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» SystemC AMS and Multi-Domain Virtual Prototyping (MDVP)
virtual platforms will allow costs and time-to-market reduction

» The architect perspective:
« HW/SW partitioning
« HW resources specification

* The SW developer perspective

» Early development/debug of the embedded SW before prototypes
(with analog and mechanical parts)

- Embedded SW validation for families of object movements
and corners (Temperature)

» Power efficient control/readout of MEMS (HW resources optimization)

* Virtual platform used as demonstrator for customers
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Application description

* INemo board embedding:
» Accelerometer/Magnetometer
« Gyroscope

 Motion detection for:
» Gesture recognition
« Motion tracking
 Fall detection

 Through:

« Sensor fusion algorithms
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Motion detection
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MEMS sensor: Gyroscope example mm

« Sensor functioning overview

* TDF MoC model

* Bond-Graph MoC model proposal
* Non-linear refined model from FEA

- Digital on-chip processing
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Gyroscope functioning overview

Sensing direction

X=Driving

e
~— >
Y=angular rate
Z=Sensing
Angular rate
[pitch axis)
Coriolis force: Feo=-2mQ xXv
i 4§ k
Where: QXxov=|Q, Q Q| =
Uy Uy U = F-; on Sensing axis

Unwanted Desired
term term
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Gyroscope TDF model mm

» Time step to be specified by user based on his knowledge of the

8 bit
noised
angular rate
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LEGEND:
SystemC MDVP

Bond-Graph MoC model proposal mm

AMS TDF

- Signal typing (connectivity check)

- Time step adapted to signal dynamics (time step max specified)
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Non-linear refined model from FEA

Under development in MEMS+® by Coventor

Angular rate . cl
Electro-Mechanical =
Supply voltages c2

Component-based Finite Element Analysis (FEA)
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Coupling multiple physical domains electrostatics, mechanics... A

Based on state-space system inherent to MEMS+® 3D model
* Model-Order Reduction thanks to state-number reduction
» Non-linearity thanks to the interpolation of state-space linearizations

Integration in SystemC-AMS
» Custom TDF module with specific processing() method
» Ongoing tests with Dynamic TDF (potential speed-up of the computation)
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Register bank D|g|ta| On-Ch|p pl’OCeSSlng

Stave Register address

Name address Type o Sinary Default

Reserved (do not modify) Table 14 00 - 1F - -

CTRL_REG1_A Table 14| rw 20 010 0000 00000111

CTRL_REG2_A Tabie 14 | rw 2 010 0001 00000000

CTRL_REG3_A Table 14| rw 2 010 0010 00000000

e e || oo | womors [ €ONIS
o] | 5 riooro | e

CTRL_REGE_A Table 14 W 25 010 0101 00000000

STATUS_REG_A Tabie 14 T 27 0100111 00000000

OUTPUT:
- output selection
- FIFO or Stream mode

I
Moving DIGITAL 16 bit :

NS 16 bit HPF denoised

DIGITAL . : =3  Angular rate 16 bit reg
. . denoised High-fre
8 bit noised l_elsjb": gh-ired
it
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on one axis generation on
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READOUT FIFO (empty, WTM,
full) data ready
1
: INTERRUPT
3 generation on
: threshold trespassing
1 + duration
1
Output Data Rate 1
ODR = 95/190/380/760 [Hz] INTERRUPT-:
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- threshold value
3axis - gyroscope
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'I Temperature LEGEND: SystemC

(TLM)
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Coherent stimuli generation

* Internal tool for
» Object trajectory definition (both 3D path+temporal aspect)
» Object orientation evolution along the trajectory (through Control Points CP)

* Generate xml file to provide the stimuli to SystemC MEMS simulation

CPq
CP;
1 <p>
<i>5</i>
<t>0.0020</t>
<tS>0.0004</tS>
<deltaPos> ... </deltaPos>
y <deltaAngle>...</deltaAngle>
<absPos> ... </absPos>
- : <rotMat> ... </rotMat>
<gravity> ... </gravity>
225 <Quat> ... </Quat>
E le cp <temper>27</temper>
?:” 1350 </p>
o 1 G9]1.45959
£

0.9 CPl

0.45 1 5 17,0.630563
CPq

0 L L L . L . . . . L . L L L L
o 015 0.3 0.45 0.6 0.75 0.9 1.05 1.2 1.35 1.5 1.65 1.8 1.95 2.1 2,25 2.4
Time(s)
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MoC considerations

time step
constant - constant = non-optimal
TDF & Easy to code for analog behaviors and
user defined closed loops

- user defined

Dynamic time step
—>faster simulation

dynamic
Good accuracy on Not trivial to code
Bond Graph max limit to closed-loops in current PoC
be specified (delay needed with TDF)
Simulator accuracy tunable
Refined constan in ng(zg\;zurigﬁ;merg EEA Code interpreteability
model from  currentPoc non-ﬁnearit?es) .
& time step
FEA (TDF) user defined : : - user defined
Automatic code generation
‘— Bond Graph MoC and MEMS+ model are ongoing developments
v/ in the frame of CATRENE CA701 H-INCEPTION Project
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Conclusions

- State-of-the-art for MEMS applications simulation

« Co-simulation
MEMS as FEM models + TLM VP on Linux : Too much compute-greedy

« Co-emulation
MEMS on daughter board + TLM VP on Linux : Too many boards, tough
reproducibility

« SystemC AMS-TLM Virtual Platform assembled and validated

* Next steps
« Exploit the methodology for new projects during their architecture definition phase

* Reuse the methodology for new projects with
Multi-physical domains + Analog + Digital + SW parts
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