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Abstract Speckle 5 the findamental uncertanty facor n laser trangulatbn A method to smuhbte the speckle n
wtatonally synmetric triangulation was presented and the smu hted m age was obtained In this kind of triangulation sensors
the mcident hser pointw illbe maged 1 a ring on the detecorand the speck b is accord ngly arc shaped Properties of ths
kind of specklewere studied The speckle size n rad s d irection of the ring obeyed the subjective speck and & detem ned
by the num ber aperture of he optical systan. In tangent direction of the ring the ppeckk & essentially an objective speck kg
its size 5 detem med by the optical path length fran the object to the detector the area of the ncident laser spot aswellas
the rad ws of the in aged ring because of optical path w as folded Experi ents showed that the sin ulation result was concident
w ih speckle theory Based on the smulatbn an analysis of the uncertanty lm its of wtatonally synm etric triangulation
sensor was given It shows that us ing the optical hyout in our sensor an uncertainty about 1/5 of trad itbnal trangulation was
estin ated with san e optical systan numerical aperture and grey centroid algorithm.
K eywords optical measurean ent laser triangulation sensor speckle smuhtion rotationally symm etric
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1 Introduction

In quality assurance fast and precise measurements
of dinension are ofien demanded Opticalmeasurement
systans are the most suitable ways and laser
triangu lation systems are one of the most mportant
methods in them. Classical triangulation sensors are
well establishedm, but themeasurem ent result n sane
cases lke gaps or edges depends alvays on the angu lar
orientation of the sensor
symmetre

riangulatbn is a solition to overcane hese pwoblans

A wtatbnally stucture of the

The optral systam of wtatbnally synm etric triangulation

(RST') can be realized by both reflecting P and

[3]

refractng surfaces An approach with reflecting

surfaces was chosen in [ 2], and an optical desgn
method was published by one of the authors to solve
this problﬂnl“l.

The findamentalmeasuren ent uncertanty of laser
riangulatbn cames fran laser speckle[s]. The laser
spot on the rough surface ntwoduced different optical
path lengths resulting in a randanky nterference in
the m age plane This is the cause of laser specklem.
Since the usage of laser triangulatbn researchers are
dealng with laser speckle because it affected the
detection of the position of the laser spot The
uncertainty Iin it of classical laser triangulatbn sensor
is deduced n [ 5], [ 7]. But as authors know, there &
no research for properties of laser speckle and how
speckle affects the uncertanty lmits n rotationally
symm etric triangulaton sensor

In this paper the speckle n our RST sensor was
simulated The statistical propertes especially the size
of speckle were studied The results of sinulatbn and
experinent were canpared and an analysis of the
uncertainty Im its of rotatbnally symm etric triangulaton
sensor was given The artick was arranged as follows
The first section intduced the RSI' sensor and the
basic theory of laser speckle The second section gave
the smulation results of the speckle and same basic
analysi of the results The thid section showed the

findam entalm easurem ent uncertainty n our, sensor.and

the lastsection presented sane concluding rem arks and

follbw ing w otk of our sensor

2 Rotationally symmetric triangu- kation
and laser speckle

The working princple of classical triangu lation
sensor is as follws A laser spot is projected to an
object On the surface of the object the spot is
scattered i all directbns An optical system i ages a
part of he scattered rays to a detector and m akes a spot
on he detector A movement of the laser spot on the
object can be detem ned by measuring the movement
of the spoton the detector It s a fast and easy task for
CCD or PSD deteciors

sensot  the shape of the object and other properties of

but the orientaton of the

the object’ s surfacew ill affect the m easurem ent resu It

Rotationally symmetric setting up is a good way to
resolve these problans The basic layout of the optical
systan is shown n Fig 1 In this layout the mncident
laser pont will be maged to a ring So the
displacement of the object will be expressed by the
radus of the rng And the speckles n the rng will be

the fundamental uncertanty factor of rad us detecton

Three rings of different
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of object
Fig 1 Basic layout of an optical system w ih two m irrors

It is well known that when coherent light is
ncident on a surface which is optical rough a randam
ntensity pattern is fomed This granular randan
pattem is known as speck k. For every pont in space
the optical lengths fran points on a rough surface to it

are different and randan. This resulls n a randam
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nterference and this is called objective speckle As
shown in Fig 2 when there is an optical systam, there
will be sane difference n the speckle pattem and ths
is nan ed subjective speckle

~f e

Surface
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Observation
point

(a) objective speckle

Surface 4
. —>j—

De-phased
amplitude
spread
f;nctions

T T

py 72

Lens

(b) subjective speckle

Fig 2 The principk of wo kinds of laser speckle

Because the speckle is essentially a statistial
phenanenon its main pwoperties are presented with
sane statistical valies The pobability distrbuton of

ntensity / and phase 8 is denoted as
- |-L &) - =1
p(l) = T 0 exg{— (1; d& = exp{ qﬂ

g 1
po(0) = _Lzo(l 0)dl =4 21

0 othewise

B G NG

(2
where (I) is the average ntensity.
The second-order statistics especially the first
zero pont of auto-covariance gives out a good
estmatbn for the size of the speckle The speck le size
n free space and maging systan were given as
& = Q 6l MR (3
& = 0 61 ANA (4)
where A is the wavelength of incdent laser L is the
distance fium the detector to the surfice R is the
radus of ncident laser spot and NA is the number

aperture of the imaging systam.

3 Simulation of the speckle in
rotationally symmetric traingu-
lation sensor

3.1 The sinulation and result

As shown n Fig 1, an ideal point n the ncident
laser spotw illmake a rng in he mage plang and as
same previous experments had shown, a little shift of
the pont on the object surface will ntroduce a
correspond ng shifi of the ring in mage plane Then
on he assumption that the optical systen B a non-
aberratbn one, the e-fied of a gven pontk (x, y) can
be calcuhted as:

E= ).E (5)

tpot
where pot is all points n the ilbm inatbn spot and
the surface & rough enough to the wavelength of laser
whichm eans the initial phase distrbution of scattered
wave is uniform in[ — T, T ], then every E; can be

calculated as
NA i )
E, = Eo—}\exg{ iz—}\ZJ sm{ 2N£' [Ro +

026- Jx-x)+ (y=yi) ]t (6

where £ is the ampliude of illun naton spot Z;, is
the optical length ('here is the & of the surface), and &
B the height of the point n laser spot A & wavelength
of ilbkm nhation laser Ry & the current rad us of the
ring (xk/, y;i) is the centre of displaced rng n mage
p bne
The smulation result mage was shown in Fig 3

As a camparson, in Fig 3(b), the real speckle mage
which is gotten by a microscope m Fi. 4 is also

presented

(a) Speckle pattern from simulation  (b) Speckle pattern from microscope

Fi 3 Speckles n RST
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By calcuhting the auto-covarince of siulation
mage in radus and tangent directbn the size of

speck le can be estmated as shown n Fig @
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Fig 6 The autocovariince fincton of he speck b

Fig 7 gives he first zeros of auto-covariance

( speckle size) in radus and tangent directions as well
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as he heoretical value in radus direction when NA
changed fran Q 05 to Q 30 Because of overlapp ng of
speckles it looks that the tangent speck le also changes
n the sane way of the rad s speck le

Fr 8 shows the first zeros of auto-covarance
( speckle size) with incdent laser spot radus change
fran 180Mm to 420Mm w ith step 60Hm,

that tangent speckle get snaller with a bger spot a

it is apparent

property of objective speckle shown in equal (3). The

radus size alnost keeps constantly

5 : e
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Fig 8 F irstzews of auto-covariance in radis and tangen t
directions with the ncident hser spot radus change
from 180Hm to 420Mm with step 60Hm

Fran these properties conclhisbn can be drawn

hat the speckles n rotationally synmetrc laser
riangulatbn have different properties in tangent and
radus directions Because the optical systam can be
considered as a bended cylnder lens so spedkles in
the ring are cwsses of a series of speckles n cylinder
lenses Fran ths base the speckle size in the radius
direction is an objective speckle detem ned by the VA
of them irror as n equal (4), and the speckle size in
tangent d irecton is a sub jectve speck le detem ned by
the size of laser spot and the optical path length But
because the optical path is folded by mirrors the
tangent size of speckle will ncrease accord ngly when

the radius size ncreases.
4 Uncertainty limit with grey centroid
algorithm

I oner 1o 1nd  the uncertanty lmit of

displacementZ, the deviatbn of the peak detection n
the CCD ( m age) must be found Fistly the rng n
the mage plane was considered as a series of nomal
triangu lations n each radus directbon Then in the
grey centroid algorithm, variance of measured radus of
the ring &
var(reg ) = ((rmg)2 Y= (g >)2
Yt | X |
) ) 2| A Xicn

where I(r) & he gray of ponts in radius direction

(7)

W e conduct 40 sane smuhtobns with different
randan surfaces take the standard deviation of grey
centrod as detected peak §,.. in one pont, it can be
expressed as equation (8), and shown nFig 9

Gea = fvar(re) = 12(Hm)  (8)

If in each directon the §.4 is independen giwen

k directions themean ( exception) will have standad

L 1 -
deviation §esk = — Gk, butitis not the case because

Jk

of the tangent speck k
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Fig 9 Standard devitions of grey centwid n radius
directbn with displacementZ from 2mm to Smm

In one rng peaks of speckles are certainly
sam ew hat dependent Fum the sinulatbn there are
about 150 speckles n one rng circum ference then

ool L2
Ebmk—ﬁq:eak 1156

Because the m agn ification of the optical system M

= 0 098(Hm) (9)

B about 0. 2, so the uncertainty lin it of the sensor is

about _
e awak

& = T 0 49(Hm)

As .a comparison. . he

(10)

uncertainty lmit
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traditbnal trangulation with optical parameters

presented n this article can be derived as [ 5]:

oo Ly N
T 2Msin( 0 /2) (11)

where M = Q 2 is the opticalm agn ification It is about

= 2 46(Mm )

5 tin es uncertanty in rotationally sensor

It is apparent that in order to get less uncertainty
n he sensor a good way is to ncrease the k or
decrease_(ﬁ,wk in equal (9), which can be gotten by
using a lager NA of the optical systam or a bigger

entrance pup il

5 Conclusion

In this paper a smulaton of laser speckle in

rotationally  symmetric  triangulation  sensor was
presented The pattern obtained fran m icroscope and
simulation appeared an arc shape Properties of thi
speckle was studied more attention was payed to the

second omler statistic pwoperties such as auto

covarance which means size of it It was consdered
hat the speckle size in radus direction of the ring

obeyed the
detem ned by the number aperture of the optiral

nomal subjective speckle and B
systam, while n tangent directon of the rng the
speckle & essentially an objective speckle its size B
detemn ned by the distance fran the object to the
entrance pupi] the area of the incdent laser spot and
the radus of the maged ring But because of the
folded optical path

radus size

it also changes linearly with the

It was shown that the speckle sizz boh radius

and tangent will affect the measurement uncertainty
lm its Usng the optical hyout n our sensor an
uncertanty about 1/5 of traditional triangulation was
estinated w ith a grey centwid akorithm. In order to
get less uncertainty lm it an optical systen w ith lager
NA should be used

Same Dllowng work inchides more precse

smu laton using ray tracing and use other algorithms
of peak detection to obtamn a better measurement

uncertanty.
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