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[0 CONFIGA NR_THRESH(1:0) NR_MASK(1:0) NR_LTIMER(1:0) NR_TIMER(1:0
[ CONFIGB DES HYST ANGLE PAS STOPDONE LC
Bl | sizE PROGRAM SIZE(7:0)

[ 2| SETTINGS MASKEL(1:0 SIGNED R TAM THRS3SEL INSEL(2:0
[ 4 |G RESET POINTER(7:0

[ 5 | e PROGRAM POINTER(7:0)

THRESH1 THRESH1(15:0)

g THRESH2 THRESH2(15:0)

THRESH3 THRESH3(15:0)

HYST HYSTERESIS(15:0)

MASKA MASKA(7:0)

TMASKA TMASKA(7:0)

MASKB MASKB(7:0)

TMASKB TMASKB(7:0)

MASKC MASKC(7:0)

TMASKC TMASKC(7:0)

DELTAT DELTAT(15:0)

.

DX DX(15:0)

.

DY DY(15:0)

.

DZ DZ(15:0)

.

DV DV(15:0)

. .

TC TC(15:0) or TC(7:0)

TIMER1 TIMER1(15:0)

TIMER2 TIMER2(15:0)

TIMER3 TIMER3(7:0)

TIMER4 TIMER4(7:0)

DEST DEST(7:0)

DESC DESC(7:0)

PAS SIGN_X SIGN_Y SIGN_Z SIGN_V
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stop execution, and wait new start from reset-point
Continues execution from reset-point

Continues execution from reset-point resetting temporary mask
Set reset-point to first program line

Clear reset-point to frist program line

Set parameter in program memory

Select MASKA and TMASKA as current mask

Select MASKB and TMASKB as current mask

Select MASKC and TMASKC as current mask

Write the temporary mask to output registers

Set new value to THRESH1 register

Set new value to THRESH2 register

Selects THRESHL1 instead of THRESH3

Selects THRESH3 instead of THRESH1

Swaps sign information to opposite in selected mask

Rest temporary mask to default

Set UNSIGNED comparison mode

Set SIGNED comparison mode

Do not reset temporary mask after a next condition true
Rest temporary mask after a next condition trure

Set input multiplexer

Set new value to TIMER3 register

Set new value to TIMERA4 register

Swap mask selection MASKA <=> MASKB; MASKC unaffected
Increase long counter +1 , check timeout and clear
Jump address for two Next conditions

Clear angle

Set MASKA and TMASKA

Set MASKB and TMASKB

Set MASKC and TMASKC

Clear Time Counter TC on next condition true (default one)
Do not clear Time Counter TC on next condition true
Unmask interrupt generation when setting OUTS

Mask interrupt generation when setting OUTS if outs is not changing
Mask interrupt generation when setting OUTS

COMMAND DESCRIPTION PARAMETERS

None

None

None

None

byte 1 address, byte 2 value
None

None

None

None

byte 1 and byte 2 value threhold 1 register
byte 1 and byte 2 value threhold 2 register
None

None

None

None

None

None

None

None

byte 1 value for input multiplexer
byte 1 value timer3 register
byte 1 valure timer4 register
None

None

byte 1 conditions , byte 2 and 3 jump address
None

byte 1 value mask

byte 1 value mask

byte 1 value mask

None

None

None

None

None

None E_E %\j:b

3

THRESHOLD
MASKS
TIMERS
EXECUTION
OUTPUT

VARIOUS
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CONDITION DESCRIPTION CONDITION DESCRIPTION

m NOP None execution - condition on current sample m LNTH2  Any triggered axis <= THRS2

m TI1 Timeout 1 expired m GLTH1 Al triggered axis > THRS'

[ 0x2 [P Timeout 2 expired IZZW LLTH1 Al triggered axis <= THRS'

m TI3 Timeout 3 expired m GRTH1 Any triggered axis > -THRS1

Iy 114 Timeout 4 expired [I73] LRTH1  Any triggered axis <= -THRST

m GNTH1 Any triggered axis > THRS1 m PZC Any triggered axis crossed zero pos. slope

m GNTH2 Any triggered axis > THRS2 m NZC Any triggered axis crossed zero neg. slope
)44 LNTH1 Any triggered axis <= THRS1 m N/A N/A

- EFHREST RS TRARIFT

. T1,7T2,73,T4,2ERIEE.

»  GNTH1/2, LNTH1/2,GLTH1,LLTH1,GRTH1,LRTH1 2 HmaskFF <AIFNEIEHR1T
FEERHISRA

»  PZC, NzZC ZfmaskFFRHIEMFRA RIS FRIFIMTRIFMAHES.
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Machine Learning Core (MLC)
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Gyroscope Results
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Stepl -EXFEZIRAAIA B!
Bian. &=, 217, 1B, FE

Bla: SRR R A SR EA

Step3-BZ&AIEHED T
> WEANNBIB IS, EESEAMHE (40:
EI9E, HEE, i, %)
> NAEHEEZITHE (40: WEKA) glJiEEdecision
tree(BE, TR, W, &%)

Step4-FcE(ERkES, Hdecision treefYEEENIERK
28, Decision tree FLa]LURINFEEITE(ERAEEE,
RDMCURIIHAE,
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Decision
Tree

Sensors Computation
Data
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Accelerometer > > Filters

> > Meta-classifier
Features > >

Results >
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Gyroscope




LRI

Sensors
Data

A wide Set of Inputs to be chosen

1. Accelerometer [a, a, a, |, [a,], [a%,]

@ 2. Gyroscope [9x gy 921, 1901, [9%]
: 3. External sensor [m, m,, m, ], [m,],[m?,]

Magnitude Available

V= X2+ Y2+ 72

Accelerometer

> Gyroscope

External
Sensor

VNV
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SHELT

X(Z)

BIRIR-[EIREs

Computation
Block

High pass 0.5 -0.5 0
Band pass 1 0 -1

lIR1 configurable configurable 0

lIR2 configurable configurable configurable

Lys
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Gain

y'(z)

(ERESEERk 12
RIIRBYIE S,
A& LA
Ty

configurable configurable configurable
configurable 0 1

configurable configurable 1



SHELT EARIRAFAE

Feature Description

Computation

Block

o2

) Features

> -

15 ETFLUTHING

THAYSRIE =

1) MAZUE (IIERE,
feig, &)

2) SN EHEIRIK
(mL, THE , %)

JEHIEERE,
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MEAN

VARIANCE

ENERGY

PEAK TO PEAK
ZERO CROSSING

POSITIVE ZERO CROSSING

NEGATIVE ZERO CROSSING

PEAK DETECTOR

POSITIVE PEAK DETECTOR
NEGATIVE PEAK DETECTOR
MINIMUM

MAXIMUM

Computes the average of the selected input in the defined time window
WL—1

Mean =<ﬁ
k=0
Computes the variance of the selected input in the defined time window
- 2
Vari _ [(sz.‘z) (sz. 1) l
ariance = —
WL WL

Computes the energy of the selected input in the defined time window

WL = Window Length

(time window for features computation)

Energy = Z input?
k=0

Computes the maximum peak to peak value of the selected input in the defined time window

Computes the number of times the selected input crosses a selected threshold in the defined time window
Computes the number of times the selected input crosses a selected threshold in the defined time window. Only
transitions with positive slope are considered.

Computes the number of times the selected input crosses a selected threshold in the defined time window. Only
transitions with negative slopes are considered.

Counts the number of peaks (positive and negative) of the selected input in the defined time window
Counts the number of positive peaks of the selected input in the defined time window

Counts the number of negative peaks of the selected input in the defined time window

Minimal value of the selected input in the defined time window

Maximum value of the selected input in the defined time window



Meta-classifier F]Z55R

o XJE—samplefJ4bIE , decision tree#fHiH— 1 4EER.

Decision . Meta-classifier(a[iE) AT L X decision tree BY%H 1T,
";f‘-‘s > Meta-classifier F—1"aB1T#%EE I decision treeBY%)
— HFH TR

2_Meta-classifier > > RESIEEFTREZMEEER, meta-classifier 7

D Resuts > SEFRZNER

f51an:

R A B. AREBERNRZITHERAIERS, BZ4.

ot bors meaclssiter | Al A A 8| A 8| 1 B A B] B 8L AL A, A

Counter A 123 23210120 01 2 3

Counter B 0001012323454 3 2

Result after meta-classifier X X AAAAAAAABBEBIBA
KYI

life.augmented




T

— Decision Tree 1 PRG_SENS_SRCO (70h)
Decision Decision Tree 2 PRG_SENS_SRC1 (71h)

Tree -
. i Decision Tree 3 PRG_SENS_SRC2 (72h)
— Decision Tree 4 PRG_SENS_SRC3 (73h)
> Meta-classifier > Decision Tree 5 PRG_SENS_SRC4 (74h)
> Results > Decision Tree 6 PRG_SENS_SRC5 (75h)
Decision Tree 7 PRG_SENS_SRC6 (76h)
Decision Tree 8 PRG_SENS_SRC7 (77h)

« B decision tree RIERES T LABIT E1 8T FEaKiE10
» PRG_SENS_SRCx (70-77h), &E&Hi&H
 Hdecision treefIZERMZRRT AT LAF=4— ARl
> FELATESFEEA LAAE A ETmR
PROGSENS_ STATUS MAINPAGE(38h)
PROGSENS_ STATUS(15h) [pagel of embedded advanced features registers]

> X FRfrRE R LAEE S as(Eae 2R 4 i E R 1
c,:; PROGSENS_INT1(0Dh) [pagel of embedded advanced features registers]
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o WFLATFREEHEIR, (EREsRE T BRAYSZE
> Decision tree B92%&
> Decision treefU X/, EEIESHFHRAT REE
> Decision tree AU HEREE
» Meta-classifier
> FHIEAN R R TANE R BRI E
PR BRGNS TSRS AR, (Ear @R TREE, HicE
TIRZHERESF IR IR TT

_______________|LSMGDSRX |LSM6DSOX

Maximum number of decision trees 8 8
Maximum number of Nodes (Total number for all the 512 (%) 256 (%)
decision trees)

Maximum number of results per decision tree 256 16
Result sub-groups for meta-classifier 8 4
Number of Filters and Features (™) (™)
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« Unico GUI
> BUERE
> (ERESECE
> (EREEIRIEIVECE
v HIENXRERE
v EREEREIEIRE (BUEmR, &1, EKE
B, JEEeE, SIEET, SEREHE., ) ‘ ==z
v SIS IR TAYITE, AR ARFFIZIEFN s =
UCFX{&

> BCEIHRI%SEEL (.ucf)
> Decision tree BitHRY AL ERUARICR

;fl
!
i
1
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{
i
i

1% 1z lea l.i Sk!rrh’i

E
i

i-

Progiam Misualization Tools Helg

y WEKA(WLE’%?—jEIJI 1) - = WEI(A Appications -
> D (arfso) ' f B
> %ﬁ?&ilﬁ\i& s et e e | Knoweagerion n

> Hpkdecision tree = —
> Decision tree {£8ERYME (TREE, BE, F) i
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CEHIZLER

1)  ¥JFFUnico GUITE, i%iR(ERkEE

T\ 11181

2) (EREE—RECE
3) HUEXREREXH
S N
1) FIHFITERMLCHELR
2) INEFE—TRENEIEFIZEIFERD R
3) EEFEEIAN, $UER, 22, WEHIEKESO, SRS, &5
{EERTTIRRE, &,
4)  HERLARFF 34
5) FTHAWEKAW#HEFITEH)
I W ARFFXH
i. IEEEMN
ii.  4AEpkdecision tree
iv. {FfFdecision treeZltextS{&
6) FE(ERkaadmiERiRdcEkdecision treefYtext 314
7) EcEdecision treefUiaIH{ELAK meta-cassifiler
8) {RIF(EREEFTESFerixEEl. ucf 34,
= 4B E
1) 7EUnico TEEZEEH . ucf X4
2) fEUnicoEE&ZEdecision treefyiit,

Log files

Lys
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(data pattems) y

Attributes file
‘ (.ARFF)

2oy e pa

egister Configuration
(-ucf)



Lsmo6dsox:

https://www.st.com/content/st_com/en/products/mems-and-
sensors/inemo-inertial-modules/Ism6dsox.html

STEVAL-MKI109V3:

https://www.st.com/content/st_com/en/products/evaluation-
tools/product-evaluation-tools/mems-motion-sensor-eval-
boards/steval-mki109v3.html

Unico GUI;

https://www.st.com/content/st_com/en/products/embedded-
software/evaluation-tool-software/stsw-mki109w.html
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