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 ABSTRACT

A method and apparatus for analysing two-
dimensional patterns, particularly printed matter car-
ried on sheet-like objects, and for inspecting such
sheet-like objects to locate defects therein.

The invention performs such analysis of inspection

'by-.subjecting the moving pattern or sheet to light

which may be incoherent and scanning the light beam

to periodically vary its intensity at some stage in the
process.

The spatial frequency ~of scanning
(cycles/mm) is preferably variable and the scanned
light as affected by the pattern or sheet i1s used to
produce an electrical test signal as a function of the
fourier transform thereof. The test signal 1S
subsequently compared with a reference signal or
stored data to evaluate the characteristics of the
pattern or to determine the presence of
defect-indicative information.

33 Claims, 9 Drawing Figures
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METHOD OF AND APPARATUS FOR ANALYSING
PATTERNS AND INSPECTING OBJECTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of application Ser. No. 88,791,
filed Nov. 12, 1970, now abandoned which 1s a con-
tinuation-in-part of application Ser. No. 63,824, filed
8-21-70 now abandoned.

- BACKGROUND OF THE INVENTION

In one aspect, the present invention relates to a
method of, and an apparatus for, analysing two-
dimensional patterns or inspecting objects. Although
the term “‘two-dimensional pattern or patterns” is In-
tended to apply particularly, but not solely, to patterns
carried by objects, it is to be understood that the term
two-dimensional pattern is also intended to apply to the
outer profile and/or inner features of substantially two
or three dimenstonal objects. Particular applications of
the present invention are in analysing objects carrying
patterns in the form of printed matter such as bank
notes, stamps, labels, drawings or the like. Other exam-
ples of objects is this nature which can be analysed 1n
accordance with this invention include printed circuits,
miCro circuits, patterns on cathode ray tubes, photo-
graphic tmnsparenmes radiography photographs
items used in printing, biological and other microscope

spec1mem and fingerprints. The invention can also be
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test signal with a reference signal or the equivalent
thereof.

Further accordmg to the invention the method may
further comprise scanning the beam to periodically
vary its intensity before 1t 1mpinges on or passes
through said pattern or scanning the radiation generally
reflected by and/or transmitted through, the pattern to
periodically vary the intensity of said radiation, the
electrical test signal being derived from the radiation
generally reflected by and/or transmitted through the
pattern and after the scanning operation.

The term “‘generally reflected” is intended to include
diffraction, reflection and scattering or other effects
produced by the presence of the pattern. N

The term “‘transmitted” is intended to apply where
the object is of such nature that when subjected to radi-
ation, radiation passes through a radiation-transmitting

- part or parts of the object.

20 .
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utilized in analysing objects such as sheet metal, ce-

ramic or synthetic plastics piece parts, typically gear-
wheels, cams and other precision components.

One object of the invention is thus to provide a
method of, and an apparatus for, analysing two dimen-
sional patterns particularly patterns carried by objects
such as those mentioned above. o |

The invention is also concerned with a method of,
and an apparatus for, inspecting objects. In this aspect,
the invention is particularly, but not solely, concerned
with inspecting planar surfaces of objects in the form
of sheet materials in order to locate surface defects and
with inspecting thin sheet materials for internal defects
not present on the outer surfaces. |

Examples of objects with which the present mventlon

can be advantageously employed are as follows: - |

sheet metal, tiles, sheets of plastics or rubber, sheets
of paper, glass objects, magnetic tape and emulsive ma-
terials. The term defects is intended to encompass
cracks. blemishes, holes, internal discontinuities, sur-
face roughness and also local colour variation where
applicable. Another application of the invention IS 1N
determining the depth of a turning mark on a metal
component. -

Another object of the mventmn is thus to provide a
method of and apparatus for, inspecting objects such as
thosc mentioned above.

SUMMARY OF INVENTION

According to the present invention there is provided

a method of testing or analysing a two dimensional pat-
tern, as hereinbefore defined, said method comprising
subjecting at least a portion of the pattern to be tested
to a beam of electromagnetic radiation, deriving an
electrical test signal as a function of the Fourier trans-
form of the radiation generally reflected by and/or
transmitted through the pattern, and comparing said

In accordance with a preferred method the radiation
is visible light which is scanned before 1t impinges on

or passes through the pattern. The light beam may be

aplit into two components directed at a reference pat-
tern and a pattern to be investigated. The electrical sig-
nal from the patterns can then be compared. The pat-
tern or patterns may also be moved so that the entire
pattern can be analysed continuously.

Accordmg to another aspect of the present invention
there is provided a method of inspecting an object to
determine the presence of defects, said method com-
prising subjecting at least a portion of the object to be

~tested to a beam of electromagnetic radiation, deriving

35

40

45

50

35

60

65

an electrical test signal as a function of the Fourier
transform of the radiation generally reflected by and/or
transmitted through the object, and comparing said test
signal with a reference signal or the equivalent thereof
to determine the presence of defect indicative informa-
tion in said test signal. is provided an apparatus for test-
ing or analysing a two dimensional pattern as hereinbe-
fore defined or for mspectmg an object to detect de-
fects, said apparatus comprising means for producing
a beam of electromagnetic radiation, means for direct-
ing said beam at the pattern or object under test, means
for scanning the beam to periodically vary its intensity
and means for producing an electrical test signal which

“is a function of the Fourier transtorm of the radiation
“generally reflected by and/or transmitted through the

test pattern or object after the scanning operation.

The scanning spatial frequency can be constant or
varied to produce a part of, or a complete Fourier
transform response of the radiation reflected by or
transmitted through the pattern or object.

The electromagnetic radiation is preferably visible
light although the infra red, ultra violet and even X-ray
or X-ray spectrum can be employed. The. scanning

‘means is preferably in the form of a light transmissive

disc carrying radial grating lines which scans-the radia-
tion, for example, prior to its impingement on the pat-
tern or object under test. In pattern analysis the light
beam emitted by the source may be split after scanning
into two components which are directed at a reterence
pattern and a pattern to be investigated. The patterns
are preferably moved and the electrical signals indica-
tive of the characteristics of the patterns can be com- .
pared preferably automatically so that any variations n
the pattern being examined from the reference pattern
may be identified by inequality of said signals.



3

The signals may be compared by a “cross-correlation
process” generally involving the effective superimpo-

sition and relative movement of the signals.
A further electrical signal of non-varying phase can

be derived and compared with the signal representing

- the pattern or object under investigation.

Instead of employing a scanning means to produce
the test signal a test signal can be derived as the requi-

3,814,943
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site Fourier transform function of the radiation by em- -

ploying a static array of photo electric elements.

This array may be so constructed as to exhibit a sinu-
soidal variation in sensitivity along some predeter-
mined axis. To this end photographic masks or Moire
gratings can be placed over an array of identical photo-
electrical elements. . | - o

Where defects are to be detected on the outer sur-
face of the object the surface can normally produce
specuiar or diffuse reflection and in the latter case the
scanned radiation diffusely reflected by the surface can
be collected and converted into said test signal. Where
the surface produces specular reflection either the
scanned radiation specularly reflected can be collected
and converted into the test signal or else the scanned
radiation diffusely reflected from defects on the surface
can be collected and converted into the test signal
which will be present only when defects are apparent.

The object under investigation can be moved and it
tollows that the invention is particularly useful in the
automatic inspection of objects of the kind mentioned
hereinbefore. -

The invention may be understood more readily, and
various other features of the invention may become

more apparent, from consideration of the following de-
scription. |

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the present invention will now be
described, by way of examples only, with reference to
the accompanying drawing wherein:

FIG. 1 1s a block schematic diagram of a pattern-

analysing apparatus made in accordance with the pres-
ent invention |

FIG. 2 is a block schematic diagram of a modified
pattern-analysing apparatus made in accordance with
the present invention; | |

FI1G. 3 1s a block schematic diagram of a further pat-
tern-analysing apparatus as employed in the installation
illustrated in FIG. 4;

F1G. 4 depicts an installation for the automatic in-
“spection of banknotes; |

FIG. 5 is a block schematic diagram of an inspection
apparatus made 1n accordance with the present inven-
tion; - |

F1G. 6 1s a block schematic diagram of a further in-
spection apparatus made in accordance with the pres-
ent invention; -

FIG. 7 1s a block schematic diagram of a further in-
spection apparatus made in accordance with the inven-
tion; |

F1G. 8 1s a block schematic diagram of yet another
“Inspection apparatus made in accordance with the in-
vention; and | .

FIG. 9 1s a block schematic diagram of a further in-
spection apparatus made in accordance with the inven-
tion. S
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DESCRIPTION OF PREFERRED EMBODIMENTS

For the purposes of this _description in connection
with FIGS. 1 to 4 it is assumed that an object to be

tested designated 01 is in the form of a sheet carrying
a two dimensional pattern and by way of example the
object 01 can carry coloured printed matter and be a
banknote or a stamp. | |

As shown 1n FIG. 1 the apparatus has a light source
10 which has a high intrinsic brightness and can be in
the form of a laser or a tungsten lamp. The light beam
emitted by the source 10 is scanned by being passed:
through a radial grating in the form of a light-
transmitting disc 11 having a large number of radial
grating lines thereon. A lens (not shown) may be dis-
posed between the source 10 and the disc 11. The disc
11 1s rotated at constant speed by a drive means 12
which can be in the form of a synchronous motor. The
disposition of the main optical axis 51 of the apparatus
In relation to the axis of rotation 50 of the disc 11 can
be appreciated from considering the drawing. As men-
tioned hereinafter, the axis of rotation 50 of the disc 11
can be fixed or rotatable relative to the main optical
axits 51 of the apparatus. The construction of the disc
11 may be as described in U.K. patent specification No.
970,369 and the spacing of the grating lines of the disc
11 is made commensurate with the particular applica-
tion to which the apparatus is put. The image of the
scanning radial grating lines on the disc 11 is focused
by means of a lens 13 onto a slit 15 in a plate. By rotat-
ing the disc 11 at a constant speed the light beam is
made to vary in intensity to provide a regular carrier
frequency signal. The spatial frequency or effective
pitch of the lines of the grating on the disc 11 crossing
the shit 15 can be varied by altering the relative dispo-
sitions of the axes 50, 51 from a minimum of zero cy-
cles/mm to a maximum determined by the actual pitch
of the grating and the magnification of the lens or
lenses used. Instead of employing a disc carrying lines
at a single spacing it is possible to use a disc carrying
several groups of lines each with their own characteris-
tic spacing. Such a disc would produce several carrier
frequencies which can be analysed independently.

As an optional feature, a beam splitter 14 is posi-

- tioned between the lens 13 and the plate 9 and the light

retlected from the beam splitter 14 passes into a pin
hole 16 and thence into a photo-electric device 17 such
as a photo multiplier. The electrical output from the
photo-electric device 17 is designated 18 in the draw-
ing and provides a phase reference signal the function
of which is described hereinafter. |

The 1image of the slit 15 is also focused by a lens 19
onto the object 01. As depicted in the drawing a further
slit 60 may be positioned closely adjacent the object 01
to receive the image of the slit 15, In many applications
however, the slit 60 can be dispensed with. As a further
optional feature, a beam splitter 20 is positioned be-
tween the lens 19 and the slit 60 and the light reflected
from the beam splitter 20 as passed onto a further slit
61 positioned closely adjacent a reference object 02. It
should be understood that the presence of the refer-
ence object 02, beam splitter 20 and. associated parts
Is not essential and in some modes of operation they
may be dispensed with as expalained hereinafter.

The light transmitted through the beam splitter 20
and onto the slit 60 passes through a light collector in .
the form of an integrating sphere 21 and likewise the



S

light reflected by the beam splitter 20 and onto the slit
61 passes through a light collector in the form of an n-
tegrating sphere 24. The slits 15, 60 61 extend perpen-

3,814,943

dicularly to the plane of the drawing and the length of

the slits 60, 61 is preferably sufficient to cover the en-

tire width of the objects 01, 02. An image of the scan-

ning grating lines on the disc 11 is thus formed on the
objects 01 02 and the light generally reflected back
from the obijects 01 02 into the spheres 21 24 1s col-
lected thereby. The collected light is then converted to
electrical signals by means of photo electric devices 22
25 respectively. The devices 22 25 can again be in the
form of photo multipliers and the electrial signals or
outputs of the devices 22 25 are designated 23 and 26.
The electrical output 23 is a function of the Fourier
transform of the light reflected by the pattern on the
portion of the object 01 which is illuminated through
the slit 60 and is indicative of the characteristics of the
pattern on the portion of the object 02 which s 1llumi-
nated through the slit 61.

If the objects 01 02 are moved in synchronism in the
direction of arrows X and Y the objects 01 02 can be
scanned continuously. In this mode of operation the
disc 11 is rotated at constant speed and the optical rela-
tionship between the axes 50 51 is maintained constant
so that the spatial frequency of scanning (cycles/mm)
is maintained at a constant value. The outputs 23 and
26 vary according to the nature of the pattern on the
objects 01 02 and assuming that the object 02 is a refer-
ence or standard object any deviation between the out-
puts 23 26 whilst the objects 01 02 are moved will indi-
cate differences in the pattern on the portions of the
objects 01 02 being examined. |

Instead of scanning with a constant spatial frequency,
the spatial frequency can be varied by altering the opti-
cal relationship between the axes 50 51 to provide a
complete Fourier transform response. By altering the
spatial frequency the effective response of the appara-
tus is varied and the alteration in the output 23 or both
outputs 23, 26 can be determined as a function of spa-
tial frequency to provide a Fourier transform response.
In this operational mode, it may be possible to illumi-
nate the whole of the object 81 under investigation.

In the embodiment illustrated in FIG. 1 it is assumed
that the object 01 is generally non-light transmitting or

light transmitting to only a smal degree. Where the na-
ture of the object permits, instead of reflecting light

from a portion of the object @1 the light may be trans-
mitted through the object and the photo electric device
22 positioned on the side of the object 01 remote from
the slit 60 such as would be the case with a photo-
graphic transparency. The same modification would of
course be made in the case of the reference object 02
in situations where the latter is employed.

The reference signal 18, the phase of which under
given conditions does not vary, can be compared with
the output signal 23, the phase of which may vary ac-
cording to the nature of the pattern being analysed to
ascertain the phase relationship between the signals 18,
28. This phase comparison is important with certain

patterns where, for example, registration of one or.

more colours relative to one or more other colours may
be poor. Thus under certain conditions analysis of both
the amplitude and phase of the signal 23 may be desir-
able. Instead of a relative measurement of the phase

and amplitude of the signal 23 the real and imaginary
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parts of the signal can be recorded by suitable known
apparatus. _ ' | '_

As mentioned, the reference object 02 is optional

and the presence of the reference object 02 may be
more desirable where an automatic comparison of the
outputs 23, 26 is made. This comparison can be
achieved by a suitable circuit which equates the out-
puts 23, 26 but the physical presence of the object 02
may not be necessary where a reterence response IS
known. In this case, a recording device such as a pen
recorder can be driven by the output 23 and thereafter
the printed result compared with a pre-printed refer-
ence response. In an alternative arrangement the out-
put 23 can be stored on magnetic tape or fed into a
computer or otherwise stored and subsequently the
stored information can be compared with the equiva-
lent information previously derived from a reference
object. | ' ' '
" The known process of ‘‘cross-correlation™ can - be
used to compare the two signals representing the two
patterns i.e. the test and reference signals. This process
involves the effective superimposition of the two sig-
nals to be compared and relatively moving one signal
with respect to the other. Any difference between the
signals is indicated by the resultant signal produced by
the process. The cross-correlation process iteslf can be
carried out in various ways, for example, electronically,
by calculation e.g. by a computer, or optically.

In a modified arrangement depicted in FIG. 2 much
of the apparatus is the same as in FIG. 1 and like refer-
ence numerals have accordingly been used to designate
like parts. The difference between the apparatus of

"FIGS. 1 and 2 is that in FIG. 2 light emitted by the

source 10 is transmitted by a lens 30 onto the sht 135
and the image of the slit 15 is then scanned by the disc
11. This alternative arrangement has the advantage
that the slit 15 can be illuminated more efficiently and
the optical dimensions can be made shorter thus ren-
dering the apparatus more compact.

In a further optional modification the disc 11 is
placed in a position such that the light reflected by or
transmitted through the object 01 is scanned. Thus n

contrast to the arrangements shown in FIGS. 1 and 2

the light beami is directed at the object without initially
undergoing the scanning process and this scanning pro-
cess is carried out on the light as influenced by the ob-
ject. The invention is not limited to the use of radiation
solely in the visible light spectrum but longer wave-
lengths in the infra-red region and shorter wavelengths
in the y and X-ray region can be utilised to perform the
analysis. The object to be analysed can also take other
forms than the essentially sheet-like nature of bank-
notes, postage stamps and the like and examples of
other objects in the form of precision components have
been mentioned hgreinbefore. Such a component
would be placed in the position 01 in FIG. 1 and in this
application it is generally preferred not to use a refer-
ence object 02. Instead a reference signal is compared
with the test signal in the manner mentioned above.
Depending upon the nature of the object light or other

" radiation reflected by, transmitted through and/or past

65

the object would be converted into a test signal for sub-

sequent evaluation. o
In applications where only fairly coarse defects are

encountered the test signal can be analysed by simpler

techniques. For example, the gradient of a particular

portion of the test signal or the peak level of some por-



tion of the test srgnal can be compared wrth some pre- -

set value. -

N _?'3,8 14,943

FIGS. 3 and 4 deplct an apparatus and an mstallatlon .

intended for the automatic inspection of banknotes and

agam for convenience like reference numerals are used

in FIG. 3 to denote llke parts to those prevtously de-—
scribed.

~Ithas been found that it is not necessary in this appli-

cation to produce a complete Fourier ‘transform by

varying the spatial frequency of the radiation passed
through the disc 11, i.e. by altering the relationship be-

8 B
whnch ﬂaps are lowered upon receptlon of an' energls-

ing signal to cause a banknote to fall into one or other
of the stations 80. Instead of two _reject statlons 80 a

| smgle station 80 could be used.

The inspection apparatus depicted i in FIG. 5 IS partlc- o

-?ularly intended for inspecting objects with one or more
diffusely reflecting surfaces such as sheets of plain
'paper although with some modification, descrrbed. |

~hereinafter, the apparatus can be used to inspect ob-

10 jects with one or more specularly reﬂectmg surfaces |

- tween the axes 50, 51 Instead a particular spatial fre-

~quency is selected and the banknotes to be tested are
- each scanned at the selected spatial frequency appro-

priate to a certain type of defect. For example at low

15

spatial frequencies say about 0.1 cycles/mm faults such

as creases tears, stains and large scale pattern defects

can be identified whereas at about 0.3 cycles/mm faults

 such as spew, featherlng and broken prmt can be iden- -

tified more. readlly
As shown'in FIG. 4 the banknotes to be mspected

20

‘again designated 01, are conveyed a moving conveyor
K past a number of units designated 40 to 44. The con-
- veyor K is depicted as being of the endless belt type but

other- types of conveyor such as rotatable drums are.
 feasible. - | S

The units 40 to 44 would each be constructed as gen-' I

 erally depicted ‘in FIG. 3 and would operate as de-

25 .

- such as certain types of sheet metal.

- As shown in FIG. §, the apparatus has a hght source

10 which has a high intrinsic brightness and can be in
the form of a laser. The light beam emitted by the
source 10 is passed onto a radial grating in the form of

‘a rotatable light transmitting disc 11 having a large
number of radial grating lines thereon. The disc 11 is

rotated at constant speed by a drive means 12 which

can be in the form of a synchronous motor. The dispo- -

sition of the main optical axis 51 of the apparatus and -

“the axis of the rotation 50 of the disc 11 can be fixed
or relatively movable. The general construction and

operation of the disc 11 can be as described in our U K
patent specrficatlon No. 970,369. L

The image of the radial grating llnes on the dlSC ll_
whrch scan the light beam emitted from the source 10

~ is focused by means of alens 13 onto a slit 15 in a plate
~15'. The slit 15 extends perpendlcularly to the plane of -

scribed hereinbefore. In this example the units 40, 41

would analyse light reflected by the front faces of the

30

~ banknotes the units 43, 44 would analyse light reflected o
by the reverse faces of the banknotes and the unit 42

~ would analyse light transmitted through the banknotes.

. The units 40 and 43 would be set to one. spatral fre-

quency to. detect one type of defect and the units 41,

35
44 would be set to another spatlal frequency to detect

another type of defect. Likewise, the unit 42 would be

set to one particular spatial frequency. The banknotes
can be moved at speeds of up to 20 banknotes per sec-

- ond with known transporters but higher speeds may be

. achievable. Analysis of the llght reflected by the bank-
notes can be readily indicate prmtmg defects such as

Spew; feathering or broken print, as well as the. pres-
ence of foreign matter such as oil, defects in registra-

~ tion, creases and in some circumstances physical tears.

“the drawing. A beam splitter 14, such as a semi-silvered -
mirror.or the like, is positioned between the lens 13and - =~ .
the slit 15. nght reflected from the beam splitter 14 is

passed into a pin hole 16 and hence ‘into a photo-

electric device 17, such as a photo- multlplrer The elec-

trtcal output srgnal from the dewce 171 1 desrgnated 18 |

The lmage of the slit 15 is focused by means of a lens

19 onto a further slit 60 psoitioned closely adjacent an

| object 0 to be inspected. The slit 60 again extends per-

40 -

- sphere 21. The light is generally reflected in a diffuse .

pendtcularly to the- plane of the drawing. The slit 60

can be omitted in certain apphcations The light which __
is focused onto the slit 60 passes through an mtegratmg |

~ manner by the object 0 and the reflected light is scat-

45

By analysmg the light transmitted through the bank-

- notes in addition to the light reflected by the banknotes |
- assessment of watermarks and the registration between

- patterns on the front and reverse sides of the banknotes

. tered back-into the integrating sphere 21 to be.col-
lected thereby The collected light is converted to an

electrical s1gnal by means of a photo-electric device 22

~ which can again be. a photomultlplter The electrical

measurement the light collector (integrating spherc*

-21) and photo electric device (22, 25) would be posi-
‘tioned on the side of the banknote remote from the

light source 10 i.e. beneath the conveyor K. To enable

colour checks to be carried out selectable ﬁlters can be
mcorporated in the apparatus. | |

Preferably an edge detecting device 150 is used to .

- output signal from the device 22 is des:gnated 23. The.

<9 signal 23 can be fed to various electronic circuits and -
~can be made. As mentioned before for transmission ° |

processed thereby. The signal 23 is a function of the
Fourier transform of the lgiht dlffuscly reflected by the .

- portion of the object 0 which is illuminated by the slit

535

“sense the presence of each banknote and to initiate:-the

" data correlation process. The edge detecting device.
150 may be a srmple light.source and photo-sensitive

‘element adapted to sense the presence or absence of
- each banknote in turn.'Depending upon the analysis

~ performed by the units 40-44 the banknotes would be
- separated automaucally by electrical processing sig-
- nals, into reject and accept stations 80, 81 respectively,

60

65

disposed at the end of the conveyor K. To this end
- pwotable ﬂaps 82 can be prowded over the stations 80

60 and is thus indicative of the surface quality of that -
portion of the object 0. The object 0 can be moved con-
tinuously in the direction of arrow A so that the entrre

- surface of the object 0 can be inspected.

The apparatus can be. operated SO that the opucal re-

.'latlonshrp between the axes 50, 51 is maintained con:
. stant value. Deviations of the signal 23 from a refer-

ence level and assessed by a comparator circuit will be

~indicative of a defect in the surface. In an alternative
- mode of operation, the spatial scanning frequency is
varied by altering the optical relationship between the -

axes 51, 51. In this manner a complete Fourier trans-
form response of the light reflected from the surface of -

the object can be obtained by determining the variation

In thc output srgnal 23 for a correspondlng change in



. 9
spatial frequency. The output 18 provides a reference
signal since its phase remains constant under given con-

ditions. Thus, the signals 18, 23 can be phase compared
when, and if, desired. Where the object § is of such na-

3,814,943

ture that it reflects light in a specular manner rather 5

than a diffuse manner then the apparatus depicted In
~ FIG. 1 may be used but the light collected by the sphere

21 will represent diffuse reflection and be indicative of

defects rather than the surface itself. Alternatively the
specularly reflected light can be analysed directly and
FIG. 2 depicts an apparatus suitable to perform this
function. |

In FIG. 6 the same reference numerals denote the
same parts shown and described in connection with the

1O

10

the light transmitted through the object § 1s passed
through an aperture 71 into a photo-electric device 70.
The device 70 produces an electrical signal 72 which
can then be processed by electronic circuitry to detect
the presence of internal defects in the object § as dis-
cussed hereinbefore. In certain applications 1t may be
desirable to collect radiation transmitted through the
reflected by an object and in this case, for example, the
photo-electric devices 22 and 70 of FIGS. 5 and 7
would be used together.

Instead of using the disc 11 to scan the light before

" it is directed onto or through the object the disc 11 can

apparatus of FIG. 5. In FIG. 6 however, the image of 15

the slit 15 is focused onto the slit 60 by a lens 19 and
a second beam splitter 30 is disposed between the siit
15 and the lens 19. Again, the slit 60 can be omitted 1n

certain cases. The light impinging on the object § under -

investigation .is specularly reflected and passes back
through the lens 19 to be diverted by the beam splitter
30 into an integrating sphere 31. The light collected by
the sphere 31 is converted to an electrical signal by
means of a photo-electric device 32 which can again be
a photo-multiplier. The output signal from the device

32 is designated 33. Any defect in the surface of the ob-

ject 0 illuminated by the slit 60 tends to absorb or scat-
ter the incident light and reduces the intensity of the
reflected beam passing into the sphere 31."As with the
apparatus shown in FIG. 5 the spatial frequency can be
constant or varied and preferably the object 0 1s moved
in the direction of arrow A so that its surface is scanned
for defects on a continuous basiw.

In both embodiments when the spatial frequency 1s

20

be used to scan the light after it has been directed onto
or through the disc 11. An example of an apparatus
which operates in the latter manner is depicted in FIG.
8. The apparatus depicted in FIG. 8 is especially suit-
able for detecting small dirt spots in paper maternials.
As shown in FIG. 8, the object 0, in this case sheet
paper, is illuminated by means of two separate light
sources 73, 74 which may be tungsten filament lamps,
and associated lenses 75, 76. A single light source
could be employed provided that it gave a sufficient

~ high level of illumination. The light reflected from the

25

30

varied the object is effectively inspected for defects of 33

all sizes. If defects of a certain size only are of interest
then it is preferable to carry out the inspection at ong
fixed spatial frequency or over a limited range of spatial
frequencies. By utilizing two or more spatial frequen-
cies simultaneously defects of certain sizes can be de-
tected separately. To this end two or more discs 11
each having grating lines of characteristic spacing can

be used or else a single disc 11 having multiple sets of

scanning lines can be. used. |

As can be appreciated the invention can be applied
to automatic inspection of objects with the objects
being successively inspected one by one and each
scanned over a position of its surface or over its entire
surface. Any defects giving rise to a variation in the sig-
nal 23, 33 can be recorded as a deviation from a stan-
dard value and an appropriate visual marking made
upon the object for use in a subsequent operation.

Certain objects may be too large or otherwise incon-
venient for direct inspection. In such cases the object
can be photographed and the resultant negatives exam-
ined for defects using the transmission mode described
hereinafter. | |

The foregoing description related to FIGS. 5 and &
has dcalt essentially with surface inspection but it 1s to
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surface of the object 0 is focussed by means of a lens.
77 onto a slit 78 in a plate 79. The image of the slit 78
is then focussed by means of a lens 8¢ onto the disc 11
and the light transmitted through the disc 11 1s col-
lected by a photo-electric device 81 which provides an
electrical signal 82 processed as described heremnbe-
fore. In a particular application high quality optical
character recognition paper moving at 1,000 ft/min.
can be examined for dirt spots by the apparatus of F1G.
8. A relatively narrow strip of the paper is examined as
a sample and the number of spots detected in the strip
is generally representative of the total spot content.
The size of dirt spot which is registered is between 0.05
and 0.13 mm. but spots of greater size than 0.13 mm.
can be registered separately. To this end as mentioned
before it is possible to employ two discs 11 having grat-
ing lines of different characteristic spacing thereby pro-
ducing different spatial frequencies, or else a single disc
11 can be provided with two sets of grating lines of dif-
ferent spacing. The resultant electrical signal 82 would
then contain components corresponding to the two
spatial frequencies which could be processed sepa-
rately. . | |
Instead of detecting individual surface defects the in-
vention can provide an apparatus suitable for examin-
ing the overall surface roughness of sheet material such
as paper or metal or to measure the depth of a turning
mark in the surface of a component. An example of
such an apparatus is shown in FIG. 9 where like refer-

~ence numerals denote like parts to those shown 1n

23
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be appreciated that the invention is applicable to the

inspection of the internal structure of objects by exam-
ining the light transmitted through the object. FIG. 7
depicts an apparatus suitable for inspecting objects
such as paper by transmission meansurement and like
reference numerals denote like parts to those shown in
FIGS. 5 and 6. In this modified apparatus the lens 19
focusses the image of the slit 15 onto the object ¢ and
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FIGS. 5 and 6. The object 10 in this case 1s inclined 1n
relation to the optical axis 51 so that the light impinging
on the surface is scattered by the surface structure of
the outer surface of the object 0 which is being investi-
gated. The light scattered in one particular direction 1s
focussed by a lens 86 into an aperture 85 of a photo-
electric device 87. The device 87 produces an electri-
cal signal 88 which can be processed as discussed here-
inbefore.

By moving the common axis 84 of the device 87 and
the lens 86 relative to the axis 51 and aitering the spa-
tial scanning frequency for each position of the axis 84
the characteristics of the surface structure can be ob-
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tained. Typically the angle between the axes 51, 84 is
in the order of 50°.

As 1n the previous embodiments, a phase reference .

signal 18 may be provided in the apparatus depicted in
FIG. 9.

We claim: | |

1. A method of analyzing a two-dimensional test pat-

tern; said method comprising the steps of:

a. scanning a beam of electromagnetic radiation with
a moving attenuation pattern which is cyclic along
a path of movement of the attenuation pattern to
provide a modified beam of radiation;

b. subjecting the test pattern to be dnalyzed to said
modified beam of radiation;

c. collecting radiation derived from said modified
beam and subjected to the influence of a part of the
test pattern and to the influence of a part of the at-
tenuation pattern extending over a plurality of cy-
cles thereof exerted simultaneously by the whole of
said part of the attenuation pattern;

d. producing an electrical test signal from the col-

3,814,943

3

10

12

e. comparing said test signal with a reference.

7. A method according to claim 6, wherein the test
pattern is moved so that said part of the test pattern
changes. |

8. A method according to claim 2, wherein the test
and reference patterns are moved. in synchronism so
that said parts of the test and reference patterns.
change. |

9. A method accordmg to claim 6, wherein the char-
acteristic spatial frequency produced by the scanning

operation 1s vared.
10. A method according to claim 6, wherein the test

- signal is used to provide a data record and this data re-

[
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lected radiation and representing part of a defined

- Fourier transform of said part of the test pattern;
and
¢. comparing said test signal with a reference
2. A method according to claim 1, and further com-
prising sphtting the beam into two components after
the scanning operation, directing one component at the
pattern under test and directing the other component
at a reference pattern, collecting further radiation sub-
jected to the influence of said part of the attenuation

pattern and to the influence of a part of the reference

pattern corresponding to said part of the test pattern,
producing from said further collected radiation an elec-
trical reference signal which represents part of a de-
tfined Fourter transform of the said part of the reference
pattern, said reference signal constituting said refer-

30)

35

ence and the comparison being effected between the

test and reference signals.

3. A method according to claim 1, wherein the test
pattern is moved so that said part of the test pattern
changes.

4. A method according to claim 1, wherein the char-
acteristic spdtlal frequency produeed by the scanning
operation is varied. |

5. A method according to claim 1, wherem the test
signal 1s used to provide a data record and this data re-
cord 1s automatically compared with another record
constituting said reference.

6. A method of analyzing a two-dimensional test pat-
tern, said method comprising the steps of:

a. subjecting the test pattern to be analyzed to a beam

of electromagnetic radiation; -

b. scanning the radiation influenced by the presence

of the test pattern with a moving attenuation pat-
tern which is cyclic along a path of movement of
the attenuation pattern; |

c. collecting radiation subjected to the influence of a

part of the test pattern and to the influence of a

part of the attenuation pattern, extending over a

plurality of cycles thereof, exerted simultaneously
by the whole of said part of the attenuation pattern;

d. producing an electrical test signal from the col-
lected radiation and representing part of a defined
Fourier transform of said part of the test pattern;

and
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cord is automatically compared with dnother record

constituting said reference. |
11. An apparatus for use in ana]yzmg or mspectmg an

object; said apparatus eompnsmg

a. conveying means for moving the object in a direc-
tion,

b. means for producing a beam of electmmagnetlc
radiation; - |

c. means for scanning said beam of radiation with a
moving attenuation pattern which is cyclic along a
path of movement of the attenuation pattern to
provide a modified beam of radiation for direction
at the object under test;

d. means for collecting radiation derwed from said
beam which has been subjected firstly to the influ-
ence of a movable part of the object under test and
secondly to the influence of a part of the attenua-
tion pattern, extending over a plurality of cycles

- thereof, exerted simultaneously by the whole of
said part of the attenuation pattern;

e. means for defining said part of the object under
test so that said part extends generally laterally of
said direction; and =

f. means for producing from the collected radiatlon
an electrical test signal which represents part of a
defined Fourier transform of said part of the object
under test. B

12. An apparatus according to claim 11, wherein the

“scanning means is in the form of a rotatable radiation-

transmissive disc having radial grating lines thereon,
the axis of rotation of said disc being displaceable to
thereby vary the characteristic spatial frequency pro-
duced by the scanning operation.

13. An apparatus according to claim 11, wherein
there 1s provided a beam splitter which splits said beam
Into two components after the scanning operation, one
component being directed at the object to be tested to
produce said test signal, and the other component

being directed at a reference object, there being further

provided means for collecting further radiation which
has been subjected firstly to the influence of a part of
the reference object and secondly to the influence of a
part of the attenuation pattern extending over a plural-

ity of cycles thereof, exerted simultaneously by the

whole of said part of the attenuation pattern; means for
producing from the collected further radiation an elec-

-trical reference signal which represents part of a de-

fined Fourier transform of said reference object, said
reference signal being comparable with said test signal
as a basis for the analysis of the test object.

- 14. An apparatus aceordmg to claim 11 and further
comprising means for comparing said test signal with a
reference. -
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15. An apparatus according to claim 11 and further
comprising means for determining the presence of de-
fect-indicative information in said test signal.

16. An apparatus according to claim 11, wherein said
defining means also defines said part of the attenuation
pattern.

17. An apparatus according to claim 16, wherein said
defining means is in the form of a slit with a dimension
extending substantially in the dlrectlon of movement of

the attenuation pattern.

18. An apparatus according to claim 17, wherein
there is provided means for focussing an image of the
attenuation pattern onto said slit. |

19. An apparatus for use in analyzmg or mspectmg an

object; said apparatus compnsmg

a. conveying means for moving the object 1n a dlrec-

tion;

b. means for producing and directing a beam of elec-
tromagnetic radiation at the object under test,

c. means for scanning the radiation influenced by the
presence of the test object with a moving attenua-
tion pattern which is cyclic along a path of move-
ment of the attenuation pattern;

d. means for collecting radiation sub]ected firstly to
the influence of a part of the test pattern and se-
condly to the influence of a part of the attenuation
pattern extending over a plurality of cycles thereot,
exerted simultaneously by the whole of said part of
the attenuation pattern;

e. means for defining said part of the object under
test so that said part extends generally laterally of
said direction; an

f. means for producing from the collected radiation
an electrical test signal which represents part of a
defined Fourier transform of said part of the object
under test.

20. An apparatus according to claim 19, wherein said
defining means also defines said part of the attenuation
pattern. |

21. An apparatus according to claim 20, wherein said
defining means is in the form of a slit with a dimension
extending substantially in the direction of movement of
the attenuation pattern.

22. An apparatus according to claim 21, wherein
there 1s prowded means for forming an image of the slit
which image is scanned by the scanning means.

23. An apparatus dccordmg to claim 19, and further
comprising means for comparing said tust blgndl with a

reference.

24. An apparatus according to claim 19 and further
comprising means for determining the presence of de-
fect-indicative information in said test signal.

25. An apparatus accarding-to claim 19, wherein the
defining means is a slit which defines an image of the
radiation influenced by said part of the object which

image is scanned by the scanning means, and a photo-

electric device is provided for rt,cewmg the scanned ra-
diation.

26. A method of inspecting an object to determine
the presence of defects, said method comprising the

steps of:
a. subjecting the object to be tested to a beam of elec-

tromagnetic radiation to establish a distribution of

radiation influenced by the object;
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b. scanning radiation influenced by the object with a
moving attenuation pattern which is cyclic along a
path of movement of the attenuation pattern,

c. collecting radiation subjected to the influence
firstly of a part of the object and secondly to the in-

fluence of a part of the attenuation pattern, extend-
ing over a plurality of cycles thereof, exerted simul-
taneously by the whole of said part of the attenua-
tion pattern;

d. producing an electrical test SIgnal from the col-
lected radiation and representing part of a defined
Fourier transform of said part of the object; and

 e. comparing said test signal with a reference, 1n the

form of a preset electrical value, to determine the
presence of defect- mdlcatwe information in said
test signal.

27. A method according to claim 26, wherein the
scanning operation involves simultaneous scanning at
two or more different spatial frequencies and the com-
ponents of the test signal related to said different spa-
tial frequencies are 5eparately processed.

28. A method of inspecting an object to determine
the presence of defects, said method compmmg the
steps of: |

a. scanning a beam of electromagnetic radiation with
a moving attenuation pattern which is cychc along
a path of movement of the attenuation pattern to
provide a modified beam;

b. subjecting the object to be tested to said modified
beam of radiation;

¢. collecting radiation subjected to the influence
firstly of a part of the object and secondly to the in-
fluence of a part of the attenuation pattern, extend-
ing over a plurality of cycles thereof, exerted simuil-
taneously by the whole of said part of the attentua-
tion pattern;

d. producing an electrical test signal from the col-
lected radiation and representing part of a defined

~ Fourier transform of said part of the object; and

e. comparing said test signal with a reference to de-
termine the presence of a defect-indicative infor-
mation in said test signal.

29. A method according to claim 28, wherein
scanned radiation reflected by an outer surface of the
object in a diffuse manner is collected and converted
into said test signal. |

30. A method according to claim 28, where scanned
radiation reflected by an outer surface of the object in
a specular manner is collected and converted into said
test signal.

31. A method according to claim 28, wherein
scanned radiation transmitted through the object 1s col-
lected and converted in said test signal.

32. A method according to claim 28, wherein
scanned radiation is scattered by an outer surface of
the object and the radiation scattered in a pre-selected
direction is collected and converted into said test Sig-
nal. -
33. A method according to claim 28, wherein the
scanning operation involves simultaneous scanning at
two or more different spatial frequencies and the com-
ponents of the test signal related to said different spa-

tial frequencies are separately processed.

* E % * *
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