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Specification
3. Detailed Description of the Invention

1. Title of the Invention (Industrial Field of Application}
COLORIMETER The invention relates to a non-contact
colorimeter provided with an optical means that
2. Claims displays the distance of an object to be measured and
(1) A colorimeter characterized in that it is measures the numerical value of the color of an
provided with an optical means for setting object to be measured from reflected light when light
the distance of an object to be measured; in is projected from a light source onto the object to be
the colorimeter that measures the color of an measured placed at a prescribed distance.
object to be measured from reflected light (Prior Art)
when light is projected from a light source In order to set relative distances for the
onto the object to be measured placed at a prescribed distance of an object to be measured, a
prescribed distance, the optical means for non-contact colorimeter of this type has an optical
setting the distance is provided with means for setting the distance that displays the
auxiliary projectors on both sides of the distance of the object to be measured. In the prior art
main projection optical path from the above- this optical means uses a finder optical system that is
mentioned light source and the auxiliary integrated into a light receiving optical system which
projection optical path from this intersects at receives reflected light from the object to be
a prescribed distance position on the main measured in order to measure color.
projection optical path. This finder optical system displays the distance
(2)  The colorimeter of Claim 1 wherein two as a focus point when the projected surface of the
projectors for setting the distance flash on object to be measured is reflected.
and off alternately with each other. In such a non-contact colorimeter, if the distance
(3)  The colorimeter of Claim 1 wherein two of the object to be measured is adjusted in order that
projectors for setting the distance flash a the focus point of the finder is correct, the distance of
light having a phase difference spectral the object to be measured can be correctly
distribution. determined just by non-contact and color of the
-213-
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object to be measured can be measured including the
distance determination just by non-contact. So, how
can the advantage of the non-contact state, in which
there would be no concern that changes or damage
could arise, not be demonstrated.

(Problems that the Invention is to Solve)

However, the above-mentioned finder system,
besides being integrated into the light-receiving
optical system, is constructed so that the light
reflecting mirror of the finder system, not becoming
obstructive to light receiving during measurement, is
sheltered from the light path of the light-receiving
optical system during measurement, so construction
is complicated and thus becomes expensive. It is also
inconvenient that the position of the mirror during
both distance determination and color measurement
must be changed one by one.

Furthermore, the measurement range of the
object to be measured, which the light-receiving
optical system receives, is part of the range
illuminated by the projected light of the object to be
measured and this part can be verified by the finder
but only the part illuminated by the projected light
onto the actual object to be measured can be visible.
Consequently, whatever part within the range
illuminated by the projected light of the object to be
measured by the measurement part projected on the
finder is not accurate and this is inconvenient for
measurement. There is a problem especially when
the color of each part within the range of illumination
changes or when color changes in sequence by the
projected light.

The invention has the purpose of providing a
non-contact colorimeter that can specify the
measurement points and, also for measurement, can
easily set the correct distance with the object to be
measured.

(Means of Solving the Problems)

In order to achieve the above-stated purpose, the
invention is characterized in that it is provided with
an optical means for setting the distance of an object
to be measured; in the colorimeter that measures the
color of an object to be measured from reflected light
when light is projected from a light source onto the
object to be measured placed at a prescribed distance,
the optical means for setting the distance is provided
with auxiliary projectors on both sides of the main
projection optical path from the above-mentioned
light source and the auxiliary projection optical path
from this intersects at a prescribed distance position
on the main projection optical path.

Also, these auxiliary projectors may flash on an
off alternately with each other and they may flash
lights of phase different spectral distribution.
(Operation)

214-

In the colorimeter constructed as above, each
auxiliary projected light path from the two auxiliary
projectors intersects at a specific distance position of
the main projected light path that illuminates the
object to be measured and this makes visual contact
with the actual projected light. Then, at the place
where each auxiliary projected light path intersects
the main projected light path, just by determining the
position to place the surface of the object to be
measured the distance of the object to be measured is
determined properly. If the object to be measured is
not in the prescribed distance position, the light from
each auxiliary projection means is projected on a
place different from the object to be measured, and,
the distance between them corresponding to the
degree of separation of the object to be measured
from the prescribed distance position, so the relative
position of the object to be measured in the direction
that shortens this distance is adjusted and a reliable
distance setting can be carried out by the projected
light position from each auxiliary projector means
coinciding with the object to be measured. Since the
point of agreement of the projected light from each
auxiliary projector means is optically constant, when
this point of agreement is placed as an image for
measurement, the measuring part for the proper
distance setting condition can be accurately indicated
according to the above-mentioned point of
agreement.

When light emitted from the two auxiliary
projector means alternately flashes on and off, since
one of the two is always projected in the part where
the projected light images from these overlap on the
object to be measured and therefore is seen as
flashing on and off alternately only in the part where
it does not overlap, the status of overlap of the
projected light image on the object to be measured
can be clearly discriminated, and a minute distance
setting can be carried out precisely.

Furthermore, when the spectral distribution of
the light emitted from the two auxiliary projection
means, that is the color of the light, is different, this
produces two colors of synthetic light only in the part
where the light from each auxiliary projection means
overlaps on the object to be measured and produces
single colors in the part where the light does not
overlap, so that the status of overlap of the projected
light images during the flashing can be clearly
discriminated, which is effective for a minute
distance setting. Moreover, the projection position of
the light of two colors when the object to be
measured is nearer than the prescribed distance
position and the projection position of the light of
two colors when it is farther than the prescribed
distance position inverts the optical axis of the main
projected optical path at the boundary. Therefore,
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whether the object to be measured is nearer or farther
than a prescribed distance position can be displayed
[Amendment: corrected to “perceived’’] by what
color of projected light is on which side, and the
adjustment direction for setting the distance from the
object to be measured becomes clear.

(Embodiment)

An embodiment of the invention shown in
Figures 1-11 will be described.

The embodiment as shown in the block diagram
of Fig. 1 shows the situation when the colorimeter B
in use is attached to and external apparatus A, a
personal computer.

The colorimeter B, as shown concretely in Figs.
2-5, is equipped with light source 1 and its projection
system 2 inside the front end of the oblong machine
body 3 and is separated by a heat insulating wall 4
from the other part of the machine body 3. In another
part of the machine body 3, a monitor 5 of the light
source 1, a monitor 7 of the object to be measured 40
illuminated by the projected light from the projection
system 2, a power supply circuit 8 for emission from
the light source 1 and a light emitting circuit 9 are
disposed. There is also a CPU that controls this and
the photoelectric transfer circuit 13 that receives light
transmissions from the respective monitors 5, 7
through the respective light sensors of the respective
monitors 5, 7.

As shown in Fig. 3, in contrast to the power
supply circuit 8 for emission and the light emitting
circuit 9 being disposed on both sides of the part
against the heat insulating wall 4 of the machine body
3, the photoelectric transfer circuit 13 and the CPU
circuit 14 are disposed inside the back end of the
machine body 3 and, other than the thermal effect of
the light source 1 and the projection system, it
becomes difficult to receive the heat effect arising at
the power supply circuit 8 for emission and the light
emitting circuit 9. Also, the monitors 5, 7 are
disposed on parts surrounding these circuits 8, 9, 13,
14.

As shown in Fig. 5, a power supply input
connector 21, a connector 22 for external
communication which communicates with the
external apparatus A, external input terminals 23 that
accept and external trigger and status indicators 24
are provided, respectively. The status indicators 24
are provided with several indication lamps 24a, 24 b
....... in order to carry out various indications: ON-
OFF of the power supply, lamp transfer of the light
source 1, status of sensors 11, 12, input or not from
the outside, communication status.

The machine body 3 is constructed tightly with
no opening and is designed to be dustproof and
waterproof by interposing seal packing on the contact
part of the outer surface not shown in the figure.

-215-

The projection system 2 is provided with a
projection lens tube 31 and a light source dispersion
chamber 32 lower than the total height of the
machine body 3 and next to each other vertically; on
the top of this is the light source mount 33. On top of
this light source mount 33 the light source 1 is
installed so that it can be attached and removed and a
lid 34 that covers the covers everything on the light
source mount 33 and the light source 1 can be opened
and closed by means of a hinge 35.

The light source 1 in the embodiment uses a
pulse xenon tube Xe and it is installed directly above
the part where the dispersal chamber 32 of the light
source mount 32 opens in a direction along the
diameter of this opening. The back of the light
source is covered by a reflecting mirror 36 provided
inside the lid 34 and it is effectively used to direct
light from the light source 1 into the dispersal
chamber 32. The reflecting mirror 36 has ideal high
color diffusion, that is white color, for uniform
illumination and, as the light source 1 is a high heat
generating part, an excellent heat resistant material
such as ceramic or fluorocarbon resin is suitable. A
fluorocarbon resin, polytetrafluoroethylene in
particular, is effective as it demonstrates excellent
diffusion.

For a similar reason, the diffusion chamber 32 is
also made of the same material as the reflecting
mirror 36. A diffusion plate 37 is disposed between
the diffusion chamber 32 and the projection lens tube
31 and a sufficiently diffused uniform light enters
into the projection lens tube 31. A white color glass
plate or ground glass plate is appropriate for the
diffusion plate 37. An optical aperture 39 is provided
to admit light to a projection lens 38 through the
diffusion plate 37 or a diffusion plate 37 nearby.

This aperture 39 is placed at the focus point of the
projecting lens 38 and, with rays being parallel
through the projecting lens 38, light is projected on
the object to be measured 40. For this the aperture 39
may be small but an appropriate size is determined
for a remarkably decreased efficiency rate. The
shape of the aperture may be round or a slit matching
the shape of the light source, etc.

The monitor 5 of the light source 1, on end of
which faces inside the projection lens tube 31, has an
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optical fiber 14 for a monitor directed toward the
aperture 39. With this the optical fiber 41 can
received the light projected onto the object to be
measured 40 particularly after light diffusion from
the light source 1. The optical fiber 41 is connected
to a diffusion chamber 42 of a monitor on its other
side and the above-mentioned light received is guided
to the above-mentioned light receiving sensor 11 via
the diffusion chamber 42.

The monitor 7 of the object to be measured has a
light receiving lens tube 51 directed toward a
measurement position S separated at a prescribed
distance L from a projection lens 38 provided on
projected light path 43 from the light source 1. The
light receiving lens tube 51 has light receiving lens
52 that sets the focus point at the measurement
position S and reflected light is received from a
specific part on the measurement position S of the
object to be measured 40. The light receiving lens
tube 51 is connected to now one diffusion chamber
54 of a monitor by a light receiving optical fiber 53
and the above-mentioned received light is guided to a
sensor 12 via the diffusion chamber 54.

As the projected light from the light source 1
onto the object to be measured has parallel rays, even
if the projection distance from the projection lens 38
changes, the illumined area with uniform intensity of
illumination does not change. However, in actuality
if the prescribed distance is not set within a certain
range, measurement cannot be carried out accurately
due to the effect of changes in illumination intensity.

Then, to carry out such a distance determination
the embodiment is equipped with auxiliary projectors
61, 62 for setting the distance on both sides of the
projection system. The respective auxiliary
projectors 61, 62 consist of a light source 63 that
emits a light-emitting diode or parallel rays and a
projection lens 64 that projects light from this light
source 63. The respective auxiliary projectors 61, 62
are disposed symmetrically to the projection system 2
to have auxiliary projection optical paths 65, 66 for
distance setting that intersect at the prescribed
distance L and the measurement position S on the
projection optical path from the projection system 2.
Actually, the optical axis of the three optical paths
coincide at the above mentioned position.

Further, the respective auxiliary projectors 61, 62
form an image at the above-mentioned position S
with light from the light source 63 by means of a
projection lens 64.

By this, when the relative distance of the
machine body 3 and the object to be measured 40 is
determined in order for the respective above-
mentioned optical paths 43, 65, 66 to accumulate at
one point on the object to be mentioned 40, as shown
in Figs. 4 and 9, the machine body 3 and the object to

be measured 40 have a positional relation appropriate
for measurement. If this position slips out of place,
the projected images 65a, 66a of the respective
projection optical paths 65, 66 on the object to be
measured 40 separate corresponding to the amount
and direction of this gap, as shown in Figs. 10 and
11. So, the user can know that if the respective
projection optical paths 65, 66 are separated as in Fig.
10 then the measurement distance is too close and if
they are separated as in Fig. 11 the measurement
distance is too far; by adjusting the relative distance
of the machine body 3 and the object to be measured
40 on the side near the respective projection position,
the respective projection position can determine the
proper measurement distance coinciding with the
object to be measured 40. Also, the projected light
point of agreement where the projection images 65a,
66a accumulate, from the up and down optical
change, this point of agreement is clearly
demonstrated by the received optical image point of
the light-receiving lens tube 51 and the measurement
image part of the point of agreement of the projection
images 65a, 66a of the object to be measured 40.

Such a distance determination can be carried out
by moving either one or both of the machine body 3
and the object to be measured 40. However, when
the object to be measured 40 flowing on a conveyor
71 is the image, as shown in Figs. 2, 4 and 6, a height
adjustment of the side of the object to be measured
40 is not suitable. Then, the machine body is placed
on a fluctuating plate 73 of a fluctuating stand 72 and
a distance determination can be conveniently carried
out by adjusting the height of the stand 72.

For an accurate measurement it is desirable to
put the machine body 3 opposite the object to be
measured 40 at a proper position. For this a level 74
is provided as a standard to establish horizontality of
the top plate of the machine body 3.

When the light emitted from the respective
auxiliary projectors 61, 62 is flashing alternately, at
the accumulation x of the projection optical images
65a, 66a (Fig. 12), there is never any flashing on and
off of any light and only parts separated from each
other flash on and off alternately. Subsequently, the
accumulation of the projection optical images 65a,
66a can be clearly demonstrated and setting a minute
distance can be carried out easily and accurately.
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Also, using a filter or the like, if light of different
spectral distribution is projected from the respective
auxiliary projectors 61, 62, there is a composed
image of two colors only on the part x (Fig. 13)
where the projection images 65a, 66a from the
respective auxiliary projectors 61, 62 accumulate on
the object to be measured 40 and there is the
respective single color on the part where they do not
accumulate; as this is demonstrated clearly similar to
when the accumulation condition is flashing on and
off, it is effective for a minute distance setting.
Moreover, the projection position of the two-color
light when the object to be measured is closer than
the prescribed distance and the projection position of
the two-color light when it is farther than the
prescribe position turn the light axis of the main
projection optical path to a boundary. (cf. Figs. 10 &
11). Subsequently, whether the object to be
measured is nearer or farther from the prescribed
distance can be displayed [Amendment: corrected to
“perceived”] on what color is on which side of the
projection image and the adjustment direction
becomes clear when setting the distance from the
object to be measured.

The respective auxiliary projectors 61, 62 may
project light that is received by the light fibers 61a,
61b and the like from the one light source 100 as
shown in Fig. 14. If done in this manner the optical
system is simplified and becomes correspondingly
cheaper. Although light of a different color is
projected from the respective auxiliary projectors
when a filter is used, there is no difficulty.

The light-receiving lens tube 51 is directed
toward the measurement position but it is directed
toward a diagonal from the back that avoids the
projection system. However, at such an angle from
the object to be measured 40 luminance has a high
intensity and color measurement cannot be carried
out. In order to choose an angle where there is not
such an effect, the angle of the light receiving lens
tube can be adjusted.

For this angle adjustment, the light receiving lens
tube 51 of the machine body 3 is guided steadily by a
curved guide 81 that centers the measurement
position S at a part facing outwards and, by the light
receiving lens tube 51 moving along this guide 81,
the light receiving lens tube can change its slope
angle vis-a-vis the measurement position and an
adjustment of the projection angle towards the
measurement position can be made.

Also, when the angle of the light receiving lens
tube 51 is adjusted, this specific angle is detected and
an automatic correction and adjustment can be made
in the amount of emitted light from the electric circuit
and the light source 1.

Instead of adjusting the angle of the light
receiving lens tube 51, the direction of reflected light
from the object to be measured can be corrected in
the electric circuitry if unexpectedly strong light is to
be received.

The light source 1 according to use will have
decreased light quantity by having the electrode
gradually dispersing because of sputtering or the like.
Because of this, to make this lower than a specific
light quantity a substitution is desirable. Then, the
light source 1 can be substituted by opening a cover
34 and for this substitution the light source 1 fits
elastic terminal assemblies 81, 82, which have a bend
in the middle equipped on both terminals of this, to
screws 83a, 84a in solid terminal assemblies 81, 82
on the light source installed platform 33 and is closed
firmly by a nut 85. By this the electrical contact of
the light source 1 is secured via the electrodes 83, 84
and the terminal assemblies 81, 82. On the other
hand the expanding and twisting when the light
source 1 is heating up is absorbed by the elastic
deformation of the terminal assemblies and the light
source 1 can be prevented from having modification
and damage.

An auxiliary circuit substrate 86 is also provided
inside the machine body 3. Then, several fins 34a are
formed on the top plate of the lid 34 for heat
radiation. These fins 34a for heat radiation being
thermally connected to the solid electrodes 83, 84 can
extend the life span and improve heat radiation of the
light source 1.

Next, the electronics will be explained. As
shown in Fig. 1 a sensor 11 has filters Fy, Fs, ........ F,
that analyze the light guided to the light source
monitor 5 for basic color components and these
respective analyzed basic color components are
photoelectrically converted to an electric signal by
the basic color components detectors D;-D,, of the
photoelectric transfer circuit 13.

A sensor 12 also has filters F;", F»/, ........ F,’ that
analyze the light guided to the object to be measured
monitor 7 on the for basic color components at the
same time as sensor 11 and these respective analyzed
basic color components are photoelectrically
converted to an electric signal by the basic color
components detectors D,’-D," of the photoelectric
transfer circuit 13.

The respective basic color components detectors
D,-D,, D,’-D," are composed of light receiving
elements such as photo diodes and photocells. The
detectors Dy and D;", D, and D/, ........ D,and D,’,
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respectively, are such that they detect the same basic
color component. In the embodiment, n =3 is
established and the three stimulus values X, Y, Z,
which are in the XYZ color specification, are
detected. The detection output of the respective
detectors D;-D,, D,’-D," is amplified to a specific
level by the amplification circuits A .A,, A;"-A," and
is input to the sample hold circuits H;-H,,, H,"-H,," via
the gate circuits G1,.G1,, G11".Gy,". The signals
stored in the sample hold circuits H,-H,,, H,-H,," are
input to the A/D conversion circuits AD,-AD,, AD,’-
AD,’ via gate circuits Gy1-Gap, Go1-Ga,”. The
photometric value of the respective basic color
components converted into digital signals by the A/D
conversion circuits AD;-AD,, AD,"-AD, are input
into the CPU 110. A display 111, a system program
112, a color information etc. storage part 113, a clock
114, a delay circuit 115, a real time clock 116, and an
/O port 120 are connected to the CPU 110. The
display 111 outputs measurement data and displays
color objective data by means of an LCD display,
printer, etc. The system program 112 stores the
program that the CPU 110 will execute. The color
information etc. storage part 113 stores photometric
data and calibration factors and is constructed using a
work area in the RAM. The clock 114 is a system
clock for operating the CPU 110. The delay circuit
115 is a circuit for initiating a measurement action,
breaking into the CPU 110 after a specific delay time
has passed, if a measurement request occurs and it
may be a zero delay time. The real time clock 116
with an IC for clocks send measurement time data to
CPU 110. Furthermore, a serial data communications
element 122 is connected to the CPU 110 and data
communication with the external apparatus A is
carried out by this. The I/O port 120 is a circuit for
carrying out input/output control between the CPU
and peripheral circuits. A key matrix 121 is
connected to the I/0 port 120 and any type of data
can be input from a “10” key on the keyboard. A
warning element 122 is connected to the 1/O port 120
and when there is something unusual in the
measurement operation, a warning can be carried out.
A reset signal C1 of the sample hold circuits H,-H,,
H,’-H, " and the A/D conversion circuits AD;-AD,,
AD,’-AD,’, a light emission circuit signal C2 for
energizing and de-energizing the light emitting
circuit 9, an control signal C3 to open and close gate
circuits G,.Gy,, G1".G1,', and a control signal C4 to
open and close gate circuits Gy-Gay, Gy -Gy, are
output by the I/O port 120. The above-mentioned
status display 24 is also connected to the I/O port
120.

The light emitting circuit 9 [Amendment:
corrected to “power supply circuit 8 for emission”]
includes a boost charging circuit for emitting light of

-218-

the light source 1 which is a xenon tube Xe and, if the
process or substance is imperfect when opening the
lid to replace the light source, there is a danger of
receiving an electric shock when touching an
electrode contact in the high voltage of the charging
state or being blinded by the light emission of the
light source 1.

So, in order to resolve this switches S;, S, are
provided that respond to the opening and closing of
the lid 34. The switch S;responds to the opening of
the lid 34, cuts off the contact of the boost circuit and
the charge element and prevents a new charge; the
switch S, responds to the closing of the lid 34,
connects a single discharge circuit provided in
parallel to the charge element and causes a single
discharge. By this, when the lid 34 is opened the
problem of electric shock of blindness from a flash is
avoided because the charge element maintains the
charge state or there is no new charge.

Next, the operation up to reading the data of
basic color components when measuring a sample
will be explained based on the timing chart of Fig. 7
and the flow chart of Fig. 8. First, when a
measurement request occurs, the CPU 110 turns off
the reset signal C | of the sample hold circuits and the
A/D conversion circuits, then turns on the control
signal C; to open the gate circuits Gy;-Gay, Go1'-Goy',
allowing the information from the detectors D;-D,,,
D,’-D,’ of the light source monitor side and the
sample monitor side to be transmitted to the sample
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hold circuits H;-H,, H,"-H,,". Next, the light emitting
circuit signal C2 is turned on and the light source
emits light. After waiting a fixed time, the light
emitting circuit signal C2 turns off to quench the light
source 1, and the control signal C3 is turned off to
close the gate circuits Gy-Gay, Gy '-Ga,'. Next, the
control signal C4 is turned on to open the gate
circuits G,1-Gyy,, Gy '-Gs, ', and the information
accumulated in the sample hold circuits H;-H,, H; -
H,’ is transmitted to the A/D conversion circuits
AD;-AD,, AD,-AD,’. The A/D conversion circuits
AD;-AD,, AD,"-AD,’, for example, convert the
information from the sample holding into pulse
duration information and counts the gated clock
during the interval of this pulse by a digital counter to
convert to a digital signal. At the point of time when
the A/D conversion of all the A/D conversion circuits
AD-AD,, AD,"-AD," ends, the CPU 110 reads this
count value in order and loads it in the memory area.
The count values for the photometric data on the light
source monitor side are stored in order in a memory
region of array variables FR(1)-FR(n), and the count
values of the photometric data on the sample monitor
side are stored in order in array variables FS(1)-
FS(n). This is the photometric operation in the case
that there is illumination.

Next, photometry is performed under a condition
without illumination. First, the reset signal C1 of the
sample hold circuits and the A/D conversion circuits
is turned on for a fixed time to cancel the information
accumulated in the sample hold circuits H;-H,,, H, -
H,  and reset the counters of the A/D conversion
circuits AD;-AD,, AD,’-AD,". Next, the control
signal C3 is turned on to open the gate circuits Gy;.
Gy, G11".Gy, for a fixed time, and the information in
the detectors D;-D,, D;’-D,,” is transmitted to the
sample hold circuits H;-H,,, H,;-H,". Next, the
control signal C4 is turned on to open the gate
circuits G;1.G,, G11".G1y', and the information
accumulated in the sample hold circuits H;-H,,, H; -
H,’ is transmitted to the A/D conversion circuits
AD;-AD,, AD,"-AD, and counted as digital signals.
At the point in time when the A/D conversion
operation of all of the A/D conversion circuits AD;-
AD,, AD,’-AD," has ended, the control signal C4 is
turned off to close the gate circuits G1.Gy,, Gi;" .G,
The CPU 110 reads the count values in order, and
loads these in a memory region. The data on the light
source monitor side are stored in a memory region of
array variables DR(1)-DR(n), and the data on the
object to be measured monitor side are stored in a
memory region of array variables DS(1)-DS(n).
Finally, the reset signal C1 of the sample hold
circuits and the A/D conversion circuits is turned on
to move to operation processing of these data.

-219-

Although measurement when there is
illumination was performed first and measurement
without illumination was performed afterward in this
embodiment, measurement without illumination may
be performed first and measurement when there is
illumination performed afterward.

Next, the details of operation processing of the
data will be described. First, the difference between
photometric data when there is illumination and
photometric data without illumination is found to
obtain data from which the influence of external light
has been eliminated. The resulting data on the light
source monitor side are stored in an array variable
MR(i), and the resulting data on the sample monitor
side are stored in an array variable MS(i).

Specifically:
MR(i) =FR(i) —DR(i)
MS(i) =FS(i) —DS(i)
i— l\ 2\ ‘-”-\ n

Next, the data on the sample monitor side are divided
by the data on the light source monitor side to cancel
influences such as changes in the amount of emitted
light of the light source itself, and the result is stored
in an array variable ANS(i). Specifically:

ANS (i) = MS (i) /HR (1)

j=1, 2., ~ N
This ANS(i) is used to calculate tristimulus values X,
Y, and Z, these are converted to a predetermined
color space, and the color values are displayed or
printed etc.

This colorimeter must be calibrated before use.
First, the tristimulus values (Xo, Yo, Zo) of a
calibration reference sample are inputted. Next, the
calibration reference sample is measured, and
tristimulus values (X, Y, Z) [Amendment: corrected
to “ANS(1)-ANS(3)”] are calculated by the
procedure described earlier. Next, calibration
coefficients (a, B, v) are calculated for each of the
sets of tristimulus values.
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a=Xe/X. B=Yo /Y. v =2/ 1
[Amendment: corrected to “a = ANS(a)i/ANS(1), B =
ANS(2)(/ANS(2), y = ANS(3)¢/ANS(3)”]

Following this calibration, the object to be
measured 40 is measured by colorimetry. First, the
photometric subroutine shown in Fig. 8 is carried out
to measure the sample, tristimulus values (X, Y, Z)
are calculated from the ANS(i) obtained as a result,
the calibration coefficients (a, B, v) are applied to
[Amendment: from “tristimulus values” to here
corrected to “calibration coefficients (a, 3, v) are
applied to the ANS(i) obtained as a result to calculate
tristimulus values (X, Y, Z) and”] convert to a color
space of a L'a’b’ color system [Amendment: “etc.”
added], and the resulting color values (L'a’b") are
outputted externally. Following this preparatory
stage, a product conveyed on a conveyor as shown in
Fig. 6 is subjected to color control and the like by
colorimeter B as the object to be measured 40. This
color control is carried out to compare the sample
color values with color values measured in the same
manner as samples for each object to be measured 40,
and to evaluate whether these color values fall within
a permissible range.

This evaluation is carried out when a sensor 131
connected to colorimeter B for sensing the object to
be measured 40 has sensed an object to be measured
40.

In the case that the colorimeter B carries out data
communication with the external apparatus A for this
color control etc., data must first be sent to the
colorimeter B by the external apparatus A with which
this communication will be carried out. During this
procedure, the colorimeter B reads the delimiter code
from the data inputted by the external apparatus A,
and matches this code with the delimiter code in the
colorimeter B. As a result, data communication is
carried out correctly.

(Effects of the Invention)

According to the present invention, auxiliary
projection optical paths on both sides of a main
projection optical path for illuminating an object to
be measured intersect at a prescribed distance
position on the main projection optical path, this can
be perceived by the status of the actual projected
light, the projected light position from each auxiliary
projector means coincides to overlap the projected
light images especially when this intersection is at a
prescribed distance position on the object to be
measured, and the status of the distance from the
object to be measured can be clearly displayed in a
concrete state in which the projected light images are
separated from each other by a distance according to
the degree of this separation when farther from the
prescribed distance position; as a result, the distance
from the object to be measured can be adjusted such

that the projected light images coincide to set the
distance more easily and accurately. Since the point
of agreement of the projected light from each
auxiliary projector means is optically constant, when
this point of agreement is placed as a light-receiving
object for measurement, the measuring part in a
proper distance setting condition can be clearly
indicated according to the point of agreement.

In the case that light emitted from the two
auxiliary projector means alternately flashes on and
off, since one of the two is always projected in the
part where the projected light images from these
overlap on the object to be measured and therefore is
seen as flashing on and off alternately only in the part
where it does not overlap, the status of overlap of the
projected light image on the object to be measured
can be clearly discriminated, and a minute distance
setting can be carried out precisely. In the case that
light having different spectral distributions is emitted
by the two auxiliary projection means, since this
produces a synthetic color only in the part where the
light from these overlaps on the object to be
measured and produces single colors in the part
where the light does not overlap, the status of overlap
of the projected light images during the flashing can
be clearly discriminated, which is effective for a
minute distance setting. Moreover, the projected
light position of the lights having different colors
inverts the optical axis of the main projected optical
path at the boundary when the object to be measured
is nearer or farther than a prescribed distance, and the
direction of the distance setting is made clear by
discriminating whether the object to be measured is
nearer or farther than the prescribed distance by what
color of projected light image is on which side, which
further facilitates adjusting the distance.

4. Brief Description of the Drawings

Fig. 1 is a block circuit diagram of an
embodiment showing use of the colorimeter of the
present invention; Figs. 2 to 5 are a vertical sectional
side view, a horizontal sectional plan view, a vertical
sectional front view, and a back view of the
colorimeter; Fig. 6 is a perspective view showing a
use state; Fig. 7 is a timing chart of the main
colorimetry operation of the colorimeter; Fig. 8 is a
flow chart of a colorimetry subroutine; Figs. 9 to 11
are perspective views showing distance setting; Figs.
12 and 13 are projected light state diagrams
according to an auxiliary projector and showing two
variant examples; and Fig. 114 is a front view of an
auxiliary projector showing another variant example.

B rrrrreeeeeen Colorimeter
| EEEE R R PR nght source
Do PI'Oj ection system
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Auxiliary projector
Object to be measured

Representative: Masaru Ishihara, Patent Attorney
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AMENDMENT (SPONTANEOUS)

To: The Hon. Director-General of the Patent Office March 22, 1989
1. Case Identification
Patent Application S63-106581
2. Title of the Invention
Colorimeter
3. Party Filing the Amendment

Relationship to the Case: Patent Applicant
Name: (607) Minolta Camera Co., Ltd.
Address: Osaka International Bldg., 2-30 Azuchi-machi, Higashi-ku, Osaka

(administrative district changed on February 13, 1989)

4. Representative
Name: (8082) Masaru Ishihara
Address: Fujiwara Bldg. 5F, 1-13-2 Kyomachibori, Nishi-ku, Osaka 550

TEL (06) 443-6457

5. Parts Amended

(1) Detailed Description of the Invention in the Specification
(2) Fig. 3 of the Drawings
6. Content of the Amendment
I.  The Detailed Description of the Invention in the Specification is amended as follows.

()
2

3)
“4)
)

(6)
(M

(8)

“Display” on page 7 line 3 and page 15 line 15 of the Specification is corrected to “perceived”.

“Light emission circuit 9” on page 21 line 15 of the Specification is corrected to “power supply circuit
8 for emission”.

“Tristimulus values (X, Y, Z)” on page 26 line 20 of the Specification is corrected to “ANS(1)-
ANS(3)”.

“X” on page 27 line 3 of the Specification is corrected to “ANS (1)”.

“Y” on page 27 line 3 of the Specification is corrected to “ANS (2)”.

“Z” on page 27 line 3 of the Specification is corrected to “ANS (3)”.

“Tristimulus values (X, Y, Z) are calculated from the ANS(i) obtained as a result, the calibration
coefficients (a, P, y) are applied” on page 27 lines 7-8 of the Specification is corrected to “calibration
coefficients (a, P, v) are applied to the ANS(i) obtained as a result to calculate tristimulus values (X, Y,
VAR

“” on page 27 line 9 of the specification is corrected to

(332}

II. Fig. 3 of the Drawings is amended as attached below.

FIG. 3
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