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ABSTRACT

Magnetic sensitive angle sensor is a high perforreantegrated magnetic sensitive element, the imdRimagnetic
signal characteristics of non-contact, with micropessor for a new generation of angle sensor igtsilt signal
processing is made. Fluxgate sensor is the usefofrmgnetic materials, some high permeability (sas slope Mo
alloy) as the magnetic core, with it's together endAC magnetic saturation characteristics of thmds and
Faraday electromagnetic induction principle of matja measuring device. The paper proposes the eatpin of
angle sensor and fluxgate sensor in design the tssarsor system. The simulation experiments shatvtie
method is effective to design smart sensor.

Keywords: Angle sensor, Fluxgate sensor, Smart sensor.

INTRODUCTION

The angle sensor is able to feel the angle measum@donverted into usable output signal of thesserirhe angle
sensor is used to detect the angle. There waseihdts body, can be matched with the shaft |ayben the
connection to the RCX, 1/16 axis rotates each esirahgle sensor will count once. Go in one directicount
increased, change of the rotational direction,dberease in the number of. Count and the initigloisition of the
angle sensor. When the initial angle sensor, cibimset to 0, if necessary, you can use the @rmogo reset.

Fluxgate magnetometer and it is also known asttiralsle magnetometer. It is a kind of electronignmetometer. It
uses high permeability Po Mo alloy as the sensigl@ment, magnetic saturation can be achieved weak
magnetic fields [1]. Core sensitive element for ¢kesed magnetic circuit, the two sides arounchéodame number
of turns, winding excitation winding on the contrais outside the output winding. The excitatiomaling with
alternating voltage, the sensitive element to aghielose to saturation, if there is no external medig field,
magnetic flux waveform symmetry on both sides & tbverse, then there will be no signal windinguicttbn
voltage output.

Magnetic sensitive angle sensors with high perfogeaintegrated magnetic sensitive element, the ciing
magnetic signal characteristics of non-contacthwiicroprocessor for a new generation of angle @einselligent
signal processing is made.

Stay-supported style displacement sensor using tthditional potentiometer displacement sensors, clvhi
components will be through the potentiometer meidadudisplacement into linear or any function of tlesistance
or voltage output and. General linear and circplatentiometer can be used as a linear displacearehtangular
displacement sensor. However, designed to achieeepurpose of measuring the displacement potenteme
requirements between the displacement variationrasidtance variation has a certain relationshgtefiometer
displacement sensors movable brush and the olojdxe tneasured is connected, caused the displacefaljects
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resistance potentiometer at mobile terminals. Vianavalue reflects the magnitude of displacemtd, resistance
increase or decrease indicates that the displadeditention.

Fluxgate sensor is the use of soft magnetic mdgersmme high permeability (such as slope Mo allag)the
magnetic core, with it's together under AC magnesituration characteristics of the times and Farada
electromagnetic induction principle of magnetic swiéng device. The structure can be viewed as a@iape
transformer, a fluxgate magnetometer method isguie special transformer core, when alternatingectt flows
through the primary winding of a transformer, magneore repeatedly by alternating saturation mégaton
excitation, when there is an external magneticdfiehe excitation is not symmetric, modulated outpignal
transformer by the external magnetic field. By n'eahmeasurement of modulation signal detectiopututan be
achieved on the external magnetic field. The pgpeposes the application of angle sensor and flgxgansor in
design the smart sensor system.

2. The Working Principle of the Fluxgate Sensor

A fluxgate magnetometer instrument is the core hange magnetic properties in the alternating magfieid

excitation thereby modulating the measured magritid measurement of external magnetic field, byams of
detecting the modulated signal. A fluxgate magnet@mmethod with its wide measurement range, hégblution,
and it is wide frequency band and economical aadtfmal characteristics.

Intelligent instrument is the computer technology a@esting technology product of the combinatioontain a
microcomputer or microprocessor measuring instrumeAs it has for data storage, calculation, logied
automation functions, with some intelligence ralhich is called intelligent instruments. Hardwareludes a
microprocessor, memory, input channels, output eéEn man-machine interface circuits, communication
interface circuits and other parts.

The three component fluxgate magnetic field dedectievice is mainly based on Faraday electromagmetuction
principle to realize the detection of the geomaignield. The geomagnetic sensor signals into eledignals,
judging the geomagnetic signal detection device big detecting the electric signal detection, drehtjudge the
sites of. To achieve this judgment relies mainlytlom three component fluxgate sensors, each sergon adopts
double core structure, the excitation current ofiding in series two iron core excitation coils babkough the
excitation coil.

Because of the long-term stability of instrumemtmperature characteristics and so can not meetoirapthe

stability of the instrument number, temperaturg@dmagnetic low instrument, reducing complexitguaee the size
of the instrument installation, improve the degofeautomation instrument has been the instrumentimoes

development and improvement goals. The main featfithis three component fluxgate magnetic fieldiscussed
in this paper, the measuring device has the snallinve, simple installation, high stability, becausecan

simultaneously measure the magnetic field in threation of three components, then the vector swigheso the
measured data with high reliability.

C, =(aCj + AC})/2 0

The direction of the magnetic field generated i@ tWvo core excitation in the opposite, if the tvayecshape, size
and electromagnetic parameters are completely synwale the induced EMF in two core flux generatadthe
measuring coils in the offset each other, the duipzero; when the external magnetic field is &ggphlong the
direction of the long axis of the magnetic coreeah of a core of another to achieve saturationjltieg in
induction electromotive force cannot be measureal é¢oil output offset each other, asymmetric warnefdhe main
component is the two harmonic wave excitation dig@h The induced electromotive force generated thy
magnetic field amplitude is proportional to theesral magnetic field size, can be measured byweeharmonic
component of measuring the output signal of thenatg field.

Intelligent sensor independent, although able teaenvironmental information quickly and acculgtbut with
the continuous expansion of the scope of measurteamehcontrol, access to a single node, passieentgtion has
been unable to meet the requirements of distribotedsurement and control, intelligent sensor amanzonication
network technology, the formation of a networkedasnsensor. Networked intelligent sensor to sebgaa single
function, single detection to multiple functionsdamultiple point detection development; informatiprocessing
direction from passive to active detection; fronsitu measurements to the development of remotdine@ online
measurement and control. The sensor can be thesteacrcess network, sensor and control deviceutith
point-to-point connection, greatly simplifying th&cuit, saving investment, convenient maintenaawe expansion
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of the system.

The three component fluxgate magnetic field dedectevice is mainly to measure the magnetic fitdlengith by
detection of the geomagnetic field in three muguglerpendicular directions on the components. Threet
component fluxgate magnetic sensor can detectusmomponents of geomagnetic field is modulatedadjghe
frequency selection amplifying circuit is proporta to the size and weight of the amplitude oftthe harmonic,
the signal is 6 times the frequency of samplindvti® A/D, through the external interrupt the sampldata to the
SCM is respectively, SCM enough sampling data af ¢tycles in reading (a total of three groups, egrclup of 16
bytes is 9 32 bit data), the MAX232, conversiomafa to the computer through the serial port tal $ha way, with
the computer to complete the data processing aalgsas of the final.

Fluzgate sensor
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Fig. 1. Working Principle of the Fluxgate Sensor

Changes in the scope of the aperture time, narhelyaperture time is not constant, but random cramgein a
certain range. When the switch is off, the CH vatunot stable, after TAP, the output is still aveaafter a period
of steady time to remain stable. In order to adelyaquantify, should be delayed for some time irkesep
instructions, and then start the A/D conversionedyre error: sample-and-hold output actual redentialue and
ideal output difference.

Fluxgate sensor requires 65 kHz excitation signe&d to have an oscillation circuit to provide freqcy source.
Quartz crystal oscillator signal frequency generatiate is 65MHz, the need for 4000 times (abou22545296
times) frequency. At the same time, A/D 4 frequemayltiplication sampling, 99kHz clock signal, are tduty ratio
close to 100% (see AD7656 sequence), so the 85 tive frequency divider output needs to pick up digmal

conversion circuit. The frequency divider by 32 dipnis counters/divider 74HC4060 and it is circpitnciple

diagram of figure 2. Figure 98 feet 29 times thegtrency of the output, the differential circuiféom 1nF capacitor
and 1.6K resistance, and the signal conversionitiesd gate shaping circuit, A/D conversion citquiovides a
starting signal.

Smart sensor is a function of having only a tradil sensor signal acquisition, signal conditiorgirguitry, and it
is a microprocessor bus interface with digital fodid as a whole constitutes a smart sensor syst&mtd bus
control system development is to promote the dewraknt of such a sensor. Manufacturers can keeprigmal

production process equipment will remain basicatighanged, added a digital bus interface with aapiocessor
and equipped with control, data transmission, gatacessing and other functions of the intelligeoftvgare,

enabling intelligent sensor function. This is anm@mical and fast way to build intelligent sensors.

The divider output load capacity is weak, can r@tivectly used for incentive therefore need to@gircuit power
amplifier. The excitation signal ideal should be frequency of 85 kHz, amplitude of 3V wave, andhie rate of
sine wave is very stable, so the actual excitagignal using 95 kHz square wave, the amplitude\VofThe output
amplitude frequency divider is about 6V, the 5.6kffér resistance reduction; power amplifier circoiitput
amplitude is about 4V, the need for transformapicocessing.

Because the sampling frequency must be accurafeutotimes, so the A/D sampling rate should be alals;
because it is the sampling of AC signal, so A/Duthde positive and negative sampling; subjech#orealization
of the three component measurement, there are thesksignal input, and also to the three signaipdimg, the
A/D can achieve three above at the same sampliogorlling to the above requirements, the final sielecof
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successive approximation type 16 A/D data acqaisitircuit AD7656. The highest sampling frequentyAD7656
can reach 250kHz, which belongs to the succesgipeoaimation, the sampling frequency variable, bywerting
the enable pin input enable signal, control sixcleds simultaneously data conversion.

VafX] =E[(X - )X = £4)"]1=C; 2)

Multidimensional physical variable detection fuocti is actually a double-edged sword to improve aWer
performance, but between each element will haver ror less interference, thus affecting the ultemrasults, lead
to the inaccuracy of measurement, how to elimisateh interference is one of the urgent problentsetsolved [3].
2 data from the storage function far not strongugosensor with communication protocol as an example
sensor internal memory space is not enough to attweof diagnosis and parameter configurationrimation, still
need to store the industrial control machine PC.

The magnetic measurement instrument accordingettyfte of the magnetic sensor is divided into m&tane been
eliminated is mechanical magnetometer using mechhmagnetic sensor; magnetic sensor is widely wded
present has the magnetic through proton spin dper tagnetic sensor, magnetic sensor, optical pugnpiagnetic
sensor, SQUID (superconducting quantum interfereleséce) magnetic sensor, optical fiber type magresnsor,
semiconductor magnetic sensor; magnetic measuransniment in research, testing phase of a stdictrn spin
resonance magnetometer, atomic magnetometer.

Delay: after the microprocessor sends the stadiggal to the A/D converter, A/D converter basedsmitching
time delay, average delay time is slightly largeart the A/D converter switching time, the delagver, read data.
The method is simple; query port not occupied,dnaupies CPU time, low efficiency, suitable for ggesing task
is scarce.

The main chip serial communication used is MAX2B2,low power consumption shutdown mode suitable fo
battery-powered systems. The external circuit ispg, so it is suitable for application in the ardathe printed
circuit board co.. It has dual charge pump volta§®C-DC converter, RS232 drive, RS232 received mateiver
and transmitter enable control input. MAX232 thare two internal charge pump, will be converted® + 5V
(no-load), provides working voltage for the RS-282ve, the first converter using capacitive C1 + B¥ut is
doubled, get V output on the C3 10V, second compversing the capacitance C2 + 10V is convertetigdvt output.
Integrated smart sensors are sensors inevitalnig tedevelopment, but there are still some diffipuoblems, such
as the sensitive components and integrated cit@tlinology compatibility issues, the chip areanstéd, the signal
processing circuit test environment impact and oiksues. Hybrid implementation is based on thedsesnd
possibilities of each of the integrated areas & #ystem (eg sensitive unit, a signal processinguiti the
microprocessor unit, a digital bus interface, et ifferent combinations of two or three integmton the chip, as
is shown by equation3.

a a d)x
X'=W(X,P=| a a d
0O 0 1)1

®3)

Channel differences on three component measuresiesign correction scheme, the difficulties in tlesidn of the
three component fluxgate magnetic field detectievick is three component measurement, each channel
pre-process of each component, the gain may natob®letely consistent, this will lead to measuretremor,
affect the accuracy of the measurement resultseliability.

Using the internal reference voltage measuremanst voltage range measurement signal is 0 ~ 5Q0mi\én the
input signal full-scale input, analog digital consien of the MSB output is not 1, but for signal@ification, the
maximum magnification of up to 32. When the maguifion of input signal is N, the range of the inpiginal will
be reduced to the original 1/N. For example, whiemosing a PGA magnification of 2 times, input vgéarange
measurement signal is 0 ~ 250mV [4].

The fluxgate sensor has the advantages of highutesg weak magnetic field measurement range, lswedime,
light weight, low power consumption, the economygi®od, can loss directly measuring magnetic fiedd &
suitable for high speed motion system to use ahdratharacteristics, are widely used in varioulsl$§ieThis paper
analyzes the working principle of the fluxgate sendiscusses in detail how to use digital demdthramethod for
signal processing. This paper also introduces tboeeponents of geomagnetic field detection dewtoe,design of
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hardware circuit and MCU program.

3. Research on Application of Angle Sensor

Usually on the potentiometer is connected to therggosupply voltage, the resistance change is ctenvan a
voltage output. The traditional displacement sengiper is moved due to its resistance to turn taste ladder
change; its output characteristic was also stepfietthis displacement sensor used in the servoegygtosition
feedback device is too large, then the step voltage cause system oscillation. Therefore, the mtimhu of the
potentiometer should be to minimize the resistasiceach turn. At the same time, another major deskbof
potentiometer sensor is easy to wear, low resaiufimwv resistance, high frequency characteristicditference,
which leads to a decrease in the measurement agcuta advantages are: simple structure, largeuiwignal,
convenient use, low prices.

Stay-supported style displacement sensor magnetisits/e point of technology in the medium of magnéeld,

based on the mechanical displacement, will chasgthe angle of the magnetic field changes, hargblee the
contact mode of traditional pull displacement senea the other hand, reduce the frequency chaistiteof the
system is improved, so as to ensure the wear,agispient detection accuracy. The data processinigussid for
magnetic sensitive point of the received signahisugh the mathematical model for the displacers@nal cable.
Communication interface, communication through ¢benmunication interface and application systemeikéeg

from the application system of equipment command e displacement signal is to collect the feekltacthe
application system[5].

Smart Sensor technology is a booming modern sertechnology, involving micro-mechanical and
micro-electronics technology, computer technologgtwork and communications technology, signal pssicey
technology, circuits and systems, sensor technologyral network technology, information fusionheclogy |,
wavelet transform theory, genetic theory, fuzzyotiyeand other disciplines integrated technology.

Sensor and magnet sensitive angle is arrangedeinséime axis, changes to induction magnet anglag usi
microprocessor, the processor reads the magnesceptibility in terms of information, and throughet
establishment of mathematical model, the magnetasiive angle calculation for cable displacement.
Communication interface, a microprocessor througimmunication interface receives commands from the
application system and the displacement informatisnreturned to the application system through the
communication interface.

R
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Fig. 2. Application of Angle Sensor figure

Through the analysis of Figure 2, magnetic anglesseusing MLX90316, which converts rotating magwae

displacement caused by the angle for the magnetisitive angle. 32 bit embedded ARM microprocessitr used
for treatment on the magnetic susceptibility of theeived data, receiving magnetic angle datareheived field
transformation perspective, so through the estatiént of mathematical model, combined with the ditmof the
wheel hub, the magnetic sensitive angle converfgsiothe guyed displacement. Therefore, in ordezdiablish can
receive and model data quickly, here to choose UB62s the data processing unit. Processing ot,imuiput
control module is responsible for various exteriderfaces, such as received from the applicatigstesn
commands through communication interface, retuspldcement of the collection to the applicatiortesys

Based on the displacement transducer magnetisnitigensoint of technology we design a road RS 4&pa
output, RS 485 interface chip MAX3485, used for digplacement data and application system. In ciwensure
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the reliability of data communication, communicationterface adopts photoelectric isolation chip 8R1
Controllable current output interface, 4 ~ 20 mApaut current of a controllable with data processimg, used to
drive on the instrumentation. The PWM2 is connedtethe ARM pins of the PWM2, the PWM signal is diser

on-off control of optocoupler inverter, mainly usted tuning the waveform, based on the magnetisifga angle
and displacement relationship, establish mathealatimdel, calculate the PWM duty cycle, so as toiea® the
purpose of regulating the size of current.

When the tilt sensor static is lateral and vertdiegction without acceleration, then acting ois ithe acceleration of
gravity. The angle between the vertical axis amddtceleration sensor sensitive axis between thétgis inclined
angle. With the development of MEMS technology,riia sensor in the past few years to become thetmo
successful, the most widely used one of the miorgmder electric system devices, and micro acceletenis the
outstanding representative of inertial sensor. A& inertial sensor application the most mature, MBEMS
accelerometer with a very high degree of integratitamely sensing system and interface circuitgiatied on a
chip.

y (X
2o _=X§)i[ (X))

Ik k1T 4
LIL LIL (4)

First by using single-chip p0.0~p0.7 given numt8dsl output to 0832, DO~D7. 0832 the digital-anatogversion
is the current output into a simulation, and thgrthe Al converted into voltage is input to theddimparator, if
less than Vi P1.0 will be a high level of. Compariss then input COH and Vi. If Vi is greater thdre input to
compare 40H with Vi. The comparison of eight caacteto PO port input value is converted to digifaantity Vi

also achieved a 8 bit successive approximation APE converter. Simulation design a no invertingpéifier

switch CD4051 trial multiplexer.

Gas by buoyancy in the heated, as solid penduluinlignid pendulum sensitive quality also has thmeaheat
flow always tries to keep in vertical direction, gohas the pendulum characteristic. "Gas pendulimettial

component composed of a sealed cavity, gas anthéigé]. When the plane where the relative horiabtitt or

cavity by the effect of acceleration, wire resis&mo change, and change of resistance is a funeofiangle hotline
Q or acceleration, and thus has the pendulum eflda change in line resistance is gas exchande thv line
energy caused by it.

Tilt sensor MCU, MEMS accelerometer, analog-digi@hversion circuit, communication units are alegrated in
a very small circuit board. Can be directly outmutgle of tilt data; make it more convenient to uselts
characteristics are: silicon micro mechanical se(ig&MS) by a horizontal plane as a reference plaiagial angle
changes. Output angle to geoids as reference, datagain calibration. Data output, interface typetude RS232,
RS485 and custom etc.. Resistance to externadtremagnetic interference ability.

4. Application of Angle Sensor and Fluxgate Sensor in Design the Smart Sensor System

Fluxgate sensor with high sensitivity, strong cootpélexible use, reliable work, low power consuiapt simple
circuit structure and other advantages, is widedgduin the field of weak magnetic field measurenj@ht The
majority of the magnetic measurement instrumenteruly using the geomagnetic measurements is iragort
products; the price is expensive, difficult to reghan. Based on this situation, this paper maintsoduces a new
geomagnetic detection device. The detection devisesimple circuit, the digital processing of measent data,
convenient operation, low cost, modular design, eady to repair. And, compared with most of the me#g
measurement instrument detection device, poweruropgon is very low, with £ 12V external power sliygphe
measured data can be sent through the serial @@adrhputer for processing and analysis, the coeveei of the
study.

Based on the displacement transducer magnetismtigenangle technology with magnetic vector for the
transmission, the displacement transformation imtagnetic field angle displacement, at the same,tithe
displacement signal is returned to the applicasgstem through the communication interface [8]. Derall
design scheme, the displacement transducer magnegssitive angle technology based on the funatibthe
mechanical displacement of cable is changed irgotiétal signals that can measuring, recordingramsmission,
mainly by the automatic return spring, wheel hulmagnet and a data processing unit and other parts.

This paper will have the induction voltage pulsetpott The amplitude and the external magnetic fisld

proportional to the size, it can determine the sizexternal magnetic field. From the above carséen from the
fluxgate magnetometer instrument has its own adwd, is the other magnetic measurement instrucaenot be
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replaced. Flux gate is the first electronic magmedter in practical application. Fluxgate magnetieasurement
instrument is now very small, easy to carry, threrimment is simple to use, cost comparison is gmnin the general
survey of more.

Design of the detection device can detect the ntagsignal to the three components of the magriegid, the

signal after the preamplifier circuit filter and plifier to obtain two harmonic measurement need37856 four
frequency multiplication sampling of the two harrgreach sampled 16 data in interrupt mode 16 aitltel

transmission to the monolithic machine, when theMSi@ceives up to two cycles of data, close theriofd,

single-chip microcomputer to read in the query datahe computer through the serial port circuitsend. The
design used in the high precision analog-to-digitalversion technology and MCU interrupt servicd #re serial
communication.

Software includes 3 modules: SPI communication r@dWM control current output module, communication
module, RS 485 MLX90316, the programming processhiswn in figure3. PWM control current output maslul
mainly through the duty cycle to adjust the currelminge of PWM size. The RS 854 communication nedsul
used to receive the system instruction and in azgare with the instructions of the data back. SfPhraunication
module of MLX90316 is mainly used for reading magneensitive angle, SPI the communication procHss:
main control end to output of 854xAA and 955xFRtescommunication initiation signal, and then tlupoit of 99
OxFF, and from the end while the output of 55 Ox&Bytes of angle signal and a4 OxFF, in ordeiotoplete a data
communication.

ingle Sensor and Fluxgate Sensor

—= angle sensor
—+— fluxgate sensor

Fig. 3. Comparison design of angle sensor and fluxgate sensor in design the smart sensor system

Sensor is composed of magnetic blocks and the sensomposed of two parts, the sensor itself witherotating
shaft and bearing, so that the greatest degreeomfenient client installation and maintenance. EBetw the
magnetic block and the sensor allows non magnetidian magnetic field can be measured through trgiumeof

space. The signal output is by a shielded cabéal/ @n the sensor inner conductor tinning. The wutd fluxgate
probe is mainly two harmonic excitation signal; sné@ be treated with measured data. Accordingegtometry of
the magnetic fluxgate sensor is divided into closed not closed.

The detecting device is mainly composed of thrempmnent fluxgate sensor, MCU minimum system, A/Bada
acquisition circuit and the serial port circuit. eTkize of the volume of vector three componentdli® sensors
detects the magnetic field, the output signal tgiothe active filter and amplifier was obtainedeafirocessing the
sine signal three amplitude and magnetic comporastproportional to the size.

CONCLUSION

At present, many important measuring instrumentghsas gyro platform, the inertial navigation pbatf,

theologize, star tracker, radar, missile launchspsice telescope, high-precision CNC machine toolsts and
other systems generally require the angle sensoméasuring the absolute angle relative to a beadk object or
relative to its relative angle at different tim&gith the development of measurement and contrdintelogy, the
system control precision requirements of more aodenmigh. The paper proposes the application ofeasgnsor
and fluxgate sensor in design the smart sensoemystThe development direction of angle sensor ishto
development of high precision; to the developmdnnmiaturized; to intelligent digital developmeng the micro
power consumption and passive development.
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