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Annotation

Wearable computing places tighter constraints on architecture design than traditional mobile computing.
The real structure of the computer is much more complicated than the structure of mobile computers. In modern
computers, in particular personal computers, there is increasingly a departure from the traditional architecture of
von Neumann, due to the desire of developers and users to improve the quality and performance of computers.
The quality of a computer is characterized by many indicators. This is a set of commands that the computer is
able to understand, and the speed of the CPU, the number of peripheral I / O devices connected to the computer
at the same time. The main indicator is the speed — the number of operations that a processor can perform per
unit of time. In practice, the user is more interested in the performance of the computer — the indicator of its
effective speed, that is, the ability to not just quickly function, but quickly solve specific tasks.The architecture is
described in terms of miniaturization, power — awareness, global low — power design and suitability for an
application. A system — in — a — package (SiP) generally contains a variety of systems such as analog, digital, high
frequency and micro electro mechanical systems, integrated in a system — level package connected through a
substrate. In this article we propose a SiP model and the packaging implementation of the SiP as a complete
microsystem.

Key words: Wearable Computer, System — In — a — Package, Multi Chip Module, Sensor, Miniaturization,
Microcontroller.

AHHOTALINA

IlepeHOCHOI KOMITBIOTEP HAKIIAIBIBACT OOJICE KECTKUE OTPAHIMUYCHUS Ha ApPXUTCKTYPY, YeM TPaIUIUOHHBII
MOOHJIBHBIA KOMITBIOTEp. PeanbHas cTpyKTypa KOMITBIOTEpa 3HAYUTEIBHO CIOKHEE, YeM CTPYKTYPa MOOMIBHBIX
KOMIIBIOTEPOB. B COBpEMEHHBIX KOMIIBIOTEPAX, B YaCTHOCTH MEPCOHAIBHBIX, BCE Yallle MPOUCXOIUT OTXOJ OT
TPaIUIIMOHHOM apXuTeKTyphl (hoH Helimana, 00yCIOBICHHBIH CTPEMIICHHEM Pa3pabOTYMKOB U MOJIL30BATEICH K
TIOBBIMICHUIO KAueCTBA W TMPOU3BOIUTEIHHOCTH KoMIbioTepoB. KadectBo DBM xapakrepusyercs MHOTHMH
MOKa3aTesIMA. DTO Ha0Op KOMaHJ, KOTOpPhIE KOMIBIOTEp CIIOCOOHBIA IMOHMMATh, W CKOPOCTh pPabOTHI
HEHTPAIBFHOTO MpoIleccopa, KOJIMYECTBO MepHU(EpUHHBIX YCTPOWCTB BBOJA — BBIBOJA, NMPUCOCAMHAEMBIX K
KOMIIBIOTEPY OJHOBPEMEHHO. | TaBHBIM ITOKa3aTeNeM SIBIISETCS OBICTPONEHCTBHE — KOJWYECTBO OMNEpaIlHid,
KaKyI0 IPOIIECCOp CIIOCOOEH BBHITTOJIHUTD 3a €AMHUIYY BpeMeHU. Ha mpakTrke moip30BaTesst 00JbIe HHTEPECyeT
MPOU3BOIUTEIHHOCTh KOMIIBIOTEpPA — MOKA3aTelb ero 3P(EKTUBHOTO OBICTPOICHCTBUS, TO €CTh CIOCOOHOCTH HE
npocTo OBICTPO (PYHKIIMOHMPOBATh, a OBICTPO pEIIATh KOHKPETHBIC TOCTABICHHBIC 3a1add. ApPXHUTEKTYypa
OMMCaHA B TEPMHHAX MHHHUATIOPHU3AIMH, KOHTPOJSL MOTPEOISIEMON MOIIHOCTH, TJIO0AIBHOW MAaJOMOIIHOM
KOHCTPYKIIMU W TPUTOMHOCTH Ui npuMeHeHus. Cucrema B omHOM Koprmyce (SiP) OOBIYHO CONEPKHT TakKue
pa3HOOOpa3HBIC CHCTEMBI, KaK aHAJIOTOBBIC, IIU(POBBIC, BHICOKOYACTOTHBIC U MHUKPO — 3JJIEKTPOMEXaHHUYCCKHE
CHCTEMBI, HHTCTPUPOBAHHBIC B MAKET CUCTEMHOTO YPOBHS, COCAMHEHHOTO Yepe3 IOII0KKY. B 3Toil crathe MBI
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npeanaraeM MoJiens SiP 1 yrmakoBouHyro peanu3anuio SiP kak MoTHOIIEHHONH MUKPOCHUCTEMBI.
KiroueBble ciaoBa: IlepeHocHoli xomrmbioTep, CucremMa B OZHOM Kopiryce, MyJIbTHYHIIOBBI MOMYJIb,
Jatunk, MunuaTiopuzanus, MUKpOKOHTPOILIED.

AHjgaTna

JKeIDKBIMATTBI KOMIIBIOTEp OCTYPIi MOOWIIBII KOMITBIOTEpTe KaparaHaa apXUTEKTypara KaTaH MIeKTeyiep
Kosimbl. HakThl KypBUIBIMBI KOMITHIOTEp KaparaHaa eaoyip KypAeldi KYpbUIbIMBI OOWBIHIITA MOOWIBIIK
xomnbloTepinep. Kazipri komibrotepriepse, aran aitkanaa, aepbec, keOiHece, KalIbIK JIOCTYpili coyneT (oH
HeiiMaHn, keTicUITeH TaTIBIHEBIC JKacayIIBLIAPIBIH KOHE MaiJaTaHyIIBUIAP IBIH CATIACKIH apTTHIPY XKOHE OHIMIIUTIT
kommbroTepiiep. Camacel DEM cumaTranaibl KONTEreH KOPCETKITepi. byl KUBIHTHIFBI KOMaHIA — KOMIBIOTEP
KaOLIeTTI TYCIHY, JKOHE KbULIAMJIBIFBI )KYMBIC OPTANEIK IPOIECCOpP, CaHBbI MEPUPEPHSIIBIK KYPHUFbLIAP CHI13Y —
HIBIFapy KocbutaThiH. CoyJieT MUHUATIOPU3AINS, TYTHIHBUIATEIH KyaTThl OaKbuIay, skahaHbIK a3 KyaTThl KYPBUIBIM
JKOHE KOJIIaHy YIIiH »XKapaMABUIBIK TepMUHIEpiHAe cumaTttanFadH. bip xopmycra (SiP) omerre yKcac, caHABIK,
JKOFaphl KHUUTIKTI JKOHE MHUKPO — 3JIEKTPOMEXaHWKAJBIK JKyHelep CHAKTBI OpTYpii KyHhemepmi kamtumpl. by
Makanana 6i3 SIP monenin sxoHe SIP — Ti TOJBIK MUKpO Ky#ie peTiHae opaybl YChIHAMBI3.

Tyilinai ce3nep: TackMaIaHATHIH KOMITBIOTED, Oip KOpIrycTa xyie, MyJIbTHUHTIOBBI MOIyb, JlaTuuk,
Mununatiopuzanus, MUKpOKOHTpOJLIEp.

Introduction

In now a days many sensor systems exist in the world, you can find them everywhere
around us. The sensors are the connection between the real and the virtual world. These
systems can exist in different forms and dimensions. But the sensor systems made to be
integrated in the cloths have to be designed by the criteria of wearability. Those wearable
sensor nodes have to observe and recognize the activities and the environment of the object.
For this reason, miniaturized low — power signal processing algorithms have to be
implemented to run in real — time at low power levels. Wearable computing is the missing
part between the human world and the existing mobile devices.

The development of the wearable computing and the microelectronic technology require
a new design of the Sensor Button, including future miniaturization, new components and
more sensor integration, with complete covering of the criteria of wearability. To achieve a
new complete context recognition system, new motion sensors have to be added. In this
direction, Sensor Button 2 is able to integrate more motion sensors and the possibility to have
physiology sensing. This Sensor Button 2 allows making one big step toward to the future of
the wearable computers, a step to one complete, fully integrated, MCM based / Multi Chip
Module/ system.

In this new version of Sensor Button, we focus the attention in the sensor integration
(sensors per metric unit). With this criterion of measure, we can evaluate and show the future
development of the wearable sensor systems. The sensor integration in the wearable systems
depends mostly of the development of the sensors and the complexity of the recognition tasks.
The simple dependency, more sensors — more possible activities to be recognized, pushes a lot
of organization to focus of development of these systems.

The small, low power, on — body networks allow a real time observation of the object.
For this reason, these on — body networks have to be always on, to provide useful information
for the behaviour, the activities and the environment in different subjects.In this way one
system combination of accelerometer, magnetic field sensor, gyroscope and microphone
could be used for complete 3D recognition of the activities (hand moving, going upstairs,
going downstairs, running etc.).

System Design

The design of Sensor Button 2 (Figure 1) consists of three principal subsystems:

MCU/RF Unit (Microcontroller and Radio Frequency Unit), Sensors and Power Supply Unit.
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MCU/RF Unit is a CC2430 Wireless microcontroller with combination in one system
on chip the tree existing subsystems on the diagram — Analog — to — Digital Converter /ADC/,
Microcontroller /uC/ and Radio Frequency Unit /RF Unit/.

1. Microcontroller core in CC243 is an industry — standard enhanced 8051 MCU, 128
KB flash memory, 8 KB RAM, 12 — bit ADC with up to eight inputs and configurable
resolution, Two powerful USARTs with support for several serial protocols and 21 general
I/O pins, two with 20mA sink/source capability.

Figure 1 Basic System Architecture

2. Radio Frequency Unit is a 2.4 GHz IEEE 802.15.4 compliant RF transceiver. The
transmission output power is software configurable for up to 16 power levels.

3. Sensors

Motion Sensor AMI601 integrates a 3 — axis magnetic sensor and a 3 — axis
accelerometer with their controller IC in a single small package. The 3 — axis magnetic sensor
consists of 3 magneto — impedance sensor elements set in mutually orthogonal position. The 3
— axis accelerometer consists of three sets of a magneto — impedance sensor and a micro
magnet on a cantilever to detect acceleration, with the three sets in mutually orthogonal
position.

The controller IC of the AMI601 consists of a circuit for detecting the magnetic signals
from the 6 MI — sensor elements, an amplifier capable of compensating each sensors offset
and setting appropriate sensitivity values, a temperature sensor for measuring the ambient
temperature, a 12bitAD converter, an 12C serial output circuit, a constant voltage circuit for
power control and a 8032 micro — processor controlling each circuit.

Integrated Dual — Axis Gyro IDG — 300 is an angular rate sensor (gyroscope). It uses
InvenSense’s proprietary and patented MEMS technology with vertically driven, vibrating
masses to make a functionally complete, low — cost, dual — axis angular rate sensor. All
required electronics are integrated onto a single chip with the sensor.

The IDG — 300 gyro uses two sensor elements with novel vibrating dual — mass bulk
silicon configurations that sense the rate of rotation about the X — and Y — axis (in — plane
sensor elements with novel vibrating dual — mass bulk silicon configurations that sense the
rate of rotation about the X — and Y — axis (in — plane sensing). This results in a unique,
integrated dual — axis gyro with guaranteed — by — design vibration rejection and high cross —
axis isolation.
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The IDG — 300 gyro includes integrated electronics necessary for application — ready
functionality. It incorporates X — and Y — axis low — pass filters and an EEPROM for on —
chip factory calibration of the sensor. Factory trimmed scale factors eliminate the need for
external active components and end — user calibration.

The scale factor of the gyroscope depends on the amplitude of the mechanical motion
and the trim setting of the internal programmable gain stages. The oscillation circuit precisely
controls the amplitude to maintain constant sensitivity over the temperature range.

Figure 2 Placement scheme

Microphone AKU2004 is a surface — mountable CMOS MEMS Digital — Output
Microphone which is ideal for use in microphone array applications where a high degree of
noise immunity is required. The AKU2004 integrates an acoustic transducer, analog output
amplifier, and a 4th _order sigma — delta modulator on a single chip. The output of the
microphone is pulse density modulated (PDM); a single — bit digital output stream that can be
decimated by a digital filter in downstream electronics. The digital output is more robust than
the low — level analog output signals of the standard ECM and therefore saves significant time
and expense in system design and eliminates the dependence on shielded cables for signal
routing.

Power Supply Unit combines battery and low voltage boost converter TPS61201 from
Texas Instruments. The amount power consumption is calculated in the base of absolute
maximum ratings of the components. The average maximum peak current consumption is
40mA.

The power consumption will be reducedby the optimization of the appropriate working
algorithm. Because of the digital output sensors, feedback from the microcontroller allows to
be madeinstate of the continuous working time of the sensors.

WHY SYSTEM IN A PACKAGE?

Most of the electronic packaging modules require low cost, high performance, high
speed, good manufacturability, environmental compatibility last but not the least, long term
reliability. In a System — in — a — Package (SiP) normally the objective is to combine many or
all of the electronic requirements of a functional system or subsystem into one package.
Within a great variety of SiP’s, we focus on SiP’s which size ranges from several centimeters
to one millimeter or even smaller. The system may include a diversity of components like
passives, RF shields, connectors, solar cells, batteries, micro power generators etc.

A SiP package differs with a system on Chip (SoC) technology [2] where all the
functionalities of the system are realised on a single chip as. SiP has the advantage that each
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IC can be optimised for its function in terms of design, and wafer fabrication process.
Generally using a SiP solution has the following advantages from the design point of view.

1)  SiP solutions often have reduced routing complexity and layer count. It is possible
to move the routing from the motherboard to substrate. Especially in complex designs this
saves the time during the design phase.

2)  SiP solutions allow reducing the power consumption by shortening the line
lengths between IC’s, which in turn reduces the capacitive load.

3) With in a SiP it is often possible to place memory and logic chips close to each
other, allowing to increase the data speed enhancements from an ASIC (Application —
Specific — Integrated — Circuit) or CPU (Central — Processing — Unit) to memory.

4) In RF (Radio Freequency) and wireless SiP, package is treated as a part of the
circuit, which makes it possible to enhance the circuit function through the package design
and materials selection.

Sx10-2

Figure 3 Development of wearable sensor platforms

One of the most important criteria to evaluate the existing sensor platforms is the sensor
integration. In term of wearable computing we use the sensor integration in meaning of

sensors per mm’ . To show the future development of the wireless sensor platforms and to
situate the Sensor Button 2, we made this graphic in base of some existing platforms.

From Figure 3 we can see the evolution in the wireless sensor systems. The next step for
our research will be a MCM based Sensor Button.

Miniaturization of the system

The wearable sensor nodes should be extremely small and consume so little power that
no power source change is required for several months to years. Working towards this vision,
the previous work dealt with issues such as [1], activity recognition using low — power
features and classifier algorithms, optimization of power and size in a multi — sensor context
recognition platform, development of hybrid micro power supply to achieve autonomous
behaviour, reliability modelling of embedded systems in wearable computing, detailed
systematic approach considering wearability and power consumption for selecting optimized
architectures with respect to power consumption.
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The first sensor button system consisted of a number of different modules, assembled in
one package. The elements of this module were: sensors / including analog output and digital
output sensors /, analog to digital converter (ADC), microcontroller (uC), radio frequency unit
(RF Unit) and power supply (Figures 1 and 4).

Figure 4 Sensor Button |

The presented sensor button II (Figure. 5) enlarges the number of activities to be
recognized (identified) and is miniaturized in 3D. A motion sensor (3 — axis magnetic sensor
and a 3 — axis accelerometer) and an integrated dual — axis angular rate sensor (gyroscope) are
included in the system and a microphone as well. The next step is to add a physiological
sensing.

In Figure 1 we can see also the division of two ways of sensing — sensors with analogue
outputs and sensors with digital outputs. This division based on the sensor progress has the
tendency of miniaturization of the analogue part. The miniaturization of the analogue part
minimizes the power consumption and in the same time simplifies the required amplifiers and
analogue to digital converters [7]. The new concept of wireless microcontrollers combines the
radio frequency /RF/ Unit and the microcontroller core. This provides possibilities for
integration of more functions in one package. The dimensions of Sensor Button II (Fig. 5) are:
diameter 25 mm, thickness: ~6mm. The criteria of «wearability» and functionality will be
completed with the possibility of integration in a MCM.

Figure 5 Prototype of Sensor Button II
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Conclusion
The new Sensor Button represents one complete, wearable system with large
recognition possibilities. This new version gives the possibilities to study a huge number of
activities. This version gives the bases of the new era in wearable sensor platforms — the
Sensor Button implemented as a SiP.

We are focusing our attention now in the thermal design and optimisation of the Sensor
Button.
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