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Ex 1: Bfinciple Errors of the Laser Shadoy Gauge
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Ex 1: Bfinciple Errors of the Laser Shadoy Gauge
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Ex 1: Bfinciple Errors of the Laser Shadoy Gauge
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Laser dow Gauge: Components and P&inciple
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Q§er Shadow Gauge: Principle (y&
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Lfe‘é Shadow Gauge: Principle Errogl)
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Lfe‘é Shadow Gauge: Principle ErroSZ)
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Lfe‘; Shadow Gauge: Principle ErroéS)
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Q§er Shadow Gauge: Principle (g
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hadow Gauge: ILS40 Laser S
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Q;ser Shadow Gauge: Questionsés

1 How to % e the large size, such 9$ ~®180 mm?
 How to me Q@ he small size, such as'®<0.5 mm?

1 How to measur hickness X|ble film?
"We reason dee hen we f |ny feel"
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hadow Gauge: Typical Applic
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Laser Shadow Gauge: Measuring the transparent materials (Glass
logic)

,(?‘p 1 The separati sfb"faces

j‘ & uer  between glass\and air are

"” opaq@.can be detected
The distance between the first

] g é last edge is the

ternal diameter dimension.

1001 ursm\@ cial signal processing
o softwareXglass logic) ignores

all sig ncluded within
s these extfe%ges.
@ 1 The internal ter cannot

be reliably dete&e and it is
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The End
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( ; Sampling and Quantization S
1 Digital W@?ﬂm are discrete in time%&mplitude.
2 The di rqfe}n’ time is called SAMPENG.

M
# The discret@plitude s %ﬁfQUANTIZATION.
e .

1 Uniform quantizer é . v
Yil—
~ all steps are equal 74|7qé

~ S0: shifting para X

T | % Xia X

7 Rounding quantizgr X | . Sy
~~ each sample '%nded tot afest integer.
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( ; Quantization Error S
B Quantize&@ rror is sawtooth-like. It@@roximately
uniform di lon between (-q/2, q/2).
1 The form of err S not rese%the original
waveform and has g do with the global behavior.
t X(t)  Original signal

Quantized

a0
q/?2

—q/ 2]
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( ; Quantization Error S
A The ermy%lins a lot of jumps, thu ectral
content is w ider than that of the G¥iginal signal. If

not sampled tojv ely, the errprwill be independent
of each other. fé

t X(t)  Original signal

Quantized

a0
q/?2

-q/ 2]
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Noise Model--Statistical

1 The quantization %ay be
X(t) q(y)}' considered as an atiditive noise

X § hich %o
B / s uniforw distribution

% related with the input

Ideal Quantizer A

\ 4

X(1) |~ Xq(t) ite spectrum (when

X, \ésampled sufficiently low
"o . %2 rate)
1 Tng (2) . e .
= '& he model is Imea@u be easily
—q/2 q/@ estimated and redu e&
Statistic I

0 £

Y PR ER g;ti £ A 4 13

PILab *Fi"fﬁfr\a ,,%pgg dhwang@cqu.edu.cn - N7
Precision and Intelligence Laboratory Q%c. £



mailto:dhwang@cqu.edu.cn

LR RS RKZETE

A “ga” I 22 P S

5 K

dhwang@cqu.edu.cn



mailto:dhwang@cqu.edu.cn

Definition

) (R G A T R, ME@@ ML

5858 4 i B, EGREENL
2 Ex.. ERA A, fﬁamgg%qlezmm, 2 iy 4
P 5 FE SR AL B S =

2 Ex. Py AR B B s L e AR R R
;&f s oy

PILab *%'?L&Ep\a 6% %ﬁ_@ dhwang@cqu.edu.cn §

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee



mailto:dhwang@cqu.edu.cn

o0 0
-
PIL R %ﬁg dhwang@cqu.edu.cn
a dI telligence Laboratory


mailto:dhwang@cqu.edu.cn

it

Apn=R-S= 1¢—|1ta{t© o,
tan¢=¢+%3+.2@¢\g -. .

Ve
A%&

PILab ‘%%L& 5 ok %ﬁg dhwang@cqu.edu.cn

Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

O

PILab '%-’?L& ) SE %ﬁg dhwang@cqu.edu.cn
Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

Q 1ESZ A4 N FH SE4] S

I . " ) 1 . A
PI Lab *ﬁgﬁgﬁﬁg dhwang@cqu.edu.cn §
e

Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

&
K?f
\L
Pix!
5
=

+ETALONZEI Mtk

-—
=
=
1.2
N
=
-
$

Q' —

L b oratory

PI Lab *ég‘agnad | :ltg

dhwang@cqu.edu.cn



mailto:dhwang@cqu.edu.cn

LY INARS =
m%mm@‘f‘m/b%

2120 r IR BK HEEIRE

S
, asina ~ra’
1 How to de@e and compensate for \@Emuple error?

P"-ab At e dhwang@cqu.edu.

and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

C; Sampling S
wof D) OEMERERS ﬁ%ﬁﬁﬁ@ﬁé

0 ’f\.}/. © FEREFE (Samplifte), BIFH—RFIR

Y o m%ﬁ%y@xﬁmg@wﬁm
S

B QBB BUT I L 278
GRE W) x*(t) F5E R ORI

E mﬂm”mm \&@ﬁ% ‘IUH%E?I? R I a5

X({® Continuous si Shso g

T Sampling T@ ¢

X*(t) Dlscretﬂ é
PILab *%%%Q%ﬁg dhwang@cqu.edu.cn §



mailto:dhwang@cqu.edu.cn

NyquE’ :; heorem (Nyquist 1928, Shannos 1949)

1 For a ba a-Fpi‘ted time domain signal, INOrmation is
lost with s frequency fs >= 2B.

[ This is applicz@s stantaneo%mpling.
1 Dual slope ADC r%s ertain madification.
1 The frequency 2B is céﬁ i.st rate.

1 fs/2 is called Nyquist f
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C ; Fourier Transformation S
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Fourier Transformation
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(; Fourier Transformation S
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C ; Definition S
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Cn‘;lyzing Method of Principle Errog
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Q &AM EX (2/12) S
@ 3 Involut error
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( ; Questions? S
3 How to 1gre the large-scale gears&%s weights
are more t {900 kg and its diameterSsare more than
1000 mm? «2»
Z In-process e@fgent

Z~ 0On-line measurem
Z In-situ measureme

N
R (?%O
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( ; RIIMEAE (1/2) g

1 Involute ﬁerror measurement wi cwcular basis
' Ar

2

/.,~

Principle Error

easured Data

1- Ingliél@&drcular
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1 Involute
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Involgfie Brofile Error Measurement with A Straight Lin&Basis
@ ™ In the mea@%‘ge of the
j‘ tooth flank ngent line in
60» the in e.profile can be
/) é/ obtair?%rough optimization
Ich the maximum

yendicular distance from
pint Mi In the involute

= =W rofile iIsyminimum.
1’7’; '\\ p ® &
Z7/
X * /U
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Involgfie Brofile Error Measurement with A Straight Lin&Basis

xvf%i@ R,sing, +Rsing, +(@%’/2

=R, sm COSgot Rc%‘
Rsin(z/2 7/22)]/2

N where @, =tana,

R B R s|n Qi — @0 " 9 5&OS@ti + @ sin (Dti)
the base circle

.

P, -the heI|x .
o, -the plt&%; cular press angle in the r plane
D -th

diameter %
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B Orientati@%ition of the pick-up in@&“ordinate

G

1 T 4
—Dsecf. cscle, —— )+ RsIn
, Dsech,escr— )

1 where

st (o —£)+ Rcosi—AO1 -cosﬂNC
OE = Z

4 27 i
g

_ [Dsecp.ctg(e, —7f27 .

2 &
W = A'O, (sin ﬂ:':g%g?gcos(at —z—ﬂz) —% Dse?:,Bbﬁi‘nzﬂzcos(oct —2—7ZZ)
AF=W -thQ/ )
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Involgfie Brofile Error Measurement with A Straight Lin&Basis

1 Mathem odeI of orientation rel

~ The orl N relationship betw he instrument
and the ge measure termlned by two
orientation b o teeth

Dsecf, cosa,

Vo N \17)

B
A ‘~

‘ oo N @ : S S, Cose, .
- N . D - Orlentatlon @dlameter
(4 .
%< o St —the circular t hickness in
“ the rotation plane
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Involgfie Brofile Error Measurement with A Straight Lin&Basis

7N T
£ +Cc0s—=)cos(x, ——)
Z Z 27

&Z;Zcos(at —%)
Y
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Schematic of thej%? ; E H. Wang and etal, “Expgfj tal research on

INn-process measu of large-scale gears’ profile wi straight-line
basis”, In: Proc of the Second International Symp on
Measure Iyelligent Instruments, 1993, SPIE Vol. 258Q&, pp. 458-491
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Modeling test of the | easurement oftgoth ijpvolute profile: D. H.
Wang and etal, “Exp ental research on in-process rement of large-
scale gears’ profil a straight-line basis”, In: Procte@ix1gs of the Second

International Syg ' on Measurement and Intelligent ments, 1993,
SPIE Vol. 1
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Involgfie Brofile Error Measurement with A Straight Lin&Basis

Involute p

3 The in-si;aﬁasuring system for the@%ale gears’

:Q I A

g\
PIL "%QR.E_ dhwang@cqu.edu.cn
Precision and Intelligence Laboratory



mailto:dhwang@cqu.edu.cn

PILab *ﬁmgni "%”g dhwang@cqu.edu.cn

Precision and Intelligence Laboratory


mailto:dhwang@cqu.edu.cn

Involgfie Brofile Error Measurement with A Straight Lin&Basis
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Involgfie Brofile Error Measurement with A Straight Lin&Basis
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Involgfe Brofile Error Measurement with A Straight Lin&Basis
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Questions?

3 Does an@iple error exist in 0.00
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The 0.001 mm diak| '&pators are a high accuracyeggth measuring
tool. They are % sed for measuring the geo ri;zdeviation and
position d vi@ fWorkpieces. %
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