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C ; Definition of Errors S

1 Error ‘Gp $
ZLet the true value of a variaMe of interest,
and X ther value The serement error is the
difference be recorded and‘true value

A =X —X, 1=12,- é
1 Characteristics of er

ZError £ 0, alway

~ A are drfferérxq%
ZError is un table ¢
A True valueQ (?O
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True Value

B Referenqa epted value (“True valy$(bu

3 True value as an agreed-on referénce for

comparlson his derlve%
Ztheoretical or est d on scientific

e, bake
principles

~an assigned or certifie uepbased on experimental
work of some nationa\@i tional organization

~Zconsensus or ce&t&d,value Baseghon collaborative
experimental w der the aus& of a scientific or
engineering @g Kr8649 (2p10—e5d5)
1m =165 | REEALZ T NS
Zwhe afe not available, the expecta%f the
é&l guantity §
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@ error = X — X,
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Parasitic error

Mistakes

o>
I
Systematic Er é Ra
e

Correction of Estimated limit g
Systematic error || Systematic erro
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( ; Types of Errors S
%, QP

/ ic parame@rror
Errors {(
Dy aéc farameters’ error
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Systematic Error (1/3)

B Systema@r Is also called bias. (b“

1 The error Same magnitude and nin every

repeated meas t. .
3 If the error is reall W CoLkection can be applied and
. . o
the error can be ellmlné .
the distributfon of
no systematic e&‘

°
S '
X
MNotice that systematic error does
affect the average -- we calf 6
Q this a bias 0

frequency
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( ; Systematic Errors (2/3) S
[ Source systematic errors §%
ZInternal S'Q(a ¢e of an instrument, cap®citance or

resistance ofgé necting wirgs Xemperature, etc.
[ Systematic erro o; be easilyYdiscovered.

~Question
wHow to discover th tegnatic error?
[ Systematic errors c wl ered by using another
Instrument. % °

of the error

<
L %
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( ; Systematic Errors (3/3) S
B Estimate@of the systematic erro;$(bu

3 Example 1 /}.
~#Eg. a voltage @vith 20 V ra%’
=t is impossibl z(c tbr eries and shunt resistance

for every range.
= S0, there are errorss range.

wHence, a correct@\‘gﬂ be assigned to each
range. \Q o |
3 Example2  ° %

/Correction@d to perform
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( ; Random Errors (1/2) S

B Rando s caused by any factog& andomly
affect mea nt of the variable acr the sample.

[ The important @bout rand rer is that it does
not have any cons ffects achess the entire

‘% ved scores up or down

)
the distribution
with no random error

> Notice that random error doesn't
affect the average, only the
variability around the average
.ﬁ

PIL *%525—\3 g dhwang@cqu.edu.cn
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( ; Random Errors (2/2) S
3 The imp roperty of random errofis tlwat it adds
variability Ojlata but does not affeChaverage

performance f

,—$§k roup. Bec of this, random
error is someti é sidered nolse.

tI’Ie true value of x(t) and
influencing quantity like tempé&rature, magnetic field,

etc. \Q ‘

1 The error is mode )&/ arandom lable.

1 Use estimatiow;\ to retrieve real measured
results. 4%& ° é
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stematic Errors and Random Err

\}j\ 4
/ | °
th_e di io the distribution of X
with sys 1c g

with random error

e

the distribution of
no systematic error

X

Motice that systematic

affect the average --
this a bias
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( ; Parasitic Errors or Mistakes S
A Typical @s include reading the@%umbers
from a me y!}'
1 Mistakes are so@es called g%errors or blunders.
1 Mistakes must be

R
[ Question

~#How to discover and g% e Mistakes?

O

PILab *%9'35,5\3 = ,,%ﬁi dhwang@cqu.edu.cn
Pre

cision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

Cr;sentation of Measurement Errog
H Absolut Emor = Xy — % = AX &‘b‘
ZPoint es R = Xp —AX
ZInterval estim & x,,.:I:Ax) %-
~eg. error is 0.5
1 Relative error in terms red value
8, = xm(l——) Xo =g, (1+%)=xm(1ie,)

- zﬁ&#ﬂﬁw% HRTR R T E I A
Relative IS dimensy S
[ Relative error s of the full scale
#1% of th Ie (1.5 V if full scale |9@V)
ZAXIRZE R B KNES NS LR .
PLah e %@’ﬂ RE <= MEALLR L &
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C ; Accuracy (1/3) S

B Definitioya easure of the capabilit nstrument
or sensor Mhfully indicate the valu the

measured sig %.
1 Accuracy: Thec 044!5 f agreement between a test
result and the accep eq@é value [ISO 5725].

[ The accuracy is often s legl as:
Accuracy = err m" eading) + offset
[ The offset error o strument j fined as the

output that Will’e%when it should be zgro or,

alternatively ITference between thékual output
value and specified output value un ecr?ome
particgaé@e f conditions.
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( ; Accuracy (2/3) S
O Ex:ab %&iﬁyoltmeter can have an@%y of
.Q@% of reading + 24 uV
onits 25V ran@ich results ‘error of 149 uV
when measuring a xggna

1 On the other hand, th
IS 12 uV, or 12 times %t the accuracy.

the accyr% 2 x the rg&ﬁion

PILab *%9'35,53 = ,,%ﬁ@ dhwang@cqu.edu.cn
Pre

cision and Intelligence Laboratory

of this same voltmeter



mailto:dhwang@cqu.edu.cn

( ; Accuracy (3/3) S
B Accurac@T related to resolution,qQowever, the
accuracy | q@n never be better than“the resolution of

the instrument.éOs %.
1 It is important to n@(h the accuyracy of an instrument

depends not only on t)-gn ént, but on the type of
sighal being measured.

N
R é}ga
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( ; Precision (1/2) S
B Defimtm@measure of the Stabl|l% Instrument
and its ca to give the same meaSwrement over
and over again & same mpu%nal.
[ Precision: The c o‘%& of agreerment between
Independent test resulg - '
conditions [ISO 5725].

1 Precision is generalléﬁ@s' @ d to consist of a short-

term (repeatabilit

long-term roducibility)
component, as-gi\% y:
v(Xn)|/|Av(

Precision = 1- Xn)| ° @)
value of the nth measur t

where Xn 3

Av(Xn;:—tQ efage value of the set of n n%irements

,ﬁ dhwang@cqu.edu.cn
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( ; Precision (2/2) S

O EX: Ify e‘H;‘monitoring a constant veltage of 1 V, and
you notic g?y ur measured value citanges by 20 mV

between meas{é ts, for exa ,$hen your
measurement p egl IS
Precision = (1 - 2 X 100 = 99.998%

~ZThis specification is ﬁ?@ le when you are using
the voltmeter to te a deyice, »r when you are
performing re.la% easuremends.
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( ; Trueness S
o, >

1 Definiti

Zthe closaﬁep?f‘agreement between ?&erage value
0

obtained fr series of tgstyesults and an
accepted refe lue [ISO 57
~#The measure of tru néi by expressed in terms of
bias.
1 Bias

~The difference bgt the expectgkion of the test results
and an accepjte ence valu 725].
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@curacy, Precision and Trueness

Qv

2 &
& Accurac %e ability to tell the trutf@
& Pregwé zthe ability to tell the same s%each time.
PlLah T M= §

Trueness

Precision

True Value
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C‘é The END S
Vo, S

PlL *%-’a,& 73 RREE e E-mail: dhwang@cqu.edu.cn
a Precision and Intelligence Laboratory URL: http://www.pilab.coe.cqu.edu.cn/



mailto:dhwang@cqu.edu.cn

( ; Categories S
O Static ch%ristics &‘b‘
3 Dynamic ¢ a@e’ristics
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1 Definiti

3 Precision %éﬂions S
ZLinearity 60‘ %'
ZIndicate error an gab' i

ZSensitivity
~Resolution/discriminat
~Stability and zero d }th

~#Hysteresis ‘{‘ ‘
Q Q
. %
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( ; Static Characteristics S
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( ; Static Characteristics (1/2) S

[ Definiti elatlonshlp between t% t of an
Instrumen ?relatlve Input when Input does
not or slowly v &v the tlme%

y=f(x)=(a, + 5 + a8, X )x+K

X,Y --input, output

dp, Ay, Ay, 7y, -—-C

7 When a, =0,a, _0&: &
xﬁ% K Linear reIat%

PIL *%52 dhwang@cqu.edu.cn
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( ; Static Characteristics (2/2) S
% A The io@&‘tionship
Z

Nonlinear error

A(x)= f(x)—(a,x+K)

Output Range

I
Indlc:at% EQ% &
RN
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Linearity

*; @ ﬁ m Definition$%earity of
<, the instrumeht is an

£
D (s

ntma) < ( expression of the extent to
- @( which actual measured

Output

e of an Instrument
arts from the ideal curve.

I \GI arity is often specified
In termg-.of percentage of

Figure shows a some nonliaeafity, which is

exaggerated relatio definedas:

between the ideal, & a '

squares fit, lin ‘%t e actual NG >

measured o@r ion line Nonlinearity (/")_%OO
PILab *%%Eﬁ@g%ﬁg dhwang@cqu.edu.cn §
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( ; Hysteresis (1/2) S
(% = Defin%‘b
P f‘ o ,

~#The cifange in the value

, asured by an
/ NpSstrument or a device,

é o When the direction of
o7 the applied signal is
/ changed.

Qo

X

O
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( ; Hysteresis (2/2) S

1 EX: the q‘rpge of a car may show alue when
the tank isi 961 o half level, than wherfthe tank is

gradually emp alf level dye%o driving for a
period of time.

[ An instrument shoul e of following the
changes of the input par ter regardless of which
direction the change i€\® steresis is the measure

of this property. . S, .
O Hysteresis du&t@eness In ﬁ&mical jointis also
called backle;l&\ ° a‘

PILab ;’%%E’b‘a RE® ML dhwang@cqu.edu.cn
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( ; Repeatability (1/3) S
m Definitio@ability of an instrumer@ﬁsure the
same valu ‘repeated identical conditions over a
short period o (§k %.
~Repeatability | ort term conyponent of accuracy.

~The long-term compo
reproducibility.

1 Repeatability: Dreusm\@m | peatability conditions.

1 Repeatability con&@s where | endent test
results are Obt&ll’% ith the sa ethod on identical
test items int Ea e laboratory byth me operator
using the s equipment within sho vals of time

[ISO 5 @ 0
PILab *%ms—\idl telligen '%L b%ory dhwang@cqu.edu.cn §



mailto:dhwang@cqu.edu.cn
http://zone.ni.com/devzone/nidzgloss.nsf/10ce50b61f969f5a86256879000d3a01/60863c4ec1c925fe8625688e00035529?OpenDocument
http://zone.ni.com/devzone/nidzgloss.nsf/10ce50b61f969f5a86256879000d3a01/bdb3c22459203bbe8625689400507256?OpenDocument
http://www.sp.se/metrology/eng/terminology.htm
http://www.sp.se/metrology/eng/terminology.htm
http://www.sp.se/metrology/eng/terminology.htm

( ; Repeatability (2/3) S

3 When a ning the repeatability of urement,
the foIIowm} ditions should be evaltated and

documented $~ %.
~What physical ré e IS used f e measurement

~The actual measurem te qlie

ZMethods of observatio A easurement

w=by human being, (%@)

hereof
~Measuring sy.s& cludlng ca , Interconnection,

special soft orithms, and so®on
- K 2

Dr some combination

,% dhwang@cqu.edu.cn

%+ R ES =
PlLab &7 &
and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

( ; Repeatability (3/3) S

3 When a ining the repeatability of urement,
the followi ditions should be evalwated and

documented 60& %.
2 ... /(
ZTraceability of refereré @

#Physical location of mgaggrement, including any potential
environmental influe 8EY), as temperature, humidity,

magnetic field, bar tric pregsurgy.and so on
#Actual time of t asurement&

PILab *%"?L&E;ﬁ\a = %ﬁg dhwang@cqu.edu.cn
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( ; Reproducibility S
7 Definitiopl) &‘b‘
ZThe abili fnstrument or sensor toWeasure the
same value o& ng period of¢tiMe.«See also
repeatability, Wh€Pig the ability tOyneasure the same

value over a short yér(lé

1 Reproducibility
~/precision under repros onditions.

1 Reproducibility co@pns: where jest results are

obtained with th e method dn jdentical test items In
different laboratosi€s with different opeplitors using
different e ent.

PILab *%?IJ&EP\Q R H%ﬁg dhwang@cqu.edu.cn §
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C;OIUHOH and Discrimination (1/%

1 Definiti

ZThe smaﬂ%bunt of input signal cﬁ that an
Instrument o can detect .
[ The term, discr%n IS alsoﬁfor resolution.
[ Resolution can be expé e her as a proportion of
the reading (or the full-gscafe reading) or in absolute

terms. O /

1 Resolution is det \red by thte ingtrument noise (either
circuit or quanti noise) an e smallest change
that is detect b’k&b the display sys'terkt‘he
instrumen@

1 Ex: .. Q

PILab *%?Lé%b\a = %ﬁg dhwang@cqu.edu.cn
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C;olution and Discrimination (2/3

3 EX: if yo a noiseless voltmeter has 5 %2-
displayed eh g:?nd IS set to the 20 V IMput range, the
resolution of t @ eter is 10 o

~This can be de émd looking at %he change associated
with the least signi(ﬁ:§ d'

ZNow, if this same voltmegas hdd 10 counts of peak-to-peak

. ) .
noise, then the effec ﬁ' on is decreased to 1 mV,

because any signal)\h‘a ge Tess thgn 1 mVis
indistinguishams\@m the noise(é}

PILab *?19'35,5\3 = %ﬁg dhwang@cqu.edu.cn
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Sensitivity (1/2)

N Defini}%‘b‘
~ZThe sensitivity of an

tsument is defined
the slope of the
e OUtput characteristic
curve (AY/AX) or, more
generally, the minimum
Input of physical
° atameter that will
eate a detectable
outp ange.

N
N ?
S %

PILab iﬁ%»’;éfp‘i St %ﬁg E-mail: dhwang@cqu.edu.cn
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( ; Sensitivity (2/2) S

3 Usually, t|V|ty Is defined at the Ia& nge setting
of the inst

3 Ex: an AC met@ a lowest ement range of 10
V may be able to SI nals ith 1 mV resolution
but the smallest detec de it can measure may
be 15 mV.
ZIn this case, the AC m\% resolution of 1 mV but a

sensitivity of 15%, . &
Er\agﬂ% dhwang@cqu.edu.cn
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Stability and Drift

. Stability(?}

Zthe abili
its metrologi acteristics Witnime.

O Drift &/

~#A change in reading

%asuring Instrument to $aintain constant

o
at occurs over long
&ht temperature, component

PILab *F%.’a‘éfﬁ‘i sk %ﬁg E-mail: dhwang@cqu.edu.cn
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( ; Dynamic Characteristics S
u Definitio.?O $(b
3 Precision %éﬂions
~Dynamic devi rror %‘
~Dynamic repeata ﬁer or
ZFrequency responseé a ’
[ Mathematical model

1 Zero-, First-, Second@r uments

3 Unit Impulse Res Functiz)
%&\@e n&
R

PILab *?19'35,5\3 = %ﬁg dhwang@cqu.edu.cn
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( ; Dynamic Characteristics S
B Dynamic(%cteristics $(b°
Zthe relatfons#if, between the output of aMinstrument and

its relative in;&t n the input%\‘ary with the time.
[ Precision specific

S
~Dynamic deviation eré :
~Dynamic repeatability

[ Ideal instruments ang\f‘ u response accuracy
o

S

PILab *%%55\3 R H%ﬁg dhwang@cqu.edu.cn §
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Mathematical Model

1 Generali ﬁthematical model with aj %ﬁtial
equation °

A Transfer Functi 4
3 Unit impulse respo §§f Cct]

[ Frequency response flén'

PILab 5}}'%6?553 = %ﬁg dhwang@cqu.edu.cn
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( ; Mathematical Model S

1 Generali ﬁthematical model of In ts

+an1%“.'”aid_y+aoy
dt dt

™ 1x dx
+---b, — + Db, X
dt™! tdat °

guantity

D= im x4

Q assumed constant

PILab *%%Elﬁ\a R H%ﬁg dhwang@cqu.edu.cn §
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( ; Mathematical Model S

1 General athematical model of in ts
J‘>,,/ .
(anDn +anllﬁ05/~%D+ao) y %’

PILab *F%"?Lé 2 = %ﬁg dhwang@cqu.edu.cn
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Zero-Order Instrument--Model

d" "y LW >
e +3‘€ﬁ?+ % Y

a,y =Db,X
d™x < dx
=D +b .--, — + b, X
" dt™ ml% tdt

1 Definition

ZAny instrument or sy, losely obeys the above
equation over its infen e of operating conditions

Is defined to be @-Order Ihst
7 Static sensmv% teady-state %
@ _B _ static sens &
a,

PIL b *%525,.‘3 '% dhwang@cqu.edu.cn
a and Intelligence La b atory
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( ;ero-Order Instrument--Model S
1 Note (0 4§‘b‘
ZNo matta@'might vary with time, th®&instrument

output (readji @ ws it perfe ith no distortion or
time lag of an
~The zero-order inst@ P

dynamic performance
which less perfect ins

PILab i‘f%!a‘& ] sk %ﬁg E-mail: dhwang@cqu.edu.cn
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( gro-Order Instrument--ExampIeS
(0 % cement-
suring

% potentiometer

measuring device

more critically,
Time will find that it
& i t exactly a
: Frequency '°”°"“® Time rder

Inst nt.

PILab #%»”‘Cs.‘ig%% dhwang@cqu.edu.cn §
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Irst-Order Instrument--Model

dn n-1 d (b
m b, X
1% —+b X
dt dt

1 Definition g

~Any instrument that equation is, by definition,
a first-order mstru

3 In mathematlcs order equ&has the general
form \

% me+b D™ +...pD «
PILab *ﬁmg"‘agﬂ% dhwang@cqu.edu.cn §

and Intelligen Lb ratory
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( ;.First-Order Instrument--Model S

E&&e const'an&
The operatio %er function X :%‘
N "%
PILab *%)L Q%ﬁg dhwang@cqu.edu.cn §
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iIrst-Order Instrument--Example

@D A liquid-in-glass the r%ter

. @The principle of operatton of such a

6@1 mometer is(tiPe thermal expansion
fuling flui hich drives the
liqui I Up or down in response
to te tUdre changes.

N&temperﬂtur 1(t) is uniform
AN e I % roughout t id at any given time.
0 he mechanical fag i ligible
‘% compared with the @al lag.
PILab %ﬁﬁ%ﬁ@ SE "%ﬁg dhwang@cqu.edu.cn §

cision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

iIrst-Order Instrument--Example

eter

reference mark, m

id in bulb (assumeduniform

olume of bulb, m°
ross —sectional area of capillary tabe, m®

PILab *%9:)& ] SE "%ﬁg dhwang@cqu.edu.cn §
Precision and Intelligence Laboratory


mailto:dhwang@cqu.edu.cn

iIrst-Order Instrument--Example

@D A liquid-in-glass the r%ter
_ @Modeling
L & QD

in = heat out = energy stored

UA, (é

U= ov:.}%heat transfer coeffigient across bulb wall, W /(m*-"C
transfer area of @ m°

s density of thermomete r fluigh kg/ m®

‘%& = specific heat of thermometer fldi g-- O

PILab *%?Léfﬁ‘a Ae "%ﬁg dhwang@cqu.edu.cn @

Precision and Intelligence Laboratory
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iIrst-Order Instrument--Example

@D A liquid-in-glass the %er
- @odeling

T, Jdt —0(assumeWo heat loss) =V, pCdT,

Ty

I 2 BN @CACMOJFUA[)AC
: 0 K, dt K.V,

=UAT,
[

QQ ‘o KXCVb o /iJCAZb C?
%

PILab *%9'35,53 = ,,%ﬁ@ dhwang@cqu.edu.cn
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(gcond-Order Instrument--l\/lodels
a B o ome d

o, = b — ped natural f@/,rad/time
a2
®
J&damping ratio, dim §ion%
| ‘% | % (p)
The operatlorﬂQa sfer function (D)= D?

3
o o
PILab ff%%gp\a R H%ﬁg dhwang@cqu.edu.cn §
re

cision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

A force-measuri@%g scale

“3 Assumptions
é/The applt te has frequency

( ;.Second-Order Instrument--EX. S

K Y rfect film lubrication
K \Q) and therefore a vigcous damping

4% effect with consfegfit

PILab *%?Efﬁ\a = ,,%ﬁi dhwang@cqu.edu.cn
Pre
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( ;Second-Order Instrument--EXx. S
(0 1 A force- measur@ g scale
" EI Modeling: The scale can be
adjusted tex0=0 when fi=
vity forceywill then drop out of
g h), which yields
Q“ @ (mass)acceleration)

\‘ “dx d?x
B S
. '&\ (MDZiBD+K)é
@ N o rad,s(%

S

PILab *%mf,—\igﬁ dhwang@cqu.edu.cn
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L apfase Transform and Transfer FuncH

[ The ana f linear systems is fau@% use of

the Laplac form
~The most |mp roperty of e aplace transform
(with zero init |ons) Is the'yansform of the

derivative of a S|gn

L{f (t)}:sF(s) F
1 The relation enab&ﬁ%ﬂo findeeas#y,the transfer
function of a lime ntinuous s m, given the
dlfferentlal of that system.’ é
s"+b "t +---+bs+h,

g as"+a_ ,S"t+---+as+a, (?0
PILab *%)’*CE’_‘Q Re "% dhwang@cqu.edu.cn §

and Intelligence La b oratory

it S=o0+ jw



mailto:dhwang@cqu.edu.cn

It Impulse Response Function

3 Unit impym@/p short duration signal g‘;bés from O to

a maximu @?,’and back to zero ag In a very short
time. An infinit

' @o impulse is¢Called the Dirac
function.

—t
o
—+

ball for a very shot p o
http://www.usopen _US/news/photos/imagepages/2 8

11/20030811106 6513.html
B Lapla;e &f&rm L{s(t) =1 (?0

PILab *%-’?Léfp‘i "%ﬁg dhwang@cqu.edu.cn
Precision and Intelligence Laboratory
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Unit Impulse Response

1 3= fhpen 5-H0) &‘U
3 Unit impul @Emse
ZThe time dom@ ponse of a Q%‘bpﬂo an idealized
infinitely short TN iIrac Funckion).

h(t)= L{H (s)}éD

YE R ER ok 2 pdy
PILab =les) H%QQE dhwang@cqu.edu.cn §
Precision and Intelligence Laboratory
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@it Impulse Response Function;

3 The con@n Integral (the superpc&%ﬁtegral)
&’uhamel’s Integral
.

\ . &
\ T Time, t .
Represe of a general dynamic
mput les of impulse

PIL b*%gz%—‘a "% dhwang@cqu.edu.cn
a d Intelligence La b atory
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The Convolution Integral

It provide@general method for the a sfb‘of the

response )yar system to an arbitraky input.

ZWhen x(t) is a mathematigal lynction, closed-form
evaluation of ral is possi

ZIn other case, a nume
evaluation

1 It should be noted thaN@ 5@ ng the convolution

Integral equation, stem was assumed to be at rest
attimet=0. QO &

PILab *%9'35,53 = ,,%ﬁi dhwang@cqu.edu.cn
Pre

cision and Intelligence Laboratory
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Fourier Transform/Frequency Response
S ; Functions ES‘
m Fourler
F(jo) @ e gt I.:ja)
§

O When S= Jo  the L S corresponds to
the Fourier transform

sx_w-F{fa)}\Q
3 Frequency resgo% nctlon &
H(jo)= ja)nm1 Jr%“(-ja))m0
é@ (jo) +a,_,(jo) ™ +- é]wﬁao

PlLah ** zmg"é

R %ﬂﬁg dhwang@cqu.edu.cn §
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Time/Frequency Domain

m Frequen@ ain advantages >
n

Z Time domai ﬁtiﬁn => frequency domain multiplfegtion

~ Signal and noise G{p{j omposed into diffengnt bands for very high noise

) . ( ]
rejection.
~ Period waves are discr gme domain.

~ Attainable dynamic range (80 B helarger.
~ Slight nonlinearities can be e e (harmonics).

~# FFT is avery powerful tool, he rre@on is much faster via frequency

domain then directly in time W
S
ain signal.

1 Time domain adv o
Z I¥’s a natural to vie.w ti
0 on-line calculation. °

PiLab

~ Time varying can be modeled easily.

S

~ Time domai etMpds are not sensitive to signal types #tilg.F domain has
leaka ef&e odic signals. (9

~ Cerfain n nearity are easily recognized (slipping, slew rat@'s

~ Recursive method;& '

Y R ER (<] —)
*ﬁ% "%”g dhwang@cqu.edu.cn
Precision and Intelligence Laboratory
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lex Frequency/Frequency Domain

[ Comple ency domain advantag (b“
Z# The most | r@perty of the Laplace transform (wijth zero initial
conditions) is th t rm of the derivative signal.
Z Include the transie °
3 Frequency domain a aS
®

~ Time domain convolution > 2N CY

~ Signal and noise can be decompogs

rejection.
~ Period waves are discrete i m
~ Attainable dynamic ra 00 dB) is much | r.
# Slight nonlinearitigs % asily detected (iar ics).
2 FFTis avery pow hence, correlation IS gnuch faster via frequency
domain then d|r domain.
2~ Don’t includ ransient response

PILab *%%%Qﬂ%ﬁg dhwang@cqu.edu.cn @

Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

( ; Precision Specifications S

m Dynamic,@' tion error/Z1 & WBIRZE >
/%ﬁﬁﬁﬂ%?&# & T EER DM SHIRE, B
Elafﬁﬁ)\fﬁ“%lﬁ@@ﬂ A B I NG AE -

Aft)=y(t)-x(t)

X(t)
Instrument

. T X (5
ST
[ Dynamic d@i n error { (?
O
P|Lah e ”gﬁéﬁﬁ.@ dhwang@eau edu 060
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( ; Precision Specifications S

W Dynamic(@ﬁion error under unit st %ion Input
2,

fo’;f; >

$

a(h)

/ i »,,6\\0 & -
Sﬁg\%
R

1 [ ]
0 O
Second-order #@
lah rem et

b
dhwang@cqu.edu.cn
cision and Intelligence Laboratory
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Time-Domain Specifications

3 The riseﬁa {, is the time it takes th g@m to reach
the vicinity-#

Wet set point.
7 The settling ti b As the time U%@s the system
transient to decay: /

n

4 atNO
PN

Mpéi = 70<¢ <1
PlLab Pesmdeces

cision and Intelligence Laboratory
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( ; Dynamic Characteristics S

[ Dynami pation error
y ‘é@—‘y(t)—X(t) $
h

3 Methods of an e output d%\rument
~#Calculating meth .

= Evaluating the out i e theory of linear
differential equatio

wConvolution betwe pulse response and input
In time domai K

=lnverse Lapl ransform of product of transfer
function myut signal ‘

%ExperimQQ method %§

PILab *%?Efﬁ\a = ,,%ﬁi dhwang@cqu.edu.cn
Pre
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( ; Dynamic Characteristics S
W Dynamic(@rﬁion error §%
1 Methods o Q@éis the output of instrument
~Calculating Wﬁ% %-
e o

ZExperimental methodé ’
= B AT SR B A ) T Y fB5 yt) FFERES, R
RIS RS T W&, 3T y(t) WHE
My (t)] SHIEARS x (1) ZZ/F 202U BB R

- Epa@ 6% 0o /4
A y(t)]-x(t
R

PILab ‘%% A Re u%ﬁ,@ dhwang@cqu.edu.cn
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( ;Dynamic Repeatability Errors S

7 B IR AR I T ‘ﬁ HEMA
KRR, %Mﬁ%%Aﬁ i ir

tk 21H AR
%ﬁf%"ﬁﬁ_{iﬂ'}‘,\ WEZES (1K)
O e s _RMeEtfFE T SHHAER, FHEHHR

PR A H R AT

tk
ot K
P|Lah e BaERRE 60
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g;racteristics of Ideal Instrumens

1 Ideal Instru

(). %)} ! j‘ () A

w L ‘$
M QSO?/ é .\ W(jo) _ i
O

X(jo)

gnitude property

' N7 [Hie)=A
K P
0‘ .SO ~Pha prop rty
> co(w)%‘

<
= %

PIL -*5‘25 St % g dhwang@cqu.edu.cn
a e Laboratory
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( ; Bandwidth of Instruments S
(0 DY 1,

10 o &
,}‘ o = - Q\ £
X(t) ﬁ £ o Resonant peak, M, =
Instrument ______m_‘/,,\%e__;j _______ (13
o i -20
Ban ,wa-———vi
w w (rad/sec)

[ Bandwith: the maxi reqiencyjat which the output
of a system will tr n input si&fd In a satisfactory
manner. \

1 For the ins &nt, the bandwith is th uency of x(t)

r of 0.707

at whi hQ put y(t) is attenuated to a
timeﬁw_% 1put (or down 3 dB)
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( ;requency Response Accuracy S
[ Maximu nitude error within the@%h
O Maximum a@ rror within the band

ZEX: Mammum@ tude error the bandwith

JH@)| | laH (@) *lage)l

|H(0)]

[ )
i
0 Wie @ w ) 1 “o w
R

a \ .
»First-order & *t*Second@Asystem
PILab *%mﬁgﬁ dhwang@cqu.edu.cn @

and Intelligence La b oratory



mailto:dhwang@cqu.edu.cn

C‘é The END S
Vo, S

PlL *%-’a,& 73 RREE e E-mail: dhwang@cqu.edu.cn
a Precision and Intelligence Laboratory URL: http://www.pilab.coe.cqu.edu.cn/
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1 Errors

ZTypes ol‘érp ‘ s
ZPresentation S %-
M Precision, accurac ,gﬁd;Tru ess

[ Precision specificatio

( ; Summary (1/3) S
Vo, >

' Static characteristics
- AN

@%? Ro%
R

PILab if%-’a,& 2 = ,,%ﬁ@ dhwang@cqu.edu.cn
reci
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1 Precisio

ISi Ifications &
Z Static ch‘a‘} iStics

@Llnearlty %

wIndicate erro 42?@31% |I|t

wSensitivity

( ; Summary (2/3) S
e >

&RGSO|UtI0n/dISCI‘Im
= Stability and zer
wHysteresis

%Dynamm Cha’r& {stics . ¢
%

PIL *FEE})L = dhwang@cqu.edu.cn
a and Intelligence La b oratory
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e >

1 Precisio

IS| h‘a‘pification : é
/# Static ¢ ap(é i&tics

%Dynamlc Characég‘f %
wZero-order mstruné °

= First-order mstrum
wSecond-order in tr

=Unit impulse se &

wTransfer fU

@Freque@sponse function ¢
PILab *F%)L Q% dhwang@cqu.edu.cn §
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