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BACKGROUND OF THE INVENTION
echnica ie

The .present invention relates to ultrasonic
inspéction and imaging instruments and more
particularly to an ultrasonic inspection and imaging
instrument which permits any person who is
inexperienced in ultrasonic thickness measurement to
readily focus: a focusing-type ultrasonic probe
(hereinafter called ‘probe’) on a place at a
predetermined depth where an inspection is made.
Prior Art

An ultrasonic inspection and imaging instrument
as oné' of the ultrasonic measuring instruments
(including an ultrasonic searching and imaging
instrument using a focusing-type probe) is capéble
of displaying the interior of an object in the form
of a B~ and a C-scope image. An imaging instrument
of this sort necessitates being fed with various
measurement coﬁditions, including the . acoustic
characteristics of its probe, wave velocity at the

then temperatures of a medium and an object under

.examination, to set the focused probe to the

interior of the object at a desired depth in order

to obtain a clear image.
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as pne of.the ultrasonic measuring instrunents (including an ultrasonic
seg chlmg and imaging instrunment using a focusing-type probe) is capable of
di s Iaylng the interior of an object in the formof a B- and a C scope
i-mape. An immging instrunent of this sort necessitates being fed wth
varjous neasurenent conditions, including the acoustic characteristics of

I tsgprobe, wave velocity at the then tenperatures of a nmedium and an obj ect
undgr exami nation, to set the focused probe to the interior of the object

at p desired depdrdtofords tReObtddusing! @PerdtB®h has been
performed by observing the waveform reflected from
an object under examination (A-scope image) using an
oscilloscope or .the like; more specifically, it
comprises the steps of first setting a measurement
depth, a detection gate width and the like by
reference to a waveform to be monitored, moving up
and down the focusing-type probe with respect to the
object under examination so that a target reflection
echo is maximized (positioning the depth (in the 2z-
direction)), and adjusting the focus of the probe to

" the depth desired.

Another.example of the ultrasonic inspection
and imaging instrument is such that, provided
measurement conditions, including acoustic
characteristic values such as the wave velocity of
an object under examination, the underwater focal
length of a probe, a measurement depth and a
detection gate width, are fed to its image processor
(control unit), the image processor operates on data
to focus the probe automatically onto the
measurement depth desired based on the result
computed.

However, an operator reSponsible for operating

such an instrument is required to have an exhaustive
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Sulgstitute sheet - 31 July 1996 2 Heretofore, the focusing operation has
begn .performed by observing the waveformreflected froman object under

exdni nation (A-scope i mage) using an oscilloscope or the |ike; nore
spdcifically, it conprises the steps of first setting a neasurenent depth,
a getection gate width and the like by reference to a waveformto be

norj t or ed, aning up and down the focusing-type probe with respect to the
objfect undey gn1nat|on target reflection ec S _maxi m zed

(p05|t|omrﬁf?ﬂ ﬂ%ﬁtﬁﬁn?Ptﬁgeftr8Pﬁ&nW%ﬁﬁﬁre%%%tadﬁ&? uﬂdnﬁhe focus of

thel probe tQltrasonlc measuring techniques, the acoustic
characteristics of an object under examination and
the operation of an oscilloscope. In other words,
operators other than those specializing in this
field of measurement often meet difficulties in
operating an ultrasonic inspection and imaging
instrument of this sort. |

Incidentally, various ultrasonic inspection and
imaging instruments for non-destructive inspection
are now in use. This signifies the fact that those
other than measuring engineers are expected to
operate not only an ultrasonic inspection and
imaging instrument of this kind but also a newly
contrived portable one. As a result, those
unfamiliar with ultrasonic thickness measurement may
increasingly have a chance to handle and utilize
such an instrument. It is true in a general sense
that the development of an easy-to-use ultrasbnic
inspection and imaging instrument has been craved
for.

The ultrasonic inspection and imaging
instrument is | normally equipped with a
microprocessor and an image processor having

memories so that various kinds of data on varieties
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theJ;;pth‘desired_ Anot her exanpl e of the ultrasonic inspection and inmaging
I ns§runent i s such that, provided neasurenent condi tions, I ncl udi ng
acoystic characteristic values such as the wave velocity of an object under
exarfi nati on, the underwater focal |ength of a probe, a measurenent depth
and Ja detection gate width, are fed to its image processor (control unit),

t he ji mage processor operates on data to focus the probe automatically
ontd the neasurenent depth desired based on the result conputed. However

an dper at olofr esperat Dofs f eanORy apr88etlUCh PP iBStddHBIYudrit yequired to

havg an exhaustive
possible to preset data concerning certain
operations in order to simplify a series of them.
Notwithstanding, there pracfically arise
difficulties in presetting data to simplify the
series .of operations as it depends on the object
under examination how to solve the focusing
problems. - Consequently, engineers. who have a
thorough understanding of the acoustic
characteristics and material quality of an object
under examination and the like are relied upon to
perform such focusing operation. .In so doing, the
engineer involved has to display and observe the
interior ultrasonic conditions of the object under
examination using the A-, C-scope image or the like
as occasion demands to take measurement conditions
and the like into consideration. The situation
above has still made it difficult to solve the
foregoing problems.

SUMMARY OF THE INVENTION
An ultrasonic inspection and imaging instrument

according to the present invention is designed to
scan an object under examination, the object having
an inspection plane at a predetermined dépth, in the
direction slanted to the depth, in such a way as to
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titute sheet - 31 July 1996 3 know edge as to el ectronic neasurenent,
uding ultrasonic neasuring techniques, the acoustic

acteristics of an object under examination and the operation of an

| | oscope. In other words, operators other than those specializing in
field of nmeasurenent often nmeet difficulties in operating an

asoni ¢ inspection and inmaging instrunment of this sort. Incidentally,

ous ultrasonic inspection and
cause rectilinear scanning as viewed from the plane.

A gate is provided in a range including the focal
position of a probe to obtain, as measured data
corresponding to each measurement position, the peak
value of an echo resulting from predetermined
directional linear scanning, which is slanted in the
depﬁh direction of the objecf under examination
(hereinafter called ’slant scanning’).
- simultaneously with the acquisition of the peak
value, moreover, the relation in position between
the object under examination at each measurement
position and the probe in the. depth direction is set
and held in a memory in accordance with, for
instance, relevant information for determining the
ppsitiohal relation. Then the measured data at the
peak value corresponding to each measurement point
obtained from the slant scanning in the depth
direction is displayed on the screen in the form of
a picture relative to that measurement point. The
image shown on the picture becomes most clear at the
time it is in focus in the vicinity of a test
portion corresponding to a surface under examination
in the depth direction. The operator is then
supposgd to select the image portion clearly

indicated on the display out of the picture
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i ma@ Ag instrunents for non-destructive inspection are now in use. This
sigrg fies the fact that those other than neasuring engineers are expected
to erate not only an ultrasonic inspection and imaging instrunent of this
ki nc§ but also a newly contrived portable one. As a result, those
unfagm liar with ultrasonic thickness nmeasurenment may increasingly have a
change to handle and utilize such an instrunent. It is true in a general
sense that the devel opnment of an easy-to-use ultrasonic inspection and
i mag] ng i ndndiipartedhaonbetre cddsedalygr . afide whar t theomperatospecti on  and
| mag} ng i nstrunment is normally equi pped W t-h a

feeds the position on the picture via an input unit,

the image processor positions the probe by obtainihg

the position of the probe in the depth direction at

the time the measured value regarding the image is

collected, in accordance with positional information

of the display data and the relevant information,

focusing relative to the surface under examination

is effected.

The ultrasonic image obtained by means of the

focusing-type probe features that reflection echo at

a position other than the focal position is weak and

this is also the case with the reflection echo at

the focal position far from a measurement object.

Consequently, if there exists an object under

examination at a specific depth, the object having

a specific planar area wide enough to produce an

echo, a focusing~type probe may be used for scanning

the object under examination in the direction

slanted to its depth direction to obtain a picture

variable in the depth direction on the screen of the

display. The picturg thus obtained looks as if it

were obtained by fluoroscopy in the depth direction,

with only the portion in focus at the position as

the test surface in the picture being clearly

T 6
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reset

e

oprocessor and an i nage.processor
ata on varieties

practically

It is consequently possible to preset data

emphasized. As a result, the measurement position
in the depth direction is made known by selecting
the clear image portion and focusing is made

possible by properly positioning the probe. 1In this

‘case, it is made a condition that there exists no

great reflector portion in front and rear of the
object under examination in the depth direction. In
case there exists such a reflector portion, the
slant scanning will have to be carried out in the
slant depth direction within a range excluding that

portion. The object under examination is to have a

" common depth anywhere on the scanning surface formed

with a collection of focal points during the slant
scanning.

Any operator who is unfamiliar to ultrasonic
and electronic measuring techniques is allowed to
discern and select the position of a clear picture,
if viewing the picture with an image clearly shown
at the position corresponding to the focusing
position. Moreover, it is possible to identify the
surface desired to be examined and observed
simultaneously. Ultimately, the operator is
allowed, if selecting and inputting the position of
such a clear pictufe portion to make the ultrasonic

inspection and imaging instrument operate, on
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havi ng nenories so that various Kkinds
Substitute sheet - 31 July 1996 4 of operations can
concer ni ng
ain operations in order to sinplify a series of -them Notw thstanding,
arise difficulties in presetting data to sinplify
series of operations as it depends on the object under exam nati on how
ol ve t he focusing



prolf ens.. Consequently, engineers who have a thorough
und r st andi ng of t he acoustic characteristics and material quality

of “4n obj ect under exami nation and the like are relied upon to perform such
f-ocysi ng operation. In so doing, the engineer involved has to display and
obsgrve the interior ultrasonic conditions of the object under exam nation
usi the A-, C-scope inage or the |ike as occasion demands to take

measur enent conditions and the like into consideration. The situation
abovle has sécélivimde thie Pddithidial oinfdmeatbenf ehagoised gutedd ens.  SUMVARY
OF THE | NVENTI ON An ultrasonic inspection and i nmaging instrunent

from the input unit, to compute the position of the
image selected thereby in the depth direction to
adjust the height of the probe to that position
automatically.

Any person inexperienced in ultrasonic
thickness measurement is simply able to bring an
object under examination into focus only by
inputting the position of the clear image position
out of the picture indicated on the display
accordingly.

An object of the present invention is therefore
to provide an ultrasonic inspection and imaging
instrument which permits any person who |is
inexperienced in ultrasonic thickness measurement to
readily effect focusing therein.

Another object of the present invention is to
provide an ultrasonic inspection and imaging
instrument capable of effecting focusing therein
automatically only by performing the operation of
selecting any given image from a displayed picture.

Still another object of the present invention
is to provide an ultrasonic inspection and imaging
instrument capable of effecting focusing therein

only by touching the screen of a display once.
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accdrding.-to the present invention is designed to scan an object under
exarg ngtion, the object having an inspection plane at a predeterm ned
depthh, in the direction slanted to the depth, in such a way as to
Subsfitute sheet - 31 July 1996 5 cause rectilinear scanning as viewed from
the plane. A gate is provided in a range including the focal position of a
probg to obtain, as neasured data corresponding to each neasurenent
position, the peak value of an echo resulting from predeterm ned
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an ultrasonic
inspection and imaging instrument embodying the
present invention. .

fig. 2 1is a flowchart showing a focusing
process.

Figs. 3(a), 3(b), 3(c), and 3(d) are diagrams
illustrating the focusing process.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows an ultrasonic' inspection and
imaging instrument 20 and a scanning mechanism 1
having an XYZ moving mechanism. A focussed probe 3
is fitted to the scanning mechanism 1 and used for
the main scanning of an object 16 under examination
in the x-direction and for the subscanning of that
object in the Y-direction. The ultrasonic
inspection and imaging instrument 20 obtains
measured values from which an A-scope image at each
measurement point is obtained by the XY scanning,
based on which it pfoduces display data on a B-scope
image and display data on a C-scope image and
displays the B- and the C-scope image,
Incidentally, an interface such as a junction face
to be inspected exists in ‘a position at a certain

depth from the surface of the object 16 under
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difrectional |inear scanning, which is slanted in the depth direction of the il
ect under exam nation (hereinafter cal |l ed ' sl ant scanni ng'). :
VItaneoust with the acquisition of the peak val ue, noreover, the
ation in position between the object under exam nation at each
i surenment position and the probe in the depth direction is set and held
infa menory in accordance with, for instance, relevant information for
deferm ning the positional relation. Then the neasured data at the peak
val ue colexawmicatitun tim adnls rexsodiamet. poi nt obtained fromthe slant '
schnning in the depth direction is displayed on the screen in the formof a i
pi fture rel at iMhe t scahaingeasachamdsm phi dis. démtrolled by a i
’ i
l

scanning control unit 2, which is in turn controlled
by an image processor 10 via an interface 7. The !
probe 3 is connected to an ultrasonic flaw detector
4 consisting of pulser-receiver and the like. The
~ ultrasonic flaw detector 4 appiies a pulse signal
from its transmission terminal to the probe 3 with

a predetermined measurement period in response to a

control signal from the image processor 10 to drive
the probe 3. The probe 3 converts into an
electrical signal the echo obtained from the object
16 under examination with respect to the ultrasonic
wave generated then and the electrical signal thus
converted is received as an echo reception signai by
the reception terminal of the ultrasonic :flaw
detector 4 from the probe 3. The electrical Signal

is then amplified before being detected and the

signal thus obtained is applied to a peak detection

circuit 5. . ;

The peak detection circuit 5 provides a gate in

position using the echo reception signal thus
detected to detect a peak value of the echo portion
required and supplies the peak value to an A/D

converter circuit 6. The gate positioning depends i

10 \
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et

ge shown on the picture becones nost clear at the tine it
vicinity of a test portion corresponding to a surface under exam nation
t he depth direction. The operator is then supposed to select the inage
tion clearly indicated on the display out of the picture
- 31 July 1996 indicated on the display,
position on the picture via an input unit,

itions the probe by obtaining the position of the probe in the depth
ecti on @n the set signal received from the image processor

10 via the interface 7. The peak detection circuit
5 sets the gate by detecting, for instance, a
surface echo and performing time counting in
accordance with the set signal.

The A/D converter circuit 6 converts the analog
signal of the peak value obtained in accordance with

the control signal from the image processor 10 into

a digital value at 8-bit 256 stages, for instance.

The digital value is sent to a bus 13 as input data
made processable by a microprocessor (MPU) 8.

With the arrangement described above, the
ultrasonic inspection and imaging instrument 20
operates in a normal measurement condition in such
a way that the probe 3, for instance, moves by one
pitch in the Y-direction after scanning one line in
the X-direction to effect scanning in the direction

oppoSite to the X-direction, i.e., the probe 3 scans

" the ocbject 16 under examination on the XY plane by

effecting so-called reciprocating scanning in the X-
direction. By that scanning the peak value is
detected in the peak detection circuit 5 at each
measurement point allotted at a predetermined pitch
and the MPU 8 fetches the peak value in the form of

a digital value. . The MPU 8 stores data on these

is in focus in

Substitute

and when the operator feeds
the image processor
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thejtime the nmeasured val ue regarding the image is collected, in accordance
with positional information of the display data and the rel evant

tnf qr mati on, focusing relative to the surface under exam nation is

ef f dct ed. The ul trasoni ¢ i mage obtai ned by neans of the focusing-type probe
featjures that reflection echo at a position other than the focal position
is eak and this is also the case with the reflection echo at t he focal
posiftion far froma npasurenent obj ect. Consequently, if there exists an
obj ect  undssalexPdl e | #O Bhe amsSEFEhentdepblintsheopbpepbnlidngng a specific
pl anpr area w de enough to produce an echo, a focusing-type probe nay be
used} for stiwemwety in a memory 9 in sequence. In the case of

focusing measurement as described later, moreover,

scanning in the Z-direction is added in conformity

with the scanning of one 1line in the X- or Y-

direction at the time of scanning the XY plane to

effect slant scanning; i.e., the scanning slanted in

the depth direction (Z-direction). A specific

example of the slant scanning will be described

later. When the MPU 8 stores the measured data in

the memory 9, the measured data at the respective
- measurement points obtained in conformity with
identification data can be stored by providing the

memory 9 with areas in which the identification data

at the respective measurement points corresponding

thereto are stored.

In addition to the microprocessor 8, a control

panel (not shown), the memory 9 for storing various

programs and data, an image memory 11, a display 12

and the like are connected to the bus 13. A touch-

sensitive screen 14 is fitted to the display 12 and

connected via a touch-sensitive screen interface 15

to the bus 13. The touch-sensitive position is read

in the MPU 8 through an interruption process. The

touch-sensitive screen 14 is an input unit as one of

12 —
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t hg obj ect under exami nation in the direction slanted to its depth

di fjecti,on to obtain a picture variable in the depth direction on the screen
of fthe display. The picture thus obtained |ooks as if it were obtained by
f1 doroscopy in the depth direction, with only the portion in focus at the
pogition as the test surface in the picture being clearly

Subystitute sheet - 31 July 1996 7 enphasi zed. As a result, the neasurenent

osh ti i i i i . :
Post ti on it he detd) 1 LeShi9ns' SaBAEa kR DY 6L Mene 5;

invention and used for ©providing positional
information about a graphic display portion on the
screen.

The memory 9 is stored with a slant scanning
program 9a, a planar scanning program 9b, a focusing

program 9c, a display processing program and the

like. Slant scanning functions Zs f(x), 2s = £(y)
and the like ére stored in a parameter storage area
ad. |

The slant scanning program 9a is used to set
the ihitial position of the probe unless it is

specified. When this program is executed, the MPU

8 computes the Z-coordinate position (height) of the

probe 3 to position the probe 3 so that the focal
point is located directly under the surface of the

object 16 under examination at the start point of

measurement in conformity with the positional

relation between the focal length of the probe 3 and

the object 16 under examination, the positional

relation being input to the MPU 8 beforehand via the

control panel (normally the thickness of the object

|
16 under examination that the control panel has |
provided determines the positional relation as the |

|

object 16 under examination is arranged in the

13
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the clear.inmage portion and focusing is nade possible by properly
pogitigning the probe. In this case, it is nade a condition that there
exffsts no great reflector portion in front and rear of the object under
exlnination in the depth direction. In case there exists such a reflector
poftion, the slant scanning will have to be carried out in the slant depth
dijection within a range excl udi ng that portion The obj ect under

exgm nation is to have a conmon_depth re on the scanni ng surface

f ofned mﬁgﬁt§°@oﬂ(aﬁlYﬁF%F F8850 pmﬁﬁgy’ ng€ hBrSPEne Sanni ng. Any

opdr at or who.i nf.am | i t |traspni ¢c_and Iec ron c me surln
Ceqdnn ue PB4 ERFHBHE R (e ' £-41rE880h “aBBE-R1RGLY U TR 19

setting position 1is specified, the position

L

previously defined is employed as a reference
position (initial position) of slant scanning unless
the setting position is specified. Simultaneously
with the start of measurement, the MPU 8 performs
operations, starting with coordinate positions in
the X-direction (or Y-direction) of the point of

thickness measurement as the point thereof in the X-

direction (or Y-direction) is updated according to

' the slant scanning function Zs = £(x) (or Zs = £f(y))
to compute the position 2Zs of the Z-coordinates.
The MPU 8 further controls slant scanning in the 2- |
direction as well as the scanning in the x-directidn -
(or Y-direction) on the basis of the computed
movement of the Z-coordinates. The coordinates in S f

the 2~direction on -which the probe 3 is positioned

are determined by the wvalues computed by the slant
scanning functions. A description will then be

given of a case where scanning is mainly effected in

the depth direction simultaneously with the scanning

in the X-direction. This is also the case with the

scanning effected in the depth direction

simultaneously with the scanning in the Y-direction;

14
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diZﬂern and select the.position of a clear picture, if viewing the picture
with an image clearly shown at the position corresponding to the focusing
Moreover, it is possible to identify the surface desired to be

pos

tion.

exafn ned and observed sinmul t aneously. Utimately, the operator
-al | pwed,
lon to make the ultrasonic inspection and inmaging instrunent

por 1
opel

at e,

I f selecting and inputting the position of such a clear picture

on Substitute sheet - 31 July 1996 8
however, since there is substantlially no difference

between both cases except that the slant scanning
function 2s = f(y) is used instead, the description
of this case will be omitted.

When the slant scanning function f(x) is a
primary function, the probe 3 moves in the 2-
direction (height direction) with a predetermined
pitch as the coordinates in the X-direction are
updated. Consequently, the probe 3 normally
approaches the object 16 under examination with the
predetermined pitch as the scanning in the X-
direction is effected. The object 16 under
examination is thus scénned by the probe 3 on the
plane slanted as viewed from its side. .The slant
scanning function f£f(x) may be what is for performing
compensating operations according to which the focal
position of the probe 3 moves in the depth direction
with a predetermined pitch within the object 16
under examination in connection with the relation
between ultrasonic speed in the obﬁect 16 under
examination and that ih the water tank.

In the case of implementing focusing, however,
the focal length of the probe 3 needs detecting.
The probe 3 has an intrinsic focal length having a

known value at the time it is used. When it is

15
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n;!eiving~the positional information thus selected fromthe input unit, to
cofjpute the position of the inmge selected thereby in the depth direction
tofadj ust the height of the probe to that position automatically. Any
perfson i nexperi enced in ul trasoni c thickness neasurenment is sinmply
ablle to bring an object under exam nation into focus only by inputting the
podition of the clear image position out of the picture indicated on the
di dpl ay accordingly. An object of the present jnvention is therefore to
prdvi de aRtEEPPESENI%O i GahBCtE ofogRl ileRgthy FhSt £@%ertSewhich pernits

an person .who_ isS . ) .
particular environment, a simple gauge or a distance

sensor which is mechanically interlocked with the |
probe may be employed. No special technical i
knowledge is required in this case. As focusing is
based on the results of the slant scanning effected
in the depth direction according to the present
invention, the known focal length of the probe 3
determines an approximate focal position to be
initially set during slant scanning even though a
focal length fit for use in particularly environment
is left unknown. Only this focusing operation is

sufficient at this stage.

' The planar scanning program 9b is an ordinary
two-dimensional scanning. The MfU 8 executes this
program and when the Z-coordinates (height) of the
probe 3 are set accordingly, the MPU 8 causes main
scanning in the X-direction with a predetermined
pitch and subscanning in the Y-~direction with the
height (Z-coordinates) fixed.

Incidentally, the measurement pitches in the X-

and Y-directions are set at a preset distance in
the slant scanning program 9a and the planar
scanning program 9b. The measurement pitch in the

Y-direction may be the same as what in the X-

16
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I nexperienced in ultrasonic thickness neasurenent to readily effect
focusing therein. Another object of the present invention is to provide an
ul trppsoni c inspection and inmaging instrunment capable of effecting focusing
therfin automatically only by perform ng the operation of selecting any
giveh image froma displayed picture. Still another object of the present
I nveption is to provide an ultrasonic inspection and i nagi ng instrunment
capapl e of effecting focusing therein only by touching the screen of a

di splay oncedirection or coarser than the latter. Moreover, the

slant scanning program 9a also cauées reciprocating
scanning, like ordinary XY scanning in thét scanning

in the X-direction is effected in the direction

opposite thereto by one-pitch moving the scanning

position in the Y-direction at a point of time one-

line scanning in the ih the X-direction is
terminated. The return slant scanning in the X-
direction is'cdnsequently arranged so that the probe

3 is positioned in the direction in which it goes

away from the object under examination 16 at
respective measurement points in sequence. In other

words, the probe 3 returns to the reference position

(initial position) of the first measurement point

during the return scanning in the X-direction and
‘'scanning starting from the reference position is
repeated.

In the case of the focusing program 9c, a
measurement point nearest to the position of the X-
coordinates on the picture of the display 12
designated by the touch-sensitive screen 14 is
indexed (when the pixels of the picture disélayed
correspond the measurement point at 1 : 1, the pixel

is designated as what conforms to the measurement

position) and the Z-coordinates of the scanhing of

.17
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Subgt.i t ut.e sheet

- 31 July 1996 9. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.

IS, bl ock di agram of an ul trasonic-inspection and i nmaging instrunent
enbgdyi ng the present invention. Fig. 2 is a flowhart showi ng a focusing

progess.

focysing process. DESCRI PTI ON OF THE PREFERRED EMBODI MENT Fi g.

ul tnasoni c inspection and imagi ng i nstrunent 20 and a scanning nmechanism 1l

haviilng an XYZ novi ng mechani sm A focussed probe 3

the probe 3 is obtained from the slant scanning
function £(x). The probe 3 is thus positioned.

The picture obtained from the slant scanning is
a planar picture (called a slant picture herein)
resulting from transmission in the depth direction
in which the scanning of the probe 3 in the forward
direction gradually becomes deeper. The distance
between each pixel of the picture and the coordinate
position of the Z-axis of the scanning mechanism (Z-
coordinate values of +the scanning), i.e., the
measurement object 16 and the probe corresponds in
relation -td the slant function f£f(x). The 2Z-
coordinates of the scanning can thﬁé_be obtained

with ease. The calculation of the Z-coordinates

‘need not always rely on the slant function f£(x) but

may be performed by storing the position (height) of
the Z-coordinate of the probe 3 in the memory 9 as
measurement at each measurehent point proceeds to
make-the measurement point.and_the height of the

probe 3 correspond to each other. When the

measurement point corresponds to the pixel, data on

the height of the probe 3 may otherwise be stored in
the memory'in conformity with the picture indicated
on the display 12.

Subsequently, the process of bringing the image

18
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fitted to the scanning nechanism 1 and used for the main scanning of an
ect. 16 under exam nation in the X-direction and for the subscanni ng of

that object in the Y-direction. The wultrasonic inspection and
imgging instrunent 20 obtains neasured values fromwhich an A-scope

-1 18
whi
C_
I nC
in

ge at each neasurenent point is obtained by the XY scanning, based on
ch it produces display data on a B-scope image and di splay data on a

gcope i mage and di spl ays t he

B- d
i dent eSHPT nt Lh¥Ace FOGUS a§”5']j unggi or‘?%sé:felb[e Egofﬁlépelcgggeexi sts

a p05|t|forencea tcoerft.al n é}lepth fromthe surface of the object 16 under

The processing of Fig. 2 is started when a
predetermined focusing funcfion key is pressed and
initial data including the focal length of the probe
3, the thickness of the measurement object 16 is
keyboarded at' the cc;ntrol panel 11 at Step 1. On
the other hand, the set values most frequently used
in the ultrasonic inspection and imaging instrument
for the generation of a transmission pulse of the
ultrasonic detector and the gate width of the peak
detection ciréuit and the like are prestored in a
predetermined area of the memory 9. 1In this case,
the MPU 8 sets necessary set data in various
circuits via the interface 7 by reference to the set
values stated above. The gate width of the peak
detection circuit 5 is then 'set in the range of
about 0.1 ps to several ps, for instance. Although
these set values are variable, there will be no
problem posed functionally in case they are left
unchanged. In other words, setting alteration is
unnecessary unless use can be made of knowledge
about ultrasonic measurement.

The gate position is set in conformity with the

focal position of the probe 3 and in terms of time
19 -
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Sub$ti-tute sheet - 31 July 1996 10 exami nation in this enbodi nent. The
scafni ng nechanism 1 is controlled by a scanning control unit 2, which is
in furn controlled by an i nage processor 10 via an interface 7. The probe
3°i$ connected to an ultrasonic flaw detector 4 consisting of pulser
recgiver and the like. The ultrasonic flaw detector 4 applies a pul se
sigpal fromits transmssion termnal to the probe 3 with a predeterm ned
meagur ement. petf of L0, ES38C08R.! Rad G OdeBl8R8h. T A g dgrmae processor
required to set the gate is computed in such a way
that where the slant scanniné in the X-direction is
involved, each measurement position of the 2Z-
coordinates determined according to the slant
function in proportion to the scanning distance in
the X-direction is obtained to index the focal
position of the probe 3 based thereon. A gate
setting process program (not shown) for causing the
operation like that to be performed is stored.in the
memory 9. The MPU 8 feeds the computed result via
the interface 7 to the peak dgtection circuit 5 as
the slant scanning proceeds. Provided.the gate is
set sufficiently wide, the gate position may be left
invariable.

At Step 2, the slant scanning program 9a is
activated and the probe 3 is situated at a
measurement start position (initial position). More
specifically, the MPU 8 executes the program to set
the distance between the object under examinatibn 16
and the probe 3 so that the focal point of the probe
3 as a réference position of the probe 3 in its
height direction is located right under the surface

thereof.

At Step 3, a loop waiting for a measurement

20 T
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.probe 3. The probe 3 converts into an electrical signal the
0 obtained fromthe object 16 under exam nation with respect to the
rasoni ¢ wave generated then and the electrical signal thus converted is
ei ved as an echo reception signal by the reception term nal of the
rasonic flaw detector 4 fromthe probe 3. The electrical signal is then
lified before being detected and the signal thus obtained is applied to
eak detection circuit.5. The peak detection circuit 5 _provides a gate in

i tion S8RRE RY e@Ro thecepenbroli ddek nEQ & cR¥eISED d&tect a peak

ue of the echo portion reguir n i
Lhe.echo Rortion reguirgd and, suppl igs the peak value to an A/D

keyboarded. When the information thereabout is
keyboarded, slant scanning measurement is started at
Step 4 and the MPU 8 executes the slant scanning
program 9a, whereby slaht scanning is effected for
the objegt under examination 16 with the updation of
the measurement point (measurement position) in the
X~-direction. As a result, one-line scanning in the.
X-direction is caused while the distance between the
object under examination 16 and the probe 3 is
gradually narrowed as the number of measurement
.points in the X-direction increases (the updated
number of measurement points).

The scan is then moved by one pitch in the Y-
direction where scanning is caused on the next one
line in the direction opposite to the X-direction.
The distance between the object under examination 16
and the probe 3 gradually widens as the number of
measurement points in the X-direction increases and
the scahning on that next line in the X-direction is
terminated.

The multicontrast data on the peak value
obtained in conformity with each measurement point

as the XY scanning of the slant scanning in the X-

21 -
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congerter -circuit 6. The gate positioning depends Substitute sheet - 31
1996 11 on the set signal received fromthe i nage processor 10 via the
intgrface 7. The peak detection circuit 5 sets the gate by detecting, for

i nstiance, a surface echo and perfornming tine counting in accordance with

et signal. The A/D converter circuit 6 converts the anal og signal of

t he peak val ue obtained in accordance with the control signal fromthe

' g pro%fﬁ?égtféhléggﬁeeds is stored as display data at the

address of the image memory 11 corresponding XY-

coordinates in accordance with the XY-coordinates of
the present scanning position.

The display data stored in the image memory 11
is subsequently transferred to the video memory of
the display 12 and its picture is displayed under
the control of a controller contained in the display
12. The picture displayed at this time constitutes
a test image resulting from the slant scanning in
the depth direction and differs from the image
measured on the surface of the object under
examination or on the XY plane along a measurement
object.

When measurement of one picture is completed

after scanning is terminated, the MPU 8 activates

the focusing program 9c at Step 5, causing a loop
waiting for the touching of the .touch-sensitive
screen 14 to enter. The picture presently displayed :
on the screen of the display 12 corresponds to what
results from the scanning in the 2-direction
simultaneously with the one-line scanning in the X-
direction and therefore the X-coordinates on the
_picture correspbnd to scanning coordinates in the Z-

direction. In other words, the X-coordinates also

22 |
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a dfgital-value at 8-bit 256 stages, for instance. The digital value is

te a bus 13 as input data nade processable by a m croprocessor (MPU)

. Wth the arrangenent described above, the ultrasonic inspection and

i‘magi ng i nstrunent 20 operates in a nornmal measurenment condition in such a
way it hat the probe 3, for instance, noves by one pitch in the Y-direction
aftér scanning one line in the X-direction to effect scanning in the

di rection | o.the X-direction,.|. r ns the object -
16 under e§§ﬁ?§§%§8§ 3% %ﬁgiﬁfﬁﬁgaé§tﬁ#e %c??ﬁ&ﬂsgigg Fé&ﬁ?eciproca{ing

scanning | pnibf Xe dpeelian: tpeBtihlal oranapRGiEiRalags eie |5 detected

I n tthe peak detection circult
slant scanning in the depth direction (Z-direction)

is.caused in the X-direction as shown in Fig. 3(c)
and an entry picture is displayed as what is
obtained as a result of XY planar scanning. The
image on the interface at the depth where it has
been brought into focus becomes clear and the other
portion of the image in front and behind becomes
biurred step by step as shown by a dotted line (and
a mesh line) of Fig. 3(a). The reason for this is
that, when the slant scanning shown in Fig. 3(c) is
carried out on a junction face forming the surface
inspected in the object under examination as shown
in Fig. 3(b), the focal position 18 moves in the

depth direction gradually and simultaneously with

the updation of each measurement pbint in the X~
direction. By this is meant that only the image on
the interface is ciearly reflected at the time what
conforms to the junction face has been brought into
focus.

Fig. 3(d) illustrates a picture obtainable from
the screen of the display 12 when the slant scanning
in the depth direction is carried out in the X-

direction with the slant scanning intended for the

23
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meaqurenent point allotted at a predeterm ned pitch and the MPU 8 fetches
t he.jpeak value in the formof a digital value. The MPU 8 stores data on

t hesie Substitute sheet - 31 July 1996 12 peak val ues at the mnmeasurenent
points corresponding thereto in a nenory 9 in sequence. In the case of
focusi ng measurenent as described later, noreover, scanning in the
Z-direction is added in conformty with the scanning of one line in the X- §

or Y- direftion at the tine _of scannlng t he XY ne to
scan 1n place of the X sca The s annlng in the

Y-direction in this <case is such that the
measurement position in the Y-direction is updated
after the one~line scanniﬁg in the X-direction and
the measurement position in the Z-direction is
correspondingly updated.

When the operator subsequently touches the

~touch-sensitive screen 14 with reference to a clear

display position on the picture at Step 5, Step 6 is
followed and an interruption signal resulting from
the touch thereby is fed via the interface 15 to the
MPU 8.

Consequently, the MPU 8 performs the focusing
process at Step 6. More specifically, on receiving
the interruption signal, the MPU 8 indexes display
coordinates at the position displayed on the display
12 from a positional signal on the touch-sensitive
screen 14, extracts scanning X-coordinates, and
computes scanning Z~coordinates from the measurement

position thus extracted according to the slant

function £(x) so as to place the probe 3 at that

position. This position represents the height at
which the probe 3 is brought into focus with respect
to the junction face 17 intended for measurement.

At Step 7, the MPU 8 sees whether scanning is

This
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-effect. slant scanning; i.e., the scanning slanted in the depth direction
(Z-direction). A specific exanple of the slant scanning will be
described |l ater. When the MPU 8 stores the neasured data in the nmenory 9,
the neasured data at the respective neasurenent points obtained in
conformty with identification data can be stored by providing the nmenory 9
with areas in which the identification data at the respective neasurenent
poi nts corresponding thereto are_stored, In addition to the m croprocessor
8, a cofevsehifePterdt ¥RIRA) 2 LAePn¥adking for atsramRyingri ous prograns

and data, an im nmenor 1, a di lay 12 and the |i ke are connected to
t he busmf§SQEqN§£§Ls ar¥ key on %Be'%ontrol panel to be

pressed. When this key is pressed, the planar
scanning program 9b is activated at Step 8 next and
the MPU 8 causes planar scanning with the ordinary
XY scanning starting from the measurement start

_ position by means of the probe 5 fixed at the height
where it has been brought into focus. the planar
picture obtained from the planar scanning

_ measurement provides a clear image focused onto the
measurement depth desired.

It is therefore necessary for the operator to
complete focusing only by touching the clearest spot
of the picture obtained for focusing purposes (as
things turn out, it is a planar image slanted to the
XY plane) on the touch~sensitive screen 14. The MPU
8 obtains the position of the measurement point in
the X-direction from the position coordinates in the
X-direction of the pixel corresponding to the spot
thus touched and ﬁhen obtainé the measurement
positidn in the Z-direction from that in the X-
direction according to the slant function 2s = £(x)
(or Zs = £(y)). In accordance with the coordina;e
value, MPU 8 controls the movement of the Z-axis of

the scanning mechanism so that the gap between the

25
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sensitive.screen i4 is fitted to the display 12 and connected via a
touch-sensitive screen interface 15 to the bus 13. The touch-sensitive
position is read in the MPU 8 through an interruption process. The
touch-sensitive screen 14 is an input unit as one of Substitute sheet
31 July 1996 13 the specific exanples according to the present invention
and wused for providing positional information about a graphic display

portion on the screen. . . . .
probe 3 and the object under examination is set.

Consequently, the ultrasonic inspection and imaging
instrument can readily be brought into focus without
particular technical knowledge about an ultrasonic
wave, an electronic measuring instrument and the
like.

As set forth above, the method of designating
coordinates in focus in the embodiment shown employs
the touch-sensitive screen. Howevér, not only the
touch-sensitive screen but also a mouse, a keyboard,
(e.g., its cursor keys) or the like may be used to
input coordinates.

The slant functions in the embodiment are for
determining the measurement position in the 2-
direction as the depth direction in conformity with
the scanning in either X- or Y direction. The slant
function .is only one of specific examples of the
relevant information for corresponding the position
in the Z-direction of the measured value thus
obtained to the dispiay data on thel picture
generated from the measured value. In this cése,
any data is acceptable as 1long as it is su¢h
relevant information that the position in the depth
direction in which the corresponding measured data

is indexed from the position of the image selected

26
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The<:lnnry'9 Is stored wwth a slant scanning program 9a, a planar scanning
program'9b, a focusing program 9c, a display processing program and the

i ke." Sl ant scanning functions Zs = f(x), Zs = f(y) and the |like are stored
in a paraneter storage area 9d. The slant scanning program9a is used to
set the initial position of the probe unless it is specified. Wien this
programis executed, the MPU 8 conputes the Z-coordi nate position (height)

of L1, 7 o0 5 b, PREEHAER e PaSpodoRt OB, h0Ee| L BALTE 17 o
poi nt | of mMeasERN! .Lfﬁecﬁgggﬁ@ehﬁn‘@ bBsiBeoRO8LLEARhtes, for
instance, may be managed Dby a table of
identification data to be provided which corresponds
to each measurement point.
Although the planar picture is gained by
carrying out the two-dimensional scanning in the X-
and the Y-direction, the picture resulting from the
one~line scanning in the X-direction may be
designated if it is clear. When only the one-line
scanning is relied upon, the same effect may be
attained by not only setting the probe close to the
object under examination but also gradually setting

it apart from their closest relationship.

The directions X, ¥, 2 are not absolute ones as

they are determined relative to the object under
examination. Particularly, the present invention is
applicable to not only X, Y planar scanning but also
R, @ rotary scanning. Moreover, X-, Y- and 2-
coordinates are also determined by the movement of
the table loaded with the object under examination
relative to the probe. An adoptable scanning
apparatus is therefore designed to fix the probe by
moving any one of the tables involved in the X-, Y-

and Z-directions. In addition, the scanning in the

27
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rel ati.on between the focal |ength of the probe 3 and the object 16 under
exam nation, the positional relation being input to the MPU 8 bef orehand
via the control panel (nornmally the thickness of the object 16 under

exam nation that the control panel -has provi ded determ nes the positional
rrel ation as the object 16 under exam nation is arranged in the

Substitute sheet - 31 July 1996 14 bottom of a water tank). Although the

probe 3 is positioned in the Z-direction accordingly when its
Z-direction may follow an electronic scanning method

in which an array type probe 1is used for
electronically setting the focal po#ition in the
depth direction so as to move the position. In
brief, irrespective of the direction in which
scanning is carried out, it is only necessary for
scanning to be carried out in such a state that the
respective measﬁrement points are at least arranged
rectilinear and that slant scanning is
simultaneously carried out in the depth direction of
the object under examination.

Although the start position of the slant
scanning is located right under the surface of the
object under examination in the embodiment shown,
the present invention -is not 1limited to this
arrangement but may start arranging to let the slant
scanning start with any given depth. Although one
point in the picture resulting from the slant
scanning is designated and brought in focus
according to the embodiment shown, data. on the
picture displayed during the slant scanning may be
stored in the memory in order for the data to be
called by means of the function key for
redesignation in that the positions in front and

rear of focusing are used for focusing purposes.
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setqding position is specified, the position previously defined is
enplloyed as a reference position (initial position) of slant scanning
unl.ess the setting position is specified. Sinultaneously with the start of
rreasurenment, the MPU 8 perfornps operations, starting with coordinate
positions in the X-direction (or Y-direction) of the point of thickness
measurenment as the point thereof in the X- direction (or Y-direction) is
updat ed according to the slant scanning function Zs = f(x) (or Zs = f(y))

t o conput Boensingsinayn thusof beheffeghedli At e8edIRRCHPRB Rurther control s
slant scanning_in the Z- direction as well as the scanning_ in the

X- di r ect i BRU¥F3tiWdefeRiangs oknt kBepderEhoidirrceippupEdthe

interior of the object under examination. Further,
the peak is not necessarily essential, though the
peak value of an echo is detected in the embodiment
shown. In this case, it may be arranged to detect
an echo level, including the stress of an echo, so

to speak.
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novenent of the Z'CUUTdTnares_-The—coordlnates in the Z-direction on i ch

the peobe 3 is posi ned by the val ues conputed by tge
sl ant scanni ng fun(r:'b!mg uﬁl@ Fl“fptmn will then be given of a case .
where scanning is the depth direction sinmultaneously

with the scanning in the X-direction. This is also the case with the
scanni nglAI¥Efected in the depth direction sinultaneously with the
scanning in the Y-direction; Substitute sheet - 31 July 1996 15

1.  An ultrasonic inspection and imaging instrument for scan-
ning an object (16) undér examination having an interior test
surface to detect an echo level emanating from a position cor-
responding to the focal position obtained from said object by
means of a focusing-type probe (3) and to make the echo level
a measured value and for generating display data according to
;aid measured value in order to display a measurement picture
of said test surface on the scréen of a display (12), com—
prising:

a scanning apparatus (1) for scanning said object (16) in
a first direction along said test surface and in a second di-
rection along the dépth direction of said object, and

an image processor (10) for carrying out, by controlling
said scanning apparatus (lf, slant scanning in the second di-
rection during the scanning in the first direction, for gener-

ating said display data according to the measured value ob-

tained in order to display a measurement picture on the screen
of said display (12), and for placing said probe (3) at a.po-
sition in the second direction where the measured value with

respect to an image portion in response to an input signal is

collected, when the input signal is supplied from the outside, §
the input signal indicating the fact that said image portion

has been selected from said measurement picture.
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however , siTEEELDFLg,Ls/SUb§T5ntiaIIy no di fference between both cases
exgept: t hat slant sca function Zs = f(y) is used instead, the
description of mm be omtted. Wien the slant scanning function
f(x) is a pr| wmﬁ e probe 3 noves in the Z- direction (height

di rection) mnt acprédefern1ned pitch as the coordinates in the X-direction
are updat ed. Consequently, the probe 3 normally approaches the

obj ect 16 PnderTﬁZafﬁaéiﬁﬁénMﬂéb éh&lﬁrE¢eE§£€h89dc8mb§B51ﬁ§ Ehelﬁﬁﬁen'ng
in the X- direction is effected. The obj ect under examihation is

thus scanngdiby(i1bp popbeeddOngt be phbacimhgat pﬂoasssbemdoiram ihpugi de.
The sl ant
signal for indicating that said image portion has been selec-
ted, said input unit (14) being connected to said image pro-

cessor (10).

3. An ultrasonic inspectioh and imaging instrument
for scanning an object under examination having an
interior test surface to detect én echo level
emanating from a position corresponding to the focal
position obtained from said object under examination
by means of a focusing-type probe and to make the
echo level a measured value and for generating
display data according to said measured value in
order to display a measurement picture of said test
surface on the screen of a display, said instrument
comprising:.

a scanning apparatus for scanning said object
under examination in a first and a second direction
along said test surface and in a third direction

along the depth direction of said object under

examination;
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scanfi ng functig ( at is for perform ng conpensating
oper 3ti ons accjjﬂ HWE’I E‘ e focal position of the probe 3 noves in
the depth dire LUy termined pitch within the object 16 under

examjnation in connection with the relation between ultrasonic speed in the
obj e¢t 16 under exam nation and that in the water tank. In the case of

i mpl ement i ngahocysidie heMB¥EEsokhe fRcalcd@natidy of olhibe phpbe 3 needs
detecting.- The probe 3 has an intrinsic focal |ength having a known val ue
at the tbfAerblllisngusadd sdMemindg apparatus, slant scanning

g in a third direction during the scanning in either
; first or second direction, for generating said
| display data accérding to the measured value
obtained in either first or second direction in
order to display a measurement picture on the screen
of said display, and for placing said probe at a
position in the third direction where the measured
value with respect to an image portion in response
to an input signal is collected, when the input
signal is supplied from the outside; and

an input unit for feeding to said image
processor said input signal for indicating that said
-image portion has been selected from said

measurement picture;, said input unit being

connected to said image processor.

4. An ultrasonic inspection and imaging instrument
for scanninc zn object under examination having an
interior test surface to detect an echo peak wvalue
emanating frecm 2 position corresponding to the focal

position cbtzired from said object under examination

_—
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Substitute sheet - 31 Jury 1996 16 attenpted to gain a focal length fit for
use in-partic ' .a sinple gauge or a distance sensor which is
mechani cal | y T gg"ﬁﬂE ﬁ E !the probe nmay be enployed. No speci al
t echni cal knowsedge (L «cd in this case. As focusing is based on the
results of the slant scanning effected in the depth direction according to
the present invention, the known focal length of the probe 3 determ nes an
appr oxi mnaby fmezais pofi & dodus iney-itlyipe gitgbes eandutiongnadeanthscanni ng even
t hough a focal length fit for use in particularly environnent is |left
unknown. echdl peal yaflaruda measurest ivalus and for generating
display data according to said measured value in
order to display a measurement picture of said test
surface on the screen of a display, said instrument
comprising:
a scanning apparatus for scanning said object
under examination in a first direction along said
test surface and in a second direction along the
depth direction of said object under examination;
and
an image 'processor for carrying out, by
controlling said scanning apparatus, scanning in the
second direction simultaneously with the first
direction to collect said measured value at each of
the plurality of measurement points determined by
the positions in the first and the second direction,
and for generating said display data for displaying
a test pictﬁre in conformity with at least the
second direction with respect to said measurement
point, to display said test picture on the screen of
said display for focusing purposes,. said image
processor being equipped with a memory for storing
relevant information for indicating the relation

between a position at which the image is displayed

on said test picture and another at the second
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sufn(neﬁn at_this stage—Fhe—ptanar scanning program9b is an ordinary
t wo- di.nensi onal scannin \nﬂi ENEU 8 executes this program and when the

Z- coor di nat es mnnm‘u obe 3 are set accordingly, the MPU 8 causes
mai n scannlng

I-n the Y-dlrectlon “wi th the hei ght (Z-coordinates) fixed. Incidentally, the
measurenment pitches in the X- and Y-directions are set at a preset distance
in the slant scanning program9a and the planar scanning program 9b. The

measurenent, pitch in the Y-direction nay be the same as what in the X-
direction in which said measured value on the‘

display data has been collected, said image
processor having said input unit for generating
information indicating the position of an image
portion when an image portion with respect to said
test pictufe is selected, said image processor being
used to obtain the position in the second direction
according to said relevant information and the
information éhowing the position of said image
portion from said input unit, and to set said
ultrasonic probe in position for focusing pufposes.
5. An ultrasonic inspection and imaging instrument
for scanning an object under examination having an
interior test surface to detect an echo peak value
emanating from a position corresponding to the focal
position obtained from said object under examination
by means of a focusing-type probe and to make the
echo peak value a measured value and for generating

display data according to said measured value in

-
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Substitute sheet: - 31 Jul'y 1996 17 direction or coarser than the latter.

theover,iulu"ﬂ"ﬂ hNg program 9a al so causes reciprocating scanning,
| i ke ordim 'mmmpﬂ'fn that scanning in the X-direction is effected

in the diréctfontopposite thereto by one-pitch nmoving the scanning position
in the Y-direction at a point of tine one- line scanning in the in the
X-direction is term nated. The return slant scanning in the X- direction

'S consoguaRL! LoTHiaRIEY 8°ndddtu bl B2k PR AR N the direction
surface on the screen of a display, said instrument
comprising:

a scanning apparatus for scanning said objéct
under examination in a first and a second direction
along said test surface and in a third direction
along the depth direction of said object under
examination; and |

an image processor for cafrying out, by
controlling said scanning apparatus, scanning in a
third direction simultaneously with either first or
second direction to collect said measured value at
each of the plurality of measurement points
determined by the positions in the first and the
second direction, and for generating said display
data for displaying a test picture in conformity
with.the first and the second direction with respect
to said measurement poinf to display said test
picture on the screen of said display for focusing
purposes, said image processor being equipped with
a memory for storing relevant information for
indicating the relation between a position at which
the image is displayed on said test picture and
another at the third direction in which said

measured value on the display data has been
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amay'fron1the QB?;EFfEﬁaEF\exanngyion 16 at respective nmeasurenent points

I n.sequence. | ‘mg ds, the probe 3 returns to the reference position
(initial positi ﬁlﬂmwm easurenent point during the return
scanning in the X-dfrec ! ”mgganning starting fromthe reference
position is repeated. In the cédse of the focusing program 9c, a measurenent
poi nt nearest to the position of the X- coordinates on the picture of the
di splay 12 designated by the touch-sensitive screen 14 is indexed (when the

pi xel s of ¢Rklereedr esSaidpingarl pragessBhdAHOTEEs dnPRENENEEIi nt at 1 : 1,

the pixel |s designated as what conforns_ to the neasurenen
P for gengrat?ng information indicat{hg the pog?tgon

of an image portion when an image portion with
respéct to said test picture is selected, said image
processor being used to obtain the position in the
third direction according to said relevant
information and the.information showing the pésition
of said image portion from said input unit, and to
set said ultrasonic probe in position for focusing
purposes.
6. Aan ultrasonic inspection and imaging instrument
as claimed in claim 5, further comprising an A/D
éonverter, wherein said image processor is provided
with a controller and a.memory, whereby a measured
value 1is subjecfed by said A/D converter to A/D
conversion before being stored in said memory under
the control of said controller.
7. An ultrasonic inspection and imaging instrument
as claimed in claim 6, wherein said controller is a
'microprocessor, and wherein measured values stored
in said memory as those corresponding to data for
identifying the plurality of measurement points,
said memory being used as means for storing relevant
information.

8. An ultrasonic inspection and imaging instrument
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position) and e Z co I ‘A !;f t he scanni ng of Substitute sheet - 31
July 1996 18 the Ined fromthe slant scanning function f(x).

The probe 3 is t I'bned. The picture obtained fromthe sl ant
scanning is a planar plcture (called a slant picture herein) resulting from
dransm ssion in the depth direction in which the scanning of the probe 3 in

the forward direction gradually becones deeper. The di stance bétween each
pi xel of the piiture and the .coor di_nat e .
as almed ¢laim 5, wherein said relevant

information is for relating the position of the test
picture on the screen of said display for focusing
purposes -to a coordinate position in the third
direction -about the display data at the former
position of the test picture.

9. An ultrasonic inspection and imaging instrument as
claimed in claim 3 or 5, wherein said input unit is a touch-
sensitive screen.

10. An ultrasonic inspection and imaging instrument as
claimed in claim 3 or 5, wherein said input unit is either
mouse or keyboard.

11. An ultrasonic inspection and imaging instrument

as claimed in claim 5, wherein said input uhit is
used for selécting an image portion on the test
picture by a cursor key on the keyboard.

12. An ultrasonic inspection and iméging instrument

for scanning an object under examination having an
interior test surface to detect an echo peak value
emanating from a position corresponding to the focal
position obtained from said object under examination

by means of a focusing-type probe and to make the
echo peak value a measured value and for generating
display data according to said measured value in

order to display a measurement picture of said test
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posi

t he soannlng "n“ rement object 16 and the probe corresponds in
relation Hﬂ" l "'Hg@ﬁtlon f(x). The Z- coordinates of the
scanni ng can t*hus be W th ease. The cal cul ati on of the

Z-coordi nates need not always rely on the slant function f(x) but may be
performed by storing the position (height) of the Z-coordinate of the probe
3 in the nmenory 9 as neasurenent at each neasurenent point proceeds to nake
t he neasurssmfigcpeimtthedartremafin display prapitd Bnstepre’bond to each
ot her . When the neasurenent point corresponds to the pixel, data on the
hei ght of QMMPTHHHIB may ot herwi se be stored in-

a scanning apparatus for scanning said object

Tion of the Z-axis of thescanning mechani sm (Z- coordinate val ues of

under examination in a first and a second direction
along said test surface and in a third diréction
along the depth direction of said object under
examination; and .

| an image processor for carrying out, by
controlling said scanning apparatus, scanning
slanted to a third direction during scanning in one
direction selected from a first and a second
directioh to collect said measured value at each of
ﬁhe plurality of measurement points determined by
the positions in the first and the second direction,
and for generatiné said display data for displaying
a test picture in conformity with the first and the
second direction with respect to said measurement
point to display said picture on the screen of said
display for focusing purposes, said image processor
being equipped with a memory for storinQ relevant
information for indicating the relation between a
position at which the image is displayed on said
test picture and another at the third direction in
which said measured value on the display data has

been collected, said image processor having an input
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the nenory in conformty with the piciure I ndi cated on the display 12.
Subsequently"fﬁé’ﬁ?666§§—6T_br|nglng t he i nmage Substitute sheet - 31

July 1996 19 us will be described with reference to Fig.
2. The proces “&‘EmFI!‘“ lm“ started when a predeterm ned focusing
function key | preessedmandl initial data including the focal |ength of the
probe 3, the thickness of the neasurenent object 16 is

unit for generating information indidating the
position of an image portion when an image portion
with respect to said test picture is selected, said
image processor being used to obtain a directional
coordinate" positibn selected from positional
~ information from said input unit and said relevant
information, to obtain the coordinate position of a
measurement point in the third direction from the
coordinate position_previously obtained and to focus
said ultrasonic probe onto sgid coordinate position
in the third direction.
13. An ultrasonic inspection and imaging instrument
as claimed in claim 12, wherein the scanning in the
third direction is carried out by moving the focus

of said probe under electronic control.
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keyboarded at the control panel 11 at Step 1. On the other hand, the s
val.ues nmost frequently used in the ultrasonic inspection and inaging 552
instrument for the generation of a transm ssion pulse of the ultrasonitc—
detector and the gate width of the peak detection circuit and the like are
prestored in_a predeterm ned area of the nenory 9. In this case, the MPU 8
sets n@B ?BéF? set ‘data in various circuits via the interface 7 by
reference to the set values stated above. The gate wi dth of the peak
detection circuit 5 is then set in the range of about 0.1 [err] to several

Lerr], for ipgt g'ig:gasoﬁlitch;lllﬁ%l&ethg%% 3 MRERANGHRNE sohere il be

no probl em pose unct1 ona I n case they are
scanning an object (16) under examination, the object having

an inspection plane at a predetermined depth, in the direction
slanted to the depth (slant scanning), in such a way as to
cause rectilinear scanning as viewed from the plane. Measured
data on a peak'value correspondihg to each measurement point
ébtained from the slant scanning is displayed in the form of a
picture on the écreen of a display (12) relative to each
measurement point. The image displayed at that time is most
clearly demonstrated, provided an image portion in the vicin-
ity of a test portion corresponding to a test surface is
brought into focus in the depth direction. An operator is
supposed to select the image portion clearly indicated out of
the picture displayed on the display (12) and to input the
position of the image thereon to an input unit, whereby an
image processor (10) bases the positional information about’
the display data thus fed and the relevant information indica-
ting the positional relationship in the depth direction on ob-
taining the position of the probe (3) in the depth direction
when the measured value resulting from the image is collected.
The image processor (10) positions the probe thereat, so that

the probe (3) is automatically focused on the test surface.

[Fig : l)
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unchanged. In other words, setting alteration is unnecessary unless usqém
be_made of know edge about ul trasoni c nmeasurenent. The gate position_is7set
in"confornmity with the focal position-of the probe 3 and in terns of "tine

Substitute sheet - 31 July 1996 20 after a surface echo has been det e? hé

The tine required to set the gate i ed in such a way that wher
slant scanning in the X-direction |Fi@ each neasurenent posit¥on of
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coordi nates determ ned according to the slant function in proportion tosthé;
scanni ng distance in the X-direction is obtained to index the focal 278
posttion of the probe 3 based thereon. A gate setting process program

(not shown) for causing the operation like that to be perforned is stored

I-n the nmenory 9. The MPU 8 feeds the conputed result via the interface 7 to
the peak detection circuit 5 as the anni ng proceeds. Provided the
gate is set sufficiently wide, the l 1tion may be left invariable. At
Step 2, the slant scanning program9a is actlvated and the probe 3 is

situated at a ne osition (initial position). Mre
Start

O] 8

Feed initial Process the measu-
setting data rement with plane

@ scanning
r

Determine the position

of probe where mea-
surement with glant

scanning is started

Termination

Is

measurement
started ?

NO

Process the measu-
rement resulting

from slant scanning ?

y

Direct to
another process. _

Is
touch-scree
input

2

YES @
Focus probe. on the
measuring position

Is

measurement
started ?
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specifically, the MPU 8 executes the programto set the distance betv@a

t he obj ect under exam nation 16 and the probe 3 so that the focal

poi of

th® probe 3 as a reference position of the probe 3 in its height direction

is located right under the surface thereof.
measur enent Substitute sheet

At Step 3, a loop waiting for a

- 31 July 1996 21 start key on the control

panel to be pressF'GeB(rdj)to see if the start of scanning is
X

16]

Thickness””~ t

FIG.3(c)

P

Focal point

\\\\

" This Sp, Has B

L

Piezoelectric element
) -
Acoustic lens C

FIG.3(b)

Interface 17

X | AV J A W
T —
2

-~




keyboar ded. When the information therealc
measurenent is started at Step 4 and the [
program 9a, whereby slant scanning is effqceeBdiin & e
exam nation 16 with the updation of the aﬁﬂﬁﬁﬁﬁﬂft .
position) in the X-direction. As a result,) one-Tine sC '
X-direction is caused while the disthnce t he ob'ecégﬂﬂgif L
exam nation 16 and the probe 3 is graduall . o) éi"of
measur ement POFRASONICHhENSPECTEON| ANDi AMACINGs INSTRUMENR ed nunber 0O
measur enent points). The scan is then noved by one pitch in the Y-
direction where scanniBffHGRANRQF FHE HETHENTIGNe

Technical Field

The present invention relates to ultrasonic

inspection and imaginq instruments and more
particularly to an ultrasonic inspection and imaging
instrument which pefmits ény person who |is
. inexperienced in ultrasonic thickness measurement to
readily focus' a focusing-type ultrasonic probe
(hereinafter called ‘probe’) on a place at a
predetermined depth where an inspection is made.
Brior Art

An ultrasonic inspection and imaging instrument
as one of the ultrasonic measuring inétruments
(including an ultrasoﬁic searching and imaging
instrument using a focusing-type probe) is capable
of displaying the interior of an object in the form
of a B~ and a C-écope image. An imaging instrument
of this sort necessitates being fed with various
measurement conditions, iﬁcluding the acoustic
characteristics of its probe, wave velocity at the
then temperatures of a medium and an object under
examination, to set the focused probe to the
interior of thenbpject at a desired depth in order

to obtain a clear image.
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line in the direction opposite to the X-direction. The distance between the
obj ect under exam nation 16 and the probe 3 gradually w dens as the nunber
of neasurenent points in the X-direction increases and the scanni ng on that

next line in the X-direction is term nated. T, | 1igpntra t t he
peak val ue obtained in conformty with each é§§¥ﬁ#8h%ﬁﬁe$%lﬁb @@vﬁﬁﬁﬂiy
scanni ng of the slant scanning in tRe X- Substitute sheet - 31 July 1996
22 '

Heretofore, the 'focusing operation has been
performed by observing the waveform reflected from
an object under examination (A-scope image) using an
oscilloscope or the like; more specifically, it
comprises the steps of first setting a measurement
depth, a detection gate width and the 1like by
reference to a waveform to be ménitored, moving up

" and down the focusing-type probe with respect to the
object under examination so that a target reflection
echo is maximized (positioning the depth (in the z-
direction)), and adjusting the focus of the probe to

" the depth desired. |

_ Another-example of the ultrasonic inspection
and imaging instrument is such that, provided

' measurement conditions,. including acoustic
characteristic values such és the wave velocity of
an object under examination, the underwater focal
length of a probe, a measurement depth and a
detection gate width, are fed to its image processor
(control unit), the image processor operates on data
to focus the probe automatically onto the
measurement depth desired based on the result
computed. |

| However, an operator responsible for operating

such an instrument is required to have an exhaustive

This is the replacement sheet
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direction proceeds is stored as display data at the address of the inage
menory 11 correspondi ng XY- coordinates in accordance wth the .
XY-coordi nates of the present scanning position. The display data stored in

the image nenory 11 is subsequently transferr%ts%t&t%e?%qieq%?sge@%ﬁrggqthe

display 12 and its picture is displayed under e contTol _ 1 er
contained in the display 12. The pictare displayed at this tinme constitutes

a test image resulting fromthe slant scanning in the.depth_direction and
differs fr %ﬂqwqqmgesm uptectronhe Measawemsint heinbledingnder

xam nation qr_on the XY plane along a nepasurenent object.
exa ultrason{E me%sur?ng éLchnlques, the JacoustJ.c

characteristics of an object under examination and

the operation of an oscilloscope. In other words,

operators other than those specializing in <this

field of measurement often meet difficulties in

operating an ultrasonic inspection and imaging
- instrument of this sort.

Incidentally, various ultrasonic inspection and
imaging instruments for non-destructive inspection
are now in use. This.signifies the fact that those
other than measuring engineers are expected to
operate not only an ultrasonic inspection and
imaging instrument of this kind but also a newly
contrived portable one. As a result, those
unfamiliar with ultrasonic thickness measurement may
increasingly have a chance to handle and utilize
such an instrument. It is true in a general sense
that the development of an easy-td-use ultrasonic
inspection and imaging instrument has been créved
for.

The ultrasonic inspection and imaging
instrument is normally equipped with a
microprocessbr and an image processor having

memories so .that various kinds of data on varieties
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When neasurenent of one picture is conpleted after scanning is term nat ed,
the MPU 8 activates the focusing program9c at Step 5, causing a | oop
waiting for the touching of the touch-sensitive screen 14 to enter. The

picture presently displayed on the screen of tdigsdigh! %Yee]tz- §Prfuﬁaﬁ%héo

what results fromthe scanning in the Z-direction sinultaneously
one-line scanning in the X- directiongnd therefore the X-coordinates on
the picture correspond to scanning coordinates in the Z- direction. In

other “DrdéfIgﬁﬁﬁgéﬂﬂﬂgiQgﬁe%éﬂ5¥€set. It is consequently
possible to preset data concerning certain
operations in order to simplify a series of them.
Notwithstanding, there practically arise
difficulties in presetting data to simplify the
series of operations as it depends on the object
under examination how to solve the <focusing
’ problems.  Consequently, engiheers who have a
thorough = understanding of the acoustic
characteristics and material quality of an bbjedt
under examination and the like are relied upon to
perform such focusing operation. 'In so doing, the
engineer involved has to display and observe the
interior ultrasonic conditions of the object under
examination using the A-, C-scope image or the like
as occasion demands to take measurement conditions
and the 1like into consideration. The situation
above has still made it difficult to solve the
foregoing problems.
SUMMARY OF THE INVENTION
An ultrasonic inspection and imaging instrument
according to'the-present invention is designed to
scan an object under examination, the object having
an inspection plane at a predetermined depth, in the

direction slanted to the depth, in such a way as to

e 1apiacement sheet
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Substitute sheet - 31 July 1996 23 correspond to the position in the depth
direction, which is expressed therein. Mre specifically, the slant
scanning in the depth direction (Z-direction) is caused in the X-direction

as shown in Fig. 3(c) and an entry picture isgdbsftutsatheds -\ @RYulys19BBai ned
as a result of XY planar scanning. The image on the interface at the

depth where it has been brought intoS5focus becones clear and the other
portion of the inmage in front and behind becomes blurred step by step as
shown by acaeséedettirifead scamsing iae)vidwdd Erdif ahe Planecason for this
I's that, when the sl'ant scanning shown in Fig. 3(c) is
‘A gate is provided in a range including the focal
position of a probe to obtain, as measured data
corresponding to each measurement position, the peak
value or an eeho resulting from predetermined
directional linear scanninq, which is slanted in the
depth direction of the objecn under examination
‘(hereinafter called ’slant scanning’).
Simultaneously with the acquisition of the peak
value, moreover, the relation in position between
the object under examination at each measurement
position and the probe in the.depth direction is set
and held in a memory in accordance with, for _
instance, relevant information for determining the
positional relation. Then the measured data at the
peak value corresponding to each measurement point
obtained from the slant scanning in the depth
direction is displayed on the screen in the form of
a picture relative to rhat measuremnent point. The
image shown on the picture becomes most clear at the
time it is in focus in the vicinity of a test
portion corresponding to a surface under examination
in the depth direction. The operator is then

supposed to select the 4image portion clearly

indicated on the display out of the picture

This ie the replacement sheet
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carried out on a junction face formng the surface inspected in the object
under exam nation as shown in Fig. 3(b), the focal position 18 noves in the
depth direction gradually and sinultaneously with the updation of each

measurenent point in the X- direction. By thi h o] @@% I mage
on the interface is clearly reflected at thessllblrsfgtﬁgéﬂec%na%}n@l o the
face has been brought into fé&cus. Fig. 3(d) illustrates a picture

J unction

obt ai nable fromthe screen of the display 12 when the slant scanning in the

depth dir

i nt ended

feeds the position on the picture via an input unit,
the image processor positions the probe by obtaining
the position of the probe in the depth directioﬁ at
the time the measured value regarding the image is
collected, in accordance with positional information

of the display data and the relevant information,

‘focusing relative to the surface under examination

is effected.

The ultrasonic image obtained by means 6f the
focusing-type probe features that reflection echo at
a position other than the focal position is weak and
this is also the case with the reflection echo at

the focal position far from a measurement object.

Consequently, if there exists an object under

examination at a specific dépth, the object having .

a specific planar afea wide enough to produce an
echo, a focusing-type probe may be used for scanning
the object under examination in the direction
slanted to its depth direction to obtain a picture
variable in the depth di;ection on the screen of the

display. The picture thus obtained looks as if it

were obtained by fluoroscopy in the depth direction,.

with only the ﬁortion in focus at the position as

‘the test surface in the picture being -clearly

This i8 th

Date:

:?ﬁiié&hé& o TtRE QUilsdihy heaka dWhEAR! itHe WopBrakers! ant scanning

e replacement sheel

02 AUG 199



Substitute sheet - 31 July 1996 24 Y scan in place of the X scan. The
scanning in the Y-direction in this case is such that the
measurenent position in the Y-direction is updated after the one-line

scanning in the X-direction and the neasurenefiipfiRatd sR&ed N3§ MR 1dgect i on
I s correspondi ngly updated. Wen the operator subsequently touches the

touch-sensitive screen 14 with referegce to a clear display position on the
picture at Step 5, Step 6 is followed and an interruption signal resulting

from emphasized. As a result, the measurement position

in the depth direction is made known by selecting
the clear image portion and  focusing is made
possible by properly positioning the probe. In this
case, it is made a condition that there exists no
great reflector portion in front and rear 6f the
object under examination in the depth direction. In
‘case there exists such a reflector portion, the
slant scanning will have to be carried out in the
slant depth direction within a range excluding that
portion. The object under examination is to have a
" common depth anywherelon the scanning surface formed
with a collection of focal points during the slant
scanning. |
Any operator who is unfamiliar to ultrasonic
and electronic measuring techniques is allowed to
discern and select the position of a clear picture,
if viewing the picture with an image clearly shown
at the position corresponding to the focusing
position. Moreover, it is possible to'identify the
surface desired to be examined and observed
simultaneously. Ultimately, the operator is
allowed, if selecting and inputting the position of
sﬁch a clear picture portion to make the ultrasonic

inspection and imaging instrument operate, on

This is the replacement sheet
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the touch thereby is fed via the interface 15 to the MPU 8. Consequently,
the MPU 8 perforns the focusing process at Step 6. Mre specifically, on
receiving the interruption signal, the MPU 8 indexes display coordinates at

the position displayed on the display 12 fromgybagite sHEdt -S3 9RMly AQdae
touch-sensitive screen 14, extracts scanning X-coordi nates, and conputes
scanni ng Z-coordinates fromthe neasy enent position thus extracted

according to the slant function f (x) so as to place the probe 3 at that

position. détsivDegttAa pRRIeIMGT liHrdidtiom! thlsChllaRddobe 3 is
brought into focus with respect to the junction face 17 intended for
measur enenfrom the input unit, to compute the position of the

image selected théreby in the depth direction to

adjust the height of the probe to that position

automatically.

Any person inexperienced in ultrasonic
thickness measuremént is simply able to bring an
‘object under examination into focus only by
inputting the position of the clear image position
out of the .picture indicated on the display
accordingly. |

An object of the present invention is therefbre
to provide an ultrasonic inspection and imaging
instrument which permits any person who is
inexperienced in ultrasonic thickness measurement to
readily effect focusing therein.

Another object of the present invention is to
provide an ultrasonic inspection and imaging
instrument capable of effecting focusing therein
automatically only by performing the operation of
selecting any given image from a displayed picture.

sﬁill another object of the present invention
is to provide an ultrasonic inspection and imaging
instrument capable of effecting focusing therein

only by touching the screen of a display once.
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At Step 7,

1996 25 caused to start,

start key

the MPU 8 sees whether scanning is Substitute sheet
using a loop waiting for a scanni ng nmeasurenent

- 31 July

on the control panel to be pressed. When this key is pressed,
the planar scanning program9b is activated atSulistipufe sieedt -aBt Juhe 19R16 8
causes planar scanning with the ordinary XY scanning starting fromthe
measurenment start position by neans of9-the probe 3 fixed at the height
where it has been brought into focus, the planar

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diaqrém of an ultrasonic
inspection and imaging instrument embodying the
present invention.
Fig. 2 is a flowchart showing a focusing
process.

Figs. 3(a), 3(b), 3(c), and 3(d) are diagrams

*illustrating the focusing process.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows an ultrasonic: inspection and
imaging instrument 20 and a scanning mechanism 1
having an XYZ moving mechanism. A focussed probe 3
is fitted to the scanning mechanism 1 and used for
the main scanning of an object 16 under examination
in the X-direction and for the subscanning of that
object in the Y~direction. The wultrasonic

inspection and imaging instrument 20 obtains

‘measured values from which an A-scope image at each

measurement point is obtained by the XY scanning,
based on which it pfoduces display data on a B-scope
image and display data on a C-scope image and
displays the B- and the C-scope image;

Incidentally, an interface such as a junction face

to be inspected exists in a position at a certain.

depth from the surface of the object 16 under

This is the replacement sheet

Date:

02 AUG 1336



pi cture obt ai ned from the pl anar scanni ng measurenent provides a
clear image focused onto the neasurenent depth desired. It is therefore
necessary for the operator to conplete focusing only by touching the

cl earest spot of the picture obtained for fo gulgugl,p%ies:;{qﬁ" hlgygs turn
out, it is a planar image slanted to the XY pla e touch-sensitive

screen 14. The MPU 8 obtains the posifg on of the nmeasurenment point in the
X-direction fromthe position coordlnates in the X-direction of the pixel

Cort cenRbRbe e AP sl B  or Lhen, obiaine he |

according to R YcHHning Chéakfsm 1(Xis controlled by a

scanning control unit 2, which is in turn controlled

by an imagé processor 10 via an interface 7. €The

probe 3 is connected to an ultrasonic flaw detector

4 consisting of pulser-receiver and the like. The

_ ultrasonic flaw detector 4 applies a pulse signal

from its transmission terminal to the probe 3 with

a predetermined measurement period in response to a

control signal from the image processor 10 to drive

the probe 3. The probe 3 converts into an

electrical signal the echo obtained from the object

16 under examination with respect to the ultrasonic

wave generaﬁed'then and the electrical signal thus

converted is received as an echo reception signai by

- the reception terminal of the ultrasonic flaw

detector 4 from the probe 3. The electrical signal

is then amplified before being detected and the

signal thus obtained is applied to a peak detectiop
circuit. 5.

The peak detection circuit 5 provides a gate in
position wusing the echo reception signal thus
detected to detect a peak value of the echo portion
required and supplies the peak wvalue to an A/D

converter circuit 6. The gate positioning depends

“This ie the replacement sheet
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(.or Zs = f(y)). In accordance with the coordinate value, MPU 8 controls the
novenment of the Z-axis of the scanning nechani smso that the gap between
t he Substitute sheet - 31 July 1996 26 probe 3 and the object under

exam nation is set. Consequently, the ultrasog|fstiliB&Hde?? PN IuiyR8bBI
I nstrument can readily be brought into focus %PPE%&? parficu arugg?hnical

know edge about an ultrasonic wave, am.electronic neasuring instrunent and
the |ike. . :
on the set signal received from the image processor

10 via the interface 7. The peak detection circuit
5 sets the gate by detecting, fbr instance, a
surface echo and performing time counting in
accordance with the set signal.

The A/D converter circuit 6 converts the analog
signal of the peak value obtained in accordance with
the control signal from the image prodessor 10 into
a digital value at 8-bit 256 stages, for instance..
The digital value is sent to a bus 13 as input data
made processable by a microprocessor (MPU) 8.

With the arrangement described above, the
ultrasonic inspection and imaging instrument 20
operates in a normal measurement condition in such
a way that the probe 3, for instance, moves by one
pitch in the Y-direction after scanning one line in
the X~-direction to effect scanning in the direction
opposite to the X-direction, i.e., the probe 3 scans

" the ocbject 16 under examination on the XY plane by
effecting so-called reciprocating scanning in the X-
direction. By that scanning the peak value is
detected in the peak detection circuit 5 at each
measurement point allotted at a predetermined pitch
and the MPU 8 fetches the peak value in the form of

a digital value. The MPU 8 stores data on these

This is the replacement sheet
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As set forth above, the nethod of designating coordinates in focus in the
enbodi ment shown enpl oys the touch-sensitive screen. However,
touch-sensitive screen but also a nouse, a keyboard, (e.g., I{F cursor
keys) or the |ike may be used to input coordi T agh Gidgys in
t he enbodi nent are for determ ning the neasuﬁg%%%ﬁug%gﬁ?é%ng _HHQFE%  Z-

direction as the depth direction in ggnformty with the scanning in either

X-

or

Y direction.

of the ne

thereto in a memory 9 in sequence. In the case of

focusing measurement as Qdescribed later, moreover,

scanning in the Z-direction is added in conformity

with the scanning of one line in the X- or Y-
direction at the time of scanning the XY plane to

effect slant scanning; i.e., the scanning slanted in

‘the depth direction (Z-direction). A specific

example of the slant scanning will be described
later. When the MPU 8 stores the measured data in

the memory 9, the measured data at the respective

" measurement points obtained in conformity with

identification data can be stored by providing the
memory 9 with areas in which the identification data

at the respective measurement points corresponding

thereto are stored.

In addition to the microprocessor 8, a control

‘panel (not shown), the memory 9 for storing various

programs and data, an image memory 11, a display 12
and the like are connected to the bus 13. A touch-
sensitive screen 14 is fitted to the display 12 and
connected via a touch-sensitive screen interface 15
to the bus 13. The touch-sensitive position is read
in the MPU 8 through an interruption process. The

touch-sensitive screen 14 is an input unit as one of

not only the

The slant function .is only one of specific exanpl es of

[ ' [ L it in the Z-di tion
of the maetrodovarae Tt pEARRERRARY ROuntE By tastbina e icture
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generated fromthe nmeasured value. In this case, any data is acceptable as
long as it is such relevant information that the position in the depth
direction in which the correspondi ng neasured data is indexed fromthe

position of the inmge sel ected Substit ut e &l ul 49 1 n the
picture and therefore it need not be a functlon}h+?€§#§§sdgénen 1§%§?tion

coordi nates, for instance, may Bé .- managed by a table of
identification data to be provided which corresponds
the specific examples according to the present
invention and wused for préviding positional
information about a graphic display portion on thé
screen.

The memory 9 is stored with a slant scanning
program 9a, a planar scanning program 9b, a focusing
program 9c, a display processing program and the
1like. Slant scanning functions Zs = £(x), Zs = £(Yy)

"~ and the like are stored in a parametér.storage area
o9d.

The slant scanning program 9a is used to set
the initiai .position of the probe unless it is
specified. When this program is executed, the MPU
8 computes the Z-coordinate position (height) of the
probe 3 to position'thé probe 3 so that the focal
pdint is located directly under the surface of the
object 16 under examination at the start point of
measﬁrement in conformity with the positional
relation between the focal length of the probe 3 and
the object 16 under exgmination, the positional
relation being input to the MPU 8 beforehand via the
control'panel (normally the thickness of the object
16 under examination that the control panel has

provided determines the positional relation as the

object 16 under ‘examination is arranged in the
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te each neasurenent point. Although the planar picture is gained by
carrying out the two-dinensional scanning in the X- and the Y-direction,
the picture resulting fromthe one-line scanning in the X-direction my be
designated if it is clear. Wien only the one-|Substitatenshees -i 31 rJelly d®96o0n,
the sane effect may be attained by ngzté only setting the probe close to the
obj ect under exam nation but also gradually setting it apart fromtheir

Closest TS RLRST B e LSS bk, 1 TRRoBR TR OTES, B (1
present | DXEPEL SRebS iAPRMC HU e ti%n Ubdofingly WRLASTRAN N but al so
setting position is specified, the position
previocusly defined is employed as a reference
position (initial position) of slant scanning unless
the setting position is specified. Simultaneously
with the start of measurement, the MPU 8 perfdrms
operations, starting wi.th. coordinate positions in
the X-direction (or Y-direction) of the point of
thickness measurement as the point thereof in the X-
direction (or Y-direction) is updated according to
the slant scanning function Zs = £(x) (or Zs = £(v))
to compute the position Zs of the Z-coordinates.
The MPU 8 further controls slant scanning in the Z-
direction as well as the scanning in the X-direction
(or Y-direction) on the basis of the computed
movement of the Z-coordinates. The coordinates in
the Z-direction on -which the probe 3 is positioned
are determined by the values computed by the slant
scanning functions. A description will then be
given of a case where scanning is mainly effected in
the depth direction simultaneously with the scanning
in the X-direction. This is also the case with the
scanning effected in the depth direction

simultaneously with the scanning in the Y-direction:
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[err] rotary scanning. Mor eover, X-, Y- and Z- coordinates are also
determ ned by the novenent of the table | oaded with the object under

exam nation relative to the probe. An adoptable scanning apparatus is
therefore designed to fix the probe by noving rlYtRl]f‘eQ ed€34aRli6S199
involved in the X-, Y- and Z-directions. In addition, e scannlng.ln ?he

Substitute sheet - 31 July 1996 28 Z-1frection nay follom/an el ectronic
scanning nmethod in which an array type probe is used for

however, since there is substantially no difference

between both cases except that the slant scanning

function 2Zs = £(y) is used instead, the description

of this case will be omitted.

When the slant scanning function f£(x) is a
primary funcﬁion, the probe 3 moves in the 32-
direction (height direction) with a predetermined
pitch as the coordinates in the X-direction are
updated. COnsequently, the probe 3 normally
approaches the object 16 under examination with the
predetermined pitch as the scanning in the” X-
direction is effected. The object 16 under
examination is thus scanned by the probe 3 on the

-plane slanted as viewed from its side. The slant
scanning functionﬁf(x) may be what is for performing
compensating operations according to which the focal
position of the probe 3 moves in thé depth direction
with a predetermined éitch within the object 16
under examination in connection with the relation
between ultrasonic speed in the object 16 under
examination and that in the water tank.

In the case of implementing focusing, however,
the focal length of the probe 3 needs detecting.

The probe 3 has an intrinsic focal length having a

known wvalue at the time it is used. When it is
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el ectronically setting the focal

carried out

pr esent

ar r angi ngardilaul athensti;enment, a simple gauge or a distance

sensor which is mechanically interlocked with the
probe may be employed. No special technical
knowledge is required in this case. As focusing is
based on the reésults of the slant scanning effected
in the depth direction according to the present
invention, the known focal length of the probe 3
determines an approximate focal position to be
initially set during slant scanning even though a
focal length fit for use in particularly environment
is left unknown. Only this focusing operation is
sufficient at this stage.

The planar scanning program 9b is an ordinary
two-dimensional scanning. The MPU 8 executes this
program and when the Z-coordinates (height) of the
probe 3 are set accordingly, the MPU 8 causes main
scanning in the X-direction with a predetermined
pitch and subscanning in the Y-direction with the
height (Z-coordinates) fixed.

Incidentally, the measurement pitches in the X-

and Y-directions are set at a preset distance in
the slant scanning program 9a and the planar
scanning program 9b. The measurement pitch in the

yY-direction may .be the same as what in the X-

position in the depth direction so as to
nove the position. In brief, irrespective of the direction in which
scanning is carried out, it is only necessary for scanning to be carried
out in such a state that the respective neasusgp®iut® ShBke - F1eJaly {996t
arranged rectilinear and that sl ant scanni ng I's sinultaneously
in the depth direction ab the object under exam nati on.

~ Although the start position of the slant scanning is |ocated right under
the surf attenfptidide bbj eaininaefoeadn hangon fitt Borenbseéi nemt shown, the
Invention is not limted to this arrangenent but may start
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scanning start with any given depth. Al though one point in the picture
resulting fromthe slant scanning is designated and brought in focus
according to the enbodi nent shown, data on the picture displayed during the

cLenL S g Y be stered, Lo the reror | nodbgfial Shebl s i 996

positions in front and rear of focusipg are used for focusing purposes.
Substitute sheet - 31 July 1996 29
dlrectlon or coarser than the latter. Moreover, the

slant scanning program 9a also causes reciprocating
scanning, like ordinary XY scanning in that scanning
in the X-direction is effected in the direction
opposite thereto by one-pitch moving the scanning
position in the Y-direction at a point of time one-
line scanning in the in the X-direction is
terminated. The return slant scanning in the X-
direction is consequently arranged so that the probe
3 is positioned in the direction in which it goes
away from the object under examination 16 at
respective measurement points in sequence. 1In other
words, the probe 3 returns to the reference position
(initial position) of the first measurement point
during the return scanning in the x-&irection and
'scanning starting from the reference position is
répeated..

In the case of the focusing program 9c, a
measurement pqint nearest to the position of the X-
coordinates on the picture of the_ display 12
designated by the touch-sensitive screen 14 is
indexed (when the pixels of the picture displayed
correspond the measurement point at 1 : 1, the pixel
is designated as what cbnforms to the measurement

position) and the Z-coordinates of the scanning of
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Focusing nmay thus be effected in sequence at a plurality of places in the
depth direction of the interior of the object under exam nation. Further,

the peak is not necessarily essential, though the peak value of an echo is

detected in the enbodi ment shown. In this casg, .it..nay be_ar d
detect an echo level, including the stress of %éjr?st'gﬁr%,s@eftt o§€§§§k1536 30

Substitute sheet - 31 July 1996 CLAINS_.1. An ul trasonic inspection and
i magi ng i nstrunment for scan- :
the probe 3 is obtained from the slant scanning

function f(x). The probe 3 is thus positioned.
The picture obtained.from the slant scanning is
a planar picture (called a slant picture herein)
resulting from transmission in the depth direction
in which the scanning of the probe 3 in the fofward
-direction-gradually becomes deeper. The distance
' between each pixel of the picture and the coordinate
position of the Z-axis of the scanning mechanism (Z-
coordinaté values of the scanning), i.e., the
measurement object 16 and the probe corresponds in
relation to the slant function f£(x). The 2Z-
coordinates of the scanning can thus be obtained
with ease. The . calculation of the 2Z-coordinates
need not always rely on the slant function f£(x) but
may be performed by storing the position (height) of
the Z-coordinate of the probe 3 in the memory 9 as
measurement at each measurement point proceeds to
make-the neasurement point and the height of the
probe 3 correspond to each other. When <the
measurement point corresponds to the pixel, data on
the height of the probe 3 may otherwise be stored in
the memory in confofmity with the picture indicated
on the display 12.

Subsequently, the process of bringing the image
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ntng an object (16) under exam nation having an interior test surface to
detect an echo level emanating froma position cor- responding to the focal
posi tion obtained fromsaid object by neans of a focusing-type probe (3)
and to make the echo level a neasured val ue anSubsgfitugesbeet : 33 Jilypl 296 dat a
according to said nmeasured value in ?gder to display a neasurenent picture
of said test surface on the screen of a display (12), com prising: a

scanni ng %%%( 1}.n§:8r sﬂ%@u@ nqvfﬂd BQ' ec& éép)b Eltﬁst di rect i on

al ong sai SUr face -and a1 & second di- rection he de
di rection :cgfés‘_aé,q:@btgch angl an image processor (10) for carryi ng out by

controlling said scanni ng apparatus (1), slant scanning in the second d|

rection during tHe pearessingn dheriylst2diilLcstaptefowigmieca-
predet'ermined focusing function key is pressed and
initial daﬁa including the focal length of the probe
3, the thickness of the measurement object 16 is
keyboarded at the control panel 11 at Step 1. On
the other hand, the set values most frequently used
in the ﬁltrasonic inspection and imaging instrument
for the genération' of a transmission pulse of the
ultrasonic detector and the gate width of the peak
detection circuit and the like are prestored in a
predetermined area of the memory 9. In this case,
the MPU 8 sets necessary set data in wvarious
circuits via the interface 7 by reference to the set
'values stated above. The gate width of the peak
detection circuit 5 is then set in the range of
about 0.1 us to several ps, for instance. Although
these set values are variable, there will be no
problem posed functionally in case they are left
unchanged.. In other words, setting alteration is
unnecessary unless uée can be made of Kknowledge

about ultrasonic measurement.
The gate position is set in conformity with the

focal position of the probe 3 and in terms of time
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ating said display data according to the neasured val ue ob- tained in order
to display a neasurenent picture on the screen of said display (12), and
for placing said probe (3) at a.po- sition in the second direction where

t he neasured value with respect to an inage partion.in respqns I nput
signal is collected, when the input signal isggbﬁﬁﬂﬁﬁﬁhF %ghgu Iggﬁ
t he i nput signal |nd|cat|ng the faceothat said image portion has been
sel ected from sai d measurenent picture. 31 2. The instrunent of claim

1, furtheare@ppal HulEate | 8OHG HAE! bebf) dettedtanili ngThe Aimé i mage
processor (10) an input

required to set the gate is computed in such a way
that where the slant scanning in the.x-difection is
involved, each measurement position of the 2-
coordinates determined according to the slant
function in proportion to the scanning distance in
the X-direction is obtained to iﬁdex the focal
position of the probe 3 based thereon. A gate
setting process program (not shown) for causing the
operation like that to be performed is stored in the
memory 9. The MPU 8 feeds the computed result via
the interface 7 to.the peak detection circuit 5 as
the slant scanning proceeds. Provided ;he'gaté is
set sufficiently wide, the gate position may be left
invariable. |

At Step 2, the slant scanning program 9a is
activated and the probe 3 is situated at a
measurement start position (initial position). More
specifically, the MPU 8 executes the program to set
the distance between the object under examination 16
and the probe 3 so that the focal point of the probe
3 as a reference position of the probe 3 in its
height direction is located right under the surface
thereof.

At Step 3, a loop waiting for a measurement
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signal for indicating that said imge portion has been selec- ted, said
input unit (14) being connected to said imge pro- cessor (10). 3. An
ultrasoni c inspection and i maging instrunent for scanning an object under

exam nation having an interior test surface t { ec v
emanating froma position corresponding to th%%gﬁgfe %@és]?tt'i gﬁ\) ‘Jolg\{gligr?esd from

fﬁid obj ect under exam nati-on by,nea?s'of a focusing-type probe and tp.nake
e echo level a neasured value and™Tor generating display data accordi ng
to sai d negetk efteyal o itheOrslsritol dipapledy Bo mbesupreessed piist ure of said
test surface on the screen of a display, said instrunent conprising:

entered to see if the start of scanning |is

keyboarded. When the information thereabouﬁ .is

keyboarded, slant scahning measurement ié started at

Step 4 and the MPU 8 executes the slant scanning

program Sa, whereby slant scanning is effected for

the object under examination 16 with the updation of

‘the measurement point (measurement §osition) in the

X-direction. As a result, one-line scanning in the.

X-direction is caused while the distance between the

object under examination 16 and the probe 3 is

gradually narrowed as the number of measurement

points in the X-direction increases (the updated

number of measurement points). |

The scan is then moved by one pitch in the Y-

direction where scanning is caused on the next one

line in the direction opposite to the X-direction.

The distance between the object undef examination 16

and the probe 3 gradually widens as the number of

measurement points in the X-direction increases and

the scanning on that next line in the X-direction is

terminated.

The multicontrast data on thé peak value

obtained in conformity with each measurement point

as the XY scanning of the slant scanning in the X-
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a “scanni ng apparatus for scanning said object under exam nation in a first
and a second direction along said test surface and in a third direction
al ong the depth direction of said object under exam nation;

g;bizhzggﬁl?Egega;dB;c;zkynégggpgpatLg?gglant %@%éﬁpﬁasﬁﬁeﬁcgﬁ 3 ?ggiion
during the scanning in either first 22r second direction, for generating
said display data according to the nmeasured val ue

direction proceeds is stored as display data at the

address of the image memory 11 corresponding XY-

coordinates in accordance with the XY-coordinates of

the present scanning position.

The display data stored in the image memory 11
is subsequently transferred to the video memory of
the display 12 and its picture is displayed under

' the control of a controller contained in the display
12. The picture displayed.at this time constitutes
a test image resulting from the slant scanning in
the depth direction and differs from the image
measured on the surface of the object under
examination or on the XY plane along a measurement
cbject.

When measurement of one picture is completed
after scanning is terminated, the MPU 8 activates
the focusing program 9c at Step 5, causing a loop
waiting for the touching. of the touch-sensitive
screen 14 to enter. The picture presently disblayed
on the screen of the display 12 corresponds to what
results from the scanning in the Z-direction
simultaneously with the one-line scanning in the X-
direction and therefore the X-coordinates on the
picture correspond to scanning coordinates in the 2-

direction. In other words, the X-coordinates also
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obtained in either first or second direction in order to di splay a
measurenment picture on the screen of said display, and for placing said
probe at a position in the third direction where the neasured value with

respect to an image portion in response to angi t.siqgnal i o] | d,
when the input signal is supplied fromthe ou?ggg%}”%ﬁgeﬁh'ﬁﬁp@?kuﬁgégfor

feeding to said i nage processor sai @3i npput signal for indicating that said
i mage portion has been selected from said neasurenent picture;,
said i npgerrgsponddingthenpesitionoinaitiie deptiprdigaationd. An
ul trasonic i.nspection and i maging instrunent for scanni ng an object under
exan nat | YRIGEyiLFg exPressed therein. More specifically, the

- slant scanning ih the depth direction (Z~direction)

is caused in the X-direction as shown in Fig. 3(c¢)

and an entry picture is displayed as' what is

obtained as a result of XY planar scanning. The

image on the interface at the depth where it has

- been brought into focus becomes clear and the other

portion of the image in front and behind becomes

blurred step by Step as shown by a dotted line (and

a mesh line) of Fig. 3(a). The reason for this is

that, when the slant scanning shown in Fig. 3(c) is

carried out on a Jjunction face forming the surface

inspected in the object under examination as shown

in Fig. 3(b), the focal éésition 18 moves in the

depth direction gradually and simultane;usly with

the updation of each measurement point in the X-

direction. By this ié meant that only the image on

the interface is ciearly reflected at the time what

conforms to the junction face has been brought into

focus.

Fig. 3(d) illustrates a picture obtainable from
the screen of the display 12 when the slant écanning

in the depth direction is carried out in the X-

direction with the slant scanning intended for the
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interior test surface to detect an echo peak value emanating froma
position corresponding to the focal position obtained from said object
under exam nation Substitute sheet - 31 July 1996 33 by neans of a

focusing-type probe and to make the echo peak Sabbitite SPagstL e gahp¢gggd
for generating display data accordingzto sai d neasured value in order to
di splay a neasurenment picture of sai 4 est surface on the screen of a

di spl ay, S‘zaiéicalxpsitr{ "iﬁ?gge CQOMI{eSi}pQEcan. The scanning in the
Y-direction in this case is such that the
measurement position in the Y-direction is updated
after the one-line scannihg in the X-direction and
the measurement position in the 2Z-direction is
correspondingly updated.

When the operator subsequently touches the
touch-sensitive screen 14 with reference to a clear
display position on the picture_at Step 5, Step 6 is
followed and an interruption signél resulting from
the touch thereby is fed via the interface 15 to the
MPU 8. _

C6nsequently, the MPU 8 performs the focusing
process at Step 6. More specifically, on receiving
the interruptiog signal, the MPU 8 indexes display
coordinates at the position displayed on the display
12 from a positional signal on the touch-sensitive
screen 14, extracts scanning X-coordinates, and
computes scanning zZ-coordinates from the measurement
position thus extracted according to the slant
function f(x) so as to place the probe 3 at that
position. This position represents the height at
which the probe 3 is brought into focus with respect
to the junction face 17 intended for measurement.

At Step 7, the MPU 8 sees whether scanning is



~——

a scanni ng apparatus for scanning said object under exam nation in a first
direction along said test surface and in a second direction along the depth
direction of said object under exam nation; and an inmage processor for

carrying out, by controlling said scanning anni n

second direction sinultaneously with the firsseggﬁgﬁgsgﬁef %@ofﬁ¥cfbé€ d
measured val ue at each of the plurasity of measurenment points determ ned by
the positions in the first and the second direction, and for generating

sai d di spl gyusadacdostaiepl @ying £ 1Y WA iHS fdt @%fdardnml;wth at | east

the second direction with respect to said neasurenent
measurement start key on the control panel to be
pressed. When this key is pressed, the ﬁlanar
scanning program 9b is activated at sfep 8 next and
the MPU 8 causes planar scanning with the ordinary
XY _écanning starting from the measurement start
position by means of the probe 3 fixed at the height

" where it has been brought into focus. the planar

picture obtained from the planar 'scanning
measurement provides a clear image focused onto the
measurement depth desired.

It is therefore necessary for the operator to
complete focusing only by touching the clearest spot
of the picture obtained for focusing purposes (as
things turn out, it is a planar image slanted tc the
XY plane) on the touch-senéitive screen 14. The MPU
8 obtains the position of the measurement point in
the X-direction from the position coordinates in the
X~-direction of the pixel correspondihg to the spot
ﬁhus' touched and then obtains the Imeasuremept
position in the Z-direction from that in the X-
direction according to the slant function 2s = £(x)
(or 2Zs = £(y)). Ih accordance with the coordinate
value, MPU 8 controls the movement of the Z-axis of

the scanning mechanism so that the gap between the

Tmsmmemmmnmﬂﬁdma

pate: 02 NMaﬁﬁﬁ:



point, to display said test picture on the screen of said display for
focusing purposes, said inmage processor being equipped with a nenory for
storing relevant information for indicating the relation between a position

at which the inage is displayed on said test pQicture a d anqgt.h
second 34 direction in which said neasureg g§§“ﬁ§s 8Rt - gﬂe§HWé£?é9 dat a

has been collected, said inmge proggssor having said input unit for
generatlng i nf or mat i on i ndicating the position of an inmage

probe 3 and the object under examination is set.
Consequently, the ultrasonic inspection and imaging
instrument can readily be brought into focus without

. particular technical knowledge about an ultrasonic
wave, an electronic measuring instrument and the
like.

As set forth above, the method of designating

' coordinates in focus in the embodiment shown employs
the touch-sensitive screen. However, not only the
touch-sensitive screen but also a mouse, a keyboard,
(e.g., its cursor keys) or the like may be used to
input coordinates.

The slant functions in the embodiment are for
deﬁermining the measuremént position in. the 2-
direction as the depth direction in conformity with
the scanning-in either X- or Y direction. The slant
function .is only one of specific examples of the
relevant information for corresponding the position
in the 2Z-direction of the measured value thus
obtained to the display data on the picture
generated from the measured vélue. In this case,
any data 'is acceptable as long as it is such
relevant information thét the position in the depth
direction in which the cofresponding measured data

is indexed from the position of the image selected
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portion when an inmage portion with respect to said test bicture S
sel ected, said i mage processor being used to obtain the position in the
second direction according to said relevant information and the information
showi ng the position of said imge portion fromsaid input unit, and to set
said ultrasonic probe in position for focusingSpsHtatesshest -3l wuly 1996 c
i nspection and i maging instrunment foryscanning an object under exam nation
having an interior test surface to detect an echo peak val ue emanati ng from
a positi onoaortkrepquikttagré o dride theakfpeei titn rodddii mak f bemasai d obj ect
under exam nation by neans of a focusing-type probe and to make the echo
peak val uefangsdom-edThel neasndenent eoerbiongecoordinates, for
instance, may be managed Dby a table of
identification data to be provided which corresponds
to each measurement point.
Although +the planar picture 1is gained by
carrying out the two-dimensional scanning in the X-
and the Y-direction, the picture resulting from the
one-line scanning in the X-direction may be
designated if it is clear. When only the one-line
scanning is relied upon, the same effect may be
attained by not only setting the probe close to the
object under examination but also gradually setting
it apart from their closest relationship.
The directions X, ¥, 2 are not absolute ones as
they are determined relative to the object under
examination. Particularly, the present invention is
applicable to not only X, Y planar scanning but also
R, © rotary scanning. Moreover, X-, Y- and 2Z-
coordinates are also determined by the movement of
the table loaded with the object under examination
relative to the probe. An adoptable scanning
apparatus is therefore designed to fix the probe by

moving any one of the tables involved in the X-, Y-

and Z-directions. In addition, the scanning in the
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di splay data according to said nmeasured value in Substitute sheet - 31
July 1996 35 order to display a neasurenent picture of said test surface on
the screen of a display, said instrunment conprising: a scanning apparatus

diTect; on along said test Surface and in a t BTN oP g 19%ept h

direction of said object under exampgation; and
Z-direction may fSllow an electronic scanning method
in which an ' array type probe is wused for
electronically settiné the focal position in the
depth direction so as to move thé position. In
brief, irrespective of the direction in which
scanning is carried out, it is only necessary for
scanning to be carried out in such a state that the
respective measurement points are at least arranged.
rectilinear and that slant scanning is
simultaneously_car;ied out in the depth direction of
the object under examination.

Although the start position of the slant
scanning is located right under the surface of the
object under examination in the embodiment shown,
the present invention is not 1limited to this

'arrangement but hay start arranging to let the slant
scanning start with any given depth. Although one
point in the piéture resulting from the slant
scanning is designated and brought in focus
according to the embodiment shown, data dn the
picture displayed during the slant scanning may be
stored in the memory in order for the data to be
called by means of the function key for
redesignation in that the positions in front and

rear of focusing are used for focusing purposes.
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an i mage processor for carrying out, by controlling said scanning
apparatus, scanning in a third direction sinultaneously with either first
or second direction to collect said neasured val ue at each of the plurality

of measurenent points determ ned by the positgesithfe th6et | B3tU@Pd 996
second direction, and for generating said display data for displaying a
test picture in conformty with th&? first and the second direction with
respect to said neasurenent point to display said test picture on the
screen (Fosmsihgli m@ayaythas fleeuafifegedooias, sequencanget paocessor bei ng
equi pped with a menory for storing relevant information for indicating the
rel ati orplosradeieby acfopliaces dn wikehdepth direction of the

interior of the object under examination. Further,

the peak is not necessarily essential, though the

peak value of an echo is detected in the embodiment

shown. In this case, it may be arranged to detect

an echo level, including the stress of an echo, so

to speak.
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the image is displayed on said test picture and another at the third

di rect
36 col

Hﬂllllamllllm aid measured value on the display data has been
Lﬂﬂe processor having an input unit for generating

i nformatiof i'ndi*cafing the position of an i m%&%@%@%&%%ﬁ&&iﬁ%@@essor

portion with respect to said test pictQre is
bei ng usedrppmgbtain the position in the third direction accordi ng

sai d

rel'evani information and the information showi ng the position

1. An ultrasonic inspection and imaging instrument for scan-
ning an object (16) under examination having an interior test
surface to detect an echo level emanating from a position cor-
responding to the focal position obtained from said object by
means of a focusing-type probe (3) and to make the echo level
a measured value and for generating display data according to
;aid measurea value in order to display a measurement picture
of said test surface on the scréen of a display (12), com-
brising: |

a scanning'apparatus (1) for scanning said object (16) in
a first direction along said test surface and in a second di-
rection along the depth direction of said object, and

an image processor (10) for carrying out, by controlling
séid scanning apparatus (1), slant scanning in the second di-
rection during the scanning in the first direction, for gener-
ating said display data according to the measured value ob-
tained in order to display a measurement picture on-the screen
of said display (12), and for placing said probe (3) at a.po-
sition in the second direction where the measured vélue with
respect to an image portion in response to an input signal is
collected, when the input signal is supplied from the outside,
the input signal indicating the fact that said image portion

has been selected from said measurement picture.

to
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of said | mage portion fromsaid input unit,

facusi ng purposes. 6. An ultrasonic inspection and
1'“\/&"‘“@” ,ﬂg"jml med in claim5, further conprising an A/ D
1 Mmage processor is pr (g?gut?% cg»pt_; I1g9631nd a

menory, whereby a neasured value is sgpjected

pr obe i
I magi ng |i

converters

enel

and to set said ultrasonic

conver rto AAD

conversion before being stored in said._nmenory under the control of said
controller. 7. An ultrasonic |nspect|on al d i.magi n |nstfunent as cl ai ned
inclaimé@, mhé?¥§r+%§£§¥mﬁﬂﬂJQﬁI9%a¥F§ éﬁggﬂﬁ her B HE
nmeasur ed vaI ues(l“orf% |f_rzaesdaing eIy lmar&oeseprcoocrersesscgpnpld}g flx%g@tfor

signal for indicatihg that said image portion has been selec-

ted, said input unit (14) being connected to said image pro-

cessor (10).

3. An ultrasonic inspection and imaging instrument

for scanning an object under examination having an

interior test surface to detect an echo level

emanating from a position corresponding to the focal
positioﬁ obtained from said object under examination
by means of a focusing-type probe and to make the
echo level a mgasured value and for generating
display data according to said measured value in

order to display a measurement picture of said test

surface on the screen of a display, said instrument

comprising:

a scanning apparatus for scanning said object
under examination in a first and a sécond direction
along said test surface and-in a third direction

along the depth direction of said object under

examination;
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identify lurality of nmeasurenment points, said nenory being used as
means for JEIH jm "lﬂl"ﬂlﬂ,‘"Ll nf or mati on. 8. An ul trasonic inspection and
I magi ng i claimted in claimby, mherein sai d

rel evant information i's for rel'ating the position.of th i cture on
the screen of said display for focusins purpogé‘g stitytg S@SSFdl 1a5€|ypii§9§i on

inthe third direction about the display data at the former position of

the test picture. an image processor for carrying out, by
controlling said scanning apparatus, slant scanning
in a third direction during the scanning in either
first or second direction, for generating said
display data accérding to the nmeasured value
obtained -in either first or second direction in
order to display a measurement picture on the screen
of said display, and for placing said probe at a
position in the third direction where the measured
value with respect ﬁo an image portion in response
to an inpuﬁl signal is collected, when the input
signal is supplied from the outside; and

an input unit for feeding to said image

processor said input signal for indicating that said
image portion has Dbeen selected from said

measurement picture;, said input unit Dbeing

connected to said image processor.

4. An ultrasonic inspection and imaging instrument
for scanning an object under examination having an
interior test surface to detect an echo peak value
emanating from a position corresponding to the.focal

position obtained from said object under examination
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An uftrasoﬁrc—rﬁSﬁee%fon and inmaging instrunent as clainmed in claim3

or 5, whe t unit is a touch- sensitive screen. 10. An
uItrasonl }I " BHH i magi ng instrunment as clainmed in claim3 or 5,
wherein s ei ther nouse or keyboard An ugjrasonl

i nspection and i magl ng i nstrunent 3PS cl ai med ‘r'lbitftHF"nﬁé et el WysReoi nput
unit is used for selecting an |nage portion on the test picture by a cursor

key on the keyboard 1 ultrasonic in ction,a t t
for scanni n§¥afe85Se& uﬂdgpcgﬁéﬁgngyp8n3#§% 2% F ég%%rq%E%?Sngggge to

detect an eghig,PEakx! ¢hlGe"iPHahslg k' gmeogﬁdt Y fg%rr{e%r}fa ng to the

focal
display data according to said measured value in

order to display a measurement picture of said test
sﬁrface on the screen of a display, said ihstrument
comprising:

a scanning apparatus for scanning said object
under eiamination in a first direction along said
test surface and in a second direction along the
depth direction of said object under examination:
and
| an image 'proéessop- for ;carrying out, by
controlling said scannin§ apparatus, scanning in the
second direction simultaneously with the first
direction to collect said measured value at each of
the plurality of measurement points determined by
the positions in the first and the second direction,
and for generating said display data for displaying
a test picture in conformity with at least the
second direction with respect to said measurement
point, to display said test picture on the screen of
said display for focusing purposes, said im;ge
processor being equipped with a memory for storing
relevant information for indicating the relation
between a position at which the image is displayed

on said test picture and another at the second
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posi ti on obtarnmed—fromsaid—obj ect under exam nation by neans of a
ke the echo peak value a measured val ue and

maleamlﬂ: accordl ng to said neasured value in order to
di splay a nmeasur € of said test g3Bsthité 3ReePD FMNGuIFC{HeE Of a

di splay, said instrument conprising: a scanning apparatus -for sc

f ocusi ng- ty
for generat

obj ect under examnation in a first a
surface and in a third direction

direction in which said measured value on the

display data has been <collected, said image

processor having said input unit for generating

-lnformatlon indicating the position of an lmage

portlon when an image portion with respect to said
test picture is selected, said image processor being
used to obtain the position in the second direction
according to said relevant informéﬁion aﬁd the
information showing the position of said image

portion from said input unit, and to set said

ultrasonic probe in position for focusing purposes.

5. An ultrasonic inspection and imaging instrument
for scanning an object under examination having an
intericr test surface to detect an echo peak value

emanating from a position corresponding to the focal

]

position obtained from said object under examination

by- means of a focusing-type probe and to make the
echo peak value a measured value and for generating

display data according to said measured value in

nni ng said

%ﬂ a second direction along said test

This is the replacement shest

pate: )2 AUG 1905



afong the depth direction of said object under exam nation; and an i nmage

processor ”ﬂﬂ'ﬂw{"” by controlling said scanning apparatus,
scanni ng stk Hﬂlﬁ”’" direction during scanning in one direction

sel ected from% fir# &nd*a second direction to collect said neasured val ue
at each of the plurality of -measurenent point SYRFEYTR ety 31 Wiy JE96 ons
in the first and the second directions and for generating said display data
for displaying a test picture in conformty with the first and the second
direction wiorderepraiidpml saiad meaureamami pidtiré oflispidyeest d picture on
the screen of said display for focusing purposes, said i mage processor

surface on the screen of a display, said instrument

comprising:

a scanning apparatus for scanning said object
under examination in a first and a second direction
along said test surface and in a third direction
along the depth direction 6f said object under
examination; and

an image processor for carrying out, by
controlling said scanning apparatus, scanning in a
third direction simultaneously with either first or
second direction to colleét said measured value at
each of the pluraiity' of measurement points
determined by the positions in the first and the
second direction, and for generating said display
data for displaying a test picture in conformity
with the first and the second direction with respect
to said measurement' poinf to display said test
picturé on the screen of said display for focusing
purposes, said image processor being equipped with
a2 memory for storing relevant information for
indicating the relation between a position at which.
the image is displayed on said test picture and
‘another at the third direction in which said

measured value on the display data has been
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bei ng equipped wth a nmenory for storing relevant information for

indicatin
on said t
nmeasur ed

havi ng an
position

test pict
di rection

DLMSSOI’

ween a position at which the inmage is displayed
t‘“ﬂuﬂﬁm\mm“ other at the third direction in which said
val u@ oR the di spl ay data has been codlaitats sRaéd- BARAGy
I nput unit for generating information indicating t
of an |nage portlon when an3frmge portion with respect to said
ure is selected, said image processor being used to obtain a’
gbllected, said image processor having an input unit

for generating information indicatinq the position
of an image pbrtion when an imagé portion with
respect to said test picture is selected, said image
précessor being used to obtain the position in the
third direction according to said relevant
information and_the'information showing the pbsition
of said image portion from said input unit, and to
set said ultrasonic probe in position for focusing
purposes. |

6. Aan ultrasonic inspectioﬁ and imaging instrument
as claimed in claim 5, further comprising an A/D
converter, wherein said image processor is provided
with a controller and a memory, whereby a measured
value is subjected by said A/D converter to A/D
conversion before being stored in said memory under
the control of said controller.

7. An ultrasonic inspection and iméging'instrument
as claimed in claim 6 wherein said controller is a
microprocessor, and wherein measured values stored
in said memory as those corresponding to data for
identifying the plurality of measurement points,
said memory being used as means for storing relevant
information.

8. An ultrasonic inspection and imaging instrument
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coor di nat e
I nput unit
of a neasu
previously
position i
i NSt rument
di rection
control .

position—sefected from positional information from said
I'nformation, to obtain the coordinate position
r mg E'@ il] m third direction fromthe coordi nate position
cus said ultraso robe onto idc rg
n the third direction. 13. An uItra% ﬁ g tﬁ§ﬂ§ﬁ¥“diﬁéHH'?§ﬁ

as clainmed in claim12, grein the scanning in the third

i nat e
I ng

is carried out by noving the focus of said probe under electronic

as claimed in claim 5, wherein said relevant
information is for relating the position of the test
picture on the screen of said display for focusing
purposes to a coordinate position in the third
direction -about the display data at the former

position of the test picture.

9. An ultrasonic inspection and imaging instrument as

" claimed in claim 3 or 5, wherein said input unit is a touch-

sensitive screen.

10. An ultrasonic inspection and imaging instrument as

claimed in claim 3 or 5, wherein said input unit is either

mouse or keyboard.

11. An ultrasonic iﬁspection and imaging instrument
as claimed in claim 5, wherein said input unit is
used for selecting an image portion on the test
plcture by a cursor key on the keyboard.

12. An ultrasonic inspection and imaging instrument

for scanning an object under examination having an

- interior test surface to detect an echo peak value

emanating from a position corresponding to the focal
position obtained from said object under examination
by means of a focusing-type probe and to make the

echo peak value a measured value and for generating

display data according to said measured value in

order to display a measurement picture of said test
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surface on the'screen of a display, said instrument
comprising:

a scanning apparatus for scanning said object
under examination in a first and a second direction
along said test surface and in a third direction
along the depth direction of séid object under
examination; and . |

an image processor for carrying out, by
contrqlling said scanning apparatus, scanning
slanted to a third direction during scanning in one
diredtion selected from a first ahd a  second
direction to collect said measured value at each of
the plurality.of measurement points determined by
the positions in the first and the second direction,
and for generating said display data for displaying
a test picture in conformity with the first and the
second direction with respect to said measurement
point to display said picture on the screen of said
display for focusing purposes, said image processor

" being equipped with a memory for storing relevant
information for indicating the relation between a
position at which the image is displayed on said
test picture and another at the third direction in

- which said measured value on the display data has

been collected, said image processor having an input
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unit for generating information indicating the
position of an image portion when an image portion
with respect to said test picture is selected, said
image processor being used to obtain a directional
coordinate’ position selected from positional
information from said input unit and said relevant
information, to obtain the coordinate position of a
measurement point in the third direction from the
coordinate pos1t10n prev10usly obtained and to focus
said ultrasonic probe onto saLd coordinate position
in the third direction.

13. An ultrasonic inspection and-imaging instrument
as claimed in claim 12, wherein the scanning in the
third direction is carried out by moving the focus

of said probe under electronic control.
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ABSTRACT

ULTRASONIC INSPECTION AND IMAGING INSTRUMENT

An ﬁltrasanic inspection and imaging instrument for
‘scanning an object (l6) under examination, the object having
an inspecticon plane at a predetermined depth, in the directien
slanted to the depth (slant scanning), in such a way as to
.cause rectilinear scanning as viewed from t;e plane. Measured
data on a peak value corresponding to each measurement point
obtained from the slant scanning is displayed in the form of a
picture cn the screen of a display (12) relative to each
measurement peint. The image displayed at that time is_most
cleariy demonstrated, provided an image portion in the vicin-
ity of a test portion corresponding to a test surface is
brought into focus ;n the depth d;:ectxan. An operatc: is
supposed to select the Lmaqe portion clearly indicated out of
the picture d;splayed on the display (12) and to-xnput the
position of the imaqe thereon to an input un;t, whe:ehy an
image processor (10) bases the - pos;ticnal infarmation ‘about
the display data thus fad and the relevant information indica-.
ting the positional relationship in the depth direction on ob-
taining the position of the probe (3) in the'depth direction
when the measured value resulting from the image is collected.
The image processor (10) positions the probe thereat, so that

the probe (3) is automatically focused on the test surface.

(Figure 1)
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