
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

39
6 

30
7

A
1

TEPZZ¥¥96¥Z7A_T
(11) EP 3 396 307 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
31.10.2018 Bulletin 2018/44

(21) Application number: 16878668.9

(22) Date of filing: 20.12.2016

(51) Int Cl.:
G01B 11/00 (2006.01) G02B 3/00 (2006.01)

G02B 3/06 (2006.01) G09F 19/12 (2006.01)

(86) International application number: 
PCT/JP2016/087886

(87) International publication number: 
WO 2017/110779 (29.06.2017 Gazette 2017/26)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 22.12.2015 JP 2015249997

(71) Applicant: Enplas Corporation
Kawaguchi-shi, Saitama 332-0034 (JP)

(72) Inventors:  
• SAITO, Tomohiro

Saitama 331-0034 (JP)
• KAWAMOTO, Yuta

Saitama 331-0034 (JP)
• OSHIMA, Yuya

Saitama 331-0034 (JP)
• SHIOTA, Mitsuaki

Saitama 331-0034 (JP)

(74) Representative: Epping - Hermann - Fischer
Patentanwaltsgesellschaft mbH 
Schloßschmidstraße 5
80639 München (DE)

(54) MARKER

(57) This marker has: an optically transparent con-
vex plastic lens section having a first surface that includes
convex surface sections and flat surface sections, and a
second surface that includes first regions and second
regions other than the first regions, the second surface
being disposed in a position on the reverse side to the
first surface; a section to be detected that is formed in
the first regions and/or the second regions; and a posi-
tioning section formed in those regions of the second
surface that correspond to the flat surface sections, the
positioning section indicating positions in the first regions
that correspond to the convex surface sections. The first
regions are concave sections or convex sections dis-
posed in those regions of the second surface that corre-
spond to the convex surface sections.



EP 3 396 307 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a marker.

Background Art

[0002] As a marker (which is also called "image indi-
cator") employing a combination of a lens and a pattern,
an image display sheet including a lenticular lens and an
image formation layer is known. The lenticular lens has
a structure in which a plurality of cylindrical lenses are
arranged side by side. In addition, the image formation
layer is a pattern corresponding to each cylindrical lens.
When the marker is viewed from the side of the convex
surface parts of the cylindrical lenses, the image of the
pattern moves or deforms depending on the viewing po-
sitions. In the technical fields of augmented reality (AR),
robotics and the like, the marker is useful as a measuring
device for recognizing the position, the orientation of an
object and the like, and for such a use, the arrangement
of the pattern and the like are conventionally studied (see,
e.g., PTL 1 and PTL 2).

Citation List

Patent Literature

[0003]

PTL 1
Japanese Patent Application Laid-Open No.
2013-025043
PTL 2
Japanese Patent Application Laid-Open No.
2012-145559

Summary of Invention

Technical Problem

[0004] In a marker, the position, shape and the like of
the image to be observed are important points, and there-
fore it is necessary to form each pattern at a specific
position with respect to the vertex of the lens in the plane
direction of the cylindrical lens. Downsizing of the marker
is desirable; however, the allowable error in the plane
direction of the pattern decreases as the maker is down-
sized, and, for example, the allowable error in the plane
direction of the pattern of a downsized marker is about
several micrometers.
[0005] In addition, it is conceivable to integrally form a
marker by injection molding. In this case, naturally, the
lens part corresponding to the lens and the pattern part
corresponding to the pattern are integrally molded with
respective metal-mold pieces. In the case where a mark-
er is produced by injection molding, the metal-mold piec-

es are aligned by repeating trial moldings until a desired
shape of the marker is obtained.
[0006] However, when the pattern part is observed
from the lens part side, the position of the pattern part
with respect to the lens part cannot be correctly deter-
mined due to refraction at the lens part since the lens
part and the pattern part are disposed on opposite sides
in the marker. As a result, the metal mold pieces cannot
be highly precisely aligned in injection molding, making
it difficult to produce a highly accurate marker.
[0007] An object of the present invention is to provide
a marker which can be precisely produced.

Solution to Problem

[0008] A marker of an embodiment of the present in-
vention includes: a convex lens part made of an optically
transparent resin and including a first surface and a sec-
ond surface disposed on a side opposite to the first sur-
face, the first surface including a convex surface part and
a flat surface part, the second surface including a first
region and a second region which is a region other than
the first region in the second surface; a detection object
part formed in one of the first region and the second re-
gion, or in both of the first region and the second region;
and a positioning part formed on the second surface in
a region corresponding to the flat surface part, and con-
figured to indicate a position of the first region with respect
to the convex surface part. The first region is a recess or
a protrusion disposed on the second surface in a region
corresponding to the convex surface part.

Advantageous Effects of Invention

[0009] According to the present invention, a highly ac-
curate marker can be produced can be provided.

Brief Description of Drawings

[0010]

FIGS. 1A and 1B illustrate a configuration of a marker
according to Embodiment 1 of the present invention;
FIG. 2 is a cross-sectional view of a metal mold for
manufacturing a lenticular lens part of a marker by
injection molding;
FIGS. 3A and 3B illustrate a method for aligning a
metal mold;
FIGS. 4A and 4B illustrate a configuration of a marker
according to a modification of Embodiment 1 of the
present invention;
FIGS. 5A and 5B illustrate a configuration of a marker
according to Embodiment 2 of the present invention;
FIGS. 6A and 6B illustrate a configuration of a marker
according to Embodiment 3 of the present invention;
FIGS. 7A and 7B illustrate a configuration of a marker
according to Embodiment 4 of the present invention;
FIG. 8 illustrates a configuration of a marker accord-
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ing to Embodiment 5 of the present invention;
FIGS. 9A to 9C illustrate a configuration of a marker
according to Embodiment 6 of the present invention;
FIGS. 10A to 10D illustrate a configuration of a mark-
er according to Embodiment 7 of the present inven-
tion;
FIGS. 11A to 11D illustrate a configuration of a mark-
er according to Embodiment 8 of the present inven-
tion; and
FIGS. 12A to 12D illustrate a configuration of a mark-
er according to Embodiment 9 of the present inven-
tion.

Description of Embodiments

[0011] Markers according to embodiments of the
present invention are described below with reference to
the accompanying drawings.

Embodiment 1

(Configuration of marker)

[0012] FIGS. 1A and 1B illustrate a configuration of
marker 100 according to Embodiment 1 of the present
invention. FIG. 1A is a plan view of marker 100 according
to Embodiment 1 of the present invention, and FIG. 1B
is a front view of marker 100.
[0013] As illustrated in FIGS. 1A and 1B, marker 100
includes lenticular lens part 120, and detection object
part (coating film) 150.
[0014] Lenticular lens part (convex lens part) 120 in-
cludes first surface (front surface) 123, and second sur-
face (rear surface) 124 disposed on the opposite side of
first surface 123. First surface 123 includes a plurality of
convex surface parts 131, and two flat surface parts 134.
In addition, second surface 124 includes first region 141,
and second region 142, which is a region other than first
region 141 in second surface 124. The material of len-
ticular lens part 120 is, for example, a transparent resin
having optical transparency, such as polycarbonate and
acrylic resin.
[0015] Convex surface part 131 extends in a first di-
rection (the Y direction in FIG. 1) perpendicular to the
thickness direction of lenticular lens part 120. Convex
surface part 131 is a curved surface that includes ridge-
line 133 linearly extending in the first direction, and has
a curvature only in a second direction (the X direction in
FIG. 1) perpendicular to the thickness direction of len-
ticular lens part 120 and the first direction. A plurality of
convex surface parts 131 are arranged in the second
direction such that ridgelines 133 are parallel to each
other. In addition, side surface parts 132 that are orthog-
onal to the first direction are disposed at the both ends
of convex surface parts 131 in the first direction.
[0016] Two adjacent convex surface parts 131 of the
plurality of convex surface parts 131 may be separated
from each other, or may be disposed with no gap there-

between. In the present embodiment, two adjacent con-
vex surface parts 131 of the plurality of convex surface
parts 131 are disposed with no gap therebetween.
[0017] Convex surface parts 131 have the same size.
For example, width W1 (the length in the first direction)
of each convex surface part 131 is 370 mm, and the pitch
PCL of convex surface parts 131 is 370 mm. The term
"pitch" is the distance between ridgelines 133 (or central
axes CA) of convex surface parts 131 adjacent to each
other in the second direction, and is also the length
(width) of convex surface part 131 in the second direction.
The term "central axis CA of convex surface part 131" is
a straight line passing through the center of convex sur-
face part 131 and extending along a third direction (the
Z direction in FIG. 1) perpendicular to the first direction
and the second direction in plan view of convex surface
part 131.
[0018] The cross-sectional shape of convex surface
part 131 in a direction along a virtual plane perpendicular
to a virtual line extending along the first direction may be
a curve or an arc. The term "curve" is a curve other than
an arc, and is, for example, a curve composed of arcs
having different curvature radiuses. Preferably, in the
present embodiment, the curve is a curve whose curva-
ture radius increases in the direction away from the ridge-
line of convex surface part 131. In addition, in the present
embodiment, convex surface parts 131 have the same
the cross-sectional shape in the first direction.
[0019] In the first direction, flat surface part 134 is dis-
posed outside convex surface part 131. Flat surface part
134 is connected with side surface part 132, and is par-
allel to a virtual plane including a virtual line along the
first direction and a virtual line along the second direction.
[0020] First region 141 is disposed in a part of a region
corresponding to convex surface part 131 in second sur-
face 124. In plan view of lenticular lens part 120, first
region 141 is disposed along the first direction. First re-
gion 141 may be a recess or a protrusion. In the present
embodiment, first region 141 is a recess. In addition, in
the present embodiment, the region other than first region
141 in second surface 124 is second region 142. The
shape of first region 141 is not limited as long as detection
object part 150 forms an optically detectable image hav-
ing a predetermined width when viewed along the third
direction (thickness direction) orthogonal to the first di-
rection and the second direction. In the present embod-
iment, in plan view, first region 141 has a rectangular
shape elongated in the first direction.
[0021] In the first direction, the both ends of the recess
that serves as first region 141 are located outside the
both ends of convex surface part 131. Specifically, the
both ends of the recess that serves as first region 141
are disposed at positions corresponding to flat surface
parts 134. That is, in the first direction, the recess that
serves as first region 141 is longer than convex surface
part 131. The recess that serves as first region 141 in-
cludes top surface 143, a pair of first inner surfaces 144
that are opposite to each other in the short direction, and
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a pair of second inner surfaces 145 that are opposite to
each other in the longitudinal direction. Top surface 143
is parallel to second region 142 and flat surface part 134.
In addition, the pair of first inner surfaces 144 and the
pair of second inner surfaces 145 are perpendicular to
second region 142.
[0022] In addition, the depth of the recess that serves
as first region 141 is not limited as long as ease of appli-
cation of the coating material and a desired function (in-
dication of images) can be ensured. The range of the
depth of the recess that serves as first region 141 may
be 10 to 100 mm. In the present embodiment, the depth
of the recess that serves as first region 141 is 10 mm.
Length (width) W2 of the recess that serves as first region
141 in the second direction is 45 mm, for example. The
smaller the width W2 of first region 141 with respect to
PCL, the higher the contrast of the image appearing on
convex surface part 131 side tends to be. The larger the
width W2 of first region 141 with respect to PCL, the easier
the production of first region 141 and detection object
part 150. Preferably, the ratio of width W2 of first region
141 to pitch PCL (W2/PCL) is 1/100 to 1/5 in view of ob-
taining a sufficiently clear image.
[0023] First regions 141 are positioned in respective
convex surface parts 131 such that images of first regions
141 are observed at a center portion of lenticular lens
part 120 in the second direction when marker 100 is ob-
served from first surface 123 side at the center of convex
surface parts 131 in the second direction.
[0024] For example, in the second direction, first region
141 corresponding to convex surface part 131 located at
the center of lenticular lens part 120 (convex surface part
131 of n=0 in FIG. 1B) is disposed such that center Co
thereof is located on central axis CA of convex surface
part 131 of n=0.
[0025] The center-to-center distance (|Cn-Cn-1|) of first
regions 141 corresponding to two convex surface parts
131 adjacent to each other in the second direction is rep-
resented by PCL+nG mm. As described above, PCL is the
distance between of ridgelines 133 of two convex surface
parts 131 adjacent to each other in the second direction.
In addition, G is a predetermined distance (e.g. 8 mm)
from PCL in the second direction for ensuring the desired
optical effect of images. Further, n represents an order
of a certain convex surface part 131 with respect to 0th
convex surface part 131 located at the center in the sec-
ond direction.
[0026] With this configuration, first regions 141 corre-
sponding to convex surface parts 131 other than convex
surface part 131 located at the center (n=0) are disposed
outside central axes CA of respective convex surface
parts 131 in the second direction.
[0027] Detection object part 150 is formed in first region
141. Detection object part 150 is a solidified black liquid
coating material, for example.
[0028] Detection object part 150 is produced through
application and solidification of a coating material. The
black liquid coating material has fluidity, and is a liquid

composition or powder. The method of application and
solidification of the coating material may be appropriately
selected from publicly known methods in accordance
with the coating material. Examples of the application
method of the black liquid coating material include spray
coating and screen printing. Examples of the solidifica-
tion method of the black liquid coating material include
drying of a black liquid coating material, curing of a cur-
able composition (such as radical polymerizable com-
pound) in a black liquid coating material, and baking of
powder.
[0029] Detection object part 150 forms an optically dis-
criminable portion. The term "optically discriminable"
means that detection object part 150 and another portion
are clearly different in their optical characteristics. The
term "optical characteristics" means, for example, the de-
grees of the color such as brightness, saturation and hue,
or the optical intensity such as luminance. The term "dif-
ference" may be appropriately set in accordance with the
use of marker 100, and may be a difference which can
be visually checked, or a difference which can be con-
firmed with an optical detection apparatus, for example.
In addition, the difference may be a difference which can
be directly detected from detection object part 150, or a
difference which can be detected through an additional
operation such as irradiation of an UV lamp as in the case
where detection object part 150 is a transparent film that
emits fluorescence, for example.
[0030] Positioning part 160 indicates the position of
first region 141 with respect to convex surface part 131.
Positioning part 160 is formed in the region correspond-
ing to flat surface part 134 in second surface 124. The
shape of positioning part 160 is not limited as long as the
above-described function can be ensured. In the present
embodiment, in the first direction, positioning part 160 is
a recess that is continuous to first region 141 and extends
to the outside of convex surface part 131. In this manner,
the recess that serves as first region 141 and the recess
that serves as positioning part 160 are integrally formed,
and thus the positional relationship of the recesses can
be precisely set. It is to be noted that positioning part 160
is formed in the region corresponding to flat surface part
134 in second surface 124 such that the position corre-
sponding to first region 141 can be correctly set even
when the shape and the position of positioning part 160
are different.
[0031] When marker 100 is placed on a white object,
light which is incident on first region 141 through convex
surface part 131 is absorbed by detection object part 150,
whereas light which is incident on other portions (second
region 142) through convex surface part 131 is generally
reflected by the object surface. As a result, an image of
a colored (black) line of detection object part 150 is pro-
jected on convex surface part 131 with a white back-
ground.
[0032] Since first regions 141 are appropriately dis-
posed in accordance with their distances from the center
of marker 100 in the second direction, a black collective
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image that is a group of the black line images is observed
in the entirety of lenticular lens part 120 when marker
100 is observed from first surface 123 side of lenticular
lens part 120.
[0033] For example, when marker 100 is viewed from
the center of lenticular lens part 120 in the second direc-
tion, the black collective image is observed at a center
portion in the second direction. When marker 100 is ob-
served from a different angle, the collective image is ob-
served at a different position in the second direction de-
pending on the angle. That is, the angle of the observation
position of marker 100 is determined based on the posi-
tion of the collective image in the second direction.

Manufacturing method of marker

[0034] Marker 100 can be produced by the following
method. FIG. 2 is a cross-sectional view of metal mold
170 for manufacturing lenticular lens part 120 of marker
100 by injection molding.
[0035] First, lenticular lens part 120 is molded by in-
jection molding with a transparent resin. First, metal mold
170 is aligned and clamped (mold clamping step). Next,
a molten resin is supplied to fill metal mold 170 (filling
step). Then, with metal mold 170 filled with the molten
resin, natural cooling is performed while holding the pres-
sure (pressure holding step). Further, the clamped metal
mold 170 is opened (mold opening step). Finally, an in-
jection-molded article (lenticular lens part 120) is re-
moved from the open metal mold 170 (removing step).
It is to be noted that the injection-molded article is pro-
duced with metal mold 170 illustrated in FIG. 2. Metal
mold 170 includes upper mold 171 and lower mold 172.
Upper mold 171 includes recessed surface part 173 hav-
ing a shape corresponding to convex surface part 131,
and flat surface 174 having a shape corresponding to flat
surface part 134. Lower mold 172 includes linear projec-
tion 175 having a shape corresponding to first region 141.
Through the above-mentioned steps, lenticular lens part
120 including convex surface part 131 and flat surface
part 134 on first surface 123 side (front side) and first
region 141 and second region 142 on second surface
124 side (rear side) is obtained in the form of an integrally
molded-article of a transparent resin. The mold clamping
step is an important step of the manufacturing method
of lenticular lens part 120 by injection molding, and there-
fore the mold clamping step is elaborated later.
[0036] Next, a coating material is applied to first region
141 to produce detection object part 150. To be more
specific, the coating material is supplied to the entirety
of first region 141 or to a certain depth of first region 141,
and then the coating material is solidified. In this manner,
detection object part 150 that has a thickness equal to
the supplied depth of the coating material and covers top
surface 143 of first region 141 is produced.
[0037] Now, the mold clamping step is elaborated.
FIGS. 3A and 3B illustrate a method for aligning metal
mold 170. FIG. 3A is a plan view of an injection-molded

article in which the positions of convex surface part 131
and first region 141 are shifted in the second direction,
and FIG. 3B is an enlarged view of the region enclosed
by the broken line in FIG. 3A. Here, to simplify the de-
scription, the method is described based on the case
where the positions of convex surface part 131 and first
region 141 are shifted only in the second direction.
[0038] In the mold clamping step, metal mold 170 is
aligned so as to produce a desired injection-molded ar-
ticle (lenticular lens part 120). As described above, the
position and the shape of images to be observed in mark-
er 100 are important points. That is, the position of first
region 141 with respect to convex surface part 131 is an
important factor. However, when aligning recessed sur-
face part 173 corresponding to convex surface part 131
and linear projection 175 corresponding to first region
141 in the mold clamping step, recessed surface part 173
and linear projection 175 cannot be visually recognized
when upper mold 171 and lower mold 172 are joined
together. Consequently, the positional relationship be-
tween recessed surface part 173 and linear projection
175 cannot be correctly determined, and metal mold 170
cannot be accurately aligned. In view of this, in the
present embodiment, a trial molding is conducted, and
metal mold 170 is accurately aligned based on the injec-
tion-molded article obtained through the trial molding.
[0039] The method for aligning metal mold 170 in-
cludes a first step of acquiring location information of con-
vex surface part 131 in an injection-molded article ob-
tained through a trial molding, a second step of acquiring
location information of positioning part 160 in the injec-
tion-molded article obtained through the trial molding, a
third step of acquiring information for adjusting metal
mold 170 based on the position of convex surface part
131 and the position of positioning part 160, and a fourth
step of aligning metal mold 170 so as to set a predeter-
mined positional relationship between convex surface
part 131 and first region 141 after the aligning. It is to be
noted that the information of the position where first re-
gion 141 should be located with respect to convex surface
part 131, and the information of the position of positioning
part 160 with respect to first region 141 are set by design.
[0040] In the first step, for example, an injection-mold-
ed article is imaged from first surface 123 side with an
appropriate image pickup means, and the location infor-
mation of convex surface part 131 is acquired. The loca-
tion information of convex surface part 131 is not limited
as long as the position of convex surface part 131 can
be specified. For example, the location information of
convex surface part 131 may be the location information
of central axis CA of convex surface part 131, or the lo-
cation information (P0A) of the center of side surface part
132 in plan view of lenticular lens part 120. In the present
embodiment, the location information of convex surface
part 131 is location information (P0A) of the center of side
surface part 132 in plan view of lenticular lens part 120.
The location information of the center (P0A) of side sur-
face part 132 may be acquired by any method. The lo-
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cation information (P0A) of the center of side surface part
132 may be determined by acquiring location information
(P1A, P2A) of end portions of two long sides convex sur-
face part 131, and by determining the center of the two
positions, for example.
[0041] In the second step, for example, the injection-
molded article is imaged from the position same as in the
first step with the same image pickup means, and the
location information of positioning part 160 is acquired.
The location information of positioning part 160 is not
limited as long as the position of positioning part 160 can
be specified. The location information of positioning part
160 may be the location information of the center of po-
sitioning part 160, or the location information (P0B) of the
center of end portion of positioning part 160, for example.
In the present embodiment, the location information of
positioning part 160 is the location information (P0B) of
the center of the end portion of positioning part 160. The
location information (P0B) of the center of the end portion
of positioning part 160 may be acquired by any method.
The location information (P0B) of the center of the end
portion of positioning part 160 may be determined by
acquiring location information (P1B, P2B) of end portions
of the two long sides of positioning part 160, and by de-
termining the center of the two positions, for example. At
this time, the location information of positioning part 160
is correctly detected since the information is detected
through flat surface part 134, not through convex surface
part 131.
[0042] In the third step, information for aligning metal
mold 170 is acquired from the location information of con-
vex surface part 131 (P0A) determined in first step, and
the location information of positioning part 160 (P0B) de-
termined in the second step. The information for aligning
metal mold 170 is the moving direction and the moving
distance of metal mold 170. As seen in FIG. 3B, the two
points (the center of side surface part 132 and the center
of the end portion of positioning part 160) which should
be located at the same position in the second direction
(the X direction) are shifted in the second direction (the
X direction). Accordingly, upper mold 171 or lower mold
172 would need to be moved in the second direction by
a predetermined distance.
[0043] In the fourth step, metal mold 170 is moved by
the direction and the distance determined in the third step
such that first region 141 and convex surface part 131
after the injection molding are set in a desired positional
relationship.
[0044] Through the above-mentioned procedure, met-
al mold 170 can be accurately aligned by moving metal
mold 170 based on the location information of convex
surface part 131 and positioning part 160.

Effect

[0045] As described above, marker 100 according to
the present embodiment includes positioning part 160
that can be detected through flat surface part 134 that

can be detected through flat surface part 134, and thus
metal mold 170 can be accurately aligned based on first
region 141 and convex surface part 131 of lenticular lens
part 120 after the injection molding. Accordingly, highly
accurate marker 100 can be obtained.

Modification

[0046] Marker 100’ according to a modification of Em-
bodiment 1 differs from marker 100 according to Embod-
iment 1 only in configuration of lenticular lens part 120’.
In view of this, the configurations similar to those of light
emitting device 100 according to Embodiment 1 will be
denoted with the same reference numerals, and the de-
scription thereof will be omitted.
[0047] FIGS. 4A and 4B illustrate a configuration of
marker 100’ according to the modification of Embodiment
1 of the present invention. FIG. 4A is a plan view of marker
100’ according to the modification of Embodiment 1, and
FIG. 4B is a front view of marker 100’.
[0048] As illustrated in FIGS. 4A and 4B, lenticular lens
part 120’ according to the modification of Embodiment 1
includes first surface 123 and second surface 124’. First
surface 123 includes a plurality of convex surface parts
131, and two flat surface parts 134. Second surface 124’
includes first region 141’, and second region 142’ that is
regions other than first region 141’ in second surface
124’.
[0049] The shape of first region 141’ includes top sur-
face 143’, a pair of first outer surfaces 144’ that are op-
posite to each other in the short direction, and a pair of
second outer surfaces 145’ that are opposite to each oth-
er in the longitudinal direction. Top surface 143’ is parallel
to second region 142’. In addition, the pair of first outer
surfaces 144’ and the pair of second outer surfaces 145’
are perpendicular to second region 142’. That is, the con-
figuration is identical to that of marker 100 except that
first region 141’ is a protrusion, and second region 142’
is a surface that is flat with respect to first region 141’.
[0050] Detection object part 150’ is formed at top sur-
face 143’ of first region 141’. In view of ensuring ease of
application of a coating material and a desired function
(indication of images), the range of the height of first re-
gion 141’ may be 10 to 100 mm, and is for example 10 mm.
[0051] Positioning part 160’ is a protrusion that is
formed continuously from first region 141’ so as to extend
outward relative to convex surface part 131 in the first
direction.
[0052] Marker 100’ is also produced by producing len-
ticular lens part 120’ by injection molding with an appro-
priate metal mold, and by applying a coating material to
top surface 143’ of an integrally molded-article so as to
produce detection object part 150’.
[0053] In addition, marker 100’ according to the mod-
ification also can correctly align metal mold 170 based
on the location information of convex surface part 131’
and positioning part 160’. It is to be noted that also with
marker 100’ according to the modification of Embodiment
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1, the location information of positioning part 160’ can be
correctly detected through flat surface part 134.

Effect

[0054] Marker 100’ according to the modification of
Embodiment 1 has an effect similar to that of Embodiment
1.

Embodiment 2

[0055] Marker 200 according to Embodiment 2 differs
from marker 100 according to Embodiment 1 only in con-
figuration of lenticular lens part 220. In view of this, the
configurations similar to those of light emitting device 100
according to Embodiment 1 will be denoted with the same
reference numerals, and the description thereof will be
omitted.
[0056] FIGS. 5A and 5B illustrate a configuration of
marker 200 according to Embodiment 2 of the present
invention. FIG. 5A is a plan view of marker 200 according
to Embodiment 2 of the present invention, and FIG. 5B
is a front view of marker 200. As illustrated in FIGS. 5A
and 5B, lenticular lens part 220 according to Embodiment
2 includes first surface 223 and second surface 224. First
surface 223 includes a plurality of convex surface parts
231, and wall part 280 including flat surface part 234.
[0057] Wall part 280 is disposed on first surface 223
along a direction orthogonal to ridgeline 233 of convex
surface part 231. Specifically, wall part 280 is disposed
in such a manner as to bisect convex surface part 231.
Wall part 280 includes flat surface part 234 as its top
surface, and side surface 281 that connects flat surface
part 234 and convex surface part 231. Flat surface part
234 is parallel to top surface 145 of first region 241 and
second region 242. The position of wall part 280 with
respect to convex surface part 231 in the first direction
is not limited. In addition, the thickness of wall part 280
in the first direction is not limited as long as the function
of marker 200 is not impaired. The thickness of wall part
280 is 10 to 20 mm, for example. Also, the height of wall
part 280 is not limited as long as the function of marker
200 is not impaired. In the present embodiment, the
height of the top surface (flat surface part 234) of wall
part 280 is equal to the height of ridgeline 233 of convex
surface part 231.
[0058] Positioning part 260 is a portion corresponding
to wall part 280 in the recess forming first region 241. In
marker 200 according to the present embodiment, flat
wall part 280 including surface part 234 is disposed in
such a manner as to bisect convex surface part 231, and
accordingly the length of the recess that serves as first
region 241 is equal to the length of convex surface part
231. Also in the present embodiment, the location infor-
mation of positioning part 260 in marker 200 is correctly
detected through flat surface part 234.

Effect

[0059] Since convex surface part 231 and the recess
have the same length in the first direction, marker 200
according to the present embodiment can be downsized
while achieving the effect of marker 100 according to
Embodiment 1.

Embodiment 3

[0060] Marker 300 according to Embodiment 3 differs
from marker 100 according to Embodiment 1 only in con-
figuration of lenticular lens part 320. In view of this, the
configurations similar to those of light emitting device 100
according to Embodiment 1 will be denoted with the same
reference numerals, and the description thereof will be
omitted.
[0061] FIGS. 6A and 6B illustrate a configuration of
marker 300 according to Embodiment 3 of the present
invention. FIG. 6A is a plan view of marker 300 according
to Embodiment 3 of the present invention, and FIG. 6B
is a front view of marker 300.
[0062] As illustrated in FIGS. 6A and 6B, lenticular lens
part 320 according to Embodiment 3 includes first surface
323 and second surface 224. The first surface includes
a plurality of convex surface parts 231, and slit 380 in-
cluding flat surface part 334.
[0063] Slit 380 is disposed on first surface 323 along
a direction orthogonal to ridgeline 133 of convex surface
part 231. That is, slit 380 is disposed in such a manner
as to bisect convex surface part 231. Slit 380 includes
flat surface part 334 as the bottom surface. Flat surface
part 334 is parallel to top surface 143 of first region 141.
The position of slit 380 with respect to convex surface
part 231 in the first direction is not limited. In addition,
the width of slit 380 in the first direction is not limited as
long as the function of marker 300 is not impaired. The
width of slit 380 is 10 to 20 mm, for example. The depth
of slit 380 (the distance between flat surface part 334 and
the apex of convex surface part 231) is not limited as
long as the function of marker 300 is not impaired.
[0064] Positioning part 360 is a portion corresponding
to wall part 280 in the recess forming first region 141. In
marker 300 according to the present embodiment, slit
380 including flat surface part 334 is disposed in such a
manner as to bisect convex surface part 231, and ac-
cordingly the length of the recess that serves as first re-
gion 141 is equal to the length of convex surface part
231. Also in the present embodiment, the location infor-
mation of positioning part 360 in marker 300 is correctly
detected through flat surface part 334.

Effect

[0065] Marker 300 according to the present embodi-
ment has an effect similar to that of marker 200 according
to Embodiment 2.
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Embodiment 4

[0066] Marker 400 according to Embodiment 4 differs
from marker 100 according to Embodiment 1 only in con-
figuration of lenticular lens part 420. In view of this, the
configurations similar to those of light emitting device 100
according to Embodiment 1 will be denoted with the same
reference numerals, and the description thereof will be
omitted.
[0067] FIGS. 7A and 7B illustrate a configuration of
marker 400 according to Embodiment 4 of the present
invention. FIG. 7A is a plan view of marker 400 according
to Embodiment 4 of the present invention, and FIG. 7B
is a front view of marker 400.
[0068] As illustrated in FIGS. 7A and 7B, lenticular lens
part 420 according to Embodiment 4 includes first surface
123 and second surface 424. Second surface 424 in-
cludes first region 141 and second region 142.
[0069] Positioning part 460 is a recess that opens in a
region corresponding to flat surface part 134 in second
surface 124. The shape of positioning part 460 is not
limited as long as the position can be visually recognized
when marker 400 is viewed from first surface 123. In the
present embodiment, positioning part 460 is formed in a
shape of a box that opens at its one surface. Bottom
surface 462 of positioning part 460 is parallel to top sur-
face 143 of first region 141. Also in the present embod-
iment, positioning part 460 can be correctly detected in
marker 400 through flat surface part 134.

Effect

[0070] Marker 400 according to the present embodi-
ment has an effect similar to that of marker 100 according
to Embodiment 1.

Embodiment 5

[0071] Marker 500 according to Embodiment 5 differs
from marker 100 according to Embodiment 1 only in ar-
rangement of convex surface part 131. In view of this,
the configurations similar to those of light emitting device
100 according to Embodiment 1 will be denoted with the
same reference numerals, and the description thereof
will be omitted.
[0072] FIG. 8 illustrates a configuration of marker 500
according to Embodiment 5 of the present invention. As
illustrated in FIG. 8, in Embodiment 5, convex surface
parts 131 are disposed such that convex surface parts
131 adjacent to each other are separated from each oth-
er.

Effect

[0073] With marker 500 according to the present em-
bodiment, the position of convex surface part 131 can be
highly accurately detected, and thus highly accurate
marker 500 can be obtained while achieving the effect

of marker 100 according to Embodiment 1.

Embodiment 6

[0074] FIGS. 9A to 9C illustrate a configuration of
marker 600 according to Embodiment 6 of the present
invention. FIG. 9A is a plan view of marker 600 according
to Embodiment 6 of the present invention, FIG. 9B is a
front view of marker 600, and FIG. 9C is a bottom view
of marker 600.
[0075] As illustrated in FIGS. 9A to 9C, marker 600
includes convex lens part 620 including first surface 623
and second surface 624, and detection object part 650.
[0076] Convex lens part 620 is an optical component
composed of an injection-molded article of a transparent
resin. Convex lens part 620 includes first surface 623
and second surface 624. First surface 623 includes a
plurality of convex surface parts 631, and two or more
flat surface parts 634. In addition, second surface 624
includes first region 641 and second region 642.
[0077] Convex surface parts 631 have circular planar
shapes and the same size. For example, the diameter of
the planar shape of convex surface part 631 is 350 mm,
and pitch PCL of convex surface parts 631 is 370 mm in
each of the first direction and the second direction. The
term "pitch" means the distance (PCL) between convex
surface parts 631 adjacent to each other.
[0078] Also, the cross-sectional shape of convex sur-
face part 631 may be a spherical surface or an aspherical
surface, and preferably, the aspherical surface is a
curved surface whose curvature radius increases as the
distance thereof from central axis CA of convex surface
part 631 increases. That is, since central axis CA of con-
vex surface part 631 is a straight line parallel to the third
direction, it is preferable that the aspherical surface be a
curved surface whose curvature radius increases as the
distance thereof from central axis CA of convex surface
part 631 increases in the direction along the XY plane.
The term "central axis CA" means a straight line extend-
ing in the third direction and passing through the center
of convex surface part 631 in plan view of convex surface
part 631.
[0079] Flat surface part 634 is flush with the surface
where convex surface part 631 is connected. The number
of flat surface parts 634 is not limited as long as two or
more flat surface parts 634 are provided. In the present
embodiment, two flat surface parts 634 are provided. In
addition, positioning parts 660 are disposed at positions
corresponding to flat surface parts 634.
[0080] In addition, each of convex surface part 631 and
flat surface part 634 includes first region 641 disposed
on the rear surface side at a position corresponding to
the each of convex surface part 631 and flat surface part
634. For example, first region 641 has a circular planar
shape with a diameter of 45 mm and a depth of 10 mm.
In addition, first region 641 has a rectangular cross-sec-
tional shape in each of the first direction and the second
direction.
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[0081] The center-to-center distance (|Cn-Cn-1|) be-
tween first regions 641 adjacent to each other in the sec-
ond direction is PCL+nG mm, and the center-to-center
distance (|Cm-Cm-1|) between first regions 641 adjacent
to each other in the second direction is PCL+mG mm. As
described above, n represents the order of convex sur-
face parts 631 in the second direction with a particular
convex surface part 631 being set to 0th. The "m" repre-
sents an order of a certain convex surface part 631 with
respect to 0th convex surface part 631 in the second
direction.
[0082] Detection object part 650 is housed in each first
region 641. Detection object part 650 is formed in such
a manner as to cover the bottom surface of first region
641. In this manner, detection object part 650 is formed
inside the walls of first region 641.
[0083] When marker 600 is observed from convex sur-
face part 631 side, a collective image that is composed
of images of black points of detection object parts 650
projected on convex surface parts 631 is observed. The
position of the collective image changes depending on
the viewing angle from convex surface part 631 side.
With this configuration, marker 600 is used as a turning-
angle measurement device in which an image moves in
the plane direction in accordance with the viewing angle.
[0084] It is to be noted that the planar shape of convex
surface part 631 may be a rectangular shape as well as
the circular shape, and may be appropriately set as long
as the shape functions as a convex lens. In addition, first
region 641 may be replaced by a protrusion. Also, the
planar shape of first region 641 may be shapes other
than the circular shape, and may be a rectangular shape,
for example.

Effect

[0085] Marker 600 according to the present embodi-
ment has an effect similar to that of marker 100 according
to Embodiment 1.

Embodiment 7

[0086] Marker 700 according to Embodiment 7 differs
from marker 600 according to Embodiment 6 only in sec-
ond surface 124. In view of this, the configurations similar
to those of marker 600 according to Embodiment 6 will
be denoted with the same reference numerals, and the
description thereof will be omitted.
[0087] FIG. 10A is a plan view of marker 700, FIG. 10B
is a sectional view of a part of marker 700 taken along
line B-B of FIG. 10A in which hatching is omitted, FIG.
10C is a bottom view of marker 700, and FIG. 10D is a
side view of marker 700.
[0088] Second surface 124 is similar to that of Embod-
iment 1. Specifically, second surface 124 includes first
region 141 and second region 142. First region 141 is a
slender rectangular recess extending along the Y direc-
tion in the XY plane, and is disposed across convex sur-

face parts 631 arranged along the Y direction. In addition,
second regions 124 are arranged in the X direction in
such a manner as to correspond to the lines of convex
surface part 631.
[0089] In addition, regarding the relationship between
detection object part 150 and convex surface part 631 in
the X direction, the pitch of adjacent convex surface parts
631 (the pitch of convex surface parts 631 of the adjacent
lines) is greater than the center-to-center distance of ad-
jacent detection object parts 150. In addition, positioning
part 160 is disposed at a position corresponding to flat
surface part 643.
[0090] In marker 700, a linear image along the Y direc-
tion is observed as a group of images projected on con-
vex surface parts 631. This image appears such that the
image approaches the viewer as marker 700 is tilted to
the viewer side with respect to the X direction.

Effect

[0091] In marker 700 according to the present embod-
iment, convex surface part 631 is curved not only in the
X direction, but also in the Y direction, and thus the con-
trast of the image in the Y direction is high.

Embodiment 8

[0092] Marker 800 according to Embodiment 8 differs
from marker 700 according to Embodiment 7 only in con-
figuration of convex surface part 831. In view of this, the
configurations similar to those of marker 700 according
to Embodiment 7 will be denoted with the same reference
numerals, and the description thereof will be omitted.
[0093] FIG. 11A is a plan view of marker 800, FIG. 11B
is a sectional view of a part of marker 800 taken along
line B-B of FIG. 11A in which hatching is omitted, FIG.
11C is a bottom view of marker 800, and FIG. 11D is a
side view of marker 800.
[0094] In Embodiment 8, convex surface part 831 has
a square planar shape. In addition, for example, convex
surface part 831 has a spherical shape (arc shape) in
the cross-section along the optical axis.

Effect

[0095] In addition to an effect similar to that of marker
700 according to Embodiment 7, with marker 800 accord-
ing to the present embodiment, the image is clearly de-
tected regardless of the intensity of the light incident on
the first surface of the lenticular lens part. One possible
reason for this is that, practically, the first surface of mark-
er 800 is composed only of convex surface part 631
(curved surface) and includes no flat surface part, and
thus reflection light at the first surface is less likely to be
generated or is weak in comparison with marker 700 al-
though, in the case where the intensity of the incident
light is high, the intensity of the reflection light of marker
800 such as the reflection light on the first surface is also
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high, and the visibility of the image might be reduced.

Embodiment 9

[0096] Marker 900 according to Embodiment 9 is dif-
ferent from marker 700 according to Embodiment 7 only
in configuration of convex surface part 931. In view of
this, the configurations similar to those of marker 700
according to Embodiment 7 will be denoted with the same
reference numerals, and the description thereof will be
omitted.
[0097] FIG. 11A is a plan view of marker 900, FIG. 11B
is a sectional view of a part of marker 900 taken along
line B-B of FIG. 11A, in which hatching is omitted, FIG.
11C is a bottom view of marker 900, and FIG. 11D is a
side view of marker 900.
[0098] In Embodiment 9, convex surface part 931 has
a regular-hexagon planar shape. In addition, for example,
convex surface part 931 has a spherical shape (arc
shape) in the cross-section along the optical axis. Re-
garding the line of convex surface parts 931 in the Y
direction, convex surface parts 931 are arranged along
the Y direction such that their opposed sides are in con-
tact with each other. In addition, the lines of convex sur-
face parts 931 are arranged in the X direction such that
of each connecting part of convex surface parts 73 of
one line is in contact with a corner of the hexagon of each
convex surface part 931 of another line. In this manner,
in marker 900, convex surface parts 931 are fully closely
arranged in a collective manner over the entirety of the
first surface.

Effect

[0099] Marker 900 according to the present embodi-
ment has an effect similar to that of marker 800 according
to Embodiment 8.
[0100] While the detection object part is made of a so-
lidified coating material in the embodiments, the detec-
tion object part may be made of a colored seal.
[0101] While the detection object part is a coating film
disposed in the first region in the embodiments, the de-
tection object part may be disposed in both of the first
region and the second region. In this case, the first re-
gions and the second regions may be coating films and/or
seals of different colors. Further, the detection object part
may be a reflection surface composed of an irregularity
of pyramidal minute prism and a metal-vapor deposited
film and the like which is formed in the first region and/or
the second region.
[0102] This application is entitled to and claims the
benefit of Japanese Patent Application No. 2015-249997
filed on December 22, 2015, the disclosure each of which
including the specification, drawings and abstract is in-
corporated herein by reference in its entirety.

Industrial Applicability

[0103] The marker according to the embodiments of
the present invention is useful as a measuring device for
recognizing the position and/or the orientation of an ob-
ject and the like. In addition, the present invention is ex-
pected to contribute not only to development of the tech-
nical field of the measuring device, but also to develop-
ment of various technical fields where highly accurate
application of a pattern to the convex lens is desired.

Reference Signs List

[0104]

100, 100’, 200, 300, 400, 500, 600, 700, 800, 900
Marker
120, 120’, 220, 320, 420 Lenticular lens part
123, 223, 323, 623 First surface
124, 124’, 224, 424, 624 Second surface
131, 231, 631, 831, 931 Convex surface part
132 Side surface part
133, 233 Ridgeline
134, 234, 334, 634 Flat surface part
141, 141’, 241, 641 First region
142, 142’, 242, 642 Second region
143 Top surface
143’ Top surface
144 First inner surface
144’ First outer surface
145 Second inner surface
145’ Second outer surface
150, 150’, 650 Detection object part
160, 160’, 260, 360, 460, 660 Positioning part
462 Bottom surface
170 Metal mold
171 Upper mold
172 Lower mold
173 Recessed surface part
174 Flat surface
175 Linear projection
280 Wall part
281 Side surface
380 Slit
620 Convex lens part

Claims

1. A marker, comprising:

a convex lens part made of an optically trans-
parent resin and including a first surface and a
second surface disposed on a side opposite to
the first surface, the first surface including a con-
vex surface part and a flat surface part, the sec-
ond surface including a first region and a second
region which is a region other than the first region
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in the second surface;
a detection object part formed in one of the first
region and the second region, or in both of the
first region and the second region; and
a positioning part formed on the second surface
in a region corresponding to the flat surface part,
and configured to indicate a position of the first
region with respect to the convex surface part,
wherein the first region is a recess or a protrusion
disposed on the second surface in a region cor-
responding to the convex surface part.

2. The marker according to claim 1,
wherein the convex surface part is a curved surface
including a ridgeline linearly extending in a first di-
rection perpendicular to a thickness direction of the
convex lens part, the curved surface having a cur-
vature only in a second direction perpendicular to
the thickness direction of the convex lens part and
the first direction;
wherein in the first direction, the flat surface part is
disposed outside the convex surface part;
wherein the recess or the protrusion is linearly
formed on the second surface such that the recess
or the protrusion is longer than the convex surface
part in the first direction; and
wherein the positioning part is a portion of the recess
or the protrusion formed on the second surface, the
portion being located outside the convex surface
part.

3. The marker according to claim 1,
wherein the convex surface part is a curved surface
including a ridgeline linearly extending in a first di-
rection perpendicular to a thickness direction of the
convex lens part, the curved surface having a cur-
vature only in a second direction perpendicular to
the thickness direction of the convex lens part and
the first direction;
wherein the flat surface part is a top surface of a wall
part disposed along a direction orthogonal to the
ridgeline on the first surface;
wherein the recess or the protrusion is linearly
formed along the first direction on the second sur-
face; and
wherein the positioning part is a portion of the recess
or the protrusion formed on the second surface, the
portion corresponding to the wall part.

4. The marker according to claim 1,
wherein the convex surface part is a curved surface
including a ridgeline linearly extending in a first di-
rection perpendicular to a thickness direction of the
convex lens part, the curved surface having a cur-
vature only in a second direction perpendicular to
the thickness direction of the convex lens part and
the first direction;
wherein the flat surface part is a bottom surface of

a slit disposed along a direction orthogonal to the
ridgeline on the first surface;
wherein the recess or the protrusion is linearly
formed along the first direction on the second sur-
face; and
wherein the positioning part is a portion of the recess
or the protrusion formed on the second surface, the
portion corresponding to the slit.

5. The marker according to any one of claims 2 to 4,
wherein a plurality of the convex surface parts are
arranged in the second direction; and
wherein the plurality of convex surface parts are dis-
posed such that the convex surface parts adjacent
to each other are separated from each other.
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