complete tool to plot
curves among all the data
outputted by the device.

1

Allows to detect multiple
objects and identify if they
are intruders

-
- Presence Monitoring
T - State Machine
-
- Screen dimmer S
C  COM6 - STMicroelectronics STLink Virtual CO
850 1500
[ Dim screen when PRESENCE=FALSE
Sensor drive

S0 seing: -oe SmartPresenceDetection YL53LE

Xtalk16CalibRangingRate 150 Program -

Xtalk64CalibRangingRate 20 Program Zone data display Prese

XtalkMargin 50 Program Global data tree display

spdSensorRotation 0 Program

" Program Curves plot

spdRangingPeriod 100 Program Sensor 5ettings

spdintegrationTime 10 Program .

spdAutonomousRangingPeriod 250 Program S P D S ettl n g S State machine

spdAutonomousintegrationTime |2 Pragram . . .

spdApproachDistance_mm 1500 Program lee SPD param ete rS tunlng SCTEEFI dlmmer

spdWakeUpDistance_mm 850 Program Users Analysis 0 sec

spdMinimumLockTime_ms 1000 Program R

spdNoMotionTimeOut_ms 10000 Program MUH:I USE[S Demo

spdWakeOnStopMinSpeed_kmh 1.0 Program Srnart Presence Detection Widget

spdTimeToAutonomous_ms 500 Program

itaMaxRightDistance_mm 2000 Program

Connect new sensor
itaMaxLeftDistance_mm 2000 Program
Other command Program
@ Read values - rr wl -
[]
rven
— e
2 o
. P T . .
1 User Analysis Multi Users Demo
-

Allows to detect multiple |~

humans and track their
positions

't
¥
w




Smart Presence Detection Widget
the all-in-one widget

Smart 1

Presence
Detection

System mode

Power On
Presence Flag Power Off (no user detected)
Green = True Sleep (sensor in running autonomous)
Blue = False
B’ MZplus - Smart Presence Detection Widget — a >
ﬁ =
Distance Threshold TkhrEShDIds . —
The wake distance and Wake approac - —-— SPD state Mach
approach distance can be o : — — slate Machine
tuned by the sliders (X=-1622=7 ... The current state is highlighted
ke distarce Main User tracking

Live main user position

N Working SPD area
Approach distance ,> The distance lines are moving

- — | according the sliders

Screen Dimmer option
To dim the main screen
when Presence flag is False

\ &5[‘} 1500 J
[ Dim screen when PRESENCE=FALSE

Ky 28
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How to Showcase the SPD features

[ MZplus - Zone data display = O ‘ [ MZplus - Smart Presence Detection Widget - O
‘ resholds
Wake-on Approach it —
2759 2583 2604 2545 e =
- _— —
3022 3028 3046 3075 3068 3078 —

Human VS Object

Wake distance

2983 2988 3014 2985 3067 3064 -

& 4::”
\W 2935
\\

Passing-By Filter

Approach distance

Wake-on Stop 2797, 2807

2693 2699 2731

Walk-away Lock : 4 | 2637 2650 2671

600 1500
,:] Dim screen when PRESENCE=FALSE
i

Ky 29
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Running SPD In terminal
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Running in a serial terminal (1/3) I

* To connect the serial port please follow the steps shown in the figure below:

¥ Tera Term - [disconnected] VT

FiIeI Edit Setup Control Window Help

(1 ) New connection... Alt+N
Duplicate session Alt+D

#1) | Tera Term: New connection Xk

OTCPIP 10.44.119.23 ~
History
22
Telnet
SSH SSH2
Other
UNSPEC

(2) (3)
Portl COM28: STMicroelectronics STLink Virt ~ I

(4) Cancel Help .

Il COM28 - Tera Term VT

Tera Term: Serial port setup

File Edit | Setugl Control Window Help (7)
erminal... Port: COM?28 v oK
Vi
(5) indow. Speed: (6) 921600 }
ont >
eyboard... Data: 8 bit v Cancel
R | Parity: none v
Proxy...
= Stop bits: 1 bit v Help
SSH Authentication... Flow control: none v
SSH Forwarding...
55H KeyGenerator... Transmit delay
TCP/IP...
! 0 msecichar 0 mseciline
General... 31
Additional settings...

life.augmented
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Running in a serial terminal (2/3) I

 To run the application, use the command line “enable” and press enter:

M COME - Tera Term VT — O >

File Edit Setup Control Window Help

sPD ULD SW Kit version B.8.9

Module type = ULS3ILBCH

Module ID : APAARARAAAAAAAAA_VULSILECBUAGC. 152
FW Uersion = 1.7.8.8

iLD Driver VLS3LMZ_Z2.8.18

r * For more information about the available commands,
’l see the chapter: command manager 32

life.augmented
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Running in a serial terminal (3/3) I

* The serial terminal shows the output of the ST SPD solution:

M COME - Tera Term VT

File Edit Setup Control Window Help * SPD metrICS
Presence:1 ol ~ j * Presence flag
§PD stace L SPD PRESENCE MONITORING &~ " = o0 ™ « Main User position
Number of Users
e State Machine
e Multi human detection viewer
e Users' information

File Edit Setup Contrel Wir

TESENnce:

ntro ndow  Help

Mh userz:2,. Intruder Alert:l

Other User #1,. X:53,. ¥:-161, Z:1141

o7 |

life.augmented

33

Nb users:@. Intruder Alert:8
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Detection

Command manager

 All the commands are available in the help:

M COMB - Tera Term VT M| COME - Tera Term VT

File Edit Setup Control Window Help Eile Edit 3Setup Ceontrol Window Help
ULD %W Kit version O.0.9 SPD ULD SW Kit version B.8.9

odule type - ULG3LBCH odule type = ULS3ILBCH

odule ID : PPAAPAPAPARAARAE_UL53LECBUBGC 152 gdule LD : BARAGAAAARARAGAA_ULSILECBUBGC 152

LD Driver VLGILMZ_2.0.18
he 1n
name Give fr/w name
version Give frw version
module Give module type
spduver give SPD algo version
. . apiver Give ULS53LMZ APl <(Bare Driver> version.
° The riNCI a| Commands' fuver Give ULS3LMZ FW version.
= enable Enable sensor ranging.

Syntax: ‘enahbhle’

FW Uersion = 1.7.8.8
hpiver ULS3LMZ_2.8.108

Example: ‘enable’ =2 Enahle sensor ranging
) r]EBlF) disable Disable sensor ranging.

Syntax: ‘disable’

Exanmple: *disable’ =2 Disable sensor ranging
o E}f]fi[)l(} of f Set zenszor in ULP mode (Ultra Low Powerd.

Syntax: ‘off’

Example: ‘off' =» Disable =ensor

get_palsgatus gets Ca%ihrati?n status
1 yntax: "get_calstatus

i (j|5561t)|63 params Show all input parameters

Syntax: ’params’

Exanmple: ‘params’ =2» Show all input parameters
° EirEirT]E; set Set a parameter. See params command to know available parameters and current values.

F) Syntax: ‘set param_name=value’

Example: ‘set RangingPeriod=1‘'

EnablesDisable spd data logging and set logging level.
[ E;EBt Syntax: ‘log spd x*

Example: *log spd 2* =» Enabhle range logging on zone 1
Dizplays this help

Lys a4
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SPD In detalls




SPD key outputs I

SPD outputs: Multi-Human tracking
outputs:
* Presence Flag
« Main User X/Y/Z positions * Number of Users
 Main User moving speed « Each user X/Y/Z positions and speed
« SPD state

Ky 36
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Key distance parameters

 WAKEUP:

* the Presence Flag is always True when a User is detected
Inside this area

i
« APPROACH:
] ] ] ] . wakeup = 0.8 m
 The SPD algorithm is tracking the identified User and tryto  _ _ _ _ _ . _ __
determine if:
« Passing-By: the user is just crossing the sensor FoV and approach = 1.5m

doesn’t have interest in the applicaton e e e mmmmm—— - -
* Presence flag = False

* Wake-On Stop: the user stops his movement in front of the
application and potentially he is interested by

Presence flag = True

’l 37
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Presence
Detection

Wake On Approach

FSM SPD_AUTONOMOUS SPD_APPROACH SPD_PRESENCE_MONITORING
Sensor Sleep, 4x4, 1 Hz Ranging, 8x8, 4 Hz Ranging, 8x8, 4 Hz
Presence False False True

@

life.augmented

Approach
detected

I—

Motion detected

!

sensor reprogrammed in 8x8 at4 Hz
to check User approach distance

User below the wake distance

!

Presence confirmed

wakeup =0.8 m
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SPD ranging mode

Autonomous mode Tracking mode

Sensor is ranging autonomously and wake the host up only if Sensor is ranging continuously and sends the ranging data to
a motion is detected the host and the SPD algorithm

Default SPD settings Default SPD settings

Full performances (' /\

Ky 39
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SPD State Machine

SPD_AUTONOMOUS

AUTONOMOUS MODE @ /

Timeout to Autonomous mode Motion detected Departure detected

User below Wake distance
Passing-by

SPD_PREPARING_AUTONOMOUS SPD_APPROACH

Scene changed

Wake-On Stop
or
Absence detected User below Wake distance

SPD_PRESENCE_MONITORING

TRACKING MODE f /\ Presence = True

Ky n
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100

spdintegration Time 10
spdAutonomousRanaingPeriod (250
spdAutonomousintegrationTime 2|
830

o0 |
spdTimeToAutonomous_ms 500
spdWakeOnStopMinSpeed_kmh ’10—|
itaMaxRightDistance_mm 2000 |
2000

spdRangingPeriod

spdApproachDistance_mm
spdWakeUpDistance_mm
spdMinimumLockT ime_ms

spdMaMationTimeOut_ms

itaMaxLeftDistance_mm

SPD Settings widget

Lys
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SPD Params

spdSensorRotation

[ spdRangingPeriod 100 50 — 1000
(ms) (20Hz — 1HZz)(*)
spdintegrationTime 10 120

(ms)

Sensor Settings

\LURZ — LRZ)

1-20

spdAutonomousRangingPeriod
(ms)

spdAutonomousintegrationTime |5

\_(Ms)

spdWakeUpDistance_mm
(mm)

QEN N _ 20NN

spdApproachDistance_mm
(mm)

spdMinimumLockTime_ms 1000

(ms)

0 — 2147483647 (**)

spdNoMotionTimeOut_ms .
(ms) Timings

spdTimeToAutonomous_ms
(ms)

vuv v

spdWakeOnStopMinSpeed_kmh 1
(km/h)

0.2 — 10 (**)

Change the sensor orientation used in the application and adapt the data
indexes

Sensor ranging period when the sensor is in tracking mode (SPD_APPROACH /
SPD_PRESENCE_MONITORING / SPD_PREPARING_AUTONOMOUS)

Sensor integration time when the sensor is in tracking mode (SPD_APPROACH
/ SPD_PRESENCE_MONITORING / SPD_PREPARING_AUTONOMOUS)

Sensor ranging period when the sensor is in autonomous mode
(SPD_AUTONOMOUS)

Sensor integration time when the sensor is in autonomous mode
(SPD_AUTONOMOUS)

“Wake Up distance” threshold -> Key distance parameters

“Approach distance” threshold -> Key distance parameters
It has to be higher than the “Wake Up distance”

Timeout after departure detection:
FSM: SPD_PRESENCE_MONITORING -> SPD_PREPARING_AUTONOMOUS

Timeout if no motion detected in the scene:
FSM: SPD_PRESENCE_MONITORING -> SPD_PREPARING_AUTONOMOUS

Time to switch to autonomous mode when the Presence Flag if False
FSM: SPD_PREPARING_AUTONOMOUS -> SPD_AUTONOMOUS

Threshold speed to detect the user stopped
FSM: SPD_APPROACH -> SPD_PRESENCE_MONITORING

(*) The max ranging frequency @20Hz can only be reached with the maxI2C baudrate 1MHz
(**) 2147483647 is the max value supported by the algo variable, but has probably no application interest
(***) The algo can support more than the max value but 10Km/h is already more than the average walking human speed
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Project architecture

» This PC » Downloads » 5PD lat 0.0.9 »
N SPD kit 0.0.9 » SmartPresenceDetectionkit_F4071_0.0.9
Mame Name -
SmartPresenceletectionEVE_v0.0.9 Dirivers
SmartPresenceDetectionkit_F401_0.0.9 »  SmartPresenceDetectionkit
SPD_compiled_libraries_0.0.9 SPD_lib

¥ README.MD
= SmartPresenceDetection_UM.pdf

Drivers: STM32F401 libraries
SmartPresenceDetectionKit: Application code

‘— SPD_lib: SPD library + header files
> /4
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Open the project in CubelDE

[ Workspace_new - STM32CubelDE @ mpon e

Import Projects from File System or Archive r

om em or Archive b
FIlE Edlt S-I:ILIFCE RE’FE NE'I.I'IgEtE SEar[h Prl:lJECt This wizard analyzes the content of your folder or archive file to find projects and import them in the [DE. f y
Gl Open CubelDE I New Alt+Shift+N >
Import source: Archive...

V|[ Directory...
Cnen File
ru= type filter text % ect All

[, Open Projects from File System... ' N
N eW WO rks pace Recent File; > SPD_kit 0.0.9 » SmartPresenceDetectionKit_F401_0.0.9 Search SmartPresenceDetectionKit_F401_ »

folder = @
~
E Import Projects from File System or Archive m] * B MName Date moedified Type Size
Import Projects from File System or Archive = Drivers File folder
This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE. i / smartPresenceDetectionKit File folder
SPD_lib File folder
Import source: | C\Users\labussiyiDownloads\SPD_kit_0.0.9\SmartPresenceDetectionKit_F401_0.0.9 v| Directory... Archive... I

Folder: Y.
[ype filter text | Select All

Select Folder | Cancel
Eold, D |
il iy Deselect All

[] SmartPresenceDetectionkit_F401_0.0.9
SmartPresenceDetectionkit_F401_0.0.9\5martPresenceDetectionKit\STM32CubelDEVSTM Eclipse project

1 of 2 selected

[ ]Hide slready open projects rlq"_-l Project Explorer H <}='=|> Y &2 = 8
T Closenenty mperted prsectsupen comeleten v [T} SmartPresenceDetectionKit (in STM32F401RE-Nucleo)
se Installes roject contigurators to:
[#1 Search for nested projects t;b Binaries
[] Detect and configure project natures Iﬂ]" Includes
Working sets F Application/SW45TM32 -
[ Add project to working sets New... 2 Application/User %- ¥ o Tﬁ h Eﬁ ¥
Working sets: Select... E‘ DerEFS}’CMSlS i . 1 I}Ehl‘g
(2 Drivers/STM32F4xx_HAL_Driver
Show other specialized import wizards
St R VL53LMZ_ULD_API 2 Release
[ startup
= Release
@ < Back News | Fimsh Ema = Application Build Finished. @ errcrs, 3 warnings.
= Drivers

= SmartPresenceDetectionKit Debug.launch

= SmartPresenceDetectionkit Release.launch
" l [5 STM32F4D1RET_FLASH.Id

life.augmented
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Implementation flow

Open main.c

f* Reset of all peripherals, Initializes the

. f* Initialize WLS3LMZ I2C address */
HAL Init(); 22

LMZDev.platform.address = @x52;

/* Configure the system clock */
SystemClock Config();

|
|
|
|
|
|
|
;
|
. _ !
I erlpheral Inlt i f* Initialize all configured peripherals */
|
|
|
|
|
|
|
|
|
|
|
|
|
|

f* Initialize sensor */
status = init_wl531lmz_sensor();

MX_GPIO Init();
M¥_DMA_TInit();

1 MX_USART2 UART Init();
MX_T2C1 Init();
UartComm_Start();

ToF sensor Init

SPD algo Inlt - . 3 /* Initialize SPD glgo */

SPD_Init(l);
Set Params in Tracking Mode

// Reset sensor settings in Tracking mode (after SPD init)
Zl SPD_SetParamsForTracking();
sci motion _map stored = @5

// Configure WLS3LMZ
ES status = v153Imz_Configure();

Configure the sensor

1.
2.
3.
4.
S.
6.

ES // Start ranging

) |get ranging_data()
status = v1531mz_start_ranging(&LMZIDev); = =

Start the Ranging & get frame

SPD Loop e |

I /* Run SPD */
SPD_run{&SPD_Data, &SEN MeasData, &5EN_Info);

~

SPD algo Run
8. Change Sensor Mode according SPD FSM

EB /* Possibly change sensor mode */
SPD_ChangeSensortode(&SPD_Data); 45




What is SPD _ChangeSensorMode doing?

 This function changes the sensor mode according the SPD FSM.
* There are 2 FSM transitions requiring to change the sensor mode

« Going to SPD_AUTONOMOUS * Leaving SPD_AUTONOMOUS
» Resolution « Resolution = spdResolution
« spdAutonomousRangingPeriod » spdRangingPeriod
« spdAutonomousintegrationTime « spdintegrationTime
« disablePipe * enablePipe
» sciDetectionThreshold « sciDetectionThreshold
e auto_stop enabled « auto_stop disabled

Ky 4
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Algo Data structures

* only useful variables are described

« Data structure:  Measurement structure:
« SPD_Data_t (spd.h) « SEN_Measurement_Data_t (sensor.h)
« state : SPD FSM current state » Data sensor formatted for the SPD algo
« presence . User Presence detection flag « timestamp_ms / RangeMilliMeter /
- userlD : User # of the main user SignalRatePerSpad / ...

Lys
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TRK Data.tkd_Obj[SPD_Data.userIlD].CoM_pos.x

lylz : Main User x/y/z position  Sensor info structure

TRK_Data.tkd_Obj[SPD_Data.userID].speed_nor « SEN_Info_t (sensor.h)

m : Main User x/y/z motion speed « General information about the sensor settings to
Nb users tune the SPD algo

positions * nb zones : Sensor resolution

* Freq : Sensor ranging frequency

* Input parameters

« Params_t (sensor_command.h)
* Main parameters described in SPD Params

47
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Memory Footprint

SmartPresenceDetectionKit_1.0.0 (spd v1.0.0)

FLASH | RAM | memory
VIS3LMZ FW 86016 0 8601
VL53LMZ ULD Mass Market I 34?4'@ 124] 861
SPD Application Layers 10731] 29803] 405
Gesture Algo 11808 4 11812
TOTAL 117029] 29951
SPD 1.0.0 Size (Release) SPD 1.0.0 Flash Size (Release)
140000 140000
120000 120000
100000 100000
80000 80000
60000 60000
40000 40000
20000 20000
0 0
1 1

mVLS3LMZ FW e VIS53IMZ ULD Mass Market m S5PD Application Layers  m Gesture Algo BVLSIIMZ FW  ®VLS3LMZ ULD Mass Market m SPD Application Layers  m Gesture Algo 48
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SPD algo profiling

Algo 12C @ 400KHz 12C @ 1MHz SPD Init execution time Maximum SPD execution time
Rev get_ranging_data() get_ranging_data() SPD_init() SPD_run()
+ SEN_CopyMeasurementData() + SEN_CopyMeasurementData()

CPU cycles ms CPU cycles ms CPU cycles ms CPU cycles ms

V1.0.0 2676450 3.2 118890 1.4 131398 1.5 470000 5.6

m Performance on STM32F401 @ 84MHz
49
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