
US 20030225537A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0225537 A1 
(19) United States 

Braghiroli (43) Pub. Date: Dec. 4, 2003 

(54) PROCESS FOR CALIBRATING A SENSOR 
FOR MEASURING AN ANGLE OF 
INCLINATION OF A MOTOR VEHICLE 
WHEEL 

(76) Inventor: Francesco Braghiroli, Reggio Emilia 
(IT) 

Correspondence Address: 
BROWDY AND NEIMARK, P.L.L.C. 
624 NINTH STREET, NW 
SUITE 300 
WASHINGTON, DC 20001-5303 (US) 

(21) Appl. No.: 10/156,188 

(22) Filed: May 29, 2002 

(30) Foreign Application Priority Data 

May 29, 2002 (IT) ........................... .. MO2001A000110 

Publication Classi?cation 

(51) Int. Cl.7 ....................... .. G01D 18/00; G01C 19/00; 

(52) US. Cl. ............................................................ .. 702/104 

(57) ABSTRACT 
Aprocess for calibrating a sensor for measuring an angle of 
inclination of a motor vehicle Wheel, comprising a trans 
ducer Which converts a unit of measurement of an angular 
displacement into a different quantity, constituted in the 
example by an electrical signal, Which represents an indi 
cation of the measured angle, comprising: reading a plurality 
of knoWn measurements relating to knoWn and different 
angular displacements Xj; reading and storing a plurality of 
ordered pairs (Xj, fj), Where Xj=kI1OWI1 measurement of 
angular displacement and fj=corresponding measurement of 
a transduced quantity obtained from a reading; calculation of 
a plurality of loW-degree interpolating polynomials Which 
are loWer than the plurality of ordered pairs (Xj, each of 
Which results from a determined number of the ordered pairs 
of contiguous ordered pairs (Xj, fj). A calculation of a 
measurement of an angular displacement not coinciding 
With any of knoWn measurements for angular displacements 
Xj is performed With at least one polynomial interpolation 
using at least one of the interpolating polynomials, Which is 
selected so that a measurement f read at the sensor for 

measurement X of the angular displacement (to be measured) 

is comprised Within a ?eld described by measurements belonging to contiguous ordered pairs (Xj, fj). G06F 19/00; G01C 25/00; 
G01F 25/00 
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PROCESS FOR CALIBRATING A SENSOR FOR 
MEASURING AN ANGLE OF INCLINATION OF A 

MOTOR VEHICLE WHEEL 

BACKGROUND OF THE INVENTION 

[0001] The process is of a type comprising a system 
(transducer) Which converts a value of an angular displace 
ment into a different quantity, in the example an electrical 
signal representing the indication of the displacement mea 
sured. A problem common to all transducers is the linear 
iZation of the measurement in output With those measured so 
that a required degree of accuracy is obtained. 

[0002] In more general terms, the problem is ?nding a 
practical Way to determine and enact a correlation betWeen 
input measurement (the angle to be measured) and output 
measurement, Which represents With the required level of 
exactness the “true” relation (never strictly linear) betWeen 
the tWo Within a certain ?eld of de?nition ie the ?eld of use 
of the sensor. 

[0003] Usual methods mostly utilise calibration systems 
based on the reading of a feW pairs of measurements 
(generally tWo or three) With Which a relation betWeen input 
measurement and output measurement is constructed, in 
geometrical terms, from a curve described by the pairs. This 
is the cause of errors of lineariZation Which tend to increase 
progressively for pairs of measurements having pair values 
Which are increasingly different to those used for the con 
struction of the correlation (curve). 

[0004] The use of a large number of pair values, hoWever, 
for constructing the curve Would lead to considerable com 
plication in calculation, Without guaranteeing an improve 
ment in the approximation. 

[0005] The main aim of the present invention is to obviate 
the draWbacks and limits in the prior art. 

[0006] This aim and more besides are all attained by the 
present invention as it is characterised in the accompanying 
claims. 

SUMMARY OF THE INVENTION 

[0007] Aprocess for calibrating a sensor for measuring an 
angle of inclination of a motor vehicle Wheel, comprising a 
transducer Which converts a unit of measurement of an 
angular displacement into a different quantity, constituted in 
the example by an electrical signal, Which represents an 
indication of the measured angle, comprising: reading a 
plurality of knoWn measurements relating to knoWn and 
different angular displacements xj; reading and storing a 
plurality of ordered pairs (xj, Where Xj=l(I1OWI1 measure 
ment of angular displacement and fj=corresponding mea 
surement of a transduced quantity obtained from a reading; 
calculation of a plurality of loW-degree interpolating poly 
nomials Which are loWer than the plurality of ordered pairs 
(xj, fj), each of Which results from a determined number of 
the ordered pairs of contiguous ordered pairs (xj, fj). A 
calculation of a measurement of an angular displacement not 
coinciding With any of knoWn measurements for angular 
displacements xj is performed With at least one polynomial 
interpolation using at least one of the interpolating polyno 
mials, Which is selected so that a measurement f read at the 
sensor for measurement x of the angular displacement (to be 
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measured) is comprised Within a ?eld described by mea 
surements belonging to contiguous ordered pairs (xj, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Further characteristics and advantages of the 
present invention Will better emerge from the detailed 
description that folloWs of a preferred but nonexclusive 
embodiment of the invention, illustrated purely by Way of a 
non-limiting example in the accompanying ?gures of the 
draWings, in Which: 

[0009] FIG. 1 is a diagram of an apparatus for realising 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] The process of the invention for calibrating a 
sensor for measuring an angle of inclination of a motor 
vehicle Wheel comprises a system (transducer) Which con 
verts a unit of measurement of an angular displacement into 
a different quantity, constituted in the example by an elec 
trical signal, a quantity Which represents an indication of the 
measured angle. The process comprises the folloWing 
stages: 

[0011] reading a plurality of measurements relating 
to knoWn and different angular displacements xj; 

[0012] reading and storing a plurality of ordered pairs 
(xj, fj), Where Xj=kI1OWI1 measurement of angular 
displacement and fj=corresponding measurement of 
the transduced quantity obtained from a reading; 

[0013] calculation of a plurality of loW-degree inter 
polating polynomials Which are loWer than the plu 

rality of ordered pairs of read measurements (xj, each of Which results from a determined number of 

the ordered pairs of contiguous ordred pairs (xj, also knoWn as knots. 

[0014] Calculation of value x of an angular displacement 
not coinciding With any of the knoWn measurements for 
angular displacements xj is done through at least one poly 
nomial interpolation actuated by at least one of the interpo 
lating polynomials selected in order that the measurement f 
read at the sensor for measurement x of the angular dis 
placement (to be measured) is comprised Within the ?eld 
identi?ed by values belonging to contiguous pairs of read 
measurements (xj, fj) used for determining the interpolating 
polynomial. In particular, the interpolating polynomials do 
not exceed the degree of four. In this perspective it is 
especially suitable to use a cubic “spline” polynomial inter 
polation, Which uses third-degree local polynomials and 
exhibits the considerable advantage of producing an overall 
interpolation formula Which has excellent continuity and 
derivability characteristics Within the local intervals and in 
the ordered pairs. This characteristic is especially suitable in 
the lineariZation of sensors since it corresponds to having the 
output of the lineariZation formula free of angular points and 
jumps, both in the intervals and the ordered pairs. 

[0015] The process is actuated by means of an apparatus 
Which is physically contained in a single body and com 
prises: 

[0016] at least one sensor 1, 2 for converting the value 
of a measurement of an angular displacement into an 
electrical signal, Which represents the indication of the 
measured unit x, 
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[0017] at least one chip 6 for storing the plurality of the 
ordered pairs (xj, fj), a programmed unit of calculation 

[0018] Completing the apparatus are gain ampli?ers 3 and 
4 for amplifying the signals emitted by the sensors 1 and 2 
and an analog/digital converter 5 the output of Which D out 
is transferred to the preprogrammed chip 9. 

[0019] Atemperature sensor 7 is included in the illustrated 
embodiment, provided With a signal conditioner 8 Which has 
the speci?c function of correcting errors caused by Working 
temperatures, a problem Which commonly afflicts sensors of 
inclination. 

[0020] The temperature sensor 7 enables the readings to be 
done as it takes into account the in?uence of Working 
temperatures thereon. It calibrates by taking the output 
measurements of the sensor at several knoWn points and at 
several different temperatures. In this Way a matrix m><n is 
built up, Which links sensor output measurement and angular 
position at the temperature at Which the reading Was taken. 

[0021] The process as above-described is then carried out, 
using “local” interpolating polynomials. In general a sub 
matrix p><q of the main matrix is identi?ed, and then 
single-dimension interpolations of order q-l are made in the 
direction (for example) of the lines; ?nally a single-dimen 
sion interpolation of order p-1 is made, in the direction of 
the columns. 

[0022] In particular, cubic spline interpolation can be 
performed. 
What is claimed: 

1). A process for calibrating a sensor for measuring an 
angle of inclination of a motor vehicle Wheel, comprising a 
transducer Which converts a unit of measurement of an 
angular displacement into a different quantity, constituted in 
the example by an electrical signal, Which represents an 
indication of the measured angle, comprising: 

reading a plurality of knoWn measurements relating to 
knoWn and different angular displacements xj; 

reading and storing a plurality of ordered pairs (xj, Where Xj=kI1OWI1 measurement of angular displacement 
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and fj=corresponding measurement of a transduced 
quantity obtained from a reading; 

calculation of a plurality of loW-degree interpolating 
polynomials Which are loWer than the plurality of 
ordered pairs (xj, fj), each of Which results from a 
determined number of the ordered pairs of contiguous 
ordered pairs (xj, Wherein a calculation of a mea 
surement of an angular displacement not coinciding 
With any of knoWn measurements for angular displace 
ments xj is performed With at least one polynomial 
interpolation using at least one of the interpolating 
polynomials, Which is selected so that a measurement 
f read at the sensor for measurement x of the angular 
displacement (to be measured) is comprised Within a 
?eld described by measurements fj belonging to con 
tiguous ordered pairs (xj, used for determining the at 
least one interpolating polynomial. 

2). The process of claim 1, Wherein the interpolating 
polynomials are not higher than a fourth degree. 

3). The process of claim 2, Wherein the process uses a 
cubic spline interpolation. 

4). The process of claim 1, Wherein a plurality of readings 
is made, comprising the plurality of knoWn angular displace 
ments xj, different one to another, and a plurality of ordered 
pairs (xj, fj) is also read and stored, Where Xj=kI1OWI1 
measurement of angular displacement and fj=corresponding 
measurement of different quantity obtained; the pluralities of 
readings of knoWn angular displacements and of ordered 
pairs being made together With a contemporaneous reading 
and storing of temperature levels at moments in Which the 
pluralities of readings are made; a matrix m><n being built up 
to link couples of sensor output measurements and angular 
positions to a temperature at Which a reading thereof Was 
made; data derived therefrom to be used in an interpolation 
using local interpolating polynomials. 

5). An apparatus for actuating the process of claim 1, 
comprising a sensor Which converts a measurement of an 

angular displacement into an electrical signal representing 
an indication of measured quantity; a chip for storing a 
plurality of the ordered pairs (xj, a programmed chip for 
performing an interpolation. 

* * * * * 


