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1. A bottle bottom inspection apparatus in which an 

image sensor is located above a mouth of a bottle made 

of a transparent material the bottom of which is to be 

inspected, and said bottle bottom being irradiated 

upwardly by a light source and light from said bottle 

bottom when there are foreign particles thereon is 

picked up by said image sensor via said bottle mouth 

thereby to inspect said bottle bottom, comprising:

optical means disposed between said light source

and said bottle bottom, wherein said optical means is

arranged to prevent a light from said light source from

being directly incident onto said bottle bottom but to

cause said light to be incident on said bottle bottom
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with such an incident angle that the light which passes 

through said bottle bottom, passes through a side body 

portion of said bottle to the outside thereof so no 

light is received on the image sensor when there are no 

foreign particles on the bottle bottom.
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BOTTLE BOTTOM INSPECTION APPARATUS

The following statement is a full description of this
invention, including the best method of performing it known to 
me :
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ABSTRACT OF THE DISCLOSURE

j A bottle bottom inspection apparatus in which an image

j sensor is located above a mouth of a bottle to pick up an
I

image of the bottle bottom and the bottle bottom is 

5 irrradiated upwardly by a light source and the bottle bottom

is picked up by the image sensor via the bottle mouth 

thereby to inspect said bottle bottom. In this case, an 

optical device is disposed between the light source and the 

bottle bottom, wherein the optical device is operated to

10, prevent the light from the light source from being directly 

J incident on the bottle bottom but to cause the light to be
i
| incident upwardly on the bottle bottom with a predetermined

j incident angle from the outside of the bottle bottom.
I >
| : · ·
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to inspection 

apparatus and, more particularly, is directed to a bottle

5 bottom inspection apparatus for inspecting a bottom of

bottle made of a transparent material such as glass or the

like.

Description of the Prior Art

Bottles that are made of transparent materials, such

10 as, glass or the like for liquors, beverages, health drinks 

or medicines, etc., are extensively utilized up to the 

present time. Among such bottles, there are many cases 

noted where such bottles used for beer, beverage or liquors 

are reclaimed after reaching the final consumers, to be

15 recycled. In such cases, the recollected bottles are

reshipped after they have been sufficiently treated in the
ι a f

· washing process and then refilled with liquids such as beer, 

etc., at the plant.

These recycled bottles are, however, different to the

20 new bottles, owing to their passing through a complicated 

circulation that spreads over a long time period, during 

which time a good number of them become defective bottles 

that are inadequate for recycling owing to cracks at the 

mouth, flaws at the body or a variety of foreign matters or

25 particles being entered into the bottles, etc.

Therefore, as a recent trend, empty bottle inspection

machines have become popular, which output signals that

indicate the discovery of these bottle defects by a

combination of an image sensor and an electronic processor.

30 The items of inspection objects on such conventional

2
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empty bottle inspection machines are mainly three portions 

which are the bottle mouth, bottle body and bottle bottom. 

Accordingly, the conventional empty bottle inspection 

machines accomplish the inspection of the inspection objects

5 by separate inspection apparatus that are located at

different positions, respectively. Among these objects, the 

bottle bottom inspection is considered highly important from 

various reasons.

In other words, during the circulation processing after 

1,0, the liquid inside the bottle, such as beer, has been drunk,
t <r

there are cases where cigarette butt, or such package 

cellophane peels,· bottle caps or straws, etc. are pressed 

into the bottle from the bottle mouth, otherwise such

,< foreign particles including the chips due to bottle mouth 

15 cracks enter the bottle,· there are many cases that such 

·/*'· residues are found without being completely removed from the
Its

’ bottle even after being wash-processed at the plants.

Moreover, such foreign particles include opaque foreign

particles, or glass chips, tabacco wrapping peels or the 

20 like that are transparent foreign particles, as well as many

variations of articles that have different kinds of optical 

characteristics to an extent that it is extremely difficult 

to make a bottle bottom inspection machine that is able to 

inspect all of these objects at the same time.

25 An example of the above-mentioned conventional bottle

bottom inspecting apparatus that inspects a bottom of a 

transparent bottle will be described with reference to a 

schematic diagram forming Fig. 1.

As Fig. 1 shows, there is shown a bottle 1 as an

30 example of an object to be inspected and of which the bottle

3
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bottom is represented by reference numeral 1A. An image

sensor 2 which might be a video camera is located above the

mouth of the bottle 1. An electronic processor 3 is adapted 

to process an electrical signal from the image sensor 2 to

5 determine whether the bottle 1 is good or bad. As a light

source that is used to enable the image sensor 2 to pickup a

foreign particle at the bottle bottom 1A as an image, a lamp 

4 and a light diffusion plate 5 of a disk-configuration made

of, for example, a frosted glass are placed under the bottle

10 bottom 1A as shown in Fig. 1. In other words, the positional
0 9o e
’ relationship among the bottle 1, the image sensor 2, the

, lamp 4 and the light diffusion plate 5 is determined as
t 1

o ,, follows. As shown in Fig. 1, the center axis of the bottle
'5 i tΟ V 0 ♦

ο 1 is made coincident with an optical axis 0-0 of the image
a o a

15 sensor 2, the surface of the light diffusion plate 5 is made

ο normal to the optical axis 0-0 (substantially parallel to

the bottle bottom 1A), the diameter of the light diffusuion

plate 5 is larger than that of the bottle bottom 1A, and the
η n a β

center of the light diffusion plate 5 is substantially on
β 3 ί « I

0 :

20 the optical axis 0-0. Thus, the lamp 4 irradiates the
© » :

°'· bottle bottom 1A upwardly only through the light diffusion
α β

© *

° ; plate 5. Accordingly, the light diffusion plate 5 functions

as a planar second lighting plate (light source) for the

bottle bottom 1A so that the image sensor 2 may pick up an

25 image of the light diffusion plate 5 as a bright background 

(or bright field) having uniform brightness relative to the 

bottle bottom 1A. Thus, when on the bottle bottom 1A there

is an opaque or translucent foreign particle, the image 

sensor 2 picks up the opaque foreign particle as a dark

30 shade in the above bright background (or bright field).

4



Then, on the basis of the picked-up video signal from the 

image sensor 2, the electronic processor 3 produces a signal 

indicating the existence of the opaque foreign particle on 

the bottle bottom 1A.

5 "ccording to the conventional bottle bottom inspection

apparatus as described above, if the foreign particles on 

the bottle bottom 1A are dark objects, opaque objects or 

half tranparent objects, it is easy for the image sensor 2 

to detect the foreign particles by picking up them as dark

10 shades in the bright background of the bottle bottom 1A. If 

on the other hand the foreign particles are transparent ones 

such as glass chips, cellophane or the like, the light from 

the light diffusion plate 5 almost pass through the

. transparent foreign particles so that they cannot be picked

15 up as dark shades by the image sensor 2. Even when they are

, ,. picked up as shades by the image sensor 2, they are too 

faint to be detected by the image sensor 2.

OBJECTS AND SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention

20 to provide an improved bottle bottom inspection apparatus 

which can obviate the shortcomings encountered with the 

prior art.

It is another object of the present invention to 

provide a bottle bottom inspection apparatus which can

25 positively detect all of the foreign particles on the bottle 

bottom including opaque foreign particles, half transparent 

foreign particles as well as transparent foreign particles.

According to an aspect of the present invention, there 

is provided a bottle bottom inspection apparatus in which an

30 image sensor is located above a mouth of a bottle made of a

5
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transparent material the bottom of which is to be 

inspected, and said bottle bottom being irradiated 

upwardly by a light source and light from said bottle 

bottom when there are foreign particles thereon is 

picked up by said image sensor via said bottle mouth 

thereby to inspect said bottle' bottom, comprising:

optical means disposed between said light source 

and said bottle bottom, wherein said optical means is 

arranged to prevent A light from said light source from 

being directly incident onto said bottle bottom but to 

cause said light to be incident on said bottle bottom 

with such an incident angle that the light which passes 

through said bottle bottom, passes through a side body 

portion of said bottle to the outside thereof so no 

light is received on the image sensor when there are no 

foreign particles on the bottle bottom.

According to another aspect of the present 

invention, there is provided a bottle bottom inspection 

apparatus comprising:

a) a first image sensor disposed above a mouth of 

a bottle to be inspected;

b) a light diffusion plate located below a bottom

of said bottle; '

c) a light source located below said light, 

diffusion plate for irradiating upwardly said bottom 

said bottle through said light diffusion plate such 

that said bottle bottom is picked up by said first 

image sensor;

d) a first electronic processor for processing an 

output of said first image sensor to inspect whether an

opaque or half transparent foreign particle exists
6 *
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said bottle bottom;

e) a second image sensor located

bottle mouth at its position different 

said first image sensor;

5 f) a second electronic processor

an output of said second image sensor; 

g) optical means located between

bottom and said

above said

from that of

for processing

said bottle

« I ?
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light source for causing #έ lightj^from said light source to 

be upwardly and obliquely introduced on said bottle bottom 

at a predetermined incident angle from the outside of said 

bottle bottom;

5 h) light splitting means located between said first and

second image sensors and said bottle mouth for splitting 
rcxV5

light/traveled through said bottle mouth from said light 
fM-hs

source to provide two separate^l-ig-ht-s-;

i) a first optical filter provided on said light diffusion 

10 plate for allowing a certain light to pass therethrough; and

'« j) a second optical filter located between said light

' splitting means and said second image sensor for preventing
3

/ t the light passed through said first optical filter from
•3 a ί
0 3« β

,,, „ passing therethrough, wherein said second image sensor and
ο o a 

o a a

15 said second electronic processor are operated to inspect

„ ,,0 whether a transparent foreign particle exists on said bottle
1 0

3 .. bottom or not.
■·. /) J

a ϊ

BRIEF DESCRIPTION OF THE DRAWINGS
ί.- β ΰ

" Ά. better understanding of the objects, features and
, .· Λ 0 J

2°0 advantages of the invention can be gained from a
C 0 5

•3°„, consideration of the following detailed description of the 

\ °ai preferred embodiments thereof, in conjunction with the

figures of the accompanying drawings, wherein:

Fig. 1 is a schematic diagram showing an example of a

25 prior art bottle bottom inspection apparatus;

Fig. 2 is a schematic diagram showing an embodiment of

a bottle bottom inspection apparatus according to the 

present invention;

Fig. 3 is a fragmentary, enlarged view of Fig. 1;

30 Fig. 4 is a schematic diagram showing other embodiment

of a bottle bottom inspection apparatus according to the

j. ά ? - 7
‘*77 θ'



present invention; and

Fig. 5 is a schematic diagram showing a further 

embodiment of a bottle bottom inspection apparatus according 

to the present invention.

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The main object of the present invention as mentioned 

above lies in enabling the detection of foreign particles 

that exist on the bottle bottom whether being opaque, half 

transparent or needless to say, transparent material

10 particles.
tf s

' ° 1 * Prior to stepping into the total explanation of the

1 present invention, the transparent material foreign particle

detection under the present invention shall be explained.

,. , Although described as transparent material, its optical
« » J

< « «

15 characteristics are different to those of air and a part of 

o »0 the light incident on its surface at an angle (other than
<3 Ο

being perpendicular) shall positively be reflected thereon. 

In such a case, if the incident light angle is large (an
a « i

‘ incident angle smaller than the critical angle where total
fl S i i
20 reflection occurs), the amount of light reflected thereon

’» will be increased. The detection of transparent foreign

particle of the present invention utilizes such above 

optical characteristics. To this end, while making the 

incident angle of the light from the light source under the

25 bottle bottom larger (smaller than the critical angle), the 

incident angle is made in a variety of values, such that the 

light, which enters the bottle bottom, is refracted and 

emitted therefrom (parallel to the light incident on the 

bottle bottom), is incident with a certain incident angle

30 (larger than 0 degree but smaller than the critical angle)

- 8 -
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onto any of the surfaces of the foreign paticles made of 

transparent material, opaque material or the like reflected 

thereon and then reaches the image sensor.

An embodiment of a bottle bottom inspection apparatus 

5 according to the present invention will now be described

with reference to Fig. 2. In Fig. 2, like parts 

corresponding to those of Fig. 1 are marked with the same 

references and therefore need not be described in detail.

According to this embodiment, as shown in Fig. 2, the

10 light diffusion plate 5 used in the prior art (Fig. 1) is
4 :

replaced with a circular light-shielding plate 6. The 

light-shielding plate 6 is made of an opaque material and 

the outer diameter thereof is selected to be larger than the

« that of the bottle bottom IA. A cylindrical light

15 reflection plate 7 is trapezoidal in cross section and the 

o'»’6» small inner diameter thereof is larger than the outer 

5’5./ diameter of the light-shielding plate 6. From a position

standpoint, between the bottle bottom IA and the light 

source 4, the circular light-shielding plate 6 is disposed

20 remote from the bottle bottom IA and the light source 4 

similarly to the light diffusion plate 5 and, the light 

reflection plate 7 disposed with its central axis 

substantially coincident with the optical axis 0-0 such that 

it encloses the outside of the light-shielding plate 6 with

25 a predetermined spacing therebetween. As shown in Fig. 2, 

the light reflection mirror 7 opposes the light source 4 

with its opening portion of larger diameter. Other portions 

are formed substantially the same as those of the example of 

the conventional bottle bottom inspection apparatus shown in

30 Fig. 1.

9



In the embodiment of the present invention shown in 

Fig. 2, the light emitted from the light source 4 is not 

directly introduced into the bottle bottom IA because there 

is provided the light-shielding plate 6 having the outer

5 diameter larger than that of the bottle bottom IA.

Accordingly, the lights from the light source 4, which are 

diverged and traveled toward an inner peripheral surface 

(mirror surface) 7A of the light reflection mirror 7 and as 

typically represented by two optical paths £l and £2 in Fig

10 2, are reflected on the mirror surface 7A. Then the

. o reflected lights are introduced into the bottle bottom IA

.... 0 from the lower outer periphery of the bottle bottom IA with
• ' · ί

;; an inclination, i.e., a predetermined incident angle (angle

, w , larger than 0° but smaller than the critical angle where 

15 total reflection occurs). In this case, since the outer 

... . diameter of the light-shielding plate 6 is selected to be

>’ larger than that of the bottle bottom IA as described above

, the light-shielding plate 6 becomes substantially a dark
:■ ι·· .? 2 5

« field relative to the image sensor 2 via the bottle bottom,.. ..:-5 3
Q ·

20 IA contrary to the light diffusion plate 5 shown in Fig. 1.
Ο O «

O O
° ’* Because of the reason which will be described later, atώ 0

© 4

least the surface of the light-shielding plate 6 opposing 

the bottle bottom IA is preferably treated by a 

non-reflection process to prevent a light from being

25 reflected as much as possible so that a undesired reflected 

light may not enter the bottle bottom IA again.

Fig. 3 is an enlarged, fragmentary view of the bottle 

bottom IA of the bottle 1, the light-shielding plate 6 and 

the light reflection mirror 7 of Fig. 2. The operation of

30 the embodiment of the bottle bottom inspection apparatus

10



according to the present invention shown in Fig. 2 will be 

described with reference to Fig. 3.

If now there are no foreign particles on the bottle 

bottom IA, the light emitted from the light source 4 in Fig.

5 2 and travelling along the optical path /^is incident on the

mirror surface 7A of the light reflection mirror 7 with an 

incident angle il as shown in Fig. 3. The light reflected 

thereon by a reflection angle rl travels along an optical 

path L2 and is incident on the under surface of the bottle

10 bottom IA with an incident angle i, where a part of the

' incident light is reflected by a reflection angle r and is

advanced along an optical path L3 toward the light-shielding 

plate 6. The other incident light is refracted at the under 

surface of the bottle bottom IA, introduced into the bottle

15 bottom IA, travels therethrough, and again refracted at the

, ,, upper surface of the bottle bottom IA. The light from this

>/’, upper surface is traveled along an optical path L4 toward 
Side.

the right-angled upper portion, passed through a

portion IB of the bottle 1 and comes outside the bottle 1.

20 In this case, the optical paths L2 and L4 are in parallel to 

each other as is well known. The light traveling along the 

optical path L3 and reaching the upper surface of the 

light-shielding plate 6 is not reflected on the upper 

surface of the light-shielding plate 6 because the upper 

25 surface of the light-shielding plate 6 is treated by the

non-reflection process as described above. Thus, the light 

reached to the upper surface of the light-shielding plate 6 

does not travel toward the bottle bottom IA substantially.

In the present invention, as shown in Fig. 2, since the 

30 vertical cross section of the cylindrical light reflection

11



mirror 7 is trapezoidal in which its upper poLtion is small, 

the mirror surface 7A thereof has a like cross section.

Accordingly, the mirror surface 7A is not parellel to the

optical axis 0-0, in other words, the extended line of the

5 mirror surface 7A crosses the extension of the bottle bottom

IA with an angle different from the right angle with the

result that the angle i of the light incident on the bottle

bottom IA along the optical path L2 is a predetermined angle 

(angle larger than 0° but smaller than the critical angle).

10 In other words, the light traveling along the optical path
ο ϋ βσ e j
' *1 L2 and incident on the bottle bottom IA from the left-angled

lower portion passes through the bottle bottom IA upward

. with a predetermined inclination (advances along the optical
a ίeu
ο»·( , path L4) and does not reach the image sensor 2. Thus, when

ο «8
15 there are no foreign particles on the bottle bottom IA, the

β ο image sensor 2 does not receive any light at all owing to
O <· 0

the action of the light-shielding plate 6 and produces no

output at all, so the electronic processor 3 produces no
9 O » » U o 1

, signal at all.
t> ,-. 44 « IO 3

20 If on the other hand there is a foreign particle made
0 9 4
0 of a transparent, opaque material or the like on the bottle

«3 »
0 ’* bottom IA as represented by reference numeral 8 in Fig. 3,

the light traveling along the optical path L2, introduced

into the bottle bottom IA, refracted thereon and advanced

25 along the optical path L4 remote from the upper surface of 

the bottle bottom IA is reflected (at an incident angle i2

and a reflection angle r2) on a surface 8A of a part of the

foreign matter 8. The thus reflected light advances 

upwardly along an optical path L5 which is substantially

30 parallel to the optical axis 0-0 in Fig. 3 and introduced

12
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25

through the bottle mouth of the bottle 1 shown in Fig. 2 

into the image sensor 2 that is located above the bottle 

mouth. Therefore, the image sensor 2 picks up the reflected 

light from the foreign particle 8 as a bright light (point 

of light) in the dark field, thus making it possible to 

detect the existence of the foreign particle 8.

In this case, light traveling through the bottle bottom 

IA along other optical path parallel to the optical path L2 

and incident on the surface 8A of the foreign particle 8 is 

reflected on the surface 8 A. The reflected light therefrom 

is advanced along the optical path parallel to the optical 

path L5 and picked up by the image sensor 2. Of course, 

there is such a light which travels along an optical path, 

which is not parallel to the optical path L2, becomes 

incident on the surface 8 A of the foreign particle 8, 

reflected thereon and then picked up by the image sensor 2.

The above description is chiefly given on the light 

traveling along the optical path 5-2 and incident on the 

mirror surface 7A. Since the mirror surface 7A is the 

cylindrical one of trapezoidal configuration symmetrical 

with respect to the optical axis 0-0 and there is an annular 

spacing of width D between the mirror surface 7A and the 

circular light-shielding plate 6, the lights emitted from 

the light source 4, traveling along other different optical 

paths and incident on the mirror surface 7A are similarly 

reflected thereon and become incident on the whole surface 

of the bottle bottom IA at different incident angles, 

wherein a part of each of these lights passes the bottle 

bottom IA and comes out therefrom along optical paths having 

different inclination angles relative to the bottle bottom

13
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IA. Accordingly, some of them are reflected on any of the 

surface portions of foreign particles regardless of the 

place of the foreign particle and of the material of the 

foreign particle and advanced upward along such an optical

5 path as the optical path L5 in Fig. 3 to reach the image 

sensor 2. In other words, the configurations and dimensions 

of the light reflection mirror 7 (its mirror surface 7A) and 

the light-shielding plate 6 relative to the bottle bottom IA 

and the layout therebetween and their layouts relative to

10 the bottle bottom IA are selected in such a fashion that
6 '? «

5 regardless of the position at which the foreign particle
it·

’’ exists on the upper surface of the bottle bottom IA, the

light is reflected on any of the surfaces of foreign
ί

particle and the reflected light is reached to the image
5 J 1 

β 4 0

15 sensor 2, in.other words, the light is obliquely made

·,ο incident on the whole surface of the bottle bottom IA. Inu a j?

Fig. 3, references Nl, N and N2 respectively designate
a i »

normals extended at respective reflections of the lights 

which travel along the optical paths £2, L2 and L4. While

20 the surface of the foregin particle 8 is, by way of example,

'· a mirror surface as described above, even when this surface

is coarse, the amount of the reflected light traveling 

toward the optical path L5 is somewhat decreased, but the 

lights traveling along the optical paths different from the

25 optical path L2 are also reflected on the coarse surface at 

the same time so that the lights traveling toward the 

optical path L5 are increased, thus arising no problem.

Fig. 4 is a schematic diagram showing other embodiment 

of a bottle bottom inspection apparatus according to the

30 present invention. The embodiment of Fig. 4 is different

14



from the embodiment shown in Figs. 2 and 3 mainly in the 

light source and the light-shielding means.

In the embodiment of the present invention shown in 

Fig. 4, an annular lamp 4A is employed as the light source.

5 The diameter of the annular lamp 4A is larger than that of 

the light-shielding plate 6 similar to that in the 

embodiment shown in Figs. 2 and 3. This annular lamp 4A is 

located below the light-shielding plate 6. In the 

embodiment of Fig. 4, instead of using the light reflection

IQ , mirror 7 in the embodiment of Figs. 2 and 3, a
O A

,. light-shielding plate 9 having a circular through-hole 9A
& S i

is disposed between the light-shielding plate 6 and the 

5 , bottle bottom 1A with a predetermined spacing relative to
3 ί 1

“«J and in parallel to the light-shielding plate 6 and the 

15 bottle bottom 1A as shown in Fig. 4A. The circular

/ through-hole 9A of the light-shielding plate 9 is slightly
a o -

larger than the outer diameter of the light-shielding plate 

6 and is smaller than the diameter of the annular lamp 4A.
, ΰ a » ■.

7

The center of the circular through-hole 9A is on the optical 

20 axis O-O. In the embodiment of Fig. 4, since the other
O 4 -3 '

5 J} -

,. . structure is substantially same as that of Fig. 2, like
a

parts corresponding to those of Fig. 2 are marked with the 

same references and therefore need not be described in

detail.

25 In the embodiment of Fig. 4, the diameter of the

annular lamp 4 and the diameter of the circular through-hole 

9A of the light-shielding plate 9 are selected in such a 

relationship as described above relative to both of the 

diameters of the bottle bottom 1A and the light-shielding

30 plate 6. Also, the layout relations thereof are selected as

15



described above so that owing to the actions of both of the 

light-shielding plates 6 and 9 and the circular through-hole 

9A, the light from the circular lamp 4A is made incident on 

the bottle bottom 1A along optical paths similar to those

5 along which the reflected lights from the mirror surface 7A 

of the light reflection mirror 7 in the embodiment of Fig. 2 

travel, i.e.., typically, the optical paths LI and L2. 

Therefore, the operation of the bottle bottom inspection 

apparatus of the embodiment in Fig. 4 is exactly the same as

10 that of the embodiment in Fig. 2.
0 ΰ ίQ ί

’ 8 A further embodiment of the bottle bottom inspection

apparatus according to the present invention will be 

described with reference to Fig. 5. The bottle bottom 

inspection apparatus of Fig. 5 also inspects the existence

15 of the transparent, half transparent and translucent foreign 

.» > t particles on the transparent bottle bottom. In this

embodiment, this type of bottle bottom inspection apparatus 

is formed mainly by combining the bottle bottom inspection 

apparatus of Fig. 2 for inspecting the transparent foreign

20 particles and the conventional inspection apparatus of Fig.

1 for inspecting half transparent and opaque foreign 

particles via special optical means. Accordingly, in Fig.

5, like parts corresponding to those of Figs. 1 and 2 are 

marked with the same references and need not be described in

25 detail.

Now, a further embodiment of the bottle bottom 

inspection apparatus according to the present invention will 

be described hereinafter with reference to Fig. 5. The 

special optical means in this embodiment of the present

30 invention shown in Fig. 5 comprises ligth splitting means,

16



for example, a half mirror 10 disposed between the mouth of

the bottle 1 and image sensors 2, 2' for splitting a light 

incident thereon into two separate lights, for example, 

lights of which the traveling directions are different from

5 each other by 90° each, an optical filter 11 of

substantially the same configuratuion and size as those of

the light diffusion plate 5 disposed above or below (below 

in the illustrated embodiment) the light diffusion plate 5 

for passing therethrough a light of a certain color, for 

example, a red light and an optical filter 12 disposed in
¢000β

oc·” front of one image sensor 2' for preventing a light, which

passes through the optical filter 11, in this embodiment,

the red light, from passing therethrough, but permitting the 

passage of, for example, blue light therethrough. In this

1,5,, case, the functions of the optical filters 11 and 12 withO r O *
3 0 4

»■>« the different colors make the light diffusion plate 5 become
o po

a dark field relative to the image sensor 2'. On the other

hand, the light diffusion plate 5 and the optical filter 11

are presented as a red bright field, in this embodiment,
«

’20 relative to the image sensor 2. Other arrangements are

substantially the same as the main portions of the examples 

of Figs. 1 and 2.

The operation of the bottle bottom inspection apparatus

of the embodiment shown in Fig. 5 will be described.

25 Referring to Fig. 5, when a part of a light (white light)

from the light source, i.e., lamp 4 is passed through the 

optical filter 11, it becomes a monochromatic light, i.e., a

red light in this embodiment. This red light is passed 

through the ligth diffusion plate 5, the bottle bottom 1A

30 and the half mirror 10 and is introduced into the image

- 17



sensor 2. On the basis of the light passing through this 

optical path, it is possible to inspect the foreign particle 

(not shown in Fig. 5) made of opaque and half transparent 

materials which are described in connection with Fig. 1.

5 Specifically, if there is a foreign particle, the following 

advancement of the red light is disturbed by the foreign 

particle so that the image sensor 2 detects this foreign 

particle as a dark shade in the red bright field. In that 

case, a part of the red light passing throuh the mouth of
OO 9

lO ‘U the bottle 1 is reflected by the half mirror 10 and advanced
sent

”” toward the image sensor 2' that is used to detect the

transparent foreign particle. However, because the optical 

filter 12 which prevents the passage of the red light 

therethrough is provided in front of the image sensor 2',

1,5,, the above-mentioned red light is absorbed by the optical
a t β 

β β 8

, =. filter 12 and does not reach the image sensor 2'. In other
i a s

words, the image sensor 2' does not contribute at all for 

inspecting the opaque and half transparent foreign 

particles.

20 On the other hand, a part of the light (white light)

from the lamp 4 travels toward the mirror surface 7A of the 

light reflection mirror 7 located outside the light 

diffusion plate 5 (see optical paths £1 and £2) and 

reflected thereon. Then the reflected light is introduced

25 into the bottle bottom 1A from the outside in the lower side 

(see optical paths Ll and L2). The light traveling along 

the optical paths Ll and L2 advances through the optical 

paths exactly the same as those described in connection with 

Figs. 2 and 3. Accordingly, if there exists such a

30 transparent foreign particle 8 as shown in Fig. 3, a part of

18



the light reflected on the surface 8 A of the foreign 

particle 8 is advanced upward along the optical axis 0-0, 

passed through the mouth of the bottle 1 and reflected by 

the half mirror 10. The reflected light therefrom passes

5 through the optical filter 12 and reaches the image sensor 

2'. Therefore, the transparent foreign particle is 

inspected by the image sensor 21 and the electronic 

processor 3' as described in connection with Figs. 2 and 3. 

That is, the image sensor 2' detects the transparent foreign

10,, particle as a bright light in the dark field. In this case, 

although a part of the light passes the half mirror 10 and 

reaches the image sensor 2, it will be apparent that this 

does not contribute to the operations for inspecting the 

foreign particle by the image sensor 2 and the electronic

.1*5”, processor 3 at all. In this case, the surface of the light 

■*\’· diffusion plate 5 facing the bottle bottom 1A is made as,

for example, a coarse surface so that the light incident on 

this coarse surface along the optical path L3 in Fig. 3 can 

be prevented from being reflected and again introduced onto

20 the bottle bottom 1A as much as possible.

While in the above-mentioned description the optical

filters 11 and 12 are made, by way of example, such that one 

optical filter 11 is arranged to pass therethrough the red 

light, while the other optical filter 12 is made to pass

25 therethrough the blue light, the light passing

characteristics of the respective optical filt-‘';_’s 11 and 12

are not necessarily limited to those of the above-mentioned

embodiments,, It is needless to say that if the optical

filter 12 does not pass the light passing through the

30 optical filter 11, it is possible to utilize optical filters

19
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having any light passing characteristics.

Further, the optical filters 11 and 12 may be replaced 

with polarizing filters of which the polarizing 

characteristics are different. In other words, it is 

possible to use a polarizing filter used instead of the 

filter 12 which does not allow the light from the polarizing 

filter used instead of the optical filter 11.

As described above, according to the present invention, 

it is possible to positively detect the foreign particles 

made of the transparent material and on the bottle bottom 

which can be hardly inspected by the prior art bottle bottom 

inspecting apparatus.

According to the bottle bottom inspecting apparatus of 

the present invention as described above, since the 

apparatus for inspectig the opaque and half transparent 

foreign paticles is combined with the transparent foreign 

particle inspecting apparatus via the light splitting means 

such as the half mirror and the optical filter such as the 

color filter or the polarizing filter at the same position, 

it becomes possible to positively detect the transparent 

foreign particle that cannot be detected substantially in 

the prior art in addition to the detection of the opaque and 

half transparent foreign particles.

It should be understood that the above description is 

presented by way of example on the preferred embodiments of 

the invention and it will be apparent that many

modifications and variations thereof could be effected by 

one with ordinary skill in the art without departing from 

the spirit and scope of the novel concepts of the invention 

so that the scope of the invention should be determined only
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The claims defining the invention are as follows:**

1. A bottle bottom inspection apparatus in which an 

image sensor is located above a mouth of a bottle made 

of a transparent material the bottom of which is to be 

inspected, and said bottle bottom being irradiated 

upwardly by a light source and light from said bottle 

bottom when there are foreign particles thereon is 

picked up by said image sensor via said bottle mouth 

thereby to inspect said bottle bottom, comprising:

optical means disposed between said light source 

and said bottle bottom, wherein said optical means is 

arranged to prevent j/ light from said light source from 

being directly incident onto said bottle bottom but to 

cause said light to be incident on said bottle bottom 

with such an incident angle that the light which passes 

through said bottle bottom, passes through a side body 

portion of said bottle to the outside thereof so no 

light is received on the image sensor when there are no 

foreign particles on the bottle bottom.

2. A bottle bottom inspection apparatus as claimed in 

claim 1, in which said optical means is formed of a 

discttshaped lightishielding plate located between said 

bottle bottom and said light source and a cylindrical 

light reflection mirror located outside said 

lightttshielding plate so as to surround the latter.

3. A bottle bottom inspection apparatus as claimed in 

claim 2, in which an outer diameter of said discttshaped 

lightttshielding plate is selected larger than that of 

the bottle bottom and an inner diameter of said 

cylindrical reflection mirror is selected larger than 

the outer diameter of said discttshaped lightttshielding

tt 22 tt
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plate.

4. A bottle bottom inspection apparatus as claimed in 

claim 2, in which said cylindrical light reflection 

mirror is formed to have a trapezoidal configuration in

its vertical cross-section.

5. A bottle bottom inspection apparatus as claimed in 

claim 1, in which said light source is an annular lamp 

having a diameter larger than the outer diameter of

said bottle bottom.

6. A bottle bottom inspection apparatus as claimed in 

claim 5, in which said optical means comprises a 

disc-shaped light-shielding plate having an outer 

diameter larger than that of said bottle bottom but 

smaller than the diameter of said annular light source

and located between said bottle bottom and said annular

light source and another light-shielding plate having a 

circular through-hole with a diameter slightly larger 

than the outer diameter of said disc-shaped

light-shielding plate and located between said bottle 

bottom and said disc-shaped light-shielding plate.

7. A bottle bottom inspection apparatus as claimed in 

claim 4, in which said trapezoidal cylindrical light

reflection mirror is so located that its shorter 

diameter open end faces said bottle bottom.

8. A bottle bottom inspection apparatus as claimed in 

claim 2, in which a surface of said disc-shaped 

light-shielding plate, which faces said bottle bottom,

t

light from being reflected as much as possi-ble so that

re/ \ e-cA s u
a non HE^Hrec t i o-n preven
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undesired reflected light does not^enter the bottle 

bottom aga-i-R .

9. A bottle bottom inspection apparatus comprising:

a) a first image sensor disposed above a mouth of 

5 a bottle to be inspected;

b) a light diffusion plate located below a bottom 

of said bottle;

c) a light source located below said light 

diffusion plate for irradiating upwardly said bottom of

10 said bottle through

n <7 a, s a

o a :
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said light diffusion plate such that said bottle bottom is 

picked up by said first image sensor;

d) a first electronic processor for processing an output of 

said first image sensor to inspect whether an opaque or half

5 transparent foreign particle exists on said bottle bottom;

e) a second image sensor located above said bottle mouth at 

imposition different from that of said first image sensor;

f) a second electronic processor for processing an output of 

said second image sensor;
0 a 9
1*0, ' 9) optical means located between said bottle bottom and said
a . . πχγ j

: ■ light source for causing χ lightj^from said light source to 

be upwardly and obliquely introduced on said bottle bottom 

at a predetermined incident angle from the outside of said 

bottle bottom;

15“, h) light splitting means located between said first and
·; β ·

’ second image sensors and said bottle mouth for splitting χ

light^traveled through said bottle mouth from said light 

source to provide two separate

i) a first optical filter provided on said light diffusion

20 plate for allowing a certain light to pass therethrough; and

j) a second optical filter located between said light 

splitting means and said second image sensor for preventing 

the light passed through said first optical filter from 

passing therethrough, wherein said second image sensor and

25 said second electronic processor are operated to inspect

whether a transparent foreign particle exists on said bottle 

bottom or not.

10. A bottle bottom inspection apparatus as claimed in

claim 9, in which said optical means is formed of a

disc-shaped light-shielding plate located between said
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bottle bottom and said light source and a cylindrical 

light reflection mirror located outside said 

light-shielding plate so as to surround the latter.

11. A bottle bottom inspection apparatus as claimed in 

claim 10, in which an outer diameter of said 

disc-shaped light-shielding plate is selected larger

than that of the bottle bottom and an inner diameter of 

said cylindrical reflection mirror is selected larger 

than the outer diameter of said disc-shaped

light-shielding plate.

12. A bottle bottom inspection apparatus as claimed in 

claim 10, in which said cylindrical light reflection 

mirror is formed to have a trapezoidal configuration in

its vertical cross-section.

13. A bottle bottom inspection apparatus as claimed in 

claim 12, in which said trapezoidal cylindrical light

reflection mirror is so located that its shorter 

diameter open end faces said bottle bottom.

14. A bottle bottom inspection apparatus as claimed in 

claim 9, in which said first optical filter is a first 

polarizing filter.

15. A bottle bottom inspection apparatus as claimed in 

claim 14, in which said second optical filter is a 

second polarizing filter which blocks the passage of a 

light passed through said first polarizing filter.

16. A bottle bottom inspection apparatus as claimed in 

claim 1 substantially as hereinbefore described and 

illustrated with respect to the accompanying drawings. 
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