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(57) Abstract: The present invention relates to a profile

Fig.1 measuring apparatus with reduced measurement error of a
3D profile due to influence of vibration. The profile m ea
suring apparatus is provided with a profile measuring unit,
a position acquiring unit, a profile calculating unit, a de
flection detecting unit, and a controlling unit. The profile
measuring unit has a projecting unit to project a pattern
onto a measured object, and an imaging unit to image the
pattern. The position acquiring unit acquires a position of
the pattern on the measured object. The profile calculating
unit calculates a profile of the measured object, based on
image information from the imaging unit and position in
formation from the position acquiring unit. The deflection
detecting unit detects deflection of the projecting unit. The
controlling unit executes active correction for the profile
measuring unit and/or passive correction for the profile
calculating unit, based on the deflection of the projecting
unit detected by the deflection detecting unit.
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DESCRIPTION

PROFILE MEASURING APPARATUS

Technical Field

[0001] The present invention relates to a profile measuring apparatus

for measuring a three-dimensional (3D) profile of an object to be

measured (measured object).

Background Art

[0002] A method using a laser range finder is known as a conventional

method for measuring a 3D profile of a measured object (e.g., cf. Patent

Document 1). This method is to apply a laser beam onto a surface of

the measured object, to observe the measured object from a direction

different from a direction of application of the laser beam, and to obtain

the 3D profile of the measured object irradiated with the laser beam, by

the principle of triangulation. In this method, the laser beam scans on

the measured object whereby the 3D profile of the entire measured

object can be obtained.

Citation List

Patent Document

[0003] Patent Document 1: U.S. Patent No. 4,993,835

Summary of Invention

Problems that the Invention is to Solve

[0004] However, in the case of the scan irradiation being carried out,

however, the laser beam deviates from a predetermined irradiation angle

with vibration being added to the measuring apparatus from the outside,

and the measured 3D profile comes to have an error.

[0005] The present invention has been accomplished in view of this



problem and it is an object of the present invention to provide a profile

measuring apparatus with reduced measurement error of the 3D profile

due to influence of vibration.

Means for Solving the Problems

[0006] A profile measuring apparatus according to an embodiment of

the present invention comprises a profile measuring unit, a position

acquiring unit, a profile calculating unit, a deflection detecting unit, and

a controlling unit. The profile measuring unit has a projecting unit to

project a predetermined pattern onto a measured object, and an imaging

unit to image the pattern projected by the projecting unit. The position

acquiring unit acquires at least a position of the profile measuring unit

and acquires a position of the pattern on the measured object onto which

the pattern is projected. The profile calculating unit is connected so as

to be able to communicate with the imaging unit and the position

acquiring unit, and calculates a profile of the measured object, based on

image information from the imaging unit and position information from

the position acquiring unit. The deflection detecting unit detects

deflection of the projecting unit. The controlling unit is connected to

the deflection detecting unit and executes active correction for the

profile measuring unit and/or passive correction for the profile

calculating unit, based on the deflection of the projecting unit detected

by the deflection detecting unit. The active correction is executed for

position control or operation control of the profile measuring unit and

the passive correction is executed for calculation operation of the profile

calculating unit.

[0007] The profile measuring apparatus according to the embodiment



of the present invention may further comprise a displacing mechanism

which displaces the position of the profile measuring unit in accordance

with an output from the controlling unit in a state in which the profile

measuring unit is held thereby, as the active correction.

[0008] Specifically, the displacing mechanism performs correction for

an illumination target position on the measured object onto which the

pattern is projected by the projecting unit, in accordance with the output

from the controlling unit. The projecting unit may have a pattern

forming unit which generates the predetermined pattern to be projected

onto a surface of the measured object, based on light from a light source.

In this case, the displacing mechanism displaces at least a partial

element of the pattern forming unit, in a direction perpendicular to a

projection direction of the pattern. The pattern generated based on the

light from the light source by the pattern forming unit, is preferably a

pattern of a line shape, and the displacing mechanism displaces at least a

partial element of the pattern generating unit in a direction perpendicular

to a longitudinal direction of the line.

[0009] In the profile measuring apparatus according to the embodiment

of the present invention, the controlling unit controls the displacing

mechanism so as to correct the illumination target position on the

measured object onto which the pattern is projected by the projecting

unit, based on the deflection detected by the deflection detecting unit, as

the active correction.

[0010] In the profile measuring apparatus according to the embodiment

of the present invention, the displacing mechanism is preferably

configured so as to hold the projecting unit and the imaging unit in a



state in which relative positions of the projecting unit and the imaging

unit are maintained fixed. The displacing mechanism has a correcting

mechanism to perform the active correction for the profile measuring

unit, and a moving mechanism unit to move the correcting mechanism

relative to the measured object. The controlling unit controls the

correcting mechanism so as to correct the illumination target position on

the measured object onto which the pattern is projected by the

projecting unit, based on a difference between the deflection detected by

the deflection detecting unit and a movement amount by the moving

mechanism unit.

[0011] In the profile measuring apparatus according to the embodiment

of the present invention, the controlling unit may execute correction

control for the position information of the pattern acquired based on

information outputted from the position acquiring unit, according to an

amount of the deflection detected by the deflection detecting unit, as the

passive correction. In this case, the profile measuring apparatus further

comprises a moving mechanism unit which moves the projecting unit

and the imaging unit relative to the measured object in a state in which

relative positions of the projecting unit and the imaging unit are

maintained. The controlling unit executes correction control for

projected position of an image of the pattern acquired from the position

acquiring unit, based on a difference between the deflection detected by

the deflection detecting unit and a movement amount by the moving

mechanism unit.

[0012] In the profile measuring apparatus according to the embodiment

of the present invention, the controlling unit may determine timing of



imaging by the imaging unit, based on information of the deflection

detected by the deflection detecting unit, as the active correction. In

this case, the controlling unit controls the timing of the imaging by the

imaging unit so as to make the imaging unit image the pattern when a

phase of the deflection is an integral multiple of a predetermined value,

based on the information of the deflection detected by the deflection

detecting unit. The controlling unit may control the timing of the

imaging by the imaging unit so as to image the pattern at such timing

that a motion of the pattern image formed on the imaging unit due to the

deflection is a movement amount of not more than a pixel pitch in the

imaging unit in a duration of acquisition of one frame, based on the

information of the deflection detected by the deflection detecting unit.

[0013] Furthermore, in the profile measuring apparatus according to the

embodiment of the present invention, the controlling unit preferably has

a determining unit which determines which one of the profile measuring

unit and the profile calculating unit should be a target of the control

executed based on the deflection detected by the deflection detecting

unit, when correction operation for measurement error is executed by

combination of the passive correction and the active correction.

During a duration of measurement of the profile of the measured object,

the determining unit repeats the determination operation of the control

target sequentially with every detection of the deflection of the

projecting unit or at prescribed intervals.

[0014] When correction operation for profile measurement error is

executed by combination of the passive correction and the active

correction, the controlling unit preferably has a first correcting unit to



control correction operation for the profile calculating unit, based on the

deflection detected by the deflection detecting unit, and a second

correcting unit to control correction operation for the illumination target

position on the measured object onto which the pattern is projected by

the projecting unit, based on the deflection detected by the deflection

detecting unit. In this configuration, the determining unit selects either

of the correction control by the first correcting unit and the correction

control by the second correcting unit, based on a result of a

determination on whether an amplitude of the deflection detected by the

deflection detecting unit is larger than a predetermined amplitude.

[0015] When the amplitude of the deflection detected by the deflection

detecting unit is larger than the predetermined amplitude and when a

frequency of the deflection detected by the deflection detecting unit is

larger than a predetermined frequency, the determining unit determines

to perform both of correction for operation of the projecting unit or the

imaging unit and correction for image information from the profile

calculating unit.

[0016] In the profile measuring apparatus according to the embodiment

of the present invention, the deflection detecting unit has an angular

velocity detector to detect an angular velocity of the projecting unit or

the imaging unit, and/or, an acceleration detector to detect an

acceleration of the projecting unit or the imaging unit. The deflection

detecting unit detects the deflection, based on the angular velocity

and/or the acceleration.

[0017] The profile measuring apparatus according to the embodiment

of the present invention, which includes the deflection detecting unit



having the above-described structure, preferably comprises a displacing

mechanism which is configured so as to keep the projecting unit and the

imaging unit in a state in which relative positions of the projecting unit

and the imaging unit are maintained fixed. In this case, the displacing

mechanism has a correcting mechanism to perform the active correction

for the profile measuring unit, and a moving mechanism unit to move

the correcting mechanism relative to the measured object. On the

other hand, the first correcting unit corrects the position information of

the pattern projected onto the measured object, based on the deflection

detected by the deflection detecting unit and a velocity of relative

movement by the moving mechanism unit.

[0018] When the deflection detecting unit can detect a deflection angle,

the second correcting unit corrects the illumination target position on the

measured object onto which the pattern is projected by the projecting

unit, based on the deflection angle and the velocity of the relative

movement by the moving mechanism unit.

[0019] In the profile measuring apparatus according to the embodiment

of the present invention, preferably, the imaging unit has an imaging

optical system to form an image of the measured object, and the

imaging optical system is configured so that a plane conjugate with an

imaging plane thereof includes an irradiation direction of a beam

projected from the projecting unit.

Effects of the Invention

[0020] The present invention permits the profile measuring apparatus to

reduce the measurement error of the 3D profile, even with vibration

added to the measuring apparatus.



Brief Description of Drawings

[0021] Fig. 1 is an overall diagram of a profile measuring apparatus;

Fig. 2 is a control block diagram of the profile measuring

apparatus;

Fig. 3 is an enlarged view of an attaching part and a probe in the

first embodiment;

Fig. 4 is a schematic view of an illuminating unit and an

imaging unit;

Fig. 5 is a flowchart showing a procedure of measurement of a

3D profile using the profile measuring apparatus of the first

embodiment;

Fig. 6 is a drawing showing a modification example in the

profile measuring apparatus of the first embodiment;

Fig. 7 is a flowchart showing a procedure of measurement of a

3D profile using the profile measuring apparatus of the second

embodiment;

Fig. 8 is an enlarged view of an attaching part and a probe in the

third embodiment;

Fig. 9 is an enlarged view of a rotation correcting mechanism;

Fig. 10 is a flowchart showing a procedure of measurement of a

3D profile using the profile measuring apparatus of the third

embodiment;

Fig. 11 is a first flowchart showing a procedure of measurement

of a 3D profile using the profile measuring apparatus of the fourth

embodiment;

Fig. 12 is a second flowchart showing a procedure of



measurement of a 3D profile using the profile measuring apparatus of

the fourth embodiment;

Fig. 13 is a third flowchart showing a procedure of measurement

of a 3D profile using the profile measuring apparatus of the fourth

embodiment;

Fig. 14 is a fourth flowchart showing a procedure of

measurement of a 3D profile using the profile measuring apparatus of

the fourth embodiment;

Fig. 15 is a schematic diagram showing a modification example

of an illuminating unit in the third embodiment and the fourth

embodiment;

Fig. 16 is a schematic view showing an example of illumination

correction in the modification example of the illuminating unit; and

Fig. 17 is a drawing showing an example of an optical system

satisfying the Scheimpflug principle.

Description of Embodiments

[0022] The preferred embodiments of the present invention will be

described below with reference to the drawings.

[0023] (First Embodiment)

Fig. 1 shows a profile measuring apparatus of the first

embodiment and this profile measuring apparatus 1 is constructed with a

stage 6 supporting an object to be measured (measured object) 5, a

profile measuring unit 10 which measures a profile of the measured

object 5 mounted on the stage 6, a controlling unit 30 which calculates

profile information about the measured object 5 on the basis of

information output from the profile measuring unit 10 and which



controls the operation of calculation of the profile information or motion

of moving mechanism unit 15, based on a signal from below-described

deflection detecting unit 28, and a display unit 40 which outputs, for

example, a 3D image of the profile information calculated by the

controlling unit 30. Even if the measured object 5 is not mounted on

the stage 6, the profile measuring apparatus 1 can measure the profile of

the measured object 5 as long as the measured object 5 is located within

an operating range of the profile measuring unit 10.

[0024] The profile measuring unit 10 is constructed with a base 11, the

moving mechanism unit 15 of a multijoint structure which has a

plurality of arms 12a-12e and joints (connections) 13a-13f and a base

end of which is attached to the base 11, and a probe 20 which is

detachably attached through an attaching part 16 to a distal end of the

moving mechanism unit 1 (a distal end of leading arm 12e). The

moving mechanism unit 15 has, in order from the base end side, the

base arm 12a, the first intermediate arm 12b, the second intermediate

arm 12c, the third intermediate arm 12d, and the leading arm 12e and

the first to sixth joints 13a- 13f are provided at ends of the respective

arms 12a-12e. It further includes the attaching part 16 slidably holding

the probe 20.

[0025] The first joint 13a joins the base end of the base arm 12a and the

base 11, whereby the base arm 12a is configured so as to be rotatable

about a rotation axis on an axis extending in a nearly normal direction to

the base 11. The second joint 13b joins the distal end of the base arm

12a and the base end of the first intermediate arm 12b, whereby one of

the base arm 12a and the first intermediate arm 12b is configured so as



to be swingable (or rotatable) with respect to the other. The third joint

13c joins the distal end of the first intermediate arm 12b and the base

end of the second intermediate arm 12c, whereby one of the first

intermediate arm 12b and the second intermediate arm 12c is configured

so as to be swingable (or rotatable) with respect to the other.

[0026] The fourth joint 13d joins the distal end of the second

intermediate arm 12c and the base end of the third intermediate arm 12d,

whereby one of the second intermediate arm 12c and the third

intermediate arm 12d is configured so as to be swingable (or rotatable)

with respect to the other. The fifth joint 13e joins the distal end of the

third intermediate arm 12d and the base end of the leading arm 12e,

whereby one of the third intermediate arm 12d and the leading arm 12e

is configured so as to be swingable (or rotatable) with respect to the

other. The sixth joint 13f joins the distal end of the leading arm 12e

and the attaching part 16 for the probe 20, whereby the probe 20

attached to the attaching part 16 is configured so as to be swingable (or

rotatable) with respect to the leading arm 12e and rotatable about a

rotation axis on an axis extending in parallel to the leading arm 12e.

The second to fifth joints 13b-13e have their respective rotation axes

extending in approximately horizontal directions parallel to each other

so that the intermediate arms and leading arm 12b-12e can swing in an

identical plane (or in a nearly vertical plane).

[0027] At each of the rotation axes of the first to sixth joints 13a-13f, an

encoder 3 1 to measure a rotation amount of the rotation axis of each

joint 13a-13f is attached in order to detect an angle between the arm or

the base 11 located on the base end side of each joint 13a-13f and the



arm or the probe 20 located on the distal end side of each joint 13a-13f.

Measurements by these encoders 3 1 (which will be referred to

hereinafter as "angle information") are fed from each encoder 31 to the

controlling unit 30, as shown in Fig. 2. Each of the first to sixth joints

13a-13f is provided with a lock mechanism 14 which swings (or rotates)

the arm or the probe 20 located on the distal end side with respect to the

arm or the base 11 located on the base end side of each joint 13a-13f and

which secures (or locks) it at a predetermined position. The operations

of these lock mechanisms 14 are controlled by the controlling unit 30.

[0028] The attaching part 16 holds the probe 20 so as to be slidable in a

direction nearly normal to spreading directions of an illumination beam

(below-described line beam) by linear motor 17 (cf. Fig. 2). Namely,

the apparatus is configured so that the sliding direction of the probe 20

attached to and held on the attaching part 16 is a scan direction. The

operation of the linear motor 17 mounted on the attaching part 16 is

controlled by the controlling unit 30. An encoder (not shown) is

incorporated in the linear motor 17 and measurements by this encoder

are fed as displacement information of the probe 20 according to the

operation of the linear motor 17 from the linear motor 17 (encoder) to

the controlling unit 30. In the present embodiment, the sliding

direction (scan direction) of the probe 20 will be sometimes referred to

as an X-direction, a direction perpendicular to the optical-axis direction

of the probe 20 (illuminating unit 2 as a projecting unit for projecting a

predetermined pattern onto the measured object 5) and the X-direction

as a Y-direction, and a direction perpendicular to the X-direction and the

Y-direction as a Z-direction (cf. Fig. 1).



[0029] The probe 20 is constructed, as shown in Fig. 3, with an

illuminating unit 2 1 which illuminates the measured object 5, an

imaging unit 25 which images the measured object 5 illuminated by the

illuminating unit 21, and a deflection detecting unit 28 which detects

deflection of the probe 20 (i.e., the illuminating unit 2 1 and imaging unit

25) due to influence of vibration from the outside. The illuminating

unit 2 1 functions as a projecting unit which projects a predetermined

pattern onto the measured object 5. The illuminating unit 2 1 and

imaging unit 25 are held by a common housing so that their relative

positions are always constant. The deflection detecting unit 28 is

configured so as to be able to detect the deflection in the X-direction,

the Y-direction, and Z-direction. Furthermore, as shown in Fig. 1, a

measurement switch 29, which allows an operator to perform operations

for instructing the controlling unit 30 to start and stop the profile

measurement for the measured object 5, is provided on the side of the

probe 20.

[0030] The illuminating unit 2 1 (projecting unit) is constructed, as

shown in Fig. 4, with a light source 22 such as an LED, a pattern

forming unit 23 which forms an illumination pattern, and a projection

lens 24 which projects the illumination pattern formed on the pattern

forming unit 23, onto the measured object 5. The pattern forming unit

23 is composed of a liquid crystal display device or the like and in the

present embodiment, it forms the illumination pattern so as to obtain an

illumination beam with a line-shaped cross section (which will be

referred to hereinafter as a line beam). For this reason, the light

emitted from the light source 22 travels through the pattern forming unit



23 to become the line beam and this line beam is applied (or projected)

onto the measured object 5 on the stage 6 by the projection lens 24.

[0031] The imaging unit 25 is constructed, as shown in Fig. 4, with an

imaging optical system 26 which forms an image of the line beam

applied onto the measured object 5 (which will be referred to hereinafter

as a line image), and an imaging device 27 which takes the line image

formed by the imaging optical system 26. The imaging device 27

performs photoelectric conversion of the line image formed on the focal

plane, to generate an image signal, and outputs the image information to

a profile calculating unit 34. The image plane of the imaging optical

system 26 satisfies the so-called Scheimpflug principle that the image

plane is conjugate with a plane including the irradiation direction of the

line beam applied. For this reason, the line image can be always

formed as a sharp image, independent of the height of the measured

object 5.

[0032] The deflection detecting unit 28, as shown in Fig. 3, has an

angular velocity sensor 28a which detects an angular velocity of the

probe 20 (illuminating unit 2 1 and imaging unit 25), and an acceleration

sensor 28b which detects an acceleration of the probe 20, and detects the

deflection of the probe 20 on the basis of the angular velocity and the

acceleration detected by the angular velocity sensor 28a and the

acceleration sensor 28b, respectively. The deflection of the probe 20

(illuminating unit 2 1 and imaging unit 25) herein is deviation (positional

deviation and directional deviation) of the actual position (including

direction) of the probe 20 (illuminating unit 2 1 and imaging unit 25)

relative to a target position (including a direction) with slide movement



(scan) of the probe 20 at a constant velocity (or a constant angular

velocity).

[0033] Since it is sufficient that this deflection detecting unit 28 can

detect deviation in the projected position (applied position) of the line

image from the probe 20 or deviation in an imaging region of the

imaging unit 25, mounting positions of the acceleration sensor 28b and

angular velocity sensor 28a do not always have to be limited to those in

this example. If the projected position of the line image on the

measured object is linked to motion due to vibration occurring at the

arms, the angular velocity sensor 28a and acceleration sensor 28b may

be mounted near the attaching part 16 on the arms.

[0034] The profile measuring apparatus 1 of the present embodiment is

a profile measuring apparatus that can be installed at a factory line or the

like and there are cases where the profile measuring apparatus 1 is not

installed on a vibration-proof table (not shown) or the like. In such

cases, even if the joints 13a-13f are fixed with actuation of the lock

mechanisms 14, the probe 20 will deflect relative to the measured object

5 because of influence of vibration from the outside, so as to cause

positional deviation (deflection) of the probe 20 (illuminating unit 2 1

and imaging unit 25) relative to the target position with slide movement

(scan) of the probe 20. Similar positional deviation (deflection) will

also occur because of bending of each arm 12a-12e or the like.

[0035] The deflection detecting unit 28 is a unit that detects such

deflection of the probe 20 (illuminating unit 2 1 and imaging unit 25).

The angular velocity sensor 28a of the deflection detecting unit 28

detects angular velocities of the probe 20 around rotation axes on axes



extending in the X-direction, the Y-direction and the Z-direction (which

will be referred to hereinafter as X-rotation axis, Y-rotation axis and Z-

rotation axis). The acceleration sensor 28b detects accelerations in the

X-direction, the Y-direction and the Z-direction of the probe 20. The

deflection of the probe 20 includes deflection due to rotation of the

probe 20 and deflection due to translation of the probe 20. However,

since the probe 20 of the present embodiment is attached to the distal

end of the moving mechanism unit 15 (the distal end of the leading arm

12e) having the plurality of arms 12a-12e, the deflection due to

translation of the probe 20 is considered to be considerably smaller than

the deflection due to rotation (swing) of the probe 20, and therefore the

deflection of the probe 20 can be approximated to only the deflection

due to rotation of the probe 20. However, since the moving

mechanism unit 15 has many joints, it may act as a parallel link

mechanism. Namely, there are cases where no angular velocity is

detected while an acceleration is detected because of deflection. In

such cases, the deflection is processed as deflection due to translation

(parallel deflection). The deflection due to translation (parallel

deflection) can also be processed in the same manner as the deflection

due to rotation (swing) if the center of rotation is considered to be

located sufficiently far.

[0036] Therefore, as shown in Fig. 3, there is the relation of V = r ω,

where V is the rotational velocity (vector) occurring at the probe 20 due

to deflection, ω the angular velocity occurring at the probe 20 due to

deflection, and r the radius gyration (vector) of deflection of the probe

20; therefore, the deflection detecting unit 28 can determine the radius



gyration r (and the center of rotation) of deflection of the probe 20,

using the angular velocity ω and acceleration dV/dt detected by the

angular velocity sensor 28a and the acceleration sensor 28b, respectively.

At this time, the rotational velocity V due to deflection can be obtained

by integration of the acceleration dV/dt detected by the acceleration

sensor 28b and the radius of gyration r can be determined from the

relational expression of r = V/(co + C). Here, C is a constant or a

function set so as to avoid divergence of the radius of gyration r.

Furthermore, since an angle of rotation φ of the probe 20 can be

obtained by integration of the angular velocity ω detected by the angular

velocity sensor 28a, the deflection detecting unit 28 can determine a

deflection amount (= r φ) of the probe 20, using the radius of gyration

r and the angle of rotation φ of the probe 20 thus obtained. In the case

of executing deflection detection by the scan of the probe 20, since

angle velocity and acceleration can be calculated based on an output

value from an encoder provided on each joint, the angle velocity and

acceleration due to deflection can be calculated by correcting the angle

velocity and acceleration occurred by the scan based on the angle

velocity and acceleration detected by the deflection detecting unit 28.

[0037] Since the deflection of the probe 20 is substantially identical to

displacement of the probe 20 and since the probe 20 moves in the X-

direction during the scan, an X-directional deflection amount of the

probe 20 is determined by subtracting influence due to the scan of the

probe 20 from the deflection amount obtained using the angular velocity

around the rotation axis of the Y-rotation axis and the X-directional

acceleration of the probe 20. The influence due to the scan includes a



component detected by the angular velocity sensor, as a rotational

component from the translation due to the scan. This component can

be preliminarily determined by executing a scan operation in an

environment without vibration. The scan direction of the probe 20 is

the X-direction and there must be no movement in the Y-direction due to

the scan during the scanning operation; therefore, a deflection amount

obtained using the angular velocity around the rotation axis of the X-

rotation axis and the Y-directional acceleration of the probe 20 is

defined as a Y-directional deflection amount of the probe 20 as it is.

[0038] The controlling unit 30 is constructed, as shown in Fig. 2, with a

processing unit 32 which controls the processing of profile measurement

of the measured object 5 achieved by the profile measuring apparatus 1,

a position calculating unit 33 which calculates space coordinates and

posture (which are coordinates and posture with an origin at a

predetermined point in a measurement space and which will be referred

to hereinafter as "position information") of the probe 20, using the angle

information output from the respective encoders 3 1 and the

displacement information (scan amount) output from the linear motor 17,

and the profile calculating unit 34 which calculates the profile

information (3D profile) of the measured object 5, using the position

information output from the position calculating unit 33 and the image

information of the line image (the image of the line beam projected onto

the measured object 5) output from the imaging device 27. The

measurement space herein refers to a scope (space) in which the profile

measuring apparatus 1 can acquire the space coordinates of the

measured object 5 with movement of the probe 20. The position



calculating unit 33 constitutes at least a part of a position acquiring unit

and this position acquiring unit acquires the position of the profile

measuring unit 10 including the probe 20, to acquire the position on the

measured object 5 where the line beam is projected on.

[0039] The controlling unit 30 is realized, for example, by a computer

and the processing unit 32, position calculating unit 33, and profile

calculating unit 34 are implemented as programs executed by this

computer. An output (operation signal) from the measurement switch

29 is fed into the processing unit 32 and the processing unit 32 controls

the action of the pattern forming unit 23 and others according to an

output from the measurement switch 29. The profile information

output from the profile calculating unit 34 is stored, for example, in a

memory 36 provided in the controlling unit 30 and this profile

information is further processed by the processing unit 32 to be output

as a 3D image on the display unit 40.

[0040] Since the information about the lengths of the respective arms

12a-12e and others is known, the position calculating unit 33 (included

in the position acquiring unit) of the controlling unit 30 calculates the

angle between the arm or the base 11 located on the base end side of

each joint 13a-13f and the arm or the probe 20 located on the distal end

side of each joint 13a-13f, based on the angle information output from

the respective encoders 31, and, by additionally using the displacement

information (scan amount) output from the linear motor 17 (encoder), it

can obtain the 3D coordinates (space coordinates) on the space of the

probe 20 and the projection direction of line beam projected from the

probe 20. Furthermore, since the relative positional relation (relative



coordinates) of the illuminating unit 1 and the imaging unit 25 in the

probe 20 is also known, the position calculating unit 33 can also

calculate which part of the measured object is under measurement.

Then the profile calculating unit 34 can determine the 3D profile of the

measured object 5 within the range of imaging by the imaging unit 25

(the 3D profile of the measured object 5 under projection of the line

beam (e.g., which is expressed as a group of coordinates in the

measurement space represented as discrete coordinates in this range)),

by determining the photographed position of the line image from the

image information (image position information of the line image)

acquired by the imaging unit 25 (imaging device 27), .on the basis of the

principle of triangulation.

[0041] The deflection of the probe 20 (illuminating unit 2 1 and imaging

unit 25) can occur as described above. Therefore, in this first

embodiment the controlling unit 30 executes passive correction for the

calculation operation of the profile calculating unit 34.

[0042] Namely, when the profile calculating unit 34 calculates the

profile information of the measured object 5, correction is made for the

measurement position information of the measured object (the position

information acquired by the position acquiring unit) upon acquisition of

the picture of the line image, based on the deflection of the probe 20

(illuminating unit 2 1 and imaging unit 25) detected by the deflection

detecting unit 28. At this time, for example, the controlling unit

performs the correction to carry out such an operation to cancel the

deflection amount in the X-direction (or the Y-direction) of the probe 20,

for the X-directional (or Y-directional) coordinate values of the line



image on the picture. Specifically, it obtains measurement positions on

the measured object, calculated based on the angle information output

from the respective encoders, and change amount of the measurement

position due to deflection. On the other hand, it obtains the positions

of the line image on the picture. Then the measurement positions are

corrected by the previously determined change amount relative to the

calculated measurement positions on the measured object, whereby the

deviation of the measurement positions on the measured object due to

the deflection can be corrected. In this manner, it becomes feasible to

reduce the measurement error of the 3D profile, even with vibration

added to the profile measuring apparatus 1.

[0043] The measurement of the 3D profile of the measured object 5

using the profile measuring apparatus 1 constructed as described above

will be described blow with reference to the flowchart shown in Fig. 5.

First, when the operator performs a predetermined measurement start

operation (e.g., a push operation) on the measurement switch 29, the

angular velocity sensor 28a and the acceleration sensor 28b of the

deflection detecting unit 28 are actuated by operation control of the

processing unit 32 in the controlling unit 30 (step S101). Next, for

moving the probe 20 so as to go into the ready for measurement, the

moving mechanism unit 15 moves the probe 20 to a predetermined

measurement start position preliminarily set by teaching or the like (step

SI02). At this time, through operation control of the processing unit

32, the lock mechanisms 14 provided at the respective joints 13a-13f

swing (or rotate) the arms or the probe 20 and secure (or lock) them at

predetermined measurement start positions.



[0044] Then the processing unit 32 determines whether a predetermined

sensor stabilization time has elapsed since the actuation of the angular

velocity sensor 28a and acceleration sensor 28b (step SI03) and, after

the lapse of the sensor stabilization time, it starts the measurement with

slide movement (scan) of the probe 20 by the linear motor 17 (step

SI04). The sensor stabilization time herein is a period of time

necessary for stabilization of vibration of a gyroscope (not shown)

forming the angular velocity sensor 28a or the acceleration sensor 28b.

[0045] With the start of measurement, the linear motor 17 implements

X-directional slide movement (scan) of the probe 20 through operation

control of the processing unit 32. At this time, the displacement

information (scan amount) of the probe 20 according to the operation of

the linear motor 17 is output from the encoder of the linear motor 17 to

the position calculating unit 33 of the controlling unit 30. Furthermore,

at this time, the angular velocity sensor 28a detects the angular velocity

of the probe 20 (illuminating unit 2 1 and imaging unit 25) and the

acceleration sensor 28b detects the acceleration of the probe 20; the

deflection detecting unit 28 calculates the deflection of the probe 20 as

described above, based on the angular velocity and the acceleration

detected by the angular velocity sensor 28a and the acceleration sensor

28b, respectively, and outputs the deflection to the processing unit 32.

It is noted that a high-pass filter (not shown) may be used in order to cut

noise due to long-period detection signal deviation (so called drift) of

the angular velocity sensor 28a and acceleration sensor 28b, when the

deflection detecting unit 28 detects the deflection of the probe 20.

[0046] After the deflection detecting unit 28 detects the deflection of



the probe 20, the processing unit 32 determines whether the X-

directional deflection amount of the probe 20 (amount resulting from

subtraction of the scan amount of the probe 20 from the X-directional

deflection amount obtained using the angular velocity and acceleration,

as described above) is larger than a predetermined threshold Thl (step

SI05). The predetermined threshold Thl is a deflection amount of the

probe 20 which starts to affect the calculation result of the profile

information (3D profile) by the profile calculating unit 34. When the

determination herein is No, the deflection of the probe 20 is small and

thus the measuring apparatus moves into a stable mode (step SI06) to

carry out the normal measurement without execution of the correction

according to the deflection of the probe 20. When the determination

herein is Yes on the other hand, an imaging count N is set to N = 1 (step

SI07).

[0047] When the imaging count N is set to N = 1, the illuminating unit

2 1 performs irradiation with the line beam (step SI08). At this time,

the light source 22 is turned on through operation control of the

processing unit 32, the light emitted from the light source 22 passes

through the pattern forming unit 23 to become a line beam, and the line

beam is applied (or projected) onto the measured object 5 on the stage 6

by the projection lens 24.

[0048] An image of the line beam (line image) projected onto the

measured object 5 is formed on an imaging plane of the imaging device

27 by the imaging optical system 26. Then the imaging device 27

takes the line image (step SI09). At this time, through operation

control of the processing unit 32, the imaging device 27 performs



photoelectric conversion of the line image formed on the imaging plane,

to generate an image signal, and outputs the image information to the

profile calculating unit 34. The profile calculating unit 34 has a

measurement table (not shown) in which plural pieces of image

information can be recorded in order to calculate the profile information

of the measured object 5, and data recorded together with the image

information of the line image in the measurement table includes the

projected position information (target position) of the line beam from

the probe 20 in the imaging operation calculated by the position

calculating unit 33, and a change amount of the position of the probe 20

and a change amount of the projection direction of the line beam due to

the deflection of the probe 20 in the imaging operation detected by the

deflection detecting unit 28 (step SI 10).

[0049] When a total imaging count is represented by Ne, the processing

unit 32 determines whether N = Ne (step Sill). When the

determination herein is No, the count N is set to N = N + 1 (step SI 12)

and the processing returns to step SI08. Namely, the steps SI08 to

SI 10 are repeated until all imaging operations are completed. When

the determination herein is Yes on the other hand, the profile calculating

unit 34 calculates the profile information (3D profile) of the measured

object 5 using the projected position information of line beam that can

be obtained from the image information of the line image and the

position information of the probe 20 recorded in the measurement table

(not shown) and then the processing is terminated. As described above,

when the profile calculating unit 34 calculates the profile information of

the measured object 5, the control is performed in such a manner that



the correction operation (passive correction) for the measurement

position on the measured object 5 is carried out so as to cancel the

influence due to the unintended deflection of the probe 20, based on the

deflection of the probe 20 (illuminating unit 2 1 and imaging unit 25)

detected by the deflection detecting unit 28.

[0050] As described above, the first embodiment can reduce the

measurement error of the 3D profile, even with vibration added to the

profile measuring apparatus 1. In the first embodiment, the

measurement error of the 3D profile can be reduced more by correcting

the positional deviation of the projected position of line beam due to the

deflection of the probe 20.

[0051] In the above-described first embodiment, if the X-directional

deflection of the probe 20 occurs because of the influence of vibration

from the outside, the probe 20 scans the measured object 5 while

vibrating in the X-direction as shown in Fig. 6, and the density of

imaging positions P becomes higher or lower than in the case without

deflection of the probe 20, every measurement region. Then the

apparatus may be configured so as to exclude from measurement targets,

the image information at a region where the density at a measurement

point became higher, among the plurality of imaging positions P. This

allows the profile calculating unit 34 to calculate the profile information

using the image information with less deflection of the probe 20,

whereby the measurement error of the 3D profile can be decreased more.

[0052] The foregoing first embodiment showed the example of the

passive correction to perform such calculation as to cancel the influence

of the unintended deflection amount in the X-direction (or Y-direction)



of the probe 20, for the X-directional (or Y-directional) coordinate value

of the line image on the picture, but the correction does not always have

to be limited only to this example. For example, it is also possible to

adopt such a configuration that the deflection detecting unit 28 detects

the Z-directional deflection of the probe 20 and the correction is carried

out so as to perform such calculation as to cancel a Z-directional

deflection amount of the probe 20, for the Z-directional coordinate value

of the line image on the picture. This can more reduce the

measurement error of the 3D profile caused by influence of the

positional deviation of the line image projected onto the measured

object, due to the deflection in the Z-direction (height direction of the

measured object 5) of the probe 20.

[0053] An example of the correction operation (passive correction) for

the measurement position on the measured object 5 in the first

embodiment will be described below with reference to Figs. 16 and 17.

First, let us explain a relation between coordinates on the imaging

device 27 (image plane) and coordinates on the object (object plane).

As shown in Fig. 17, let (H,V) be coordinates on the image plane S3

with an origin on the optical axis I and (h,v) be coordinates on the object

plane SI with an origin on the optical axis I. As described previously,

the image plane of the imaging optical system 26 satisfies the

Scheimpflug principle. For this reason, as shown in Fig. 17, the

conditions represented by formula (1) and formula (2) below are

satisfied where a is a distance from the position of the object plane SI

on the optical axis I to the principal plane S2, b is a distance from the

principal plane S2 to the position of the image plane S3 on the optical



axis I, b/a = β, Θ is an inclination of the object plane SI relative to a

plane normal to the optical axis I, and θ' is an inclination of the image

plane S3 relative to a plane normal to the optical axis I .

bfi - ( +fi)x V

[0054] Next, a coordinate change on the measured object 5 due to

deviation of projected position of the line beam will be described. As

shown in Fig. 16, when A(x0,y0,z0) represents coordinates of an

intersection between the optical axis of the illuminating unit 1 and the

optical axis of the imaging unit 25 at a scan origin, and when (h0,v0)

represents coordinates on the object plane satisfying the Scheimpflug

principle (which is the YZ plane in the example of Fig. 16), coordinates

of the line beam on the surface of the measured object 5 at this time are

given by a(x0,y0+h0,z0+v0). After the probe 20 undergoes slide

movement by a scan amount ∆χ in the X-direction, coordinates of the

intersection between the optical axis of the illuminating unit 2 1 and the

optical axis of the imaging unit 25 are given by B(x0+Ax,y0,z0).

Furthermore, where coordinates on the object plane are (hl,vl),

coordinates of the line beam on the surface of the measured object 5 at



this time are given by b(xO+Ax,yO+hl,zO+vl). Supposing that the

deflection due to rotation of the probe 20 is induced by the angle of

rotation φ with the radius of gyration r upon the slide movement of the

probe 20 by the scan amount ∆χ in the X-direction, coordinates of the

intersection between the optical axis of the illuminating unit 2 1 and the

optical axis of the imaging unit 25 are given by

C(xO+Ax-rxsin(p,yO,zO+rx(l-cos(p)). Furthermore, when coordinates

on the object plane are (h2,v2), coordinates of the line beam on the

surface of the measured object 5 at this time are given by

c(x0 ∆χ- r sin(p,y0+h2,z0+rx (1-coscp)+v2xcos(p).

[0055] The below will describe the correction for the position

information of the image obtained from the line image, i.e., the

correction for coordinates of the line beam applied onto the surface of

the measured object 5. When coordinates of the line image obtained

on the imaging device 27 (image plane) are represented by (H,V), if the

aforementioned deflection amount of the probe 20 is larger than the

predetermined threshold Thl, the correction for the position information

of the image obtained from the line image is carried out and the

coordinates of the line beam on the surface of the measured object 5

after the correction can be obtained as

(x0xAx- rxsm ,y0+h,z0+rx(l - cos p)+vxcos p), using the

aforementioned coordinates c. On the other hand, when the

aforementioned deflection amount of the probe 20 is not more than the

predetermined threshold Thl, the correction for the image position

information of the line image is not carried out and the coordinates of

the lien beam on the surface of the measured object 5 can be obtained as



(x0+Ax,y0+h,z0+v), using the aforementioned coordinates b.

[0056] The coordinates (h,v) on the object plane can be determined

using the aforementioned formulae (1) and (2) from the coordinates

(H,V) of the line image. The parameters b, β, and θ' in the formulae

(1) and (2) herein are values determined by the optical system and are

known. Furthermore, the radius of gyration r and the angle of rotation

φ can be obtained by the deflection detecting unit 28 as described above.

The scan amount ∆χ can be obtained from the output of the encoder of

the linear motor 17.

[0057] (Second Embodiment)

Next, the second embodiment of the profile measuring apparatus

will be described. The profile measuring apparatus of the second

embodiment has the same configuration as the profile measuring

apparatus 1 of the first embodiment, except for a part of the processing

in the controlling unit 30, and therefore the detailed description thereof

will be omitted by denoting each unit by the same reference sign as in

the case of the first embodiment. Namely, the controlling unit 30 in

the second embodiment executes active correction for the operation

control of the illuminating unit 2 1 or the imaging unit 25 (profile

measuring unit 10), based on deflection of the front part 2 1 (projecting

unit) detected by the deflection detecting unit 28.

[0058] The measurement of the 3D profile of the measured object 5

using the profile measuring apparatus of the second embodiment will be

described below with reference to the flowchart shown in Fig. 7. First,

when the operator performs the predetermined measurement start

operation (e.g., the push operation) on the measurement switch 29, the



angular velocity sensor 28a and the acceleration sensor 28b of the

deflection detecting unit 28 are actuated through the operation control of

the processing unit 32 in the controlling unit 30 (step S201). Next, for

going into the ready for measurement, the moving mechanism unit 15

moves the probe 20 to the predetermined measurement start position

preliminarily set by teaching or the like, as in the case of the first

embodiment (step S202).

[0059] Here the processing unit 32 determines whether the

predetermined sensor stabilization time has elapsed since the actuation

of the angular velocity sensor 28a and acceleration sensor 28b (step

S203) and, in the same manner as in the case of the first embodiment,

the slide movement (scan) of the probe 20 is carried out by the linear

motor 17 after the lapse of the sensor stabilization time and then the

measurement is started (step S204).

[0060] With the start of measurement, as in the case of the first

embodiment, the processing unit 32 determines whether the X-

directional deflection amount of the probe 20 (amount obtained by

subtraction of the scan amount of the probe 20 from the X-directional

deflection amount obtained using the angular velocity and acceleration,

as described previously) is larger than a predetermined threshold Th2

(step S205). The predetermined threshold Th2 is a deflection amount

of the probe 20 which starts to affect the calculation result of the profile

information (3D profile) by the profile calculating unit 34. When the

determination herein is No, the apparatus moves into the stable mode

because of the small deflection of the probe 20 (step S206) to perform

the normal measurement without execution of the correction according



to the deflection of the probe 20. When the determination herein is Yes

on the other hand, the imaging count N is set to N = 1 (step S207).

[0061] When the imaging count N is set to N = 1, the processing unit 32

determines the period of the deflection (e.g., in the X-direction) of the

probe 20 and controls the imaging device 27 to take the line image at the

phase of the deflection of the probe 20 becoming Ν (step S208). At

this time, the light source 22 is turned on through the operation control

of the processing unit 32, the light emitted from the light source 22

passes through the pattern forming unit 23 to become the line beam, and

the line beam is applied (or projected) onto the measured object 5 on the

stage 6 by the projection lens 24.

[0062] Since the image of the line beam (line image) applied onto the

measured object 5 is formed on the imaging plane of the imaging device

27 by the imaging optical system 26, the imaging device 27 takes the

line image on the imaging plane at the phase of the deflection of the

probe 20 becoming ηχ π , through the operation control of the processing

unit 32 (step S209). At this time, as in the case of the first embodiment,

the image information of the line image output from the imaging device

27 is recorded, together with the position information (target position) of

the probe 20 in the imaging operation calculated by the position

calculating unit 33, and the change amount of the position of the probe

20 and the change amount of the projection direction of the line beam

due to the deflection of the probe 20 in the imaging operation detected

by the deflection detecting unit 28, in the measurement table (not

shown) of the profile calculating unit 34 (step S2 10).

[0063] When the total imaging count is represented by Ne, the



processing unit 32 determines whether N = Ne (step S211). When the

determination herein is Yes, the count N is set to N = N + 1 (step S212)

and the processing returns to step S208. Namely, the steps S208 to

S210 are repeated until all the imaging operations are completed.

When the determination herein is No on the other hand, the profile

calculating unit 34 calculates the profile information (3D profile) of the

measured object 5, using the image information of the line image and

the position information recorded in the measurement table (not shown),

and then the processing is terminated. Since in the present

embodiment the control is carried out in such a manner that the imaging

device 27 takes the line image at the phase of the deflection of the probe

20 becoming Ν χπ, supposing that the deflection of the probe 20 at the

initial phase is zero, the imaging device 27 will take the line image at

the phase timing when the deflection of the probe 20 is zero. For this

reason, when the profile calculating unit 34 calculates the profile

information of the measured object 5, there is no need for carrying out

the correction for the image information (image position information) of

the line image. The timing when the phase is Ν is, such timing that

the magnitude of the deflection is small, and it may be determined in a

range including Ν χπ.

[0064] As described above, the second embodiment can achieve the

same effect as the first embodiment. In the second embodiment, the

control is carried out in such a manner that the imaging device 27 takes

the line image at the phase timing when the deflection of the probe 20 is

zero or when the motion of the line image formed on the imaging device

27 is a movement amount of not more than the pixel pitch of the



imaging device 27 or not more than a half of the pixel pitch or not more

than one third of the pixel pitch or not more than a quarter of the pixel

pitch in a duration of acquisition of one frame, whereby the

measurement error of the 3D profile can be reduced more.

[0065] In the above-described second embodiment, the processing unit

32 performs such control that the imaging device 27 takes the line image

at the phase of the deflection of the probe 20 becoming Ν χπ, but the

control does not always have to be limited only to this example; in step

S208, the control may be carried out in such a manner that the imaging

device 27 takes the line image at the phase of the deflection of the probe

20 becoming (Ν- 1/2)χπ. In this case, supposing that the deflection of

the probe 20 at the initial phase is zero, the imaging device 27 will take

the line image at the phase timing when the deflection (absolute value)

of the probe 20 is maximum. For this reason, it is necessary to perform

the correction for the image information (image position information) of

the line image when the profile calculating unit 34 calculates the profile

information of the measured object 5, but when the deflection (absolute

value) of the probe 20 becomes maximum, the imaging can be carried

out without velocity change due to the deflection of the probe 20, and

the line image can be taken as a clearer image, whereby the

measurement error of the 3D profile can be reduced more.

[0066] (Third Embodiment)

Next, the third embodiment of the profile measuring apparatus

will be described. The profile measuring apparatus of the third

embodiment has the same configuration as the profile measuring

apparatus 1 of the first embodiment, except for the configuration of the



attaching part and a part of the processing in the controlling unit 30, and

the detailed description thereof will be omitted by denoting each part by

the same reference sign as in the case of the first embodiment. In this

third embodiment, the controlling unit executes active correction for the

position control of the profile measuring unit 10 including the probe 20,

based on the deflection of the projecting unit detected by the deflection

detecting unit 28.

[0067] The attaching part 50 of the third embodiment functions as a

part of a displacing mechanism for displacing the position of the probe

20, according to the output from the controlling unit 30, in a state in

which it holds the probe 20 (illuminating unit 2 1 and imaging unit 25).

This displacing mechanism is configured so as to hold the illuminating

unit 2 1 and the imaging unit 25 while maintaining these illuminating

unit 2 1 and imaging unit 25 at fixed relative positions, and includes a

correction mechanism which performs the active correction for the

profile measuring unit 10 including the probe 20, and a moving

mechanism unit 15 which moves the correction mechanism relative to

the measured object 5. The attaching part 50 is constructed, as shown

in Fig. 8, with a rotation correcting mechanism 60 capable of correcting

an orientation of the probe 20 by rotation while holding the probe 20 in

a detachable state, a Y-parallel correcting mechanism 80 capable of

correcting the Y-directional position of the probe 20 by translation, and

an X-parallel correcting mechanism 90 capable of correcting the X-

directional position of the probe 20 by translation, as the correction

mechanism, and holds the probe 20 so as to be slidable (or able to scan)

in the X-direction by an X-directional linear motor (not shown) of the



X-parallel correcting mechanism 90.

[0068] The third embodiment will be described about a mode to drive

the probe 20 so as to cancel the deflection of the probe 20, based on the

deflection of the probe 20 (illuminating unit 2 1 and imaging unit 25)

detected by the deflection detecting unit 28. Incidentally, if the radius

of gyration of the deflection of the probe 20 is large and the deflection is

small, the deflection can be approximated to deflection due to

translation of the probe 20 and therefore the deflection of the probe 20

can be corrected by simply performing translation of the probe 20.

However, as described previously, the deflection of the probe 20

includes the deflection due to the translation of the probe 20 and the

deflection due to the rotation (or the arc motion) of the probe 20. For

this reason, when the deflection of the probe 20 is large, the deflection

of the probe 20 cannot be corrected by simply performing the translation

of the probe 20. Therefore, the attaching part 50 of the third

embodiment is provided with the rotation correcting mechanism 60, in

addition to the X-parallel correcting mechanism 90 and the Y-parallel

correcting mechanism 80, as described above.

[0069] The rotation correcting mechanism 60 is constructed, as shown

in Fig. 9, with a probe holding unit 6 1 which holds the probe 20 in a

detachable state, an X-rotation supporting unit 65 which supports the

probe holding unit 6 1 in a rotatable state around a rotation axis on an

axis extending along the X-direction, and a Y-rotation supporting unit 70

which supports the X-rotation supporting unit 65 in a rotatable state

around a rotation axis on an axis extending along the Y-direction. The

probe holding unit 6 1 is formed in an approximately spherical shape



with a flat part at a tip thereof. At the tip end of the probe holding unit

61, a holding hole 62 for holding the probe 20 is formed and, for

example, an engagement projection (not shown) formed at the base end

of the probe 20 is engaged with this holding hole 62, whereby the probe

20 is held as attached in a detachable state to the probe holding unit 61.

[0070] The X-rotation supporting unit 65 is constructed with a frame

member 67 which supports the probe holding unit 6 1 in a rotatable state,

and an X-rotation motor 68 which rotationally drives the probe holding

unit 61. The frame member 67 supports the probe holding unit 6 1

located inside the frame member 67, in the rotatable state around a

rotation axis on a center axis Ax of a rotation shaft 66, through the

rotation shaft 66 extending in the X-direction. The X-rotation motor

68 is, for example, a servo motor incorporating an encoder, which

rotationally drives the probe holding unit 6 1 around the rotation axis on

the center axis Ax of the rotation shaft 66 and which detects an angle of

rotation of the probe holding unit 6 1 upon this driving, i.e., an angle of

rotation of the probe 20 around the rotation axis on the axis extending in

the X-direction.

[0071] The Y-rotation supporting unit 70 is constructed with a pair of

left and right brackets 72a, 72b which support the X-rotation supporting

unit 65, together with the probe holding unit 61, in a rotatable state, a

base plate 73 of a plate shape which supports the brackets 72a, 72b, and

a Y-rotation motor 74 which rotationally drives the X-rotation

supporting unit 65. The pair of left and right brackets 72a, 72b support

the X-rotation supporting unit 65 in the rotatable state around a rotation

axis on a center axis Ay of a rotation shaft 71, through the rotation shaft



7 1 extending in the Y-direction. The base plate 73 is attached to the Y-

parallel correcting mechanism 80 in a state in which it supports each of

the brackets 72a, 72b. The Y-rotation motor 74 is, for example, a servo

motor incorporating an encoder, which rotationally drives the X-rotation

supporting unit 65 around the rotation axis on the center axis Ay of the

rotation shaft 7 1 and which detects an angle of rotation of the X-rotation

supporting unit 65 upon this driving, i.e., an angle of rotation of the

probe 20 around the rotation axis on the axis extending in the Y-

direction.

[0072] This configuration allows the rotation correcting mechanism 60

to hold the probe 20 in the rotatable state around the rotation axes on the

axes extending in the X-, Y-directions and to correct the deflection due

to the rotation of the probe 20. The operations of the X-rotation motor

68 and Y-rotation motor 74 are controlled by the controlling unit 30.

Measurements by the encoders in the X-rotation motor 68 and the Y-

rotation motor 74 are output from the respective motors (encoders) to

the controlling unit 30.

[0073] The Y-parallel correcting mechanism 80 is constructed, as

shown in Fig. 8, with a first holding plate 81, a pair of left and right Y-

directional linear guides 82a, 82b attached to the first holding plate 8 1

and extending in the Y-direction, and a Y-directional linear motor 83

which drives the rotation correcting mechanism 60 in the Y-direction.

The first holding plate 8 1 is formed in a plate shape bent at a nearly

right angle and is arranged so that a bottom part thereof extends in the

Y-direction and a side part thereof extends in the Z-direction. The pair

of left and right Y-directional linear guides 82a, 82b are attached in



parallel to each other to a wall of the first holding plate 8 1 and hold the

rotation correcting mechanism 60 so as to be slidable (translatable) in

the Y-direction. The Y-directional linear motor 83 is attached to the

bottom part of the first holding plate 8 1 so as to extend in the Y-

direction and drives the rotation correcting mechanism 60 in the Y-

direction along the Y-directional linear guides 82a, 82b.

[0074] This configuration allows the Y-parallel correcting mechanism

80 to correct the deflection due to the Y-directional translation of the

probe 20 held by the rotation correcting mechanism 60. The action of

the Y-directional linear motor 83 is controlled by the controlling unit 30.

An encoder (not shown) is incorporated in the Y-directional linear motor

83 and measurements by this encoder are output from the Y-directional

linear motor 83 (encoder) to the controlling unit 30.

[0075] The X-parallel correcting mechanism 90 is constructed with a

second holding plate 91, an X-directional linear guide 92 attached to the

second holding plate 9 1 and extending in the X-direction, and an X-

directional linear motor (not shown) which drives the Y-parallel

correcting mechanism 80, together with the rotation correcting

mechanism 60, in the X-direction. The second holding plate 9 1 is

formed in a plate shape bent at a nearly right angle and is arranged so

that a bottom part thereof extends in the Y-direction and a side part

thereof extends in the Z-direction. The second holding plate 9 1 is

arranged so as to overlap with the first holding plate 81, but the X-

directional length of the second holding plate 9 1 is longer than that of

the first holding plate 8 1 so as to permit slide movement (scan) in the X-

direction of the Y-parallel correcting mechanism 80. The X-directional



linear guide 92 is attached to the bottom part of the second holding plate

9 1 and holds the Y-parallel correcting mechanism 80 so as to be slidable

(translatable) in the X-direction. The X-directional linear motor (not

shown) is attached to the bottom part of the second holding plate 9 1 so

as to extend in the X-direction, and drives the Y-parallel correcting

mechanism 80 in the X-direction along the X-directional linear guide 92.

[0076] This configuration permits the X-parallel correcting mechanism

90 to slide (scan) the probe 20 held on the rotation correcting

mechanism 60, in the X-direction and to correct the deflection due to the

X-directional translation of the probe 20. The operation of the X-

directional linear motor (not shown) is controlled by the controlling unit

30. An encoder (not shown) is incorporated in the X-directional linear

motor and measurements by this encoder are output from the X-

directional linear motor (encoder) to the controlling unit 30.

[0077] The measurement of the 3D profile of the measured object 5

using the profile measuring apparatus of the third embodiment will be

described below with reference to the flowchart shown in Fig. 10.

First, when the operator performs the predetermined measurement start

operation (e.g., the push operation) on the measurement switch 29, the

angular velocity sensor 28a and acceleration sensor 28b of the deflection

detecting unit 28 are actuated through the operation control of the

processing unit 32 in the controlling unit 30 (step S301). Next, for

going into the ready for measurement, the moving mechanism unit 15

moves the probe 20 to the predetermined measurement start position

preliminarily set by teaching or the like, as in the case of the first

embodiment (step S302).



[0078] Then the processing unit 32 determines whether the

predetermined sensor stabilization time has elapsed since the actuation

of the angular velocity sensor 28a and acceleration sensor 28b (step

S303) and, as in the case of the first embodiment, after the lapse of the

sensor stabilization time, the probe 20 is subjected to slide movement

(scan) by the X-directional linear motor (not shown) of the X-parallel

correcting mechanism 90 to start measurement (step S304).

[0079] With the start of measurement, as in the case of the first

embodiment, the processing unit 32 determines whether the X-

directional deflection amount of the probe 20 (amount obtained by

subtraction of the scan amount of the probe 20 from the X-directional

deflection amount obtained using the angular velocity and acceleration,

as described previously) is larger than a predetermined threshold Th3

(step S305). The predetermined threshold Th3 is a deflection amount

of the probe 20 which starts to affect the calculation result of the profile

information (3D profile) by the profile calculating unit 34. When the

determination herein is No, the apparatus moves into the stable mode

because of the small deflection of the probe 20 (step S306) to perform

the normal measurement without execution of the correction according

to the deflection of the probe 20. When the determination herein is Yes

on the other hand, the imaging count N is set to N = 1 (step S307).

[0080] When the imaging count N is set to N = 1, the processing unit 32

starts the illumination by the illuminating unit 2 1 and performs the

control to drive the probe 20 so as to cancel the deflection of the probe

20, based on the deflection of the probe 20 (illuminating unit 2 1 and

imaging unit 25) detected by the deflection detecting unit 28 (step S308).



At this time, through the operation control of the processing unit 32, the

rotation correcting mechanism 60, Y-parallel correcting mechanism 80,

and X-parallel correcting mechanism 90 rotate or translate the probe 20

so as to cancel the deflection of the probe 20, based on the deflection of

the probe 20 detected by the deflection detecting unit 28, thereby to

correct the irradiation position of the line beam by the illuminating unit

2 1 and correct the imaging position by the imaging unit 25 so as to keep

the relative position thereof to the illuminating unit 21.

[0081] As described previously, the rotation correcting mechanism 60

corrects the deflection due to the rotation of the probe 20 and the Y-

parallel correcting mechanism 80 corrects the deflection due to the Y-

directional translation of the probe 20. Furthermore, with X-

directional slide movement (scan) of the probe 20, the X-parallel

correcting mechanism 90 corrects the deflection due to the X-directional

translation of the probe 20. In a state in which the irradiation position

of the line beam by the illuminating unit 2 1 is corrected in this manner,

the light source 22 is turned on through the operation control of the

processing unit 32, the light emitted from the light source 22 passes

through the pattern forming unit 23 to become the line beam, and the

line beam is applied (or projected) onto the measured object 5 on the

stage 6 by the projection lens 24.

[0082] Since the image of the line beam (the line image) applied onto

the measured object 5 is formed on the imaging plane of the imaging

device 27 by the imaging optical system 26, the imaging device 27 takes

the line image on the imaging plane through the operation control of the

processing unit 32 (step S309). At this time, in the same manner as in



the case of the first embodiment, the image information of the line

image output from the imaging device 27 is recorded, together with the

position information (target position) of the probe 20 in the imaging

operation calculated by the position calculating unit 33, and the

deflection of the probe 20 in the imaging operation detected by the

deflection detecting unit 28, in the measurement table (not shown) of the

profile calculating unit 34 (step S3 10).

[0083] When the total imaging count is represented by Ne, the

processing unit 32 determines whether N = Ne (step 311). When the

determination herein is Yes, the count N is set to N = N + 1 (step S3 12)

and the processing returns to step S308. Namely, the steps S308 to

S3 10 are repeated until all the imaging operations are completed.

When the determination herein is No on the other hand, the profile

calculating unit 34 calculates the profile information (3D profile) of the

measured object 5, using the image information of the line image and

the position information recorded in the measurement table (not shown),

and the processing is terminated. Since in the present embodiment the

irradiation position of the line beam by the illuminating unit 2 1 is

corrected by such rotation or translation of the probe 20 as to cancel the

deflection of the probe 20, if the deflection of the probe 20 can be

completely canceled by the correction, there is no need for performing

the correction for the image information (image position information) of

the line image as described in the first embodiment, when the profile

calculating unit 34 calculates the profile information of the measured

object 5.

[0084] In this manner, the third embodiment can also achieve the same



effect as the first embodiment. In the third embodiment, the positional

deviation of the line beam (illumination light) due to the deflection of

the probe 20 is corrected by driving the probe 20 (illuminating unit 2 1

and imaging unit 25), whereby the measurement error of the 3D profile

can be reduced more.

[0085] (Fourth Embodiment)

Next, the fourth embodiment of the profile measuring apparatus

will be described. The profile measuring apparatus of the fourth

embodiment has the same configuration as the profile measuring

apparatus 1 of the first embodiment, except for the configuration of the

attaching part and a part of the processing in the controlling unit 30, and

the configuration of the attaching part is the same as that of the attaching

part 50 in the third embodiment; therefore, the detailed description

thereof will be omitted by denoting each part by the same reference sign

as in the first embodiment (except for the attaching part) and the third

embodiment.

[0086] In this fourth embodiment, in accordance with the determination

result by a determining unit, the controlling unit 30 executes the active

correction for the position control or the operation control of the profile

measuring unit 10 (illuminating unit 2 1 or imaging unit 25) and/or the

passive correction for the calculation operation of the profile calculating

unit 34, based on the deflection of the illuminating unit 2 1 (projecting

unit) detected by the deflection detecting unit 28. Namely, the fourth

embodiment will be described about a combinational mode of the

correction for the image information (image position information) of the

line image by the profile calculating unit 34 described in the first



embodiment, the correction to adjust the imaging timing of the imaging

unit 25 described in the second embodiment, and the correction for the

irradiation position of the line beam by drive of the probe 20 described

in the third embodiment.

[0087] In the present embodiment, the correction for the image

information (image position information) of the line image by the

profile calculating unit 34 described in the first embodiment will be

referred to as passive correction, which is executed mainly by a first

correcting unit. The correction to adjust the imaging timing of the

imaging unit 25 described in the second embodiment and the correction

for the irradiation position of the line beam by drive of the probe 20

described in the third embodiment will be referred to as active

correction, which is executed mainly by a second correcting unit.

Furthermore, in this fourth embodiment, the control target in the passive

correction or the active correction is determined by the processing unit

32 (determining unit) included in the controlling unit 30. The first

correcting unit is composed of the profile calculating unit 34 and others

contributing to the passive correction, and the second correcting unit is

composed of the rotation correcting mechanism 60, Y-parallel correcting

mechanism 80, X-parallel correcting mechanism 90, rotation drive unit

125, etc. contributing to the active correction.

[0088] The 3D profile measurement of the measured object 5 using the

profile measuring apparatus of the fourth embodiment will be described

below with reference to the flowcharts shown in Figs. 11 to 14. First,

as shown in Fig. 11, when the operator performs the predetermined

measurement start operation (e.g., the push operation) on the



measurement switch 29, the angular velocity sensor 28a and

acceleration sensor 28b of the deflection detecting unit 28 are actuated

through the operation control of the processing unit 32 in the controlling

unit 30 (step S401). Next, for going into the ready for measurement,

the moving mechanism unit 15 moves the probe 20 to the predetermined

measurement start position preliminarily set by teaching or the like, as

in the case of the first embodiment (step S402).

[0089] Then the processing unit 32 determines whether the

predetermined sensor stabilization time has elapsed since the actuation

of the angular velocity sensor 28a and acceleration sensor 28b (step

S403) and, as in the case of the first embodiment, the slide movement

(scan) of the probe 20 is effected by the X-directional linear motor (not

shown) of the X-parallel correcting mechanism 90 after the lapse of the

sensor stabilization time, to start the measurement (step S404).

[0090] With the start of measurement, as in the case of the first

embodiment, the processing unit 32 determines whether the X-

directional deflection amount of the probe 20 (the amount obtained by

subtraction of the scan amount of the probe 20 from the X-directional

deflection amount determined using the angular velocity and

acceleration, as described previously) is larger than a predetermined

threshold Th4 (step S405). When the determination herein is Yes, the

processing unit 32 further determines whether the frequency of the

deflection of the probe 20 (the inverse of the period of the deflection of

the probe 20) is larger than a predetermined first frequency fl (step

S406).

[0091] When the determination in this step S406 is Yes, i.e., when the



deflection amount of the probe 20 is larger than the predetermined

threshold Th4 and when the frequency of the deflection of the probe 20

is larger than the predetermined first frequency fl, the processing unit

32 determines to perform both of the passive correction and the active

correction in the subsequent measurement (step S410). When the

determination in this step S406 is No on the other hand, i.e., when the

deflection amount of the probe 20 is larger than the predetermined

threshold Th4 and when the frequency of the deflection of the probe 20

is smaller than the predetermined first frequency fl , the processing unit

(determining unit) 32 determines to perform only the passive correction

in the subsequent measurement (step S420).

[0092] When the determination in the previous step S405 is No, the

processing unit 32 similarly determines whether the frequency of the

deflection of the probe 20 (the inverse of the period of the deflection of

the probe 20) is larger than a predetermined second frequency f2 (step

S407). When the determination in this step S407 is Yes, i.e., when the

deflection amount of the probe 20 is smaller than the predetermined

threshold Th4 and when the frequency of the deflection of the probe 20

is larger than the predetermined second frequency f2, the processing unit

(determining unit) 32 determines to perform only the active correction

in the subsequent measurement (step S430). When the determination

in this step S407 is No on the other hand, i.e., when the deflection

amount of the probe 20 is smaller than the predetermined threshold Th4

and when the frequency of the deflection of the probe 20 is smaller than

the predetermined second frequency f2, the apparatus moves into the

stable mode (step S408) to perform the normal measurement without



execution of the correction according to the deflection of the probe 20.

[0093] The predetermined threshold Th4 is a deflection amount of the

probe 20 which starts to affect the calculation result of the profile

information (3D profile) by the profile calculating unit 34. The first

frequency fl is set, for example, to a value larger than the imaging

frequency (sampling frequency) by the imaging unit 25, whereby the

deflection of the probe 20 at high frequencies that is not fully corrected

by the passive correction, can be corrected by the active correction.

On the other hand, since the drive amount of the probe 20 by the active

correction is limited, the deflection of the probe 20 with large deflection

amounts that is not fully corrected by the active correction, can be

corrected by the passive correction. The predetermined second

frequency f2 may be set to the same value as the first frequency fl or

may be set to a value different from the first frequency f as occasion

may demand.

[0094] When both of the passive correction and the active correction

are carried out, the imaging count N is set to N = 1 as shown in Fig. 12

(step S411).

[0095] When the imaging count N is set to N = 1, the processing unit 32

performs the control to implement the illumination by the illuminating

unit 2 1 and to perform the active correction described in the third

embodiment (step S412). At this time, through the operation control of

the processing unit 32, the rotation correcting mechanism 60, Y-parallel

correcting mechanism 80, and X-parallel correcting mechanism 90

rotate or translate the probe 20 so as to cancel the deflection of the probe

20, based on the deflection of the probe 20 detected by the deflection



detecting unit 28, to correct the irradiation position of the line beam by

the illuminating unit 1 and correct the imaging position by the imaging

unit 25 so as to keep the relative position thereof to the illuminating unit

21. In a state in which the irradiation position of the line beam by the

illuminating unit 2 1 is corrected in this manner, the light source 22 is

turned on through the operation control of the processing unit 32, the

light emitted from the light source 22 passes through the pattern forming

unit 23 to become the line beam, and the line beam is applied (or

projected) onto the measured object 5 on the stage 6 by the projection

lens 24.

[0096] Since the image of the line beam (line image) applied onto the

measured object 5 is formed on the imaging plane of the imaging device

27 by the imaging optical system 26, the imaging device 27 takes the

line image on the imaging plane through the operation control of the

processing unit 32 (step S413). At this time, as in the case of the first

embodiment, the image information of the line image output from the

imaging device 27 is recorded, together with the position information

(target position) of the probe 20 in the imaging operation calculated by

the position calculating unit 33 and the deflection of the probe 20 in the

imaging operation detected by the deflection detecting unit 28, in the

measurement table (not shown) of the profile calculating unit 34 (step

S414).

[0097] When the total imaging count is represented by Ne, the

processing unit 32 determines whether N = Ne (step 415). When the

determination herein is No, the count N is set to N = N + 1 (step S416)

and the processing returns to step S412. Namely, the steps S412 to



S414 are repeated until all the imaging operations are completed.

When the determination herein is Yes on the other hand, the profile

calculating unit 34 calculates the profile information (3D profile) of the

measured object 5 with execution of the passive correction described in

the first embodiment, using the image information of the line image and

the position information recorded in the measurement table (not shown)

(step S4 17), and then the processing is terminated.

[0098] When only the passive correction is carried out, the imaging

count N is set to N = 1 as shown in Fig. 13 (step S421)

[0099] When the imaging count N is set to N = 1, the irradiation with

the line beam is carried out by the illuminating unit 21, without

execution of the active correction (step S422). At this time, the light

source 22 is turned on through the operation control of the processing

unit 32, the light emitted from the light source 22 passes through the

pattern forming unit 23 to become the line beam, and the line beam is

applied (or projected) onto the measured object 5 on the stage 6 by the

projection lens 24.

[0100] Since the image of the line beam (line image) applied onto the

measured object 5 is formed on the imaging plane of the imaging device

27 by the imaging optical system 26, the imaging device 27 takes the

line image on the imaging plane through the operation control of the

processing unit 32 (step S423). At this time, the image information of

the line image output from the imaging device 27 is recorded, together

with the position information (target position) of the probe 20 in the

imaging operation calculated by the position calculating unit 33 and the

deflection of the probe 20 in the imaging operation detected by the



deflection detecting unit 28, in the measurement table (not shown) of the

profile calculating unit 34 (step S424).

[0101] When the total imaging count is represented by Ne, the

processing unit 32 determines whether N = Ne (step 425). When the

determination herein is No, the count N is set to N = N + 1 (step S426)

and the processing returns to step S422. Namely, the steps S422 to

S424 are repeated until all the imaging operations are completed.

When the determination herein is Yes on the other hand, the profile

calculating unit 34 calculates the profile information (3D profile) of the

measured object 5 with execution of the passive correction described in

the first embodiment, using the image information of the line image and

the position information recorded in the measurement table (not shown)

(step S427), and then the processing is terminated.

[0102] When only the active correction is carried out, the imaging

count N is set to N = 1 as shown in Fig. 14 (step S43 1)

[0103] When the imaging count N is set to N = 1, the processing unit 32

performs the control to implement the illumination by the illuminating

unit 2 1 and to perform the active correction described in the third

embodiment (step S432). At this time, in a state in which the

irradiation position of the line beam by the illuminating unit 2 1 is

corrected as described above, the light source 22 is turned on through

the operation control of the processing unit 32, the light emitted from

the light source 22 passes through the pattern forming unit 23 to become

the line beam, and the line beam is applied (or projected) onto the

measured object 5 on the stage 6 by the projection lens 24.

[0104] Since the image of the line beam (line image) applied onto the



measured object 5 is formed on the imaging plane of the imaging device

27 by the imaging optical system 26, the imaging device 27 takes the

line image on the imaging plane through the operation control of the

processing unit 32 (step S433). At this time, the image information of

the line image output from the imaging device 27 is recorded, together

with the position information (target position) of the probe 20 in the

imaging operation calculated by the position calculating unit 33 and the

deflection of the probe 20 in the imaging operation detected by the

deflection detecting unit 28, in the measurement table (not shown) of the

profile calculating unit 34 (step S434).

[0105] When the total imaging count is represented by Ne, the

processing unit 32 determines whether N = Ne (step S435). When the

determination herein is No, the count N is set to N = N + 1 (step S436)

and the processing returns to step S432. Namely, the steps S432 to

S434 are repeated until all the imaging operations are completed.

When the determination herein is Yes on the other hand, the profile

calculating unit 34 calculates the profile information (3D profile) of the

measured object 5 without execution of the passive correction, using the

image information of the line image and the position information

recorded in the measurement table (not shown) (step S437), and then the

processing is terminated.

[0106] As described above, the fourth embodiment can achieve the

same effect as the first embodiment. The fourth embodiment involves

selective use of the passive correction and the active correction on an as-

needed basis, whereby the measurement error of the 3D profile can be

reduced more.



[0107] In each of the above-described embodiments, how to acquire the

profile information of the measured object 5 by the probe 20 does not

have to be limited only to the aforementioned method by tnangulation

based on light sectioning, but it is possible to arbitrarily employ a

method of acquiring a bright field image and measuring the profile by

computer analysis, a method by triangulation using a stereoscopic image,

and so on.

[0108] In each of the above embodiments, the slide movement (scan) of

the probe 20 (illuminating unit 2 1 and imaging unit 25) is implemented

using the linear motor, but how to implement the slide movement does

not always have to be limited only to this method; for example, the slide

movement (scan) of the probe 20 may be implemented, for example,

using a linear motion mechanism making use of a ball screw, a motor,

and so on.

[0109] In each of the above embodiments, when it is determined

whether the deflection amount of the probe 20 is larger than the

predetermined threshold, the deflection amount of the probe 20 used is

the amount obtained by subtraction of the scan amount of the probe 20

from the X-directional deflection amount detected by the deflection

detecting unit 28; however, in the case where no angular velocity is

detected by the angular velocity sensor 28a in preliminarily carrying out

the scan operation in an environment without vibration, the X-

directional deflection amount detected by the deflection detecting unit

28 (the raw deflection amount without subtraction of the scan amount of

the probe 20) can be used as the deflection amount of the probe 20.

[01 10] In the above third embodiment and fourth embodiment, the



apparatus is configured to drive the probe 20 so as to cancel the

deflection of the probe 20, based on the deflection of the probe 20

(illuminating unit 2 1 and imaging unit 25) detected by the deflection

detecting unit 28, but, without having to be limited to this, the apparatus

may be configured to drive at least a part of the illuminating unit 2 1 or

the imaging unit 25 forming the probe 20. For example, as shown in

Fig. 15, the illuminating unit 121 of the probe may be constructed with a

light source 122 such as an LED, a condenser lens 123, a cylindrical

lens 124, and a rotation drive unit 125 which rotates the condenser lens

123 around a rotation axis a on an axis extending in a direction

perpendicular to the optical-axis direction and the longitudinal direction

of the cylindrical lens 124. The condenser lens 123 and the cylindrical

lens 124 herein constitute a kind of pattern generating unit that modifies

a light quantity distribution from the light source 122 into a light

quantity distribution to obtain a line pattern on the surface of the

measured object. The pattern generating unit does not always have to

be limited only to this form, but may be an optical system having a stop

to limit the beam from the light source to a rectangular shape and a

projection lens to project an image of the stop onto the surface of the

measured object. The configuration to drive the whole probe 20 is

effective to the deflection with relatively low speed and large amplitude,

and the configuration to drive a part of the optical system is effective to

the deflection with relatively high speed and small amplitude. The

configuration obtained by excluding the rotation drive unit 125 from this

illuminating unit 121 is also applicable to the illuminating unit in the

third embodiment and the fourth embodiment.



[0111] In the illuminating unit 121 of this configuration, the light

emitted from the light source 122 travels through the condenser lens 123

and cylindrical lens 124 to become a sheet-like beam (sheet beam) and,

when it is applied onto the measured object 5 on the stage 6, a line

image appears on the measured object 5. In this case, for example, in

the configuration shown in Fig. 16, when the condenser lens 123 is

rotated around the rotation axis a by the rotation drive unit 125, the line

image can be rotated around the rotation axis on the axis extending in

the Y-direction, whereby positional deviation (mainly, rotational

deviation) of the line image (illumination light) due to the deflection of

the probe can be corrected.

[01 12] In this case, an offset (positional deviation) can remain in the X-

direction (scan direction), but the X-directional offset can be canceled

out by inserting a plane-parallel plate (halving: not shown) between the

cylindrical lens 124 and the measured object 5 and thereby translating

the line image in the X-direction. When the line image is rotated r

translated in this manner, the detection angle (relative angle to the

illumination light) of the imaging unit 25 varies, and the system comes

to fail in satisfying the Scheimpflug principle. In this case, it is

necessary to also drive the optical system of the imaging unit so as to

maintain the Scheimpflug principle in accordance with (or in

synchronism with) the movement of the traveling plane of the line beam.

It is desirable to also maintain the imaging magnification, as well as

maintaining the Scheimpflug principle, but the imaging magnification

can also be corrected by arithmetic processing. Furthermore, the

profile information (3D profile) of the measured object 5 can be



obtained in such a manner that when the profile calculating unit 34

calculates the profile information of the measured object 5, the image

information (image position information) of the line image is corrected

according to an angle of rotation of the condenser lens 123 by the

rotation drive unit 125 or the like.

[01 13] When the deflection of the probe 20 is corrected by driving a

part of the illuminating unit 2 1 or the imaging unit 25, a correction drive

range is limited in correction for the deflection with large amplitude,

and therefore the correction drive may be started so as to perform an

approach run, after preliminarily giving an offset in a direction reverse

to the drive direction.

[01 14] Furthermore, modification examples of the above embodiments

also include examples described below. In the first embodiment, the

correction is carried out so as to return the position of the line image to

the original position by the image processing of the image at the

position different from the position where it is to be originally taken,

because of the deflection, but instead, the line image may be projected

onto the original position by displacing an optical element constituting a

part of the imaging optical system. The position of the line image can

also be located at the original position by moving the imaging device so

as to cancel out the movement in the moving direction of the image due

to the deflection. A movement amount of the optical element or the

imaging device at this time may be set based on the deflection amount

detected by the deflection detecting unit.

Reference Sings List

[01 15] 1: profile measuring apparatus;



5 : measured object;

16: attaching part (first embodiment);

17: linear motor (relative movement unit);

20: probe;

2 1: illuminating unit (projecting unit);

25: imaging unit;

28: deflection detecting unit;

28a: angular velocity sensor (angular velocity detector);

28b: acceleration sensor (acceleration detector);

30: controlling unit;

32: processing unit (determining unit);

33: position calculating unit (position acquiring unit);

34: profile calculating unit (first correcting unit);

50: attaching part (displacing mechanism, second embodiment);

60: rotation correcting mechanism (correcting mechanism,

second correcting unit);

80: Y-parallel correcting mechanism (correcting mechanism,

second correcting unit);

90: X-parallel correcting mechanism (correcting mechanism,

second correcting unit);

121: illuminating unit (modification example, projecting unit);

and

125: rotation drive unit (correcting mechanism, second

correcting unit).



CLAIMS

1. A profile measuring apparatus comprising:

a profile measuring unit which has a projecting unit to project a

predetermined pattern onto a measured object, and an imaging unit to

image the pattern projected by the projecting unit;

a position acquiring unit which acquires a position of the profile

measuring unit;

a profile calculating unit which is connected so as to be able to

communicate with the imaging unit and the position acquiring unit and

which calculates a profile of the measured object, based on image

information from the imaging unit and position information from the

position acquiring unit;

a deflection detecting unit which detects deflection of the

projecting unit; and

a controlling unit which is connected to the deflection detecting

unit and which executes at least either of active correction for position

control or operation control of the profile measuring unit and passive

correction for calculation operation of the profile calculating unit, based

on the deflection of the projecting unit detected by the deflection

detecting unit.

2. The profile measuring apparatus according to claim 1,

further comprising a displacing mechanism which displaces the position

of the profile measuring unit in accordance with an output from the

controlling unit in a state in which the profile measuring unit is held

thereby, as the active correction.

3. The profile measuring apparatus according to claim 2,



wherein the displacing mechanism performs correction for a position on

the measured object onto which the pattern is projected by the

projecting unit, in accordance with the output from the controlling unit.

4. The profile measuring apparatus according to claim 2,

wherein the projecting unit has a pattern forming unit which generates

the predetermined pattern to be projected onto a surface of the measured

object, based on light from a light source, and

wherein the displacing mechanism displaces at least a partial

element of the pattern forming unit in a direction perpendicular to a

projection direction of the pattern.

5. The profile measuring apparatus according to claim 4,

wherein the pattern generated based on the light from the light source by

the pattern forming unit, is a pattern of a line shape, and

wherein the displacing mechanism displaces at least a partial

element of the pattern generating unit in a direction perpendicular to a

longitudinal direction of the line.

6. The profile measuring apparatus according to any one of

claims 2 to 5, wherein the controlling unit controls the displacing

mechanism so as to correct a position on the measured object onto

which the pattern is projected by the projecting unit, based on the

deflection detected by the deflection detecting unit, as the active

correction.

7. The profile measuring apparatus according to claim 3 or 4,

wherein the displacing mechanism is configured so as to hold the

projecting unit and the imaging unit in a state in which relative positions

of the projecting unit and the imaging unit are maintained fixed, and has



a correcting mechanism to perform the active correction for the profile

measuring unit, and a moving mechanism unit to move the correcting

mechanism relative to the measured object, and

wherein the controlling unit controls the correcting mechanism

so as to correct the position on the measured object onto which the

pattern is projected by the projecting unit, based on a difference between

the deflection detected by the deflection detecting unit and a movement

amount by the moving mechanism unit.

8. The profile measuring apparatus according to claim 1,

wherein the controlling unit executes correction control for the position

information of the pattern acquired based on information outputted from

the position acquiring unit, according to an amount of the deflection

detected by the deflection detecting unit, as the passive correction.

9. The profile measuring apparatus according to claim 8,

further comprising a moving mechanism unit which moves the

projecting unit and the imaging unit relative to the measured object in a

state in which relative positions of the projecting unit and the imaging

unit are maintained,

wherein the controlling unit executes correction control for

acquired position information of an image of the pattern acquired from

the position acquiring unit, based on a difference between the deflection

detected by the deflection detecting unit and a movement amount by the

moving mechanism unit.

10. The profile measuring apparatus according to claim 1,

wherein the controlling unit determines timing of imaging by the

imaging unit, based on information of the deflection detected by the



deflection detecting unit, as the active correction.

11. The profile measuring apparatus according to claim 10,

wherein the controlling unit controls the timing of the imaging by the

imaging unit so as to make the imaging unit image the pattern when a

phase of the deflection is an integral multiple of a predetermined value,

based on the information of the deflection detected by the deflection

detecting unit.

12. The profile measuring apparatus according to claim 11,

wherein the controlling unit controls the timing of the imaging by the

imaging unit so as to image the pattern at such timing that a motion of

the pattern image formed on the imaging unit due to the deflection is a

movement amount of not more than a pixel pitch in the imaging unit in

a duration of acquisition of one frame, based on the information of the

deflection detected by the deflection detecting unit.

13. The profile measuring apparatus according to claim 1,

wherein the controlling unit has a determining unit which determines

which one of the profile measuring unit and the profile calculating unit

should be a target of the control executed based on the deflection

detected by the deflection detecting unit.

14. The profile measuring apparatus according to claim 13,

wherein the controlling unit has a first correcting unit to control

correction operation for the profile calculating unit, based on the

deflection detected by the deflection detecting unit, and a second

correcting unit to control correction operation for a position on the

measured object onto which the pattern is projected by the projecting

unit, based on the deflection detected by the deflection detecting unit,



and

wherein the determining unit selects either of the correction

control by the first correcting unit and the correction control by the

second correcting unit, based on a result of a determination on whether

an amplitude of the deflection detected by the deflection detecting unit

is larger than a predetermined amplitude.

15. The profile measuring apparatus according to claim 14,

wherein when the amplitude of the deflection detected by the deflection

detecting unit is larger than the predetermined amplitude and when a

frequency of the deflection detected by the deflection detecting unit is

larger than a predetermined frequency, the determining unit determines

to perform both of correction for operation of the projecting unit or the

imaging unit and correction for image information f om the profile

calculating unit.

16. The profile measuring apparatus according to any one of

claims 1 to 15, wherein the deflection detecting unit has at least one of

an angular velocity detector to detect an angular velocity of the

projecting unit or the imaging unit, and an acceleration detector to detect

an acceleration of the projecting unit or the imaging unit, and detects the

deflection, based on at least one of the angular velocity and the

acceleration.

17. The profile measuring apparatus according to claim 14,

further comprising a displacing mechanism which is configured so as to

keep the projecting unit and the imaging unit in a state in which relative

positions of the projecting unit and the imaging unit are maintained

fixed, said displacing mechanism having a correcting mechanism to



perform the active correction for the profile measuring unit, and a

moving mechanism unit to move the correcting mechanism relative to

the measured object,

wherein the first correcting unit corrects the position information

of the pattern projected onto the measured object, based on the

deflection detected by the deflection detecting unit and a velocity of

relative movement by the moving mechanism unit.

18. The profile measuring apparatus according to claim 17,

wherein the deflection detecting unit can detect a deflection angle as the

deflection, and

wherein the second correcting unit corrects the position on the

measured object onto which the pattern is projected by the projecting

unit, based on the deflection angle and the velocity of the relative

movement by the moving mechanism unit.

19. The profile measuring apparatus according to any one of

claims 1 to 18, wherein the imaging unit has an imaging optical system

to form an image of the measured object, and the imaging optical

system is configured so that a plane conjugate with an imaging plane

thereof includes an irradiation direction of a beam projected from the

projecting unit.
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