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Project presentation

HES-SO : University of Applied Sciences, Western
Switzerland

— FR, GE, NE, VD, VS

A project of the « ISYS nomadic systems interest
group »
— http://www.isys.hes-so.ch/

Develop a common platform for quickly
prototyping low-power sensing systems

Easing the HES-SO teams to work together
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Platform specification

e Generic view of a sensor network

Standard link w Y
(Ethernet, GSM, etc...)
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Platform specification

(2)

 Generic view of a sensor node/device
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Platform specification (3)

 Power module (POW)
— Battery management (charging, fuel gauge)

« Acquisition module (ACQ)
— Application dependent

e Control module (CTL)
— Central processing, power management

o Storage module (STO)
— SD Card for large amount of data
— Ferro-magnetic RAM for medium amount of data

« Communication module (RAD)
— Low-power radio communication
— 868 MHz
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Platform specification (4)

e Main aspects
— Physical size
« Common connectors
— Interfaces
o SPI
 Signaling conventions
— Power distribution
» Star topology
« Computation of available energy
— Software patterns
o ZottaOS : Power-aware operating system
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hysical view

 Stackable modules
e Small size
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Physical view (2)

o Compatibility with
previously developed
modules
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Interfaces

e« Communication signals

Data : SPI (MOSI, MISO, SCLK). The control module is SPI master
INT_ACQ :Interruption signal from ACQ (acquisition) module
INT_RAD : Interruption signal from RAD (radio) module

INT_POW : Interruption signal from POW (power) module
INT_STO : Interruption signal from STO (storage) module
SEL_ACQ_n : ACQ (acquisition) module select

SEL_RAD_n: COM (radio) module select

SEL_POW_n: POW (power) module select

SEL_STO_n: STO (storage) module select

 Power management signals (freeze)

FRZ _ACQ n
FRZ_RAD_n
Etc...

 Reset n (global reset)

e Power lines : One or two for each module

VDD D, VDD _A (digital and analog supply, 3.3 V)

ACQ and CTRL modules : VDD_C = 1.5V, VDD_IO = 3.3V are added for
supporting modern digital circuits (FPGA, MCU, etc...)

GND_D, GND_A (digital and analog grounds)
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Development platform

* Mother boards, on which all basic modules may be plugged
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ZottaOS

Power aware OS

Static and dynamic priority scheduling

Periodic and event-driven tasks

Concurrent structures (file, stack, shared data)

6kB < code size < 9kB (depends on the interrupt table

One single stack for all tasks

Maximum interrupt latency = 29 machine cycles on MSP430
Minimize the dynamic power consumption
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ZottaOS

* Results with 3 tasks with 3 operating frequencies

(MSP430F5438A, 18, 16 et 12 MHz)
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Control module

e TWwO processors:
— MSP430

» Mainly acts as a complex timer for the OS
» Stand-by supervisor for the main CPU

— ARM Cortex M1
 Embedded in an ACTEL IGLOO FPGA
 The FPGA can embed ad-hoc processing blocks

* Possibility of using the FPGA CPU or the
MSP430 or both

 The control module generates the global
reset (Reset_n) for all modules, but the
power module
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Storage module

« Communicates only with the
control module

— SC Card with FAT16 and
FAT32 support (including High >
Capacity cards)

— Ferromagnetic RAM (64 kbits,
with 12C)
e The access data rate is
limited by the system SPI

bus , N ero—
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Communication module

e Drop-in module for easier
transfer to product

e Semtech SX1211 transceiver

e TX
— 10 mW
— 25 mA
« RX
— -107 dBm @ 25 kb/s
— 3 mA

« Specific contention-based MAC
firmware (similar to CSEM'’s
WISEMAC)




Base station

e Same structure as control
module

 The only constraint is the
need for embedding the
COM module, if radio

communication is needed




Applications

o Several projects currently use the Trypano platform :

— Barkphone
» alow-power device for early detecting barkbeetles
e Audio recording — signal processing — alarm emission
» See presentation by E.Fragniere (EIA-FR)

— HUG (HES-SO, Geneva hospital)

» Sensor network for controlling the status of soap dispensers in
hospitals



Acquisition module

\ 0 -
1

d

Y

O

= &#
N
N

YVY

N

"1.3

« The FPGA handles the power management of the analog sub-
systems

— Use of a source separation algorithm (see presentation by E.Fragniere) for
enhancing the S/N ratio

— Low-power hearing aids CODEC (Texas Instruments AIC111)



Conclusion

 Trypano is an open platform for quickly prototyping low-power
embedded systems
— Sensor applications
— Sensor networks

e [tincludes a power-aware OS with small fingerprint

 We expect it to spread into HES-SO development groups



