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FIELD OF THE INVENTION

The invention relates to an apparatus for measuring
dimension, angle, distance, size ete. (defined "dimension" simply
hereinafter) of an article and a scale tc be used in the same,
and more particulérly to, an apparatus for improving precision
in measuring dimension of an article regardless of a portion of

the article to be measured and a scale to be used in the same.

BACKGROUND OF THE INVENTION

A conventional épparatus_ for measuring dimension of an
article is described :L.n- the .J‘apanesé Patent Publication Na.
5-85004 published on December 6, 1993.  The conventional
apparatus for neasuring dimension of an article comprises X- and
Y- transparent scale plates having marks for scales, a mount
plate for placing aj rectanqular sheet article to be measured
thereon, a lic_:jht_: equipment for radiating light to .the article
placed on the transparent scale plates, and X-, ¥- and origin
image sensors for rec-ei'ving'-light transmitted through the X- and
Y- transparent scale pla;.tes.

In operation, the rectangular sheet article is placed on the
mount plate, such that first and second orthogonal sides of the
rectangular sheet article are.positioned on inner portions of the
X~ and Y- transparent scale plates, and a 'vertex defined by the
first and second orthogonal sides is pos:.t:.oned on an inner

portlon of a crossing area of the X- and Y- transparent scale
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plate for placing a rectangular sheet article to be neasured 20 t her eon,
a tight equipnent for radiating light to the article placed on the
transparent scale plates, and X-, Y- and origin image sensors for receiving
light transmtted through the X- and Y- transparent scale plates. In '
eperation, the rectangul ar stieet article is placed:on the 25 nmount

pldte, such that first and second orthaganal sides of the rectangul ar sheet
article are positioned on inner portions of the X- and Y- transparent scale
pl ates, anglatesrtex daknpedighttihe faasdteahdroacahd Dighogemelipmdrteto S
positioned on an inner portion of a crossing area of the X- and Y-

t r anspar enthg it @nd Y-prapspagent scalphphatesgiso thatadighbdtyanamitted i ght

equi pnrent to thg\X— and Y-transparent scale_plates, so that Iight
transmit t eftrough outer portions ot the X- and Y~ transparent scale plates

and an outer portion of the crossing area is received by X-, Y-
5 and origin image sensors. | In éccordance with output signals
of the X-, Y- and origin image sensors, a position of the vertex
defined by the first and second orthogonal sides of the
rectangular sheet article, and positions of two cther vertexes
defined by the second side and a thirdléide of the rectangqular
10 sheet article, and by the first side and a fourth side of the
rectangular sheét.article are determined relative to—the scales
of the ¥X- and Y- transparent scale plates. Consegquently,
lengths of the first to fourth sides of the rectangular sheet
article, lengths of'diagonal lines of the rectangular sheet

15 article and vertex angléé of the rectangﬁlar sheet article are -
6btained in accordance with the célcu;ation of using the
positions of the three vertexes of the rectangular sheet article.
In the conventional apparatus for measuring dimension of an
article, however, there are disadvantages in that, for instance,
20 a distance between two axbitrary points on the rectangular shaet
article is impossible to be measured, because the positions of
the vertexes are detected by using the X~ and ¥~ transparent
scale plates, and any pattern defined on the rectangulaxr sheet
article can not be measured, even if the pattern is positioned
25 in the vicinity of the first and second sides, because each of
the X- and ¥~ image sensors can not discriminate the pattern from
the marks for the scales due to the structure in which the

rectangular sheet article is positioned directly on the X~ and
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t hrough outer portions of the X- and Y- transparent scale plates and an
outer portion of the crossing area is received by X-, Y- 5 and origin

| mdge sensors. In accordance with output signals of the X-, Y- and
origin imge sensors, a position of the vertex defined by the first and
second orthogonal sides of the rectangul ar sheet article, and positions of
two other vertexes defined by the second side and a third side of the
rectangul ar. 10 sheet article, and by the first side and a fourth side of
the rect rticle are determned relative to the scales of the
X- and Yap?ggﬁgﬁg g%%egéale pl at es. ‘ Consequently, lengths of the
first to fourth sides of the rectangul ar sheet article, |engths of diagonal
| i nes of the rectangul ar sheet 15 article and vertex angles of the

r ect angul suMMTer tOFa IPHEC ITNVENEIONt ai ned i n ‘accordance with the cal cul ation
of using the positions of the three vertexes of the rectangul ar sheet
article. In tHecodinglyondt &pmn ahyedtoninthsuinvrentionris providanan

article, however, there are disadvantages in that, for instance,
5 apparatus for measuring dimension of an article in which a

distance between two arbitrary peints on an article can be

measured, even if the two points are far from, or off sides or
edges of the article, and a scale to be used in the same.

It is a further gbject of the invention to provide an

10 apparatus for measuring dimension of an article in which marks

for a scale and a pattern defined on the article are precisely

discriminated from the others to increase precision in measuring

the dimension of the article, and a scale to be used in the same.

15 According to the feature of the invention, an apparatus for
measuring dimension of an article, comprisaé:
a table for placing an article to be measured in dimension
thereon;
a scale haviﬁg marks arranged in matrix;
20 means for commonly moving the table and the scale;
| an image sensor unit for selectively detecting a portion of
the article and the marks of the scale corresponding to the
portion of the articlé;
| means for providing a relative movement between the table
25 and the image sensor unit; and
a calculation unit for calculating the dimension of the

article in accordance with output signals of the image sensor

unit.



20 a distance between two arbitrary points on the rectangul ar sheet
article is inpossible to be neasured, because the positions of the vertexes
are detected by using the X- and Y- transparent ‘scal e plates, and any
pattern defined on the rectangul ar sheet article can not be neasured, even
IT {he pattern is positioned 25 in the vicinity of the first and second
si des, because each of the X- and Y- ippge sensors can not discrimnate the
pattern fromthe marks for the scal es due to the structure in which the

rectangul ar shgetoPding! @ i dnd0fix ireaedrdi beCthy RvbARiIYN, 2Bdscaladto Y
scale plates. SUMVARY OF THE | NVENTI ON Accordingly, it is an obj ect ? the

i nvent i onbeoupedvineannafparatapp it uma‘snrmgasumngldnrmﬂsaﬁnaehane,

article in which a
comprises:

a scale substrate;
5 marks arranged in matrix on the scale substrate, sach of the
marks having a width of W and a height of W, and being arranged
by a pitch of P, and each of the marks being of a
point-symmetrical shépe,
_ wherein the marks meeat conditiops as defined below,'
10 2P, + W <V,

W<P/2, and

2P, S W

where V is a view area of an image sensor unit to detect the
scale, and P2 is a pitch of matrix-arrenged sensors of the image

1s SeNnsSor unit,. | »

According to s;ill another feature of the invention, a scale
to be used in an apparatus for measuring dimension of an article,
comprises: .

a table having a first flat surface on which the article to

20 be measured is placed;

2 marker plate disposed on a second flat surface parallel
to the first flat surface, the marker platé having a marker
representing a unit of measurement including a coordinate) a
dimension or an angle;

25 - half mirror meas disposed on a third flat surface located
at a position where the optical distance batween the article and
the half mirror means is equal to the optical distance between

the marker and the half mirror means; and



di stance between two arbitrary points on an article can be neasured, even
if the two points are far from or off sides or edges of the article, and a
scale to be used in the same. It is a further object of the invention to
provi de an 10 apparatus for neasuring dinmension of an article in which
marks for a scale and a pattern defined on the article are precisely
discrimnated fromthe others to i ncrea_gse_ precision in neasuring the
di mension of the article, and a scale td be used in the same. 15
According 10 1 headHididM Rehs [ #8r r‘i‘@éﬁir@;aa'\r@ﬂf@ré&i"feé ndFir Utb %
di rension of an article, conprises; a table for placing artitle torbe
measur ed |arih teays @oinedaothe aRGRIIR B AOvATGES oFf RORErk8r "Gh ine 20
means for- cormonly noving the table and the scale; an inage sensor unit for
sel ecti velmaxkercplate a porrespomdingetar thel axdbidraky padins oy tiskianpl e
corresponding to the portion of the article;

advantage of light transmitted through and light reflected from

5 the half mirror means.

IEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail in
conjunction with appended drawings, wherein;

10 - Figs. 1A to 1H are explanatory diagrams showing an apparatus
for measuring dimension of an article in a first preferred
embodiment according to the invention, in which Fig. 1A shows the

- apparatus, Fig. 1B shows a scale used in the apparatus, Fig. 1C
shows marks for the scale, Fig. 1D shows an image sensor unit

15 used in the apparatus, Fig. 1E shows an article to be measured
in the apparatus, and Fi'g.s. 1F to 1H show the relation of CCD
sensors of the image sensor unit to a mark of the scale in the
apparatus, |

Figs. 2 to 4 are explanatory diagrams showing apparatuses.

20 for measuring dimension of an article in second to fourth
preferred embodiments according to the invention,

Fig. 5 is an explanatory diagram showing an apparatus fbr
measuring the dimension of an article in a f£ifth preferred
embodiment according to the invention, and |

25 Figs. 6 and 7 are explanatory diagrams showihg conventional

apparatuses for measuring dimension of an article.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



means -f or -providing a rel ative nmovenment between the table 25 and the

i mage sensor unit; and a cal culation unit for cal cul ating the di mension of
the article in accordance with out put signals of the inage sensor unit.

-4- According to another feature of the invention, a scale to be used in an
apparatus for measuring dinmension of an article, conprises: a scale
substrate; 5 marks arranged in Jmtrix on the scale substrate, each
of the.marks having a width of Wand a height of W and being arranged by a

pitch of [err]ay %ﬁ%@lﬁsokﬁ'hﬁegﬁﬁgﬁ&e&ﬂ%ﬁ’h& RSF N SAWTRITd 63 eifare,

first preferred embodiment according to the invention will be
explained in Figs. 1A to 1H.

In Fig. 1A, the apparatus comprises an X-table la moving in

S the X-direction indicated by an arrow, a Y-table 1b moving in the

| .Y%dire;tion orthogeonal to the X~direction, on which an article

2 is placed to be measured in dimension, a transparent scale

plate 4 provided on the Y-tabla 1b to have a scale on one surface

thereof, an image sensor unit 3 having a focusing system (not

10 shown) to be focused on the article 2 and the scale of the scale
plate 4 selectively, a calculation uﬁit 5 for calculating
dimension of the article 2 by receiving output signals of the
image sensor unit 3, - and light equipments 7a, 7b and 7¢ for
radiéting light through the scale plate to the article 2.

15 ' In the apparatus, the ¥Y-table ib and the scale plate 4 are
designed , such that the article 2 is placed on the ¥Y-table 1b
to have a distance d greater than a focus depth of the focusing
system of the image sensor unit 3 from the scale plate 4.

Fig. 1B shows the transparent scale plate 4 having marks a1

20 for the scale arranged in matrix. _

In Fig. 1iC, the marks 41 which are enlarged are of a width
W and a height W, and arraﬁed by a pitch Pl.

Fig. 1D shows a view area V x V on the marks 41 of the scale
plate 4 or the article 2 covered by CCD sensors 31 of the image

25 sensor unit 3, wvherein the CCD sensors 31 are arranged in matrix
by a piﬁch P,.

Fig. 1E shows the article 2 of, for instance, a metal plate

having apertures- 21 and 22 formed by a distance DI between the
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wherein the marks neet conditions as defined bel ow, 10 2P + W< V, _
Wg [err]/2, and 2[err] [err] Wwhere Vis a view area of an inage sensor
uni't to detect the scale, and [err] is a pitch of matrix-arranged sensors
of the imge 15 sensor unit, According to still another feature of the
Fnvention, a scale to'be used in an apparatus for neasuring dimension of an
article, conprises: a table having a fipst flat surface on which the
article to 20 be- measured is placed; a nmarker plate disposed on a second
flat surfasmipalapbéhtsoo] mdf Of sthdteasf surface, the marker plate havi ng a
mar ker representing a unit of nmeasurenent including a coordinate, a

di mensi on or adnaFaMe. 2B to 1H, the QCHisengonfeil @fs decdnsgessenspy f at

surface Iocateda ‘detect the mark 41 of the scale plate 4, s0 that a

detected signal 8 is supplied to the calculation unit 5, wherein

5 a waveform of the output signal 8 depends on the relation between

the width W of the mark 41 and the pitch P, of the CCD sensors 31

of the image sensor unit 3, and the relative pasition of the CCD
gsensors 31 to the mark 41. | |

In order to locate a specific one of the marks 41 having the

10 same size and configuration, the conditions must be met as set

out belaow.
M < P/2 (1)
where M is an approximate position precision of the X-and-¥Y-
~tables 1a and 1b, even if a scale other than one used in the

15 invention is used . |

2P, + WKV o (2)

This means that more than two marks 41 must be covered in
the X-and ¥~ directions hy the image sensor unit 3.

W< P/2 (3)

20 This means that a ratlo of the pitch P, to the width W must
be less than two, so that the influence of the article 2 to an
image of the marks 41, that is the deterioration of resolution
is suppressed to be low.

2P, £ W (4)

25 This means that the width W must be larger relative to the
pitch P, of the CCD sensors 31 by a predetermined value, that
is, two times. Consequently, the central point of each mark

41 is precisely obtained in accordance with the processing of the
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at a position where the optical distance between the article and the half
mror nmeans is equal to the optical distance between the marker and the
halt mirror nmeans; and -5- reading neans for reading a val ue
corresponding to an arbitrary point on the article and a value, of the
mar.ker on the marker plate, corresponding to the arbitrary point by taking
advantage of light transmtted through ggd light reflected from5 t he

Qalf nirror'neans. BRIEF DESCRIPTICN_CF HE DRAW NGS The invention mﬁ!l be
expl ai ned gt %i@ﬁmsls!rmfeorﬁéia%&banawéﬁo@rppﬁﬂﬁgﬁg&@%w?md@%@tné 10

Figs. 1A to 1IH are explanatory di agrans show ng an a ratus for mneasuring
di mensi on ¢fe abovel icehditlion to rgéndratiehed output signal § which is of
a pulse-like waveform, while the relations as shown in.Figs. iF
and 1H meet the above condition to provide the output signals S
3 which are of a step-shaped waveform.
The step-shaped waveform is advantageous in processing the
output signals 8, and discriminating dust on the séale plate 4
from the marks 41. .
In measuring dimension of the article 2, the caleunlation
10 unit 5 uses the central points of the marks 41. Therefore,
the width W of the marks 41 is permissible to have deviation,
because the central points fhereof are not deviated dua to the
structure in which the marks 41 are square to be symmetrical in
regard to the cenitral points.
15 In this sense, the marks 41 are not limited to be square,
but point-symmetrical shapes such as circle, etc.
As discussed above, one specific optimum example is as
follows,
W = 80pm, P, =400um, V = 1000pm, M =100um, and P, = 2um.
20 As described in Fig. 1la, the article 2 is separated on
optical axis from the marks <41 of the scale plate 4 by the
predetermined distance preferably largely greater than the focus
depth.
In one specific example, it 1is preferable that the
25 inequality 4 > W / 2N.A. is satisfied, when the number of
aperture is N.A., and the width of the marks 41 is W.
In operation, the X- and Y- tables la and 1b are.controlled

successively to move in the X- and Y- directions, respectively,
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enbodi nent according to the invention, in which Fig. 1A shows the
apparatus, Fig. 1B shows a scale used in the apparatus, Fig. 1C shows narks
for the scale, Fig. 1D shows an i mage sensor unit 15 used in the
apparatus, Fig. 1E shows an article to be nmeasured in the apparatus, and
Figs. 1F to 1H show the relation of CCD sensors of the inage sensor unit to
a mark of the scale in the apparatus, Egs. 2 to 4 are explanatory di agrans
show ng appar at uses 20 for neasuring dinmension of an article in second

t'o fourth s eflmt elecabecturatzyl aEcondi apticld e iisnpesttionedilieldw ithean
expl anatory di agram show ng an apparatus for neasuring the dinmension of an .
articl e i ntmage frengoretbited - enboAtritisaGiatei; ngheoaparture et iang, thed 25
Figs. 6 and 7 are_ expl anatory di agranms showi ng conventi onal apparatuses for

measuri ng TREhsAbNO8f He 54319 cPLBESCA YT Y THES pRERFRRY® RABADSVENTS
focused saparately by the focusing system of the image sensor

5 unit 3, Thus, the aperture 21 and the marks 41 are detected
separately by the CCD sensors 31 of the image sensor unit 3, so
that output signals § are supplied therefrom to the calculation
unit 5, in which the central point O, of the aperture 21 is
calculated in accordance with' addresses of 'the marks 41.

10 Then, the X-and Y- tables la and 1b are moved in the X- and Y-
directions, respectively, so that the aperture. 22 of the article -
2 is positioned below the image sensor unit 3. In the same
manner as in the aperture 21, the central point O, of the
aperture 22 is calculate.d in accordance with addresses of the
15 marks 41 in the calculat;ion unit 5. Then, the distance D
between the central points 0, and O, of the ape.rtures 21 and 22'
is calculated in accordance with the calculated positions theraof
in the caleulation unit 5. _
In an apparatus for measuring dimension of an article in the
20 invention, an image sensor unit 3 may be moved in the X- and ¥-
directions, while an article 2 and a scale may be stat.;onary, and
a magnetic detecting' sysiem may be adopted in place of the
optical detecting system as adopted above.
Fig. 2 shows an apparatus for measuring dimension of an
25 article in the second preferred embodiment according to the
invention, wherein like parts are indicated by like reference
numerals as used in the first preferred embodiment, provided that

the scale plate 4 having the marks for the scale is provided on



-6- An apparatus for neasuring dinmension of an article in the first
preferred enbodi nent according to the invention will be explained in Figs.
1Ato 1H In Fig. 1A the apparatus conprises an X-table la noving in 5
the X-direction indicated by an arrow, a Y-table |b noving in the
Y-direction orthogonal to the X-direction, on which an article 2 is placed
to be nmeasured in dinension, a transpargjt scale plate 4 provided on the
Y-table I b to have a scale on one surface thereof, an image sensor unit 3
havi ng a fideudppgsiyet £084 ned tHe artdeden.to be focused on the article 2
and the scale of the scale plate 4 selectively, a calculation unit 5 for
cal cul ating di #snshenapparansy tihel &~2apg Kectibley ar mimpliygshoynobyt he
I mage sensor unit 3, and light equipnents 7a, 7b and 7c for radlatlng | i ght
through ¢ fb TR 1i AN ther Amage; SePE0Y. unit 3 as shown in Fig. 1A is

replaced by image sensor units 3A and 3B which are provided at
5 the same pdsitions on the opposite sides relative to the table
1.
In operation, the article 2 and the scale plate 4 are maved
to take the same positions relative'to the image sensor units 32
and 3B in accordance with the X- and Y- movements of the table
10 1. Thus, output signals of thé image sensor units SAnand 3B are
supplied to the calculation unit 5, in which the output signals
are processed to calculate dimensicn of the article 2.
Fig. 3 shows an apparatus for measuring dimension of an
article in the third prefefred embodiment according to the
15  invention, wherein like parts are indicated by like reference
numerals as used in the first and second preferred embodiments.
In the apparatus, the scale plate 4 has the scale 4A on the
surface facing the article 2 to increase precision in measurihg
dimension of the article 2 for the reason why both the article
20 2 and the scale 4A are detected through the scale plate 4 by ihe
image sensor unit 3, so that the influehce of a refractive index
of the scale plate 4 is commonly applied to the detecting lights
of the article 2 and the scale 4A. The optical conditiens
for the image sensor unit 3 of the scale 4A and the article 2 are
25 different to each other, Accordingly, an image of the article
2 is diffracted at the scale plate 4, so that the optical error
is occurred by this diffraction. .

Fig. 4 shows an apparatus for measuring dimension of an
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15
desi gned

In the apparatus, the Y-table 1b and the scale"plate 4 are

, such that the article 2 is placed on the Y-table | b to have a

di Stance d greater than a focus depth of the focusing systemof the inage

sensor unit 3 fromthe scale plate 4. Fig.

pl ate 4 having marks 41 20 for the scale arranged in matrix. In Fig.
the marks 41 which are enlarged are of a wwdth Wand a height W and -
arrayed by a pitch P1. Fig. 1D shows a-yiew area V x V on the marks 41 of
tthe scdle plate 4 or the article 2 covered by CCD sensors 31 of the inmage
25 sen@xtiglie B ther dovnthe e ardeshrentdimentyr papeeding bat ihe by a
é*%l Fi,g. 1E shows the article 2 of, for | s%gpce, a.;g%zﬂ pl at e

pitch P[e
havi ng ap

10

15

20

25

Oy ARPTEAN Jrliked IR T8 A& ARdias et erence
numerals as used in the first teo third preferred embodiments.

In the apparétus, a half ﬁirror 6 is provided at an angle
of 45° relative to the X- and ¥- table 1 and the scale table 4
having the scale 4A, and shutters 8A and 8B are provided to shut
one of light paths for the scale 4A and thé article 2. The
shutters BA and 8B may be omitted when other means such as using
different wavelengths of lights for the scale 4A and the article
2 is adopted.

In operation, a predetermined portion of the article 2 and
the relevant marks of the scale 4A are selecﬁively detected in
accordance with.the switch-~over of the shutters 8A and 8B by the
image sensor unit 3,

~In the second and fourth preferred embodiments, optical
distances can be egual to decrease error.

Fig. 5 shows an apparatus for measuring the dimension of an
article according to a £ifth embodiment of the present invention.

This apparatus comprises: a;table 1 having a horizontal surface
on which an article to be measured is placed; a marker plate unit
7, disposed parallel to the table 1, comprising a marker plate
4 provided on the side of a reading unit 3 described below and
a half mirror 6 provided on the side of the article 2; a reading
unit 3,.such as a CCD camera, for reading a value corresponding
to an arbitrary point on the artﬁcle 2 and a value, of a marker
4A on the marker plate 4, corresponding to sald arbitrary point
by taking advantage of 1light transmitted through and light

reflected from the half mirror 6; and a caleulation unit 5 for

1B shows the transparent scale

1C,
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-7- central points [err] and [err] thereof. In Figs. 1F to 1H, the CCD
sensors 31 of the inmage sensor unit 3 detect the mark 41 of the scale plate
4, *so that a detected signal Sis supplied to the calculation unit 5,
wherein 5 a waveform of the output signal S depends on the relation
between the width Wof the mark 41 and the pitch P[err] of the CCD sensors
31 of the image sensor unit 3, and the iglatlve position of the CCD sensors
31 to the nark 41. In order to | ocate a Specific one of the nmarks 41 havi ng

the 10  Sa& m?;%gaeﬂe%ﬂkwwm(g rbi P reEALAYSInDE JIBL Asp!

out below. M< [er wher'e Mis an approxi mate position
preci si on mdrkere plataduXitt abiewdi o&&d kb, tRyENchd c@tﬁeﬁlledﬁ.kh&ﬁcéhdn one
used in the 15 invention is used 2[err] + W< V

between the article 2 and the half mirror 6 is equal to the
optical distance, d,, between the marker 4A and the half mirror

5 6.
The marker plate 4 has, on its surfdce, a coordinate marker
-4A a8 shown in Fig. 3 and is formed of a material through which
visible light can be passed, for example, glass. The marker
4A may also be omne representing a dimension, an angle or the

10 like. |

The half mirror 6 comprises a dichreic mirror of which the
light reflectance and transmittance vary depending upon the
wavelength. _

The reading unit 3 is constructed so as to be movable in X~

15 and Y~ directions. A value corresponding to an arbitrary point
on the article 2 and a vélue, of B marker 4A on the marker plate
4, corresponding to said arbitrary point are read by taking
advantage of light transmitted through and light reflected form
the half mirror 6.

20 In the apparatus having the above construction, when the
reading unit 3 is.moved in X- and Y- directions, it reads a
arbitrary point c;f the article 2 on the table 1 by taking
advantage of iight transmitted through the half mirror 6 and, at
the same time, a value, of the ﬁarker 4A on the marker plate 4,

25 corresponding to the arbitrary point is read by taking advantage
of light reflected from the half mirror 6. - The reading unit 3
outputs the read marker 4A values into the calculation unit 5

which calculates the input marker 4A values to determine the
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T_hi S means t hat nor e than two marks 41 nust be covered in the X-and Y-
directions by the image sensor unit 3. W< [err]/2 (3) 20

Thi s neans t hat a ratio of the pitch [err] to the width Wnust be |ess than
-two, so that the influence of the article 2 to an image of the marks 41,
that is the deterioration of resolution is suppressed to be low. 2[err]

[err] W . (4) 25 Thigg~-neans that the width Wnust be
larger relative to the pitch [err] of the CCD sensors 31 by a
predet er ndheensidnieof tire arsicdwo2ti nes. Oonsequent ly, the cent ral

poi nt of each mark 41 is precisel PY%obt ai ned accordancsovm th.t

processi ng of Imethis cﬂﬁsﬁut "%‘Pgﬁﬁ cke Fnd etfl%ﬁ MATRSY 2RoRnei ﬁlﬁ’ﬁse‘iG
does not IBel nat® ARe"SpELosl ' 128 chRod°BEtAen! e uap-eicfégaa'aﬁ wpigh i's
reading unit 3 is equal to the optical distance between the
5 marker 4A and the reading unit 3. Therefore, even though the
reading unit 3 undergoes some change resulting in inclined
optical path, the relationship between the article 2 and the
reading point of the marker 4A through the half mirror ¢ is not
broken, esnabling the precision of the measurement to be improved. -
10 Although the apparatus of the present invention has been
described with reference to. an embodiment where the readin§ unit
3 is moved, the apparatus may be constructed so that the table
1 and the marker plate unit 7 are moved instead of the feading
unit 3. Further, according to the above embodiment, the marker
15 plate 4 and the half mirror unit 6 are integral with each other
to constitute the marker plate wnit 7. '.rhey, however, may be
independent of each other.
As described above, in the apparatus for measuring the
dimension of an .article according to the present invention, an
20 article to be measured and a marker are disposed so that the
optical distance between the article and a reading unit is equal
to the optical distance between the marker and the reading unit.
This can eliminate the occurrence of parallax, resulting in
satisfactory improved precision of the measurement.
25 Although the invention has been described with respect to
specific embodiment for ‘complete and clear disclosﬁre, the
appended claims are not to be thus limited but are to be

construed as embodying all modification and alternative



a puI se-like vvaveform while the relations as shown in Fi gs. 1F and 1H neet
the above condition to provi de the output 35i gnals S 5 whi ch are of a

st ep- shaped waveform The step-shaped waveformis advantageous in
processing the output signals S, and discrimnating dust on the scale pI ate
4 fromthe marks 41. In neasuring dinmension of the article 2, the '
cal cul ation 10 unit 5 uses the central points of the mar ks 41.

Therefore, the width Wof the mar ks 41"?-‘%"perm' ssi ble to.have devi ation,

b s [ devi at e h
i o the Senee i TigBE' Bhie, G Ul 8 R RREFER B b e AT '
points. 1%¥airyy fal'lnwﬁghﬁnseﬂé%aéi@sﬁ vyl MR IR0 s ek! %ﬁ to be

square, but poi'nt-symetrical shapes as circle, etc. I 'scussetl
above, one specific optinumexanple is as follows, W= 80[err]m [err]
=400[errlm 'V =100 err]m M=100[err]m and [err] = 2[errlm



20 As described in Fig. 1A the article 2 is separated on optical
axi.s fromthe marks 41 of the scale plate 4 by the—pLedeLELﬂLneg_gL§tance
preferably | argely greater than the focus depth. ecific exanple,

it is preferable that the 25 inequality d > W !ﬂﬂﬁu ﬂﬂu ed when
t'he. nunber of aperture is N.A., and the w dth of

operation, the X- and Y- tables |a and Jq.are controlled succeSS|ver to
move in the X- and Y- directions, respectlvely, -9- so that the aperture

21 of the wHAmCE® &LA smsitaned bel ow t he i mage sensor unit 3. At this
state, the aperture 2? nd the marks 41 of the scale plate 4 covering the
aperture 21 are focused separately by the focusing system of the | mage
sensor
1. aAn apparatus for measuring dimension of an article,
comprising:
a table for placing an article to be measured in dimension
'thereon;

a scale having marks arranged in matrix;

2
3
4
)
6 means for cdmmonly moving said table and said scale;
7 an image sensor unit for selectively detecting a portion of
8 said article and said marks of said scale corresponding to said
o portion of said article;

i0 means for providing a relative movemant between said table
11 and sald image sensor unit; and

12 a calculation unit for calculating sald dimension of said

13 article in accordance with output signals of said image sensor

14 unit.

2. The apparatus as defined in claim 1, wherein:

said table comprises X- and Y- tables moving in X~ and ¥-
directions, said article being placed on one of said X- and Y-
tables;

said coﬁmonly moving means ls means for fixing said scale
to said one of said X- and Y- tables, said article and said scale
having a predetermined distance on a light axis of said image

sansor unit;

v @ I3 A v s W N

said image sensor unit conprigses a lens system having a

o
o

focus depth, said predetermined distance being gredter than said

[}
[

focus depth; and

' This Sheet Has Been Rer
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5 unit 3. Thus, the aperture 21 and the marks 41 armﬂﬁ!ﬁ

separately by the CCD sensors 31 of the inmage semm m““ hat out put
signals S are supplied therefromto the cal cul at ich the

central point [err] of the apérture 21 is caIcuIated in accordance W th
addr esses of the marks 41. 10 Then, the X- and Y- tables la and 1b are
noved in the X- and Y- directions, respg%leer so that the aperture 22 of

the article 2 is positioned bel ow t he | mage sensor unit 3. In the
sameiganner as gaid rodiiding Redns, chher D0 nidarpOifdlr fekihg 84id hEnage
aperture 22 is calculated in accofrdance with addresses of the 15 mar ks

41 i b3t he sahsaet atnidn tonbe Stationary, amdmeddse fiirsdaivend baide®n drtk
central points [err] and [err] of the apertures 21 and 22 is calculated in
accotfance¥wi tablen tghaumoved Abseeidns-tdRR Bt ddrediland.cul ation unit 5.
I n an apparatus for measuring dinmension of an article in the 20

I nvention, an inage sensor unit 3 may be noved in the X- and Y- directions,

whilejan articlg 2 agd, 4,3638nTP%sPRef 1 804 O ¥12 0%, wherein:

2 said table comprises X- and ¥- tables moving in X- and ¥-
3 directions, said article béing placed on one of said X- and Y-
4 tables; |
5 - said commonly moving means is means for conveying motions
6 in said X- and Y- directions to said scale, said scale being
7 provided on an opposite side of said table to said article;
8 said image sensor unit comprises a first image sensor unit
9 for detecting smaid portion of said article, and a second image
10 sensor unit for detecting said marks pf said scale corresponding
11. thereto; and
12 said providing means comprises means for fixing said first
13 and second image sensor units to be stationary, aqd means for

14 driving said X- and ¥- tables to be moved in said X~ and ¥-

15 directions.
1 4. The apparatus as defined in claim 1, wherein:
2 said scale is provided on a first surface of a scale plate,
3 said first surface of said scale plate being on a side of said
4 article.
1 5. An apparatus for measuring dimension of an article,

2 coﬁprising:

3 . X~ and Y-tables moving in X- and Y-directions, said article

__/,_—
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a magnetic detecting systemmy be adopted in place of the optical
detecting system as adopted above. Fig. 2 shows appar atus for neasuring
di mensi on of an 25 .article in the second pref Ei" mﬂwﬂmmuaccordi ng
to the invention, wherein |ike parts are indicat i nce
funerals as used in the first preferred enbodi nent, providedsthat the scale
plate 4 having the marks for the scal e-i® provi ded on -10- the opposite
side to the article 2. In the apparatus, the X- and Y- tables are sinply
Shown by deizig placedndnt bree i ofiger sk Fomniy-tabdsesshown in Fig. 1A is

repl aced by inmage sensor units 3A and 3B which are provided at 5 the
same Hosi ti ons 20F°ARe HpYRYt BAEKY AT FARGRE ViR (RRY K.t AiQ Bcale being

6 arranged at an angle of 90 * relative to the X— and ¥Y-tables;
7. an image sensor unit for selectively detecting a portion of
8 said article and said marks of said scale corresponding to said

§ ~ portion of said article;

10 a half mirror arranged at an angle of 45 °‘relative to said
;1 scale and said article;

12 | means for providing a relative movement between said table
13 and said image sensor unit; and

i4 a calculation unit for calcutlating said dimension of said
15 article in accordance with output signals of said image sensor
16 unit. |

1 6. A scale to be- used in an appératus for measuring
2 dimension of an article, comprising: | |

3 & scale substrate;

4 - marks arranged in matrix on said scale substrate, each of
5 sajd marks having a width of W and a height of W, and being

[+ 1%

arranged by a pitch of P, and each of said marks being of a

? point-symmetrical shé.pe,
8 wherein said marks meet conditions as defined below,
9 2P+ W<V,
10 W< P-ljz, and
11 2P, S W
12 where V.is a view area of an image sensor unit to detect
13 said scale, and P, is a pitch of métrix—arranged sensors of said |
14 | image sensor unit. /H_,./
| This Sheet Has Been RE laced
A



In operation, the article 2 and the scale plate 4 are noved to take the
same positions relative to the i nage sensor uni ts 3A and 3B in accordance
wi tth the X- and Y- novenents of the table 10 : Thus, output signals
of ‘the inmage sensor units 3A and 3B are supplied ﬂlﬂmuﬁHRMMIIEMIﬂn unit 5,
Fn which the output signals are processed to calc f the
article 2. Fig. 3 shows an apparat us fo% rreasurlng *di frensi dh Jf &n article
in the third preferred enbodi ment according to the.15 i nvention, wherein
I'i ke parts are indicated by |ike reference nunerals as used in the first
and second preferred enbodi nents. In the apparatus, the scale plate 4 has

t he stal e 4A orv.t he Anuappsratusifoy heasaring the?dinensioeasfcanract i) i n
measuri ng di mension of the article 2 for the reason why both the article 20
2 and?t he eRaRisdRgire detected through the scal e plate 4 by the inage

sensor unit 3, so that the influence a refractive ingdex of the scale
plate34 is comﬂ)rﬁ qﬁpﬁﬁ"éﬂgt 8 lfﬂ-é'sé}e?ier'l AYTERGRL QN ovhich %ﬁ‘jt‘a Axticleq

t he sEaI e dhpe measurelae 1gp1bigggdcond| tions

5 a marker plate disposed on a second flat surface parallel

6 to the first flat surface, said marker plate having a marker

K representing a unit of measurement includiné a ccordinate, a

8 dimension or an angle;

9 half mirror meas disposed on a third flat surface located
10 at a position where the optical distance between the article and
11 the half mirror means is equall to the optical distance between
12 the marker and the half mirror means; and
13 read_i_.ng méans for reading a value corresponding to an
14 arbitrary point on the article and a value, of the marker on the

15 marker plate, corresponding to said arbitrary point by taking

16 advantage of light transmitted through and light reflected from

17 the half mirror means.

1 8. The apparatus as defined claim 7, wherein,

2 in the measuremant, the table, the marker plate and the half
3 mirror means are stationary with the reading means being moved
4 in a one-~ or two- dimensional direction.

9. The apparatus as defined in c¢laim 7, wherein,
in the measurement, the reading means is stationary with the

table, the marker piate and the half mirror means being moved in

B W N e

a one~ or two- dimensional direction.



for the image sensor ~unit 3 of the scal'e 4A and the article 2 are 25
different to each-other. !Accordingly, an image of the article 2 is
diffracted at the scale plate 4, so that the optical error is occurred by
this diffraction. Fig. 4 shows an apparatus for neasuring di nension of an
#11- article in the fourth preferr % enbodi nent according to the invention,
wherein like parts are indicated by ’like reference numerals as used in the
first to tAPPARAYUS{RORI MEASURING] DIMENSION IOF AREICABANDaSCALE a half mirror 6 is
provi ded atrOaBE #SED ANSTHE SMME [err] relative to the X- and Y- table 1 and
the scale table 4 having the scale 4A, and shutters 8A and 8B are provided

to shut o b Ok b d@bsuRe scale 4A and the article 2. The
shutters g%‘g%%;%B‘n&Qﬁ%E'Unrrrgg-when ot her nmeans such as using
A scale has marks of a point-symmetrical shape which are
arranged in matrix. The scale and an article to be measured
in dimension are positioned without any relative movement.

5 An image sensor unit detects a predetermined portion of the
article and the marks of the scale corresponding to the
Predetermined | portion of +the article selectively and
successively, and the image sensor unit generates output signals
in accordance with the detected results of the article and the

10 scale. The output signals are processed to calculate the
dimension of the article. Aﬁ apparatus for measuring the
dimension of an article is provided which can eliminate the
occurrence of parallax, resulting infsatisfactorily improved
precision of the measurement. - In the apparatus, an article and

15 = a marker are disposed so that the optical distance between the
article and a reading unit is equal to the optical distance

between the marker and the reading unit.



-

di fferent wavel engt’hs of lights for the scale 4A and the article 10 21s
adopted In operation, a predeterm ned portion of the article 2 and the.
réf evant marks of the scale 4A are selectively detected in accordance with
the switch-over of the shutters 8A and 8B by the i nage sensor unit 3. 15
-ln the second and fourth preferred enbodi nents, optical distances can be
equal to decrease error. Fig. 5 shows an apparatus for neasuring the

di mensi on of an article according to h/'lfth enbodi mrent of the present
invention. This apparatus conpri 1 having a horizontal surface
20 on which an article to be zggga?edﬁﬁérplaced; a marker plate unit 7,
di sposed parallel to the table 1, conprising a marker plate 4 provided on
the side of a reading unit 3 described below and a half mrror 6 provided
on the side of the article 2; a readin unlt 3, such as a CCD canera, for

;ﬁgdgngaﬁﬁ'g%lﬁlﬁ corrcraigfndl ng ZE;\L | trary po%tE(%r‘;‘g';Eh:T article 2
J IMAGE
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4A on the marker plate 4, corresponding to said arbitrary point by taking
advantage of light transmtted through and light reflected fromthe half
myror 6, and a calculation unit 5 for cal cul ati ng the marker val ues
read by the reading unit 3. - The marker plate unit 7 is disposed so that
-t he optical distance [err], between the article 2 and the half mrror 6 is
equal .to the optical distance, [err], between the marker 4A and the half :
mrror 5 6. The marker plate 4 has, on its surface, a coordi nate nmarker
4A as shown in Fig. 3 and is formed gf/ g material through which visible
| ight can be passed, for exanple, glass. The marker 4A may al so be one
representing a dinension, an angle or the 10 like. The half mrror 6

conprises a dichroic mrror of vvh'Fcyd’ue -
. 1C
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light ref lectance and transmttance vary dependi ng upon the wavel engt h.
Th& reading unit 3 is constructed so as to be novable in X- 15 and Y-

di rections. A val ue corresponding to an arbitrary point on the article 2
and a value, of a marker 4A on the marker plate 4, corresponding to said
arhitrary point are read by taking advantage of light transmtted through
and light reflected formthe half mrror 6. 20 I n the apparatus
havi ng the above construction, when thegr ing unit 3 is nmoved in X- and
Y- directions, it reads a arbitrary point of the article 2 on the table 1
by ‘taki ng advantage of light transmtted through the half mrror 6 and, at
the sane tinme, a value, of the nar?E?‘EAJZE the marker- -plate 4, 25
corresponding to the arbitrary poi d by taking advantage of I|ight
reflected fromthe half mrrorp adi ng uni t he read

mar ker 4A val ues into the ralrulaflEgz9 it 5 mhicﬁgéérgﬁﬁg t he i nput
mar ker 4A val ues to determ ne the - -

Or -2 ARTICLE
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-13- dinmension of the article 2. In this case, the article 2 and the marker _.
4é\are di sposed so that the optical distance between the article 2 and the
reading unit 3 is equal to the optical distance between the 5 mar ker 4A
and the reading unit 3. Therefore, even though the reading unit 3

-under goes sone change resulting in inclined optical path, the relationship
bet ween the article 2 and the reading point of the marker 4A through the
half mrror 6 is not broken, enabling th@/ﬁqecision of the measurenent to
be i nproved. 10 Al t hough the apparatus of the present invention has
been described wth reference to aé?ﬁhg;di nt where the reading unit 3 is
noved, the apparatus may be constructe & hat the table 1 and the narker
plate unit 7 are noved instead of the reading
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uni t 3. Further, according to the above enbodi nent, the marker 15 .
([Hate 4 and the half mrror.unit -6 are integral wth each other to
-constitute the marker plate unit 7. They, however, nmay be independent of
each other. As described above, in the apparatus for measuring the
.dimension of an art icle according to the present invention, an 20
article to be. neasured and a marker are di sposed so that the optical
di stance between the article and a reading unit is equal to the optical
.di stance between the -marker and the regﬂy@? unit. This can elimnate the
occurrence of parallax, resulting in safistactory inproved precision of the
measur enment. 25 Al t hough the invention has been described w th
respect to specific enbodinent for conplete and cl ear disclosure, the
appended clainms are not to be thfé@ g but are to be construed as
embodying all nodification & native
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-14- constructions-that may occur to one skilled in the art which fairly
fd&ll within the basic teachi.ng herein set forth. VHAT IS CLAIMED IS 1. -
ANV apparatus for measuring dinension of an article, conprising: a
table for placing an article to be neasured in dinmension thereon; a scale
«having marks arranged in matrix; means for commonly noving said table and
sald scale; an imge sensor unit for gdectively detecting a portion of
said article and said marks of said s€afe corresponding to said portion of
-said article; -

FIG.5
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means for providing a relative novement between said table and said image
sgensor unit;. and a calculation unit for calculating said dinension of said
ayticle in accordance with output signals of said inmage sensor unit. 2. The
apparatus as defined in claim1l, wherein: said table conprises X- and Y-
tables noving in X- and Y-directions, said article being placed on one of
said X- and Y- tables; said commonly ving neans is neans for fixing said
scale to said one of said X- and Y- tédbfes, said article and said scale
~having a predeterm ned distance on a light axis of said inmage sensor unit;

said i mage sensor unit conprises a Ien5'5é§? hgyi ng a focus depth, said
predeterm ned di stance being greater tha ighdg%s depth; and This is the
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l 4501944~ 4 108 T
Date: -2 9 APR 1997 sai d providi ng neans corrprlls n’eans for erFﬂgs,salﬁq

i mege®*sensor unit to be statlonary and neans for] f"V‘I"Hg ‘gal dadéd an@ aged

tables o be noved in said X | Ns. §3! Eﬁ@*abparmua..‘@m cad Y
defined in claim1, wherein: Téésfé b(%ﬁ‘S @%pp seg M Damwdna:) t abl.es rné) 3{5 A

in X2 and Y- directions, saild artﬁ&?ieﬂ\% i ng_pl acg¢dDohbatmet of : jgabd X+,a

tabl es; SWHATCISICOAIMEDTSi ng~Treans |s neans for gonveying m)tlons I'n
X- and Y- directions to said scale, said scal e bei by WEr@WFBELﬁ?LaW'&I‘W

. opposite side f sajd. table t dat al d T TTHTE-SeRSor— i eee....
conmprises a fi M&Bpgrgﬁ"for'%r ﬁmaf‘u'?@r f@g?‘?%otﬁn éﬁﬁzﬁ‘ {PERISTS a1 d
article, and aa saiw_lmhdvmg a first flat surface on which said article to be measured is placed;
a marker plate disposed on a second flat surface parallel to the first flat surface, said

marker plate having a marker representing a unit of measurement including a coordinate,
a dimension or an angle;

half mirror means disposed on a third flat surface located at a position where the
optical distance between the article and the half mirror means-is equal to the optical
distance between the marker and the half mirror means; and

reading means for reading a value corresponding to an arbitrary point on the article
and a value, of the marker on the marker plate, corresponding to said arbitrary point by
taking advantage of light transmitted through and light reflected from the half mirror means.

2. The apparatus as defined in claim 1, wherein,

in the measurement, the table, the marker plate and the half mirror means are
stationary with the reading means being moved in a one- or two- dimensional direction.

3. The apparatus as defined in claim 1, wherein,

| in the measurement, the reading means is stationary with the table, the marker plate

and the half mirror means being moved in a one- or two- dimensional direction.

4. The apparatus of claim 1 wherein said marker plate comprises glass.

5. The apparatus of claim 1 wherein said half mirror means comprises a dichroic
mirror.

6. An apparatus for measuring a dimension of an article comprising:

a flat surface for supporting an article to be measured;

a marker plate disposed parallel to said flat surface, said marker plate having a
marker thereon for measuring the article; _

a half mirror disposed parallel to said flat surface so that the optical distance from
the article to said half mirror is equal to the optical distance from said half mirror to said
marker; and

an image sensor for sensing a point on the article related to the dimension to be
‘measured and for sensing a value of said marker on said marker plate which corresponds
to the point by taking advantage of light transmitted through and light reflected from said half
mirror. | |

7. An apparatus for measuring the dimension of an article, comprising:

a table having a flat first surface on which the article to be measured is placed;
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i mage -sensor unit for detecting said marks of said scale corresponding
thereto; and said providing means conprises nmeans for fixing said first and

second i mage sensor units to be stati onamﬁfﬁgﬁwgﬁ"drl ving said X-

and Y- tables to be nobved in said X- and
defined in claim1, wherein: said scale

The apparatus as
n a flirst surface of a

scal & plate, said f| rst surface of said scale pl ate being on a side of said

article. 5. An apparatus for measuring dinension.
conpri si ng Thiamagker plate slispadedronta fiatsecond surfare parallel to said first surface, said

marker plate having a marker representing a unit of measurement including a coordinate,

a dimension or an angle;

of an article,

optical reading means for selectively reading an arbitrary point on said article and
a value of said marker on said marker plate by means of a focusing system, said value of
said marker corresponding to said arbitrary point, and said focusing system having a focus
depth less than a distance between the article and said marker plate.
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4 bei ng pl aced on one of said X-"7and Y-tabl eq]; EPLACET seal-e-having
marks arranged in ma F“ bei ng 6 aﬁggie ]”{éﬁ‘ AAGEES of WO
relative to the X- H“mmﬂmﬂ I‘ [‘l‘ an i Eleﬂ% r‘1§ P9 e ﬂf?zrin paged ...
sel eétively detecting=+a por ti on said arfi ?3 nd sari‘:&ﬁﬁr %bo;tu@m‘ds
scal e corresponding to said 9- port i on of sai rr :ﬁé‘f‘?‘g@}la‘:- 3 0 pegbal f.
mrror arraaned at_an angle of 45 relative to sai bptract scabagednd tsa;mr,,d
article; Qﬁé______éﬂﬂﬂﬂ%gﬂﬁor providing a relatjve novenent between sai d
table 13 and said i mage sensor unit; and 14 | DATE O B_ELEWI..'?P!'."."}V.‘.”
for calculating said dinension of said 15 article Tn_accortanmce—wH—
out put gignals of 1sai d iAmgeaspamsatud 6 for unméasulrlr}g dlmeﬁzsn.loﬁ S&H e dmo| be
used in at \suring 2 di rension of an article,

corrpriS|a£I'r é&ngloirsc ‘e substrate; 4 marks arranged in matfix

on said |scal e substrate, each of
a table for placing an article to be measured in
dimension thereon;

a scale having marks arranged in matrix;-
means for commonly moving said table and said scale;

an image sensor unit for selectively detecting a
‘portion of said article and said marks of said scale
corresponding to said portion of said article;

means for providing a relative movement between said
table and said image sensor unit; and

a calculation unit for calculating said dimension of
said article in accordance with output signals of said image
sensor unit.

2. The apparatus as defined in claim 1, wherein:

said table comprises X- and Y- tables moving in X-
and Y-directions, said article being placed on one of said X-
and Y- tables;

said commonly moving means is means for fixing said
scale to said one of said X- and Y- tables, said article and
said scale having a predetermined distance on a light axis of
said image sensor unit;

said image sensor unit comprises a lens system having
a focus depth, said predetermined distance being greater than
said focus depth; and

This is the replacement sheet

29 APR 1997

Date:



5 sai d marks having a wi.dth of ‘Wand a height of W and being 6

arranged by a pitch of [err], and e “ mnjlmﬁu being of a 7

poi nt-symetrical shape, 8 ﬂl IK mr s nmeet conditions as
10

definmed bel ow, 9 2[err] + W Ve S " W< [err]/2, and 11
2[err] [err] W12 where V is a view area of an image sensor unit to
detect 13 said scale, and [err] is a pitch of matrix-arranged sensors of
said 14 | mage- sensor unit. -18- 1 7. An apparatus for
measuring the dinension of an article, 2 conprising: 3 a table

having alfirst flafaidr Preyidinghimeansyqpmpniisgse means for fixing said
' . |image sensor unit to be stationary, and means for driving said

X- and Y- tables to be moved in said X- and Y- directions.
3. The apparatus as defined in claim 1, wherein:

said table comprises X- and Y- tables moving in X- and
Y- directions, said article being placed on one of said X- and
Y- tables; '

said commonly moving means is means for conveying
motions in said X- and Y- directions to said scale, said scale
being provided on an opposite side of said table to said
article; '

said image sensor unit comprises a first image sensor
unit for detecting said portion of said article, and a second
image sensor unit for detecting said marks of said scale
corresponding thereto; and

said providing means comprises means for fixing said
first and second image sensor units to be stationary, and means
for driving said X- and Y- tables to be moved in said X- and Y-
directions.

4. The apparatus as defined in claim 1, wherein:
said scale is provided on a first surface of a scale

plate, said first surface of said scale plate being on a side
of said article.

5. An xepparatus for measuring dimension of - an

article, comprising

This is the replacement sheet
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4 to be neasured is placed 5 a marker plate disposed on a
second flat surface parall el —teo—the—first—fiat surface, said marker

pl ate having a marker 7 represe asurenent including a
coordinate, a 8 di mensi on or Dmmﬁn g‘“ “ﬂ ‘I“Ehal f mrror meas

di sposed on a third flat surface I sat *a position where the

optical distance between the article and 11 the half mrror neans is
equal to the optical distance between 12 the marker and the half mrror
means; and 13 - readi ng neans for reading a value corresponding to an

14 arbitrary poi ng-omdhe. ardbTe miisy val e, a0l Yhedﬁré&ﬁ.oﬁﬁ t Bgid5s
mar ker p respon said arhitrary_poin
advant age |3 tzl"F]a?‘utb? %ﬁ#‘%eéﬁ Th PR REaRFLE §ht & Péf {:%i‘#Om 17 t he

hal f mrror means. : The apparatus as deflned claim7,

wherein, 2 nqﬁgg gﬂgg; h e p and sthe

hal f 3 mrror neans %?e stati ricd ﬁr%%ggggaéghd&ﬂééﬁé bé?%g nove ép
being arranged at an angle of 90° relative to the X- and Y-

tables;
an image sensor unit for selectively detecting a
portion of said article and said marks of said scale

corresponding to said portion of said article;

a half mirror arranged at an angle of 45° relative to
said scale and said article;

means for providing a relative movement between said
table and said image sensor unit; and

a calculation unit for calculating said dimension of

said article in accordance with output signals of said image
sensor unit.

6. An apparatus for measuring the dimension of an
article, comprising:

a table having a first flat surface on which said
article to be measured is placed;

a marker plate disposed on a second flat surface
parallel to the first flat surface, said marker plate having a
marker representing a unit of measurement including a
coordinate, a dimension or an angle; '

half mirror means disposed on a third f£flat surface
located at a position where the optical distance between the
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4 In a one- or two- dinensi onal__ql_l_rggtllgg_,____ 9. The appar at us
as defined in claim?7, wherein, in the neasurenent, the reading

means is stationary with the 3 tmmml‘mﬂﬁmpl ate and the hal f
mrror neans being noved in 4 - nsi onal direction.

article and the half mirror means is equal to the optical
distance between the marker and the half mirror means; and

reading means for reading a value corresponding to an
arbitrary point on the article and a value, of the marker omn
the marker plate, corresponding to said arbitrary point by
taking advantage of 1light transmitted through and 1light
reflected from the half mirror means.

7. The apparatus as defined in claim 6, wherein,

in the measurement, the table, the marker plate and the
half mirror means are stationary with the reading means being
moved in a one- or two- dimensional direction.

8. The apparatus as defined in claim 6, wherein,

in the measurement, the reading means is stationary with
the table, the marker plate and the half mirror means being
moved in a one- or two- dimensional direction.

9. The apparatus of claim 6 wherein said marker plate

-—

comprises glass.

10. The apparatus of claim 6 wherein said half mirror

means comprises a dichroic mirror.

11, An apparatus for measuring a dimension of an article

comprising:
~a flat surface for supporting an article to be measured;

a marker plate disposed parallel to said flat surface,
said marker plate having a marker thereon for measuring the

article;
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a half mirror disposed parallel to said flat surface so
that the optical distance from the article to said half mirror
is equal to the optical distance from said half mirror to said

marker; and

an image sensor for sensing a point on the article related
to the dimension to be measured and for sensing a value of said
marker on said marker plate which corresponds to the point by
taking advantage of 1light transmitted through and 1light
reflected from said half mirror. '

12. An apparatus for measuring the dimension of an
article, comprising:

a table having a flat first surface on which the article
to be measured is placed;

a marker plate disposed on a flat second surface pafallel
to said first surface, said wmarker plate haviﬁg a marker
representing a unit of measurement including a coordinate, a
dimension or an angle; '

optical reading means for selectively reading an arbitrary
point on said article and a value of said marker on said marker
plate by means of a focusing system, said value of said marker
corresponding to said arbitrary point, and said focusing system
having a focus depth less than a distance between the article
and said marker plate.
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