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METHOD AND APPARATUS FOR TRACING THE
CONTOUR OF A PATTERN

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is related to applications filed of
even date herewith, Ser. Nos. 41,297, 41,296, 41,291
and 41,172, all assigned to the assignee of the present
invention.

BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus for
automatically tracing the contour of a pattern on a
sheet of drawing.

Where it is desired to convert a pattern of a relatively
wide area such as a photograph or a hand written pat-
tern into electric signals it is usual to scan the entire
surface of the sheet by means of-an image pick-up tube
and the like. With such a system however, areas of the
sheet not directly related to the pattern are also
scanned so that it takes a long time to scan, thus
decreasing the operating efficiency of the system.

SUMMARY OF THE INVENTION

It is, therefore, an object of this invention to provide
a novel method of automatically tracing the contour of
a pattern depicted on a sheet of drawing to convert the
contour into electric signals.

Another object of this invention is to provide an im-
proved method and apparatus capable of tracing the
contour of a pattern at a high accuracy.

According to this invention the variation in the tone
of any spot or point of a drawing is detected or sampled
by a detector and converted into an electric signal.
Means responsive to the output signal from the detec-
tor is provided to provide a signal to judge whether the
pattern contour is to be traced or not and to move the
detector for performing the tracing operation. Thus the
detector is moved to a predetermined spot on the draw-
ing in accordance with said signal. The tracing
direction at each tracing operation is stored in a
memory and the judgment as to whether the pattern
contour is to be traced or not is made according to the
direction of previous tracing. In this manner the con-
tour of the pattern can be automatically traced cor-
rectly and precisely.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood from the

following - detailed description taken in conjunction

with the accompanying drawing in which:

FIG. 1 shows a block diagram of the entire system
utilized to carry out the novel method of automatically
tracing the contour of a pattern;

FIG. 2 is a perspective view, partly broken away, of a
detector employed in the system shown in FIG. 1;

FIG. 3 is a perspective view of a driving mechanism
utilized in the system shown in FIG. 1 showing the rela-
tionship between a recording paper carrying the pat-
tern to be traced and the detector;
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FIG. 4 is a diagram to show the relationship between -

a round scanning operation of the detector and the out-

put of a sensor produced by the scanning operation

where the contour of a pattern on the sheet of drawing
is traced.
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FIG. 5 shows one example of predetermined
reference directions to determine the direction of the
detector for tracing the contour of the pattern.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference now to FIG. 1, there is shown a block
diagram of the entire system of this invention compris-
ing processing means 10, a sensor 20 and a driving
mechanism 30. The sensor 20 operates to read out the
positional information of the contour of a pattern to be
traced and depicted on a sheet of drawing and send the
read out information to the processing means 10.
Processing means 10 suitably processes these data so as
to drive the driving mechanism 30 according to electric
signals generated as a result of such processing thus
driving sensor 20 in a predetermined direction by a
predetermined distance. Then the sensor 20 again
reads out the positional information of the pattern con-
tour at the new position. The above described opera-
tions are repeated to trace the contour of the pattern.
Electric signals produced at respective. tracing opera-
tions may be applied to an input circuit of an electronic
computer, not shown, when desired.

The construction of each component part is as fol-
lows: The sensor 20 comprises a detector 21 adapted to
convert the tone of the pattern of the drawing into elec-
tric signals and a processing circuit 22 to suitably
process the output of the detector 21. In this embodi-
ment, the detector 21 is shown as an optical type of the
construction shown in FIG. 2. As shown in FIG. 2, the
detector 21 comprises an opaque cylindrical casing 24
having a top closed end 25 and a frustoconical bottom
including a bottom opening 26, and a cylinder 27 con-
centrically disposed in the casing 24 with one end con-
nected to the top end 25 and the lower end spaced from
opening 26. A light receiving element, e.g. a photoelec-
tric converting element 28 is disposed in cylinder 27
and a source of light 29 is disposed in a space defined
between casing 24 and cylinder 27. When the sensor 20
is in its operative condition, light is projected outwardly
through opening 26 from the source 29. The photoelec-
tric converting element 28 operates to receive the light
projected upon a point being scanned on the pattern
and reflected therefrom and converts it into an electric
signal. .

The processing circuit 22 functions to shape the
waveform of the electric signal from photoelectric con-
verting element 28 to descriminate the tone of the pat-
tern thus providing a binary output of “1” and *0” or a
larger number of outputs. '

The driving mechanism 30 comprises two stepping
motors 31 and 32 and a contro! circuit 33 to control
stepping motors in response to-a signal supplied from
processing means 10, the detail of the driving
mechanism being shown in FIG. 3.

As shown in FIG. 3 the driving mechanism comprises
a rotary drum 34 having a shaft 35 with a recording
paper 36 having therein a pattern to be traced by the
detector 21, passed about the periphery of rotary drum
34. The rotary drum 34 is driven by stepping motor 31
via a belt 38 to drive the recording paper 36 in a
direction indicated by an arrow (X axis). The recording
paper 36 is moved between a supply reel 40 and a take
up reel 41 via guide rollers 42 and 43 which function to
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cause the recording .paper 36 to directly engage the
pcnpheral surface of rotary drum 34. An endless belt

46is passed around a pair of spaced apart pulleys 44

and 45 and the detector 21 is secured at a predeter-
mined position along the length of belt 46. It is to be
understood that the detector 21 is disposed so that its
bottom opening 26 is directed toward the axis of rotary

drum 34 and that it is moved along the surface of the -

drum 34 in a direction indicated by an arrow (Y axis).
The pulley 45 is driven by the Y axis stepping motor 32.
Responsive to one pulse from the control circuit 33
each of the stepping motors 31 and 32 steps a definite
angle to move recording paper 36 and detector 21 by a
definite distance. Thus, stepping motors 31 and 32 ef-
fect relative movement of about 0.1mm, for example,

10

15

between recording paper 36 and detector 21 at each -

step. Thus, it will be seen that the driving mechanism
has the same construction-and function as the prior art
incremental X, Y plotter.

With reference again to FIG. 1, the processing means

10 comprises a program memory 11 storing a program
necessary for the scanning and tracing operations of
the pattern, a decoder 12 to read the program supplied
by the program memory 11, a sequence control circuit
13 to control the operating sequence of various com-
ponent parts to be described later and a group of re-
“gisters 14 comprised by a plurality of serially connected
shift registers. The majority of these shift registers func-
tion to temporally store a signal from an input-output
circuit 15 while remaining shift registers function to
store constants, modes, memory addresses, return ad-
dresses: and the like. These shift registers operate in
response to a sequence control signal supplied from the
sequence control circuit 13 described above. An opera-
tion circuit 16 is provided to perform such operations
and ‘processings’ as addition, subtraction, logical
product and logical addition, etc., in response to a
- signal supplied from the group of shift registers 14. The
type of the ‘operations: is ‘selected by an operation
~ sequence control signal supplied from the sequence
control circuit 13..A control counter 17 is provided to
designate the address in the memory 11 storing the pro-
gram. Thus the control counter 17 contains the content
of a field representing the jumping address at the time
of jumping order but the contents of the return address
shift register in the group of registers 14 when the order
is returned from a subroutine. There is also provided
control panel 18 including various switches and indica-
tors necessary foroperating the system.

When a start switch (not shown) of a control panel
18 is depressed the various components shown in FIG.
1 commence to operate so that the detector 21 of sen-
sor 20 begins to trace the pattern according to the pro-
gram stored in the memory 11. Detector 21 is driven by
the driving mechanism 30 to perform a round scanning

‘operation of a substantially square area including the
pattern on the recording paper 36 which is to be traced.
" As used herein the term ‘‘a round scanning’ means a
loop-shaped scan . path around - the periphery of a
designated elemental area. Such a round scanning can
be performed by the proper control of stepping motors
31.and 32 of the driving mechanism-30 provided by the
control circuit 33. The number of spots to be plotted by
the round scanning operation can be selected to any
value by the command from the control panel 18. In an
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example shown in FIG. 4, 10 spots are plotted in the
direction of X axis and 10 spots are plotted in the
direction of Y axis. Accordingly, a total of 40 spots are
plotted at each round scanning operation.

FIG. 4 shows a diagram to explain the operation of
the detector 21 to trace a portion 48 of the area of the
drawing including a pattern or curve 47 of any configu-
ration to be traced. P,, P; . . . P, show spots along
which detector 21 is moved relative to the recording
paper 36 during a round scanning operation. White and
black dots at these spots represent the result obtained
by processing the output of detector 21 by processing
circuit 22 when the detector scans these spots. More
particularly, black dots at spots P; to P17 and Pgs to Py
show that processing circuit 22 has judged that these
spots are “black’ as a result of processing the output of
the detector 21.. Whereas white dots at spots Pyg to Py
show that the processing circuit 22 has judged that
these spots are *““white.” This means that there are dif-
ferences in the tone between spots Py; and Py3 and
between spots Py and P, and this information -is
stored. This stored information is compared with infor-
mation obtained by the previous scanning operation to
determine that the information most close to the previ-
ous information is the one that determines the direction
of tracing.

Applicant hereby incorporates by reference FIG. 7

“of application Ser. No. 41,291, filed May 28, 1970, and

owned by the assignee of the present application
together with the pertinent description thereof particu-
larly page 9, lines 12-16 and page 10, line 22 through
page 11,line 20.

A method of determining the direction in which the
detector 21 is be traced will now be described with
reference to FIG. 5. As shown in FIG. §, a plurality of,
for example eight reference directions are predeter-
mined, and these reference directions are designated
by codes 1,2 ... 8 in the clockwise direction, for exam-
ple. When it is assumed that the above described trac-
ing direction is represented by spot Py, then this spot is
made to correspond to the reference direction*‘1” and
a signal corresponding to direction *“1” is supplied to
control circuit 33 of driving mechanism 30 from re-
gisters 14 through input-output circuit 15. Accordingly
detector 21 is moved to the center of the succeeding
scanning operation over a predetermined distance, thus
performing the tracing operation. The scanning of the
contour and the movement of the scanning center are
repeated alternately, thus continuously tracing the con-
tour of a pattern.

In order to prevent variation in the tracing direction
each time the scanning operation is performed the
direction of the previous tracing is stored in registers 14
so -that the succeeding tracing is directed toward the
stored direction obtained during the previous scanning
operation for contour tracing. In this example, there
are 40 selected spots to be plotted and the number of
these spots is stored to determine the direction of the
previous tracing.

Further since the tracing distance at each step is con-
stant by representing the tracing direction by a code 2 2
1.31..., for example, it is possible to readily
reproduce the contour of the pattern.

Although in this embodiment, a photoelectric detec-
tor has been illustrated, it will be clear that various
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other types of detectors may also be used including a
well known magnetic detector and an electric detector
depending upon the characteristics of the sheet of
drawing and the property of the printing ink.

Further, to simply the construction of the detector
movable on the surface of the drawing the photoelec-
tric converting element and the source of light may be
held stationary at points remote from the read-out head
movable on the drawing and the head may be con-
nected to the light source and the photoelectric con-
verting element through light guides made of optical
fiber glass.

While the invention has been shown and described in
terms of a preferred embodiment thereof it will be un-
derstood that this invention is not limited to this par-
ticular embodiment and that many changes and modifi-
cations may be made without departing from the true
spirit and scope of the invention as defined in the ap-
pended claims.

What is claimed is:

1. The method of automatically tracing the contour
of a pattern imprinted on a surface having a
background which is distinguishable from said pattern
by a predetermined change in tone, said method com-
prising the steps of: ‘

performing a round scanning operation along the

periphery of an elemental area on said surface
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6

such that a loop-shaped path is scanned about said
elemental area, said scanning including sampling
successive spots along said periphery to detect a
plurality of predetermined changes in tone from
spot to spot;

storing digital code information in response to each
detected change in tone, said code identifying the
location on said periphery of said predetermined
change in tone;

moving said round scanning operation over the sur-
face containing said pattern by a predetermined
distance to scan an adjacent elemental area and in
a selected one of a set of predetermined directions;

storing a selected code corresponding to the
direction of motion of each said movement of said
scanning operation;

repeating alternately said performing said round
scanning operation and said moving said scanning
operation said predetermined distance; and

selecting after each scanning operation the one
direction of said set for moving said scanning
operation which corresponds to the detected and
stored code location on said periphery which is
closest to the last previous stored selected code
direction of motion for tracing said contour.
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